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General:   

Unless otherwise indicated, all starting materials were obtained from commercial 
suppliers and were used without further purification. The reagents and companies are 
listed as follows: 
 
Purchased from ACROS: 
Palladium Acetate, p-Xylene, Chlorobenzene, Hexachloroethane, Naphthalene-d8, 
Trifluoroacetic acid-d (TFA-d) 
Purchased from ALDICH: 
Benzene-d6 
Purchased from Sinopharm Chemical Reagent Co. Ltd, China: 
Benzene, Anisole, Mesitylene, Naphthalene, Trifluoroacetic acid(TFA), Potassium 
Peroxydisulfate, Dichloromethane, Acetonitrile, n-Hexane, Acetone, Petroleum ether  
 
All new compounds were determined by 1H NMR, 13C NMR, and elemental analysis 
or HRMS. Previously reported compounds were characterized via 1H NMR and m.p. 
and compared to literature values. 
 

 

Instrumentation: 

1. 1H NMR spectra and 13C NMR spectra were recorded on a Varian 400MHz NMR 
system in CDCl3 solvent with TMS internal standard unless otherwise specified.  

2. TLC was run on 2cm×5cm HUANGHAI® silica plate. Column chromatography 
was run on HAIYANG® silica gel (300-400 mesh).  

3. Some GC analyses were performed on a GC112A Gas-Chromatograph, produced 
by Shanghai Analytic Instrument Overall Factory. Other GC analyses were 
performed on a GC9160 Gas-Chromatograph, produced by Shanghai Huaai 
Analytic Instrument Ltd. The capillary column used is ALPHA-Col (30QC3/AC1 
0.25), SGE International Pty. Ltd. 

4. Elemental analysis, EI-MS and HRMS were performed at the Shanghai Institute of 
Organic Chemistry, Chinese Academic of Science.  

5. Melting points were measured with XT4A Microscopic Melting-point Detector, 
produced by Beijing Keyi Electro-optic Instrument Plant and are uncorrected. 
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Procedure:  

Preparation of 4-Methoxybiphenyl: 

+
OMe Cat. Pd (OAc)2

TFA, K2S2O8

r.t., 24h
1a 1b

+

2a

OMe

2b
 

In a flame dried flask (10mL), Pd(OAc)2 (22.4mg, 0.1mmol), K2S2O8(404mg, 
1.5mmol), benzene(0.5mL) and TFA(1430mg, 12.5mmol) were mixed and stirred at 
room temperature for 0.5 hours. Then anisole (216mg, 2.0mmol) dissolved in 
Benzene(0.5mL) were added slowly into the mixture within 7 hours. The reaction 
propagation was monitored by TLC and GC analysis. After 24 hours, the reaction 
mixture was diluted by CH2Cl2 and filtered. The organic layer were successively 
washed by water (3 × 10 mL) and dried over anhydrous MgSO4. Then the solvent was 
evaporated. Coupling products were isolated by flash column chromatography 
(gradient elution petroleum ether →CH2Cl2 / petroleum ether =1/3). The products were 
characterized by their physical constants and spectral analysis. 
 
 
Preparation of 4-Methoxybiphenyl and 2-Methoxybipheny: 

+
OMe Cat. Pd (OAc)2

TFA, K2S2O8

r.t., 24h
1a 1b

+
OMe

2b-c2a  
In a flame dried flask (10mL), Pd(OAc)2 (5.6mg, 0.025 mmol), K2S2O8(404mg, 1.5 
mmol), anisole(108mg, 1.0mmol), benzene(1mL) and TFA(72mg, 0.63mmol)were 
mixed and stirred at room temperature for 24hours. The reaction propagation was 
monitored by TLC and GC analysis. 
 
 
Preparation of 2,4,6-trimethylbiphenyl: 

+
Cat. Pd (OAc)2

TFA, K2S2O8

r.t., 24h

+

1a 1c 2a 2d
 

In a flame dried flask (10mL), Pd(OAc)2 (11.2mg, 0.05mmol), K2S2O8(404mg, 1.5 
mmol), benzene(0.9mL, 10mmol) and TFA(40µL, 0.5mmol) were mixed and stirred at 
room temperature for 24 hours. The reaction propagation was monitored by TLC and 
GC analysis. After 24 hours, the reaction mixture was diluted by CH2Cl2 and filtered. 
The organic layer were successively washed by water (3 × 10 mL) and dried over 
anhydrous MgSO4. Then the solvent was evaporated. Coupling products were isolated 
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by flash column chromatography (gradient elution was n-Hexane). The products were 
characterized by their physical constants and spectral analysis. 
General preparation for cross-coupling of naphthalene and arenes: 

