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General information
All reactions were carried out under dioxygen atmosphere (1 atm). Column chromatography was 
performed using Silica Gel 60 (particle size 37-54 μm). The pure products were obtained by 
column chromatography using ethyl acetate/petroleum ether as an eluent. GC analysis was 
performed on GC 7820A (Shimadzu). GC-MS results were recorded on GC-MS QP2010 
(Shimadzu). The 1H NMR and 13C NMR data were data were acquired on a Brucker ADVANCE 
III spectrometer (400 MHz for 1H NMR spectroscopy and 100 MHz for 13C NMR spectroscopy). 
Exact mass was conducted by the Analytical Center at Hunan University, China. 

18O experiments
A.

N

85%
(2a-O18/2a-O16 = 1:1)1a

4 equiv NH4OAc
10 equivs H2O18, 10 mol% Cu

1 mL Dioxane, O2, 130 oC, 24 h

Me
2a

Under an oxygen atmosphere (1 atm), 1a (0.2 mmol), NH4OAc (0.8 mmol, dried in vacuum), 
metallic Cu (0.02 mol), H2O18 (2 mmol) and dioxane (1.0 mL, dried by CaH2) were placed into a 
glass tube (25 mL) and sealed. The mixture was heated at 130 oC for 24 hours. The yield and ratio 
were determined by GC and GC-MS.
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B.

43%
2a-O18/2a-O16 = 1.5:1

4 equiv NH4OAc, 10 mol% Cu

1a
1 mL Dioxane, 18O2, 130 oC, 24 h

10 mL tube

N Me

2a

Under an 18O2 atmosphere (1 atm), 1a (0.2 mmol), NH4OAc (0.8 mmol, dried in vacuum), 
metallic Cu (0.02 mol) and dioxane (1.0 mL, dried by CaH2) were placed into a glass tube (10 mL) 
and sealed. The mixture was heated at 130 oC for 24 hours. The yield and ratio were determined 
by GC and GC-MS.



Characterization and analytical data of products

2a1
N

NH2

O

1H NMR (400 MHz, CDCl3) δ 8.32 (b, 2H), 8.13 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 8.0 Hz, 1H), 
7.76-7.80 (m, 1H), 7.62-7.66 (m, 1H), 6.01 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 167.0, 149.3, 
146.6, 137.6, 130.2, 129.8, 129.4, 128.2, 127.8, 118.9.



2b2N

NH2O

1H NMR (400 MHz, DMSO-d6) δ 8.92 (d, J = 4.4 Hz, 1 H), 8.36 (s, 1 H (0.4 H, partial H 
exchanged with DMSO-d6)), 8.16 (d, J = 8.4 Hz, 1 H), 8.07 (d, J = 8.0 Hz, 1 H), 7.91 (s, 1 H (0.4 
H, partial H exchanged with DMSO-d6)), 7.80-7.84 (m, 1 H), 7.66-7.70 (m, 1 H), 7.55 (d, J = 4.4 
Hz, 1 H); 13C NMR (100 MHz, DMSO-d6) δ 169.7 (m), 150.7, 148.0, 142.5 (t), 130.6, 129.4, 
128.1, 125.8, 124.3, 119.4.

2c
N

NH2

O

Me

1H NMR (400 MHz, DMSO-d6) δ 8.43 (d, J = 8.8 Hz, 1H), 8.24 (s, 1H), 8.11 (d, J = 8.8 Hz, 1H), 
8.02 (d, J = 8.4 Hz, 1H), 7.83 (s, 1H), 7.69-7.71 (m, 2H), 3.32 (mixed with DMSO, 3H); 13C NMR 
(100 MHz, DMSO-d6) δ 166.7, 150.1, 145.1, 138.3, 137.3, 133.1, 129.5, 129.3, 127.1, 119.1, 21.7. 
HRMS (EI) m/z: [M] Calcd for C11H10N2O 186.0793, Found 186.0790. m.p. 228-232 oC.

