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1. General information 

All oxygen- and moisture-sensitive manipulations were carried out under an inert 

N2 atmosphere using standard Schlenk techniques or glovebox. DMSO, MeOH, 

toluene, and DCE were distilled from CaH2 prior to use. All other chemicals and 

solvents were used as received. 1H NMR, 13C NMR, and 19F NMR spectra were 

recorded on Bruker DRX500 and Varian 600 NMR spectrometers at ambient 

temperature with CDCl3 as solvent. 13C shifts were obtained with 1H decoupling. 

Chemical shifts and coupling constants are listed in ppm and Hz, respectively. High-

resolution mass spectra (HRMS) were recorded on a Bruker microTof by using ESI 

method. The mass analyzer for the HRMS measurements was “time-of-flight” type. 

Optical rotation was determined using CHCl3 and as the solvent on INESA WZZ-

3. Enantiomeric ratios were determined by chiral HPLC (SHIMADZU LC-20) with 

n-hexane and iPrOH as solvents. Melting points were recorded using the SGWX 

micromelting point apparatus. 
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2. General experimental procedures of preparing 3,3-difluoro-substituted 3H-

indole  

 

2-Nitrobenzaldehyde (30.0 mmol, 1.0 equiv) was dissolved in DCM (100.0 mL), and 

then PPh3 (23.6 g, 90.0 mmol, 3.0 equiv) was added and the resulting solution was 

cooled to 0 °C in an ice bath. CBr4 (13.3 g, 45.0 mmol, 1.5 equiv) was added in several 

portions, and the solution was stirred at 0 °C until the reaction was complete by TLC 

(2 h). Diatomaceous earth filtration, solvent removal under reduced pressure, and direct 

use of crude products.  

To an EtOH (100.0 mL) solution of 1-(2,2-dibromovinyl)-2-nitrobenzene (30.0 

mmol, 1.0 equiv) was added tin(II) chloride (28.4 g, 150.0 mmol, 5.0 equiv). The 

reaction was refluxed for 1 h. The cooled mixture was filtered through a pad of celite 

after neutralization with a saturated potassium carbonate solution to pH 10. The organic 

layer was separated and the aqueous layer was extracted with AcOEt. The combined 

organic layer was dried over MgSO4. After the removal of solvent, the residue was 

purified by column chromatography using petroleum ether/ethyl acetate 30: 1 (v/v) as 

the eluent to afford the corresponding aniline.[1] 

 

 

A 100 mL round-bottomed flask was charged with 10% Pd/C (265.0 mg, 0.25 mmol, 

2.5 mol %) and tris(p-methoxyphenyl)phosphine (3.5 g, 1.0 mmol, 10 mol %), and the 

flask was purged with argon for at least 10 min. A second separate flask was charged 

with 2-(2,2-dibromovinyl)aniline (10.0 mmol, 1.0 equiv) and CuI (190.4 mg, 1.0 mmol, 

10 mol %), and the flask was purged with argon for 10 min, followed by addition of 

toluene (30.0 mL), phenylacetylene (15.0 mmol, 1.5 equiv), and iPr2NH (2.0 g, 20.0 
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mmol, 2.0 equiv). After the mixture in the second flask became homogenous, it was 

cannulated into the first flask, and the resulting mixture was heated at 100 °C for 5 h. 

The reaction mixture was diluted with EtOAc (50 mL × 3) and H2O (50 mL). The 

combined organic solution was dried over anhydrous MgSO4. After the removal of 

solvent, the residue was purified by column chromatography using petroleum 

ether/EtOAc (30: 1, v/v) as the eluent to afford the corresponding indoles.[2] 

 

To a solution of the 2-alkynylindole (5.0 mmol, 1.0 equiv) in CH3CN (30.0 mL) was 

added Na2CO3 (529.9 mg, 5.0 mmol, 1.0 equiv) and Selectfluor (3.9 g, 11.0 mmol, 

2.2 equiv) at 0 ºC. The mixture was stirred at this temperature for 6 h until the full 

consumption of 2-alkynylindole. When the reaction was complete, DCM (100.0 mL) 

was added and the mixture was washed with H2O (3 × 20 mL) and brine (3 × 15 mL). 

The organic extracts were dried over Na2SO4, and the solvent was concentrated in vacuo. 

The resulting residue was directly subjected to column chromatography using 

petroleum ether/EtOAc 30: 1 (v/v) as the eluent to afford 2-alkynyl-3,3-difluoro-3H-

indoles.[3]  

 

 

A 250-mL round-bottomed flask was charged with 2-methyl-1-phenylpropan-1-one 

(1.5 g, 10.0 mmol, 1.0 equiv), AcOH (50.0 mL) and phenylhydrazine (1.1 g, 15.0 mmol, 

1.5 equiv). The resulting mixture was heated to 120 oC for 16 h. The reaction mixture 

was poured onto saturated aqueous Na2CO3 and the crude product was extracted with 

DCM (3 × 100 mL). The combined organic layers were dried with Na2SO4, filtered, 

concentrated. The resulting residue was directly subjected to column chromatography 

using petroleum ether/EtOAc 30: 1 (v/v) as the eluent to afford 3,3-dimethyl-2-phenyl-

3H-indole in 89% yield.[4] 
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3,3-Difluoro-2-(phenylethynyl)-3H-indole (1a): Yellow solid, mp 76-78 ℃, 1.13 g, 

89% yield. (CAS: 2242812-89-9).[3] 1H NMR (600 MHz, CDCl3) δ 7.68 –7.66 (m, 2H), 

7.54 – 7.51 (m, 3H), 7.50 – 7.46 (m, 1H), 7.43 – 7.40 (m, 2H), 7.35 – 7.33 (m, 1H). 13C 

NMR (151 MHz, CDCl3) δ 157.2 (t, JC-F = 27.5 Hz),152.6 (t, JC-F = 8.9 Hz), 133.3, 

132.7, 130.6, 128.5, 128.4, 127.2 (t, JC-F = 23.7 Hz), 123.3, 122.5, 120.5 (t, JC-F = 255.0 

Hz), 120.5, 103.3, 80.7. 19F NMR (565 MHz, CDCl3) δ -122.43.  

 

5-Chloro-3,3-difluoro-2-(phenylethynyl)-3H-indole (1b): Yellow solid, mp 100-

102 ℃, 1.26 g, 88% yield. (CAS:2271165-31-0).[5] 1H NMR (600 MHz, CDCl3) δ 7.64 

(d, J = 7.2 Hz, 2H), 7.48 – 7.39 (m, 6H). 13C NMR (151 MHz, CDCl3) δ 157.3 (t, JC-F 

= 27.0 Hz), 151.0 (t, JC-F = 8.4 Hz), 134.5, 133.2, 132.8, 130.8, 128.8 (t, JC-F = 24.0 Hz), 

128.6, 124.1, 123.3, 120.2, 120.0 (t, JC-F = 256.5 Hz), 104.1, 80.5. 19F NMR (565 MHz, 

CDCl3) δ -121.93. 

