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1. General Information

Unless otherwise noted, materials were purchased from commercial suppliers and used
without further purification. All the solvents were treated according to general methods. Flash
column chromatography was performed using 200-300 mesh silica gel. *H NMR spectra were
recorded on 400 MHz spectrophotometers. Chemical shifts are reported in delta (8) units in
parts per million (ppm) relative to the singlet (O ppm) for tetramethylsilane (TMS). Data are
reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet,
dd = doublet of doublets, m = multiplet), coupling constants (Hz) and integration. *C NMR
spectra were recorded on Varian Mercury 100 MHz with complete proton decoupling
spectrophotometers (CDCls: 77.0 ppm). °F NMR spectra were recorded on Bruker DPX-400
376 MHz spectrophotometers. HRMS was recorded on Bruker micrOTOFII ESI-TOF using a
positive electrospray inonization (ESI+). Measured values are reported to 4 decimal places of
the calculated value. Enantiomeric ratio (ee) values were determined by chiral HPLC with AD-

H, AZ-H and OD-H columns with hexane and i-PrOH as solvents.

2. Preparation of Materials

Substrates(1a-n and 2) were prepared according to the reported procedures!!?!. Ligands
were synthesized according to the literature™®¥ or commercially available.
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3. Optimization of the Reaction Conditions

3.1 The effect of solvents®

Z o Pd,(dba);eCHCl5 (5 mol%) / (|3 E
o . Co(Cl04);+6H;0 (16 mol%) ,\\J\D s NN_N
k | DG L1b (11 mol%), L2d (19 mol%) ! /Q)\
N~ ~O Solvent (3 mL), rt N :
Ts Ts ! DG
1a 2 3a !
0.2 mmol 0.4 mmol

N N
PhO /\ Et, [ N/ _>\ JEt
P-N s@—sr N 7N

PhO  “—Ph

CPh, CPh,
L1b L2d

entry solvent yield (%) er” dr?9
1 DCE 72 91.5:8.5 14:1
2 THF 89 82:18 14:1
3 MeCN 85 86:14 14:1
4 CHCl3 13 86:14 10:1
5 CCls trace -- -
6 PhCl 8 93.5:6.5 >19:1
7 DCM 80 92:8 16:1

a) Reaction Conditions: 1a (0.2 mmol), 2a (0.4 mmol, 2.0 equiv), Pd>(dba);*CHCIl; (0.01
mmol, 10 mol% Pd), L1b (0.022 mmol, 11 mol%), Co(Cl104),*6H>0 (0.032 mmol, 16 mol%),
L2d (0.038 mmol, 19 mol%) at room temperature; b) Determined by 'H NMR of the reaction
mixture with 1,3,5-trimethoxybenzene; ¢) Determined by Chiral HPLC. d) Determined by 'H

NMR analysis of the reaction mixture.
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3.2 The effect of cobalt salts®

Pd,(dba)3eCHCI3 (5 mol%)

= Z 0
O : |
c 9 J
o . 0 (16 mol%) R J\DG
P | DG L1d (11 mol%), L2d (19 mol%)
N0 N
Ts
2

DCM (3 mL), rt

:

1a
0.2 mmol 0.4 mmol

N N
PhO.  ,—\ Et, /(7 N/ _>\ JEt
P-N s@—om N 7N

Phd  \—cy N N
CPhs CPhs
L1d L2d
entry cobalt salt yield (%) er® dr?
1 Co(BF34)2-6H>O 87 96.5:3.5 >19:1
2 CoClz-6H,0 NR -- -
3 CoCl NR - -
4 Co(OAC)4H;0 NR - -
5 Co(Cl04)2-6H20 81 96:4 >19:1

a) Reaction Conditions: 1a (0.2 mmol), 2a (0.4 mmol, 2.0 equiv), Pd2(dba);*CHCIl; (0.01 mmol,
10 mol% Pd), L1d (0.022 mmol, 11 mol%), Co salt (0.032 mmol, 16 mol%) L2d (0.038 mmol,
19 mol%) and DCM (3 mL) at room temperature; b) Determined by 'H NMR of the reaction
mixture with 1,3,5-trimethoxybenzene; c¢) Determined by Chiral HPLC; d) Determined by 'H

NMR analysis of the reaction mixture.
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4. General Procedure and Spectral Data of the Products
4.1 General procedure for the synthesis of the 3a-3n

g\\

Z o Pd,(dba)zeCHCl5 (5 mmol%)
o . Co(BF,)2¢6H,0 (16 mmol%) e
PN | DG L1d (11 mmol%), L2d (19 mmol%)
N ~O DCM, rt, 8 h !
Ts Ts : DG
1a 2 3a '

0.2 mmol 0.4 mmol

Et N N Et
" oA
OMe \N N/

P-N_ S
PhG  \—cy © ©

CPhj CPhj
L1d L2d

Procedure A: Under argon atmosphere, a flame-dried 10 mL Schlenk tube was charged
with Co(BF4)2:6H20 (0.032 mmol, 16 mol%), L2d (0.038 mmol, 19 mol%) and anhydrous
DCM (1.5 mL). The resulting solution was stirred for 12 h at room temperature to prepare the
cobalt complex (solution A). Then, another a flame-dried 10 mL Schlenk tube was charged with
Pd2(dba)s;-CHCI3 (0.01 mmol, 5 mol%), L.1d (0.022 mmol, 11 mol%) and anhydrous DCM (1.5
mL) under argon atmosphere, the resulting solution was stirred for 30 min at rt. Then 1a (0.2
mmol, 1.0 equiv), 2 (0.4 mmol, 2.0 equiv) and solution A were added. The resulting solution
was stirred until complete conversion of 1a (monitored by TLC). The product was purified by
flash column chromatography on silica gel (petrol ether/ EtOAc =20/1 to 10/1) to give product.

Procedure B: Under argon atmosphere, a flame-dried 10 mL Schlenk tube was charged
with Co(BF4)2:6H20 (0.016 mmol, 16 mol%), L2d (0.019 mmol, 19 mol%) and anhydrous
DCM (1.0 mL). The resulting solution was stirred for 12 h at room temperature to prepare the
cobalt complex (solution A). Then, another a flame-dried 10 mL Schlenk tube was charged with
Pd>(dba);-CHCIl3 (0.005 mmol, 5 mol%), L1d (0.011 mmol, 11 mol%) and anhydrous DCM
(1.0 mL) under argon atmosphere, the resulting solution was stirred for 30 min at rt. Then 1a
(0.1 mmol, 1.0 equiv), 2 (0.2 mmol, 2.0 equiv) and solution A were added. The resulting
solution was stirred until complete conversion of Sub a (monitored by TLC). The product was
purified by flash column chromatography on silica gel (petrol ether/ EtOAc = 20/1 to 10/1) to
give product.

Procedure C: Under argon atmosphere, a flame-dried 10 mL Schlenk tube was charged
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with Co(BF4)2:6H20 (0.016 mmol, 16 mol%), L2d (0.019 mmol, 19 mol%) and anhydrous
DCM (1.5 mL). The resulting solution was stirred for 12 h at room temperature to prepare the
cobalt complex (solution A). Then, another a flame-dried 10 mL Schlenk tube was charged with
Pd(dba)s;-CHCI3 (0.005 mmol, 5 mol%), L1d (0.011 mmol, 11 mol%) and anhydrous DCM
(1.5 mL) under argon atmosphere, the resulting solution was stirred for 30 min at rt. Then 1a
(0.1 mmol, 1.0 equiv), 2 (0.2 mmol, 2.0 equiv) and solution A were added. The resulting
solution was stirred until complete conversion of Sub a (monitored by TLC). The product was
purified by flash column chromatography on silica gel (petrol ether/ EtOAc = 20/1 to 10/1) to
give product.

