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I. General informations  

All reactions were run under an atmosphere of nitrogen using standard Schlenk techniques otherwise 
stated. Liquid aldehydes were distilled under reduced pressure before use. Reaction vessels were 
flame-dried under vacuum and cooled under a stream of nitrogen. Solvents were carefully dried by 
conventional methods or were purified with an MBRAUN Solvent Purification System and degassed 
prior to use. Reactions were monitored by thin layer chromatography (TLC) on silica gel pre‐coated 
plastic sheets (0.2 mm, Machery‐Nagel). Visualization of the developed chromatogram was performed 
by UV light and revealed using either potassium permanganate or phosphomolybdic acid solutions. 
Flash column chromatography (FC) was performed on Merck silica gel (60, particle size 0.040‐0.063 
mm). 1H, 13C, 19F and 31P NMR spectra were recorded with a bruker Avance 400 MHz spectrometer. 
Chemical shifts are reported in delta (δ) units, part per million (ppm) downfield from tetramethylsilane 
(TMS) relative to the residual deuterated solvent peaks. Coupling constants are reported in Hertz (Hz). 
The following abbreviations are used: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br 
= broad signal. Enantiomeric ratios were determined by HPLC analysis measured on a Shimadzu®LC 20 
AHPLC with a UV/visible detector at 195nm using a chiral stationary phase column specified in the 
individual experiment, by comparing the samples with the appropriate racemic mixtures. Optical 
rotations were measured on a polarimeter at 589 nm (sodium lamp) with a Bellingham + Stanley®ADP  
440 Polarimeter. High resolution mass spectroscopic (HRMS) analysis were measured on a Xevo G2 Q 
TOF spectrometer using the electrospray method by the Laboratoire de Mesures Physiques of the 
University of Montpellier 

II. Typical procedure for phosphonylation of aldehydes 

Aldehyde (0.5 mmol), iPr2NEt (1.5 mmol), nBu4NI (0.5 mmol) and (S)-1,1’-dibenzyl-bis-
(triazolyl)diphosphine dioxide (5 mol %, 0.025 mmol) were mixed in anhydrous Et2O (2.0 mL) at -78 °C 
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in a flame dried Schlenk tube under nitrogen atmosphere. To this solution was added the desired 
phosphite (0.60 mmol) and then silicon tetrachloride (1M dichloromethane solution, 0.75 mL, 0.75 
mmol) was introduced over 10min using a syringe. The reaction progress was monitored by TLC (ethyl 
acetate). Upon completion, deionized water (2 mL), saturated aqueous NaHCO3 (5 mL), and ethyl 
acetate (5 mL) were carefully added to the reaction mixture. After being stirred for approximatively 1 
h, the reaction mixture was filtered through a short Celite pad. The two phases were then separated 
and the aqueous phase was extracted with ethyl acetate (3 × 5 mL). The combined organic layers were 
washed with brine, dried over anhydrous MgSO4, filtered, and evaporated under reduced pressure. 
The residue was purified by flash chromatography (silica gel, hexane /ethyl acetate : 50/50 to 0/100) 

to give the corresponding -hydroxyphosphonates. The enantiomeric ratios were determined by HPLC 
using IC or AS-H Chiralpak columns. 

 

III. Description of phosphonylation products 2a‒p 

Dimethyl (R)-(hydroxy(phenyl)methyl)phosphonate (4b) (known product) 1: Yield = 

87%; [α]24
D = +30.4 (c 1.05, CHCl3) [Lit.1 [α]27

D = +21.5 (c 0.80, CHCl3) for 28% ee (R)]. 

