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I. General Information

All NMR spectra were acquired on Bruker Advance 400 MHz, 300 MHz or 500 MHz NMR spectrometers.
"H NMR chemical shifts were recorded relative to residual protiated solvents (CDCls: & 7.26 ppm).
Multiplicities were given as: s (singlet), d (doublet), t (triplet), q (quartet) and m (multiplet). The number of
protons (n) for a given resonance was indicated by nH. Coupling constants were reported as a J value in Hz. 13C
NMR chemical shifts were recorded relative to solvent resonance (CDCls: 8 77.16 = ppm). °F NMR spectra
were recorded at 376.6 MHz on 400 MHz NMR spectrometers without any external standard. !'B NMR spectra
were recorded at 128 MHz on 400 MHz NMR spectrometers without any external standard. Proof of purity of
new compounds was demonstrated with copies of 'H, *C, and '°F NMR spectra.

Glassware was dried at 120 °C for at least 3 h before use. Dry dimethyl sulfoxide (DMSO) and N, N-
dimethylformamide (DMF) were purchased from Aldrich or J&K Scientific and dried and stored over activated
3A molecular sieve beads in an argon-filled glove box. Zinc powder were purchased from Aladdin (product
number A91216, Lot H2006145, ~600 mesh; 99.99% purity). Manganese powder were purchased from Alfa
Aesar (product number 10238, ~325 mesh; 99.3% purity). Unless noted otherwise, commercially available
chemicals were used as received without purification. All anhydrous solvents were stored in Schlenk tubes in
the glove box. The GC internal standard n-C12Ha6 was degassed with argon and dried over activated 4A
molecular sieve beads before use. Flash column chromatography was performed using Qingdao Haiyang
Chemical HG/T2354-92 silica gel (200-300 mesh) with the indicated solvent system according to standard
techniques.

Gas chromatography (GC) analysis was performed on a Shimadzu GC-2030 instrument with Shimadzu GC
column DB-5MS-UI. Chiral HPLC analysis was performed on a Shimadzu LC-20AD instrument using Daicel
Chiralcel columns at 35 °C and a mixture of HPLC-grade hexanes and isopropanol as eluent. Optical rotation
was measured using a Rudolph AutoPol-I polarimeter equipped with a sodium vapor lamp at 589 nm and the
concentration of samples was denoted as c.

GC/MS analysis was conducted on Agilent GC-MS 6890N-5975 instrument using a quadrupole mass
analyzer and Agilent ] & W GC column DB-5MS-UI. LC/MS analysis was conducted on a Shimadzu LCMS-
2020 instrument using a single quadrupole mass analyzer. High resolution ESI mass spectra were recorded with
an QSTAR Elite (ABI) using a quadrupole-time-of-flight (Q-TOF) mass analyzer or Q Exactive Focus
(ThermoFisher) mass spectrometer using an Orbitrap mass analyzer combined with a quadrupole (Q) for

precursor ion selection.
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II. Condition optimization of reductive alkenylation of /NV-sulfonyl aldimines

A typical procedure: In an argon-filled glove box, NiBr2(DME) (1.5 mg, 0.005 mmol, 5 mol%), (4R,4'R)-
2,2'-(propane-2,2-diyl)bis(4-phenyl-4,5-dihydrooxazole) L7 (2.0 mg, 0.006 mmol, 6 mol%), pure N-sulfonyl
imine 1a (0.1 mmol) and dry 1,4-dioxane (0.3 mL) were added to a dry 10-mL Schlenk tube. After stirring for
20 min at room temperature, Mn powder (16.5 mg, 0.3 mmol, Alfa Aesar), dry HFIP (33.6 mg, 0.2 mmol),
Ti(Oi-Pr)s (56.8 mg, 0.2 mmol), 1-bromocyclohexene (32 mg, 0.2 mmol) and GC standard n-Ci2Hz6 (20 pL)
were added in sequence. The mixture was vigorously stirred at rt for 12 hours. At the end, the reaction mixture
was diluted by 5 mL of 4:1 petroleum ether/EtOAc and an aliquot was filtered through a plug of silica gel with
washings of 4:1 petroleum ether/EtOAc for GC analysis to determine conversions and calibrated yields. Chiral
HPLC analysis (AZ-H n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min) was performed with purified
samples to determine the enantioselectivity. The racemic samples were prepared with a similar procedure using
bipy.
Figure S1. Effect of chiral ligands on model reductive alkenylation of imine 1a
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Table S1. Effect of solvents on model reductive alkenylation of imine 1a

B
_Bs NiBr,(DME) 5 mol% HN o

| L7 6 mol%
H cyclohexenyl
bromide i 3 equiv, HFIP 2 equiv

Ti(Oi-Pr), 2 equiv

A 1,4-dioxane, 25 °C,12h  go0, yielg,a>99% oo
Bs = SO,Ph
Entry Solvent Conv of 1a (%) Yield (%) Ee (%)

1 THF 90 88 95
2 2-MeTHF 91 86 93
3 1,4-dioxane 99 92 >99
4 DMSO 40 0 -
5 DMF 38 0 -
6 DME 84 60 93
7 DCM 80 71 90

Table S2. Effect of alcohols and water (2 equiv) on the model reductive alkenylation of aldimine 1a

standard condition

B
_Bs NiBr,(DME) 5 mol% HN o

| L7 6 mol%
H cyclohexenyl
bromide i 3 equiv, HFIP 2 equiv

Ti(Oi-Pr), 2 equiv

1a . o 3a
0.tmmol  02mmol IOANS, gfpfv” N 92% yield, >99% ee
Entry Proton source Conv of 1a (%) Yield (%) Ee (%)
1 none 0 0 -
2 H>O 2 0 -
3 HFIP (3 equiv) 100 92 93
4 HFIP (2 equiv) 99 92 >99
5 HFIP (1 equiv) 61 0 96
6 CF;CH20H (TFE) 3 0 -
10 t-BuOH 2 0 -
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Table S3. Effect of additives on the model reductive alkenylation of aldimine 1a

standard condition

B
B NiBro(DME) 5 mol% HN™ o

| L7 6 mol%
H cyclohexenyl
bromide M 3 equiv, HFIP 2 equiv

Ti(Oi-Pr)4 2 equiv

1a . o 3a
0.4mmol  02mmol d";’;a:eé éfp:ﬂ? ' 92% yield, >99% ee
Entry additive Conv of 1a (%)  Yield (%) Ee (%)
1 No Ti(Oi-Pr)4 32 0 -
2 TiCl4 26 0 -
3 LaCl3 20 0 -
4 Mg(OTH): 15 0 -
5 Lil 18 0 -
6 NaBr 23 0 -
7 Ti(Oi-Pr)4 99 92 >99

II1. Asymmetric reductive alkenylation of NV-sulfonyl aldimines

A typical procedure: In an argon-filled glove box, NiBr2(DME) (1.5 mg, 0.005 mmol, 5 mol%), (4R,4'R)-
2,2'-(propane-2,2-diyl)bis(4-phenyl-4,5-dihydrooxazole) L7 (2.0 mg, 0.006 mmol, 6 mol%), pure N-sulfonyl
imine 1a (0.1 mmol) and dry 1,4-dioxane (0.3 mL) were added to a dry 10-mL Schlenk tube. After stirring for
20 min at room temperature, Mn powder (16.5 mg, 0.3 mmol, Alfa Aesar), dry HFIP (33.6 mg, 0.2 mmol),
Ti(Oi-Pr)s (56.8 mg, 0.2 mmol), 1-bromocyclohexene (32 mg, 0.2 mmol) and GC standard n-Ci2Hz6 (20 pL)
were added in sequence. The mixture was vigorously stirred at rt for 12 hours. At the end, the reaction mixture
was diluted by 5 mL of 4:1 petroleum ether/EtOAc and filtered through a pad of silica gel with washings of 10-
20 mL of 4:1 petroleum ether/EtOAc. The filtrate was concentrated and the crude product was purified by flash
chromatography on silica gel to provide products. Chiral HPLC analysis (AZ-H n-hexane/isopropanol 95/5,
flow rate = 0.5 mL/min) was performed to determine the enantioselectivity. The racemic samples were prepared
with a similar procedure using bipy ligand.

Synthesis of Bs-imines on 0.1 mmol scale: under argon, aromatic aldehyde (0.1 mmol), Bs-amine (0.1
mmol), dry MgSO4 (80 mg) and dry toluene (0.4 mL) were added to a 10-mL dry Schlenk tube. The mixture

was stirred in an oil bath at 140 °C for 30 hours until (almost) full conversion. The crude product was cooled
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down and filtered through a plug of Celite in a glove box with washings of dry toluene. The filtrate was
collected in a 10-mL dry Schlenk tube. Toluene was completely removed under reduced pressure with care. It is
important to keep the imine sample from contact with air or moisture, for good reproducibility in the subsequent

reactions. The crude imine was used directly in the next step.

(S)-N-Benzenesulfonyl-1-(1-cyclohexenyl)-4-methylbenzylamine (3a)

Alkenyl triflate was used. The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5)
as yellow oil. 31.4 mg, 92% yield. >99% ee (the other enantiomer was not detected on chiral HPLC). [a]*®p = -
12.1° (¢ = 0.5, CHCI3). The crystals suitable for X-ray diffraction were obtained via vapor diffusion of
petroleum ether into a concentrated sample in EtOAc at rt.

HPLC: Daicel Chiralcel AZ-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, fr = 40.1 min

(minor), 43.0 min (major).

mAl mAl

500 [ 8

4011
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S

29

T
10. 0 12.5 45. 0 T 5
min 10. 0 12.5 15. 0

™ min
Peak Table

Peak Table

PDA Ch2 220nm
Peak# | Ret. Time Area Area% PDA_Ch2 220nm ;
1 10. 111 6383266 52. 584 ! Peak# Ret. Time Area Area%
57 1
[ Tot

2 57559¢ 17. 416 43.033 15274669 100. 000
Total | 12139265 100. 000 al 15274669 100. 000

"H NMR (400 MHz, CDCl3): 6 7.78-7.75 (m, 2H), 7.53-7.48 (m, 1H), 7.43-7.39 (m, 2H), 7.03-6.99 (m, 4H),
5.56-5.54 (m, 1H), 4.93 (d, J=7.9 Hz, 1H), 4.82 (d, J= 7.8 Hz, 1H), 2.28 (s, 3H), 1.91-1.85 (m, 2H), 1.71-1.65
(m, 1H), 1.63-1.54 (m, 1H), 1.48-1.29 (m, 4H).

