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General information  

NMR were recorded on Varian Mercury Plus 500 and 400 instruments at 500 

MHz or 400 MHz (1H NMR), 125 MHz (13C NMR), as well as 376 MHz (19F NMR). 

Chemical shifts were reported in ppm down field from internal Me4Si and external 

CF3COOH, respectively. MS were recorded on a VG-7070E or HP 5988A 

spectrometer using the EI method. HPLC analyses were carried out on a Hewlett 

Packard Model HP 1200 instrument. 

 

Experimental section 
   Unless otherwise noted, all commercially available compounds and solvents were 

used as provided without further purification. All trifluoroacetophenone substrares 

were prepared by previous method.1 The chiral phosphoric acids2 and N-triflyl 

phosphoramides3 were synthesized according to the literatures. 

 

Theoretical study 
Calculations were performed using the Gaussian 03 Program.4 Geometries were 

optimized by the B3LYP5 method with the 6-31G** basis set. Population analyses 

were performed by the natural bond orbital method at the same level.  

 
Figure SI. The 3D structures of acetophenone and trifluoroacetophenone. Bond 
lengths are in Å and NPA charges are also listed with underline and in italic type. 
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Note: Figure SI shows the significant changes of the carbonyl functionality resulting 
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from the F-substitute: (i) the C1-O bond length decreases (ii) the charges on the 

carbon and oxygen atoms in the carbonyl group are changed from 0.57 ( C ) and –0.55 

( O ), to 0.47 ( C ) and –0.55 ( O ), respectively. (iii) the energy of the LUMO (π* C=O) 

is lowered from -1.48 eV to -2.25 eV, which might indicate that trifluoroacetophenone 

can be more reactive than acetophenone. 

 

Brønsted Acid-catalyzed diarylation of acetophenone: 
To a flame-dried reaction tube was added indole (30.4 mg, 0.26 mmol), acetophenone 

(37.0 mg, 0.31 mmol), chiral phosphoric acid (9.7 mg, 0.013 mmol), and solvent 

(CH2Cl2, 0.3 mL). After the solution was stirred for 168 h at room temperature (25 oC), 

the crude product was purified directly by flash column chromatography with ethyl 

acetate/petroleum ether (1:10 to 1:5) to afford the bisindole product (42.3 mg, 96.8% 

yield). (Notes: no any product was observed at 0 oC for 168 h). 

 

Brønsted Acid-catalyzed arylation of 1-(1H-indole-3-yl)-1-

phenylethanol: 
To a flame-dried reaction tube was added indole (20.0 mg, 0.17 mmol), 1-(1H-indole-

3-yl)-1-phenylethanol 6 (40.3 mg, 0.17 mmol), chiral phosphoric acid 1 or N-triflyl 

phosphoramide (0.0085 mmol), and solvent (CH2Cl2, 0.3mL). After the solution was 

stirred for 10 min, the reaction was complete. The crude product was purified directly 

by flash column chromatography with ethyl acetate/petroleum ether (1:10 to 1:5) to 

afford the bisindole product in quantitative yield (57.1 mg). 

 

N
H

N
H

Me

 

3-(1-(1H-indole-3-yl)-1-phenylyl)-1H-indole 
mp: 82-84 oC; 1H NMR (500 MHz, CDCl3) δ [ppm] 7.90 (br, 2H), 7.41 (d, J = 7.5 Hz, 
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2H), 7.34 (dd, J = 8.0, 5.5 Hz, 4H), 7.26 (t, J = 7.5 Hz, 2H), 7.20 (t, J = 7.0 Hz, 1H), 

7.14 (t, J = 7.5 Hz, 2H), 6.94 (t, J = 7.5 Hz, 2H), 6.65 (d, J = 2.5 Hz, 2H), 2.38 (s, 3H); 
13C NMR (125 MHz, CDCl3) δ [ppm] 148.3, 137.3, 128.3, 128.0, 126.7, 126.1, 124.9, 

123.6, 122.3, 121.7, 119.1, 111.4, 44.0, 29.0; IR (KBr) ν (cm-1) 3412, 3053, 2918, 

2849, 1597, 1456, 1415, 1338, 1245, 1100, 1011, 909, 741, 701 cm-1; MS (ESI) m/z 

335.6 [M-H]- (100%). 

 

Screening of catalysts for the model reaction 

N
H

CF3

O

N
H

HO CF3

catalyst1 (10 mol%)

CH2Cl2,rt

2 3 4  

O

O
P

O

OH

R

R

1a: R = Ph
1b: R = SiPh3
1c: R = 3,5-(CF3)2C6H3
1d: R = 9-Anthracenyl
1e: R = 9-Phenanthryl
1f : R = 4-Biphenyl
1g: R = 2-Naphthyl
1h: R = 2,4,6-(i-Pr)3C6H2
1i : R = 4-adamantyl, 2,6-(i-Pr)2C6H2
1j : R = Ph[H8]
1k: R = 3,5-(CF3)2C6H3[H8]  

 
Entry[a] Catalyst Time (h) Yield [%][b] ee [%][c] 
1 1a 240 19 33 
2 1b 240 19 15 
3 1c 240 19 9 
4 1d 144 41 46 
5 1e 144 37 36 
6 1f 144 40 26 
7 1g 144 48 28 
8 1h 48 99 92 
9 1i 96 86 83 
10 1j 240 29 27 
11 1k 240 16 12 
a The reaction employed a molar ratio of 2:3 = 1:1.2 (equiv), with a concentration of 2 being 0.56 
M. b Isolated yield. c Enantiometric excess was determined by chiral HPLC analysis 
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General Procedure for the Catalytic Asymmetric Arylation 

Reaction of Indoles with Trifluoromethyl ketones 

To a flame-dried reaction tube was added indole (0.17 mmol), trifluoroaceto-

phenone (0.21 mmol), chiral phosphoric acid 1 (0.0085 mmol), and solvent (CH2Cl2, 

0.3mL). After the solution was stirred for the stated time, the crude product was 

purified directly by flash column chromatography with ethyl acetate/petroleum ether 

(1:10 to 1:5) to afford the desired product. 
 

