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1) General Information

NMR spectra of the products 3aa-3ea, 3ia, 31a-30a, 3ab and 3ad-3ap were recorded
using Bruker Avance-500 instruments, calibrated to TMS ('H NMR spectra) and
CDCl; (3C NMR spectra) as the internal reference (0.00 ppm for 'H NMR spectra
and 77.00 ppm for 3C NMR spectra). NMR spectra of the product 3ja-3ka and 3ac
were recorded using Bruker Avance-500 instruments, calibrated to residual DMSO-d6
as the internal reference (2.50 ppm for '"H NMR spectra and 40.00 ppm for *C NMR
spectra). High-resolution mass spectra (HRMS) were recorded on a Bruker Apex IV
FTMS mass spectrometer using ESI (electrospray ionization). Melting points were
measured uncorrected. Reactions were monitored by thin-layer chromatography or
GC-MS analysis. Column chromatography (petroleum ether/ethyl acetate) was
performed on silica gel (200-300 mesh).

2) Synthesis of Starting Materials

Preparation of 2-(2-iodophenyl)-1H-indoles
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The stirred mixture of 1-(2-iodophenyl)ethanone (5.0 mmol, 1.0 equiv),
phenylhydrazine (6.0 mmol, 1.2 equiv) and PPA (15.0 g) were heated at 110 °C for 6
h. Then, the reaction mixture was poured into cold water and stirred for 5 min. Next,
the mixture was extracted by EtOAc for several times. The combined organic layer
was dried over anhydrous Na,SO, and filtered, concentrated under reduced pressure
and purified by silica gel flash column chromatography to provide desired products 2-

(2-iodophenyl)-1H-indoles in moderate to excellent yields.

Preparation of NV-substituted-2-(2-iodophenyl)-indoles
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N-substituted-2-(2-iodophenyl)-indoles was prepared by the treatment of 2-(2-
iodophenyl)-1H-indoles (2.0 mmol, 1.0 equiv) with NaH (3.0 mmol, 1.5 equiv) in
CH;CN (8 mL) followed by the addition of CHsI (3.0 mmol, 1.5 equiv). After the
completion of the reaction (monitored by TLC), the reaction mixture was quenched
with water and extracted by EtOAc. The combined organic layer was dried over
anhydrous Na,SO, and filtered, after removal of the solvent and the crude product
was purified by column chromatography (petroleum ether/ethyl acetate, 100:1) to
provide the N-substituted-2-(2-iodophenyl)-indoles as a solid.

3) Typical Procedures
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The sealed Schlenk tube was charged with 2-(2-iodophenyl)-indoles 1 (0.3 mmol),
iodobenzenes 2 (0.6 mmol), Pd(OAc), (3.4 mg, 5 mol%, 0.015 mmol), PhP; (7.9 mg,
10 mol%, 0.03 mmol), K,CO; (124.3 mg, 3.0 equivalent, 0.9 mmol) and DMSO (2
mL). Then the mixture was stirred at 120 °C (oil bath temperature). After the reaction
was finished, the reaction mixture was cooled to room temperature, quenched by
water and extracted with ethyl acetate. The combined organic layer was washed with
brine, and dried over Na,SO,, and concentrated in vacuum, and the resulting residue
was purified by silica gel column chromatography (petroleum ether/ethyl acetate) to

afford benzo[a,c]carbazoles 3.
4) Characterization Data

9-Methyl-9H-dibenzo|a,c]carbazole (3aa): white solid, isolated yield 93% (78.4
mg); mp 163.5-165.2 °C (uncorrected); "TH NMR (CDCls, 500 MHz) 6 = 8.75 (d, J =
8.0 Hz, 1H), 8.69 (d, J= 7.5 Hz, 1H), 8.63 (d, /= 8.0 Hz, 1H), 8.49 (d, J = 8.0 Hz,
1H), 8.44 (d, J = 8.5 Hz, 1H), 7.67 (t, J = 8.0 Hz, 1H), 7.54-7.47 (m, 3H), 7.41-7.40
(m, 2H), 7.34-7.30 (m, 1H), 4.10 (s, 3H); 13C NMR (CDCls, 125 MHz) & = 140.5,
134.3, 130.6, 129.8, 127.1, 126.7, 125.8, 125.3, 123.8, 123.6, 123.4, 123.4, 123 .4,
123.3,123.2, 122.6, 121.6, 120.1, 113.1, 109.3, 34.1.
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9-(Cyclopropylmethyl)-9H-dibenzo|a,c]carbazole (3ba): white solid, isolated yield
91% (87.6 mg); mp 163.2-165.0 °C (uncorrected); 'TH NMR (CDCl;, 500 MHz) & =
8.83 (d, J= 8.0 Hz, 1H), 8.77 (d, J = 8.0 Hz, 1H), 8.69-8.65 (m, 2H), 8.57 (d, J="7.5
Hz, 1H), 7.69 (t, J = 7.5 Hz, 1H), 7.63-7.56 (m, 2H), 7.52-7.47 (m, 2H), 7.41 (t, J =
7.5 Hz, 1H), 7.34 (t, J = 7.5 Hz, 1H), 4.66 (d, J = 5.0 Hz, 2H), 1.43-1.38 (m, 1H),
0.53-0.49 (m, 2H), 0.41-0.38 (m, 2H); 3C NMR (CDCls, 125 MHz) & = 140.9, 134.1,
130.9, 129.9, 127.2, 126.9, 126.3, 125.5, 124.1, 123.6, 123.6, 123.5, 123.4, 122.9,
121.8,120.3, 113.8, 110.2, 48.6, 11.3, 3.6.

