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General Chemistry 
 
All reactions were conducted in oven-dried glassware, under nitrogen. Reactions carried out at a temperature below 
0 °C employed a CO2/acetone bath. All reagents and solvents were used as received unless otherwise specified. 
Concentrated H3PO2 was obtained by rotary evaporation (0.5 mmHg) of the 50 wt. % aqueous solution at rt for 20-
30 min before reaction. Caution: overdrying H3PO2 may result in the formation of a yellow solid of high phosphorus 
content that could be pyrophoric. Anilinum hypophosphite and stock solutions of ethyl hypophosphite were prepared 
as previously described.1,2 Unless otherwise specified, HPLC or reagent grade solvents were purchased from Aldrich 
and used as received. Acetonitrile was distilled under N2 from CaH2, and used immediately. iPr2NEt was distilled 
from CaH2 and stored over 4Å molecular sieves. Catalysts and ligands were commonly purchased from Aldrich or 
Strem Chemicals. Analytical thin layer chromatography (TLC) was performed on SiO2 60 F-254 plates. 
Visualization was accomplished by UV irradiation at 254 nm and/or by staining with para-anisaldehyde or KMnO4 
solution. Flash column chromatography was performed using SiO2 60 (particle size 0.040–0.055 mm, 230–400 
mesh). Radial chromatography was carried out using 2 or 4 mm layers of silica gel 60 PF254 containing gypsum. 
Proton, carbon and phosphorus NMR spectra were recorded at 300 MHz/150 MHz/121 MHz (1H NMR/13C NMR/31P 
NMR). Chemical shifts are reported as δ values in parts per million (ppm) as referenced to: (a) internal standard (1H 
NMR, Me4Si, δ = 0.00 ppm), (b) residual solvent (13C NMR, CDCl3, δ = 77.0 ppm), and (c) external standard (31P 
NMR, 85% H3PO4, δ = 0.00 ppm). 1H NMR spectra are reported as follows: chemical shift, multiplicity (s = singlet, 
bs = broad singlet, d = doublet, dd = doublet of doublets, ddd = doublet of doublet of doublets, t = triplet, q = 
quartet, quint. = quintuplet, sext. = sextuplet, m = multiplet), number of protons, and coupling constant(s). NMR 
yields are determined by integration of all the resonances in the 31P NMR spectra, an approach that is valid if no 
phosphorus-containing gas  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. The 
validity of the method has been carefully verified.1,3 Isolated yields are sometimes significantly lower because H-
phosphinate esters are highly polar compounds and hydrolytically labile. Chiral HPLC resolutions were performed 
with a (S,S)-Whelk-01 Column (250x4.6 mm, 5 μm) from Regis® Technologies, which was accompanied with a 
guard column (Agilent Zorbax® ODS, 4.6 x 12.5 mm, 5µm), using hexanes/isopropanol mixtures as the mobile 
phase. Low resolution mass spectrometry was performed on a Bruker Esquire 6000, Bruker Daltonics, Inc., ± ESI. 
High resolution mass spectrometry was provided by the Mass Spectrometry Facility of the University of South 
Carolina.  
 
Preparation of chiral auxiliaries (Tables 1, 2 and 3) 
 
The chiral auxiliaries were either commercially available or synthesized according to known protocols described in 
the following references:  
 
(a) Commercially available: fenchyl alcohol (Table 1, entry 1), (+)-isopinocampheol (Table 1, entry 2), (1R,2S)-
trans-2-phenyl-1-cyclohexanol (Table 1, entry 6), 2-methoxy-2-phenylethanol (Table 1, entry 8), 2-tert-
butylcyclohexanol, mixture of isomers (Table 1, entry 9), (+)-N,N-Dicyclohexyl-(1R)-isoborneol-10-sulfonamide 
(Table 1, entry 10), (–)-menthol (Table 1, entry 11). 
 
