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1. General Information

All reactions were carried out in oven-dried reaction vessel unless otherwise noted and solvents were dried
according to established procedures. Reactions were monitored by thin layer chromatography (TLC).
Purification of reaction product was carried out by flash chromatography using Qing Dao Sea Chemical
Reagent silica gel (200-300 mesh). 'H, 3C and '°F NMR spectra were recorded on Bruker 400 MHz or 500
MHz spectrometer in CDCl3 unless otherwise noted. Chemical shifts in *H NMR spectra are reported in parts
per million (ppm, &) downfield from the internal standard Me,Si (TMS, & = 0 ppm). Chemical shifts in **C NMR
spectra are reported relative to the central line of the chloroform signal (6 = 77.0 ppm). Data are presented as
follows: chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet) and
coupling constant in Hertz (Hz). Infrared spectra (IR) were recorded from 4500 cm™ to 650 cm™ on a
PerkinElmer Spectrum BX-59343. For detection, a Smiths Detection DuraSamplIR 1l Diamond ATR sensor was
used and the absorption bands were reported in wavenumbers. HPLC analyses were conducted on an Agilent
instrument using Daicel Chiralpak IA, 1B, Chiralcel AD-H, OD-H or AS-H columns. High resolution mass spectra
were obtained with a Shimadzu LCMS-IT-TOF mass spectrometer. The single crystal X-ray diffraction studies

were carried out on an Xcalibur Onyx Nova diffractometer equipped with CuK/a radiation.
2. Screening of Catalysts and Condition Optimization

2.1 Condition optimization for the synthesis of 3a from propargylic alcohol 1a and
3-methyl-1H-indole.

Table S1. Screening of catalysts and optimization of reaction conditions®

t-Bu
X
N__CF,
(x mol%)
OH Cat.
N\ + A\ .~
N solvent, T
H H
la 2a
(R)-AL: R=3,5-(CF;),CeH,
R (R)-AZ R= 2,4,6-|F’r3(;6|_12 R
OO (R)-A3: R= 1-naphthyl
o, F{/O (R)-A4 si g-nai)hhthlyl o, #/0 (R)-BL: R= 9-anthryl
o oH Egiz R; C-j:rl Y ’ o OH  (R}B2R= 3.5-(CF4),CqHs
O (R)-A7: R=4-PhCyyy, R
R (R)-A8: R=4-CF,CH,
(R)-A9: R= 4-CIC6H4
Catalyst Solvent Additive , Yield™®
E la: 2 TC T Ic]
ntry (x mol%) (xmL) a: 2a (°C) (x mg) ime %) er
1 (R)-A1 (10) DCM (1) 1:1.2 rt -- 20h 90 64:36
2 (R)-A2 (10) DCM (1) 1:1.2 rt - 72h trace -
3 (R)-A3 (10) DCM (1) 1:1.2 rt - 20h 90 56:44
4 (R)-A4 (10) DCM (1) 1:1.2 rt -- 20h 88 61:39
5 (R)-A5 (10) DCM (1) 1:1.2 rt - 72h trace -
6 (R)-A6 (10) DCM (1) 1:1.2 rt -- 20h 90 91:9
7 (R)-A7 (10) DCM (1) 1:1.2 rt -- 20h 68 53:47
8 (R)-A8 (10) DCM (1) 1:1.2 rt -- 20h 65 65:35
9 (R)-A9 (10) DCM (1) 1:1.2 rt -- 20h 53 64:36
10 (R)-B1 (10) DCM (1) 1:1.2 rt - 72h trace -
11 (R)-B2 (10) DCM (1) 1:1.2 rt - 72h trace -
12 (R)-A6 (5) DCM (1) 1:1.2 rt -- 20h 90 91:9
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13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

(R)-A6 (2.5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)
(R)-A6 (5)

DCM (1)
DCE (1)
CHCl; (1)
CCls (1)
toluene (1)
MeCN (1)
acetone (1)
THF (1)
DCM (3)
DCM (5)
DCM (3)
DCM (3)
DCM (3)
DCM (3)
DCM (3)
DCM (3)
DCM (3)
DCM (3)

1:1.2
1:1.2
1:1.2
1:1.2
1:1.2
1:1.2
1:1.2
1:1.2
1:1.2
1:1.2
1:1.2
1:1.2
1:1.2
1:1.2
1:1.2
1:1.2
1.2:1
1:1

20°C
15°C
10°C
10°C
10°C

rt
rt
rt
rt
rt
rt
rt
rt
rt
rt
rt
rt
rt

Na,SO4 (35)
MgSO; (35)
4A MS (35)
MgSO; (35)
MgSO; (35)
MgSO; (35)
MgSO; (35)
MgSOs (35)

36h
20h
20h
20h
8h
72h
72h
72h
24h
30h
20h
20h
72h
48h
72h
5d
5d
5d

89
88
90
86
92
<5
<5
NR
90
87
89
90
<5
90
91
92
92
92

93:7
92:8
89:11
94:6
95:5
95:5
95:5
94:6
96:4

[a] Unless otherwise specified, all reactions were carried out with catalyst (x mol%), 1a (0.05 mmol) and 2a
(0.06 mmol) in the indicated solvent (x mL) at room temperature. [b] Isolated yield of 3a. [c] Determined by
chiral-phase HPLC analysis.

2.2 Condition optimization for the synthesis of 3t from propargylic alcohol 1k and

5-methoxy-3-methyl-1H-indole.

Table S2. Screening of catalysts and optimization of reaction conditions®

OMe
T™MS
X CF,
(x mol%)
OH MeO (R)-A6
A\ + A\
N N solvent, T
H g
1k 29
Catalyst Solvent Temperature Additive . Yield(!
Entry (x mol%6) (x mL) 1k: 2g C) (x mg) Time (%) erld
1 (R)-A6 (5) DCM (3) 1:1 10°C MgSO, (35)  6d 76 94:6
2 (R)-A6 (5) DCM (1) 1:1.2 10°C MgSO, (25)  6d 78 94:6
3 (R)-A6 (5) DCM (1) 1:1.2 rt MgSO, (25)  48h 82 93.5:6.5
4 (R)-A6 (10) DCM (1)  1:1.2 rt MgSOa4 (25)  18h 86 95:5
5 (R)-A6 (10) DCM (3) 1:1.2 rt MgSO, (35)  56h 88 95:5

[a] Unless otherwise specified, all reactions were carried out with catalyst (x mol%), 1k (0.05 mmol) and 2g
(0.06 mmol) in DCM (x mL) at room temperature. [b] Isolated yield of 3t. [c] Determined by chiral-phase HPLC

analysis.

2.3 Condition optimization for the synthesis of 5 from propargylic alcohol 1 and

5-fluoro-3-methyl-1H-indole.
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Table S3. Screening of catalysts and optimization of reaction conditions®

R
\
N\ CF;
(x mol%)
H F Cat.
N N solvent, T
H H
1 4b
(R)-AL: R=3,5-(CF;),C¢H,
R (R)_AZZ R= 2,4,6-|Pr3(;6|.|2
OO (R)-A3: R= 1-naphthyl (R).Bli R= 9-anthryl
o O (R)-A4 R= 2-naphthyl (R)-BZ: R= 3,5»(CF3)2(;6H3
: i (R)-A5: R= 9-anthryl (R)_B33 R= 9-phenanthryl
o OH (R)-AB: R= CeFy (R)-B4: R=2.4.6-Prc H,
(R)-A7:R= 4-PhCyH,
R (R)-A8: R=4-CF,CH,
(R)}-AY R= 4-C|C6H4
Catalyst Solvent Temperature Additive . Yield®
Entry = Time erld
(X mol%) (x mL) (°C) (x mg) (%)
1 (R)-A1 (10) DCM (1) Ph rt -- 18h 96 35:65
2 (R)-A2 (10) DCM (1) Ph rt -- 72h 82 30:70
3 (R)-A3 (10) DCM (1) Ph rt -- 12h 98 30:70
4 (R)-A4 (10) DCM (1) Ph rt -- 12h 96 29:71
5 (R)-A5 (10) DCM (1) Ph rt -- 24h 96 31:69
6 (R)-A6 (10) DCM (1) Ph rt -- 8h 98 52:48
7 (R)-A7 (10) DCM (1) Ph rt -- 12h 93 29:71
8 (R)-A8 (10) DCM (1) Ph rt -- 12h 95 28:72
9 (R)-A9 (10) DCM (1) Ph rt -- 10h 92 35:65
10 (R)-B1 (10) DCM (1) Ph rt -- 24h 98 82:18
11 (R)-B2 (10) DCM (1) Ph rt -- 20h 96 76:24
12 (R)-B3 (10) DCM (1) Ph rt -- 32h 92 80:20
13 (R)-B4 (10) DCM (1) Ph rt -- 72h 68 74:26
14 (R)-B1 (5) DCM (1) Ph rt -- 72h 96 90:10
15 (R)-B1 (5) CHClIs (1) Ph rt -- 8d 80 88:12
16 (R)-B1 (5) DCE (1) Ph rt -- 9d 86 89:11
17 (R)-B1 (5) toluene (1) Ph rt - 5d 92 80:20
18 (R)-B1 (5) PhCF; (1) Ph rt -- 24h 98 83:17
19 (R)-B1 (5) acetone (1) Ph rt - 9d <5 -
20 (R)-B1 (5) EtOAc (1) Ph rt -- 9d <5 --
21 (R)-B1 (5) DCM (1) t-Bu rt -- 6d 90 92:8
22 (R)-B1 (5) DCM (1) TMS rt -- 7d 87 93:7
23 (R)-B1 (5) DCM (1) TMS rt Na,SO;, (25) 6d 84 93:7
24 (R)-B1 (5) DCM (1) TMS rt MgSOs4 (25) 6d 86 92:8
25 (R)-B1 (5) DCM (1) TMS rt 3A MS (25) 7d <5 --
26 (R)-B1 (5) DCM (1) TMS rt 4A MS (25) 7d 23 67:33
27 (R)-B1 (5) DCM (1) TMS rt 5A MS (25) 7d 85 90:10
28 (R)-B1 (10) DCM (1) TMS rt -- 3d 87 95:5
29 (R)-B1 (10) DCM (1) t-Bu rt -- 4d 92 97:3
30 (R)-B1 (10) DCM (1) t-Bu 10°C -- 10d 62 96:4

[a] Unless otherwise specified, all reactions were carried out with catalyst (x mol%), 1 (0.05 mmol) and 4b (0.06
mmol) in the indicated solvent (x mL) at room temperature. [b] Isolated yield of 5. [c] Determined by
chiral-phase HPLC analysis.
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2.4 Condition optimization for the synthesis of 7a from propargylic alcohol 1ae and
3-methyl-1H-indole.

Table S4. Screening of catalysts and optimization of reaction conditions®

Ph ~ OH
Cat. (x mol%)
CF3 +

N\ A\

N solvent, T
N
H H

2a

(R)-AL: R= 3,5-(CF3)206H3
R (R)J.\z: R= 2,4,6-iPr3(;ﬁp-|2

(R)-A3 R= 1-naphthyl
o) F{/O (R)-A4 R= 2-naphthyl

(R)-A5: R= 9-anthryl

, \OH T E\‘\
O (R)»AG: R= Ce':s o
R (R)-AT: R=4-PhC.H,

(R)-A8 R=4-CF,CgH,

Cry 90
o_0o (R)-BL: R= 9-anthryl o 0

=4 : 4 (R)-CL: R=4-PhC_H,
o SOH  (R)-B2: R=3.5:(CF;),CeHy v “OH

Cx,
R R

(R)-Ag: R= 4-CICGH4
Catalyst Solvent lae: Temperature Additive . Yield®
Entry ime rlel
(x mol%) (x mL) 2a (°C) (x mg) (%)

1 (R)-A1 (10) DCM (1) 1:1.2 rt - 24h 84 95:5
2 (R)-A2 (10) DCM (1) 1:1.2 rt -- 96h trace 35:65
3 (R)-A3 (10) DCM (1) 1:1.2 rt - 13h 61 91:9
4 (R)-A4 (10) DCM (1) 1:1.2 rt - 13h 82 91:9
5 (R)-A5 (10) DCM (1) 1:1.2 rt - 24h 40 80:20
6 (R)-A6 (10) DCM (1) 1:1.2 rt - 13h 30 53:47
7 (R)-A7 (10) DCM (1) 1:1.2 rt -- 13h 86 97:3
8 (R)-B1 (10) DCM (1) 1:1.2 rt - 120h 35 58:42
9 (R)-C1 (10) DCM (1) 1:1.2 rt - 24h 38 93:7
10 (R)-A7 (5) DCM (1) 1:1.2 rt - 19h 84 96:4
11 (R)-A7 (10) DCE (1) 1:1.2 rt - 13h 76 96:4
12 (R)-A7 (10) CHCl; (1)  1:1.2 rt - 24h 34 93:7
13 (R)-A7(10) toluene (1) 1:1.2 rt - 13h 72 95:5
14 (R)-A7 (10) THF (1) 1:1.2 rt - 72h NR -

15 (R)-A7 (10) DCM (2) 1:1.2 rt -- 20h 86 96:4
16 (R)-A7 (10) DCM (1) 1:1.2 rt 4AMS (35)  72h trace 90:10
17 (R)-A7 (10) DCM (1) 1:1.2 0°C - 72h trace 93:7
18 (R)-A7 (10) DCM (1) 1:1.2 0°C 4AMS (385) 72h NR -

[a] Unless otherwise specified, all reactions were carried out with catalyst (x mol%), 1ae (0.05 mmol) and 2a
(0.06 mmol) in the indicated solvent (x mL) at room temperature. [b] Isolated yield of 7a. [c] Determined by
chiral-phase HPLC analysis.
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3. Experimental Procedure and Characterization of Substrates

a. General Procedure to Prepare Substrates la~lab and lae-~lag

RZ

O\_CF, X CF,
. o "BuLi, THF, N, N OH

=

— - R
78°c, 05h-rt,24h !

4 Ra
S1 S2 1

RIM S
=

| N \
N N
R

At -78 °C, under N, a flame-dried flask charged with a solution of the terminal alkyne S2 (7 mmol, 3.5
equiv) in dry THF (15 mL), was added "BuLi (5 mmol, 3.2 mL, 1.6 M in hexane) dropwise. The reaction was
stirred for 2 h at 0 °C. Then a solution of the corresponding indolyl-ketone S1 (2 mmol, 1.0 equiv) in THF (5 mL)
was added via syringe at -78 °C. The reaction mixture was then slowly warmed up to room temperature and
stirred for 24 h. Upon completion, the reaction mixture was cooled to 0 °C and cooled water (10 mL) was added
dropwise. The organic layer was separated. The aqueous layer was extracted with ethyl acetate (3x10 mL).
The combined organic layers were washed with brine (30 mL), dried over anhydrous Na,SO,, filtered, and
concentrated. The crude product was purified directly by flash column chromatography on silica gel (petroleum
ether/ ethyl acetate = 10:1~5:1) or recrystallization to give the desired a-indolyl propargylic alcohols 1a~1ab.

At -78 °C, under Ny, to a flame-dried flask charged with a solution of the terminal alkyne S2 (6 mmol, 3
equiv) in dry THF (15 mL) was added "BuLi (6 mmol, 2.5 mL, 2.4 M in hexane) dropwise. The reaction was
stirred for 0.5 h at the same temperature and then a solution of the corresponding indolyl-ketone S1 (2 mmol,
1.0 equiv) in THF (5 mL) was added via syringe. The reaction mixture was then slowly warmed up to room
temperature and stirred for 32 h. Upon completion, the reaction mixture was cooled to 0 °C and a saturated
aqueous NH.CI solution (7 mL) was added dropwise. The organic layer was separated. The aqueous layer was
extracted with ethyl acetate (3x10 mL). The combined organic layers were washed with brine (30 mL), dried
over anhydrous Na,SO;,, filtered, and concentrated. The crude product was purified directly by flash column
chromatography on silica gel (petroleum ether/ ethyl acetate = 10:1~5:1) or recrystallization to give the desired

a-indolyl propargylic alcohols lae~lag.

b. General Procedure to Prepare Substrates lac

(0]
CF3 CF3

"BuLi, THF, N, OH

N N\
-78, .

N C,10min-rt,8h N

H H

S1 lac

At -78 °C, under N, a flame-dried flask was charged with a solution of "BuLi (6 mmol, 3.75 mL, 1.6 M in
hexane) in dry THF (15 mL). The solution was stirred for 10 min at the same temperature, then a solution of
indolyl-ketone S1 (2 mmol, 1.0 equiv) in THF (5 mL) was added via syringe. The reaction mixture was then
slowly warmed up to room temperature and stirred for 8 h. Upon completion, the reaction mixture was cooled to
0 °C and a saturated aqueous NH,4CI solution (7 mL) was added dropwise. The organic layer was separated.
The aqueous layer was extracted with ethyl acetate (3x10 mL). The combined organic layers were washed with
brine (30 mL), dried over anhydrous Na,SOQy, filtered, and concentrated. The crude product was purified directly
by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 10:1~5:1) to give the desired

a-indolyl propargylic alcohols lac.
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c. General Procedure to Prepare Substrates lad

0o

CF3 Ph CFs
THF, N
N2 oH

A\ +  Ph-MgBr A\
N 0 °C to 50 °C, overnight N
H

H

S1
lad

At 0 °C, under N,, a flame-dried flask was charged with a solution of the corresponding magnesium
bromide solution (5 mL, 1.0 mol/L) in dry THF (15 mL), and the solution was stirred for 10 min at the same
temperature. Then a solution of indolyl-ketone S1 (2 mmol, 1.0 equiv) in THF (5 mL) was added via syringe.
Subsequently, the reaction mixture was moved to an oil bath and refluxed at 50 °C overnight. Upon completion,
the reaction mixture was cooled to 0 °C and a saturated aqueous NH,ClI solution (7 mL) was added dropwise.
The organic layer was separated. The aqueous layer was extracted with ethyl acetate (3x10 mL). The
combined organic layers were washed with brine (30 mL), dried over anhydrous Na,SO,, filtered, and
concentrated. The crude product was purified directly by flash column chromatography on silica gel (petroleum

ether/ ethyl acetate = 10:1~5:1) to give the desired a-indolyl propargylic alcohols lad.

d. Analytical Data for Substrates la~l1af

1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-ol (1a)

X CFs
OH
\
N
H
light brown solid, 82% yield. M.p. 125.3.2-126.8 °C. *H NMR (400 MHz, DMSO-de) &: 11.24 (s, 1H), 7.80 (d, J =
7.9 Hz, 1H), 7.45-7.35 (m, 2H), 7.20 (s, 1H), 7.10 (t, J = 7.5 Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 1.26 (s, 9H). 3C
NMR (126 MHz, DMSO-ds) &: 137.1, 125.8, 125.4, 125.0 (q, J = 286.0 Hz), 121.7, 121.2, 119.4, 112.2, 112.2,
94.5,76.5, 69.5 (q, J = 32.6 Hz), 30.8, 27.6; °F NMR (376 MHz, DMSO-dg) &: -79.41. IR (ATR) viax 3409, 2971,
1174, 1001, 745 cm™*. HRMS (ESI): m/z calcd. for C16H1sNOFs5 [M-H]: 294.1111; found: 294.1101.

1,1,1-trifluoro-2-(4-fluoro-1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-ol (1b)

. \\ OH
CFg

N

N

H
light brown solid, 83% yield. M.p. 120.2-121.5 °C. 'H NMR (400 MHz, DMSO-dg) &: 11.52 (s, 1H), 7.47 (d, J =
2.6 Hz, 1H), 7.24 (d, J = 8.1 Hz, 1H), 7.11 (s, 2H), 6.77 (dd, J = 11.7, 7.7 Hz, 1H), 1.23 (s, 9H). 3C NMR (101
MHz, DMSO-dg) 6: 155.3 (d, J = 250.1 Hz), 139.9 (d, J = 11.0 Hz), 126.3, 124.1 (q, J = 285.5 Hz), 122.1 (d, J =
7.8 Hz), 113.5 (d, J = 19.8 Hz), 110.9 (d, J = 3.6 Hz), 108.1 (d, J = 3.6 Hz), 105.1 (d, J = 21.3 Hz), 93.7, 76.3,
68.7 (9, J = 32.6 Hz), 30.3, 27.1. *°F NMR (376 MHz, DMSO-dg) &: -79.15 (d, J = 15.2 Hz), -108.09~-115.19 (m).
IR (ATR) vmax: 3394, 2899, 1205, 998, 708 cm™. HRMS (ESI): m/z calcd. for C1H1sNOF4 [M-H]: 312.1017;
found: 312.1013.

1,1,1-trifluoro-2-(5-fluoro-1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-ol (1c)
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N\ on

light brown solid, 91% yield. M.p. 110.4-111.6 °C. 'H NMR (400 MHz, CDCls) &: 8.29 (s, 1H), 7.74-7.55 (m, 1H),
7.43(d, J = 2.7 Hz, 1H), 7.24 (dd, J = 8.9, 4.4 Hz, 1H), 6.97 (td, J = 9.0, 2.4 Hz, 1H), 3.15 (s, 1H), 1.30 (s, 9H).
13C NMR (126 MHz, CDCl5) : 158.1 (d, J = 234.6 Hz), 133.1, 126.5, 125.5 (d, J = 10.8 Hz), 124.1 (q, J = 285.3
Hz), 112.3 (d, J = 4.7 Hz), 112.1 (d, J = 9.7 Hz), 111.2 (d, J = 26.6 Hz), 106.3 (d, J = 25.0 Hz), 96.9, 74.6, 70.3 (q,
J =34.1 Hz), 30.5, 27.7. °F NMR (376 MHz, CDClI3) &: -80.67, -123.46. IR (ATR) vmax: 3441, 2985, 1133, 1010,
740 cm™. HRMS (ESI): m/z calcd. for C16H1sNOF,4 [M-H]: 312.1017; found: 312.1011.

2-(5-chloro-1H-indol-3-yl)-1,1,1-trifluoro-5,5-dimethylhex-3-yn-2-ol (1d)

\\\OH

CF
cl 3
N

N

light brown solid, 80% vyield. M.p. 150.2-151.7 °C. *H NMR (500 MHz, DMSO-ds) d: 11.47 (s, 1H), 7.79 (s, 1H),
7.49(d, J=2.7 Hz, 1H), 7.43 (d, J = 8.7 Hz, 1H), 7.33 (s, 1H), 7.12 (dd, J = 8.7, 2.1 Hz, 1H), 1.27 (s, 9H). 13C
NMR (126 MHz, DMSO-dg) d: 135.1, 127.1, 126.0, 124.4 (q, J = 285.6 Hz), 123.7, 121.1 (d, J = 29.8 Hz), 119.7,
113.4, 111.6, 94.5, 75.7, 68.8 (q, J = 32.7 Hz), 30.3, 27.1. F NMR (471 MHz, DMSO-dg) d: -79.70. IR (ATR)
vmax: 3399, 3000, 1198, 990, 743 cm™t. HRMS (ESI): m/z calcd. for C16HisNOF3Cl [M-H]: 328.0722; found:
328.0731.

2-(5-bromo-1H-indol-3-yl)-1,1,1-trifluoro-5,5-dimethylhex-3-yn-2-ol (1e)

N\ oH

CF
Br 3
N

H

light brown solid, 83% yield. M.p. 152.1-152.9 °C. *H NMR (500 MHz, CDCls) &: 8.27 (s, 1H), 8.14 (s, 1H), 7.41
(d, J=2.6 Hz, 1H), 7.29 (d, J = 1.1 Hz, 1H), 7.22 (d, J = 8.7 Hz, 1H), 2.98 (s, 1H), 1.31 (s, 9H). 13C NMR (126
MHz, CDCls) 6: 135.2, 126.8, 125.8, 125.6, 124.0 (q, J = 285.4 Hz), 123.9, 113.8, 112.9, 112.0, 97.1, 74.6, 70.2
(9, J = 34.2 Hz), 30.6, 27.7. 1°F NMR (471 MHz, CDCls) &: -80.81. IR (ATR) vmax: 3400, 2937, 1168, 1005, 756
cm™. HRMS (ESI): m/z calcd. for C16H1sNOF3Br [M-H]: 372.0216; found: 372.0207.

1,1,1-trifluoro-5,5-dimethyl-2-(5-methyl-1H-indol-3-yl)hex-3-yn-2-ol (1f)

\\ OH
CF3

A\
N
H

light brown solid, 84% yield. M.p. 158.3-159.6 °C. *H NMR (400 MHz, CDCls) &: 8.14 (s, 1H), 7.79 (s, 1H), 7.37
(d, J=2.6 Hz, 1H), 7.25 (d, J = 8.6 Hz, 1H), 7.06 (d, J = 8.3 Hz, 1H), 3.02 (s, 1H), 2.47 (s, 3H), 1.32 (s, 9H). :3C
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NMR (126 MHz, CDCls) &: 135.0, 129.7, 125.3, 125.0, 124.3, 124.2 (q, J = 285.5 Hz), 120.9, 111.8, 111.1, 96 4,
75.1,70.6 (q, J = 34.1 Hz), 30.6, 27.7, 21.7. 1°F NMR (376 MHz, CDCl;) &: -80.49. IR (ATR) vmax: 3411, 2999,
1170, 995, 740 cm™. HRMS (ESI): m/z calcd. for C17H1sNOF; [M-H]: 308.1268; found: 308.1264.

1,1,1-trifluoro-2-(5-methoxy-1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-ol (1g)

N\ oH
CFy

A\
N
H

MeO

light brown solid, 76% yield. M.p. 141.0-142.3 °C. 'H NMR (400 MHz, DMSO-dg) &: 11.10 (s, 1H), 7.37 (d, J =
2.7 Hz, 1H), 7.30 (d, J = 8.8 Hz, 1H), 7.27 (d, J = 1.7 Hz, 1H), 7.17 (s, 1H), 6.78 (dd, J = 8.8, 2.5 Hz, 1H), 3.74
(s, 3H), 1.27 (s, 9H). 13C NMR (126 MHz, DMSO-ds) &: 153.1, 131.8, 125.8, 125.3, 124.6 (q, J = 285.8 Hz),
112.3, 111.5, 111.4, 102.5, 94.1, 75.9, 69.0 (q, J = 32.5 Hz), 55.3, 30.4, 27.1. 1°F NMR (376 MHz, DMSO-ds) &:
-79.39. IR (ATR) vmax: 3419, 2981, 1133, 1007, 747 cm™. HRMS (ESI): m/z calcd. for Ci7H1gNOzF3 [M-H]:
324.1217; found: 324.1209.

1,1,1-trifluoro-2-(6-fluoro-1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-ol (1h)

N\ oH
CF3
N

F N

light brown solid, 76% yield. M.p. 113.5-114.9 °C. 'H NMR (400 MHz, CDCls) &: 8.24 (s, 1H), 7.89 (dd, J = 8.8,
5.4 Hz, 1H), 7.37 (d, J = 2.6 Hz, 1H), 7.02 (dd, J = 9.4, 2.3 Hz, 1H), 6.94 (td, J = 9.3, 2.3 Hz, 1H), 3.10 (s, 1H),
1.30 (s, 9H). 13C NMR (126 MHz, CDCls) &: 160.2 (d, J = 238.9 Hz), 136.7 (d, J = 12.3 Hz), 125.2, 124.1 (q, J =
285.2 Hz), 122.3 (d, J = 9.5 Hz), 121.7, 112.5, 109.4 (d, J = 24.4 Hz), 97.6 (d, J = 26.1 Hz), 96.7, 74.8, 70.5 (q,
J =34.4 Hz), 30.6, 27.7. 1°F NMR (376 MHz, CDCls) &: -80.56, -120.42. IR (ATR) vmac 3400, 2988, 1169, 1008,
736 cm™. HRMS (ESI): m/z calcd. for C16H1sNOF, [M-H]: 312.1017; found: 312.1009.

2-(6-chloro-1H-indol-3-yl)-1,1,1-trifluoro-5,5-dimethylhex-3-yn-2-ol (1i)

N\ oH
CF4

A\
cl N

light brown solid, 75% yield. M.p. 140.4-141.2 °C. *H NMR (400 MHz, CDCls) &: 8.27 (s, 1H), 7.87 (d, J = 8.6 Hz,
1H), 7.39 (d, J = 2.6 Hz, 1H), 7.33 (d, J = 1.4 Hz, 1H), 7.14 (dd, J = 8.7, 1.6 Hz, 1H), 3.12 (s, 1H), 1.29 (s, 9H).
13C NMR (126 MHz, CDCl;) &: 137.0, 128.7, 125.5, 124.0 (q, J = 285.4 Hz), 123.7, 122.3, 121.3, 112.6, 111.3,
96.9, 74.7, 70.4 (q, J = 34.2 Hz), 30.6, 27.7. °F NMR (376 MHz, CDCl3) &: -80.67. IR (ATR) vmax: 3411, 2982,
1179, 1003, 747 cm™. HRMS (ESI): m/z calcd. for C16H1sNOF3Cl [M-H]: 328.0722; found: 328.0717.

1,1,1-trifluoro-2-(6-methoxy-1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-ol (1))
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\\\\OH

CF3

MeO

light brown solid, 83% yield. M.p. 137.9-139.0 °C. 'H NMR (500 MHz, CDCls) &: 8.10 (s, 1H), 7.83 (d, J = 8.8 Hz,
1H), 7.28 (s, 1H), 6.84 (d, J = 8.8 Hz, 1H), 6.76 (s, 1H), 3.81 (s, 3H), 3.14 (s, 1H), 1.29 (s, 9H). 3C NMR (126
MHz, CDCls) &: 156.6, 137.5, 124.2 (q, J = 285.3 Hz), 123.8, 121.9, 119.4, 112.2, 110.5, 96.4, 94.7, 75.0, 70.5
(9, J = 34.2 Hz), 55.7, 30.6, 27.7. 1°F NMR (471 MHz, CDCl3) &: -80.49. IR (ATR) vmax: 3398, 2969, 1179, 995,
738 cm™. HRMS (ESI): m/z calcd. for C17H1gNO,F3 [M-H]: 324.1217; found: 324.1211.

1,1,1-trifluoro-2-(1H-indol-3-yl)-4-(trimethylsilyl)but-3-yn-2-ol (1k)

TMS OH
S

CF3

A\

N

H
light brown solid, 67% yield. M.p. 114.1-114.9 °C. *H NMR (500 MHz, CDCly) &: 8.25 (s, 1H), 7.97 (d, J = 8.0 Hz,
1H), 7.45 (d, 3= 2.7 Hz, 1H), 7.37 (d, J = 8.1 Hz, 1H), 7.28-7.21 (m, 1H), 7.19 (dd, J = 11.2, 4.0 Hz, 1H), 3.09 (s,
1H), 0.26 (s, 9H). 3C NMR (126 MHz, CDCl3) &: 136.7, 125.1, 124.9, 123.9 (q, J = 288.9 Hz), 122.8, 121.3,
120.5, 111.5, 100.3, 93.3, 70.8 (g, J = 34.1 Hz), -0.3. **F NMR (376 MHz, CDCls) &: -80.05. IR (ATR) vmax. 3411,
2961, 1252, 1178, 844, 745 cm™. HRMS (ESI): m/z calcd. for C;sH;sNOF3Si [M-H]: 310.0880; found:
310.0871.

1,1,1-trifluoro-2-(5-fluoro-1H-indol-3-yl)-4-(trimethylsilyl)but-3-yn-2-ol (1)

T™MS
= OH

F CFq
A\

N

light brown solid, 78% yield. M.p. 83.9-84.6 °C. *H NMR (400 MHz, CDCls) &: 8.30 (s, 1H), 7.65 (d, J = 10.1 Hz,
1H), 7.48 (d, J = 2.8 Hz, 1H), 7.28 (dd, J = 9.0, 4.2 Hz, 1H), 6.99 (td, J = 9.0, 2.5 Hz, 1H), 3.17 (s, 1H), 0.27 (s,
9H). 13C NMR (126 MHz, CDCl3) 3: 158.2 (d, J = 235.0 Hz), 133.1, 126.6, 125.4 (d, J = 10.8 Hz), 123.9 (q, J =
285.5 Hz), 112.2 (d, J = 9.8 Hz), 111.5, 111.3, 106.3 (d, J = 25.4 Hz), 99.9, 93.7, 70.6 (q, J = 34.3 Hz), -0.4. 1%F
NMR (376 MHz, CDCls) 3: -80.26, -123.26. IR (ATR) vma:: 3408, 2969, 1254, 1166, 849, 735 cm™.. HRMS
(ESI): m/z calcd. for CsH1sNOF,Si [M-H]: 328.0786; found: 328.0777.

2-(5-chloro-1H-indol-3-yl)-1,1,1-trifluoro-4-(trimethylsilyl)but-3-yn-2-ol (1m)
T™S
= OH
cl CF
A\
N

light brown solid, 77% vield. M.p. 134.2-135.7 °C. *H NMR (400 MHz, CDCl;) &: 8.34 (s, 1H), 7.98 (s, 1H), 7.45
(d, 3 = 2.7 Hz, 1H), 7.30-7.23 (m, 1H), 7.19 (dd, J = 8.7, 1.9 Hz, 1H), 3.22 (s, 1H), 0.28 (s, 9H). 13C NMR (126
MHz, CDCls) 6: 135.0, 126.4, 126.2, 126.1, 123.8 (g, J = 285.5 Hz), 123.2, 120.8, 112.7, 111.3, 99.9, 93.9, 70.5
(g, J = 34.3 Hz), -0.4. °F NMR (376 MHz, CDCly) d: -80.28. IR (ATR) vmax: 3400, 2997, 1244, 1169, 857, 737
cm™. HRMS (ESI): m/z calcd. for C;sHi1sNOF3SiCl [M-H]: 344.0491; found: 344.0487.
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2-(5-bromo-1H-indol-3-yl)-1,1,1-trifluoro-4-(trimethylsilyl)but-3-yn-2-ol (1n)

light brown solid, 90% vield. M.p. 147.4-148.3 °C. *H NMR (400 MHz, CDCls) &: 8.33 (s, 1H), 8.13 (s, 1H), 7.43
(d, 3= 2.7 Hz, 1H), 7.31 (dd, J = 8.7, 1.8 Hz, 1H), 7.22 (d, J = 8.7 Hz, 1H), 3.17 (s, 1H), 0.27 (s, 9H). 13C NMR
(126 MHz, CDCls) 6: 135.3, 126.7, 126.0, 125.8, 123.8, 123.7 (q, J = 285.5 Hz), 114.0, 112.9, 111.2, 99.8, 94.0,
70.4 (q, J = 34.4 Hz), -0.4. 1°F NMR (376 MHz, CDCls) &: -80.33. IR (ATR) vmax. 3424, 2955, 1245, 1169, 854,
749 cm™. HRMS (ESI): m/z calcd. for C15H1sNOF3SiBr [M-H]: 387.9986; found: 387.9986.

1,1,1-trifluoro-2-(5-methyl-1H-indol-3-yl)-4-(trimethylsilyl)but-3-yn-2-ol (10)

T™MS
= OH

CF3
N

N
light brown solid, 81% yield. M.p. 153.0-153.8 °C. *H NMR (400 MHz, CDCls) &: 8.15 (s, 1H), 7.77 (s, 1H), 7.39
(d, 3 =2.6 Hz, 1H), 7.25 (d, J = 8.2 Hz, 1H), 7.07 (d, J = 8.2 Hz, 1H), 3.13 (s, 1H), 2.47 (s, 3H), 0.26 (s, 9H).
13C NMR (101 MHz, CDCl3) 8: 135.0, 129.8, 125.1, 124.4, 124.1, 123.9 (q, J = 285.5 Hz), 120.8, 111.1, 110.8,
100.4,93.2,70.8 (9, J = 34.2 Hz), 21.7, -0.4. °F NMR (376 MHz, CDCl3) : -80.00. IR (ATR) vmax: 3430, 2951,
1244, 1171, 839, 739 cm™. HRMS (ESI): m/z calcd. for C16H1sNOF3Si [M-H]: 324.1037; found: 324.1031.

1,1,1-trifluoro-2-(5-methoxy-1H-indol-3-yl)-4-(trimethylsilyl)but-3-yn-2-ol (1p)
™S
= OH
MeO CF3
A\

N
light brown solid, 84% yield. M.p. 145.5-146.7 °C. *H NMR (400 MHz, CDCl3) &: 8.21 (s, 1H), 7.44 (d, J = 2.9 Hz,
2H), 7.27 (d, J = 8.5 Hz, 1H), 6.92 (dd, J = 8.9, 2.4 Hz, 1H), 3.88 (s, 3H), 3.13 (s, 1H), 0.27 (s, 9H). 3C NMR
(126 MHz, CDCl3) 3: 154.5, 131.8, 125.7, 125.4, 124.0 (q, J = 285.6 Hz), 113.4, 112.2, 111.2, 102.8, 100.3, 93.1,
70.8 (g, J = 34.3 Hz), 56.0, -0.3. 1°F NMR (376 MHz, CDCl) 5: -80.00. IR (ATR) vima: 3421, 2965, 1260, 1181,
849, 752 cm™*. HRMS (ESI): m/z calcd. for C16H1sNO,FSi [M-H]: 340.0986; found: 340.0980.

2-(6-chloro-1H-indol-3-yl)-1,1,1-trifluoro-4-(trimethylsilyl)but-3-yn-2-ol (1q)

T™MS
= OH

CF3
N

cl N

light brown solid, 87% yield. M.p. 140.2-140.8 °C. *H NMR (400 MHz, CDCl;) &: 8.24 (s, 1H), 7.87 (d, J = 8.6 Hz,
1H), 7.42 (d, J = 2.7 Hz, 1H), 7.33 (d, J = 1.6 Hz, 1H), 7.15 (dd, J = 8.7, 1.8 Hz, 1H), 3.11 (s, 1H), 0.25 (s, 9H).
13C NMR (101 MHz, CDCly) &: 137.0, 128.8, 125.7, 123.8 (q, J = 285.7 Hz), 123.5, 122.2, 121.4, 111.7, 111.4,
99.9, 93.7, 70.6 (q, J = 34.3 Hz), -0.4. °F NMR (376 MHz, CDCl3) &: -80.21. IR (ATR) vmax: 3408, 2969, 1247,
1170, 849, 751 cm™. HRMS (ESI): m/z calcd. for C1sH1sNOF3SIiCl [M-H]: 344.0491; found: 344.0484.

1,1,1-trifluoro-2-(6-methoxy-1H-indol-3-yl)-4-(trimethylsilyl) but-3-yn-2-ol (1r)
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™S OH

CF3

N
MeO H

light brown solid, 85% yield. M.p. 137.4-140.2 °C. *H NMR (500 MHz, CDCls) &: 8.12 (s, 1H), 7.82 (d, J = 8.6 Hz,
1H), 7.30 (s, 1H), 6.84 (d, J = 8.4 Hz, 1H), 6.76 (s, 1H), 3.81 (s, 3H), 3.29 (s, 1H), 0.24 (s, 9H). 3C NMR (126
MHz, CDCls) 6: 156.7, 137.5, 124.0, 123.9 (q, J = 285.5 Hz), 121.9, 119.3, 111.4, 110.6, 100.3, 94.8, 93.1, 70.8
(9, J = 34.0 Hz), 55.7, -0.4. °F NMR (471 MHz, CDCl3) &: -80.01. IR (ATR) vmac: 3409, 2957, 1246, 1181, 851,
739 cm™. HRMS (ESI): m/z calcd. for C16H13NO,F3Si [M-H]: 340.0986; found: 340.0978.

(E)-1,1,1-trifluoro-2-(1H-indol-3-yl)-4-(trimethylsilyl)but-3-en-2-ol (1s)

HO / TMS
F3C

N

N
light brown solid, 93% yield. M.p. 68.8-69.4 °C. *H NMR (400 MHz, CDCl;) : 8.13 (s, 1H), 7.69 (d, J = 8.1 Hz,
1H), 7.27 (d, J = 8.1 Hz, 1H), 7.21-7.08 (m, 2H), 7.04 (dd, J = 11.1, 4.0 Hz, 1H), 6.43 (d, J = 18.8 Hz, 1H), 6.29
(d, J=18.8 Hz, 1H), 2.61 (s, 1H), 0.02 (s, 9H). **C NMR (101 MHz, CDCl;) &: 140.6, 136.5, 134.2, 125.4 (¢, J =
286.0 Hz), 125.3, 123.7, 122.7, 121.5, 120.3, 112.7, 111.5, 77.1 (q, J = 21.0 Hz), -1.4. °F NMR (376 MHz,
CDCl3) &: -78.44. IR (ATR) vmax: 3409, 2956, 1248, 1163, 837, 742 cm™. HRMS (ESI): m/z calcd. for
C15H1sNOF3Si [M-H]: 312.1037; found: 312.1031.

(E)-1,1,1-trifluoro-2-(5-fluoro-1H-indol-3-yl)-4-(trimethylsilyl)but-3-en-2-ol (1t)

HO / TMS
FsC

\
N

light brown solid, 83% yield. M.p. 87.1-87.9 °C. *H NMR (400 MHz, CDCls) &: 8.29 (s, 1H), 7.46 (dd, J = 10.2,
2.2 Hz, 1H), 7.35-7.21 (m, 2H), 6.98 (td, J = 9.0, 2.5 Hz, 1H), 6.51 (d, J = 18.8 Hz, 1H), 6.38 (d, J = 18.8 Hz, 1H),
2.71 (s, TH), 0.14 (s, 9H). 3C NMR (126 MHz, CDCls) 3: 158.0 (d, J = 234.9 Hz), 140.3, 134.5, 133.0, 125.8 (d,
J=10.4 Hz), 125.4 (q, J = 286.2 Hz), 125.4, 112.8 (d, J = 4.7 Hz), 112.1 (d, J = 9.8 Hz), 111.3 (d, J = 26.5 Hz),
106.6 (d, J = 24.9 Hz), 76.7 (q, J = 29.7 Hz), -1.4. °F NMR (376 MHz, CDCls) 5: -78.59, -123.39. IR (ATR) Viax:
3411, 2958, 1251, 1160, 840, 741 cm™. HRMS (ESI): m/z calcd. for C;sH;zNOF,Si [M-H]: 330.0943; found:
330.0938.

