
S1

Ruthenium-catalyzed tandem annulation/arylation for the synthesis 

of unsymmetrical bis(heteroaryl)methanes

Sadhanendu Samanta and Alakananda Hajra*

Department of Chemistry, Visva-Bharati (A Central University), Santiniketan 731235, India; 

Tel./Fax: +913463 261526; E-mail: alakananda.hajra@visva-bharati.ac.in

Table of Contents

Content                                                                                             Page no.

1. General Information………………..           S2  

2. Experimental procedure …………………….                                               S2-S3

3. Characterization data for the synthesized products                                              S4-S16

4. References……………….           S16

5. NMR spectra for the synthesized products……………….                       S17-S75

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2018

mailto:alakananda.hajra@visva-bharati.ac.in


S2

1. General information: 
All reagents were purchased from commercial sources and used without further purification. 1H 

NMR spectra were determined on 400 MHz spectrometer as solutions in CDCl3. Chemical shifts 

are expressed in parts per million (δ) and the signals were reported as s (singlet), d (doublet), t 

(triplet), m (multiplet) and coupling constants (J) were given in Hz. 13C{1H} NMR spectra were 

recorded at 100 MHz in CDCl3 solution. Chemical shifts as internal standard are referenced to 

CDCl3 (δ = 7.26 for 1H and δ = 77.16 for 13C{1H} NMR) as internal standard. TLC was done on 

silica gel coated glass slide. All solvents were dried and distilled before use. Commercially 

available solvents were freshly distilled before the reaction. All reactions involving moisture 

sensitive reactants were executed using oven dried glassware. All 2-substituted indoles were 

prepared by the reported method.1

2. Experimental procedures:

2.1 Typical experimental procedure for the synthesis of compound 4:2

Ph
n-BuLi

Dry THF, -78 oC
Ar

Ph Li

H

O

OH

Dry THF, Ar
-78 oC - rt

OH

Ph
OH
4

n-Butyl lithium (4 mL, 2.5 M in hexane) was added to a solution of phenylacetylene (1.12 g, 11 

mmol) in dry THF (15 mL) at -78 oC under Ar atmosphere. The reaction mixture was allowed to 

stir at this temperature for 30 min. Salicylaldehyde (0.61 g, 5 mmol) in dry THF (5 mL) was then 

slowly added at -78 oC. The reaction mixture was naturally warmed to room temperature and 

kept stirring overnight. After quenched by 1(M) HCl solution, the reaction mixture was extracted 

with EtOAc. The organic layers were dried with anhydrous Na2SO4. The crude residue was 

obtained after evaporating the solvent in vacuum and was purified by column chromatography 

on silica gel using a mixture petroleum ether and ethyl acetate (90:10) as an eluting solvent to 

afford the pure product 2-(1-hydroxyprop-2-yn-1-yl)phenol (4) (750 mg, 67%) as a white solid.
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2.2 Typical experimental procedure for the synthesized compounds (3aa-3ai):

Ar1
HO

Ar2
N

N

O

[Ru(p-cy)Cl2]2
(2.5 mol%)

1,2-DCB, 120 oC
5 h

R2

1 32
R3R1 Ar2

N

Ar1

O

R3

R1

R2

A mixture of 2-(1-morpholino-3-phenylprop-2-yn-1-yl)phenol (0.2 mmol, 58.6 mg) (1a) and 2-

phenylindole (0.2 mmol, 38.6 mg) (2a) was taken in 1,2-DCB (2.0 ml)  in an oven dried reaction 

tube. Then dichloro(p-cymene)ruthenium(II) dimer (2.5 mol%, 3 mg ) was added to it and stirred 

at 120 °C for 5 h under open atmosphere. After completion of the reaction (TLC) the reaction 

was cooled to room temperature and extracted with dichloromethane. The organic phase was 

dried over anhydrous Na2SO4. The crude residue was obtained after evaporating the solvent in 

vacuum and was purified by column chromatography on silica gel using a mixture petroleum 

ether and ethyl acetate (94:6) as an eluting solvent to afford the pure product (3aa) (67 mg, 84%) 

as a white solid.

2. 2. Typical experimental procedure for the synthesized compounds (8a-8d):

NH2

Ar1-CHO N

N
Ar2R1

AgOTf (10 mol%)

Toluene, 80 oC
16 h NH

Ph

Ar1

N

N
Ph Ar2

5 6 7 8

R1

A mixture of 2-(phenylethynyl)aniline (0.1 mmol, 19.3 mg) (5), benzaldehyde (0.2 mmol, 21 

mg) (6), and 7-methyl-2-phenylimidazo[1,2-a]pyridine (0.1 mmol, 20.8 mg) (7) was taken in an 

oven dried reaction tube in presence of silver trifluoromethanesulfonate (10 mol%, 5 mg ) in 

toluene (2.0 mL) and stirred at 80 °C for 16 h under open atmosphere. After completion of the 

reaction (TLC) the reaction was cooled to room temperature and extracted with ethyl acetate. 

