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Synthesis of 3aa

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and triphenylamine (62 mg, 0.25 mmol) were added to the mixture and stirred
in an oil bath at 130 °C for 60 minutes. The mixture was cooled to room temperature
and then added 20 mL carbon disulfide. Resulting solution was washed with water
and then evaporated in vacuo. The residue was separated on a silica gel column with
carbon disulfide/dichloromethane (20:1) as the eluent to give unreacted Ceso (5.2 mg,
14%) and 3aa (38.4 mg, 66%) as black amorphous solid. 'H NMR (400 MHz,
CS»o/de-acetone) 6 10.55 (s, 1H), 8.41 (s, 1H), 7.92 (d, J=8.4 Hz, 2H), 7.74 (d, J=2.4
Hz, 1H), 7.38 (d, /= 8.8 Hz, 1H), 7.28 - 7.22 (m, 5SH), 7.09 (t, /= 6.8 Hz, 6H), 7.01 (t,
J = 7.2 Hz, 2H).!3C NMR (100 MHz, CSa/ds-acetone) (all 1C unless indicated) &
157.10, 157.00, 151.71, 151.60, 149.14(2C), 149.01, 148.85, 148.05, 147.72(3C),
147.66, 147.60(2C), 147.50(3C), 147.36, 147.30, 146.09, 146.04, 145.92(aryl C),
145.63(2C), 145.32(3C), 145.27, 145.24, 144.99, 144.94(2C), 144.87, 144.84, 144.79,
144.72, 144.62, 144.54(3C), 144.39, 143.82(aryl C), 143.72(2C), 143.67, 143.65(2C),
143.27, 143.15(4C), 142.94(aryl C), 142.74, 142.58, 141.48, 139.27, 139.14, 138.10,
137.97, 136.58(aryl C), 134.48(aryl C), 130.00(aryl C, 4C), 129.17(aryl C, 2C),
128.12(aryl C), 125.97(aryl C), 125.83(aryl C), 125.16(aryl C, 4C), 124.06(aryl C,
2C), 123.87(aryl C, 2C), 123.55(aryl C), 115.90(aryl C), 114.52(aryl C), 114.17(aryl
C), 61.85(sp>-C of Ceo), 56.77(sp>-C of Ceo). UV-vis (CHCI3) Amax 448, 542, 683 nm;
HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd for
CssH19BrN2 1160.0724; found 1160.0718.

Synthesis of 3ba
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Ceo (36.0 mg, 0.05 mmol), indole (7.2 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1 mmol)
were dissolved in chlorobenzene (8 mL) at room temperature under Ar atmosphere.
Then DMSO (2 mL) was added to the mixture and the color of the solution changed
gradually from purple to dark green. After being stirred for 30 minutes, CF3SOsH (90
uL, 1 mmol) was added to the mixture and the color changed from dark green to
brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25 mmol) and
triphenylamine (62 mg, 0.25 mmol) were added to the mixture and stirred in an oil
bath at 130 °C for 60 minutes. The mixture was cooled to room temperature and then
added 20 mL carbon disulfide. Resulting solution was washed with water and then
evaporated in vacuo. The residue was separated on a silica gel column with carbon
disulfide/dichloromethane (20:1) as the eluent to give unreacted Ceo (10.2 mg, 28%)
and 3ba (27.9 mg, 52%) as black amorphous solid. 'H NMR (400 MHz,
CS2/de-acetone) 6 10.25 (s, 1H), 8.34 (d, J = 8.0 Hz, 1H), 7.94 (d, J = 8.4 Hz, 2H),
7.70 (s, 1H), 7.43 (d, J = 8.4 Hz, 1H), 7.25 (t, J= 7.6 Hz, 3H), 7.18 (t,J = 7.6 Hz, 2H),
7.10 (t,J = 7.6 Hz, 6H), 7.01 (t, J= 7.2 Hz, 3H). 3C NMR (100 MHz, CS>/ds-acetone)
(all 1C unless indicated) 6 157.69, 157.15, 152.08, 151.84, 149.28, 149.21, 149.15,
148.97, 148.07(2C), 147.81(5C), 147.72(2C), 147.65, 147.60(2C), 147.40(2C),
146.12(aryl C, 2C), 145.92, 145.77, 145.71, 145.63, 145.43(4C), 145.02(30C),
144.95(2C), 144.83(2C), 144.60(3C), 144.51, 144.43, 143.89, 143.74(3C), 143.69,
143.25(4C), 142.92(aryl C), 142.79, 142.66, 141.45, 139.34, 139.23, 138.21, 137.98,
137.93(aryl C), 134.75(aryl C), 130.01(aryl C, 4C), 129.31(aryl C, 2C), 126.53(aryl
C), 125.13(aryl C, 4C), 124.46(aryl C), 124.25(aryl C, 2C), 123.84(aryl C, 2C),
123.17(aryl C), 121.31(aryl C), 120.79(aryl C), 116.26(aryl C), 112.64(aryl C),
61.93(sp>-C of Ceo), 57.26(sp>-C of Ceo). UV-vis (CHCl3) Amax 448, 542, 682 nm;
HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd for
CssH20N2 1080.1632; found 1080.1641.

Synthesis of 3ca

Ceo (36.0 mg, 0.05 mmol), 7-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and triphenylamine (62 mg, 0.25 mmol) were added to the mixture and stirred
in an oil bath at 130 °C for 60 minutes. The mixture was cooled to room temperature
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and then added 20 mL carbon disulfide. Resulting solution was washed with water
and then evaporated in vacuo. The residue was separated on a silica gel column with
carbon disulfide/dichloromethane (20:1) as the eluent to give unreacted Ceo (10 mg,
28%) and 3ca (38 mg, 66%) as black amorphous solid. 'H NMR (400 MHz,
CSy/ds-acetone) & 10.43 (s, 1H), 8.36 (d, J = 8.0 Hz, 1H), 7.96 (d, J = 8.8 Hz, 2H),
7.84 (d, J=2.4 Hz, 1H), 7.39 (d, /= 7.2 Hz, 1H), 7.27 (t, J = 7.8 Hz, 4H), 7.15 - 7.08
(m, 6H), 7.06 - 7.01 (m, 3H). 3C NMR (100 MHz, CS,/d¢-acetone) (all 1C unless
indicated) 6 157.20, 157.15, 151.79, 151.69, 149.18(2C), 149.11, 148.96, 148.18,
147.76(3C), 147.69, 147.66(3C), 147.56(2C), 147.39, 147.34, 146.12, 146.09,
145.99(aryl C), 145.66(2C), 145.46, 145.38, 145.35, 145.33, 145.30, 144.98(2C),
144.97, 144.94, 144.89, 144.87, 144.84, 144.67, 144.65, 144.62, 144.53, 144.52,
144.46, 143.84(aryl C), 143.78, 143.74, 143.72, 143.70, 143.68, 143.31, 143.23,
143.21, 143.19(2C), 142.88(aryl C), 142.81, 142.63, 141.48, 139.36, 139.20, 138.09,
136.42(aryl C), 134.36(aryl C), 130.07(aryl C, 4C), 129.20(aryl C, 2C), 127.98(aryl
C), 125.68(aryl C), 125.62(aryl C), 125.20(aryl C, 4C), 124.15(aryl C, 2C),
123.96(aryl C, 2C), 121.92(aryl C), 120.67(aryl C), 117.41(aryl C), 106.32(aryl C),
61.91(sp>-C of Ceo), 57.02(sp>-C of Cep). HRMS (MALDI-TOF-MS, DCTB as matrix,
negative mode): m/z [M] calcd for CgsH19BrN2 1160.0724; found 1160.0729.

Synthesis of 3da

Ceo (36.0 mg, 0.05 mmol), 5-chloroindole (9 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and triphenylamine (62 mg, 0.25 mmol) were added to the mixture and stirred
in an oil bath at 130 °C for 60 minutes. The mixture was cooled to room temperature
and then added 20 mL carbon disulfide. Resulting solution was washed with water
and then evaporated in vacuo. The residue was separated on a silica gel column with
carbon disulfide/dichloromethane (20:1) as the eluent to give unreacted Ceso (6.7 mg,
19%) and 3da (35 mg, 63%) as black amorphous solid. 'H NMR (400 MHz,
CS»/de-acetone) 6 10.58 (s, 1H), 8.28 (s, 1H), 7.94 (d, J=8.8 Hz, 2H), 7.79 (d, J=2.4
Hz, 1H), 7.44 (d, /= 8.8 Hz, 1H), 7.26 (t, J = 7.8 Hz, 4H), 7.16 - 7.09 (m, 7H), 7.03 (t,
J = 7.2 Hz, 2H). 3C NMR (100 MHz, CS»/ds-acetone) (all 1C unless indicated) &
157.22, 157.13, 151.80, 151.72, 149.20, 149.18, 149.09, 148.94, 148.15, 147.78(3C),
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147.71, 147.66(2C), 147.59(3C), 147.42, 147.36, 146.14, 146.10, 145.98(aryl C),
145.68(2C), 145.48, 145.38(2C), 145.34, 145.31, 145.04, 145.00(2C), 144.93(30C),
144.85, 144.77, 144.66, 144.62, 144.59(2C), 144.46, 143.87(aryl C), 143.79, 143.76,
143.74, 143.71(2C), 143.32, 143.21(3C), 142.98(aryl C), 142.80, 142.64, 141.51,
139.34, 139.22, 138.15, 138.02, 136.40(aryl C), 134.48(aryl C), 130.04(aryl C, 4C),
129.21(aryl C, 2C), 127.50(aryl C), 126.60(aryl C), 126.12(aryl C), 125.24(aryl C,
4C), 124.05(aryl C, 2C), 123.94(aryl C, 2C), 123.42(aryl C), 120.56(aryl C),
116.00(aryl C), 113.84(aryl C), 61.94(sp*>-C of Cgo), 56.87(sp>-C of Cep). HRMS
(MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd for CgsH19CIN>
1114.1242; found 1114.1238.

Synthesis of 3ea

Ce0 (36.0 mg, 0.05 mmol), methyl indole-5-carboxylate (10.2 mg, 0.06 mmol), KO'Bu
(11.2 mg, 0.1 mmol) were dissolved in chlorobenzene (8 mL) at room temperature
under Ar atmosphere. Then DMSO (2 mL) was added to the mixture and the color of
the solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and triphenylamine (62 mg, 0.25 mmol) were added to the mixture and stirred
in an oil bath at 130 °C for 60 minutes. The mixture was cooled to room temperature
and then added 20 mL carbon disulfide. Resulting solution was washed with water
and then evaporated in vacuo. The residue was separated on a silica gel column with
carbon disulfide/dichloromethane (2:1) as the eluent to give unreacted Cso (5.3 mg,
15%) and 3ea (37 mg, 65%) as black amorphous solid. 'H NMR (400 MHz,
CS2/de-acetone) 6 10.43 (s, 1H), 9.04 (s, 1H), 7.90 (d, J = 8.4 Hz, 2H), 7.86 (d, J = 8.8
Hz, 1H), 7.75 (s, 1H), 7.45 (d, J = 8.8 Hz, 1H), 7.23 (t, ] = 7.6 Hz, 4H), 7.07 (t, ] = 8.4
Hz, 6H), 7.00 (t, ] = 7.6 Hz, 2H), 3.81 (s, 3H). 1*C NMR (100 MHz, CS/ds-acetone)
(all 1C unless indicated) 6 166.78(acyl C), 157.10, 156.97, 151.68, 151.55, 149.15,
149.12, 149.03, 148.81, 147.97, 147.69(2C), 147.66, 147.60, 147.57, 147.53,
147.52(2C), 147.38, 147.30, 146.10, 146.04, 145.84(aryl C), 145.63(2C), 145.40,
145.34, 145.32, 145.29, 145.21, 144.99, 144.94(2C), 144.88, 144.85, 144.84, 144.78,
144.70, 144.63, 144.54(2C), 144.52, 144.38, 143.84(aryl C), 143.72(2C), 143.68,
143.65(2C), 143.27, 143.18, 143.14(3C), 14291(aryl C), 142.74, 142.59, 141.48,
140.28, 139.24, 139.21, 138.08, 138.03(aryl C), 134.55(aryl C), 129.96(aryl C, 4C),
129.16(aryl C, 2C), 125.98(aryl C), 125.74(aryl C), 125.07(aryl C, 4C), 124.54(aryl
C), 124.13(aryl C, 2C), 124.10(aryl C), 123.80(aryl C, 2C), 122.93(aryl C),

S6



117.76(aryl C), 112.13(aryl C), 61.80(sp>-C of Ceo), 56.73(sp>-C of Ceo),
51.81(-OCH3). HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z
[M] caled for CggH2202N2 1138.1687; found 1138.1694.

Synthesis of 3fa

Ce0 (36.0 mg, 0.05 mmol), methyl indole-6-carboxylate (10.2 mg, 0.06 mmol), KO'Bu
(11.2 mg, 0.1 mmol) were dissolved in chlorobenzene (8 mL) at room temperature
under Ar atmosphere. Then DMSO (2 mL) was added to the mixture and the color of
the solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and triphenylamine (62 mg, 0.25 mmol) were added to the mixture and stirred
in an oil bath at 130 °C for 60 minutes. The mixture was cooled to room temperature
and then added 20 mL carbon disulfide. Resulting solution was washed with water
and then evaporated in vacuo. The residue was separated on a silica gel column with
carbon disulfide/dichloromethane (2:1) as the eluent to give unreacted Cso (3.4 mg,
9%) and 3fa (45 mg, 79%) as black amorphous solid. 'H NMR (400 MHz,
CS2/d¢-acetone) 6 10.73 (s, 1H), 8.35 (d, /= 8.4 Hz, 1H), 8.15 (s, 1H), 7.95 - 7.92 (m,
3H), 7.76 (dd, J = 8.4, 1.2 Hz, 1H), 7.25 (t, J= 7.8 Hz, 4H), 7.11 (t, J = 8.4 Hz, 6H),
7.02 (t, J = 7.2 Hz, 2H), 3.88 (s, 3H). 1*C NMR (100 MHz, CS,/ds-acetone) (all 1C
unless indicated) & 166.96(acyl C), 157.27, 157.21, 151.80, 151.75, 149.21, 149.19,
149.15, 148.99, 148.19, 147.75(2C), 147.72, 147.68, 147.63(2C), 147.59, 147.57,
147.42, 147.37, 146.14, 146.12, 145.89(aryl C), 145.69(2C), 145.55, 145.39(2C),
145.35, 145.31, 145.00(3C), 144.95, 144.94, 14491, 144.86, 144.72, 144.65, 144.63,
144.58, 144.56, 144.48, 143.86(aryl C), 143.80, 143.77, 143.75, 143.72(2C), 143.34,
143.22(4C), 142.94(aryl C), 142.83, 142.66, 141.51, 139.34, 139.25, 138.08, 138.01,
137.29(aryl C), 134.37(aryl C), 130.04(aryl C, 4C), 129.65(aryl C), 129.16(aryl C,
2C), 127.86(aryl C), 125.19(aryl C, 4C), 124.80(aryl C), 124.15(aryl C, 2C),
123.92(aryl C, 2C), 121.59(aryl C), 120.71(aryl C), 116.58(aryl C), 115.08(aryl C),
61.91(sp>-C of Ceo), 56.88(sp>-C of Ceo), 51.84(-OCH3). UV-vis (CHCl3) Amax 449,
538, 683 nm; HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M]
calcd for CssH2202N2 1138.1687; found 1138.1679.

