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General Methods and Materials: 

 

Unless specified, all reactions were carried out under air using commercial available 

solvents as received. Dichloro(η5‐pentamethylcyclopentadienyl)rhodium(III) dimer 

was synthesized according to a previous literature.1 2-phenyl indole was purchased 

from Alfa Aesar and used directly. All 2-aryl indole starting materials are synthesized 

according to literatures.2 All other reagents were purchased and used without 

further purification unless specified otherwise. Solvents for chromatography were 

technical grade and distilled prior to use. Column chromatography was performed 

using silica gel Merck 60 (particle size 0.063–0.2 mm). Analytical thin-layer 

chromatography (TLC) was performed on Merck silica gel aluminium plates with 

GF-254 indicator. Visualization of the developed chromatogram was performed by 

UV absorbance (254 nm). 1H NMR and 13C NMR data were recorded on Varian VNMR 

600, Varian VNMR 400 or Mercury 300 spectrometer. Chemical shifts (δ) in ppm are 

reported as quoted relative to the residual signals of dimethyl sulfoxide (1H 2.49 ppm 

or 13C 39.60 ppm). Multiplicities are described as: s (singlet), d (doublet), t (triplet), q 

(quartet), m (multiplet); and coupling constants (J) are reported in Hertz (Hz). 13C 

NMR spectra were recorded with total proton decoupling. High-resolution mass 

spectra (HRMS) was collected in ESI mode by using a MicrOTOF mass spectrometer.   
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Conditions Screening: a 

 

Entry Solvent Catalyst Additive Results 

1 DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 55% 

2 DMF [RhCp*Cl2]2 – <5% 

3 DMF – Cu(OAc)2·H2O – 

4b DMF [RhCp*Cl2]2 Cu(OAc)2.H2O 40% 

5 Dioxane [RhCp*Cl2]2 Cu(OAc)2·H2O 48% 

6 t-AmOH [RhCp*Cl2]2 Cu(OAc)2·H2O – 

7 MeCN [RhCp*Cl2]2 Cu(OAc)2.H2O 52% 

8 DCE [RhCp*Cl2]2 Cu(OAc)2·H2O 43% 

9 o-xylene [RhCp*Cl2]2 Cu(OAc)2·H2O 54% 

10 DMAc [RhCp*Cl2]2 Cu(OAc)2·H2O <5% 

11 DMSO [RhCp*Cl2]2 Cu(OAc)2·H2O trace 

12 DME [RhCp*Cl2]2 Cu(OAc)2·H2O 40% 

13 NMP [RhCp*Cl2]2 Cu(OAc)2·H2O 7% 

14 DMF [RuCl2(p-cymene)]2 Cu(OAc)2·H2O – 

15 DMF Pd(OAc)2 Cu(OAc)2·H2O – 

16 DMF PdCl2 Cu(OAc)2·H2O – 

17 DMF PdCl2(MeCN)2 Cu(OAc)2·H2O <5% 

18 DMF [RhCp*(OAc)2] Cu(OAc)2·H2O 47% 

19 DMF RhCl(PPh3)3 Cu(OAc)2·H2O <5% 

20 DMF [Rh(coe)Cl]2 Cu(OAc)2·H2O <5% 

21 DMF Cp*CoI2(CO) Cu(OAc)2·H2O – 

22 DMF [RhCp*Cl2]2 AgOAc – 
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23 DMF [RhCp*Cl2]2 Ag2O – 

24 DMF [RhCp*Cl2]2 Cu(acac)2 trace 

25 DMF [RhCp*Cl2]2 CuCl2 17% 

26 DMF [RhCp*Cl2]2 Copper 2-ethylhexoate 28% 

27 DMF [RhCp*Cl2]2 CuOAc 12% 

28 DMF [RhCp*Cl2]2 Fe(OAc)2 <5% 

29c DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 50% 

30d DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 59% 

31e DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 54% 

32 DMF [RhCp*Cl2]2 O2 – 

33f, g DMF [RhCp*Cl2]2 Cu(OAc)2·H2O (10 mol%)  33% 

34e, h DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 59% 

35e, g, h DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 0% 

36e, i DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 45% 

37e, h, j DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 47% 

38e, h, k DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 59% 

39e, h DMF [RhCp*Cl2]2 PhI(OAc)2 – 

40e, h, l DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 65% 

41e, h, l DMF/DCE (4:1) [RhCp*Cl2]2 Cu(OAc)2·H2O 69% 

42e, h, l DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 60% (48 h) 