Procedure D: Under argon atmosphere, a flame-dried 10 mL Schlenk tube was charged
with Co(BF4)2:6H20 (0.016 mmol, 16 mol%), L2d (0.019 mmol, 19 mol%) and anhydrous
DCM (2.0 mL). The resulting solution was stirred for 12 h at room temperature to prepare the
cobalt complex (solution A). Then, another a flame-dried 10 mL Schlenk tube was charged with
Pd(dba)s-CHCI3 (0.005 mmol, 5 mol%), L1d (0.011 mmol, 11 mol%) and anhydrous DCM
(2.0 mL) under argon atmosphere, the resulting solution was stirred for 30 min at rt. Then 1a
(0.1 mmol, 1.0 equiv), 2 (0.2 mmol, 2.0 equiv) and solution A were added. The resulting
solution was stirred until complete conversion of Sub a (monitored by TLC). The product was
purified by flash column chromatography on silica gel (petrol ether/ EtOAc = 20/1 to 10/1) to

give product.

4.2 Spectral data of the desired products 3a-3n
(3,5-Dimethyl-1H-pyrazol-1-yl)((3S,4R)-1-tosyl-4-vinyl-1,2,3,4-tetrahydroquinolin-3-

yD)methanone 3a (Procedure A)

Z 5 White solid, 83% vyield, [a]> =67.4 (c = 1.00 in CHCIs); er = 96.5:3.5,
©\/j»“”\N/N\ dr > 95:5, determined by HPLC analasis (Chiralpak OD column,
N hexane/i-PrOH, 95:5 v/v, flow rate 1 mL/min, A = 254 nm, 25 °C), tr

(major) = 9.08 min, tr (minor) = 11.29 min. *H NMR (400 MHz, CDCl3) 6 = 7.86 (d, J = 8.4
Hz, 1H), 7.58 (d, J = 8.1 Hz, 2H), 7.26 — 7.18 (m, 3H), 7.12 — 7.01 (m, 2H), 5.94 (s, 1H), 5.59
(ddd, J = 17.8, 10.0, 8.1 Hz, 1H), 4.86 (dd, J = 10.1, 1.6 Hz, 1H), 4.54 (d, J = 16.8 Hz, 1H),
4.46 — 4.39 (m, 1H), 3.95 (m, J = 11.5, 5.7, 2.9 Hz, 2H), 3.63 (dd, J = 14.0, 11.5 Hz, 1H), 2.47

(s, 3H), 2.39 (s, 3H), 2.18 (s, 3H). 3C NMR (100 MHz, CDCls) & = 172.02, 152.25, 143.86,
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143.80, 137.04, 136.34, 136.03, 130.65, 129.76, 129.25, 127.22, 127.19, 124.46, 123.35,
117.45,111.15, 43.68, 43.54, 41.27, 21.52, 14.20, 13.81. HRMS (ESI) for C24H25N30sS [M +
H]*: calcd 436.1698, found 436.1690.
(3,5-Dimethyl-1H-pyrazol-1-yl)((3S,4R)-7-fluoro-1-tosyl-4-vinyl-1,2,3,4-
tetrahydroquinolin-3-yl)methanone 3b (Procedure B)

N Colourless oil, 80% vyield, [a]> = 10.9 (c = 1.00 in CHCIs); er =

/@\/j-“‘”\r\r"‘\ 96.5:3.5, dr = 8:1 (0.1 mmol, 2mL DCM), determined by HPLC
F N = analasis (Chiralpak OD column, hexane/i-PrOH, 95:5 v/v, flow rate 1
mL/min, A = 254 nm, 25 €), tr (Major) = 12.14 min, tr (minor) = 21.38 min. *H NMR (400
MHz, CDCl3) 6 = 7.72 (s, 1H, minor) 7.69 - 7.59 (m, 3H, major), 7.25 (d, J = 8.2 Hz, 2H,
major), 7.00 (dd, J = 8.6, 6.5 Hz, 1H, major), 6.79 (m, J = 8.2, 2.6 Hz, 1H, major), 5.95 (s, 1H,
major), 5.58 (m, J =17.5, 10.0, 7.9 Hz, 1H, major), 4.88 (dd, J = 10.1, 1.5 Hz, 1H, major), 4.51
(d, J =16.8 Hz, 1H, major), 4.46 - 4.38 (m, 1H, major), 4.03 — 3.88 (m, 2H, major), 3.61 (dd,
J = 13.7, 11.6 Hz, 1H, major), 2.50 (s, 1H, minor), 2.48 (s, 3H, major), 2.40 (s, 3H,
major+minor), 2.36 (s, 1H, minor), 2.19 (s, 3H, major). 13C NMR (100 MHz, CDCls) § =
171.77, 144.17, 143.96, 136.88, 135.90, 131.83, 129.89, 127.22, 124.60, 117.82, 111.66,
111.44,111.28, 109.95, 109.69, 43.36, 43.25, 41.29, 21.57, 14.25, 13.84. °F NMR (376 MHz,
CDCl3) & = -113.47. HRMS (ESI) for CasH24FN303S [M + H]*: calcd 454.1595, found
454.1591.
((3S,4R)-7-Chloro-1-tosyl-4-vinyl-1,2,3,4-tetrahydroquinolin-3-yl)(3,5-dimethyl-1H-
pyrazol-1-yl)methanone 3¢ (Procedure C)

~ 6 White solid, 90% yield, [a]> = 15.3 (¢ = 1.00 in CHCIy); er =

/@\/j“‘\”\w“\ 96.5:3.5, dr = 11:1, determined by HPLC analasis (Chiralpak OD
cl N - column, hexane/i-PrOH, 95:5 v/v, flow rate 1 mL/min, A = 254 nm,
25 €), tr (major) = 10.41 min, tr (minor) = 17.04 min. *H NMR (400 MHz, CDCl3) § = 7.96
(s, 1H, minor), 7.91 (d, J = 2.1 Hz, 1H, major), 7.72 (d, J = 8.1 Hz, 2H, minor), 7.62 (d, J = 8.0
Hz, 2H, major), 7.29 — 7.23 (m, 2H, major), 7.04 (dd, J = 8.3, 2.1 Hz, 1H, major), 6.97 (d, J =
8.3 Hz, 1H, major), 6.01 (s, 1H, minor), 5.95 (s, 1H, major), 5.56 (m, J = 17.4, 10.0, 7.9 Hz,
1H, major), 4.88 (dd, J = 10.0, 1.5 Hz, 1H, major), 4.52 (d, J = 16.8 Hz, 1H, major), 4.40 (dd,
J = 14.3, 3.0 Hz, 1H, major), 4.03 — 3.88 (m, 2H, major), 3.59 (dd, J = 13.8, 11.6 Hz, 1H,

major), 2.50 (s, 3H, minor), 2.47 (s, 3H, major), 2.40 (s, 3H, major), 2.38 (s, 3H, minor), 2.36
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(s, 3H, minor), 2.18 (s, 3H, major). *C NMR (100 MHz, CDCl3) & = 144.18, 143.94, 137.06,
136.61, 135.86, 132.73, 131.64, 129.90, 127.54, 127.24, 124.54, 122.92, 117.99, 111.28, 43.39,
43.30, 41.15, 21.58, 14.24, 13.84. HRMS (ESI) for C24H24CIN3O3S [M + H]™: calcd 470.1300,
found 470.1305.
((3S,4R)-7-Bromo-1-tosyl-4-vinyl-1,2,3,4-tetrahydroquinolin-3-yl)(3,5-dimethyl-1H-
pyrazol-1-yl)methanone 3d (Procedure B)