2d
N

NH2

O

H3CO

1H NMR (400 MHz, CDCl3) δ 8.26 (d, J = 8.4 Hz, 1H), 8.19 (d, J = 8.4 Hz, 1H), 8.01 (s, 1 H), 
8.00 (d, J = 9.2 Hz, 1H), 7.42 (dd, J1 = 2.4 Hz, J2 = 9.2 Hz, 1H), 7.12 (d, J = 2.4 Hz, 1H), 5.69 (s, 
1 H), 3.96 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 167.2, 159.1, 147.1, 142.7, 135.9, 131.3, 130.8, 
123.3, 119.3, 104.9, 55.7. HRMS (EI) m/z: [M] Calcd for C11H10N2O2 202.0742, Found 202.0733. 
m.p. 215-218 oC.

2e3

N
NH2

OOCH3

1H NMR (400 MHz, CDCl3) δ 8.33 (d, J = 8.8 Hz, 1H), 8.29 (d, J = 8.8 Hz, 1H), 8.19 (s, 1H), 
7.56 (dd, J1 = 8.0 Hz, J2 = 8.0 Hz, 1H), 7.45 (d, J = 8.4 Hz, 1H), 7.10 (d, J = 7.6 Hz, 1H), 5.85 (s, 
1 H), 4.09 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 167.0, 155.6, 148.3, 138.6, 137.4, 130.6, 128.5, 
119.6, 119.5, 108.4, 56.1.

2f
N

NH2

O

NH2

1H NMR (400 MHz, THF-d8) δ 8.02 (br s, 2H), 7.86 (br s, 1H), 7.58 (br s, 1H), 7.42 (br s, 2H), 



6.77 (s, 1H), 6.40 (br s, 2H); 13C NMR (100 MHz, THF-d8) δ 166.9, 152.8, 151.0, 148.0, 129.7, 
128.9, 124.4, 121.4, 119.3, 100.2. HRMS (EI) m/z: [M] Calcd for C10H9N3O 187.0746, Found 
187.0747. m.p. 232-236 oC.

2g
N

HN

NH2

O

t-Bu

O

1H NMR (400 MHz, CDCl3) δ 8.91 (s, 1H), 8.22 (s, 1H), 8.08 (d, J = 8.8 Hz, 1H), 8.00 (s, 1H), 
7.76 (d, J = 8.0 Hz, 1H), 7.75 (dd, J1 = 8.0 Hz, J2 = 6.4 Hz, 1H), 7.63 (dd, J1 = J2 = 7.6 Hz, 1H), 
5.90 (s, 1 H), 1.45 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 176.8, 166.8, 150.3, 147.3, 142.0, 
131.0, 129.9, 127.9, 121.7, 119.6, 109.9, 40.4, 27.6. HRMS (EI) m/z: [M] Calcd for C15H17N3O2 
271.1321, Found 271.1322. m.p. 233-236 oC.

2h
N

F

NH2

O
1H NMR (400 MHz, CDCl3) δ 8.30 (dd, J1= 8.8 Hz, J2 = 23.2 Hz, 1H), 8.30 (d, J1 = 14.4 Hz, 1H), 
8.13 (dd, J1 = 5.2 Hz, J2 = 9.2 Hz, 1H), 8.02 (s, 1H), 7.49-7.58 (m, 2H), 5.87 (s, 1H); 13C NMR 
(100 MHz, CDCl3) δ 166.7, 161.5 (JF-C = 249.7 Hz), 148.9 ((JF-C = 2.6 Hz), 143.7, 136.8 (JF-C = 
5.6 Hz), 132.5 (JF-C = 9.3 Hz), 130.2 (JF-C = 10.3 Hz), 120.7 (JF-C = 25.9 Hz), 119.6, 110.8 (JF-C = 
21.7 Hz). HRMS (EI) m/z: [M] Calcd for C10H7FN2O 190.0542, Found 190.0538. m.p. 196-199 
oC.

