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Figure S1. The X-ray structure of L6 (CCDC 2259801, 50% probability ellipsoids). Boc, tert-
butoxycarbonyl; ‘Bu, tert-butyl.
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Figure S2. The X-ray structure of L7 (CCDC 2259802, 50% probability ellipsoids). Ph, phenyl.
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Figure S3. The X-ray structure of product N1 (CCDC 2259803, 50% probability ellipsoids). Ts, p-
methylbenzenesulfonyl.
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Figure S4. The X-ray structure of product N31 (CCDC 2259804, 50% probability ellipsoids).
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Figure S5. The X-ray structure of product O1 (CCDC 2259805, 50% probability ellipsoids). 'Pr,
isopropyl.
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Figure S6. The results of bis- and mono-alkyne substrates. R = C(O)N'Pr,. “{Cu(MeCN)4]BF4 (5.0
mol %), 2,9-dimethylphenanthroline (10 mol %), blue LEDs (light-emitting diodes, 450 nm), CHCls,
rt, argon, 4 d. "90% ee. “88%. 954% ee. €35% ee./92% ee. Rt, room temperature; Ee, enantiomeric

€XCEesS.
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Table S1. Screening of other reaction conditions with NS1?

Me
I Boc [Cu] (10 mol %) 75N Boc Me
N L7 (10 mol %) N
additive (3.0 equiv)
e} + TsClI o
Solvent, rt, argon, 24 h
NS1 N1

S1

" ; 3 . OO
N
\—') PP O\P*N/Et PhoP =0 OWQWO
Ph PPh, o g N S/N NJ__
Ph Ph

A P
Me

Boc—N Me
L7 L9 L10 L11 L12
Entry [Cu] ligand  Additive Solvent Yield (%)?  Ee (%)°
1 Cu(CH3CN)4PFs L9 K3PO4 DME Trace N.d.
2 Cu(CH;CN)4PFs L10 K3PO,4 DME 0 N.d.
3 Cu(CH3CN)4PFg L11 K3PO4 DME 0 N.d.
4 Cu(CH;CN)4PFs L12 K3PO4 DME 0 N.d.
5 Cu(CH3CN)4PFs L7 K3POy4 1,4-Dioxane 50 92
6 Cu(CH3CN)4PFg L7 K3PO4 THF 55 94
7 Cu(CH3CN)4PFs L7 K3PO,4 PhCl 0 N.d.
8 Cu(CH3CN)4PFs L7 K3PO,4 DMF 0 N.d.
9 Cu(CH3CN)4PFs L7 K3PO4 CH;CN 0 N.d.
10 Cu(CH3CN)4PFg L7 K3PO4 MTBE 84 90
11 Cu(CH3CN)4PFs L7 K3PO,4 DCM 65 92
12 Cu(CH3;CN)4PFs L7 K3PO,4 Toluene 50 92
134 Cu(CH3CN)4PFg L7 K3PO4 DME/MTBE 73 94
14¢ Cu(CH3CN)4PFg L7 Na;PO;  DME/MTBE 65 91
16¢ Cu(CH3CN)4PFs L7 Li;PO,  DME/MTBE 60 92
16 Cu(CH3CN)4PFs L7 K,CO;  DME/MTBE 55 92
17¢ Cu(CH3CN)4PFs L7 ‘BuOK  DME/MTBE 0 N.d.
18¢ Cu(CH3CN)4BF4 L7 K;PO,  DME/MTBE 60 93
19¢ Cu(CH3CN)4PFg L7 K;PO,  DME/MTBE 78 93
20¢ CuCl L7 K;PO,  DME/MTBE 75 90
21¢ CuCN L7 KsPO;  DME/MTBE 0 N.d.
22¢ CuCF3-PPhs-Phen L7 K5PO4 DME/MTBE 0 N.d.
23¢/ Cu(CH3CN)4PFs L7 - DME/MTBE 10 93
24¢8 Cu(CH3CN)4PFs L7 K3PO4 DME/MTBE 24 93
25¢h Cu(CH3CN)4PFs L7 K;PO,  DME/MTBE 30 93
26% Cu(CH3CN)4PFs L7 K;PO,  DME/MTBE 43 93
27¢%  Cu(CH3CN)4PFg L7 KsPO,  DME/MTBE 51 92

“Reaction conditions: NS1 (19.3 mg, 0.050 mmol, 1.0 equiv), S1 (14.3 mg, 0.075 mmol, 1.5 equiv),
[Cu] (10 mol %), L7 (2.79 mg, 10 mol %), additive (0.15 mmol, 3.0 equiv) in dry solvent (1.0 mL)
at rt for 24 h under argon. ”Yield based on 'H NMR (nuclear magnetic resonance) analysis of the
crude product using CH,Br; as an internal standard. “Ee values based on HPLC (high-performance
liquid chromatography) analysis. “DME/MTBE = 1/1. “DME/MTBE = 1/3./Without K3PO4. éK3PO4
(0.5 equiv). "K5PO4 (1.0 equiv). 'K3PO4 (2.0 equiv).’K3PO4 (4.0 equiv). THF, tetrahydrofuran; DMF,
N,N-dimethylformamide; MTBE, methyl tert-butyl ether; DCM, dichloromethane; DME,
dimethoxyethane; Phen, 1,10-phenanthroline.
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Table S2. Screening of reaction conditions for asymmetric bromide atom Transfer

radical addition of alkyne®
OMe

CH /@\ Br Me
‘ ‘ B‘oc 3 Me Me H [Cu] (10 mol %) MeO H N I?oc
N N OMe L* (10 mol %) Me”__Me &
Br additive (4.0 equiv)
[e] + 0 5
NS1

THF, rt, argon, 5d
A1 OMe N33

L*
TR s SR o1
NH 0 NH o} NH (0}
] '/ 2
- N\) - N\) N\)
\ /N H \ N N
Ph £

By

L4 L6

Entry [Cu] L* Additive Yield(%)? Ee(%)°
1 Cu(CH3CN)4PFs L4 K3POs4 23 46
2 Cu(CH;CN)4PFs L5 K3POy 0 N.d.
3 Cu(CH;CN)4PFs L6 K3POy 0 N.d.
4 Cu(CH3CN)4PFs L7 K3POs4 53 80
5 Cu(CH3CN)4PFs L8 K3PO4 Trace N.d.
6 CuCN L7 K3POy 60 81
7 CuTc L7 K3PO;4 0 N.d.
8 CuBH4(PPhs) L7 K3PO;4 70 75
9 CuCF3PPh3*Phen L7 K3POq4 60 20
10 CuBr-CH;SCHj L7 K5POs4 10 73
11 CuBr L7 K3POy4 64 &7
12 CuBr L7 Na3PO4 56 83
13 CuBr L7 LizPO4 0 N.d.
14 CuBr L7 (‘BuO);Mg 70 83
15d CuBr L7 K3POq4 21 88
16/ Cu(CH3CN)4PFs L7 K3PO,4 13 90

“Reaction conditions: NS1 (77.1 mg, 0.20 mmol, 1.0 equiv), A1 (90.7 mg, 0.30 mmol, 1.5 equiv),
[Cu] (10 mol %), L* (10 mol %), additive (4.0 equiv) in dry THF (4.0 mL) at rt for 5 d under argon.
bIsolated yield. “Ee values based on HPLC analysis. “Conducted at 0 °C. Me, methyl; Tc, thiophene-
2-carboxylate; N,d., not determined.
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Table S3. Screening of reaction conditions with NS132

cl
! [Cu] (10 mol %) T8

L* (10 mol %)

NBoc, NBoc,
additive (3.0 equiv)
+ TsCl

Solvent, rt, argon, 5d

NS13 S1 N30
L*
(0] O
NH )—o NH )—o
N N
| J s
Bu Ph
Boc—N Boc—N
L6 L7
X
| N
SRS
L10-rac
[Cu] L* Solvent Yield (%)? Ee (%)°
1 Cu(CH3CN)4PFs L5 DCM 35 82
2 Cu(CH3CN)4PFs L6 DCM 0 N.d.
3 Cu(CH3CN)4PFs L7 DCM 0 N.d.
4 Cu(CH3CN)4PFs L8 DCM 62 86
5 Cu(CH3CN)4PFs L8 Toluene 60 86
6 Cu(CH3CN)4PFs L8 EtOAc 50 86
7 Cu(CH3CN)4PFs L8 1,4-Dioxane 45 86
8 Cu(CH3CN)4PFs L8 DME 56 88
9 Cu(CH3CN)4PFs L8 THF 70 87
10 Cu(CH3CN)4BF4 L8 THF 68 86
11 CuCN L8 THF 0 N.d.
12 CuCl L8 THF 80 88
134 CuCl L8 THF 26 92
14%¢ CuCl L8 THF 22 92
154/ CuCl LS THF 67 90

“Reaction conditions: NS13 (73.5 mg, 0.20 mmol, 1.0 equiv), S1 (57.2 mg, 0.30 mmol, 1.5 equiv),
[Cu] (10 mol %), L* (10 mol %), K3POs4 (127.4 mg, 0.60 mmol, 3.0 equiv) in dry solvent (4.0 mL)
at rt for 5 d under argon. ’Isolated yield. “Ee values based on HPLC analysis. “Conducted at 0 °C.
¢10 mol % L9-rac as additional additive./10 mol % L10-rac as additional additive. Cy, cyclohexyl;
Et, ethyl; Ac, acetyl.
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Table S4. Screening of reaction conditions with NS7%

Il HMe Me CU(CH3CN)4PFg (10 mol %)
H L* (10 mol %)
K3PO,4 (3.0 equiv
© 5 (o O QIR b
Solvent, T, argon, 5d
NS7

Me

S1

Solvent Yield (%)’ Ee (%)°
1 L5 DCM 0 N.d.
2 L6 DCM 88 81
3 L7 DCM 70 73
4 L8 DCM 73 66
5 L6 Toluene 65 84
6 L6 DME 60 80
7 L6 EtOAc 45 80
84 L6 DCM/toluene 93 82
9de L6 DCM/toluene 85 82
104/ L6 DCM/toluene 80 86

“Reaction conditions: NS7 (62.7 mg, 0.20 mmol, 1.0 equiv), S1 (57.2 mg, 0.30 mmol, 1.5 equiv),
Cu(CH3CN)4PFs (7.45 mg, 10 mol %), L* (10 mol %), KsPO4 (127.4 mg, 0.60 mmol, 3.0 equiv) in
dry solvent (4.0 mL) at rt for 5 d under argon. “Isolated yield. °Ee values based on HPLC analysis.
DCM/toluene = 1/3. Conducted at 0 °C./Conducted at —10 °C. T, reaction temperature.
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Table S5. Screening of reaction conditions with OS1?

Cl
| | [Cu] (10 mol %) Ts™ ™

O.__NPr, L* (10 mol %) O.__NPr,
hd additive (3.0 equiv) hd
o) + TsCl o)

Solvent, rt, argon, 24 h
0s1 S1 o1

L8

Entry [Cu] L* Additive Solvent Yield (%) Ee (%)°
1 Cu(CH3CN)4PFs L5 K3POg4 DME 60 67
2 Cu(CH3CN)4PFs L6 K3PO;4 DME 40 88
3 Cu(CH3CN)4PFs L7 K3POq4 DME 46 92
4 Cu(CH3CN)4PFs L8 K3PO,4 DME 50 77
5 Cu(CH3CN)4PFs L7 K5POq4 THF 61 90
6 Cu(CH3CN)4PFs L7 K3POq4 MTBE 65 89
7 Cu(CH3CN)4PFs L7 K3PO4 Toluene 50 89
8 Cu(CH;CN)4PF L7 K:sPO4 DCM 26 89
9 Cu(CH3CN)4PFs L7 K3PO,4 EtOAc 84 92
10  Cu(CH3CN)4BF, L7 KsPO, EtOAc 75 92
11 CuCN L7 K3PO4 EtOAc 60 90
12 CuCF3-PPh3-Phen L7 K5PO4 EtOAc 0 N.d.
13 Cu(CH3CN)4PFs L7 K>CO; EtOAc 65 92
14 Cu(CH3CN)4PFs L7 BuOK EtOAc 0 N.d.
154 Cu(CH3CN)4PFg L7 K3PO4 EtOAc 90 92

16% Cu(CH3CN)4PFs L7 K;3PO, EtOAc 59 80

17¢¢  Cu(CH3CN)4PFg L7 K5PO4 EtOAc 45 85

184" Cu(CH3CN)4PFg L7 K3PO, EtOAc 40 90
19¢ Cu(CH3CN)4PFs L7 K5PO4 EtOAc 39 92

20%  Cu(CH3CN)4PFs L7 K3PO,4 EtOAc 35 91

21¢%  Cu(CH3CN)4PFe L7 K;PO4 EtOAc 29 92

“Reaction conditions: OS1 (14.8 mg, 0.050 mmol, 1.0 equiv), S1 (14.3 mg, 0.075 mmol, 1.5 equiv),
[Cu] (10 mol %), L* (10 mol %), additive (0.15 mmol, 3.0 equiv) in dry solvent (1.0 mL) at rt for
24 h under argon. ”Yield based on 'H NMR analysis of the crude product using CH,Br; as an internal
standard. °Ee values based on HPLC analysis. “OS1 (59.2 mg, 0.20 mmol, 1.0 equiv), S1 (14.3 mg,
0.30 mmol, 1.5 equiv), Cu(CH3CN)4PFs (10 mol %), L7 (10 mol %), K3PO4 (0.60 mmol, 3.0 equiv)
in dry EtOAc (4.0 mL) at rt for 5 d under argon. “OS1 (59.2 mg, 0.20 mmol, 1.0 equiv), S1 (14.3
mg, 0.30 mmol, 1.5 equiv), Cu(CH3CN)4PFs (10 mol %), L7 (10 mol %), K3PO4 (0.60 mmol, 3.0
equiv) in dry EtOAc at rt for 24 h under argon. /EtOAc (1.0 mL). €EtOAc (2.0 mL). "EtOAc (3.0
mL). ‘EtOAc (4.0 mL)./EtOAc (4.0 mL), 4A MS (50 mg). ‘EtOAc (4.0 mL), H>O (1.0 equiv).
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Table S6. Screening of reaction conditions with OS15%

cl
f Cu(CH3CN)4PFg (10 mol %) TsT

L* (10 mol %)

0. _0._ _Me O _0._ _Me
T Fve additive (3.0 equiv) T e
O Me T TsCI O Me

Solvent, rt, argon, 5 d
0815 S1 015

A
| N
SA®
L10-rac
L* Solvent Yield (%)° Ee (%)°
L5 DCM 35 55
Lé6 DCM 40 86
L7 DCM 33 82
L8 DCM 39 68
L6 Toluene 62 87
L6 EtOAc 56 87
L6 1,4-Dioxane Trace N.d.
L6 DME 81 87
Lé6 THF 80 86
104 L6 DME 24 90
11%¢ L6 DME 22 92
1241 L6 DME 44 91

“Reaction conditions: OS15 (53.6 mg, 0.20 mmol, 1.0 equiv), S1 (57.2 mg, 0.30 mmol, 1.5 equiv),
Cu(CH;3CN)4PFs (7.45 mg, 10 mol %), L* (10 mol %), K3PO4 (127. 4 mg, 0.60 mmol, 3.0 equiv)
in dry solvent (4.0 mL) at rt for 5 d under argon. “Isolated yield. “Ee values based on HPLC analysis.
Conducted at 0 °C. 10 mol % L9-rac as additional additive. /10 mol % L10-rac as additional
additive.
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Table S7. Racemization experiments with N1?

Cl CH
Ts™ ™ IIBOC 3 Ts7 N cl Boc CHs
|

N Racemization N
O ~ OO o)

Toluene, T, argon

N1, 93% ee N1
T 24 h 48 h 72 h 96 h 120 h
60 °C 93% ee 93% ee 93% ee 93% ee 93% ee
80°C 90% ee 88% ee 88% ee 82% ee 78% ee
100 °C 78% ee 66% ee 54% ee 45% ee 34% ee

“Reaction conditions: N1 (57.6 mg, 0.10 mmol) in dry toluene (2.0 mL) at corresponding reaction
temperature (7) under argon. Ee values based on HPLC analysis.
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Table S8. Racemization experiments with O1?

Cl
Ts™ N To7 N Cl

O\n/ N'Pr Racemization O\[]/N’Prz
(0] (@]

Toluene, T, argon

01, 91% ee o1
T 24 h 48 h 72 h 96 h 120 h
60 °C 91% ee 91% ee 91% ee 91% ee 90% ee
80 °C 83% ee 83% ee 77% ee 75% ee 70% ee

“Reaction conditions: Dissolved O1 (48.6 mg, 0.10 mmol) in dry toluene (2.0 mL) at corresponding
reaction temperature (7) under argon. Ee values based on HPLC analysis.
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Table S9. Control experiments with OS1?

cl
f Cu(CH3CN)4PFg (10 mol %) To7

NPr, L7 (10 mol %)

o} O.__NPr.
g KsPO4 (3.0 equiv) Y?
o) + TsClI 0

EtOAc, rt, argon, 5d

081, 1.0 equiv S1, 1.5 equiv o1
Entry [Cul L7 KsPOs  TEMPO Yield (%)” Ee (%)°
1 — + + - 0 N.d.
2 + - + - 0 N.d.
3 + + - - 6 91
4 + + + 1.0 equiv 0 N.d.

“Reaction conditions: OS1 (59.1 mg, 0.20 mmol, 1.0 equiv), S1 (57.2 mg, 0.075 mmol, 1.5 equiv),
Cu(CH;3CN)4PFs (7.45 mg, 10 mol %), L7 (11.2 mg, 10 mol %), K3PO4 (127.4 mg, 0.60 mmol, 3.0
equiv) in dry EtOAc (4.0 mL) at rt for 5 d. Isolated yield. “Ee values based on HPLC analysis.
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Table S10. Control experiments with NS12

([— CHs Cu(CHaCN)4PF¢ (10 mol %)
N L7 (10 mol %)
OO KaPOy (3.0 equiv)

Ts™ N cl Ii%oc CHs
Iy

© voTsc DME/MTBE, rt, argon, 5 d 0
NS1 s1 N1
Entry [Cul L7 KsPOs TEMPO  Yield (%)’  Ee (%)
1 - + + - 0 N.d.
2 + — + - 0 N.d.
3 + + - - 12 93
4 + + + 1.0 equiv 0 N.d.

“Reaction conditions: NS1 (77.1 mg, 0.20 mmol), S1 (57.2 mg, 0.075 mmol), Cu(CH3CN)4PFs (7.45
mg, 10 mol %), L7 (11.2 mg, 10 mol %), K3PO4 (127.4 mg, 0.60 mmol, 3.0 equiv) in dry DME (1.0
mL) and MTBE (3.0 mL) at rt for 5 d. “Isolated yield. ‘Ee values based on HPLC analysis.
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Table S11. Control experiments of NS1 with BHT

Il Boo CHy
N
CTYTT w
NS1

$1

f Boc CHg
N
QT
NS1

$1

Cu(CH3CN)4PFg (10 mol %)
L7 (10 mol %)
BHT (10.0 equiv)
K3POy, (3.0 equiv)

DME/MTBE (1/3), rt, argon, 5 d

O=»=0

Ts7 ™ c l‘300 CHa
N
¥
SO

N1, n.d.

Ts7 N cl E‘!oc ChHa
N
¥
SO

N1,31% yield, 67% ee

0
Ao
.
d’s‘(‘)OCHS

BHT-Ts1, 18% yield BHT-Ts2, 8% yield

o
F e
o%@cw ¥
el

BHT-Ts1, 10% yield BHT-Ts2, 6% yield

Cu(CH3CN)4PFg (10 mol %)
L7 (10 mol %)
BHT (2.0 equiv)
K3PO4, (3.0 equiv)

DME/MTBE (1/3), tt, argon, 5 d

O=»=0

BHT, butylated hydroxytoluene.
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Scheme S1. The results with tosyl bromide (S1-Br).

A

| | Boc 00 [Cu(MeCN)4]PF5 (10 mol %)

N. _Tol W L7 (10 mol %)
Y+ B Tol :
0 KzPO4 (3.0 equiv)

DME/MTBE (1/3), rt, argon, 5 d
NSA1 S1-Br

W

| | [Cu(MeCN)4]PFg (10 mol %)

O.__NPr, Q.0 L7 (10 mol %)
hig +og oS
o Br™ Tol K3PO, (3.0 equiv)

EtOAc, rt, argon, 3 d
0s1 S1-Br

Tol, p-tolyl.

520

01-Br, 94%, 23% ee



Scheme S2. The results of substrates bearing 2-carboxylic ester, -alkyl, and -phenyl groups.

COzMe
O

AS1 S1

ipr

TsClI
AS2 $1
Ph
"
AS3 S1

Cu(CH3CN)4PFg (10 mol %) e

L6 (10 mol %) CO,Me

KzPOy4 (3.0 equiv)
DCM, rt, argon, 5d
AP1, 82% yield, 51% ee

Cu(CH3CN)4PFg (10 mol %) I

L7 (10 mol %) Pr

K3PQO4 (3.0 equiv)
DME/MTBE (1/3), rt, argon, 5d
AP2, 98% vyield, 52% ee

Cu(CH3CN)4PFg (10 mol %) T X C

L7 (10 mol %) Ph

K3PO, (3.0 equiv)
DME/MTBE (1/3), rt, argon, 5 d
AP3, 80%, 43% ee
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Scheme S3. The results of OS1 with S8 or S1-I under standard conditions.

>
T

m

o
(%]
=

O

H
f
o._NiPr,
Y

081, 1.0 equiv

o

o._NiPr,
SO

0S1, 1.0 equiv

H

O._NiPr,
Y

081, 1.0 equiv

O )

-

Initiation:

Propagation:

Cu(CH3CN)4PFg (10 mol %)
L7 (10 mol %)

0 0 K3POy4 (3.0 equiv)
+ \\S// =
clI” 7 Ar EtOAc, 1t, argon, 5 d
Ar = p-AcNHPh
S8
AP
clI” 7 Ar

S8 (1.0 i -
(2.0 equiv) Standard conditions

In the dark, 2d

Ar< A Cl
oQ O\",N‘Prz
T

020, 66%, 90% ee

Q.0
N\
I/S‘To\ Ar = p-AcNHPh
S1-1 R =Tol, O1; R = Ar, 020 R = Tol, O1-I; R = Ar, O20-I
With S1-1 (0.50 equiv) 01, 5%, 90% ee; 020, 13%, 90% ee  O1-l, 30%2, 0% ee; 020-1, 33%2, 0% ee
With S1-1 (0.25 equiv) 01, 5%, 90% ee; 020, 7%, 90% ee O1-l, 25%2, 0% ee; 020-1, 33%2, 0% ee
CUu(CH3CN)4PFg (10 mol %)
L7 (10 mol %) Tol s gy
N O\\ //O K3POy4 (3.0 equiv) C;’ \b o NPT,
17" Tol EA, 1t, argon, 10 min OO \([)r
S1-, 1.5 equiv 0o1-1
Under daylight: 73% yield
In the dark: 73% yield
CU(CH3CN)4PFg (1 mol %)
N ¢
. O\\S”O 3P0, (3.0 equiv) oo O_NPr,
177" Tol EA, 1t, Ar, 10 min O \g/
S1-l, 1.5 equiv 01-1
In the dark: 39% yield
Tol SerNy |
0.0 A _
+ Y oL O_NPr,
17" Tol EA, 1, Ar, 10 min O \g/
S1-l, 1.5 equiv 0o1-1
Under daylight: 68% yield
In the dark: n.d.
O\\S"O Under daylight O\\S,IO . N eq 1
177 Tol “Tol
S1-l
Under daylight
Q.0 or in the dark Q.0
/\Si + L*Cu(l) —_— N + L*Cu(I)—I eq. 2
| Tol Tol
S1-l
H
| | Under daylight Tols ooy
AR . or in the dark o i
4 O._NPr, O NPrz eq.3
Tol \ﬂ/ \ﬂ/
O (¢}
0s1
Y oo owmem R o
R
R O\H/N‘Prz + N orin The oo oQ O NP, + N eq. 4
e ol Y o
o (o)
S1-l [eXE]

“The yield was calculated based on the amount of S1-I. To express the yield relative to
OS1, the value should be divided by 2 or 4 for reactions using 0.50 or 0.25 equiv of S1-
I, respectively.

The reaction of S1-1 in the absence of a copper catalyst showed comparable efficiency
under daylight conditions (Scheme S3E). This observation strongly suggests the
existence of a copper-independent reaction pathway. Interestingly, this pathway was
completely suppressed when the reaction was carried out in the dark (Scheme S3E),
resembling a previously reported light-initiated radical chain iodosulfonylation

reaction.!
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When the reaction was performed in the dark with the addition of the copper catalyst,
the reaction efficiency was fully restored in terms of both reaction time and yield
(Scheme S3C). This result suggests the presence of a copper-initiated radical chain
iodosulfonylation pathway. Further evidence for this pathway comes from the
observation that the reaction efficiency was largely retained even with a significant
reduction in copper catalyst loading (Scheme S3D). Based on these findings, we
propose that the reaction of S1-1 proceeds via a radical chain mechanism that can be
initiated by either copper salts or light (Scheme S3F).

To further investigate the light-initiated radical chain pathway, we conducted a cross-
over experiment in the dark, which yielded results comparable to those obtained under
daylight (Scheme S3B). This indicates that the fast iodine atom transfer from S1-I to
vinyl radicals occurs under both conditions, leading to racemic vinyl iodide products.
These findings confirm the racemic nature of the vinyl radical species formed in situ.
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Scheme S4. The results of NS1 with A3 or A4 under standard conditions.

A
| | Boc CHs
N ><"/0Et
.
Y i

NS1, 1.0 equiv A4, 1.5 equiv
" oo
?oc
N E
+ CI><H/O t
0 o
NS1, 1.0 equiv A3, 1.5 equiv

(0]
Cul (10 mol %) | CHs
L7 (10 mol %) EtO A Boc
K3POy4 (4.0 equiv) - N
THF, t, Ar, 5d OO )

N35, 66% yield, 0% ee

[e]
Cul (10 mol %) Cl CH
L7 (10 mol %) EtO N7 Boc s
K3PO, (4.0 equiv) N
THF, tt, Ar, 5d OO o)

N36, n.d.
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Scheme S5. Reactivity of Internal Alkyne 020
CHs

| | Cu(CH3CN)4PFg (10 mol %) Tol 3N
L7 (10 mol %) N

O\H/N'sz Q0 K3PO4 (3.0 equiv)
+ N
OO S<
o ClI”  Tol EA, 1t, Ar, 24 h

0S20 S1 021, nd.
0.050 mmol, 1.0 equiv

|
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Scheme S6. Recrystallization Experiment Results?

H

Ts\CI

O _NPr,
SN

CO,Me
08
0.050 mmol, 27.2 mg, 82% ee

DCM/n-hexane

After recrystallization
H

Ts\CI

senu
(6]

CO,Me
08
86% vyield, 23.4 mg, 92% ee

T N cl

Me O.__NiPr,

T

O

013
0.050 mmol, 22.5 mg, 83% ee

DCM/n-hexane

After recrystallization

H

Ts™ cl

Me O.__NPr,

T

O

013
70% vyield, 15.8 mg, 97% ee

Ts\CI

0.__OBu
T
(e}

015
0.050 mmol, 22.9 mg, 84% ee

DCM/n-hexane

After recrystallization

H

Ts\CI

0.__OBu
T
(e}

015
87% vyield, 19.9 mg, 96% ee

“Recrystallization method: The axially chiral vinyl halide product (0.050 mmol) was dissolved in
DCM (0.20 mL). n-Hexane (5.0 mL) was then added to the solution. The resulting mixture was
stored in a refrigerator at —30 °C for 4 h. After recrystallization, the solid was collected by filtration,
and the ee value was determined using chiral HPLC analysis.
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Scheme S7. Control Experiments with Racemic N1

A
By
I e
= N Tol
Y
N
NS15

0.20 mmol, 1.0 equiv

(#)-N1
0.050 mmol, 1.0 equiv

[oNy¢]

N

CI” " Tol

S$1
1.5 equiv

Cu(CH3CN)4PFg (10 mol %)
L7 (10 mol %)
K3PO4 (3.0 equiv)

DME/MTBE, rt, argon, 24 h

(#)-N1 (1.0 equiv)

Cu(CH3CN),PFg (10 mol %)
L7 (10 mol %)
K3POy, (3.0 equiv)

DME/MTBE, rt, argon, 5 d
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N1
0% ee, 100% recovery



Scheme S8. The results of the
condition

Q.0

N
K oA
| | S8 (1.0 equiv)

0. N'Pr;
oY ¥
[e] 177 Tol

0s1 S$1-l

crossover experiment of OS1 with TsI and S8 under dark

Standard conditions
dark, 2d
Ar = p-AcHNPh=-

R =Tol, O1; R = Ar, 020 R =Tol, O1-I; R = Ar, 020-1
With $1-1 (0.50 equiv) 01, 5%, 90% ee; 020, 13%, 90% ee  O1-l, 30%7, 0% ee; 020-1, 33%?, 0% ee
With $1-1 (0.25 equiv) 01, 5%, 90% ee; 020, 7%, 90% ee 011, 25%2, 0% ee; 020-1, 33%2?, 0% ee

“The yield was based on the amount of Tsl.

S28



General information

All reactions were carried out under an argon atmosphere using Schlenk techniques
unless otherwise noted. Reagents were purchased at the highest commercial quality and
used without further purification unless otherwise stated. Cu(CH3CN)4PFe,
Cu(CH3CN)4BF4, and CuCl were purchased from Bide Pharmatech Ltd. K3PO4 was
purchased from Accela ChemBio Co., Ltd. Anhydrous 1,2-dimethoxyethane (DME),
2-methoxy-2-methylpropane (MTBE), and ethyl acetate (EtOAc) were purchased from
Shanghai Energy-Chemical Reagent Co. Ltd, which were directly used without further
treatment. Dichloromethane (CH2Cl2) and tetrahydrofuran (THF) were purified and
dried using a solvent-purification system that contained activated alumina under argon.
Anhydrous toluene (Tol) was purchased from Shanghai Lingfeng Chemical Reagent
Co. Ltd, which was treated by 4 A Molecular sieves and distilled after refluxing with
sodium and benzophenone. Other solvents and reagents were purchased from Aladdin,
J&K Scientific, Tansoole, and Bidepharm. An oil bath was employed for reactions that
needed heating, and the temperature of the oil bath was denoted. Analytical thin layer
chromatography (TLC) was performed on precoated silica gel 60 GF254 plates. Flash
column chromatography was performed using Tsingdao silica gel (60, particle size
0.040-0.063 mm). Visualization on TLC was achieved using UV light (254 nm), iodine,
or basic KMnOu4 indicator.

NMR spectra were recorded on Bruker DRX-400 and DPX-600 spectrometers at 400
or 600 MHz for '"H NMR and 100 or 150 MHz for '*C NMR, respectively, in CDCl3
with tetramethylsilane (TMS) as an internal standard. The chemical shifts were
expressed in ppm, and coupling constants were given in Hz. Data for 'H NMR were
recorded as follows: chemical shift (ppm), multiplicity (s, singlet; d, doublet; t, triplet;
g, quartet; p, pentet, m, multiplet; br, broad), coupling constant (Hz), integration. Data
for 13C NMR were reported as chemical shifts (8, ppm). HRMS measurements were
performed with a Thermo Q Exactive mass spectrometer with an orbitrap mass analyzer.
X-ray diffraction was measured on a Bruker D§ VENTURE diffractometer with MoKa.
(A=0.71073) radiation.
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Procedures for the synthesis of substrates

Procedure A for the synthesis of naphthylamine-derived alkynes NS1—7:

It Boc CHs
o

(o)

NS1

It Boc CHs;
o
Br

NS4

Procedure A

R~
=

R' = Br, Ph, Me, CO,Me

=—TMS (1.5 equiv)

1) Pd(PPh3),Cl, (5 mol %)
Cul (10 mol %)
Et3N (1.5 equiv)
THF, 80 °C, 24 h, Ar

2) KoCO3 (2.0 equiv)
MeOH/DCM, rt, 4 h

Na,COs, I,

THF/H,O, rt, 24 h

ooy

‘ ‘ Boc CHs ‘ ‘ Boc CHs
o 04
H3C © Ph ©
NS3

NS2

H I?oc CHs H Boc CHj
COy O
i Cy
NS5
H Boc CHs
N N
\N/ 5
NS15

Et3N Y©/
THF, O°Ctort 24 h

bR

Boc,0 (1.1 equiv))
4-DMAP (10 mol %)
Et3N (1.5 equiv)

THF, 60 °C, 48 h

Synthesis of 1-iodonaphthalen-2-amine’

I t |
/

To a mixture of substituted naphthalen-2-amine (10 mmol, 1.0 equiv) and Na2CO3 (2.12

NH; Na,COg, I, X NH

THF/H,0, rt, 24 h

g, 20 mmol, 2.0 equiv) in THF/H20 (20 mL/2 mL) was added 12 (5.58 g, 22 mmol, 1.1

equiv). The mixture was stirred at room temperature overnight and then extracted with
EtOAc (10 mL x 3). The combined organic layers were washed with saturated Na2S203
solution (20 mL), dried over Na2SOs, filtered, and concentrated under reduced pressure.

The residue was purified by flash silica gel column chromatography to give substituted
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1-iodo-naphthalen-2-amine.

Synthesis of acyl-protected substituted 2-iodonamide’

N NH, EtsN N
RI—— + Cl RIS
= HAC THF, 0°Ctort, 24 h - o)
3

To a solution of substituted 2-iodoaniline (10.5 mmol, 1.05 equiv) and triethylamine
(2.04 mL, 15 mmol, 1.5 equiv) in THF (15 mL) was slowly added a solution of 4-
methylbenzoyl chloride (1.55 g, 10.0 mmol, 1.0 equiv) in THF (5 mL) at 0 °C, which

resulted in a colorless precipitate. After the reaction mixture was stirred for 24 h at room
temperature, the formed triethylammonium chloride was removed by filtration. The
combined organic layers were concentrated under reduced pressure. The residue was
purified by flash silica gel column chromatography to give substituted acyl-protected

2-iodonamide.

Synthesis of substituted N-(1-ethynylnaphthalen-2-yl)-4-methylbenzamide*

=—TMS (1.5 equiv)

1) Pd(PPh3),Cl, (5 mol %)
Cul (10 mol %) Il

Ly CHs EtsN (1.5 equiv) CHs
N N THF, 80 °C, 24 h, Ar H
| X
R S 2) K,COs (2.0 equiv) R~

MeOH/DCM, rt Z 0

To a mixture of acyl-protected substituted 2-iodonamide (5.0 mmol, 1.0 equiv),
Pd(PPh3)2Cl2 (175 mg, 0.25 mmol, 5.0 mol %), Cul (96.0 mg, 0.50 mmol, 10 mol %),
and EtsN (1.04 mL, 7.5 mmol, 1.5 equiv) in dry THF (15 mL) was slowly added
trimethylsilylacetylene (1.04 mL, 7.5 mmol, 1.5 equiv) under argon. After the reaction
mixture was stirred at 80 °C for 24 h, it was treated with standard aqueous work-up and
extracted with DCM. The organic layer was dried over anhydrous Na>SO4 and filtered.
After evaporation of the solvent, the crude was purified by silica gel column

chromatography to afford the silylated arylacetylenes.

The mixture of silylated arylacetylenes and K2COs (1.38 g, 10 mmol, 2.0 equiv)
dissolved in MeOH (10 mL) and DCM (5 mL) was stirred at room temperature until
the starting silylated acetylenes disappeared. Then, the mixture was extracted with
DCM and dried over anhydrous NaxSOa. After filtration of the solid, the organic layer

was concentrated under reduced pressure. The residue was purified by silica gel
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chromatography to provide the substituted N-(1-ethynylnaphthalen-2-yl)-4-

methylbenzamide.

Synthesis of substituted tert-butyl (1-ethynylnaphthalen-2-yl)(4-
methylbenzoyl)carbamate’
Boc,O (1.1 equiv) If

CHs
Il CHs  4-DMAP (10 mol %) foc
H EtsN (1.5 equiv) N
| = R1_:

X
120
R o THF, 60 °C, 48 h = O

A solution of substituted N-(1-ethynylnaphthalen-2-yl)-4-methylbenzamide (2.0 mmol,
1.0 equiv) in THF (10 mL) was treated with EtsN (0.4 mL, 3.0 mmol, 1.5 equiv), 4-
DMAP (49.6 mg, 0.20 mmol, 10 mol %), and Boc20 (0.70 mL, 2.75 mmol, 1.1 equiv),
and the reaction mixture was stirred at 60 °C for 48 h. The reaction mixture was cooled
to room temperature, washed with aqueous KHSO4, and extracted with DCM. The
organic layer was dried over anhydrous Na>SO4 and concentrated. The residue was
purified by silica gel chromatography to provide the Boc-protected substituted
naphthylamine-derived alkynes.
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Procedure B for the synthesis of alkynes NS8-12:

I Bo CHy It Boc CHy Il Boc CHy
HsC N HsC N Cl N
0 cl °© O

NS8 NS9 NS10
[[— CHy I Boc CH,
|
cl N N
o) (0]
HsC
NS11 NS12
Procedure B o =—TMS (1.5 equiv)

cl 1) Pd(PPhs),Cl, (5 mol %)
CH,  Cul(10mol %) ‘ ‘ CH;
Br H3C Br 4 'Pr,NHIDMF (1/1,02M), H
R1\©/NH2 Et:N R1\<>/N 120 °C, 48 h R N
—_——

THF, 0°Ctort, 24 h e} 2) K,COj3 (2.0 equiv) e}

MeOH/DCM, rt
Boc,0 (1.1 equiv))
4-DMAP (10 mol %) B°°
Eth (1.5 equiv)

THF, 60 °C, 48 h

Synthesis of acyl-protected substituted N-(2-bromophenyl)-4-methylbenzamide

Br CHs
H
/@)J\ Et3 R‘1 N
THF, 0°Ctort, 24 h O

To a solution of substituted 2-bromoaniline (10.5 mmol, 1.05 equiv) and triethylamine
(2.04 mL, 15 mmol, 1.5 equiv) in THF (15 mL) was slowly added a solution of 4-
methylbenzoyl chloride (1.55 g, 10.0 mmol, 1.0 equiv) in THF (5 mL) at 0 °C, which

resulted in a colorless precipitate. After the reaction mixture was stirred for 24 h at room
temperature, the formed triethylammonium chloride was removed by filtration. The
combined organic layers were concentrated under reduced pressure. The residue was
purified by flash silica gel column chromatography to give substituted N-(2-
bromophenyl)-4-methylbenzamide.

Synthesis of substituted N-(2-ethynylphenyl)-4-methylbenzamide®
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=—TMS (1.5 equiv)
1) Pd(PPh3),Cl, (5 mol %)
Cul (10 mol %) | |

CHs CHs
B, iPr,NH/DMF (1/1, 0.2 M), H
R1\©/N 120 °C, 48 h R! N

'e) 2) K,CO3 (2.0 equiv) O
MeOH/DCM, rt

To a mixture of substituted N-(2-bromophenyl)-4-methylbenzamide (5.0 mmol, 1.0
equiv), Pd(PPh3)2ClL2 (175 mg, 0.25 mmol, 5.0 mol %), Cul (96.0 mg, 0.50 mmol, 10
mol %), and ProNH (10 mL) in dry DMF (10 mL) was slowly added
trimethylsilylacetylene (1.04 mL, 7.5 mmol, 1.5 equiv) under argon. After the reaction
mixture was stirred at 120 °C for 48 h, it was treated with standard aqueous work-up
and extracted with EtOAc. The organic layer was dried over anhydrous Na>SO4 and
filtered. After evaporation of the solvent, the crude was purified by silica gel column

chromatography to afford the silylated arylacetylenes.

The mixture of silylated arylacetylenes and K2COs (1.38 g, 10 mmol, 2.0 equiv)
dissolved in MeOH (10 mL) and DCM (5 mL) was stirred at room temperature until
the starting silylated acetylenes disappeared. Then, the mixture was extracted with
DCM and dried over anhydrous Na:SOas. After filtration, the organic layer was
concentrated under reduced pressure. The residue was purified by silica gel

chromatography to provide the substituted N-(2-ethynylphenyl)-4-methylbenzamide.

Synthesis of substituted tert-butyl (2-ethynylphenyl)(4-methylbenzoyl)carbamate

I CH, Boc,O (1.1 equiv) Il CHs
H 4-DMAP (10 mol %) Boc
R! N EtsN (1.5 equiv) R! N
o)

o) THF, 60 °C, 48 h

A solution of substituted N-(2-ethynylphenyl)-4-methylbenzamide (2.0 mmol, 1.0
equiv) in THF (10 mL) was treated with Et3N (0.40 mL, 3.0 mmol, 1.5 equiv), 4-DMAP
(49.6 mg, 0.20 mmol, 10 mol %), and Boc20 (0.70 mL, 2.75 mmol, 1.1 equiv) and the
reaction mixture was stirred at 60 °C for 48 h. Upon completion, the reaction mixture
was cooled to room temperature, washed with aqueous KHSO4, and extracted with
DCM. The organic layer was dried over anhydrous Na2SOu, filtrated, and concentrated.
The residue was purified by silica gel chromatography to provide the Boc-protected

alkynes.
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Procedure C for the synthesis of tert-butyl (tert-butoxycarbonyl)(I-
ethynylnaphthalen-2-yl)carbamate NS13:

Procedure C
=—TMS (1.5 equiv)

1) Pd(PPhs),Cl, (5 mol %)
|

) | Cul (10 mol %) ‘ ‘
Boc,0 (1.1 equiv) H :
NH, / Et3N (1.5 equiv) H
NaHMDS (2.2 equiv) NTOK THF, rt, 48 h, Ar NYOK
THF, 0 °C to rt, overnight o 2) K,COj3 (2.0 equiv) OO O

MeOH/DCM, rt

Boc,0 (1.1 equiv)) ‘ ‘
4-DMAP (10 mol %)

Et,N (1.5 equiv) OO NBoc,
_ EtN{-Sequv)

THF, 60 °C, 48 h
NS13

Synthesis of tert-butyl (1-iodonaphthalen-2-yl)carbamate’
[ |

. H
Boc,O (1.1 equiv) N. O
NH2 NaHMDS (2.2 equiv) OO il j<
> o)

THF, 0 °C to rt, overnight

To a solution of 1-iodonaphthalen-2-amine (5.38 g, 20 mmol, 1.0 equiv) in THF (2.0
M) was added NaHMDS (22.0 mL, 44.0 mmol, 2.2 equiv) at 0 °C. The reaction was
stirred at 0 °C for 30 min before a solution of Boc20 (5.05 mL, 22 mmol, 1.1 equiv) in
THF (1.0 M) was added dropwise. The reaction mixture was stirred at 0 °C for 15 min
before warming to room temperature over 30 min. The reaction mixture was then
concentrated in vacuo before being partitioned between EtOAc and 1.0 N HCl (aq). The
organic layer was washed with brine, dried over NaxSOs, and concentrated under
reduced pressure to afford the crude N-Boc aniline. The residue was purified by flash

silica gel column chromatography to give tert-butyl (1-iodonaphthalen-2-yl)carbamate.

Synthesis of tert-butyl (1-ethynylnaphthalen-2-yl)carbamate

=—TMS (1.5 equiv)

1) Pd(PPh3),Cl5 (5 mol %)
[ Cul (10 mol %) | |

H .
Etz3N (1.5 equiv) H
N\I(Oj< THF, rt, 48 h, Ar N\H/OT<
] i O
2) K,CO3 (2.0 equiv)

MeOH/DCM, rt

To a mixture of tert-butyl (1-iodonaphthalen-2-yl)carbamate (1.85 g, 5.0 mmol, 1.0
equiv), Pd(PPh3)2ClL2 (175 mg, 0.25 mmol, 5.0 mol %), Cul (96.0 mg, 0.50 mmol, 10
mol %), and EtsN (1.04 mL, 7.5 mmol, 1.5 equiv) in dry THF (15 mL) was slowly
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added trimethylsilylacetylene (1.04 mL, 7.5 mmol, 1.5 equiv). After the reaction
mixture was stirred at room temperature for 48 h, it was treated with standard aqueous
work-up and extracted with DCM. The organic layer was dried over anhydrous Na>SO4
and filtered. After evaporation of the solvent, the crude was purified by silica gel

column chromatography to afford the silylated arylacetylenes.

The mixture of silylated arylacetylenes and K2COs3 (1.38 g, 10 mmol, 2.0 equiv)
dissolved in MeOH (10 mL) and DCM (5 mL) was stirred at room temperature until
the starting silylated acetylenes disappeared. Then, the mixture was extracted with
DCM and dried over anhydrous Na>SOs4. After filtration, the organic layer was
concentrated under reduced pressure. The residue was purified by silica gel

chromatography to provide the tert-butyl (1-ethynylnaphthalen-2-yl)carbamate.

Synthesis of tert-butyl (tert-butoxycarbonyl)(1-ethynylnaphthalen-2-yl)carbamate

| | Boc,0 (1.1 equiv) | |
4-DMAP (10 mol %)

H
OO N\ﬂ/oj< EtsN (1.5 equiv) OO NBoc,
© THF, 60 °C, 48 h
A solution of fert-butyl (1-ethynylnaphthalen-2-yl)carbamate (534.0 mg, 2.0 mmol, 1.0

equiv) in THF (10 mL) was treated with Et3N (0.40 mL, 3.0 mmol, 1.5 equiv), 4-DMAP
(49.6 mg, 0.20 mmol, 10 mol %), and Boc20 (0.70 mL, 2.2 mmol, 1.1 equiv) and the

reaction mixture was stirred at 60 °C for 48 h. The reaction mixture was cooled to room
temperature, washed with aqueous KHSO4, and extracted with DCM. The organic layer
was dried over anhydrous Na>SOs and concentrated. The residue was purified by silica

gel chromatography to provide the Boc-protected alkyne NS13.

S36



Procedure D for the synthesis of tert-butyl (tert-butoxycarbonyl)(I-
ethynylnaphthalen-2-yl)carbamate NS14:

Procedure D

o =—TMS (1.5 equiv)
)k 1) Pd(PPhj3),Cl; (5 mol %)
Cl NEt; Cul (10 mol %) ‘ ‘

) H EtsN (1.5 equiv) H
NaH (1.5 l i ) 3
NH, aH ( equiv) NYNEtz THF, 80 °C, 24 h, Ar OO NTNEtZ
“OO THF, 0°Cto rt OO 0 2) K,COj (2.0 equiv) o

MeOH/DCM, rt, 4 h

Synthesis of 1,1-diethyl-3-(1-iodonaphthalen-2-yl)urea®
O

A

| Cl” “NEt, |

. H
NH, NaH (1.5 equiv) N\H/NEtz
OO THF, 0°Ctort OO 0]

To a solution of 1-iodonaphthalen-2-amine (2.69 g, 10.0 mmol, 1.0 equiv) in THF (20.0

mL) was slowly added NaH (60% dispersion in oil, 600 mg, 15.0 mmol, 1.5 equiv,) at
0 °C and the resulting solution was stirred at 0 °C for 30 min. Then, a solution of
diethylcarbamoyl chloride (1.63 g, 12.0 mmol, 1.2 equiv) in THF (10 mL) was added
dropwise via cannula to the reaction vessel. The reaction was warmed to room
temperature, stirred overnight, and quenched with several drops of water. Then, the
mixture was extracted with DCM and dried over anhydrous Na>SOs4. After filtration,
the organic layer was concentrated under reduced pressure. The residue was purified by

flash silica gel column chromatography to give the desired product.

Further transformation of this product to alkyne NS14 was conducted according to

general procedure A.

tert-Butyl (1-ethynylnaphthalen-2-yl)(4-methylbenzoyl)carbamate (NS1)

Il Boc CHj
0y

O
The product mixture was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 10/1) to afford NS1 (0.62 g, 80% yield) as a pale-yellow solid.
'H NMR (400 MHz, CDCls): 6 8.36 (d, J = 8.2 Hz, 1H), 7.94 — 7.83 (m, 2H), 7.78 —
7.71 (m, 2H), 7.60 — 7.51 (m, 2H), 7.34 (d, J = 8.7 Hz, 1H), 7.23 (d, J = 8.0 Hz, 2H),
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3.63 (s, 1H), 2.40 (s, 3H), 1.28 (s, 9H).

13C NMR (100 MHz, CDCLs): § 172.4, 152.9, 142.4, 140.4, 134.1, 134.0, 132.4, 130.0,
128.8(2), 128.7(7), 128.3,127.5, 127.1, 126.6, 126.3, 118.8, 87.8, 83.6, 78.4, 27.7, 21.8.
HRMS (ESI) m/z calcd. for C2sH24NO3 [M + H]* 386.1751, found 386.1747.

tert-Butyl (1-ethynyl-6-methylnaphthalen-2-yl)(4-methylbenzoyl)carbamate (NS2)

l Boc CHg
[ilIulil N
HsC ©

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford NS2 (0.66 g, 82% yield) as a white solid.

'H NMR (400 MHz, CDCl3): & 8.25 (d, J = 8.5 Hz, 1H), 7.79 (d, J = 8.7 Hz, 1H), 7.75
(d, J = 8.2 Hz, 2H), 7.63 (s, 1H), 7.42 (dd, J = 8.6, 1.8 Hz, 1H), 7.30 (d, J = 8.7 Hz,
1H), 7.23 (d, J= 7.9 Hz, 2H), 3.62 (s, 1H), 2.53 (s, 3H), 2.41 (s, 3H), 1.29 (s, 9H).