(E)-2-(5-chloro-1H-indol-3-yl)-1,1,1-trifluoro-4-(trimethylsilyl)but-3-en-2-ol (1u)

HO / TMS
FsC

cl

A\

N

H
light brown solid, 61% yield. M.p. 127.2-127.8 °C. *H NMR (400 MHz, CDCls) &: 8.29 (s, 1H), 7.79 (s, 1H), 7.27
(d,J=9.7 Hz, 2H), 7.18 (d, J = 7.7 Hz, 1H), 6.51 (d, J = 18.7 Hz, 1H), 6.40 (d, J = 18.8 Hz, 1H), 2.70 (s, 1H),
0.16 (s, 9H). 3C NMR (126 MHz, CDCl3) &: 140.2, 134.8, 126.5, 126.1, 125.3 (g, J = 286.2 Hz), 125.0, 123.1,
121.1,112.4,112.4, 76.7 (q J = 29.9 Hz), -1.4. *°F NMR (376 MHz, CDClI3) &: -78.54. IR (ATR) vmax: 3408, 2951,

1247, 1155, 845, 744 cm™. HRMS (ESI): m/z calcd. for C15H;7NOF3SiCl [M-H]: 346.0647; found: 346.0647.
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(E)-2-(5-bromo-1H-indol-3-yl)-1,1,1-trifluoro-4-(trimethylsilyl)but-3-en-2-ol (1v)

HO / T™MS
F3C

Br

A\

N

H
light brown solid, 65% yield. M.p. 133.4-133.5 °C. *H NMR (400 MHz, DMSO-ds) d: 11.46 (s, 1H), 7.85 (s, 1H),
7.52-7.33 (m, 2H), 7.22 (d, J = 8.2 Hz, 1H), 6.70 (s, 1H), 6.51 (d, J = 18.6 Hz, 1H), 6.33 (d, J = 18.6 Hz, 1H),
0.12 (s, 9H). 3C NMR (126 MHz, DMSO-ds) &: 141.6, 135.1, 132.2, 127.3, 126.1, 125.7 (q, J = 287.0 Hz),
123.7,123.4,113.7, 111.7, 111.6, 75.5 (q, J = 28.6 Hz), -1.4. °F NMR (376 MHz, DMSO-dg) 3: -77.21. IR (ATR)
vmax: 3420, 2948, 1254, 1154, 835, 745 cm™. HRMS (ESI): m/z calcd. for C;sH;7NOF;SiBr [M-H]: 390.0142;
found: 390.0124.

(E)-1,1,1-trifluoro-2-(5-methyl-1H-indol-3-yl)-4-(trimethylsilyl)but-3-en-2-ol (1w)

HO / T™MS
F;C

A\
N

light brown solid, 85% yield. M.p. 113.2-114.1 °C. *H NMR (400 MHz, CDCl) d: 8.16 (s, 1H), 7.63 (s, 1H),
7.38-7.21 (m, 2H), 7.11 (d, J = 8.3 Hz, 1H), 6.56 (d, J = 18.8 Hz, 1H), 6.45 (d, J = 18.8 Hz, 1H), 2.73 (s, 1H),
2.50 (s, 3H), 0.19 (s, 9H). C NMR (126 MHz, CDCl;) &: 140.6, 134.8, 134.1, 129.6, 127.7 (q, J = 286.2 Hz),
125.6,124.3,123.8, 121.1, 112.0, 111.1, 76.8 (9, J = 30.8 Hz), 21.7, -1.4. *F NMR (376 MHz, CDCl3) &: -78.29.
IR (ATR) vmax: 3413, 2961, 1257, 1167, 841, 746 cm™. HRMS (ESI): m/z calcd. for C16H20NOF3Si [M-H]":
326.1193; found: 326.1186.

(E)-1,1,1-trifluoro-2-(5-methoxy-1H-indol-3-yl)-4-(trimethylsilyl)but-3-en-2-ol (1x)

HO TMS

FsC
MeO

\

N

H
light brown solid, 87% yield. M.p. 160.9-161.8 °C.*H NMR (500 MHz, CDCls) &: 8.02 (s, 1H), 7.08 (s, 3H), 6.73
(s, 1H), 6.34 (d, J = 17.9 Hz, 1H), 6.24 (d, J = 17.8 Hz, 1H), 3.67 (s, 3H), 2.54 (s, 1H), -0.03 (s, 9H). 13C NMR
(126 MHz, CDCl3) &: 154.3, 140.5, 134.2, 131.6, 127.7 (q, J = 286.8 Hz), 125.9, 124.2, 113.3, 112.3, 112.1,
103.0, 76.8 (q, J = 30.8 Hz), 55.9, -1.3. 9F NMR (471 MHz, CDCls) 5: -78.35. IR (ATR) viax 3413, 2953, 1247,
1157, 841, 746 cm™. HRMS (ESI): m/z calcd. for C16H20NO2F3Si [M-H]': 342.1143 found: 342.1134.

(E)-1,1,1-trifluoro-2-(6-fluoro-1H-indol-3-yl)-4-(trimethylsilyl)but-3-en-2-ol (1y)

HO TMS

FsC
A\
light brown solid, 80% yield. M.p. 97.8-98.4 °C.*H NMR (500 MHz, CDCl;) &: 8.27 (s, 1H), 7.73 (dd, J=7.3,5.7
Hz, 1H), 7.20 (s, 1H), 7.06-6.78 (m, 2H), 6.54 (d, J = 18.8 Hz, 1H), 6.40 (d, J = 18.8 Hz, 1H), 2.85 (s, 1H), 0.15
(s, 9H). *C NMR (126 MHz, CDCly) &: 160.1 (d, J = 238.8 Hz), 140.4, 136.5 (d, J = 12.3 Hz), 134.5, 127.6 (q, J
=286.1 Hz), 124.2,122.4 (d, J = 9.8 Hz), 121.9, 112.6, 109.2 (d, J = 24.3 Hz), 97.7 (d, J = 25.9 HZz), 76.8 (9, J =
29.1 Hz), -1.5. *F NMR (471 MHz, CDCly) &: -78.39, -120.33. IR (ATR) vmax: 3417, 2954, 1253, 1161, 844, 746
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cm™t. HRMS (ESI): m/z calcd. for C1sH17NOF,4Si [M-H]: 330.0943; found: 330.0936.

(E)-2-(6-chloro-1H-indol-3-yl)-1,1,1-trifluoro-4-(trimethylsilyl)but-3-en-2-ol (1z)

HO / TMS
F3C

N
cl N
light brown solid, 83% yield. M.p. 101.4-102.1 °C.*H NMR (500 MHz, CDCly) &: 8.13 (s, 1H), 7.57 (d, J = 8.6 Hz,
1H), 7.10 (d, J = 28.4 Hz, 2H), 6.99 (d, J = 8.6 Hz, 1H), 6.40 (d, J = 18.8 Hz, 1H), 6.26 (d, J = 18.8 Hz, 1H), 2.73
(s, 1H), 0.01 (s, 9H). *C NMR (126 MHz, CDCl5) &: 140.2, 136.8, 134.7, 128.5, 125.3 (q, J = 286.1 Hz), 124.5,
123.9, 122.4, 121.0, 112.6, 111.4, 76.7 (9, J = 29.7 Hz), -1.5. *°F NMR (471 MHz, CDCls) &: -78.41. IR (ATR)
vmax: 3431, 2962, 1257, 1154, 848, 747 cm™. HRMS (ESI): m/z calcd. for C15H17NOF;SiCl [M-H]: 346.0647;
found: 346.0641.

(E)-1,1,1-trifluoro-2-(6-methoxy-1H-indol-3-yl)-4-(trimethylsilyl)but-3-en-2-ol (1aa)

HO / T™MS
FsC

A\
MeO N
light brown solid, 83% yield. M.p. 171.5-172.4 °C. 'H NMR (500 MHz, DMSO-dg) &: 10.99 (s, 1H), 7.54 (d, J =
8.8 Hz, 1H), 7.20 (d, J = 2.0 Hz, 1H), 6.87 (d, J = 1.8 Hz, 1H), 6.65 (dd, J = 8.8, 1.9 Hz, 1H), 6.53 (t, J = 9.4 Hz,
2H), 6.29 (d, J = 18.7 Hz, 1H), 3.75 (s, 3H), 0.10 (s, 9H). 1*C NMR (126 MHz, DMSO-de) 5: 155.4, 142.0, 137.2,
131.5, 125.8 (g, J = 287.0 Hz), 123.1, 121.8, 119.7, 112.1, 109.2, 94.3, 75.6 (q, J = 28.7 Hz), 55.1, -1.3. °F
NMR (471 MHz, DMSO-de) &: -77.09. IR (ATR) vmax: 3409, 2955, 1247, 1157, 832, 740 cm™L. HRMS (ESI): m/z
calcd. for C16H20NO2F3Si [M-H]: 342.1143; found: 342.1136.

1,1,1-trifluoro-2-(1H-indol-3-yl)-4-(triisopropylsilyl)but-3-yn-2-ol (1ab)

TIPS
\
N__cF,

OH

Iz

light brown solid, 87% yield. M.p. 104.3-105.0 °C. *H NMR (500 MHz, DMSO-ds) d: 11.31 (s, 1H), 7.85 (s, 1H),
7.42 (d, J = 14.4 Hz, 3H), 7.06 (d, J = 53.8 Hz, 2H), 1.10 (s, 21H). *C NMR (126 MHz, DMSO-dg) &: 136.6,
125.4,124.8,124.4 (q, J = 286.0 Hz), 121.4, 120.8, 119.0, 111.7, 111.0, 104.2, 86.6, 69.5 (q, J = 32.7 Hz), 18.4,
10.6. °F NMR (471 MHz, DMSO-dg) 3: -79.19. IR (ATR) vmax: 3411, 2944, 2866, 1459, 1176, 744 cm™. HRMS
(ESI): m/z calcd. for C1H2sNOF3Sil [M-H]: 394.1819; found: 394.1814.

1,1,1-trifluoro-2-(1H-indol-3-yl)hexan-2-ol (1ac)

HO
F3C

\

N

H
yellow oil, 93% yield. 'H NMR (400 MHz, CDCl3) &: 8.24 (s, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.38 (d, J = 8.1 Hz,
1H), 7.25 (dd, J = 6.1, 1.7 Hz, 2H), 7.20-7.12 (m, 1H), 2.55 (s, 1H), 2.46-2.26 (m, 1H), 2.17-1.93 (m, 1H),
1.45-1.11 (m, 4H), 0.86 (t, J = 7.2 Hz, 3H). 13C NMR (126 MHz, CDCls) 5: 136.7, 126.3 (q, J = 285.9 Hz), 125.4,

123.8, 122.4, 121.0, 120.3, 112.8, 111.6, 76.9 (q, J = 29.2 Hz), 34.7, 25.0, 23.0, 14.0. °F NMR (376 MHz,
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CDCIl3) &: -80.31. IR (ATR) vmac 3415, 2946, 2864, 1456, 1168, 743 cm™. HRMS (ESI): m/z calcd. for
C14H16NOF3 [M-H]: 270.1111; found: 270.1108.

1,1,1-trifluoro-2-(1H-indol-3-yl)pent-4-en-2-ol (1ad)

HO =
FsC

\
N

yellow oil, 80% yield. *H NMR (400 MHz, CDCl3) &: 8.24 (s, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.38 (d, J = 8.1 Hz,
1H), 7.31-7.21 (m, 2H), 7.18 (dd, J = 11.1, 4.0 Hz, 1H), 5.88-5.53 (m, 1H), 5.42-5.00 (m, 2H), 3.17 (d, J = 6.5 Hz,
1H), 2.92 (dd, J = 14.2, 8.1 Hz, 1H), 2.75 (s, 1H). 3C NMR (126 MHz, CDCls) 5: 136.7, 131.2, 127.1 (g, J =
285.6 Hz), 125.3, 124.1, 122.5, 121.4, 121.1, 120.4, 113.0, 111.6, 75.3 (q, J = 29.6 Hz), 39.8. F NMR (376
MHz, CDCl3) &: -79.73. IR (ATR) vma: 3409, 2937, 2862, 1455, 1171, 743 cm™-. HRMS (ESI): m/z calcd. for
C1sH12NOF3 [M-H]: 254.0798; found: 254.0792.

1,1,1-trifluoro-2-(1H-indol-3-yl)-4-phenylbut-3-yn-2-ol (1ae)
Ph
X oH
F
N\ 3
N
H
light brown solid, 88% yield. M.p. 131.7-132.3 °C.*H NMR (400 MHz, CDCl3) &: 8.25 (s, 1H), 8.03 (d, J=7.9 Hz,
1H), 7.52 (t, J = 5.4 Hz, 3H), 7.43-7.32 (m, 4H), 7.26-7.16 (m, 2H), 3.16 (s, 1H). 1*C NMR (101 MHz, CDCls) &:
136.7, 132.2, 129.5, 128.6, 128.6, 125.0, 124.1 (q, J = 285.4 Hz), 122.8, 121.3, 121.2, 120.7, 111.7, 111.5, 87.3,
84.7,71.2 (g, J = 34.3 Hz). *°F NMR (376 MHz, CDCl3) &: -79.92. IR (ATR) vmax: 3408, 2232, 1172, 745, 689

cm™. HRMS (ESI): m/z calcd. for C1gH1;NOF3 [M-H]: 314.0798; found: 314.0794.

1,1,1-trifluoro-2-(4-fluoro-1H-indol-3-yl)-4-phenylbut-3-yn-2-ol (1af)
Ph
F\\ OH

\ CF4

N
light brown solid, 50% yield. M.p. 141.4-142.7 °C. 'H NMR (500 MHz, DMSO-dg) : 11.64 (s, 1H), 7.62 (d, J =
2.6 Hz, 1H), 7.58 (s, 1H), 7.51 (dd, J = 7.4, 2.1 Hz, 2H), 7.46-7.36 (m, 3H), 7.28 (d, J = 8.1 Hz, 1H), 7.12 (td, J =
8.0, 4.7 Hz, 1H), 6.81 (dt, J = 16.1, 8.0 Hz, 1H). *3C NMR (126 MHz, DMSO-ds) &: 156.2, 154.2, 139.9 (d, J =
10.9 Hz), 131.5, 129.3, 128.8, 126.4, 124.1 (q, J = 285.7 Hz), 122.2 (d, J = 7.9 Hz), 121.3, 113.4 (d, J = 19.7
Hz), 110.0 (d, J = 3.5 Hz), 108.3 (d, J = 3.5 Hz), 105.3, 105.2, 86.7, 84.9, 69.2 (q, J = 32.9 Hz). *F NMR (471
MHz, DMSO-dg) &: -78.75 (d, J = 14.5 Hz), -102.38~-131.07 (m). IR (ATR) vmax: 3411, 2233, 1175, 744, 687
cm™. HRMS (ESI): m/z calcd. for C1gH1:NOF4 [M-H]: 332.0704; found: 332.0699.

1,1-difluoro-2-(1H-indol-3-yl)-4-phenylbut-3-yn-2-ol (1ag)

Ph
X_oH

HF,

Iz

light brown solid, 55% yield. M.p. 113.5-114.3 °C. H NMR (500 MHz, DMSO-d) &: 11.23 (s, 1H), 7.87 (d, J =

8.0 Hz, 1H), 7.53 (dd, J = 6.5, 2.9 Hz, 2H), 7.49 (d, J = 2.5 Hz, 1H), 7.46-7.36 (m, 4H), 7.12 (t, J = 7.5 Hz, 1H),
s16



7.03 (t, J=7.5Hz, 1H), 6.95 (s, 1H), 6.19 (t, J = 56.1 Hz, 1H). 3C NMR (126 MHz, DMSO-d;) : 136.8, 131.5,
129.1, 128.8, 125.1, 124.7, 121.7, 121.3, 120.5, 119.0, 115.2 (t, J = 250.2 Hz), 112.7, 111.7, 87.9, 85.1, 69.4 (t,
J = 24.0 Hz). °F NMR (471 MHz, DMSO-de) &: -124.95 (d, J = 55.9 Hz), -125.66 (dd, J = 130.6, 56.2 Hz),
-126.36 (d, J = 56.4 Hz). IR (ATR) vmax: 3409, 2234, 1070, 745, 690 cm™. HRMS (ESI): m/z calcd. for
Ci18H13NOF; [M-H]: 296.0892; found: 296.08922.
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4. Experimental Procedure and Characterization of Products

a. General Procedure to Prepare Racemic Products 3a~3an

R3
OH R Diphenyl phosphate Ph O OH Ph
N WG e (10 mol%) ~0” \O/
RZL A\ + RSN
= N e N DCM, RT Diphenyl phosphate
1 2

To a solution of a-indolyl propargylic alcohol 1 (0.10 mmol, 1.0 equiv.), and catalyst diphenyl phosphate
(0.01 mmol, 10 mol%) in DCM (2 mL) was added indole 2 (0.12 mmol, 1.2 equiv.). The mixture was stirred at
room temperature until the reaction was completed (monitored by TLC analysis). The crude product was
purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 20:1~5:1) to

give the desired racemic products 3a~3an.

b. General Procedure to Prepare Enantioenriched Products 3a~3an

Conditions A:
R? OO
(R-A 6(5 mol%)
OH
SR D R rerreag OO .
> DCM, 10°C
N o, 5 mo)

1 (R)-AB: R= C¢Fg

To a solution of a-indolyl propargylic alcohol 1 (0.10 mmol, 1.0 equiv.), MgSO, (35 mg), and catalyst (R)-A6
(0.005 mmol, 5 mol%) in DCM (3 mL) was added indole 2 (0.1 mmol, 1 equiv.). The mixture was stirred at 10 °C
until the reaction was completed (monitored by TLC analysis). The crude product was purified directly by flash
column chromatography on silica gel (petroleum ether/ ethyl acetate = 20:1~5:1) to give the desired chiral

products 3a~3s, 3al~3am.

Conditions B:
R4 Ve
) ! R
X
. | o L0 | O
OH R ® (10 mol%) X N o
WG R N “OH
Rz TN + le/ ‘ A\ _ RszWG O‘ o
|
= N DCM, rt N
H \, (25 H R
1 2 MgSO, 3 (R)-A6: R=CiFg

To a solution of a-indolyl propargylic alcohol 1 (0.10 mmol, 1.0 equiv.), MgSO, (25 mg), and catalyst (R)-A6
(0.01 mmol, 10 mol%) in DCM (1 mL) was added indole 2 (0.12 mmol, 1.2 equiv.). The mixture was stirred at at
room temperature until the reaction was completed (monitored by TLC analysis). The crude product was
purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 20:1~5:1) to

give the desired chiral products 3t~3ak, 3an.

Conditions C:
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& R
| \,,,>/R1
R%__OH R4 R® 00
6(10 mol%) P

N
N\ H
WG (R)-A N Y “OH
Rl N Ty {\I\yw L’
e DCM, It =
N SN (%5 mg) N R
H MgSO, A6 R=C,F,
1 2 3 (R)- oFs

To a solution of a-indolyl propargylic alcohol 1 (0.10 mmol, 1.0 equiv.), MgSO4 (35 mg), and catalyst (R)-A6
(0.01 mmol, 10 mol%) in DCM (3 mL) was added indole 2 (0.10 mmol, 1.0 equiv.). The mixture was stirred at at
room temperature until the reaction was completed (monitored by TLC analysis). The crude product was
purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 20:1~5:1) to

give the desired chiral products 3p~3q.

c. Analytical Data for Products 3a~3an

(R)-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (3a)

colorless oil, 5 d, 92% vyield, 96:4 er, [a]é0 = +77.50 (c = 0.16, MeOH). *H NMR (500 MHz, CDCl;) &: 8.13 (s,
1H), 8.08 (s, 1H), 7.55 (d, J = 7.8 Hz, 1H), 7.36 (dd, J = 26.2, 5.7 Hz, 3H), 7.25 (d, J = 7.7 Hz, 1H), 7.18 (t, J =
7.5 Hz, 2H), 7.11 (t, J = 7.4 Hz, 1H), 6.96 (t, J = 7.6 Hz, 1H), 2.20 (s, 3H), 1.27 (s, 9H). *C NMR (126 MHz,
CDCl3) d: 136.4, 134.4, 130.0, 127.0, 125.9 (q, J = 284.8 Hz), 125.8, 122.8 (d, J = 2.1 Hz), 122.7, 122.5 121.0,
120.1, 119.3, 119.0, 111.8, 111.3, 111.1, 110.9, 95.0, 73.9, 46.9 (q, J = 30.7 Hz), 30.7, 27.9, 9.3. °F NMR (471
MHz, CDCls) &: -70.84. IR (ATR) vmax: 3409, 2967, 2856, 1477, 1443, 1159, 740 cm™L. HRMS (ESI): m/z calcd.
for CasH23N2F3 [M+H]*: 409.1886; found: 409.1887. HPLC analysis: The enantiomeric excess was determined
by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A = 254 nm): tmajor = 6.0 min,

tminor = 6.8 Min.

(R)-4-fluoro-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (3b)

H

colorless oil, 12 d, 62% yield, 87:13 er, [a]3 = +35.71 (c = 0.14, MeOH). *H NMR (500 MHz, CDCls) 3: 8.21 (s,
1H), 8.12 (s, 1H), 7.40 (d, J = 8.2 Hz, 1H), 7.36 (d, J = 8.0 Hz, 2H), 7.20 (t, J = 7.6 Hz, 1H), 7.07-6.92 (m, 3H),
6.70 (dd, J = 11.4, 7.5 Hz, 1H), 2.34 (s, 3H), 1.27 (s, 9H). 13C NMR (126 MHz, CDCls) &: 157.8 (d, J = 247.7 Hz),
136.9 (d, J = 11.3 Hz), 136.4, 126.9, 125.9 (q, J = 284.7 Hz), 125.7, 122.9 (d, J = 3.1 Hz), 122.9, 122.8 (d, J =
8.1 Hz), 120.8, 120.2, 118.6 (d, J = 18.0 Hz), 111.3, 110.9, 110.8 (d, J = 3.2 Hz), 107.1 (d, J = 3.6 Hz), 104.7 (d,
J=19.7 Hz), 95.2, 73.65, 46.8 (q, J = 31.1 Hz), 30.7, 27.9, 11.0. °F NMR (471 MHz, CDCls) &: -70.88, -124.49.
IR (ATR) vmax 3449, 2960, 2811, 1477, 1451, 1159, 739 cm™. HRMS (ESI): m/z calcd. for CasHzoN2F4 [M-H]:
425.1646; found: 425.1648. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak IA column (hexane/i-PrOH = 95/5, flow rate 1 mL-min, A = 245 nm): tmajor = 9.4 MIN, tminor = 10.7 min.

(R)-5-fluoro-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (3c)
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colorless oil, 7 d, 82% vyield, 96:4 er, [a]IZDO = +70.03 (c = 0.14, MeOH). *H NMR (500 MHz, CDCl;) &: 8.23 (s,
1H), 8.05 (s, 1H), 7.40 (d, J = 8.2 Hz, 1H), 7.37 (s, 1H), 7.34 (d, J = 8.1 Hz, 1H), 7.19 (t, J = 7.6 Hz, 1H),
7.17-7.12 (m, 2H), 6.97 (t, J = 7.6 Hz, 1H), 6.91 (td, J = 9.1, 2.4 Hz, 1H), 2.14 (s, 3H), 1.27 (s, 9H). 13C NMR
(126 MHz, CDClg) &: 157.8 (d, J = 234.4 Hz), 136.4, 130.8, 130.3 (d, J = 9.4 Hz), 128.8, 125.9 (q, J = 284.8 Hz),
125.7,122.9 (d, J = 2.6 Hz), 122.8 (d, J = 4.6 Hz), 120.8, 120.2, 112.0 (d, J = 4.9 Hz), 111.6 (d, J = 9.5 Hz),
111.3, 111.0 (d, J = 4.5 Hz), 110.8, 103.8 (d, J = 23.2 Hz), 95.2, 73.7, 46.9 (q, J = 30.8 Hz), 30.7, 27.9, 9.4. °F
NMR (471 MHz, CDCls) 6: -70.86, -124.81 (td, J = 9.5, 4.3 Hz). IR (ATR) vmax: 3443, 2967, 2824, 1468, 1433,
1177, 743 cm™. HRMS (ESI): m/z calcd. for CzsHzoN2F4 [M+H]*: 427.1792; found: 427.1786. HPLC analysis:
The enantiomeric excess was determined by HPLC with Chiralpak 1A column (hexane/i-PrOH = 90/10, flow rate

1 mL-min%, A =245 nm): tmajor = 5.8 MiN, tminor = 6.8 min.

(R)-5-chloro-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (3d)

Cl

o
N

H

colorless oil, 7 d, 86% vyield, 93:7 er, [a]zp0 = +75.83 (c = 0.12, MeOH). *H NMR (500 MHz, CDCl;) &: 8.24 (s,
1H), 8.08 (s, 1H), 7.49 (d, J = 1.3 Hz, 1H), 7.40 (d, J = 8.2 Hz, 1H), 7.37 (s, 1H), 7.31 (d, J = 8.1 Hz, 1H), 7.19 (t,
J=7.6 Hz, 1H), 7.15 (d, J = 8.6 Hz, 1H), 7.11 (dd, J = 8.6, 1.8 Hz, 1H), 6.96 (t, J = 7.6 Hz, 1H), 2.14 (s, 3H),
1.26 (s, 9H). 13C NMR (126 MHz, CDCls) &: 136.4, 132.6, 131.1, 128.5, 125.8 (q, J = 284.8 Hz), 125.7, 125.1,
122.8,122.8, 122.8, 120.8, 120.2, 118.6, 112.0, 111.6, 111.3, 110.9, 95.3, 73.6, 46.9 (q, J = 30.8 Hz), 30.7, 27.9,
9.3. 1%F NMR (471 MHz, CDCl3) &: -70.89. IR (ATR) vmax: 3437, 2954, 2809, 1507, 1487, 1174, 751 cm™. HRMS
(ESI): m/z calcd. for CasH2oNoF3Cl [M+H]*: 443.1496; found: 443.1493. HPLC analysis: The enantiomeric
excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min?, A =

254 nm): tmajor = 5.8 MinN, tminor = 7.2 min.

(R)-5-bromo-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (3e)

colorless oil, 7 d, 78% yield, 92:8 er, [al5 = +61.82 (c = 0.12, MeOH). H NMR (500 MHz, CDCls) &: 8.24 (s,
1H), 8.09 (s, 1H), 7.65 (s, 1H), 7.40 (d, J = 8.2 Hz, 1H), 7.37 (s, 1H), 7.30 (d, J = 8.1 Hz, 1H), 7.24 (d, J = 8.6 Hz,
1H), 7.19 (t, J = 7.6 Hz, 1H), 7.11 (d, J = 8.6 Hz, 1H), 6.96 (t, J = 7.6 Hz, 1H), 2.13 (s, 3H), 1.26 (s, 9H). 1°C
NMR (126 MHz, CDCly) &: 136.4, 132.9, 131.7, 128.3, 125.8 (q, J = 284.7 Hz), 125.7, 125.3, 122.9, 122.8,
121.7, 120.8, 120.2, 112.6, 112.4, 111.6, 111.3, 110.9, 95.3, 73.6, 46.9 (q, J = 31.1 Hz), 30.7, 27.9, 9.3. °F
NMR (471 MHz, CDCls) 5: -70.89. IR (ATR) vmax 3441, 2933, 2847, 1455, 1427, 1108, 746 cm™'. HRMS (ESI):

m/z calcd. for CasHzoNoF3Br [M+H]*": 487.0991; found: 487.0985. HPLC analysis: The enantiomeric excess
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was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A = 254 nm):

tmajor = 5.9 min, tminor =7.5 Min.

(R)-3,5-dimethyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (3f)

H

colorless oil, 5 d, 88% yield, 97:3 er, [al5 = +88.82 (c = 0.17, MeOH). *H NMR (500 MHz, CDCls) &: 8.16 (s,
1H), 7.99 (s, 1H), 7.37 (dd, J = 9.1, 0.8 Hz, 2H), 7.33 (d, J = 4.2 Hz, 2H), 7.19 (d, J = 7.9 Hz, 1H), 7.17-7.12 (m,
1H), 7.01 (d, J = 8.3 Hz, 1H), 6.95 (t, J = 7.6 Hz, 1H), 2.46 (s, 3H), 2.16 (s, 3H), 1.27 (s, 9H). 3C NMR (126
MHz, CDCls) &: 136.3, 132.7, 130.2, 128.6, 127.1, 125.8, 124.1, 123.7 (q, J = 285.0 Hz), 122.8, 122.8, 122.7,
121.0, 120.1, 118.6, 111.3, 111.2, 110.6, 94.9, 74.0, 46.9 (g, J = 31.0 Hz), 30.7, 27.9, 21.6, 9.3. °F NMR (471
MHz, CDCl3) 8: -70.89. IR (ATR) vmax: 3450, 2937, 2724, 1509, 1411, 1113, 734 cm™. HRMS (ESI): m/z calcd.
for CaeHasNoF3 [M+H]*: 423.2043; found: 423.2051. HPLC analysis: The enantiomeric excess was determined
by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A = 254 nm): tmajor = 5.3 min,

tminor = 6.5 Min.

(R)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (3g)

OMe

H

colorless oil, 5 d, 96% yield, 98:2 er, [al5 = +83.50 (c = 0.20, MeOH). H NMR (500 MHz, CDCls) &: 8.21 (s,
1H), 7.98 (s, 1H), 7.37 (dd, J = 8.0, 3.2 Hz, 2H), 7.34 (s, 1H), 7.19 (dd, J = 11.5, 4.4 Hz, 1H), 7.15 (d, J = 8.8 Hz,
1H), 7.00-6.93 (m, 2H), 6.85 (dd, J = 8.8, 2.4 Hz, 1H), 3.86 (s, 3H), 2.17 (s, 3H), 1.27 (s, 9H). 3C NMR (126
MHz, CDCls) &: 154.0, 136.4, 130.3, 129.6, 127.8, 125.9 (q, J = 284.6 Hz), 125.8, 122.9 (d, J = 2.1 Hz), 122.7,
121.0, 120.1, 112.9, 111.8, 111.5, 111.3, 111.1, 100.6, 94.9, 73.9, 56.1, 46.9 (q, J = 30.9 Hz), 30.7, 27.9, 9.5. 1°F
NMR (471 MHz, CDCl3) 3: -70.86. IR (ATR) vmax: 3408, 2968, 2866, 1484, 1457, 1167, 728 cm™.. HRMS (ESI):
m/z calcd. for CasH2sN2OF; [M+H]*: 439.1992; found: 439.1997. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-mint, A = 245 nm): tmajor

= 6.2 min, tminor = 7.4 min.

(R)-6-fluoro-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (3h)

t-Bu [ F
N
N N

iCFSH
[IN

N
colorless oil, 7 d, 84% yield, 95.5:4.5 er, [al5 = +77.86 (c = 0.14, MeOH). 'H NMR (500 MHz, CDCl5) &: 8.19 (s,
1H), 8.03 (s, 1H), 7.44 (dd, J = 8.6, 5.3 Hz, 1H), 7.40-7.34 (m, 3H), 7.20 (t, J = 7.6 Hz, 1H), 6.98 (t, J = 7.6 Hz,
1H), 6.92 (d, J = 9.6 Hz, 1H), 6.87 (t, J = 9.2 Hz, 1H), 2.18 (s, 3H), 1.27 (s, 9H). 3C NMR (126 MHz, CDCl) &:
160.3 (d, J = 237.7 Hz), 136.4, 134.1 (d, J = 12.6 Hz), 127.1 (d, J = 3.7 Hz), 126.6, 125.9 (q, J = 284.8 Hz),
125.7,122.81, 122.8 (d, J = 2.6 Hz), 120.9, 120.2, 119.9 (d, J = 10.2 Hz), 111.9, 111.3, 111.0, 108.1 (d, J = 24.5
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Hz), 97.2 (d, J = 26.1 Hz), 95.1, 73.8, 46.8 (g, J = 30.8 Hz), 30.7, 27.9, 9.3. 1F NMR (471 MHz, CDCly) &:
-70.99, -120.66. IR (ATR) vma: 3411, 2975, 2834, 1469, 1452, 1145, 735 cm™.. HRMS (ESI): m/z calcd. for
CasH2oNoF4 [M-H]: 425.1646; found: 425.1659. HPLC analysis: The enantiomeric excess was determined by
HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min%, A = 245 nm): tmajor = 5.9 MiN, tminor

= 6.6 min.

(R)-6-chloro-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (3i)

t-Bu cl
A |

colorless oil, 7 d, 88% yield, 96:4 er, [al5 = +56.67 (c = 0.18, MeOH). *H NMR (500 MHz, CDCls) &: 8.23 (s,
1H), 8.05 (s, 1H), 7.42 (d, J = 8.5 Hz, 1H), 7.41-7.34 (m, 2H), 7.32 (d, J = 8.1 Hz, 1H), 7.24 (d, J = 1.7 Hz, 1H),
7.19 (t, J = 7.6 Hz, 1H), 7.06 (dd, J = 8.5, 1.2 Hz, 1H), 6.96 (t, J = 7.6 Hz, 1H), 2.15 (s, 3H), 1.27 (s, 9H). 3C
NMR (126 MHz, CDCls) : 136.4, 134.6, 128.6, 128.4, 127.6, 125.8 (q, J = 284.8 Hz), 125.7, 122.8, 122.8,
122.8, 120.8, 120.2, 120.1, 111.0, 112.0, 111.3, 110.9, 95.2, 73.7, 46.9 (q, J = 30.9 Hz), 30.7, 27.9, 9.3. 1°F
NMR (471 MHz, CDCl3) &: -70.94. HRMS (ESI): m/z calcd. for CasH2oN2F3sCl [M+H]*: 443.1496; found:
443.1491. IR (ATR) vmac 3437, 2919, 2858, 1449, 1416, 1178, 744 cm™. HPLC analysis: The enantiomeric
excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min?, A =

254 nm): tmajor = 6.2 MiN, tminor = 6.5 Min.

(R)-6-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (3j)

OMe

colorless oil, 4 d, 98% vyield, 95:5 er, [a]IZDO = +52.50 (c = 0.40, MeOH). *H NMR (500 MHz, CDCl;) 5: 8.16 (s,
1H), 7.95 (s, 1H), 7.41 (d, J = 8.5 Hz, 2H), 7.36 (d, J = 8.2 Hz, 1H), 7.33 (s, 1H), 7.19 (t, J = 7.5 Hz, 1H), 6.98 (t,
J=7.5Hz, 1H), 6.78 (d, J = 8.7 Hz, 1H), 6.74 (s, 1H), 3.81 (s, 3H), 2.18 (s, 3H), 1.27 (s, 9H). 3C NMR (126
MHz, CDCls) &: 156.9, 136.4, 135.0, 126.0 (g, J = 284.7 Hz), 125.8, 125.4, 124.4, 122.7, 121.0, 120.1, 119.7,
111.8, 111.3, 111.2, 109.6, 94.8, 94.2, 74.0, 55.8, 46.8 (g, J = 30.8 Hz), 30.7, 27.9, 9.4. F NMR (471 MHz,
CDCly) &: -71.03. IR (ATR) vmax: 3415, 2937, 2855, 1436, 1417, 1149, 738 cm™. HRMS (ESI): m/z calcd. for
Ca6H25N20F3 [M-H]: 437.1846; found: 437.1841. HPLC analysis: The enantiomeric excess was determined by
HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min%, A = 245 nm): tmajor = 7.7 MiN, tminor

=9.3 min.

(R)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(5-fluoro-1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (3k)

OMe

colorless oil, 4 d, 86% yield, 97:3 er, [al5 = +21.33 (c = 0.15, MeOH). *H NMR (500 MHz, CDCls) &: 8.23 (s,
1H), 7.97 (s, 1H), 7.35 (s, 1H), 7.26 (dd, J = 9.0, 4.5 Hz, 1H), 7.17 (d, J = 8.8 Hz, 1H), 7.05 (d, J = 9.3 Hz, 1H),
6.96 (s, 1H), 6.95-6.89 (m, 1H), 6.86 (d, J = 8.8 Hz, 1H), 3.85 (s, 3H), 2.12 (s, 3H), 1.27 (s, 9H). 1°C NMR (126
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MHz, CDCls) 6: 157.7 (d, J = 235.2 Hz), 154.1, 132.9, 130.2, 129.6, 127.3, 126.3 (d, J = 10.4 Hz), 125.8 (9, J =
284.8 Hz), 124.5 (d, J = 2.4 Hz), 113.1, 112.0 (d, J = 9.8 Hz), 111.8, 111.5 (d, J = 10.4 Hz), 111.4 (d, J = 4.8 Hz),
111.3, 105.9 (d, J = 24.8 Hz), 100.7, 95.3, 73.6, 56.1, 46.8 (q, J = 30.9 Hz), 30.7, 27.9, 9.4. 1°F NMR (471 MHz,
CDCl) 8: -70.92, -123.27. IR (ATR) vmax: 3407, 2952, 1472, 1441, 1165, 742 cm™. HRMS (ESI): m/z calcd. for
Ca6H24N20OF, [M+H]*: 457.1898; found: 457.1896. HPLC analysis: The enantiomeric excess was determined
by HPLC with Chiralpak IA column (hexane/i-PrOH = 97/3, flow rate 1 mL-min’, A = 254 nm): tmajor = 24.2 min,

tminor = 31.5 min.

(R)-2-(2-(5-chloro-1H-indol-3-yl)-1,1,1-trifluoro-5,5-dimethylhex-3-yn-2-yl)-5-methoxy-3-methyl-1H-indole (3I)

OMe

cl H

icnr3
[IN:

N
colorless oil, 3 d, 94% vyield, 97:3 er, [a]éo = +39.44 (c = 0.18, MeOH). 'H NMR (500 MHz, CDCl3) &: 8.27 (s,
1H), 7.93 (s, 1H), 7.50 (d, J = 1.5 Hz, 1H), 7.33 (s, 1H), 7.29 (d, J = 8.7 Hz, 1H), 7.17 (d, J = 8.8 Hz, 1H), 7.14
(dd, J=8.7, 1.9 Hz, 1H), 6.97 (d, J = 2.2 Hz, 1H), 6.86 (dd, J = 8.8, 2.4 Hz, 1H), 3.86 (s, 3H), 2.16 (s, 3H), 1.29
(s, 9H). ¥ C NMR (126 MHz, CDCls) &: 154.1, 134.8, 130.3, 129.6, 127.3, 126.9, 125.9, 124.2 (d, J = 2.0 Hz),
123.5(q, J = 284.0 Hz), 123.2, 120.5, 113.1, 112.4, 111.8, 111.6, 111.0, 100.7, 95.4, 73.7, 56.1, 46.8 (9, J = 31.1
Hz), 30.7, 27.9, 9.5. °F NMR (471 MHz, CDCl3) &: -70.90. IR (ATR) vmax: 3431, 2980, 1477, 1468, 1164, 782
cm™. HRMS (ESI): m/z calcd. for CsH24N,OF3Cl [M+H]*: 473.1602; found: 473.1591. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1

mL-min?, A = 254 nm): tmajor = 6.8 MIN, tminor = 8.7 min.

(R)-2-(2-(5-bromo-1H-indol-3-yl)-1,1,1-trifluoro-5,5-dimethylhex-3-yn-2-yl)-5-methoxy-3-methyl-1H-indole (3m)
OMe

N
colorless oil, 4 d, 82% yield, 97:3 er, [51]?;0 = +53.85 (c = 0.13, MeOH). *H NMR (500 MHz, CDCl;) &: 8.24 (s,
1H), 7.89 (s, 1H), 7.66 (s, 1H), 7.26 (s, 1H), 7.23 (d, J = 4.7 Hz, 1H), 7.21 (d, J = 8.6 Hz, 1H), 7.14 (d, J = 8.8 Hz,
1H), 6.94 (s, 1H), 6.83 (dd, J = 8.8, 1.8 Hz, 1H), 3.83 (s, 3H), 2.15 (s, 3H), 1.26 (s, 9H). 13C NMR (126 MHz,
CDCls) 6: 154.1, 135.0, 130.3, 129.6, 127.5, 127.3, 125.8, 125.8 (q, J = 284.6 Hz), 124.0 (d, J = 2.5 Hz), 123.6,
113.5, 113.1, 112.8, 111.8, 111.6, 110.9, 100.7, 95.5, 73.6, 56.1, 46.8 (q, J = 31.0 Hz), 30.6, 27.9, 9.5. °F NMR
(471 MHz, CDCly) &: -70.87. IR (ATR) vmax: 3419, 2957, 1491, 1460, 1159, 786 cm™. HRMS (ESI): m/z calcd.
for C6H24N2OF3Br [M+H]*: 517.1097; found: 517.1091. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 97/3, flow rate 1 mL-min%, A = 254 nm): tmajor =
26.1 min, tminor = 40.5 min.

(R)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-5,5-dimethyl-2-(5-methyl-1H-indol-3-yl)hex-3-yn-2-yl)-1H-indole (3n)
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OMe

colorless oil, 4 d, 98% vyield, 98:2 er, [a]IZDO = +78.50 (c = 0.20, MeOH). *H NMR (500 MHz, CDCl;) &: 8.13 (s,
1H), 7.93 (s, 1H), 7.33 (s, 1H), 7.27 (dd, J = 7.6, 5.4 Hz, 2H), 7.15 (d, J = 8.8 Hz, 1H), 7.03 (dd, J = 9.3, 5.2 Hz,
2H), 6.90-6.79 (m, 1H), 3.88 (s, 3H), 2.33 (s, 3H), 2.28 (s, 3H), 1.31 (s, 9H). 13C NMR (126 MHz, CDCl;) &:
154.0, 134.8, 130.3, 129.6, 129.3, 128.0, 126.0, 126.0 (q, J = 284.8 Hz), 124.4, 123.1 (d, J = 2.4 Hz), 120.7,
112.8, 111.8, 111.4, 110.9, 110.3, 100.7, 94.8, 74.1, 56.1, 46.9 (q, J = 30.7 Hz), 30.7, 27.9, 21.6, 9.6. °F NMR
(471 MHz, CDCly) &: -70.77. IR (ATR) vmax: 3413, 2968, 1486, 1457, 1171, 801 cm™. HRMS (ESI): m/z calcd.
for Co7H27NOF3; [M+H]": 453.2148; found: 453.2146. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-mint, A = 254 nm): tmajor

= 5.9 min, tminor = 8.1 min.

