Supplementary Methods
General Information and Materials

All reactions and manipulations were performed in a nitrogen-filled glove box or using standard
Schlenk techniques, unless otherwise noted. All anhydrous solvents were purchased from J & K
Chemicals or Alfa Chemicals Inc, or used after standard purification procedures. Ni(cod), was
purchased from Strem chemicals. Commercialized reagents were used without further
purifications. All air sensitive ligands were stored in a nitrogen-filled glove box before use. Chiral
ligand intermediates were prepared according to our reported procedures. Tf =

trifluoromethylsulfonate, cod = 1,5-cyclooctadiene, PMHS = polymethylhydrosiloxane.

'H, ¥p, F and *C NMR data were recorded on a BrukerDRX500, DRX400, NMR Spectrometer
with CDCls, or CD30D as the solvent. *H chemical shifts were referenced to CDCl; at 7.26 ppm.
3¢ chemical shifts were referenced to CDCl5 at 77.16 ppm and obtained with *H decoupling. *'P
shifts were referenced to 85% H3;PO, in D,0O at 0.0 ppm as external standard and obtained with H
decoupling. Multiplicities are abbreviated as follows: singlet (s), doublet (d), triplet (t), quartet (q),
doublet-doublet (dd), quintet (quint), septet (sept), multiplet (m), and broad (br). MS was
measured on Agilent 5973N (EI), Agilent 1100 Series LC/MSD (ESI) mass spectrometers.
Column chromatography was performed with silica gel (200-300 mesh). X-Ray crystallographic
analysis data were collected using a Bruker Smart-APEX instrument (CCD detector) or a Bruker
Kappa APEX-II instrument (CCD detector). HPLC analyses and purifications were performed on

a Agilent LC system with UV/VIS detector using chiralcel columns.



Ligand Synthesis

Chiral ligands (S)-Me-BIDIME (L2) and (S)-BIDIME (L3) were prepared according to a

procedure reported previously in our laboratory®. All commercial available ligands were purchased

from Sigma-Aldrich, Alfa Chemicals, Strem chemicals or J & K Chemicals Inc.
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Supplementary Figure 1. Synthesis of Ligand (S,S)-DI-BI-DIME (L4).

(R)-3-(tert-butyl)-4-((tert-butyldiphenylsilyl)oxy)-2H-benzo[d][1,3]oxapho
sphole 3-oxide (S2): To a solution of S1 (2.00 g, 8.84 mmol, 1.0 equiv) and
imidazole (1.20 g, 17.68 mmol, 2.0 equiv) in DCM (25 mL) at rt was added
TBDPSCI (3.20 g, 11.49 mmol, 1.3 equiv) dropwisely under N,. After stirring

at rt overnight, the reaction was quenched with water, extracted with DCM, washed with saturated

brine, dried with anhydrous Na,SO,, filtered, and concentrated under vacuum. The residue was

purified by column chromatography (eluent: DCM/MeOH 100/1) to afford S2 as white solid (4.11

2



g, 99%). S2: [a]p® = — 8.2 (¢ = 1.0, CHCl5). '"H NMR (500 MHz, CDCl3) §7.81 (dd, J = 7.7, 1.5
Hz, 2H), 7.81 (dd, J = 7.7, 1.5 Hz, 2H), 7.50 — 7.42 (m, 3H), 7.39 — 7.35 (m, 1H), 7.34 — 7.29 (m,
2H), 6.90 (t, J = 8.2 Hz, 1H), 6.39 (dd, J = 8.2, 1.8 Hz, 1H), 6.02 (dd, J = 8.1, 3.5 Hz, 1H), 4.56 (d,
J =13.7 Hz, 1H), 4.38 (dd, J = 13.2, 10.8 Hz, 1H), 1.32 (d, J = 16.0 Hz, 9H), 1.12 (s, 9H); “°C
NMR (126 MHz, CDCl3) & 166.29 (d, J = 17.6 Hz), 157.97 (d, J = 1.5 Hz), 135.51 (d, J = 40.3
Hz), 135.44 (d, J = 0.8 Hz), 132.14 (d, J = 183.7 Hz), 130.14 (d, J = 1.9 Hz), 128.01 (d, J = 19.6
Hz), 113.03 (d, J = 5.8 Hz), 106.43 (d, J = 5.4 Hz), 104.70 (d, J = 92.8 Hz), 65.79 (d, J = 60.0 Hz),
34.22 (d, J = 73.2 Hz), 26.56, 24.69 (d, J = 0.8 Hz), 19.62; *'P NMR (162 MHz, CDCls) & 63.13;
HRMS (ESI) calculated for [M+Na, C,;H33NaO5PSi]": 487.1829; found: 487.1832.

(R)-4-(benzyloxy)-7-bromo-3-(tert-butyl)-2H- benzo[d][1,3]-oxaphosphole

Br
o] 3-oxide (S4): To a solution of S2 (4.10 g, 8.82 mmol, 1.0 equiv) in DCM (90 mL)
P\:O at rt was added NBS (1.65 g, 9.27 mmol, 1.05 equiv) under N,. After stirring at rt
tBu
Oan4 for 4 h, the reaction was quenched with water, extracted with DCM, washed with

saturated brine, dried with anhydrous Na,SO,, filtered, and concentrated under
vacuum. The residue (S3) was used without further purification.
To a solution of the above residue (S3) in THF (20 mL) at 0 °C was added TBAF (13.3 mL, 13.24
mmol, 1.5 equiv, 1.0 M in THF) and stirred at 0 °C for 5 min. Quenched with water, extracted with
EtOAc, washed with saturated brine, dried with anhydrous Na,SO,, filtered, and concentrated
under vacuum. The residue was used without further purification.
To a solution of the above residue and K,CO3; (3.66 g, 26.47 mmol, 3.0 equiv) in DMF (50 mL) at
0 °C was added BnBr (1.26 mL, 10.59 mmol, 1.2 equiv) dropwisely under N, and stirred at rt
overnight. Then the reaction was quenched with water, extracted with EtOAc, washed with
saturated brine, dried with anhydrous Na,SO,, filtered, and concentrated under vacuum. The
residue was purified by column chromatography (eluent: DCM/MeOH 50/1) to afford S4 as light
yellow solid (3.3 g, 95%). S4: [o]p” = — 41.9 (c = 1.0, MeOH). 'H NMR (500 MHz, CDCl;) &
7.50 (d, J = 8.6 Hz, 1H), 7.44 — 7.38 (m, 2H), 7.37 — 7.31 (m, 2H), 7.31 — 7.26 (m, 1H), 6.44 (dd,
J=8.7, 4.5 Hz, 1H), 5.13 (g, J = 12.0 Hz, 2H), 4.60 (dd, J = 14.0, 3.1 Hz, 1H), 4.48 (dd, J = 14.0,
10.6 Hz, 1H), 1.21 (d, J = 16.6 Hz, 9H); BC NMR (126 MHz, CDCl3) & 162.23 (d, J = 16.7 Hz),
159.61 (d, J = 2.1 Hz), 138.97 (d, J = 1.3 Hz), 135.48, 128.65, 128.25, 127.41, 106.54 (d, J = 6.2
Hz), 105.07 (d, J = 88.2 Hz), 98.19 (d, J = 6.9 Hz), 70.99, 66.87 (d, J = 58.4 Hz), 34.00 (d, J =



73.6 Hz), 24.65 (d, J = 0.8 Hz); *'P NMR (162 MHz, CDCls) & 65.18; HRMS (ESI) calculated for
[M+H, C1gH2:BrOsP]*: 395.0407; found: 395.0406.

OBn (3R,3'R)-4,4'-bis(benzyloxy)-3,3'-di-tert-butyl-2H,2'H-[7,7'-bibenzo[d][1,3]ox
O P§O aphosphole] 3,3'-dioxide (S5): S4 (1.30 g, 3.29 mmol, 1.0 equiv), Pd(OAc),
o (148 mg, 0.66 mmol, 0.2 equiv), Sphos (567 mg, 1.38 mmol, 0.42 equiv), (BPin),

O Q (585 mg, 2.30 mmol, 0.7 equiv) and KOAc (968 mg, 9.87 mmol, 3.0 equiv) were
P\: dissolved in dioxane/H,O (15 mL, 4/1) at rt under N, and stirred at 80 °C for 24 h.

Then the reaction was quenched with water, extracted with EtOAc, washed with
S5

saturated brine, dried with anhydrous Na,SOy, filtered, and concentrated under
vacuum. The residue was purified by column chromatography (eluent: DCM/MeOH 20/1) to
afford S5 as light yellow solid (670 mg, 65%). S5: [a]p?® = — 32.7 (¢ = 1.0, MeOH). *H NMR (500
MHz, CDCl3) & 7.48 — 7.41 (m, 4H), 7.40 — 7.33 (m, 6H), 7.33 — 7.27 (m, 2H), 6.59 — 6.53 (m,
2H), 5.24 — 5.14 (m, 4H), 4.51 — 4.33 (m, 4H), 1.24 (d, J = 16.4 Hz, 18H); *C NMR (126 MHz,
CDCly) § 163.71 (d, J = 16.5 Hz), 159.85 (d, J = 2.0 Hz), 137.77, 135.99, 128.66, 128.15, 127.45,
115.06 (d, J = 5.7 Hz), 104.77 (d, J = 6.2 Hz), 103.35 (d, J = 91.2 Hz), 70.78, 66.31 (d, J = 59.3
Hz), 33.78 (d, J = 73.7 Hz), 24.79; *'P NMR (162 MHz, CDCl5) & 64.88; HRMS (ESI) calculated
for [M+H, CssH4106P,]": 631.2373; found: 631.2377.

(3R,3'R)-3,3'-di-tert-butyl-4,4'-dihydroxy-2H,2'H-[7,7'-bibenzo[d][1,3]oxaph
IBu
O Pio osphole] 3,3'-dioxide (S6): S5 (825 mg, 1.31 mmol, 1.00 equiv), Pd/C (800 mg,

o] 10%), and MeOH (15 mL) were combined, and the reaction vessel was evacuated

O O> and back-filled with hydrogen (1 atm). The reaction mixture was stirred under
\j:u hydrogen overnight, then filtered over a plug of silica gel topped with Celite
OH
(EtOAC eluent) to afford S6 as white solid (560 mg, 95%). S6: [a]p> = +12.1 (c =
S6

1.0, MeOH). "H NMR (500 MHz, CD;0D) & 7.34 (d, J = 8.3 Hz, 2H), 6.51 (dd, J
= 8.2, 4.6 Hz, 2H), 4.69 (dd, J = 14.3, 3.2 Hz, 2H), 4.28 (dd, J = 14.2, 10.7 Hz, 2H), 1.30 (d, J =
16.6 Hz, 18H); *C NMR (126 MHz, CD;0D) & 165.00 (d, J = 17.0 Hz), 160.58 (d, J = 2.3 Hz),
139.49, 114.58 (d, J = 5.9 Hz), 108.90 (d, J = 6.8 Hz), 101.68 (d, J = 94.2 Hz), 66.76 (d, J = 60.7
Hz), 34.41 (d, J = 74.0 Hz), 24.82; *'P NMR (162 MHz, CD3;0D) 5 69.13; HRMS (ESI) calculated
for [M+H, Cy,H,006P,]": 451.1434; found: 451.1432.



(3R,3'R)-3,3"-di-tert-butyl-3,3'-dioxido-2H,2'H-[7,7'-bibenzo[d][1,3]oxaphosp
P>>:o hole]-4,4'-diyl bis(trifluoromethanesulfonate) (S7): To a solution of S6 (560 mg,
O o 1.31 mmol, 1.0 equiv) in DCM at rt was added Et;N (2.2 mL, 15.70 mmol, 12.0
O O> equiv) and PhNTT, (3.74 g, 10.47 mmol, 8.0 equiv) under N, and then stirred at rt
N overnight. Then the reaction was quenched with water, extracted with DCM,

washed with saturated brine, dried with anhydrous Na,SO,, filtered, and

concentrated under vacuum. The residue was purified by column chromatography
(eluent: DCM/MeOH 50/1) to afford S7 as white solid (735 mg, 78%). S7: [a]o> = + 15.6 (¢ = 1.0,
CHCI,). *H NMR (500 MHz, CDCls) & 7.52 (d, J = 8.4 Hz, 2H), 7.13 (dd, J = 8.4, 3.6 Hz, 2H),
458 (dd, J = 14.1, 1.7 Hz, 2H), 4.48 (dd, J = 13.9, 10.9 Hz, 2H), 1.26 (d, J = 16.9 Hz, 18H); **C
NMR (126 MHz, CDCls) 6 163.39 (d, J = 16.5 Hz), 149.76, 137.48, 121.04 (d, J = 5.1 Hz), 118.58
(g, J = 320.8 Hz), 113.75 (d, J = 4.7 Hz), 108.45 (d, J = 84.8 Hz), 66.54 (d, J = 59.1 Hz), 34.47 (d,
J = 72.1 Hz), 24.08; *P NMR (162 MHz, CDCls) § 63.67; HRMS (ESI) calculated for [M+Na,
Ca4H2sFsNaO1P,S,]": 737.0239; found: 737.0240.

(3R,3'R)-3,3'-di-tert-butyl-4,4'-bis(2,6-dimethoxyphenyl)-2H,2'"H-[7,7"-
MeO O OMe bibenzo[d][1,3]ox -a phosphole] 3,3'-dioxide (S8): To a solution of S7

B . . . .
O P'>:é) ! (735 mg, 1.03 mmol, 1.0 equiv), (2,6-dimethoxyphenyl)boronic acid (1.85
o) g, 8.23 mmol, 8.0 equiv) and KF (657 mg, 11.3 mmol, 11.0 equiv) in 10
O> mL superdry dioxane at rt was added Pd,(dba); (94 mg, 0.10 mmol, 0.1
p=0

gyl €quiv) and BI-DIME (75 mg, 0.23 mmol, 0.22 equiv) in the glovebox and
MeO OMe
O stirred at 100 °C overnight. Then the reaction was quenched with water,

extracted with EtOAc, washed with saturated brine, dried with anhydrous

Na,SO,, filtered, and concentrated under vacuum. The residue was
purified by column chromatography (eluent: DCM/MeOH 20/1) to afford S8 as gray solid (700
mg, 98%). S8: [a]p> = +48.1 (c = 1.0, MeOH). *H NMR (500 MHz, CDCl3) & 7.61 (d, J = 7.6 Hz,
2H), 7.33 (t, J = 8.4 Hz, 2H), 6.98 (dd, J = 7.6, 3.6 Hz, 2H), 6.69 (d, J = 8.4 Hz, 2H), 6.60 (d, J =
8.3 Hz, 2H), 4.46 (dd, J = 13.8, 0.9 Hz, 2H), 4.36 (dd, J = 13.6, 10.4 Hz, 2H), 3.82 (s, 6H), 3.76 (s,
6H), 0.93 (d, J = 15.9 Hz, 18H); **C NMR (126 MHz, CDCl;) 5 162.43 (d, J = 19.3 Hz), 158.81,
157.61, 137.91 (d, J = 5.8 Hz), 135.58, 130.13, 125.08 (d, J = 9.2 Hz), 121.37 (d, J = 6.4 Hz),
117.30 (d, J = 1.9 Hz), 114.63 (d, J = 91.6 Hz), 104.52, 103.19, 65.22 (d, J = 60.9 Hz), 56.08,



55.52, 33.80 (d, J = 71.6 Hz), 23.81; *P NMR (162 MHz, CDCls) & 62.75; HRMS (ESI)

calculated for [M+H, CsgHis0gP2]": 691.2584; found: 691.2583.
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(S,S)-DI-BIDIME (L4)

(35,3'S)-3,3'-di-tert-butyl-4,4'-bis(2,6-dimethoxyphenyl)-2,2*,3,3'-tetra
hydro-7,7'-bibenz -o[d]- [1,3]Joxaphosphole [(S,S)-DI-BI-DIME (L4)]:
To a solution of S8 (680 mg, 0.98 mmol, 1.0 equiv) in THF (20 mL) at
room temperature was added polymethylhydrosiloxane (PMHS, 5.4 g) and
titanium isopropoxide (2.3 mL, 7.88 mmol, 8.0 equiv). The mixture was
stirred at reflux under nitrogen for 12 h and then distilled under vacuum to
remove most of THF. To the residue was charged carefully with 30%
degassed NaOH solution (30 mL). Gas was released during the addition.

