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General Methods and Materials:

Unless specified, all reactions were carried out under air using commercial available
solvents as received. Dichloro(n°-pentamethylcyclopentadienyl)rhodium(lil) dimer
was synthesized according to a previous literature.! 2-phenyl indole was purchased
from Alfa Aesar and used directly. All 2-aryl indole starting materials are synthesized
according to literatures.? 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). *H NMR and '3C NMR data were recorded on Varian VNMR
600, Varian VNMR 400 or Mercury 300 spectrometer. Chemical shifts (8) in ppm are
reported as quoted relative to the residual signals of dimethyl sulfoxide (*H 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: @
OH

o 5 mol% [TM] Q
Additive (2.0 equiv.) O '
CsOAc (2.0 equiv.), Ar, 24 h \ O
H
3

= /E
+

Solvent (1.0 mL), 100 °C

o

1a, 1.0 equiv. 2a, 1.0 equiv. a
Entry Solvent Catalyst Additive Results
1 DMF [RhCp*Cl,], Cu(OAc); H20 | 55%
2 DMF [RhCp*Cl,], - <5%
3 DMF - Cu(OAc), H,0 -
4b DMF [RhCp*Cl,], Cu(OAc)2.H,0 40%
5 Dioxane [RhCp*Cl;]2 Cu(OAc); H,0 48%
6 t-AmOH [RhCp*Cly]2 Cu(OAc), H,0 -
7 MeCN [RhCp*Cly]> Cu(OAc),.H.0 52%
8 DCE [RhCp*Cl,], Cu(OAc); H,0 43%
9 o-xylene [RhCp*Cl;], Cu(OAc); H.0 54%
10 DMACc [RhCp*Cls], Cu(OAc), H,0 <5%
11 DMSO [RhCp*Cl;], Cu(OAc); H,0 trace
12 DME [RhCp*Cl,], Cu(OAc); H,0 40%
13 NMP [RhCp*Cla], Cu(OAc); H,0 7%
14 DMF [RuCly(p-cymene)], Cu(OAc); H.0 -
15 DMF Pd(OAc), Cu(OAc); H,0 -
16 DMF PdCl, Cu(OAc); H,0 -
17 DMF PdCl,(MeCN), Cu(OAc), H,0 <5%
18 DMF [RhCp*(OAc),] Cu(OAc); H,0 47%
19 DMF RhCI(PPhs)s Cu(OAc); H,0 <5%
20 DMF [Rh(coe)Cl]; Cu(OAc); H,0 <5%
21 DMF Cp*Col,(CO) Cu(OAc); H.0 -
22 DMF [RhCp*Cl,], AgOAC -
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DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF/DCE (4:1)
DMF
DMF
DMF
DMF/DCE (1:1)
DMF
DMF/DCE (4:1)
DMF/DCE (2:1)
DMF

DMF

DMF/o-xylene (2:1)

[RhCp*Cl2],
[RhCp*Cla];
[RhCp*Cla],
[RhCp*Cla];
[RhCp*Cl2],
[RhCp*Cl2],
[RhCp*Cl2],
[RhCp*Cla];
[RhCp*Cla];
[RhCp*Cl,],
[RhCp*Cl,],
[RhCp*Cl,],
[RhCp*Cla];
[RhCp*Cla];
[RhCp*Cla];
[RhCp*Cl,],
[RhCp*Cl,],
[RhCp*Cl,],
[RhCp*Cla];
[RhCp*Cla];
[RhCp*Cla];
[RhCp*Cl2],
[RhCp*Cl2],
[RhCp*Cl2],
[RhCp*Cl2],
[RhCp*Cl2],
[RhCp*Cla];
[RhCp*Cla];

[Rth*C|2]2

Agzo
Cu(acac);

CUClz

Copper 2-ethylhexoate

CuOAc
Fe(OAc):
Cu(OAc); H.0
Cu(OAc); H,0
Cu(OAc); H,0

(OF)

Cu(OAc) H20 (10 mol%)

Cu(OAc); H,0
Cu(OAc); H,0
Cu(OAc); H,0
Cu(OAc); H,0
Cu(OAc), H,0
PhI(OAc),

Cu(OAc), H,0
Cu(OAc); H,0
Cu(OAc); H,0
Cu(OAc); H,0
Cu(OAc); H,0
Cu(OAc); H,0
Cu(OAc); H,0
Cu(OAc); H,0
Cu(OAc); H,0
Cu(OAc); H,0
Cu(OAc); H,0

