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1. General Information

'H NMR spectra, >C NMR spectra were recorded on a Bruker 400 MHz spectrometer
in CDCls. All signals are reported in ppm with the internal TMS signal at 0 ppm as a
standard. Data for 'H NMR spectra are reported as follows: chemical shift (ppm,
referenced to TMS; s = singlet, d = doublet, t = triplet, dd = doublet of doublets, m =
multiplet), coupling constant (Hz), and intergration. Data for *C NMR are reported in
terms of chemical shift (ppm) relative to residual solvent peak (CDCl; : 77.00 ppm).
Reactions were monitored by thin layer chromatography (TLC) using silica gel plates.
Flash column chromatography was performed over silica gel (300-400 mesh).
Dichloromethane were freshly distilled from CaH,; THF was freshly distilled from
sodium metal prior to use; AgOTf, AgNTf,, AgBF,;, and AgCHs03S were purchased
from Alfa-Aesar Company and used directly. The [a]p was recorded using PolAAr
3005 High Accuracy Polarimeter. Infrared (IR) spectra were obtained using a Bruker
tensor 27 infrared spectrometer. The ee was recorded using UltiMate 3000 HPLC

from Dionex Company.
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2. Optimization of conditions

a. Screening of ligands.

Ph
/ Au(SMey)C! (5.5 mol%)
o} L (5.5 mol%)
N+ e A AgNTF, (5 mol%)
=z [e]
N | CH,Cl,
Me -50°C, 0.5 h~ 1 h.
1a 2
0.11 mmol 0.1 mmol
‘O Oy gatBu R = Ph, (S, Rs)-M1, -12% ee, 77% yield
“Ph R, NH R = 3,5 -ditert-butyl-4-methoxyl,
>__Ph _— (S, Rg)M2, -11% ee, 76% yield
R =1-nap, (S, Rs)-M3, -32% ee, 79% yield
R = Me, (S, Rs)-M4, 9% ee, 73% yield
(S, R R)-L1
22% ee, 95% yield
[ON \\tBu O\ «iBu OL 1B ~
\§ u O\S“‘\ tBu
Ph,, Me,, Et,, NH n-Pr,, NH
{ PAd, E PAd, PAd, PAd,
(S, Rs)-X1 (S, Rs)-X2 (S, Rs)-X3 (S, Rg)-X4
-19% ee, 87% yield 74% ee, 87% yield 82% ee, 86% yield 83% ee, 85% vyield

(0N \\tBu Ox \\tBu Os . otBu Y
)ﬁ s >H o\S tBu
n-Bu,, n-Hex,, NH NH

é/PAdz é/PAdz PAd, PAd,

(S, Rg)-X5 (S, Rg)-X6 (S, Rs)-X7 (S, Rs)-X8
85% ee, 88% yield 83% ee, 91% yield 88% ee, 92% yield 70% ee, 89% yield

The reactions were carried out in 1.5 mL CH,Cl,. Yields of (-)-3a were NMR yields, and ee values were
Determined by chiral HPLC.

b. Screening of silver salt®.

Ph
= o  Au(SMe,)Cl (5.5 mol%)
(S, Rs)-X7 (5.5 mol%)
D 4‘%"‘\;/(/0 [Ag] (5 mol%)
N CH,Cl,, -50 °C, 0.5 h.
Me
1a 2
0.11 mmol 0.1 mmol
Entry Silver salt Ee (%)° Yield (%)°
1 AgNTf, 88 92
2 AgC4F,0, 76 88
3 AgBF, 90 90
4 AgCH305S 78 84
5 AgOTf 91 91
6 AgSbF, 86 89

*The reactions were carried out in 1.5 mL CH,Cl,. ®Determined by chiral HPLC. “NMR yield.
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c. Further Optimization.®

Ph Ph..
= o  Au(SMe,)Cl (5.5 mol%) —
o, T s
Nl\\/le \\/ solvent, T., 0.5 h. N o
Me
0.111ra:1mo| 0.1 rimol (-)-3a

Entry solvent T. (°C) Ee (%)° Yield (%)°
1 CH,Cl, -50 91 91
2 DCE -40 78 91
3 CHCl3 -50 87 91
4 CH,Cl, -60 92 90
5 CH,Cl, -70 92 92
6 CH,Cl, -78 94 92

*The reactions were carried out in 1.5 mL solvent. "Determined by chiral HPLC. “NMR yield.

3. Synbthesis of Ligands (S, R;)-X1-X8

(1) Synthesis of 6.

o HP(1-Ad), o o
/> Pd(OAC),, dppf />
o) NaOtBu O H,0, Hy,SO, H

0 THF, 60 °C
Br Tol, 110°C PAd, ’ PAd,
8h 3h
5 m1 6

To a solution of 15.1 g HP(1-Ad), (50 mmol) in toluene (150 mL), 9 mL
2-(2-Brdmophenyl)-1,3-dioxolane (60 mmol, 1.2 equiv), 600 mg Pd(OAc), (2.5 mmol,
5 mol%), 1.65 g dppf (3.0 mmol, 6 mol%) and 5.75 g NaOtBu (60 mmol, 1.0 equiv)
was added. The reaction was stirred at 110 °C for 8 h, and then was cooled to
ambient temperature. The solid was filtered off by celite and washed with CH,Cl,.
The filtrate was concentrated in vacuo. The residue was purified by recrystallization
and m1 was obtained in 80% yield: yellow solid. *"H NMR (400 MHz, CDCl5) § 7.78 (d, J
= 7.6 Hz, 1H), 7.70-7.68 (m, 1H), 7.44-7.40 (m, 1H), 7.35-7.31 (m, 1H), 6.87 (d, J = 8.0
Hz, 1H), 4.18-4.03 (m, 4H), 2.01-1.98 (m, 6H), 1.89-1.86 (m, 12H), 1.66 (s, 12H). *'P
NMR (162 MHz, CDCl3) & 14.50. *C NMR (100 MHz, CDCl3) 6 145.1 (d, Jep = 22.0 Hz),

135.9 (d, Jep = 3.0 Hz), 133.8 (d, Jep = 28.0 Hz), 129.2, 127.1, 126.6 (d, Jep = 7.0 Hz),
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101.3 (d, Jep = 38.0 Hz), 65.5, 41.8 (d, Jep = 13.0 Hz), 36.84 (d, Jep = 22.0 Hz), 36.82,
28.7 (d, Jep = 7.0 Hz). MS (70 eV): m/z (%): 376 (M", 2.07), 105 (100). HRMS calcd for
Ca9H39N,0,P: 376.1587, found: 376.1585.

To a solution of 4.5 g m1 (10 mmol) in 90 mL THF, 20 mL H,0 and 3 mL H,SO,4
was added. The reaction mixture was heated at 60 °C for 3 h, and then was cooled to
room temperature. The reaction was quenched by saturated NaHCO; solution and
extracted with EtOAc for 2 times. The combined organic layer was dried over Na,SO4
and concentrated in vacuo. The residue was purified by flash chromatography
(hexane : EtOAc = 20:1) to get 6 as yellow solid (89% yield). *H NMR (400 MHz, CDCl5)
6 11.24 (d, J = 8.8 Hz, 1H), 7.98-7.95 (m, 1H), 7.90-7.88 (m, 1H), 7.57-7.52 (m, 1H),
7.51-7.47 (m, 1H), 1.98-1.87 (m, 18H), 1.67 (s, 12H). *'P NMR (162 MHz, CDCls) &
8.92. *C NMR (100 MHz, CDCl3) & 194.6 (d, Jcp = 41.0 Hz), 143.6 (d, Jep = 17.0 Hz),
138.4 (d, Jep = 35.0 Hz), 136.8 (d, Jp = 2.0 Hz), 131.4, 129.1-129.0 (m), 127.5 (d, Jep =
6.0 Hz), 41.9 (d, Jcp = 12.0 Hz), 37.0 (d, Jcp = 22.0 Hz), 36.8, 28.7 (d, Jcp = 8.0 Hz). MS
(70 eV): m/z (%): 406 (M*, 40.68), 135 (100). HRMS calcd for C,;H3s0P: 406.2426,

found: 406.2423.

(2) Synthesis of (Rs)-8.

O
I

Q Ti(OE), (3.0 equiv) ~ 3
H + ’S"//, - N~ "//K
NH> K THF, 50°C
PAd, 10 h PAd,
6 7 (Rs)-8

The sulfinyl imine (Rs)-8 was prepared according to the modified procedure of
literature.™ To a solution of 2.03 g o-phosphino aldehyde 6 (5 mmol) in 20 mL THF
was added 909 mg (R)-(+)-2-methyl-2-propanesulfinamide 7 (7.5 mmol, 1.5 equiv)
and 3.1 mL Ti(OEt), (15 mmol, 3.0 equiv). The reaction was heated at 50 °C for 10 h.
When completed, the reaction mixture was quenched by saturated NaHCO; solution,
filtered by celite, and washed with ethyl acetate for twice. The filtrate was extracted

with EtOAc, dried over Na,SO,4, and concentrated in vacuo. Further purification was
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accomplished by flash chromatography (hexane : EtOAc = 10:1) to isolate (Rs)-8 as
yellow solid (85% vyield). "H NMR (400 MHz, CDCl;) & 9.87 (d, J = 7.6 Hz, 1H),
8.09-8.06 (m, 1H), 7.87-7.85 (m, 1H), 7.46-7.44 (m, 2H), 1.93-1.87 (m, 18H),
1.70-1.60 (m, 12H), 1.27 (s, 9H). *'P NMR (162 MHz, CDCl5) & 12.56. **C NMR (100
MHz, CDCl3) & 164.5 (d, Jcp = 38.0 Hz), 142.1 (d, Jep = 22.0 Hz), 137.7 (d, Jep = 33.0 Hz),
136.7 (d, Jer = 2.0 Hz), 129.6, 128.9, 128.0 (d, Jcp = 6.0 Hz), 57.8, 41.8 (d, Jep = 4.0 Hz),
41.6 (d, Jep = 4.0 Hz), 37.2-37.1 (m), 36.9 (d, Jer = 2.0 Hz), 36.8, 28.7 (d, Jep = 9.0 Hz),
22.7. HRMS(ESI) calcd for C33HasNOPS [M+H']: 510.2954, found: 510.3013. [a]p*° =

-155.1 (c = 0.3, CHCl).

(3) Synthesis of (S, Rs)-X1-X8.

o
Il
X S, R— MgX (3.0 equiv)
N "
@f\ K THF, -55 °C @f\ K
PAd, PAd,

(Rs)-8 (S, Rg)-X1-X8

General procedure: To a solution of 510 mg (Rs)-8 (1.0 mmol) in 10 mL CH,Cl, at
-55 °C was added Grignard reagent (15 mmol, 3.0 equiv) in THF. The mixture was
stirred at - 55 °C for 4-6 h and then was warmed to room temperature with stirring
overnight. When completed, the reaction mixture was quenched by the addition of
saturated NH4Cl aolution and diluted with ethyl acetate. The organic layer was
separated, and the aqueous layer was extracted twice with EtOAc. The combined
organic layers were dried over Na,SO,, filtered, concentrated, and purified by flash
chromatography (hexane : CH,Cl,: EtOAc = 6:2:1) to isolated (S, Rs)-X1-X8 as yellow

solid.

(1) Synthesis of (S,Rs)-X1
Ph o

CLE

(S,Rs)-X1
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Yellow solid. '"H NMR (400 MHz, CDCl5) & 7.76-7.73 (m, 2H), 7.46-7.40 (m, 3H),
7.38-7.23 (m, 3H), 7.17 (t, J = 7.2 Hz, 1H), 7.07-7.03 (m, 1H), 3.65 (d, J = 3.2 Hz, 1H),
2.06-2.00 (m, 3H), 1.95-1.83 (m, 6H), 1.70-1.48 (m, 21H), 1.22 (s, 9H). *'P NMR (162
MHz, CDCl;) 6 14.47. *C NMR (100 MHz, CDCls) & 149.5 (d, Jer = 24.0 Hz), 142.8,
136.7 (d, Jep = 2.0 Hz), 133.6 (d, Jcp = 29.0 Hz), 129.3 (d, Jep = 2.0 Hz), 128.7, 128.2,
127.9 (d, Jep = 6.0 Hz), 127.2, 125.4, 59.6 (d, Jep = 34.0 Hz), 55.8, 41.8 (d, Jep = 13.0 Hz),
41.4 (d, Jep = 13.0 Hz), 37.4 (d, Jep = 23.0 Hz), 36.8 (d, Jep = 15.0 Hz), 36.5, 28.7 (d, Jep =
9.0 Hz), 22.7. HRMS(ESI) calcd for C3;HsoNOPS [M+H']: 588.3423, found: 588.3497.

[a]o®® =-34.2 (c = 0.3, CHCl3).