3C NMR (100 MHz, CDCl3): § 172.4, 153.0, 142.3, 139.7, 136.9, 134.1, 132.6, 132.4,
129.7, 129.3, 128.8(1), 128.7(8), 127.3, 126.4, 126.3, 118.6, 87.4, 83.5, 78.6, 27.7,
21.7(4), 21.7(1).

HRMS (ESI) m/z calcd. for C26H2sNO3Na [M + Na]* 422.1727, found 422.1722.

tert-Butyl (1-ethynyl-6-phenylnaphthalen-2-yl)(4-methylbenzoyl)carbamate (NS3)

H Boc CHs
|i]'“lil N
Ph ©

The reaction mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford NS3 (637.0 mg, 69% yield) as a pale-yellow solid.
'H NMR (400 MHz, CDCl3) 6 8.41 (d, J = 8.7 Hz, 1H), 8.04 (d, J= 1.8 Hz, 1H), 7.96
—17.66 (m, 6H), 7.48 (t,J="7.7 Hz, 2H), 7.43 — 7.32 (m, 2H), 7.25 - 7.19 (m, 2H), 3.65
(s, 1H), 2.40 (s, 3H), 1.29 (s, 9H).

3C NMR (100 MHz, CDCl3) § 172.4, 152.9, 142.4, 140.6, 140.3, 139.8, 133.9, 133.3,
132.6,130.2, 129.0, 128.8(2), 128.7(8), 127.8, 127.5,127.2,127.1, 126.8, 126.0, 118.7,
87.8, 83.6, 78.3,27.7, 21.8.

HRMS (ESI) m/z caled. for C31H27NOsNa [M + Na]" 484.1883, found 484.1882.

tert-Butyl (6-bromo-1-ethynylnaphthalen-2-yl)(4-methylbenzoyl)carbamate (NS4)
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| | Boc CHj
N
5 OO o)

The Sonogashira coupling for the synthesis of NS4 was conducted at room temperature.
The final product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford NS4 (0.65 g, 70% yield) as a white solid.

'H NMR (400 MHz, CDCl3): 6 8.23 (d, J = 8.9 Hz, 1H), 8.02 (d, J= 2.0 Hz, 1H), 7.82
—17.72 (m, 3H), 7.65 (dd, /= 8.9, 2.0 Hz, 1H), 7.37 (d, /= 8.8 Hz, 1H), 7.28 — 7.19 (m,
2H), 3.65 (s, 1H), 2.41 (s, 3H), 1.28 (s, 9H).

BC NMR (100 MHz, CDCl3): § 172.3, 152.8, 142.5, 140.7, 133.8, 132.6, 130.8, 130.2,
128.9(2), 128.8(9), 128.8(6), 128.8, 128.4, 127.6, 121.4, 119.1, 88.3, 83.8, 77.9, 27.7,
21.8.

HRMS (ESI) m/z calcd. for C25sH23NO3Br [M + H]" 464.0856 found 464.0852.

Methyl 6-(N-(tert-butoxycarbonyl)-4-methylbenzamido)-5-ethynyl-2-naphthoate
(NSS)

I ITD’O\T(O/CHS
N

MeO,C OO °
The reaction mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 4/1) to afford NS5 (0.51g, 57% yield) as a yellow solid.
"H NMR (400 MHz, CDCl3) 6 8.61 (d, J= 1.6 Hz, 1H), 8.41 (d, J= 8.8 Hz, 1H), 8.16
(dd, J=8.8, 1.7 Hz, 1H), 7.99 (d, /= 8.7 Hz, 1H), 7.74 (d, J = 8.2 Hz, 2H), 7.41 (d, J
=8.7 Hz, 1H), 7.24 (d, /= 8.0 Hz, 2H), 3.99 (s, 3H), 3.67 (s, 1H), 2.42 (s, 3H), 1.28 (s,
9H).
BC NMR (100 MHz, CDCl3) § 172.3, 167.0, 152.7, 142.6, 142.4, 136.4, 133.8, 131.6,
131.2,128.9, 128.8, 128.6, 127.3, 127.0, 126.9, 119.0, 88.4, 83.9, 77.9, 52.5,27.7,21.8.
HRMS (ESI) m/z calcd. for C27H2sNOsNa [M + Na]* 466.1625, found 466.1625.

tert-Butyl (1-ethynyl-7-methoxynaphthalen-2-yl)(4-methylbenzoyl)carbamate
(NS6)

CH
- :
MeO N
SON
The reaction mixture was purified by silica gel column chromatography (petroleum
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ether/ethyl acetate = 8/1) to afford NS6 (556.8 mg, 67% yield) as a yellow solid.

'H NMR (400 MHz, CDCl3) 6 7.81 (d, J = 8.6 Hz, 1H), 7.75 (d, J = 8.2 Hz, 3H), 7.65
(d, J=2.6 Hz, 1H), 7.25 — 7.17 (m, 4H), 3.96 (s, 3H), 3.66 (s, 1H), 2.41 (s, 3H), 1.29
(s, 9H).

BC NMR (100 MHz, CDCl3) 6 172.3, 159.1, 153.0, 142.3, 140.9, 135.7, 134.0, 129.8,
129.7,128.8,128.7,127.8,123.9, 119.8, 117.5, 104.8, 87.6, 83.5, 78.7, 55.5, 27.7, 21.7.
HRMS (ESI) m/z calcd. for C26H2sNO4Na [M + Na]"438.1676, found 438.1673.

N-(1-Ethynylnaphthalen-2-yl)-2,4,6-trimethylbenzamide (NS7)

f H
I
The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford NS7 (1.41 g, 90% yield) as a white solid.

"H NMR (400 MHz, CDCl3): 6 8.78 (d, J = 9.0 Hz, 1H), 8.33 (s, 1H), 8.24 (d, J= 8.4
Hz, 1H), 7.94 (d, J= 9.1 Hz, 1H), 7.85 (d, J = 8.1 Hz, 1H), 7.70 — 7.53 (m, 1H), 7.48
(t,J=7.5Hz, 1H), 6.94 (s, 2H), 3.84 (s, 1H), 2.45 (s, 6H), 2.34 (s, 3H).

13C NMR (100 MHz, CDCl3): 6 169.1, 139.4, 139.2, 134.9, 134.5, 133.5, 130.3, 130.2,
128.6, 128.3, 127.7, 125.6, 125.6, 119.4, 106.4, 89.9, 77.7, 21.3, 19.5.

HRMS (ESI) m/z caled. for C22H20NO [M + H]" 314.1539, found 314.1537.

tert-Butyl (2-ethynyl-3-methylphenyl)(4-methylbenzoyl)carbamate (NS8)

It Boc CHs
H,C N

@)
The reaction mixture was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 10/1) to afford NS8 (0.55 g, 78% yield) as a pale-yellow solid.
"H NMR (400 MHz, CDCl3) § 7.69 (d, J = 8.2 Hz, 2H), 7.31 — 7.23 (m, 1H), 7.23 —
7.17 (m, 3H), 7.07 (d, J=7.8 Hz, 1H), 3.41 (s, 1H), 2.48 (s, 3H), 2.39 (s, 3H), 1.25 (s,
9H).

3C NMR (100 MHz, CDCl3) 6 172.2, 152.9, 142.5, 142.1, 141.6, 134.1, 129.2, 129.0,
128.7, 128.6, 126.1, 121.7, 86.3, 83.3, 78.9, 27.6, 21.7, 20.9.

HRMS (ESI) m/z calcd. for C22H23NO3Na [M + Na]*372.1570, found 372.1568.
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tert-Butyl (4-chloro-2-ethynyl-3-methylphenyl)(4-methylbenzoyl)carbamate (NS9)

Il Boc CHs
Me N

O
Tclzlle reaction mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford NS9 (0.70 g, 90% yield) as a yellow solid.
'H NMR (400 MHz, CDCI3) 6 7.69 (d, J = 8.2 Hz, 2H), 7.39 (d, J = 8.5 Hz, 1H), 7.23
(d, J=17.8 Hz, 2H), 7.05 (d, J = 8.5 Hz, 1H), 3.48 (s, 1H), 2.57 (s, 3H), 2.41 (s, 3H),
1.27 (s, 9H).
3C NMR (100 MHz, CDCl3) § 172.0, 152.6, 142.3, 140.3, 140.1, 134.2, 133.7, 130.0,
128.7, 128.6, 127.2, 123.5, 87.0, 83.6, 78.5, 27.5, 21.7, 18.8.
HRMS (ESI) m/z caled. for C22H22CINO3Na [M + Na]"406.1180, found 406.1176.

tert-Butyl (3-chloro-2-ethynylphenyl)(4-methylbenzoyl)carbamate (NS10)

It Boc CHs;
cl N

@)
The reaction mixture was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 10/1) to afford NS10 (0.55 g, 74% yield) as a white solid.

"H NMR (400 MHz, CDCI3) 6 7.67 (d, J = 8.0 Hz, 2H), 7.39 (dd, J = 8.1 Hz, 1.1 Hz,
1H), 7.30 (t, J= 8.0 Hz, 1H), 7.25 - 7.19 (m, 2H), 7.16 (dd, /= 7.9, 1.1 Hz, 1H), 3.51
(s, 1H), 2.39 (s, 3H), 1.26 (s, 9H).

13C NMR (100 MHz, CDCl3) 6 171.8, 152.3, 142.9, 142.4, 137.3, 133.5, 129.7, 128.8,
128.7, 128.6, 127.4, 122.1, 87.6, 83.7, 77.0, 27.5, 21.6.

HRMS (ESI) m/z caled. for C21H20CINO3Na [M + Na]* 392.1024, found 392.1021.

tert-Butyl (3-chloro-2-ethynyl-4-methylphenyl)(4-methylbenzoyl)carbamate
(NS11)
| | IBOC C H3
Cl N
H3C ©

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford NS11 (0.54 g, 70% yield) as a white solid.

'H NMR (400 MHz, CDCL): 6 7.70 — 7.65 (m, 2H), 7.28 — 7.17 (m, 3H), 7.06 (d, J =
8.1 Hz, 1H), 3.49 (s, 1H), 2.39 (s, 6H), 1.25 (s, 9H).
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BC NMR (100 MHz, CDCls): § 172.0, 152.6, 142.4, 140.6, 137.1, 136.7, 133.7, 131.1,
128.8, 128.6, 126.9, 122.1, 87.1, 83.7, 77.6, 27.6, 21.7, 20.6.
HRMS (ESI) m/z caled. for C22H22CINO3Na [M + Na]" 406.1180, found 406.1176.

tert-Butyl (4-ethynyl-2,3-dihydro-1H-inden-5-yl)(4-methylbenzoyl)carbamate
(NS12)

Il Boc CHs
N

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford NS12 (0.54 g, 72% yield) as a white solid.

"H NMR (400 MHz, CDCl3): § 7.72 — 7.67 (m, 2H), 7.23 (dd, J= 7.9, 4.7 Hz, 3H), 7.01
(d, /=79 Hz, 1H), 3.31 (s, 1H), 3.03 (t, /= 7.5 Hz, 2H), 2.94 (t, /= 7.6 Hz, 2H), 2.41
(s, 3H), 2.16 — 2.08 (m, 2H), 1.24 (s, 9H).

BC NMR (100 MHz, CDCls): § 172.6, 153.2, 149.1, 144.3, 142.1, 139.2, 134.3, 128.8,
128.7,126.7, 125.3, 117.9, 84.6, 83.3, 79.0, 33.2, 33.0, 27.6, 25.1, 21.7.

HRMS (ESI) m/z caled. for C24H2sNO3Na [M + Na]™ 398.1727, found 398.1723.

tert-Butyl (tert-butoxycarbonyl)(1-ethynylnaphthalen-2-yl)carbamate (NS13)

S0

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 8/1) to afford NS13 (0.63 g, 85% yield) as a white solid.

"H NMR (400 MHz, CDCl3): 6 8.35 (d, J = 8.2 Hz, 1H), 7.84 (t, J= 8.7 Hz, 2H), 7.70
—7.47 (m, 2H), 7.27 (d, J= 8.6 Hz, 1H), 3.65 (s, 1H), 1.37 (s, 18H).

BC NMR (100 MHz, CDCls): § 151.1, 140.6, 133.7, 132.1, 129.3, 128.2, 127.2, 126.8,
126.5, 126.3, 118.4, 87.4, 82.8, 77.8, 27.9.

HRMS (ESI) m/z calcd. for C22H2sNO4Na [M + Na]" 390.1676, found 390.1673.

1,1-Diethyl-3-(1-ethynylnaphthalen-2-yl)urea (NS14)

H NEt
SORS
0]

The reaction mixture was purified by silica gel column chromatography (petroleum
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ether/ethyl acetate = 10/1) to afford NS14 (0.93 g, 70% yield) as a yellow solid.

'H NMR (400 MHz, CDCI3) 6 8.54 (d, J=9.2 Hz, 1H), 8.16 (d, J = 8.4 Hz, 1H), 7.80
(dd, J = 18.0, 8.6 Hz, 2H), 7.67 (s, 1H), 7.52 (t, /= 7.5 Hz, 1H), 7.38 (t, J = 7.5 Hz,
1H), 3.93 (s, 1H), 3.45 (q, /= 7.2 Hz, 4H), 1.30 (t, J= 7.2 Hz, 6H).

BC NMR (100 MHz, CDCl3) 6 154.2, 141.9, 133.6, 130.2, 129.1, 128.3, 127.4, 125.1,
124.6, 118.8, 103.7, 88.9, 78.9, 42.0, 14.0.

HRMS (ESI) m/z caled. for C17H19N20 [M + H]"267.1492, found 267.1489.

tert-Butyl (S5-ethynylquinolin-6-yl)(4-methylbenzoyl)carbamate (NS15)

Il Boc CHs
_ N

N )

Thl\el: product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 2/1) to afford NS15 (0.39 g, 51% yield) as a white solid.

'H NMR (400 MHz, CDCls): 6 8.96 (dd, J= 4.3, 1.7 Hz, 1H), 8.65 (d, J= 8.6 Hz, 1H),
8.16 (d,/=9.0 Hz, 1H), 7.74 (d, J= 8.2 Hz, 2H), 7.58 (d, /= 9.0 Hz, 1H), 7.50 (dd, J
=8.5,4.2 Hz, 1H), 7.34 - 7.17 (m, 2H), 3.66 (s, 1H), 2.42 (s, 3H), 1.28 (s, 9H).

BC NMR (100 MHz, CDCl3): § 172.3, 152.7, 151.4, 147.1, 142.6, 140.8, 134.9, 133.8,
131.6, 130.1, 129.4, 128.9, 128.8, 122.3, 119.1, 88.3, 83.9, 77.3, 27.7, 21.8.

HRMS (ESI) m/z calcd. For C24H22N203Na [M + Na]* 409.1523, found 409.1524.
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Procedure E for the synthesis of naphthol-derived alkynes OS1-11 and
OS18:

fl I
o} NPrz OTNPrZ OO OYNiPrZ O (0] NPI’Z
H3C © Ph ©
0s3

0S2
It It
CIO o R INCOR OO T
MeO NC © MeO,C
COZMe
0S6 0Ss7
I It
NPrz OO OWN'PrZ HaC ‘O oeriPr2 C|O NPr2
l¢) o}
CHg
0S10 0s11 0s18

x
Con. H-SO | ClI” "NPr, |
LA 4 :
N OH  KI,30%H,0, SN OH NaH (1.5 equiv o._NPr,
| X
R~ = Ry R T
= MeOH, 0°C, 1.5 h = THF, 0 °C to rt = (0]
™S
=—TMS (1.5 equiv) ‘ ‘ KF (L75 equiv) ‘ ‘
Pd(PPhs),Cl, (5 mol %) ; : '
Cul (10 mol %) N AN OWN Pry H,0 (3.5 equiv) Y (o) NPr,
) R RLL
iPr,NH/THF, 80 °C, 72 h, Ar = o DMF, 1t A 0

Synthesis of substituted 1-iodo-2-naphthol’
Con. HQSC)4 I
N OH 30 % H,0,, KI - N OH
R1|_ R1|_
T MeOH, 0 °C, 1.5 h _
To a stirred solution of conc. H2SO4 (1.1 mL, 21 mmol, 1.5 equiv) in MeOH (40 mL)
were sequentially added substituted naphthalen-2-ol (13.8 mmol, 1.0 equiv), KI (2.54

g, 15 mmol, 1.1 equiv), and H202 (30% agq. solution, 7.50 mL, 28 mmol, 2.0 equiv) at
0 °C. The mixture was stirred for an additional 75 min at 0 °C and poured into DCM
(100 mL). The organic layer was separated, washed with sat. aq. NaHSOs3 solution (10
mL) and H20 (80 mL), dried over NaxSOs, filtrated, and concentrated under reduced

pressure. The crude product was then purified by flash column chromatography to
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afford the desired substituted 1-iodo-2-naphthol.

Synthesis of substituted 1-iodonaphthalen-2-yl diisopropylcarbamate®
O

N

| Cl” “NPr, |
ot A OH NaH (1.5 equiv) N O\[]/Niprz
I R1_
Z THF, 0 °C to rt S ©

To a solution of substituted 1-iodo-2-naphthol (10.0 mmol, 1.0 equiv) in THF (20.0 mL)
was slowly added NaH (60% dispersion in oil, 600 mg, 15.0 mmol, 1.5 equiv) at 0 °C
and the resulting solution was stirred at 0 °C for 30 min. Then, a solution of
diisopropylcarbamic chloride (1.96 g, 12.0 mmol, 1.2 equiv) in THF (10 mL) was added
dropwise via cannula to the reaction vessel. The reaction mixture was warmed to room
temperature, stirred overnight, and quenched with several drops of water. Then, the
mixture was extracted with DCM and dried over anhydrous Na>SOa. After filtration,
the organic layer was concentrated under reduced pressure. The residue was purified by
flash silica gel column chromatography to give substituted 1-iodonaphthalen-2-yl

diisopropylcarbamate.

Synthesis of substituted 1-ethynylnaphthalen-2-yl diisopropylcarbamate*'°

™S

| =—TMS (1.5 equiv) Il Il
KF (1.75 equiv)
; Pd(PPh3),Cl, (5 mol % ; ) .
) Cij/OTNIPrZ ( Cu|3()%0 2 (ol %) o) N OWNIPrZ H,0 (3.5 equiv) PN OTNlprz
R _ R4+ ——— g
& 0o 'Pr,NH/THF, 80°C, 72 h, Ar Z 0 DMF, rt, 2 h L~ o)

To a mixture of substituted 1-iodonaphthalen-2-yl diisopropylcarbamate (5.0 mmol, 1.0
equiv), PdCl2(PPhs)2 (175 mg, 0.25 mmol, 5 mol %), Cul (48 mg, 0.50 mmol, 10
mol %), and PreNH (7.5 mL) in dry THF (7.5 mL) was slowly added

trimethylsilylacetylene (1.04 mL, 7.5 mmol, 1.5 equiv) under argon atmosphere. Then,
the reaction mixture was stirred at 80 °C for 72 h, treated with a saturated NH4Cl
aqueous solution, and extracted with DCM. The organic layer was dried over anhydrous
Na2S04 and filtered. After evaporation of the solvent, the residue was purified by silica

gel column chromatography to afford the silylated arylacetylenes.

The mixture of silylated arylacetylenes and KF (580 mg, 10.0 mmol, 2.0 equiv)
dissolved in DMF (15.0 mL) and H20 (0.3 mL) was stirred at room temperature until
the starting silylated acetylenes disappeared. Then, the mixture was extracted with

EtOAc and dried over anhydrous Na>SOs4. After filtration, the organic layer was
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concentrated under reduced pressure. The residue was purified by flash silica gel

column chromatography to give alkynes.

Procedure F for the synthesis of naphthol-derived alkynes OS12-14:

Br Br Br

: ﬁ OH H3C\©/OH H3C\©/0H
0S-Br1 0S-Br2 CHs
0S-Br3
I I fl
owaiPr2 HsC OYN‘Prz HsC OTNiPrz
o} o} o}
CH3
0s12 0s13 0s14

™S ™S
=—TMS 1
Pd,(dba)s (2.5 mol %) l o NP It
Br/l 2 )
Cul (10 mol %) _ o. _NPr
Ll o OH ‘ X-Phos (10 mol %) S OH  NaH (1.5 equiv) RLL N 2
O iPr,NH/Tol (1/1, 0.25 M), L THF, 0°Ctort =~ O
100°C, 72 h
KF (1.75 equiv) ‘ ‘
H,0 (3.5 equi i
20 (3.5 equiv) t O~ NP
DMF, 1t, 2 h A O

OS-Br1 is commercially available. OS-Br2 and OS-Br3 were synthesized according

to the literature.'!

Synthesis of substituted 2-((trimethylsilyl)ethynyl)phenol'?

B ™S |
=—TMS I O
- Pdy(dba); (2.5 mol %) I - PCy2
Cul (10 mol %) | Pr Pr
LN XePhos (10mol %) A\ OH O
R _ Pr,NH/Tol (1/1, 0.25 M) R_'/
100 °C, 72 h ! Pr
' X-Phos

To a solution of substituted 2-bromophenol (10 mmol, 1.0 equiv), Pd2(dba)s; (229 mg,
0.25 mmol, 2.5 mol %), Cul (192 mg, 0.10 mmol, 10 mol %), and X-Phos (477 mg,
0.10 mmol, 10 mol %) in a mixture of toluene/PraNH (1/1 v/v, 40 mL) placed in a
sealed tube was slowly added trimethylsilylacetylene (2.08 mL, 15 mmol, 1.5 equiv).
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The resulting solution was stirred at 100 °C for 72 h until the starting material
disappeared. The catalyst was removed by filtration over silica gel using DCM as the
eluent, and the solvent was evaporated under reduced pressure. The residue was

purified by flash chromatography to afford the silylated arylacetylenes.

Synthesis of substituted 2-((trimethylsilyl)ethynyl)phenol

™S T™MS
‘ ‘ ‘ ‘ ) KF (1.75 equiv) ‘ ‘
LNOH Q NaH (15 equiv) Oy VP2 H20 (35 equiv) e O VP2
JLLES i - > T oo
R T CIT NP e 0o toRT A O DMF, RT, 2h .~ O

To a solution of substituted 2-((trimethylsilyl)ethynyl)phenol (5.0 mmol, 1.0 equiv) in
THF (10.0 mL) was slowly added NaH (60% dispersion in oil, 300 mg, 7.5 mmol, 1.5
equiv) at 0 °C and the resulting solution was stirred at 0 °C for 30 min. Then, a solution
of diisopropylcarbamic chloride (981 mg, 6.0 mmol, 1.2 equiv) in THF (5 mL) was
added dropwise via cannula to the reaction vessel. The reaction was warmed to room
temperature, stirred overnight, and quenched with several drops of water. Then, the
mixture was extracted with DCM and dried over anhydrous Na2SOs4. After filtration,
the organic layer was concentrated under reduced pressure. The residue was purified by
flash  silica gel column chromatography to  give substituted 2-

((trimethylsilyl)ethynyl)phenyl diisopropylcarbamate.

The mixture of silylated arylacetylenes (5.0 mmol, 1.0 equiv) and KF (508.3 mg, 8.75
mmol, 1.75 equiv) dissolved in DMF (15.0 mL) and H20 (0.32 mL, 17.5 mmol, 3.50
equiv) was stirred at room temperature until the starting silylated acetylenes
disappeared. Then, the mixture was extracted with EtOAc and dried over anhydrous
NaxSOs4. After filtration, the organic layer was concentrated under reduced pressure.

The residue was purified by flash silica gel column chromatography to give alkynes.
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Procedure G for the synthesis of alkyne OS15:

Procedure G
=—TMS (1.5 equiv) ™S

| Boc,O (1.1 equiv)) Pd(PPh3),Cl, (5 mol %) Il
I Cul (10 mol %)

OH 4-DMAP (10 mol %) o. o N " o o
“/OO Et3N (1.5 equiv) T j< t3 .5 equiv T \K
DCM, 1t, 24 h % THF, 1t, 48 h, Ar OO 0

KF (1.75 equiv)
H20 (3.5 equiv)
Y j< 0s15
DMF rt

Synthesis of tert-butyl (1-iodonaphthalen-2-yl) carbonate®

| Boc,O (1.1 equiv) |

4-DMAP (10 mol %)
OH EtsN (1.5 equiv) 0\[(0\’<
DCM, rt, 24 h ©

A round bottom flask was charged with 1-iodo-2-naphthol (2.70 g, 10.0 mmol, 1.0
equiv), 4-DMAP (122.2 mg, 1.0 mmol, 10 mol %), DCM (30 mL), and Et3N (2.08 mL,
15.0 mmol, 1.5 equiv). Boc2O (2.53 mL, 11.0 mmol, 1.1 equiv) was added to the

reaction vessel, and the reaction was stirred until the bubbling subsided (about 15 min).
The solution was transferred to a separatory funnel, and KHSO4 solution (0.5 M, 20
mL) was added. The layers were separated, and the aqueous layer was extracted with
DCM (3x20 mL). The combined organic layers were washed with brine (20 mL), dried
over Na>SOs4, filtrated, and concentrated under reduced pressure. The residue was

purified by flash chromatography to give fert-butyl (1-iodonaphthalen-2-yl) carbonate.

Synthesis of tert-butyl (1-ethynylnaphthalen-2-yl) carbonate

=——TMS (1.5 equiv)

1) Pd(PPhs),Cl, (5 mol %)
Cul (10 mol %) It

I Et3N (1.5 equiv)
O 2) KF (1.75 equiv) OO O
H,O (3.5 equiv)
DMF, rt

To a mixture of tert-butyl (1-iodonaphthalen-2-yl) carbonate (1.85 g, 5.0 mmol, 1.0
equiv), PdCl2(PPhs)2 (175 mg, 0.25 mmol, 5 mol %), Cul (48 mg, 0.10 mmol, 10
mol %), and EtsN (1.04 mL, 7.5 mmol, 1.5 equiv) in dry THF (7.5 mL) was slowly
added trimethylsilylacetylene (1.04 mL, 7.5 mmol, 1.5 equiv) under argon atmosphere.
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Then, the reaction mixture was stirred at room temperature for 48 h. Upon completion,
the reaction mixture was treated with saturated NH4ClI aqueous solution and extracted
with DCM. The organic layer was dried over anhydrous Na>SO4 and filtered. After
evaporation of the solvent, the residue was purified by silica gel column
chromatography to afford the silylated arylacetylenes. The mixture of silylated
arylacetylenes and KF (580 mg, 10.0 mmol, 2.0 equiv) dissolved in DMF (15.0 mL)
and H20 (0.3 mL) was stirred at room temperature until the starting silylated acetylenes
disappeared. Then, the mixture was extracted with EtOAc and dried over anhydrous
Na2SOa4. After filtration, the organic layer was concentrated under reduced pressure.
The residue was purified by flash silica gel column chromatography to give tert-butyl

(1-ethynylnaphthalen-2-yl) carbonate.

Procedure H for the synthesis of alkyne OS16:

Procedure H o

§C| =—TMS (1.5 equiv)
HsC Pd(PPhg),Cl, (5 mol %)
I Cul (10 mol % KF (1.75 equiv)
4-DMAP (10 mol %) ul (10 mol %) i
OH Et3N (1.5 equiv) “/ Y©/ Et3N (1.5 equiv) H>0 (3.5 equiv)
DCM, 0°Ctort, 24 h THF, rt, 48 h, Ar DMF, rt

I CHs
OY©/
o

Synthesis of 1-iodonaphthalen-2-yl 4-methylbenzoate'?

| (0] | CHs
4-DMAP (10 mol %)
“/OH cl Et3N (1.5 equiv) O\H/©/
SO e
HaC DCM, 0°Ctort, 24 h 0

3

A round bottom flask was charged with 1-iodo-2-naphthol (2.70 g, 10.0 mmol, 1.0
equiv), 4-DMAP (122.2 mg, 1.0 mmol, 10 mol %), DCM (20 mL), and EtsN (2.08 mL,
15.0 mmol, 1.5 equiv). Then, the resulting solution was stirred at 0 °C, and a solution
of 4-methylbenzoyl chloride (12.0 mmol, 1.2 equiv) in DCM (10 mL) was added
dropwise via cannula to the reaction vessel. The reaction was warmed to room
temperature and stirred overnight. Then, the mixture was extracted with DCM and dried
over anhydrous NaxSOa. After filtration, the filtrate was concentrated under reduced
pressure. The residue was purified by flash silica gel column chromatography to give

the acyl-protected product. Then, alkyne OS16 was prepared by following procedure
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Procedure I for the synthesis of alkyne OS17:

Procedure |

=—TMS (1.5 equiv)

Pd(PPh,),Cl, (5 mol %) Il
| 222 ’ KF (1.75 equiv)

TsCl I Cul (10 mol %) i or
OH Et3N (2.0 equiv) OTS EtsN (1.5 equiv) H,0 (3.5 equiv) OO s
_— - @ @O @ o
DCM, 0°Ctort, 24 h THF, rt, 48 h, Ar DMF, rt

0817

Synthesis of 1-iodonaphthalen-2-yl 4-methylbenzenesulfonate'**

' TsCl |
OH EtsN (2.0 equiv) OTS
DCM, 0 °C to rt, 24 h

A round-bottom flask was charged with 1-iodo-2-naphthol (2.70 g, 10.0 mmol, 1.0
equiv), DCM (20 mL), and EtsN (3.0 mL, 15.0 mmol, 1.5 equiv). Then, the reaction

mixture was stirred at 0 °C, and a solution of 4-methylbenzenesulfonyl chloride (2.28
g, 12.0 mmol, 1.2 equiv) in DCM (10 mL) was added dropwise via cannula to the
reaction vessel. The reaction was warmed to room temperature and stirred overnight.
Upon completion, the reaction mixture was extracted with DCM and dried over
anhydrous Na>SOa. After filtration, the organic layer was concentrated under reduced
pressure. The residue was purified by flash silica gel column chromatography to give
the desired product. Subsequently, alkyne OS17 was prepared by following procedure
G.

1-Ethynylnaphthalen-2-yl diisopropylcarbamate (OS1)

O\[]/N’Prz

SO

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford OS1 (1.30 g, 88% yield) as a white solid.

'H NMR (400 MHz, CDCls): 6 8.32 (d, J = 8.4 Hz, 1H), 7.89 — 7.78 (m, 2H), 7.57 (t,J
=7.6 Hz, 1H), 7.48 (t, J= 7.5 Hz, 1H), 7.33 (d, /= 8.9 Hz, 1H), 4.31 — 3.95 (m, 2H),
3.62 (s, 1H), 1.52 — 1.21 (m, 12H).

13C NMR (100 MHz, CDCl3): 6 153.1, 152.3, 134.3, 130.9, 130.0, 128.2, 127.4, 126.0,
125.9, 122.1, 112.0, 86.8, 77.7, 46.9, 21.6, 20.6.
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HRMS (ESI) m/z caled. for C19H22NO2 [M + H]" 296.1645, found 296.1643.

1-Ethynyl-6-methylnaphthalen-2-yl diisopropylcarbamate (OS2)

o\n/N'Pr2
OO O
HC

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford OS2 (1.40 g, 90% yield) as a white solid.

'H NMR (400 MHz, CDCls): 6 8.18 (d, J = 8.5 Hz, 1H), 7.73 (d, J = 8.9 Hz, 1H), 7.58
(s, 1H), 7.38 (dd, J = 8.5, 1.7 Hz, 1H), 7.27 (d, J = 8.9 Hz, 1H), 4.22 — 3.98 (m, 2H),
3.58 (s, 1H), 2.49 (s, 3H), 1.40 — 1.31 (m, 12H).

3C NMR (100 MHz, CDCl3): § 153.2, 151.7, 135.6, 132.5, 131.1, 129.6, 129.3, 127.3,
125.8,122.0, 111.8, 86.4, 77.9, 46.9, 21.6, 20.7.

HRMS (ESI) m/z caled. for C20H24NO2 [M + H]" 310.1802, found 310.1798.

1-Ethynyl-6-phenylnaphthalen-2-yl diisopropylcarbamate (OS3)

[
O._NPr,
b
AT

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford OS3 (1.54 g, 83% yield) as a white solid.

"H NMR (400 MHz, CDCl3): 6 8.36 (d, J = 8.7 Hz, 1H), 8.02 (d, J = 2.0 Hz, 1H), 7.88
(d, J=8.9 Hz, 1H), 7.82 (dd, J=8.7, 1.9 Hz, 1H), 7.71 (dd, J= 7.4, 1.7 Hz, 2H), 7.48
(t,J=17.7 Hz, 2H), 7.41 — 7.32 (m, 2H), 4.24 — 3.95 (m, 2H), 3.62 (s, 1H), 1.47 — 1.28
(m, 12H).

3C NMR (100 MHz, CDCl3): § 153.1, 152.4, 140.8, 138.7, 133.6, 131.2, 130.2, 129.0,
127.6, 127.5, 127.0, 126.6, 126.1, 122.5, 112.0, 86.7, 77.7, 46.9, 21.6, 20.7.

HRMS (ESI) m/z caled. for C2sH26NO2 [M + H]" 372.1958, found 372.1953.

6-Bromo-1-ethynylnaphthalen-2-yl diisopropylcarbamate (OS4)

o\n/ N'Pr,
OO O
Br
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The Sonogashira coupling for the synthesis of OS4 was conducted at room temperature.
The final product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford OS4 (1.46 g, 78% yield) as a white solid.

'H NMR (400 MHz, CDCl3): 6 8.17 (d, J = 8.9 Hz, 1H), 7.99 (d, J= 2.0 Hz, 1H), 7.73
(d, J=8.9 Hz, 1H), 7.62 (dd, J=8.9, 2.0 Hz, 1H), 7.35 (d, /= 8.9 Hz, 1H), 4.17 - 3.93
(m, 2H), 3.62 (s, 1H), 1.51 — 1.23 (m, 12H).

3C NMR (100 MHz, CDCl3): § 152.8, 152.5, 132.9, 132.0, 130.7, 130.2, 128.9, 127.8,
123.3, 120.0, 112.4, 87.2, 77.2, 47.0, 21.6, 20.6.

HRMS (ESI) m/z calcd. for C19H21BrNO2 [M + H]" 374.0750, found 374.0748.

1-Ethynyl-6-methoxynaphthalen-2-yl diisopropylcarbamate (OS5)

f
Y
MeO ©

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford OS5 (1.31 g, 80% yield) as a white solid.

'H NMR (400 MHz, CDCl3): 6 8.20 (d, J=9.1 Hz, 1H), 7.72 (d, J= 8.9 Hz, 1H), 7.28
(d, J=8.9 Hz, 1H), 7.23 (dd, J=9.1, 2.6 Hz, 1H), 7.12 (d, /= 2.6 Hz, 1H), 4.16 — 4.01
(m, 2H), 3.90 (s, 3H), 3.59 (s, 1H), 1.41 — 1.26 (m, 12H).

3C NMR (100 MHz, CDCl3): § 157.7, 153.3, 150.6, 132.1, 129.6, 128.7, 127.5, 122.4,
120.0, 112.0, 106.3, 86.4, 77.8, 55.4, 46.9, 46.7, 21.6, 20.6.

HRMS (ESI) m/z caled. for C20H24NO3 [M + H]" 326.1751, found 326.1746.

6-Cyano-1-ethynylnaphthalen-2-yl diisopropylcarbamate (OS6)

[
sepe
NC ©

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 15/1) to afford OS6 (1.28 g, 80% yield) as a white solid.

'H NMR (400 MHz, CDCl3): § 8.36 (dd, J = 8.7, 2.9 Hz, 1H), 8.20 (s, 1H), 7.87 (d, J
=9.0 Hz, 1H), 7.67 (dd, J=8.7, 1.7 Hz, 1H), 7.46 (d, J = 8.9 Hz, 1H), 4.19 — 3.99 (m,
2H), 3.68 (s, 1H), 1.50 — 1.23 (m, 12H).

3C NMR (100 MHz, CDCl3): 6 154.6, 152.4, 135.9, 134.2, 130.2, 129.8, 127.9, 127 .4,
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124.1, 119.0, 112.7, 109.6, 88.0, 76.6, 47.1, 21.6, 20.6.
HRMS (ESI) m/z caled. for C20H21N202 [M + H]" 321.1598, found 321.1593.

Methyl 6-((diisopropylcarbamoyl)oxy)-5-ethynyl-2-naphthoate (OS7)

f
SR
MeOzC ©

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 6/1) to afford OS7 (1.48 g, 84% yield) as a white solid.

"H NMR (400 MHz, CDCI3): 6 8.58 (s, 1H), 8.34 (d, J= 8.8 Hz, 1H), 8.13 (dd, /= 8.8,
1.7 Hz, 1H), 7.94 (d, J = 8.9 Hz, 1H), 7.40 (d, J = 8.9 Hz, 1H), 4.29 — 4.00 (m, 2H),
3.98 (s, 3H), 3.65 (s, 1H), 1.50 — 1.26 (m, 12H).

B3BC NMR (100 MHz, CDCl3): 6 167.1, 154.1, 152.7, 136.7, 131.3, 131.2, 130.0, 127.6,
126.8, 126.3, 123.0, 112.3, 87.3, 77.2, 52.4, 47.0, 21.6, 20.6.

HRMS (ESI) m/z caled. for C21H24aNO4 [M + H]" 354.1700, found 354.1696.

Methyl 6-((diisopropylcarbamoyl)oxy)-5-ethynyl-1-naphthoate (OS8)

O._NPr,
SO

CO,Me
The product mixture was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 6/1) to afford OS8 (1.45 g, 82% yield) as a white solid.

"H NMR (400 MHz, CDCl3): 6 8.98 (d, J= 9.5 Hz, 1H), 8.56 (d, J = 8.4 Hz, 1H), 8.18
(dd, J=7.2,1.3 Hz, 1H), 7.58 (dd, J = 8.4, 7.3 Hz, 1H), 7.45 (d, /= 9.4 Hz, 1H), 4.23
—4.03 (m, 2H), 3.99 (s, 3H), 3.64 (s, 1H), 1.49 — 1.23 (m, 12H).

13C NMR (100 MHz, CDCl3): 6 167.8, 152.8, 152.6, 135.0, 131.2, 130.2, 129.0, 128.2,
127.5,126.1, 123.7, 112.5, 87.3, 77.5, 52.4, 47.0, 46.9, 21.6, 20.6.

HRMS (ESI) m/z caled. for C21H24aNO4 [M + H]" 354.1700, found 354.1694.
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1-Ethynyl-4-phenylnaphthalen-2-yl diisopropylcarbamate (OS9)

o\n/N"Pr2
OO O

Ph
The reaction mixture was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 10/1) to afford OS9 (1.45 g, 78% yield) as a yellow solid.

'"H NMR (400 MHz, CDCl3) 6 8.42 (d, J = 8.3 Hz, 1H), 7.89 (d, J= 8.4 Hz, 1H)., 7.62
—7.55 (m, 1H), 7.55 — 7.40 (m, 6H), 7.31 (s, 1H), 4.18 — 4.04 (m, 2H), 3.66 (s, 1H),
1.51 —1.27 (m, 12H).

3C NMR (100 MHz, CDCl3) § 153.0, 151.7, 142.6, 139.7, 134.8, 130.1, 129.4, 128.4,
127.8, 127.3, 126.6, 126.4, 126.0, 123.0, 111.5, 86.9, 77.8, 47.0, 46.7, 21.7, 20.7.
HRMS (ESI) m/z calcd. for C2sH26NO2 [M + H]" 372.1958, found 372.1956.

1-Ethynyl-4-methylnaphthalen-2-yl diisopropylcarbamate (OS10)

O O\n/ NiPrz
O O

CH;
The reaction mixture was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 10/1) to afford OS10 (1.25 g, 81% yield) as a pale-yellow solid.
"H NMR (400 MHz, CDCl3) 6 8.36 (d, J = 8.3 Hz, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.58
(t,J=7.5Hz, 1H), 7.52 (td, /= 17.6, 6.9, 1.2 Hz, 1H), 7.20 (s, 1H), 4.16 — 3.92 (m, 2H),
3.59 (s, 1H), 2.70 (s, 3H), 1.38 (d, /= 21.4 Hz, 12H).

13C NMR (100 MHz, CDCls) 6 153.1, 151.8, 137.4, 134.3, 130.2, 127.0, 126.5, 125.7,
124.4,122.7, 110.1, 86.1, 77.8, 46.8, 46.7, 21.5, 20.6, 19.7.

HRMS (ESI) m/z caled. for C20H24NO2 [M + H]"310.1802, found 310.1799.

1-Ethynyl-7-methylnaphthalen-2-yl diisopropylcarbamate (OS11)

f
H3C OO O\[]/N'Prz
0]

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford OS11 (1.24 g, 80% yield) as a white solid.
'H NMR (400 MHz, CDCls): 6 8.07 (s, 1H), 7.77 (d, J = 8.9 Hz, 1H), 7.71 (d, J= 8.3
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Hz, 1H), 7.29 (dd, J=8.4, 1.7 Hz, 1H), 7.24 (d, J = 8.9 Hz, 1H), 4.15 — 3.97 (m, 2H),
3.60 (s, 1H), 2.53 (s, 3H), 1.55 - 1.18 (m, 12H).

3C NMR (100 MHz, CDCl3): § 153.1, 152.5, 137.4, 134.5,129.7, 129.1, 128.2, 128.0,
125.0, 121.0, 111.3, 86.5, 77.9, 46.8, 22.0, 21.6, 20.7.

HRMS (ESI) m/z caled. for C20H24NO2 [M + H]" 310.1802, found 310.1796.

1-Ethynyl-5,6,7,8-tetrahydronaphthalen-2-yl diisopropylcarbamate (0S12)

O._NPr,

T

O
The product mixture was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 10/1) to afford OS12 (1.14 g, 76% yield) as a pale-yellow solid.
'H NMR (400 MHz, CDCl3): 6 7.04 (d, J = 8.3 Hz, 1H), 6.89 (d, J = 8.3 Hz, 1H), 4.20
—3.98 (m, 2H), 3.40 (s, 1H), 2.94 — 2.61 (m, 4H), 1.83 — 1.69 (m, 4H), 1.45 - 1.17 (m,
12H).

BC NMR (100 MHz, CDCl3): § 153.3, 151.2, 141.0, 134.2, 130.2, 119.6, 116.0, 86.0,
78.2,46.6,29.4,28.3, 22.8, 21.5, 20.6.

HRMS (ESI) m/z caled. for C19H26NO2 [M + H]" 300.1958, found 300.1955.

2-Ethynyl-3-methylphenyl diisopropylcarbamate (OS13)

HaC O._NPr,

T

@)
The reaction mixture was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 10/1) to afford OS13 (0.97 g, 75% yield) as a white solid.

"H NMR (400 MHz, CDCl3) § 7.23 (dd, J=15.2, 7.3 Hz, 1H), 7.05 (d, J= 7.6 Hz, 1H),
6.98 (d,J=8.2 Hz, 1H), 4.20 — 3.91 (m, 2H), 3.40 (s, 1H), 2.45 (s, 3H), 1.40 — 1.24 (m,
12H).

3C NMR (100 MHz, CDCl3) ¢ 153.3, 142.7, 129.1, 127.5, 126.3, 120.1, 116.7, 85.6,
78.3,46.8, 21.6, 20.8, 20.6.

HRMS (ESI) m/z caled. for C16H22NO2 [M + H]" 260.1645, found 260.1643.

2-Ethynyl-3,5-dimethylphenyl diisopropylcarbamate (OS14)
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fl
HsC o\n/ N'Pr,
o}

CHs
The product mixture was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 10/1) to afford OS14 (0.98 g, 72% yield) as a pale-yellow solid.
'H NMR (400 MHz, CDCls): 6 6.87 (s, 1H), 6.80 (s, 1H), 4.20 — 3.91 (m, 2H), 3.34 (s,
1H), 2.41 (s, 3H), 2.30 (s, 3H), 1.42 — 1.18 (m, 12H).

13C NMR (100 MHz, CDCl3): 6 153.2(0), 153.1(6), 142.2, 139.6, 127.3, 120.7, 113.6,
84.8,78.5,46.7,21.5, 20.6.

HRMS (ESI) m/z caled. for C17H24aNO2 [M + H]" 274.1802, found 274.1799.

1-Ethynylnaphthalen-2-yl diisopropylcarbamate (OS15)

SO

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford OS15 (1.24 g, 92% yield) as a white solid.

'H NMR (400 MHz, CDC3): 6 8.34 (d, J = 8.4 Hz, 1H), 7.86 (t, J = 8.0 Hz, 2H), 7.60
(ddd, J=8.3, 6.9, 1.3 Hz, 1H), 7.51 (ddd, /= 8.2, 6.9, 1.3 Hz, 1H), 7.33 (d, /= 8.9 Hz,
1H), 3.72 (s, 1H), 1.60 (s, 9H)

3C NMR (100 MHz, CDCl3): 6 151.5, 151.4, 134.1, 131.2, 130.4, 128.3, 127.7, 126 .4,
126.1, 120.9, 112.3, 87.7, 84.2, 76.6, 27.8.

HRMS (ESI) m/z calcd. for C17H1603Na [M + Na]* 291.0992, found 291.0990.

1-Ethynylnaphthalen-2-yl 4-methylbenzoate (0OS16)

I CHs,
o o I

@)
The reaction mixture was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 10/1) to afford OS16 (1.03 g, 72% yield) as a yellow solid.

"H NMR (400 MHz, CDCI3) 6 8.36 (d, J = 8.3 Hz, 1H), 8.20 (d, J = 8.1 Hz, 2H), 7.90
(dd, J=11.3, 8.5 Hz, 2H), 7.62 (t,J = 7.6 Hz, 1H), 7.54 (t, J= 7.5 Hz, 1H), 7.40 (d, J
=8.9 Hz, 1H), 7.35 (d, /= 8.1 Hz, 2H), 3.58 (s, 1H), 2.48 (s, 3H).

3C NMR (100 MHz, CDCI3) 6 164.9, 151.8, 144.7, 134.3, 131.3, 130.6, 130.3, 129.5,
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128.4,127.7,126.7, 126.4, 126.1, 121.5, 112.3, 87.4, 76.8, 22.0.
HRMS (ESI) m/z calcd. for C20H1502 [M + H]" 287.1067, found 287.1065.

1-Ethynylnaphthalen-2-yl 4-methylbenzenesulfonate (OS17)

ool

The reaction mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford OS17 (1.37 g, 85% yield) as a white solid.

"H NMR (400 MHz, CDCls) § 8.23 (d, J = 8.3 Hz, 1H), 7.88 — 7.77 (m, 4H), 7.62 —
7.49 (m, 2H), 7.42 (d, J=9.0 Hz, 1H), 7.29 (d, J = 8.1 Hz, 2H), 3.43 (s, 1H), 2.44 (s,
3H).

13C NMR (100 MHz, CDCl3) 6 149.5, 145.6, 134.1, 132.9, 131.5, 130.4, 129.9, 129.0,
128.3,127.9, 126.9, 126.4, 121.3, 113.4, 87.5, 76.1, 21.9.

HRMS (ESI) m/z caled. for C19H1503S [M + H]"323.0736, found 323.0735.

1,6-Diethynylnaphthalen-2-yl diisopropylcarbamate (OS18)

l
O._NPr,
SR
Z

The reaction mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 8/1) to afford OS18 (1.24 g, 90% yield) as a yellow solid.

'H NMR (400 MHz, CDCl3) 6 8.25 (d, J = 8.6 Hz, 1H), 8.00 (d, J = 1.5 Hz, 1H), 7.79
(d,/=8.9 Hz, 1H), 7.61 (dd, J=8.7, 1.7 Hz, 1H), 7.35 (d, /= 8.9 Hz, 1H), 4.26 — 3.97
(m, 2H), 3.62 (s, 1H), 3.16 (s, 1H), 1.49 — 1.21 (m, 12H).

3C NMR (100 MHz, CDCl3) § 153.1, 152.8, 134.1, 132.5, 130.3, 130.1, 129.8, 126.2,
122.9, 119.6, 112.3, 87.1, 83.7, 78.0, 77.3, 47.0, 21.6, 20.6.

HRMS (ESI) m/z caled. for C21H22NO2 [M + H]"320.1645, found 320.1640.

1,7-Diethynylnaphthalen-2-yl diisopropylcarbamate (0OS19)

||
Rosn

The reaction mixture was purified by silica gel column chromatography (petroleum
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ether/ethyl acetate = 10/1) to afford OS19 (0.81 g, 50% yield) as a yellow solid.

'H NMR (400 MHz, CDCl3) 6 8.48 (s, 1H), 7.79 (dd, J = 11.7, 8.7 Hz, 2H), 7.52 (dd, J
=8.4, 1.6 Hz, 1H), 7.35 (d, J= 8.9 Hz, 1H), 4.29 — 3.83 (m, 2H), 3.65 (s, 1H), 3.19 (s,
1H), 1.52 — 1.14 (m, 12H).

BC NMR (100 MHz, CDCI3) 6 152.9, 152.9, 133.9, 130.5, 130.3, 129.7, 128.7, 128 .4,
123.1, 121.1, 112.0, 87.4, 84.0, 78.3, 47.0, 21.6, 20.7.

HRMS (ESI) m/z caled. for C21H22NO2 [M + H]" 320.1645, found 320.1640.

The internal alkyne OS20 was synthesized according to the reported literature. '

H CH3
I I
O _NPr "BuLi (1.2 equiv) O_NPr,
OO0 S - Oy
@ THF, ~78 °Cto rt o

0OS1, 1.0 equiv 1.25 equiv 0S20

1-(Prop-1-yn-1-yl)naphthalen-2-yl diisopropylcarbamate (0S20)
CHs

O\H/NiPrz

SO

The reaction mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford OS20 as a white solid.

