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1. General considerations 

All reactions were carried out under air. Acetonitrile was distillated over CaH2 

prior to use. 1H NMR and 13C NMR spectra were measured on a Bruker Avance NMR 

spectrometer (400 MHz or 100 MHz, respectively) in CDCl3 as solvent and recorded 

in ppm relative to internal tetramethylsilane standard. The peak patterns are indicated 

as follows: s, singlet; d, doublet; t, triplet; m, multiplet; q, quartet. The coupling 

constants, J, are reported in Hertz (Hz). High resolution mass spectroscopy data of the 

product were collected on a Waters Micromass GCT instrument. 

 

2. Starting materials 

For this study, 1-methyl-1H-indole (1a) and benzoylformic acid (2a) were 

purchased from commercial sources. N-Protected indoles (1b−l) were prepared from 

substituted indoles with alkyl bromides (iodomethane used for methyl-protected 

reagent).[1] 
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Synthesis of N-Boc-indole (1t) from indole with di-tert-butyl dicarbonate was 

according to the literature.[1] 

N
H

Boc2O

(2.0 equiv)

DMAP (2.0 equiv)

THF, rt N
Boc

1t  

Other α-oxocarboxylic acids (2b−h) were prepared from the oxidation of 

corresponding methyl ketones with SeO2 according to the reported procedure.[2] 
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α-Oxocarboxylic acids (2b−g) are known compounds, and their 1H and 13C NMR 

spectra are matched with literatures.[2] 2-(2,5-Dichlorophenyl)-2-oxoacetic acid (2h) is 

an new compound, and its 1H and 13C NMR data and HRMS are as following. 

OH

O

OCl

Cl  
1H NMR (400 MHz, CDCl3): δ = 10.0 (br, 1H), 7.73 (s, 1H), 7.49 (d, J = 8.4 Hz, 

1H), 7.39 (d, J = 8.8 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ = 184.9, 164.0, 134.1, 

133.8, 133.4, 131.9, 131.6, 131.1. HRMS (EI) ([M]+): Calcd. for C8H4Cl2O3: 217.9537. 

Found 217.9541. 
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3. General procedure 

A 10-mL oven-dried reaction vessel equipped with a magnetic stirrer bar was 

charged with Cu(OAc)2·H2O (60 mg, 0.30 mmol) and benzoylformic acid (2a, 75 mg, 

0.5 mmol). 1-Methyl-1H-indole (1a, 32 mg, 0.25 mmol) and CH3CN (2.0 mL) were 

added to the sealed reaction vessel by syringe. The resulting solution was stirred at 

110 °C for 10 h. After cooling to room temperature, the suspension was diluted with 

ethyl acetate then washed with 0.5 mmol/L NaOH aqueous solution (5.0 mL×3), 

dried over by MgSO4. After the solvent was removed under reduced pressure, the 

residue was purified by column chromatography (silica gel, petroleum ether/ethyl 

acetate= 4:1 to 10:1) to give 3a as an oil. 
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4. Effect of promoter and solvent on the model reactiona (Table S1) 

N
+

Me

OH

O

O

N
Me

O

Solvent ?

1a 2a
3a

Promoter ?

 
Entry Promoter Solvent Yield of 3a (%)b 

1 Cu(OAc)2⋅H2O CH3CN 75 
2 Cu(NO3)2⋅3H2O CH3CN 53 
3 (NH4)2S2O8 CH3CN 41 
4 Ag2CO3 CH3CN 32 
5 CuSO4⋅5H2O CH3CN 32 
6 CuBr2 CH3CN trace 
7 Cu(acac)2 CH3CN trace 
8 Cu(OH)2 CH3CN NR 
9 CuCl⋅2H2O CH3CN NR 
10 Cu CH3CN NR 
11 K2S2O8 CH3CN NR 
12 TBHP CH3CN NR 
13 Cu(OAc)2⋅H2O chlorobenzene 55 
14 Cu(OAc)2⋅H2O methanol 44 
15 Cu(OAc)2⋅H2O dioxane 41 
16 Cu(OAc)2⋅H2O DMSO 35 
17 Cu(OAc)2⋅H2O toluene 30 
18 Cu(OAc)2⋅H2O p-xylene 26 
19 Cu(OAc)2⋅H2O CH3CH2OH 19 
20 Cu(OAc)2⋅H2O EtOAc 13 
21 Cu(OAc)2⋅H2O CH3NO2 trace 
22 Cu(OAc)2⋅H2O DCE trace 
23 Cu(OAc)2⋅H2O THF NR 
24 Cu(OAc)2⋅H2O NMP NR 
25 Cu(OAc)2⋅H2O H2O NR 
26 Cu(OAc)2⋅H2O CH3CN 75c 
27 Cu(OAc)2⋅H2O CH3CN 75d 
28 Cu(OAc)2⋅H2O CH3CN 72e 
29 Cu(OAc)2⋅H2O CH3CN 64f 

