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1. General Information

Synthesis of the iridium complexes were carried out under an atmosphere of argon with magnetic stirring.
Catalytic reactions were performed in air. Solvents were distilled under argon from calcium hydride
(CH3;CN and CHxCly) or sodium/benzophenone (THF). Iridium complexes A-IrO, A-IrS,! N-
sulfonylamides S1a-b,? S1d-i,> and N-sulfonylimine substrates 4a-b,* 41-x> were prepared according to
published procedures. All other reagents were purchased from commercial suppliers (TCI, Adamas-beta®,
Alfa and J&K) and used without further purification. Column chromatography was performed with silica
gel from Huanghai Chemical Reagent (300-400 mesh). "TH NMR and '3C NMR spectra were recorded on
a Bruker AM (500 or 600 MHz) spectrometer at ambient temperature. NMR standards were used as
follows: (‘"H NMR) CDCls = 7.26 ppm, (‘"H NMR) CD>Cl, = 5.32 ppm; (**C NMR) CDCls = 77.1 ppm,
(3C NMR) CDxCl» = 53.8 ppm. IR spectra were recorded on a Nicolet Avatar 330 FT-IR
spectrophotometer. Chiral HPLC chromatograms were obtained from an Agilent 1260 Series HPLC
system. CD spectra were recorded on a JASCO J-810 CD spectropolarimeter (600—200 nm, 1 nm band
width, 50 nm/min scanning speed). High-resolution mass spectra were recorded on a Bruker En Apex
Ultra 7.0T FT-MS instrument using ESI technique. Optical rotations were measured on an Anton Paar
MCP 500 polarimeter at concentrations of 1.0 g/100 mL or 0.2 g/100 mL. Enantiomeric excess (ee) values
of the products were determined by HPLC on chiral phase.



2. Synthesis of the Iridium Catalysts

2.1 Synthesis of the NHC Precursors L1a and L1b
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Scheme S1. Synthetic route to the NHC precursors.

Z—
X NE/N_Q_CH3
Cr
L1a

tBu

A solution of 5-(tert-butyl)picolinaldehyde (770 mg, 4.72 mmol), p-toluidine (506 mg, 4.72 mmol),
formaldehyde (37% solution in water, 530 pL, 7.13 mmol), and HCI (2.0 M in EtOH, 2.36 mL, 4.72
mmol) in EtOH (8 mL) was stirred at room temperature for 3 h. The reaction mixture was concentrated
and dried in vacuo to afford L1a as an white solid (1.41 g, 4.69 mmol, 99% yield).

'H NMR (500 MHz, CDCls): & (ppm) 12.13 (s, 1H), 9.32 (s, 1H), 7.76 (s, 1H), 7.70 (d, J = 8.4 Hz, 2H),
7.55 (d,J=9.8 Hz, 1H), 7.40 (d, J= 8.1 Hz, 2H), 7.34 (d, J = 9.7 Hz, 1H), 2.45 (s, 3H), 1.39 (s, 9H).

B3C NMR (126 MHz, CDCls): § (ppm) 141.4, 141.0, 132.6, 131.38, 131.35, 129.4, 127.0, 122.2, 120.9,
116.2,108.9,34.4,29.9,21.3.

IR(film): v (cm™) 3053, 2963, 2870, 1723, 1659, 1596, 1550, 1515, 1438, 1273, 1122, 1019, 820, 732,
543.

HRMS (ESI, m/z) caled for CigH21N2 (M-CI1)": 265.1699, found: 265.1695.
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A solution of 5-(tert-butyl)picolinaldehyde (676 mg, 4.14 mmol), p-anisidine (510 mg, 4.14 mmol),
formaldehyde (37% solution in water, 465 pL, 6.25 mmol), and HCI (2.0 M in EtOH, 2.07 mL, 4.14
mmol) in EtOH (6 mL) was stirred at room temperature for 3 h. The reaction mixture was then
concentrated and dried in vacuo to afford L1b as an white solid (1.30g, 4.10 mmol, 99% yield).

'H NMR (500 MHz, CDCls): § (ppm) 11.90 (d, J= 1.1 Hz, 1H), 9.15 (s, 1H), 7.87 (s, 1H), 7.78 (d, J =
9.0 Hz, 2H), 7.57 (d, J = 9.8 Hz, 1H), 7.30 (dd, J = 9.8, 1.3 Hz, 1H), 7.06 (d, J = 9.0 Hz, 2H), 3.85 (s,
3H), 1.37 (s, 9H).

3C NMR (126 MHz, CDCl3): § (ppm) 161.2, 141.0, 129.3, 127.8, 126.7, 123.8, 120.45, 120.4, 116.4,
115.8,109.4, 55.9, 34.3,29.9.

IR(film): v (cm™) 3364, 3063, 2958, 2919, 2255, 1659, 1634, 1536, 1518, 1459, 1400, 1294, 1261, 1028,
841, 832, 819, 622, 528, 441.

HRMS (ESI, m/z) calcd for C1sH21N2O (M-C1)": 281.1648, found: 281.1649.



2.2 Synthesis of the Racemic Iridium NHC Catalysts Rac-IrC1a and Rac-IrC1b
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Scheme S2. Synthetic route to the racemic iridium NHC catalysts rac-IrCla and rac-IrCl1b.
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A mixture of [Ir(n-Cl)(COD)]2 (403 mg, 0.60 mmol) and NaOMe (270 mg, 5.00 mmol) in MeOH (20
mL) was stirred for 0.5 h at 60 °C under an argon atmosphere. The solution turned from orange to pale
yellow, into which NHC precursor L1a (602 mg, 2.00 mmol) was added. After stirring at 60 °C for 24 h,
the reaction mixture was concentrated in vacuo. The residue was subjected to flash chromatography on
silica gel (CH2Cla/n-hexane = 1:2) to afford rac-1a as a yellow solid (377 mg, 0.25 mmol, 50% yield).

'H NMR (500 MHz, CDCls): 8 (ppm) 9.13 (s, 4H), 7.57 (s, 4H), 7.07 (d, J = 9.3, 4.6 Hz, 4H), 6.91 (d, J
=7.8 Hz, 4H), 6.73 (dd, J=9.8, 1.4 Hz, 4H), 6.44 (dd, J= 7.8, 1.0 Hz, 4H), 5.58 (d, J = 1.4 Hz, 4H), 1.80
(s, 12H), 1.02 (s, 36H).

3C NMR (126 MHz, CDCl3): & (ppm) 167.4, 144.4, 138.0, 134.1, 134.2, 131.7, 129.6, 122.0, 121.9,
121.3,116.1,111.2,104.2, 33.3, 30.0, 21.2.
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A mixture of [Ir(u-Cl)(COD)]2 (826 mg, 1.23 mmol) and NaOMe (443 mg, 8.20 mmol) in MeOH (40
mL) was stirred for 0.5 h at 60 °C under an argon atmosphere. The solution turned from orange to pale
yellow, into which NHC precursor L1b (1300 mg, 4.10 mmol) was added. After stirring at 60 °C for 24
h, the reaction mixture was concentrated in vacuo. The residue was subjected to flash chromatography on
silica gel (CH2Cl2/n-hexane = 1:2) to afford rac-1b as a yellow solid (693 mg, 0.44 mmol, 43% yield).

'H NMR (500 MHz, CDCls): § (ppm) (s, 4H), 7.55 (d, J = 11.3 Hz, 4H), 7.07 (dd, J = 10.2, 0.7 Hz, 4H),
6.95 (d, J = 8.5 Hz, 4H), 6.72 (dd, J = 9.8, 1.4 Hz, 4H), 6.25 (dd, 4H), 5.28 (d, J = 2.6 Hz, 4H), 3.18 (s,
12H), 1.01 (s, 36H).



3C NMR (126 MHz, CDCl3): & (ppm) 165.8, 156.8, 140.3, 134.3, 133.1, 129.6, 122.1, 121.9, 120.7,
116.1, 112.1, 107.1, 104.3, 54.6, 33.3, 29.9.
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rac-IrC1a

To a solution of dimeric complex rac-1a (340 mg, 0.23 mmol) in CH3CN (20 mL) was added AgPFe (142
mg, 0.56 mmol). The mixture was stirred at room temperature for 10 h, then evaporated to dryness. The
residue was subjected to column chromatograph on silica gel (CH2Cl> to CH2Clo/CH3CN = 30:1) to afford
rac-IrCla as a pale brown solid (428 mg, 0.43 mmol, 94% yield).

'H NMR (500 MHz, CDCls): § (ppm) 8.38 (s, 2H), 7.76 (s, 2H), 7.42 (d, J = 9.8 Hz, 2H), 7.13-7.05 (m,
4H), 6.66 (d, J= 7.1 Hz, 2H), 5.75 (s, 2H), 2.35 (s, 6H), 1.95 (s, 6H), 1.38 (s, 18H).

3C NMR (126 MHz, CDCl3): § (ppm) 159.5, 144.3, 138.3, 137.0, 135.6, 129.9, 128.6, 123.20, 123.21
120.5, 125.6, 117.5,112.1, 104.6, 33.6, 29.9, 21.3, 3.9.

IR (film): v (cm™) 3156, 2961, 2872, 1651, 1587, 1475, 1404, 1369, 1331, 1263, 1095, 845, 802, 738,
675.

HRMS (ESI, m/z) caled for CaoHaalrNe (M-PFe)": 801.3251, found: 801.3258.
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To a solution of rac-1b (400 mg, 0.25 mmol) in CH3CN (15 mL) was added AgPF¢ (158 mg, 0.62 mmol).
The mixture was stirred at room temperature for 10 h, then evaporated to dryness. The residue was
subjected to column chromatograph on silica gel (CH2Cl, to CH2Clo/CH3CN = 30:1) to afford rac-IrC1b
as a pale brown solid (470 mg, 0.46 mmol, 92% yield).

'H NMR (500 MHz, CDCls): § (ppm) 8.38 (s, 2H), 7.71 (s, 2H), 7.38 (d, J= 9.1 Hz, 2H), 7.13 (d, J = 8.6
Hz, 2H), 7.05 (dd, J=9.8, 1.2 Hz, 2H), 6.40 (dd, J = 8.5, 2.7 Hz, 2H), 5.53 (d, J = 2.6 Hz, 2H), 3.45 (s,
6H), 2.37 (s, 6H), 1.38 (s, 18H).

3C NMR (126 MHz, CDCls): § (ppm) 165.8, 156.8, 140.3, 134.3, 133.0, 129.6, 122.1, 121.8, 120.6,
116.1, 112.1, 107.1, 104.2, 100.1, 54.6, 33.30, 29.9, 3.8.

IR (film): v (cm™") 3140, 2959, 2926, 1657, 1572, 1466, 1435, 1369, 1267, 1043, 845, 802, 558, 457.
HRMS (ESI, m/z) caled for C4oHaalrN6O2 (M-PF¢)": 833.3150, found: 833.3150.



2.3 Synthesis of the Nonracemic Iridium NHC Catalysts A-IrC1a and A-IrC1b
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Scheme S3. Synthetic route to the nonracemic iridium NHC catalysts A-IrCla and A-IrC1b.

A solution of rac-IrCla (220 mg, 0.22 mmol), EtzN (224 mg, 2.20 mmol) and (R)-2 (72.0 mg, 0.26
mmol) in CH2Cl> (5 mL) was stirred for 12 h at room temperature, then evaporated to dryness. The
produced two diastereomers were separated by preparative TLC (CH2Clo/n-hexane = 5:2). The less polar
fraction was collected as a yellow solid and identified to be A-3a (105 mg, 0.108 mmol, 49% yield),
which was used for further synthesis of the nonracemic catalyst A-IrCla.

'H NMR (500 MHz, CDCly): § (ppm) 8.71 (s, 1H), 8.11 (s, 1H), 7.65 (s, 1H), 7.28 (d, J = 9.8 Hz, 1H),
7.06 (d, J = 2.7 Hz, 2H), 7.04 (d, J = 1.9 Hz, 1H), 6.96-6.84 (m, 5H), 6.61 (dd, J = 17.4, 7.7 Hz, 6H),
6.30 (d, J = 8.7 Hz, 1H), 6.21 (s, 1H), 5.94 (dd, J = 12.1, 7.9 Hz, 1H), 5.45 (s, 1H), 4.67 (t, J= 9.0 Hz,
1H), 4.62 (dd, J= 9.4, 3.5 Hz, 1H), 4.04 (dd, J= 8.4, 3.5 Hz, 1H), 2.04 (s, 3H), 1.92 (s, 3H), 1.40 (s, 9H),
1.28 (s, 9H).

13C NMR (126 MHz, CD>Cl): 5 (ppm) 176.4 (d, J = 3.4 Hz), 168.2, 164.95, 164.3, 162.2, 161.6 (d, J =
2.6 Hz), 145.9, 145.5, 140.7, 139.8, 139.0, 138.3, 136.1, 135.1 (d, J= 8.8 Hz), 134.8, 132.8, 132.7, 131.0,
129.6, 129.4, 128.2, 127.0, 122.1 (d,J=2.3 Hz), 121.9, 121.7, 121.1, 120.3, 119.7 (d, J = 2.5 Hz), 117.8,
117.0,112.3, 112.0, 104.9, 103.9, 102.6 (d, J= 7.4 Hz), 99.4, 99.2, 75.4, 70.0, 33.7, 33.5, 30.1,29.9, 21 .4,
21.3.

IR (film): v (cm™) 3028, 2963, 2918, 2867, 1620, 1599, 1530, 1468, 1447, 1368, 1261, 1221, 1098, 1036,
794, 696, 615, 531.

HRMS (ESI, m/z) caled for CsiHaoFIrNsNaO> (M+Na)*: 998.3392, found: 998.3394.
CD (CH2CL): A, nm (Ag, M'em™) 276 (+8), 256 (-3), 242 (+16), 218 (-29).