'H NMR (400 MHz, CDCl3) 6 8.12 (d, J = 8.4 Hz, 1H), 7.74 (d, J = 8.1 Hz, 1H), 7.60
(s, 1H), 7.53 (t, J= 7.0 Hz, 1H), 7.37 (t, J = 7.5 Hz, 1H), 7.20 (s, 1H), 3.93-3.48 (m,
2H), 2.29 (s, 3H), 1.53—-1.20 (m, 12H).

3C NMR (100 MHz, CDCls) J 168.4, 153.2, 134.2, 128.6, 127.8(0), 127.7(9), 126.3,
125.8, 125.1, 124.5, 105.1, 97.9, 72.4, 20.8, 5.1.

HRMS (ESI) m/z calcd. for C20H24NO2 [M + H]" 310.1802, found 310.1800.

6-Ethynylnaphthalen-2-yl diisopropylcarbamate (OS1')

O\ﬂ/ N'Pr,
0
=7

The reaction mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford OS1' (1.23 g, 83% yield) as a white solid.

'H NMR (400 MHz, CDCl3) 6 8.01 (s, 1H), 7.79 (d, J = 8.9 Hz, 1H), 7.73 (d, J = 8.5
Hz, 1H), 7.57 (d, J=2.3 Hz, 1H), 7.51 (dd, /= 8.5, 1.6 Hz, 1H), 7.31 (dd, /= 8.9, 2.3
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Hz, 1H), 4.26 — 3.90 (m, 2H), 3.14 (s, 1H), 1.52 — 1.15 (m, 12H).

13C NMR (100 MHz, CDCls) § 153.8, 150.1, 133.7, 132.2, 130.6, 129.2, 129.1, 127.8,
122.7, 118.9, 118.5, 84.1, 77.5, 47.1, 46.4, 21.7, 20.6.

HRMS (ESI) m/z calcd. for CioH21NO2Na [M + Na]* 318.1465, found 318.1461.

7-Ethynylnaphthalen-2-yl diisopropylcarbamate (OS1')

X O\ﬂ/ N'Pr,
T

The reaction mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 10/1) to afford OS1" (1.24 g, 84% yield) as a white solid.

"H NMR (400 MHz, CDCI3) § 7.97 (s, 1H), 7.78 (dd, J= 14.7, 8.7 Hz, 2H), 7.60 — 7.43
(m, 2H), 7.31 (dd, J = 8.8, 2.3 Hz, 1H), 4.30 — 3.85 (m, 2H), 3.15 (s, 1H), 1.51 - 0.97
(s, 12H).

13C NMR (100 MHz, CDCl3) § 153.8, 149.8, 133.5, 131.9, 130.8, 129.1, 128.1, 127.9,
123.0, 120.0, 118.4, 84.1,77.8,47.1,46.4, 21.7, 20.6.

HRMS (ESI) m/z caled. for C19H21NO2Na [M + Na]" 318.1465, found 318.1461.

The radical precursors A1 and A2 were synthesized according to the reported
literature.'> The radical precursors A3 and A4 were commercially available.

For the synthesis of Al: To a stirred solution of 3,5-dimethoxyaniline (1.53 g, 10 mmol,
1.0 equiv) and triethylamine (4.17 mL, 3.03 g, 30 mmol, 3.0 equiv) in anhydrous DCM
(100 mL) was added 2-bromoisobutyryl bromide (1.23 mL, 2.29 g, 10 mmol, 1.0 equiv)
dropwise at 0 °C. After the addition was completed, the reaction was allowed to return
to room temperature and stirred overnight. Then, the mixture was extracted with DCM
and dried over anhydrous Na>SOa. After filtration, the organic layer was concentrated
under reduced pressure. The residue was purified by silica gel column chromatography

(petroleum ether/ethyl acetate = 10/1) to afford A1 as a white solid.

For the synthesis of A2: To a solution of 3,5-dichlorophenol (1.62 g, 10 mmol, 1.0 equiv)
and EtsN (2.08 mL, 15 mmol, 1.5 equiv) in THF (30 mL) was added 2-bromoisobutyryl
bromide (1.8 mL, 15 mmol, 1.5 equiv) dropwise under argon for 5 min at 0 °C. The
reaction mixture was stirred at room temperature for 12 h and then filtrated through a
short pad of silica. The filtrate was concentrated in vacuo, and the residue was diluted
in DCM (60 mL) and washed with 0.1 M HCI aq. solution (40 mL) and sat. NaHCOs3

solution (40 mL) sequentially. The organic layer was dried over anhydrous Na2SOs,
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filtrated, and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (petroleum ether/ethyl acetate = 50/1) to afford A2 as a

white solid.

2-Bromo-N-(3,5-dimethoxyphenyl)-2-methylpropanamide (A1)
Br>§(“\©/ow|e

0]

OMe

'H NMR (400 MHz, CDCls): § 8.41 (s, 1H), 6.78 (d, J = 2.3 Hz, 2H), 6.26 (t, J=2.2
Hz, 1H), 3.77 (s, 6H), 2.03 (s, 6H).
BC NMR (100 MHz, CDCl3): § 170.1, 161.1, 139.2, 98.1, 97.5, 63.1, 55.5, 32.6.
HRMS (ESI) m/z calcd. for C12H17BrNOs [M + H]" 302.0386, found 302.0388.

3,5-Dichlorophenyl 2-bromo-2-methylpropanoate (A2)

Br O Cl
(@]
Cl
'H NMR (400 MHz, CDCl3): § 7.28 (t, J = 1.9 Hz, 1H), 7.10 (d, J = 1.9 Hz, 2H), 2.05
(s, 6H).

3C NMR (100 MHz, CDCl3): § 169.6, 151.4, 135.5, 126.8, 120.5, 54.8, 30.6.
HRMS (ESI) m/z caled. for C1oH10BrCl202 [M + H]* 310.9236, found 310.9236.
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Procedures for the synthesis of chiral ligands

Procedures for the synthesis of chiral ligand L7

COOH
Z N
|
X Br
EDC-+HCI (2.0 equiv),
) 0 o)
CN (S)ph ZnCl; (2.0 equiv) ] 4-DMAP (1.0 equiv) NH
+ HO Y N~ 7Q
NH : PhCI, 130 °C, 36 h, air Ph DCM, tt, 24 h = N
2 NH, NH, \ /N ;

mB(OH)z
N

Boc
Pd(PPhgz)4 (10 mol %)
K>CO3 (6.0 equiv)

THF/H,0 (3/1, 0.125 M)
Ar, 80 °C, 48 h

Synthesis of (S)-2-(4-phenyl-4,5-dihydrooxazol-2-yl)aniline: Under argon
atmosphere, a dry 100 mL round-bottom flask equipped with a magnetic stir bar was
charged with 2-aminobenzonitrile (1.18 g, 10 mmol, 1.0 equiv), (S)-2-amino-2-
phenylethan-1-ol (1.65 g, 12 mmol, 1.2 equiv), dry ZnCl2 (2.72 g, 20 mmol, 2.0 equiv),
and chlorobenzene (40 mL). Then, the reaction mixture was refluxed for 36 h before
being quenched with H2O, EtOAc, and 2 mL ethylenediamine. The reaction mixture
was extracted with EtOAc and dried over anhydrous Na>SO4. After filtration, the
organic layer was concentrated under reduced pressure. The residue was purified by
silica gel column chromatography to afford the desired amine as a white solid.
Synthesis of (S)-6-bromo-N-(2-(4-phenyl-4,5-dihydrooxazol-2-
yl)phenyl)picolinamide: Under atmospheric condition, a dry 50 mL round-bottom
flask equipped with a magnetic stir bar was charged with (S)-2-(4-phenyl-4,5-
dihydrooxazol-2-yl)aniline (1.19 g, 5.0 mmol, 1.0 equiv), 6-bromopicolinic acid (1.52
g, 7.5 mmol, 1.5 equiv), EDCI (1.92 g, 10 mmol, 2.0 equiv), 4-DMAP (0.61 g, 5.0
mmol, 1.0 equiv), and DCM (20 mL), and then the mixture was stirred at room
temperature for 24 h. Upon completion, the reaction mixture was extracted with DCM
and dried over anhydrous Na>SOa. After filtration, the organic layer was concentrated
under reduced pressure. The residue was purified by silica gel column chromatography
to afford the desired product as a white solid.

Synthesis of L7 (Suzuki-Miyaura coupling): A flame-dried 100 mL Schlenk tube
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equipped with a magnetic stir bar was charged with Pd(PPh3)s4 (432 mg, 0.40 mmol, 10
mol %), (S)-6-bromo-N-(2-(4-phenyl-4,5-dihydrooxazol-2-yl)phenyl)picolinamide
(1.60 g, 4.0 mmol, 1.0 equiv), (1-(tert-butoxycarbonyl)-1H-indol-2-yl)boronic acid
(1.68 g, 6.4 mmol, 1.6 equiv), and K2CO3(3.32 g, 24.0 mmol, 6.0 equiv). The tube was
evacuated and backfilled with argon three times, then analytically pure THF (24.0 mL)
and H20 (8 mL) were added into the mixture, and the reaction mixture was stirred at
80 °C for 48 h. Upon completion, the precipitate was filtered off and washed by EtOAc.
The filtrate was evaporated and the residue was purified by column chromatography on
silica gel to afford the desired chiral ligand L7 as a white solid. Chiral ligands L4, L5,
L6, and L8 were prepared following procedures similar to those of chiral ligand L7,

using corresponding chiral amino alcohols and aryl boronic acids.

(5)-N-(2-(4-(tert-Butyl)-4,5-dihydrooxazol-2-yl)phenyl)-6-phenylpicolinamide (L4)

[0)
NH 0

)
W :;ud

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 6/1) to afford L4 (1.44 g, 90% yield) as a white solid.

"H NMR (400 MHz, CDCl3): § 13.64 (s, 1H), 8.99 (dd, J = 8.5, 1.1 Hz, 1H), 8.22 (dd,
J=173,1.2 Hz, 1H), 8.19 — 8.08 (m, 2H), 8.02 — 7.81 (m, 3H), 7.65 — 7.40 (m, 4H),
7.15 (td,J=7.6,1.2 Hz, 1H), 4.34 —4.17 (m, 2H), 4.11 (dd, J=10.0, 6.3 Hz, 1H), 0.54
(s, 9H).

3C NMR (100 MHz, CDCl3): § 164.6, 162.7, 156.2, 151.4, 139.8, 138.7, 138.1, 132.3,
129.6, 129.4, 128.7, 127.7, 122.9, 122.8, 121.4, 120.6, 114.9, 76.1, 67.4, 34.2, 25 .4.
HRMS (ESI) m/z caled. for C2sH26N302 [M + H]" 400.2020, found 400.2015.

(59-N-(2-(4-(tert-Butyl)-4,5-dihydrooxazol-2-yl)phenyl)-6-phenylpicolinamide (L5)

Q
NH 0

— N/\)

AN 7Bu
The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 6/1) to afford L5 (1.48 g, 74% yield) as a white solid.

'H NMR (400 MHz, CDCl3): 6 13.29 (s, 1H), 9.01 (dd, J = 8.6, 1.1 Hz, 1H), 8.58 (s,
1H), 8.50 (dd, J=7.9, 1.1 Hz, 1H), 8.18 — 8.02 (m, 3H), 7.76 (dd, /= 7.8, 1.7 Hz, 1H),
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7.72 - 7.62 (m, 3H), 7.55 — 7.44 (m, 3H), 7.43 — 7.32 (m, 2H), 7.08 (td, /= 7.6, 1.2 Hz,
1H), 3.69 — 3.51 (m, 2H), 2.68 (dd, J = 9.8, 6.8 Hz, 1H), 0.00 (s, 9H).

BC NMR (100 MHz, CDCl3): § 164.1, 161.9, 156.9, 151.3, 139.0, 137.6, 134.9, 132.0,
131.5(8), 131.5(6), 130.4, 130.3, 129.9, 129.3, 128.6, 128.4, 127.8, 126.7, 126.2, 126.0,
125.9, 125.4,125.3, 123.0, 121.8, 120.8, 115.9, 75.2, 67.4, 33.2, 24.7.

HRMS (ESI) m/z caled. for C33H30N302 [M + H]" 500.2333, found 500.2328.

tert-Butyl (9-2-(6-((2-(4-(tert-butyl)-4,5-dihydrooxazol-2-
yh)phenyl)carbamoyl)pyridin-2-yl)-1H-indole-1-carboxylate (L6)

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 6/1) to afford L6 (2.07 g, 96% yield) as a white solid.

'"H NMR (400 MHz, CDCls): 6 13.82 (s, 1H), 9.07 (d, J=9.7 Hz, 1H), 8.29 (d, J=7.8
Hz, 1H), 8.22 (d, J = 9.5 Hz, 1H), 7.95 (t, J = 7.8 Hz, 1H), 7.88 (dd, J = 7.9, 1.6 Hz,
1H),7.72 (dd, J=7.7, 1.1 Hz, 1H), 7.63 (d, J= 7.8 Hz, 1H), 7.51 (ddd, J=8.7,7.3, 1.7
Hz, 1H), 7.39 (ddd, J= 8.4, 7.2, 1.3 Hz, 1H), 7.29 (td,J= 7.5, 1.1 Hz, 1H), 7.12 (td, J
=17.6, 1.2 Hz, 1H), 6.84 (s, 1H), 4.22 (dd, /= 9.9, 8.5 Hz, 1H), 4.13 (dd, /= 8.5, 6.2
Hz, 1H), 3.97 (dd, J=9.9, 6.2 Hz, 1H), 1.19 (s, 9H), 0.31 (s, 9H).

BC NMR (100 MHz, CDCl3): § 164.1, 162.2, 151.9, 150.6, 150.0, 139.5, 139.0, 138.1,
137.7,132.1,129.4,128.9, 125.3,125.2, 123.2,122.8, 121.4,121.3, 120.2, 115.1, 114.9,
111.5, 83.6,75.4, 67.7, 33.7, 27.6, 25.0.

HRMS (ESI) m/z caled. for C32H3sN4O4 [M + H]" 539.2653, found 539.2652.

tert-Butyl (9-2-(6-((2-(4-phenyl-4,5-dihydrooxazol-2-
y)phenyl)carbamoyl)pyridin-2-yl)-1H-indole-1-carboxylate (L7)

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford L7 (2.10 g, 94% yield) as a white solid.
"H NMR (400 MHz, CDCls): 6 14.21 (s, 1H), 9.15 (d, J = 8.5 Hz, 1H), 8.28 (d, J= 6.8
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Hz, 1H), 8.14 (d, J = 8.3 Hz, 1H), 8.01 — 7.87 (m, 2H), 7.64 — 7.52 (m, 2H), 7.40 (d, J
=7.7Hz, 1H), 7.34 (t,J = 8.4 Hz, 1H), 7.23 (t, J= 7.5 Hz, 1H), 7.16 (t, J= 7.0 Hz, 1H),
6.93 — 6.74 (m, 3H), 6.60 (d, J = 7.3 Hz, 2H), 6.53 (s, 1H), 5.49 (dd, J= 10.1, 7.3 Hz,
1H), 4.69 (dd, J = 10.2, 8.1 Hz, 1H), 4.06 (dd, J=8.1, 7.3 Hz, 1H), 1.21 (s, 9H).

13C NMR (100 MHz, CDCL3): 6 164.1, 163.7, 152.1, 150.2, 150.0, 142.0, 139.8, 138.4,
137.8,137.5, 132.6, 129.7, 128.8, 127.9, 126.5, 125.6, 125.4,125.1, 122.9, 122.8, 121.2,
121.2,120.2, 114.8, 114.7, 111.5, 83.5, 73.7, 69.4, 27.6.

HRMS (ESI) m/z calcd. for C34H31NsO4 [M + H]" 559.2340, found 559.2340.

(S)-6-(Phenanthren-9-yl)-N-(2-(4-phenyl-4,5-dihydrooxazol-2-
yl)phenyl)picolinamide (L8)

O,
NH

Sl
A

@
puct mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford L8 (1.45 g, 70% yield) as a white solid.
'"H NMR (400 MHz, CDCl3): 6 14.20 (s, 1H), 9.19 (d, J = 8.5 Hz, 1H), 8.70 (d, J= 8.3
Hz, 1H), 8.65 (d, J = 8.3 Hz, 1H), 8.39 (d, J = 7.7 Hz, 1H), 8.07 (d, J = 8.3 Hz, 1H),
8.01 (t,J=7.7 Hz, 1H), 7.90 (d, J= 7.8 Hz, 1H), 7.78 (d, /= 7.9 Hz, 1H), 7.74 — 7.53
(m, 6H), 7.50 (t, /= 7.6 Hz, 1H), 7.14 (t, J= 7.6 Hz, 1H), 6.61 — 6.44 (m, 3H), 6.40 —
6.29 (m, 2H), 4.29 (ddd, J = 34.0, 10.2, 7.5 Hz, 2H), 3.82 (t, /= 7.5 Hz, 1H).
13C NMR (100 MHz, CDCl3): 6 164.4, 163.5, 158.1, 150.6, 141.5, 139.9, 137.9, 136.5,
132.6,131.4,130.8,130.6, 130.4, 129.5, 129.0, 128.8, 127.7, 127.5,127.1, 126.9, 126.8,
126.5, 126.5, 126.2, 125.2, 122.8(2), 122.7(6), 122.6, 121.2, 120.3, 114.8, 73.3, 69.1.
HRMS (ESI) m/z caled. for C3sH26N302 [M + H]" 520.2020, found 520.2019.
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General procedure for the synthesis of racemates

Il Cu(CH3CN)4PFg (10 mol %)

R2 Cl | o 0
L11-rac (10 mol %) SN i
. 1 o K3POy (3.0 equiv 0~0 X _R' |
6 XTR R2-SCl o SR g T YN
¢ o ¥ i Tol, 80 °C, Ar, 24 h i o D\ =

L11-rac

X =NH, NBoc, O
A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with

Cu(CH3CN)4PF6 (3.73 mg, 0.010 mmol, 10 mol %), L11-rac (2.10 mg, 0.010 mmol,
10 mol %), alkyne (0.10 mmol, 1.0 equiv), sulfonyl chloride (0.15 mmol, 1.5 equiv),
and K3PO4 (63.7 mg, 0.30 mmol, 3.0 equiv). The tube was evacuated and backfilled
with argon three times. Toluene (2.0 mL) was added to the mixture, and the reaction
mixture was stirred at 80 °C for 24 h. Upon completion, the precipitate was filtered off
and washed by DCM. The filtrate was evaporated and the residue was purified by

column chromatography on silica gel to afford the desired product.

Procedures for the asymmetric chlorine atom transfer radical addition
of alkynes

Procedure I:

If Boc CHs Cu(CH3CN)4PFg (10 mol %) RZ S N BOC
'\\‘ L7 (10 mol %)
= Q K3P04 (3.0 equiv)
RL\ + R?>-s-cl

0 3 DME/MTBE (1/3), 1t, Ar, 5d

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PF¢ (7.45 mg, 0.020 mmol, 10 mol %), L7 (11.2 mg, 0.020 mmol, 10
mol %), alkyne (0.20 mmol, 1.0 equiv), sulfonyl chloride (0.30 mmol, 1.5 equiv), and
K3PO4 (127.4 mg, 0.60 mmol, 3.0 equiv). The tube was evacuated and backfilled with
argon three times. Anhydrous DME (1.0 mL) and MTBE (3.0 mL) were added to the
mixture, and the reaction mixture was stirred at room temperature for 5 d. Upon
completion, the precipitate was filtered off and washed by DCM. The filtrate was
evaporated and the residue was purified by column chromatography on silica gel to

afford the desired product.
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Procedure I1:

CuCl (10 mol % Q S
It s (1(0 mn;fj%)o) X C ! NH /\)O Q\l
L10-rac (10 mol %) NBoo, | /= N
NBoc, K4PO, (3.0 equiv) LN ;‘ P
OO *ona THF, 0°C, Ar, 5.d OO Q P ©/ \©
NS13 s1 N30 Q Q s L10-rac
A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with CuCl
(1.97 mg, 0.020 mmol, 10 mol %), L8 (10.4 mg, 0.020 mmol, 10 mol %), L10-rac
(5.26 mg, 0.020 mmol, 10 mol %), NS13 (73.5 mg, 0.20 mmol, 1.0 equiv), S1 (57.2
mg, 0.30 mmol, 1.5 equiv), and K3PO4(127.4 mg, 0.60 mmol, 3.0 equiv). The tube was

evacuated and backfilled with argon three times. Anhydrous THF (4.0 mL) was added

to the mixture, and the reaction mixture was stirred at 0 °C for 5 d. Upon completion,
the precipitate was filtered off and washed by DCM. The filtrate was evaporated and
the residue was purified by column chromatography on silica gel to afford the desired

product.

Procedure I11:

I " CU(CH3CN),PFg (10 mol %) Ts
N L6 (10 mol %)
K3PO, (3.0
SO G UINES 7
NS7 |

DCM/Tol (1/3), =10 °C, Ar, 5d
S1

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PFs (7.45 mg, 0.020 mmol, 10 mol %), L6 (10.8 mg, 0.020 mmol, 10
mol %), NS7 (62.7 mg, 0.20 mmol, 1.0 equiv), S1 (57.2 mg, 0.30 mmol, 1.5 equiv) and
K3PO4 (127.4 mg, 0.60 mmol, 3.0 equiv). The tube was evacuated and backfilled with
argon three times. Anhydrous DCM (1.0 mL) and toluene (3.0 mL) were added to the
mixture, and the reaction mixture was stirred at —10 °C for 5 d. Upon completion, the
precipitate was filtered off and washed by DCM. The filtrate was evaporated and the
residue was purified by column chromatography on silica gel to afford the desired

product.
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Procedure I'V:

cl |
| H Cu(CH3CN)4PFg (10 mol %) Ts” ™ H |
N.__NEt, L6 (10 mol %) N. _NEt, !
hd KsPO, (3.0 equiv) i !
o) + TsCl o) !
DCM, rt, Ar, 5d :
NS14 s1 N32

A flame-dried Schlenk tube equipped with a magnetic stir bar vx;as charged with
Cu(CH3CN)4PFs (7.45 mg, 0.020 mmol, 10 mol %), L6 (10.8 mg, 0.020 mmol, 10
mol %), NS14 (53.3 mg, 0.20 mmol, 1.0 equiv), S1 (57.2 mg, 0.30 mmol, 1.5 equiv),
and K3PO4 (127.4 mg, 0.60 mmol, 3.0 equiv). The tube was evacuated and backfilled
with argon three times. Anhydrous DCM (4.0 mL) was added to the mixture, and the
reaction mixture was stirred at room temperature for 5 d. Upon completion, the
precipitate was filtered off and washed by DCM. The filtrate was evaporated and the
residue was purified by column chromatography on silica gel to afford the desired

product.

Procedure V:

2
It CU(CHSCN)4PF (10 mol %) R\//s\\ N
- 7 (10 mol %)
NP [O/Ne]
N © 2 0 KaPO, (3.0 equiv) .
R o) + R2-S—Cl R
i EA t, Ar, 5d

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PF¢ (7.45 mg, 0.020 mmol, 10 mol %), L7 (11.2 mg, 0.020 mmol, 10
mol %), alkyne (0.20 mmol, 1.0 equiv), sulfonyl chloride (0.30 mmol, 1.5 equiv), and
K3PO4 (127.4 mg, 0.60 mmol, 3.0 equiv). The tube was evacuated and backfilled with
argon three times. Anhydrous EtOAc (4.0 mL) was added to the mixture, and the
reaction mixture was stirred at room temperature for 5 d. Upon completion, the
precipitate was filtered off and washed by DCM. The filtrate was evaporated and the
residue was purified by column chromatography on silica gel to afford the desired

product.
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Procedure VI:

BN S T
Cu(CH3CN),PFg (10 mol %) al | NH - )—0 N

Il L6 (10 mol %) s ! NS
o, o L10-RAC (10 mol %) o. o : : P
g \K KsPOy (3.0 equiv) g \K : BG ©/
S + TsCl T |
DME, 0 °C, Ar, 120 h |

L10-rac

0s15 S$1 L6

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PFs (7.45 mg, 0.020 mmol, 10 mol %), L6 (10.8 mg, 0.020 mmol, 10
mol %), OS15 (53.7 mg, 0.20 mmol, 1.0 equiv), S1 (57.2 mg, 0.30 mmol, 1.5 equiv),
and K3POa4 (127.4 mg, 0.60 mmol, 3.0 equiv). The tube was evacuated and backfilled
with argon three times. Anhydrous DME (4.0 mL) was added to the mixture, and the
reaction mixture was stirred at 0 °C for 5 d. Upon completion, the precipitate was
filtered off and washed by DCM. The filtrate was evaporated and the residue was

purified by column chromatography on silica gel to afford the desired product.

Procedure VII:
| ot Cu(CH3CN)4PFg (10 mol %)
0 L6 (10 mol %)
OO + TsCl K3POy (3.0 equiv)
© EA, 1t, Ar, 5d
0S16 S1

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PFs (7.45 mg, 0.020 mmol, 10 mol %), L6 (10.8 mg, 0.020 mmol, 10
mol %), 0OS16 (57.2 mg, 0.20 mmol, 1.0 equiv), S1 (57.2 mg, 0.30 mmol, 1.5 equiv),
and K3PO4 (127.4 mg, 0.60 mmol, 3.0 equiv). The tube was evacuated and backfilled
with argon three times. Anhydrous EtOAc (4.0 mL) was added to the mixture, and the
reaction mixture was stirred at room temperature for 5 d. Upon completion, the
precipitate was filtered off and washed by DCM. The filtrate was evaporated and the
residue was purified by column chromatography on silica gel to afford the desired

product.
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Procedure VIII:

I Cu(CH3CN)4PFg (10 mol %)
L6 (10 mol %)

OTs )
OO . TsCl KsPO, (3.0 equiv)
EA, 0°C, Ar, 5d

0817 S1

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PFs (7.45 mg, 0.020 mmol, 10 mol %), L6 (10.8 mg, 0.020 mmol, 10
mol %), OS17 (64.4 mg, 0.20 mmol, 1.0 equiv), S1 (57.2 mg, 0.30 mmol, 1.5 equiv),
and K3POs4 (127.4 mg, 0.60 mmol, 3.0 equiv). The tube was evacuated and backfilled
with argon three times. Anhydrous EtOAc (4.0 mL) was added to the mixture, and the
reaction mixture was stirred at 0 °C for 5 d. Upon completion, the precipitate was
filtered off and washed by DCM. The filtrate was evaporated and the residue was

purified by column chromatography on silica gel to afford the desired product.

Procedure IX:
0
| | Boc CHs CuBr (10 mol %) R2 N 2 goc CHs
[ L7 (10 mol %) N

= N KsPO, (4.0 equiv) 7
R R2 R

X o} *oBr THF, 1t, Ar, 5.d X 0

0

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with CuBr
(2.84 mg, 0.020 mmol, 10 mol %), L7 (11.2 mg, 0.020 mmol, 10 mol %), alkyne (0.20
mmol, 1.0 equiv), radical precursor (0.30 mmol, 1.5 equiv), and K3PO4(169.4 mg, 0.80
mmol, 4.0 equiv). The tube was evacuated and backfilled with argon three times.
Anhydrous THF (4.0 mL) was added to the mixture, and the reaction mixture was
stirred at room temperature for 5 d. Upon completion, the precipitate was filtered off
and washed by DCM. The filtrate was evaporated and the residue was purified by

column chromatography on silica gel to afford the desired product.

tert-Butyl (Sa,E)-(1-(1-chloro-2-tosylvinyl)naphthalen-2-yl)(4-
methylbenzoyl)carbamate (N1)

Te7 N Cl I|300 CH3
oy

@)
According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2 mg,

0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
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chromatography (petroleum ether/ethyl acetate = 5/1) to afford N1 (92.2 mg, 80% yield,
93% ee) as a pale-yellow solid.

"H NMR (600 MHz, CDCI3): 6 8.09 — 7.57 (m, 5H), 7.57 — 7.33 (m, 5H), 7.33 — 7.03
(m, 3H), 6.85 (d, /= 7.8 Hz, 2H), 2.43 (s, 3H), 2.18 (s, 3H), 1.32 (s, 9H).

BC NMR (150 MHz, CDCls): § 172.6, 152.7, 144.4, 143.1, 141.2, 137.1, 136.0, 135.5,
133.8, 133.7, 132.5, 129.7, 129.5, 129.3, 128.9, 128.5, 128.3, 127.9, 127.0, 126.8(1),
126.7(6), 125.0, 84.0, 28.1, 27.7, 21.5.

HRMS (ESI) m/z caled. for C32H31CINOsS [M + H]" 576.1606, found 576.1605.
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =

254 nm, tr (minor) = 11.00 min, tr (major) = 15.83 min, 93% ee.

tert-Butyl (Ss,E)-(1-(1-chloro-2-(phenylsulfonyl)vinyl)naphthalen-2-yl)(4-
methylbenzoyl)carbamate (N2)

©\ o] CH
S Boc ’
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According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S2 (53.0 mg,

0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford N2 (84.3 mg, 75% yield,
95% ee) as a pale-yellow solid.

'H NMR (500 MHz, CDCl3) 6 8.08 — 7.72 (m, 4H), 7.71 — 7.36 (m, 6H), 7.36 — 7.27
(m, 2H), 7.25 - 7.21 (m, 1H), 7.21 — 7.05 (m, 3H), 2.44 (s, 3H), 1.44 — 1.22 (br, 9H).
3C NMR (126 MHz, CDCl3) § 173.2, 152.7, 143.0, 142.1, 138.9, 136.1, 134.7, 133.6,
133.3,132.4,131.2,129.3,128.9, 128.6, 128.4, 128.3, 127.8, 127.2, 126.9, 124.8, 83.9,
27.7,21.8.

HRMS (ESI) m/z caled. for C31H20CINOsS [M + H]" 562.1449, found 562.1446.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 19.14 min, tr (minor) = 24.80 min, 95% ee.

tert-Butyl (Sa,E)-(1-(2-((4-bromophenyl)sulfonyl)-1-chlorovinyl)naphthalen-2-
yl)(4-methylbenzoyl)carbamate (N3)
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According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S3 (76.7 mg,

0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 7/1) to afford N3 (95.0 mg, 74% yield,
93% ee) as a pale-yellow solid.

"H NMR (600 MHz, CDCl3) § 8.13 — 7.58 (m, 5H), 7.58 — 7.46 (m, 3H), 7.46 — 7.26
(m, 4H), 7.20 — 6.99 (m, 3H), 2.44 (s, 3H), 1.27 (br, 9H).

3C NMR (150 MHz, CDCl3) § 173.0, 152.6, 143.2, 142.4, 137.2, 136.3, 135.2, 133.6,
132.4,131.7,131.3,129.9, 129.5, 128.9, 128.8, 128.5, 127.8, 127.4,127.1, 124.7, 84.1,
27.7,21.8.

HRMS (ESI) m/z caled. for C31H2sBrCINOsS [M + H]"640.0555, found 640.0550.
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =

254 nm, tr (minor) = 11.55 min, tr (major) = 17.57 min, 93% ee.

tert-Butyl (Ss,E)-(1-(1-chloro-2-((4-iodophenyl)sulfonyl)vinyl)naphthalen-2-yl)(4-
methylbenzoyl)carbamate (N4)

QL
Cl CH
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According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S4 (90.8 mg,

0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 6/1) to afford N4 (88.1 mg, 64% yield,
92% ee) as a pale-yellow solid.

'H NMR (500 MHz, CDCl3) 6 8.10 — 7.51 (m, 6H), 7.49 (d, J = 8.7 Hz, 1H), 7.47 —
7.27 (m, 5H), 7.25 — 7.05 (m, 3H), 2.46 (s, 3H), 1.37 — 1.20 (br, 9H).

3C NMR (126 MHz, CDCl3) § 173.0, 152.6, 143.2, 142.2, 137.6, 136.5, 135.3, 133.6,
132.3,131.3, 129.6, 129.0, 128.6, 127.8, 127.5, 127.2, 124.7, 101.7, 84.0, 27.7, 21.9.
HRMS (ESI) m/z calcd. for C31H2sCINIOsS [M + H]"688.0416 found 688.0412
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 12.96 min, tr (major) = 19.53 min, 92% ee.
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tert-Butyl (Ss,E)-(1-(1-chloro-2-((4-methoxyphenyl)sulfonyl)vinyl)naphthalen-2-
yl)(4-methylbenzoyl)carbamate (NS)

Cl CH
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According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S5 (62.0 mg,

0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate =4/1) to afford N5 (99.5 mg, 84% yield,
94% ee) as a pale-yellow solid.

'H NMR (600 MHz, CDCls) 6 8.12 — 7.63 (m, 4H), 7.62 — 7.38 (m, 5H), 7.29 (s, 2H),
7.16 (s, 2H), 6.47 (d, J = 8.9 Hz, 2H), 3.67 (s, 3H), 2.43 (s, 3H), 1.29 (s, 9H).

13C NMR (150 MHz, CDCl3) § 173.2, 163.4, 152.7, 143.1, 141.0, 140.2, 136.3, 135.8,
134.9,133.7,132.5,131.1,130.7, 130.2, 129.4, 128.9, 128.2, 127.9, 127.1, 126.8, 125.0,
113.7, 84.0, 55.5, 27.7, 21.8.

HRMS (ESI) m/z calcd. for C32H31CINOsS [M + H]" 592.1555, found 592.1550.
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 13.26 min, tr (major) = 21.33 min, 94% ece.

tert-Butyl (Ss,E)-(1-(1-chloro-2-((4-nitrophenyl)sulfonyl)vinyl)naphthalen-2-yl)(4-
methylbenzoyl)carbamate (N6)

SN Ol Boc CHj
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Y

@)
According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S6 (66.5 mg,

0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford N6 (48.0 mg, 40% yield,
91% ee) as a pale-yellow solid.

"H NMR (600 MHz, CDCI3) § 8.07 — 7.55 (m, 8H), 7.50 (d, J = 8.6 Hz, 1H), 7.42 —
7.11 (m, 6H), 2.45 (s, 3H), 1.28 (s, 9H).

BC NMR (150 MHz, CDCl3) 6 172.9, 152.8, 149.5, 143.5, 137.0, 135.3, 133.6, 132.2,
131.6, 130.0, 129.6, 129.0, 128.3, 127.9, 127.3, 124.6, 123.4, 123.0, 84.3, 27.7, 21.8.
HRMS (ESI) m/z caled. for C31H2sCIN207S [M + H]" 607.1300, found 607.1298.
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HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 15.61 min, tr (major) = 25.33 min, 91% ee.

tert-Butyl (Ss,E)-(1-(1-chloro-2-((4-cyanophenyl)sulfonyl)vinyl)naphthalen-2-
yl)(4-methylbenzoyl)carbamate (N7)

L
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According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S7 (60.5 mg,

0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 4/1) to afford N7 (63.0 mg, 54% yield,
92% ee) as a pale-yellow solid.

'H NMR (600 MHz, CDCl3) 6 8.15 — 7.73 (m, 4H), 7.73 — 7.51 (m, 4H), 7.49 (d, J =
8.6 Hz, 1H), 7.46 — 7.26 (m, 3H), 7.23 — 7.06 (m, 3H), 2.45 (s, 3H), 1.27 (br, 9H).

3C NMR (150 MHz, CDCl3) § 172.8, 152.5, 143.4, 142.3, 141.9, 136.8, 135.0, 133.6,
133.0,132.2,131.7,131.5, 129.4,129.1, 129.0, 128.5, 127.9, 127.3, 124.6, 117.0, 116.4,
84.3,27.7,21.8.

HRMS (ESI) m/z calcd. for C32H2sCIN20sS [M + H]" 587.1402, found 587.1395.
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 17.13 min, tr (major) = 38.43 min, 92% ee.

tert-Butyl (Sq,E)-(1-(2-((4-acetamidophenyl)sulfonyl)-1-chlorovinyl)naphthalen-2-
yl)(4-methylbenzoyl)carbamate (N8)
H
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According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S8 (70.1 mg,

0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 1/2) to afford N8 (85.0 mg, 69% yield,
94% ee) as a yellow oil.

'HNMR (500 MHz, CDCl3) 6 8.26—7.99 (m, 1H), 7.98 — 7.60 (m, 4H), 7.60 — 7.27 (m,
5H), 7.26 — 6.95 (m, 5H), 2.63 — 2.27 (m, 3H), 1.92 (s, 3H), 1.44 — 1.08 (m, 9H).

13C NMR (126 MHz, CDCl3) § 173.5, 172.5, 169.4, 152.6, 143.4, 141.2, 135.8, 134.8,
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133.8,133.5,132.5, 131.3,130.1, 129.3, 129.0, 128.4, 127.6, 127.1, 124.7, 118.9, 84.3,
27.6,24.5, 21.8.

HRMS (ESI) m/z caled. for C33H32CIN206S [M + H]"619.1664, found 619.1661.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 21.39 min, tr (major) = 23.70 min, 94% ee.

tert-Butyl (Ss,E)-(1-(1-chloro-2-((2-chlorophenyl)sulfonyl)vinyl)naphthalen-2-
y)(4-methylbenzoyl)carbamate (N9)

©:Cl
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According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S9 (63.3 mg,

0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford N9 (47.7 mg, 40% yield,
92% ee) as a pale-yellow solid.

'H NMR (500 MHz, CDCl3) § 8.28 — 7.27 (m, 11H), 7.25 — 7.15 (m, 1H), 7.04 (s, 2H),
6.84 (s, 1H), 2.44 (s, 3H), 1.38 — 1.16 (br, 9H).

3C NMR (126 MHz, CDCl3) § 173.3, 152.5, 144.2, 143.2, 136.5, 134.0, 132.3, 131.9,
131.0, 129.6, 128.9, 128.2, 127.7, 127.1, 126.9, 126.3, 124.9, 83.8, 27.7, 21.8.

HRMS (ESI) m/z calcd. for C31H2sCI2NOsS [M + H]"596.1060, found 596.1054.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 16.66 min, tr (minor) = 19.04 min, 92% ee.

tert-Butyl (Sa,E)-(1-(2-((3-bromophenyl)sulfonyl)-1-chlorovinyl)naphthalen-2-
yl)(4-methylbenzoyl)carbamate (N10)
Br

( j\/s N goc CH;
/\\ |
OIO ' N

O
According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S10 (76.7

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford N10 (97.5mg, 76% yield,
91% ee) as a pale-yellow solid.

'H NMR (600 MHz, CDCls) 6 8.05 — 7.71 (m, 4H), 7.68 (s, 1H), 7.65 — 7.35 (m, 5H),

S74



7.35-7.26 (m, 2H), 7.23 — 7.07 (m, 2H), 6.86 (s, 1H), 2.43 (s, 3H), 1.30 (s, 9H).

13C NMR (150 MHz, CDCls) 6 173.0, 152.6, 143.1, 140.3, 136.3, 134.8, 133.6, 132.3,
131.6, 131.2, 129.8, 129.4, 128.9, 128.4, 127.7, 127.4, 127.1, 124.4, 122.6, 84.0, 27.7,
21.8.

HRMS (ESI) m/z calcd. for C31H2sBrCINOsS [M + H]" 640.0555, found 640.0552.
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 11.30 min, tr (major) = 16.04 min, 91% ee.

tert-Butyl (Ss,E)-(1-(1-chloro-2-((3-methoxyphenyl)sulfonyl)vinyl)naphthalen-2-
yl)(4-methylbenzoyl)carbamate (N11)
OMe
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According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S11 (62.0

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford N11 (83.0mg, 70% yield,
94% ee) as a pale-yellow solid.

'"H NMR (600 MHz, CDCI3) § 8.21 — 7.60 (m, 5H), 7.59 — 7.26 (m, 5H), 7.24 — 7.01
(m, 3H), 6.96 (t, J= 7.6 Hz, 1H), 6.71 (s, 1H), 3.65 (s, 3H), 2.42 (s, 3H), 1.29 (s, 9H).
BC NMR (150 MHz, CDCl3) § 173.0, 159.3, 152.6, 142.9, 142.1, 139.9, 136.1, 134.9,
133.6,132.4,131.2,129.6,129.4, 128.9, 128.3, 127.8, 127.1, 126.9, 124.8, 120.6, 120.3,
112.4,83.9, 55.5,27.6, 21.8.

HRMS (ESI) m/z caled. for C32H31CINOsS [M + H]" 592.1555, found 592.1551.
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 12.29 min, tr (major) = 16.88 min, 94% ee.

Methyl (Ss,E)-3-((2-(2-(N-(tert-butoxycarbonyl)-4-methylbenzamido)naphthalen-
1-yl)-2-chlorovinyl)sulfonyl)benzoate (N12)
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According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S12 (70.4

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
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chromatography (petroleum ether/ethyl acetate = 4/1) to afford N12 (85.6mg, 69% yield,
91% ee) as a pale-yellow oil.

"H NMR (600 MHz, CDCl3) 6 8.20 (s, 1H), 8.10 —7.58(m, 6H), 7.57 — 7.27 (m, 5H),
7.24 —17.02 (m, 3H), 3.90 (s, 3H), 2.43 (s, 3H), 1.30 (s, 9H).

BC NMR (150 MHz, CDCl3) 6 172.9, 165.0, 152.6, 143.2, 142.7, 139.2, 136.3, 134.8,
134.0,133.6,132.7,132.3,131.3, 130.7, 129.4, 128.9, 128.5, 128.3, 127.8, 127.2, 127.0,
124.6, 84.0, 52.5, 27.6, 21.8.

HRMS (ESI) m/z calced. for C33H31CINO7S [M + H]" 620.1504, found 620.1500.
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =

254 nm, tr (minor) = 12.66 min, tr (major) = 17.51 min, 91% ee.

tert-Butyl (Sg,E)-(1-(1-chloro-2-(thiophen-2-ylsulfonyl)vinyl)naphthalen-2-yl)(4-
methylbenzoyl)carbamate (N13)

H
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According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S13 (54.8

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 4/1) to afford N13 (91.5 mg, 81%
yield, 94% ee) as a pale-yellow solid.

"H NMR (500 MHz, CDCI3) § 8.00 (d, J = 8.8 Hz, 1H), 7.97 — 7.72 (m, 3H), 7.72 —
7.59 (m, 1H), 7.59 — 7.43 (m, 3H), 7.39 (d, J = 5.0 Hz, 2H), 7.34 — 7.27 (m, 2H), 7.25
—7.13 (m, 1H), 6.69 (s, 1H), 2.44 (s, 3H), 1.32 (br, 9H).

13C NMR (126 MHz, CDCls) 6 173.0, 152.7, 143.0, 142.1, 140.0, 135.8, 135.4, 134.4,
133.5,132.5,131.2,129.9,129.2, 128.9, 128.4, 127.8, 127.7,127.4, 127.0, 124.8, 84.0,
27.7,21.8.

HRMS (ESI) m/z calcd. for C20H27CINOsS2 [M + H]" 568.1014, found 568.1006.
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 70/30, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 14.64 min, tr (major) = 17.01 min, 94% ece.

tert-Butyl  (Ss,E)-(1-(1-chloro-2-(pyridin-3-ylsulfonyl)vinyl)naphthalen-2-yl)(4-
methylbenzoyl)carbamate (N14)
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According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S14 (53.3

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 2/1) to afford N14 (52.0 mg, 46%
yield, 92% ee) as a pale-yellow solid.

'H NMR (500 MHz, CDCIs) ¢ 8.80 (s, 1H), 8.33 (s, 1H), 8.09 — 7.62 (m, SH), 7.61 —
7.36 (m, 4H), 7.36 — 7.28 (m, 1H), 7.24 — 7.09 (s, 1H), 6.87 (s, 1H), 2.44 (s, 3H), 1.36
—1.16 (br, 9H).

BC NMR (126 MHz, CDCl3) § 173.0, 153.3, 152.6, 149.3, 143.3, 136.2, 135.2, 134.8,
133.5,132.3, 131.6, 129.3, 129.0, 128.4, 127.8, 127.2, 124.4, 122.8, 84.1, 27.7, 21.8.
HRMS (ESI) m/z caled. for C30H27CIN205sSNa [M +Na]" 585.1221, found 585.1222.
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 11.69 min, tr (major) = 15.36 min, 92% ee.

tert-Butyl (Sa,E)-(1-(1-chloro-2-(ethylsulfonyl)vinyl)naphthalen-2-yl)(4-
methylbenzoyl)carbamate (N15)
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According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S15 (38.6

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 3/1) to afford N15 (83 mg, 81% yield,
93% ee) as a pale-yellow oil.

'H NMR (600 MHz, CDCl3) 6 8.02 (d, J = 8.7 Hz, 1H), 8.00 — 7.93 (m, 1H), 7.91 (d, J
= 8.1 Hz, 1H), 7.84 (d, /= 7.7 Hz, 2H), 7.66 — 7.55 (m, 2H), 7.44 (d, J = 8.7 Hz, 1H),
7.32 (d, J=17.9 Hz, 2H), 7.20 — 6.94 (m, 1H), 3.07 — 2.53 (m, 2H), 2.46 (s, 3H), 1.28
(s, 10H), 1.14 — 0.81 (m, 2H).

13C NMR (150 MHz, CDCls) 6 172.4, 152.7, 143.1, 134.9, 133.5, 132.5, 131.4, 129.9,
129.0, 128.9, 128.4, 127.8, 127.3, 127.1, 124.9, 83.9, 49.0, 27.6, 21.8.

HRMS (ESI) m/z caled. for C27H20CINOsS [M + H]" 514.1449, found 514.1447.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =

254 nm, tr (major) = 19.60 min, tr (minor) = 35.09 min, 93% ee.
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tert-Butyl (Sa,E)-(1-(1-chloro-2-(isopropylsulfonyl)vinyl)naphthalen-2-yl)(4-
methylbenzoyl)carbamate (N16)
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According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S16 (42.8

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 3/1) to afford N16 (44.5 mg, 42%
yield, 96% ee) as a pale-yellow oil.

"H NMR (500 MHz, CDCI3) 6 8.07 — 7.79 (m, 5H), 7.66 — 7.52 (m, 2H), 7.43 (d, J =
8.7 Hz, 1H), 7.31 (d, J= 7.9 Hz, 2H), 7.03 (s, 1H), 3.03 (d, /= 80.9 Hz, 1H), 2.45 (s,
3H), 1.34 —1.22 (br, 11H), 1.14 — 0.68 (m, 4H).

3C NMR (126 MHz, CDCl3) § 172.4, 152.8, 144.0, 143.2, 133.5(4), 133.5(0), 132.5,
131.4, 130.1, 129.1, 128.5, 127.6, 127.1, 125.1, 83.9, 54.8, 27.7, 21.8, 15.5, 13.5.
HRMS (ESI) m/z caled. for C2sH31CINOsS [M + H]" 528.1606, found 528.1603.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 15.22 min, tr (minor) = 20.72 min, 96% ee.

tert-Butyl (Sa,E)-(1-(1-chloro-2-(cyclopentylsulfonyl)vinyl)naphthalen-2-yl)(4-
methylbenzoyl)carbamate (N17)
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According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S17 (50.6

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 4/1) to afford N17 (60.0 mg, 54%
yield, 96% ee) as a pale-yellow oil.

"H NMR (600 MHz, CDCI3) § 8.04 — 7.88 (m, 3H), 7.86 (d, J = 7.9 Hz, 2H), 7.65 —
7.53 (m, 2H), 7.43 (d, J = 8.7 Hz, 1H), 7.32 (d, J = 7.8 Hz, 2H), 7.10 — 6.92 (m, 1H),
3.53-2.97 (m, 1H), 2.46 (s, 3H), 2.13 — 1.35 (m, 8H), 1.28 (s, 9H).

13C NMR (150 MHz, CDCls) 6 172.3, 152.7, 143.3, 134.8, 133.6, 132.5, 131.3, 131.2,
129.1,129.0, 128.4, 127.6, 127.4, 127.1, 125.1, 83.8, 63.0, 27.7, 27.4, 25.9, 25.5, 24.9,
21.8.
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HRMS (ESI) m/z calcd. for C30H33CINOsS [M + H]" 554.1762, found 554.1760.
HPLC condition: Chiralcel IG, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 22.79 min, tr (minor) = 31.31 min, 96% ece.

tert-Butyl (Sa,E)-(1-(1-chloro-2-((tetrahydro-2H-pyran-4-
yDsulfonyl)vinyl)naphthalen-2-yl)(4-methylbenzoyl)carbamate (N18)
@)

O\ Cl CH
//S\\ N IT%oc 3
OIO I N

@)
According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S18 (55.4

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate =2/1) to afford N18 (51.3mg, 45% yield,
95% ee) as a pale-yellow solid.

'H NMR (500 MHz, CDCI3) J 8.06 — 7.89 (m, 3H), 7.84 (d, J = 7.8 Hz, 2H), 7.66 —
7.54 (m, 2H), 7.43 (d, J = 8.7 Hz, 1H), 7.33 (d, J = 7.7 Hz, 2H), 7.01 (s, 1H), 3.87 (s,
1H), 3.56 (s, 1H), 3.06 (td, J=11.5, 2.7 Hz, 1H), 2.94 (s, 1H), 2.45 (s, 1H), 1.92 — 1.48
(m, 4H), 1.27 (s, 9H), 1.05 (d, J=12.9 Hz, 1H).

