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1. General Methods

Melting points were determined on a digital melting point apparatus and temperatures were
uncorrected. Infrared spectra were measured with a Nicolet Avatar 360 FT-IR spectrometer using
film KBr pellet techniques. 'H and '>C NMR spectra were recorded on a Bruker spectrometers at
400 and 100 MHz, respectively. Chemical shifts were reported in ppm relative to TMS for 'H and
C NMR spectra. CDCl; or DMSO-d6 was used as the NMR solvent. Mass spectra were recorded
with Bruker Dalton Esquire 3000 plus LC-MS apparatus. Elemental analysis were carried out on a
Perkin-Elmer 240B instrument. HRFABMS spectra were recorded on a FTMS apparatus. Silica
gel (300-400 mesh) was used for flash column chromatography, eluting (unless otherwise stated)
with an ethyl acetate/petroleum ether (PE) (60-90 °C) mixture.

Materials

Commercially available starting materials and solvents were used as supplied, without further
purification.

2. General Procedure and Characterization Data of the Products 3a-w, 4, 6b and 8a-c

2.1. More Details for the Model Reaction Optimization

Table S1. Optimization of Reaction Conditions”

&
—
@U N @ oxidant T
H N/ 24 h N
la 2a Boc 34
TEMPO (Boc),O additive Temp. Isolated
Entry ] ) ] o Solvent ) b
(equiv) (equiv) (equiv) O yield (%)
1 0.3 2 benzoic acid (0.3) r.t. - 12
2 0.3 2 t-BuOK (0.3) r.t. - trace
3 0.3 2 0 r.t. - 35
4 0 2 0 r.t. - trace
5 0.3 2 0 0 - 36
6 0.3 2 0 10 - 45
7 0.3 2 0 35 - 23
8 0.3 2 0 45 - trace
9 0.2 2 0 10 - 20
10 0.5 2 0 10 - 53
11 0.6 2 0 10 - 62
12 0.7 2 0 10 - 80
13 0.8 2 0 10 - 78
14 0.7 1 0 10 - 36
15 0.7 1.5 0 10 - 70
16 0.7 2.5 0 10 - 79
17 0.7 2 0 10 benzene trace
18 0.7 2 0 10 toluene trace
19 0.7 2 0 10 DCM trace
20 0.7 2 0 10 THF trace




& Reaction conditions: indole (0.5 mmol), pyridine (0.8 mmol). b Isolated yield.
2.2 General Procedure for the Indolation of Pyridines.

7
TEMPO (0.7 equiv) ~

= Boc),O (2 equiv) = 2
R | |+E\_R2( OO ol ]
N = i X
N N
1 2

10 °C, air atmosphere N

To a solution of indole (0.5 mmol) and TEMPO (0.35 mmol ) in pyridine (0.8 mmol) was added
(Boc),0 (1.0 mmol) under air atmosphere and the mixture was stirred at 10 °C for 24-48 h. The
reaction mixture was concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel (eluent: EtOAc/PE = 1:4) to yield the corresponding product 3.

2.3 General Procedure for the Synthesis of 4.

7N 7 N
— ) 1) MeOH, dry HCI -
Br . Br
T rt, air atmosphere | |
N 2) NaHCO4 N
I H
Boc 3c 4

To a solution of 3¢ (75 mg, 0.2 mmol) in THF (1 mL) was added a methanolic solution of

hydrochloric acid (0.2 mL) at 0 °C under air atmosphere. It was stirred for 2 h at room temperature
and quenched with saturated aq. NaHCO; (1 mL) and water (5 mL). It was extracted with ethyl
acetate (8 mL X 3). Combined organic layer was washed with brine and dried over Na,SO,.
Concentration of organic layer in vacuo. The residue was purified by flash chromatography on
silica gel (eluent: EtOAc/PE = 1:2) to give the corresponding product 4 (49 mg, 90%).

2.4 General Procedure for the Synthesis of 6b.

Ph
7\

TEMPO

_(0.7 equiv) N

* || Boc
N (Boc),0 N
2.0 equiv
( 1 f,‘c ) H 6b 86%

To a solution of indole (85 mg, 0.5 mmol) and TEMPO (55 mg, 0.35 mmol ) in 4-phenylpyridine
(124 mg, 0.8 mmol) was added (Boc),0 (202 mg, 1.0 mmol) under air atmosphere and the mixture
was stirred at 10 °C for 24 h. The reaction mixture was concentrated under reduced pressure. The
residue was purified by flash chromatography on silica gel (eluent: EtOAc/PE = 1:4) to yield the
corresponding product 6b (159 mg, 86%).

2.5 General Procedure for the Indolation of Isoquinoline.

R 1. 2 _TEMPO (0.7 equiv)
X H XN (Boc),0 (1.2 equiv), rt

1 7 8aR=5H, 9% R
8b R = 2-CHa, 93%
8c R = 7-Cl, 65%




To a solution of indole (0.5 mmol), TEMPO (0.35 mmol ) and isoquinoline (0.55 mmol) in THF (1
mL) was added (Boc),0 (0.6 mmol) under air atmosphere and the mixture was stirred at room
temperature for 3 h. The reaction mitxure was concentrated under reduced pressure. The residue
was purified by flash chromatography on silica gel (eluent: EtOAc/PE = 1:8) to yield the
corresponding product 8.

2.6 Control Experiments

. 7 N
TEMPO (0.7 equiv), \
N (Boc),0 (2 equiv), =
| | + | H,0 (2 equiv) | |
N % .
H N™ 10 °C, air atmosphere N
la 2a 46% Boc 3a

To a solution of indole (85 mg, 0.5 mmol), TEMPO (55 mg, 0.35 mmol ) and H,O (18 mg, 1
mmol) in pyridine (63 mg, 0.8 mmol) was added (Boc),O (202 mg, 1 mmol) under air atmosphere
and the mixture was stirred at 10 °C for 24 h. The reaction mixture was concentrated under
reduced pressure. The residue was purified by flash chromatography on silica gel (eluent:
EtOAC/PE = 1:4) to yield the corresponding product 3a (67 mg, 46%).

