
Electronic Supplementary Information (ESI)

Construction of Ar-P bond by Pd-catalyzed oxidative cross-coupling 

of arylsilanes with H-phosphonates via C-Si bond cleavage

Haiqing Luo,* Haidong Liu, Xingwei Chen, Keke Wang, Xuzhong Luo 
and Kejun Wang*

Department of Chemistry & Chemical Engineering, Gannan Normal University, 
Ganzhou341000, China

Email: luohq@gnnu.cn; wangkejun@sina.com

Table of Contents
1. General Information................................................................................................1

2. General Procedure for synthesis of Arylphosphorus Via C-Si Bond Cleavage .....2

3. Characterization data for the products. ...................................................................2

4.  1H, 13C and 31P NMR spectra of the products. ......................................................10

5.  References. ............................................................................................................37

 1

Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2016

mailto:luohq@gnnu.cn


1. General Information:

All the palladium-catalyzed oxidative cross-coupling reactions were carried out in 

oven-dried glassware sealed with rubber septa under air condition. All the compounds 

were known and characterized by 1H NMR, 13C NMR and 31P NMR with 400 MHz 

Bruker AVANCE spectrometers (400 MHz, 100 MHz and 162 MHz, respectively). 

Chemical shifts are reported relative to tetramethylsilane (TMS, δ 0.0 ppm) for 1H 

NMR and CDCl3 (δ 77.0 ppm) for 13C NMR. Mass spectra were recorded on a GC-

MS spectrometer (Agilent 5973N-GC/MSD) at an ionization voltage of 70 eV 

equipped with a DB-WAX capillary column (internal diameter: 0.25 mm, length: 30 

m). In addition, column chromatography was performed on silica gel 200 - 300 mesh.

Materials: Unless otherwise noted, all reagents were purchased energy chemistry, 

Ouhe and J&K and used without further purification. DMF, DMSO, 1,4-Dioxane and 

DCE were extra dry bought from energy chemistry. THF was distilled over sodium. 

The arylsilanes(1e-r) were prepared in accordance with references[1]. 
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2. General procedure for Pd-catalyzed oxidative cross-coupling of 
arylsilanes with H-phosphonates.
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To a 10 mL of seal tube equipped with a magnetic bar were added Pd(PPh3)2Cl2 

(0.0125 mmol, 5 mol%), Ag2CO3 (0.5 mmol, 2.0 equiv), and KF (1 mmol, 4.0 equiv). 

The DMF (4 mL) and arylsilane 1 (0.5 mmol, 2.0 equiv) were added subsequently. 

The reaction mixture was allowed to stir at room temperature for 15 min. Followed by 

addition of H-phosphonate diester 2 (0.25 mmol, 1 equiv) by microsyringe. Then, the 

sealed tube was screw capped and put into a preheated oil bath at 80 oC for 12 h. After 

completed, the reaction was cooled to room temperature, and then the mixture was 

diluted with 10 mL EtOAc. The mixture was filtered with a pad of cellite and 

extracted with EtOAc (3*10mL). The combined organic layers were washed with 

brine, dried over Na2SO4, filtered and concentrated in vacuo. The residue was purified 

with silica gel chromatography (petroleum ether/ethyl acetate) to provide pure product 

3.

3. Characterization data for the products.

Diethyl phenylphosphonate (3a).

P
O

O
O

Colorless oil (phenyltriethyloxysilane, 44.9 mg, 84 % yield), (phenyltrimethoxysilane, 

38.5 mg, 72 % yield): 1H NMR (400 MHz, CDCl3) δ 7.88 – 7.76 (m, 2H), 7.60 – 7.52 

(m, 1H), 7.51 – 7.42 (m, 2H), 4.21 – 4.02 (m, 4H), 1.32 (t, J = 7.1 Hz, 6H). 13C NMR 

(101 MHz, CDCl3) δ 132.3 (d, J = 3.1 Hz), 131.6 (d, J = 9.9 Hz), 128.4 (d, J = 15.0 

Hz), 128.2 (d, J = 188.7), 62.0 (d, J = 5.4 Hz), 16.2 (d, J = 6.5 Hz). 31P NMR (162 

MHz, CDCl3) δ 18.6 . MS (EI) m/z: 214, 186, 158, 141, 105, 77. This compound is 

known[2].

