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1 General information

All reagents were obtained from commercial suppliers and used without further purification. 

Platinum plate electrode (10 mm × 10 mm × 0.1 mm), purity above 99.99%, Beijing Jingke Keyi 

scientific instrument Co., Ltd., China; Graphite felt electrode (10 mm × 40 mm × 2 mm), purity 

93-99.9%, Inner Mongolia Wanxing carbon Co., Ltd., China. Reactions were monitored by thin 

layer chromatography. Column chromatography was performed using silica gel (300−400 mesh). 

The NMR spectra were recorded on a Bruker Avance 400 spectrometer at 400 MHz (1H) and 100 

MHz (13C) in CDCl3 using tetramethylsilane as the internal standard. The following abbreviations 

were used to explain the multiplicities: s = singlet, brs = broad singlet, d = doublet, t = triplet, dd = 

doublet of doublet, dt = doublet of triplet, td = triplet of doublet, q = quartet, m = multiplet. High-

resolution mass spectra were obtained with an AB Triple 5600 mass spectrometer by ESI on a 

TOF mass analyzer. Melting points are uncorrected.

2 Experimental procedures

2.1 General procedure for the electrochemical reaction

2.1.1 General procedure for the synthesis of benzofuran derivatives (taking 3a as an example)

O
O O

CH3CN, 25 °C, Air, 12 h
undivided cell

GF(+)/Pt(-), I = 10 mA
PhSeSePh (20 mol%), nBu4NBF4 (0.05 M)

1a 3a

An oven-dried undivided three-necked flask (25 mL) was charged with 1,2-diphenyldiselane (2a, 

31.2 mg, 0.1 mmol), nBu4NBF4 (164.6 mg, 0.5 mmol). Then CH3CN (10 mL) and (3-

phenoxyprop-1-yn-1-yl)benzene (1a, 104.0 mg, 94.5 μL, 0.5 mmol) were added. The flask was 

equipped with graphite felt electrode (10 mm × 30 mm) as the anode and platinum plate electrode 

(10 mm × 10 mm) as the cathode (Fig. S1). The reaction mixture was stirred and electrolyzed at a 

constant current (10 mA) at 25 °C for 12 h. After the reaction was completed, the resulting 

solution was diluted with EtOAc (10 mL). The organic layer was washed with water (10 mL). The 

aqueous phase was re-extracted with EtOAc (10 mL × 2). The combined organic layers were dried 

over Na2SO4 and concentrated in vacuum. Subsequently, the crude residue was purified by silica 

gel chromatography using petroleum ether/ethyl acetate (50:1, v/v) as eluent to afford the desired 

product 3a 97.7 mg (yield 88%).
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Similar result (86% yield) was obtained when Pt electrode provided by another company (10 mm 

× 10 mm × 0.2 mm, purity above 99.95%, Shanghai Chuxi Industrial Co., Ltd., China) was used.

Figure S1 Electrodes and reaction setup for the synthesis of product 3.

2.1.2 General procedure for the synthesis of coumarin derivatives (taking 4a as an example)

O

CH3CN, 0 °C, Air, 24 h
undivided cell

GF(+)/Pt(-), I = 10 mA
PhSeSePh (1.5 equiv.), nBu4NBF4 (0.05 M)

1a 4a

O O

Se

An oven-dried undivided three-necked flask (25 mL) was charged with 1,2-diphenyldiselane (2a, 

234.1 mg, 0.75 mmol), nBu4NBF4 (164.6 mg, 0.5 mmol). Then CH3CN (10 mL) and (3-

phenoxyprop-1-yn-1-yl)benzene (1a, 104.0 mg, 94.5 μL, 0.5 mmol) were added. The flask was 

equipped with graphite felt electrode (10 mm × 30 mm) as the anode and platinum plate electrode 

(10 mm × 10 mm) as the cathode (Fig. S2). The reaction mixture was stirred and electrolyzed at a 

constant current (10 mA) at 0 °C for 24 h. After being warmed to room temperature, the resulting 

solution was diluted with EtOAc (10 mL). The organic layer was washed with water (10 mL). The 

aqueous phase was re-extracted with EtOAc (10 mL × 2). The combined organic layers were dried 

over Na2SO4 and concentrated in vacuum. Subsequently, the crude residue was purified by silica 

gel chromatography using petroleum ether/ethyl acetate (20:1, v/v) as eluent to afford the desired 

product 4a143.6 mg (yield 76%).
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Figure S2 Reaction setup for the synthesis of product 4.

2.2 General procedure for the gram-scale experiment

2.2.1 Gram-scale synthesis of 3a

O
O O

CH3CN (50 mL), 25 °C, Air, 24 h
undivided cell

GF(+)/Pt(-), I = 30 mA
PhSeSePh (20 mol%), nBu4NBF4 (0.05 M)

1a, 6 mmol 3a, 1.03 g, 77%

In an undivided three-necked flask (100 mL), 1,2-diphenyldiselane (2a, 374.6 mg, 1.2 mmol), 

nBu4NBF4 (823.2 mg, 2.5 mmol), CH3CN (50 mL) and (3-phenoxyprop-1-yn-1-yl)benzene (1a, 

1.25 g, 1.13 mL, 6 mmol) were continuously added. The flask was equipped with a graphite felt 

electrode as the anode and a platinum plate electrode (15 mm × 15 mm) as the cathode. The 

reaction mixture was stirred and electrolyzed at a constant current (30 mA) under air at 25 °C for 

24 h. After the reaction was completed, the resulting solution was diluted with EtOAc (50 mL). 

The organic layer was washed with water (50 mL). The aqueous phase was re-extracted with 

EtOAc (50 mL × 2). The combined organic layers were dried over Na2SO4 and concentrated in 

vacuum. Subsequently, the crude residue was purified by silica gel chromatography using 

petroleum ether/ethyl acetate (50:1, v/v) as eluent to afford the desired product 3a 1.03 g (yield 

77%).

2.2.2 Gram-scale synthesis of 4a

O
1a, 6 mmol

O O

Se

4a, 1.56 g, 69%

CH3CN (50 mL), 0 °C, Air, 48 h
undivided cell

GF(+)/Pt(-), I = 30 mA
PhSeSePh (1.5 equiv.), nBu4NBF4 (0.05 M)

In an undivided three-necked flask (100 mL), 1,2-diphenyldiselane (2a, 2.81 g, 9 mmol), 

nBu4NBF4 (823.2 mg, 2.5 mmol), CH3CN (50 mL) and (3-phenoxyprop-1-yn-1-yl)benzene (1a, 

1.25 g, 1.13 mL, 6 mmol) were continuously added. The flask was equipped with a graphite felt 
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electrode as the anode and a platinum plate electrode (15 mm × 15 mm) as the cathode. The 

reaction mixture was stirred and electrolyzed at a constant current (30 mA) under air at 0 °C for 48 

h. After the reaction was completed, the resulting solution was diluted with EtOAc (50 mL). The 

organic layer was washed with water (50 mL). The aqueous phase was re-extracted with EtOAc 

(50 mL × 2). The combined organic layers were dried over Na2SO4 and concentrated in vacuum. 

Subsequently, the crude residue was purified by silica gel chromatography using petroleum 

ether/ethyl acetate (20:1, v/v) as eluent to afford the desired product 4a 1.56 g (yield 69%).

2.3 Procedures for the further transformation of products

2.3.1 The transformation of 3a to 5

O O
3a, 0.5 mmol

O OH
5, 92%

NaBH4 (2 equiv.), CH3OH (10 mL)
0 °C to RT, 4 h

In a Schlenk flask (25 mL), 3a (0.5 mmol, 111.0 mg), NaBH4 (1.0 mmol, 37.8 mg) and CH3OH 

(10 mL) were added slowly at 0 °C. After stirring for 4 h at room temperature, the mixture was 

quenched with saturated aqueous solution of NH4Cl, and extracted with ethyl acetate, and the 

combined organic phases were dried over anhydrous Na2SO4, filtered, concentrated in vacuo. 

Subsequently, the crude residue was purified by silica gel chromatography using petroleum 

ether/ethyl acetate (4:1, v/v) as eluent to afford the desired product 5 103.1 mg (yield 92%).

2.3.1 The transformation of 4a to 6

6, 98%
O O

Se

O O

Se

4a, 0.5 mmol

mCPBA (3 equiv.), DCM (10 mL)
0 °C, 3 h

O

O

In a Schlenk flask (25 mL), 4a (0.5 mmol, 189.0 mg), mCPBA (1.5 mmol, 258.9 mg) and DCM 

(10 mL) were added in sequence. After stirring for 3 h at 0 °C, the mixture was quenched with 

water, and extracted with ethyl acetate, and the combined organic phases were dried over 

anhydrous Na2SO4, filtered, concentrated in vacuo. Subsequently, the crude residue was purified 

by silica gel chromatography using petroleum ether/ethyl acetate (1:1, v/v) as eluent to afford the 

desired product 6 200.9 mg (yield 98%).

3. Mechanistic studies

3.1 Control experiments
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3.1.1 Radical inhibition reaction

1a

3a
PhSeSePh (20 mol%)

nBu4NBF4, CH3CN, 25 °C, 6 h

Radical Indibitor (4 equiv.)

O
4a

0.5 mmol

I = 10 mA(GF) (Pt)

N
O

N
O

PhSe

7 8
Radical Indibitor (4 equiv.)