CU(OAC)z -Hzo

trace
17%
28%
12%
<5%
50%
59%

54%

33%
59%
0%

45%
47%

59%

65%
69%
60% (48 h)
62%
62%
67%
47%
52%
74%
42%
67%

62%
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52097 DMF
53¢ la DMF

54ea DMF/DCE (2:1)
55e%%s  DMF/DCE (2:1)

[Rth*C|2]2
[Rth*C|2]2

[Rhcp*C|2]2
[Rhcp*C|z]z

CU(OAC)z 'Hzo
CU(OAC)z H,0

CU(OAC)z H,0
CU(OAC)Z 'Hzo

70%
57%

74%
84% (36 h)

2 0.2 mmol scale, isolated yield;
b without CsOAc;

¢ 0.5 equiv. CsOAc;

d- 0.3 equiv. AgOAc;

e- NaOAc instead of CsOAc;

£ Na,COs instead of CsOAc;

9- under air;

h-2.0 equiv. BQ;

i-3.0 equiv. Cu(OAc), H,0;
/80 °C;

k120 °C;

1.0 equiv. Cu(OAc), H,0;

m- 0.2 equiv. AgSbFs;

"-1.0 equiv. NaOAc;

90 °C;

P-0.5 equiv. NaOAc;

4 1.5 equiv. 1a and 1 equiv. 2a;
" 2.1 equiv. Cu(OAc), H.0;

5 0.3 mmol scale.
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General Procedure for Dual C—H Activation

0
X = [CP*RhCly],, Cu(OAcyH,0
RUC 4 + -
= 7 R' NaOAc, DMF/DCE (2:1), 100 °C

o]

2

1

IZ__

Condition A:

[Cp*RhCl;]2 (0.015 mmol, 9.3 mg, 5 mol %), NaOAc (0.6 mmol, 49.2 mg, 2.0 equiv.),
Cu(OAc)2 H20 (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 MgSQO4 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*RhCl;]2 (0.015 mmol, 9.3 mg, 5 mol%), NaOAc (0.6 mmol, 49.2 mg, 2.0 equiv.),
Cu(OAc)2 H20 (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 MgS04 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.

6/ 34



Characterization of Products:

OH

®
el

9H-dibenzo[a,c]carbazol-3-ol (3a).® Condition A, 36 h, yield: 84%, gray solid. *H NMR
(ds-DMSO, 600 MHz): § 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); 3C NMR
(ds-DMSO, 150 MHz): 6 154.0, 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.

OH

®
P

8-methyl-9H-dibenzo[a,c]carbazol-3-ol (3b).2 Condition B, 48 h, yield: 57%, gray solid. *H
NMR (ds-DMSO, 600 MHz): 6 11.10 (s, 1H), 9.62 (s, 1H), 8.73 (d, /= 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, / = 8.1 Hz, 1H),
7.56—-7.51(m, 2H), 7.40 (d, J = 7.4 Hz, 1H), 7.34 (d, /= 8.6 Hz, 1H), 7.43 (t, /= 7.6 Hz, 1H),
3.17 (s, 3H); 3C NMR (ds-DMSO, 150 MHz): 6 154.1, 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.

OH

®
el

7-methyl-9H-dibenzo[a,c]carbazol-3-ol (3c).? Condition B, 45.5 h, yield: 53%, gray solid. *H
NMR (ds-DMSO, 600 MHz): § 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
(ds-DMSO, 150 MHz): & 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.

OH OH

v @
® u 'O . ”om

7-methoxy-9H-dibenzo[a,c]carbazol-3-ol (3d) and 5-methoxy-9H-dibenzol[a,c]carbazol-3-ol
(3d’). Condition B, 45.5 h, yield: 68%, isolated as an inseparable mixture, ratio = 5:3, gray
solid. 'H NMR (ds-DMSO, 400 MHz): § 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 (ds-DMSO, 150 MHz): § 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 C;1H14NO, [M—H]~: 312.1030,
found: 312.1026.