~ 6 Colourless oil, 83% yield, [a]> =3.2 (c =1.00 in CHCIs); er = 95:5,

/@\/j»“”\r\r"‘\ dr = 10:1, determined by HPLC analasis (Chiralpak OD column,
Br N = hexane/i-PrOH, 95:5 v/v, flow rate 1 mL/min, A = 254 nm, 25 °C), tr
(major) = 11.34 min, tr (minor) = 21.45 min. *H NMR (400 MHz, CDCl3) 6 =8.06 (d, J=1.9
Hz, 1H, major), 7.61 (d, J = 8.2 Hz, 2H, major), 7.29 — 7.24 (m, 2H, major), 7.19 (dd, J = 8.2,
2.0 Hz, 1H, major), 6.91 (d, J = 8.3 Hz, 1H, major), 5.95 (s, 1H, major), 5.64 — 5.45 (m, 1H,
major), 4.88 (dd, J = 10.1, 1.5 Hz, 1H, major), 4.52 (d, J = 16.8 Hz, 1H, major), 4.45 - 4.33 (m,
1H), 4.01 — 3.86 (m, 2H, major), 3.68 — 3.49 (m, 1H, major), 2.50 (s, 3H, minor), 2.47 (s, 3H,
major), 2.40 (s, 3H, major+minor), 2.36 (s, 3H, minor), 2.19 (s, 3H, major). *C NMR (100
MHz, CDCl3) 6 = 171.69, 152.48, 144.24, 143.95, 137.27, 136.52, 135.78, 131.97, 129.93,
128.10, 127.48, 127.28, 125.85, 120.59, 118.07, 111.31, 43.38, 43.36, 41.07, 21.62, 14.29,
13.89. HRMS (ESI) for C2sH24BrN30sS [M + H]*: calcd 514.0795, found 514.0783.
(3,5-Dimethyl-1H-pyrazol-1-yl)((3S,4R)-7-methyl-1-tosyl-4-vinyl-1,2,3,4-
tetrahydroquinolin-3-yl)methanone 3e (Procedure B)

~ 5 Colourless oil, 73% yield. [a]5 = 18.4 (¢ = 1.00 in CHCIs); er =

/@\/jo““\w“\ 95.5:4.5, dr = 8:1, determined by HPLC analasis (Chiralpak OD

N = column, hexane/i-PrOH, 95:5 v/v, flow rate 1 mL/min, A =254 nm, 25
), tr (Major) = 9.88 min, tg (Minor) = 17.74 min. *H NMR (400 MHz, CDCl3) § = 7.68 (s,
1H, major), 7.58 (d, J = 8.1 Hz, 2H, major), 7.22 (d, J = 8.1 Hz, 2H, major), 6.97 — 6.82 (m,
2H, major), 5.93 (s, 1H, major), 5.57 (m, J =17.2, 10.0, 7.8 Hz, 1H, major), 4.84 (dd, J = 10.0,
1.7 Hz, 1H, major), 4.53 (dd, J = 16.9, 1.7 Hz, 1H, major), 4.46 — 4.28 (m, 1H), 3.90 (m, J =
6.1, 3.4 Hz, 2H, major), 3.67 — 3.53 (m, 1H, major), 6 2.49 (s, 3H, minor), 2.46 (s, 3H, major),
2.39 (s, 3H, major+minor), 2.37 (s, 3H, minor), 2.35 (s, 3H, major+minor), 2.17 (s, 3H, major).
13C NMR (100 MHz, CDCls) & = 172.19, 152.18, 143.83, 143.76, 137.26, 137.04, 136.39,

135.81, 130.41, 129.75, 127.22, 126.32, 125.59, 123.90, 117.19, 111.12, 43.58, 43.34, 41.20,
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21.56, 21.41, 14.23, 13.84. HRMS (ESI) for C25H27N303S [M + H]*: calcd 450.1846, found
450.1845.
(3,5-Dimethyl-1H-pyrazol-1-yl)((3S,4R)-1-tosyl-7-(trifluoromethyl)-4-vinyl-1,2,3,4-

tetrahydroquinolin-3-yl)methanone 3f (Procedure B)

Z o Colourless oil, 73% yield. [a]o = 97.1 (¢ = 3.00 in CHCI3); er =
/@\/jlj\)r\'\‘\)»/ 95:5, dr = 10:1, determined by HPLC analasis (Chiralpak OD
FsC N column, hexane/i-PrOH, 95:5 v/v, flow rate 1 mL/min, A = 254 nm,

25 <€), tr (Major) = 9.00 min, tr (Minor) = 17.29 min.*H NMR (400 MHz, CDCls) § =8.18 (d,
J=1.6 Hz, 1H), 7.61 (d, J = 8.2 Hz, 2H), 7.32 — 7.23 (m, 3H), 7.18 (d, J = 8.1 Hz, 1H), 6.03 —
5.89 (m, 1H), 5.59 (m, J = 16.9, 10.1, 8.3 Hz, 1H), 4.92 (dd, J = 10.0, 1.4 Hz, 1H), 4.54 (m, J
=16.9, 1.2 Hz, 1H), 4.44 (m, J = 13.8, 3.4, 1.2 Hz, 1H), 4.06 (t, J = 7.1 Hz, 1H), 3.97 (m, J =
12.0, 5.8, 3.4 Hz, 1H), 3.65 (dd, J = 13.8, 12.0 Hz, 1H), 2.48 (s, 3H), 2.39 (s, 3H), 2.19 (s, 3H).
13C NMR (100 MHz, CDCls) 6 = 171.45, 152.60, 144.38, 144.02, 136.55, 136.22, 135.69,
132.80, 131.28, 129.93, 127.31, 120.64, 120.60, 120.01, 119.97, 118.48, 111.37, 43.71, 43.47,
41.15, 21.55, 14.22, 13.83. ®F NMR (376 MHz, CDCls) § = -62.59. HRMS (ESI) for
Cas5H24F3N303S [M + H]*: caled 504.1563, found 504.1559.
((3S,4R)-6-Chloro-1-tosyl-4-vinyl-1,2,3,4-tetrahydroquinolin-3-yl)(3,5-dimethyl-1H-
pyrazol-1-yl)methanone 3g (Procedure C)

Colourless oil, 81% yield. [o]5 =14.6 (c=1.00 in CHCIs3); er =91:9,

\@\/j ”\ Ny dr = 5:1, determined by HPLC analasis (Chiralpak OD column,

hexane/i-PrOH, 95:5 v/v, flow rate 1 mL/min, A = 254 nm, 25 °C), tr
(major) = 13.39 min, tr (minor) = 17.85 min. *H NMR (400 MHz, CDCls) 7.87 (d, J = 9.0 Hz,
1H, minor), 6 = 7.83 (d, J = 8.9 Hz, 1H, major), 7.68 (d, J = 8.1 Hz, 1H, minor), 7.62 (d, J =
4.3 Hz, 1H, minor), 7.45 — 7.38 (m, 1H, minor), 7.57 (d, J = 8.0 Hz, 2H, major), 7.24 (d, J =
8.0 Hz, 2H, major), 7.19 (dd, J = 9.0, 2.6 Hz, 1H, major), 7.15 (d, 1H, minor), 7.09 (d, J = 15.9
Hz, 1H, minor), 7.03 (d, J = 2.5 Hz, 1H, major), 6.01 (s, 1H, minor), 5.94 (s, 1H, major), 5.66
—5.38 (m, 1H, major), 4.95 (d, J = 4.8 Hz, 1H, minor), 4.89 (d, J = 10.0 Hz, 1H, major), 4.54
(d, J =16.9 Hz, 1H, major), 4.39 (dd, J = 13.9, 3.3 Hz, 1H, major), 4.01 — 3.81 (m, 2H, major),
3.60 (dd, J = 13.9, 11.9 Hz, 1H, major), 2.49 (s, 3H, minor), 2.47 (s, 3H, major), 2.39 (s, 3H,
major+minor), 2.36 (s, 3H, minor), 2.18 (s, 3H, major). 1*C NMR (100 MHz, CDCl3) § =

