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Experimental Section

General. 'H and °C NMR spectra were recorded at 400 and 100 MHz for CDCl; solutions.
HRMS data were obtained by CI using a TOF mass spectrometer. GC analysis was carried out using
a silicon OV-17 column (i. d. 2.6 mm x 1.5 m). GC-MS analysis was carried out using a CBP-1
capillary column (i. d. 0.25 mm x 25 m). The structures of all products listed below were
unambiguously determined by 'H and C NMR with the aid of NOE, COSY, HMQC, and HMBC
experiments.

9-(Pyridin-2-yl)-9H-carbazoles 1a-e®' and 2-aryl indoles 3a-j>* and 7a,b> were prepared
according to published procedures. Other reagents were commercially available.

The following experimental procedures may be regarded as typical in methodology and scale.

Ru-Catalyzed Reaction of 9-(Pyridin-2-yl)-9H-carbazole (1a) (entry 5 in Table 1). In a Schlenk
tube, 9-(pyridin-2-yl)-9H-carbazole (1a) (0.2 mmol, 49 mg), [Ru(p-cymene)Cl:], (0.01 mmol, 6.1
mg), Ag,COs (0.44 mmol, 122 mg), acetic acid (2 mmol, 114 uL), dibenzyl (ca. 30 mg) as internal
standard, and chlorobenzene (2 mL) were added. Then the mixture was stirred under air at 140 °C
for 15 h. After cooling, the reaction mixture was diluted by ethyl acetate (100 mL). The organic
layer was washed by water (100 mL, three times) and dried over Na,SO4. After evaporation of the

solvent under vacuum, product 2a was isolated by GPC.

H/D Exchange Reaction (Schemes 4 and S1). In a Schlenk tube,
2-phenyl-1-(pyrimidin-2-yl)-1H-indole (3j) (0.2 mmol, 49 mg), [Ru(p-cymene)Cl,], (0.01 mmol,
6.1 mg), Ag;CO; (0.44 mmol, 122 mg), CD3;CO,D (2 mmol, 114 uL), dibenzyl (ca. 30 mg) as
internal standard, and chlorobenzene (2 mL) were added. Then the mixture was stirred under air at
140 °C for 15 h. After cooling, the reaction mixture was diluted by ethyl acetate (100 mL). The
organic layer was washed by water (100 mL, three times) and dried over Na,SO,. After evaporation
of the solvent under vacuum, product 4j-d; and recovered 3j-d, were isolated by GPC. Recovered
3j-d, (18%, 9.8 mg); 'H NMR (400 MHz, CDCl3) 6 6.81 (s, 1H), 7.12 (t, J = 4.8 Hz, 1H), 7.22-7.27
(m, 2H), 7.28-7.31 (m, 5H), 7.65 (dd, J= 1.3, 7.3 Hz, 1H), 8.14 (dd, /= 1.1, 8.6 Hz, 0.81H), 8.68 (d,
J = 4.8 Hz, 2H). Product 4j-d; (41%, 27 mg); 'H NMR (400 MHz, CDCls) § 6.79 (s, 1H), 6.95 (dd,
J=0.96,7.8 Hz, 1H), 7.18 (t, /= 7.8 Hz, 1H), 7.20-7.25 (m, 4H), 7.25-7.27 (m, 2H), 7.55 (dd, J =
0.92, 7.8 Hz, 1H), 8.74 (d, J = 4.8 Hz, 2H).
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Scheme S1. H/D Exchange Experiment
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Characterization Data of Products

9-(Pyridin-2-yl)-9H-carbazole-1,8-diyl Diacetate (2a): white solid; 44 mg (61%); mp 194-197 °C;
'H NMR (400 MHz, CDCl3) 6 1.66 (s, 6H), 7.10 (dd, J = 0.88, 7.8 Hz, 2H), 7.25-7.29 (m. 2H),
7.46-7.50 (m, 2H), 7.92 (dt, J=2.0, 7.7 Hz, 1H), 8.00 (dd, J = 0.96. 7.8 Hz, 2H), 8.72 (ddd, J = 0.80,
1.9, 4.8 Hz, 1H); °C NMR (100 MHz, CDCls) 620.1, 118.1, 121.7, 123.8, 123.9, 126.0, 126.1,
131.9. 136.1, 138.0, 149.4, 152.4, 168.1; HRMS m/z caled for Cy;H7N,O4 ([M+H]") 361.1182,
found 361.1183.

