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General Information

All reagents were purchased from commercial suppliers and used without further 

purification. Flash chromatography was carried out with silica gel (200-300 mesh). 

Analytical TLC was performed with silica gel GF254 plates, and the products were 

visualized by UV detection. 1H NMR, 13C NMR and 19F NMR (400 MHz, 101 MHz 

and 565 MHz, respectively) spectra were measured in CDCl3 recorded on Bruker 

Avance DPX 400 MHz spectrometer. All chemical shifts (δ) were reported in ppm and 

coupling constants (J) in Hz. NMR Spectra recorded in CDCl3 were referenced to 

tetramethylsilane at 0 ppm for 1H or referenced to residual CHCl3 at 77.16 ppm for 13C. 

The following abbreviations are used: m (multiplet), s (singlet), d (doublet), t (triplet), 

q (quartet), dd (doublet of doublets), etc. Photoluminescence spectra were measured on 

a Horiba Fluoremax-4 PLUS spectrofluorometer (HORIBA Instruments Incorporated, 

Edison, USA) with a xenon lamp as an excitation light source. The high resolution mass 

spectra (HRMS) were measured on a Bruker Daltonics APEX II 47e spectrometer by 

ESI. Irradiation with blue light was performed using TaoYuan LED (3W, λmax = 440 

nm, 145 lm @1200mA).

Substrates Preparation

Aromatic β-ketoesters,1 α‑fluoro-β-enamino esters 1,2 N-aryl enamine 3,3 α‑chloro-β-

enamino esters 44 and α‑bromo-β-enamino esters 54 were synthesized according to the 

literature and the NMR spectroscopy was consisted with those data.

General Experimental Procedure

1 2

1 mol % 4CzIPN
100 mol % NaHCO3

DMF (0.025 M), Ar, rt, 24 h
blue LEDs

Ar1 Ar1
N
H

Ar2

COOR

N
H

Ar2

COOR

F

A 10 mL Pyrex tube equipped with a magnetic stir bar was charged with α‑fluoro-β-

enamino esters 1 (0.1 mmol), NaHCO3 (0.1 mmol) and 4CzIPN (1 mol%) in DMF (4.0 

mL). The mixture was bubbled with a stream of Argon for about 0.5 h. The sample was 

then irradiated by 3 W blue LEDs (λmax = 440 nm) for 24 h. Upon completion of the 
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reaction, the solvent was then removed under vacuum (under high vacuum to remove 

DMF). The residue was purified with chromatography column on silica gel using 

mixtures of ethyl acetate and petroleum to give the corresponding products. The identity 

and purity of the product was confirmed by 1H NMR, 13C NMR or 19F NMR 

spectroscopic analysis.

1 mmol Scale Synthesis of 2a

1a, 1 mmol 2a, 75%

1 mol % 4CzIPN
100 mol % NaHCO3

DMF (0.025 M), Ar, rt, 24 h
blue LEDs

N
H

Ph

CO2Et

N
H

Ph

CO2Et

F

A 100 mL Pyrex tube equipped with a magnetic stir bar was charged with α‑fluoro-β-

enamino esters 1a (1 mmol), NaHCO3 (1 mmol) and 4CzIPN (1 mol%) in DMF (40 

mL). The mixture was bubbled with a stream of Argon for about 0.5 h. The reaction 

was stirred and irradiated using a 10 W Kessil blue LED lamp (PR160-456 nm, 25% 

intensity, 4 cm away) for 24 h. After reaction, the solution was extracted with ethyl 

acetate. Then the organic phase was combined together and washed with brine and dried 

over anhydrous sodium sulphate. Upon removal of solvent under vacuum, the residue 

was purified by chromatography on silica gel to get the products 2a (199.0 mg, 75%).

The Procedure for Synthesis of D5-1a 

toluene, 100 oC, 24 hPh

O
CO2Et

F NH2

D
DD

D
D

+
p-TsOH (0.1 eq.)

N
H

Ph

CO2Et

F

D

D
D

D
D

D5-1a

With the preceding procedure2 above using ethyl 2-fluoro-3-oxo-3-phenylpropanoate 

(210 mg, 1.0 mmol), aniline-2,3,4,5,6-d5 (98 mg, 1.0 mmol) and p-TsOH (0.1 eq., 0.1 

mmol) in toluene (2 mL), desired D5-1a (101 mg, 0.4 mmol, 35%) was obtained as a 

pale yellow solid (132 mg, 35%). 1H NMR (400 MHz, CDCl3): δ 9.12 (s, 1H), 7.41 – 7.44 

(m, 2H), 7.34 – 7.36 (m, 3H), 4.36 (q, J = 7.2 Hz, 2H), 1.39 (q, J = 7.2 Hz, 3H).
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Competing Kinetic Isotope Effect (KIE) Experiments 

N
H

Ph

CO2Et N
H

Ph

CO2Et

F + standard conditions

0.05 mmol
D5-1a

0.05 mmol

D

D
D

D
D

1a N
H

Ph

CO2EtD
D

D
D

+

t = 3 h
KH/KD = 1.2

yield  15%

2a D4-2a

Fig. S1 Intermolecular KIE with D5-1a and 1a

Spectroscopic Studies

a) UV/Vis absorption spectrum

Fig. S2 UV/Vis absorption spectra of 4CzIPN (1×10 -5 M), α‑fluoro-β-enamino esters 1a (1×10 -5 M) in DMF.

