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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). 1H, 13C and 19F 

NMR spectra were recorded on Bruker 400 MHz or 500 MHz spectrometer in CDCl3 unless otherwise noted. Chemical 

shifts in 1H NMR spectra are reported in parts per million (ppm, δ) downfield from the internal standard Me4Si (TMS, δ = 

0 ppm). Chemical shifts in 13C NMR spectra are reported relative to the central line of the chloroform signal (δ = 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 IA, 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/α radiation. Substrates 1 and 2 were synthesized according to the literature method.1 

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[a] 

 

Entry Catalyst 

(x mol%) 

Solvent 

(1 mL) 

1a: 2a Additive 

(x mg) 

Time Yield[b] 

(3a/4a) 

[%] 

dr[c] 

(4a)  

ee[d] 

(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 MgSO4 (30) 16 h 80/15 >95:5 96/96 

8 (R)-B1 (10) DCE 1:1.2 -- 56 h 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 -- --/-- 

12[e] (R)-B1 (10) DCM 1:1.2 -- 6 d 30/65 >95:5 94/>99 

13 (R)-B1 (5) DCM 2:1 -- 5 d <5/82 >95:5 --/>99 

14 (R)-B1 (5) DCM 2:1 MgSO4 (30) 4 d <5/83 >95:5 --/98 

15 (R)-B1 (5) DCM 2:1 3Å MS (30) 9 d 36/48 90:10 --/87 

16 (R)-B1 (5) DCM 2:1 4Å MS (30) 7 d 25/57 91:9 --/88 

17 (R)-B1 (5) DCM 2:1 5Å MS (30) 8 d 40/53 >95:5 --/38 

18[f] (R)-B1 (5) DCM 2:1 B(C6F5)3 20 h <5/80 91:9 --/>99 
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19[e] [f] (R)-B1 (5) DCM 2:1 B(C6F5)3 7 d 15/82 4:1 --/>99 

20[f] (R)-B1 (5) DCM 2.2:1 B(C6F5)3 36 h <5/83 91:9 --/>99 

21[f] (R)-B1 (5) DCM 2.5:1 B(C6F5)3 36 h <5/85 93:7 --/>99 

22[f] (R)-B1 (5) DCM 3:1 B(C6F5)3 30 h <5/87 >95:5 --/>99 

23 (R)-B1 (10) DCM 2.2:1 -- 4 d <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 oC. [f] 5 mol% B(C6F5)3 was used. 

b. Condition optimization for the synthesis of 3b. 

Table S2. Screening of optimization of reaction conditions[a] 

 

Entry Catalyst 

(x mol%) 

Solvent 

(x mL) 

1a: 2b Temperature 

[oC] 

Additive Time Yield[b] 

[%] 

ee[c] 

1 (R)-B1 (10) DCM (1) 1:1.2 rt -- 48 h 95 96 

2[d] (R)-B1 (10) DCM (1) 1:1.2 rt B(C6F5)3 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(C6F5)3 was used. 
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3. Experimental Procedure and Characterization of Products 3 and 4 

a. General Procedure to Prepare Racemic Products 3 

 

To a solution of α-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 

 

To a solution of α-indolyl propargylic alcohol 1 (0.05 mmol, 1.0 equiv.), B(C6F5)3 (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. 

c. General Procedure to Prepare Racemic Products 4 

 

To a solution of α-indolyl propargylic alcohol 1 (0.15 mmol, 3.0 equiv.), B(C6F5)3 (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 

 

To a solution of α-indolyl propargylic alcohol 1 (0.15 mmol, 3.0 equiv.), B(C6F5)3 (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, 
20][ Da = +267.13 (c = 0.24, MeOH). 1H NMR (500 MHz, CDCl3) δ 8.11 (s, 1H), 8.06 

(d, J = 7.5 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). 13C NMR (126 MHz, CDCl3) δ 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, 29.41.19F NMR (376 MHz, CDCl3) δ -61.93. HRMS 

(ESI): m/z calcd. for C28H23F3N2 [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-1, λ = 254 nm): tmajor = 14.4 

min, tminor = 13.2 min. 