171.61, 152.43, 144.11, 143.92, 136.33, 135.91, 134.68, 131.12, 130.24, 129.90, 127.40,
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127.21, 124.82, 118.16, 111.27, 43.58, 43.51, 40.92, 21.57, 14.21, 13.83. HRMS (ESI) for
C24H24CIN303S [M + H]": calcd 470.1300, found 470.1295.
(3,5-Dimethyl-1H-pyrazol-1-yl)((3S,4R)-6-methyl-1-tosyl-4-vinyl-1,2,3,4-
tetrahydroquinolin-3-yl)methanone 3h (Procedure C)

~ 6 Colourless oil, 78% vyield. [a]s = 53 (¢ = 1.00 in CHCIs); er =

Me\@\/j““”\r\r“\ 92.5:7.5, dr = 5:1, determined by HPLC analasis (Chiralpak AD
N = column, hexane/i-PrOH, 95:5 v/v, flow rate 1 mL/min, A = 254 nm,
25 €), tr (minor) = 14.02 min, tr (major) = 15.20 min.*H NMR (400 MHz, CDCl3) 6 = 7.80
(d, J = 8.4 Hz, 1H, minor), 7.75 (d, J = 8.5 Hz, 1H, major), 7.69 — 7.65 (m, 2H, minor), 7.56
(d, J=8.3 Hz, 2H, major), 7.42 (m, J = 4.6, 2.9 Hz, 2H, minor), 7.22 (d, J = 7.9 Hz, 2H, major),
7.14 -7.06 (m, 1H, minor), 7.03 (dd, J = 8.6, 2.2 Hz, 1H, major), 6.96 (d, 1H, minor), 6.84 (d,
J = 2.1 Hz, 1H, major), 6.00 (s, 1H, minor), 5.93 (s, 1H, major), 5.66 — 5.44 (m, 1H, major),
5.07 — 4.88 (m, 2H, minor), 4.85 (dd, J = 10.0, 1.7 Hz, 1H, major), 4.73 (dd, J = 13.7, 3.9 Hz,
1H, minor), 4.53 (dd, J = 16.9, 1.6 Hz, 1H, major), 4.39 (m, J = 13.9, 3.0, 1.7 Hz, 1H, major),
3.89 (m, J = 8.5, 2.3 Hz, 2H, major), 3.70 — 3.55 (m, 1H, major), 2.50 (s, 3H, minor), 2.46 (s,
J=1.0Hz, 3H, major), 2.36 (d, J = 1.8 Hz, 6H, minor), 2.38 (s, 3H, major), 2.30 (s, 3H, minor),
2.27 (s, 3H, major), 2.17 (s, 3H, major). 3C NMR (100 MHz, CDCls) & = 172.16, 152.20,
143.83, 143.72, 137.14, 136.26, 134.21, 133.41, 130.95, 129.76, 129.11, 128.11, 127.22,
123.46, 117.28, 111.13, 43.65, 43.55, 41.12, 21.57, 20.72, 14.24, 13.84. HRMS (ESI) for
C2sH27N303S [M + H]*: caled 450.1846, found 450.1841.
(3,5-Dimethyl-1H-pyrazol-1-yl)((3S,4R)-6-methoxy-1-tosyl-4-vinyl-1,2,3,4-
tetrahydroquinolin-3-yl)methanone 3i (Procedure C)

Z o Colourless oil, 73% yield. [a]5> = 3.63 (c = 1.00 in CHCls); er =

Meo\@\/j““”\w’\‘\ 94.5:5.5, dr = 4:1, determined by HPLC analasis (Chiralpak AD

N = column, hexane/i-PrOH, 95:5 v/v, flow rate 1 mL/min, A =254 nm,
25 €), tr (Minor) = 21.68 min, tr (major) = 26.65 min. *H NMR (400 MHz, CDCls) § = 7.80
(d, J=9.1Hz, 1H), 7.52 (d, J = 8.2 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 6.81 (dd, J = 9.1, 3.0 Hz,
1H), 6.55 (d, J = 3.0 Hz, 1H), 5.93 (s, 1H), 5.64 — 5.43 (m, 1H), 4.84 (dd, J = 10.1, 1.7 Hz, 1H),
454 (dd, J =16.9, 1.6 Hz, 1H), 4.37 (dt, J = 14.1, 1.9 Hz, 1H), 3.84 (dt, J = 8.6, 2.2 Hz, 2H),
3.77 (s, 3H), 3.60 (ddd, J = 14.1, 8.9, 3.0 Hz, 1H), 2.46 (s, 3H), 2.39 (s, 3H), 2.17 (s, 3H). 13C

NMR (100 MHz, CDCls) 6 = 172.11, 156.61, 152.15, 143.82, 143.69, 136.98, 136.16, 131.09,
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129.77, 129.03, 127.27, 125.58, 117.32, 114.97, 113.23, 111.11, 55.40, 43.73, 43.67, 40.72,
21.57,14.21, 13.84. HRMS (ESI) for C2sH27N304S [M + H]": calcd 466.1795, found 466.1792.
(3,5-Dimethyl-1H-pyrazol-1-yl)((3S,4R)-5-fluoro-1-tosyl-4-vinyl-1,2,3,4-
tetrahydroquinolin-3-yl)methanone 3j (Procedure A)

White solid, 96% yield. [a]s =39.4 (¢ = 1.00 in CHClIs); er = 96:4, dr

F Z o0
@\/j»“”\;\r"‘\ =10:1, determined by HPLC analasis (Chiralpak OD column, hexane/i-
N PrOH, 95:5 v/v, flow rate 1 mL/min, A = 254 nm, 25 €), tr (Major) =

11.25 min, tr (Minor) = 13.30 min. *H NMR (400 MHz, CDCls) § = 7.74 (d, J = 8.5 Hz, 1H,
major), 7.68 (d, J = 8.4 Hz, 1H, minor), 7.60 (d, J = 8.0 Hz, 2H, major), 7.44 — 7.38 (m, 2H,
minor), 7.24 (d, J = 8.1 Hz, 3H, major+minor), 7.10 (d, J = 16.0 Hz, 1H, minor), 6.80 (t, J =
8.7 Hz, 1H, major), 6.01 (s, 1H, minor), 5.96 (s, 1H, major), 5.51 (m, J = 17.2, 10.1, 7.4 Hz,
1H, major), 4.94 (d, J = 10.1 Hz, 1H, major), 4.80 (d, J = 10.1 Hz, 1H, minor), 4.69 (d, J =17.1
Hz, 1H, minor), 4.57 (dd, J = 13.6, 4.2 Hz, 1H, minor), 4.53 — 4.40 (m, 2H, major), 4.29 (t, J =
6.4 Hz, 1H, major), 3.84 (m, J=12.4, 5.4, 3.1 Hz, 1H, major), 3.63 (t, J = 13.0 Hz, 1H, major),
2.50 (s, 3H, major+minor), 2.39 (s, 3H, major), 2.37 (s, 6H, minor), 2.19 (s, 3H, major). 13C
NMR (100 MHz, CDCl3) 6 =171.56, 161.86, 159.41, 152.58, 144.16, 143.91, 137.47, 135.76,
134.69, 129.86, 127.85, 127.24, 118.42, 118.26, 117.31, 111.40, 110.76, 42.93, 40.53, 37.60,
37.56, 21.57, 14.28, 13.85. 1°F NMR (376 MHz, CDCls) & = 114.65. HRMS (ESI) for
C24H24FN303S [M + H]*: calcd 454.1595, found 454.1583.
(3,5-Dimethyl-1H-pyrazol-1-yl)((3S,4R)-5-methyl-1-tosyl-4-vinyl-1,2,3,4-
tetrahydroquinolin-3-yl)methanone 3k (Procedure D)

