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1. General Information  
Unless otherwise stated, all starting materials were obtained from commercial suppliers 
and used as received. Organic solvents were dried and distilled as described elsewhere.1 
 All moisture and air sensitive reactions were carried out in a oven-dried flask under 
argon atmosphere. Column chromatography was performed with silica gel 230~400 
mesh. All 1H NMR 13C NMR spectra were recorded on a Bruker- Avance DPX300 and 
Bruker- Avance III DPX500 for a CDCl3 solution and reported in ppm (δ). Transmission 
electron microscopy (TEM): TEM pictures were taken on a JEM-2011 (JEOL) 
microscope. 
 
 
2. Experimental Procedures: 
 
General method of Pd nanoparticle catalyzed Hiyama coupling 
reaction: Weighed amount of K2PdCl4 (13 mg, 0.04 mmol) and PEG 600 (700 mg, 
1.16 mol) was heated at 70 °C for 15 min to form the Pd nanoparticle. Then it was cooled 
and to this suspension of colloidal Pd, aryltrialkoxysilane (2 mmol) and benzyl halide (1 
mmol) and tetrabutylammonium fluoride TBAF [1.5 ml 1(M)solution in THF] were 
added and stirred at 70 °C for the specified time. Then the reaction mixture was allowed 
to cool at room temperature and THF was removed and extracted with ether and the 
organic layers were dried over anhydrous Na2SO4 and concentrated in vacuum. The 
residue thus obtained was purified by flash column chromatography on silica gel 
(230∼400 mesh) with either petroleum ether or a mixture of ethyl acetate (2-10%) or as 
eluent. 
 
 
 
 
Preparation of 4-(triethoxysilyl)toluene:2  A solution of n-BuLi (1.6 M in 
hexane, 3.1 mL, 5 mmol) was added dropwise (1 drop per second) with stirring to a 
solution of 4-bromotoluene (855 mg, 0.62 mL, 5 mmol), in Et2O or THF (7 mL) at room 
temperature. After 1 h, the solution was cooled to -78 °C and transfered via cannula to a 
stirred solution of tetraethyl orthosilicate (1.56 g, 1.68 mL, 7.50 mmol) in Et2O or THF 
(7.0 mL) at -78 °C. After 1 h, the reaction was quenched with H2O (5 drops) at -78 °C 
and allowed to warm slowly to room temperature. The crude reaction mixture was then 
extracted with (3 × 50 mL) Et2O. The combined organic extracts were dried over Na2SO4, 
filtered, and concentrated in vacuum. Bulb-to-bulb distillation (125 °C, 0.5 Torr) afforded 
1.08 g (81%) of 4-(triethoxysilyl)toluene as a colorless oil. 
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Preparation of Pd Nanoparticles: 
Pd Nanoparticle prepared by stirring 14 mg  K2PdCl4 with 700 mg of PEG-600 for 15 
min at 70 oC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                         a                                                                b 
 
 
 
Figure 1. (a) Electron diffraction pattern of palladium nanoparticles. (b) TEM image of 
the palladium nanoparticles.  
 
Preparation of 2, 6-di(chloromethyl) anisole: 

 
 
 
Gaseus HCl was introduced into a mixture of 50 mmol of formaldehyde of 30% strength 
and 120 mmol of concentrated hydrochloric acid until the mixture saturated therewith.17 
mmol (1.84 g) of anisole was then added gradually with stirring. The temperature was 
kept at 30 °C and the introduction of gas was continued with stirring for about 10 h. 
Crystalline solids were separated which were filtered with suction and washed with water 
and dried in air. Then it was recrystallized from hot petroleum ether.(2.70 g, 80%)  
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3. Figures reproducing 1H and 13C NMR spectra 
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4. Spectroscopic characterization of the cross-coupling products:  
 
Diphenylmethane (2a):  3 1H NMR (300 MHz, CDCl3): δ 4.05 (s, 2H), 7.25–7.27 (m, 
6H), 7.33-7.38 (m, 4H); 13C NMR (75 MHz, CDCl3): δ 42.05, 126.18, 128.57, 129.05, 
141.22. 
 
