
S1 

 

Supporting information  

 

Palladium/Copper-Catalyzed Aerobic Oxidative C-H 

Carbonylation for the Synthesis of o-Aminobenzoates 

Wu Li,† Zhengli Duan,† Ru Jiang† and Aiwen Lei*,†,‡ 

† College of Chemistry and Molecular Sciences, the Institute for Advanced Stdudies (IAS), 

Wuhan University, Wuhan, Hubei 430072, P. R. China. 

‡ National Research Center for Carbohydrate Synthesis, Jiangxi Normal University, Nanchang 

330022, Jiangxi, P. R. China.  

Email: aiwenlei@whu.edu.cn 

Contents 

General Information ……………………………………….....S1 

General Procedure for the Synthesis of o-Aminobenzoates….S3 

Proposed Mechanism……………………………………….....S3 

Characterization of Synthesized Compounds…………………S4 

NMR Spectra………………………………………………...S11 

Reference…………………………………………………….S30 

mailto:aiwenlei@whu.edu.cn


S2 

 

General Information 

All reactions were carried out in oven-dried Schlenk tube under a carbon monoxide atmosphere with a 

balloon. N-Alkyl anilines were synthesized according to literature procedures.1 DMSO was dried and 

distilled from CaH2 under vacuum. Unless otherwise noted, materials were obtained from commercial 

suppliers and used without further purification. Thin layer chromatography (TLC) employed glass 0.25 

mm silica gel plates. Flash chromatography columns were packed with 200-300 mesh silica gel in hexane. 

All new compounds were characterized by 1H NMR, 13C NMR and HRMS. The known compounds were 

characterized by 1H NMR, 13C NMR. 1H and 13C NMR data were recorded with ADVANCE III 400 

MHz with tetramethylsilane as an internal standard. High resolution mass spectra (HRMS) were 

measured with a Waters Micromass GCT instrument. All chemical shifts (δ) are reported in ppm and 

coupling constants (J) in Hz. All chemical shifts werereported relative to tetramethylsilane (0 ppm for 

1H). All chemical shifts are reported relative to tetramethylsilane and d-solvent peaks (77.3 ppm, 

chloroform), respectively. 
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General Procedure for the Synthesis of o-Aminobenzoates: 

General procedure for the palladium/copper-catalyzed aerobic oxidative C-H carbonylation for 

the synthesis of o-aminobenzoates: In an oven-dried Schlenk tube equipped with a stir bar, Pd(OAc)2 

(2.2 mg, 0.01 mmol), Cu(OPiv)2 (31 mg, 0.12 mmol), and KI (17 mg, 0.10 mmol), a balloon filled with 

O2/CO (1:10, 1 atm) was connected to the Schlenk tube by the side tube and purged three times. Then, 

DMSO (0.3 mL), toluene (0.3 mL) and MeCN (0.3 mL) were added to the tube through a syringe 

respectively, and N-alkyl anilienes (0.20 mmol) and ROH (0.40 mmol) were then injected into the tube 

by syringe. The Schlenk tube was heated at 90 oC for 12 h and then cooled to room temperature. After 

the balloon gas was released carefully, the reaction was quenched by saturated potassium carbonate 

solution and extracted with CH2Cl2 three times. The combined organic layer was dried over anhydrous 

Na2SO4 and evaporated in vacuum. The desired products were obtained in the corresponding yields after 

purification by flash chromatography on silica gel with hexane and ethyl acetate. 

Proposed Mechanism: 

Scheme S1. Proposed Mechanism 
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Characterization of Synthesized Compounds 

 

butyl 5-methyl-2-(methylamino)benzoate  

Yield: 82% (36.2 mg), colorless liquid; 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 1.7 Hz, 1H), 7.50 

(s, 1H), 7.24 (dd, J = 8.5, 2.0 Hz, 1H), 6.63 (d, J = 8.5 Hz, 1H), 4.28 (t, J = 6.6 Hz, 2H), 2.92 (s, 3H), 