N
H

Ph

CO2Et

N
H

Ph

CO2EtD
D

D
D

+

2a D4-2a
H

2a:D4-2a = 1.2:1
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b) Fluorescence excitation spectrum

Fig. S3 Excitation spectra of α‑fluoro-β-enamino esters 1a (1×10 -4 M) in DMF at room temperature.

c) Fluorescence emission spectrum

Fig. S4 Emission spectra of α‑fluoro-β-enamino esters 1a (1×10 -4 M) in DMF at room temperature with excitation 

at 311 nm.
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d) Phosphorescence spectrum

Fig. S5 Phosphorescence spectra of α‑fluoro-β-enamino esters 1a (1×10 -3 M) in 2-MeTHF glass at 77 K recorded 

2 ms pulsed excitation at 335 nm.

e) Fluorescence quenching study of 4CzIPN in DMF

Fig. S6 Luminescence spectra of 4CzIPN (1 × 10−4 M) with α‑fluoro-β-enamino esters 1a (25 mM) in degassed 

DMF with excitation at 360 nm.
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Cyclic Voltammetry Measurements

Fig. S7 CV spectra of α‑fluoro-β-enamino esters 1a (5 × 10−3 M) and 0.1 M NBu4PF6 in CH3CN with scan rate 

100 mV/s.

 

Fig. S8 CV spectra of α‑fluoro-β-enamino esters 1a (5 × 10−3 M), NaHCO3 (5 × 10−3 M) and 0.1 M NBu4PF6 in 

CH3CN with scan rate 100 mV/s.
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Fig. S9 1H NMR spectra of the reaction mixture in DMF-d7 after irradiated by blue LEDs (λmax = 440 nm) for 

0 and 2 minutes (DMF-d7, 600 MHz).
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Fig. S10 1H NMR spectra of ethyl 2-fluoro-3-oxo-3-phenylpropanoate (DMF-d7, 600 MHz).
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The Spectra Data of Products

Ethyl 2-phenyl-1H-indole-3-carboxylate (2a)5

N
H

Ph

CO2Et

White solid; yield 23.9 mg, 90%; Rf = 0.34 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.63 (s, 1H), 8.23 (m, 1H), 7.62 – 7.69 (m, 2H), 7.41 – 7.45 (m, 3H), 7.36 (m, 

1H), 7.25 – 7.29 (m, 2H), 4.28 (q, J = 7.2 Hz, 2H), 1.30 (t, J = 7.2 Hz, 3H); 13C NMR 

(101 MHz, CDCl3) δ 165.52, 144.64, 135.25, 132.14, 129.72, 129.29, 128.22, 127.71, 

123.31, 122.27, 122.19, 111.16, 104.79, 59.85, 14.43; ESI-HRMS Calcd for 

C17H16NO2
+ [M+H]+ 266.1176, found 266.1181.

Ethyl 2-phenyl-1H-indole-3-carboxylate (2b)5

N
H

Ph

CO2Et
MeO

Brown solid; yield 26.4 mg, 90%; Rf = 0.30 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.69 (s, 1H), 7.73 (d, J = 2.4 Hz, 1H), 7.59 – 7.62 (m, 2H), 7.39 – 7.41 (m, 

3H), 7.24 (d, J = 8.8 Hz, 1H), 6.89 (dd, J = 8.8, 2.4 Hz, 1H), 4.26 (q, J = 7.2 Hz, 2H), 

3.88 (s, 3H), 1.27 (t, J = 7.2 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 165.63, 155.85, 

144.90, 132.30, 130.30, 129.68, 129.66, 129.15, 128.66, 128.13, 113.55, 112.00, 

103.68, 59.72, 55.81, 14.36; ESI-HRMS Calcd for C18H18NO3
+ [M+H]+ 296.1281, 

found 296.1285.

Ethyl 5-methyl-2-phenyl-1H-indole-3-carboxylate (2c)5

N
H

Ph

CO2Et
Me

Yellow solid; yield 27.1 mg, 97%; Rf = 0.39 (PE/EtOAc = 8:1); 1H NMR (400 MHz, 

CDCl3) δ 8.51 (s, 1H), 8.03 (s, 1H), 7.61 – 7.64 (m, 2H), 7.41 – 7.44 (m, 3H), 7.24 (m, 



S12

1H), 7.08 (d, J = 8.4 Hz, 1H), 4.28 (q, J = 7.2 Hz, 2H), 2.50 (s, 3H), 1.29 (t, J = 7.1 Hz, 

3H); 13C NMR (101 MHz, CDCl3) δ 165.59, 144.54, 133.59, 132.36, 131.65, 129.71, 

129.18, 128.18, 128.04, 124.86, 121.89, 110.77, 104.37, 59.76, 21.88, 14.44; ESI-

HRMS Calcd for C18H18NO2
+ [M+H]+ 280.1332, found 280.1337.

