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Preparation of NMR samples. 

 10mM of the studied compound were dissolved in 100mM α-cyclodextrin solution in D2O (ratio substrate/CSA was 

1/10). NMR spectra were recorded at different temperatures ranging from 15 to 75°C. Small amount of NaOD or DCl 

were used to reach the pD of interest. 

 

Figure S1. 31P δ variation of racemic mixture of β-hydroxyphosphonates according to the temperature of analysis, at 

pD 11.7. Separation of enantiomers were visible at 25°C and 15°C, the best separation was observed for 15°C. 

 

Figure S2.. 31P δ variation of racemic mixture of β-hydroxyphosphonates according to pD value, at 15°C. Separation of 

enantiomers was observed at pD 11.75, but not at higher or lower pD. 
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Figure S3. 31P δ variation of racemic mixture of β-aminophosphonates according to pD value, at 15°C.  Separation of 

the two isomers are visible at pD 10.8 but the best result was observed at pD 12.3. 
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Synthetic pathway for compound 11b 

 

Diethyl-(4-hydroxy)-but-1-en-1-yl-phosphonate.  

3-Butyn-1-ol (20 mg) was dissolved in a glass vial (diameter : 1 cm, thickness : 0.65 mm) with diethylphosphite (100 

eq). Then, 2,2-dimethoxy-2-phenylacetophenone (DPAP, 0.5 eq) was added and the reaction mixture was stirred under 

UV activation (UV-A lamp, λmax = 365 nm, 4 x 15W tubes; vial located 2.5 cm away from the lamp) for 30 min. The 

reaction mixture was diluted in ethyl acetate and the resulting solution was washed with aqueous saturated NaHCO3. 

The organic layer was dried over MgSO4 and concentrated in vacuo. The crude was purified by flash chromatography 

on silica gel (CH2Cl2/MeOH gradient) to obtain the desired compound (59 mg) in quantitative yield and as a 9:1 mixture 

of Z:E isomers. 1H NMR (500 MHz, CDCl3) δ 6.78 (ddt, J = 22.0, 17.2, 6.8 Hz, 1H, CHCH2, E-isomer), 6.61 (ddt, J = 

52.8, 13.0, 8.2 Hz, 1H, CHCH2, Z-isomer), 5.75 (ddt, J = 19.0, 13.0, 1.2 Hz, 1H, CHP, Z-isomer), 4.24 – 3.96 (m, 4H, 

OCH2CH3), 3.74 (t, J = 5.9 Hz, 2H, CH2OH), 2.79 (ddd, J = 12.0, 5.6, 1.9 Hz, 2H, CH2CH), 1.33 (t, J = 7.1 Hz, 6H, 

CH2CH3). 13C NMR (126 MHz, CDCl3) δ 150.7 (d, J = 4.4 Hz, CHCH2), 119.3 (d, J = 182.2 Hz, CHP), 61.9 (d, J = 5.6 

Hz, CH2CH3), 60.9 (d, J = 2.2 Hz, CH2OH), 33.9 (d, J = 8.5 Hz, CH2CH), 16.5 (CH3CH2). 31P NMR (202 MHz, CDCl3) 

δ 18.1 (s, E-isomer), 17.8 (s, Z-isomer). HMRS TOF ESI+ Found : 209.0943; Calculated for C8H18O4P : 209.0943 

(M+H)+ 

 

Diethyl-(Z)-(4-(2-(bis(tert-butoxycarbonyl)amino)-6-methoxy-9H-purin-9-yl)-but-1-en-1-yl) phosphonate 

Diethyl-(4-hydroxy)-but-1-en-1-yl-phosphonate (300 mg, 1 eq.) was dissolved in anhydrous CH2Cl2/Et2O (2/1, v/v) at 

25°C. The nucleobase (1.5 eq.) was added, then triphenylphosphine (PPh3, 1.6 eq.) and diethylazodicarboxylate (DEAD, 

1.6 eq.) dropwise. The reaction mixture was stirred for 24 hours and reaction progress was monitered by TLC 

(CH2Cl2/MeOH 95/5 v/v). The reaction mixture was concentrated in vacuo and purified by flash chromatography on 

silica gel (CH2Cl2/MeOH gradient), which allowed to separate Z and E-isomers. The title compound (440 mg) was 

obtained in 55% yield. 1H NMR (500 MHz, CDCl3) δ 8.04 (s, 1H, H-8), 6.41 (ddt, J = 51.6, 13.0, 7.6 Hz, 1H, CHCH2), 

5.69 (ddt, J = 17.8, 13.0, 1.4 Hz, 1H, CHP), 4.37 (t, J = 7.0 Hz, 2H, CH2N), 4.14 (s, 3H, OCH3), 4.09 – 3.97 (m, 4H, 