43d, e, h, l DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 62% 

44e, h, l, m DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 62% 

45e, h, l DMF/DCE (1:1) [RhCp*Cl2]2 Cu(OAc)2·H2O 67% 

46h, l, n DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 47% 

47e, h, l, o DMF/DCE (4:1) [RhCp*Cl2]2 Cu(OAc)2·H2O 52% 

48e, h, l DMF/DCE (2:1) [RhCp*Cl2]2 Cu(OAc)2·H2O 74% 

49e, h, l, p DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 42% 

50e, l, q DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 67% 

51e, h, l DMF/o-xylene (2:1) [RhCp*Cl2]2 Cu(OAc)2·H2O 62% 
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52e, q, r DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 70% 

53e, l, q DMF [RhCp*Cl2]2 Cu(OAc)2·H2O 57% 

54e, l, q 

55e, q, r, s 

DMF/DCE (2:1) 

DMF/DCE (2:1) 

[RhCp*Cl2]2 

[RhCp*Cl2]2 

Cu(OAc)2·H2O 

Cu(OAc)2·H2O 

74% 

84% (36 h) 

a. 0.2 mmol scale, isolated yield;  

b. without CsOAc;  

c. 0.5 equiv. CsOAc;  

d. 0.3 equiv. AgOAc;  

e. NaOAc instead of CsOAc;  

f. Na2CO3 instead of CsOAc;  

g. under air;  

h. 2.0 equiv. BQ;  

i. 3.0 equiv. Cu(OAc)2·H2O;  

j. 80 oC;  

k. 120 oC;  

l. 1.0 equiv. Cu(OAc)2·H2O;  

m. 0.2 equiv. AgSbF6;  

n. 1.0 equiv. NaOAc;  

o. 90 oC;  

p. 0.5 equiv. NaOAc;  

q. 1.5 equiv. 1a and 1 equiv. 2a;  

r. 2.1 equiv. Cu(OAc)2·H2O;  

s. 0.3 mmol scale. 
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General Procedure for Dual C–H Activation  

 

Condition A: 

[Cp*RhCl2]2 (0.015 mmol, 9.3 mg, 5 mol %), NaOAc (0.6 mmol, 49.2 mg, 2.0 equiv.), 

Cu(OAc)2·H2O (0.63 mmol, 125.8 mg, 2.1 equiv.) and 2-aryl indole substrate 1 (0.45 

mmol, 1.5 equiv.) were weighed into a Schlenk tube. The reaction vessel was capped 

and subjected to three vacuum-purge/argon-flush cycles. A solution of benzoquione 

(0.3 mmol, 1.0 equiv.) in DMF/DCE (2:1, 1.5 mL) was then added through the 

side-arm by syringe. The reaction was stirred under argon at 100 °C. Upon complete 

of the reaction, it was cooled to room temperature. 30 mL water was added and 

then extracted with EtOAc (3 times), dried over MgSO4 and the obtained solvent was 

removed by rotary evaporation and the residue was purified by silica gel flash 

chromatography using n-Hexane/EtOAc (10:1 to 6:1) to afford product 3. 