Ethyl 5-isopropyl-2-phenyl-1H-indole-3-carboxylate (2d) (new compound)

N
H

Ph

CO2Et

Brown solid; yield 29.7 mg, 97%; Rf = 0.43 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.56 (s, 1H), 8.10 (s, 1H), 7.60 –7.62 (m, 2H), 7.40 –7.43 (m, 3H), 7.29 (d, J 

= 8.4 Hz, 1H), 7.10 – 7.16 (m, 1H), 4.28 (q, J = 7.2 Hz, 2H), 3.06 (m, 1H), 1.33 (d, J = 

6.8 Hz, 6H), 1.29 (t, J = 7.2 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 165.63, 144.65, 

143.08, 133.87, 132.42, 129.71, 129.16, 128.18, 127.95, 122.52, 119.22, 110.94, 

104.59, 59.74, 34.58, 24.73, 14.39; ESI-HRMS Calcd for C20H22NO2
+ [M+H]+ 

308.1645, found 308.1649.

Ethyl 5-butyl-2-phenyl-1H-indole-3-carboxylate (2e) (new compound)

N
H

CO2Et

Ph

Yellow solid; yield 26.4 mg, 82%; Rf = 0.39 (PE/EtOAc = 8:1); 1H NMR (400 MHz, 

CDCl3) δ 8.47 (s, 1H), 8.04 (s, 1H), 7.62 (d, J = 3.4 Hz, 2H), 7.42 (d, J = 1.9 Hz, 3H), 

7.29 (s, 1H), 7.10 (dd, J = 8.3, 1.6 Hz, 1H), 4.29 (q, J = 7.3 Hz, 2H), 2.75 (t, J = 7.7 

Hz, 2H), 1.68 (t, J = 7.7 Hz, 2H), 1.40 (q, J = 7.4 Hz, 2H), 1.31 – 1.27 (m, 3H), 0.95 (t, 

J = 7.3 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 165.59, 144.51, 136.96, 133.74, 

132.42, 129.72, 129.19, 128.20, 128.01, 124.38, 121.37, 110.76, 104.53, 59.75, 36.11, 

34.53, 22.53, 14.42, 14.17; ESI-HRMS Calcd for C21H24NO2
+ [M+H]+ 322.1802, 

found 322.1808.
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Ethyl 5-(tert-butyl)-2-phenyl-1H-indole-3-carboxylate (2f)6

N
H

CO2Et

Ph

Yellow solid; yield 29.3 mg, 92%; Rf =0.43 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.57 (s, 1H), 8.27 (d, J = 0.9 Hz, 1H), 7.63 – 7.57 (m, 2H), 7.38 (q, J = 2.6, 

1.8 Hz, 3H), 7.35 – 7.26 (m, 2H), 4.26 (q, J = 7.1 Hz, 2H), 1.41 (s, 9H), 1.31 – 1.27 (m, 

3H); 13C NMR (101 MHz, CDCl3) δ 165.66, 145.23, 144.74, 133.46, 132.36, 129.69, 

129.16, 128.17, 127.59, 121.59, 118.12, 110.67, 104.69, 59.73, 34.99, 31.98, 14.36; 

ESI-HRMS Calcd for C21H24NO2
+ [M+H]+ 322.1802, found 322.1808.

Ethyl 5-fluoro-2-phenyl-1H-indole-3-carboxylate (2g)5

N
H

CO2Et

Ph
F

White solid; yield 27.0 mg, 96%; Rf = 0.32 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.73 (s, 1H), 7.86 (dd, J = 10.1, 2.6 Hz, 1H), 7.64 – 7.58 (m, 2H), 7.43 – 7.37 

(m, 3H), 7.26 (d, J = 6.1 Hz, 1H), 6.99 (td, J = 9.0, 2.6 Hz, 1H), 4.27 (q, J = 7.1 Hz, 

2H), 1.30 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 165.25, 159.34 (d, 1JC, F 

= 237.5 Hz), 146.14, 131.78 (d, 3JC, F = 7.7 Hz), 129.64, 129.48, 128.50 (d, 2JC, F = 11.2 

Hz), 128.25, 112.02, 111.92, 111.68 (d, 2JC, F = 26.4 Hz), 107.59 (d, 2JC, F = 25.5 Hz), 

104.98 (d, 3JC, F = 4.5 Hz), 59.98, 14.42; 19F NMR (565 MHz, CDCl3) δ -121.22 (s, 1F); 

ESI-HRMS Calcd for C17H15FNO2
+ [M+H]+ 284.1081, found 184.1086.

Ethyl 5-chloro-2-phenyl-1H-indole-3-carboxylate (2h)5

N
H

CO2Et

Ph
Cl

Pale yellow solid; yield 21.9 mg, 73%; Rf = 0.33 (PE/EtOAc = 5:1); 1H NMR (400 

MHz, CDCl3) δ 8.77 (s, 1H), 8.19 (s, 1H), 7.64 – 7.57 (m, 2H), 7.43 – 7.38 (m, 3H), 

7.24 – 7.18 (m, 2H), 4.32 – 4.22 (m, 2H), 1.30 (td, J = 7.1, 2.3 Hz, 3H); 13C NMR (101 
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MHz, CDCl3) δ 165.11, 145.76, 133.64, 131.67, 129.67, 129.54, 128.97, 128.84, 

128.27, 127.91, 123.65, 121.84, 112.22, 60.05, 14.43; ESI-HRMS Calcd for 

C17H15ClNO2
+ [M+H]+ 300.0786, found 300.0790.

