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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 CDCls unless otherwise noted. Chemical
shifts in '"H NMR spectra are reported in parts per million (ppm, 8) downfield from the internal standard Me4Si (TMS, & =
0 ppm). Chemical shifts in '*C NMR spectra are reported relative to the central line of the chloroform signal (8 = 77.0 ppm).
Data are presented as follows: chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet) and coupling constant in Hertz (Hz). HPLC analyses were conducted on an Agilent instrument using Daicel
Chiralpak 1A, Chiralcel AD-H, OD-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. Substrates 1 and 2 were synthesized according to the literature method.!
2. Screening of Catalysts and Condition Optimization
a. Condition optimization for the synthesis of 3a and 4a.

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

t-Bu S
A CFs
OH O Cat. (x mol%)
A\ + —_—
N O N solvent, rt
H H
1a 2a
R
OO o0  (R-A1:R=35-(CF3),CeHs
O g (R)-A2: R= 1-naphthyl
o TOH (R)-A3:R= 4-PhCgHy (R)-B1: R= 9-anthryl
OO (R)-A4: R= CFs
R
Entry Catalyst Solvent 1a: 2a Additive Time Yield® drl! eeldl
(x mol%) (1 mL) (x mg) (3a/4a) (4a) (3a/4a) [%]
[%]
1 (R)-A1 (10) DCM 1:1.2 -- 20 h 84/6 73:27 60/86
2 (R)-A2 (10) DCM 1:1.2 -- 20 h 82/15 81:19 72/91
3 (R)-A3 (10) DCM 1:1.2 -- 20 h 81/12 91:9 84/95
4 (R)-A4 (10) DCM 1:1.2 -- 20 h 82/8 72:28 50/86
5 (R)-B1 (10) DCM 1:1.2 -- 20 h 80/16 >95:5 96/>99
6 (R)-B1 (5) DCM 1:1.2 -- 20 h 76/20 >95:5 96/>99
7 (R)-B1 (10) DCM 1:1.2 MgSO0s4 (30) 16 h 80/15 >95:5 96/96
8 (R)-B1 (10) DCE 1:1.2 -- 56h 76/17 >95:5 95/96
9 (R)-B1 (10) CHCl3 1:1.2 -- 72 h 78/15 >95:5 92/>99
10 (R)-B1 (10) toluene 1:1.2 -- 84 h 64/28 >95:5 92/99
11 (R)-B1 (10) THF 1:1.2 -- 96 h NR - -/--
120 (R)-B1 (10) DCM 1:1.2 -- 6d 30/65 >95:5 94/>99
13 (R)-B1 (5) DCM 2:1 -- 5d <5/82 >95:5 -->99
14 (R)-B1 (5) DCM 2:1 MgSO0Os4 (30) 4d <5/83 >95:5 --/98
15 (R)-B1 (5) DCM 2:1 3A MS (30) 9d 36/48 90:10 --/87
16 (R)-B1 (5) DCM 2:1 4A MS (30) 7d 25/57 91:9 --/88
17 (R)-B1 (5) DCM 2:1 5A MS (30) 8d 40/53 >95:5 --/38
1811 (R)-B1 (5) DCM 2:1 B(CeFs)3 20h <5/80 91:9 --/>99
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196110 (R)-BI (5) DCM 2:1 B(CéFs)s 7d 15/82 4:1 />99

2010 (R)-B1(5) DCM 2.2:1 B(CFs)s 36h <5/83 91:9 --/>99
211 (R)-B1(5) DCM 2.5:1 B(CFs)s 36h <5/85 937 --/>99
22" (R)-B1(5) DCM 3:1 B(CsFs)s 30h <5/87 >95:5 —/>99
23 (R)-B1 (10) DCM 2.2:1 - 4d <5/84 >95:5 --/>99

[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 and 4a. [c] Determined by chiral-phase HPLC

analysis. [d] Determined by chiral-phase HPLC analysis. [e] performed at 10 °C. [f] 5 mol% B(CsFs); was used.
b. Condition optimization for the synthesis of 3b.

Table S2. Screening of optimization of reaction conditions!®!

t-Bu
N Br
N CF3
OH O (R)-B1 (10 mol%)
\ . O -
N N DCM, rt
H H

1a 2b 3b
Entry Catalyst Solvent 1a:2b  Temperature Additive Time  Yield™ eel
(x mol%) (x mL) [°C] [%]
1 (R)-B1 (10) DCM (1) 1:1.2 rt -- 48 h 95 96
21dl (R)-B1 (10) DCM (1) 1:1.2 rt B(C¢Fs); 16 h 95 96

[a] Unless otherwise specified, all reactions were carried out with catalyst (x mol%), 1a (0.05 mmol) and 2b (0.06 mmol)
in DCM (x mL) at room temperature. [b] Isolated yield of 3b. [c] Determined by chiral-phase HPLC analysis. [d] 5 mol%
B(C¢Fs)s was used.
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3. Experimental Procedure and Characterization of Products 3 and 4

a. General Procedure to Prepare Racemic Products 3

RZ
AN .
CF, O Diphenyl phosphate O, ,OH
: e+ R O (10 mol%) Ph~q-P~o-Ph
R H DCM, rt
H 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 (1 mL) was added carbazoles 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 3.

b. General Procedure to Prepare Chiral Products 3

RZ
N CF, O R?
oH . R3 B1 (10 mol%) R
R N N B(CgFs)3 (5 mol%) O
N H DCM, rt
1 2 HN 3 (R)-B1: R= 9-anthryl

To a solution of a-indolyl propargylic alcohol 1 (0.05 mmol, 1.0 equiv.), B(CsFs)s (5 mol%) and catalyst (R)-B1 (0.005
mmol, 10 mol%) in DCM (1 mL) was added carbazoles 2 (0.06 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 chiral products 3.

¢. General Procedure to Prepare Racemic Products 4

R2
\\ Diphenyl phosphate
CF, 0. OH
(10 mol%) p?
OH =+ O - Ph~g-P~g-Ph

R] N N B(CeFs)s (5mol%) R

H H DCM, rt Diphenyl phosphate

1 2a

To a solution of a-indolyl propargylic alcohol 1 (0.15 mmol, 3.0 equiv.), B(CsFs)s (5 mol%) and catalyst diphenyl
phosphate (0.01 mmol, 10 mol%) in DCM (1 mL) was added carbazole 2a (0.05 mmol, 1.0 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 =10:1~3:1) to give the desired racemic

products 4.

d. General Procedure to Prepare Chiral Products 4

R2
X
N CF3
oH B1 (5 mol%)
+ —_—
R A\ N B(CFs)3 (5 mol%) R'
N H DCM, rt
H (R)-B1: R= 9-anthryl
1 2a

To a solution of a-indolyl propargylic alcohol 1 (0.15 mmol, 3.0 equiv.), B(CsFs)s (5 mol%) and catalyst (R)-B1
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(0.0025 mmol, 5 mol%) in DCM (1 mL) was added carbazole 2a (0.05 mmol, 1.0 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 =10:1~3:1) to give the desired chiral products 4.

e. Analytical Data for Products 3 and 4

(R)-3-(6,6,6-trifluoro-5-(1H-indol-3-yl)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (3a)

white solid, 12 h, 82% yield, 96% ee, laly = +267.13 (c=0.24, MeOH). '"H NMR (500 MHz, CDCl3) 5 8.11 (s, 1H), 8.06
(d, J=1.5 Hz, 2H), 8.01 (d, J= 7.7 Hz, 1H), 7.91 (s, 1H), 7.42 (d, J = 8.4 Hz, 1H), 7.40 — 7.35 (m, 1H), 7.35 — 7.29 (m,
3H), 7.26 (s, 1H), 7.23 —7.15 (m, 3H), 1.31 (s, 9H). *C NMR (126 MHz, CDCl3) § 201.60, 139.81, 138.79, 136.19, 127.12,
126.93, 126.05, 125.72, 124.24 (q, J=274.5 Hz), 123.85, 123.21, 123.17, 122.65, 122.63, 120.63, 120.41, 120.25, 120.20,
119.57,111.35, 110.69, 110.26, 105.47,95.72 (q, J = 35.1 Hz), 36.07, 29.41.F NMR (376 MHz, CDCl:) § -61.93. HRMS
(ESI): m/z caled. for CasHasF3N2 [M-H]: 443.0831; found: 443.0842. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 85/15, flow rate 1 mL-min™!, A = 254 nm): fmajor = 14.4

min, fminor = 13.2 min.

(R)-3-bromo-6-(6,6,6-trifluoro-5-(1H-indol-3-y1)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (3b)

white solid, 16 h, 95% yield, 96% ee, [al; =-69.16 (c=0.12, MeOH). '"H NMR (500 MHz, CDCl3) § 8.16 (s, 1H), 8.11
(s, 1H), 8.00 (d, J = 7.4 Hz, 1H), 7.95 (s, 1H), 7.85 (s, 1H), 7.41 (d, J = 8.5 Hz, 2H), 7.33 (d, /= 8.3 Hz, 1H), 7.29 - 7.19
(m, 4H), 7.16 — 7.09 (m, 1H), 1.29 (s, 9H). 3C NMR (126 MHz, CDCl:) § 201.62, 139.16, 138.41, 136.31, 128.77, 127.91,
127.42,125.72,125.02, 124.28 (q, J = 278.7 Hz), 123.83, 123.17, 122.92, 122.82, 122.24, 120.72, 120.45, 120.18, 112.42,
112.17, 111.56, 110.57, 105.37, 96.00 (q, J = 35.0 Hz), 36.17, 29.45. YF NMR (376 MHz, CDCl3) 5 -61.89. HRMS (ESI):
m/z caled. for C2sH2aN2F3 [M+H]™: 523.0991; found: 523.1017. HPLC analysis: The enantiomeric excess was determined
by HPLC with Chiralpak OD-H column (hexane/i-PrOH = 90/10, flow rate 1 mL-min™!, A =254 nm): fmajor = 12.0 min, fminor
=13.0 min.

(R)-3-bromo-6-(6,6,6-trifluoro-5-(5-fluoro-1H-indol-3-yl)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (3¢)

white foam, 30 h, 96% yield, 98% ee, [al5 = +328.27 (c = 0.25, MeOH). 'H NMR (400 MHz, CDCL:) & 8.20 (s, 1H),
8.17 (d, J = 1.1 Hz, 1H), 7.98 (s, 2H), 7.66 (dd, J = 10.2, 2.2 Hz, 1H), 7.43 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.5 Hz, 2H),
7.25-7.15 (m, 2H), 6.98 (t, J = 7.7 Hz, 1H), 1.30 (s, 9H). *C NMR (126 MHz, CDCl5) 5 201.30, 159.21, 157.34, 139.24,

138.46, 132.76, 128.87, 127.32, 125.03, 124.36 (d, J = 2.4 Hz), 124.25, 124.16 (q, J = 274.3 Hz), 123.26, 122.35, 120.79,
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112.50, 112.19, 112.07, 111.38, 111.17, 110.68, 105.44, 105.24, 95.76 (q, J = 35.0 Hz), 36.25, 29.40. '’F NMR (376 MHz,
CDCl3) 8 -62.02,-123.09. HRMS (ESI): m/z calcd. for CasHa1N2F4Br [M+H]": 541.0862; found: 541.0867. HPLC analysis:
The enantiomeric excess was determined by HPLC with Chiralpak OD-H column (hexane/i-PrOH = 94/6, flow rate 0.8

mL-min, L =254 nm): fmajor = 38.3 min, fminor = 41.5 min.

(R)-3-bromo-6-(5-(5-chloro-1H-indol-3-yl)-6,6,6-trifluoro-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (3d)

colorless oil, 36 h, 95% yield, 98% ee, [a]h = +277.36 (c = 0.26, MeOH). 'H NMR (400 MHz, CDCls) § 8.24 (s, 2H),
8.09 (d, /= 10.4 Hz, 2H), 8.01 (s, 1H), 7.57 — 7.46 (m, 2H), 7.39 (d, J= 8.7 Hz, 1H), 7.33 (s, 1H), 7.27 (d, /= 8.7 Hz, 1H),
7.22 (d, J = 9.2 Hz, 2H), 1.35 (s, 9H). 3C NMR (126 MHz, CDCl3) § 201.30, 139.24, 138.45, 134.57, 128.86, 127.83,
127.27,126.78, 126.19, 125.02, 124.23, 124.08 (q, J =274.4 Hz), 123.86 (d, J = 2.3 Hz), 123.32, 123.12, 122.36, 120.81,
119.81,112.48,112.43,112.18, 110.73, 105.07, 95.57 (q, J = 35.1 Hz), 36.33, 29.30. Y’F NMR (376 MHz, CDCl3) § -62.13.
HRMS (ESI): m/z caled. for C2sH2N2F3Cl Br M 556.0534; found:556.0562. 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): #major =

48.5 min, fminor = 51.9 min.

