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I. General experimental information 

Commercial reagents were used without further purification. 2-Arylindazoles (1)1 and [RhCp*Cl2]2
2 were 

prepared according to literature procedures, respectively. Melting points were recorded with a micro melting 

point apparatus and uncorrected. The 1H NMR spectra were recorded at 400 MHz or 600 MHz. The 13C NMR 

spectra were recorded at 100 MHz or 150 MHz. The 19F NMR spectra were recorded at 376 MHz or 565 MHz. 

Chemical shifts were expressed in parts per million (δ), and were reported as s (singlet), d (doublet), t (triplet), 

q (quartet), dd (doublet of doublet), m (multiplet), etc. The coupling constants J were given in Hz. High 

resolution mass spectra (HRMS) were obtained via ESI mode by using a MicrOTOF mass spectrometer. The 

conversion of starting materials was monitored by thin layer chromatography (TLC) using silica gel plates 

(silica gel 60 F254 0.25 mm), and components were visualized by observation under UV light (254 and 365 

nm). 
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II. Experimental procedures and spectroscopic data 

1. Study on the effect of different acid additives 

Several organic acids including acetic acid (HOAc), trifluoroacetic acid (TFA), 4-methylbenzenesulfonic 

acid (TsOH) and 1-adamantane carboxylic acid (ADA), and some inorganic acids including H2SO4, H3PO4 

and polyphosphoric acid (PPA) have been tried as additives for the reaction of 1a with 2a. The results 

included in Table S1 showed that organic acids are generally more efficient than inorganic acids for the 

selective formation of 3a. Among the organic acids used, ADA gave the best yield of 3a.  

 

Table S1. Study on the effect of different acid additives a 

 

entry oxidant additive solvent 
yield (%)b 

3a 4a 

1 Cu(OAc)2 HOAc toluene 40 26 

2 Cu(OAc)2 TFA toluene 58 20 

3 Cu(OAc)2 TsOH toluene 78 8 

4 Cu(OAc)2 ADA toluene 90 - 

5 Cu(OAc)2 H2SO4 toluene 27 12 

6 Cu(OAc)2 H3PO4 toluene 36 15 

7 Cu(OAc)2 PPA toluene 30 14 

a Conditions: 1a (0.3 mmol), 2a (0.45 mmol), [RhCp*Cl2]2 (0.015 mmol), oxidant (0.6 mmol), additive (0.3 mmol), 

solvent (3 mL), 120 °C, 16 h. b Isolated yield. 

 

2. Study on the effect of different base additives 

Several tertiary amines including triethylamine (Et3N), N,N-dicyclohexylmethylamine (Cy2NMe), 

N,N-diisopropylethylamine (DIPEA) and tetramethylethylenediamine (TMEDA), some secondary amines 
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including N,N-diisopropylamine (iPr2NH), N,N-dicyclohexylamine (Cy2NH) and piperidine, and some primary 

amines including cyclohexylamine and nbutylamine were tried as additives for the reaction of 1a with 2a. The 

results included in Table S2 showed that the more basic and crowded tertiary amines are generally more 

efficient than secondary and primary amines for the selective formation of 4a. Among the tertiary amines used, 

DIPEA gave the best yield of 4a. It was also found that pyridine and 1,8-diazabicyclo[5.4.0]undec-7-ene 

(DBU) are barely effective for the formation of either 3a or 4a.  

 

Table S2. Study on the effect of different base additives a 

 

entry oxidant additive solvent 
yield (%)b 

3a 4a 

1 Cu(OAc)2 Et3N toluene 24 40 

2 Cu(OAc)2 Cy2NMe toluene 30 38 

3 Cu(OAc)2 DIPEA toluene 26 51 

4 Cu(OAc)2 TMEDA  toluene 30 48 

5 Cu(OAc)2 
iPr2NH toluene 9 22 

6 Cu(OAc)2 Cy2NH toluene 26 29 

7 Cu(OAc)2 piperidine  toluene 32 40 

8 Cu(OAc)2 cyclohexylamine toluene 17 28 

9 Cu(OAc)2 
nbutylamine toluene 26 35 

10 Cu(OAc)2 pyridine toluene trace trace 

11 Cu(OAc)2 DBU toluene trace trace 

a Conditions: 1a (0.3 mmol), 2a (0.45 mmol), [RhCp*Cl2]2 (0.015 mmol), oxidant (0.6 mmol), additive (0.3 mmol), 

solvent (3 mL), 120 °C, 16 h. b Isolated yield. 
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3. General synthetic procedure and spectroscopic data of product 3 

To a reaction tube equipped with a stir bar were charged with 2-arylindazole (1, 0.3 mmol), N-substituted 

maleimide (2, 0.45 mmol), [Cp*RhCl2]2 (0.015 mmol), Cu(OAc)2 (0.6 mmol), 1-adamantane carboxylic acid 

(0.3 mmol) and toluene (3 mL). The resulting mixture was then stirred at 120 °C under air for 16 h. Upon 

completion, it was cooled to room temperature, quenched with water, and extracted with EtOAc (10 mL × 3). 

The combined organic layers were dried over anhydrous Na2SO4, and concentrated under reduced pressure. 

The residue was purified by silica gel chromatography using dichloromethane as eluent to afford product 3. 

2-Methyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3a) 

Red solid (81.3 mg, 90%), mp 266.4-267.1 ºC. 1H NMR (600 MHz, CF3CO2D): δ 3.57 (s, 3H), 7.98 (t, J = 7.2 

Hz, 1H ), 8.13 (d, J = 8.4 Hz, 1H), 8.24-8.29 (m, 2H), 8.48 (t, J = 7.2 Hz, 1H), 8.91 (d, J = 8.4 Hz, 1H), 9.42 (d, 

J = 8.4 Hz, 1H), 9.45 (d, J = 7.8 Hz, 1H). 13C NMR (150 MHz, CF3CO2D): δ 23.6, 110.6, 116.0, 119.2, 121.9, 

125.0, 127.1, 127.9, 130.9, 131.3, 132.6, 133.2, 136.2, 136.5, 140.8, 165.9, 167.5. HRMS calcd for 

C18H12N3O2: 302.0924 [M+H]+, found: 302.0918. 

2,5-Dimethyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3b) 

Red solid (85.5 mg, 90%), mp 260.3-261.1 ºC. 1H NMR (400 MHz, CDCl3): δ 2.80 (s, 3H), 3.48 (s, 3H), 7.87 

(t, J = 7.2 Hz, 1H), 8.02 (d, J = 8.8 Hz, 1H), 8.14 (t, J = 7.6 Hz, 1H), 8.23 (d, J = 8.4 Hz, 1H), 8.70 (d, J = 8.8 

Hz, 1H), 9.16 (s, 1H), 9.30 (d, J = 8.4 Hz, 1H). 13C NMR (150 MHz, CDCl3): δ 21.6, 24.1, 116.9, 117.0, 117.5, 

118.4, 121.6, 123.1, 123.4, 123.9, 125.3, 125.7, 129.1, 133.5, 138.2, 149.6, 167.4, 168.6. HRMS calcd for 

C19H14N3O2: 316.1081 [M+H]+, found: 316.1096. 