Extracted with degassed Et,O, dried with anhydrous Na,SQ,, filtered,

concentrated under vacuum, and passed through a neutral alumina plug (Et,O) to provide the

desired product (S,S)-DI-BI-DIME (L4) as white solid (610 mg, 90%). L4: [a]p® = +47.1 (c =

1.0, CHCls). *H NMR (500 MHz, CDCly) § 7.54 (d, J = 7.7 Hz, 2H), 7.31 (t, J = 8.3 Hz, 2H), 6.96
—6.90 (m, 2H), 6.68 (d, J = 8.4 Hz, 2H), 6.61 (d, J = 8.4 Hz, 2H), 4.82 (dd, J = 12.6, 1.4 Hz, 2H),
451 (dd, J = 24.7, 12.5 Hz, 2H), 3.79 (s, 6H), 3.73 (s, 6H), 0.81 (d, J = 12.0 Hz, 18H); *C NMR

(126 MHz, CDCls) 6 160.63, 158.04, 157.37, 137.40 (d, J = 18.4 Hz), 132.05, 129.03, 125.27 (d, J

=12.8 Hz), 123.66 (d, J = 4.5 Hz), 120.51, 120.01, 104.56, 103.70, 70.19 (d, J = 26.1 Hz), 55.96
(d, J = 1.7 Hz), 55.47, 31.10 (d, J = 18.6 Hz), 26.74 (d, J = 14.5 Hz); *'P NMR (162 MHz, CDCls)
& — 6.93; HRMS (ESI) calculated for [M+H, C3gHa506P,] " 659.2686; found: 659.2687.



Substrate Synthesis
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Supplementary Figure 2. General procedure for substrate 1a

4-Methyl-N-(3-phenylprop-2-yn-1-yl)benzenesulfonamide  (S9).  Tert-butyl

Ph
7 .
= tosylcarbamate (17.7 g, 65.3 mmol, 1.0 equiv) and K,CO3 (13.5 g, 97.9 mmol, 1.5
NHTs equiv) were dissolved in 65 mL DMF and stirred at rt for 4 h. Then
s9

(3-bromoprop-1-yn-1-yl)benzene? (14.0 g, 71.8 mmol, 1.1 equiv) was added to the

above solution and stirred at rt for 10 h. The reaction was quenched with water, extracted with
EtOAc, washed with saturated brine, dried with anhydrous Na,SO,, filtered, and concentrated
under vacuum. The residue was dissolved in 60 mL DCM and 20 mL CF;COOH and stirred at rt
overnight. The reaction was quenched with water, extracted with EtOAc, washed with saturated
brine, dried with anhydrous Na,SO,, filtered, and concentrated under vacuum. The residue was
recrystallized with hexane/EtOAc to afford S9 as white solid (17.5 g, 94%). S9: *H NMR (400
MHz, CDCly) & 7.85 — 7.78 (m, 2H), 7.32 — 7.27 (m, 3H), 7.26 — 7.20 (m, 2H), 7.17 — 7.09 (m,
2H), 4.63 (t, J = 5.8 Hz, 1H), 4.08 (d, J = 6.1 Hz, 2H), 2.36 (s, 3H); ESI-MS: m/z 286.2 [M+H]".

The *H NMR spectra and ESI-MS are in agreement with those reported in the literature. ®

4-Methyl-N-(2-ox0-2-phenylethyl)-N-(3-phenylprop-2-yn-1-yl)-benzenesul

Ph
fonamide (la). To a solution of S2 (5.0 g, 17.5 mmol, 1.0 equiv),

=

(0]
TSN\)‘\© 2-bromo-1-phenylethan-1-one (3.7 g, 18.4 mmol, 1.05 equiv), BusNI (647.2
mg, 1.75 mmol, 0.1 equiv) in 35 mL DMF at 0 °C was added K,COs (3.6 g,

1a

26.3 mmol, 1.5 equiv) and stirred at 0 °C for 1 h. Then the reaction was

quenched with water, extracted with EtOAc, washed with saturated brine, dried with anhydrous
Na,SO,4, filtered, and concentrated under vacuum. The residue was recrystallized with
hexane/EtOAc to afford 1a as white solid (6.0 g, 85%). 1a: *H NMR (500 MHz, CDCls) 5 8.01 —
7.95 (m, 2H), 7.84 — 7.79 (m, 2H), 7.63 — 7.57 (m, 1H), 7.51 — 7.45 (m, 2H), 7.33 — 7.26 (m, 3H),
7.25 - 7.19 (m, 2H), 7.12 — 7.07 (m, 2H), 4.81 (s, 2H), 4.49 (s, 2H), 2.39 (s, 3H); *C NMR (126



MHz, CDCl3) 6 193.46, 143.90, 136.12, 135.00, 133.92, 131.69, 129.79, 128.92, 128.64, 128.24,
128.22, 127.80, 122.07, 86.33, 81.67, 51.99, 38.41, 21.60; ESI-MS: m/z 404.3 [M+H]". The *H,

3C NMR spectra and ESI-MS are in agreement with those reported in the literature.*

Preparations of 1b-i were carried out according to a procedure similar to that for the synthesis of

1a from corresponding a-bromoketones.

— 1b: white solid, 92% yield. *H NMR (500 MHz, CDCls) § 8.01 — 7.95

(m, 2H), 7.84 — 7.78 (m, 2H), 7.32 — 7.26 (m, 3H), 7.25 — 7.20 (M, 2H),

=
(0]
TsNQK@ 7.13-7.07 (m, 2H), 6.97 — 6.91 (m, 2H), 4.75 (s, 2H), 4.47 (s, 2H), 3.87
OMe

® (s, 3H), 2.38 (s, 3H); *C NMR (126 MHz, CDCl3) § 191.95, 164.15,

143.87, 136.20, 131.74, 130.67, 129.79, 128.62, 128.25, 128.07, 127.87,
122.20, 114.12, 86.28, 81.79, 55.67, 51.75, 38.42, 21.63; HRMS (ESI) calculated for [M+Na,
CasH23NNaO,S]": 456.1240; found: 456.1244.

1c: white powder, 80% vyield. '"H NMR (500 MHz, CDCls) & 8.08 — 8.01

Ph
40 (m, 2H), 7.85 — 7.77 (m, 2H), 7.33 — 7.21 (m, 5H), 7.19 — 7.06 (m, 4H),
TsN\)J\©\ 4.76 (s, 2H), 4.47 (s, 2H), 2.39 (s, 3H); 3¢ NMR (126 MHz, CDCly) &
F| 192.08, 166.19 (d, J = 256.1 Hz), 144.03, 135.93, 131.69, 131.45 (d, J =
1c

3.0 Hz), 131.08 (d, J = 9.4 Hz), 129.83, 128.71, 128.27, 127.84, 122.03,
116.11 (d, J = 22.0 Hz), 86.46, 81.52, 52.09, 38.50, 21.61; HRMS (ESI) calculated for [M+Na,
CaaHa0FNNaO;S]": 444.1040; found: 444.1042.

= 1d: white powder, 73% vyield. '"H NMR (500 MHz, CDCls) & 7.96 — 7.92

Z (M, 2H), 7.82 — 7.78 (m, 2H), 7.47 — 7.42 (m, 2H), 7.33 — 7.26 (m, 3H),
TSNQJ\@ 7.25-7.20 (m, 2H), 7.13— 7.06 (m, 2H), 4.74 (s, 2H), 4.45 (s, 2H), 2.38 (s,
1 cl| 3H); ®C NMR (126 MHz, CDCly) & 192.57, 144.07, 140.45, 135.88,

133.33, 131.71, 129.86, 129.77, 129.28, 128.74, 128.29, 127.85, 122.01,
86.52, 81.48, 52.19, 38.53, 21.64; HRMS (ESI) calculated for [M+Na, CpsH;CINNaOsS]*:
460.0745; found: 460.0745.
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1e: white powder, 64% yield. *H NMR (500 MHz, CDCls) 5 8.14 — 8.08
(m, 2H), 7.84 — 7.79 (m, 2H), 7.76 — 7.71 (m, 2H), 7.35 — 7.21 (m, 5H),
7.12 — 7.06 (m, 2H), 4.79 (s, 2H), 4.46 (s, 2H), 2.40 (s, 3H); °C NMR
(126 MHz, CDCl3) 5 193.03, 144.18, 137.70, 135.71, 135.04 (q, J = 32.6
Hz), 131.68, 129.90, 128.80, 128.75, 128.30, 127.85, 125.96 (q, J = 3.6

Hz), 123.56 (d, J = 272.8 Hz), 121.91, 86.66, 81.35, 52.58, 38.63, 21.61; HRMS (ESI) calculated

for [M+Na, C,5H20FsNNaO3S]": 494.1008; found: 494.1009.

Ph

=Z
0

TsN \)J\©/0Me
T

1f: light yellow solid, 92% yield. *H NMR (500 MHz, CDCl5) & 7.85 —
7.77 (m, 2H), 7.59 — 7.54 (m, 1H), 7.54 — 7.48 (m, 1H), 7.41 — 7.36 (m,
1H), 7.33 — 7.26 (m, 3H), 7.25 — 7.19 (m, 2H), 7.17 — 7.07 (m, 3H),
4.79 (s, 2H), 4.48 (s, 2H), 3.85 (s, 3H), 2.39 (s, 3H); *C NMR (126
MHz, CDCls3) & 193.39, 160.01, 143.92, 136.29, 136.10, 131.71, 129.93,

129.81, 128.66, 128.25, 127.81, 122.08, 120.74, 120.53, 112.49, 86.36, 81.65, 55.62, 52.16, 38.42,

21.62; HRMS (ESI) calculated for [M+Na, C,sH,3NNaO,S]": 456.1240; found: 456.1242.

TsN

19

Ph

OMe

Q;&

1g: light yellow solid, 86% yield. "H NMR (500 MHz, CDCls) § 7.83 — 7.77
(m, 3H), 7.54 — 7.47 (m, 1H), 7.31 — 7.26 (m, 3H), 7.25 — 7.20 (m, 2H), 7.15
—7.10 (m, 2H), 7.04 — 6.95 (m, 2H), 4.83 (s, 2H), 4.51 (s, 2H), 3.91 (s, 3H),
2.38 (s, 3H); **C NMR (126 MHz, CDCl5) § 194.97, 159.14, 143.54, 136.72,
134.67, 131.65, 130.99, 129.60, 128.51, 128.23, 127.76, 125.52, 122.36,

121.05, 111.67, 85.83, 82.38, 56.11, 55.73, 38.43, 21.60; HRMS (ESI) calculated for [M+Na,

CasH2sNNa0,S]": 456.1240; found: 456.1243.

1h

Ph
e
0
TsN\)J\E@
\
NM

e

1h: light yellow solid, 79% yield. *H NMR (500 MHz, CDCl,)  8.27 — 8.21
(m, 1H), 8.06 (s, 1H), 7.72 (d, J = 8.2 Hz, 2H), 7.27 — 7.20 (m, 3H), 7.19 —
7.14 (m, 3H), 7.13 - 7.07 (m, 2H), 6.99 — 6.93 (m, 2H), 4.42 (s, 2H), 4.35 (s,
2H), 3.74 (s, 3H), 2.25 (s, 3H); *C NMR (126 MHz, CDCl;) & 188.54,

143.99, 137.30, 136.83, 135.72, 131.72, 129.78, 128.52, 128.17, 127.96, 126.72, 123.74, 123.06,

122.63, 122.26, 113.99, 109.86, 86.41, 81.51, 53.34, 38.55, 33.83, 21.59; HRMS (ESI) calculated

for [M+H, C»7H,5N,03S]": 457.1580; found: 457.1582.



1i

Ph

Z

0
TsN\)S<Me
Me

Me

1i: white solid, 79% vyield. '"H NMR (500 MHz, CDCl,) & 7.79 — 7.74 (m,
2H), 7.32 — 7.24 (m, 5H), 7.17 — 7.12 (m, 2H), 4.45 (s, 2H), 4.40 (s, 2H),
2.39 (s, 3H), 1.18 (s, 9H); *C NMR (126 MHz, CDCls) & 208.92, 143.74,
136.42, 131.68, 129.73, 128.70, 128.34, 127.68, 122.16, 86.11, 81.88, 49.72,
43.64, 37.85, 26.48, 21.60; HRMS (ESI) calculated for [M+Na,

CaoH2sNNaO3S] " 406.1447; found: 406.1447.

Et
K2CO3, BU4N| //
O

0
+
o AN NHTS g/

pmF,0°C, 2h TsN. L
1j

Supplementary Figure 3. Synthetic procedure of substrate 1j

Et
=
0

TsN

4-Methyl-N-(2-ox0-2-phenylethyl)-N-(pent-2-yn-1-yl)benzenesulfonamide
(1j). To a solution of 4-methyl-N-(2-0x0-2-phenylethyl)benzenesulfonamide®
(1.0 g, 3.46 mmol, 1.0 equiv), 1-bromopent-2-yne (0.48 mL, 4,50 mmol, 1.3
equiv), BusNI (129 mg, 0.35 mmol, 0.1 equiv) in 10 mL DMF at 0 °C was

added K,COs3 (1.1 g, 7.85 mmol, 2.5 equiv) under N,, and stirred at 0 °C for 2 h.

Then the reaction was quenched with water, extracted with EtOAc, washed with saturated brine,

dried with anhydrous Na,SQ,, filtered, and concentrated under vacuum. The residue was purified

by column chromatography (eluent: PE/EA 10/1) to afford 1j as white solid (1.0 g, 82% vyield). 1j:

'H NMR (500 MHz, CDCl3) 6 7.96 (d, J = 7.3 Hz, 2H), 7.77 (d, J = 8.2 Hz, 2H), 7.59 (t, J = 7.4

Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 4.74 (5, 2H), 4.21 (5, 2H), 2.42 (s, 3H),

1.94 (tq, J = 7.5, 2.0 Hz, 2H), 0.90 (t, J = 7.5 Hz, 3H): *C NMR (126 MHz, CDCls) & 193.62,

143.67, 136.29, 135.10, 133.82, 129.61, 128.88, 128.18, 127.81, 88.45, 71.81, 51.80, 38.04, 21.64,

13.56, 12.27; HRMS (ESI) calculated for [M+Na, CH2:NNaO3S]": 378.1134; found: 378.1138.
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Ph

Ph K2003 Br o %
_MeCN _
TiNH, * Br TfHN\)J\ -
TN
/\[g reflux K,COs, BusNI, QJ\Ph
$10 DMF, 0°C, 1 h 1K

Supplementary Figure 4. Synthetic procedure of substrate 1k

1,1,1-Trifluoro-N-(2-oxo-2-phenylethyl)methanesulfonamide (S10):
TfHN\)J\Ph 2-Bromo-1-phenylethan-1-one (27 g, 134 mol, 1.0 equiv),

S10 Trifluoromethanesulfonamide (4.0 g, 26.8 mmol, 2.0 equiv), and K,COs (3.7 g,

26.8 mmol, 2.0 equiv) were dissolved in 100 mL MeCN, and heated to reflux for 1 h. Then the
reaction was quenched with water, extracted with EtOAc, washed with saturated brine, dried with
anhydrous Na,SOq,, filtered, and concentrated under vacuum. The residue was purified through
column chromatography (hexane/EtOAc 30/1) to afford S10 as white solid (3.8 g, 75%). S10: *H
NMR (500 MHz, CDCls) 4 7.98 — 7.91 (m, 2H), 7.71 — 7.64 (m, 1H), 7.58 — 7.49 (m, 2H), 6.24 (s,
1H), 4.78 (s, 2H); *C NMR (126 MHz, CDCl3) & 191.54, 135.10, 133.30, 129.32, 128.19, 119.81
(0, J = 320.9 Hz), 49.64; MALDI-TOF-HR-MS calculated for [M+H, CgHoFsNO5S]™: m/z
268.0250; found: 268.0247.

o lk: To a solution of S2 (300 mg, 1.12 mmol, 1.00 equiv),

% (3-bromoprop-1-yn-1-yl)benzene (241 mg, 1.23 mmol, 1.10 equiv), BusNI (42
TfN% mg, 0.11 mmol, 0.10 equiv) in 2.5 mL DMF at 0 °C was added K,CO; (171 mg,
1k

Ph
1.23 mmol, 1.10 equiv) and stirred at 0 °C for 1 h. Then the reaction was

guenched with water, extracted with EtOAc, washed with saturated brine, dried
with anhydrous Na,SO,, filtered, and concentrated under vacuum. The residue was purified
through column chromatography (hexane/EtOAc 50/1) to afford 1k as white solid (370 mg, 86%).
1k: 'H NMR (500 MHz, CDCl5)  8.00 — 7.94 (m, 2H), 7.69 — 7.62 (m, 1H), 7.56 — 7.49 (m, 2H),
7.42 — 7.27 (m, 5H), 5.05 (s, 2H), 4.67 (s, 2H); *C NMR (126 MHz, CDCls) & 191.55, 134.50,
134.20, 131.96, 129.22, 129.18, 128.53, 128.09, 121.64, 119.91 (q, J = 322.3 Hz), 87.12, 80.73,
52.32, 39.89; HRMS (ESI) calculated for [M+Na, CigHi4FsNNaO5S]™: 404.0539; found:
404.0541.