2-Chlorodiphenylmethane (2b): 4 1H NMR (300 MHz, CDCl3): δ 4.21 (s, 2H), 7.25-
7.54 (m, 9H); 13C NMR (75 MHz, CDCl3): δ 39.29, 126.36, 126.93, 127.76, 128.59, 
129.07, 129.64, 131.13, 134.35, 138.79, 139.61. 
 
3-Chlorodiphenylmethane (2c): 5 1H NMR (300 MHz, CDCl3): δ 3.8(s, 2H), 6.91-6.93 
(m, 1H), 7.01-7.09 (m, 6H), 7.13-7.16 (m, 2H); 13C NMR (75 MHz, CDCl3): δ 41.62, 
126.37, 126.43, 127.16, 128.67, 128.98, 129.08, 129.74, 134.31, 140.25, 143.22. 
 
 
2-Benzyltoluene (2d): 6 1H NMR (300 MHz, CDCl3): δ 2.24 (s, 3H), 3.99 (s, 2H), 7.12–
7.21 (m, 7H), 7.24-7.29 (m, 2H); 13C NMR (75 MHz, CDCl3): δ 19.78, 39.57, 126.03, 
126.1, 126.57, 128.49, 128.85, 130.06, 130.39, 136.73, 139.03, 140.50. 
 
1-Benzyl-4-methylbenzene (2e): 5 1H NMR (300 MHz, CDCl3): δ 2.54 (s, 3H), 4.19 (s, 
2H), 7.26-7.33 (m, 4H), 7.41-7.49 (m, 3H), 7.51-7.59 (m, 2H); 13C NMR (75 MHz, 
CDCl3): δ 20.98, 41.5, 125.2, 127.15, 128.79, 128.85, 129.13, 135.51, 138.06, 141.39. 
 
1-Benzyl-3-methoxybenzene (2f):5 1H NMR (300 MHz, CDCl3): δ 3.80 (s, 3H), 3.99 (s, 
2H), 6.78-6.84 (m, 3H), 7.22-7.32 (m, 6H); 13C NMR (75 MHz, CDCl3): δ 41.93, 55.08, 
111.28, 114.77, 121.35, 126.06, 128.42, 128.88, 129.37, 140.88, 142.67, 159.69. 
 
1-Benzyl-4-methoxybenzene (2g):7  1H NMR (300 MHz, CDCl3): δ 3.81 (s, 3H), 3.93 
(s, 2H), 6.79-6.86 (m, 2H), 7.07-7.12 (m, 2H), 7.16-7.20 (m, 3H), 7.26-7.30 (m, 2H); 13C 
NMR (75 MHz, CDCl3): δ 41.43, 55.66, 114.28, 126.37, 128.83, 129.21, 129.83, 130.26, 
133.66, 158.36. 
 
2-benzylbenzonitrile (2h): 7 1H NMR (300 MHz, CDCl3): δ 4.24 (s, 2H), 7.37 (d, J= 
8.01 Hz, 2H), 7.48-7.53 (m, 5H), 7.76 (d, J= 8.13 Hz, 2H); 13C NMR (75 MHz, CDCl3): 
δ 41.95, 110.02, 118.96, 126.65, 128.75, 128.94, 129.62, 132.27, 139.32, 146.73 
 
4-Benzyl-1-(trifluoromethyl)benzene (2i):6  1H NMR (300 MHz, CDCl3): δ 4.09 (s, 
2H), 7.23-7.40 (m, 7H), 7.59 (d, J = 7.9 Hz, 2H); 13C NMR (75 MHz, CDCl3):δ  41.69, 
124.33 (q, J = 270.08 Hz), 125.4 (q, J = 3.83 Hz), 126.47, 128.5 (q, J = 32.1 Hz), 128.66, 
128.93, 129.19, 139.98, 145.22. 
 