Ethyl 5-bromo-2-phenyl-1H-indole-3-carboxylate (2i)5

N
H

CO2Et

Ph
Br

Yellow solid; yield 33.1 mg, 96%; Rf =0.35 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.79 (s, 1H), 8.35 (s, 1H), 7.60 (dd, J = 6.6, 3.0 Hz, 2H), 7.41 (dd, J = 2.7, 

0.9 Hz, 3H), 7.33 (dd, J = 8.5, 1.9 Hz, 1H), 7.20 (d, J = 8.7 Hz, 1H), 4.31 – 4.23 (m, 

2H), 1.32 – 1.28 (m, 3H); 13C NMR (101 MHz, CDCl3) δ 165.09, 145.57, 133.91, 

131.59, 129.66, 129.55, 129.38, 128.26, 126.23, 124.87, 115.64, 112.64, 104.39, 60.07, 

14.42; ESI-HRMS Calcd for C17H15BrNO2
+ [M+H]+ 344.0281, found 344.0286.

Ethyl 2-phenyl-5-(trifluoromethyl)-1H-indole-3-carboxylate (2j)5

N
H

CO2Et

Ph
F3C

Pale yellow solid; yield 24.6 mg, 74%; Rf = 0.32 (PE/EtOAc = 5:1); 1H NMR (400 

MHz, CDCl3) δ 8.82 (s, 1H), 8.54 (d, J = 0.8 Hz, 1H), 7.69 – 7.62 (m, 2H), 7.51 – 7.43 

(m, 5H), 4.32 (q, J = 7.2 Hz, 2H), 1.33 (t, J = 7.2 Hz, 3H); 13C NMR (101 MHz, CDCl3) 

δ 165.10, 146.24, 136.64, 131.38, 130.82, 129.66, 128.30, 127.99, 127.17, 124.45 (q, 
2JC, F = 31.5 Hz),125.30 (q, 1JC, F = 272.5 Hz), 119.97 (q, 3JC, F = 4.4 Hz) , 111.60, 105.36, 

60.23, 14.33; 19F NMR (565 MHz, CDCl3) δ -60.69 (s, 3F); ESI-HRMS Calcd for 

C18H15F3NO2
+ [M+H]+ 344.1049, found 344.1049.

Ethyl 2-phenyl-5-((trifluoromethyl)thio)-1H-indole-3-carboxylate (2k) (new 

compound)
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N
H

CO2Et

Ph
F3CS

Pale yellow solid; yield 17.6mg, 48%; Rf = 0.35 (PE/EtOAc =5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.84 (s, 1H), 8.55 (s, 1H), 7.67 – 7.58 (m, 2H), 7.54 – 7.49 (m, 1H), 7.46 – 

7.41 (m, 3H), 7.40 – 7.36 (m, 1H), 4.31 (q, J = 7.2 Hz, 2H), 1.32 (t, J = 7.2 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 165.13, 146.09, 136.35, 131.46, 131.31, 130.96, 130.0 

(q, 1JC, F = 306.5 Hz), 129.68, 129.60, 128.41, 128.28, 116.90, 112.24, 104.91, 60.25, 

14.33; 19F NMR (565 MHz, CDCl3) δ -43.55 (s, 3F); ESI-HRMS Calcd for 

C18H15F3NO2S+ [M+H]+ 366.0770, found 366.0777.

Ethyl 7-methyl-2-phenyl-1H-indole-3-carboxylate (2l)5

N
H

CO2Et

Ph

Me

Pale yellow solid; yield 23.8 mg, 85%; Rf = 0.43 (PE/EtOAc =5:1); 1H NMR (400 

MHz, CDCl3) δ 8.45 (s, 1H), 8.07 (d, J = 8.1 Hz, 1H), 7.67 – 7.62 (m, 2H), 7.43 (dt, J 

= 5.4, 2.9 Hz, 3H), 7.19 (t, J = 7.6 Hz, 1H), 7.07 (d, J = 7.2 Hz, 1H), 4.32 – 4.26 (m, 

2H), 2.50 (s, 3H), 1.34 – 1.29 (m, 3H); 13C NMR (101 MHz, CDCl3) δ 165.51, 144.29, 

134.81, 132.38, 129.78, 129.25, 128.23, 127.32, 123.93, 122.40, 120.26, 119.98, 

105.39, 59.79, 16.66, 14.43; ESI-HRMS Calcd for C18H18NO2
+ [M+H]+ 280.1332, 

found 280.1338.