Dimethyl phenylphosphonate (3b).

P
O

O
O

Colorless oil (25.1 mg, 54 % yield): 1H NMR (400 MHz, CDCl3) δ 7.81 (dd, J = 13.4, 

6.5 Hz, 2H), 7.58 (t, J = 7.4Hz, 1H), 7.53 – 7.43 (m, 2H), 3.77 (d, J = 11.1 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 132.6 (d, J = 3.2 Hz), 131.8 (d, J = 9.9 Hz), 128.5 (d, 
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J = 15.1 Hz), 126.8 (d, J = 188.9 Hz), 52.7 (d, J = 5.6 Hz). 31P NMR (162 MHz, 

CDCl3) δ 21.5 . MS (EI) m/z: 185, 156, 141, 91, 77. This compound is known[2].

Diisopropyl phenylphosphonate (3c).

P
O

O
O

Colorless oil (56.3 mg, 93 % yield): 1H NMR (400 MHz, CDCl3) δ 7.85 – 7.79 (m, 

2H), 7.57 – 7.50 (m, 1H), 7.47 – 7.42 (m, 2H), 4.73 – 4.65 (m, 2H), 1.37 (d, J = 6.2 

Hz, 6H), 1.23 (d, J = 6.2 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 132.0 (d, J = 3.0 

Hz), 131.7 (d, J = 9.9 Hz), 129.9 (d, J = 188.2 Hz), 128.3 (d, J = 15.0 Hz), 70.7 (d, J 

= 5.5 Hz), 24.1 (d, J = 4.0 Hz), 23.8 (d, J = 4.8 Hz). 31P NMR (162 MHz, CDCl3) δ 

16.5. MS (EI) m/z: 242, 201, 183, 159, 141, 77. This compound is known[2].

Dibenzyl phenylphosphonate (3d).

P
O

O
O

Colorless oil (55.8 mg, 66 % yield): 1H NMR (400 MHz, CDCl3)δ 7.81 (dd, J = 13.5, 
6.8 Hz, 2H), 7.54 – 7.48 (m, 1H), 7.45 – 7.38 (m, 2H), 7.35 – 7.26 (m, 10H), 5.15 – 
4.99 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 136.0 (d, J = 6.9 Hz), 132.5 (d, J = 3.1 
Hz), 131.7 (d, J = 10.0 Hz), 128.4, 128.37 (d, J = 15.2 Hz) 128.2, 127.8, 127.7 (d, J = 
181.09 Hz), 67.5 (d, J = 5.4 Hz). 31P NMR (162 MHz, CDCl3) δ 19.7. HRMS (ESI) 
calcd for C20H19O3PNa [M + Na]+ 361.0964, found 361.0961.  This compound is 
known[2].

Diethyl o-tolylphosphonate (3e).

P
O

O
O

Colorless oil (28.5 mg, 50 % yield): 1H NMR (400 MHz, CDCl3) δ 7.97 – 7.81 (m, 

1H), 7.44 – 7.40 (m, 1H), 7.33 – 7.20 (m, 2H), 4.24 – 3.99 (m, 4H), 2.58 (s, 3H), 1.33 

(t, J = 7.1 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 141.7 (d, J = 10.1 Hz), 133.8 (d, J 

= 10.3 Hz), 132.4 (d, J = 3.0 Hz), 131.1 (d, J = 14.9 Hz), 126.8 (d, J = 184.0 Hz), 

125.3 (d, J = 14.9 Hz), 61.8 (d, J = 5.5 Hz), 21.2 (d, J = 3.6 Hz), 16.3 (d, J = 6.5 Hz). 
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31P NMR (162 MHz, CDCl3) δ 19.5 . MS (EI) m/z: 228, 213, 200, 185, 172, 154, 119, 

91, 65. This compound is known[2].

Diethyl m-tolylphosphonate (3f).

P
O

O
O

Colorless oil (53.6 mg, 94 % yield): 1H NMR (400 MHz, CDCl3) δ 7.68 – 7.56 (m, 

2H), 7.38 – 7.33 (m, 2H), 4.21 – 4.00 (m, 4H), 2.40 (s, 3H), 1.33 (t, J = 7.0 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 138.2 (d, J = 15.0 Hz), 133.1 (d, J = 3.2 Hz), 132.2 (d, 

J = 9.9 Hz), 128.0 (d, J = 187.6 Hz), 128.7 (d, J = 9.7 Hz), 128.3 (d, J = 15.7 Hz), 

62.0 (d, J = 5.3 Hz), 21.2, 16.2 (d, J = 6.5 Hz). 31P NMR (162 MHz, CDCl3) δ 19.2 . 