1-Benzyl-4-fluorobenzene (2j): 8 1H NMR (300 MHz, CDCl3): δ 3.96 (s, 2H), 6.97 (t, J 
= 8.6 Hz, 2H), 7.12-7.24 (m, 5H), 7.28-7.30 (m, 2H); 13C NMR (75 MHz, CDCl3): δ 
41.15, 115.28 (d, J= 21.07 Hz), 126.29, 128.61, 128.91, 130.35 (d, J=7.8 Hz), 136.85(d, 
J= 3.08 Hz), 141.02, 161.51(d , J= 242.4 Hz).  
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2-Benzylnaphthalene (2k): 9 1H NMR (300 MHz, CDCl3): δ 4.23 (s, 2H), 7.31-7.41 (m, 
6H), 7.51-7.53 (m, 2H), 7.72 (s, 1H), 7.83-7.86 (m, 3H); 13C NMR (75 MHz, CDCl3): δ  
42.19, 125.43, 126.06, 126.24, 127.19, 127.64, 127.72, 128.16, 128.58, 129.12, 132.18, 
133.70, 138.68, 141.06. 
 
 
1-Benzylnaphthalene (2l): 5 1H NMR (300 MHz, CDCl3): δ 4.47 (s, 2H), 7.20-7.22 (m, 
3H), 7.26-7.31 (m, 3H), 7.41-7.49 (m, 3H), 7.77 (d, J = 8.16 Hz, 1H), 7.86-7.89 (m, 1H), 
7.99-8.03 (m, 1H); 13C NMR (75 MHz, CDCl3): δ 38.99, 124.26, 125.52, 125.93, 126.02, 
127.12, 127.30, 128.42, 128.64, 128.71, 132.12, 133.92, 136.56, 140.60. 
 
2-p-Methylbenzyl naphthalene (2m):10 1H NMR (300 MHz, CDCl3): δ 2.34 (s, 3H), 
4.12 (s, 2H), 7.13- 7.34 (m, 5H), 7.43-7.47 (m, 2H), 7.65-7.80 (m, 4H); 13C NMR (75 
MHz, CDCl3): δ 21.18, 41.85, 125.44, 126.09, 127.15, 127.71, 127.79, 128.20, 129.07, 
129.35, 132.23, 133.79, 135.80, 138.09, 139.06. 
 
4-[4-(trifluoromethyl)benzyl]anisole (2n):6 1H NMR (300 MHz, CDCl3): δ 3.82 (s, 3H), 
4.01 (s, 2H), 6.89 (dd, J = 6.4 Hz, 2.1Hz, 2H), 7.13 (d, J = 8.6 Hz, 2H), 7.31 (d, J = 7.9 
Hz, 2H), 7.57 (d, J = 8.1 Hz, 2H); 13C NMR (75 MHz, CDCl3): δ  40.93, 55.32, 114.19, 
124.49 (q, J = 270.2 Hz), 125.47 (q, J = 3.75 Hz), 128.48 (q, J = 32.17 Hz), 129.19, 
130.03, 132.20, 145.87, 158.39. 
 
1-(4-fluorobenzyl)-4-methoxybenzene (2o):11 1H NMR (300 MHz, CDCl3):  δ 3.81 (s, 3 
H),  3.92 (s, 2 H), 6.86 – 6.89 (m, 2 H), 6.96 – 7.02 (m, 2 H), 7.10 – 7.17 (m, 4 H); 13C 
NMR (75 MHz, CDCl3): δ 40.29, 55.34, 114.06, 115.27(d, J= 20.93Hz), 129.89, 
130.26(d, J= 7.7Hz), 133.17, 137.341, 158.18, 161.49 (d, J= 242.33 Hz). 
 
1-(2-chlorobenzyl)-4-methoxybenzene (2p):11 1H NMR (300 MHz, CDCl3): δ 3.79 (s, 3 
H), 4.06 (s, 2 H), 6.84 – 6.87 (m, 2 H), 7.13 – 7.19 (m, 5 H), 7.37 – 7.39 (m, 1 H); 13C 
NMR (75 MHz, CDCl3): δ  38.45, 55.36, 114.02, 126.94, 127.67, 129.63, 130.05, 131.01, 
131.68, 134.26, 139.25, 158.19. 
 