2i4

N
NH2

O

Cl

1H NMR (400 MHz, CDCl3) δ 8.33 (d, J = 8.4 Hz, 1H), 8.24 (d, J = 8.4 Hz, 1H), 8.06 (d, J = 9.2 
Hz, 1H), 8.03 (s, 1H), 7.88 (d, J = 2.0 Hz, 1H), 7.71 (dd, J1 = 2.0 Hz, J2 = 8.8 Hz, 1H), 5.80 (s, 
1H); 13C NMR (100 MHz, CDCl3) δ 166.5, 149.6, 145.0, 136.6, 134.1, 131.4, 131.2, 129.9, 126.4, 
119.8.

2j5

N
NH2

O

Br

1H NMR (400 MHz, DMSO-d6) δ 8.54 (d, J = 8.8 Hz, 1H), 8.40 (d, J = 2.0 Hz, 1H), 8.32 (s, 1 H), 
8.20 (d, J = 8.4 Hz, 1H), 8.06 (d, J = 8.8 Hz, 1H), 7.99 (dd, J1 = 2.0 Hz, J2 = 8.4 Hz, 1H), 7.83 (s, 
1H); 13C NMR (100 MHz, DMSO-d6) δ 166.4, 151.4, 145.1, 137.5, 134.0, 131.9, 130.5, 130.4, 



121.6, 120.0.

2k
N

H3COOC

NH2

O
1H NMR (400 MHz, DMSO-d6) δ 8.78 (s, 1H), 8.77 (d, J = 8.8 Hz, 1H), 8.36 (s, 1H), 8.31 (dd, J1 
= 1.6 Hz, J2 = 8.8 Hz, 1H), 8.22 (d, J = 8.4 Hz, 1H), 8.21 (d, J = 8.8 Hz, 1H), 7.87 (s, 1H), 3.97 (s, 
3H); 13C NMR (100 MHz, DMSO-d6) δ 166.3, 166.2, 152.9, 148.3, 139.8, 131.3, 130.4, 129.7, 
129.1, 128.5, 119.9, 53.0. HRMS (EI) m/z: [M] Calcd for C12H10N2O3 230.0691, Found 230.0683. 
m.p. 254-256 oC.

2l
N

NH2

O

O2N

1H NMR (400 MHz, DMF-d7) δ 9.20 (d, J = 2.4 Hz, 1H), 8.99 (d, J = 8.4 Hz, 1H), 8.63 (dd, J1 = 
2.4 Hz, J2 = 9.2 Hz, 1H), 8.58 (s, 1H), 8.42 (d, J = 8.4 Hz, 1H), 8.35 (d, J = 9.2 Hz, 1H), 7.95 (s, 
1H); 13C NMR (100 MHz, DMF-d7) δ 165.9, 153.9, 148.7, 146.4, 140.3, 131.5, 128.3, 125.1, 
123.7, 120.4. HRMS (EI) m/z: [M] Calcd for C10H7N3O3 217.0487, Found 217.0482. m.p. 285-
298 oC.

2m6

N N
O

NH2
O

H2N
1H NMR (400 MHz, DMF-d7 ) δ 9.20 (s, 2H), 8.96 (d, J = 8.4 Hz, 2H), 8.72 (d, J = 8.4 Hz, 2H), 
8.41 (s, 2H), 7.98 (s, 2H); 13C NMR (100 MHz, DMF-d7) δ 166.6, 150.7, 144.7, 138.3, 130.8, 
128.2, 121.3.

2n7

N

N

NH2

O
1H NMR (400 MHz, CDCl3) δ 9.69 (s, 1H), 8.21 (d, J = 7.6 Hz, 1H), 8.14 (d, J = 8.0 Hz, 1H), 
7.84-7.91 (m, 3H), 6.07 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 165.7, 144.0, 143.9, 143.1, 140.4, 
131.8, 130.9, 129.8, 129.5.

2o8N

S O

NH2
1H NMR (400 MHz, DMF-d7) δ 8.36 (s, 1H), 8.13 (d, J = 7.6 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 
7.99 (s, 1H), 7.44-7.54 (m, 2H); 13C NMR (100 MHz, DMF-d7) δ 165.2, 161.7, 153.4, 137.0, 



127.1, 127.0, 124.3, 123.0.