(b) Synthesized through known protocols:  
 -Isoborneol (Table 1, entry 3): W. Oppolzer, C. Chapuis, Tetrahedron Lett., 1984, 25, 5383-5386. 
 -2,2-Diphenylcyclopentanol (Table 1, entry 4): E. Bacqué, J.-M. Paris, Synth. Commun., 1992, 22, 2259-2272. 
 -Spiro[4.5]decan-6-ol (Table 1, entry 5): R. D. Sands, J. Org. Chem., 1994, 59, 468-471. 
 -(1S,2S)-N-(1-hydroxy-1-phenylpropan-2-yl)ethanamide (Table 1, entry 7): H. Tlahuext, R. Contreras, 
 Tetrahedron: Asymmetry, 1992, 3, 727-730. 
 -(–)-8-Phenylmenthol (Table 1, entry 12 & Table 3, entry 1): O. Ort, Org. Synth., Coll., 1993, 8, 522; 1987, 65, 
 203. 
 -(–)- and (+)- 8-(2-Naphthyl)menthol (Table 1, entries 13-14): T. Takahashi, N . Kurose, T. Koizumi, Heterocycles, 
 1993, 36, 1601-1616. 
 -2-(2-Phenylpropan-2-yl)cyclohexanol (Table 2, entry 1 & Table 3, entry 2), 2-(2-(3,5-diisopropylphenyl)propan-
 2-yl)cyclohexanol (Table 2, entry 2), 2-(9H-xanthen-9-yl)cyclohexanol (Table 2, entry 3), 2-(9,10-
 dihydroanthracen-9-yl)cyclohexanol (Table 2, entry 4): D. L. Comins, J. M. Salvador, J. Org. Chem., 1993, 58, 
 4656-4661. 
 -2-(9H-Fluoren-9-yl)cyclopentanol (Table 2, entry 5), 2-(9H-fluoren-9-yl)cyclohexanol (Table 2, entry 6): T. 
 Ohwada, J. Am. Chem. Soc., 1992, 114, 8818-8827. 
Validation of the 31P NMR assay (Scheme 3) 
 



(a) Synthesis of ethyl (1-naphthyl) phosphinate. To a suspension of anilinum hypophosphite (0.382 g, 2.40 mmol, 
1.20 equiv) and 3-aminopropyltriethoxysilane (0.531 g. 2.40 mmol, 1.20 equiv) in CH3CN (12.0 ml) was added 1-
bromonaphthalene (0.28 mL, 0.414 g, 2.0 mmol), Pd(OAc)2 (9.0 mg, 0.040 mmol, 2 mol% Pd) and either, racemic 
BINAP or (R)-BINAP (28.8 mg, 0.044 mmol). The reaction mixture was heated at reflux for 8 h under N2. After 
cooling to rt, 31P NMR analysis showed the product at ~28 ppm (100%, doublet). The mixture was diluted with 
EtOAc and washed with aq. HCl (2 M). The aqueous phase was extracted with EtOAc (3 x) and the combined 
organic phase was washed with saturated aq. NaHCO3 (1 x) and brine (1 x), dried (MgSO4) and concentrated to 
afford the pure title product (0.431 g, 98% yield). 1H NMR (CDCl3, 300 MHz) δ 8.43 (d, J = 8 Hz, 1 H), 8.09 (dd, J 
= 7, 1 Hz, 1 H), 8.07 (d, J = 7 Hz, 1 H), 7.94 (d, JHP = 563 Hz, 1 H), 7.93 (d, J = 8 Hz, 1 H), 7.75 – 7.89 (m, 1 H), 
7.48 – 7.69 (m, 2 H), 4.05 – 4.29 (m, 2 H), 1.37 (t, J = 7 Hz, 3 H); 31P NMR (CDCl3, 121.47 MHz) δ 26.76 (dm, JPH 
= 563 Hz). 
 
(b) NMR assay: Derivatization with (S)-(–)-(α )-methylbenzylamine/CCl4. To an NMR tube charged with a 
solution of ethyl (1-naphthyl) phosphinate (20 mg) in CCl4 (1 mL) was added an excess of (S)-(–)-(α)-
methylbenzylamine at rt. The solution was kept for 2-4 h at rt and then analyzed by 31P NMR to determine the 
corresponding de (de = ee) by the difference in heights and integrals. 
 
From (R)-BINAP: 31P NMR (CDCl3, 121.47 MHz) δ 20.94 (s, 60.9%, height: 155.7); 20.53 (s, 39.1%, height: 
114.8); ee(heights) = 15%. HPLC analysis: ee = 16%; Product1, tR 37.919 min; Product2, tR 46.663 min; conditions: 
(S,S)-Whelk-01 column (Regis® Technologies, 250 x 4.6 mm, 5 μm) with guard column (Agilent Zorbax® ODS, 4.6 
x 12.5 mm, 5µm), 1 mL/min (isocratic), rt, hexanes/iPrOH (7/3, v/v). 
 