a Reaction conditions: N-methylindole (1a, 0.25 mmol), benzoylformic acid (2a, 0.50 
mmol), promoter (0.30 mmol, 1.2 equiv), solvent (2.0 mL), 110 oC, 10 h. b Isolated yields.  
c Cu(OAc)2·H2O (2.0 equiv).  d 120 oC.  e 100 oC.  f  90 oC. 
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5. Characterization data for the products 

 (1-Methyl-1H-indol-3-yl)(phenyl)methanone (3a) 

N

Ph
O

 

Oil.[3] 
1H NMR (400 MHz, CDCl3): δ = 8.45−8.43 (m, 1H), 7.82 (d, J = 7.2 Hz, 2H), 

7.57−7.47 (m, 4H), 7.37−7.35 (m, 3H), 3.84 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

= 190.8, 140.9, 137.8, 137.5, 131.0, 128.6, 128.2, 127.2, 123.6, 122.7, 122.6, 115.6, 

109.5, 33.5. 

 

(1-Ethyl-1H-indol-3-yl)(phenyl)methanone (3b) 

N

Ph
O

 

Yellow oil. 
1H NMR (400 MHz, CDCl3): δ = 8.46−8.44 (m, 1H), 7.83 (d, J = 7.2 Hz, 2H), 

7.60−7.48 (m, 4H), 7.42−7.34 (m, 3H), 4.22 (q, J = 7.2 Hz, 2H), 1.52 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3): δ = 190.8, 141.0, 136.6, 136.1, 131.0, 128.6, 

128.2, 127.4, 123.5, 122.8, 122.6, 115.7, 109.7, 41.7, 15.1. IR (KBr, cm–1): 1621 

(νC=O). HRMS (ESI) ([M+H]+): Calcd. for C17H16NO: 250.1232. Found 250.1234. 

 

(1-Allyl-1H-indol-3-yl)(phenyl)methanone (3c) 

N

Ph
O
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Yellow solid, mp 98.4−99.7 ℃. 
1H NMR (400 MHz, CDCl3): δ = 8.47−8.45 (m, 1H), 7.83 (d, J = 6.8 Hz, 2H), 

7.58−7.47 (m, 4H), 7.39−7.34 (m, 3H), 6.05−5.96 (m, 1H), 5.28 (d, J = 10.0 Hz, 1H), 

5.17 (d, J = 17.2 Hz, 1H), 4.77 (d, J = 5.6 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ = 

190.9, 140.8, 136.9, 136.8, 132.0, 131.1, 128.7, 128.3, 127.3, 123.6, 122.8, 122.7, 

118.5, 115.9, 110.1, 49.4. IR (KBr, cm–1): 1622 (νC=O). HRMS (ESI) ([M+H]+): Calcd. 

for C18H16NO: 262.1232. Found 262.1231. 

 

(1-Butyl-1H-indol-3-yl)(phenyl)methanone (3d) 

N

Ph
O

 
Yellow solid, mp 79.0−80.8 ℃. 
1H NMR (400 MHz, CDCl3): δ = 8.49−8.47 (m, 1H), 7.84 (d, J = 7.2 Hz, 2H), 

7.58−7.48 (m, 4H), 7.42−7.34 (m, 3H), 4.15 (t, J = 6.8 Hz, 2H), 1.89−1.82 (m, 2H), 

1.40−1.34 (m, 2H), 0.96 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ = 190.9, 

140.9, 137.0, 136.8, 131.0, 128.7, 128.3, 127.4, 123.5, 122.8, 122.6, 115.5, 109.9, 

46.9, 31.9, 20.1, 13.6. IR (KBr, cm–1): 1622 (νC=O). HRMS (ESI) ([M+H]+): Calcd. 

for C19H20NO: 278.1545. Found 278.1546. 