(R)-3-bromo-6-(5-(5-bromo-1H-indol-3-y1)-6,6,6-trifluoro-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (3e)

white foam, 28 h, 90% yield, 97% ee, [al} = +220.93 (¢=0.25, MeOH). '"H NMR (400 MHz, CDCl3) & 8.24 — 8.17 (m,
3H), 8.03 (dd, /= 6.9, 6.1 Hz, 1H), 7.97 (s, 1H), 7.45 (dd, J=3.7, 1.8 Hz, 1H), 7.43 (dd, J=3.9, 1.8 Hz, 1H), 7.37 — 7.32
(m, 1H), 7.29 (dd, J = 8.6, 1.9 Hz, 1H), 7.27 — 7.25 (m, 1H), 7.19 (d, J= 2.8 Hz, 1H), 7.17 (s, 1H), 1.29 (s, 9H). 3C NMR
(126 MHz, CDCl3) 6 201.27, 139.26, 138.46, 134.86, 128.87, 127.88, 127.41, 127.29, 125.66, 125.07, 124.25, 124.06 (q,
J=274.6 Hz), 123.65, 123.43, 122.92, 122.40, 120.77, 113.74, 112.84, 112.50, 112.18, 110.75, 104.99, 95.57 (q, J = 35.2
Hz), 36.35,29.30. YF NMR (376 MHz, CDCl3) § -62.18. HRMS (ESI): m/z calcd. for C2sH21N2F3Br2 M™: 600.0029; found:
600.0005. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak OD-H column (hexane/i-
PrOH = 94/6, flow rate | mL-min"!, A = 254 nm): fmajor = 32.9 min, fminor = 36.4 min.

(R)-3-bromo-6-(6,6,6-trifluoro-2,2-dimethyl-5-(5-methyl-1H-indol-3-yl)hexa-3,4-dien-3-yl)-9H-carbazole (3f)

white foam, 20 h, 92% yield, 98% ee, [a]) =+236.73 (c = 0.25, MeOH). "TH NMR (1H NMR (400 MHz, CDCL3) § 8.18
~8.06 (m, 2H), 7.97 (s, 1H), 7.89 (s, 1H), 7.83 (s, 1H), 7.43 (s, 1H), 7.41 (s, 1H), 7.27 (d, J = 8.4 Hz, 1H), 7.26 — 7.21 (m,
2H), 7.14 (d, J = 8.6 Hz, 1H), 7.07 (d, J = 9.5 Hz, 1H), 2.50 (s, 3H), 1.30 (s, 9H). 3C NMR (126 MHz, CDCL) § 201.56,
139.17, 138.43, 134.58, 129.67, 128.78, 127.94, 127.60, 126.01, 125.03, 124.42, 124.28 (q, J = 274.2 Hz), 123.53, 123.14,
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122.89 (d, J=2.2 Hz), 122.24,120.73, 120.02, 112.42, 112.17, 111.14, 110.57, 104.78, 96.06 (q, J=34.8 Hz), 36.22, 29.39,
21.77. YF NMR (376 MHz, CDCl3) & -61.99. HRMS (ESI): m/z caled. for C2oH2aN2F3Br [M+H]*: 536.1080; found:
536.1087. 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): fmajor = 14.4 min, Zminor = 16.7 min.

(R)-3-bromo-6-(6,6,6-trifluoro-5-(5-methoxy-1H-indol-3-yl)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (3g)

white foam, 12 h, 93% yield, 97% ee, [a]} =+199.85 (c = 0.22, MeOH). 'H NMR (500 MHz, CDCl3) § 8.12 (d, J = 14.9
Hz, 2H), 7.98 (d, J=21.2 Hz, 2H), 7.43 (d, J = 8.5 Hz, 2H), 7.37 (d, J= 2.3 Hz, 1H), 7.29 — 7.24 (m, 2H), 7.22 (d, /= 8.8
Hz, 1H), 7.16 (d, J = 8.5 Hz, 1H), 6.89 (dd, J = 8.8, 2.4 Hz, 1H), 3.82 (s, 3H), 1.30 (s, 9H).1*C NMR (126 MHz, CDCl3) 3
201.63, 154.72, 139.20, 138.47, 131.35, 128.85, 127.96, 127.51, 126.24, 124.99, 124.33 (q, J=274.5 Hz), 124.11, 123.49,
123.11, 122.27, 120.66, 113.18, 112.47, 112.23, 112.22, 110.64, 105.06, 102.18, 96.20 (q, /= 34.8 Hz), 56.17,36.14, 29.68.
YFNMR (376 MHz, CDCl3) § -61.89. HRMS (ESI): m/z calcd. for C20H24N2OF3Br M™: 552.1030; found: 552.1008. 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): fmajor = 20.3 Min, fminor = 22.4 min.

Methyl(R)-3-(4-(6-bromo-9H-carbazol-3-yl)-1,1,1-trifluoro-5,5-dimethylhexa-2,3-dien-2-yl)-1H-indole-5-carboxylate
(3h)

white solid, 24 h, 96% yield, 96% ee, [al} =+247.28 (c = 0.27, MeOH). "H NMR (500 MHz, CDCL3) § 8.9 (s, 1H), 8.42

(s, 1H), 8.30 (d, J = 4.8 Hz, 2H), 8.01 (s, 1H), 7.91 (d, J = 8.5 Hz, 1H), 7.48 (d, /= 8.3 Hz, 1H), 7.40 (d, J= 8.5 Hz, 1H),
7.33 —7.26 (m, 3H), 7.14 (d, J = 8.4 Hz, 1H), 4.05 (s, 3H), 1.31 (s, 9H). *C NMR (126 MHz, CDCls) & 201.13, 168.28,
139.23, 138.90, 138.45, 128.71, 127.97, 127.22, 125.28, 125.18, 124.47, 124.18, 124.10 (q, J = 272.2 Hz), 123.70 (d, J =
2.2 Hz), 123.60, 123.53, 122.42, 122.39, 121.11, 112.40, 112.12, 111.11, 110.50, 106.54, 95.68 (q, J = 34.7 Hz), 52.23,
36.43,29.18. YF NMR (376 MHz, CDCl3) & -62.14. HRMS (ESI): m/z calcd. for C30H24N202F3Br M™: 580.0979; found:
580.0963. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH

= 85/15, flow rate 0.8 mL-min"!, A = 254 nm): fmajor = 8.3 min, Zminor = 9.1 min.

(R)-3-bromo-6-(6,6,6-trifluoro-5-(6-fluoro-1H-indol-3-yl1)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (3i)

colorless oil, 20 h, 95% yield, 96% ee, [a]y =+282.93 (c = 0.25, MeOH). 'H NMR (400 MHz, CDCl3) & 8.16 (s, 2H),
7.97 (s, 2H), 7.87 (dd, J = 8.7, 5.3 Hz, 1H), 7.48 — 7.40 (m, 2H), 7.33 (d, J = 8.4 Hz, 1H), 7.26 (s, 1H), 7.24 — 7.19 (m, 1H),
7.02(d,J=9.3 Hz, 1H), 6.96 (t, J= 9.2 Hz, 1H), 1.30 (s, 9H). 3C NMR (126 MHz, CDCl3) 5 201.58, 160.32 (d, J =239.2
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Hz), 139.24, 138.46, 136.38, 136.28, 128.90, 127.82, 127.34, 125.05, 124.18 (d, J = 275.0 Hz), 124.08, 123.24, 123.04,
122.36, 122.33, 120.92 (d, J = 9.9 Hz), 120.75, 112.53, 112.23, 110.66, 109.27, 109.08, 105.62, 97.84 (d, J = 26.1 Hz),
95.83 (g, J = 34.9 Hz), 36.21, 29.48. YF NMR (376 MHz, CDCl3) § -61.98, -120.01. HRMS (ESI): m/z caled. for
Ca2sH21N2F4Br M: 540.0830; found: 540.0826. 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): fmajor = 16.9 min, fminor = 16.1 min.

(R)-3-bromo-6-(6,6,6-trifluoro-5-(6-methoxy-1H-indol-3-yl1)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (3j)

white solid, 20 h, 95% yield, 96% ee, [a]p =+318.21 (c=0.13, MeOH). 'H NMR (500 MHz, CDCl3) § 8.19 (d, J= 1.7
Hz, 1H), 8.12 (s, 1H), 8.08 (s, 1H), 8.00 (s, 1H), 7.87 (d, J= 8.6 Hz, 1H), 7.49 (dd, J= 8.6, 1.9 Hz, 1H), 7.46 (dd, J =8 4,
1.6 Hz, 1H), 7.38 (d, J = 8.4 Hz, 1H), 7.28 (s, 1H), 7.23 (s, 1H), 6.93 — 6.85 (m, 2H), 3.87 (s, 3H), 1.33 (s, 9H). 13C NMR
(126 MHz, CDCl3) 6 201.57, 157.02, 139.23, 138.49, 137.20, 128.84, 127.97, 127.55, 125.15, 123.76, 123.28, 123.18 (q,
J=274.3 Hz), 122.35, 121.67, 121.65, 120.81, 120.79, 120.08, 112.48, 112.21, 110.40 (d, J = 51.7 Hz), 105.41, 96.19 (q,
J = 34.9 Hz), 95.03, 55.83, 36.20, 29.51. YF NMR (376 MHz, CDCl3) § -61.95. HRMS (ESI): m/z calcd. for
C29H24N20F3Br M: 552.1030; found: 552.1009. 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): fmajor = 30.6 min, fminor = 43.4 min.

(8)-3-bromo-6-(4,4,4-trifluoro-3-(1H-indol-3-yl)-1-(trimethylsilyl)buta-1,2-dien-1-yl)-9H-carbazole (3k)

colorless oil, 24 h, 82% yield, 67% ee, [aly = +183.68 (c =0.27, MeOH). 'H NMR(500 MHz, CDCls) & 8.19 (s, 1H),
8.13 (s, 1H), 8.03 (s, 1H), 7.92 (s, 1H), 7.80 (d, J= 8.1 Hz, 1H), 7.53 (d, J = 8.4 Hz, 1H), 7.45 (d, /= 8.6 Hz, 1H), 7.35 (d,
J=8.1Hz,2H), 7.31 (d,J = 8.4 Hz, 1H), 7.25 — 7.15 (m, 2H), 7.05 (t,J = 7.6 Hz, 1H), 0.38 (s, 9H). 3C NMR (126 MHz,
CDCl3) 6 205.90, 139.29, 138.47, 136.35, 128.89, 127.33, 126.79, 125.64, 125.05, 124.97 (q,J =274.1 Hz), 123.20, 122.92,
122.88, 122.28, 122.27, 120.49, 120.04, 119.84, 112.54, 112.28, 111.47 (d, J=4.0 Hz), 110.02, 104.89, 93.81 (q, J=35.3
Hz), -0.43.F NMR (376 MHz, CDCl3) § -60.97.HRMS (ESI): m/z calcd. for C27H22BrF3N2Si [M+H]": 539.4886; found:
539.4891. 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): major = 15.3 min, minor = 12.0 min.