HPLC 

 

 

From racemic BINAP: 31P NMR (CDCl3, 121.47 MHz) δ 21.507 (s, height: 104.5); 21.413 (s, height: 110.0); 
ee(heights) = 2.3%. HPLC analysis: ee = 1.9%; Product1, tR 29.482 min; Product2, tR 35.995 min; conditions: (S,S)-
Whelk-01 Column (Regis® Technologies, 250 × 4.6 mm, 5 μm) with guard column (Agilent Zorbax® ODS, 4.6 x 
12.5 mm, 5µm), 1 mL/min (isocratic), rt, hexanes/iPrOH (7/3, v/v).  
MS (ESI+) for C12H13O2P, [M+H]+ m/z 221.1; [NpP(O)(OH)(H)+H]+ m/z 193; [NpP(O)+H]+ m/z 175; [Np+H]+ m/z 129.1 
(Np = 1-naphthyl). 
 

HPLC 

 

Pd-Catalyzed asymmetric hydrophosphinylation (Table 4) 



 
(a) Preparation of a stock solution of EtOP(O)H2. This was conducted as described in references 1 and 2. In a typical 
procedure, a mixture of concentrated H3PO2 (100 mmol), (EtO)2SiMe2 (200 mmol) in the appropriate volume of reagent 
grade solvent (CH3CN or toluene) to create a 0.50 M solution, is refluxed for 2 h under N2. After cooling to rt, the stock 
solution was stored under N2 at rt. Less than 10% decomposition was detected after 2 months. 
 
(b) Preparation of Palladium(II) [N,N’-Bis(3,5-di-tert-butylsalicylidene)-(R,R)-1,2-cyclohexanediamine], [Pd.(R,R)-
Jacobsen] (Table 4, entries 1b-c).4 Prepared from PdCl2/Et3N according to the procedure described in reference 4. 1H 
NMR (CDCl3, 300 MHz) δ 7.71 (s, 2 H), 7.43 (s, 2 H), 6.98 (d, J = 2 Hz, 2 H), 3.41 (bs, 2 H), 2.59 (bs, 2 H), 1.89 (bs, 2 
H), 1.10 – 1.75 (m, 40 H). 
 
(c) General Procedure for the Pd-catalyzed asymmetric hydrophosphinylation. (Table 4). To a 0.50 M solution of 
EtOP(O)H2 in CH3CN or toluene (2.0 equiv) was added 1-octene (1.0 equiv) followed by the appropiate Pd-catalyst (2-3 
mol%). In those cases where the Pd-complex was formed in situ, a 1/1 ratio of PdCl2/ligand was used. The solution was 
heated at reflux for 8-12 h under N2. After cooling to rt, the mixture was diluted with EtOAc and washed with 2 M aq. 
HCl (1 x), followed by extraction of the aqueous phase with EtOAc (2 x). The combined organic phase was washed with 
saturated aq. NaHCO3 (1 x) and brine (1 x), dried (MgSO4) and concentrated to yield the crude ethyl octyl-H-phosphinate 
product,5,6 which was used without further purification in the 31P NMR assay for enantiopurity determination. Note: the 
title product was isolated by column chromatography (hexanes/EtOAc, 3/1, v/v to EtOAc, 100%) as a colorless oil for 
identity confirmation.5,6 1H NMR (CDCl3, 300 MHz) δ 7.08 (d, J = 526 Hz, 1 H), 4.03 – 4.23 (m, 2 H), 1.21 – 1.82 (m, 14 
H), 1.37 (t, J = 7 Hz, 3 H), 0.88 (t, J = 7 Hz, 3 H); 31P NMR (CDCl3, 121.47 MHz) δ 40.3 (d, JPH = 526 Hz). 
 
(d) 31P NMR assay: Derivatization with (S)-(–)-(α )-methylbenzylamine/CCl4 (Table 4). To an NMR tube charged 
with a solution of the appropiate crude mixture of ethyl octyl-H-phosphinate (20 mg) in CCl4 (1 mL) was added an 
excess of (S)-(–)-(α)-methylbenzylamine at rt. The solution was kept for 2-4 h at rt and then analyzed by 31P NMR to 
determine the corresponding de (de = ee) by the difference in heights and integrals. 
 