2.7 Spectroscopic Data of the Products 3a-w, 4, 6b and 8a-c.

tert-Butyl 3-(pyridin-4-yl)-1H-indole-1-carboxylate (3a)

7N

|\

N

Boc
Rf0.25 (EtOAC/PE = 1/4). White solid, m.p. 90.3-91.8 °C. IR (KBr) vmax: 1727, 1378, 1243, 1160,
756 cm™. "H NMR (400 MHz, CDCls): 6 8.70 (d, J = 5.8 Hz, 2H, Ar-H), 8.26 (d, J= 8.0 Hz, 1H,
Ar-H), 7.89 (s, 1H, Ar-H), 7.87 (d, J = 8.0 Hz, 1H, Ar-H), 7.59 (d, J= 5.8 Hz, 2H, Ar-H), 7.43 (t,J
= 7.5 Hz, 1H, Ar-H), 7.35 (t, J = 7.5 Hz, 1H, Ar-H), 1.73 (s, 9H, 3XCH;). >°C NMR (100 MHz,
CDCls): § 150.3, 149.4, 141.8, 136.0, 127.9, 125.1, 124.4, 123.4, 122.2, 119.6, 119.4, 115.7, 84.5,
28.2. HRESIMS calcd for [C1sH sN>O, + H]'" 295.14465 (100%), found 295.14389 (100%).
tert-Butyl 5-fluoro-3-(pyridin-4-yl)-1H-indole-1-carboxylate (3b)

N

/ A\

| AN
N

Boc
Rf'0.20 (EtOAC/PE = 1/4). White solid, m.p. 139-140 °C. IR (KBr) vy 1737, 1598, 1464, 1377,
1258, 1152, 1098, 1051, 804 cm™. "H NMR (400 MHz, CDCls): d 8.71 (s, 2H, Ar-H), 8.22-8.17
(m, 1H, Ar-H), 7.90 (s, 1H, Ar-H), 7.54 (d, J = 5.6 Hz, 2H, Ar-H), 7.50 (dd, J= 9.1, 2.6 Hz, 1H,
Ar-H), 7.14 (dt, J= 2.6, 9.1 Hz, 1H, Ar-H), 1.72 (s, 9H, 3XCHj3). *C NMR (100 MHz, CDCl;): &
159.7 (d, J=240.2 Hz), 150.4, 149.1, 141.3, 132.4, 128.8 (d, /= 9.6 Hz), 125.7, 122.0, 119.1 (d, J
= 4.2 Hz), 116.7 (d, J = 9.1 Hz), 112.9 (d, J = 25.0 Hz), 105.3 (d, J = 24.7 Hz), 84.8, 28.1.



HRESIMS calcd for [CigH;7FN,0, + H]" 313.13523 (100%), found 313.13361 (100%).
tert-Butyl 5-bromo-3-(pyridin-4-yl)-1H-indole-1-carboxylate (3c)
N

/ A\

—

Br
| N\
N
\BOC
Rf 0.20 (EtOAC/PE = 1:4). Pale yellow, m.p. 130.7-132.6 °C. IR (KBr) Vi 1744, 1379, 1245,
1160, 756 cm™. "H NMR (400 MHz, CDCl;): 6 8.70 (d, J = 6.0 Hz, 2H, Ar-H), 8.13 (d, J = 8.8 Hz,
1H, Ar-H), 7.96 (d, J= 1.8 Hz, 1H, Ar-H), 7.86 (s, 1H, Ar-H), 7.54 (d, J= 6.0 Hz, 1H, Ar-H), 7.52
(d, J = 6.0 Hz, 1H, Ar-H), 7.50 (dd, J = 8.8, 1.8 Hz, 1H, Ar-H), 1.72 (s, 9H, 3XCH3). *C NMR
(100 MHz, CDCls): 6 150.4, 149.0, 141.1, 134.7, 129.6, 128.0, 125.3, 122.3, 122.2, 118.7, 117.1,
116.9, 85.0, 28.2. HRESIMS caled for [CsH;;BrN,O, + H]" 373.05517 (100%), 375.05312
(100%), found 373.05420 (100%), 375.05197 (100%).
tert-Butyl 5-methyl-3-(pyridin-4-yl)-1H-indole-1-carboxylate (3d)
N
HsC ~
N
\BOC
Rf0.20 (EtOAC/PE = 1/4). White solid, m.p. 124-125 °C. IR (KBr) vy 1725, 1601, 1371, 1243,
1150 cm™. "H NMR (400 MHz, CDCLy): 6 8.70 (d, J = 5.7 Hz, 2H, Ar-H), 8.12 (d, J= 8.3 Hz, 1H,
Ar-H), 7.84 (s, 1H, Ar-H), 7.65 (s, 1H, Ar-H), 7.59 (d, J = 5.7 Hz, 2H, Ar-H), 7.24 (d, J = 8.3 Hz,
1H, Ar-H), 2.51 (s, 3H, CH3), 1.72 (s, 9H, 3XCHj3). *C NMR (100 MHz, CDCl3): 6 150.2, 149.5,
141.9, 134.2, 133.0, 128.1, 126.4, 124.4, 122.3, 119.5, 119.1, 115.3, 84.3, 28.2, 21.5. HRESIMS
caled for [C1oH20N,0, + H]™ 309.16030 (100%), found 309.15875 (100%).
tert-Butyl 5-methoxy-3-(pyridin-4-yl)-1H-indole-1-carboxylate (3e)
N