(2) Synthesis of (S,Rs)-X2
ve o

e €
©\/\H,S.,/,<
PAd,
(S,Rs)-X2

Yellow solid. *H NMR (400 MHz, CDCl3) 6 7.73 (d, J = 7.8 Hz, 1H), 7.47-7.43 (m, 1H),
7.37 (t, J = 7.8 Hz , 1H), 7.23-7.20 (m, 1H), 6.00-5.91 (m, 1H), 3.36 (d, J = 5.2 Hz, 1H),
2.04-1.84 (m, 18H), 1.68-1.66 (m, 12H), 1.51 (d, J = 6.8 Hz, 3H), 1.16 (s, 9H). *'P NMR
(162 MHz, CDCl5) 6 14.87. **C NMR (100 MHz, CDCl3) & 152.4 (d, J = 25.0 Hz), 136.2,
132.1 (d, J = 26.0 Hz), 129.2, 126.4 (d, J = 5.0 Hz), 125.1, 55.5, 52.5 (d, J = 35.0 Hz),
42.0 (d, J = 13.0 Hz), 41.7 (d, J = 12.0 Hz), 37.2 (d, J = 22.4 Hz), 36.9 (d, J = 4.0 Hz),
36.6, 28.8 (d, J = 4.0 Hz), 28.7 (d, J = 4.0 Hz), 25.7, 22.6. HRMS(ESI) calcd for

C3,H4sNOPS [M+H']: 526.3267, found: 526.3272. [a]o° = -80.3 (c = 0.3, CHCI5).

(3) Synthesis of (S,Rs)-X3

Bt Q

NS,
LW

PAd,

(S,Rg)-X3

Yellow solid. *H NMR (400 MHz, CDCls) § 7.73 (d, J = 8 Hz, 1H), 7.40-7.33 (m, 2H),
7.22-7.18 (m, 1H), 5.76 (s, 1H), 3.45 (s, 1H), 2.00-1.80 (m, 20H), 1.67 (d, J = 13.2 Hz,
12H), 1.14 (s, 9H), 0.93 (t, J = 7.2 Hz, 3H). *P NMR (162 MHz, CDCl5) & 15.13. *C
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NMR (100 MHz, CDCls) & 151.7 (d, Jep = 25.0 Hz), 136.4 (m), 132.4 (d, Jep = 27.0 Hz),
128.9, 126.8 (m), 124.9, 55.6, 42.2 (d, Jep = 13.0 Hz), 41.6 (d, Jep = 12.0 Hz), 41.2, 37.3
(d, Jep = 23.0 Hz), 36.9, 36.9 (d, Jcp = 24.0 Hz), 28.8, (d, Jep = 9.0 Hz), 28.7 (d, Jep = 9.0
Hz), 22.6, 19.5, 14.2. HRMS(ESI) calcd for Cs3HsoNOPS [M+H']: 540.3423, found:

540.3439. [a]p?° = -79.2 (c = 0.3, CHCl5).

(4) Synthesis of (S,Rs)-X4

ner Q9
©\/\H,S.,/,<
PAd,

(S,Rg)-X4
Yellow solid. *H NMR (400 MHz, CDCl3) § 7.73 (d, J = 7.6 Hz, 1H), 7.39-7.33 (m, 2H),
7.23-7.18 (m, 1H), 5.74-5.67 (m, 1H), 3.3 (d, J = 5.2 Hz, 1H), 2.01-1.82 (m, 22H), 1.61
(d, J = 12.4 Hz, 12H), 1.14 (s, 9H), 0.96-0.93 (t, J = 7.6 Hz, 3H). *'P NMR (162 MHz,
CDCl3) 6 15.27. **C NMR (100 MHz, CDCl3) § 151.2 (d, Jep = 25.0 Hz), 136.3 (d, Jep = 2.0
Hz), 132.6 (d, Jcr = 26.0 Hz), 128.9, 126.8 (d, Jc» = 6.0 Hz), 124.9, 58.1 (d, Jep = 32.0 Hz),
55.6, 42.2 (d, Jep = 13.0 Hz), 41.7 (d, Jep = 12.0 Hz), 37.3 (d, Jer = 13.0 Hz), 36.93 (d, Jep
= 24.0 Hz), 36.90, 31.8, 28.84 (d, Jcp = 8.0 Hz), 28.76 (d, Jer = 9.0 Hz), 22.6, 10.8.
HRMS(ESI) calcd for C34Hs,NOPS [M+H']: 554.3589, found: 554.3580. [a]p*® = -41.4 (c

= 0.3, CHCl3).

(5) Synthesis of (S,Rs)-X5

nI?u (I?
NS,
CLNe
PAd,
(S,Rs)-X5
Yellow solid. *H NMR (400 MHz, CDCl5) & 7.73 (d, J = 7.6 Hz, 1H), 7.40-7.33 (m, 2H),
7.23-7.18 (m, 1H), 5.75 (s, 1H), 3.43 (s, 1H), 2.02-1.82 (m, 22H), 1.77 (s, 1H),
1.69-1.64 (m, 12H), 1.44-1.40 (m, 1H), 1.14 (s, 9H), 0.87 (t, J = 6.8 Hz, 3H). *'P NMR
(162 MHz, CDCl5) & 15.19. *C NMR (100 MHz, CDCl5) & 151.7 (d, J = 25.0 Hz), 136.4,

132.4 (d, /= 26.0 Hz), 128.9, 126.7, 124.9, 55.6, 42.2 (d, J = 13.0 Hz), 41.6 (d, J = 12.0

Hz), 38.8, 37.3 (d, J = 23.0 Hz), 36.90, 36.87 (d, J = 24.0 Hz), 28.8 (d, J = 9.0 Hz), 28.7
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(d, J = 9.0 Hz), 28.5, 22.6, 13.9. HRMS(ESI) calcd for C3sHssNOPS [M+H']: 568.3736,

found: 568.3738. [a]p?° = -67.5 (c = 0.3, CHCl3).

(6) Synthesis of (S,Rs)-X6
nHex O

CLEr
(S,Rs)-X6

Yellow solid. *H NMR (400 MHz, CDCls) & 7.73 (d, J = 8.0 Hz, 1H), 7.40-7.33 (m, 2H),
7.23-7.18 (m, 1H), 5.75 (s, 1H), 3.43 (s, 1H), 2.04-1.82 (m, 22H), 1.70-1.65 (m, 12H),
1.26-1.22 (m, 9H), 1.14 (s, 9H), 0.84 (t, J = 1.6 Hz, 3H). 3P NMR (162 MHz, CDCl3) &
15.19. 3C NMR (100 MHz, CDCls) & 151.6 (d, Jep = 25.0 Hz), 136.3, 132.4 (d, Jcp = 27.0
Hz), 128.9, 126.7, 124.9, 55.6, 42.2 (d, Jcp = 13.0 Hz), 41.6 (d, Jer = 12.0 Hz), 39.1, 37.2
(d, Jep = 23.0 Hz), 36.9, 36.8 (d, Jcp = 24.0 Hz), 31.6, 29.2, 28.8 (d, Jer =9.0 Hz), 28.7 (d,
Jep = 9.0 Hz), 26.2, 22.5 (d, Jep = 5.0 Hz), 14.0. HRMS(ESI) calcd for C37HssNOPS [M+H']:

596.4056, found: 596.4049. [a]p®° = -76.6 (c = 0.3, CHCl3).

(7) Synthesis of (S,Rs)-X7

T. :

(S.,Rg)-XT

Yellow solid. "H NMR (400 MHz, CDCl3) & 7.72 (d, J = 7.8 Hz, 1H), 7.40-7.32 (m, 2H),
7.22-7.17 (m, 1H), 5.72 (s, 1H), 3.41 (s, 1H), 2.01-1.79 (m, 22H), 1.65 (d, J = 10.8 Hz,
12H), 1.58-1.49 (m, 1H), 1.13 (s, 9H), 0.84 (t, J = 6.4 Hz, 6H). *'P NMR (162 MHz,
CDCl5) & 15.18. *C NMR (100 MHz, CDCl3) 6 151.7 (d, Jep = 25.0 Hz), 136.3, 132.4 (d,
Jep=27.0 Hz), 128.9, 126.7 (d, Jcp = 6.0 Hz), 124.8, 55.5, 42.2 (d, Jep = 13.0 Hz), 41.6 (d,
Jep = 12.0 Hz), 37.2 (d, Jep = 23.0 Hz), 36.87, 36.85 (d, Jcp = 24.0 Hz), 35.4, 28.81 (d, Jcp
=9.0 Hz), 28.7 (d, Jep = 9.0 Hz), 27.9, 22.6, 22.5, 22.4. HRMS(ESI) calcd for C37HsgNOPS

[M+H"]: 582.3893, found: 582.3902. [a]p?° = -87.1 (c = 0.3, CHCl5).
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(8) Synthesis of (S,Rs)-X8

T,

S,
N /
PAd,

(S,Rs)-X8
Yellow solid. *H NMR (400 MHz, CDCl3) 6 7.72 (d, J = 7.6 Hz, 1H), 7.41-7.33 (m, 2H),
7.23-7.18 (m, 1H), 5.73 (s, 1H), 3.38 (s, 1H), 2.01-1.81 (m, 20H), 1.65 (d, J = 7.8 Hz,
12H), 1.14 (s, 9H), 0.92 (s, 2H), 0.83 (s, 9H). *'P NMR (162 MHz, CDCl5) § 15.27. *C
NMR (100 MHz, CDCl5) & 151.8 (d, Jep = 24.7 Hz), 136.3, 132.5 (d, Je» = 26.5 Hz), 128.9,
126.6 (d, Jcp = 5.8 Hz), 124.9, 60.0, 55.5, 46.5, 42.3 (d, Jep = 12.7 Hz), 41.6 (d, Jep =
12.0 Hz), 40.6, 37.3 (d, Jep = 22.7 Hz), 36.89, 36.88 (d, Jep = 24.1 Hz), 34.4, 30.2, 29.7,
29.2,28.8 (d, Jep = 9.0 Hz), 28.7 (d, Jep = 9.0 Hz), 22.6. HRMS(ESI) calcd for C37HssNOPS

[M+H"]: 596.4049, found: 596.4066. [a]p>° = -84.0 (c = 0.3, CHCl3).

4. Synthesis of substrates 1a-1t and 2.

All 3-vinylindole substrates were synthesized according to our previous
procedure.[z] The spectra of known compounds such as 1a, 1b and 2 are consistent

with the literature, which are not included here except 1a as a typical procedure.

Typical Procedure for synthesis of 3-styrylindoles.

Ph
—
& BuLi (1.4 equiv) B
_ n-BuLi (1.4 equiv N\
.

@E\g * Ph” O PPhsBr Do+

N THF, -20 °C to r.t. N N

Me Me Me

s1 1a

n-BulLi (2.5 M in hexane solution) (9.6 mL, 24 mmol) was slowly added to the
suspension of RCH,PPhsBr (10.39 g, 24 mmol) in dry T HF (130 mL) at -20 °C. The
mixture was stirred at room temperature for 2 hours followed by the addition of S1

(3.18 g, 20 mmol) in THF (20 mL) at -20 °C. Then the mixture was stirred at room
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temperature for 2 hours, monitored by TLC and quenched by saturated solution of
NH4Cl at room temperature. The extracts with ethyl acetate were washed by
Saturated salt water and dried over anhydrous Na,SO, then the solvent was
removed under reduced pressure. The crude product was purified by column
chromatography to give (E)-Product (2.70 g, 58%) as a white solid and (Z)-product

(1.86 g, 40%) as a colorless liquid.

(1) Synthesis of 1d

tBu

1d

White solid. "H NMR (400 MHz, CDCl3) § 7.97 (d, J = 7.6Hz, 1H), 7.46-7.43 (m, 2H),
7.38-7.36 (m, 2H), 7.32-7.16 (m, 5H), 7.09-7.05 (m, 1H), 3.73 (s, 3H), 1.35-1.31 (m,
9H). *C NMR (100 MHz, CDCl5) & 149.5, 137.6, 135.9, 128.2, 125.5, 125.4, 124.6,
122.1, 120.8, 120.2, 120.0, 114.1, 109.5, 34.5, 32.8, 31.3. MS (70 eV): m/z (%): 289

(M*, 100). HRMS calcd for C,1H,3N: 289.1830, found: 289.1833.

(2) Synthesis of 1e

Yellow solid. *H NMR (400 MHz, CDCls) & 7.97 (d, J = 8.0 Hz, 1H), 7.31-7.19 (m, 5H),
7.16 (s, 1H), 7.12-7.02 (m, 3H), 3.82 (s, 3H), 6.78-6.73 (m, 1H), 3.72 (s, 3H). **C NMR
(100 MHz, CDCl3) & 159.9, 140.2, 137.7, 129.5, 128.6, 126.1, 124.5, 122.2, 121.9,

120.2, 120.0, 118.4, 113.8, 112.1, 110.9, 109.5, 55.2, 32.8. MS (70 eV): m/z (%): 263
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(M*, 100). HRMS calcd for C1gH17NO: 263.1310, found: 263.1312.