3C NMR (100 MHz, CDCl3): & 141.0, 137.3, 136.5, 135.7, 132.4, 129.2, 128.9, 127.5, 127.0, 125.8, 63.2, 25.1,
25.1,22.4,22.2,21.1.

HRMS (ESI): Calcd for C20H24NO2S [M+H]": 342.1522; found: 342.1523.

To

A reaction procedure on 1 mmol scale: In an argon-filled glove box, NiBr2(DME) (0.8 mg, 0.002 mmol, 0.2
mol%), (45,4'S)-L8 (0.8 mg, 0.003 mmol, 0.3 mol%), N-sulfonyl imine 1a (260 mg, 1 mmol) and dry THF (2
mL) were added to a dry 10-mL Schlenk tube. After stirring for 20 min at rt, Mn powder (165 mg, 3 mmol, Alfa

Aesar), t-BuOH (125 uL, 2 mmol), 1-bromocyclohexene (160 mg, 1.5 mmol) and GC standard n-Ci2Hz6 (200
S6



pL) were added in sequence. The mixture was vigorously stirred at rt for 12 hours. At the end, the reaction
mixture was diluted by 5 mL of 4:1 petroleum ether/EtOAc and filtered through a pad of silica gel with
washings of 10-20 mL of 4:1 petroleum ether/EtOAc. The filtrate was concentrated and the crude product was
purified by flash chromatography on silica gel to provide the product. 245 mg, 72% yield and 91% ee.
Synthesis of Bs-imines on 1 mmol scale: under argon, aromatic aldehyde (1 mmol), Bs-amine (1 mmol), dry
MgSO4 (800 mg) and dry toluene (2 mL) were added to a 10-mL dry Schlenk tube. The mixture was stirred in
an oil bath at 140 °C for 48 hours until (almost) full conversion. The crude product was cooled down and
filtered through a plug of Celite in a glove box with washings of dry toluene. Toluene was completely removed
under reduced pressure with care. It is important to keep the imine sample from contact with air or moisture, for

good reproducibility in the subsequent reactions. The crude imine was used directly in the next step.
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(8)-N-4-Methoxybenzenesulfonyl-1-(1-cyclohexenyl)-4-methylbenzylamine (3b)

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 31.5 mg,
85% yield. 98% ee. [a]**p = -23.8° (¢ = 0.5, CHCl5).

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, #gr = 34.3 min

(major), 48.3 min (minor).

mAl mAl

455
1000 =]

\ / [ ‘y",
SN )N 0 JN
T U

T I T U
35 10 15 50 30 35 10 15 50
min min

Peak Table Peak Table

31,950
>
_—48. 051

1

’ 18. 327

PDA Ch2 220nm PDA_Ch2 220nm
Peak# [Ret. Time |  Area Area Peak# | Ret. Time Area Area% |
1 34. 950 3287291 50. 888 1 34. 296 70315259 98. 989
2 18. 051 3172553 19. 112 | 2 | 18. 327 718206 1.011
Total 6459844 100. 000 Total 71033465 100. 000

'H NMR (400 MHz, CDCls): § 7.74 (d, J = 8.9 Hz, 2H), 7.13-7.05 (m, 4H), 6.92 (d, J = 9.0 Hz, 2H), 5.62 (s,
1H), 5.00 (d, J = 7.7 Hz, 1H), 4.83 (d, J= 7.7 Hz, 1H), 3.90 (s, 3H), 2.34 (s, 3H), 2.02-1.90 (m, 2H), 1.79-1.65
(m, 2H), 1.56-1.38 (m, 4H).
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BC NMR (100 MHz, CDCl3): § 162.8, 137.2, 136.7, 135.9, 132.7, 129.6, 129.2, 127.0, 125.6, 113.9, 63.2, 55.7,

25.2,25.1,22.5,22.2,21.1.
HRMS (ESI): Calcd for C21H26NO3S™ [M+H]": 372.1628; found: 372.1630.
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(S)-N-2-Naphthalenesulfonyl-1-(1-cyclohexenyl)-4-methylbenzylamine (3¢)

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 31.3 mg,
80% yield. 96% ee. [a]*®p = -17.2° (¢ = 0.5, CHCl5).

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, g = 33.1 min

(major), 45.4 min (minor).

mAl mAl
ne 2 Ng
50 [ ¥o \— B
| 12 "~ L
| £3 e EeS
\ 1000 | T o
| \ \ w
|\ | o
\ \
[\ [\ | \ e
[} 8 A N - Jo N | o S S ]
35 40 15 30 35 10 15
min min
Peak Table Peak Table
PDA_Ch2 254nm N PDA_Ch2_220nm ;
Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area%
1 33.570 3186469 50. 220 1 33. 066 106779520 97. 866
2 15. 133 3158491 49. 780 2 45. 356 2328639 2. 134
Total 6344959 100. 000 Total 109108159 100. 000

'H NMR (400 MHz, CDCls): § 7.74 (d, J = 8.9 Hz, 2H), 7.13-7.05 (m, 4H), 6.92 (d, J = 9.0 Hz, 2H), 5.62 (s,
1H), 5.00 (d, J = 7.7 Hz, 1H), 4.83 (d, J= 7.7 Hz, 1H), 3.90 (s, 3H), 2.34 (s, 3H), 2.02-1.90 (m, 2H), 1.79-1.65

(m, 2H), 1.56-1.38 (m, 4H).
13C NMR (100 MHz, CDCl3): § 162.8, 137.2, 136.7, 135.9, 132.7, 129.6, 129.2, 127.0, 125.6, 113.9, 63.2, 55.7,

25.2,25.1,22.5,22.2,21.1.
HRMS (ESI): Calcd for C24H26NO2S™ [M+H]": 392.1679; found: 392.1675.

‘3\3@
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(S)-N-2-Thiophenesulfonyl-1-(1-cyclohexenyl)-4-methylbenzylamine (3d)
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The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as colorless oil. 27.1 mg,
78% yield. 97% ee. [a]*°p = -11.3° (¢ = 0.5, CHCl5).
HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, g = 26.0 min

(major), 35.3 min (minor).

mAl mAl

250~ e % N
[ N 50 [
| ¥ | B | §
|\ [\ \ z
|\ \ \ N
| [\ [\ W
o= T ——— 0 A =
T
0 26 30 3E
min min
Peak Table Peak Table
PDA Ch2 220nm PDA Ch2 220nm
Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area%
1 25. 975 8216152 49. 898 1 26. 041 11760051 98. 163
34. 998 8249774 50. 102 2 35. 281 220133 1. 837
Total 16465927 100. 000 Total 11980184 100. 000

"H NMR (400 MHz, CDCl3): 8 7.51-7.47 (m, 2H), 7.13-7.01 (m, 4H), 6.99-6.97 (m, 1H), 5.62-5.60 (m, 1H),
5.10 (d, J=7.9 Hz, 1H), 4.87 (d, J= 8.0 Hz, 1H), 2.30 (s, 3H), 2.00-1.94 (m, 2H), 1.78-1.67 (m, 2H), 1.55-1.40
(m, 4H).

3C NMR (100 MHz, CDCl5): § 142.1, 137.3, 136.5, 135.8, 132.5, 131.7, 129.3, 129.0, 127.1, 126.9, 125.6,
63.4,25.3,25.2,22.5,22.2,21.2.

HRMS (ESI): Calcd for C1sH22NO2S2" [M+H]": 348.1086; found: 348.1087.
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(8)-N-Cyclopropanesulfonyl-1-(1-cyclohexenyl)-4-methylbenzylamine (3e¢)

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 26.3 mg,
86% yield. 97% ee. [a]**p = -2.1° (¢ = 0.5, CHCL).

HPLC: Daicel Chiralcel OZ-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, fr = 28.3 min

(major), 30.5 min (minor).
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mAU mAl

200 - o
0 ’/rYE x “f\::_
/ X /8 500 [ 3
[ R\ = [ & ~
100 [ | a
/ / | -
/ / g
0o—=L—r *—/* — 0— — -
27.5 30.0 32 27.5 30.0 32.5
min min
Peak Table Peak Table
PDA_Ch2 220nm PDA Ch2 220nm
Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area%
1 28.278 8659255 50. 000 1 28. 316 33341506 98. 463
2 30. 588 8659085 50. 000 2 30. 459 520346 1. 537
Total 17318340 100. 000 Total 33861852 100. 000

'H NMR (400 MHz, CDCls): & 7.20 (d, J = 8.2 Hz, 2H), 7.15-7.12 (m, 2H), 5.75-5.73 (m, 1H), 4.92 (d, J = 8.0
Hz, 1H), 4.61 (d, J = 8.0 Hz, 1H), 2.34 (s, 3H), 2.22-2.15 (m, 1H), 2.08-2.05 (m, 2H), 1.96-1.85 (m, 2H), 1.62-
1.53 (m, 4H), 1.14-1.02 (m, 2H), 0.88-0.73 (m, 2H).

3C NMR (100 MHz, CDCI3): 6 137.4, 137.3,129.4, 128.9, 127.2, 125.1, 63.0, 31.6, 25.8, 25.3, 22.7,22.4, 21.2,
6.0,5.9.

HRMS (ESI): Calcd for C17H24NO2S™ [M+H]": 306.1522; found: 306.1525.
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(S)-N-Methanesulfonyl-1-(1-cyclohexenyl)-4-methylbenzylamine (3f)

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 20.9 mg,
75% yield. 98% ee. [a]*'p = -29.6° (¢ = 0.5, CHCl5).