B3C NMR (126 MHz, CDCl3) § 172.6, 152.5, 144.6, 143.5, 134.5, 133.7, 132.4, 131.6,
129.9, 129.5, 129.2, 128.9, 128.4, 127.8, 127.2, 127.1, 125.1, 84.0, 66.4, 65.4, 59.6,
27.7,26.3,22.6,21.8.

HRMS (ESI) m/z caled. for C30H33CINOsS [M + H]"570.1712, found 570.1707.
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 15.80 min, tr (major) = 23.35 min, 95% ee.

tert-Butyl (Ss,E)-(1-(1-chloro-2-tosylvinyl)-6-methylnaphthalen-2-yl)(4-
methylbenzoyl)carbamate (N19)

Cl CH
Ts™ ™ I|30c 3
Ty
o]
H,C

According to Procedure I with NS2 (79.9 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2 mg,
0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford N19 (76.7 mg, 65%
yield, 95% ee) as a yellow oil.

'H NMR (500 MHz, CDCI3) J 8.06 — 7.54 (m, 5H), 7.46 (d, J = 8.7 Hz, 3H), 7.38 —
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7.27 (m, 2H), 7.25 — 7.04 (m, 2H), 6.86 (d, J = 8.0 Hz, 2H), 2.51 (s, 3H), 2.44 (s, 3H),
2.19 (s, 3H), 1.41 — 1.18 (br, 9H).

3C NMR (150 MHz, CDCl3) § 173.2, 152.8, 144.3, 143.1, 141.9, 136.7, 136.0, 135.2,
134.4, 133.8, 132.7, 130.5, 129.4, 129.2, 128.9, 128.5, 127.9, 127.3, 124.8, 83.9, 29.8,
27.7,21.8,21.6, 21.5.

HRMS (ESI) m/z calcd. for C33H32CINOsSNa [M + Na]"612.1582, found 612.1579.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 31.03 min, tr (minor) = 54.59 min, 95% ee.

tert-Butyl (Sa,E)-(1-(1-chloro-2-tosylvinyl)-6-phenylnaphthalen-2-yl)(4-
methylbenzoyl)carbamate (N20)

Ts™ ™ cl Elioc CHs
0y
o)
Ph

According to Procedure I with NS3 (92.3 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2 mg,
0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford N20 (85.0 mg, 65%
yield, 94% ee) as a yellow oil.

"H NMR (600 MHz, CDCI3) § 8.12 — 7.76 (m, 4H), 7.71 (d, J = 7.6 Hz, 3H), 7.59 —
7.46 (m, SH), 7.46 — 7.36 (m, 2H), 7.36 — 7.27 (m, 2H), 7.19 (s, 1H), 6.87 (d, J = 8.1
Hz, 2H), 2.45 (s, 3H), 2.14 (s, 3H), 1.47 — 1.18 (br, 9H).

13C NMR (150 MHz, CDCl3) 6 173.1, 152.7, 144.4, 143.1, 141.5, 140.4, 139.6, 135.9,
135.5, 13378, 131.3, 129.4, 129.2, 129.1, 128.9, 128.5, 127.9, 127.5, 126.8, 126.0,
125.6, 84.0,27.7,21.8, 21.5.

HRMS (ESI) m/z calcd. for C3sH34CINOsSNa [M +Na]" 674.1738, found 674.1738.
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 16.67 min, tr (major) = 23.83 min, 94% ece.

tert-Butyl (Sa,E)-(6-bromo-1-(1-chloro-2-tosylvinyl)naphthalen-2-yl)(4-
methylbenzoyl)carbamate (N21)

Ts™ ™ cl Elioc CHy
9o
Br ©
According to Procedure I with NS4 (92.9 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2 mg,

0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
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chromatography (petroleum ether/ethyl acetate = 6/1) to afford N21 (70.7 mg, 54%
yield, 92% ee) as a yellow oil.

"H NMR (500 MHz, CDCls) J 8.08 — 7.79 (m, 5H), 7.53 (d, J = 8.8 Hz, 1H), 7.51 —
7.38 (m, 3H), 7.35 - 7.27 (m, 2H), 7.15 (s, 1H), 6.88 (d, J = 8.0 Hz, 2H), 2.44 (s, 3H),
2.24 (s, 3H), 1.33 — 1.19 (br, 9H).

13C NMR (126MHz, CDCls) § 172.9, 152.5, 148.2, 144.6, 143.2, 140.9, 135.7, 133.5,
131.6, 130.5, 130.2, 130.0, 129.3, 128.9, 128.4, 126.6, 121.1, 84.1, 27.7,21.8, 21.6.
HRMS (ESI) m/z caled. for C32H290BrCINOsSNa [M + Na]"676.0531, found 676.0528.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 21.94 min, tr (minor) = 34.27 min, 92% ee.

Methyl (S4,E)-6-(N-(tert-butoxycarbonyl)-4-methylbenzamido)-5-(1-chloro-2-
tosylvinyl)-2-naphthoate (N22)

Ts™ ™ cl I.I%oc CHa
90l
o)
MeO,C

According to Procedure I with NS5 (88.6 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2 mg,
0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 3/1) to afford N22 (63.4 mg, 50%
yield, 88% ee) as a pale-yellow oil.

'H NMR (600 MHz, CDCI3) 6 8.58 (s, 1H), 8.22 — 7.60 (m, 5H), 7.57 (d, J = 8.7 Hz,
1H), 7.53 — 7.27 (m, 4H), 7.15 (s, 1H), 6.89 (d, J = 7.8 Hz, 2H), 4.00 (s, 3H), 2.43 (s,
3H), 2.18 (s, 3H), 1.30 (s, 9H).

BC NMR (150 MHz, CDCl3) § 172.7, 166.7, 152.5, 144.6, 143.2, 140.8, 138.3, 135.9,
135.4,133.4, 132.2, 131.7, 131.1, 129.4, 128.9, 128.3, 126.6, 125.3, 84.2, 52.5, 27.7,
21.8,21.5.

HRMS (ESI) m/z calcd. for C3aH32CINO7SNa [M + Na]" 656.1480, found 656.1479.
HPLC condition: Chiralcel IND, n-hexane/i-PrOH = 50/50, flow rate 0.8 mL/min. A =
254 nm, tr (minor) = 21.10 min, tr (major) = 40.72 min, 88% ee.

tert-Butyl (Sa,E)-(1-(1-chloro-2-tosylvinyl)-7-methoxynaphthalen-2-yl)(4-
methylbenzoyl)carbamate (N23)

Cl H
Ts™ ™ I.I%oc CH,
MeO N
)

According to Procedure I with NS6 (83.0 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2 mg,
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0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 4/1) to afford N23 (84.9 mg, 70%
yield, 56% ee) as a pale-yellow oil.

'H NMR (600 MHz, CDCl3): 6 8.10 — 7.58 (m, 4H), 7.56 — 6.96 (m, 7H), 6.85 (d, J =
8.1 Hz, 2H), 3.79 (s, 3H), 2.43 (s, 3H), 2.19 (s, 3H), 1.31 (s, 9H).

3C NMR (150 MHz, CDCl3): 6 173.5, 158.4, 152.7, 144.5, 143.0, 142.3, 137.3, 135.38,
134.5, 133.8, 130.8, 129.8, 129.4, 129.2, 129.0, 128.9, 128.5, 119.4, 103.5, 83.9, 55.4,
27.7,21.8,21.5.

HRMS (ESI) m/z calcd. for C33H33CINOsS [M + H]* 606.1712 found 606.1709.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 25.70 min, tr (minor) = 33.23 min, 56% ece.

tert-Butyl (Sa,E)-(5-(1-chloro-2-tosylvinyl)quinolin-6-yl)(4-
methylbenzoyl)carbamate (N24)

Cl CH
Ts™ ™ Ll%oc 3
Z N

N O

Ac’\(lzording to Procedure I with NS15 (77.3 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 1/1) to afford N24 (83.7 mg, 82%
yield, 90% ee) as a yellow solid.

'H NMR (500 MHz, CDCl3): 6 8.92 (s, 1H), 8.52 — 8.01 (m, 1H), 8.04 — 7.49 (m, 4H),
7.50 —7.00 (m, 6H), 6.87 (d, J = 8.0 Hz, 2H), 2.43 (s, 3H), 2.20 (s, 3H), 1.30 (s, 9H).
BC NMR (126 MHz, CDCl3): 6 172.8, 152.4, 150.9, 146.9, 144.7, 143.2, 139.8, 136.3,
135.8, 133.4, 133.1, 132.5, 131.8, 129.4, 128.9, 128.4, 125.5, 121.9, 84.2, 27.7, 21.8,
21.5.

HRMS (ESI) m/z caled. For C31H30CIN20sS [M + H]" 577.1558, found 577.1568.
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =

254 nm, tr (minor) = 11.27 min, tr (major) = 19.26 min, 90% ee.

tert-Butyl (Sa,E)-(2-(1-chloro-2-tosylvinyl)-3-methylphenyl)(4-
methylbenzoyl)carbamate (N25)

Cl CH
Ts™ ™ I_I%oc 3
Me N

O
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According to Procedure I with NS8 (69.8 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2 mg,
0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 8/1) to afford N25 (87.5mg, 81% yield,
92% ee) as a pale-yellow solid.

'H NMR (600 MHz, CDCl3) 6 7.95 — 7.38 (m, 5H), 7.38 — 7.27 (m, 1H), 7.24 (d, J =
8.1 Hz, 2H), 7.21 — 6.73 (m, 4H), 2.68 — 2.06 (m, 9H), 1.38 — 1.10 (m, 9H).

BC NMR (150 MHz, CDCl3) § 171.8, 152.8, 144.9, 144.2, 142.7, 142.4, 142.0, 137.9,
137.1, 136.2, 133.7, 132.6, 130.4, 129.8, 129.4, 128.8, 128.5, 128.0, 83.3, 27.6, 21.7,
20.0.

HRMS (ESI) m/z caled. for C20H30CINOsSNa [M + Na]* 562.1425, found562.1422.
HPLC condition: Chiralcel IG, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 20.82 min, tr (minor) = 32.27 min, 92% ee.

tert-Butyl (Sa,E)-(4-chloro-2-(1-chloro-2-tosylvinyl)-3-methylphenyl)(4-
methylbenzoyl)carbamate (N26)

S ||30\<;(©/CH3
HsC N

Cl ©
According to Procedure I with NS9 (76.8 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2 mg,
0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 6/1) to afford N26 (100.0 mg, 87%
yield, 90% ee) as a pale-yellow oil.
'H NMR (500 MHz, CDCl3) 6 7.98 — 7.65 (m, 2H), 7.65 — 7.38 (m, 3H), 7.35 — 7.27
(m, 1H), 7.22 (d, J = 8.5 Hz, 2H), 7.12 (s, 1H), 7.04 — 6.78 (m, 2H), 2.58 — 2.32 (m,
6H), 2.27 (s, 1H), 2.04 (s, 1H), 1.63 (s, 1H), 1.37 — 1.11 (br, 9H).
3C NMR (126 MHz, CDCl3) § 171.7, 152.6, 145.4, 144.6, 143.2, 142.6, 141.7, 141.2,
136.6,136.4,136.0, 135.1,134.5, 133.9, 133.5, 131.2, 129.8, 129.5, 129.3, 128.9, 128.6,
128.1, 84.1,27.7,21.8, 17.9.
HRMS (ESI) m/z calcd. for C20H20C12NOsSNa [M + Na]* 596.1036, found 596.1032.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 19.31 min, tr (major) = 25.18 min, 90% ee.

tert-Butyl (Sa,E)-(3-chloro-2-(1-chloro-2-tosylvinyl)phenyl)(4-
methylbenzoyl)carbamate (N27)
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Ts™ ™ cl IT%oc CHa
Cl N
@]
According to Procedure I with NS10 (74.0 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 8/1) to afford N27 (78.5 mg, 70%
yield, 90% ee) as a pale-yellow oil.

"H NMR (500 MHz, CDCI3) § 8.05 — 7.53 (m, 4H), 7.48 (d, J = 6.9 Hz, 2H), 7.40 —
7.27 (m, 2H), 7.25 — 6.89 (m, 3H), 6.85 (s, 1H), 2.41 (s, 6H), 1.47-1.06 (br, 9H).

3C NMR (126 MHz, CDCl3) § 172.5, 152.5, 145.1, 143.0, 139.8, 139.3, 136.7, 133.2,
131.1, 129.8, 129.3, 129.1, 128.9, 128.4, 84.1, 27.6, 21.8, 21.7.

HRMS (ESI) m/z caled. for C2sH27C12NOsSNa [M + Na]" 582.0879, found 582.0878.
HPLC condition: Chiralcel IG, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 20.70 min, tr (minor) = 38.73 min, 90% ee.

tert-Butyl (Sa,E)-(3-chloro-2-(1-chloro-2-tosylvinyl)-4-methylphenyl)(4-
methylbenzoyl)carbamate (N28)

Ts7 Cl $:Q/CH3

Cl N
HsC °
According to Procedure I with NS11 (76.8 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford N28 (72.2 mg, 73%
yield, 84% ee) as a pale-yellow oil.
'H NMR (600 MHz, CDCl3): 6 7.96 — 7.45 (m, 4H), 7.46 — 6.96 (m, 6H), 6.85 (s, 1H),
2.68 —2.10 (m, 9H), 1.30 (s, 9H).
13C NMR (150 MHz, CDCl3): 6 173.0, 152.6, 144.9, 143.0, 140.6, 136.8, 133.4, 133.2,
132.4,131.6, 129.7, 129.2, 128.9, 128.6, 128.4, 84.1, 27.6, 21.8, 21.7, 20.5.
HRMS (ESI) m/z caled. for C20H9CI2NOsSNa [M + Na]™ 596.1036, found 596.1031.
HPLC condition: Chiralcel INB, n-hexane/i-PrOH = 60/40, flow rate 0.5 mL/min. A =
254 nm, tr (major) = 12.32 min, tr (minor) = 14.35 min, 84% ee.

tert-Butyl (Ss,E)-(4-(1-chloro-2-tosylvinyl)-2,3-dihydro-1H-inden-5-yl)(4-
methylbenzoyl)carbamate (N29)
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Ts7 ™ cl I.I%oc CHs
N

According to Procedure I with NS12 (75.1 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford N29 (95.8 mg, 84%
yield, 86% ee) as a colorless oil.

"H NMR (600 MHz, CDCl3): § 7.97 — 7.39 (m, 4H), 7.34 (s, 1H), 7.29 — 7.02 (m, 4H),
7.02 — 6.65 (m, 2H), 2.92 (s, 3H), 2.56 — 1.77 (m, 9H), 1.22 (s, 9H).

BC NMR (150 MHz, CDCl3): 6 172.2, 153.0, 144.5, 142.4, 136.7, 134.1, 132.5, 131.6,
130.5, 129.5, 128.9, 128.7, 128.4, 126.7, 83.4, 33.0, 32.1, 27.6, 25.1, 21.7, 21.6.
HRMS (ESI) m/z caled. for C31H33CINOsS [M + H]" 566.1762, found 566.1761.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 26.90 min, tr (major) = 29.34 min, 86% ee.

tert-Butyl (Sa,E)-(tert-butoxycarbonyl)(1-(1-chloro-2-tosylvinyl)naphthalen-2-
yl)carbamate (N30)

Ts” ™ cl

O ! NBoc,

According to Procedure IT with NS13 (73.5 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 6/1) to afford N30 (0 °C: 74.8 mg, 67%
yield, 91% ee; rt: 52.4 mg, 47% yield, 92% ee, according to Procedure I) as a pale-
yellow solid.

'H NMR (400 MHz, CDCls): 6 7.93 (d, J = 8.8 Hz, 1H), 7.87 (d, J = 8.1 Hz, 1H), 7.65
—7.34 (m, 6H), 7.13 (d, J = 8.1 Hz, 2H), 7.08 (s, 1H), 2.34 (s, 3H), 1.50 (s, 9H), 1.44
(s, 9H).

3C NMR (100 MHz, CDCl3): 6 151.9, 144.8, 141.1, 136.9, 135.4, 133.7, 132.4, 130.8,
130.1, 129.6, 129.4, 128.3(9), 128.3(6), 127.8, 127.0, 126.7, 125.1, 83.8, 83.4, 77.4,
28.0, 21.6.

HRMS (ESI) m/z caled. for C20H32CINOsSNa [M + Na]™ 580.1531, found 580.1529.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 16.92 min, tr (minor) = 24.46 min, 91% ee.
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(Sa,E)-N-(1-(1-chloro-2-tosylvinyl)naphthalen-2-yl)-2,4,6-trimethylbenzamide
(N31)

Ts™ ™

H
N
I

According to Procedure IIT with NS7 (62.7 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2

Cl

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford N31 (—10 °C: 81.0 mg,
80% yield, 86% ee; rt: 23.2 mg, 23% yield, 71% ee, according to Procedure I) as a
pale-yellow solid.

"H NMR (400 MHz, CDCl3): 6 8.22 (d, J = 8.9 Hz, 1H), 8.10 (s, 1H), 7.94 (d, J = 8.9
Hz, 1H), 7.72 (d, J=8.2 Hz, 1H), 7.37 (s, 1H), 7.33 (t, /= 8.0 Hz, 1H), 7.12 (t, J= 7.7
Hz, 1H), 7.03 (dd, J = 8.4, 1.1 Hz, 1H), 7.00 — 6.90 (m, 4H), 6.61 (d, J = 8.4 Hz, 2H),
2.49 (s, 6H), 2.34 (s, 3H), 2.07 (s, 3H).

BC NMR (100 MHz, CDCl3): § 169.7, 144.7, 139.0, 137.4, 134.7, 134.4, 134.4, 133.2,
131.6,130.9,129.1, 129.0, 128.6, 128.1, 127.7, 127.1, 125.6, 123.8, 123.5, 122.5, 21.3,
21.2,19.3.

HRMS (ESI) m/z caled. for C20H27CINOsS [M + H]™ 504.1395, found 504.1394.
HPLC condition: Chiralcel INA, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =

254 nm, tr (minor) = 9.52 min, tr (major) = 17.98 min, 86% ee.

(Sa,E)-3-(1-(1-chloro-2-tosylvinyl)naphthalen-2-yl)-1,1-diethylurea (N32)
Cl
Ts7 N

H\H/NEtz

SON

According to Procedure IV with NS14 (53.3 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 2/1) to afford N32 (36.6 mg, 40%
yield, 77% ee; 21.9 mg, 24% yield, 44% ee, according to Procedure I) as a yellow oil.
'H NMR (600 MHz, CDCI3) 6 8.06 (d, J = 9.0 Hz, 1H), 7.81 (d, J = 9.0 Hz, 1H), 7.63
(d, J=8.1 Hz, 1H), 7.45 (s, 1H), 7.30 — 7.23 (m, 2H), 7.11 (t, J= 7.5 Hz, 1H), 7.05 —
6.97 (m, 3H)6.60 (d, J=8.1 Hz, 2H), 3.57 (dq, /= 14.4, 7.1 Hz, 2H), 3.36 (dq, J = 14.5,
7.2 Hz, 2H), 2.05 (s, 3H), 1.30 (t, /= 7.1 Hz, 6H).

13C NMR (150 MHz, CDCl3) 6 154.6, 146.0, 144.7, 137.3, 135.4, 134.4, 131.2, 129.9,
129.2, 129.0, 128.0, 127.9, 126.8, 124.8, 123.6, 123.5, 120.2, 41.8, 21.4, 14.0.
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HRMS (ESI) m/z caled. for C24H26CIN203S [M + H]"457.1347, found 457.1342.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.7 mL/min. A =
254 nm, tr (minor) = 17.80 min, tr (major) = 44.14 min, 77% ee.

tert-Butyl  (Sa,E)-(1-(1-bromo-4-((3,5-dimethoxyphenyl)amino)-3,3-dimethyl-4-

oxobut-1-en-1-yl)naphthalen-2-yl)(4-methylbenzoyl)carbamate (N33)
OMe

o}

/@ B CH
H N

O
According to Procedure IX with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and A1 (90.7

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford N33 (88.0 mg, 64%
yield, 87% ee) as a colorless oil.

'HNMR (400 MHz, CDCl3): 6 8.11 (dd, J= 8.4, 1.2 Hz, 1H), 7.97 — 7.52 (m, 7H), 7.33
(d, J= 8.7 Hz, 1H), 7.04 (s, 2H), 6.68 (s, 1H), 6.43 (s, 2H), 6.14 (t, J = 2.3 Hz, 1H),
3.70 (s, 6H), 2.32 (s, 3H), 1.24 (s, 3H), 1.19 (s, 9H), 0.76 (s, 3H).

BC NMR (100 MHz, CDCl3): 6 172.1, 160.5, 152.4, 142.8, 142.4, 139.6, 135.2, 133.9,
133.3,132.9, 131.6, 130.2, 128.7, 128.4(6), 128.4(2), 127.5(2), 127.4(8), 127.1, 125.8,
98.4,97.0, 84.0, 55.4,49.0, 27.6, 25.7, 21.7.

HRMS (ESI) m/z caled. For C37H40BrN206 [M + H]" 687.2064, found 687.2061.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 60/50, flow rate 0.5 mL/min. A =254

nm, tr (major) = 16.48 min, tr (minor) = 19.16min, 87% ee.

3,5-Dichlorophenyl (Sa,E)-4-bromo-4-(2-(N-(tert-butoxycarbonyl)-4-
methylbenzamido)naphthalen-1-yl)-2,2-dimethylbut-3-enoate (N34)
Cl

(0]

cr” i 0 S BrB‘oc CHs
oy

O

According to Procedure IX with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and A2 (93.6
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 10/1) to afford N34 (83.7 mg, 60%
yield, 84% ee) as a colorless oil.

"H NMR (400 MHz, CDCl3): 6 8.11 (d, J = 8.1 Hz, 1H), 8.01 — 7.74 (m, 4H), 7.66 —
7.52 (m, 2H), 7.38 (d, /= 8.7 Hz, 1H), 7.30 — 7.10 (m, 4H), 6.75 (d, /= 10.9 Hz, 2H),
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2.36 (s, 3H), 1.21 (s, 9H), 1.09 (s, 3H), 0.75 (s, 3H).

13C NMR (100 MHz, CDCl3): 6 172.9, 152.5, 151.3, 142.5, 140.4, 135.7, 135.3, 134.8,
134.0,133.9,132.8,131.6,130.2, 128.8, 128.7, 128.5, 128.0, 127.5, 127.1, 126.0, 125.7,
120.7, 115.1, 114.6, 83.6, 47.7, 27.7, 25.0, 22.4, 21.8.

HRMS (ESI) m/z caled. For C3sH32BrC12NOsNa [M + Na]" 718.0733, found 718.0730.
HPLC condition: Chiralcel IC, n-hexane/i-PrOH = 80/20, flow rate 0.5 mL/min. A =
254 nm, tr (major) = 12.15 min, tr (minor) = 15.15 min, 84% ee.

Ethyl (Sa,E)-4-(2-(N-(tert-butoxycarbonyl)-4-methylbenzamido)naphthalen-1-
yl)-4-iodo-2,2-dimethylbut-3-enoate (N35)

(e}
-0 N | ?00 CHj;
N
JY

According to Procedure IX with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and A4 (72.6
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 10/1) to afford N35 (82.8 mg, 66%
yield, 0% ee) as a colorless oil.

"H NMR (400 MHz, CDCl3): 6 8.15 (d, J= 8.4 Hz, 1H), 7.97 (d, J = 7.8 Hz, 2H), 7.89
(dd, J=8.5,3.2 Hz, 2H), 7.62 (t, J = 7.6 Hz, 1H), 7.54 (t, J= 7.2 Hz, 1H), 7.35 - 7.27
(m, 3H), 6.89 (s, 1H), 4.02 — 3.61 (m, 2H), 2.45 (s, 3H), 1.26 (s, 9H), 1.14 (t, J= 7.1
Hz, 3H), 0.73 (s, 3H), 0.64 (s, 3H).

BC NMR (100 MHz, CDCl3): § 175.0, 172.5, 152.4, 149.9, 142.8, 136.9, 134.6, 134.1,
132.9,130.8,129.4, 128.9, 128.3, 128.2, 127.0, 126.3, 88.4, 83.5, 61.0, 49.6,27.9,23.7,
22.6,21.9, 14.2.

HRMS (ESI) m/z calcd. For C31H34INOsNa [M + Na]* 650.1374, found 650.1376.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 90/10, flow rate 0.5 mL/min. A =

238 nm, tr (major) = 19.77 min, tr (minor) = 23.61 min, 0% ee.

tert-Butyl-(Sa,E)-(1-(1-bromo-2-tosylvinyl)naphthalen-2-yl)(4-
methylbenzoyl)carbamate (N1-Br)

Ts7 N Br@oc CH3
0y

@)
According to Procedure I with NS1 (77.1 mg, 0.20 mmol, 1.0 equiv) and S1-Br (70.5

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column

chromatography (petroleum ether/ethyl acetate = 5/1) to afford N1-Br (90.7 mg, 73%

S88



yield, 34% ee) as a yellow solid.

'H NMR (500 MHz, CDCls): 6 8.14 — 7.64 (m, 4H), 7.62 — 7.16 (m, 9H), 6.85 (d, J =
8.1 Hz, 2H), 2.44 (s, 3H), 2.18 (s, 3H), 1.32 (s, 9H).

BC NMR (126 MHz, CDCl3): 6 173.1, 152.7, 144.4, 143.2, 138.4, 137.6, 135.8, 133.9,
132.5, 131.0, 129.5, 129.3, 128.9, 128.5, 128.0, 126.9, 125.1, 84.0, 27.7, 21.8, 21.6.
HRMS (ESI) m/z calcd. For C32H30BrNSOsNa [M + Na]" 642.0920, found 642.0931.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 11.43 min, tr (major) = 20.74 min, 34% ee.

Methyl (Sa,E)-1-(1-chloro-2-tosylvinyl)-2-naphthoate (AP1)

Ts™ ™ cl

O [ CO,Me

According to Procedure IV with AS1 (42.0 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford AP1 (65.8 mg, 82%
yield, 51% ee) as a white solid.

'H NMR (400 MHz, CDCl3): 6 8.05 (d, J = 8.7 Hz, 1H), 7.95 (d, J= 8.7 Hz, 1H), 7.84
(dd, J=8.3, 1.2 Hz, 1H), 7.72 (d, J = 8.5 Hz, 1H), 7.56 (t, J= 7.0 Hz, 1H), 7.44 (t,J =
8.3 Hz, 1H), 7.21 - 7.13 (m, 3H), 6.92 (d, J= 7.8 Hz, 2H), 3.89 (s, 3H), 2.26 (s, 3H).
3C NMR (100 MHz, CDCl3): § 165.8, 146.2, 144.4, 136.7, 135.0, 133.6, 132.3, 130.6,
129.5, 129.4, 128.2(9), 128.2(7), 127.8, 127.7, 126.5, 126.0, 125.6, 52.5, 21.6.

HRMS (ESI) m/z caled. For C21H17C104Na [M + Na]* 423.0428, found 423.0431.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 19.87 min, tr (major) = 22.04 min, 51% ee.

(Sa,E)-1-(1-Chloro-2-tosylvinyl)-2-isopropylnaphthalene (AP2)

Ts™ ™ cl

‘.’Pr

According to Procedure I with AS2 (38.8 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2 mg,
0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 10/1) to afford AP2 (75.4 mg, 98%
yield, 52% ee) as a white solid.
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'"H NMR (400 MHz, CDCl3): 6 7.87 (d, J= 8.7 Hz, 1H), 7.73 (d, J = 8.1 Hz, 1H), 7.50
(d, J=8.7Hz, 1H), 7.36 (t, /= 7.4 Hz, 1H), 7.32 — 7.17 (m, 3H), 7.17 — 7.09 (m, 2H),
6.85 (d, J=8.0 Hz, 2H), 3.37 (p, /= 6.8 Hz, 1H), 2.23 (s, 3H), 1.50 (d, /= 6.7 Hz, 3H),
1.27 (d, J=6.9 Hz, 3H).

3C NMR (100 MHz, CDCl3): 6 146.3, 145.2, 144.5, 136.3, 134.0, 131.8, 130.8, 129.3,
129.2,128.2, 128.0, 126.8, 125.4, 124.5, 123.7,31.7, 24.7, 22.4, 21.6.

HRMS (ESI) m/z calcd. for C22H21C102SNa [M + Na]" 407.0843, found 407.0843.
HPLC condition: Chiralcel AD-H, n-hexane/i-PrOH = 90/10, flow rate 0.3 mL/min. A
= 254 nm, tr (minor) = 20.33 min, tr (major) = 22.80 min, 52% ee.

(Sa,E)-1-(1-Chloro-2-tosylvinyl)-2-phenylnaphthalene (AP3)

Ts\cI

S8

According to Procedure I with AS3 (45.7 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2 mg,
0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 8/1) to afford AP3 (67.1 mg, 80%
yield, 43% ee) as a white solid.

'H NMR (400 MHz, CDCl3): § 7.95 (d, J = 8.5 Hz, 1H), 7.87 (d, J = 8.5 Hz, 1H), 7.64
(dt,J=17.7,1.5 Hz, 3H), 7.56 — 7.36 (m, 6H), 7.19 (d, J = 8.3 Hz, 2H), 7.00 (d, J = 8.0
Hz, 2H), 6.87 (s, 1H), 2.31 (s, 3H).

3C NMR (100 MHz, CDCl3): 6 145.3, 144.7, 140.5, 139.5, 136.9, 133.2, 132.5, 130.4,
129.7, 129.6, 129.4, 128.5, 128.3, 128.2, 127.8(4), 127.8(0), 127.3, 126.2, 125.0, 21.7.
HRMS (ESI) m/z caled. for C25sH19CIO2SNa [M + Na]* 441.0686, found 441.0690.
HPLC condition: Chiralcel AD-H, n-hexane/i-PrOH = 70/30, flow rate 0.5 mL/min. A
= 254 nm, tr (minor) = 17.88 min, tr (major) = 19.13 min, 43% ece.
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(Sa,E)-1-(1-Chloro-2-tosylvinyl)naphthalen-2-yl  diisopropylcarbamate  (O1)

Ts\CI

O\[]/N’Prz

I3

According to Procedure V with OS1 (59.1 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford O1 (87.5 mg, 90% yield,
92% ee) as a yellow solid.

'H NMR (400 MHz, CDCl3): 6 7.87 (d, J = 9.0 Hz, 1H), 7.78 (d, J = 7.4 Hz, 1H), 7.52
—7.32 (m, 4H), 7.29 — 7.24 (m, 2H), 7.22 (s, 1H), 6.89 (d, /= 8.0 Hz, 2H), 4.12 (p, J =
6.8 Hz, 1H), 3.89 (p, /= 7.1 Hz, 1H), 2.23 (s, 3H), 1.47 — 1.09 (m, 12H).

BCNMR (100 MHz, CDCls): § 152.2, 146.6, 144.5,142.6,136.2, 134.9, 131.6, 131.26,
130.7,130.5, 130.2, 129.3, 128.3, 128.2, 127.2, 125.7, 124.2, 122.5, 121.9, 47.09, 46.6,
21.6,21.3,21.2, 20.6, 20.5.

HRMS (ESI) m/z caled. for C26H20CINO4S [M + H]™ 486.1500, found 486.1501.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =

230 nm, tr (major) = 15.86 min, tr (minor) = 17.83 min, 92% ee.

(Sa,E)-1-(1-Chloro-2-tosylvinyl)-6-methylnaphthalen-2-yl diisopropylcarbamate
(02)

Ts c

N
O\[]/N'Prz
OO o)
HsC

According to Procedure V with OS2 (61.9 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford O2 (77.0 mg, 77% yield,
90% ee) as a pale-yellow solid.

'H NMR (400 MHz, CDCl3) 6 7.78 (d, J = 9.0 Hz, 1H), 7.55 (s, 1H), 7.38 (dd, J= 8.8,
5.4 Hz, 2H), 7.28 — 7.27 (m, 1H), 7.26 (s, 1H), 7.22 - 7.17 (m, 2H), 6.90 (d, /= 8.0 Hz,
2H), 4.18 — 4.04 (m, 1H), 3.94 — 3.81 (m, 1H), 2.48 (s, 3H), 2.24 (s, 3H), 1.37 - 1.25
(m, 12H).

3C NMR (100 MHz, CDCl3) § 152.3, 145.9, 144.4, 142.9, 136.3, 135.4, 134.8, 130.9,
130.6, 129.4, 129.2, 128.3, 128.2, 127.2, 124.1, 122.4, 121.8, 47.1, 46.5, 21.5(6),
21.5(5),21.3,21.2, 20.6, 20.5.

HRMS (ESI) m/z caled. for C27H31CINO4S [M + H]" 500.1657, found 500.1654.
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HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 19.61 min, tr (minor) = 24.68 min, 90% ee.

(Sq,E)-1-(1-Chloro-2-tosylvinyl)-6-phenylnaphthalen-2-yl ~ diisopropylcarbamate
(03)

cl
Ts7 ™
O\[]/N’Prz
OO O
Ph

According to Procedure V with OS3 (74.3 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford O3 (78.7 mg, 70% yield,
92% ee) as a pale-yellow oil.

'"H NMR (400 MHz, CDCl3) 6 7.98 (d, J = 1.8 Hz, 1H), 7.94 (d, J= 9.0 Hz, 1H), 7.72
—7.66 (m, 2H), 7.63 (dd, J=8.7, 1.9 Hz, 1H), 7.56 — 7.46 (m, 4H), 7.43 —7.37 (m, 1H),
7.34 —7.28 (m, 2H), 7.26 (s, 1H), 6.90 (d, J= 8.1 Hz, 2H), 4.25 — 4.04 (m, 1H), 4.00 —
3.83 (m, 1H), 2.18 (s, 3H), 1.40 — 1.28 (m, 12H).

3C NMR (100 MHz, CDCl3) § 152.2, 146.7, 144.5, 142.5, 140.5, 138.5, 136.2, 135.1,
131.5,131.0,129.3,129.1, 128.2, 127.7, 127.4, 126.8, 126.0, 124.8, 122.9, 121.9, 47.1,
46.6,21.6,21.3,21.2, 20.6, 20.5.

HRMS (ESI) m/z caled. for C32H33CINO4S [M + H]" 562.1813, found 562.1810.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 23.70 min, tr (minor) = 35.11 min, 92% ee.

(Sa,E)-6-Bromo-1-(1-chloro-2-tosylvinyl)naphthalen-2-yl  diisopropylcarbamate
(04)

Ts7 ™

l ! O\H/NiPrg
Br °

According to Procedure V with OS4 (74.8 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2

Cl

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 6/1) to afford O4 (104.2 mg, 92%
yield, 92% ee) as a white solid.

'H NMR (400 MHz, CDCls): 6 7.94 (d, J = 2.0 Hz, 1H), 7.79 (d, J= 9.0 Hz, 1H), 7.49
(d,/=9.0 Hz, 1H), 7.40 (dd, /= 8.9, 2.0 Hz, 1H), 7.32 — 7.20 (m, 4H), 6.92 (d, /= 8.1
Hz, 2H), 4.15 - 3.87 (m, 2H), 2.28 (s, 3H), 1.35 - 1.26 (m, 12H).
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3C NMR (100 MHz, CDCl3): § 152.0, 147.0, 144.8, 142.0, 136.2, 135.4, 131.7, 130.5,
130.2, 130.2, 129.4, 128.7, 128.2, 125.9, 123.8, 122.2, 119.7, 47.2, 46.7, 21.6, 21.3,
21.2,20.6, 20.5.

HRMS (ESI) m/z caled. for C26H2sCINO4SBr [M + H]" 564.0605, found 564.0600.
HPLC condition: Chiralcel IG, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 30.51 min, tr (minor) = 35.68 min, 92% ee.

(Sa,E)-1-(1-Chloro-2-tosylvinyl)-6-methoxynaphthalen-2-yl diisopropylcarbamate
(05)
Cl

Ts™ ™
O O O\H/NiPrz
(0]
MeO

According to Procedure V with OS5 (65.0 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 4/1) to afford OS (68.1 mg, 64% yield,
92% ee) as a colorless oil.

"HNMR (400 MHz, CDCl3): 6 7.79 (d, J=9.0 Hz, 1H), 7.39 (dd, J=10.3, 9.0 Hz, 2H),
7.30 (d, J = 8.4 Hz, 2H), 7.22 (s, 1H), 7.11 (d, J = 2.6 Hz, 1H), 7.05 (dd, J=9.1, 2.6
Hz, 1H), 6.95 (d, J = 8.0 Hz, 2H), 4.19 — 4.04 (m, 1H), 3.98 — 3.84 (m, 4H), 2.28 (s,
4H), 1.40 — 1.23 (m, 12H).

3C NMR (100 MHz, CDCl3): § 157.6, 152.4, 144.9, 144.5, 142.8, 136.3, 134.8, 132.0,
130.0, 129.3, 128.2, 125.7, 125.3, 123.0, 122.0, 119.9, 106.3, 55.5, 47.0, 46.5, 21.6,
21.3,21.2, 20.6, 20.5.

HRMS (ESI) m/z caled. for C27H31CINOsS [M + H]™ 516.1606, found 516.1605.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 28.95 min, tr (minor) = 34.97 min, 92% ee.

(Sa,E)-1-(1-Chloro-2-tosylvinyl)-6-cyanonaphthalen-2-yl  diisopropylcarbamate
(06)

Ts7 ™

l ! O\H/NiPrz
NC ©

According to Procedure V with OS6 (64.0 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2

Cl

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 4/1) to afford 06 (98.1 mg, 95% yield,

87% ee) as a white solid.
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'"H NMR (400 MHz, CDCls): 6 8.20 (s, 1H), 7.96 (d, J = 9.0 Hz, 1H), 7.63 — 7.56 (m,
2H), 7.54 - 7.50 (m, 1H), 7.34 - 7.22 (m, 3H), 7.01 (d, /= 8.0 Hz, 2H), 4.13 — 3.86 (m,
2H), 2.31 (s, 3H), 1.45 - 1.15 (m, 12H).

3C NMR (100 MHz, CDCl3): § 151.6, 149.1, 145.0, 141.3, 136.4, 135.4, 134.1, 132.0,
131.5, 129.6(0), 129.5(5), 128.1, 127.8, 125.6, 124.6, 122.6, 109.3, 47.3, 46.8, 21.6,
21.3,21.2,20.6, 20.4.

HRMS (ESI) m/z caled. for C27H2sCIN204S [M + H]" 511.1453, found 511.1451.
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 16.42 min, tr (major) = 21.38 min, 8§7% ee.

Methyl (Sa,E)-5-(1-chloro-2-tosylvinyl)-6-((diisopropylcarbamoyl)oxy)-2-
naphthoate (O7)
Cl

Ts” ™
! [ O\ﬂ/ N'Pr,
MeOZC °

According to Procedure V with OS7 (70.6 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 3/1) to afford O7 (101.0 mg, 93%
yield, 80% ee) as a yellow oil.

'H NMR (400 MHz, CDCls) 6 8.55 (d, J= 1.6 Hz, 1H), 8.00 (d, J = 9.0 Hz, 1H), 7.93
(dd, J=8.8, 1.7 Hz, 1H), 7.55 (d, J = 9.0 Hz, 1H), 7.48 (d, J = 8.8 Hz, 1H), 7.27 (s,
1H), 7.24 (d, J = 5.3 Hz, 2H), 6.92 (d, J = 8.1 Hz, 2H), 4.21 — 4.08 (m, 1H), 3.99 (s,
3H), 3.95-3.84 (m, 1H), 2.23 (s, 3H), 1.36 — 1.24 (m, 12H).

BBCNMR (100 MHz, CDCl3) 6 166.9, 151.9, 148.6, 144.8, 142.0, 136.3, 135.3, 132.5(4),
132.5(0), 131.2,129.8, 129.4,128.2, 127.3, 126.6, 124.5, 123.5, 122.2,52.5, 47.3, 46.7,
21.5,21.3,21.2,20.6, 20.5.

HRMS (ESI) m/z calcd. for C2sH31CINOsS [M + H]" 544.1555, found 544.1555.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 33.96 min, tr (minor) =41.15 min, 80% ee.

Methyl (Sa,E)-5-(1-chloro-2-tosylvinyl)-6-((diisopropylcarbamoyl)oxy)-1-
naphthoate (O8)
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Ts™ ™ cl

O O\n/ NiPI'2
O O

COzMe
According to Procedure V with OS8 (70.6 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 3/1) to afford O8 (98.0 mg, 90% yield,
82% ee) as a pale-yellow solid.

'H NMR (400 MHz, CDCl3) 6 8.99 (d, J= 9.5 Hz, 1H), 8.10 (dd, J= 7.3, 1.2 Hz, 1H),
7.69 (d,J=8.4, 1H), 7.55 (d, J=9.5 Hz, 1H), 7.39 (dd, J= 8.5, 7.3 Hz, 1H), 7.25 (d, J
= 7.5 Hz, 3H), 6.89 (d, /= 8.0 Hz, 2H), 4.16 — 4.04 (m, 1H), 4.01 (s, 3H), 3.96 —3.83
(m, 1H), 2.21 (s, 3H), 1.39 — 1.22 (m, 12H).

3C NMR (100 MHz, CDCl3) § 167.6, 152.0, 146.9, 144.6, 142.0, 136.0, 135.5, 130.9,
129.7, 129.4, 129.3, 129.2, 128.7, 128.2, 127.6, 126.0, 124.1, 122.2, 52.5, 47.1, 46.7,
21.5,21.3,21.2, 20.6, 20.5.

HRMS (ESI) m/z calcd. for C2sH31CINOsS [M + H]" 544.1555, found 544.1555.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 32.94 min, tr (minor) = 40.17 min, 82% ee.

(Sa,E)-1-(1-Chloro-2-tosylvinyl)-4-phenylnaphthalen-2-yl  diisopropylcarbamate
(09)
Ts™ ™ cl

O O\n/ NiPrz
O O

Ph
According to Procedure V with OS9 (74.2 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford 09 (90.0 mg, 80% yield,
92% ee) as a pale-yellow oil.

"H NMR (400 MHz, CDCl3) § 7.85 — 7.77 (m, 1H), 7.56 — 7.42 (m, 6H), 7.41 — 7.30
(m, 5H), 7.25 (s, 1H), 6.88 (d, J = 8.0 Hz, 2H), 4.21 — 4.06 (m, 1H), 4.00 — 3.84 (m,
1H), 2.19 (s, 3H), 1.31 (d, /= 6.7 Hz, 12H).

13C NMR (100 MHz, CDCls) 6 152.1, 146.0, 144.5, 143.9, 142.4, 139.4, 136.0, 135.2,
130.6,130.1, 129.2, 128.4, 128.3, 128.0, 127.1, 126.5, 125.7, 124.6, 123.3, 121.2, 47.0,
46.6,21.6, 21.4, 21.3, 20.6, 20.5.
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HRMS (ESI) m/z calcd. for C32H33CINO4S [M + H]* 562.1813, found 562.1809.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 80/20, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 32.63 min, tr (major) = 34.32 min, 92% ece.

(Sa,E)-1-(1-Chloro-2-tosylvinyl)-4-methylnaphthalen-2-yl diisopropylcarbamate
(010)

Ts™ ™

O O\n/ NiPrz
O O

CHj
According to Procedure V with OS10 (61.8 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2

Cl

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford O10 (82.0 mg, 82%
yield, 91% ee) as a pale-yellow solid.

'H NMR (400 MHz, CDCl3) 6 7.92 (d, J = 8.3 Hz, 1H), 7.52 — 7.42 (m, 2H), 7.42 —
7.32 (m, 1H), 7.31 — 7.24 (m, 3H), 7.20 (s, 1H), 6.88 (d, J = 8.1 Hz, 2H), 4.18 — 4.03
(m, 1H), 3.98 — 3.83 (m, 1H), 2.71 (s, 3H), 2.23 (s, 3H), 1.39 — 1.24 (m, 12H).

3C NMR (100 MHz, CDCl3) § 152.2, 146.1, 144.3, 142.8, 138.7, 136.1, 134.7, 130.2,
130.0, 129.1, 128.1, 126.9, 125.4, 124.8, 124.4, 122.9, 120.2, 47.0, 46.5, 21.5, 21.2,
21.1, 20.6, 20.4, 19.8.

HRMS (ESI) m/z caled. for C27H31CINO4S [M + H]" 500.1657, found 500.1655.
HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 60/40, flow rate 0.5 mL/min. A =254

nm, tr (minor) = 14.7 Imin, tr (major) = 18.60 min, 91% ee.

(Sa,E)-1-(1-Chloro-2-tosylvinyl)-7-methylnaphthalen-2-yl diisopropylcarbamate
(o1

Ts™ ™

HsC o\[r N'Pr,
(J 3

According to Procedure V with OS11 (61.8 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2

Cl

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 6/1) to afford O11 (30 mg, 30% yield,
60% ee) as a pale-yellow solid.

'"H NMR (400 MHz, CDCl3) 6 7.82 (d, J = 8.9 Hz, 1H), 7.66 (d, J = 8.3 Hz, 1H), 7.38
(d, J=9.0 Hz, 1H), 7.24 — 7.19 (m, 4H), 7.07 (s, 1H), 6.86 (d, J = 8.1 Hz, 2H), 4.21 —
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4.06 (m, 1H), 4.02 — 3.48 (m, 1H), 2.36 (s, 3H), 2.23 (s, 3H), 1.37 — 1.30 (m, 12H).
13C NMR (100 MHz, CDCls) 6 152.3, 146.9, 144.3, 143.3, 137.0, 136.3, 135.0, 131.0,
130.2, 129.1, 129.0, 128.2, 128.1, 127.8, 123.2, 121.5, 121.2, 47.1, 46.6, 21.9, 21.6,
21.4,21.3,20.7,20.5.

HRMS (ESI) m/z calcd. for C27H31CINO4S [M + H]* 500.1657, found 500.1657.
HPLC condition: Chiralcel IG, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 18.38 min, tr (major) = 22.40 min, 60% ee.

(Sa,E)-1-(1-Chloro-2-tosylvinyl)-5,6,7,8-tetrahydronaphthalen-2-yl
diisopropylcarbamate (012)

Ts\CI

O._NPr,

b

o)
According to Procedure V with OS12 (59.9 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 6/1) to afford O12 (83.2 mg, 84%
yield, 74% ee) as a colorless oil.

"H NMR (400 MHz, CDCls): 6 7.51 — 7.45 (m, 2H), 7.21 (d, J = 8.1 Hz, 2H), 7.13 (d,
J=8.4Hz, 1H), 6.98 (d, /= 8.4 Hz, 1H), 6.96 (s, 1H), 3.93 —3.62 (m, 1H), 2.73 — 2.67
(m, 2H), 2.64 — 2.45 (m, 2H), 2.41 (s, 3H), 1.76 — 1.60 (m, 4H), 1.32 — 1.21 (m, 6H),
1.16 — 1.08 (m, 6H).

BC NMR (100 MHz, CDCl3): § 152.3, 145.7, 144.9, 144.7, 137.1, 136.1, 134.2, 132.9,
131.7, 129.7, 128.4, 126.2, 120.6, 46.9, 46.1, 29.4, 26.5, 22.6, 22.4, 21.8, 21.0, 20.9,
20.7,20.4.

HRMS (ESI) m/z caled. for C26H33CINO4S [M + H]" 490.1813, found 490.1808.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 60/40, flow rate 0.5 mL/min. A =
254 nm, tr (minor) = 19.55 min, tr (major) = 21.44 min, 74% ee.

(Sa,E)-2-(1-Chloro-2-tosylvinyl)-3-methylphenyl diisopropylcarbamate (O13)

Ts” ™ cl

HaC O._NPr,

b

0]
According to Procedure V with OS13 (51.9 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column

chromatography (petroleum ether/ethyl acetate = 5/1) to afford O13 (72.0 mg, 80%
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yield, 83% ee) as a white solid.

'H NMR (400 MHz, CDCls) §7.48 (d, J = 8.3 Hz, 2H), 7.32 (t, J = 7.9 Hz, 1H), 7.22
(d, J=8.1 Hz, 2H), 7.05 (dd, J = 16.4, 7.9 Hz, 2H), 6.97 (s, 1H), 3.91 — 3.78 (m, 1H),
3.78 = 3.65 (m, 1H), 2.40 (s, 3H), 2.22 (s, 3H), 1.33 — 1.19 (m, 6H), 1.19 — 1.02 (m,
6H).

13C NMR (100 MHz, CDCls) 6 152.0, 148.1, 144.9, 144.7, 137.8, 137.2, 132.9, 130.6,
129.8, 128.2, 126.9, 126.6, 120.8, 47.0, 46.1, 21.8, 21.0, 20.9, 20.6, 20.4, 19.3.
HRMS (ESI) m/z caled. for C23H20CINO4S [M + H]" 450.1500, found 450.1496.
HPLC condition: Chiralcel IG, n-hexane/i-PrOH = 60/40, flow rate 0.6 mL/min. A =

254 nm, tr (major) = 12.52 min, tr (minor) = 14.82 min, 83% ee.