OCH2CH3), 3.30 – 3.09 (m, 2H, CH2CH), 1.45 (s, 18H, CH3), 1.30 (t, J = 7.0 Hz, 6H, CH3CH2). 13C NMR (126 MHz, 

CDCl3) δ 161.6 (C-6), 152.5 (d, J = 116.3 Hz, C-2), 151.2 (s, C-4), 147.6 (d, J = 3.5 Hz, CHCH2), 143.1 (CH-8), 121.0 (d, 

J = 182.4 Hz, CHP), 120.0 (C-5), 83.2 (C(CH3)3), 61.8 (d, J = 5.5 Hz, CH2CH3), 54.7 (OCH3), 43.0 (CH2N), 30.8 (d, J 
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= 8.0 Hz, CH2CH), 28.1 (CH3), 16.5 (d, J = 6.3 Hz, CH3CH2). 31P NMR (202 MHz, CDCl3) δ 15.5. HMRS TOF ESI+ 

Found : 556.2535; Calculated for C24H39N5O8P : 556.2536 (M+H)+. 

 

Diethyl-(Z)-(4-(2-amino-6-methoxy-9H-purin-9-yl)-but-1-en-1-yl)phosphonate  

To a solution of diethyl-(Z)-(4-(2-(bis(tert-butoxycarbonyl)amino)-6-methoxy-9H-purin-9-yl)-but-1-en-1-

yl)phosphonate (261 mg, 1 eq.) in anhydrous dichloromethane (3 mL/mmol) was added at room temperature a solution 

of TFA (8 mL/mmol) in anhydrous dichloromethane (3 mL/mmol). The reaction mixture was stirred for 3h with TLC 

monitoring (DCM/MeOH, 9/1, v/v). Then, the reaction mixture was diluted with CH2Cl2, concentrated under vacuum 

and the crude oil was purified on silica gel by flash chromatography (DCM/MeOH gradient, 0 to 10% MeOH) to obtain 

quantitatively the desired compound (167 mg). 1H NMR (500 MHz, CDCl3) δ 7.90 (s, 1H, H-8), 6.37 (ddt, J = 51.7, 

13.0, 7.7 Hz, 1H, CHCH2), 5.67 – 5.61 (m, 1H, CHP), 4.35 (t, J = 6.7 Hz, 2H, CH2N), 4.06 (s, 3H, OCH3), 3.90 (m, 4H, 

CH2CH3), 3.10 (tdd, J = 6.9, 5.0, 2.4 Hz, 2H, CH2CH), 1.22 (t, J = 7.1 Hz, 6H, CH3CH2). 13C NMR (126 MHz, CDCl3) 

δ 158.9 (d, J = 6.8 Hz, C-6), 157.8 (C-5), 147.6 (d, J = 3.8 Hz, CHCH2), 145.0 (CH-8), 128.6 (d, J = 83.6 Hz, C-2), 120.7 

(d, J = 182.2 Hz, CHP), 106.8 (C-4), 61.7 (d, J = 5.1 Hz, OCH2CH3), 54.7 (OCH3), 46.5 (CH2N), 31.4 (d, J = 7.7 Hz, 

CH2CH), 16.3 (d, J = 6.0 Hz, CH3CH2). 31P NMR (202 MHz, CDCl3) δ 15.33. HMRS TOF ESI+ Found : 356.1489; 

Calculated for C14H23N5O4P : 356.1488 (M+H)+ 

 

 (Z)-(4-(2-amino-6-hydroxy-9H-purin-9-yl)-but-1-en-1-yl)phosphonic acid disodic salt 11b 

The diethyl-(Z)-(4-(2-amino-6-methoxy-9H-purin-9-yl)-but-1-en-1-yl)phosphonate (261 mg, 1 eq.) was dissolved under 

argon atmosphere in anhydrous DMF (20 mL/mmol) at 0°C. TMSBr (6.6 eq.) was added dropwise to the solution, and 

the mixture was kept at 0°C for 5 min, then allowed to slowly warm to room temperature and stirred for 3 days. The 

reaction progress was followed by TLC monitoring (isopropanol/water/ammoniac 7/2/1 v/v/v). The reaction was 

quenched by addition of a triethylbutylammonium solution (1M, pH 7). The volatiles were removed under vacuum and 

the resulting aqueous solution was freeze-dried. The crude was purified on reverse phase flash chromatography 

(water/methanol gradient, 0 to 100% methanol), leading to the phosphonate triethylammonium salts as a white powder. 