 

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

 

white solid, 16 h, 95% yield, 96% ee, 
20][ Da = -69.16 (c = 0.12, MeOH). 1H NMR (500 MHz, CDCl3) δ 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, J = 8.3 Hz, 1H), 7.29 – 7.19 

(m, 4H), 7.16 – 7.09 (m, 1H), 1.29 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 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. 19F NMR (376 MHz, CDCl3) δ -61.89. HRMS (ESI): 

m/z calcd. for C28H22N2F3 [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-1, λ = 254 nm): tmajor = 12.0 min, tminor 

= 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 (3c) 

 

white foam, 30 h, 96% yield, 98% ee, 
20][ Da = +328.27 (c = 0.25, MeOH). 1H NMR (400 MHz, CDCl3) δ 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). 13C NMR (126 MHz, CDCl3) δ 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. 19F NMR (376 MHz, 

CDCl3) δ -62.02, -123.09. HRMS (ESI): m/z calcd. for C28H21N2F4Br [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-1, λ = 254 nm): tmajor = 38.3 min, tminor = 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, 
20][ Da = +277.36 (c = 0.26, MeOH). 1H NMR (400 MHz, CDCl3) δ 8.24 (s, 2H), 

8.09 (d, J = 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, J = 8.7 Hz, 1H), 

7.22 (d, J = 9.2 Hz, 2H), 1.35 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 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. 19F NMR (376 MHz, CDCl3) δ -62.13. 

HRMS (ESI): m/z calcd. for C28H2N2F3Cl 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-1, λ = 254 nm): tmajor = 

48.5 min, tminor = 51.9 min. 

 

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

 

white foam, 28 h, 90% yield, 97% ee, 
20][ Da = +220.93 (c = 0.25, MeOH). 1H NMR (400 MHz, CDCl3) δ 8.24 – 8.17 (m, 

3H), 8.03 (dd, J = 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). 13C NMR 

(126 MHz, CDCl3) δ 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. 19F NMR (376 MHz, CDCl3) δ -62.18. HRMS (ESI): m/z calcd. for C28H21N2F3Br2 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 1 mL·min-1, λ = 254 nm): tmajor = 32.9 min, tminor = 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, 
20][ Da = +236.73 (c = 0.25, MeOH). 1H NMR (1H NMR (400 MHz, CDCl3) δ 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). 13C NMR (126 MHz, CDCl3) δ 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. 19F NMR (376 MHz, CDCl3) δ -61.99. HRMS (ESI): m/z calcd. for C29H24N2F3Br [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-1, λ = 254 nm): tmajor = 14.4 min, tminor = 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, 
20][ Da = +199.85 (c = 0.22, MeOH). 1H NMR (500 MHz, CDCl3) δ 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, J = 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).13C NMR (126 MHz, CDCl3) δ 

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, J = 34.8 Hz), 56.17, 36.14, 29.68. 

19F NMR (376 MHz, CDCl3) δ -61.89. HRMS (ESI): m/z calcd. for C29H24N2OF3Br 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-1, λ = 254 nm): tmajor = 20.3 min, tminor = 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, 
20][ Da = +247.28 (c = 0.27, MeOH). 1H NMR (500 MHz, CDCl3) δ 8.99 (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, J = 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). 13C NMR (126 MHz, CDCl3) δ 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. 19F NMR (376 MHz, CDCl3) δ -62.14. HRMS (ESI): m/z calcd. for C30H24N2O2F3Br 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-1, λ = 254 nm): tmajor = 8.3 min, tminor = 9.1 min. 

 

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

 

colorless oil, 20 h, 95% yield, 96% ee, 
20][ Da = +282.93 (c = 0.25, MeOH). 1H NMR (400 MHz, CDCl3) δ 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). 13C NMR (126 MHz, CDCl3) δ 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 (q, J = 34.9 Hz), 36.21, 29.48. 19F NMR (376 MHz, CDCl3) δ -61.98, -120.01. HRMS (ESI): m/z calcd. for 

C28H21N2F4Br 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-1, λ = 254 nm): tmajor = 16.9 min, tminor = 16.1 min. 

 

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

 

white solid, 20 h, 95% yield, 96% ee, 
20][ Da = +318.21 (c = 0.13, MeOH). 1H NMR (500 MHz, CDCl3) δ 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) δ 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. 19F NMR (376 MHz, CDCl3) δ -61.95. HRMS (ESI): m/z calcd. for 

C29H24N2OF3Br 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-1, λ = 254 nm): tmajor = 30.6 min, tminor = 43.4 min. 