The organic phase was dried over anhydrous Na2SO4. The crude residue was obtained after 

evaporating the solvent in vacuum and was purified by column chromatography on silica gel 

using a mixture petroleum ether and ethyl acetate (76:24) as an eluting solvent to afford the pure 

product (8a) (62%, 60 mg) as a white solid.
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3. Characterization data for the synthesized products:

OH

Ph
OH

2-(1-Hydroxy-3-phenylprop-2-yn-1-yl)phenol (4): White solid (67%, 750 mg); Rf = 0.50 (PE : 

EA = 90 : 10); 1H NMR (400 MHz, CDCl3): δ 7.38-7.33 (m, 3H), 7.24-7.18 (m, 3H), 7.15-7.10 

(m, 1H), 6.83-6.79 (m, 2H), 5.80 (s, 1H), 3.33 (br s, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 

155.1, 131.9, 130.2, 128.9, 128.4, 127.9, 124.8, 122.1, 120.4, 117.1, 88.1, 86.8, 64.2.

H
NPh

Ph

O

3-(Benzofuran-2-yl(phenyl)methyl)-2-phenyl-1H-indole (3aa): White solid (84%, 67 mg); Rf 

= 0.50 (PE : EA = 94 :6); M.p. 151-152 °C; 1H NMR (400 MHz, CDCl3): δ 8.00 (s, 1H), 7.45-

7.40 (m, 3H), 7.39-7.30 (m, 5H), 7.28-7.17 (m, 6H), 7.16-7.09 (m, 3H), 6.92 (t, J = 7.6 Hz, 1H), 

6.38 (s, 1H), 5.91 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 160.2, 155.1, 141.5, 136.1, 

136.0, 132.5, 128.9, 128.8, 128.7, 128.6, 128.4, 128.3, 128.1, 126.7, 123.5, 122.6, 122.2, 121.2, 

120.6, 120.0, 112.0, 111.3, 111.0, 105.4, 42.5. HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C29H22NO: 400.1696; found: 400.1699.

OMe

O

Ph

NH

3-(Benzofuran-2-yl(phenyl)methyl)-2-(4-methoxyphenyl)-1H-indole (3ab): Brown gummy 

mass (76%, 65 mg); Rf = 0.55 (PE : EA = 93 : 7); 1H NMR (400 MHz, CDCl3): δ 8.11 (s, 1H), 

7.46-7.41 (m, 3H), 7.38-7.31 (m, 3H), 7.29-7.26 (m, 4H), 7.20-7.11 (m, 4H), 6.98-6.91 (m, 3H), 

6.40 (s, 1H), 5.89 (s, 1H), 3.84 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 160.3, 159.7, 155.1, 

141.6, 136.08, 136.01, 130.0, 128.79, 128.70, 128.4, 128.2, 126.7, 126.1, 125.0, 123.5, 122.5, 
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122.0, 121.0, 120.6, 119.9, 114.4, 111.3, 110.8, 105.4, 55.5, 42.6; Anal. Calcd for C30H23NO2: C, 

83.89; H, 5.40; N, 3.26%; Found: C, 84.11; H, 5.44; N, 3.21%.

Me

MeO

O

Ph

NH

3-(Benzofuran-2-yl(phenyl)methyl)-5-methoxy-2-(p-tolyl)-1H-indole (3ac): Brown gummy 

mass (73%, 64 mg); Rf = 0.45 (PE : EA = 94 : 6); 1H NMR (400 MHz, CDCl3): δ 8.02 (s, 1H), 

7.46-7.44 (m, 1H), 7.39-7.37 (m, 3H), 7.29-7.22 (m, 8H), 7.21-7.17 (m, 2H), 6.80-6.77 (m, 1H), 

6.72 (d, J = 2.4 Hz, 1H), 6.41 (s, 1H), 5.90 (s, 1H), 3.51 (s, 3H), 2.39 (s, 3H); 13C{1H} NMR 

(100 MHz, CDCl3): δ 160.3, 155.1, 153.9, 141.6, 138.2, 136.9, 131.2, 129.8, 129.7, 128.77, 

128.73, 128.4, 128.2, 127.8, 126.7, 123.6, 122.6, 120.6, 112.2, 111.7, 111.5, 111.3, 105.5, 102.8, 

55.6, 42.6, 21.4; Anal. Calcd for C31H25NO2: C, 83.95; H, 5.68; N, 3.16%; Found: C, 83.71; H, 

5.62; N, 3.24%.

NH

Ph

O

MeO

Cl

3-(Benzofuran-2-yl(phenyl)methyl)-2-(4-chlorophenyl)-5-methoxy-1H-indole (3ad): White 

solid (78%, 72 mg); Rf = 0.45 (PE : EA = 94 : 6); M.p. 177-178 °C; 1H NMR (400 MHz, 

CDCl3): δ 8.00 (s, 1H), 7.44-7.42 (m, 1H), 737-7.34 (m, 5H), 7.27-7.21 (m, 6H), 7.19-7.15 (m, 

2H), 6.81-6.78 (m, 1H), 6.69 (s, 1H), 6.37 (s, 1H), 5.82 (s, 1H), 3.48 (s, 3H); 13C{1H} NMR (100 

MHz, CDCl3): δ 160.0, 155.1, 154.1, 141.3, 135.5, 134.3, 131.4, 131.2, 129.8, 129.2, 128.7, 

128.6, 128.5, 128.2, 126.9, 123.7, 122.7, 120.7, 112.8, 112.4, 111.7, 111.3, 105.6, 102.7, 55.6, 