(R)-3-bromo-6-(6,6,6-trifluoro-5-(1H-indol-3-yl)-2-methylhexa-3,4-dien-3-yl)-9H-carbazole (31)

white solid, 24 h, 75% yield, 97% ee, [alh =+255.34 (c = 0.22, MeOH). "H NMR(400 MHz, CDCls) 8 8.26 (s, 1H), 8.13
(d, J=20.0 Hz, 2H), 8.03 (s, 1H), 7.74 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 8.3 Hz, 1H), 7.46 (d, J= 8.2 Hz, 1H), 7.41 (s, 1H),
7.35 (t,J = 8.6 Hz, 2H), 7.23 (d, J = 4.9 Hz, 1H), 7.18 (t, /= 7.5 Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 3.20 (dt, J = 13.0, 6.4

S9



Hz, 1H), 1.27 (t, J = 6.3 Hz, 6H). 3C NMR (101 MHz, CDCls) § 203.06, 139.49, 138.40, 136.23, 128.76, 126.65, 125.58,
125.08, 123.17, 122.85, 122.81, 122.78, 122.74, 121.92, 121.05, 120.60, 120.16, 120.00, 118.47, 112.48, 112.17, 111.33,
111.21, 105.41, 29.84, 22.10, 21.74. F NMR (376 MHz, CDCl3) & -61.65. HRMS (ESI): m/z calcd. for C27H20N2FBr
[M+H]": 509.0835; found: 509.0818. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak
IA column (hexane/i-PrOH = 90/10, flow rate 1.0 mL-min!, A = 254 nm): #major = 30.2 min, Zminor = 19.7 min.

(R)-3-phenyl-6-(6,6,6-trifluoro-5-(1H-indol-3-yl)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (3m)

20

white solid, 12 h, 95% yield, 97% ee, [l =+294.93 (c = 0.25, MeOH). 'H NMR (500 MHz, CDCls) 8 8.32 (s, 1H), 8.14
(s, 1H), 8.00 (d, /= 7.8 Hz, 1H), 7.95 (s, 1H), 7.85 (s, 1H), 7.58 (d, J= 8.5 Hz, 1H), 7.41 (d, J=8.4 Hz, 1H), 7.34 (d, J =
8.1 Hz, 1H), 7.29 — 7.19 (m, 4H), 7.06 (d, J = 8.5 Hz, 1H), 1.30 (s, 9H). 1*C NMR (101 MHz, CDCl3) § 201.57, 138.91,
138.79, 136.29, 134.32, 129.28, 127.92, 127.50, 125.78, 125.72, 124.30 (q, J = 271.0 Hz), 123.80, 122.91, 122.81 (d, J =
2.5 Hz), 121.96, 120.70, 120.46, 120.18, 112.74, 111.54, 110.51, 105.39, 95.99 (q, J = 34.8 Hz), 82.22, 36.17, 29.46. °F
NMR (376 MHz, CDCl3) § -61.88. HRMS (ESI): m/z calcd. for C2sH22N2F3I [M-H]: 569.0707; found: 569.0730. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 85/15, flow rate

1 mL-min", X = 254 nm): fmajor = 7.9 min, fminor = 8.5 min.

(R)-3-ethyl-6-(6,6,6-trifluoro-5-(1H-indol-3-yl)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (3n)

White solid, 12 h, 84% yield, 97% ee, [al} = +164.27 (c =0.19, MeOH). 'H NMR (500 MHz, CDCl3) & 8.14 (s, 1H),
8.07 — 7.96 (m, 2H), 7.94 — 7.80 (m, 2H), 7.40 (d, J= 8.1 Hz, 1H), 7.35 — 7.15 (m, 7H), 2.90 — 2.71 (m, 2H), 1.39 — 1.25
(m, 12H). 3C NMR (126 MHz, CDCl3) § 201.57, 139.15, 138.23, 136.18, 135.69, 126.94, 126.66, 126.38, 125.75, 124.23
(q,J=280.4 Hz), 123.87, 123.36, 123.15, 122.68, 122.61, 122.59, 120.53, 120.23, 119.11, 111.31, 110.46, 110.21, 105.55,
95.63 (q, J = 34.8 Hz), 36.06, 29.42, 29.00, 16.57. ’F NMR (471 MHz, CDClz) § -61.95. HRMS (ESI): m/z calcd. for
C30H27N2F3 [M-H]: 471.2054; found: 471.2058. 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): #major = 25.2 min, Zminor = 20.8 min.

(R)-3-cyclohexyl-6-(6,6,6-trifluoro-5-(1H-indol-3-y1)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (30)

colorless oil, 20 h, 87% yield, 98% ee, [aly =+232.8 (¢=0.27, MeOH). '"H NMR (500 MHz, CDCl;) § 8.07 (s, 1H), 8.04
(s, 1H), 8.00 (d, J = 7.8 Hz, 1H), 7.91 (s, 1H), 7.79 (s, 1H), 7.39 (d, /= 8.3 Hz, 1H), 7.30 (dd, J = 14.4, 8.2 Hz, 2H), 7.25
(s, 3H), 7.23 — 7.16 (m, 2H), 2.66 (t, J = 11.7 Hz, 1H), 1.97 (d, J = 12.3 Hz, 2H), 1.88 (d, J = 12.5 Hz, 2H), 1.78 (d, J =
12.7 Hz, 1H), 1.59 — 1.50 (m, 2H), 1.49 — 1.39 (m, 3H), 1.31 (s, 9H). 3C NMR (126 MHz, CDCls) § 201.60 (d, J = 3.7

Hz), 139.76, 139.17, 138.34, 136.17, 126.93, 126.64, 125.77, 125.46, 124.26 (q, J = 274.4 Hz), 123.88, 123.26 (d, J=1.7
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Hz), 123.17, 122.68, 122.61 (d, J= 1.4 Hz), 120.48, 120.24, 118.00, 111.31, 110.41, 110.21, 105.58, 95.61 (q, /= 34.8 Hz),
44.76, 36.07, 35.27 (d, J = 1.7 Hz), 29.43, 27.18, 26.32. ’F NMR (471 MHz, CDCl3) § -61.93. HRMS (ESI): m/z calcd.
for C3sH33N2F3 [M-H]: 525.2523; found: 525.2539. 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): fmajor = 27.8 min, fminor = 16.5 min.

(R)-3-phenyl-6-(6,6,6-trifluoro-5-(1H-indol-3-yl)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (3p)

colorless oil, 18 h, 85% yield, 97% ee, [al; = +345.00 (c = 0.18, MeOH). 'H NMR (500 MHz, CDCls) & 8.19 (s, 1H),
8.07 (s, 2H), 8.01 — 7.93 (m, 3H), 7.92 (d, J= 8.1 Hz, 1H), 7.86 (d, J= 7.6 Hz, 1H), 7.56 — 7.39 (m, 7H), 7.36 (d, J = 8.3
Hz, 1H), 7.29 (d, J= 7.9 Hz, 1H), 7.24 (s, 1H), 7.21 — 7.13 (m, 2H), 1.29 (s, 9H). 3C NMR (126 MHz, CDCl3) § 201.70,
141.11, 139.36, 139.22, 136.26, 134.02, 132.43, 132.40, 128.46, 128.38, 127.55, 127.53, 127.42, 127.25, 126.55, 126.09,
125.83, 125.79, 125.57, 124.32 (q, J=274.3 Hz), 123.91, 123.45, 123.31, 122.83, 122.72 (d, J = 1.6 Hz), 121.87, 120.75,
120.40, 120.26, 111.43, 110.54, 110.44, 105.56, 95.89 (q, J = 34.8 Hz), 36.18, 29.50. ’F NMR (471 MHz, CDCl3) § -61.91.
HRMS (ESI): m/z calced. for C3sH20N2F3 [M-H]: 569.2210; found: 569.2193. HPLC analysis: The enantiomeric excess
was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 85/15, flow rate 1 mL-min!, A = 254 nm): fmajor =

10.1 min, fminor = 8.6 min.

(R)-3-phenyl-6-(6,6,6-trifluoro-5-(1H-indol-3-y1)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (3q)

20

colorless oil, 12 h, 98% yield, >99% ee, [alp =+351.00 (c = 0.25, MeOH). "H NMR (500 MHz, CDCls) § 8.26 (s, 1H),
8.09 (s, 1H), 8.07 (s, 1H), 8.01 (d, J = 7.7 Hz, 1H), 7.87 (s, 1H), 7.69 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.4 Hz, 1H), 7.44
(dd, J=17.0, 8.7 Hz, 3H), 7.36 — 7.27 (m, 4H), 7.26 — 7.17 (m, 3H), 1.31 (s, 9H). 3C NMR (126 MHz, CDCl;) 5 201.70,
142.16, 139.36, 136.28, 133.27, 128.89, 127.48, 127.18, 126.66, 125.82, 125.76, 124.34 (q, J =274.2 Hz), 123.92, 123.84,
123.39, 122.84, 122.77, 122.76, 120.72, 120.40, 120.27, 118.99, 111.47, 111.01, 110.52, 105.56, 95.87 (q, J = 34.8 Hz),
36.19, 29.51. F NMR (471 MHz, CDCl;) & -61.89. HRMS (ESI): m/z calcd. for C34sH27N2F3 [M-H]": 519.2054; found:
519.2061. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH

= 85/15, flow rate 1 mL-min"', A = 254 nm): fmajor = 14.4 min, fminor = 9.6 min.

(R)-3-(phenylethynyl)-6-(6,6,6-trifluoro-5-(1H-indol-3-yl)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (3r)

colorless oil, 24 h, 75% vield, 96% ee, [aly = +327.27 (¢ = 0.11, MeOH). 'H NMR (500 MHz, CDCl3) & 8.28 (s, 1H),
8.17 (s, 1H), 8.06 (s, 1H), 8.01 (d, J = 10.3 Hz, 2H), 7.59 — 7.54 (m, 3H), 7.44 (d, J = 8.3 Hz, 1H), 7.38 — 7.28 (m, 7H),
7.23 (dt, J=15.0, 7.0 Hz, 2H), 1.32 (s, 9H). *C NMR (126 MHz, CDCl3) § 201.60 (d, J= 3.7 Hz), 139.76, 139.17, 138.34,
136.17, 126.93, 126.64, 125.77, 125.46, 124.26 (q, J = 274.4 Hz), 123.88, 123.26 (d, J = 1.7 Hz), 123.17, 122.68, 122.61
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(d, J=1.4 Hz), 120.48, 120.24, 118.00, 111.31, 110.41, 110.21, 105.58, 95.61 (q, J = 34.8 Hz), 44.76, 36.07, 35.27 (d, J =
1.7 Hz), 29.43, 27.18, 26.32. F NMR (471 MHz, CDCl3) § -61.94. HRMS (ESI): m/z calcd. for C3sH27N2F3 [M-H]:
543.2042; found: 543.2054. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak 1A column

(hexane/i-PrOH = 85/15, flow rate 0.8 mL-min™!, A = 254 nm): major = 8.3 min, fminor = 9.1 min.

(R)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-6-(6,6,6-trifluoro-5-(1H-indol-3-y1)-2,2-dimethylhexa-3,4-dien-3-yl)-
9H-carbazole (3s)

colorless oil, 16 h, 92% yield, 98% ee, [a]} = +357.00 (c = 0.20, MeOH). 'H NMR (500 MHz, CDCl3) & 8.59 (s, 1H),
8.18 (s, 1H), 8.12 (s, 1H), 8.07 (s, 1H), 8.00 (d, /= 7.5 Hz, 1H), 7.87 (d, /= 8.1 Hz, 1H), 7.41 (d, /= 8.3 Hz, 1H), 7.34 (t,
J=9.7 Hz, 3H), 7.27 (s, 1H), 7.24 — 7.18 (m, 2H), 1.43 — 1.39 (m, 12H), 1.30 (s, 9H). *C NMR (126 MHz, CDCl3) &
201.59 (q, J = 3.7 Hz), 142.15, 138.86, 136.29, 132.66, 127.89, 127.52, 127.39, 125.82, 124.33 (q, J=274.3 Hz), 123.87,
123.37, 123.11, 122.80, 122.73, 122.71, 120.85, 120.47, 120.28, 111.41, 110.39, 110.25, 105.59, 95.89 (q, J = 34.6 Hz),
83.85, 36.19, 29.48, 27.06, 25.08, 25.06. YF NMR (471 MHz, CDCl3) & -61.90. HRMS (ESI): m/z caled. for
C34H34N202BF3 [M-H]: 569.2599; found: 569.2608. HPLC analysis: The enantiomeric excess was determined by HPLC

with Chiralpak IA column (hexane/i-PrOH = 85/15, flow rate 1 mL-min"!, A = 254 nm): fmajor = 6.3 min, Zminor = 5.9 min.