(3) Synthesis of 1f

1f

Yellow solid. *H NMR (400 MHz, CDCls) & 7.98 (d, J = 7.6 Hz, 1H), 7.33-7.17 (m, 5H),
7.14 (s, 2H), 7.03 (d, J = 16.4 Hz, 1H), 6.85 (s, 1H), 3.75 (s, 3H), 2.34 (s, 6H). *C NMR
(100 MHz, CDCl5) 6 138.6, 138.0, 137.7, 128.3, 128.2, 126.2, 125.0, 123.6, 122.2,
121.2, 120.3, 119.9, 114.1, 109.5, 32.8, 21.3. MS (70 eV): m/z (%): 261 (M, 100).

HRMS calcd for C19H19N: 261.1517, found: 261.1518.

(4) Synthesis of 1i

F

Yellow solid. *H NMR (400 MHz, CDCls) & 7.95 (d, J = 8.0 Hz, 1H), 7.47-7.40 (m, 2H),
7.34-7.24 (m, 2H), 7.23-7.15 (m, 3H), 7.06-6.98 (m, 3H), 3.75 (s, 3H). *°F NMR (376
MHz, CDCls) & -116.10. **C NMR (100 MHz, CDCl3) & 162.9, 160.5, 137.7, 134.8 (d, J =
3.0 Hz), 128.4, 127.0 (d, J = 7.7 Hz), 126.1, 123.6, 122.3, 121.4 (d, J = 2.0 Hz), 120.1 (d,
J=9.3 Hz), 115.4 (d, J = 21.0 Hz), 113.8, 109.6, 32.8. MS (70 eV): m/z (%): 251 (M",

100). HRMS calcd for C17H14NF: 251.1110, found: 251.1112.

(5) Synthesis of 1k
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Me
1K

White solid. *H NMR (400 MHz, CDCls) & 8.28 (d, J = 8.4 Hz, 1H), 8.08-8.04 (m, 1H),
7.88-7.81 (m, 2H), 7.77-7.71 (m, 2H), 7.56-7.44 (m, 3H), 7.34-7.23 (m, 4H), 7.19 (s,
1H), 3.71 (s, 3H). *C NMR (100 MHz, CDCls) & 137.7, 136.2, 133.8, 131.2, 128.8,
128.5, 126.9, 125.8, 125.6, 124.5, 123.9, 122.6, 122.3, 121.6, 120.3, 120.2, 114.4,
109.6, 32.8. MS (70 eV): m/z (%): 283 (M*, 100). HRMS calcd for Co3Hi7N: 283.1361,

found: 283.1364.

(6) Synthesis of 1Im
Br

O

Me
1m
Yellow solid. *H NMR (400 MHz, CDCl3) 6 8.08 (d, J = 16.4 Hz, 1H), 7.41 (d, J = 8.4 Hz,
2H), 7.33-7.28 (m, 4H), 7.18 (d, J = 8.0 Hz, 1H), 7.04-6.97 (m, 1H), 6.65 (d, J = 16.4 Hz,
1H), 3.69 (s, 3H). °C NMR (100 MHz, CDCl5) § 138.1, 137.2, 131.5, 127.3, 126.8,

124.8,124.4, 123.6, 122.5, 122.0, 120.0, 114.8, 114.3, 108.9, 33.1.

(7) Synthesis of 10

Ph

White solid. *H NMR (400 MHz, CDCl3) & 7.84 (d, J = 8.0 Hz, 1H), 7.47 (d, J = 7.6 Hz,
2H), 7.34-7.28 (m, 2H), 7.24-7.13 (m, 2H), 7.08-7.01 (m, 4H), 3.65 (s, 3H), 2.48 (s, 3H).

3C NMR (100 MHz, CDCl3) & 138.7, 138.1, 132.0, 128.5, 128.1, 126.3, 125.6, 124.4,
S13



123.9, 121.8, 121.7, 119.9, 113.8, 109.5, 32.7,21.8. MS (70 eV): m/z (%): 247(M",

100). HRMS calcd for CygH17N: 247.1361, found: 247.1362.

(8) Synthesis of 1p

Yellow solid. *H NMR (400 MHz, CDCl3) & 7.75 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 7.6 Hz,
2H), 7.33-7.27 (m, 2H), 7.23-7.14 (m, 2H), 7.08 (s, 1H), 7.06-6.94 (m, 2H), 6.92 (d, J =
7.2 Hz, 1H), 4.00 (s, 3H), 2.72 (s, 3H). 3C NMR (100 MHz, CDCls) & 138.7, 136.3, 129.7,
128.6, 127.4, 126.4, 125.7, 124.9, 121.5, 121.3, 120.2, 118.1, 113.6, 37.0, 19.7. MS

ev):m/z\): . calcda rtor : . ouna: . .
(70 eV): m/z (%): 247 (M", 100). HRMS calcd for CigH17N: 247.1361, found: 247.1363

(9) Synthesis of 1r

OMe

o

—_—

(L
N

\
Bn
1r

White solid. *H NMR (400 MHz, CDCls) & 8.01-7.96 (m, 1H), 7.43 (d, J = 8.4 Hz, 2H),
7.34-7.18 (m, 10H), 7.06 (d, J = 16.4 Hz, 1H), 6.89 (d, J = 8.4 Hz, 2H), 5.30 (s, 2H), 3.82
(s, 3H). B¢ NMR (100 MHz, CDCl3) 6 158.5, 137.2, 137.1, 131.4, 128.8, 127.7, 127.2,
126.84, 126.81, 126.4, 124.9, 122.3, 120.3, 120.1, 119.4, 114.8, 114.1, 110.0, 55.3,
50.1. MS (70 eV): m/z (%): 339 (M*, 100). HRMS calcd for C,4H,:NO: 339.1623, found:

339.1621.

(10)Synthesis of 1s
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tBu

—

(L)
N

\
Bn
1s

Yellow solid. *H NMR (400 MHz, CDCl5) & 8.02-7.98 (m, 1H), 7.43 (d, J = 8.4 Hz, 2H),
7.35(d, J=8.4 Hz, 2H), 7.28-7.17 (m, 8H), 7.13-7.05 (m, 3H), 5.20 (s, 2H), 1.33 (s, 9H).
3C NMR (100 MHz, CDCl3) 6 149.5, 137.2, 137.0, 135.8, 128.8, 127.7, 127.5, 126.8,
126.4, 125.5, 125.4, 125.0, 122.3, 120.7, 120.3, 120.2, 114.7, 110.0, 50.0, 34.5, 31.3.
MS (70 eV): m/z (%): 365 (M*, 100). HRMS calcd for C,;H,7N: 365.2144, found:

365.2146.

(11)Synthesis of 1t

White solid. *H NMR (400 MHz, CDCls) & 8.02-7.94 (m, 1H), 7.40 (d, J = 8.4 Hz, 2H),
7.34-7.20 (m, 10H), 7.16-7.10 (m, 2H), 7.03 (d, J = 16.8 Hz, 1H), 5.29 (s, 2H). *C NMR
(100 MHz, CDCl3) & 137.3, 137.1, 136.9, 131.9, 128.8, 128.7, 128.0, 127.8, 126.9,
126.8, 126.3, 123.8, 122.5, 122.1, 120.4, 120.3, 114.3, 110.1, 50.1. MS (70 eV): m/z

(%): 343 (M", 100). HRMS calcd for Cp3H1gNCI: 343.1128, found: 343.1125.

(12) Synthesis of 1w

Yellow liquid. (mixture, E: Z = 1.56: 1) *H NMR (400 MHz, CDCl3) & [7.82 (d, J = 8.2 Hz,
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0.39H), 7.66 (d, J = 8.2 Hz, 0.61H)], [7.34-7.11 (m, 3H)], [7.12 (s, 0.61H),7.00 (s,
0.39H)], [6.66-6.61 (m, 0.61H), 6.57-6.53 (m, 0.39H)], [6.24-6.10 (m, 0.39H),
5.77-5.66 (m, 0.61H)], [3.78 (s, 1.83H), 3.72 (s, 1.17H)], [1.96-1.87 (m, 3H)]. *C NMR
(100 MHz, CDCl5) & [137.4, 136.2], [127.9, 127.4], [126.6, 126.2], [123.2, 122.6],
[122.0, 121.9], [121.8, 120.5], [120.0, 119.3], [119.5, 119.1], [114.1, 112.4], [109.3,
109.1], [32.8, 32.6], [18.9, 15.6]. MS (70 eV): m/z (%): 171 (M*, 100). HRMS calcd for

Ci2H13N: 171.1048, found: 171.1045.

5. General procedure for the [2+2] cycloaddition and copies of HPLC

data
Ph
/ Au(SMe,)CI (5.5 mol%) Phi..
Jf (S, Rg)-X7 (5.5 mol%) =
72 AgOTf (5 mol%) N.__O
N e N o ° N\ </\f
N L/~ CH,Cl,, -78 °C, 30 min. N o)
Me l\\/le
1a 2 (-)-3a

The solution of (S,Rs)-X8 (0.012 mmol, 6 mol %) and Au(SMe,)Cl (0.01 mmol, 5 mol%)
in 1 mL CH,Cl, was stirred at rt for 2 hours, and then remove the solvent. After
completion, the gold complex and AgOTf (0.01 mmole, 5 mol %) in CH,Cl, (1 mL) was
stirred at rt for 15 min., Then the above catalyst solution then was added to the
solution of 1a (0.22 mmol, 1.1 equiv) and 2 (0.2 mmol) in DCM (3 mL) at -78 °C. The
reaction was determined by TLC, after the less component was consumed, the
solution was removed under reduced pressure. The diastereomeric ratio was
determined by crude 1H NMR, the resulting crude mixture was purified by flash
column chromatography on silica gel with petroleum ether/ ethyl acetate (3:1) as
the solvent to afford product. The enantiomeric excesses of the products were
determined by chiral stationary phase HPLC using a Chiralpak such as AD-H, AS-H,

OD-H, etc.

(1) Synthesis of 3a
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Phi..
=~
N (0]

0

Me

3a
White solid. *"H NMR (400 MHz, CDCl5) & 7.49 (d, J = 8.0 Hz, 1H), 7.39-7.29 (m, 5H),
7.28-7.21 (m, 2H), 7.10-7.03 (m, 1H), 6.98 (s, 1H), 6.54 (d, J = 2.0 Hz, 1H). 4.48-4.43
(m, 1H), 4.07-4.00 (m, 1H), 3.88 (dd, J = 16.8, 8.8 Hz 1H), 3.78 (s, 3H), 3.55-3.30 (m,
4H), 3.00-2.94 (m, 1H). 3C NMR (100 MHz, CDCl5) § 156.3, 144.8, 137.5, 128.5, 126.5,
126.4, 126.0, 123.2, 121.9, 119.5, 119.1, 117.6, 117.0, 109.4, 62.1, 47.6, 46.4, 44.2,
33.6, 32.8. MS (70 eV): m/z (%): 358 (M*, 72.16), 271 (100). HRMS calcd for
Ca3H2,N,0,: 356.1681, found: 358.1685. [a]p™® = -11.1 (¢ = 0.3, CHCl5). HPLC
conditions: Chiralpak AD-H, hexane/2-propanol = 95: 5, 0.8 mL/min, 233 nm; t,

(minor) = 29.37 min, t, (major) = 33.50 min, 95% ee.
Chromatogram

a0 ﬁ hhue-141227-1 #3268 [manipulated] HHX 4-8-5 ADH UV_WIS_1 WWL:210 nm
250 - 11-29.08
|" \2-32.083
| i
an | Il
| | [l
5 | [
£ 150 | [
@ | |
A
€ a0 | | |
g |
= |
[ a
5 | || | [
| i [
| | |
| II | ! |
ol - o R _ LS _L'_.__—_
-50 T T T T T T
0.0 5.0 10.0 150 200 30.0 35. 400
Time [min]
Integration Results
No. Peak Name Retenticn Time Area Height Relative Area Relative Height Amaount
min mAL*min mAU % % na.
1 29.067 205.277 245182 50.44 5232 n.a.
2 32.5983 201.688 223467 43.56 47 68 na.
Total: 406.965 468.659 100.00 100.00
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Chromatogram

1800 : hhoe-141227-1 #2325 [manipulated] HHX §-25 ADH UV_VIS_1 WVL:210 nm
] |2-335
1400 4 I
1 |
1200 ] |
1000 |
o |
.‘é 500 |
o ]
g | |
5
g 500 - |
g ] |
< 4
200 ] | |
] |
] (.
2007 |I |
] S |
] n |1-22.370/ \
e L B S ') L
200 ] T T T T T
0.0 10.0 15.0 200 285, 30.0 40.0
Time [min]
Integration Results
No. Pesak Mame Retenticn Time Area Height Relative Area Relative Height Amount
min mAL*min mal % % n.a.
1 29.370 36.109 44517 2.62 3.02 n.a.
2 33.500 1342804 1431.725 97.38 96.95 n.a.
Total: 1376.913 1476.242 100.00 100.00