Synthesis of 3ga
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Ceo (36.0 mg, 0.05 mmol), indole-5-carbonitrile (8.6 mg, 0.06 mmol), KO'Bu (11.2
mg, 0.1 mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and triphenylamine (62 mg, 0.25 mmol) were added to the mixture and stirred
in an oil bath at 130 °C for 60 minutes. The mixture was cooled to room temperature
and then added 20 mL carbon disulfide. Resulting solution was washed with water
and then evaporated in vacuo. The residue was separated on a silica gel column with
carbon disulfide/dichloromethane (2:1) as the eluent to give unreacted Ceo (11.4 mg,
32%) and 3ga (30.2 mg, 55%) as black amorphous solid. 'H NMR (400 MHz,
CS2/de-DMSO) 6 11.89 (s, 1H), 8.59 (s, 1H), 7.96 (d, J= 8.8 Hz, 2H), 7.91 (d, /= 2.0
Hz, 1H), 7.65 (d, J = 8.4 Hz, 1H), 7.44 (d, J = 8.4 Hz, 1H), 7.29 (t, J = 7.8 Hz, 4H),
7.15 - 7.12 (m, 6H), 7.05 (t, J = 7.2 Hz, 2H). 3C NMR (100 MHz, CS,/d¢-DMSO)
(all 1C unless indicated) & 155.82, 155.74, 150.42, 150.26, 147.89(2C), 147.69,
147.63, 146.82, 146.40(4C), 146.36, 146.29, 146.27(2C), 146.14(2C), 146.05(aryl C),
144.84, 144.79, 144.67, 144.37(2C), 144.06(2C), 144.03, 143.97(aryl C), 143.86,
143.73, 143.68(2C), 143.63, 143.56(3C), 143.41, 143.37, 143.30(3C), 143.16(aryl C),
142.55, 142.47(2C), 142.43(3C), 142.03, 141.89(4C), 141.71, 141.50, 141.32, 140.26,
138.35, 138.05, 137.84, 136.76(aryl C), 136.64(aryl C), 132.96(aryl C), 128.83(aryl C,
4C), 127.88(aryl C, 2C), 126.22(aryl C), 124.81(aryl C), 124.64(aryl C), 123.96(aryl
C, 40), 122.83(aryl C, 2C), 122.69(aryl C, 2C), 119.01(-CN), 115.07(aryl C),
112.93(aryl C), 102.62(aryl C), 60.57(sp>-C of Ceo), 55.34(sp>-C of Ce). UV-vis
(CHCI3) Amax 448, 543, 682 nm; HRMS (MALDI-TOF-MS, DCTB as matrix,
negative mode): m/z [M] caled for Cg7H19N3 1105.1579; found 1105.1572.

Synthesis of 3ha
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Ceo (36.0 mg, 0.05 mmol), 5-nitroindole (9.8 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and triphenylamine (62 mg, 0.25 mmol) were added to the mixture and stirred
in an oil bath at 130 °C for 60 minutes. The mixture was cooled to room temperature
and then added 20 mL carbon disulfide. Resulting solution was washed with water
and then evaporated in vacuo. The residue was separated on a silica gel column with
carbon disulfide/dichloromethane (3:1) as the eluent to give unreacted Ceo (12.7 mg,
35%) and 3ha (27.4 mg, 49%) as black amorphous solid. 'H NMR (400 MHz,
CS2/de-acetone) 6 11.02 (s, 1H), 9.29 (s, 1H), 8.10 (dd, J = 8.8, 2.0 Hz, 1H), 7.98 -
7.89 (m, 3H), 7.60 (d, J = 8.8 Hz, 1H), 7.25 (t, J = 7.8 Hz, 4H), 7.09 (t, J = 8.8 Hz,
5H), 7.02 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, CS»/ds-acetone) (all 1C unless
indicated) 6 157.13, 156.79, 151.82, 151.24, 149.28(2C), 148.98, 148.91, 148.25,
147.76(5C), 147.64(4C), 147.52, 147.41(2C), 146.24(3C), 145.80(aryl C), 145.73,
145.41(2C), 145.18, 145.04(5C), 144.92(2C), 144.81(2C), 144.69(4C), 144.54,
143.94(aryl C), 143.81(4C), 143.40, 143.28(2C), 143.24(2C), 143.08(aryl C), 142.87,
142.64(3C), 141.70, 140.81, 139.50, 139.15(aryl C), 138.10(aryl C), 134.32(aryl C),
130.05(aryl C, 4C), 129.13(aryl C, 2C), 127.79(aryl C), 125.72(aryl C), 125.26(aryl C,
4C), 124.08(aryl C, 2C), 123.99(aryl C, 2C), 118.85(aryl C), 118.48(aryl C),
118.17(aryl C), 112.72(aryl C), 61.96(sp>-C of Ceo), 56.47(sp>-C of Ce). UV-vis
(CHCI3) Amax 447, 539, 684 nm; HRMS (MALDI-TOF-MS, DCTB as matrix,
negative mode): m/z [M] calcd for CgsH19O2N3 1125.1483; found 1125.1475.

Synthesis of 3ia

Ceo (36.0 mg, 0.05 mmol), 7-nitroindole (9.8 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and triphenylamine (62 mg, 0.25 mmol) were added to the mixture and stirred
in an oil bath at 130 °C for 60 minutes. The mixture was cooled to room temperature
and then added 20 mL carbon disulfide. Resulting solution was washed with water
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and then evaporated in vacuo. The residue was separated on a silica gel column with
carbon disulfide/dichloromethane (2:1) as the eluent to give unreacted Ceo (16.0 mg,
44%) and 3ia (24 mg, 43%) as black amorphous solid. 'H NMR (400 MHz,
CS2/de-DMSO) 6 12.16 (s, 1H), 8.80 (d, J = 8.0 Hz, 1H), 8.20 (d, J = 7.6 Hz, 1H),
7.97-7.93 (m, 3H), 7.31-7.27 (m, 5H), 7.17-7.12 (m, 6H), 7.05 (t, J = 7.2 Hz, 2H). 1*C
NMR (100 MHz, CS2/de-DMSO) & 155.85, 155.52, 150.41, 150.12, 147.87(2C),
147.63(2C), 146.89, 146.38(5C), 146.27, 146.24(3C), 146.20, 146.09, 146.05(aryl C),
144.82(2C), 144.39, 144.36, 144.05, 144.02, 143.95, 14391(aryl C), 143.82,
143.66(4C), 143.55, 143.51, 143.38, 143.30(aryl C), 143.25(2C), 143.19(20),
142.52(2C), 142.49, 142.45, 142.42(2C), 142.38, 142.03, 141.91(2C), 141.86(2C),
141.60, 141.53, 141.31, 140.24(aryl C), 138.13, 137.72, 136.77, 136.69, 132.76(aryl
C), 129.37(aryl C), 129.33(aryl C), 128.84(aryl C, 4C), 127.82(aryl C, 2C),
127.60(aryl C), 127.47(aryl C), 123.95(aryl C, 4C), 122.90(aryl C, 2C), 122.72(aryl C,
20), 118.62(aryl C), 118.32(aryl C), 115.72(aryl C), 60.57(sp>-C of Ceo), 55.14(sp>-C
of Cs0). HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd
for CgsH1902N3 1125.1483; found 1125.1492.

Synthesis of 3ja

Ceo (36.0 mg, 0.05 mmol), 4-fluoroindole (8 pL, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and triphenylamine (62 mg, 0.25 mmol) were added to the mixture and stirred
in an oil bath at 130 °C for 60 minutes. The mixture was cooled to room temperature
and then added 20 mL carbon disulfide. Resulting solution was washed with water
and then evaporated in vacuo. The residue was separated on a silica gel column with
carbon disulfide/dichloromethane (2:1) as the eluent to give unreacted Cso (8.0 mg,
22%) and 3ja (27.5 mg, 50%) as black amorphous solid. '"H NMR (400 MHz,
CS2/de-acetone) 6 10.68 (s, 1H), 7.95 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 2.4 Hz, 1H),
7.29 - 7.25 (m, 5H), 7.16 (dd, J = 7.8, 4.9 Hz, 1H), 7.11 (t, ] = 8.0 Hz, 6H), 7.03 (t, J
= 7.2 Hz, 2H), 6.81 (dd, ] = 11.6, 7.6 Hz, 1H). '*C NMR (100 MHz, CS»/ds-acetone)
0 157.63, 156.83(aryl C, d, J = 247.6 Hz), 157.21, 152.45, 151.82, 149.82, 149.20,
149.17, 148.78(2C), 148.10, 147.86(3C), 147.81, 147.68, 147.66, 147.60(2C), 147.46,
147.34, 146.51, 146.16(2C), 145.87(aryl C), 145.74(2C), 145.48, 145.42, 145.35,
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145.14, 145.05(3C), 145.02, 144.92, 144.78, 144.70, 144.64, 144.53, 144.45, 144.43,
144.08, 143.97(aryl C), 143.86, 143.75(2C), 143.50, 143.39, 143.37, 143.20(aryl C),
143.15, 143.08, 142.78(2C), 142.20, 141.32, 141.07, 140.95, 139.93(aryl C),
139.35(aryl C), 139.28, 138.20, 134.61, 130.07(aryl C, 4C), 129.30(aryl C, 2C),
126.25(aryl C), 125.17(aryl C, 4C), 124.20(aryl C, 2C), 123.91(aryl C, 2C),
123.79(aryl C, d, J = 7.4 Hz), 116.00(aryl C), 115.30(aryl C, d, J = 21.1 Hz),
108.94(aryl C), 106.01(aryl C, d, J = 20.8 Hz), 61.86(sp>-C of Cso), 56.86(sp>-C of
Cs0). HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd for
CssH19FN2 1098.1538; found 1098.1546.

Synthesis of 3ab

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 4-(N, N-diphenylamino) benzaldehyde (69 mg, 0.25 mmol) were added to
the mixture and stirred in an oil bath at 100 °C for 120 minutes. The mixture was
cooled to room temperature and then added 20 mL carbon disulfide. Resulting
solution was washed with water and then evaporated in vacuo. The residue was
separated on a silica gel column with carbon disulfide/dichloromethane (1:1) as the
eluent to give unreacted Ceo (6.3 mg, 18%) and 3ab (30.2 mg, 51%) as black
amorphous solid. 'TH NMR (400 MHz, CSa,/d¢-acetone) § 10.50 (s, 1H), 9.78 (s, 1H),
8.41 (s, 1H), 8.03 (d, J = 8.8 Hz, 2H), 7.74 (d, J = 2.4 Hz, 1H), 7.65 (d, J = 8.8 Hz,
2H), 7.38 — 7.33 (m, 3H), 7.29 - 7.26 (m, 1H), 7.23 (d, J = 8.4 Hz, 2H), 7.19-7.17 (m,
3H), 7.09 (d, J = 8.8 Hz, 2H).">*C NMR (100 MHz, CS/d¢-acetone) (all 1C unless
indicated) & 188.36(acyl C), 157.01, 156.52, 152.79(aryl C), 151.50, 151.34, 149.19,
149.13, 148.95, 148.74, 147.69, 147.61, 147.53, 147.50, 147.42, 147.39, 147.33,
146.56, 146.41, 146.12, 146.07(aryl C, 2C), 145.70, 145.64, 145.57, 145.49,
145.28(3C), 145.19, 145.11, 145.03, 144.93(2C), 144.87(2C), 144.74(2C), 144.62,
144.58, 144.54, 144.30, 143.84, 143.74(3C), 143.69(2C), 143.30, 143.20, 143.16,
143.11, 143.09, 142.96(aryl C), 142.73, 142.57, 141.90, 141.57, 139.27, 139.16,
138.23, 137.92, 137.04, 136.53(aryl C), 131.49(aryl C, 2C), 130.67(aryl C),
130.42(aryl C, 2C), 129.58(aryl C, 2C), 128.04(aryl C), 126.77(aryl C, 2C),
126.50(aryl C, 2C), 126.08(aryl C), 125.72(aryl C), 125.66(aryl C), 123.54(aryl C),
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120.91(aryl C, 2C), 115.85(aryl C), 114.62(aryl C), 114.10(aryl C), 61.72(sp>-C of
Ce0), 56.75(sp>-C of Cg). HRMS (MALDI-TOF-MS, DCTB as matrix, negative
mode): m/z [M] calcd for Cs7Hi19BrON> 1188.0673; found 1188.0665.

Synthesis of 3fb

Ce0 (36.0 mg, 0.05 mmol), methyl indole-6-carboxylate (10.2 mg, 0.06 mmol), KO'Bu
(11.2 mg, 0.1 mmol) were dissolved in 1,2-dichlorobenzene (8 mL) at room
temperature under Ar atmosphere. Then DMSO (2 mL) was added to the mixture and
the color of the solution changed gradually from purple to dark green. After being
stirred for 30 minutes, CF;SO3H (90 puL, 1 mmol) was added to the mixture and the
color changed from dark green to brown. And after being stirred for 10 minutes, DDQ
(56 mg, 0.25 mmol) and 4-(N, N-diphenylamino) benzaldehyde (69 mg, 0.25 mmol)
were added to the mixture and stirred in an oil bath at 150 °C for 60 minutes. The
mixture was cooled to room temperature and then added 20 mL carbon disulfide.
Resulting solution was washed with water and then evaporated in vacuo. The residue
was separated on a silica gel column with carbon disulfide/dichloromethane (1:1) as
the eluent to give unreacted Ceo (4.5 mg, 15%) and 3fb (20.2 mg, 35%) as black
amorphous solid. 'H NMR (400 MHz, CS»/de-DMSO) & 11.71(s, 1H), 9.98(s, 1H),
8.30 (d, ] = 8.4 Hz, 1H), 8.21 (s, 1H), 8.07 (d, J = 8.4 Hz, 2H), 7.89 (s, 1H), 7.72-7.70
(m, 2H), 7.71 (d, J = 2.0 Hz, 1H), 7.39 - 7.37 (m, 2H), 7.26 (d, J = 8.4 Hz, 2H),
7.23-7.21 (m, 3H), 7.11 (d, J = 8.8 Hz, 2H ) 3.92 (s, 3H). 3*C NMR (100 MHz,
de-DMSO) & 187.59(acyl C), 165.88(acyl C), 156.02, 155.49, 151.57(aryl C), 150.58,
150.10, 147.92, 147.85, 147.78, 147.62, 146.41, 146.36, 146.28(3C), 146.23,
146.10(aryl C), 146.06(aryl C), 145.32, 145.14, 144.81(2C), 144.67, 144.44, 144.34,
144.05(2C), 144.02(2C), 143.91, 143.75, 143.67(2C), 143.62(3C), 143.48, 143.45,
143.30(3C), 143.26, 143.07(aryl C), 142.56, 142.47(4C), 142.38, 142.03, 141.92(2C),
141.89, 141.86, 141.64, 141.50, 141.32, 140.24, 138.08, 137.87, 136.90, 136.63,
136.16, 135.67(aryl C), 130.47(aryl C, 2C), 129.34(aryl C), 129.28(aryl C, 2C),
128.34(aryl C, 2C), 128.28(aryl C), 127.05(aryl C), 125.62(aryl C, 2C), 125.35(aryl C,
2C), 124.55(aryl C), 122.97(aryl C), 119.97(aryl C), 119.61(aryl C, 2C), 119.16(aryl
C), 114.39(aryl C), 114.26(aryl C), 60.45(sp>-C of Ceo), 55.68(sp>-C of Ceo),
50.69(-OCH3). HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z
[M] caled for CgoH2203N2 1166.1636; found 1166.1651.
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Synthesis of 3ac

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 4-bromotriphenylamine (81 mg, 0.25 mmol) were added to the mixture
and stirred in an oil bath at 110 °C for 60 minutes. The mixture was cooled to room
temperature and then added 20 mL carbon disulfide. Resulting solution was washed
with water and then evaporated in vacuo. The residue was separated on a silica gel
column with carbon disulfide/dichloromethane (10:1) as the eluent to give unreacted
Ceo (4 mg, 11%) and 3ac (31 mg, 50%) as black amorphous solid. 'H NMR (400
MHz, CS2/ds-acetone) 8 10.47 (s, 1H), 8.41 (s, 1H), 7.95 (d, J= 8.4 Hz, 2H), 7.73 (d,
J=2.8 Hz, 1H), 7.37 (d, /= 8.8 Hz, 1H), 7.33 (d, /= 8.8 Hz, 2H), 7.29 - 7.25 (m, 3H),
7.13-7.09 (m, 4H), 7.05 (t, J = 7.2 Hz, 1H), 6.99 (d, J = 8.8 Hz, 2H).!3C NMR (100
MHz, CS,/d¢-acetone) (all 1C unless indicated) o 157.03, 156.76, 151.53, 151.50,
149.13, 149.09, 148.95, 148.76, 147.64, 147.57, 147.52, 147.50, 147.47(2C), 147.42,
147.34, 147.28, 147.20, 146.87, 146.07, 146.02(aryl C), 145.73, 145.62, 145.60,
145.37, 145.27(2C), 145.24, 145.13, 144.97, 144.90(2C), 144.83(2C), 144.76, 144.74,
144.68, 144.58, 144.51(3C), 144.32, 143.79(aryl C), 143.69(3C), 143.63(2C), 143.25,
143.16, 143.12, 143.09(2C), 142.92(aryl C), 142.70, 142.54, 141.48, 139.18, 139.16,
138.10, 137.89, 136.49(aryl C), 135.19(aryl C), 132.84(aryl C, 2C), 130.15(aryl C,
2C), 129.33(aryl C, 2C), 128.04(aryl C), 126.02(aryl C), 125.91(aryl C, 2C),
125.67(aryl C), 125.33(aryl C, 2C), 124.51(aryl C, 2C), 124.35(aryl C), 123.53(aryl
C), 116.21(aryl C), 115.90(aryl C), 114.56(aryl C), 114.07(aryl C), 61.74(sp>-C of
Ce0), 56.70(sp>-C of Cg). HRMS (MALDI-TOF-MS, DCTB as matrix, negative
mode): m/z [M] calcd for CscHisBraN> 1237.9838; found 1237.9826.