 

(S)-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, 
20][ Da = +183.68 (c = 0.27, MeOH). 1H NMR(500 MHz, CDCl3) δ 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, J = 8.6 Hz, 1H), 7.35 (d, 

J = 8.1 Hz, 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). 13C NMR (126 MHz, 

CDCl3) δ 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), -0.43.19F NMR (376 MHz, CDCl3) δ -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-1, λ = 254 nm): tmajor = 15.3 min, tminor = 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 (3l) 

 

white solid, 24 h, 75% yield, 97% ee, 
20][ Da = +255.34 (c = 0.22, MeOH). 1H NMR(400 MHz, CDCl3) δ 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, J = 7.5 Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 3.20 (dt, J = 13.0, 6.4 
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Hz, 1H), 1.27 (t, J = 6.3 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 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. 19F NMR (376 MHz, CDCl3) δ -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-1, λ = 254 nm): tmajor = 30.2 min, tminor = 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) 

 

white solid, 12 h, 95% yield, 97% ee, 
20][ Da = +294.93 (c = 0.25, MeOH). 1H NMR (500 MHz, CDCl3) δ 8.32 (s, 1H), 8.14 

(s, 1H), 8.00 (d, J = 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). 13C NMR (101 MHz, CDCl3) δ 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. 19F 

NMR (376 MHz, CDCl3) δ -61.88. HRMS (ESI): m/z calcd. for C28H22N2F3I [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-1, λ = 254 nm): tmajor = 7.9 min, tminor = 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, 
20][ Da = +164.27 (c = 0.19, MeOH). 1H NMR (500 MHz, CDCl3) δ 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). 13C NMR (126 MHz, CDCl3) δ 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. 19F NMR (471 MHz, CDCl3) δ -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-1, λ = 254 nm): tmajor = 25.2 min, tminor = 20.8 min. 

 

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

 

colorless oil, 20 h, 87% yield, 98% ee, 
20][ Da = +232.8 (c = 0.27, MeOH). 1H NMR (500 MHz, CDCl3) δ 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, J = 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). 13C NMR (126 MHz, CDCl3) δ 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, J = 34.8 Hz), 

44.76, 36.07, 35.27 (d, J = 1.7 Hz), 29.43, 27.18, 26.32. 19F NMR (471 MHz, CDCl3) δ -61.93. HRMS (ESI): m/z calcd. 

for C34H33N2F3 [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-1, λ = 254 nm): tmajor = 27.8 min, tminor = 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, 
20][ Da = +345.00 (c = 0.18, MeOH). 1H NMR (500 MHz, CDCl3) δ 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). 13C NMR (126 MHz, CDCl3) δ 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. 19F NMR (471 MHz, CDCl3) δ -61.91. 

HRMS (ESI): m/z calcd. for C38H29N2F3 [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-1, λ = 254 nm): tmajor = 

10.1 min, tminor = 8.6 min. 

 

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

 

colorless oil, 12 h, 98% yield, >99% ee, 
20][ Da = +351.00 (c = 0.25, MeOH). 1H NMR (500 MHz, CDCl3) δ 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). 13C NMR (126 MHz, CDCl3) δ 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. 19F NMR (471 MHz, CDCl3) δ -61.89. HRMS (ESI): m/z calcd. for C34H27N2F3 [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-1, λ = 254 nm): tmajor = 14.4 min, tminor = 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% yield, 96% ee, 
20][ Da = +327.27 (c = 0.11, MeOH). 1H NMR (500 MHz, CDCl3) δ 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). 13C NMR (126 MHz, CDCl3) δ 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. 19F NMR (471 MHz, CDCl3) δ -61.94. HRMS (ESI): m/z calcd. for C36H27N2F3 [M-H]-: 

543.2042; found: 543.2054. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak IA column 

(hexane/i-PrOH = 85/15, flow rate 0.8 mL·min-1, λ = 254 nm): tmajor = 8.3 min, tminor = 9.1 min. 