I = 10 mA(GF) (Pt)

PhSeSePh (1.5 equiv.)
nBu4NBF4, CH3CN, 0 °C, 12 h

++

trace

trace

7, HRMS (ESI-TOF) m/z [M+H]+ calcd for C24H30NO2
+, 364.2272; found 364.2267.

Figure S3 HRMS analysis of the radical-trapping product 7.

8, HRMS (ESI-TOF) m/z [M+H]+ calcd for C15H24NOSe+, 314.1018; found 314.1019.

Figure S4 HRMS analysis of the radical-trapping product 8.

O
N

O

M+H = 364.2267

7
+

M+H = 314.1019

8
+

N
O

PhSe
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3.1.2 18O-Labeling experiment

3a
O

+

[18O]-3a
18O

1a
PhSeSePh (20 mol%), H218O (1.5 equiv.)

nBu4NBF4, CH3CN, 25 °C, 12 h0.5 mmol

I = 10 mA(GF) (Pt)

O O

In an undivided three-necked flask (25 mL), 1,2-diphenyldiselane (2a, 31.2 mg, 0.1 mmol), 

nBu4NBF4 (164.6 mg, 0.5 mmol), CH3CN (10 mL), H2
18O (30.0 mg, 27.2 μL, 1.5 mmol) and (3-

phenoxyprop-1-yn-1-yl)benzene (1a, 104.0 mg, 94.5 μL, 0.5 mmol) were continuously added. The 

flask was equipped with a graphite felt electrode (10 mm × 30 mm) as the anode and a platinum 

plate electrode (10 mm × 10 mm) as the cathode. The reaction mixture was stirred and 

electrolyzed at a constant current (10 mA) under air at 25 °C for 12 h. The 18O-labeled product 

was determined by HRMS (Fig. S5).

[18O]-3a, HRMS (ESI-TOF) m/z [M+H]+ calcd for C15H11O18O+, 225.0796; found 225.0799.

Figure S5 HRMS analysis of the 18O-labeled product [18O]-3a.

1a
PhSeSePh (1.5 equiv.), H218O (1.5 equiv.)

nBu4NBF4, CH3CN, 0 °C, 24 h

4a

0.5 mmol

I = 10 mA(GF) (Pt)

O

SePh+

[18O]-4a
18OO

SePh

O

M+H = 225.0799
+

O
[18O]-3a

18O
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In an undivided three-necked flask (25 mL), 1,2-diphenyldiselane (2a, 234.1 mg, 0.75 mmol), 

nBu4NBF4 (164.6 mg, 0.5 mmol), CH3CN (10 mL), H2
18O (30.0 mg, 27.2 μL, 1.5 mmol) and (3-

phenoxyprop-1-yn-1-yl)benzene (1a, 104.0 mg, 94.5 μL, 0.5 mmol) were continuously added. The 

flask was equipped with a graphite felt electrode (10 mm × 30 mm) as the anode and a platinum 

plate electrode (10 mm × 10 mm) as the cathode. The reaction mixture was stirred and 

electrolyzed at a constant current (10 mA) under air at 0 °C for 24 h. The 18O-labeled product was 

determined by HRMS (Fig. S6).

[18O]-4a, HRMS (ESI-TOF) m/z [M+H]+ calcd for C21H15O18OSe+, 381.0275; found 381.0269.

Figure S6 HRMS analysis of the 18O-labeled product [18O]-4a.

3.1.3 Detection of the possible intermediates

1a

3a

4a

0.5 mmol

O

SePh

O OH

+

SePh

OH

SePh

+

PhSeH
9

10

11

PhSeSePh (20 mol%)
nBu4NBF4, CH3CN, 25 °C, 2 h

I = 10 mA(GF) (Pt)

I = 10 mA(GF) (Pt)
PhSeSePh (1.5 equiv.)

nBu4NBF4, CH3CN, 0 °C, 2 h

+

In an undivided three-necked flask (25 mL), 1,2-diphenyldiselane (2a, 31.2 mg, 0.1 mmol or 

M+H = 381.0269
+

O

SePh

[18O]-4a
18O
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234.1 mg, 0.75 mmol), nBu4NBF4 (164.6 mg, 0.5 mmol), CH3CN (10 mL) and (3-phenoxyprop-1-

yn-1-yl)benzene (1a, 104.0 mg, 94.5 μL, 0.5 mmol) were continuously added. The flask was 

equipped with a graphite felt electrode (10 mm × 30 mm) as the anode and a platinum plate 

electrode (10 mm × 10 mm) as the cathode. The reaction mixture was stirred and electrolyzed at a 

constant current (10 mA) under air at 25 °C or at 0 °C for 2 h. The reaction mixture was analyzed 

by HRMS (Fig. S7-S9)

9, HRMS (ESI-TOF) m/z [M+H]+ calcd for C21H17O2Se+, 381.0389; found 381.0385.

Figure S7 HRMS analysis of the possible intermediate 9.

10, HRMS (ESI-TOF) m/z [M+H]+ calcd for C28H23O2Se2
+, 551.0023; found 551.0020.

M+H = 381.0385
+
9
O OH

SePh
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Figure S8 HRMS analysis of the possible intermediate 10.

11, HRMS (ESI-TOF) m/z [M+H]+ calcd for C6H7Se+, 158.9708; found 158.9707.

Figure S9 HRMS analysis of the possible intermediate 11.

3.2 Cyclic voltammetry analysis

Cyclic voltammetry was performed in a three electrodes cell in a three-necked flask at room 

temperature. The working electrode was a 3 mm diameter glassy carbon disc electrode, and the 

M+H = 551.0020
+
10
O

SePh

OH

SePh

PhSeH

M+H = 158.9707

11
+
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counter electrode was a Pt wire. The reference was silver/silver chloride electrode (Ag/AgCl) 

submerged in saturated aqueous KCl solution. As shown in the Figure S10, 1a gave an oxidation 

peak at 1.35 V vs. Ag/AgCl in the range of 0–2.0 V, and 2a gave an oxidation peak at 1.40 V vs. 

Ag/AgCl in the range of 0–2.0 V (Fig. S10).

Figure S10 CV scans (scan rate 100 mV s−1) of substrates: Blank (nBu4NBF4, 0.02 M in 10 mL 

CH3CN, black curve); (3-phenoxyprop-1-yn-1-yl)benzene (1a, 0.05 M in CH3CN, red curve); 

diphenyl diselenide (2a, 0.05 M in CH3CN, blue curve); 1a and 2a (0.05 M in CH3CN, green 

curve).

4 Experimental data for the products 3, 4, 5 and 6

O O

3-Phenylbenzofuran-2-carbaldehyde (3a).1 The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (97.7 mg, 88%), mp 

62−64 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.83 (s, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.60 (d, J = 

8.0 Hz, 3H), 7.52 (t, J = 7.7 Hz, 4H), 7.33 (t, J = 7.5 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 

(ppm) 179.8, 155.4, 147.6, 134.2, 130.0, 129.7, 129.4, 129.20, 129.16, 127.0, 124.3 122.7, 112.8.
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O O

F

3-(4-Fluorophenyl)benzofuran-2-carbaldehyde (3b). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (99.6 mg, 

83%), mp 147−149 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.88 (s, 1H), 7.76 (dt, J = 8.0, 1.0 Hz, 

1H), 7.69−7.58 (m, 4H), 7.43−7.39 (m, 1H), 7.32−7.28 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 

(ppm) 179.7, 163.5 (d, J = 250.2 Hz), 155.4, 147.6, 133.0, 131.8 (d, J = 8.4 Hz), 129.9, 127.0, 

125.2 (d, J = 3.4 Hz), 124.4, 122.4, 116.4 (d, J = 21.9 Hz), 112.9. HRMS (ESI) m/z: [M + H]+ 

Calcd for C15H10FO2
+ 241.0660; Found 241.0663.

O O

Cl

3-(4-Chlorophenyl)benzofuran-2-carbaldehyde (3c). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (107.6 mg, 

84%), mp 163−165 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.89 (s, 1H), 7.76 (dt, J = 8.0, 1.0 Hz, 

1H), 7.69 (d, J = 8.4 Hz, 1H), 7.63−7.57 (m, 5H), 7.44−7.40 (m, 1H). 13C NMR (100 MHz, CDCl3) δ 

(ppm) 179.6, 155.5, 147.6, 135.8, 132.8, 131.2, 129.9, 129.5, 127.7, 126.9, 124.5, 122.4, 113.0. 

HRMS (ESI) m/z: [M + H]+ Calcd for C15H10ClO2
+ 257.0364; Found 257.0363.

O O

Br

3-(4-Bromophenyl)benzofuran-2-carbaldehyde (3d). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (129.0 mg, 

86%), mp 163−165 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.89 (s, 1H), 7.76−7.72 (m, 3H), 

7.68 (d, J = 8.4 Hz, 1H), 7.63−7.59 (m, 1H), 7.56−7.52 (m, 2H), 7.43−7.39 (m, 1H). 13C NMR 

(100 MHz, CDCl3) δ (ppm) 179.6, 155.5, 147.6, 132.7, 132.5, 131.4, 129.9, 128.2, 126.8, 124.5, 
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123.95, 122.4, 113.0. HRMS (ESI) m/z: [M + H]+ Calcd for C15H10BrO2
+ 300.9859; Found 

300.9861.

