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1.General Information

All reagents and solvents were used as supplied without further purification. '"H NMR and '3C
NMR were determined in CDClz or DMSO-ds on a Brucker spectrometer at room temperature,
and tetramethylsilane (TMS) served as an internal standard. The chemical shifts are reported in
parts per million (ppm), the coupling constants (J) are expressed in hertz (HZ). All the reactions
were monitored by thin-layer chromatography (TLC). TLC was performed on pre-coated silica gel
plates (Qingdao Haiyang Chemical Co., Ltd, China).

2. General Procedure for Synthesis of Substrates and products

2.1 General Procedure for Synthesis of N-protected indoles (1a,1b,1d,1f,1h-t) from
substituted indoles with alkyl bromides (5.0 mmol scale). A 50ml flask equipped with a
stir-bar was charged with substituted indole (5.0mmol,1.0equiv.) and KOH(10mmol,2.0equiv.).
20ml of DMSO was added to the flask and the solution was stirred under room temperature, then
alkyl bromides (10mmol,2.0equiv.) was added. The reaction mixture was stirred at room
temperature and monitored by TLC. Upon finished the reaction mixture was quenched by water
(30ml)and extracted by ethyl acetate(3>30ml). The combined organic layer was dried over
Na,SOq, filtered and concentrated in vacuo.Purification by silica-gel chromatography with a
mixture eluent of petroleumether, ethyl acetate. Products were characterized by 'H- and '*C-NMR.
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2.2 General Procedure for Synthesis of N-Phenyl-1H- indoles (1e) from unsubstituted
indoles with iodobenzene (5.0 mmol scale). A 50ml flask equipped with a stir-bar was charged
with unsubstituted indole (7.0mmol, 1.4equiv.), iodobenzene (Smmol, 1.0equiv),cooper(l) iodide
(1mmol,20mol%) and cesium carbonate (10mmol,2.0equiv) were stirred for 16 h at 120°C in
DMF (10ml). The reaction mixture was monitored by TLC. After cooling down to room
temperature, the reaction mixture was quenched by water (30ml) and extracted by ethyl
acetate(3x30ml). The combined organic layer was dried over Na,SOg, filtered and concentrated in
vacuo. Purification by silica-gel chromatography with a mixture eluent of petroleumether, ethyl
acetate. Products were characterized by 'H- and '*C-NMR.
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2.3 General Procedure for Synthesis of 1-Tosylindole (1) from indole with
4-methylbenzene-1-sulfonyl chloride (5 mmol scale) .A 50ml flask equipped with a stir-bar was
charged with unsubstituted indole (5.0mmol, 1.0equiv.), 4-methylbenzene-1-sulfonyl chloride
(6mmol, 1.2equiv) and KOH(10mmol,2.0equiv) .20ml of THF was added to the flask and the
solution was stirred under room temperature. The reaction mixture was monitored by TLC. Upon
finished the reaction mixture was quenched by water (30ml) and extracted by ethyl
acetate(3x30ml). The combined organic layer was dried over Na;SO,, filtered and concentrated in
2



vacuo. Purification by silica-gel chromatography with a mixture eluent of petroleumether, ethyl
acetate. Products were characterized by H- and 3*C-NMR.
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2.4 General procedure for the synthesis of 3,3’-biindoles (3) and 3-formylindoles (4) with
N,N-dimethylethanolamine (DMEA). A 25ml flask equipped with a stir-bar was charged with
CuCl; (1.0mmol, 0.5equiv.) or CoCl; (1.0mmol, 0.5equiv.), substituted indole (2.0mmol, 1.0equiv.)
and DMF (5 mL). DMEA (3.0mmol, 1.5equiv.) and AcOH (2.0 mmol, 1.0equiv.) was added to the
flask. The reaction mixture was stirred at 80°C and monitored by TLC. Upon finished the reaction
mixture was quenched by water (30ml) and extracted by ethyl acetate (3x30ml). The combined
organic layer was dried over Na;SOq, filtered and concentrated in vacuo. Purification by silica-gel
chromatography with a mixed eluent of petroleum ether and ethyl acetate. Products were
characterized by *H- and 3C-NMR and MS.
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3. Spectrum Data

Bis(1-ethyl-1H-indol-3-yl)methane (3a)'

