
 

Supporting Information 
 

Clémence Queffélec and Jean-Luc Montchamp* 
 

Department of Chemistry, Box 298860, Texas Christian University, Fort Worth, Texas 
76129 

 

 
LIST OF CONTENTS: 

PAGE 

 
1. General Chemistry          2 

2. Reagents and Solvents        2  

3. 31P NMR Yield Measurements       2 

4. (3-chloropropyl)phosphinic acid (Scheme 2, compound 6)   3 

5. Solution of EtOP(O)H2        3 

6. 2-bromophenylphosphinic acid (Scheme 3)     3 

7. Ethyl (1,1-diethoxy-ethyl)-(2-bromobenzyl)phosphinate (Scheme 4)  4 

8. Cinnamyl-H-phosphinic acid (Scheme 5)      4 

9. Ethyl cinnamyl-H-phosphinate (Scheme 5)     4 

10. Iodide Heck precursor (Scheme 5)      4 

11. Ethyl allyl-H-phosphinate (Scheme 6)      5 

12. Ethyl allyl-N-benzyl(aminomethyl)phosphinate (Scheme 6)   5 

13. Ethyl ((N-benzyl)aminomethyl)-cinnamylphosphinate (Scheme 6)  6 

14. Cyclization attempt from compound 12a      6 

15. References          7 

16. Spectra          8 

  

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2009



 

1. General Chemistry.  All reactions were conducted in oven- or flame-dried glassware, 

under nitrogen.  1H NMR spectra were recorded on a 300-MHz spectrometer.  Chemical 

shifts for 1H NMR spectra are reported (in parts per million) relative to internal 

tetramethylsilane (Me4Si, δ = 0.00 ppm) with CDCl3 as solvent.  13C NMR spectra were 

recorded at 75 MHz.  Chemical shifts for 13C NMR spectra are reported (in parts per 

million) relative to CDCl3 (δ = 77.0 ppm).  31P NMR spectra were recorded at 121 MHz 

(300 MHz spectrometer) and/or 36 MHz (90 MHz spectrometer), and chemical shifts 

reported (in parts per million) relative to external 85% phosphoric acid (δ = 0.0 ppm).  

Radial chromatography was carried out using 2 or 4 mm layers of silica gel 60 PF254 

containing gypsum.  Silica gel (200-300 mesh) was used for flash chromatography.  Ethyl 

acetate/hexanes mixtures were used as the eluent for chromatographic purifications.  TLC 

plates were visualized by immersion in anisaldehyde stain (by volume: 93% ethanol, 

3.5% sulfuric acid, 1% acetic acid, and 2.5% anisaldehyde) followed by heating.  Organic 

solutions of products were dried over anhydrous MgSO4.   

 
2. Reagents and Solvents.  Stock solution (0.5 M) of concentrated EtOP(O)H2 in reagent 

grade CH3CN were also prepared and used for one month without any decomposition of 

the acid.  Unless otherwise specified, HPLC or reagent grade solvents were used as 

received. Anhydrous toluene were distilled under N2 from CaH2, anhydrous THF under 

N2 from sodium benzophenone ketyl, and used immediately. iPr2NEt was distilled under 

N2 from CaH2 and stored over activated 4Å molecular sieves.  

 
3. 31P NMR Yield Measurements.  The NMR yields are determined by integration of all 

the resonances in the 31P NMR spectra, an approach which is valid if no phosphorus-

containing gas (ie. PH3) evolves, or if the precipitate in a heterogeneous mixture does not 

contain phosphorus.  The yields determined by NMR are generally accurate within ~10% 

of the value indicated, and are reproducible.  Isolated yields are sometimes significantly 

lower because of the H-phosphinate esters are polar compounds and hydrolytically labile.    
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(3-Chloropropyl)-H-phosphinic acid (Scheme 2, compound 6).1 The preparation of 

this compound was conducted as described in the literature. 

 

EtOP(O)H2. The preparation of this compound was conducted as described in the 

literature.2 In a typical procedure, a solution of the hypophosphorous compound (10 

mmol), alkoxysilane ((EtO)2SiMe2, 15 mmol), in reagent grade solvent (10 mL) was 

refluxed for 2 h under N2. After cooling to room temperature, the mixture was used 

directly. 