+ ArH
Pd (OAc)2

TFA, K2S2O8

Ar

r.t., 24h1d 2e-l  

In a flame dried flask (10mL), Pd(OAc)2, K2S2O8, naphthalene, benzene and TFA (All 
reagents’ contents and conditions were listed in the following table, Table S-1), were 
mixed and stirred at room temperature for 24hours. The reaction propagation was 
monitored by TLC and GC analysis. Then the reaction mixture was diluted by CH2Cl2 
and filtered. The organic layer were successively washed by water (3 × 10 mL) and 
dried over anhydrous MgSO4. Then the solvent was evaporated. Coupling products 
were isolated by flash column chromatography (gradient elution petroleum ether 
→CH2Cl2 / petroleum ether=1/10). The products were characterized by their physical 
constants and spectral analysis. 
 
Table S-1 Reagents’ content in cross-coupling of naphthalene and arenes 

Entry 
ArH  

(mmol) 

H

 
(mmol) 

Product 
TFA 

(µL/mmol) 

Pd(OAc)2 

(mmol) 

K2S2O8 

(mmol) 

Time  

(h) 

Temperature 

(�) 
TON 

1 25 1.0 2e 40 / 0.5 0.050 1.5 24 r.t. 3.1 

2 50 0.5 2e 100 / 1.3 0.050 1.5 24 r.t. 3.2 

3 50 1.0 2e 160 / 2.0 0.050 1.5 24 55 6.0 

4 

 

100 2.0 2e 200 / 2.6 0.010 3.0 72 55 22.0 

           

5 25 10 2f 60 / 0.8 0.050 1.5 24 r.t. 2.4 

6 25 1.0 2f 80 / 1.0 0.050 1.5 24 r.t. 3.3 

7  25 1.0 2f 200 / 2.6 0.050 1.5 24 r.t. 10.0 

           

8 15 1.0 2g 40 / 0.5 0.050 1.5 24 r.t. 5.0 

9 15 1.0 2g 160 / 2.0 0.050 1.5 24 r.t. 6.0 

10  15 1.0 2g 80 / 1.0 0.010 1.5 24 r.t. 21.0 

           

11 
OMe

 

5 1.0 2h-i 8 / 0.1 0.05 1.5 24 r.t. 3.0 

12 
Cl

 
30 0.5 2j-l 80 / 1.0 0.025 1.5 24 55 3.3 
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Screening the reaction conditions: an example on cross-coupling 

of naphthalene and benzene  

Cat. Pd (OAc)2

TFA, K2S2O8

Ph

r.t., 24h1d 2e

+

1a  

Table S-2 The effects of the ratios of Pd(OAc)2/naphthalene (1d) 

Entry Pd(OAc)2/ 1c 

(%) 

TON Selectivity 

(%) 

1 11 2.6 37 

2 5 4.8 42 

3 3 3.3 30 

4 2 2.6 37 

5 1 0.9 19 

1a/1d=10, Pd(OAc)2(0.05mmol), K2S2O8/1d=1.5 and TFA(40µL ,0.5mmol) were stirred at r.t. for 24h, TON based 

on Pd(OAc)2 was determined by GC analysis (C2Cl6 as internal standard). Selectivity=2e/all consumed 1d.  

 
 
Table S-3 The effect of the catalyst 

Entry Catalyst TON Selectivity 

(%) 

1 Pd/C - - 

2 PdCl2 - - 

3 Pd(PPh3)2Cl2  - - 

4 Pd(OAc)2 5.8 42 

5 None - - 

1a (25mmol), 1d (1.0mmol), Cat.(0.05mmol), K2S2O8(1.5mmol) and TFA(100µL,1.30mmol)were stirred at r.t. for 

24h, TON based on Cat. was determined by GC analysis (C2Cl6 as internal standard). Selectivity=2e/all consumed 

1d. 

 
Table S-4 The effects of concentrations of TFA 

Entry TFA  

(µL) 

TON 

 

Selectivity 

(%) 

1 40 1.6 >99 

2 80 2.2 >99 

3 100 2.6 >99 

4 120 3.2 >99 

5 160 4.2 84 

6 320 1.8 26 

1a (50mmol), 1d (0.5mmol), Pd(OAc)2(0.05mmol), K2S2O8(1.5mmol) and TFA(40-320µL,0.52-4.16mmol)were 

stirred at r.t. for 24h, TON based on Pd(OAc)2 was determined by GC analysis (C2Cl6 as internal standard). 
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Selectivity=2e/all consumed 1d.  