HPLC analysis: Chiralpak IC column, Hexane/i-PrOH 90:10, 1 mL/min,  = 195 nm, tR = 

41.77 min (S, minor), tR = 45.19 min (R, major); e.r. = 84.6:15.4. 1H NMR (400.13 MHz, 

CDCl3) δ 7.50‒7.48 (m, 2H), 7.40‒7.31 (m, 3H), 5.06 (d, J = 10.9 Hz, 1H), 3.71 (d, J = 10.5 Hz, 3H), 3.67 

(d, J = 10.4 Hz, 3H). 13C NMR (100.61 MHz, CDCl3) δ 136.48 (d, J = 2.1 Hz), 128.54 (d, J = 2.5 Hz, two 

carbons), 128.39 (d, J = 3.2 Hz), 127.17 (d, J = 5.9 Hz, two carbons), 70.78 (d, J = 159.4 Hz), 54.07 (d, J = 

7.0 Hz), 53.78 (d, J = 7.4 Hz). 31P (CDCl3, 161.97 MHZ) δ (ppm) = 23.47 (s).  

Diethyl (R)-(hydroxy(phenyl)methyl)phosphonate (4a) (known product)1: Yield = 

91%; [α]24
D = 22.0 (c 1.09, CHCl3) [Lit.1 [α]27

D = +14.8 (c 1.01, CHCl3) for 41% ee (R)]. 

HPLC analysis: Chiralpak IC column, Hexane/i-PrOH 90:10, 1 mL/min,  = 195 nm, tR = 

26.96 min (R, major), tR = 32.14 min (S, minor); e.r. = 84.5:15.5. 1H NMR (400.13 MHz, 

CDCl3) δ 7.50‒7.48 (m, 2H), 7.38‒7.29 (m, 3H), 5.02 (dd, J = 10.8, J = 2.7 Hz, 1H), 4.10‒3.92(m, 4H), 

3.63‒3.50 (m, 1H), 1.27 (t, J = 7.1 Hz, 3H), 1.21 (t, J = 7.1 Hz, 3H); 13C NMR (100.61 MHz, CDCl3) δ 136.85 

(d, J = 1.9 Hz), 128.28 (d, J = 2.5 Hz, two carbons), 128.08 (d, J = 3.2 Hz), 127.22 (d, J = 5.8 Hz, two 

carbons), 70.86 (d, J = 159.2 Hz), 63.44 (d, J= 7.0 Hz), 63.09 (d, J = 7.3 Hz), 16.46 (d, J = 5.6 Hz), 16.43 

(d, J = 5.5 Hz); 31P (CDCl3, 161.97 MHZ) δ (ppm) = 21.35 (s). 

Dibutyl (R)-(hydroxy(phenyl)methyl)phosphonate (4c) (known product)1: Yield = 

79%; [α]24
D = +11.5 (c 1.04, CHCl3) [Lit.1 [α]27

D = +8.8 (c 1.05, CHCl3) for 33% ee (R)]. 

HPLC analysis: Chiralpak IC column, Hexane/i-PrOH 90:10, 1 mL/min,  = 195 nm, tR = 

16.49 min (R, major), tR = 19.11 min (S, minor); e.r. = 78.5:11.5. 1H NMR (400.13 MHz, 

CDCl3) δ 7.49‒7.46 (m, 2H), 7.37‒7.28 (m, 3H), 5.02 (dd, J = 10.8, J = 4.9 Hz, 1H), 4.02‒3.86 (m, 4H), 

3.65‒3.61 (m, 1H), 1.63‒1.49 (m, 4H), 1.39‒1.24 (m, 4H), 0.89 (t, J = 7.4 Hz, 4H), 0.86 (t, J = 7.4 Hz, 1H). 
13C NMR (100.61 MHz, CDCl3) δ 137.04 (d, J = 1.8 Hz), 128.14 (d, J = 2.5 Hz, two carbons), 127.91 (d, J = 

3.1 Hz), 127.19 (d, J = 5.8 Hz, two carbons), 70.78 (d, J = 159.7 Hz), 67.06 (d, J = 7.3 Hz), 66.65 (d, J = 

7.6 Hz), 32.53 (d, J = 5.7 Hz), 32.52 (d, J = 5.6 Hz), 18.62 (d, J = 4.6 Hz, two carbons), 13.59 (d, J = 1.4 Hz, 

two carbons).31P (CDCl3, 161.97 MHZ) δ (ppm) = 21.27 (s). 