5-Methoxy-2-methyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3c)  

Red solid (92.3 mg, 93%), mp 259.8-261.1 ºC. 1H NMR (600 MHz, CF3CO2D): δ 3.47 (s, 3H), 4.17 (s, 3H), 

7.85 (t, J = 8.4 Hz, 1H), 7.98-8.01 (m, 2H), 8.11 (t, J = 8.4 Hz, 1H), 8.67 (d, J = 2.4 Hz, 1H), 8.72 (d, J = 9.6 
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Hz, 1H), 9.27 (d, J = 7.8 Hz, 1H). 13C NMR (150 MHz, CF3CO2D): δ 23.5, 55.5, 106.1, 110.3, 115.9, 116.8, 

121.3, 122.1, 124.7, 126.8, 127.8, 128.1, 129.5, 131.7, 135.4, 140.3, 165.9, 167.8. HRMS calcd for 

C19H14N3O3: 332.1030 [M+H]+, found: 332.1042.  

5-Fluoro-2-methyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3d) 

Red solid (71.7 mg, 75%), mp 247.7-248.0 ºC. 1H NMR (400 MHz, CF3CO2D): δ 3.56 (s, 3H), 7.97 (t, J = 7.6 

Hz, 1H), 8.12 (d, J = 8.8 Hz, 1H), 8.17-8.26 (m, 2H), 8.99 (dd, J1 = 4.0 Hz, J2 = 9.6 Hz, 1H), 9.07 (dd, J1 = 

2.4 Hz, J2 = 7.6 Hz, 1H), 9.39 (d, J = 8.4 Hz, 1H). 13C NMR (150 MHz, CF3CO2D): δ 23.6, 110.5, 122.6 (d, 

2JC-F = 25.8 Hz), 115.9, 118.1 (d, 3JC-F = 8.7 Hz), 120.7 (d, 3JC-F = 11.0 Hz), 123.0, 124.8, 125.4 (d, 2JC-F = 

25.5 Hz), 127.1, 129.3, 130.3, 132.2 (d, 4JC-F = 4.7 Hz), 136.0, 140.7, 163.1 (d, 1JC-F = 257.1 Hz), 165.4, 167.1. 

19F NMR (565 MHz, CF3CO2D) δ: -78.2. HRMS calcd for C18H10FNaN3O2: 342.0649 [M+Na]+, found: 

342.0652. 

5-Chloro-2-methyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3e) 

Red solid (78.3 mg, 78%), mp 275.3-276.6 ºC. 1H NMR (600 MHz, CF3CO2D): δ 3.64 (s, 3H), 8.06 (t, J = 7.2 

Hz, 1H), 8.21 (d, J = 9.0 Hz, 1H), 8.33 (t, J = 7.2 Hz, 1H), 8.48 (d, J = 9.0 Hz, 1H), 8.97 (d, J = 9.0 Hz, 1H), 

9.48 (s, 2H). 13C NMR (150 MHz, CF3CO2D): δ 23.7, 110.7, 116.1, 116.9, 120.0, 123.2, 125.0, 126.8, 127.3, 

130.7, 131.1, 131.9, 136.3, 136.8, 139.0, 141.1, 165.6, 167.2. HRMS calcd for C18H11ClN3O2: 336.0534 

[M+H]+, found: 336.0553. 

2-Methyl-5-(trifluoromethyl)-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3f) 

Red solid (79.7 mg, 72%), mp 277.0-277.6 ºC. 1H NMR (400 MHz, CF3CO2D): δ 3.57 (s, 3H), 7.99 (t, J = 7.2 

Hz, 1H), 8.17 (d, J = 8.4 Hz, 1H), 8.27 (t, J = 7.6 Hz, 1H), 8.64 (d, J = 8.4 Hz, 1H), 9.12 (d, J = 8.8 Hz, 1H), 

9.42 (d, J = 8.4 Hz, 1H), 9.71 (s, 1H). 13C NMR (100 MHz, CF3CO2D): δ 23.8, 111.0, 116.1, 116.9, 118.9, 

122.4 (q, 1J = 270.7 Hz), 123.6, 125.0, 125.3 (q, 3J = 3.8 Hz), 127.5, 131.4, 132.1 (q, 3J = 3.1 Hz), 132.5, 
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133.90, 133.92 (q, 2J = 34.8 Hz), 136.7, 141.6, 165.4, 167.0. 19F NMR (376 MHz, CF3CO2D): δ -78.0.  

HRMS calcd for C19H11F3N3O2: 370.0798 [M+H]+, found: 370.0806. 

2,6-Dimethyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3g) 

Red solid (80.3 mg, 85%), mp 274.4-275.4 ºC. 1H NMR (600 MHz, CF3CO2D): δ 2.67 (s, 3H), 3.27 (s, 3H), 

7.67 (t, J = 7.8 Hz, 1H), 7.83 (d, J = 9.0 Hz, 2H), 7.94 (t, J = 7.8 Hz, 1H), 8.39 (s, 1H), 9.03 (d, J = 8.4 Hz, 

1H), 9.11 (d, J = 8.4 Hz, 1H). 13C NMR (150 MHz, CF3CO2D): δ 21.4, 23.7, 110.7, 114.8, 116.1, 117.4, 120.7, 

125.2, 127.1, 127.5, 131.3, 133.0, 133.36, 133.40, 136.2, 141.0, 150.9, 166.2, 167.7, HRMS calcd for 

C19H14N3O2: 316.1081 [M+H]+, found: 316.1086. 

6-Methoxy-2-methyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3h) 

Red solid (89.3 mg, 90%), mp 267.6-268.3 ºC. 1H NMR (600 MHz, CF3CO2D): δ 3.56 (s, 3H), 4.34 (s, 3H), 

7.87 (d, J = 9.0 Hz, 1H), 7.95 (t, J = 7.2 Hz, 1H), 8.09 (d, J = 7.8 Hz, 1H), 8.20-8.23 (m, 2H), 9.34 (d, J = 9.0 

Hz, 1H), 9.39 (d, J = 7.8 Hz, 1H). 13C NMR (100 MHz, CF3CO2D): δ 23.6, 56.1, 97.0, 110.5, 113.9, 116.0, 

117.7, 122.6, 125.2, 126.7, 129.3, 132.1, 133.2, 135.3, 136.1, 141.2, 166.4, 167.4, 167.8. HRMS calcd for 

C19H14N3O3: 332.1030 [M+H]+, found: 332.1035. 