11



Ph

/
o) Zt
K,COs, BugNI
— Ph 2LU3, Buy _ %
NHBn + ST— -
Ph)JV Br DMF, 0°C, 2 h BnN\)LPh
1

Supplementary Figure 5. Synthetic procedure of substrate 1l

=1 11: (N-benzyl-3-phenylprop-2-yn-1-amine® was used), white solid, 77% yield. 'H
gz
25| NMR (500 MHz, CDCl3) & 7.96 — 7.89 (m, 2H), 7.53 — 7.47 (m, 1H), 7.42 - 7.31

B”N%ph (m, 6H), 7.29 — 7.17 (m, 6H), 4.01 (s, 2H), 3.78 (s, 2H), 3.66 (s, 2H); °C NMR
11

(126 MHz, CDCl3) 6 197.52, 138.03, 136.23, 133.35, 131.92, 129.50, 128.65,

128.55, 128.45, 128.43, 128.32, 127.59, 123.21, 86.29, 84.21, 59.58, 58.38, 43.46; HRMS (ESI)
calculated for [M+H, C,sH,,NO]": 340.1696; found: 340.1699.

Ph

0 =

__ K,CO3, BuyNI
——Ph 223 24 T (0]
NHBoc + /

Ph)J\/ Br DMF,0°C,2h BOCN\)k
Ph
1m

Supplementary Figure 6. Synthetic procedure of substrate 1m

Ph 1m: (tert-butyl (2-oxo-2-phenylethyl) carbamate’ was used), white solid, 75%
yield. '"H NMR (500 MHz, CDCl;) & 8.04 — 7.98 (m, 2H), 7.60 (t, J = 7.4 Hz,

~
(@]
BOCNJKO 1H), 7.49 (t, J = 7.6 Hz, 2H), 7.31 — 7.22 (m, 5H), 5.78 (d, J = 8.3 Hz, 1H),

im 5.56 — 5.48 (m, 1H), 3.04 (dd, J = 17.1, 5.8 Hz, 1H), 2.89 (dd, J = 17.0, 5.1

Hz, 1H), 1.47 (s, 9H); *C NMR (126 MHz, CDCl3) & 197.35, 155.27,
134.88, 133.84, 131.71, 128.93, 128.75, 128.22, 128.07, 123.16, 84.17, 84.12, 80.16, 53.93, 28.45,
24.75; HRMS (ESI) calculated for [M+Na, C,,H,3NNaO3]": 372.1570; found: 372.1573.
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Ph

_mh o0  KoCOs MeCN, t,2h /
/ /\)J\ thenrt, 10 h
+ Br Ph

~ TsN Ph
NHTs N

s9 in ©°

Supplementary Figure 7. Synthetic procedure of substrate 1n

/Ph 1n: To a solution of S9 (2.0 g, 7.01 mmol, 1.0 equiv) in 15 mL MeCN at 0 °C
Z

was added K,CO3 (1.07 g, 7.71 mmol, 1.1 equiv) and stirred for 2 h, followed
TsN Ph

I by the addition of 3-bromo-1-phenylpropan-1-one’ (1.5 g, 7.01 mmol, 1.0

1n

equiv) in one portion, and stirred for 10 h. The reaction was quenched with

water, extracted with EtOAc, washed with saturated brine, dried with anhydrous Na,SQOy, filtered,
and concentrated under vacuum. The residue was recrystallized with hexane/EtOAc to afford 1n
as white solid (2.6 g, 90%). 1n: *H NMR (500 MHz, CDCl,) & 7.98 — 7.92 (m, 2H), 7.85 — 7.77
(m, 2H), 7.59 — 7.52 (m, 1H), 7.48 — 7.40 (m, 2H), 7.31 — 7.18 (m, 5H), 7.11 — 7.05 (m, 2H), 4.44
(s, 2H), 3.71 (t, J = 7.1 Hz, 2H), 3.45 (t, J = 7.1 Hz, 2H), 2.33 (s, 3H); *C NMR (126 MHz,
CDCl3) 6 198.10, 143.65, 136.47, 135.61, 133.42, 131.53, 129.61, 128.68, 128.45, 128.13, 128.07,
127.83, 122.11, 85.58, 82.31, 42.82, 39.01, 38.57, 21.44; HRMS (ESI) calculated for [M+H,
CasH24NO3S]": 418.1471; found: 418.1465.

— Ph . 1p: Preparation of 1p was carried out according to a procedure similar to

that for the synthesis of 1n from corresponding p-bromoketone. White

TSN\/\ép/ solid, 93% vield. 1p: *H NMR (500 MHz, CDCl;)  8.06 — 7.93 (m,
1p 2H), 7.81 (d, J = 8.2 Hz, 2H), 7.33 — 7.20 (m, 5H), 7.20 — 7.04 (m, 4H),

4.42 (s, 2H), 3.68 (t, J = 7.0 Hz, 2H), 3.43 (t, J = 7.0 Hz, 2H), 2.35 (s, 3H). *C NMR (126 MHz,
CDCl3) § 196.66, 167.02, 164.99, 143.80, 135.62, 133.05 (d, J = 3.0 Hz), 131.61, 130.86 (d, J = 9.4
Hz), 129.71, 128.57, 128.22, 127.93, 122.16, 85.67, 82.35, 42.92, 39.21, 38.71, 21.53;'°F NMR (376
MHz, CDCls) 5 —104.62 (m).HRMS (ESI) calculated for [M+Na, CysH,,FNNaOsS]": 458.1197;
found: 458.1204.
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NHTs
S11 10 O

P o K,CO3, MeCN, rt, 2 h /
2 37 3 bl
/ s o~ then rt, 10 h
Br Ph > TsN

Supplementary Figure 8. Synthetic procedure of substrate 10

4-Methyl-N-(pent-2-yn-1-yl)benzenesulfonamide (S11): Preparations of S11 were carried out
according to procedures similar to that for the synthesis of S9. All the physical and spectroscopic

data of this compound are in agreement with those reported in the literature.®

= 1o: Preparation of 1o was carried out according to a procedure similar to that

/ for the synthesis of 1n from substrate S11. .10: white solid, 80% vyield. *H
TSN\/\H/Ph NMR (500 MHz, CDCl3) 6 7.95 (dd, J = 8.3, 1.1 Hz, 2H), 7.76 (d, J = 8.3 Hz,
100 2H), 7.59 — 7.54 (m, 1H), 7.46 (t, J = 7.7 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H),

415 (t, J = 2.2 Hz, 2H), 3.60 (t, J = 7.3 Hz, 2H), 3.39 (t, J = 7.3 Hz, 2H),
2.41 (s, 3H), 1.92 (qt, J = 7.5, 2.2 Hz, 2H), 0.89 (t, J = 7.5 Hz, 3H); *C NMR (126 MHz, CDCls)
0 198.29, 143.52, 136.61, 135.87, 133.49, 129.51, 128.77, 128.15, 127.93, 87.62, 72.39, 42.64,
38.62, 38.57, 21.60, 13.54, 12.24; HRMS (ESI) calculated for [M+H, CyH23NO3S]™: 370.1471;
found: 370.1472.

P Et 1q: Preparation of 1q was carried out according to a procedure similar to
/ Fl that for the synthesis of 1n from substrate S11 and corresponding
TsN
B-bromoketone. 1q: white solid, 85% yield. ‘H NMR (400 MHz, CDCls)
o)
1q

§7.99 (dd, J = 8.7, 5.4 Hz, 2H), 7.75 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 8.0

Hz, 2H), 7.14 (t, J = 8.5 Hz, 2H), 4.14 (s, 2H), 3.59 (t, J = 7.2 Hz, 2H),
3.37 (t, J = 7.2 Hz, 2H), 2.42 (s, 3H), 1.93 (dd, J = 15.1, 7.6 Hz, 2H), 0.90 (t, J = 7.5 Hz, 3H); **C
NMR (126 MHz, CDCl5) 5 196.79, 167.07, 165.04, 143.61, 135.84, 133.14 (d, J = 2.9 Hz), 130.87
(d, J = 9.3 Hz), 129.57, 128.65 (d, J = 267.4 Hz), 127.97, 116.03, 115.86, 87.68, 72.42, 42.69,
38.76, 38.76, 21.64, 13.58, 12.28; F NMR (376 MHz, CDCls) & —104.69 (m); HRMS (ESI)
calculated for [M+Na, C,;H,,FNNa05S]": 410.1197; found: 410.1201.
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R1 R‘l

=
o} Ni(cod), (0.5-4 mol%), L4 (0.25-2 mol%)

> R|.OSiEt
RN*%LRz Et;SiH (3 equiv), dioxane, 25 °C 12 h Rt

n //RZ
1 (n=1,2) 2

Supplementary Figure 9. Asymmetric nickel-catalyzed reductive cyclization of N-alkynones

General Procedure: Ni(cod); (2 p mol, 1 mol %), (S,S)-DI-BIDIME (L4, 1 u mol, 0.5 mol %),
and dioxane (0.5 mL) were added to a 5 mL screw-cap vial equipped with a magnetic stirring bar
in the glove box. Substrate 1 (0.2 mmol, 1.0 equiv.) was added to the solution in one portion,
stirred for 5 mins, followed by the addition of triethylsilane (Et3SiH, 0.6 mmol, 3.0 equiv.). The
vial was closed with a screw-cap, and the resulting mixture was stirred at 25 °C for 12 h.
Quenched with saturated sodium bicarbonate (NaHCO3), extracted with ethyl acetate (EtOAcC),
washed with saturated NaCl, dried over anhydrous sodium sulfate (Na,SO,), filtered, and
concentrated under vacuum. The residue was purified by column chromatography (10% petroleum

ether/EtOAC) to afford compound 2.
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2a. colorless oil, 98% vyield, 99:1 er with L4 (0.1 mol%). Enantiomeric ratio

Ph
\/:L)\H was determined by chiral HPLC. Chiralpark AD-H, 25 °C, flow rate: 1
TsN :
"//,PC:IS'E% mL/min, hexanes/isopropanol: 98/2, 254 nm, 6.8 min (R), 10.2 min (S). The
2a absolute configuration was assigned by the X-ray structure of 3a (desilylation

product of 2a). 2a: [o]p? = +23.6 (¢ = 1.0, CHCI3); *H NMR (500 MHz, CDCl3) & 7.75 (d, J = 8.0
Hz, 2H), 7.48 (d, J = 7.4 Hz, 2H), 7.41 — 7.25 (m, 8H), 7.16 (d, J = 7.6 Hz, 2H), 6.45 (s, 1H), 4.38
(d, J=14.9 Hz, 1H), 4.21 (dd, J = 14.9, 1.8 Hz, 1H), 3.68 (d, J = 9.6 Hz, 1H), 3.44 (d, J = 9.6 Hz,
1H), 2.44 (s, 3H), 0.91 (t, J = 7.9 Hz, 9H), 0.55 (g, J = 7.7 Hz, 6H); *C NMR (126 MHz, CDCls)
8 144.01, 143.98, 142.39, 135.92, 132.59, 129.89, 128.78, 128.59, 128.19, 127.95, 127.75, 127.55,
126.10, 126.10, 83.10, 60.68, 50.56, 21.65, 7.14, 6.25; HRMS (ESI) calculated for [M+Na,
CsoHasNNaO3SSi]": 542.2156; found: 542.2159.

DADL B, Sg=2544 Re=360,100 (FAARPAZ 20150606 1545:04011-0701. D)

LR

8

o

6 7 8 9 10 1 12 nir
DADL B, Sg=254,4 Ref=380,100 (FAARAZ 201508-21. 15-30-50083-020L.0)
MJ,
o]
o]
o]
o]
.
.
104 8
ol g
‘ g 7 3 3 b 4 P} o
# [min] [min] [mAU* mAU] %
- |—— = | ——————- | - | ——————— |
1 6.840 BB 0.3442 2059.34¢ce8 85.13765 98.5504
2 10.242 BB 0.2700 30.29120 1.60639 1.449¢

Supplementary Figure 10. HPLC chromatogram of chiral product 2a
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Ph Ph

T TBAF ~u
TN r|.osiet, THF,0°C,05h TSN R|_oH

‘Ph Ph
2a 3a

Ph To a solution of 2a (520 mg, 1.0 mmol, 1.0 equiv.) in THF (10 mL) at 0 °C

~>H| was added TBAF (1.0 M solution in THF, 1.5 ml, 1.5 equiv.), stirred at 0 °C
TsN OH
“Ph

3a brine, dried with anhydrous Na,SOy, filtered, and concentrated under vacuum.

for 0.5 h. Quenched with water, extracted with EtOAc, washed with saturated

The residue was purified by column chromatography (20% petroleum
ether/EtOAC) to give compound 3a as white solid (390 mg, 96%). 3a: [a]p> = +24.5 (¢ = 1.0,
CHCI,); *H NMR (500 MHz, CDCls) & 7.63 (d, J = 8.2 Hz, 2H), 7.39 — 7.32 (m, 2H), 7.29 — 7.13
(m, 8H), 7.03 (d, J = 7.4 Hz, 2H), 6.19 (t, J = 2.3 Hz, 1H), 4.40 (dd, J = 15.0, 2.4 Hz, 1H), 4.16
(dd, J = 15.0, 2.5 Hz, 1H), 3.47 (q, J = 10.4 Hz, 2H), 2.42 (s, 1H), 2.32 (s, 3H); *C NMR (126
MHz, CDCl;) 6 144.03, 142.58, 141.59, 135.64, 132.98, 129.93, 128.76, 128.65, 128.44, 128.01,
127.97, 127.94, 126.61, 126.31, 82.05, 61.50, 50.72, 21.68; HRMS (ESI) calculated for [M+Na,
C24H23sNNaO;S]": 428.1291; found: 428.1292.

Crystalization from hexanes/EtOAc (9:1) gave crystals suitable for X-ray crystallographic analysis,

which revealed its absolute configuration for the chiral tertiary alcohol 3a as shown in Figure 1.

