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General Chemistry.  
1
H NMR spectra were recorded on a 300 MHz spectrometer.  Chemical 

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

(Me4Si, δ = 0.00 ppm) with CDCl3 as solvent.  
13

C NMR spectra were recorded at 75 MHz, or at 

22.6 MHz.  Chemical shifts for 
13

C NMR spectra are reported (in parts per million) relative to 

CDCl3 (δ = 77.0 ppm).  
31

P NMR spectra were recorded at 121 MHz and/or at 36 MHz, and 

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

ppm).  Mass spectrometry was provided by the the Mass Spectrometry Facility of the University 

of South Carolina.  Elemental analyses were performed by Atlantic Microlab Inc. (Norcross, 

GA).  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.   

 

Reagents and Solvents.  Sodium hypophosphite hydrate and other reagents were obtained from 

Aldrich and used as received.  Reagent or HPLC grade solvents were used throughout this study 

and were not dried prior to use. 

 

Radical reaction of sodium hypophosphite with alkynes: Representative procedure (Tables 

1-2).  To a solution of NaH2PO2.H2O (18.0 mmol) in a mixture of methanol (12.5 mL) and 

dioxane (2.5 mL) were added the alkyne (3 mmol) and triethylborane (1.0 M in hexane, 3 mL, 3 

mmol).  The solution was stirred for 4 hours at room-temperature in a flask open to air, and then 

filtered.  The precipitate was washed several times with cold methanol and dried in vacuo over 

P2O5 to afford the the 1,1-bis-H-phosphinate sodium salt in good purity (typically >95%). 

 

Disodium hexyl-1,1-bis-H-phosphinate (Table 1, Entry 9).  Mp: > 250
o
C (dec).  

1
H NMR 

(D2O) δ 6.85 (d, 
1
JPH = 524 Hz, 2 H), 1.62-1.28 (m, 5 H), 1.20-1.10 (bs, 4 H), 0.70 (t, 

3
JHH = 6.7 

Hz, 3 H); 
13

C NMR (H2O, 90 MHz) δ 13.7, 21.6 (t, 
3
JPC  = 2.7 Hz), 22.0, 29.0 (t, 

2
JPC  = 6.6 Hz), 

31.5, 44.4 (t, 
1
JPC  = 78.5 Hz; 

31
P NMR (D2O) δ 26.4 (dm, 

1
JPH = 523 Hz). HRMS (FAB) calcd. 

for C6H14Na2O4P2, (M-2Na
+
+H

+
) 213.0446, found 213.0446. 

 

Disodium (3-hydroxy-propyl)-1,1-bis-H-phosphinate (Table 2, Entry 1). 
1
H NMR (D2O) δ 

6.87 (d, 
1
JPH =  529.7 Hz, 2 H), 3.57 (t, 

3
JHH  = 7.0 Hz, 2 H), 1.87-1.70 (m, 2 H), 1.63-1.46 (m, 1 

H); 
13

C NMR (D2O) δ 23.9, 41.4 (t, 
1
JPC = 77.7 Hz), 61.2 (t, 

2
JPC = 7.8 Hz); 

31
P NMR (D2O) δ 

25.6 (dm, 
1
JPH = 530 Hz). HRMS (FAB) calcd. for C3H8Na2O5P2, (M-2Na

+
+H

+
) 186.9925, found 

186.9924. 
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Disodium (5-hydroxy-pentyl)-1,1-bis-H-phosphinate (Table 2, Entry 2). 
1
H NMR (D2O) δ 

6.84 (d, 
1
JPH =  523.6 Hz, 2 H), 3.42 (t, 

3
JHH = 6.0 Hz, 2 H), 1.7- 1.4 (m, 3 H), 1.48 (bs, 4 H); 

13
C 

NMR (H2O, 90 MHz) δ 20.8, 24.8, 31.0, 43.8 (t, 
1
JPC = 74.8 Hz); 

31
P NMR (D2O) δ 26.1 (dm, 

1
JPH = 525.5 Hz). Anal. calcd. for C5H12Na2O5P 2: C, 23.09; H, 4.65; O, 30.76. Found: C, 22.89; 

H, 4.79; O, 31.02. 