OH

()
G,

6-methyl-9H-dibenzo[a,c]carbazol-3-ol (3e).> Condition B, 48 h, yield: 47%, gray solid. *H
NMR (ds-DMSO, 600 MHz): 6 12.10 (s, 1H), 9.56 (s, 1H), 8.62 (d, /= 8.8 Hz, 1H), 8.57 (d, J =

8.5 Hz, 1H), 8.50 (s, 1H), 8.47 (d, /= 8.0 Hz, 1H), 8.43 (d, /= 8.2 Hz, 1H), 8.16 (d, /= 2.2 Hz,
1H), 7.66 (d, /= 8.0 Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.37 (t, /= 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); *3C NMR (ds-DMSO, 150 MHz): & 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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OH

()
G

6-methoxy-9H-dibenzo[a,c]carbazol-3-ol (3f).> Condition B, 45.5 h, yield: 59%, gray solid. 'H
NMR (ds-DMSO, 600 MHz): 6 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, /= 8.0 Hz, 1H), 8.13 (d, /= 2.2 Hz, 1H), 8.08 (d, /= 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); 3C NMR (ds-DMSO, 150 MHz): & 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.

OMe

OH

®
el

6-(tert-butyl)-9H-dibenzo[a,c]carbazol-3-ol (3g). Condition B, 48 h, yield: 59%, gray solid. *H
NMR (ds-DMSO, 600 MHz): 6 12.10 (s, 1H), 9.57 (s, 1H), 8.63 (d, / = 8.8 Hz, 2H), 8.48 (t, /= 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); 3C NMR (ds-DMSO,
150 MHz): 6 153.8, 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 C4H20NO [M—H]™: 338.1550, found: 338.1557.

OH

¥
o

8-fluoro-9H-dibenzo[a,c]carbazol-3-ol (3h). Condition A, 48 h, yield: 68%, white solid. *H
NMR (ds-DMSO, 400 MHz): & 11.73 (d, J= 2.9 Hz, 1H), 9.74 (s, 1H), 8.73 (d, J = 8.9 Hz, 1H),
8.55 (t,/=8.9 Hz, 2H), 8.16 (d, / = 2.4 Hz, 1H), 7.84 (d, / = 8.0 Hz, 1H), 7.67 (td, / = 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); °F NMR

9/ 34



(ds-DMSO, 564 MHz): & -116.3 (m, 1F); 3C NMR (ds-DMSO, 150 MHz): & 158.3 (d, J1r = 246.0
Hz), 154.3, 138.9 (d, Jar = 2.2 Hz), 131.2 (d, J 3 = 4.7 Hz), 127.8, 127.1, 126.2 (d, J3¢ = 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, J¢ = 14.2 Hz),
112.3 (d, J2r = 20.2 Hz), 108.6. HRMS (ESI) calcd. for C2oH1:FNO [M—H]": 300.0830, found:
300.0824.

OH

®
el

7-bromo-9H-dibenzol[a,c]carbazol-3-ol (3i).> Condition A, 48 h, yield: 64%, white solid. *H
NMR (ds-DMSO, 400 MHz): 6 12.26 (s, 1H), 9.69 (s, 1H), 8.80 (d, J = 2.0 Hz, 2H), 8.65 (t, /= 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); 3C
NMR (ds-DMSO, 100 MHz): 6§ 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.

OH

®
Selsu

6-fluoro-9H-dibenzo[a,c]carbazol-3-ol (3j).> Condition A, 48 h, yield: 56%, white solid. *H
NMR (ds-DMSO, 600 MHz): § 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, /= 11.8, 2.3 Hz, 1H), 8.09 (d, / = 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, /= 7.9, 0.7 Hz, 1H), 7.35 (dd, J =
8.7,2.4 Hz, 1H), 7.27 (td, /= 7.9, 0.8 Hz, 1H); °F NMR (ds-DMSO, 564 MHz): 6 -114.1 (m, 1F);
13C NMR (ds-DMSO, 150 MHz): 6 160.8 (d, J1r = 241.5 Hz), 154.0, 138.5, 132.2, 130.7 (d, J3r =
8.0 Hz), 127.4 (d, Jar = 3.3 Hz), 124.8, 124.8 (d, Jsr = 9.0 Hz), 123.5, 123.4, 123.2, 121.3, 120.0,
119.8,118.4, 115.6 (d, Jor = 23.6 Hz), 111.8, 111.3, 109.3 (d, Jor = 22.3 Hz), 108.7.
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OH

()
G

6-chloro-9H-dibenzo[a,c]carbazol-3-ol (3k).2 Condition A, 48 h, yield: 60%, gray solid. *H
NMR (ds-DMSO, 600 MHz): 6 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=8.1Hz, 1H), 7.40 (t, J= 7.6 Hz, 1H), 7.37 — 7.36 (m, 1H), 7.28 (t, J = 7.9 Hz, 1H); *C NMR
(ds-DMSO, 150 MHz): 6 154.2, 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.