Diisopropyl (R)-(hydroxy(phenyl)methyl)phosphonate (4d) (known product)1: Yield 

= 92%; [α]24
D = +22.2 (c 1.08, CHCl3) [Lit.1 [α]27

D = +12.2 (c 1.01, CHCl3) for 40% ee 

(R)].HPLC analysis: Chiralpak IC column, Hexane/i-PrOH 90:10, 1 mL/min,  = 195 nm, 
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tR = 12.33 min (R, major), tR = 17.07 min (S, minor); e.r. = 88.4:11.6. 1H NMR (400.13 MHz, CDCl3) δ 

7.50‒7.48 (m, 2H), 7.37‒7.27 (m, 3H), 4.96 (d, J = 10.9 Hz, 1H), 4.66‒4.57 (m, 2H), 1.28 (d, J = 6.2, 3H), 

1.27 (d, J = 6.2, 3H), 1.24 (d, J = 6.2 Hz, 3H), 1.13 (d, J = 6.2 Hz, 3H). 13C NMR (100.61 MHz, CDCl3) δ 

137.06 (d, J = 1.9 Hz), 128.12 (d, J = 2.5 Hz, two carbons), 127.89 (d, J = 3.1 Hz), 127.39 (d, J = 5.8 Hz, 

two carbons), 71.16 (d, J = 160.4 Hz), 72.03 (d, J = 7.3 Hz), 71.67 (d, J = 7.6 Hz), 24.26 (d, J = 3.1 Hz), 

24.13 (d, J = 3.6 Hz), 23.96 (d, J = 5.0 Hz), 23.63 (d, J = 5.5 Hz). 31P (CDCl3, 161.97 MHZ) δ (ppm) = 19.74 

(s). 

Diisopropyl (R)-(hydroxy(2-methoxyphenyl)methyl)phosphonate (4e): Yield = 79%; 

[α]24
D = +18.0 (c 1.11, CHCl3). HPLC analysis: Chiralpak IC column, Hexane/i-PrOH 

90:10, 1 mL/min,  = 195 nm, tR = 25.55 min (R, major), tR = 48.97 min (S, minor); e.r. 

= 72:28. 1H NMR (400.13 MHz, CDCl3) δ 7.53 (dt, J = 7.6, 1.9 Hz, 1H), 7.28‒7.23 (m, 

1H), 6.97 (t, J = 7.5 Hz, 1H), 6.86 (d, J = 8.3 Hz, 1H), 5.34 (d, J = 12.4 Hz, 1H), 4.77‒4.66 (m, 1H), 4.59‒

4.48 (m, 1H), 3.85 (brs, 1H), 3.83 (s, 3H), 1.30 (d, J = 6.6 Hz, 3H), 1.29 (d, J = 6.5 Hz, 3H), 1.23 (d, J = 6.2 

Hz, 3H), 1.02 (t, J = 5.8 Hz, 3H).13C NMR (100.61 MHz, CDCl3) δ 156.67 (d, J = 6.6 Hz), 128.87, 128.86 (d, 

J = 7.0 Hz), 125.80, 120.55 (d, J = 2.7 Hz), 110.29 (d, J = 2.0 Hz), 71.58 (d, J = 7.4 Hz), 71.17 (d, J = 7.4 

Hz), 65.08 (d, J = 163.5 Hz), 55.35 (s), 24.23 (d, J = 2.9 Hz), 24.06 (d, J = 3.4 Hz), 23.83 (d, J = 5.2 Hz), 

23.33 (d, J = 5.7 Hz). 31P (CDCl3, 161.97 MHZ) δ (ppm) = 20.71 (s). HRMS (ESI, M+H+) m/z calcd for 

C14H24O5P: 303.1361, found 303.1357. 