Me

Supplementary Figure 11. X-ray derived ORTEP representation of 3a (CCDC1532676 contains the
supplementary crystallographic data of 3a. These data can be obtained free of charge from The

Cambridge Crystallographic Data Centre)
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Ph 2b: colorless oil, 87% yield, 98:2 er with L4 (0.5 mol%). Enantiomeric
ZH ratio was determined by chiral HPLC. Chiralpark AD-H, 25 °C, flow rate:
TsN | osikt,
@\ 1 mL/min, hexanes/isopropanol: 98/2, 254 nm, 15.4 min (R), 24.6 min (S).
" ome| 207 [01o?° = +19.1 (¢ = 1.0, CHCI); *H NMR (500 MHz, CDCls) § 7.73

(d, J = 8.0 Hz, 2H), 7.43 - 7.26 (m, 7H), 7.15 (d, J = 7.5 Hz, 2H), 6.84 (d,
J =86 Hz, 2H), 6.47 (s, 1H), 4.34 (d, J = 14.8 Hz, 1H), 4.18 (d, J = 14.8 Hz, 1H), 3.82 (s, 3H),
3.68 (d, J = 9.5 Hz, 1H), 3.39 (d, J = 9.5 Hz, 1H), 2.43 (s, 3H), 0.90 (t, J = 7.9 Hz, 9H), 0.53 (dd, J
= 15.6, 7.7 Hz, 6H); °C NMR (126 MHz, CDCls) § 159.01, 143.91, 142.39, 135.96, 135.70,
132.73, 129.87, 128.76, 128.60, 127.89, 127.68, 127.47, 12553, 113.49, 82.70, 60.30, 55.35,
50.33, 21.64, 7.14, 6.24; HRMS (ESI) calculated for [M+H, C3;HsNO,SSi]™: 550.2447; found:
550.2431.

0004 B, Sig=2od 4 Pete 360,100 (DHPLC 0. CRUPMLC-2VTD 20 B FVEDANE D045-09-17 -2 0300010
mAll o

22652

i
0004 B, Sig=2od 4 Pede 360,100 (DHPLC 00 CRUMLC-2VTD 20 B FVDRNE D045 -12-26 13-3-36000-0101.0)

15.403 0 6 5 7.30240 98.0780
2 24.595 MM 2.0871 ©6.601714 5.28408e-2 1.9220

Supplementary Figure 12. HPLC chromatogram of chiral product 2b

Ph 2c: colorless oil, 90% yield, 99:1 er with L4 (0.5 mol%). Enantiomeric ratio
TsN\/:L//O\S?Et was determined by chiral HPLC. Chiralpark AD-H, 25 °C, flow rate: 1
3

@\ mL/min, hexanes/isopropanol: 98/2, 254 nm, 6.9 min (R), 10.6 min (S). 2c:
2e FI [a]o® = +11.9 (c = 1.0, CHCI3); *H NMR (500 MHz, CDCly) § 7.74 (d, J =

18



8.2 Hz, 2H), 7.48 — 7.42 (m, 2H), 7.40 — 7.31 (m, 4H), 7.28 (t, J = 7.4 Hz, 1H), 7.15 (d, J = 7.4 Hz,
2H), 7.02 — 6.96 (m, 2H), 6.4 (t, J = 2.3 Hz, 1H), 4.34 (dd, J = 14.9, 2.3 Hz, 1H), 4.21 (dd, J =
14.9, 2.6 Hz, 1H), 3.66 (d, J = 9.6 Hz, 1H), 3.40 (d, J = 9.6 Hz, 1H), 2.44 (s, 3H), 0.89 (t, J = 7.9
Hz, 9H), 0.58 — 0.49 (m, 6H); *C NMR (126 MHz, CDCls) § 162.16 (d, J = 246.4 Hz), 144.08,
142.13,139.95 (d, J = 3.1 Hz), 135.74, 132.47, 129.91, 128.81, 128.57, 127.91, 127.86 (d, J = 2.0
Hz), 127.80, 126.08, 114.98 (d, J = 21.4 Hz), 82.63, 60.46, 50.43, 21.62, 7.09, 6.23; HRMS (ESI)
calculated for [M+H, C3oH3;03NFSSi]*: 538.2247; found: 538.2234.

DA B, 5ig=25+,# Re £360 100 (FUUZFWIZ 2015-09-11 05-56- 110 13-0901 [
m AU 7 =y

23

ol
o
0
a1
a
A O O B L AL B B B L B L N
[ 1 g il i1 12 13 it mirf
D01 B, Sig=254, 4 Re £360 100 (FUZFINZ 201454 243 20-20-56'011 04001 .I)
mAl =24
04 o
]
-
A4 @%
0 ERCE
a %@—
T T T T T T T T T T T
1 g i i1 12 13 it miry
= [min] [min] [MAU*s mAU] 2
1 6.899 BB 0.5163 1866.99622 54.96024 98.623
2 10.596 MM 0.5501 26.06558 7.8978%e- 1.3769

Supplementary Figure 13. HPLC chromatogram of chiral product 2c

Ph 2d: colorless oil, 74% yield, 99:1 er with L4 (0.5 mol%). Enantiomeric ratio
ZH was determined by chiral HPLC. Chiralpark AD-H, 25 °C, flow rate: 1
TsN | osikt,
mL/min, hexanes/isopropanol: 99/1, 254 nm, 7.2 min (R), 9.4 min (S). 2d:
al [010% = +11.6 (c = 1.0, CHCI5); *H NMR (500 MHz, CDCl3) § 7.73 (d, J =
2d

8.2 Hz, 2H), 7.43 — 7.32 (m, 6H), 7.31 — 7.25 (m, 3H), 7.14 (d, J = 7.4 Hz,
2H), 6.41 (t, J = 2.2 Hz, 1H), 4.35 (dd, J = 15.0, 2.3 Hz, 1H), 4.20 (dd, J = 15.0, 2.6 Hz, 1H), 3.63
(d, J = 9.7 Hz, 1H), 3.40 (d, J = 9.7 Hz, 1H), 2.44 (s, 3H), 0.89 (t, J = 7.9 Hz, 9H), 0.58 — 0.48 (m,
6H); °C NMR (126 MHz, CDCls) & 144.14, 142.91, 141.98, 135.70, 133.42, 132.43, 129.94,
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128.84, 128.59, 128.36, 127.93, 127.51, 126.34, 110.10, 82.69, 60.50, 50.50, 21.67, 7.11, 6.25;
HRMS (ESI) calculated for [M+H, C3yH3;03NCISSi]": 554.1952; found: 554.1935.

D01 B, Sigr254,4 ReF360,100 (RNEFNE 2016-09-06 03424707 1-0201 .07
@

~

29.472

De01 B, Sigr2bd.d HEFS;.]EIEI (FNEFNE206-0%-03 1;—44—23\]?1-0101 .o . . = ! iy
: : é : . =
= [min] [min] [mAU*s] [mAU] %
sers|Eare== |=====mmsm= et | === === I
1 7.171 BB 0.2519 3382.08496 207.80231 98.6806
2 9.426 BB 0.2448 45.21954 2.2858¢6 1.3194

Supplementary Figure 14. HPLC chromatogram of chiral product 2d

20



= 2e: colorless oil, 98% vyield, > 99:1 er with L4 (0.25 mol%). Enantiomeric

ZH ratio was determined by chiral HPLC. Chiralpark AD-H, 25 °C, flow rate:
TSN | _osikt,
@\ 1 mL/min, hexanes/isopropanol: 99/1, 254 nm, 7.7 min (R), 9.0 min (S).

cr| 2€ [a]o? = +13.4 (c = 1.0, CHCI5); *H NMR (500 MHz, CDCl3) § 7.76 (d,
2e

J =8.1Hz, 2H), 7.59 (dd, J = 19.6, 8.4 Hz, 4H), 7.41 — 7.33 (m, 4H), 7.32
—7.27 (m, 1H), 7.15 (d, J = 7.5 Hz, 2H), 6.41 (s, 1H), 4.38 (dd, J = 15.0, 2.0 Hz, 1H), 4.26 (dd, J
= 15.0, 2.3 Hz, 1H), 3.65 (d, J = 9.8 Hz, 1H), 3.44 (d, J = 9.8 Hz, 1H), 2.45 (s, 3H), 0.90 (t, J =
7.9 Hz, 9H), 0.61 — 0.51 (m, 6H); BC NMR (126 MHz, CDCls) 6 148.77, 144.26, 141.87, 135.57,
132.20, 129.96, 129.70 (q, J = 32.4 Hz), 128.86, 128.57, 128.04, 127.98, 126.91, 126.27, 125.21
(q, J = 3.7 Hz), 124.21 (q, J = 272.2 Hz), 82.87, 60.73, 50.69, 21.61, 7.07, 6.24; HRMS (ESI)
calculated for [M+H, C3,H3;03NF5SSi]": 588.2210; found: 588.2216.

DAD1E, Sig=254 4 Re F3E0,100 (DAHPLC DA CEUMLC-2TO 201605 11 FINEFINZ 2015-09-13 212317001 -0301.00
mAll =

o
@
b
=3

1 g a 0 1 13 min
OAD1 B, Sig=254 4 Re F360,100 (DAHPLC DA CEUMLC-2T0 20160511 FIZWFINZ 2015-11-06 18-21-36'050-0101. 00
o
140 4
1207
100 7
a0
0
40
204
a
? g 3 0 1 12w
= [min] [min] [mAU*s] [mAU] %
e S | = | fi e | e e | = I
1 7.682 MM 0.4258 4267.58789 167.03578 99.5945
2 8.975 MM 0.2637 17.37698 1.09829 0.4055

Supplementary Figure 15. HPLC chromatogram of chiral product 2e
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Ph

A H
TsN | osikt,
’*©/0Me

2f

(t, J = 8.0 Hz, 1H), 7.18

2f: colorless oil, 98% yield, 99:1 er with L4 (0.25 mol%). Enantiomeric
ratio was determined by chiral HPLC. Chiralpark AD-H, 25 °C, flow rate:
1 mL/min, hexanes/isopropanol: 99/1, 254 nm, 12.3 min (S), 22.3 min
(R). 2f: [0]p® = +34.3 (c = 1.0, CHCI3); *H NMR (500 MHz, CDCl3) &
7.75 (d, J = 8.2 Hz, 2H), 7.41 — 7.31 (m, 4H), 7.31 — 7.26 (m, 1H), 7.22

—7.13 (m, 2H), 7.13 — 7.09 (m, 1H), 7.02 — 6.97 (m, 1H), 6.84 — 6.80 (m,

1H), 6.44 (t, J = 2.3 Hz, 1H), 4.40 (dd, J = 14.9, 2.3 Hz, 1H), 4.21 (dd, J = 14.9, 2.6 Hz, 1H), 3.81

(s, 3H), 3.64 (d, J = 9.7 Hz, 1H), 3.46 (d, J = 9.7 Hz, 1H), 2.4 (s, 3H), 0.91 (t, J = 7.9 Hz, 9H),

0.56 (g, J = 7.6 Hz, 6H); **C NMR (126 MHz, CDCly) & 159.46, 145.83, 143.98, 142.23, 135.91,

132.57, 129.88, 129.19, 128.77, 128.58, 127.93, 127.76, 126.33, 118.47, 112.71, 112.19, 83.14,

60.96, 55.29, 50.63, 21.63, 7.15, 6.26; HRMS (ESI) calculated for [M+H, C3HsNO,SSi]":
550.2447; found: 550.2432.

mAl ] =

DAD B, Sig=25 44 Re F360 100 (FWZFWZ 20151242 H-525300110301.0)

12 14 16
DAD B, Sig=25 44 Re F360,100 (FWZFWZ 2015124 4 150922092-0001.0)

8_
63 W
o e
(! o
27 %@—
. .
T T T T T T T T T
2 it 16 18 N 22 24 il 28 miry
# [min] [min] MAU* = mAU | E:
—— | | ——= |- - | -~ |
1 12.328 MM 0.5451 46.10400 1.40972 1.0737
2 22.296 MM 4.1266 4247.65088 17.15571 98.9263

Supplementary Figure 16. HPLC chromatogram of chiral product 2f

22



Ph

2 H
TsN | osikt,

MeO
2g

2g: colorless oil, 98% yield, 99:1 er with L4 (0.5 mol%) at 60 °C.
Enantiomeric ratio was determined by chiral HPLC. Chiralpark AD-H, 25 °C,
flow rate: 1 mL/min, hexanes/isopropanol: 99/1, 254 nm, 12.2 min (S), 14.9
min (R). 2g: [a]p® = +27.0 (c = 1.0, CHCI5); *H NMR (500 MHz, CDCls) &
7.83 (dd, J = 7.7, 1.7 Hz, 1H), 7.79 (d, J = 8.2 Hz, 2H), 7.38 (d, J = 8.0 Hz,

2H), 7.33 (t, J = 7.6 Hz, 2H), 7.26 — 7.20 (m, 2H), 7.08 (d, J = 7.4 Hz, 2H), 7.00 (td, J = 7.6, 0.8

Hz, 1H), 6.67 (d, J = 7.9 Hz, 1H), 6.04 (t, J = 2.1 Hz, 1H), 4.63 (dd, J = 14.1, 2.0 Hz, 1H), 4.03

(dd, J = 14.1, 2.9 Hz, 1H), 3.55 (s, 2H), 3.10 (s, 3H), 2.45 (s, 3H), 0.98 (t, J = 7.9 Hz, 9H), 0.79 —

0.63 (m, 6H); *C NMR (126 MHz, CDClg) & 155.26, 144.43, 143.70, 136.67, 132.92, 132.06,

129.62, 128.86, 128.71, 128.49, 128.31, 127.45, 127.33, 124.48, 120.36, 111.05, 82.94, 60.39,

54.33, 51.97, 21.65, 7.30, 6.16; HRMS (ESI) calculated for [M+H, CsH4NO,SSi]*: 550.2447;

found: 550.2433.

DADT B, Sig=254 4 Ref=360,100 (FWAFRNZ 2015-09-15 20-39-47011-0104.0)
Al ]
z .{‘3"&
35 s @_
21
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i 12 14 16 18 rir|
DADT B, Sig=254 4 Ref=360,100 (FWARNZ 2015-12-26 02-36-51092-0501 .07
Al 3 o
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30 -
254
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154
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b o oS
5] E 4
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T T T T T T
i 12 14 16 18 rir|
# [min] [min] mAU* s mAU] 5
1 12.179 MM 0.6461 21.90422 5.65021e-1 1.0578
2 14.902 BB 0.7538 2048.74268 36.33746 98.9422

Supplementary Figure 17. HPLC chromatogram of chiral product 2g
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TN osiEt,

NMe

2h: colorless oil, 80% vyield, 99:1 er with L4 (1 mol%) at 80 °C.
Enantiomeric ratio was determined by chiral HPLC. Chiralpark OD-H, 25
°C, flow rate: 1 mL/min, hexanes/isopropanol: 98/2, 254 nm, 13.3 min (S),

20.5 min (R). 2h: [o]p® = +25.9 (¢ = 1.0, CHCI3); *H NMR (500 MHz,

CDCl3) 5 7.79 (d, J = 8.3 Hz, 2H), 7.61 (d, J = 8.0 Hz, 1H), 7.41 — 7.27 (m,

7H), 7.21 (t, J = 7.4 Hz, 1H), 7.18 — 7.15 (m, 2H), 7.13 (d, J = 7.7 Hz, 2H), 7.09 (s, 1H), 6.44 (t, J
= 3.0 Hz, 1H), 4.71 (d, J = 3.0 Hz, 2H), 3.84 (s, 3H), 2.42 (s, 3H), 1.00 (t, J = 8.0 Hz, 9H), 0.62 (g,
J = 8.0 Hz, 6H); *C NMR (126 MHz, CDCly) & 144.33, 138.65, 137.12, 137.10, 133.16, 131.54,

130.08, 128.72, 128.02, 127.82, 127.60, 127.00, 126.49, 123.28, 122.38, 120.18, 119.91, 117.53,

109.66, 105.90, 53.17, 33.05, 21.68, 6.71, 5.92; HRMS (ESI) calculated for

[M-OTES,

Ca7H2sN,0,S]": 441.1637; found: 441.1619.