6-Chloro-2-methyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3i) 

Red solid (77.3 mg, 77%), mp 270.9-271.6 ºC. 1H NMR (600 MHz, CF3CO2D): δ 3.54 (s, 3H), 7.96 (t, J = 7.8 

Hz, 1H), 8.11 (d, J = 8.4 Hz, 1H), 8.18-8.20 (m, 1H), 8.24 (t, J = 7.8 Hz, 1H), 8.92 (s, 1H), 9.35 (d, J = 9.0 Hz, 

1H), 9.38 (d, J = 8.4 Hz, 1H). 13C NMR (150 MHz, CF3CO2D): δ 23.6, 110.7, 115.5, 116.0, 117.5, 121.8, 

125.0, 127.2, 128.8, 131.5, 132.2, 132.7, 133.1, 136.4, 141.3, 144.6, 165.6, 167.2. HRMS calcd for 

C18H11ClN3O2: 336.0534 [M+H]+, found: 336.0528. 

2,7-Dimethyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3j) 
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Red solid (84.1 mg, 89%), mp >300 ºC. 1H NMR (600 MHz, CF3CO2D): δ 3.62 (s, 3H), 3.64 (s, 3H), 8.06 (t, J 

= 7.2 Hz, 1H), 8.21-8.24 (m, 2H), 8.30-8.34 (m, 2H), 9.51 (d, J = 7.8 Hz, 1H), 9.57 (d, J = 9.0 Hz, 1H). 13C 

NMR (150 MHz, CF3CO2D): δ 21.3, 23.7, 111.1, 115.6, 121.2, 121.6, 125.1, 126.2, 127.3, 127.4, 131.0, 133.3, 

133.8, 134.5, 136.2, 140.2, 141.3, 165.7, 167.4. HRMS calcd for C19H13N3NaO2: 338.0900 [M+Na]+, found: 

338.0883. 

12-Methoxy-2-methyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3k) 

Red solid (81.4 mg, 82%), mp 259.8-261.1 ºC. 1H NMR (600 MHz, CF3CO2D): δ 3.49 (s, 3H), 4.20 (s, 3H), 

7.84 (d, J = 9.0 Hz, 1H), 7.97 (d, J = 9.0 Hz, 1H), 8.16 (t, J = 7.2 Hz, 1H), 8.36 (t, J = 7.2 Hz, 1H), 8.71 (s, 

1H), 8.76 (d, J = 8.4 Hz, 1H), 9.33 (d, J = 8.4 Hz, 1H). 13C NMR (150 MHz, CF3CO2D): δ 23.7, 55.6, 102.9, 

112.2, 115.1, 119.1, 122.3, 128.0, 129.4, 130.0, 131.2, 132.2, 132.7, 136.3, 136.9, 158.7, 166.3, 167.7. HRMS 

calcd for C19H14N3O3: 332.1030 [M+H]+, found: 332.1047. 

12-Fluoro-2-methyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3l) 

Red solid (71.7mg, 75%), mp 275.4-276.2 ºC. 1H NMR (600 MHz, CF3CO2D): δ 3.53 (s, 3H), 7.96-7.99 (m, 

1H), 8.13 (dd, J1 = 9.6 Hz, J2 = 3.0 Hz, 1H), 8.25 (t, J = 7.8 Hz, 1H), 8.45 (t, J = 7.8 Hz, 1H), 8.89 (d, J = 8.4 

Hz, 1H), 9.02-9.03 (m, 1H), 9.41 (d, J = 8.4 Hz, 1H). 13C NMR (150 MHz, CF3CO2D): δ 23.4, 109.1 (d, 2JC-F 

= 26.9 Hz), 113.0 (d, 3JC-F = 8.9 Hz), 115.4, 116.6, 116.7, 119.3, 121.9, 126.3 (d, 2JC-F = 29.0 Hz), 127.8, 

130.5 (d, 3JC-F = 6.3 Hz), 131.4, 132.7 (d, 4JC-F = 4.2 Hz), 136.4, 137.9, 160.1, 165.8, 167.4. 19F NMR (376 

MHz, CF3CO2D) δ -78.1. HRMS calcd for C18H10FN3NaO2: 342.0649 [M+Na]+, found: 342.0630.  

12-Chloro-2-methyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3m) 

Red solid (80.4 mg, 80%), mp >300 ºC. 1H NMR (600 MHz, CF3CO2D): δ 3.46 (s, 3H), 7.98 (d, J = 8.4 Hz, 

1H), 8.04 (d, J = 7.8 Hz, 1H), 8.18 (t, J = 7.2 Hz, 1H), 8.37 (d, J = 7.2 Hz, 1H), 8.81 (d, J = 7.8 Hz, 1H), 9.26 

(s, 1H), 9.33 (d, J = 7.8 Hz, 1H). 13C NMR (150 MHz, CF3CO2D): δ 23.6, 112.0, 115.3, 116.7, 119.3, 121.8, 
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123.6, 127.7, 129.7, 131.4, 132.5, 132.9, 133.6, 136.4, 136.8, 139.3, 165.7, 167.3. HRMS calcd for 

C18H11ClN3O2: 336.0534 [M+H]+, found: 336.0541. 

11-Methoxy-2-methyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3n) 

Red solid (85.3 mg, 86%), mp >300 ºC. 1H NMR (600 MHz, CF3CO2D): δ 3.51 (s, 3H), 4.17 (s, 3H), 7.38 (s, 

1H), 7.52 (d, J = 9.6 Hz, 1H), 8.16 (t, J = 7.8 Hz, 1H), 8.37 (t, J = 7.8 Hz, 1H), 8.73 (d, J = 8.4 Hz, 1H ), 9.16 

(d, J = 9.0 Hz, 1H), 9.34 (d, J = 8.4 Hz, 1H). 13C NMR (150 MHz, CF3CO2D): δ 23.5, 55.3, 90.4, 110.4, 

114.7, 118.4, 120.1, 121.4, 126.0, 127.8, 130.4, 130.5, 132.8, 133.3, 136.4, 143.6, 166.1, 166.9, 167.7. HRMS 

calcd for C19H14N3O3: 332.1030 [M+H]+, found: 332.1016. 

2-Methyl-1H-[1,3]dioxolo[4',5':5,6]indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3o) 

Red solid (91.0 mg, 88%), mp 260.2-261.2 ºC. 1H NMR (400 MHz, CF3CO2D): δ 3.48 (s, 3H), 6.32 (s, 2H), 

7.32 (s, 1H), 8.11 (t, J = 8.0 Hz, 1H), 8.32 (t, J = 8.0 Hz, 1H), 8.51 (s, 1H), 8.64 (d, J = 8.8 Hz, 1H), 9.28 (d, J 

= 8.0 Hz, 1H). 13C NMR (150 MHz, CF3CO2D): δ 23.4, 89.0, 99.8, 103.7, 114.2, 115.5, 117.9, 121.5, 127.7, 

129.3, 130.2, 132.1, 132.6, 135.9, 139.6, 149.3, 156.9, 166.1, 167.6. HRMS calcd for C19H12N3O4: 346.0822 

[M+H]+, found: 346.0835. 

