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(A) Typical Experimental Procedure  

(a) Synthesis of N-Arylpropiolamides 1: 

Substrates 1 were prepared according to the known procedures.1  

Typical Experimental Procedure: A mixture solution of arylamine (1.0 mmol) and propiolic acids 

(1.1 equiv) in CH2Cl2 was droped into the solution of DCC (1.1 equiv) in CH2Cl2 under ice-bath for 30 

min until complete consumption of starting material as monitored by TLC. After completion, the reaction 

mixture was filtered and concentrated under vacuum. The residue was further purified by flash column 

chromatography on silica gel using ethyl acetate/petroleum ether as eluent to afford the desired N-

arylpropiolamides (1). 

(b) Typical Experimental Procedure for Palladium-Catalyzed CC Bond Cleavage/C-H Bond 

Oxidation Cyclization of N-Arylpropiolamides: 

To a Schlenk tube were added N-arylpropiolamides 1 (0.3 mmol), PdBr2 (10 mol %), CuBr2 (40 

mol %), TEMPO (1.0 equiv) and H2O/dioxane (v/v = 1/4, 3 mL) at 80 oC. Then the tube was recharged 

with O2 (1 atm), and the mixture was stirred at 80 oC (oil bath temperature) for 48 h until complete 

consumption of starting material as monitored by TLC and GC-MS analysis. After the reaction was 

finished, the reaction mixture was diluted in ethyl acetate, and washed with brine. The aqueous phase was 

re-extracted with ethyl acetate. The combined organic extracts were dried over Na2SO4 and concentrated 

in vacuum, and the resulting residue was purified by silica gel column chromatography (hexane/ethyl 

acetate) to afford indoline-2,3-diones.  

(c) Data of the 18O-labeled Experiments Determined by GC-MS Analysis 

Treatment of substrate 1a (0.3 mmol) with H2
18O, PdBr2 (10 mol %), CuBr2 (40 mol %), TEMPO (1.0 

equiv) and O2 (1 atm) in dioxane at 80 oC, afforded the corresponding 18O-containing product 2a-18O, 

which was determined by GC-MS analysis.  
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COOH

Chemical Formula: C7H6O2
Molecular Weight: 122  

50 100 150 200 250 300 350 400 450 500 550
0

50

100

%

105

77
122

51

32 74 9465 84 156126 180 207 237 521255 350 419373306 326282 404 439 464 495 549

 
32.05 102952 11.37 
37.10 30369 3.35 
38.10 53160 5.87 
39.05 75355 8.32 
40.05 15998 1.77 
44.05 17155 1.90 
45.05 30676 3.39 
49.10 23683 2.62 
50.05 200726 22.17 

51.05 355867 39.3152.10
 57801 6.38 

52.90 17014 1.88 
63.05 13632 1.51 
65.10 27464 3.03 
66.10 22272 2.46 
73.05 18790 2.08 
74.05 74659 8.25 
75.10 38198 4.22 
76.10 65513 7.24 

77.10 730344 80.68 
78.10 76352 8.43 
94.15 29291 3.24 
104.15 11525 1.27 

105.15 905264 100.00 
106.15 69048 7.63 
122.15 655657 72.43 
123.15 50816 5.61 

124.15 4664 0.52

 
 
18OH

18O

Chemical Formula: C7H6
18O2

Molecular Weight: 126  

 



S8 
 

 

                                       
 

                  
 
 



S9 
 

(B) Analytical data for 2 and 3 

N-Methylindoline-2,3-dione (2a):2 

Red solid, mp 121.7-123.5 oC (uncorrected); 1H NMR (500 MHz, DMSO-D6) δ: 7.66 (t, J = 7.5 Hz, 

1H), 7.51 (d, J = 7.5 Hz, 1H), 7.12 (t, J = 7.5 Hz, 2H), 3.13 (s, 3H); 13C NMR (125 MHz, DMSO-D6) δ: 

184.0, 158.7, 151.9, 138.7, 124.8, 123.7, 117.8, 111.1, 26.5; IR (KBr, cm-1): 1749, 1615; LRMS (EI 70 

ev) m/z (%): 161 (M+, 55), 104 (100).  