 

Disodium (2-cyclohexyl-2-hydroxy-ethyl)-1,1-bis-H-phosphinate (Table2, Entry 3). 
1
H NMR 

(D2O) δ 6.86 (d, 
1
JPH = 531.8 Hz, 2 H), 1.90-1.68 (m, 3 H), 1.33 (bs, 10 H); 

13
C NMR (D2O) δ 

22.0, 25.3, 31.7, 37.0, 39.4 (t, 
1
JPC = 77.2Hz), 71.5 (t, 

2
JPC = 5.8 Hz); 

31
P NMR (D2O) δ 24.9 

(dm, 
1
JPH = 531.6 Hz). HRMS (FAB) calcd. for C8H16Na2O5P2, (M-2Na

+
+H

+
) 255.0558, found 

255.0551. Anal. calcd. for C8H16Na2O5P2 + H2O: C, 30.20; H, 5.70. Found: C, 30.27; H, 5.76. 

 

Disodium (3-hydroxy-3-methyl-butyl)-1,1-bis-H-phosphinate (Table2, Entry 4).
 1

H NMR 

(D2O) δ 7.00 (d, 
1
JPH = 532.0 Hz, 2 H), 1.95-1.85 (m, 3 H), 1.2 (s, 6 H); 

13
C NMR (D2O) δ 28.4, 

33.5, 40.6 (t, 
1
JPC = 76.9 Hz), 70.7 (t, 

2
JPC = 6.0 Hz); 

31
P NMR (D2O) δ 28.6 (dm, 

1
JPH =  532.0 

Hz). HRMS (FAB) calcd. for C5H12Na2O5P2, (M-2Na
+
+H

+
) 259.0241, found 259.0227. 

 

Disodium (2-trimethylsilyl-ethyl)-1,1-bis-H-phosphinate (Table 2, Entry 5). 
1
H NMR (D2O) 

δ 6.91 (d, 
1
JPH = 524.8 Hz, 2 H), 1.67 (tt, 

2
JPH = 18.5 Hz, 

3
JHH =  6.2 Hz, 1 H), 0.77 (dt, 

3
JHH = 

6.2 Hz, 
3
JPH = 17.5 Hz, 2 H), 0.00 (s, 9 H); 

13
C NMR (H2O, 90 MHz) δ -2.3, 5.7, 38.8 (t, 

1
JPC = 

77.5 Hz); 
31

P NMR  (D2O) δ 27.3 (dm, 
1
JPH = 524.2 Hz). HRMS (FAB) calcd. for 

C5H14Na2O4P2Si, (M-Na
+
+2H

+
) 253.0191, found 253.0197. Anal. calcd. for C5H14Na2O4P2Si + 

H2O: C, 20.55; H, 5.52. Found: C, 20.75; H, 5.12. 

 

Disodium decyl-1,1-bis-H-phosphinate (Table 2, Entry 6). 
1
H NMR (D2O) δ 7.00 (d, 

1
JPH = 

524.0 Hz, 2 H), 1.70-1.60 (m, 2 H), 1.50-1.40 (m, 1 H), 1.30-1.20 (bs, 14 H); 
13

C NMR (H2O, 90 

MHz) δ 12.9, 20.9, 21.5, 28.0 (bs), 30.7, 43.7 (t, 
1
JPC = 76.8 Hz); 

31
P NMR (D2O) δ 22.5 (dm, 

1
JPH =  524.0 Hz). HRMS (FAB) calcd. for C5H22Na2O4P2 (M+H

+
) 254.9540, found 254.9533. 

 

Disodium (3,3-dimethyl-butyl)-1,1-bis-H-phosphinate (Table 2, Entry 7). 
1
H NMR (D2O) δ 

6.83 (d, 
1
JPH = 527.1 Hz, 2 H), 1.66-1.34 (m, 3 H), 0.71 (bs, 9 H); 

13
C NMR (H2O, 90 MHz) δ 

28.4, 29.7, 33.7, 40.1 (t, 
1
JPC = 78.5 Hz); 

31
P NMR (D2O) δ 27.1 (dm, 

1
JPH =  512.0 Hz). HRMS 

(FAB) calcd. for C6H14Na2O4P2 (M-Na
+
+2 H

+
) 237.0422, found 237.0412. 

 

Disodium (2-ethyl-ethyl-ester)-1,1-bis-H-phosphinate (Table 2, Entry 8). 
1
H NMR (D2O) δ 

6.86 (d, 
1
JPH = 531.8 Hz, 2 H), 3.99 (q, 

3
JHH =  6.7 Hz, 2 H), 2.60-2.40 (m, 2 H), 2.19-1.86 (m, 1 

H), 1.07 (t, 
3
JHH =  6.7 Hz, 3 H); 

13
C NMR (H2O, 90 MHz) δ 12.8, 26.6, 40.1 (t, 

1
JPC = 77.7 Hz), 

61.5, 173.7; 
31

P NMR (D2O) δ 23.4 (dm, 
1
JPH =  532.8 Hz). HRMS (FAB) calcd. for 

C5H10Na2O6P2 (M+Na
+
+H

+
) 296.9646, found 296.9646. 