(2) Synthesis of 3b

IS
N (0]
> T
N (0]
Me
3b

White solid. *H NMR (400 MHz, CDCl3) 6 7.49 (d, J = 7.6 Hz, 1H) 7.31 (d, J = 8.4 Hz,
1H), 7.28-7.20 (m, 3H), 7.14 (d, J = 8.0 Hz, 2H), 7.09-7.04 (m, 1H), 6.96 (s, 1H),
6.54-6.52 (d, J = 2.4 Hz, 1H), 4.42-4.38 (m, 1H), 4.06-3.98 (m, 1H), 3.91-3.86 (m, 1H),
3.76 (s, 3H), 3.54-3.26 (m, 4H), 2.96-2.90 (m, 1H), 2.35 (s, 3H). 3C NMR (100 MHz,
CDCl;) 6 156.3, 141.8, 137.5, 135.9, 129.2, 126.4, 126.3, 126.0, 123.3, 121.9, 119.5,
119.1, 117.5, 117.1, 109.3, 62.1, 47.7, 46.0, 44.2, 33.7, 32.7, 21.0. MS (70 eV): m/z
(%): 372 (M*, 100). HRMS calcd for Cy4H,4N,0,: 372.1838, found: 372.1837. [a]p® =
26.9 (c = 0.3, CHCl3). HPLC conditions: Chiralpak AD-H, hexane/2-propanol = 95: 5,

1.0 mL/min, 233 nm; tr (minor) = 24.47 min, tr (major) = 26.97 min, 92% ee.
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Chromatogram

- 227- 3 [mai |ate: ¥ 4-08-1-1 A W VIS_1 WWL:21
1200 [ ihx-141227-1 83 [manipulated] HHX 4-92-1-1 ADH UV _VIS_1 WVL:210 nm
|1- 23837 2 2p 353
] i i
1000 4 | | i
] |
| i
500 4 | | | |
% ao0 |
§ ] o
: |
o] |
£ amn | |
] nR
.
- I | |
200+ | |
[
14 WA
Al e e _/’/\\_L;' \.I.. ——
-200 T T T T T T
0.0 5.0 10.0 15.0 200 25.0 30.0 350
Time [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mA&LU*min mAU % % n.a.
1 23.937 51.540 1073.403 50.69 50.49 n.a.
2 26.353 828.222 1052.732 49.31 45.51 n.a.
Total: 1679.763 2126.135 100.00 100.00
|Chromatogram
2500 - T hhx-141237-1 #128 [manipulated] HHX 5-2-2 ADH UW_WIS_1 WVL:233 nm
|2-28.947
] '
2000 4 || I|
1500 | |
7] |
i |
5 o] |
£ 10004 |
5
£ |
] [
5004 || ||
(.
N I |
11-24473
T T T T T T
5.0 10.0 15.0 200 25.0 300 350
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amaunt
min mAL*min mAU % % na.
1 24 473 69.439 86.802 351 4.34 n.a.
2 26.967 1705.001 2134 4597 96.09 95.66 na.
Total: 1774.440 2231.298 100.00 100.00

(3) Synthesis of 3¢

Meo\©

White solid. *H NMR (400 MHz, CDCl3) & 7.47 (d, J = 8.0 Hz, 1H), 7.32 (d, J = 8.4 Hz,
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1H), 7.27-7.23 (m, 3H), 7.07 (t, J = 7.6 Hz, 1H), 6.96 (s, 1H), 6.88 (d, J = 8.4 Hz, 2H),
6.53 (s, 1H), 4.40-4.37 (m, 1H), 4.04 (dd, J = 14.8, 8.8 Hz, 1H), 3.90 (dd, J = 16.8, 8.4
Hz, 1H), 3.81 (s, 3H), 3.77 (s, 3H), 3.54-3.26 (m, 4H), 2.95-2.87 (m, 1H). **C NMR (100
MHz, CDCl3) 6 158.3, 156.3, 137.4, 137.0, 127.5, 126.3, 125.9, 123.2, 121.9, 119.5,
119.1, 117.5, 117.1, 113.9, 109.3, 62.1, 55.3, 47.9, 45.8, 44.2, 33.8, 32.8. MS (70 eV):
m/z (%): 388 (M, 26.8), 263 (100). [a]p?® = 7.9 (c = 0.3, CHCl3). HRMS calcd for
Cy4H24N,03: 388.1787, found: 388.1789. HPLC conditions: Chiralpak AD-H,
hexane/2-propanol = 95: 5, 0.5 mL/min, 233 nm; tr (minor) = 85.30 min, tr (major) =

91.95 min, 93% ee.

Chromatogram
220 [ re-141227-1 #124 [manipulated] HHX 4-148-2 ADH UV_VIS_1 WVL232 nm
2004 |1-85.457
| 1°-
I| ﬁ
175 ]
| |
| |
|
| |
- |
= 1254
£ \ |
& | | |
2 1004
L] | ‘ |
2 759 | | |
| | 1]
o0 o
Py
N o
254 | |#I \
i — hJ_J . N — - ~
20 T T T T T T T T T
10 2 20 40 50 60 70 50 a0 100 110
Time [min]
Integration
MNo. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 85457 509.732 183.938 5013 50.91 n.a.
2 91.763 507.102 177.340 49.87 45.09 n.a.
Total: 1016.834 361.278 100.00 100.00
Chromatogram
1ap J P 141227-1 #121 [manipulated] HHX 4-142-2 ADH UV_VIS_1 WVL254 nm
|.1:-21.94.'-
120 H
100 | |
. |
E
|
B . |
@
e | |
S
B
€ 404 | |
|
20 [
J 1-8ga02 |
0 fr—din — - . WA -
- T T
-20 T T T T T T T T T
10 30 <0 50 &0 70 50 a0 100 110
Time [min]
Integration
Mo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAU % % na.
1 85.303 9.658 5.050 332 367 n.a.
2 91.947 280.858 132,692 96.68 96.33 n.a.
Total: 290.516 137.742 100.00 100.00
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(4) Synthesis of 3d

tBu
Tiy,

—
N O
N
> T
Me
3d

White solid. *H NMR (400 MHz, CDCl3) § 7.53 (d, J = 8.0 Hz, 1H), 7.41-7.22 (m, 6H),
7.11-7.06 (m, 1H), 6.97 (s, 1H), 6.52 (d, J = 2.4 Hz, 1H), 4.45-4.41 (m, 1H), 4.07-4.00
(m, 1H), 3.89 (dd, J = 16.8, 8.8 Hz 1H), 3.77 (s, 3H), 3.56-3.30 (m, 4H), 2.98-2.93 (m,
1H), 1.33 (s, 9H). >*C NMR (100 MHz, CDCl5) & 156.3, 149.2, 141.8, 137.5, 126.3,
126.1, 126.0, 125.4, 123.4, 121.9, 119.5, 119.1, 117.5, 117.2, 109.3, 62.1, 47.5, 45.8,
44.2, 34.4, 33.6, 32.8, 31.4. MS (70 eV): m/z (%): 414 (M+, 35.0), 44 (100). HRMS
calcd for Cp7H30N,0,: 414.2307, found: 414.2309. [a]p™ = 32.9 (c = 0.3, CHCl3). HPLC
conditions: Chiralpak AD-H, hexane/2-propanol = 90: 10, 0.8 mL/min, 210 nm; tr

(minor) = 14.67 min, tr (major) = 17.9 min, 92% ee.
Chromatogram

00— [ hhx-141227-1 #51 [manipulated] HH 4-72-1 ADH UV_VIS_1 WVL:210 nm
1 |1-14.070
] |1
780 ] || 12-1
] |'|
g25 | ‘ | |
5 son] ‘ ‘ | |
E |
o |
5 375 ‘ |
P |
8 ]
& 1 | ! |
280 | | | |
] | [
a5 ] |
125 | || I| |I
|
| | |
- ™ 4
o] ~ d_/_J \,,_/\k_ R R yo— L/ S
_s00d
T T T T T T T T T
0.0 25 50 7.5 10.0 125 15.0 17.5 20.0 225 25.0
Time [min]
Integration Results
MNao. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALU % % n.a.
1 14.070 350.185 B820.930 5014 53.74 n.a.
2 17.210 348.250 706610 49.86 46.26 n.a.
Total: 698.435 1527.540 100.00 100.00
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(5) Synthesis of 3e

White solid. *H NMR (400 MHz, CDCls) & 7.49 (d, J = 8.0 Hz, 1H), 7.31-7.29 (m, 1H),
7.27-7.18 (m, 2H), 7.10-7.04 (m, 1H), 6.96 (s, 1H), 6.91 (d, J = 7.6 Hz, 1H), 6.87 (s, 1H),
6.80-6.76 (m, 1H), 6.52 (d, J = 2.0 Hz, 1H), 4.46-4.42 (m, 1H), 4.05-3.98 (m, 1H), 3.86
(dd, J = 16.8, 8.8 Hz, 1H), 3.78 (s, 3H), 3.76 (s, 3H), 3.54-3.27 (m, 4H), 3.02-2.91 (m,
1H). B3¢ NMR (100 MHz, CDCl5) 6 159.8, 156.3, 146.5, 137.5, 129.5, 126.3, 126.0,
123.0, 122.0, 119.5, 119.1, 118.9, 117.6, 117.0, 112.4, 111.6, 109.4, 62.1, 55.2, 47.5,
46.4, 44.2, 33.5, 32.8. MS (70 eV): m/z (%): 388 (M", 44.58), 301 (100). HRMS calcd
for CpsH,aN,0s: 388.1787, found: 388.1784. [a]p™°
conditions: Chiralpak AD-H, hexane/2-propanol = 95: 5, 0.8 mL/min, 233 nm; tr

minor) = 43.56 min, tr (major) = 52.79 min 6 ee.
(minor) = 43.56 min, tr (major) = 52.79 min, 91%

Chromatogram

2000+ :hh-HIEZ’-I #131 [manipulated] HHX 5-4-1 ADH UW_MIS_1 WWVL:210 nm
17801 12-17.800
] f
] |
15004 | |
1250 |
s ] |
£ 1000 |
@
|
@
2 750 |
]
- |
500 | |
| |
250 ll
] [1- 14,887 || \
: K LY ) '\
odl— 4J W — — __LLL'—l_/' —
200
T T T T T T T 1
0.0 25 5.0 7 10.0 12.5 5 20 225 25.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAU % % n.a.
1 14 66T 33.891 81.672 3.82 452 n.a.
& 17.800 852.577 1724.383 95.18 95.48 n.a.
Total: 886.468 1806.065 100.00 100.00

Me
3e

§22

= 6.9 (c = 0.3, CHCl3). HPLC




Chromatogram
2201 E hhx-141 #1458 [manipulated] HHX 5-10-5 ADH UNV_WIS_1 WVL:233 nm
200 |1-43.407
|l
175 | 2-
f
| l
150 | |
2128 ‘ ‘ | |
E
g |
£ 100 | | |
=
: |
|
o B
50 | | | |
[ || I
25 [ |
I
H |I \ |
| S N = I_t_‘\—__| I
-20 T T T T T T
0.0 10.0 20.0 30.0 400 50.0 0.0 70.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min maAlU % % n.a.
1 43.407 222 925 184 744 49 .61 53.72 n.a.
& 51.877 226.412 167.788 50.39 45.28 n.a.
Total: 449,336 362.532 100.00 100.00
|Chromatogram
4500~ B hhx-141227-1 #145 [manipulated] HHX §-4-4 ADH UV_VIS_1 WWVL:233 nm
2000 |2-52703
1 [
1 fl
] |
2500 4 |
1 |
= 2000 I
=T i |
E j |
o ]
2 1500 |
@ ]
& ] |
a ]
g ] |
< 1000 |
] | |
500 || |
1 -aassr ||
1 / Lu'_
T T T T T
.0 10.0 20.0 30.0 40.0 50.0 60.0 0.0
Time [min]
Integration Results
Nao. Peak Name Retention Time Area Height Relative Arsa Relative Height Amount
min mAL*min mAal % k) n.a.
1 43.557 223583 185.887 484 5.896 n.a.
2 52.793 4597.985 2933.891 95.36 94.04 n.a.
Total: 4821.568 3119.777 100.00 100.00

(6) Synthesis of 3f

Me
T,
Me S
N 0]
\ Q/\f
N (0]
Me
3f
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White solid. *H NMR (400 MHz, CDCls) 6 7.52 (d, J = 8.0 Hz, 1H), 7.32 (d, J = 8.0 Hz,
1H), 7.28-7.22 (m, 1H), 7.11-7.03 (m, 1H), 6.99-6.93 (m, 3H), 6.88 (s, 1H), 6.52 (d, J =
2.0, 1H), 4.45-4.42 (m, 1H), 4.05-3.99 (m, 1H), 3.87 (dd, J = 16.4, 8.8 Hz, 1H), 3.77 (s,
3H), 3.53-3.26 (m, 4H), 3.01-2.92 (m, 1H), 2.32 (s, 6H). **C NMR (100 MHz, CDCl;) &
156.3, 144.7, 137.9, 137.5, 128.0, 126.3, 126.0, 124.3, 123.5, 121.9, 119.6, 119.0,
117.5,117.1, 109.3, 62.0, 47.5, 46.3, 44.2, 33.6, 32.7, 21.3. MS (70 eV): m/z (%): 386
(M*, 99.68), 44 (100). HRMS calcd for CosHo6N,0,: 386.1994, found: 386.1996. [a]p>°
= 8.1 (c = 0.3, CHCI3). HPLC conditions: Chiralpak AD-H, hexane/2-propanol = 70: 30,

0.8 mL/min, 210 nm); tr (major) = 8.83 min, tr (minor) = 9.83 min, 95% ee.