O
N N
/
Bt Et

'H NMR (400 MHz, CDCls) 8 7.63 (d, J = 7.9 Hz, 2H), 7.33 (d, J = 8.2 Hz, 2H), 7.23 — 7.17 (m, 2H),
7.12 — 7.04 (m, 2H), 6.86 (s, 2H), 4.23 (s, 2H), 4.10 (q, J = 7.3 Hz, 4H), 1.40 (t, J = 7.3 Hz, 6H). >C
NMR (151 MHz, CDCls) & 136.25, 128.21, 125.38, 121.33, 119.54, 118.60, 114.43, 109.25, 40.82,
21.20, 15.65. ESI-MS: [M+H]* 303.

Bis(1-methyl-1H-indol-3-yl)methane (3b)'

O

/ Me
Me 3b
"H NMR (400 MHz, CDCl;) 8 7.69 (d, J = 7.9 Hz, 2H), 7.36 (d, J = 8.2 Hz, 2H), 7.28 (d, J = 8.0 Hz,
2H), 7.16 (t, J = 7.4 Hz, 2H), 6.86 (s, 2H), 4.29 (s, 2H), 3.77 (s, 6H). *C NMR (101 MHz, CDCI;) &

137.19, 127.96, 126.99, 121.43, 119.32, 118.59, 114.37, 109.10, 32.60, 20.95. ESI-MS: [M+H]" 275.

Bis(1-benzyl-1H-indol-3-yl)methane (3d)*

.

Brl 3d \Bn
'"H NMR (600 MHz, CDCl3) § 7.62 (d, J = 7.9 Hz, 2H), 7.27 — 7.22 (m, 8H), 7.15 (t, J = 8.1 Hz, 2H),
7.07 (m, 6H), 6.91 (s, 2H), 5.25 (s,4H), 4.26 (s, 2H). '*C NMR (126 MHz, CDCl;) 8§ 136.85, 135.81,
127.62,127.21, 126.38, 125.63, 125.45, 120.57, 118.44, 117.80, 113.80, 108.56, 48.83, 20.22. ESI-MS:
[M+H]*427.

Bis(1-ethyl-2-methyl-1H-indol-3-yl)methane (3h)l

'H NMR (400 MHz, CDCls) & 7.40 (d, J = 7.9 Hz, 2H), 7.23 (d, J = 7.2 Hz, 2H), 7.08 (t, J = 7.6 Hz,
2H), 6.95 (t, J = 7.5 Hz, 2H), 4.15 (s, 2H), 4.10 (q, J = 7.2 Hz, 4H), 2.35 (s, 6H), 1.29 (t, J = 7.2 Hz,
6H).*C NMR (101 MHz, CDCl3) § 135.44, 131.89, 128.35, 120.15, 118.54, 118.44, 110.50, 108.38,
37.64, 19.95, 15.39, 10.24. ESI-MS: [M+H]* 331.



Bis(1-ethyl-4-methoxy-1H-indol-3-yl)methane (3i)
OCH3H,CO

; \
N
Et  3i
'H NMR (600 MHz, CDCl3) & 7.08 (t, J = 8.0 Hz, 2H), 6.90 (d, J = 8.2 Hz, 2H), 6.69 (s, 2H), 6.47 (d, J
= 7.7 Hz, 2H), 4.55 (s, 2H), 4.02 (q, J = 7.3 Hz, 4H), 3.88 (s, 6H), 1.36 (t, J = 7.3 Hz, 6H). *C NMR
(151 MHz, CDCls) 6 155.34, 137.66, 124.24, 121.64, 117.98, 116.55, 102.56, 98.86, 55.20, 40.86,
23.75, 15.49. HRMS (ESI) Caled for C23H27N,05 [M+H]* :363.2067, found 363.2079.

Bis(1-ethyl-5-methoxy-1H-indol-3-yl)methane (3j)1

OCH,

HsCO
.g ] \ !
N N,
B 3 Et

'H NMR (400 MHz, CDCls) & 7.21 (d, J = 8.8 Hz, 2H), 7.06 (d, J = 2.4 Hz, 2H), 6.87 (m, J = 8.8, 2.4
Hz, 2H), 6.83 (s, 2H), 4.15 (s, 2H), 4.05 (q, J = 7.3 Hz, 4H), 3.81 (s, 6H), 1.38 (s, 6H).13C NMR (101
MHz, CDCL3) & 153.52, 131.55, 128.32, 125.92, 113.67, 111.54, 109.94, 101.25, 56.01, 40.90, 21.23,
15.63. ESI-MS: [M+H]* 363.