O O

CN

4-(2-Formylbenzofuran-3-yl)benzonitrile (3e). The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (10:1, v/v). Yellow solid (107.5 mg, 87%), mp 

176−178 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.92 (s, 1H), 7.90 (d, J = 8.2 Hz, 2H), 7.80 (d, 

J = 8.3 Hz, 2H), 7.74 (d, J = 8.0 Hz, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.66−7.62 (m, 1H), 7.44 (t, J = 

7.5 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 179.5, 155.4, 147.7, 134.1, 132.9, 131.1, 130.6, 

130.1, 126.5, 124.9, 122.1, 118.3, 113.2, 113.1. HRMS (ESI) m/z: [M + H]+ Calcd for 

C16H10NO2
+ 248.0707; Found 248.0705.

O O

O
O

Methyl 4-(2-formylbenzofuran-3-yl)benzoate (3f). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (10:1, v/v). Yellow solid (119.1 mg, 

85%), mp 120−122 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.88 (s, 1H), 8.25−8.22 (m, 2H), 

7.76−7.71 (m, 3H), 7.66 (d, J = 8.4 Hz, 1H), 7.61−7.57 (m, 1H), 7.42−7.38 (m, 1H), 3.99 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ (ppm) 179.6, 166.4, 155.4, 147.7, 133.8, 132.7, 130.9, 130.3, 

130.0, 129.9, 126.7, 124.6, 122.4, 113.0, 52.5. HRMS (ESI) m/z: [M + H]+ Calcd for C17H13O4
+ 

281.0809; Found 281.0807.

O O

CF3

3-(4-(Trifluoromethyl)phenyl)benzofuran-2-carbaldehyde (3g). The product was purified by 
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silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(118.9 mg, 82%), mp 103−105 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.91 (s, 1H), 7.87 (d, J = 

8.2 Hz, 2H), 7.81−7.75 (m, 3H), 7.70 (dt, J = 8.4, 1.0 Hz, 1H), 7.65−7.61 (m, 1H), 7.45−7.41 (m, 

1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 179.5, 155.4, 147.8, 133.0, 132.1, 131.4 (q, J = 32.9 

Hz), 130.4, 130.0, 126.8, 126.2 (q, J = 3.8 Hz), 124.7, 123.9 (q, J = 272.5 Hz), 122.3, 113.0. 

HRMS (ESI) m/z: [M + H]+ Calcd for C16H10F3O2
+ 291.0628; Found 291.0626.

O O

3-(P-Tolyl)benzofuran-2-carbaldehyde (3h). The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (100.4 mg, 85%), mp 

94−96 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.88 (s, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.65 (d, J = 

8.4 Hz, 1H), 7.58 (d, J = 7.4 Hz, 1H), 7.54 (d, J = 7.8 Hz, 2H), 7.39 (d, J = 7.7 Hz, 3H), 2.48 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 180.0, 155.5, 147.6, 139.7, 134.6, 130.0, 129.9, 129.7, 

127.1, 126.2, 124.2, 122.8, 112.8, 21.4. HRMS (ESI) m/z: [M + H]+ Calcd for C16H13O2
+ 

237.0911; Found 237.0918.

O O

3-(4-Ethylphenyl)benzofuran-2-carbaldehyde (3i). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (101.3 mg, 

81%), mp 87−89 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.89 (s, 1H), 7.80 (dd, J = 8.1, 1.2 Hz, 

1H), 7.66 (d, J = 8.4 Hz, 1H), 7.58 (dd, J = 7.5, 5.2 Hz, 3H), 7.47−7.34 (m, 3H), 2.79 (q, J = 7.6 

Hz, 2H), 1.34 (t, J = 7.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 180.0, 155.5, 147.6, 145.9, 

134.6, 130.0, 129.7, 128.8, 127.1, 126.5, 124.2, 122.8, 112.8, 28.8, 15.5. HRMS (ESI) m/z: [M + 

H]+ Calcd for C17H15O2
+ 251.1067; Found 251.1069.
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O O

3-(4-(Tert-Butyl)phenyl)benzofuran-2-carbaldehyde (3j). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (111.3 mg, 

80%), mp 103−105 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.90 (s, 1H), 7.81 (d, J = 7.9 Hz, 1H), 

7.67−7.56 (m, 6H), 7.37 (t, J = 7.5 Hz, 1H), 1.42 (s, 9H). 13C NMR (100 MHz, CDCl3) δ (ppm) 

180.0, 155.5, 152.8, 147.6, 134.5, 129.8, 129.7, 127.1, 126.3, 126.2, 124.2, 122.9, 112.8, 34.9, 

31.3. HRMS (ESI) m/z: [M + H]+ Calcd for C19H19O2
+ 279.1380; Found 279.1388.

O O

3-([1,1'-Biphenyl]-4-yl)benzofuran-2-carbaldehyde (3k). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (30:1, v/v). Yellow solid (125.2 mg, 

84%), mp 176−178 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.97 (s, 1H), 7.87−7.82 (m, 3H), 

7.76−7.69 (m, 5H), 7.64−7.60 (m, 1H), 7.53 (t, J = 7.6 Hz, 2H), 7.47−7.40 (m, 2H). 13C NMR 

(100 MHz, CDCl3) δ (ppm) 179.9, 155.5, 147.7, 142.4, 140.1, 133.9, 130.5, 129.8, 129.0, 128.1, 

128.0, 127.9, 127.2, 127.1, 124.4, 122.7, 112.9. HRMS (ESI) m/z: [M + H]+ Calcd for C21H15O2
+ 

299.1067; Found 299.1076.

O O

F

3-(3-Fluorophenyl)benzofuran-2-carbaldehyde (3l). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (79.2 mg, 

66%), mp 80−82 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.92 (s, 1H), 7.78 (d, J = 8.0 Hz, 1H), 
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7.68 (d, J = 8.4 Hz, 1H), 7.63−7.55 (m, 2H), 7.45−7.36 (m, 3H), 7.29−7.24 (m, 1H). 13C NMR 

(100 MHz, CDCl3) δ (ppm) 179.6, 163.0 (d, J = 248.1 Hz), 155.4, 147.7, 132.6, 131.3 (d, J = 8.3 

Hz), 130.9 (d, J = 8.5 Hz), 129.9, 126.8, 125.9 (d, J = 3.1 Hz), 124.5, 122.4, 116.9 (d, J = 22.4 Hz), 

116.5 (d, J = 21.1 Hz), 113.0. HRMS (ESI) m/z: [M + H]+ Calcd for C15H10FO2
+ 241.0660; Found 

241.0666.

O O

Br

3-(3-Bromophenyl)benzofuran-2-carbaldehyde (3m). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (97.5 mg, 

65%), mp 136−138 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.89 (s, 1H), 7.80 (t, J = 1.8 Hz, 1H), 

7.76 (d, J = 8.0 Hz, 1H), 7.70−7.66 (m, 2H), 7.62−7.57 (m, 2H), 7.47 (t, J = 7.8 Hz, 1H), 

7.43−7.39 (m, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 179.5, 155.4, 147.7, 132.7, 132.5, 132.3, 

131.3, 130.7, 130.0, 128.7, 126.7, 124.6, 123.3, 122.4, 113.0. HRMS (ESI) m/z: [M + H]+ Calcd 

for C15H10BrO2
+ 300.9859; Found 300.9867.

O O

O

3-(3-Methoxyphenyl)benzofuran-2-carbaldehyde (3n). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (73.1 mg, 

58%), mp 89−91 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.92 (s, 1H), 7.81 (d, J = 8.0 Hz, 1H), 

7.67 (d, J = 8.4 Hz, 1H), 7.59 (t, J = 7.7 Hz, 1H), 7.50 (t, J = 7.9 Hz, 1H), 7.39 (t, J = 7.5 Hz, 1H), 

7.23 (d, J = 7.6 Hz, 1H), 7.18 (s, 1H), 7.10 (dd, J = 8.4, 2.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) 

δ (ppm) 179.9, 160.1, 155.4, 147.7, 134.3, 130.4, 130.3, 129.8, 127.0, 124.3, 122.8, 122.5, 115.6, 

114.9, 112.9, 55.5. HRMS (ESI) m/z: [M + H]+ Calcd for C16H13O3
+ 253.0860; Found 253.0864.

O O

Cl

3-(2-Chlorophenyl)benzofuran-2-carbaldehyde (3o). The product was purified by silica gel 
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column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (79.4 mg, 

62%), mp 89−91 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.76 (s, 1H), 7.69−7.67 (m, 1H), 

7.65−7.62 (m, 1H), 7.58 (td, J = 7.2, 1.4 Hz, 2H), 7.52−7.45 (m, 3H), 7.39−7.35 (m, 1H). 13C 

NMR (100 MHz, CDCl3) δ (ppm) 179.6, 155.3, 148.0, 134.0, 132.5, 130.9, 130.8, 130.5, 129.6, 

128.3, 127.3, 127.1, 124.2, 123.1, 112.9. HRMS (ESI) m/z: [M + H]+ Calcd for C15H10ClO2
+ 

257.0364; Found 257.0372.

O O

3-(Naphthalen-1-yl)benzofuran-2-carbaldehyde (3p). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (114.3 mg, 

84%), mp 142−144 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.71 (s, 1H), 8.07−8.05 (m, 1H), 

8.01 (d, J = 8.3 Hz, 1H), 7.79 (d, J = 8.4 Hz, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.64−7.57 (m, 4H), 

7.49−7.43 (m, 2H), 7.32−7.28 (m, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 179.7, 155.3, 148.8, 

133.8, 133.2, 132.1, 130.1, 129.8, 129.4, 128.7, 128.3, 127.0, 126.7, 126.4, 125.6, 125.4, 124.3, 

123.3, 112.9. HRMS (ESI) m/z: [M + H]+ Calcd for C19H13O2
+ 273.0911; Found 273.0911.