3,6-Di-tert-butyl-9-(pyridin-2-yl)-9 H-carbazole-1,8-diyl Diacetate (2b): white solid; 73 mg (77%);
mp 241-244 °C; "H NMR (400 MHz, CDCl;) 6 1.42 (s, 18H), 1.66 (s, 6H), 7.10 (d, J = 1.7 Hz, 2H),
7.42 (ddd, J = 0.88, 2.3. 8.4 Hz, 2H), 7.88 (dt, /= 2.0, 7.7 Hz, 1H), 7.97 (d, J = 1.7 Hz, 2H), 8.69 (dd,
J=1.7,53 Hz, 1H); °C NMR (100 MHz, CDCl;) §20.3, 31.8, 34.8, 114.2, 118.4, 123.0, 124.0,
126.6, 131.2, 135.4, 137.6, 144.4, 149.2, 153.4, 168.8; HRMS m/z calcd for C,0H33N,04 ([M+H]")
473.2418, found 473.2435.

3,6-Diphenyl-9-(pyridin-2-yl)-9H-carbazole-1,8-diyl Diacetate (2¢): white solid; 67 mg (65%);
mp 213-215 °C; '"H NMR (400 MHz, CDCls) 8 1.69 (s, 6H), 7.33-7.38 (m, 4H), 7.44-7.52 (m, 6H),
7.69 (d, J= 8.1 Hz, 4H), 7.93 (dt, J= 2.0, 7.6 Hz, 1H), 8.26 (d, /= 1.5 Hz, 2H), 8.74 (dd, /= 1.2, 4.8
Hz, 1H); °C NMR (100 MHz, CDCl3) 620.4, 116.7, 120.4, 123.6, 124.2, 127.2, 127.3, 127.5, 129.0,
132.7, 135.0, 136.3, 138.0, 140.8, 149.5, 153.2, 168.8; HRMS m/z calcd for C33HysN,04 ([M+H]")
513.1785, found 513.18009.

3,6-Dichloro-9-(pyridin-2-yl)-9H-carbazole-1,8-diyl Diacetate (2d): white solid; 30 mg (35%); mp
185-188 °C; 'H NMR (400 MHz, CDCl3) 8 1.64 (s, 6H), 7.15 (d, J = 1.8 Hz, 2H), 7.43 (d, J= 7.8 Hz,
1H), 7.48-7.51 (m, 1H), 7.91-7.95 (m, 3H), 8.70 (d, J = 4.8 Hz, 1H); °*C NMR (100 MHz, CDCl;)
020.3,118.2, 120.6, 120.9, 123.4, 124.1, 126.6, 132.8, 136.0, 137.8, 149.3, 153.4, 168.7; HRMS m/z
calcd for C21H;5CLN,O,4 ([M+H]") 429.0404, found 429.0403.