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, #r = 23.4 min

(minor), 24.7 min (major).

mAU mAl
. o ] 100
[ & ’r' \g ‘\‘ '_:
250 | ;\i\ [\ - [ ™
," \ 4 N 0 2]
/ o~ /
I — ~ - \\
0 - — %*—‘/ —
22.5 25.0 22.¢ 25.0
min min
Peak Table Peak Table
PDA_Ch2 220nm PDA_Ch2 220nm
| Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area%
1 22. 888 12476485 18. 291 1 23. 383 60852 1.248
2 24. 538 13359788 51.709 2 24. 706 | 4813289 | 98. 752
Total 25836273 100. 000 Total 4874141 100. 000

'H NMR (400 MHz, CDCLs): § 7.19-7.13 (m, 4H), 5.76-5.74 (m, 1H), 5.05 (d, J = 8.1 Hz, 1H), 4.91 (d, J = 8.0
Hz, 1H), 2.74 (s, 3H), 2.33 (s, 3H), 2.09-2.05 (m, 2H), 1.94-1.80 (m, 2H), 1.63-1.52 (m, 4H).
13C NMR (100 MHz, CDCI3): § 137.6, 136.9, 136.8, 129.5, 127.1, 125.1, 62.9, 41.9, 25.7, 25.2, 22.7, 22.3, 21.2.
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HRMS (ESI): Caled for C1sH2NO,S* [M+H]*: 280.1366; found: 280.1365.

(S)-N-tert-Butanesulfonyl-1-(1-cyclohexenyl)-4-methylbenzylamine (3g)

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 26.4 mg,
82% yield. 96% ee. [a]**p = -6.6° (¢ = 0.5, CHCI;).

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 98/2, flow rate = 0.5 mL/min, 1 =220 nm, g = 15.7 min

(minor), 17.0 min (major).

mAl mAl

500+

1547
—
1765

250

| \ w0 |
/ / . S / '
0 / \ / \ ] | - | \ -

15 16 17 18 15 16 17 18
min min

Peak Table Peak Table

PDA _Chl 220nm PDA Chl 220nm
Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area%

1 15.712 9545464 50. 259 1 15. 675 318707 2. 054

2 17. 036 9446927 19. 741 2 16. 989 15195091 97. 946
Total 18992391 100. 000 Total 15513799 100. 000

"H NMR (400 MHz, CDCI3): 8 7.18-7.13 (m, 4H), 5.70 (brs, 1H), 4.90 (d, /= 9.5 Hz, 1H), 4.20 (d, J = 9.5 Hz,
1H), 2.34 (s, 3H), 2.07 (s, 2H), 1.94-1.80 (m, 2H), 1.60-1.57 (m, 4H), 1.33 (s, 9H).

3C NMR (100 MHz, CDCI3): 6 138.1, 137.8, 137.3, 129.4, 127.1, 124.8, 63.5, 60.0, 26.2, 25.3, 24.4, 22.8, 22 4,
21.2.

HRMS (ESI): Calcd for Ci1sH2sNO>S™ [M+H]": 322.1835; found: 322.1835.

O\\S,N\

(S)-N,N-Dimethylaminosulfonyl-1-(1-cyclohexenyl)-4-methylbenzylamine (3h)

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:3) as white solid. 25.3 mg,
82% yield. 98% ee. [a]**p = -27.5° (¢ = 0.5, CHCly).

HPLC: Daicel Chiralcel IC-3, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 = 220 nm, fr = 79.5 min

(major), 83.3 min (minor).
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mAl mAl
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T — ) U
80 85 90 75 80 85 90
min min

Peak Table Peak Table

PDA Chl 220nm PDA Chl 220nm
Peak# | Ret. Time Area l Area% Peak®# | Ret. Time Area Area%
1
2
Total

| ;
79. 509 l 16647512 l 47. 644 1 79. 457 23707142 98.713
83.716 l 18283459 l 52. 356 2 83. 346 308999 1. 287
1 34930971 l 100. 000 Total | 24016141 | 100. 000

'H NMR (400 MHz, CDCL3): & 7.18 (d, J= 8.0 Hz, 2H), 7.13 (d, J= 8.1 Hz, 2H), 5.74-5.72 (m, 1H), 4.78 (d, J =
7.4 Hz, 1H), 4.69-4.66 (m, 1H), 2.63 (s, 6H), 2.33 (s, 3H), 2.09-2.04 (m, 2H), 1.93-1.83 (m, 2H), 1.61-1.53 (m,
4H).

13C NMR (100 MHz, CDCI3): § 137.7, 137.3, 137.3, 129.3, 127.2, 124.6, 63.2, 37.9, 25.9, 25.2, 22.7, 22.4, 21.2.
HRMS (ESI): Calcd for C16HasN20,S* [M+H]*: 309.1631; found: 309.1630.

O pn
HN 3y

(S)-N-Benzenesulfonyl-1-(1-cyclohexenyl)-2-methylbenzylamine (3i)

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 31.8 mg,
93% yield. >99% ee. [a]*’p = -3.6° (¢ = 2.2, CHCL).

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, g = 17.1 min

(minor), 25.4 min (major).

U
U
[ 5
S ]
[T 10 :
|\ / g
|\ 3
S ‘ : o =
15 20 25
mn 15 20 25 )
mn
Peak Tabl e Peak Tabl e
POA il 254nm PDA Chil 254nm
Peak# | Ret. Tire | Aea | Aea% Peakt | Ret. Tine  Area Area%
1| 17.161 | 3735406 49. 327 117154 211 0.017
2 | 25221 | 3837404 | 50.673 2 | 25390 | 1250531 99. 983
Bit 7572810 100. 000 Bit 1250742 | 100.000

'H NMR (400 MHz, CDCls): § 7.76 — 7.67 (m, 2H), 7.49 — 7.41 (m, 1H), 7.41 — 7.29 (m, 2H), 7.12 — 6.91 (m,
4H), 5.40-5.38 (m, 1H), 5.17 (d, J= 7.7 Hz, 1H), 5.04 (d, J= 8.1 Hz, 1H), 2.21 (s, 3H), 1.95 — 1.77 (m, 3H),

1.77 — 1.66 (m, 1H), 1.58 — 1.35 (m, 4H).
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BC NMR (101 MHz, CDCl3): § 140.6, 137.1, 135.5, 135.1, 132.0, 130.2, 128.4, 127.0, 126.9, 126.3, 125.7,

125.3,59.3,25.8, 24.8,22.2,21.8, 19.0.
HRMS (ESI): Calcd for C20H24NO2S™ [M+H]": 342.1522; found: 342.1523.

O ph

MeO

(S)-N-Benzenesulfonyl-1-(1-cyclohexenyl)-4-methoxylbenzylamine (3j)

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 31.5 mg,
88% yield. >99% ee. [a]*’p = -28.9° (¢ = 1.8, CHCly).

HPLC: Daicel Chiralcel AZ-H, n-hexane/isopropanol 90/10, flow rate = 0.5 mL/min, | = 220 nm, fr = 33.5 min

(minor), 36.0 min (major).

il

U
N
c”{g “,«‘AES. 8
| 9;\ / 8\ 10 3
10 | [\
J A\ )\ .
T T —— —] 0 —
30.0 32.5 35.0 37.5 40.0 25 350 37.5 40.0
mn nin
Peak Tabl e Peak Tabl e
PDA (h1 254nm PDA (hl 254nm
Peak# |Ret. Tine | Aea | Aea% Peak#t | Ret. Tine Aea | Aea%
1 33.282 863002 50. 462 1 3489 625 0. 069
2 | 3072 | 847203 | 40538 2 | 35998 | 899846 9. 931
Bit 1710205 | 100.000 2t 900471 100. 000

'"H NMR (400 MHz, CDCl3): 8 7.84 —7.72 (m, 2H), 7.59 — 7.46 (m, 1H), 7.46 — 7.35 (m, 2H), 7.10 — 6.96 (m,
2H), 6.80 — 6.68 (m, 2H), 5.55-5.53 (m, 1H), 5.04 (d, /= 7.9 Hz, 1H), 4.81 (d, J = 7.8 Hz, 1H), 3.75 (s, 3H),
1.97 - 1.79 (m, 2H), 1.77 — 1.55 (m, 2H), 1.51 — 1.29 (m, 4H).

3C NMR (101 MHz, CDCl3): 8 159.0, 141.0, 135.7, 132.4, 131.6, 128.8, 128.2, 127.4, 125.6, 113.9, 62.9, 55.4,
25.1,25.1,22.4,22.2.

HRMS (ESI): Calcd for C20H24NO3S™ [M+H]": 358.1471; found: 358.1474.

_SO,Ph
HN

PhO

(S)-N-Benzenesulfonyl-1-(1-cyclohexenyl)-3-phenoxybenzylamine (3k)
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The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:3) as white solid. 30.5 mg,
78% yield. 97% ee. [a]*p =-10.7° (¢ = 0.5, CHCL).
HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 90/10, flow rate = 0.5 mL/min, 1 =220 nm, r = 11.3 min

(major), 13.5 min (minor).

mAl mAl
0 Ao o 0 N2
\ [\ \ £
\ \ -
y \ W, . \. %
0= — - — 0 . T
12 13 14 11 12 13 14
min min
Peak Table Peak Table
PDA_Ch2 220nm PDA_Ch2 220nm
Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area%
1 12. 395 4364172 50. 818 1 11. 250 3918797 98. 147
2 13. 826 1223719 19. 182 2 13. 470 73981 1. 853
Total 8587891 100. 000 Total 3992778 100. 000

'H NMR (400 MHz, CDCls): § 8.26 (d, J= 1.9 Hz, 1H), 7.88-7.84 (m, 3H), 7.73 (dd, J= 8.7, 1.9 Hz, 1H), 7.64-
7.56 (m, 2H), 6.98 (d, J= 8.1 Hz, 2H), 6.92 (d, J = 7.9 Hz, 2H), 5.56-5.53 (m, 1H), 4.96 (d, /= 7.8 Hz, 1H), 4.87
(d,J=7.7 Hz, 1H), 2.18 (s, 3H), 1.74-1.68 (m, 2H), 1.62-1.57 (m, 2H), 1.32-1.19 (m, 4H).