 

3,3,5-Trifluoro-2-(phenylethynyl)-3H-indole (1c): Yellow solid, mp 105-107 ℃, 1.08 

g, 80% yield. (CAS:2242813-00-7)[3]. 1H NMR (600 MHz, CDCl3) δ 7.63 (d, J = 7.2 

Hz, 2H), 7.45 – 7.43 (m, 2H), 7.40 – 7.37 (m, 2H), 7.22 (d, J = 6.6 Hz,1H), 7.17 – 7.14 

(m,1H). 13C NMR (151 MHz, CDCl3) δ 162.6 (d, JC-F = 249.6 Hz), 157.1 (td, JC-F = 

26.9, 4.5 Hz), 148.4 (td, JC-F = 8.4, 3.2 Hz), 132.7, 130.7, 129.1 (td, JC-F = 24.0, 8.9 Hz), 

128.5, 123.6 (d, JC-F = 8.3 Hz), 120.3, 119.8 (t, JC-F = 255.0 Hz), 119.5 (d, JC-F = 23.4 

Hz), 111.9 (d, JC-F = 26.3 Hz), 103.4, 80.4. 19F NMR (565 MHz, CDCl3) δ -111.18, -

122.29. 

 

6-Chloro-3,3-difluoro-2-(phenylethynyl)-3H-indole (1d): Yellow solid, mp 106-
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108 ℃,  1.16 g, 81% yield. (CAS:2253620-16-3).[3] 1H NMR (600 MHz, CDCl3) δ 7.68 

– 7.66 (m, 3H), 7.50 – 7.47 (m, 2H), 7.43 – 7.38 (m, 3H). 13C NMR (151 MHz, CDCl3) 

δ 158.6 (t, JC-F = 27.2 Hz), 154.0 (t, JC-F = 8.7 Hz), 133.0, 131.2, 131.0, 128.7, 127.4, 

126.1 (t, JC-F = 23.9 Hz), 126.0, 124.4, 120.2, 120.0 (t, JC-F = 255.7 Hz), 104.6, 80.6. 

19F NMR (565 MHz, CDCl3) δ -121.79. 

 

6-Bromo-3,3-difluoro-2-(phenylethynyl)-3H-indole (1e): Yellow solid, mp 84-86 ℃,  

1.15 g, 76% yield.  1H NMR (600 MHz, CDCl3) δ 7.68 – 7.66 (m, 2H), 7.50 – 7.40 (m, 

5H), 7.31 (dd, J = 7.8, 1.8 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 158.7 (t, JC-F = 27.3 

Hz), 154.0 (t, JC-F = 9.0 Hz), 139.4, 132.9, 130.9, 128.7, 128.2, 125.6 (t, JC-F = 24.1 Hz), 

124.1, 123.2, 120.2, 119.8 (t, JC-F = 255.3 Hz), 104.6, 80.6. 19F NMR (565 MHz, CDCl3) 

δ -121.60. HRMS (ESI) m/z: [M+H]+ Calcd for C17H11
79BrF2N, 331.9981; Found 

331.9965. 

 

2-((3-Chlorophenyl)ethynyl)-3,3-difluoro-3H-indole (1f): Yellow solid,  mp 70-

72 ℃, 1.22 g, 85% yield. (CAS: 2242812-93-5).[3] 1H NMR (600 MHz, CDCl3) δ 7.65 

(t, J = 1.8 Hz, 1H), 7.56 – 7.50 (m, 4H), 7.46 – 7.44 (m, 1H), 7.37 – 7.34 (m, 2H). 13C 

NMR (151 MHz, CDCl3) δ 157.0 (t, JC-F = 27.3 Hz), 152.5 (t, JC-F = 8.7 Hz), 134.5, 

133.4, 132.4, 130.9, 130.8, 129.8, 128.7, 127.2 (t, JC-F = 24.0 Hz), 123.4, 122.7, 122.1, 

120.4 (t, JC-F = 255.0 Hz), 101.1, 81,4. 19F NMR (565 MHz, CDCl3) δ -122.66. 

 

3,3-Difluoro-2-(m-tolylethynyl)-3H-indole (1g): Yellow solid, mp 52-53 ℃, 1.13 g, 

85% yield. 1H NMR (600 MHz, CDCl3) δ 7.53 – 7.47 (m, 5H), 7.35 – 7.27 (m, 3H), 

2.38 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 157.0 (t, JC-F= 27.0 Hz), 152.4 (t, JC-F= 

8.9 Hz), 138.1, 133.1, 132.9, 131.4, 129.6, 128.2, 128.1, 127.0 (t, JC-F = 23.7 Hz), 123.1, 

122.2, 120.3 (t, JC-F = 255.0 Hz), 120.0, 103.5, 80.3, 20.7. 19F NMR (565 MHz, CDCl3) 

δ -122.36. HRMS (ESI) m/z: [M+Na]+ Calcd for C17H11F2NNa, 290.0752; Found 
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290.0750. 

 

2-((4-Bromophenyl)ethynyl)-3,3-difluoro-3H-indole (1h): Yellow solid, mp 108-

110 ℃, 1.21 g, 73% yield. 1H NMR (500 MHz, CDCl3) δ 7.53 – 7.46 (m, 7H), 7.33 – 

7.30 (m, 1H). 13C NMR (125 MHz, CDCl3) δ 157.0 (t, JC-F = 27.3 Hz), 152.5 (t, JC-F 

=8.9 Hz), 133.9, 133.4, 131.9, 128.5, 127.1 (t, JC-F = 27.6 Hz), 125.4, 123.3, 122.6, 

120.4 (t, JC-F = 255.1 Hz), 119.3, 101.8, 81.6. 19F NMR (565 MHz, CDCl3) δ -122.63. 

HRMS (ESI) m/z: [M+H]+ Calcd for C16H9
79BrF2N, 331.9881; Found 331.9873. 

 

3,3-Difluoro-2-((4-fluorophenyl)ethynyl)-3H-indole (1i): Yellow solid, mp 104-

106 ℃, 1.09 g, 81% yield. (CAS:2242812-91-3).[3] 1H NMR (600 MHz, CDCl3 ) δ 7.67 

– 7.63 (m, 2H), 7.52 – 7.48 (m, 3H), 7.34 – 7.31 (m, 1H), 7.12 – 7.08 (m, 2H). 13C 

NMR (151 MHz, CDCl3) δ 163.9 (d, JC-F= 252.6 Hz), 157.1 (t, JC-F = 27.3 Hz), 152.6 

(t, JC-F = 8.9 Hz), 135.0 (d, JC-F = 9.2 Hz), 133.4, 128.5, 127.2 (t, JC-F = 23.4 Hz), 123.4, 

122.5, 120.4 (t, JC-F = 255.1 Hz), 116.6 (d, JC-F = 3.3 Hz), 116.1 (t, JC-F = 22.2 Hz), 102.1, 

80.6. 19F NMR (565 MHz, CDCl3) δ -106.17, -122.43. 

