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1. General 

1H NMR spectra were recorded on commerical instruments (400 MHz). Chemical 
shifts were reported in ppm from tetramethylsilane with the solvent resonance as the 
internal standard (CDCl3, δ = 7.26). Spectra are reported as follows: chemical shift (δ 
ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), 
coupling constants (Hz), integration, and assignment. 13C NMR spectra were collected 
on commerical instruments (100 MHz) with complete proton decoupling. Chemical 
shifts are reported in ppm from the tetramethylsilane with the solvent resonance as 
internal standard (CDCl3, δ = 77.0). The enantiomeric excesses were determined by 
HPLC analysis on chiral DAICEL CHIRALCEL AS-H, AD-H, OD-H and AD 
column at 254 nm unless specially indicated. Optical rotations were measured on a 
commerical polarimeter and reported as follows: [α] T

D (c = g/100 mL, solvent). 
Reagents obtained from commercial sources were used without further purification. 
CH2Cl2 and THF were distilled over CaH2 and Na respectively before use. The chiral 
ligands 1a-1e and 2 was prepared according to literature reported.[1] 

1a: R1 = tBu, R2 = tBu
1b: R1 = H, R2 = H
1c: R1 = H, R2 = tBu
1d: R1 = H, R2 = NO2
1e: R1 = Adamantanyl, R2 = tBu

2

N OH

R1

OHR2

NH OH

Adamantanyl

OHBut

 

Table 1. Solvent Effect on enantioselective hydrophosphonylation of 
benzaldehyde. a 

4

H

O

P
O

OEt
OEtH

10 mol% Et2AlCl, 10 mol% 1a
+

0oC, 24 h

*
P(OEt)2

OH

O
3a 5a  

entry solvent yield (%)b ee (%)c 

1 THF 88 86 
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2 toluene 83 86 

3 CH2Cl2 59 92 

4 Et2O 87 83 

5 CHCl3 35 88 

6 CH2ClCH2Cl 51 77 

a All reactions were carried out under nitrogen, diethyl phosphite (0.3 
mmol), benzaldehyde (0.25 mmol), and 1.0 mL solvent. b Isolated yield. c 
Determined by HPLC. 

 

Table 2. Effect on the amount of diethyl phosphitea 

4

H

O

P
O

OEt
OEtH

10 mol% Et2AlCl, 10 mol% 1a
+

0oC, 24 h

*
P(OEt)2

OH

O
3a 5a  

entry Amount of 4 (mmol) yield (%)b ee (%)c 

1 0.3 94 84 

2 0.275 88 83 

3 0.25 73 85 

4 0.225 71 87 

5 0.2 61 86 

a All reactions were carried out under nitrogen, benzaldehyde (0.25 mmol), 
and 1.0 mL THF. b Isolated yield. c Determined by HPLC. 
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Table 3. Effect on substituent of phosphitea 

H

O

P
O

OR
ORH

10 mol% Et2AlCl, 10 mol% 1a
+

THF, 0oC, 24 h

*
P(OR)2

OH

O  

entry R yield (%)b ee (%)c 

1 CH3 95 85 

2 Et 88 85 

3 iPr 43 75 

4 Bn 75 71 

5 CH3 82 90d 

6 Et 78 95d 

a All reactions were carried out under nitrogen, benzaldehyde (0.25 mmol), 
phosphite (0.3 mmol), and 1.0 mL THF. b Isolated yield. c Determined by 
HPLC. d Reaction was performed under -20oC, using a co-solvent of  0.4 
mL CH2Cl2 and 0.6 mL THF, catalyst was prepared in situ in CH2Cl2 

 

2. Typical procedure for the enantioselective hydrophosphonylation of 
aldehydes. 
 

To the solution of 1e (0.025 mmol) in 0.4 mL CH2Cl2, Et2AlCl (0.025 mmol) was 
added under nitrogen. After stirring at 30oC for 30 min, aldehyde (0.25 mmol) in 0.3 
mL THF was added and stirred for a further 30 min. Then the diethyl phosphite (0.3 
mmol) in 0.3 mL THF was added under -15oC and the reaction was stirred for 60 h. 
The α-hydroxyl phosphonate was direct purified by column chromatography on silica 
gel (ethyl acetate / petroleum ether 1:1—9:1)  