Chromatogram |

1400 I Fhs-131227-1 #157 [manipuiated] HH¥ 5-52-2 GDH UV_VIS_1 WVL:210 nm
1200 : |1 -8.84
9 h
4 1
1000 ‘| |‘ | 3
] il
] | | II |
= 8004 |
2™ ol
£ b | | |
£ 80D | |
- |1
g ] [ 1
400 -| o
] (]
1 [
o ] | I|I II |
4 |
A \
o] . N . — —ALiII N —\ B E—
200 T T T T T —T —T T T
0.00 1.25 2.50 3.78 5.00 828 78D 875 10.00 11.25 12.50
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAU % % n.a.
1 6.840 388.746 1173.634 50,09 54.24 n.a.
2 SFF3 387425 $89.997 45.91 4576 n.a.
Total: 776170 2163.632 100.00 100.00

Chromatogram

2500 B M- 141227-1 #1838 [manipuiated] HHX 5-52-4 ODH UV_VIS_1 WVL233 nm
] ,1-883
1 il
2000 4 Il
] | |
2500 ] | |
= 2000 | |
E |
- |
2 1500
o ]
g | |
H ]
i1 |
< 1000 ‘ |
] | |
500 \
] |
] | \ 5 e
| \ 12-9.827
- — / e -
-500 T T I T T T T T T
0.00 1.25 2.50 375 £.00 6.25 750 875 10.00 11.25 12.50
Time [min]
Integration Results
No. Peak Name Retenticn Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 8833 1078.223 3180.371 9747 97.60 n.a.
2 9.827 27.973 76.154 253 2.40 n.a.
Total: 1106.196 3258.525 100.00 100.00
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(7) Synthesis of 3g

Br
T1,,

~=
N O
> L
N (e}
Me
39

Yellow solid. *H NMR (400 MHz, CDCls) §7.47-7.43 (m, 3H), 7.32 (d, J = 8.4 Hz, 1H),
7.28-7.23 (m, 2H), 7.19 (d, J = 8.4 Hz, 2H), 7.11-7.04 (m, 1H), 6.96 (s, 1H), 6.53 (dd, J =
4.4, 2.4 Hz, 1H), 4.40-4.36 (m, 1H), 4.06-3.99 (m, 1H), 3.89 (dd, J = 16.8, 9.2 Hz, 1H),
3.78 (s, 3H), 3.53-3.30 (m, 4H), 2.96-2.88 (m, 1H). *C NMR (100 MHz, CDCl5) & 156.3,
143.8, 137.4, 131.6, 128.3, 126.2, 126.0, 122.4, 122.0, 119.3, 119.2, 117.8, 116.7,
109.4, 62.1, 47.7, 45.9, 44.2, 33.5, 32.8. MS (70 eV): m/z (%): 436 (M", 100), 438
(IM+2]*, 99.16). HRMS calcd for Cp3H,1N,0,Br: 436.0786, found: 436.0787. [a]p®° =
57.9 (c = 0.3, CHCl3). HPLC conditions: Chiralpak AD-H, hexane/2-propanol = 95: 5,

0.4 mL/min, 233 nm; tr (major) = 93.10 min, tr (minor) = 97.37 min, 89% ee.
Chromatogram

200~ [ - 141227-1 #140 [manipulated] HHX 5-8-3 ADH UV_VIS_1 WYL-233 nm
1 - 81,8308 287
2504 [
[t
200 || f|
5 | | |
£ 150 |
@
i |
@
€ a0 | | |
B
: i
[
5 il
|
[ [
oy
o —I\-.n e e _\__l
&0
T T T T T T T T T T
10 20 a0 40 50 &0 70 B0 an 100 110
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAU % % n.a.
1 91.653 542.570 259.343 49.78 50.20 n.a.
2 96.387 547.380 257.270 50.22 49.80 n.a.
Total: 1089.960 516.613 100.00 100.00
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Chromatogram
2000 3 hhx-141227-1 #141 [manipulated] HHX 5-2-1 ADH UV _WIS_1 WWL:233 nm
1750 |‘1—93.EST
] I|
1500 ;
1250 | ‘
S |
E- 1000 ] | ‘
® ]
5 ] |
£ 7503
g |
R !
500 | |
] |
250 I
] [ | j2-w7am
! '\Lf\.
-200 . T T T T T T T T T T
a 10 20 20 40 50 a0 70 a0 80 100 110
Time [min]
Integration Results
M. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mA L *min mALU % % n.a.
1 93.097 3874.604 17546885 94 .29 93.83 n.a.
2 97.370 234.728 115.351 571 6.17 n.a.
Total: 4109.332 1870.046 100.00 100.00

(8) Synthesis of 3h

Cl
liy,

_
N O
A\
> T
Me
3h

Yellow solid. *H NMR (400 MHz, CDCl3) & 7.49-7.41 (m, 3H), 7.32 (d, J = 8.4 Hz, 1H),
7.28-7.15 (m, 3H), 7.11-7.05 (m, 1H), 6.96 (s, 1H), 6.53 (d, J = 2.0 Hz, 1H), 4.42-4.37
(m, 1H), 4.06-3.99 (m, 1H), 3.86 (dd, J = 16.4, 8.4 Hz, 1H), 3.77 (s, 3H), 3.53-3.27 (m,
4H), 2.96-2.88 (m, 1H). 3C NMR (100 MHz, CDCls) & 156.2, 143.8, 137.5, 131.6, 128.2,
126.2, 126.0, 122.5, 122.0, 120.0, 119.3, 119.2, 117.8, 116.7, 109.4, 62.1, 47.7, 45.9,
44.2,33.5,32.8. MS (70 eV): m/z (%): 392 (M*, 99.52), 394 ([M+2]*, 35.32), 305 (100).
HRMS calcd for Cy3H,1N,0,Cl: 392.1295, found: 392.1292. [a]p™ = 21.9 (c = 0.3,
CHCI3). HPLC conditions: Chiralpak OD-H, hexane/2-propanol = 95: 5, 0.8 mL/min,

210 nm; tr (major) = 10.96 min, tr (minor) = 13.74 min, 91% ee.
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Chromatogram

[ hhx-141227-1 2142 [manipuiated]

1000 HHX 5-8-1 ODH UV_VIS_1 WVL:210 nm
1 J1 - 11177
575 ] |'
7509 || \2-13.800
i
| Il
625 b |
s ] | | |
R | i
8 1
g ‘ [ |
£ 5] | | |
2 | I
b | |
250 [ |
N a
125] [ [
A | -
f [ [\
od _/‘»f\x AN R N )i \\ . ! N :
100 T T T T T T T T T
0.0 20 40 8.0 8.0 10.0 2.0 14.0 16.0 18.0 20.0
Time [min]
Integration Result:
No. Pe=ak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAl % % n.a.
1 11.177 374.608 924 642 4561 56.36 n.a.
2 13.800 380.462 T16.100 50.39 43.64 n.a.
Total: 755.071 1640.742 100.00 100.00
Chromatogram
3500 [ hhx-141227-1 #143 [manipulated] HHX 5-8-1 ODH UV_VIS_1 WVL:210 nm
3000 ] 11-10.882
] fi
] | |
2500 | [
5 20001 |
E |
@ ]
2 1500 |
o ]
: ‘ |
5 ]
& 1000 |
] | |
b |
5004 | II
] \
1 [ 12-13737
] S . o . AN
-500- T T T T T T T T T
0.0 2.0 4.0 8.0 20 10.0 12.0 14.0 18.0 18.0 200
Time [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maAU % Eo) n.a.
1 10.963 1358.751 2991.939 95.47 96.08 n.a.
2 13.737 64.422 122.021 4.53 392 n.a.
Total: 1423173 3113.960 100.00 100.00

(9) Synthesis of 3i

_
N (0]
A\
> T
Me
3i

Yellow solid. *H NMR (400 MHz, CDCl3) & 7.45 (d, J = 8.0 Hz, 1H), 7.35-7.22 (m, 4H),

7.11-6.95 (m, 4H), 6.53 (dd, J = 4.4, 2.4 Hz, 1H), 4.40-4.36 (m, 1H), 4.06-3.98 (m, 1H),
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3.94-3.85 (m, 1H), 3.78 (s, 3H), 3.55-3.31 (m, 4H), 2.95-2.87 (m, 1H). *°F NMR (377
MHz, CDCl3) 6 -116.71. 3¢ NMR (100 MHz, CDCl5) 6 162.7, 160.3, 156.3, 140.5 (d, J =
3.0 Hz), 137.5, 127.9 (d, J = 8 Hz), 126.3, 126.0, 122.9, 122.0, 119.3 (d, J = 15.0 Hz),
117.7, 116.8, 115.3 (d, J = 21.0 Hz), 109.4, 62.1, 47.9, 45.8, 44.2, 33.8, 32.8. MS (70
eV): m/z (%): 376 (M", 2.07), 105 (100). HRMS calcd for C3H,1N,05F: 376.1587, found:
376.1585. [a]p®® = -10.3 (c = 0.3, CHCl;). HPLC conditions: Chiralpak AD-H,
hexane/2-propanol = 70: 30, 0.8 mL/min, 233 nm); tr (major) = 9.76 min, tr (minor) =

13.49 min, 94% ee.

Chromatogram

00 [ hhx-141227-1 £358 [manipulated] HHx 4-102-1 ADH UV_VIS_1 WVL:223 nm
] |1 -9.770
s00 |r|
0] I
5 4004 |
: ] ||
- ]
& 300 |
& ]
= |
g |
f 200 ]
-] | [ \2-12.777
1 | /
100 | || !
] [
o] RPN S S 4 —
-100 T T T T T T T
0.0 7.5 10.0 12.5 15.0 17.5 20.0 225 5.0
Time [min]
Integration R
No. Pe=ak Name Retenticn Time Area Height Relative Area Relative Height Amount
min mAL*min mal % % n.a.
1 9.770 302.070 616.042 5112 79.96 n.a.
2 12777 288.820 154.388 45.88 20.04 n.a.
Total: 590.890 770.430 100.00 100.00
Chromatogram
1000 T hhoc-141227-1 #2508 [manipulated] HHX 4-102-2 ADH UV_VIS_1 WVL:233 nm
] |1-2.760
1 f
575 | |
7503 | |
525 ‘
5] |
E o] |
@ ]
: |
5
|
< ] |
250 | |
] [
125 | II
| 1
\
. / '\__| . 12-1348 ;
-100
o 50 7 100 125 175 200 235 250
Time [min]
Integration R
No. Pesak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAU % % n.a.
1 9.760 468.955 947547 96.92 9917 n.a.
2 13.487 14.887 7.955 3.08 0.83 n.a.
Total: 483.852 955,502 100.00 100.00
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(10) Synthesis of 3j

White solid. *H NMR (400 MHz, CDCl3) & 7.62 (d, J = 8.0 Hz, 1H), 7.35 (d, J = 8.4 Hz,
1H), 7.32-7.25 (m, 1H), 7.23-7.20 (m, 1H), 7.13 (t, J = 7.2 Hz, 1H), 7.01-6.97 (m, 2H),
6.93 (d, J = 4.2 Hz, 1H), 6.68 (d, J = 2.4 Hz, 1H), 4.56-4.50 (m, 1H), 4.13-4.04 (m, 1H),
3.93 (dd, J = 16.8, 8.8 Hz,1H), 3.81 (s, 3H), 3.77-3.71 (m, 1H), 3.57-3.41 (m, 3H),
3.06-2.99 (m, 1H). **C NMR (100 MHz, CDCl5) & 156.2, 148.7, 137.5, 126.9, 126.2,
126.1, 123.2, 123.1 122.0, 121.8, 119.5, 119.2, 118.0, 116.4, 109.4, 62.1, 49.1, 44.1,
42.1, 35.3, 32.8. MS (70 eV): m/z (%): 364 (M*, 6.37), 119 (100). HRMS calcd for
C,1H20N,0,S: 364.1245, found: 364.1248. [a]p?° = 3.2 (c = 0.3, CHCl3). HPLC conditions:
Chiralpak AD-H, hexane/2-propanol = 90: 10,, 0.8 mL/min, 210 nm); tr (minor) =