N-Benzylindoline-2,3-dione (2b):2 

Red solid, mp 127.8-129.2 oC (uncorrected); 1H NMR (500 MHz, CDCl3) δ: 7.52 (d, J = 7.0 Hz, 1H), 

7.40 (t, J = 8.0 Hz, 1H), 7.27-7.22 (m, 5H), 7.00 (t, J = 7.5 Hz, 1H), 6.70 (d, J = 8.0 Hz, 1H), 4.85 (s, 

2H); 13C NMR (125 MHz, CDCl3) δ: 183.2, 158.2, 150.6, 138.3, 134.4, 129.0, 128.1, 127.4, 125.3, 123.8, 

117.6, 111.0, 44.0; IR (KBr, cm-1): 1731, 1611; LRMS (EI 70 ev) m/z (%): 237 (M+, 79), 146 (100), 91 

(66). 

1-(2-Iodobenzyl)indoline-2,3-dione (2c):3 

Red solid, mp 142.2-143.8 oC (uncorrected); 1H NMR (500 MHz, CDCl3) δ: 7.83 (d, J = 8.0 Hz, 1H), 

7.58 (d, J = 7.5 Hz, 1H), 7.44 (d, J = 7.5 Hz, 1H), 7.22 (d, J = 7.5 Hz, 1H), 7.08-7.03 (m, 2H), 6.94 (t, J = 

7.5 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H), 4.90 (s, 2H); 13C NMR (125 MHz, CDCl3) δ: 182.9, 158.3, 150.4, 

139.9, 138.5, 135.9, 129.7, 128.6, 127.1, 125.5, 124.1, 117.7, 111.3, 97.6, 49.1; IR (KBr, cm-1): 1737, 

1612; LRMS (EI 70 ev) m/z (%): 363 (M+, 35), 272 (95), 91 (100). 

N,7-Dimethylindoline-2,3-dione (2k):2 

Red solid, mp 162.3-164.8 oC (uncorrected); 1H NMR (500 MHz, CDCl3) δ: 7.42 (d, J = 7.5 Hz, 1H), 

7.32 (d, J = 7.5 Hz, 1H), 6.99 (t, J = 7.5 Hz, 1H), 3.50 (s, 3H), 2.56 (s, 3H); 13C NMR (125 MHz, CDCl3) 

δ: 183.6, 159.1, 148.8, 142.2, 123.8, 123.2, 121.8, 118.3, 29.6, 18.7; IR (KBr, cm-1): 1732, 1716, 1699; 

LRMS (EI 70 ev) m/z (%): 175 (M+, 69), 118 (100), 91 (43). 

1-Methyl-7-phenylindoline-2,3-dione (2l): 

Red solid, mp 175.3-177.4 oC (uncorrected); 1H NMR (500 MHz, CDCl3) δ: 7.54 (d, J = 7.5 Hz, 1H), 

7.36 (t, J = 8.5 Hz, 4H), 7.30 (s, 2H), 7.06 (t, J = 7.5 Hz, 1H), 2.68 (s, 3H); 13C NMR (125 MHz, CDCl3) 
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δ: 183.4, 159.4, 148.0, 141.2, 137.1, 129.5, 128.5, 128.2, 127.4, 124.4, 123.3, 118.6, 30.1; IR (KBr, cm-1): 

1736, 1615; LRMS (EI 70 ev) m/z (%): 237 (M+, 90), 180 (100); HRMS (EI) C15H11NO2 for (M+) 

237.0790, found 237.0794. 

1,4-Dimethylindoline-2,3-dione (2m) and 1,6-dimethylindoline-2,3-dione (2m’):2  

6-Me/4-Me = 1/1.7; Red solid; 1H NMR (500 MHz, CDCl3) δ: 7.39-7.34 (m, 1.8H), 6.84-6.80 (m, 

1.8H), 6.62-6.61 (m, 1.8H), 3.14 (s, 4.9H), 2.47 (s, 3H), 2.37 (s, 1.8H); 13C NMR (125 MHz, CDCl3) δ: 

183.8, 182.6, 158.8, 158.1, 151.8, 151.5, 150.7, 141.1, 137.5, 126.1, 125.3, 124.4, 115.5, 115.2, 110.7, 

107.1, 26.1, 22.9, 18.0; IR (KBr, cm-1): 1730, 1615, 1558; LRMS (EI 70 ev) m/z (%): 175 (M+, 100), 147 

(37), 118 (78). 