MS (EI) m/z: 228, 200, 172, 155, 119, 91, 65. This compound is known[2].

Diethyl p-tolylphosphonate (3g).

P
O

O
O

Colorless oil (42.8 mg, 75 % yield): 1H NMR (400 MHz, CDCl3) δ 7.85 – 7.51 (m, 

2H), 7.30 – 7.26 (m, 2H), 4.21 – 3.92 (m, 4H), 2.40 (s, 3H), 1.31 (t, J = 7.0 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 142.8 (d, J = 3.1 Hz), 131.7 (d, J = 10.2 Hz), 129.1 (d, 

J = 15.4 Hz), 124.9 (d, J = 190.2 Hz), 61.9 (d, J = 5.4 Hz), 21.5 (d, J = 1.4 Hz), 16.2 

(d, J = 6.6 Hz). 31P NMR (162 MHz, CDCl3) δ 19.5 . MS (EI) m/z: 228, 200, 172, 

155, 119, 108, 91, 65. This compound is known[2].

Diethyl (3,5-dimethylphenyl)phosphonate (3h).

P
O

O
O

Colorless oil (41.2 mg, 68 % yield): 1H NMR (400 MHz, CDCl3) δ 7.42 (d, J = 12.1 

Hz, 2H), 7.18 (s, 1H), 4.21 – 4.00 (m, 4H), 2.35 (s, 6H), 1.33 (t, J = 7.1 Hz, 6H). 13C 

NMR (101 MHz, CDCl3) δ 155.9 (d, J = 3.1 Hz), 131.6 (d, J = 10.3 Hz), 125.4 (d, J = 

15.2 Hz), δ 124.9 (d, J = 191.0 Hz), 62.0 (d, J = 5.4 Hz), 35.0 , 31.0 , 16.3 (d, J = 6.6 

Hz). 31P NMR (162 MHz, CDCl3) δ 19.5 . MS (EI) m/z: 242, 214, 186, 133, 107, 91, 

77. This compound is known[3].
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Diethyl (4-methoxyphenyl)phosphonate (3i)

P

O

O

O
O

Colorless oil (51.2 mg, 84 % yield): 1H NMR (400 MHz, CDCl3) δ 7.79 – 7.71 (m, 

2H), 7.01 – 6.93 (m, 2H), 4.19 – 3.99 (m, 4H), 3.85 (s, 3H), 1.31 (t, J = 7.1 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 162.7 (d, J = 3.4 Hz), 133.7 (d, J = 11.3 Hz), 119.4 (d, 

J = 195.1 Hz), 113.9 (d, J = 16.1 Hz), 61.8 (d, J = 5.3 Hz), 55.2, 16.2 (d, J = 6.5 

Hz).31P NMR (162 MHz, CDCl3) δ 20.6. MS (EI) m/z: 244, 216, 188, 171, 135, 108, 

92, 77. This compound is known[2].

Diethyl (3-methoxyphenyl)phosphonate (3j).

P
O

O
O

O

Colorless oil (53.7 mg, 88 % yield): 1H NMR (400 MHz, CDCl3) δ 7.43 – 7.31 (m, 

3H), 7.12 – 7.03 (m, 1H), 4.26 – 3.98 (m, 4H), 3.85 (s, 3H), 1.33 (t, J = 7.1 Hz, 6H). 
13C NMR (101 MHz, CDCl3) δ 159.3 (d, J = 19.0 Hz), 129.7 (d, J = 17.6 Hz), 129.5 

(d, J = 187.6 Hz), 123.9 (d, J = 9.3 Hz), 118.7 (d, J = 3.2 Hz), 116.3 (d, J = 11.4 Hz), 

62.1 (d, J = 5.4 Hz), 55.3 , 16.2 (d, J = 6.6 Hz). 31P NMR (162 MHz, CDCl3) δ 18.6 . 