A-3b

A solution of rac-IrC1b (100 mg, 0.10 mmol), EtsN (101 mg, 1.00 mmol) and (R)-2 (33.0 mg, 0.12
mmol) in CH2Cl> (2 mL) was stirred for 12 h at room temperature, then evaporated to dryness. The
produced two diastereomers were separated by preparative TLC (CH2Clo/n-hexane = 5:1). The less polar
fraction was collected as yellow solid and identified to be A-3b (48.0 mg, 0.0476 mmol, 48% yield),
which was used for further synthesis of the nonracemic catalyst A-IrC1b.

'H NMR (500 MHz, CD2CL): & (ppm) 8.70 (s, 1H), 8.11 (s, 1H), 7.62 (s, 1H), 7.28 (d, J= 9.7 Hz, 1H),
7.09-7.01 (m, 3H), 6.94-6.82 (m, 5H), 6.69 (s, 2H), 6.58-6.25 (m, SH), 5.94 (dd, J = 12.2, 7.8 Hz, 1H),
5.87 (d, J=2.6 Hz, 1H), 5.10 (d, J = 2.7 Hz, 1H), 4.70-4.62 (m, 2H), 4.04 (d, J = 5.4 Hz, 1H), 3.48 (s,
3H), 3.36 (s, 3H), 1.39 (s, 9H), 1.27 (s, 9H).

3C NMR (126 MHz, CD>Cl,): § (ppm) 176.3, 166.9, 164.3, 164.0, 162.3, 161.6, 157.6, 157.2, 142.0,
141.6, 140.7, 140.0, 136.2, 135.3, 132.9 (d, /=4.7 Hz), 132.8, 129.6, 129.5, 128.1, 127.0, 124.3, 123.2,
122.2(d,J=11.1 Hz), 121.8,120.2, 119.7, 117.8, 116.9, 112.9, 112.6, 105.5, 104.9, 104.7, 103.9, 102.6
(d,J=7.5Hz),99.5,99.3,75.4,70.1, 54.92, 54.86, 33.7, 33.5, 30.15, 29.9.

IR (film): v (cm™) 3077, 2962, 2926, 2855, 1621, 1597, 1567, 1530, 1447, 1409, 1367, 1261, 1221, 1098,
1037, 795, 736, 697, 434.

HRMS (ESI, m/z) caled for CsiHsoFIrNsO4 (M+H)": 1008.3471, found: 1008.3479.
CD (CH,CL): A, nm (Ag, Mlem!) 280 (+3), 261 (-1), 245 (+9), 217 (-16).
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A solution of A-3a (75.0 mg, 0.077 mmol) and HPFs (60% in water, 18.0 puL, 0.085 mmol) in CH3CN (4
mL) was stirred at room temperature for 1 min, then evaporated to dryness. The residue was subjected to
silica gel chromatography (CH2Cl/CH3CN = 30:1) to afford A-IrCla as a pale brown solid (62.0 mg,
0.063 mmol, 82% yield).

'H NMR (500 MHz, CDCls): § (ppm) 8.38 (s, 2H), 7.76 (s, 2H), 7.42 (d, J = 9.8 Hz, 2H), 7.12-7.05 (m,
4H), 6.67 (d, J = 7.0 Hz, 2H), 5.75 (s, 2H), 2.35 (s, 6H), 1.95 (s, 6H), 1.38 (s, 18H).

CD (CHaClL): A, nm (Ag, M-lem™) 279 (+1), 268 (-9), 249 (+12), 225 (-64).

All other spectroscopic data of A-IrCla were in agreement with the rac-IrCla.
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A solution of A-3b (43.0 mg, 0.043 mmol) and HPFs (60% in water, 10.0 pL, 0.047 mmol,) in CH;CN
(3 mL) was stirred at room temperature for 1 min, then evaporated to dryness. The residue was subjected
to silica gel chromatography (CH2>Cl,/CH3CN = 30:1) to afford A-IrC1b as a pale brown solid (40.0 mg,
0.039 mmol, 91% yield).

'H NMR (500 MHz, CDCls): & (ppm) 8.38 (s, 2H), 7.71 (s, 2H), 7.39 (d, J = 9.8 Hz, 2H), 7.13 (d, J=8.5
Hz, 2H), 7.06 (d, J = 9.6 Hz, 2H), 6.40 (dd, J = 8.5, 2.6 Hz, 2H), 5.53 (d, J = 2.6 Hz, 2H), 3.45 (s, 6H),
2.36 (s, 6H), 1.38 (s, 18H).

CD (CH2CL): A, nm (Ag, M'em™) 383 (+1), 273 (-3), 257 (+21), 226 (-109).
All other spectroscopic data of A-IrC1b were in agreement with the rac-IrC1b.

2.4 Synthesis of the Bis-ammonia Complex A-6
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Scheme S4. Synthetic route to bis-ammonia complex A-6.

Compound A-6. A solution of HCO>NH4 (35.0 mg, 0.55 mmol) and A-IrC1a (60.0 mg, 0.060 mmol) in
DMF/H>0 (200 uL/100 uL) was stirred at 60 °C for 3 h, cooled down to room temperature, then dried
in high vacuum. The residue was washed with CH,Cly/n-Hexane (1:10, v/v, 6 mL x 3), redissolved in
CH>Cl; (3 mL), washed with water (2 mL x 3), then dried over Na;SO4. The organic layers were combined
and concentrated to dryness to afford A-6 as a pale brown solid (21.0 mg, 0.020 mmol, 33% yield).

'H NMR (500 MHz, CDCls): & (ppm) 7.76 (s, 2H), 7.68 (s, 2H), 7.41 (d, J = 9.8 Hz, 2H), 7.10 (d, J= 7.9
Hz, 2H), 7.05 (dd, J = 9.8, 1.2 Hz, 2H), 6.64 (dd, J = 7.8, 1.0 Hz, 2H), 5.93 (d, J = 1.2 Hz, 2H), 2.74 (s,
6H), 1.98 (s, 6H), 1.35 (s, 18H).

13C NMR (126 MHz, CDCL): & (ppm) 162.1, 144.5, 139.0, 137.4, 136.0, 132.4, 130.1, 122.9, 122.7,
119.0, 118.0, 112.3, 105.1, 33.6, 29.7, 21.3.

IR (film): v (cm™) 3373, 3291, 3158, 2961, 2869, 1664, 1620, 1584, 1471, 1399, 1367, 1329, 1261, 1196,
1092, 846, 801, 737, 558.

HRMS (ESI, m/z) caled for C3sHaaltNs (M-PFe)": 753.3251, found: 753.3251.



2.5 CD Spectra of the Nonracemic Iridium complexes
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Figure S1. CD spectrum of compound A-3a recorded in MeOH (0.20 mM)
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Figure S2. CD spectrum of complex A-3b recorded in MeOH (0.20 mM).
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Figure S3. CD spectrum of compound A-IrC1a and A-IrC1la recorded in MeOH (0.20 mM)
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Figure S4. CD spectrum of complex A-IrC1b recorded in MeOH (0.20 mM).
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3. Synthesis of the Substrates and Racemic Reference Products

3.1 Synthesis of the Substrates

Cyclic N-sulfonylimines 4a-b* and 41-x> were prepared according to published procedures, 4¢c-k were
synthesized by modified methods A-C.”’

Method A

7 Q.o 7 Q0

RG—/ | S? COOCH; CHsMgBr RG_/ )
S A NH o THF, 1t S AN
4 o ! SO2NH, overnight 4 CH

3

S1a (R = 5-Br) S1c 4c (R = 5-Br)
S1b (R = 4-Br) :e EE = g—IIB)r)

g = O-

Scheme SS. Synthetic route to cyclic N-sulfonylimines 4c, 4e and 4g.

General procedure. A solution of Sla-¢? in THF (0.1 M) was treated with CH3MgBr (3.0 eq, 3.0 M in
THF) at 0 °C. The mixture was stirred at room temperature overnight, then quenched with water and
extracted with EtOAc (100 mL). The combined organic layers were dried over anhydrous Na>SOg, filtered,
and concentrated under reduced pressure. The residue was purified by flash chromatography on silica gel
(CH2Cl,) to afford pure product 4c, 4e or 4g.

4c

'H NMR (500 MHz, CDCls): & (ppm) 7.88 (dd, J = 8.0, 1.4 Hz, 1H), 7.81 (d, /= 1.2 Hz, 1H), 7.77 (d, J
= 8.0 Hz, 1H), 2.66 (s, 3H).

3C NMR (126 MHz, CDCls): & (ppm) 172.0, 138.5, 136.4, 133.4, 128.7, 127.5, 123.6, 17.7.

IR (film): v (cm™) 3419, 3087, 1611, 1551, 1377, 1325, 1284, 1171, 1145, 1065, 1022, 880, 832, 801,
706, 607, 558, 542.

HRMS (ESI, m/z) caled for CsHsBrNNaO,S (M+Na)" : 281.9195, found: 281.9197.

O\\ /O

S,
y N
Br CHs
4e

'H NMR (500 MHz, CDCls): 8 (ppm) 7.89 (dd, J = 3.1, 0.8 Hz, 1H), 7.88-7.86 (m, 1H), 7.57 (t, J= 7.7
Hz, 1H), 2.92 (s, 3H).

3C NMR (126 MHz, CDCls): § (ppm) 172.6, 142.6, 139.6, 134.8, 130.12, 121.7, 120.5, 22.7.

IR (film): v (cm™) 3437, 1958, 1633, 1591, 1572, 1548, 1438, 1405, 1325, 1173, 1017, 827, 777, 730,
597, 560, 532, 434.

HRMS (ESI, m/z) caled for CsHsBrNNaO,S (M+Na)": 281.9195, found: 281.9197.
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49

'H NMR (500 MHz, CDCl): & (ppm) 8.24 (d, J = 0.8 Hz, 1H), 8.09 (dd, J = 8.0, 1.2 Hz, 1H), 7.39 (d, J
= 8.0 Hz, 1H), 2.64 (s, 3H).

BC NMR (126 MHz, CDCl3): & (ppm) 172.7, 143.1, 141.2, 131.6, 131.0, 125.1, 101.4, 17.6.

IR (film): v (cm™) 3074, 2961, 2915, 2849, 1727, 1650, 1613, 1573, 1546, 1415, 1327, 1261, 1170, 1020,
802, 561.

HRMS (ESI, m/z) caled for CsHsINNaO»S (M+Na)" : 329.9056, found: 329.9057.

Method B
R R o
LDA Y
SO,NHCOCHS3 N S:
THF, rt N
overnight
CH
S1d (R =Br) 4d (R = Br)3
S19(R=F) 4h (R=F)
S$1f (R = CF3) 4i (R = CFs)

Scheme S6. Synthetic route to cyclic N-sulfonylimines 4d, 4h and 4i.

General procedure. To a solution of diisopropylamine (2.2 eq) in THF (0.1 M) at -78 °C was added
dropwise n-BuLi (2.0 eq, 2.4 M in hexane). After stirring for 1.5 h at -78 °C, S1d-f> in THF (1.0 M) was
added. The reaction was allowed to warm to room temperature slowly, then stirred overnight. The reaction
was quenched with water and extracted with EtOAc. The combined organic layers were dried over
anhydrous Na,SOg, filtered, and concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel (CH2Cl») to afford pure product 4d, 4h or 4i.

4d CHjs
"H NMR (500 MHz, CDCl5): § (ppm) 7.86-7.81 (m, 1H), 7.60 (dt, J = 15.2, 4.1 Hz, 2H), 2.66 (s, 3H).
3C NMR (126 MHz, CDCls): § (ppm) 171.7, 139.5, 137.2, 135.3, 133.7, 122.8, 117.7, 17.6.
IR (film): v (cm™") 3464, 3067, 1958, 1604, 1552, 1323, 831, 780, 721, 593, 556, 530, 483.
HRMS (ESI, m/z) caled for CsHsBrNNaO,S (M+Na)" : 281.9195, found: 281.9197.

F
y N
4h CHj

'H NMR (500 MHz, CDCL): & (ppm) 7.76 (ddd, J = 8.2, 7.7, 4.6 Hz, 1H), 7.51-7.47 (m, 1H), 7.41 (t, J
= 7.9 Hz, 1H), 2.67 (s, 3H).
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13C NMR (126 MHz, CDCls): § (ppm) 172.1, 158.0, 155.9, 137.1 (d, J = 6.8 Hz), 134.6, 121.7 (d, J =
20.2 Hz), 120.0 (d, J= 3.6 Hz), 17.7.

IR (film): v (cm™") 3083, 2923, 1959, 1572, 1471, 1441, 1417, 1332, 1290, 1177, 830, 560, 522.
HRMS (ESI, m/z) caled for CsHsFNNaO2S (M+Na)": 221.9995, found: 221.9997.

CF;

N

CH
4 3

'H NMR (500 MHz, CDCls): 5 (ppm) 8.03-7.82 (m, 3H), 2.70 (s, 3H).

13C NMR (126 MHz, CDCls): § (ppm) 171.7, 137.3, 135.0, 133.0, 130.7 (q, J = 4.0 Hz), 127.5, 123.2,
121.1,17.7.

IR (film): v (cm™") 3436, 1575, 1421, 1343, 1285, 1219, 1172, 1131, 831, 737, 560, 533.
HRMS (ESI, m/z) caled for CoHsF3NNaO,S (M+Na)": 271.9964, found: 271.9964.

Method C
1 1 @) ,0
R,\/ SONHCOCHs 1) NaH, 1t, 1 h R,\/ s
| > LN
R2 Ny 2) n-Buli, THF  RZ
-78°Ctort CHj

81g (R'=3-Cl, R?=H, X = Cl) 4f (R' = 6-Cl, R = H)
S1h (R'=2-Me, R =H, X = Cl) 4j (R' = 7-Me, R? = H)
$1i (R! = 3-MeO, R? = MeO, X = Br) 4k (R' = 6-MeO, R? = MeO)

Scheme S7. Synthetic route to cyclic N-sulfonylimines 4f, 4j and 4k.