Bis(1-ethyl-6-methyl-1H-indol-3-yl)methane (3k)

CH
HaC Q O s
] \
N 3k N

'H NMR (600 MHz, CDCl3) & 7.48 (d, J = 8.0 Hz, 2H), 7.10 (s, 2H), 6.90 (d, J = 8.0Hz, 2H), 6.77 (s,
2H), 4.17 (s, 2H), 4.04 (q, J = 7.3 Hz, 4H), 2.49 (s, 6H), 1.38 (t, J = 7.3 Hz, 6H). 3C NMR (151 MHz,
DMSO) & 131.83, 126.22, 121.35, 120.00, 115.52, 114.44, 109.55, 104.44, 35.90, 17.25, 16.50, 10.86.
HRMS (ESI) Calcd for Co3HasNa [M+H]* :331.2169, found 331.2160.

Bis(1-ethyl-7-methyl-1H-indol-3-yl)methane (31)1

’! | ! CH
HsC N | N, 3
/ Et
SE.

'H NMR (600 MHz, CDCl3) § 7.46 (d, J = 7.4 Hz, 2H), 6.96 (t, J = 7.4 Hz, 2H), 6.91 (d, J = 7.0 Hz,
2H), 6.76 (s, 2H), 4.29 (q, J = 7.2 Hz, 4H), 4.16 (s, 2H), 2.71 (s, 6H), 1.36 (t, /= 7.2 Hz, 6H).13C NMR
(151 MHz, CDCls) § 134.90, 129.23, 127.05, 124.28, 120.59, 118.77, 117.47, 114.52, 43.15, 21.04,
19.86, 17.93. ESI-MS: [M+H]* 331.



Bis(1-ethyl-4-fluoro-1H-indol-3-yl)methane (3m)

Et/ 3m Et

IH NMR (400 MHz, CDCl3) 8 7.11 — 7.02 (m, 4H), 6.88 (s, 2H), 6.71 (m, 2H), 4.41 (s, 2H), 4.05 (g, J
= 7.3 Hz, 4H), 1.39 (t, J = 7.3 Hz, 6H). *C NMR (101 MHz, CDCls) & 157.53 (d, Jor = 247 Hz),
138.94 (d, Jer = 12 Hz), 125.33, 121.53 (d, Jcr = 8 Hz), 116.53 (d, Jc.r = 20 Hz), 113.98 (d, Jcr = 4
Hz), 105.29 (d, Jo.r = 3 Hz), 103.78 (d, Jor = 19 Hz), 41.08, 23.09, 15.38. HRMS (ESI) Calcd for
Ca1Ho1FoNs [M+H]* :339.1667, found 339.1672.

Bis(5-chloro-1-ethyl-1H-indol-3-yl)methane (3n)1

Cl Cl
! | \
N N
Et/ 3n Et

'"H NMR (400 MHz, CDCls3) & 7.53 (d, J = 1.8 Hz, 2H), 7.22 (d, J = 8.7 Hz, 2H), 7.14 (dd, J= 8.7, 1.9
Hz, 2H), 6.87 (s, 2H), 4.11 (s, 2H), 4.07 (q, J = 7.3 Hz, 4H), 1.40 (t, J = 7.3 Hz, 6H). BC NMR (101
MHz, CDCls) 6 134.62, 128.95, 126.55, 124.43, 121.61, 118.79, 113.58, 110.26, 41.00, 20.98, 15.51.
ESI-MS: [M+H]*371.

Bis(4-methoxy-1-methyl-1H-indol-3-yl)methane (3r)

Me 3r

'H NMR (400 MHz, CDCl3) § 7.16 (t, J = 8.0 Hz, 2H), 6.93 (d, J = 8.2 Hz, 2H), 6.69 (s, 2H), 6.55 (d,
J=17.7Hz, 2H), 4.61 (s, 2H), 3.95 (s, 6H), 3.70 (s, 6H). >C NMR (101 MHz, CDCl3) 5 138.67, 130.88,
128.80, 125.87, 121.82, 117.76, 116.54, 102.46, 55.22, 32.75, 29.70. HRMS (ESI) Calcd for
CaiH2sN20,  [M+H]* :335.1754 , found 335.1750.