42.6; Anal. Calcd for C30H22ClNO2: C, 77.66; H, 4.78; N, 3.02%; Found: C, 77.47; H, 4.81; N, 

3.08%.
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Cl
O

Ph

Ph
H
N

3-(Benzofuran-2-yl(phenyl)methyl)-5-chloro-2-phenyl-1H-indole (3ae): Brown solid (75%, 

64 mg); Rf = 0.40 (PE : EA = 95 : 5); M.p. 140-141 °C; 1H NMR (400 MHz, CDCl3): δ 8.24 (s, 

1H), 7.56-7.49 (m, 4H), 7.48-7.39 (m, 4H), 7.36-7.27 (m, 7H), 7.26-7.24 (m, 1H), 7.17-7.15 (m, 

1H), 6.48 (s, 1H), 5.96 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 159.6, 155.1, 141.0, 137.5, 

134.5, 132.1, 129.1, 128.75, 128.71, 128.59, 128.57, 127.2, 126.9, 125.6, 123.7, 122.7, 120.8, 

120.5, 119.6, 112.1, 112.0, 111.8, 111.3, 105.5, 42.3; Anal. Calcd for C29H20ClNO: C, 80.27; H, 

4.65; N, 3.23%; Found: C, 80.42; H, 4.70; N, 3.19%.

H
NPh

Ph

O
F

3-(Benzofuran-2-yl(phenyl)methyl)-5-fluoro-2-phenyl-1H-indole (3af): Brown gummy mass 

(74%, 61 mg); Rf = 0.50 (PE : EA = 93 : 7); 1H NMR (400 MHz, CDCl3): δ 8.15 (s, 1H), 7.50-

7.39 (m, 6H), 7.38-7.36 (m, 1H), 7.29-7.22 (m, 6H), 7.20-7.16 (m, 2H), 7.01-6.98 (m, 1H), 6.91-

6.86 (m, 1H), 6.40 (s, 1H), 5.89 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 159.3 (JC-F = 85.0 

Hz), 155.1, 141.1, 137.9, 132.7, 132.3, 129.1, 128.7, 128.68, 128.63, 128.5, 126.9, 123.7, 122.7, 

120.8, 112.3 (JC-F = 5.0 Hz), 111.6, 111.5, 111.3, 110.9, 110.6, 106.2, 106.0, 105.4, 42.4; Anal. 

Calcd for C29H20FNO: C, 83.43; H, 4.83; N, 3.36%; Found: C, 83.22; H, 4.79; N, 3.43%. 

Me

O Ph

NH

3-(Benzofuran-2-yl(p-tolyl)methyl)-2-phenyl-1H-indole (3ba): Brown gummy mass (81%, 66 

mg); Rf = 0.55 (PE : EA = 95 : 5); 1H NMR (400 MHz, CDCl3): δ 8.14 (s, 1H), 7.53-7.51 (m, 

2H), 7.47-7.42 (m, 3H), 7.41-7.37 (m, 4H), 7.20-7.14 (m, 5H), 7.09 (d, J = 8.0 Hz, 2H), 6.98-
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6.94 (m, 1H), 6.42 (s, 1H), 5.91 (s, 1H), 2.33 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 

160.5, 158.1, 138.4, 136.2, 136.1, 136.0, 132.7, 129.1, 128.9, 128.8, 128.7, 128.5, 128.3, 128.2, 

123.5, 122.5, 122.2, 121.3, 120.6, 120.0, 112.2, 111.3, 110.9, 105.3, 42.2, 21.2; Anal. Calcd for 

C30H23NO: C, 87.14; H, 5.61; N, 3.39%; Found: C, 87.31; H, 5.58; N, 3.34%.

MeO

O Ph

NH

3-(Benzofuran-2-yl(2-methoxyphenyl)methyl)-2-phenyl-1H-indole (3ca): Brown gummy 

mass (72%, 61 mg); Rf = 0.45 (PE : EA = 94 : 6); 1H NMR (400 MHz, CDCl3): δ 8.14 (s, 1H), 

7.49-7.47 (m, 2H), 7.44-7.40 (m, 4H), 7.39-7.33 (m, 4H), 7.23-7.20 (m, 1H), 7.17-7.12 (m, 3H), 

6.96-6.92 (m, 1H), 6.90-6.84 (m, 2H), 6.34 (s, 1H), 6.26 (s, 1H), 3.59 (s, 3H); 13C{1H} NMR 

(100 MHz, CDCl3): δ 160.3, 157.1, 155.2, 136.1, 136.0, 133.2, 130.2, 130.0, 129.8, 128.9, 128.7, 

128.6, 128.1, 128.0, 127.1, 123.3, 122.4, 122.0, 121.0, 120.5, 119.9, 111.7, 111.2, 110.9, 110.8, 

105.1, 55.4, 41.5; Anal. Calcd for C30H23NO2: C, 83.89; H, 5.40; N, 3.26%; Found: C, 83.69; H, 

5.43; N, 3.33%.