(Sq,E)-2-(1-Chloro-2-tosylvinyl)-3,5-dimethylphenyl diisopropylcarbamate (O14)

Ts7 ™ c

HsC O _NPr,
0]
CH3

According to Procedure V with OS14 (54.7 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 6/1) to afford O14 (82.1 mg, 88%
yield, 81% ee) as a colorless oil.
'"H NMR (400 MHz, CDCl3): 6 7.50 (d, J = 8.3 Hz, 2H), 7.22 (d, J = 8.1 Hz, 2H), 6.94
(s, 1H), 6.87 (d, J=16.0 Hz, 2H), 3.89 — 3.64 (m, 2H), 2.41 (s, 3H), 2.35 (s, 3H), 2.19
(s, 3H), 1.33 - 1.20 (m, 6H), 1.11 — 1.07 (m, 6H).
BC NMR (100 MHz, CDCl3): 6 152.1, 147.9, 145.1, 144.8, 141.2, 137.4, 137.3, 132.8,
129.7, 128.3, 127.6, 124.1, 121.3, 46.9, 46.1, 21.8, 21.5, 21.0, 20.9, 20.7, 20.4, 19.2.
HRMS (ESI) m/z calcd. for C24H31CINO4S [M + H]" 464.1657, found 464.1652.
HPLC condition: Chiralcel IH, n-hexane/i-PrOH = 60/40, flow rate 0.5 mL/min. A =

254 nm, tr (major) = 10.41 min, tr (minor) = 12.37 min, 81% ee.

(Sa,E)-tert-Butyl  (1-(1-chloro-2-tosylvinyl)naphthalen-2-yl) carbonate (O15)

TS\CI

O O O\g/07<
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According to Procedure VI with OS15 (53.7 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford O15 (0 °C: 40.4 mg, 44%
yield, 90% ee; rt: 60.0 mg, 61% yield, 84% ee, according to Procedure V) as a pale-
yellow solid.

'H NMR (400 MHz, CDCls): 6 7.89 (d, J= 8.7 Hz, 1H), 7.79 (d, J= 7.2 Hz, 1H), 7.51
(d, J=7.5Hz, 1H), 7.48 — 7.34 (m, 5H), 7.23 (s, 1H), 6.92 (d, /= 7.7 Hz, 2H), 2.23 (s,
3H), 1.58 (s, 9H).

3C NMR (100 MHz, CDCl3): 6 151.0, 145.7, 144.5, 140.9, 136.1, 134.9, 131.5, 130.9,
130.0, 129.3, 128.3, 128.1, 127.5, 126.0, 124.4, 122.1, 121.2, 84.1, 27.7, 21.5.

HRMS (ESI) m/z calcd. For C24H23C104SNa [M + Na]" 481.0847, found 481.0845.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 12.61 min, tr (minor) = 16.26 min, 90% ee.

(Sa,E)-1-(1-Chloro-2-tosylvinyl)naphthalen-2-yl 4-methylbenzoate (016)

N\ O CH;
O
I
According to Procedure VII with OS16 (57.2 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2

mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 4/1) to afford O16 (rt: 66.8 mg, 70%
yield, 80% ee; 63.9 mg, 67% yield, 78% ee, according to Procedure V) as a white solid.
'H NMR (400 MHz, CDCl3) & 8.06 (d, J = 8.3 Hz, 2H), 7.97 (d, J = 9.0 Hz, 1H), 7.85
(d, J=17.7 Hz, 1H), 7.55 (dd, J=17.1, 8.6 Hz, 2H), 7.51 — 7.41 (m, 2H), 7.32 (dd, J =
10.5, 8.2 Hz, 4H), 7.24 (s, 1H), 6.95 (d, J= 8.0 Hz, 2H), 2.47 (s, 1H), 2.25 (s, 1H).
3C NMR (100 MHz, CDCl3) § 164.4, 145.9, 144.9, 144.7, 141.7, 136.3, 134.9, 131.7,
131.1, 130.6, 130.3, 129.5, 129.4(7), 128.4, 128.1, 127.6, 126.2, 126.1, 124.4, 122.5,
121.6, 22.0, 21.6.

HRMS (ESI) m/z caled. for C27H22C104S [M + H]"477.0922, found 477.0919.

HPLC condition: Chiralcel IF, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =254

nm, tr (minor) = 17.96 min, tr (major) = 25.87 min, 80% ee.

(Ss,E)-1-(1-Chloro-2-tosylvinyl)naphthalen-2-yl 4-methylbenzenesulfonate (O17)
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TS\CI

iy

According to Procedure VIII with OS17 (64.4 mg, 0.20 mmol, 1.0 equiv) and S1 (57.2
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 3/1) to afford O17 (0 °C: 35.6 mg, 34%
yield, 83% ee; rt: 21.5 mg, 21% yield, 60% ee, according to Procedure V) as a pale-
yellow oil.

'H NMR (400 MHz, CDCI3) 6§ 7.91 (d, J = 9.1 Hz, 1H), 7.88 — 7.78 (m, 3H), 7.69 —
7.62 (m, 1H), 7.58 — 7.46 (m, 3H), 7.43 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H),
7.08 (t,J=4.1 Hz, 3H), 2.43 (s, 3H), 2.35 (s, 3H).

13C NMR (100 MHz, CDCls) 6 145.8, 144.9, 144.2, 140.4, 136.5, 134.6, 133.3, 132.3,
131.5, 130.6, 130.0, 129.7, 128.5(3), 128.4(8), 128.1(1), 128.0(7), 126.6, 124.9, 123.1,
119.7,21.9, 21.7.

HRMS (ESI) m/z caled. for C26H22C105S2 [M + H]"513.0592, found 513.0589.

HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
230 nm, tr (major) = 37.81 min, tr (minor) = 41.24 min, 83% ee.

(5a,E)-1-(1-Bromo-2-tosylvinyl)naphthalen-2-yl diisopropylcarbamate (O1-Br)

Ts™ ™ Br

O.__NPr,
T
According to Procedure V with OS1 (59.1 mg, 0.20 mmol, 1.0 equiv) and S1-Br (70.5
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 5/1) to afford O1-Br (99.7 mg, 94%
yield, 23% ee) as a yellow solid.
'H NMR (400 MHz, CDCls) 6 7.85 (d, J=9.0 Hz, 1H), 7.77 (dd, J= 7.8, 1.5 Hz, 1H),
7.52 —-7.32 (m, 5H), 7.30 — 7.22 (m, 2H), 6.88 (d, /= 8.0 Hz, 2H), 4.29 — 3.68 (m, 2H),
2.22 (s, 3H), 1.47 — 1.15 (m, 12H).
3C NMR (100 MHz, CDCl3) § 152.0, 146.1, 144.5, 138.0, 136.1, 132.3, 131.1, 130.8,
129.9, 129.3, 128.3, 128.2, 127.1, 125.7, 124.4, 123.3, 122.6, 47.2, 46.6, 21.6, 21.4,
21.2,20.7, 20.5.
HRMS (ESI) m/z caled. for C26H20BrNO4S [M + H]"530.0995, found 530.0991.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 60/40, flow rate 0.5 mL/min. A =
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238 nm, tr (major) = 22.03 min, tr (minor) = 25.25 min, 23% ee.
(Sa,E)-1-(1-Iodo-2-tosylvinyl)naphthalen-2-yl ~ diisopropylcarbamate  (O1-I)

Ts\I

O NPr,
SP

According to Procedure V with OS1 (59.1 mg, 0.20 mmol, 1.0 equiv) and S1-I (84.6
mg, 0.30 mmol, 1.5 equiv) in place of sulfonyl chloride, the product mixture was
purified by silica gel column chromatography (petroleum ether/ethyl acetate = 5/1) to
afford O1-I (103.9 mg, 90% yield, 0% ee) as a yellow solid.

'"H NMR (400 MHz, CDCl3) 6 7.82 (d, J= 9.0 Hz, 1H), 7.77 (dd, J= 6.9, 2.2 Hz, 1H),
7.66 (s, 1H), 7.53 — 7.34 (m, 4H), 7.30 — 7.18 (m, 2H), 6.86 (d, J= 8.1 Hz, 2H), 4.29 —
3.74 (m, 2H), 2.21 (s, 3H), 1.48 — 1.25 (m, 12H).

3C NMR (100 MHz, CDCl3) § 151.6, 144.7, 144.5, 144.3, 135.9, 130.9, 130.5, 129.3,
129.1, 128.3, 128.1, 126.8, 126.3, 125.7, 124.5, 122.8, 107.0, 47.3, 46.5, 21.6, 21.5,
21.3, 20.8, 20.6.

HRMS (ESI) m/z calcd. for C26H20INO4S [M + H]" 578.0856, found 578.0856.

HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 60/40, flow rate 0.5 mL/min. A =
238 nm, tr (major) = 24.60 min, tr (minor) = 29.87 min, 0% ee.

(Sa,E)-1-(2-((4-Acetamidophenyl)sulfonyl)-1-chlorovinyl)naphthalen-2-yl
diisopropylcarbamate (020)

AcHN
T e

30 O\[]/N’Prz

(1
According to Procedure V with OS1 (59.1 mg, 0.20 mmol, 1.0 equiv) and S8 (70.1
mg, 0.30 mmol, 1.5 equiv), the product mixture was purified by silica gel column
chromatography (petroleum ether/ethyl acetate = 1/1) to afford 020 (69.8 mg, 66%
yield, 90% ee) as a yellow solid.
'H NMR (400 MHz, CDCl3) 6 7.82 (d, J = 9.0 Hz, 1H), 7.77 — 7.68 (m, 2H), 7.51 —
7.28 (m, 4H), 7.25 — 7.14 (m, 5H), 4.31 — 3.68 (m, 2H), 2.03 (s, 3H), 1.46 — 1.23 (m,
12H).
3C NMR (100 MHz, CDCl3) § 168.8, 152.5, 146.5, 143.1, 142.7, 134.6, 133.3, 131 .4,
130.7, 130.2, 129.3, 128.3, 127.5, 125.9, 124.1, 122.3, 122.1, 118.8, 47.1, 46.7, 24.7,
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21.4,21.2,20.7,20.5.

HRMS (ESI) m/z calcd. for C27H30CIN20sS [M + H]"529.1558, found 529.1555.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 60/40, flow rate 0.5 mL/min. A =
238 nm, tr (minor) = 21.09 min, tr (major) = 27.43 min, 90% ee.

Synthesis of racemic 020-1

AcHN\©\
(0] ST !

I I\

OTNiPrz S<ona NIS (1.0 equiv) oL OTNiPrZ
(0] + (0]
AcHN toluene, 80 °C, Ar, 24 h
081, 1.0 equiv, 0.20 mmol 1.0 equiv 0201, 23% vyield

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with alkyne
OS1 (59.1 mg, 0.20 mmol, 1.0 equiv) and sodium 4-acetamidobenzenesulfinate (44.2
mg, 0.20 mmol, 1.0 equiv). The tube was evacuated and backfilled with argon three
times, toluene (1.0 mL) was added to the mixture, and the reaction mixture was stirred
at 80 °C for 24 h. Upon completion, the precipitate was filtered off and washed by DCM.
The filtrate was evaporated and the residue was purified by column chromatography on
silica gel to afford the desired product.
(E)-1-(2-((4-Acetamidophenyl)sulfonyl)-1-iodovinyl)naphthalen-2-yl
diisopropylcarbamate (020-I)

AcHN
Tl
X
oL O\[]/N’Prz
DO

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 1/1) to afford O20-I (28.5 mg, 23% yield) as a yellow solid.

'H NMR (400 MHz, CDCl3) 6 7.80 (d, J = 8.9 Hz, 1H), 7.78 — 7.70 (m, 1H), 7.63 (s,
1H), 7.50 — 7.32 (m, 5H), 7.28 — 7.16 (m, 4H), 4.35 — 3.71 (m, 2H), 2.13 (s, 3H), 1.46
—1.25 (m, 12H).

3C NMR (100 MHz, CDCl3) § 167.2, 151.7, 147.8, 145.2, 144.7, 144.1, 142.8, 133 .4,
130.9, 130.7, 129.6, 129.2, 128.2, 127.0, 126.3, 125.9, 124.5, 122.8, 107.2, 47.3, 46.6,
24.8,21.5,21.3,20.8, 20.7.

HRMS (ESI) m/z calcd. for C27H30IN205S [M + H]" 621.0915, found 621.0913.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 60/40, flow rate 0.5 mL/min. A =
238 nm, tr1 = 23.24 min, trz = 29.31 min.
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Gram-scale reactions and procedures for synthetic applications
Gram-scale reaction of NS1

It Boc CHs Cu(CH3CN)4PFg (10 mol %) Ts Boc
Nj(©/ L7 (10 mol %)
K3PO4 (3. Oequw)
U
DME/MTBE (1/3), t, Ar, 5 d
NS1

$1 1619, 71% y|e|d 92% ee

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PF¢ (149.0 mg, 0.40 mmol, 10 mol %), L7 (224.0 mg, 0.40 mmol, 10
mol %), alkyne NS1 (1.54 g, 4.0 mmol, 1.0 equiv), sulfonyl chloride S1 (1.15 g, 6.0
mmol, 1.5 equiv), and K3PO4(2.55 g, 12.0 mmol, 3.0 equiv). The tube was evacuated
and backfilled with argon three times, anhydrous DME (15 mL) and MTBE (45 mL)
were added to the mixture, and the reaction mixture was stirred at room temperature for
5 d. Upon completion, the precipitate was filtered off and washed by DCM. The filtrate
was evaporated and the residue was purified by column chromatography on silica gel

to afford the desired product N1 in 71% yield and 92% ee.

Gram-scale reaction of OS1

cl
I _ CU(CHsCN),PFg (10mol %) 187 v
0_NPr, L7 (10 mol %) O._NPr,
e KsPO, (3.0 equiv) hig
o) + TsCl o

EA (60 mL), tt, Ar, 7d

S1 o1
1.32 g, 72% yield, 90% ee

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PF¢ (149.0 mg, 0.40 mmol, 10 mol %), L7 (224.0 mg, 0.40 mmol, 10
mol %), alkyne OS1 (1.18 g, 4.0 mmol, 1.0 equiv), sulfonyl chloride S1 (1.15 g, 6.0
mmol, 1.5 equiv), and K3PO4(2.55 g, 12.0 mmol, 3.0 equiv). The tube was evacuated
and backfilled with argon three times, anhydrous EtOAc (60 mL) was added to the
mixture, and the reaction mixture was stirred at room temperature for 7 d. Upon
completion, the precipitate was filtered off and washed by DCM. The filtrate was
evaporated, and the residue was purified by column chromatography on silica gel to

afford the desired product O1 in 72% yield and 90% ee.
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Sonogashira coupling of axially chiral sulfone-containing styrene
Procedure a: Sonogashira coupling of N1

S Boc CHs 1BUP-Pd-G2 (20 mol %) T Boc ~C pdz
N Cul (40 mol %)
— K,COs (4.0 equiv) OO
= 2CO3
IJ s

CH3CN, 60 °C, 48 h, Ar

‘ t
N1, 93% ee N1-1, 60%, 90% ee ] BuzP-Pd-G2
CAS: 1375325-71-5

To a mixture of chiral sulfone-containing styrene N1 (115.2 mg, 0.20 mmol, 1.0 equiv,
93% ee), ‘BusP-Pd-G2 (20.5 mg, 0.040 mmol, 20 mol %), Cul (15.2 mg, 0.080 mmol,
40 mol %), and K2CO3 (110.5 mg, 0.80 mmol, 4.0 equiv) in dry CH3CN (4 mL) was
added ethynylbenzene (44 pL, 0.40 mmol, 2.0 equiv). After the reaction mixture was
stirred at 60 °C under argon for 48 h, it was treated with standard aqueous work-up and
extracted with DCM. The organic layer was dried over anhydrous Na>SO4 and filtered.
After evaporation of the solvent, the crude was purified by silica gel column

chromatography to afford the desired product N1-1.

tert-Butyl (Sa,2)-(4-methylbenzoyl)(1-(4-phenyl-1-tosylbut-1-en-3-yn-2-
yDnaphthalen-2-yl)carbamate (N1-1)

Ph
gz

2
Ts™ ™ Boc CHs
N
SN
The product mixture was purified by silica gel column chromatography (petroleum

ether/dichloromethane/ethyl acetate = 10/10/1) to afford N1-1 (75.0 mg, 60% yield, 90%
ee) as a yellow oil.

"H NMR (500 MHz, CDCl3): 6 8.03 — 7.71 (m, 4H), 7.68 — 7.01 (m, 14H), 6.99 — 6.84
(m, 2H), 2.37 (s, 3H), 2.23 (s, 3H), 1.35 (br, 9H).

BC NMR (126 MHz, CDCl3): 6 173.0, 153.0, 144.1, 142.7, 138.5, 136.5, 133.8, 132.6,
132.0,129.8,129.5,129.3,128.6, 128.5, 128.4, 128.2, 128.0, 127.9, 127.0, 126.6, 125.6,
121.5, 86.7, 83.8, 83.7,27.7,27.0, 21.8, 21.6.

HRMS (ESI) m/z caled. for C40H3sNOsS [M + H]™ 642.2309, found 642.2307.

HPLC condition: Chiralcel INA, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 12.60 min, tr (major) = 15.26 min, 90% ee.
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Suzuki-Miyaura coupling of axially chiral sulfone-containing styrene
Procedure b: Suzuki-Miyaura coupling of N1

X
H ‘ N Cl \4/
cl CHj NPh CHy ZC )
T Y Bec 'BusP-Pd-G2 (20 mol %) T E°° | Pd"-HP
N Li,COs (3.0 equiv) : NH ){\
+  PhB(OH), :

o DCE/H,0 (4/1, 0.05 M), ¢]

°C, Ar, 48 h i
N1, 93% ee 60°C, Ar, 48 N1-2, 95%, 93% ee ! BusP-Pd-G2

To a mixture of chiral sulfone-containing styrene N1 (922 mg, 1.6 mﬁol, 1.0 equiv, 93%
ee), phenylboronic acid (392 mg, 3.2 mmol, 2.0 equiv), ‘BusP-Pd-G2 (164 mg, 0.32
mmol, 20 mol%), and Li2CO3 (355 mg, 4.8 mmol, 3.0 equiv) was added DCE/H-0 (4/1,
32 mL). The reaction was stirred at 60 °C under argon for 48 h. Upon completion, the
reaction mixture was extracted with EtOAc. The organic layer was dried over Na>SO4
and filtered. After evaporation of the solvent, the crude was purified by silica gel

column chromatography to afford the desired product N1-2.

tert-Butyl (Sa,2)-(4-methylbenzoyl)(1-(1-phenyl-2-tosylvinyl)naphthalen-2-
yDcarbamate (N1-2)

Ts7 N\ PhIBOC CHs
Iy

O
The product mixture was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 5/1) to afford N1-2 (940 mg, 95% yield, 93% ee) as a yellow solid.
'"H NMR (600 MHz, CDCls): 6 7.97 (d, J = 8.2 Hz, 1H), 7.92 — 7.76 (m, 1H), 7.57 (s,
2H), 7.50 (d, J = 8.7 Hz, 1H), 7.49 — 7.39 (m, 3H), 7.38 — 6.96 (m, 9H), 6.96 — 6.90 (m,
3H), 2.37 (s, 3H), 2.22 (s, 3H), 1.47 — 0.82 (br, 9H).

BC NMR (150 MHz, CDCl3): 6 172.0, 152.7, 146.2, 143.7, 142.6, 137.2, 135.2, 133.2,
132.3,130.6, 130.2, 129.5,129.4, 128.5, 128.4, 128.2, 128.1, 127.9, 126.7, 126.4, 126.1,
83.2,77.4,27.5,21.7,21.5.

HRMS (ESI) m/z calcd. for C3sH36NOsS [M + H]" 618.2309, found 618.2308.

HPLC condition: Chiralcel INA, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 11.92 min, tr (minor) = 14.46 min, 93% ee.
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Procedure c: Suzuki-Miyaura coupling of product O1

Cl Ph ! i Pd_ i
A A\ ! Pr Pr
Ts PEPPSI Pd-SIPR (20 mol %) Ts ‘ Cl

OW NiPr, Li,CO3 (3.0 equiv) OY NPry “
O + PhB(OH), | x
0 CHZCN/H,0 (4:1), rt, o ! cl

Ar, 72h I
01, 92% ee o1 _1’ 930/0’ 89% ee ! PEPPSI Pd-SIPR

CAS: 927706-57-8

To a mixture of chiral sulfone-containing styrene O1 (97.2 mg, 0.20 mmol, 1.0 equiv,
92% ee), phenylboronic acid (49 mg, 0.40 mmol, 2.0 equiv), PEPPSI Pd-SIPR (27.3
mg, 0.040 mmol, 20 mol %), and Li2CO3 (44.3 mg, 0.60 mmol, 3.0 equiv) was added
CH3CN/H20 (4/1, 4.0 mL) under argon. Then, the reaction was stirred at room
temperature for 72 h. Upon completion, the reaction mixture was extracted with EtOAc.
The organic layer was dried over Na2SO4 and filtered. After evaporation of the solvent,
the crude was purified by silica gel column chromatography to afford the desired

product O1-1.

(Sa,2)-1-(1-Phenyl-2-tosylvinyl)naphthalen-2-yl diisopropylcarbamate (O1-1)

Ts™ ™ Ph

O\n/NiPrz

SeR!

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate =4/1) to afford O1-1 (98.0 mg, 93% yield, 89% ee) as a yellow solid.
'H NMR (400 MHz, CDCl3): 6 7.89 (d, J= 8.9 Hz, 1H), 7.77 (d, J= 9.4 Hz, 1H), 7.45
(d, J=9.0 Hz, 1H), 7.42 — 7.25 (m, 5H), 7.28 — 7.18 (m, 5H), 7.15 (ddd, J = 8.2, 6.7,
1.3 Hz, 1H), 6.86 (d, J=8.2 Hz, 2H), 4.01 (p, /= 6.8 Hz, 1H), 3.58 (p, /= 6.8 Hz, 1H),
2.22 (s, 3H), 1.18 (dd, J=17.9, 6.8 Hz, 6H), 1.00 (dd, /= 15.8, 6.7 Hz, 6H).

BCNMR (100 MHz, CDCls): 6 152.3, 148.4, 146.7,143.7,137.2, 136.7, 131.8, 130.85,
130.7,130.5, 129.8, 129.0, 128.8, 128.0, 127.9, 127.5, 126.6, 125.1(8), 125.1(5), 122.9,
122.8,47.0,45.9, 21.5, 21.0, 20.9, 20.5, 20.1.

HRMS (ESI) m/z caled. for C32H3aNO4S [M + H]™ 528.2203, found 528.2203.

HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 19.87 min, tr (major) = 24.75 min, 89% ee.
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Procedure d: Suzuki-Miyaura coupling of O15

! N
Cl Ar !
N Ts” ™ '
s PEPPSI Pd-SIPR (20 mol %) s | N

0. © i i o._0 | ipr Pd_ ipr
Li,CO3 (3.0 equiv) ' I
OO TS+ arsomy, o~ T | NS
o DCE/H,0 (4/1), t, Ar, o} | ‘

015, 87% ee 72h N
PEPPSI Pd-SIPR

To a mixture of chiral sulfone-containing styrene O15 (91.8 mg, 0.20 mmol, 1.0 equiv,
87% ee), aryl boronic acid (0.40 mmol, 2.0 equiv), PEPPSI Pd-SIPR (27.3 mg, 0.040
mmol, 20 mol %), and Li2COs3 (44.3 mg, 0.60 mmol, 3.0 equiv) was added DCE/H20
(4/1, 4.0 mL) under argon. The reaction was stirred at room temperature under argon
for 72 h. Upon completion, the reaction mixture was extracted with EtOAc. The organic
layer was dried over Na2SOa and filtered. After evaporation of the solvent, the crude

was purified by silica gel column chromatography to afford the desired product.

(Sa,2)-tert-Butyl (1-(1-phenyl-2-tosylvinyl)naphthalen-2-yl) carbonate (O15-1)

Ts™ ™ Ph

O\H/O

SORN

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 4/1) to afford O15-1 (80.2 mg, 80% yield, 86% ee) as a yellow
solid.

'H NMR (400 MHz, CDCl3): 6 7.88 (d, J= 9.0 Hz, 1H), 7.78 (d, J= 8.1 Hz, 1H), 7.45
(d, J=9.0 Hz, 1H), 7.37 (t, J= 8.0 Hz, 1H), 7.34 — 7.15 (m, 10H), 6.88 (d, /= 8.0 Hz,
2H), 2.23 (s, 3H), 1.37 (s, 9H).

BC NMR (100 MHz, CDCl): § 151.3, 146.8, 146.1, 143.7, 137.3, 137.1, 131.7,
131.0(9), 131.0(8), 130.4, 130.1, 129.1, 128.9, 128.1, 128.0, 127.5, 126.9, 125.6, 125.4,
123.2, 121.6, 83.5, 27.6, 21.6.

HRMS (ESI) m/z caled. for C30H2805SNa [M + Na]* 523.1550, found 523.1551.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 18.03min, tr (minor) = 24.96 min, 86% ee.

(Sa,2)-tert-Butyl (1-(1-(phenanthren-9-yl)-2-tosylvinyl)naphthalen-2-yl) carbonate
(015-2)
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The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford O15-2 (85.0 mg, 70% yield, 86% ee) as a white solid.
"H NMR (400 MHz, CDCl3): 6 8.72 (ddd, J = 8.0, 6.4, 2.1 Hz, 2H), 8.59 (d, /= 8.4 Hz,
1H), 7.95 — 7.83 (m, 2H), 7.80 (d, J = 8.4 Hz, 1H), 7.70 (tt, /= 7.1, 5.3 Hz, 2H), 7.64
—7.52 (m, 2H), 7.50 — 7.42 (m, 5H), 7.42 — 7.34 (m, 2H), 7.19 (s, 1H), 7.03 (d, J= 8.0
Hz, 2H), 2.31 (s, 3H), 1.09 (s, 9H).

3C' NMR (100 MHz, CDCl3): § 151.2, 146.2, 144.2, 144.0, 137.2, 136.2, 134.7, 132.6,
131.4,131.3, 130.6, 130.5, 130.1, 129.6, 129.3(4), 129.3(1), 128.9, 128.3, 128.1, 127.9,
127.3(4), 127.3(1), 127.0, 126.9, 126.3, 125.7(9), 125.7(5), 125.5, 123.4, 122.4, 121.6,
83.3,27.2,21.7.

HRMS (ESI) m/z caled. for C3sH3205SNa [M + Na]™ 623.1863, found 623.1861.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 23.43 min, tr (minor) = 33.93 min, 86% ee.

(Sa,2)-1-(1-([1,1'":3",1""-Terphenyl]-5'-yl)-2-tosylvinyl)naphthalen-2-yl  tert-butyl
carbonate (015-3)
Ph

Ts” D Ph
0.0

SORA
0

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford O15-3 (116.8 mg, 90% yield, 86% ee) as a white
solid.

"H NMR (400 MHz, CDCl3): 6 7.92 (d, J= 9.0 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.76
(t,J=1.7Hz, 1H), 7.55 - 7.45 (m, 8H), 7.44 — 7.38 (m, 5SH), 7.38 — 7.32 (m, 5SH), 7.22
(t,J=7.0 Hz, 1H), 6.92 (d, J= 8.0 Hz, 2H), 2.26 (s, 3H), 1.34 (s, 9H).

13C NMR (100 MHz, CDCl3): 6 151.6, 146.7, 146.2, 143.8, 142.5, 140.4, 138.5, 137.0,
131.8,131.6,131.2,130.3,129.2, 129.0, 128.3, 128.2, 128.1, 127.9, 127.4,127.1, 125.7,
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125.43,125.2,123.1, 121.7, 83.6, 27.6, 21.6.

HRMS (ESI) m/z caled. for C42H3605SNa [M + Na]* 675.2176, found 675.2176.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 21.77 min, tr (major) = 23.49 min, 86% ee.

Procedure e Removal of the protecting group from axially chiral sulfone-containing
Styrene

Ph CH
Ts™ IT%oc 3 IR PhH
OO N K,CO5 (10.0 equiv) OO N\H/O\’<
O EtOH, 60 °C, Ar, 48 h ©
N1-2, 93% ee N1-2-Boc, 91%, 91% ee

To a 25 mL Schlenk bottle containing a mixture of N1-2 (988.4 mg, 1.6 mmol, 1.0 equiv,
93% ee) and K2COs3 (2.21 g, 16 mmol, 10.0 equiv) was added EtOH (32 mL) under
argon. Then, the reaction bottle was sealed and heated to 60 °C for 48 h. Upon
completion, the solvent was removed, and the residue was dissolved in water. The
aqueous solution was extracted with DCM. The organic layer was dried over Na2SOs,
filtered, and concentrated. The crude residue was purified by silica-gel column

chromatography to afford N1-2-Boc.

tert-Butyl (S;,2)-(1-(1-phenyl-2-tosylvinyl)naphthalen-2-yl)carbamate (N1-2-Boc)

Ph
RS
Ts H
N

SRS

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford N1-2-Boc (723 mg, 91% yield, 91% ee) as a pale-
yellow solid.

"H NMR (400 MHz, CDCl3): 6 8.02 (s, 1H), 7.84 (d, J= 9.0 Hz, 1H), 7.62 (d, J = 8.1
Hz, 1H), 7.51 (s, 1H), 7.36 — 7.21 (m, 5H), 7.18 (t, /= 7.5 Hz, 1H), 7.06 (s, 1H), 7.00
(d, J=28.0 Hz, 2H), 6.88 (t, J = 7.6 Hz, 1H), 6.75 (d, J = 8.4 Hz, 1H), 6.59 (d, J = 8.1
Hz, 2H), 2.06 (s, 3H), 1.45 (s, 6H).

BC NMR (100 MHz, CDCls): 6 153.8, 150.2, 143.8, 136.5, 135.7, 134.2, 133.1, 130.8,
130.5, 130.4, 129.8, 129.1, 128.8, 127.8, 127.6, 127.2, 126.3, 124.6, 124.6, 80.6, 28.3,
21.3.

HRMS (ESI) m/z caled. for C30H30NO4S [M + H]" 500.1890, found 500.1890.
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HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 24.50 min, tr (minor) = 27.84 min, 91% ee.

Ph
Ts™ ™ H Ts™ ™ Ph
N\H/Oj< TFA NH,
OO o DCM, rt, Ar, 12 h OO
N1-2-Boc, 91% ee N1-4, 98%, 91% ee

To a 50 mL Schlenk bottle containing a mixture of N1-2-Boc (500.0 mg, 1.0 mmol, 1.0
equiv, 91% ee) and DCM (8.0 mL) was added TFA (8.0 mL) under argon. Then, the
reaction bottle was sealed and stirred at room temperature for 12 h. Upon completion,
the reaction mixture was poured into a saturated NaHCOs3 solution. The mixture was
extracted with DCM. The organic layer was dried over NaxSOs, filtered, and
concentrated. The crude residue was purified by silica-gel column chromatography to

afford N1-4.

(Sa,2)-1-(1-Phenyl-2-tosylvinyl)naphthalen-2-amine (N1-4)

Ts™ ™ Ph

ook

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 3/1) to afford N1-4 (392.3 mg, 98% yield, 91% ee) as a yellow
solid.'"H NMR (400 MHz, CDCl3): § 7.67 (d, J = 8.3 Hz, 1H), 7.55 (d, /= 8.6 Hz, 1H),
7.47 (s, 1H), 7.37 — 7.30 (m, 3H), 7.30 — 7.24 (m, 2H), 7.10 (d, J= 8.3 Hz, 2H), 7.08 —
6.99 (m, 2H), 6.86 (ddd, J = 8.3, 6.8, 1.3 Hz, 1H), 6.65 (dd, J = 8.3, 2.4 Hz, 3H), 4.06
(s, 2H), 2.11 (s, 3H).

3C NMR (100 MHz, CDCl3): 6 150.6, 143.6, 142.4, 136.6, 136.1, 132.6, 131.7, 130.7,
130.4,129.1, 128.8,127.8, 127.7, 127.6, 127.3, 126.5, 123.3, 122.1, 118.6, 112.9, 21.41.
HRMS (ESI) m/z calcd. for C2sH22NO2S [M + H]" 400.1366, found 400.1364.

HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 21.65 min, tr (minor) = 23.00 min, 91% ee.

Proceduref: Preparation of chiral tetrasubstituted alkene

Bn

. 1) "BuLi (1.0 equiv) Ph
Ph BnBr (2.1 equiv) Ph
N N ) To
s Cs,COs (2.0 equiv) Ts HMPA (1.0 equiv) I
OO NHBoc TBAI (1.0 equiv) OO NBnBoc THF, —78°C,0.5h OO nBoc
DMF, rt, Ar, 24 h 2) BnBr (1.0 equiv)
N1-2-Boc N1-2-Bn —78°Ctort, Ar, 24 h N1-3
91% ee, 1.0 equiv 96%, 90% ee 63%, 90% ee
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To a mixture of chiral sulfone-containing styrene N1-2-Boc (499.0 mg, 0.10 mmol,
1.0 equiv), Cs2CO3 (652.0 mg, 0.20 mmol, 2.0 equiv), and TBAI (36.8 mg, 0.10 mmol,
1.0 equiv) in anhydrous DMF (5.0 mL) was added BnBr (0.25 mL, 0.21 mmol, 2.1
equiv) under argon. The reaction was stirred at room temperature for 24 h. Upon
completion, the mixture was diluted with EtOAc and subsequently washed with water,
followed by brine. The organic layer was dried over anhydrous Na2SOs, filtered, and
concentrated. The crude residue was purified by column chromatography on silica gel
to afford the desired product N1-2-Bn (96% yield, 90% ee) as a yellow solid.'®

Chiral sulfone-containing styrene N1-2-Bn (58.9 mg, 0.10 mmol, 1.0 equiv) was
dissolved in THF (2.0 mL) under argon. The solution was cooled to —78 °C, and "BuLi
(1.0 M in THF, 100 pL, 0.10 mmol, 1.0 equiv) was added dropwise at —78 °C. After 15
min, HMPA (18 pL, 0.10 mmol, 1.0 equiv) was added dropwise, followed by BnBr (12
pL, 0.10 mmol, 1.0 equiv) added all at once. The mixture was allowed to warm to room
temperature and stirred for 24 h. Upon completion, the reaction was quenched with
brine, followed by extraction with EtOAc three times. The combined organic extracts
were washed with brine, dried over anhydrous Na>SOs4, and filtered. The filtrate was
evaporated and the residue was purified by column chromatography on silica gel to
afford the desired product N1-3.!
tert-Butyl (Sa,2)-benzyl(1-(1,3-diphenyl-2-tosylprop-1-en-1-yl)naphthalen-2-
yl)carbamate (N1-3)

Bn

Ts” ™ Ph

O l NBnBoc

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford N1-3 (42.8 mg, 63% yield, 90% ee) as a white solid.
'H NMR (500 MHz, CDCl3): 6 8.00 (d, J = 8.4 Hz, 1H), 7.82 (d, J= 8.1 Hz, 1H), 7.60
—7.43 (m, 4H), 7.41 — 7.37 (m, 1H), 7.33 — 7.23 (m, 4H), 7.21 — 7.08 (m, 9H), 7.04 (d,
J = 8.0 Hz, 2H), 6.86 (dd, J = 6.7, 2.9 Hz, 2H), 6.52 (d, J = 8.6 Hz, 1H), 5.52 (d, J =
14.1 Hz, 1H), 4.92 (d, /= 14.1 Hz, 1H), 4.24 (d,J=16.3 Hz, 1H), 3.93 (d, /= 16.4 Hz,
1H), 2.34 (s, 3H), 1.31 (s, 3H), 0.82 (s, 6H).

BC NMR (126 MHz, CDCls): § 154.9, 149.1, 144.5, 142.3, 139.7, 138.7, 138.5, 136.5,
135.3, 132.5, 132.4, 130.1, 129.9, 129.4, 129.3, 128.7, 128.4(0), 128.3(6), 128.3(3),
128.2(9), 128.2,128.0(0), 127.9(7), 127.3, 126.5, 126.2, 126.0, 125.8, 79.5, 51.2, 36.52,
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27.9,21.7

HRMS (ESI) m/z calcd. for C44H41NO4NaS [M + Na]* 702.2649, found 702.2648.
HPLC condition: Chiralcel IA, n-hexane/i-PrOH = 80/20, flow rate 0.5 mL/min. A =
254 nm, tr (minor) = 13.94 min, tr (major) = 16.29 min, 90% ee.

Procedure g: Transformations of the amino group on axially chiral sulfone-containing
Styrene

77 Xy PN Ts7 PhH H
O™ - L e T O
+
NC DCM, rt, Ar, 48 h S CN
N1-4, 91% ee 1.5 equiv N1-5, 82%, 91% ee

To a 10 mL Schlenk bottle containing a mixture of (Sa,Z)-1-(1-phenyl-2-
tosylvinyl)naphthalen-2-amine N1-4 (79.9 mg, 0.20 mmol, 1.0 equiv, 91% ee), 4-
isothiocyanatobenzonitrile (48.0 mg, 0.30 mmol, 1.5 equiv), and 4-DMAP (24.4 mg,
0.20 mmol, 1.0 equiv) was added DCM (4.0 mL) under argon. Then, the reaction bottle
was sealed and stirred at room temperature for 48 h. Upon completion, the reaction
mixture was concentrated. The crude residue was purified by silica-gel column

chromatography to afford the desired product N1-5.

(Sa,2)-1-(4-Cyanophenyl)-3-(1-(1-phenyl-2-tosylvinyl)naphthalen-2-yl)thiourea
(N1-5)

Ph

N

Ts H H
N._N

LT,

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 2/1) to afford N1-5 (91.8 mg, 82% yield, 91% ee) as a white solid.
'HNMR (400 MHz, CDCls): 6 8.72 (s, 1H), 8.31 (s, 1H), 7.95 (d, J= 8.8 Hz, 1H), 7.77
(t,J= 8.1 Hz, 2H), 7.59 (s, 4H), 7.49 — 7.38 (m, 3H), 7.40 — 7.31 (m, 2H), 7.29 (d, J =
7.8 Hz, 2H), 7.05 — 6.94 (m, 3H), 6.90 (d, J = 8.4 Hz, 1H), 6.76 (d, J = 8.0 Hz, 2H),
2.18 (s, 3H).

13C NMR (100 MHz, CDCl3): 6 180.7, 150.9, 144.5, 142.2, 136.1, 135.9, 133.9, 133.2,
132.2,131.4,130.8, 130.5,130.2, 129.4,129.3, 129.1, 128.2, 127.6, 127.4, 127.0, 126.5,
126.3,125.3,123.4, 118.8, 108.5, 21.5.

HRMS (ESI) m/z caled. for C33H26N302S2 [M + H]" 560.1461, found 560.1458.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 60/40, flow rate 0.5 mL/min. A =
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254 nm, tr (minor) = 38.15 min, tr (major) = 47.28 min, 91% ee.

Ts” D Ph Ts

1) CSCl,, Py, DCM, rt, 1 h

NH,
OO 2)1,2- dlamlne DCM, rt,2 h

N1-4, 91% ee N1-6, 60% yield

/
-

HoN /’N—
To a solution of (Sa,Z)-1-(1-phenyl-2-tosylvinyl)naphthalen-2-amine N1-4 (80.0 mg,
0.20 mmol, 1.0 equiv, 91% ee) and pyridine (49 pL, 0.60 mmol, 3.0 equiv) in DCM (4
mL) was added CSCl2 (55.2 mg, 0.48 mmol, 2.4 equiv). The reaction mixture was
stirred at room temperature for 1 h. Upon completion, DCM and CSCl> were removed
under high vacuum. To a solution of the resulting residue in DCM (4 mL) was added
(18,25)-N1,N1-dimethylcyclohexane-1,2-diamine (85.3 mg, 0.60 mmol, 3.0 equiv).
The mixture was stirred at room temperature for 2 h. Upon completion, DCM was
removed and the residue was purified by silica gel column chromatography to afford
the desired product N1-6.
1-((1S,25)-2-(Dimethylamino)cyclohexyl)-3-(1-((Sa,Z)-1-phenyl-2-
tosylvinyl)naphthalen-2-yl)thiourea (N1-6)

Ts

The product mixture was purified by silica gel column chromatography (DCM/MeOH
= 40:1 to 20:1) to afford N1-6 (71.0 mg, 60% yield) as a single optically pure
diastereomer and white solid.

"H NMR (400 MHz, CDCl3): J 8.05 (s, 1H), 7.95 — 7.79 (m, 2H), 7.70 (d, J = 8.2 Hz,
1H), 7.46 — 7.34 (m, 3H),7.35 - 7.21 (m, 3H), 7.08 (d, /=7.9 Hz, 2H), 7.01 — 6.91 (m,
1H), 6.88 (d, J = 8.6 Hz, 1H), 6.71 (d, J = 7.9 Hz, 2H), 3.86 (s, 1H), 2.65 — 2.36 (m,
2H), 2.20 (s, 6H), 2.12 (s, 3H), 1.90 — 1.76 (m, 2H), 1.73 — 1.62 (m, 1H), 1.46 — 1.31
(m, 1H), 1.31 — 1.11 (m, 4H).

3C NMR (100 MHz, CDCl3): 6 181.0, 144.0, 136.5, 136.0, 134.7, 131.6, 131.2, 131.0,
130.8, 129.4, 129.1, 129.1, 128.0, 127.6, 127.5, 127.3, 126.5, 125.6, 125.2, 66.7, 55.8,
40.0,32.4,25.1, 24.6, 21.8, 21.4.

HRMS (ESI) m/z caled. for C3aH3sN302S2 [M + H]™ 584.2400, found 584.2405.
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Ph
Ts™ ™ Ph Ts7 S H

1) CSCl, Py, DCM, 1t, 1 h

CI>Y
OO 2) amine, DCM, rt, 2 h S

/
- o - ) H
N1-4, 0.2 mmol, 91% ee OMe /% N1-7, 68% yield
N

N NH,
N~
To a solution of (Sa,Z)-1-(1-phenyl-2-tosylvinyl)naphthalen-2-amine N1-4 (80.0 mg,

0.20 mmol, 1.0 equiv) and pyridine (49 pL, 0.60 mmol, 3.0 equiv) in DCM (4 mL) was

added CSCl2 (55.2 mg, 0.48 mmol, 2.4 equiv). The reaction mixture was stirred at room
temperature for 1 h. Upon completion, DCM and CSCl2 were removed under high
vacuum. To a solution of the resulting residue in DCM (4 mL) was added (S)-(6-
methoxyquinolin-4-y1)((1S,25,4S,5R)-5-vinylquinuclidin-2-yl)methanamine ~ (194.0
mg, 0.60 mmol, 3.0 equiv). The mixture was stirred at room temperature for 2 h. Upon
completion, DCM was removed, and the residue was purified by silica gel column
chromatography to afford the desired product N1-7.
1-((15)-(6-Methoxyquinolin-4-yl)((5S)-5-vinylquinuclidin-2-yl)methyl)-3-(1-
((5a,2)-1-phenyl-2-tosylvinyl)naphthalen-2-yl)thiourea (N1-7)

XL

Ts™ ™

OMe

The product mixture was purified by silica gel column chromatography (DCM/MeOH
= 40:1 to 20:1) to afford N1-7 (104.1 mg, 68% yield) as a single optically pure
diastereomer and pale-yellow solid.

"H NMR (400 MHz, CDCl3): 6 8.50 (s, 1H), 8.26 — 7.57 (m, 6H), 7.51 — 6.78 (m, 13H),
6.64 (d, J=17.9 Hz, 2H), 6.01 (s, 1H), 5.78 — 5.53 (m, 1H), 5.10 — 4.78 (m, 2H), 3.98
(s, 3H), 3.66 — 2.23 (m, 8H), 2.12 (s, 3H), 1.40 (t, J = 11.9 Hz, 1H), 0.94 (s, 1H).

13C NMR (100 MHz, CDCl3): 6 182.0, 157.8, 150.5, 147.7, 144.7, 144.0, 140.7, 136.2,
136.1,134.6, 131.7,131.5, 130.9, 129.4, 129.1, 128.9, 128.0, 127.6, 127.4(5), 127.4(2),
126.6, 125.7, 125.3, 121.9, 115.1, 102.9, 61.7, 56.0, 55.6, 53.6, 41.9, 39.3, 27.4, 25.8,
21.4.

HRMS (ESI) m/z calcd. for C46HasN4O3S2 [M + H]" 765.2928, found 765.2934.
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Ph

Ph
Ts7 COOH  4-DMAP (40 mol %) Ny N
NH, 7~ DCC (1.5 equiv) N A
OO + QN DCM, rt, Ar, 24 h OO o)

N1-4, 91% ee 1.5 equiv N1-8, 96%, 91% ee

To a 10 mL Schlenk bottle containing a mixture of (Sa,Z)-1-(1-phenyl-2-
tosylvinyl)naphthalen-2-amine N1-4 (79.9 mg, 0.20 mmol, 1.0 equiv, 91% ee),
picolinic acid (36.9 mg, 0.30 mmol, 1.5 equiv), DCC (61.9 mg, 0.30 mmol, 1.5 equiv),
and 4-DMAP (9.8 mg, 0.080 mmol, 40 mol %) was added DCM (4.0 mL) under argon.
Then, the reaction bottle was sealed and stirred at room temperature for 24 h. Upon
completion, the reaction mixture was concentrated. The crude residue was purified by

silica-gel column chromatography to afford the desired product N1-8.

(S4,2)-N-(1-(1-Phenyl-2-tosylvinyl)naphthalen-2-yl)picolinamide (N1-8)

Ph
N g
Ts H N |

N A
SOh
The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 2/1) to afford N1-8 (96.8 mg, 96% yield, 91% ee) as a white solid.
'"H NMR (400 MHz, CDCl3): 6 10.38 (s, 1H), 8.55 (d, J=4.7 Hz, 1H), 8.48 (d,J=9.0
Hz, 1H), 8.20 (d, J = 7.8 Hz, 1H), 7.94 (d, /= 9.0 Hz, 1H), 7.82 (td, J = 7.7, 1.7 Hz,
1H), 7.74 (d, J = 8.2 Hz, 1H), 7.61 (s, 1H), 7.44 — 7.18 (m, 7H), 7.14 — 7.04 (m, 4H),
6.64 (d, J= 8.1 Hz, 2H), 2.08 (s, 3H).
3C NMR (100 MHz, CDCl3): § 162.7, 149.7, 149.7, 148.3, 143.9, 137.4, 136.7, 136.2,
133.5,133.1,131.0,130.8, 130.7,130.1, 129.1, 128.9, 127.9, 127.8, 127.4, 126.7, 126 .4,
125.1, 125.0, 122.3(3), 122.2(5), 121.6, 21.4.
HRMS (ESI) m/z caled. for C31H2sN203S [M + H]" 505.1580, found 505.1577.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (minor) = 46.85 min, tr (major) = 56.67 min, 91% ee.

| X
Ph Ph N
Ts™ ™ SO,CI Ts™ ™
4-DMAP (40 mol %)

O O NH, ©/\Nj Pyridine (6.0 equiv) OO N\,,S\\
+
= DCM, 50 °C, Ar, 3d ©0

N1-4,91% ee 1.5 equiv N1-9, 60%, 90% ee

To a 10 mL Schlenk bottle containing a mixture of (Sa,Z)-1-(1-phenyl-2-
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tosylvinyl)naphthalen-2-amine N1-4 (79.9 mg, 0.20 mmol, 1.0 equiv, 91% ee),
quinoline-8-sulfonyl chloride (68.0 mg, 0.30 mmol, 1.5 equiv), 4-DMAP (9.8 mg, 0.080
mmol, 40 mol %), and pyridine (100 pL, 1.2 mmol, 6.0 equiv) was added DCM (4.0
mL) under argon. Then, the reaction bottle was sealed and stirred at 50 °C for 72 h.
Upon completion, the reaction mixture was quenched with saturated NH4Cl solution,
extracted with DCM, dried over Na2SOs, and concentrated in vacuo. The crude residue

was purified by silica-gel column chromatography to afford the desired product N1-9.

(S,2)-N-(1-(1-Phenyl-2-tosylvinyl)naphthalen-2-yl)quinoline-8-sulfonamide (N1-
9)

D&%

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 1/1) to afford N1-9 (70.9 mg, 60% yield, 90% ee) as a white solid.
'H NMR (400 MHz, CDCl3): 6 9.25 (s, 1H), 9.13 (dd, J=4.2, 1.7 Hz, 1H), 8.12 (dd, J
=7.2, 1.4 Hz, 1H), 8.04 (dd, J = 8.4, 1.8 Hz, 1H), 7.92 — 7.82 (m, 2H), 7.70 (dd, J =
8.3, 1.4 Hz, 1H), 7.63 (d, J = 8.2 Hz, 1H), 7.52 (dd, J = 8.3, 4.3 Hz, 1H), 7.30 (t, J =
7.7 Hz, 1H), 7.17 (t, J=7.5 Hz, 1H), 7.05 — 6.92 (m, 4H), 6.82 — 6.74 (m, 3H), 6.59 (t,
J=1.5Hz,4H), 6.47 (d, J= 8.5 Hz, 1H), 2.06 (s, 3H).

3C NMR (100 MHz, CDCl3): 6 151.9, 148.4, 143.9, 143.2, 138.6, 136.5, 135.9, 135.7,
133.9,133.1,131.8, 131.3,130.6, 130.2, 130.1, 129.0, 128.9, 128.5, 128.4, 127.8, 127.6,
126.4,126.3, 126.1, 125.4, 125.3, 125.2, 122.4, 21 .4.

HRMS (ESI) m/z caled. for C3aH27N204S2 [M + H]" 591.1407, found 591.1403.