2-Ethyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3p) 

Red solid (86.2 mg, 91%), mp 196.5-198.2 ºC. 1H NMR (400 MHz, CF3CO2D): δ 1.54 (t, J = 7.2 Hz, 3H), 

4.12 (q, J = 7.2 Hz, 2H), 7.95(t, J = 7.6 Hz, 1H), 8.10 (d, J = 8.8 Hz, 1 H), 8.20-8.27 (m, 2H), 8.43-8.47 (m, 

1H), 8.88 (d, J = 8.8 Hz, 1H), 9.42 (q, J = 8.0 Hz, 2H). 13C NMR (150 MHz, CF3CO2D): δ 11.9, 34.1, 110.5, 

115.2, 116.0, 119.2, 121.9, 125.1, 127.0, 127.8, 130.9, 131.2, 132.6, 133.1, 136.1, 136.4, 140.8, 165.6, 167.2. 

HRMS calcd for C19H14N3O2: 316.1081 [M+H]+, found: 316.1080. 

2-Benzyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3q) 
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Red solid (104.0 mg, 92%), mp 239.6-240.7 ºC. 1H NMR (600 MHz, CF3CO2D): δ 5.14 (s, 2H), 7.32 (t, J = 

7.2 Hz, 1H), 7.36 (t, J = 7.2 Hz, 2H), 7.50 (d, J = 7.2 Hz, 2H), 7.90 (t, J = 7.8 Hz, 1H), 8.05 (d, J = 8.4 Hz, 

1H), 8.16-8.21 (m, 2H), 8.40 (t, J = 7.8 Hz, 1H), 8.83 (d, J = 9.0 Hz, 1H), 9.36 (d, J = 8.4 Hz, 1H), 9.39 (d, J = 

8.4 Hz, 1H). 13C NMR (150 MHz, CF3CO2D): δ 42.4, 110.4, 115.9, 119.2, 121.8, 125.0, 127.0, 127.7, 127.8, 

128.2, 128.6, 130.8, 131.2, 132.5, 133.0, 134.3, 136.1, 136.4, 140.7, 165.4, 167.0, HRMS calcd for 

C24H15N3NaO2: 400.1056 [M+Na]+, found: 400.1067. 

2-Cyclohexyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3r) 

Red solid (100.7 mg, 91%), mp 258.6-259.6 ºC. 1H NMR (400 MHz, CF3CO2D): δ 1.46 (t, J = 12.8 Hz, 1H), 

1.53-1.63 (m, 2H), 1.89 (d, J = 12.8 Hz, 1H), 2.01 (d, J = 11.2 Hz, 2H), 2.09 (d, J = 13.6 Hz, 2H), 2.37-2.47 

(m, 2H), 4.41-4.49 (m, 1H), 7.92 (t, J = 7.6 Hz, 1H), 8.07 (d, J = 8.8Hz, 1H), 8.17-8.24 (m, 2H), 8.41 (t, J = 

7.2 Hz, 1H), 8.85 (d, J = 8.8 Hz, 1H), 9.41 (t, J = 9.2 Hz, 2H). 13C NMR (150 MHz, CF3CO2D): δ 24.3, 25.3, 

29.4, 53.6, 110.5, 116.1, 119.3, 121.9, 125.3, 127.0, 127.9, 131.1, 131.2, 132.6, 132.9, 136.1, 136.3, 140.9, 

165.7, 167.4. HRMS calcd for C23H20N3O2: 370.1550 [M+H]+, found: 370.1543. 

2-(tert-Butyl)-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3s) 

Red solid (90.6 mg, 88%), mp 257.3-258.6 ºC. 1H NMR (400 MHz, CF3CO2D): δ 1.90 (s, 9H), 7.86 (t, J = 7.6 

Hz, 1H), 8.01 (d, J = 8.4 Hz, 1H), 8.12-8.18 (m, 2H), 8.34 (t, J = 8.0 Hz, 1H), 8.77 (d, J = 8.4 Hz, 1H), 

9.39-9.42 (m, 2H). 13C NMR (150 MHz, CF3CO2D): δ 27.4, 60.6, 110.3, 115.0, 116.0, 119.2, 122.0, 125.6, 

126.8, 128.0, 131.0, 132.4, 132.6, 135.8, 135.9, 140.8, 166.3, 168.1. HRMS calcd for C21H18N3O2: 344.1394 

[M+H]+, found: 344.1382. 

2-Phenyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3t) 

Red solid (92.6 mg, 85%), mp 297.9-298.3 ºC. 1H NMR (600 MHz, CF3CO2D): δ 7.56-7.59 (m, 2H), 

7.70-7.71 (m, 3H), 7.95 (t, J = 7.8 Hz, 1H), 8.14 (d, J = 8.4 Hz, 1H), 8.24 (t, J = 7.8 Hz, 1H), 8.28 (t, J = 7.8 
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Hz, 1H), 8.49 (t, J = 7.8 Hz, 1H), 8.95 (d, J = 9.0 Hz, 1H), 9.37 (d, J = 8.4 Hz, 1H), 9.47 (d, J = 7.8 Hz, 1H). 

13C NMR (150 MHz, CF3CO2D): δ 110.9, 115.7, 116.3, 119.5, 122.0, 125.2, 127.3, 127.5, 128.3, 129.4, 130.0, 

130.5, 131.0, 131.7, 132.9, 133.1, 136.5, 137.0, 141.2, 166.1, 167.5. HRMS calcd for C23H14N3O2: 364.1081 

[M+H]+, found: 364.1098. 

5-Methyl-2-phenyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (3u) 

Red solid (98.6 mg, 87%), mp >300 ºC. 1H NMR (400 MHz, CF3CO2D): δ 2.84 (s, 3H), 7.54-7.55 (m, 2H), 

7.66-7.70 (m, 3H), 7.90 (t, J = 8.0 Hz, 1H), 8.08 (d, J = 8.4 Hz, 1H), 8.18 (t, J = 8.0 Hz, 1H), 8.30 (d, J = 8.4 

Hz, 1H), 8.79 (d, J = 8.8 Hz, 1H), 9.23 (s, 1H), 9.32 (d, J = 8.8 Hz, 1H). 13C NMR (100 MHz, CF3CO2D): δ 

19.8, 110.5, 115.0, 115.9, 119.4, 121.6, 124.8, 126.9, 127.0, 129.1, 129.7, 130.2, 131.1, 132.2, 135.9, 138.6, 

140.6, 144.1, 166.1, 167.4. HRMS calcd for C24H16N3O2: 378.1237 [M+H]+, found: 378.1224. 