N
H

F3C OH

 

2,2,2-trifluoro-1-(1H-indole-3-yl)-1-phenylethanol   
> 99% yield, mp: 82-84 oC; [α]D

20 = +78.2 (c 1.0, CH2Cl2); 92% ee, [Daicel Chiralcel 

OD-H, Hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm; t (major) = 8.149 min, t (minor) 

= 10.826 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.1 (s, 3F); 1H NMR (500 

MHz, CDCl3) δ [ppm] 8.26 (br, 1H), 7.61-7.59 (m, 2H), 7.49-7.48 (m, 1H), 7.39 (d, J 

= 8.0 Hz, 1H), 7.37-7.34 (m, 3H), 7.20-7.15 (m, 2H), 6.97-6.94 (m, 1H), 2.86 (s, 1H); 
13C NMR (125 MHz, CDCl3) δ [ppm] 137.9, 136.5, 128.8, 128.2, 127.9 (d, 3JC-F = 0.9 

Hz), 125.6 (q, 1JC-F = 284.6 Hz), 125.4, 123.5 (q, 3JC-F = 3.0 Hz), 123.0, 121.2, 120.5, 

114.3, 111.5, 77.3 (q, 2JC-F = 29.5 Hz); IR (KBr) ν (cm-1) 3535, 3503, 3402, 1544, 

1461, 1449, 1273, 1164, 1042, 937, 752 cm-1; MS (ESI) m/z 290.05 [M-H]- (100%). 

 

N
H

F3C OH

MeO

 

2,2,2-trifluoro-1-(5-methoxy-1H-indole-3-yl)-1-phenylethanol 
> 99% yield, mp: 120-121 oC; [α]D

20 = +14.5 (c 1.0, CH2Cl2); 92% ee, [Daicel 

Chiralcel OD-H, Hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm; t (major) = 8.990 min, 
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t (minor) = 10.963 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.2 (s, 3F); 1H 

NMR (500MHz, CDCl3) δ [ppm] 8.16 (br, 1H), 7.61-7.59 (m, 2H), 7.45-7.44 (m, 1H), 

7.36-7.34 (m, 3H), 7.26 (d, J = 9.0 Hz, 1H), 6.82 (dd, J = 6.5, 2.5 Hz, 1H), 6.52 (d, J 

= 2.5 Hz, 1H), 3.57 (s, 3H), 2.84 (s, 1H); 13C NMR (125 MHz, CDCl3) δ [ppm] 154.2, 

137.9, 131.5, 128.7, 128.2, 127.9 (d, 3JC-F = 0.9 Hz), 126.0, 125.6 (q, 1JC-F = 284.6 

Hz), 124.0 (q, 3JC-F = 2.9 Hz), 114.0, 113.3, 112.1, 102.7, 77.2 (q, 2JC-F = 28.3 Hz), 

55.8; IR (KBr) ν (cm-1) 3429, 2962, 1589, 1488, 1455, 1299, 1212, 1172, 921, 808, 

724, 477 cm-1; MS (ESI) m/z 320.04 [M-H]- (100%). 

 

N
H

F3C OH

F

 

2,2,2-trifluoro-1-(5-fluoro-1H-indole-3-yl)-1-phenylethanol   
> 99% yield, mp: 90-91 oC; [α]D

20 = +45.2 (c 1.0, CH2Cl2); 92% ee, [Daicel Chiralcel 

OD-H, Hexane/i-PrOH = 98/2, 1.0 mL/min, 254 nm; t (minor) = 94.915 min, t (major) 

= 102.483 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.2 (s, 3F), -123.3 ~ -123.4 

(m, 1F); 1H NMR (500MHz, CDCl3) δ [ppm] 8.30 (br, 1H), 7.58-7.56 (m, 2H), 7.51-

7.50 (m, 1H), 7.37-7.35 (m, 3H), 7.31-7.28 (m, 1H), 6.94-6.90 (m, 1H), 6.81 (dd, J = 

7.5, 2.5 Hz, 1H), 2.86 (s, 1H); 13C NMR (125 MHz, CDCl3) δ [ppm] 157.9 (d, 1JC-F = 

234.4 Hz), 137.5, 133.0, 128.9, 128.3, 127.7 (d, 3JC-F = 1.0 Hz), 125.9 (q, 3JC-F = 10.5 

Hz), 125.5 (q, 1JC-F = 284.5 Hz), 125.0 (q, 3JC-F = 3.0 Hz), 114.6 (d, 4JC-F = 4.8 Hz), 

112.2 (d, 3JC-F = 9.6 Hz), 111.6 (d, 2JC-F = 26.5 Hz), 106.2 (d, 2JC-F = 24.4 Hz), 77.1 (q, 
2JC-F = 29.4 Hz); IR (KBr) ν (cm-1) 3465, 2924, 1584, 1486, 1167, 1028, 804, 719 cm-

1; MS (ESI) m/z 308.06 [M-H]- (100%). 