OH

®
el

6-nitro-9H-dibenzol[a,c]carbazol-3-ol (31). Condition A, 48 h, yield: 62%, yellow solid. *H NMR
(ds-DMSO, 600 MHz): 6 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, /= 8.1 Hz, 1H), 8.48 (dd, /= 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); *C NMR (ds-DMSO, 150 MHz): 6 154.7, 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 C3oH11N203 [M—H]™: 327.0775, found: 327.0769.

NO,

12H-benzo[c]thieno[2,3-a]carbazol-5-ol (3m).2 Condition A, 52 h, yield: 53%, gray solid. *H
NMR (ds-DMSO, 600 MHz): 6 12.10 (s, 1H), 9.69 (s, 1H), 8.68 (d, / = 8.8 Hz, 1H), 8.50 (d, J =
8.0 Hz, 1H), 7.98 (d, /= 5.2 Hz, 1H), 7.91 (d, /= 5.3 Hz, 1H), 7.65 (d, /= 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); *3C
NMR (ds-DMSO, 150 MHz): § 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.

OH

. ()
OOO

12-methoxy-6-(trifluoromethyl)-9H-dibenzo[a,c]carbazol-3-ol (3n). Condition A, 48 h, yield:
61%, white solid. *H NMR (ds-DMSO, 600 MHz): 6 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); 1°F NMR (ds-DMSO, 564 MHz): & -60.0 (s, 3F); 3C
NMR (ds-DMSO, 150 MHz): 6 154.2 (d, J2r = 33.0 Hz), 134.0, 132.0, 128.0, 127.3, 125.8, 125.8
(9, Jir = 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 Cy;H13FsNO, [M—H]~: 380.0904, found:
380.0895.

CF3

OH

()
el

N-(3-hydroxy-9H-dibenzo[a,c]carbazol-12-yl)pivalamide (30). Condition A, 45.5 h, yield: 64%,
white solid. *H NMR (ds-DMSO, 600 MHz): § 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, /= 2.2 Hz, 1H), 7.91 (d, / = 5.3 Hg,
1H),7.73 (t,J=7.4 Hz, 1H), 7.70 (dd, J = 8.7, 1.6 Hz, 1H), 7.66 (t, /= 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); 3C NMR (ds-DMSO, 150 MHz): § 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 C2sH21N,0,
[M—H]: 381.1608, found: 381.1601.

12-fluoro-9H-dibenzo[a,c]carbazol-3-ol (3p).2 Condition A, 62 h, yield: 76%, white solid. *H
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NMR (ds-DMSO, 600 MHz): & 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); °F NMR (ds-DMSO, 564 MHz): & -123.6 (m, 1F); 3C NMR (ds-DMSO, 150
MHz): 6 157.3 (d, Jir = 230.3 Hz), 154.1, 135.1, 134.1, 129.1, 127.9, 127.0, 126.5, 124.8, 123.9,
123.4 (d, J3 = 9.9 Hz), 123.0, 122.4, 117.7, 115.7, 112.6 (d, Jsr = 9.6 Hz), 111.8 (d, Juar = 4.4 Hz),
111.4 (d, Jor = 25.5 Hz), 108.3, 106.5 (d, Jor = 24.2 Hz).

OH

"
el

12-chloro-9H-dibenzo[a,c]carbazol-3-ol (3q).2 Condition A, 62 h, yield: 60%, white solid. *H
NMR (ds-DMSO, 600 MHz): 6 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, /= 2.3 Hz, 1H), 7.75 (t, /= 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); 3C NMR (ds-DMSO, 150 MHz): 6 154.3, 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.

OH

"
el

12-bromo-9H-dibenzo[a,c]carbazol-3-ol (3r).3 Condition A, 62 h, yield: 58%, gray solid. 'H
NMR (ds-DMSO, 600 MHz): 6 12.40 (s, 1H), 9.66 (s, 1H), 8.70 (d, /= 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, /= 8.5 Hz, 1H), 7.51 (dd, J = 8.5, 1.7 Hz, 1H), 7.33
(dd, J = 8.6, 2.2 Hz, 1H); 3C NMR (ds-DMSO, 150 MHz): & 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.

13/ 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, V. Liu, L. Zhao, X. Zhang and X. Fan, Org. Lett., 2019, 21, 6437.