/ A\

H3;CO | N

N

Boc
Rf0.40 (EtOAC/PE = 1/2). White solid, m.p. 106-107 °C. IR (KBr) vinux: 1723, 1608, 1385, 1249,
1164, 1115 cm™. "H NMR (400 MHz, CDCl;): J 8.85-8.60 (br s, 2H, Ar-H), 8.14 (d, J = 9.0 Hz,
1H, Ar-H), 7.85 (s, 1H, Ar-H), 7.63-7.54 (br s, 2H, Ar-H), 7.30 (d, J = 2.5 Hz, 1H, Ar-H), 7.04 (dd,
J =9.0, 2.5 Hz, 1H, Ar-H), 3.90 (s, 3H, OCH3), 1.72 (s, 9H, 3XCH;). *C NMR (100 MHz,
CDCl): 0 156.5, 150.3, 149.4, 141.9, 130.7, 128.8, 125.0, 122.3, 119.2, 116.4, 113.6, 102.5, 84.3,
55.8,28.2. HRESIMS calcd for [C9H2N,03 + H]" 325.15522 (100%), found 325.15341 (100%).
tert-Butyl 5-(benzyloxy)-3-(pyridin-4-yl)-1H-indole-1-carboxylate (3f)



BnO
| N
N

\

Boc

Rf0.40 (EtOAC/PE = 1/2). White solid, m.p. 136-137 °C. IR (KBr) viax: 1730, 1605, 1371, 1225,
1156, 816 cm™. "H NMR (400 MHz, CDCls): 6 8.73 (s, 2H, Ar-H), 8.14 (d, J = 8.7 Hz, 1H, Ar-H),
7.85 (s, 1H, Ar-H), 7.56-7.48 (m, 4H, Ar-H), 7.43 (dt, J = 6.1, 1.6 Hz, 2H, Ar-H), 7.39-7.35 (m,
2H, Ar-H), 7.12 (dd, J = 9.1, 2.4 Hz, 1H, Ar-H), 5.16 (s, 2H, OCH,), 1.72 (s, 9H, 3XCHj3). *C
NMR (100 MHz, CDCls): ¢ 155.5, 150.2, 149.4, 141.9, 137.1, 130.9, 128.7, 128.6, 128.0, 127.5,
125.0, 122.1, 119.2, 116.4, 114.3, 104.2, 84.4, 70.8, 28.2. HRESIMS calcd for [C,5sH,4N,03+ H]"
401.18652 (100%), found 401.18503 (100%).

tert-Butyl 5-cyano-3-(pyridin-4-yl)-1H-indole-1-carboxylate (3g)

NC
A\
N
Boc

Rf0.20 (EtOAC/PE = 1/4). Pale yellow solid, m.p. 144-145 °C. IR (KBr) v, 2225, 1743, 1603,
1465, 1372, 1289, 1254, 1157, 815 cm™. "H NMR (400 MHz, CDCl;): 6 8.77 (s, 2H, Ar-H), 8.38
(d, J=8.7 Hz, 1H, Ar-H), 8.18 (d, J= 1.3 Hz, 1H, Ar-H), 7.97 (s, IH, Ar-H), 7.68 (dd, J=8.7, 1.3
Hz, 1H, Ar-H), 7.56 (s, 1H, Ar-H), 7.55 (s, 1H, Ar-H), 1.74 (s, 9H, 3XCH3). *C NMR (100 MHz,
CDCls): 6 150.6, 148.7, 140.4, 137.8, 128.1, 128.0, 126.2, 124.6, 122.3, 119.4, 119.3, 116.6, 107.0,
85.8, 28.1. MS (ESI): 320 (M+H", 100). Anal calcd for C;oH;N30,: C, 71.46; H, 5.37; N, 13.16.
Found C, 71.27; H, 5.63; N, 12.85.

tert-Butyl 6-fluoro-3-(pyridin-4-yl)-1H-indole-1-carboxylate (3h)

Rf0.20 (EtOAC/PE = 1/4). White solid, m.p. 113-114 °C. IR (KBr) vin.x: 1731, 1601, 1483, 1444,
1388, 1252, 1167, 807 cm™ . '"H NMR (400 MHz, CDCly): 6 8.71 (d, J = 4.8 Hz, 2H, Ar-H), 7.98
(dd, J=28.8, 1.4 Hz, 1H, Ar-H), 7.85 (s, 1H, Ar-H), 7.76 (dd, J = 8.8, 5.3 Hz, 1H, Ar-H), 7.56 (dd,
J =48, 1.4 Hz, 2H, Ar-H), 7.10 (dt, J = 2.4, 8.8 Hz, 1H, Ar-H), 1.72 (s, 9H, 3XCH3). °*C NMR
(100 MHz, CDCl3): ¢ 161.2 (d, J = 240.7 Hz), 150.4, 149.1, 141.4, 136.3 (d, /= 12.8 Hz), 124.4
(d, J=3.6 Hz), 124.3, 122.1, 120.4 (d, /= 10.0 Hz), 119.3, 117.0 (d, J = 24.3 Hz), 103.0 (d, J =
28.6 Hz), 84.9, 28.1. HRESIMS calcd for [CsH;7FN,O, + H]™ 313.13523 (100%), found
313.13358 (100%).

tert-Butyl 6-chloro-3-(pyridin-4-yl)-1H-indole-1-carboxylate (3i)