 

(1-Benzyl-1H-indol-3-yl)(phenyl)methanone (3e) 

N

Ph
O

Ph  

Yellow solid, mp 148.7−149.9 ℃. 
1H NMR (400 MHz, CDCl3): δ = 8.50 (d, J = 7.6 Hz, 1H), 7.85 (d, J = 7.2 Hz, 2H), 

7.64 (br, 1H), 7.57−7.47 (m, 3H), 7.38−7.29 (m, 6H), 7.16−7.14 (m, 2H), 5.35 (s, 

2H); 13C NMR (100 MHz, CDCl3): δ = 190.9, 140.8, 137.2, 137.1, 135.8, 131.2, 
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129.0, 128.7, 128.3, 128.1, 127.4, 126.8, 123.8, 122.8, 116.1, 110.3, 50.8. IR (KBr, 

cm–1): 1621 (νC=O). HRMS (ESI) ([M+H]+): Calcd. for C22H18NO: 312.1388. Found 

312.1390. 

 

(1,2-Dimethyl-1H-indol-3-yl)(phenyl)methanone (3f) 

N

Ph
O

 

Yellow solid, mp 140.9−141.2 ℃.[3] 
1H NMR (400 MHz, CDCl3): δ = 7.78 (d, J = 7.2 Hz, 2H), 7.58−7.54 (m, 1H), 

7.48−7.45 (m, 2H), 7.37−7.31 (m, 2H), 7.24−7.21 (m, 1H), 7.11−7.07 (m, 1H), 3.71 (s, 

3H), 2.58 (s, 3H); 13C NMR (100 MHz, CDCl3): δ = 192.9, 144.7, 141.5, 136.6, 131.4, 

129.0, 128.2, 127.1, 122.0, 121.4, 120.9, 113.6, 109.1, 29.6, 12.5. 

 

(1,7-Dimethyl-1H-indol-3-yl)(phenyl)methanone (3g) 

N

Ph
O

 

Yellow solid, mp 134.6−135.4 ℃.  
 1H NMR (400 MHz, CDCl3): δ = 8.35 (d, J = 7.6 Hz, 1H), 7.80 (d, J = 7.2 Hz, 2H), 

7.54−7.46 (m, 3H), 7.37 (br, 1H), 7.22−7.18 (m, 1H), 7.03 (d, J = 7.2 Hz, 1H), 4.02 (s, 

3H), 2.74 (s, 3H); 13C NMR (100 MHz, CDCl3): δ = 190.7, 141.0, 139.6, 136.2, 131.0, 

128.6, 128.3, 128.2, 126.3, 122.8, 121.5, 120.7, 115.0, 37.6, 19.5. IR (KBr, cm–1): 

1617 (νC=O). HRMS (ESI) ([M+H]+): Calcd. for C17H16NO: 250.1232. Found 

250.1231. 

 

(5-Methoxy-1-methyl-1H-indol-3-yl)(phenyl)methanone (3h) 
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N

Ph
O

H3CO

 

Yellow oil.[3] 
 1H NMR (400 MHz, CDCl3): δ = 8.00 (d, J = 2.4 Hz, 1H), 7.81 (d, J = 6.8 Hz, 2H), 

7.54−7.46 (m, 4H), 7.23 (d, J = 8.8 Hz, 1H), 7.00−6.97 (m, 1H), 3.92 (s, 3H), 3.78 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ = 190.8, 156.6, 141.0, 137.9, 132.5, 130.9, 

128.5, 128.2, 128.0, 115.1, 114.1, 110.5, 103.9, 55.8, 33.6. 

 

(6-Fluoro-1-methyl-1H-indol-3-yl)(phenyl)methanone (3i) 

N

Ph
O

F
 

Yellow solid, mp 147.2−148.3 ℃. 
1H NMR (400 MHz, CDCl3): δ = 8.39−8.36 (m, 1H), 7.80 (d, J = 7.2 Hz, 2H), 

7.57−7.46 (m, 4H), 7.12−7.06 (m, 1H), 7.04−7.01 (m, 1H), 3.78 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ = 190.6, 160.5 (d, J = 239.6 Hz), 140.6, 138.1 (d, J = 2.8 Hz), 

137.7 (d, J = 11.7 Hz), 131.2, 128.5, 128.3, 123.8 (d, J = 9.8 Hz), 123.5 (d, J = 1.2 

Hz), 115.6, 111.1 (d, J = 23.7 Hz), 96.2 (d, J = 26.2 Hz), 33.5. IR (KBr, cm–1): 1621 

(νC=O). HRMS (ESI) ([M+H]+): Calcd. for C16H13FNO: 254.0981. Found 254.0980. 