(R)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(5-methoxy-1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole
(30)

OMe

H

colorless oil, 3 d, 98% yield, 97:3 er, [al5 = +64.71 (c = 0.17, MeOH). *H NMR (400 MHz, CDCls) &: 8.12 (s,
1H), 7.98 (s, 1H), 7.31 (s, 1H), 7.23 (dd, J = 9.2, 4.6 Hz, 1H), 7.15 (d, J = 8.8 Hz, 1H), 6.97 (d, J = 2.3 Hz, 1H),
6.85 (dd, J = 2.3, 1.4 Hz, 1H), 6.83 (dd, J = 2.2, 1.6 Hz, 1H), 6.75 (d, J = 2.3 Hz, 1H), 3.85 (s, 3H), 3.57 (s, 3H),
2.18 (s, 3H), 1.29 (s, 9H). °C NMR (126 MHz, CDCls) d: 154.1, 154.0, 131.5, 130.3, 129.6, 127.7, 126.3, 126.0
(9, 3 =284.5 Hz), 123.7 (d, J = 2.5 Hz), 113.1, 112.9, 112.0, 111.7, 111.5, 110.8, 102.5, 100.7, 94.8, 73.9, 56.1,
55.7, 46.9 (q, J = 30.8 Hz), 30.8, 27.9, 9.5. 1°F NMR (376 MHz, CDCl3) d: -70.76. IR (ATR) vmax 3401, 2957,
1464, 1434, 1169, 784 cm™. HRMS (ESI): m/z calcd. for Cy7H27N,O2F3 [M+H]*: 469.2097; found: 469.2110.
HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH

=90/10, flow rate 1 mL-mint, A = 254 nm): tmajor = 7.6 MiN, tminor = 10.5 min.

(R)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(6-fluoro-1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (3p)

OMe

H

iCF3
E- :: iN

H
colorless oil, 26 d, 76% yield, 96.5:3.5 er (Conditions A); 3 d, 92% yield, 95:5 er (Conditions C), [alp =
+78.98 (C = 0.09, MeOH). 'H NMR (500 MHz, CDCls) : 8.22 (s, 1H), 7.98 (s, 1H), 7.32 (s, 1H), 7.25 (dd, J =
8.3, 5.1 Hz, 1H), 7.17 (d, J = 8.7 Hz, 1H), 7.07-7.01 (m, 1H), 6.96 (s, 1H), 6.86 (d, J = 8.8 Hz, 1H), 6.72 (t, J =
9.2 Hz, 1H), 3.85 (s, 3H), 2.12 (s, 3H), 1.26 (s, 9H). 13C NMR (126 MHz, CDCl5) &: 160.2 (d, J = 239.1 Hz),
154.0, 136.3 (d, J = 12.3 Hz), 130.2, 129.6, 127.5, 125.8 (q, J = 284.7 Hz), 123.1, 122.3, 121.8 (d, J = 10.0 Hz),
113.0, 111.8, 111.5 (d, J = 18.0 Hz), 109.0 (d, J = 24.3 Hz), 100.6, 97.5 (d, J = 26.1 Hz), 95.1, 73.8, 56.1, 46.8 (q,

J =31.0 Hz), 30.7, 27.9, 9.4. °F NMR (471 MHz, CDCl3) &: -70.99, -120.23. IR (ATR) vmax: 3428, 2949, 1476,
S24



1437, 1129, 768 cm™. HRMS (ESI): m/z calcd. for Cy6H24N,OF, [M+H]*: 457.1898; found: 457.1910. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH =

90/10, flow rate 1 mL-min’%, A = 245 nm): tmajor = 6.2 MiN, tminor = 6.9 Min.

(R)-2-(2-(6-chloro-1H-indol-3-yl)-1,1,1-trifluoro-5,5-dimethylhex-3-yn-2-yl)-5-methoxy-3-methyl-1H-indole (3q)

OMe

:\CF3
cl C :H

colorless oil, 30 d, 68% yield, 96:4 er (Conditions A); 3 d, 84% yield, 95:5 er (Conditions C), [al} = +83.57 (c
= 0.14, MeOH). *H NMR (500 MHz, CDCls) &: 8.22 (s, 1H), 7.99 (s, 1H), 7.36 (d, J = 1.2 Hz, 1H), 7.33 (s, 1H),
7.23 (d, J = 8.6 Hz, 1H), 7.18 (d, J = 8.8 Hz, 1H), 6.96 (d, J = 2.1 Hz, 1H), 6.92 (dd, J = 8.6, 1.6 Hz, 1H), 6.86
(dd, J = 8.8, 2.4 Hz, 1H), 3.86 (s, 3H), 2.10 (s, 3H), 1.26 (s, 9H). *C NMR (126 MHz, CDCl;) &: 154.1, 136.7,
130.2, 129.6, 128.8, 127.4, 125.8 (q, J = 284.7 Hz), 124.4, 123.4 (d, J = 2.1 Hz), 121.7, 120.9, 113.1, 111.8,
111.6, 111.6, 111.3, 100.7, 95.2, 73.7, 56.1, 46.8 (9, J = 30.9 Hz), 30.7, 27.9, 9.3. 1°F NMR (471 MHz, CDCly) &:
-70.98. IR (ATR) vmax: 3409, 2942, 1459, 1456, 1173, 799 cm™. HRMS (ESI): m/z calcd. for CysH24N2OF5Cl
[M+H]*: 473.1602; found: 473.1608. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min‘t, A = 245 nm): tmajor = 6.2 MiN, tminor = 7.1 Min.

(R)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(6-methoxy-1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole
(3n

OMe

colorless oil, 3 d, 96% vyield, 98:2 er, [a]IZDO = +25.00 (c = 0.24, MeOH). *H NMR (500 MHz, CDCls;) : 8.06 (s,
1H), 7.97 (s, 1H), 7.24 (dd, J = 14.1, 5.2 Hz, 2H), 7.14 (d, J = 8.8 Hz, 1H), 6.97 (s, 1H), 6.84 (dd, J = 8.8, 2.0 Hz,
1H), 6.81 (s, 1H), 6.64 (dd, J = 8.8, 1.7 Hz, 1H), 3.86 (s, 3H), 3.80 (s, 3H), 2.19 (s, 3H), 1.27 (s, 9H). 13C NMR
(126 MHz, CDCls) 6: 156.8, 154.0, 137.2, 130.2, 129.6, 127.8, 125.9 (q, J = 284.8 Hz), 121.7 (d, J = 2.3 Hz),
121.7,120.1, 112.9, 111.8, 111.5, 111.1, 110.2, 100.6, 94.9, 94.4, 74.0, 56.1, 55.6, 46.9 (q, J = 31.0 Hz), 30.7,
27.9, 9.5. °F NMR (471 MHz, CDCl3) &: -70.91. IR (ATR) vmax: 3409, 2967, 1504, 1467, 1134, 773 cm™. HRMS
(ESI): m/z calcd. for Ca7H27N202F3 [M+H]*: 469.2097; found: 469.2106. HPLC analysis: The enantiomeric
excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A =

280 Nm): tmajor = 7.8 Min, tminor = 11.4 min.

(R)-ethyl 2-(1H-indol-3-yl)-2-(5-methoxy-3-methyl-1H-indol-2-yl)-5,5-dimethylhex-3-ynoate (3s)

OMe

N H
©\/\> COOEt
N

H
colorless oil, 7 d, 82% yield, 95:5 er, [a]5 =-7.00 (c = 0.10, MeOH). H NMR (400 MHz, CDCls) 5: 8.28 (s, 1H),
8.15 (s, 1H), 7.65 (d, J = 8.1 Hz, 1H), 7.39 (d, J = 8.2 Hz, 1H), 7.28 (s, 1H), 7.25-7.18 (m, 2H), 7.14 (d, J = 8.7
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Hz, 1H), 7.07 (dd, J = 11.2, 3.9 Hz, 1H), 7.01 (d, J = 2.4 Hz, 1H), 6.82 (dd, J = 8.7, 2.4 Hz, 1H), 4.35-4.15 (m,
2H), 3.89 (s, 3H), 2.27 (s, 3H), 1.39-1.12 (m, 11H). 3C NMR (101 MHz, CDCls) &: 170.5, 154.0, 137.1, 132.3,
130.4, 129.3, 125.6, 124.3, 122.5, 121.3, 120.0, 114.5, 111.9, 111.8, 111.4, 108.6, 100.5, 93.8, 62.4, 56.1, 46.9,
31.0, 29.6, 27.9, 14.2, 9.5. IR (ATR) vmax: 3364, 2925, 2854, 1700, 1217, 743 cm™. HRMS (ESI): m/z calcd. for
CasH3oN203 [M-H]: 441.2184; found: 441.2169. HPLC analysis: The enantiomeric excess was determined by
HPLC with Chiralpak IA column (hexane/i-PrOH = 95/5, flow rate 1 mL-min%, A = 245 nm): tmajor = 44.0 MiN, tminor
=20.8 min.

(R)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-4-(trimethylsilyl)but-3-yn-2-yl)-1H-indole (3t)

OMe

H

iCF3
[IN:

N
colorless ail, 18 h, 86% yield, 95:5 er, [a]éo =+80.00 (c = 0.13, MeOH). *H NMR (500 MHz, CDCl;) d: 8.26 (s,
1H), 7.99 (s, 1H), 7.39 (d, J = 7.9 Hz, 2H), 7.33 (d, J = 8.1 Hz, 1H), 7.19 (t, J = 7.6 Hz, 1H), 7.15 (d, J = 8.8 Hz,
1H), 7.00-6.92 (m, 2H), 6.85 (d, J = 8.7 Hz, 1H), 3.85 (s, 3H), 2.15 (s, 3H), 0.21 (s, 9H). 3*C NMR (126 MHz,
CDCl) &: 154.1, 136.4, 130.2, 129.7, 126.9, 125.7 (q, J = 285.4 Hz), 125.7, 123.2 (d, J = 2.3 Hz), 122.8, 120.9,
120.3, 113.1, 111.9, 111.4, 110.1, 100.7, 99.5, 92.0, 56.0, 47.8 (q, J = 31.0 Hz), 9.4, -0.2. °F NMR (471 MHz,
CDCIl3) &: -70.39. IR (ATR) vma: 3410, 2958, 1485, 1458, 843, 743 cm™. HRMS (ESI): m/z calcd. for
CasH25N20F3Si [M+H]*: 455.1761; found: 455.1782. HPLC analysis: The enantiomeric excess was determined
by HPLC with Chiralpak IA column (hexane/i-PrOH = 95/5, flow rate 1 mL-min, A = 254 nm): tmajor = 10.3 min,

tminor = 11.6 min.

(R)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(5-fluoro-1H-indol-3-yl)-4-(trimethylsilyl)but-3-yn-2-yl)-1H-indole
(3u)
OMe

Colorless oil, 48 h, 87% yield, 95:5 er, [a]5 = +68.33 (c = 0.18, MeOH). *H NMR (500 MHz, CDCls) 3: 8.27 (s,
1H), 8.00 (s, 1H), 7.39 (s, 1H), 7.29 (dd, J = 8.8, 4.3 Hz, 1H), 7.18 (d, J = 8.8 Hz, 1H), 7.03 (dd, J = 9.9, 1.8 Hz,
1H), 6.97 (d, J = 1.6 Hz, 1H), 6.94 (td, J = 9.0, 2.2 Hz, 1H), 6.87 (dd, J = 8.8, 2.1 Hz, 1H), 3.86 (s, 3H), 2.13 (s,
3H), 0.23 (s, 9H). 13C NMR (126 MHz, CDCls) &: 157.8 (d, J = 235.5 Hz), 154.1, 132.85, 130.2, 129.7, 126.3,
126.2 (d, J = 10.4 Hz), 125.5 (q, J = 285.0 Hz), 124.7 (d, J = 2.3 Hz), 113.3, 112.1 (d, J = 9.7 Hz), 111.9, 111.9,
111.5 (d, J = 26.6 Hz), 110.4 (d, J = 4.7 Hz), 105.9 (d, J = 24.8 Hz), 100.7, 99.1, 92.4, 56.1, 47.7 (g, J = 31.3 Hz),
9.4, -0.3. F NMR (471 MHz, CDCls3) &: -70.44, -123.03. IR (ATR) vmax: 3434, 2968, 1464, 1432, 911, 740 cm™.
HRMS (ESI): m/z calcd. for CusH24N,OF,Si [M-H]: 471.1521; found: 471.1525. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 95/5, flow rate 1

mL-mint, A = 280 nM): tmajor = 12.1 MiN, tminor = 13.6 min.

(R)-2-(2-(5-chloro-1H-indol-3-yl)-1,1,1-trifluoro-4-(trimethylsilyl)but-3-yn-2-yl)-5-methoxy-3-methyl-1H-indole
(3v)
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colorless ail, 48 h, 80% yield, 96:4 er, [a]éo= +63.53 (¢ = 0.17, MeOH). *H NMR (500 MHz, CDCl3) : 8.29 (s,
1H), 7.97 (s, 1H), 7.46 (s, 1H), 7.34 (s, 1H), 7.28 (t, J = 8.6 Hz, 1H), 7.18 (d, J = 8.8 Hz, 1H), 7.15 (d, J = 8.7 Hz,
1H), 6.98 (s, 1H), 6.87 (d, J = 8.8 Hz, 1H), 3.86 (s, 3H), 2.16 (s, 3H), 0.24 (s, 9H). 13C NMR (126 MHz, CDCly) &:
154.1, 134.7, 130.2, 129.7, 127.8 (q, J = 285.0 Hz), 126.7, 126.3, 126.0, 124.4 (d, J = 2.1 Hz), 123.4, 120.4,
113.3, 112.4, 111.9, 110.0, 100.7, 99.1, 92.6, 56.1, 47.7 (q, J = 31.2 Hz), 9.5, -0.3. 1°F NMR (471 MHz, CDCls) &:
-70.40. IR (ATR) vmax: 3438, 2913, 1495, 1482, 863, 741 cm L. HRMS (ESI): m/z calcd. for CasH24N,OF5SiCl
[M-H]: 487.1226; found: 487.1225. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak IA column (hexanefi-PrOH = 95/5, flow rate 1 mL-min?, A = 280 nm): tmajor = 13.0 MiN, tminor = 16.5

min.

(R)-2-(2-(5-bromo-1H-indol-3-yl)-1,1,1-trifluoro-4-(trimethylsilyl)but-3-yn-2-yl)-5-methoxy-3-methyl-1H-indole
(3w)

OMe

colorless oil, 48 h, 88% yield, 96:4 er, [a]zoO =+50.48 (c = 0.21, MeOH). *H NMR (500 MHz, CDCl;) &: 8.27 (s,
1H), 7.91 (s, 1H), 7.61 (s, 1H), 7.29 (s, 1H), 7.22 (t, J = 9.0 Hz, 2H), 7.14 (d, J = 8.8 Hz, 1H), 6.94 (s, 1H), 6.83
(d, 3 =8.8 Hz, 1H), 3.83 (s, 3H), 2.12 (s, 3H), 0.21 (s, 9H). *C NMR (126 MHz, CDCls) &: 154.1, 135.0, 130.2,
129.7, 127.4, 126.3, 126.0, 125.5 (g, J = 285.0 Hz), 124.3 (d, J = 2.4 Hz), 123.5, 113.7, 113.3, 112.9, 111.9,
109.9, 100.7, 99.0, 92.7, 56.1, 47.7 (g, J = 31.2 Hz), 9.5, -0.3. °F NMR (471 MHz, CDCl;) &: -70.39. IR (ATR)
vmax. 3424, 2937, 1466, 1448, 812, 738 cm™.. HRMS (ESI): m/z calcd. for C,sH24N,OF3SiBr [M-H]: 531.0721;
found: 531.0727. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak 1A

column (hexane/i-PrOH = 95/5, flow rate 1 mL-min‘%, A = 280 nm): tmajor = 13.5 MiN, tminor = 18.0 min.

(R)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(5-methyl-1H-indol-3-yl)-4-(trimethylsilyl)but-3-yn-2-yl)-1H-indole
(3x)
OMe

N
Me H

iCFs
[Imi

N
colorless oil, 12 h, 82% yield, 96.5:3.5 er, [a]éo= +82.00 (c = 0.15, MeOH). *H NMR (500 MHz, CDCl3) &: 8.14
(s, 1H), 7.89 (s, 1H), 7.29 (s, 1H), 7.28-7.21 (m, 2H), 7.11 (d, J = 8.8 Hz, 1H), 7.01 (d, J = 8.3 Hz, 1H), 6.97 (s,
1H), 6.82 (d, J = 8.8 Hz, 1H), 3.84 (s, 3H), 2.28 (s, 3H), 2.22 (s, 3H), 0.20 (s, 9H). 13C NMR (126 MHz, CDCl5) &:
154.0, 134.7, 130.3, 129.6, 129.5, 127.9 (q, J = 284.9 Hz), 126.9, 125.9, 124.6, 123.3 (d, J = 2.5 Hz), 120.6,
113.0, 111.9, 111.7, 111.0, 109.3, 100.6, 99.5, 91.9, 56.0, 47.8 (q, J = 31.0 Hz), 21.7, 9.6, -0.3. °F NMR (471
MHz, CDCl3) &: -70.29. IR (ATR) vmax: 3408, 2958, 1484, 1468, 843, 743 cm™t. HRMS (ESI): m/z calcd. for

Ca6H27N2OF3Si [M-H]: 467.1772; found: 467.1771. HPLC analysis: The enantiomeric excess was determined
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by HPLC with Chiralpak IA column (hexanefi-PrOH = 95/5, flow rate 1 mL-min’, A = 280 nm): tmajor = 9.8 min,

tminor = 13.8 min.

(R)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(5-methoxy-1H-indol-3-yl)-4-(trimethylsilyl)but-3-yn-2-yl)-1H-indole

(3y)
OMe

colorless ail, 12 h, 84% vyield, 95:5 er, [a]éo = +65.88 (¢ = 0.17, MeOH). 'H NMR (500 MHz, CDCl;) 5: 8.17 (s,
1H), 8.01 (s, 1H), 7.33 (s, 1H), 7.25 (d, J = 9.1 Hz, 1H), 7.16 (d, J = 8.8 Hz, 1H), 6.97 (s, 1H), 6.85 (d, J = 8.8 Hz,
2H), 6.71 (s, 1H), 3.86 (s, 3H), 3.55 (s, 3H), 2.17 (s, 3H), 0.22 (s, 9H). 3C NMR (126 MHz, CDCl;) &: 154.2,
154.0, 131.4, 130.2, 129.7, 126.6, 126.2, 125.7 (q, J = 285.0 Hz), 123.9 (d, J = 2.2 Hz), 113.2, 113.1, 112.0,
111.9, 111.8, 109.8, 102.4, 100.6, 99.4, 91.7, 56.0, 55.7, 47.7 (q, J = 30.9 Hz), 9.5, -0.2. *°F NMR (471 MHz,
CDCIl3) &: -70.28. IR (ATR) vma: 3409, 2937, 1475, 1434, 813, 744 cm™. HRMS (ESI): m/z calcd. for
Ca6H27N20,F3Si [M-H]: 483.1721; found: 483.1726. HPLC analysis: The enantiomeric excess was determined
by HPLC with Chiralpak IA column (hexane/i-PrOH = 95/5, flow rate 1 mL-min, A = 254 nm): tmajor = 13.5 min,

tminor = 18.8 min.

(R)-2-(2-(6-chloro-1H-indol-3-yl)-1,1,1-trifluoro-4-(trimethylsilyl)but-3-yn-2-yl)-5-methoxy-3-methyl-1H-indole
(32)

OMe

mca
cl N
colorless oil, 120 h, 74% yield, 95:5 er, [a]éo =+162.92 (c = 0.08, MeOH). *H NMR (500 MHz, CDCl;) &: 8.27 (s,
1H), 8.02 (s, 1H), 7.37 (d, J = 1.7 Hz, 2H), 7.19 (t, J = 7.0 Hz, 2H), 6.96 (s, 1H), 6.95-6.91 (m, 1H), 6.87 (d, J =
8.8 Hz, 1H), 3.86 (s, 3H), 2.09 (s, 3H), 0.21 (s, 9H). 13C NMR (126 MHz, CDCls) &: 154.1, 136.7, 130.1, 129.7,
128.9, 126.4, 125.5 (q, J = 284.8 Hz), 124.3, 123.7, 121.7, 121.1, 113.3, 111.9 (d, J = 8.3 Hz), 111.3, 110.6,
100.7, 99.2, 92.2, 56.0, 47.7 (g, J = 31.6 Hz), 9.3, -0.2. 1°F NMR (471 MHz, CDCl3) &: -70.50. IR (ATR) viax:
3407, 2939, 1467, 1445, 854, 737 cm™. HRMS (ESI): m/z calcd. for C2sH24N2OF3SiCl [M-H]: 487.1226; found:
487.1232. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column
(hexaneli-PrOH = 95/5, flow rate 1 mL-min, A = 280 nm): tmajor = 12.6 MiN, tminor = 11.5 min.

(R)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(6-methoxy-1H-indol-3-yl)-4-(trimethylsilyl)but-3-yn-2-yl)-1H-indole
(3aa)

OMe

colorless oil, 20 h, 76% yield, 96:4 er, [a]5 = +86.67 (c = 0.15, MeOH). *H NMR (500 MHz, CDCls) 5: 8.09 (s,
1H), 7.98 (s, 1H), 7.30-7.23 (m, 1H), 7.22-7.18 (m, 1H), 7.14 (dd, J = 8.7, 1.6 Hz, 1H), 6.98 (s, 1H), 6.85 (d, J =
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8.7 Hz, 1H), 6.80 (s, 1H), 6.64 (d, J = 8.8 Hz, 1H), 3.86 (s, 3H), 3.80 (s, 3H), 2.19 (s, 3H), 0.27-0.10 (m, 9H). 1*C
NMR (126 MHz, CDCls) &: 156.9, 154.0, 137.2, 130.2, 129.6, 126.8, 125.6 (q, J = 285.1 Hz), 121.9, 121.5,
119.9, 113.1, 111.8 (d, J = 4.6 Hz), 110.4, 110.0, 100.6, 99.6, 94.5, 91.9, 56.0, 55.6, 47.7 (q, J = 31.0 Hz), 9.4,
-0.2. °F NMR (471 MHz, CDCl3) &: -70.43. IR (ATR) vmax: 3414, 2968 1484, 1452, 829, 742 cm™. HRMS (ESI):
m/z calcd. for CyeH27N202F3Si [M-H]: 483.1721; found: 483.1713. HPLC analysis: The enantiomeric excess
was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 95/5, flow rate 1 mL-min, A = 254 nm):

tmajor = 14.7 min, tminor = 18.9 min.

(R)-3,5-dimethyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-4-(trimethylsilyl)but-3-yn-2-yl)-1H-indole (3ab)

o
N

H
colorless oil, 36 h, 92% yield, 95:5 er, [al5 = +86.47 (c = 0.17, MeOH). H NMR (500 MHz, CDCls) 3: 8.17 (s,
1H), 8.01 (s, 1H), 7.42-7.29 (m, 4H), 7.22-7.12 (m, 2H), 7.03 (d, J = 8.3 Hz, 1H), 6.96 (t, J = 7.6 Hz, 1H), 2.46 (s,
3H), 2.16 (s, 3H), 0.21 (s, 9H). **C NMR (126 MHz, CDCl3) &: 136.3, 132.8, 130.1, 128.7, 126.1, 125.7, 125.7 (q,
J =284.8 Hz), 124.3, 123.1 (d, J = 2.4 Hz), 122.8, 120.9, 120.3, 118.6, 111.7, 111.3, 110.7, 110.2, 99.6, 91.9,
47.7 (9, J = 31.2 Hz), 21.6, 9.3, -0.2. °F NMR (471 MHz, CDCl3) &: -70.41. IR (ATR) vmax: 3445, 2976, 1482,
1457, 1107, 785 cm™. HRMS (ESI): m/z calcd. for CysH2sN2F3Si [M-H]: 437.1666; found: 437.1672. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 95/5,

flow rate 1 mL-min, A = 254 nm): tmajor = 7.9 MiN, tminor = 9.4 min.

(R,E)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-4-(trimethylsilyl)but-3-en-2-yl)-1H-indole (3ac)

OMe

N
Z H

ica
[IN

H
colorless oil, 56 h, 78% yield, 94:6 er, [2]5 = +38.18 (c = 0.11, MeOH). *H NMR (500 MHz, CDCl3) 5: 8.28 (s,
1H), 7.89 (s, 1H), 7.39 (d, J = 8.2 Hz, 1H), 7.27 (d, J = 6.8 Hz, 1H), 7.16 (dd, J = 17.6, 8.2 Hz, 2H), 7.01 (dd, J =
9.8, 5.1 Hz, 2H), 6.91 (t, J = 7.6 Hz, 1H), 6.85 (dd, J = 8.7, 2.2 Hz, 1H), 6.68 (d, J = 18.8 Hz, 1H), 5.99 (d, J =
18.8 Hz, 1H), 3.88 (s, 3H), 2.02 (s, 3H), 0.10 (s, 9H). 13C NMR (126 MHz, CDCls) 5: 154.0, 138.7, 136.5, 135.7,
130.1, 129.9, 129.1, 127.2 (q, J = 285.4 Hz), 126.1, 124.4 (d, J = 1.4 Hz), 122.5, 121.5, 120.2, 112.6, 111.8,
111.7, 111.4, 111.3, 100.5, 56.1 (g, J = 26.0 Hz), 56.1, 10.4, -1.3. °F NMR (471 MHz, CDCl3) 5: -67.78. HRMS
(ESI): m/z calcd. for C2sH27N2OF3Si [M-H]: 455.1772; found: 455.1753. IR (ATR) vmax: 3408, 2954, 1486, 1458,
839, 742 cm™. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IB column
(hexaneli-PrOH = 95/5, flow rate 1 mL-min, A = 254 nm): tmajor = 17.7 MiN, tminor = 11.4 min.

(R,E)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(5-fluoro-1H-indol-3-yl)-4-(trimethylsilyl)but-3-en-2-yl)-1H-indole
(3ad)
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colorless ail, 96 h, 85% yield, 93:7 er, [a]éo= +22.00 (c = 0.20, MeOH). *H NMR (500 MHz, CDCl3) : 8.29 (s,
1H), 7.86 (s, 1H), 7.35-7.28 (m, 2H), 7.17 (d, J = 8.7 Hz, 1H), 6.98 (d, J = 1.5 Hz, 1H), 6.92 (td, J = 8.9, 2.0 Hz,
1H), 6.86 (dd, J = 8.7, 2.0 Hz, 1H), 6.67 (d, J = 10.3 Hz, 1H), 6.62 (d, J = 18.8 Hz, 1H), 5.96 (d, J = 18.8 Hz, 1H),
3.87 (s, 3H), 1.97 (s, 3H), 0.10 (s, 9H). 13C NMR (126 MHz, CDCl3) &: 157.8 (d, J = 235.2 Hz), 154.1, 138.3,
136.3, 133.0, 130.0 (d, J = 10.6 Hz), 128.5, 127.1 (q, J = 285.6 Hz), 126.6 (d, J = 10.5 Hz), 126.2, 112.8, 112.0
(d, J=4.9Hz), 112.0, 111.8, 111.6, 111.3, 111.1, 106.4 (d, J = 24.8 Hz), 100.6, 56.1, 56.0 (q, J = 23.2 Hz), 10.3,
-1.3. F NMR (471 MHz, CDCl3) &: -67.82, -123.13. IR (ATR) vmax 3411, 2948, 1456, 1444, 843, 744 cm™.
HRMS (ESI): m/z calcd. for CusHzsN,OF4Si [M-H]: 473.1678; found: 473.1667. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 95/5, flow rate 1

mL-mint, A = 254 nm): tmajor = 16.5 MiN, tminor = 15.0 min.

(R,E)-2-(2-(5-chloro-1H-indol-3-yl)-1,1,1-trifluoro-4-(trimethylsilyl)but-3-en-2-yl)-5-methoxy-3-methyl-1H-indole
(3ae)

OMe

Cl :\ Fs
i: :N

H
colorless oil, 72 h, 92% yield, 93:7 er, [a]3 = +23.00 (c = 0.20, MeOH). *H NMR (500 MHz, CDCl3) 5: 8.32 (s,
1H), 7.84 (s, 1H), 7.30 (d, J = 8.7 Hz, 1H), 7.26 (s, 1H), 7.17 (d, J = 8.8 Hz, 1H), 7.13 (d, J = 8.7 Hz, 1H), 7.08 (s,
1H), 7.00 (s, 1H), 6.87 (d, J = 8.7 Hz, 1H), 6.59 (d, J = 18.8 Hz, 1H), 6.00 (d, J = 18.8 Hz, 1H), 3.88 (s, 3H), 2.00
(s, 3H), 0.11 (s, 9H). *¥C NMR (126 MHz, CDCl3) : 154.1, 138.1, 136.6, 134.9, 130.1, 129.9, 128.4, 127.1,
127.1 (g, J = 285.8 Hz), 126.0 (d, J = 11.5 Hz), 123.1, 121.0, 112.9, 112.4, 111.8, 111.5, 111.4, 100.6, 100.1,
56.1 (q, J = 26.1 Hz), 56.1, 10.5, -1.4. °F NMR (471 MHz, CDCls) &: -67.77. IR (ATR) vmax: 3409, 2965, 1472,
1452, 832, 735 cm™. HRMS (ESI): m/z calcd. for CosH2sN,OF3SiCl [M-H]: 489.1382; found: 489.1369. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH =

95/5, flow rate 1 mL-min, A = 254 nm): tmajor = 17.6 MiN, tminor = 16.3 min.

(R,E)-2-(2-(5-bromo-1H-indol-3-yl)-1,1,1-trifluoro-4-(trimethylsilyl)but-3-en-2-yl)-5-methoxy-3-methyl-1H-indole
(3af)

OMe

N

N
colorless oil, 76 h, 90% yield, 92.5:7.5 er, [al5 = +19.55 (c = 0.22, MeOH). 'H NMR (500 MHz, CDCl;) &: 8.32
(s, 1H), 7.82 (s, 1H), 7.25 (d, J = 13.2 Hz, 4H), 7.16 (d, J = 8.7 Hz, 1H), 6.99 (s, 1H), 6.86 (dd, J = 8.7, 1.3 Hz,
1H), 6.58 (d, J = 18.8 Hz, 1H), 6.01 (d, J = 18.8 Hz, 1H), 3.87 (s, 3H), 2.00 (s, 3H), 0.11 (s, 9H). *C NMR (126
MHz, CDCl;) &: 154.1, 138.0, 136.6, 135.2, 130.1, 130.0, 129.4 (q, J = 285.8 Hz), 128.5, 127.7, 126.0 (d, J =

1.5 Hz), 125.6, 124.1, 113.6, 112.9, 111.8, 111.5, 111.2, 100.6, 56.1 (g, J = 25.3 Hz), 56.1, 10.5, -1.4. F NMR
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(471 MHz, CDCls) &: -67.76. IR (ATR) vmax: 3414, 2979, 1511, 1467, 859, 743 cm™. HRMS (ESI): m/z calcd. for
CasH26N2OF3SiBr [M-H]: 533.0877; found: 533.0872. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 95/5, flow rate 1 mL-min%, A = 254 nm): tmajor =
17.0 min, tminor = 18.6 min.

(R,E)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(5-methyl-1H-indol-3-yl)-4-(trimethylsilyl)but-3-en-2-yl)-1H-indole
(3ag)

OMe

colorless oil, 90 h, 87% vield, 96:4 er, [a]5 = +1.67 (c = 0.18, MeOH). H NMR (400 MHz, CDCls) : 8.18 (s,
1H), 7.85 (s, 1H), 7.37-7.24 (m, 1H), 7.22 (d, J = 1.2 Hz, 1H), 7.14 (d, J = 8.7 Hz, 1H), 7.02 (dd, J = 8.3, 1.6 Hz,
2H), 6.92 (s, 1H), 6.86 (dd, J = 8.8, 2.4 Hz, 1H), 6.63 (d, J = 18.9 Hz, 1H), 6.06 (d, J = 18.8 Hz, 1H), 3.89 (s, 3H),
2.26 (s, 3H), 2.11 (s, 3H), 0.12 (s, 9H). 13C NMR (126 MHz, CDCls) &: 154.0, 138.4, 135.8, 134.9, 130.2, 129.9,
129.4, 129.1, 127.3 (q, J = 285.5 Hz), 126.2, 124.9 (d, J = 1.6 Hz), 124.2, 121.3, 112.6, 111.8, 111.2, 111.0,
110.7, 100.5, 56.3 (q, J = 25.9 Hz), 56.1, 21.7, 10.7, -1.4. °F NMR (376 MHz, CDCl;) &: -67.63. HRMS (ESI):
m/z calcd. for CasH29N2OF3Si [M-H]: 469.1928; found: 469.1919. IR (ATR) vmax: 3403, 2953, 1484, 1157, 838,
739 cm™. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column
(hexane/i-PrOH = 95/5, flow rate 1 mL-min, A = 254 nm): tmajor = 10.7 MiN, tminor = 12.0 min.

(R,E)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(5-methoxy-1H-indol-3-yl)-4-(trimethylsilyl)but-3-en-2-yl)-1H-
indole (3ah)

OMe

™S
Meo\(j\/i> Fs
N
colorless ail, 86 h, 80% yield, 94:6 er, [a]éo= +30.00 (c = 0.18, MeOH). *H NMR (400 MHz, CDCl3) : 8.20 (s,
1H), 7.94 (s, 1H), 7.26 (dd, J = 9.9, 5.6 Hz, 2H), 7.17 (dd, J = 8.7, 1.2 Hz, 1H), 7.00 (s, 1H), 6.84 (dd, J = 11.1,
9.2 Hz, 2H), 6.69 (d, J = 18.9 Hz, 1H), 6.30 (s, 1H), 6.00 (d, J = 18.8 Hz, 1H), 3.88 (s, 3H), 3.42 (s, 3H), 2.04 (s,
3H), 0.12 (s, 9H). ¥C NMR (126 MHz, CDCl3) 5: 154.1, 154.0, 138.8, 135.9, 131.5, 130.0, 129.9, 129.0, 127.2
(q, J = 285.5 Hz), 126.7, 125.1, 113.1, 112.7, 112.0, 111.7, 111.4, 111.3, 102.7, 100.5, 56.1 (q, J = 26.0 Hz),
56.1, 55.5, 10.5, -1.3. °F NMR (376 MHz, CDCl;) &: -67.78. IR (ATR) vmax: 3408, 2961, 1484, 1167, 853, 740
cm™. HRMS (ESI): m/z calcd. for CpsHa0N»0,F3Si [M-H]: 485.1878; found: 485.1857. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 95/5, flow rate 1

mL-mint, A = 280 NM): tmajor = 14.8 MiN, tminor = 20.8 min.

(R,E)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(6-fluoro-1H-indol-3-yl)-4-(trimethylsilyl)but-3-en-2-yl)-1H-indole
(3ai)
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colorless oil, 120 h, 76% yield, 95:5 er,[a]éo =+11.11 (c = 0.18, MeOH). *H NMR (500 MHz, CDCl;) &: 8.26 (s,
1H), 7.89 (s, 1H), 7.26 (d, J = 4.5 Hz, 1H), 7.17 (d, J = 8.7 Hz, 1H), 7.06 (d, J = 9.2 Hz, 1H), 6.99 (s, 1H),
6.93-6.80 (m, 2H), 6.73-6.52 (m, 2H), 5.95 (d, J = 18.8 Hz, 1H), 3.88 (s, 3H), 1.97 (s, 3H), 0.10 (s, 9H). 3C
NMR (126 MHz, CDCls) &: 160.0 (d, J = 239.1 Hz), 154.1, 138.6, 136.5 (d, J = 12.2 Hz), 136.1, 130.0, 129.9,
128.8,127.1 (q, J = 285.5 Hz), 124.7, 122.7, 122.3 (d, J = 9.8 Hz), 112.8, 112.0, 111.8, 111.6, 109.1 (d, J = 24.1
Hz), 100.6, 97.5 (d, J = 25.9 Hz), 56.1, 55.9 (q, J = 26.5 Hz), 10.3, -1.3. °F NMR (471 MHz, CDCls) &: -67.89,
-120.47. IR (ATR) vmax: 3407, 2959, 1454, 1138, 842, 740 cm™. HRMS (ESI): m/z calcd. for CasHzsN,OF,Si
[M-H]: 473.1678; found: 473.1660. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak IA column (hexane/i-PrOH = 95/5, flow rate 1 mL-min?, A = 254 nm): tmajor = 13.8 MiN, tminor = 13.3
min.

(R,E)-2-(2-(6-chloro-1H-indol-3-yl)-1,1,1-trifluoro-4-(trimethylsilyl)but-3-en-2-yl)-5-methoxy-3-methyl-1H-indole

(3a))

OMe

/(iicam
cl N

colorless oil, 120 h, 78% yield, 95:5 er, [a]3 = +20.00 (c = 0.18, MeOH). *H NMR (400 MHz, CDCls) 5: 8.26 (s,
1H), 7.87 (s, 1H), 7.38 (s, 1H), 7.26 (s, 1H), 7.17 (d, J = 8.7 Hz, 1H), 6.98 (d, J = 2.3 Hz, 1H), 6.92-6.80 (m, 3H),
6.65 (d, J = 18.8 Hz, 1H), 5.94 (d, J = 18.8 Hz, 1H), 3.87 (s, 3H), 1.95 (s, 3H), 0.09 (s, 9H). *C NMR (126 MHz,
CDCl3) &: 154.1, 138.5, 136.8, 136.2, 123.0, 129.9, 128.7, 128.6, 127.1 (q, J = 285.3 Hz), 125.0 (d, J = 1.4 Hz),
124.8, 122.3,121.0, 112.9, 112.2, 111.8, 111.6, 111.3, 100.6, 56.1, 55.9 (q, J = 25.8 Hz), 10.3, -1.3. **F NMR
(376 MHz, CDCls) d: -67.93. IR (ATR) vmax: 3410, 2949, 1457, 1149, 839, 742 cm™. HRMS (ESI): m/z calcd. for
CasHz6N2OF3SICl [M-H]: 489.1382; found: 489.1364. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 95/5, flow rate 1 mL-min, A = 254 nm):

tmajor = 15.2 min, tminor = 14.1 min.

(R,E)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(6-methoxy-1H-indol-3-yl)-4-(trimethylsilyl)but-3-en-2-yl)-1H-
indole (3ak)

OMe

colorless oil, 48 h, 95% vyield, 95:5 er, [a]éo =-16.00 (c = 0.20, MeOH). H NMR (400 MHz, CDCl3) &: 8.13 (s,
1H), 7.89 (s, 1H), 7.14 (d, J = 8.6 Hz, 2H), 6.99 (s, 1H), 6.85 (dd, J = 13.5, 7.0 Hz, 3H), 6.69-6.53 (m, 2H), 5.97
(d, 3= 18.8 Hz, 1H), 3.87 (s, 3H), 3.81 (s, 3H), 2.02 (s, 3H), 0.09 (s, 9H). 13C NMR (126 MHz, CDCls) &: 156.9,
154.3, 139.1, 137.6, 135.9, 130.3, 130.1, 129.4, 127.4 (q, J = 285.9 Hz), 123.5, 122.4, 120.6, 112.9, 112.0,

111.6, 110.5, 100.8, 94.7, 56.3 (q, J = 25.5 Hz), 56.3, 55.9, 10.7, -1.0. °F NMR (376 MHz, CDCl;) &: -67.83. IR
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(ATR) vmax: 3405, 2952, 1479, 1144, 840, 739 cm™. HRMS (ESI): m/z calcd. for CzsH2oN»02F3Si [M-H]*:
485.1878; found: 485.1849. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak IA column (hexane/i-PrOH = 95/5, flow rate 1 mL-min, A = 254 nm): tmajor = 18.2 MiN, tminor = 25.3

min.

(R)-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)hexan-2-yl)-1H-indole (3al)

e
N

B
colorless oail, 5 d, 52% yield, 82:18 er, [a]éo =+19.00 (c = 0.10, MeOH). *H NMR (500 MHz, CDCl;) d: 8.20 (s,
1H), 8.04 (s, 1H), 7.55 (d, J = 7.8 Hz, 1H), 7.38 (d, J = 8.2 Hz, 1H), 7.34 (s, 1H), 7.25 (d, J = 8.0 Hz, 1H),
7.21-7.08 (m, 3H), 6.89 (d, J = 8.1 Hz, 1H), 6.85 (t, J = 7.5 Hz, 1H), 2.74-2.49 (m, 2H), 2.06 (s, 3H), 1.40-1.20
(m, 3H), 1.21-1.03 (m, 1H), 0.81 (t, J = 7.1 Hz, 3H). 3C NMR (126 MHz, CDCl3) &: 136.3, 134.6, 130.1, 129.7,
128.4 (q, J = 285.4 Hz), 126.4, 123.7 (d, J = 1.8 Hz), 122.5, 122.2, 121.1, 120.2, 119.2, 118.8, 112.7, 111.2,
111.1, 110.8, 51.2 (g, J = 25.4 Hz), 34.9, 27.0, 23.3, 14.0, 9.9. °F NMR (376 MHz, CDCls) &: -68.42. IR (ATR)
vmax: 3407, 2959, 1486, 1458, 1145, 1135, 741 cm™. HRMS (ESI): m/z calcd. for CsH23N,F3 [M-H]: 383.1741;
found: 383.1735. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak 1A

column (hexane/i-PrOH = 95/5, flow rate 1 mL-min‘%, A = 254 nM): tmajor = 13.8 Min, tminor = 11.8 min.

(R)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)pent-4-en-2-yl)-1H-indole (3am)

OMe

colorless oil, 10 d, 62% vield, 78:22 er, [al5 = +2.67 (c = 0.16, MeOH). *H NMR (500 MHz, CDCl3) 5: 8.24 (s,
1H), 8.02 (s, 1H), 7.42-7.31 (m, 2H), 7.20-7.13 (m, 2H), 6.97 (s, 1H), 6.94-6.76 (m, 3H), 5.61 (td, J = 16.6, 7.3
Hz, 1H), 5.04 (d, J = 17.1 Hz, 1H), 4.91 (d, J = 10.1 Hz, 1H), 3.87 (s, 3H), 3.43 (d, J = 6.8 Hz, 2H), 2.02 (s, 3H).
13C NMR (126 MHz, CDCl3) &: 154.0, 136.3, 133.4, 130.4, 130.0, 129.9, 128.0 (q, J = 285.7 Hz), 126.2, 123.7
(d, J=1.5Hz), 122.5, 120.9, 120.2, 118.1, 112.6, 112.4, 111.7, 111.3, 110.9, 100.5, 56.0, 51.1 (q, J = 25.4 Hz),
39.5, 10.0. 1F NMR (471 MHz, CDCl3) : -68.29. IR (ATR) vmax: 3410, 2926, 1458, 1164, 1131, 1109, 743 cm™.
HRMS (ESI): m/z calcd. for Cy3H2iNOF; [M-H]: 397.1533; found: 397.1520. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 0.8

mL-min, A = 254 nM): tmajor = 15.6 MiN, tminor = 13.8 min.