Ethyl octyl-H-phosphinate (4, Table 4).  
1H NMR (CDCl3, 300 MHz): δ  7.09 (d, J = 527 Hz, 1 H), 4.03 - 4.23 (m, 2 H), 1.27 - 1.80 (m, 14 H), 1.34 - 1.39 (t, J = 7 
Hz, 3 H), 0.86 - 0.90 (t, J = 7 Hz, 3 H);  13C NMR (CDCl3, 75.45 MHz) δ  62.5 (d, JPOC = 7 Hz), 31.8, 30.4 (d, JPCCC = 15 
Hz), 29.1, 29.0,  28.6 (d, JPC = 93 Hz), 22.6, 20.7, 16.2 (d, JPOCC = 6 Hz), 14.0; 31P NMR (CDCl3, 121.47 MHz) δ 40.7 (dm, 
J = 530 Hz). 
 
 
P-Chiral-H-phosphinate esters: kinetic resolution (Scheme 4) 
 
Preparation of (1,1-Diethoxy-ethyl)-cinnamyl-phosphinic acid ethyl ester (Scheme 4, molecule 5).7 To cinnamyl H-
phosphinic acid8 (5.0 mmol, 1.0 equiv) was added triethyl orthoacetate (5.5 mL, 30.0 mmol, 6.0 equiv) and boron 
trifluoride etherate (0.13 mL, 1.0 mmol, 0.20 equiv) at rt. The reaction mixture was vigorously stirred for 16-24 h at rt 
under N2. The reaction mixture was diluted with EtOAc and washed with 0.50 M aq. NaHCO3 (1 x) and brine (2 x). The 
organic layer was dried (MgSO4), concentrated and purified by chromatography on SiO2 (hexanes/EtOAc, 6/4, v/v) to 
afford the title product (1.30 g, 80% yield) as a light yellow oil. 1H NMR (300 MHz, CDCl3) δ 7.20 – 7.38 (m, 5 H, aro 
CH), 6.53 (dd, 3JH,H = 16.0 Hz, 4JHCCCP = 4.0 Hz, 1 H, -CH=), 6.19 – 6.31 (m, 1 H, -CH=), 4.15 – 4.28 (m, 2 H, -CH2-O), 
3.60 – 3.83 (m, 4 H, -CH2-O), 2.71 – 2.92 (m, 2 H, -CH2-P), 1.54 (d, 3JHCCP = 11.0 Hz, 3 H, CH3-C-P), 1.31 (t, J = 7.0 Hz, 
3 H, CH3-), 1.22 (t, J = 7.0 Hz, 3 H, CH3-), 1.21 (t, 3JH,H = 7.0 Hz, 3 H, CH3-); 13C NMR (75.45 MHz, CDCl3) δ 137.3, 
134.8 (d, JPCCC = 12.0 Hz), 128.8 (2 C), 127.7, 126.4 (d, JPCCCCC = 1.5 Hz, 2 C), 119.1 (d, JPCC = 10.5 Hz), 101.5 (d, JPC = 
139.0 Hz), 62.1 (d, JPOC = 7.0 Hz), 58.5 (d, JPCOC = 5.0 Hz), 57.0 (d, JPCOC = 7.0 Hz), 31.7 (d, JPC = 82.5 Hz), 20.8 (d, JPCC = 
12.0 Hz), 17.0 (d, JPOCC = 5.0 Hz), 15.7, 15.5; 31P NMR (121.47 MHz, CDCl3) δ 45.96 (s); HRMS (EI+) m/z calcd. for 
C17H27O4P ([M-OEt]+), 281.1307, found 281.1302. 
 
(1,1-Diethoxy-ethyl)-(2,3-dihydroxy-3-phenyl-propyl)-phosphinic acid ethyl ester (Scheme 4, molecule 6): 2 
diastereoisomers 50/50.7 

Enantioselective dihydroxylation.9 To a mixture of t-BuOH/H2O (10.0 mL, 1/1, v/v) were added ADmix-α (1.40 g, 0.4 
mol-% OsO4) and methanesulfonamide (95.0 mg, 1.0 equiv) at rt. After a few minutes of stirring at rt, the mixture became 
homogeneous. The reaction mixture was cooled down to 0 °C and a solution of ester 5 (0.326 g, 1.0 mmol) in t-
BuOH/H2O (0.50 mL) was added. After 16 h at rt, the reaction mixture was cooled down to 0 °C and Na2SO3 (1.5 g) was 
added. After 1 h at rt, the reaction mixture was extracted with EtOAc (3 x). The combined organic phase was washed with 
2.0 N aq. KOH (1 x) and with brine (1 x), dried (MgSO4), concentrated and purified by chromatography on SiO2 