(R)-2-bromo-6-(6,6,6-trifluoro-5-(1H-indol-3-yl)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole(3t)

colorless oil, 14 h, 82% yield, >99% ee, [al} = +297.50 (c=0.21, MeOH). '"H NMR (500 MHz, CDCl3) & 8.20 (s, 1H),
8.07 —7.91 (m, 3H), 7.90 — 7.83 (m, 1H), 7.51 — 7.40 (m, 2H), 7.37 (d, J = 8.0 Hz, 1H), 7.35 — 7.28 (m, 3H), 7.26 — 7.23
(m, 1H), 7.22 - 7.17 (m, 1H), 1.31 (s, 9H). *C NMR (126 MHz, CDCl3) § 201.50, 140.51, 138.80, 136.20, 127.52, 125.66,
124.17 (q, J = 274.5 Hz), 123.70, 123.68, 122.80, 122.66, 122.62 — 122.56 (m), 122.21, 121.55, 120.57, 120.29, 120.12,
119.42,113.65,111.39, 110.41, 105.38, 95.86 (q, /= 35.1 Hz), 36.05, 29.37. ’F NMR (471 MHz, CDCl3) § -61.96. HRMS
(ESI): m/z caled. for CosH2oNoF3 [M+H]™: 523.0991; found: 523.1003. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 92/8, flow rate 1 mL-min’!, A = 254 nm): fmajor =

59.8 min, fminor = 55.8 min.

3,6-bis((R)-6,6,6-trifluoro-5-(1H-indol-3-yl)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole (4a)

white foam, 30 h, 87% yield, >95:5 dr, >99% ee, [a]5 =+291.83 (c = 0.36, MeOH). 'H NMR (500 MHz, CDCls) § 8.10
(s, 2H), 8.05 (s, 2H), 8.02 — 7.97 (m, 2H), 7.89 (s, 1H), 7.41 (dd, J = 8.3, 1.6 Hz, 2H), 7.34 — 7.28 (m, 4H), 7.26 (s, 2H),
7.25-7.23 (m, 1H), 7.22 — 7.17 (m, 2H), 7.17 - 7.12 (m, 1H), 1.31 (s, 18H). '*C NMR (126 MHz, CDCls) § 201.59, 139.10,

136.15,127.37, 127.10, 125.74, 125.72, 124.22 (q, J = 274.3 Hz), 123.78, 123.74, 123.06, 122.75, 122.64, 122.62, 120.60,
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120.56, 120.26, 120.24, 120.19, 111.31, 110.36, 105.52, 95.71 (q, J = 34.9 Hz), 95.65 (q, J = 34.8 Hz), 36.08, 29.42. F
NMR (471 MHz, CDCl;) 6 -61.96. HRMS (ESI): m/z caled. for Ca4H37F6N3 [M-H]: 720.2959; found: 720.2968. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 85/15, flow

rate 1 mL-min!, A = 254 nm): fmsjor = 7.5 min, fminor = 6.2 min.

3,6-bis((R)-6,6,6-trifluoro-5-(5-fluoro-1H-indol-3-yl1)-2,2-dimethylhexa-3.,4-dien-3-yl)-9H-carbazole(4b)

White solid, 32 h, 94% yield, >95:5 dr, >99% ee, [al} = +344.14 (¢ =0.37, MeOH). 'H NMR (400 MHz, CDCl3) 5 8.13
(s, 2H), 8.09 (d, J=4.5 Hz, 2H), 7.99 (s, 1H), 7.66 (d, J = 10.1 Hz, 2H), 7.42 (d, J=9.5 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H),
7.29 (s, 2H), 7.24 — 7.18 (m, 2H), 6.95 (t, J = 8.9 Hz, 2H), 1.31 (s, 18H). 3C NMR (126 MHz, CDCl3) 5 201.29 (d,J=3.8
Hz), 158.17 (d, J=235.2 Hz), 139.15, 132.60, 127.27 (d, J= 5.0 Hz), 126.99, 126.16, 126.08, 124.22, 124.19, 124.16 (d,
J=2.6 Hz), 124.07 (q, J=274.3 Hz), 123.10, 120.63 (d, /= 3.8 Hz), 111.85 (d, J=9.7 Hz), 111.22 (d, J=4.2 Hz), 111.01
(d,J=4.3 Hz), 110.43, 105.66, 105.62, 105.44, 105.25, 95.45 (q, J = 35.4 Hz), 36.14, 29.36. '°’F NMR (376 MHz, CDCl3)
§-62.09, -123.27. HRMS (ESI): m/z calcd. for C44sH3sN3Fs [M-H]: 756.2630; found: 756.2631. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 90/10, flow rate 1 mL-min

1A =254 nm): fmajor = 30.4 min, fminor = 50.0 min.

3,6-bis((R)-5-(5-chloro-1H-indol-3-y1)-6,6,6-trifluoro-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole(4c)

colorless oil, 32 h, 90% yield, >95:5 dr, >99% ee, [al} = +134.16 (c=0.32, MeOH). 'H NMR (400 MHz, CDCI3) § 8.19
(s, 1H), 8.14 (d, J= 8.2 Hz, 3H), 8.06 (d, J= 5.4 Hz, 2H), 7.99 (d, J=5.6 Hz, 1H), 7.42 (t, /= 9.8 Hz, 2H), 7.39 — 7.32 (mm,
2H), 7.26 (s, 2H), 7.22 — 7.17 (m, 2H), 7.16 — 7.03 (m, 2H), 1.30 (s, 18H). 3C NMR (126 MHz, CDCl3) § 201.27, 139.18,
134.43, 127.60, 127.33, 126.95, 126.71, 126.15, 126.11, 124.24, 124.00 (q, J = 274.5 Hz), 123.66, 123.59, 122.96, 122.95,
120.65, 120.37,119.83, 112.17, 110.52, 110.47, 105.18, 95.33 (q, J = 35.2 Hz), 36.24, 29.27. ’F NMR (471 MHz, CDCl3)
d -62.17. HRMS (ESI): m/z caled. for CauH3sN3FsClo [M-H]: 788.2039; found: 788.2043. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 90/10, flow rate 1 mL-min

1A =254 nm): fmajor = 13.4 min, fminor = 16.6 min.

3,6-bis((R)-5-(5-bromo-1H-indol-3-yl)-6,6,6-trifluoro-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole(4d)

white foam, 48 h, 95% yield, 94:6 dr, >99% ee, [l =+103.98 (c = 0.41, MeOH). '"H NMR (500 MHz, CDCls) § 8.32 —

8.21 (m, 3H), 8.21 — 8.15 (m, 3H), 8.06 (s, 1H), 7.47 — 7.38 (m, 4H), 7.32 — 7.25 (m, 4H), 7.19 (dd, J = 8.6, 3.5 Hz, 2H),
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1.31 (s, 18H). 13C NMR (126 MHz, CDCl3) & 201.24, 139.18, 134.72, 127.69, 127.34, 126.92, 125.48, 124.32, 124.26,
123.97 (q, J=274.0 Hz), 123.43, 123.37, 123.18, 122.95, 120.73, 120.38, 113.66, 113.62, 112.59, 110.53, 110.47, 105.06,
95.32 (q, J = 35.4 Hz), 36.28, 29.27. F NMR (471 MHz, CDCls) & -62.20. HRMS (ESI): m/z caled. for C44H3sN3FeBr2
[M-H]: 876.1029; found: 876.1051. 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): fmajor = 13.0 min, fminor = 14.9 min.

3,6-bis((R)-6,6,6-trifluoro-2,2-dimethyl-5-(5-methyl-1H-indol-3-yl)hexa-3,4-dien-3-yl)-9H-carbazole(4e)

Me

colorless oil, 28 h, 90% yield, >95:5 dr, >99% ee, [al} =+157.22 (c=0.36, MeOH). 'H NMR (500 MHz, CDCl3) & 8.09
(d, J=11.9 Hz, 2H), 8.00 (s, 2H), 7.87 (s, 1H), 7.82 (s, 2H), 7.40 (t, /= 7.0 Hz, 2H), 7.28 (d, /= 8.3 Hz, 2H), 7.22 - 7.16
(m, 4H), 7.01 (t, J = 7.7 Hz, 2H), 2.46 (s, 3H), 2.42 (s, 3H), 1.29 (s, 18H). 1*C NMR (126 MHz, CDCls) § 201.51, 139.11,
134.44, 129.53, 127.66, 127.39, 127.28, 125.95, 124.23, 124.22 (q, J=274.2 Hz), 123.54, 123.04, 123.00, 122.68, 120.47,
120.18, 120.00, 119.98, 110.91, 110.47, 110.38, 104.82, 95.84 (q, J = 34.8 Hz), 36.14, 29.34, 21.54, 21.48. ’F NMR (471
MHz, CDCls) 6 -62.02. HRMS (ESI): m/z calcd. for C46Ha1N3Fe [M-H]": 748.3132; found: 748.3151. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak AD-H~IA column (hexane/i-PrOH = 85/15, flow rate 0.7

mL-min, =254 nm): fmajor = 19.1 min, fminor = 20.9 min.

3,6-bis((R)-6,6,6-trifluoro-5-(6-fluoro-1H-indol-3-yl)-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole(4f)

Iz

colorless oil, 52 h, 83% yield, >95:5 dr, >99% ee, [al} =+429.85 (c=0.23, MeOH). '"H NMR (500 MHz, CDCl3) & 8.14
(d, J= 3.5 Hz, 2H), 8.05 — 7.99 (m, 3H), 7.89 — 7.84 (m, 2H), 7.42 (d, J = 8.3 Hz, 2H), 7.36 (d, J = 8.3 Hz, 2H), 7.25 (s,
2H), 7.04 — 6.99 (m, 2H), 6.95 — 6.87 (m, 2H), 1.31 (s, 18H). 3C NMR (126 MHz, CDCls) & 201.60, 161.17, 159.27,
139.15, 136.20 (d, J=12.5 Hz), 136.17 (d, J=12.4 Hz), 127.25, 127.03, 124.09 (q, J = 275.9 Hz), 124.05 (d, /= 2.4 Hz),
123.08, 122.89, 122.30, 120.95, 120.87, 120.56, 110.44, 108.94 (d, /= 24.1 Hz), 108.92 (d, J = 24.4 Hz), 105.69, 97.75 (d,
J=153Hz), 97.54 (d, J = 5.4 Hz), 95.51 (q, J = 34.7 Hz), 36.09, 29.43.F NMR (471 MHz, CDCls) § -62.05, -120.18.
HRMS (ESI): m/z caled. for C44H3sN3Fs [M-H]: 756.2630; found: 756.2639. 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): fmajor

=15.1 min, fminor = 19.5 min.

3,6-bis((R)-5-(6-chloro-1H-indol-3-yl)-6,6,6-trifluoro-2,2-dimethylhexa-3,4-dien-3-yl)-9H-carbazole(4g)

Cl

S14



colorless oil, 48 h, 86% yield, 94:6 dr, >99% ee, [al} = +485.88 (¢ =0.34, MeOH). 'H NMR (500 MHz, CDCls) & 8.14
(d, J=4.2 Hz, 2H), 8.05 — 7.97 (m, 3H), 7.89 — 7.81 (m, 2H), 7.41 (d, J = 8.3 Hz, 2H), 7.36 (d, J = 8.3 Hz, 2H), 7.32 (dd,
J =59, 1.7 Hz, 2H), 7.26 (s, 2H), 7.16 — 7.09 (m, 2H), 1.31 (s, 18H). 3C NMR (126 MHz, CDCls) § 201.68, 139.16,
136.52, 136.50, 128.75, 128.73, 127.26, 127.22, 126.97, 124.34, 124.12 (d, J = 3.5 Hz), 124.05 (q, J = 274.6 Hz), 123.15,
123.09, 120.97, 120.95, 120.59, 120.54, 111.26, 111.22, 110.46, 105.82, 95.37 (q, J = 39.8 Hz), 36.10, 29.42. YF NMR
(471 MHz, CDCI3) 6 -62.06. HRMS (ESI): m/z calcd. for CasH3sN3FeCl [M-H]: 788.2039; found: 788.2063. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 94/6, flow

rate 1 mL-min!, A =254 nm): fmajor = 68.8 min, fminor = 79.2 min.