General procedure. To a solution of NaH (2.0 eq, 60% dispersion in mineral oil) in THF (0.10 M) at
room temperature 2-chlorobenzenesulfonamide S1g-i* in THF (1.0 M) was added dropwise. The reaction
mixture was allowed to stir for 30 min at room temperature, then cooled to -78 °C. n-BuLi (1.5 eq, 2.4 M
in hexane) was added dropwise over 10 min. The reaction mixture was stirred for 1 h at -78 °C, allowed
to warm to 0 °C in an ice bath over a period of 1 h, and finally warmed to room temperature over 1 h. The
reaction was quenched with water and extracted with EtOAc. The combined organic layers were dried
over anhydrous Na;SOs, filtered, and concentrated under reduced pressure. The residue was purified by
flash chromatography on silica gel (CH2Cl) to afford product 4f, 4j or 4k.

4f
'H NMR (500 MHz, CDCL3): & (ppm) 7.85-7.81 (m, 1H), 7.71-7.65 (m, 2H), 2.89 (s, 3H).
13C NMR (126 MHz, CDCl3): 8 (ppm) 171.1, 141.5, 135.0, 133.9, 131.5, 127.3, 120.1, 21.6.

IR (film): v (cm™) 3270, 3066, 2960, 2920, 1721, 1592, 1575, 1552, 1446, 1372, 1332, 1265, 1174, 829,
800, 735, 595, 563, 487.

HRMS (ESI, m/z) caled for CsHsCINNaO>S (M+Na)": 220.0403, found: 220.0405.
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4
'H NMR (500 MHz, CDCLs): § (ppm) 7.59 (t, J = 7.6 Hz, 1H), 7.54-7.43 (m, 2H), 2.69 (s, 3H), 2.62 (s,
3H).
13C NMR (126 MHz, CDCl3): & (ppm) 173.5, 137.8, 135.6, 135.3, 134.0, 131.7, 121.6, 17.7, 17.3.

IR (film): v (cm™) 2962, 2920, 2851, 1726, 1564, 1464, 1415, 1318, 1290, 1261, 1170, 1098, 1019, 830,
794,611, 556, 538, 489.

HRMS (ESI, m/z) caled for CoHoNNaO,S (M+Na)*: 220.0403, found: 220.0405.
o)
HsCO ‘gfo
I
HyCO
CHj3
4k

'H NMR (500 MHz, CDCls): § (ppm) 7.36 (s, 1H), 7.01 (s, 1H), 4.00 (d, J = 4.1 Hz, 6H), 2.62 (s, 3H).
13C NMR (126 MHz, CDCLs): § (ppm) 173.2, 153.9, 153.5, 133.4, 124.8, 105.3, 104.8, 56.9, 56.7, 17.7.

IR (film): v (em™) 2961, 1958, 1611, 1576, 1537, 1502, 1459, 1406, 1310, 1257, 1155, 1015, 847, 792,
562.

HRMS (ESI, m/z) caled for C1oHi1NNaO4S (M+Na)*: 264.0301, found: 264.0306.

3.2 Synthesis of the Racemic Reference Products

— 1+
tBu—Oﬁ PFy
MeCNn,,,I‘Tm‘:@\

/Ir

Q.0 rac-IrC1a Q.0 E
NS (0.1-0.5 mol%) NS
R'L I /N » R'T I /N ' MeCN
X HCO,NH, (9 eq) X i Me l
R? DMF/H,0 = 2:1,60 °C R? | NN
4a-x rackax | g, _</——);f @
rac-IrC1a

Scheme S8. Synthesis of racemic reference compounds rac-5a-x.

General procedure for synthesis of the racemic reference products catalyzed by rac-IrCla. A solution
of cyclic N-sulfonylimines 4a-x (0.10 mmol), HCO>NH4 (56.8 mg, 0.90 mmol) and rac-IrC1a (0.1-0.5
mol%) in DMF/H>0 (133 uL/67 pL) was stirred at 60 °C until it was complete, which was monitored by
TLC analysis. Afterwards, the reaction mixture was dried in vacuo and purified by column chromatograph
on silica gel (CH2Cl, or EtOAc) to afford rac-Sa-x as HPLC reference for the determination of
enantiomeric excess.
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4. ATH of Cyclic N-Sulfonylimines by the Iridium Catalysts

4.1 Optimization of the Reaction Conditions

Note: For the low loading catalysis, all the catalysts were used as a freshly prepared stock solution.

Preparation of the stock solutions. A stock solution of A-IrCla in DMF (2.5 mM): A-IrCla (2.50 mg,
2.5 umol) was dissolved in DMF (1000 pL); A stock solution of A-IrCla in DMF (1.0 mM): A-IrCla
(2.50 mg, 2.5 umol) was dissolved in DMF (2500 pL); A stock solution of A-IrC1b in DMF (2.5 mM):
A-IrC1b (2.53 mg, 2.5 umol) was dissolved in DMF (1000 pL); A stock solution of A-IrQ in DMF (2.5
mM): A-IrO' (2.48 mg, 2.5 umol) was dissolved in DMF (1000 puL); A stock solution of A-IrS in DMF
(2.5 mM): A-IrS! (2.50 mg, 2.5 pmol) was dissolved in DMF (1000 pL); A stock solution of A-6 in DMF
(2.5 mM): A-6 (2.25 mg, 2.5 pmol) was dissolved in DMF (1000 pL).

Table S1. Optimization of reaction conditions for the ATH reactions of cyclic N-sulfonylimine 4a.

0)

\

S
N

\/O

A-Ir Cat.

(0.01-0.5 mol%)
>

B0
NN
MeCN ’I"l: T“‘

s

_|+

PFe

19\
R

-~
MeCN NLNU

H source
4a Conditions 5a N
tBu
A-IrC1a (R = Me)
AArC1b (R = MeO)

Entry catalyst(mol%) H source conc. (M) solvent (o]é) (Itl) C(?,Z‘)]' (ﬁ/i)
1 A-IrCla (0.5) HCO;NH4 0.5 THF/H20 (1:1) 50 6 64 93
2 A-IrCla (0.5) HCO>NH4 0.5 iPrOH/H,O(1:1) 50 6 55 97
3 A-IrCla (0.5) HCO>NH4 0.5 DCE/H,0 (1:1) 50 6 86 86
4 A-IrCla (0.5) HCO>NH4 0.5 CH3;CN/H2O(1:1) 50 6 13 97
5 A-IrCla (0.5) HCO>NH4 0.5 DMF/H,0 (1:1) 50 3.5 98 98
6 A-IrC1a (0.5) HCO;NH4 0.5 TFE/H,0 (1:1) 50 6 trace n.d.
7 A-IrCla (0.5) HCO>NH4 0.5 DMF/H;0 (2:1) 50 2.5 93 99
8 A-IrCla (0.5) HCO>NH4 0.5 DMF/H,0 (4:1) 50 2.5 90 97
9 A-IrCla (0.5) HCO>NH4 0.5 DMF/H,0 (6:1) 50 2.5 71 98
10 A-IrCla (0.5) HCO>NH4 0.5 DMF/H,0 (8:1) 50 2.5 70 97
11 A-IrCla (0.5) HCO>NH4 0.5 DMF 50 25 67 91
12 A-IrCla (0.5) HCO>NH4 0.5 DMF/H,0 (1:2) 50 25 48 96
13 A-IrCla (0.5) HCO>NH4 0.5 DMF/H,0 (1:4) 50 2.5 9 n.d.
14 A-IrCla (0.2) HCO>NH4 0.5 DMF/H;0 (2:1) 50 5 90 99
15 A-IrCla (0.1) HCO>NH4 0.5 DMF/H;0 (2:1) 50 5 62 98
16 A-IrC1a (0.05) HCO>NH4 0.5 DMF/H,0 (2:1) 50 11 90 97
17 A-IrCl1a (0.05) HCO>NH4 1.0 DMF/H,0 (2:1) 50 2.5 93 97
18 A-IrCla (0.05) HCO>NH4 0.2 DMF/H;0 (2:1) 50 2.5 92 96
19 A-IrC1a (0.05) HCO>NH4 0.5 DMF/H;0 (2:1) 40 36 89 96

20 A-IrCla (0.05) HCO>NH4 0.5 DMF/H,0 (2:1) 60 5 91 98
21 A-IrCla (0.02) HCO>NH4 0.5 DMF/H,0 (2:1) 60 12 88 94
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22 AIrCla(0.01) HCO;NH; 0.5 DMF/H,0 (1) 60 17 82 90
23 AIrClb (0.05) HCO,NH; 0.5 DMF/H.0 (2:1) 60 5 70 92
24 AIr0(0.05)  HCO:;NH; 0.5 DMF/H.0 (2:1) 60 5 trace n.d.
25 ArS(0.05)  HCO:;NH; 0.5 DMF/H,0 (1) 60 5 17 94
26  AIrCla(0.05)  HCO:Na 0.5 DMF/H,0 (2:1) 60 5 12 15
27 A-IrCla (0.05) Hcczél.{z/)E“N 0.5 DMF/H,0 (2:1) 60 5 94 67
28 A-6(0.05) HCO,NH, 0.5 DMF/H.0 (2:1) 60 5 98 94

General Procedure.

For entries 1-22: A solution of 4a (18.1 mg, 0.10 mmol), HCO,NH4 (56.8 mg, 0.90 mmol), and A-IrCla
(0.01-0.5 mol%) in the indicated solvent was stirred at 40-60 °C for 2.5-36 h. The conversion was
determined by 'H NMR analysis of the crude product, and ee values were determined by chiral HPLC
chromatography using a Daicel Chiralpak OD-H column.

For entries 23-28: A solution of 4a (18.1 mg, 0.10 mmol), the indicated hydrogen source (0.90 mmol),
and indicated catalyst (0.050 umol, 20 uL of a 2.5 mM stock solution of indicated catalyst in DMF) in
DMF/H,0 (113 uL/67 uL) was stirred at 60 °C for 5 h. The conversion was determined by 'H NMR
analysis of the crude product, and ee values were determined by chiral HPLC chromatography using a
Daicel Chiralpak OD-H column.

4.2 Substrate Scope

= 1+
tBu—<\__N>§‘ PFg

/
Q.0 A-IrC1a Q.0 TN
NS, (0.05-0.2 mol%) NS, MeCN,, |
R N ~ RN BN
X HCO,NH, (9 eq) X MeCN
R2 =92 ° R2
tan DMF/H,0 = 2:1, 60 °C Sax AN

N
tBu—</__)"
=/ A-IrC1a

Scheme S9. Substrate scope of the ATH reaction of cyclic N-sulfonylimines catalyzed by A-IrCla.

General Procedure. A solution of cyclic N-sulfonylimines 4a-x (0.20 mmol), HCO,NH4 (113.5 mg, 1.80
mmol), and A-IrC1a (0.05-0.2 mol%) in DMF/H>0 was stirred at 60 °C for indicated time until complete
disappearance of the starting material, cooled down to room temperature, then dried in vacuo. The residue
was purified by flash chromatography on silica gel (CH2Cl> or EtOAc) to afford product Sa-x.
Enantiomeric excess was established by HPLC analysis. Absolute configuration of the products were
assigned as S by comparing their optical rotation with the literature. ®

Q0

4

S
NH

5a CHj3
A solution of cyclic N-sulfonylimine 4a (36.2 mg, 0.20 mmol), HCO2NH4 (113.5 mg, 1.80 mmol), and
A-IrCla (0.10 pmol, 40 puL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H,0 (227 uL/133
puL) was stirred at 60 °C for 6 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl) to afford product 5a as a white solid (36.2 mg,
0.197 mmol, yield: 99%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
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H column, ee = 98% (HPLC: OD-H, 220 nm, n-hexane/isopropanol = 80:20, flow rate 0.7 mL/min, 30 °C,
t(major) = 15.3 min, t,(minor) = 19.6 min. [a]p>> = -25.5° (¢ = 1.0, CHCI).

'"H NMR (500 MHz, CDCls): & (ppm) 7.77 (d, J = 7.8 Hz, 1H), 7.63 (t, J = 7.3 Hz, 1H), 7.52 (t, J=7.5
Hz, 1H), 7.39 (d, J = 7.8 Hz, 1H), 4.83-4.75 (m, 1H), 4.68 (br, 1H), 1.62 (d, J= 6.5 Hz, 3H).

Other analytic data of 5a are consistent with the literature.

Q\ /,O

Br. S
@;(NH

CHs
5b

A solution of cyclic N-sulfonylimine 4b (52.0 mg, 0.20 mmol), HCO;NH4 (113.5 mg, 1.80 mmol), and
A-IrCla (0.10 pmol, 40 puL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H,0 (227 uL/133
pL) was stirred at 60 °C for 4 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl) to afford product Sb as a white solid (51.4 mg,
0.196 mmol, yield: 98%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 97% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 80:20, flow rate 0.7 mL/min, 30 °C,
t(major) = 11.5 min, t((minor) = 14.3 min. [a]p®> = -22.9° (¢ = 1.0, CHCI).

'H NMR (500 MHz, CDCls): § (ppm) 7.89 (d, J = 1.2 Hz, 1H), 7.73 (dd, J = 8.2, 1.5 Hz, 1H), 7.27 (d, J
= 8.6 Hz, 1H), 4.81-4.68 (m, 2H), 1.61 (d, J = 6.5 Hz, 3H).

Other analytic data of 5b are consistent with the literature.®

QL0

S\
NH
Br

CH,
5¢c

A solution of cyclic N-sulfonylimine 4¢ (52.0 mg, 0.20 mmol), HCO>NH4 (113.5 mg, 1.80 mmol), and
A-IrCla (0.10 pmol, 40 puL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H,0 (227 uL/133
puL) was stirred at 60 °C for 5 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl) to afford product Se¢ as a white solid (49.8 mg,
0.190 mmol, yield: 95%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 97% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 80:20, flow rate 0.7 mL/min, 30 °C,
t(major) = 13.3 min, t{(minor) = 17.0 min. [a]p®> = -26.6° (¢ = 0.2, CHCI).

'H NMR (500 MHz, CDCl3): & (ppm) 7.69-7.60 (m, 2H), 7.55 (s, 1H), 4.89-4.60 (m, 2H), 1.62 (d, J =
6.5 Hz, 3H).