Synthesis of 3fc
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Ce0 (36.0 mg, 0.05 mmol), methyl indole-6-carboxylate (10.2 mg, 0.06 mmol), KO'Bu
(11.2 mg, 0.1 mmol) were dissolved in chlorobenzene (8 mL) at room temperature
under Ar atmosphere. Then DMSO (2 mL) was added to the mixture and the color of
the solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 4-bromotriphenylamine (81 mg, 0.25 mmol) were added to the mixture
and stirred in an oil bath at 110 °C for 60 minutes. The mixture was cooled to room
temperature and then added 20 mL carbon disulfide. Resulting solution was washed
with water and then evaporated in vacuo. The residue was separated on a silica gel
column with carbon disulfide/dichloromethane (2:1) as the eluent to give unreacted
Ceo (5.3 mg, 15%) and 3fc (35 mg, 58%) as black amorphous solid. 'H NMR (400
MHz, CS2/d¢-acetone) 6 10.79 (s, 1H), 8.35 (d, J = 8.4 Hz, 1H), 8.17 (s, 1H), 7.99 (d,
J=8.0 Hz, 2H), 7.95 (d, /= 2.4 Hz, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.35 (d, /= 8.4 Hz,
2H), 7.29 (t, J = 7.8 Hz, 2H), 7.15 (d, J = 8.8 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 7.07
(t, J = 7.6 Hz, 1H), 7.01 (d, J = 8.8 Hz, 2H), 3.89 (s, 3H). '3C NMR (100 MHz,
CSy/ds-acetone) (all 1C unless indicated) & 167.02(acyl), 157.32, 157.12, 151.79,
151.71, 149.26, 149.23, 149.17, 149.00, 147.76, 147.73(2C), 147.63(4C), 147.46,
147.42, 147.33(2C), 147.03, 146.18, 146.17, 145.78(aryl C), 145.74, 145.70(2C),
145.43, 145.41, 145.38, 145.31, 145.07, 145.03(2C), 144.99(aryl C), 144.95(2C),
144.88, 144.76, 144.68, 144.65, 144.61(2C), 144.49, 143.90, 143.80(3C), 143.76(2C),
143.38, 143.28(2C), 143.24(2C), 142.98(aryl C), 142.86, 142.69, 141.56, 139.34,
138.13, 138.00, 137.33(aryl C), 135.13(aryl C), 132.95(aryl C, 2C), 130.27(aryl C,
2C), 129.66(aryl C), 129.37(aryl C, 2C), 127.94(aryl C), 126.05(aryl C, 2C),
125.48(aryl C, 2C), 124.83(aryl C), 124.64(aryl C, 2C), 124.50(aryl C), 121.59(aryl
C), 120.71(aryl C), 116.5(aryl C), 116.25(aryl C), 115.13(aryl C), 61.90(sp*-C of Co),
56.92(sp>-C of Ceo), 51.89(-OCH3). HRMS (MALDI-TOF-MS, DCTB as matrix,
negative mode): m/z [M] calcd for CgsH21BrO>N» 1218.0779; found 1218.0765.

Synthesis of 3ad

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
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from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 2-bromotriphenylamine (81 mg, 0.25 mmol) were added to the mixture
and stirred in an oil bath at 130 °C for 60 minutes. The mixture was cooled to room
temperature and then added 20 mL carbon disulfide. Resulting solution was washed
with water and then evaporated in vacuo. The residue was separated on a silica gel
column with carbon disulfide/dichloromethane (10:1) as the eluent to give unreacted
Ceo (4 mg, 11%) and 3ad (40 mg, 65%) as black amorphous solid. '"H NMR (400
MHz, CS2/ds-acetone) 8 10.48 (s, 1H), 8.41 (s, 1H), 7.90 (d, J = 8.8 Hz, 2H), 7.71 (d,
J =24 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.41 - 7.35 (m, 2H), 7.28 - 7.26 (m, 2H),
7.24 - 7.16 (m, 3H), 7.01 - 6.96 (m, 5H)."*C NMR (100 MHz, CS»/ds-acetone) (all 1C
unless indicated) 6 157.05(2C), 151.72, 151.58, 149.11, 149.08, 148.97, 148.85,
147.62, 147.58(2C), 147.50(2C), 147.47, 147.33, 147.26, 147.17, 146.62, 146.05,
146.00(aryl C), 145.91, 145.60(2C), 145.43, 145.32, 145.30(2C), 145.25, 145.22,
144.95(2C), 144.92(2C), 144.84(3C), 144.76, 144.67, 144.57, 144.53(2C), 144.48,
144.37, 143.79(aryl C), 143.70, 143.67, 143.64, 143.61(2C), 143.23, 143.15,
143.12(2C), 142.89(aryl C), 142.71, 142.55, 141.43, 139.24, 139.09, 138.04, 137.98,
136.50(aryl C), 135.04(aryl C), 133.81(aryl C), 132.19(aryl C), 129.75(aryl C, 2C),
129.47(aryl C), 128.99(aryl C, 2C), 128.06(aryl C, 2C), 125.93(aryl C), 125.77(aryl
C), 124.55(aryl C), 123.50(aryl C), 123.34(aryl C), 123.24(aryl C, 2C), 122.03(aryl C,
2C), 115.84(aryl C), 114.49(aryl C), 114.11(aryl C), 61.79(sp>-C of Ceo), 56.72(sp>-C
of Cs0). HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd
for CgsHi1sBraN2 1237.9838; found 1237.9847.

Synthesis of 3fd

Ce0 (36.0 mg, 0.05 mmol), methyl indole-6-carboxylate (10.2 mg, 0.06 mmol), KO'Bu
(11.2 mg, 0.1 mmol) were dissolved in chlorobenzene (8 mL) at room temperature
under Ar atmosphere. Then DMSO (2 mL) was added to the mixture and the color of
the solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 2-bromotriphenylamine (81 mg, 0.25 mmol) were added to the mixture
and stirred in an oil bath at 130 °C for 60 minutes. The mixture was cooled to room
temperature and then added 20 mL carbon disulfide. Resulting solution was washed
with water and then evaporated in vacuo. The residue was separated on a silica gel
column with carbon disulfide/dichloromethane (2:1) as the eluent to give unreacted
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Ceo (6 mg, 17%) and 3fd (40.2 mg, 66%) as black amorphous solid. 'H NMR (400
MHz, CS,/ds-acetone) & 10.74 (s, 1H), 8.34 (d, J = 8.4 Hz, 1H), 8.15 (s, 1H), 7.93 -
7.89 (m, 3H), 7.75 (d, J = 8.4 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.40 (t, /= 7.2 Hz,
1H), 7.29 (d, J= 7.6 Hz, 1H), 7.24 - 7.17 (m, 3H), 7.01 (d, J = 8.0 Hz, 2H), 6.98 (d, J
= 8.4 Hz, 3H), 3.88 (s, 3H). 3C NMR (100 MHz, CS./d¢-acetone) (all 1C unless
indicated) 6 167.02(acyl C), 157.30, 157.25, 151.85, 151.77, 149.19(2C), 149.14,
149.02, 147.70, 147.66(2C), 147.58(2C), 147.41, 147.36(2C), 146.69, 146.13(2C),
145.94(aryl C), 145.67(2C), 145.55, 145.48, 145.40(2C), 145.34(2C), 145.01(3C),
144.95(2C), 144.90, 144.86, 144.70, 144.64(2C), 144.58, 144.55, 144.50, 143.85(aryl
C), 143.80, 143.71(4C), 143.32, 143.23(4C), 142.92(aryl C), 142.83, 142.65, 141.49,
139.36, 139.23, 138.05, 137.29, 135.11, 133.70(aryl C), 132.29(aryl C), 129.82(aryl C,
3C), 129.66(aryl C), 129.60(aryl C), 129.01(aryl C, 2C), 128.21(aryl C), 127.92(aryl
C), 124.75(aryl C), 124.63(aryl C), 123.45(aryl C), 123.38(aryl C, 3C), 122.05(aryl C,
2C), 121.59(aryl C), 120.71(aryl C), 116.55(aryl C), 115.09(aryl C), 61.89(sp>-C of
Ce0), 56.88(sp>-C of Ce0), 51.85(-OCH3). HRMS (MALDI-TOF-MS, DCTB as matrix,
negative mode): m/z [M] calcd for CgsH21BrO>N» 1218.0779; found 1218.0791.

Synthesis of 3ae

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 4-methoxytriphenylamine (68 mg, 0.25 mmol) were added to the mixture
and stirred in an oil bath at 130 °C for 60 minutes. The mixture was cooled to room
temperature and then added 20 mL carbon disulfide. Resulting solution was washed
with water and then evaporated in vacuo. The residue was separated on a silica gel
column with carbon disulfide/dichloromethane (2:1) as the eluent to give unreacted
Ceo (5 mg, 14%) and 3ae (45 mg, 76%) as black amorphous solid. 'H NMR (400
MHz, CS2/d¢-acetone) 8 10.51 (s, 1H), 8.41 (s, 1H), 7.87 (d, J = 8.4 Hz, 2H), 7.74 (d,
J=2.4Hz, 1H), 7.38 (d, J = 8.4 Hz, 1H), 7.27 (dd, J = 8.8, 1.2 Hz, 1H), 7.20 (t, J =
7.8 Hz, 2H), 7.04 (dd, J = 8.0, 2.4 Hz, 6H), 6.95 (t, /= 7.2 Hz, 1H), 6.83 (d, J = 8.8
Hz, 2H), 3.79 (s, 3H). 13C NMR (100 MHz, CS»/d¢-acetone) (all 1C unless indicated)
0 157.14(2C), 157.01(aryl C), 151.84, 151.63, 149.15(2C), 149.05, 148.89, 148.41,
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147.95, 147.66, 147.62(2C), 147.54(2C), 147.51, 147.37, 147.31, 146.10, 146.05(aryl
C, 20), 145.65, 145.63, 145.34(2C), 145.29(3C), 145.00, 144.96(2C), 144.89,
144.86(2C), 144.81, 144.73, 144.64, 144.59, 144.56, 144.53, 144.43, 143.83, 143.74,
143.72, 143.66(3C), 143.28, 143.17(4C), 142.95, 142.76, 142.59, 141.47, 140.44,
139.31, 139.12, 138.07, 138.00(aryl C), 136.59(aryl C), 133.54(aryl C), 129.86(aryl C,
2C), 129.05(aryl C, 2C), 128.14(aryl C), 128.00(aryl C, 2C), 125.98(aryl C),
125.87(aryl C), 124.14(aryl C, 2C), 123.57(aryl C), 123.18(aryl C), 122.77(aryl C,
2C), 115.95(aryl C), 115.51(aryl C, 2C), 114.50(aryl C), 114.19(aryl C), 61.88(sp*-C
of Ceo), 56.77(sp>-C of Ceo), 55.53(-OCH3). UV-vis (CHCI3) Amax 449, 540, 683
nm;HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd for
Cs7H21BrON; 1190.0829; found 1190.0819.

Synthesis of 3fe

Ce0 (36.0 mg, 0.05 mmol), methyl indole-6-carboxylate (10.2 mg, 0.06 mmol), KO'Bu
(11.2 mg, 0.1 mmol) were dissolved in chlorobenzene (8 mL) at room temperature
under Ar atmosphere. Then DMSO (2 mL) was added to the mixture and the color of
the solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 4-methoxytriphenylamine (68 mg, 0.25 mmol) were added to the mixture
and stirred in an oil bath at 130 °C for 60 minutes. The mixture was cooled to room
temperature and then added 20 mL carbon disulfide. Resulting solution was washed
with water and then evaporated in vacuo. The residue was separated on a silica gel
column with carbon disulfide/dichloromethane /ethyl acetate(12:5:1) as the eluent to
give unreacted Ceo (5 mg, 14%) and 3fe (45 mg, 77%) as black amorphous solid. 'H
NMR (400 MHz, CS»/ds-acetone) 6 10.69 (s, 1H), 8.33 (d, J = 8.4 Hz, 1H), 8.15 (s,
1H), 7.89 (d, J = 2.0 Hz, 2H), 7.87 (s, 1H), 7.75 (d, J = 8.4 Hz, 1H), 7.20 (t, J= 7.8
Hz, 2H), 7.05 (d, J = 8.0 Hz, 6H), 6.94 (t, J = 7.2 Hz, 1H), 6.82 (d, J = 8.8 Hz, 2H),
3.88 (s, 3H), 3.79 (s, 3H).!’*C NMR (100 MHz, CSa/ds-acetone) (all 1C unless
indicated) 6 167.02(acyl C), 157.28, 157.22, 157.03, 151.85, 151.71, 149.15(2C),
149.12, 148.97, 148.50, 147.96, 147.67, 147.64, 147.60(2C), 147.54(2C), 147.38,
147.33, 146.08(2C), 145.96(aryl C), 145.64(2C), 145.44, 145.36(2C), 145.31, 145.28,
144.98(3C), 144.92, 144.89, 144.87, 144.83, 144.67, 144.63, 144.59, 144.54, 144.51,
144.47, 143.82, 143.76, 143.73, 143.68(3C), 143.29, 143.20(4C), 142.90(aryl C),
142.81, 142.62, 141.46, 140.46, 139.34, 139.18(aryl C), 137.99, 137.27(aryl C),
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133.41(aryl C), 129.86(aryl C, 2C), 129.66(aryl C), 128.99(aryl C, 2C), 127.99(aryl C,
3C), 127.85(aryl C), 124.76(aryl C), 124.16(aryl C, 2C), 123.20(aryl C), 122.84(aryl
C, 20), 121.60(aryl C), 120.73(aryl C), 116.63(aryl C), 115.53(aryl C, 2C),
115.07(aryl C), 61.89(sp>-C of Ceo), 56.83(sp>-C of Ceo), 55.53(-OCH3),
51.84(-OCH3). HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z
[M] caled for CgoH2403N2 1168.1792; found 1168.1788.