(hexanes/EtOAc, 1/9, v/v to EtOAc/MeOH, 98/2, v/v) to afford the enantioenriched dihydroxylated compound 6 (0.326 g, 
91% yield) as a colorless oil. [α]D = + 0.675° (c 1.85, absolute EtOH, 24.9 °C). 
Racemic dihydroxylation. To a solution of ester 5 (0.652 g, 2.0 mmol) in acetone (4.0 mL) was added N-
methylmorpholine N-oxide (0.70 g, 6.0 mmol, 3.0 equiv) followed by a 0.050 M aq. solution of osmium tetroxide (0.40 
mL, 0.020 mmol, 1 mol-%) at rt. After 17 h at rt, the reaction mixture was cooled down to 0 °C and Na2SO3 (3.0 g) was 
added. After 1 h at rt, the reaction mixture was diluted with brine and extracted with EtOAc (3 x). The combined organic 
phase was dried (MgSO4), concentrated and purified by chromatography on SiO2 (hexanes/EtOAc, 1/9, v/v to 
EtOAc/MeOH, 98/2, v/v) to afford the racemic dihydroxylated compound 6 (0.555 g, 77% yield) as a colorless oil. [α]D = 
+ 0.248° (c 1.85, absolute EtOH, 24.9 °C).  
1H NMR (300 MHz, CDCl3) δ 7.28 – 7.41 (m, 5 H, aro CH), 4.55 (m, 1 H + 0.5 H, -CH-O), 4.08 – 4.28 (m, 2 H + 0.5 H, -
CH2-O & -CH-O), 3.46 – 3.73 (m, 4 H, -CH2-O), 1.68 – 2.14 (m, 2 H, -CH2-P), 1.45 & 1.39 (2 d, JHCCP = 11.5 Hz, 3 H, 
CH3-), 1.32 & 1.29 (2 t, J = 7.0 Hz, 3 H, CH3-), 1.12 – 1.23 (m, 6 H, CH3-); 13C NMR (75.45 MHz, CDCl3) δ 140.3 & 
140.2, 128.4 (2 C), 128.1 & 128.0, 127.1 & 127.0 (2 C), 101.1 (d, JPC = 144.0 Hz) & 100.9 (d, JPC = 142.0 Hz), 78.0 & 
77.8 (2 d, JPCCC = 12.0 Hz), 71.3 (d, JPCC = 5.0 Hz) & 70.5 (d, JPCC = 5.5 Hz), 62.2 & 61.9 (2 d, JPOC = 7.0 Hz), 58.4 (d, 
JPCOC = 5.5 Hz), 57.9 & 57.8 (2 d, JPCOC = 7.0 Hz), 29.4 (d, JPC = 83.0 Hz) & 29.3 (d, JPC = 84.5 Hz), 20.0 & 19.8 (2 d, JPCC 
= 12.5 Hz), 16.6 (d, JPOCC = 5.5 Hz), 15.4, 15.2; 31P NMR (121.47 MHz, CDCl3) δ 50.81 (s, 50%), 49.87 (s, 50%); HRMS 
(Ammonium Chem Ion) m/z calcd. for C17H29O6P, ([M-OEt]+), 315.1361, found 315.1369. 
(2,3-Dihydroxy-3-phenyl-propyl)-H-phosphinic acid (Scheme 4, molecule 7). To a solution of the ester 6 (0.150 g, 
0.420 mmol) in EtOH (5.0 mL, 0.10 M) was added Amberlite IR120+ (1.25 g, 3.0 g/mmol). After 16 h at reflux, the 
reaction mixture was cooled down to rt and filtered through cotton. The filtrate was concentrated in vacuo to afford the 
deprotected product 7 (0.930 g, 100% yield) as a colorless wax. 1H NMR (300 MHz, D2O) δ 7.18 – 7.30 (m, 5 H, aro 
CH), 6.82 (ddd, JHP = 563.0 Hz, J = 3.5, 1.0 Hz, 1 H, H-P), 4.43 (d, J = 6.0 Hz, 1 H, -CH-O), 4.03 (tdd, JHCCP = 10.5 Hz, J 
= 6.0, 3.5 Hz, 1 H, -CH-O), 1.56 – 1.86 (m, 2 H, -CH2-P); 13C NMR (75.45 MHz, D2O) δ 139.8, 128.8 (2 C), 128.5, 127.2 
(2 C), 77.4 (d, JPCCC = 14.0 Hz), 70.3 (d, JPCC = 4.0 Hz), 33.4 (d, JPC = 93.5 Hz); 31P NMR (121.47 MHz, D2O) δ 29.77 
(ddd, JPH = 550.0 Hz, JPCH = 18.5 Hz, JPCCH = 12.0 Hz); HRMS (ESI+) m/z calcd. for C9H13O4P, ([M+H]+), 217.0629, found 
217.0633. 
 