13C NMR (100 MHz, CDCI3): § 137.7, 137.3, 136.3, 135.7, 134.8, 132.2, 129.3, 129.1, 129.1, 128.9, 128.7, 127.9,
127.4,127.0, 125.7, 122.7, 63.3, 25.2, 25.1, 22.4, 22.1, 21.0.

HRMS (ESI): Caled for C2sHasNOsS* [M+H]*: 420.1628; found: 420.1629.

Ln-SO2Ph

oae

(S)-N-Benzenesulfonyl-1-(1-cyclohexenyl)-4-fluorobenzylamine (31)

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 25.5 mg,
74% yield. 94% ee. [a]*®p = -1.3° (¢ = 0.5, CHCly).

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, fr = 24.8 min

(major), 32.5 min (minor).
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mAl mAl

—37. 627

RIVEAN SR S N B B N _5

U T
30 35 25 30
Peak Table Peak Table
PDA_Ch2 220nm PDA Ch2 220nm

Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area%
1 25.078 15676843 19. 406 1 24.771 35897757 96. 994

32. 627 16053621 50. 594 2 32.616 1112583 3. 006

Total 31730464 | 100,000 Total 37010339 | _100.000
"H NMR (400 MHz, CDCl3): 8 7.77-7.74 (m, 2H), 7.53-7.48 (m, 1H), 7.40 (t,J = 7.7 Hz, 2H), 7.11-7.07 (m, 2H),
6.87 (t,J = 8.6 Hz, 2H), 5.51 (s, 1H), 5.33-5.26 (m, 1H), 4.84 (d, J = 8.1 Hz, 1H), 1.95-1.78 (m, 2H), 1.73-1.56
(m, 2H), 1.49-1.30 (m, 4H).

YF NMR (376.6 MHz, CDCl5): 6 -115.21.

3C NMR (100 MHz, CDCl3): § 162.2 (d, Jcr = 247.5 Hz), 140.8, 135.4 (d, Jc.r = 26.8 Hz), 132.5 (d, Jc-r = 3.0
Hz), 128.84, 128.75 (d, Jcr = 8.1 Hz), 127.37, 126.16, 115.40, 115.19, 62.79, 25.10, 25.08, 22.38, 22.07.
HRMS (ESI): Caled for CioH21FNO2S™ [M+H]*: 346.1272; found: 346.1271.

O ph
HN S

“
Boge

(S)-N-Benzenesulfonyl-1-(1-cyclohexenyl)-4-trifluoromethylbenzylamine (3m)

The reaction was conducted at 50 °C. The product was isolated by flash chromatography (ethyl
acetate/petroleum ether 1:5) as white solid. 35.2 mg, 89% yield. >99% ee. [a]*’p = -3.3° (¢ = 1.2, CHCL).
HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, #gr = 25.0 min

(major), 45.3 min (minor).

AU U
8 -
: p o 3
250 N 3
g
-10 Q
0 - - ~
20 30 40 50 30 40 50
nmn nmn
Peak Tabl e Peak Tabl e
PDA Ch2 220nm PDA Ch2 220nm
Peak# FRet. Tine | Aea | Aea% Peak#t | Ret. Tine Area Aea%
1 24.920 | 35241320 | 49.698 1| 24971 | 132395 | 99.990
2 45.160 | 35668914 | 50.302 2 | 4250 131 | _ool0
Bit 70910233 100. 000 Bt 1324086 100. 000
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'H NMR (400 MHz, CDCL3): 8 7.83 — 7.68 (m, 2H), 7.58 — 7.47 (m, 1H), 7.47 — 7.34 (m, 4H), 7.26 (¥d, J = 8.1
Hz, 2H), 5.65 — 5.45 (m, 2H), 4.92 (d, J = 8.2 Hz, 1H), 1.99 — 1.75 (m, 2H), 1.75 — 1.55 (m, 2H), 1.52 — 1.28
(m, 4H).

F NMR (376.6 MHz, CDCl5): 6 -62.59.

3C NMR (101 MHz, CDCl3): 8 143.5, 140.7, 135.2, 132.6, 129.7 (q, Jc.r = 32.5 Hz), 128.9, 127.5, 127.3,
126.9, 125.4 (q, Jor = 3.9 Hz), 124.2 (q, Jer = 271.9 Hz), 63.2, 25.1, 25.0, 22.3, 22.0.

HRMS (ESI): Calcd for C20H21F3NO>S* [M+H]*: 396.1240; found: 396.1241.

_SO,Ph
HN

X

7

MeO™ N

(S)-N-Benzenesulfonyl-1-(1-cyclohexenyl)-1-(4-methoxy-3-pyridyl)methylamine (3n)

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 25.1 mg,
70% yield. 83% ee. [a]*’p = -1.0° (¢ = 0.5, CHCl5).

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, g = 37.3 min

(major), 47.2 min (minor).

mAl mAl

p Mew o f
200 A s [

|
1004 |
|

{
>
377300

100

) 47167

|
i /.

T i T —
40 45 50 10 15 50
min

Peak Table Peak Table

PDA_Ch2 220nm PDA Ch2 220nm

Peak# |Ret. Time | Area | Area% Peak# | Ret. Time
1 37.527 12713805 | 50.178 1 37. 300
17.118 | 12623357 |  49.822 17. 167
| 25337161 | 100.000

Area ‘ Area%
10943908 | 91.094 |
1069942 \ 8. 906 |
12013849 | 100.000 |

Total Total

"H NMR (400 MHz, CDCls): 8 7.88 (d, J=2.5 Hz, 1H), 7.77-7.74 (m, 2H), 7.54-7.49 (m, 1H), 7.44-7.40 (m, 2H),
7.36 (dd, J = 8.6, 2.5 Hz, 1H), 6.58 (d, J = 8.6 Hz, 1H), 5.55-5.53 (m, 1H), 4.96 (d, J= 7.7 Hz, 1H), 4.81 (d, J =
7.7 Hz, 1H), 3.88 (s, 3H), 1.95-1.83 (m, 2H), 1.78-1.66 (m, 1H), 1.67-1.58 (m, 1H), 1.52-1.32 (m, 4H).

3C NMR (100 MHz, CDCls): 6 163.8, 145.7, 140.7, 137.7, 135.2, 132.6, 128.9, 127.7, 127.4, 126.3, 110.9, 60.9,
53.6,25.3,25.1,22.4,22.1.

HRMS (ESI): Calcd for Ci19H23N203S* [M+H]": 359.1424; found: 359.1425.
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_SO,Ph
HN
~
e
(S)-N-Benzenesulfonyl-1-(2-benzofuryl)-1-(1-cyclohexenyl)-methylamine (30)
The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as yellow solid. 30.8 mg,
84% yield. 97% ee. [a]*’p =-9.2° (¢ = 0.5, CHCL).

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, g = 31.3 min

(major), 36.7 min (minor).

mAU mAl
A &2 000-] g
g ! (%
50 = | ] [ = _
/ ‘.‘.. / 500 ‘\ \ T
/ \ / \ | 3
0+ N\ _/ \ / :
— ) 0 T T T
32.5 35.0 37.5 30.0 32.5 35.0 37.5
min min
Peak Table Peak Table
PDA_Chl _254nm X PDA _Chl 254nm
Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area%
1 31. 901 3995906 48. 364 1 31.293 58140593 98. 282
2 36. 813 4266177 51.636 2 36. 749 1016091 1.718
Total 8262084 100. 000 Total 59156684 100. 000

'H NMR (400 MHz, CDCls): § 7.78-7.75 (m, 2H), 7.42-7.35 (m, 2H), 7.32-7.28 (m, 3H), 7.23-7.14 (m, 2H), 6.39
(s, 1H), 5.64-5.63 (m, 1H), 5.22 (d, J = 8.5 Hz, 1H), 5.06 (d, J = 8.5 Hz, 1H), 1.96-1.87 (m, 3H), 1.82-1.77 (m,
1H), 1.55-1.38 (m, 4H).

13C NMR (100 MHz, CDCI3): & 154.8, 154.7, 140.6, 134.0, 132.5, 128.7, 128.0, 127.3, 127.0, 124.3, 123.0, 121.0,
111.2, 104.6, 58.0, 25.3, 25.2, 22.4, 22.0.

HRMS (ESI): Caled for C2iH2oNOsS* [M+H]*: 368.1315; found: 368.1314.

_SO,Ph
HN

1
S
(S)-N-Benzenesulfonyl-1-(1-cyclohexenyl)-1-(2-thienyl)methylamine (3p)
The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 26.7 mg,
80% yield. 85% ee. [a]*’p = -0.9° (¢ = 0.5, CHCI;).
HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, g = 30.5 min

(major), 35.4 min (minor).
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mAU

mAl

- Ng Q e
500+ "v 2 N 500~ [ XA‘
& [ X% | &

osod [ A | & [ ] =

250 ‘l \ [ " \ =

01 = - J: = ( £ — —_—

32.5 35.0 37.5 30.0 32.5 35.0
min min

Peak Table Peak Table

PDA Ch2 220nm PDA Ch2 220nm
Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area%
1 30. 781 49. 527 [ 1 30.520 | 29053802 | 92.624
2 35. 392 50.473 2 35.413 2313578 7.376
Total 100. 000 Total 31367381 100. 000

'HNMR (400 MHz, CDCls): § 7.80-7.77 (m, 2H), 7.55-7.51 (m, 1H), 7.46-7.42 (m, 2H), 7.19-7.17 (m, 1H), 6.97-
6.96 (m, 1H), 6.81-6.79 (m, 1H), 5.56-5.55 (m, 1H), 4.96 (d, /= 8.2 Hz, 1H), 4.86 (d, J= 8.2 Hz, 1H), 1.95-1.85

(m, 2H), 1.74-1.58 (m, 2H), 150-1.38 (m, 2H), 1.37-1.28 (m, 2H).
13C NMR (100 MHz, CDCI3): § 141.0, 135.5, 132.5, 128.8, 127.4, 126.6, 126.2, 126.1, 122.0, 60.0, 25.1, 24.7,

22.4,22.1.
HRMS (ESI): Calcd for C17H20NO2S," [M+H]": 334.0930; found: 334.0931.