3,6-bis((S)-4,4,4-trifluoro-3-(1H-indol-3-yl)- 1-(trimethylsilyl)buta-1,2-dien-1-yl)-9H-carbazole (4h)

colorless oil, 72 h, 82% yield, 4:1 dr, >99% ee, [aly = +327.19 (c = 0.36, MeOH). 'H NMR (500 MHz, CDCI3) & 8.19
(s, 2H), 8.07 (s, 2H), 7.99 (d, J=7.4 Hz, 1H), 7.81 (d, J = 8.0 Hz, 2H), 7.52 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.7 Hz, 6H),
7.19 (t, J = 7.6 Hz, 2H), 7.05 (t, J = 8.4 Hz, 2H), 0.37 (s, 18H).1*C NMR (126 MHz, CDCls) § 206.38, 139.74, 136.79,
127.27,127.05, 126.17, 125.46 (q, J = 274.0 Hz), 124.20, 123.28, 122.68, 120.90, 120.59, 120.21, 111.87, 111.84, 110.54,
105.53, 94.02 (q, J = 34.7 Hz), 0.00."F NMR (471 MHz, CDCls) & -61.07. HRMS (ESI): m/z calcd. for C42H37N3FsSiz
[M-H]: 752.2357; found: 752.2385. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak

IA column (hexane/i-PrOH = 85/15, flow rate 1 mL-min™!, A = 254 nm): fmajor = 10.1 min, fminor = 8.6 min.
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4. Data for X-Ray Crystal Structures of 3n and 4b

Table S3 Crystal data and structure refinement for 3n.

Compound

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group
a/A

b/A

c/A

a/°

B/

y/°

Volume/A?

4

Pealemg/mm?>
pwmm-!

F(000)

Crystal size/mm?

20 range for data collection

Index ranges

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

Final R indexes [[>=20c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A7

Flack parameter

C30H27F3N>

472.53

99.99(10)

orthorhombic

P2:212;

7.62710(10)

7.65910(10)

41.8071(6)

90

90

90

2442.23(6)

4

1.285

0.746

992.0

0.35x0.35x0.1

4.228 to 159.262°
9<h<8,-9<k<9,-51<1<52
25028

5054[R(int) = 0.0516]
5054/0/320

1.081

Ri =0.0384, wR, =0.0928
R = 0.0404, wR, = 0.0940
0.20/-0.20

-0.02(6)
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Table S4 Crystal data and structure refinement for 4b.

S
Compound = - /\‘/ ’
AT
N J\/"
Empirical formula C45H36CI3F8N3
Formula weight 877.12
Temperature/K 100.00(10)
Crystal system monoclinic
Space group P21
a/A 10.16650(10)
b/A 12.6248(2)
c/A 15.8394(2)
a/° 90
/e 91.1300(10)
v/° 90
Volume/A3 2032.59(5)
Z 2
pcalcg/cm3 1.433
wmm-1 2.685
F(000) 900.0
Crystal size/mm3 0.2 x0.15%0.1

Radiation

CuKa (A= 1.54184)

20 range for data collection/°  5.58 to 158.572

Index ranges -12<h<12,-16<k<15,-20<1<18
Reflections collected 40026

Independent reflections 8140 [Rint =0.1102, Rsigma = 0.0608]
Data/restraints/parameters 8140/1/542

Goodness-of-fit on F2 1.099

Final R indexes [[>=2c (I)] R1=0.0438, wR2 =0.1159
Final R indexes [all data] R1=0.0464, wR2 =0.1176
Largest diff. peak/hole /e A-3  0.33/-0.41

Flack parameter 0.007(9)
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19F NMR of compound 3a (in CDCl3)
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13C NMR of compound 3b (in CDCl;)
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'H NMR of compound 3¢ (in CDCl3)
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19F NMR of compound 3¢ (in CDCl;)
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'H NMR of compound 3e (in CDCl3)
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19F NMR of compound 3e (in CDCl;)
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'H NMR of compound 3g (in CDCl;)
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19F NMR of compound 3g (in CDCl3)
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13C NMR of compound 3h (in CDC

zvr ey 8665 -coome—he
—

—

=)

51
|

3)

(=]
=)}

124.18
123.60
121.11
112.12
111.11
8k%s°
5.82
5
5.2

o0
bl
—

=,

F5000

—168.28
139.23

—
=
]
1
—
|

13845
—52.23
—36.43
—20.18

§
\
i

FB000

7000

B000

5000

4000

3000

F2000

1000

T T T T T T T T T T T T T T T T T T T T T
200 180 180 170 160 150 140 130 120 110 100 a0 80 70 80 30 40 30 20 10 0
£1 (ppm)

19F NMR of compound 3h (in CDCl)

zvr—d-866-5-coomef
1900

1800

—-62.14

1700

rlé00

1300

1400

1300

1200

Fl1o0

F1000

900

800

700

600

400

300

200

F100

-0

=100

T T T T T T T T T T T T T T
10 0 -10 —Z0 -0 —40 -30 —80 i) —80 -80  -100 -110 -l1200 -130 -l40 -1
£1 (ppm)

T T T T T T
30 -160 -170 -180 -190 -200 ~-Z10

S29



F7000
+6000
F5000
F4000
Fa000
F2000
F1000
ro
F-1000

'H NMR of compound 3i (in CDCl5)

10

B B S R B ROR F R E B E S G o T o % 8 &
;
- 67— -
. LT FR8T
0g'1 wmooua bt
- 79501
. 20°60T
e LT601
99011
L= £TTIT
€5°ZT1
| = SL0z1
o 38071
96'021
F £€°7TT
9gzz1 ﬁ
L= ¥0O'€Z1
1 60°€T1
it PTETT
| 80'+Z1
S0'STT
Fa wmﬁ:w
¥6°9, o TeLTIN
96'91 Le ) 068T1—
wm.f a wm‘oﬂv
1049 - QO sgogr
€047 |« = ow,wm%
0T'Ly S prest
TT LA Le &
£t T LE6ST~
9T t2 § srier
TEL s B
PEL~ =%
L Le £
FHL S
et s %
‘mw.nL_. =)
481 . M.
bo) =R
ww”n“ . p4 %mémw
brs R

. |
60 40 30

o0 80

S30

120 110 100
£1 (ppm)

130

140

180 180

|
Z00

210



19F NMR of compound 3i (in CDCl;)
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13C NMR of compound 3j (in CDCl3)
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13C NMR of compound 31 (in CDCls)

w.w_zw I._
177C
$6'67— SR Lg

ZETII
SPIII
6711
09711 [i®
35811
10zl
LT 0TI
10214
T 1ZI
€0°ZZIA
S8 TTI
06721/
z6'7eT
96'7T1
8z ez1
61'STT
69°ST1 L
9L'9T1
L8'8TT -
psosT e
1s'8eT
09'6€T

s'so1 L
J

Y
T
100

T
110
1 (ppm)

T
120

|

YL 19—

T
190

T
200

LT €0T— -

T
210

22

0
19F NMR of compound 31 (in CDCls)

-210

-200

30 -140 -150 160 -170 -180 190

=120 =T

-110

~100
1 (ppm)
S35

0 -80 -90

60.

-20 -30 -40 -50 =6l

-10

10




45000

40000

35000

30000

25000

20000

15000

10000

5000

O

'H NMR of compound 3m (in CDCl;)

S0°L
90°L
0T
7L
£TL]
€L
$T'L
LTL
871
€674
SE°L
¥ Ly
g
8L
6sL’
58 L
S6°L
66'L
108
P18
zE'8

=106

)

86°0
= d‘\vm.w

J— %wm.o

E =701
= =001

- 8670
= Mom.o
B »‘Hc.ﬁ
00T

urmm.o

ff (ppm)‘

100000

90000

80000

70000

60000

50000

40000

30000

0000

9

10000

--10000

13C NMR of compound 3m (in CDCl;)

96T

LT9E—

6%,
15011
PETII
FLTITY
8T0Z14
8€°0Z11
3.8:#
E.DN:_.
96 121~
08721
T8°TTT
16'2214
$6'TT1
08'€Z1-
RONYAR
TLSTI
8L'STI
0§'LTT
T6'LT
86211
TEVE
6C°9¢1
6L8€1
16°8€1

LS TOT—

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

10

£1 (ppm)

S36



19F NMR of compound 3m (in CDCl;)
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13C NMR of compound 3n (in CDCl;)

o~ o~

,
3
3

=+
[«

o wn 0 Oy = o 00 N O OGO G — =0 —
O W — el — D v oA enooen —— VWOV AWV el ~¢en STV~ (ol o =] ~
— AXVM O OSSN Soo oo Ta oo )
o o R R I s I I I I I o I I I o o I o I B I o I S = R e i o B R A A D e el
& a — et ettt = = — Oy O\ OV OV en &1 &l —
o T e e TN —— o S S Ny |

F9000

8000

7000

6000

5000

4000

3000

2000

1000

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

17000

16000

15000

14000

13000

12000

11000

10000

F9000

8000

7000

6000

5000

4000

3000

2000

1000

F—1000

£1 (ppm)
19F NMR of compound 3n (in CDCl)
v
N
©
Eb lb 6 *30 *50 *éO *iO *50 *éO *%0 *éO *éO *flO I *£30 *fSO I *fTO *150 *510
£1 (ppm)

S38



6000
5000
4000
3000

2000
1000

'H NMR of compound 30 (in CDCl;)

-10

10

20

g 8 8 8 8 8 g8 € 8 88 8 € 8 g g9 2 9 g = = o
(=1 (=] (=1 (=] = =1 = = (=] (=3 =1 (=] (=3 (=3 (=3 (=3 (= (= (=3 (=3 (=
= o = o =) = =™ = o =) =t o3 = =3 =3 = = o =3 =3 =
ST U A U U SR P s S, R B R . R R | g % 5
TET -
Wy rs
911
15T =
€51y
95T =
9L'TH P
E.:w - 40€ ] | :
68T serzf o i
56T £00°T s .
: e €167
86T~ Rsozle o
al B 9T'SE
e R.mnw
+9°C F o LO9€E
8.&% = F60| " m\mmw\
69T o 29
Mo LY'S6
§L7S6
L 8§50
~ 120114
- #0114
M= TETI
00°811
o ¥T0Z1
Z 8K 0211
loo 66°0Z14
o 092214,
19721
[I=]
M o 89TTIN
LT QO LTSt
ST'L LS a svet
0T'L O et
7L L g ssee
7L <€ S el
o : S operl
5 v &
LT LA ) £ o LS
6T 'L - 3 m.:.m = 9971
0€'L RN 2 69l
: 27
zeud B mma.o S LT
mmiﬂ —2 7%0] o g cLroer
o AT
6] T w LUGED
16'L 00T S orseld
66 L1 m 85°10¢
ol Le
1o’ = = 191027
$0°81
L0°8 | w ,mp
[=2]

30

40

60

70

100 90 80
S39

£1 (ppm)

110

00 190 180 170 160 150 140 130 120

9

10

9




19F NMR of compound 30 (in CDCl;)
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13C NMR of compound 3p (in CDCl;)
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'H NMR of compound 3q (in CDCl3)
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19F NMR of compound 3q (in CDCls)
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13C NMR of compound 3t (in CDCl;)
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'H NMR of compound 4a (in CDCl;)
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19F NMR of compound 4a (in CDCl3)
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13C NMR of compound 4b (in CDCl;)
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'H NMR of compound 4c¢ (in CDCls)
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19F NMR of compound 4c¢ (in CDCl;)
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13C NMR of compound 4d (in CDCl;)
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'H NMR of compound 4e (in CDCl3)
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19F NMR of compound 4e (in CDCl;)
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13C NMR of compound 4f (in CDCl3)
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'H NMR of compound 4g (in CDCl;)
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19F NMR of compound 4¢g (in CDCl3)
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13C NMR of compound 4h (in CDCl;)
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6. Copies of HPLC Spectra

HPLC spectrum of the racemate

DAD1 C, Sig=254,8 Ref=360, 100 (D\ ¥ = \DICHEMSTATION DATAZWR-YUANSHINZWR-D-838-1-XIAC-AD-2.D)