OMe

O Ph

NH

3-(Benzofuran-2-yl(4-methoxyphenyl)methyl)-2-phenyl-1H-indole (3da): Yellow solid (71%, 

60 mg); Rf = 0.45 (PE : EA = 92 : 8); M.p. 196-197 °C; 1H NMR (400 MHz, CDCl3): δ 8.15 (s, 

1H), 7.52-7.50 (m, 2H), 7.47-7.44 (m, 3H), 7.42-7.36 (m, 4H), 7.23-7.16 (m, 5H), 6.96 (t, J = 8.0 

Hz, 1H), 6.82 (d, J = 8.8 Hz, 2H), 6.41 (s, 1H), 5.89 (s, 1H), 3.78 (s, 3H); 13C{1H} NMR (100 

MHz, CDCl3): δ 160.6, 158.3, 155.1, 136.2, 135.9, 133.6, 132.7, 129.7, 128.9, 128.7, 128.4, 

128.3, 128.2, 123.5, 122.5, 122.2, 121.2, 120.6, 120.0, 113.8, 112.3, 111.3, 110.9, 105.2, 55.3, 

41.8; Anal. Calcd for C30H23NO2: C, 83.89; H, 5.40; N, 3.26%; Found: C, 83.73; H, 5.35; N, 

3.34%.
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Br

O Ph

NH

3-(Benzofuran-2-yl(4-bromophenyl)methyl)-2-phenyl-1H-indole (3ea): Brown gummy mass 

(61%, 58 mg); Rf = 0.50 (PE : EA = 93 : 7); 1H NMR (400 MHz, CDCl3): δ 8.19 (s, 1H), 7.50-

7.46 (m, 4H), 7.45-7.37 (m, 5H), 7.31 (d, J = 8.0 Hz, 1H), 7.23-7.12 (m, 6H), 6.98-6.94 (m, 1H), 

6.43 (s, 1H), 5.87 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 159.4, 155.1, 140.6, 136.1, 

132.5, 131.5, 130.4, 129.1, 128.7, 128.5, 128.2, 127.9, 127.2, 123.8, 122.7, 122.4, 121.1, 120.8, 

120.6, 120.2, 111.5, 111.3, 111.0, 105.6, 42.0; Anal. Calcd for C29H20BrNO: C, 72.81; H, 4.21; 

N, 2.93%; Found: C, 73.01; H, 4.25; N, 2.87%.

O
Ph

NH

3-(Benzofuran-2-yl(4-(tert-butyl)phenyl)methyl)-2-phenyl-1H-indole (3fa): White solid 

(82%, 74 mg); Rf = 0.50 (PE : EA = 94 : 6); M.p. 186-187 °C; 1H NMR (400 MHz, CDCl3): δ 

8.13 (s, 1H), 7.54-7.52 (m, 2H), 7.47-7.37 (m, 7H), 7.30-7.28 (m, 2H), 7.24-7.15 (m, 5H), 6.97 

(t, J = 8.0 Hz, 1H ), 6.43 (s, 1H), 5.93 (s, 1H), 1.30 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3): δ 

160.5, 155.1, 149.4, 138.3, 136.1, 136.0, 132.7, 129.1, 128.9, 128.8, 128.28, 128.23, 125.3, 

125.2, 123.4, 122.5, 122.2, 121.4, 120.6, 119.9, 112.2, 111.3, 110.9, 105.2, 42.0, 34.5, 31.5; 

Anal. Calcd for C33H29NO: C, 87.00; H, 6.42; N, 3.07%; Found: C, 87.14; H, 6.36; N, 2.99%.



S9

OMe

O Ph

NH

3-(Benzofuran-2-yl(6-methoxynaphthalen-2-yl)methyl)-2-phenyl-1H-indole (3ga): Brown 

gummy mass (76%, 72 mg); Rf = 0.45 (PE : EA = 93 : 7); 1H NMR (400 MHz, CDCl3): δ 8.21 

(s, 1H), 7.66-7.59 (m, 3H), 7.54-7.52 (m, 2H), 7.48-7.43 (m, 3H), 7.41-7.37 (m, 5H), 7.23-7.18 

(m, 2H), 7.15-7.09 (m, 3H), 6.94-6.90 (m, 1H), 6.44 (s, 1H), 6.09 (s, 1H), 3.90 (s, 3H); 13C{1H} 

NMR (100 MHz, CDCl3): δ 160.3, 157.6, 155.1, 136.8, 136.2, 136.1, 133.5, 132.6, 129.6, 129.0, 

128.8, 128.7, 128.34, 128.30, 127.8, 127.2, 127.0, 126.8, 123.5, 122.6, 122.3, 121.2, 120.7, 

120.0, 118.7, 112.0, 111.3, 110.9, 105.7, 105.5, 55.4, 42.5; Anal. Calcd for C34H25NO2: C, 85.15; 

H, 5.25; N, 2.92%; Found: C, 85.36; H, 5.22; N, 2.97%.