4. General synthetic procedure and spectroscopic data of product 4 

To a reaction tube equipped with a stir bar were charged with 2-arylindazole (1, 0.3 mmol), N-substituted 

maleimide (2, 0.45 mmol), [Cp*RhCl2]2 (0.015 mmol), Cu(OAc)2 (0.6 mmol), DIPEA (0.3 mmol) and toluene 

(3 mL). The resulting mixture was then stirred at 120 °C under air for 16 h. Upon completion, it was cooled to 

room temperature, quenched with water, and extracted with EtOAc (10 mL × 3). The combined organic layers 

were dried over anhydrous Na2SO4, and concentrated under reduced pressure. The residue was purified by 

silica gel chromatography using dichloromethane/ethyl acetate (50:1) as eluent to afford product 4. 

1'-Methylspiro[indolo[1,2-b]indazole-11,3'-pyrrolidine]-2',5'-dione (4a) 

White solid (46.3 mg, 51%), mp 266.5-267.8 ºC. 1H NMR (400 MHz, CDCl3): δ 3.24 (s, 3H), 3.37 (d, J = 18.4 

Hz, 1H), 3.46 (d, J = 18.4 Hz, 1H), 7.14 (t, J = 7.6 Hz, 1H), 7.32-7.39 (m, 3H), 7.44 (d, J = 8.4 Hz, 1H), 

7.54-7.58 (m, 1H), 7.83 (d, J = 9.2 Hz, 1H), 7.90 (d, J = 7.6 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 26.2, 
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39.4, 52.0, 113.0, 116.1, 117.8, 119.2, 123.2, 123.3, 127.0, 127.3, 130.5, 136.9, 137.7, 140.2, 153.6, 174.3, 

174.5. HRMS calcd for C18H14N3O2: 304.1081 [M+H]+, found: 304.1082. 

1',2-Dimethylspiro[indolo[1,2-b]indazole-11,3'-pyrrolidine]-2',5'-dione (4b) 

White solid (43.7 mg, 46%), mp 249.2-250.2 ºC. 1H NMR (400 MHz, CDCl3): δ 2.43 (s, 3H), 3.25 (s, 3H), 

3.36 (d, J = 18.4 Hz, 1H), 3.46 (d, J = 18.4 Hz, 1H), 7.12-7.18 (m, 2H), 7.31-7.38 (m, 2H), 7.44 (d, J = 8.4 Hz, 

1H), 7.79 (d, J = 8.0 Hz, 1H), 7.83 (d, J = 8.8 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 21.5, 26.2, 39.5, 51.9, 

112.7, 116.2, 117.7, 119.2, 123.2, 123.8, 126.8, 130.9, 136.6, 137.7, 137.8, 138.0, 153.4, 174.4, 174.6. HRMS 

calcd for C19H16N3O2: 318.1237. [M+H]+, found: 318.1231. 

2-Chloro-1'-methylspiro[indolo[1,2-b]indazole-11,3'-pyrrolidine]-2',5'-dione (4c) 

White solid (49.5 mg, 49%), mp >300 ºC. 1H NMR (600 MHz, CDCl3): δ 3.26 (s, 3H), 3.39 (d, J = 18.6 Hz, 

1H), 3.47 (d, J = 18.6 Hz, 1H), 7.17 (t, J = 7.2 Hz, 1H), 7.35-7.38 (m, 2H), 7.42 (d, J = 8.4 Hz, 1H), 7.57 (d, J 

= 8.4 Hz, 1H), 7.83 (t, J = 7.8 Hz, 2H). 13C NMR (150 MHz, CDCl3): δ 26.3, 39.3, 52.0, 113.9, 116.3, 117.7, 

119.3, 123.7, 124.0, 127.3, 130.7, 132.9, 136.9, 138.9, 139.1, 153.8, 173.78, 173.79. HRMS calcd for 

C18H13ClN3O2: 338.0691 [M+H]+, found: 338.0691. 

1'-Methyl-2-(trifluoromethyl)spiro[indolo[1,2-b]indazole-11,3'-pyrrolidine]-2',5'-dione (4d) 

White solid (60.1 mg, 54%), mp 294.8-295.6 ºC. 1H NMR (400 MHz, CDCl3): δ 3.28 (s, 3H), 3.44 (d, J = 18.4 

Hz, 1H), 3.50 (d, J = 18.4 Hz, 1H), 7.18 (t, J = 7.6 Hz, 1H), 7.38 (t, J = 7.2 Hz, 1H), 7.44 (d, J = 8.4 Hz, 1H), 

7.64 (s, 1H), 7.84 (d, J = 8.8 Hz, 1H), 7.89 (d, J = 8.4 Hz, 1H), 8.01 (d, J = 8.4 Hz, 1H). 13C NMR (150 MHz, 

CDCl3): δ 26.4, 39.2, 52.1, 113.2, 116.2, 117.8, 119.5, 120.7 (q, 3JC-F = 4.7 Hz), 123.6 (q, 1JC-F = 270.0 Hz), 

124.0, 127.8, 128.4 (q, 3JC-F = 3.3 Hz), 129.5 (q, 2JC-F = 32.6 Hz), 137.8, 138.2, 142.9, 154.2, 173.6, 173.7. 19F 

NMR (376 MHz, CDCl3) δ: -61.8. HRMS calcd for C19H13F3N3O2: 372.0954 [M+H]+, found: 372.0969. 

3-Methoxy-1'-methylspiro[indolo[1,2-b]indazole-11,3'-pyrrolidine]-2',5'-dione (4e) 
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White solid (41.0 mg, 41%), mp 202.8-203.6 ºC. 1H NMR (400 MHz, CDCl3): δ 3.23 (s, 3H), 3.34 (d, J = 18.4 

Hz, 1H), 3.44 (d, J = 18.4 Hz, 1H), 3.90 (s, 3H), 6.85 (dd, J1 = 8.4 Hz, J2 = 2.0 Hz, 1H), 7.13 (t, J = 7.2 Hz, 

1H), 7.23-7.27 (m, 1H), 7.34 (t, J = 8.4 Hz, 1H), 7.43 (d, J = 8.8 Hz, 1H), 7.47 (d, J = 2.0 Hz, 1H), 7.82 (d, J = 

8.8 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 26.1, 39.3, 51.5, 56.0, 98.8, 113.5, 116.2, 117.8, 119.1, 123.3, 

123.9, 127.0, 129.0, 138.0, 141.5, 153.4, 161.8, 174.4, 174.8. HRMS calcd for C19H16N3O3: 334.1186. 