 

2-Bromophenyl-H-phosphinic acid (Scheme 3).3 The preparation of this compound was 

conducted as described in the literature. 

 

Ethyl 2-bromophenyl-H-phosphinate (Scheme 3, compound 3). To the 2-

bromophenyl-H-phosphinic acid (4.42 g, 20 mmol) in toluene (70 mL) was added 

tetraethyl orthosilicate (1.5 equiv, 6.25 g) under N2 and the mixture was refluxed for 24 

h. The solvent was removed by vacuo and the resulting oil was purified by column 

chromatography (silica, EtOAc/Hexanes 3:7, v/v) to afford the desired product as a 

yellow oil (3.2 g, 64%): 1H NMR (CDCl3, 300 MHz) δ 7.90-8.05 (m, 1H, aro CH), 7.66 

(d, J = 589 Hz, 1H, H-P), 7.60-7.65 (m, 1H, aro CH), 7.40-7.60 (m, 2H, aro CH), 4.00-

4.30 (m, 2H, -CH2-O), 1.39 (t, J = 7 Hz, 3H, CH3-); 13C NMR (CDCl3, 75.45 MHz) δ 

134.9 (d, J = 8 Hz), 134.5 (d, J = 2 Hz), 133.7 (d, J = 8 Hz), 130.0 (d, J = 136 Hz), 127.6 

(d, J = 12 Hz), 125.0 (d, J = 8 Hz), 62.9 (d, JPOC = 6 Hz ), 16.5 (d, JPOCC = 6 Hz); 31P 

NMR (CDCl3, 121.47 MHz) δ 23.3 (d, J = 589 Hz); HRMS (EI+) calc for C8H10BrO2P 

247.9602, found 247.9600. 

 

Ethyl (1,1-diethoxyethyl)-(2-bromobenzyl)phosphinate (Scheme 4).4 Neat Ciba-Geigy 

reagent ethyl (1,1-diethoxyethyl)-H-phosphinate (20 mmol, 4.2 g) was placed under 

vacuum in a dry two-neck flask. Anhydrous THF (70 mL) was then added under 

nitrogen. The flask was placed at -78 °C and deoxygenated under vacuum for 20 min. 

The reaction flask was back-filled with nitrogen, LiHMDS (1.0 M in THF, 20 mmol, 20 

mL) was added at -78 °C. After 10 min, 2-bromobenzyl bromide (1 equiv, 20 mmol, 5 g). 
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After addition, the temperature of the solution was slowly allowed to warm to rt. After 3 

h at rt, the reaction mixture was quenched with NH4Cl/brine, extracted with EtOAc (3 x 

20 mL), dried and concentrated. The resulting oil was purified by column 

chromatography (silica, EtOAc/Hexanes 30:70, v/v) to afford the desired product (61%): 
1H NMR (CDCl3, 300 MHz) δ 7.54 (t, J = 8 Hz, 2H, aro CH), 7.20-7.30 (m, 1H, aro 

CH), 7.00-7.15 (m, 1H, aro CH), 3.95-4.15 (m, 2H, -CH2-O-), 3.80-3.90 (m, 1H, -CH2-

O-), 3.60-3.75 (m, 3H, -CH2-O-), 3.30-3.55 (m, 2H, C-CH2-P), 1.56 (d, J = 11 Hz, 3H, 

CH3-C-P-), 1.10-1.30 (m, 9H, CH3-); 13C NMR (CDCl3, 75.45 MHz) δ 133.0 (d, J = 2 

Hz), 132.3 (d, J = 4 Hz), 131.9 (d, J = 9 Hz), 128.5 (d, J = 3 Hz), 127.5 (d, J = 3 Hz), 

125.4 (d, J = 7 Hz), 101.5 (d, JPC = 142 Hz), 62.1 (d, JPOC = 7 Hz), 58.6 (d, JPCOC = 5 Hz), 

57.9 (d, JPCOC = 7 Hz), 33.3 (d, JPC = 80 Hz), 29.9,  20.6 (d, JPOCCC = 12 Hz), 16.7 (d, 

JPOCC = 5 Hz), 15.6 (d, JPCOCC = 21 Hz); 31P NMR (CDCl3, 121.47 MHz) δ 44.4 (s); 

HRMS (EI+) calc for C15H24BrO4P 379.0674, found 379.0654. 