 

(5-Chloro-1-methyl-1H-indol-3-yl)(phenyl)methanone (3j) 

N

Ph
O

Cl

 

Yellow solid, mp 150.0−151.6 ℃. 
1H NMR (400 MHz, CDCl3): δ = 8.43 (d, J = 1.12 Hz, 1H), 7.77 (d, J = 7.2 Hz, 2H), 

7.56−7.45 (m, 4H), 7.26−7.23 (m, 2H), 3.80 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 
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= 190.4, 140.4, 138.6, 135.8, 131.2, 128.6, 128.5, 128.3, 128.1, 123.9, 122.1, 115.0, 

110.7, 33.7. IR (KBr, cm–1): 1623 (νC=O). HRMS (ESI) ([M+H]+): Calcd. for 

C16H13ClNO: 270.0686. Found 270.0683. 

 

(5-Bromo-1-methyl-1H-indol-3-yl)(phenyl)methanone (3k) 

N

Ph
O

Br

 

Yellow solid, mp 174.4−175.1 ℃. 
1H NMR (400 MHz, CDCl3): δ = 8.59 (d, J = 1.64 Hz, 1H), 7.76 (d, J = 7.2 Hz, 2H), 

7.56−7.45 (m, 4H), 7.39−7.36 (m, 1H), 7.17 (d, J = 8.8 Hz, 1H), 3.79 (s, 3H); 13C 

NMR (100 MHz, CDCl3): δ = 190.3, 140.4, 138.4, 136.1, 131.2, 128.7, 128.5, 128.3, 

126.5, 125.2, 116.3, 114.9, 111.1, 33.6. IR (KBr, cm–1): 1606 (νC=O). HRMS (ESI) 

([M+H]+): Calcd. for C16H13BrNO: 314.0181. Found 314.0179. 

 

(1-Methyl-1H-pyrrolo[2,3-b]pyridin-3-yl)(phenyl)methanone (3l) 

N N

Ph
O

 

Yellow solid, mp 166.3−166.9 ℃. 
1H NMR (400 MHz, CDCl3): δ = 8.64 (d, J = 8.0 Hz, 1H), 8.43 (d, J = 4.4 Hz, 1H), 

7.80 (d, J = 7.2 Hz, 2H), 7.68 (br, 1H), 7.56−7.46 (m, 3H), 7.28−7.25 (m, 1H), 3.92 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ = 190.5, 148.3, 144.6, 140.0, 137.4, 131.4, 

131.1, 128.6, 128.4, 119.7, 118.5, 113.9, 31.9. IR (KBr, cm–1): 1622 (νC=O). HRMS 

(ESI) ([M+H]+): Calcd. for C15H13N2O: 237.1028. Found 237.1025. 

 

(1-Methyl-1H-indol-3-yl)(p-tolyl)methanone (3m) 
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N

O

 
Yellow solid, mp 134.0−134.9 ℃. 
1H NMR (400 MHz, CDCl3): δ = 8.44−8.42 (m, 1H), 7.74 (d, J = 8.0 Hz, 2H), 7.53 

(br, 1H), 7.36−7.33 (m, 3H), 7.29 (d, J = 8.0 Hz, 2H), 3.83 (s, 3H), 2.45 (s, 3H); 13C 

NMR (100 MHz, CDCl3): δ = 190.6, 141.5, 138.2, 137.55, 137.52, 128.9, 128.8, 

127.2, 123.5, 122.7, 122.5, 115.7, 109.5, 33.4, 21.5. IR (KBr, cm–1): 1618 (νC=O). 

HRMS (ESI) ([M+H]+): Calcd. for C17H16NO: 250.1232. Found 250.1233. 

 

(4-(tert-Butyl)phenyl)(1-methyl-1H-indol-3-yl)methanone (3n) 

N

O

 

Yellow oil. 
1H NMR (400 MHz, CDCl3): δ = 8.48−8.46 (m, 1H), 7.79 (d, J = 8.4 Hz, 2H), 7.57 

(br, 1H), 7.51 (d, J = 8.0 Hz, 2H), 7.36−7.34 (m, 3H), 3.84 (s, 3H), 1.40 (s, 9H); 13C 

NMR (100 MHz, CDCl3): δ = 190.6, 154.5, 138.1, 137.6, 137.5, 128.6, 127.2, 125.2, 

123.5, 122.7, 122.5, 115.7, 109.5, 33.4, 31.2. IR (KBr, cm–1): 1621 (νC=O). HRMS 

(ESI) ([M+H]+): Calcd. for C20H22NO: 292.1701. Found 292.1702. 