14 | 34



NMR Spectra Images of Products

chmw,m
Ncomm
w.nNmm
LO¥S'B
12198
5959'F

BI69'8
55048

5549 6—

LT0TTT—

r/Wa nlE MW-296

PROTON_01

A

Bt

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

12.5 11.5 10.5 95 9.0 85 80

135

TEET'B0T~—
LERLTIT

BT
669611
3#.5#
6608 T T~\=
l6E7T
STESETT
SELEHLI
HOSTOZT
210221

ShiSBET—

9E00PST—

r/Wang_CMW-296

CARBON_01

L

190 180 170 160 150 140 130 120 110 f (LUU ) 90 80 70 60 50 40 30 20 10
ppm

200

15/ 34



0491 E=—

B80T TT—

r/Wang_CMW-344

PROTON_01

"
5

A

]

35

001

20 15 1.0 05 00

2.5

3.0

85 80 75 70 65 60 55 50 45 40
f1 (ppm)

9.0

125 115 105 9.5

135

0BT HT—

$IZEBOT
TEB8°ZTT
£196T1T
LLELAT
6556611
SBOT'TZT
£496°1ZT
LE6ETTT
GZILTZT
£9E6ZZT
0647 €71
Z809°4Z1
SLESSZT
_mzv.mwﬁ#
8699621
SET66ZT
OESTZET
SOB6'ZET
SZLLFET—

9L90"ST—

r/Wang_CMW-344

CARBON_01

OH

120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

130

190 180 170 160 150

200

16 / 34



9265 T—

864T L
8197
GhLTL
BT
YBBT L
£E6T L
£09E°L.
9UEL
$SBE L
1086 ¢
8205
4052
£0S9°¢:
e
THOT'8
EBEE B~
6H9L°8!
Farsalf
7195°8;
b5/5'8:
ET29°8:
90£56—

TEETTT—

r/Wang_CMW-350

PROTON_01

OH

o

J

ZT

3c

=587

8.5

0.0

0.5

30 25 20 15 10

35

4.0

4.5

5.0

5.5

6.0

6.5
f1 (ppm)

75 70

8.0

9.0

12.5 11.5 10.5 9.5

135

60 1Z—

P86 L0T—

69bL TIT—
BLPTYIT
1SG96IT
80KT E./.
9T6'TZT
L k|
S90T'ELT
20 °ETT
0B0S'ECT
SBTA'ELT
5669°4ZT
1159°921
S0S9ZT
PHIOBZT
B0 ZET
£L6T°9ET
ELES'BET

TSIGEST—

r/Wang_CMW-350

CARBON_01

20 10

30

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

200

17 1 34



B900b—~
merey—

698,
8T6T L
BE L~
89997
69
LEFD'
5050

094y
ohmm,ml(
4665
E619

£01Z
91T’

ELOVE=T
8556~

ey
mann.nM

L0L0TT~,
SEETTI="

rfwang,{mwiﬂ

PROTON_01

and

A_a

|

=00E
=641

Eary
M(hm 1

2T

07
chc
891
850

et

=590
1D
=001

90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00
f1 (ppm)

125 11.5 10.5 9.5

135

565!
B! >

SLES'ETT
9609°EZTY
B5L8'ELT

SLEFTET
STESZET:

mvme.w:
mnwmd:v

SIT 6k~

r!wangf(imw347

CARBON_01

and

40

T T
100 %0
f1 (ppm)

T
110

T
190

T
200

18 / 34



PL09T—

PRT L
5092 ¢
TELTE
56677
EEOEY
OFIEL:
HLTEY
ObSEL
$99E L
BBLEY
0895
PI8G L
[y
£099¢:
ZEST8:
8IST'6:
0TS
SLEV'S:
285K
SIS
£56+°8"
0r19'8:
95298

1855°6=—

ELITTT—

r/Wang_CMW-349

PROTON_01

Toot

0.0

0.5

1.0

30 25 20

35

4.0

4.5

5.0

5.5

80 75

11.5 10.5 95 9.0 85

125

135

fa e vl

TSET80T~
SOLOTTT~_

I
059611
£60670Z1 W
6821'1Z1
a4
6ESHTTT
et
2695621
BSPETT
2669671
£160421
80vH82T
1L16'821
e
STerEET

BSHBEST—

r/Wang_CMW-349

CARBON_01

40

60

T
100 90

f1 (ppm)

T
110

T
190

T
200

19/ 34



1910—

FLOTT—

r/wang_cmw352

PROTON_01

OMe

|

A

=9T'E

0.0

0.5

35 30 25 20 15 10

4.0

65 60 55 50 45
f1 (ppm)