 

2-([1,1'-Biphenyl]-4-ylethynyl)-3,3-difluoro-3H-indole (1j): Yellow solid, mp 129-

131 ℃, 1.41 g, 86% yield. 1H NMR (600 MHz, CDCl3) δ 7.70 - 7.69 (m, 2H), 7.61 - 

7.57 (m, 4H), 7.51 - 7.42 (m, 5H), 7.37 -7.35 (m, 1H), 7.30 – 7.28 (m, 1H). 13C NMR 

(151 MHz, CDCl3) δ 157.2 (t, JC-F = 27.2 Hz), 152.6 (t, JC-F = 8.7 Hz), 143.3, 139.6, 

133.3, 133.2, 128.9, 128.4, 128.1, 127.2 (t, JC-F = 23.7 Hz), 127.1, 127.0, 123.3, 122.5, 

120.4(t, JC-F = 255.0 Hz), 119.1, 103.4, 81.5. 19F NMR (565 MHz, CDCl3) δ -122.31. 

HRMS (ESI) m/z: [M+H]+ Calcd for C22H14F2N,330.1085; Found 330.1089 
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2-((4-Chlorophenyl)ethynyl)-3,3-difluoro-3H-indole (1k): Yellow solid, mp 108-

110 ℃, 1.12 g, 78% yield. (CAS:2242812-92-4).[3] 1H NMR (600 MHz, CDCl3) δ 7.59 

– 7.56 (m, 2H), 7.52 – 7.48 (m, 3H), 7.39 – 7.36 (m, 2H), 7.34 – 7.31 (m, 1H). 13C 

NMR (151 MHz, CDCl3) δ 157.0 (t, JC-F= 27.6 Hz), 152.5 (t, JC-F = 8.9 Hz), 137.0, 

133.9, 133.4, 129.0, 128.6, 127.2 (t, JC-F = 23.8 Hz), 123.4, 122.6, 120.4 (t, JC-F = 255.0 

Hz), 118.9, 101.8, 81.5. 19F NMR (565 MHz, CDCl3) δ -122.53.  

 

3,3-Difluoro-2-(p-tolylethynyl)-3H-indole (1l): Yellow solid, mp 99-101 ℃, 1.07 g, 

80% yield. (CAS:2242812-90-2).[3] 1H NMR (600 MHz, CDCl3) δ 7.56 ( d, J = 8.4 Hz, 

2H), 7.53 – 7.50 (m, 3H), 7.35 – 7.31 (m, 1H), 7.22 (d, J = 8.4 Hz, 2H), 2.41(s, 3H). 

13C NMR (151 MHz, CDCl3) δ 157.3 (t, JC-F = 27.3 Hz), 152.7 (t, JC-F = 8.7 Hz), 141.4, 

133.3, 132.7, 129.3, 128.3, 127.2 (t, JC-F = 23.9 Hz), 123.3, 122.4, 120.4 (t, JC-F = 254.9 

Hz), 117.3, 103.9, 80.5, 21.6. 19F NMR (565 MHz, CDCl3) δ -122.23.  

 

3,3-Difluoro-2-((4-methoxyphenyl)ethynyl)-3H-indole(1m): Yellow solid, mp 119-

121 ℃, 1.06 g, 75% yield. 1H NMR (600 MHz, CDCl3) δ 7.61 – 7.58 (m, 2H), 7.51 – 

7.47 (m, 3H), 7.31 – 7.28 (m, 1H), 6.91 – 6.90 (m, 2H), 3.82 (s, 3H). 13C NMR (151 

MHz, CDCl3) δ 161.6, 157.3 (t, JC-F = 27.3 Hz), 152.8 (t, JC-F = 9.2 Hz), 134.7, 133.3, 

128.1, 127.2 (t, JC-F = 23.4 Hz), 123.3, 122.3, 120.5 (t, JC-F = 255.0 Hz), 114.3, 112.3, 

104.4, 80.4, 55.3. 19F NMR (565 MHz, CDCl3) δ -121.84. HRMS (ESI) m/z: [M+H]+ 

Calcd for C17H12F2NO, 284.0881; Found 284.0885. 

 

2-((2-Chlorophenyl)ethynyl)-3,3-difluoro-3H-indole (1n): Yellow solid, mp 120-

121 ℃, 1.18 g, 82% yield. (CAS: 2242812-94-6).[3] 1H NMR (600 MHz, CDCl3) δ 7.66 

– 7.64 (dd, J = 7.8, 1.8 Hz, 1H), 7.53 – 7.48 (m, 3H), 7.46 – 7.45 (m, 1H), 7.39 – 7.36 

(m, 1H), 7,35 – 7.32 (m, 1H), 7.29 – 7.27 (m, 1H). 13C NMR (151 MHz, CDCl3) δ 

157.0 (t, JC-F = 27.8 Hz), 152.5 (t, JC-F = 8.6 Hz), 137.2, 134.3, 133.4, 131.6, 129.6, 
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128.6, 127.3 (t, JC-F = 23.6 Hz), 126.6, 123.4, 122.7, 120.7, 120.4 (t, JC-F = 255.1 Hz), 

99.4, 85.0. 19F NMR (565 MHz, CDCl3) δ -122.59.  

 

3,3-Difluoro-2-(o-tolylethynyl)-3H-indole (1o): Yellow solid, mp 95-97 ℃, 1.17 g, 

88% yield. 1H NMR (600 MHz, CDCl3) δ 7.61 (d, J = 7.8 Hz, 1H), 7.52 – 7.48 (m, 

3H), 7.36 – 7.30 (m, 2H),7.27 (d, J = 7.8 Hz, 1H), 7.21 (t, J = 7.8 Hz, 1H), 2.56 (s, 3H). 

13C NMR (150 MHz, CDCl3) δ 157.4 (t, JC-F =27.3 Hz), 152.8 (t, JC-F = 8.7 Hz), 142.1, 

133.4, 133.2, 130.8, 129.8, 128.3, 127.4 (t, JC-F = 23.7 Hz), 125.8, 123., 122.5, 120.5 (t, 

JC-F = 255.0 Hz), 120.3, 102.9, 84.5, 20.5. 19F NMR (565 MHz, CDCl3) δ -122.18. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C17H11F2NNa, 290.0752; Found 290.0753. 

 

3,3-Dimethyl-2-phenylindoline (1p): Yellow oil, 1.9 g, 89% yield. (CAS:6636-32-4).[4] 

1H NMR (600 MHz, CDCl3) δ 8.15 – 8.14 (m, 2H), 7.70 (d, J = 7.8 Hz, 1H), 7.49 – 

7.48 (m, 3H), 7.38 – 7.33 (m, 2H), 7.28 - 7.26 (m, 1H), 1.59 (s, 6H). 13C NMR (150 

MHz, CDCl3) δ 183.2, 153.0, 147.6, 133.3, 130.5, 128.6, 128.3, 127.7, 125.8, 120.9, 

120.9, 53.5, 24.7.  

 

3,3-Difluoro-2-(naphthalen-2-ylethynyl)-3H-indole (1q): Yellow solid, mp 104-

106 ℃, 1.15 g, 76% yield. (CAS: 2242812-95-7).[3] 1H NMR (600 MHz, CDCl3) δ 8.23 

(s, 1H), 7.87 - 7.84 (m, 3H), 7.66 -7.65 (m, 1H), 7.58 – 7.50 (m, 5H), 7.35 - 7.33 (m, 

1H). 13C NMR (150 MHz, CDCl3) δ 157.4 (t, JC-F = 27.3 Hz), 152.8 (t, JC-F = 8.7 Hz), 

134.1, 133.9, 133.4, 132.7, 128.5, 128.4, 128.3, 128.2, 128.0, 127.9, 127.4 (t, JC-F = 

23.6 Hz), 127.0, 123.4, 122.6, 120.5 (t, JC-F = 255.2 Hz), 117.7, 103.9, 81.1. 19F NMR 

(565 MHz, CDCl3) δ -122.27 
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3,3-Difluoro-2-phenyl-3H-indole (1r)：Yellow solid, mp 79-81 ℃, 0.99 g, 86% yield. 