(R)-3-(2,2,2-trifluoro-1-phenyl-1-(1H-pyrrol-2-yl)ethyl)-1H-indole (3an)

©\<®
N
K H

CF

Iz /;

white foam, 5 d, 82% yield, 98:2 er, [a]p = -6.67 (c = 0.12, MeOH). 'H NMR (500 MHz, CDCls) 3: 8.21 (s, 1H),
8.05 (s, TH), 7.44-7.36 (m, 3H), 7.36-7.28 (m, 3H), 7.17 (t, J = 7.6 Hz, 1H), 7.11 (s, 1H), 6.92 (t, J = 7.6 Hz, 1H),
6.77 (d, 3 =8.2 Hz, 1H), 6.71 (d, J = 1.2 Hz, 1H), 6.29-6.18 (m, 2H). 13C NMR (126 MHz, CDCl;) 5: 138.6, 136.6,
129.4, 129.4, 128.6, 128.3, 128.1, 127.5 (q, J = 285.0 Hz), 126.3, 125.6 (d, J = 1.9 Hz), 122.5, 121.7, 120.3,
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117.9, 114.3, 111.4, 110.3, 108.5, 55.9 (q, J = 26.5 Hz). °F NMR (471 MHz, CDCl;) &: -65.39. IR (ATR) vmax:
3416, 1231, 1148, 1098, 741, 719 cm™t. HRMS (ESI): m/z calcd. for CaoHisNaF3 [M-H]: 339.1115; found:
339.1103. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column

exane/i-PrOH = , flow rate 0.8 mL-min™, A = NM): tmajor = 70.0 Min, tminor = 67.3 min.
(h /i-PrOH = 98/2, fl 0.8 mL-min, A = 254 nm): tmajor = 70.0 mi 67.3 mi

d. General Procedure to Prepare Racemic Products 5a~5r

O, OH

Diphenyl phosphate Ph\O’ :O Ph

F
R NN 4 R @ (10 moi%)
N ZN DCM, rt
4

Diphenyl phosphate

[

To a solution of a-indolyl propargylic alcohol 1 (0.10 mmol, 1.0 equiv.), and catalyst diphenyl phosphate
(0.01 mmol, 10 mol%) in DCM (1 mL) was added indole 4 (0.12 mmol, 1.2 equiv.). The mixture was stirred at
room temperature until the reaction was completed (monitored by TLC analysis). The crude product was
purified directly by flash column chromatography on silica gel (petroleum ether/ 1,2-dichloroethane = 3:2~1:1)

to give the desired racemic products 5a-5r.

e. General Procedure to Prepare Enantioenriched Products 5a~5r

Conditions A:
R3
(10 mol%)
N (R)-B1
R S \ @
Ly v oemnr
H (R)»Bl: R= 9-anthryl
1 4

To a solution of a-indolyl propargylic alcohol 1 (0.10 mmol, 1.0 equiv.) and catalyst (R)-B1 (0.01 mmol, 10
mol%) in DCM (1 mL) was added indole 4 (0.12 mmol, 1.2 equiv.). The mixture was stirred at room temperature
until the reaction was completed (monitored by TLC analysis). The crude product was purified directly by flash
column chromatography on silica gel (petroleum ether/ 1,2-dichloroethane = 3:2~1:1) to give the desired chiral

products 5a~5m, 50~5q.

Conditions B:
Ph
N
OH F (5 mol%)
{ Fs m (R)-B1
N N DCM, rt
H H (R)-Bl: R= 9-anthry!
1 4

To a solution of a-indolyl propargylic alcohol 1 (0.10 mmol, 1.0 equiv.) and catalyst (R)-B1 (0.005 mmol, 5
mol%) in DCM (1 mL) was added 5-fluoro-1H-indole 4 (0.12 mmol, 1.2 equiv.). The mixture was stirred at room
temperature until the reaction was completed (monitored by TLC analysis). The crude product was purified

directly by flash column chromatography on silica gel (petroleum ether/ethyl acetate = 10:1) to give the desired
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chiral products 5n.

Conditions C:
Ph
OH F (10 mol%)
F (R)-A6
N m —
N N toluene, 80 °C
H
H
1 4

To a solution of a-indolyl propargylic alcohol 1 (0.10 mmol, 1.0 equiv.) and catalyst (R)-A6 (0.01 mmol, 10
mol%) in toluene (1 mL) was added 5-fluoro-1H-indole 4 (0.12 mmol, 1.2 equiv.). The mixture was stirred at 80
°C until the reaction was completed (monitored by TLC analysis). The crude product was purified directly by
flash column chromatography on silica gel (petroleum ether/ethyl acetate = 10:1) to give the desired chiral

products 5r.

f. Analytical Data for Products 5a~5r

(S)-5-fluoro-3-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (5a)

white foam, 4 d, 92% yield, 97:3 er, [al5 =-20.71 (c = 0.14, MeOH). *H NMR (500 MHz, CDCl5) 3: 8.06 (s, 1H),
8.02 (s, 1H), 7.63 (d, J = 8.1 Hz, 1H), 7.34 (t, J = 10.7 Hz, 2H), 7.21 (dd, J = 9.1, 3.6 Hz, 3H), 7.16 (t, J = 7.6 Hz,
1H), 6.99 (t, J = 7.6 Hz, 1H), 6.89 (td, J = 8.9, 2.0 Hz, 1H), 1.27 (s, 9H). 3C NMR (126 MHz, CDCl;) &: 157.6 (d,
J =234.0 Hz), 136.7, 133.1, 126.6 (d, J = 10.7 Hz), 126.3 (q, J = 284.2 Hz), 126.0, 125.9, 124.0, 122.3, 121.6,
119.6, 113.1 (d, J = 4.9 Hz), 112.5, 111.8 (d, J = 9.8 Hz), 111.3, 110.8 (d, J = 26.6 Hz), 106.6 (d, J = 25.0 Hz),
94.0, 75.4,45.9 (q, J = 30.7 Hz), 30.8, 27.8. 1°F NMR (471 MHz, CDCl3) d: -71.54, -124.21. IR (ATR) vmax: 3408,
2977, 1249, 1237, 1144, 1115, 740 cm™. HRMS (ESI): m/z calcd. for CasHoN2F4 [M-H]: 411.1490; found:
411.1479. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column

hexane/i-PrOH = 95/5, flow rate 1 mL-mint, A = 280 nm): tmaior = 69.4 MiN, tminor = 74.3 Min.
y

(S)-5-chloro-3-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (5b)

white foam, 4 d, 86% yield, 95:5 er, [al5 = -30.59 (c = 0.17, MeOH). *H NMR (500 MHz, CDCls) 5: 7.98 (s, 1H),
7.94 (s, 1H), 7.79 (s, 1H), 7.67 (d, J = 8.1 Hz, 1H), 7.31 (d, J = 8.2 Hz, 1H), 7.17 (t, = 7.1 Hz, 2H), 7.15 — 7.09
(m, 2H), 7.07 (s, 1H), 7.03 (t, J = 7.6 Hz, 1H), 1.27 (s, 9H). *C NMR (126 MHz, CDCls) &: 136.7, 134.9, 127.2,
126.2 (q, J = 284.8 Hz), 125.9, 125.5, 125.4, 124.1 (d, J = 1.1 Hz), 122.6, 122.3, 121.6, 121.1, 119.6, 112.6,
112.5,112.3, 111.4,94.2, 75.4, 45.8 (q, J = 31.0 Hz), 30.7, 27.9. °F NMR (376 MHz, CDCls) 3: -71.51. IR (ATR)

vmax: 3404, 2968, 1257, 1246, 1142, 1110, 742 cm™. HRMS (ESI): m/z calcd. for C4H20N2F3sCl [M-H]: 427.1194;
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found: 427.1196. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H

column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A = 280 nm): tmajor = 20.0 Min, tminor = 19.1 Min.

(S)-5-bromo-3-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (5c¢)

white foam, 4 d, 89% yield, 95:5 er, [a]5 = -24.50 (c = 0.20, MeOH). *H NMR (500 MHz, CDCls) 5: 7.9 (s, 1H),
7.95 (s, 1H), 7.90 (s, 1H), 7.68 (d, 3 = 8.1 Hz, 1H), 7.30 (d, J = 8.1 Hz, 1H), 7.24 (d, J = 8.5 Hz, 1H), 7.18 (t, J =
7.5 Hz, 1H), 7.12 (d, J = 8.8 Hz, 2H), 7.04 (t, J = 7.5 Hz, 1H), 7.00 (s, 1H), 1.28 (s, 9H). 3C NMR (126 MHz,
CDCl) &: 136.7, 135.2, 127.8, 126.2 (q, J = 284.3 Hz), 125.9, 125.4, 125.1, 124.2, 124.1, 122.3, 121.6, 119.6,
113.1, 112.7, 112.5, 112.5, 111.4, 94.3, 75.3, 45.8 (g, J = 30.5 Hz), 30.7, 27.9. °F NMR (376 MHz, CDCls) &:
-71.53. IR (ATR) vmax: 3403, 2987, 1257, 1163, 1116, 740 cm™* HRMS (ESI): m/z calcd. for C24H20N2F3Br [M-H]:
471.0689; found: 471.0672. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak AD-H column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A = 254 nm): tmajor = 20.5 Min, tminor =
18.4 min.

(S)-5-methyl-3-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (5d)

white foam, 6 d, 80% yield, 92:8 er, [a]5 = +2.73 (c = 0.11, MeOH). 'H NMR (500 MHz, CDCl;) &: 7.82 (s, 1H),
7.76 (d, J = 8.2 Hz, 1H), 7.73 (s, 1H), 7.61 (s, 1H), 7.24 (t, J = 7.8 Hz, 1H), 7.15 (t, J = 7.5 Hz, 2H), 7.02 (t, J =
7.5 Hz, 2H), 6.97 (d, J = 8.3 Hz, 1H), 6.94 (s, 1H), 2.36 (s, 3H), 1.24 (s, 9H). 3C NMR (126 MHz, CDCls) &:
136.6, 134.9, 128.7, 126.4 (q, J = 284.3 Hz), 126.4, 126.1, 124.4, 124.2, 123.8, 122.1, 121.9, 121.4, 119.5,
112.9, 112.1, 111.2, 110.9, 93.7, 75.8, 45.9 (q, J = 30.8 Hz), 30.8, 27.8, 21.7. °F NMR (376 MHz, CDCly) &:
-71.38. IR (ATR) vmac 3406, 2966, 1251, 1242, 1163, 1101, 796, 743 cm™*. HRMS (ESI): m/z calcd. for
CasHasNoF3 [M-H]: 407.1741; found: 407.1733. HPLC analysis: The enantiomeric excess was determined by
HPLC with Chiralpak AD-H column (hexanefi-PrOH = 90/10, flow rate 1 mL-min, A = 254 nm): tmajor = 17.1 min,

tminor = 21.5 min.

(S)-6-fluoro-3-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (5e)

white foam, 4 d, 98% yield, 97:3 er, [a]5 = -1.58 (c = 0.19, MeOH). H NMR (500 MHz, CDCls) 5: 7.99 (s, 1H),
7.90 (s, 1H), 7.67 (d, J = 8.1 Hz, 1H), 7.64-7.54 (m, 1H), 7.31 (d, J = 8.2 Hz, 1H), 7.17 (d, J = 8.9 Hz, 2H), 7.09
(s, 1H), 7.02 (t, 3 = 7.5 Hz, 1H), 6.95 (d, J = 9.4 Hz, 1H), 6.76 (t, J = 9.2 Hz, 1H), 1.25 (s, 9H). 3C NMR (126
MHz, CDCls) 5: 159.9 (d, J = 238.2 Hz), 136.6, 136.5 (d, J = 12.3 Hz), 126.3 (q, J = 284.2 Hz), 126.0, 124.4,
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124.2,122.6,122.5 (d, J = 9.8 Hz), 122.3, 121.6, 119.6, 113.0, 112.6, 111.3, 108.5 (d, J = 24.1 Hz), 97.4 (d, J =
25.9 Hz), 93.9, 75.6, 45.9 (q, J = 30.8 Hz), 30.8, 27.8. 1°F NMR (471 MHz, CDCl3) : -71.50, -121.11. IR (ATR)
vmax: 3404, 2964, 1249, 1159, 1111, 796, 739 cm™. HRMS (ESI): m/z calcd. for CsHzoN2F4 [M-H]: 411.1490;
found: 411.1474. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column
(hexaneli-PrOH = 90/10, flow rate 0.8 mL-min, A = 254 nm): tmajor = 22.7 MiN, tminor = 24.9 min.

(S)-6-chloro-3-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (5f)

white foam, 4 d, 83% yield, 95:5 er, [al5 = +2.35 (c = 0.17, MeOH). 'H NMR (500 MHz, CDCl;) : 7.98 (s, 1H),
7.88 (s, 1H), 7.65 (d, J = 8.1 Hz, 1H), 7.59 (d, J = 8.6 Hz, 1H), 7.30 (d, J = 8.1 Hz, 1H), 7.24 (s, 1H), 7.20-7.14
(m, 2H), 7.08 (s, 1H), 7.02 (t, J = 7.5 Hz, 1H), 6.97 (d, J = 8.6 Hz, 1H), 1.25 (s, 9H). 3C NMR (126 MHz, CDCl3)
5:136.9, 136.6, 128.2, 126.2 (g, J = 284.3 Hz), 126.0, 124.8, 124.7, 124.1, 122.5, 122.3, 121.5, 120.4, 119.7,
113.1, 112.5, 111.4, 111.2, 94.0, 75.5, 45.8 (q, J = 31.0 Hz), 30.8, 27.8. *°®F NMR (376 MHz, CDCl5) 5: -71.52. IR
(ATR) vmax: 3408, 2964, 1269, 1251, 1159, 1106, 791, 741 cm™. HRMS (ESI): m/z calcd. for C4HzoNF3Cl
[M-H]: 427.1194; found: 427.1187. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak AD-H column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A = 254 nm): tmajor = 37.2 MiN, tminor =
25.5 min.

(S)-6-methyl-3-(1,1,1-trifluoro-2-(1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (5g)

white foam, 6 d, 81% yield, 94.5:5.5 er, [a]3 = +9.00 (c =0.10, MeOH). *H NMR (500 MHz, CDCls) &: 7.84 (s,
1H), 7.75 (d, 3 = 8.1 Hz, 1H), 7.71 (s, 1H), 7.62 (d, J = 8.2 Hz, 1H), 7.27 (d, 3 = 8.1 Hz, 1H), 7.17 (t, J = 7.5 Hz,
1H), 7.08 (s, 1H), 7.06-7.01 (m, 2H), 7.00 (s, 1H), 6.88 (d, J = 8.3 Hz, 1H), 2.44 (s, 3H), 1.27 (s, 9H). 1°C NMR
(126 MHz, CDCl3) d: 137.0, 136.6, 131.9, 126.4 (q, J = 284.2 Hz), 126.1, 124.2, 123.9, 123.7, 122.1, 121.8,
121.4,121.3,119.5, 112.8, 112.6, 111.3, 111.2, 93.7, 75.7, 45.9 (q, J = 30.7 Hz), 30.8, 27.8, 21.7. 1%F NMR (471
MHz, CDCl3) &: -71.43. IR (ATR) vmax: 3405, 2966, 1264, 1157, 1112, 801, 739 cm™*. HRMS (ESI): m/z calcd. for
CasHasNoF3 [M-H]: 407.1741; found: 407.1730. HPLC analysis: The enantiomeric excess was determined by
HPLC with Chiralpak AD-H column (hexanefi-PrOH = 80/20, flow rate 1 mL-min, A = 280 nm): tmajor = 21.6 min,

tminor = 12.8 min.

(S)-5-bromo-3-(1,1,1-trifluoro-2-(5-fluoro-1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (5h)
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white foam, 7 d, 92% yield, 95:5 er, [a]5 = +6.00 (c = 0.20, MeOH). 'H NMR (500 MHz, CDCly) &: 7.98 (d, J =
8.6 Hz, 2H), 7.85 (s, 1H), 7.27 (d, J = 10.3 Hz, 1H), 7.20 (d, J = 8.7 Hz, 1H), 7.18-7.08 (m, 3H), 7.07 (s, 1H),
6.88 (t, J = 8.8 Hz, 1H), 1.24 (s, 9H). 13C NMR (126 MHz, CDCls) &: 157.6 (d, J = 234.0 Hz), 135.2, 133.1, 127.7,
126.3 (d, J = 10.5 Hz), 126.1 (q, J = 284.1 Hz), 125.8, 125.3, 125.1, 124.0, 113.1, 112.8, 112.6 (d, J = 4.5 Hz),
112.1 (d, J = 7.9 Hz), 112.0, 110.9 (d, J = 26.5 Hz), 106.3 (d, J = 24.8 Hz), 94.6, 75.1, 45.7 (g, J = 31.2 Hz), 30.7,
27.9. °F NMR (376 MHz, CDCl3) &: -71.56, -123.91. IR (ATR) vmax: 3411, 2974, 1252, 1148, 1109, 800, 742
cm™. HRMS (ESI): m/z calcd. for CysHigN2F4Br [M-H]: 489.0595; found: 489.0595. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak OD-OD column (hexane/i-PrOH = 90/10, flow

rate 0.8 mL-min™, A = 254 nm): tmajor = 28.1 MiN, tminor = 30.0 min.

(S)-5-fluoro-3-(1,1,1-trifluoro-2-(5-methoxy-1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (5i)

white solid, 7 d, 91% yield, 93:7 er, M.p. 119.8-121.1 °C. [a]5 = -12.22 (c = 0.18, MeOH). 'H NMR (500 MHz,
CDCls) 6: 8.00 (d, J = 15.1 Hz, 2H), 7.33 (d, J = 10.1 Hz, 1H), 7.22-7.10 (m, 4H), 7.08 (s, 1H), 6.94-6.85 (m, 1H),
6.83 (dd, J = 8.7, 1.5 Hz, 1H), 3.72 (s, 3H), 1.27 (s, 9H). 1*C NMR (126 MHz, CDCl;) &: 157.6 (d, J = 233.8 Hz),
153.7, 133.1, 131.9, 126.6, 126.5, 126.3 (q, J = 284.1 Hz), 125.8, 124.9, 112.8 (d, J = 4.7 Hz), 112.3, 112.0,
111.9, 111.8 (d, J = 9.7 Hz), 110.7 (d, J = 26.5 Hz), 106.5 (d, J = 24.9 Hz), 103.7, 94.0, 75.3, 56.0, 45.8 (9, J =
30.7 Hz), 30.9, 27.8. °F NMR (376 MHz, CDCl3) &: -71.42, -124.20. IR (ATR) vmax: 3407, 2971, 1246, 1239,
1154, 794, 740 cm™. HRMS (ESI): m/z calcd. for CsH2oN,OF4 [M-H]: 441.1595; found: 441.1578. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak AS-H column (hexane/i-PrOH =

90/10, flow rate 1 mL-min, A = 254 nm): tmajor = 27.6 MIN, tminor = 16.9 min.

(S)-6-fluoro-3-(1,1,1-trifluoro-2-(5-fluoro-1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (5j)

white foam, 10 d, 86% yield, 90:10 er, [al5 = -17.65 (c = 0.17, MeOH). H NMR (500 MHz, CDCls) 5: 8.03 (s,
1H), 7.98 (s, 1H), 7.52 (dd, J = 8.6, 5.6 Hz, 1H), 7.31 (d, J = 10.3 Hz, 1H), 7.20 (d, J = 9.1 Hz, 2H), 7.16 (s, 1H),
6.96 (d, J = 9.4 Hz, 1H), 6.91 (dd, J = 12.5, 5.3 Hz, 1H), 6.77 (dd, J = 13.0, 5.4 Hz, 1H), 1.26 (s, 9H). 13C NMR
(126 MHz, CDCls) &: 159.9 (d, J = 238.6 Hz), 157.6 (d, J = 234.0 Hz), 136.6 (d, J = 12.4 Hz), 133.1, 126.4 (d, J
= 10.6 Hz), 126.2 (q, J = 284.2 Hz), 125.9, 124.3, 122.5, 122.2 (d, J = 9.8 Hz), 112.8 (d, J = 4.7 Hz), 112.6,
111.9 (d, J = 9.7 Hz), 110.9 (d, J = 26.5 Hz), 108.6 (d, J = 24.2 Hz), 106.4 (d, J = 24.9 Hz), 97.5 (d, J = 25.9 Hz),
94.2,75.26, 5.77 (q, J = 30.8 Hz), 30.7, 27.8. 1°F NMR (376 MHz, CDCls) &: -71.58, -120.87, -123.97. IR (ATR)
vmax: 3407, 2966, 1247, 1242, 1140, 1108, 797, 739 cm™. HRMS (ESI): m/z calcd. for Ca4H19N2Fs [M-H]:
429.1396; found: 429.1384. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min%, A = 280 NnM): tmajor = 15.5 Min, tminor = 17.1

min.
(S)-6-chloro-3-(1,1,1-trifluoro-2-(5-fluoro-1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (5k)
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white foam, 10 d, 88% vield, 94:6 er, [a]5 = -18.33 (c = 0.18, MeOH). 'H NMR (500 MHz, CDCl5) &: 8.01 (s,
1H), 7.97 (s, 1H), 7.47 (d, J = 8.7 Hz, 1H), 7.25 (d, J = 12.3 Hz, 2H), 7.16 (dd, J = 9.9, 4.9 Hz, 3H), 6.93 (d, J =
8.7 Hz, 1H), 6.87 (t, J = 8.9 Hz, 1H), 1.23 (s, 9H). 13C NMR (126 MHz, CDCls) &: 157.6 (d, J = 234.1 Hz), 137.0,
133.1, 128.3, 126.4 (d, J = 10.6 Hz), 126.1 (q, J = 284.2 Hz), 125.8, 124.6, 124.6, 122.3, 120.5, 112.8, 112.7,
111.9 (d, J = 9.8 Hz), 111.3, 110.9 (d, J = 26.6 Hz), 106.3 (d, J = 24.9 Hz), 94.3, 75.2, 45.7 (g, J = 31.3 Hz), 30.7,
27.8. °F NMR (471 MHz, CDClz) &: -71.60, -123.89. IR (ATR) vmax: 3408, 2967, 1253, 1248, 1167, 794, 743
cm™. HRMS (ESI): m/z calcd. for CyHi9gNoF4Cl [M-H]: 445.1100; found: 445.1085. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak 1A column (hexane/i-PrOH = 90/10, flow rate 1

mL-mint, A = 254 nM): tmajor = 14.2 MiN, tminor = 19.5 min.

(S)-5-fluoro-3-(1,1,1-trifluoro-2-(6-methoxy-1H-indol-3-yl)-5,5-dimethylhex-3-yn-2-yl)-1H-indole (5I)

MeO

white foam, 4 d, 73% yield, 95:5 er, [a]3 =+30.77 (c = 0.13, MeOH). *H NMR (500 MHz, CDCl;) : 8.04 (s, 1H),
7.91 (s, 1H), 7.47 (d, 3 = 8.8 Hz, 1H), 7.35 (d, J = 10.5 Hz, 1H), 7.24-7.15 (m, 2H), 7.09 (s, 1H), 6.89 (t, J = 9.0
Hz, 1H), 6.77 (s, 1H), 6.66 (d, J = 8.9 Hz, 1H), 3.79 (s, 3H), 1.26 (s, 9H). 3C NMR (126 MHz, CDCls) &: 157.6 (d,
J =233.9 Hz), 156.5, 137.4, 133.1, 126.6 (d, J = 10.7 Hz), 126.3 (q, J = 284.3 Hz), 125.9, 122.8, 122.1, 120.3,
113.1 (d, J = 4.5 Hz), 112.5, 111.8 (d, J = 9.8 Hz), 110.7 (d, J = 26.6 Hz), 109.8, 106.5 (d, J = 25.0 Hz), 94 .4,
94.0, 75.5, 55.6, 45.8 (q, J = 30.9 Hz), 30.8, 27.8. 1°F NMR (376 MHz, CDCl3) &: -71.54, -124.18. IR (ATR) Vimax:
3406, 2960, 1254, 1245, 1172, 1103, 799, 740 cm™. HRMS (ESI): m/z calcd. for C,sH2,N,0OF,; [M-H]: 441.1595;
found: 441.1580. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak 1A

column (hexane/i-PrOH = 80/20, flow rate 1 mL-min, A = 245 nm): tmajor = 7.2 MiN, tminor = 10.1 min.

(S)-5-fluoro-3-(1,1,1-trifluoro-2-(1H-indol-3-yl)-4-(trimethylsilyl)but-3-yn-2-yl)-1H-indole (5m)

white foam, 3 d, 87% yield, 95:5 er, [al5 = -18.67 (c = 0.16, MeOH). 'H NMR (500 MHz, CDCl3) 5: 8.10 (s, 1H),
8.05 (s, TH), 7.60 (d, J = 8.1 Hz, 1H), 7.33 (d, J = 8.5 Hz, 2H), 7.22 (dd, J = 9.9, 5.0 Hz, 3H), 7.16 (t, J = 7.6 Hz,
1H), 7.00 (t, J = 7.6 Hz, 1H), 6.90 (td, J = 8.9, 2.2 Hz, 1H), 0.20 (s, 9H). 3C NMR (126 MHz, CDCls) 5: 157.7 (d,
J=234.1Hz), 136.6, 133.1, 126.5 (d, J = 10.7 Hz), 126.1, 126.0 (q, J = 284.7 Hz), 125.8, 124.2, 122.4, 121.5,
119.8, 112.1 (d, J = 4.7 Hz), 111.8 (d, J = 9.8 Hz), 111.5, 111.4, 111.0, 110.8, 106.5 (d, J = 24.9 Hz), 101.3, 90.9,
46.8 (q, J = 30.7 Hz), -0.2. 1°F NMR (471 MHz, CDCls) 5: -71.09, -123.97. IR (ATR) vmax 3411, 2959, 2926,
1486, 1167, 843, 745 cm. HRMS (ESI): m/z calcd. for CosHaoNoF4Si [M-H]: 427.1259; found: 427.1258. HPLC

analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH =
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90/10, flow rate 1 mL-min%, A = 245 nm): tmajor = 14.1 MiN, tminor = 12.3 min.

(S)-5-fluoro-3-(1,1,1-trifluoro-2-(1H-indol-3-yl)-4-phenylbut-3-yn-2-yl)-1H-indole (5n)

white foam, 3 d, 96% yield, 90:10 er, [al5 = -13.33 (c = 0.16, MeOH). 'H NMR (500 MHz, CDCls) &: 8.15 (s,
1H), 8.10 (s, 1H), 7.63 (d, J = 8.1 Hz, 1H), 7.48 (d, J = 7.2 Hz, 2H), 7.39-7.28 (m, 7H), 7.23 (dd, J = 8.8, 4.3 Hz,
1H), 7.17 (t, J = 7.6 Hz, 1H), 7.00 (t, J = 7.6 Hz, 1H), 6.90 (t, J = 8.9 Hz, 1H). ¥C NMR (126 MHz, CDCls) &:
157.7 (d, J = 234.3 Hz), 136.7, 133.1, 132.0, 128.8, 128.4, 126.5 (d, J = 10.6 Hz), 126.2 (q, J = 284.7 Hz),
126.1,125.9,124.2 (d, J = 1.4 Hz), 122.5, 122.4,121.2, 120.0, 112.3 (d, J = 4.7 Hz), 111.9 (d, J = 9.8 Hz), 111.7,
111.4, 111.0, 110.8, 106.3 (d, J = 24.8 Hz), 85.8, 85.4, 46.6 (q, J = 31.4 Hz). °F NMR (471 MHz, CDCls) &:
-70.98, -123.59. IR (ATR) vmax: 3410, 2960, 2932, 1482, 1157, 849, 740 cm™. HRMS (ESI): m/z calcd. for
CasH1sN2F4 [M-H]: 431.1177; found: 431.1187. HPLC analysis: The enantiomeric excess was determined by
HPLC with Chiralpak IA column (hexane/i-PrOH = 80/20, flow rate 1 mL-min, A = 254 nm): tmajor = 9.1 MIN, tminor

= 8.0 min.

(S)-5-fluoro-3-(1,1,1-trifluoro-2-(1H-indol-3-yl)-4-(triisopropylsilyl)but-3-yn-2-yl)-1H-indole (50)

white foam, 5 d, 90% yield, 97:3 er, [a]5 = -14.50 (c = 0.20, MeOH). 'H NMR (500 MHz, CDCls) &: 8.07 (s, 1H),
8.02 (s, 1H), 7.58 (d, J = 8.1 Hz, 1H), 7.35-7.26 (m, 4H), 7.21-7.09 (m, 2H), 6.96 (t, J = 7.5 Hz, 1H), 6.88 (t, J =
8.9 Hz, 1H), 1.07 (d, J = 4.4 Hz, 21H). 13C NMR (126 MHz, CDCls) &: 157.6 (d, J = 234.1 Hz), 136.6, 133.1,
126.4 (d, J = 10.6 Hz), 126.1 (q, J = 284.7 Hz), 125.9, 125.8, 124.2, 122.3, 121.5, 119.7, 112.3 (d, J = 4.8 Hz),
111.8, 111.7, 111.3, 110.8 (d, J = 26.7 Hz), 106.6 (d, J = 24.8 Hz), 103.2, 87.3, 46.9 (q, J = 31.0 Hz), 18.7, 11.4.
1F NMR (471 MHz, CDCl3) &: -71.06, -124.16. IR (ATR) vmax: 3415, 2944, 2888, 1457, 1167, 798 cm™. HRMS
(ESI): m/z calcd. for CaoH3zoNoF4Si [M-H]: 511.2198; found: 511.2181. HPLC analysis: The enantiomeric
excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 90/10, flow rate 0.8 mL-min™,
A =254 nm): tmajor = 9.5 MiN, tminor = 8.4 min.

(S,E)-5-fluoro-3-(1,1,1-trifluoro-2-(1H-indol-3-yl)-4-(trimethylsilyl)but-3-en-2-yl)-1H-indole (5p)

white foam, 10 d, 62% vield, 92:8 er, [al5 = -2.73 (c = 0.11, MeOH). 'H NMR (400 MHz, CDCls) : 8.13 (d, J =
12.9 Hz, 2H), 7.37 (d, J = 8.2 Hz, 1H), 7.30-7.08 (m, 5H), 6.97-6.84 (m, 3H), 6.72 (d, J = 18.8 Hz, 1H), 5.98 (d, J
= 18.8 Hz, 1H), 0.10 (s, 9H). 13C NMR (126 MHz, CDCly) 3: 157.5 (d, J = 233.6 Hz), 139.7, 136.6, 135.6, 133.1,
127.6 (q, J = 285.3 Hz), 127.0 (d, J = 10.6 Hz), 126.9, 126.4, 125.0, 122.2, 122.1, 119.5, 113.2 (d, J = 4.6 Hz),
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112.6, 111.7 (d, J = 9.9 Hz), 111.3, 110.6 (d, J = 26.6 Hz), 107.2 (d, J = 24.7 Hz), 54.8 (g, J = 26.2 Hz), -1.3. 1°F
NMR (376 MHz, CDCly) &: -68.92, -124.24. IR (ATR) vmax: 3409, 2957, 2892, 1477, 1166, 849, 743 cm™. HRMS
(ESI): m/z calcd. for Ca3H2N2F4Si [M-H]: 429.1416; found: 429.1406. HPLC analysis: The enantiomeric
excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A =

254 nm): tmajor = 15.0 min, tminor = 11.6 min.

(S)-5-fluoro-3-(1,1,1-trifluoro-2-(1H-indol-3-yl)hexan-2-yl)-1H-indole (5q)

colorless oil, 9 d, 78% yield, 70:30 er, [a]5 = -6.25 (c = 0.10, MeOH). *H NMR (400 MHz, CDCls) 5: 8.10 (d, J =
12.4 Hz, 2H), 7.40 — 7.27 (m, 3H), 7.21 (dd, J = 8.8, 4.5 Hz, 1H), 7.15 - 7.03 (m, 2H), 6.82 (dd, J = 9.1, 6.7 Hz,
2H), 6.71 (dd, J = 10.7, 1.8 Hz, 1H), 2.63 (t, J = 7.3 Hz, 2H), 1.27 (dd, J = 8.8, 4.9 Hz, 4H), 0.81 (t, J = 6.7 Hz,
3H). 13C NMR (126 MHz, CDCl;) &: 157.4 (d, J = 233.2 Hz), 136.4, 132.9, 128.7 (q, J = 285.2 Hz), 127.2 (d, J =
10.3 Hz), 126.6, 125.6, 123.9, 122.0, 121.3, 119.5, 114.8 (d, J = 4.4 Hz), 113.9, 111.6 (d, J = 9.9 Hz), 111.3,
110.5 (d, J = 26.6 Hz), 106.4 (d, J = 24.6 Hz), 49.7 (q, J = 25.5 Hz), 35.3, 27.0, 23.4, 14.0. *F NMR (376 MHz,
CDCls) 6: -69.25, -124.35. IR (ATR) vmax: 3419, 2959, 1484, 1456, 1151, 797, 743 cm™. HRMS (ESI): m/z calcd.
for Ca2H20N2F4 [M-H]: 387.1490; found: 387.1470. HPLC analysis: The enantiomeric excess was determined
by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A = 254 nm): tmajor = 18.4

min, tminor = 23.4 min.

(S)-5-fluoro-3-(2,2,2-trifluoro-1-(1H-indol-3-yl)-1-phenylethyl)-1H-indole (5r)

white foam, 10 h, 95% yield, 73:27 er, [a]5 = -2.33 (c = 0.30, MeOH). 'H NMR (500 MHz, CDCl;) 5: 8.08 (d, J =
16.5 Hz, 2H), 7.54 (d, J = 7.3 Hz, 2H), 7.39 (d, J = 8.4 Hz, 1H), 7.36-7.30 (m, 3H), 7.31-7.26 (m, 1H), 7.19 (t, J =
7.3 Hz, 2H), 7.04-6.90 (m, 4H), 6.86 (d, J = 10.8 Hz, 1H). $3C NMR (126 MHz, CDCls) &: 157.7 (d, J = 233.7 Hz),
139.0, 136.8, 133.3, 129.6 (d, J = 1.4 Hz), 128.2, 128.2 (q, J = 286.3 Hz), 128.2, 127.8, 126.9 (d, J = 10.3 Hz),
126.4, 126.4,122.3 (d, J = 2.8 Hz), 122.3, 119.9, 115.7 (d, J =4.5 Hz), 115.3, 111.8 (d, J = 9.9 Hz), 111.4, 110.8
(d, J=26.5Hz), 107.5 (d, J = 3.3 Hz), 107.3 (d, J = 3.0 Hz), 55.9 (q, J = 26.9 Hz). °F NMR (471 MHz, CDCl5) &:
-62.60, -123.68. IR (ATR) vmax: 3416, 2926, 1712, 1483, 1145, 741 cm™. HRMS (ESI): m/z calcd. for C24H16N2F4
[M+H]*: 407.1177; found: 407.1178. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-mint, A = 254 nm): tmajor = 29.1 MIN, tminor = 35.0

min.

g. General Procedure to Prepare Racemic Products 7a~7x
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A OH R4 Diphenyl phosphate
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H H
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To a solution of a-indolyl propargylic alcohol 1 (0.10 mmol, 1.0 equiv.), and catalyst diphenyl phosphate

(0.01 mmol, 10 mol%) in DCM (1 mL) was added indole 2 (0.12 mmol, 1.2 equiv.). The mixture was stirred at
room temperature until the reaction was completed (monitored by TLC analysis). The crude product was
purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 20:1~10:1) to

give the desired racemic products 7a~7x.

h. General Procedure to Prepare Enantioenriched Products 7a~7x

Conditions A:
R3 R
X
AN OH OO o0 O
e R4 (R)-AT (10 mol%) F‘;OH
- O
O™ e )
L _A~N LN DCM, rt R
H H (R)-AG: R=4-PhC
1 2

To a solution of a-indolyl propargylic alcohol 1 (0.10 mmol, 1.0 equiv.) and catalyst (R)-A7 (0.01 mmol, 10
mol%) in DCM (1 mL) was added indole 2 (0.12 mmol, 1.2 equiv.). The mixture was stirred at room temperature
until the reaction was completed (monitored by TLC analysis). The crude product was purified directly by flash
column chromatography on silica gel (petroleum ether/ ethyl acetate = 20:1~10:1) to give the desired chiral

products 7a~7x.

i. Analytical Data for Products 7a~7x

(R)-3-(1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7a)

colorless oil, 13 h, 86% yield, 97:3 er, [a]éo = +380.00 (c = 0.15, MeOH). *H NMR (500 MHz, CDClz) &: 8.21 (s,
1H), 7.71-7.65 (m, 2H), 7.63 (d, J = 7.9 Hz, 1H), 7.55-7.37 (m, 4H), 7.31 (d, J = 8.1 Hz, 1H), 7.19-6.99 (m, 4H),
6.88 (t, J = 7.5 Hz, 1H), 6.80 (d, J = 8.1 Hz, 1H), 6.41 (s, 1H), 2.41 (s, 3H). 3C NMR (126 MHz, CDCl5) &: 141.2,
140.9 136.3, 134.8, 134.0, 133.0, 129.4, 129.0, 128.7, 128.3, 125.5 (q, J = 286.5 Hz), 125.4, 123.7 (d, J = 2.6
Hz), 122.9, 122.7, 120.6, 120.1, 119.5, 119.4, 111.4, 110.6 (d, J = 2.1 Hz), 108.0, 105.2, 70.3 (q, J = 31.4 Hz),
9.6. °F NMR (471 MHz, CDCly) &: -72.27. IR (ATR) vmax: 3410, 2923, 1454, 1171, 895, 739 cm™. HRMS (ESI):
m/z calcd. for Co7H19N2F3 [M+H]*: 429.1573; found: 429.1578. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-mint, A = 254 nm): tmajor

=10.4 min, tminor = 8.0 min.

(R)-8-bromo-3-(1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7b)
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colorless oil, 19 h, 45% vyield, 98:2 er, [a]éo =+198.00 (c = 0.10, MeOH). *H NMR (400 MHz, CDCl3) &: 8.33 (s,
1H), 7.61 (dt, J = 4.6, 2.6 Hz, 2H), 7.54-7.49 (m, 1H), 7.49-7.41 (m, 3H), 7.35 (d, J = 8.2 Hz, 1H), 7.20-7.08 (m,
2H), 7.02 (d, J = 8.3 Hz, 1H), 6.92-6.84 (m, 1H), 6.78 (t, J = 7.9 Hz, 1H), 6.68 (d, J = 8.1 Hz, 1H), 6.34 (s, 1H),
2.58 (s, 3H). *C NMR (126 MHz, CDCl3) &: 142.1, 141.3, 136.3, 136.1, 132.8, 131.0, 130.4, 129.1, 128.7,
128.5, 125.3, 125.2 (q, J = 286.1 Hz), 124.3, 123.7, 123.6 (d, J = 2.8 Hz), 122.9, 120.9, 119.3, 115.5, 111.5,
109.8 (d, J = 2.3 Hz), 107.3, 106.8, 70.7 (g, J = 31.4 Hz), 12.1. 1°F NMR (376 MHz, CDCl5) &: -72.12. IR (ATR)
vmax: 3410, 2947, 1456, 1157, 889, 740 cm™. HRMS (ESI): m/z calcd. for Ca7H1gN2F3Br [M+H]*: 507.0678;
found: 507.0674. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H

column (hexane/i-PrOH = 95/5, flow rate 0.8 mL-min%, A = 254 nm): tmajor = 22.0 MiN, tminor = 29.4 min.

(R)-7-fluoro-3-(1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7¢)

colorless oil, 13 h, 60% yield, 96.5:3.5 er, [aly = +315.45 (c = 0.11, MeOH). H NMR (400 MHz, CDCls) 5: 8.31
(s, 1H), 7.68-7.62 (m, 2H), 7.52-7.43 (m, 4H), 7.34 (d, J = 8.2 Hz, 1H), 7.22 (dd, J = 9.6, 2.5 Hz, 1H), 7.15-7.09
(m, 1H), 7.00 (dd, J = 8.6, 4.4 Hz, 1H), 6.89-6.83 (m, 1H), 6.75 (td, J=9.1, 2.5 Hz, 1H), 6.67 (d, J = 8.1 Hz, 1H),
6.39 (s, 1H), 2.34 (s, 3H). °C NMR (126 MHz, CDCls) &: 157.8 (d, J = 234.8 Hz), 142.6, 141.2, 136.3, 134.5 (d,
J = 9.3 Hz), 132.8, 131.3, 129.8, 129.2, 128.7, 128.3, 125.4 (q, J = 286.2 Hz), 125.3, 123.6 (d, J = 2.7 Hz),
122.9,120.7, 119.4, 111.5, 111.2, 111.0 (d, I = 7.1 Hz), 111.0, 107.8, 105.3, 105.2 (d, J = 4.8 Hz), 105.1, 70.4 (q,
J =31.3 Hz), 9.7. 1F NMR (376 MHz, CDCls) 5: -72.46, -124.68 (td, J = 9.4, 4.5 Hz). IR (ATR) vmax: 3411, 2957,
1466, 1149, 893, 739 cm™. HRMS (ESI): m/z calcd. for Co7H1gN2F4 [M+H]*: 447.1479; found: 447.1482. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH =

90/10, flow rate 0.8 mL-min, A = 254 NM): tmajor = 9.7 MiN, tminor = 11.7 Min.