N,5-Dimethylindoline-2,3-dione (2n):2 

Red solid, mp 150.5-151.2 oC (uncorrected); 1H NMR (500 MHz, CDCl3) δ: 7.32 (t, J = 7.0 Hz, 2H), 

6.72 (d, J = 8.0 Hz, 1H), 3.15 (s, 3H), 2.26 (s, 3H); 13C NMR (125 MHz, CDCl3) δ: 183.6, 158.3, 149.2, 

138.7, 133.6, 125.5, 117.3, 109.7, 26.1, 20.6; IR (KBr, cm-1): 1736, 1723, 1622; LRMS (EI 70 ev) m/z 

(%): 175 (M+, 45), 118 (100). 

5-Butyl-1-methylindoline-2,3-dione (2o): 

Red solid, mp 155.3-157.4 oC (uncorrected); 1H NMR (500 MHz, CDCl3) δ: 7.33 (d, J = 9.0 Hz, 2H), 

6.73 (d, J = 8.0 Hz, 1H), 3.15 (s, 3H), 2.51 (t, J = 7.5 Hz, 2H), 1.51-1.48 (m, 2H), 1.28-1.24 (m, 2H), 0.84 

(t, J = 7.5 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ: 183.6, 158.3, 149.4, 138.7, 138.2, 124.9, 117.4, 109.7, 

34.6, 33.2, 26.1, 22.0, 13.7; IR (KBr, cm-1): 1734, 1623, 1615; LRMS (EI 70 ev) m/z (%): 217 (M+, 32), 

146 (50); HRMS (EI) C13H15NO2 for (M+) 217.1103, found 217.1107. 

5-Fluoro-1-methylindoline-2,3-dione (2p):4 

Red solid, mp 150.7-152.5 oC (uncorrected); 1H NMR (500 MHz, CDCl3) δ: 7.29-7.23 (m, 2H), 6.82 

(d, J = 8.5 Hz, 1H), 3.19 (s, 3H); 13C NMR (125 MHz, CDCl3) δ: 182.7, 160.3, 158.2 (d, J = 52.6 Hz, 1C), 

147.5, 124.6 (d, J = 23.8 Hz, 1C), 118.0 (d, J = 7.3 Hz, 1C), 112.3 (d, J = 24.1 Hz, 1C), 111.0 (d, J = 7.3 

Hz, 1C), 26.3; IR (KBr, cm-1): 1749, 1728, 1622; LRMS (EI 70 ev) m/z (%): 179 (M+, 46), 122 (100). 

5-Chloro-1-methylindoline-2,3-dione (2q):4 
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Red solid, mp 175.1-176.8 oC (uncorrected); 1H NMR (500 MHz, CDCl3) δ: 7.51 (d, J = 8.0 Hz, 1H), 

7.47 (s, 1H), 6.81 (d, J = 8.0 Hz, 1H), 3.18 (s, 3H); 13C NMR (125 MHz, CDCl3) δ: 182.3, 157.6, 149.6, 

137.7, 129.6, 125.1, 118.1, 111.2, 26.3; IR (KBr, cm-1): 1741, 1720, 1603; LRMS (EI 70 ev) m/z (%): 195 

(M+, 63), 138 (100). 

5-Bromo-1-methylindoline-2,3-dione (2r):4 

Red solid, mp 170.1-171.8 oC (uncorrected); 1H NMR (500 MHz, CDCl3) δ: 7.65 (d, J = 8.5 Hz, 1H), 

7.62 (s, 1H), 6.76 (d, J = 8.5 Hz, 1H), 3.18 (s, 3H); 13C NMR (125 MHz, CDCl3) δ: 182.1, 157.4, 150.1, 

140.6, 128.0, 118.5, 116.6, 111.6, 26.3; IR (KBr, cm-1): 1751, 1731, 1606; LRMS (EI 70 ev) m/z (%): 239 

(M+, 94), 184 (100). 

5-Iodo-1-methylindoline-2,3-dione (2s):5 

Red solid, mp 150.1-152.3 oC (uncorrected); 1H NMR (500 MHz, CDCl3) δ: 7.83 (d, J = 8.0 Hz, 1H), 

7.79 (s, 1H), 6.65 (d, J = 8.5 Hz, 1H), 3.17 (s, 3H); 13C NMR (125 MHz, CDCl3) δ: 181.9, 157.2, 150.7, 

146.4, 133.6, 118.9, 112.1, 86.0, 26.3; IR (KBr, cm-1): 1749, 1628, 1612; LRMS (EI 70 ev) m/z (%): 287 

(M+, 100), 259 (61), 230 (50). 