(CAS: 1322089-48-4).[6] 1H NMR (600 MHz, CDCl3) δ 8.20 (d, J = 7.8 Hz, 2H), 7.53 

– 7.44 (m, 6H), 7.25 – 7.23 (m, 1H). 13C NMR (150 MHz, CDCl3) δ 169.1 (t, JC-F = 

24.6 Hz), 152.5 (t, JC-F = 9.6 Hz), 133.2, 132.4, 128.8 (t, JC-F = 24.0 Hz), 128.8, 128.5, 

127.4, 123.0 (t, JC-F = 254.7 Hz), 122.9, 121.9. 19F NMR (565 MHz, CDCl3) δ -116.39. 
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3. General experimental procedure for asymmetric reduction  

 

 

A 4-mL sample bottle was charged with 3,3-difluoro substituted 3H-indole 1 (0.1 mmol, 

1.0 equiv), Hantzsch ester (HE-t-Bu42.0 mg, 0.15 mmol, 1.5 equiv), chiral phosphonic 

acid (CPA-6, 0.75 mg, 0.001 mmol, 1.0 mol %). Then, PhCF3 (1 mL) was added in the 

glove box under N2 atmosphere. The reaction was stirred at room temperature for 3 h. 

After concentrating the mixture, the residue was purified by column chromatography 

on silica gel using the mixture of petroleum ether/ethyl acetate 30:1 (v/v) as the eluent 

to afford products 2. The yields were determined by 19F NMR spectroscopy and the ee 

values were determined by chiral HPLC. 

 

3,3-Difluoro-2-(phenylethynyl)indoline (2a): Yellow solid, mp 66-67 ℃, 99% yield, 

96% ee. [α]D
25 = -53.867 (c = 0.5, CHCl3). 1H NMR (600 MHz, CDCl3) δ 7.49 – 7.45 

(m, 3H), 7.34 –  7.28 (m, 4H), 6.93 – 6.91 (m, 1H), 6.78 (d, J = 6.0 Hz, 1H), 4.89 – 

4.85 (m, 1H), 4.26 (s, 1H). 13C NMR (151 MHz, CDCl3) δ 149.9 (t, JC-F = 6.5 Hz), 

133.0, 131.9, 128.8, 128.3, 125.0 (t, JC-F = 250.5 Hz), 124.1, 121.9, 121.0 (t, JC-F = 25.2 

Hz), 120.4, 112.1, 87.4, 81.5 (t, JC-F = 6.6 Hz), 57.7 (dd, JC-F = 36.0, 11.0 Hz). 19F NMR 

(565 MHz, CDCl3) δ -87.83 (d, J = 247.5 Hz), -89.83 (d, J = 246.9 Hz). HRMS (ESI) 

m/z: [M+H]+ Calcd for C16H12F2N, 256.0932; Found 256.0914. The enantiomeric ratio 

was determined by HPLC analysis on Daicel Chiralpak OD-3 column. n-Hexane/i-

PrOH = 98:2, flow rate = 1.0 mL/min., λ = 254 nm, tR = 24.7 min. (minor), 28.9 min. 

(major). 
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5-Chloro-3,3-difluoro-2-(phenylethynyl)indoline (2b): Yellow solid, mp 90-92 ℃,  

96% yield, 94% ee. [α]D
25 = -82.267 (c = 0.5, CHCl3). 1H NMR (600 MHz, CDCl3) δ 

7.46 – 7.45 (m, 3H), 7.34 – 7.28 (m, 4H), 6.73 – 6.71 (m, 1H), 4.93 – 4.88 (m, 1H), 

4.27 (s, 1H). 13C NMR (151 MHz, CDCl3) δ 148.4 (t, JC-F = 6.6 Hz),133.0, 131.9, 129.0, 

128.3, 125.1, 124.2 (t, JC-F = 251.7 Hz), 124.2, 122.4 (t, JC-F = 25.4 Hz), 121.7, 113.2, 

87.8, 80.9 (t, JC-F = 7.1 Hz), 58.1 (dd, JC-F = 35.9, 11.1 Hz). 19F NMR (565 MHz, CDCl3)   

-87.98 (d, J = 247.5 Hz), -90.50 (J = 248.0 Hz). HRMS (ESI) m/z: [M+H]+ Calcd for 

C16H11
35ClF2N, 290.0543; Found 290.0544. The enantiomeric ratio was determined by 

HPLC analysis on Daicel Chiralpak OD-3 column. n-Hexane/i-PrOH = 98:2, flow rate 

= 1.0 mL/min., λ = 254 nm, tR = 31.3 min. (minor), 53.5 min. (major). 
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3,3,5-Trifluoro-2-(phenylethynyl)indoline (2c): Yellow solid, mp 57-59 ℃, 97% 

yield, 90% ee. [α]D
25 = -42.733 (c = 0.5, CHCl3). 1H NMR (600 MHz, CDCl3) δ 7.47 

– 7.45 (m, 2H), 7.34 – 7.29 (m, 3H), 7.19 – 7.17 (m, 1H), 7.08 – 7.05 (m, 1H), 6.75 – 

6.73 (m, 1H), 4.93 – 4.88 (m, 1H), 4.17 (s, 1H). 13C NMR (151 MHz, CDCl3) δ 157.4 

(t, JC-F = 238.1 Hz), 146.0 (t, JC-F = 6.9 Hz), 131.9, 128.9, 128.3, 124.6 (t, JC-F = 251.0 

Hz,), 122.1 (td, JC-F =25.2, 8.0 Hz), 121.8, 120.2 (d, JC-F = 23.7 Hz), 113.3 (d, JC-F = 7.8 

Hz), 110.7 (t, JC-F = 24.5 Hz), 87.7, 81.1 (t, JC-F = 6.6 Hz), 58.3 (dd, JC-F =35.6, 11.0 

Hz), 19F NMR (565 MHz, CDCl3) δ -88.57 (d, J = 246.9 Hz), -90.36 (d, J = 248.6 Hz), 

-122.82. HRMS (ESI) m/z: [M+H]+ Calcd for C16H11F3N, 274.0838; Found 274.0843. 

The enantiomeric ratio was determined by HPLC analysis on Daicel Chiralpak OD-3 

column. n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min., λ = 254 nm, tR = 30.7 min. 

(minor), 45.9 min. (major). 
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6-Chloro-3,3-difluoro-2-(phenylethynyl)indoline (2d): Yellow solid, mp 51-53 ℃,  

96% yield, 95% ee. [α]D
25 = -68.037 (c = 0.5, CHCl3). 1H NMR (600 MHz, CDCl3) δ 

7.46 – 7.45 (m, 2H), 7.34 – 7.29 (m, 4H), 7.05 – 7.03 (m, 1H), 6.94 – 6.93 (m, 1H). 