Ln-SO2Ph

Sge

(S)-N-Benzenesulfonyl-1-(1-cyclohexenyl)-1-cyclohexylmethylamine (3q)
The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 26.6 mg,

80% yield. 85% ee. [a]*®p =-0.5" (¢ = 0.5, CHCL).
HPLC: Daicel Chiralcel AS-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, | = 220 nm, tr = 15.4 min

(major), 17.9 min (minor).

mAU mAU
z /3 /]
00 e [ = /
10¢ / \ [ < o / \ -
[ = / - f - =
/ f / %
/ / | .
/ / / =
/ /
_/ ~ / ~ (1 I —
0 D T T T T —
15.0 17.5 20.0 15.0 17.5 20.0
min min
Peak Table Peak Table
PDA_Chl_220nm PDA_Chl 220nm
Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area%
1 15. 384 5897259 45. 244 1 15. 455 5344041 92. 254
2 17. 827 7137003 54. 756 2 17. 880 448690 7.746
Total 13034262 100. 000 Total 5792732 100. 000

'H NMR (400 MHz, CDCls): & 7.80 (d, J = 7.7 Hz, 2H), 7.53-7.49 (m, 1H), 7.46-7.42 (m, 2H), 5.23 (brs, 1H),
4.77 (d, J=9.0 Hz, 1H), 3.40 (t, J= 9.3 Hz, 1H), 2.01 (d, J = 13.3 Hz, 1H), 1.80-1.74 (d, J = 8.5 Hz, 2H), 1.69-
1.61 (m, 4H), 1.44-1.24 (m, 5H), 1.18-0.92 (m, 6H), 0.85-0.76 (m, 1H).
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3C NMR (100 MHz, CDCI3): 6 141.6, 133.9, 132.2, 128.7, 127.5, 126.5, 66.1, 39.7, 30.2, 30.0, 26.4, 26.2, 26.0,
24.9,23.4,22.2.
HRMS (ESI): Calcd for Ci9H2sNO>S*™ [M+H]": 334.1835; found: 334.1837.

1N SO2Ph

(S)-N-Benzenesulfonyl-1-(4,4-dimethyl-1-cyclohexenyl)-4-methylbenzylamine (3r)

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 32.2 mg,
87% yield. 83% ee. [a]**p = -11.3° (¢ = 0.5, CHCI;).

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, g = 22.3 min

(major), 26.8 min (minor).

mAl mAl

= 9 2
153 ne 50 3
_ I s
500 LY 3 =
( \ N\ 04/ N e~
T
20.0 22 0 27.5 22. 0 27. ¢
min min
Peak Table Peak Table
PDA Chl 220nm PDA Ch2 220nm
Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area¥%
1 21.909 27852910 19. 651 1 22. 260 10676943 91. 602
2 26. 692 28244185 50. 349 2 26. 804 978820 8. 398
Total 56097094 100. 000 Total 11655763 100. 000

'"H NMR (400 MHz, CDCl3): 8 7.79-7.76 (m, 2H), 7.51-7.47 (m, 1H), 7.41-7.37 (m, 2H), 7.02-6.98 (m, 4H),
5.52-5.49 (m, 1H), 5.18 (d, /= 7.9 Hz, 1H), 4.84 (d, /= 7.9 Hz, 1H), 2.28 (s, 3H), 1.74-1.61 (m, 4H), 1.24-1.17
(m, 1H), 1.11-1.03 (m, 1H), 0.76 (d, J= 9.0 Hz, 6H).
3C NMR (100 MHz, CDCl3): & 141.0, 137.2, 136.6, 134.4, 132.3, 129.2, 128.8, 127.4, 126.8, 124.5, 62.8, 39.1,
35.2,28.6,28.5, 28.0, 23.0, 21.1.
HRMS (ESI): Calcd for C2oH2sNO>S*™ [M+H]": 370.1835; found: 370.1836.

HN SO,Ph

=
O

(S)-N-Benzenesulfonyl-1-(3,6-dihydropyran-4-yl)-4-methylbenzylamine (3s)

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:3) as colorless oil. 24.8 mg,
72% yield. 95% ee. [a]**p = -3.0° (¢ = 0.5, CHCly).

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 90/10, flow rate = 0.3 mL/min, 1 =220 nm, fr = 52.0 min

(major), 54.3 min (minor).
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mAl
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T T T
50.0 5 55.0 7.5 50.0 52.5 55 0
min min
Peak Table Peak Table
PDA_Ch2 220nm PDA_Ch2 220nm
Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area¥
1 52.178 9674593 19. 280 1 52. 001 25386909 97. 264
2 54. 210 9957428 50. 720 2 54. 331 714076 2.736
Total 19632022 100. 000 Total 26100985 100. 000

'H NMR (400 MHz, CDCls): § 7.77-7.74 (m, 2H), 7.54-7.50 (m, 1H), 7.43-7.40 (m, 2H), 7.01 (d, J= 7.9 Hz,

2H), 6.94 (d, J= 8.1 Hz, 2H), 5.61 (s, 1H), 4.94 (d, J= 7.5 Hz, 1H), 4.83 (d, J= 7.5 Hz, 1H), 4.03 (s, 2H), 3.68-
3.62 (m, 1H), 3.51-3.46 (m, 1H), 2.28 (s, 3H), 1.93-1.87 (m, 1H), 1.81-1.75 (m, 1H).
13C NMR (100 MHz, CDCls): § 140.8, 137.8, 135.5, 134.2, 132.6, 129.5, 129.0, 127.4, 127.1, 123.8, 65.4, 64.0,

62.3,25.8,21.2.

HRMS (ESI): Calcd for C19H2oNO3S*™ [M+H]": 344.1315; found: 344.1316.

HNSO2Ph

=
O

(S)-N-Benzenesulfonyl-1-(3,6-dihydropyran-4-yl)-benzylamine (3t)

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:3) as white solid. 24.7 mg,
75% yield. 99% ee. [a]*°p = -24.0° (¢ = 0.5, CHCl5).
HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 90/10, flow rate = 0.5 mL/min, 1 = 254 nm, fr = 27.8 min

(minor), 33.3 min (major).

mAU

75-

mAU
u <t [30]
"| wn
. \M . K
e | o
™ T T T ] T T T T | T
30 35
min
Peak Table
PDA Ch1 254nm
Peak# | Ret. Time Area Area%
1 27.684 2485502 48.722
2 33.253 2615874 51.278
Total 5101376 100.000

~
N
g
: —— — —
27.5 30.0 32.5 35.0
min
Peak Table
PDA Ch1 254nm
Peak# | Ret. Time Area Area%
1 28.127 1483 0.064
2 33.719 2324622 99.936
Total 2326104 100.000
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'H NMR (400 MHz, CDCls): § 7.84-7.82 (m, 2H), 7.59-7.55 (m, 1H), 7.48-7.44 (m, 2H), 7.27-7.23 (m, 3H),
7.15-7.13 (m, 2H), 5.73 (d, J = 8.1 Hz, 1H), 5.65-5.63 (m, 1H), 4.96 (d, J = 8.1 Hz, 1H), 4.09-4.06 (m, 2H),
3.73-3.68 (m, 1H), 3.57-3.51 (m, 1H), 2.02-1.95 (m, 1H), 1.90-1.83 (m, 1H).

13C NMR (100 MHz, CDCls): § 140.7, 138.4, 134.1, 132.5, 128.9, 128.6, 127.8, 127.2, 127.1, 123.9, 65.2, 63.9,

62.44, 25.6.
HRMS (ESI): Calcd for CisH20NO3S*™ [M+H]": 330.1158; found: 330.1159.

SO,Ph
HN
/

(8,2)-N-Benzenesulfonyl-1-(2-butenyl)-4-methylbenzylamine (3u)

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 26.8 mg,
85% yield. 98% ee. [a]*’p = -2.4° (¢ = 0.5, CHCL).

HPLC: Daicel Chiralcel AZ-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, fr = 36.2 min

(major), 38.9 min (minor).

mAl mAl

~
% =
[ &R /e 500 I~
0- | *\ >\ [ = o
[ \ / \ | =
\ \ / o

0+——=

11 38. 87¢

10. 0
min min

Peak Table Peak Table

PDA_Ch2 220nm PDA _Ch2 220nm
Peaks I Ret. Time Area Area% ‘ Peak# | Ret. Time Area Area%
1 36. 429 6357492 18. 411 ‘ 1 36. 213 33717994 98. 948

38. 876 358347 1. 052

38. 781 6774721 51. 589 2
Total 34076341 100. 000

| Total 13132213 100. 000

'HNMR (400 MHz, CDCls): § 7.78-7.75 (m, 2H), 7.53-7.49 (m, 1H), 7.44-7.39 (m, 2H), 7.04-6.98 (m, 4H), 5.44-
5.39 (m, 1H), 4.91 (d, J = 7.7 Hz, 1H), 4.85 (d, J = 7.5 Hz, 1H), 2.28 (s, 3H), 1.48 (d, J= 6.7 Hz, 3H), 1.33 (s,

3H).
13C NMR (100 MHz, CDCI3): 5 137.4, 136.5, 133.7, 132.4, 129.3, 128.8, 127.4, 126.9, 123.4, 64.3, 21.1, 13.3,

12.9.
HRMS (ESI): Calcd for Ci1sH2oNO>S*™ [M+H]": 316.1366; found: 316.1365.

N -SO2Ph

DA
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(S)-N-Benzenesulfonyl-1-(E)-styrenylbenzylamine (3v) [1616723-52-4]

The product was isolated by flash chromatography (ethyl acetate/petroleum ether 1:6) as white solid. 31.1 mg,
89% yield. 99% ee. [a]*’p = +48.0° (¢ = 0.5, CHCl5).

