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1. General information 

The 1H NMR spectra were recorded on a 400 MHz NMR spectrometer. The 13C NMR 

spectra were recorded at 100 MHz. The 19F NMR spectra were recorded at 376 MHz. 

The residual solvent signals were used as references and the chemical shifts were 

converted to the TMS scale. The coupling constants were given in Hz. High-resolution 

mass spectra (HRMS) were recorded with a ThermoScientific Orbitrap Explories MX 

mass spectrometer. The conversion of starting materials was monitored by thin layer 

chromatography (TLC) using silica gel plates (silica gel 60 F254 0.25 mm), and 

components were visualized under UV light (254 and 365 nm). Column 

chromatography was performed on silica gel 300-400 mesh. HPLC analysis was 

performed on a Dionex UltiMate 3000, ThermoScientific. Chiral HPLC data for the 

products could be obtained using a Chiralpak IA, Chiralpak IB, Chiralpak IC, Chiralpak 

IE, and Chiralpak IG, Chiralcel OJ-H column.  All reactions were carried out under 

an atmosphere of nitrogen using standard Schlenk techniques. All the reactions that 

require heating were heated by oil bath. Unless otherwise noted, all solvents and 

reagents were obtained from commercial sources and purified according to established 

procedures before use. Chiral catalysts (R)-3,3 ʹ-Br2-BINOL Cat 1, (R)-BINOL Cat 2, 

(R)-3,3ʹ-I2-BINOL Cat 3, (R)-3,3ʹ-Ph2-BINOL Cat 4, Cat 5 bearing two 3,5-

bis(trifluoromethyl)phenyl groups, and Cat 6 (R)-3,3ʹ-Me2-BINOL were purchased 

from Daicel Chemical Industries Ltd. Cat 7 and Cat 8 were prepared according to the 

procedure previously reported.1 Alkenyl-substituted benzothiazoles 1a-1r and 

alkenylthiazoline 1s were synthesized according to the literature procedures.2 

Potassium trifluoroborates 2m-2p, 2s, and 2t were purchased from commercial 

suppliers and used without further purification. Potassium alkenyl trifluoroborates 2a-

2l, 2q, and 2r were prepared according to those reported in the literature.3 
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2. General procedures for the preparation of racemic products 

 

To a 10 mL Schlenk tube equipped with a stirring bar was added 4 Å MS (100 

mg), and the tube was flame-dried under high vacuum. After cooling to r.t., the tube 

was then back-filled with nitrogen. Then trifluoroborate salts 2a–2m (0.2 mmol, 2.0 

equiv), (±)-3,3'-(CF3)2C6H3-BINOL (0.02 mmol, 20 mol %), alkenyl-substituted 

benzothiazoles 1a–1s (0.1 mmol, 1.0 equiv), and dry m-xylene (1.0 mL) were 

successively added to the test tube under N2. The tube was sealed up with a screw cap, 

and allowed to stir at 100 °C in an oil bath for 48 h. After the removal of solvents via 

rotary evaporation, the residue was purified through flash column chromatography on 

silica gel (eluent: petroleum ether/ethyl acetate = 100:1–50:1) to give pure racemic 

adducts 3. 

  



S4 
 

3. General procedures for the enantioselective conjugate addition of alkenyl 

trifluoroborates to alkenyl-substituted benzothiazoles 

 

To a 10 mL Schlenk tube equipped with a stirring bar was added 4 Å MS (100 mg), 

and the tube was flame-dried under high vacuum. After cooling to r.t., the tube was then 

back-filled with nitrogen. Then trifluoroborate salts 2a–2m (0.2 mmol, 2.0 equiv), (R)- 

3,3'-(CF3)2C6H3-BINOL (0.02 mmol, 20 mol %), alkenyl-substituted benzothiazoles 

1a–1s (0.1 mmol, 1.0 equiv), and dry m-xylene (1.0 mL) were successively added to 

the test tube under N2. The tube was sealed up with a screw cap, and allowed to stir at 

100 °C in an oil bath for 48 h. After the removal of solvents via rotary evaporation, the 

residue was purified through flash column chromatography on silica gel (eluent: 

petroleum ether/ethyl acetate = 100:1–50:1) to give pure adducts 3. 

(S,E)-2-(2,4-diphenylbut-3-en-1-yl)benzo[d]thiazole (3aa) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow solid (31.3 mg, 92% yield); mp 73-74 °C; 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 6.0 min, tR (minor) = 5.5 min, 99.8:0.2 e.r., >99% ee; [α]D
29 = 

+16.1 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 

7.43 (t, J = 8.0 Hz, 1H), 7.33-7.18 (m, 11H), 6.48-6.40 (m, 2H), 4.18-4.13 (m, 1H), 

3.69-3.58 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.7, 153.2, 142.6, 137.2, 135.4, 132.0, 

131.1, 128.9, 128.6, 127.9, 127.5, 127.0, 126.4, 126.0, 124.9, 122.7, 121.6, 49.2, 40.7; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H20NS, 342.1311; found, 342.1311. 



S5 
 

(S,E)-2-(4-phenyl-2-(p-tolyl)but-3-en-1-yl)benzo[d]thiazole (3ba) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

White soild (27.4 mg, 77% yield); mp 62-63 °C; 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 6.1 min, tR (minor) = 5.4 min, 99.7:0.3 e.r., >99% ee; [α]D
29 = 

+19.3 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 

7.44-7.40 (m, 11H), 7.33-7.12 (m, 10H), 6.46-6.38 (m, 2H), 4.14-4.09 (m, 1H), 3.67-

3.56 (m, 2H), 2.31 (s, 3H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.8, 153.2, 139.5, 137.2, 136.6, 135.4, 

132.3, 130.8, 129.6, 128.6, 127.7, 127.4, 126.4, 126.0, 124.8, 122.7, 121.6, 48.7, 40.8, 

21.2; 

HRMS (ESI) m/z: [M + H]+ calcd for C24H22NS, 356.1467; found, 356.1468. 

(S,E)-2-(4-phenyl-2-(m-tolyl)but-3-en-1-yl)benzo[d]thiazole (3ca) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

White soild (24.3 mg, 68% yield); mp 77-79 °C; 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 5.7 min, tR (minor) = 5.2 min, 99.5:0.5 e.r., 99% ee; [α]D
29 = +15.7 

(c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 

7.45-7.40 (m, 1H), 7.33-7.12 (m, 9H),7.04 (d, J = 7.6 Hz, 1H), 6.43-6.42 (m, 2H), 4.13-

4.08 (m, 1H), 3.68-3.57 (m, 2H), 2.33 (s, 3H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.8, 153.2, 142.6, 138.5, 137.2, 135.4, 

132.1, 131.0, 128.8, 128.62, 128.58, 127.8, 127.5, 126.4, 126.0, 124.8, 122.7, 121.6, 

49.1, 40.8, 21.6; 

HRMS (ESI) m/z: [M + H]+ calcd for C24H22NS, 356.1467; found, 356.1468. 
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(S,E)-2-(4-phenyl-2-(o-tolyl)but-3-en-1-yl)benzo[d]thiazole (3da) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Colorless oil (19.9 mg, 56% yield); 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 5.6 min, tR (minor) = 4.9 min, 99.4:0.6 e.r., 99% ee; [α]D
29 = +19.5 

(c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 7,6 Hz, 1H), 

7.45-7.37 (m, 2H), 7.33-7.14 (m, 9H), 6.43-6.34 (m, 2H), 4.43-4.38 (m, 1H), 3.70-3.57 

(m, 2H), 2.37 (s, 3H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.9, 153.2, 140.5, 137.2, 135.4, 131.8, 

130.87, 130.85, 128.6, 127.5, 126.8, 126.7, 126.6, 126.4, 126.0, 124.9, 122.8, 121.6, 

44.5, 40.2, 19.9; 

HRMS (ESI) m/z: [M + H]+ calcd for C24H22NS, 356.1467; found, 356.1468. 