4.91 – 4.87(m, 1H). 13C NMR (151 MHz, CDCl3) δ 151.0 (t, JC-F = 6.2 Hz), 131.9, 

128.9, 128.3, 127.23, 125.4, 124.2 (t, JC-F = 251.4 Hz), 123.4, 121.7, 119.9 (t, JC-F = 

25.7 Hz), 114.9, 87.8, 80.8 (t, JC-F = 7.2 Hz), 57.9 (dd, JC-F =36.6, 11.9 Hz). 19F NMR 

(565 MHz, CDCl3) δ -87.37 (d, J = 248.0 Hz), -90.71 (d, J = 248.0 Hz). HRMS (ESI) 

m/z: [M+H]+ Calcd for C16H11
35ClF2N, 290.0543; Found 290.0530. The enantiomeric 

ratio was determined by HPLC analysis on Daicel Chiralpak OD-3 column. n-Hexane/i-

PrOH = 98:2, flow rate = 1.0 mL/min., λ = 254 nm, tR = 25.1 min. (minor), 53.3 min. 

(major). 
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6-Bromo-3,3-difluoro-2-(phenylethynyl)indoline (2e): Yellow solid,  mp 41-43 ℃, 

97% yield, 93% ee. [α]D
25 = -73.840 (c = 0.5, CHCl3).1H NMR (600 MHz, CDCl3) δ 

7.46 – 7.45 (m, 2H), 7.38 (d, J = 7.8 Hz, 1H), 7.33 – 7.29 (m, 3H), 6.87 (dd, J = 7.8, 

1.8 Hz, 1H), 6.76 (d, J = 1.8 Hz, 1H), 4.92 – 4.88 (m, 1H), 3.97 (s, 1H). 13C NMR (151 

MHz, CDCl3) δ 150.9 (t, JC-F = 6.2 Hz), 138.9, 131.9, 129.0, 128.3, 125.2, 124.2 (t, JC-

F = 250.8 Hz), 121.7, 120.6, 119.4 (t, JC-F = 25.8 Hz), 112.0, 87.8, 80.9, 57.9 (dd, JC-F 

= 36.5, 12.0 Hz). 19F NMR (565 MHz, CDCl3) δ -87.23 (d, J = 248.0 Hz), -90.42 (d, J 

= 248.0 Hz). (ESI) m/z: [M+H]+ Calcd for C16H11
79BrF2N, 334.0037; Found 334.0032. 

The enantiomeric ratio was determined by HPLC analysis on Daicel Chiralpak OD-3 

column. n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min., λ = 254 nm, tR = 23.6 min. 

(minor), 48.6 min. (major).  
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2-((3-Chlorophenyl)ethynyl)-3,3-difluoroindoline (2f): Yellow solid, mp 70-72 ℃,  

98% yield, 96% ee. [α]D
25 = -67.600 (c = 0.5, CHCl3). 1H NMR (600 MHz, CDCl3) δ 

7.48 – 7.47 (m, 1H), 7.43 (t, J = 1.8 Hz, 1H), 7.34 – 7.28 (m, 3H), 7.23 – 7.20 (m ,1H), 

6.92 (t, J = 7.8 Hz, 1H), 6.78 (d, J = 7.8 Hz, 1H), 4.89 – 4.84 (m, 1H), 4.27 (s, 1H). 13C 

NMR (151 MHz, CDCl3) δ 149.8 (t, JC-F = 6.3 Hz), 134.1, 133.0, 131.7, 130.0, 129.5, 

129.1, 125.0 (t, JC-F = 250.5 Hz), 124.1, 123.6, 120.9 (t, JC-F = 24.9 Hz), 120.5, 112.1, 

85.9, 82.8 (t, JC-F = 6.5 Hz), 57.5 (dd, JC-F = 35.7, 10.7 Hz). 19F NMR (565 MHz, CDCl3) 

δ -87.57 (d, J = 246.9 Hz), -89.70 (d, J = 246.9 Hz). HRMS (ESI) m/z: [M+H]+ Calcd 

for C16H11
35ClF2N, 290.0543; Found 290.0540. The enantiomeric ratio was determined 

by HPLC analysis on Daicel Chiralpak OD-3 column. n-Hexane/i-PrOH = 98:2, flow 

rate = 0.5 mL/min., λ = 254 nm, tR = 40.7 min. (minor), 43.3 min. (major).  
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3,3-Difluoro-2-(m-tolylethynyl)indoline (2g): Yellow solid,  mp 62-64 ℃, 99% yield, 

95% ee. [α]D
25 = -64.600 (c = 0.5, CHCl3). 1H NMR (600 MHz, CDCl3) δ 7.48 (d, J = 

7.2 Hz, 1H), 7.33 (t, J = 8.4 Hz, 1H), 7.27 – 7.26 (m, 2H), 7.18 (t, J = 7.8 Hz, 1H), 7.13 

(d, J = 7.2 Hz, 1H), 6.92 (t, J = 7.2 Hz, 1H), 6.84 (d, J = 8.4 Hz, 1H), 4.89 – 4.85 (m, 

1H), 4.25 (s, 1H), 2.30 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 150.0 (t, JC-F = 6.3 Hz), 

138.0, 132.9, 132.5, 129.7, 129.0, 128.2, 125.0 (t, JC-F =250.5 Hz), 124.1, 121.8, 121.1 

(t, JC-F = 25.2 Hz), 120.4, 112.1, 87.6, 81.1 (t, JC-F = 6.8 Hz), 57.7 (dd, JC-F = 35.9, 11.1 

Hz), 21.1. 19F NMR (565 MHz, CDCl3) δ -87.81 (d, J = 246.9 Hz), -89.96 (d, J = 246.9 

Hz). HRMS (ESI) m/z: [M+H]+ Calcd for C17H14F2N, 270.1089; Found 270.1093. The 

enantiomeric ratio was determined by HPLC analysis on Daicel Chiralpak OD-3 

column. n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min., λ = 254 nm, tR = 24.6 min. 

(minor), 27.4 min. (major). 



S18 

 

 

2-((4-Bromophenyl)ethynyl)-3,3-difluoroindoline (2h): Yellow solid, mp 56-58 ℃, 

99% yield, 94% ee. [α]D
25 = -62.733 (c = 0.5, CHCl3). 1H NMR (600 MHz, CDCl3) δ 

7.49 – 7.47 (m, 1H), 7.44 – 7.42 (m, 2H), 7.35 – 7.29 (m, 3H), 6.94 - 6.91 (m, 1H), 6.79 

– 6.78 (m, 1H), 4.88 – 4.84 (m, 1H), 4.27 (s, 1H).13C NMR (151 MHz, CDCl3) δ 149.9 

(t, JC-F = 6.6 Hz), 133.3, 133.0, 131.6, 124.9 (t, JC-F = 250.8 Hz), 124.1, 123.2, 120.9 (t, 

JC-F = 25.2 Hz), 120.9, 120.5, 112.1, 86.4, 82.7 (t, JC-F = 6.6 Hz), 57.6 (dd, JC-F =36, 

11.0 Hz). 19F NMR (565 MHz, CDCl3) δ -87.69 (d, J = 246.9 Hz), -89.67 (d, J = 247.5 

Hz). HRMS (ESI) m/z: [M+H]+ Calcd for C16H11
79BrF2N, 334.0037; Found 334.0035. 