 

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

9H-carbazole (3s) 

 

colorless oil, 16 h, 92% yield, 98% ee, 
20][ Da = +357.00 (c = 0.20, MeOH). 1H NMR (500 MHz, CDCl3) δ 8.59 (s, 1H), 

8.18 (s, 1H), 8.12 (s, 1H), 8.07 (s, 1H), 8.00 (d, J = 7.5 Hz, 1H), 7.87 (d, J = 8.1 Hz, 1H), 7.41 (d, J = 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). 13C NMR (126 MHz, CDCl3) δ 

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. 19F NMR (471 MHz, CDCl3) δ -61.90. HRMS (ESI): m/z calcd. for 

C34H34N2O2BF3 [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-1, λ = 254 nm): tmajor = 6.3 min, tminor = 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, 
20][ Da = +297.50 (c = 0.21, MeOH). 1H NMR (500 MHz, CDCl3) δ 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). 13C NMR (126 MHz, CDCl3) δ 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, J = 35.1 Hz), 36.05, 29.37. 19F NMR (471 MHz, CDCl3) δ -61.96. HRMS 

(ESI): m/z calcd. for C28H22N2F3 [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-1, λ = 254 nm): tmajor = 

59.8 min, tminor = 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, 
20][ Da = +291.83 (c = 0.36, MeOH). 1H NMR (500 MHz, CDCl3) δ 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). 13C NMR (126 MHz, CDCl3) δ 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. 19F 

NMR (471 MHz, CDCl3) δ -61.96. HRMS (ESI): m/z calcd. for C44H37F6N3 [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-1, λ = 254 nm): tmajor = 7.5 min, tminor = 6.2 min. 

 

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

 

White solid, 32 h, 94% yield, >95:5 dr, >99% ee, 
20][ Da = +344.14 (c = 0.37, MeOH). 1H NMR (400 MHz, CDCl3) δ 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). 13C NMR (126 MHz, CDCl3) δ 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, J = 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. 19F NMR (376 MHz, CDCl3) 

δ -62.09, -123.27. HRMS (ESI): m/z calcd. for C44H35N3F8 [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-

1, λ = 254 nm): tmajor = 30.4 min, tminor = 50.0 min. 

 

3,6-bis((R)-5-(5-chloro-1H-indol-3-yl)-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, 
20][ Da = +134.16 (c = 0.32, MeOH). 1H NMR (400 MHz, CDCl3) δ 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, J = 9.8 Hz, 2H), 7.39 – 7.32 (m, 

2H), 7.26 (s, 2H), 7.22 – 7.17 (m, 2H), 7.16 – 7.03 (m, 2H), 1.30 (s, 18H). 13C NMR (126 MHz, CDCl3) δ 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. 19F NMR (471 MHz, CDCl3) 

δ -62.17. HRMS (ESI): m/z calcd. for C44H35N3F6Cl2 [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-

1, λ = 254 nm): tmajor = 13.4 min, tminor = 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, 
20][ Da = +103.98 (c = 0.41, MeOH). 1H NMR (500 MHz, CDCl3) δ 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) δ 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. 19F NMR (471 MHz, CDCl3) δ -62.20. HRMS (ESI): m/z calcd. for C44H35N3F6Br2 

[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-1, λ = 254 nm): tmajor = 13.0 min, tminor = 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) 

 

colorless oil, 28 h, 90% yield, >95:5 dr, >99% ee, 
20][ Da = +157.22 (c = 0.36, MeOH). 1H NMR (500 MHz, CDCl3) δ 8.09 

(d, J = 11.9 Hz, 2H), 8.00 (s, 2H), 7.87 (s, 1H), 7.82 (s, 2H), 7.40 (t, J = 7.0 Hz, 2H), 7.28 (d, J = 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). 13C NMR (126 MHz, CDCl3) δ 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. 19F NMR (471 

MHz, CDCl3) δ -62.02. HRMS (ESI): m/z calcd. for C46H41N3F6 [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-1, λ = 254 nm): tmajor = 19.1 min, tminor = 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) 

 

colorless oil, 52 h, 83% yield, >95:5 dr, >99% ee, 
20][ Da = +429.85 (c = 0.23, MeOH). 1H NMR (500 MHz, CDCl3) δ 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). 13C NMR (126 MHz, CDCl3) δ 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, J = 2.4 Hz), 

123.08, 122.89, 122.30, 120.95, 120.87, 120.56, 110.44, 108.94 (d, J = 24.1 Hz), 108.92 (d, J = 24.4 Hz), 105.69, 97.75 (d, 

J = 5.3 Hz), 97.54 (d, J = 5.4 Hz), 95.51 (q, J = 34.7 Hz), 36.09, 29.43.19F NMR (471 MHz, CDCl3) δ -62.05, -120.18. 