N
H

Ph

Ph

O

Me

3-((5-Methylbenzofuran-2-yl)(phenyl)methyl)-2-phenyl-1H-indole (3ia): Brown gummy mass 

(85%, 70 mg); Rf = 0.50 (PE : EA = 95 : 5); 1H NMR (400 MHz, CDCl3): δ 8.09 (s, 1H), 7.49-

7.46 (m, 2H), 7.43-7.39 (m, 2H), 7.38-7.32 (m, 3H), 7.25-7.21 (m, 7H), 7.15-7.11 (m, 1H), 7.00-

6.97 (m, 1H), 6.94-6.91 (m, 1H), 6.32 (s, 1H), 5.90 (s, 1H), 2.39 (s, 3H); 13C{1H} NMR (100 

MHz, CDCl3): δ 160.3, 153.5, 141.6, 136.1, 132.6, 132.0, 129.0, 128.8, 128.74, 128.70, 128.4, 

128.3, 128.2, 127.2, 126.7, 124.7, 122.2, 121.2, 120.5, 120.0, 112.1, 110.9, 110.8, 105.2, 42.5, 

21.4; Anal. Calcd for C30H23NO: C, 87.14; H, 5.61; N, 3.39%; Found: C, 86.98; H, 5.66; N, 

3.47%.
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N
H

Ph

Ph

O

OMe

3-((5-Methoxybenzofuran-2-yl)(phenyl)methyl)-2-phenyl-1H-indole (3ja): Brown solid 

(83%, 71 mg); Rf = 0.50 (PE : EA = 92 : 8); M.p. 103-104 °C; 1H NMR (400 MHz, CDCl3): δ 

8.12 (s, 1H), 7.49-7.47 (m, 2H), 7.43-7.31 (m, 5H), 7.26-7.23 (m, 6H), 7.16-7.12 (m, 1H), 6.95-

6.90 (m, 2H), 6.80-6.77 (m, 1H), 6.33 (s, 1H), 5.89 (s, 1H), 3.78 (s, 3H); 13C{1H} NMR (100 

MHz, CDCl3): δ 161.1, 155.8, 150.1, 141.5, 136.1, 132.6, 129.3, 129.0, 128.7, 128.6, 128.4, 

128.3, 128.1, 127.2, 126.7, 122.3, 121.2, 120.0, 112.1, 112.0, 111.7, 111.0, 105.6, 103.5, 56.0, 

42.6; Anal. Calcd for C30H23NO2: C, 83.89; H, 5.40; N, 3.26%; Found: C, 84.07; H, 5.36; N, 

3.18%.

N
H

Ph

Ph

O

Cl

3-((5-Chlorobenzofuran-2-yl)(phenyl)methyl)-2-phenyl-1H-indole (3ka): White solid (71%, 

61 mg); Rf = 0.45 (PE : EA = 93 : 7); M.p. 157-158 °C; 1H NMR (400 MHz, CDCl3): δ 8.06 (s, 

1H), 7.65-7.59 (m, 4H), 7.54-7.46 (m, 2H), 7.41-7.35 (m, 2H), 7.31-7.28 (m, 2H), 7.25-7.23 (m, 

1H), 7.12-7.06 (m, 2H), 7.03-6.96 (m, 2H), 6.89-6.87 (m, 2H), 6.45 (s, 1H), 6.02 (s, 1H); 
13C{1H} NMR (100 MHz, CDCl3): δ 158.1, 155.2, 135.7, 134.2, 132.4, 129.2, 129.1, 128.8, 

128.7, 128.6, 128.48, 128.44, 127.8, 127.7, 127.2, 127.1, 125.6, 124.9, 122.6, 120.1, 112.1, 

110.9, 110.5, 106.4, 41.0; Anal. Calcd for C29H20ClNO: C, 80.27; H, 4.65; N, 3.23%; Found: C, 

80.21; H, 4.68; N, 3.29%.

N
H

Ph

O

Me

EtO

3-((4-Ethoxyphenyl)(5-methylbenzofuran-2-yl)methyl)-2-phenyl-1H-indole (3la): Brown 

gummy mass (76%, 69 mg); Rf = 0.45 (PE : EA = 95 : 5); 1H NMR (400 MHz, CDCl3): δ 8.02 
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(s, 1H), 7.42-7.40 (m, 2H), 7.35-7.25 (m, 5H), 7.17-7.15 (m, 2H), 7.12-7.05 (m, 3H), 6.93-6.85 

(m, 2H), 6.73-6.71 (m, 2H), 6.25 (s, 1H), 5.78 (s, 1H), 3.91 (q, J = 7.2 Hz, 2H), 2.33 (s, 3H), 

1.31 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 160.8, 157.7, 153.5, 136.2, 135.9, 

133.6, 132.7, 131.9, 129.79, 129.70, 128.95, 128.90, 128.7, 128.2, 124.7, 122.2, 121.3, 120.5, 

120.0, 114.4, 112.4, 110.9, 110.8, 105.0, 63.4, 41.8, 21.4, 15.0; Anal. Calcd for C32H27NO2: C, 

84.00; H, 5.95; N, 3.06%; Found: C, 84.19; H, 5.91; N, 3.14%.