Synthesis of 3af

OCH,

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 4,4 -dimethoxytriphenylamine (76 mg, 0.25 mmol) were added to the
mixture and stirred in an oil bath at 130 °C for 60 minutes. The mixture was cooled to
room temperature and then added 20 mL carbon disulfide. Resulting solution was
washed with water and then evaporated in vacuo. The residue was separated on a
silica gel column with carbon disulfide/dichloromethane (2:1) as the eluent to give
unreacted Ceo (3.8 mg, 11%) and 3af (48 mg, 79%) as black amorphous solid. 'H
NMR (400 MHz, CS>/de-DMSO) & 11.47 (s, 1H), 8.38 (s, 1H), 7.85 (d, J = 7.2 Hz,
2H), 7.72 (s, 1H), 7.44 (d, J = 8.8 Hz, 1H), 7.28 (d, J = 8.8 Hz, 1H), 7.07 (d, J = 7.6
Hz, 4H), 6.97 (d, J = 7.2 Hz, 2H), 6.84 (d, J = 7.6 Hz, 4H), 3.80 (s, 6H). '*C NMR
(100 MHz, CS2/de-DMSO) (all 1C unless indicated) 6 156.02(2C), 155.27(aryl C, 2C),
150.63, 150.55, 147.83, 147.81, 147.79, 147.65(2C), 146.35(2C), 146.29(2C), 146.23,
146.20, 146.06, 145.99(aryl C), 144.78, 144.75, 144.73, 144.32, 144.31, 144.10,
144.04(3C), 144.01, 143.68(3C), 143.59(2C), 143.56, 143.52, 143.45, 143.30(2C),
143.27, 143.20, 143.15, 142.53, 142.44, 142.40, 142.34(3C), 141.97, 141.90(3C),
141.86, 141.66, 141.48, 141.29, 140.11, 139.44(aryl C, 2C), 137.99, 137.80, 136.71,
136.66, 135.44(aryl C), 131.02(aryl C), 127.73(aryl C, 2C), 126.82(aryl C),
126.07(aryl C, 4C), 124.99(aryl C), 124.28(aryl C), 122.02(aryl C), 119.69(aryl C,
2C), 114.26(aryl C, 4C), 113.92(aryl C), 113.37(aryl C), 112.91(aryl C), 60.58(sp>-C
of Ce), 55.60(sp>-C of Ceo), 54.44(-OCH3, 2C). UV-vis (CHCl3) Amax 449, 541, 682
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nm;HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd for
CsgH23BrO2N> 1220.0935; found 1220.0926.

Synthesis of 3ff

OCH;

Ce0 (36.0 mg, 0.05 mmol), methyl indole-6-carboxylate (10.2 mg, 0.06 mmol), KO'Bu
(11.2 mg, 0.1 mmol) were dissolved in chlorobenzene (8 mL) at room temperature
under Ar atmosphere. Then DMSO (2 mL) was added to the mixture and the color of
the solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 4,4’-dimethoxytriphenylamine (76 mg, 0.25 mmol) were added to the
mixture and stirred in an oil bath at 130 °C for 60 minutes. The mixture was cooled to
room temperature and then added 20 mL carbon disulfide. Resulting solution was
washed with water and then evaporated in vacuo. The residue was separated on a
silica gel column with carbon disulfide/dichloromethane /ethyl acetate(12:5:1) as the
eluent to give unreacted Ceo (4.2 mg, 12%) and 3ff (47.4 mg, 79%) as black
amorphous solid. '"H NMR (400 MHz, CS»/ds-acetone) & 10.30 (s, 1H), 8.24 (d, J =
8.4 Hz, 1H), 8.09 (s, 1H), 7.68 - 7.45 (m, 4H), 6.94 (d, J = 8.8 Hz, 4H), 6.87 (d, J =
8.4 Hz, 2H), 6.70 (d, J = 8.4 Hz, 4H), 3.83 (s, 3H), 3.69 (s, 6H)."*C NMR (100 MHz,
CSy/ds-acetone) (all 1C unless indicated) 6 166.95(acyl C), 157.34, 157.16,
156.53(aryl C, 2C), 151.92, 151.64, 149.12(2C), 149.08, 149.00, 148.93, 147.61(2C),
147.56(2C), 147.51(2C), 147.35, 147.29, 146.04(3C), 145.62, 145.59, 145.33(2C),
145.27(3C), 144.94(3C), 144.90, 144.82(3C), 144.602C), 144.56, 144.51,
144.46(2C), 143.78, 143.70(2C), 143.65(3C), 143.26, 143.17(4C), 142.87(aryl C),
142.79, 142.58, 141.41, 140.74(aryl C, 2C), 139.32, 139.10, 137.97, 137.90,
137.19(aryl C), 132.20(aryl C), 129.61(aryl C), 128.84(aryl C, 2C), 127.70(aryl C),
127.16(aryl C, 4C), 124.75(aryl C), 121.59(aryl C), 121.16(aryl C, 2C), 120.74(aryl
C), 116.71(aryl C), 115.34(aryl C, 4C), 115.00(aryl C), 61.84(sp>-C of Cgo),
56.73(sp>-C of Ceo), 55.47(-OCHs, 2C), 51.82(-OCHs). HRMS (MALDI-TOF-MS,
DCTB as matrix, negative mode): m/z [M]" calcd for CooH2604N> 1198.1887; found
1198.1893.

Synthesis of 3ag
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Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 3,3’-dimethyltriphenylamine (68 mg, 0.25 mmol) were added to the
mixture and stirred in an oil bath at 130 °C for 60 minutes. The mixture was cooled to
room temperature and then added 20 mL carbon disulfide. Resulting solution was
washed with water and then evaporated in vacuo. The residue was separated on a
silica gel column with carbon disulfide/dichloromethane (2:1) as the eluent to give
unreacted Ceo (6.6 mg, 19%) and 3ag (40.6 mg, 68%) as black amorphous solid. 'H
NMR (400 MHz, CS»/d¢-acetone) & 10.40 (s, 1H), 8.36 (s, 1H), 8.06 (dd, J =8.4, 2.8
Hz, 1H), 7.65 (d, J = 2.8 Hz, 1H), 7.35 (dd, J = 8.4, 2.8 Hz, 1H), 7.26 - 7.21 (m, 3H),
7.12 (td, J = 7.6, 2.8 Hz, 1H), 7.05 (d, J = 7.6 Hz, 2H), 7.00 - 6.95 (m, 2H), 6.89 (s,
3H), 6.82 (d, ] = 5.6 Hz, 1H), 3.03 (s, 3H), 2.29 (s, 3H). *C NMR (100 MHz,
CS2/de-acetone) 6 157.02, 156.19, 152.06, 150.76, 149.19, 149.03, 148.77, 148.54,
147.97(2C), 147.77(3C), 147.64(4C), 147.52(2C), 147.32(2C), 146.46, 146.15,
146.10, 146.01(aryl C), 145.74(2C), 145.32(3C), 145.10, 145.00(4C), 144.85, 144.75,
144.70, 144.59, 144.25(2C), 144.15, 143.95(3C), 143.75, 143.70(2C), 143.51, 143.42,
143.24(2C), 143.13, 143.04, 142.84, 142.64, 142.44, 141.31(aryl C), 139.40,
139.27(aryl C, 2C), 138.95(aryl C), 138.85(aryl C), 138.11, 136.42(aryl C),
132.99(aryl C), 131.52(aryl C), 129.89(aryl C, 2C), 128.23(aryl C), 127.40(aryl C),
126.16(aryl C), 125.93(aryl C), 125.73(aryl C), 125.14(aryl C, 2C), 124.84(aryl C),
123.64(aryl C), 123.49(aryl C), 122.68(aryl C), 121.32(aryl C), 115.32(aryl C),
114.49(aryl C), 113.96(aryl C), 62.42(sp>-C of Cs0), 56.64(sp>-C of Ceo), 24.74(-CH3),
22.07(-CH3). HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M]
calcd for CssH23BrN, 1188.1037; found 1186.1045.

Synthesis of 3fg




Ce0 (36.0 mg, 0.05 mmol), methyl indole-6-carboxylate (10.2 mg, 0.06 mmol), KO'Bu
(11.2 mg, 0.1 mmol) were dissolved in chlorobenzene (8 mL) at room temperature
under Ar atmosphere. Then DMSO (2 mL) was added to the mixture and the color of
the solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 3,3’-dimethyltriphenylamine (68 mg, 0.25 mmol) were added to the
mixture and stirred in an oil bath at 130 °C for 60 minutes. The mixture was cooled to
room temperature and then added 20 mL carbon disulfide. Resulting solution was
washed with water and then evaporated in vacuo. The residue was separated on a
silica gel column with carbon disulfide/dichloromethane (2:1) as the eluent to give
unreacted Ceo (6.7 mg, 19%) and 3fg (35.3 mg, 61%) as black amorphous solid. 'H
NMR (400 MHz, CS»/ds-acetone) 6 10.76 (s, 1H), 8.32 (d, J = 8.4 Hz, 1H), 8.16 (s,
1H), 8.11 (d, ] = 8.4 Hz, 1H), 7.87 (d, ] = 2,4 Hz, 1H), 7.76 (dd, J = 8.4, 1.2 Hz, 1H),
7.26 (t,J = 8.4 Hz, 2H), 7.15 (t, J = 8.0 Hz, 1H), 7.08 (d, J = 8.0 Hz, 2H), 7.04 - 6.98
(m, 2H), 6.92 (t, ] = 8.4 Hz, 3H), 6.85 (d, J = 7.2 Hz, 1H), 3.88 (s, 3H), 3.04 (s, 3H),
2.29 (s, 3H). ®C NMR (100 MHz, CS./ds-acetone) (all 1C unless indicated) &
166.74(acyl C), 156.91, 156.04, 151.86, 150.63, 148.90, 148.76, 148.56, 148.36,
147.82, 147.67, 147.53, 147.45(2C), 147.33(3C), 147.24(2C), 147.05, 146.99, 146.30,
145.90(aryl C), 145.79, 145.74, 145.44(2C), 145.08(3C), 144.87, 144.74, 144.71,
144.69, 144.66, 144.57, 144.47, 144.43, 144.32, 144.28, 143.97, 143.95, 143.90,
143.64(2C), 143.57, 143.46, 143.42, 143.35, 143.22, 143.13, 142.96(2C), 142.86,
142.69, 142.58, 142.38, 142.18(aryl C), 140.97(aryl C), 139.16(aryl C), 139.02(aryl
C), 138.94, 138.61, 137.82, 136.87(aryl C), 132.47(aryl C), 131.26(aryl C),
129.65(aryl C, 2C), 129.61(aryl C), 129.45(aryl C), 127.64(aryl C), 126.85(aryl C),
125.90(aryl C), 124.94(aryl C, 2C), 124.62(aryl C), 124.33(aryl C), 123.46(aryl C),
122.45(aryl C), 121.19(aryl C), 120.94(aryl C), 120.26(aryl C), 115.68(aryl C),
114.67(aryl C), 62.18(sp>-C of Ceo), 56.45(sp>-C of Ce0), 51.55(-OCH3), 24.51(-CHs),
21.71(-CH3). HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M]
calcd for CooH26N202 1166.2001; found 1166.2011.

Synthesis of 3ah

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30

S21



minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 4,4’ -dimethyltriphenylamine (68 mg, 0.25 mmol) were added to the
mixture and stirred in an oil bath at 130 °C for 120 minutes. The mixture was cooled
to room temperature and then added 20 mL carbon disulfide. Resulting solution was
washed with water and then evaporated in vacuo. The residue was separated on a
silica gel column with carbon disulfide/dichloromethane (10:1) as the eluent to give
unreacted Ceo (5.8 mg, 16%) and 3ah (42 mg, 71%) as black amorphous solid. 'H
NMR (400 MHz, CS»/ds-acetone) 6 10.38 (s, 1H), 8.40 (s, 1H), 7.85 (d, J = 8.4 Hz,
2H), 7.71 (d, J = 2.4 Hz, 1H), 7.36 (d, J = 8.4 Hz, 1H), 7.27 (d, J = 8.8 Hz, 1H), 7.04
(d, J = 2.8 Hz, 2H), 7.04-7.01 (m, 4H), 6.97 (d, J = 8.0 Hz, 4H), 2.34 (s, 6H). 1*C
NMR (100 MHz, CS,/ds-acetone) (all 1C unless indicated) 6 157.00, 156.96, 151.71,
151.46, 149.03, 149.01, 148.91, 148.74, 148.23, 147.55, 147.50(2C), 147.42(3C),
147.26, 147.19, 145.99(aryl C), 145.93(2C), 145.54, 145.51, 145.22(2C), 145.17,
145.13(5C), 144.88, 144.84(2C), 144.77, 144.73(2C), 144.70. 144.60, 144.51, 144.46,
144.44. 144.39, 144.30, 143.72, 143.62(2C), 143.54(3C), 143.16, 143.08, 143.05(aryl
C, 20), 142.83, 142.64, 142.47, 141.36, 139.17, 138.99, 137.94, 137.89, 136.37(aryl
C), 133.33(aryl C), 132.93(aryl C, 2C), 130.52(aryl C, 4C), 128.90(aryl C, 2C),
127.99(aryl C), 125.94(aryl C), 125.59(aryl C), 125.32(aryl C, 4C), 123.49(aryl C),
122.81(aryl C, 2C), 115.91(aryl C), 114.52(aryl C), 113.95(aryl C), 61.74(sp>-C of
Ce0), 56.61(sp*>-C of Ceo), 21.58(-CH3, 2C). UV-vis (CHCl3) Amax 449, 543, 685
nm;HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd for
CsgH23BrN2 1188.1037; found 1188.1028.

Synthesis of 3ai

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 4-bromo-4'-(diphenylamino)biphenyl (100 mg, 0.25 mmol) were added to
the mixture and stirred in an oil bath at 130 °C for 60 minutes. The mixture was
cooled to room temperature and then added 20 mL carbon disulfide. Resulting
solution was washed with water and then evaporated in vacuo. The residue was
separated on a silica gel column with carbon disulfide/dichloromethane (10:1) as the
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eluent to give unreacted Ceo (8 mg, 22%) and 3ai (32.7 mg, 50%) as black amorphous
solid. '"H NMR (400 MHz, CS»/ds-acetone) & 10.59 (s, 1H), 8.43 (s, 1H), 7.97 (d, J =
8.0 Hz, 2H), 7.79 (s, 1H), 7.53-7.45 (m, 6H), 7.40 (d, J = 8.4 Hz, 1H), 7.29 (t, /= 8.0
Hz, 3H), 7.20-7.12 (m, 6H), 7.07 (t, J = 7.2 Hz, 1H). 3C NMR (100 MHz,
CSy/ds-acetone) (all 1C unless indicated) 6 157.19, 156.97, 151.71, 151.64, 149.20,
149.16, 149.08, 148.89, 147.79, 147.72, 147.64(2C), 147.57, 147.54, 147.53,
147.48(2C), 147.41, 147.35, 146.14, 146.09, 145.92(aryl C), 145.69, 145.67, 145.44,
145.36(2C), 145.32, 145.28, 145.04(aryl C), 144.98(2C), 144.92, 144.90, 144.88,
144.83, 144.77, 144.66, 144.59(3C), 144.42, 143.87, 143.77(2C), 143.73, 143.70(2C),
143.32, 143.24, 143.19(3C), 142.99(aryl C), 142.78, 142.62, 141.53, 139.86, 139.30,
139.21, 138.18(aryl C), 137.97(aryl C), 136.63, 135.00(aryl C), 134.65(aryl C),
132.46(aryl C, 2C), 130.17(aryl C, 2C), 129.34(aryl C 2C), 128.76(aryl C, 2C),
128.35(aryl C, 2C), 128.14(aryl C), 125.99(aryl C), 125.91(aryl C), 125.51(aryl C,
2C), 124.84(aryl C, 2C), 124.57(aryl C, 2C), 124.30(aryl C), 123.53(aryl C),
121.93(aryl C), 115.88(aryl C), 114.49(aryl C), 114.28(aryl C), 61.90(sp>-C of Ceo),
56.83(sp>-C  of Cg). UV-vis (CHCl3) Amax 447, 537, 683 nm; HRMS
(MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd for CooH22Br2N>
1314.0152; found 1312.0146.