 

Disodium (3-methoxy-propyl)-1,1-bis-H-phosphinate (Table 2, Entry 9). 
1
H NMR (D2O) δ 

6.84 (d, 
1
JPH = 529.1 Hz, 2 H), 3.44 (t, 

3
JHH =  6.5 Hz, 2 H), 3.18 (s, 3 H), 1.90-1.65 (m, 2 H), 

1.60-1.35 (m, 1 H); 
13

C NMR (H2O, 90 MHz) δ 20.8, 40.3 (t, 
1
JPC = 76.2 Hz), 57.5, 71.0; 

31
P 

NMR (D2O) δ 25.3 (dm, 
1
JPH =  529.6 Hz). HRMS (FAB) calcd. for C4H10Na2O5P2, (M+H

+
) 

246.9877, found 246.9867. 
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Disodium 5,5-bis-H-pentanoic acid phosphinate (Table 2, Entry 10). 
1
H NMR (D2O) δ 6.85 

(d, 
1
JPH = 527.1 Hz, 2 H), 2.22 (t, 

3
JHH =  6.4 Hz, 2 H), 1.70-1.35 (m, 5 H); 

13
C NMR (H2O, 90 

MHz) δ 20.2, 23.8 (t, 
2
JPC = 7.21 Hz), 33.7, 42.9 (t, 

1
JPC = 78.5 Hz), 178.4; 

31
P NMR (D2O) δ 

25.8 (dm, 
1
JPH =  527.5 Hz). HRMS (FAB) calcd. for C5H10Na2O6P2 (M+H

+
) 274.9826, found 

274.9836. 

 

Disodium (4-phenyl-butyl)-1,1-bis-H-phosphinate (Table 2, Entry 11). 
1
H NMR (D2O) δ 7.16 

(bs, 5 H), 6.84 (d, 
1
JPH = 524.8 Hz, 2 H), 2.50 (t, 

3
JHH = 7.0 Hz, 2 H), 1.70-1.4 (m, 5 H); 

13
C 

NMR (D2O) δ 21.3, 31.1, 35.4, 44.2 ((t, 
1
JPC = 77.7 Hz), 126.0, 128.7, 128.8, 142.9; 

31
P NMR 

(D2O) δ 26.0, (dm, 
1
JPH = 527.5 Hz). HRMS (FAB) calcd. for C10H14Na2O4P2, (M+H

+
) 

307.0241, found 307.0227. 

 

Disodium (3-aminopropyl)-1,1-bis-H-phosphinate hydrochloride (Table 2, Entry 12). 
1
H 

NMR (D2O) δ 6.87 (d, 
1
JPH = 533.2 Hz, 2 H), 3.02 (t, 

3
JHH = 7.03 Hz, 2 H), 2.10-1.80 (m, 2 H), 

1.66-1.43 (m, 1 H); 
31

P NMR (D2O) δ 26.8 (dm, 
1
JPH = 534.0 Hz). HRMS (FAB) calcd. for 

C3H9NNa2O4P2, (M-2Na
+
+H

+
) 186.0085, found 186.0086. 

 

Disodium [N,N-(dicarbobenzyloxy)-aminobutyl]-1,1-bis-H-phosphinate (Table 2, Entry 13). 
1
H NMR (D2O) δ 6.8 (d, 

1
JPH = 526.8 Hz, 2 H), 2.27 (bs, 10 H), 5.11 (s, 4 H), 3.58 (t, 

3
JHH = 6.7 

Hz, 2 H), 1.66-1.43 (m, 5 H); 
31

P NMR (D2O) δ 25.5 (dm, 
1
JPH = 526.0 Hz). HRMS (FAB) 

calcd. for C20H23NNa2O8P2, (M-2Na
+
+H

+
) 468.0977, found 468.0964. 