Other analytic data of 5S¢ are consistent with the literature.®

Br

5d

A solution of cyclic N-sulfonylimine 4d (52.0 mg, 0.20 mmol), HCO:NH4 (113.5 mg, 1.80 mmol), and
A-IrCla (0.10 pmol, 40 puL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H,O (227 uL/133
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pL) was stirred at 60 °C for 4 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl,) to afford product 5d as a white solid (51.7 mg,
0.197 mmol, yield: 99%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee =95% (HPLC: OD-H, 220 nm, n-hexane/isopropanol = 90:10, flow rate 0.8 mL/min, 30 °C,
t(major) = 57.7 min, t(minor) = 64.5 min. [a]p>’ = -2.4° (¢ = 1.0, CHCI5).

"H NMR (500 MHz, CDCls): & (ppm) 7.62 (d, J = 7.8 Hz, 1H), 7.46 (t, J = 7.8 Hz, 1H), 7.33 (d, J= 7.7
Hz, 1H), 4.85 (s, 1H), 4.72 (dd, J=13.2, 6.5 Hz, 1H), 1.61 (d, /= 6.7 Hz, 3H).

3C NMR (126 MHz, CDCls): & (ppm) 144.8, 135.8, 134.4, 133.3, 122.9, 116.0, 52.1, 21.4.

IR (film): v (cm™) 3240, 2989, 2962, 1958, 1588, 1454, 1392, 1321, 1262, 1163, 1089, 1027, 829, 744,
560, 526.

HRMS (ESI, m/z) caled for CsHsBrNNaO,S (M+Na)" : 283.9351, found: 283.9354.

A solution of cyclic N-sulfonylimine 4e (52.0 mg, 0.20 mmol), HCO,NH4 (113.5 mg, 1.80 mmol), and
A-IrC1a (0.10 pmol, 40 pL of a 2.5 mM stock solution of A-IrCla in DMF) in DMF/H>O (227 pL/133
puL) was stirred at 60 °C for 5 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl) to afford product Se as a white solid (48.8 mg,
0.186 mmol, yield: 93%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 94% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 90:10, flow rate 0.8 mL/min, 30 °C,
t(major) = 22.2 min, t(minor) = 25.4 min. [a]p> = -44.8° (¢ = 1.0, CHCl5).

"H NMR (500 MHz, CDCls): § (ppm) 7.74 (dd, J = 7.9, 0.8 Hz, 1H), 7.72 (d, J= 7.7 Hz, 1H), 7.40 (t, J
=7.8 Hz, 1H), 5.10 (s, 1H), 4.73 (q, J = 6.7 Hz, 1H), 1.69 (d, J= 6.7 Hz, 3H).

3C NMR (126 MHz, CDCl3): & (ppm) 141.5, 137.6, 136.8, 131.1, 120.5, 119.3, 54.7, 20.4.

IR (film): v (cm™) 3260, 3079, 2962, 2923, 2851, 1589, 1444, 1288, 1261, 1142, 1075, 1018, 793, 573,
535.

HRMS (ESI, m/z) caled for CsHsBrNNaO,S (M+Na)" : 283.9351, found: 283.9356.

Q
Cl. : “S"O
H
CHj
5f

4

pd

A solution of cyclic N-sulfonylimine 4f (43.1 mg, 0.20 mmol), HCO>,NH4 (113.5 mg, 1.80 mmol), and A-
IrC1a (0.10 umol, 40 uL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H,0 (227 uL/133 pL)
was stirred at 60 °C for 4.5 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl,) to afford product 5f as a white solid (41.8 mg,
0.192 mmol, yield: 96%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 96% (HPLC: OD-H, 220 nm, n-hexane/isopropanol = 95:5, flow rate 0.8 mL/min, 30 °C,
t(major) = 35.8 min, t(minor) = 38.9 min. [a]p? =-35.9° (¢ = 1.0, CHCl5).

'H NMR (500 MHz, CDCL): & (ppm) 7.69 (d, J= 7.7 Hz, 1H), 7.59 (d, J= 7.9 Hz, 1H), 7.49 (t, J= 7.8
Hz, 1H), 4.92-4.76 (m, 2H), 1.71 (d, J = 6.6 Hz, 3H).
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3C NMR (126 MHz, CDCls): § (ppm) 139.5, 137.8, 133.7, 131.1, 130.8, 120.0, 53.4, 20.5.

IR (film): v (cm™) 3533, 3264, 3081, 2962, 2927, 2854, 1721, 1574, 1446, 1372, 1293, 1262, 1168, 1148,
100, 809, 731, 661, 576, 557, 436.

HRMS (ESI, m/z) caled for CsHsCINNaO>S (M+Na)*: 239.9856, found: 239.9860.

Q.0

I S’
CHs
5¢g
A solution of cyclic N-sulfonylimine 4g (61.4 mg, 0.20 mmol), HCO,NH4 (113.5 mg, 1.80 mmol), and
A-IrC1a (0.40 pmol, 160 pL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H,0 (107 nL/133
pL) was stirred at 60 °C for 5 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cly) to afford product Sg as a white solid (50.7 mg,
0.164 mmol, yield: 82%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee =97% (HPLC: OD-H, 220 nm, n-hexane/isopropanol = 80:20, flow rate 0.7 mL/min, 30 °C,
t(major) = 13.0 min, t(minor) = 16.5 min. [a]p? =-16.3° (¢ = 1.0, CHCl5).

'H NMR (500 MHz, CDCl): & (ppm) 8.07 (d, /= 1.1 Hz, 1H), 7.92 (dd, J= 8.1, 1.4 Hz, 1H), 7.14 (d, J
= 8.1 Hz, 1H), 4.76-4.67 (m, 2H), 1.60 (d, J = 6.5 Hz, 3H).

3C NMR (126 MHz, CDCl3): & (ppm) 142.2, 141.4, 137.7, 130.2, 125.7, 93.7, 53.3, 21.3.

IR (film): v (cm™) 3258, 2963, 2925, 2852, 1715, 1659, 1587, 1465, 1394, 1287, 1263, 1162, 1072, 1021,
823,797, 591, 540, 503.

HRMS (ESI, m/z) caled for CsHsINNaO,S (M+Na)": 331.9213, found: 331.9215.

5h

A solution of cyclic N-sulfonylimine 4h (39.8 mg, 0.20 mmol), HCO:NH4 (113.5 mg, 1.80 mmol), and
A-IrCla (0.10 pmol, 40 puL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H,0 (227 uL/133
puL) was stirred at 60 °C for 4 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl,) to afford product Sh as a white solid (38.6 mg,
0.192 mmol, yield: 96%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 95% (HPLC: OD-H, 220 nm, n-hexane/isopropanol = 90:10, flow rate 0.8 mL/min, 30 °C,
t(major) = 25.7 min, t{(minor) = 30.1 min. [a]p®’ = -16.9° (¢ = 1.0, CHCI5).

'H NMR (500 MHz, CDCls): & (ppm) 7.61 (td, J = 8.0, 4.9 Hz, 1H), 7.16 (t, J= 7.9 Hz, 2H), 4.86 (s, 1H),
4.82-4.75 (m, 1H), 1.63 (d, J = 6.7 Hz, 3H).

3C NMR (126 MHz, CDCl3): § (ppm) 157.3, 155.3, 145.5, 135.9 (d, J= 7.2 Hz), 119.6 (d, J = 4.1 Hz),
116.1 (d, J=18.7 Hz), 53.5, 21.3.

IR (film): v (em™") 3263, 2959, 2925, 2854, 1611, 1590, 1466, 1377, 1261, 1160, 1097, 1021, 798, 525.
HRMS (ESI, m/z) caled for CsHgFNNaO,S (M+Na) " : 224.0152, found: 224.0152.
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5i

A solution of cyclic N-sulfonylimine 4i (49.8 mg, 0.20 mmol), HCO>NH4 (113.5 mg, 1.80 mmol), and A-
IrC1a (0.10 umol, 40 uL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H,0 (227 uL/133 pL)
was stirred at 60 °C for 4 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl) to afford product Si as a white solid (47.7 mg,
0.190 mmol, yield: 95%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 94% (HPLC: OD-H, 220 nm, n-hexane/isopropanol = 90:10, flow rate 0.8 mL/min, 30 °C,
t(major) = 8.8 min, t(minor) = 10.1 min. [a]p®’ = -15.1° (¢ = 1.0, CHCI).

'H NMR (500 MHz, CDCl3): 8 (ppm) 7.79-7.71 (m, 2H), 7.64-7.57 (m, 1H), 4.89 (s, 1H), 4.77 (p, J =
6.6 Hz, 1H), 1.66 (d, J = 6.8 Hz, 3H).

BBC NMR (126 MHz, CDCl3): § (ppm) 143.8, 132.4, 126.8, 125.8 (d, J = 4.8 Hz), 124.8, 122.4, 120.3,
51.7,19.8.

IR (film): v (cm™") 3244, 2915, 1602, 1439, 1395, 1260, 1058, 1018, 796, 713, 671, 636, 562, 516, 474.
HRMS (ESI, m/z) caled for CoHsF3sNNaO,S (M+Na)" : 274.0120, found: 274.0120.

CHsp 0

NH
CHs
5j

A solution of cyclic N-sulfonylimine 4j (39.1 mg, 0.20 mmol), HCO>,NH4 (113.5 mg, 1.80 mmol), and A-
IrC1a (0.10 umol, 40 uL of'a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H>O (227 uLL/133 uL)
was stirred at 60 °C for 6 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl,) to afford product 5j as a white solid (38.7 mg,
0.196 mmol, yield: 98%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 97% (HPLC: AD-H, 220 nm, n-hexane/isopropanol = 92:8, flow rate 0.8 mL/min, 30 °C,
t(major) = 22.4 min, t(minor) = 25.2 min. [a]p? =-15.9 (¢ = 1.0, CHCl5).

'H NMR (500 MHz, CDCL): & (ppm) 7.49 (t, J = 7.6 Hz, 1H), 7.25 (d, J= 7.9 Hz, 1H), 7.18 (d, J= 7.7
Hz, 1H), 4.82-4.68 (m, 2H), 2.63 (s, 3H), 1.59 (d, J = 6.6 Hz, 3H).

3C NMR (126 MHz, CDCls): § (ppm) 142.0, 134.3, 134.1, 133.3, 130.7, 121.2, 52.9, 21.7, 17.0.
IR (film): v (em™!) 3251, 2963, 2925, 1601, 1473, 1373, 1261, 1155, 1102, 829, 798, 763, 560.
HRMS (ESI, m/z) caled for CoH;i1NNaO>S (M+Na)" : 220.0403, found: 220.0405.

@)
H3CO S\
I
H,CO
5k

A solution of cyclic N-sulfonylimine 4k (48.3 mg, 0.20 mmol), HCO>,NH4 (113.5 mg, 1.80 mmol), and
A-IrCla (0.10 pmol, 40 puL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H,0 (227 uL/133
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puL) was stirred at 60 °C for 7.5 h, cooled down to room temperature, then dried in vacuo. The residue
was purified by flash chromatography on silica gel (CH2Cl) to afford product Sk as a white solid (47.7
mg, 0.196 mmol, yield: 98%). Enantiomeric excess was established by HPLC analysis using a Chiralpak
OD-H column, ee = 98% (HPLC: OD-H, 254nm, n-hexane/isopropanol = 80:20, flow rate 0.7 mL/min,
30 °C, t{(major) = 23.1 min, t(minor) = 30.6 min. [a]p>> = -15.3° (¢ = 1.0, CHCI5).

'H NMR (500 MHz, CDCls): § (ppm) 7.17 (s, 1H), 6.73 (s, 1H), 4.76-4.66 (m, 1H), 4.58 (s, 1H), 3.95 (s,
3H), 3.94 (s, 3H), 1.60 (d, J= 6.7 Hz, 3H).

3C NMR (126 MHz, CDCI3): § (ppm) 153.9, 150.5, 135.0, 127.1, 105.0, 102.5, 56.45, 56.47, 53.2, 21.9.
IR (film): v (cm™") 3298, 2962, 2918, 2849, 1593, 1502, 1410, 1375, 1262, 1178, 1052, 800, 515, 493.
HRMS (ESI, m/z) caled for C1oHi3sNNaO4S (M+Na)*: 266.0457, found: 266.0461.

:gz/‘”
T

51

A solution of cyclic N-sulfonylimine 41 (39.1 mg, 0.20 mmol), HCO>NH4 (113.5 mg, 1.80 mmol), and A-
IrC1a (0.10 umol, 40 uL of'a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H>O (227 uLL/133 uL)
was stirred at 60 °C for 7 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl) to afford product 51 as a white solid (39.1 mg,
0.198 mmol, yield: 99%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 96% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 80:20, flow rate 0.8 mL/min, 30 °C,
t(major) = 11.8 min, t{(minor) = 19.7 min. [a]p®’ = -46.7° (¢ = 1.0, CHCI5).

'H NMR (500 MHz, CDCL3): & (ppm) 7.78 (d, J= 7.8 Hz, 1H), 7.63 (td, J=7.7, 1.0 Hz, 1H), 7.53 (t, J =
7.5 Hz, 1H), 7.39 (d, J= 7.8 Hz, 1H), 4.75-4.62 (m, 2H), 2.01-2.12 (m, 1H), 1.88-1.77 (m, 1H), 1.04 (t,
J=17.4Hz, 3H).

Other analytic data of 51 are consistent with the literature.’

Q.0

S\
NH

iPr
5m
A solution of cyclic N-sulfonylimine 4m (41.9 mg, 0.20 mmol), HCO>NH4 (113.5 mg, 1.80 mmol), and
A-IrCla (0.40 umol, 160 uL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H>O (107 uL/133
pL) was stirred at 60 °C for 8 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl) to afford product Sm as a white solid (41.8 mg,
0.198 mmol, yield: 99%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 94% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 80:20, flow rate 0.8 mL/min, 30 °C,
t(major) = 9.7 min, t((minor) = 23.4 min. [a]p®’ = -61.9° (¢ = 1.0, CHCI).

'H NMR (500 MHz, CDCL3): & (ppm) 7.79 (d, J = 7.8 Hz, 1H), 7.63 (td, J= 7.7, 0.9 Hz, 1H), 7.54 (t, J
7.6 Hz, 1H), 7.38 (d, J = 7.6 Hz, 1H), 4.71-4.66 (m, 1H), 4.62 (s, 1H), 2.36-2.22 (m, 1H), 1.14 (d, J
6.9 Hz, 3H), 0.78 (d, J = 6.8 Hz, 3H).