(S,E)-2-(2-(4-methoxyphenyl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3ea) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow solid (18.9 mg, 51% yield); mp 63-65 °C 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 0.5 mL/min, λ = 

254 nm) tR (major) = 16.3 min, tR (minor) = 14.7 min, 99.7:0.3 e.r., >99% ee; [α]D
29 = 

+5.4 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 7.6 Hz, 1H), 

7.45-7.41 (m, 1H), 7.34-7.18 (m, 8H), 6.87-6.84 (m, 2H), 6.46-6.38 (m, 2H), 4.13-4.08 

(m, 1H), 3.78 (s, 3H), 3.67-3.54 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.8, 158.6, 153.1, 137.2, 135.4, 134.6, 

132.4, 130.7, 128.9, 128.6, 127.5, 126.4, 126.0, 124.8, 122.7, 121.6, 114.3, 55.4, 48.3, 

40.9; 
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HRMS (ESI) m/z: [M + H]+ calcd for C24H22NOS, 372.1417; found, 372.1417. 

(S,E)-2-(2-(4-fluorophenyl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3fa) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow soild (26.7 mg, 74% yield); mp 85-87 °C 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 5.9 min, tR (minor) = 5.5 min, 99.4:0.6 e.r., 99% ee; [α]D
29 = +12.3 

(c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 

7.46-7.42 (m, 1H), 7.35-7.18 (m, 8H), 7.02-6.97 (m, 2H), 6.46-6,37 (m, 2H), 4.17-4.13 

(m, 1H), 3.67-3.53 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.3, 161.9 (d, J = 244.0 Hz), 153.2, 138.2 

(d, J = 3.0 Hz), 137.0, 135.3, 131.8, 131.1, 129.4 (d, J = 8.0 Hz), 128.7, 127.6, 126.5, 

126.1, 125.0, 122.8, 121.6, 115.7(d, J = 22.0 Hz), 48.3, 40.8; 
19F {1H} NMR (376 MHz, CDCl3) δ –115.9; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H19FNS, 360.1217; found, 360.1217. 

(S,E)-2-(2-(3-fluorophenyl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3ga) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

White solid (33.6 mg, 93% yield); mp 81-83 °C 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 6.0 min, tR (minor) = 5.5 min, 99.8:0.2 e.r., >99% ee; [α]D
29 = 

+14.9 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 

7.45-7.41 (m, 1H), 7.34-7.17 (m, 7H), 7.10-7.02 (m, 2H), 6.94-6.89 (m, 1H), 6.47-6,36 

(m, 2H), 4.20-4.14 (m, 1H), 3.67-3.55 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.1, 163.1 (d, J = 245.0 Hz), 153.2, 145.2 
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(d, J = 7.0 Hz), 136.9, 135.3, 131.5, 131.2, 130.4 (d, J = 9.0 Hz), 128.7, 127.7, 126.5, 

126.1, 125.0, 123.5 (d, J = 3,0 Hz), 122.8, 121.6, 114.8 (d, J = 22.0 Hz), 114.0 (d, J = 

21.0 Hz), 48.8, 40.5; 
19F {1H} NMR (376 MHz, CDCl3) δ –112.6; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H19FNS, 360.1217; found, 360.1217. 

(S,E)-2-(2-(2-fluorophenyl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3ha) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow soild (27.6 mg, 77% yield); mp 98-99 °C 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 0.5 mL/min, λ = 

254 nm) tR (major) = 10.8 min, tR (minor) = 9.6 min, 99.7:0.3 e.r., >99% ee; [α]D
29 = 

+20.3 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 7.6 Hz, 1H), 

7.44-7.40 (m, 1H), 7.33-7.16 (m, 8H), 7.11-7.02 (m, 2H), 6.51-6.43 (m, 2H), 4.45-4.40 

(m, 1H), 3.72-3.62 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.3, 160.9 (d, J = 245.0 Hz), 153.2, 137.1, 

135.4, 131.7, 130.3, 129.5 (d, J = 14.0 Hz), 129.3 (d, J = 5.0 Hz), 128.7, 128.6, 127.6, 

126.5, 126.0, 124.9, 124.5 (d, J = 4,0 Hz), 122.8, 121.6, 116.0 (d, J = 22.0 Hz), 43.4, 

39.5; 
19F {1H} NMR (376 MHz, CDCl3) δ –117.0; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H19FNS, 360.1217; found, 360.1217. 

(S,E)-2-(2-(4-chlorophenyl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3ia) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow soild (29.1 mg, 77% yield); mp 80-82 °C 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 5.8 min, tR (minor) = 5.4 min, 99.6:0.4 e.r., >99% ee; [α]D
29 = 
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+3.0 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H), 

7.46-7.42 (m, 1H), 7.35-7.18 (m, 10H), 6.45-6.36 (m, 2H), 4.18-4.13 (m, 1H), 3.67-

3.53 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.1, 153.2, 141.0, 137.0, 135.3, 132.8, 

131.5, 131.3, 129.3, 129.0, 128.7, 127.7, 126.5, 126.1, 125.0, 122.8, 121.7, 48.4, 40.6; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H19ClNS, 360.0921; found, 360.0921. 

(S,E)-2-(2-(4-bromophenyl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3ja) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow solid (33.6 mg, 80% yield); mp 81-83 °C; 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 5.9 min, tR (minor) = 5.6 min, 99.5:0.5 e.r., 99% ee; [α]D
29 = -5.6 

(c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 7.6 Hz, 1H), 

7.46-7.42 (m, 3H), 7.36-7.26 (m, 5H), 7.22-7.18 (m, 3H), 6.45-6.36 (m, 2H), 4.17-4.11 

(m, 1H), 3.67-3.54 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.1, 153.1, 141.5, 136.9, 135.3, 132.0, 

131.4, 129.7, 128.7, 127.7, 126.5, 126.1, 125.0, 122.8, 121.7, 120.9, 48.5, 40.5; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H19
79BrNS, 420.0416; found, 420.0416. 

(S,E)-2-(4-phenyl-2-(4-(trifluoromethyl)phenyl)but-3-en-1-yl)benzo[d]thiazole 

(3ka) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow solid (34.8 mg, 85% yield); mp 81-83 °C; 

HPLC (Daicel Chiralpak IA, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 6.0 min, tR (minor) = 6.7 min, 99.9:0.1 e.r., >99% ee; [α]D
29 = 
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+9.7 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.4 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 

7.57 (d, J = 8.0 Hz, 2H), 7.46-7.43 (m, 3H), 7.36-7.19 (m, 6H), 6.48-6.38 (m, 2H), 4.28-

4.23 (m, 1H), 3.70-3.58 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 168.8, 153.2, 146.7, 136.8, 135.3, 131.8, 

131.0, 129.3 (q, J = 32.0 Hz), 128.7, 128.3, 127.8, 126.5, 126.2, 125.9 (q, J = 3,0 Hz), 

125.1, 124.3 (q, J = 270.0 Hz), 122.8, 121.7, 53.6, 48.8, 40.4; 
19F {1H} NMR (376 MHz, CDCl3) δ –62.4; 

HRMS (ESI) m/z: [M + H]+ calcd for C24H19F3NS, 410.1185; found, 410.1184. 