N

| A\

Cl N
Boc

Rf0.30 (EtOAC/PE = 1/4). White solid, m.p. 164-165 °C. IR (KBr) vy 1729, 1600, 1463, 1437,
1382, 1252, 1171, 805 cm’™". "H NMR (400 MHz, CDCl;): 6 8.70 (d, J = 5.9 Hz, 2H, Ar-H), 8.30 (s,
1H, Ar-H), 7.85 (s, 1H, Ar-H), 7.76 (d, J = 8.5 Hz, 1H, Ar-H), 7.55 (d, J= 5.9 Hz, 2H, Ar-H), 7.32
(dd, J = 8.5, 1.9 Hz, 1H, Ar-H), 1.73 (s, 9H, 3XCH3). *C NMR (100 MHz, CDCly): § 150.4,
149.0, 141.2, 136.4, 131.1, 126.4, 124.7, 124.0, 122.2, 120.4, 119.3, 116.0, 85.1, 28.1. HRESIMS
caled for [CigH7CIN,O,+ H]™ 329.10568 (100%), 331.10273 (33%), found 329.10403 (100%),
331.10080 (33%).
tert-Butyl 6-(benzyloxy)-3-(pyridin-4-yl)-1H-indole-1-carboxylate (3j)

A\

BnO N
Boc

Rf0.38 (EtOAC/PE = 1/2). White solid, m.p. 135-136 °C. IR (KBr) vy 1733, 1601, 1374, 1227,
1152, 815 cm™. "H NMR (400 MHz, CDCls): 6 8.68 (s, 2H, Ar-H), 7.94 (s, 1H, Ar-H), 7.78 (s, 1H,
Ar-H), 7.74 (d, J = 8.7 Hz, 1H, Ar-H), 7.58 (d, J = 4.3 Hz, 2H, Ar-H), 7.51 (dd, J = 8.4, 1.3 Hz,
2H, Ar-H), 7.44 (dt, J = 1.3, 8.4 Hz, 2H, Ar-H), 7.37 (dt, J = 2.4, 8.4 Hz, 1H, Ar-H), 7.07 (dd, J =
8.7, 2.4 Hz, 1H, Ar-H), 5.19 (s, 1H, OCH,), 1.71 (s, 9H, 3XCHj3). *C NMR (100 MHz, CDCls): 6
157.4, 150.2, 149.5, 141.9, 137.1, 136.9, 128.6, 128.0, 127.6, 123.1, 122.2, 121.9, 120.2, 119.4,
113.4, 100.9, 84.3, 70.5, 28.2. HRESIMS calcd for [CasH4N,0;+ H]™ 401.18652 (100%), found
401.18460 (100%).
1-tert-Butyl 6-methyl 3-(pyridin-4-yl)-1H-indole-1,6-dicarboxylate (3k)

H3CO,C N

Rf0.30 (EtOAC/PE = 1/2). Pale yellow solid, m.p. 135-137 °C. IR (KBr) vy, 1740, 1717, 1604,
1438, 1377, 1298, 1241, 1189, 1155, 1100 cm™. "H NMR (400 MHz, CDCls): 6 8.97 (s, 1H, Ar-H),
8.73 (dd, J=5.9, 1.4 Hz, 2H, Ar-H), 8.05 (dd, J = 8.4, 1.4 Hz, 1H, Ar-H), 8.02 (s, 1H, Ar-H), 7.89
(d, J = 8.4 Hz, 1H, Ar-H), 7.58 (d, J = 5.9 Hz, 2H, Ar-H), 3.99 (s, 3H, OCHj), 1.75 (s, 9H,
3XCH3). *C NMR (100 MHz, CDCls): 6 167.3, 150.4, 149.0, 141.1, 135.5, 131.5, 127.0, 126.8,
124.5, 112.2, 119.4, 119.3, 117.6, 85.2, 52.2, 28.1. MS (ESI): 353 (M+H", 100). Anal calcd for
CooH20N,04: C, 68.17; H, 5.72; N, 7.95. Found C, 67.83; H, 6.01; N, 7.72.

tert-Butyl 7-chloro-3-(pyridin-4-yl)-1H-indole-1-carboxylate (3I)



Rf 0.30 (EtOACc/PE = 1/2). Amorphous solid. IR (KBr) vy, 1753, 1605, 1353, 1266, 1152 cm’.
'H NMR (400 MHz, CDCl;): 6 8.71 (s, 2H, Ar-H), 7.80 (s, 1H, Ar-H), 7.75 (dd, J = 7.9, 0.9 Hz,
1H, Ar-H), 7.54 (d, J=7.9 Hz, 2H, Ar-H), 7.43 (dd, /= 7.9, 0.9 Hz, 1H, Ar-H), 7.27 (t, J= 7.9 Hz,
1H, Ar-H), 1.70 (s, 9H, 3XCH3). *C NMR (100 MHz, CDCl;): 6 150.3, 148.5, 141.2, 132.9,
131.4, 127.8, 127.2, 124.3, 122.4, 121.0, 119.2, 118.2, 85.2, 27.9. MS (ESI): 329 (M+H", 100),
331 (M+H+, 30). Anal calcd for C1gH7CIN,O,: C, 65.75; H, 5.21; N, 8.52. Found C, 65.61; H,
5.36; N, 8.20.

tert-Butyl 7-methyl-3-(pyridin-4-yl)-1H-indole-1-carboxylate (3m)

Rf0.35 (EtOAC/PE = 1/2). Amorphous solid. IR (KBr) v 1750, 1604, 1355, 1260, 1225, 1152
cm”. '"H NMR (400 MHz, CDCls): 6 8.70 (s, 2H, Ar-H), 7.77 (s, 1H, Ar-H), 7.68 (d, J = 7.5 Hz,
1H, Ar-H), 7.57 (d, J = 5.6 Hz, 2H, Ar-H), 7.27 (t, J = 7.5 Hz, 1H, Ar-H), 7.22 (d, J= 5.6 Hz, 1H,
Ar-H), 2.68 (s, 3H, CHs), 1.69 (s, 9H, 3XCH3). >C NMR (100 MHz, CDCls): 6 150.2, 149.2,
141.9, 135.6, 129.3, 128.4, 126.6, 126.0, 123.8, 122.5, 119.5, 117.1, 84.1, 28.0, 22.1. MS (ESI):
309 (M+H+, 100). Anal calcd for C19H;gN,O;: C, 74.00; H, 6.54; N, 9.08. Found C, 73.63; H, 6.91;
N, 8.71.

