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General experimental information 

All chemicals were purchased from commercial resource in analytical purity and used 

without further purification. All reactions were performed in open air. 1H NMR and 

13C NMR were performed on 400 MHz and 100 MHz instrument using CDCl3 as 

solvent, respectively. And and the chemical shifts were recorded in ppm (δ) with TMS 

as internal standard.  
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Biphenyl (3a).1 White solid; 1H NMR (400 MHz, CDCl3): δ 7.58 (d,4 H, J = 8.0 
Hz）,7.39 (t,4H, J = 8.0Hz), 7.32 (t, 2 H, J = 8.0Hz); 13C NMR (100 MHz, CDCl3): δ 
141.3, 128.9, 127.4, 127.3. 

OMe
 

4-Methoxyl biphenyl (3b).1 White solid; 1H NMR (400 MHz, CDCl3): δ 7.53 (t, 4 H, 
J = 8.0 Hz), 7.40 (t, 2 H, J = 8.0 Hz), 7.30 (d, 1 H, J = 8.0 Hz), 6.97 (d, 2 H, J = 8.0 
Hz), 3.83 (s, 3 H); 13C NMR (100 MHz, CDCl3): δ 159.2, 140.9, 133.8, 128.8, 128.2, 
126.8, 126.7, 114.2, 55.4. 

NO2

 
3-Nitrobiphenyl (3c).2 Pale yellow solid; 1H NMR (400 MHz, CDCl3): δ 8.45 (s, 1 
H), 8.20 (d, 1 H, J = 8.0 Hz), 7.91 (d, 1 H, J = 8.0 Hz), 7.64-7.59 (m, 3 H), 7.50 (t, 2 
H, J = 8.0 Hz), 7.43 (t, 1 H, J = 8.0 Hz); 13C NMR (100 MHz, CDCl3): δ 148.8, 142.9, 
138.7, 133.0, 129.7, 129.2, 128.5, 127.2, 122.0, 121.9. 

MeO

 
2-Methoxyl biphenyl (3d).3 Colorless liquid; 1H NMR (400 MHz, CDCl3): δ 7.52 (d, 
2 H, J = 8.0 Hz), 7.40 (t, 2 H, J = 8.0 Hz), 7.33-7.29 (m, 3 H), 7.02-6.96 (m, 2 H), 
3.79 (s, 3 H); 13C NMR (100 MHz, CDCl3): δ 156.5, 138.6, 130.9, 130.8, 129.6, 128.7, 
128.0, 127.0, 120.9, 111.3, 55.6. 

HO

 
Biphenyl-2-ol (3e).4 White solid; 1H NMR (400 MHz, CDCl3): δ 7.51-7.45 (m, 4 H), 
7.39 (t, 1 H, J = 8.0 Hz), 7.28-7.23 (m, 2 H), 6.99 (t, 2 H, J = 8.0 Hz), 5.22 (s, 1 H); 

13C NMR (100 MHz, CDCl3): δ 152.4, 137.1, 130.2, 129.3, 129.2, 129.1, 128.1, 127.9, 
120.8, 115.8. 

F
 

4-Fluorobiphenyl (3f).5 White solid; 1H NMR (400 MHz, CDCl3): δ 753-7.49 (m, 4 
H), 7.40 (t, 2 H, J = 8.0 Hz), 7.31 (t, 1 H), 7.12-7.06 (m, 2 H); 13C NMR (100 MHz, 
CDCl3): δ 163.8, 161.4, 140.3, 137.4, 128.8 (t), 127.3, 127.1, 115.6 (d). 

Cl
 

4-Chlorobiphenyl (3g).5 White solid; 1H NMR (400 MHz, CDCl3): δ 7.53-7.47 (m, 4 
H), 7.43-7.31 (m, 5 H); 13C NMR (100 MHz, CDCl3): δ 140.0, 139.7, 133.4, 129.0, 
128.9, 128.4, 127.6, 127.0. 
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4-Methyl biphenyl (3h).1 White solid; 1H NMR (400 MHz, CDCl3): δ 7.57 (d, 2 H, J 
= 8.0 Hz), 7.48 (d, 2 H, J = 8.0 Hz), 7.42 (t, 2 H, J = 8.0 Hz), 7.32 (d, 1 H, J = 8.0 Hz), 
7.24 (d, 2 H, J = 8.0 Hz), 2.38 (s, 3 H); 13C NMR (100 MHz, CDCl3): δ 141.2, 138.4, 
137.1, 129.6, 129.5, 128.8, 127.1, 127.0, 21.2. 

 

2-Methyl biphenyl (3i).2 Pale yellow liquid; 1H NMR (400 MHz, CDCl3): δ 7.42 (d, 
2 H, J = 8.0 Hz), 7.35 (d, 3 H, J = 8.0 Hz), 7.29-7.27 (m, 4 H), 2.31 (s, 3 H); 13C 
NMR (100 MHz, CDCl3): δ 142.1, 142.0, 135.4, 130.4, 129.9, 129.3, 128.2, 127.4, 
126.9, 125.9, 20.6. 