Other analytic data of Sm are consistent with the literature.’
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5n nBu

4

Z

A solution of cyclic N-sulfonylimine 4n (44.7 mg, 0.20 mmol), HCO:NH4 (113.5 mg, 1.80 mmol), and
A-IrCla (0.40 umol, 160 uL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H>O (107 nL/133
pL) was stirred at 60 °C for 3 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl,) to afford product Sn as a white solid (44.6 mg,
0.198 mmol, yield: 99%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 98% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 80:20, flow rate 0.8 mL/min, 30 °C,
t(major) = 9.5 min, t(minor) = 17.7 min. [a]p®’ = -46.3° (¢ = 1.0, CHCI:).

'H NMR (500 MHz, CDCls): & (ppm) 7.71 (d, J = 7.8 Hz, 1H), 7.59-7.51 (m, 1H), 7.46 (t, J= 7.5 Hz,
1H), 7.32 (d, J = 7.8 Hz, 1H), 4.62-4.72 (m, 2H), 2.02-1.86 (m, 1H), 1.93-2.09 (m, 1H), 1.73-1.82 (m,
4H), 0.86 (t, J= 7.1 Hz, 3H).

Other analytic data of Sn are consistent with the literature.’

Q.0
S,
NH
Ph
50

A solution of cyclic N-sulfonylimine 40 (54.7 mg, 0.20 mmol), HCO2NH4 (113.5 mg, 1.80 mmol), and
A-IrCla (0.40 umol, 160 uL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H,O (107 nL/133
pL) was stirred at 60 °C for 4 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl) to afford product 50 as a white solid (53.6 mg,
0.196 mmol, yield: 98%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 96% (HPLC: OD-H, 220 nm, n-hexane/isopropanol = 80:20, flow rate 0.7 mL/min, 30 °C,
t(major) = 24.8 min, t(minor) = 45.9 min. [a]p*’ = -33.0° (¢ = 1.0, CHCI).

'H NMR (500 MHz, CDCl3): § (ppm) 7.80-7.75 (m, 1H), 7.61 (td, J= 7.6, 1.1 Hz, 1H), 7.52 (t, J= 7.5
Hz, 1H), 7.36 (dd, J = 7.8, 0.5 Hz, 1H), 7.33-7.28 (m, 2H), 7.24-7.18 (m, 3H), 4.82 (s, 1H), 4.73-4.65
(m, 1H), 2.83 (t, J= 7.7 Hz, 2H), 2.34-2.24 (m, 1H), 2.15-2.05 (m, 1H).

Other analytic data of 5o are consistent with the literature.>?

0 0
1%
NH

5p cHex

A solution of cyclic N-sulfonylimine 4p (33.2 mg, 0.20 mmol), HCO>,NH4 (113.5 mg, 1.80 mmol), and

A-IrCla (0.40 umol, 160 uL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H>O (107 uL/133

puL) was stirred at 60 °C for 9 h, cooled down to room temperature, then dried in vacuo. The residue was

purified by flash chromatography on silica gel (CH2Cl,) to afford product Sp as a white solid (33.0 mg,

0.196 mmol, yield: 98%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-

H column, ee = 97% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 80:20, flow rate 0.7 mL/min, 30 °C,
t(major) = 11.2 min, t{(minor) = 33.0 min. [a]p>’ = -48.6° (¢ = 1.0, CHCI).

'H NMR (500 MHz, CDCls): & (ppm) 7.78 (d, J = 7.8 Hz, 1H), 7.65-7.60 (m, 1H), 7.53 (t, J= 7.5 Hz,
1H), 7.39 (d, J = 7.8 Hz, 1H), 4.63 (br, 2H), 1.93-1.65 (m, 2H), 1.28-1.12 (m, 6H).

Other analytic data of Sp are consistent with the literature.’
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5q
A solution of cyclic N-sulfonylimine 4q (48.7 mg, 0.20 mmol), HCO>NH4 (113.5 mg, 1.80 mmol), and
A-IrC1a (0.40 pmol, 160 pL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H,0 (107 nL/133
puL) was stirred at 60 °C for 4 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl,) to afford product 5q as a white solid (47.6 mg,
0.194 mmol, yield: 97%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee =97% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 70:30, flow rate 0.8 mL/min, 30 °C,
t(major) = 16.5 min, t(minor) = 18.6 min. [a]p>> = 84.8° (¢ = 1.0, CHCl5).

'H NMR (500 MHz, CDCLs): § (ppm) 7.86-7.82 (m, 1H), 7.59-7.51 (m, 2H), 7.44-7.35 (m, 5H), 7.16—
7.13 (m, 1H), 5.72 (d, J = 3.8 Hz, 1H), 4.89 (br, 1H).

Other analytic data of 5q are consistent with the literature.®

.

A solution of cyclic N-sulfonylimine 4r (51.5 mg, 0.20 mmol), HCO>NH4 (113.5 mg, 1.80 mmol), and
A-IrCla (0.40 umol, 160 uL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H>O (107 nL/133
puL) was stirred at 60 °C for 4 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl) to afford product Sr as a white solid (50.3 mg,
0.194 mmol, yield: 97%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 98% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 70:30, flow rate 0.8 mL/min, 30 °C,
t(major) = 12.7 min, t,(minor) = 15.1 min. [a]p®> = 7.9° (¢ = 1.0, CHCI5).

'H NMR (500 MHz, CDCl3): § (ppm) 7.88-7.84 (m, 1H), 7.61-7.54 (m, 2H), 7.30-7.26 (m, 1H), 7.22—
7.16 (m, 1H), 7.15-7.09 (m, 2H), 6.00 (d, J = 4.4 Hz, 1H), 4.70 (br, 1H), 2.46 (s, 3H).

Other analytic data of Sr are consistent with the literature.

Ry

A solution of cyclic N-sulfonylimine 4s (51.5 mg, 0.20 mmol), HCO>NH4 (113.5 mg, 1.80 mmol), and
A-IrCla (0.40 umol, 160 uL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H>O (107 uL/133
puL) was stirred at 60 °C for 3 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl,) to afford product 5s as a white solid (49.3 mg,
0.190 mmol, yield: 95%). Enantiomeric excess was established by HPLC analysis using a Chiralpak AD-
H column, ee =97% (HPLC: AD-H, 254 nm, n-hexane/isopropanol = 90:10, flow rate 0.8 mL/min, 30 °C,
t(minor) = 25.2 min, t{(major) = 29.6 min. [a]p>> = 77.7° (¢ = 1.0, CHCI5).
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'H NMR (500 MHz, CDCl3): § (ppm) 7.89—7.80 (m, 1H), 7.59-7.51 (m, 2H), 7.33-7.27 (m, 1H), 7.22—
7.10 (m, 4H), 5.68 (d, J = 4.0 Hz, 1H), 4.81 (br, 1H), 2.35 (s, 3H).

Other analytic data of 5s are consistent with the literature.®

NH

v

A solution of cyclic N-sulfonylimine 4t (51.5 mg, 0.20 mmol), HCO>,NH4 (113.5 mg, 1.80 mmol), and A-
IrCla (0.40 pumol, 160 pL of a 2.5 mM stock solution of A-IrCla in DMF) in DMF/H>O (107 uL/133
pL) was stirred at 60 °C for 4 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl,) to afford product 5t as a white solid (50.4 mg,
0.194 mmol, yield: 97%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 98% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 70:30, flow rate 0.8 mL/min, 30 °C,
t(minor) = 19.7 min, t{(major) = 24.5 min. [a]p*> = 68.5° (¢ = 1.0, CHCI5).

'H NMR (500 MHz, CDCls): § (ppm) 7.85-7.81 (m, 1H), 7.58-7.51 (m, 2H), 7.26-7.22 (m, 2H), 7.19 (d,
J=8.0 Hz, 2H), 7.15-7.11 (m, 1H), 5.68 (d, J = 4.1 Hz, 1H), 4.84 (br, 1H), 2.36 (s, 3H).

Other analytic data of 5t are consistent with the literature.

5t

NH

()

5u F

A solution of cyclic N-sulfonylimine 4u (52.3 mg, 0.20 mmol), HCO>NH4 (113.5 mg, 1.80 mmol), and
A-IrC1a (0.40 pmol, 160 pL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H,0 (107 nL/133
puL) was stirred at 60 °C for 4 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cl,) to afford product Su as a white solid (51.6 mg,
0.196 mmol, yield: 97%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 98% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 70:30, flow rate 0.8 mL/min, 30 °C,
t(major) = 11.4 min, t(minor) = 17.6 min. [a]p>> = 87.9° (¢ = 1.0, CHCI5).

'H NMR (500 MHz, CDCLs): 5 (ppm) 7.87-7.82 (m, 1H), 7.62-7.51 (m, 2H), 7.39-7.32 (m, 2H), 7.17—
7.03 (m, 3H), 5.72 (d, J = 4.2 Hz, 1H), 4.93 (br, 1H).

Other analytic data of Su are consistent with the literature.®

NH

()

5v OMe
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A solution of cyclic N-sulfonylimine 4v (54.7 mg, 0.20 mmol), HCO2NH4 (113.5 mg, 1.80 mmol), and
A-IrCla (0.40 umol, 160 uL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H>O (107 uL/133
pL) was stirred at 60 °C for 3 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (CH2Cly) to afford product Sv as a white solid (53.4 mg,
0.194 mmol, yield: 97%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 98% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 70:30, flow rate 0.8 mL/min, 30 °C,
t(major) = 22.1 min, t,(minor) = 30.9 min. [a]p*> = 56.5° (¢ = 1.0, CHCI5).

'H NMR (500 MHz, CDCl3): § (ppm) 7.86-7.81 (m, 1H), 7.60-7.51 (m, 2H), 7.29-7.26 (m, 1H), 7.26—
7.24 (m, 1H), 7.16-7.11 (m, 1H), 6.95-6.86 (m, 2H), 5.68 (d, J = 4.0 Hz, 1H), 4.79 (d, J = 3.3 Hz, 1H),
3.81 (s, 3H).

Other analytic data of 5v are consistent with the literature.>?

5w OTBS

A solution of cyclic N-sulfonylimine 4w (77.8 mg, 0.20 mmol), HCO2NH4 (113.5 mg, 1.80 mmol), and
A-IrCla (0.40 umol, 160 uL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H,O (107 uL/133
puL) was stirred at 60 °C for 4 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (EtOAc) to afford product Sw as a white solid (77.2 mg,
0.198 mmol, yield: 99%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee = 96% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 70:30, flow rate 0.8 mL/min, 30 °C,
t(major) = 7.3 min, t,(minor) = 8.2 min. [a]p*> = 60.6° (¢ = 1.0, CHCI5).

'H NMR (500 MHz, CDCl3): § (ppm) 7.86-7.81 (m, 1H), 7.57-7.53 (m, 2H), 7.40-7.29 (m, 3H), 7.25—
7.22 (m, 1H), 7.16-7.09 (m, 1H), 5.72 (d, J= 4.1 Hz, 1H), 4.88 (d, J= 3.9 Hz, 1H), 4.73 (s, 2H), 0.91 (s,
9H), 0.08 (s, 6H).

Other analytic data of Sw are consistent with the literature.’

NH

v

5x OH

A solution of cyclic N-sulfonylimine 4x (54.7 mg, 0.20 mmol), HCO,NH4 (113.5 mg, 1.80 mmol), and
A-IrC1a (0.40 pmol, 160 pL of a 2.5 mM stock solution of A-IrC1a in DMF) in DMF/H,0 (107 nL/133
puL) was stirred at 60 °C for 4 h, cooled down to room temperature, then dried in vacuo. The residue was
purified by flash chromatography on silica gel (EtOAc) to afford product Sx as a white solid (54.0 mg,
0.196 mmol, yield: 98%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee =97% (HPLC: OD-H, 220 nm, n-hexane/isopropanol = 70:30, flow rate 0.8 mL/min, 30 °C,
t(major) = 16.3 min, t(minor) = 26.4 min. [a]p>> = 84.0° (¢ = 1.0, CHCI5).

'H NMR (500 MHz, CDCLs): § (ppm) 7.87-7.81 (m, 1H), 7.60-7.51 (m, 2H), 7.43-7.35 (m, 3H), 7.32—
7.28 (m, 1H), 7.18-7.12 (m, 1H), 5.73 (s, 1H), 4.92 (br, 1H), 4.71 (s, 2H), 1.80 (br, 1H).

Other analytic data of 5x are consistent with the literature.
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5. Synthetic Utility of the Method

5.1 Conversion to the Chiral Diarylmethylamine 8

\ /O
\S\’ 1) naphthalene/Na |\~ 5 NHBoc
Boc,0, DMAP NBoC i 78°C 2 min -

—» »
CH,Cl, O 2) quenched by
8

water

5t 7
98% ee 98% vyield, 98% ee 79% vyield, 96% ee

Scheme S10. Preparation of the chiral diaryl amine 8.

A solution of 5t (100 mg, 0.39 mmol, 98% ee), 4-dimethylaminopyridine (9.4 mg, 0.077 mmol) in CH2CL
(4 mL) was added di-tert-butyl dicarbonate (Boc2O, 168 mg, 0.77 mmol) at room temperature. The
mixture was stirred for 5 h. The solvent was removed under reduced pressure and the residue was was
purified by flash chromatography on silica gel (CH2Cl>) to afford product 7 as a white solid (137 mg,
0.381 mmol, yield: 98%). Enantiomeric excess was established by HPLC analysis using a Chiralpak OD-
H column, ee =98% (HPLC: OD-H, 254 nm, n-hexane/isopropanol = 70:30, flow rate 0.8 mL/min, 30 °C,
t(major) = 5.8 min, t(minor) = 6.3 min. [o]p>* = 145.4° (¢ = 1.0, CHCl5).