 

Condition B: 

[Cp*RhCl2]2 (0.015 mmol, 9.3 mg, 5 mol%), NaOAc (0.6 mmol, 49.2 mg, 2.0 equiv.), 

Cu(OAc)2·H2O (0.63 mmol, 125.8 mg, 2.1 equiv.) and 2-aryl indole substrate 1 (0.30 

mmol, 1.0 equiv.) were weighed into a Schlenk tube. The reaction vessel was capped 

and subjected to three vacuum-purge/argon-flush cycles. A solution of benzoquione 

(0.6 mmol, 2.0 equiv.) in DMF/DCE (2:1, 1.5 mL) was then added through the 

side-arm by syringe. The reaction was stirred under argon at 60 °C. Upon complete 

of the reaction, it was cooled to room temperature. 30 mL water was added and 

then extracted with EtOAc (3 times), dried over MgSO4 and the obtained solvent was 

removed by rotary evaporation and the residue was purified by silica gel flash 

chromatography using n-Hexane/EtOAc (10:1 to 6:1) to afford product 3. 
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Characterization of Products: 

 

 

9H-dibenzo[a,c]carbazol-3-ol (3a).3 Condition A, 36 h, yield: 84%, gray solid. 1H NMR 

(d6-DMSO, 600 MHz): δ 12.20 (s, 1H), 9.65 (s, 1H), 8.70 (d, J = 8.2 Hz, 1H), 8.65 (d, J = 8.6 Hz, 

1H), 8.54 (d, J = 7.9 Hz, 1H), 8.50 (d, J = 7.9 Hz, 1H), 8.16 (s, 1H), 7.74 (t, J = 7.2 Hz, 1H), 7.68 – 

7.66 (m, 2H), 7.39 (t, J = 7.3 Hz, 1H), 7.33 (d, J = 7.1 Hz, 1H), 7.27 (d, J = 7.4 Hz, 1H); 13C NMR 

(d6-DMSO, 150 MHz): δ 154.0, 138.6, 132.5, 128.8, 128.0, 127.0, 126.2, 124.8, 123.9, 123.5, 

123.5, 123.1, 122.8, 122.3, 121.4, 119.8, 117.6, 111.8, 111.7, 108.2. 

 

 

 
8-methyl-9H-dibenzo[a,c]carbazol-3-ol (3b).3 Condition B, 48 h, yield: 57%, gray solid. 1H 

NMR (d6-DMSO, 600 MHz): δ 11.10 (s, 1H), 9.62 (s, 1H), 8.73 (d, J = 8.8 Hz, 1H), 8.61 (d, J = 

8.1 Hz, 1H), 8.56 (d, J = 8.0 Hz, 1H), 8.50 (d, J = 7.9 Hz, 1H), 8.16 (s, 1H), 7.92 (t, J = 8.1 Hz, 1H), 

7.56 – 7.51 (m, 2H), 7.40 (d, J = 7.4 Hz, 1H), 7.34 (d, J = 8.6 Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H), 

3.17 (s, 3H); 13C NMR (d6-DMSO, 150 MHz): δ 154.1, 138.8, 133.0, 132.2, 129.9, 129.7, 128.4, 

125.5, 124.6, 123.3, 122.9, 122.7, 122.4, 122.0, 121.1, 120.0, 117.7, 113.0, 112.9, 108.3, 

24.2. 

 

 

 

7-methyl-9H-dibenzo[a,c]carbazol-3-ol (3c).3 Condition B, 45.5 h, yield: 53%, gray solid. 1H 

NMR (d6-DMSO, 600 MHz): δ 12.10 (s, 1H), 9.57 (s, 1H), 8.62 (d, J = 8.7 Hz, 1H), 8.57 (d, J = 

8.5 Hz, 1H), 8.47 (d, J = 8.0 Hz, 1H), 8.34 (s, 1H), 8.10 (d, J = 2.3 Hz, 1H), 7.66 (d, J = 8.0 Hz, 
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1H), 7.50 (d, J = 8.4 Hz, 1H), 7.37 (t, J = 7.7 Hz, 1H), 7.29 – 7.25 (m, 2H), 2.59 (s, 3H); 13C NMR 

(d6-DMSO, 150 MHz): δ 153.9, 138.5, 136.3, 132.4, 128.1, 127.7, 126.7, 124.7, 123.8, 123.5, 

123.4, 123.1, 122.4, 121.9, 121.2, 119.7, 117.1, 111.7, 108.0, 21.4. 