 

Cinnamyl-H-phosphinic acid (Scheme 5, compound 7).5 The preparation of this 

compound was conducted as described in the literature.  

 

Ethyl cinnamyl-H-phosphinate (Scheme 5, compound 8). To the cinnamyl-H-

phosphinic acid (23.6 g, 130 mmol) in toluene (430 mL) was added tetraethyl 

orthosilicate (1.5 equiv, 40.6 g) under N2 and the mixture was refluxed for 24 h. The 

solvent was removed by vacuo and the resulting oil was purified by column 

chromatography (silica, EtOAc/Hexanes 3:7, v/v) to afford the desired product as a 

yellow oil (25.1 g, 92%): 1H NMR (CDCl3, 300 MHz) δ 7.20-7.40 (m, 5H, aro CH), 7.04 

(d, J = 545 Hz, 1H, H-P), 6.53 (dd, J = 15, 6 Hz, 1H, -CH=CH-), 6.00-6.20 (m, 1H, -

CH=CH-), 4.00-4.30 (m, 2H, -CH2-O-), 2.79 (dd, J = 18, 8 Hz, 2H, -CH2-P), 1.36 (t, J = 

14, 7 Hz, 3H, CH3-); 13C NMR (CDCl3, 75.45 MHz) δ 136.6 (d, J = 4 Hz), 136.1 (d, J = 

14 Hz), 128.8 (2C), 128.0, 126.4 (2C, d, J = 2 Hz), 116.9 (d, J = 10 Hz), 62.8 (d, JPOC = 7 

Hz), 34.2 (d, JPC = 90 Hz), 16.5 (d, JPOCC = 6 Hz); 31P NMR (CDCl3, 121.47 MHz) δ 36.7 

(d, J = 544 Hz); HRMS (EI+) calc for C11H15O2P 210.0810, found 210.0805. 

 

Iodide Heck precursor (Scheme 5, compound 9). Ethyl cinnamyl-H-phosphinate (8 
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mmol, 1.68 g), 2-iodoaniline (1.2 equiv, 9.6 mmol, 2.1 g) and paraformaldehyde (1.2 

equiv, 9.6 mmol, 317.1 mg) in toluene (40 mL) were refluxed for 16 h. After cooling to 

room temperature, the mixture was concentrated and the resulting oil was diluted in 

EtOAc (60 mL) and washed with brine (1 x 20 mL). The organic layer was dried and 

concentrated. The resulting oil was purified by column chromatography (silica, 

EtOAc/Hexanes 6:4, v/v) to afford the desired product as a yellow oil (1.6 g, 46%): 1H 

NMR (CDCl3, 300 MHz) δ 7.66 (d, J = 8 Hz, 1H, aro CH), 7.15-7.35 (m, 6H, aro CH), 

6.40-6.65 (m, 3H, aro CH and -CH=CH-), 6.10-6.30 (m, 1H, -CH=CH-), 4.40-4.55 (m, 

1H, -NH-), 4.15-4.30 (m, 2H, -CH2-O-), 3.40-3.65 (m, 2H, -N-CH2-P), 2.88 (dd, J = 18, 7 

Hz, 2H, -CH2-P), 1.38 (t, J = 14, 7 Hz, 3H, CH3-); 13C NMR (CDCl3, 75.45 MHz) δ 

146.7 (d, J = 9 Hz), 139.4, 136.7 (d, J = 3 Hz), 135.7 (J = 13 Hz), 129.7, 128.8, 128.0, 

126.5 (d, J = 2 Hz), 120.2 (2C), 118.2 (d, J = 9 Hz), 111.4 (2C), 86.2, 61.8 (d, JPOC = 7 

Hz), 41.6 (d, JPC = 100 Hz), 32.8 (d, JPC = 89 Hz), 17.0 (d, JPOCC = 5 Hz); 31P NMR 

(CDCl3, 121.47 MHz) δ 48.7 (s); HRMS (EI+) calc for C18H21INO2P 441.0355, found 

441.0355. 

 

Ethyl allyl-H-phosphinate (Scheme 6, compound 11).6 The preparation of this 

compound was conducted as described in the literature. 