O O

S

3-(Thiophen-2-yl)benzofuran-2-carbaldehyde (3q). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (30:1, v/v). Yellow solid (78.7 mg, 

69%), mp 98−100 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 10.12 (s, 1H), 7.99 (d, J = 8.0 Hz, 1H), 

7.66 (d, J = 8.4 Hz, 1H), 7.63−7.58 (m, 2H), 7.55 (dd, J = 3.6, 1.2 Hz, 1H), 7.43 (t, J = 7.5 Hz, 

1H), 7.29 (dd, J = 4.8, 3.2 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 179.6, 155.5, 147.6, 

129.9, 129.8, 129.6, 128.6, 128.3, 126.9, 126.6, 124.5, 123.0, 112.9. HRMS (ESI) m/z: [M + H]+ 

Calcd for C13H9O2S+ 229.0318; Found 229.0315.
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O O

3-Phenylnaphtho[1,2-b]furan-2-carbaldehyde (3r). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (111.6 mg, 

82%), mp 134−136 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.89 (s, 1H), 8.52 (dd, J = 7.6, 2.0 

Hz, 1H), 7.95 (dd, J = 7.4, 1.9 Hz, 1H), 7.73−7.56 (m, 9H). 13C NMR (100 MHz, CDCl3) δ (ppm) 

179.0, 152.6, 147.6, 135.4, 134.1, 130.1, 129.4, 129.4, 129.2, 128.5, 127.8, 127.2, 125.4, 122.8, 

121.5, 121.3, 118.9. HRMS (ESI) m/z: [M + H]+ Calcd for C19H13O2
+ 273.0911; Found 273.0903.

O O

F

5-Fluoro-3-phenylbenzofuran-2-carbaldehyde (3s). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (88.8 mg, 

74%), mp 110−112 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.87 (s, 1H), 7.62−7.55 (m, 6H), 

7.40 (dd, J = 8.1, 2.7 Hz, 1H), 7.29 (td, J = 8.9, 2.7 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 

179.8, 159.8 (d, J = 242.1 Hz), 151.6, 148.9, 134.0 (d, J = 4.7 Hz), 129.8, 129.7, 129.3, 128.7, 

127.8 (d, J = 10.3 Hz), 118.1 (d, J = 26.9 Hz), 113.9 (d, J = 9.4 Hz), 107.7 (d, J = 25.1 Hz). 

HRMS (ESI) m/z: [M + H]+ Calcd for C15H10FO2
+ 241.0660; Found 241.0657.

O O

Cl

5-Chloro-3-phenylbenzofuran-2-carbaldehyde (3t).2 The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (103.7 mg, 

81%), mp 142−144 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.88 (s, 1H), 7.74 (d, J = 2.1 Hz, 1H), 

7.63−7.56 (m, 6H), 7.52 (dd, J = 8.9, 2.1 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 179.7, 

153.7, 148.5, 133.3, 130.1, 130.0, 129.9, 129.7, 129.4, 128.5, 128.4, 122.1, 114.0.
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O O

Br

5-Bromo-3-phenylbenzofuran-2-carbaldehyde (3u).2 The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (117.0 mg, 

78%), mp 143−145 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.87 (s, 1H), 7.88 (d, J = 2.0 Hz, 1H), 

7.65−7.56 (m, 6H), 7.52 (d, J = 8.8 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 179.7, 154.0, 

148.3, 133.1, 132.6, 129.9, 129.7, 129.4, 128.9, 128.5, 125.2, 117.5, 114.4.

O O

OHC

3-Phenylbenzofuran-2,5-dicarbaldehyde (3v). The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (5:1, v/v). Yellow solid (91.3 mg, 73%), mp 

186−188 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 10.12 (s, 1H), 9.95 (s, 1H), 8.36 (d, J = 1.6 Hz, 

1H), 8.15 (dd, J = 8.7, 1.7 Hz, 1H), 7.81 (d, J = 8.6 Hz, 1H), 7.70−7.62 (m, 5H). 13C NMR (100 

MHz, CDCl3) δ (ppm) 190.9, 179.6, 158.4, 148.8, 134.2, 133.4, 130.3, 129.98, 129.95, 129.5, 

128.3, 127.8, 126.3, 113.8. HRMS (ESI) m/z: [M + H]+ Calcd for C16H11O2
+ 251.0703; Found 

251.0702.

O O

NC

2-Formyl-3-phenylbenzofuran-5-carbonitrile (3w). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (10:1, v/v). Yellow solid (105.0 mg, 

85%), mp 200−202 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.96 (s, 1H), 8.17 (d, J = 1.4 Hz, 1H), 

7.85 (dd, J = 8.7, 1.6 Hz, 1H), 7.78 (dd, J = 8.7, 0.7 Hz, 1H), 7.65−7.62 (m, 5H). 13C NMR (100 

MHz, CDCl3) δ (ppm) 179.5, 156.7, 148.8, 133.1, 132.4, 130.2, 129.9, 129.6, 128.2, 127.9, 127.8, 

118.4, 114.3, 108.6. HRMS (ESI) m/z: [M + H]+ Calcd for C16H10NO2
+ 248.0707; Found 

248.0704.
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O O

O

O

Methyl 2-formyl-3-phenylbenzofuran-5-carboxylate (3x). The product was purified by silica 

gel column chromatography with petroleum ether/ethyl acetate (10:1, v/v). Yellow solid (116.3 

mg, 83%), mp 156−158 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.92 (s, 1H), 8.52 (d, J = 1.8 Hz, 

1H), 8.28 (dd, J = 8.8, 1.8 Hz, 1H), 7.71−7.59 (m, 6H), 3.97 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ (ppm) 179.7, 166.4, 157.7, 148.6, 134.3, 130.9, 130.0, 129.8, 129.4, 128.5, 127.2, 126.8, 125.4, 

112.8, 52.4. HRMS (ESI) m/z: [M + H]+ Calcd for C17H13O4
+ 281.0809; Found 281.0812.

O O

5-Methyl-3-phenylbenzofuran-2-carbaldehyde (3y).2 The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (88.6 mg, 

75%), mp 109−111 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.87 (s, 1H), 7.66−7.63 (m, 2H), 

7.62−7.54 (m, 5H), 7.40 (dd, J = 8.8, 1.7 Hz, 1H), 2.49 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

(ppm) 179.8, 154.0, 147.9, 134.2, 134.1, 131.4, 130.0, 129.41, 129.35, 129.2, 127.1, 122.0, 112.4, 

21.4.

O O

5-Ethyl-3-phenylbenzofuran-2-carbaldehyde (3z). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (88.8 mg, 

71%), mp 100−102 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.87 (s, 1H), 7.67−7.65 (m, 2H), 

7.62−7.56 (m, 5H), 7.44 (dd, J = 8.8, 1.6 Hz, 1H), 2.78 (q, J = 7.6 Hz, 2H), 1.30 (t, J = 7.6 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 179.8, 154.2, 147.9, 140.6, 134.3, 130.4, 130.0, 129.5, 

129.4, 129.2, 127.1, 120.8, 112.5, 28.9, 16.1. HRMS (ESI) m/z: [M + H]+ Calcd for C17H15O2
+ 

251.1067; Found 251.1065.
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O O

5-Isopropyl-3-phenylbenzofuran-2-carbaldehyde (3aa). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow oil (104.4 mg, 

79%). 1H NMR (400 MHz, CDCl3) δ (ppm) 9.86 (s, 1H), 7.67−7.65 (m, 2H), 7.62−7.55 (m, 5H), 

7.48 (dd, J = 8.7, 1.8 Hz, 1H), 3.09−3.02 (m, 1H), 1.31 (d, J = 7.0 Hz, 6H). 13C NMR (100 MHz, 

CDCl3) δ (ppm) 179.8, 154.2, 148.0, 145.3, 134.4, 130.0, 129.5, 129.4, 129.2, 129.1, 127.0, 119.3, 

112.6, 34.2, 24.4. HRMS (ESI) m/z: [M + H]+ Calcd for C18H17O2
+ 265.1224; Found 265.1226.

O O

O

5-Methoxy-3-phenylbenzofuran-2-carbaldehyde (3ab). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (85.7 mg, 

68%), mp 162−164 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.83 (s, 1H), 7.65−7.54 (m, 6H), 

7.20 (dd, J = 9.1, 2.6 Hz, 1H), 7.12 (d, J = 2.6 Hz, 1H), 3.85 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ (ppm) 179.7, 157.0, 150.6, 148.4, 134.3, 129.9, 129.4, 129.3, 127.5, 120.1, 114.7, 113.6, 103.0, 

56.0. HRMS (ESI) m/z: [M + H]+ Calcd for C16H13O3
+ 253.0860; Found 253.0861.

O O
F

7-Fluoro-3-phenylbenzofuran-2-carbaldehyde (3ac). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (50:1, v/v). Yellow oil (92.4 mg, 77%). 