'H NMR (500 MHz, CD>CL): & (ppm) 7.81 (dd, J=9.0, 7.6 Hz, 1H), 7.62-7.53 (m, 2H), 7.27 (d, J= 8.1
Hz, 2H), 7.19 (d, J= 7.8 Hz, 3H), 6.01 (s, 1H), 2.34 (s, 3H), 1.43 (s, 9H).

13C NMR (126 MHz, CD,CL): & (ppm) 149.4, 138.9, 136.7, 135.9, 134.3, 133.6, 130.1, 130.0, 127.0,
125.8, 121.6, 84.9, 63.4, 28.1, 21.2.

IR (film): v (cm™) 3077, 2979, 2922, 1723, 1587, 1488, 1329, 1195, 1181, 1021, 838, 702, 564.

HRMS (ESI, m/z) caled for C19H21NNaO4S (M+Na)*: 382.1083, found: 382.1091.

HO,S NHBoc
8

To a solution of 7 (75 mg, 0.21 mmol) in dimethoxyethane (DME, 4 mL) at -78 °C was added dropwise
Sodium naphthalide (0.5 M in DME, 4.2 mL, 2.1 mmol). After stirring for 2 min at -78 °C, the reaction
was diluted with CH>Cl, (5 mL), then quenched with water (0.5 mL). The organic solvents were collected
and evaporated. The residue was purified by flash chromatography on silica gel (CH>Clo/MeOH = 30/1
to 10/1) to give the product 8 as a white solid (59.8 mg, 0.165 mmol, yield: 79%). Enantiomeric excess
was established by HPLC analysis using a Chiralpak IC column, ee = 96% (HPLC: IC, 220 nm, 0.1%
TFA/CH3CN = 50:50, flow rate 0.5 mL/min, 30 °C, t(minor) = 9.7 min, t{(major) = 11.5 min. [a]p® = -
44.6° (¢ = 1.0, CHCl).

'H NMR (500 MHz, CD,Cly):  (ppm) 7.75 (s, 1H), 7.28 (s, 2H), 7.04 (dd, J = 44.0, 7.1 Hz, 6H), 6.70 (s,
1H), 5.60 (s, 1H), 2.25 (s, 3H), 1.23 (s, 9H).
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B3C NMR (151 MHz, CD,CL): & (ppm) 155.9, 142.0, 140.5, 139.2, 136.9, 131.0, 129.1, 128.5, 128.3,
127.7,127.4, 81.1, 30.1, 28.4, 21.1.

IR (film): v (cm™") 3428, 2975, 2925, 2853, 1699, 1501, 1167, 1021, 760, 616, 572.
HRMS (ESI, m/z) caled for C19H23NNaO4S (M+Na)* : 384.1240, found: 384.1250.

5.2 Half-a-Gram Synthesis of the Bioactive Sultam 9

Q\ .0 O\\ -0 w0
S A-IrC1a O S\NH
N HCOONH, CHl, K,CO5
—_— A s
=9 18-crown-6
O OHDNgg'jéoél'ﬁ O OH acetone, rt, 56 h OH
4x 5x (503 mg) 09 (515 mg())
(500 mg) 99% yield, 97% ee 97% yield, 97% ee

anti-HIV activity

Scheme S11. Preparation of bioactive sultam 9 at half a gram-scale.

NH

v

5x OH

A solution of cyclic N-sulfonylimine 4x (500 mg, 1.83 mmol), HCO>NH4 (1.04 g, 16.46 mmol), and A-
IrCla (9.1 mg, 0.00915 mmol) in DMF/H>O (2.44 mL/1.22 mL) was stirred at 60 °C for 4 h, cooled
down to room temperature, then dried in vacuo. The residue was purified by flash chromatography on
silica gel (EtOAc) to afford product 5x as a white solid (503 mg, 1.827 mmol, yield: 99%). Enantiomeric
excess was established by HPLC analysis using a Chiralpak OD-H column, ee = 97% (HPLC: OD-H, 220
nm, n-hexane/isopropanol = 70:30, flow rate 0.8 mL/min, 30 °C, t{(major) = 15.7 min, t{(minor) = 24.4
min.

Methylation of the chiral sultam was preformed by a literature procedure. ® Accordingly, a mixture of 5x
(503 mg, 1.827 mg), iodomethane (312 mg, 2.20 mmol), dried potassium carbonate (329 mg, 2.38 mmol),
and 18-crown-6 (48.0 mg, 0.18 mmol) in dry acetone (18 mL) was stirred at room temperature under
nitrogen for 56 h. The mixture was evaporated to dryness and purified by flash chromatography on silica
gel (EtOAc) to afford product 9 as a white solid (515 mg, 1.78 mmol, yield: 97%). Enantiomeric excess
was established by HPLC analysis using a Chiralpak OD-H column, ee = 97% (HPLC: OD-H, 220 nm,
n-hexane/isopropanol = 70:30, flow rate 0.8 mL/min, 30 °C, t{(major) = 9.5 min, t{minor) = 12.1 min.
[a]p®® = 96.9° (c = 1.0, CHCl5).

'H NMR (500 MHz, CDCls): & (ppm) 7.89-7.83 (m, 1H), 7.57-7.48 (m, 2H), 7.44-7.38 (m, 2H), 7.33 (s,
1H), 7.29-7.26 (m, 1H), 7.06-7.02 (m, 1H), 5.20 (br, 1H), 4.72 (s, 2H), 2.78 (s, 3H), 1.80 (br, 1H).

Other analytic data of 9 are consistent with the literature.®
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6. Chiral Chromatography

6.1 Determination of Enantiopurities of the Iridium NHC Catalysts

The analysis was performed with a Daicel Chiralpak IB (250 x 4.6 mm) HPLC column on an Agilent
1260 Series HPLC System. The column temperature was 20 °C and UV-absorption was measured at 254
nm.

VWD1 A, Wavelength=254 nm (LYJ\LYJ-02-21-ME RAC CAT.D)
mAU 3
120 = HPLC: Agilent 1260 Series HPLC system o
1 Column: Daicel Chiralpak IB (250 x 4.6 mm) < Q
1004 Mobile phase: 0.1% TFA/MeCN = 50:50 o 3
80+ Flow rate: 0.5 mL/min il
60~ Column temperature: 20 °C
40 Detection: UV-absorption at 254 nm
2D€ rac-IrC1a
0
J J k | " 7 ' | : ¥ ! | : ' ! | g . !
28 30 32 34 36 min
VWD1 A, Wavelength=254 nm (LYJ\LYJ-02-21-ME NONRAC CAT.D)
mAU =
150 o
125
100 A-rC1a, > 99% ee
75
50 @®
25 g
o
D 1 ]
| 4 : : | g y ! | : I : | d . ! | J . !
28 30 32 34 36 miny
¥ [min] [min] [mAU*s] [mAU] %

i 33.516 MM R @.7835 8083.82324 171.95824 99.7575
2 36.218 MM R 0.6218 19.65223 5.26744e-1 0.2425

Figure SS. HPLC trace for the racemic reference rac-IrCla, and A-IrCla.
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VWD1 A, Wavelength=254 nm (LYJ\LYJ-02-21-OME RAC CAT-3.D)
mAU ] o
1 =1
200 g &
1 HPLC: Agilent 1260 Series HPLC syste S
150 = Column: Daicel Chiralpak IB (250 x 4.6/mm) 4
1 Mobile phase: 0.1% TFA/MeCN = 50:5
100 -] Flow rate: 0.5 mL/min
1 Column temperature: 20 °C
50_3 Detection: UV-absorption at 254 nm
0 1 S ralc—IrCI1b ST A — , .
20 22 24 26 28 30 min
VWD1 A, Wavelength=254 nm (LYJ\LYJ-02-21-OME NONRAC CAT.D)
mAU 3
250 N
20{)*;
1503 AdrC1b, > 99% ee
100~; -
50 8
9 E T I | a : |g — | T
20 22 24 26 28 30 min
# [min] [min] [mAU*s] [mAU] % B [min] [1
s [ frssmnfomms s s e | sl e |-—f=
1 24.032 MM R 0.5532 1.01379e4 305.43683 99.7116 1 24,032 MM R O
2 26,221 MM R 0.4105 29.32166 1.17397e-1 0.2884 2 26.221 MM R O

Figure S6. HPLC trace for the racemic reference rac-IrC1b, and A-IrC1b.
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6.2 Determination of Enantioselectivities of the ATH of Cyclic N-Sulfonylimines

Optical purities of the compounds Sa-x were determined with a Daicel Chiralpak OD-H or AD-H HPLC
column on an Agilent 1260 Series HPLC System. The column temperature was 30 °C and UV-absorption
was measured at 220 nm or 254 nm.

VWD1 A, Wavelength=220 nm (LYJ\LYJ-2-120-RAC D)
mAL =
5 s
300 o
250“3 PLC: Agilent 1260 Series HPLC system
] olumn: Daicel Chiralpak OD-H (250 x 4.6 mm)
200—: obile phase: n-hexane/isopropanol = 80:20
1 Flow rate: 0.7 mL/min
150_3 Column temperature: 30 °C
- Detection: UV-absorption at 220 nm
100
] rac-5a
50
0
—_——————— e e S e e
10 12 14 16 18 20 22 24 min
VWD1 A, Wavelength=220 nm (LYJ\LYJ-2-132-2.D)
mAU ] ]
400 Q‘ ’/O
] \
1 NH
300
] CH;
200 ] (S)-5a, 98% ee
00 -
3 ] 3
o
] 2
0
1 T T T T T T T
10 12 14 16 18 20 22 24 min
# [min] [min] [mAU*s ] [mAld] %

1 15.313 MM R 0.6319 1.89235e4 499.10489 98.8055
2 19,640 MP R 0.6275 228.77158 6.07631 1.1945%5

Figure S7. HPLC trace for the racemic reference rac-5a, and non-racemic product (S)-5a generated from
the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=254 nm (LYJ\LYJ-2-182-RAC.D)
mAU 8 i
[+)]
30 =
25 HPLC: Agilent 1260 Series HPLC system
Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
20 Mobile phase: n-hexane/isopropanol = 80:20
Flow rate: 0.7 mL/min
15 Column temperature: 30 °C
Detection: UV-absorption at 254 nm
10
rac-5b
5
0 -
T ™ T T | LS T S TR I TRCC R S o T T T
10 11 12 13 14 15 16 17 18 19 min
VWD1 A, Wavelength=254 nm (LYJ\LYJ-2-182-NONRAC-2.D)
mAU b |
100
] 0]
80 Br ‘\S’/
4 \
] NH
60
| CH3
407 (S)-5b, 97% ee
20—_ 3
o
=
0 ;
L R R T LT . ) T S FR U SR AR V) WA RO S Y WS RS  AN (NN N A BN TR (VLIRS CR B [T R BT
10 11 12 13 14 15 16 17 18 19 min
# [min] [min] [mAU*s ] [mAU] %

1 11.514 MM R 0.4633 2881.10791 103.64687 98.5662
2 14.254 MM R 0.5346 41.91061 4,10693e-2 1.4338

Figure S8. HPLC trace for the racemic reference rac-5b, and non-racemic product (S)-5b generated from
the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=220 nm (LYJ\LY.J-02-28-3-BR-P RAC.D)
mAU 1 Q
500 8
1 s
] 2
400 HPLC: Agilent 1260 Series HPLC system
1 Column: Daicel Chiralpak OD-H (250 x'4.6 mm)
300 Mobile phase: n-hexane/isopropan 0:20
{ Flow rate: 0.7 mL/min
o] Column temperature: 30 °C
1 Detection: UV-absorption at 254 n
100 rac-5¢
0. L
1 T T T T ] T T T T l T T T T I T T T T 1 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 11 12 13 14 15 16 17 18 19 mi
VWD A, Wavelength=220 nm (LYJILYJ-02-28-3-BR-P NONRAC D)
mAU 2]
0
1000 o
Q4
800 S,
NH
600 Br
CHj
o (S)-5¢, 97% ee
200 0
e
@
U L
L L L | e e STt P L e B T | TR AR L B S IR RS T LA S ESS [BSS TS o TS B S S (e i s B B o T PR S Bl S B B |
10 11 12 13 14 15 16 17 18 19 min
¥ [min] [min] [mAU*s] [mAU] %

1 343.302 BY 0.5034 3.85992e4 1133.19946 98.4780
Z 16,945 BB 0.5848 596.55634 15.78827 1:9220

Figure S9. HPLC trace for the racemic reference rac-Sc¢, and non-racemic product (S)-5¢ generated from
the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=220 nm (LYJ\LYJ-3-2-1-BR-RAC-3.D)
mAU & )

» 1 HPLC: Agilent 1260 Series HPLC system
1 Column: Daicel Chiralpak OD-H (250 x 4.6/mm)
15-] Mobile phase: n-hexane/isopropanol = 90:10

1 Flow rate: 0.8 mL/min
5] Column temperature: 30 °C

1 Detection: UV-absorption at 220 nm

5 rac-5d

T
50 52.5 55 57.5 60 62.5 65 67.5 70 725  min

VWD1 A, Wavelength=220 nm (LYJ\LYJ-3-2-1-BR-NONRAC.D)

mAU | =
4DD€ Br Q\,,O
300 NH
200 CHs

] (S)-5d, 95% ee
100—_ 3

] 3

0

50 525 55 65 67.5 70 75 i
# [min] [mAU] %

el | == | = R | = | = |

1 57.681 MM R 2.4632 6.90088e4 466.93390 97.6357
2 64.483 MM R 2.4917 1671.08569 11 17276 2.3643

Figure S10. HPLC trace for the racemic reference rac-5d, and non-racemic product (S)-5d generated
from the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=220 nm (LYJ\LYJ-03-04-4-BR RAC-2.D)
mAU |
80 HPLC: Agilent 1260 Series HPLC system
| Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
1 Mobile phase: n-hexanelisopropanol = 90:10
go- Flow rate: 0.8 mL/min
1 Column temperature: 30 °C
Detection: UV-absorption at 220 nm
4 1l.l2 o
40 — = 3
i rac-5e =
20
0
! ' T ! T ! T ! ! T f ; T ; ; T i r ;
16 18 20 22 24 26 28 min
VWD1 A, Wavelength=220 nm (LYJ\LYJ-03-04-4-BR NONRAC-2.D)
mAU ]
250
200 3
\\ /,o é
\
150 @i(N H
100 Br CHs
(S)-5e, 94% ee
50 |
20}
2
&
0 ¥ T T T : X I T b ) ' T L ! J I d L ‘ T d ! ¥ T 1 J !
16 18 20 2 24 26 28 min
# [min] [min] [mAU*s] [mAU] %