2.28 (s, 3H), 1.77 (dt, J = 14.6, 6.7 Hz, 2H), 1.50 (dq, J = 14.7, 7.4 Hz, 2H), 1.01 (t, J = 7.4 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) δ 168.8 , 150.2, 135.6, 131.2, 123.2, 110.8, 110.0, 64.0, 30.9, 29.7, 20.2, 19.4, 

13.8. HRMS (ESI+) calculated for C13H19NO2 (M+): 221.1416; found: 221.1418. 

 

methyl 5-methyl-2-(methylamino)benzoate 

Yield: 68% (24.3 mg), colorless liquid; 1H NMR (400 MHz, CDCl3) δ 7.78 (d, J = 1.3 Hz, 1H), 7.56 

(s, 1H), 7.31 (d, J = 1.9 Hz, 1H), 6.81 (d, J = 8.5 Hz, 1H), 3.90 (s, 3H), 2.96 (s, 3H), 2.30 (s, 3H). 13C 

NMR (101 MHz, CDCl3) δ 168.8, 148.0, 135.8, 131.5, 126.1, 113.1, 111.4, 51.7, 31.1, 20.3. HRMS 

(ESI+) calculated for C10H13NO2 (M+): 179.0946; found: 179.0945. 

 

ethyl 5-methyl-2-(methylamino)benzoate 

Yield: 69% (26.6 mg), colorless liquid; 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 1.2 Hz, 1H), 7.51 

(s, 1H), 7.24 (dd, J = 8.5, 1.9 Hz, 1H), 6.63 (d, J = 8.5 Hz, 1H), 4.34 (q, J = 7.1 Hz, 2H), 2.92 (s, 3H), 

2.27 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 168.7, 150.1, 135.6, 131.3, 123.3, 
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110.9, 110.0, 60.2, 29.8, 20.2, 14.4. HRMS (ESI+) calculated for C11H15NO2 (M+): 193.1103; found: 

193.1104. 

 

propyl 5-methyl-2-(methylamino)benzoate 

Yield: 67% (27.7 mg), colorless liquid; 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 1.8 Hz, 1H), 7.50 

(s, 1H), 7.24 (dd, J = 8.5, 1.9 Hz, 1H), 6.63 (d, J = 8.5 Hz, 1H), 4.24 (t, J = 6.7 Hz, 2H), 2.92 (s, 3H), 

2.27 (s, 3H), 1.87 – 1.75 (m, 2H), 1.06 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 168.8, 150.1, 

143.5, 135.6, 131.2, 123.2, 110.9, 110.0, 65.8, 29.8, 22.2, 10.7. HRMS (ESI+) calculated for C12H17NO2 

(M+): 207.1259; found: 207.1256. 

 

heptyl 5-methyl-2-(methylamino)benzoate 

Yield: 73% (38.4 mg), colorless liquid; 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 1.7 Hz, 1H), 7.50 

(s, 1H), 7.24 (dd, J = 8.5, 2.0 Hz, 1H), 6.63 (d, J = 8.5 Hz, 1H), 4.27 (t, J = 6.7 Hz, 2H), 2.92 (s, 3H), 

2.28 (s, 3H), 1.84 – 1.73 (m, 2H), 1.41 (dddd, J = 18.6, 12.4, 7.3, 3.3 Hz, 8H), 0.93 (t, J = 6.8 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 168.8, 150.1, 135.6, 131.3, 123.2, 110.9, 110.0, 64.4, 31.8, 29.8, 29.0, 

28.8, 26.1, 22.6, 20.2, 14.1. HRMS (ESI+) calculated for C16H25NO2 (M+): 263.1885; found: 263.1883. 

 

isobutyl 5-methyl-2-(methylamino)benzoate 

Yield: 76% (33.6 mg), colorless liquid; 1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 1.4 Hz, 1H), 7.51 

(s, 1H), 7.25 (dd, J = 8.5, 2.0 Hz, 1H), 6.63 (d, J = 8.5 Hz, 1H), 4.07 (d, J = 6.6 Hz, 2H), 2.93 (s, 3H), 
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2.29 (s, 3H), 2.11 (dt, J = 13.4, 6.7 Hz, 1H), 1.06 (d, J = 6.7 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 

168.7, 150.2, 135.6, 131.2, 123.2, 110.9, 109.9, 70.3, 29.8, 27.9, 20.3, 19.3. HRMS (ESI+) calculated for 

C13H19NO2 (M+): 221.1416; found: 221.1421. 