(S,E)-2-(2-(naphthalen-1-yl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3la) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow solid (24.1 mg, 62% yield); mp 74-75 °C 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 6.3 min, tR (minor) = 5.6 min, 99.2:0.8 e.r., 98% ee; [α]D
29 = -5.5 

(c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 8.26 (d, J = 8.4 Hz, 1H), 7.98 (d, J = 8.4 Hz, 1H), 

7.87 (d, J = 8.0 Hz, 1H), 7.78-7.74 (m, 2H), 7.58-7.43 (m, 5H), 7.33-7.16 (m, 6H), 6.61-

6.45 (m, 2H), 5.06-5.01 (m, 1H), 3.85-3.76 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.9, 153.2, 138.7, 137.2, 135.4, 134.2, 

131.7, 131.6, 131.5, 129.2, 128.6, 127.7, 127.5, 126.5, 126.4, 126.0, 125.8, 125.7, 124.9, 

124.6, 123.4, 122.8, 121.6, 43.8, 40.3; 

HRMS (ESI) m/z: [M + H]+ calcd for C27H22NS, 392.1467; found, 392.1468. 

(S,E)-2-(2-(naphthalen-2-yl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3ma) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow solid (23.8 mg, 61% yield); mp 84-86 °C; 
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HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 6.8 min, tR (minor) = 6.2 min, 99.7:0.3 e.r., >99% ee; [α]D
29 = -

4.6 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.4 Hz, 1H), 7.82-7.73 (m, 5H), 7.48-

7.40 (m, 4H), 7.32-7.16 (m, 6H), 6.55-6.44 (m, 2H), 4.33 (q, J = 6.8 Hz, 1H), 3.79-3.69 

(m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.6, 153.2, 140.0, 137.2, 135.4, 133.7, 

132.7, 131.9, 131.3, 128.6, 127.9, 127.8, 127.6, 126.5, 126.27, 126.26, 126.0, 125.8, 

124.9, 122.8, 121.6, 49.2, 40.6; 

HRMS (ESI) m/z: [M + H]+ calcd for C27H22NS, 392.1467; found, 392.1468. 

 (S,E)-2-(2-(furan-2-yl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3na) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow soild (20.7 mg, 63% yield); mp 67-69 °C; 

HPLC (Daicel Chiralpak IB, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 7.6 min, tR (minor) = 5.4 min, 99.6:0.4 e.r., >99% ee; [α]D
29 = 

+50.4 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 

7.46-7.18 (m, 8H), 6.48 (d, J = 16.0 Hz, 1H), 6.37-6.29 (m, 2H), 6.13 (d, J = 3.2 Hz, 

1H), 4.24 (q, J = 7.6 Hz, 1H), 3.74-3.53 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.0, 155.1, 153.2, 141.9, 136.9, 135.5, 

132.3, 128.8, 128.6, 127.7, 126.6, 126.0, 124.9, 122.8, 121.6, 110.4, 106.4, 42.9, 38.7; 

HRMS (ESI) m/z: [M + H]+ calcd for C21H18NOS, 332.1104; found, 332.1104. 

(S,E)-2-(4-phenyl-2-(thiophen-2-yl)but-3-en-1-yl)benzo[d]thiazole (3oa) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

At 120 °C for 48 h. Yellow solid (18.8 mg, 54% yield); mp 78-80 °C; 
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HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 6.1 min, tR (minor) = 5.6 min, 99.7:0.3 e.r., >99% ee; [α]D
29 = 

+8.2 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 

7.46-7.43 (m, 1H), 7.35-7.19 (m, 7H), 6.96-6.94 (m, 2H), 6.52-6.37 (m, 2H), 4.45 (q, J 

= 7,6 Hz, 1H), 3.72-3.61 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 168.9, 153.2, 146.3, 136.9, 135.4, 131.7, 

131.2, 128.7, 127.7, 127.1, 126.6, 126.1, 125.0, 124.5, 124.2, 122.8, 121.7, 44.4, 41.7; 

HRMS (ESI) m/z: [M + H]+ calcd for C21H18NS2, 348.0875; found, 348.0875. 

(S,E)-2-(2-phenethyl-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3pa) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Colorless oil (36.9 mg, 99% yield);  

HPLC (Daicel Chiralpak OJ-H, hexane/i-PrOH = 60:40, flow rate 1.0 mL/min, λ 

= 254 nm) tR (major) = 8.9 min, tR (minor) = 10.4 min, 99.6:0.4 e.r., >99% ee; [α]D
29 = 

+35.2 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H), 

7.45-7.41 (m, 1H), 7.35-7.14 (m, 11H), 6.43 (d, J = 15.6 Hz, 1H), 6.13 (dd, J = 8.8, 

15.6 Hz, 1H), 3.33-3.20 (m, 2H), 2.86-2.73 (m, 1H), 2.66-2.62 (m, 2H), 2.01-1.76 (m, 

2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 170.0, 153.2, 142.1, 137.3, 135.4, 132.4, 

132.0, 128.64, 128.55, 128.5, 127.4, 126.4, 125.99, 125.95, 124.8, 122.7, 121.6, 43.5, 

40.5, 36.7, 33.7; 

HRMS (ESI) m/z: [M + H]+ calcd for C25H24NS, 370.1624; found, 370.1624. 

(S,E)-6-chloro-2-(2,4-diphenylbut-3-en-1-yl)benzo[d]thiazole (3qa) 

 

Eluent: petroleum ether/EtOAc = 100:1–50:1; 
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Yellow solid (25.6 mg, 68% yield); mp 91-93 °C; 

HPLC (Daicel Chiralpak IE, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 7.1 min, tR (minor) = 6.8 min, 99.7:0.3 e.r., >99% ee; [α]D
29 = 

+14.6 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 1.6 Hz, 1H), 7.67 (d, J = 8.8 Hz, 1H), 

7.34-7.17 (m, 11H), 6.47-6.38 (m, 2H), 4.16-4.11 (m, 1H), 3.68-3.56 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 171.7, 154.0, 142.4, 137.1, 133.6, 132.1, 

131.8, 131.2, 128.9, 128.6, 127.9, 127.6, 127.1, 126.4, 125.4, 122.7, 122.3, 49.1, 40.8; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H19ClNS, 376.0921; found, 376.0921. 

(S,E)-6-bromo-2-(2,4-diphenylbut-3-en-1-yl)benzo[d]thiazole (3ra) 

 

Eluent: petroleum ether/EtOAc = 100:1–50:1; 

Yellow solid (32.4 mg, 77% yield); mp 112-113 °C; 

HPLC (Daicel Chiralpak IE, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 7.6 min, tR (minor) = 7.2 min, 99.1:0.9 e.r., 98% ee; [α]D
29 = +21.5 

(c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 8.10 (d, J = 1.6 Hz, 1H), 7.60 (d, J = 8.4 Hz, 1H), 

7.41 (dd, J = 2.0, 8.8 Hz, 1H), 7.34-7.16 (m, 10H), 6.46-6.38 (m, 2H), 4.16-4.10 (m, 

1H)， 3.67-3.56 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 171.5, 154.3, 142.4, 137.1, 134.2, 131.8, 

131.1, 128.9, 128.6, 128.0, 127.8, 127.6, 127.1, 126.4, 125.7, 122.6, 119.6, 49.1, 40.7; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H19N
79BrS, 420.0416; found, 420.0416. 