 

N
H

F3C OH

Cl

 

1-(5-chloro-1H-indole-3-yl)-2,2,2-trifluoro-1-phenylethanol 
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> 99% yield, mp: 104-106 oC; [α]D
20 = -7.8 (c 1.0, CH2Cl2); 90% ee, [Daicel Chiralcel 

AD-H, Hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t (major) = 49.317 min, t (minor) 

= 55.342 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -75.3 (s, 3F); 1H NMR 

(500MHz, CDCl3) δ [ppm] 8.35 (br, 1H), 7.58-7.57 (m, 2H), 7.46 (s, 1H), 7.38-7.36 

(m, 3H), 7.28 (d, J = 8.5 Hz, 1H), 7.18-7.17 (m, 1H), 7.13-7.11 (m, 1H), 2.96 (s, 1H); 

13C NMR (150 MHz, CDCl3) δ [ppm] 140.5, 135.1, 134.8, 128.9, 128.5, 127.9 (q, 3JC-

F = 1.9 Hz), 127.8, 126.2 (q, 1JC-F = 284.5 Hz), 121.5, 121.1 (q, 3JC-F = 1.4 Hz), 120.1, 

110.3, 109.9, 78.9 (q, 2JC-F = 30.0 Hz); IR (KBr) ν (cm-1) 3478, 3404, 1464, 1290, 

1182, 1054, 812, 701 cm-1; MS (ESI) m/z 324.10 [M-H]- (100%), 359.78. 

 

N
H

F3C OH

Br

 

1-(5-bromo-1H-indole-3-yl)-2,2,2-trifluoro-1-phenylethanol 
> 52% yield, mp: 108-110 oC; [α]D

20 = -12.8 (c 1.0, CH2Cl2); 92% ee, [Daicel 

Chiralcel OD-H, Hexane/i-PrOH = 98/2, 1.0 mL/min, 254 nm; t (major) = 118.983 

min, t (minor) = 136.938 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.2 (s, 3F); 
1H NMR (500MHz, CDCl3) δ [ppm] 8.33 (br, 1H), 7.57-7.55 (m, 2H), 7.46 (s, 1H), 

7.37-7.34 (m, 4H), 7.26 (s, 2H), 2.87 (s, 1H); 13C NMR (125 MHz, CDCl3) δ [ppm] 

137.4, 135.1, 129.0, 128.3, 127.7 (d, 3JC-F = 0.9 Hz), 127.2, 126.0, 125.5 (q, 1JC-F = 

284.6 Hz), 124.5 (q, 3JC-F = 2.9 Hz), 123.8, 114.2, 113.8, 112.9, 77.4 (q, 2JC-F = 30.0 

Hz); IR (KBr) ν (cm-1) 3482, 3379, 3067, 2924, 1467, 1288, 1180, 1046, 809, 727  

cm-1; MS (ESI) m/z 738.47 [2M-H]- (100%), 370.12 [M-H]- (82%). 

 

N
H

F3C OH

MeO

O

 
Methyl 3-(2,2,2-trifluoro-1-hydroxy-1-phenylethyl)-1H-indole-5-carboxylate 
93% yield, mp: 173-175 oC; [α]D

20 = +23.2 (c 1.0, CH2Cl2); 90% ee, [Daicel Chiralcel 
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AD-H, Hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; t (major) = 21.241 min, t 

(minor) = 32.922 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.1 (s, 3F); 1H NMR 

(500MHz, CDCl3) δ [ppm] 8.47 (br, 1H), 7.97 (s, 1H), 7.88 (dd, J = 7.0, 2.0 Hz, 1H), 

7.60-7.58 (m, 2H), 7.51 (s, 1H), 7.39 (d, J = 9.0 Hz, 1H), 7.37-7.35 (m, 3H), 3.82 (s, 

3H), 2.94 (s, 1H); 13C NMR (150 MHz, CDCl3) δ [ppm] 168.2, 139.2, 137.8, 128.9, 

128.6, 128.3, 127.7, 125.6 (q, 1JC-F = 284.6 Hz), 125.1, 124.9 (q, 3JC-F = 2.8 Hz), 

124.2, 122.4, 115.6, 111.3, 77.2 (q, 3JC-F = 30.0 Hz); IR (KBr) ν (cm-1) 3526, 3354, 

1699, 1620, 1435, 1279, 1182, 1157, 1044, 749 cm-1; MS (ESI) m/z 348.23 [M-H]- 

(100%). 

 

N
H

F3C OH

Cl
 

1-(6-chloro-1H-indole-3-yl)-2,2,2-trifluoro-1-phenylethanol 
96% yield, mp: 110-111 oC; [α]D

20 = +55.4 (c 1.0, CH2Cl2); ee 92 %, [Daicel Chiralcel 

OD-H, Hexane/i-PrOH = 98/2, 1.0 mL/min, 254 nm; t (minor) = 83.007 min, t (major) 

= 86.323 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.3 (s, 3F); 1H NMR 

(500MHz, CDCl3) δ [ppm] 8.28 (br, 1H), 7.56-7.54 (m, 2H), 7.47-7.46 (m, 1H), 7.38-

7.34(m, 4H), 7.04 (d, J = 8.5 Hz, 1H), 6.92-6.90 (m, 1H), 2.85 (s, 1H); 13C NMR (125 

MHz, CDCl3) δ [ppm] 137.6, 136.9, 129.0, 128.9, 128.3, 127.8 (d, 3JC-F = 1.0 Hz), 

125.5 (q, 1JC-F = 284.6 Hz), 124.1, 124.0 (q, 3JC-F = 3.0 Hz), 122.1, 121.3, 114.6, 

111.4, 77.1 (q, 2JC-F = 30.0 Hz); IR (KBr) ν (cm-1) 3504, 3391, 3134, 2923, 1543, 

1451, 1269, 1168, 1040, 886, 730 cm-1; MS (ESI) m/z 324.14 [M-H]- (100%). 