 

Disodium (3-oxiranylmethoxy-propyl)-1,1-bis-H-phosphinate (Table 2, Entry 14). 
1
H NMR 

(D2O) δ 6.88 (d, 
1
JPH = 529.4 Hz, 2 H), 3.77 (dd, J = 2.0 Hz, J = 11.4 Hz, 1 H), 3.57 (t, 

3
JHH = 

7.3 Hz, 2 H), 3.28-3.14 (m, 2 H), 2.78 (t, J = 4.0 Hz, 1 H), 2.61 (dd, J = 2.9 Hz, J = 4.4 Hz, 1 H), 

1.92-1.72 (m, 2 H), 1.64-1.46 (m, 1 H); 
13

C NMR (D2O) δ 21.3, 40.8 (t, 
1
JPC = 77.7 Hz), 45.2, 

51.7, 70.3, 71.1; 
31

P NMR (D2O) δ 23.3 (dm, 
1
JPH = 529.2 Hz). HRMS (FAB) calcd. for 

C6H12Na2O6P2, (M-2Na
+
+H

+
) 243.0187, found 243.0187. 

 

Disodium hexyl-1,1-bis-phosphonate (Eq. 3).  Ozone was bubbled into a solution of disodium 

hexyl-1,1-bis-H-phosphinate (1.00 g, 3.88 mmol) in water (30 mL) at 0 ºC.  The temperature of 

the solution was maintained between 0 ºC and 10 ºC during the reaction.  After 6 h, the ice bath 

was removed and nitrogen was bubbled into the reaction mixture for 3 h to get rid of the excess 

of ozone.  After concentration in vacuo, the residue was washed with cold methanol and dried 

over P2O5 to afford the disodium hexyl-1,1-bis-phosphonate (1.04 g, 92 %) as a white solid. 
1
H 

NMR (D2O) δ 1.87-1.51 (m, 3 H), 1.41-1.31 (m, 2 H), 1.20-1.05 (m, 4 H), 0.68 (t, 
3
JHH = 7.03 

Hz, 3 H); 
13

C NMR (H2O, 90 MHz) δ 12.3, 20.6, 24.3, 27.7 (t, 
2
JPC  = 6.6 Hz), 29.9, 36.6 (t, 

1
JPC  

= 117.7 Hz); 
31

P NMR (D2O) δ 22.1 (s). HRMS (FAB) calcd. for C6H14Na2O6P2, (M-2Na
+
+H

+
) 

245.0344, found 245.0354. 

 

Compound 1 (Scheme 1).  To a solution of epiandrosterone (1.69g, 5.82 mmol) in CH2Cl2 (20 

mL) at 0 ºC, was added pyridine (1.41 mL, 17.46 mmol).  The solution was stirred at this 

temperature 5 min and propargyl chloroformate (0.58 mL, 5.99 mmol) was added dropwise.  The 

resulting mixture was stirred overnight at room temperature and quenched by adding aqueous 

HCl (1 N).  The solution was extracted with CH2Cl2 and the combined organic extracts were 
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washed successively with saturated aq NaHCO3 (3 X) and brine (1 X).  Drying and concentration 

in vacuo afforded compound 1 (1.94 g, 90 %) which did not require further purification. 
1
H 

NMR (CDCl3) δ 4.71 (d, 
4
JHH = 2.4 Hz, 2 H), 4.59 (sp, JHH = 5.3 Hz, 1 H), 2.52 (t, 

4
JHH = 2.3 Hz, 

1 H), 2.44 (dd, 
2
JHH = 19.0 Hz, 

3
JHH = 8.5 Hz, 1 H), 2.17-1.12 (m, 21 H), 0.86 (s, 3 H), 0.85 (s, 3 

H); 
13

C NMR (CDCl3) . δ 12.4, 14.0, 20.7, 22.0, 27.5, 28.4, 31.0, 31.7, 34.0, 35.2, 35.8, 36.1, 

36.8, 44.8, 48.0, 51.5, 54.4, 55.2, 75.7, 76.8, 78.4, 154.2, 221.5. HRMS (EI) calcd. for C23H32O4, 

372.2301, found 372.2294. 

 

Compound 2 (Scheme 2).  To a solution of NaH2PO2.H2O (1.02 g, 9.67 mmol) in a mixture of 

methanol (7 mL), acetone (4.5 mL) and ethyl acetate (4.5 mL) were added alkyne 1 (600 mg, 

1.61 mmol) and triethylborane (1.0 M in hexane, 1.61 mL, 1.61 mmol).  The solution was stirred 

for 4 hours at room-temperature in a flask open to air and then filtered.  The precipitate was 

washed several times with cold methanol and dried in vacuo over P2O5 to afford the the 1,1-bis-

H-phosphinate sodium salt 2 (165 mg).  The filtrate was concentrated in vacuo and redissolved 

with the same mixture of methanol, acetone and ethyl acetate.  Sodium hypophosphite hydrate 