9-Benzyl-9H-dibenzo[a,c]carbazole (3ca): white solid, isolated yield 95% (101.7
mg); mp 193.7-195.0 °C (uncorrected); "TH NMR (CDCl;, 500 MHz) 6 = 8.91 (d, J =
8.0 Hz, 1H), 8.81 (d, J = 8.0 Hz, 1H), 8.76 (d, J = 8.0 Hz, 1H), 8.66-8.65 (m, 1H),
8.20 (d, J = 8.5 Hz, 1H), 7.76 (t, J = 8.0 Hz, 1H), 7.58 (t, J = 8.0 Hz, 2H), 7.46-7.42
(m, 4H), 7.36-7.28 (m, 5H), 5.93 (s, 2H); 13C NMR (CDCls, 125 MHz) & = 141.2,
137.4, 134.6, 130.8, 129.9, 129.1, 127.5, 127.3, 127.0, 126.3, 125.9, 125.6, 124.0,
124.0, 123.8, 123.6, 123.4, 123.1, 122.8, 121.9, 120.8, 113.8, 109.9, 50.1; HRMS
(ESI, m/z) calcd for [Cy7H oNTH*: 358.1590; Found 358.1596.

9-(4-Methylbenzyl)-9H-dibenzo|a,c]carbazole (3da): white solid, isolated yield
93% (103.5 mg); mp 172.3-173.7 °C (uncorrected); 'TH NMR (CDCl;, 500 MHz) 6 =
8.90 (d, J= 8.0 Hz, 1H), 8.80 (d, J = 8.0 Hz, 1H), 8.74 (d, J = 8.0 Hz, 1H), 8.64 (d, J
= 8.5 Hz, 1H), 8.23 (d, /= 8.0 Hz, 1H), 7.75 (t, J = 7.5 Hz, 1H), 7.57 (t, J = 8.0 Hz,
2H), 7.46-7.40 (m, 4H), 7.17-7.12 (m, 4H), 5.88 (s, 2H), 2.31 (s, 3H); BC NMR
(CDCl;, 125 MHz) 6 = 141.3, 137.1, 134.7, 134.4, 130.9, 129.9, 129.8, 127.4, 127.1,
126.4, 125.9, 125.7, 124.1, 124.0, 123.8, 123.6, 123.5, 123.2, 122.9, 121.9, 120.8,
113.8, 110.0, 50.0, 21.1; HRMS (ESI, m/z) calcd for [CygHpNJH*: 372.1747; Found
372.1756.

4-((9H-dibenzola,c]carbazol-9-yl)methyl)benzonitrile (3ea): white solid, isolated
yield 75% (86.0 mg); mp 183.7-185.6 °C (uncorrected); 'H NMR (CDCls, 500 MHz)
0 =28.85(d, J=28.0 Hz, 1H), 8.74 (d, J = 8.0 Hz, 1H), 8.69 (d, J = 8.5 Hz, 1H), 8.60
(d, J=7.5 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.74 (t, J = 7.5 Hz, 1H), 7.58-7.52 (m,
4H), 7.42-7.36 (m, 3H), 7.26 (d, J = 8.0 Hz, 3H), 5.75 (s, 2H); 13C NMR (CDCls, 125
MHz) 6 = 142.9, 140.9, 134.1, 132.9, 130.8, 129.6, 127.5, 127.1, 126.7, 126.4, 125.8,
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124.3, 124.2, 124.1, 123.9, 123.6, 123.5, 122.8, 122.0, 121.2, 118.5, 114.2, 111.5,
109.4, 49.8; HRMS (ESI, m/z) calcd for [C,gHsN,JH": 383.1543; Found 383.1552.

12-Fluoro-9-methyl-9H-dibenzo|a,c]carbazole (3ia): white solid, isolated yield
92% (82.5 mg); mp 169.3-170.8 °C (uncorrected); 'H NMR (CDCl;, 500 MHz) § =
8.77 (d, J= 7.5 Hz, 1H), 8.68 (d, J = 8.5 Hz, 1H), 8.60 (d, J = 8.0 Hz, 1H), 8.53 (d, J
= 7.5 Hz, 1H), 8.14 (d, J = 9.5 Hz, 1H), 7.71 (t, J = 7.5 Hz, 1H), 7.63-7.60 (m, 2H),
7.54 (t, J = 7.5 Hz, 1H), 7.40-7.37 (m, 1H), 7.18 (t, J = 8.5 Hz, 1H), 4.21(s, 3H); 13C
NMR (DMSO-d6, 125 MHz) 6 = 150.8 (d, J = 231.6 Hz), 137.4, 135.6, 130.9, 129.3,
128.3, 127.2, 126.8, 126.7, 124.6, 124.4, 124.2, 123.8, 123.6, 127 (d, J = 10.0 Hz),
112.5(d,J=4.1 Hz), 112.1, 111.9 (d, J=4.4 Hz), 111.8, 107.0 (d, J = 24.6 Hz), 35.0.
HRMS (ESI, m/z) caled for [CH4FN]H™: 300.1183; Found 300.1189.