Bis(5-chloro-1-methyl-1H-indol-3-yl)methane (3t)

Cl Cl
! [ \
N N

'H NMR (400 MHz, CDCls) § 7.59 (s, 2H), 7.25 (d, J = 8.6 Hz, 2H), 7.21 (d, J = 8.7 Hz, 2H), 6.85 (s,
2H), 4.15 (s, 2H), 3.75 (s, 6H).3C NMR (101 MHz, CDCls) § 135.64, 128.78, 128.25, 124.59, 121.80,



118.65, 113.61, 110.24, 32.82, 20.80. HRMS (ESI) Calcd for Ci9H7CLLN, [M+H]* :343.0763, found
343.0752.
1-ethyl-1H-indole-3-carbaldehyde (4:11)l

|

N
Et 4a
'H NMR (400 MHz, CDCl3) 3 10.01 (s, 1H), 8.31 (d, J = 8.2 Hz, 1H), 7.75 (s, 1H), 7.38 (t, /= 7.5 Hz,
1H), 7.36 — 7.33 (m, 1H), 7.31 (d, J = 7.1 Hz, 1H), 4.24 (q, J = 7.3 Hz, 2H), 1.56 (t, J = 7.3 Hz, 3H).
3C NMR (101 MHz, CDCls) & 184.47, 137.55, 137.02, 125.50, 122.89, 122.13, 118.14, 109.98, 41.89,
15.05. ESI-MS: [M+H]* 174.

1-methyl-1H-indole-3-carbaldehyde (4b)1

. l
Mé  4b
'"H NMR (400 MHz, CDCls) 8 10.01 (s, 1H), 8.35 (d, J = 6.6 Hz, 1H), 7.69 (s, 1H), 7.50 — 7.33 (m,
3H), 3.90 (s, 3H). 13C NMR (101 MHz, CDCls) & 184.43, 137.90, 125.29, 124.04, 122.94, 122.04,
118.09, 109.87, 33.69. ESI-MS: [M+H]* 160.

1H-indole-3-carbaldehyde (4c)*

'H NMR (400 MHz, CDCls) & 10.08 (s, 1H), 8.79 (s, 1H), 8.40 — 8.27 (m, 1H), 7.86 (d, J = 2.8 Hz,
1H), 7.49 — 7.42 (m, 1H), 7.39 — 7.29 (m, 2H). 3C NMR (101 MHz, CDCL3) § 185.34, 136.79, 135.75,
124.39, 123.04, 121.88, 120.55, 118.38, 111.70. ESI-MS: [M+H]* 146.

1-benzyl-1H-indole-3-carbaldehyde (4d)*

l

N
Bn/ 4d

'H NMR (400 MHz, CDCls) § 10.01 (s, 1H), 8.38 — 8.28 (m, 1H), 7.72 (s, 1H), 7.39 — 7.30 (m, 6H),
7.22 — 7.16 (m, 2H), 5.37 (s, 2H). °C NMR (101 MHz, CDCl) & 184.62, 138.43, 137.48, 135.30,
129.14, 12841, 127.23, 125.53, 124.17, 123.09, 122.19, 118.53, 110.35, 50.95. ESI-MS: [M+H]* 236.



1-phenyl-1H-indole-3-carbaldehyde (4e)?

|
/N 4e
Ph
'H NMR (400 MHz, CDCl3) § 10.14 (s, 1H), 8.44 (d, J = 7.2 Hz, 1H), 7.94 (s, 1H), 7.65 — 7.59 (m,
2H), 7.57 — 7.51 (m, 4H), 7.39 (pd, J = 7.1, 1.1 Hz, 2H). °C NMR (101 MHz, CDCl3) & 184.99, 138.22,

137.51, 130.02, 128.32, 125.59, 124.87, 124.64, 123.49, 122.27, 119.73, 111.12. ESI-MS: [M+H]* 222.