 

 

 

7-methoxy-9H-dibenzo[a,c]carbazol-3-ol (3d) and 5-methoxy-9H-dibenzo[a,c]carbazol-3-ol 

(3d’). Condition B, 45.5 h, yield: 68%, isolated as an inseparable mixture, ratio = 5:3, gray 

solid. 1H NMR (d6-DMSO, 400 MHz): δ 12.10 (s, 1H), 12.10 (s, 0.7H), 9.55 (s, 1H), 9.41 (s, 

0.7H), 9.22 (d, J = 2.5 Hz, 0.7H), 8.65 (d, J = 8.8 Hz, 0.7H), 8.61 (d, J = 7.8 Hz, 1.7H), 8.58 (s, 

0.6H), 8.49 (d, J = 8.0 Hz, 1.7H), 8.16 (d, J = 8.0 Hz, 0.7H), 8.06 – 8.04 (m, 2H), 7.70 – 7.65 (m, 

2.3H), 7.41 – 7.37 (m, 1.7H), 7.29 – 7.24 (m, 4.8H), 6.57 (s, 0.7H), 4.12 (s, 1.8H), 4.01 (s, 3H); 
13C NMR (d6-DMSO, 150 MHz): δ 159.0, 158.4, 154.0, 153.3, 149.8, 138.8, 138.5, 132.7, 132.4, 

128.2, 127.9, 127.4, 125.6, 125.2, 124.7, 124.3, 123.9, 123.6, 123.5, 123.2, 123.1, 122.8, 

121.7, 121.5, 121.4, 119.7, 118.7, 116.5, 116.3, 115.8, 115.7, 114.8, 114.4, 112.3, 112.1, 

111.7, 108.7, 107.7, 103.6, 56.0, 55.6. HRMS (ESI) calcd. for C21H14NO2 [M–H]– : 312.1030, 

found: 312.1026. 

 

 

6-methyl-9H-dibenzo[a,c]carbazol-3-ol (3e).3 Condition B, 48 h, yield: 47%, gray solid. 1H 

NMR (d6-DMSO, 600 MHz): δ 12.10 (s, 1H), 9.56 (s, 1H), 8.62 (d, J = 8.8 Hz, 1H), 8.57 (d, J = 

8.5 Hz, 1H), 8.50 (s, 1H), 8.47 (d, J = 8.0 Hz, 1H), 8.43 (d, J = 8.2 Hz, 1H), 8.16 (d, J = 2.2 Hz, 

1H), 7.66 (d, J = 8.0 Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.37 (t, J = 7.4 Hz, 1H), 7.31 (dd, J = 8.6, 

2.2 Hz, 1H), 7.26 (t, J = 7.6 Hz, 1H), 2.61 (s, 3H); 13C NMR (d6-DMSO, 150 MHz): δ 153.8, 138.4, 

135.4, 132.7, 128.9, 128.4, 127.8, 124.7, 123.6, 123.6, 123.2, 123.0, 122.3, 121.1, 120.9, 

119.7, 117.5, 111.7, 111.1, 108.2, 21.8. 
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6-methoxy-9H-dibenzo[a,c]carbazol-3-ol (3f).3 Condition B, 45.5 h, yield: 59%, gray solid. 1H 

NMR (d6-DMSO, 600 MHz): δ 12.10 (s, 1H), 9.55 (s, 1H), 8.61 (d, J = 8.7 Hz, 1H), 8.46 (d, J = 

8.8 Hz, 1H), 8.44 (d, J = 8.0 Hz, 1H), 8.13 (d, J = 2.2 Hz, 1H), 8.08 (d, J = 2.1 Hz, 1H), 7.64 (d, J = 

8.0 Hz, 1H), 7.41 (dd, J = 8.8, 2.3 Hz, 1H), 7.34 (t, J = 7.5 Hz, 1H), 7.31 (dd, J = 8.6, 2.2 Hz, 1H), 

7.25 (t, J = 7.7 Hz, 1H), 4.02 (s, 3H); 13C NMR (d6-DMSO, 150 MHz): δ 157.9, 153.7, 138.3, 

132.9, 130.4, 127.5, 124.7, 123.9, 123.6, 123.2, 122.9, 120.9, 119.6, 117.7, 117.3, 116.6, 

111.5, 110.1, 108.5, 105.8, 55.5. 