18.44 min, tr (major) = 20.89 min, 85% ee.
Chromatogram

200+ m hhue-141227-1 #1860 [manipulated] HH¥ 5-81-3 ADH UV _VIS_1 WVL:210 nm
\1-12.487
175+ )
il |2- 20953
||
150 | | | |I
125 | | |
=3 | |
-E- 100 | |
8
£ 751 |
) |
50 i | | |
A i I
| i | | |
25] | A | [ 1] | |
| [ [ [
L ', Y o | !
0 . v N el L L, - -
w=H- r T T T T T T T T T 1
0.0 25 5.0 75 10.0 125 15.0 17.5 200 225 250
Time [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAU % % n.a.
1 18.487 89.887 174.383 50.00 51.80 n.a.
& 20853 89.883 161.602 50.00 45.10 n.a.
Total: 179.780 335.995 100.00 100.00
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Chromatogram

200- ﬁ hhx-141227-1 #181 [manipulated] HHX 5-51-4 ADH W WIS_1 WWL:210 nm
|2 - 20503
175 |rI
150 | |
12: | |
g |
-%- 1004 |
&
g | |
EREEN
I
50 A | |
| |"'| [
257 | [ |1-18.442 || l,
Wl | 'h\ | I'.
04 E e —_—L —
-‘-I-I_I T T T T T T 1
oo 2.5 7. 10.0 12.5 15.0 17.5 20.0 225 250
Time [min]
Integration Results
Mo. Peak Mame Retenticn Time Area Height Relative Area Relative Height Amount
min mALU*min mAU % % n.a.
1 15.443 3.044 15.897 T.49 8.07 n.a.
2 20.893 99.315 181.128 92.51 91.83 n.a.
Total: 107.359 197.024 100.00 100.00
(11) Synthesis of 3k

5

A
N O

\
Me
3k

Yellow solid. *H NMR (400 MHz, CDCl;) & 7.84 (d, J = 8.0 Hz, 1H), 7.79-7.70 (m, 3H),
7.58-7.49 (m, 2H), 7.46-7.40 (m, 1H), 7.37-7.22 (m, 3H), 7.08-7.00 (m, 2H), 6.54 (dd, J
= 4.4,2.0 Hz, 1H), 4.76-4.71 (m, 1H), 4.35-4.26 (m, 1H), 4.04-3.96 (m, 1H), 3.93-3.85
(m, 1H), 3.78 (s, 3H), 3.65-3.36 (m, 3H), 3.09-3.01 (m, 1H). **C NMR (100 MHz, CDCl5)
6 156.2,139.9, 137.4, 133.9, 131.5, 128.6, 126.9, 126.6, 126.4, 125.64, 125.59, 125.5,
124.2, 123.5, 122.1, 121.9, 119.6, 119.2, 117.6, 116.9, 109.4, 62.1, 45.1, 44.3, 43.0,
34.0, 32.8. MS (70 eV): m/z (%): 408 (M", 41.13), 44 (100). HRMS calcd for Cy7H,4N,05:
408.1838, found: 408.1833. [OL]D20 =-62.0 (c = 0.3, CHCl3). HPLC conditions: Chiralpak
AD-H, hexane/2-propanol = 90: 10, 0.8 mL/min, 210 nm); tr (minor) = 20.69 min, tr
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(major) = 23.59 min, 89% ee.

Chromatogram

1000 [ hhx-141227-1 #1668 [manipulated] HHX 5-67-1 ADH UV_VIS_1 WVL:210 nm
] |1 - 20,800
ars |'| \2-23482
5 | | |||
750 | | |
525 |
5 |‘ |
.%. 500 | | |
@ ]
s |
5 ]
I
< | o
250 | [
125 ] | | [
] (| l I|
q i | | \
L il ra | | | \
% NV P, VAN L G A G
100
T T T T T
0.0 5 10.0 15.0 200 25.0 200
Time [min]
Integration Result:
No. Pe=ak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maU % % na.
1 20.500 S67.815 947146 50.00 51.76 n.a.
2 23463 S6T.781 B882.881 50.00 453.24 n.a.
Total: 1135.596 1830.027 100.00 100.00
Chromatogram
1800 [ hhx-141227-1 #1868 [manipulated] HHX 5-67-2 ADH UV_VIS_1 WVL:210 nm
] |2-23.500
1400 ] |'1|
1200 | |
1000 ] |
=" i
£ so0] |
o ]
» |
o |
g &004
<L 4
400 | |
] [
2004 [
] \1-20.820 II |
AN _ S — L WA
T T
200 ]
T T T T T
0.0 5.0 10.0 15.0 20.0 25.0 20.0
Time [min]
Integration Results
MNo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAU % % na.
1 20.690 S57.706 53.926 5.66 6.00 n.a.
2 23.590 962.046 1470.558 94.34 94.00 n.a.
Total: 1019.752 1564.484 100.00 100.00

(12) Synthesis of 3l

Phi..
Br

~
N.__O
N
> T
Me

3l

White solid. "H NMR (400 MHz, CDCl3) § 7.36 (d, J = 7.2 Hz, 2H), 7.33-7.20 (m, 3H),
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7.24-7.14 (m, 3H), 7.06-7.01 (m, 1H), 6.55 (s, 1H), 5.24-5.16 (m, 1H), 4.15 (dd, J =
14,8, 8.8 Hz, 1H), 3.93 (dd, J = 16.8, 8.8 Hz, 1H), 3.78 (s, 3H), 3.72 (dd, J = 17.2, 8.8 Hz,
1H), 3.59-3.49 (m, 1H), 3.42-3.33 (m, 2H), 2.85-2.76 (m, 1H). **C NMR (100 MHz,
CDCls) 6 156.3, 144.7, 138.4, 128.5, 128.2, 126.9, 126.2, 124.2, 123.7, 122.5, 117.9,
117.1,118.0, 113.9, 108.7, 62.2, 48.3, 46.0, 44.1, 34.4, 33.1. MS (70 eV): m/z (%): 436
(M, 70.75), 438 (M*+2, 70.09), 349 (100). HRMS calcd for C,3H,1N20,Br: 346.0786,
found: 346.0783. [a]p™® = -41.9 (c = 0.3, CHCl3). HPLC conditions: Chiralpak AD-H,
hexane/2-propanol = 95: 5, 1.0 mL/min, 233 nm; tr (minor) = 19.64 min, tr (major) =

21.26 min, 84% ee.

Chromatogram
140 [ Hrx-141227-1 #135 [manipulated] HH, 5-0-4 ADH UV_VIS_1 WVL:233 nm
1204 1118882 220 817
i i
il i
100 I| | I| |
| | | ‘
0 |
- .
.E. | | | |
@ |
g2 8 | [
z |
2 |
H | |
g |
4 | | |
(.
| | |
[ O
| V] |
N foo
— — -1/ LI
. — N
T T T T T T T
0.0 2 75 10.0 12.5 15.0 17.5 200 225 250
Time [min]
Integration
No. Peak Name Retenfion Time Area Height Relative Area Relative Height Amount
min mALU*min mAU % % n.a.
1 18.663 80.746 113.136 4969 50.16 n.a.
& 20.517 81.752 112.403 50.31 43.84 n.a.
Total: 162.498 225.540 100.00 100.00
Chromatogram
1412271 #12 i X 5-2-3 Al TVE TS
3000 ?hr' 141227-1 #125 [manipulated] HHX 3 ADH UV_VIS_1 WVL:233 nm
2500 ] 12-212
] I
|
] i
2000 I
] |
EX | |
L 1500 | |
= ] ‘
7 ] |
& 1000 |
E - | |
.
- |
500 | |
i1- 14 640 I|
7\
500
T T T T T T T T T
0.0 25 50 75 10.0 12.5 15.0 175 200 225 250
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % ) n.a.
1 19.640 140,819 219.794 779 8.32 n.a.
2 21357 1667625 2421.084 921 91.68 na
Total: 1808.444 2640.878 100.00 100.00
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(13) Synthesis of 3m

Br S
N (@)
> T
N (@]
Me
3m

White solid. *H NMR (400 MHz, CDCls) & 7.42 (d, J = 8.4 Hz, 2H), 7.30-7.16 (m, 5H),
7.06 (t, J = 8.0 Hz, 1H), 6.58 (s, 1H), 5.16-5.10 (m, 1H), 4.21 (dd, J = 15.2, 8.8 Hz, 1H),
3.99 (dd, J = 16.4, 8.8 Hz, 1H), 3.80 (s, 3H), 3.76-3.70 (m, 1H), 3.58-3.49 (m, 1H),
3.41-3.26 (m, 2H), 2.78-2.70 (m, 1H). **C NMR (100 MHz, CDCls) & 156.3, 143.8, 138.4,
131.3, 128.7, 128.4, 123.7, 122.7, 119.8, 117.5, 113.8, 108.7, 62.2, 47.6, 46.0, 43.9,
34.4, 33.2. HRMS (ESI) calcd for C3H,0N,0,Br; [M+Na']: 536.9784, found: 536.9778.
[a]o®® = 1.7 (c = 0.3, CHCl5). HPLC conditions: Chiralpak AD-H, hexane/2-propanol =

70: 30, 0.8 mL/min, 233 nm; tr (major) = 8.97 min, tr (minor) = 17.75 min, 84% ee.
Chromatogram |

00— : hhy-141227-1 #430 [manipulated] HHX 6-119-3 ADH UV _VIS_1WVL233 nm
|1-8.840
7504 i
|
625 | |
|
2 500.] | |
8 |
§ 3751 ‘ |
=]
£ |
2504 I | |
fl | \
I |
125 L]
I| | | __12-16.240
Al | - T
o] o NW N T —
-100- T T T T T T T T T T T T T T T T T T T T T T
0.0 5.0 10.0 150 200 250 300
Time [min]
Integration Results
No.  Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mAU*min mAU % % n.a
1 8.840 430.237 755.000 53.89 91.72 na.
2 16.240 366.055 68.138 46.11 8.28 n.a.
Total: 798.293 823.138 100.00 100.00
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Chromatogram

3000 i hhu-141227-1 #432 [manipulated] HHX 6-119-4 ADH UV_VIS_1 WVL-233 nm
2500 r||1 -8.973
] |
|
] I
20004 | |
=) | |
£ 1500 |
5 j
P N
£ 100 |
5 1000 |
g |
D |
500 |
j ‘ \
N || I\ P
| A \,_'_ o 2-NTTET |
-5[]0_- T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0.0 5.0 100 15.0 200 250 300
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.973 1539.436 2487.762 91.76 96.89 na.
2 17.747 138.271 27.964 8.24 1.11 n.a.
Total: 1677.707 2515.726 100.00 100.00

(14) Synthesis of 3n

Ph:,,
S
Me O
\ C\f
N\ (0]
Me
3n

White solid. *H NMR (400 MHz, CDCl3) & 7.45-7.33 (m, 4H), 7.32-7.22 (m, 3H), 7.10 (d,
J=8.0 Hz, 1H), 6.96 (s, 1H), 6.57 (d, J = 2.0 Hz, 1H), 4.46-4.44 (m, 1H), 4.11-4.02 (m,
1H), 3.93 (dd, J = 16.8, 8.8 Hz, 1H), 3.78 (s, 3H), 3.61-3.33 (m, 4H), 3.03-2.96 (m, 1H),

2.45 (s, 3H). B3¢ NMR (100 MHz, CDCl5) 6 156.3, 144.9, 135.9, 128.5, 128.4, 126.5,

126.3, 126.1, 123.6, 123.2, 119.1, 117.5, 116.5, 109.0, 62.1, 47.7, 46.3, 44.2, 33.5,

32.8,21.4. MS (70 eV): m/z (%): 372 (M", 100). HRMS calcd for C4H,4N,0,: 372.1838,

found: 372.1835. [a]p™® = -5.1 (c = 0.3, CHCI3). HPLC conditions: Chiralpak OD-H,

hexane/2-propanol = 80: 20, 0.6 mL/min, 210 nm; tr (major) = 16.92 min, tr (minor) =

19.70 min, 85% ee.
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Chromatogram