1000

800

600 -

12942

400+

14132

200

T
2 4 6 8 10 12 14 16min|

{55 1: DAD1 ¢, Sig=254,8 Ref=360,100

WE {REHI ) SEE W T W vy I 7 A
4 [min] [min] (mAU*s] [mAU] %
e | === | =mmmmmm | ===mmmmee | === R |
1 12,942 BV 0.3456 BB1Z2.09375 393.00650 49.8265
2 14,132 VB 0.3947 B873.46387 346.60831 50.1735

HPLC spectrum of the chiral compound

DAD1 C, Sig=254.8 Ref=360,100 (DAH 37 i£ Z\D\CHEMSTATION DATAIZWR-YUANSHIZWR-D-838-1-CPA4 D)

1600

1400

1200

1000

800

14.380

600

400+

200

T
2 4 8 8 10 12 14 16min

{55 1: DaDl C, Sig=254,8 Ref=360,100

e {RBHETE M W e T A U = e [T AR
#  [min] [min]  [mAU*s] (mAU] %

=== | e e e | === | === | ==mmmee
1 13.221 MM R 0.3488 333.81598  15.95286  1.8283

2 14.380 VB 0.4092 1.79240e4 680.68854 98.1717
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HPLC spectrum of the racemate

DAD1 C, Sig=254,8 Ref=360,100 (ZWR\ZWR-D-B53-XIA0-0D.D)
mAU ]

2500 4
2000 4
1500

1000
} A/L

{5% 1: pDAD1 C, Sig=254,8 Ref=360,100

b {REEE R EEE R g i i e B
# [min] [min] [MAU*s] [mAU] 3
] e e e e e |
1 11.999 vV 0.4098 1.60640e4  G0B.97198 49,8082
2 12.882 VB 0.4786 1.61878e4  520.88019 50.1918

HPLC spectrum of the chiral compound

DAD1 C, Sig=254 8 Ref=360,100 (ZWR\ZWR-D-853-CPA4-0D D)

2500

20004

1500

11961

1000 -

500+

12889

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

W fREHE (R ER MR W [T R B iy g i
# [min] [min] [mAU*s] [mAU] %
Sl Bttty | === | === | === | === | === |
1 11.%61 MM R 0.4509 3.84459%e4 1347.26758 98.2530
2 12.989 MM R 0.4386 648.04114  24.62276  1.7470
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HPLC spectrum of the racemate

B DAD1 C, Sig=254,8 Ref=360,100 (ZWR\ZWR-D-857-5-F-XIAO-OD-1.D)
800
400+
P
) M
I % p 5 % % % % PR
fis 1: DADl C, Sig=254,8 Ref=360,100
W fREEESR R MR i [ £ I 1y i i
# [min] [min] [mAU*s] [mAU] %
el e e | === | === | === [
1 38.595 BV 1.1454 1.88478ed  246.67482 49,4795
2 41.185 VB 1.3129 1.9%2444e4  217.35912 50.5205
HPLC spectrum of the chiral compound
_ DAD1 C, Sig=254,8 Ref=360,100 (ZWR\ZWR-D-857-5-F-CPA4-0D-1.D)
800
600+
E
400+ E]
200
E
5 1h 15 2‘0 2‘5 3‘0 3‘5 40 4‘5 mirf
fii's 1: DAD1 C, Sig=254,8 Ref=360,100
W REETE AR i [ 5 R
# [min] [min] [mAU*s] [mAl] %

e e | === === | === |
1 38.257 MM E 1.3282 2.84802e4d 357.36893 99.0878

2 41.485 MM R 1.1030 262.1%720 3.986171 0.9122
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HPLC spectrum of the racemate

DADT C, Sig=254 8 Rei=360, 100 (2WR\ZWR-D-858-5-CL-XIAC-IA-Z D)

400

49.029
1.680

-

30

f§% 1: DAD]1 C, Sig=254,8 Ref=360,100

e iy T U - 1R I 5y e TR
# [min] [min] [mAU*=s] [mAT] %
————|m——————— [ === mm————— [=====——=—- |=======——- | ======== I
1 49,029 BV 1.1200 1.54787e4 202.89378 49,2560
2 51.680 VB 1.3105 1.59463e4 173.46844 50.7440
HPLC spectrum of the chiral compound
DAD1 C, Sig=254,8 Ref=380,100 (ZWR\ZWR-D-858-5-CL-CPA4-IA-2.D)
800
fiis 1: DAD1l C, Sig=254,8 Ref=360,100
B (REEE ER EER i L 0 e [ 51
# [min] [min] [mAU*s] [maU] %
il Bt [====|======= [========== [ === [ ======== I
1 48.505 BB 1.2850 2.6308%9e=4 300.63162 99,0418
2 51.8%4 MM R 1.0283 254.5211%9 4,.12535 0.9582
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HPLC spectrum of the racemate

DAD1 C, Sig=254 8 Ref=360.100 (ZWR\ZWR-D-859-58R-XIAC-0D-1.D)

2
2 >

1 23
2 B

JAVAN

25

T T
30 35

f§% 1: paDl C, Sig=254,8 Ref=360,100

W fRETETE A b e 7] 4 i i T L
# [min] [min] [mAU*s] [mATT] %
e |====|======= | ===mmmmmm | === | =======- |
1 32.809 BV 1.0650 9529,45801 132.83583 50.08625
2 35.689 VB 1.1884 9505.66797 113.81646 45,9375
HPLC spectrum of the chiral compound
DAD1 C, Sig=254,8 Ref=360,100 (ZWR\ZWR-D-858-5BR-CPA4-0D-1.D)
1004 ;:;
N 8
{f§% 1: papl C, Sig=254,8 Ref=360,100
[ U & L ATE i oy WET
# [min] [min] [mAU*=s] [mATT] %
————|—————— |====|======= [ ========== |===—————— | ===—————
1 32,931 MM R 1.2382 1.35373ed 182.22353 98.5806
2 36.3B4 MM E 1.0832 154.51e81 Z2.98910 1.4154
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HPLC spectrum of the racemate

DAD1C, Sig=254,8 Ref=380,100 (ZWRWZWR-D-880-5ME-XIAC-1A.D)
mAU ]

1500 -

g
f&% 1: DADl C, Sig=254,8 Ref=360,100
WE {REIRTR) SR MEEE e [ £ i e R
# [min] [min] [mAU*=s] [mAT] &
——— | m————— | === | === mm—— | == e | === |
1 14.363 BB 0.3427 2.40998e4 1078.41626 49,9468
2 1&.591 BB 0.4130 2.41510e4 894.60962 50.0531
HPLC spectrum of the chiral compound
DAD1 C, Sig=254 8 Ref=360.100 (ZWR\ZWR-D-860-5ME-CPA4-1A D)
8
{§% 1: DADl C, Sig=254,8 Ref=360,100
W PRETRTE A b L TR i i i [
# [min] [min] [mAU*=] [ma] %
e P e | === e | ===
1 14,373 MM R 0.3691 2,52512ed 1140.28369 99.0677
2 16,725 MM R 0.2959 237.63226 13.38688  0.9323
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HPLC spectrum of the racemate

DAD1 C, Sig=254,8 Ref=360,100 (ZWRZWR-D-861-5-OME-XIAO D)
mAU

1000

20348

22.275

f§% 1: DADl C, Sig=254,8 Ref=360,100

wE {REIFTRE] FEE R e [ A i iy TR
# [min] [min] [mAT*=s] [mATT] %

1 20.348 BB 0.4794 1.18230e4 379.60%922 49.8707
2 22,275 BB 0.5454 1.18843e4 328.99619 50.1293

HPLC spectrum of the chiral compound

DAD1 C, Sig=254,8 Ref=360,100 (ZWR\ZWR-D-861-5-OME-CPA4 D)

2000

1500

1000

20.289

500

J22.425

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

e (R R e g [ 5 I i e [ 1
#  [min] [min] [MAU*s] [mAU] %
e R | === |=mmmmmeee | ==
1 20.299 MM R 0.5442 2.77864ed4 B850.96411 98.4976
2 22.425 MM R 0.4801 423.82187 14.71247 1.5024
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HPLC spectrum of the racemate

DADT C, 5ig=254,8 Ref=360,100 (ZWRZWR-D-866-5-COOME-XIAO-1A D)
mAU

4000

3000

2000

: s
{£% 1: DADl C, S5ig=254,8 Ref=360,100
wE (RETETR] A R L J0EGS i 7y WETHTER
# [min] [min] [mAU*=s] [mAT] %
m————| m———— |====|======- | ====m————- |====————-- | ====m——— I
1 8.378 vv 0.2603 2.62547e4 1576.38037 50.1124
2 9.157T MM R 0.2909 2.61368Bed4 1497.67249 45.8876
HPLC spectrum of the chiral compound
DAD1 C, Sig=254 8 Ref=360,100 (ZWR\ZWR-D-866-5-COOME-CPA4-1A D)
f§% 1: DADl C, Sig=254,8 Ref=360,100
W fRETESA] EH kR W T AH W oy W TR
# [min] [min] [mATT*s] [mATT] %
————m—————— | ====| === | =====—————- |===—=————- | ======== I
1 8.311 wvv 0.2278 2.38431e4 1618.93738 98.0719
2 9.114 MM E 0.1944 468.75986 40.18604 1.9281
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HPLC spectrum of the racemate

DAD1 C, Sig=254 8 Ref=360,100 (ZWRZWR-D-862-6-F-XIAD-1A D)
mAU

1400
1200
1000
800
600

400-|

I

25 5 75 10 125 15 175 mi

{§% 1: DAD1 C, Sig=254,8 Ref=360,100

W fRETETE] EA M LIRS I AT
# [min] [min] [mAU*s] [mATT] %
m———|m————— |====]======- [===—————— |==———————— [====——— |
1 16.208 BV 0.3827 9582.15039 379.40057 49%.3036
2 17.308 VB 0.4066 9B52.85937 370.10504 50.6964

HPLC spectrum of the chiral compound

DAD1 G, Sig=254,8 Ret=360,100 (ZWRZWR-D-862-6-F-CPA4-1A D)
maU J

2000

1750

1500

1250

16.918

1000

750

500

250

16.058

T
25 5 75 10 12.5 15 175 i

{£% 1: DADl C, S5ig=254,8 Ref=360,100

B fREIRTE] A M WS RH W iy W T
# [min] [min] [mAU*s] [mAU] %

1 16.058 BV 0.3587 48e.02682 21.10273 1.9785
2 16,918 VB 0.3990 2.40799=4 915.1055% 9838.0215
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HPLC spectrum of the racemate

DAD1 C, Sig=254.8 Ref=360.100 (ZWR\ZWR-D-864-6-OME-XIAQ.D)

mAU
700
600
500
400
e
300 ~
8

f§% 1: DAD]1 C, Sig=254,8 Ref=360,100

2 LV 2 3 tege 11 I 5y METIE
# [min] [min] [mAU*=s] [mAT] %
m——— m——————— | ====|=====—- | ========-- |==————————— | ======= |
1 30.715 EB 0.7448 1.28154e4 262.85577 50.2112

2 43,274 BB 0.9914 1.27076e4 194.21240 49.7888

HPLC spectrum of the chiral compound

DADT C, 5ig=254,8 Ref=360,100 (ZWRZWR-D-864-6-OME-CPA D)

500
g
4004 s
@
300+
200
100+

8
f§% 1: DAD1 C, Sig=254,8 Ref=360,100
W R ASH b L2 TR 22 321 W TR
# [min] [min] [mAU*s] [mAU] %

1 30.5350 BB 0.7683 1.80154e4 358.45901 98.5106
2 43,397 BB 0.709%1 272,37381 4,55832 1.4894
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HPLC spectrum of the racemate

DADT C, Sig=254 8 Ref=360, 100 (D% % % M \D\CHEMSTATION DATAZWR-YUANSHIZWR-D-867-TMS-XIAO D)

1400 ~
1200 <

1000

11,920

800

16.312

600 —

400 +

200

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

e (REFIN ) SR R e 7T FH 5 v LETTE
#  [min)] [min]  [mAU*s] [mAU] %

e e | == mmmmmmm e | ===mmmmmme | === |
1 11.920 MM R 0.4338 1.9424%ed  746.30029 49.9832