1 22.160 MM R 0.6195 8211.78125 168.21872 96.8768
2 25.408 MM R 0.8108 264.73770 5.44164 3.1232

Figure S11. HPLC trace for the racemic reference rac-5e, and non-racemic product (S)-5e generated from
the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=220 nm (LYJ\LYJ-02-20-3-26-2-CL-RAC-3.D)
mAU ] N 2
25 HPLC: Agilent 1260 Series HPLC system
- Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
] Mobile phase: n-hexane/isopropanol = 95:5
15 Flow rate: 0.8 mL/min
] Column temperature: 30 °C
10 Detection: UV-absorption at 220 nm
5- rac-5f
=
] i | | 1 | | [ [ 1 ki | !
30 32 34 36 38 40 42 44 46 48 min
VWD1 A, Wavelength=220 nm (LYJ\LYJ-02-20-3-26-2-CL-NONRAC-2.D)
mAU - ow©
70
60 3
50
40
30
20
10
o
4‘:8 mi
# %
=== | ===mmmm |
1 35.808 MM R 1.0654 5370.77783 80.03122 97.7963
2 38.893 MM R 1.1502 121.02467 1. 715372 2.2037

Figure S12. HPLC trace for the racemic reference rac-5f, and non-racemic product (S)-5f generated from
the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=220 nm (LYJ\LYJ-3-16-RAC.D)
mAUE @ 'i%
175 o 5
150
125-3
100;
75
501
25
D: L T
! ' I LI | : o T | | R | I i
10 11 12 13 14 15 16 17 18 19 miry
VWD1 A, Wavelength=220 nm (YW\LYJ-3-29-I-P NONRAC.D)
mAU 8
1400 &
| P
1200 - \
NH
1000 — CH3
. S)-5g, 97% ee
i (S)-5¢9
600 -
400
200 - )
] 3
o
D ! | | L pa i | \J_'-r.__"-"_"_‘_"_‘_l L 1 T 1
10 11 12 13 14 15 16 17 18 19 mir|
# [min] [min] [mAU*s] [mAU] % B [min] [min] [mAJ*s]
s e | s [ e | = | | e et s b |mmmmmmnme— =
1 12.990 MM R 0.5255 4.25511ed4 1349.64233 98.2918 1 12.990 MM R 0.5255 4,25511ed 1
2 16.543 MM R 0.6277 739.48041 15.63378 1.7082 2 16.543 MM R 0.6277 739.48041

Figure S13. HPLC trace for the racemic reference rac-5g, and non-racemic product (S5)-5g generated
from the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=220 nm (LYJ\LYJ-2-185-2-RAC-2.D)

mﬁ; {HPLC: Agilent 1260 Series HPLC system 3 -
{Column: Daicel Chiralpak OD-H (250 x 4.6 m#) e}
60_1Mobile phase: n-hexane/isopropanol = 90:108 o}
. o
JFlow rate: 0.8 mL/min
40 -|Column temperature: 30 °C
]Detection: UV-absorption at 220 nm
20
] rac-5h
0 L T
A ! ) | ! ! L | i J , | . 1 ¥ | ! : ‘ | g ! ! | . ! ! | B
20 22 24 26 28 30 32 34  min

VWD1 A, Wavelength=220 nm (LYJ\LYJ-2-185--2-NONRAC D)

e o]
mAU ] F O“ 0
2'0[]—E S:
150~; NH
100—f CH;
50 (S)-5h, 95% ee
0 : 4 | | - | | | I' | |
20 22 24 26 28 30 32 34 min
# [min] [min] [mAU*s] [mAU] %

1 25,699 MP 'R '1.,1189% 1.51907ed 22% 27385 97,6515
2 30.149 MM R 1.0804 365.33963 5.63574 2.3485

Figure S14. HPLC trace for the racemic reference rac-Sh, and non-racemic product (S)-Sh generated
from the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=220 nm (LYJ\LYJ-2-185-RAC.D)
mAU &S 2
500 e o HPLC: Agilent 1260 Series HPLC system
2  Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
400 Mobile phase: n-hexane/isopropanol = 90:10
300 Flow rate: 0.8 mL/min
Column temperature: 30 °C
200 Detection: UV-absorption at 220 nm
100 rac-5i
L B T T A T R S R O ) O A R R L R R
6 7 8 9 10 11 12 13 min
VWD1 A, Wavelength=220 nm (LYJ\LYJ-2-185-NONRAC-2.D)
mAU__j & C:F3 O
3 @ N7
150 3 s S,
125 % NH
100 =
753 CH;
505 < (S)-5i, 94% ee
253 p;
03 : —— ;
LIS T T IR T SR U TR R U L I S U BN [V N U T P - HREC B N [N U C N L T S
6 T 8 9 10 11 12 13 min
= [min] [min] [mAU*s] [mAU] %

1 8.793 MM R 0.3300 2542.23486 128.41049 96.8249
2 10,143 MM R 0.3836 83.36668 9.79327e-2 31751

Figure S15. HPLC trace for the racemic reference rac-5i, and non-racemic product (5)-5i generated from
the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=220 nm (LYJ\LYJ-02-17-1-ME RAC-2.D)

mAU
SE HPLC: Agilent 1260 Series HPLC system
15 ] Column: Daicel Chiralpak AD-H (250 x 4.6 mm)
] Mobile phase: n-hexane/isopropanol = 92:8
125 Flow rate: 0.8 mL/min
10 Column temperature: 30 °C
k Detection: UV-absorption at 220 nm
757

rac-5j

5-
25
0_'
I 1 1 I I 1 1
18 20 22 24 2 28 30 32 min
VWD1 A, Wavelength=220 nm (LYJ\LY.J-02-17-1-ME NONRAC.D)
mAU 7]
200 CH
] S\
150 7 NH
100 CHs
(S)-5j, 97% ee
50
0
g —*t 5 1 I + + ¥ T € ¥ o F 3 & & T F F & T % v &
18 20 22 24 26 28 30 32 min
= [min] [min] [mAU*s ] [mAU] %

1 22.364 MM R 1.2573 1.83176e4 242.80940 98.4077
Z 25,175 MM R 0,616l 296.38535 8.01753 1 5923

Figure S16. HPLC trace for the racemic reference rac-5j, and non-racemic product (S5)-5j generated from
the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=254 nm (LYJ\LYJ-02-27-20ME-RAC.D)
mAU ] o
5-
HPLC: Agilent 1260 Series HPLC system §
47 Column: Daicel Chiralpak OD-H (250 x 4.6 mm) 8
1 Mobile phase: n-hexanefisopropanol = 80720
371 Flow rate: 0.7 mL/min
1 Column temperature: 30 °C
2 Detection: UV-absorption at 254 nm
14 rac-5k
0=
15 175 20 25 25 275 30 25 35 375 mi
mAU ]
50
40
304
20
10 ©
. 0
] s
D__ |l T
I R PR L BB T K O L A NS DY . LS T 2 VA R N T TR Y| R T ] S S T ] VNN B
15 17.5 20 225 25 27.5 30 325 35 375 min
# [min] [min] [mMAU*s ] [mAU] %

1 23.147 VB 1.0798 4226.25977 57.07914 98.812]1
2 30.578 BB 1.,.3-331 50.80817 5.41278e-1 1. 1879

Figure S17. HPLC trace for the racemic reference rac-5k, and non-racemic product (S)-5k generated
from the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=254 nm (LYJ\ILYJ-2-135-1-RAC-1.D)
mAU ] b
25—?
1 ®
20 HPLC: Agilent 1260 Series HPLC system ?;
] Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
15 Mobile phase: n-hexane/isopropanol = 80:20
] Flow rate: 0.8 mL/min
10 Column temperature: 30 °C
] Detection: UV-absorption at 254 nm
54
rac-5l
o]
| ! ! ; | ! ; T T ; : T w3 ; T 7 | T T ! ; T T T i T !
10 12 14 16 18 20 22 24 mid
VWD1 A, Wavelength=254 nm (LYJ\LYJ-2-143-ET.D)
mAU—: 3
160%
140
5 Q.0
120 S\
100 3 @(NH
80
1 Et
60
9 0,
40 (S)-51, 96% ee
20 8
1 4
0
T T T I T T
10 12 14 16 18 20 22 24 min|
# [min] [min] [mAU*s ] [mAU] %

T 31759 BB 0.4549 5267.13770 177.16426 97.7863
2 19.665 MP R 0.6478 119.23861 3.06795 el I

Figure S18. HPLC trace for the racemic reference rac-51, and non-racemic product (S)-51 generated from
the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=254 nm (LYJ\LYJ-2-154-3-IPR RAC-1.D)
mAU ] g
20
HPLC: Agilent 1260 Series HPLC system
| Column: Daicel Chiralpak OD-H (250 x 4.6 mm) §
L Mobile phase: n-hexane/isopropanol = 80:20 o
| Flow rate: 0.8 mL/min
104 Column temperature: 30 °C
Detection: UV-absorption at 254 nm
> _ rac-5m
0 { L L
5 75 10 12.5 15 175 20 225 25 275 min
VWD1 A, Wavelength=254 nm (LYJ\LYJ-2-166-NONRAC-2.D)
mAU I
250
200 0,0
] S,
§ NH
150 -
100 iPr
] (S)-5m, 94% ee
50 - ~
: g
_E___/\.—n_ &
0 ot | . T
5 7.5 10 125 15 175 20 225 25 275 mi
# [min] [min] [mAU*s ] [mAU]

1 9. 127 BY 0.3652 8534.90527 271.15738 .97.0041
2 23.427 PM R 0.7518 201.82614 0.00000 2,89958

Figure S19. HPLC trace for the racemic reference rac-5m, and non-racemic product (S)-5m generated
from the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=254 nm (LYJ\LYJ-2-135-2-RAC-3.D)
mAU E
@
175 5
15 HPLC: Agilent 1260 Series HPLC system n
_— Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
ki Mobile phase: n-hexane/isopropanol = 80:20
104 Flow rate: 0.8 mL/min
i Column temperature: 30 °C
] Detection: UV-absorption at 254 nm
5
- rac-5n
0
| 1 I | | J | |
6 8 10 12 14 16 18 20 mi
VWD1 A, Wavelength=254 nm (LYJ\LYJ-2-170-NONRAC-2.D)
mAU ] =
250—f
] W /,O
200 ] S,
] NH
150
] nBu
100 o
] (S)-5n, 98% ee
50 S
: 2
0 ; 1 i Fi=
L T T T T T T T T T
6 8 10 12 14 16 18 20 min
i [min] [min] [mAU*s ] [mAU] %

i 9.487 BB 0.3768 T7205.056176 297.27289 98.7959
2 17.697T MM R (0.,5934 87.81587 2.46645 1.2041

Figure S20. HPLC trace for the racemic reference rac-5n, and non-racemic product (S)-5n generated
from the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=220 nm (LYJ\LYJ-3-49-RAC.D)
mAU
2

600 3 HPLC: Agilent 1260 Series HPLC system

500 Column: Daicel Chiralpak OD-H (250 x 4.6 mm) 3

400 Mobile phase: n-hexanelisopropanol = 80:20 ™

300 Flow rate: 0.7 mL/min <

200 Column temperature: 30 °C

100 Detection: UV-absorption at 220 nm

0 = - = 1 - = : - = - - 7 - = - - = - - 1 = : - - = - - :
20 25 30 rac-50y5 40 45 50 min
VWD1 A, Wavelength=220 nm (LYJ\LYJ-3-49-NONRAC.D)
mAU :"'3 o
. X o)

1500 S 7

1250 NH

1000 Ph

750

500 (S)-50, 96% ee -

250 v

| | =
I B PR S A . B N N SN O ) L TR S R Ja N A B S W
20 25 30 35 40 45 50 min
# [min] [min] [mMAU*s] [MAU] %

1 24.763 BV 0.9488 8.91635e4 1484.28430 98.1834
2 45.918 BB 1.5089 1649,71960 16.98875 1.8166

Figure S21. HPLC trace for the racemic reference rac-50, and non-racemic product (S)-50 generated
from the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=254 nm (LYJ\LYJ-2-135-4.D)
mAU b=
60 :
50 HPLC: Agilent 1260 Series HPLC system
Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
40 Mobile phase: n-hexane/isopropanol = 80:20
Flow rate: 0.7 mL/min 2
M Column temperature: 30 °C §
- Detection: UV-absorption at 254 nm
10 rac-5p
D — —- L
T ¥ T T T T T
10 15 20 25 30 35 min
VWD1 A, Wavelength=254 nm (LYJ\LYJ-160-NONRAC-2.D)
mAU : o
35 :
30—:
] ¥
25+ \
] NH
20
151 cHex
m—_ (S)-5p, 97% ee
5 2
o
0
1 ) | I 1 T
10 15 20 25 30 35 min
# [min] [min] [mAU*s ] [mAU] %

L 11132 UE 0.4491 1046.99487 36.23561 98.5694
2 32,999 MM R 1.0173 15,19528 2,48938e~1 1.4306

Figure S22. HPLC trace for the racemic reference rac-Sp, and non-racemic product (S)-Sp generated
from the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=254 nm (LYJ\LYJ-12-08-PH SO2 IMINE RAC.D)

mAU_Z Q
30 N
53 HPLC: Agilent 1260 Series HPLC system
1 Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
20 Mobile phase: n-hexanelisopropanol = 70:30
1 Flow rate: 0.8 mL/min
15 Column temperature: 30 °C
10_5 Detection: UV-absorption at 254 nm
5_ rac-5q
o .
T T T T T T T
10 12 14 16 18 20 22 24 min
VWDT A, Wavelength=254 nm (LYJ\LYJ-2-161-1-NONRAC D)
mAU =2
175% 2,0

1 S\
150 O NH
1254
100—5
75% Q

% . (9-59,97% ee
25 ?
o] . .
10 1I2 1I4 I I I 1|6 I I 1|8 I I I ZIU I I ZIZ 2|4 mi
¥ [min] [min] [MAU*s] [mAU] %

1 16.458 MM R 0.6044 7140.60059 196.91640 98.3548
2 18.5%93 MM R 0.6495 119.44384 3.06493 1.6452

Figure S23. HPLC trace for the racemic reference rac-5q, and non-racemic product (S)-5q generated
from the asymmetric reaction catalyzed by A-IrCla.
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VWD A, Wavelength=254 nm (LYJ\LYJ-2-169-RAC.D)
mAU @ &
30+ 3
25_3 HPLC: Agilent 1260 Series HPLC system
] Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
20_3 Mobile phase: n-hexane/isopropanol = 70:30
] Flow rate: 0.8 mL/min
15 Column temperature: 30 °C
] Detection: UV-absorption at 254 nm
10
] rac-5r
5
o ) ; .
10 11 12 13 14 15 16 17 18 19 mi
VWDT A, Wavelength=254 nm (LYJ\LYJ-2-169-NONRAC D)
mAU 0]
120 i Q 0
S,
100 NH
80
: 8
40
_ [5)
20 5 (S)-5r, 98% ee
e
0 1 T 1
I T T T T =il | T I T T
10 11 12 13 14 15 16 17 18 19 mi
# [min] [min] [MAU*s] [mAU] %

. 32.663 BY 04228 3850:.97412 3A36.65947 99.031715
2 15.137T MM R 0.5300 37.42450 1.17676 0.9625

Figure S24. HPLC trace for the racemic reference rac-5r, and non-racemic product (S)-5r generated from
the asymmetric reaction catalyzed by A-IrCla.