C-Chiral H-phosphinic acids: asymmetric benzylation (Equations 3 & 4) 
 
Benzylation of H3PO2 with (R)-1-(2-naphthyl)ethanol (Equation 3).10 To a solution of (R)-(+)-1-(2-naphthyl)ethanol 
(0.344 g, 2.0 mmol, 1.0 equiv)11 and concentrated H3PO2 (0.264 g, 4.0 mmol, 2.0 equiv) in t-AmylOH (0.20 M, 10.0 mL) 
were added Pd2dba3 (18.3 mg, 0.020 mmol, 1 mol%) and xantphos (25.5 mg, 0.0440 mmol, 2.2 mol%) at rt. The flask was 
equipped with a Dean-Stark trap (prefilled with t-AmylOH) and the reaction mixture was heated at reflux for 16 h under 
N2. After cooling down to rt, the reaction was filtered and concentrated in vacuo. The residue was dissolved in EtOAc and 
extracted with 0.50 M aq. NaHCO3 (3 x). The aqueous layer was acidified to pH 1 with 10% aq. HCl and extracted with 
EtOAc (3 x). The combined organic phase was washed with brine (1 x), dried (MgSO4) and concentrated to afford a white 
solid [0.440 g, 100% yield, 89 : 11 (8 : 9, branched : linear)].  
Hydrophosphinylation of 2-vinylnaphthalene with H3PO2 (Equation 4).10 To a solution of 2-vinylnaphthalene (0.318 
g, 2.0 mmol, 1.0 equiv) and concentrated H3PO2 (0.264 g, 4.0 mmol, 2.0 equiv) in t-AmylOH (0.20 M, 10.0 mL) were 
added Pd2dba3 (0.0183 g, 0.020 mmol, 1 mol%) and xantphos (25.5 mg, 0.0440 mmol, 2.2 mol%) at rt. The flask was 
equipped with a Dean-Stark trap (prefilled with t-AmylOH) and the reaction mixture was heated at reflux for 16 h under 
N2. After cooling down to rt, the reaction was filtered and concentrated in vacuo. The residue was dissolved in EtOAc and 
extracted with 0.50 M aq. NaHCO3 (3 x). The aqueous layer was acidified to pH 1 with 10% aq. HCl and extracted with 
EtOAc (3 x). The combined organic phase was washed with brine (1 x), dried (MgSO4) and concentrated to afford a white 
solid [0.315 g, 72% yield, 78 : 22 (8 : 9, branched : linear)]. 
1-(2-Naphthyl)ethyl-H-phosphinic acid (Branched isomer, molecule 8). 1H NMR (CDCl3, 300 MHz) δ 7.25 – 7.81 (m, 
7 H), 6.88 (d, JHP = 548.0 Hz, 1 H), 3.21 (dq, JHCP = 24.5 Hz, J = 7.5 Hz, 1 H), 1.59 (d, JHCCP = 19.0 Hz, J = 7.5 Hz, 3 H); 
13C NMR (CDCl3, 75.45 MHz) δ 133.4 (d, JPCCCC = 5.5 Hz), 133.3 (d, JPCC = 7.5 Hz), 132.6 (d, JPCCCCC = 2.5 Hz), 128.3 (d, 
JPCCCC = 2.5 Hz), 127.8, 127.6, 127.4 (d, JPCCC = 8.0 Hz), 126.7 (d, JPCCC = 5.0 Hz), 126.2, 126.0, 40.6 (d, JPC = 89.5 Hz), 
12.4; 31P NMR (CDCl3, 121.47 MHz) δ 41.10 (d, JPH = 548.0 Hz); HRMS (EI+) m/z calcd. for C12H13O2P, (M+) 220.0653, 
found 220.0657. 
2-(2-Naphthyl)ethyl-H-phosphinic acid (Linear isomer, molecule 9). 1H NMR (CDCl3, 300 MHz) δ 7.25 – 7.81 (m, 7 
H), 7.00 (d, JHP = 548.0 Hz, 1 H), 2.94 – 3.04 (m, 2 H), 2.00 – 2.11 (m, 2 H); 31P NMR (CDCl3, 121.47 MHz) δ 37.39 (d, 
JPH = 548.0 Hz); HRMS (EI+) m/z calcd. for C12H13O2P, (M+) 220.0653, found 220.0657. 
 