Ethyl 4-methyl-2-phenyl-1H-indole-3-carboxylate (2m) and Ethyl 6-methyl-2-

phenyl-1H-indole-3-carboxylate (2m')7

N
H

CO2Et

Ph
MeN

H

CO2Et

Ph

Me

+

2m: 2m' = 2.0:1
2m 2m'

White solid; yield 26.5 mg, 95%; Rf = 0.33 (PE/EtOAc =8:1); 1H NMR (400 MHz, 
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CDCl3) δ 8.49 (s, 3H), 8.08 (d, J = 8.0 Hz, 1H2m), 7.62 – 7.60 (m, 2H2m), 7.53 –7.51 

(m, 4H2m+2m'), 7.42 – 7.39 (m, 10H2m+2m'), 7.20 – 7.08 (m, 5H2m+2m'), 6.99 (d, J = 7.2 

Hz, 2H2m), 4.27 (q, J = 7.2 Hz, 2H2m'), 4.21 (q, J = 7.2 Hz, 4H2m), 2.66 (s, 6H2m), 2.45 

(s, 3H2m'), 1.29 (t, J = 7.2 Hz, 3H2m'), 1.15 (t, J = 7.2 Hz, 6H2m); 13C NMR (101 MHz, 

CDCl3) δ 167.10, 165.59, 144.03, 140.90, 135.70, 135.68, 133.24, 132.43, 132.27, 

131.54, 129.69, 129.14, 128.84, 128.82, 128.50, 128.18, 125.86, 125.54, 123.92, 

123.52, 123.40, 121.89, 111.04, 108.95, 60.66, 59.78, 21.79, 21.25, 14.44, 14.05; ESI-

HRMS Calcd for C18H18NO2
+ [M+H]+ 280.1332, found 280.1336.

Ethyl 4,5,6-trimethoxy-2-phenyl-1H-indole-3-carboxylate (2n)5

N
H

CO2Et

Ph
MeO

OMe

MeO

Yellow solid; yield 33.1 mg, 93%; Rf =0.38 (PE/EtOAc = 2:1); 1H NMR (400 MHz, 

CDCl3) δ 8.48 (s, 1H), 7.55 – 7.49 (m, 2H), 7.38 (q, J = 7.4, 6.1 Hz, 3H), 6.62 (s, 1H), 

4.27 (q, J = 7.2 Hz, 2H), 4.00 (s, 3H), 3.88 (s, 3H), 3.83 (s, 3H), 1.21 (t, J = 7.1 Hz, 

3H); 13C NMR (101 MHz, CDCl3) δ 166.46, 151.97, 146.72, 139.28, 138.47, 132.56, 

132.20, 128.61, 128.53, 128.50, 128.49, 114.98, 106.23, 90.04, 61.46, 60.72, 56.26, 

14.17; ESI-HRMS Calcd for C20H22NO5
+ [M+H]+ 356.1492, found 356.1497.

Ethyl 4,6-dimethyl-2-phenyl-1H-indole-3-carboxylate (2o)8

N
H

Ph

CO2EtMe

Me

Yellow solid; yield 19.9 mg, 68%; Rf =0.47 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.33 (s, 1H), 7.52 (d, J = 7.2 Hz, 2H), 7.40 (d, J = 6.9 Hz, 3H), 6.97 (s, 1H), 

6.83 (s, 1H), 4.21 (q, J = 7.1 Hz, 2H), 2.63 (s, 3H), 2.40 (s, 3H), 1.14 (t, J = 7.2 Hz, 

3H); 13C NMR (101 MHz, CDCl3) δ 167.02, 140.48, 136.21, 133.31, 132.67, 131.19, 

128.84, 128.70, 128.46, 125.47, 123.77, 108.77, 107.27, 60.55, 21.57, 21.21, 14.05; 

ESI-HRMS Calcd for C19H20NO2
+ [M+H]+ 294.1489, found 294.1493.
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Ethyl 2-(4-methoxyphenyl)-1H-indole-3-carboxylate (2p)5

N
H

CO2Et

O

Pale yellow solid; yield 27.2 mg, 92%; Rf = 0.48 (PE/EtOAc =3:1); 1H NMR (400 

MHz, CDCl3) δ 8.68 (s, 1H), 8.19 (d, J = 7.1 Hz, 1H), 7.56 (d, J = 8.9 Hz, 2H), 7.36 – 

7.28 (m, 1H), 7.25 (d, J = 3.8 Hz, 2H), 6.89 (d, J = 8.9 Hz, 2H), 4.29 (q, J = 7.1 Hz, 

2H), 3.79 (s, 3H), 1.33 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 165.75, 

160.39, 144.87, 135.18, 131.05, 127.79, 124.28, 123.04, 122.15, 122.04, 113.64, 

111.10, 104.13, 59.80, 55.42, 14.52; ESI-HRMS Calcd for C18H18NO3
+ [M+H]+ 

296.1281, found 296.1285.

Ethyl 2-(p-tolyl)-1H-indole-3-carboxylate (2q)5

N
H

CO2Et

Me

White solid; yield 24.0 mg, 86%; Rf = 0.33 (PE/EtOAc =8:1); 1H NMR (400 MHz, 

CDCl3) δ 8.62 (s, 1H), 8.22 – 8.14 (m, 1H), 7.50 (d, J = 8.0 Hz, 2H), 7.31 (dd, J = 6.2, 

2.2 Hz, 1H), 7.27 – 7.23 (m, 1H), 7.21 (d, J = 4.3 Hz, 1H), 7.18 (d, J = 7.9 Hz, 2H), 

4.32 – 4.23 (m, 2H), 2.35 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H); 13C NMR (101 MHz, CDCl3) 

δ 165.63, 144.96, 139.36, 135.21, 129.56, 129.12, 128.92, 127.76, 123.13, 122.20, 

122.07, 111.12, 104.47, 59.80, 21.51, 14.49; ESI-HRMS Calcd for C18H18NO2
+ 

[M+H]+ 280.1332, found 280.1337.