The compound was percolated through a Na+ Dowex resin and after freeze-dried of the require fractions the sodium 

salts were obtained as a white lyophilizate.The desired compound (130 mg) was obtained in 54% yield. 1H NMR (500 

MHz, D2O) δ 7.82 (s, 1H, H-8), 6.11 (ddt, J = 45.8, 13.0, 7.4 Hz, 1H, CHCH2), 5.83 (ddt, J = 17.7, 13.1, 1.6 Hz, 1H, 

CHP), 4.15 (t, J = 7.1 Hz, 2H, CH2N), 2.93 (qdd, J = 7.0, 2.8, 1.5 Hz, 2H, CH2CH). 13C NMR  (126 MHz, D2O) δ 158.9 

(C-6), 153.5 (C-2), 151.4 (C-5), 141.1 (CHCH2), 140.1 (CH-8), 126.3 (d, J = 171.7 Hz, CHP), 115.9 (C-4), 42.8 (CH2N), 

30.2 (d, J = 21.8 Hz, 1C, CH2CH). 31P NMR (202 MHz, D2O) δ 10.5. HMRS TOF ESI+ Found : 286.0708; Calculated 

for C9H13N5O4P : 286.0705 (M+H)+. 
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 (R)-(3-(6-amino-9H-purin-9-yl)-2-hydroxypropyl)phosphonic acid (R)-1 
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 (S)-(3-(6-amino-9H-purin-9-yl)-2-hydroxypropyl)phosphonic acid (S)-1 
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(R)-(3-(2-amino-6-oxo-9H-purin-9-yl)-2-hydroxypropyl)phosphonic acid (R)-2 
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(S)-(3-(2-amino-6-oxo-9H-purin-9-yl)-2-hydroxypropyl) phosphonic acid (S)-2 
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(R)-(3-(2,6-diamino-9H-purin-9-yl)-2-hydroxypropyl) phosphonic acid (R)-3 
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(S)-(3-(2,6-diamino-9H-purin-9-yl)-2-hydroxypropyl) phosphonic acid (S)-3 
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(R)-(4-(6-amino-9H-purin-9-yl)-2-hydroxybutyl)phosphonic acid (R)-4 
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(S)-(4-(6-amino-9H-purin-9-yl)-2-hydroxybutyl)phosphonic acid (S)-4 
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 (R)-(4-(2-amino-6-oxo-9H-purin-9-yl)-2-hydroxybutyl) phosphonic acid (R)-5 
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(S)-(4-(2-amino-6-oxo-9H-purin-9-yl)-2-hydroxybutyl) phosphonic acid (S)-5 
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(R)-(4-(2,6-diamino-9H-purin-9-yl)-2-hydroxybutyl) phosphonic acid (R)-6 
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 (S)-(4-(2,6-diamino-9H-purin-9-yl)-2-hydroxybutyl) phosphonic acid (S)-6 
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(R)-(2-hydroxy-4-(6-oxo-1,6-dihydro-9H-purin-9-yl)butyl)phosphonic acid disodic salt (R)-7 
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(S)-(2-hydroxy-4-(6-oxo-1,6-dihydro-9H-purin-9-yl)butyl) phosphonic acid disodic salt (S)-7 
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(R)-(4-(2,6-dioxo-1,2,3,6-tetrahydro-9H-purin-9-yl)-2-hydroxybutyl)phosphonic acid disodic salt (R)-8 
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(S)-(4-(2,6-dioxo-1,2,3,6-tetrahydro-9H-purin-9-yl)-2-hydroxybutyl)phosphonic acid disodic salt (S)-8 

 

 



S37 
 

 

 

 

  



S38 
 

 

 (R)-(4-(2-amino-9H-purin-9-yl)-2-hydroxybutyl) phosphonic acid (R)-9 
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(R)-(4-(6-amino-2-fluoro-9H-purin-9-yl)-2-hydroxybutyl) phosphonic acid (R)-10 
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N-9-[4-phosphonic acid-butyl]guanine, 11a 
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(Z)-(4-(2-amino-6-hydroxy-9H-purin-9-yl)-but-1-en-1-yl)phosphonic acid disodic salt 11b
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(R)-(4-(2-amino-6-oxo-9H-purin-9-yl)-2-aminobutyl) phosphonic acid (R)-12 
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(S)-(4-(2-amino-6-oxo-9H-purin-9-yl)-2-aminobutyl) phosphonic acid (S)-12 
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(R)-(4-(2,6-diamino-9H-purin-9-yl)-2-aminobutyl) phosphonic acid (R)-13 
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(S)-(4-(2,6-diamino-9H-purin-9-yl)-2-aminobutyl) phosphonic acid (S)-13 
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