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =254 nm, fr = 52.5 min

(minor), 792 min (major).

mAU mAU
< — 4 r~
1 /& = 250 e
250 | - ] :
1 o
q [ee)
4 4 o
07 T ‘ T T T T ‘ T T T T | T T 0 T T T T | T T T T | T T T T ‘ T
60 70 80 50 60 70 80
min min
Peak Table Peak Table
PDA Ch1 254nm PDA Ch1 254nm
Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area%
1 52.544 28758094 49.273 1 53.380 162190 0.411
2 79.171 29606677 50.727 2 79.167 39283904 99.589
Total 58364771 100.000 Total 39446093 100.000

'H NMR (400 MHz, CDCLs): § 7.78 (d, J = 7.8 Hz, 2H), 7.45 (t, J = 7.5 Hz, 1H), 7.35 (t, J = 7.6 Hz, 2H), 7.28-
7.18 (m, 10H), 6.39 (d, J= 15.8 Hz, 1H), 6.12 (dd, J= 15.8, 6.7 Hz, 1H), 5.34 (d, J= 7.3 Hz, 1H), 5.16 (t, J =
7.0 Hz, 1H).

13C NMR (100 MHz, CDCls): § 140.9, 139.7, 136.1, 132.5, 132.3, 128.9, 128.9, 128.6, 128.3, 128.1, 128.0,
127.3, 127.2, 126.7, 59.9.

HRMS (ESI): Caled for C2iHa0NO,S* [M+H]*: 350.1209; found: 350.1208.

_SO,Ph
HN

Jons

(S)-N-Benzenesulfonyl-1-(2-allyl)-4-methylbenzylamine (3w)

The reaction was conducted with a procedure using L8 in THF and without using Ti(Oi-Pr)4. The product was
isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as colorless oil. 24.2 mg, 80% yield. 96%
ee. [a]®p =-4.2° (c= 0.5, CHCl5).

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, | =220 nm, #r = 20.7 min

(major), 25.4 min (minor).
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mAl mAl

Nz 2 ne
[§8 A= 10004 [ &
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0 — L P VA —
20.0 2. 25.0 2 .0
min min
Peak Table Peak Table
PDA Ch2 220nm PDA_Ch2 220nm
Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area%
1 20. 564 11553459 51. 553 1 20.710 13171447 97. 840

25.799 10857314 18. 447 2 25. 392 952970 2. 160

Total 22410773 100. 000 Total 14124417 100. 000

'H NMR (400 MHz, CDCls): § 7.77-7.74 (m, 2H), 7.53-7.49 (m, 1H), 7.43-7.39 (m, 2H), 7.02-6.94 (m, 4H), 4.98
(s, 1H), 4.90 (s, 2H), 4.81 (d, J = 7.4 Hz, 1H), 2.28 (s, 3H), 1.54 (s, 3H).
13C NMR (100 MHz, CDCLs): § 143.6, 140.8, 137.7, 136.0, 132.5, 129.4, 128.9, 127.4, 127.0, 113.4, 62.8, 21.2,
19.7.
HRMS (ESI): Caled for C17H20NO,S* [M+H]*: 302.1209; found: 302.1210.

L SO2Ph

oY

(S)-N-Benzenesulfonyl-1-(2-allyl)-benzylamine (3x)

The reaction was conducted with a procedure using L8 in THF without Ti(Oi-Pr)4. The product was isolated by
flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 22.7 mg, 79% yield. 94% ee. [a]*p = -
36.0° (¢ = 0.5, CHCL).

HPLC: Daicel Chiralcel OC-H, n-hexane/isopropanol 90/10, flow rate = 0.5 mL/min, | =254 nm, tr = 25.7 min

(major), 28.7 min (minor).

mAU mAU
| N N 1 o
10 . G -
d i N wn
o
4 o
] o
N
0 0
- — 77—
25.0 27.5 30.0 25.0 27.5 30.0
min min
Peak Table Peak Table
PDA Ch1 254nm PDA Ch1 254nm
Peak# | Ret. Time Area Area% Peak# | Ret. Time Area Area%
1 25.714 613741 48.864 1 25.523 1543030 96.886
2 28.692 642285 51.136 2 29.005 49602 3.114
Total 1256026 100.000 Total 1592632 100.000
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"HNMR (400 MHz, CDCl3): 8 7.77-7.74 (m, 2H), 7.50-7.46 (m, 1H), 7.40-7.36 (m, 2H), 7.26-7.16 (m, 3H), 7.09-
7.06 (m, 2H), 5.36 (d, /= 7.9 Hz, 1H), 4.95 (s, 1H), 4.89-4.86 (m, 2H), 1.54 (s, 3H).

3C NMR (100 MHz, CDCl5): § 143.4, 140.7, 138.9, 132.5, 128.7, 128.6, 127.8, 127.3, 127.1, 113.6, 63.0, 19.6.
HRMS (ESI): Calcd for CisHisNO2S™ [M+H]": 288.1053; found: 288.1053.

_SO,Ph
HN
/@)\A
(S)-N-Benzenesulfonyl-1-(but-2-en-1-yl)-4-methylbenzylamine (3y)
The reaction was conducted with a procedure using L8 in THF and without using Ti(Oi-Pr)4. The product was
isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 26.5 mg, 84% yield. 98%
ee. [a]*®p =+5.9° (¢ = 0.5, CHCl).

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, g = 21.5 min

(major), 27.9 min (minor).

mAl mAl

100 1000

217530

50- | 500-

>
_—27.883

min

Peak Table

PDA Ch2 220nm

Peak Table

PDA Ch2 220nm

min

Peak#

Ret. Time

Area

Area%

1

21. 995

2685875

19. 763

| Peak#
1

Ret. Time
21. 530

Area

36285369

Area%
99. 408

0. 592

100. 000

27.883 27.945 216142

36501512

2711496

5397371

50. 237

100. 000 Total

Total
"H NMR (400 MHz, CDCls): 8 7.77-7.75 (m, 2H), 7.52-7.48 (m, 1H), 7.42-7.38 (m, 2H), 7.10 (d, J= 7.9 Hz, 2H),
7.03 (d, J= 8.0 Hz, 2H), 5.15-5.04 (m, 3H), 2.28 (s, 3H), 1.54 (s, 6H).

3C NMR (100 MHz, CDCI3): § 141.1, 138.0, 137.2, 135.4, 132.3, 129.3, 128.7, 127.3, 126.7, 124.5, 55.7, 25.6,
21.1, 18.1.

HRMS (ESI): Calcd for CisH2oNO>S*™ [M+H]": 316.1366; found: 316.1360.

Ph._ O
& NH
=

(S)-N-Benzenesulfonyl-1-(2,3-dimethylbut-2-enyl)-benzylamine (3z)
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The reaction was conducted with a procedure using L8 in THF without Ti(Oi-Pr)4 at 50 °C. The product was
isolated by flash chromatography (ethyl acetate/petroleum ether 1:5) as white solid. 25.5 mg, 81% yield. 92%
ee. [0]*’p =-2.0° (c = 2.0, CHCl5).

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =220 nm, g = 22.1 min

(major), 33.1 min (minor).

AU U
= /8 B s
§ 8 3 o
25 § g
(V]
(32}
0 0 , -
20 % 3 ®
20 25 30 3B nin
mn
Peak Tabl e Peak Tabl e
PDA Ch2 240nm
PDA Ch2 220nm
Peakit | Fet. Time Area | frea% Peak# PRet. Tire Aea | Aea%
1 | 246 | 180773 50329 1 | 2147 | 3778444 | 9580
2 | 2099 18058716 | 49.671 2 RO | leew | al®
e %3565 | 100,000 it 3943270 | 100,000

'H NMR (400 MHz, CDCls): 8 7.90 — 7.80 (m, 2H), 7.60 — 7.51 (m, 1H), 7.49-7.44 (m, 2H), 7.33 — 7.18 (m,
5H), 5.62 (d, J= 8.3 Hz, 1H), 5.11 (d, J= 8.4 Hz, 1H), 1.66 (d,J= 1.5 Hz, 3H), 1.48 (s, 3H), 1.19 (t, /= 1.3
Hz, 3H).

3C NMR (101 MHz, CDCl3): § 141.0, 139.7, 132.5, 130.2, 128.7, 128.6, 127.4, 127.3, 126.5, 125.0, 57.9, 20.9,
20.4, 13.2.

HRMS (ESI): Caled for C1sH2NOoS* [M+H]*: 316.1366; found: 316.1367.

O ph

HN S

(S)-N-Benzenesulfonyl-1-(1-cyclohexenyl)-benzylamine

The product was isolated from a reaction on 0.1 mmol scale by flash chromatography (ethyl acetate/petroleum
ether 1:5) as white solid. 92% yield. >99% ee. [0]**p = -6.7° (¢ = 1.2, CHCI;).

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 90/10, flow rate = 0.5 mL/min, 1 =220 nm, fr = 20.4 min

(minor), 25.1 min (major).
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20 25 30 20 25 20
nmn min
Peak Tabl e Peak Tabl e
PDA Ch2 220nm PDA Ch2 220nm
Peak#  Ret. Tine Aea | Aea% Peak#t | Ret. Time Aea Area%
1 20377 1654900 50.153 1 20. 366 1295 0. 005
2 25.156 1644823 |  49.847 2 | 25054 | 24872430 | 99.9%
Bit 3299723 100. 000 Bt 24873725 | 100.000

'H NMR (400 MHz, CDCI3): & 7.89 — 7.69 (m, 2H), 7.60 — 7.46 (m, 1H), 7.40 (m, 2H), 7.20 (m, 3H), 7.15 —
7.09 (m, 2H), 5.54 (m, 1H), 5.05 (m, 1H), 4.87 (d, J= 8.0 Hz, 1H), 1.98 — 1.78 (m, 2H), 1.78 — 1.66 (m, 1H),
1.64 —1.60 (m, 1H), 1.51 — 1.28 (m, 4H).