 
 
 
 



Determination of the enantioselectivity of the benzylation reaction.10 1-(2-Naphthyl)ethyl-H-phosphinic acid (5.0 mg) 
was dissolved in CDCl3 (0.50 mL) and (R)-(+)-(α)-methylbenzylamine (2 drops) were added. The solution was kept for a 
few minutes rt and then analyzed by 31P NMR. The enantiomeric excess was determinated by height and by integration. 
 
31P NMR data (CDCl3 + (R)-(+)-(α)-methylbenzylamine, 300 MHz):10 

Starting material Linear isomer, % Branched isomer 
Integration percent, height, shift ee, % 

Racemic 1-(2-Naphthyl)ethanol 10 43%, 124.4, 30.53 ppm 
46%, 124.6, 30.33 ppm 3 

R-(+)-1-(2-Naphthyl)ethanol11 11 10%, 15.7, 30.48 ppm 
79%, 125.7, 30.25 ppm 77 

2-Vinylnaphthalene 22 38%, 65.6, 28.84 ppm 
41%, 71.4, 29.67 ppm 3 

 
Determination of the absolute configuration: Preparation of 1-(2-naphthyl)ethylphosphonic acid.10,12 To the chiral 
1-(2-naphthyl)ethyl-H-phosphinic acid (8) (0.227 g, 1.030 mmol, 1.0 equiv) in DMF (0.15 M, 7.0 mL) were added 
Pd2dba3 (9.40 mg, 0.01030 mmol, 1 mol%) and xantphos (12.40 mg, 0.0216 mmol, 2.2 mol%) at rt. The resulting solution 
was heated at 110 °C, opened to air for 23 h. After cooling down to rt, the reaction was filtered and concentrated in vacuo. 
The residue was dissolved in EtOAc and extracted with 0.50 M aq. NaHCO3 (3 x). The aqueous layer was acidified to pH 
1 with 10% aq. HCl and extracted with EtOAc (3 x). The combined organic phase was washed with brine (1 x), dried 
(MgSO4) and concentrated to afford a white solid (0.147 g, 61%, 89 : 11, branched : linear). 1H NMR (CDCl3, 300 MHz) 
δ 7.75 – 7.84 (m, 4 H), 7.43 – 7.48 (m, 3 H), 3.15 (dq, JHCP = 21.5 Hz, J = 7.5 Hz, 1 H), 1.49 (dd, JHCCP = 17.5 Hz, J = 7.5 
Hz, 3 H); 13C NMR (DMSO-d6, 75.45 MHz) δ 138.8 (d, JPCC = 8.0 Hz), 133.6, 132.5, 128.2 (d, JPCCC = 5.0 Hz), 128.1, 
128.0, 127.8, 127.2 (d, JPCCC = 8.0 Hz), 126.6, 126.0, 39.6 (d, JPC = 124.0 Hz), 16.8 (d, JPCC = 4.5 Hz); 31P NMR (DMSO-
d6, 121.47 MHz) δ 25.99 (s, 11%), 25.65 (s, 89%); HRMS (EI+) m/z calcd. for C12H13O3P, (M+) 236.0602, found 
236.0598. [α]D = - 11.106° (c 0.9, MeOH). 
Comparing the specific rotation of the 1-(2-naphthyl)ethylphosphonic acid and the literature data ([α]D = -3.7 (c 1.2, 
MeOH) for the (R)-1-phenylethylphosphonic acid,13 the absolute configuration (S) was assigned to 1-(2-naphthyl)ethyl-H-
phosphinic acid. Therefore the reaction proceeds with overall inversion of configuration. 
 