2 15.312 MM R 0.4525 1.9437%e4d 716.00081 50.01&8
HPLC spectrum of the chiral compound

DAD1 C, Sig=254,8 Ref=360, 100 (D\ ¥ % £ i{\D\CHEMSTATION DATA\ZWR-YUANSHNZWR-D-867-TMS-CPA4 D)

1400
1200
1000

800+

600

15335

400 4

200

12.031

f§5 1: DAD1 C, Sig=254,8 Ref=360,100

W CREFIN ] ZEMY e e 7] 5 W ) e T
$#  [min] [min]  [mAU*s] (mAU] %

m=mm| == R | ==mmmmmm e | ==mmm e | ===mmmmm |
1 12,031 MM R 0.4163 2096.77881 83.94184 16.4953

2 15.335 MM R 0.4420 1.06146e4d 400.24509 83.5047
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HPLC spectrum of the racemate

1000 Fil#EA Chl 2540
750
500 5
250 ‘ /\;
oL/ = : ‘ == S
20.0 22.5 25.0 27.5 30.0 32.5
IR
Frll#RA Chl 254nm -
W | PREFIN ] EHE (R 5%) = G R
1 19. 708 1. 310 324112 12576595 50. 151
2 30.928 1. 907 223134 12501043 49. 849
Bt 547246 25077638 100. 000
HPLC spectrum of the chiral compound
10007 FeMIZEA Chi 25dnn]
750;
500- §
250-] [\
: [\
0- - / N
17.5 20[ 0 22.5 ‘ 25[ 0 27‘. 5 ‘ BOI. 0 o ?2‘. 5
>
¥l 2$A Chl 2§4nm _‘_ _‘_
IS | LREFS ] 158 (FRE 5%) s A | mEE%
1 19. 310 0. 862 12292 360944 1. 524
2 29. 800 1.914 416739 23328632 98. 476
St 429031 23689576 100. 000
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HPLC spectrum of the racemate

PELOM IFT e e L 3 S 2

DADT A, Sig=254.4 Ref=360, 100 (ZWRIZWR-D-876-3- XIAG-1A D)
mAU ]
3500
3000
2500
2000
1500 E g
1000
500
2 H H 8 10 P 1 m

{65 1: DAD1 A, Sig=254,4 Ref=360,100

e fRE Rt A) AHY TR [E JTE e Fi=h W Ty 4
# [min] [min] [mAU*s] [mAU] %
Gl RS e |==mmmmmee e | == mmmmmm |
1 7.872 vV 0.2008 1.76345e4 1346.56885 49.8060
2 8.492 VB 0.2064 1.7771%=4 1325.96631 50.1940
HPLC spectrum of the chiral compound
— AH;Z;AII;| lA:wg‘:Z‘ﬁ:.;g;:Sﬁﬂjﬂﬂ (ZWR\ZWR-D-878-31-CPA4-1A. D)
mAU 7]
3500
3000 4
2500 - E
2000 +
1500
1000 4
500 4
g
. =,
3 H ) 5 o B o il
{55 1: DADl A, Sig=254,4 Ref=360,100
g {REEAEE) 258 bR e 1 E R =H W i
# [min] [min] [mAU*=] [mAU] %
————|m—————- | ====| === [ ==mm—————— | === | =mm—————
1 7.897 MM R 0.1775% 420.19537 39.45456 1.3747
2 8.450 vv 0.2082 3.01468ed 2222.71826 98.6253

S72



HPLC spectrum of the racemate

DAD1 lA:Ig‘:Z‘;“:F‘!;;:EEﬂ,“DU (ZWR\ZWR-D-882-XIAO-1A D)
500
400
14
200 g 2
AIX¥ yj\»‘_

{5% 1: DAD1 &, Sig=254,4 Ref=360,100

e fREEElmE R MR e T e vy e T 4

# [min] [min] [MAU*s] [mAU] %

1 20.676 MM R 0.5499 5472.65967 165.87543 49.6198
2 25,383 MM R 0.6710 55536.50293 138.02361 50.3801

HPLC spectrum of the chiral compound

pem ‘I:‘;:;AD:’A“_S‘IQIZZ‘;:,:I:(;;:I!EDJDU (ZWR\ZWR-D-882-CPA4-1A D)
mAU
800
8
600 -| g
400 -
] 5
&
{59 1: papl A, Sig=254,4 Ref=360,100
I fRE R JER bEEE W i W 7 W i
# [min] [min] [mAT*s] [mal] %

—mmmmm - | === | == === e R R |
1 20.821 MM R 0.4232 338.06870 13.31328 1.4031
2 25.180 MM R 0.6893 2.37562ed 574.42432 98.5989
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HPLC spectrum of the racemate

DADT A, Sig=254 4 Ref=360, 100 (ZWR\ZWR-D-885-XIAO-IA D)
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{55 1: pDADl A, Sig=254,4 Ref=360,100

I fRERtE) R bEEE W T W v e iy
7 [min] [min] [mAT*s] [m&alU] %
————————— | ====|======= [===———————— | ====————— | == ——————
1 16.328 BB 0.4386 1.23816ce4d 426,.67072 50.0904
2 27.9%07 BB 0.7518 1.23370e4 251.71133 49,9096

HPLC spectrum of the chiral compound

DADT A, Sig=254,4 Ref=360, 100 (ZWRZWR-D-885-CPA4-1A D)
mAU

1000

8
5
{5 1: DAD1 A, Sig=254,4 Ref=360,100
g {REIR) e R eETE W i k= g i 1
#  [min] [min] [MAU*s] [mAU] %

1 16.314 MM R 0.3924 249.61403 10.60168 1.0416
2 27,753 MM R 0.8586 2.37150e4 460.33917 98.9584
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HPLC spectrum of the racemate

BITANTE S LT R )
DADT A, Sig=254.4 Ref=360, 100 (ZWRZW R-D-879-3NAP-XIAO-1A D}

mAU

2500
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15004

8537

10.109

1000+

T T T T T T
2 4 [:] 8 10 12 minf

{55 1: pAD1 A, Sig=254,4 Ref=360,100

e fREF I 2 WL e T A3 ey e T A4

# [min] [min] [mAU*s] [mAaU] %

1 8.537 VB 0.2398 1.5846ded 994.77441 50.3091
2 10.10% BB 0.2747 1.36517e4 875.00128 49.6909

HPLC spectrum of the chiral compound

DADT A, Sig=254 4 Ref=360,100 (2ZWR\ZWR-D-879-3NAP-CPA4-IA D)
mAU
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{5 1: DAD1 A, Sig=254,4 Ref=3§0,100

e frEdeflE) R M e 7] L W 7y e i) A4

# [min] [min] [mAU*s] [mal] %

1 8.596 MM R 0.1588 150.95763 15.84741 0.6174
2 10.073 MM R 0.3023 2.4301%ed 1339.77380 99,3826
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HPLC spectrum of the racemate

[;AD1“A.—5ig‘!254)‘-;F.!;=350,100 (ZWR\ZWR-D-877-3PH-XIAQ-1A D)
mAU ]
1750
1500
1250
1000
750 _
2
5004 %
- /\
: H : I 5 5 p
{5 1: DAD1 A, Sig=254,4 Ref=360,100
W {REdad(a] 2EHY WETE W T A4 W 7y e T F51
#  [min] [min]  [mAU*s] [mAU] g

1 9.541 VB 0.2640 989%0.67578 3563.68921 50.1197
2 14.550 BB 0.3912 5843.43359 3B6.40570 49.8803

HPLC spectrum of the chiral compound

DADT A, Sig=254,4 Ref=360,100 (ZWR\ZWR-D-877-3PH-CPA4-1A D)

3500

1500 + 2

{55 1: DAD1 A, Sig=254,4 Ref=360,100

I fRERtR] R bEHE W T L W% vy [ETAE
# [min] [min] [mAU*=] [mAU]

el O |=mmm [ mmmmme | ===mmmmmes e | ==mmmmmm |
1 9.57T1 MM R 0.1752 170.890913 16.25991 0.4787
2 14,427 MM R 0.4480 3.55310e4 1321.89075 99.5213
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HPLC spectrum of the racemate

DADT A, Sig=254 4 Ref=360,100 (ZWR\ZWR-D-886-XIAO-IA D]

7.032

f§% 1: DAD1 A, S5ig=254,4 Ref=360,100

e fREFEfE A R W T 51 U 7y e i A5

# [min] [min] [mAU*s] [mAU] %

1 14.985 BB 0.5001 3780.68457 113.07634 50.2108
2 17.032 BB 0.6338 3748.94336 88.93529 49.7892

HPLC spectrum of the chiral compound

DAD1 A, Sig=254 4 Ref=360,100 (ZWR\ZWR-D-886-CPA4-IA D)
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{9 1: DAD1 A, Sig=254,4 Ref=360,100

e {RETEFm R W s T s 1y U T A

¢ [min) [min] [MAU*s] [mAU] g

1 14.955 MM R 0.5076 464.955920 15.26558 1.9757
2 16.819% BB 0.6386 2.30685e4 537.56885 98.0243
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HPLC spectrum of the racemate

DAD1 A, Sig=254 4 Ref=360,100 (ZWR\ZWR-D-875-XIAC-1A D)
mAU
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5.850

g
{55 1: DAD1 A, Sig=254,4 Ref=360,100
e R ETR (A ER kTR e i e W i
$#  [min) [min] [MAU*s ] [mAU] -3

1 5.859 MF R 0.1548 1.35541e4 1459.2200% 49.5221
2 6.306 FM R 0.1873 1.38157=4 1229.54956 50.4779

HPLC spectrum of the chiral compound

DAD1 A, Sig=254 4 Ref=360,100 (ZWR\ZWR-D-875-CPA4-1A D)
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{52 1: DAD1 A, S5ig=254,4 Ref=360,100
I PREES ) SR R W T W 7 W iy 2
# [min] [min] [mAU*=] [m&alU] %

el R | === == mm o | === R === |
1 5.905 MM R 0.104% 189.95837 30.17654 0.9288
2 6.341 MM R 0.1973 2.02625=4 1711.88550 99.071z2
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HPLC spectrum of the racemate

DADT A, Sig=254,4 Ref=360,100 (ZWRZWR-D-894-2BR-XIAG-AD1 D}
mAU
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fiS 1: pADl A, Sig=254,4 Ref=360,100

e fREE ) SR W e T e 7y [ VA
#  [min) [min] [mAU*s] [mAL) %
————]—————-- |====|======= |=====m———- | ====mmmm— | ======== [

1 56.350 BB 1.4167 1.21459e4  127.58136 49.9746
2 60.917 BB 1.6702 1.21583e4 104.28034 50.0254
HPLC spectrum of the chiral compound
_ DAD1 A, Sig=254.4 Ref=380,100 (ZWR\ZW R-D-894-2BR-CPA4-AD1.D)
8004
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400+
b4
8
2004
2
o b
{55 1: DaDl A, Sig=254,4 Ref=360,100
e fRETE A 2R W e T R e 7y e T #
#  [min] [min] [MAU*s] [mAU] %
——— |- | === | == mm - e | ==mmm oo | ==mmmmmm |
1 55.754 MM R 0.9619% 128.79843 2.23166 0.4674
2 59.845 MM R 1.9952 2.74266ed  229.09926 99.532¢
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HPLC spectrum of the racemate

DAD1 C, Sig=254,8 Ref=360.100 (ZWR\ZWR-D-838-2-XIAO-AD-2 D)
mAU
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f£% 1: DADl1 C, Sig=254,8 Ref=360,100

i fRETE (R EE e 1R ) W ey FET#
# [min] [min] [mAT*s] [mATT] %
————|—————— |====]======- | =========- |======———= | ===————— I
1 6.567 MM R 0.3405 2295_85938 112.38038 27.155%9
2 T.620 VW 0.3882 2328.51e11 89.90695 27.5421
3 8.78% VB 0.5732 3830.00317 100.37406 45.3020
HPLC spectrum of the chiral compound
DAD1 C, Sig=254,8 Ref=360,100 (ZWRWZWR-D-838-2-CPA4(SMOL%)-AB21.D)
750 - ?;
5
f§% 1: DAD1 C, Sig=254,8 Ref=360,100
W (REIRRE) SR e L TR i i T
# [min] [min] [mAUT*=5] [m&AU] %
———————— | ====|======= | ===——————— | ===——————— | ======== I
1 6.222 VB 0.1701 58.33525 5.31953 0.4189
2 7.465 EE 0.3870 1.41057=4 557.89514 99.5811
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HPLC spectrum of the racemate