 

Ethyl allyl-N-benzyl(aminomethyl)phosphinate (Scheme 6, compound 12a). To 

compound 11 (12.5 mmol) in toluene (60 mL) was added 1,3,5-tribenzylhexahydro-1,3,5-

triazine (0.4 equiv, 15 mmol, 2.72 g). After 16 h of reflux, the mixture was concentrated 

and the resulting oil was diluted in EtOAc (60 mL) and washed with brine (1 x 20 mL). 

The organic layer was dried and concentrated. The resulting oil was purified by column 

chromatography (silica, EtOAc/Hexanes 3:7, v/v) to afford the desired product as a 

yellow oil (2.36 g, 57%): 1H NMR (CDCl3, 300 MHz) δ 7.20-7.40 (m, 5H, aro CH), 

5.60-5.85 (m, 1H, -CH=), 5.05-5.20 (m, 2H, CH2=), 4.00-4.25 (m, 2H, -CH2-O-), 3.82 (s, 

2H, -CH2-Ph),  (d, J = Hz, 2H, -P-CH2-N), (dd, J = Hz, 2H, P-CH2-C),   (t, J = 14, 7 Hz, 

3H, CH3-); 13C NMR (CDCl3, 75.45 MHz) δ 139.5, 128.7, 128.5, 127.9, 127.8, 127.5, 

120.5, 120.3, 61.1 (d, JPOC = 6 Hz), 55.3 (d, JPCNC = 16 Hz), 45.4 (d, JPC = 106 Hz), 33.1 

(d, JPC = 88 Hz), 16.8 (d, JPOCC = 6 Hz); 31P NMR (CDCl3, 121.47 MHz) δ 51.1 (s). 
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Ethyl ((N-benzyl)aminomethyl)-cinnamylphosphinate (Scheme 6, compound 12b). 

To compound 8 (12.5 mmol) in toluene (60 mL) was added 1,3,5-tribenzylhexahydro-

1,3,5-triazine (0.4 equiv, 15 mmol, 2.72 g). After 16 h of reflux, the mixture was 

concentrated and the resulting oil was diluted in EtOAc (60 mL) and washed with brine 

(1 x 20 mL). The organic layer was dried and concentrated. The resulting oil was purified 

by column chromatography (silica, EtOAc/Hexanes 3:7, v/v) to afford the desired 

product as a yellow oil (2.36 g, 83%): 1H NMR (CDCl3, 300 MHz) δ 7.20-7.35 (m, 10H, 

aro CH), 6.49 (dd, J = 16, 4 Hz, 1H, -CH=), 6.00-6.20 (m, 1H, CH=), 4.00-4.20 (m, 2H, -

CH2-O-), 3.84 (s, 2H, -CH2-Ph), 2.91 (d, J = 11 Hz, 2H, -P-CH2-N), 2.83 (dd, J = 18, 8 

Hz, 2H, P-CH2-C), 1.31 (t, J = 14, 7 Hz, 3H, CH3-); 13C NMR (CDCl3, 75.45 MHz) δ 

139.5, 137.1, 137.0, 135.1, 134.9, 128.8, 128.7, 128.5, 127.8, 127.5, 126.5, 126.4, 119.3, 

119.1, 61.2 (d, JPOC = 7 Hz), 55.4 (d, JPCNC = 17 Hz), 45.6 (d, JPC = 106 Hz), 32.4 (d, JPC 

= 88 Hz), 16.9 (d, JPOCC = 6 Hz); 31P NMR (CDCl3, 121.47 MHz) δ 51.3 (s). 

 

Cyclization attempt from compound 12a. To the ethyl allyl-N-benzyl(aminomethyl)-

H-phosphinate (1 mmol, 315 mg) in DMSO (20 mL) were added Pd(OAc)2 (5 mol%, 

11.2 mg) and NaOAc (2 equiv, 164.1 mg). The flask was flushed with O2 and equipped 

with an O2 balloon. The reaction mixture was stirred at 80 °C for 60 h. The mixture was 

then cooled to room temperature, diluted with ether (10 mL) and THF (10 mL) and 

washed with brine (10 mL). The layers were separated and the aqueous layer was 

extracted with ether (2 x 10 mL). The combined organic layers were dried and 

concentrated.  
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