12-Chloro-9-methyl-9H-dibenzo[a,c]carbazole (3ja): white solid, isolated yield
90% (85.1 mg); mp 191.1-192.6 °C (uncorrected); 'H NMR (DMSO-d6, 500 MHz) &
= 8.94-8.81 (m, 3H), 8.75 (d, J = 7.5 Hz, 1H), 8.59 (s, 1H), 7.85-7.59 (m, 5H), 7.48
(d, /= 8.0 Hz, 1H), 4.37 (s, 3H); 13C NMR (DMSO-d6, 125 MHz) 6 = 139.2, 135.4,
131.0, 129.1, 128.4, 127.3, 127.0, 126.8, 125.4, 124.7, 124.6, 124.2, 124.0, 123.9,
123.8, 123.5, 120.9, 112.4, 112.0, 35.1; HRMS (ESI, m/z) calcd for [C,;H4CIN]H":
316.0886; Found 316.0894.

12-Bromo-9-methyl-9H-dibenzo|a,c]carbazole (3ka): white solid, isolated yield
83% (89.4 mg); mp 192.0-193.4 °C (uncorrected); "H NMR (DMSO-d6, 500 MHz) 6
= 8.96-8.94 (m, 1H), 8.85 (d, /= 8.5 Hz, 1H), 8.82-8.80 (m, 1H), 8.73 (d, J = 8.0 Hz,
1H), 8.70 (s, 1H), 7.81-7.73 (m, 4H), 7.59 (t, J = 7.5 Hz, 2H), 4.37 (s, 3H); 3C NMR
(DMSO-d6, 125 MHz) & = 139.5, 135.3, 131.0, 129.1, 128.4, 127.3, 127.0, 126.9,
126.7, 124.7, 124.7, 124.4, 124.3, 124.0, 123.8, 123.8, 123.5, 113.3, 112.9, 111.9,
35.1; HRMS (ESI, m/z) calcd for [C,;H4BrN]H": 360.0382; Found 360.0390.

9,12-Dimethyl-9H-dibenzo[a,c]carbazole (3la): white solid, isolated yield 78%
(69.0 mg); mp 199.7-201.4 °C (uncorrected); 'H NMR (CDCl3, 500 MHz) 6 = 8.76
(d, /= 8.0 Hz, 1H), 8.73 (d, J = 8.0 Hz, 1H), 8.65 (d, J = 8.5 Hz, 1H), 8.48 (d, J =
7.5Hz, 1H), 8.28 (s, 1H), 7.68(t, J = 7.5 Hz, 1H), 7.57-7.48(m, 3H), 7.30 (d, J = 8.5
Hz, 1H), 7.22 (d, J = 8.5 Hz, 1H), 4.11(s, 3H), 2.60(s, 3H); 13C NMR (CDCl;, 125
MHz) 6 = 139.1, 134.7, 130.7, 130.0, 129.4, 127.1, 126.7, 126.0, 125.3, 125.1, 124.0,
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123.9, 123.5, 123.3, 122.8, 121.6, 112.9, 109.1, 34.4, 21.8; HRMS (ESI, m/z) calcd
for [C,H7NTH™: 296.1434; Found 296.1439.

9,11,13-Trimethyl-9H-dibenzo[a,c]carbazole (3ma): yellow solid, isolated yield
75% (69.5 mg); mp 205.2-206.8 °C (uncorrected); 'H NMR (CDCl;, 500 MHz) § =
8.80-8.77 (m, 1H), 8.70 (d, J = 8.0 Hz, 1H), 8.65 (d, J = 8.5 Hz, 1H), 8.56-8.54 (m,
1H), 7.63-7.60 (m, 3H), 7.51 (t, J = 7.5 Hz, 1H), 7.19 (s, 1H), 7.00 (s, 1H), 4.28 (s,
3H), 3.01 (s, 3H), 2.56 (s, 3H); '3C NMR (CDCl;, 125 MHz) 6 = 142.3, 135.0, 134.0,
131.1, 130.8, 129.0, 127.0, 126.1, 125.8, 125.3, 125.3, 123.9, 123.7, 123.4, 123.1,
122.8, 120.9, 115.0, 107.2, 34.8, 25.2, 21.8; HRMS (ESI, m/z) calcd for [Co3H 9N]H™:
310.1590; Found 310.1595.