§$35

x-141227-1 #78 [manipulate X 4-88-3-1 ODI V_VIS_T WVL:21
1000 :hr‘ 141227-1 #79 [manipul ated] HHX 4-88-3-1 CDH U _WIS_1 W Onm
|1 -18.847
1 i
575 I
] | 12 - 19,620
] | f
7504
] ‘ | | |
525 | ||
ERE. | [
— |
w 2] ||
g ] ‘ | [
E ] f | |
£ | | N
2507 |I I
: B [
] i | |
126 ] | \
1 || | | \
1 | \
I B N — . / . .
T T T T T T T ]
25 50 75 10.0 12.5 18.0 17.5 20.0 225 25.0
Time [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min m&LU*min mAU % % n.a.
1 16.847 562.501 §921.876 49.97 53.30 n.a.
& 19.680 563.226 BO7.792 20.03 46.70 n.a.
Total: 1125.727 1729.667 100.00 100.00
|Chromatogram
1500 [ hhx-141227-1 #144 [manipulated] HH3 5-8-2 ODH UN_VIS_1 WVL:210 nm
1400 -
] il
] |I
1200 | |
10001 | |
5 1 | |
E s00] |
- ]
s ]
2 5._.3: |
& ] | |
< 4
400 I|
; |
1 |
200 |
1 f \ 2-18.703
)
ol e LN I/\' :
200
T T T T T T T T T 1
25 5.0 75 10.0 12.5 8.0 75 200 275 25.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAU % % n.a.
1 16.923 882.21% 1373.250 92.65 83.33 n.a.
2 19.703 69.935 88.212 T35 6.67 n.a.
Total: 952.214 1471.462 100.00 100.00
(15) Synthesis of 30
Phi..
=
N \fo
N (6]
Me
3o




White solid. "H NMR (400 MHz, CDCl3) & 7.48-7.31 (m, 5H), 7.29-7.21 (m, 1H), 7.12 (s,
1H), 7.04 -6.87 (m, 2H), 6.55 (s, 1H), 4.51-4.40 (m, 1H), 4.10-4.02 (m, 1H), 3.90 (dd, J
= 16.8, 8.4 Hz, 1H), 3.74 (s, 3H), 3.59-3.28 (m, 4H), 3.07-2.93 (m, 1H), 2.50 (s, 3H). *C
NMR (100 MHz, CDCl3) & 156.3, 144.9, 137.9, 131.9, 128.5, 126.5, 126.3, 125.4,
124.17, 123.0, 120.9, 119.2, 117.6, 117.0, 109.4, 62.1, 47.7, 46.4, 44.2, 33.5, 32.7,
21.8. MS (70 eV): m/z (%): 372 (M*, 100). HRMS calcd for Cy4H,4N,0,: 372.1838,
found: 372.1844. [a]p®® = 0.9 (c = 0.3, CHCl5). HPLC conditions: Chiralpak AD-H,
hexane/2-propanol = 95: 5, 0.8 mL/min, 233 nm; tr (minor) = 27.49 min, tr (major) =

30.11 min, 91% ee.
Chromatogram

00 [ Phx-141227-1 2170 [maripulaied] HHX 5-71-1 ADH UV_VIS_1 WVL:223 nm
] \1-27.267
] |'| |2-28.81
500 | il
] |
200 | | l |
1 .
5 4004 | | | |
E ] | [
B 200 |
2 300 | | ‘
2 g | |
= 200 | b |
] AR
] ‘ |
100 I
1 | T
1 | (I \
RV
HH—r — — L AL S
-100 ] T T T T T T
0.0 50 10.0 15.0 20.0 25.0 an.o 350
Time [min]
Integration
No.  |Peak Mame Retenticn Time Area Height Relative Area Relative Height Amount
min mALU*min mAU % % na.
1 27267 595.044 652.458 5002 51.35 n.a.
2 29.917 558481 618.074 4398 48.65 na
Total: 1197.525 1270.532 100.00 100.00
Chromatogram
. ] hhx-141227-1 #17 1 [manipulated] HHX 5-71-2 ADH UV_VIS_1 WVL:233 nm
1 \2-30.113
500 i
] ||
4 ‘ |
400 | l
5 ] |
£ 300+ | |
] L
g |
5 200 | |
B ]
£ [
] | |
100 I
] |
| |
] j1-274e0 |
o N _ R Bl \4_;‘ ]
-100 T T T T T T
0.0 50 10.0 15.0 20.0 25.0 30.0 35.0
Time [min]
Integration R
MNo. (Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAL*min mALU % % n.a.
1 27.490 21.527 24 263 447 457 n.a.
2 30.113 460.062 506.850 95.53 95.43 n.a.
Total: 481.589 531113 100.00 100.00
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(16) Synthesis of 3p

Phi.,
—
N (@)
N\ Q/\f
N (0]
Me l\VIe
3p

White solid. *H NMR (400 MHz, CDCl;) & 7.28-7.21 (m, 4H), 7.22-7.12 (m, 2H),
6.85-6.82 (m, 2H), 6.78 (s, 1H), 6.46 (d, J = 2.4 Hz, 1H), 4.37-4.31 (m, 1H), 4.02-3.93
(m, 1H), 3.96 (s, 3H), 3.85 (dd, J = 16.8, 8.8 Hz, 1H), 3.49-3.33 (m, 3H), 3.30-3.21 (m,
1H), 2.91-2.82 (m, 1H), 2.69 (s, 3H). 3C NMR (100 MHz, CDCl3) & 156.3, 145.0, 136.2,
128.5, 127.6, 127.3, 126.5, 126.3, 124.6, 122.9, 121.4, 119.4, 117.6, 117.5, 116.8,
62.1, 47.4, 46.4, 44.1, 36.7, 33.6, 19.7. MS (70 eV): m/z (%): 372 (M", 81.09), 285
(100). HRMS calcd for CyqH24N,0,: 372.1838, found: 372.1835. [a]p2° = -23.5 (c = 0.3,
CHCI3). HPLC conditions: Chiralpak AD-H, hexane/2-propanol = 90: 10, 0.8 mL/min,

254 nm; tr (minor) = 14.12 min, tr (major) = 17.00 min, 81% ee.
Chromatogram
UV _VIS_2 WVL:254 nm

E hhie-141227-1 #1582 [manipulated] HHX 5-77-3 ADH W

4004
3504

3004 || Il

Absorbance [mAL]
o %) ra
o =] i
=1 =1 =]
I L N

=}
¥ =}
L

o
=
L

{

a)
00 20 40 6.0 80 100 120 140 160 18.0 200
Time [min]

Integration Results

No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAU % % n.a.

1 13.973 163.899 352.282 50.41 51.58 n.a.

2 16.827 161.205 330,713 49.59 45.42 n.a.

Total: 325.104 682,995 100.00 100.00
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|Chromatogram

— T hhx-141237-1 #1093 [manipulated] HHX £77-4 ADH UW_VIS_1 WVL:210 nm
] 12-16.99
|'|
875 ] i
] [
750 | |
625 | |
5 ] | |
E- 5004 |
B b
5] |
Ef 75
=] I
250 | |
] P
125 1-14.120 | ||
] f"\ll | I|I |
o] — N u_\._‘
100- — T T T T T T_ T a
0.0 20 4.0 5.0 2.0 10.0 12.0 14.0 8 0.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amaunt
min mALU*min maALl % bl n.a.
1 14.120 51.824 101.187 954 49.78 n.a.
2 16.997 491.278 935.298 90.46 90.24 n.a.
Total: 543102 1036.495 100.00 100.00
(17) Synthesis of 3q
Phi.,

~
N (0]

0

Bn

3q
White solid. "H NMR (400 MHz, CDCls) & 7.47 (d, J = 8.0 Hz, 1H), 7.37-7.14 (m, 10H),
7.12-7.09 (m, 2H), 7.08-7.04 (m, 2H), 6.49 (dd, J = 4.4, 2.4 Hz, 1H), 5.28 (dd, J = 22.4,
16 Hz, 2H), 4.47-4.42 (m, 1H), 3.96-3.90 (m, 1H), 3.67 (dd, J = 16.8, 8.8 Hz, 1H),
3.62-3.53 (m, 1H), 3.43-3.25 (m, 3H), 3.03-2.95 (m, 1H). *C NMR (100 MHz, CDCl5) &
156.2, 144.7, 137.6, 137.0, 128.8, 128.5, 127.8, 126.8, 126.52, 126.48, 126.4, 125.3,
123.3,122.2,119.6, 119.4, 117.6, 109.9, 61.9, 50.0, 47.7, 46.3, 44.3, 33.5. MS (70 eV):
m/z (%): 434 (M*, 59.67), 91 (100). HRMS calcd for CyoH,6N,05: 434.1994, found:
434.1999. [a]p®® = -7.7 (¢ = 0.3, CHCl3). HPLC conditions: Chiralpak AD-H,

hexane/2-propanol = 95: 5, 1.0 mL/min, 233 nm; tr (minor) = 27.68 min, tr (major) =

36.82 min, 92% ee.
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Chromatogram

250 E hhue-14 -1 #1385 [manipulated] HH¥ 5-8-5 ADH UNV_WIS_1 WVL:233 nm
3004 |1-27.537
|‘
207 || 12-37.503
| Il
3 I
é 2004 | (
i 1
2 150
: |
8 |
< 100 | | | |
| I
. f | [
- | | |1 [
| [ I
" I | '\-_ \
o B TS . _ S
-50 T T T T T T T T
0.0 5.0 10.0 15.0 200 25.0 30.0 35.0 0.0 450
Time [min]
Integration Result
No. Peak Name Retenticn Time Area Height Relative Area Relative Height Amount
min mAL*min mAU % n.a.
1 27.537 235.926 294 468 5025 55.80 n.a.
2 37.503 233.559 233.247 48.75 44 20 n.a.
Total: 469.486 527.715 100.00 100.00
|Chromatogram
1100 T hhoc-141227-1 #128 [manipulated] HHX 5-2-4 ADH V_VIS_1 WVL:233 nm
1000 4 |2-36.823
1 i
] I
- |
E
; |
§
F N
5
&
T R
250 | |
] [
1257 |
] \1-27.882 | Iul
N W - L/ \ :
50 10.0 15.0 200 250 300 350 400 450
Time [min]
Integration Result
No. Pesak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAU % % n.a.
1 27.683 42833 54.708 425 5.33 n.a.
2 36.823 965.308 971.744 95.75 94 67 n.a.
Total: 1008.141 1026.452 100.00 100.00

(18) Synthesis of 3r

MeO
1y,
IS
N

>
N

\

Bn

3r

White solid. *H NMR (400 MHz, CDCls) & 7.46 (d, J = 8.0 Hz, 1H), 7.34-7.18 (m, 7H),
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7.14-7.03 (m, 4H), 6.87 (d, J = 8.8 Hz, 2H), 6.49 (d, J = 2.0 Hz, 1H), 5.28 (dd, J = 20.4,
16.0 Hz, 2H), 4.42-4.37 (m, 1H), 3.99-3.89 (m, 1H), 3.81 (s, 3H), 3.67 (dd, J = 17.2, 8.4
Hz, 1H), 3.51 (dd, J = 16.0, 7.2 Hz, 1H), 3.45-3.22 (m, 3H), 2.99-2.91 (m, 1H). **C NMR
(100 MHz, CDCl5) 6 158.2, 156.3, 137.6, 137.0, 136.9, 128.8, 127.8, 127.5, 126.8,
126.6, 125.3, 123.5, 122.2, 119.6, 119.4, 117.7, 117.6, 113.9, 109.9, 61.9, 55.3, 50.0,
47.9, 45.8, 44.4,33.8. MS (70 eV): m/z (%): 464 (M, 55.59), 91 (100). HRMS calcd for
C30H28N203: 464.2100, found: 464.2096. [Ot]D20 = 20.7 (c = 0.3, CHCl5). HPLC
conditions: Chiralpak AD-H, hexane/2-propanol = 90: 10, 0.8 mL/min, 254 nm); tr

(minor) = 36.88 min, tr (major) = 40.79 min, 95% ee.