BC NMR (101 MHz, CDCI3): § 140.9, 139.4, 135.6, 132.4, 128.8, 128.5, 127.6, 127.4, 127.0, 126.0, 63.4, 25.1,
25.1,22.4,22.1.

HRMS (ESI): Calcd for C1oH22NO2S* [M+H]": 328.1366; found: 328.1368.

A procedure for a reaction on 4-mmol scale: In an argon-filled glove box, NiBr2(DME) (2.4 mg, 0.008
mmol, 0.2 mol%), bis(oxazoline) L7 (4.0 mg, 0.012 mmol, 0.3 mol%), pure N-sulfonyl imine (0.98 g, 4 mmol)
and dry 1,4-dioxane (2 mL) were added to a dry 10-mL Schlenk tube. After stirring for 20 min at rt, Mn powder
(660 mg, 12 mmol, Alfa Aesar), dry HFIP (1.34 g, 8 mmol), Ti(Oi-Pr)s (2.27 g, 8 mmol), 1-bromocyclohexene
(0.966 g, 6 mmol) and GC standard n-Ci2Ha26 (400 pL) were added in sequence. The mixture was vigorously
stirred at 50 °C for 48 hours. The reaction mixture was diluted by 10 mL of 4:1 petroleum ether/EtOAc and
filtered through a pad of silica gel with washings of 40-60 mL of 4:1 petroleum ether/EtOAc. The filtrate was
concentrated and the crude product was purified by flash chromatography on silica gel. 576 mg, 44%

yield >99% ee. An incomplete conversion of imine was noted and the conditions was non-optimized.

IV. Product derivatization
_SO0,Ph
HN

jone

(S)-N-Benzenesulfonyl-1-cyclohexyl-1-(4-methylbenzyl)amine (4a) [321743-17-3 for racemate]’

A stock solution of EtsN (0.1 mL) in EA (10 ml) was prepared and 0.4 ml of this solution was added to a
solution of 3a (0.1 mmol) in 3 mL of MeOH/EtOAc (3/1) at 25 °C. The solution was then carefully
deoxygenated by argon bubbling for 30 min. 10% wt Pd/C (45 mg, 0.04 mmol Pd) was then added (the amount
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was unoptimized), and H> gas from a balloon was bubbled through the solution for 10 min. The suspension was
stirred under 1 atm of H, atmosphere from a hydrogen balloon at 50 °C for 5 h.2 The reaction was completed as
monitored by GCMS. The crude mixture was directly filtered through a plug of silica gel (petroleum ether/ethyl
acetate 20/1) to give the clean product as white solid (31.5 mg, 92% yield, >99% ee). [0]*p = -12.1° (¢ = 0.5,
CHCI).

HPLC: Daicel Chiralcel AZ-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =254 nm, fr = 29.3 min
(major).

'H NMR (400 MHz, CDCl3): & 7.55 (d, J = 7.6 Hz, 2H), 7.35 (t, J = 7.5 Hz, 1H), 7.23-7.19 (m, 2H), 6.85 (d, J =
7.8 Hz, 2H), 6.75 (d, /= 7.8 Hz, 2H), 5.00 (d, J = 8.4 Hz, 1H), 3.98 (t, /= 8.1 Hz, 1H), 2.19 (s, 3H), 1.91 (d, J
=13.0 Hz, 1H), 1.71-1.67 (m, 1H), 1.59-1.46 (m, 3H), 1.30-1.22 (m, 2H), 1.17-1.01 (m, 3H), 0.94-0.75 (m,
2H).

3C NMR (100 MHz, CDCI3): § 140.9, 137.0, 136.8, 132.0, 128.9, 128.6, 127.1, 127.0, 63.4, 43.9, 29.9, 29.6,
26.3,26.1, 21.1.

HRMS (ESI): Caled for C20H26ONO2S* [M+H]": 344.1679; found: 344.1680.

NH»

(S)-N-1-(Cyclohexen-1-yl)-1-(4-methylbenzyl)amine (4b) [1249910-11-9 for racemate]

Under argon, to a solution of Sml, (0.1 M in 5 mL, 0.5 mmol) in THF was added N-Bs-benzylamine (0.05
mmol), H>O (1.56 mmol) and EtsN (1 mmol) at room temperature. The reaction mixture immediately turned
white upon addition of the amine.? The reaction mixture was diluted with diethyl ether (4 mL) and treated with
an aqueous solution of potassium carbonate (10% w/v). The aqueous phase was extracted with two portions of
diethyl ether. The organic extracts were dried and purified through a short column of silica gel (petroleum
ether/ethyl acetate 20/1) to give pure product as colorless oil (16.3 mg, 80% yield, >99% ee). [a]**p =-2.7" (c =
0.5, CHCL).

HPLC: Daicel Chiralcel AZ-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 =254 nm, fr = 22.9 min
(major).

'"H NMR (400 MHz, CDCl3): 6 7.21 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 5.81-5.79 (m, 1H), 4.35 (s,
1H), 2.33 (s, 3H), 2.15-2.13 (m, 2H), 2.09-2.05 (br s, NH>), 1.89-1.71 (m, 2H), 1.58-1.52 (m, 4H).

BC NMR (100 MHz, CDCl3): § 141.1, 140.5, 136.6, 129.2, 127.0, 121.9, 61.3, 25.5, 25.3, 22.9, 22.7, 21.2.
HRMS (ESI): Calcd for CisHaoN™ [M+H]": 202.1590; found: 202.1588.
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(R)-N-Benzenesulfonyl-1-(1-fluorocyclohexyl)-1-(4-methylbenzyl)amine (4¢)

Under argon, ferric nitrate nonahydrate (80.8 mg, 0.20 mmol) was stirred in degassed H>O (2 mL). The clear
yellow solution was then treated with Selectfluor (35.5 mg, 0.10 mmol) and degassed MeCN (1 mL). A solution
of 7a (17.1 mg, 0.05 mmol) in degassed MeCN (1 mL) at rt was added followed by NaBH4 (6 mg, 0.16 mmol).
After 5 min, to the reaction mixture was added with a second portion of NaBHa (6 mg).* The resulting mixture
was stirred at rt for 30 min before quenched by 28-30% aqueous NH4OH (1 mL). The mixture was extracted
with CH2Cl» and the organic layer was dried over MgSOj4 and concentrated under reduced pressure. The residue
was directly subjected to flash chromatography (petroleum ether/ethyl acetate 20:1) to give the product as white
solid (25.9 mg, 72% yield, >99% ee). [a]*’p = -3.3° (¢ = 0.5, CHCI3).

HPLC: Daicel Chiralcel AZ-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, 1 = 254 nm, fr = 14.8 min
(major).

'"H NMR (400 MHz, CDCl3): § 7.52-7.49 (m, 2H), 7.34 (t, J= 7.4 Hz, 1H), 7.19 (t, J = 7.8 Hz, 2H), 6.89-6.83
(m, 4H), 5.25 (d,/=9.2 Hz, 1H), 4.25 (dd, J=24.7, 9.2 Hz, 1H), 2.23 (s, 4H), 1.63-1.54 (m, 4H), 1.46-1.39
(m, 2H), 1.36-1.12 (m, 4H).

F NMR (376.6 MHz, CDCls): 6 -170.75.

BC NMR (100 MHz, CDCl3): § 140.8, 137.5, 133.7, 132.0, 128.9, 128.6, 128.23 (d, Jc.r = 2 Hz), 127.1, 97.7 (d,
Jcr =179 Hz), 63.88 (d, Jc.r = 18 Hz), 33.3 (d, Jcr = 21 Hz), 33.0 (d, Jc-r = 21 Hz), 25.13,21.93 (d, Jcr =3
Hz), 21.74 (d, Jcr = 3 Hz), 21.12.

HRMS (ESI): Caled for C20H2sFNO2S™ [M+H]*: 362.1585; found: 362.1590.

|_|N,Cbz

Me
Me

(S)-N-CBz-1-(1-isopropyl)-1-(cyclohexyl)methylamine (4d) [2567867-83-6]°

1) Under argon, to a solution of Smlz (0.1 M in 15 mL, 1.5 mmol) in dry THF was added N-benzenesulfonyl
benzylamine (43 mg, 0.15 mmol), H>O (4.5 mmol, 81 mg) and Et3N (3 mmol, 303 mg) at room temperature.
The reaction mixture immediately turned white upon addition of the amine.? The reaction mixture was stirred

for 30 min, then diluted with diethyl ether (20 mL) and treated with an aqueous solution of potassium carbonate
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(10% w/v). The aqueous phase was extracted with two portions of diethyl ether. The organic extracts were dried
with MgSOq to give the unprotected benzylamine.

i1) Under argon, the crude product above was dissolved in 1.8 mL of 25% H>SO4 at room temperature and PtO»
(23 mg, 0.1 mmol) was added. The reaction mixture was hydrogenated under 1 atm of hydrogen pressure
(balloon with refilling of Hz) for 24 h.® The reaction mixture was filtered through a short plug of Celite and
washed with water. The filtrate was alkalized by 2 M NaOH and extracted with DCM. The organic extracts
were dried with MgSOq4 to give to give the alkylamine.

iii) Under argon, the crude alkylamine was dissolved in 1 mL of THF and then DIPEA (58 mg, 0.45 mmol) and
CbzClI (51 mg, 0.3 mmol) were added at 0 °C. The reaction mixture was stirred at 70 °C for 24 h.” The reaction
was quenched by saturated aqueous NH4ClI and extracted with ethyl acetate. The combined organic layers were
dried over Na;SO4 and concentrated under vacuum. The crude residue was purified by silica gel column
chromatography using hexane/EtOAc (5/1) to give the N-Cbz amine (32.6 mg, 75% yield over 3 steps, 94% ee).
[a]®p =-4.0° (¢ = 0.5, CHCl3).