7.0

75

8.0

115 10.5 95 90 85

12,5

135

999k 55—

699L'S0T~
6105 80T~
05£001T—
e
LAY
1S1£TT

11096117

E906°0ZT:
&RNS%
E626'ETT
E&m,?wﬁn\-
TIES LT

CETEBET—

Z0L9EST—
BEOBLST—

r!wangf(imw352

CARBON_01

OH

®
S

N
H

&

3f

190 180 170 160 150 140 130 120 110 _ 100 20 80 70 60 50 40 30 20 10
f1 (ppm)

200

20 / 34



ST6k T—

06¢1ZT—

r/Wang_CMW-343

PROTON_01

-8

E60

Eot

0.0

0.5

60 55 50 45 40 35 3.0 25 20 15 10

6.5
f1 (ppm)

70

115 10.5 95 90 85 80 75

125

135

95BETE—
LOL0'SE—

6BE0BOT=—
T9ETTIT:

el
SSHTEIT
18E9'6TT
B1STTZI~—
M TLT

<7
mmHN,Mwﬁ\
TEDR¥ZT
m@eﬂmﬁ.\
£690°82T

BirLP BET—

LOEE B

TIZREST mmm

rfWanngMW-343

CARBON_01

1

1l

i

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150

190 180 170

200

21/ 34



-150  -160 -170  -180  -190  -200

-140

-110 -120 -130

-100
f1 (ppm)

22 ] 34

L o
=
L«
=
L 2
4
L =
— L =
2
n
— L =
L <
=
1 n
B Ll
L =
6LLTE -
5082
086z Lo
1518% +
WL
99961 o
61L8¢ “
88ct PIHEDIT-
95667 n 99EE911-
180 “a baZEDTT-
652v 1 SIEDTI-
1824 o 6STEOTI-
L6551 °
1645
2685 no
£809¢ El m
9859 8
£E89¢ oz
8859 ~
0vL9¢ =
6809 2oz L
1657 Ba1 [
E
6EERL 0
OvSgL St ke
0951 rat [
0291
1675 S
aIss° b @
0vL5’ —] 0T
Hﬂ.i. | o
zses o
L«
=
ShhLE— —_—1
bt
=
T
ETLTI ' cor L
9RZEL T O W — =1
zr §
i}
o b i
SE - 52
S u'g
z ] z<
==y wn =
of [ 2 s
o 32

-60 -70 -80 -90

-50

-20 -30

-10




0£95°801
S80T°TIT
PEVETIT
60BHZTT

st
£806'61 _W
B666'6TT:
sorz1zif
£591°221
0LSO'ETT:
serent
T620°SET

9016°8€T
757681

9STEPST—
SHTS ST~
£65T'65T—

r/Wang_CMW-372

CARBON_01

10

20

30

90 80 70 60 50 40

100
f1 (ppm)

120 110

130

150 140

OH
160
OH
Br

180 170

3

190

T
=
c,
=
5
=

S

200
PROTON_01

o
91T
61T
Rt
=001
T
Fre
=80

00T

0.0

0.5

1.0

60 55 50 45 40 35 30 25 20

6.5
f1 (ppm)
23/ 34

7.0

90 85 B8O 75

115 10.5 9.5

125

135



£961°801—
688 TTT~_
basEEHS
9526'6TT
A
VOB6'EET
88ESHTT
H065HET
STS6'HET
T96E°'92T
98T5 LTV

TTLYBET—

PHETHST—

r/Wang_CMW-374

CARBON_01

Br

3i

LTI

-—

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

95597 r

601Z°ZT—

r/Wang_CMW-335

PROTON_01

L

Ju_|

00T

40 35 30 25 20 15 1.0 05 00

80 75 70 65 60 55 50 45
f1 (ppm)

115 10.5 95 9.0 B85

125

135

24 | 34



T£90'%11-

3
i
=
=
S
£
z

FLUORINE_01

.
5

3

T T T T
-170  -180  -190  -200

T
-160

T T T T T
-70 -80 -90 -100  -110  -120  -130
f1 (ppm)

-60

-20

-10

B0OL 80T
£S0Z'60T
ZHSE'60T
EZTETTIA
0194111+
EBT5°5T1
£549'5TT
TESE'BTIA
TIE8°611
0046611

ES9T'TZTy

SELT'EZI

6586 £71
PEZSETT
9EL BT

BE0RTIF
L

Tdarads
LEBPBET—

90L6'EST—

PEIG'BS T~
#695 19T

r/Wang_CMW-335

CARBON_01

L

Al

130

.
5

90

110 100
f1 (pom)