 

N
H

F3C OH

Me  

2,2,2-trifluoro-1-(7-methyl-1H-indole-3-yl)-1-phenylethanol   
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> 99% yield, mp: 89-90 oC; [α]D
20 = +75.5 (c 1.0, CH2Cl2); 95% ee, [Daicel Chiralcel 

OD-H, Hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm; t (major) = 6.335 min, t (minor) 

= 10.299 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.1 (s, 3F); 1H NMR 

(500MHz, CDCl3) δ [ppm] 8.20 (br, 1H), 7.62-7.61 (m, 2H), 7.47 (s, 1H), 7.37-7.36 

(m, 3H), 7.01 (t, J = 8.0 Hz, 2H), 6.90 (t, J = 8.0 Hz, 1H), 2.92 (s, 1H), 2.51 (s, 3H); 

13C NMR (125 MHz, CDCl3) δ [ppm] 138.0, 136.1, 128.7, 128.2, 127.9 (d, 3JC-F = 0.9 

Hz), 125.6 (q, 1JC-F = 284.6 Hz), 124.9, 123.5, 123.2 (q, 3JC-F = 3.0 Hz), 120.7, 118.9, 

114.8, 77.3 (q, 2JC-F = 29.5 Hz), 16.8; IR (KBr) ν (cm-1) 3419, 3059, 2924, 1618, 

1547, 1496, 1271, 1159, 1045, 885, 753, 725, 518 cm-1; MS (ESI) m/z 304.24 [M-H]- 

(100%). 

 

N
H

F3C OH

Et  

2,2,2-trifluoro-1-(7-ethyl-1H-indole-3-yl)-1-phenylethanol   
> 99% yield, mp: 80-81 oC; [α]D

20 = +89.2 (c 1.0, CH2Cl2); 98% ee, [Daicel Chiralcel 

OD-H, Hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; t (major) = 8.493 min, t (minor) 

= 14.094 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.1 (s, 3F); 1H NMR 

(500MHz, CDCl3) δ [ppm] 8.23 (br, 1H), 7.61-7.59 (m, 2H), 7.49-7.48 (m, 1H), 7.35-

7.34 (m, 3H), 7.01 (t, J = 7.5 Hz, 2H), 6.91 (t, J = 7.5 Hz, 1H), 2.90-2.86 (m, 3H), 

1.38 (t, J = 7.5 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ [ppm] 138.0, 135.4, 128.7, 

128.2, 127.9, 126.9, 125.6 (q, 1JC-F = 284.6 Hz), 125.1, 123.1 (q, 3JC-F = 2.9 Hz), 

121.5, 120.8, 118.9, 114.7, 77.3 (q, 2JC-F = 29.3 Hz), 24.1, 14.0; IR (KBr) ν (cm-1) 

3425, 3060, 2967, 1547, 1495, 1455, 1270, 1157, 1036, 884, 725 cm-1; MS (ESI) m/z 

318.31 [M-H]- (100%). 
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N
H

F3C OH

OMe

 

2,2,2-trifluoro-1-(1H-indole-3-yl)-1-(4-methoxyphenyl)ethanol 
>99% yield, mp: 49-50 oC; [α]D

20 = +46.6 (c 1.0, CH2Cl2); 87% ee, [Daicel Chiralcel 

OD-H, Hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm; t (major) = 20.341 min, t 

(minor) = 25.808 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.3 (s, 3F); 1H NMR 

(500MHz, CDCl3) δ [ppm] 8.26 (br, 1H), 7.50-7.46 (m, 3H), 7.39 (d, J = 8.0 Hz, 1H), 

7.20-7.17 (m, 2H), 6.96 (t, J = 8.0 Hz, 1H), 6.86 (d, J = 9.0 Hz, 2H), 3.81 (s, 3H), 

2.83 (s, 1H); 13C NMR (125 MHz, CDCl3) δ [ppm] 159.8, 136.5, 130.1, 129.2, 125.7 

(q, 1JC-F = 284.4 Hz), 125.5, 123.5 (q, 3JC-F = 3.0 Hz), 122.9, 121.3, 120.4, 114.3, 

113.5, 111.5, 77.0 (q, 2JC-F = 29.5 Hz), 55.4; IR (KBr) ν (cm-1) 3416, 2919, 2851, 

1611, 1513, 1459, 1253, 1159, 1038, 829, 745, 593 cm-1; MS (ESI) m/z 320.4 [M-H]- 

(100%). 

 

N
H

F3C OH

Me

 

2,2,2-trifluoro-1-(1H-indole-3-yl)-1-p-tolylethanol   
> 99% yield, mp: 102-103 oC; [α]D

20 = +56.8 (c 1.0, CH2Cl2); 91% ee, [Daicel 

Chiralcel OD-H, Hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; t (major) = 11.763 

min, t (minor) = 14.055 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.3 (s, 3F); 1H 

NMR (400MHz, CDCl3) δ [ppm] 8.27 (br, 1H), 7.48-7.46 (m, 3H), 7.38 (d, J = 8.4 

Hz, 1H), 7.19-7.14 (m, 4H), 6.96 (t, J = 7.2 Hz, 1H), 2.88 (s, 1H), 2.35 (s, 3H); 13C 

NMR (125 MHz, CDCl3) δ [ppm] 138.5, 136.5, 135.0, 128.9, 127.7 (d, 3JC-F = 0.9 

Hz), 125.6 (q, 1JC-F = 284.5 Hz), 125.5, 123.4 (q, 3JC-F = 3.0 Hz), 122.9, 121.3, 120.5, 