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 95/5, flow rate = 1.0 mL/min, | =214 nm, fr = 11.2 min
(major), 14.9 min (minor).

'H NMR (400 MHz, CDCl3): & 7.39 (d, J = 7.5 Hz, 2H), 7.34-7.30 (m, 2H), 7.27-7.24 (m, 1H), 3.88-3.80 (m,
2H), 2.09-2.06 (m, 1H), 1.88-1.83 (m, 2H), 1.77-1.72 (m, 2H), 1.68-1.61 (m, 2H), 1.45-1.42 (m, 1H), 1.23-1.02
(m, 5H), 0.94 (d, /= 6.7 Hz, 3H), 0.92 (d, J = 6.7 Hz, 3H).

3BC NMR (100 MHz, CDCl3): § 141.3, 128.6, 128.5, 127.1, 68.3, 55.9, 41.4, 31.3, 30.2, 29.2, 26.9, 26.9, 26.8,
21.0, 18.1.

HRMS (ESI): Caled for C1sHasNO," [M+H]*: 290.2115; found: 290.2118.

|_|N,Cbz

Nege

(cis/trans 1.4:1)
(8)-N-CBz-1-(1-cyclohexyl)-1-(4-methylcyclohexyl)methylamine (4e) (cis- and trans-isomers)
1) Under argon, to a solution of Smlz (0.1 M in 15 mL, 1.5 mmol) in dry THF was added N-benzenesulfonyl
alkylamine (51 mg, 0.15 mmol), H>O (4.5 mmol, 81 mg) and EtzN (3 mmol, 303 mg) at room temperature. The
reaction mixture immediately turned white upon addition of the amine.? The reaction mixture was stirred for 30
min and then diluted with diethyl ether (20 mL) and treated with an aqueous potassium carbonate (10% w/v).
The aqueous phase was extracted with two portions of diethyl ether. The organic extracts were dried with

MgSO;4 to give the unprotected benzylamine.
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i1) Under argon, the crude benzylamine was dissolved in 1.8 mL of 25% H>SO4 at room temperature and PtO>
(23 mg, 0.1 mmol) was added. The reaction mixture was hydrogenated under 1 atm of hydrogen pressure
(balloon with refilling of Hz) for 24 h.® The reaction mixture was filtered through a short plug of Celite and
washed with water. The filtrate was alkalized by 2 M NaOH and extracted with DCM. The organic extracts
were dried with Na;SO4 to give the alkylamine.

iii) Under argon, the crude alkylamine was dissolved in 1 mL of THF and then DIPEA (58 mg, 0.45 mmol) and
CbzClI (51 mg, 0.3 mmol) was added at 0 °C. The reaction mixture was stirred at 70 °C for 24 h.” The reaction
was quenched by saturated aqueous NH4ClI and extracted with ethyl acetate. The combined organic layers were
dried over Na;SOs4 and concentrated under vacuum. The crude residue was purified by silica gel column
chromatography using hexane/EtOAc (5/1) to give the desired N-Cbz-amine (37.6 mg, 73% yield over 3

steps, >99% ee). [a]*’p = -14.0° (¢ = 0.5, CHCl3).

HPLC: Daicel Chiralcel OC-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, | = 254 nm, #r = 6.4 min
(major), 7.5 min (minor).

"H NMR of 2 isomers (400 MHz, CDCls): 6 7.39 (d, J = 7.6 Hz, 2H), 7.32 (t, J= 7.8 Hz, 2H), 7.26-7.22 (m,
1H), 3.84-3.82 (m, 2H), 2.23 (s, 0.6H), 2.08 (s, 0.4H), 1.83-1.49 (m, 11H), 1.43-1.0 (m, 10H), 0.95 (d, /="7.0
Hz, 1.8H), 0.87 (d, /= 7.0 Hz, 1.2H).

3C NMR of 2 isomers (100 MHz, CDCl3): § 141.4, 128.5, 128.4, 127.1, 67.7, 65.7, 56.1, 41.0, 40.7, 40.5, 39.9,
35.7,35.5,33.0,31.8,31.7,31.6,31.3, 31.2, 29.9, 29.0, 28.9, 28.6, 27.9, 27.1, 27.0, 26.91, 26.9, 26.8, 26.8,
26.1,24.2,22.8,19.2.

HRMS (ESI): Calcd for C2oH34NO>" [M+H]": 344.2584; found: 344.2586.

o)
HNJ\O/\ Ph

epe

(R)-N-CBz-1-(tetrahydropyran-4-yl)-1-(cyclohexyl)methylamine (4f)

1) Under argon, to a solution of Sml; (0.1 M in 15 mL, 1.5 mmol) in THF was added N-Bz-amine (49 mg, 0.15
mmol), H>O (81 mg, 4.5 mmol) and Et;N (305 mg, 3 mmol) at room temperature. The reaction mixture
immediately turned white upon addition of the amine. The reaction mixture was stirred for 30 min and then
diluted with diethyl ether (20 mL) and treated with aqueous potassium carbonate (10% w/v). The aqueous phase
was extracted with two portions of diethyl ether. The organic extracts were dried with MgSOy4 to give the

unprotected benzylamine.
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i1) Under argon, the crude unprotected benzylamine was dissolved in 1.8 mL of 25% H2SO4 at room
temperature and PtO; (23 mg, 0.1 mmol) was added. The reaction mixture was hydrogenated under 1 atm of
hydrogen pressure (balloon with refilling of H») for 24 h.® The reaction mixture was filtered through a short
plug of Celite and washed with water. The filtrate was alkalized by 2 M NaOH and extracted with DCM. The
organic extracts were dried with Na>;SOj4 to give alkylamine.

ii1) Under argon, the crude alkylamine was dissolved in 1 mL of THF and then DIPEA (58 mg, 0.45 mmol) and
CbzClI (51 mg, 0.3 mmol) were added at 0 °C. The reaction mixture was stirred at 70 °C for 24 h.” The reaction
was quenched by saturated aqueous NH4Cl solution and extracted with ethyl acetate. The combined organic
layers were dried over MgSO4 and concentrated under vacuum. The crude residue was purified by silica gel
column chromatography using hexane/EtOAc (5/1) to give the desired N-Cbz-amine (38.8 mg, 78% yield over
3 steps, 99% ee). [a]*’p = +2.0° (¢ = 0.5, CHCL).

HPLC: Daicel Chiralcel OC-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, | =254 nm, #r = 7.5 min
(major), 7.8 min (minor).

'H NMR (400 MHz, CDCI3): § 7.37-7.35 (m, 2H), 7.33-7.30 (m, 2H), 7.26-7.22 (m, 1H), 4.02-3.96 (m, 2H),
3.80 (yq,J=12.5 Hz, 2H), 3.37 (td, J = 11.6, 2.3 Hz, 2H), 2.09 (t, J = 5.6 Hz, 1H), 1.79-1.40 (m, 10H), 1.30-
1.05 (m, 6H).

BC NMR (100 MHz, CDCl3): § 141.3, 128.5, 128.4, 127.1, 68.6, 68.4, 67.3, 56.2, 40.6, 38.6, 31.4, 31.1, 29.5,
28.2,26.9, 26.8, 26.7.

HRMS (ESI): Caled for C20H30NO3" [M+H]": 332.2220; found: 332.2223.

NH,

(5)-1,3-Dicyclohexylpropan-1-amine (4g) [5080-18-2 for (S)-HCI salt]®

1) Under argon, to a solution of Sml; (0.1 M in 15 mL, 1.5 mmol) in dry THF was added N-Bs-benzylamine (52
mg, 0.15 mmol), H>O (4.5 mmol, 81 mg) and Et;N (3 mmol, 303 mg) at room temperature. The reaction
mixture immediately turned white upon addition of the amine.? The reaction mixture was stirred for 30 min and
then diluted with diethyl ether (20 mL) and treated with aqueous potassium carbonate (10% w/v). The aqueous
phase was extracted with two portions of diethyl ether. The organic extracts were dried with MgSO4 and
purified by silica gel column chromatography using hexane/EtOAc (1/1) to give the unprotected benzylamine.
i1) Under argon, the crude benzylamine above was dissolved in 1.8 mL of 25% H2SO4 at room temperature and

PtO> (23.0 mg, 0.1 mmol) was added. The reaction mixture was hydrogenated under 1 atm of hydrogen pressure
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(balloon with refilling of Hz) for 24 h.® The reaction mixture was filtered through a short plug of Celite and
washed with water. The filtrate was alkalized by 2 M NaOH and extracted with DCM. The organic extracts
were dried with Na>SOj4 to give the alkylamine as white solid (23.8 mg, 71% yield over 2 steps). [a]*p = -14.0°
(c=0.5, CHClL).

'H NMR (400 MHz, CDCl3): § 2.46-2.42 (m, 1H), 1.77-1.60 (m, 11H), 1.49-1.41 (m, 1H), 1.31-1.07 (m, 12H),
1.05-0.95 (m, 2H), 0.93-0.82 (m, 2H).

BC NMR (100 MHz, CDCI3): § 56.5, 43.8, 38.1, 34.4, 33.8, 33.4, 32.0, 29.9, 28.0, 26.9, 26.8, 26.8, 26.6, 26.6,
26.5.

HRMS (ESI): Caled for CisH3oN" [M+H]": 224.2373; found: 224.2372.

V. X-ray measurement and a thermal ellipsoid plot of a crystal structure

Intensity data were collected at 198(2) K using an Rigaku XtaLAB Synergy-R,DW system, Hypix
diffractometer microfocus Cu source. The structure was solved by the ShelXT 2018/2 (Sheldrick, 2018)
structure solution program using Intrinsic Phasing and refined by Least Squares using version 2018/3 of
ShelXL-2018/3 (Sheldrick, 2018). All non-hydrogen atoms were refined anisotropically. Hydrogen atom
positions were calculated geometrically and refined using the riding model. Hydrogen atom positions were

calculated geometrically and refined using the riding model.

Figure S2. Thermal ellipsoid plot for crystal structure of compound 3a (ellipsoid contour at 40% probability)
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