 

 

 

6-(tert-butyl)-9H-dibenzo[a,c]carbazol-3-ol (3g). Condition B, 48 h, yield: 59%, gray solid. 1H 

NMR (d6-DMSO, 600 MHz): δ 12.10 (s, 1H), 9.57 (s, 1H), 8.63 (d, J = 8.8 Hz, 2H), 8.48 (t, J = 8.5 

Hz, 1H), 8.21 (d, J = 1.9 Hz, 1H), 7.85 (d, J = 8.4 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.37 (t, J = 7.4 

Hz, 1H), 7.31 (dd, J = 8.6, 2.1 Hz, 1H), 7.27 (t, J = 7.5 Hz, 1H), 1.49 (s, 9H); 13C NMR (d6-DMSO, 

150 MHz): δ 153.8, 148.3, 138.5, 132.6, 128.4, 128.1, 125.1, 124.8, 123.6, 123.2, 123.0, 

122.2, 121.2, 120.9, 119.6, 119.2, 117.4, 111.7, 111.2, 108.0, 35.1, 31.4. HRMS (ESI) calcd. 

for C24H20NO [M–H]– : 338.1550, found: 338.1557. 

 

 

 
8-fluoro-9H-dibenzo[a,c]carbazol-3-ol (3h). Condition A, 48 h, yield: 68%, white solid. 1H 

NMR (d6-DMSO, 400 MHz): δ 11.73 (d, J = 2.9 Hz, 1H), 9.74 (s, 1H), 8.73 (d, J = 8.9 Hz, 1H), 

8.55 (t, J = 8.9 Hz, 2H), 8.16 (d, J = 2.4 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.67 (td, J = 8.0, 6.1 Hz, 

1H), 7.59 (dd, J = 11.8, 8.0 Hz, 1H), 7.43 – 7.37 (s, 2H), 7.30 (td, J = 8.1, 1.0 Hz, 1H); 19F NMR 
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(d6-DMSO, 564 MHz): δ -116.3 (m, 1F); 13C NMR (d6-DMSO, 150 MHz): δ 158.3 (d, J1F = 246.0 

Hz), 154.3, 138.9 (d, J4F = 2.2 Hz), 131.2 (d, J 3F = 4.7 Hz), 127.8, 127.1, 126.2 (d, J3F = 8.8 Hz), 

125.0, 123.7, 123.0, 122.2, 121.2, 120.0, 120.0, 120.0, 118.5, 112.8, 112.5 (d, J2F = 14.2 Hz), 

112.3 (d, J2F = 20.2 Hz), 108.6. HRMS (ESI) calcd. for C20H11FNO [M–H]– : 300.0830, found: 

300.0824. 

 

 

 

7-bromo-9H-dibenzo[a,c]carbazol-3-ol (3i).3 Condition A, 48 h, yield: 64%, white solid. 1H 

NMR (d6-DMSO, 400 MHz): δ 12.26 (s, 1H), 9.69 (s, 1H), 8.80 (d, J = 2.0 Hz, 2H), 8.65 (t, J = 7.4 

Hz, 2H), 8.50 (d, J = 8.0 Hz, 1H), 8.12 (d, J = 2.2 Hz, 1H), 7.78 (dd, J = 8.8, 2.0 Hz, 1H), 7.67 (d, J 

= 8.0 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 7.35 (dd, J = 8.7, 2.2 Hz, 1H), 7.28 (t, J = 7.7 Hz, 1H); 13C 

NMR (d6-DMSO, 100 MHz): δ 154.2, 138.7, 131.2, 128.6, 127.5, 126.3, 125.0, 124.6, 124.5, 

124.0, 123.2, 122.7, 121.5, 120.4, 119.9, 118.1, 112.8, 111.9, 108.2.  