 
Table S-5 The effects of the ratios of benzene (1a)/ naphthalene (1d) 

Entry 1a / 1c 

(mol/mol) 

TON Selectivity 

(%) 

1 5 3.2 25 

2 10 4.8 42 

3 15 4.2 52 

4 25 3.5 93 

5 100 2.2 >99 

1a/1d=5~25, 1d (1.0mmol), Pd(OAc)2(0.05mmol), K2S2O8(1.5mmol) and TFA(40µL,0.5mmol) were stirred at r.t. 

for 24h, TON based on Pd(OAc)2 was determined by GC analysis (C2Cl6 as internal standard). Selectivity=2e/all 

consumed 1d  

 

 

Table S-6 The effects of K2S2O8 

Entry K2S2O8 

(mol) 

TON Selectivity 

(%) 

1 0.5 4.1 91 

2 1.0 3.9 70 

3 1.5 3.8 59 

4 2.0 3.1 55 

1a (12.5mmol), 1d (0.5mmol), Pd(OAc)2(0.025mmol), K2S2O8(0.5-2.0mmol) and TFA(20µL, 0.23mmol) were 

stirred at r.t. for 24h, TON based on Pd(OAc)2 was determined by GC analysis (C2Cl6 as internal standard). 

Selectivity=2e/all consumed 1d.  
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Kinetic Isotope effect for naphthalene and benzene: 

Cat. Pd (OAc)2

TFA, K2S2O8

Ph

r.t., 24h

+D8 D7

 

To prove there is no H/D exchange, we dissolved naphthalene- d8 (27.9mg, 0.2mmol) 
in benzene (1.8mL, 20mmol) containing TFA�40µL, 0.52mmol�, Pd(OAc)2 (11.2mg, 
0.1mmol), K2S2O8(404mg, 1.5mmol) and stirred the mixture at room temperature for 
24 hours. The reaction propagation was monitored by GC analysis. After 24 hours, the 
reaction mixture was diluted by CH2Cl2 and filtered. The organic layer were 
successively washed by water (3 × 10 mL) and dried over anhydrous MgSO4. Then the 
solvent was evaporated. Coupling products were isolated by flash column 
chromatography (gradient elution was n-Hexane). Finally, we analyze the reaction 
production by 1H NMR spectroscopy, and found that there is no D exchange happened 
on benzene and also no H exchange happened on naphthalene- d8. 

D7
 

1-Phenyl-naphthalene-d7: colorless liquid 
1H NMR (400MHz) (CDCl3): δ7.43-7.46 (m, 1H), 7.50(d, J = 1.6Hz, 2H), 7.51 (s, 2H). 
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Naphthalene vs. Naphthalene-d8: 

Cat. Pd (OAc)2

TFA, K2S2O8

Ph

r.t., 24h

+

D8 D7

Ph  

In a flame dried flask (10mL), we dissolved naphthalene-d8 (13.8mg, 0.1mmol) and 
naphthalene (12.5mg, 0.1mmol) in benzene (1.8mL, 20mmol) containing TFA�40µL, 
0.52mmol�, Pd(OAc)2 (11.2mg, 0.1mmol), K2S2O8(404mg, 1.5mmol) and stirred the 
mixture at room temperature for 24 hours. The reaction propagation was monitored by 
GC analysis. After 24 hours, the reaction mixture was diluted by CH2Cl2 and filtered. 
The organic layer were successively washed by water (3 × 10 mL) and dried over 
anhydrous MgSO4. Then the solvent was evaporated. Coupling products were isolated 
by flash column chromatography (gradient elution was n-Hexane). The mixture 
products were characterized by 1H NMR spectroscopy. 
 

D7
 

1-Phenyl-naphthalene-d7 (2n): 
1H NMR (400MHz) (CDCl3): δ7.43-7.53(m, 5H). 
1-Phenyl-naphthalene (2e) 5: colorless liquid. 
1H NMR (400MHz) (CDCl3): δ7.43-7.57 (m, 9H), 7.89(d, J=8.0Hz, 1H), 7.93 (d, 
J=9.2Hz, 2H). 
The mixture of 2n and 2e is colorless liquid. We got 11.0mg mixture product and 
2n/2e= 1:1 analyzed by 1H NMR (the yields and the rate refer to the average of two 
runs).  
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Benzene vs. Benzene- d6: 

Cat. Pd (OAc)2

TFA, K2S2O8

r.t., 24h

+

D6

D5

 