Synthesis of 3fi

Ce0 (36.0 mg, 0.05 mmol), methyl indole-6-carboxylate (10.2 mg, 0.06 mmol), KO'Bu
(11.2 mg, 0.1 mmol) were dissolved in chlorobenzene (8 mL) at room temperature
under Ar atmosphere. Then DMSO (2 mL) was added to the mixture and the color of
the solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 4-bromo-4'-(diphenylamino)biphenyl (100 mg, 0.25 mmol) were added to
the mixture and stirred in an oil bath at 130 °C for 60 minutes. The mixture was
cooled to room temperature and then added 20 mL carbon disulfide. Resulting
solution was washed with water and then evaporated in vacuo. The residue was
separated on a silica gel column with carbon disulfide/dichloromethane (2:1) as the
eluent to give unreacted Ceo (8 mg, 22%) and 3fi (44.7 mg, 69%) as black amorphous
solid. 'TH NMR (400 MHz, CS»/ds-acetone) & 10.73 (s, 1H), 8.33 (d, J = 8.4Hz, 1H),
8.15 (s, 1H), 7.97 (d, J = 7.2 Hz, 2H), 7.91 (s, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.51 -
7.43 (m, 6H), 7.28 (t, J = 7.0 Hz, 2H), 7.18 - 7.13 (m, 6H), 7.05 (t, J = 6.8 Hz, 1H),
3.87 (s, 3H).13C NMR (100 MHz, CS»/ds-acetone) (all 1C unless indicated) &
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166.97(acyl C), 157.21, 157.06, 151.68, 151.66, 149.17, 149.14, 149.08, 148.92,
147.82, 147.68, 147.64, 147.54(4C), 147.44(3C), 147.38, 147.33, 146.10, 146.08,
145.74(aryl C), 145.66, 145.63, 145.55, 145.33(2C), 145.29, 145.21, 144.99,
144.94(2C), 144.91(aryl C), 144.86(2C), 144.80, 144.67, 144.62, 144.57, 144.53(2C),
144.42, 143.81, 143.74(2C), 143.71, 143.69(2C), 143.30, 143.20(2C), 143.16(2C),
142.91(aryl C), 142.80, 142.60, 141.49, 139.82, 139.28, 139.24(aryl C), 138.05(aryl
C), 137.93, 137.25(aryl C), 134.87(aryl C), 134.66(aryl C), 132.43(aryl C, 2C),
130.14(aryl C, 2C), 129.61(aryl C), 129.24(aryl C, 2C), 128.72(aryl C, 2C),
128.32(aryl C, 2C), 127.81(aryl C), 125.48(aryl C, 2C), 124.79(aryl C, 2C),
124.61(aryl C, 2C), 124.27(aryl C), 121.98(aryl C), 121.59(aryl C), 120.70(aryl C),
116.56(aryl C), 115.07(aryl C), 61.84(sp>-C of Ceo), 56.82(sp>-C of Ceo),
51.85(-OCH3). HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z
[M] caled for CosH25BrN202 1294.1092; found 1294.1084.

Synthesis of 3aj

3aj |
Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and N-methyldiphenylamine (44 pL, 0.25 mmol) were added to the mixture
and stirred in an oil bath at 130 °C for 120 minutes. The mixture was cooled to room
temperature and then added 20 mL carbon disulfide. Resulting solution was washed
with water and then evaporated in vacuo. The residue was separated on a silica gel
column with carbon disulfide/dichloromethane (10:1) as the eluent to give unreacted
Ceo (4.9 mg, 14%) and 3aj (23.3 mg, 43%) as black amorphous solid. 'H NMR (400
MHz, CS»/ds-acetone) 6 10.20 (s, 1H), 8.38 (s, 1H), 7.87 (dd, J = 8.8, 3.2 Hz, 2H),
7.65 (t,J=2.8 Hz, 1H), 7.34 (dd, J = 8.4, 2.8 Hz, 1H), 7.28 - 7.23 (m, 3H), 7.09-7.07
(m, 2H), 6.98 (dd, J = 8.4, 2.8 Hz, 3H), 3.38 (s, 3H). *C NMR (100 MHz,
CSy/ds-acetone) (all 1C unless indicated) o 157.23, 156.98, 151.83, 151.48,
149.08(2C), 148.97(2C), 148.84(aryl C), 148.70, 147.60, 147.55(2C), 147.45(3C),
147.32, 147.25, 146.04(2C), 145.99(aryl C), 145.61, 145.55, 145.28(2C), 145.24,
145.17, 145.14, 144.94, 144.91(2C), 144.84(2C), 144.79(2C), 144.65, 144.58,
144.51(2C), 144.46, 144.40, 143.78, 143.68(2C), 143.60(3C), 143.23, 143.12(4C),
142.89, 142.72, 142.53, 141.43, 139.26, 139.04, 137.96, 137.90, 136.39(aryl C),
132.21(aryl C), 129.93(aryl C, 2C), 128.93(aryl C, 2C), 128.03(aryl C), 126.07(aryl
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C), 125.56(aryl C), 123.63(aryl C), 123.33(aryl C), 122.92(aryl C, 2C), 119.39(aryl C,
2C), 116.09(aryl C), 114.64(aryl C), 113.86(aryl C), 61.76(sp>-C of Ceo), 56.62(sp>-C
of Ce0), 40.60(-CH3). HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode):
m/z [M] caled for CgiH17BrN2 1098.0567; found 1098.0575.

Synthesis of 3ak

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in 1,2-dichlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 1,2,3-trimethoxybenzene (42 mg, 0.25 mmol) were added to the mixture
and stirred in an oil bath at 150 °C for 60 minutes. The mixture was cooled to room
temperature and then added 20 mL carbon disulfide. Resulting solution was washed
with water and then evaporated in vacuo. The residue was separated on a silica gel
column with carbon disulfide/dichloromethane (2:1) as the eluent to give unreacted
Ceo (5.8 mg, 16%) and 3ak (18.5 mg, 36%) as black amorphous solid. "H NMR (400
MHz, CS2/ds-DMSO) 6 11.33 (s, 1H), 8.32 (s, 1H), 7.68 (d, J = 8.8 Hz, 1H), 7.61 (s,
1H), 7.38 (d, J = 8.4 Hz, 1H), 7.24 (d, J = 8.4 Hz, 1H), 6.74 (d, /= 8.4 Hz, 1H), 4.10
(s, 3H), 3.92 (s, 6H). *C NMR (100 MHz, CS»/ds-DMSO) (all 1C unless indicated) &
155.88, 155.60, 153.54(aryl C), 152.33(aryl C), 150.59, 150.09, 147.85, 147.78,
147.70, 147.28, 146.84, 146.44, 146.22(4C), 14599, 145.93, 145.21, 144.71,
144.63(2C), 144.48, 144.36, 144.29, 144.15, 144.08(2C), 143.83, 143.70(4C),
143.50(2C), 143.35, 143.27, 143.23, 143.05(2C), 142.68, 142.54, 142.45, 142.38(2C),
142.24, 142.09, 141.98, 141.93, 141.86, 141.79(2C), 141.61, 141.57, 141.36, 140.96,
139.96, 137.86(2C), 137.73, 136.74(aryl C), 135.26(aryl C), 126.80(aryl C),
125.64(aryl C), 124.80(aryl C), 124.10(aryl C), 123.19(aryl C), 121.89(aryl C),
113.56(aryl C), 113.16(aryl C), 112.69(aryl C), 106.71(aryl C), 59.90(sp>-C of Ceo),
59.43(sp>-C of Ceo), 58.85(-OCH3), 55.40(-OCH3), 55.03(-OCH3). UV-vis (CHCls)
Amax 447, 539, 683 nm; HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode):
m/z [M] caled for C77H16BrNO3; 1083.0305; found 1083.0311.
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Synthesis of Saa

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and N-ethylcarbazole (49 mg, 0.25 mmol) were added to the mixture and
stirred in an oil bath at 120 °C for 120 minutes. The mixture was cooled to room
temperature and then added 20 mL carbon disulfide. Resulting solution was washed
with water and then evaporated in vacuo. The residue was separated on a silica gel
column with carbon disulfide/dichloromethane (10:1) as the eluent to give unreacted
Ceo (8.6 mg, 24%) and Saa (31.2 mg, 56%) as black amorphous solid. "H NMR (400
MHz, CS»/ds-acetone) 6 10.51 (s, 1H), 8.64 (d, J=1.6 Hz, 1H), 8.48 (s, 1H), 8.18 (dd,
J=28.4,2.0Hz, 1H), 7.75 (d, J = 2.8 Hz, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.50 (d, J =
8.4 Hz, 1H), 7.44 - 7.39 (m, 3H), 7.31 (dd, J = 8.8, 1.6 Hz, 1H), 7.15 - 7.11 (m, 1H),
444 (q, J = 7.2 Hz, 2H), 149 (t, J = 7.2 Hz, 3H). ®C NMR (100 MHz,
CSy/ds-acetone) (all 1C unless indicated) 6 157.34, 157.16, 152.48, 151.54, 149.19,
149.13(2C), 148.89, 147.90, 147.67, 147.62, 147.59, 147.52(2C), 147.36, 147.29,
146.71, 146.09, 146.02, 145.68(2C), 145.40(3C), 145.30, 145.14, 145.00(4C), 144.91,
144.85, 144.83, 144.73, 144.68, 144.60, 144.57, 144.52, 144.49, 143.85, 143.77,
143.72, 143.65(3C), 143.28, 143.21(3C), 143.14, 142.98, 142.79, 142.61, 141.49,
140.92(aryl C), 140.07, 139.43, 139.12, 138.37, 138.13(aryl C), 136.63(aryl C),
131.78(aryl C), 128.19(aryl C), 126.71(aryl C), 126.11(aryl C), 126.01(aryl C),
125.81(aryl C), 124.27(aryl C), 123.69(aryl C), 123.42(aryl C), 121.32(aryl C),
120.69(aryl C), 119.90(aryl C), 116.14(aryl C), 114.60(aryl C), 114.16(aryl C),
109.74(aryl C), 109.20(aryl C), 62.59(sp>-C of Cs0), 56.83(sp>-C of Ceo), 38.33(-CH>),
14.65(-CH3). HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M]
calcd for CsxH17BrN2 1110.0557; found 1110.0554.
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Synthesis of Sab

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and N-hexylcarbazole (64 mg, 0.25 mmol) were added to the mixture and
stirred in an oil bath at 120 °C for 60 minutes. The mixture was cooled to room
temperature and then added 20 mL carbon disulfide. Resulting solution was washed
with water and then evaporated in vacuo. The residue was separated on a silica gel
column with carbon disulfide/dichloromethane (10:1) as the eluent to give unreacted
Ceo (11 mg, 31%) and Sab (33.4 mg, 57%) as black amorphous solid. '"H NMR (400
MHz, CS»/ds-acetone) 10.53 (s, 1H), 8.74 (s, 1H), 8.61 (s, 1H), 8.30 (d, J = 8.4 Hz,
1H), 7.86 (d, J = 2.4 Hz, 1H), 7.78 (d, J = 7.6 Hz, 1H), 7.61 (d, J = 8.4 Hz, 1H), 7.56 -
7.59 (m, 3H), 7.44 (d, ] = 8.4 Hz, 1H), 7.25 (t, J = 7.2 Hz, 1H), 4.49 (t, ] = 7.2 Hz,
2H), 1.57 - 142 (m, 8H), 1.06(t, J = 6.8 Hz, 3H). *C NMR (100 MHz,
CSy/ds-acetone) (all 1C unless indicated) 6 157.22, 157.09, 152.42, 151.44, 149.14,
149.11(2C), 148.81, 147.85, 147.65, 147.56(2C), 147.49(2C), 147.33, 147.26, 146.64,
146.07, 145.99, 145.66(2C), 145.35(3C), 145.27, 145.06, 144.95(4C), 144.88, 144.82,
144.79, 144.70, 144.66, 144.56(2C), 144.46(2C), 143.82, 143.73, 143.69, 143.62(3C),
143.25, 143.18(3C), 143.11, 142.96, 142.75, 142.57, 141.47, 141.29(aryl C), 140.44,
139.37, 139.08, 138.34, 138.08(aryl C), 136.51(aryl C), 131.72(aryl C), 128.11(aryl
C), 126.61(aryl C), 126.05(aryl C), 125.91(aryl C), 125.73(aryl C), 124.07(aryl C),
123.70(aryl C), 123.24(aryl C), 121.20(aryl C), 120.62(aryl C), 119.83(aryl C),
116.18(aryl C), 114.66(aryl C), 113.99(aryl C), 109.80(aryl C), 109.27(aryl C),
62.51(sp>-C of Ce), 56.74(sp>-C of Ceo), 43.72(-CHa), 32.56(-CHz), 29.92(-CHb),
27.87(-CHz2), 23.68(-CH2), 14.97(-CH3). UV-vis (CHCl3) Amax 448, 540, 682
nm;HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd for
CssH25BrN2 1166.1193; found 1166.1184.
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Synthesis of Sac

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and carbazole (42 mg, 0.25 mmol) were added to the mixture and stirred at in
an oil bath 110 °C for 120 minutes. The mixture was cooled to room temperature and
then added 20 mL carbon disulfide. Resulting solution was washed with water and
then evaporated in vacuo. The residue was separated on a silica gel column with
carbon disulfide/dichloromethane (10:1) as the eluent to give unreacted Ceso (3.1 mg,
9%) and Sac (30.1 mg, 56%) as black amorphous solid. 'H NMR (400 MHz,
CS»o/de-acetone) 6 10.45 (s, 1H), 9.46 (d, J = 9.2 Hz, 1H), 8.49 (s, 1H), 8.27 (dd, J =
7.2, 1.6 Hz, 1H), 8.12 (d, /= 7.6 Hz, 1H), 8.04 (d, /= 7.6 Hz, 1H), 7.64-7.62 (m, 1H),
7.37 -7.27 (m, 4H), 7.18 (t, J = 7.6 Hz, 1H), 7.02-6.97 (m, 1H). 3C NMR (100 MHz,
CSy/ds-acetone) (all 1C unless indicated) 6 157.17, 156.77, 152.00, 151.20, 149.37,
149.27, 149.11, 148.92, 147.84, 147.81, 147.70(3C), 147.53, 147.49(2C), 146.43,
146.29, 146.26, 145.85(2C), 145.46, 145.42, 145.39(aryl C), 145.21(2C), 145.14(2C),
145.06(4C), 144.93(2C), 144.80, 144.73, 144.65(2C), 144.42, 144.05, 143.92(3C),
143.83(2C), 143.49, 143.38, 143.32, 143.21(2C), 143.09, 142.94, 142.76, 141.67,
140.28, 139.46, 139.10, 138.22, 138.03, 137.91(aryl C), 136.74(aryl C), 128.09(aryl
C), 126.94(aryl C), 126.86(aryl C), 126.31(aryl C), 126.24(aryl C), 126.01(aryl C),
123.37(aryl C), 123.27(aryl C), 123.16(aryl C), 121.13(aryl C), 120.80(aryl C),
120.62(aryl C), 120.52(aryl C), 115.05(aryl C), 114.52(aryl C, 2C), 111.98(aryl C),
61.10(sp>-C of Ceo), 57.12(sp>-C of Cep). HRMS (MALDI-TOF-MS, DCTB as matrix,
negative mode): m/z [M] calcd for CgoH13BrN2 1082.0254; found 1082.0246.
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Synthesis of Sad