MS (EI) m/z: 244, 216, 201, 188, 172, 158, 135, 108, 92, 77. This compound is 

known[2].

Diethyl benzo[d][1,3]dioxol-5-ylphosphonate (3k).

P
O

O
O

O

O

Colorless oil (51.6 mg, 80 % yield): 1H NMR (400 MHz, CDCl3) δ 7.38 (ddd, J = 

14.0, 7.9, 1.5 Hz, 1H), 7.21 (dd, J = 12.9, 1.4 Hz, 1H), 6.89 (dd, J = 7.9, 3.6 Hz, 1H), 

6.03 (s, 2H), 4.18 – 3.99 (m, 4H), 1.32 (t, J = 7.3 Hz, 6H). 13C NMR (101 MHz, 

CDCl3) δ 151.1 (d, J = 3.6 Hz), 147.7 (d, J = 22.7 Hz), 127.3 (d, J = 11.2 Hz), 121.1 

(d, J = 193.3 Hz), 111.1 (d, J = 12.3 Hz), 108.5 (d, J = 18.7 Hz), 101.5 , 61.9 (d, J = 

5.3 Hz), 16.2 (d, J = 6.6 Hz). 31P NMR (162 MHz, CDCl3) δ 18.9 . MS (EI) m/z: 258, 

230, 202, 186, 149, 122, 65. This compound is known[4].
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Diethyl naphthalen-1-ylphosphonate (3l)

P
O O

O

Colorless oil (43.6 mg, 66 % yield): 1H NMR (400 MHz, CDCl3) δ 8.52 (d, J = 9.6 

Hz, 1H), 8.25 (ddd, J = 16.3, 7.0, 1.3 Hz, 1H), 8.04 (d, J = 9.6 Hz, 1H), 7.90 (dt, J = 

8.1, 2.0 Hz, 1H), 7.65 – 7.58 (m, 1H), 7.58 – 7.50 (m, 2H), 4.26 – 4.16 (m, 2H), 4.13 

– 1.03 (m, 2H), 1.31 (t, J = 7.1 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 134.6 (d, J 

= 9.2 Hz), δ 133.6 (d, J = 3.2 Hz), δ 133.5 (d, J = 13.2 Hz), 132.6 (d, J = 11.0 Hz), 

128.7 (d, J = 1.9 Hz), 127.4 , 126.6 (d, J = 4.2 Hz), 126.3 , 124.5 (d, J = 16.6 Hz), 

124.5 (d, J = 183.3 Hz), 62.1 (d, J = 5.2 Hz), 16.3 (d, J = 6.4 Hz). 31P NMR (162 

MHz, CDCl3) δ 19.1 . MS (EI) m/z: 264, 235, 221, 208, 192, 173, 155, 128, 115. This 

compound is known[2].

Diethyl [1,1'-biphenyl]-4-ylphosphonate (3m).

P
O

O
O

Colorless oil (60.9 mg, 84 % yield): 1H NMR (400 MHz, CDCl3) δ 7.93 – 7.84 (m, 

2H), 7.73 – 7.65 (m, 2H), 7.62 – 7.58 (m, 2H), 7.49 – 7.43 (m, 2H), 7.42 – 7.35 (m, 

1H), 4.24 – 4.05 (m, 4H), 1.35 (t, J = 7.1 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 

145.1 (d, J = 3.2 Hz), 139.8 , 132.2 (d, J = 10.2 Hz), 128.8 , 128.06 , 127.2 , 127.0 , δ 

126.7 (d, J = 190.4 Hz), 62.1 (d, J = 5.4 Hz), 16.3 (d, J = 6.4 Hz). 31P NMR (162 

MHz, CDCl3) δ 18.9 . MS (EI) m/z: 290, 262, 234, 218, 181, 169, 152. This 

compound is known[2].

Diethyl (4-(tert-butyl)phenyl)phosphonate (3n).

P
O

O
O

Colorless oil (42.5 mg, 63 % yield): 1H NMR (400 MHz, CDCl3) δ 7.79 – 7.70 (m, 

2H), 7.52 – 7.44 (m, 2H), 4.20 – 4.00 (m, 4H), 1.36 – 1.30 (m, 15H). 13C NMR (101 

MHz, CDCl3) δ 155.9 (d, J = 3.1 Hz), 131.6 (d, J = 10.3 Hz), 125.4 (d, J = 15.2 Hz), 

124.90 (d, J = 191.0 Hz), 62.0 (d, J = 5.4 Hz), 35.0 , 31.0 , 16.3 (d, J = 6.6 Hz). 31P 
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NMR (162 MHz, CDCl3) δ 19.5 . MS (EI) m/z: 270, 255, 277, 199. This compound 

is known[5].