The enantiomeric ratio was determined by HPLC analysis on Daicel Chiralpak OD-3 

column. n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min., λ = 254 nm, tR = 20.9 min. 

(minor), 24.7 min. (major). 
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3,3-Difluoro-2-((4-fluorophenyl)ethynyl)indoline (2i): Yellow solid, mp 62-64 ℃, 

96% yield. 90% ee. [α]D
25 = -62.067 (c = 0.5, CHCl3).

 1H NMR (600 MHz, CDCl3) δ 

7.49 – 7.48 (m, 1H), 7.45 – 7.43 (m, 2H), 7.35 – 7.33 (m, 1H), 7.01 – 6.98 (m 2H), 6.95 

– 6.92 (m, 1H), 6.79 (d, J = 8.4 Hz, 1H), 4.89 – 4.85 (m, 1H), 4.27 (s, 1H). 13C NMR 

(151 MHz, CDCl3) δ 162.8 (d, JC-F = 248.9 Hz), 149.9 (t, JC-F = 6.4 Hz), 133.9 (d, JC-F 

= 8.6 Hz), 133.0, 125.0 (t, JC-F =250.6 Hz), 124.1, 121.0 (t, JC-F = 25.4 Hz), 120.5, 118.1 

(d, JC-F = 3.8 Hz), 115.6 (d, JC-F = 22.1 Hz), 112.1, 86.4, 81.2 (t, JC-F = 6.9 Hz), 57.6 

(dd, JC-F = 36.0, 9.3 Hz). 19F NMR (565 MHz, CDCl3) δ -87.92 (d, J = 246.9 Hz), -

89.72 (d, J = 248.6 Hz), -109.96. HRMS (ESI) m/z: [M+H]+ Calcd for C16H11F3N, 

274.0838; Found 274.0841. The enantiomeric ratio was determined by HPLC analysis 

on Daicel Chiralpak OD-3 column. n-Hexane/i-PrOH = 99:1, flow rate = 1.0 mL/min., 

λ = 254 nm, tR = 26.6 min. (minor), 30.0 min. (major). 
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2-([1,1'-Biphenyl]-4-ylethynyl)-3,3-difluoroindoline (2j): Yellow solid, mp 118-

119 ℃, 95% yield, 94% ee. [α]D
25 = -69.267 (c = 0.5, CHCl3). 1H NMR (600 MHz, 

CDCl3) δ 7.57 – 7.49 (m, 7H), 7.44 – 7.41 (m, 2H), 7.36 – 7.34 (m, 2H), 6.94 – 6.92 (m, 

1H), 6.79 (d, J =7.8 Hz, 1H), 4.93 – 4.88 (m, 1H), 4.27 (s, 1H). 13C NMR (151 MHz, 

CDCl3) δ 150.0 (t, JC-F = 6.3 Hz), 141.5, 140.1, 133.0, 132.3, 128.8, 127.7, 127.0, 126.9, 

125.0 (t, JC-F = 250.4 Hz), 124.1, 121.1 (t, JC-F = 25.2 Hz), 120.8, 120.4, 112.1, 87.3, 

82.1 (t, JC-F = 7.4 Hz), 57.7 (dd, JC-F = 36.0, 11.0 Hz). 19F NMR (565 MHz, CDCl3) δ 

-87.76 (d, J = 246.9 Hz), -89.76 (d, J = 247.5 Hz). HRMS (ESI) m/z: [M+H]+ Calcd for 

C22H16F2N,332.1245; Found 332.1235. The enantiomeric ratio was determined by 

HPLC analysis on Daicel Chiralpak OD-3 column. n-Hexane/i-PrOH = 98:2, flow rate 

= 1.0 mL/min., λ = 254 nm, tR = 32.6 min. (minor), 41.0 min. (major). 
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2-((4-Chlorophenyl)ethynyl)-3,3-difluoroindoline (2k): Yellow solid, mp 63-65 ℃, 

95% yield, 96% ee. [α]D
25 = -76.067 (c = 0.5, CHCl3). 1H NMR (600 MHz, CDCl3) δ 

7.48 (d, J = 7.8 Hz, 1H), 7.39 – 7.36 (m, 2H), 7.35 – 7.32 (m, 1H), 7.28 – 7.26 (m, 2H), 

6.94 – 6.92 (m, 1H), 6.78 (d, J =8.4 Hz,1H), 4.89 – 4.84 (m, 1H), 4.27 (s, 1H). 13C 

NMR (151 MHz, CDCl3) δ 149.9 (t, JC-F = 6.6 Hz),134.9, 133.1, 133.0, 128.6, 124.9 (t, 

JC-F = 250.4 Hz),124.1, 120.9 (t, JC-F = 25.2 Hz), 120.5, 120.4, 112.1, 86.3, 82.5, 57.6 

(dd, JC-F = 35.9, 10.5 Hz). 19F NMR (565 MHz, CDCl3) δ -87.74 (d, J = 246.9 Hz), -

89.64 (d, J = 246.9 Hz). HRMS (ESI) m/z: [M+H]+ Calcd for C16H11
35ClF2N, 290.0543; 

Found 290.0548. The enantiomeric ratio was determined by HPLC analysis on Daicel 

Chiralpak OD-3 column. n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min., λ = 254 

nm, tR = 19.7 min. (minor), 22.7 min. (major). 
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3,3-Difluoro-2-(p-tolylethynyl)indoline (2l): Yellow solid, mp 95-97 ℃, 99% yield, 

96% ee. [α]D
25 = -69.867 (c = 0.5, CHCl3). 1H NMR (600 MHz, CDCl3) δ 7.48 (d, J = 

7.2 Hz, 1H), 7.36 – 7.31 (m, 3H), 7.10 (d, J = 7.2 Hz, 2H), 6.93 – 6.91 (m, 1H), 6.78 

(d, J = 7.8 Hz, 1H), 4.89 – 4.85 (m, 1H), 2,33 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 

150.0 (t, JC-F = 6.5 Hz), 139.0, 132.9, 131.8, 129.0, 125.1 (t, JC-F = 250.0 Hz), 124.1, 

121.1 (t, JC-F = 25.2 Hz), 120.4, 118.9, 112.1, 87.6, 80.8 (t, JC-F = 6.8 Hz), 57.7 (dd, JC-

F = 36.2, 11.0 Hz), 21.5. 19F NMR (565 MHz, CDCl3) δ -87.93 (d, J = 246.9 Hz), -89.86 

(d, J = 246.9 Hz). HRMS (ESI) m/z: [M+H]+ Calcd for C17H14F2N, 270.1089; Found 

270.1096. The enantiomeric ratio was determined by HPLC analysis on Daicel 

Chiralpak OD-3 column. n-Hexane/i-PrOH = 99:1, flow rate = 1.0 mL/min., λ = 254 

nm, tR = 40.9 min. (minor), 45.0 min. (major). 
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3,3-Difluoro-2-((4-methoxyphenyl)ethynyl)indoline (2m): Yellow solid, mp 96-