114.4, 111.4, 77.2 (q, 2JC-F = 29.2 Hz), 21.4; IR (KBr) ν (cm-1) 3587, 3415, 3142, 

2924, 1547, 1456, 1279, 1152, 1038, 922, 812, 749, 588 cm-1; MS (ESI) m/z 304.4 

[M-H]- (100%). 
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N
H

F3C OH Me

 

2,2,2-trifluoro-1-(1H-indole-3-yl)-1-o-tolylethanol 
81% yield, mp: 136-139 oC; [α]D

20 = +26.6 o (c 1.0, CH2Cl2); 86% ee, [Daicel 

Chiralcel OD-H, Hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; t (major) = 9.837 min, 

t (minor) = 11.713 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -76.0 (s, 3F); 1H 

NMR (500MHz, CDCl3) δ [ppm] 8.26 (br, 1H), 7.73 (d, J = 7.5 Hz, 1H), 7.38 (d, J = 

8.0 Hz, 1H), 7.35-7.34 (m, 1H), 7.29-7.26 (m, 1H), 7.25-7.22 (m, 1H), 7.19-7.16 (m, 

1H), 7.14-7.09 (m, 2H), 6.96-6.93 (m, 1H), 2.77 (s, 1H), 2.13 (s, 3H); 13C NMR (125 

MHz, CDCl3) δ [ppm] 138.7, 136.4, 135.6, 133.0, 129.0, 128.8 (d, 3JC-F = 1.0 Hz), 

126.0 (q, 1JC-F = 285.1 Hz), 125.7, 125.6, 123.6 (q, 3JC-F = 2.4 Hz), 122.9, 120.9, 

120.5, 114.9, 111.4, 78.2 (q, 2JC-F = 29.3 Hz), 21.8; IR (KBr) ν (cm-1) 3502, 3415, 

3141, 2926, 1548, 1459, 1271, 1171, 1022, 922, 748, 585 cm-1; MS (ESI) m/z 304.4 

[M-H]- (100%). 

 

N
H

F3C OH Me

Me
 

2,2,2-trifluoro-1-(1H-indole-3-yl)-1-(3,5-dimethylphenyl)ethanol 
> 99% yield, mp: 158-159 oC; [α]D

20 = +55.7 (c 1.0, CH2Cl2); 85% ee, [Daicel 

Chiralcel OD-H, Hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm; t (major) = 11.068 

min, t (minor) = 12.268 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.1 (s, 3F); 1H 

NMR (400MHz, CDCl3) δ [ppm] 8.25 (br, 1H), 7.44-7.43 (m, 1H), 7.38 (d, J = 8.0 

Hz, 1H), 7.24-7.16 (m, 4H), 6.99-6.96 (m, 2H), 2.86 (s, 1H), 2.29 (s, 6H); 13C NMR 

(125 MHz, CDCl3) δ [ppm] 137.7, 137.6, 136.5, 130.5, 125.7 (q,  1JC-F = 284.5 Hz), 

125.5, 123.4 (q, 3JC-F = 2.9 Hz), 121.4, 120.5, 114.5, 111.4, 77.3 (q, 2JC-F = 29.3 Hz). 

30.0, 21.7; IR (KBr) ν (cm-1) 3526, 3342, 2923, 2856, 1539, 1461, 1245, 1180, 1042, 

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2009



12 

847, 758 cm-1; MS (ESI) m/z 318.4 [M-H]- (100%). 

 

N
H

F3C OH

 

2,2,2-trifluoro-1-(1H-indole-3-yl)-1-biphenylethanol 
> 99% yield, mp: 177-178 oC; [α]D

20 = +23.5 (c 1.0, CH2Cl2); 90% ee, [Daicel 

Chiralcel OD-H, Hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; t (major) = 17.174 

min, t (minor) = 20.818 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.1 (s, 3F); 1H 

NMR (400MHz, CDCl3) δ [ppm] 8.27 (br, 1H), 7.67-7.57 (m, 6H), 7.50-7.34 (m, 5H), 

7.26-7.18 (m, 2H), 6.98 (t, J = 8.0 Hz, 1H), 2.93 (s, 1H); 13C NMR (125 MHz, CDCl3) 

δ [ppm] 141.4, 140.7, 136.9, 136.5, 129.0, 128.3, 127.7, 127.4, 126.9, 125.6 (q, 1JC-F 

= 284.6 Hz), 125.4, 123.5 (q, 3JC-F = 2.9 Hz), 123.1, 121.3, 120.6, 114.2, 111.5, 77.2 

(q, 2JC-F = 29.5 Hz); IR (KBr) ν (cm-1) 3521, 3452, 1549, 1458, 1273, 1166, 1045, 832, 

751 cm-1; MS (ESI) m/z 366.4 [M-H]- (100%). 