tert-Butyl 7-(benzyloxy)-3-(pyridin-4-yl)-1H-indole-1-carboxylate (3n)

OBnN \BOC

Rf0.38 (EtOAC/PE = 1/2). White solid, m.p. 112-113 °C. IR (KBr) vmax: 1744, 1604, 1366, 1239,
1152, 1047 cm™. "H NMR (400 MHz, CDCls): 6 8.68 (s, 2H, Ar-H), 7.77 (s, 1H, Ar-H), 7.58 (d, J
=7.1 Hz, 2H, Ar-H), 7.56 (d, J = 8.5 Hz, 2H, Ar-H), 7.48 (dd, J= 7.1, 1.0 Hz, 1H, Ar-H), 7.40 (dt,
J=1.0, 8.5 Hz, 2H, Ar-H), 7.36 (dt, J = 1.0, 7.1 Hz, 1H, Ar-H), 7.28 (t, J = 8.0 Hz, 1H, Ar-H),
6.99 (d, J = 8.0 Hz, 1H, Ar-H), 5.27 (s, 2H, OCH,), 1.58 (s, 9H, 3XCH3). *C NMR (100 MHz,
CDCls): 6 150.2, 148.9, 147.9, 141.9, 137.0, 130.9, 128.4, 127.8, 127.5, 127.0, 125.9, 124.5, 122.3,
119.1, 112.5, 109.0, 84.1, 71.1, 27.8. MS (ESI): 401 (M+H", 100). Anal calcd for C,sH,sN,O5: C,



74.98; H, 6.04; N, 7.00. Found C, 74.67; H, 6.32; N, 6.86.
tert-Butyl 7-nitro-3-(pyridin-4-yl)-1H-indole-1-carboxylate (30)

Rf0.20 (EtOAC/PE = 1/2). Yellow solid, m.p. 116-118 °C. IR (KBr) vina: 1745, 1606, 1531, 1371,
1259, 1149, 818 cm™'. "H NMR (400 MHz, CDCls): 6 8.75 (s, 2H, Ar-H), 8.08 (dd, J = 8.0, 0.8 Hz,
1H, Ar-H), 7.91 (s, 1H, Ar-H), 7.88 (dd, J= 8.0, 0.8 Hz, 1H, Ar-H), 7.56 (d, J= 8.0 Hz, 2H, Ar-H),
7.45 (t, J= 8.0 Hz, 1H, Ar-H), 1.65 (s, 9H, 3XCHj3). *C NMR (100 MHz, CDCls): 6 150.5, 148.3,
140.5, 139.5, 131.6, 127.8, 126.2, 124.6, 123.1, 122.5, 120.9, 119.5, 86.8, 27.9. MS (ESI): 340
(M+H", 100), 362 (M+Na', 15). Anal calcd for C;sH,7N30,4: C, 63.71; H, 5.05; N, 12.38. Found C,
63.98; H, 4.89; N, 12.02.

tert-Butyl 2-methyl-3-(pyridin-4-yl)-1H-indole-1-carboxylate (3p)

N

/ A\

—

|\ CHz
N

\

Boc
Rf 0.20 (EtOAc/PE = 1/6). Pale yellow solid, m.p. 80-81 °C. IR (KBr) vpa: 1736, 1603, 1358,
1319, 1152, 1119, 834 cm™. "H NMR (400 MHz, CDCl;): 6 8.73 (s, 2H, Ar-H), 8.19 (d, J = 8.4 Hz,
1H, Ar-H), 7.49 (d,J=7.6 Hz, 1H, Ar-H), 7.40 (d, J= 7.6 Hz, 2H, Ar-H), 7.33 (dt, /= 1.0, 7.6 Hz,
1H, Ar-H), 7.25 (dt, J = 8.4, 1.0 Hz, 1H, Ar-H), 2.65 (s, 3H, CH;), 1.74 (s, 9H, 3XCH3). *C NMR
(100 MHz, CDCl5): 6§ 150.5, 150.0, 142.4, 135.8, 134.8, 128.3, 125.0, 124.1, 123.1, 118.5, 118.2,
115.6, 84.3, 28.3, 14.8. MS (ESI): 309 (M+H", 100). Anal caled for CsHyN>O5: C, 74.00; H, 6.54;
N, 9.08. Found C, 73.88; H, 6.73; N, 8.89.
tert-Butyl 2-phenyl-3-(pyridin-4-yl)-1H-indole-1-carboxylate (3q)

N

/ A\

| H—ph
N

Boc

Rf0.31 (EtOAC/PE = 1/4). Pale yellow solid, m.p. 136-138 °C. IR (KBr) vy 1727, 1604, 1357,
1321, 1154 cm™. "H NMR (400 MHz, CDCl;): d 8.52 (d, J = 3.4 Hz, 2H, Ar-H), 8.35 (d, J = 8.4
Hz, 1H, Ar-H), 7.63 (d, J = 7.8 Hz, 1H, Ar-H), 7.44 (dt, J= 1.2, 7.3 Hz, 1H, Ar-H), 7.39-7.31 (m,
4H, Ar-H), 7.30-7.26 (m, 2H, Ar-H), 7.15 (d, J = 5.9 Hz, 2H, Ar-H) ), 1.28 (s, 9H, 3XCHj3). "*C
NMR (100 MHz, CDCl;): 6 149.9, 149.6, 142.0, 136.9, 136.6, 133.2, 130.2, 130.1, 128.1, 128.0,
125.1, 124.8, 124.7, 123.4, 119.0, 115.5, 83.8, 27.5. MS (ESI): 371 (M+H", 100). Anal calcd for
CH»nN,0,: C, 77.81; H, 5.99; N, 7.56. Found C, 77.65; H, 6.18; N, 7.39.