LWALT O, Q=08 8 1 R J00 UL T WA WS AT L 1 U200 LD L)

mAl o

10 4
=
Lo
o

iy o
(]

8 -

4

2 -

D —

T L LA B A — T T T
A ] 125 i 175 20 225
DADT B, Sig=2544 R ef=360 100 { FWAFWZ 2016 063-22 17-50-15081-0201.0)
mal ] =

129 a

101

B -

8 -

44 e

kit
29 2 &
0 —
T T T T T T T T T
75 ] 125 18 174 20 225

Supplementary Figure 18

. HPLC chromatogram of chiral product 2h
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7
TsN
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. Me
2i
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_~OSiEty

Me
Me

2i: colorless oil, 94% vyield, > 99:1 er with L4 (1 mol%) at 80 °C.
Enantiomeric ratio was determined by chiral HPLC with 3i, the desilylation
product of 2i. Chiralpark AD-H, 25 °C, flow rate: 1 mL/min,
hexanes/isopropanol: 80/20, 254 nm, 16.3 min (R), 21.8 min (S). 2i: [a]o> =
~40.7 (¢ = 1.0, CHCl5); *H NMR (500 MHz, CDClg) & 7.74 — 7.69 (m, 2H),

7.41—7.35 (m, 2H), 7.33 — 7.26 (m, 3H), 7.18 — 7.14 (m, 2H), 6.45 (t, J = 2.4 Hz, 1H), 4.26 (dd, J

=14.9, 2.8 Hz, 1H), 4.05 (dd, J = 14.9, 2.2 Hz, 1H), 3.82 (d, J = 10.0 Hz, 1H), 2.89 (d, J = 10.0

Hz, 1H), 2.40 (s, 3H), 0.96 (s, 9H), 0.81 (t, J = 7.9 Hz, 9H), 0.46 — 0.28 (m, 6H); °C NMR (126

MHz, CDCls) 6 143.93, 140.19, 136.05, 132.24, 129.84, 128.81, 128.65, 127.89, 127.51, 126.77,

86.32, 54.49, 51.48, 39.95, 25.13, 21.62, 7.23, 6.46; HRMS (ESI) calculated for [M+Na,

CasH41NNaO;SSi]": 522.2469; found: 522.2465.

DADTH, Sig=25+,+ A 360,100 FINESFINE 200170213 18-+ 3051091-0101.0)

maLl
1 B
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=
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a0
1504
100 4
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16 o 5 P i)
0001 B, Sig=25+,+ Aef 360,100 (FINERFINE 20170213 154 S0G00G- 000 0
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) Py z P
# [min min] mAU*s [mAU]
e R B |~ |~ |- |
1 16.326 MM 0.4457 1.69428e4 633.54675 99.1802
2 21.778 MM 0.5584 140.04918 4.17986 0.8198

Supplementary Figure 19. HPLC chromatogram of chiral 3i, the desilylation product of 2i
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Et 2j: colorless oil, 83% yield, 92:8 er with 1 mol% L4 at 80 °C. Enantiomeric

TsN\/:,%\H ratio was determined by chiral HPLC with the desilylation product of 2j.
_.OSiEt;
“Ph Chiralpark OD-H, 25 °C, flow rate: 1 mL/min, hexanes/isopropanol: 85/15,

2 230 nm, 14.1 min (R), 17.8 min (S). 2j: [a]o® = +17.1 (c = 1.0, CHCly); *H

NMR (500 MHz, CDCl3) & 7.72 (d, J = 8.2 Hz, 2H), 7.39 — 7.33 (m, 4H), 7.30
—7.22 (m, 3H), 5.35 (tt, J = 7.3, 2.5 Hz, 1H), 4.13 — 4.06 (m, 1H), 3.85 — 3.79 (m, 1H), 3.48 —
3.41 (m, 2H), 2.46 (s, 3H), 1.99 — 1.91 (m, 2H), 0.93 (t, J = 7.5 Hz, 3H), 0.89 (t, J = 7.9 Hz, 9H),
0.53 (q, J = 7.7 Hz, 6H); *C NMR (126 MHz, CDCl3) 5 144.24, 143.87, 140.76, 132.58, 129.80,
129.08, 128.05, 127.95, 127.24, 126.15, 82.18, 62.86, 49.59, 22.77, 21.68, 13.23, 7.15, 6.26;
HRMS (ESI) calculated for [M+H, CsH3sNO3SSi]™: 472.2336; found: 472.2338.

0004 B, Sp=254 4 Fet360,100 (DIHPLC 00 CRUPLC-ATO AHED5 FWEFNE 2460420 04 H30E1-0101.00

w

El
11 562

2 16 18 il 2 mij
DA0M B, Sp=2544 Ref360,100 [DIHPLC OW..C KUPLC-2T0 AHE0S 1FIEFINME 20H6-04-20 04 30520201 .00
mAl =
] =
o]
ol
o]
il w ,@@
EG
o) .
2 1 & & B! 2 i
= [min min] [mMAU* < [mAU] s
- |- |—— === |- |[-——————- | -——————- |
1 14.100 BB 0.6801 3164.41577 ©9.38689 91.7236
2 17.785 MM 0.7336 285.52991 6.48690 8.2764

Supplementary Figure 20. HPLC chromatogram of chiral product 2j

= 2k: light yellow oil, 19% vyield, 98:2 er with L4 (0.5 mol %). Enantiomeric
ZH ratio was determined by chiral HPLC. Chiralpark OD-H, 25 °C, flow rate: 1
TN | _osiEt,
“Ph mL/min, hexanes/isopropanol: 99.8/0.2, 254 nm, 23.5 min (R), 25.4 min (S).
s 2k: [a]o®® = +16.3 (¢ = 1.0, CHCI); *H NMR (500 MHz, CDCls) 5 7.58 — 7.50

(m, 2H), 7.46 — 7.29 (m, 6H), 7.19 (d, J = 7.8 Hz, 2H), 6.68 (s, 1H), 4.69 (d, J = 14.4 Hz, 1H),
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4.46 (d, J = 14.6 Hz, 1H), 4.00 (d, J = 8.3 Hz, 1H), 3.77 (d, J = 9.9 Hz, 1H), 0.94 (t, J = 7.9 Hz,
9H), 0.58 (g, J = 7.9 Hz, 6H); °C NMR (126 MHz, cdcls) & 141.21, 139.96, 135.30, 128.97,
128.81, 128.55, 128.32, 128.29, 126.60, 120.28 (q, J = 323.4 Hz), 82.99, 60.71, 50.74, 7.13, 6.29;
HRMS (EI) calculated for [M, C,4H3NO3sF;SSi]": 497.1668; found: 497.1670.

Da.01 B, Sig=254 4 Re 360,100 FNDFNE 20151027 12-23-5400240401 I
mél ]

0001 8, Sig=254 4 Fe E360,100 FUDFIE 2151027 1223500010501 )

]
2
154
104 B p&%ﬁ{"
R g -
X
a - T
% 2 2% 3 a % il
i [min] [min] [MAU* mAU %
-—— - |- ——————= |[-————————- |[-—————————- [-———————- |
1 23.518 MF 0.8760 1585.53564 30.16458 98.3465
2 25.3¢61 FM 0.7077 26.65726 6.27803e-1 1.6535

Supplementary Figure 20. HPLC chromatogram of chiral product 2k
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Ph 2l: colorless oil, 10% vyield, > 99:1 er with L4 (0.5 mol%). Enantiomeric ratio

ZH was determined by chiral HPLC. Chiralpark OD-H, 25 °C, flow rate: 1
BaN | _osiEt,
“Ph mL/min, hexanes/isopropanol: 99/1, 254 nm, 3.99 min (S), 4.57 min (R). 2

2l

[a]o® = +36.5 (c = 1.0, CHCIs); *H NMR (500 MHz, CDCl3) & 7.66 (d, J =
7.6 Hz, 2H), 7.43 — 7.27 (m, 10H), 7.25 — 7.17 (m, 3H), 6.31 (s, 1H), 3.91 (d, J = 14.6 Hz, 1H),
3.79 (dd, J = 34.0, 12.9 Hz, 2H), 3.64 (d, J = 14.6 Hz, 1H), 3.10 (d, J = 9.5 Hz, 1H), 2.95 (d, J =
9.6 Hz, 1H), 0.98 (t, J = 7.8 Hz, 9H), 0.69 (g, J = 7.2 Hz, 6H); **C NMR (126 MHz, CDCls) &
148.42, 147.35, 138.58, 137.48, 128.90, 128.52, 128.41, 128.40, 127.69, 127.22, 126.92, 126.65,
126.36, 125.79, 84.06, 69.54, 60.49, 58.25, 7.36, 6.37; HRMS (ESI) calculated for [M+H,
CaoH3sNOSI]": 456.2717; found: 456.2712.

08018, S0=254.4 Re260 100 FNARNZ 20151213 (0-2-4 10160101 [y
mbll —

o
=

T T T T T T T T T T T T T T T T T T T T
35 i 5 g 85 fi mi|
08018, S0=254.4 Re260 100 FNARNZ 20151213 0-2-410 170200 [y

=
&
im
o
cr
=
=3

miry

1 4.574 BB 0.2609 358.97141 19.85916 100.0000

Supplementary Figure 21. HPLC chromatogram of chiral product 2I

Ph 2n: colorless oil, 95% yield, 90:10 er with L4 (2 mol%). Enantiomeric ratio
Tsl\l\/\/%\H was determined by chiral HPLC. Chiralpark AD-H, 25 °C, flow rate: 1
/”//:h&Eta mL/min, hexanes/isopropanol: 99/1, 254 nm, 10.9 min (R), 15.5 min (S). 2n:

2n [a]o® = —14.9 (c = 1.0, CHCI3); 'H NMR (400 MHz, CDCl5) & 7.52 (d, J =

7.8 Hz, 2H), 7.41 — 7.32 (m, 4H), 7.32 — 7.22 (m, 6H), 7.20 (d, J = 7.8 Hz, 2H), 6.85 (s, 1H), 4.35
(d, J = 12.8 Hz, 1H), 3.67 — 3.58 (m, 1H), 3.18 (d, J = 12.8 Hz, 1H), 3.03 (t, J = 10.1 Hz, 1H),
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2.67 (d, J = 13.5 Hz, 1H), 2.36 (s, 3H), 2.17 — 2.07 (m, 1H), 0.74 (t, J = 7.9 Hz, 9H), 0.39 — 0.18

(m, 6H); *C NMR (126 MHz, CDCly) & 143.51, 141.58, 138.51, 136.65, 133.85, 129.63, 129.10,

128.55, 128.52, 128.05, 127.82, 127.40, 127.31, 127.17, 77.32, 45.02, 43.96, 37.82, 21.60, 7.04,

6.38; HRMS (ESI) calculated for [M+H, C3;H4NO3SSi]": 534.2493; found: 534.2495.

DA01 B, SiE25 4 Fe F360,100 (DAHPLC DA..C RIFLC-ATO 016081 IREFINE 20151212 11620001 3H601 .0
@

16044

mal ] =

144 =

T T T
g 1] 12 1
DADT B, SiF254 4 Fe F360,100 (DAHPLC DA..CRIFLCATO 2016051 I AEFINE 20151225 2 3:36- 1200010301 .0
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= [min] [min] [mAU*s] [mAU] %
sessesnssss | === |- jeesssasass | === |
] 10.886 BB 0.5043 521.52954 15.35403 89.9547
2 15.504 MM 0.6856 58.23959 1.41584 10.0453

Supplementary Figure 22. HPLC chromatogram of chiral product 2n

Et

TsN -~ "H
_«OSiEty

Ph
20

20: colorless oil, 98% yield, 89:11 er with L4 (2 mol%). Enantiomeric ratio
was determined by chiral HPLC. Chiralpark AD-H, 25 °C, flow rate: 1
mL/min, hexanes/isopropanol: 99/1, 254 nm, 6.2 min (R), 8.1 min (S). The

absolute configuration was assigned by the X-ray structure of 3o (desilylation

of 20). 20: [0]p®® = -18.9 (¢ = 1.0, CHCI); *H NMR (500 MHz, CDCls) 6 7.59 (d, J = 8.2 Hz,

2H), 7.26 — 7.18 (m, 7H), 5.58 (t, J = 7.4 Hz, 1H), 3.99 (d, J = 12.7 Hz, 1H), 3.43 — 3.37 (m, 1H),

3.21 (d, J = 12.8 Hz, 1H), 3.03 (ddd, J = 12.1, 9.3, 3.1 Hz, 1H), 2.45 (ddd, J = 13.3, 6.4, 3.2 Hz,

1H), 2.35 (s, 3H), 2.11 (dtd, J = 14.8, 7.4, 3.5 Hz, 2H), 1.92 (ddd, J = 13.2, 9.1, 3.9 Hz, 1H), 0.95

(t, J = 7.5 Hz, 3H), 0.67 (t, J = 7.9 Hz, 9H), 0.29 — 0.13 (m, 6H); *C NMR (126 MHz, CDCl;) &

143.48, 142.37, 135.41, 134.08, 129.67, 129.60, 128.23, 127.76, 127.71, 127.36, 77.19, 44.12,
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43.71, 38.17, 2160, 20.83, 14.34, 7.03, 6.41; HRMS (ESI) calculated for [M+Na,
C,7H3sNNaO5SSi]*: 508.2312; found: 508.2320.

DADN B, Sig=254,4 R0, 100 (FOGFVE 2016-04-27 17-25- 530610601 D)

21

1 6 e
DADT B, Sig=254,4 Re350,100 (FARFIE 2016-05-10 2243 12'064-0101.0)
mél =

= [min] [min] [MAU™* = mAU] %
=== | === | ——————= |[-——————— |-~ |
1 6.210 BB 0.5070 1458.21436 40.40800 88.9806
2 8.093 BB 0.4331 180.5854s8 5.47130 11.0194

Supplementary Figure 22. HPLC chromatogram of chiral product 20

Et 30 (desilylation of 20): Preparations of 30 were carried out according to

Tsr\Of\\H procedures same as 3a. 30: white solid; [a]p”® = —24.8 (¢ = 1.0, CHCIy); 'H
NMR (500 MHz, CHCI3) 6 7.68 (d, J = 8.1 Hz, 2H), 7.36 — 7.28 (m, 6H), 7.28 —

30 7.24 (m, 1H), 5.14 (t, J = 7.3 Hz, 1H), 4.16 (d, J = 13.1 Hz, 1H), 3.58 (d, J =

13.1 Hz, 1H), 3.52 — 3.44 (m, 1H), 3.17 (td, J = 11.7, 2.8 Hz, 1H), 2.44 (s, 3H), 2.39 — 2.31 (m,
1H), 2.17 — 1.99 (m, 2H), 1.84 — 1.79 (m, 1H), 1.78 (s, 1H), 0.90 (t, J = 7.5 Hz, 3H); *C NMR
(126 MHz, CHCIl3) & 143.74, 143.62, 135.52, 134.02, 131.74, 129.78, 128.22, 127.78, 127.47,
126.35, 77.41, 77.16, 76.91, 75.34, 43.84, 42.90, 38.79, 21.63, 20.78, 13.96; HRMS (ESI)
calculated for [M+H, Cy1H»sNO3S]": 372.1628; found: 372.1629.
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Crystalization from hexanes/DCM (9:1) gave crystals suitable for X-ray crystallographic analysis,

which revealed its absolute configuration for the chiral tertiary alcohol 3o as shown in Figure 2.