Ethyl 2-(4-fluorophenyl)-1H-indole-3-carboxylate (2r)5

N
H

CO2Et

F

White solid; yield 23.6 mg, 84%; Rf = 0.40 (PE/EtOAc =5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.64 (s, 1H), 8.25 – 8.16 (m, 1H), 7.61 (dd, J = 7.7, 5.4 Hz, 2H), 7.38 – 7.34 
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(m, 1H), 7.28 (t, J = 5.5 Hz, 2H), 7.10 (t, J = 8.2 Hz, 2H), 4.29 (q, J = 7.3 Hz, 2H), 1.32 

(t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) 165.50, 163.36 (d, 1JC, F = 250.6 Hz), 

143.56, 135.24, 131.67 (d, 3JC, F = 8.4 Hz), 128.18 (d, 4JC, F = 3.7 Hz), 127.61, 123.47, 

122.32 (2C), 115.32 (d, 2JC, F = 21.9 Hz), 111.15, 104.97, 59.93, 14.46; 19F NMR (565 

MHz, CDCl3) δ -111.60 (s, 1F); ESI-HRMS Calcd for C17H15FNO2
+ [M+H]+ 

284.1081, found 284.1081.

Ethyl 2-(4-cyanophenyl)-1H-indole-3-carboxylate (2s)9

N
H

CO2Et

CN

Yellow solid; yield 16.1 mg, 56%; Rf =0.34 (PE/EtOAc = 3:1); 1H NMR (400 MHz, 

CDCl3) δ 8.75 (s, 1H), 8.27–8.17 (m, 1H), 7.78 (d, J = 8.4 Hz, 2H), 7.70 (d, J = 8.4 Hz, 

2H), 7.43–7.40 (m, 1H), 7.34–7.29 (m, 2H), 4.33 (q, J = 7.1 Hz, 2H), 1.35 (t, J = 7.1 

Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 165.16, 141.74, 136.67, 135.58, 132.77, 

131.93, 130.51, 129.38, 127.39, 124.17, 122.70, 122.59, 112.70, 111.37, 60.23, 14.47; 

ESI-HRMS Calcd for C18H15N2O2
+ [M+H]+ 291.1128, found 291.1130.

Ethyl 2-(m-tolyl)-1H-indole-3-carboxylate (2t)10

N
H

CO2Et Me

Yellow solid; yield 18.0 mg, 65%; Rf =0.42 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.56 (s, 1H), 8.26 – 8.20 (m, 1H), 7.45 (d, J = 6.2 Hz, 2H), 7.37 – 7.25 (m, 

5H), 4.30 (q, J = 7.1 Hz, 2H), 2.39 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H); 13C NMR (101 

MHz, CDCl3) δ 165.49, 144.76, 137.87, 135.22, 132.10, 130.24, 130.05, 128.15, 

127.83, 126.96, 123.25, 122.28, 122.14, 111.07, 104.76, 59.78, 21.55, 14.44; ESI-

HRMS Calcd for C18H18NO2
+ [M+H]+ 280.1332, found 280.1336.

Ethyl 2-(2-fluorophenyl)-1H-indole-3-carboxylate (2u)11
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N
H

CO2Et

F

White solid; yield 11.3 mg, 40%; Rf = 0.31 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.65 (s, 1H), 8.24 (dd, J = 6.1, 3.1 Hz, 1H), 7.59 (t, J = 7.7 Hz, 1H), 7.46 – 

7.39 (m, 2H), 7.29 (dd, J = 6.1, 3.2 Hz, 2H), 7.25 – 7.14 (m, 2H), 4.29 (q, J = 7.1 Hz, 

2H), 1.29 (d, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 165.15, 160.19 (d, 1JC, F 

= 250.3 Hz), 137.69, 135.43, 132.19 (d, 4JC, F = 2.4 Hz), 131.24 (d, 3JC, F = 8.4 Hz), 

127.19, 123.94 (d, 4JC, F = 3.5 Hz), 123.60, 122.23, 122.22, 120.17 (d, 2JC, F = 14.4 Hz), 

115.90 (d, 2JC, F = 21.9 Hz), 111.19, 106.84, 59.90, 14.36; 19F NMR (565 MHz, CDCl3) 

δ -113.42 (s, 1F); ESI-HRMS Calcd for C17H15FNO2
+ [M+H]+ 284.1081, found 

284.1082.

Ethyl 2-(thiophen-2-yl)-1H-indole-3-carboxylate (2v)12

N
H

CO2Et

S

Brown solid; yield 13.5 mg, 50%; Rf = 0.37 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.57 (s, 1H), 8.24 – 8.17 (m, 1H), 7.88 (d, J = 3.1 Hz, 1H), 7.52 (d, J = 5.0 

Hz, 1H), 7.42 – 7.36 (m, 2H), 7.28 (s, 2H), 4.38 (q, J = 7.1 Hz, 2H), 1.41 (t, J = 7.6 Hz, 

3H); 13C NMR (101 MHz, CDCl3) δ 165.48, 139.28, 134.91, 132.22, 128.56, 127.62, 

126.35, 125.47, 123.35, 122.32, 122.14, 110.89, 104.68, 59.91, 14.51; ESI-HRMS 

Calcd for C15H14NO2S+ [M+H]+ 272.0740, found 272.0742.