[M+H]+, found: 334.1190. 

6-Chloro-2-methyl-1H-indazolo[2,3-a]pyrrolo[3,4-c]quinoline-1,3(2H)-dione (4f) 

White solid (41.5 mg, 41%), mp 258.7-259.4 ºC. 1H NMR (400 MHz, CDCl3): δ 3.25 (s, 3H), 3.36 (d, J = 18.4 

Hz, 1H), 3.47 (d, J = 18.4 Hz, 1H), 7.14-7.18 (m, 1H), 7.29-7.38 (m, 3H), 7.42 (d, J = 8.4 Hz, 1H), 7.82 (d, J 

= 8.8 Hz, 1H), 7.91 (d, J = 1.6 Hz, 1H). 13C NMR (150 MHz, CDCl3): δ 26.3, 39.2, 51.8, 113.8, 116.2, 117.8, 

119.4, 123.7, 124.2, 127.2, 127.4, 135.9, 136.7, 137.5, 141.3, 153.9, 173.9. HRMS calcd for C18H13ClN3O2: 

338.0691 [M+H]+, found:338.0695. 

1',4-Dimethylspiro[indolo[1,2-b]indazole-11,3'-pyrrolidine]-2',5'-dione (4g) 

White solid (39.8 mg, 42%), mp 209.9-240.7 ºC. 1H NMR (400 MHz, CDCl3): δ 2.95 (s, 3H), 3.24 (s, 3H), 

3.34 (d, J = 18.4 Hz, 1H), 3.45 (d, J = 18.4 Hz, 1H), 7.12-7.19 (m, 2H), 7.22-7.26 (m, 1H), 7.30-7.34 (m, 2H), 

7.43 (d, J = 8.4 Hz, 1H), 7.85 (d, J = 8.8 Hz, 1H). 13C NMR (150 MHz, CDCl3): δ 17.4, 26.2, 39.9, 51.6, 115.6, 

117.6, 119.4, 120.4, 123.2, 126.2, 126.6, 126.9, 132.8, 136.9, 137.9, 138.5, 153.5, 174.5, 174.8. HRMS calcd 

for C19H16N3O2: 318.1237 [M+H]+, found: 318.1235. 

9-Chloro-1'-methylspiro[indolo[1,2-b]indazole-11,3'-pyrrolidine]-2',5'-dione (4h) 

White solid (40.1 mg, 40%), mp 258.6-259.4 ºC. 1H NMR (600 MHz, CDCl3): δ 3.26 (s, 3H), 3.37 (d, J = 18.6 

Hz, 1H), 3.45 (d, J = 18.6 Hz, 1H), 7.27-7.29 (m, 1H), 7.38-7.41 (m, 2H), 7.43 (d, J = 0.6 Hz, 1H), 7.57-7.60 

(m, 1H), 7.77 (d, J = 9.0 Hz, 1H), 7.90 (d, J = 7.8 Hz, 1H). 13C NMR (150 MHz, CDCl3): δ 26.3, 39.3, 51.9, 
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113.2, 116.5, 116.6, 120.7, 123.2, 127.7, 128.3, 129.1, 130.6, 136.4, 137.8, 139.9, 151.8, 174.0, 174.1. HRMS 

calcd for C18H13ClN3O2: 338.0691 [M+H]+, found: 338.0699. 

8- Methoxy-1'-methylspiro[indolo[1,2-b]indazole-11,3'-pyrrolidine]-2',5'-dione (4i) 

White solid (45.0 mg, 45%), mp 199.4-200.1 ºC. 1H NMR (400 MHz, CDCl3): δ 3.25 (s, 3H), 3.37 (d, J = 18.4 

Hz, 1H), 3.44 (d, J = 18.4 Hz, 1H), 3.89 (s, 3H), 6.85 (dd, J1 = 9.2 Hz, J 2= 2.0 Hz, 1H), 7.08 (d, J = 1.6 Hz, 

1H), 7.29-7.36 (m, 3H), 7.54-7.58 (m, 1H), 7.84 (d, J = 8.0 Hz, 1H). 13C NMR (150 MHz, CDCl3): δ 26.2, 

39.6, 51.9, 55.3, 96.2, 111.8, 112.5, 118.5, 123.1, 126.7, 130.5, 137.22, 137.24, 140.4, 154.9, 159.5, 174.3, 

174.5. HRMS calcd for C19H16N3O3: 334.1186 [M+H]+, found: 334.1170. 

1'-Methylspiro[[1,3]dioxolo[4,5-f]indolo[1,2-b]indazole-11,3'-pyrrolidine]-2',5'-dione (4j) 

White solid (47.8 mg, 46%), mp 287.3-288.9 ºC. 1H NMR (400 MHz, CDCl3): δ 3.24 (s, 3H), 3.34 (d, J = 18.8 

Hz, 1H), 3.40 (d, J = 18.4 Hz, 1H), 5.99 (d, J = 4.8 Hz, 2H), 6.61 (s, 1H), 7.09 (s, 1H), 7.28-7.34 (m, 2H), 

7.51-7.55(m, 1H), 7.78 (d, J = 8.0 Hz, 1H). 13C NMR (150 MHz, CDCl3): δ 26.2, 39.5, 51.7, 92.7, 95.7, 101.4, 

111.8, 112.2, 123.1, 126.4, 130.4, 136.5, 137.0, 140.3, 146.8, 149.8, 151.2, 174.3, 174.6. HRMS calcd for 

C19H14N3O4: 348.0979 [M+H]+, found: 348.0973. 

1'-Ethylspiro[indolo[1,2-b]indazole-11,3'-pyrrolidine]-2',5'-dione (4k) 

White solid (47.5 mg, 50%), mp 180.3-181.4 ºC. 1H NMR (400 MHz, CDCl3): δ 1.33 (t, J = 6.8 Hz, 3H), 3.36 

(d, J = 18.4 Hz, 1H), 3.45 (d, J = 18.4 Hz, 1H), 3.80 (q, J = 7.2 Hz, 2H), 7.14-7.17 (m, 1H), 7.33-7.38 (m, 

3H), 7.44 (d, J = 8.4 Hz, 1H), 7.56-7.60 (m, 1H), 7.84 (d, J = 8.8 Hz,1H), 7.92 (d, J = 8.0 Hz, 1H). 13C NMR 

(100 MHz, CDCl3): δ 13.2, 35.1, 39.5, 52.0, 113.1, 116.1, 117.7, 119.3, 123.1, 123.4, 127.0, 127.3, 130.5, 

137.0, 137.7, 140.3, 153.6, 174.07, 174.09. HRMS calcd for C19H16N3O2: 318.1237 [M+H]+, found: 318.1242. 