tert-Butyl 3-(3-cyanopyridin-4-yl)-1H-indole-1-carboxylate (3r)

B

CN
| A\

N

Boc
Rf0.33 (EtOAC/PE = 1/4). Pale yellow solid, m.p. 116-118 °C. IR (KBr) vmax: 2231, 1725, 1608,
1374, 1259, 1160, 1094, 1055, 798 cm™'. "H NMR (400 MHz, CDCl;): 6 9.15 (s, 2H, Ar-H), 8.30
(d, J=8.3 Hz, 1H, Ar-H), 8.22 (s, 1H, Ar-H), 7.95-7.80 (br s, 1H, Ar-H), 7.72 (d, J= 7.9 Hz, 1H,
Ar-H), 7.47 (dt, J = 0.9, 8.3 Hz, 1H, Ar-H), 7.38 (dt, /= 0.9, 7.9 Hz, 1H, Ar-H), 1.73 (s, 9H,
3XCH3). *C NMR (100 MHz, CDCls): 6 153.9, 152.0, 149.0, 145.1, 135.7, 127.4, 126.9, 125.6,
123.7, 119.2, 116.9, 115.9, 115.4, 85.1, 28.1. MS (ESI): 320 (M+H", 100). Anal calcd for
Ci9H17N30,: C, 71.46; H, 5.37; N, 13.16. Found C, 71.20; H, 5.61; N, 12.83.
tert-Butyl 3-(2-(4-chlorobenzyl)pyridin-4-yl)-5-fluoro-1H-indole-1-carboxylate (3s)

Rf0.25 (EtOAC/PE = 1/6). Pale yellow solid, m.p. 131-133 °C. IR (KBr) v 1725, 1609, 1374,
1260, 1161, 798 cm™. "H NMR (400 MHz, CDCls): J 8.64 (d, J= 5.2 Hz, 1H, Ar-H), 8.18 (dd, J =
8.5,4.1 Hz, 1H, Ar-H), 7.86 (s, 1H, Ar-H), 7.41 (dd, J = 8.9, 2.4 Hz, 1H, Ar-H), 7.38 (dd, J=4.1,
1.6 Hz, 1H, Ar-H), 7.35 (s, 1H, Ar-H), 7.31 (d, J = 8.5 Hz, 1H, Ar-H), 7.30 (s, 1H, Ar-H),
7.29-7.26 (m, 2H, Ar-H), 7.13 (dd, J = 8.9, 2.4 Hz, 1H, Ar-H), 4.21 (s, 2H, CH,), 1.71 (s, 9H,
3XCHj3). *C NMR (100 MHz, CDCls): 6 161.1, 159.6 (d, J = 240.1 Hz), 150.1, 149.3 (d, J = 30.5
Hz), 142.0, 137.9, 136.7, 132.4, 130.4, 128.8, 128.7, 125.7, 121.4, 119.9, 119.2 (d, J = 4.1 Hz),
116.7 (d, J = 9.2 Hz), 112.9 (d, J = 25.0 Hz), 105.3 (d, J = 24.7 Hz), 84.8, 44.0, 28.1. MS (ESI):
437 (M+H", 100), 439 (M+H", 30). Anal calcd for CosHy,CIFN,O,: C, 68.73; H, 5.08; N, 6.41.
Found C, 68.39; H, 5.37; N, 6.14.

tert-Butyl 3-(3-benzylpyridin-4-yl)-5-methyl-1H-indole-1-carboxylate (3t)

/ N\ Bn
HsC | N

N

\BOC
Rf 0.19 (EtOAc/PE = 1/8). Amorphous solid. IR (KBr) vy 1735, 1372, 1248, 1156 em’. 'H
NMR (400 MHz, CDCls): 6 8.64 (d, /= 5.2 Hz, 1H, Ar-H), 8.09 (d, /= 8.3 Hz, 1H, Ar-H), 7.80 (s,
1H, Ar-H), 7.49 (s, 1H, Ar-H), 7.42 (dd, J= 5.2, 1.6 Hz, 1H, Ar-H), 7.40 (s, 1H, Ar-H), 7.39-7.35
(m, 4H, Ar-H), 7.30-7.26 (m, 1H, Ar-H), 7.23 (dd, J = 8.3, 1.0 Hz, 1H, Ar-H), 4.27 (s, 2H, CH,),
2.48 (s, 3H, CHs), 1.73 (s, 9H, 3XCHj). °C NMR (100 MHz, CDCL): 6 161.6, 149.8, 149.5,
142.4, 139.6, 132.9, 129.2, 128.7, 126.5, 126.3, 124.3, 121.7, 119.9, 119.5, 119.3, 115.2, 84.3,



44,7, 28.2, 21.5. MS (ESI): 399 (M+H+, 100). Anal calcd for CysHyN,O;: C, 78.36; H, 6.58; N,
7.03. Found C, 78.04; H, 6.91; N, 6.70.
tert-Butyl 3-(2-(4-chlorobenzyl)pyridin-4-yl)-5-methyl-1H-indole-1-carboxylate (3u)