(S,E)-2-(2,4-diphenylbut-3-en-1-yl)-4,5-dihydrothiazole (3sa) 

 

Eluent: petroleum ether/EtOAc = 50:1–10:1; 

At 80 °C for 48 h. Colorless oil (13.5 mg, 46% yield);  

HPLC (Daicel Chiralpak IG, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 
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254 nm) tR (major) = 9.8 min, tR (minor) = 8.9 min, 94.9:5.1 e.r.,90% ee; [α]D
29 = +5.5 

(c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.34-7.16 (m, 10H), 6.45-6.31 (m, 2H), 4.12 (t, J = 

8.0 Hz, 2H), 3.96 (q, J = 7.2 Hz, 1H), 3.21-3.17 (m, 2H), 3.08-2.95 (m,2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.7, 142.8, 137.3, 132.2, 130.4, 128.7, 

128.5, 127.7, 127.3, 126.8, 126.4, 64.4, 47.2, 40.4, 34.1; 

HRMS (ESI) m/z: [M + H]+ calcd for C19H20NS, 294.1311; found, 294.1311. 

(S,E)-2-(2-phenyl-4-(p-tolyl)but-3-en-1-yl)benzo[d]thiazole (3ab) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow solid (21.3 mg, 60% yield); mp 69-70 °C; 

HPLC (Daicel Chiralpak OJ-H, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ 

= 254 nm) tR (major) = 14.3 min, tR (minor) = 15.9 min, 99.4:0.6 e.r., 99% ee; [α]D
29 = 

+9.8 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 

7.42 (t, J = 7.6 Hz, 1H), 7.32-7.19 (m, 8H), 7.06 (d, J = 8.0 Hz, 2H), 6.43-6.34 (m, 2H), 

4.16-4.11 (m, 1H), 3.68-3.57 (m, 2H), 2.29 (s, 3H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.8, 153.2, 142.8, 137.3, 135.4, 134.4, 

131.0, 130.9, 129.3, 128.9, 127.9, 127.0, 126.3, 126.0, 124.8, 122.7, 121.6, 49.2, 40.8, 

21.3; 

HRMS (ESI) m/z: [M + H]+ calcd for C24H22NS, 356.1467; found, 356.1468. 

(S,E)-2-(2-phenyl-4-(m-tolyl)but-3-en-1-yl)benzo[d]thiazole (3ac) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 
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Yellow soild (22.3 mg, 63% yield); mp 82-84 °C; 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 5.6 min, tR (minor) = 5.3 min, 99.7:0.3 e.r., >99% ee; [α]D
29 = 

+15.4 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 7.6 Hz, 1H), 

7.45-7.41 (m, 1H), 7.32-7.29 (m, 5H), 7.24-7.21 (m, 1H), 7.17-7.09 (m, 3H), 7.00 (d, J 

= 7.2 Hz, 1H), 6.46-6.37 (m, 2H), 4.17-4.12 (m, 1H), 3.69-3.75 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.7, 153.2, 142.7, 138.2, 137.1, 135.4, 

131.8, 131.1, 128.9, 128.5, 128.3, 127.9, 127.1, 127.0, 126.0, 124.8, 123.6, 122.7, 121.6, 

49.2, 40.8, 21.5; 

HRMS (ESI) m/z: [M + H]+ calcd for C24H22NS, 356.1467; found, 356.1468. 

(S,E)-2-(2-phenyl-4-(o-tolyl)but-3-en-1-yl)benzo[d]thiazole (3ad) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Colorless oil (23.3 mg, 65% yield);  

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 5.6 min, tR (minor) = 6.2 min, 99.4:0.6 e.r., 99% ee; [α]D
29 = +16.6 

(c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H), 

7.45-7.41 (m, 1H), 7.37-7.30 (m, 6H), 7.26-7.22 (m, 1H), 7.11-7.04 (m, 3H), 6.64 (d, J 

= 15.6 Hz, 1H), 6.27 (dd, J = 8.0, 15.6 Hz, 1H), 4.21-4.16 (m, 1H), 3.69-3.58 (m, 2H), 

2.15 (s, 3H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.7, 153.2, 142.8, 136.4, 135.5, 135.3, 

133.2, 130.2, 129.2, 128.9, 127.8, 127.4, 127.0, 126.1, 126.0, 125.9, 124.9, 122.7, 121.6, 

49.5, 40.9, 19.8; 

HRMS (ESI) m/z: [M + H]+ calcd for C24H22NS, 356.1467; found, 356.1468. 

(S,E)-2-(4-(4-methoxyphenyl)-2-phenylbut-3-en-1-yl)benzo[d]thiazole (3ae) 



S16 
 

 

Eluent: petroleum ether/EtOAc = 100:1–50:1; 

At 145 °C for 48 h. Yellow solid (14.9 mg, 40% yield); mp 95-96 °C 

HPLC (Daicel Chiralpak IG, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 16.0 min, tR (minor) = 15.2 min, 98.0:2.0 e.r., 96% ee; [α]D
29 = 

+13.7 (c 0.5, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.4 Hz, 1H), 7.77 (d, J = 7.6 Hz, 1H), 

7.45-7.41 (m, 1H), 7.34-7.29 (m, 5H), 7.25-7.20 (m, 3H), 6.82-6.78 (m, 2H), 6.40-6.26 

(m, 2H), 4.12 (q, J = 7.2 Hz, 1H), 3.77 (s, 3H), 3.68-3.57 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.8, 159.2, 153.2, 142.9, 135.4, 130.5, 

130.0, 129.9, 128.9, 127.9, 127.6, 127.0, 126.0, 124.8, 122.7, 121.6, 144.0, 55.4, 49.2, 

40.9; 

HRMS (ESI) m/z: [M + H]+ calcd for C24H22ONS, 372.1417; found, 372.1417. 

 (S,E)-2-(4-(4-fluorophenyl)-2-phenylbut-3-en-1-yl)benzo[d]thiazole (3af) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

White solid (14.0 mg, 39% yield); mp 83-84 °C 

HPLC (Daicel Chiralpak IG, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 9.5 min, tR (minor) = 8.7 min, 99.6:0.4 e.r., >99% ee; [α]D
29 = 

+6.5 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 

7.43-7.41 (m, 1H), 7.34-7.31 (m, 5H), 7.27-7.22 (m, 3H), 6.96-6.92 (m, 2H), 6.41-6.31 

(m, 2H), 4.16-4.11 (m, 1H), 3.68-3.57 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.6, 162.3 (d, J = 245.0 Hz), 153.2, 142.5, 

135.4, 133.3 (d, J = 3.0 Hz), 131.8, 129.9, 129.0, 127.92 (d, J = 8.0 Hz), 127.86, 127.1, 

126.0, 124.9, 122.8, 121.6, 115.5 (d, J = 21.0 Hz), 49.1, 40.7; 
19F {1H} NMR (376 MHz, CDCl3) δ –114.8; 
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HRMS (ESI) m/z: [M + H]+ calcd for C23H19FNS, 360.1217; found, 360.1217. 