In a flame dried flask (10mL), we dissolved naphthalene (26.5mg, 0.2mmol) in the 
mixture of benzene (0.9mL, 10mmol) and benzene- d6 (0.9mL, 10mmol)containing 
TFA�40µL, 0.52mmol�, Pd(OAc)2 (11.2mg, 0.1mmol), K2S2O8(404mg, 1.5mmol) and 
stirred the mixture at room temperature for 24 hours. The reaction propagation was 
monitored by GC analysis. After 24 hours, the reaction mixture was diluted by CH2Cl2 
and filtered. The organic layer were successively washed by water (3 × 10 mL) and 
dried over anhydrous MgSO4. Then the solvent was evaporated. Coupling products 
were isolated by flash column chromatography (gradient elution was n-Hexane). The 
mixture products were characterized by 1H NMR spectroscopy. 
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D5

 
1-Phenyl-naphthalene-d5 (2o): 
1H NMR (400MHz) (CDCl3): δ7.43-7.57(m, 4H). 7.89(d, J=7.6Hz, 1H), 7.93 (d, 
J=9.2Hz, 2H). 
1-Phenyl-naphthalene (2e) 5: colorless liquid. 
1H NMR (400MHz) (CDCl3): δ7.43-7.57 (m, 9H), 7.89(d, J=7.6Hz, 1H), 7.93 (d, 
J=9.2Hz, 2H). 
The mixture of 2o and 2e is colorless liquid. We got 10.2mg mixture product and 
2o/2e= 1:9 analyzed by 1H NMR (the yields and the rate refer to the average of two 
runs). 
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Characterization of the products: 

 
Biphenyl (2a) 1: white solid; m.p.: 68-70°C. (Aldrich 68-70 °C) 
1H NMR (400MHz) (CDCl3): δ7.34 (t, J=7.2Hz, 2H); 7.44(t, J=8.0Hz, 4H); 7.59 (d, 
J=8.0Hz, 4H). 
 

O
 

4-Methoxybiphenyl (2b) 2: white solid; m.p.: 88-89°C. (lit.2 89°C) 
1H NMR (400MHz) (CDCl3): δ3.84 (s, 3H), 6.97(d, J = 8.4Hz, 2H), 7.29 (t, J = 7.6Hz, 
1H), 7.42 (t, J = 8.0 Hz, 2H), δ 7.52-7.56 (m, 4H). 
 

O

 
2-Methoxybipheny (2c) 2: colorless liquid. 
1H NMR (400MHz) (CDCl3): δ3.81(s, 3H), 6.98-7.05(m, 2H), 7.32 (m, 3H), 7.41(t, J 
= 7.6 Hz, 2H), 7.53 (d, J =6.8 Hz, 2H). 
 

 

2,4,6-trimethylbiphenyl (2d) 3: 
1H NMR (400MHz) (CDCl3): δ2.01(s, 6H), 2.34(s, 3H), 6.95(s, 2H), 7.15(d, J=6.8Hz, 
2H), 7.30-7.35(m, 1H), 7.35-7.50(m, 2H). 
Biphenyl (2a) 1: 
1H NMR (400MHz) (CDCl3): δ7.34 (t, J=7.2Hz, 2H); 7.44-7.45(m, 4H); 7.61 (d, 
J=8.0Hz, 4H). 
The mixture of 2a and 2d is colorless liquid and 2d/2a= 4:1. 
 

 
1-Phenyl-naphthalene (2e) 4: colorless liquid. 
1H NMR (400MHz) (CDCl3): δ7.41-7.55 (m, 9H), 7.86(d, J=7.6Hz, 1H), 7.91 (d, 
J=8.0Hz, 2H). 
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1-(2, 5-Dimethyl-phenyl)-naphthalene (2f): colorless liquid.  
1H NMR (400MHz) (CDCl3): δ1.97 (s, 3H), 2.36 (s, 3H), 7.07(s, 1H), 7.19(dd, J=8.0, 
24Hz, 2H), 7.32-7.39(m, 2H), 7.45-7.53(m, 3H), 7.84-7.90(m, 2H). 
13C NMR (100MHz) (CDCl3): δ19.54, 20.94, 125.33, 125.62, 125.88, 126.14, 126.52, 
127.28, 128.13, 128.21, 129.69, 131.00, 131.96, 133.45, 133.59, 134.90, 139.93, 
140.00. 
EI-MS m/z: 232 (M+, 100), 217 (80), 202 (40). 
HRMS: Calc. for C18H16: 232.1252. Found: 232.1255. 
 