N
H

Ph

O

OMe

MeO

3-((5-Methoxybenzofuran-2-yl)(4-methoxyphenyl)methyl)-2-phenyl-1H-indole (3ma): 

Brown gummy mass (78%, 71 mg); Rf = 0.45 (PE : EA = 94 : 6); 1H NMR (400 MHz, CDCl3): δ 

8.08 (s, 1H), 7.43-7.41 (m, 2H), 7.37-7.33 (m, 2H), 7.32-7.28 (m, 3H), 7.18-7.12 (m, 3H), 7.12-

7.06 (m, 1H), 6.90-6.82 (m, 2H), 6.77-6.71 (m, 3H), 6.26 (s, 1H), 5.78 (s, 1H), 3.73 (s, 3H), 3.70 

(s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 161.5, 158.3, 155.8, 150.1, 136.2, 135.9, 133.7, 

132.7, 129.8, 129.7, 129.3, 128.9, 128.7, 128.2, 127.2, 122.2, 121.2, 120.0, 113.8, 111.9, 111.6, 

111.0, 105.4, 103.5, 56.0, 55.3, 41.8; Anal. Calcd for C31H25NO3: C, 81.02; H, 5.48; N, 3.05%; 

Found: C, 81.24; H, 5.51; N, 2.96 %.

HN

Ph O

Cl

Cl

3-((5,6-Dichlorobenzofuran-2-yl)(phenyl)methyl)-2-phenyl-1H-indole (3na): Brown gummy 

mass (72%, 67 mg); Rf = 0.50 (PE : EA = 93 : 7); 1H NMR (400 MHz, CDCl3): δ 8.17 (s, 1H), 

7.50-7.48 (m, 2H), 7.43-7.41 (m, 2H), 7.39-7.34 (m, 3H), 7.28-7.26 (m, 3H), 7.24 (s, 2H), 7.19-

7.14 (m, 2H), 7.11-7.09 (m, 1H), 6.99-6.94 (m, 1H), 6.39 (s, 1H), 5.96 (s, 1H); 13C{1H} NMR 

(100 MHz, CDCl3): δ 162.7, 156.7, 140.7, 136.4, 136.1, 132.5, 131.0, 129.1, 128.9, 128.8, 128.5, 
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128.4, 127.9, 127.2, 126.9, 123.8, 122.4, 121.1, 120.7, 120.1, 119.8, 118.9, 111.0, 105.6, 42.4; 

Anal. Calcd for C29H19Cl2NO: C, 74.37; H, 4.09; N, 2.99%; Found: C, 74.21; H, 4.03; N, 3.06%.

HN

Ph O

Br

Br

3-((5,6-Dibromobenzofuran-2-yl)(phenyl)methyl)-2-phenyl-1H-indole (3oa): Brown gummy 

mass (75%, 83 mg); Rf = 0.50 (PE : EA = 94 : 6); 1H NMR (400 MHz, CDCl3): δ 8.11 (s, 1H), 

7.52-7.45 (m, 4H), 7.43-7.35 (m, 5H), 7.27-7.23 (m, 5H), 7.18-7.14 (m, 1H), 6.99-6.95 (m, 1H), 

6.41 (s, 1H), 5.96 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 162.5, 156.6, 140.6, 136.5, 

136.1, 131.3, 129.19, 129.12, 128.9, 128.87, 128.84, 128.55, 128.52, 128.4, 127.8, 126.9, 122.5, 

121.2, 120.1, 115.7, 111.3, 111.0, 105.6, 104.6, 42.3; Anal. Calcd for C29H19Br2NO: C, 62.50; H, 

3.44; N, 2.51%; Found: C, 62.22; H, 3.49; N, 2.57%.

N
H

Ph

O

Cl

S

3-((5-Chlorobenzofuran-2-yl)(phenyl)methyl)-2-(thiophen-2-yl)-1H-indole (3ki): Brown 

gummy mass (77%, 67 mg); Rf = 0.45 (PE : EA = 94 : 6); 1H NMR (400 MHz, CDCl3): δ 8.16 

(s, 1H), 7.39 (d, J = 2.0 Hz, 1H), 7.35-7.32 (m, 2H), 7.28 (d, J = 4.0 Hz, 4H), 7.23-7.16 (m, 3H), 

7.14-7.10 (m, 3H), 7.08-7.06 (m, 1H), 6.93-6.89 (m, 1H), 6.30 (s, 1H), 6.05 (s, 1H); 13C{1H} 

NMR (100 MHz, CDCl3): δ 161.6, 153.5, 140.8, 136.1, 133.6, 130.0, 129.6, 128.9, 128.7, 128.6, 

128.1, 128.0, 127.0, 126.4, 126.3, 123.8, 122.8, 120.9, 120.39, 120.32, 112.6, 112.2, 111.0, 

105.1, 42.7; Anal. Calcd for C27H18ClNOS: C, 73.71; H, 4.12; N, 3.18%; Found: C, 73.54; H, 

4.18; N, 3.11%.
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N
Ph

Ph

O

Me

Br

3-((5-Bromobenzofuran-2-yl)(phenyl)methyl)-1-methyl-2-phenyl-1H-indole (3pj): Brown 

gummy mass (74%, 72 mg); Rf = 0.45 (PE : EA = 92 : 8); 1H NMR (400 MHz, CDCl3): δ 7.38-

7.36 (m, 4H), 7.21-7.05 (m, 7H), 6.88-6.86 (m, 3H), 6.76-6.72 (m, 3H), 6.18 (s, 1H), 5.51 (s, 

1H), 3.38 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 158.2, 155.4, 138.2, 134.5, 133.6, 131.2, 

131.1, 130.7, 130.4, 128.8, 128.74, 128.71, 128.6, 128.4, 128.0, 127.9, 127.7, 125.6, 122.1, 

119.8, 114.1, 110.9, 109.6, 106.3, 41.1, 30.9; Anal. Calcd for C30H22BrNO: C, 73.18; H, 4.50; N, 

2.84%; Found: C, 73.37; H, 4.45; N, 2.80%.