1l
§\N ZH
Me/©/o ~OH

3o

Supplementary Figure 23. X-ray derived ORTEP representation of 30. (CCDC1532677 contains the

supplementary crystallographic data of 3a. These data can be obtained free of charge from The

Cambridge Crystallographic Data Centre)
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= 2p: colorless oil, 96% yield, 90:10 er with L4 (2 mol %). Enantiomeric ratio

TSI\O‘}\H was determined by chiral HPLC. Chiralpark AD-H, 25 °C, flow rate: 1
OSiEt
@\3 mL/min, hexanes/isopropanol: 99/1, 254 nm, 11.6 min (R), 20.5 min (S). 2p:

£| [0]o® =-285 (c = 1.0, CHCI); *H NMR (400 MHz, CDCl3) § 7.51 (d, J =

2p

8.2 Hz, 2H), 7.41 — 7.16 (m, 9H), 6.98 (t, J = 8.6 Hz, 2H), 6.83 (s, 1H), 4.33
(d, J = 12.8 Hz, 1H), 3.60 (dd, J = 11.0, 5.0 Hz, 1H), 3.14 (d, J = 12.8 Hz, 1H), 2.99 (t, J = 10.2
Hz, 1H), 2.62 (ddd, J = 13.4, 5.2, 3.1 Hz, 1H), 2.37 (s, 3H), 2.18 — 2.08 (m, 1H), 0.75 (t, J = 7.9
Hz, 9H), 0.39 — 0.20 (m, 6H); *C NMR (126 MHz, CDCls) & 163.35, 161.38, 143.62, 138.37,
137.62 (d, J = 3.2 Hz), 136.45, 133.62, 129.66, 129.21 (d, J = 8.0 Hz), 128.59, 127.82, 127.34 (d,
J =123 Hz), 115.45, 115.28, 44.98, 43.92, 37.90, 21.61, 7.02, 6.41, F NMR (376 MHz, cdcl3) 6
~114.20 (m); HRMS (ESI) calculated for [M+Na, CsH3sFNNaO3SSi]": 574.2218; found:
574.2224.

DAD1 B, Sig=254.4 Ref=300,100 (GUODULINGUODU-20 18-NHREAGTION 20180624 11-21-11\081-1201 D)
mAU

503

2

i

Ty 20411

=
———

\ / \
0 bt e I A A A A A e et A A A e A A A A A AN A L SN\ A A A ———A—A

10 12 14 1 1 20 2 min
UALN B, Sigeizns. 4 Hersou, 10U (GUOULLILIGUOUU-Z0 1 E-NIEEAG | ION 20180024 11-211 10821301 1)

|| . &

§ ¢
VS £

R A S .
= sl [Tk [[F=) ERE  HEEF Emil %
1 11.604 993.2 58.2 0.2847 0.819 89.506
2 20.522 116.4 4.5 0.4267 0.805 10.494

Supplementary Figure 24. HPLC chromatogram of chiral product 2p

Et 2q: colorless oil, 98% yield, 89:11 er with L4 (2 mol%). Enantiomeric ratio
Tsl\l\/\/%\H was determined by chiral HPLC. Chiralpark AD-H, 25 °C, flow rate: 1
~OSiEts

@\ mL/min, hexanes/isopropanol: 99/1, 254 nm, 8.7 min (R), 12.7 min (S). 2q:
2q el [01o™ =-26.9 (c = 1.0, CHCls); *H NMR (400 MHz, CDCl3) § 7.61 (d, J =

8.0 Hz, 2H), 7.34 — 7.17 (m, 4H), 6.92 (t, J = 8.6 Hz, 2H), 5.58 (t, J = 7.4 Hz,
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1H), 3.99 (d, J = 12.7 Hz, 1H), 3.47 — 3.36 (m, 1H), 3.20 (d, J = 12.7 Hz, 1H), 3.02 (dd, J = 15.0,
5.9 Hz, 1H), 2.48 — 2.32 (m, 4H), 2.18 — 2.07 (m, 2H), 1.96 (ddd, J = 13.0, 10.4, 5.9 Hz, 1H), 0.97
(t, J = 7.5 Hz, 3H), 0.69 (t, J = 7.9 Hz, 9H), 0.39 — 0.10 (m, 6H); **C NMR (126 MHz, CDCls) &
163.14, 161.18, 143,55, 138.30 (d, J = 3.2 Hz), 135.36, 133.81, 129.66, 129.10 (d, J = 8.0 Hz),
127.72, 115.01 (d, J = 21.1 Hz), 76.72, 44.04, 43.63, 38.18, 21.55, 20.78, 14.27, 6.96, 6.38; °F

NMR (376 MHz, CDCl;) 6 -114.82 (m); HRMS (ESI) calculated for [M+Na,
Cy7HagFN NaO3SSi]+: 526.2218; found: 526.2220.
DAD1 D, Sig=230.4 Ref=260,100 (GUODULIL\GUODU-2018-NI-REACTION 2018-06-24 11-21-111085-0601.0)
mal-= P
800
500 - E
400- ¢
300
200—_
100
0- —— — —
3 0 12 14 18 min
DAD1 B, Sig=254.4 Ref=2360,100 (GUODULIL\GUODU-2018-NI-REACTION 2018-06-24 11-21-111088-0901.0)
mial = [
300
250 —
200-=
150—_
100 = ,,gf
802 o
0= AN
s 0 12 14 ®
= il (TR [ gE HFREF Emil %
1 8.657 5423.5 350.4 0.2446 0.856 89.174
12,703 658.4 34.4 0.2713 0.928 10.826

Supplementary Figure 25. HPLC chromatogram of chiral product 2q
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Synthetic Applications

NR*R® \/NI:O
_TBAF_ TsN
TsN\/:LOH + TsN OH ~o TN OS|Et3 TsNJOSiEts ~OH

Ph Ph
4% (12%) 4a (dr 10a . 7a
99% Reductive
Ha, PA/C T ’ aminations -, 96%|TBAF
Ph "
Z Nlﬁ) ?320(50 1 T';I% 03, CH,Cly, -78°C, o)
(0] mol%) .
then Me,S, -78°C TsNgl: .
TsN\)J\ Et3SiH (3.0 equiv) OS'Eta 9’00/ - OSiEts
dioxane (0.8 M), 60 °C Ph o 6a PN
1a(1.09) 98% 2a
(1.26 g, 99:1 er) Wittig reactions .-
TBAF |96 ’ - CH3PPh3Br,
° °| n-BuLi, -78 °C
Ph Ph
|
N N Ha PdC _ CH,
OH * 18 > OH 990/ OSIEt TsN OSIE'(3
“Ph ‘Ph
5a (39%) 5a' (60%)

Supplementary Figure 26. Gram-scale reaction and further transformation of cyclization product
2a

™ 2a (gram scale): To a stirred yellow solution of Ni(cod), (0.682 mg, 2.48 u

; N\/:[%\H mol, 0.1 mol%), L4 (0.816 mg, 1.24 u mol, 0.05 mol%) in dioxane (3 mL) in
S .

"«/,;:]S'Et‘"* a 10 mL screw-cap vial, were added alkynone la (1.0 g, 2.48 mmol, 1.0

2a equiv.) in the glove box. The resulting brown solution was stirred for 15 mins,

followed by the addition of triethylsilane (Et;SiH, 1.19 mL, 7.44 mmol, 3.0 equiv.). The vial was
closely sealed, and the resulting mixture was stirred at 60 °C for 12 h. Quenched with saturated
sodium bicarbonate (NaHCO3), extracted with ethyl acetate (EtOAc), washed with saturated NaCl,
dried over anhydrous sodium sulfate (Na,SQO,), filtered, and concentrated under vacuum. The
residue was purified by column chromatography (10% petroleum ether/EtOAc) to afford
compound 2a as colorless oil (1.26 g, 98% yield, 99:1 er). All physical and spectroscopic data of

this compound matched those mentioned above.
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Ph 4a (dr = 7:1): To a solution of 2a (104 mg, 0.2 mmol, 1.0 equiv.) in

MeOH/EA (1:1, 4 mL) was added 10% Pd/C (22 mg, 0.02 mmol, 0.1 equiv.)
TN L osikt,

“oh in one portion. The reaction flask was degassed and purged with hydrogen

4a(dr=7:1) | three times. The reaction mixture was stirred under hydrogen (1 atm) for 24

h, then filtered over a plug of silica gel topped with Celite (MeOH eluent), concentrated to afford
white solid as analytically pure which was used without further purification (99% yield, dr = 7:1).
4a: Rf = 0.6 (silica gel, EtOAc/Hexanes 1:9); [a]p® = —20.7 (¢ = 1.0, CHCl5); *H NMR (400 MHz,
CDCly) 6 7.69 (d, J = 8.2 Hz, 2H, minor), 7.64 (d, J = 8.2 Hz, 2H, major), 7.31 — 7.04 (m, 10H,
major + minor), 6.82 (d, J = 6.9 Hz, 2H, major), 6.77 (d, J = 7.0 Hz, 2H, minor), 3.74 (dd, J =
137.7, 10.4 Hz, 2H, minor), 3.68 (dd, J = 85.9, 10.9 Hz, 2H, major), 3.45 (dd, J = 9.9, 6.4 Hz, 1H,
minor), 3.28 (dd, J = 10.1, 7.5 Hz, 1H, major), 3.15 (t, J = 9.8 Hz, 1H, major), 3.05 (dd, J = 9.9,
5.2 Hz, 1H, minor), 2.58 (dd, J = 13.9, 3.5 Hz, 1H, major + minor), 2.39 (s, 3H, major), 2.33 (s,
3H, minor), 2.38 (dd, J = 13.8, 3.4 Hz, major + minor), 2.07 (qd, J = 11.0, 3.6 Hz, 1H, major +
minor), 0.85 (t, J = 7.9 Hz, 9H, major), 0.71 (t, J = 7.9 Hz, 9H, minor), 0.58 — 0.45 (m, 3H, major),
0.34 — 0.21 (m, 1H, minor); *C NMR (126 MHz, CDCly) & 143.67 (major + minor), 142.71
(major + minor), 139.98 (major), 139.71 (minor), 134.93(minor), 134.51(major), 129.87 (major +
minor), 128.70 (minor), 128.62 (major), 128.53 (major), 128.43 (minor), 128.35 (major), 128.12
(minor), 127.60, 127.56, 127.50, 126.70, 126.28 (minor), 126.22 (major), 125.52 (major + minor),
83.87 (minor), 83.77 (major), 59.87 (major), 56.85 (minor), 54.47 (major), 53.03 (minor), 51.76
(major), 50.30 (minor), 35.03 (minor), 32.33 (major), 21.69 (major + minor), 7.26 (major), 6.99
(minor), 6.47 (major), 6.17 (minor); HRMS (ESI) calculated for [M+Na, CsH3gNNaO3SSi]":
544.2312; found: 544.2318.

PT Ph Deprotection of 4a: To a solution of 4a (dr = 7:1, 52 mg,

S 0.1 mmol, 1.0 equiv.) in THF (2 mL) at 0 °C was added
TsN\/:LOH + TsN OH

(//’Ph 1//Ph TBAF (1.0 M solution in THF, 0.15 ml, 1.5 equiv.), stirred

5a (84%) 5a' (12% )| at 0 °C for 0.5 h. Quenched with water, extracted with

EtOAc, washed with saturated brine, dried with anhydrous
Na,SO,, filtered, and concentrated under vacuum. The residue was purified by column
chromatography (20% petroleum ether/EtOAC) to give compound 5a (34.2 mg, 0.084 mmol, 84%

yield) and its diasterecisomer 5a’ (4.9 mg, 0.084 mmol, 12% yield) as white solids.
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Ph

N\

“Ph
5a (39%)

Ph

\
TsN\/:LOH + TsN\/:L)OH

“Ph
5a' (60%)

Hydrogenation of 3a: To a solution of 3a (81 mg, 0.2 mmol,
1.0 equiv.) in MeOH/EA (1:1, 4 mL) was added 10% Pd/C
(22 mg, 0.02 mmol, 0.1 equiv.) in one portion. The reaction

flask was degassed and purged with hydrogen three times.

The reaction mixture was stirred under hydrogen (1 atm) for 24 h, then filtered over a plug of

silica gel topped with Celite (MeOH eluent), concentrated under vacuum. The residue was purified

by column chromatography (20% petroleum ether/EtOAC) to give compound 5a (31.8 mg, 0.78

mmol, 39% yield) and its diastereoisomer 5a’ (48.9 mg, 1.2 mmol, 60% yield) as white solids.

Ph

\

TsN\/:[fOH

“Ph
5a

5a: Ry= 0.3 (silica gel, EtOAc/Hexanes 1:9); [a]o® = —19.3 (c = 1.0, CHCIy); 'H

NMR (500 MHz, CDCl3) & 7.70 (d, J = 8.0 Hz, 2H), 7.53 — 7.10 (m, 10H), 6.97

(d, J = 7.6 Hz, 2H), 3.59 (dd, J = 41.3, 11.5 Hz, 2H), 3.50 (t, J = 8.5 Hz, 1H),

3.29 (t, J = 10.1 Hz, 1H), 2.65 — 2.48 (m, 2H), 2.44 (s, 3H), 2.08 — 1.90 (m, 1H),

1.65 (t, J = 6.5 Hz, 1H); *C NMR (126 MHz, CDCly) & 143.75, 140.43, 139.54, 134.26, 129.89,

128.74,128.68, 128.49, 127.91, 127.62, 126.45, 125.20, 110.11, 81.36, 62.99, 51.83, 51.46, 31.93,

21.72; HRMS (ESI) calculated for [M+Na, C,sH,sNNaO3S]*: 1447; found: 430.1450.

Ph

TSN@?OH

“Ph
5a’

5a’: Ry = 0.2 (silica gel, EtOAc/Hexanes 1:9); [a]p® = —24.9 (c = 1.0, CHCI,);

'H NMR (500 MHz, CDCl3) & 7.73 (d, J = 8.0 Hz, 2H), 7.34 (dd, J = 17.6, 5.2

Hz, 7H), 7.19 (dt, J = 19.1, 7.7 Hz, 3H), 6.89 (d, J = 7.4 Hz, 2H), 4.07 (d, J =

10.6 Hz, 1H), 3.57 (d, J = 10.6 Hz, 1H), 3.48 (dd, J = 9.5, 6.9 Hz, 1H), 3.22 (dd,

J=9.8, 3.8 Hz, 1H), 2.57 — 2.49 (m, 1H), 2.47 — 2.30 (m, 4H), 2.03 (dd, J = 6.0, 3.4 Hz, 1H), 1.76

(t, J = 12.9 Hz, 1H). *C NMR (126 MHz, CDCly) & 143.70, 140.53, 139.24, 134.30, 129.87,

128.89, 128.79, 128.63, 128.46, 127.64, 126.45, 126.09, 82.31, 57.73, 51.25, 50.71, 35.66, 21.69;

HRMS (ESI) calculated for [M+Na, C,4H2sNNaO5S]": 430.1447; found: 430.1447.

o

6a Ph

TSN\/:/_EOSiEtg,

6a: A solution of 2a (260 mg, 0.5 mmol) in CH,Cl, (10 mL) was treated with
a stream of ozone (Os) at =78 °C for 15 mins until the starting material was

disappeared on TLC. The excess ozone was purged from the solution with a

stream of oxygen (O,) and Me,S (1 mL) was added. The reaction was

allowed to warm slowly to room temperature, at which point it was diluted with water (10 mL).

The subsequent mixture was extracted with CH,CI, (3 < 10 mL). The combined organic layers
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were washed with brine, dried (Na,SO4), filtered, evaporated and purified by flash
chromatography on silica gel eluting with petroleum hexanes/ethyl acetate (15:1) to provided
compound 6a as colorless oil (200 mg, 0.45 mmol, 90% vyield). 6a: Ry = 0.8 (silica gel,
EtOAc/Hexanes 1:9); [a]o®® = -18.9 (¢ = 1.0, CHCI3); *H NMR (500 MHz, CDCly) § 7.72 (d, J =
8.3 Hz, 2H), 7.50 (dd, J = 7.9, 1.7 Hz, 2H), 7.41 — 7.31 (m, 5H), 4.22 (d, J = 10.1 Hz, 1H), 3.80
(dd, J = 17.9, 0.6 Hz, 1H), 3.47 (d, J = 17.8 Hz, 1H), 3.31 (d, J = 10.1 Hz, 1H), 2.46 (s, 2H), 0.79
(t, J = 7.9 Hz, 9H), 0.39 (qd, J = 7.9, 2.8 Hz, 6H); *C NMR (126 MHz, CDCly) § 206.25, 144.61,
137.72, 131.24, 130.00, 128.88, 128.69, 127.93, 126.26, 80.89, 57.18, 51.91, 21.59, 6.67, 5.83;
HRMS (ESI) calculated for [M+Na, C,3H3:NNaO,SSi]": 468.1635; found: 468.1637.