Diisopropyl (R)-(hydroxy(3-methoxyphenyl)methyl)phosphonate (4f): Yield = 

93%; [α]24
D = +10.8 (c 1.11, CHCl3). HPLC analysis: Chiralpak IC column, Hexane/i-

PrOH 90:10, 1 mL/min,  = 195 nm, tR = 34.82 min (S, minor). tR = 41.01 min (R, 

major); e.r. = 88.5:11.5. 1H NMR (400.13 MHz, CDCl3) δ 7.23 (t, J = 7.9 Hz, 1H), 

7.08‒7.04 (m, 2H), 6.82 (d, J = 8.2 Hz, 1H), 4.93 (d, J = 11.0 Hz, 1H), 4.69‒4.56 (m, 2H), 4.11 (brs, 1H), 

3.79 (s, 3H), 1.26 (d, J = 6.2 Hz, 9H), 1.15 (d, J = 6.2 Hz, 3H).13C NMR (100.61 MHz, CDCl3) δ 159.34 (d, J 

= 2.5 Hz), 138.77 (d, J = 1.3 Hz), 128.83 (d, J = 2.4 Hz), 119.80 (d, J = 6.0 Hz), 113.72 (d, J = 3.1 Hz), 

112.46 (d, J = 5.6 Hz), 71.92 (d, J = 7.4 Hz), 71.53 (d, J = 7.6 Hz), 70.89 (d, J = 161.3 Hz), 55.12, 24.10 (d, 

J = 14.6 Hz), 24.16 (d, J = 3.0 Hz), 24.07 (d, J = 15.2 Hz), 24.01 (d, J = 3.6 Hz), 23.86 (d, J = 5.0 Hz), 23.54 

(d, J = 5.5 Hz).31P (CDCl3, 161.97 MHZ) δ (ppm) = 19.79 (s). HRMS (ESI, M+H+) m/z calcd for C14H24O5P: 

303.1361, found 303.1360. 

Diisopropyl (R)-(hydroxy(4-methoxyphenyl)methyl)phosphonate (4j) (known 

product)2: Yield = 95%; [α]24
D = +15.5 (c 1.03, CHCl3) [lit.2 [α]22

D =‒7.5 (c 0.80, 

CHCl3) for 35% ee (S)]. HPLC analysis: Chiralpak IC column, Hexane/i-PrOH 90:10, 

1 mL/min,  = 195 nm, tR = 19.14 min (R, major), tR = 28.03 min (S, minor); e.r. = 

85.5:14.5.1H NMR (400.13 MHz, CDCl3) δ 7.41 (dd, J = 8.7, 2.1 Hz, 2H), 6.89 (d, J = 8.6 Hz, 2H), 4.88 (dd, 

J = 9.9, 4.7 Hz, 1H), 4.68‒4.56 (m, 2H), 3.81 (s, 3H), 2.79 (dd, J = 10.2, 4.8 Hz, 1H), 1.30‒1.25 (m, 9H), 

1.13 (d, J = 6.2 Hz, 3H).13C NMR (100.61 MHz, CDCl3) δ 159.36 (d, J = 2.8 Hz), 129.18 (d, J = 1.7 Hz), 

128.73 (d, J = 6.1 Hz), 113.55 (d, J = 2.1 Hz), 71.86 (d, J = 7.3 Hz), 71.52 (d, J = 7.6 Hz), 70.64 (d, J = 162.7 

Hz), 55.28 (s), 24.25 (d, J = 3.0 Hz), 24.12 (d, J = 3.5 Hz), 23.97 (d, J = 5.0 Hz), 23.66 (d, J = 5.4 Hz).31P 

(CDCl3, 161.97 MHZ) δ (ppm) = 20.00 (s).  

Diisopropyl (R)-(hydroxy(4-methylphenyl)methyl)phosphonate (4h) (known 

product)2: Yield = 94%; [α]24
D = +23.0 (c 1.04, CHCl3). HPLC analysis: Chiralpak IC 

column, Hexane/i-PrOH 90:10, 1 mL/min,  = 195 nm, tR = 14.40 min (R, major), 

tR = 23.31 min (S, minor); e.r. = 86.5:13.5. 1H NMR (400.13 MHz, CDCl3) δ 7.37 (dd, 