 

N
H

F3C OH CF3

CF3
 

(3,5-bis(trifluoromethyl)phenyl)-2,2,2-trifluoro-1-(1H-indole-3-yl)-1-ethanol   

> 99% yield, mp: 144-146 oC; [α]D
20 = +52.4 (c 1.0, CH2Cl2); 90% ee, [Daicel 

Chiralcel OD-H, Hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm; t (major) = 7.053 min, 

t (minor) = 7.828 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -63.1 (s, 6F), -77.4 (s, 

3F); 1H NMR (400MHz, CDCl3) δ [ppm] 8.43 (br, 1H), 8.07 (s, 2H), 7.89 (s, 1H), 

7.55 (s, 1H), 7.42 (d, J = 8.4 Hz, 1H), 7.21 (t, J = 7.6 Hz, 1H), 7.08-6.97 (m, 2H), 

3.13 (s, 1H); 13C NMR (125 MHz, CDCl3) δ [ppm] 140.8, 136.5, 131.7 (q, 2JC-F = 

33.3 Hz), 128.3, 124.9 (q, 1JC-F = 284.8 Hz), 124.6, 123.6 (q, 3JC-F = 3.0 Hz), 123.5, 

123.4 (q, 1JC-F = 271.3 Hz), 123.0 (q, 3JC-F = 3.8 Hz), 121.0, 120.4, 112.4, 111.8, 76.8 

(q, 2JC-F = 29.9 Hz); IR (KBr) ν (cm-1) 3457, 3403, 3114, 2923, 1543, 1462, 1280, 
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1181, 1130, 887, 753 cm-1; MS (ESI) m/z 426.3 [M-H]- (100%). 

 

N
H

F3C OH F

F

F
 

2,2,2-trifluoro-1-(1H-indole-3-yl)-1-3,4,5-trifluorophenylethanol 

91% yield, mp: 134-135 oC; [α]D
20 = + 53.3 (c 1.0, CH2Cl2); 85% ee, [Daicel Chiralcel 

OD-H, Hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm; t (major) = 9.997 min, t (minor) 

= 18.606 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.5 (s, 3F), -134.4 ~ -134.5 

(m, 2F), -160.3 ~ -160.4 (m, 1F). 1H NMR (400MHz, CDCl3) δ [ppm] 8.36 (br, 1H), 

7.49 (s, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.23 (q, J = 7.0 Hz, 3H), 7.15 (d, J = 8.0 Hz, 

1H), 7.02 (t, J = 7.5 Hz, 1H), 3.00 (br, 1H). 13C NMR (125 MHz, CDCl3) δ [ppm] 

151.0 (dq, JC-F = 248.1, 6.1, 3.9 Hz), 140.0 (dt, JC-F = 251.6, 15.0 Hz), 136.5, 134.3 

(dt, JC-F = 9.1, 4.6 Hz), 128.9, 128.5, 124.9 (q, 1JC-F = 285.1 Hz), 124.8, 123.5, 123.4 

(q, 3JC-F = 3.1 Hz), 122.2, 120.8 (d, 2JC-F = 40.4 Hz), 120.2, 119.5, 111.8, 76.4 (q, 2JC-F 

= 30.1 Hz); IR (KBr) ν (cm-1) 3525, 3452, 3071, 2925, 1623, 1532, 1493, 1443, 1421, 

1362, 1340, 1270, 1210, 1171, 1110, 1035, 904, 858, 758, 717 cm-1; MS (ESI) m/z 

344.3 [M-H]- (100%). 

 

N
H

F3C OH

F

 

2,2,2-trifluoro-1-(4-fluorophenyl)-1-(1H-indole-3-yl)ethanol   

> 99% yield, mp: 130-131 oC; [α]D
20 = +83.5 (c 1.0, CH2Cl2); 89% ee, [Daicel 

Chiralcel OD-H, Hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm; t (major) = 7.297 min, 

t (minor) = 11.306 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.6 (s, 3F), -114.2 ~ 

-114.3 (m, 1F); 1H NMR (500MHz, CDCl3) δ [ppm] 8.29 (br, 1H), 7.57-7.54 (m, 2H), 
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7.49-7.48 (m, 1H), 7.40 (d, J = 8.0 Hz, 1H), 7.21-7.18 (m, 1H), 7.12 (d, J = 8.0 Hz, 

1H), 7.04-6.95 (m, 3H), 2.86 (s, 1H); 13C NMR (125 MHz, CDCl3) δ [ppm] 163.1(d, 
1JC-F = 245.9 Hz), 136.5, 133.7 (d, 4JC-F = 3.1 Hz), 129.9 (d, 3JC-F = 8.4 Hz), 125.4 (q, 
1JC-F = 284.4 Hz), 125.2, 123.4 (q, 3JC-F = 3.1 Hz), 123.1, 121.1, 120.6, 115.1 (d, 2JC-F 

= 21.5 Hz), 114.0, 111.6, 76.9 (q, 2JC-F = 29.8 Hz); IR (KBr) ν (cm-1) 3544, 3482, 

3409, 3326, 1509, 1459, 1276, 1189, 830, 746 cm-1; MS (ESI) m/z 308.51 [M-H]- 

(100%). 

 

N
H

F3C OH

Cl

 

1-(4-chlorophenyl)-2,2,2-trifluoro-1-(1H-indole-3-yl)ethanol   

> 99% yield, mp: 112-113 oC; [α]D
20 = +52.6 (c 1.0, CH2Cl2); 99% ee, [Daicel 

Chiralcel OD-H, Hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm; t (major) = 6.531 min, 

t (minor) = 9.856 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.3 (s, 3F); 1H NMR 

(500MHz, CDCl3) δ [ppm] 8.34 (br, 1H), 7.55 (d, J = 8.5 Hz, 2H), 7.46 (s, 1H), 7.38 

(d, J = 8.5 Hz, 1H), 7.33 (d, J = 8.5 Hz, 2H), 7.22 (t, J = 8.0 Hz, 1H), 7.17 (d, J = 8.0 

Hz, 1H), 7.00 (t, J = 7.5 Hz, 1H), 3.09 (s, 1H); 13C NMR (125 MHz, CDCl3) δ [ppm] 

136.6, 136.5, 134.9, 129.5, 128.5, 125.4 (q, 1JC-F = 284.6 Hz), 125.2, 123.5 (q, 3JC-F = 

2.9 Hz), 123.2, 121.0, 120.7, 113.6, 111.7, 77.0 (q, 2JC-F = 30.0 Hz); IR (KBr) ν (cm-1) 

3412, 3059, 2925, 1544, 1492, 1272, 1161, 820, 741 cm-1; MS (ESI) m/z 324.08 [M-

H]- (100%). 