98 ℃, 99% yield, 93% ee. [α]D
25 = -44.133 (c = 0.5, CHCl3). 1H NMR (600 MHz, 

CDCl3) δ 7.47 (d, J = 8.4 Hz, 1H), 7.39 (d, J = 8.4 Hz, 2H),7.35 (t, J = 7.2 Hz, 2H),6.91 

(t, J = 7.2 Hz,1H), 6.82 - 6.81 (m, 2H), 6.77 (d, J = 8.4 Hz, 1H), 4.88 – 4.84 (m,1H), 

4.27 (s, 1H), 3.77 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 159.9, 150.0 (t, JC-F = 6.5 

Hz), 133.4, 132.9, 125.0 (t, JC-F = 250.4 Hz), 124.1, 121.0 (t, JC-F = 25.2 Hz), 120.3, 

113.9, 114.0, 112.0, 87.4, 80.1 (t, JC-F = 7.1 Hz), 57.7 (dd, JC-F =35, 10.8 Hz), 55.2. 19F 

NMR (565 MHz, CDCl3) δ -88.11 (d, J = 246.9 Hz), -89.76 (d, J = 246.9 Hz). HRMS 

(ESI) m/z: [M+H]+ Calcd for C17H14F2NO,286.1038; Found 286.1039. The 

enantiomeric ratio was determined by HPLC analysis on Daicel Chiralpak OD-3 
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column. n-Hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min., λ = 254 nm, tR = 27.3 min. 

(minor), 31.7 min. (major). 

 

 

2-((2-Chlorophenyl)ethynyl)-3,3-difluoroindoline (2n): Yellow solid, mp 54-54 ℃,  

95% yield, 94% ee. [α]D
25 = -57.067 (c = 0.5, CHCl3). 1H NMR (600 MHz, CDCl3) δ 

7.50 – 7.47 (m, 2H), 7.38 – 7.32 (m, 2H), 7.26 – 7.23 (m, 1H), 7.20 – 7.17 (m, 1H), 

6.94 – 6.92 (m, 1H), 6.80 (d, J = 6.4 Hz, 1H), 4.96 – 4.91 (m, 1H), 4.31 (s, 1H). 13C 

NMR (151 MHz, CDCl3) δ 149.9 (t, JC-F = 6.9 Hz), 136.2, 133.7, 133.0, 129.9, 129.3, 

126.4, 125.0 (t, JC-F = 251.3 Hz), 124.1, 122.0, 121.0 (t, JC-F = 25.7 Hz),120.5, 112.1, 

86.8 (t, JC-F = 7.1 Hz), 84.1, 57.7 (dd., JC-F = 35.9, 11.1 Hz). 19F NMR (565 MHz, 

CDCl3) δ -87.49 (d, J = 246.9 Hz), -89.64 (d, J = 247.5 Hz). HRMS (ESI) m/z: [M+H]+ 

Calcd for C16H11
35ClF2N, 290.0543; Found 290.0547. The enantiomeric ratio was 
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determined by HPLC analysis on Daicel Chiralpak OD-3 column. n-Hexane/i-PrOH = 

98:2, flow rate = 1.0 mL/min., λ = 254 nm, tR = 22.1 min. (minor), 25.5 min. (major). 

 

 

3,3-Difluoro-2-(o-tolylethynyl)indoline (2o): Yellow solid, mp 56-57 ℃, 99% yield. 

96% ee. [α]D
25 = -64.933 (c = 0.5, CHCl3). 1H NMR (600 MHz, CDCl3) δ 7.49 (d, J= 

7.8 Hz,1H), 7.42 (d, J = 7.2 Hz,1H), 7.35 – 7.32 (m, 1H), 7.23 – 7.17 (m, 2H), 7.13 – 

7.10 (m, 1H), 6.93 (t, J = 7.8 Hz,1H), 6.79 (d, J = 7.2 Hz,1H), 4.94 – 4.89 (m,1H), 4.26 

(s, 1H), 2.42 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 150.0 (t, JC-F = 6.6 Hz), 140.7, 

132.9, 132.1, 129.4, 128.8, 125.5, 125.1 (t, JC-F = 250.5 Hz), 124.1, 121.8, 121.1(t, JC-

F = 25.4 Hz), 120.4, 112.1, 86.3, 85.3 (t, JC-F = 6.6 Hz), 57.8 (dd, JC-F = 35.9, 10.7 Hz), 

20.5. 19F NMR (565 MHz, CDCl3) δ -88.27 (d, J = 251.4 Hz), -89.74 (d, J = 253.1 Hz). 

HRMS (ESI) m/z: [M+H]+ Calcd for C17H14F2N, 270.1089; Found 270.1097. The 

enantiomeric ratio was determined by HPLC analysis on Daicel Chiralpak OD-3 
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column. n-Hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min., λ = 254 nm, tR = 20.1 min. 

(minor), 23.9 min. (major). 

 

 

3,3-Dimethyl-2-phenylindoline (2p): Yellow solid, mp 95-97 ℃, 95% yield, 98% ee.

 (CAS: 1247138-74-4).[7] [α]D
25 = 50.467 (c = 0.5, CHCl3). 1H NMR (600 MHz, CDC

l3) δ 7.40 (d, J = 7.2 Hz, 2H),7.30 (t, J = 7.8 Hz, 2H), 7.27 – 7.24 (m, 1H), 7.07 – 7.00

 (m, 2H), 6.76 – 6.73 (m, 1H), 6.64 – 6.63 (d, J = 7.8 Hz, 1H), 4.70 (s, 3H), 4.05 (s, 1

H), 1.58 (s, 3H), 0.89 (s, 3H). 13C NMR (151 MHz, CDCl3) δ 149.2, 139.9, 137.9, 12

7.9, 127.4, 127.3, 127.2, 122.3, 118.8, 109.0, 74.4, 45.2, 26.4, 24.4. The enantiomeric 

ratio was determined by HPLC analysis on Daicel Chiralpak OD-3 column. n-Hexane/

i-PrOH = 98:2, flow rate = 1.0 mL/min., λ = 254 nm, tR = 12.5 min. (minor), 35.8 min.

 (major) 
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3-Fluoro-2-(naphthalen-2-ylethynyl)-1H-indole (2q): Yellow solid. mp 92-94 ℃, 95% 

yield. 1H NMR (600 MHz, CDCl3) δ 8.08 (s, 1H), 7.82 (d, J = 7.8 Hz,2H), 7.77 (s, 1H), 

7.63 – 7.58 (m, 2H), 7.52 – 7.50 (m, 2H), 7.27 – 7.25 (m, 2H), 7.17 – 7.15 (m, 1H). 13C 

NMR (151 MHz, CDCl3) δ 148.0 (d, JC-F = 252.5 Hz), 133.0, 132.9, 132.7, 128.2, 127.9, 

127.9, 127.8, 127.0, 126.8, 124.7, 120.6, 119.7, 117.2, 117.1, 116.6, 116.5, 111.3, 103.4 

(d, JC-F = 23.4 Hz), 97.6. 19F NMR (565 MHz, CDCl3) δ -163.74. HRMS (ESI) m/z: 

[M+H]+ Calcd for C20H13FN, 286.1027; Found 286.1032. 