Rf 0.32 (EtOACc/PE = 1/6). Amorphous solid. IR (KBr) vy.x: 1736, 1604, 1371, 1248, 1155 cm™.
'H NMR (400 MHz, CDCls): 6 8.63 (d, J = 5.2 Hz, 1H, Ar-H), 8.09 (d, J = 8.4 Hz, 1H, Ar-H),
7.79 (s, 1H, Ar-H), 7.49 (s, 1H, Ar-H), 7.43 (dd, J = 5.2, 1.6 Hz, 1H, Ar-H), 7.37 (s, 1H, Ar-H),
7.31 (t,J= 1.6 Hz, 2H, Ar-H), 7.30 (s, 1H, Ar-H), 7.27 (dd, J= 5.2, 1.2 Hz, 1H, Ar-H), 7.22 (dd, J
= 8.4, 1.2 Hz, 1H, Ar-H), 4.22 (s, 2H, CH,), 2.48 (s, 3H, CH3), 1.72 (s, 9H, 3XCH;). °C NMR
(100 MHz, CDCl;): 6 161.0, 149.9, 149.5, 142.6, 138.0, 132.9, 132.3, 130.5, 130.4, 128.7, 128.2,
126.4,124.3, 121.6, 120.1, 119.4, 119.2, 115.3, 84.3, 44.0, 28.2, 21.4. MS (ESI): 433 (M+H', 100),
435 (M+H+, 30). Anal calcd for Cy¢H,5CIN,O,: C, 72.13; H, 5.82; N, 6.47. Found C, 72.51; H,
5.59; N, 6.13.

tert-Butyl 3-(2-(4-chlorobenzyl)pyridin-4-yl)-6-fluoro-1H-indole-1-carboxylate (3v)

Rf0.29 (EtOAC/PE = 1/6). Pale yellow solid, m.p. 141-143 °C. IR (KBr) vy 1734, 1605, 1484,
1380, 1274, 1155 cm™. "H NMR (400 MHz, CDCl;): 6 8.63 (d, J = 6.1 Hz, 1H, Ar-H), 7.95 (d, J =
8.8 Hz, 1H, Ar-H), 7.81 (s, 1H, Ar-H), 7.66 (dd, J = 8.8, 5.3 Hz, 1H, Ar-H), 7.40 (dd, J= 5.3, 1.6
Hz, 1H, Ar-H), 7.36 (s, 1H, Ar-H), 7.32 (d, J= 6.1 Hz, 1H, Ar-H), 7.30 (t, J = 1.6 Hz, 2H, Ar-H),
7.27 (dd, J= 6.1, 2.3 Hz, 1H, Ar-H), 7.08 (dd, J = 8.8, 2.3 Hz, 1H, Ar-H), 4.21 (s, 2H, CH,), 1.72
(s, 9H, 3XCH;). *C NMR (100 MHz, CDCLy): 6 161.1 (d, J = 241.6 Hz), 161.0, 150.0, 149.1,
142.1,137.9, 132.4, 130.4, 128.9, 128.7, 124.4 (d, J= 3.6 Hz), 124.3, 121.5, 120.3 (d, /= 9.8 Hz),
120.0, 119.3, 111.6 (d, J = 24.2 Hz), 103.1 (d, J = 28.6 Hz), 84.9, 44.0, 28.1. MS (ESI): 437
(M+H", 100), 439 (M+H", 30). Anal calcd for C,sH»,CIFN,O,: C, 68.73; H, 5.08; N, 6.41. Found
C, 68.50; H, 5.47; N, 6.62.

tert-Butyl 3-(3-benzylpyridin-4-yl)-6-fluoro-1H-indole-1-carboxylate (3w)

N
/\Bn

Rf 0.19 (EtOAc/PE = 1/6). Amorphous solid. IR (KBr) vy.x: 1739, 1602, 1374, 1222, 1153 cm’.
'H NMR (400 MHz, CDCl;): 6 8.64 (d, J = 5.1 Hz, 1H, Ar-H), 7.95 (d, J = 9.3 Hz, 1H, Ar-H),

11



7.79 (s, 1H, Ar-H), 7.65 (dd, J = 8.8, 5.3 Hz, 1H, Ar-H), 7.41-7.33 (m, 6H, Ar-H), 7.30-7.23 (m,
1H, Ar-H), 7.07 (dd, J = 8.8, 2.4 Hz, 1H, Ar-H), 4.26 (s, 2H, CH,), 1.73 (s, 9H, 3XCHj3). °*C NMR
(100 MHz, CDCly): 6 161.7, 161.1 (d, J = 241.6 Hz), 149.9, 149.2, 141.9, 139.4, 129.2, 129.1,
128.8, 128.6, 126.5, 124.3 (d, /= 3.9 Hz), 121.6, 120.4 (d, /= 9.8 Hz), 119.9, 119.5, 111.6 (d, J =
24.2 Hz), 103.0 (d, J = 28.6 Hz), 84.9, 44.8, 28.1. MS (ESI): 403 (M+H", 100). Anal calcd for
C,sH3FN,O,: C, 74.61; H, 5.76; N, 6.96. Found C, 74.27; H, 6.13; N, 6.61.
5-Bromo-3-(pyridin-4-yl)-1H-indole (4)
N

/ A\

Br

| A\
M
Rf0.15 (EtOAC/PE = 1:1). Waxy solid. IR (KBr) vimax: 3410, 1685, 1602, 1208, 802 cm™. "H NMR
(400 MHz, DMSO-d6): 6 12.11 (s, 1H, NH), 8.55 (d, /= 6.0 Hz, 2H, Ar-H), 8.12 (d, J= 1.2 Hz,
2H, Ar-H), 7.74 (d, J= 6.0 Hz, 2H, Ar-H), 7.49 (d, /= 8.6 Hz, 1H, Ar-H), 7.32 (dd, J= 8.6, 1.2 Hz,
1H, Ar-H). >C NMR (100 MHz, DMSO-d,):  149.9, 143.5, 136.4, 128.2, 126.8, 125.0, 121.8,
121.0, 114.8, 113.7, 112.8. HRESIMS calcd for [C3HoBrN, + H]™ 273.00274 (100%), 275.00069
(100%), found 273.00177 (100%), 274.99942 (100%).