 

 

 

6-fluoro-9H-dibenzo[a,c]carbazol-3-ol (3j).3 Condition A, 48 h, yield: 56%, white solid. 1H 

NMR (d6-DMSO, 600 MHz): δ 12.21 (s, 1H), 9.65 (s, 1H), 8.65 (d, J = 8.8 Hz, 1H), 8.58 (dd, J = 

8.9, 5.9 Hz, 1H), 8.49 (d, J = 8.0 Hz, 1H), 8.45 (dd, J = 11.8, 2.3 Hz, 1H), 8.09 (d, J = 2.3 Hz, 1H), 

7.67 (d, J = 8.0 Hz, 1H), 7.65 (td, J = 8.5, 2.4 Hz, 1H), 7.38 (td, J = 7.9, 0.7 Hz, 1H), 7.35 (dd, J = 

8.7, 2.4 Hz, 1H), 7.27 (td, J = 7.9, 0.8 Hz, 1H); 19F NMR (d6-DMSO, 564 MHz): δ -114.1 (m, 1F); 
13C NMR (d6-DMSO, 150 MHz): δ 160.8 (d, J1F = 241.5 Hz), 154.0, 138.5, 132.2, 130.7 (d, J3F = 

8.0 Hz), 127.4 (d, J4F = 3.3 Hz), 124.8, 124.8 (d, J3F = 9.0 Hz), 123.5, 123.4, 123.2, 121.3, 120.0, 

119.8, 118.4, 115.6 (d, J2F = 23.6 Hz), 111.8, 111.3, 109.3 (d, J2F = 22.3 Hz), 108.7.  
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6-chloro-9H-dibenzo[a,c]carbazol-3-ol (3k).3 Condition A, 48 h, yield: 60%, gray solid. 1H 

NMR (d6-DMSO, 600 MHz): δ 12.26 (s, 1H), 9.67 (s, 1H), 8.70 (s, 1H), 8.67 (d, J = 8.7 Hz, 1H), 

8.56 (d, J = 8.5 Hz, 1H), 8.50 (d, J = 8.0 Hz, 1H), 8.14 (s, 1H), 7.80 (dd, J = 8.6, 1.7 Hz, 1H), 7.68 

(d, J = 8.1 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.37 – 7.36 (m, 1H), 7.28 (t, J = 7.9 Hz, 1H); 13C NMR 

(d6-DMSO, 150 MHz): δ 154.2, 138.6, 131.9, 130.9, 130.1, 127.1, 127.0, 124.9, 124.3, 123.8, 

123.4, 123.3, 123.2, 121.6, 121.4, 119.9, 118.4, 112.2, 111.8, 108.4.  

 

 

 

6-nitro-9H-dibenzo[a,c]carbazol-3-ol (3l). Condition A, 48 h, yield: 62%, yellow solid. 1H NMR 

(d6-DMSO, 600 MHz): δ 12.42 (s, 1H), 9.83 (s, 1H), 9.42 (d, J = 1.9 Hz, 1H), 8.69 (d, J = 8.8 Hz, 

1H), 8.65 (d, J = 8.9 Hz, 1H), 8.53 (d, J = 8.1 Hz, 1H), 8.48 (dd, J = 8.9, 2.1 Hz, 1H), 8.17 (d, J = 

2.2 Hz, 1H), 7.69 (d, J = 8.2 Hz, 1H), 7.46 (t, J = 7.6 Hz, 1H), 7.38 (dd, J = 8.6, 2.2 Hz, 1H), 7.31 

(t, J = 7.6 Hz, 1H); 13C NMR (d6-DMSO, 150 MHz): δ 154.7, 144.6, 139.4, 131.1, 127.8, 127.7, 

126.7, 125.3, 125.0, 123.6, 123.0, 122.8, 122.0, 120.7, 120.2, 119.8, 118.9, 115.2, 112.1, 

108.2. HRMS (ESI) calcd. for C20H11N2O3 [M–H]– : 327.0775, found: 327.0769. 

 

 

 

12H-benzo[c]thieno[2,3-a]carbazol-5-ol (3m).3 Condition A, 52 h, yield: 53%, gray solid. 1H 