Mo Colourless oil, 90% yield. [a]> =5.5(c =1.00 in CHCIs); er = 94.5:5.5,

o)
@\/?j““”\w“\ dr=1:1, determined by HPLC analasis (Chiralpak AZ column, hexane/i-

N - PrOH, 98:2 v/v, flow rate 1 mL/min, A = 254 nm, 25 °C), tr (Major) =
29.55 min, tr (Minor) = 34.51 min. *H NMR (400 MHz, CDCls) § = 7.84 (d, J = 8.4 Hz, 1H,
minor), 7.76 (d, J = 8.0 Hz, 2H, major), 7.70 (d, J = 8.3 Hz, 1H, minor), 7.58 (d, J = 8.0 Hz,
1H, major+minor), 7.21 (m, J = 8.1, 4.1 Hz, 3H, minor), 7.14 (m, J = 7.9, 5.7 Hz, 3H, major),
6.99 (d, J = 7.5 Hz, 1H, major), 6.94 (d, J = 7.5 Hz, 1H, minor), 6.01 (s, 1H, major), 5.97 (s,
1H, minor), 5.34 (m, J = 17.0, 10.2, 6.8 Hz, 1H, minor), 4.99 (m, J = 17.0, 10.1, 6.6 Hz, 1H,
major), 4.84 (d, J =10.2 Hz, 1H, minor), 4.74 (d, J = 10.1 Hz, 1H, major), 4.60 — 4.51 (m, 2H,

major), 4.33 — 4.20 (m, 2H, minor), 4.15 (m, J = 7.7, 3.6 Hz, 2H, major), 4.12 — 4.08 (m, 1H,
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minor), 3.94 (m, J = 12.6, 4.2 Hz, 1H, major), 3.72 (m, J = 12.7 Hz, 1H, minor), 3.60 (dd, J =
13.3, 8.6 Hz, 1H, major), 2.52 (s, 3H, minor), 2.47 (s, 3H, major), 2.37 (s, 6H, major+minor),
2.21 (s, 3H, major), 2.18 (s, 3H, minor), 2.15 (s, 3H, minor, major). 3C NMR (100 MHz,
CDCls) 6 = 171.69, 152.50, 144.32, 143.61, 138.49, 137.10, 136.92, 134.44, 129.50, 128.79,
127.72,127.40, 126.60, 122.45, 116.26, 111.57, 44.90, 41.90, 39.51, 21.56, 20.32, 14.50, 14.06.
HRMS (ESI) for C2sH27N303S [M + H]*: caled 450.1846, found 450.1841.
(3,5-Dimethyl-1H-pyrazol-1-yl)((3S,4R)-1-tosyl-4-vinyl-1,2,3,4-

tetrahydrobenzo|[g]quinolin-3-yl)methanone 31 (Procedure C)

Z 0 Colourless oil, 81% yield. [a]5 = 65.2 (¢ = 1.00 in CHCls); er =
lJ\)N/\,\ly/ 95:5, dr = 6:1, determined by HPLC analasis (Chiralpak OD column,
N hexane/i-PrOH, 95:5 v/v, flow rate 1 mL/min, A = 254 nm, 25 °C),

tr (major) = 16.48 min, tr (minor) = 21.38 min. *H NMR (400 MHz, CDClz) & = 8.36 (s, 1H),
7.84 (d, J = 8.1 Hz, 1H), 7.68 (d, J = 8.1 Hz, 1H), 7.59 (d, J = 8.1 Hz, 2H), 7.52 (s, 1H), 7.42
(m,J =20.8, 8.1, 6.8, 1.3 Hz, 2H), 7.17 (d, J = 8.1 Hz, 2H), 5.96 (s, 1H), 5.62 (m, J = 17.2,
10.1, 7.5 Hz, 1H), 4.89 — 4.80 (m, 1H), 4.52 (d, J = 17.0 Hz, 1H), 4.45 (m, J = 13.2, 2.9 Hz,
1H), 4.18 — 4.07 (m, 2H), 3.83 (dd, J = 13.4, 11.5 Hz, 1H), 2.50 (s, 3H), 2.35 (s, 3H), 2.19 (s,
3H). 3C NMR (100 MHz, CDCl3) 6 = 171.74, 152.43, 144.01, 143.86, 136.64, 136.11, 133.86,
132.69, 130.44, 129.72, 129.26, 127.87, 127.31, 126.93, 126.18, 125.54, 120.58, 117.63,
111.30, 44.17, 43.96, 41.74, 21.52, 14.30, 13.85. HRMS (ESI) for C2sH27N303S [M + H]*:
calcd 486.1846, found 486.1830.
(3,5-Dimethyl-1H-pyrazol-1-yl)((3S,4R)-8-fluoro-1-tosyl-4-vinyl-1,2,3,4-
tetrahydroquinolin-3-yl)methanone 3m (Procedure A)

~ 6 Colourless oil, 93% vyield. [a]y = 127.5 (c = 1.00 in CHCIs); er =

@\/j““”\r\r“\ 95.5:4.5, dr = 14:1, determined by HPLC analasis (Chiralpak OD
T

—

I column, hexane/i-PrOH, 99:1 v/v, flow rate 1 mL/min, A = 254 nm, 25
<€), tr(major) = 21.64 min, tr (Minor) = 42.77 min. *H NMR (400 MHz,

CDCl3) 6 =7.92 (d, J = 8.1 Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H), 7.11 (m, J = 8.0, 5.1 Hz, 1H),
7.03-6.91 (m, 2H), 5.95 (s, 1H), 5.69 (m, J = 16.8, 9.7 Hz, 1H), 4.95 (dd, J =9.9, 1.7 Hz, 1H),
472 (m,J =16.9, 1.2 Hz, 1H), 4.62 (m, J = 11.4, 6.6, 3.5 Hz, 1H), 4.37 (dd, J = 9.3, 6.7 Hz,
1H), 4.20 (dd, J = 14.2, 3.5 Hz, 1H), 3.51 (dd, J = 14.3, 11.4 Hz, 1H), 2.48 (s, 1H), 2.44 (s, 3H),

2.25 (s, 3H). *C NMR (100 MHz, CDClIs) 6 = 172.60, 157.49, 155.00, 152.54, 143.86, 137.74,
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137.09, 133.77, 129.58, 127.41 (d, J = 16.0 Hz), 126.04, 125.93 (d, J = 24.0 Hz), 124.80 (d, J
=48.0 Hz), 117.50, 114.20 (d, J = 84.0), 111.22, 44.16, 43.69, 42.94, 21.61, 14.25, 13.91. 1°F
NMR (376 MHz, CDClz) & = -114.67. HRMS (ESI) for C24H24FN30sS [M + H]": calcd
454.1595, found 454.1583.
(3,5-Dimethyl-1H-pyrazol-1-yl)((3S,4R)-4-methyl-1-tosyl-4-vinyl-1,2,3,4-
tetrahydroquinolin-3-yl)methanone 3n (Procedure A)