HPLC condition: Chiralcel OD-3, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =
254 nm, tr (major) = 14.48 min, tr (minor) = 20.42 min, 90% ee.
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Application of chiral organocatalysts in the enantioselective tandem Michael

addition and cyclization reaction of enynamide and ketimine'®

g, AN 0
Ph\ﬂ/ﬁ Chiral catalyst (10 mol %) \\ NH N=
N + fe) y
Ho (IN\: DCE, MgSOy, tt, Ar, 24 h Q A ~cr,
Me /N H
Me (6]
SM-1 SM-2 p-1

With catalyst N1-5, 65%, >20:1 dr, 92% ee

With catalyst N1-6, 76%, >20:1 dr, 94% ee

With catalyst N1-7, 93%, >20:1 dr, 98% ee
A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with 2-
methylene-4-phenyl-N-(quinolin-8-yl)but-3-ynamide SM-1 (29.8 mg, 0.10 mmol, 1.0
equiv), l-methyl-3-((2,2,2-trifluoroethyl)imino)indolin-2-one SM-2 (36.3 mg, 0.15
mmol, 1.5 equiv), MgSO4 (30.0 mg, 0.25 mmol, 2.5 equiv), and chiral catalyst (0.010
mmol, 10 mol %). Then, DCE (1.0 mL) was added to the mixture. The reaction mixture
was stirred at room temperature for 24 h. Upon completion, it was concentrated under
reduced pressure, and the residue was purified by column chromatography on silica gel
to afford the desired product.
(BR,3'R,5'S)-1-Methyl-2-o0x0-3'-(phenylethynyl)-N-(quinolin-8-yl)-5'-

(trifluoromethyl)spiro[indoline-3,2'-pyrrolidine]-3'-carboxamide (P-1)

/
Me
The product mixture was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 2/1) to afford P-1 (50.3 mg, 93% yield, 98% ee) as a white solid.
'H NMR (400 MHz, CDCI3): § 10.05 (s, 1H), 8.59 (dd, J = 5.6, 3.4 Hz, 1H), 8.49 (dd,
J=4.2,1.7 Hz, 1H), 8.08 (dd, J = 8.3, 1.7 Hz, 1H), 7.88 (d, J = 6.3 Hz, 1H), 7.60 —
7.51 (m, 2H), 7.51 — 7.41 (m, 2H), 7.42 — 7.32 (m, 5H), 7.16 (t, J = 7.6 Hz, 1H), 6.63
(d, J=7.8 Hz, 1H), 4.61 — 4.41 (m, 1H), 3.97 (t, J = 12.0 Hz, 1H), 2.95 (s, 3H), 2.77
(dd, J=12.2,6.0 Hz, 1H), 2.67 (d, J = 8.0 Hz, 1H).

3C NMR (100 MHz, CDCl3): § 175.9, 164.5, 148.0, 145.4, 138.4, 136.2, 134.0 131.9,
130.8, 129.3, 128.7, 127.8, 127.3, 125.8 (q, /= 280.0 Hz), 125.31, 122.3, 121.9, 121.6,
116.5, 108.6, 89.7, 86.9, 77.4, 71.3, 59.5, 58.5 (q, J = 32.2 Hz), 35.3, 26.3.

F NMR (376 MHz, CDCl3): § —74.9.

HRMS (ESI) m/z caled. for C31H23F3N4O2Na [M + Na]* 563.1665, found 563.1670.
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HPLC condition: Chiralcel AD-H, n-hexane/i-PrOH = 70/30, flow rate 1.0 mL/min. A

= 254 nm, tr (minor) = 8.05 min, tr (major) = 16.67 min, 98% ee.
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Mechanism experiments
Procedures for the trapping experiment of NS1 with TEMPO:

Cu(CH3CN)4PFg (10 mol %)

| | Boc CHs L7 (10 mol %) Ts Cl Boc CH,
N TEMPO (1.0 equiv) N
OO KsPO, (3.0 equiv) OO

DME/MTBE, rt, Ar, 5 d 0
NS1 S1 N1, 0% yield

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PFs (7.45 mg, 0.020 mmol, 10 mol %), L7 (11.2 mg, 0.020 mmol, 10
mol %), alkyne NS1 (77.1 mg, 0.20 mmol, 1.0 equiv), sulfonyl chloride S1 (57.2 mg,
0.30 mmol, 1.5 equiv), TEMPO (31.2 mg, 0.20 mmol, 1.0 equiv), and K3PO4 (127.4
mg, 0.60 mmol, 3.0 equiv). The tube was evacuated and backfilled with argon three
times, anhydrous DME (1.0 mL) and MTBE (3.0 mL) were added to the mixture, and
the reaction mixture was stirred at room temperature for 5 d. No formation of N1 was

detected through TLC monitoring.

Procedures for the trapping experiment of NS1 with BHT:

Cu(CH4CN)4PFs (10 mol %)

o)
CH.
I Boc 3 L7 (10 mol %) XN goc Chs Q
N BHT (10.0 equiv) N &ﬁOCHs
K3PO, (3.0 equiv) +
CIT T vna —perastemn . (YY) s Orom 5
oo
NS1

DME/MTBE, rt, Ar, 5d

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PFs (7.45 mg, 0.020 mmol, 10 mol %), L7 (11.2 mg, 0.020 mmol, 10
mol %), alkyne NS1 (77.1 mg, 0.20 mmol, 1.0 equiv), sulfonyl chloride S1 (57.2 mg,
0.30 mmol, 1.5 equiv), BHT (220.0 mg, 2.0 mmol, 10.0 equiv), and K3PO4(127.4 mg,
0.60 mmol, 3.0 equiv). The tube was evacuated and backfilled with argon three times,
anhydrous DME (1.0 mL) and MTBE (3.0 mL) were added to the mixture, and the
reaction mixture was stirred at room temperature for 5 d. Upon completion, the
precipitate was filtered off and washed by DCM. The filtrate was evaporated and the
residue was purified by column chromatography on silica gel to afford BHT-Ts1 (18%
yield) and BHT-Ts2 (8% vyield). No formation of N1 was detected through TLC

monitoring.

2,6-di-tert-Butyl-4-methyl-4-tosylcyclohexa-2,5-dien-1-one (BHT-Ts1)
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5O

O
The product mixture was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 20/1) to afford BHT-Ts1 (13.4 mg, 18% yield) as a white solid.
"H NMR (400 MHz, CDCl3): § 7.51 (d, J = 8.3 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 6.64
(s, 2H), 2.36 (s, 3H), 1.81 (s, 3H), 1.10 (s, 18H).

3C NMR (100 MHz, CDCls): 6 183.8, 151.3, 145.4, 135.8, 130.7, 130.4, 128.9, 65.9,
35.3,29.1, 21.8, 18.6.

HRMS (ESI) m/z caled. for C22H30SO3Na [M + Na]™ 397.1808, found 397.1804.

2,6-di-tert-Butyl-4-methylphenyl 4-methylbenzenesulfonate (BHT-Ts2)

Oren

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 30/1) to afford BHT-Ts2 (6.0 mg, 8% yield) as a white solid.

"H NMR (400 MHz, CDCl3): 6 7.76 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.1 Hz, 2H), 7.08
(s, 2H), 2.45 (s, 3H), 2.31 (s, 3H), 1.34 (s, 18H).

3C NMR (100 MHz, CDCl3): 6 144.8(0), 144.7(6), 140.8, 134.8, 134.3, 129.7, 128.8,
128.6,36.9,32.9,21.8, 21.3.

HRMS (ESI) m/z caled. for C22H30SO3Na [M + Na]" 397.1808, found 397.1803.

n=0

O-
11

O

Procedures for the trapping experiment of OS1 with TEMPO:

Cu(CH3CN)4PFg (10 mol %) cl
L7 (10 mol %) Ts™ ™
TEMPO (1.0 equiv)

It
o.__NP O._NP
OO N KaPO, (3.0 equiv) OO N
o +  TCl o

EA, rt, Ar, 5d
081, 1.0 equiv $1, 1.5 equiv 01, 0% yield

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PF¢ (7.45 mg, 0.020 mmol, 10 mol %), L7 (11.2 mg, 0.020 mmol, 10
mol %), alkyne OS1 (59.1 mg, 0.20 mmol, 1.0 equiv), sulfonyl chloride S1 (57.2 mg,
0.30 mmol, 1.5 equiv), TEMPO (31.2 mg, 0.20 mmol, 1.0 equiv), and K3POa4 (127.4
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mg, 0.60 mmol, 3.0 equiv). The tube was evacuated and backfilled with argon three
times, anhydrous EtOAc (4.0 mL) was added to the mixture, and the reaction mixture
was stirred at room temperature for 5 d. No formation of O1 was detected through TLC

monitoring.

Procedures for the trapping experiment of OS1 with BHT:

‘ ‘ Cu(CH3CN)4PFg (10 mol %)
L7 (10 mol %) Ts
o._NPr, BHT (70 0 equiv) N Prz 0
T K3POy4 (3.0 equiv) o- s
OO le) + TsCl O

EA 1, Ar, 5d
081, 1.0 equiv $1, 1.5 equiv 01, nd
BHT-Ts1, 11% yield BHT-Ts2, 7% yield

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PFs (7.45 mg, 0.020 mmol, 10 mol %), L7 (11.2 mg, 0.020 mmol, 10
mol %), alkyne OS1 (59.1 mg, 0.20 mmol, 1.0 equiv), sulfonyl chloride S1 (57.2 mg,
0.30 mmol, 1.5 equiv), BHT (220.0 mg, 2.0 mmol, 10.0 equiv), and K3PO4(127.4 mg,
0.60 mmol, 3.0 equiv). The tube was evacuated and backfilled with argon three times,
anhydrous EtOAc (4.0 mL) was added to the mixture, and the reaction mixture was
stirred at room temperature for 5 d. Upon completion, the precipitate was filtered off
and washed by DCM. The filtrate was evaporated, and the residue was purified by
column chromatography on silica gel to afford the BHT-Ts1 (8.2 mg, 11% yield) and
BHT-Ts2 (5.2 mg, 7% yield). No formation of O1 was detected through TLC

monitoring.

Procedures for the trapping experiment of OS1 with Ph-Se-Se-Ph:

Ph-Se-Se-Ph (3.0 equiv) Ph

cl
fl Cu(CH3CN)4PFg (10 mol %) TsT 76N 5¢
O.__NPr. L7 (10 mol %) O._NPr, o_ _NPr.
D K4PO, (3.0 equiv) he D
5 +  TsCI o} * o}
EA tt, Ar, 5d
081, 0.10 mmol, 1.0 equiv 81, 1.5 equiv 01, N.D. 0O1-Se, 0% ee, 16% yield

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PF¢ (7.45 mg, 0.020 mmol, 10 mol %), L7 (11.2 mg, 0.020 mmol, 10
mol %), alkyne OS1 (59.1 mg, 0.20 mmol, 1.0 equiv), sulfonyl chloride S1 (57.2 mg,
0.30 mmol, 1.5 equiv), Ph-Se-Se-Ph (187.3 mg, 0.60 mmol, 3.0 equiv), and K3PO4
(127.4 mg, 0.60 mmol, 3.0 equiv). The tube was evacuated and backfilled with argon
three times, anhydrous EtOAc (4.0 mL) was added to the mixture, and the reaction
mixture was stirred at room temperature for 5 d. Upon completion, the precipitate was
filtered off and washed by DCM. The filtrate was evaporated and the residue was
purified by column chromatography on silica gel to afford the O1-Se. No formation of
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O1 was detected through TLC monitoring.

(E)-1-(1-(Phenylselanyl)-2-tosylvinyl)naphthalen-2-yl diisopropylcarbamate (O1-
Se)

Ph

Ts\Se

O\[]/N’Prz

(0

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford O1-Se (9.7 mg, 16% yield, 0% ee) as a yellow solid.
'H NMR (400 MHz, CDCI3) 6 7.80 (d, J = 9.0 Hz, 1H), 7.72 (d, J = 8.1 Hz, 1H), 7.63
—7.54 (m, 2H), 7.51 (d,J=8.3 Hz, 1H), 7.45 - 7.31 (m, 5H), 7.30 — 7.26 (m, 1H), 7.16
—7.06 (m, 2H), 6.80 (d, J= 8.0 Hz, 2H), 6.46 (s, 1H), 4.21 — 3.85 (m, 2H), 2.19 (s, 3H),
1.58 — 1.14 (m, 12H).

13C NMR (100 MHz, CDCls) 6 152.7, 151.3, 145.7, 143.5, 137.4, 137.0, 130.7, 130.6,
130.3,130.2, 129.0, 128.1, 127.9, 127.8, 126.6, 126.3, 125.3, 125.0, 122.5, 121.8, 47.0,
46.5,21.5(1),21.4(9), 21.3, 20.8, 20.7.

HRMS (ESI) m/z caled. for C32H3aNO4SSe [M + H]" 608.1368, found 608.1366.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 50/50, flow rate 0.6 mL/min. A =

254 nm, tr (major) = 9.07 min, tr (minor) = 14.49 min, 0% ee.

Experimental procedures for the crossover experiment of OS1 with Tsl (S1-1, 0.50 equiv)
and S8 (1.0 equiv):

7 “ Ts7 !
f OW/N‘PrZ OTN‘Prz
OTNiPrZ o O o
OO o Tsl (0.50 equiv)

01, 8% yield, 90% ee O1-l, 48% yield, 0% ee

. Cu(CH3CN),4PFg (10 mol %)
081, 1.0 equiv L7 (10 mol %)

KsPO, (3.0 equiv) ACHN\@\ AcHN\©\
+ Cl |
EA 1t, Ar, 2d N
//S\\ //S\\ A

AcHN OO o OO 0

S8, 1.0 equiv 020, 12% yield, 90% ee 020-1, 12% yield, 0% ee

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PF¢ (3.68 mg, 0.010 mmol, 10 mol %), L7 (5.60 mg, 0.010 mmol, 10
mol %), alkyne OS1 (29.6 mg, 0.10 mmol, 1.0 equiv), 4-methylbenzenesulfonyl iodide
(TsI, S1-I) (14.1 mg, 0.050 mmol, 0.5 equiv), S8 (23.4 mg, 0.10 mmol, 1.0 equiv), and
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K3PO4 (63.6 mg, 0.30 mmol, 3.0 equiv). The tube was evacuated and backfilled with
argon three times, anhydrous EtOAc (2.0 mL) was added to the mixture, and the
reaction mixture was stirred at room temperature for 2 d. Upon completion, the
precipitate was filtered oft and washed by DCM. The filtrate was evaporated, and the
reaction mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford the O1 and O1-I mixture. The remaining reaction
mixture was purified by silica gel column chromatography (petroleum ether/ethyl
acetate = 1/1) to afford the 020 and O20-I mixture. The yield was determined based
on the '"H NMR analysis of the product mixtures using CH2Br2 as an internal standard.
HPLC conditions for the O1 and O1-I mixture: Chiralcel IE, n-hexane/i-PrOH = 60/40,
flow rate 0.5 mL/min. A = 238 nm, tr (major Q1) = 22.70 min, tr (minor Q1) = 25.89
min, 90% ee; tr (major O1-1) = 24.40 min, tr (minor O1-I) = 29.58 min, 0% ee.

HPLC conditions for the 020 and O20-I mixture: Chiralcel IE, n-hexane/i-PrOH =
60/40, flow rate 0.5 mL/min. A = 238 nm, tr (minor 020) = 20.91min, tr (major 020)
=27.07 min, 90% ee; tr (major 020-I) = 23.23 min, tr (minor O20-I) =29.30 min, 0%

cc.

Experimental procedures for the crossover experiment of OS1 with TSl (S1-1, 0.25 equiv)
and S8 (1.0 equiv):

TTN “ Ts7 !
‘ ‘ O OYN‘PrZ OTN‘PTZ
OWNiPrZ o O o)
OO (0] Tsl (0.25 equiv)

01, 7% yield, 89% ee 01-1, 56% yield, 0% ee

. Cu(CH3CN)4PFg (10 mol %)
081, 1.0 equiv L7 (10 mol %)

KsPO, (3.0 equiv) ACHN\Q AcHN\©\
+ Cl |
EA, rt, Ar, 2d A

AcHN OO o OO 0

S8, 1.0 equiv 020, 16% yield, 90% ee 020-1, 16% yield, 0% ee

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PF¢ (3.68 mg, 0.010 mmol, 10 mol %), L7 (5.60 mg, 0.010 mmol, 10
mol %), alkyne OS1 (29.6 mg, 0.10 mmol, 1.0 equiv), 4-methylbenzenesulfonyl iodide
(TsI, S1-I) (7.0 mg, 0.025 mmol, 0.25 equiv), S8 (23.4 mg, 0.10 mmol, 1.0 equiv), and
K3PO4 (63.6 mg, 0.30 mmol, 3.0 equiv). The tube was evacuated and backfilled with
argon three times, anhydrous EtOAc (2.0 mL) was added to the mixture, and the

reaction mixture was stirred at room temperature for 2 d. Upon completion, the
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precipitate was filtered off and washed by DCM. The filtrate was evaporated, and the
reaction mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford the O1 and O1-I mixture. The remaining reaction
mixture was purified by silica gel column chromatography (petroleum ether/ethyl
acetate = 1/1) to afford the 020 and O20-I mixture. The yield was determined based
on the "H NMR analysis of the product mixtures using CH2Br> as an internal standard.
HPLC conditions for the O1 and O1-I mixture: Chiralcel IE, n-hexane/i-PrOH = 60/40,
flow rate 0.5 mL/min. A = 238 nm, tr (major Q1) = 23.35 min, tr (minor Q1) = 26.67
min, 89% ee; tr (major O1-I) = 25.08 min, tr (minor O1-I) = 30.53 min, 0% ee.
HPLC condition of 020 and O20-I mixture: Chiralcel IE, n-hexane/i-PrOH = 60/40,
flow rate 0.5 mL/min. A =238 nm, tr (minor 020) = 21.23min, tr (major 020) = 27.65
min, 90% ee; tr (major O20-I) = 23.63 min, tr (minor O20-I) = 29.97 min, 0% ee.

Control experiments of alkynes with TsCl under standard reaction conditions

I Cu(CH3CN)4PFg (10 mol %) Ts7N ‘ ‘ Ts”
o._NPr, L7(10mo|/) o NiPr, 0 NPr, o. Np2
Y OO LY OO
o +  TsCl N ~
& EA A, 5d

Cl
0818, 1.0 equiv $1, 1.5 equiv 018, 26%, 90% e 018", 0% 018 4%, 88% ee

~ I CUCHLCN)PFs (10 mol %) TSN ol TS
N O._NPr, L7 (10 o NPr2 0 NPr, o NPr,
hig KO, (30 q )
[e] + TsCl
EA rt Ar, 5d
0819, 1.0 equiv $1,1.5 equiv 019, 21% yield, 54% ee 019', 3% yield 019", 5% yield, 35% ee
I O Il . N
CU(CHyCN)4PF (10 mol %) TN CU(CHyCN)4PFg (10 mol %) Ts
o__NPr, L7 (10 mol %) 0__NPr, L7 (10 mol %)
b K4POs4 (3.0 equiv) e K4PO4 (3.0 equiv)
o) + TsCl -_— 0 + TsCl —
EA rt, Ar, 5d EA t, Ar, 5d
081, 1.0 equiv $1, 1.5 equiv 01, 90% yield, 92% ee US1, 10equiv  S1, 15 equiv UP1,51% yield
Cu(CHyCN)4PF (10 mol %) ] CUCHICNIPFy (10 mol %)
OTN'Prz L7 (10 mol %) Ts OYN Pra L7 (10
AR S S oot sl I o & NN - N
Z EA 1t Ar 5d ) Z EA, 1A, 5d )
0S1', 1.0 equiv $1,1.5 equiv o', 18% yield UST' 10equiv  S1, 1.5 equiv UPT', 48% yield

« CUCHICNLPFy (10 M%) g
X O _NPr, L7 (10 mol %
e KsPO4 (3oequv) 0, NP?
o + TsCl — e
EA 1 Ar, 5d
081", 1.0 equiv $1, 1.5 equiv 01", 22% yield

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4PF¢ (7.45 mg, 0.020 mmol, 10 mol %), L7 (11.2 mg, 0.020 mmol, 10
mol %), alkyne (0.20 mmol, 1.0 equiv), sulfonyl chloride S1 (57.2 mg, 0.30 mmol, 1.5
equiv), and K3PO4 (127.4 mg, 0.60 mmol, 3.0 equiv). The tube was evacuated and
backfilled with argon three times, anhydrous EtOAc (4.0 mL) was added to the mixture,
and the reaction mixture was stirred at room temperature for 5 d. Upon completion, the

precipitate was filtered off and washed by DCM. The filtrate was evaporated and the
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residue was purified by column chromatography on silica gel to afford the product.

Control experiments of alkynes with TsCl under photocatalytic conditions

OTN'PrZ
0 .
P

CU(CHZCN)4BF;4 (5 mol %)
_ dmp(omoisy

e I .
o NP
o NPrg s T o NPr2
S X

051, 1.0 equiv

\

0S1', 1.0 equiv

:

0S1", 1.0 equiv

o._NPr,
=

o._NPr,
SO

S1, 1.5 equiv

+ TsCl

S1, 1.5 equiv

+ TsCl

S1, 1.5 equiv

Blue LED (450 nm), CHCl3,
i Ar, 4d
01, 52% yield

Py
s O\WN o
N o

cl
o1', 70% yield

CU(CHZCN),BF (5 mol %)
dmp (10 mol %)

Blue LED (450 nm), CHCl,
i, Ar, 4d

Cl
Cu(CH4CN)4BF, (5 mol %) oL NP
dmp (10 mol %) & OO N
Blue LED (450 nm), CHCls, ~ '® o
d
01", 65% yield

US1,1.0equiv  S1,15 equiv

+ TsCl

US1', 1.0 equiv S1, 1.5 equiv

Blue LED (450 nm), CHCI5,
A 4d

CU(CH3CN)4BF;4 (5 mol %)
dmp (10 mol %)

Blue LED (450 nm), CHCls,
it Ar, 4d

o TSCl " Blue LED (450 nm), CHCly, (450 nm), CHCl3,
Tt, Ar, 4 days
0518, 1.0 equiv S1, 1.5 equiv 018, 30% yield 018', 15% yield 018", 16% yield
o I 57 I ol 17
AN i Cu(CchN)ABFA (5 mol %)
() oyt e tioman OO oy NP OO o NP OO oL
o *+ TC e LED (450 nm), CHCls,
1, Ar, 4 days
0519, 1.0 equiv S1, 1.5 equiv 019, 28% yield 019, 11% yield 019", 10% yield
I o I o
o_NPr, Cu(CH4CN)4BF, (5 mol %) o_NPr, Cu(CH3CN)4BF4 (5 mol %)
g dmp (10 mol %) g dmp (10 mol %)
o + TsCl o + TsCl

UP1, 44% yield

Ts
N

cl UP1', 43% yield

A flame-dried Schlenk tube equipped with a magnetic stir bar was charged with
Cu(CH3CN)4BF4 (3.14 mg, 0.010 mmol, 5 mol %), 2,9-dimethyl-1,10-phenanthroline
(dmp) (4.17 mg, 0.020 mmol, 10 mol %), alkyne (0.20 mmol, 1.0 equiv), and sulfonyl
chloride S1 (57.2 mg, 0.30 mmol, 1.5 equiv). The tube was evacuated and backfilled

with argon three times, and anhydrous CHCIs (2.0 mL) was added to the mixture. The

reaction mixture was irradiated with Blue LEDs (450 nm) and stirred at room

temperature for 4 d. Upon completion, the precipitate was filtered off and washed by

DCM. The filtrate was evaporated and the residue was purified by column

chromatography on silica gel to afford the desired product.

(S4,E)-1-(1-Chloro-2-tosylvinyl)-6-ethynylnaphthalen-2-yl diisopropylcarbamate

(018)

Cl

The reaction mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford O18 (27.2 mg, 26% yield, 90% ee) as a yellow oil.
"H NMR (400 MHz, CDCls) J 7.95 (s, 1H), 7.84 (d, J= 9.0 Hz, 1H), 7.49 (d, J= 9.0

N'Pr,
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Hz, 1H), 7.36 (d, J=1.7 Hz, 2H), 7.28 — 7.20 (m, 3H), 6.90 (d, /= 8.0 Hz, 2H), 4.21 —
3.79 (m, 2H), 2.26 (s, 3H), 3.17 (s, 1H), 1.39 — 1.20 (m, 12H).

13C NMR (100 MHz, CDCl3) § 152.0, 147.5, 144.8, 142.1, 136.1, 135.3, 132.3, 131.0,
130.1, 129.9, 129.8, 129.3, 128.1, 124.3, 123.4, 122.0, 119.4, 83.4, 78.2, 47.1, 46.6,
21.5,21.3,21.2,20.6, 20.4.

HRMS (ESI) m/z caled. for C2sH20CINO4S [M + H]" 510.1500, found 515.1498.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 60/40, flow rate 0.5 mL/min. A =
254 nm, tr (major) = 23.27 min, tr (minor) = 28.16 min, 90% ee.

(E)-6-(1-Chloro-2-tosylvinyl)-1-ethynylnaphthalen-2-yl diisopropylcarbamate
(018"

fl
Jeont
S o
Cl

The reaction mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford O18' (15.3 mg, 15% yield) as a yellow oil.

'H NMR (400 MHz, CDCl3) 6 8.24 (d, J = 8.7 Hz, 1H), 7.89 (d, J = 1.8 Hz, 1H), 7.84
(d, J=8.9 Hz, 1H), 7.50 — 7.34 (m, 4H), 7.10 (d, J = 8.1 Hz, 2H), 7.04 (s, 1H), 4.29 —
3.92 (m, 2H), 3.64 (s, 1H), 2.35 (s, 3H), 1.47 — 1.28 (m, 12H).

3C NMR (100 MHz, CDCl3) § 153.8, 152.8, 147.6, 144.9, 137.5, 135.1, 132.0, 131.6,
130.7,129.7,129.6,127.9, 126.6, 126.1, 123.2,112.3,87.3,77.4,47.1,46.9, 21.7, 20.7.
HRMS (ESI) m/z calcd. for C2sH20CINO4S [M + H]* 510.1500, found 515.1500.

1,6-Bis((Ss,E)-1-chloro-2-tosylvinyl)naphthalen-2-yl diisopropylcarbamate (018')
Cl

Ts™ ™
Il
Ts O\n/ N Pr2
N 0]
Cl

The reaction mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 3/1) to afford O18'" (5.6 mg, 4% yield, 88% ee) as a yellow oil.

'H NMR (400 MHz, CDCI3) § 7.91 — 7.84 (m, 2H), 7.54 (d, J = 9.0 Hz, 1H), 7.47 —
7.25 (m, 6H), 7.22 (s, 1H), 7.10 (d, J = 8.1 Hz, 2H), 7.06 (s, 1H), 7.03 (d, J = 8.1 Hz,
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2H), 4.20 — 3.82 (m, 2H), 2.31 (s, 3H), 2.30 (s, 3H), 1.38 — 1.24 (m, 12H).

3C NMR (100 MHz, CDCI3) 6 152.0, 148.2, 147.3, 145.0, 141.7, 137.3, 136.3, 135.0,
132.4,131.9,131.4,131.0, 129.8, 129.7(4), 129.6(8), 129.4, 128.3, 127.9, 126.6, 124.3,
123.6, 122.3,47.2, 46.8, 21.7(3), 21.7(0), 21.4, 21.3, 20.6, 20.5.

HRMS (ESI) m/z calcd. for C3sH36C12NOgS2 [M + H]* 700.1361, found 700.1354.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 60/40, flow rate 0.5 mL/min. A =
254 nm, tr (major) = 99.39 min, tr (minor) = 122.68 min, 88% ee.

(5a,E)-1-(1-Chloro-2-tosylvinyl)-7-ethynylnaphthalen-2-yl diisopropylcarbamate
(019)
|

C

S Ts™ ™

N O\[]/N’Prz
(LT

The reaction mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford 019 (21.5 mg, 21% yield, 54% ee) as a yellow solid.
'H NMR (400 MHz, CDCl3) & 7.86 (d, J = 9.0 Hz, 1H), 7.72 (d, J = 8.4 Hz, 1H), 7.50
(d, J=9.0 Hz, 1H), 7.43 (dd, J = 8.4, 1.5 Hz, 1H), 7.40 (s, 1H), 7.26 (d, J = 3.3 Hz,
1H), 7.22 (d, J = 8.3 Hz, 2H), 6.90 (d, J = 8.0 Hz, 2H), 4.39 — 3.77 (m, 2H), 3.15 (s,
1H), 2.25 (s, 3H), 1.41 — 1.23 (m, 12H).

3C NMR (100 MHz, CDCl3) § 152.1, 147.6, 144.7, 142.4, 136.1, 135.6, 131.0, 130.2,
129.5, 129.4, 128.4, 128.3(3), 128.3(1),128.1, 123.6, 121.7, 120.9, 83.6, 78.5, 47.2,
46.8,21.6,21.4,21.3, 20.6, 20.5.

HRMS (ESI) m/z caled. for C2sH20CINO4S [M + H]" 510.1500, found 515.1499.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 60/40, flow rate 0.5 mL/min. A =
254 nm, tr (major) = 17.79 min, tr (minor) = 18.86 min, 54% ee.

(E)-7-(1-Chloro-2-tosylvinyl)-1-ethynylnaphthalen-2-yl diisopropylcarbamate
(019"

o f
Oy
Ts @)

The product mixture was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 5/1) to afford O19' (3.2 mg, 3% yield) as a white solid.

S127



"H NMR (500 MHz, CDCls): § 8.14 (s, 1H), 7.82 (dd, J = 13.9, 8.7 Hz, 2H), 7.47 —
7.39 (m, 4H), 7.06 (d, J=9.0 Hz, 3H), 4.25 — 3.98 (m, 2H), 3.63 (s, 1H), 2.31 (s, 3H),
1.47 - 1.24 (m, 12H).

B3C NMR (126 MHz, CDCl3): 6 153.0, 152.8, 147.6, 144.9, 137.3, 133.3, 133.2, 132.2,
131.3, 129.7(1), 129.6(8), 128.3, 128.0, 126.9, 125.6, 124.0, 112.9, 87.7, 47.1, 46.9,
29.8,21.7, 20.6.

HRMS (ESI) m/z caled. for C2sH20CINO4S [M + H]" 510.1500, found 515.1500.

1,7-Bis((Sa,E)-1-chloro-2-tosylvinyl)naphthalen-2-yl diisopropylcarbamate (019')
Cl

Cl Ts7 ™ '
O\H/N’Prz

Ts OO @)
The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 3/1) to afford O19" (7.0 mg, 5% yield, 35% ee) as a white solid.
"H NMR (400 MHz, CDCl3): 6 7.87 (d, J=9.0 Hz, 1H), 7.71 (d, J = 8.5 Hz, 1H), 7.62
—17.52 (m, 2H), 7.43 (d, J= 8.3 Hz, 2H), 7.37 — 7.28 (m, 3H), 7.21 (s, 1H), 7.06 (d, J =
8.1 Hz, 2H), 6.99 (s, 1H), 6.92 (d, J = 8.0 Hz, 2H), 4.35 — 3.69 (m, 2H), 2.30 (s, 3H),
2.21 (s, 3H), 1.40 — 1.27 (m, 12H).
3C NMR (100 MHz, CDCl3): § 152.0, 147.6, 146.9, 144.9, 144.6, 140.9, 137.2, 136.0,
135.4,132.9,132.2,131.2,130.8, 129.7,129.5,129.2, 128.2, 128.1, 127.9, 125.5, 125.3,
124.5,122.8,47.3,46.7,21.7, 21.6, 21.4, 21.2, 20.6, 20.5.
HRMS (ESI) m/z caled. for C3sH3sCla2NO6S2 [M + H]"700.1361, found 700.1354.
HPLC condition: Chiralcel IE, n-hexane/i-PrOH = 60/40, flow rate 0.5 mL/min. A =

254 nm, tr (major) = 65.66 min, tr (minor) = 74.5 min, 35% ee.

(E)-6-(1-Chloro-2-tosylvinyl)naphthalen-2-yl diisopropylcarbamate (O1')

i
Ts O\H/N Pr,
N 0]
Cl

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford O1' (17.5 mg, 18% yield) as a white solid.

'H NMR (500 MHz, CDCl3): 6 7.87 (s, 1H), 7.82 (d, J= 8.9 Hz, 1H), 7.72 (d, J= 8.6
Hz, 1H), 7.60 (d, J=2.3 Hz, 1H), 7.43 (d, J = 8.3 Hz, 2H), 7.38 — 7.31 (m, 2H), 7.08
(d, J = 8.0 Hz, 2H), 7.02 (s, 1H), 4.25 — 3.89 (m, 2H), 2.32 (s, 3H), 1.63 — 1.09 (m,
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12H).

13C NMR (126 MHz, CDCl3): 6 153.6, 150.8, 148.1, 144.7, 137.6, 134.7, 131.6, 130.9,
130.0, 129.7, 129.6, 129.4, 127.9, 127.6, 125.7, 122.9, 118.4, 47.1, 46.3, 21.7, 21.6,
20.6.

HRMS (ESI) m/z calcd. for C26H28CINNaO4S [M + Na]" 508.1320, found 508.1322.

(E)-7-(1-Chloro-2-tosylvinyl)naphthalen-2-yl diisopropylcarbamate (O1'")

Cl
o\n/ NPr,
L

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 5/1) to afford O1'" (21.4 mg, 22% yield) as a white solid.

"H NMR (500 MHz, CDCls): 6 7.85 — 7.79 (m, 2H), 7.76 (d, J = 8.5 Hz, 1H), 7.57 (d,
J=2.3Hz, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.39 (dd, /= 8.8, 2.3 Hz, 1H), 7.32 (dd, J =
8.5, 1.8 Hz, 1H), 7.08 (d, J = 8.0 Hz, 2H), 7.02 (s, 1H), 4.30 — 3.86 (m, 2H), 2.32 (s,
3H), 1.49 — 1.18 (m, 12H).

BC NMR (126 MHz, CDCl3): § 153.7, 150.0, 147.9, 144.7, 137.6, 132.7, 132.1, 131.8,
131.6, 129.6, 129.0(3), 128.9(7), 127.9, 127.8, 124.7, 124.0, 119.3, 47.1, 46.4, 21.7,
21.6, 20.6.

HRMS (ESI) m/z calcd. for C26H28CINNaO4S [M + Na]" 508.1320, found 508.1322.

(E)-1-(1-Chloro-2-tosylvinyl)naphthalene (UP1)

Ts\CI

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 8/1) to afford UP1 (35.1 mg, 51% yield) as a white solid.

"H NMR (400 MHz, CDCl3): 6 7.88 (dd, J = 6.0, 3.5 Hz, 1H), 7.78 (d, J= 8.2 Hz, 1H),
7.52-17.39 (m, 4H), 7.33 (t, /= 6.9, 1H), 7.15 (d, J= 8.3 Hz, 2H), 6.79 (d, /= 8.0 Hz,
2H), 2.15 (s, 3H).

13C NMR (100 MHz, CDCl3): 6 147.0, 144.3, 136.4, 134.8, 133.3, 131.3, 131.0, 129.2,
129.1, 128.4, 127.8(8), 127.8(5), 126.8, 126.3, 124.9, 124.6, 21 4.

HRMS (ESI) m/z caled. for C19H1sCINaO2S [M + Na]"365.0373, found 365.0372.
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(E)-2-(1-Chloro-2-tosylvinyl)naphthalene (UP1')

Ts
N
Cl

The product mixture was purified by silica gel column chromatography (petroleum
ether/ethyl acetate = 8/1) to afford UP1' (33.0 mg, 48% yield) as a white solid.

'H NMR (400 MHz, CDCls): 6 7.94 — 7.73 (m, 4H), 7.62 — 7.50 (m, 2H), 7.46 (d, J =
8.4 Hz, 2H), 7.38 (dd, /= 8.5, 1.8 Hz, 1H), 7.08 (d, /= 8.0 Hz, 2H), 7.03 (s, 1H), 2.32
(s, 3H).

3C NMR (100 MHz, CDCl3): 6 148.1, 144.7, 137.6, 134.1, 132.2, 131.5(9), 131.5(5),
129.6, 129.6, 128.9, 128.0, 127.9(4), 127.8(9), 127.8(7), 127.0, 125.2, 21.7.

HRMS (ESI) m/z caled. for C19H15CINaO2S [M + Na]"365.0373, found 365.0372.
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Electrochemical analysis results of radical precursors

Cyclic voltammetry (CV) was performed using a CHI 650E potentiostat with a three-
electrode cell configuration. The setup consisted of a glassy carbon working electrode,
an Ag/AgCl reference electrode, and a platinum counter electrode. The test solution
was prepared by dissolving the radical precursor sample (2.0 mg) in 4.0 mL ofa 0.1 M
tetrabutylammonium hexafluorophosphate (TBAPFs) solution in CH3CN, which
served as the supporting electrolyte. The measurements were conducted at a scan rate
of 0.1 V s7'. Ferrocene (E1/2 = +0.40 V vs. SCE)!” was added at the end of the
measurements as an internal standard, except for Tsl, to calibrate the potential scale.
All potential values are reported relative to the saturated calomel electrode (SCE).
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Figure S7. Cyclic voltammetry and reduction potential values of radical precursors.
Applicable precursors generally have reduction potentials higher than —1.6 V, while
inapplicable precursors exhibit reduction potentials well below —2.0 V. Cyclic
voltammetry measurements were performed by dissolving each sample (2.0 mg) in a
0.10 M solution of tetrabutylammonium hexafluorophosphate (TBAPF¢) in CH3CN
(4.0 mL) and analyzing the solution at a scan rate of 0.1 V s™'. All data, except for TsI,
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were calibrated using ferrocene as an internal standard, with a redox potential of +0.40
V vs SCE (saturated calomel electrode).
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Computational study

Computational Details

All of the calculations were performed using the Gaussian 16 program.?’
Conformational searches on the transition states and intermediates were extensively
performed using Grimme's programs xTB 6.3 and CREST 2.10.2.2! Structures were
optimized at the (U)B3LYP level of density functional theory?? with Grimme’s D3(BJ)
dispersion correction? in gas phase. For optimizations, Ahlrichs’s Def2TZVP basis set
was used for Cu,?* while Pople’s 6-31G(d) basis set was applied for all other atoms.?
Frequency calculations have been performed to verify the optimized structures as local
minima or transition states and to obtain Gibbs free energy at 298 K. To reduce error
caused by the breakdown of the harmonic oscillator approximation, Truhlar’s quasi-
harmonic correction was used to compute molecular entropies by setting all positive
frequencies that are less than 100 cm ™! to 100 cm™!.%¢ Intrinsic reaction coordinate (IRC)
calculations were carried out to make sure that every transition state links relevant
intermediates.?’” The electronic energies were further refined by carrying out single-
point energy calculations using M. Head-Gordon’s long-range corrected hybrid density
functional (U)mB97X-D.?® The Def2TZVP and 6-311+G(d,p) basis set was applied for
Cu?* and non-metal atoms,? respectively. The PCM solvation model with DCM as the
solvent was employed to account for the solvation effect.?” The three-dimensional (3D)

structures were depicted using CYLview and VMD software.
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Computational results
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Figure S8. Energy profiles comparing the Cl atom transfer pathways and the reductive
elimination pathway. The relative free energies and enthalpies (in parentheses) are
provided in kcal/mol. For vinyl ligands occupying the Cu(II) complex on either the top
or bottom side, the reductive elimination transition states are significantly less stable
than the Cl atom transfer transition state (TSciatf). In addition, the Cl atom transfer
involving TsCl proceeds through an energetically unfavorable transition state (TSciat-

TsCl).
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Cartesian coordinates of computed species

CAT 6  -0.21102900 -4.27088800 -2.22939800

E= -3473.56793286 G =-3473.059095 1 -0.16927400 -5.26935000 -2.65477600
8 0.57020000 -2.07917100 1.53292700 6 -1.42669900 -3.60371000 -2.10918800
8  -2.18245500 3.50310600 1.02147700 1 -2.37131100 -4.03331400 -2.41819500
8  -3.79492100 -2.24401300 -1.75205200 6  -5.08852100 0.04857100 -0.66968700
8 1.46065000 -0.19359500 2.46144800 1 -5.27418500 -0.90516100 -1.14121600
7 2.24470200 -1.01956000 0.46530200 6  -6.13749300 0.87621800 -0.30632700
7 -0.30702800 -1.71742700 -1.15316600 1 -7.15734400 0.55217200 -0.49931500
7 -2.67736100 -0.40908500 -0.77960800 6  -5.89916100 2.11510800 0.30000200
7 -0.98506000 1.75311900 0.32092700 1 -6.72050900 2.76544000 0.58458400
6  -1.42962500 -1.10525400 2.63164700 6  -4.59168000 2.50321900 0.52928600
1 -0.91755600 -0.20695300 2.97835000 1 -4.39171500 3.46078700 0.99267000
1 -2.23548800 -1.34215900 3.33494700 6  -0.81572000 3.96291800 1.10257500
1 -1.87826600 -0.90667100 1.65431600 1 -0.65501700 4.37313100 2.10103800
6  -0.47874700 -2.29884200 2.56020100 1 -0.67579800 4.74963000 0.35473900
6 1.38372900 -1.02941400 1.58092600 6  -1.19654500 -3.53551700 2.02382000
6 2.09292700 -1.68914400 -0.77266000 1 -1.65716400 -3.32603900 1.05483700
6 0.87134400 -2.36967800 -1.22710500 1 -1.98304400 -3.83727000 2.72238500
6 -1.44466900 -2.32343200 -1.55643800 1 -0.49577500 -4.36788800 1.90549700
6 -2.79465500 -1.61735700 -1.36983700 29 -0.67529000 0.06878800 -0.47324400
6  -3.73416100 0.40716500 -0.44277500 6 1.12316300 2.90129000 -0.22662700
6  -3.49183100 1.68673900 0.17879500 6 0.79952800 3.16298200 -1.56464700
6  -2.17614300 2.25202100 0.48160700 6 2.46409500 2.78609500 0.13997700
6 0.03123900 2.70590200 0.79969700 6 1.80632200 3.30459000 -2.51703000
1 0.47585400 2.29238300 1.71187800 1 -0.24355000 3.23115600 -1.86162900
6 0.20570200 -2.58608700 3.89625200 6 3.47545400 2.92203200 -0.81269100
1 0.91118000 -3.41735800 3.79313100 1 2.71869100 2.55805200 1.16978900
1 -0.54966100 -2.86789100 4.63741000 6 3.14761600 3.18122700 -2.14246300
1 0.74113400 -1.70687800 4.25846900 1 1.54503600 3.49919500 -3.55346200
6 3.24054000 -1.52924800 -1.50019000 1 4.51134000 2.79629400 -0.51595800
1 3.38469000 -1.89034000 -2.50924200 1 3.93191700 3.27744100 -2.88806900
6 4.16398100 -0.74632100 -0.72768200
6 5.47058800 -0.29330100 -0.96177300
1 5.96580500 -0.51177100 -1.90344200 IM1
6 6.11896400 0.42349300 0.03615000 E= -3933.81771771 G =-3933.30907
1 7.13290200 0.77764700 -0.12541900 8  -2.66769800 -2.28376300 -0.38239600
6 5.47969900 0.68813400 1.26238000 8 3.95140800 2.27487000 -1.47908800
1 6.01029600 1.24199700 2.03141700 8 2.92374700 -2.97152500 2.02530000
6 4.17834300 0.26180800 1.51504500 8  -4.59390500 -1.43831900 -1.26213500
1 3.68202600 0.47241100 2.45207100 7 -3.28459400 -0.19890000 0.16930100
6 3.52545400 -0.44191400 0.50016200 7 -0.03769700 -1.20316100 1.19308600
6 0.95161600 -3.65549800 -1.77187800 7 2.54663100 -1.26087400 0.46010100
1 1.91186200 -4.15693400 -1.80806500 7 2.10284400 1.17068900 -0.90632400
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-2.60646800
-3.56148200
-2.40264900
-1.81575900
-2.62787300
-3.59724800
-2.12183200
-1.33495800
0.74316200
2.20683000
3.85366500
4.27146400
3.38985400
1.60627600
0.80557300
-3.81288700
-3.80479200
-3.74426000
-4.75652600
-1.97803000
-1.19397600
-3.07071700
-3.44378500
-2.84699100
-4.58099300
-4.88420000
-5.34660400
-6.22941700
-5.00682300
-5.59270300
-3.86876900
-1.90051700
-2.94952400
-1.10913700
-1.53520700
0.24260400
0.92336300
4.82552100
4.54381700
6.11695700
6.82130500
6.51921500
7.53149100
5.59342200

-3.18635200
-2.77450600
-4.10119600
-2.45918300
-3.52307700
-1.35025000
0.00853300
-1.09089200
-2.11753900
-2.16388700
-1.14571600
0.01320000
1.13114000
2.51400700
2.42338500
-4.40336800
-4.59412100
-5.36573700
-3.92563900
1.34019800
1.78052900
2.03298800
3.38275800
4.13213800
3.73261800
4.77436700
2.75307000
3.05167000
1.40288800
0.64614800
1.05891500
-1.94728700
-1.83314700
-2.91094300
-3.58002200
-2.99463500
-3.70670400
-2.15679200
-3.03867800
-2.02817800
-2.83896900
-0.88571900
-0.78914900
0.12131600

-2.67265000
-3.00125400
-3.24009000
-2.87791700
-1.18188600
-0.57541300
0.94484200
1.52540800
1.80236000
1.42842900
-0.01709300
-0.74569000
-1.02758000
-1.21972700
-1.95719400
-0.78774500
0.29101700
-1.30635000
-1.05807800
1.20383600
1.80415600
0.57219600
0.51507500
1.02234500
-0.20274800
-0.25867500
-0.86007400
-1.41804400
-0.80878600
-1.31035500
-0.07754300
2.48042000
2.72853000
3.09165200
3.83334000
2.75569300
3.20534600
0.17350000
0.72566000
-0.31770400
-0.15150800
-1.01613200
-1.39508600
-1.22206800
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5.86958100
2.87012800
2.82842700
3.10043100
-1.29736400
-0.47272400
-1.14475800
-1.28302600
0.97390200
-0.57729100
1.07442800
1.52279700
0.14812500
1.05188100
2.23169000
-0.30623900
-0.22669100
0.14022600
1.40264600
-1.01745400
-0.22197900

1.01707300 -1.76530600
3.17889600 -1.82553800
3.24583600 -2.91629500
4.15470100 -1.39698200
-4.13633900 -0.74669700
-3.46589400 -1.00604700
-5.09457100 -1.25316800
-4.30671500 0.33422100
-0.28876900 -0.29619100
-0.04838400 -1.91093700
3.21677500 0.01566700
2.88161000 1.29825800
4.25380800 -0.13267500
3.57496500 2.41454300
2.06971300 1.42553000
4.96145500 0.97981500
4.50174600 -1.12234900
4.62061200 2.25833300
3.30048700 3.40534800
5.77185000 0.84844000
5.16437500 3.12594800

-5695.16800074 G =-5694.193921

-4.21103000
-1.06243800
0.62182800
-5.92362700
-3.85988000
-1.34482000
-0.53518600
-1.50268900
-6.13260700
-6.89644300
-6.59186600
-5.74242500
-4.99195400
-4.78458300
-2.53578800
-1.76002500
-0.56571100
-0.09747200

-0.51267700 -2.27869100
4.70999700 2.93758000
2.89459300 -3.04845700

-1.81865200 -1.53156400

-1.85376800 -0.51344600
0.49007100 -1.33709400
3.05248700 -1.00715700
2.92477600 1.67555100
1.00115300 -2.54510500
0.30331400 -2.19964200
1.70873900 -3.24417100
1.55521900 -1.68652400
0.27278300 -3.25519500

-1.40436700 -1.47532500

-1.39102300 -0.33814700

-0.78442300 -1.43484700
1.01777100 -2.30222700
2.44469100 -2.15223500
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-0.12574200
-0.33924000
-0.98682500
-1.94370900
-2.94947500
-5.47767800
-4.63065800
-5.97682900
-6.18293200
-2.07957800
-1.09114900
-3.13849500
-3.24221800
-2.40321200
-4.43735600
-4.53312100
-5.52532500
-6.44957000
-5.44911100
-6.28337100
-4.24363600
-1.40659000
-1.76136200
-0.60638000
-0.31416000
-0.17439200
0.46219400
0.52138700
0.70154900
0.94365900
1.43375900
0.74891400
1.08219500
0.10329900
-0.07845400
-1.92750900
-2.91438700
-1.50343600
-3.95072500
-3.59347800
-4.39492100
-3.09497400
-1.78599900
-3.91646500

4.33808600
4.85562200
4.11076600
2.52733500
2.11469900
-0.65856900
-1.18264900
-0.07199500
-1.39392600
-1.78202900
-1.60007300
-2.49945700
-3.12007200
-3.11719800
-3.74064500
-4.22455900
-3.74844800
-4.23843100
-3.14556400
-3.14714700
-2.53029300
-1.56836700
-2.59099900
-1.02950000
-1.63099300
0.28951600
0.77573400
5.20523700
4.84420100
6.47449800
7.09355800
6.96261200
7.95617900
6.15283300
6.50673100
3.88322300
4.35478500
3.84992800
1.26659200
1.89569800
1.90842500
0.74262300
1.89333900
1.33672500

-0.66084200
0.65813200
1.72204800
3.03597900
2.95735300

-4.36464400

-4.82069100

-5.14341900

-3.97302800
0.88590900
1.27289700
1.54778200
2.80133900
3.48854500
3.14561000
4.11319800
2.25548700
2.54735500
1.00164800
0.31515700
0.66059000

-2.54108900

-2.58774500

-3.53899600

-4.39436700

-3.41824200

-4.14611600

-1.57715800

-2.57537100

-1.21425700

-1.96116200
0.08137500
0.36338800
0.99702300
2.00407200
3.76074000
3.78319900
4.76399600