Chromatogram

100.0 - AL M- 131227-1 7345 [manipuiatzd] HFX 647-1 ADH UV_VIS_2 WVL:254 nm
\2-40.81
a7, f\
|
i
|
75.04 | |
I
825 [
5 |1-36.300 | |
E s
E 5007 f [
@ |
g [ [ |
o |
£ | | |
i [ |
< [
250 | Vo |
I| |I | |
| \ i
12, | W ‘,I
!
00 | S R g N VAN — \.__ N
10.0 - - - -
0 5.0 10.0 15.0 200 50 0.0 40.0 4 0
Time [mir]
Integration
No.  |Peak Name Retentien Time Area Height Relative Area Relative Height | Amount
min maL*min mAU k] k] n.a.
1 36.390 150.592 4.969 45.91 38.37 na.
2 40.810 157.328 88.278 51.09 61.63 na.
Total: 307.919 143.247 100.00 100.00
Chromatogram
0.0 [ Px-1412271 #347 [manipulated] HHX 5-43-2 ADH UV_VIS_2 WVL:254 nm
|2-40.78
fi
N
50.0 I
i
50.04 I
[
= 40.0 | |
E B
8 |
2 300 |
5
g [
8 |
< 20.04 | |
[
| |
10.0- | \
| i
T
18- \
ool —_— R —— A
-10.0
T : T T T T T T T T
0.0 50 10.0 150 20.0 250 30.0 380 400 450 500
Time [min]
Integration Results
No. |Peak Mame Retenticn Time Area Height Relative Area Relative Height | Amount
min mAL*min mAU % ) na.
1 36.880 2488 1.322 234 20 n.a.
& 40.767 103.661 64.513 9766 97.88 n.a.
Total: 106.147 65.835 100.00 100.00
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tBu
11y,

(19) Synthesis of 3s

White solid. *H NMR (400 MHz, CDCls) & 7.53 (d, J = 8.0 Hz, 1H), 7.38-7.32 (m, 2H),
7.31-7.22 (m, 6H), 7.21-7.18 (m, 1H), 7.12-7.03 (m, 4H), 6.49 (d, J = 2.0 Hz, 1H), 5.28
(dd, J = 20.4, 16.0 Hz, 2H), 4.47-4.42 (m, 1H), 3.97-3.92 (m, 1H), 3.69 (dd, J = 17.2, 8.8
Hz, 1H), 3.59-3.53 (m, 1H), 3.44-3.37 (dd, J = 15.2, 8.8 Hz, 1H), 3.37-3.25 (m, 2H),
3.00-2.94 (m, 1H), 1.33 (s, 9H). 3C NMR (100 MHz, CDCl;) & 156.2, 149.2, 141.7,
137.6, 137.0, 128.8, 127.8, 126.8, 126.6, 126.2, 125.3, 123.5, 122.2, 119.6, 119.4,
117.7, 117.5, 109.8, 61.9, 55.3, 50.0, 47.9, 45.8, 44.4, 33.8. MS (70 eV): m/z (%): 490
(M*, 55.59), 91 (100). HRMS calcd for Ca3H34N,05: 490.2620, found: 490.2617. [a]p>°
=37.5 (c = 0.3, CHCl3). HPLC conditions: Chiralpak AD-H, hexane/2-propanol = 90: 10,

0.8 mL/min, 254 nm; tr (minor) = 16.33 min, tr (major) = 23.47 min, 93% ee.

|Chromatogram
x-141227-1 #3 ipulat W 6-47-2 A i_\VIS_2 WVL:254
100.0— m hhx-141227-1 #2248 [manipulated] HHX §-47-2 ADH UW_WVIS_2 WVL:254 nm
] 12-23.373
1 |'|I
87.81 11-16.227 || ||
4 i
] 1
75.0] Il | [ |
] | | |
] I I
52.5] [ | |
5 ] [ | |
£ .1 | | |
= 50.0] |
& 1 | | |
5
@ | |
B |
5 | [
g I |
< 1 | | | |
25.0] [ |
] [ [
] | | |
] f \ [
12.54 |'|l ".I I| I'.I
] ! \-\ | |
aod [ _ P A N NV N
10.0]
T T T T T T ]
0.0 5.0 10.0 15.0 20.8 25.0 20.0
Time [min]
Integration Results
Mo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL % % n.a.
1 16.227 104.993 B3.063 50.90 47.12 n.a.
2 23.373 101.293 93.226 45.10 52.88 n.a.
Total: 206.286 176.290 100.00 100.00
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|Chromatogram

00 Bl hhx-141237-1 £348 [manipulated] HHX 5-43-3 ADH UV_VIS_Z WVL:254 nm
60.04 |2 - 22467
I"I
i
50.0 || ||
|
= 40.0 | I
=) : | |
E |
o | |
£ 300 |
5 |
£ |
=
B ||
20,0 |
I
[
| \
10.0 || \
\1-18.220 | \
o ) k‘(_n___ - | . I
-i0.a r T T T T 1
0.0 5.0 10.0 15.0 20.0 2! 30.0
Time [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min m&LU*min mAU % % n.a.
1 16.320 2.268 2.021 3.50 335 n.a.
2 23,467 §52.440 56.204 96.50 96.65 n.a.
Total: 64.708 60.224 100.00 100.00
(20) Synthesis of 3t
Cl
liy,
IS
NYO
N </O
\
Bn
3t

White solid. *H NMR (400 MHz, CDCls) & 7.45 (d, J = 8.0 Hz, 1H), 7.39-7.14 (m, 9H),
7.13-7.04 (m, 4H), 6.51 (d, J = 2.4 Hz, 1H), 5.32 (dd, J = 23.6, 16.0 Hz, 2H), 4.42-4.37
(m, 1H), 3.98-3.91 (m, 1H), 3.72-3.64 (m, 1H), 3.58-3.52 (m, 1H), 3.47-3.28 (m, 3H),
2.98-2.91 (m, 1H). B¢ NMR (100 MHz, CDCl3) 6 156.2, 143.1, 137.5, 137.0, 132.0,
128.8, 128.6, 127.9, 127.8, 126.7, 126.4, 125.3, 122.7, 122.3, 119.5, 119.4, 117.8,
117.3, 109.9, 61.9, 50.0, 47.8, 45.8, 44.3, 33.5. MS (70 eV): m/z (%): 468 (M, 27.43),
91 (100). HRMS calcd for CogH2sN,0,Cl: 468.1605, found: 468.1602. [a]p™® = 36.9 (c =
0.3, CHCl3). HPLC conditions: Chiralpak AD-H, hexane/2-propanol = 90: 10, 0.8

mL/min, 210 nm); tr (minor) = 23.63 min, tr (major) = 28.74 min, 85% ee.
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Chromatogram

700 : hhx-141227-1 #3190 [manipulated] §-28-2 ADH UV_VIS_1 WVL:210 nm
|1- 23427
||
5004 | \2-28.803
| |
|
5004 ‘ | | |
= 400 | | ‘
: | |
: |
£ 3004 |
@
5
g |
< 200 | |
| ‘ |
100 ] [ |
|
. | III |
[o | I— J A e~ \ k_'_ |
-100 T T T T T T
0.0 50 10,0 15.0 20.0 25.0 20.0 25.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 23487 404,357 660.973 49 96 53.57 n.a.
2 28.803 404,942 572.864 50.04 48.43 n.a.
Total: 809.298 1233.837 100.00 100.00
Chromatogram
350 [ - 141227-1 #27 [manipulated] HHX 4-102-4 ADH UV_VIS_1 WVL:210 nm
200 |2- 28737
fl
2504 ‘l ||
1
: |
®
£ 1504
T
: |
H
|
< 100 |
0 | |
504 N |
| 11-22.530
| A i
I A . |
0] \~ — I T ]
-50 T T T T T
0.0 50 10.0 15.0 200 25 30.0 250
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAL*min mAU % % n.a.
1 23.530 16.417 26.181 743 8.33 n.a.
2 28.737 204.637 2858244 92.57 91.67 n.a.
Total: 221.054 314,425 100.00 100.00

(21) Synthesis of 3u

Phi..
IS
N (0]
N
> T
\
3u

White solid. *H NMR (400 MHz, CDCls) & 7.47 (d, J = 8.0 Hz, 1H), 7.37-7.27 (m, 5H),
7.26-7.16 (m, 2H), 7.09-7.01 (m, 2H), 6.52 (dd, J = 4.4, 2.0 Hz, 1H), 6.04-5.92 (m, 1H),

5.19(dd, J = 10.4, 1.2 Hz, 1H), 5.04 (dd, J = 16.8, 1.2 Hz, 1H), 4.74-4.69 (m, 2H),
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4.46-4.42 (m, 1H), 4.03-3.97 (m, 1H), 3.87-3.80 (m, 1H), 3.61-3.28 (m, 4H), 3.03-2.94
(m, 1H). 3¢ NMR (100 MHz, CDCl5) 6 156.2, 144.7, 136.8, 133.4, 128.5, 126.4, 126.3,
125.0, 123.4, 122.0, 119.5, 119.4, 117.5, 117.3, 117.1, 109.7, 62.0, 48.7, 47.6, 46.3,
44.2,33.6. MS (70 eV): m/z (%): 384 (M*, 100). HRMS calcd for C,5H,4N,0,: 384.1838,
found: 384.1840. [0]p™® = -18.5 (c = 0.3, CHCl3). HPLC conditions: Chiralpak AD-H,
hexane/2-propanol = 90: 10, 0.8 mL/min, 210 nm; tr (minor) = 14.41 min, tr (major) =

17.18 min, 93% ee.

Chromatogram

1400 B rhx-141227-1 #88 [manipulated] HHX 4-80-1 ADH UV_VIS_1 WVL:210 nm
] 1- 14140
12004 |J| |2 - 16,867
|1
1000 | | l |
] | 1
5 5.:.3: | |
i A
] |
£ 600 | |
g | |
E 400 | |
i I
° P
/| I
M . \
i —— — _&I 1 \'__ -
200
T T T T T T T T
0.0 25 50 7 10.0 125 150 175 20.0 225 25.0
Time [min]
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAU % % na.
1 14.140 607.310 1237.926 50.15 51.52 n.a.
2 16.867 504.083 1164.911 49.85 45.43 n.a.
Total: 1211.873 2402.837 100.00 100.00
Chromatogram
2500 T Ahx-141227-1 #132 [manipulated] HHX 54-2 ADH UV_VIS_1 WVL:210 nm
1 2-17.1
i
] |
20004 |
1500 | |
5 ] |
£ |
% ] |
£ 1000
o
: |
g
3 I
500 [
I
P | |
-1a413 |
RV I/\_ . L4 \ ;
-500 — T T T T T T— T
0.0 25 5.0 10.0 12.5 7.5 200 225 290
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 14413 47.712 98.991 374 406 n.a.
2z 17.180 1228.661 2337.773 96.26 95.94 n.a.
Total: 1276.374 2436.764 100.00 100.00

(22) Synthesis of 3w
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Me
3w

White solid. *H NMR (400 MHz, CDCls) & 7.62 (d, J = 7.6 Hz, 1H), 7.38-7.22 (m, 2H),
7.19-7.13 (m, 1H), 6.94 (s, 1H), 6.46 (s, 1H), 4.21-4.06 (m, 1H), 4.01-3.91 (m, 2H),
3.79 (s, 3H), 3.62-3.49 (m, 2H), 3.11-3.05 (m, 1H), 2.43-2.32 (m, 2H), 1.36 (d, / = 6.4
Hz, 3H). B3¢ NMR (100 MHz, CDCl3) 6 156.3, 137.4, 126.4, 125.7, 123.7, 121.8, 119.1,
118.9, 117.5, 117.4, 109.3, 62.1, 45.9, 44.1, 36.8, 33.8, 32.7, 21.4. MS (70 eV): m/z
(%): 296 (M, 24.35), 57 (100). HRMS calcd for CigHaoN,O,: 296.1525, found:
196.1528. [alp”® = -30.5 (c = 0.3, CHCl3). HPLC conditions: Chiralpak OD-H,
hexane/2-propanol = 70: 30, 0.8 mL/min, 233 nm); tr (minor) = 8.10 min, tr (major) =

10.24 min, 69% ee.

Chromatogram

1400 T rhs-131227-1 #208 [manipuiated] HHY 6-18-1 ODH UV_WIS_1 WVL:223 nm
12C:|: |1 -8.100
"
1 JC:I: ‘ ||
] | 12-1
o | f
5 004 | | I
i ] I
2 s00] [ | II
5 ]
£ ] | | |
5
£ .01 ! I
2 400 | [
] | | | |I
0] [ [
] | |
| \ | \
] | | \
.:.: - — e \—|-_ S—— S
200 | T T T T T T T T T
0.00 126 250 375 5.00 B8.25 75D 8.78 10.00 11.26 12.00
Time [min]
Integration Results
Mao. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAU % % n.a.
1 8.100 307.470 1148.578 50.40 56.87 n.a.
2 10.227 302.632 871.250 49.60 43.13 n.a.
Total: 610.103 2019.628 100.00 100.00
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Chromatogram

:hr‘x-MIEZF-I #210 [manipulated] HHX 8-12-2 ODH UW_WVIS_1 WWL:232 nm

2200

2000 |1-8.087
] \

Absoroance [mAL]
=]
=]
]

7
500 ‘ ||
| | 12-10.240
|
| \
|
0 -— U N _L/f —
-200 . T T T T T T T T T,
0.00 1.28 250 375 5.00 625 750 8.75 10.00 1135 12.00
Time [min]
Integration Results
Mo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL % % n.a.
1 8.087 530.636 1950.353 B84.56 87.52 n.a.
2 10.240 96.908 278.066 15.44 1248 n.a.
Total: 627.544 2228.419 100.00 100.00
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7. X-ray crystal data
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8. Copies of NMR Spectra for [2+2] adducts
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