120

140

150

190 180 170

200

251 34



i

r/Wang_CMW-339

PROTON_01

hariihd

E=00T

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 L5 10 05 00
f1 (ppm)

125 11.5 105 9.5

135

£9EHBOT~
9SHB'TTT
BigE et
0806 6T H./.
90T 5./.
BO/EELT
BEZREZT

an vﬂ“\"
:"mm_vﬂ .\.
80121
BL9HDET

THSBET—

ZSLTPET—

r/Wang_CMW-339

CARBON_01

10

20

30

90 80 70 60 50

100
f1 (ppm)

170 160 150 140 130 120 110
26 / 34

180

190

200




L96TL:
6B0EL:
S1ZEL:
059€E°L:
8B9EL
S6LEL
ZEBEL:
8Lt
109¢°¢
BILYL
0449
9674
[47a4 ]
SETS'B:

EFPIE:
T659°8
29(9°8
6069'8:

SETH'6’
L9146

ETEF6—

STRETT—
8

PROTON_01
rfWang_CMW- 3¢

0.0

0.5

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10

9.5

105

115

125

135

f1 (ppm)

EP6IBOT:
TPLZIT
BOTT'STT
THEEBTT:
TI6L'61T
SEFT'OZT
BHZLOZT
LA A
BBER'ZZT
6686'TTT
99T ETT
Z000°SZT

CEEE'SLT:
7949921
BRELYTT
H9I1BLLT:
TOTTTET:
EFZPBET—

SZ09bhT—

TSELB5T—

r/Wang_CMW-367

CARBON_01

60

T T
100 90

f1 (ppm)

T
110

T
190

T
200

27 34



60FT L
(2 24d
9557
965ZL°
BSLTL
88T
DESEL:
LIBEL:
THEE L
T198+L
2049
uawn.nk
S668'L
€806
BILGY
50864

8688
Hmow.mV-
§2L9°8:
289°8:

9169°6=—

6201°2T—

r/Wang_CMW-332

PROTON_01

OH

TR

Am,.u
60
01
L5'0
MS,ﬁ
980
oo

=WT
=860

=T

0.0

0.5

55 50 45 40 35 30 25 20 15 10

6.0

70 6.5
f1 (ppm)

75

115 10.5 95 9.0 85 80

125

135

P86 01—
SEHI'TIT:
EEBOTIT
OFEQLIT:
iy
£090°TZT
BT6T 'L
Z06TZTT:
THOE'ETT
BEIE'ETT
ETHY'STI
LTSLSTT
T104'9Z1:
BI6S'9ZT
L0VG TET:
SB68'HET:
STE6LEL

9TTIEST=—

r/Wang_CMW-332

CARBON_01

OH
|

T T
100 90
f1 (ppm)

T
110

T
190

T
200

28/ 34



PROTON_01

g w32 £ BEE¥gEEZIRARNR g
o @ RRRRDER ]
I RN C RN PRV i
OH
wo_ )
¥ (e
3n
| [l | .
T s T e e e T
g 2 % B 285 5188 8
a = 38 dda 333 =t
T T T T T T T T T T T T T T T T T T T T T T T T T
135 125 1.5 10.5 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)
FLUORINE_01 o
r/Wang_CMW-342 g
|
OH
wo__ )
N O CF3
3n
r T T T T T T T T T T T T T T r T T T T T
0 -0 20 <30 -40 50 60 -70  -80  -90 f-%on ) 4110 -120  -130  -140  -150 -160 -170 -180  -190  -200
1 (ppm;

29/ 34



OET6'SS—

£688'E0T.
ETTE'BOT
EPELTIT
B9S5ETT
SE8E'FIT
E0ZG'BIT:
BORO'TZT
LBELTTT
TOST'ELT:
BSHTELT
EBOF'ETT
POL6'ELT
Jazadal
ZESF'STT
#B0L'SZT
TE8L'STT.
TLIG'STT
SLZT'STT
SEECLTT
BIPO'BZT
BEEOTET
OLHOPET

BOBO'PST
OTOE'¥ST

r/Wang_CMW-342

CARBON_01

60 50 40 30 20 10

70

190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

200

8Z0ET—

TL60TT—

r/Wang_CMW-356

PROTON_01

OH

PivHN

1.