5-Acetyl-1-methylindoline-2,3-dione (2t):2 

Red solid, mp 145.3-148.4 oC (uncorrected); 1H NMR (500 MHz, CDCl3) δ: 8.22 (d, J = 8.5 Hz, 1H), 

8.10 (s, 1H), 6.95 (d, J = 8.0 Hz, 1H), 3.25 (s, 3H), 2.53 (s, 3H); 13C NMR (125 MHz, CDCl3) δ: 195.3, 

182.4, 158.3, 154.6, 138.7, 133.0, 125.4, 117.0, 110.0, 26.5, 26.4; IR (KBr, cm-1): 1744, 1683, 1605; 

LRMS (EI 70 ev) m/z (%): 203 (M+, 76), 160 (100). 

N,4,7-Trimethylindoline-2,3-dione (2u): 

Red solid, mp 163.4-164.7 oC (uncorrected); 1H NMR (500 MHz, CDCl3) δ: 7.08 (d, J = 8.0 Hz, 1H), 

6.68 (d, J = 8.0 Hz, 1H), 3.40 (s, 3H), 2.42 (s, 3H), 2.40 (s, 3H); 13C NMR (125 MHz, CDCl3) δ: 184.0, 

159.0, 148.7, 141.5, 138.9, 126.1, 118.7, 116.3, 29.5, 18.5, 17.7; IR (KBr, cm-1): 1733, 1684, 1602; 

LRMS (EI 70 ev) m/z (%): 189 (M+, 100), 132 (87); HRMS (EI) C11H11NO2 for (M+) 189.0790, found 

189.0794. 

7-Chloro-1,5-dimethylindoline-2,3-dione (2v): 
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Red solid, mp 178.3-179.4 oC (uncorrected); 1H NMR (500 MHz, CDCl3) δ: 7.27 (s, 2H), 3.53 (s, 3H), 

2.24 (s, 3H); 13C NMR (125 MHz, CDCl3) δ: 182.7, 158.6, 144.4, 140.4, 135.1, 124.5, 120.1, 117.1, 31.9, 

20.2 ; IR (KBr, cm-1): 1743, 1722, 1607; LRMS (EI 70 ev) m/z (%): 209 (M+, 100), 152 (99), 118 (84); 

HRMS (EI) C10H8ClNO2 for (M+) 209.0244, found 209.0247. 

1-Methyl-6,7-dihydrocyclopenta[f]indole-2,3(1H,5H)-dione (2w) and 3-Methyl-7,8-

dihdrocyclopenta[e]indole-1,2(3H,6H)-dione (2w’):2 

1-Me/3-Me =1.2/1; Red solid; 1H NMR (500 MHz, CDCl3) δ: 7.32 (s, 0.5H), 7.30 (s, 0.4H), 6.67 (s, 

0.5H), 6.55 (d, J = 8.0 Hz, 0.4H), 3.14 (s, 1.7H), 3.13 (s, 1.3H), 3.03 (t, J = 7.5 Hz, 0.9H), 2.88 (t, J = 7.5 

Hz, 1.1H), 2.81-2.75 (m, 2.1H), 2.09-2.02 (m, 2.2H); 13C NMR (125 MHz, CDCl3) δ: 183.9, 183.0, 159.0, 

158.1, 156.9, 150.9, 150.0, 145.7, 141.4, 139.6, 132.9, 121.0, 116.2, 113.6, 107.3, 106.4, 34.2, 31.7, 31.2, 

26.3, 26.1, 25.4, 25.1; IR (KBr, cm-1): 1732, 1625; LRMS (EI 70 ev) m/z (%): 201 (M+, 81), 144 (100), 

115 (41). 

Benzoic acid (3a):6 

1H NMR (500 MHz, CDCl3) δ: 11.0 (s, 1H), 8.05 (d, J = 8.0 Hz, 2H), 7.53 (t, J = 7.5 Hz, 1H), 7.39 (t, 

J = 7.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ: 172.4, 133.8, 130.2, 129.3, 128.5. 

4-Methoxybenzoic acid (3e):6 

1H NMR (500 MHz, DMSO-D6) δ:12.6 (s, 1H), 7.90 (d, J = 8.5 Hz, 2H), 7.02 (d, J = 9.0 Hz, 2H), 

3.82 (s, 3H); 13C NMR (125 MHz, DMSO-D6) δ: 167.1, 162.9, 131.4, 123.0, 113.8, 55.5. 

4-Acetylbenzoic acid (3f):6 

1H NMR (500 MHz, DMSO-D6) δ: 13.3 (s, 1H), 8.05 (s, 4H), 2.62 (s, 3H); 13C NMR (125 MHz, 

DMSO-D6) δ: 197.7, 166.6, 139.8, 134.5, 129.5, 128.3, 27.0. 