N
H

F3C OH

Br

 

1-(4-bromophenyl)-2,2,2-trifluoro-1-(1H-indole-3-yl)ethanol 
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> 99% yield; [α]D
20 = +45.7 (c 1.0, CH2Cl2); 87% ee, [Daicel Chiralcel OD-H, 

Hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; t (major) = 11.324 min, t (minor) = 

17.834 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.3 (s, 3F); 1H NMR (500MHz, 

CDCl3) δ [ppm] 8.32 (br, 1H), 7.47 (s, 5H), 7.39 (d, J = 8.5 Hz, 1H), 7.20 (t, J = 8.0 

Hz, 1H), 7.14 (d, J = 8.0 Hz, 1H), 6.99 (t, J = 8.0 Hz, 1H), 2.98 (s, 1H); 13C NMR 

(150 MHz, CDCl3) δ [ppm] 137.0, 136.5, 131.4, 129.8, 125.3 (q, 1JC-F = 284.6 Hz), 

125.2, 123.4 (q, 3JC-F = 3.0 Hz), 123.2, 121.0, 120.7, 113.6, 111.6, 77.0 (q, 2JC-F = 

29.8 Hz); IR (KBr) ν (cm-1) 3407, 3063, 2922, 1542, 1488, 1268, 1164, 1011, 924, 

817, 746 cm-1; MS (ESI) m/z 368.3 [M-H]- (100%). 

 

N
H

F3C OH

S

 

2,2,2-trifluoro-1-(1H-indole-3-yl)-1-(thiophene-2-yl)ethanol 

84% yield; [α]D
20 = + 44.2 (c1.0, CH2Cl2); 86% ee, [Daicel Chiralcel AD-H, Hexane/i-

PrOH = 95/5, 1.0 mL/min, 254 nm; t (minor) = 56.598 min, t (major) = 58.990 min]; 
19F NMR (376 MHz, CDCl3) δ [ppm] -77.9 (s, 3F); 1H NMR (500MHz, CDCl3) δ 

[ppm] 8.29 (br, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.41-7.36 (m, 3H), 7.21 (t, J = 7.5 Hz, 

1H), 7.11 (s, 1H), 7.06 (t, J = 7.5 Hz, 1H), 7.00-6.98 (m, 1H), 3.14 (s, 1H); 13C NMR 

(150 MHz, CDCl3) δ [ppm] 142.3, 136.5, 127.6 (q, 3JC-F = 1.3 Hz), 127.0, 126.9, 

125.5, 125.2 (q, 1JC-F = 284.4 Hz), 123.8 (q, 3JC-F = 2.6 Hz), 123.0, 121.2, 120.7, 76.3 

(q, 2JC-F = 31.3 Hz); IR (KBr) ν (cm-1) 3421, 3063, 2925, 1619, 1544, 1459, 1423, 

1275, 1156, 1089, 1027, 900, 836, 747, 714, 631 cm-1; MS (ESI) m/z 296.4 [M-H]- 

(100%). 
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N
H

F3C OH

 

1,1,1-trifluoro-2-(1H-indole-3-yl)-3-phenylpropan-2-ol 

86% yield; [α]D
20 = +55.3 (c 1.0, CH2Cl2); 76% ee, [Daicel Chiralcel AD-H, Hexane/i-

PrOH = 90/10, 1.0 mL/min, 254 nm; t (major) = 16.491 min, t (minor) = 18.895 min]; 
19F NMR (376 MHz, CDCl3) δ [ppm] -78.9 (s, 3F); 1H NMR (500MHz, CDCl3) δ 

[ppm] 8.18 (br, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.40 (d, J = 8.0 Hz, 1H), 7.26 (t, J = 7.0 

Hz, 1H), 7.21-7.15 (m, 5H), 6.99 (d, J = 7.0 Hz, 2H), 3.51 (dd, J = 13.5, 97.5 Hz, 2H), 

2.54 (s, 1H); 13C NMR (150 MHz, CDCl3) δ [ppm] 136.9, 133.9, 131.0, 128.5, 127.5, 

126.5, 126.1 (q, 1JC-F = 284.3 Hz), 125.4, 124.3, 122.6, 122.1, 121.3 (d, 3JC-F = 2.0 

Hz), 120.6, 119.8, 111.8, 76.5 (q, 2JC-F = 29.1 Hz); IR (KBr) ν (cm-1) 3417，3061, 

3032, 2924, 1546, 1496, 1458, 1424, 1339, 1272, 1166, 1105, 1017, 982, 948 cm-1; 

MS (ESI) m/z 304.4 [M-H]- (100%). 