Diethyl (4-fluorophenyl)phosphonate (3o).

P
O

O
O

F

Colorless oil (23.8 mg, 41 % yield): 1H NMR (400 MHz, CDCl3) δ 7.88 – 7.76 (m, 

2H), 7.18– 7.13 (m, 2H), 4.22 – 4.01 (m, 4H), 1.33 (t, J = 7.1 Hz, 6H). 13C NMR (101 

MHz, CDCl3) δ 165.3 (dd, J =254.5 , 13.0 Hz), 134.3 (dd, J = 11.4, 9.0 Hz), 124.4 (dd, 

J = 192.5, 3.5 Hz), 115.8 (dd, J = 21.4, 16.3 Hz), 62.2 (d, J = 5.4 Hz), 16.3 (d, J = 6.5 

Hz).  31P NMR (162 MHz, CDCl3) δ 17.7 . MS (EI) m/z: 232, 176, 159, 123, 112, 96, 

75. This compound is known[2].

Diethyl (4-chlorophenyl)phosphonate (3p).

P
O

O
O

Cl

Colorless oil (32.9 mg, 53 % yield): 1H NMR (400 MHz, CDCl3) δ 7.81 – 7.71 (m, 

2H), 7.50 – 7.41 (m, 2H), 4.22 – 4.01 (m, 4H), 1.33 (t, J = 7.1 Hz, 6H). 13C NMR 

(101 MHz, CDCl3) δ 138.8 (d, J = 4.0 Hz), 133.0 (d, J = 10.8 Hz), 128.7 (d, J = 15.6 

Hz), 126.7 (d, J = 191.0 Hz), 62.1 (d, J = 5.5 Hz), 16.1 (d, J = 6.4 Hz). 31P NMR (162 

MHz, CDCl3) δ 17.5 . MS (EI) m/z: 247, 107, 91, 77. This compound is known[5].

Diethyl (4-(trifluoromethyl)phenyl)phosphonate (3q).

P
O

O
O

F3C

Colorless oil (21.9 mg, 31 % yield): 1H NMR (400 MHz, CDCl3) δ 7.95 (dd, J = 13.0, 

7.8 Hz, 2H), 7.77 – 7.70 (m, 2H), 4.25 – 4.05 (m, 4H), 1.34 (t, J = 7.0 Hz, 6H). 13C 

NMR (101 MHz, CDCl3) δ 134.0 (dd, J = 32.8, 3.4 Hz), δ 132.8 (d, J = 188.1Hz), δ 

132.2 (d, J = 10.1 Hz), 123.5 (d, J = 273.9 Hz), 62.5 (d, J = 5.5 Hz), 16.3 (d, J = 6.4 

Hz). 31P NMR (162 MHz, CDCl3) δ 16.2 . MS (EI) m/z: 282, 255, 227, 209, 173, 162, 

145, 126, 95. This compound is known[2].

Diethyl thiophen-2-ylphosphonate (3r).
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P
O

O
O

S

Colorless oil (19.4 mg, 35 % yield): 1H NMR (400 MHz, CDCl3) δ 7.73 – 7.63 (m, 

2H), 7.20 – 7.17 (m, 1H), 4.23 – 4.05 (m, 4H), 1.34 (t, J = 7.1 Hz, 6H). 13C NMR 

(101 MHz, CDCl3) δ 136.7 (d, J = 12.4 Hz), 133.4 (d, J = 7.5 Hz), 128.0 (d, J = 18.4 

Hz), δ 127.8 (d, J = 210.9 Hz), 62.6 (d, J = 5.4 Hz), 16.2 (d, J = 6.7 Hz). 31P NMR 

(162 MHz, CDCl3) δ 11.9 . MS (EI) m/z: 220, 192, 164, 147, 111, 84. This 

compound is known[6].
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4.  1H, 13C and 31P NMR spectra of the products.
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