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and N-phenylcarbazole (61 mg, 0.25 mmol) were added to the mixture and
stirred in an oil bath at 120 °C for 120 minutes. The mixture was cooled to room
temperature and then added 20 mL carbon disulfide. Resulting solution was washed
with water and then evaporated in vacuo. The residue was separated on a silica gel
column with carbon disulfide/dichloromethane (10:1) as the eluent to give unreacted
Ceo (6 mg, 17%) and 5ad (21.8 mg, 38%) as black amorphous solid. "H NMR (400
MHz, CS»/ds-acetone) 6 10.57 (s, 1H), 8.72 (s, 1H), 8.48 (s, 1H), 8.16 (dd, /= 8.8, 1.6
Hz, 1H), 7.80 - 7.75 (m, 2H), 7.68 - 7.59 (m, 4H), 7.52 - 7.39 (m, 5H), 7.33 - 7.30 (m,
1H), 7.23-7.19 (m, 1H).!3C NMR (100 MHz, CS./d¢-acetone) (all 1C unless indicated)
o 157.26(2C), 152.41, 151.63, 149.23(4C), 148.95, 147.95, 147.75, 147.68(2C),
147.62(2C), 147.44, 147.38, 146.62, 146.17, 146.12(aryl C), 145.78(2C), 145.46(3C),
145.32, 145.06(4C), 144.99, 144.94, 144.89, 144.82, 144.75, 144.67(2C), 144.58(2C),
143.93, 143.85, 143.79, 143.74(3C), 143.36, 143.28(3C), 143.06, 142.86, 142.69,
141.81, 141.58, 140.91, 139.47, 139.23, 138.48, 138.16, 138.03(aryl C), 136.70(aryl
C), 133.00(aryl C), 130.66(aryl C, 3C), 128.22(aryl C), 127.42(aryl C, 3C),
127.10(aryl C), 126.20(aryl C, 2C), 126.07(aryl C), 124.82(aryl C), 123.85(aryl C),
123.70(aryl C), 121.30(aryl C), 121.08(aryl C), 120.69(aryl C), 116.14(aryl C),
114.62(aryl C), 114.24(aryl C), 110.98(aryl C), 110.40(aryl C), 62.60(sp>-C of Ceo),
56.92(sp>-C  of Cg). UV-vis (CHCl3) Amax 448, 542, 683 nm; HRMS
(MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd for Cs¢cHi17BrN>
1158.0567; found 1156.0578.
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Synthesis of Sae

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 9-(4-bromophenyl)carbazole (81 mg, 0.25 mmol) were added to the
mixture and stirred in an oil bath at 120 °C for 120 minutes. The mixture was cooled
to room temperature and then added 20 mL carbon disulfide. Resulting solution was
washed with water and then evaporated in vacuo. The residue was separated on a
silica gel column with carbon disulfide/dichloromethane (10:1) as the eluent to give
unreacted Ceo (5.4 mg, 15%) and Sae (19.5 mg, 32%) as black amorphous solid. 'H
NMR (400 MHz, CS,/ds-acetone) 6 10.72 (s, 1H), 8.77 (s, 1H), 8.50 (s, 1H), 8.20 (d,
J=8.4Hz 1H), 7.88 (d,/=2.0 Hz, 1H), 7.82 - 7.80 (m, 3H), 7.58 (d, J = 8.4 Hz, 2H),
7.50 (t,J = 8.8 Hz, 2H), 7.42 (s, 2H), 7.33 (d, /= 8.8 Hz, 1H), 7.25 (t, /= 5.6 Hz, 1H).
13C NMR (100 MHz, CSx/ds-acetone) (all 1C unless indicated) § 157.44, 157.28,
152.46, 151.73, 149.37, 149.31(2C), 149.03, 148.03, 147.83, 147.73(2C), 147.70(2C),
147.52, 147.46, 146.69, 146.24, 146.19, 145.85, 145.81, 145.55(2C), 145.46(2C),
145.13(4C), 145.06, 145.02, 144.96(aryl C), 144.91, 144.81, 144.74(2C), 144.65(2C),
144.00, 143.92, 143.82(4C), 143.43, 143.35(4C), 143.14, 142.92, 142.76, 141.63,
140.74, 139.54, 139.32, 138.57, 138.16, 137.20, 136.84(aryl C), 133.94(aryl C, 3C),
133.40(aryl C), 129.22(aryl C, 3C), 128.28(aryl C), 127.35(aryl C), 126.42(aryl C),
126.36(aryl C), 126.07(aryl C), 125.06(aryl C), 124.03(aryl C), 123.67(aryl C),
121.87(aryl C), 121.43(aryl C, 2C), 120.84(aryl C), 116.12(aryl C), 114.55(aryl C),
114.47(aryl C), 110.99(aryl C), 110.37(aryl C), 62.66(sp>-C of Ce), 57.03(sp>-C of
Cs0). HRMS (MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd for
CssHi16BraN2 1235.9680; found 1235.9674.

S30



Synthesis of Saf

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and 4,4 bis(N-carbazolyl)-1,1"-biphenyl (121 mg, 0.25 mmol) were added to
the mixture and stirred in an oil bath at 130 °C for 120 minutes. The mixture was
cooled to room temperature and then added 20 mL carbon disulfide. Resulting
solution was washed with water and then evaporated in vacuo. The residue was
separated on a silica gel column with carbon disulfide/dichloromethane (10:1) as the
eluent to give unreacted Ceo (5 mg, 14%) and 5af (35 mg, 50%) as black amorphous
solid. "TH NMR (400 MHz, CS,/ds-acetone) & 10.69 (s, 1H), 8.78 (s, 1H), 8.52 (s, 1H),
8.23 (dd, J=8.4, 1.6 Hz, 1H), 8.11 (d, /= 8.0 Hz, 2H), 8.04 - 8.01 (m, 3H), 7.88 (d, J
=2.4 Hz, 1H), 7.83 - 7.74 (m, 5H), 7.62 (d, J = 8.4 Hz, 1H), 7.53 - 7.46 (m, SH), 7.42
(t,J= 8.0 Hz, 3H), 7.34 (dd, J = 8.4, 1.2 Hz, 1H), 7.29 - 7.24 (m, 3H)."3C NMR (100
MHz, CS,/d¢-acetone) (all 1C unless indicated) o 157.41, 157.33, 152.49, 151.72,
149.36, 149.30, 149.28, 149.04, 148.03, 147.83, 147.74, 147.70(2C), 147.51, 147.45,
146.71, 146.24, 146.18, 145.85, 145.81, 145.55(3C), 145.45, 145.41, 145.13(30),
145.06, 145.01, 144.96, 144.90, 144.82, 144.73(2C), 144.65, 143.99, 143.92, 143.86,
143.81(3C), 143.43, 143.35(3C), 143.29, 143.13, 142.93, 142.75, 141.80, 141.64,
141.19(aryl C, 2C), 140.90(aryl C), 139.97 139.59, 139.55, 139.30, 138.55, 138.17,
137.91(aryl C), 137.56(aryl C), 136.80(aryl C), 133.21(aryl C), 129.33(aryl C, 2C),
129.24(aryl C, 2C), 128.27(aryl C), 127.98(aryl C, 3C), 127.90(aryl C, 2C),
127.26(aryl C), 126.80(aryl C, 3C), 126.32(aryl C, 2C), 126.07(aryl C), 125.01(aryl
0), 124.18(aryl C, 2C), 124.01(aryl C), 123.68(aryl C), 121.43(aryl C), 121.28(aryl C),
121.08(aryl C, 2C), 121.00(aryl C, 3C), 120.81(aryl C), 116.13(aryl C), 114.51(aryl
C), 114.40(aryl C), 111.17(aryl C), 110.56(aryl C), 110.38(aryl C, 2C), 62.69(sp>-C of
Ce0), 57.02(sp>-C of Cgo). UV-vis (CHCl3) Amax 448, 542, 683 nm;HRMS
(MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd for C104H238BrN3
1399.1460; found 1399.1451.
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Synthesis of Sag

Ceo (36.0 mg, 0.05 mmol), 5-bromoindole (12 mg, 0.06 mmol), KO'Bu (11.2 mg, 0.1
mmol) were dissolved in chlorobenzene (8 mL) at room temperature under Ar
atmosphere. Then DMSO (2 mL) was added to the mixture and the color of the
solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and tris(4-carbazoyl-9-ylphenyl)amine (186 mg, 0.25 mmol) were added to the
mixture and stirred in an oil bath at 120 °C for 120 minutes. The mixture was cooled
to room temperature and then added 20 mL carbon disulfide. Resulting solution was
washed with water and then evaporated in vacuo. The residue was separated on a
silica gel column with carbon disulfide/dichloromethane (10:1) as the eluent to give
unreacted Ceo (5.5 mg, 15%) and 5ag (36.3 mg, 44%) as black amorphous solid. 'H
NMR (400 MHz, CS»/ds-acetone) & 10.38 (s, 1H), 8.70 (s, 1H), 8.47 (s, 1H), 8.19 -
8.16 (m, 1H), 8.08 — 8.05 (m, 4H), 7.74 (d, J = 2.8 Hz, 2H), 7.61 - 7.56 (m, 13H),
7.47-7.44 (m, 5H), 7.41 - 7.37 (m, 5H), 7.31 - 7.29 (m, 2H), 7.23 (td, /= 7.2, 2.8 Hz,
5H).13C NMR (100 MHz, CSa/ds-acetone) (all 1C unless indicated) & 157.05(2C),
152.22, 151.42, 149.07(3C), 148.76, 147.77, 147.59, 147.45(4C), 147.28, 147.22,
146.78, 146.42(4C), 146.00(2C), 145.63(2C), 145.29(4C), 144.87(5C), 144.63(20),
144.49(4C), 143.75(aryl C), 143.66(2C), 143.58(2C), 143.18(aryl C), 143.10(3C),
14291, 142.71, 142.52, 141.74, 141.44, 141.14(aryl C, 4C), 140.83, 139.31, 139.09,
138.34, 137.98, 136.54, 133.48(aryl C), 133.01(aryl C), 132.91(aryl C), 128.55(aryl C,
5C), 128.42(aryl C, 2C), 128.11(aryl C), 127.04(aryl C), 126.62(aryl C, 5C),
126.13(aryl C), 126.08(aryl C), 125.95(aryl C, 5C), 125.66(aryl C, 2C), 124.76(aryl
C), 123.95(aryl C, 6C), 123.80(aryl C), 123.71(aryl C), 121.31(aryl C), 120.99(aryl C,
5C), 120.84(aryl C, 5C), 116.19(aryl C), 114.68(aryl C), 114.06(aryl C), 110.97(aryl
C), 110.37(aryl C), 110.21(aryl C, 5C), 62.44(sp>-C of Ceo), 56.74(sp>-C of Ceo).
UV-vis (CHCl3) Amax 448, 539, 682 nm; HRMS (MALDI-TOF-MS, DCTB as matrix,
negative mode): m/z [M] calcd for C122H40BrNs 1655.2461; found 1653.2453.
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Synthesis of 5fg

Ce0 (36.0 mg, 0.05 mmol), methyl indole-6-carboxylate (10.2 mg, 0.06 mmol), KO'Bu
(11.2 mg, 0.1 mmol) were dissolved in chlorobenzene (8 mL) at room temperature
under Ar atmosphere. Then DMSO (2 mL) was added to the mixture and the color of
the solution changed gradually from purple to dark green. After being stirred for 30
minutes, CF3SOzH (90 pL, 1 mmol) was added to the mixture and the color changed
from dark green to brown. And after being stirred for 10 minutes, DDQ (56 mg, 0.25
mmol) and tris(4-carbazoyl-9-ylphenyl)amine (186 mg, 0.25 mmol) were added to the
mixture and stirred in an oil bath at 120 °C for 120 minutes. The mixture was cooled
to room temperature and then added 20 mL carbon disulfide. Resulting solution was
washed with water and then evaporated in vacuo. The residue was separated on a
silica gel column with carbon disulfide/dichloromethane (1:1) as the eluent to give
unreacted Ceo (5.8 mg, 16%) and 5fg (27.5 mg, 35%) as black amorphous solid. 'H
NMR (400 MHz, CS»/ds-acetone) 6 10.67 (s, 1H), 8.68 (s, 1H), 8.44 (d, J = 8.4 Hz,
1H), 8.20 (s, 1H), 8.16 (d, J = 8.4 Hz, 1H), 8.05 (d, J = 7.6 Hz, 4H), 7.91 (s, 1H), 7.80
(d, J=8.4 Hz, 1H), 7.65 - 7.55 (m, 14H), 7.45 (d, J = 8.4 Hz, 5H), 7.40-7.36 (m, SH),
7.25 - 7.17 (m, 5H), 3,86 (s, 3H).!*C NMR (100 MHz, CS./ds-acetone) (all 1C unless
indicated) 6 166.98(acyl C), 157.23, 157.03, 152.33, 151.49, 149.26, 149.16, 148.82,
147.90, 147.69, 147.61(2C), 147.54, 147.36(3C), 146.83, 146.52, 146.47(2C),
146.10(2C), 145.73, 145.67, 145.37(4C), 145.22, 144.97(5C), 144.87, 144.81,
144.71(2C), 144.48(3C), 143.67(5C), 143.30(aryl C), 143.19(3C), 142.95(aryl C),
142.79, 142.60, 141.76, 141.52, 141.17(aryl C, 4C), 140.83, 139.41, 139.21, 138.47,
138.07, 137.30, 133.52(aryl C), 132.99(aryl C), 132.91(aryl C), 129.67(aryl C),
128.60(aryl C, 5C), 128.47(aryl C, 2C), 127.91(aryl C), 127.09(aryl C), 126.63(aryl C,
5C), 125.99(aryl C, 5C), 125.66(aryl C, 2C), 124.89(aryl C), 124.77(aryl C),
123.96(aryl C, 5C), 123.73(aryl C), 121.77(aryl C), 121.29(aryl C), 121.11(aryl C),
120.99(aryl C, 5C), 120.85(aryl C, 5C), 120.72(aryl C), 116.78(aryl C), 115.10(aryl
C), 110.96(aryl C), 110.38(aryl C), 110.22(aryl C, 5C), 62.51(sp>-C of Cgo),
56.85(sp>-C of Ceo), 51.86(-OCH3). UV-vis (CHCI3) Amax 448, 540, 682 nm; HRMS
(MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] caled for
C124H4302N5 1634.3455; found 1634.3463.
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2. Experimental Procedure, Spectral Data, MALDI-TOF-MS spectrum and
expanded 3C NMR (100 MHz) of 6