1-allyl-1H-indole-3-carbaldehyde (4f)3

IH NMR (600 MHz, CDCl3) § 10.02 (s, 1H), 8.32 (d, J = 6.3 Hz, 1H), 7.74 (s, 1H), 7.39 — 7.32 (m,
3H), 6.07 — 5.99 (m, 1H), 5.36 — 5.31 (m, 1H), 5.23 — 5.17 (m, 1H), 4.80 (d, J = 5.6 Hz, 2H).3C NMR
(101 MHz, CDCl3) 5 184.58, 138.28, 137.32, 131.75, 125.46, 124.06, 123.01, 122.16, 119.07, 118.42,
110.28, 49.54. ESI-MS: [M+H]* 186.

1-ethyl-4-methoxy-1H-indole-3-carbaldehyde (4i)

OCH,
0
H
|
NT 4
Et

'H NMR (400 MHz, CDCls) § 10.45 (s, 1H), 7.87 (s, 1H), 7.23 (t, J= 8.1 Hz, 1H), 7.03 (d, /= 8.2 Hz,
1H), 6.73 (d, J = 7.9 Hz, 1H), 4.20 (q, J = 7.3 Hz, 2H), 4.00 (s, 3H), 1.52 (t, J = 7.3 Hz, 3H). 3C NMR
(101 MHz, CDCL3) & 187.96, 154.72, 137.91, 130.36, 123.69, 118.23, 117.01, 103.53, 102.38, 55.38,
42.07, 15.05. HRMS (ESI) Calcd for C1,H14aNO2[M+H]* :204.1019, found 204.1025.

1-ethyl-5-methoxy-1H-indole-3-carbaldehyde (4j)!
H;CO

, H

/N 4i
Et
IH NMR (400 MHz, CDCls) § 9.99 (s, 1H), 7.84 (d, J = 2.4 Hz, 1H), 7.73 (s, 1H), 7.32 — 7.29 (m, 1H),
7.01 (dd, J = 8.9, 2.5 Hz, 1H), 4.23 (q, J = 7.3 Hz, 2H), 3.94 (s, 3H), 1.58 (t, J = 7.3 Hz, 3H).C NMR
(101 MHz, CDCls) 8 184.41, 156.66, 137.54, 131.93, 126.26, 117.94, 114.42, 110.80, 103.42, 55.85,

42.05, 15.08. ESI-MS: [M+H]* 204.



1-ethyl-6-methyl-1H-indole-3-carbaldehyde (4k)

HsC

l

N
Bt 4k
'H NMR (600 MHz, CDCl3) & 9.96 (s, 1H), 8.17 (d, J = 8.0 Hz, 1H), 7.68 (s, 1H), 7.18 (s, 1H), 7.15 (d,
J= 8.2 Hz, 1H), 4.20 (q, J = 7.3 Hz, 2H), 2.51 (s, 3H), 1.54 (t, J= 7.3 Hz, 3H). *C NMR (151 MHz,
CDCl3) 6 184.40, 137.43, 137.18, 133.97, 124.56, 123.25, 121.77, 118.17, 109.91, 41.78, 21.95, 15.09.
HRMS (ESI) Caled for C1oH sNO [M+H]* :188.1070, found 188.1075.

1-ethyl-7-methyl-1H-indole-3-carbaldehyde @nt

o

Et
'"H NMR (600 MHz, CDCl3) § 9.97 (s, 1H), 8.19 (d, J = 7.9 Hz, 1H), 7.66 (s, 1H), 7.18 (t, J = 7.6 Hz,
1H), 7.05 (d, J = 7.2 Hz, 1H), 4.43 (q, J = 7.2 Hz, 2H), 2.72 (s, 3H), 1.52 (t, J = 7.3 Hz, 3H).3C NMR
(151 MHz, CDCls) 6 184.43, 139.03, 135.82, 127.02, 126.59, 123.00, 121.33, 120.04, 118.00, 44.51,
19.63, 17.34. ESI-MS: [M+H]" 188.

1-ethyl-4-fluoro-1H-indole-3-carbaldehyde (4m)

Et 4m

'"H NMR (400 MHz, CDCl3) & 10.22 (s, 1H), 7.89 (s, 1H), 7.29 — 7.16 (m, 2H), 7.06 — 6.94 (m, 1H),
423 (q,J=7.3 Hz, 2H), 1.54 (t, J = 7.3 Hz, 3H).!3C NMR (101 MHz, CDCls) § 185.20 (d, Jc.r = 3 Hz),
157.02 (d, Jc-r = 250 Hz), 139.12 (d, Jc.r = 12 Hz), 132.91, 123.74 (d, Jcr = 7 Hz), 116.62 (d, Jce =5
Hz), 115.3 (d, Jc-r = 22 Hz), 107.89 (d, Jc-r = 20 Hz), 106.55 (d, Jcr = 3 Hz), 42.29, 14.94. HRMS
(ESI) Caled for CHiFNO [M+H]* :192.0819, found 192.0825.