47



VWD1 A, Wavelength=254 nm (LYJ\LYJ-2-154-5-RAC-3.D)

e
R’
8 HPLC: Agilent 1260 Series HPLC system
Column: Daicel Chiralpak AD-H (250 x 4.6 mm)
6] Mobile phase: n-hexane/isopropanol = 90:10
1 Flow rate: 0.8 mL/min
1 Column temperature: 30 °C
4 Detection: UV-absorption at 254 nm
2]
0
0 22 24 26 28 3 % 3 3% 38  m

VWD1 A, Wavelength=254 nm (LYJ\LYJ-2-163-NONRAC-2.D)
mAU

60%
so—f
40—5
30—f
20

10

25177

20 22 24 26 28 30 32 34 36 38 fulls

1 Z2g.177 MM R 1.4429 105.35289 1.21689 1.4096
2 29.570 MM R 1.8284 7368.85400 6717178 98,5904

Figure S25. HPLC trace for the racemic reference rac-5s, and non-racemic product (S)-5s generated from
the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=254 nm (LYJ\LYJ-2-174-RAC.D)
mAU o -
&
40 g
35
a0 HPLC: Agilent 1260 Series HPLC system
Column: Daicel Chiralpak OD-H {250 x 4.6 mm)
254 Mobile phase: n-hexane/isopropanol = 70:30
204 Flow rate: 0.8 mL/min
" Column temperature: 30 °C
Detection: UV-absorption at|254 n
10
5 rac-5t
0 =
e
16 18 20 22 24 26 28 mi
VYWD1 A, Wavelength=254 nm (LYJ\LYJ-2-174-NONRAC.D)
mAU 8
80 O\‘S’/O N
v
60
J O
20 _
(S)-5t, 98% ee &
. g
T T T T T T T T T T T T T T T T T T T T T T
16 18 20 22 24 26 28 min|
= [min] [min] [mAU*s] [mAU] %
e i i s mmmmmennne [ rrmmememos |mososnns |
1 19.711 MM R 0.7036 56.42367 1.33649 1.0892

2 24,495 MM R 0.9311 5123.65430 91. 71713 98.9108

Figure S26. HPLC trace for the racemic reference rac-5t, and non-racemic product (§)-5t generated from
the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=254 nm (LYJ\LYJ-2-154-2-RAC-2.D)

HPLC: Agilent 1260 Series HPLC system
Calumn: Daicel Chiralpak OD-H (250 x 4.6 mm
Mabile phase: n-hexane/isopropanol = 70:30

mAU 1 3 O‘\ ,O
250 S\/
] NH
200
e
‘FGDE F
. (S)-5u, 98% ee .
= =
8 I I 1|0 I 1‘2 I I 1|4 I I 1|6 ‘ I 1IB I I ZID I I ‘ mir
# [min] [min] [mAU*s] [mAU] %

1 11.435 MM R 0.4483 7368.42871 273.92953 98.8165
2 17.607 MM R 0.7164 88.24976 2.05320 1.1835

Figure S27. HPLC trace for the racemic reference rac-Su, and non-racemic product (S)-Su generated
from the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=254 nm (LYJ\LYJ-2-164-RAC.D)

mAU 3
80
704 §
60 HRLC: Agilent 1260 Series HPLC system -
] Column: Daicel Chiralpak OD-H (250 x 4.6 mm m
50 Mobile phase: n-hexane/isopropanol = 70:30
403 Flow rate: 0.8 mL/min
] Cplumn temperature: 30 °C
o tection: UV-absorption at 254 nm
204
104 rac-5v
0
%5 15 20 225 25 275 3 35 3 35  min

mAU ] © \uo

160 - [

140 O NH

120

100 Q

80

60—; OMe

40 (S)-5v, 98% ee

20 by

0 3

5 175 2 25 25 275 30 325 B 375 min

¥ [min] [min] [mAU*s ] [mAU] %

1 22.076 BV 0.7990 8604.29102 168.14764 98.9326
2 30.927 MM R 1.2344 92.83033 2.06865e-2 1.0674

Figure S28. HPLC trace for the racemic reference rac-5v, and non-racemic product (S)-5v generated
from the asymmetric reaction catalyzed by A-IrCla.
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VYWD1 A, Wavelength=254 nm (LYJ\LYJ-HIV-M-RAC-02-08.D)
mAU 8

HPLC: Agilent 1260 Series HPLC system
Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
Mobile phase: n-hexanelisopropanol = 70:30
Flow rate: 0.8 mL/min

Column temperature: 30 °C

Detection: UV-absorption at 254 nm

40

30

20+

rac-5w

VWD1 A, Wavelength=254 nm (LYJ\LYJ-2-168-NONRAC.D)
mAU 8

60
1 Q\ 0

50 S,
E Ei.ﬂ NH

40

O
2- OTBS
(S)-5w, 96% ee

10

1 lg220

1 7.328 BV B2 1111..14185 62.70434 97.8501
2 8.220 PM R 0.3120 24.41298 0.00000 2,1499

Figure S29. HPLC trace for the racemic reference rac-Sw, and non-racemic product (S)-5w generated
from the asymmetric reaction catalyzed by A-IrCla.
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VWD1 A, Wavelength=220 nm (LYJ\LYJ-01-13-HIV CH20H-RAC-2.D)
mAU ] =
80
1 8
1 N
4 w
60 — HPLC] Agilent 1260 Series HPLC system A
1 Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
1 Mobile|phase: n-hexane/isopropanol = 70:30
40 Flow rate: 0.8 mL/min
] Columni temperature: 30 °C
20 Detection: UV-absorption at 220 nm
0
10 125 15 175 20 225 2 275 30 325 min
VWD1 A, Wavelength=220 nm (LYJ\LYJ-01-13-HIV CH20H NONRAC-3.D)
mAU o
] Q.0
200 S,
| gt
150
&
] OH
50 (S)-5x, 97% ee .
] &
D 1 1 1
10 125 15 175 20 225 25 215 30 325 i
# [min] [min] [MAU* s ] [mAU] %

1 16.302 MM R 0.8935 1.25718e4 234.50563 98.5858
2 26,3533 MP'R 1.2448 180.33557 2.41455 1.4142

Figure S30. HPLC trace for the racemic reference rac-5x, and non-racemic product (S)-5x generated
from the asymmetric reaction catalyzed by A-IrCla.
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6.3 Determination of Enantiopurities of the Transformation Products

Optical purities of the compounds 5x and 7-9 were determined with a Daicel Chiralpak OD-H or IC HPLC
column on an Agilent 1260 Series HPLC System. The column temperature was 30 °C and UV-absorption
was measured at 254 or 220 nm.

VWD1 A, Wavelength=254 nm (LYJ\LYJ-03-25-NBOC-RAC.D)

mAU

100 HPLC: Agilent 1260 Series HPLC system

Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
80 Mobile phase: n-hexane/isopropanol = 70:30
Flow rate: 0.8 mL/min

5.900
6.425

L Column temperature: 30 °C
40 Detection: UV-absorption at 254 nm
20 rac-7
0] T
——— 77—
5 6 T 8 9 min|
VWD1 A, Wavelength=254 nm (LYJ\LYJ-03-25-NBOC-NONRAC.D) o)
mAU \\S/’O
w \
100 3 O NBoc
[fp]
80
w 3
40
S
20 ] (S)-7,98% ee
0 1 "P
. & & & £ & T ® © w = & I & ¥ F @& & T & T & "
5 6 1 8 9 min
¥ [min] [min] [mAU*s] [mAU] %

1 5.846 MM R 0.1872 897.65936 72.%92964. 98.8175
2 6.302 MM R 0.1938 10.74202 4.47064e-1 1.182%

Figure S31. HPLC trace for the racemic reference rac-7, and non-racemic product (S)-7.

54



mAU -
‘H]D—f
.
60

40

VWD1 A, Wavelength=254 nm (LYJ\LYJ-3-62-RAC.D)

[}

e}
e
0
-
T

HPLC: Agilent 1260 Series HPLC system
Column: Daicel Chiralpak IC (250 x 4.6 mm)
Mobile phase: 0.1% TFA/MeCN = 50:50
Flow rate: 0.5 mL/min

Column temperature: 30 °C

Detection: UV-absorption at 220 nm

] rac-8
207_
Di - T
8 9 10 11 IR NN N
VWD1 A, Wavelength=220 nm (LYJ\LYJ-03-28- SO2H-NONRAC-2.D)
mAU o
2000
1750 HO,S  NHBoc
15007_
¢
1000
S (S)-8, 96% ee
500
250 §
04 :
8 é 1|0 1I1 1[2 1I3 114 1|5 Imin
# [min] [min] [mAU*s] [mAU] %
e B | === | === | ==mmmm - | -—— - - | —=———-- |
1 9.670 PM R 0.2217 856.84320 64.42195 2.0872
2 11.531 MM R 0.3081 4.01955e4 2174.59497 97.9128

Figure S32. HPLC trace for the racemic reference rac-8, and non-racemic product (S)-8.
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VWD1 A, Wavelength=220 nm (LYJ\LYJ-01-14-HIV CH2 OH NONRAC -1.D)
- \\/O
mAU = S,
250 B O ‘NH
200 - -
150 O
100 =
] OH
SEE | (S)-5x, 97% ee
10 15 20 25 30 min
# [min] [min] [mAU*s] [mAU] %
S ) S e s I e e S fsmenermmeys R |
1 15.675 MM R 0.8262 9489.67871 191.43466 98.3484
2 24,352 PM R 1.1527 159.36311 2.30424 1.6516

Figure S33. HPLC trace for non-racemic product (S)-5x at half a gram-scale generated from the

asymmetric reaction catalyzed by A-IrCla.
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mAU ]

400 -

VWD1 A, Wavelength=254 nm (LYJ\LYJ-03-01-HIV-1-RAC.D)

HPLC: Agilent 1260 Series HPLC system

1 Column: Daicel Chiralpak OD-H (250 x 4.6 mm)
1 Mobile phase: n-hexane/isopropanol = 70:30

s00- Flow rate: 0.8 mL/min 2
1 Column temperature: 30 °C @
| Detection: UV-absorption at 254 nm ]
200-] rac-9 =
mo—:
0__ T [ = T e e T
6 b d B 9 10 11 12 13 miry
VWD1 A, Wavelength=254 nm (LYJ\LYJ-03-01-HIV-1 NONRAC-2.D)
mAU |
ao;
so—_
20
o -
6 } IIS é 110 1l1 1|2 1‘3 min
# [min] [min] [mAU*s] [mAU] %
s i e B [rmmmomo= |
1 9.500 MM R 0.3334 806.16553 35.28566 98.2560
2 12,115 BV 0.4103 14.30922 4.99348e-1 1.7440

Figure S34. HPLC trace for the racemic reference rac-9, and non-racemic product (5)-9.
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7. X-Ray Diffraction of Rac-IrC1a

Crystallography of compound rac-IrCla: Single crystals of rac-IrC1a were obtained by slow diffusion
from the solution in dichloroethane layered with n-hexane at room temperature. Data was collected on a
Bruker Smart Apex CCD area detector employing graphite-monochromated Mo-Kq radiation (A =
0.71069 A) at 173 K. The structure was solved by SHELXL-97.!° Refinement was done by full-matrix
least squares based on F2 data of one twin domain using SHELXL-97. The structure is shown on Figure
S35. Crystallographic data for rac-IrC1a has been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication number CCDC 1538578.

Figure S35. Crystal structure of compound rac-IrCla.

Table S2. Crystal data and structure refinement for compound rac-IrCla.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

lyjm

C42 H48 C12 F6 Ir1 P1

1044.93

173(2) K

0.71073 A

Monoclinic

Cc

a=9.2337(17) A a=90°
b=28.914(5 A b=102.310(3)°
c=16.672(3) A g=90°
4348.7(14) A3

4

1.596 Mg/m3
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Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 26.00°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

3.293 mm-!
2088

0.32x0.23 x 0.15 mm3

1.41 to 25.99°.

-11<=h<=11, -35<=k<=34, -20<=1<=20
16283

8171 [R(int) = 0.0219]

99.1 %

Empirical

0.6379 and 0.4188

Full-matrix least-squares on F2
8171/2/523

1.002

R1=0.0346, wR2 =0.0910
R1=10.0364, wR2 =0.0920
0.00

1.201 and -0.634 e.A-3
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