1H NMR (400 MHz, CDCl3) δ (ppm) 9.92 (s, 1H), 7.66−7.64 (m, 2H), 7.62−7.55 (m, 4H), 7.31 

(dd, J = 8.4, 3.5 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ (ppm) 179.6, 148.5 (d, J = 253.5 Hz), 

148.2, 142.9 (d, J = 11.9 Hz), 133.9 (d, J = 2.5 Hz), 130.6 (d, J = 2.8 Hz), 130.0, 129.7, 129.3, 

128.7, 124.9 (d, J = 5.5 Hz), 118.3 (d, J = 4.4 Hz), 115.4 (d, J = 15.8 Hz). HRMS (ESI) m/z: [M + 

H]+ Calcd for C15H10FO2
+ 241.0660; Found 241.0665.
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O

Se

O

4-Phenyl-3-(phenylselanyl)-2H-chromen-2-one (4a).3 The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid (143.6 mg, 

76%), mp 153−155 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.57−7.52 (m, 1H), 7.48 (dd, J = 5.0, 

1.9 Hz, 3H), 7.40 (dd, J = 8.3, 1.2 Hz, 1H), 7.36−7.30 (m, 2H), 7.22−7.15 (m, 6H), 7.09 (dd, J = 

8.0, 1.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 159.6, 159.1, 153.5, 136.2, 132.8, 132.1, 

130.3, 129.1, 128.9, 128.5, 128.3, 127.8, 127.5, 124.3, 120.8, 120.5, 116.8.

O

Se

O

3-(Phenylselanyl)-4-(p-tolyl)-2H-chromen-2-one (4b).3 The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid (143.1 mg, 

73%), mp 117−119 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.56−7.52 (m, 1H), 7.40−7.34 (m, 

3H), 7.29 (d, J = 7.9 Hz, 2H), 7.22−7.14 (m, 5H), 7.11 (d, J = 7.9 Hz, 2H), 2.47 (s, 3H). 13C NMR 

(100 MHz, CDCl3) δ (ppm) 159.6, 159.3, 153.5, 138.9, 133.3, 132.7, 132.0, 130.4, 129.2, 129.0, 

128.2, 128.1, 127.4, 124.3, 120.60, 120.58, 116.8, 21.5.

O

Se

O

4-(4-Ethylphenyl)-3-(phenylselanyl)-2H-chromen-2-one (4c). The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(150.2 mg, 74%), mp 110−112 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.56−7.52 (m, 1H), 

7.42−7.38 (m, 1H), 7.34 (dt, J = 6.5, 1.7 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 7.21−7.11 (m, 7H), 



S23

2.76 (q, J = 7.6 Hz, 2H), 1.34 (t, J = 7.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 159.6, 

159.2, 153.5, 145.1, 133.5, 132.7, 131.9, 130.4, 129.0, 128.3, 128.1, 127.9, 127.4, 124.2, 120.7, 

120.6, 116.8, 28.8, 15.4. HRMS (ESI) m/z: [M + H]+ Calcd for C23H19O2Se+ 407.0545; Found 

407.0550.

O

Se

O

4-(4-(Tert-Butyl)phenyl)-3-(phenylselanyl)-2H-chromen-2-one (4d).4 The product was purified 

by silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(154.1 mg, 71%), mp 156−158 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.56−7.51 (m, 1H), 7.45 

(d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.9 Hz, 1H), 7.31−7.28 (m, 2H), 7.21−7.10 (m, 7H), 1.41 (s, 9H). 

13C NMR (100 MHz, CDCl3) δ (ppm) 159.7, 158.9, 153.4, 151.9, 133.1, 132.8, 131.9, 130.5, 

129.0, 128.1, 128.0, 127.3, 125.3, 124.2, 120.9, 120.7, 116.8, 34.8, 31.4.

O

Se

O

4-([1,1'-biphenyl]-4-yl)-3-(phenylselanyl)-2H-chromen-2-one (4e).4 The product was purified 

by silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(172.5 mg, 76%), mp 131−133 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.70−7.65 (m, 4H), 

7.58−7.51 (m, 3H), 7.46−7.42 (m, 2H), 7.35−7.33 (m, 2H), 7.27−7.24 (m, 2H), 7.22−7.13 (m, 5H). 

13C NMR (100 MHz, CDCl3) δ (ppm) 159.7, 158.4, 153.4, 141.6, 140.3, 134.9, 133.1, 132.0, 

130.3, 129.1, 129.0, 128.9, 127.84, 127.83, 127.5, 127.2, 127.1, 124.4, 121.1, 120.5, 116.9.
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O

Se

O

F

4-(4-Fluorophenyl)-3-(phenylselanyl)-2H-chromen-2-one (4f).3 The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(128.7 mg, 65%), mp 139−141 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.58−7.53 (m, 1H), 7.40 

(d, J = 8.3 Hz, 1H), 7.32−7.30 (m, 2H), 7.24−7.11 (m, 8H), 7.06 (dd, J = 8.1, 1.6 Hz, 1H). 13C 

NMR (100 MHz, CDCl3) δ (ppm) 162.8 (d, J = 249.2 Hz), 159.6, 157.7, 153.4, 133.0, 132.1, 

132.0 (d, J = 3.6 Hz), 130.3 (d, J = 8.3 Hz), 130.2, 129.1, 127.60, 127.58, 124.4, 121.5, 120.5, 

116.9, 115.7 (d, J = 21.8 Hz).

O

Se

O

Cl

4-(4-Chlorophenyl)-3-(phenylselanyl)-2H-chromen-2-one (4g).3 The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(138.0 mg, 67%), mp 128−130 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.58−7.53 (m, 1H), 7.41 

(d, J = 8.1 Hz, 3H), 7.32−7.28 (m, 2H), 7.25−7.15 (m, 4H), 7.10 (d, J = 8.0 Hz, 2H), 7.06−7.03 (m, 

1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 159.5, 157.4, 153.4, 135.0, 134.4, 133.1, 132.2, 130.0, 

129.8, 129.1, 128.8, 127.7, 127.5, 124.4, 121.5, 120.3, 117.0.

O

Se

O

Br

4-(4-Bromophenyl)-3-(phenylselanyl)-2H-chromen-2-one (4h).4 The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(157.3 mg, 69%), mp 105−107 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.57−7.53 (m, 3H), 
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7.31−7.29 (m, 1H), 7.33−7.28 (m, 2H), 7.25−7.15 (m, 4H), 7.06−7.03 (m, 3H). 13C NMR (100 MHz, 

CDCl3) δ (ppm) 159.5, 157.3, 153.4, 134.8, 133.1, 132.2, 131.8, 130.0, 129.1, 127.7, 127.5, 124.5, 

123.2, 121.4, 120.2, 117.0.

O

Se

O

CF3

3-(Phenylselanyl)-4-(4-(trifluoromethyl)phenyl)-2H-chromen-2-one (4i).4 The product was 

purified by silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). 

Yellow oil (122.7 mg, 55%). 1H NMR (400 MHz, CDCl3) δ (ppm) 7.67 (d, J = 7.9 Hz, 2H), 

7.59−7.55 (m, 1H), 7.43 (d, J = 8.3 Hz, 1H), 7.28−7.12 (m, 8H), 6.96 (dd, J = 8.1, 1.5 Hz, 1H). 

13C NMR (100 MHz, CDCl3) δ (ppm) 159.5, 156.6, 153.4, 139.4, 133.4, 132.3, 130.8 (q, J = 32.7 

Hz), 129.8, 129.2, 128.8, 127.8, 127.1, 125.5 (q, J = 3.7 Hz), 124.5, 123.8 (q, J = 272.5 Hz), 121.8, 

120.1, 117.0.

O

Se

O

OO

Methyl 4-(2-oxo-3-(phenylselanyl)-2H-chromen-4-yl)benzoate (4j). The product was purified 

by silica gel column chromatography with petroleum ether/ethyl acetate (10:1, v/v). Yellow oil 

(109.0 mg, 50%). 1H NMR (400 MHz, CDCl3) δ (ppm) 8.13−8.10 (m, 2H), 7.58−7.54 (m, 1H), 

7.41 (dd, J = 8.3, 1.2 Hz, 1H), 7.32−7.30 (m, 2H), 7.27−7.25 (m, 2H), 7.22−7.13 (m, 4H), 6.98 

(dd, J = 8.0, 1.6 Hz, 1H), 4.00 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 166.5, 159.5, 157.8, 

153.4, 140.5, 133.1, 132.3, 130.5, 130.0, 129.8, 129.2, 128.5, 127.7, 127.4, 124.5, 121.1, 120.1, 

117.0, 52.5. HRMS (ESI) m/z: [M + H]+ Calcd for C23H17O4Se+ 437.0287; Found 437.0293.
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O

Se

O

3-(Phenylselanyl)-4-(m-tolyl)-2H-chromen-2-one (4k).4 The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid (141.1 mg, 

72%), mp 109−111 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.56−7.52 (m, 1H), 7.41−7.33 (m, 

4H), 7.28 (d, J = 6.0 Hz, 1H), 7.22−7.16 (m, 4H), 7.10 (dd, J = 8.0, 1.7 Hz, 1H), 7.02 (d, J = 7.5 

Hz, 1H), 6.94 (s, 1H), 2.39 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 159.7, 159.2, 153.4, 

138.2, 136.1, 132.9, 132.0, 130.4, 129.6, 129.0, 128.8, 128.5, 128.0, 127.4, 125.3, 124.3, 120.64, 

120.58, 116.8, 21.6.