1'-Benzylspiro[indolo[1,2-b]indazole-11,3'-pyrrolidine]-2',5'-dione (4l) 
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White solid (60.2 mg, 53%), mp 207.8-208.5 ºC. 1H NMR (600 MHz, CDCl3): δ 3.36 (d, J = 19.2 Hz, 1H), 

3.41 (d, J = 18.6 Hz, 1H), 4.86 (d, J = 14.4 Hz, 1H), 4.88 (d, J = 13.8 Hz, 1H), 7.00-7.02 (m, 1H), 7.06 (d, J = 

8.4 Hz, 1H), 7.23-7.25 (m, 1H), 7.29-7.33 (m, 2H), 7.34-7.36 (m, 3H), 7.43-7.45 (m, 2H), 7.54-7.57 (m, 1H), 

7.81 (d, J = 9.0 Hz, 1H), 7.90 (d, J = 7.2 Hz, 1H). 13C NMR (150 MHz, CDCl3): δ 39.5, 43.7, 52.1, 113.0, 

116.1, 117.8, 119.1, 123.2, 123.3, 127.0, 127.3, 128.5, 128.96, 128.99, 130.5, 135.4, 137.0, 137.5, 140.3, 

153.6, 173.8, 174.0. HRMS calcd for C24H18N3O2: 380.1394 [M+H]+, found: 380.1388. 

1'-Cyclohexylspiro[indolo[1,2-b]indazole-11,3'-pyrrolidine]-2',5'-dione (4m) 

White solid (54.5 mg, 49%), mp 168.9-169.5 ºC. 1H NMR (600 MHz, CDCl3): δ 1.21-1.27 (m, 1H), 1.36-1.41 

(m, 2H), 1.68-1.70 (m, 1H), 1.76-1.78 (m, 2H), 1.88-1.89 (m, 2H), 2.23-2.27 (m, 2H), 3.33 (d, J = 18.0 Hz, 

1H), 3.39 (d, J = 18.0 Hz, 1H), 4.16-4.20 (m, 1H), 7.15 (t, J = 7.8 Hz, 1H), 7.33-7.35 (m, 1H), 7.36-7.40 (m, 

2H), 7.43 (d, J = 9.0 Hz, 1H), 7.56-7.59 (m, 1H), 7.84 (d, J = 9.0 Hz, 1H), 7.91 (d, J = 7.8 Hz, 1H). 13C NMR 

(150 MHz, CDCl3): δ 24.9, 25.8, 29.0, 39.4, 51.8, 53.2, 113.0, 116.1, 117.8, 119.2, 123.1, 123.3, 127.0, 127.3, 

130.4, 137.3, 137.9, 140.4, 153.6, 174.2, 174.3. HRMS calcd for C23H22N3O2: 372.1707 [M+H]+, found: 

372.1717. 

1'-(tert-Butyl)spiro[indolo[1,2-b]indazole-11,3'-pyrrolidine]-2',5'-dione (4n) 

White solid (42.4 mg, 41%), mp 168.9-169.5 ºC. 1H NMR (400 MHz, CDCl3): δ 1.69 (s, 9H), 3.28 (d, J = 18.0 

Hz, 1H), 3.35 (d, J = 18.0 Hz, 1H), 7.14-7.18 (m, 1H), 7.33-7.41 (m, 3H), 7.48 (d, J = 8.8 Hz, 1H), 7.55-7.59 

(m, 1H), 7.84 (d, J = 8.8 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H). 13C NMR (150 MHz, CDCl3): δ 28.4, 39.7, 52.3, 

60.1, 113.0, 116.1, 117.8, 119.2, 123.0, 123.2, 126.9, 127.2, 130.3, 137.6, 138.1, 140.4, 153.6, 174.9, 175.1. 

HRMS calcd for C21H20N3O2: 346.1550 [M+H]+, found: 346.1541. 

1'-Phenylspiro[indolo[1,2-b]indazole-11,3'-pyrrolidine]-2',5'-dione (4o) 
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White solid (48.2 mg, 44%), mp 138.3-139.0 ºC. 1H NMR (400 MHz, CDCl3): δ 3.49 (d, J = 18.4 Hz, 1H), 

3.56 (d, J = 18.4 Hz, 1H), 7.14-7.18 (m, 1H), 7.32-7.33 (m, 1H), 7.36-7.39 (m, 2H), 7.41-7.43 (m, 2H), 

7.47-7.51 (m, 3H), 7.53-7.58 (m. 2H), 7.85 (d, J = 8.8 Hz, 1H), 7.91 (d, J = 7.6 Hz, 1H)13C NMR (100 MHz, 

CDCl3): δ 43.8, 56.6, 117.4, 120.5, 122.0, 123.6, 127.6, 127.8, 130.6, 131.3, 131.7, 133.5, 133.7, 134.9, 135.9, 

141.2, 141.7, 144.7, 157.9, 177.4, 177.5. HRMS calcd for C23H16N3O2: 366.1237 [M+H]+, found: 366.1236. 

5. Gram-scale preparation of 3a 

To a reaction tube equipped with a stir bar were charged with 2-phenyl-2H-indazole (1a, 5 mmol) and 

N-methylmaleimide (2a, 7.5 mmol), [Cp*RhCl2]2 (0.25 mmol), Cu(OAc)2 (10 mmol), 1-adamantane 

carboxylic acid (5 mmol) and toluene (40 mL). The resulting mixture was then stirred at 120 °C under air for 

16 h. Upon completion, it was cooled to room temperature, quenched with water, and extracted with EtOAc 

(50 mL × 3). The combined organic layers were dried over anhydrous Na2SO4, and concentrated under 

reduced pressure. The residue was purified by silica gel chromatography using dichloromethane as eluent to 

afford 3a (1.129g, 75%). 
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III. Mechanism studies 

1. Reversibility of C−H bond cleavage 

To a reaction tube equipped with a stir bar were charged with 2-phenyl-2H-indazole (1a, 0.3 mmol),  

[Cp*RhCl2]2 (0.015 mmol), Cu(OAc)2 (0.6 mmol), 1-adamantane carboxylic acid (0.3 mmol), CD3OD (1.2 

mmol) and toluene (3 mL). The resulting mixture was then stirred at 120 °C under air for 16 h. Upon 

completion, it was cooled to room temperature, quenched with water, and extracted with EtOAc (10 mL × 3). 

The combined organic layers were dried over anhydrous Na2SO4, and concentrated under reduced pressure. 