7a: (desilylation of 6a): Preparation of 7a was carried out according to procedure

o
TSNdEOH same as 3a. 7a: white solid; 6a: Ry= 0.2 (silica gel, EtOAc/Hexanes 1:9); [o]p>
7a Ph | =_246(c=1.0, CHCl): *H NMR (500 MHz, CDCl5) 8 7.72 (d, J = 8.1 Hz, 2H),

7.51 - 7.44 (m, 2H), 7.38 (d, J = 6.4 Hz, 5H), 4.22 (d, J = 10.3 Hz, 1H), 3.94 (d,

J=18.1 Hz, 1H), 3.56 (d, J = 18.1 Hz, 1H), 3.37 (d, J = 10.4 Hz, 1H), 3.25 (bs, 1H), 2.45 (d, J =
12.6 Hz, 3H); *C NMR (126 MHz, CDCly) § 207.79, 144.70, 137.35, 131.43, 130.09, 129.10,
129.04, 127.91, 125.44, 79.45, 57.04, 52.12, 21.60; HRMS (ESI) calculated for [M+Na,
C17H1sNNaO,S]*: 354.0770; found: 354.0773.

oH 8a: To a stirred slurry of CH3PPh3Br (475 mg, 1.32 mmol, 3.3 equiv.) in THF
2

TSN\TI:OSiEg (10 mL) were added n-BuLi (2.5 M solution in THF, 0.48 mL, 1.2 mmol, 3.0

Ph equiv.) at —78 °C. The resulting mixture was stirred at —78 °C for 1h, followed

8a

by dropwise addition of a solution of 6a (178 mg, 0.4 mmol, 1.0 equiv.) in
THF (2 mL) at this temperature. The mixture was stirred for another 1h at —78 °C, then slowly
warmed to 25 °C and kept for 5 h before quenched with Sat.ag NH4CI (10 mL). The layer was
separated and extracted with EtOAc (3 > 10 mL). The combined organic layers were dried
(Na,SOy), concentrated and purified by flash chromatography eluting with hexanes /ethyl acetate
(19:1) to yield compound 8a as colorless oil (151 mg, 0.34 mmol, 85% vyield). 8a: R = 0.4 (silica
gel, EtOAc/hexanes 1:19); [a]p® = —21.8 (¢ = 1.0, CHCl5); "H NMR (400 MHz, CDCl3) § 7.69 (d,
J =8.1Hz, 2H), 7.38 (d, J = 7.4 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.29 — 7.22 (m, 3H), 5.09 (d, J
= 27.2 Hz, 2H), 4.00 (d, J = 14.1 Hz, 1H), 3.87 (d, J = 14.0 Hz, 1H), 3.67 (d, J = 9.6 Hz, 1H), 3.35
(d, J = 9.6 Hz, 1H), 2.43 (s, 3H), 0.83 (t, J = 7.9 Hz, 9H), 0.57 — 0.34 (m, 6H); **C NMR (101
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MHz, CDCl3) 6 150.29, 143.84, 143.23, 132.52, 129.74, 128.05, 127.86, 127.48, 125.85, 110.14,

81.44, 60.98, 51.20, 21.58, 6.96, 6.10; HRMS (ESI) calculated for [M+Na, C24H33NNaO3SSi]":

466.1843; found: 466.1846.

a

Et

03, CH,Cl,, -78°C o CH3PPhsBr, 1oy
TSN"NZ H  then Me,s, -78°C_ TSN n-BuLi, -78°C OSiEt
—— .~ OSiEt, - 3

OSiEt; 90% 2h THF, rt Ph
Ph 88%
20 (89:11 er) 1 12

TBAF, THF
°C 0.5h K/:/C Q—OCOEt
o B
6 %o Ph refs

Prodlne

Et

= O3, CH,Cly, -78°C 1 o CH3PPh3Br, TsN
TsN sN . st s i
K/\/HOSiEts then Me,S, -78°C (jOSIEts n-BulLi, -78°C LOSiEty
", : P ‘., —_— 7]

2q (89:11 er) 14

92% i THF, rt
86%
F F

F

0\ 15

vel

TBAF, THF TS"(\/]/OH
, HN
0°C,0.5h E—

96% refs

16 (-)-Paroxetine

Supplementary Figure 27. Synthetic applications to intermediates of prodine and (-)-paroxetine

Ph
1

(0]
TsN
= OSiEt;

11: Preparation of 11 was carried out according to procedure same as 6a. 11:
colorless oil, 90% vield, R¢ = 0.8 (silica gel, EtOAc/Hexanes 1:9); [o]p® = —
18.4 (c = 1.0, CHCI3); *H NMR (500 MHz, CDCls) & 7.63 (d, J = 7.2 Hz,
2H), 7.31 (d, J = 6.7 Hz, 5H), 7.21 (dd, J = 6.1, 1.7 Hz, 2H), 3.94 (d, J =

14.9 Hz, 1H), 3.68 (d, J = 14.9 Hz, 1H), 3.52 (dt, J = 10.6, 5.3 Hz, 1H), 3.19 (dd, J = 15.1, 6.0 Hz,

1H), 2.67 — 2.52 (m, 1H), 2.44 (d, J = 13.5 Hz, 3H), 2.24 (ddd, J = 9.3, 6.7, 3.0 Hz, 1H), 0.73 (td,

J=17.8,0.9 Hz, 9H), 0.43 — 0.24 (m, 6H); *C NMR (126 MHz, CDCl3) § 201.73, 144.25, 139.07,

133.10, 130.01, 128.72, 128.68, 127.79, 126.98, 80.34, 54.21, 42.71, 38.03, 21.65, 6.92, 6.23;

HRMS (ESI) calculated for [M+Na, C,sH33sNNaO,SSi]": 482.1792; found: 482.1790.
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12: Preparation of 12 was carried out according to procedure same as 8a. 12:

TsN
JLEOSiEtg, colorless oil, 88% yield, R¢ = 0.6 (silica gel, EtOAc/Hexanes 1:9); [a]D25 =—

o 31.3 (¢ = 1.0, CHCIL3); *H NMR (500 MHz, CDCly) & 7.69 — 7.58 (m, 2H),

7.34-7.21 (m, 7H), 5.19 (s, 2H), 3.96 (d, J = 12.4 Hz, 1H), 3.59 — 3.43 (m,
1H), 3.24 (d, J = 12.3 Hz, 1H), 3.05 (t, J = 10.7 Hz, 1H), 2.59 — 2.49 (m, 1H), 2.39 (s, 3H), 2.07 —
1.92 (m, 1H), 0.71 (td, J = 7.9, 1.6 Hz, 9H), 0.33 — 0.18 (M, 6H); **C NMR (126 MHz, CDCls) 5
145.67, 143.47, 141.08, 133.74, 129.57, 128.25, 127.90, 127.69, 127.13, 113.61, 50.62, 43.82,
37.31, 21.47, 6.84, 6.21; HRMS (ESI) calculated for [M+Na, CpsHssNNaOsSSi]™: 480.1999;
found: 480.2003.

13: Preparation of 13 was carried out according to similar procedure as 3a. 13:
TSI\UCOH white solid; 96% vyield, Ry= 0.2 (silica gel, EtOAc/Hexanes 1:9); [o]p®® = —36.1
Ph (c = 1.0, CHCI5); *H NMR (400 MHz, CDCl3) § 7.67 (d, J = 8.2 Hz, 2H), 7.37 —

7.26 (m, 7H), 5.11 (s, 1H), 4.71 (s, 1H), 3.89 (d, J = 12.6 Hz, 1H), 3.69 (d, J =

12.7 Hz, 1H), 3.44 (dt, J = 9.4, 4.1 Hz, 1H), 3.25 — 3.11 (m, 1H), 2.51 — 2.33 (m, 4H), 1.93 (s, 1H),

13

1.83 (ddd, J = 13.9, 4.9, 3.1 Hz, 1H); *C NMR (126 MHz, CDCls) & 145.16, 143.64, 142.75,
133.60, 129.72, 128.26, 127.77, 127.65, 126.08, 115.20, 74.60, 50.17, 43.00, 38.32, 21.55; HRMS
(ESI) calculated for [M+Na, C1oH,:NNaO3S]": 366.1134; found: 366.1141.

S 14: Preparation of 14 was carried out according to procedure same as 6a.
TsN . . . -
QﬁOSE@ 14: colorless oil, 92% vyield, Rs = 0.8 (silica gel, EtOAc/Hexanes 1:9);

[a]o® = —24.1 (c = 1.0, CHCl5); *H NMR (500 MHz, CDCl3) § 7.62 (d, J
= 8.1 Hz, 2H), 7.32 (d, J = 8.1 Hz, 2H), 7.19 (dd, J = 8.6, 5.3 Hz, 2H),

14 F

7.00 (t, J = 8.5 Hz, 2H), 3.80 (dd, J = 78.6, 14.9 Hz, 2H), 3.48 — 3.38 (m, 1H), 3.26 (ddd, J = 12.1,
8.3, 3.9 Hz, 1H), 2.54 (ddd, J = 14.2, 6.7, 4.0 Hz, 1H), 2.43 (d, J = 8.3 Hz, 3H), 2.34 — 2.20 (m,
1H), 0.79 — 0.63 (m, 9H), 0.33 (qd, J = 15.1, 7.5 Hz, 6H); **C NMR (126 MHz, CDCl,) 5 201.31,
163.70, 161.72, 144.36, 135.08 (d, J = 3.4 Hz), 132.89, 130.03, 128.92 (d, J = 8.2 Hz), 127.81,
115.57 (d, J = 21.5 Hz), 79.59, 53.95, 42.48, 37.97, 21.66, 6.90, 6.24; F NMR (376 MHz, CDCly)
& —112.91 (m); HRMS (ESI) calculated for [M+Na, C,H3FNNaO,SSi]": 500.1698; found:
500.1709.
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15: Preparation of 15 was carried out according to procedure same as 8a.
TSNK/:/QOSE% 15: colorless oil, 86% vyield, R = 0.6 (silica gel, EtOAc/Hexanes 1:9);
@F [a]o® = -53.3 (c = 1.0, CHCl5); *H NMR (500 MHz, CDCl3) & 7.63 (d, J
= 7.7 Hz, 2H), 7.29 (t, J = 6.2 Hz, 4H), 6.97 (t, J = 8.2 Hz, 2H), 5.18 (d, J

15

= 9.8 Hz, 2H), 3.95 (d, J = 12.4 Hz, 1H), 3.57 — 3.41 (m, 1H), 3.21 (d, J = 12.4 Hz, 1H), 3.01 (dd,
J=155,5.9 Hz, 1H), 2.54 — 2.47 (m, 1H), 2.41 (s, 3H), 2.01 (ddd, J = 13.4, 9.8, 3.6 Hz, 1H), 0.72
(t, J = 7.9 Hz, 9H), 0.34 — 0.18 (m, 6H); *C NMR (126 MHz, CDCl5) & 163.37, 161.40, 145.70,
143.69, 137.29 (d, J = 3.3 Hz), 133.73, 129.74, 129.10 (d, J = 8.1 Hz), 127.85, 115.23 (d, J = 21.2
Hz), 113.88, 76.39, 50.67, 43.89, 37.56, 21.63, 6.96, 6.38; *°F NMR (376 MHz, CDCl3) & —114.35
(m); HRMS (ESI) calculated for [M+Na, C,5H3,FNNaO3SSi]™: 498.1905; found: 498.1908.

16: Preparation of 16 was carried out according to similar procedure as 3a.

TsN
(j}' 16: white solid; 96% vyield, R; = 0.2 (silica gel, EtOAc/Hexanes 1:9);
.,

[a]o® = -46.9 (c = 1.0, CHCI5); *H NMR (400 MHz, CDCls)  7.65 (d, J
16

= 8.2 Hz, 2H), 7.37 — 7.23 (m, 4H), 6.99 (t, J = 8.7 Hz, 2H), 5.11 (s, 1H),
4.69 (s, 1H), 3.87 (d, J = 12.7 Hz, 1H), 3.66 (d, J = 12.7 Hz, 1H), 3.52 — 3.35 (m, 1H), 3.23 - 3.08
(m, 1H), 2.43 (s, 3H), 2.32 (ddd, J = 14.2, 10.3, 4.2 Hz, 1H), 1.97 (s, 1H), 1.82 (ddd, J = 13.9, 4.7,
3.1 Hz, 1H); *C NMR (101 MHz, CDCl3) & 163.35, 160.90, 145.12, 143.77, 138.63 (d, J = 3.2
Hz), 133.44, 129.77, 127.97 (d, J = 8.0 Hz), 127.78, 115.25 (d, J = 14.4 Hz), 114.96, 74.32, 50.11,
42.98, 38.52, 21.57; F NMR (376 MHz, CDCl3) & —114.98 (m); HRMS (ESI) calculated for
[M+Na, C1sH,0FNNaO3S]": 384.1040; found: 384.1046.

40



_‘Noo.c%

eLLL'L
920€' 1
96£€'L1
1818
18VSY
19LGY
1 #0090
ZLo9
¥020'9
§120'91
19/€'9
£08€'9
0£6£'9
L96€'9
68/8'9
£669'9
L1169
¥09Z'.
9€0€'2

VLLELF

£2€€',
SGe'.
069€°/1
zvey'L
99z¥" /1
AR 8
19G¥"L1
909¥'/1
RIS
S82L'L
80€.'
rAs Jn

S

-

15082
6808°2
€1Lee’s
0¥C8’.L

—

vam.w

1|UJTOO®

=l
Ur L

=0
~—=80'L
) oLl

||ﬂowd
~0L'E

.90z
\yoz

7.0

60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0
f1 (ppm)

6.5

7.5

8.0

8.5

wr@mv
mmoem/
069'%2
gs6'92/
1£6°EC
€LGbE

G569
1£0°99
9069/
oorsmw
1FHbt
YS90
200°SLL
ero'SLl

0€6°LCL
980'8C1
owm.mw_‘w
L0L'SEL

mwm.\.mrw
186°LG1
mNN.ww_‘N
€9€'991

ul

20

40

180 160 140 120 100 80
f1 (ppm)

200

220

41



LPEL €9~

S2

-30

-10

20

140 120 100 80 60
f1 (ppm)

160

180

Supplementary Figure 28. *H, **C and *'P NMR spectra for compound S2

¥Sc00-—

9E61 L,
Lize L’

SHST
208
S8V
9205
L6.GY
€GeS
L209F
ZELOY
v/60°G,
vIZL'S
LEVLS
21916
GZZ¥'9
vLEY'D
66£F'9
B98¢ 9
mmwm.h//
Sov.\.w,
vyl
mww#ﬁ\
LP0G 2

-

=006

80|
“10°)

FOL'E

75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
i1 (ppm)

8.0

42



S9'vC

m@.vNV
0L°€E~
mN.vm\

¥9'99
or.mwk
66'0L
rm.mﬁ/
o_..mmw
146
e 86
Nm.worw
16901
rv.mw_‘/
mN,riw
g9'8¢Cl
86'8C L~

09651
L9'6G1
L1291
0€Zol

I

220

20

160 140 120 100 80
f1 (ppm)

180

200

99/1°'G9—

-30

-10

20

160 140 120 100 80 60

180

f1 (ppm)

Supplementary Figure 29. *H, **C and 3P NMR spectra for compound S4

43



29100—

JU

=GL'8

4N
m 00°¢

05 00 -05

20 15 1.0

2.5

40 35 3.0

f1 (ppm)

70 65 6.0 55 50 45

85 80 75

YRTAN
6b'€E
L0’

1099
%.8/
820/
1692
@vtw

Wbt

232

pO'GLL

S¥' /2L

5L'9Z1

99'9Z1
66'9E Ly

L2181~

866G
98651
¥9'€9l
LL°€91

20

180 160 140 120 100 80
f1 (ppm)