DAD1 C, Sig=254,8 Ref=360,100 (ZWR\ZWR-D-8689-2-5-F-XIAO-AD-H-1.D)
mAU
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fii'5 1: papl €, Sig=254,8 Ref=360,100

W GREINTR KA WETHT 1 CE A 2
i [min] [min] [mAU*s] [mAU] %
S | === === | === | === | === !
1 26.171 MF R 1.536l1 2.40896e4 261.37869 25.5168
2 29.408 FM R 1.5841 2.43348e4 256.03168 25.7765
3 47.241 BB 2.1252 4.59823e4 264.63385 48.70686

HPLC spectrum of the chiral compound

DAD1 C, Sig=254 8 Ref=360,100 (ZWR\ZWR-D-869-2-5-F-CPA4-AD-H-1.D)
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fii5 1: DAD1 C, Sig=254,8 Ref=360,100

M REIN KN e i I W
il [min] [min] [mAU*s] [mAl] %
e Rl R | == e R | == mmmm e !
1 30.367 BB 1.3616 3556.20581 30.87954 95.8056
2 50.038 MM R 1.8822 155.692%96 1.37864 4,1944
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HPLC spectrum of the racemate

DAD1 A, Sig=254.4 Ref=360, 100 (ZWRZWR-D-845-5-CL-XIAO-AD-H.D)

meso-isomers

2004 E
M\
100 g o
04 — —
2‘5 é 7‘5 1‘0 12‘,5 1‘5 175 2‘(! zis mir
{55 1: paDl A, Sig=254,4 Ref=350,100
W {REEE ER WER e T W e U i

$#  [min) [min] [MAU*s ] [mAU] g

1 12,333 MF R 0.6218 2861.94897 T&.71641 19.5460
2 13,423 FM R 0.7006 3052.11230 72.61126 20.8447
3 15.998 BB 0.9995 8728.07129 135.50272 59.68093

HPLC spectrum of the chiral compound

DAD1 A, Sig=254,4 Ref=380,100 (ZWR\ZWR-D-845-5-CL-CPA4-AD-H D}

mAl ]

1750 4
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1250 4

1000 -
g

750 n

500 ] meso-isomers

250 - l

[
2‘.5 % 7‘5 1'0 125 1'5 17'5 2'0 22;.5 mirf
{55 1: DAD1 A, Sig=254,4 Ref=360,100
i fRE ) R e g T 31 o e T 7

# [min] [min] [mAU*s] [mAau]

1 13.363 BB 0.7262 3.75884e4 758.48920 95.0672

2 16.55% BB 0.9442 1950.358786 31.16309
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HPLC spectrum of the racemate

DADT A, Sig=254.4 Ref=360,100 (ZWR\ZW R-D-846-2-5BR-XIA0-AD0 D)
mAU
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{59 1: DADLl A, Sig=254,4 Ref=360,100
e {REEE 2R ke e T 3 e 75 e T A
#  [min] [min]  [mAU*s] [mAU] 3

1 12.014 MF R 0.6811 4440.04590 108.64317 17.3359
2 13,293 MF R 0.7329 4517.70313 102.73260 17.6391
3 14,754 FM R 1.0525 1.66541e4 263,71942 65,0250

HPLC spectrum of the chiral compound

DAD1 A, Sig=254.4 Ref=360,100 (ZWR\ZW R-D-846-2-5BR-CPA4-AD90.D)
maU ]
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1500 -
5 meso-isomers
500+ l
2 a4 6 5 10 12 1 16 18 i
{55 1: DAD1 A, Sig=254,4 Ref=360,100
W fRER[E) FER bR W T I 7 e T
# [min] [min] [mAU*=] [mAU] %
el B | ==mm | mmmmmmm | === e | === |
1 12.%77 MM R 0.7703 2.88875e4 625.02271 93,9555
2 14.8%92 MM R 0.8763 1858.44873 35.34793 6.0445
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HPLC spectrum of the racemate

[;AD1 .D.—S\Q_ZZS;,;’S"R:EtEEﬂﬂm (ZWR\ZW R-D-847-2-5ME-XIAOQ-AD-1A85-MSS D)
mAUT]
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1000 l
1 I
s 3 é
25 H 75 10 125 15 175 2 25 min
{55 1: papl D, Sig=254,16 Ref=360,100
e fREES ] R WEEE e T e (EITHEN)
¥ [min] [min] [mAU*s] [maU] %
e D |====|===m== [=====mmmmn |====mmmmme | ====mmm- |
1 18.777 MM R 0.4307 4904.250%8 189.76622 21.0546
2 19.460 MM R 0.4427 5040.65527 189.75624 21.6402

3 20.%1 MM R 0.6927 1.3348le4 321.17630 57.3052

HPLC spectrum of the chiral compound

DADT ID._'Sug‘:z;.s;.:s‘é;maunuo (ZWRZWR-D-847-2-5ME-CPA4-AD-IAB5-MSS D)
mAU ]
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{5 1: DAD1 D, Sig=254,16 Ref=360,100
e PREFE(E] FEHY WEEE WA T WA e e T A5
# [min] [min] [MAU*s] [mAU] !
e LT R R | == e | == mmmmmm |
1 19,123 MM R 0.4778 2.69639%e4 940.57959 95.6430
2 20.881 MM R 0.7213 1228.34460 28.38090 4.3570
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HPLC spectrum of the racemate

DAD1 A, Sig=254 4 Ref=360, 100 (ZWR\ZWR-D-849-2-6F-XIAO1-AD90.0)
mAU ]
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f&%5 1: paD1 A, Sig=254,4 Ref=360,100

g PREFI ] R b U T A e vy TR
¥ [min] [min] [mAU*s] [mAU] %
——— |- | === | ——————- |—————————- |-————————- |-——————- |
1 12.311 MF R 0.6853 8777.84746 213.48773 24,9327
2 14.986 FM R 0.8135 8900.74121 182.36050 25.2824
3 18.356 VB 1.1513 1.75270e4d 220,.99744 49,7849
HPLC spectrum of the chiral compound
DAD1 A, Sig=254,4 Ref=360,100 (ZW R\ZW R-D-849-2-6F-CPA4-AD90.D)
1000
400 -
meso-isomers
3
T % = P =
{9 1: DAD1 A, Sig=254,4 Ref=360,100
e {REdatm 258 ke e T I 7 Wi T A
# [min] [min] [mAaU*=s] [mAU] %
——— |- | === ===——— | ========== | m————————— | ======== [
1 15.084 BB 0.7940 3.0778%=4  582.96765 96.3749
2 19.484 MM R 1.0751 1157.74951 17.94712  3.6251
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HPLC spectrum of the racemate

VAN e e 3 s

DAD1T A, 5\;:254_4’!‘?;1:350 100 (ZWR\ZW R-D-850-2-6CL-XIAO-1-ADS4 D)
mAU 7]
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{59 1: DADL A, 8ig=254,4 Ref=360,100
e PREIEF R 258 WETE e T U Ty e i A
3 [min] [min] [MAU*s] [mAU] %
| |====|======= | ==mmmmm - [ | == =mmmm - [
1 41.366 MM R 2.5956 8630.10059 55.41478 28.0652
2 T70.7539 MM R 3.6928 8644.795%90 39.01685 28.1130
3 77.464 MM R 4.5021 1.34753ed 49.88477 43.8218
HPLC spectrum of the chiral compound
DAD1 A, Sig=254.4 Ref=380, 100 (ZW R\ZW R-D-850-2-8CL-CPA4-1-ADS4.D)
mAU ]
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{55 1: DAD1 A, Sig=254,4 Ref=360,100
e fREdad e 28 kg e T A W ey e i A4
7 [min] [min] [mAT*s] [m&aU] %
| m————— | ====|======= | =====———— [ === | =mm————— [
1 68.784 MM R 3.6806 3.42384ed4  155.04185 93,8806
2 79.158 MM R 3.3855 2231.75171  10.98671  £.1194
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HPLC spectrum of the racemate

- _DAIIH C. Sig-:25;l.!: é‘e‘ﬁzsn,mmmsmﬂnm DATAZWR-YUANSHIZWR-D-841.2-XIAD-IA-84 D)
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{52 1: papl c, 5ig=254,8 Ref=360,100
e fREFES ] R WeEE e T e e T S
# [min] [min] [mAU*=] [mau] %
] RaCEEEE e |===mm e R | ~=mmmm- |
1 73.1%0 MM R 2.0395 1.12892e4 64.94926 21.2109
2 T7.907 MM R 2.9500 1.1848%e4 66.94234 22,2625
3 B4.223 BB 3.5896 3.00855e4 99.27474 56.5265

HPLC spectrum of the chiral compound

DADT G, 5ig=254 & Ref=360, 100 (D\E 1 ¢ Z DIGHEMS TATION DATAZWR-YUANSHIZW R-D-641-2-CPAG-1A-94.D]
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fiS 1: pADl C, Sig=254,8 Ref=360,100

b R e R bR W T e = W T R
# [min] [min] [mAU*s] [malU] %

1 B81.346 BB 2.467% 8620.21387 41.08321 82.1771
2 91,025 MM R 3.3121 1869.589&0 9.40787 17.822%
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7. Preliminary studies on the anti-tumor activity of selected compounds

HCT-116, MCF-7, MDA-MB-231 and Hela cell lines were cultured in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS), 100 U-mL™ penicillin, and 100 pg-mL"! streptomycin. All cell lines
were derived from established laboratory stocks. For cytotoxicity evaluation, cells were seeded into 96-well plates at a
density of 5 x 10° cells per well and allowed to adhere for 24 h. The test compounds were then added at 10 uM, with control
wells receiving an equivalent volume of DMSO. After treatment, cells were incubated for 48 h. Cell viability was measured
using the MTT assay. The culture medium was replaced with serum-free DMEM containing MTT (0.5 mg-mL™"), followed
by incubation for 4 h. The formed formazan crystals were dissolved in DMSO, and absorbance was recorded at 490 nm

using a microplate reader. All experiments were performed in triplicate.

Table SS. Inhibition activity of the resulting compounds against cancer call lines

Inhibition (%, n=3, mean + SEM)*

Compound
HCT-116 MCEF-7 MDA-MB-231 Hela
3c 0.62 £0.24 34.41+£3.59 59.11 £5.29 56.06 £4.17
3d 8.25+0.71 4.22+0.27 4545+1.19 34.03+£3.16
3e 29.49+£3.74 3.85+0.81 69.83 +£3.99 53.64 £3.33
3f 13.06 £1.27 7.67+0.51 69.83 £2.28 66.90 +£4.14
3g 25.80 £3.07 13.70 £ 0.94 87.19 +4.41 95.86 +£3.29
3i 9.40 + 1.88 15.01 £1.55 76.57 £3.94 66.49 +2.66
3m 16.08 £ 1.93 14.20 +1.83 38.74 +£2.86 42.66 +2.94
3o 6.09 £2.37 7.16 £0.64 26.54 £4.02 4.15+1.27
3p 6.76 +0.95 5.21+1.90 35.89 +£5.03 45.00 £5.01
3r 8.32+0.85 21.52+2.73 83.04 £5.51 68.83 £3.42
4a 2.85+0.27 2.81 +£0.33 36.78 £2.57 17.45 + 1.64
4c 5.77 £ 0.50 6.38 £1.06 38.43 £3.95 27.31+1.57
4d 6.70 £ 0.90 3.85+1.22 36.78 £2.11 2.76 £ 0.69
4e 9.81 £1.62 7.75 +0.59 38.02 +£3.46 18.36 +0.42
4f 9.14 +1.38 6.78 £0.95 43.39 +£3.69 42.60 +3.42
4g 8.17 £2.00 7.42 +1.21 55.37+£1.97 42.78 £4.02
4h 18.11 £3.07 8.06 + 0.64 36.15£6.04 13.69 £2.00

# Inhibition (%) Of HCT-116, MCF-7, MDA-MB-231and Hela was produced by the tested compounds at 10 uM.
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