L]l

l

e

Foo
Froor
660
880
60
10T
0z
0T
g0

00T

460

0T

8.5

0.0

0.5

35 30 25 20 15

4.0

55 50 45

6.0

6.5
f1 (ppm)

75 70

8.0

9.0

125 11.5 10.5

135

30/ 34



0v8S LZ—

BIZH'8L—

TETE'BOT
Y8BT TIT:
0ST9TIT:
SI16Z1T:
6875 1T
YEST'SIT:
BOTTTT:
0ST8°ZTT:
YBZDELT:
LPET'ETT
069B'ETT:
ERLTHTT:
TOET'9ZT:
SHT0ZZT
SSE6LZT
69B9'8ZT:
9BETZET:
ObBO'EET:
TITT'SET:

LHT6EST—

EERTIUT—

r/Wang_CMW-356

CARBON_01

~
»

PivHN

60

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 _ 100 90
f1 (ppm)

T
200

[ATCA%
67T ¢
EOPTL:
L
55T ¢
Z6STL:
0ZIEL
BSTEYL
PIZEL
EDEEL:
169
08597
£199%
9699°L:
£189¢-
TE69L
0569°¢:
YETL YL
BHTLL
99EL L
ekt
et
SEST'®:
LTS8
mmmm.ww
LPTSE
£785°8"
69658
789s
OT0L8-

05#9'6—

WLTT—

r/Wang_CMW-379

PROTON_01

OH

w

00°1T
~—00°T
861
96°0

660

Lt

00T

0.0

40 35 3.0 25 20 15 10 05

4.5

55 5.0

6.0

6.5
f1 (ppm)

80 75 70

115 10.5 95 90 85

12.5

135

31/ 34



BEFIELT-
SS59'ETT-
99H9'ETT~
06E9'EZT~
DOE'ETT-
9TZI'ELT~

r/Wang_CMW-379

FLUORINE_O1

OH

90 <100 -110 -120 -130 -140  -150 -160 -170  -180 -190  -200
f1 (ppm)

-80

-70

-30

-20

-10

£1LE'901
6ZE5'90T
1957801
BLBZTTT
BLSHTTT
£894T1T
66T
6105711
1995211
ObbL'STT
Z089°LTT
BIBETZT
9546221
065E'ETT
BVTH'ETT
TSTE'ELT:

90L0PET~
OPET'SET-"

OEET'HST—~
0564951~~~
6LE0'BST—

r/Wang_CMW-379

CARBON_01

e
»

130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

140

190 180 170 160

200

321/ 34



[£4t¥2
291E L

r—

PROTON_01
rfWang_CMW-3793

OH

Cl

60
o
O
L0
60
660
T

650

850

ot

90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

125 115 10.5 9.5

135

6692801
9T TIT
99STETT
TS8LLTT
ELEP'OZT
aer
HHTH T
9208°TZT
BOLEETT
98S6'ETT!
LOTTHET
praayas
SE16'PZT
BLEYITT
PZETLTT
6EOT'BZT
THOT'6ZT
BEGYEET:
BLL6'9ET:

ST9T¥ST—

r/Wang_CMW-379

CARBON_01

.
S

cl

20 10

30

160 150 140 130 120 110 _ 100 90 80 70 60 50
f1 (ppm)

170

190

200

33/ 34



99ETB:
TRbEE:
09158
28578
02658
1BE9'8:

ETTEY
ISIEL
HSTEL-
S6ZEL
BbbL
L6k L
0605¢-
E1y
£129°¢
6SETYL
w69
BT69L
1504
0SELYL
6LbLL
865
>

0£89°8:

8659°6—

2
388
o
|

PROTON_01
r/Wang_CMW-

OH

—

1

Fut

75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

8.0

115 10.5 95 90 85

125

135

BB9Z'B0T:
0960111
LBZITTT
£BEYETT
9008°LTT:
7981 T
SHERTTT
EESLTTT
OBTEEZT:
BYS6'EZT
BEZE'FLT
1801 SZT:
ETS6'STT:
ETS9'9ZT
PSETLTT
EETI'BZT
PI0T'BZT:
ST0SEET
980T LET

TELTHST=—

r/Wang_CMW-380

CARBON_01

OH

Br.

mn

190 180 170 160 150 140 130 120 110 flOO ) 90 80 70 60 50 40 30 20 10
1 (ppm

200

34/ 34