-3.76803300

-2.94756600

-4.53523200

-4.20446300
0.04731800
0.58080500
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5.00728000
1.04275500
1.55998300
6.16850400
4.60579300
0.88129400
1.54637300
3.73556600
3.99209100
1.18567300
0.53519600
1.19551500
2.90702600
2.42845800
1.69073400
1.41123700
2.81654800
5.89203100
6.43789200
5.19214400
5.84086600
6.35153000
4.47366400
3.93480200
4.21825900
4.85354800
2.55036700
4.41713100
3.79839100
3.88116400
4.25184700
5.08271100
3.56635500
3.44782400
0.45026100
0.44754700
1.03264600
0.75669200
3.05703200
2.76607500
-0.97824500
-1.04162400
-1.30959100
-1.66940500

-2.71694200
-1.80926700
-2.33771900
-2.64765500
-4.01081900
-3.95778600
-0.52931500
1.66414300
0.98517100
0.36236600
0.03760100
-2.69950100
1.20465900
-0.16487700
1.64878900
2.34217200
-1.10930000
-0.34316500
-0.21836400
-1.52489900
0.67341300
1.61203000
-1.71376800
-2.63666900
2.95865800
3.30063500
2.09633500
-0.67999400
-0.80288400
3.84162700
4.86211700
0.53094100
-2.06127600
-2.59007000
-4.31745100
-3.38594500
-5.04485500
-5.95128900
3.41867600
4.10096600
-4.87465600
-5.82659900
-5.06252500
-4.16958200

-1.65588800
-0.22981500
1.93358400
-2.55867300
-1.06670300
0.45128800
-0.14434100
-2.28564500
-3.09239900
0.86652500
1.66482200
0.82467300
-1.24413700
-1.19086100
0.84727800
1.63042500
-2.11512800
-0.58824600
-1.51693400
-0.34456600
0.36111600
0.16651600
0.83409400
1.00176100
-2.28050300
-3.09208400
-0.19185600
1.76272800
2.64575900
-1.23413900
-1.24515300
1.53170400
-2.58332600
-3.52765800
-0.91970900
-1.48019300
1.44839300
0.90515600
-0.21246500
0.58109300
-0.90948300
-0.37091000
-1.93742100
-0.43998500
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0.05162100
-0.97796800
0.28458200
0.12411400
2.48814400
2.59415000
2.78932400
3.16164900
1.44867400
1.46285800
2.46124200
1.15732800
4.96367400
3.96802100
5.12444200
5.69905700
-0.99253300
-1.36781600
0.29232500
-0.46350600
-2.35736800
1.19360600
0.59721500
0.81918700
-0.75008800
2.18950600
1.52504800

-2221.579142
0.60231000
-1.10689600
2.53102600
4.49789000
-2.54069200
-0.21259600
3.49847200
2.33773700
-0.29969600
-0.97536700
3.22776100
4.12791000

-4.88883100
-4.81735000
-3.99036400
-5.75685100
-5.20434800
-6.12866700
-4.36546800
-5.25274900
-5.26595400
-6.25263300
-4.85548500
-5.41610200
1.66505200
1.67563100
2.63085700
1.56995400
1.48772700
0.14049700
1.84952500
-0.82847100
-0.14805600
0.87991500
2.89277300
-0.46468400
-1.87414800
1.17324300
-1.22777300

G= -2221.142405

6.39764600
2.35059900
3.20924400
4.32904100
2.35578300
1.49832600
3.43210200
3.62913300
5.41717100
5.73414400
3.24669200
2.70538400

2.61459300
2.25118600
3.19045000
3.27925200
1.90355800
2.48232300
2.53453600
1.04215100
-1.59201800
-1.11540800
-1.56331100
-2.63802900
2.51777200
2.97368900
2.02960200
3.32726300
3.59422100
3.62685000
4.02121400
4.06596600
3.28424500
4.45916600
3.99627800
4.47471900
4.07231100
4.77917900
4.78524800

9.42191700
9.25501400
9.30165300
9.45462300
9.52806700
10.03543400
11.32169300
8.01150900
6.06160300
6.85009100
6.98607300
7.24977100
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3.60505700
0.87241400
1.18952800
2.93111800
3.60426000
0.32114100
0.26647800
0.96019200
-0.85731200
0.48830700
1.37634300
-1.77425300
-2.65463200
-0.59132600
-1.49309400
1.74934000
-1.53375600
-2.22931400
0.26970400
0.02551600
-0.39574000
-0.61338500
-1.17161800
2.32484000
1.73879900
4.51816500
4.18512400
1.41565000
2.08720500
1.44297400
1.94930800
0.53115800
1.15725400
4.55828700
4.91300100
5.23347200
3.56170000
5.89107400
5.82790000
6.59785700
6.27477000
2.73794100
3.37827400
1.84162300

3.71779700
4.69485600
4.33692400
3.56731000
3.27205100
4.74852200
1.27920300
0.91207000
1.99794800
1.07381700
0.53525600
2.47772900
3.01846700
5.70338400
6.25694500
4.28287400
2.26419400
2.65815400
5.27834600
5.50827300
1.57581600
4.04791000
4.46962700
2.74228900
2.37572500
3.97459500
3.66863000
4.58703600
4.26168200
3.71234600
4.09915900
3.20037800
4.56216300
5.50471300
5.87560100
5.86273400
5.91678100
3.34477100
2.25339400
3.69208600
3.62188900
1.52231300
0.85950600
0.96417800

10.00530900
6.40012200
7.74516700
5.69058500
4.89023000
8.87133000
7.14140100
7.88995100
7.53539600
5.78694100
5.46843900
6.60542400
6.93703700
4.75219300
4.50867700
5.36051700
5.25461100
4.51922000
3.71577800
2.68307900
4.82687100
9.50945000

10.34010300

11.89203000

11.05282100

12.23932700

13.23475700
4.01663400
3.22622000

12.67963700

13.57211900

13.00403400

12.05066100

12.22506800

11.26142900

13.00975500

12.41446800

11.99996500

12.06107200

12.76122200

11.01551700

12.71617100

12.12603100

13.00402700
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-5695.15028274 G =-5694.175537

-2.32936300
-0.80638800
0.87317300
-4.10171900
-4.13891000
-1.68786700
0.27137900
-1.34805500
-1.34466700
-2.25563400
-0.71928500
-0.77525300
-1.65723600
-3.54134900
-3.69913200
-2.64707100
-0.79614700
0.22326100
1.10841200
0.77157900
-0.48733100
-2.51791900
-2.75950300
-2.54155700
-2.74507800
-2.01766200
-3.48686600
-4.49429100
-4.39606500
-5.47145700
-6.51909600
-6.70477300
-7.29681200
-8.11246300
-7.04101700
-7.66241600

1.79169300
1.36964700
1.27259000
2.20991300
0.45714700

3.59097800
-4.80267700
0.24206300
3.99598100
2.22537000
0.94565600
-0.90812100
-2.63283300
5.00720600
5.10587800
5.89328000
4.13797400
4.88814700
3.34730500
1.45859500
1.85189900
1.19214600
0.12896200
-2.00212800
-3.27298700
-3.51136900
-3.32291000
-2.87861100
6.02519800
5.90019300
6.97702500
6.07061000
0.35796800
-0.38713200
0.38429700
-0.47857700
-1.37003800
-0.16849500
-0.82575100
0.98971500
1.21222400

13.63510500
3.35837600
3.15998300
2.76966600
2.99732500

0.69618600
-0.77986600
-4.02861300

2.07014600

0.61853300
-1.68910800
-2.09395400
-0.64914500

2.47339000

3.06325900

2.63064400

2.81071400

0.98277300

1.20929600
-0.48762800
-1.43316000
-2.66436500
-2.98322900
-2.29469300
-1.73757500
-1.03998300
-0.10058700

0.86819900

0.46782900
-0.60168500

0.60340400

1.01072400
-0.61681000
-1.39224200

0.43456000

0.78512100

0.19632600

1.89374100

2.18232000

2.64914600

3.51194400
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-6.01258600
-5.82178600
-5.23658500
-2.71879900
-3.51372400
-1.78877500
-1.83446600
-0.81139200
-0.07836000
2.31116500
2.57377500
3.13373300
4.04938300
2.81405500
3.47008700
1.63743700
1.36136400
-1.99365500
-1.68091800
-2.68075700
-0.36907200
0.29885500
0.15666700
-0.58080400
-0.73225400
-1.90272000
2.06653900
3.17507400
5.34270700
1.29709800
3.15578900
4.29535200
3.08498000
0.64006700
-0.12788100
4.08758000
4.96486600
4.37411700
1.76341200
1.92628400
3.92813300
4.69041000
0.91562600
1.89758000

1.86937800
2.76384400
1.55344400
3.05934200
3.76096200
3.31727800
4.24148200
2.36130500
2.48398000
-1.91696400
-0.97030100
-3.02087800
-2.91129300
-4.25167700
-5.10845000
-4.36721400
-5.31133100
-4.77276500
-4.99552700
-5.53604500
4.79645300
4.03889300
5.75545100
4.55991000
-0.67434500
-0.33559100
2.02857400
0.24513400
0.62308400
2.95556700
2.55513500
2.01688900
-0.88907800
-2.48563500
-1.72759000
-1.87815200
-1.71015900
0.96395600
-2.25599200
-1.04356900
-3.03646900
-3.80905700
-0.02179800
0.18006600

2.31688100
2.89142200
1.19970100
-2.14598200
-1.92119700
-3.14372400
-3.71232100
-3.42067600
-4.20761600
-3.03238800
-3.47530500
-3.20322500
-3.77802800
-2.62404700
-2.74126500
-1.89851500
-1.44512800
0.05425500
1.07871400
-0.31156200
0.16769800
0.57899800
0.21038600
-0.87813400
-0.40793200
1.47334200
1.99900700
-0.93310000
-0.30040400
2.84897700
1.15408300
-1.79615200
-0.17494000
2.19162200
2.26750700
-0.21470100
-0.82156500
-0.96111600
1.36477100
0.59789300
0.50218600
0.45540900
0.53696200
4.00937800



0.92278600
2.71398800
2.35246700
1.72188600
3.97228500
4.58099700
0.51100400
-0.36152200
2.78088700
4.40482100
5.37489600
1.50418200
1.38955800
3.60213800
0.82831000
-0.02990800
3.06202700
2.34570200
5.46301500
5.13773300
2.62287100
3.40353000
3.30702800
3.99884900
2.36023700
3.71339100
6.66972900
6.40459500
7.02971600
7.48227000
5.79728600
6.55702600
6.18411300
4.90832700
2.47737000
3.12174300
2.34219200
1.50497000
4.04604300
5.13007200
3.57118600
3.76451000
-3.71880100
-3.59173700

0.61440900
0.71063200
-0.91789900
-1.34898700
0.18117500
0.59822600
-3.66589300
-3.81562300
-3.25682200
-0.92203600
-1.35745800
-4.66623400
-5.59140400
-1.49409100
1.22462800
1.86946100
2.38226100
1.59478800
2.92771800
3.71616400
-4.45676000
-5.21051300
2.39001200
3.18453800
2.54362900
1.42896200
2.23147000
1.81523500
1.42405800
2.95274300
3.58716900
4.36171000
2.85252300
4.04484200
3.70009800
4.55590000
3.65122200
3.87858000
-2.73355400
-2.87007000
-3.62104100
-2.69598300
-3.19756100
-2.74828000

4.20416200
3.00870900
4.73065800
5.50329000
2.73043400
1.93582500
2.89704100
3.52699800
1.30778800
3.46365400
3.24120200
2.82201900
3.37951900
4.45809200
0.95927600
0.80781900
-2.52845700
-2.31969400
-1.88607900
-2.56889100
2.04417000
1.98114000
-4.03986700
-4.34194900
-4.56455000
-4.36881500
-2.52430900
-3.50215200
-1.88323000
-2.66655700
-0.54360600
-0.69953200
0.16423100
-0.10317600
-2.00972400
-2.24157200
-0.92700200
-2.48061000
5.19252100
5.13056100
4.75629300
6.25034600
-1.02096000
-2.33894500

S140

-4.98338400
-4.71402200
-2.61747400
-6.10266500
-5.09439000
-5.97140200
-4.60310300
-7.07840200
-6.84402000
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4.41871800
2.25592900
-0.48548200
4.97023800
4.42401800
1.90681400
0.15827200
1.79160700
3.37031900
3.70385000
3.21335900
2.41724700
4.39508000
4.61892600
3.81229400
2.80571500
0.99040500
0.10572600
-0.16942500
0.55483600
1.54841100
2.67087400
3.47258200
5.80721900
6.13111000
6.51368700
5.82105000
4.12492800
3.71594300
4.92405500
5.47798200

-3.55990400
-2.66064300
-2.44495600
-3.48477800
-3.88963400
-3.02946100
-2.30089200
-3.77101500
-2.96031900

0.13647100
-4.07660500
0.07391300
-1.38915500
0.77353200
1.22599100
-0.82257600
-1.90228400
-1.91561200
-2.60512500
-2.48007800
-1.47841300
-0.81192700
-0.27721700
2.02261200
2.21139900
1.33644000
0.13932400
-2.14481500
-3.21147900
-2.99444800
-2.21792700
-1.48434400
-1.35327200
-1.94897500
-0.53010200
-1.98474700
2.88437900
3.87914200
2.17771200
2.53643900

-0.54391700
-3.16551400
-2.70676600
-1.37228700

0.48654500
-2.68647600
-4.18453700
-0.98932100
-3.32936900

-2.11232300

0.09348700
-3.73393300
-0.51189900

0.04227000
-1.43447500
-1.67416900

0.34258800
-2.99491300
-2.21878100
-3.91989700
-2.69341100
-3.24750600
-0.86568100
-0.21422100
-1.26287700
-2.40066900
-2.65432600
-1.96144100
-1.35018100
-0.30481900

1.48499700

1.54036600
-3.46580400
-2.61071100
-3.61582600
-4.36067900

0.79805700

0.90929500

1.76146500

2.99789600
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5.34084200
6.19799000
6.62730700
6.38065600
6.95385100
5.84055700
5.98408100
5.09631100
2.76926400
3.51694400
1.78752800
1.73459800
0.89451700
0.12887600
-1.14185100
-1.70847500
-1.33501000
-2.07925100
-0.59470500
-0.75074900
0.32940600
0.90476900
3.21328800
4.18782600
3.23023300
3.95455200
4.63645400
2.94424200
3.95742500
0.74266500
1.51967700
1.88424500
0.57717800
2.46765900
-0.14399600
0.10233000
1.75246700
3.47023300
0.44189900
-1.16721300
2.20952100
-0.12504500
-3.01746700
-3.05622200

3.54016900
1.58512800
1.84457000
0.28804800
-0.43565400
-0.09610700
-1.09070700
0.85693100
3.37563000
4.14589800
3.50270200
4.40101300
2.45724500
2.48133000
-2.48695700
-1.69265300
-3.80451300
-4.02406500
-4.84257000
-5.87185400
-4.54015400
-5.32674200
-3.60557300
-3.53511700
-4.32963800
0.08243400
0.93134100
0.46579300
-0.49165000
-0.18730200
0.91359100
-2.20908600
-2.70488000
-1.68844400
-2.66329400
-3.09166400
-1.65505400
-1.27113100
-2.13455100
-3.02715700
-1.23009100
-2.08393400
0.50146100
-0.77906500

3.38948500
3.71120500
4.67439700
3.19924000
3.77151900
1.97235300
1.57329200
1.27505500
-2.03762700
-1.88218000
-3.01960700
-3.62687900
-3.22856700
-3.99300100
-2.92776800
-3.38519800
-3.31848700
-4.07922800
-2.74428500
-3.05119400
-1.75709800
-1.28423100
1.08389200
0.59654300
1.89838900
-4.40532200
-4.51558200
-4.23835600
-5.33709200
0.07984200
1.83141900
2.78134800
2.83918500
3.93941900
4.03315700
1.94263100
5.13564700
3.89015000
5.18437100
4.05785500
6.02482300
6.10905600
2.57584300
-0.89375100
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-5.31236400
-2.68086200
-4.05638100
-4.48148200
-2.79350400
-0.48182200
0.05506700
-3.45904300
-4.21561100
-4.38603100
-1.47071500
-1.80589500
-3.15132200
-3.66405400
-1.10561200
-2.74123200
-1.97787900
-3.44790100
-3.03231400
-2.48236300
-4.44463200
-4.97253800
-0.19500300
0.56948900
-2.17027100
-4.71609300
-5.47827600
-0.88313800
-0.64479700
-4.01231400
-1.44994800
-0.82002400
-3.30726200
-2.45943500
-5.82804500
-5.63595300
-1.85206800
-2.38853800
-3.46922800
-3.69110600
-4.26133800
-2.53330600
-6.70640600
-7.66099400

-0.39320300
0.60171300
-0.44626900
-2.45415900
0.52843600
3.25863700
2.76288300
1.17180900
0.63099600
-1.16657300
2.54336500
1.18457300
2.47632600
2.97260600
0.47201900
3.22471300
3.09431500
2.11994900
4.48121300
5.34829600
2.24880600
1.37525800
4.56706400
5.10098700
3.19828600
3.51682700
3.62709000
5.21948900
6.25085700
4.64405800
0.09120600
-0.45514600
-3.32712200
-2.81409500
-2.97721900
-3.98058700
4.54533900
5.03571900
-4.66916900
-4.51787200
-5.28515400
-5.22942100
-3.11389100
-3.58272100

-0.88272500
4.00527300
2.13053700

-0.30828500

-1.22204300

-0.08476300
0.71614500

-2.28458100

-2.83500800

-0.69630900

-0.80282300

-0.48260400

-2.58987400

-3.40928600
0.55408800
2.44104900
3.20067100
1.96385900
1.92121200
2.27670600
0.99821300
0.63251500

-0.40925400
0.14751700

-1.86157900
0.48950400

-0.27671800

-1.45730500

-1.70186100
0.93146500
1.77112300
2.46393500

-0.07992800

-0.52713700
0.03936900
0.42502400

-2.16844200

-2.97688900

-0.80205600

-1.86187900

-0.36329700

-0.73099300

-1.20909800

-0.94491500



1 -6.21573500 -3.73553200 -1.96560900 1 -5.46984700 0.07929700 -2.15781500

1 -6.90986000 -2.13069800 -1.63940600 6  -2.68201200 -2.16079600 -0.60675100
6  -6.51455200 -2.19025600 1.16076500 6  -3.21279600 0.78782400 1.57364200
1 -7.41683700 -2.72986000 1.47157800 1 -4.29059100 0.67170800 1.50952500
1 -6.80030400 -1.19338100 0.82300800 6  -5.03306400 -1.75130100 -1.08369900
1 -5.85176200 -2.07838600 2.02097600 1 -6.07311300 -2.05861500 -1.02605900
6  -3.02675200 -3.51493600 1.41488600 6  -2.46563500 -0.12327800 2.32974200
1 -2.90187700 -2.54852500 1.90515600 6 -0.29250600 1.99474900 -1.75156600
1 -2.11620100 -4.11134900 1.54594600 1 0.04789700 2.58586800 -2.60020000
1 -3.84661900 -4.04478700 1.91382300 6 3.24725900 0.90640600 -0.01003000
6  -4.27250700 6.00252200 0.33174200 1 2.18765000 1.08478600 -0.15292100
1 -4.24384500 6.78953600 1.09311800 6 4.80734500 -1.10308100 0.10918600
1 -5.24693100 6.04159100 -0.16482100 1 5.43033700 -0.21937300 0.26701300
1 -3.50566100 6.23930300 -0.41591300 6 -4.04374800 -2.54771100 -0.54384500
1 -4.29527200 -3.48737500 -0.05878500
6 3.98050000 1.62969400 -1.14240600
1 5.06985900 1.54122200 -1.05813600
vinyl-rdec 1 3.72210400 2.69281800 -1.11216400
E= -1761.30851372 G =-1760.875203 1 3.67500000 1.22799800 -2.11400000
16  -0.38622900 3.01806400 -0.23533100 6 5.32410000 -1.81450700 -1.14621400
8 1.24908000 -0.74352500 -0.55330700 1 4.73616800 -2.71072200 -1.35351400
8 2.51125000 -2.64816700 -0.37418800 1 6.37008400 -2.10700400 -1.00174800
8  -1.27104200 4.15832000 -0.52462500 1 5.27070200 -1.14965000 -2.01457900
8 0.99328600 3.25500300 0.23543900 6 4.90748300 -1.97254300 1.36762100
7 3.44138900 -0.56176400 -0.08299700 1 4.56690600 -1.41738400 2.24795700
6 0.01506700 -1.32969500 -0.62374000 1 5.94940100 -2.26910200 1.53180700
6 -3.37094300 -0.13959400 -1.79758100 1 4.30001700 -2.87358900 1.26259500
1 -3.10854900 0.79533500 -2.28257000 6 3.61763100 1.45235900 1.37212700
6  -0.32761500 -2.55877700 -0.04727600 1 3.09582800 0.89686600 2.15937700
1 0.44788400 -3.17080900 0.38938800 1 3.31126000 2.50043800 1.43255900
6 2.43347800 -1.43211900 -0.32893000 1 4.69378700 1.39494700 1.57155100
6 -2.34644600 -0.92635000 -1.23387300 6  -3.13720400 -1.26482500 3.04920600
6 -0.96180900 -0.48714300 -1.22481100 1 -2.55586900 -2.18673500 2.94061800
6  -1.65049300 -2.96218300 -0.04095700 1 -4.13929300 -1.44743500 2.65067800
1 -1.91870000 -3.91054500 0.41588400 1 -3.23250700 -1.05977800 4.12315800
6 -0.58119400 0.72896600 -1.73733000
6 -0.43328000 1.04751000 1.68624300
1 0.64464000 1.15315900 1.70835000
6  -1.20019100 1.90875500 0.90183300 TSciart
6  -1.07363300 0.03691800 2.39540300 E= -5695.15556948 G =-5694.177021
1 -0.48317000 -0.66102800 2.98283700 8 -4.22358300 -1.72200600 -1.38308700
6 -2.58897000 1.80291500 0.85376800 8 -3.09440500 4.20555200 -0.59711800
1 -3.16132300 2.48593000 0.23587800 8 -0.12879400 0.29072200 -4.40048100
6  -4.69164900 -0.54068600 -1.72258900 8  -5.12170000 -0.57680800 0.37325100
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-3.41268300
-1.39028200
-0.78692300
-2.46471200
-4.62535000
-5.00776500
-5.07409400
-3.54278300
-4.98053700
-4.33091800
-2.27438400
-1.66798600
-0.87663100
-0.55324100
-0.47627400
-1.19550000
-2.25188000
-3.55540500
-4.28729000
-6.47516800
-6.83117700
-6.67935100
-7.02881500
-1.78493900
-0.87808800
-2.59902300
-2.55100700
-1.76657900
-3.52405300
-3.49860700
-4.55102700
-5.31057400
-4.62017000
-5.41250900
-3.61614200
-1.37972800
-1.60676900
-0.84667200
-0.62788300
-0.61216800
-0.20965600

0.55789200

1.09152700

0.86970300

-2.08023200
-1.39887400
1.10568200
2.08887000
0.45944300
0.96577500
0.92395500
0.60132100
-1.02661100
-1.37327000
-2.79780800
-2.64034300
-1.24577500
0.15179900
2.44250400
3.46823100
3.18414900
2.31957300
1.51722100
-1.27393000
-0.80101400
-2.34854200
-0.86107900
-3.53102700
-4.11662800
-3.27291500
-3.72276400
-4.40209500
-3.28550900
-3.61960100
-2.42254800
-2.10757500
-1.95820600
-1.29939700
-2.36942600
-3.77194200
-4.75214900
-3.61300600
-4.48117000
-2.32835000
-2.12395800
2.84861000
2.08909600
4.18859400

0.68041700
-1.53545100
-2.31029500
-0.23147000
-2.46299500
-1.57568200
-3.34750800
-2.51423600
-2.44860600
-0.10356900

0.24199000
-1.08426700
-2.76714800
-3.24721500
-2.53183000
-1.85125900
-0.88725500

0.75440900

0.65662700
-2.24546900
-1.32928900
-2.19429900
-3.09551100

1.28319300

1.24337700

2.43931600

3.76583600

4.08633000

4.65676400

5.68972900

4.23351400

4.94305500

2.92098300

2.59318600

2.04339200
-1.85169000
-1.44992900
-3.12779700
-3.74117300
-3.60449700
-4.58841600
-3.40452500
-3.95487900
-3.58413500
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1.68789600
0.14087600
0.37601500
-0.89141000
-1.46989400
-4.12664100
-5.03187900
-4.30546400
-4.47327000
-4.65716300
-3.40061700
-4.99455200
-1.36539200
-0.71011900
-3.01977300
-2.20837100
-3.30515700
-1.68010300
-1.98474900
-2.77717300
-3.91814800
-1.96016500
-1.04993400
-2.99301100
-1.54073200
4.04512900
1.93431100
3.92695300
4.22349700
4.51930500
2.80960900
2.06796200
1.73335900
1.50816400
2.32979600
2.45791000
2.98490500
1.95336200
1.93177700
2.43039900
2.62816300
1.75984400
4.82567300
4.56864600

4.45478200
5.19116000
6.23924200
4.82299900
5.57860500
3.66809000
3.54706800
4.38600900
-1.72120500
-2.79858400
-1.55798300
-1.32193900
0.45693400
-0.15477700
2.33381300
3.37991800
1.27164900
3.35409700
4.21314100
1.23948100
0.45362300
2.27891700
4.17015400
0.39153800
2.25602700
-0.73544700
1.20840100
1.89643500
-1.63964000
0.65989900
3.18452300
-0.05015000
-3.58473700
-3.41469600
-0.26589100
0.58662500
2.11091500
-2.46759800
-1.11677500
-1.55484700
-1.72246700
-0.84700700
-2.88183100
-3.48352200

-4.24750300
-2.93460900
-3.08957300
-2.08645400
-1.56807600
0.26765000
-0.33537000
1.06803900
-3.71087100
-3.65597400
-3.84138300
-4.58635300
-0.51960200
1.53051400
2.16816400
2.61977100
3.02509400
3.90874600
1.95944300
4.31516000
2.66892900
4.75819600
4.25145100
4.95871500
5.76005400
2.93517200
-0.33912300
-1.22226100
4.08390600
3.00954600
0.32162600
-0.86939200
0.36164600
1.40927400
-2.22754700
-2.87810000
-0.47360600
-0.47258700
0.03767600
-2.70632300
-3.76064900
1.39187500
1.40817500
2.27296200



4.73901400
5.22567000
5.27501500
5.06229900
4.98451700
1.81594800
1.64916700
2.24878600
5.44358600
5.64642400
2.13257600
2.20631200
5.51848000
2.25625500
1.68739600
1.66204600
0.96189600
3.89398500
3.57118900
2.34017200
2.57573200
0.95631100
0.65226000
1.58848900
0.06430700
4.00576500
4.74468300
3.04186100
4.32029600
5.22852500
5.92907200
5.66816300
5.09075600
2.09453800
2.65734600
1.20466700
2.72415600
5.90027700
6.98653300
5.43716100
5.58185700

-1.49227200
-3.46858800
-4.55098300
-0.68578200
0.39142300
-4.86854700
-5.71832800
-2.67665400
-1.29003500
-0.66336500
-5.08225300
-6.09513600
-2.68580300
-0.68554800
-0.45610800
3.33097000
2.53592900
4.19398600
4.89979500
-4.00545900
-4.15922300
4.67120900
4.78298200
5.52373900
4.71464000
4.95585500
5.76011000
5.39671100
4.28161400
3.59739600
4.40803900
2.97147400
2.98848500
3.14059200
2.21312600
3.10073600
3.96860200
-3.32633700
-3.29839300
-2.79762700
-4.37217800

1.47907300
0.21022600
0.13467500
0.38837100
0.45603800
-0.14110700
0.51477300
-1.85227900
-0.80412600
-1.66713300
-1.50040300
-1.88593600
-0.91378500
2.58461100
3.48167600
1.25049300
1.00157000
0.37365900
1.14177000
-2.33666500
-3.38658800
1.02620900
-0.01679800
1.29809900
1.65636400
-0.95125600
-0.86028000
-1.22660100
-1.75103300
0.83892800
1.06996400
0.06026400
1.73781800
2.70760300
2.83216200
3.34484500
3.05532400
-2.22375200
-2.37852900
-3.06380400
-2.26203900
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-2.34872800
-0.00518500

0.77962600
-4.18133000
-4.08014300
-1.65231600

0.43115300
-0.87920200
-1.46470300
-2.39034500
-0.91787800
-0.83047800
-1.74512400
-3.56453500
-3.59310000
-2.63542100
-0.84039800

0.22812400

1.38088300

1.21386000

0.06577300
-1.81982700
-1.93937600
-2.67208200
-2.85986000
-2.18880300
-3.62328900
-4.25097100
-4.09518700
-5.18294000
-6.09444500
-6.18236500
-6.86163300
-7.57323600
-6.73001000
-7.34337600
-5.83699700
-5.74313800
-5.07063400
-2.80769100
-3.61528300
-1.96019800

3.57305600
-4.60490600
0.75153600
3.84728500
2.12144800
1.15356100
-0.49911800
-2.55529400
4.97578500
4.97839300
5.90335400
4.14602800
4.89222800
3.25867200
1.44740700
1.98787700
1.50608800
0.52913200
-1.47704500
-2.81916400
-3.26764600
-3.43959500
-3.08735500
6.00526900
5.90321600
6.97318400
5.99639100
0.25801000
-0.45082100
0.13485700
-0.86597800
-1.76369900
-0.68200900
-1.44590400
0.48412800
0.60616200
1.49708500
2.39782500
1.30735000
3.24074800
3.88529300
3.61335800

0.72077200
-1.34445400
-4.51629400

2.04880600

0.54467400
-1.96243400
-2.56771300
-1.07353100

2.55943000

3.13501600

2.76249700

2.88270700

1.05996100

1.18389600
-0.60294600
-1.57490400
-2.97687500
-3.42693500
-2.83194000
-2.37030600
-1.59012700
-0.38067100

0.64736800

0.56927800
-0.50507000

0.73741000

1.10359200
-0.73431600
-1.53461500

0.35071400

0.71524400

0.11343800

1.85875700

2.15955400

2.63430000

3.52249100

2.28986100

2.87910400

1.13819500
-2.17896900
-1.85156700
-3.21565700
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-2.08423100
-0.96945200
-0.30316300
2.57846500
2.71178500
3.54718900
4.45185800
3.36735300
4.12085900
2.20709200
2.04917400
-1.08343200
-0.63873200
-1.69881000
-0.44462800
0.23415700
0.06052400
-0.63771400
-0.73515500
-1.63272200
1.94984700
2.73108100
4.95173500
1.27786800
3.02857100
4.08036500
2.56185500
0.28794300
-0.35995800
3.46145000
4.28038200
4.02485700
1.27963000
1.44500100
3.26116500
3.93252700
0.52296000
1.76343500
0.87638800
2.54351200
2.14283200
1.53916900
3.70162300
4.29008200

4.57497500
2.72657700
2.94036900
-1.18371200
-0.18333000
-2.14741300
-1.86978500
-3.46373700
-4.22230900
-3.78341900
-4.79150100
-4.80473100
-5.05311500
-5.63102300
4.88067500
4.10912200
5.84532200
4.70206000
-0.48177300
-0.38942500
2.04242200
0.31239500
0.39168600
3.00345100
2.50941500
1.89163700
-0.87887800
-2.46994700
-1.65083900
-1.94141200
-1.79659700
0.85069800
-2.27241900
-1.02560800
-3.14825500
-3.97629800
0.07321800
0.21769900
0.76983200
0.66346300
-0.94057200
-1.30375500
-0.00626200
0.34831500

-3.70527700
-3.63685700
-4.46304800
-3.52676900
-3.90580800
-3.75945500
-4.29434700
-3.31855200
-3.50660200
-2.63399500
-2.27181500
-0.40227600
0.56571500
-0.76127400
0.26212900
0.62938700
0.37111700
-0.79879800
-0.91270600
1.17786000
2.37874200
-0.55752800
0.00424900
3.27352800
1.49274800
-1.49390300
0.08715900
2.63539700
2.90644600
-0.13344400
-0.82124500
-0.64552400
1.64459000
0.93249500
0.48021300
0.27335300
1.03595500
4.40990600
4.70193900
3.34069800
5.07873100
5.90599900
2.95083200
2.11201900
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0.15423700
-0.61247000
2.18722800
4.05800200
4.94458800
1.01045400
0.88886500
3.27955800
0.59193900
-0.24031000
2.91992400
2.19313300
5.32965300
5.09059900
2.01757400
2.70841000
3.29459800
3.88947400
2.38120900
3.86191600
6.47998300
6.20088000
6.74549700
7.36034900
5.69904200
6.52976900
6.00570800
4.84953700
2.29329500
2.97673500
2.04684200
1.38057600
3.62170600
4.69078700
3.07668400
3.34402400
-3.18019600
-3.36481100
-4.27199000
-4.62279500
-2.52286600
-5.52538000
-4.14100800
-5.70543300

-3.68341100
-3.80058100
-3.34631500
-1.16886600
-1.71263500
-4.76319900
-5.71659700
-1.66270800
1.33722900
2.02693700
2.35184100
1.54623600
2.69366500
3.53002500
-4.58666700
-5.39371600
2.55343800
3.45988400
2.62884400
1.69896000
1.90604600
1.54490600
1.04964500
2.55036300
3.28318000
3.98688300
2.50083100
3.81182600
3.60455000
4.46059200
3.42623700
3.86825800
-2.97149000
-3.19314700
-3.79159700
-2.97053400
-3.45795000
-2.96614300
-4.00816100
-3.02330800
-2.52696000
-4.08018500
-4.37670600
-3.58267800

3.28071000
4.04104200
1.38655600
3.63157300
3.31792100
2.97515900
3.48103300
4.68509000
1.43005900
1.35577800
-2.28811900
-2.23496800
-1.53349400
-2.19366000
2.05068700
1.82179200
-3.76054800
-3.91737900
-4.35436200
-4.14112000
-2.16987700
-3.16521400
-1.54640600
-2.27268400
-0.16805700
-0.29477200
0.52762600
0.27045600
-1.67264000
-1.72220000
-0.62482000
-2.21718900
5.34944300
5.27373100
4.86505600
6.40859000
-1.05262100
-2.34851400
-0.37177500
-2.95236200
-2.87315000
-0.97909600
0.64329800
-2.27225400
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-4.32115700
-2.61540200
0.45274300
-4.93171700
-3.92453700
-1.56888500
-0.37182200
-1.91116200
-3.82252700
-4.18235700
-3.90580400
-2.76990100
-4.63101300
-4.42948200
-3.11292800
-2.22016400
-0.75764400
-0.13130300
-0.33096500
-1.09131000
-1.86440600
-2.70680800
-3.45366000
-6.13875200
-6.45972200
-6.68143900
-6.39455800
-3.11831600
-2.50622600
-3.91474000
-4.22603000
-3.84848800
-5.02093400
-5.26594100
-5.51675200
-6.14216000
-5.22307500

-2.63165700
-4.51346900
-3.62877700

-0.12500100
3.98745500
1.37515000
0.70991000

-1.34786100

-0.76881900
1.65729700
1.90428100
2.27861300
2.61908200
3.10515200
2.00600900
1.09044800

-0.14333000

-2.29508600

-1.94262900

-0.39302600
0.98831200
3.04606200
3.77140900
3.14730000
1.77280900
0.99202700
1.33227600
1.56803700
0.44788900
2.17331800

-3.46085900

-4.32159600

-3.26295400

-4.07760200

-5.09478900

-3.55942800

-4.17530900

-2.24504800

-1.86535300

-1.41235200

-3.95711700
-0.43965000
-2.74346100

-1.91427900
1.31796500
-3.72660200
0.11783400
-0.07338700
-1.76520400
-1.54107900
0.89911800
-2.18720300
-1.21591200
-2.90065600
-2.09683800
-2.70185600
-0.59181700
-0.73869100
-1.84756900
-2.76223300
-2.70425200
-1.49789100
-0.51855700
0.55258700
2.13195200
1.98751300
-2.65143000
-1.63516400
-3.00170400
-3.30481800
-0.02495000
-0.25483200
1.15553200
2.25335400
2.30576500
3.26896600
4.12924900
3.19551000
3.99830600
2.11654900
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-5.60616900
-4.40337200
-2.03260000
-2.57611900
-1.16892000
-1.00482600
-0.53579800
0.12516700
0.36723800
0.95547600
0.27229600
0.81451800
-0.49404300
-0.56640800
-1.15412500
-1.74985500
-3.38188800
-4.41516200
-3.33153900
-4.17418900
-4.69019800
-3.09666200
-4.39953700
-0.83470500
-1.03644300
-1.82045400
-0.58421800
-2.21844100
0.24854000
-0.25526400
-1.38894100
-3.16229600
-0.15028900
1.21529800
-1.70029300
0.50729400
3.35066100
2.50409500
4.72503000
3.29725900
4.20321500
3.83891400
2.29337800
0.61238600

-0.40320000
-1.93147900
-2.81165500
-3.74921600
-2.43224100
-3.09078500
-1.19483800
-0.82727100
3.82049200
3.29456800
5.20373300
5.74525700
5.90048100
6.98316000
5.17952900
5.69568800
3.15996800
3.13531400
3.61261400
0.68747500
-0.22085000
0.50184800
1.49138000
0.43756200
-1.26870200
1.41523200
2.04447900
0.42488500
1.68111800
2.79600600
0.06023500
-0.09170300
0.68239800
2.16241000
-0.72560700
0.38375500
-0.79674900
0.96267400
0.92569000
-1.18556400
0.32668800
2.71305300
-0.27018200
-3.51654600

2.05413800
1.11269100
-2.92759600
-2.96204200
-3.95159300
-4.79914800
-3.88402300
-4.65796200
-2.45917300
-3.19348700
-2.49855900
-3.26982600
-1.56079000
-1.58865000
-0.58014100
0.16226700
2.22644700
1.86848100
3.21751100
-4.10288300
-4.42949500
-4.12028600
-4.81049000
0.01698600
1.46875900
3.30756300
3.48744000
4.20974100
4.54630200
2.77642000
5.27030300
4.05420200
5.43829200
4.66287600
5.95264100
6.24911900
2.37461000
-0.66346500
-1.22194100
3.79397100
1.95181500
-0.08754900
-1.21565600
-0.29477300
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0.22495800 -3.29687600

2.78130800 -0.59299300
3.32283600 0.15722000
3.79333400 1.51183400
1.30513500 -2.50821600
1.53336000 -1.18992100
2.55990300 -1.84499100
2.93361200 -2.09243500
1.05191800 -0.75877300
3.33471200 -3.47781500
2.76281500 -3.57865800
3.79113800 -2.22208900
3.63166900 -4.58388400
3.27707200 -5.56638700
4.55073800 -2.05556100
4.89109300 -1.07047400
0.43605500 -4.77299300
-0.08925100 -5.53294300
1.84441700 -2.83333000
4.83055900 -3.17691600
5.40638900 -3.05607500
0.94342500 -5.08471700
0.79166900 -6.07523100
4.37049600 -4.44868000
1.62662800 -0.46048800
1.09497900 -0.09430400
2.66968300 3.35166300
1.79875800 2.79215200
5.16201900 3.37758400
4.95940500 4.27076600
1.64035500 -4.12910200
2.04856500 -4.35358500
2.50316900 4.80138400
2.54510100 4.87099600
3.26422100 5.46323700
1.52475300 5.17075900
5.68288800 3.83357600
6.61153100 4.40161700
4.95131000 4.47621300
5.88711900 2.97043400
6.18648700 2.54230300
7.07500500 3.15565500
6.48409800 1.66019000
5.77446200 2.20744200

0.68940100
-2.49773000
-3.05386700
-0.69269700
-1.00617900
-0.47151700
-3.01397100
-4.00362700

0.81177000

1.80180200

2.71803100

1.39873400

1.01280600

1.31202500

0.24165500
-0.05745800
-0.83789700
-0.26609400
-2.28903900
-0.53558500
-1.44875700
-2.11725200
-2.53650100
-0.17135000

1.96592200

2.83654900

0.56081500

0.22643100

0.03630700

0.63053900
-2.82387400
-3.80600600

0.09615000
-0.99178900

0.52385700

0.41432800
-1.33097600
-1.20521300
-1.83172100
-1.96832600

0.81155800

1.00161900

0.24318400

1.76568900
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3.26205400 2.08770000
2.22429100 2.41444900
3.72957500 2.53208400
3.79337800 2.46807200
-5.64478900 -1.05093700
-6.55221300 -0.45838800
-5.49223700 -1.68507800
-5.82424300 -1.70839300
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-0.59315900
-0.68328000

0.47369500
-0.28458000
-0.20375800

1.53796300
-1.64304400
-2.43760600
-1.52428700
-2.79551600
-2.85771200

0.49399500
-2.54066900
-1.49872200
-3.82216500
-4.72200000
-0.35913500
-2.96004900
-2.40327800
-2.33450300
-4.28858200
-4.77904800
-3.01539400
-2.50402000
-3.47999900
-3.38679200
-3.72575000
-4.34425800
-4.87814900
-4.66578700
-5.47961200
-4.99380100

-1.18062700
2.51281400
3.19479800
-2.59934500
-0.15109700
3.00376100
1.94536100
-1.35203700
-1.90435200
2.67561000
3.70602200
2.92740900
-0.02024000
0.60230800
2.07420200
2.63560300
-0.10995000
0.20710700
1.02094900
-1.01724400
0.36289100
1.31979800
-2.08478200
-3.02659600
-1.94001100
-2.96421100
0.72424300
-1.90985100
-2.72667900
-1.21757100
-1.69086700
-0.68400700

-2.18222100
-0.43214800
1.41137500
-2.44483200
-3.16249600
-0.62437200
0.36828200
1.99107100
1.79704200
0.68061300
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HPLC spectra

mV

Detector A Ch2 254nm|

| Cl CH
50041 Ts” " IISOC 3

N
SN

rac-N1

990

10.

250

15. 846

min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Areah

1 10. 990 9522509 49. 740
2 15. 846 9621930 50. 260

mV

150_ Detector A Ch2 254nn|

15. 831

Ts™ ™ cl |I3OC CHs

1 N
100
1SS!

1 N1
50

10. 998

min
Peak Table
Detector A Ch2 254nm
Peak# |Ret. Time Area Area%

1 10. 998 231530 3.321
2 15. 831 6739893 96. 679
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mAU

- PDA Multi 1 254nm, 4nn|
1 Cl CH;=
1000 Ts™ ™S Boc =
N
750 liilllllliii o)
;
1 N1 from Scheme S7A o5
500—_ -
250
_ — T
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%

1 11. 947 55743398 49. 718
2 18. 613 56375876 50. 282

mAL
2507 PDA Multi 1 254nm, 4nm
Cl CH
1 Ts7 ™ Boc 3
200
] N -
] =
150 [iillllllii] o =
] N1 from Scheme S7B
100
50
o
— T T T T U L U —
0 5 10 15 20 25 30

min
Peak Table
PDA Chl 254nm

Peak#|Ret. Time Area Area%
1 11. 765 7276367 49. 894
2 18. 179 7307268 50. 106
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mV

[::::L\ Detector A Ch2 254nm|
1500+ s X Boc CHs,
77\
0.0 N .
| I E .
1000 4
1 rac-N2
500+
0 I I I T I I T
0 5 10 15 20 25 30
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Areak
1 19.095 37492144 49.951
2 24 .674 37565899 50.049
mV
7507 @\ Detector A Ch2 254ni]
| Cl CH
SO Boc 3
| 0.0 '
500 N
1 s
© o
: N2
250
| :
G I I I J I T
0 5 10 15 20 25 30
min
Peak Table
Detector A ChZ2 254nm
Peak#|Ret. Time Area Areak
1 19.142 12346703 07.338
2 24.803 337634 2.662
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mAlU

1Br PDA Multi 1 254nm,4nn
1250

\©\S - C! Ii%oc CH3
1000 2Q N

] OO O

750

11.551

rac-N3

17.560

500
250

e
0 5 10 15 20 25

min
Peak Table

PDA Chl 254nm

Peak#|Ret. Time Area Areakh
1 11.551 27114267 50.197
2 17.560 26901814 49.803

mAU
40075, PDA Wulti 1 Z54nm.4nm
] ( l of CHs, .
a00- SN Boc
] Q.0 N 5
200 OO 9
] N3
1001
0 VAN
—F 1 T r T ' i T - T 1 - T T 1 T T T 7
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areabk
1 | 11.550 537458 3.286
2 | 17.569 | 15818664 06.714
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mAU

2000

1 cH
1500 S 3oc :
oo

12.406

PDA Multi 1 254nm,4nm|

J O #:
1000 =
i rac-N4
500
0
— T L 1 LR N — T T T
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areak
1 12.406 72691974 49.670
2 18.758 73658660 50.330
mAU

| QL
750+ S oo o
1 OIO I N

PDA Multi 1 254nm,4nm

19.533

1 (0]
500—_ N4
250
0 T I T LA L L |
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areak
1 12.956 2346011 3.977
2 19.533 56637486 96.023
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mAU

00705 PDA Multi 1 254nm, 4ni]
400 C ST cl Boc s
] 90 N 3
300 OO 0 :
] rac-N5 2
200 3
100
0
T - . T T T T I T T T T
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 13. 304 12508667 49, 265
2 21. 502 12881893 50. 735
mAU
000 PDA Wulti 1 Z54nm, 4nn
400 \©\ Cl CH
SO Boc 3
4 72N | —
] 0 N 8
300 &
| (@]
200 N5
100 @
0 1 I I ) [
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 13. 259 813881 3. 090
2 21.331 25525860 96. 910
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mAU

150
{ O,N

rac-N6

] \©\ cl CH

| St A l|300 3
100 0 N

| I

15.639

PDA Multi 1 254nm,4nm|

50 ;
1 S
G_ N J\ /\
I | I
0 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areak
1 15.639 1933405 51.123
2 25.524 1848452 48.877
mAU
7 PDA Multi 1 254nm,4nm
| OzN
300 \©\
] of CH
| ;% ?oc 3
1 Q.0
200 N o
) g
100 N6
0
] T I T
0 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#[Ret. Time Area Area%
1 15.605 636021 4.564
2 25.331 13299917 95.436
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mv

lOO.NC Detector A Ch2 254nnm
i [ j\ Cl CH
75 SO Boc 3
7\ |
1 (OINe) N
| T
50 =
i rac-N7
25 &
O—_ K
T U U
0 10 20 30 40 50
min
Peak Table
Detector A Ch2 254nm
Peak# |Ret. Time Area Areah
1 17.187 3270238 53.958
2 38.932 2790450 46.042
mv
3007 NC Detector A Ch2 254nn|
- ( j\ Cl CH ~
] //S\\ N IT%oc 3 g
200 Q.0 N ]
IJ T
100- N7
) AN
T U T
0 10 20 30 40 50
min
Peak Table
Detector A ChZ2 254nm
Peak#|Ret. Time Area Areak
1 17.126 1994510 4.238
2 38.432 45067244 95.762
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mV

300 Detector A Ch2 254m

1 © \©\ O Boc CHs
200 0.0 N
I3

21.295
23.652

] rac-N§8
1004
O_
T T T T T
0 5 10 15 20 25 30
min
Peak Table
Detector A ChZ 254nm
Peak#|Ret. Time Area Areabh

1 21.295 6466330 49.654
2 23.652 6556497 50.346

mV
200 H Detector A Ch2 254nt]
:\\TT/N
1501 O \©\ Cl CH g
S Boc i :
(OJNQ) N
100+
1 O
N8
50
0
[ I I T 1 [
0 5 10 15 20 25 30
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Areak
1 21.392 224123 3.197
2 23.698 6785282 96.803
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mV

12507 o Detector A Ch2 254
- @ cl
10007 //S\\ \ ?OC
] (ONe) N
7507 OO o) ‘ o
500_' rac-N9 -
2501
0
] T - T T R S—
0 5 10 15 20 25
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Areak
1 16.661 19713279 50.663
2 18.992 19197693 49.337
mV
400 al Detector A Ch2 254nm]
3 ©: cl CH
300 SR Boc 3
4 77\ | .
1 Q.0 N <
200 OO (0]
] N9
100
1 g
0
S —— L — R T R
0 5 10 15 20 25
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Areah
1 16.663 7212399 95.778
2 19.043 317899 4.222
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mV

0T Br Detector A Ch2 254nn]
Cl CH
| 7 8N Boc -
500 Q.0 N =
Y
) rac-N10 f
250+ -
O T T T T T
0 5 10 15 20 25
min
Peak Table
Detector A ChZ 254nm
Peak#|Ret. Time Area Areak
1 11.268 15950296 49.724
2 15.968 16127090 50.276
mV
Br Detector A Ch2 254nn
50
Cl CH 2
Se Y Boc 3 S
7\ | w
Q0 N -
o CIJT
N10 -
0
[ [ I [ T
0 5 10 15 20 25
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Areak
1 11.296 105737 4.452
2 16.038 2269461 95.548
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mvV

754 OMe Detector A Ch2 254nn|
Cl
SN Boc
/ \
50_ O N <21
S
(@] o
25; rac-N11 ;
0
\ T L L
0 5 10 15 20 25
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Areah
1 12.429 1594038 49 .358
2 17.125 1635526 50.642
mV
75 OMe Detector A ChZ2 254nm|
] cl CH; =
50+ /7 \\ N ?OC -
1 Q.0 N
] OO o]
25
] N11 -
0
1 T T . T 1 T T
0 5 10 15 20 25
min
Peak Table
Detector A Ch2 254nm
Peak# |Ret. Time Area Areak
1 12.292 117928 3.199
2 16.875 3568019 96.801
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mV

7504 CO.Me Detector A ChZ 254nm
; cl CH o
| SN Boc 3
/\ |
500~ 20 N
] Eil‘“li: o) =
1 rac-N12
250
O I I I I
0 5 10 15 20 25
min
Peak Table
Detector A ChZ2 254nm
Peak# [Ret. Time Area Areak

1 12.690 27310636 49.309
2 17.567 28076264 50.691

mV
500
COzMe Detector A Ch2 254nm
400 5
Cl CH -
] SO Boc 3 -
7\ |
300 .0 N
200+ ! l O
N12
100+ st
O [ | I I
0 5 10 15 20 25
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Areak
1 12.658 1326123 4.359
2 17.514 29093405 95.641
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mV

2507 Detector A Ch2 254nn]
| <?\:B\\ Cl CH
2004 87 87N Boc ° 3
] Q.0 N S &
1501 OO =
] rac-N13
100
50+
o
L L A D A B T T — T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
Detector A ChZ 254nm
Peak# |Ret. Time Area Areah
1 14.605 5652637 49.617
2 16.987 5739907 50.383
mV
7 Detector A Ch2 254nm|
150*@\ Cl CH
S Boc 3
7\ |
Q.90 N 2
w CIJY :
N13
50
. =
0
T — T T " T T T T T T T T — T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Areakh
1 14.635 123642 3.146
2 17.008 3806907 96.854
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mAU

1 @\ PDA Multi 1 254nm, 4nnl
N Cl CH g
H007HS Boc 3 - .
757 OO o)
50{ rac-N14
25+
0]
y T T \ T T T T ™
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 11.590 3649550 48. 589
2 15. 237 3861520 51.411
mAU
507 PDA Multi 1 254nm, 4ni
IN Cl CH
40: //S\\ A ?OC ’ 2
] Q.0 N =
30 -
0]
207 N14
10 8
s e s S T T L ) B A
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA Chl 254nm
Peak# [Ret. Time Area Areakh
1 11.690 66723 4,232
2 15. 363 1510002 95. 768
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mV

5007 S Detector A Ch2 254
1 cl Boc CHy ;
4004 29 N
1 AT
3007 rac-N15 E‘-—';
1 3
200
100
0]
[ [ | [ T T T T
0 10 20 30 40 50
min
Peak Table
Detector A ChZ2 254nm
Peaki [Ret. Time Area Areakh
1 | 19.380 | 14089517 49898
2 | 34.157 | 14147306 50.102
mV
500 < Detector A Ch2 254nm
cl &
17 s Bec Mo g
4004 20 N
] iil."llii 0
300
] N15
2001
100- -
0
S — — : ———————
0 10 20 30 40 50
min
Peak Table

Detector A ChZ 254nm

Peak#|Ret. Time Area Areab
1 19.604 15749206 96.301
2 35.089 604866 3.699
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mV

500 )\ Detector A Ch? 254nm
: Cl CH
aoo] T R Boo i
[OJN@) N N
] OO o) o
3001 2
rac-N16 s
200
100+
O_ T T T T T T
0 5 10 15 20 25 30
min
Peak Table
Detector A Ch2 254nm
Peak#[Ret. Time Area Areah
1 15.182 8928467 50.459
2 20.618 8765859 49.541
mv
1507 )\ Detector A Ch2 254nn]
] Cl CH
SO Boc 8 -
N\ | =
1 20 N -
100+ -
| (@]
] N16
50
O_
| I I I [
0 5 10 15 20 25 30
min
Peak Table
Deleclor A Ch2 254nm
Peak#|Ret. Time Area Areak
1 15.217 2988097 97.808
2 20.721 66952 2.192
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mAU

200

100+

300 O\
] B

oC

//\\

Q.0 N

SR

rac-N17

23,077

PDA Multi 1 254nm, 4nn

31.475

30 35 40

0 5 10
min

Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Areah

1 23.077 14358138 50. 202

2 31.475 14242371 49. 798
mAl

250

200 : 5 X!
150-
HOON.