4-Methoxy-9-(pyridin-2-yl)-9H-carbazole-1,8-diyl Diacetate (2¢): colorless oil; 29 mg (37%); 'H
NMR (400 MHz, CDCl3) 6 1.63 (s, 3H), 1.64 (s, 3H), 4.09 (s, 3H), 6.69 (d, J = 8.6 Hz, 1H), 7.01 (d,
J=8.6 Hz, 1H), 7.06 (dd, J= 1.1, 7.9 Hz, 1H), 7.26 (t,J = 7.9 Hz, 1H), 7.43-7.49 (m, 2H), 7.91 (dt,
J=12.0,7.6 Hz, 1H), 8.28 (dd, J = 1.1, 7.9 Hz, 1H), 8.72 (ddd, J = 0.8, 2.0, 4.9 Hz, 1H); °C NMR
(100 MHz, CDCl3) 620.4, 20.5, 56.0, 101.5, 115.2, 119.8, 121.0, 121.1, 121.3, 123.6, 124.3, 126.1,
129.8, 132.0, 133.7, 135.5, 137.9, 149.5, 153.4, 154.0, 168.9, 169.4; HRMS m/z calcd for
C2H9N,Os ([M+H]") 391.1307, found 391.1288.
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2-Phenyl-1-(pyridin-2-yl)-1H-indol-7-yl Acetate (4a): white solid; 49 mg (74%); mp 129-132 °C;
'H NMR (400 MHz, CDCl3) 6 1.70 (s, 3H), 6.78 (s, 1H), 6.89 (dd, J = 0.96, 7.8 Hz, 1H), 7.04 (td, J
=0.84, 7.9 Hz, 1H), 7.15 (t, J = 7.8 Hz, 1H), 7.19-7.22 (m. 5H), 7.30 (dt, J = 1.0, 4.9 Hz, 1H), 7.56
(dd, J = 0.96, 7.9 Hz, 1H), 7.65 (dt, J = 2.0, 7.6 Hz, 1H), 8.64 (ddd, J = 0.72, 1.9, 4.8 Hz, 1H); "°C
NMR (100 MHz, CDCl3) §20.4, 104.6, 116.5, 118.6, 120.9, 122.9, 124.2, 127.7, 128.1, 129.2, 129.8,
131.5, 132.1, 136.3, 137.6, 142.1, 149.0, 152.7, 169.1; HRMS m/z calcd for CyH;7N,0, ([M+H]")
329.1286, found 329.1285.

1-(Pyridin-2-yl)-2-(p-tolyl)-1H-indol-7-yl Acetate (4b): white solid; 55 mg (80%); mp 131-134 °C;
'H NMR (400 MHz, CDCl3) 6 1.69 (s, 3H), 2.28 (s, 3H), 6.74 (s, 1H), 6.87 (dd, J= 0.84, 7.7 Hz, 1H),
7.00-7.09 (m, 5H), 7.14 (t, J = 7.8 Hz, 1H), 7.30 (ddd, J = 1.0, 4.9, 7,4 Hz, 1H), 7.54 (dd, J = 0.92,
7.9 Hz, 1H), 7.65 (dt, J = 2.0, 7.6 Hz, 1H), 8.64 (ddd, J = 0.76, 1.9, 4.8 Hz, 1H); >°C NMR (100
MHz, CDCls) §20.6, 21.3, 104.4, 116.5, 118.7, 121.0, 123.0, 124.4, 129.0, 129.1, 129.3, 129.8,
131.7, 136.3, 137.68, 137.74, 142.3, 149.1, 152.9, 169.2; HRMS m/z calcd for CoHoN,O, ([M+H]")
343.1446, found 343.1441.

2-(4-Chlorophenyl)-1-(pyridin-2-yl)-1H-indol-7-yl Acetate (4c): white solid; 57 mg (79%); mp
159-160 °C; "H NMR (400 MHz, CDCl3) 6 1.70 (s, 3H), 6.77 (s, 1H), 6.90 (dd, J = 0.95, 7.7 Hz, 1H),
7.05 (td, J=0.92, 7.9 Hz, 1H), 7.11-7.20 (m, 5H), 7.33 (ddd, J = 1.0, 4.9, 7.5 Hz, 1H), 7.56 (dd, J =
0.96, 7.9 Hz, 1H), 7.69 (dt, J = 2.0, 7.7 Hz, 1H), 8.64 (ddd, J = 0.8, 2.0, 4.9 Hz, 1H); °C NMR (100
MHz, CDCl;) 620.6, 105.1, 116.9, 118.9, 121.2, 123.3, 124.3, 128.6, 130.0, 130.4, 130.8, 131.5,
133.9, 136.4, 137.9, 140.9, 149.2, 152.6, 169.2; HRMS m/z calcd for Ca;H;sCIN,O, ([M+H]")
363.0896, found 363.0895.