2p9
N

N O

NH2
Bn

1H NMR (400 MHz, CDCl3) δ 7.78-7.82 (m, 1H), 7.70 (s, 1H), 7.39-7.43 (m, 1H), 7.32-7.36 (m, 
2H), 7.21-7.30 (m, 5H), 6.00 (s, 2H), 5.93 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 161.7, 142.4, 
141.2, 136.7, 136.6, 128.8, 127.8, 127.0, 125.1, 123.8, 120.9, 111.3, 48.7.

2q1

N
NH2

O
1H NMR (400 MHz, CDCl3) δ 8.58 (d, J = 6.4 Hz, 1H), 8.21 (d, J = 8.0 Hz, 1H), 7.85-7.89 (m, 
2H), 7.46 (ddd, J1 = 1.2 Hz, J2 = 4.8 Hz, J3 = 6.0 Hz, 1H), 5.73 (s, 1H); 13C NMR (100 MHz, 
CDCl3) δ 166.7, 149.5, 148.3, 137.3, 126.5, 122.5.

2r10N

S O

NH2
1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 3.2 Hz, 1H), 7.62 (d, J = 3.2 Hz, 1H), 7.18 (s, 1H), 
5.87 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 162.95, 161.63, 143.79, 125.26. 13C NMR (100 MHz, 
CDCl3) δ 162.9, 161.4, 143.8, 125.3.

2s11

N
O

H
N

1H NMR (400 MHz, CDCl3) δ 10.24 (s, 1H), 8.35-8.42 (m, 2H), 8.19 (d, J = 8.4 Hz, 1H), 7.79-
7.92 (m, 4H), 7.65 (dd, J1 = J2 = 8.0 Hz, 1H), 7.42 (dd, J1 = J2 = 8.0 Hz, 2H), 7.17 (t, J = 7.6 Hz, 
1H); 13C NMR (100 MHz, CDCl3) δ 162.2, 149.7, 146.3, 137.9, 137.8, 130.3, 129.7, 129.4, 129.1, 
128.2, 127.8, 124.4, 119.8, 118.8.

2t12

N
O

H
N

1H NMR (400 MHz, CDCl3) δ 10.18 (s, 1H), 8.35-8.41 (m, 2H), 8.18 (d, J = 8.4 Hz, 1H), 7.91 (d, 
J = 8.0 Hz, 1H), 7.80 (dd, J1 = J2 = 8.0 Hz, 1H), 7.74 (d, J = 8.4 Hz, 2H), 7.65 (dd, J1 = J2 = 8.0 
Hz, 1H), 7.22 (d, J = 8.4 Hz, 2H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 162.0, 149.8, 
146.3, 137.8, 135.3, 134.0, 130.3, 129.7, 129.6, 129.4, 128.1, 127.8, 119.8, 119.7, 118.8, 21.0.



2u12

N
NH

O

MeO

1H NMR (400 MHz, CDCl3) δ 10.82 (s, 1H), 8.65 (dd, J1= 1.6 Hz, J2 = 8.0 Hz, 1H), 8.34-8.41 (m, 
2H), 8.21 (d, J = 8.4 Hz, 1H), 7.90 (d, J = 8.4 Hz, 1H), 7.79 (dd, J1 = J2 = 8.0 Hz, 1H), 7.64 (dd, J1 
= J2 = 7.6 Hz, 1H), 7.03-7.13 (m, 2H), 6.96-6.98 (dd, J1= 1.2 Hz, J2 = 8.0 Hz, 1H), 4.02 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 162.2, 150.2, 148.9, 146.4, 137.7, 130.1, 130.0, 129.4, 128.0, 
127.8, 127.7, 124.0, 121.1, 119.8 , 118.8, 110.2, 56.0.