(R)-7-chloro-3-(1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7d)

light brown foam, 13 h, 76% yield, 96:4 er, [a]5 = +331.00 (c = 0.10, MeOH). 'H NMR (500 MHz, CDCl:) &: 8.31
(s, TH), 7.66-7.62 (m, 2H), 7.54 (d, J = 1.3 Hz, 1H), 7.50 (s, 1H), 7.45 (dd, J = 12.2, 6.3 Hz, 3H), 7.35 (d, J = 8.2
Hz, 1H), 7.12 (dd, J = 13.9, 6.2 Hz, 1H), 7.03-6.92 (m, 2H), 6.85 (t, J = 7.6 Hz, 1H), 6.64 (d, J = 8.2 Hz, 1H),
6.38 (s, 1H), 2.34 (s, 3H). 13C NMR (126 MHz, CDCls) 3: 142.2, 141.1,136.3, 135.1, 133.1, 132.7, 129.9, 129.2,
128.7, 128.3, 125.3 (q, J = 286.1 Hz), 125.3, 125.3, 123.6 (d, J = 2.7 Hz), 123.2, 122.9, 120.8, 119.6, 119.3,
111.5, 111.4 (d, J = 2.1 Hz), 107.6, 104.9, 70.4 (q, J = 31.6 Hz), 9.6. °F NMR (471 MHz, CDCl3) 3: -72.47. IR

(ATR) viac: 3408, 2952, 1464, 1157, 896, 738 cm™L. HRMS (ESI): m/z calcd. for Co7H1sNoFsCl [M+H]*: 463.1183;
543



found: 463.1189. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak 1A
column (hexane/i-PrOH = 90/10, flow rate 0.8 mL « min-1, A = 254 nm): tmajor = 9.3 MinN, tminor = 10.9 min.

(R)-7-bromo-3-(1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7€)

colorless oil, 19 h, 45% yield, 97.5:2.5 er, [a]5 = +307.00 (c = 0.10, MeOH). 'H NMR (400 MHz, CDCls) 5: 8.32
(s, 1H), 7.70 (d, J = 1.8 Hz, 1H), 7.64 (dd, J = 7.6, 1.9 Hz, 2H), 7.47 (ddd, J = 6.5, 5.4, 2.8 Hz, 4H), 7.38-7.29 (m,
1H), 7.17-7.05 (m, 2H), 6.94 (d, J = 8.6 Hz, 1H), 6.86 (dd, J = 11.3, 3.9 Hz, 1H), 6.64 (d, J = 8.1 Hz, 1H), 6.39 (s,
1H), 2.34 (s, 3H). 3C NMR (126 MHz, CDCl3) &: 142.1, 141.1, 136.3, 135.7, 133.3, 132.7, 130.0, 129.2, 128.7,
128.3,125.7,125.3 (q, J = 286.2 Hz), 125.3, 123.6 (d, J = 2.6 Hz), 122.9, 122.7, 120.8, 119.3, 112.8, 111.8 (d, J
= 2.3 Hz), 111.5, 107.6, 104.8, 70.5 (g, J = 31.3 Hz), 9.6. 1°F NMR (376 MHz, CDCl3) &: -72.46. IR (ATR) vimax:
3411, 2950, 1453, 1164, 892, 740 cm™. HRMS (ESI): m/z calcd. for Co7H1gN2F3Br [M+H]*: 507.0678; found:
507.0677. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column
(hexane/i-PrOH = 95/5, flow rate 0.8 mL-min™, A = 254 nm): tmajor = 18.5 MiN, tminor = 25.3 Min.

(R)-3-(1H-indol-3-yl)-7,9-dimethyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7f)

colorless oil, 13 h, 96% yield, 96:4 er, [a]éo =+321.05 (c = 0.19, MeOH). 'H NMR (400 MHz, CDCls) &: 8.20 (s,
1H), 7.66 (dd, J = 7.6, 1.6 Hz, 2H), 7.50-7.43 (m, 4H), 7.39 (s, 1H), 7.32 (d, J = 8.2 Hz, 1H), 7.11 (t, J = 7.4 Hz,
1H), 7.03 (d, J = 8.3 Hz, 1H), 6.88 (t, J = 7.6 Hz, 2H), 6.82 (d, J = 8.1 Hz, 1H), 6.38 (s, 1H), 2.41 (s, 3H), 2.37 (s,
3H). 13C NMR (126 MHz, CDCl3) &: 141.2, 141.0, 136.3, 134.2, 133.1, 129.1, 129.0, 128.6, 128.3, 125.5 (9, J =
286.2 Hz), 125.5, 124.5, 123.6 (d, J = 2.6 Hz), 122.7, 120.7, 119.8, 119.6, 111.4, 110.3 (d, J = 1.7 Hz), 108.2,
104.7, 70.3 (9, J = 31.4 Hz), 21.6, 9.7. °F NMR (376 MHz, CDCl;) &: -72.34. IR (ATR) vmax: 3408, 2922, 1175,
896, 741, 699 cm™. HRMS (ESI): m/z calcd. for CzgHiNoF3 [M+H]*: 443.1730; found: 443.1731. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH =
90/10, flow rate 0.8 mL * min-1, A = 254 nm): tmajor = 8.7 MIN, tminor = 11.9 min.

(R)-3-(1H-indol-3-yl)-7-methoxy-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (79)

colorless oil, 3.5 d, 60% yield, 96:4 er, [a]5 =+367.50 (c = 0.12, MeOH). *H NMR (500 MHz, CDCls) 5: 8.28 (s,
1H), 7.65 (dd, J = 7.8, 1.5 Hz, 2H), 7.49-7.42 (m, 4H), 7.33 (d, J = 8.2 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 7.03 (dd,
J=11.5,5.6 Hz, 2H), 6.87 (t, J = 7.6 Hz, 1H), 6.78 (d, J = 8.2 Hz, 1H), 6.70 (dd, J = 8.9, 2.4 Hz, 1H), 6.37 (s,
1H), 3.83 (s, 3H), 2.36 (s, 3H). 1°C NMR (126 MHz, CDCl) : 154.0, 141.7, 141.3, 136.3, 134.5, 133.1, 130.1,
129.2, 129.0, 128.7, 128.3, 125.5 (q, J = 286.0 Hz), 125.4, 123.6 (d, J = 2.4 Hz), 122.8, 120.7, 119.6, 112.7,
111.4, 111.3, 108.2, 104.8, 102.3, 70.3 (q, J = 31.4 Hz), 56.0, 9.7. °F NMR (471 MHz, CDCls) &: -72.46. IR
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(ATR) vmax: 3409, 2934, 1167, 897, 745, 700 cm™. HRMS (ESI): m/z calcd. for CpsH2:N,OF3 [M+H]*: 459.1679;
found: 459.1685. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA

column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A = 254 nm): tmajor = 10.0 Min, tminor = 16.2 min.

(R)-6-chloro-3-(1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7h)

light brown foam, 15 h, 77% yield, 95.5:4.5 er, [a]5 = +455.33 (c = 0.15, MeOH). *H NMR (400 MHz, CDCls) 5
8.32 (s, 1H), 7.65 (dd, J = 7.5, 1.9 Hz, 2H), 7.53-7.44 (m, 5H), 7.36 (d, J = 8.2 Hz, 1H), 7.13 (t, J = 7.3 Hz, 1H),
7.08 (s, 1H), 7.01 (dd, J = 8.5, 1.8 Hz, 1H), 6.87 (t, J = 7.3 Hz, 1H), 6.73 (d, J = 8.1 Hz, 1H), 6.37 (s, 1H), 2.36 (s,
3H). 3C NMR (126 MHz, CDCl3) 8: 141.5, 141.1, 136.4, 134.9, 132.7, 132.6, 129.6, 129.2, 128.9, 128.7, 128.3,
125.3,125.3 (g, J = 286.1 Hz), 123.7 (d, J = 2.9 Hz), 122.9, 120.9, 120.7, 120.2, 119.3, 111.6, 110.5(d, J = 2.4
Hz), 107.4, 105.3, 70.4 (g, J = 31.4 Hz), 9.6. 1°F NMR (376 MHz, CDCl3) : -72.29. IR (ATR) vmax: 3411, 2937,
1188, 897, 742 cm™. HRMS (ESI): m/z calcd. for Cy7H1gNoF3Cl [M+H]*: 463.1183; found: 463.1184. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH =

90/10, flow rate 0.8 mL-min, A = 254 nm): tmajor = 8.0 MiN, tminor = 8.4 min.

(R)-3-(1H-indol-3-yI)-1,9-diphenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7i)

colorless oil, 13 h, 70% yield, 95:5 er, [a]éo =+194.67 (c = 0.15, MeOH). *H NMR (500 MHz, CDCl5) &: 8.30 (s,
1H), 7.74-7.70 (m, 1H), 7.55 (s, 1H), 7.34 (d, J = 8.2 Hz, 1H), 7.32 (dd, J = 6.5, 3.1 Hz, 2H), 7.27-7.20 (m, 7H),
7.14 (d, J = 2.7 Hz, 1H), 7.12 (dd, J = 8.2, 1.9 Hz, 2H), 7.09-7.06 (m, 2H), 6.91-6.83 (m, 2H), 6.54 (s, 1H). 1*C
NMR (126 MHz, CDCls) &: 140.9, 140.4, 136.4, 134.6, 133.6, 132.3, 132.0, 130.9, 130.6, 128.7, 128.3, 128.1,
128.0, 126.6, 125.5 (g, J = 286.4 Hz), 125.3, 123.9 (d, J = 2.5 Hz), 123.3, 122.9, 121.0, 120.8, 120.3, 119.5,
112.3, 111.5, 110.8 (d, J = 2.2 Hz), 107.5, 70.6 (q, J = 31.6 Hz). °F NMR (471 MHz, CDCl5) &: -71.79. IR (ATR)
vmax: 3413, 2967, 1444, 1263, 1177, 894, 738 cm™. HRMS (ESI): m/z calcd. for CspH21NoF3 [M+H]*: 491.1730;
found: 491.1726. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak 1A

column (hexane/i-PrOH = 90/10, flow rate 1 mL-min?, A = 254 nm): tmajor = 6.8 MiN, tminor = 6.1 Min.

(R)-9-ethyl-3-(1H-indol-3-yl)-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7j)

colorless oil, 36 h, 48% yield, 97:3 er, [a]p = +251.25 (c = 0.16, MeOH). *H NMR (400 MHz, CDCls) 5: 8.24 (s,
1H), 7.65-7.61 (m, 3H), 7.51-7.43 (m, 4H), 7.33 (d, J = 8.1 Hz, 1H), 7.14-7.07 (m, 2H), 7.06-6.99 (M, 2H), 6.85
(ddd, J=8.1,7.1,0.9 Hz, 1H), 6.72 (d, J = 8.0 Hz, 1H), 6.36 (s, 1H), 2.82 (q, J = 7.5 Hz, 2H), 1.23 (t, J = 7.5 Hz,
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3H). 13C NMR (126 MHz, CDCl3) &: 141.3, 140.5, 136.3, 135.1, 133.3, 133.0, 132.0, 129.6, 129.0, 128.7, 128.1,
125.5 (q, J = 286.1 Hz), 125.4, 123.6 (d, J = 2.6 Hz), 122.8 (d, J = 5.3 Hz), 120.6, 120.3, 119.5, 119.4, 112.6,
111.4, 110.7 (d, J = 2.4 Hz), 108.2, 70.3 (q, J = 31.4 Hz), 17.5, 16.1. 1°F NMR (376 MHz, CDCls) 5: -72.24. IR
(ATR) vmax: 3410, 2926, 1455, 1171, 895, 704 cm™. HRMS (ESI): m/z calcd. for CogH21N2F3 [M+H]": 443.1730;
found: 443.1725. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak 1A

column (hexane/i-PrOH = 90/10, flow rate 1 mL-min?, A = 254 nm): tmajor = 6.5 MiN, tminor = 7.4 Min.

(R)-3-(4-fluoro-1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7k)

light brown foam, 3 d, 68% yield, 92.5:7.5 er, [al5 = +355.29 (c = 0.17, MeOH). 'H NMR (500 MHz, CDCl3) 3:
8.32 (s, 1H), 7.64 (dd, J = 12.2, 7.5 Hz, 3H), 7.53-7.39 (m, 4H), 7.30 (d, J = 7.7 Hz, 1H), 7.19-7.05 (m, 4H), 6.71
(s, 1H), 6.67 (s, 1H), 2.32 (s, 3H). 3C NMR (126 MHz, CDCl;) &: 155.9 (d, J = 249.6 Hz), 141.6 (d, J = 17.5 Hz),
139.5 (d, J = 10.8 Hz), 134.8, 134.4, 133.3, 129.8 (d, J = 8.4 Hz), 128.9, 128.6, 128.4, 125.3 (q, J = 286.9 Hz),
125.0, 123.6 (d, J = 8.2 Hz), 122.7, 120.1, 119.4, 114.5 (d, J = 20.3 Hz), 111.0 (d, J = 2.8 Hz), 107.6 (d, J = 3.7
Hz), 107.5 (d, J = 3.1 Hz), 106.6, 106.4, 104.5, 70.8 (g, J = 31.6 Hz), 9.4. F NMR &: -72.07 (d, J = 14.4 Hz),
-113.86~-114.10 (m). IR (ATR) vmax: 3412, 2952, 1448, 1247, 1153, 894, 740 cm™. HRMS (ESI): m/z calcd. for
Ca7H1gNoF4 [M+H]*: 447.1479; found: 447.1480. HPLC analysis: The enantiomeric excess was determined by
HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min-, A = 280 nm): tmajor = 7.3 MiN, tminor
=10.4 min.

(R)-3-(5-fluoro-1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (71)

colorless oil, 13 h, 86% yield, >99:1 er, [a]zp0 = +376.25 (c = 0.16, MeOH). *H NMR (400 MHz, CDCls) &: 8.26 (s,
1H), 7.75-7.65 (m, 2H), 7.62 (d, J = 6.9 Hz, 1H), 7.56-7.40 (m, 4H), 7.21 (dt, J = 22.1, 11.1 Hz, 1H), 7.14-7.00
(m, 3H), 6.85 (td, J = 9.0, 2.3 Hz, 1H), 6.39 (dd, J = 10.1, 2.2 Hz, 1H), 6.35 (s, 1H), 2.39 (s, 3H). 13C NMR (126
MHz, CDCls) &: 158.0 (d, J = 235.5 Hz), 141.4, 140.8, 134.7, 134.0, 132.9, 132.8, 129.2, 128.8, 128.7, 128.3,
125.8 (d, J = 10.6 Hz), 125.4 (q, J = 286.1 Hz), 125.2 (d, J = 2.6 Hz), 123.0, 120.2, 119.6, 112.1 (d, J = 9.8 Hz),
111.4 (d, J = 26.7 Hz), 110.4 (d, J = 2.1 Hz), 108.4 (d, J = 4.6 Hz), 105.6, 104.7 (d, J = 24.9 Hz), 70.1 (g, J =
31.6 Hz), 9.6. 1°F NMR (376 MHz, CDCls) &: -72.30, -122.52 (td, J = 9.6, 4.5 Hz). IR (ATR) vmax: 3410, 2963,
1507, 1288, 1154, 896, 741 cm™. HRMS (ESI): m/z calcd. for Co7H1sN2F4 [M+H]*: 447.1479; found: 447.1489.
HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column
(hexaneli-PrOH = 95/5, flow rate 0.8 mL-min, A = 254 nM): tmajor = 25.1 Min, tminor = 44.9 Min.

(R)-3-(5-chloro-1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7m)
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colorless oil, 13 h, 82% yield, 96:4 er, [a]IZDO = +562.22 (c = 0.18, MeOH). 'H NMR (400 MHz, CDCls) &: 8.27 (s,
1H), 7.70-7.64 (m, 2H), 7.64-7.58 (m, 1H), 7.54-7.40 (m, 4H), 7.25-7.19 (m, 1H), 7.12 (s, 1H), 7.10-7.02 (m, 3H),
6.81 (d, J = 1.9 Hz, 1H), 6.37 (s, 1H), 2.38 (s, 3H). 1*C NMR (126 MHz, CDCls) &: 141.4, 140.8, 134.7, 134.1,
132.9, 129.2, 128.8, 128.7, 128.3, 126.4, 126.4, 125.3 (q, J = 286.1 Hz), 125.0 (d, J = 2.4 Hz), 123.3, 123.1,
120.3, 119.6, 119.3, 112.4, 110.5 (d, J = 2.3 Hz), 108.2, 105.7, 70.1 (g, J = 31.5 Hz), 9.5. °F NMR (376 MHz,
CDCl3) &: -72.22. IR (ATR) vmax 3413, 2967, 1444, 1263, 1177, 894, 738 cm™t. HRMS (ESI): m/z calcd. for
Ca7H1sN2F3Cl [M+H]*: 463.1183; found: 463.1184. HPLC analysis: The enantiomeric excess was determined
by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 95/5, flow rate 0.8 mL-min%, A = 254 nm): tmajor =15.8

min, tminor = 14.9 min.

(R)-3-(5-bromo-1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7n)

light brown foam, 13 h, 85% yield, 95.5:4.5 er, [a]ZDO =+382.50 (¢ = 0.20, MeOH). *H NMR (400 MHz, CDCls) &:
8.26 (s, 1H), 7.72-7.58 (m, 3H), 7.54-7.38 (m, 4H), 7.22-7.04 (m, 5H), 6.98 (s, 1H), 6.37 (s, 1H), 2.38 (s, 3H).
13C NMR (126 MHz, CDCl3) &: 141.4, 140.8, 135.0, 134.7, 134.1, 132.8, 129.2, 128.8, 128.7, 128.3, 127.0,
125.8, 125.3 (g, J = 286.0 Hz), 124.9 (d, J = 2.3 Hz), 123.1, 122.5, 120.3, 119.6, 114.0, 112.8, 110.5(d, J = 1.9
Hz), 108.2 105.7, 70.1 (g, J = 31.8 Hz), 9.5. F NMR (376 MHz, CDCls) &: -72.20. IR (ATR) vmax: 3415, 2988,
1473, 1256, 1121, 739 cm™. HRMS (ESI): m/z calcd. for Cy7H1gN2F3Br [M+H]*: 507.0678; found: 507.0676.
HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column

(hexane/i-PrOH = 95/5, flow rate 0.8 mL-min™, A = 254 nm): tmajor =15.5 MiN, tminor = 14.6 min.

(R)-9-methyl-3-(5-methyl-1H-indol-3-yl)-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (70)

light brown foam, 13 h, 81% yield, 97:3 er, [a]zp0 = +420.00 (c = 0.15, MeOH). *H NMR (400 MHz, CDCls) &:
8.12 (s, 1H), 7.73-7.64 (m, 2H), 7.61 (dd, J = 6.2, 2.8 Hz, 1H), 7.53-7.43 (m, 3H), 7.40 (s, 1H), 7.19 (dd, J =
10.5, 5.7 Hz, 2H), 7.11-7.04 (m, 2H), 6.95 (d, J = 8.2 Hz, 1H), 6.69 (s, 1H), 6.43 (s, 1H), 2.38 (s, 3H), 2.22 (s,
3H). 3C NMR (126 MHz, CDCl;) &: 141.0, 141.0, 134.8, 134.7, 134.1, 133.2, 129.7, 129.4, 129.0, 128.7, 128.3,
125.7,125.5 (g, J = 285.8 Hz), 124.4, 123.9 (d, J = 2.1 Hz), 122.9, 120.0, 119.5, 119.4, 111.0, 110.7 (d, J = 2.3
Hz), 107.6, 105.1, 70.4 (q, J = 31.4 Hz), 21.8, 9.5. 1F NMR (376 MHz, CDCl;) &: -72.15. IR (ATR) vmax: 3413,
2966, 1457, 1260, 1162, 890, 741 cm™. HRMS (ESI): m/z calcd. for CzgH1NoF3 [M+H]": 443.1730; found:
443.1742. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column
(hexaneli-PrOH = 90/10, flow rate 1 mL-min‘t, A = 254 nm): tmajor =74 MIN, tminor = 6.4 Min.

(R)-3-(5-methoxy-1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7p)
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MeO

light brown foam, 13 h, 97% yield, 96:4 er, [al5 = +427.14 (c = 0.14, MeOH). 'H NMR (400 MHz, CDCly) &:
8.18 (s, 1H), 7.72-7.62 (m, 2H), 7.58 (d, J = 7.2 Hz, 1H), 7.46 (tdd, J = 8.3, 5.9, 2.6 Hz, 4H), 7.17 (d, J = 8.8 Hz,
1H), 7.10-6.96 (m, 3H), 6.70 (dd, J = 8.8, 2.4 Hz, 1H), 6.33 (s, 1H), 5.80 (d, J = 2.3 Hz, 1H), 3.36 (s, 3H), 2.37 (s,
3H). 13C NMR (126 MHz, CDCl3) &: 154.3, 141.3, 141.0, 135.1, 133.9, 133.0, 131.1, 129.5, 129.1, 128.7, 128.3,
125.7, 125.5 (q, J = 285.8 Hz), 123.8 (d, J = 2.8 Hz), 123.1, 119.9, 119.6, 113.5, 112.0, 110.6 (d, J = 1.9 Hz),
107.6, 105.3, 100.3, 70.3 (q, J = 31.3 Hz), 55.2, 9.5. 1°F NMR (376 MHz, CDCls) &: -72.42. IR (ATR) vmax: 3412,
2977, 1469, 1239, 1185, 899, 737 cm™. HRMS (ESI): m/z calcd. for CzsH2:N,OF5 [M+H]*": 459.1679; found:
459.1669. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column
(hexaneli-PrOH = 90/10, flow rate 1 mL-mint, A = 254 nM): tmajor = 9.4 MiN, tminor = 8.0 Min.

(R)-3-(6-chloro-1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7q)

light brown foam, 13 h, 93% yield, 97.5:2.5 er, [a]5 = +386.50 (c = 0.20, MeOH). *H NMR (400 MHz, CDCls) &:
8.24 (s, 1H), 7.68-7.63 (m, 2H), 7.61 (dd, J = 8.3, 1.5 Hz, 1H), 7.52-7.42 (m, 4H), 7.29 (d, J = 1.6 Hz, 1H),
7.13-7.00 (m, 3H), 6.80 (dd, J = 8.7, 1.9 Hz, 1H), 6.53 (d, J = 8.7 Hz, 1H), 6.33 (s, 1H), 2.39 (s, 3H). *C NMR
(126 MHz, CDCl3) 5: 141.4, 140.8, 136.7, 134.7, 134.0, 132.8, 129.2, 129.0, 128.8, 128.7, 128.3, 125.3 (q, J =
291.3 Hz), 124.2 (d, J = 2.7 Hz), 124.0, 123.1, 121.5, 120.3, 120.2, 119.6, 111.3, 110.4 (d, J = 2.1 Hz), 108.4,
105.5, 70.1 (g, J = 31.5 Hz), 9.7. 1°F NMR (376 MHz, CDCls) &: -72.38. IR (ATR) vmax: 3409, 2965, 1456, 1252,
1149, 898, 738 cm™. HRMS (ESI): m/z calcd. for Cy;H1sN,F3Cl [M+H]*": 463.1183; found: 463.1182. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH =

95/5, flow rate 0.8 mL-min, A = 254 nm): tmajor = 39.8 MinN, tminor = 23.5 mMin.

(R)-3-(7-chloro-1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7r)

light brown foam, 4 d, 70% yield, 95:5 er, [a]3 = +343.46 (c = 0.26, MeOH). 'H NMR (500 MHz, CDCl;) &: 8.48
(s, 1H), 7.69-7.65 (m, 2H), 7.63-7.60 (m, 1H), 7.54 (s, 1H), 7.51-7.44 (m, 3H), 7.13-7.03 (m, 4H), 6.79 (td, J =
8.0, 3.7 Hz, 1H), 6.59 (d, J = 8.2 Hz, 1H), 6.36 (s, 1H), 2.40 (s, 3H). 3C NMR (126 MHz, CDCly) &: 141.4, 140.8,
134.7, 134.0, 133.7, 132.9, 129.2, 129.0, 128.7, 128.3, 126.8, 125.3 (q, J = 289.0 Hz), 124.2 (d, J = 2.7 Hz),
123.1, 122.2, 121.5, 120.1, 119.6, 118.2, 116.9, 110.5 (d, J = 1.8 Hz), 109.4, 105.5, 70.1 (q, J = 31.5 Hz), 9.7.
19F NMR (471 MHz, CDCl3) 8: -72.32. IR (ATR) vmax: 3417, 2955, 1434, 1229, 1147, 889, 742 cm™. HRMS (ESI):
m/z calcd. for Ca7H1gN2F3Cl [M+H]": 463.1183; found: 463.1182.. HPLC analysis: The enantiomeric excess

was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min%, A = 254 nm):
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tmajor =8.4 Min, tminor = 7.1 min.

(R)-1-(3-chlorophenyl)-3-(1H-indol-3-yl)-9-methyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-alindole (7s)

colorless oil, 20 h, 79% yield, 97:3 er, [alp = +358.76 (c = 0.16, MeOH). 'H NMR (400 MHz, CDCls) 5: 8.26 (s,
1H), 7.65 (d, J = 1.9 Hz, 1H), 7.61 (dt, J = 5.4, 3.2 Hz, 1H), 7.58-7.51 (m, 1H), 7.47 (d, J = 1.0 Hz, 1H),
7.44-7.37 (m, 2H), 7.33 (d, J = 8.2 Hz, 1H), 7.16-7.09 (m, 2H), 7.09-7.01 (m, 2H), 6.92-6.84 (m, 1H), 6.73 (d, J
= 8.1 Hz, 1H), 6.41 (s, 1H), 2.39 (s, 3H). *C NMR (126 MHz, CDCls) &: 140.3, 139.9, 136.3, 134.8, 134.8,
134.7, 133.9, 130.0, 130.0, 129.1, 128.4, 126.5, 125.4 (q, J = 288.7 Hz), 125.3, 123.7 (d, J = 2.5 Hz), 123.2,
122.8,120.8, 120.1, 119.6, 119.4, 111.5, 110.6 (d, J = 1.8 Hz), 107.8, 105.4, 70.4 (q, J = 31.4 Hz), 9.6. °F NMR
(376 MHz, CDClg) d: -72.23. IR (ATR) vmax: 3410, 2966, 1451, 1243, 1119, 895, 739 cm™. HRMS (ESI): m/z
calcd. for Cy7H1gN2FsCl [M+H]*: 463.1183; found: 463.1180. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 95/5, flow rate 0.8 mL-mint, A = 254 nm):

tmajor = 19.0 min, tminor = 25.1 min.

(R)-1-(4-fluorophenyl)-3-(1H-indol-3-yl)-9-methyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7t)

light brown foam, 10 h, 78% yield, 97:3 er, [a]éo= +335.26 (c = 0.19, MeOH). 'H NMR (400 MHz, CDCls) &:
8.23 (s, 1H), 7.63 (ddd, J = 9.0, 5.9, 2.8 Hz, 3H), 7.46 (s, 1H), 7.33 (d, J = 8.2 Hz, 1H), 7.13 (dt, J = 11.0, 5.7 Hz,
4H), 7.06 (ddd, J = 9.7, 5.6, 3.6 Hz, 2H), 6.88 (t, J = 7.6 Hz, 1H), 6.75 (d, J = 8.1 Hz, 1H), 6.36 (s, 1H), 2.38 (s,
3H). 13C NMR (126 MHz, CDCl;) &: 163.3 (d, J = 248.5 Hz), 140.7, 140.1, 136.3, 134.8, 133.9, 130.2, 130.1,
129.3,129.1 (d, J = 3.2 Hz), 125.4 (q, J = 286.3 Hz), 125.4, 123.7 (d, J = 2.5 Hz), 123.1, 122.8, 120.7, 120.1,
119.5, 119.5, 115.8, 115.6, 111.5, 110.6 (d, J = 1.8 Hz), 107.9, 105.2, 70.4 (q, J = 31.5 Hz), 9.6. 1°F NMR (376
MHz, CDCls) &: -72.26, -112.30 (dg, J = 8.6, 5.4 Hz). IR (ATR) vmax: 3411, 2959, 1437, 1258, 1146, 890, 736
cm™. HRMS (ESI): m/z calcd. for Cy;HigNoFs [M+H]*: 447.1479; found: 447.1486. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 95/5, flow rate
0.8 mL:min, A = 254 nM): tmajor = 28.0 MiN, tminor = 40.0 min.

(R)-1-(4-chlorophenyl)-3-(1H-indol-3-yl)-9-methyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-alindole (7u)
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light brown foam, 10 h, 75% yield, 97:3 er, [a]zp0 = +328.33 (c = 0.18, MeOH). *H NMR (400 MHz, CDCls) &:
8.25 (s, 1H), 7.68-7.55 (m, 3H), 7.51-7.41 (m, 3H), 7.33 (d, J = 8.2 Hz, 1H), 7.16-7.09 (m, 2H), 7.08-6.99 (m,
2H), 6.86 (tt, J = 11.1, 5.6 Hz, 1H), 6.73 (d, J = 8.1 Hz, 1H), 6.38 (s, 1H), 2.38 (s, 3H). 13C NMR (126 MHz,
CDCls) 6: 140.5, 140.1, 136.3, 135.0, 134.8, 133.9, 131.5, 129.7, 129.6, 128.9, 125.4 (q, J = 286.3 Hz), 125.4,
123.7 (d, J = 2.5 Hz), 123.1, 122.8, 120.7, 120.1, 119.6, 119.4, 111.5, 110.6 (d, J = 2.2 Hz), 107.9, 105.3, 70.4
(9, J = 31.5 Hz), 9.6. 1°F NMR (376 MHz, CDCl5) &: -72.24. IR (ATR) vmax: 3407, 2955, 1449, 1262, 1180, 892,
740 cm™. HRMS (ESI): m/z calcd. for Cy7H13N,2F3Cl [M+H]*: 463.1183; found: 463.1178. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 95/5, flow rate 0.8

mL-mint, A = 254 nm): tmajor =28.1 MiN, tminor = 30.2 min.

(R)-3-(1H-indol-3-yl)-9-methyl-1-(p-tolyl)-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7v)

colorless oil, 10 h, 90% yield, 96:4 er, [alp = +370.00 (c = 0.18, MeOH). 'H NMR (400 MHz, CDCls) 5: 8.24 (s,
1H), 7.64-7.58 (m, 1H), 7.56 (d, J = 8.1 Hz, 2H), 7.47 (d, J = 0.9 Hz, 1H), 7.30 (dd, J = 14.2, 8.0 Hz, 3H),
7.18-7.07 (m, 2H), 7.07-6.99 (m, 2H), 6.91-6.83 (m, 1H), 6.78 (d, J = 8.1 Hz, 1H), 6.36 (s, 1H), 2.43 (s, 3H),
2.40 (s, 3H). *C NMR (126 MHz, CDCl3) &: 141.1, 141.0, 139.0, 136.3, 134.8, 134.0, 130.1, 129.3, 128.8,
128.2, 125.5 (g, J = 286.1 Hz), 125.4, 123.6 (d, J = 2.6 Hz), 122.8, 122.7, 120.6, 120.0, 119.6, 119.4, 111.4,
110.6 (d, J = 2.0 Hz), 108.2, 105.1, 70.3 (g, J = 31.5 Hz), 21.5, 9.7. 1F NMR (376 MHz, CDCl;) &: -72.28. IR
(ATR) vmax: 3405, 2954, 1443, 1270, 1181, 889, 737 cm™.. HRMS (ESI): m/z calcd. for CygHz1N2F3 [M+H]*:
443.1730; found: 447.1734. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak 1A column (hexane/i-PrOH = 90/10, flow rate 1 mL-min™, A = 254 nm): tmajor = 11.5 MiN, tminor = 13.0

min.

(R)-3-(1H-indol-3-yl)-1-(4-methoxyphenyl)-9-methyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7w)

MeO

light brown foam, 10 h, 98% yield, 96.5:3.5 er, [a]p = +326.00 (c = 0.20, MeOH). 'H NMR (400 MHz, CDCls) 5
8.20 (s, 1H), 7.67-7.56 (m, 3H), 7.45 (s, 1H), 7.31 (d, J = 8.2 Hz, 1H), 7.20-7.03 (m, 4H), 7.02-6.98 (m, 2H),
6.92-6.83 (m, 1H), 6.79 (d, J = 8.1 Hz, 1H), 6.33 (s, 1H), 3.88 (s, 3H), 2.42 (s, 3H). 1*C NMR (101 MHz, CDCls)
8: 160.3, 141.1, 140.7, 136.3, 134.8, 134.0, 129.6, 128.3, 125.5 (q, J = 285.9 Hz), 125.4 (d, J = 3.0 Hz), 123.6,
122.9, 122.7, 120.6, 120.0, 119.6, 119.4, 114.1, 111.4, 110.6, 108.3, 105.0, 100.1, 70.3 (q, J = 31.4 Hz), 55.5,
9.7. 1%F NMR (376 MHz, CDCl3) : -72.27. IR (ATR) vmax: 3405, 2962, 1447, 1259, 1174, 884, 737 cm™. HRMS
(ESI): m/z calcd. for CgH21N,OF3; [M+H]*: 459.1679; found: 459.1681. HPLC analysis: The enantiomeric
excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A =
254 nm): tmajor = 18.0 Min, tyinor = 16.0 min.
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(R)-3-(difluoromethyl)-3-(1H-indol-3-yl)-9-methyl-1-phenyl-3H-pyrrolo[1,2-a]indole (7x)

colorless oil,14 h, 76% yield, 96:4 er, [a]éo =+403.23 (c = 0.12, MeOH). *H NMR (400 MHz, CDCl3) &: 8.22 (s,
1H), 7.66 (dd, J = 7.9, 1.6 Hz, 2H), 7.60 (dd, J = 6.4, 1.5 Hz, 1H), 7.52 (d, J = 2.4 Hz, 1H), 7.50-7.40 (m, 3H),
7.33(d, J = 8.2 Hz, 1H), 7.18-7.13 (m, 1H), 7.12-7.07 (m, 1H), 7.02 (ddd, J = 14.2, 7.0, 1.4 Hz, 2H), 6.86 (t, J =
7.0 Hz, 1H), 6.81 (d, J = 8.1 Hz, 1H), 6.41 (s, 1H), 6.23-5.88 (m, 1H), 2.39 (s, 3H). 13C NMR (126 MHz, CDCls)
8: 140.8, 140.6, 136.4, 134.8, 133.9, 133.3, 130.7 (d, J = 3.2 Hz), 128.9, 128.6, 128.3, 125.8, 123.5 (d, J = 3.1
Hz), 122.6, 122.5, 120.5, 119.9, 119.7, 119.2, 119.0, 117.0 (d, J = 3.1 Hz), 114.9, 111.3, 110.6 (d, J = 4.2 Hz),
108.5, 104.3, 70.0 (t, J = 23.7 Hz), 9.7. 1°F NMR (376 MHz, CDCl3) &: -120.12 (dd, J = 1622.0, 276.9 Hz). IR
(ATR) vmax: 3410, 2923, 1455, 1334, 1056, 740, 700 cm™. HRMS (ESI): m/z calcd. for CoHaoNoFs [M+H]*:
411.1667; found: 411.1671. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A = 254 nm): tmajor = 11.5 MiN, tminor = 20.7

min.

j.  The scale-up experiment

OMe

T™MS

R
(Lo

(R)-AB: R= Ceps

(10 mol%)
CF3 + \C[@ (R)-A6
DCMdg mg)

MgSO,

Iz

1k

To a solution of a-indolyl propargylic alcohol 1k (1.00 mmol, 1.0 equiv.), MgSO, (500 mg), and catalyst

(R)-A6 (0.20 mmol, 10 mol%) in DCM (10 mL) was added indole 2a (1.10 mmol, 1.1 equiv.). The mixture was

stirred at at room temperature until the reaction was completed (monitored by TLC analysis). The crude product

was purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 20:1~5:1)
to give the desired chiral product 3k with 377.28 mg, 83% yield and 95:5 er.
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5. Experimental Procedure and Characterization Data of Compounds 9~18.
a. The transformation of (R)-3ac to compound 9

OMe oTf

Tf,0 (1.1 eq)
BBr3(6.0 eq)

Et3N (2.0 eq)

3 H DCM, 0°C-rt
\\ C':3 —_—
N 12h DCM, 0°C-rt
H
= - 9
3ac .
94:6 €r 73% yield, 94:6 er

A solution of 3ac (0.10 mmol, 1.0 equiv) in dry CH,Cl, (2 mL) was cooled to 0 °C, BBr3; (0.6 mmol, 6.0 equiv)
was added dropwise over 15 min. Then the resulting mixture was allowed to slowly warm to room temperature
and stirred for another 12 h. Water (1 mL) and saturated NaHCO3 (5 mL) were added to quench the reaction
after completion (indicated by TLC). The reaction mixture was adjusted to a neutral pH by saturated ammonia
solution followed by extracting with CH,Cl, (2x10 mL). The combined organic phases were washed with brine
and dried over Na,SO4. Removal of the solvent afforded a pale-yellow oil which was used for next step without
further purification.

At 0 °C, to a solution of the crude product (0.09 mmol, 1.0 equiv) and Et;N (0.54 mmol, 6.0 equiv) in DCM
(2 mL) was slowly added Tf,O (0.099 mmol, 1.1 equiv) over 1 min. The reaction mixture was stirred at 0 °C for
30 min, and then at room temperature for 1 h. Next, water (10 mL) was added, and the reaction mixture was
extracted with DCM (3x10 mL). The combined organic layers were dried over anhydrous Na,SO, and
concentrated. The residue was purified by silica gel flash chromatography to afford the desired product (eluent:

hexanes/EtOAc = 30:1~20:1) to give the desired compound 9.

(R,E)-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-4-(trimethylsilyl)but-3-en-2-yl)-1H-indol-5-yI
trifluoromethanesulfonate (9)

colorless oil, 73% yield, 94:6 er, [a]5 = -114.00 (c = 0.18, MeOH). 'H NMR (400 MHz, CDCls) &: 7.47 (d, J =
2.3 Hz, 1H), 7.41 (d, J = 8.8 Hz, 1H), 7.18-7.00 (m, 3H), 6.79 (t, J = 7.5 Hz, 1H), 6.60 (d, J = 7.8 Hz, 1H), 6.37
(dd, J=7.7, 3.8 Hz, 1H), 6.01 (d, J = 19.0 Hz, 1H), 5.64 (d, J = 19.0 Hz, 1H), 4.95 (d, J = 7.6 Hz, 1H), 4.78 (d, J
= 3.2 Hz, 1H), 2.13 (s, 3H), -0.10 (s, 9H). 3C NMR (126 MHz, CDCl3) &: 149.1, 143.8, 137.6, 136.5, 135.7,
134.4,130.5, 129.4, 127.6, 127.3 (q, J = 282.8 Hz), 124.6, 119.8, 119.0 (q, J = 320.9 Hz), 115.2, 112.4, 110.9,
110.6, 107.3, 73.8, 59.6 (q, J = 26.0 Hz), 58.6, 8.7, -1.7. 1°F NMR (376 MHz, CDCls) &: -72.10, -72.79. IR (ATR)
vmax. 3408, 2974, 1439, 1447, 1138, 857, 742 cm™. HRMS (ESI): m/z calcd. for CzsH4N203F6SiS [M+H]*:
575.1254; found: 575.1267. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak IA column (hexane/i-PrOH = 95/5, flow rate 1 mL-min, A = 254 nm): tmajor = 6.7 MiN, tminor = 7.8 min.

b. The transformations of 3t to compounds 10~12
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OMe OMe

(Boc)20 (1.5 eq)

N
Et;N (1. 3
tsN (1.5 eq) E CF3H
DMAP, DCM, rt m
Boc
10
95:5 er 2 h, 98% yield

95:5 er

To a solution of 3t (0.10 mmol, 1.0 equiv), EtsN (0.15 mmol, 1.5 equiv) and DMAP (0.01 mmol, 10 mol%) in
DCM (2 mL) was added dropwise the solution of (Boc),O (0.15 mmol, 1.5 equiv) in DCM (1 mL). The mixture
was further stirred at room temperature for 2 h. Next, water (10 mL) was added. The layers were separated,
and the aqueous layer was extracted with ethyl acetate (3x10 mL). The combined organic layers were washed
with brine (10 mL), dried over anhydrous Na,SO,, filtered, and concentrated. The crude product was purified
directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 20:1) to give the desired

compound 10.

(S)-tert-butyl 3-(1,1,1-trifluoro-2-(5-methoxy-3-methyl-1H-indol-2-yl)-4-(trimethylsilyl)but-3-yn-2-yl)-1H-indole-1-
carboxylate (10)

colorless oil, 2 h, 98% yield, 95:5 er, [a]5 = +43.33 (c = 0.60, MeOH). 'H NMR (500 MHz, CDCl3) &: 8.17 (d, J
=7.7 Hz, 1H), 8.06 (s, 1H), 7.85 (s, 1H), 7.29 (t, J = 7.8 Hz, 1H), 7.20 (t, J = 9.4 Hz, 2H), 7.04 (t, J = 7.6 Hz, 1H),
6.97 (s, 1H), 6.87 (d, J = 8.8 Hz, 1H), 3.85 (s, 3H), 2.17 (s, 3H), 1.73 (s, 9H), 0.21 (s, 9H). *C NMR (126 MHz,
CDCl) &: 154.1, 149.7, 135.5, 130.1, 129.8, 127.3 (q, J = 235.3 Hz), 125.3, 125.0, 124.1, 122.9, 121.0, 115.2,
114.6, 113.4, 112.2, 111.9, 100.6, 98.6, 92.9, 84.6, 81.2, 56.0, 47.6 (q, J = 31.1 Hz), 28.3, 9.4, -0.3. °F NMR
(471 MHz, CDCl3) d: -70.46. IR (ATR) vmax: 2983, 1806, 1741, 1371, 1114, 1062, 843 cm™. HRMS (ESI): m/z
calcd. for C3oH37N203F3Si [M+H]*: 559.2598; found: 559.2853. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 99/1, flow rate 0.8 mL-min‘!, A = 254 nm):

tmajor = 5.9 MiN, tyinor = 6.2 min.

OMe
OMe

Pd/C (10 mol%) ™S
H, Y%,
MeOH, rt @
N
H
11
12 h, 74% yield

95:5 er

To a solution of 3t (0.10 mmol, 1.0 equiv) in MeOH (5.0 mL) was added Pd/C (10 mol%). The mixture was
stirred with a hydrogen balloon at room temperature for 12 h. It was then filtered and washed with MeOH. After
the solvent was removed under vacuum, the crude product was purified directly by flash column

chromatography on silica gel (petroleum ether/ ethyl acetate = 10:1) to give the desired compound 11.