O

Se

O

O

4-(3-Methoxyphenyl)-3-(phenylselanyl)-2H-chromen-2-one (4l).4 The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow oil 

(153.0 mg, 75%). 1H NMR (400 MHz, CDCl3) δ (ppm) 7.56−7.52 (m, 1H), 7.42−7.35 (m, 4H), 

7.22−7.16 (m, 4H), 7.12 (dd, J = 8.1, 1.8 Hz, 1H), 7.01 (dd, J = 8.4, 2.6 Hz, 1H), 6.80 (d, J = 7.6 

Hz, 1H), 6.69−6.68 (m, 1H), 3.80 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 159.6, 159.5, 

158.7, 153.5, 137.4, 132.9, 132.0, 130.3, 129.8, 129.0, 127.9, 127.4, 124.3, 120.6, 120.5, 120.4, 

116.8, 114.5, 113.7, 55.3.

O

Se

O

Br

4-(3-Bromophenyl)-3-(phenylselanyl)-2H-chromen-2-one (4m).4 The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(139.1 mg, 61%), mp 103−105 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.59−7.53 (m, 2H), 7.40 

(d, J = 8.4 Hz, 1H), 7.34−7.31 (m, 3H), 7.24−7.12 (m, 6H), 7.03 (dd, J = 8.1, 1.5 Hz, 1H). 13C 
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NMR (100 MHz, CDCl3) δ (ppm) 159.6, 156.7, 153.3, 137.8, 133.4, 132.2, 131.9, 131.2, 130.2, 

129.8, 129.2, 127.9, 127.4, 127.0, 124.5, 122.6, 121.7, 120.2, 116.9.

O

Se

O

Cl

4-(2-Chlorophenyl)-3-(phenylselanyl)-2H-chromen-2-one (4n).4 The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow oil 

(136.0 mg, 77%). 1H NMR (400 MHz, CDCl3) δ (ppm) 7.57−7.50 (m, 2H), 7.47−7.38 (m, 5H), 

7.24−7.16 (m, 5H), 6.93 (dd, J = 8.0, 1.5 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 159.3, 

156.2, 153.4, 135.1, 133.3, 132.4, 132.1, 130.5, 130.0, 129.9, 129.3, 129.1, 127.7, 127.2, 127.1, 

124.5, 121.8, 119.7, 116.9.

O

Se

O

4-(3,4-Dimethylphenyl)-3-(phenylselanyl)-2H-chromen-2-one (4o). The product was purified 

by silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow oil 

(107.6 mg, 53%). 1H NMR (400 MHz, CDCl3) δ (ppm) 7.55−7.51 (m, 1H), 7.39 (d, J = 8.8 Hz, 

1H), 7.36−7.34 (m, 2H), 7.24 (d, J = 7.8 Hz, 1H), 7.21−7.14 (m, 5H), 6.97 (dd, J = 7.6, 1.9 Hz, 

1H), 6.91 (s, 1H), 2.36 (s, 3H), 2.29 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 159.6, 159.2, 

153.4, 137.5, 136.8, 133.7, 132.8, 131.9, 130.4, 129.7, 129.4, 128.9, 128.1, 127.3, 125.7, 124.2, 

120.7, 120.5, 116.8, 19.9, 19.8. HRMS (ESI) m/z: [M + H]+ Calcd for C23H19O2Se+ 407.0545; 

Found 407.0550.

O

Se

O

4-(2,4-Dimethylphenyl)-3-(phenylselanyl)-2H-chromen-2-one (4p). The product was purified 

by silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow oil 
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(99.5 mg, 49%). 1H NMR (400 MHz, CDCl3) δ (ppm) 7.55−7.51 (m, 1H), 7.41−7.38 (m, 3H), 

7.23−7.09 (m, 6H), 6.96−6.92 (m, 2H), 2.43 (s, 3H), 2.02 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

(ppm) 159.4, 159.2, 153.4, 138.9, 134.7, 133.1, 133.0, 132.0, 131.1, 129.7, 129.0, 128.0, 127.5, 

126.8, 124.4, 120.9, 120.3, 116.8, 21.4, 19.6. HRMS (ESI) m/z: [M + H]+ Calcd for C23H19O2Se+ 

407.0545; Found 407.0549.

O

Se

O

4-(Naphthalen-1-yl)-3-(phenylselanyl)-2H-chromen-2-one (4q).4 The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(158.4 mg, 74%), mp 127−129 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.99 (d, J = 8.3 Hz, 1H), 

7.95 (d, J = 8.2 Hz, 1H), 7.60−7.50 (m, 3H), 7.46−7.38 (m, 3H), 7.32 (dd, J = 7.1, 1.2 Hz, 1H), 

7.27 (dd, J = 8.3, 1.6 Hz, 2H), 7.15−7.02 (m, 4H), 6.82 (dd, J = 8.0, 1.5 Hz, 1H). 13C NMR (100 

MHz, CDCl3) δ (ppm) 159.4, 157.5, 153.3, 133.8, 133.5, 133.4, 132.0, 130.4, 129.4, 129.2, 128.8, 

128.6, 127.9, 127.6, 126.9, 126.5, 126.3, 125.3, 125.1, 124.4, 122.4, 120.8, 116.8.

O

Se

O

S

3-(Phenylselanyl)-4-(thiophen-2-yl)-2H-chromen-2-one (4r).3 The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(113.3 mg, 59%), mp 132−134 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.57−7.53 (m, 2H), 7.44 

(dd, J = 7.7, 1.9 Hz, 2H), 7.40−7.34 (m, 2H), 7.24−7.19 (m, 4H), 7.17−7.15 (m, 1H), 7.02 (dd, J = 

3.6, 1.2 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 153.1, 135.7, 133.1, 132.1, 130.0, 129.3, 

129.1, 127.72, 127.65, 127.6, 127.3, 124.4, 123.8, 120.8, 116.8.

O

Se

O
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6-Methyl-4-phenyl-3-(phenylselanyl)-2H-chromen-2-one (4s).3 The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(147.0 mg, 75%), mp 119−121 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.49−7.47 (m, 3H), 

7.37−7.31 (m, 4H), 7.21−7.15 (m, 5H), 6.84 (s, 1H), 2.29 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

(ppm) 159.8, 159.1, 151.7, 136.4, 134.0, 133.1, 132.7, 130.5, 129.0, 128.8, 128.5, 128.2, 127.6, 

127.4, 120.6, 120.2, 116.6, 20.9.

O

Se

O

6-Ethyl-4-phenyl-3-(phenylselanyl)-2H-chromen-2-one (4t).3 The product was purified by silica 

gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid (144.1 

mg, 71%), mp 126−128 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.48 (dd, J = 5.0, 1.9 Hz, 3H), 

7.39 (dd, J = 8.5, 2.1 Hz, 1H), 7.35−7.32 (m, 3H), 7.21−7.14 (m, 5H), 6.86 (d, J = 2.0 Hz, 1H), 

2.57 (q, J = 7.6 Hz, 2H), 1.15 (t, J = 7.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 159.8, 

159.2, 151.8, 140.5, 136.4, 132.7, 131.9, 130.5, 129.0, 128.8, 128.5, 128.3, 127.3, 126.6, 120.6, 

120.2, 116.7, 28.3, 15.7.

O

Se

O

6-(Tert-Butyl)-4-phenyl-3-(phenylselanyl)-2H-chromen-2-one (4u).3 The product was purified 

by silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(145.4 mg, 67%), mp 128−130 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.60 (dd, J = 8.7, 2.4 Hz, 

1H), 7.49−7.48 (m, 3H), 7.36−7.32 (m, 3H), 7.22−7.16 (m, 5H), 7.05 (d, J = 2.3 Hz, 1H), 1.21 (s, 

9H). 13C NMR (100 MHz, CDCl3) δ (ppm) 159.9, 159.6, 151.6, 147.3, 136.3, 132.6, 130.6, 129.7, 

129.0, 128.9, 128.4, 128.3, 127.3, 124.2, 120.3, 119.8, 116.4, 34.6, 31.2.
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O

Se

O

O

6-Methoxy-4-phenyl-3-(phenylselanyl)-2H-chromen-2-one (4v).4 The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(132.6 mg, 65%), mp 124−126 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.47 (dd, J = 5.0, 1.7 Hz, 

3H), 7.35−7.32 (m, 3H), 7.21−7.15 (m, 5H), 7.12 (dd, J = 9.0, 3.0 Hz, 1H), 6.51 (d, J = 2.9 Hz, 

1H), 3.67 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 159.7, 158.6, 155.9, 148.0, 136.2, 132.9, 

130.4, 129.0, 128.9, 128.5, 128.2, 127.4, 121.3, 121.0, 119.1, 117.7, 110.8, 55.7.

O

Se

O

F

6-Fluoro-4-phenyl-3-(phenylselanyl)-2H-chromen-2-one (4w).3 The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow oil 

(138.6 mg, 70%). 1H NMR (400 MHz, CDCl3) δ (ppm) 7.49−7.47 (m, 3H), 7.38−7.33 (m, 3H), 

7.27−7.15 (m, 6H), 6.75 (dd, J = 9.0, 3.0 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 159.2, 

158.6 (d, J = 243.9 Hz), 157.5 (d, J = 2.9 Hz), 149.5 (d, J = 2.0 Hz), 135.7, 133.2, 129.9, 129.2, 

129.1, 128.8, 128.2, 127.7, 122.5, 121.4 (d, J = 8.5 Hz), 119.3 (d, J = 24.7 Hz), 118.3 (d, J = 8.4 

Hz), 113.2 (d, J = 25.3 Hz).