1-(3-chlorobenzyl)-4-methoxybenzene (2q): 1H NMR (300 MHz, CDCl3): δ 3.80 (s, 
3H), 3.90 (s, 2H), 6.86 (dd, J=6.6 Hz, 2.02 Hz, 2H), 7.06-7.12 (m, 3H), 7.17-7.22 (m, 
3H); 13C NMR (75 MHz, CDCl3): δ 40.79, 55.39, 114.14, 126.33, 127.10, 129.02, 
129.78, 130.01, 132.42, 134.35, 143.78, 158.29 
 
5-Benzyl-2-chloropyridine (2r):12 1H NMR (300 MHz, CDCl3): δ 3.95 (s, 2H), 7.14   
7.33 (m, 6H), 7.42 (dd, J =8.17, 2.46 Hz, 1H), 8.25 (d, J = 2.25 Hz, 1H); 13C NMR (75 
MHz, CDCl3): δ 38.17, 124.07, 126.69, 128.76, 128.78, 135.50, 139.16, 139.27, 149.29, 
149.69. 
 
4-Benzyl-Acetophenone (2s):13 1H NMR (300 MHz, CDCl3): δ 2.51 (s, 3H), 3.98 (s, 
2H), 7.12-7.19 (m, 3H), 7.21-7.28 (m, 4H), 7.83 (d, J=8.28 Hz, 2H); 13C NMR (75 MHz, 
CDCl3): δ 26.59, 41.94, 126.46, 128.69,128.99, 129.15, 135.29, 140.09, 146.85, 197.79. 
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4-Benzyl-Benzamide (2t): 1H NMR (300 MHz, CDCl3): δ 4.05(s, 2H), 5.99(br.s, 2H), 
7.18-7.24(m, 2H), 7.28-7.35(m, 5H), 7.76(d, J=8.08 Hz, 2H) 13C NMR (75 MHz, 
CDCl3): δ 41.92, 126.53, 127.74, 128.76, 129.07, 129.31, 131.32, 140.29, 145.71, 169.39. 
 
 
1-Benzyl-4-nitrobenzene (2u): 8 1H NMR (300 MHz, CDCl3): δ: 4.08 (s, 2H), 7.18 (d, J 
= 7.44, 2H), 7.25-7.35 (m, 5H), 8.14 (d, J = 8.4 Hz, 2H); 13C NMR (75 MHz, CDCl3): δ: 
41.85, 123.87, 126.87, 128.94, 129.08, 129.77, 139.31, 146.66, 148.99, 
 
Methyl 4-Benzylbenzoate (2v): 14 1H NMR (300 MHz, CDCl3): δ: 3.91 (s, 3H), 4.04(s, 
2H), 7.19 (d, J = 7.14 Hz, 2H), 7.24–7.34 (m, 5H), 7.99 (d, J = 8.17 Hz, 2H); 13C NMR 
(75 MHz, CDCl3): δ: 41.99, 52.06,126.46, 128.19, 128.69, 129.03, 129.91, 140.21, 
146.61, 167.12. 
 
4–Benzylbenzaldehyde (2w): 13 1H NMR (300 MHz, CDCl3): δ: 4.06 (s, 2H), 7.18-
7.37(m, 7H), 7.81(d, J= 7.8 Hz, 2H), 9.97 (s, 1H); 13C NMR (75 MHz, CDCl3): δ:192.13, 
148.58, 139.89, 134.82, 130.18, 129.70, 129.19, 129.11, 126.66, 42.23. 
 
1-(4-(4-methoxybenzyl)phenyl)ethanone (2x):15 1H NMR (300 MHz, CDCl3): δ:  2.58 
(s, 3H), 3.79 (s, 3H), 3.98 (s, 2H), 6.84 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 8.4 Hz, 2H), 7.28 
(d, J = 8.4 Hz, 2H), 7.88 (d, J = 8.4 Hz, 2H); 13C NMR (75 MHz, CDCl3): δ:26.5, 40.9, 
55.2, 113.9, 128.6, 128.9, 129.8, 132.1, 135.1, 147.3, 158.1, 197.8.  
 
2-Benzylbiphenyl (2y): 14 1H NMR (300 MHz, CDCl3): δ: 3.99 (s, 2H), 7.02 (d, J = 7.15, 
2H), 7.17–7.40 (m, 12H); 13C NMR (75 MHz, CDCl3): δ:39.18, 125.91, 126.29, 127.03, 
127.60, 128.17, 128.37, 128.99, 129.44, 130.26, 130.44, 138.38, 141.59, 141.79, 142.39. 
 