Methyl 2-phenyl-1H-indole-3-carboxylate (2w)13

N
H

Ph

CO2Me

Yellow solid; yield 23.7 mg, 94%; Rf =0.37 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.68 (s, 1H), 8.24 – 8.16 (m, 1H), 7.66 – 7.58 (m, 2H), 7.41 (dd, J = 7.4, 2.9 
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Hz, 3H), 7.37 – 7.32 (m, 1H), 7.27 (d, J = 6.3 Hz, 2H), 3.81 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 165.99, 144.77, 135.28, 132.07, 129.65, 129.33, 128.28, 127.65, 

123.35, 122.25, 122.22, 111.20, 104.53, 51.02; ESI-HRMS Calcd for C16H14NO2
+ 

[M+H]+ 252.1019, found 252.1021.

Isopropyl 2-phenyl-1H-indole-3-carboxylate (2x)14

N
H

Ph

CO2i-Pr

Yellow solid; yield 24.7 mg, 89%; Rf =0.43 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.60 (s, 1H), 8.25 – 8.21 (m, 1H), 7.63 (dd, J = 6.5, 3.1 Hz, 2H), 7.43 – 7.40 

(m, 3H), 7.38 – 7.35 (m, 1H), 7.28 (d, J = 7.5 Hz, 2H), 5.20 (p, J = 6.2 Hz, 1H), 1.28 

(d, J = 6.3 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ 165.01, 144.49, 135.27, 132.28, 

130.94, 129.78, 129.23, 128.18, 127.79, 123.27, 122.30, 122.14, 111.12, 67.16, 22.21; 

ESI-HRMS Calcd for C18H18NO2
+ [M+H]+ 280.1332, found 280.1336.

Butyl 2-phenyl-1H-indole-3-carboxylate (2y)14

N
H

Ph

CO2n-Bu

Yellow solid; yield 26.0 mg, 89%; Rf =0.43 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.59 (s, 1H), 8.26 – 8.19 (m, 1H), 7.69 – 7.59 (m, 2H), 7.47–7.40 (m, 3H), 

7.39–7.35 (m, 1H), 7.31 – 7.25 (m, 2H), 4.24 (t, J = 6.6 Hz, 2H), 1.68 – 1.61 (m, 2H), 

1.32 (dt, J = 14.8, 7.2 Hz, 2H), 0.90 (t, J = 7.2 Hz, 3H); 13C NMR (101 MHz, CDCl3) 

δ 165.59, 144.60, 135.26, 132.29, 129.75, 129.27, 128.23, 127.78, 123.32, 122.30, 

122.22, 111.12, 104.96, 63.80, 30.92, 19.46, 13.89; ESI-HRMS Calcd for C19H20NO2
+ 

[M+H]+ 294.1489, found 294.1492.

Tert-butyl 2-phenyl-1H-indole-3-carboxylate (2z)15
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N
H

Ph

CO2t-Bu

Yellow solid; yield 27.4 mg, 94%; Rf =0.45 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.44 (s, 1H), 8.26 – 8.17 (m, 1H), 7.65 – 7.57 (m, 2H), 7.47 – 7.33 (m, 4H), 

7.27 – 7.25 (m, 1H), 7.24 (s, 1H), 1.50 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 164.72, 

143.99, 135.20, 132.61, 129.75, 129.10, 128.24, 127.88, 123.20, 122.22, 122.04, 

111.01, 106.43, 80.18, 28.54; ESI-HRMS Calcd for C19H19NNaO2
+[M+Na]+ 

316.1308, found 316.1308.

Cyclohexyl 2-phenyl-1H-indole-3-carboxylate (2aa) (new compound)

N
H

Ph

CO2Cy

Yellow liquid; yield 13.6 mg, 43%; Rf =0.45 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.62 (s, 1H), 8.25 (d, J = 8.1 Hz, 1H), 7.63 (dd, J = 6.2, 3.0 Hz, 2H), 7.44 – 

7.38 (m, 3H), 7.36 (dd, J = 7.2, 1.8 Hz, 1H), 7.30 – 7.25 (m, 2H), 4.98 (tt, J = 8.8, 3.9 

Hz, 1H), 1.94 – 1.87 (m, 2H), 1.67 (d, J = 9.4 Hz, 2H), 1.54 – 1.44 (m, 3H), 1.37 – 1.25 

(m, 3H); 13C NMR (101 MHz, CDCl3) δ 165.00, 144.52, 135.27, 132.32, 129.76, 

129.20, 128.19, 127.80, 123.24, 122.33, 122.13, 111.13, 105.29, 72.14, 31.94, 25.61, 

23.88; ESI-HRMS Calcd for C21H22NO2
+ [M+H]+ 320.1645, found 320.1648.