(R)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)-4-(trimethylsilyl)butan-2-yl)-1H-indole (11)

colorless oll, 12 h, 74% yield, 95:5 er, [a]zp0 =+19.38 (c = 0.16, MeOH). *H NMR (500 MHz, CDCl;) &: 8.26 (s,
1H), 7.94 (s, 1H), 7.39 (d, J = 8.2 Hz, 1H), 7.33 (s, 1H), 7.18-7.10 (m, 2H), 6.97 (s, 1H), 6.92-6.77 (m, 3H), 3.87
(s, 3H), 2.90-2.51 (m, 2H), 2.03 (s, 3H), 0.68-0.44 (m, 1H), 0.42-0.24 (m, 1H), -0.06 (s, 9H). 13C NMR (126 MHz,
CDClg) 6: 153.9, 136.3, 131.0, 130.1, 129.8, 128.4 (g, J = 285.8 Hz), 126.4, 124.0, 122.5, 121.1, 120.2, 112.6,

112.4, 111.6, 111.2, 110.6, 100.5, 56.0, 52.6 (g, J = 24.5 Hz), 29.6, 11.5, 10.1, -1.8. *°F NMR (471 MHz, CDCls)
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5: -67.91. IR (ATR) vmax: 3409, 2952, 1485, 1130, 849, 738 cm™. (ESI): m/z calcd. for CasH29N,OF3Si [M-H]:
457.1928; found: 457.1911. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min%, A = 254 nm): tmajor = 7.1 MiN, tminor = 6.1 mMin.

OMe OMe

1 h, 96% yield
955 er
To a solution of 3t (0.10 mmol, 1.0 equiv) in anhydrous THF (2 mL) at 0°C was added 0.12 mL 1 M TBAF in
THF (0.12 mmol) under N,. The mixture was further stirred at 0°C for other 1 h. Saturated NH,CIl was added to
quench the reaction after completion (indicated by TLC). The reaction mixture was extracted with CH,Cl, (3x10
mL). The combined organic phases were washed with brine and dried over Na,SO,. The crude product was
purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 10:1) to give the

desired compound 12.

(R)-5-methoxy-3-methyl-2-(1,1,1-trifluoro-2-(1H-indol-3-yl)but-3-yn-2-yl)-1H-indole (12)

white foam, 1 h, 96% yield, 95:5 er, [2]5 = +43.24 (c = 0.34, MeOH). H NMR (500 MHz, CDCls) &: 8.29 (s, 1H),
8.20 (s, 1H), 7.49-7.34 (m, 2H), 7.20 (t, J = 8.7 Hz, 3H), 6.96 (d, J = 9.6 Hz, 2H), 6.89 (d, J = 8.8 Hz, 1H), 3.86
(s, 3H), 2.74 (s, 1H), 2.05 (s, 3H). 3C NMR (126 MHz, CDCls) &: 154.1, 136.3, 130.2, 129.8, 126.0, 125.6 (q, J
= 285.0 Hz), 125.5, 122.9, 120.4, 120.4, 113.3, 112.0, 111.9, 111.4, 109.8, 100.7, 78.7, 75.1, 56.0, 47.0 (q, J =
31.2 Hz), 9.2. °F NMR (471 MHz, CDCl3) &: -70.52. IR (ATR) vmax: 3411, 2926, 1485, 1168, 728 cm™.. HRMS
(ESI): m/z calcd. for CzH17N2OF3 [M-H]: 381.1220; found: 381.1209. HPLC analysis: The enantiomeric
excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A =
280 Nm): tmajor = 15.6 MiN, tyinor = 16.7 min.

c. Thetransformations of 12 to compounds 13~14

OMe OMe

TsN5 (1.1 eq)

CuTC (10 mol%)

toluene, rt
H H
12 13a
1 h, 96% vyield 12 h, 90% yield
95:5 er 95:5 er

Under N, to a vial charged with 12 (0.1 mmol, 1.0 equiv), CuTC (0.01 mmol, 0.1 equiv), and toluene (2 mL)
was added 4-methylbenzenesulfonyl azide (0.11 mmol, 1.1 equiv). The solution was stirred at room
temperature for 12 h. Upon completion, water (2 mL) was added. The layers were separated, and the aqueous
layer was extracted with ethyl acetate (3x10 mL). The combined organic layers were washed with brine (10 mL),
dried over anhydrous Na,SO,, filtered, and concentrated. The residue was purified by silica gel

chromatography (petroleum ether/ ethyl acetate = 5:1) to afford the desired product 13a.
(R)-5-methoxy-3-methyl-2-(2,2,2-trifluoro-1-(1H-indol-3-yl)-1-(1-tosyl-1H-1,2,3-triazol-4-yl)ethyl)-1H-indole
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(13a)

white foam, 12 h, 90% yield, 95:5 er, [a]5 = -13.04 (c = 0.23, MeOH). 'H NMR (500 MHz, CDCl;) 3: 10.14 (s,
1H), 8.48 (s, 1H), 7.85 (d, J = 8.2 Hz, 2H), 7.51 (d, J = 11.4 Hz, 2H), 7.43 (d, J = 8.2 Hz, 1H), 7.36 (d, J = 8.1 Hz,
2H), 7.29 (d, J = 8.8 Hz, 1H), 7.15 (t, J = 7.6 Hz, 1H), 6.88 (dd, J = 8.8, 1.9 Hz, 1H), 6.84 (s, 1H), 6.72 (1, J= 7.5
Hz, 1H), 6.43 (d, J = 8.1 Hz, 1H), 3.81 (s, 3H), 2.45 (s, 3H), 1.45 (s, 3H). 3C NMR (126 MHz, CDCl3) &: 153.8,
147.9, 1471, 136.3, 132.5, 130.7, 130.2, 129.9, 129.5, 128.8, 126.8, 126.6, 126.1 (q, J = 101.8 Hz), 123.5,
123.5, 122.9, 120.3, 120.2, 113.2, 112.5, 112.1, 111.6, 110.9, 100.5, 56.0, 49.9 (g, J = 29.1 Hz), 22.0, 8.7. °F
NMR (471 MHz, CDCl3) &: -69.40. IR (ATR) vmax: 3351, 2925, 1215, 1159, 1009 cm™t. HRMS (ESI): m/z calcd.
for CaoH24NsO3F3S [M-H]: 578.1479; found: 578.1468. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 80/20, flow rate 1 mL-mint, A = 245 nm): tmajor
=10.1 min, tyinor = 11.1 min.

OMe
OMe

RN, (1.1eq)

CuSO, (10 mol%)
sodium ascorbate

(20 mol%)
N t—BuOH/I—izo(l:Z)
12 50 °C
1 h, 96% yield 13b or 13c
95:5 er

To a solution of 12 (0.10 mmol, 1.0 equiv) and the corresponding azide (0.11 mmol, 1.1 equiv) in t-BuOH (2
mL) was added dropwise the solution of CuSO,4 (0.01 mmol, 0.1 equiv) and sodium ascorbate (0.02 mmol, 0.2
equiv) in 4.0 mL H,O. The mixture was further stirred at 50 °C for 12 h, and then allowed to cool to room
temperature after completion (indicated by TLC). The reaction was diluted with ethyl acetate (3x10 mL),
washed with saturated NH4,OH solution, and the organic phase was dried over Na,SO,. The crude product was
purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 5:1) to give the

desired compound 13b and 13c.

(R)-2-(1-(1-benzyl-1H-1,2,3-triazol-4-yl)-2,2,2-trifluoro-1-(1H-indol-3-yl)ethyl)-5-methoxy-3-methyl-1H-indole
(13b)

N / OMe

white foam, 12 h, 86% yield, 95:5 er, [2]5 = +13.00 (c = 0.10, MeOH). 'H NMR (500 MHz, CDCls) 5: 10.67 (s,
1H), 8.37 (s, 1H), 7.40 (s, 1H), 7.29 (dd, J = 18.5, 8.5 Hz, 2H), 7.21 (dd, J = 8.3, 4.4 Hz, 3H), 7.05 (t, J = 7.6 Hz,
1H), 7.00-6.94 (m, 2H), 6.87-6.76 (m, 3H), 6.66 (t, J = 7.6 Hz, 1H), 6.48 (d, J = 8.1 Hz, 1H), 5.39 (d, J = 15.2 Hz,
1H), 5.29 (d, J = 15.2 Hz, 1H), 3.75 (s, 3H), 1.41 (s, 3H). $3C NMR (126 MHz, CDCls) &: 153.7, 147.7, 136.2,
134.4, 130.1, 129.6, 129.1, 128.7, 127.8, 127.5, 126.4 (q, J = 103.4 Hz), 123.2, 123.2, 122.6, 120.5, 120.1,
112.8, 112.2, 112.0, 111.8, 111.3, 100.5, 56.0, 54.2, 49.7 (q, J = 28.9 Hz), 8.7. °F NMR (471 MHz, CDCly) &:
-69.66. IR (ATR) vmac 3354, 2925, 1486, 1457, 1239, 1218, 1136 cm™. HRMS (ESI): m/z calcd. for
Ca9H24NsOF3 [M-H]: 514.1860; found: 514.1842. HPLC analysis: The enantiomeric excess was determined by
HPLC with Chiralpak IA column (hexane/i-PrOH = 80/20, flow rate 1 mL-mint, A = 280 nm): tmajor = 16.4 min,

tminor = 12.5 min.
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(R)-ethyl 2-(4-(2,2,2-trifluoro-1-(1H-indol-3-yl)-1-(5-methoxy-3-methyl-1H-indol-2-yl)ethyl)-1H-1,2,3-triazol-1-yl)

acetate (13c)

OMe

white foam, 12 h, 99% yield, 95:5 er, [al5 = +5.33 (c = 0.15, MeOH). *H NMR (500 MHz, CDCls) &: 10.55 (s,
1H), 8.42 (s, 1H), 7.50 (s, 1H), 7.39 (d, J = 8.2 Hz, 1H), 7.33 (d, J = 8.7 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 7.04 (s,
1H), 6.92-6.83 (m, 2H), 6.74 (t, J = 7.5 Hz, 1H), 6.58 (d, J = 8.1 Hz, 1H), 5.06 (d, J = 17.6 Hz, 1H), 4.97 (d, J =
17.6 Hz, 1H), 4.15 (q, J = 7.3 Hz, 2H), 3.81 (s, 3H), 1.48 (s, 3H), 1.18 (t, J = 7.1 Hz, 3H). 3C NMR (126 MHz,
CDCls) d: 165.8, 153.7, 147.7, 136.2, 130.2, 129.6, 128.0, 127.7, 126.3 (q, J = 285.7 Hz), 126.0, 123.3 (d, J =
2.4 Hz), 122.7, 120.6, 120.2, 112.9, 112.2, 112.0, 111.7, 111.3, 100.5, 62.6, 56.0, 51.1, 49.7 (q, J = 28.7 Hz),
14.0, 8.7. F NMR (471 MHz, CDCl3) &: -69.56. IR (ATR) vmax 3355, 2925, 1446, 1209, 1175, 1014 cm™.
HRMS (ESI): m/z calcd. for CyzsH2aNsOzF; [M-H]: 510.1758; found: 510.1739. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 80/20, flow rate 1

mL-min?, A = 254 nm): tmajor = 14.4 MiN, tminor = 13.2 min.

OMe

NaH (2 eq)

TsCl (1.2 eq) OMe

DMF, rt

H
12
1 h, 96% yield
955 er

14

To a solution of 12 (0.10 mmol, 1.0 equiv) in DMF (2 mL) was added NaH (0.20 mmol, 2.0 equiv) at 0°C for
other 30 min, then the solution of TsCl (0.12 mmol, 1.2 equiv) in DMF (1 mL) was added dropwise. The mixture
was further stirred at room temperature for 12 h. The crude product was purified directly by flash column

chromatography on silica gel (petroleum ether/ ethyl acetate = 10:1~5:1) to give the desired compound 14.

(R)-1-(1H-indol-3-yl)-7-methoxy-9-methyl-1-(trifluoromethyl)-1H-pyrrolo[1,2-a]indole (14)

white solid, 12 h, 97% yield, 95:5 er, M.p. 123.5-124.2 °C. [a]zoo =-473.43 (c = 0.35, MeOH). *H NMR (500 MHz,
CDCls) 6: 8.15 (s, 1H), 7.40-7.32 (m, 2H), 7.31 (s, 1H), 7.28 (d, J = 3.9 Hz, 1H), 7.19 (t, J = 7.6 Hz, 1H), 7.14 (d,
J =8.1Hz, 1H), 7.06 (s, 1H), 7.00 (dd, J = 15.3, 8.0 Hz, 2H), 5.91 (d, J = 3.8 Hz, 1H), 3.91 (s, 3H), 2.26 (s, 3H).
13C NMR (126 MHz, CDCl3) &: 154.4, 137.4, 136.7, 133.2, 127.9, 126.8 (q, J = 284.0 Hz), 125.7, 123.7, 123.7,
122.5, 120.2, 120.0, 114.0, 112.8, 111.5, 110.3, 110.2, 108.5, 102.2, 56.1, 55.6 (g, J = 30.6 Hz), 9.0. **F NMR
(471 MHz, CDCI3) &: -69.25. IR (ATR) vmax: 3321, 2954, 1413, 1213, 1166, 1008 cm™. HRMS (ESI): m/z calcd.
for CzHi7NoOF; [M-H]: 383.1366; found: 383.1361. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralcel OD-H column (hexane/i-PrOH = 95/5, flow rate 1 mL-min, A = 245 nm):

tmajor = 25.2 min, tminor = 23.6 Min.

d. The transformation of 5m to compound 15
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H 15

1h, 97% yield
95:5 er

A solution of 5m (0.10 mmol, 1.0 equiv) in anhydrous THF (2 mL) at 0 °C was added 0.12 mL 1 M TBAF in
THF (0.12 mmol) under N,. The mixture was further stirred at 0°C for other 1 h. Saturated NH,Cl was added to
quench the reaction after completion (indicated by TLC). The reaction mixture was extracted with CH,Cl, (3x10
mL). The combined organic phases were washed with brine and dried over Na,SO,4. The crude product was
purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate = 10:1) to give the

desired compound 15.

(S)-5-fluoro-3-(1,1,1-trifluoro-2-(1H-indol-3-yl)but-3-yn-2-yl)-1H-indole (15)

white foam, 1 h, 97% yield, 95:5 er, [a]5 = +12.21(c = 0.22, MeOH). *H NMR (500 MHz, CDCl5) &: 8.12 (d, J =
16.0 Hz, 2H), 7.48 (d, J = 8.1 Hz, 1H), 7.38-7.31 (m, 3H), 7.22 (dd, J = 8.6, 4.2 Hz, 1H), 7.17 (dd, J = 13.8, 5.2
Hz, 2H), 6.98 (t, J = 7.6 Hz, 1H), 6.90 (t, J = 9.0 Hz, 1H), 2.68 (s, 1H). *3C NMR (126 MHz, CDCl;) &: 157.7 (d, J
=234.2 Hz), 136.6, 133.1, 126.2 (d, J = 11.3 Hz), 126.2, 126.0 (g, J = 284.6 Hz), 125.7, 124.3 (d, J = 1.2 Hz),
122.5,121.0, 120.0, 112.0 (d, J = 9.8 Hz), 111.5 (d, J = 5.4 Hz), 111.5, 111.1, 110.9 (d, J = 5.0 Hz), 106.1 (d, J =
24.8 Hz), 80.2, 74.0, 46.0 (q, J = 31.1 Hz). °F NMR (471 MHz, CDCl3) &: -71.11, -123.51. IR (ATR) vmax 3415,
2944, 1475, 1152, 734 cm™. HRMS (ESI): m/z calcd. for CH12N2F4 [M-H]: 355.0864; found: 355.0863. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH =

90/10, flow rate 1 mL-min, A = 254 nm): tmajor = 28.2 MiN, tminor = 33.2 Min.

e. The transformation of 15 to compound 5n

Cul, Pd(PPhg),Cl,’ P!

Et;N, DMF, N,

82% yield, 95:5 er

To a solution of 15 (0.1 mmol, 1.0 equiv), Pd(PPhs),Cl, (0.01 mmol, 0.1 equiv), Cul (0.05 mmol, 0.5 equiv),
and EtzN (0.5 mmol, 5 equiv) in anhydrous DMF (2.0 mL), was added iodobenzene (0.15 mmo, 1.5 equiv). The
mixture was further stirred at room temperature for 24 h. After the solvent was removed under vacuum, the
crude product was purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate

=10:1~5:1) to give the desired compound 5n with 82% yield and 95:5 er.

f. The transformations of (R)-7ato compounds 16-18
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(Boc)20
EtN, N,

_—
DMAP, DCM

2 h, 96% yield
97:3 er

To a solution of 7a (0.10 mmol, 1.0 equiv), EtsN (0.30 mmol, 3.0 equiv) and DMAP (0.02 mmol, 20 mol%)
in DCM (2 mL) was added dropwise the solution of (Boc),O (0.15 mmol, 1.5 equiv) in DCM (1 mL). The mixture
was further stirred at room temperature for 2 h. After the solvent was removed under vacuum, the crude
product was purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate =

10:1~5:1) to give the desired compound 16.

(R)-tert-butyl 3-(9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indol-3-yl)-1H-indole-1-carboxylate (16)
colorless oil, 2 h, 96% yield, 97:3 er, [51]?;0 = +226.67 (c = 0.33, MeOH). *H NMR (500 MHz, CDCls) &: 8.13 (d, J
= 8.0 Hz, 1H), 8.01 (s, 1H), 7.67 (d, J = 6.8 Hz, 2H), 7.63-7.58 (m, 1H), 7.54-7.38 (m, 3H), 7.21 (t, J = 7.8 Hz,
1H), 7.15 (d, J = 8.0 Hz, 1H), 7.07 (dd, J = 8.9, 5.0 Hz, 2H), 6.93 (t, J = 7.6 Hz, 1H), 6.53 (d, J = 8.1 Hz, 1H),
6.31 (s, 1H), 2.42 (s, 3H), 1.73 (s, 9H). 3C NMR (126 MHz, CDCl3) &: 152.3, 149.5, 142.3, 140.7, 135.4, 134.8,
133.9, 132.8, 129.2, 128.7, 128.3, 128.2, 128.0, 125.1 (q, J = 286.2 Hz), 125.0, 124.9, 123.3 (d, J = 4.5 Hz),
120.2, 119.7, 119.5, 115.3, 112.4, 110.4, 105.9, 84.7, 81.2, 69.8 (q, J = 31.5 Hz), 28.3, 28.0, 9.7. °F NMR (471
MHz, CDCl3) &: -72.30. IR (ATR) vmax: 1736, 1452, 1368, 1457, 1151, 1096, 738 cm™. HRMS (ESI): m/z calcd.
for CasHz7N,O2F3 [M+H]": 529.2097; found: 529.2097. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 99/1, flow rate 0.8 mL-mint, A = 280 nm):

tmajor = 5.3 MiN, tyinor = 5.0 min.

Pd/C, H,
—_—

MeOH, rt

13 h, 47% yield
10:1 dr, 97:3 er

To a solution of 7a (0.10 mmol, 1.0 equiv) in MeOH (5.0 mL) was added Pd/C (10 mol%). The mixture was
stirred with a hydrogen balloon at room temperature for 13 h. It was then filtered and washed with MeOH. After
the solvent was removed under vacuum, the crude product was purified directly by flash column

chromatography on silica gel (petroleum ether/ ethyl acetate = 10:1) to give the desired compound 17.

(1R,3R)-3-(1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-2,3-dihydro-1H-pyrrolo[1,2-a]indole (17)

light brown foam, 13 h, 47% vyield, 97:3 er, d.r.= 10:1, [a]éo = +126.40 (c = 0.25, MeOH). *H NMR (500 MHz,
CDCls) &: 8.04 (s, 1H), 7.56 (d, J = 7.9 Hz, 1H), 7.40-7.34 (m, 3H), 7.33-7.27 (m, 4H), 7.20 (t, J = 7.6 Hz, 1H),
7.14 (dd, J = 12.6, 7.8 Hz, 2H), 7.06 (dd, J = 15.6, 8.0 Hz, 2H), 6.92 (d, J = 1.9 Hz, 1H), 4.59 (t, J = 8.4 Hz, 1H),
3.67 (dd, J = 13.4, 9.4 Hz, 1H), 3.18 (dd, J = 13.5, 7.6 Hz, 1H), 2.02 (s, 3H). 13C NMR (126 MHz, CDCls) 5:
142.5, 141.6, 136.8, 134.2, 132.5, 128.9, 128.0, 127.1, 126.3 (q, J = 285.2 Hz), 124.7, 123.7, 122.8, 121.5,
120.7,119.7 (d, I = 1.5 Hz), 119.7, 118.8, 111.8, 111.7, 111.6 (d, J = 3.7 Hz), 104.0, 67.7 (q, J = 31.2 Hz), 49.5,
41.0, 8.5. °F NMR (471 MHz, CDCl3) d: -71.73. IR (ATR) vmax: 3410, 2920, 1451, 1165, 738, 699 cm™. HRMS

(ESI): m/z calcd. for Ca7H21N2F3 [M-H]: 429.1584; found: 429.1582. HPLC analysis: The enantiomeric excess
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was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A = 254 nm):

tmajor = 6.9 MiN, tminor = 8.7 Min.

1 h, 93% yield
97:3 er

To a solution of 7a (0.10 mmol, 1.0 equiv) in CHCIs (1 mL) was added dropwise the solution of NBS (0.12
mmol, 1.2 equiv) in CHCI3 (0.5 mL). The mixture was further stirred at room temperature for 1 h. After the
solvent was removed under vacuum, the crude product was purified directly by flash column chromatography

on silica gel (petroleum ether/ ethyl acetate =10:1) to give the desired compound 18.

(R)-2-bromo-3-(1H-indol-3-yl)-9-methyl-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (18)

light brown solid, 1 h, 93% yield, 97:3 er, M.p. 120.4-120.9 °C. [a]5 = +313.08 (c = 0.13, MeOH). 'H NMR (400
MHz, CDCls) &: 8.38 (s, 1H), 7.76-7.69 (m, 1H), 7.69-7.62 (m, 2H), 7.58-7.43 (m, 4H), 7.34 (t, J = 6.9 Hz, 1H),
7.14-7.05 (m, 1H), 7.04-6.97 (m, 1H), 6.96 (dd, J = 3.7, 1.9 Hz, 2H), 6.86-6.76 (m, 1H), 6.52 (d, J = 8.1 Hz, 1H),
2.18 (s, 3H). 13C NMR (126 MHz, CDCl3) &: 139.8, 139.6, 136.1, 135.5, 133.0, 131.7, 129.3 (d, J = 2.7 Hz),
128.7, 128.3, 125.2, 125.0 (q, J = 288.7 Hz), 124.9 (d, J = 3.2 Hz), 123.2, 122.9, 120.9, 120.1, 119.7, 119.2,
119.0, 111.5, 110.4 (d, J = 1.7 Hz), 106.8, 105.8, 72.8 (q, J = 30.7 Hz), 9.1. 1°F NMR (376 MHz, CDCls) &:
-71.77. IR (ATR) vmac 3412, 2923, 1262, 1237, 1174, 740 cm™. HRMS (ESI): m/z calcd. for Cp7H1gN2F3sBr
[M+H]*: 507.0678; found: 507.0671. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak IA column (hexane/i-PrOH = 95/5, flow rate 0.8 mL-min, A = 254 nm): tmajor = 15.6 MiN, tminor = 23.3

min.

S59



6. Data for X-Ray Crystal Structures of 5i, 14 and 18

Table S5 Crystal data and structure refinement for 5i.

Compound

Empirical formula C25H22F4N20
Formula weight 442 .44
Temperature/K 100.00(10)
Crystal system orthorhombic
Space group P212121

a/A 10.3110(2)
b/A 12.3464(2)
c/A 34.9989(7)
al® 90

B/° 90

y/° 90
Volume/A3 4455.49(14)
z 8
pcalcg/cm3 1.319

p/mm 1 0.881

F(000) 1840.0

Crystal size/mm3
Radiation

0.15 x 0.15 x 0.05
CuKa (A=1.54184)

5.05 to 154.51

Index ranges -13<h<12,-13<k<15,-44<1<36
Reflections collected 55083

Independent reflections 9142 [Rint = 0.1344, Rsigma = 0.0712]
Data/restraints/parameters 9142/0/590

Goodness-of-fit on F2 1.051

Final R indexes [I>=20 (I)] R1=0.0517, wR2 = 0.1200

Final R indexes [all data] R1=0.0718, wR2 = 0.1343

Largest diff. peak/hole / e A-3 0.29/-0.28

Flack parameter 0.11(8)

20 range for data collection/®
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Table S6 Crystal data and structure refinement for 14.

al\ OMe

Compound QNE\\JC%\ =
H 14

Empirical formula C22H17F3N20

Formula weight 382.37

Temperature/K 100.00(10)

Crystal system monoclinic

Space group P21

alA 9.40350(10)

b/A 10.62490(10)

c/A 9.51730(10)

a/° 90

p/° 95.3790(10)

v/° 920

Volume/A3 946.698(17)

VA 2

pcalcg/cm3 1.341

p/mm 1 0.873

F(000) 396.0

Crystal size/mm3

Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [I>=20 ()]
Final R indexes [all data]
Largest diff. peak/hole / e A-3

0.05 X 0.05 X 0.1
Cu Ka (A = 1.54184)
9.334 to 153.526

-10sh<11,-13<k<13,-12<1<12

19789

3896 [Rint = 0.0419, Rsigma = 0.0295]

3896/1/256

1.072

R1=0.0302, wR2 = 0.0767
R1=0.0307, wR2 = 0.0771
0.21/-0.19
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Table S7 Crystal data and structure refinement for 18.

Compound

Empirical formula Ca7H18BrFsN2
Formula weight 507.34
Temperature/K 300.28(15)
Crystal system orthorhombic
Space group P212121

alA 10.1505(2)
b/A 19.0261(9)
c/A 11.5778(4)
a/° 90

B/° 90

y/° 90
Volume/A3 2235.96(14)
z 4

Pcacg/cm? 1.507

p/mm-t 2.876

F(000) 1024.0

Crystal size/mm?

Radiation

0.075 x 0.05 x 0.05
Cu Ka (A =1.54184)

20 range for data collection/° 8.94 to 153.626

Index ranges -12<h<12,-22<k=<23,-14<1<14
Reflections collected 22787

Independent reflections 4631 [Rint = 0.0950, Rsigma = 0.0497]
Data/restraints/parameters 4631/0/299

Goodness-of-fit on F? 1.111

Final R indexes [I>=20 (1)] R1=0.0748, wR2 = 0.2167

Final R indexes [all data] R1 =0.0832, wR2 = 0.2233

Largest diff. peak/hole / e A3 0.57/-0.65
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7. Mechanistic Experiments

a. Observation of kinetic resolution

t-Bu (R)-A6 "
X DCM
CF, (3mL), rt
oH —’2 ah (+)-3a
a) N\ 2a (93:7 er)
0,
Z H S_A6(5m0|/0)
(+)-1a DCM (3 mL), rt
(racemic) (-)-3a
24h (93:7 er)
(5 mol%)
DCM (3 mL), rt
b + — = " R
) (+)-1a 2a >ah (+)-3a
(>99:1 er) (93:7 er)
(5 mol%)
(R)-AG
DCM (3 mL), rt
©) (-)-1a * 2a ——oan (+)-3a
(>99:1 er) (93:7 er)

To a solution of a-indolyl propargylic alcohols 1a (0.10 mmol, 1.0 equiv.) and (R)- or (S)-A6 (0.005 mmol, 5
mol%) in DCM (3 mL) was added indole 2a (0.12 mmol, 1.2 equiv.). The mixture was stirred at room
temperature for 24 h. At this time the reaction was quenched by EtsN (1 drop). The remaining starting material
la and product 3a were isolated by preparative thin layer chromatography, the corresponding ee values were
determined by HPLC.

The products with opposite chirality can be isolated in similar yield after subjecting racemic 1a to chiral (R)-
or (S) phosphoric acid catalyst A6. Using same (R)-A6 catalyst, both (+)-1a and (-)-1a reacted with 2a to

deliver product (+)-3a with same configuration.

OMe
Y.
N
S (10 mol%) oL
o "OH
\ 94
DCM It
N o, B mo R
H (R)-AB: R= C4Fs
1k 2a
3h 56:44 er 32%, 95:5 er
6h 60:40 er 61%, 95:5 er
9h 65:35 er 78%, 95:5 er

To a solution of a-indolyl propargylic alcohol 1k (0.10 mmol, 1.0 equiv.), MgSO, (25 mg), and catalyst
(R)-A6 (0.01 mmol, 10 mol%) in DCM (1 mL) was added indole 2a (0.12 mmol, 1.2 equiv.). Then 12.3 pL PhCF;
(0.10 mmol) was added as NMR internal standard. The mixture was stirred at room temperature and monitored
every 3 h by taking an aliquot (0.2 mL) of the reaction mixture by syringe. The aliquot was quenched by EtsN (1
drop). Analysis of the crude reaction by quantitative °F NMR indicated the formation and the yield of 3t. The
remaining starting material 1k and product 3t were then isolated by preparative thin layer chromatography, the

corresponding e.e. values were determined by HPLC.
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Y.
O o O
P
o OH
‘g R

(R)-AB:R=CgFy

(5 mol%)
©\/€ DCM (3 mL), rt

2a
(x equiv) (x=0.5,1.0,15,2.0)

IZ/

To a solution of a-indolyl propargylic alcohols 1a (0.10 mmol, 1.0 equiv.), and catalyst (R)-A6 (0.005 mmol,
5 mol%) in DCM (3 mL) was added indole 2a (A: 0.05 mmol, 0.5 equiv.; B: 0.10 mmol, 1.0 equiv.; C: 0.15 mmol,
1.5 equiv.; D: 0.20 mmol, 2.0 equiv.). Then 12.3 uL PhCF; (0.10 mmol) was added as NMR internal standard.
The mixture was stirred at room temperature and the initial rate was monitored every 30 min by taking an
aliquot (0.2 mL) of the reaction mixture by syringe. The aliquot was quenched by Et;N (1 drop). Analysis of the
crude reaction by quantitative *°F NMR indicated the formation and the yield of 3a. The remaining reaction
product 3a was isolated by preparative thin layer chromatography, the ee values of 3a were determined by
HPLC.

As shown below, the reactions carried out with different initial concentration of 2a produce good overlay in
the enantiomeric excess data of product 3a, indicating that no catalyst decomposition or product inhibition in
this process. The variations on the initial concentrations of 2a (with same initial concentration of 1a) produce
good consistency in the reaction rate, which showes that the reaction is zeroth-order for 2a, it has no rate

dependence on the initial concentration of the nucleophile 2a.

ee (v0)
AN

100 S

90

80

70

60 —¢=ee (2a, 0.05 mmol)
50 ~fli—ee (2a, 0.10 mmol)
40 ee (2a, 0.15 mmol)
30 (2a, 0.20 mmol)
20

13 ‘ ‘ Time (min)

0 500 1000 1500

Figure S1. The enantioselectivity data of product 3a

Figure S2. Determination of the reaction order of nucleophile
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b. The mechanistic studies of 7a

Ph
X

OH
10 mol% 10 mol%
Fs (R)-A7 ( %) (R)-A7 ( %)
A\ + N 2
N N DCM, rt CM, rt
H H 1lae2a=1i12 NH 1ae:2a=111.2
lae 2a 25h 8a 10h N
22% yield H  >99% yield
55:45 er 96:4 er
Racemic Low enantioselectivity Excellent enantioselectivity

To a solution of a-indolyl propargylic alcohols 1ae (0.10 mmol, 1.0 equiv.) and catalyst (R)-A7 (0.01 mmol,
10 mol%) in DCM (1 mL) was added indole 2a (0.12 mmol, 1.2 equiv.). The mixture was stirred at room
temperature for 2.5 h. The crude product was purified directly by flash column chromatography on silica gel
(petroleum ether/ ethyl acetate = 20:1~10:1) to give the tetrasubstituted allene product 8a.

To a solution of tetrasubstituted allene product 8a (0.05 mmol, 1.0 equiv.) in DCM (1 mL) was added
catalyst (R)-A7 (0.005 mmol, 10 mol%). The mixture was stirred at room temperature for 10 h. The crude
product was purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate =
20:1~10:1) to give the product 7a with >99% yield and 96:4 er.

3-methyl-2-(4,4,4-trifluoro-3-(1H-indol-3-yl)-1-phenylbuta-1,2-dien-1-yl)-1H-indole (8a)

light brown ail, 2.5 h, 22% yield, 55:45 er. *H NMR (500 MHz, CDCls) &: 8.38 (s, 1H), 7.90 (s, 1H), 7.73 (d, J =
8.1 Hz, 1H), 7.59 (d, J = 7.9 Hz, 1H), 7.55-7.51 (m, 2H), 7.48-7.38 (m, 5H), 7.31 (d, J = 8.1 Hz, 1H), 7.22 (dd, J
=15.1,7.5Hz, 2H), 7.14 (t, J = 7.5 Hz, 1H), 7.05 (t, J = 7.6 Hz, 1H), 2.21 (s, 3H). 13C NMR (126 MHz, CDCls) &:
206.5, 136.3, 136.0, 134.6, 129.7, 129.2, 128.9, 128.6, 126.0, 125.7, 123.7 (d, J = 2.5 Hz), 123.5 (q, J = 275.5
Hz), 123.2, 123.0, 121.1, 119.9, 119.7, 119.1, 112.9, 111.6, 110.9, 110.7, 104.4, 99.7 (g, J = 35.5 Hz), 9.7. °F
NMR (471 MHz, CDCl3) &: -61.44. IR (ATR) vmax: 3407, 2954, 1299, 1246, 1187, 735 cm™. HRMS (ESI): m/z
calcd. for Cy7HigNoF3 [M-H]: 427.1428; found: 427.1433. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min, A = 245 nm): tmajor
=13.1 min, tminor = 16.4 min.

To a solution of a-indolyl propargylic alcohols 1ae (0.10 mmol, 1.0 equiv.) and catalyst (R)-A7 (0.01 mmol,
10 mol%) in DCM (1 mL) was added indole 2a (0.12 mmol, 1.2 equiv.). Then 12.3 puL PhCF; (0.10 mmol) was
added as NMR internal standard. The mixture was stirred at room temperature, and the transformation from
lae to 7a was monitored every 2 h by taking an aliquot (0.08 mL) of the reaction mixture by syringe. The aliquot
was quenched by Et;N (1 drop). Analysis of the crude reaction by quantitative 1°F NMR indicated the formation
and the yield of 8a and 7a. The product 8a and 7a were isolated by preparative thin layer chromatography, the
ee values of 8a and 7a were determined by HPLC.

To explore the origin of the excellent stereocontrol in the formation of chiral cyclic 3,1'-BIMs 7a, we
monitored the changes in both the ee values and the yields of 7a and 8a during the reaction. Under standard

conditions, it was observed that ee values of 8a and 7a remained at 10% and 93%, respectively (Fig. S3),
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which excluded the chiral induction from intermediate 8a.

1 1%
(R)_A7( 0 mol%)
CM, rt
lae2a=11.2
lae

Figure S3. The in-situ monitoring of the transformation from lae to 7a.

To a solution of racemic tetrasubstituted allenes 8a (0.10 mmol, 1.0 equiv.), and catalyst (R)-A7 (0.01 mmaol,
10 mol%) in DCM (1 mL). Then 12.3 puL PhCF; (0.10 mmol) was added as NMR internal standard. The mixture
was stirred at room temperature and the process of transforming 8a into 7a was monitored every 1.5 h by
taking an aliquot (0.08 mL) of the reaction mixture by syringe. The aliquot was quenched by EtzN (1 drop).
Analysis of the crude reaction by quantitative *°F NMR indicated the formation and the yield of 8a and 7a.
Products 8a and 7a were isolated by preparative thin layer chromatography, the ee values of 8a and 7a were
determined by HPLC.

As shown below, under standard conditions, the intramolecular cyclization of 8a to 7a proceeded smoothly
with high efficiency and excellent stereoselectivity, implying that 8a might be an intermediate. The ee value of
8a remains at 0% during the process, which excluded a dynamic kinetic resolution mechanism (Fig. S4). The

high ee of 7a comes from the influence of chiral phosphoric acid (R)-A7.

(RIAT (10 mol%)

DCM, rt
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Figure S4. The in-situ monitoring of the transformation from racemic 8a to 7a

To a solution of a-indolyl propargylic alcohols 1ae’ (0.10 mmol, 1.0 equiv.) and catalyst (R)-A7 (0.01 mmol,
10 mol%) in DCM (1 mL) was added indole 2a (0.12 mmol, 1.2 equiv.). The mixture was stirred at room
temperature for 14 h. The crude product was purified directly by flash column chromatography on silica gel
(petroleum ether/ ethyl acetate = 20:1~10:1) to give product 7a’ with 70% yield and 92:8 er (Fig. S5).

When N-methyl protected a-indolyl propargylic alcohol 1ae’ was subjected to the standard conditions, the
desired product 7a’ could be obtained with slightly lower yield and er. This result implied that the free N-H group
of a-indolyl propargylic alcohol might also participate in the chiral control, via hydrogen bond or ion-pair

interaction with chiral phosphoric acid.

1
Ph
X
> OH 10 mol% 10 mol%
Fs (R)_A7( mol%) (R)_A7( mol%)
\ * e
N N DCM, 1t DCM, 1t
\ H lae2a~1'1-2 1lae2a~1:1-2
lae' 2a

14 h, 70%, 92:8 er

Figure S5. Control experiment of N-methylated a-indolyl propargylic alcohol

(R)-9-methyl-3-(1-methyl-1H-indol-3-yl)-1-phenyl-3-(trifluoromethyl)-3H-pyrrolo[1,2-a]indole (7a’)

colorless oil, 14 h, 70% vyield, 92:8 er, [a]zoo = +234.21 (c = 0.28, MeOH). *H NMR (500 MHz, CDCls) &: 7.66 (d,
J=7.2Hz, 2H),7.60 (d, J = 6.9 Hz, 1H), 7.50-7.41 (m, 3H), 7.34 (s, 1H), 7.30-7.22 (m, 1H), 7.17-7.09 (m, 2H),
7.09-7.00 (m, 2H), 6.87 (t, J = 7.6 Hz, 1H), 6.77 (d, J = 8.1 Hz, 1H), 6.39 (s, 1H), 3.80 (s, 3H), 2.39 (s, 3H). 13C
NMR (126 MHz, CDCls) &: 140.9, 140.9, 137.2, 134.8, 134.0, 133.1, 129.6, 129.0, 128.6, 128.3, 128.1, 128.1,
126.0, 125.5 (d, J = 286.2 Hz), 122.9, 122.3, 120.2, 120.0, 119.7, 119.4, 110.9, 110.7, 109.6, 106.2, 105.1, 70.4
(9, J = 31.4 Hz), 33.2, 9.6. 1°F NMR (471 MHz, CDCl3) &: -72.27 (s). IR (ATR) vmax: 1727, 1433, 1354, 1437,
1131, 1098, 740 cm™. HRMS (ESI): m/z calcd. for CygHz1NoFs [M+H]*: 443.1730; found: 443.1733. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralcel OD-H column (hexane/i-PrOH =

99/1, flow rate 0.8 mL-min, A = 280 nmM): tmajor = 8.5 MiN, tminor = 9.0 min.

Based on the above experimental results, we proposed a possible reaction mechanism for this catalytic
asymmetric cyclization as shown in Fig. S6. Firstly, the in-situ dehydration of a-indolyl propargylic alcohol
generates resonance structures IM-1~IM-3 with the help of chiral phosphoric acid (R)-A7. (R)-A7 serves as a
bifunctional catalyst, both stables these resonance structures and activates substrate 2a via hydrogen bond or
ion-pair interaction (IM-4), and helps to generate chiral tetrasubstituted allene 8a with low enantioselectivity.

Subsequently, allene 8a is protonated to generate the indolyl benzylic cation, and (R)-A7 exerts efficient chiral
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induction through ion-pair and hydrogen-bonding with the corresponding carbocation and the N-H moiety on

indole rings (IM-5), and delivers the cyclization product 7a with excellent enantioselectivity.