NMR (d6-DMSO, 600 MHz): δ 12.10 (s, 1H), 9.69 (s, 1H), 8.68 (d, J = 8.8 Hz, 1H), 8.50 (d, J = 

8.0 Hz, 1H), 7.98 (d, J = 5.2 Hz, 1H), 7.91 (d, J = 5.3 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.49 (d, J = 

2.3 Hz, 1H), 7.38 (t, J = 7.4 Hz, 1H), 7.29 (t, J = 7.5 Hz, 1H), 7.25 (dd, J = 8.8, 2.4 Hz, 1H); 13C 

NMR (d6-DMSO, 150 MHz): δ 153.6, 138.0, 134.9, 131.5, 126.6, 126.4, 125.8, 125.4, 123.4, 
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123.3, 122.2, 121.3, 121.1, 119.6, 117.6, 111.7, 111.6, 107.4.  

 

 

 

12-methoxy-6-(trifluoromethyl)-9H-dibenzo[a,c]carbazol-3-ol (3n). Condition A, 48 h, yield: 

61%, white solid. 1H NMR (d6-DMSO, 600 MHz): δ 12.26 (s, 1H), 9.71 (s, 1H), 8.68 (t, J = 9.1 Hz, 

1H), 8.22 (s, 1H), 8.04 (d, J = 8.3 Hz, 1H), 7.95 (s, 1H), 7.61 (d, J = 8.7 Hz, 1H), 7.39 (d, J = 8.4 

Hz, 1H), 7.11 (d, J = 8.6 Hz, 1H), 3.95 (s, 3H); 19F NMR (d6-DMSO, 564 MHz): δ -60.0 (s, 3F); 13C 

NMR (d6-DMSO, 150 MHz): δ 154.2 (d, J2F = 33.0 Hz), 134.0, 132.0, 128.0, 127.3, 125.8, 125.8 

(q, J1F = 31.5 Hz), 125.5, 125.1, 124.0, 123.5, 123.2, 123.2, 122.7, 121.0, 118.5, 114.4, 113.6, 

112.7, 108.3, 103.9, 55.9. HRMS (ESI) calcd. for C22H13F3NO2 [M–H]– : 380.0904, found: 

380.0895. 

 

 

N-(3-hydroxy-9H-dibenzo[a,c]carbazol-12-yl)pivalamide (3o). Condition A, 45.5 h, yield: 64%, 

white solid. 1H NMR (d6-DMSO, 600 MHz): δ 12.10 (s, 1H), 9.64 (s, 1H), 9.26 (s, 1H), 8.76 (s, 

1H), 8.68 (d, J = 8.3 Hz, 1H), 8.50 (t, J = 8.3 Hz, 1H), 8.15 (d, J = 2.2 Hz, 1H), 7.91 (d, J = 5.3 Hz, 

1H), 7.73 (t, J = 7.4 Hz, 1H), 7.70 (dd, J = 8.7, 1.6 Hz, 1H), 7.66 (t, J = 8.0 Hz, 1H), 7.58 (d, J = 

8.6 Hz, 1H), 7.34 (dd, J = 8.6, 2.3 Hz, 1H), 1.30 (s, 9H); 13C NMR (d6-DMSO, 150 MHz): δ 176.3, 

153.9, 135.2, 133.1, 132.2, 128.7, 127.9, 127.0, 126.1, 124.2, 123.9, 123.1, 123.0, 122.8, 

122.3, 118.2, 117.5, 112.9, 111.6, 111.2, 108.3, 78.4, 27.6. HRMS (ESI) calcd. for C25H21N2O2 

[M–H]– : 381.1608, found: 381.1601. 