Thiophene-2-carboxylic acid (3g):6 

1H NMR (500 MHz, CDCl3): 9.93 (s, 1H), 7.83 (s, 1H), 7.58 (d, J = 4.5 Hz, 1H), 7.07 (s, 1H); 13C 

NMR (125 MHz, CDCl3) δ: 167.8, 135.0, 134.0, 132.9, 128.1. 
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(D) Spectra 

N-Methylindoline-2,3-dione (2a) 
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N-Benzylindoline-2,3-dione (2b) 
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1-(2-Iodobenzyl)indoline-2,3-dione (2c) 
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N,7-Dimethylindoline-2,3-dione (2k) 
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1-Methyl-7-phenylindoline-2,3-dione (2l) 
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1,4-Dimethylindoline-2,3-dione (2m) and 1,6-dimethylindoline-2,3-dione (2m’)  
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N,5-Dimethylindoline-2,3-dione (2n) 
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5-Butyl-1-methylindoline-2,3-dione (2o) 



S21 
 

 

 

5-Fluoro-1-methylindoline-2,3-dione (2p) 
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5-Chloro-1-methylindoline-2,3-dione (2q) 
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5-Bromo-1-methylindoline-2,3-dione (2r) 
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5-Iodo-1-methylindoline-2,3-dione (2s) 
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5-Acetyl-1-methylindoline-2,3-dione (2t) 
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N,4,7-Trimethylindoline-2,3-dione (2u) 
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7-Chloro-1,5-dimethylindoline-2,3-dione (2v) 
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1-Methyl-6,7-dihydrocyclopenta[f]indole-2,3(1H,5H)-dione (2w) and 3-Methyl-7,8-

dihdrocyclopenta[e]indole-1,2(3H,6H)-dione (2w’) 
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Benzoic acid (3a) 

 

 



S31 
 

4-Methoxybenzoic acid (3e) 
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4-Acetylbenzoic acid (3f) 
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Thiophene-2-carboxylic acid (3g) 
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(D) The Kinetic Isotope Experiments 

To elucidate the mechanism, the kinetic isotope effect of this reaction was examined. It was found 

that the intermolecular KH/KD value of competitive experiment of 1a and 1a-D5 was 1 (Figure S1). The 

results showed that the C-H functionalization is not the rate-determining step.1b Subsequently, the 

reaction of 1a-D1 was also conducted, and it provided an intramolecular isotope effect of 1.9 (Figure S2). 

The results indicated that the mechanism of C-H activation was not compatible with the SEAr mechanism 

((a) Hennessy, E. J.; Buchwald, S. L. J. Am. Chem. Soc. 2003, 125, 12084. (b) Campeau, L.-C.; Parisien, 

M.; Jean, A.; Fagnou, K. J. Am. Chem. Soc. 2006, 128, 581.). 

A mixture of aniline 1a (0.1 mmol), 1-D5 (0.1 mmol), PdBr2 (10 mol%) CuBr2 (40 mol%) and TEMPO 

(1.0 equiv) in H2O/dioxane(v/v = 1/4, 3 mL) with O2 (1 atm) was stirred at 80 oC for about 6 h. After the 

reaction was cooled, the mixture was poured into ethyl acetate, which was washed with brine. The 

aqueous layer was extracted with ethyl acetate and the combined organic layers was dried over anhydrous 

Na2SO4 and evaporated under vacuum. The crude material was determined by GC-MS analysis and 1H 

NMR (500 MHZ) (Figure S1). 
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Figure S1. The intermolecular competition experiment between amides 1a and 1a-D5. 
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A mixture of aniline 1a-D1 (0.2 mmol), PdBr2 (10 mol%) CuBr2 (40 mol%) and TEMPO (1.0 equiv) in 

H2O/dioxane(v/v = 1/4, 3 mL) with O2 (1 atm) was stirred at 80 oC for about 60 h as monitored by TLC. 

After the reaction was finished, the mixture was poured into ethyl acetate, which was washed with brine. 

The aqueous layer was extracted with ethyl acetate and the combined organic layers was dried over 

anhydrous Na2SO4 and evaporated under vacuum. The residue was purified by flash column 

chromatography (hexane/ethyl acetate) to afford the desired product (Figure S2). 



S36 
 

 

Figure S2. The intramolecular competition experiment of 1a-D1. 
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