(S,E)-2-(4-(3-fluorophenyl)-2-phenylbut-3-en-1-yl)benzo[d]thiazole (3ag) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow solid (31.8 mg, 88% yield); mp 74-76 °C; 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 5.9 min, tR (minor) = 5.5 min, 99.4:0.6 e.r., 99% ee; [α]D
29 = +8.4 

(c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.4 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 

7.44 (t, J = 8.0 Hz, 1H), 7.33-7.17 (m, 7H), 7.05-6.99 (m, 2H), 6.89-6.85 (m, 1H), 6.49-

6.36 (m, 2H), 4.16 (q, J = 7.6 Hz, 1H), 3.68-3.37 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.4, 163.2 (d, J = 244.0 Hz), 153.2, 142.3, 

139.5 (d, J = 8.0 Hz), 135.4, 133.4, 130.04, 129.99 (d, J = 4.0 Hz), 129.0, 127.9, 127.2, 

126.1, 124.9, 122.8, 122.4 (d, J = 3.0 Hz), 121.6, 114.3 (d, J = 22.0 Hz), 112.9 (d, J = 

21.0 Hz), 49.1, 40.6; 
19F {1H} NMR (376 MHz, CDCl3) δ –113.6; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H19FNS, 360.1217; found, 360.1217. 

(S,E)-2-(4-(4-chlorophenyl)-2-phenylbut-3-en-1-yl)benzo[d]thiazole (3ah) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow solid (27.9 mg, 74% yield); mp 63-65 °C; 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 6.2 min, tR (minor) = 5.7 min, 99.5:0.5 e.r., 99% ee; [α]D
29 = +21.1 

(c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.0 Hz, 1H), 7.77 (d, J = 8.0 Hz, 1H), 
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7.45-7.41 (m, 1H), 7.35-7.30 (m, 5H), 7.26-7.21 (m, 5H), 6.45-6.34 (m, 2H), 4.14 (q, J 

= 7.2 Hz, 1H), 3.68-3.57 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.5, 153.2, 142.4, 135.7, 135.4, 133.1, 

132.7, 129.9, 129.0, 128.7, 127.9, 127.7, 127.2, 126.1, 124.9, 122.8, 121.6, 49.1, 40.7; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H19ClNS, 376.0921; found, 376.0921. 

(S,E)-2-(4-(4-bromophenyl)-2-phenylbut-3-en-1-yl)benzo[d]thiazole (3ai) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow solid (21.0 mg, 50% yield); mp 107-109 °C; 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 6.2 min, tR (minor) = 5.7 min, 99.0:1.0 e.r., 98% ee; [α]D
29 = +25.7 

(c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H), 

7.46-7.42 (m, 1H), 7.38-7.32 (m, 7H), 7.25-7.22 (m, 1H), 7.16-7.14 (m, 2H), 6.46-6.32 

(m, 2H), 4.14 (q, J = 7.6 Hz, 1H), 3.68-3.57 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.5, 153.2, 142.3, 136.1, 135.4, 132.8, 

131.7, 129.9, 129.0, 128.0, 127.9, 127.2, 126.1, 124.9, 122.8, 121.6, 121.2, 49.2, 40.6; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H19
79BrNS, 420.0416; found, 420.0416. 

(S,E)-2-(2-phenyl-4-(4-(trifluoromethyl)phenyl)but-3-en-1-yl)benzo[d]thiazole (3aj) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

White soild (20.8 mg, 51% yield); mp 106-107 oC 

HPLC (Daicel Chiralpak IG, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 8.2 min, tR (minor) = 7.5 min, 99.5:0.5 e.r., 99% ee; [α]D
29 = +18.6 

(c 1.0, CHCl3); 
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1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H), 

7.51-7.42 (m, 3H), 7.39-7.31 (m, 7H), 7.27-7.23 (m, 1H), 6.58-6.42 (m, 2H), 4.18 (q, J 

= 7.2 Hz, 1H), 3.70-3.59 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.3, 153.2, 142.1, 140.6, 135.3, 134.7, 

129.8, 129.3 (q, J = 32.0 Hz), 129.0, 127.9, 127.3, 126.6, 126.1, 125.6 (q, J = 4.0 Hz), 

125.0 (q, J = 270.0 Hz), 122.8, 121.6, 49.2, 40.6; 
19F {1H} NMR (376 MHz, CDCl3) δ –62.5; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H19F3NS, 410.1185; found, 410.1185. 

(S,E)-2-(4-(naphthalen-2-yl)-2-phenylbut-3-en-1-yl)benzo[d]thiazole (3ak) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow solid (18.4 mg, 47% yield); mp 112-114 °C; 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 8.3 min, tR (minor) = 7.3 min, 99.7:0.3 e.r., >99% ee; [α]D
29 = 

+37.0 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 8.0 Hz, 1H), 7.78-7.71 (m, 4H),7.54-

7.52 (m, 1H), 7.43-7.23 (m, 9H), 6.62-6.53 (m, 2H), 4.23-4.18 (m, 1H), 3.73-3.62 (m, 

2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.7, 153.2, 142.6, 135.4, 134.6, 133.7, 

133.0, 132.4, 131.2, 129.0, 128.2, 128.0, 127.9, 127.7, 127.1, 126.32, 126.26, 126.0, 

125.9, 123.7, 122.8, 121.6, 49.3, 40.8; 

HRMS (ESI) m/z: [M + H]+ calcd for C27H22NS, 392.1467; found, 392.1468. 

(S,E)-2-(2-phenyl-4-(thiophen-2-yl)but-3-en-1-yl)benzo[d]thiazole (3al) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

Yellow solid ( 29.7 mg, 85% yield); mp 99-101 °C; 
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HPLC (Daicel Chiralpak IB, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 6.9 min, tR (minor) = 5.7 min, 96.6:3.4 e.r., 93% ee; [α]D
29 = +19.4 

(c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.0 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 

7.44-7.40 (m, 1H), 7.33-7.29 (m, 5H), 7.25-7.21 (m, 1H), 7.08 (d, J = 4.8 Hz, 1H), 6.90-

6.88 (m, 1H), 6.84 (d, J = 3.2 Hz, 1H), 6.53 (d, J = 15.6 Hz, 1H), 6.29 (dd, J = 7.2, 15.6 

Hz, 1H), 4.14-4.08 (m, 1H), 3.66-3.55 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 169.5, 153.2, 142.29, 142.27, 135.4, 131.7, 

128.9, 127.9, 127.4, 127.1, 126.0, 125.5, 124.9, 124.3, 124.1, 122.8, 121.6, 49.0, 40.6; 

HRMS (ESI) m/z: [M + H]+ calcd for C21H18NS2, 348.0875; found, 348.0875. 

 

(R)-2-(2-(benzofuran-2-yl)-2-phenylethyl)benzo[d]thiazole (3am) 

 

Eluent: petroleum ether/EtOAc = 50:1–30:1; 

White soild (30.8 mg, 87% yield); mp 150-151 oC 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 5.7 min, tR (minor) = 5.3 min, 99.6:0.4 e.r., >99% ee; [α]D
29 = -

6.8 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.96 (d, J = 8.0 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H), 

7.47-7.14 (m, 11H), 6.51 (s, 1H), 4.83 (t, J = 7.6 Hz, 1H), 4.05 (dd, J = 8.0, 14.8 Hz, 

1H), 3.78 (dd, J =8.0, 15.2 Hz, 1H); 
13C {1H} NMR (100 MHz, CDCl3) δ 168.8, 158.8, 155.0, 153.1, 140.4, 135.4, 

128.9, 128.5, 128.2, 127.5, 126.0, 125.0, 123.9, 122.80, 122.78, 121.6, 120.9, 111.2, 

103.8, 45.8, 39.3; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H18NOS, 356.1104; found, 356.1104. 
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4. Large-scale reaction and synthetic transformations of products 

 

To a 100 mL Schlenk tube equipped with a stirring bar was added 4 Å MS (4.0 g), 

and the tube was flame-dried under high vacuum. The tube was then back-filled with 

nitrogen. To the tube was added (E)-2-styrylbenzo[d]thiazole 1a (4.0 mmol, 1.0 equiv, 

949.0 mg), potassium styryltrifluoroborate 2a (8.0 mmol, 2.0 equiv, 1.68 g), Cat 5 (0.8 

mmol, 20 mol%, 568.0 mg) and dry m-xylene (40.0 mL) under n itrogen. The reaction 

mixture was kept stirring at 100 °C for 48 h and monitored by TLC until (E)-2-

styrylbenzo[d]thiazole 1a was consumed. After the removal of solvents via rotary 

evaporation, the residue was purified through flash column chromatography on silica 

gel (eluent: petroleum ether/ethyl acetate = 100:1–50:1) to give pure adducts 3aa (1.13 

g, 83% yield, 99% ee). 