Colourless oil, 88% yield. [a]5 = -2.9 (¢ = 1.00 in CHCIs); er =

Z 0
Me G
©\>j”\)N/\N\f/ 85.5:14.5, dr = 4.6:1, determined by HPLC analasis (Chiralpak AZ
N column, hexane/i-PrOH, 99.5:0.5 v/v, flow rate 0.5 mL/min, A = 254

nm, 25 €), tr (minor) = 60.50 min, tr (Major) = 71.51 min. "TH NMR (400 MHz, CDCI3) & =
7.89 (d, J=28.6 Hz, 1H, major), 7.58 (d, J= 8.2 Hz, 2H, major+minor), 7.22 (d, /= 8.6 Hz, 3H,
major), 7.18 (d, J= 2.1 Hz, 3H, minor), 7.10 (m, 2H, minor), 7.00 — 6.99 (m, 2H, major), 6.08
—5.96 (m, 2H, minor), 5.94 (s, 1H, major), 5.59 (dd, J=17.3, 10.6 Hz, 1H, major), 4.89 (d, J
=10.6 Hz, 1H, major), 4.79 (d, /= 17.3 Hz, 1H, major), 4.44 (s, 1H, minor), 4.39 (dd, /= 10.8,
3.9 Hz, 1H, major), 4.34 (m, J = 3.0 Hz, 1H, minor), 4.30 (dd, J = 13.4, 3.9 Hz, 1H, major),
3.97 (dd, J=13.2, 10.7 Hz, 1H, major), 2.50 (s, 3H, minor), 2.47 (s, 3H, major), 2.39 (s, 3H,
major), 2.21 (s, 3H, minor), 2.18 (s, 3H, major), 1.17 (s, 3H, major), 1.16 (s, 3H, minor). 13C
NMR (100 MHz, CDCl3) 6 = 171.84, 151.40, 144.40, 143.80, 143.67, 136.09, 135.34, 134.59,
129.64, 128.13, 127.34, 127.05, 124.35, 122.70, 113.96, 111.73, 45.01, 43.95, 43.14, 21.75,
21.58, 14.49, 13.78. HRMS (ESI) for C2sH27N303S [M + H]*: calcd 450.1846, found 450.1845.

4.3 Unsuccessful Substrates

0 0 o
\<N/\NK)J\/\ \<N/\NK)J\/\Ph \<N/\NK)J\/\COZEt

(0]
J\M

(0] 0]
/N\N /N\N)J\K /N\N)J\T/
L L Lk
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5. Synthetic Transformation
5.1 Synthesis of Product 5

Z 0 Z 0
S . S
J\N/N\ LiCl, EIOH/THF J\OEt
)J EtsN, 24 h
N N
Ts Ts
3a 5

Procedure E: Compound 3a (43.5 mg, 0.1 mmol) was dissolved into ImL EtOH/THF (4:1)
in an oven-dried 10 mL flask containing a stir bar under Ar atmosphere. Then, LiCl (21.2 mg,
0.5 mmol) and Et3N (50.5 mg, 0.5 mmol) were added and the resulting solution was stirring at
this temperature for 24 h. The product was purified by flash column chromatography on silica
gel (petrol ether/ EtOAc = 20/1 to 10/1) to give product 5. The diastereomer ration (dr value)
was determined by 'H NMR of the reaction mixture and the enantiomeric excess (ee value) of
purified product was determined by chiral HPLC.

Ethyl (3S,4R)-1-tosyl-4-vinyl-1,2,3,4-tetrahydroquinoline-3-carboxylate 5
~ 6 Colourless oil, 94% yield. [a]o =56.3 (c = 1.00 in CHCIls); er = 96.5:3.5, dr
©\/?j*‘\“\oa = 18:1, determined by HPLC analasis (Chiralpak AD column, hexane/i-
N PrOH, 95:5 v/v, flow rate 1 mL/min, A =254 nm, 25 °C), tr (minor) = 22.14
min, tr (Major) = 22.45 min. *H NMR (400 MHz, CDCls3) 6 = 7.90 (d, J = 8.4 Hz, 1H), 7.56
(d, J=8.3Hz, 2H), 7.24 — 7.17 (m, 3H), 7.10 - 6.97 (m, 2H), 5.53 (m, J = 17.3, 10.1, 7.7 Hz,
1H), 4.94 (d, J = 10.1 Hz, 1H), 4.70 (d, J = 16.9 Hz, 1H), 4.39 (dd, J = 13.6, 3.8 Hz, 1H), 4.15
(m,J=6.0, 2.9 Hz, 2H), 3.69 (t, J = 6.5 Hz, 1H), 3.52 (dd, J = 13.7, 12.1 Hz, 1H), 2.70 (m, J
=12.1,5.3,3.8 Hz, 1H), 2.38 (s, 3H), 1.26 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3) &
= 170.83, 144.00, 136.46, 135.94, 135.88, 130.43, 129.74, 128.77, 127.52, 127.19, 124.42,
123.06, 118.46, 60.90, 43.43, 43.18, 41.37, 21.55, 14.24. HRMS (ESI) for C21H23NO4S [M +
H]*: calcd 386.1421, found 386.1417.

5.2 Synthesis of Product 6

= 0 Z (”)\
‘\\\J\N/N\ LIOH-H,0 ~Non
)J THF/H,0
N 16 h N
Ts Ts
3a

Procedure F: Compound 3a (57.5 mg, 0.13 mmol) was dissolved into ImL THF/H>0 (2:1)
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in an oven-dried 10 mL flask containing a stir bar under Ar atmosphere. Then, LIOH-H>O (11.1
mg, 0.26 mmol) was added and the resulting solution was stirring at this temperature for 16 h.
The reaction mixture was quenched with two drops of CH3COOH. Then the crude product was
purified by flash column chromatography on silica gel (petrol ether/ EtOAc = 7/1 to 5/1) to
give product 6. The diastereomer ration (dr value) was determined by 'H NMR of the reaction
mixture.
(3S,4R)-1-Tosyl-4-vinyl-1,2,3,4-tetrahydroquinoline-3-carboxylic acid 6
~ 6 Colourless oil, 94% vyield. [a]s = 40.2 (¢ = 1.00 in CHCI3); dr >19:1, 'H
©\/:j“\\”\OH NMR (400 MHz, CDCl3) 6 =7.91 (d, J = 8.4 Hz, 1H), 7.56 (d, J = 8.0 Hz,
N 2H), 7.23 (d, J = 7.9 Hz, 3H), 7.17 — 6.98 (m, 2H), 5.59 (m, J = 17.3, 10.1,
7.6 Hz, 1H), 4.99 (d, J = 10.1 Hz, 1H), 4.74 (d, J = 16.8 Hz, 1H), 4.40 (dd, J = 13.7, 3.7 Hz,
1H), 3.73 (t, J = 6.4 Hz, 1H), 3.51 (dd, J = 13.6, 12.1 Hz, 1H), 2.77 (m, J = 12.1, 4.4 Hz, 1H),
2.39 (s, 3H). C NMR (100 MHz, CDCls3) 6 = 176.5, 144.15, 136.09, 135.87, 135.81, 130.49,
129.81, 128.41, 127.69, 127.19, 124.56, 123.15, 119.08, 43.11, 42.77, 41.26, 21.58. HRMS

(ESI) for C19H19NO4S [M + H]*: calcd 358.1107, found 358.1101.