 

 

 

12-fluoro-9H-dibenzo[a,c]carbazol-3-ol (3p).3 Condition A, 62 h, yield: 76%, white solid. 1H 
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NMR (d6-DMSO, 600 MHz): δ 12.28 (s, 1H), 9.65 (s, 1H), 8.70 (d, J = 8.3 Hz, 1H), 8.59 (d, J = 

8.8 Hz, 1H), 8.52 (dd, J = 8.0, 0.7 Hz, 1H), 8.28 (dd, J = 10.5, 2.2 Hz, 1H), 8.15 (d, J = 2.3 Hz, 

1H), 7.74 (td, J = 7.7, 0.7 Hz, 1H), 7.70 – 7.65 (m, 2H), 7.33 (dd, J = 8.6, 2.3 Hz, 1H), 7.24 (td, J 

= 9.1, 2.4 Hz, 1H); 19F NMR (d6-DMSO, 564 MHz): δ -123.6 (m, 1F); 13C NMR (d6-DMSO, 150 

MHz): δ 157.3 (d, J1F = 230.3 Hz), 154.1, 135.1, 134.1, 129.1, 127.9, 127.0, 126.5, 124.8, 123.9, 

123.4 (d, J3F = 9.9 Hz), 123.0, 122.4, 117.7, 115.7, 112.6 (d, J3F = 9.6 Hz), 111.8 (d, J4F = 4.4 Hz), 

111.4 (d, J2F = 25.5 Hz), 108.3, 106.5 (d, J2F = 24.2 Hz).  

 

 

 

12-chloro-9H-dibenzo[a,c]carbazol-3-ol (3q).3 Condition A, 62 h, yield: 60%, white solid. 1H 

NMR (d6-DMSO, 600 MHz): δ 12.39 (s, 1H), 9.66 (s, 1H), 8.70 (d, J = 8.3 Hz, 1H), 8.60 (d, J = 

8.8 Hz, 1H), 8.52 – 8.51 (m, 2H), 8.14 (d, J = 2.3 Hz, 1H), 7.75 (t, J = 7.7 Hz, 1H), 7.70 (td, J = 

8.1, 1.0 Hz, 1H), 7.68 (d, J = 8.6 Hz, 1H), 7.40 (dd, J = 8.5, 1.9 Hz, 1H), 7.33 (dd, J = 8.6, 2.4 Hz, 

1H); 13C NMR (d6-DMSO, 150 MHz): δ 154.3, 137.0, 133.7, 129.1, 128.1, 127.1, 126.6, 124.9, 

124.4, 124.2, 124.0, 123.4, 122.8, 122.4, 122.2, 120.4, 117.8, 113.2, 111.2, 108.3.  

 

 

 

12-bromo-9H-dibenzo[a,c]carbazol-3-ol (3r).3 Condition A, 62 h, yield: 58%, gray solid. 1H 

NMR (d6-DMSO, 600 MHz): δ 12.40 (s, 1H), 9.66 (s, 1H), 8.70 (d, J = 8.3 Hz, 1H), 8.64 (d, J = 

1.4 Hz, 1H), 8.59 (d, J = 8.8 Hz, 1H), 8.51 (d, J = 7.1 Hz, 1H), 8.14 (d, J = 2.3 Hz, 1H), 7.75 (t, J = 

7.7 Hz, 1H), 7.69 (t, J = 8.0 Hz, 1H), 7.63 (d, J = 8.5 Hz, 1H), 7.51 (dd, J = 8.5, 1.7 Hz, 1H), 7.33 

(dd, J = 8.6, 2.2 Hz, 1H); 13C NMR (d6-DMSO, 150 MHz): δ 154.3, 137.2, 133.5, 129.1, 128.1, 

127.1, 126.7, 126.0, 125.1, 124.9, 124.0, 123.3, 122.8, 122.4, 122.2, 117.8, 113.6, 112.1, 

111.1, 108.3.  

 

 

  



 14 / 34 

 

References 

1. C. White, A. Yates and P. M. Maitlis, Inorg. Syn., 1992, 29, 228. 

2. X. Yu, E.-J. Park, T. P. Kondratyuk, J. M. Pezzuto and D. Sun, Org. Biomol. Chem., 2012, 10, 

8835. 

3. S. Guo, Y. Liu, L. Zhao, X. Zhang and X. Fan, Org. Lett., 2019, 21, 6437. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 15 / 34 

 

NMR Spectra Images of Products 
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