Synthesis of (R)-2-(2,4-diphenylbutyl)benzo[d]thiazole (4) 

 

To a stirred solution of 3aa (99% ee, 34.1 mg, 0.1 mmol, 1.0 equiv) in MeOH (1 

mL) was added Pd-C (0.01 mmol, 10 mol %). The reaction mixture was stirred under 

H2 balloon for 5 h at room temperature. The resulting mixture was filtered through a 

Celite pad and solvents were concentrated via rotary evaporation. The residue was 

purified through flash column chromatography on silica gel (eluent: petroleum 

ether/ethyl acetate = 50:1) to give product 4 (34.0 mg, 99% yield, 99% ee); 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 5.9 min, tR (minor) = 5.0 min, 99.3:0.7 e.r., 99% ee; [α]D
29

 = -35.7 

(c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.86 (d, J = 8.0 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 

7.35-7.31 (m, 1H), 7.25-7.20 (m, 3H), 7.17-7.12 (m, 5H), 7.08-7.04 (m, 1H), 6,98 (d, J 

= 7.2 Hz, 2H), 3,41-3,27 (m, 2H), 3.19-3.12 (m, 1H), 2.47-2.34 (m, 2H), 2.09-1.91 (m, 

2H); 
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13C {1H} NMR (100 MHz, CDCl3) δ 170.2, 153.1, 143.3, 142.0, 135.4, 128.8, 

128.5, 128.4, 127.9, 126.9, 125.93, 125.90, 124.8, 122.7, 121.6, 46.1, 41.8, 37.9, 33.6; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H22NS, 344.1467; found, 344.1468. 

Synthesis of (S,E)-2-(4-(4-fluorophenyl)-2-phenylbut-3-en-1-yl)benzo[d]oxazole 

(6a) 

 

To a 10 mL Schlenk tube equipped with a stirring bar was added 4 Å MS (100 

mg), and the tube was flame-dried under high vacuum. After cooling to r.t., the tube 

was then back-filled with nitrogen. Then trifluoroborate salts 2f (0.2 mmol, 2.0 equiv), 

(R)- 3,3'-(CF3)2C6H3-BINOL (0.02 mmol, 20 mol %), alkenyl-substituted 

benzothiazoles 5a (0.1 mmol, 1.0 equiv), and dry m-xylene (1.0 mL) were successively 

added to the test tube under N2. The tube was sealed up with a screw cap, and allowed 

to stir at 100 °C in an oil bath for 48 h. After the removal of solvents via rotary 

evaporation, the residue was purified through flash column chromatography on silica 

gel (eluent: petroleum ether/ethyl acetate = 100:1–50:1) to give pure product 6a as 

yellow oil (27.1 mg, 79% yield, >99% ee); 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 5.7 min, tR (minor) = 5.4 min, 99.8:0.2 e.r., >99% ee; [α]D
29

 = 

+19.1 (c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.67-7.63 (m, 1H), 7.46-7.42 (m, 1H), 7.32 (d, J = 

4.4 Hz, 4H), 7.30-7.20 (m, 5H), 6.95-6.89 (m, 2H), 6.41-6.31 (m, 2H), 4.26 (dd, J = 

6.8, 14.8 Hz, 1H), 3.50-3.38 (m, 2H); 
13C {1H} NMR (100 MHz, CDCl3) δ 165.1, 162.3 (d, J = 245.0 Hz), 150.9, 142.4, 

141.4, 133.2 (d, J = 4.0 Hz), 131.5 (d, J = 2.0 Hz), 129.7, 128.9, 127.9 (d, J = 8.0 Hz), 

127.6, 127.1, 124.7, 124.3, 119.8, 115.4 (d, J = 22.0 Hz), 46.8, 35.3; 
19F {1H} NMR (376 MHz, CDCl3) δ –114.7; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H19ONF 344.1445; found 344.1445. 

Synthesis of (S,E)-2-(4-(3-fluorophenyl)-2-phenylbut-3-en-1-yl)benzo[d]oxazole 

(6b) 
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To a 10 mL Schlenk tube equipped with a stirring bar was added 4 Å MS (100 

mg), and the tube was flame-dried under high vacuum. After cooling to r.t., the tube 

was then back-filled with nitrogen. Then trifluoroborate salts 2 g (0.2 mmol, 2.0 equiv), 

(R)-3,3'-(CF3)2C6H3-BINOL (0.02 mmol, 20 mol %), alkenyl-substituted 

benzothiazoles 5a (0.1 mmol, 1.0 equiv), and dry m-xylene (1.0 mL) were successively 

added to the test tube under N2. The tube was sealed up with a screw cap, and allowed 

to stir at 100 °C in an oil bath for 48 h. After the removal of solvents via rotary 

evaporation, the residue was purified through flash column chromatography on silica 

gel (eluent: petroleum ether/ethyl acetate = 100:1–50:1) to give pure product 6b as 

yellow solid (32.2 mg, 94% yield, 99% ee), mp 73-75 oC; 

HPLC (Daicel Chiralpak IC, hexane/i-PrOH = 90:10, flow rate 1.0 mL/min, λ = 

254 nm) tR (major) = 5.8 min, tR (minor) = 5.4 min, 99.5:0.5 e.r., 99% ee; [α]D
29

 = +19.9 

(c 1.0, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.67-7.62 (m, 1H), 7.46-7.42 (m, 1H), 7.31 (d, J = 

4.4 Hz, 4H), 7.29-7.15 (m, 4H), 7.03-6.96 (m, 2H), 6.88-6.83 (m, 1H), 6.47-6.36 (m, 

2H), 4.27 (dd, J = 7.2, 15.2 Hz, 1H), 3.50-3.39 (m, 2H); 
, 13C {1H} NMR (100 MHz, CDCl3) δ 165.0, 163,1 (d, J = 243.0 Hz), 150.9, 142.2, 

141.4, 139.4 (d, J = 7.0 Hz), 133.2, 130.0 (d, J = 9.0 Hz), 129.8 (d, J = 3.0 Hz), 129.0, 

127.6, 127.2, 124.7, 124.3, 122.3 (d, J = 3.0 Hz), 119.8, 114.3 (d, J = 21.0 Hz), 112.9 

(d, J = 22.0 Hz), 110.4, 46.7, 35.2; 
19F {1H} NMR (376 MHz, CDCl3) δ –113.6; 

HRMS (ESI) m/z: [M + H]+ calcd for C23H19ONF 344.1445; found 344.1445.
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5. Absolute configuration determination and DFT calculation 

In order to establish the absolute configuration of the products, we detected CD 

(circular dichroism) of optical pure 3aa (99% ee) at the concentration of 0.01 mg/mL 

in MeOH (Fig. S1). Through comparison of CD and ECD (electrostatic circular 

dichroism) of 3aa (Fig. S2), the absolute configuration of 3aa was determined to be 

(S,E).  