- "
A
o NH

(R
Ph \\ CF,
s
N
r 7 H
8a

with excellent
enantioselectivity

with low
enantioselectivity

Figure S6. Plausible reaction mechanism
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H NMR of compound 3r (in CDCls)
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9F NMR of compound 3r (in CDClz3)
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H NMR of compound 3s (in CDClz3)
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13C NMR of compound 3s (in CDCl3)
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13C NMR of compound 3t (in CDClIs)
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H NMR of compound 3u (in CDClIs)
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13C NMR of compound 3u (in CDCls)
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9F NMR of compound 3u (in CDCls)
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H NMR of compound 3v (in CDClz3)
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13C NMR of compound 3v (in CDCl3s)
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H NMR of compound 3w (in CDCls)
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13C NMR of compound 3w (in CDClz3)
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F NMR of compound 3w (in CDClz)

H NMR of compound 3x (in CDClz)
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13C NMR of compound 3x (in CDCl3)
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H NMR of compound 3y (in CDClz3)

OMe

13C NMR of compound 3y (in CDCl3)
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9F NMR of compound 3y (in CDClIs)
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H NMR of compound 3z (in CDClIs)
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13C NMR of compound 3z (in CDCls)
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H NMR of compound 3aa (in CDClIs)
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9F NMR of compound 3aa (in CDCls)
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13C NMR of compound 3ab (in CDClzs)
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H NMR of compound 3ac (in CDCIs)
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13C NMR of compound 3ac (in CDCls)
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9F NMR of compound 3ac (in CDCls)
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13C NMR of compound 3ad (in CDCl3)
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H NMR of compound 3ae (in CDClIs)
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9F NMR of compound 3ae (in CDCls)
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13C NMR of compound 3af (in CDClz3)
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9F NMR of compound 3af (in CDClz3)
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H NMR of compound 3ag (in CDCls)
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9F NMR of compound 3ag (in CDCl3)
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13C NMR of compound 3ah (in CDCl3)
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9F NMR of compound 3ah (in CDCl3)
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H NMR of compound 3ai (in CDCl3)
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9F NMR of compound 3ai (in CDClIs)
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H NMR of compound 3aj (in CDCl3)
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13C NMR of compound 3aj (in CDClIs)
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9F NMR of compound 3aj (in CDClIs)
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H NMR of compound 3ak (in CDClIs)
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13C NMR of compound 3ak (in CDCls)
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9F NMR of compound 3ak (in CDCls)

OMe

H NMR of compound 3al (in CDCl3s)

Iz

CF3

Iz /in,,,

5173



13C NMR of compound 3al (in CDClIs)
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H NMR of compound 3am (in CDClz)
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13C NMR of compound 3am (in CDClzs)
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F NMR of compound 3am (in CDClIs)
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H NMR of compound 3an (in CDCls)
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13C NMR of compound 3an (in CDClzs)

F NMR of compound 3an (in CDCl3)
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H NMR of compound 5a (in CDClz)

13C NMR of compound 5a (in CDCl3s)
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9F NMR of compound 5a (in CDClIs)

H NMR of compound 5b (in CDClIs)
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13C NMR of compound 5b (in CDCls)

9F NMR of compound 5b (in CDCls)
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H NMR of compound 5c (in CDClz)

13C NMR of compound 5c (in CDCl3s)
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F NMR of compound 5c¢ (in CDClIs)

H NMR of compound 5d (in CDClIs)
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13C NMR of compound 5d (in CDCls)

9F NMR of compound 5d (in CDCls)
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H NMR of compound 5e (in CDClz3)

13C NMR of compound 5e (in CDCl3)
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9F NMR of compound 5e (in CDClIs)

H NMR of compound 5f (in CDClzs)
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13C NMR of compound 5f (in CDClIs)

9F NMR of compound 5f (in CDCls)
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H NMR of compound 5g (in CDClIs)

13C NMR of compound 5g (in CDCls)
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9F NMR of compound 5g (in CDCls)

H NMR of compound 5h (in CDClIs)
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13C NMR of compound 5h (in CDCls)

9F NMR of compound 5h (in CDCls)
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H NMR of compound 5i (in CDCls)

13C NMR of compound 5i (in CDClzs)
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F NMR of compound 5i (in CDCl3)

H NMR of compound 5j (in CDCls)
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13C NMR of compound 5j (in CDClzs)

F NMR of compound 5j (in CDCl3s)

5192



H NMR of compound 5k (in CDClz3)

13C NMR of compound 5k (in CDCl3s)
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9F NMR of compound 5k (in CDClIs)

H NMR of compound 5l (in CDCls)
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13C NMR of compound 5l (in CDClzs)

F NMR of compound 5l (in CDCl3)
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H NMR of compound 5m (in CDCls)

13C NMR of compound 5m (in CDClz3)
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F NMR of compound 5m (in CDClz3)

H NMR of compound 5n (in CDClIs)
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13C NMR of compound 5n (in CDCls)

9F NMR of compound 5n (in CDCls)
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H NMR of compound 50 (in CDClIs)

13C NMR of compound 50 (in CDCls)
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9F NMR of compound 50 (in CDCls)

H NMR of compound 5p (in CDClIs)
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13C NMR of compound 5p (in CDCls)

9F NMR of compound 5p (in CDCls)
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H NMR of compound 5q (in CDClIs)

13C NMR of compound 5q (in CDCls)
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9F NMR of compound 5q (in CDCls)

H NMR of compound 5r (in CDCls)
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13C NMR of compound 5r (in CDClz3)

9F NMR of compound 5r (in CDClz3)
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H NMR of compound 7a (in CDClz3)

13C NMR of compound 7a (in CDCl3s)
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9F NMR of compound 7a (in CDClIs)

H NMR of compound 7b (in CDClIs)

5206



13C NMR of compound 7b (in CDCls)

9F NMR of compound 7b (in CDCls)
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H NMR of compound 7c (in CDClz)

13C NMR of compound 7c (in CDCls)
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9F NMR of compound 7c (in CDClIs)

H NMR of compound 7d (in CDClIs)
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13C NMR of compound 7d (in CDCls)

9F NMR of compound 7d (in CDCls)
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H NMR of compound 7e (in CDClz3)

13C NMR of compound 7e (in CDCl3)
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9F NMR of compound 7e (in CDClIs)

H NMR of compound 7f (in CDCl3)
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13C NMR of compound 7f (in CDClIs)

F NMR of compound 7f (in CDCls)
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H NMR of compound 7g (in CDClIs)

13C NMR of compound 7g (in CDCls)
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9F NMR of compound 7g (in CDCls)

H NMR of compound 7h (in CDClIs)
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13C NMR of compound 7h (in CDCls)

9F NMR of compound 7h (in CDCls)
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H NMR of compound 7i (in CDCls)

13C NMR of compound 7i (in CDCls)
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F NMR of compound 7i (in CDCl3s)

H NMR of compound 7j (in CDCls)
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13C NMR of compound 7j (in CDCls)

9F NMR of compound 7j (in CDClzs)
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H NMR of compound 7k (in CDClz3)

13C NMR of compound 7k (in CDCls)
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F NMR of compound 7k (in CDClIs)

H NMR of compound 71 (in CDCls)

5221



13C NMR of compound 7! (in CDCls)

F NMR of compound 7! (in CDCl3)
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H NMR of compound 7m (in CDCls)

13C NMR of compound 7m (in CDClz3)
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F NMR of compound 7m (in CDClz3)

H NMR of compound 7n (in CDClIs)
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13C NMR of compound 7n (in CDCls)

9F NMR of compound 7n (in CDCls)
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H NMR of compound 70 (in CDClIs)

13C NMR of compound 70 (in CDCls)
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9F NMR of compound 70 (in CDCls)

IH NMR of compound 7p (in CDClIs)
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13C NMR of compound 7p (in CDCls)

9F NMR of compound 7p (in CDCls)
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H NMR of compound 7q (in CDClIs)

13C NMR of compound 7q (in CDCls)
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9F NMR of compound 7q (in CDCls)

H NMR of compound 7r (in CDCls)
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13C NMR of compound 7r (in CDClz3)

9F NMR of compound 7r (in CDClz3)
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H NMR of compound 7s (in CDClz3)

13C NMR of compound 7s (in CDCl3s)
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F NMR of compound 7s (in CDClIs)

H NMR of compound 7t (in CDClzs)
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13C NMR of compound 7t (in CDClIs)

F NMR of compound 7t (in CDCls)
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H NMR of compound 7u (in CDClIs)

13C NMR of compound 7u (in CDCls)
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9F NMR of compound 7u (in CDCls)

H NMR of compound 7v (in CDClz3)
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13C NMR of compound 7v (in CDCl3s)

F NMR of compound 7v (in CDClIs)
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H NMR of compound 7w (in CDCls)

13C NMR of compound 7w (in CDClz3)
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F NMR of compound 7w (in CDClz)

H NMR of compound 7x (in CDClz3)
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13C NMR of compound 7x (in CDCls)

F NMR of compound 7x (in CDClIs)
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H NMR of compound 9 (in CDCls)
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9F NMR of compound 9 (in CDClz)
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13C NMR of compound 10 (in CDCls)
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9F NMR of compound 10 (in CDClIs)
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H NMR of compound 11 (in CDClIs)
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13C NMR of compound 11 (in CDCls)
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F NMR of compound 11 (in CDClz3)
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H NMR of compound 12 (in CDClz3)
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13C NMR of compound 12 (in CDCls)
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H NMR of compound 13a (in CDClIs)
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9F NMR of compound 13a (in CDCls)
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13C NMR of compound 13b (in CDCl3)
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H NMR of compound 13c (in CDClIs)
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9F NMR of compound 13c (in CDCls)
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H NMR of compound 14 (in CDClz3)
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13C NMR of compound 14 (in CDCls)
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H NMR of compound 15 (in CDClz3)

13C NMR of compound 15 (in CDCl3s)
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9F NMR of compound 15 (in CDClIs)

H NMR of compound 16 (in CDClz)
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13C NMR of compound 16 (in CDCl3s)

9F NMR of compound 16 (in CDClIs)
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H NMR of compound 17 (in CDClz3)

13C NMR of compound 17 (in CDCl3s)
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F NMR of compound 17 (in CDClIs)

H NMR of compound 18 (in CDClz3)
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13C NMR of compound 18 (in CDCl3s)

9F NMR of compound 18 (in CDClIs)
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H NMR of compound 8a (in CDClz)

13C NMR of compound 8a (in CDCl3s)
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9F NMR of compound 8a (in CDClIs)

H NMR of compound 7a’ (in CDCls)
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13C NMR of compound 7a’ (in CDClz)

F NMR of compound 7a’ (in CDClz)
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9. Copies of HPLC Spectra

HPLC spectrum of the racemate

f5% 1: DAD1 D, Sig=245,8 Ref=360,100

W PREIE ) R ETHE g 1 e i A4
# [min] [min] [mAU*s] [mAU] %

e | === ======- R | |- |
1 5.520 VB 0.1103 5980.47559 848.23560 49.7292

2 6.140 BB 0.1192 6045.60303 773.70276 50.2708

HPLC spectrum of the enantioenriched compound

&% 1: DAD1 C, Sig=254,8 Ref=360,100

Ve PRERI) A TR e 1y TR A
# [min] [min] [mAU*s] [mAU] %
e e | --mmm - | = | ===
1 5.980 MM R 0.1439 7545.08447 873.61377 96.0075
2 6.783 MM R 0.1228 313.76642 42 .57241 3.9925
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HPLC spectrum of the racemate

f§9 1: DAD1 D, Sig=245,8 Ref=360,100

U PRERIE) ZRTY e UAE T WA vy S THEA
# [min] [min] [mAU*s] [mAU] %
e e |-===|------- R |====mmmme- | ===
1 9.488 EB 0.1998 9415.66992 714.34064 49.9792
2 10.796 BB 0.2264 9423.51465 630.23212 50.0208

HPLC spectrum of the enantioenriched compound

f§% 1: DAD1 D, Sig=245,8 Ref=360,100

U PRETI ) ST g g TR U] Ueg TR
# [min] [min] [mAU*s] [mAU] %
I e R R | == |
1 9.377 MM R 0.2231 9285.93457 693.75580 87.2159
2 10.734 MM R 0.2195 1361.13147 103.33169 12.7841
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HPLC spectrum of the racemate

f5% 1: DAD1 D, Sig=245,8 Ref=360,100

Ve fREFIT SRR U UEE T UEE fp EHPA
# [min] [min] [mAU*s] [mAU] %
e R | === |- | == | === | === |
1 5.829 BB 0.1142 4717.57031 623.75342 49.9501
2 6.795 VB 0.1382 4727.00146 529.06079 50.0499

HPLC spectrum of the enantioenriched compound

f5% 1: DAD1 D, 8ig=245,8 Ref=360,100

U DREE) SHY U U T AR (3 ESHE
# [min] [min] [mAU*s] [mAU] %

1 5.804 MM R 0.1335 7603.80518 949.09576 94.2351
2 6.794 MM R 0.1191 465.16776 65.08567 5.7649
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HPLC spectrum of the racemate

fi'9 1: DAD1 C, Sig=254,8 Ref=360,100

Ve PREFIFE) A iR EFTHE Vg iy U i
# [min] [min] [MAU*s ] [mAU] %

e | —=m | === R | —mmmm | ==
1 5.805 BB 0.1184 5270.27393 680.02924 50.0752

2 7.169 BB 0.1482 5254.44336 546.46912 49.9248

HPLC spectrum of the enantioenriched compound

fi'% 1: DAD1 C, Sig=254,8 Ref=360,100

W LREIN N R i UEE TR U vy e TR A
# [min] [min] [mAU*s ] [mAU] %
e | === === e | ===mmmmmee | === |
1 5.785 MM R 0.1465 1.35009=4 1536.15674 93.1787
2 7.171 MM R 0.1330 988.35059 123.8297¢6 6.8213
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HPLC spectrum of the racemate

f§% 1: DADL C, Sig=254,8 Ref=360,100

e {REINE] ST 0 VA THI R 3] ETHE A
- [min] [min] [mAU*s] [mAU] %

e e Bt | -=mmmmmm- | === |-
1 5.950 vv 0.1194 9297.89355 1187.01428 485.5024

2 7.465 BB 0.1531 9334.25586 929.75336 50.0976

HPLC spectrum of the enantioenriched compound

fi5 1: DADL C, Sig=254,8 Ref=360,100

g LREFm ) 2RI i ETHEA U iy ESTHE
# [min] [min] [mAU*s] [mAU] %
e |-=== | -==-——- |- mmmm - | ===mmmmmes | === |
1 5.935 MM R 0.1436 1.06390ed4 1234.85767 91.8400
2 7.474 MM R 0.1481 945.27325 106.36582 8.1600
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HPLC spectrum of the racemate

fi% 1: DADLl C, Sig=254,8 Ref=360,100

e PRETI] ZER e I T U frp U THI R
¥ [min] [min] [mAU*s ] [mAU] %
—eom oo | ===m | =mmmmme | ==mmmmmeme | ==mmmmmman | ==mmm—e-e |
1 5.279 BB 0.1050 £159.32129 909.16516 49.8963

2 6.449 BB 0.1293 6184.93213 741.62708 50.1037

HPLC spectrum of the enantioenriched compound

f5%5 1: DAD1 C, Sig=254,8 Ref=360,100

W DB BT ETHEA e 1y ESHERN
i [min] [min] [mAU*s] [mAU] %

1 5.281 MM R 0.1169 7006.82520 998.71063 97.2739
2 6.462 MM R 0.1085 196.36325 30.16833 2.7261
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HPLC spectrum of the racemate

fi's 1: DAD1 D, Sig=245,8 Ref=360,100

U CREFIR SRR e ESTHEA Vg 1 ESTHEA
# [min] [min] [mAU*s] [mAU] %
e e B | == m e | = | ===
1 6.233 BB 0.1283 8596.21191 1041.68176 49.8374
2 7.342 VB 0.1518 8652.28809 886.72565 50.1626

HPLC spectrum of the enantioenriched compound

f§% 1: DAD1 D, Sig=245,8 Ref=360,100

Ve PREEm] R 0 UAETRI AR UeE iy U 1]
# [min] [min] [mAU*s] [mAU] %
R R P | -=—mm o= | —=mmmm - | =m=mmmm- |
1 £.239 MM R 0.1461 7651.24512 873.00812 98.3912
2 7.374 MM R 0.1265 125.10931 16.48480 1.6088
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HPLC spectrum of the racemate

f5% 1: DAD1 D, Sig=245,8 Ref=360,100

UE LB R i U T A U 1y U i
# [min] [min] [mAU*s] [mAU] %
———o [ mmom - e | -==mmm - e | =
1 5.966 BB 0.1211 3412.56909 427.49149 50.0215

2 €.585 BB 0.1310 3409.63037 401.87247 49.9785

HPLC spectrum of the enantioenriched compound

fi% 1: DAD1 D, Sig=245,8 Ref=360,100

W CREIITI) ST e U THT U e UEETHT AR
# [min] [min] [mAU*s] [mAU] %
S R | === | -mmm o= | -—mmmm - R | |
1 5.927 MM R 0.1437 1.0944¢ce4 1269.10889 95,7494
2 6.581 MM R 0.1185 485.85861 68.33458 4.2506
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HPLC spectrum of the racemate

f§%5 1: DAD1 C, Sig=254,8 Ref=360,100

Vg TREFINE] T g TP U 1 EFTHPA
# [min] [min] [mAU*s] [mAU] %
e | e | == | === | == |
1 6.251 BV 0.1275 8304.21094 1014.31250 49.4182
2 6.571 VvV 0.1371 8499.73e33 943.91785 50.5818

HPLC spectrum of the enantioenriched compound

fi's 1: DADLl C, Sig=254,8 Ref=360,100

UE PRI S g U T AR U U R
# [min] [min] [mAU*s] [mAU] %
e R R | == | == | === |
1 6.201 MM R 0.1405 1.26384ed4 1498.84766 96.0928
2 6.549 MM R 0.1238 513.88026 69.20360 3.9072
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HPLC spectrum of the racemate

f§%9 1: DAD1 D, 5ig=245,8 Ref=360,100

1 S ) S 5 ESIHE A U fep Ve THT A
# [min] [min] [mAU*s ] [mAU] %
e e e | === | e |
1 7.531 BB 0.1559 4898.97461 484.83606 49.8550

2 8.964 BB 0.187% 4927.46973 405.13675 50.1450

HPLC spectrum of the enantioenriched compound

f5% 1: DADL D, Sig=245,8 Ref=360,100

Ve PRETITE] SR bR S THEA Ueg i S HE
# [min] [min] [mAU*s] [mAU] %
e e | -=mmmmm - | ==memmmmen | ====mmm- |
1 7.727 MM R 0.1940 1.63171ed4 1402.03821 95.1360
2 9.301 MM R 0.1838 834.23462 75.62906 4.8640
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HPLC spectrum of the racemate

fi% 1: DADL C, Sig=254,8 Ref=360,100

[ b1 ] IS IR ) VT U 5y e i L
# [min] [min] [mMAU*s] [mAU] %
e e | === | === | e |
1 24.435 BB 0.6026 6857.98389 171.47102 50.2288
2 31.114 BB 0.6954 6795.50391 149.19061 49.7712

HPLC spectrum of the enantioenriched compound

f5% 1: DAD1 C, Sig=254,8 Ref=360,100

1 Py T i 5 U T A U fey U T A
¥ [min] [min] [mAU*s] [mAU] %

1 24.188 MM R 0.7923 2.00132e4 421.00980 97.1371
2 31.472 MM R 0.6630 589.84753 14.82670 2.8629
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HPLC spectrum of the racemate

fi's 1: DAD1 C, Sig=254,8 Ref=360,100

W PREHI ) R T S IHEA U i e iy 5
# [min] [min] [mAU*s] [mAU] %
aanndEEEEEEE e | -==mmmm o R | ===
1 6.817 BB 0.1527 9937.87207 993.92303 49.9186
2 8.780 VB 0.1937 9970.29687 787.55768 50.0814

HPLC spectrum of the enantioenriched compound

f5%5 1: DAD1 C, Sig=254,8 Ref=360,100

Ve DREAI A e EFHE U EIHE
# [min] [min] [mAU*s] [mAU] %
e | = | | == | === |~
1 6.766 MM R (0.1728 4261.18457 410.93579 97.0630
2 8.744 MM R 0.1708 128.93044 12.57970 2.9370

5273



OMe

HPLC spectrum of the racemate

fi'9 1: DAD1 C, Sig=254,8 Ref=360,100

U TR A M DA IR ) EIEA
# [min] [min] [mAU*s] [mAU] %
- [—mm-- R |-=-------- | ======-—=- | === |
1 26.256 BB 0.7278 1.31233e4 274.48920 49.9334
2 39.591 BR 0.9356 1.31582e4 203.71080 50.0666

HPLC spectrum of the enantioenriched compound

f§% 1: DAD1 C, Sig=254,8 Ref=360,100

W fREI 2R 0 e T 5 U 1y U i L
# [min] [min] [mAU*s] [mAU] %
R R R R | == | == | == |
1 26.133 MM R 0.9457 1.84956e4 325.96304 97.0831
2 40.451 MM R 0.7727 555.70648 11.98569 2.9169

S274



OMe

HPLC spectrum of the racemate

f§9 1: DAD1 C, S5ig=254,8 Ref=360,100

UE QRETE SR g Ve [ AR U e i
# (min] [min] [MAU*s] [mAU] %

e | ===l -=--—-- R R | m==mmmm= |
1 5.881 BB 0.1206 1.08583e4 1367.90833 49.6889

2 8.019 BV 0.1730 1.09943e4 994.48737 50.3111

HPLC spectrum of the enantioenriched compound

f5'% 1: DAD1 C, Sig=254,8 Ref=360,100

W GREAI] A s e T U 57 W T L
& [min] [min] [mMAU*s] [mAU] %

1 5.879 MM R 0.1439 1.2481l6ed4 1445.48413 98.3195
2 8§.067 MM R 0.1412 213.33418 25.18801 1.6805
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HPLC spectrum of the racemate

fi' 1: DAD1 C, Sig=254,8 Ref=360,100

Ve CRETEE] GRA g TP U 1 U T
# [min] [min] [mAU*s] [mAU] %
e R | ==== | ===m e | ==mmmmme | ===mmmmmm | ====-==-
1 7.648 BB 0.1652 9686.93652 902.31567 49.8624
2 10.484 BB 0.2303 9740.39746 652.12354 50.1376

HPLC spectrum of the enantioenriched compound

f5%5 1: DAD1 C, Sig=254,8 Ref=360,100

e PREEE ) R s ESIHEA 32 e i A4
# [min] [min] [mAU*s] [mAU] %
e et | === | = e | == | == | =m=mmmme |
1 7.579 MM R 0.1959 2.27577e4 1936.12036 97.4372
2 10.491 MM R 0.2148 598.57629 46.44263 2.5628
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HPLC spectrum of the racemate

fi' 1: DAD1 E, Sig=280,16 Ref=360,100

WE fREEIN] SRR g ST U i e T
# [min] [min] [mAU*s] [(mAU] %
e R === | =mmmmm R | === | === |
1 6.205 VvV 0.1346 1.48270ed 1720.20068 50.0225
2 65.894 VB 0.1465 1.48137e4 1564.27441 49,9775

HPLC spectrum of the enantioenriched compound

f5'5 1: DAD1 D, Sig=245,8 Ref=360,100

Ve fRBEIN ) SR e UEETHI AN UEE 1y g 1 A
# [min] [min] [mAU*s] [mAU] %
e e | === | === | === |
1 6.202 MM R 0.1469 1.58597e4 1798.86609 96.6542
2 £.929 MM R 0.1362 548.99768 67.20406 3.3458
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HPLC spectrum of the racemate

f&5 1: DAD1 E, Sig=280,16 Ref=360,100

Ve fREFIE) R b TP 31 e T A
# [min] [min] [mAU*s] [mAU] %

aanndEEEEE e | =mmm oo | ==mmm e | —mmm - |
1 6.259 BV 0.1415 1.87672e4 2075.53760 49.7515

2 7.046 VV 0.1537 1.89547e4 1910.66882 50.2485

HPLC spectrum of the enantioenriched compound

{5 1: DAD1 D, Sig=245,8 Ref=360,100

Vg PRBIIT) R g TR U U THT R
# [min] [min] [mAU*s] [mAU] %
e R | === | === | oo
1 6.227 MM R 0.1673 2.24232e4 2233.47949 95,8871
2 7.067 MM R 0.1474 961.80597 108.77927 4.1129
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HPLC spectrum of the racemate

f§% 1: DAD1 E, Sig=280,16 Ref=360,100

Vg (RRIEE] R UEE TR UEE i U THT
# [min] [min] [mAU*s] [mAU] %
e e | === | = | =mmmmeee |
1 7.831 BB 0.1755 1.15267e4 1007.52960 50.0093
2 11.353 BB 0.2559 1.15224e4 693.40417 49.9907

HPLC spectrum of the enantioenriched compound

f§'5 1: DADl E, Sig=280,16 Ref=360,100

e CREFIN T RTY W UEE [T AL U i UEE T
# [min] [min] [mAU*s] [mAU] %
e e | —==-mmm o R |
1 7.809 MM R 0.2166 2.89941ed 2231.05615 98.0457
2 11.407 MM R 0.2125 577.91431 45.33232 1.9543
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HPLC spectrum of the racemate

f% 1: DAD1 D, Sig=245,8 Ref=360,100

Ve fREIIE T g ST 31 EJTHEA
# [min] [min] [mMAU*s] [mAU] %

Eannd BT R | =mmmmm - | === | —mmm - |
1 20.700 MM R 0.5560 1569.50525 47.04650 45.8492

2 46.498 MM R 1.3754 1579.00317 19.13347 50.1508

HPLC spectrum of the enantioenriched compound

f§9 1: DAD1 D, Sig=245,8 Ref=360,100

W CRETIE) S 0 ETHEA U e T A
¥ [min] [min] [mAU*s] [mAU] %
aannlEEEEEE e | -=-mmm - | == | ===m=mm |
1 20.847 MM R 0.5490 37.69473 1.14437 4,6849
2 43.950 MM R 1.2794 766.89899 9.99063 95.3151
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HPLC spectrum of the racemate

{55 1: DAD1 €, Sig=254,8 Ref=360,100

W CREGIS) R W TR A U 15 G A
# (min] [min] [mAU*s] [mAU] %
———— = [ === === [ —===—==——= | —==—==——=- | —===—==- |
1 10.337 BB 0.2216 2555.82349 177.85921 50.0523
2 11.539 BB 0.2407 2550.48193 162.83086 49.9477

HPLC spectrum of the enantioenriched compound

f5% 1: DAD1 C, Sig=254,8 Ref=360,100

U PRETIRN] 2SE e U T U Ue THT R
# min] [min] [mAU*s] [mAU] %
e R | === |====mm—- e |
1 10.293 MM R 0.2614 1.05582e4 673.16754 95.3145
2 11.569 MM R 0.2363 519.01892 36.60696 4.6855

5281



OMe

3u

HPLC spectrum of the racemate

f5% 1: DADl E, Sig=280,16 Ref=360,100

U PRETIIIE] ST s e U ey ESTHEA
k3 [min] [min] [mAU*s] [mAU] %

e R | -=—mmmm-- | = |-
1 12.078 BV 0.3011 3.21646ed4 1610.18188 49.9428

2 13.427 VB 0.3128 3.22383e4 1562.22375 50.0572

HPLC spectrum of the enantioenriched compound

{59 1: DAD1 E, Sig=280,16 Ref=360,100

W CREARE) SRR IR U iy R
# [min] [min] [mMAU*s] [mAU] %
=== |=mmmman R | === | = | ==
1 12.120 MM R 0.3359 2.16318e4 1073.26624 95.1586
2 13.570 MM R 0.2876 1100.568214 63.77062 4.8414
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HPLC spectrum of the racemate

f59 1: DAD1 E, Sig=280,16 Ref=360,100

g OREAE) RA uE EPEA U U i
# [min] [min] [mAU*s] [mAU] %
mmmm | = | === | === |- mmmm--- | === | ===
1 12.804 BE 0.3730 4.44724ed4 1783.17285 49.7942

2 15.720 VB 0.4085 4.4839%e4 1663.29932 50.2058

HPLC spectrum of the enantioenriched compound

f* 1: DAD1 E, Sig=280,16 Ref=360,100

Ve PRERITE) R s ETHEA Ve fey SN
# [min] [min] [mAU*s] [mAU] %
e | === | = R | === | === |
1 12.983 MM R 0.3891 2.90762ed4 1245.42590 96.1490
2 16.167 MM R 0.3108 1164.57947 62.45669 3.8510
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HPLC spectrum of the racemate

fi% 1: DADl E, S5ig=280,16 Ref=360,100

W PRETHF] R g U Ty A U 5y U T A
# [min] [min] [mAU*s] [mAU] %

S | === ]==----—- | —=-=--—-- |~ ==
1 13.234 BB 0.4420 6.50890e4 2194.81934 49.6896

2 17.430 BB 0.5001 6.59021e4 2022.59131 50.3104

HPLC spectrum of the enantioenriched compound

{59 1: DADl E, Sig=280,16 Ref=360,100

- e ] R S R - I IPEA U U i
# [min] [min] [mAU*s] [mAU] %
I R | ==== | = | === m e | —mmmm | =
1 13.508 MM R 0.3918 2.36695e4 1006.85883 96.1935
2 17.951 MM R 0.3364 936.64240 46.41051 3.8065
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HPLC spectrum of the racemate

f6% 1: DADL E, 5ig=280,16 Ref=360,100

Vg fREE A i ST g vy Ueg [T R
# [min] [min] [mMAU*s] [mAU] %

SRR R e | =-mmmmm oo |=-mmmmmm e | === |
1 10.044 MM R 0.3078 4.36345e4 2362.91504 49.5317

2 14.013 MM R 0.3682 4.44595e4 2012.68262 50.4683

HPLC spectrum of the enantioenriched compound

f§% 1: DAD1l E, Sig=280,16 Ref=360,100

Ve B BRI uwE UETHI U 1 TR
i [min] [min] [mAU*s] [mAU] %
e R | == mmm e | === | === |
1 9.839 MM R 0.2594 2.32625e4 1494.76379 96.5810
2 13.808 MM R 0.2784 823.50031 49.,29202 3.4190

5285



OMe

HPLC spectrum of the racemate

f559 1: DADL C, Sig=254,8 Ref=360,100

W fREI) 8w UeE T i) U Ty A
# [min] [min] [mAU*s ] [mAU] %
R |==mm | mmmmme | ===mmmmmen | ==mmmmmmee | m=mmmmae |
1 13.656 BB 0.3203 1.66181e4 780.74896 49.9581

2 18.850 BB 0.4242 1.66460e4 591.63928 50.0419

HPLC spectrum of the enantioenriched compound

fi*% 1: DADl C, Sig=254,8 Ref=360,100

U OREEITE] T DT UETHI R U T T
# [min] [min] [mMAU*s] [mAU] %

1 13.467 MM R 0.3682 1.54034e4 697.23822 95.1608
2 18.792 MM R 0.3939 783.30676 33.14393 4.8392
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HPLC spectrum of the racemate

fi%9 1: DAD1 E, Sig=280,16 Ref=360,100

WE PRI M U TR 3 T
# [min] [min] [mMAU*s ] [mAU] %
e R | === | = | === |
1 11.507 BB 0.3125 2.28707e4 1138.02161 49.9142
2 12.764 BB 0.3958 2.29492e4 881.37604 50.0858

HPLC spectrum of the enantioenriched compound

f5§% 1: DAD1l E, S5ig=280,16 Ref=360,100

W CREAR] 2RI A UEE THT U 557 e T
# [min] [min] [mAU*s] [mAU] %
e R | === | === | ===
1 11.487 MM R 0.2751 1666.25854 100.95404 4.8623
2 12.565 MM R 0.4481 3.26028ed4 1212.55920 95.1377
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HPLC spectrum of the racemate

fi5 1: DAD1 C, Sig=254,8 Ref=360,100

Ve PREREE] ER e ESHEA U i ESTAEA
¥ [min] [min] [mMAU*s] [mAU] %

e e | ——mmmmmo-- | -===--m-- | e |
1 15.228 BB 0.3478 6919.55078 301.30170 49.9879
2 19.338 BB 0.4264 6922.89209 247.48535 50.0121

HPLC spectrum of the enantioenriched compound

fi5 1: DADl C, Sig=254,8 Ref=360,100

WE R T M HHEA Ve U T R
# [min] [min] [mAU*s] [mAU] %
el | === === |-=—mmmm - e | === |
1 14.726 MM R 0.4033 1.51441e4 625.91077 96.0103
2 18.916 MM R 0.3660 629.30676 28.65499 3.9897
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HPLC spectrum of the racemate

f§% 1: DAD1 C, S5ig=254,8 Ref=360,100

Ve CREAmIE BA s UEETHIR U1 UEE TR
# [min] [min] [mAU*s] [mAU] %
e e B | ===mmmmmee | === R
1 7.941 BB 0.1993 2.36587e4 1824.72083 49.9534

2 9.350 BB 0.2236 2.37028e4 1650.22241 50.0466

HPLC spectrum of the enantioenriched compound

f5%5 1: DAD1 C, Sig=254,8 Ref=360,100

Ve PREFIE] T o U T U foy U T
# [min] [min] [mAU*s] [mAU] %
R e P R |~ |
1 7.925 MM R 0.2088 2.20974ed4 1763.84500 94.8284
2 9.387 MM R 0.1832 1205.11243 109.66250 5.1716
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HPLC spectrum of the racemate

fi'% 1: DAD1 C, S5ig=254,8 Ref=360,100

e BREFIFIR AR [ESTHE A U (ESTHE A
i [min] [min] [mAU*s] [mAU] %
- [-===] === |- |-==——==—- | ===
1 11.154 BB 0.2902 5005.32275 265.21338 50.0068

2 17.475 BB 0.4572 5003.96680 169.09886 49.9932

HPLC spectrum of the enantioenriched compound

f§% 1: DAD1 C, Sig=254,8 Ref=360,100

e PRFER R ST W R U iy E3HE
i [min] [min] [mAU*s] [mAU] %
= |- [-=———m— [-===——== |——==———= |
1 11.387 MM R 0.2532 971.84827 63.97219 5.9178
2 17.718 MM R 0.6345 1.54505e4 405.85901 94.0822
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HPLC spectrum of the racemate

5% 1: DAD1 C, Sig=254,8 Ref=360,100

W LREGIR SRA e U T U g T AR
T [min] [min] [mMAU*s] [mAU] %
el B | === === |- [-========= | === |
1 14.748 BB 0.4316 7315.77100 262.16068 50.0307
2 16.562 BB 0.5191 7306.79443 214.67160 49,9693

HPLC spectrum of the enantioenriched compound

5% 1: DADL C, Sig=254,8 Ref=360,100

I fREFMIR] R g TR U U [f7 A
# [min] [min] [mAU*s] [mAU] %

1 14.936 MM R 0.4300 1022.55518 39.63531 6.9599
2 16.489 BB 0.5529 1.36694e4 370.06607 ©3.0401
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HPLC spectrum of the racemate

f§% 1: DAD1 C, Sig=254,8 Ref=360,100

[ [ 1 i R & 5 e T A5 L=} e T A5
# [min] [min] [mAU*s] [mAU] %
———m | [-=—= |- [-==——==—== [-===—===== | === === |
1 15.620 BV 0.5282 3.14515e4 885.83234 49.7417
2 16.981 VB 0.7561 3.17781e4 588.40460 50.2583

HPLC spectrum of the enantioenriched compound

f6* 1: DAD1 C, Sig=254,8 Ref=360,100

e RFER IR ST e e | A Uy e | A
i [min] [min] [mAU*s] [mAU] %
e |- -=———= [-————————= [-————————= |———————= |
1 16.30¢9 MM R 0.4197 1049.72693 41.68451 6.9926
2 17.61l6 MM R 0.7835 1.39622¢4 297.01636 93.0074
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HPLC spectrum of the racemate

fg% 1: DAD1l C, Sig=254,8 Ref=360,100

[ v 5 1 N A I 5y e T £ i3 U [ 751
# [min] [min] [mAU*s] [mAU] %
== |- === [-==———=—- [-—=——=——== [—==—====
1 16.830 BV 0.4515 1.56597e4 511.06479 49.9001
2 18.158 VB 0.4611 1.57224e4 508.03201 50.099¢

HPLC spectrum of the enantioenriched compound

{§% 1: DAD1 C, Sig=254,8 Ref=360,100

Ve CREAR ] 2SR WRE TR A [l ETAEEA
# [min] [min] [mAU*s] [mAU] %
e [-——= - |- |[-———————- |——==———-
1 16.978 MM R 0.5373 1.42577e4 442 ,.23758 92.5973
2 18.561 MM R 0.4350 1139.83740 43.67155 7.4027
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HPLC spectrum of the racemate

{f&% 1: DAD1 C, Sig=254,8 Ref=360,100

W (REFIE A g e pfrr Uy e pfry
7 [min] [min] [mAU*s] [mAU] %
- [-——— = |- |[-————————- | ———————- |
1 10.610 BB 0.3157 1.11858e4 544.,41431 49,9301

2 11.902 BB 0.3230 1.12171e4 534.07703 50.0699
HPLC spectrum of the enantioenriched compound

f§% 1: DADl C, Sig=254,8 Ref=360,100

e PREAME] A kg U T A W e i
# [min] [min] [mMAU*s] [mAU] %
=== |- e | ====—m= | ====m—- [—====== |
1 10.654 MM R 0.3619 8763.27832 403.59097 96.0228
2 11.999 MM R 0.2905 362.96869 20.82593 3.9772
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HPLC spectrum of the racemate

fg§% 1: DAD1 E, Sig=280,16 Ref=360,100

g fREFIN ST g g THT A U 5y U T AH
# [min] [min] [mMAU*s] [mAU] %
- [-=—= |- [ === | === | === |
1 14.760 BB 0.4425 1.49472e4 521.30389 49.9776

2 20.478 BB 0.6252 1.49606e4 367.26166 50.0224

HPLC spectrum of the enantioenriched compound

f§'% 1: DAD1l E, Sig=280,16 Ref=360,100

W CREGI A WETE e [T AN [l e [T A
¥ [min] [min] [mAU*s] [mAU] %
| [-=—= === [-==———— [-==—==== |———=———= |
1 14.762 MM R 0.5211 2.34891e4 751.29974 94,2813
2 20.783 MM R 0.5575 1424.7471¢9 42 .594¢04 5.7187
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HPLC spectrum of the racemate

fg' 1: DAD1 C, Sig=254,8 Ref=360,100

e CREAMIT T TR MEE 1 U U 1A
# [min] [min] [mAU*s] [MAU] %
e e i |—===—==——= | === | === |
1 13.039% BV 0.3026 8667.82422 438.44479 49.0873
2 13.713 VB 0.3449 8990.16406 395.98444 50.9127

HPLC spectrum of the enantioenriched compound

f5i% 1: DAD1 C, Sig=254,8 Ref=360,100

Ve RPN RA W ETESA U e [ AL
¥ [min] [min] [mMAU*s] [mAU] %

1 13.254 MM R 0.2745 361.30197 21.93702 4.5961
2 13.801 MM R 0.36048 7499.71875 342.66599 95.4039
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HPLC spectrum of the racemate

{f% 1: DAD1 C, Sig=254,8 Ref=360,100

Ve fRERS AL et Ve T AR e g
# [min] [min] [mAU*s] [mAU] %
e [ |- === |[-=————=— |- |-
1 14.114 vv 0.4605 6594.54102 220.75128 49,3701
2 15.119 VB 0.5224 6762.82373 199.01604 50.6299

HPLC spectrum of the enantioenriched compound

f§%5 1: DADl C, Sig=254,8 Ref=360,100

g PRETE 2R g e T A U 5y e [ A
# [min] [min] [mAU*s] [mAU] %
=== [ === === [ === [=====—=== | ===
1 14.138 MM R 0.3566 152.70886 7.13666 4.2460

2 15.180 MM R 0.5024 3443.86572 114.25408 95.7540
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HPLC spectrum of the racemate

ffi*s 1: DAD1 C, Sig=254,8 Ref=360,100

e AL LTSI B =37 UEE TR W U T
i [min] [min] [mAU*s] [mAU] %
el e [-——=] === [-———=———— [-————————= | ——=————= |
1 17.922 BB 0.4615 1.45044e4 478.70517 49,9259
2 24.667 BB 0.6430 1.45475e4 337.40710 50.0741

HPLC spectrum of the enantioenriched compound

f&%5 1: DAD1 C, Sig=254,8 Ref=360,100

e fRETRTI R bR e [T A4 U e [T A
# [min] [min] [mAU*s] [mAU] %
———= | [-==—=]-—==——= |-—=———————- |-==——————- | —=——====- |
1 18.176 MM R 0.5185 3759.74878 120.85401 95.0575
2 25.308 MM R 0.5499 195.48825 5.92469 4.9425
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HPLC spectrum of the racemate

f§%5 1: DAD1 C, Sig=254,8 Ref=360,100

g PREFI R g ETTESA U 5y ETEA
7 [min] [min] [mAU*s] [mAU] %
———— | [-——— |- |-———===——- [-——==—==—= |——=————- |
1 11.713 BB 0.2492 9979.28418 608.98273 49,9893

2 13.893 BB 0.2964 9983.56543 514.44531 50.0107

HPLC spectrum of the enantioenriched compound

f&% 1: DADl C, Sig=254,8 Ref=360,100

g R A e ESTPEA Uy ESTPEA
# [min] [min] [mAU*s] [mAU] %

1 11.769 MM R 0.2474 4191.51953 282.40347 18.1997
2 13.814 MM R 0.3611 1.88392e4 869.63635 81.8003
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HPLC spectrum of the racemate

f§% 1: DAD1l C, Sig=254,8 Ref=360,100

g GREFI) 28 U U [T U 5y TR
# [min] [min] [mMAU*s] [mAU] %

1 13.606 BB 0.4057 9075.98047 337.54248 49.9197
2 15.478 BB 0.4282 9105.17871 321.67676 50.0803

HPLC spectrum of the enantioenriched compound

f§% 1: DADl C, Sig=254,8 Ref=360,100

[ e T Y O = EFTEA U ETHEA
i [min] [min] [mAU*s] [mAU] %
el |[-———=|——————= [-————————= [-——————==- |———————-
1 13.768 MM R 0.4288 1827.74768 71.04897 21.9259
2 15.582 MM R 0.5381 ©508.27783 201.56952 78.0741
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HPLC spectrum of the racemate

f£% 1: DAD1 C, Sig=254,8 Ref=360,100

I ORPAIS ) SR U i W ey W T
# [min] [min] [mAU*s ] [mAU] %
St ettt | === === [ —======= [ —========= | =======- \
1 67.030 BB 1.1457 6881.92822 86.17657 50.1159

2 70.444 BB 1.3092 6850.10645 79.02911 49.8841
HPLC spectrum of the enantioenriched compound

f§% 1: DAD1 C, Sig=254,8 Ref=360,100

Ve {REEIR R e T A [ U 1 AR
# [min] [min] [mAU*s] [mAU] %
el I [ === ======= [-=—===—==== [-========- | —==———== |
1 67.346 MM R 1.0487 231.62749 3.68107 2.1728

2 69.950 MM R 1.5382 1.04286e4 112.9%286 97.8272
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HPLC spectrum of the racemate

{5 1: DADl E, Sig=280,16 Ref=360,100

U LRPEIN] 2RI T U Ti AR U U T AR
T [min] [min] [mAU*s] [mAU] %

1 70.964 BV 1.5296 9197.25195 86.84063 49.4288
2 74.485 VB 1.6738 9409.8183¢6 78.87859 50.5712

HPLC spectrum of the enantioenriched compound

fi% 1: DADl E, Sig=280,16 Ref=360,100

W CREFm ) 280 g e 1] U T U T A
# [min] [min] [mAU*s] [mAU] %
el |-——= === |-————————= |——————==== | ———————= |
1 69.371 BB 1.8197 2.00423e4 151.08502 97.5313
2 T74.256 BB 1.0563 507.31357 5.74457 2.4687
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HPLC spectrum of the racemate

{7 1: DAD1 E, Sig=280,16 Ref=360,100

e PR A DT Ve T AR U T (ETHEA
# [min] [min] [mAU*s] [mAU] %
e |- |- |- |- |
1 19.392 BB 0.6136 9205.79492 232.64905 50.0549
2 21.711 BB 0.7280 9185.60742 192.72838 49.9451

HPLC spectrum of the enantioenriched compound

f%% 1: DAD1 E, Sig=280,16 Ref=360,100

L 7 LT < O - 3 TS U U [ R
i [min] [min] [mAU*s] [mAU] %
el e [-————=]——————- |[-————————= |-————————- | ——————== \
1 19.149 MM R 0.5345 1196.29089 37.30162 5.0842
2 21.029 MM R 0.9347 2.23333e4 388.20389 94.9158
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HSC