S

 

2-Phenylthiophene (3j).3 White solid; 1H NMR (400 MHz, CDCl3): δ 7.61 (d, 2 H, J = 
8.0 Hz), 7.35 (t, 2 H, J = 8.0 Hz), 7.31-7.24 (m, 3 H), 7.09-7.06 (m, 1 H); 13C NMR 
(100 MHz, CDCl3): δ 144.6, 134.4, 128.9, 128.0, 127.5, 126.0, 124.8, 123.1. 

 
1-Phenylnaphthalene (3k).3 Pale yellow liquid; 1H NMR (400 MHz, CDCl3): δ 
7.90-7.81 (m, 3 H), 7.50-7.37 (m, 9 H); 13C NMR (100 MHz, CDCl3): δ 140.9, 140.4, 
133.9, 131.8, 130.2, 128.4, 127.8, 127.4, 127.1, 126.2, 125.9, 125.5. 

OH
 

4-Hydroxylbiphenyl (3l).2 Yellow liquid; 1H NMR (400 MHz, CDCl3): δ 7.53 (d, 2 H, J 
= 8.0 Hz), 7.47 (d, 2 H, J = 8.0 Hz), 7.40 (t, 2 H, J = 8.0 Hz), 7.31 (t, 1 H, J = 8.0 Hz), 
6.90 (d, 2 H, J = 8.0 Hz), 5.20 (brs, 1 H); 13C NMR (100 MHz, CDCl3): δ 155.2, 
140.8, 134.0, 128.7, 128.4, 126.7, 126.6, 115.7. 

OMe

 
3-Methoxybiphenyl (3m).5 Pale yellow liquid; 1H NMR (400 MHz, CDCl3): δ 7.58 
(d, 2 H, J = 8.0 Hz), 7.42 (t, 2 H, J = 8.0 Hz), 7.36-7.32 (m, 2 H), 7.17 (d, 1 H, J = 8.0 
Hz), 7.12 (s, 1 H), 6.89 (d, 1 H, J = 8.0 Hz), 3.85 (s, 3 H); 13C NMR (100 MHz, 
CDCl3): δ 160.0, 142.8, 141.1, 129.8, 128.8, 127.4, 127.2, 119.7, 113.0, 112.7, 55.3. 

O  

4-Acetylbiphenyl (3n).2 White solid; 1H NMR (400 MHz, CDCl3): δ 8.02 (d, 2 H, J = 
8.0 Hz), 7.67 (d, 2 H, J = 8.0 Hz), 7.62 (d, 2 H, J = 8.0 Hz), 7.46 (t, 2 H, J = 8.0 Hz), 
7.39 (t, 1 H, J = 8.0 Hz), 2.63 (s, 3 H); 13C NMR (100 MHz, CDCl3): δ 197.7, 145.8, 
139.9, 135.9, 129.0, 128.9, 128.2, 127.3, 127.2, 26.6. 
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OHC

 
Biphenyl-2-carbaldehyde (3o).1 Yellow liquid; 1H NMR (400 MHz, CDCl3): δ 9.98 
(s, 1 H), 8.02 (d, 1 H), 7.62 (t, 1 H), 7.50-7.42 (m, 4 H), 7.38-7.34 (m, 3 H); 13C NMR 
(100 MHz, CDCl3): δ 192.5, 146.0, 137.8, 133.7, 133.6, 130.8, 130.1, 128.4, 128.1, 
127.8, 127.6. 

O  

4-Methyl-4'-acetylbiphenyl (3p).6 White solid; 1H NMR (400 MHz, CDCl3): δ 8.00 
(d, 2 H, J = 8.0 Hz), 7.66 (d, 2 H, J = 8.0 Hz), 7.52 (d, 2 H, J = 8.0 Hz), 7.27 (d, 2 H, 
J = 8.0 Hz), 2.62 (s, 3 H), 2.40 (s, 3 H); 13C NMR (100 MHz, CDCl3): δ 197.7, 145.7, 
138.2, 137.0, 135.6, 129.7, 128.9, 127.1, 126.9, 26.6, 21.2. 

F
O  

4-Fluoro-4'-acetylbiphenyl (3q).7 White solid; 1H NMR (400 MHz, CDCl3): δ 8.02 
(d, 2 H, J = 8.0 Hz), 7.64-7.57 (m, 4 H), 7.15 (t, 2 H, J = 8.0 Hz), 2.64 (s, 3 H); 13C 
NMR (100 MHz, CDCl3): δ 197.8, 164.4, 161.9, 144.7, 129.0, 128.9, 127.0, 116.0, 
115.8, 26.6. 

Cl

OHC

 
4'-Chlorobiphenyl-2-carbaldehyde (3r).8 Yellow liquid; 1H NMR (400 MHz, 
CDCl3): δ 9.96 (s, 1 H), 8.01 (d, 1 H, J = 8.0 Hz), 7.63 (t, 1 H, J = 8.0 Hz), 7.50 (t, 1 
H, J = 8.0 Hz), 7.45-7.38 (m, 3 H), 7.30 (d, 2 H, J = 8.0 Hz); 13C NMR (100 MHz, 
CDCl3): δ 191.9, 144.5, 136.3, 134.5, 133.7, 131.3, 130.7, 128.7, 128.2, 127.9. 