2-(4-Methoxyphenyl)-1-(pyridin-2-yl)-1H-indol-7-yl Acetate (4d): white solid; 55 mg (77%); mp
145-148 °C; '"H NMR (400 MHz, CDCl3) 6 1.69 (s, 3H), 3.76 (s, 3H), 6.70 (s, 1H), 6.74 (m, 2H),
6.87 (dd, J=0.84, 7.7 Hz, 1H), 7.03 (ddd, J = 0.80, 0.80, 7.9 Hz, 1H), 7.10-7.15 (m, 3H), 7.30 (ddd,
J=1.0,4.9,7.4 Hz, 1H), 7.53 (dd, J=0.92, 7.9 Hz, 1H), 7.66 (dt, J=2.0, 7.7 Hz, 1H), 8.64 (ddd, J =
0.76, 2.0, 4.9 Hz, 1H); °C NMR (100 MHz, CDCl3) §20.6, 55.3, 104.0, 113.8, 116.3, 118.5, 120.9,
123.0, 124.4, 124.7, 129.7, 130.6, 131.8, 136.3, 137.7, 142.1, 149.1, 152.9, 159.3, 169.2; HRMS m/z
caled for CooHi9N>O5 ([M+H]") 359.1396, found 359.1390.

2-(Naphthalen-2-yl)-1-(pyridin-2-yl)-1H-indol-7-yl Acetate (4e): white solid; 47 mg (62%); mp
170-173 °C; '"H NMR (400 MHz, CDCl;) 8 1.72 (s, 3H), 6.91 (dd, J = 0.92, 7.7 Hz, 1H), 7.06 (d, J =
7.9 Hz, 1H), 7.17 (t, J = 7.8 Hz, 1H), 7.26-7.31 (m, 3H), 7.42-7.46 (m, 2H), 7.58-7.76 (m, 6H), 8.66
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(dd, J = 1.4, 4.8 Hz, 1H); *C NMR (100 MHz, CDCls) 620.6, 105.2, 116.8, 118.8, 121.1, 123.1,
124.4, 126.4 (overlapped), 126.8, 127.7, 127.8, 128.3, 128.5, 129.7, 130.1, 131.7, 132.6, 133.2, 136.4,
137.9, 142.2, 149.1, 152.9, 169.2; HRMS m/z calcd for CysHioN,O, ([M+H]") 379.1447, found
379.1441.

5-Methyl-2-phenyl-1-(pyridin-2-yl)-1H-indol-7-yl Acetate (4f): white solid; 41 mg (60%); mp
159-160 °C; 'H NMR (400 MHz, CDCl3) 6 1.70 (s, 3H), 2.44 (s, 3H), 6.69 (s, 1H), 6.72 (t, J = 0.68
Hz, 1H), 7.01 (d, J= 7.9 Hz, 1H), 7.15-7.23 (m, 5H), 7.29 (ddd, /= 1.0, 4.9, 7.5 Hz, 1H), 7.34 (t, J =
0.56 Hz, 1H), 7.63 (dt, J = 2.0, 7.7 Hz, 1H), 8.62 (ddd, J = 0.72, 1.9, 4.9 Hz, 1H); °C NMR (100
MHz, CDClL) 620.6, 21.3, 104.5, 118.1, 118.6, 122.9, 124.3, 127.7, 128.2, 128.3, 129.2, 130.8,
131.8, 132.4, 135.9, 137.7, 142.2, 149.1, 152.9, 169.3; HRMS m/z calcd for CyyHi9N,O, ([M+H]")
343.1443, found 343.1441.