O

Se

O

Cl

6-Chloro-4-phenyl-3-(phenylselanyl)-2H-chromen-2-one (4x).3 The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow oil 

(150.4 mg, 73%). 1H NMR (400 MHz, CDCl3) δ (ppm) 7.50−7.47 (m, 4H), 7.35−7.33 (m, 3H), 

7.23−7.16 (m, 5H), 7.03 (d, J = 2.5 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 158.9, 157.2, 

151.8, 135.5, 133.3, 131.8, 129.8, 129.7, 129.2, 129.1, 128.8, 128.2, 127.7, 127.0, 122.6, 121.6, 
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118.2.

O

Se

O

OHC

2-Oxo-4-phenyl-3-(phenylselanyl)-2H-chromene-6-carbaldehyde (4y). The product was 

purified by silica gel column chromatography with petroleum ether/ethyl acetate (5:1, v/v). 

Yellow solid (129.9 mg, 64%), mp 132−134 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.88 (s, 1H), 

8.07 (dd, J = 8.5, 1.9 Hz, 1H), 7.59 (d, J = 1.9 Hz, 1H), 7.54−7.50 (m, 4H), 7.37−7.35 (m, 2H), 

7.24−7.17 (m, 5H). 13C NMR (100 MHz, CDCl3) δ (ppm) 190.1, 158.5, 157.6, 157.0, 135.4, 133.4, 

132.6, 131.8, 130.6, 129.6, 129.4, 129.2, 128.9, 128.2, 127.8, 122.6, 120.9, 118.0. HRMS (ESI) 

m/z: [M + H]+ Calcd for C22H15O3Se+ 407.0181; Found 407.0186.

O

Se

O
F

8-Fluoro-4-phenyl-3-(phenylselanyl)-2H-chromen-2-one (4z). The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(134.6 mg, 68%), mp 103−105 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.49−7.46 (m, 3H), 

7.36−7.29 (m, 3H), 7.23−7.15 (m, 5H), 7.09 (td, J = 8.2, 4.7 Hz, 1H), 6.85 (d, J = 8.2 Hz, 1H). 13C 

NMR (100 MHz, CDCl3) δ (ppm) 158.2, 158.1 (d, J = 2.5 Hz), 149.5 (d, J = 252.2 Hz), 141.8 (d, J 

= 11.8 Hz), 136.0, 133.2, 129.9, 129.11, 129.09, 128.6, 128.2, 127.7, 123.8 (d, J = 6.9 Hz), 123.0 

(d, J = 3.8 Hz), 122.4, 122.2, 118.1 (d, J = 17.2 Hz). HRMS (ESI) m/z: [M + H]+ Calcd for 

C21H14FO2Se+ 397.0138; Found 397.0141.

O

Se

O

6-Methyl-3-(naphthalen-1-ylselanyl)-4-phenyl-2H-chromen-2-one (4aa). The product was 
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purified by silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). 

Yellow solid (152.5 mg, 69%), mp 129−131 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 8.06−8.03 

(m, 1H), 7.78−7.75 (m, 1H), 7.72 (d, J = 8.1 Hz, 1H), 7.53 (dd, J = 7.2, 1.2 Hz, 1H), 7.45−7.42 (m, 

2H), 7.32−7.28 (m, 5H), 7.23−7.19 (m, 1H), 7.04−7.02 (m, 2H), 6.76 (s, 1H), 2.24 (s, 3H). 13C 

NMR (100 MHz, CDCl3) δ (ppm) 159.9, 158.1, 151.4, 135.6, 134.0, 133.9, 133.8, 133.3, 132.8, 

129.2, 128.8, 128.6, 128.4, 128.3, 128.1, 127.6, 127.2, 126.5, 126.1, 125.7, 120.9, 120.3, 116.5, 

20.9. HRMS (ESI) m/z: [M + H]+ Calcd for C26H19O2Se+ 443.0545; Found 443.0544.

O

Se

O Cl

3-((4-Chlorophenyl)selanyl)-6-methyl-4-phenyl-2H-chromen-2-one (4ab). The product was 

purified by silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). 

Yellow oil (155.5 mg, 73%). 1H NMR (400 MHz, CDCl3) δ (ppm) 7.50 (dd, J = 5.0, 1.9 Hz, 3H), 

7.36 (dd, J = 8.5, 2.1 Hz, 1H), 7.30 (d, J = 8.4 Hz, 1H), 7.27−7.25 (m, 2H), 7.19−7.17 (m, 2H), 

7.15−7.12 (m, 2H), 6.83 (s, 1H), 2.29 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 159.7, 159.1, 

151.7, 136.2, 134.3, 134.1, 133.7, 133.3, 129.2, 129.0, 128.6, 128.4, 128.2, 127.6, 120.4, 120.1, 

116.6, 20.9. HRMS (ESI) m/z: [M + H]+ Calcd for C22H16ClO2Se+ 426.9999; Found 426.9994.

O

Se

O

6-Isopropyl-4-phenyl-3-(p-tolylselanyl)-2H-chromen-2-one (4ac). The product was purified by 

silica gel column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow solid 

(160.6 mg, 74%), mp 135−137 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.51−7.49 (m, 3H), 7.42 

(dd, J = 8.6, 2.2 Hz, 1H), 7.33 (d, J = 8.5 Hz, 1H), 7.26−7.20 (m, 4H), 6.98 (d, J = 7.9 Hz, 2H), 

6.87 (d, J = 2.1 Hz, 1H), 2.87−2.80 (m, 1H), 2.30 (s, 3H), 1.16 (d, J = 6.9 Hz, 6H). 13C NMR (100 

MHz, CDCl3) δ (ppm) 159.8, 158.9, 151.8, 145.0, 137.4, 136.4, 133.1, 130.2, 129.8, 128.8, 128.4, 

128.3, 126.6, 125.3, 120.8, 120.2, 116.7, 33.6, 24.0, 21.2. HRMS (ESI) m/z: [M + H]+ Calcd for 

C25H23O2Se+ 435.0858; Found 435.0855.
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O O

Se

3-(Methylselanyl)-4-phenyl-2H-chromen-2-one (4ad).5 The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow oil (131.1 mg, 

83%). 1H NMR (400 MHz, CDCl3) δ (ppm) 7.58−7.53 (m, 3H), 7.51−7.49 (m, 1H), 7.39 (dd, J = 

8.3, 1.1 Hz, 1H), 7.29 (dd, J = 7.3, 1.9 Hz, 2H), 7.18−7.14 (m, 1H), 7.06 (dd, J = 8.0, 1.6 Hz, 1H), 

2.27 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 159.4, 156.0, 153.0, 136.4, 131.3, 129.1, 128.7, 

128.3, 127.3, 124.2, 120.5, 120.2, 116.7, 8.4.

O O

Se

3-(Ethylselanyl)-4-phenyl-2H-chromen-2-one (4ae).5 The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (20:1, v/v). Yellow oil (94.1 mg, 57%). 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.57−7.49 (m, 4H), 7.40 (dd, J = 8.2, 1.2 Hz, 1H), 7.29−7.24 

(m, 2H), 7.16 (t, J = 7.6 Hz, 1H), 7.05 (dd, J = 8.0, 1.6 Hz, 1H), 2.99 (q, J = 7.5 Hz, 2H), 1.30 (t, J 

= 7.5 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 159.6, 157.1, 153.1, 136.6, 131.3, 129.0, 

128.7, 128.4, 127.4, 124.2, 120.6, 119.3, 116.7, 21.5, 15.7.

O OH

(3-Phenylbenzofuran-2-yl)methanol (5). The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (4:1, v/v). Yellow solid (103.1 mg, 92%), mp 

90−92 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.71 (d, J = 7.4 Hz, 1H), 7.62−7.60 (m, 2H), 7.54 

(t, J = 8.4 Hz, 3H), 7.47−7.43 (m, 1H), 7.41−7.37 (m, 1H), 7.32 (t, J = 7.6 Hz, 1H), 4.85 (s, 2H), 

2.73 (brs, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 154.5, 151.8, 131.8, 129.2, 129.0, 128.1, 

127.7, 125.0, 123.1, 120.5, 119.8, 111.5, 56.3. HRMS (ESI) m/z: [M + H]+ Calcd for C15H13O2
+ 
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225.0911; Found 225.0920.