                                                           
2 K. V. Zaitsev, M. V. Bermeshev, A. A. Samsonov, J. F. Oprunenko, A. V. Churakov, J. A. L. Howard, S. S. Karlov, 
G. S. Zaitseva, New J. Chem., 2008, 32, 1415. 
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J = 8.1, 2.1 Hz, 2H), 7.16 (d, J = 8.1 Hz, 2H), 4.91 (dd, J = 10.5, 4.8 Hz, 1H), 4.69‒4.55 (m, 2H), 2.84 (dd, 

J = 10.1, 4.4 Hz, 1H), 2.34 (d, J = 1.7 Hz, 3H), 1.29‒1.27 (m, 9H), 1.25 (d, J = 6.2 Hz, 3H), 1.13 (d, J = 6.2 

Hz, 3H). 13C NMR (100.61 MHz, CDCl3) δ 137.44 (d, J = 3.2 Hz), 134.08 (d, J = 1.8 Hz), 128.76 (d, J = 2.4 

Hz), 127.32 (d, J = 6.0 Hz), 71.88 (d, J = 7.3 Hz), 71.52 (d, J = 7.6 Hz), 70.93 (d, J = 161.4 Hz), 24.24 (d, J 

= 3.1 Hz), 24.11 (d, J = 3.6 Hz), 23.94 (d, J = 5.0 Hz), 23.62 (d, J = 5.5 Hz), 21.23 (d, J = 0.9 Hz).31P (CDCl3, 

161.97 MHZ) δ (ppm) = 19.98 (s).  

Diisopropyl (R)-(hydroxy(2-fluorophenyl)methyl)phosphonate (4i): Yield = 81%; 

[α]24
D = +14.0 (c 1.14 CHCl3). HPLC analysis: Chiralpak IC column, Hexane/i-PrOH 

90:10, 1 mL/min,  = 195 nm, tR = 9.11 min (R, major), tR = 12.15 min (S, minor); e.r. = 

66.5:33.5. 1H NMR (400.13 MHz, CDCl3) δ 7.71‒7.67 (m, 1H), 7.29‒7.24 (m, 1H), 7.18– 

7.14 (m, 1H),  7.04‒6.99 (m, 1H), 5.32 (d, J = 11.6 Hz, 1H), 4.76‒4.58 (m, 3H), 1.33 (d, J = 6.2 Hz, 3H), 

1.28‒1.24 (m, 6H), 1.14 (d, J = 6.2 Hz, 3H).13C NMR (100.61 MHz, CDCl3) δ 159.91 (dd, J = 247.0, 6.9 Hz), 

129.46 (dd, J= 8.2, 3.1 Hz), 129.26 (dd, JCF = JCP = 3.7 Hz), 125.02 (d, J = 13.7 Hz), 124.17 (dd, JCF = JCP =  

3.1 Hz), 114.96 (dd, J = 22.1, 2.2 Hz), 72.35 (d, J = 7.5 Hz), 71.93 (d, J = 7.6 Hz), 64.12 (dd, J = 165.1, 3.2 

Hz), 24.29 (d, J = 3.1 Hz), 24.10 (d, J = 3.6 Hz), 23.92 (d, J = 5.0 Hz), 23.55 (d, J = 5.6 Hz). 31P (CDCl3, 

161.97 MHZ) δ (ppm) = 19.22 (d, J = 6.6 Hz). HRMS (ESI, M+H+) m/z calcd for C13H21O4FP: 291.1161, 

found 291.1152. 

Diisopropyl (R)-(hydroxy(3-fluorophenyl)methyl)phosphonate (4j): Yield = 93%; 

[α]24
D = +19.3 (c 1.24, CHCl3). HPLC analysis: Chiralpak IC column, Hexane/i-PrOH 

90:10, 1 mL/min,  = 195 nm, tR = 7.60 min (S, minor), tR = 8.37 min (R, major); e.r. 