2v12

N
H
N

O

Cl

1H NMR (400 MHz, CDCl3) δ 10.98 (s, 1H), 8.70 (d, J = 8.4 Hz, 1H), 8.38 (br s, 2H), 8.21 (d, J = 
8.4 Hz, 1H), 7.91 (d, J = 8.0 Hz, 1H), 7.81 (dd, J1 = J2 = 8.0 Hz, 1H), 7.66 (dd, J1 = J2 = 7.6 Hz, 
1H), 7.46 (d, J = 8.0 Hz, 1H), 7.36 (dd, J1 = J2 = 8.0 Hz, 1H), 7.09 (ddd, J1 = 1.2 Hz, J2 = 7.6 Hz, 
J2 = 7.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 162.4, 149.5, 146.4, 137.9, 134.8, 130.4, 130.1, 
129.5, 129.3, 128.3, 127.8, 127.7, 124.6, 123.6, 121.0, 118.7.

2w12

N
NH

O

Cl

1H NMR (400 MHz, CDCl3) δ 10.25 (s, 1H), 8.38 (br s, 2H), 8.18 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 
7.6 Hz, 1H), 7.80-7.84 (m, 3H), 7.67 (dd, J1 = J2 = 8.0 Hz, 1H), 7.38 (d, J = 8.8 Hz, 2H); 13C 
NMR (100 MHz, CDCl3) δ 162.2, 149.4, 146.3, 138.0, 136.4, 130.4, 129.7, 129.5, 129.3, 129.2, 
128.3, 127.9, 121.0, 118.7.

2x13

N
NH

O

NO2

1H NMR (400 MHz, CDCl3) δ 10.59 (s, 1H), 8.38-8.43 (m, 2H), 8.31 (d, J = 9.2 Hz, 2H), 8.21 (d, 
J = 8.4 Hz, 1H), 8.04 (d, J = 9.2 Hz, 2H), 7.95 (d, J = 8.4 Hz, 1H), 7.85(dd, J1 = J2 = 8.0 Hz, 1H), 
7.70 (dd, J1 = J2 = 8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 162.6, 148.7, 146.3, 143.7, 143.5, 
138.3, 130.7, 129.7, 129.7, 128.7, 127.9, 125.3, 119.3, 118.7.

2y14

N
H
N

O
1H NMR (400 MHz, CDCl3) δ 8.29-8.33 (m, 2H), 8.11-8.13 (m, 2H), 7.88 (d, J = 8.4 Hz, 1H), 



7.74-7.79 (m, 1H), 7.59-7.63 (m, 1H), 4.30-4.39 (m, 1H), 1.35 (d, J = 6.4 Hz); 13C NMR (100 
MHz, CDCl3) δ 163.6, 150.1, 146.5, 137.4, 130.0, 129.7, 129.3, 127.8, 127.8, 118.9, 41.6, 22.9.

2z15

N
N

O
1H NMR (400 MHz, CDCl3) δ 8.25 (d, J = 8.4 Hz, 1H), 8.11 (d, J = 8.4 Hz, 1H), 7.85 (d, J = 8.0 
Hz, 1H), 7.74-7.78 (m, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.58-7.62 (m, 1H), 3.81 (t, J = 5.2 Hz, 2H), 
3.52 (t, J = 5.2 Hz, 2H), 1.73 (br s, 6H); 13C NMR (100 MHz, CDCl3) δ 167.6, 154.4, 146.8, 137.1, 
130.0, 129.7, 127.9, 127.7, 127.4, 120.4, 48.4, 43.4, 26.5, 25.6, 24.6.

N
O

1H NMR (400 MHz, CDCl3) δ 8.72 (d, J = 4.4 Hz, 1H), 8.02-8.07 (m, 3H), 7.86, 7.90 (m, 1H), 
7.58 (t, J = 7.6 Hz, 1H), 7.46-7.49 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 193.9, 155.1, 148.6, 
137.1, 136.3, 133.0, 131.0, 128.2, 126.2, 124.6.
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Copies of 1H NMR and 13C NMR spectroscopies






















