O O

Se
O

O

4-Phenyl-3-(phenylselenonyl)-2H-chromen-2-one (6). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (1:1, v/v). Yellow solid (200.9 mg, 

98%), mp 135−137 oC. 1H NMR (400 MHz, CDCl3) δ (ppm) 7.71 (dd, J = 6.7, 3.0 Hz, 2H), 

7.62−7.55 (m, 3H), 7.51−7.40 (m, 5H), 7.33 (d, J = 8.3 Hz, 1H), 7.21−7.17 (m, 2H), 7.09 (dd, J = 8.1, 

1.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 160.1, 157.0, 153.9, 140.1, 133.9, 131.1, 131.0, 

130.1, 129.3, 129.0, 128.8, 128.6, 128.4, 126.6, 124.8, 120.1, 117.1. HRMS (ESI) m/z: [M + H]+ 

Calcd for C21H15O4Se+ 411.0131; Found 441.0135.
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5 1H and 13C NMR spectra of the products 3, 4, 5 and 6

3a (1H NMR) (400 MHz, CDCl3)

O O

3a (13C NMR) (100 MHz, CDCl3)

O O
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3b (1H NMR) (400 MHz, CDCl3)

O O

F

3b (13C NMR) (100 MHz, CDCl3)

O O

F
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3c (1H NMR) (400 MHz, CDCl3)

O O

Cl

3c (13C NMR) (100 MHz, CDCl3)

O O

Cl
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3d (1H NMR) (400 MHz, CDCl3)

O O

Br

3d (13C NMR) (100 MHz, CDCl3)

O O

Br
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3e (1H NMR) (400 MHz, CDCl3)

O O

CN

3e (13C NMR) (100 MHz, CDCl3)

O O

CN



S40

3f (1H NMR) (400 MHz, CDCl3)

O O

O
O

3f (13C NMR) (100 MHz, CDCl3)

O O

O
O



S41

3g (1H NMR) (400 MHz, CDCl3)

O O

CF3

3g (13C NMR) (100 MHz, CDCl3)

O O

CF3



S42

3h (1H NMR) (400 MHz, CDCl3)

O O

3h (13C NMR) (100 MHz, CDCl3)

O O



S43

3i (1H NMR) (400 MHz, CDCl3)

O O

3i (13C NMR) (100 MHz, CDCl3)

O O



S44

3j (1H NMR) (400 MHz, CDCl3)

O O

3j (13C NMR) (100 MHz, CDCl3)

O O



S45

3k (1H NMR) (400 MHz, CDCl3)

O O

3k (13C NMR) (100 MHz, CDCl3)

O O



S46

3l (1H NMR) (400 MHz, CDCl3)

O O

F

3l (13C NMR) (100 MHz, CDCl3)

O O

F



S47

3m (1H NMR) (400 MHz, CDCl3)

O O

Br

3m (13C NMR) (100 MHz, CDCl3)

O O

Br



S48

3n (1H NMR) (400 MHz, CDCl3)

O O

O

3n (13C NMR) (100 MHz, CDCl3)

O O

O



S49

3o (1H NMR) (400 MHz, CDCl3)

O O

Cl

3o (13C NMR) (100 MHz, CDCl3)

O O

Cl



S50

3p (1H NMR) (400 MHz, CDCl3)

O O

3p (13C NMR) (100 MHz, CDCl3)

O O



S51

3q (1H NMR) (400 MHz, CDCl3)

O O

S

3q (13C NMR) (100 MHz, CDCl3)

O O

S



S52

3r (1H NMR) (400 MHz, CDCl3)

O O

3r (13C NMR) (100 MHz, CDCl3)

O O



S53

3s (1H NMR) (400 MHz, CDCl3)

O O

F

3s (13C NMR) (100 MHz, CDCl3)

O O

F



S54

3t (1H NMR) (400 MHz, CDCl3)

O O

Cl

3t (13C NMR) (100 MHz, CDCl3)

O O

Cl



S55

3u (1H NMR) (400 MHz, CDCl3)

O O

Br

3u (13C NMR) (100 MHz, CDCl3)

O O

Br



S56

3v (1H NMR) (400 MHz, CDCl3)

O O

OHC

3v (13C NMR) (100 MHz, CDCl3)

O O

OHC



S57

3w (1H NMR) (400 MHz, CDCl3)

O O

NC

3w (13C NMR) (100 MHz, CDCl3)

O O

NC



S58

3x (1H NMR) (400 MHz, CDCl3)

O O

O

O

3x (13C NMR) (100 MHz, CDCl3)

O O

O

O



S59

3y (1H NMR) (400 MHz, CDCl3)

O O

3y (13C NMR) (100 MHz, CDCl3)

O O



S60

3z (1H NMR) (400 MHz, CDCl3)

O O

3z (13C NMR) (100 MHz, CDCl3)

O O



S61

3aa (1H NMR) (400 MHz, CDCl3)

O O

3aa (13C NMR) (100 MHz, CDCl3)

O O



S62

3ab (1H NMR) (400 MHz, CDCl3)

O O

O

3ab (13C NMR) (100 MHz, CDCl3)

O O

O



S63

3ac (1H NMR) (400 MHz, CDCl3)

O O
F

3ac (13C NMR) (100 MHz, CDCl3)

O O
F



S64

4a (1H NMR) (400 MHz, CDCl3)

O

Se

O

4a (13C NMR) (100 MHz, CDCl3)
O O

Se



S65

4b (1H NMR) (400 MHz, CDCl3)
O

Se

O

4b (13C NMR) (100 MHz, CDCl3)
O O

Se



S66

4c (1H NMR) (400 MHz, CDCl3)
O

Se

O

4c (13C NMR) (100 MHz, CDCl3)
O O

Se



S67

4d (1H NMR) (400 MHz, CDCl3)
O

Se

O

4d (13C NMR) (100 MHz, CDCl3)
O O

Se



S68

4e (1H NMR) (400 MHz, CDCl3)
O

Se

O

4e (13C NMR) (100 MHz, CDCl3)
O O

Se



S69

4f (1H NMR) (400 MHz, CDCl3)
O

Se

O

F

4f (13C NMR) (100 MHz, CDCl3)
O O

Se

F



S70

4g (1H NMR) (400 MHz, CDCl3)
O

Se

O

Cl

4g (13C NMR) (100 MHz, CDCl3)
O O

Se

Cl



S71

4h (13C NMR) (100 MHz, CDCl3)
O O

Se

Br

4h (1H NMR) (400 MHz, CDCl3)
O

Se

O

Br



S72

4i (13C NMR) (100 MHz, CDCl3)
O O

Se

CF3

4i (1H NMR) (400 MHz, CDCl3)
O

Se

O

CF3



S73

4j (1H NMR) (400 MHz, CDCl3)
O

Se

O

O O

4j (13C NMR) (100 MHz, CDCl3)
O O

Se

O O



S74

4k (1H NMR) (400 MHz, CDCl3)
O

Se

O

4k (13C NMR) (100 MHz, CDCl3)
O O

Se



S75

4l (1H NMR) (400 MHz, CDCl3)
O

Se

O

O

4l (13C NMR) (100 MHz, CDCl3)
O O

Se

O



S76

4m (1H NMR) (400 MHz, CDCl3)
O

Se

O

Br

4m (13C NMR) (100 MHz, CDCl3)
O O

Se

Br



S77

4n (1H NMR) (400 MHz, CDCl3)
O

Se

O

Cl

4n (13C NMR) (100 MHz, CDCl3)
O O

Se
Cl



S78

4o (1H NMR) (400 MHz, CDCl3)
O

Se

O

4o (13C NMR) (100 MHz, CDCl3)
O O

Se



S79

4p (1H NMR) (400 MHz, CDCl3)
O

Se

O

4p (13C NMR) (100 MHz, CDCl3)
O O

Se



S80

4q (1H NMR) (400 MHz, CDCl3)
O

Se

O

4q (13C NMR) (100 MHz, CDCl3)
O O

Se



S81

4r (1H NMR) (400 MHz, CDCl3)
O

Se

O

S

4r (13C NMR) (100 MHz, CDCl3)
O O

Se

S



S82

4s (1H NMR) (400 MHz, CDCl3)
O

Se

O

4s (13C NMR) (100 MHz, CDCl3)
O O

Se



S83

4t (13C NMR) (100 MHz, CDCl3)
O O

Se

4t (1H NMR) (400 MHz, CDCl3)
O

Se

O



S84

4u (1H NMR) (400 MHz, CDCl3)
O

Se

O

4u (13C NMR) (100 MHz, CDCl3)
O O

Se



S85

4v (1H NMR) (400 MHz, CDCl3)
O

Se

O

O

4v (13C NMR) (100 MHz, CDCl3)
O O

SeO



S86

4w (1H NMR) (400 MHz, CDCl3)
O

Se

O

F

4w (13C NMR) (100 MHz, CDCl3)
O O

SeF



S87

4x (1H NMR) (400 MHz, CDCl3)
O

Se

O

Cl

4x (13C NMR) (100 MHz, CDCl3)
O O

SeCl



S88

4y (1H NMR) (400 MHz, CDCl3)
O

Se

O

OHC

4y (13C NMR) (100 MHz, CDCl3)
O O

SeOHC



S89

4z (1H NMR) (400 MHz, CDCl3)

O

Se

O
F

4z (13C NMR) (100 MHz, CDCl3)

O O

Se

F



S90

4aa (1H NMR) (400 MHz, CDCl3)

O

Se

O

4aa (13C NMR) (100 MHz, CDCl3)
O O

Se



S91

4ab (1H NMR) (400 MHz, CDCl3)

O

Se

O Cl

4ab (13C NMR) (100 MHz, CDCl3)
O O

Se

Cl



S92

4ac (1H NMR) (400 MHz, CDCl3)

O

Se

O Cl

4ac (13C NMR) (100 MHz, CDCl3)
O O

Se

Cl



S93

4ad (1H NMR) (400 MHz, CDCl3)

O

Se

O

4ad (13C NMR) (100 MHz, CDCl3)
O O

Se



S94

4ae (1H NMR) (400 MHz, CDCl3)

O

Se

O

4ae (13C NMR) (100 MHz, CDCl3)
O O

Se



S95

5 (1H NMR) (400 MHz, CDCl3)

O OH

5 (13C NMR) (100 MHz, CDCl3)

O OH



S96

6 (1H NMR) (400 MHz, CDCl3)

O

Se

O
O

O

6 (13C NMR) (100 MHz, CDCl3)

O

Se

O
O

O