22,790

PDA Multi 1 254nm, 4nn

100 N17
501 _
0
y T ] y LR B LB R R
0 5 10 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#[Ret. Time Area Area%

1 22. 790

11301828 97. 877

2 31. 310

245179 2.123




mV

ﬁi:::l\ Detector A Ch2 254nm
u Cl CH
S0 ST Boc g
. / \ oo
(OJN@) N «q
I
257 rac-N18
O S
T AL p L s B S L L L L
0 5 10 15 20 25 30 35 40
min
Peak Tahle
Detector A ChZ2 254nm
Peak#|Ret. Time Area Areat
1 15.830 2137315 50.801
2 23.381 2069923 49.199
mV
1007 Detector A Ch2 254nm]
L
] Cl CH, g
757 //S\\ A ?00 &
| (ON@) N
50 lillluliD o
N18
25*_
0
T T T T T T 1 T T T T
0 5 10 15 20 25 30 35 40
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Areak
1 15.797 129381 2.294
2 23.351 5509630 97.706




100 -
1 cl CH PDA Multi 1 254nm, 4nm
1 Ts7 ?oc 3
i N
s I s
1 HsC =
] rac-N19
50+ )
25
0+—————
T T T T
0 10 20 30 40 50 60
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areah
1 30. 763 3821149 48.623
2 55. 676 4037539 51. 377
mAU
. Cl CH3 PDA Multi 1 254nm, 4nml
] N
300- s Boc
webs
] o} .
2004 MsC g
] N19 -
100
G wn
T T T T T
0 10 20 30 40 50 60
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areah
1 31. 031 11586921 97. 587
2 54.592 286527 2.413
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mAU

100 -
J Cl CH PDA Multi 1 254nm, 4nml
Ts7 N ?oc s
] N
s [0
] (0]
{ Ph
50_’ rac-N20
25 . g
o /\
——— T T T T T T [ T T T T T T T T
0 5} 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Retl. Time Area Areah
1 16. 641 2719322 50. 248
2 23. 935 2692509 49, 752
mAU
5007 o o PDA Multi 1 254nm, 4nm
1 Ts7 Boc 3 -
100 N &
300 pPh g ‘ 0o
) N20
200
100 &
O\|\||||
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254
Peak#|Ret. Time Area Areah
1 16. 669 2044922 3. 169
2 23. 826 62493406 96. 831
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mAU

| o o PDA Multi I 254nm, 4na
] Ts7 X ?oc 8
1 N
ol 0
0
Br ]
] rac-N21 g
250~ e
0
L L R R S B L B B ) FL B B B L B AL [ AL L B ELE B L I R
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areakh
1 22.533 14376948 48, 387
2 35. 086 15335765 51.613
mAU
15007 o o PDA Multi 1 254nm, 4n|
- Ts™ ™ IIBOC 3 3
_ N .
1000
| I
Br
— N21
5004
0
[ I I I T I I
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 21.944 57093244 95. 882
2 34. 271 2451865 4.118
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mAU

3007 o o PDA Wulti 1 254nm, dnm
| Ts7 Y ?oc 3
oS
] 0
2001 Me0,C
rac-N22
100~ =
0 /\
T T T — 1 T T
0 10 20 30 40 50
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 21.292 6668482 51. 142
2 41. 239 6370620 48, 858
mAU
300 PDA Multi 1 254nm, 4nd]
. Cl CHs
| Ts™ ™ I?oc
N
200 OO 0
1MeO,C
] N22 -
100 .
0 | I W
—1 T T L A B B
0 10 20 30 40 50
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Areakh
1 21. 100 1011838 6. 185
2 40. 724 15348753 93. 815
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mV

300 Detector A Ch2 254nm
Cl CH
] Ts7 N Boc 3
MeO N
200
: (@]
| rac-N23 1
100 = S
0 — A A
| | | I ol I |
0 5 10 15 20 25 30 35 40
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Area%
1 25. 942 3658980 50. 339
2 33. 529 3609673 49. 661
mV
1007 Detector A ChZ 254nm
Cl CH
1 Ts™ ™ Boc 3
757 MeO N
(J 1
50
R N23 8
251 -
0_
T T T | T T T
0 5 10 15 20 25 30 35 40
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Area%
1 25. 698 1527085 78. 041
2 33. 229 429698 21. 959
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mAU

600 PDA Multi 1 254nm, 4nm
500
] Ts7 N “ BOTC(©/CH3
] o N
400 E ~ T
—_— NS
] - N
300
] rac-N24
200
100
0: R o
—T T 1 T T T T T T T T
0 5 10 15 20 25 30 35
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 11. 160 25755165 50. 925
2 18. 963 24819779 49,075
mAU
PDA Multi 1 254nm, 4nm|
50
Ts7 N cl I?oc CHs
N
25 N24
g
O_—_._“—Jk_,«—-———\_
L B B A R B T - 1 L L L B
0 5 10 15 20 25 30 35
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 11. 265 319155 4. 903
2 19. 256 6190246 95. 097
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mAU

3007 PDA Multi 1 254nm, nn]
Ts7 “ BC:(©/CH3
1 N
200 s [
i : \N o
| N24 from Scheme S7B
100+
0_
T T T T T T T - T T U '
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#f|Ret. Time Area Area%
1 13.131 1543793 5. 161
2 23. 462 28366007 94, 839
mAU
407 N o PDA Multi 1 254nm, 4n
1 7 ?oc 3
30_' Me N
4 (e}
20—_ rac-N25 f
10- -
0;_________JW_A_J
] T T T T
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#i|Ret. Time Area Area%
1 20. 884 843224 49. 140
2 32. 259 872743 50. 860
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mAU

| cl CHs PDA Multi 1 254nm, 4nnl
Ts™ ™ Boc
50+ |
| Me N
o =
N25 &
25+
0*——’\\(— -
: T T : T r T - T T T T : T
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 20. 819 1451899 96. 219
2 32. 270 57053 3. 781
mAU
PDA Multi 1 254nm, 4no
Cl CH
Ts7 ™ ?oc 3
l H3C N
500+
(@] .
Cl g
rac-N26 = e
250 b
0 T T T T A
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak# |[Ret. Time Area Area%h
1 19. 396 13454534 49. 931
2 25.433 13491706 50. 069
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mAU

cl PDA Multi 1 254nm, 4nn
Ts” ™ I?oc
{HsC N
500
Cl
N26 =
250
O ] T T T I
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 19. 313 684803 5.021
2 25. 181 12953552 94. 979
mAU
100+ . o PDA Multl 1 254nm, 4nd]
1Ts7 Boc ®
1 Cl N
75—
i (¢}
50_’ rac-N27 3
25 -
0 1 AV /\
T L A F
0 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%h
1 20. 639 1986849 51. 503
2 38. 542 1870868 48. 497
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mAU

507 PDA Multi 1 254nm, 4nml
] cl CHg
1 Ts7 Boc
407 ¢l N
30 o ©
1 N27 8
20
101 .
0] Ay
1 T T T T | T T T I T | T T T | T T
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 20. 696 1108717 94, 855
2 38.728 60138 5.145
mAU

| Cl CH
5004 TS N ?OC 3

1 ClI N

' O

1 HsC

12.273

14. 290

PDA Multi 1 254nm, 4nml

rac-N28
250
0
T T T T T T T T
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 12. 273 5311974 49. 753
2 14. 290 5364670 50. 247
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mAU

150+ - PDA Multi 1 254nm, 4nn]
] cl CH =
1 T8 ™ EIBOC 3 =
1 Cl N
100+
7 0]
1 HsC
] N28
50
0 AN
T T 1 U
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#f|Ret. Time Area Area%k
1 12. 316 2156002 92. 084
2 14. 349 185331 7.916
mAU
200 o oH PDA Multi 1 254nm, 4nm
] Ts7 ™ ?oc 3
150 N
(@]
1007 rac-N29 e @
50
0
L L B N I B S R A B T T T T T T T T T T
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areah
1 26. 685 4176575 50. 032
2 29.135 4171221 49. 968
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mAU

100-) PDA Wulti 1 254nm, 4nnl
Cl CH

1 Ts7 Boc °

751 N

50 %
] N29

25- -
| :
_—_/‘(‘_\__ -

07
L L B B

0 5 10 25 30 35
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 26. 903 239945 7. 246
2 29. 341 3071259 92. 754
mAU
400_’ § PDA Multi 1 254nm, 4nm|
] Cl <
] 2
300+ O O NBoc, -
200-
] rac-N30
1004
G_
— 1 T L L
0 5 10 15 20 25
min
Peak Table

PDA Chl 254nm

Peak#|Ret. Time Area Area%k
1 16. 955 12048111 51. 559
2 24. 456 11319578 48. 441
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mAU

Ts

N Cl

T NBoc,

PDA Multi 1 254nm, 4nm

| N30
100+
0
I | I | )
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 16. 916 8307989 95. 637
2 24. 459 379050 4. 363
mAU
2007 PDA Multi 1 254nm, 4nm
| Cl
X
Ts H 2
N o

150+
DO

18. 198

1004
1 rac-N31
501
0 ) — T, —
I
0 5
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%

1 9.570

2980207 49. 589

2 18. 198

3029559 50. 411

10
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mAU

2507 PDA Multi 1 254nm, 4nm
1 Cl 2
200 187 &
N [\—
_ o} /( Hl
100- N3l |
| |
501 3 / \
> AN ) \
L ] T 71 —
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 9. 520 620271 6. 898
2 17.982 8371482 93. 102
mAU
cl PDA Multi 1 254nm, 4nn]
Ts7
500+ N\n/NEtz
OO ]
rac-N32 =
250
0
I I 1 |
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 18. 026 10555741 50. 144
2 45. 030 10495055 49. 8h6
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mAl

200 cl PDA Multi 1 254nm, 4nn
Ts” ™
150 N\”/NEtz
(@]
100- N32 _
50 l%f
G_ /\
LA A 1
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 17. 798 669374 11. 698
2 44, 140 5052890 88. 302

mAU
1500 PDA Multi 1 254nm, dnn]
1 OMe
el
1 Meo N X Brgoc CHs =
1000 N = ©
] SN :
E rac-N33
500
0
T T T T 1 T T
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%

1 16. 514 38172517 50. 010

2 19. 186 38156642 49. 990
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mAU

| PDA Multi 1 254nm, 4nm
200 OMe
b O
i Br CHjs
150- Me© N E.“’;/@
E N
. CJ
100~ -
] N33 =
- £
50
f s
0
T — - - - 1 - T T 1 T T T T 1 T T
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 16. 477 2238994 93.723
2 19. 159 149957 6. 277
mAU
15007 . PDA Multi 1 254nm, 4nn
el
1 ci o x B'goc CHa =
1000 N = g
i S 3
i rac-N34
500
0
T T T T i i T i T R
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%
1 12. 380 26081177 50. 219
2 15. 443 25853515 49. 781
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mAU

1000

] o)
750~
IS

(@]
W
@

Z-0

o

O=: o
(@]
s

w

12. 153

PDA Multi 1 254nm, 4nm

500
N34
250
1 &
0
T T T T
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 12. 153 17458902 92. 246
2 15. 148 1467621 7.754
mV
200 Betector A Chl 238nm
] o) - ~
N CH - 2
400 /\O X ?oc 3 -
1 N
w O
200
] rac-N35
100
0
T R e ey S S|
0 5 10 15 20 25
min
Peak Tabhle
Detector A Chl 238nm
Peak#t|[Ret. Time Area Area%
1 19. 736 14422152 49, 605
2 23. 551 14651551 50. 395
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mV

5007 Retector A ChI 238nm
] o) o 2
400__ /\o N | Boc CHs; b
] T
i N
w O
200 N35
100
0] T T T 1 T 1
0 5 10 15 20 25
min
Peak Table
Detector A Chl 238nm
Peak#|Ret. Time Area Area%
1 19. 774 14975259 50. 148
2 23. 609 14886680 49. 852
mAl
FDA Multi 1 254nm, 4nm
750+
1 Ts7 Brﬁoc CHa
N
. I
500+ =
] ; rac-N1-Br
250 =
1 g
0 /—\
T L T T =T T A R |
0 bl 10 15 ‘ 25 30 3h
min
Peak Table
FDA Chl 254nm
Peak#[Ret. Time Area Area%
1 11. 289 36771572 50. 685
2 20. 824 35777589 49. 315
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mAU

5001 PDA Multi 1 254nm, 4nm

400 Te7 Br l?()\;/@/CHa
i 1y

300 0

11.432

20. 740

] N1-Br
200

100

min
Peak Table

PDA Chl 254nm

Peak#|Ret. Time Area Area%
1 11.432 22128607 33.030
2 20. 740 44867091 66. 970

mAU
1000 PDA Multi 1 254nm, 4nd]
. Ts7 ™ cl s E
500 rac-AP1
250
0
L e e L AL
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%

1 20. 016 21977848 49. 293
2 22. 240 22608061 50. 707
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mAU

750

. O CO,Me
500 O

PDA Multi 1 254nm, 4nm|

22.035

AP1
250 g
1 g
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak# | Ret. Time Area Area%
1 19. 872 3894153 24. 280
2 22.035 12144364 75. 720
mAU
5007 PDA Wulti 1 254nm, 4om
1 Cl
] Ts AN
400 . -
] 'Pr 8 2
300 OO =
200_: rac-AP2
100
o
| 1 I ) ' ' ' ' |
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 20. 353 15769163 49, 365
2 22. 843 16174622 50. 635
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mAU

PDA Multi 1 254nm, 4nm
] Cl
15004  Ts™ ™
| (1 ) :
1000
AP2
i 3
500 s
0 T T U
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 20. 331 19106640 23. 758
2 22. 804 61315924 76. 242
mAU
15007 PDA MuTti 1 254nm, nm
1 Cl
1250 TsT N
1 Ph
750 ZZ
] rac-AP3 Eoo
500
250
0 ™1 T U T T — 1 T T 1
0 5 10 15 20 25 30 35
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%
1 17. 794 20982132 43. 857
2 19. 034 26860114 56. 143
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mAU

PDA Multi 1 254nm, 4nm

750+ Ts™ N Cl
Ph
| () :
500 ;
AP3 -
1 <
250 -
G‘-‘-\‘-‘-|-"-|H-‘\---‘|'-H|‘---\‘
0 5 10 15 20 25 30 35
min
Peak Table
PDA Chl 254nm
Peak# | Ret. Time Area Area%

1 17. 882 8119032 28.375
2 19. 130 20494514 71.625

mV
7504 Detector A Ch2 254nn|
1 Cl
Ts7 N =
1 o) NIP E -
| D |
500 w
1 O
rac-O1
250
0 T T ‘ T T T
0 5 10 15 20 25 30
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Area%

1 15. 877 11847772 50. 181
2 17. 784 11762511 49. 819
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mV

2007 Detector A Ch2 254nm
Cl
1 Ts7 ™
1507 Oo.__NiPr,
hig 2
o
100
01
50
| 2
- :
0
T T T U
0 5 10 15 20 25 30
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Area%
1 15. 863 2249314 95. 933
2 17. 832 95350 4. 067
mAU
4007 o PDA Multi 1 254nm, 4nml
1 Ts7
O._NPr,
w JOY
O
] HsC =
) rac-02 o a1
200 E
100-
0
——— ‘ — . ——
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%
1 19. 147 7199570 50. 042
2 23.962 7187429 49. 958




mAU

300

1004

Cl

i Ts”™ N
] O\[]/N’Prz
w1
o]
1 HsC
| 02

PDA Multi 1 254nm, 4nn]

19. 607

0
T L L T LA A A L S S A
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 19. 607 6083875 95. 015
2 24. 679 319186 4. 985
mAU
PDA Multi 1 254nm, 4nnl

2000

Cl

i Ts X
] O_NPr,
ol Y
Ph

23, 549

34.377

| rac-03
1000+
500-
0
T T T T \ T T T T T T T T T T
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areah
1 23.549 65411591 49. 160
2 34. 377 67648251 50. 840
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mAU

] Cl PDA Multi 1 254nm, 4nn|
1000- Ts7 = :
] O\[]/N’Prz N
| O O
50 pp O
- 03
500
2501 -
G 4_/"::_
I A F R I
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area’h
1 23. 696 44084033 95. 880
2 35. 114 1894451 4. 120
mAU
3007 PDA Multi 1 Z54nm, dnn]
Cl
] Ts7
1 O._NPr, 2
200 \ﬂ/ g
] (@]
1 Br -
: rac-04 E
100 .
0 N
T T T T T T
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%

1 30. 332 12111343 49. 897
2 34. 677 12161489 50. 103
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mAU

1007 = PDA Multi 1 254nm, 4ni
Cl =
] I =
5] O\H/NiPrz
| IJT
504 Br
] 04
25
o0
1 s
0 N
— 1 T 1 T T 1 1
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 30. 512 5766098 95. 732
2 35. 678 257087 4. 268
mAU
720 PDA MuTti 1 Zodnm, 4nn]
Cl
Ts7
] 0] NIPI'2
i O = =3
| MeO g =
rac-05 -
250
0""I""I""\““\““\““I""I'
0 5 10 15 20 25 30 35
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areah

1 29. 142 22982516 49. 478
2 35.019 23467904 50. 522
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mAU

PDA Multi 1 254nm, 4nm|
Cl
| Ts™ ™
i N'Pr
50 O\n/ 2 5
J (@) o
| MeO
05
25
£
] 3
L
—T— T~ [ T~ T T 1 I I T T T T T
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 28. 947 2270340 95. 825
2 34. 965 98925 4. 175
mAU
2000 PDA Multi 1 254nm, 4nd]
i Cl
] Ts7
1500 O\H/Niprz _
] IOO I :
7 NC =
1000+ )
. rac-06
500+
0
| I T T T
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#f|Ret. Time Area Area%

1 16. 301 81754074 49. 384
2 21. 289 83792300 50. 616
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mAU

PDA Multi 1 254nm, 4nn|
Cl
5001 Ts”™
O\H/NiPrz
OO O S
NC =
06 -
250
/\i
0
T T T T T T T T
0 5 10 15 20
min
Peak Table
PDA Chl Z54nm
Peak#|Ret. Time Area Areah
1 16. 416 1668466 6. 429
2 21. 381 24284307 93.571
mAlU
2000 PDA Wulti 1 254nm, 4o
Cl
] Ts7
1 O.__NPr. .
1500 OO e 2 e
] o) 3 =
1 MeO,C 2
1000; rac-07
500
0
[ H T T T I I |
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areah
1 33. 232 83595351 50. 140
2 40. 347 83128628 49. 860
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mAU
1000

500

Cl

i Ts™ N
750- O O O\[]/Ninz
] o}
MeO,C
07

PDA Multi 1 254nm, 4nn

33. 962

250
0,
I I I T T T T |
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak# |[Ret. Time Area Area%
1 33. 962 42852148 90. 722
2 41,154 4382594 9. 278
mAU
10007 N PDA Multi 1 254nm, 4nm
1T 7
] O._NP
750 N 3
| ¢} o -
1 rac-O8
250
o
] I I I T T T H )
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 32. 144 38813929 50. 136
2 39. 101 38603113 49, 864
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mAU
200

Ts

N

] O. _NPr
150+ \n/ 2
I

PDA Multi 1 254nm, 4nnl

1004 CO,Me 5
08
50
0 | ~
T T —T T T
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 32. 936 5481958 90. 923
2 40. 165 547248 9.077
mAU
| PBA Multi I 254nm, Anm|
75*_ s Cl o

] O\H/NiPrz
50- OO o)

CO,Me
25i 08, after recrystallization
%
0 YN
) ‘ L \ T
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak# | Ret. Time Area Area’h
1 38. 137 6680785 96.312
2 46. 360 255823 3. 688
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mY

10007 Detector A Ch2 254mm
Cl
1 Ts7™
. i
7504 O\n/NPI'Z
| (0]
Ph
500 - S
rac-09 IR
250+
—_—
5 10 15 20 25 30 35 40
min
Peak Table
Detector A Ch2 254nm
Peak# Ret. Time Area Area%

1 32. 023 18527915 48. 720
2 34. 238 19501720 51. 280

mV
750 Detector A ChZ 254nm]
| Cl
1 Ts7 ™
| O.__NPr,
500+ \n/ -
| 0 E
: Ph
250 09
] 8
O""\""I""\"“\""I""\""I""
0 5 10 15 20 25 30 35 40
min
Peak Table
Detector A ChZ 254nm
Peak#|Ret. Time Area Area%
1 32. 625 821288 4. 034
2 34. 317 19538408 95. 966
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mAU

507 PDA Multi 1 254nm, 4nn]
Cl
1 Ts7™
407 O\[]/N’Prg
|
30 =
CH3 g
rac-010 o
20—_
10
0_
[ [ I I T T T T
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 14. 751 850333 50. 235
2 18. 678 842377 49, 765
mAU
o o PDA Multi 1 Z54nm, 4nm
1 Ts™ N
; O\[]/N’Prz
0 OO o N
CH; =
g 010
25
0
[ [ [ I T T T i
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 14. 714 67307 4. 535
2 18. 602 1416913 95. 465
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mAU

1000

Cl

A Ts X
HsC O.__NPr,
w LY

101

17.

PDA Multi 1 254nm, 4nn

21. 442

i rac-O11
500
250
0
L s S L B A A —
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areakh
1 17. 401 36860391 49, 228
2 21. 442 38017051 50. 772
mAU
507 ol PDA Multi 1 254mm, dnm
] Ts” ™
40_: H5;C O O\H/Niprz
304 Ilii O
- O11
204
104 e 5
. . yAN
1 T T T T T T T T
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 18. 376 82694 20. 059
2 22.399 329569 79. 941
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mAU

PDA Multi 1 254nm, 4nm|
50 Ts AN Cl
O._NPr,
257 rac-012
0_
T T T
0 10 15 20
min
Peak Table
PDA Chl 254nm
Peak# | Ret. Time Area Area%
1 19. 505 831567 49. 890
2 21. 387 835234 50. 110
mAU
PDA Multi 1 254nm, 4nm|
50 Cl
Ts™ ™ "
O\H/N'Prz h
O
251
012
0 /\
T T ‘ T ‘ T T T
0 5 10 15 20
min
Peak Table
PDA Chl 254nm
Peak# | Ret. Time Area Area%
1 19. 546 167988 12. 970
2 21.438 1127253 87.030
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mV

7507 o Detector A ChZ Z54nm
1 T
1HsC o\n/Nf'Pr2
500 o
i rac-013 -
i 2 .
i &
1 - o
250 -
0
T L — T L T T T L L s e B A S
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Area%
1 12. 665 11234058 49. 048
2 14. 958 11670093 50. 952
mV
7507 o Detector A Ch2 254nm]
1 Ts™ ™
] HaC O NPr,
500 \H/
] (@) .
013 =
250+
0
————————— — —
5 10 15 20
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Area%
1 12.523 12773014 91.678
2 14. 819 1159481 8. 322
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mAU

5007 PDA WMulti 1 254nm, dnm
] Cl
400 Ts™ ™ S
] HsC O._NPr, .
300
] O
200__ 013, after recrystallization
100 R
o =
T T 1 U T
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 12. 232 8482517 98. 351
2 14,942 142263 1.649
mAU
7 PDA MuTti 1 254nm, 4nnl
Cl
Ts7 o
) i 2
50- H3C O\n/N Prz =
(6]
2
1 CH ;
257 3
i rac-014
0
L B e L ) B B B R L BN R
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 10. 458 837346 51. 226
2 12. 432 797254 48. 774
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mAU

3007 PDA Multi 1 254nm, nm
Cl
Ts™ ™
1 i
2004 Hgo O\H/N Pr2
0 :
] CH;
100+ 014
2
0
T T T T T T T T T T T " —T —T L I
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 10. 412 4007763 90. 410
2 12. 370 425099 9.590
mAU
2 PDA Multi 1 254nm, 4nm
Cl ¥ -
Ts7 = &
500+ O\ﬂ/oj< B
(X
rac-015
250
0
T T T T T T T T
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%
1 12. 482 10845357 49. 878
2 15. 950 10898425 50. 122
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mAU

250+ PDA Multi 1 254nm, 4nm
] Cl
i TS N
200+
| K
150+ OO o]
] 015
100+
50-] 2
] o
0 A
T T T T T T T T
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 12.611 4396173 94. 799
2 16. 262 241180 5. 201
mAU
3004 E PDA Multi 1 254nm, 4nm|
1 of
Cl
] Ts™ ™
200 O\H/Oj<
| CIJ1
| 015, after recrystallization
100
— <
O_
L T A
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak# Ret. Time Area Area’

1

12. 769 6526687 98. 152

2

16. 559 122893 1. 848

S299



mAU

ol cH PDA Multi 1 254nm, 4nn|
Ts7 3
500+ o) ~
I :
rac-016
250 =
0
T — T L L R L H L L L L S R R R
0 5 10 15 20 25 30 35
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 18. 196 15550968 50. 057
2 26. 762 15515408 49, 943
mAU
1000 - o PDA Multi 1 254nm, 4nm
Ts7 ™ 8
o) 5
750 O <
O
] 016
500
250 &
G bﬂk
T — T - T I L I L B B L R
0 5 10 15 20 25 30 35
min
Peak Table
PDA Chl 254nm
Peak#t |Ret. Time Area Areah
1 17. 957 6631937 10. 027
2 25. 871 Hh9510825 89.973
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mAU

1507 o PDA Multi 2 230nm, 4n
| T
. OTs
100 OO s &
| rac-017 -
50
o .
| | I 1
0 10 20 30 40
min
Peak Table
PDA Ch2 230nm
Peak#t|Ret. Time Area Area%
1 38. 419 5421610 50. 062
2 41.919 5408177 49, 938
mAU
407 PDA Multi 2 230nm, dnn
1 Cl @
1 T8 N g
30 |il|ll |li OTs -
2073 017
104 -
R
) T T T T
0 10 20 30 40
min
Peak Table
PDA Ch2 230nm
PeakH |Ret. Time Area Area%
1 37. 808 1743411 91.518
2 41. 237 161573 8. 482
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mY

7650+ Detector A Chl 238nn|
Br
Ts7
O.__NPr,
500 \ﬂ/ s
o : <
| rac-O1-Br h
250
0 T — T — T —T - I T
0 5 10 15 20 25 30 35
min
Peak Table
Detector A Chl 238nm
Peak#|Ret. Time Area Area%
1 22.158 12599876 49. 642
2 25. 406 12781788 50. 358
mV
750 5 = Detector A Chl 238nm|
Ts™ ™ a
O\[]/NiPrz
500 OO 0 ,
O1-Br -
250
0 T —T — T — T T T T T T T T T T
0 5 10 15 20 25 30 35
min
Peak Table
Detector A Chl 238nm
Peak# |Ret. Time Area Area%
1 22. 031 22442658 61. 476
2 25. 251 14063577 38.524
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mV

2007 Detector A Chl 238ni
|
] I
150 : .
- O\n/N Pr, 2
NOPR!
100 :
| rac-O1-1
50
0—_ Pnn.
i ™ — T T T T T T T T T —T T T T T L T
0 5 10 15 20 25 30 35 40
min
Peak Table
Detector A Chl 238nm
Peak#|Ret. Time Area Area%h
1 24. 379 4188387 50. 569
2 29. 528 4094139 49. 431
mV
100 = Detector A Chl 238nn]
- | 2
1 T S e
754 O\H/N’Prz %
CIJ
50
] 0O1-1
25
G DLV N S
T L e i [ S B R T T ™
0 5 10 15 20 25 30 35 40
min
Peak Table
Detector A Chl 238nm
Peak#|Ret. Time Area Area%
1 24. 600 2887924 49. 694
2 29. 870 2923433 50. 306
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mV

400 Detector A Chl 233nd]
] ACHN\©\
300 -
i I\ . ] g
] oL O NPry -
200 \WT/
] (0]
100; rac-020
0
I ) | 1 Tl 1 I
0 5 10 15 20 25 30 35 40
min
Peak Table
Detector A Chl 238nm
Peak#|Ret. Time Area Area%h
1 20.971 7831236 48.510
2 27. 286 8312343 51. 490
mV
500 Detector A Chl 238
1 AcHN
“ ML
1 N Cl 2
//\\ i o
SUUT 0.0 O\ﬂ/Nll;)r.2 =
200 O ‘ 0
] 020
100+ <
0 N A
T T T T T T T T T T
0 5 10 15 20 25 30 35 40
min
Peak Table
Detector A Chl 238nm
Peak# |Ret. Time Area Area%
1 21. 086 624871 4. 802
2 27.429 12387690 95. 198
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mV

2007) Detector A Chl 238nm
] AcHN
150 \©\ |
| AN
] (0] NPr. 2
100 hig 2 5 -
| 0] o ;
50i rac-020-1
ob— oA
1 L e ) B L ) SN R S

0 5 10 15 20 25 30 35 40

min
Peak Table
Detector A Chl 238nm
Peak#|Ret. Time Area Area%
1 23.239 3179821 49. 953
2 29. 311 3185741 50. 047

mAU
400 PDA Multi 1 254nm, 4nd]
_ Ph
’ i CH %
3007 T Boc 3 = 3
) | ™
] N g
] rac-N1-1
100
0
L L ) B L B
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%

1 12,552 9797218 49. 736
2 15. 224 9901370 50. 264
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mAU

1507 PDA Multi 1 254nm, dni
i P Ph
1 4 CH,4
100- Ts™ ™ ?oc e
i N k=
1IOOR!
507 N1-1
0
; T —T T T T " T T —
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 12. 600 211489 5. 244
2 15. 255 3821696 94, 756
mAU
20007 PDA Multi 1 254nm, 4nn
Ph CH
1 Ts7 Boc °
1500 N g
SO
i 3
1000 | rac-N1-2 <
500
0
— — — | —
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 11.969 | 35927055 50. 570
2 14.424 | 35116584 49, 430




mAU

15007 = PDA Multi 1 254nm, 4n
Ph CH =
Ts” ™ IT%oc 3
1 N
1000+
| (@]
] N1-2
500+
2
0
T T T T T T T T
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 11.922 45291749 96. 354
2 14. 457 1713893 3. 646
mAU
25 PDA Multi 1 254nm, dnm
o] NP
] O.__NPr,
15+ \ﬂ/ =
] (@] @
10; rac-O1-1 ;
5
0 N—
| T T U A
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 19. 849 357699 50. 414
2 24. 755 351822 49. 586
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mAU

PDA Multi 1 254nm, 4nm
30 Ph
; Ts” ™
. C)\]T,hPPrz %
0] O 0 :
] 01-1
10+
] 5
0 M-
L 1 ) I AL
0 5 10 15 20 25 30
min
Peak Table
PDA Chl 254nm
Peak# Ret. Time Area Area%
1 19. 867 48208 5. 405
2 24. 748 843775 94, 595
mAU
150+ PDA Multi 1 254nm, 4nn
Ph =
Ts7 =
100 O\ﬂ/oj< E
| o) '
rac-015-1
50+
0
L T 1 — 1 I T
0 5 10 15 20 25 30 35
min
Peak Table
PDA Chl 254nm
Peak#t [Ret. Time Area Areah
1 18. 154 3442773 49, 986
2 25. 161 3444736 50. 014
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mAU

2507 - PDA Multi 1 254nm, 4nm
(=]
] Ph 4
200 Ts7
] o.__0O
150 \ﬂ/ j<
] O
100-] 015-1
50- N
0 N
— 1 - - I T I T I
0 5 10 15 20 2h 30 35
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 18. 025 6012278 93. 185
2 24. 956 439702 6. 815
mAU
1507 PDA Multi 1 254nm, 4nm
(a2
1 TN g
0] (@) =
DR
(0]
rac-015-2
O,
T T T T
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 23.011 3522058 419. 869
2 33. 053 3540614 50. 131
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mAU

PDA Multi 1 254nm, 4nm|

200 Ts™ NN I I

23.427

015-2 §
0 P
‘ T T T T
0 10 20 30 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 23.427 921260 92. 948
2 33.933 69893 7.052
mAU

750

500 O

[ S Ph

| K
| O

PDA Multi 1 254nm, 4nm|

21. 658
23. 362

rac-015-3
0
—r 1 1 - 1 1 1 I
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%

1 21,658 13018659 50. 196
2 23. 362 12916830 49. 804
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mAU

PDA Multi 1 254nm, 4nm
Ph
50+ -
%
4 .
Ts” ™ Ph
1 0] 0]
TK
i 0]
015-3
0_
L L L L H
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%
1 21.772 122060 7.236
2 23. 489 1564744 92.764

mV
2507 Detector A Ch2 254nm
] Ph .
200 TN 2 -
1 N\Trlj\T<: o -
o X
1004 rac-N1-2-Boc
50
0]
— - 1 - - - 1 T 1 T 1 - T I 1 T
0 5 10 15 20 25 30 35
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Area%
1 24. 605 6565729 50. 232
2 27. 801 6505093 49. 768
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mV

7500 Ts7 N Ph

- N_ o
feoga:
500 o

Detector A Ch2 254nn|

24, 502

N1-2-Boc
250
0
\ T . T T T T 1
0 5 10 15 20 25 30 35
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Area%
1 24. 502 23467804 95. 621
2 27. 842 1074745 4, 379
mAU
2007 = PDA Wulti 1 254nm, 4ni
1 Bn = 2
4004 =
1 Ph <
1 T8N
300{ OO NBnBoc
200
rac-N1-3
100
o]
— T T T T 1 T 1
0 5] 10 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%h
1 13. 862 16694408 49. 599
2 16. 243 16964318 50. 401
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mAU

7504 PDA Multi 1 254nm, 4nm
Bn g
(3]
Ts” ™ Ph =
500+
| O l NBnBoc
2507_ NL3
[Te]
=
G T T ‘ T T T I T I T T T T I T T T
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area’k
1 13. 935 1304368 4. 899
2 16. 290 25323438 95. 101
mV
1000 Detector A Ch2 254nm
Ph
1 Ts7
750i NH2 .
-
i s g
500
. rac-N1-4
250
0
T T T U
0 5 10 15 20 25 30
min
Peak Table
Detector A Ch2 254nm
Peak#|Ret. Time Area Area%
1 21.756 17309440 419. 906
2 23.111 17374767 50. 094
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mV

750 Detector A Ch2 254nm
1 Ph
Ts” ™
] NH>
] 3
N1-4
250
0
—— — —
0 5 10 15 20 25 30
min
Peak Table
Detector A Ch2 254nm
Peak# |Ret. Time Area Area%
1 21. 646 11430451 95.411
2 22. 995 549721 4. 589
mAU
4007, PDA Multi 1 254nm, 4ni
Ph
Ts7
1 H H
300 N\H/N
SR RGN :
_ CN 5 _
200__ rac-N1-5 g
£
100
0 T T T T T
10 20 40 50 60
min
Peak Table
PDA Chl 254nm
Peak# | Ret. Time Area Area%
1 37. 755 16571792 50. 434
2 46. 990 16286380 49. 566
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mAU

207 PDA Multi 1 254nm, 4nm

Ts” ™

[~
T
o=
@)
Z
47. 282

N1-5
20—_
10 .
: .
O,
T T T T
10 20 30 40 50 60
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 38. 148 139854 4. 359
2 47. 282 3068569 95. 641

mAU
] = PDA Multi 1 254nm, 4nm|
50+ Ph 2 2
T Ts N N/ | ;
40 [ill"l'i: N NN
30 o
j rac-N1-8
20
10
07 ot ||\.
—— T " T [ T T T [ T T T [ T T T | T T [ T T T [ T T
0 10 20 30 40 50 60 70 80
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areah
1 48. 506 4742642 49. 526
2 59.618 4833371 50. 474
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mAU

= PDA Multi 1 254nm, 4nn|
Ph =
Ts N N/ | =
150+ N S
aJT
100
1 N1-8
50+
] 3
] <
G- M /\
T T T T L T T T T ;
0 10 20 30 40 50 60 70 80
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 46. 847 1010478 4. 497
2 56. 669 21460277 95. 503
mAU
1000 PDA Multi 1 254nm, 4na
| X
750 Ph N 3
1 T o
y = -
] P ?rf:
500
1 rac-N1-9
250
0 T T U T 1 T T T T
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 14. 591 43581821 50. 283
2 19. 877 43091716 49. 717
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mAU

15007 PDA Multi 1 254nm, 4nm
| AN
Ph N
1 Ts™ ™ €
1000 N. ¥
/,S\\
OO0
5001 N1-9
[=2]
=
0
T L T T T T T — T T T T T T T T T T T T T
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 14, 476 64537152 95. 026
2 20.419 3378219 4. 974
mAU
PDA Multi 1 254nm, 4nml
50 Ph
\° )
NH N—
CF; <&
251 N H 3 &
/
1 Me (@] o
rac-P-1 i
0 A A
1 T L
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak# | Ret. Time Area Area%
1 8. 048 442120 50. 517
2 16. 852 433073 419, 4183
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mAU

1007 PDA Multi 1 254nm, 4nm
5] A <
50
/
1 Me
25
3
0 - - 1 - - - - 1 - - T T - T T T T T T T
0 5 10 15 20 25
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 8. 048 21327 0. 651
2 16. 669 3253110 99. 349

mAU
2 PDA Multi 1 254nm, 4nn
Ph =
Se
Ts7 .
100 O\[]/NiPrz z
(T 1
50i rac-0O1-Se
0
S I L B S R R B AL B
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 9. 050 2361271 49. 889
2 14. 459 2371795 50. 111
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mAU

= PDA Multi 1 254nm, 4nm
i ?h B
30 Se
] Ts” ™ -
i <
1 O\n/ N’Pr2 <
20
1 0]
7 01-Se
10+
0
1 T 1T I T I I
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 9.074 604129 50. 836
2 14. 494 584254 49. 164
mAU
100 PDA Multi 1 254nm, 4nm
- Cl
i Ts7
R li
75 O\n/N Pr2 %
1 < B o
1 Z =
50,. rac-O18 o
254
0
-1 - - I T I
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%

1 23. 390 2191582 49. 042
2 28.215 2277210 50. 958
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mAU

500-

cl PDA Multi 1 254nm, 4nm
] Ts” @
] o._NPr o
400 \n/ 2 B
Peeog:
3007
] 018
200-
100- g
.
-1 T 1 I I
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Areah
1 23.273 13559561 95,121
2 28. 168 695494 4, 879
mAU
200 N PDA Multi L 254nm, 4nm
1 Ts7 N
1 O._NiPr, E
1501 Ts D .
1 0 4
1 ¢ O8N =
1004 rac-O18
50
0
— 1 - T - 1 T - - - I T - T - 1 T T T 1 T
80 90 100 110 120 130 140
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%

1 99. 100 28025954 49.516
2 120.353 | 28573491 50. 484
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mAU

100 o PDA Wulti 1 254nm, dnm
] Ts™ N
] O.__NPr,
75 1S T s
1 X o =
1 cl 018"
50+
254
0
- - ! - - - . - - T - T T I
80 90 100 110 120 130 140
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%
1 99. 392 11480185 93. 918
2 122. 676 743465 6. 082
mAU
2000 PDA Multi 1 254nm, 4nm
Cl
I Ts7 ™
1500- 3 O.__NPr, >
: hig <&
@) =
1000+
1 rac-019
500
G""I""I""\“"\""I""I""\""
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%

1 17.719 31875263 50. 023
2 18. 739 31845695 49. 977
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mAU

7507 PDA Wulti 1 254nm, 4nm
Cl
S Ts™ ™
I O.__NPr, 2
500+ \ﬂ/ =
1 (@]
1 019
250 =
0 —T UL 1T T L, L R R R
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 17. 789 12313424 77. 339
2 18. 857 3608000 22,661
mAU
2007 = PDA Multi I 254nm, 4nnj
] Cl s Z
1 O\n/N’Prz
w L AT
200 rac-019"
100
o
: : ‘ : : ; —
0 25 50 75
min
Peak Table
PDA Chl 254nm
Peak# |Ret. Time Area Area%
1 66. 843 54103501 50. 140
2 75.415 53801673 49, 860
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mAU

PDA Multi 1 254nm, 4nml
300 Cl
] Cl Ts7 ™
O\H/NiPrz
2004 Ts OO o) E
019"
100
i T T i i T T T T
0 25 50 75 100
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%h
1 65. 657 21225196 67. 446
2 74. 746 10244496 32. 5h4
mV
808 "~ Detector A Chl 238nm
4 Te
] O NPr
4004 [//J_ﬁ Lr rac-01-I
300 o
) N
200 AN
: C
1004] rac-O1
i
Y T Al I PRSI R B LI SE AR S NN B ST T [ B/ S S ;
0 5 10 15 20 25 30 35 40
min
Peak Table
Detector A Chl 238nm
Peak#|Ret. Time Area Area%
1 22. 707 2592347 9. 690
2 24. 355 10689409 39. 957
3 25. 856 2887846 10. 795
4 29. 454 10582547 39. 558

S323



mV

200_ Detector A Chl 238nm
The crossover experiment result of OS1 with S1-I (0.5 equiv) and S8 (1.0 equiv).
] 5
150 o
1 TSy
o._NPr
1 hig
1004 TN 00]-]
50:
G | ek
= T ; T o T T T 4 | L I L
0 5 10 15 20 25 30 35 40
min
Peak Table
Detector A Chl 238nm
Peak#|Ret. Time Area Area%
1 22. 697 4188971 48. 161
2 24. 397 2154471 24. 770
3 25. 892 231594 2. 663
4 29. 579 2122789 24. 406
mAU
50—_ i PDA Multi 1 254nm, 4nm
{  The crossover experiment result of OS1 P z
40- with S1-I (0.5 equiv) and S8 (1.0 equiv) 3
in the dark.
30-
20
10 N
0 ” . S
Y LI RIS I TR | NN I L T T
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 25.998 311720 6. 249
2 27.775 2285460 45. 814
3 29. 541 16774 0. 336
4 33. 984 2374632 47. 601
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mV

160 Detector A Chl 238nm
The crossover experiment result of OS1 with S1-I (0.25 equiv) and S8 (1.0 equiv).
E TS
1004 L 0. _NPr;
- Ei,] )
] e z 01-1
Oe ’OYNIPQ s ‘"2" rc:]
4 o - =1 u'i
50 o1 g g
0 A
J LN LT S O B | I TR LN N U TR
0 5 10 15 20 25 30 35 40
min
Peak Table
Detector A Chl 238nm
Peak#|Ret. Time Area Area%
1 23. 348 1498092 25. 885
2 25.079 2074051 35. 836
3 26. 670 97118 1. 678
1 30. 527 2118311 36. 601

mAU
3 - PDA Wulti 1 24nm, dnn
The crossover experiment result of OS1 with
1 S1-I1(0.25 equiv) and S8 (1.0 equiv)
20-| in the dark. =
10
0 .-w-’{\"‘
T P i AR o
0 5 10 15 20 25 30 35 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 25. 870 361134 17. 104
2 27. 692 867139 41. 069
3 29. 569 15739 0. 745
1 33.945 867428 41. 082
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mV

Ly Detector A Chl 238nm
200~ o AcHN
| AcHN < 5 [
4 S Y
oy
] OG rac-020-1 ’
100
0- Al
0 510 15 20 30 35 40
min
Peak Table
Detector A Chl 238nm
Peak#|Ret. Time Area Area%
1 20. 860 6114433 37. 481
2 23.218 1881580 11.534
3 27. 057 6382619 39. 125
4 29. 264 1934845 11. 860
mV
490 ] Detector A Chl 238nm
{The crossover experiment result of OS1 with S1-I (0.5 equiv) and S8 (1.0 equiv).
300 8
200
1(}(}-
G ¥ L T ) | N [} LI Mo gl o e N b
0 5 10 15 20 30 35 40
min
Peak Table
Detector A Chl 238nm
Peak#|Ret. Time Area Area%
1 20.914 555655 3.135
2 23.234 2341154 13. 209
3 27. 065 12503222 70. 543
4 29, 296 2324121 13.113
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mAU

500-) , , PDA Multi 1 254nm, dnn]
] The crossover experiment result of OS1 with
4004 S1-1(0.5 equiv) and S8 (1.0 equiv)
in the dark. “‘HNO\
1 ACHN .~ s !
300 ¥ ] 0. o.__NP,
] A %O i =5 hig
G = =] P
] 0.0 O.__NPr, =
200 ¥ 8 3
100 L. g
: BN
. e
0 é lll} 1|5 2IU 2|5 3I0 3I5 40
min
Peak Table
PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 23. 489 676917 3.743
2 26. 242 1991950 11.013
3 33. 974 13328040 73. 688
4 36. 590 2090189 11. 556
mV
@ Detector A Chl 238nm
The crossover experiment result of OS1 with S1-I (0.25 equiv) and $8 (1.0 equiv).
500 =
AchN AcHN
: ;- \©\s !
O._NPr, $
~ \n, 2 0.0 0. _NPry
- o f S R - SoR.
020 7 020-1
G LI | '_u"_’L' LT T | I ’/'\I L LN L. IS *
0 5 10 15 20 25 30 35 40
min
Peak Table
Detector A Chl 238nm
Peak#|Ret. Time Area Area%
1 21.234 1196536 3. 972
2 23. 632 2499123 8. 295
3 27. 645 23854514 79. 180
1 29. 965 2576788 8. 553
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mAU

PDA Multi 1 254nm, 4nn
The crossover experiment result of OS1 with
S1-I (0.25 equiv) and S8 (1.0 equiv)
in the dark.

500

.
|
= 5 |

L

AcHN | : Y -
: :I\ ".Iis'\i m,o NPr Oe \gg
2504 ” l'r -

P
PR

v
0
0 5 10

30 I o 35 o I40
Peak Table

min

PDA Chl 254nm
Peak#|Ret. Time Area Area%
1 22. 486 842433 3. 635
2 25. 057 2482203 10. 711
3 31.619 17284844 74. 585
4 34,061 2565129 11. 069
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