3,9-Dimethyl-9H-dibenzo|a,c]carbazole (3ab): white solid, isolated yield 98% (86.7
mg); mp 217.1-218.6 °C (uncorrected); 'TH NMR (CDCl;, 500 MHz) 6 = 8.84-8.83
(m, 1H), 8.74 (d, J=7.5 Hz, 1H), 8.67-8.66 (m, 1H), 8.57 (d, /= 7.5 Hz, 1H), 8.54 (s,
1H), 7.64-7.56 (m, 4H), 7.49-7.47 (m, 1H), 7.38 (t, /= 7.5 Hz, 1H), 4.36 (s, 3H), 2.64
(s, 3H); 13C NMR (CDCl;, 125 MHz) 6 =140.8, 134.3, 133.0, 130.9, 128.9, 127.7,
127.0, 126.0, 125.4, 124.1, 124.0, 123.6, 123.5, 123.3, 122.9, 121.8, 120.1, 109.5,
34.6, 21.9; HRMS (ESI, m/z) calcd for [Cp,H7NJH: 296.1434; Found 296.1440.

3-Methoxy-9-methyl-9H-dibenzo[a,c]carbazole (3ac): white solid, isolated yield
82% (76.5 mg); mp 283.8-284.8 °C (uncorrected); 'TH NMR (DMSO-d6, 500 MHz) &
= 8.96-8.57 (m, 4H), 8.29 (s, 1H), 7.79-7.73 (m, 3H), 7.47-7.34 (s, 3H), 4.38 (s, 3H),
4.01 (s, 3H); 3C NMR (DMSO-d6, 125 MHz) 6 = 156.6, 140.9, 133.3, 130.2, 128.3,
127.3, 126.2, 125.2, 125.1, 124.3, 124.1, 124.0, 123.7, 122.7, 121.8, 120.6, 117.6,
113.0, 110.8, 106.4, 55.9, 34.9; HRMS (ESI, m/z) calcd for [C,H;7NOJH": 312.1383;
Found 312.1390.

3-Fluoro-9-methyl-9H-dibenzo[a,c]carbazole (3ad): white solid, isolated yield 92%
(82.5 mg); mp 187.5-189.2 °C (uncorrected); 'H NMR (CDCl;, 500 MHz) 8 = 8.50-
8.47 (m, 1H), 8.40-8.38 (m, 1H), 8.33-8.31 (m, 1H), 8.26 (d, J= 8.0 Hz, 1H), 8.07 (d,
J=11.5 Hz, 1H), 7.45-7.43 (m, 2H), 7.34-7.33 (m, 2H), 7.29-7.22 (m, 2H), 4.00 (s,
3H); BC NMR (CDCls, 125 MHz) & = 159.5 (d, J = 240.1 Hz), 140.4, 133.7, 129.8
(d, J = 3.8 Hz), 128.2 (d, J = 7.5 Hz), 126.5, 126.2, 125.4, 125.0 (d, J = 8.1 Hz),
124.0, 124.0, 122.8, 122.7, 121.4, 120.1, 115.5 (d, J = 23.0 Hz), 112.8, 109.4, 108.5
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(d, J = 8.1 Hz), 34.2; HRMS (ESI, m/z) calcd for [C,;H{4FN]H*: 300.1183; Found
300.1187.

3-Chloro-9-methyl-9H-dibenzo[a,c|carbazole (3ae): white solid, isolated yield 89%
(84.1 mg); mp 192.5-193.8 °C (uncorrected); 'TH NMR (CDCl;, 500 MHz) 6 = 8.49-
8.45 (m, 3H), 8.42-8.40 (m, 1H), 8.29 (d, J = 8.0 Hz, 1H), 7.52-7.48 (m, 3H), 7.43-
7.37 (m, 2H), 7.27 (t,J = 7.0 Hz, 1H), 4.11 (s, 3H); 1¥3C NMR (CDCl;, 125 MHz) 6 =
140.6, 134.4, 129.6, 129.1, 128.0, 127.9, 127.3, 126.6, 125.6, 124.7, 124.0, 123.9,
123.8, 122.9, 122.8, 121.5, 120.3, 112.7, 109.5, 34.3; HRMS (ESI, m/z) calcd for
[C1H4CIN]TH*: 316.0888; Found 316.0893.

9-Methyl-3-(trifluoromethyl)-9H-dibenzo|a,c]carbazole (3af): white solid, isolated
yield 75% (78.5 mg); mp 211.3-213.1 °C (uncorrected); "TH NMR (CDCl;, 500 MHz)
0 =28.77 (s, 1H), 8.61-8.59 (m, 2H), 8.40 (d, /= 7.0 Hz, 1H), 8.33 (d, /= 8.0 Hz, 1H),
7.77 (d, J = 8.5 Hz, 1H), 7.61-7.55 (m, 2H), 7.48-7.44 (m, 2H), 7.35 (t, J = 7.5 Hz,
1H), 4.07 (s, 3H); 3C NMR (CDCl;, 125 MHz) 4 = 140.4, 135.2, 131.6, 130.1, 128.7
(d, J = 39.9 Hz), 126.6, 125.9, 125.8, 124.7 (q, J = 32.0 Hz), 123.9, 123.9, 123.8,
123.7,122.9, 122.8, 121.5, 120.6, 120.6, 120.5, 112.4, 109.6, 34.2; HRMS (ESI, m/z)
calcd for [Cp,H 4FsNJH*: 350.1151; Found 350.1157.