 

Fig. S1 CD spectrum of 3aa 
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[b]  
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Fig. S2 ECD spectrum of 3aa/3aa’ 

All the density functional theory (DFT) calculations were performed with the 

Gaussian 16 B.01 series of programs.4 The B3LYP-D3BJ5, 6 functional with the 

standard 6-311G(d,p) basis set was used for the geometry optimizations. The ECD 

spectra was calculated via the TDDFT method.7 The 3D images of the calculated 

structures were prepared using CYLview.8 

 

[a] 

C                 -6.20995200    0.33074700   -0.17843600 

 C                 -5.33628800    0.56903100   -1.23769200 

 C                 -3.97624200    0.31531500   -1.09325200 

 C                 -3.46434300   -0.17877300    0.11110800 

 C                 -4.34900900   -0.41286400    1.16499300 

 C                 -5.71193000   -0.16131200    1.02429400 

 C                  1.61718800    4.22167700   -0.29201400 

 C                  0.62628200    3.28723000   -0.01508100 

 C                  0.94616500    2.06544700    0.59266000 

 C                  2.28409900    1.81604300    0.92982800 

 C                  3.27577900    2.74837500    0.64648700 

 C                  2.94649200    3.95543800    0.03415000 
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 C                 -0.05287400    1.02029200    0.84496500 

 C                 -1.12376600    0.76329300    0.09150100 

 C                 -1.98401000   -0.45863700    0.27746700 

 C                 -1.52335600   -1.59206900   -0.70766600 

 H                 -5.71520000    0.95303300   -2.17790900 

 H                 -3.30849000    0.50578700   -1.92629900 

 H                 -3.96506400   -0.79185800    2.10619700 

 H                 -6.38280200   -0.34851900    1.85489400 

 H                  1.35207300    5.16448600   -0.75700300 

 H                 -0.40762200    3.50841600   -0.25354400 

 H                  2.54748200    0.86885100    1.38765100 

 H                  4.30650400    2.52967200    0.90066000 

 H                  3.71728800    4.68591600   -0.18247800 

 H                  0.17592100    0.34418900    1.66551000 

 H                 -1.33147500    1.37677400   -0.78053200 

 H                 -1.82233700   -0.83549900    1.29084400 

 H                 -1.74321300   -1.30213700   -1.73566800 

 H                 -2.08279700   -2.50266500   -0.47976100 

 H                 -7.26956400    0.52818900   -0.29072200 

 C                 -0.04947000   -1.80121800   -0.60712100 

 C                  2.10636000   -1.40960000   -0.94047100 

 C                  2.23293800   -2.11164800    0.28035100 

 C                  3.24722600   -0.88820100   -1.55709200 

 C                  3.47465800   -2.30584200    0.88260100 

 C                  4.48200300   -1.07203200   -0.95382500 

 H                  3.13959600   -0.33691300   -2.48226800 

 C                  4.59537200   -1.77558800    0.25444300 

 H                  3.56607700   -2.84653100    1.81631500 

 H                  5.37153100   -0.66355800   -1.41792800 

 H                  5.57052200   -1.90710400    0.70816700 

 N                  0.80892200   -1.26205200   -1.40266800 

 S                  0.64369900   -2.60292500    0.82871000 

 

 

[b] 
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C                  5.61949400   -2.08260100   -0.14376900 

 C                  5.08190200   -1.00576100   -0.84550600 

 C                  3.75530100   -0.63365800   -0.64733400 

 C                  2.94588200   -1.33341600    0.25176600 

 C                  3.49459800   -2.41023000    0.95138700 

 C                  4.82184700   -2.78419200    0.75678600 

 C                  1.09633500    4.94106000    0.85097200 

 C                  1.29838200    3.57307800    0.72358000 

 C                  0.41535200    2.78334800   -0.02872700 

 C                 -0.66227500    3.41797100   -0.66269400 

 C                 -0.86574700    4.78799800   -0.53516400 

 C                  0.01203300    5.55600800    0.22479500 

 C                  0.57178400    1.33114000   -0.18207800 

 C                  1.31377900    0.52744100    0.58418100 

 C                  1.48126400   -0.96186900    0.43536900 

 C                  0.64156500   -1.59052900   -0.69562900 

 H                  5.69783800   -0.45199700   -1.54495600 

 H                  3.34269900    0.21316300   -1.18418000 

 H                  2.87564600   -2.95754200    1.65486200 

 H                  5.23356000   -3.62009300    1.31080600 

 H                  1.79182400    5.53400600    1.43410600 

 H                  2.15803100    3.11478200    1.19770900 

 H                 -1.35093400    2.82136700   -1.25152700 

 H                 -1.70939700    5.25565500   -1.02976100 

 H                 -0.14100300    6.62426300    0.32381200 

 H                 -0.01783700    0.90256400   -0.98592000 

 H                  1.87139900    0.94961500    1.41602500 

 H                  1.13651900   -1.42016400    1.36844900 

 H                  0.88542500   -1.12458700   -1.65380300 

 H                  0.92081900   -2.64504700   -0.78563600 

 H                  6.65344400   -2.37024500   -0.29481400 

 C                 -0.83332200   -1.51294900   -0.43640100 

 C                 -2.75691100   -1.51835600    0.66360900 

 C                 -3.28454800   -1.30091200   -0.63003600 

 C                 -3.62497700   -1.59665500    1.75669500 
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 C                 -4.65442800   -1.16429000   -0.84420500 

 C                 -4.98873300   -1.45945000    1.54468000 

 H                 -3.21434200   -1.76133600    2.74479500 

 C                 -5.49916200   -1.24528800    0.25604400 

 H                 -5.05220500   -0.99893900   -1.83761800 

 H                 -5.67047300   -1.51753100    2.38464800 

 H                 -6.56816800   -1.14035600    0.11414300 

 N                 -1.37719600   -1.63204200    0.72445500 

 S                 -1.96743500   -1.24316300   -1.78389100 
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7. Copies of 1H, 13C, and 19F NMR spectra 

(S,E)-2-(2,4-diphenylbut-3-en-1-yl)benzo[d]thiazole (3aa) 
1H NMR (400 MHz, CDCl3) 

 

 
13C {1H} NMR (100 MHz, CDCl3) 
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(S,E)-2-(4-phenyl-2-(p-tolyl)but-3-en-1-yl)benzo[d]thiazole (3ba) 
1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 
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(S,E)-2-(4-phenyl-2-(m-tolyl)but-3-en-1-yl)benzo[d]thiazole (3ca) 

1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 
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(S,E)-2-(4-phenyl-2-(o-tolyl)but-3-en-1-yl)benzo[d]thiazole (3da) 
1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 
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(S,E)-2-(2-(4-methoxyphenyl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3ea) 
1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 
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(S,E)-2-(2-(4-fluorophenyl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3fa) 

1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 

 
 

 



S37 
 

19F{1H}NMR (376 MHz, CDCl3) 

 

 

 

(S,E)-2-(2-(3-fluorophenyl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3ga) 
1H NMR (400 MHz, CDCl3) 
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13C{1H} NMR (100 MHz, CDCl3) 

 

 

19F{1H}NMR (376 MHz, CDCl3) 
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(S,E)-2-(2-(2-fluorophenyl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3ha) 

1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 
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19F{1H}NMR (376 MHz, CDCl3) 

 

 