HRMS (ESI): m/z calcd. for C44H35N3F8 [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-1, λ = 254 nm): tmajor 

= 15.1 min, tminor = 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) 
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colorless oil, 48 h, 86% yield, 94:6 dr, >99% ee, 
20][ Da = +485.88 (c = 0.34, MeOH). 1H NMR (500 MHz, CDCl3) δ 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 = 5.9, 1.7 Hz, 2H), 7.26 (s, 2H), 7.16 – 7.09 (m, 2H), 1.31 (s, 18H). 13C NMR (126 MHz, CDCl3) δ 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. 19F NMR 

(471 MHz, CDCl3) δ -62.06. HRMS (ESI): m/z calcd. for C44H35N3F6Cl2 [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-1, λ = 254 nm): tmajor = 68.8 min, tminor = 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, 
20][ Da = +327.19 (c = 0.36, MeOH). 1H NMR (500 MHz, CDCl3) δ 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).13C NMR (126 MHz, CDCl3) δ 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), 0.00.19F NMR (471 MHz, CDCl3) δ -61.07. HRMS (ESI): m/z calcd. for C42H37N3F6Si2 

[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-1, λ = 254 nm): tmajor = 10.1 min, tminor = 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 C30H27F3N2 

Formula weight 472.53 

Temperature/K 99.99(10) 

Crystal system orthorhombic 

Space group P212121 

a/Å 7.62710(10) 

b/Å 7.65910(10) 

c/Å 41.8071(6) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 2442.23(6) 

Z 4 

ρcalcmg/mm3 1.285 

μ/mm-1 0.746 

F(000) 992.0 

Crystal size/mm3 0.35 × 0.35 × 0.1 

2Θ range for data collection 4.228 to 159.262° 

Index ranges -9 ≤ h ≤ 8, -9 ≤ k ≤ 9, -51 ≤ l ≤ 52 

Reflections collected 25028 

Independent reflections 5054[R(int) = 0.0516] 

Data/restraints/parameters 5054/0/320 

Goodness-of-fit on F2 1.081 

Final R indexes [I>=2σ (I)] R1 = 0.0384, wR2 = 0.0928 

Final R indexes [all data] R1 = 0.0404, wR2 = 0.0940 

Largest diff. peak/hole / e Å-3 0.20/-0.20 

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

Compound 

 

Empirical formula C45H36Cl3F8N3 

Formula weight 877.12 

Temperature/K 100.00(10) 

Crystal system monoclinic 

Space group P21 

a/Å 10.16650(10) 

b/Å 12.6248(2) 

c/Å 15.8394(2) 

α/° 90 

β/° 91.1300(10) 

γ/° 90 

Volume/Å3 2032.59(5) 

Z 2 

ρcalcg/cm3 1.433 

μ/mm‑1 2.685 

F(000) 900.0 

Crystal size/mm3 0.2 × 0.15 × 0.1 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 5.58 to 158.572 

Index ranges -12 ≤ h ≤ 12, -16 ≤ k ≤ 15, -20 ≤ l ≤ 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 [I>=2σ (I)] R1 = 0.0438, wR2 = 0.1159 

Final R indexes [all data] R1 = 0.0464, wR2 = 0.1176 

Largest diff. peak/hole / e Å-3 0.33/-0.41 

Flack parameter 0.007(9) 

  



S18 
 

 

5. Copies of NMR Spectra 
1H NMR of compound 3a (in CDCl3)  

 
13C NMR of compound 3a (in CDCl3) 
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19F NMR of compound 3a (in CDCl3)  

 

 
1H NMR of compound 3b (in CDCl3)  
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13C NMR of compound 3b (in CDCl3)  

 

19F NMR of compound 3b (in CDCl3) 
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1H NMR of compound 3c (in CDCl3)  

 
13C NMR of compound 3c (in CDCl3) 
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19F NMR of compound 3c (in CDCl3) 

 
1H NMR of compound 3d (in CDCl3)  
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13C NMR of compound 3d (in CDCl3) 

 

19F NMR of compound 3d (in CDCl3) 
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1H NMR of compound 3e (in CDCl3)  

 

13C NMR of compound 3e (in CDCl3) 
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19F NMR of compound 3e (in CDCl3) 

 
1H NMR of compound 3f (in CDCl3)  
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13C NMR of compound 3f (in CDCl3) 

 
19F NMR of compound 3f (in CDCl3) 
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1H NMR of compound 3g (in CDCl3)  

 
13C NMR of compound 3g (in CDCl3) 
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19F NMR of compound 3g (in CDCl3) 

 

1H NMR of compound 3h (in CDCl3)  
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13C NMR of compound 3h (in CDCl3) 