(1.02 g, 9.67mmol) and triethylborane (1.0 M in hexane, 1.61 mL, 1.61 mmol) were added and 

the resulting mixture was stirred again 4 hours at room-temperature.  As previously, the resulting 

precipitate was washed several times with cold methanol, and dried over P2O5 to afford sodium 

salt 2 (254 mg) as a white solid.  The overall yield after both runs was 48 % (419 mg).  
1
H NMR 

(D2O) δ 6.88 (d, 
1
JPH = 528.9 Hz, 2 H), 4.41 (bs, 2 H), 4.14 (bs, 2 H), 2.33 (dd, 

2
JHH = 19.3 Hz, 

3
JHH = 9.6 Hz, 1 H), 2.1-0.50 (m, 23 H), 0.72 (s, 3 H.69 (s, 3 H); 

13
C NMR (D2O) δ 11.9, 13.7, 

20.5, 21.0, 21.7, 27.2, 28.2, 30.8, 31.4, 33.7, 34.9, 35.4, 36.0, 36.5, 40.7 (t, 
1
JPC = 77.6 Hz), 44.4, 

48.4, 51.1, 54.1, 67.3, 78.4; δ 
31

P NMR (D2O) δ 24.9 (dm, 
1
JPH = 529.5 Hz). HRMS (FAB) calcd. 

for C23H36Na2O8P2, (M-2Na
+
+H

+
) 503.1963, found 503.1975. 

 

Compound 3 (Scheme 2). To a solution of 2 (200 mg, 0.37 mmol) in water (15 mL), at 0 ºC, 

was bubbled ozone. The temperature of the solution was maintained between 0 ºC and 10 ºC 

during the reaction. After 1.5 h, the ice bath was remove and nitrogen was bubbling into the 

reaction mixture during 3 h to get rid of the excess of ozone. After concentration under vacuum, 

the residue was washed with cold methanol and dried over P2O5 to afford the disodium 1,1-bis-

phosphonate 3 (167 mg, 79 %) as a white solid. 
1
H NMR (D2O) δ 4.40 (bs, 2 H), 4.16 (t, 

3
JHH = 

6.4 Hz, 2 H), 2.31 (dd, 
2
JHH = 19.6 Hz, 

3
JHH = 10.8 Hz, 1 H), 2.03-0.50 (m, 23 H), 0.70 (s, 3 H), 

0.67 (s, 3 H); 
31

P NMR (D2O) δ 24.9 (dm, 
1
JPH = 529.5 Hz). HRMS (FAB) calcd. for 

C23H36Na2O10P2, (M-2Na
+
+H

+
) 535.1862, found 535.1861. 

 

Diisopropyl hexyl-1,1-bis-H-phosphinate (Eq. 4).  To a suspension of hexyl-1,1-bis-H-

phosphinate (500 mg, 1.94 mmol) in toluene (25 ml) under nitrogen was added trimethylacetyl 

chloride (0.86 mL, 7.76 mmol) and isopropyl alcohol (1.19 mL, 15.52 mmol) at room 

temperature.  The resulting solution was stirred for 24 h then concentrated in vacuo.  The residue 

was partitioned between EtOAc and H2O, the organic phase was separated and the aqueous layer 

was extracted with EtOAc.  The combined organic extracts were washed with brine, dried over 

MgSO4 and concentrated.  Purification by chromatography over a silica gel (100 % EtOAc, v/v,  

EtOAc/MeOH 1:1) afforded the ester (359 mg, 62 %) as a colorless oil: 
1
H NMR (D2O) δ 7.3 

(dm, 2 H), 4.70 (bs, 2 H), 2.30-1.40 (m, 9 H), 1.35 (bs, 12 H), 0.90 (bs, 3 H); 
13

C NMR (D2O,) δ 

14.1, 22.3, 23,4, 24.3, 28.6 (t, 
3
JPC = 6.9 Hz), 31.7, 39.7 (t, 

1
JPC = 84.3 Hz), 50.4; 

31
P NMR 

(D2O) δ 29.76 (dm, 
1
JPH = 568.7 Hz), 29.78 (dm, 

1
JPH = 568.7 Hz), 30.29 (dm, 

1
JPH = 565.9 Hz), 
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31.38  (dm, 
1
JPH = 569.1 Hz). HRMS (FAB) HRMS (FAB) calcd. for C12H28O4P2, (M+H

+
) 

299.1541, found 299.1536. 
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