 

(4-Fluorophenyl)(1-methyl-1H-indol-3-yl)methanone (3o) 

N

O F

 

Yellow solid, mp 138.8−140.7 ℃. 
1H NMR (400 MHz, CDCl3): δ = 8.42−8.39 (m, 1H), 7.83−7.80 (m, 2H), 7.47 (br, 
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1H), 7.35−7.32 (m, 3H), 7.16−7.12 (m, 2H), 3.81 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ = 189.2, 164.5 (d, J = 249.8 Hz), 137.57, 137.56, 137.0 (d, J = 3.2 Hz), 

131.0, 130.9, 127.1, 123.6, 122.7, 122.5, 115.2 (d, J = 21.5 Hz), 109.7, 33.5. IR (KBr, 

cm–1): 1617 (νC=O). HRMS (ESI) ([M+H]+): Calcd. for C16H13FNO: 254.0981. Found 

254.0987. 

 

(4-Chlorophenyl)(1-methyl-1H-indol-3-yl)methanone (3p) 

N

O Cl

 

Yellow solid, mp 135.2−136.4 ℃. 
1H NMR (400 MHz, CDCl3): δ = 8.41−8.39 (m, 1H), 7.75 (d, J = 8.4 Hz, 2H), 7.49 

(br, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.36−7.33 (m, 3H), 3.83 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ = 189.3, 139.1, 137.7, 137.5, 137.2, 130.0, 128.5, 127.0, 123.7, 

122.8, 122.6, 115.3, 109.7, 33.5. IR (KBr, cm–1): 1616 (νC=O). HRMS (ESI) ([M+H]+): 

Calcd. for C16H13ClNO: 270.0686. Found 270.0690. 

 

(4-Bromophenyl)(1-methyl-1H-indol-3-yl)methanone (3q) 

N

O Br

 

Yellow solid, mp 138.9−141.5 ℃. 
1H NMR (400 MHz, CDCl3): δ = 8.40−8.39 (m, 1H), 7.68 (d, J = 8.4 Hz, 2H), 7.61  

(d, J = 8.4 Hz, 2H), 7.49 (br, 1H), 7.36−7.32 (m, 3H), 3.84 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ = 189.4, 139.6, 137.6, 137.5, 131.5, 130.2, 127.0, 125.7, 123.8, 

122.8, 122.6, 115.3, 109.7, 33.5. IR (KBr, cm–1): 1614 (νC=O). HRMS (ESI) ([M+H]+): 

Calcd. for C16H13BrNO: 314.0181. Found 314.0175. 
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(2-Chlorophenyl)(1-methyl-1H-indol-3-yl)methanone (3r) 

N

O
Cl

 

Yellow solid, mp 164.7−165.5 ℃. 
1H NMR (400 MHz, CDCl3): δ = 8.40−8.38 (m, 1H), 7.47−7.37 (m, 3H), 7.36−7.32 

(m, 4H), 7.29 (br, 1H), 3.77 (s, 3H); 13C NMR (100 MHz, CDCl3): δ = 188.7, 140.5, 

138.8, 137.8, 130.9, 130.3, 130.0, 128.7, 126.48, 126.45, 123.8, 123.0, 122.6, 116.3, 

109.8, 33.5. IR (KBr, cm–1): 1626 (νC=O). HRMS (ESI) ([M+H]+): Calcd. for 

C16H13ClNO: 270.0686. Found 270.0687. 

 

(2,5-Dichlorophenyl)(1-methyl-1H-indol-3-yl)methanone (3s) 

N

O
Cl

Cl

 

Yellow solid, mp 180.2−181.6 ℃. 
1H NMR (400 MHz, CDCl3): δ = 8.38−8.36 (m, 1H), 7.43−7.41 (m, 1H), 7.39−7.34 

(m, 5H), 7.32 (br, 1H), 3.81 (s, 3H); 13C NMR (100 MHz, CDCl3): δ = 186.8, 141.8, 

138.8, 137.8, 132.5, 131.2, 130.3, 129.3, 128.5, 126.3, 124.0, 123.2, 122.5, 115.9, 

109.9, 33.6. IR (KBr, cm–1): 1633 (νC=O). HRMS (ESI) ([M+H]+): Calcd. for 

C16H12Cl2NO: 304.0296. Found 304.0296. 

 

(1H-Indol-3-yl)(phenyl)methanone (3t) 

N
H

Ph
O
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White solid, mp 243.3−244.9 ℃.[4] 
1H NMR (400 MHz, DMSO-d6): δ = 12.0 (s, 1H), 8.24 (d, J = 7.2 Hz, 1H), 7.91 (br, 

1H), 7.77 (d, J = 7.2 Hz, 2H), 7.60−7.50 (m, 4H), 7.25−7.20 (m, 2H); 13C NMR (100 

MHz, DMSO-d6): δ = 190.5, 140.9, 137.1, 136.2, 131.5, 128.86, 128.81, 126.6, 123.6, 

122.3, 121.9, 115.4, 112.7. 
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