H O
,N\)J\OH, Ceo BT

/@CHO PhCI,120 °C, 90 min
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Figure S1 (a) Synthesis of dimer 6. (b) The MALDI-TOF-MS spectrum of 6: m/z [6]
calcd for Cia9H24BrN; 1933.1154; found 1933.1151. (c) Expanded '*C NMR (100
MHz) of 6.
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3ab (12 mg, 0.01 mmol), sarcosine (3 mg, 0.03 mmol), Cso (22 mg, 0.03 mmol)
were dissolved in chlorobenzene (8 mL) at room temperature under Ar atmosphere.
Then the mixture were stirred in an oil bath at 120 °C for 90 minutes. The mixture
was cooled to room temperature and then added 20 mL carbon disulfide. Resulting
solution was washed with water and then evaporated in vacuo. The residue was
separated on a silica gel column with carbon disulfide/dichloromethane (5:1) as the
eluent to give 6 (8 mg, 42%) as black amorphous solid. 'H NMR (400 MHz,
CS»o/de-acetone) 6 10.54 (s, 1H), 8.41 (s, 1H), 7.92 (d, J =8.4 Hz, 2H), 7.74 (d, ] =2.4
Hz, 3H), 7.38 (d, J = 8.8 Hz, 1H), 7.28 - 7.22 (m, 3H), 7.17 (d, J = 8.4 Hz, 2H), 7.08 -
7.00 (m, 5H), 5.01 (d, J =9.4 Hz, 1H), 4.98 (s, 1H), 4.33 (d, J =9.2 Hz, 1H), 3.27 (s,
3H). 3C NMR (100 MHz, CS>/ds-acetone) & 157.23, 157.14, 156.99, 154.54(aryl C),
154.15, 153.99, 151.77, 151.67, 149.26, 149.23, 149.09, 149.00, 148.08(2C),
147.87(2C), 147.80(2C), 147.76, 147.71, 147.64(4C), 147.52, 147.48, 147.42, 147.35,
147.07, 146.89, 146.81(2C), 146.74(2C), 146.62(2C), 146.46(2C), 146.29,
146.19(aryl C), 146.15(2C), 146.05(2C), 145.88(2C), 145.82(2C), 145.76, 145.73(2C),
145.66(2C), 145.51, 145.43(2C), 145.39, 145.32, 145.26, 145.19, 145.10, 145.05(2C),
144.94(4C), 144.90(2C), 144.82, 144.70, 144.65(2C), 144.49, 143.93, 143.79(3C),
143.76(2C), 143.71, 143.56, 143.38, 143.25(4C), 143.17, 143.13(2C), 143.04(aryl C),
142.85, 142.82(2C), 142.72, 142.69(2C), 142.65(2C), 142.58, 142.54(2C), 142.30,
142.22, 142.17(aryl C), 141.58, 140.75, 140.69, 140.50, 139.75, 139.35, 139.26(2C),
138.12, 138.03, 137.35, 137.12, 136.64, 136.52(2C), 136.37(aryl C), 134.92(aryl C),
132.27(aryl C), 130.13(aryl C, 3C), 129.24(aryl C, 2C), 128.16(aryl C), 126.03(aryl C,
2C), 125.92(aryl C), 125.15(aryl C, 3C), 124.58(aryl C, 2C), 124.12(aryl C),
123.59(aryl C), 115.88(aryl C), 114.55(aryl C), 114.25(aryl C), 83.45, 78.04, 70.46,
69.48, 61.90(sp’>-C of Ce), 56.87(sp>-C of Ceo), 40.40(-CH3). HRMS
(MALDI-TOF-MS, DCTB as matrix, negative mode): m/z [M] calcd for C149H24BrN3
1933.1154; found 1933.1151.
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3. NMR Spectra of 3aa-3ak, Saa-5fg and 6

'"H NMR (400 MHz, CS2/ds-acetone) of compound 3aa
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Expanded *C NMR (100 MHz, CS:/ds-acetone) of compound 3aa
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13C NMR (100 MHz, CS2/ds-acetone) of compound 3ba
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'"H NMR (400 MHz, CS2/ds-acetone) of compound 3ca
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Expanded *C NMR (100 MHz, CS2/ds-acetone) of compound 3ca
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13C NMR (100 MHz, CS2/ds-acetone) of compound 3da
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'"H NMR (400 MHz, CS2/ds-acetone) of compound 3ea
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Expanded *C NMR (100 MHz, CS2/ds-acetone) of compound 3ea
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13C NMR (100 MHz, CS:/ds-acetone) of compound 3fa
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'"H NMR (400 MHz, CS2/ds-DMSO) of compound 3ga
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Expanded *C NMR (100 MHz, CS2/ds-DMSO) of compound 3ga
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'H NMR (400 MHz, CS2/ds-DMSO) of compound 3ia
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Expanded *C NMR (100 MHz, CS2/de-DMSO) of compound 3ia
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13C NMR (100 MHz, CS2/ds-acetone) of compound 3ja
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'H NMR (400 MHz, CS2/ds-acetone) of compound 3ab
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Expanded *C NMR (100 MHz, CS:/ds-acetone) of compound 3ab
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13C NMR (100 MHz, CS2/de-DMSO) of compound 3fb
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'"H NMR (400 MHz, CS2/ds-acetone) of compound 3ac
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Expanded *C NMR (100 MHz, CS2/ds-acetone) of compound 3ac
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'TH NMR (400 MHz, CS2/ds-acetone) of compound 3fc
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13C NMR (100 MHz, CS:/ds-acetone) of compound 3fc

vu v
v 00 Yo N I NN
NNO 0O 00 a Gomm Z o )
mm o0 ER-E R == STUTEEEE = =
HNHNT L |0V IOTHNOIOOOD O o covovnNonETNO0O0O
& HH UMMM ED ©VO@ITON OO 0o covoamoowTd o = (3]
o S APV 0T IEOH® 000 sa NHOO~N E <t
§ 5wp BNoo o4 LwO00 = o Samoabovar A o
| SSA0BO IR wom O - MmOS o b NA BITHNOROama -
w am’as " @me & "85 W aa W HoNnom o
4 o @ @ oo Sa So weden ©
=] N < O . oo - - el LMo
@ S Q%A 7] o m s o
E ao = <3 = mood &
Z =T -o°S A
g = & <
£ = <
0 3] S —=
1 1
= 9 {3 I I
o 5006 = @
o= | mMmo = ]
HZ0 00O = o
ZhonEuOH B ma n
REGAZEKDAONUNEZH
ZHaafbaaBENZAn K i <
-

0 ppm
146

10
147

0B ETT CEcerorr—
668 CHT o
=5 | 887771 sv2-9TT—
2 8 578838 s : ZPGT9TT—
_ § B 0S9°bHT
> E L8 789 FHT
i 2 4 X 8GL ¥HT
918" bHT E
PS6 BT
g - L86°PVT
q o osa PRG0S qeeBfo :
goegeaRe 1EaBE% [8o38Einasunklne: 820°5y1~\ E
SLO"SHT—
S0E"SYT—F ZTL 02T —
E 6LE"SHT
90%"SHT = 68 TIC2T—
LZH SPT
3 669°G¥T
€PLGHT 3
3 Z8L GV
99T 971 205" %21
E ST 9%T 59" o1

20

0€0°LFT 578 w1~
ZEETLYT €8 GZT—
3 8Th"LHT $S0°92T —
PO LYT
PEOTLYT
ZELTLYT
Z9LTLYT SY6TLZT—
966°8%T
TLT 67T
822 6%T FEE BE L
6SZ 60T 099°6CT—
0LZ"0ET—
STL TST~_
88L° TST—

G667 C2ET—

€ET GET—

pEETLET—

. €00 8ET~L_
e o e >
S9LTEVT .
coion LEE 6ET—
668 €VT 8TT LST—
€197 %71 TZE LST—
¥56 bHT

. CL9T —
zee Ly 120°L3 106" TpT—
vETLYT

T T T T T T T T T T T
158 157 156 155 154 153 152 151 150 149 148

167 ppm
170 160 150 140 130 120 110 100 90 8 70 60 50 40 30
Expanded *C NMR (100 MHz, CS2/ds-acetone) of compound 3fc

ppm

122 120 118

124

126

128

130

S56

132

140 138 136 134

142

WW&L@M



'H NMR (400 MHz, CS2/d f d 3ad
( z, CS2/ds-acetone) of compound 3a
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Expanded *C NMR (100 MHz, CS2/ds-acetone) of compound 3ad
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'"H NMR (400 MHz, CS2/ds-acetone) of compound 3fd

050"
L80"
9eC”

(=3

[YRSESY

N4

]

~ ™~ 00w

~

~r~

~

~r~

~ o~

~

~r~

=SSaVe—— |

~r~

~

0 W W r~

~r~

996

w0
=

R N N s
NN O

o
>

NN N O

N

0O

[t ol o

ol ol ol

NAWARSSEY

o~

-

p;m

©
~
L

74 72
?

7.6

7.8
g e

8.0

N)
by
o

|

=
=
o

/|

8
ol

<
bl
=]

0 ppm

11

g

=0

B

S58



13C NMR (100 MHz, CS2/ds-acetone) of compound 3fd
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'"H NMR (400 MHz, CS2/ds-acetone) of compound 3ae
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Expanded *C NMR (100 MHz, CS2/ds-acetone) of compound 3ae
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13C NMR (100 MHz, CS:/ds-acetone) of compound 3fe
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Expanded *C NMR (100 MHz, CS2/de-DMSO) of compound 3af
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13C NMR (100 MHz, CS:/ds-acetone) of compound 3ff

g
SG8°ZhT Lo
8GT €RT
ﬂ %% %% RB h %BEB = £ PwN-mwnﬁ
gES sages 89. % £988...5 § 3 PEITEVT P o
STTHNE4ARREETERB2R288" |RR3E] | 1A88388N888RA"8"3 989°¢€vT >
8 Eraopoed Sgabjeges  TeghE o8 gsgdesbosan o A OLL EVT
R OB A g oBE o R GE TERED G RN < T66°HTT~—
s p we & EE geeg 5 967 HHT FS ccgrT—

i £ S\m.w:/

.9 & o 88S "V T — .
a284,858 8 § £uf qosBio 808" 77T—7 P @66 It
ZucgEnod . 20 SUBNHHS D, B0y mmm.w:\ -
ZHAQAHHLMAMENZ QNN UZanammaumuunnnzndon o

o LzeTEvl _
L g omy 1927671 ©

€92°6¢ S =  €rETspT PR
¥ 62 o =  PLSTSET
Ly9°62 e e  ¥09°G¥T .
6€8°6C S 620°9FT ESoeL 01—
1€0°0¢€ F o g 1szivTi— _ T 6P TZT—
MNNHOM w mmm.hw,m“ G8SICT—
9Ty 0€ Lo 867°LYI ]
9T8" TS+ o ©  08S°LVI =
mov.mm; o~ 86G°LFVT
YZL 96 ES @ g16°8FT
i S reserT—: LS.
166 71Ty & m Ng.mi\ - LEL PZT—
TEE"STTH ¥ 5] .
0€L" 02T 2 9 60T 67T o
65T TZTA\ I5) Eg ) F o
S86 1211 e} © — -

eyl = 8YT LZT—
Lectverq) - 989" LZT—
871" LZTA - o F i © N -
989°LZT nHV 5 w ) 0 .
R B ©O e < . £€8°82T—
S65°62T o : N  ¥Z9°IST— 65 62T—
Z6T"ZET o $i. T 16T TIST— ]
9LT LET A M .
856°LET 1
9zL"0%T L g M 2
8T €¥T — - 26T ZET—
PE9EVT Eg
989°€VT °
TS7°7¥T & M E o
967 v T = 0
975 bpT Z
886 ¥¥T ES 0
808" ¥¥T - BC - o
688 vy o
126 HT E® M .
1927671 = P QoL el —
€TE"GVT ES = 1wwm.>mﬁv
620797 T~ £ - 8G67LET
867 LYT o x m.. 6807 66T~
omm.EN — - Flcre-6e1—

. . ~ 3 = -
865" LY 9€6°99T— 8 o
786" 87T - E® .
ZLO"6VT © - o 9L 0V T—
60T 6T o s 266 THT—

ppm

115

120

125

S65

130

135

140

L oo



'"H NMR (400 MHz, CSz/ds-acetone) of compound 3ag
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Expanded *C NMR (100 MHz, CS:/ds-acetone) of compound 3ag
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13C NMR (100 MHz, CS2/ds-acetone) of compound 3fg
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'"H NMR (400 MHz, CS2/ds-acetone) of compound 3ah

8.404

O~
— N
A o))
~ w0
< <
—

N
N
o~
[Te]
<
—

o )
N ™M
— 00 ™~
0
< S
= s

o
o
"
o if
<
—

0.99

T T T

8 7 6
Qeeeeee
ail ==l lailol <

13C NMR (100 MHz, CS2/ds-acetone) of compound 3ah
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Expanded *C NMR (100 MHz, CS2/ds-acetone) of compound 3ah
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13C NMR (100 MHz, CS:/ds-acetone) of compound 3ai
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'H NMR (400 MHz, CS2/ds-acetone) of compound 3fi

o 16~
N TONNOMNOO MM WOOON LTS MN D™ ™ © M O © e MaE-16-2021
N TATCOAOTANOLT N0 DM ~ o W0 i 1
C OO AN NNNAAAAOD OO © — o oo hate 56510516
©: e o & w ® m o w o omom @ m e w e e w mi s e te . Date e
— o clie el e o B m e e S S e e e el S S S S S O S S S o o NN NN INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT Acetone
us
MO~ WO N W~ MLN Ds 2
WO T NOWWOWESIHMMLW SWH 8223.685 Hz
LI ANNNAAAAO FIDRES 0.125483 Hz
L I I R R I T ] AQ 3.9846387 sec
[l el al ol ol ol el o o ol o RG 406
DW 60.800 usec
N> :
TE 300.0 K
D1 1.00000000 sec
TDO 1
= Br
| = CHANNEL f1 =
nucl 1H
=3 Pl 13.50 usec
PL1 =2. dB
PL1W 13.45602226 W
SFO1 400.1324710 MHz
SI 32768
SF 400.1300069 MHz
WDW EM
SSB 0
T T T T LB 0.30 Hz
GB 0
7.6 7.4 7.2 ppm EC 1:00
~ < < |y
N N = [
© o <l |-
J J .
T T T T T T T T T T T T
1 10 9 8 7 6 5 4 3 2 1 0 ppm
) ’m/ﬁﬁwwhﬁ“ﬁ f-)
= c|e|e|e|eNN|= M N
- |l =l+olailG]+~ ©
13C NMR (100 MHz, CS2/d f d 3fi
( z, CSz2/d¢-acetone) of compound 3fi
OO TOT ANVOOMSFTMONTO AANOWOWNINN ML T NN i Hin—TL B 5B
TLTODNANLT AONONNANA AN~ ONTOFANDON A== OO ™ NOWOIONO®© L
DT AOMANNDODINEEOAAFTONDOLTAOCNCTMNIEONNNSOTT AN T O BXENO 3
e e e 4 e e s e s s s e s e e s & s e e s s e s e e e s e s e e e s OO TNOO®OIT N PROCNO }
CROVODFIIITITITLTOOONONSFTHFTNONNMMOLI) I Adrd O o o o o o o o o Date 20210316
IS LLSLSLONONOOONONNNNNNNNNNN OO OO OO O Time 16.38
A A A A A A AAAAAAAAAAAAAAAAAAAAAAAA A A A A OO N OO NNNN INSTRUM spect
P PROBHD 5 mm PABBO BB-
%/’ PULPROG 2gpg30
TD 65536
™ SOLVENT Acetone
~ us 18136
o Ds 4
. SWH 24038.461 Hz
O FIDRES 0.366798 Hz
) AQ 1.3631988 sec
— RG 80.6
bW 20.800 usec
DE 6.50 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
13c
9.30 usec
PL1 -2.00 dB
PL1W 54.14257431 W
SFO1 100.6228298 MHz
CHANNEL £2
B B CPDPRG2 waltzlé
Nuc2 1H
170 ppm PCPD2 80.00 usec
PL2 -2.00 dB
PL12 13.46 dB
PL13 120.00 dB
PL2W 13.45602226 W
PL12W 0.38275132 W
PLL3W 0.00000000 W
SFO2 400.1316005 MHz
sI 2768
SF 100.6127304 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
pC 1.40

170 160 150 140 130 120 110 100 90 80 70 60

S72

T
50

40 30

T T T T
20 10 O ppm



Expanded *C NMR (100 MHz, CS:/ds-acetone) of compound 3fi
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13C NMR (100 MHz, CS2/ds-acetone) of compound 3aj