5-Chloro-2-phenyl-1-(pyridin-2-yl)-1H-indol-7-yl Acetate (4g): white solid; 48 mg (66%); mp
140-141 °C; '"H NMR (400 MHz, CDCl3) 6 1.69 (s, 3H), 6.71 (s, 1H), 6.91 (d, J = 1.9 Hz, 1H), 7.02
(td, J=0.84, 7.9 Hz, 1H), 7.16-7.24 (m, 5H), 7.32 (ddd, /= 1.0, 4.9, 7.5 Hz, 1H), 7.53 (d, /= 1.9 Hz,
1H), 7.66 (dt, J = 2.0, 7.6 Hz, 1H), 8.64 (ddd, J = 0.72, 1.9, 4.9 Hz, 1H); °C NMR (100 MHz,
CDCl) 620.3, 104.1, 117.1, 118.1, 123.1, 124.1, 125.7, 128.0, 128.2, 128.4, 129.1, 131.6, 131.9,
136.2, 137.7, 143.3, 149.0, 152.2, 168.6; HRMS m/z caled for CyH;sN,O, ([M+H]") 363.0899,
found 363.0895.

5-Bromo-2-phenyl-1-(pyridin-2-yl)-1H-indol-7-yl Acetate (4h): white solid; 46 mg (57%); mp
167-168 °C; '"H NMR (400 MHz, CDCl3) 8 1.68 (s, 3H), 6.71 (s, 1H), 7.00-7.04 (m, 2H), 7.16-7.24
(m, 5H), 7.32 (ddd, /= 0.96, 4.9, 7.5 Hz, 1H), 7.66 (dt, J= 2.0, 7.8 Hz, 1H), 7.69 (d, /= 1.7 Hz, 1H),
8.64 (ddd, J=0.60, 1.8, 4.8 Hz, 1H); >C NMR (100 MHz, CDCl3) §20.4, 104.1, 112.9, 119.7, 121.3,
123.3, 124.3, 128.1, 128.4, 128.9, 129.3, 131.7, 132.7, 136.5, 137.9, 143.3, 149.2, 152.3, 168.8;
HRMS m/z calcd for C,1H;¢BrN,O, ([M+H]") 407.0389, found 407.0390.

5-Methoxy-2-phenyl-1-(pyridin-2-yl)-1H-indol-7-yl Acetate (4i): white solid; 28 mg (39%); mp
182-184 °C; "H NMR (400 MHz, CDCl3) 8 1.70 (s, 3H), 3.86 (s, 3H), 6.58 (d, J = 2.3 Hz, 1H), 6.70
(d, J=4.2 Hz, 1H), 7.01 (ddd, J = 0.90, 0.92, 7.9 Hz, 1H), 7.03 (d, J = 2.3 Hz, 1H), 7.17-7.21 (m,
5H), 7.29 (ddd, J = 1.0, 4.9, 7.5, 1H), 7.64 (dt, /= 2.0, 7.6 Hz, 1H), 8.63 (ddd, J = 0.80, 2.0, 4.9 Hz,
1H); °C NMR (100 MHz, CDCl3) §20.6, 56.1, 100.7, 104.7, 106.9, 122.9, 124.3, 125.4, 127.8,
128.3, 129.2, 131.6, 132.3, 136.5, 137.7, 142.8, 149.1, 152.8, 154.8, 169.0; HRMS m/z calcd for
C2oH1oN,0;3 ([M+H]") 359.1391, found 359.1390.
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2-Phenyl-1-(pyrimidin-2-yl)-1H-indol-7-yl Acetate (4j): white solid; 40 mg (61%); mp
168-171 °C; 'H NMR (400 MHz, CDCl3) 8 1.91 (s, 3H), 6.79 (s, 1H), 6.95 (dd, J=0.92, 7.8 Hz, 1H),
7.18 (t, J = 7.8 Hz, 1H), 7.22-7.27 (m, 6H), 7.55 (dd, J = 0.96, 7.9 Hz, 1H), 8.73 (d, J = 4.8 Hz,
2H); °C NMR (100 MHz, CDCls) §21.1, 106.0, 117.2, 118.8, 119.4, 121.6, 127.8, 128.3, 128.8,
129.8, 132.1, 132.6, 136.6, 142.5, 158.4, 159.2, 168.9; HRMS m/z calcd for CaoH ¢N30, ([M+H]")
330.1229, found 330.1237.