1,9-Dimethyl-9H-dibenzo|a,c]carbazole (3ag): white solid, isolated yield 74% (65.5
mg); mp 164.6-165.8 °C (uncorrected); 'H NMR (CDCl;, 500 MHz) 6 = 8.68 (d, J =
7.5 Hz, 1H), 8.49 (d, J = 8.0 Hz, 2H), 8.11 (d, J = 8.0 Hz, 1H), 7.57-7.50 (m, 3H),
7.48-7.44 (m, 2H), 7.38 (t, J = 8.0 Hz, 1H), 7.26 (t, J= 8.0 Hz, 1H), 4.23 (s, 3H), 2.94
(s, 3H); 13C NMR (CDCl;, 125 MHz) 6 = 140.4, 135.9, 132.7, 131.6, 129.4, 128.9,
128.4, 1259, 125.9, 124.3, 124.2, 124.1, 123.6, 123.5, 123.1, 123.0, 120.3, 119.0,
113.4, 109.2, 34.4, 24.1; HRMS (ESI, m/z) calcd for [C,pH7NJH": 296.1434; Found
296.1441.

1-Fluoro-9-methyl-9H-dibenzo[a,c]carbazole (3ah): white solid, isolated yield 75%
(67.3 mg); mp 182.2-184.1 °C (uncorrected); '"H NMR (CDCl;, 500 MHz) 6 = 8.68
(d, J= 8.5 Hz, 1H), 8.65-8.63 (m, 1H), 8.47-8.45 (m, 1H), 8.42 (d, J = 8.0 Hz, 1H),
7.56-7.54 (m, 2H), 7.46-7.30 (m, 5H), 4.18 (s, 3H); 3C NMR (CDCls, 125 MHz) 6 =
158.5 (d, J = 245.9 Hz), 141.1, 135.3, 130.2, 129.6 (d, J = 7.0 Hz), 126.4, 125.9,
124.6 (d, J = 36.3 Hz), 124.3, 1239 (d, J = 1.4 Hz), 123.7, 123.6 (d, J = 9.1 Hz),
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123.2, 123.1, 120.1 (d, J = 5.6 Hz), 119.1 (d, J = 2.9 Hz), 118.3 (d, J = 18.0 Hz),
113.0 (d, J = 24.0 Hz), 110.6, 109.1, 34.9; HRMS (ESI, m/z) caled for [CoH sFNJH™:
300.1183; Found 300.1189.

2,9-Dimethyl-9H-dibenzo|a,c]carbazole and 4,9-Dimethyl-9H-
dibenzo|a,c]carbazole (3ai and 3ai’ = 1.1 : 1): white solid, isolated yield 91% (80.5
mg); mp 179.6-181.5 °C (uncorrected); 1H NMR (CDCI3, 500 MHz) 6 =8.73 (d, J =
7.0 Hz, 0.5H), 8.67-8.62 (m, 1H), 8.50-8.42 (m, 3H), 7.56-7.44 (m, 2.5H), 7.39-7.27
(m, 4H), 4.10 (s, 1.4H), 4.07 (s, 1.6H), 3.04 (s, 1.4H), 2.60 (s, 1.6H); 3C NMR
(CDCl;, 125 MHz) 6 = 141.1, 140.6, 136.8, 135.2, 134.7, 134.6, 131.7, 131.3, 130.8,
129.9, 129.0, 128.2, 127.5, 126.3, 125.5, 125.4, 125.3, 125.1, 124.6, 124.6, 124.0,
123.7, 123.5, 123.4, 123.4, 123.3, 123.2, 122.7, 122.6, 121.8, 121.7, 121.3, 120.2,
120.0, 113.8, 113.0, 109.5, 109.3, 34.3, 34.2, 27.2, 22.0; HRMS (ESI, m/z) calcd for
[CH7NTH": 296.1434; Found 296.1440.

2-Fluoro-9-methyl-9H-dibenzo[a,c]carbazole (3aj): white solid, isolated yield 75%
(67.3 mg); mp 187.5-188.8 °C (uncorrected); 'H NMR (CDCl;3, 500 MHz) 6 = 9.23-
9.20 (m, 1H), 8.52-8.47 (m, 2H), 8.42 (d, J = 8.0 Hz, 1H), 7.61-7.55 (m, 3H), 7.44-
7.42 (m, 2H), 7.33 (t, J = 8.0 Hz, 1H), 7.23-7.18 (m, 1H), 4.15 (s, 3H); 13C NMR
(CDCl3, 125 MHz) 6 = 161.8 (d, J = 250.5 Hz), 140.9, 135.2, 132.4 (d, J = 4.4 Hz),
129.0 (d, J = 5.8 Hz), 128.8 (d, J = 28.5 Hz), 127.3 (d, J = 10.9 Hz), 126.1, 125.9,
124.0, 123.8, 123.1, 122.5, 121.7, 120.5, 119.3 (d, J = 3.3 Hz), 116.0 (d, J = 7.3 Hz),
112.9, 110.7 (d, J = 25.9 Hz), 109.6, 34.5; HRMS (ESI, m/z) calcd for [C,H4FN]H":
300.1183; Found 300.1190.