= 81:19.1H NMR (400.13 MHz, CDCl3) δ 7.32‒7.23 (m, 3H), 7.00‒6.95 (m, 1H), 4.96 

(d, J = 8.6 Hz, 1H), 4.70‒4.61 (m, 2H), 4.22 (brs, 1H), 1.28‒1.26 (m, 9H), 1.18 (d, J = 6.2 Hz, 3H).13C NMR 

(100.61 MHz, CDCl3) δ 162.79 (dd, J = 245.3, 2.9 Hz), 139.72 (d, J = 7.4 Hz), 129.55 (dd, J = 8.1, 2.5 Hz), 

122.95 (dd, J = 5.7, 2.9 Hz), 114.73 (dd, J = 21.2, 3.1 Hz), 114.29 (dd, J = 22.8, 5.4 Hz), 72.37 (d, J = 7.4 

Hz), 72.00 (d, J = 7.7 Hz), 70.61 (dd, J = 160.3, 1.8 Hz), 24.26 (d, J = 3.2 Hz), 24.11 (d, J = 3.7 Hz), 23.99 

(d, J = 5.0 Hz), 23.71 (d, J = 5.4 Hz).31P (CDCl3, 161.97 MHZ) δ (ppm) = 19.07 (s). HRMS (ESI, M+H+) m/z 

calcd for C13H21O4FP: 291.1161, found 291.1152. 

Diisopropyl (R)-(hydroxy(4-fluorophenyl)methyl)phosphonate (4k): Yield = 95%; 

[α]24
D = +25.6 (c 1.09, CHCl3) [lit2 [α]22

D =‒80.0 (c 0.80, CHCl3) for 40% ee (S)]. HPLC 

analysis: Chiralpak IC column, Hexane/i-PrOH 90:10, 1 mL/min,  = 195 nm, tR = 

8.54 min (R, major), tR = 9.65min (S, minor); e.r. = 89:11. 1H NMR (400.13 MHz, 

CDCl3) δ 7.48‒7.44 (m, 2H), 7.02 (t, J = 8.5 Hz, 2H), 4.93 (dd, J = 10.4, 5.2 Hz, 1H), 4.69‒4.57 (m, 2H), 

4.38 (dd, J = 7.7, 5.4 Hz, 1H), 1.27‒1.24 (m, 9H), 1.16 (d, J = 6.2 Hz, 3H).13C NMR (100.61 MHz, CDCl3) δ 

162.47 (dd, J = 245.8, 3.4 Hz), 133.09 (dd, J = 3.0, 1.8 Hz), 129.09 (dd, J = 8.1, 5.9 Hz, two carbons), 

114.91 (dd, J = 21.5, 2.4 Hz, two carbons), 72.11 (d, J = 7.4 Hz), 71.70 (d, J = 7.7 Hz), 70.35 (d, J = 162.5 

Hz), 24.19 (d, J = 3.2 Hz), 24.04 (d, J = 3.7 Hz), 23.96 (d, J = 4.9 Hz), 23.65 (d, J = 5.4 Hz).31P (CDCl3, 161.97 

MHZ) δ (ppm) = 19.50 (d, J = 4.9 Hz). HRMS (ESI, M+H+) m/z calcd for C13H21O4FP: 291.1161, found 

291.1150. 

Diisopropyl (R)-(hydroxy(4-chlorophenyl)methyl)phosphonate (4l): Yield = 93%; 

[α]24
D = +20.8 (c 1.15, CHCl3). HPLC analysis: Chiralpak AS-H column, Hexane/i-

PrOH 90:10, 1 mL/min,  = 195 nm, tR = 6.66 min (R, major), tR = 8.41min (S, minor); 

e.r. = 86:14. 1H NMR (400.13 MHz, CDCl3) δ 7.42 (dd, J = 8.6, 2.1 Hz, 2H), 7.32 (d, J 

= 8.5 Hz, 2H), 4.94 (d, J = 10.7 Hz, 1H), 4.70‒4.57 (m, 1H), 3.77 (brs, 1H, OH), 1.28‒1.25 (m, 9H), 1.18 

(d, J = 6.2 Hz, 3H).13C NMR (100.61 MHz, CDCl3) δ 135.62 (d, J = 2.3 Hz), 133.72 (d, J = 3.8 Hz), 128.66 

(d, J = 5.7 Hz, two carbon), 128.33 (d, J = 2.6 Hz, two carbon), 72.28 (d, J = 7.4 Hz), 71.93 (d, J = 7.7 Hz), 
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70.51 (d, J = 160.8 Hz), 24.26 (d, J = 3.3 Hz), 24.12 (d, J = 3.7 Hz), 24.03 (d, J = 5.0 Hz), 23.78 (d, J = 5.4 

Hz).31P (CDCl3, 161.97 MHZ) δ (ppm) = 19.11 (s). HRMS (ESI, M+H+) m/z calcd for C13H21O4PCl: 307.0866, 

found 307.0865. 