References 
                                                 
1 P. Ribière, K. Bravo-Altamirano, M. Antczak, J. D. Hawkins, J.-L. Montchamp, J. Org. Chem., 2005, 70, 4064-4072. 
2 S. Deprèle, J.-L. Montchamp, J. Organomet. Chem., 2002, 643-644, 154-163. 
3 J.-L. Montchamp, J. Organomet. Chem., 2005, 690, 2388-2406. 
4 (a) E. F. DiMauro, M. C. Kozlowski, Organometallics, 2002, 21, 1454-1461. (b) W.-H. Leung, E. Y. Y. Chan, E. K. F. 

Chow, I. D. Williams, S.-M. Peng, J. Chem. Soc., Dalton Trans., 1996, 1229-1236. 
5 S. Deprèle, J.-L. Montchamp, J. Am. Chem. Soc., 2002, 124, 9386-9387. 
6 M. I. Antczak, J.-L. Montchamp, Synthesis, 2006, 3080-3084. 
7 L.Coudray, J.-L. Montchamp, Eur. J. Org. Chem., 2009, 4646-4654. 
8 (a) K. Bravo-Altamirano, J.-L. Montchamp, Org. Synth., 2008, 85, 96. (b) K. Bravo-Altamirano, J.-L. Montchamp, Org. 

Lett., 2006, 8, 4169-4171. 
9 H. C. Kolb, M. S. VanNieuwenhze, K. B. Sharpless, Chem. Rev., 1994, 94, 2483-2547. 
10L. Coudray, J.-L. Montchamp, Eur. J. Org. Chem., 2008, 4101-4103. 
11Purchased from Aldrich, R/S ≥ 98.5/1.5. 
12N. S. Gulyukina, T. M. Dolgina, G. N. Bondarenko, I. P. Beletskaya, N. A. Bondarenko, J.-C. Henry, D. Lavergne, V. 
Ratovelomanana-Vidal, J.-P. Genet, Russ. J. Org. Chem., 2002, 38, 573-587. 
13Y. L. Bennani, S. Hanessian, Tetrahedron, 1996, 52, 13837-13866. 



SI Table.a Hypophosphite esters ROP(O)H2 1: 31P-NMR data. 
 

Alcohol 
ROH 

Hypophosphite 
ROP(O)H2 

31P-NMR 
solvent 

 

16.4 (td, J = 566, 12 Hz) CH3CN 

 

19.5 (td, J = 566, 12 Hz) CH3CN 

 
14.2 (td, J = 570, 21 Hz) CH3CN 

 
13.7 (td, J = 567, 10 Hz) CH3CN 

 
13.2 (td, J = 563, 11 Hz) CH3CN 

 

17.4 (tt, J = 570, 12 Hz) CH3CN 

 

Trans: 11.7 (ddd, J = 572, 568, 10 Hz) 
Cis: 10.5 (ddd) CH3CN 

 

10.4 (td, J = 570, 10 Hz) 
11.3 (td, J = 563, 11 Hz) 

CH3CN 
cyclohexane 

 

13.1 (td, J = 569, 10 Hz) 
17.0 (td, J = 569, 10 Hz) 

 

CH3CN 
cyclohexane 

 

19.9 (td, J = 570, 8 Hz) CH3CN 

OH

OH

OH

OH

Ph

Ph

OH

OMe

OH

OH

OH

Ph

OH

Np

OH



 

Trans: 10.7 (td, J = 570, 10 Hz) CH3CN 

 

Trans: 12.6 (td, J = 569, 10 Hz) CH3CN 

 

Trans: 13.7 (td, J = 570, 9 Hz) CH3CN 

 

Trans: 13.7 (td, J = 572, 9 Hz) CH3CN 

 

Trans: 16.2 (ddd, J = 567, 568, 9 Hz) CH3CN 

 

Trans: 17.9 (ddd, J = 566, 565, 10 Hz) CH3CN 

EtOP(O)H2 16.2 (tt, J = 565, 10 Hz) CH3CN 
a Hypophosphite esters (alkyl phosphinates) ROP(O)H2 cannot be isolated as pure 
compounds.  Instead, they are prepared in solution (Scheme 2) and used in situ. 

Ph

OH

OH

i-Pr

i-Pr

OH

O

OH

OH
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