9-methyl-2-(trifluoromethyl)-9 H-dibenzo|a,c]carbazole (3ak): white solid, isolated
yield 30% (31.3 mg); mp 203.8-204.6 °C(uncorrected); 'H NMR (CDCls3, 400 MHz)
0 =28.81 (s, 1H), 8.61-8.57 (m, 2H), 8.41-8.38 (m, 1H), 8.32 (d, /= 8.0 Hz, 1H), 7.62
(d, J = 8.8 Hz, 1H), 7.58-7.56 (m, 2H), 7.47-7.42 (m, 2H), 7.35 (t, J = 7.2 Hz, 1H),
4.06 (s, 3H); 13C NMR (CDCl;, 100 MHz) 6 = 140.5, 134.7, 129.8, 129.1, 128.6 (d, J
=31.8Hz), 128.6, 127.0, 126.1, 125.8, 124.3, 124.2, 124.0, 123.9, 123.4, 122.8, 121.4,
120.6, 120.4 (q, J=4.3 Hz), 119.2 (q,J = 3.3 Hz), 112.7, 109.5, 34.2.

2,4,9-trimethyl-9H-dibenzo|a,c]carbazole (3al): white solid, isolated yield 93%
(86.2 mg); mp 179.5-180.9 °C (uncorrected); 'H NMR (CDCl3, 500 MHz) 6 = 8.68-
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8.67 (m, 1H), 8.49 (d, J = 8.0 Hz, 1H), 8.43 (s, 1H), 8.38-8.36 (m, 1H), 7.45-7.31 (m,
6H), 4.03 (s, 3H), 2.97 (s, 3H), 2.55 (s, 3H); 13C NMR (CDCl;, 125 MHz) § = 141.0,
135.8, 135.0, 134.8, 131.7, 131.4, 129.8, 128.6, 125.2, 124.9, 124.2, 124.0, 123.4,
123.4, 122.6, 121.8, 121.4, 120.0, 113.5, 109.4, 34.2, 27.1, 21.6; HRMS (ESI, m/z)
calcd for [Cp3HoNJH™: 310.1590; Found 310.1596.

2,4-Difluoro-9-methyl-9H-dibenzo[a,c]carbazole (3am): white solid, isolated yield
78% (74.2 mg); mp 172.8-173.9 °C (uncorrected); "TH NMR (CDCl;, 500 MHz) 8 =
8.84-8.81(m, 1H), 8.13 (d, /= 8.0 Hz, 1H), 8.01 (d, J= 8.0 Hz, 1H), 7.74 (d, /= 10.0
Hz, 1H), 7.42-7.34 (m, 2H), 7.29 (d, J = 7.5 Hz, 1H), 7.22-7.16 (m, 2H), 6.77-6.72
(m, 1H), 3.78 (s, 3H); 3C NMR (CDCl;, 125 MHz) 6 = 162.3 (d, J = 143.1 Hz),
162.2 (d, J = 1454 Hz), 160.3 (d, J = 134.5 Hz), 160.2 (d, J = 136.4 Hz), 140.4,
135.2, 132.4-132.3 (m, 1C), 128.4 (d, /= 5.6 Hz), 127.9, 127.7, 1259 (d, J= 1.6 Hz),
125.7,123.8, 123.1, 122.5, 122.4, 121.0, 120.5, 112.2 (d, /= 7.2 Hz), 112.0, 104.3 (d,
J=3.5Hz), 104.1 (d, J= 3.5 Hz), 100.1 (d, J=30.0 Hz), 99.9 (d, J=30.0 Hz), 34.1;
HRMS (ESI, m/z) caled for [Cy1H3FoNJH™: 318.1089; Found 318.1097.

9-Methyl-3-phenyl-9H-dibenzo[a,c]carbazole (3an): white solid, isolated yield 85%
(91.0 mg); mp 186.5-187.5 °C (uncorrected); 'H NMR (CDCl3, 500 MHz) & = 8.79
(s, 1H), 8.74 (d, J = 8.0 Hz, 1H), 8.70 (d, J = 8.5 Hz, 1H), 8.45 (d, J = 8.0 Hz, 1H),
8.42 (d,J= 8.0 Hz, 1H), 7.87 (d, /= 8.0 Hz, 1H), 7.78 (d, J = 7.0 Hz, 2H), 7.55-7.49
(m, 4H), 7.41-7.37 (m, 3H), 7.34-7.31 (m, 1H), 4.07 (s, 3H); 13C NMR (CDCl;, 125
MHz) 6 = 141.7, 140.6, 135.8, 134.4, 130.7, 128.9, 127.3, 127.0, 126.2, 126.0, 125.4,
123.9, 123.9, 123.8, 123.6, 123.2, 122.8, 121.7, 120.2, 113.0, 109.4, 34.2; HRMS
(ESI, m/z) calcd for [C7H19N]H*: 358.1590; Found 358.1596.