Phenethyl 2-phenyl-1H-indole-3-carboxylate (2ab) (new compound)

O

HN

O

Ph

Ph

Yellow solid; yield 26.9 mg, 79%; Rf =0.36 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.57 (s, 1H), 8.08 (d, J = 8.5 Hz, 1H), 7.63 – 7.57 (m, 2H), 7.43 – 7.39 (m, 

3H), 7.34 (d, J = 7.1 Hz, 1H), 7.27 (d, J = 6.8 Hz, 1H), 7.24 – 7.14 (m, 6H), 4.50 – 4.44 

(m, 2H), 2.98 (t, J = 7.0 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 165.38, 144.72, 

138.35, 135.22, 132.17, 130.91, 129.73, 129.36, 129.05, 128.57, 128.28, 127.71, 
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126.52, 123.34, 122.39, 122.20, 111.09, 64.49, 35.31; ESI-HRMS Calcd for 

C23H20NO2
+ [M+H]+ 342.1489, found 342.1490.

Adamantan-2-yl 2-phenyl-1H-indole-3-carboxylate (2ac) (new compound)

O

HN Ph

O

Yellow solid; yield 32.7 mg, 88%; Rf =0.42 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.54 (s, 1H), 8.33 (d, J = 6.9 Hz, 1H), 7.64 (dd, J = 6.8, 2.1 Hz, 2H), 7.45 – 

7.36 (m, 4H), 7.32 – 7.26 (m, 2H), 5.17 (s, 1H), 2.07 (s, 2H), 1.82 (t, J = 20.8 Hz, 8H), 

1.71 (s, 2H), 1.49 (d, J = 12.5 Hz, 2H); 13C NMR (101 MHz, CDCl3) δ 165.06, 144.63, 

135.22, 132.61, 129.74, 129.22, 128.31, 127.78, 123.28, 122.32, 122.22, 111.10, 

105.56, 77.08, 37.66, 36.64, 32.16, 32.09, 27.40, 27.27; ESI-HRMS Calcd for 

C25H26NO2
+ [M+H]+ 372.1958, found 372.1960.

(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl 2-phenyl-1H-indole-3-carboxylate 

(2ad) (new compound)

O

Me

Me Me

O

HN Ph

Yellow liquid; yield 31.8 mg, 85%; Rf =0.33 (PE/EtOAc = 8:1); 1H NMR (400 MHz, 

CDCl3) δ 8.57 (s, 1H), 8.24 (d, J = 7.7 Hz, 1H), 7.65 – 7.61 (m, 2H), 7.44 – 7.40 (m, 

3H), 7.39 – 7.35 (m, 1H), 7.27 (d, J = 3.8 Hz, 2H), 4.86 (td, J = 10.8, 4.2 Hz, 1H), 2.15 

(d, J = 12.2 Hz, 1H), 1.90 – 1.82 (m, 1H), 1.66 (q, J = 4.2 Hz, 2H), 1.47 (s, 1H), 1.35 

(t, J = 11.6 Hz, 1H), 1.09 – 0.98 (m, 2H), 0.89 (d, J = 6.5 Hz, 4H), 0.81 (d, J = 7.0 Hz, 

3H), 0.70 (d, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 165.01, 144.54, 135.25, 

132.39, 129.85, 129.21, 128.12, 127.84, 123.26, 122.43, 122.18, 111.09, 105.27, 73.57, 
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47.35, 41.44, 34.50, 31.56, 26.22, 23.52, 22.20, 21.04, 16.40; ESI-HRMS Calcd for 

C25H30NO2
+ [M+H]+ 376.2271, found 376.2271.

(1R,4S)-1,7,7-trimethylbicyclo[2.2.1]heptan-2-yl 2-phenyl-1H-indole-3-

carboxylate (2ae) (new compound)

Me
Me

MeO

O

HN Ph

Yellow solid; yield 33.9 mg, 91%; Rf =0.43 (PE/EtOAc = 5:1); 1H NMR (400 MHz, 

CDCl3) δ 8.58 (s, 1H), 8.33 – 8.23 (m, 1H), 7.61 – 7.57 (m, 2H), 7.43 – 7.39 (m, 3H), 

7.36 (d, J = 8.5 Hz, 1H), 7.29 – 7.25 (m, 2H), 4.91 (dd, J = 7.6, 4.4 Hz, 1H), 1.87 – 1.78 

(m, 2H), 1.68 (s, 2H), 1.55 (dd, J = 13.0, 3.9 Hz, 1H), 1.25 – 1.06 (m, 2H), 0.87 – 0.80 

(m, 9H); 13C NMR (101 MHz, CDCl3) δ 165.37, 144.69, 135.18, 132.48, 129.78, 

129.23, 128.33, 127.67, 123.21, 122.25, 122.06, 111.11, 105.19, 81.20, 48.91, 46.98, 

45.16, 39.06, 34.38, 27.20, 20.29, 20.25, 12.05; ESI-HRMS Calcd for 

C25H27NNaO2
+[M+Na]+ 396.1934, found 396.1938.
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The NMR Spectra of Starting Materials

N
H

Ph

CO2Et

F

D

D
D

D
D

D5-1a, 1H NMR (400 MHz, CDCl3)



S27

The NMR Spectra of Products
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2b, 1H NMR (400 MHz, CDCl3)
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2c, 1H NMR (400 MHz, CDCl3)
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2d, 1H NMR (400 MHz, CDCl3)
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