5.3 Synthesis of Product 7

Z 0 Z 0
- “\\”\N’N A~ HOBt, toluene - \”\N/\/
@j )J "o 80 °C, 16 h ©\/j H
N N
Ts Ts
3a 7

Procedure G: To a mixture of 3a (43.5 mg, 0.1 mmol), n-propylamine (11.8 mg, 0.2 mmol)
in PhMe (1.5 mL) was added 1-hydroxybenzotriazole (27.0 mg, 0.2 mmol). The reaction
mixture was stirred for 16 h at 80 °C. Afterwards, the volatiles were removed by evaporation
and the resulted material was purified by flash column chromatography on silica gel (petrol
ether/ EtOAc =3/1 to 1/1) to give product 8. The diastereomer ration (dr value) was determined
by '"H NMR of the reaction mixture and the enantiomeric excess (ee value) of purified product
was determined by chiral HPLC.
(3S,4R)-N-Propyl-1-tosyl-4-vinyl-1,2,3,4-tetrahydroquinoline-3-carboxamide 7
Colourless oil, 90% yield. [a]s = -0.7 (¢ = 1.00 in CHClIs3); er = 95.5:4.5, dr >19:1, determined
by HPLC analasis (Chiralpak AD column, hexane/i-PrOH, 80:20 v/v, flow rate 1 mL/min, A =
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~ 6 254 nm, 25 €), tr (major) = 6.34 min, tr (minor) = 6.94 min. 'H NMR
©\/?j»‘”\mzn-” (400 MHz, CDCls) 5 = 7.84 (d, J = 8.4 Hz, 1H), 7.58 (d, J = 8.0 Hz, 2H),

N’ 7.20 (dd, J = 13.9, 8.3 Hz, 3H), 7.07 — 6.95 (m, 2H), 5.74 (s, 1H), 5.60 (m,
J=17.2,10.1, 7.5 Hz, 1H), 4.90 (d, J = 10.1 Hz, 1H), 4.60 (d, J = 16.9 Hz, 1H), 4.25 (dd, J =
13.3, 3.9 Hz, 1H), 3.65 — 3.47 (m, 2H), 3.19 (m, J = 27.1, 6.3 Hz, 2H), 2.60 (m, J = 11.9, 4.5
Hz, 1H), 2.38 (s, 3H), 1.49 (p, J = 7.1 Hz, 2H), 0.90 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz,
CDCls) 6 = 170.36, 144.08, 136.41, 135.87, 135.72, 130.41, 129.78, 128.99, 127.49, 127.25,
124.31, 122.76, 118.12, 44.50, 43.86, 42.57, 41.19, 22.85, 21.60, 11.45. HRMS (ESI) for
C22H26N203S [M + H]*: calcd 399.1737, found 399.1735.

5.4 Synthesis of Product 8

Z 0 Z 0
L Ph  HOB RS
X _ t, toluene X Ph
TNy T MY
— 80 °C, 16 h H  oH
N N
Ts Ts
3a 8

Procedure H: To a mixture of 3a (43.5 mg, 0.1 mmol), (R)-(+)-2-Phenylglycinol (27.4 mg,

0.2 mmol) in PhMe (1.5 mL) was added 1-hydroxybenzotriazole (27.0 mg, 0.2 mmol). The
reaction mixture was stirred for 16 h at 80 °C. Afterwards, the volatiles were removed by
evaporation and the resulted material was purified by flash column chromatography on silica
gel (petrol ether/ EtOAc = 3/1 to 1/1) to give product 8. The diastereomer ration (dr value) was
determined by '"H NMR of the reaction mixture and the enantiomeric excess (ee value) of
purified product was determined by chiral HPLC.
(3S,4R)-N-((R)-2-Hydroxy-2-phenylethyl)-1-tosyl-4-vinyl-1,2,3,4-tetrahydroquinoline-3-
carboxamide 8

Colourless oil, 76% yield. [a]5> = 57 (¢ = 1.00 in CHCI3); er = 95:5,
©\/j ”\ /th dr >19:1, determined by HPLC analasis (Chiralpak OD column,

hexane/i-PrOH, 90:10 v/v, flow rate 1 mL/min, A =254 nm, 25 °C), tr
(major) = 29.93 min, tr (Minor) = 62.94 min.*H NMR (400 MHz, CDCl3) § =7.83 (d, J = 8.4
Hz, 1H), 7.61 - 7.51 (m, 2H), 7.36 (d, J = 4.5 Hz, 5H), 7.30 (t, J= 4.4 Hz, 1H), 7.21 (d, J = 8.1
Hz, 3H), 7.08 — 6.94 (m, 2H), 5.55 (m, J = 17.2, 10.0, 7.3 Hz, 1H), 4.86 (dd, J = 17.2, 9.2 Hz,
2H), 4.53 (d, J = 16.9 Hz, 1H), 4.25 (dd, J = 13.3, 3.6 Hz, 1H), 3.69 (m, J = 14.3, 6.8, 3.3 Hz,
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1H), 3.54 (d, J = 12.2 Hz, 1H), 3.49 (t, J = 6.4 Hz, 1H), 3.38 — 3.24 (m, 2H), 2.63 (m, J = 11.9,
4.5 Hz, 1H), 2.38 (s, 3H). 13C NMR (100 MHz, CDCl3) § = 171.59, 144.14, 141.49, 136.34,
135.85, 135.69, 130.37, 129.80, 128.80, 128.63, 127.99, 127.57, 127.25, 125.79, 124.34,
122.69, 118.34, 73.38, 47.17, 44.38, 43.86, 42.69, 21.60. HRMS (ESI) for C27H28N204S [M +
H]*: calcd 477.1843, found 477.1850.

5.5 Synthesis of Product 9
=

0 Z 0
= : |
K J\N’N\ Mg powder “\\J\OMe
)J MeOH
N 6 h N
Ts H
3a 9

Procedure I: To a mixture of 3a (43.6 mg, 0.10 mmol) in MeOH (2.0 mL) was added Mg
powder (180.0 mg, 7.5 mmol). The reaction mixture was stirred for 6 h at 60 °C. Afterwards,
the mixture was quenched with 0.5 mL aqueous NH4Cl and extracted with EtOAc (2 x 5 mL).
The combined EtOAc layers were died over anhydrous sodium sulfate, filtered and
concentrated under reduced pressure. Purification of the crude product was performed with
flash column chromatography on silica gel (petrol ether/ EtOAc = 10/1 to 8/1) to give product
9. The diastereomer ration (dr value) was determined by '"H NMR of the reaction mixture and
the enantiomeric excess (ee value) of purified product was determined by chiral HPLC.

Methyl (3S,4R)-4-vinyl-1,2,3,4-tetrahydroquinoline-3-carboxylate 9

Z o Colourless oil, 83% yield. [a]> =-36.1 (c = 1.00 in CHCIs); er = 95.5:4.5,
©\/j““”\ome dr = 5:1, determined by HPLC analasis (Chiralpak AD column, hexane/i-
N PrOH, 99:1 v/v, flow rate 1 mL/min, A = 254 nm, 25 °C), tr (minor) = 29.64

min, tr (Major) = 44.40 min.*H NMR (400 MHz, CDCls) 6 = 7.05 — 6.91 (m, 2H, major), 6.64
(t, J=7.5Hz, 1H, major), 6.53 (d, J = 8.0 Hz, 1H, major), 5.86 (m, J =17.3, 10.2, 7.7 Hz, 1H,
major), 5.76 (dd, J =17.7, 9.3 Hz, 1H, minor), 5.25 - 5.12 (m, 2H, minor), 5.13 - 5.08 (m, 1H,
major), 4.94 (m, J =16.9, 1.5 Hz, 1H, major), 3.96 — 3.83 (m, 2H, major), 3.79 (m, J = 8.2 Hz,
1H, minor), 3.73 (s, 3H, major), 3.44 (d, J = 8.4 Hz, 2H, major), 3.09 — 2.97 (m, 1H, major).
13C NMR (100 MHz, CDCls) & = 172.75, 143.45, 138.35, 130.40, 127.74, 120.87, 117.46,
117.19, 114.23, 51.66, 43.32, 42.26, 38.60. HRMS (ESI) for C13H1sNO2 [M + H]": calcd
218.1176, found 218.1183.
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5.6 Synthesis of Product 10