 

cyclohexyl 5-methyl-2-(methylamino)benzoate 

Yield: 60% (29.6 mg), colorless liquid; 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 1.8 Hz, 1H), 7.53 

(s, 1H), 7.24 (dd, J = 8.5, 2.0 Hz, 1H), 6.63 (d, J = 8.5 Hz, 1H), 5.06 – 4.89 (m, 1H), 2.92 (s, 3H), 2.28 

(s, 3H), 2.02 – 1.92 (m, 2H), 1.83 (dd, J = 9.6, 3.3 Hz, 2H), 1.67 – 1.56 (m, 3H), 1.53 – 1.34 (m, 3H). 

13C NMR (101 MHz, CDCl3) δ 168.2, 150.2, 135.5, 131.3, 123.2, 110.8, 110.4, 72.3, 31.8, 29.8, 25.6, 

23.8, 20.3. HRMS (ESI+) calculated for C15H21NO2 (M+): 247.1572; found: 247.1574. 

 

benzyl 5-methyl-2-(methylamino)benzoate 

Yield: 85% (43.4 mg), colorless liquid; 1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 1.7 Hz, 1H), 7.53 

(s, 1H), 7.51 – 7.41 (m, 4H), 7.41 – 7.36 (m, 1H), 7.27 (dd, J = 8.6, 2.1 Hz, 1H), 6.65 (d, J = 8.6 Hz, 1H), 

5.36 (s, 2H), 2.94 (s, 3H), 2.28 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 168.4, 150.3, 136.5, 135.9, 131.4, 

128.6, 128.1, 128.0, 123.3, 110.9, 109.5, 65.9, 29.8, 20.2. HRMS (ESI+) calculated for C16H17NO2 (M+): 

255.1259; found: 255.1263. 

 

furan-2-ylmethyl 5-methyl-2-(methylamino)benzoate 

Yield: 88% (43.1 mg), white solid, mp. 47-50 oC; 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 1.6 Hz, 

1H), 7.48 (d, J = 1.0 Hz, 2H), 7.24 (dd, J = 8.5, 2.0 Hz, 1H), 6.62 (d, J = 8.6 Hz, 1H), 6.50 (d, J = 3.2 
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Hz, 1H), 6.42 (dd, J = 3.1, 1.9 Hz, 1H), 5.28 (s, 2H), 2.93 (s, 3H), 2.25 (s, 3H). 13C NMR (101 MHz, 

CDCl3) δ 168.2, 150.3, 150.0, 143.2, 136.0, 131.4, 123.3, 110.8, 110.6, 110.5, 109.3, 57.7, 29.7, 20.2. 

HRMS (ESI+) calculated for C14H15NO3 (M+): 245.1052; found: 245.1053. 

 

Yield: 55% (61.5 mg), white solid, mp. 169-170 oC; 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 1.5 

Hz, 1H), 7.52 (s, 1H), 7.23 (dd, J = 8.5, 2.0 Hz, 1H), 6.62 (d, J = 8.5 Hz, 1H), 5.45 (d, J = 4.6 Hz, 1H), 

5.20 (dd, J = 15.1, 8.6 Hz, 1H), 5.06 (dd, J = 15.1, 8.6 Hz, 1H), 4.89 – 4.73 (m, 1H), 2.92 (s, 3H), 2.48 

(d, J = 7.0 Hz, 2H), 2.28 (s, 3H), 2.13 – 1.90 (m, 5H), 1.84 – 1.69 (m, 2H), 1.64 – 1.45 (m, 8H), 1.34 – 

1.15 (m, 6H), 1.14 – 1.02 (m, 9H), 0.93 – 0.79 (m, 10H), 0.74 (d, J = 4.6 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) δ 168.1, 150.2, 139.9, 138.3, 135.5, 131.3, 129.3, 123.2, 122.6, 110.8, 110.3, 73.8, 56.8, 56.0, 

51.3, 50.1, 42.2, 40.5, 39.7, 38.4, 37.1, 36.7, 32.0, 31.9, 29.7, 28.9, 28.0, 25.4, 24.4, 21.3, 21.1, 21.1, 

20.2, 19.4, 19.0, 12.3, 12.1. HRMS (ESI+) calculated for C38H57NO2 [M+H]+: 560.4468; found: 560.4450. 