N
Ph

Ph

O

Me

NO2

1-Methyl-3-((5-nitrobenzofuran-2-yl)(phenyl)methyl)-2-phenyl-1H-indole (3qj): Yellow 

solid (75%, 68 mg); Rf = 0.50 (PE : EA = 92 : 8); M.p. 175-176 °C; 1H NMR (400 MHz, 

CDCl3): δ 8.17-8.14 (m, 1H), 7.99 (s, 1H), 7.54-7.49 (m, 3H), 7.42 (d, J = 9.2 Hz, 1H), 7.31-7.17 

(m, 4H), 7.07-7.01 (m, 5H), 6.90-6.87 (m, 2H), 6.42 (s, 1H), 5.67 (s, 1H), 3.53 (s, 3H); 13C{1H} 

NMR (100 MHz, CDCl3): δ 161.1, 157.9, 143.3, 138.6, 137.4, 133.8, 133.0, 130.9, 130.7, 129.0, 

128.8, 128.17, 128.10, 126.2, 125.8, 122.3, 121.1, 120.0, 118.6, 110.3, 109.8, 109.4, 108.2, 40.7, 

31.0; Anal. Calcd for C30H22N2O3: C, 78.59; H, 4.84; N, 6.11%; Found: C, 78.75; H, 4.88; N, 

6.16%.

NH

Ph

O
S

3-(Benzofuran-2-yl(phenyl)methyl)-2-(thiophen-2-yl)-1H-indole (3ai): Brown gummy mass 

(53%, 42 mg); Rf = 0.45 (PE : EA = 92 : 8); 1H NMR (400 MHz, CDCl3): δ 8.12 (s, 1H), 7.38-
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7.36 (m, 1H), 7.31-7.27 (m, 3H), 7.21 (d, J = 6.4 Hz, 3H), 7.18-7.14 (m, 2H), 7.12-7.07 (m, 4H), 

7.05-7.01 (m, 2H), 6.86-6.82 (m, 1H), 6.30 (s, 1H), 6.01 (s, 1H); 13C{1H} NMR (100 MHz, 

CDCl3): δ 159.9, 155.1, 141.2, 136.2, 133.8, 129.5, 128.9, 128.7, 128.5, 128.2, 128.0, 126.8, 

126.4, 126.2, 123.6, 122.7, 122.6, 121.1, 120.7, 120.3, 113.2, 111.3, 110.9, 105.5, 42.7; Anal. 

Calcd for C27H19NOS: C, 79.97; H, 4.72; N, 3.45%; Found: C, 79.73; H, 4.77; N, 3.56%.

H
N Ph

N

N
Ph

Me

7-Methyl-2-phenyl-3-(phenyl(2-phenyl-1H-indol-3-yl)methyl)imidazo[1,2-a]pyridine (8a): 

White solid (62%, 60 mg); Rf = 0.55 (PE : EA = 76 : 24); M.p. 184-185 °C; 1H NMR (400 MHz, 

CDCl3): δ 8.37 (s, 1H), 7.51-7.48 (m, 2H), 7.39 (d, J = 7.2 Hz, 1H), 7.35 (d, J = 8.0 Hz, 1H), 

7.24-7.16 (m, 8H), 7.14-7.06 (m, 3H), 7.02-7.01 (m, 4H), 6.91 (t, J = 8.0 Hz, 1H), 6.77 (d, J = 

8.4 Hz, 1H), 6.46 (s, 1H), 6.15-6.13 (m, 1H), 2.26 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 

145.1, 143.8, 140.9, 137.0, 135.8, 135.2, 134.8, 134.5, 132.3, 128.88, 128.81, 128.4, 128.2, 

128.1, 128.0, 127.2, 126.9, 126.1, 124.3, 122.2, 121.2, 120.4, 120.1, 115.6, 114.2, 111.2, 111.0, 

39.3, 21.2; Anal. Calcd for C35H27N3: C, 85.86; H, 5.56; N, 8.58%; Found: C, 86.01; H, 5.50; N, 

8.49%.

H
N Ph

N
N

Ph

Me

OMe

3-((4-Methoxyphenyl)(2-phenyl-1H-indol-3-yl)methyl)-8-methyl-2-phenylimidazo[1,2-

a]pyridine (8b): White solid (82%, 85 mg); Rf = 0.45 (PE : EA = 78 : 22); M.p. 189-190 °C; 1H 

NMR (400 MHz, CDCl3): δ 8.30 (s, 1H), 7.50-7.47 (m, 2H), 7.41 (d, J = 6.8 Hz, 1H), 7.35 (d, J 

= 8.0 Hz, 1H), 7.20-7.13 (m, 4H), 7.10-7.06 (m, 1H), 7.04-6.99 (m, 6H), 6.94-6.90 (m, 1H), 6.85 

(d, J = 8.0 Hz, 1H), 6.79-6.77 (m, 1H), 6.72 (d, J = 8.8 Hz, 2H), 6.39 (s, 1H), 6.24 (t, J = 6.8 Hz, 

1H), 3.75 (s, 3H), 2.58 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 171.2, 158.3, 144.9, 143.6, 
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136.8, 135.9, 135.0, 132.9, 132.4, 129.8, 129.1, 128.4, 128.3, 128.05, 128.01, 127.7, 127.1, 

126.9, 123.0, 122.4, 122.3, 122.0, 120.5, 119.9, 114.0, 111.4, 111.0, 55.2, 38.7, 17.2; Anal. 