 

(S)-Diethyl hydroxy(phenyl)methylphosphonate: white 
solid. The material was determined to be of 96% ee by chiral 
HPLC analysis [Chiralpak AS-H, 80:20 n-hexane/iPrOH, 1.0 
mL/min；tr (minor) = 6.92 min,  tr (major) =8.37 min]; [α]D

20 

= -39.7o (c = 0.39 in CHCl3). 
1H NMR (300 MHz, CDCl3): δ =  

P(OEt)2

OH

O
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7.46-7.49 (m, 2H), 7.25-7.37 (m, 3H), 5.00 (d, J = 11.0 Hz, 1H), 3.94-4.08 (m, 4H), 
1.14-1.27 (m, 6H) ppm. 

 

 

Diethyl hydroxy(o-tolyl)methylphosphonate: white solid. 
The material was determined to be of 96% ee by chiral HPLC 
analysis [Chiralpak AS-H, 80:20 n-hexane/iPrOH, 1.0 
mL/min，tr (minor) = 6.112 min,  tr (major) = 7.404 min]; 
[α]D

20 = -59.1o (c = 0.53 in CHCl3). 
1H NMR (400 MHz, 

CDCl3): δ = 7.64 (d, J = 7.6 Hz 1H), 7.16-7.29 (m, 3H), 5.29 (d, J = 10.8 Hz, 1H), 
3.94-4.15 (m, 4 H), 2.40 (s, 3H), 1.30 (t, J = 7.2 Hz, 6H), 1.23 (t, J = 7.2 Hz, 6H) 
ppm. 13C NMR (100 MHz, CDCl3): δ = 135.8 (d, J = 7 Hz), 135.0 (d, J = 9 Hz), 130.2, 
128.0, 127.3, 126.1 (d, J = 2 Hz), 67.1 (d, J = 159 Hz), 63.7 (d, J = 7 Hz), 63.1 (d, J = 
7 Hz), 19.5, 16.3 ppm; ESI-HRMS Calcd for (C12H19O4P + Na+) 281.0913, Found: 
281.0915. 

P(OEt)2

OH

O
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Diethyl hydroxy(m-tolyl)methylphosphonate: colorless oil. 
The material was determined to be of 96% ee by chiral HPLC 
analysis [Chiralpak AS-H, 80:20 n-hexane/iPrOH, 1.0 mL/min, 
tr (minor) = 5.964 min,  tr (major) = 7.429 min]; [α]D

20 = 
-27.5o (c = 0.56 in CHCl3). 

1H NMR (400 MHz, CDCl3): δ = 
7.13-7.23 (m, 3H), 7.03 (d, J = 7.2 Hz, 1H), 4.89 (d, J = 10.8 

Hz, 1 H), 3.84-4.02 (m, 4H), 2.28 (s, 3 H), 1.16 (dt, J = 21.2, 7.2 Hz, 6H) ppm. 
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(S)-Diethyl hydroxy(p-tolyl)methylphosphonate: white 
solid. The  material was determined to be of 97% ee by 
chiral HPLC analysis [Chiralpak AS-H, 80:20 
n-hexane/iPrOH, 1.0 mL/min tr (minor) = 8.091 min,  tr 
(major) = 10.284 min]; [α]D

20 = -40.0o (c = 0.81 in CHCl3). 
1H NMR (400 MHz, CDCl3): δ = 7.35-7.38 (dd, J = 2.0, 8.0 Hz, 2H), 7.18 (d, J = 8.0 
Hz, 2 H), 4.98 (dd, J = 6.0, 10.4 Hz, 1H), 3.93-4.10 (m, 4H), 2.35 (d, J = 1.6 Hz, 4H), 
1.28 (d, J = 7.2 Hz, 3H), 1.23 (d, J = 7.2 Hz, 3H) ppm. 