11-Methyl-11H-benzo[a]naphtho[2,1-c]carbazole (3a0): white solid, isolated yield
72% (71.5 mg); mp 191.5-192.8 °C (uncorrected); 'H NMR (CDCl;, 500 MHz) 6 =
9.07 (d, J = 8.5 Hz, 1H), 8.64 (d, J = 8.0 Hz, 1H), 8.52-8.47 (m, 3H), 7.94 (d, /= 8.0
Hz, 1H), 7.80 (d, J = 9.0 Hz, 1H), 7.60-7.53 (m, 3H), 7.49 (t, /= 7.5 Hz, 1H), 7.44-
7.38 (m, 2H), 7.17 (t, J= 7.5 Hz, 1H), 4.14 (s, 3H); 3C NMR (CDCl;, 125 MHz) 6 =
140.7, 136.2, 132.9, 130.8, 129.0, 128.9, 127.4, 126.9, 126.3, 125.8, 125.5, 124.7,
124.4, 124.2, 124.0, 123.9, 123.1, 123.0, 122.9, 121.1, 118.8, 114.0, 109.3, 34.3;
HRMS (ESI, m/z) calcd for [C,sH7NJH*: 332.1434; Found 332.1444.
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8-Methyl-8 H-benzo|a]thieno[2,3-c]carbazole (3ap): white solid, isolated yield 23%
(19.8 mg); mp 169.3-171.1 °C (uncorrected); 'TH NMR (CDCls, 500 MHz) 6 = 8.58
(d, J=8.0 Hz, 1H), 8.37 (d, /= 8.0 Hz, 1H), 8.15 (d, /= 8.0 Hz, 1H), 7.92 (d, /= 5.0
Hz, 1H), 7.53-7.45 (m, 2H), 7.43-7.40 (m, 3H), 7.32-7.29 (m, 1H), 4.22 (s, 3H); 13C
NMR (CDCls, 125 MHz) 6 = 140.4, 133.6, 132.1, 130.7, 129.1, 125.1, 125.0, 124.6,
124.4, 122.7, 122.1, 122.0, 121.7, 121.6, 120.9, 119.9, 113.4, 109.1, 34.1; HRMS
(ESI, m/z) calcd for [C;oH;3sNS]H*: 288.0841; Found 288.0848.

7-Methoxy-9-methyl-9H-dibenzo|a,c]carbazole (3na): white solid, isolated yield
51% (47.6 mg); mp 152.9-154.1 °C (uncorrected); "H NMR (CDCl;, 500 MHz) & =
8.74 (d, J = 8.0 Hz, 1H), 8.55 (d, J = 9.0 Hz, 1H), 8.52-8.50 (m, 2H), 7.80 (s, 1H),
7.63 (t, J = 7.5 Hz, 1H), 7.48 (t, J = 7.5 Hz, 1H), 7.43-7.39 (m, 2H), 7.33 (t, J= 7.5
Hz, 1H), 7.11 (dd, J = 8.5 Hz, 2.5Hz, 1H), 4.07 (s, 3H), 3.83 (s, 3H); 13C NMR
(CDCl;, 125 MHz) 6 = 157.6, 140.6, 134.1, 128.8, 127.0, 126.2, 125.4, 124.9, 124.8,
123.6, 123.6, 123.4, 123.3, 122.8, 121.8, 120.1, 113.9, 113.7, 109.4, 105.5, 55.2, 34.0;
HRMS (ESI, m/z) caled for [C;,H7NO]JH™: 312.1383; Found 312.1390.

7-Chloro-9-methyl-9H-dibenzo|a,c]carbazole (30a): white solid, isolated yield 52%
(49.5 mg); mp 167.8-169.1 °C (uncorrected); 'H NMR (CDCl;, 500 MHz) & = 8.66
(d, J= 8.0 Hz, 1H), 8.49 (t, J= 9.0 Hz, 2H), 8.43 (d, J = 8.0 Hz, 1H), 8.30 (s, 1H),
7.66 (t, J = 8.0 Hz, 1H), 7.48 (t, J = 7.5 Hz, 1H), 7.44-7.41 (m, 3H), 7.33 (t, /= 8.0
Hz, 1H), 4.04 (s, 3H); 13C NMR (CDCl;, 125 MHz) 6 = 140.6, 133.0, 131.8, 129.6,
128.8, 127.4, 126.1, 125.5, 125.3, 124.5, 124.0, 123.7, 123.5, 123.2, 123.0, 122.0,
121.8, 120.3, 114.0, 109.4, 34.0; HRMS (ESI, m/z) caled for [C,H;sNCIJH*:
316.0888; Found 316.0893.
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5) Scanned 'H NMR and 3C NMR Spectra of All New Compounds
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'H and 3C Spectrum of Compound 3bat
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'H and '*C Spectrum of Compound 3ca
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'H and 3C Spectrum of Compound 3da
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'H and '3C Spectrum of Compound 3ea

0000—

NC

0 ppm

-

- ™

11

g

(=10 k- 2 [-2)
.r)cjéj‘-.c!
|| m

[
oo
-~

Slolo
Q.O.r%.
I

65L 6% —

9rL'9L

100724

vGeLL
L7601
9ES L
06L¥11
697811
Log' et
evoeel
06L'ccl
09¥°'ecl
809°€cl
8.8'€cl
L80°v2)
9G1'vel
leevel
£08°9e|
62’921
602921
08022}
LLv L2e)
96562}
8v8'0¢E!
c88cel
660 vEL
2s8'0rl
9reerl