5-chloro-1-ethyl-1H-indole-3-carbaldehyde (4n)1
Cl

Et 4n



'H NMR (400 MHz, CDCls) 8 9.96 (s, 1H), 8.31 (s, 1H), 7.75 (s, 1H), 7.29 (d, J = 1.2 Hz, 2H), 4.22 (q,
J =173 Hz, 2H), 1.55 (t, J = 7.3 Hz, 3H). 3C NMR (101 MHz, CDCl3) 5 184.17, 138.00, 135.36,
128.93, 126.44, 12433, 121.77, 117.65, 110.95, 42.11, 15.02. ESI-MS: [M+H]* 208.

1-ethyl-6-fluoro-1H-indole-3-carbaldehyde (4p)

Et 4p
'H NMR (400 MHz, CDCl3) § 9.96 (s, 1H), 8.29 — 8.19 (m, 1H), 7.74 (s, 1H), 7.07 (s, 1H), 7.05 (s,
1H), 4.18 (q, J = 7.3 Hz, 2H), 1.55 (t, J = 7.3 Hz, 3H). 5 184.33, 160.62 (d, Jc.r = 241 Hz), 137.93,
137.25 (d, Jcr = 12 Hz), 123.31 (d, Jcr = 10 Hz), 121.75 (d, Jcr = 1 Hz), 118.25, 111.45 (d, Jcr =
24Hz), 96.70 (d, Jc.r = 26 Hz), 42.05, 14.92. HRMS (ESI) Calcd for C; H;;FNO [M+H]* :192.0819,
found 192.0820.

7-chloro-1-ethyl-1H-indole-3-carbaldehyde (4q)

H

|

Cl N
Et 4q
'"H NMR (500 MHz, CDCl3) & 10.00 (s, 1H), 8.25 (d, J= 8.9 Hz, 1H), 7.71 (s, 1H), 7.29 (d, J = 8.7 Hz,
1H), 7.20 (t, J = 7.8 Hz, 1H), 4.63 (q, J = 7.2 Hz, 2H), 1.56 (t, J = 7.2 Hz, 3H).3C NMR (126 MHz,
CDCl3) 5 184.22, 139.88, 132.46, 130.87, 125.76, 123.65, 120.83, 117.97, 117.05, 44.91, 17.38. HRMS
(ESI) Caled for C11H;;CINO [M+H]* :208.0524, found 208.0529.

4-fluoro-1-methyl-1H-indole-3-carbaldehyde (4s)*

F
O

l
N
Me 4s

'"H NMR (400 MHz, CDCls) 5 10.26 (s, 1H), 7.87 (s, 1H), 7.35 — 7.26 (m, 1H), 7.23 (d, J = 8.2 Hz,
1H), 7.06 (dd, J = 10.5, 7.9 Hz, 1H), 3.93 (s, 3H).!*C NMR (101 MHz, CDCl;) 185.18 (d, Jcr = 8 Hz),
156.95 (d, Jc-r = 250 Hz), 139.98 (d, Jc.r = 11 Hz), 134.64, 123.90 (d, Jcr = 7 Hz), 116.60 (d, Jc.r =6
Hz), 115.14 (d, Jc-r = 23 Hz), 108.01 (d, Jcr = 19 Hz), 106.45 (d, Jc-r = 3 Hz), 34.11. ESI-MS:
[M+H]*178.
5-chloro-1-methyl-1H-indole-3-carbaldehyde (4t)>

Cl

H



'H NMR (400 MHz, CDCls) 5 9.97 (s, 1H), 8.32 (s, 1H), 7.71 (s, 1H), 7.31 (d, J = 5.8 Hz, 2H), 3.90 (s,
3H).3C NMR (101 MHz, CDCls) 5 184.14, 139.80, 136.23, 129.03, 126.20, 124.44, 121.66, 117.56,
110.90, 33.91. ESI-MS: [M+H]* 194.
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