 

2,2,2-trifluoroethyl 5-methyl-2-(methylamino)benzoate 

Yield: 77% (38.0 mg), colorless liquid; 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 1.5 Hz, 1H), 7.36 

(s, 1H), 7.31 – 7.26 (m, 1H), 6.65 (d, J = 8.6 Hz, 1H), 4.67 (q, J = 8.5 Hz, 2H), 2.94 (s, 3H), 2.29 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 166.6, 150.7, 136.8, 131.3, 123.6, 111.0, 107.6, 60.5 (q, J = 36.3 Hz), 

29.7, 20.2. 19F NMR (377 MHz, CDCl3) δ -73.56. HRMS (ESI+) calculated for C11H12F3NO2 (M+): 

247.0820; found: 247.0810. 
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Yield: 57% (49.6 mg), white solid, mp. 189-191 oC; 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 1.6 

Hz, 1H), 7.51 (s, 1H), 7.23 (dd, J = 8.5, 2.0 Hz, 1H), 6.62 (d, J = 8.5 Hz, 1H), 5.48 (d, J = 4.7 Hz, 1H), 

4.87 – 4.76 (m, 1H), 2.92 (s, 3H), 2.56 – 2.43 (m, 3H), 2.28 (s, 3H), 2.22 – 2.07 (m, 2H), 1.95 (dddd, J 

= 16.4, 12.7, 9.3, 4.9 Hz, 4H), 1.76 (ddd, J = 16.2, 14.4, 6.4 Hz, 4H), 1.61 – 1.52 (m, 2H), 1.40 – 1.32 

(m, 2H), 1.24 (dd, J = 13.5, 3.1 Hz, 1H), 1.16 – 1.06 (m, 4H), 0.96 – 0.90 (m, 3H). 13C NMR (101 MHz, 

CDCl3) δ 168.1, 150.2, 140.2, 135.6, 131.2, 123.2, 121.8, 110.9, 110.1, 73.5, 51.7, 50.2, 47.6, 38.3, 37.1, 

36.9, 35.9, 31.5, 31.4, 30.8, 29.7, 27.9, 21.9, 20.4, 20.2, 19.5, 13.6. HRMS (ESI+) calculated for 

C28H37NO3 [M+H]+: 436.2852; found: 436.2838. 

 

ethyl 2-(methylamino)benzoate 

Yield: 72% (25.8 mg), colorless liquid; 1H NMR (400 MHz, CDCl3) δ 7.95 (dd, J = 8.0, 1.6 Hz, 1H), 

7.70 (s, 1H), 7.41 (ddd, J = 8.6, 7.1, 1.7 Hz, 1H), 6.70 (d, J = 8.5 Hz, 1H), 6.65 – 6.59 (m, 1H), 4.34 (q, 

J = 7.1 Hz, 2H), 2.94 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 168.7, 152.0, 134.5, 

131.5, 114.3, 110.7, 110.1, 60.2, 29.6, 14.4.  

 

ethyl 5-methoxy-2-(methylamino)benzoate 

Yield: 63% (26.3 mg), colorless liquid; 1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 3.1 Hz, 1H), 7.32 

(s, 1H), 7.09 (dd, J = 9.1, 3.1 Hz, 1H), 6.67 (d, J = 9.1 Hz, 1H), 4.35 (q, J = 7.1 Hz, 2H), 3.80 (s, 3H), 

2.92 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 168.3, 149.1, 147.4, 123.1, 114.7, 
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112.1, 110.0, 60.3, 56.1, 30.0, 14.4. HRMS (ESI+) calculated for C11H15NO3 (M+): 209.1052; found: 

209.1047. 