The residue was purified by silica gel chromatography using petroleum ether/ethyl acetate (10:1) as eluent to 

afford 1a-dn. 1H NMR analysis revealed 12% deuteration at the ortho-position of the 2-phenyl ring and 15% 

deuteration at the C3-position of the indazolyl scaffold. 
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2. An intermolecular KIE experiment 

To a reaction tube equipped with a stir bar were charged with 2-phenyl-2H-indazole (1a, 0.3 mmol), 

2-phenyl-d3-2H-indazole (1a-d3, 0.3 mmol), N-methymaleimide (2a, 0.3 mmol), [Cp*RhCl2]2 (0.015 mmol), 

N
N

1a-dn
D/H

H/D
15% D

12% D
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Cu(OAc)2 (0.6 mmol), 1-adamantane carboxylic acid (0.3 mmol) and toluene (3 mL). The resulting mixture 

was then stirred at 120 °C under air for 1 h. Upon completion, it was cooled to room temperature, quenched 

with water, and extracted with EtOAc (10 mL × 3). The combined organic layers were dried over anhydrous 

Na2SO4, and concentrated under reduced pressure. The residue was purified by silica gel chromatography 

using dichloromethane as eluent to afford a mixture of 3a and 3a-d2. Upon analyzing the corresponding 1H 

NMR spectrum, the intermolecular KIE (KH/KD) was determined as 4.56. 
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3. Competition experiment (I)  

To a reaction tube equipped with a stir bar were charged with 2-(4-methoxyphenyl)-2H-indazole (1c, 0.3 

mmol), 2-(4-(trifluoromethyl)phenyl)-2H-indazole (1f, 0.3 mmol), N-methylmaleimide (2a, 0.3 mmol), 

[Cp*RhCl2]2 (0.015 mmol), Cu(OAc)2 (0.6 mmol), 1-adamantane carboxylic acid (0.3 mmol) and toluene (3 

mL). The resulting mixture was then stirred at 120 °C under air for 16 h. Upon completion, it was cooled to 

room temperature, quenched with water, and extracted with EtOAc (10 mL × 3). The combined organic layers 

N
N

(D)H

H(D)

3a and 3a-d2

NO O

Me
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were dried over anhydrous Na2SO4, and concentrated under reduced pressure. The residue was purified by 

silica gel chromatography using dichloromethane as eluent to afford products 3c and 3f with a ratio of 2.3:1. 

4. Competition experiment (II) 

To a reaction tube equipped with a stir bar were charged with 2-(4-methylphenyl)-2H-indazole (1b, 0.3 

mmol), N-methylmaleimide (2a, 0.3 mmol), N-phenylmaleimide (2f, 0.3 mmol), [Cp*RhCl2]2 (0.015 mmol), 

Cu(OAc)2 (0.6 mmol), 1-adamantane carboxylic acid (0.3 mmol) and toluene (3 mL). The resulting mixture 

was then stirred at 120 °C under air for 16 h. Upon completion, it was cooled to room temperature, quenched 

with water, and extracted with EtOAc (10 mL × 3). The combined organic layers were dried over anhydrous 

Na2SO4, and concentrated under reduced pressure. The residue was purified by silica gel chromatography 

using dichloromethane as eluent to afford products 3b and 3u with a ratio of 1.7:1. 

5. Reaction of 2,3-diphenyl-2H-indazole (5) with 2a 

 

To a reaction tube equipped with a stir bar were charged with 2,3-diphenyl-2H-indazole (5, 0.3 mmol), 

N-methylmaleimide (2a, 0.45 mmol), [Cp*RhCl2]2 (0.015 mmol), Cu(OAc)2 (0.6 mmol), DIPEA (0.3 mmol) 

and toluene (3 mL). The resulting mixture was then stirred at 120 °C for 16 h. It was then cooled to room 

temperature, quenched with water, and extracted with EtOAc (10 mL × 3). The combined organic layers were 

dried over anhydrous Na2SO4, and concentrated under reduced pressure. The residue was purified by silica gel 

chromatography using petroleum ether/ethyl acetate (5:1) as eluent to afford 6. 

1-Methyl-3-(2-(3-phenyl-2H-indazol-2-yl)phenyl)-1H-pyrrole-2,5-dione (6) 
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White solid (48.9 mg, 43%), mp 167.3-168.5 ºC. 1H NMR (600 MHz, CDCl3): δ 2.82 (s, 3H), 5.72 (s, 1H), 

7.13-7.16 (m, 1 H), 7.22-7.24 (m, 2H), 7.29-7.31 (m, 3H), 7.35-7.38 (m, 1H), 7.50-7.56 (m, 3H), 7.65 (d, J = 

7.8 Hz, 1H), 7.69 (d, J = 8.4 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H). 13C NMR (150 MHz, CDCl3): δ 23.8, 117.9, 

120.6, 121.4, 123.1, 126.0, 127.52, 127.55, 128.6, 128.8, 128.9, 129.2, 129.3, 129.4, 130.9, 131.2, 136.5, 

139.0, 142.3, 149.1, 169.0, 170.0. HRMS calcd for C24H18N3O2: 380.1394 [M+H]+, found: 380.1396. 
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IV. Copies of 1H and 13C NMR spectra of 3a-3u 
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V. Copies of 1H and 13C NMR spectra of 4a-4o  
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VI. Copies of 1H and 13C NMR spectra of 6 
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VII. X-ray crystal structure and data of 4g 

     

Fig. S1  X-ray structure of 4g with 30% ellipsoid probability 

 

X-ray structure determination. Single crystals suitable for X-ray diffraction were obtained by slow 

evaporation of the solvent from a chloroform solution of 4g. Crystal data collection and refinement parameters 

of 4g are summarized in Table S1. Intensity data were collected at 150 K on a SuperNova Dual diffractometer 

using mirror-monochromated Cu Kα radiation, λ = 1.54184 Å. The data were corrected for decay, Lorentz, 

and polarization effects as well as absorption and beam corrections based on the multi-scan technique. The 

structure was solved by a combination of direct methods in SHELXTL and the difference Fourier technique, 

and refined by full-matrix least-squares procedures. Nonhydrogen atoms were refined with anisotropic 

displacement parameters. The H-atoms were either located or calculated and subsequently treated with a riding 

model.  

Table S1 Crystallographic data and structure refinement results of 4g 

Empirical formula C19N3O2H15 

Formula weight 317.34 

Temp, K 150.01(10) 

Crystal system triclinic 

Space group P-1 

a, Å 6.9822(6) 

b, Å 10.6463(7) 
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c, Å 11.0239(9) 

α (°) 64.355(7) 

β (°) 84.664(6) 

γ (°) 83.445(6) 

Volume, Å3 733.04(10) 

Z 2 

dcalc, g cm−3 1.438 

λ, Å 1.54184 

μ, mm−1 0.776 

No. of data collected 5073 

No. of unique data 2810 

Rint 0.0231 

Goodness-of-fit on F2 1.055 

R1, wR2 (I > 2σ(I)) 0.0432, 0.1062 

R1, wR2 (all data) 0.0560, 0.1160 
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