 

3-Fluoro-2-phenyl-1H-indole (2r): Yellow solid. mp 85-87 ℃, 97% yield. (CAS: 
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1914069-35-4)[8]. 1H NMR (600 MHz, CDCl3) δ 7.86 (s, 1H), 7.76 (d, J = 7.8 Hz, 2H), 

7.67 (d, J = 7.8 Hz, 1H), 7.50 (t, J = 7.8 Hz, 2H), 7.37 – 7.35 (m, 2H), 7.27 – 

7.25(m, ,1H), 7.20 – 7.18 (m, ,1H). 13C NMR (151 MHz, CDCl3) δ 142.4 (d, JC-F = 

246.6 Hz), 132.4 (d, JC-F = 6.5 Hz), 132.0(d, JC-F = 5.0 Hz), 129.0, 127.4, 125.3 (d, JC-

F = 5.3 Hz), 123.4, 120.3, 119.5 (d, JC-F = 18.6 Hz), 118.6 (d, JC-F = 16.4 Hz), 116.8 (d, 

JC-F = 2.9Hz), 111.3. 19F NMR (565 MHz, CDCl3) δ -170.37. 
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We have attempted the derivatization of alkyne 2a via hydrogenation or [3 + 2]-

cycloaddition with azidotrimethylsilane. Neither of them succeeded.  

 

 

A 100-mL Schlenk flask was charged with compound 2a (25 mg, 0.1 mmol, 1.0 equiv), 

Pd/C (5 wt %, 5 mg, 10 mol %), MeOH (2.0 mL). The reaction flask was charged with 

1 bar H2. After reaction for either 8 or 36 hours, there was no target product detected. 

Only reactant and a series of side products including defluorinated product 3-fluoro-2-

(phenylethynyl)-1H-indole were observed by 19F NMR of the crude reaction mixture.  

 

 

19F NMR (565 MHz, CDCl3) δ -87.81 (d, J = 247.5 Hz), -89.93 (d, J = 246.9 Hz), -

164.03. 
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Into a round-bottomed flask were added compound 2a (25 mg, 0.1 mmol, 1.0 equiv), 

MeCN (1.6 mL), DIPEA (259 mg, 2.0 mmol, 20.0 equiv), and TMSN3 (35 mg, 0.3 

mmol, 3.0 equiv). After being stirred for 5 minutes, CuI (19 mg, 0.1 mmol, 1.0 equiv) 

was then added into reaction mixture. After reaction for 0.5 h, the reaction mixture was 

monitored by 19F NMR. There was no target product observed. Only starting material 

2a and a series of side products including defluorinated product 3-fluoro-2-

(phenylethynyl)-1H-indole were observed on 19F NMR of crude reaction mixture.  

 

19F NMR (565 MHz, CDCl3) δ-87.81 (d, J = 247.5 Hz), -89.93 (d, J = 246.9 Hz), -

122.44, -164.03 
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1H NMR spectra of 1a 

 

13C NMR spectra of 1a 

 

  



S33 

19F NMR spectra of 1a 

 

1H NMR spectra of 1b 
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13C NMR spectra of 1b 

 

19F NMR spectra of 1b 
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1H NMR spectra of 1c 

 

13C NMR spectra of 1c 
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19F NMR spectra of 1c 

 

1H NMR spectra of 1d 
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13C NMR spectra of 1d 

 

19F NMR spectra of 1d 
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1H NMR spectra of 1e 

 

13C NMR spectra of 1e 
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19F NMR spectra of 1e 

 

1H NMR spectra of 1f 
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13C NMR spectra of 1f 

 

19F NMR spectra of 1f 
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1H NMR spectra of 1g 

 

13C NMR spectra of 1g 
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19F NMR spectra of 1g 

 

1H NMR spectra of 1h 
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13C NMR spectra of 1h 

 

19F NMR spectra of 1h 
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1H NMR spectra of 1i 

 

13C NMR spectra of 1i 
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19F NMR spectra of 1i 

 

1H NMR spectra of 1j 
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13C NMR spectra of 1j 

 

19F NMR spectra of 1j 
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1H NMR spectra of 1k 

 

13C NMR spectra of 1k 

 

 

  



S48 

19F NMR spectra of 1k 

 

1H NMR spectra of 1l 
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13C NMR spectra of 1l 

 

19F NMR spectra of 1l 
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1H NMR spectra of 1m 

 

13C NMR spectra of 1m 
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19F NMR spectra of 1m 

 

1H NMR spectra of 1n 
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13C NMR spectra of 1n 

 

19F NMR spectra of 1n 
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1H NMR spectra of 1o 

 

13C NMR spectra of 1o 
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19F NMR spectra of 1o 

 

1H NMR spectra of 1p 
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13C NMR spectra of 1p 

 

1H NMR spectra of 1q 
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13C NMR spectra of 1q 

 

19F NMR spectra of 1q 
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1H NMR spectra of 1r 

 

13C NMR spectra of 1r 
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19F NMR spectra of 1r 

 

1H NMR spectra of 2a 
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13C NMR spectra of 2a 

 

19F NMR spectra of 2a 
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1H NMR spectra of 2b 

 

13C NMR spectra of 2b 
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19F NMR spectra of 2b 

 

1H NMR spectra of 2c 
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13C NMR spectra of 2c 

 

19F NMR spectra of 2c 
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1H NMR spectra of 2d 

 

13C NMR spectra of 2d 
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19F NMR spectra of 2d 

 

1H NMR spectra of 2e 

 

 

  



S65 

13C NMR spectra of 2e 

 

19F NMR spectra of 2e 
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1H NMR spectra of 2f 

 

13C NMR spectra of 2f 
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19F NMR spectra of 2f 

 

1H NMR spectra of 2g 
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13C NMR spectra of 2g 

 

19F NMR spectra of 2g 
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1H NMR spectra of 2h 

 

13C NMR spectra of 2h 
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19F NMR spectra of 2h 

 

1H NMR spectra of 2i 
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13C NMR spectra of 2i 

 

19F NMR spectra of 2i 
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1H NMR spectra of 2j 

 

13C NMR spectra of 2j 
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19F NMR spectra of 2j 

 

1H NMR spectra of 2k 
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13C NMR spectra of 2k 

 

19F NMR spectra of 2k 
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1H NMR spectra of 2l 

 

13C NMR spectra of 2l 
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19F NMR spectra of 2l 

 

1H NMR spectra of 2m 
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13C NMR spectra of 2m 

 

19F NMR spectra of 2m 
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1H NMR spectra of 2n 

 

13C NMR spectra of 2n 
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19F NMR spectra of 2n 

 

1H NMR spectra of 2o 
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13C NMR spectra of 2o 

 

19F NMR spectra of 2o 
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1H NMR spectra of 2p 

 

13C NMR spectra of 2p 
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1H NMR spectra of 2q 

 

13C NMR spectra of 2q 
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19F NMR spectra of 2q 

 

1H NMR spectra of 2r 
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13C NMR spectra of 2r 

 

19F NMR spectra of 2r 
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