Br
/
Z 0 = “ 0
L : H
x N”N\ NaBH,4 “\\\OH NBS
—_— —_—
©\/j )J THF/H,0 MeCN H
N 20 h N 4h N
Ts Ts Ts
3a s1 10

Procedure J: To a mixture of 3a (74.3 mg, 0.17 mmol) in THF/H>0O (4:1, 1.7 mL) was
added NaBH4 (66.0 mg, 1.74 mmol) in one portion. The reaction mixture was stirred for 20 h
at room temperature. Afterwards, the reaction mixture was quenched with 1.3 mL HCI (2 N)
and extracted with DCM (2 x 5 mL). The combined organic phase was died over anhydrous
sodium sulfate, filtered and concentrated under reduced pressure. The resulted material was
purified by flash column chromatography on silica gel (petrol ether/ EtOAc = 5/1 to 1/1) to
give product S1. The diastereomer ration (dr value) was determined by '"H NMR of the reaction
mixture and the enantiomeric excess (ee value) of purified product was determined by chiral
HPLC.

To a mixture of S1 (34.3 mg, 0.10 mmol) in MeCN (2.0 mL) was added NBS (19.6 mg,
0.11 mmol). The reaction mixture was stirred for 4 h at room temperature. Afterwards, the
mixture was poured into 10% Na>S>03 solution (5 mL) and extracted with EtOAc (2 x 5 mL).
The combined EtOAc layers were washed with saturated aqueous KHCO3 solution (5 mL) and
brine (5 mL), died over anhydrous sodium sulfate, filtered and concentrated under reduced
pressure. Purification of the crude product was performed with flash column chromatography
on silica gel (petrol ether/ EtOAc = 15/1 to 10/1) to give product 10. The diastereomer ration
(dr value) was determined by 'H NMR of the reaction mixture and the enantiomeric excess (ee
value) of purified product was determined by chiral HPLC.

((35,4R)-1-Tosyl-4-vinyl-1,2,3,4-tetrahydroquinolin-3-yl)methanol S1

- Colourless oil, 83% yield. [a]5 = -28.1 (¢ = 1.00 in CHCIs); er = 96.5:3.5,
©\/:j»“\o|4 dr >19:1, determined by HPLC analasis (Chiralpak AD column, hexane/i-
N PrOH, 95:5 v/v, flow rate 1 mL/min, A =254 nm, 25 °C), tr (Minor) = 61.59

min, tr (Major) = 69.43 min.*H NMR (400 MHz, CDCls) 6 = 7.86 (d, J = 8.4 Hz, 1H), 7.57 (d,
J=8.2Hz, 2H), 7.25-7.13 (m, 3H), 7.07 — 6.94 (m, 2H), 5.47 (m, J = 16.9, 10.1, 8.6 Hz, 1H),
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4.97 (dd, J = 10.1, 1.6 Hz, 1H), 4.85 (m, J = 16.9, 1.2 Hz, 1H), 4.12 (dd, J = 12.9, 3.7 Hz, 1H),
3.65—3.49 (m, 2H), 3.46 — 3.32 (M, 2H), 2.38 (s, 3H), 2.04 — 1.93 (m, 1H), 1.79 (d, J = 5.0 Hz,
1H). 3C NMR (100 MHz, CDCls) § = 143.89, 136.81, 136.23, 136.10, 130.31, 129.98, 129.70,
127.28, 127.16, 124.26, 122.58, 117.72, 62.13, 45.38, 43.88, 38.36, 21.57. HRMS (ESI) for
Ci9H21NO3S [M + H]*: calcd 344.1315, found 344.1318.
(1S8,3a8,9bR)-1-(bromomethyl)-5-tosyl-1,3,3a,4,5,9b-hexahydrofuro[3,4-c|quinoline 10

. Colourless oil, 68% yield. [a]% = -88.1 (c = 1.00 in CHCIs); er = 96.5:3.5,

/
’ "So dr >19:1, determined by HPLC analasis (Chiralpak AD column, hexane/i-PrOH,
H

95:5 vlv, flow rate 1 mL/min, A = 254 nm, 25 °C), tr (major) = 36.71 min, tr
T (minor) = 41.76 min. 'H NMR (400 MHz, CDCl3z) 6 = 7.91 (d, J = 8.4 Hz, 1H),
7.55(d, J = 8.2 Hz, 2H), 7.21 (dd, J = 8.4, 2.2 Hz, 3H), 7.11 — 6.95 (m, 2H), 5.53 (m, J = 17.4,
10.1, 7.7 Hz, 1H), 4.94 (d, J = 10.1 Hz, 1H), 4.70 (d, J = 16.9 Hz, 1H), 4.47 — 4.31 (m, 1H),
3.69 (M, 4H), 3.52 (dd, J = 13.7, 12.2 Hz, 1H), 2.73 (m, J = 12.2, 5.4, 3.7 Hz, 1H), 2.38 (s, 3H).
13C NMR (100 MHz, CDCls) & = 171.29, 144.04, 136.57, 135.92, 135.84, 130.49, 129.77,
128.67,127.57,127.18,124.49,123.12,118.48,51.94, 43.35, 43.10, 41.39, 21.58. HRMS (ESI)
for C19H20BrNOsS [M + Na]*: calcd 422.0420, found 422.0415.

6. X-ray Crystal Structure Determination of Product 3a

Z <|>L
N
Ts
(3S,4R)-3a

CCDC 2114293
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7. Copy of the NOESY Spectroscopy of Product 10 and 3n
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8. Copies of 'TH NMR, 3C NMR and °’F NMR Spectra

"H NMR (400 MHz, CDCl3) spectrum of product 3a
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'H NMR (400 MHz, CDCL) of product 3b
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19F NMR (376 MHz, CDCls) of product 3b
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13C NMR (100 MHz, CDCls) of product 3¢
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13C NMR (100 MHz, CDCls) of product 3d
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13C NMR (100 MHz, CDCls) of product 3e
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"H NMR (400 MHz, CDCl5) of product 3f
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13C NMR (100 MHz, CDCls) of product 3f
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"H NMR (400 MHz, CDCl5) of product 3g
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'H NMR (400 MHz, CDCL) of product 3h
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'H NMR (400 MHz, CDCL) of product 3i
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'H NMR (400 MHz, CDCL) of product 3
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19F NMR (376 MHz, CDCls) of product 3]
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"H NMR (400 MHz, CDCl5) of product 3k
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13C NMR (100 MHz, CDCls) of product 3k
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"H NMR (400 MHz, CDCls) of product 31
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13C NMR (100 MHz, CDCls) of product 31
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"H NMR (400 MHz, CDCls) of product 3m
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13C NMR (100 MHz, CDCls) of product 3m
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"H NMR (400 MHz, CDCls) of product 3n
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'H NMR (400 MHz, CDCL) of product 5
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'H NMR (400 MHz, CDCL) of product 6
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'H NMR (400 MHz, CDCL) of product SO
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'H NMR (400 MHz, CDCL) of product 7
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'H NMR (100 MHz, CDCL) of product 8
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'H NMR (400 MHz, CDCL) of product S1
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'H NMR (400 MHz, CDCL) of product 9
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'H NMR (400 MHz, CDCL) of product 10
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9. HPLC Data of Products
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