F

OHC

 
4'-Fluorobiphenyl-2-carbaldehyde (3s).9 Yellow liquid; 1H NMR (400 MHz, CDCl3): 
δ 9.96 (s, 1 H), 8.01 (d, 1 H, J = 8.0 Hz), 7.63 (t, 1 H, J = 8.0 Hz), 7.50 (t, 1 H, J = 8.0 
Hz), 7.41 (d, 1 H, J = 8.0 Hz), 7.37-7.33 (m, 2 H), 7.16 (t, 2 H, J = 8.0 Hz); 13C NMR 
(100 MHz, CDCl3): δ 192.1, 164.0, 161.6, 144.8, 133.8 (q), 131.6 (d), 130.8, 128.0, 
127.8, 115.6, 115.4. 

Cl
 

4-Methyl-4'-chloro-biphenyl (3t).10 White solid; 1H NMR (400 MHz, CDCl3): δ 
7.50-7.43 (m, 4 H), 7.37 (d, 2 H, J = 8.0 Hz), 7.24 (d, 2 H, J = 8.0 Hz); 13C NMR (100 
MHz, CDCl3): δ 139.6, 137.4, 137.1, 133.0, 129.6, 128.8, 128.2, 126.8, 21.1. 

MeO
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1-(3-Methoxyphenyl)naphthalene (3u).11 Yellow solid; 1H NMR (400 MHz, CDCl3): 
δ 7.84-7.73 (m, 3 H), 7.40-7.26 (m, 5 H), 6.99-6.94 (m, 2 H), 6.86 (d, 1 H, J = 8.0 Hz), 
3.73 (s, 3 H); 13C NMR (100 MHz, CDCl3): δ 159.6, 142.3, 140.2, 133.9, 131.7, 129.3, 
128.3, 127.8, 126.8, 126.1, 126.0, 125.8, 125.4, 122.7, 115.7, 113.0, 55.3. 

 
2-Phenylnaphthalene (3v).5 Pale yellow liquid; 1H NMR (400 MHz, CDCl3): δ 7.89 
(d, 2 H, J = 8.0 Hz), 7.85 (d, 1 H, J = 8.0 Hz), 7.53-7.46 (m, 6 H), 7.44-7.39 (m, 3 H); 

13C NMR (100 MHz, CDCl3): δ 140.8, 140.3, 133.8, 131.7, 130.1, 128.3, 127.6, 127.3, 
126.9, 126.0, 125.8, 125.4. 

N  

2-Phenylpyridine (3w).2 Pale yellow liquid; 1H NMR (400 MHz, CDCl3): δ 8.70 (d, 
1 H, J = 4.8 Hz), 7.99 (d, 2 H, J = 8.0 Hz), 7.77-7.71 (m, 2 H), 7.47 (t, 2 H, J = 8.0 
Hz), 7.41 (t, 1 H, J = 8.0 Hz), 7.24-7.21 (m, 1 H); 13C NMR (100 MHz, CDCl3): δ 
157.5, 149.7, 139.4, 136.8, 129.0, 128.8, 126.9, 122.1, 120.6. 

Br
 

4-Bromobiphenyl (3x).4 White solid; 1H NMR (400 MHz, CDCl3): δ 7.60-7.52 (m, 4 
H), 7.48-7.36 (m, 4 H), 7.35 (t, 1 H, J = 7.6 Hz); 13C NMR (100 MHz, CDCl3): δ 
140.2, 140.0, 131.9, 128.9, 128.8, 127.6, 127.0, 121.6. 

Br  
3-Bromobiphenyl (3y).12 Colorless liquid; 1H NMR (400 MHz, CDCl3): δ 7.72 (s, 1 
H), 7.53 (d, 2 H, J = 8.0 Hz), 7.50-7.40 (m, 4 H), 7.35 (t, 1 H, J = 8.0 Hz), 7.28 (t, 1 H, 
J = 8.0 Hz); 13C NMR (100 MHz, CDCl3): δ 143.4, 139.8, 130.3, 130.25, 130.2, 128.9, 
127.9, 127.2, 125.8, 122.9. 

Br  
2-Bromobiphenyl (3z).12 Colorless liquid; 1H NMR (400 MHz, CDCl3): δ 7.65 (d, 1 
H, J = 8.0 Hz), 7.40-7.38 (m, 5 H), 7.31 (d, 2 H, J = 8.0 Hz), 7.20-7.15 (m, 1 H); 13C 
NMR (100 MHz, CDCl3): δ 142.4, 140.8, 132.8, 131.0, 129.1, 128.4, 127.7, 127.3, 
127.1, 126.9, 122.4. 
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2-Phenylbiphenyl (4z).13 Colorless liquid; 1H NMR (400 MHz, CDCl3): δ 7.44-7.39 
(m, 4 H), 7.22-7.17 (m, 6 H), 7.14-7.12 (m, 4 H); 13C NMR (100 MHz, CDCl3): δ 
141.6, 140.6, 130.6, 129.9, 127.9, 127.5, 126.5. 
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3b 
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3d 
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3e 
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3f 
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