HPLC spectrum of the racemate

f&%5 1: DAD1 C, Sig=254,8 Ref=360,100

Vg PRETII] R b e [T A Uy U T
# [min] [min] [mAU*s] [mAU] %

1 17.564 Vv 0.6467 4.27012e4 960.38531 50.0541
2 19.333 VB 0.9502 4.26090e4 622.75806 49,9459

HPLC spectrum of the enantioenriched compound

f&% 1: DAD1 C, Sig=254,8 Ref=360,100

Ve LREFETIR) A b e [ A U EFTIEA
¥ [min] [min] [mAU*s] [mAU)] %
- [-——— |- [-—————————— [-—————————~ | ———————- |
1 18.357 MM R 0.4792 287.12503 9.98713 4,5371

2 20.453 MM R 0.8268 6041.32617 121.78758 95.4629
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HPLC spectrum of the racemate

f&% 1: DAD1l C, Sig=254,8 Ref=360,100

W fRRETTR SRT W U THI A = U THI A
# [min] [min] [mMAU*s] [mAU]

il [-———=] === [ === [ === | === |
1 17.717 BB 0.5630 1.17946e4 323.74518
2 21.545 BB 0.7002 1.18066e4 261.77628

HPLC spectrum of the enantioenriched compound

fi'% 1: DAD1 C, Sig=254,8 Ref=360,100

g PREF BT W e piry FH Uy e [ 5
i [min] [min] [mAU*s] [mAU]

1 17.128 MM R 0.7292 4.11684e4 940.98553
2 21.452 MM R 0.6343 3518.20825 92.44566
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HPLC spectrum of the racemate

f§%% 1: DAD1 C, Sig=254,8 Ref=360,100

UE fREFITN) ST U ETEA U 5y ETEA
i [min] [min] [mAU*s] [mAU] %

1 22.781 BV 0.6888 2.5499%e4 564.77521 49,2983
2 24.358 VB 0.7514 2.62259%e4 522.64429 50.7017

HPLC spectrum of the enantioenriched compound

{5% 1: DAD1 C, Sig=254,8 Ref=360,100

W PREFINR) KT U g pfry 5 g pfry
i [min] [min] [mAU*s] [mAU] %

1 22,717 MM R 0.8824 4.08667e4 771.90985 96.8642
2 24.864 MM R 0.5856 1322.99756 37.02321 3.1358
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HPLC spectrum of the racemate

f5% 1: DADl C, Sig=254,8 Ref=360,100

g fREFRTI ZRAY R e [ AL Uy e i A5
i [min] [min] [mAU*s ] [mAU] %
el e Il e e [ —==—————=- |———=———- |
1 25.844 BB 0.8501 3739.45801 68.15457 50.3238

2 38.786 BB 1.2427 3691.334%¢6 41.46002 49.6762
HPLC spectrum of the enantioenriched compound

&5 1: DAD1 C, Sig=254,8 Ref=360,100

g LREIEE R g U T AR T U T AR
# [min] [min] [mAU*s] [mAU] %

1 25.503 MM R 0.7652 874.64380 19.05029 4.8534
2 37.194 MM R 1.7298 1.71468e4 165.21155 ©85.1466
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HPLC spectrum of the racemate

{&% 1: DAD1 E, Sig=280,16 Ref=360,100

e PRETETI ZER U Ve [ FH U T Ve pi
T [min] [min] [mAU*s] [mAU] %
- [-——- |- |- [-—————————- |———————- \
1 12.485 BB 0.5314 2.32841e4 676.66949 50.0602

2 21.276 BB 1.0611 2.32281e4 326.05228 49.9398
HPLC spectrum of the enantioenriched compound

F% 1: DAD1l E, Sig=280,16 Ref=360,100

[ Py TSI SR & 7 e T A U 5y U TR
i [min] [min] [mMAU*s] [mAU] %

1 12.757 MM R 0.4746 1002.55341 35.20451 5.8720
2 21.553 MM R 1.3021 1.60709e4 205.71072 94.1280
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HPLC spectrum of the racemate

f&% 1: DADl C, Sig=254,8 Ref=360,100

e CREFFIA] RA s e [f 5 U e [f 5
i [min] [min] [mAU*s] [mAU] %
e |[—===|=-====-—= [-==——————- | —===—=—==-- | ———————=
1 27.426 BV 0.7725 3.59413e4 724.80481 48.7998

2 28.962 VB 1.0134 3.77092e4 548.95789 51.2002
HPLC spectrum of the enantioenriched compound

f§% 1: DADl C, Sig=254,8 Ref=360,100

g fREFI BT L U i A5 Uy U i A5
i [min] [min] [mMAU*s] [mAU] %

1 28.135 MM R 0.8728 7317.95752 139.74030 95.0507
2 29.982 MM R 0.7891 381.04843 8.04851 4.9493
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HPLC spectrum of the racemate

f§% 1: DAD1 C, Sig=254,8 Ref=360,100

U LRI 2R W U THI A U ey ETTE A
o [min] [min] [mAU*s] [mAU] %

1 16.671 MF R 2.5462 8719.56152 57.07570 50.2560
2 26.182 FM R 12.7460 8630.71582 11.28549 49.7440

HPLC spectrum of the enantioenriched compound

f§% 1: DAD1 E, Sig=280,16 Ref=360,100

g LREFIR) R WY U TR U 5 TR
i [min] [min] [mAU*s] [mAU] %

1 16.924 MM R 2.0027 2072.40088 17.24682 6.6889
2 27.606 MM R 14.3285 2.89102e4 33.62786 93.3111
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HPLC spectrum of the racemate

=% 1: DAD1 E, Sig=280,16 Ref=360,100

W CREFITI RIS g U [ U5y U [
i [min] [min] [mAU*s] [mAU] %
- [-——=] === |—————————= [-———————=- | ———————=
1 15.697 BV 0.4368 2.07434e4d 731.50433 49,4176

2 16.940 VB 0.4895 2.12323e4 663.25885 50.5824
HPLC spectrum of the enantioenriched compound

{5 1: DAD1 E, Sig=280,16 Ref=360,100

i 11 i C R 7 U i FH U =y Ve T AR
7 [min] [min] [mAU*s] [mAU] %

1 15.546 MM R 0.5122 3.09652e4 1007.50232 90.0610
2 17.114 MM R 0.6343 3417.25757 89.78741 9.9390
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HPLC spectrum of the racemate

{§% 1: DAD1l C, Sig=254,8 Ref=360,100

W CREAMF(R] ZEA W 1 7 W 10 W T B
i [min] [min] [mAU*s] [mAU]
|- |[-=== === |-===——- |-==——=—- | === |
1 14.496 BB 0.3751 2434.25806 100.31750
2 19.607 BB 0.5292 2420.37720 70.38205
HPLC spectrum of the enantioenriched compound
f§% 1: DAD1 C, Sig=254,8 Ref=360,100
W CREGIIE SRR W T A U U 1 A
i [min] [min] [mAU*s] [mAU]
- |- |—===| === |-==————- | === | —======- |
1 14.214 MM R 0.4650 1.52136e4 545.27246
2 19.489 MM R 0.4544 954.59869 35.01619
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HPLC spectrum of the racemate

{f§% 1: DAD1 D, Sig=245,8 Ref=360,100

[ s 0 11 = R & U i U U iy
i [min] [min] [mAU*s] [mAU] %
|- [-——= - |[-—————————- [~ | ———————-
1 7.282 BB 0.1990 5908.49219 456.55756 50.5269

2 10.170 VB 0.3071 5785.26270 289.52731 49.4731
HPLC spectrum of the enantioenriched compound

f§% 1: DAD1 D, Sig=245,8 Ref=360,100

[ PO 1 == LR 57y ET A U iy e T A
# [min] [min] [mAU*s] [mAU] %

1 7.201 MM R 0.2240 1.31260e4 976.51343 95.1669
2 10.120 MM R 0.2440 666.61108 45.53490 4.8331
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HPLC spectrum of the racemate

f5% 1: DADLl C, Sig=254,8 Ref=360,100

L € N N e T A5 U 15 e T A5
# [min] [min] [mAU*s]) [mAU] %
=== | === |======= | —=======—= | —=======—- | —======= |
1 12.540 BB 0.2782 5634.81250 312.75342 49,9811
2 13.717 BB 0.3144 5639.08398 273.70560 50.0189

HPLC spectrum of the enantioenriched compound

fi% 1: DAD1 C, Sig=254,8 Ref=360,100

U LB Rl ETHEA Vg i ETHEA
# [min] [min] [mAU*s] (mAU] %
e | === | —m=m=- | === | === | —==mmmm- |
1 12.856 MM R 0.3008 495.39331 27.44513 5.0283
2 14.089 MM R 0.4112 9356.80469 379.24020 94,9717
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H 5n

HPLC spectrum of the racemate

f&% 1: DADl C, Sig=254,8 Ref=360,100

W GREIN )RR R EHEN W i EJTEA
# [min] [min] [mAU*s] [mAU] %
R e | =====mmm- | == =mmmm - | === =mm- |
1 7.896 VB 0.1716 1.41250ed4 1271.89893 49,8876
2 8.962 BB 0.1989 1.41887e4 1096.93530 50.1124

HPLC spectrum of the enantioenriched compound

f&% 1: DAD1 C, Sig=254,8 Ref=360,100

Ve PRI BT M A (3 e i
# [min] [min] [mAU*s] [MAU] %
e R e | ===mmmmmee | === | ====-=== |
1 8.040 MM R 0.1679 1670.43420 165.77184 9.8836
2 9.110 MM R 0.2349 1.52307e4 1080.60571 90.1164
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HPLC spectrum of the racemate

fi* 1: DAD1 C, Sig=254,8 Ref=360,100

W PRE ) 8T g W T A5 [z U T AN
& [min] [min] [mAU*s] [mAU] %

e | === ] ===~ | --—== - | = | === |
1 8.293 BB 0.2158 1.37367e4 978.59198 49.6689

2 9.478 BB 0.2674 1.39198e4 806.24133 50.3311
HPLC spectrum of the enantioenriched compound

f&% 1: DAD1 C, S5ig=254,8 Ref=360,100

e LB ) SR e ETHE A [l T
# [min] [min] [mMAU*s] [mAU] %
——mm |- === [ =====—- | == | === | ===
1 8.376 MM R 0.1800 617.25037 57.14081 3.0891
2 9.454 MM R 0.3081 1.93645e4 1047.35828 96.9109
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HPLC spectrum of the racemate

Y s00 PDA Muti 4
400{
300
2005 -w.g g
100 3" '\I ‘;"‘ .\":I‘
0 — - — fj A L\ :
0.0 25 5.0 75 10.0 125 15.0 175 ‘
PeakTable
PDA Ch4 254nm 4nm
Peak# Ret. Time Area Height Area % Height %
| 11.656 3499833 192932 50.061 56.705
2 15.056 3491281 147308 49.939 43.295
Total 6991113 340240 100.000 100.000
HPLC spectrum of the enantioenriched compound
DAZWR\ZWR-D-774-CPA4-AD .Icd
mAl
Prooo PDA Muti 4
750:
500
250 ;
o} A {_\‘L;i_ /J N\
0.0 25 50 75 100 125 15.0 175 .
min
PeakTable
PDA Ch4 254nm 4nm
Peal# Ret. Time Area Height Area % Height %
| 11.631 521145 35468 8.194 13.372
2 14.971 5839162 229776 91.806 86.628
Total 6360307 265245 100.000 100.000
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HPLC spectrum of the racemate

D\ZWR\ZWR-D-775-XIAO-AD.lcd

AU
™ 1000 PDA Multi 4
75[}_
500: .
] . g
250 [ N
I f\
|
ol . / 4 TJ!\J
0 5 10 15 I 25 _'
min
PeakTable
PDA Ch4 254nm 4nm
Pealdf Ret. Time Area Height Area % Height %
1 18.246 10380421 329331 50.009 55.672
2 23.228 10376697 262230 49.991 44.328
Total 20757118 591561 100.000 100.000
HPLC spectrum of the enantioenriched compound
DAZWR\ZWR-D-775-CPA4-AD.lcd
mAU
PDA Multi 4
750-
500
250 §
’ \\ :
[ A
0 — - _— TJ AN _,F\L S
0 5 0 15 20 25 ‘
min
PeakTable
PDA Ch4 254nm 4nm
Peald? Ret. Time Area Height Area % Height %
1 18.351 6599685 210378 70.568 72.696
2 23.410 2752503 79015 29.432 27.304
Total 9352188 289393 100.000 100.000
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” 5r

HPLC spectrum of the racemate

fi*y 1: DAD1 C, Sig=254,8 Ref=360,100

Vg DREFINR) A ETHE A U £ ETHEA
i [min] [min] [mAU*s] [mAU] %

EanndEEEEE e | -=-=m oo | == | —--m----
1 29.280 BB 0.7310 1819.77759 37.98116 50.1628

2 35.055 BB 0.8748 1807.96509 30.71234 49.8372
HPLC spectrum of the enantioenriched compound

f§%% 1: DAD1 C, Sig=254,8 Ref=360,100

e PRETEFIE) RAY R U THI AR U ey EIHEA
# [min] [min] [mMAU*s] [mAU] %
I Lt e e | —=—mm oo | ==mmmmee |
1 29.128 MM R 0.8552 5692.75244 110.94628 73.0597
2 35.004 BB 0.8880 2099.16333 35.80414 26.9403
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HPLC spectrum of the racemate

f§9 1: DAD1 C, Sig=254,8 Ref=360,100

W DR A 0 TR A Uy QTR
# [min] [min] [mAU*s] [mAUT] %

R R et | ==mmmm - | == | ==
1 7.861 BB 0.1511 3368.35962 341.42029 49.8229

2 10.065 VB 0.2124 3392.30640 246.73032 50.1771

HPLC spectrum of the enantioenriched compound

{% 1: DAD1 C, Sig=254,8 Ref=360,100

U DB ZERY W UeE [l ESTEA
# [min] [min] [MAU*s] [mAU] %
Rt | ===l == | === | == |- |
1 7.980 MM R 0.1708 3419.72339 333.60574 97.2579
2 10.427 MM R 0.1989% 96.41719 8.07974 2.7421
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HPLC spectrum of the racemate

f5% 1: DAD1 C, Sig=254,8 Ref=360,100

W PREIEE] 2R b TR U ESTHE
# [min] [min] [mAU*s] [mAU] %

1 22.263 MM R 0.5236 6708.44082 213.51553 49.9653
2 29.338 MM R 0.7751 6717.75146 144.45026 50.0347

HPLC spectrum of the enantioenriched compound

f59 1: DAD1 C, Sig=254,8 Ref=360,100

Vg CREIITE) T e U TRI R U 1o ST
# [min] [min] [mMAU*s] [mAU] %

1 21.976 MM R 0.6249 8888.22754 237.04106 98.0625
2 29.432 MM R 0.5393 175.61171 5.42762 1.9375
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HPLC spectrum of the racemate

f5% 1: DAD1 C, Sig=254,8 Ref=360,100

Vg PREGIIE) EE g VT A e iy U THT AR
# [min] [min] [mAU*s] [mAU] %

Eaand Rt R R e | -===mmmm- |- |
1 9.668 BB 0.1790 6840.48730 590.99158 49.9140

2 11.775 VB 0.2349 6864.05273 452.61148 50.0860

HPLC spectrum of the enantioenriched compound

f5%5 1: DAD1 C, Sig=254,8 Ref=360,100

U DREHE ) Y TR LEAp A UEE Ty AT A
¥ [min] [min] [mAU*s ] [mAU] %
S |====]=====n= | ===mmmemen | === | ===-==-- |
1 9.672 MM R 0.2112 1.39536e4 1100.90735 96.5435
2 11.683 MM R 0.2381 499.57040 34.96687 3.4565
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HPLC spectrum of the racemate

f5%5 1: DAD1 C, Sig=254,8 Ref=360,100

We LRETIR] KA e e T A Vg ey e T AL
# [min] [min] [mAU*s] [mAU] %

S e | -mmmmmm e |---mm oo |-=-mmm |
1  9.196 VB 0.1700 3123.61694 284.64114 49.8267
2 10.759 Vv 0.2056 3145.34399 241.99323 50.1733

HPLC spectrum of the enantioenriched compound

fi'% 1: DAD1 C, Sig=254,8 Ref=360,100

Ve TRETINE M e UEETRIRR U g Ueg TR
# [min] [min] [mAU*s] [mAU] %

1 9.273 MM R 0.2203 1.9440le4 1471.01868 95.7264
2 10.5%16e MM R 0.2309 867.87915 62.63172 4.2736
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HPLC spectrum of the racemate

{5% 1: DADl C, Sig=254,8 Ref=360,100

Ve CREFIS R R W [ 5 st W
# [min] [min] [mAU*s] [mAU] %
il Bt [====]======= [====————— | === [ ======== \
1 18.734 BB 0.4084 1.09563e4 417.12576 50.0378

2 25.213 BB 0.5593 1.09397e4 301.49286 49.9622

HPLC spectrum of the enantioenriched compound

fi's 1: DADL C, Sig=254,8 Ref=360,100

W PREFISTE] 2T g U i A4 U U i A
# [min] [min] [mAU*s] [mAU] %
e R | === | == | == mm oo | = | =====-- |
1 18.541 MM R 0.4636 9653.19043 347.06992 97.5499
2 25.289 MM R 0.5103 242.45728 7.91820 2.4501
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HPLC spectrum of the racemate

f§%5 1: DADL C, Sig=254,8 Ref=360,100

Mg DB A o L3105 [E- ESTHEA
# [min] [min] [mAU*s] [mAU] %
e P e R === === |
1 8.925 BB 0.1684 1.23632ed4 1141.51733 49.5964

2 12.160 BB 0.2519 1.25644e4 763.75726 50.4036

HPLC spectrum of the enantioenriched compound

iS5 1: DAD1 C, Sig=254,8 Ref=360,100

Ve DREAIIE ST g TR U fe UEE TR R
Eid [min] [min] [mAU*s] [mAU] %

1 8.714 MM R 0.2160 1.90075e4 1466.49719 96.0709
2 11.893 MM R 0.2306 777.35632 56.19270 3.9291
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HPLC spectrum of the racemate

f§%5 1: DADL C, Sig=254,8 Ref=360,100

U PREANE] R s UEETHI R UAg 1y ETHEE
# [min] [min] [mAU*s] [mAU] %

1 9.983 BB 0.2022 1302.39331 99.81444 50.2003
2 16.171 BB 0.3445 1292.00232 57.87285 49.7997

HPLC spectrum of the enantioenriched compound

{55 1: DAD1 C, Sig=254,8 Ref=360,100

Ve PREFERE SRl g A Ui ry ESIHE A
i [min] [min] [mAU*s] [mAU] %
e R | ==mm e | === | =mmmmeee
1 10.029 BB 0.2163 1.10931e4 807.19537 96.1558
2 16.180 BB 0.3480 443.48257 19.90032 3.8442
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HPLC spectrum of the racemate

fi'% 1: DADl C, Sig=254,8 Ref=360,100

W RE ] R D W T A5 W5y A AR
# [min] [min]) [mRU*s] [mAU] %

—mmm e | === | == | mmmmm e | === | ==mm e
1 7.987 MM R 0.1638 8659.54883 881.22839 50.2208
2 8.404 MM R 0.1764 8583.41504 811.00763 49.7792

HPLC spectrum of the enantioenriched compound

ff*3 1: DAD1 C, Sig=254,8 Ref=360,100

U PREFIN ) 287 s ESTHEA U g UEE [T AN
a [min] [min] [mAU*s] [mAU] %

1 7.976 MM R 0.1612 1.06268e4 1098.55286 95.5836
2 8.397 MM R 0.1482 491.01080 55.22508 4.4164
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HPLC spectrum of the racemate

f5% 1: DAD1 C, Sig=254,8 Ref=360,100

W DREEE] 2R s TR U ESTHE
# [min] min] [mAU*s] [mAU] %
e R | === | == | === |
1 6.063 VvV 0.1338 1.38553e4 1619.56653 49.4557

2 6.758 VB 0.1451 1.41603e4 1513.6763% 50.5443
HPLC spectrum of the enantioenriched compound

{f5% 1: DAD1 C, Sig=254,8 Ref=360,100

W REH I 2 g W T U 1 A
¥ [min] [min] [mAU*s] [mAU] %

1 6.074 MM R 0.1315 578.20782 73.27765 5.2133
2 6.764 MM R 0.1499% 1.05128ed4 1169.24731 94.7867
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HPLC spectrum of the racemate

fi% 1: DAD1 C, Sig=254,8 Ref=360,100

U BRI SRR e T 5 UFE 1 Uee T
i [min] [min] [mAU*s] [mAU] %

mmes|=mmeme- | ==== | =mmmmee R | | e
1 6.511 BB 0.1264 7539.24854 912.57300 49.9699

2 7.353 BB 0.1488 7548.32178 767.39862 50.0301

HPLC spectrum of the enantioenriched compound

fi% 1: DAD1 C, Sig=254,8 Ref=360,100

e PREDETR) ZRTY U (EFTHE U fry ETHEA
# [min] [min] [mAU*s] [mAU] %
e |-===|=mmm—-- R R | ===
1 6.480 MM R 0.1455 1.19841e4 1372.34778 96.9103
2 7.367 MM R 0.1603 382.07492 39.72918 3.0897
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HPLC spectrum of the racemate

{5% 1: DAD1 E, Sig=280,16 Ref=360,100

e (REF IR 280 TR oA U 1=y W A
# [min] [min] [mAU*s] [mAU] %
il e el | === |-—————————- |———————= |
1 7.317 VB 0.1504 1290.82654 131.58401 50.4072

2 10.288 BB 0.2312 1269.97363 84.54660 49.5928

HPLC spectrum of the enantioenriched compound

f&' 1: DAD1 E, Sig=280,16 Ref=360,100

U LRETIE T g UEE I AR U s3] SR
# [min] [min] [mAU*s] [mAU] %
mmmo | mmmm——- | ==mm | == |==mmm—meee | === | == mmmmme |
1 7.348 MM R 0.1631 1.08670ed4 1110.23657 92.4132
2 10.416 MM R 0.2337 892.13715 63.61239 7.5868
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HPLC spectrum of the racemate

fi* 1: DAD1 C, Sig=254,8 Ref=360,100

W CRETET) 2T uRTE U T AN U U T AN
¥# [min] [min] [mAU*s] [mAU] %

e | —=== | =mm oo | ——--moo——- e |- |
1 22.786 MM R 0.9540 2839.83716 49.61415 495.8914

2 49.914 MM R 6.3448 2852.20581 7.49229 50.1086
HPLC spectrum of the enantioenriched compound

fis 1: DAD1 C, Sig=254,8 Ref=360,100

U CRETI ) A e TR U ESIHEA
# [min] [min] [mAU*s] [mAU] %

B R R | ==mmmme- | ——mmmm-
1 25.135 MM R 1.2129 5697.25537 78.28860 100.0000
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HPLC spectrum of the racemate

fis 1: DADl C, Sig=254,8 Ref=360,100

W fRER ] 2T 0RE R W ey EAE
i [min] (min] [mAU*s] [mAU] %

e e R —— R | === |
1 14.927 BV 0.3271 3263.37598 155.33867 49.7113

2 15.722 VB R 0.4160 3301.27832 128.39563 50.2887

HPLC spectrum of the enantioenriched compound

f5%s 1: DAD1 C, Sig=254,8 Ref=360,100

I {REFE R g U T AN U U T AN
i [min] [min] [mAU*s] [mAU] %

1 14.889 MM R 0.3585 6652.10156 309.27036 96.0208
2 15.752 MM R 0.329%1 275.67303 13.96235 3.9792
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HPLC spectrum of the racemate

f% 1: DAD1 C, Sig=254,8 Ref=360,100

e LRRTI] R UeE IR UeE i IR
# [min] [min] [mAU*s] [mAU] %

S e | == mmo- | —=mmmmm-—- | == |
1 14.258 BV 0.3244 6495.99561 312.68460 49.6520

2 14.997 VB 0.3626 6576.52637 281.43228 50.3080

HPLC spectrum of the enantioenriched compound

f5% 1: DAD1l C, Sig=254,8 Ref=360,100

Ve CRETETE A e ESIHEA Ve i S IEA
# [min] [min] [mAU*s] [mAU] %
e R e | = | ===mmmm- |
1 14.608 MM R 0.3682 1.66084e4 751.78986 95.5621
2 15.571 MM R 0.3501 771.28619 36.72207 4.4379
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HPLC spectrum of the racemate

fi's 1: DADl C, Sig=254,8 Ref=360,100

Ve PREFINTE) BRI IR e T A Ueg v e Ti FH
# [min] [min] [mAU*s] [mAU] %
| el e [ === | ———— === | —=—————= |
1 6.484 BB 0.1232 1490.23364 186.59590 50.0949

2 7.439 BB 0.1423 1484.58875 159.85577 49.9051
HPLC spectrum of the enantioenriched compound

fi9 1: DADL C, Sig=254,8 Ref=360,100

g DREA ) A R W T AR L 3= 1R A
# [min] [min] [mAU*s] [mAU] %
=== | mmmmee- | === | =mm=en | === | ==mmmmeee | ===mmmem |
1 6.463 MM R 0.1340 3585.75830 446.02286 97.0062
2 7.422 MM R 0.1364 110.66398 13.51819 2.9938
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HPLC spectrum of the racemate

f55 1: DAD1 C, Sig=254,8 Ref=360,100

U DREAIE] T g AP (631 UEE T
¥ [min] [min] [mAU*s] [mAU] %
e R R R | === | ===mmmmes | =mmm- |
1 8.023 BB 0.1541 2608.31494 262.11209 49.8923
2 9.404 BB 0.1873 2619.57373 216.35403 50.1077

HPLC spectrum of the enantioenriched compound

fi'9 1: DAD1 C, Sig=254,8 Ref=360,100

Ve PREFES ) 28T M UAE TR Uy UAE I
# [min] [min] [mAU*s] [mAU] %
—- |- e |- | == | —=—m- |
1 7.989 MM R 0.1738 1.05538e4 1011.82202 96.1021
2 9.405 BB 0.1837 428.06470 35.75466 3.8979

S335



HPLC spectrum of the racemate

f§% 1: DADLl C, Sig=254,8 Ref=360,100

U URETE ) T g e T Vg 1 ETHER
# [min] [min] [mAU*s] [mAU] %

et B | === -=m-—- |-==mm-m-- | ==—=mm—-- |- |
1 23.528 BB 0.5310 2790.59%668 82.41557 50.2345

2 39.320 BB 0.8901 2764.54248  47.84552 49.7655
HPLC spectrum of the enantioenriched compound

f5% 1: DAD1 C, Sig=254,8 Ref=360,100

U PREFIN ) S U TR i e riy 4
# [min] [min] [mAU*s] [mAU] %
R | ===m | == | ===mmmmnee | == | === |
1 23.559 MM R 0.6128 1.35543e4 368.65265 97.5753
2 39.809 MM R 0.8651 336.81213 6.48879 2.4247
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HPLC spectrum of the racemate

fiYs 1: DAD1 C, Sig=254,8 Ref=360,100

Ve CRETESE ST TR 3] ETEA
i [min] [min] [mMAU*s] [mAU] %

1 7.099 vv 0.1435 1.09715e4 1190.62939 50.2609
2 8.438 VB 0.1395 1.08575e4 1224.45117 49.7391

HPLC spectrum of the enantioenriched compound

f§%5 1: DAD1 C, Sig=254,8 Ref=360,100

Ve CREFmSTE ST Mt TR U iy ST
Eid [min] [min] [mAU*s] [mAU] %

1 7.031 MM R 0.1506 8447.82227 934.90588 95.0477
2 8.369 MM R 0.1050 440.16122 69.86823 4.9523
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HPLC spectrum of the racemate

{5 1: DAD1 C, Sig=254,8 Ref=360,100

Ve CREIRI 2SR R LE TR A U TR
# [min] [min] [mMAU*s] [mAU] %

e | === | -=mmmmme- | —mmmmm oo |- |
1 19.290 BB 0.4156 3978.97192 148.97433 50.0404
2 25.429 BB 0.5729 3972.54810 108.55418 49.9596

HPLC spectrum of the enantioenriched compound

fi¥s 1: DAD1 C, Sig=254,8 Ref=360,100

U TREDR ) SR U Ve T B UEE TG Ve 2
# [min] [min] [mAU*s] [mAU] %
e R e | ===mmmm e |==mmmmmo s |mmmmm-
1 18.984 MM R 0.4788 1.12720e4 392.38956 97.0538
2 25.107 MM R 0.5382 342.18353 10.59705 2.9462
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HPLC spectrum of the racemate

{59 1: DAD1 C, Sig=254,8 Ref=360,100

Ve PREAET A s UE T e IR
# [min] [min] [mAU*s] [mAU] %

1 28.563 BB 0.6665 1.53094e4  349.85440 50.0454
2 35.107 BB 0.8946 1.52817e4  247.42220 49.9546
HPLC spectrum of the enantioenriched compound

fi% 1: DAD1 C, Sig=254,8 Ref=360,100

W (BN R e EIHEA U 1 ESHE
# [min] [min] [mAU*s] [mAU] %
==em|mmmemen R | === | | == |
1 28.075 MM R 0.8747 3.91391e4 745.76062 96.9779
2 35.965 MM R 0.7702 1219.67957 26.39335 3.0221
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HPLC spectrum of the racemate

fi's 1: DADl C, Sig=254,8 Ref=360,100

U PRPTIF A I U i AN e 2 e T
i [min] [min] [MAU*s] [mAU] %

S | === -=----- |---—---—-- | - | = |
1 27.794 BB 0.5582 1.14608e4 309.36377 49.7958

2 30.246 BB 0.5815 1.15548e4 303.96811 50.2042

HPLC spectrum of the enantioenriched compound

f5% 1: DADl C, Sig=254,8 Ref=360,100

U DREAI TR SR U W [ L3 IR A
L3 [min] [min] [mAU*s] [mAU] %

1 28.089 MM R 0.4811 675.60638 23.40498 2.9637
2 30.214 MM R 0.6879 2.21203e4 535.94647 97.0363
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HPLC spectrum of the racemate

f§% 1: DAD1 C, Sig=254,8 Ref=360,100

L et 11 i N U T A U v UeE T AL
# [min] [min] [mAU*s] [mAU] %
el e | ===mmmmmmm | === | === |
1 11.478 BB 0.2268 2.18604ed4 1493.42297 49.7697

2 12.842 MM R 0.3042 2.20627e4 1208.96570 50.2303

HPLC spectrum of the enantioenriched compound

f5%% 1: DAD1 C, Sig=254,8 Ref=360,100

W DRBT B ZRA I ETHE 32 ST
¥ [min] [min] [mAU*s] [mAU] %
| | ==== === [======= | === | ===
1 11.474 MM R 0.2550 2.18122e4 1425.41052 96.0029
2 13.036 MM R 0.24%4 908.15826 60.69851 3.9971
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HPLC spectrum of the racemate

f5%5 1: DAD1 C, Sig=254,8 Ref=360,100

Ve PRETET N SR s UAE TR W ETRCA
# [min] [min] [mAU*s ] [mAU] %
e | === | ===~ | —===m---—- | == | ==
1 15.960 BB 0.2975 5240.27344 273.54486 50.0577

2 17.917 BB 0.3432 5228.19922 235.31403 49.9423

HPLC spectrum of the enantioenriched compound

5% 1: DAD1 C, Sig=254,8 Ref=360,100

1 = 131 S ) ESTHER [E3 ETHEA
¥ [min] [min] [mAU*s] [mAU] %
I | === |=m=mmmn | ==mmmmmnan | ==mmmmmm s | ===
1 15.9%46 MM R 0.3551 3.13852e4 1473.01880 96.5493
2 18.041 MM R 0.3248 1121.72852 57.56024 3.4507
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HPLC spectrum of the racemate

fi5 1: DAD1 C, Sig=254,8 Ref=360,100

e fRETIN ) A U T U e iy A4
i3 [min] [min] [mAU*s] [mAU] %

—mmm | e e | -==-mmm--- Rt |- |
1 11.612 BB 0.2361 3929.65210 257.37299 50.6863

2 20.734 BB 0.4842 3823.23804 116.69958 49.3137

HPLC spectrum of the enantioenriched compound

{§% 1: DAD1 C, Sig=254,8 Ref=360,100

I (REFIE] 2R e W i L [ W i
# [min] [min] [mAU*s] [mAU] %

1 11.469 MM R 0.2561 7365.41211 479.30130 96.0026
2 20.766 MM R 0.4553 306.68533 11.22705 3.9974
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HPLC spectrum of the racemate

f&% 1: DAD1 C, Sig=254,8 Ref=360,100

Ve PREAIN ) A D Ve T L Ve vy UEE T
# [min] [min] [mAU*s] [mAU] %

i B R |---------- | ==mmmm e e
1 6.720 VB 0.1418 5919.94434 640.40234 50.6825

2 7.840 VB 0.1662 5760.51318 524.17725 49.3175
HPLC spectrum of the enantioenriched compound

f&59 1: DAD1 C, Sig=254,8 Ref=360,100

g PRETI ] SR g T U 15y EATEA
¥ [min] [min] [mMAU*s] [mAU] %
e === | === = | = | ——=m - | ——mmmm
1 6.661 MM R 0.1839 1.86807=24 1692.97815 93.8072
2 7.837 MM R 0.1565 1233.23828 131.30882 6.1928
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HPLC spectrum of the racemate

f5% 1: DAD1 C, Sig=254,8 Ref=360,100

W R KT W WE T 1 W25 T
¥ [min] [min] [mMAU*s] [mAU] %

1 5.923 vv 0.1157 5669.83643 771.99023 49.6558
2 6.215 VB 0.2109 5748.44141 406.63214 50.3442

HPLC spectrum of the enantioenriched compound

fi% 1: DAD1 C, Sig=254,8 Ref=360,100

W PREGINH] R s U Ty UEE 5 e T A
# [min] [min] [mAU*s] [mAU] %
——mm | e | === | = R |
1 5.890 MM R 0.1118 5585.61230 832.78998 95.0047
2 6.171 MM R 0.2628 293.68759 18.62638 4.9953
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HPLC spectrum of the racemate

fi'5 1: DAD1 C, Sig=254,8 Ref=360,100

g CREDIRF) SRR I ETHE A e fg ETHEA
# [min] [min] [mAU*s] [mAU] %
mee= | mmmmee- e R | ==mmmmee | —===---- |
1 6.096 BB 0.1341 6633.90967 758.40570 49.982¢6
2 7.180 BB 0.1537 6638.53711 669.38824 50.0174

HPLC spectrum of the enantioenriched compound

fi*% 1: DADL C, Sig=254,8 Ref=360,100

W CREARSIR) R IR TR [ TR
# [min] [min] [mMAU*s] [mAU] %
e R | ==mmmmmmee | == | ===
1 6.096 MM R 0.1293 946.74536 122.04750 4.,9459
2 7.113 MM R 0.1720 1.81954e4 1762.76563 95.0541
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HPLC spectrum of the racemate

f§%5 1: DADl E, Sig=280,16 Ref=360,100

e (REE ) R WETE SR A (22 AR A
3 [min] [min] [MAU*s] [mAU] %

S | ==== | ==mmne | ====mmmmee | === | =
1 15.811 BV 0.3481 7206.50244 315.82880 49.6791

2 16.794 VB 0.3638 7299.59473 306.50861 50.3209
HPLC spectrum of the enantioenriched compound

fi9 1: DAD1 E, Sig=280,16 Ref=360,100

W CREFIF) 2R e U T U 5 e i A
# [min] [min] [mMAU*s] [mAU] %
S R P | == | === | === |
1 15.608 BV 0.3501 1.0216%e4 444,54013 95.0921
2 16.653 MM R 0.3692 527.31067 23.80418 4.9079
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HPLC spectrum of the racemate

fi's 1: DAD1l E, Sig=280,16 Ref=360,100

Ve QBRI ) A U [ AR U =y U 1 AN
# [min] [min] [MAU*s] [mAU] %

e e G |- | == |
1 10.231 BV 0.2930 3247.32690 169.90356 49.7679

2 11.263 VB 0.4197 3277.61304 118.11917 50.2321
HPLC spectrum of the enantioenriched compound

fi5 1: DADl E, Sig=280,16 Ref=360,100

W PRI BRI ESTHE A a3 EFIHE A
# [min] [min] [MAU*s] [MAU] %
e | === | === | = | == |
1 10.147 MM R 0.3063 353.15167 19.21571 4.8689
2 11.074 MM R 0.4378 6900.07324 262.69638 95.1311
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HPLC spectrum of the racemate

fis 1: DADl E, Sig=280,16 Ref=360,100

e RIS 7Y s TR A W v W T
= [min] [min] [mAU*s] [mAU] %

S R | -=------—- | ====mmmmee R |
1 12.600 BB 0.3326 3585.33130 164.29674 50.1748

2 16.870 BB 0.5437 3560.35059 98.50208 49.8252
HPLC spectrum of the enantioenriched compound

fi's 1: DAD1 E, Sig=280,16 Ref=360,100

Ve PREAI ) 8T D VTR 3= U T
i [min] [min] [mAU*s] [mAU] %
e | === | =mmmee |=mmmmmeee | ===mmmmmae | =====mm- |
1 12.490 MM R 0.3466 683.70380 32.87796 4.8657
2 16.430 MM R 0.6697 1.33677e4 332.69107 95.1343

5349



OMe

13c

HPLC spectrum of the racemate

f&i'5 1: DAD1 C, Sig=254,8 Ref=360,100

g CREHI) R W T W Ve U T AN
# [min] [min] [mAU*s] [mAU] %
e | === === e | === | == |
1 13.334 BB 0.5306 1175.22107 32.44120 49.7825
2 14.827 BB 0.6179 1185.49219 28.23277 50.2175

HPLC spectrum of the enantioenriched compound

59 1: DAD1l C, Sig=254,8 Ref=360,100

e fREARTTE] RAY i U 1T B U U [
# [min] [min] [MAU*s] [mAU] %
e R | === | == |- | = | ===
1 13.174 MM R 0.5830 198.27950 5.66837 4.9265

2 14.448 MM R 0.6875 3826.47974 92.75937 95.0735

S350



HPLC spectrum of the racemate

fi's 1: DAD1 D, Sig=245,8 Ref=360,100

Ve CREFETE) RIS i U T Ui U T 5
# [min] [min] [mAU*s] [mAU] %
e R R | == | = | === |
1 23.135 BB 0.7424 3554.70190 69.07317 ©50.5396

2 25.533 BB 0.7740 3478.79468 68.56055 49.4604

HPLC spectrum of the enantioenriched compound

fi5 1: DAD1 D, Sig=245,8 Ref=360,100

Ve CREFETI) A W ESinER Ve ESiap e
# [min] [min] [mMAU*s] [mAU] %
e e | ==m=m oo | = | === |
1 23.554 MM R 0.6490 462.59383 11.87952 4.7971
2 25.196 MM R 0.9122 9180.56934 167.73528 95.2029
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HPLC spectrum of the racemate

fi'%y 1: DADl C, Sig=254,8 Ref=360,100

WE fREI e i e T U 5 EATTEA
# [min] [min] [mAU*s]) [mAU] %
|- |- === | === | —————————- | ———————= |
1 28.9%64 VB 0.7156 7387.07520 152.37549 50.6187
2 34.022 BB 0.8038 7206.48779 137.42061 49.3813

HPLC spectrum of the enantioenriched compound

{59 1: DAD1 C, Sig=254,8 Ref=360,100

W CREAI ] BT UEE U T U e T L
# [min] [min] [mMAU*s] [mAU] %
e e |-=——m - | == | === |
1 28.150 FM R 0.7879 5377.03174 113.73604 95.0486
2 33.230 MM R 0.7371 280.10861 6.33354 4,9514
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HPLC spectrum of the racemate

fi* 1: DAD1 E, Sig=280,16 Ref=360,100

UE PRI R g TP (3 EFTHEA
i [min] [min] [mMAU*s ] [mAU] %

1 5.042 BV 0.1080 7558.80808 1102.51062 49.7414
2 5.468 VvV 0.1267 7637.39404 940.70972 50.2586
HPLC spectrum of the enantioenriched compound

fi'9 1: DAD1 E, 5ig=280,16 Ref=360,100

Vg ORBII ) KA TR TR =1 W TR
# [min] [min] [mMAU*s] [mAU] %
mmom|mmmmee- R | ==mmmmmee | ==mmmmmee | ==mmmmas |
1 4.976 MM R 0.0971 385.91965 66.26553 2.9520
2 5.333 MM R 0.1517 1.26872e4 1394.01501 97.0480
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HPLC spectrum of the racemate

f&% 1: DAD1 D, Sig=245,8 Ref=360,100

Ve PRETEFE) BT IR UEE iy R
# [min] [min] [mAU*s] [mAU] %
| e |- |—————————- |——==———= |
1 6.835 MM R 0.1561 6091.70166 650.25342 50.8839
2 8.657 MM R 0.2464 5880.05518 397.78967 49.1161

HPLC spectrum of the enantioenriched compound

f5%5 1: DAD1 D, Sig=245,8 Ref=360,100

Vg CREAM ) R U UEETHI AR 31 e 1]
# [min] [min] [mAU*s] [mAU] %
m=e=|mmmemen e | == | == | == |
1 6.851 BB 0.1293 8601.51660 971.11609 97.0026
2 8.747 MM R 0.2339 265.79160 18.94224 2.9974
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HPLC spectrum of the racemate

fi's 1: DADL C, Sig=254,8 Ref=360,100

e PREFEF] R g TR A I ER A
# [min] [min] [mAU*s] [MAU] %
e R e e | == R |
1 15.962 BB 0.3120 1.08009e4 534,01611 50.3372
2 23.978 BB 0.4873 1.06562e4 338.46390 49.6628

HPLC spectrum of the enantioenriched compound

f5% 1: DADLl C, Sig=254,8 Ref=360,100

W CREfEFR] A MR iR oA UEE 15 ETiE A
¥ [min] [min] [mAU*s] [mAU] %
el e [ ————————— | ——=——————- | ——=—————= |
1 15.633 MM R 0.3523 1.16176e4 549.59070 96.9672
2 23.284 MM R 0.4888 363.35400 12.38835 3.0328
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HPLC spectrum of the racemate

HPLC spectrum of the enantioenriched compound
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HPLC spectrum of the racemate

HPLC spectrum of the enantioenriched compound
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