Diisopropyl (R)-(hydroxy(4-(trifluoromethyl)phenyl)methyl)phosphonate (4m): 

Yield = 91%; [α]24
D = +11.4 (c 1.05, CHCl3). HPLC analysis: Chiralpak IC column, 

Hexane/i-PrOH 90:10, 1 mL/min,  = 195 nm, tR = 7.86 min (S, minor), tR = 8.79min 

(R, major); e.r. = 72:28. 1H NMR (400.13 MHz, CDCl3) δ 7.61 (s, 4H), 5.04 (dd, J = 

11.5, 4.6 Hz, 1H), 4.74‒4.59 (m, 2H), 3.77 (m, 1H, OH), 1.29‒1.25 (m, 9H), 1.20 (d, J = 6.2 Hz, 3H). 13C 

NMR (100.61 MHz, CDCl3) δ 141.43, 129.89 (qd, J = 32.4, 3.4 Hz), 127.55 (d, J = 5.4 Hz), 125.17‒124.61 

(m, two carbons), 124.29 (q, J = 273.1 Hz), 72.51 (d, J = 7.4 Hz), 72.05 (d, J = 7.8 Hz), 70.56 (d, J = 160.6 

Hz), 24.20 (d, J = 3.2 Hz), 24.03 (d, J = 3.6 Hz), 24.01 (d, J = 4.9 Hz), 23.70 (d, J = 5.4 Hz). 31P (CDCl3, 

161.97 MHZ) δ (ppm) = 18.71 (d, J = 2.4 Hz). HRMS (ESI, M+H+) m/z calcd for C14H21O4PF3: 341.1130, 

found 341.1127. 

Diisopropyl (R)-(hydroxy(naphthalen-2-yl)methyl)phosphonate (4n): Yield = 

95%; [α]24
D = +19.0 (c = 1.05, CHCl3). HPLC analysis: Chiralpak IC column, 

Hexane/i-PrOH 90:10, 1 mL/min,  = 195 nm, tR = 13.76 min (R, major), tR = 15.67 

min (S, minor); e.r. = 88.5:11.5. 1H NMR (400.13 MHz, CDCl3) δ 7.96 (brs, 1H), 

7.84‒7.82 (m, 2H), 7.61 (dt, J = 8.6, 1.5 Hz, 1H), 7.49‒7.46 (m, 2H), 5.14 (d, J = 10.7 Hz, 1H), 4.70‒4.57 

(m, 2H), 3.51 (brs, 1H, OH), 1.28 (d, J = 6.2 Hz, 3H), 1.27 (d, J = 6.2 Hz, 3H), 1.24 (d, J = 6.2 Hz, 3H), 1.13 

(d, J = 6.2 Hz, 3H). 13C NMR (100.61 MHz, CDCl3) δ 134.80 (d, J = 2.2 Hz), 133.15 (d, J = 2.5 Hz), 133.06 

(d, J = 2.2 Hz), 128.11 (d, J = 1.2 Hz), 127.67 (d, J = 1.3 Hz), 127.57 (d, J = 2.0 Hz), 126.31 (d, J = 7.6 Hz), 

125.99 (s), 125.92 (d, J = 1.1 Hz), 125.43 (d, J = 4.3 Hz), 72.05 (d, J = 7.4 Hz), 71.71 (d, J = 7.7 Hz), 71.17 

(d, J = 161.2 Hz), 24.21 (d, J = 3.1 Hz), 24.08 (d, J = 3.6 Hz), 23.96 (d, J = 5.0 Hz), 23.67 (d, J = 5.5 Hz).31P 

(CDCl3, 161.97 MHZ) δ (ppm) = 19.71 (s). HRMS (ESI, M+H+) m/z calcd for C17H24O4P: 323.1412, found 

323.1411. 