 

ethyl 4-methoxy-2-(methylamino)benzoate 

Yield: 37% (15.5 mg), colorless liquid; 1H NMR (400 MHz, CDCl3) δ 7.89 (d, J = 8.9 Hz, 1H), 7.81 

(s, 1H), 6.20 (dd, J = 8.9, 2.4 Hz, 1H), 6.11 (d, J = 2.3 Hz, 1H), 4.31 (q, J = 7.1 Hz, 2H), 3.87 (s, 3H), 

2.92 (d, J = 4.8 Hz, 3H), 1.39 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 168.4, 164.8, 154.0, 

133.5, 103.9, 101.5, 94.5, 59.9, 55.1, 29.5, 14.4. HRMS (ESI+) calculated for C11H15NO3 (M+): 209.1052; 

found: 209.1056. 

 

ethyl 4,5-dimethyl-2-(methylamino)benzoate 

Yield: 53% (21.9 mg), white solid, mp. 50-52 oC; 1H NMR (400 MHz, CDCl3) δ 7.69 (s, 1H), 7.46 (s, 

1H), 6.51 (s, 1H), 4.33 (q, J = 7.1 Hz, 2H), 2.92 (s, 3H), 2.29 (s, 3H), 2.19 (s, 3H), 1.40 (t, J = 7.1 Hz, 

3H). 13C NMR (101 MHz, CDCl3) δ 168.7, 150.5, 144.3, 131.7, 122.5, 111.9, 107.8, 60.0, 29.8, 20.7, 

18.6, 14.5. HRMS (ESI+) calculated for C12H17NO2 (M+): 207.1259; found: 207.1266. 

 

ethyl 4-chloro-5-methyl-2-(methylamino)benzoate 

Yield: 52% (23.6 mg), white solid, mp. 44-46 oC; 1H NMR (400 MHz, CDCl3) δ 7.77 (s, 1H), 7.53 (s, 

1H), 6.69 (s, 1H), 4.33 (q, J = 7.1 Hz, 2H), 2.90 (s, 3H), 2.28 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H). 13C NMR 

(101 MHz, CDCl3) δ 168.1, 150.9, 141.1, 133.2, 121.4, 111.0, 108.9, 60.4, 29.7, 18.8, 14.4. HRMS (ESI+) 

calculated for C11H14ClNO2 (M+): 227.0713; found: 227.0714. 
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ethyl 2-(ethylamino)-5-methylbenzoate 

Yield: 58% (24.0 mg), colorless liquid; 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 1.5 Hz, 1H), 7.45 

(s, 1H), 7.21 (dd, J = 8.5, 1.9 Hz, 1H), 6.64 (d, J = 8.6 Hz, 1H), 4.34 (q, J = 7.1 Hz, 2H), 3.24 (dd, J = 

7.0, 4.4 Hz, 2H), 2.27 (s, 3H), 1.42 (t, J = 7.1 Hz, 3H), 1.34 (t, J = 7.2 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) δ 168.7, 149.3, 135.6, 131.3, 123.1, 111.3, 109.7, 60.1, 37.5, 20.2, 14.6, 14.4. HRMS (ESI+) 

calculated for C12H17NO2 (M+): 207.1259; found: 207.1264. 

 

ethyl 5-methyl-2-((3-phenylpropyl)amino)benzoate 

Yield: 61% (36.2 mg), colorless liquid; 1H NMR (400 MHz, CDCl3) δ 7.78 (d, J = 1.8 Hz, 1H), 7.65 

(s, 1H), 7.37 – 7.31 (m, 2H), 7.28 – 7.18 (m, 4H), 6.62 (d, J = 8.6 Hz, 1H), 4.37 (q, J = 7.1 Hz, 2H), 3.24 

(dd, J = 12.2, 6.8 Hz, 2H), 2.86 – 2.74 (m, 2H), 2.29 (s, 3H), 2.12 – 1.99 (m, 2H), 1.44 (t, J = 7.1 Hz, 

3H). 13C NMR (101 MHz, CDCl3) δ 168.8, 149.3, 141.6, 135.6, 131.4, 128.5, 128.4, 125.9, 123.2, 111.4, 

109.9, 60.2, 42.2, 33.3, 30.8, 20.2, 14.5. HRMS (ESI+) calculated for C19H23NO2 (M+): 297.1729; found: 

297.1728. 
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NMR Spectra 
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