TS e

NC

____MJMLL_J____

0 ppm

10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

S15



'H and 3C Spectrum of Compound 3ia
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'H and 3C Spectrum of Compound 3ja
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'H and 3C Spectrum of Compound 3ka
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'H and 3C Spectrum of Compound 3la
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'H and '3C Spectrum of Compound 3ma

0000—

986 —
00—

6.2V —

1669
881,
0ee'L
€61°L
FAV
€ess
10972
20972
S92
129’
6€9°L
£vS'8
8¥5'8
G658
2958
Sr9'8
299’8
¥69'8
0148
L8
6448
98/'8
£€62°8
8648

%\VW

()

i

—
—
-—

0 ppm

[Te)
C\?‘
—

o~

o
c’j)
yem,

[52]
o
lo2]

<t |—
b
e

T
9
o<
S1P=]
-l

10

6L te—
861’6 —

8e8'vE—

6¥L'94
700 LL
8G¢'LL

rie'L0L
ce0'SHL
0Le'0ct
608°¢ccl
LPLECL
96e’eel
clleeh
606°€Cl
LGe'Sel

€/e'6el =
608'Gel
890'9¢1
G66'9¢t
€co'eel
LEBOEL
SLO°LEL
LLE'EEL
LEO'SEL
8lECrlL

T
160

170

180

0 ppm

70 60 50 40 30 20 10

80

140 130 120 110 100 90

150

S20



'H and '3C Spectrum of Compound 3na
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'H and '3C Spectrum of Compound 30a
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'H and '3C Spectrum of Compound 3ab
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'H and '*C Spectrum of Compound 3ac
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'H and 3C Spectrum of Compound 3ad
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'H and '3C Spectrum of Compound 3ae

000°0

SOb'¥
991,
85S¢’
LeL
§98¢'L
viEL
16€°L
Sov'L
(US4
9ev'L
8.¥'L
8y L
S6vL
0052
S0S°L
01§72
elsL
91672
025,
£€8¢'8
66¢'8
0’8
¥L¥'8
acr'e
Sbv'8
8vy'8
991'8
£€81'8
06%'8

N

0 ppm

Cl

A

LEEPE—

JAZATA
100°2L
GGeLL

615601
069°¢LI
ogeoct

0w~
<t O M
@~ W
NN —
(oY Mo al)
-

196°Lct
ghiecth
reg6eth
cGevEL
LGS 0v L

Cl

0 ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

S26



'H and 3C Spectrum of Compound 3af
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'H and 3C Spectrum of Compound 3ag
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'H and 3C Spectrum of Compound 3ah

000°0
9L
6LLY
802°2
962°L
00£"2
80€"L
A
91€°L
veeL
628°L
zeeL
9L
8L
95",
8cg"/
LEL
viEL
1880
86€°L
€02
At
8Ly'L
82r'L
oL
Se'L
5e5°L
965",
2rs'L
8pgL
¥85'L
oLr's
92r'8
£57'8
6518
29v'8
Sot'8-
P8
1298
££9'8 ]
6£9'8 ]
9v9'8 |
£/9°8

069'8-

ppm

15 14 13 12 11 10

16

anioe

0 ppm

180 160 140 120 100 80 60 40 20

200

S29



.

'H and 3C Spectrum of Compound 3ai and 3ai
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'H and 3C Spectrum of Compound 3aj
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'H and '3C Spectrum of Compound 3al
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'H and 3C Spectrum of Compound 3am

000'0—

€8¢
SLL9
0cL9
ceL’9
LEL9
S¥.L'9
0S.'9
¢9.9
99.°9
oeL'sL
voL’L
8LL°L
peL'L
90¢'L
¢cc' L
08¢'L
v6e'L
0LeL
EPEL
LSE°L
€L8°L
G8E’L
Lov L
Sy’
9¢L'L
9pL'L
666'L
G108
8LL'8
vEL'8
6088
6188
728’8
9e8'8

=——— e

ppm

()
FN
=

D[y
=ik
—l

E

PELFE
6¥.°9L
00 LL
8Ge'LL
¥¥L 66
£56'66
£86'66
24617001
£80°70 1
LELEPOL
¥Ge'¥0L
c8e 0L
24687601
6L0cht
Sleehl
€lechl
£05°02 L
900’ el
09e'eeh
vlSeel
£60°€C )
VIR ARN
9/9'Gel
£16°Sel
0e6'Ge L
899°/¢1
888'/cl
90%7'8¢
1G¥'821
G6&cEl
Sveeel
ce8eec!L
0Ereel
991°6€1
6eror L
0€9'6S1
€565}
LeL091
828091
985191
£0L7191
6L e9l
cS8¢9l

0€9'65 1 ~_ O
e5L651 -

bel'091 ~_
828091

985191 ~_
LOLTI9L—

6rL 9t ~_
258291

o s, ...u.Mm...m U\.# »ﬁﬁm ..M'JJM.M o, bt bl |

Il

ppm

40

T T T T T T T T
220 200 180 160 140 120 100 80

T
240

S34



'H and 3C Spectrum of Compound 3an
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'H and 3C Spectrum of Compound 3ao
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