 
19F NMR of compound 3h (in CDCl3) 
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1H NMR of compound 3i (in CDCl3)  

 
13C NMR of compound 3i (in CDCl3) 
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19F NMR of compound 3i (in CDCl3) 

 
1H NMR of compound 3j (in CDCl3)  
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13C NMR of compound 3j (in CDCl3) 

 

19F NMR of compound 3j (in CDCl3) 
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1H NMR of compound 3k (in CDCl3)  

 
13C NMR of compound 3k (in CDCl3) 
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19F NMR of compound 3k (in CDCl3) 

 
1H NMR of compound 3l (in CDCl3)  
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13C NMR of compound 3l (in CDCl3) 

 

19F NMR of compound 3l (in CDCl3) 
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1H NMR of compound 3m (in CDCl3)  

 
13C NMR of compound 3m (in CDCl3) 
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19F NMR of compound 3m (in CDCl3) 

 

1H NMR of compound 3n (in CDCl3)  
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13C NMR of compound 3n (in CDCl3) 

 
19F NMR of compound 3n (in CDCl3) 
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1H NMR of compound 3o (in CDCl3)  

 

 

13C NMR of compound 3o (in CDCl3) 
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19F NMR of compound 3o (in CDCl3) 

 

 

1H NMR of compound 3p (in CDCl3)  
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13C NMR of compound 3p (in CDCl3) 

 

 

19F NMR of compound 3p (in CDCl3) 
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1H NMR of compound 3q (in CDCl3)  

 

 

13C NMR of compound 3q (in CDCl3) 
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19F NMR of compound 3q (in CDCl3) 

 

 

1H NMR of compound 3r (in CDCl3)  
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13C NMR of compound 3r (in CDCl3) 

 

 

19F NMR of compound 3r (in CDCl3) 
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1H NMR of compound 3s (in CDCl3)  

 

 

13C NMR of compound 3s (in CDCl3) 
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19F NMR of compound 3s (in CDCl3) 

 

 

1H NMR of compound 3t (in CDCl3)  
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13C NMR of compound 3t (in CDCl3) 

 

 

19F NMR of compound 3t (in CDCl3) 
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1H NMR of compound 4a (in CDCl3)  

 

 

13C NMR of compound 4a (in CDCl3) 
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19F NMR of compound 4a (in CDCl3) 

 

 

1H NMR of compound 4b (in CDCl3)  
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13C NMR of compound 4b (in CDCl3) 

 

 

19F NMR of compound 4b (in CDCl3) 
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1H NMR of compound 4c (in CDCl3)  

 

 

13C NMR of compound 4c (in CDCl3) 
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19F NMR of compound 4c (in CDCl3) 

 

 

1H NMR of compound 4d (in CDCl3) 
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13C NMR of compound 4d (in CDCl3) 

 

 

19F NMR of compound 4d (in CDCl3) 
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1H NMR of compound 4e (in CDCl3)  

 

 

13C NMR of compound 4e (in CDCl3) 
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19F NMR of compound 4e (in CDCl3) 

 

 

1H NMR of compound 4f (in CDCl3)  
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13C NMR of compound 4f (in CDCl3) 

 

 

19F NMR of compound 4f (in CDCl3) 
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1H NMR of compound 4g (in CDCl3)  

 

 

13C NMR of compound 4g (in CDCl3) 

 
  



S58 
 

 

19F NMR of compound 4g (in CDCl3) 

 

 

1H NMR of compound 4h (in CDCl3)  
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13C NMR of compound 4h (in CDCl3) 

 

 

19F NMR of compound 4h (in CDCl3) 
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6. Copies of HPLC Spectra 

 

HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 

 

  



S66 
 

 

 

HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 

 

  



S76 
 

 

 

HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 

 

  



S77 
 

 

 

HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 

 

  



S80 
 

 

 

HPLC spectrum of the racemate  

 

 
HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 

HPLC spectrum of the chiral compound 
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HPLC spectrum of the racemate 

 

 
HPLC spectrum of the chiral compound 
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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⁻¹ penicillin, and 100 μg·mL⁻¹ 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 × 10³ cells per well and allowed to adhere for 24 h. The test compounds were then added at 10 μM, 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⁻¹), 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 S5. Inhibition activity of the resulting compounds against cancer call lines 

Compound 
Inhibition (%, n=3, mean ± SEM)a 

HCT-116 MCF-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 45.45 ± 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 

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