3
1

Dec15-2020
20201215

17.14

spect

5 mm PABBO BB-

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD

¥92°62
967762
8v9°62
0v8°62
£€0°0¢
§zz"0¢
LT 0€
665°0%
868 ETTH
PP BT
06£°6TTH
£26°221H
82€ €21
pE9° €21
8667521
2L0°92TH
2€0° 82T+
0€6°82TH
0€6°62T
ARARAN
06€°9€T
€9Z°6€T
T€6°ZHT
0ZL VT
STT €vT
6227V
S09°€rT
089°€VT
LLLTEVT
007 bHT
96y ¥YT
TIS bHT
G865 bHT
SY9bHT
S8L ¥V
P8 bHT
906771
LE6 FVT
TP GHT
ZLT"SHT
8€2°GHT
08Z°SHT
PSELPT
€65 LYT

2gpg30

65536

Acetone

18472

4
24038.461 Hz

PULPROG

D
SOLVENT

6.50 usec
300.0 K
1

64
20.800 usec
2.00000000 sec

0.366798 Hz
1.3631988 sec
0.03000000 sec

.6228298 MHz

54.14257431 W

100

1H
80.00 usec
-2.00 dB
13.46 dB
120.00 dB

13.45602226 W

CHANNEL £2

o
©
4
o
a
&
o

0.38275132 W
0.00000000 W
400.1316005 MHz

32768
100.6127365 MHz

%
o

0 ppm

30 20 10

50 40

60

80 70

170 160 150 140 130 120 110 100 90

Expanded 3C NMR (100 MHz, CS2/ds-acetone) of compound 3aj

620" THT
TES THT
0zZL T
888°ZFT
STT €vT
6227 €VT
S09°€vT
089°€VT
LLL EVT
007 77T
CI- A 4
TIS PP
S8S YT
SP9 VYT
S8L PV
TV8 PPT~\C
906 VYT—7
»mm.«wa\\w
AR
ZLTSHT
8ET SHT
082°SHT
1SS SHT
809°SHT
166°SHT
€70°9%T
8%Z LYT
zze T LYT
bSYTLYT
€SS LYT
86S°LYT
vOL 8%
LES 8YT
SL6°8YT
€80°67T

fe————

6Ly TIST—
628 IST—

6L6°99T—
GEZ LET—

T
149 147

150

145 144 143 142 141 ppm

146

148

156 155 154 153 152 151

157

868 CcIT—
PO VIT—

€60°9TT—

06€°6TT—

€26°CCT—
82E ECT
veoecT—

886" GCT—
cLO9CT—

2€0° 82T —
0€6°82T—

0€6°62T—

CIZ CET—

0BE 9ET—

206 LET~_
€96 LET—

6€0°6ET ~—
€92 6T —

MMWWWW

114 ppm

138 136 134 132 130 128 126 124 122 120 118 116

140

S74



'"H NMR (400 MHz, CS2/ds-DMSO) of compound 3ak
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Expanded *C NMR (100 MHz, CS2/de-DMSO) of compound 3ak
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13C NMR (100 MHz, CS2/ds-acetone) of compound 5aa
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'"H NMR (400 MHz, CS2/ds-acetone) of compound Sab
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Expanded *C NMR (100 MHz, CS:/ds-acetone) of compound 5ab
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13C NMR (100 MHz, CS:/ds-acetone) of compound Sac
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—

H NMR (400 MHz, CS2/d¢-acetone) of compound Sad
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Expanded *C NMR (100 MHz, CS2/ds-acetone) of compound Sad
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Expanded 3C NMR (100 MHz, CS2/ds-acetone) of compound Saf
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13C NMR (100 MHz, CS2/ds-acetone) of compound Sag
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'"H NMR (400 MHz, CS2/d¢-acetone) of compound 5fg
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Expanded *C NMR (100 MHz, CS:/ds-acetone) of compound 5fg
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13C NMR (100 MHz, CS2/ds-acetone) of compound 6
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Expanded *C NMR (100 MHz, CS:/ds-acetone) of compound 6
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4. Single-Crystal X-Ray Crystallography of 3aa, 3ca, Sad and Saf

Figure S2 ORTEP diagrams of 3aa with 30% thermal ellipsoids. The solvent
molecules are omitted for clarity.

Black block crystals of 3aa suitable for X-ray diffraction were obtained from slow
evaporation of its solution in a mixture of CS; and toluene at room temperature.
Single-crystal X-ray diffraction data were collected on a diffractometer (DECTRIS
PILATUS 300K, STOE & Cie GmbH) equipped with a CCD area detector using
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graphite-monochromated Cu Ko radiation (A = 1.54184 A) in the scan range 8.90° <
20 < 140.22°. The structure was solved with direct methods using SHELXS-97 and
refined with full-matrix least-squares refinement using the SHELXL-97 program
within OLEX2. Crystallographic data have been deposited in the Cambridge
Crystallographic Data Centre as deposition number CCDC 2080448.

Table S1 Crystal data and structure refinement for 3aa
Identification code 3aa

Empirical formula CgeH19BrN>

Formula weight 1159.94

Temperature/K 293(2)

Crystal system orthorhombic

Space group P212121

a/A 10.4943(4)

b/A 16.3104(4)

c/A 34.6451(9)

o/° 90

B/° 90

y/° 90

Volume/A3 5930.1(3)

z 4

Pcalcg/cm3 1.299

p/mm-1 1.342

F(000) 2336.0

Crystal size/mm3 0.28 x 0.25 x 0.16
Radiation CuKa (A = 1.54186)

20 range for data collection/® 12.624 to 139.126

Index ranges -12 £ h<10,-19 < k<£19,-41 <1< 20
Reflections collected 21649

Independent reflections 10685 [Rint = 0.0274, Rsigma = 0.0320]
Data/restraints/parameters  10685/1/780
Goodness-of-fit on F2 1.078

Final R indexes [I>=20 (I)] Ri = 0.0802, wR> = 0.2334
Final R indexes [all data] R¢ = 0.0900, wR> = 0.2504
Largest diff. peak/hole / e A3 0.88/-0.60

Flack parameter 0.030(14)
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Figure S3 ORTEP diagrams of 3ca with 30% thermal ellipsoids. The solvent
molecules are omitted for clarity.

Black block crystals of 3ca suitable for X-ray diffraction were obtained from slow
evaporation of its solution in a mixture of CS; and isopropyl ether at room
temperature. Single-crystal X-ray diffraction data were collected on a diffractometer
(DECTRIS PILATUS 300K, STOE & Cie GmbH) equipped with a CCD area
detector using graphite-monochromated Cu Ka radiation (A = 1.54184 A) in the scan
range 8.90° < 20 < 140.22°. The structure was solved with direct methods using
SHELXS-97 and refined with full-matrix least-squares refinement using the
SHELXL-97 program within OLEX2. Crystallographic data have been deposited in
the Cambridge Crystallographic Data Centre as deposition number CCDC 2080456.

Table S2 Crystal data and structure refinement for 3ca
Identification code 3ca
Empirical formula Co2H33BrN20O

Formula weight 1262.11
Temperature/K 293(2)
Crystal system monoclinic

Space group P2:/c

a/A 15.1762(2)
b/A 23.7457(3)
c/A 16.64667(19)
o/° 90
B/° 115.1948(15)
Y/° 90
Volume/A3 5428.24(13)
YA 4
Pcalcg/Ccm3 1.544
p/mm-1 1.528
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F(000)

2568.0

Crystal size/mm3

03 x 0.2 x 0.1

Radiation

CuKa (A = 1.54184)

20 range for data collection/®

6.95 to 140.086

Index ranges -12 £ h<18,-26 < k<28-20<1<14
Reflections collected 21686
Independent reflections 9852 [Rint = 0.0247, Rsigma = 0.0293]
Data/restraints/parameters 9852/31/857
Goodness-of-fit on F2 1.056

Final R indexes [I>=20 (I)]

R1 = 0.0963, wRz = 0.2625

Final R indexes [all data]

R1 =0.1056, wR> = 0.2733

Largest diff. peak/hole / e A-3

1.59/-0.88

Figure S4 ORTEP diagrams of 5ad with 30% thermal ellipsoids. The solvent

molecules are omitted for clarity.

Black block crystals of 5ad suitable for X-ray diffraction were obtained from slow
evaporation of its solution in a mixture of CS> and n-hexane at room temperature.
Single-crystal X-ray diffraction data were collected on a diffractometer (DECTRIS
PILATUS 300K, STOE & Cie GmbH) equipped with a CCD area detector using
graphite-monochromated Cu Ko radiation (A = 1.54184 A) in the scan range 8.90° <
20 < 140.22°. The structure was solved with direct methods using SHELXS-97 and
refined with full-matrix least-squares refinement using the SHELXL-97 program
within OLEX2. Crystallographic data have been deposited in the Cambridge

Crystallographic Data Centre as deposition number CCDC 2080460.
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Table S3 Crystal data and structure refinement for 5ad

Identification code 5ad
Empirical formula C173H34BraNaS;
Formula weight 2391.98
Temperature/K 293(2)
Crystal system triclinic
Space group P-1
a/A 13.8089(3)
b/A 19.3737(5)
c/A 23.3923(6)
o/° 66.123(2)
B/° 79.414(2)
y/° 70.079(2)
Volume/A3 5372.5(3)
z 2
Pcalcg/cm3 1.479
p/mm-1 1.854
F(000) 2404.0

Crystal size/mm3

0.23 x 0.19 x 0.14

Radiation

CuKa (A =1.54186)

20 range for data collection/®

7.126 to 139.408

Index ranges

-14 < h £16,-19 < k £ 23,-12 < | £ 27

Reflections collected

51212

Independent reflections

19362 [Rint = 0.0221, Rsigma = 0.0292]

Data/restraints/parameters

19362/26/1630

Goodness-of-fit on F2

1.047

Final R indexes [I>=20 (I)]

R1 = 0.0749, wR; = 0.1994

Final R indexes [all data]

R1 =0.0938, wR; = 0.2201

Largest diff. peak/hole / e A-3

1.10/-1.00
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Figure S5 ORTEP diagrams of 5af with 30% thermal ellipsoids. The solvent
molecules are omitted for clarity.

Black block crystals of 5af suitable for X-ray diffraction were obtained from slow
evaporation of its solution in a mixture of CS> and toluene at room temperature.
Single-crystal X-ray diffraction data were collected on a diffractometer (DECTRIS
PILATUS 300K, STOE & Cie GmbH) equipped with a CCD area detector using
graphite-monochromated Cu Ko radiation (A = 1.54184 A) in the scan range 8.90° <
20 < 140.22°. The structure was solved with direct methods using SHELXS-97 and
refined with full-matrix least-squares refinement using the SHELXL-97 program
within OLEX2. Crystallographic data have been deposited in the Cambridge
Crystallographic Data Centre as deposition number CCDC 2080463.

Table S4 Crystal data and structure refinement for 5af
Identification code 5af
Empirical formula Ci04H28BrNs
Formula weight 1399.20
Temperature/K 298

Crystal system triclinic
Space group P-1

a/A 13.1196(10)
b/A 17.4041(17)
c/A 17.8966(15)
o/° 95.025(7)
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B/° 99.017(6)

v/° 100.517(7)

Volume/A3 3939.6(6)

V4 2

Pcalcg/cm3 1.180

p/mm-1 1.101

F(000) 1416.0

Crystal size/mm3 0.20 x 0.15 x 0.13

Radiation CuKa (A = 1.54186)

20 range for data collection/° 12.402 to 136.718

Index ranges -15 < h <£15,-20 < k £6,-20 < | < 21
Reflections collected 29646

Independent reflections 13723 [Rint = 0.0341, Rsigma = 0.0312]
Data/restraints/parameters  13723/56/521

Goodness-of-fit on F2 1.215

Final R indexes [I>=20 (I)] Ry = 0.1089, wR> = 0.2642

Final R indexes [all data] Ry = 0.1280, wR, = 0.2920

Largest diff. peak/hole / e A-3 1.04/-0.42

5. Optimization of the Reaction Conditions

The three-component cross-coupling of 5-bromoindole (1a) with Ceo and
triphenylamine (2a) was selected as a model reaction for the optimization of reaction
conditions. On the basis of our previous research work, which has realized the KO'Bu
promoted C3-coupling of indole with Cso, we commenced our study by examining
whether the following regioselective C-C cross-coupling between triphenylamine and
Ceo could be achieved in one-pot (Table S5). To our delight, the desired 1,4-adducted
indole-Ceo-TPA compound 3aa was obtained at 100 °C for 1 hour in 35% yield when
2a was added with DDQ as the oxidant in the presence of CF3SOs;H (Table S5, entry
1). Further condition optimization revealed that increasing the temperature could
improved the yield obviously (Table S5, entry 2-5), especially carrying the reaction at
130 °C for 1 hour resulted in raising the yield of 3aa to 66% (Table S5, entry 5). Then
the solvent effect was investigated, and we found that change the ratio of solvents
PhCI/DMSO (v/v) from 4:1 to 2:1 or 1:1 could not provide the desired product in
superior yields (Table S5, entry 5 vs 6, 7). Different acids, such as CF;COOH,
CH3COOH and H>SO4 were screened (Table S5, entries 8—10). The results revealed
that CF3SO3H was an efficient acid for the transformation.
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Table S5. Optimization of Reaction Conditions*

B
X y/
\ H (1) KO'Bu, PhCIDMSO,  NH
| + E\ r‘j rt, 30 min - (
7Y Br” ~* (2) acid, rt, 10 min e
1a (3) DDAQ, triphenylamine 2a = ““/’LN e
temp, time 3aa \

L
& i
.’

entry” acid solvent (v/v) (PhCI/DMSO) temp® (°C) time (h) yield (%)°

1 CF;SO:H 4:1 100 1 35 (44)
2 CFsSO3H 4:1 110 1 45 (52)
3 CF;SO3H 4:1 120 1 54 (70)
4 CF;SO:H 4:1 120 2 63 (70)
5  CF:SO:H 4:1 130 1 66 (77)
6  CF3SO3H 2:1 130 1 53 (66)
7 CF;SO3H 1:1 130 1 50 (58)
8  CF:COOH 4:1 130 1 17(20)
9  CH;COOH 4:1 130 1 trace

10 H,S04 4:1 130 1 19(23)

“Reactions were carried out using Ceo (0.05 mmol, 1 equiv), 5-bromoindole (0.06 mmol, 1.2
equiv), KOBu (0.1 mmol, 2.0 equiv) in Schlenk tubes under Ar atmosphere for 30 min, and acid
(1.0 mmol, 20 equiv) was added and stirred for another 10 min, then DDQ (0.25 mmol, 5 equiv)
and triphenylamine (0.25 mmol, 5 equiv) were added and stirred in an oil bath. *Oil temperature.

“Isolated yield by column chromatography. Values in parentheses were based on consumed Céeo.

6. UV-vis absorption spectra of compounds 3aa, 3ba, 3fa, 3ga, 3ha, 3ae, 3af, 3ah,
3ai, 3ak, Sab, Sad, Saf, Sag and 5fg
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Figure S6 UV-vis spectra of representative TPA/carbazole-fullerene-indole products
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7. The MALDI-TOF-MS spectra of 3aa-3ak, Saa-5fg
The MALDI-TOF-MS spectrum of 3aa
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The MALDI-TOF-MS spectrum of 3ca
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The MALDI-TOF-MS spectrum of 3ea
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The MALDI-TOF-MS spectrum of 3ga
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The MALDI-TOF-MS spectrum of 3ia
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The MALDI-TOF-MS spectrum of 3ab
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The MALDI-TOF-MS spectrum of 3ac
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The MALDI-TOF-MS spectrum of 3ad
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The MALDI-TOF-MS spectrum of 3ae
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The MALDI-TOF-MS spectrum of 3af
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The MALDI-TOF-MS spectrum of 3ah
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The MALDI-TOF-MS spectrum of 3fi
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The MALDI-TOF-MS spectrum of 3ak
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