4-(2-Phenylbenzyl)anisole (2z): 6 1H NMR (300 MHz, CDCl3): δ: 3.82 (s, 3H), 3.97(s, 
2H), 6.82 (d, J = 8.5 Hz, 2H), 6.96 (d, J =8.6 Hz, 2H), 7.27–7.44 (m, 9H); 13C NMR (75 
MHz, CDCl3): δ:38.28, 55.3, 113.79, 126.19,126.98, 127.57, 128.14, 129.43, 129.88, 
130.21, 130.29, 133.67, 138.79, 141.81, 142.28, 157.86. 
 
(E)-1, 3-diphenylprop-1-ene(4a): 

5 1H NMR (300 MHz, CDCl3): δ 3.52 (d, J=6.33 Hz, 
2H), 6.29-6.47 (m, 2H), 7.15-7.35 (m, 10H); 13C NMR (75 MHz, CDCl3): δ 39.28, 
126.07, 126.12, 127.03, 128.43, 128.61, 129.13, 131.02, 137.41, 140.08. 
 
(E)-3-(4-Methoxyphenyl)-1-phenylpropene (4b): 16 1H NMR (300 MHz, CDCl3): δ 
3.42 (d, J=6.18 Hz, 2H), 3.71 (s, 3H), 6.21-6.31 (m, 1H), 6.36 (d, 1H, J=15.88 Hz), 6.77-
6.81 (m, 2H), 7.07-7.15 (m, 3H), 7.19-7.24 (m, 4H); 13C NMR (75 MHz, CDCl3): δ 
38.57, 55.37, 114.05, 126.24, 127.17, 128.61, 129.72, 129.80, 130.87, 132.29, 137.67, 
158.21. 
1-methyl-4-(E)-3-phenylpro-1-enyl) benzene (4c): 17 1H NMR (300 MHz, CDCl3): δ 
2.37 (s, 3H), 3.58 (d, J = 6.57 Hz, 2H), 6.32-6.39 (m, 1H ), 6.48 (d, J = 15.8 Hz, 1H),7.14 
(d, J= 7.9 Hz, 2H), 7.23-7.38 (m, 7H); 13C NMR (75 MHz, CDCl3): δ 21.27, 39.47, 
126.15, 126.25, 128.29, 128.58, 128.79, 129.32, 131.05, 134.82, 136.94, 140.46. 
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1-((E)-3-(4-methoxyphenyl)prop-1-enyl)-4-methybenzene(4d): 17 1H NMR (300 MHz, 
CDCl3): δ 2.36 (s, 3H), 3.51 (d, J = 6.35 Hz, 2H), 3.82 (s, 3H), 6.29-6.36 (m, 1H), 6.44 
(d, J = 15.84 Hz, 1H), 6.89 (d, J = 8.48 Hz, 2H), 7.13 (d, J = 7.79 Hz, 2H), 7.19 (d, J = 
8.44 Hz, 2H), 7.29 (d, J = 7.91 Hz, 2H); 13C NMR (75 MHz, CDCl3): δ 21.26, 38.57, 
55.39, 114.01, 126.13, 128.74, 129.31, 129.71, 130.72, 132.48, 134.89, 136.87, 158.17. 
 
1-Methoxy-2,4-bis(4-methoxy-benzyl)-benzene: 18  1H NMR (500 MHz, CDCl3): δ 3.78 
(s, 9H), 3.81 (s, 2H), 3.87 (s, 2H), 6.77 (d, J = 8.0 Hz, 1H,), 6.79-6.82 (m, 4H), 6.91 (d, J 
= 2.0 Hz, 1H), 6.95 (dd, J = 8.5, 2.5 Hz, 1H), 7.05 (d, J = 8.5 Hz, 2H), 7.10 (d, J = 8.5 
Hz, 2H); 13C NMR (125 MHz, CDCl3): δ 35.20, 40.31, 55.38, 55.41, 55.64, 110.72, 
113.83, 113.98, 127.54, 129.84, 129.90, 130.12, 131.01, 133.40, 133.61, 133.97, 155.88, 
157.89, 158.03. 
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