200

220

44



€88 v9—
= =
m_. m\/ .\anfu__._\m

-30

-10

20

160 140 120 100

180

f1 (ppm)

Supplementary Figure 30. *H, **C and P NMR spectra for compound S5

VLT A RN
coee’ L/

mon.mv
yeeee
oLLey
veeey
S66CY
602V
G/89'Y
ove9'y
L9LLY
gcely
9698V

#9059
96169
62259
12ES'9
mmmm.mv
yS6e'L

2906°L—

+00'8

|

F 0
=10
-

1.0 05 0.0

1.5

S5 50 45 40 35 30 25 20

75 7.0 65 6.0

0 85 80

f1 (ppm)

45



NODN O CWANNWO
cown < SWHHOVO® ON MO NN
UYoo o < < 00 QN — G 3 T v B
©COOO® ©® 0000 NGO OO0 Ot T
R e e = S Tack e ik i OO FTITIOON
— I — VSN
OH 1Bu
F','->,:D
C 8]
]
(L
OH \I‘Bu
56
I )
L iy | |
220 200 180 160 140 120 100 20 0
f1 (ppm)
<
M~
N
=
[0}
T
OH 1Bu
F’S.:O
c (8]
(8]
Lo
OH \EBU
56
e e R e e e e e e
180 160 140 120 100 80 60 40 20 0 -10 -30
11 (ppm)

Supplementary Figure 31. *H, **C and *P NMR spectra for compound S6

46




€4200—

(VA zAL RN
218217

ovsv'vy
LOLv'y
LZ8y'v
LE0SY
029Sv
¥GOSv
2065V
LE6GY

ocelL'z
[ATA WA
98¢’
owvv.m\
16SC°L
Nm_‘m.n&
L2eg'L

-00'8

i
= 00

4.5

75 7.0 65 60 55 50 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

8.0

80'vC~
61vE
om.vmv

0€'99
L2°99
16°92
,ﬁ.kw
el’a6t
62'80}
€L°ELLy
R.m:,/
98'6LLy
20'LZ}
90'1Z}

8y LE)L—
9.6V

cee9l
Sv'€9 _‘v

il " [l

L

20

180 160 140 120 100 80
f1 (ppm)

200

220

47



35 30 25 20 15 10 05 0.0

o=

45 4.0
48

80 75 7.0 65 6.0 55 50
f1 (ppm)

8.5

i /000~ -
(=]
- @
I 26060~ :
-2 0LY607 RS
e
i okt i 2
=} eJO QF2
L& M 2 a0 oWz
o
-k O OO O 3
L o
L = 2
I s
62£9'€9— T T =i
- 8 o |gPeRF .
-8 258 Y A
=T 2 |goppy =
i o verY'y
- . o = '8 mu mﬁwv
2 > 09Lt'%
‘o o u’ - - m 21959
= = g o 6£09'9
508 D |
- = 0969'9
(8 o 26969 P
= ¥9.6°9 T\ goh
I 5 ¥¥86'9] = ¢, d
W 08922 . g0
i > 160E"L I
g & 6528,
= 5 £909'L]
- m 96192
=
o
>
[9p]



v ol DOONTOND
NHDVO OV~ OPHO O ONON DN
G o N O~ NOOWWOWNSONTATOOW QWO
© O 0w ODOOONN—~OO-NOLOTOW TOOM
MeD OMe: S ol o T TSN NOONY MOON
P"iBu B lr—t— N~/
=0
Ly
(L
-0
P"‘tBu
MeO l Oe
58
1
!
| llli I
220 200 180 160 140 120 100 80 60 40
f1 (ppm)
[~}
(e}
w0
® ©
MeQ Qe o
iBu ©
O P>1-_0 |
o}
CL,
-0
I:""!Bu
MeO l OMe
58
T T T T : T T T T T T T : T T : T T T
180 160 140 120 100 80 60 40 20

f1 (ppm)
Supplementary Figure 33. *H, **C and *P NMR spectra for compound S8

49



G080~

652807/

AfBu
~Bu

Ole

o !

292%2%9

@
=
C

MeO
MeO

LEELEN

(S,5)-DI-BI-DIME (L4)

N4
068p ¥
Nm@%k
1ZYS
SL08'%
£Y08'y

1928y
¥628Yy

99099
€299
16299
2699
02e6'9
8162,
mwom.hW
[4°TA WA
14 vmm.mw
wm.vm.m

=18

ptlw

&

00

8¢
8L

T

4.0
f1 (ppm)

W

7.5

30 25 20 15 10 05 0.0

3.5

65 60 S5 50 45

7.0

8.0

89°9C
64°9C
co’'Le
VAR
L¥'SS
mm.mmv
96'GS
60'02
mw.omv
1692
9122
Wil
om.morv
ve8et
vw.mwvw
89°¢Cl

€0'6C1;
mo.Nm_‘\

\.m..\.mr/
wo.wm_‘M
€9°091

Melr @ OMe

Bu

Lo

~tBu

MeO l Ole

(S,5)-DI-BI-DIME (L4)

120

20

200 180 160 140 100 80 60
f1 (ppm)

220

50



MeQr ! OMe

P_.fBU

>

0
0

>

P"'fBu
OMe

—6.9328

MeO

(S,$)-DI-BI-DIVE (L4}

T T T T T T T T T

50 200 150 100 50 0 -50 -100 -150 -20
11 (ppm)

Supplementary Figure 34. *H, **C and *'P NMR spectra for compound (S,S)-DI-BIDIME (L4)

DO NSO WO DN D WVwWMDD [Te} — 5
NANT—NDOTED OO oW —0N N~ o oS
NODISWOTANOOAN <t N x— O P~ 79} ~ =
0 DBNNNNN = — ©89©S o & O =
L e e T T i e e o < < << < o s -
S il = s e | | |
NHTs
=]
!
{
J \
. e (—_— A
T P sy T T T
<+ O N © [} 0 o2}
o NS S o S
~ MN ~— o oY}
T

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0.
1 (ppm)

Supplementary Figure 35. *H NMR spectra for compound S9

51



G065°L
048€¢C
ceevy
6EL8Y
1602
yv60°L f

N_‘oo.o/
L

€860'2
€801
90LL'L
180Z'L
ez
9622’/
9822’2
Z9€T' L1
90VZ'L
009Z'L
629221
18921
L21T1
oS o
o/le2{ &
LS9V, o
008¥'L1 ,uf
LEBY L]

L96Y'L

2885/

0€09'2

61192

£508°2

5808'L

6128°2

92/6'L

€6/6'L

68.6'L

9696'L

8166'L

—

=
o

TsM

00'¢

—60°C
—80°C

¥6'L
%oo.w

€0'E
€0'C
¥0'L
86°1
coc

0.5 0.0

1.0

65 60 55 50 45 40 35 30 25 20 15
£1 (ppm)

15 90 85 80 75 7.0

09'Le—
L¥'8E—

66°1LG—

16'9.
wrst
o
N@ew*
£e'98

20221

08211

r A AR

¥2'8Z 1+

y9'8Z 1

z6'921%

61621

69'LeL]

Z6'¢51]

00°GEL

ZL'9g L]

06'Eh L]

9r'e6l—

L

20

180 160 140 120 100 80 60
f1 (ppm)

200

220

Supplementary Figure 36. *H and **C NMR spectra for compound 1a

52



¥000'0-—

¥8.€'C—

YZ.L8'C—

VeLY b—
eke s,
1256'91
9680/
1260,
9901 /1
68011
zvee L
16EZ L]
0092 .1
v16Z Lo
.02+
00082

9918,

816,

1686,

Ph

\\

TsN

OMe

1b

—00°¢

|

il

~80°C
—80°C

80'Z
mmm.r
66°L
06T
10T
~80°C

T

T

7.0

35 30 25 20 15 1.0 05 0.0

45 40
f1 (ppm)

6.0 S5 5.0

6.5

8.0 75

8.5

€o'le—

ey’ 8e—

SL LG~
19°'66~

16°9Z4
@T\.NW
W' ll
61 _‘w\
Ahgs:
oN.NN_./
18°/CL
gzc'ect
298¢l
6.°6CLF
\.w.om_%
vm._.m_.\
VA RN 4%

SLvy9l—

S6'L6L—

Ph

\\

TsN

OMe

20

180 160 140 120 100 80
f1 (ppm)

200

220

Supplementary Figure 37. *H and **C NMR spectra for compound 1b

53



¥600°0—

G8REC—

L9V v —
g686°%
6260°L1
6901
SZEL L]
L6Y 1L
6991 L1
0S€Z°L1
LIST L4
2062 /A
990¢ 7
82z,
9508'/
1228'L
8208
S8€0'8
¥SY0'8
2950'8

—

Ph

\\

TsN

=00°¢

—G0'C
=20°C

10V
MpLg
+20'C
102

T

S5 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15

1.0 05 0.0

f1 (ppm)

L9'Le—

0G'8E—

60'C5—

1692
wr.m.\.w
WLl
cs'Le
28'att
0C'9LL
¥8'LCL
12'8¢l
L2°8CL
€8'6CLT
yo'LEL
clL'iel
69°LEL

L1991~
Lz 291"

80°C61—

Ph

TsN

20

180 160 140 120 100 80 60
f1 (ppm)

200

220

Supplementary Figure 38. *H and **C NMR spectra for compound 1c

54



02000—

Ly8ET—

YOSY v —
9567,

8580/

6660°L

91011
622 L1
OvrT L]
865Z°Z1
Z00€"L1
zole Ly
ssep L}
LZ5v'L>
vZ6L L,
68082 \

9826,
8Gv6°'L

Ph

¥

TsN

Cl

1d

70 65 60 55 S50 45 40 35 30 25 20

[

00'¢

~90°C
=80°C

€0°¢C
Mwo.m
y0'¢
Mro.w
L0'C
Jmo.N

1.0 05 0.0

1.5

15

85 80

1 (ppm)

y9'Le—

€5 8E—

61°CS—

16°92
mr.mmw
S\Nm\

gv'L8

25'98
10221
§9'/Z11
62'8Z11
28T
8Z'6Z 1
11°6Z1

92'6ZL4

L2 LEL
eeeeld

for

88°'GE L]
mv.ovJ
L0'vvL

15°26L—

Cl

20

180 160 140 120 100 80 60
f1 (ppm)

200

220

Supplementary Figure 39. *H and **C NMR spectra for compound 1d

55



L0LO0—

CS6ET—

LBSY b —
6067~
6Y80°L]
£660°L
602Z°L]
¥SET L]
L0SZ'L1
L19T L1
182 L]
8267 L1
%S.EW
LEEE L7
YezL Ly,
65vLL

mmow.m\
zzes’L

vLOL'S

LL1L'8

Ph

W

TsN

CFy

1e

—0°E

AN

=80°C

=60°C

50 45 40 35 3.0

20 1.5 1.0 05 0.0

5.5 2.5
f1 (ppm)

75 70 65 6.0

8.0

8.5

.0

L9'LC—

€9:8€—

86 ¢S5

169
wv.mwv
Wil
Se'lL8

1892¢

16'GZ)
¥6'5Z1

16'5Z)

0092}

68221
0£'821
CYRTAR ¢
09'8Z 11
06'6Z11
89'LCL
L2GE L]
IR

€0°'e6l—

Ph

A\

TsN

CFj

'l

20

80 60

100

11 (ppm)

120
Supplementary Figure 40. *H and **C NMR spectra for compound 1e

200 180 160 140

220

56



90000~

€299 —

ClBET—

14°14° 2 "

LLLY Y —

G986 F T
6960'L]
ObLL'2
6922/
zZTrT L]
665Z'.
81T L]
£00€"21
mm:m.ﬁ
$08€" 2+
$Z0G'L
55062
20152
1255,
966.'L]
L9182

Ph

\\

OMe

TsN

1f

=00'¢

—v0'¢

—80°C
=80°C

8L'e
/0L
GO}
0L
00'Z

66C
MNO.N

T

90 85 80 75 70 65 60 55 S50 45 40 35 3.0 25 20

1.0 05 0.0

135

f1 (ppm)

4 T

Zy'8e—
912G~
29'SS”
1692

QFNNW
L LL

mw._‘w\

e}

v.0clL
3 AAN
ST A
99'8CL
L8'6CL
€6'6C rw

LLLEL

L009L—

6E°€6L—

20

40

200 180 160 140 120 100 80
f1 (ppm)

220

Supplementary Figure 41. *H and **C NMR spectra for compound 1f

57



#0000
1

€28€T
9Z16°E
€605 %
eLES V]
6£969
10869
0£00°Z
Lv00°L
18102
1€€0°L
LYE0'L
¥GLL'L
S8LL'L
zzeL'L
oveL'L
$60Z°L
SZ1TL
9922,
16221
YLYT /]
¥SSZ'L
10922
12121
€817/
V6T L1
€581/
688Y /1
6661 L1
2205 L1
€062+

——

9606°'L m
9919,
90642
Gv6.L'L
89082
¥0L8'L

Ph

OMe

TsN

1g

~00'€

-

=v0'¢

~90°C
~90°C

20 15 10 05 0.0

2.5

35 30

4.0

55 5.0 45

7.0 65 6.0

75

85 80

f1 (ppm)

09'Le—
€Y' 8e—

€L°9S
rr.wmv
1692
@TNNW
Wv'll
ww.ww\
ok
mo.vmr/
@n.mwr/
€c'eclh
1682l
0962 F
mm.om_.\
mw._.m_‘

vL'6G1L—

VA 451

Ph

OMe

TsN

1g

20

80

100

f1 (ppm)

120
Supplementary Figure 42. *H and **C NMR spectra for compound 1g

200 180 160 140

220

58



28600

009S°'L—

8.v2C—

60v.L'C—

YOvE v
GoEK s,
GGG6'9
969691
9€01 /1
L6LL 2
LGS L 2
€LG1°21
z89lL'2
GY8L L4
9612 /¢
6GZZ LT
1822
mwmm.$
ZWwe'L
GLLLL
08z
18508

~00°€

Ph

A\

TsN

NMe

~€0'¢

/502
90

/0T

6L
mmm.m

1€
20z
~LO'L
80’1

1.0 05 0.0

1.5

f1 (ppm)

20 85 80 75 70 65 60 55 S50 45 40 35 30 25 20

6512”7
£9'€E\
5G'8E~

4%

16'9.
mftw
L' Ll
Ee&
ob 3P,
€922
90°€zZ)
v.€Tl
zL9ZL~
96 /ZL4
LLezL
Nm.wNE
8.°6Z11
ZL el
£8'9¢€1
0€° €L
66°Ch L

¥G'881L—

TsN

20

200 180 160 140 120 100 80 60

220

f1 (ppm)

Supplementary Figure 43. *H and **C NMR spectra for compound 1h

59



6¥00'0—
96.1°L—

868€C—

OFOF ¥
YShyv

29€L 2
96€L2
YEGL /1
ELYT /]
eYVZ'L
CYATAIR
€862/
€192/
6292 /4
€£1Z°13
LLBZ L
££0¢° 24
Som_&
AR
z95.°L
12LLL

Ph

W

Me

TsN

Me
Me

1i

—00'6

~v0'¢

90'¢
A@O.N

6L
Jm_‘.m
G6' |

30 25 20 15 10 05 0.0

60 55 50 45 4.0 35
f1 (ppm)

6.5

7.0

80 75

85

0912
8v'9z/
G8 /€~
Y9 EP~
AL

16°92

m_..mmw
_‘v.\.m\
wm._‘w\

LL°98

gl'zel
89°/CL
vm.riW
04821

mm.mw?\
wm.rmr\

cr'och
v.Levl

ey

¢6'80C—

..-.Ph

Ph

\\

Me

TsN

Me
Me

1i

]

20

40

180 160 140 120 100 80
f1 (ppm)

200

220

Supplementary Figure 44. *H and **C NMR spectra for compound 1i
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Supplementary Figure 62. *H and **C NMR spectra for compound 2h
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