(S,E)-2-(2-(4-chlorophenyl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3ia) 
1H NMR (400 MHz, CDCl3) 
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13C{1H} NMR (100 MHz, CDCl3) 

 

 

(S,E)-2-(2-(4-bromophenyl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3ja) 
1H NMR (400 MHz, CDCl3) 
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13C{1H} NMR (100 MHz, CDCl3) 

 

 

(S,E)-2-(4-phenyl-2-(4-(trifluoromethyl)phenyl)but-3-en-1-yl)benzo[d]thiazole 

(3ka) 
1H NMR (400 MHz, CDCl3) 
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13C{1H} NMR (100 MHz, CDCl3) 

 
 

19F{1H}NMR (376 MHz, CDCl3) 
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(S,E)-2-(2-(naphthalen-1-yl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3la) 
1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 
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(S,E)-2-(2-(naphthalen-2-yl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3ma) 
1H NMR (400 MHz, CDCl3) 

 

13C{1H} NMR (100 MHz, CDCl3)  
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(S,E)-2-(2-(furan-2-yl)-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3na) 
1H NMR (400 MHz, CDCl3) 

 

 
13C{1H} NMR (100 MHz, CDCl3) 
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(S,E)-2-(4-phenyl-2-(thiophen-2-yl)but-3-en-1-yl)benzo[d]thiazole (3oa) 
1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 
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(S,E)-2-(2-phenethyl-4-phenylbut-3-en-1-yl)benzo[d]thiazole (3pa) 
1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 
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(S,E)-6-chloro-2-(2,4-diphenylbut-3-en-1-yl)benzo[d]thiazole (3qa)  

1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 
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(S,E)-6-bromo-2-(2,4-diphenylbut-3-en-1-yl)benzo[d]thiazole (3ra)  

1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 
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(S,E)-2-(2,4-diphenylbut-3-en-1-yl)-4,5-dihydrothiazole (3sa)  
1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 
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(S,E)-2-(2-phenyl-4-(p-tolyl)but-3-en-1-yl)benzo[d]thiazole (3ab) 

1H NMR (400 MHz, CDCl3)  

 

 
13C{1H} NMR (100 MHz, CDCl3) 
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(S,E)-2-(2-phenyl-4-(m-tolyl)but-3-en-1-yl)benzo[d]thiazole (3ac) 
1H NMR (400 MHz, CDCl3)  

 

 

13C{1H} NMR (100 MHz, CDCl3)  

 

  



S54 
 

(S,E)-2-(2-phenyl-4-(o-tolyl)but-3-en-1-yl)benzo[d]thiazole (3ad) 

1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 

 

 



S55 
 

(S,E)-2-(4-(4-methoxyphenyl)-2-phenylbut-3-en-1-yl)benzo[d]thiazole (3ae) 

1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3)  

 



S56 
 

(S,E)-2-(4-(4-fluorophenyl)-2-phenylbut-3-en-1-yl)benzo[d]thiazole (3af) 

1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 

 



S57 
 

19F{1H} NMR (376 MHz, CDCl3) 

 

(S,E)-2-(4-(3-fluorophenyl)-2-phenylbut-3-en-1-yl)benzo[d]thiazole (3ag) 
1H NMR (400 MHz, CDCl3) 

 

13C{1H} NMR (100 MHz, CDCl3) 



S58 
 

 
 

19F{1H} NMR (376 MHz, CDCl3)  

 

  



S59 
 

(S,E)-2-(4-(4-chlorophenyl)-2-phenylbut-3-en-1-yl)benzo[d]thiazole (3ah) 

1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 

 

  



S60 
 

(S,E)-2-(4-(4-bromophenyl)-2-phenylbut-3-en-1-yl)benzo[d]thiazole (3ai) 

1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 

 

  



S61 
 

(S,E)-2-(2-phenyl-4-(4-(trifluoromethyl)phenyl)but-3-en-1-yl)benzo[d]thiazole (3aj) 

1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 

 
 



S62 
 

19F{1H} NMR (376 MHz, CDCl3) 

 

 

(S,E)-2-(4-(naphthalen-2-yl)-2-phenylbut-3-en-1-yl)benzo[d]thiazole (3ak) 

1H NMR (400 MHz, CDCl3) 

 



S63 
 

13C{1H} NMR (100 MHz, CDCl3) 

 

 

(S,E)-2-(2-phenyl-4-(thiophen-2-yl)but-3-en-1-yl)benzo[d]thiazole (3al) 

1H NMR (400 MHz, CDCl3) 

 

  



S64 
 

13C{1H} NMR (100 MHz, CDCl3) 

 

 

(R)-2-(2-(benzofuran-2-yl)-2-phenylethyl)benzo[d]thiazole (3am) 

1H NMR (400 MHz, CDCl3) 

 

 



S65 
 

13C{1H} NMR (100 MHz, CDCl3) 

 

 

(R)-2-(2,4-diphenylbutyl)benzo[d]thiazole (4) 
1H NMR (400 MHz, CDCl3) 

 
  



S66 
 

13C{1H} NMR (100 MHz, CDCl3) 

 

 

(S,E)-2-(4-(4-fluorophenyl)-2-phenylbut-3-en-1-yl)benzo[d]oxazole (6a) 
1H NMR (400 MHz, CDCl3) 

 

  



S67 
 

13C{1H} NMR (100 MHz, CDCl3) 

 
 

19F{1H} NMR (376 MHz, CDCl3) 

 

  



S68 
 

(S,E)-2-(4-(3-fluorophenyl)-2-phenylbut-3-en-1-yl)benzo[d]oxazole (6b) 
1H NMR (400 MHz, CDCl3) 

 

 

13C{1H} NMR (100 MHz, CDCl3) 

 



S69 
 

19F{1H} NMR (376 MHz, CDCl3) 

 

  



S70 
 

8. HPLC traces of optically active compounds 

Compound 3aa 

 

 

  



S71 
 

Compound 3ba 

 

 

 

  



S72 
 

Compound 3ca 

 

 

  



S73 
 

Compound 3da 

 

 

  



S74 
 

Compound 3ea 

 

 

  



S75 
 

Compound 3fa 

 

 

 

  



S76 
 

Compound 3ga 

 

 

  



S77 
 

Compound 3ha 

 

 

  



S78 
 

Compound 3ia 

 

 

 



S79 
 

Compound 3ja 

 

 

  



S80 
 

Compound 3ka 

 

 

  



S81 
 

Compound 3la 

 

 

 



S82 
 

Compound 3ma 

 

 

  



S83 
 

 

  

Compound 3na 



S84 
 

Compound 3oa 

  



S85 
 

Compound 3pa 

 

 

  



S86 
 

Compound 3qa  

 

  



S87 
 

Compound 3ra 

 

  



S88 
 

Compound 3sa  

  



S89 
 

Compound 3ab  

 

  



S90 
 

Compound 3ac 

 

 

  



S91 
 

Compound 3ad 

 

 

 

  



S92 
 

Compound 3ae 

 

  



S93 
 

Compound 3af 

 

 

  



S94 
 

Compound 3ag 

 

 

 

  



S95 
 

Compound 3ah 

 

 

  



S96 
 

Compound 3ai 

 

 

  



S97 
 

Compound 3aj 

 

 

  



S98 
 

Compound 3ak 

 

  



S99 
 

Compound 3al 

 

 



S100 
 

Compound 3am 

 

 

  



S101 
 

 

Compound 4 

 

 



S102 
 

Compound 6a  

 

 

  



S103 
 

Compound 6b 

 