tert-Butyl 2-(1H-indol-3-yl)-4-phenylpyridine-1(2H)-carboxylate (6b)

Rf0.3 (EtOAC/PE = 1/8). Amorphous solid. IR (KBr) vmay: 1680, 1615, 1371, 1232, 1151 cm™. 'H
NMR (400 MHz, CDCLy): § 8.15 (s, 1H, NH), 8.03 (s, 1H, Ar-H), 7.55-7.45 (m, 2H, Ar-H),
7.43-7.30 (m, 4H, Ar-H), 7.25-7.19 (m, 2H, Ar-H), 8.64 (dt, J = 0.8, 7.9 Hz, 1H, Ar-H), 6.84 (s,
1H), 6.42 (s, 1H), 6.00 (s, 1H), 5.80 (s, 1H), 1.53 (s, 9H, 3XCH3). *C NMR (100 MHz, CDCl;): &
152.3, 139.1, 136.6, 133.1, 128.5, 127.5, 126.4, 125.9, 125.7, 124.5, 122.1, 120.8, 119.8, 117.8,
116.0, 111.1, 105.9, 81.4, 48.3, 28.3. MS (ESI): 373 (M+H", 100). Anal calcd for Co4Hy4,N,0,: C,
77.39; H, 6.49; N, 7.52. Found C, 77.05; H, 6.80; N, 7.31.

tert-Butyl 1-(1H-indol-3-yl)isoquinoline-2(1H)-carboxylate (8a)

e
N\
Boc
o
N

H
Rf0.20 (EtOAc/PE = 1/10). White amorphous solid. IR (KBr) v,,: 1686, 1634, 1362, 1240, 1164,
772 em”. '"H NMR (400 MHz, CDCLy): § 8.00 (s, 2H, Ar-H), 7.32 (d, J = 7.9 Hz, 1H, Ar-H),
7.29-7.24 (br s, 1H, Ar-H), 7.21-7.11 (m, 5H, Ar-H), 6.89 (s, 1H, Ar-H), 6.77 (s, 1H, Ar-H), 6.62
(s, 1H, Ar-H), 6.00 (s, 1H, Ar-H), 1.57 (s, 9H, 3XCH3). °C NMR (100 MHz, CDCl;): J 152.1,



136.3, 132.5, 130.8, 127.5, 126.9, 126.8, 125.7, 125.6, 124.5, 124.4, 122.1, 120.5, 119.8, 117.8,
111.0, 108.6, 81.5, 50.8, 28.3. MS (ESI): 347 (M+H", 100). Anal calcd for C»,H»,N,0,: C, 76.28;
H, 6.40; N, 8.09. Found C, 75.91; H, 6.73; N, 7.86.

tert-Butyl 1-(2-methyl-1H-indol-3-yl)isoquinoline-2(1H)-carboxylate (8b)

N

N

Rf0.23 (EtOACc/PE = 1/8). White amorphous solid. IR (KBr) v 1682, 1635, 1456, 1341, 1290,
1236, 1164, 769 cm™. "H NMR (400 MHz, CDCls): § 7.87 (s, 1H, Ar-H), 7.68 (d, J= 6.8 Hz, 1H,
Ar-H), 7.22 (d, J = 8.0 Hz, 1H, Ar-H), 7.14-7.04 (m, 4H, Ar-H), 7.02 (dd, J = 8.0, 1.7 Hz, 2H,
Ar-H), 7.00 (d, J = 6.8 Hz, 1H, Ar-H), 6.75 (s, 1H, Ar-H), 5.98 (d, J = 8.0 Hz, 1H, Ar-H), 2.58 (s,
3H, CHs), 1.43 (s, 9H, 3XCH;). *C NMR (100 MHz, CDCl3): 6 152.4, 135.1, 132.9, 131.8, 129.9,
127.1, 127.0, 126.8, 126.7, 126.5, 124.4, 120.9, 120.2, 119.6, 119.4, 116.7, 110.0, 106.4, 81.3,
51.7, 28.3, 12.6. MS (ESI): 361 (M+H", 100). Anal caled for Co3H,sN>O,: C, 76.64; H, 6.71; N,
7.77. Found C, 76.93; H, 6.57; N, 7.61.

tert-Butyl 1-(7-chloro-1H-indol-3-yl)isoquinoline-2(1H)-carboxylate (8c)

Cl

Rf0.22 (EtOAC/PE = 1/16). White amorphous solid. IR (KBr) vmax: 1694, 1634, 1446, 1342, 1241,
1122, 771 em™. "H NMR (400 MHz, CDCl3): d 8.21 (s, 1H, Ar-H), 7.85 (s, 1H, Ar-H), 7.32-7.12
(m, 5H, Ar-H), 7.06 (d, J= 7.9 Hz, 1H, Ar-H), 6.86 (s, 1H, Ar-H), 6.76 (s, 1H, Ar-H), 6.70 (s, 1H,
Ar-H), 5.99 (s, 1H, Ar-H), 1.54 (s, 9H, 3XCH3). *C NMR (100 MHz, CDCL): 6 152.1, 133.5,
132.1, 130.8, 127.7, 127.0, 126.9, 126.8, 125.5, 125.0, 124.6, 121.4, 120.6, 119.2, 118.9, 116.5,
108.5, 81.6, 50.7, 28.3. MS (ESI): 381 (M+H', 100), 383 (M+H", 30). Anal calcd for
C»,H,CIN,O,: C, 69.38; H, 5.56; N, 7.36. Found C, 69.25; H, 5.87; N, 7.13.
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Compound 3e
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Compound 3h
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4. X-ray Data of Compound 4.

Figure 1. ORTEP representation of the molecular structure of 4 with H atoms omitted for clarity.

4