Diisopropyl (R)-(hydroxy(naphthalen-1-yl)methyl)phosphonate (4o): Yield = 78%; 

[α]24
D = +37.3(c 1.07, CHCl3). HPLC analysis: Chiralpak IC column, Hexane/i-PrOH 

90:10, 1 mL/min,  = 195 nm, tR = 18.78 min (S, minor), tR = 20.78 min (R, major); 

e.r. = 67.5:32.5. 1H NMR (400.13 MHz, CDCl3) δ 8.09 (d, J = 8.3 Hz, 1H), 7.90‒7.80 

(m, 3H), 7.53‒7.45 (m, 3H), 5.80 (dd, J = 11.8, 3.2 Hz, 1H), 4.69‒4.60 (m, 1H), 4.58‒4.47 (m, 1H), 4.08 

(brs, 1H, OH), 1.26 (d, J = 6.2 Hz, 3H), 1.19 (d, J = 6.1 Hz, 3H), 1.18 (d, J = 6.1 Hz, 3H), 0.87 (d, J = 6.2 Hz, 

3H).13C NMR (100.61 MHz, CDCl3) δ 133.57 (d, J = 1.3 Hz), 133.54 (d, J = 1.8 Hz), 131.11 (d, J = 6.1 Hz), 

128.55 (s), 128.41 (d, J = 3.4 Hz), 125.72 (s), 125.66 (d, J = 6.1 Hz), 125.46 (s), 125.32 (d, J = 3.4 Hz), 

124.19 (s), 124.19 (s), 72.21 (d, J = 7.5 Hz), 71.70 (d, J = 7.8 Hz), 67.26 (d, J = 163.5 Hz), 24.24 (d, J = 3.0 

Hz), 23.97 (d, J = 4.9 Hz), 23.92 (d, J = 6.5 Hz), 23.26 (d, J = 5.6 Hz).31P (CDCl3, 161.97 MHZ) δ (ppm) = 

20.21 (s). HRMS (ESI, M+H+) m/z calcd for C17H24O4P: 323.1412, found 323.1411. 

Diisopropyl (R)-(furan-2-yl(hydroxy)methyl)phosphonate (4p): Yield = 96%; [α]24
D = 

+12.16 (c 1.03, CHCl3). HPLC analysis: Chiralpak AS-H column, Hexane/i-PrOH 90:10, 1 

mL/min,  = 195 nm, tR = 8.10 min (R, major), tR = 9.20 min (S, minor); e.r. = 66:34. 1H 

NMR (400.13 MHz, CDCl3) δ 7.44 (d, J = 0.8 Hz, 1H), 6.53 (t, J = 2.9 Hz, 1H), 6.40 (dd, J = 3.1, 1.9 Hz, 1H), 

4.95 (d, J = 13.4 Hz, 1H), 4.83‒4.64 (m, 2H), 1.37‒1.32 (m, 9H), 1.20 (d, J = 6.2 Hz, 3H).13C NMR (100.61 

MHz, CDCl3) δ 150.74 (d, J = 2.5 Hz), 142.36 (d, J = 2.5 Hz), 110.65 (d, J = 1.9 Hz), 109.09 (d, J = 5.8 Hz), 

72.30 (d, J = 7.2 Hz), 71.88 (d, J = 7.3 Hz), 64.94 (d, J = 168.7 Hz), 24.23 (d, J = 3.0 Hz), 24.08 (d, J = 3.6 

Hz), 23.88 (d, J = 4.9 Hz), 23.56 (d, J = 5.4 Hz).31P (CDCl3, 161.97 MHZ) δ (ppm) = 17.56 (s). HRMS (ESI, 

M+H+) m/z calcd for C11H20O5P: 263.1048, found 263.1048. 
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IV. 1H and 13C NMR Spectra of phosphonylation products 4a‒p 
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V. HPLC chromatogram of phosphonylation products 4a‒p 
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