 

N
H

Et
CF3

OH
 

1-(5-ethyl-1H-prrol-2-yl)-2,2,2-trifluoro-1-phenylethanol 

> 99% yield; mp: 55-57 oC; [α]D
20 = +44.2 (c 1.0, CH2Cl2); 65% ee, [Daicel Chiralcel 

AD-H, Hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; t (minor) = 56.598 min, t (major) 

= 58.990 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.9 (s, 3F); 1H NMR 

(500MHz, CDCl3) δ [ppm] 8.29 (br, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.41-7.36 (m, 3H), 

7.21 (t, J = 7.5 Hz, 1H), 7.11 (s, 1H), 7.06 (t, J = 7.5 Hz, 1H), 7.00-6.98 (m, 1H), 3.14 

(s, 1H); 13C NMR (150 MHz, CDCl3) δ [ppm] 142.3, 136.5, 127.6 (q, 3JC-F = 1.3 Hz), 

127.0, 126.9, 125.5, 125.2 (q, 1JC-F = 284.4 Hz), 123.8 (q, 3JC-F = 2.6 Hz), 123.0, 
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121.2, 120.7, 76.3 (q, 2JC-F = 31.3 Hz); IR (KBr) ν (cm-1) 3421, 3063, 2925, 1619, 

1544, 1459, 1423, 1275, 1156, 1089, 1027, 900, 836, 747, 714, 631 cm-1; MS (ESI) 

m/z 296.4 [M-H]- (100%) 

 

N
H

HF2C OH

 

2,2-difluoro-1-(1H-indole-3-yl)-1-phenylethanol   

92% yield, mp: 96-98 oC; [α]D
20 = +54.1 (c 1.0, CH2Cl2); 90% ee, [Daicel Chiralcel 

OD-H, Hexane/i-PrOH = 90/10, 0.9 mL/min, 254 nm; t (major) = 21.961 min, t 

(minor) = 40.352 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -126.9 (dd, J = 273.0, 

21.1 Hz, 2F); 1H NMR (500MHz, CDCl3) δ [ppm] 8.25 (br, 1H), 7.55 (d, J = 8.0 Hz, 

2H), 7.45 (s, 1H), 7.40-7.34 (m, 4H), 7.24 (d, J = 8.0 Hz, 1H), 7.18 (t, J = 8.0 Hz, 1H), 

6.97 (t, J = 8.0 Hz, 1H), 6.10 (t, J = 56.0 Hz, 1H), 2.76 (s, 1H); 13C NMR (125 MHz, 

CDCl3) δ [ppm] 139.6, 136.6, 128.4, 127.4, 125.8, 123.3, 122.8, 122.2, 121.3, 120.3, 

119.8 (t, 1JC-F = 244.6 Hz), 119.5 (t, 3JC-F = 5.0 Hz), 117.4, 114.9, 111.4, 76.4 (q, 2JC-F 

= 21.8 Hz); IR (KBr) ν (cm-1) 3450, 3424, 3151, 3060, 1617, 1546, 1457, 1334, 1172, 

1069, 1037, 906, 829, 750, 698, 683, 606 cm-1; MS (ESI) m/z 272.2 [M-H]- (100%). 

 

N
H

F3CF2C OH

 

2,2,3,3,3-pentafluoro-1-(1H-indole-3-yl)-1-phenylpropan-1-ol   

78% yield, mp: 140-141 oC; [α]D
20 = +62.5 (c 1.0, CH2Cl2); 97% ee, [Daicel Chiralcel 

OD-H, Hexane/i-PrOH = 90/10, 0.9 mL/min, 254 nm; t (major) = 11.769 min, t 

(minor) = 18.502 min]; 19F NMR (376 MHz, CDCl3) δ [ppm] -77.1 (s, 3F), -118.2 
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(dd, J = 308.7, 273.7 Hz, 2F); 1H NMR (500MHz, CDCl3) δ [ppm] 8.25 (br, 1H), 

7.65-7.64 (m, 2H), 7.54 (s, 1H), 7.37-7.34 (m, 4H), 7.19-7.15 (m, 2H), 6.94 (t, J = 8.0 

Hz, 1H), 2.97 (s, 1H); 13C NMR (125 MHz, CDCl3) δ [ppm] 137.9, 136.3, 128.6, 

128.1, 127.6, 125.3, 123.1 (q, 3JC-F = 4.5 Hz), 122.9, 121.1, 120.4, 115.0, 111.4, 77.2 

(q, 2JC-F = 28.0 Hz); IR (KBr) ν (cm-1) 3474, 3410, 3148, 3062, 1551, 1455, 1348, 

1220, 1181, 1134, 1052, 1024, 911, 833, 728, 698 cm-1; MS (ESI) m/z 340.2 [M-H]- 

(100%). 

 

Brønsted Acid-catalyzed diarylation of 2-fluoroacetophenone:  

N
H

N
H

CH2F

 
3-(2-fluoro-1-(1H-indole-3-yl)-1-phenylyl)-1H-indole  
74% yield, mp: 72-74 oC; 1H NMR (400 MHz, CDCl3) δ [ppm] 8.03 (br, 2H), 7.47 (d, 

J = 6.8 Hz, 2H), 7.37 (d, J = 8.0, 2H), 7.32-7.26 (m, 3H), 7.21 (d, J = 8.4 Hz, 2H), 

7.15 (t, J = 8.0 Hz, 2H), 6.95-6.90 (m, 4H), 5.51 (d, J = 48.0 Hz, 2H); 13C NMR (125 

MHz, CDCl3) δ [ppm] 143.4 (d, 3JC-F = 1.5 Hz), 137.0, 129.0 (d, 3JC-F = 2.1 Hz), 128.3, 

126.9, 126.7, 125.1 (d, 3JC-F = 3.5 Hz), 122.0, 121.9, 119.5, 119.4 (d, 3JC-F =3.6 Hz), 

111.5, 88.2 (d, 1JC-F = 182.1 Hz), 49.9 (d, 2JC-F =18.6 Hz) ; IR (KBr) ν (cm-1) 3412, 

3053, 2918, 2849, 1597, 1456, 1415, 1338, 1245, 1100, 1011, 909, 741, 701 cm-1; MS 

(ESI) m/z 353.16 [M-H]- (100%). 
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