2-Phenyl-1-(pyridin-2-yl)-1H-indol-7-yl Propionate (5a): colorless oil; 48 mg (70%); 'H NMR
(400 MHz, CDCl3) 60.95 (t, J = 7.5 Hz, 3H), 1.92 (q, J = 7.5 Hz, 2H), 6.77 (s, 1H), 6.88 (dd, J =
0.92, 7.8 Hz, 1H), 7.04 (ddd, J = 0.80, 0.82, 7.9 Hz, 1H), 7.15 (t, J= 7.8 Hz, 1H), 7.18-7.22 (m, 5H),
7.29 (ddd, J = 1.0, 4.9, 7.5 Hz, 1H), 7.55 (dd, J = 0.92, 7.9 Hz, 1H), 7.64 (dt, J= 2.0, 7.7 Hz, 1H),
8.62 (ddd, J = 0.80, 2.0, 4.9 Hz, 1H); >C NMR (100 MHz, CDCl;) 6 8.77, 27.0, 104.8, 116.6, 118.6,
121.0, 123.0, 124.3, 127.8, 128.3, 129.3, 130.0, 131.7, 132.3, 136.5, 137.6, 142.2, 149.0, 152.9,
172.6; HRMS m/z caled for CH19N,O5 ([M+H]") 343.1439, found 343.1441.

2-Phenyl-1-(pyridin-2-yl)-1H-indol-7-yl Pivalate (5b): colorless oil; 33 mg (45%); '"H NMR (400
MHz, CDCls) 6§ 0.97 (s, 9H), 6.75 (s, 1H), 6.79 (dd, J = 0.96, 7.8 Hz, 1H), 7.07 (td, J = 0.92, 7.9 Hz,
1H), 7.12-7.22 (m, 6H), 7.28 (ddd, J = 1.0, 4.9, 7.5 Hz, 1H), 7.54 (dd, J= 1.0, 7.9 Hz, 1H), 7.61 (dt,
J=12.0,7.6 Hz, 1H), 8.59 (ddd, J = 0.76, 2.0, 4.8 Hz, 1H); °C NMR (100 MHz, CDCl3) 6 27.0, 39.0,
105.0, 116.3, 118.4, 121.1, 123.2, 124.1, 127.8, 128.1, 129.5, 130.3, 131.9, 132.5, 137.3, 137.8,
142.5, 149.1, 152.9, 177.2; HRMS m/z calcd for C24Hp3N,0, ([M+H]") 371.1752, found 371.1754.

5-Methyl-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)-1,3-phenylene Diacetate (8a): green solid; 36 mg
(55%); mp 105-107 °C; 'H NMR (400 MHz, CDCls) 6 1.83 (s, 6H), 2.44 (s, 3H), 6.58 (d, J = 3.6 Hz,
1H), 7.03 (s, 2H), 7.08-7.13 (m, 2H), 7.93 (dd, J = 1.5, 7.8 Hz, 1H), 8.32 (dd, J = 1.5, 4.7 Hz,
1H); °C NMR (100 MHz, CDCl;) 620.5, 21.6, 101.8, 116.6, 120.3, 121.5, 121.8, 128.9, 129.4,
140.2, 144.0, 147.8, 148.3, 168.7; HRMS m/z caled for Ci;sH7N,O4 ([M+H]") 325.1184, found
325.1183.

5-Methoxy-2-(1H-pyrrolo[2,3-b]pyridin-1-yl)-1,3-phenylene Diacetate (8b): colorless oil; 24 mg
(35%); 'H NMR (400 MHz, CDCl;) 6 1.82 (s, 6H), 3.85 (s, 3H), 6.57 (d, J = 3.6 Hz, 1H), 6.77 (s,
2H), 7.08-7.11 (m, 2H), 7.92 (dd, J = 1.6, 7.8 Hz, 1H), 8.32 (dd, J = 1.5, 4.7 Hz, 1H); °C NMR (100
MHz, CDCls) 620.5, 56.1, 101.6, 107.3, 116.6, 117.1, 120.3, 128.9, 129.7, 144.0, 148.4, 148.9,
160.1, 168.5; HRMS m/z caled for C1sH7N205 ([M+H]") 341.1131, found 341.1132.
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1H and 13C NMR Spectra of Products
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