Calcd for C36H29N3O: C, 83.21; H, 5.63; N, 8.09%; Found: C, 83.03; H, 5.61; N, 8.16%.

H
N Ph

N
N

Ph

Me

Br

3-((4-Bromophenyl)(2-phenyl-1H-indol-3-yl)methyl)-8-methyl-2-phenylimidazo[1,2-

a]pyridine (8c): White solid (75%, 85 mg); Rf = 0.50 (PE : EA = 82 : 18); M.p. 196-197 °C; 1H 

NMR (400 MHz, CDCl3): δ 8.43 (s, 1H), 7.46-7.43 (m, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.28 (d, J 

= 8.4 Hz, 2H), 7.19-7.15 (m, 4H), 7.11-7.07 (m, 1H), 7.04-7.00 (m, 4H), 6.96-6.92 (m, 3H), 6.85 

(d, J = 8.0 Hz, 1H), 6.80 (d, J = 6.4 Hz, 1H), 6.35 (s, 1H), 6.26 (t, J = 6.8 Hz, 1H), 2.57 (s, 3H); 

13C{1H} NMR (100 MHz, CDCl3): δ 145.0, 143.9, 139.9, 137.0, 135.8, 134.9, 132.1, 131.7, 

130.6, 129.1, 128.9, 128.6, 128.4, 128.2, 128.1, 128.0, 127.3, 127.1, 122.7, 122.4, 121.3, 120.7, 

120.3, 120.2, 111.7, 111.1, 110.6, 39.1, 17.3; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C35H27BrN3: 568.1383; found: 568.1384.  

OMe

H
N Ph

N

N

F

3-((4-Fluorophenyl)(2-phenyl-1H-indol-3-yl)methyl)-2-(4-methoxyphenyl)imidazo[1,2-

a]pyridine (8d): Brown solid (81%, 84 mg); Rf = 0.55 (PE : EA = 77 : 23); M.p. 127-128 °C; 1H 

NMR (400 MHz, CDCl3): δ 8.91 (s, 1H), 7.46-7.40 (m, 4H), 7.33 (d, J = 8.0 Hz, 1H), 7.15 (t, J = 

7.6 Hz, 1H), 7.07-7.04 (m, 3H), 6.99-6.87 (m, 8H), 6.82 (d, J = 8.0 Hz, 1H), 6.74 (d, J = 8.8 Hz, 

2H), 6.41 (s, 1H), 6.30 (t, J = 7.2 Hz, 1H), 3.75 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 

161.7 (JC-F = 244 Hz), 159.1, 144.5, 144.0, 137.1, 136.5 (JC-F = 3.0 Hz), 135.9, 132.2, 130.38, 

130.31, 130.1, 128.4, 128.1 (JC-F = 9.0 Hz), 128.0, 127.2, 124.8, 123.6, 122.2, 121.0, 120.19, 

120.16, 117.0, 115.6 (JC-F = 21.0 Hz), 113.7, 111.5, 111.2, 110.7, 55.3, 38.8; Anal. Calcd for 

C35H26FN3O: C, 80.29; H, 5.01; N, 8.03%; Found: C, 80.12; H, 5.04; N, 8.09%.
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N
N

O
Bn

3-(2-Benzylbenzofuran-3-yl)-2-phenylimidazo[1,2-a]pyridine (11): White solid (54%, 43 mg); 

Rf = 0.50 (PE : EA = 75 : 25); M.p. 130-131 °C; 1H NMR (400 MHz, CDCl3): δ 7.76-7.72 (m, 

3H), 7.63-7.61 (m, 1H), 7.56 (d, J = 8.4 Hz, 1H), 7.36-7.32 (m, 1H), 7.27-7.24 (m, 4H), 7.21-

7.19 (m, 2H), 7.08-7.06 (m, 3H), 6.90-6.88 (m, 2H), 6.70-6.66 (m, 1H), 3.85-3.76 (m, 2H); 
13C{1H} NMR (100 MHz, CDCl3): δ 157.3, 155.0, 145.8, 144.6, 136.2, 134.1, 128.7, 128.6, 

128.4, 128.2, 127.9, 127.6, 126.7, 125.1, 124.7, 124.2, 123.5, 120.0, 117.7, 112.4, 111.8, 111.2, 

105.8, 33.7. Anal. Calcd for C28H20N2O: C, 83.98; H, 5.03; N, 7.00%; Found: C, 83.74; H, 5.06; 

N, 7.09%

4. References: 
1) Y. Wei, I. Deb and N. Yoshikai, J. Am. Chem. Soc., 2012, 134, 9098.
2) M. Zheng, F. Wu, K. Chen and S. Zhu, Org. Lett., 2016, 18, 3554.
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5. NMR spectra for the synthesized products
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