  
1-(2’,4’,6’-Trimethylphenyl)naphthalene (2g) 5:white solid; m.p.: 71°C (lit.7 70- 
72°C). 
1H NMR (400MHz) (CDCl3): δ1.87 (s, 6H), 2.38 (s, 3H), 7.00(s, 2H), 7.24-7.37 (m, 
3H), 7.43-7.54 (m, 2H), 7.83-7.89 (m, 2H). 
 

O

 
1-(2-Methoxy-phenyl)-naphthalene (2h) 6: white solid. 
1H NMR (400MHz) (CDCl3):δ3.70(s, 3H), 7.03-7.08(m, 2H), 7.29(dd, J=1.6, 6.8Hz, 
1H), 7.36-7. 47 (m, 4H), 7.53(dd, J=8.0�6.8Hz, 1H), 7.57 (d, J=7.6Hz, 1H), 7.86(d, 
J=9.6Hz, 2H). 

O

 

1-(4-Methoxy-phenyl)-naphthalene (2i) 7: white solid. 
1H NMR (400MHz) (CDCl3): δ3.90 (s, 3H), 7.02-7.05 (m, 2H), 7.40-7. 53 (m, 6H), 
7.84(d, J=8.8Hz, 1H) , 7.91(t, J=9.0Hz, 2H). 
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Cl

 
1-(2-Chloro-phenyl)-naphthalene (2j): white solid; m.p.: 55-56°C. 
1H NMR (400MHz) (CDCl3): δ7.37-7.43(m, 5H), 7.47-7.56(m, 4H), 7.91(d, J=8.8Hz, 
2H). 
13C NMR (100MHz) (CDCl3): δ125.18, 125.83, 126.12, 126.56, 127.08, 128.21, 
128.24, 128.93, 129.52, 131.62, 132.06, 133.39, 134.06, 137.37, 139.25.   
Anal: calc. for C16H11Cl: C, 80.50; H, 4.64; Found: C, 80.47; H, 4.63. 
 

Cl

 

1-(3-Chloro-phenyl)-naphthalene (2k) 8: colorless liquid. 
1H NMR (400MHz) (CDCl3): δ7.35-7.53(m, 8H), 7.83-7.91(m, 3H). 
13C NMR (100MHz) (CDCl3): δ125.28, 125.59, 125.91, 126.29, 126.91, 127.35, 
128.12, 128.26, 128.32, 129.46, 130.04, 131.30, 133.71, 134.11, 138.68, 142.53. 
 

Cl

 

1-(4-Chloro-phenyl)-naphthalene (2l) 9: colorless liquid. 
1H NMR (400MHz) (CDCl3): δ7.38-7.53(m, 8H), 7.82-7.91(m, 3H). 
13C NMR (100MHz) (CDCl3): δ125.30, 125.60, 125.85, 126.18, 126.87, 127.94, 
128.31, 128.42, 130.46, 131.29, 131.36, 133.25, 133.73, 138.65, 138.86, 139.09. 
 

 
2-(3,5-dimethylbenzyl)-1,3,5-trimethylbenzene (2m) 10 : slight yellow solid, m.p.: 
66-69°C 
1H NMR (400MHz) (CDCl3): δ2.21(s, 6H), 2.24(s, 6H), 2.30(s, 3H), 3.95(s, 2H), 
6.63(s, 2H), 6.80(s, 1H), 6.90(s, 2H). 
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Addendum: 
Figure S-1 Biphenyl (2a) 

 
 
Figure S-2 4-Methoxybiphenyl (2b) 
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Figure S-3 2-Methoxybipheny (2c) 

 
 
 
Figure S-4 2,4,6-trimethylbiphenyl(2d)/ Benzene(2a) = 4 / 1 
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Figure S-5 1-Phenyl-naphthalene(2e) 

 
 
Figure S-6 1-(2,5-dimethyl-phenyl)-naphthalene(2f) 
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Figure S-7 1-(2’,4’,6’-Trimethylphenyl)naphthalene(2g) 
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Figure S-8  
1-(4-Methoxy-phenyl)-naphthalene(2i) / 1-(2-Methoxy-phenyl)-naphthalene(2h) =71 / 
29 

 
 
 
Figure S-9 1-(4-methoxy-phenyl)-naphthalene(2i) 
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Figure S-10 1-(2-chloro-phenyl)-naphthalene(2j) 
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Figure S-11 1-(3-chloro-phenyl)-naphthalene(2k) 
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Figure S-12 1-(4-chloro-phenyl)-naphthalene(2l) 
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Figure S-13 2-(3, 5-dimethylbenzyl)-1,3,5-trimethylbenzene (2m) 

 