P(OEt)2

OH

O

P(OEt)2

OH

O
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 Diethyl hydroxy(2-nitrophenyl)methylphosphonate: black 
solid. The material was determined to be of 94% ee by chiral 
HPLC analysis [Chiralpak AS-H, 80:20 n-hexane/iPrOH, 1.0 
mL/min tr (minor) = 9.399 min,  tr (major) = 17.380 min]; 1H 
NMR (400 MHz, CDCl3): δ = 8.03 (d, J = 7.2 Hz, 2H), 7.70 (t, 

J = 8.0 Hz, 1H), 7.48 (t, J = 7.6 Hz, 1H), 6.27 (dd, J =3.2 Hz, J = 10.8 Hz, 1H), 4.92 
(s, 1 H), 4.05-4.19 (m, 4H), 1.28 (t, J = 7.2 Hz, 1H), 1.22 (t, J = 7.2 Hz, 1H)  ppm. 

13C NMR (100 MHz, CDCl3): δ = 147.6 (d, J = 5 Hz), 133.3 (d, J = 3 Hz), 133.0, 
128.9 (d, J = 4 Hz), 128.3 (d, J = 4 Hz), 124.7 (d, J = 2 Hz), 65.5 (d, J = 159 Hz), 
64.1 (d, J = 7 Hz), 63.3 (d, J = 7 Hz) 16.2 ppm; ESI-HRMS Calcd for (C11H16NO6P + 
Na+) 290.0788, Found: 290.0789. 
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Diethyl hydroxy(3-nitrophenyl)methylphosphonate: white 
solid. The material was determined to be of 94% ee by chiral 
HPLC analysis [Chiralpak AS-H, 80:20 n- hexane /iPrOH, 1.0 
mL/min, tr (minor) = 10.217 min,  tr (major) = 10.965 min]; 
[α]D

20 = -31.1o (c = 0.94 in CHCl3). 
1H NMR (400 MHz, 

CDCl3): δ = 8.40 (d, J = 2.0 Hz, 1H), 8.18 (d, J = 8.0 Hz, 1H), 
7.3 (d, J = 7.6 Hz, 1H), 7.55 (t, J = 8.0 Hz, 1H), 5.17 (d, J = 11.2 Hz, 1H), 4.53 (s, 
1H), 4.07-4.18 (m, 4H), 1.29 (dt, J = 7.2, 14.0 Hz, 6H) ppm. 13C NMR (100  

P(OEt)2

OH

O

NO2

P(OEt)2

OH

O

NO2
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MHz, CDCl3): δ = 148.2 (d, J = 3 Hz), 139.4 (d, J = 1 Hz),133.1(d, J = 5 Hz), 129.0 
(d, J = 3 Hz), 122.8 (d, J = 3 Hz), 122.0 (d, J = 6 Hz), 69.8 (d, J = 159 Hz), 64.0 (d, J 
= 7 Hz), 63.3 (d, J = 7 Hz) 16.3 ppm; ESI-HRMS Calcd for (C11H16NO6P + Na+) 
312.0607, Found: 312.0604. 
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Diethyl hydroxy(4-nitrophenyl)methylphosphonate: 
white solid. The material was determined to be of 92% 
ee by chiral HPLC analysis [Chiralpak AS-H, 80:20 
n-hexane/iPrOH, 1.0 mL/min, tr (minor) = 9.876 min,  
tr (major) = 12.869 min]; [α]D

20 = -42.4o (c = 0.78 in 
CHCl3). 

1H NMR (400 MHz, CDCl3). 
1H NMR (400 

MHz, CDCl3): δ = 8.23 (d, J = 8.4 Hz, 2H), 7.67 (dd, J = 2.0, 8.8 Hz, 2H), 5.17 (d, J = 
12.0 Hz, 1H), 4.05-4.24 (m, 4H), 1.25-1.31 (m, 6H) ppm. 13C NMR (100 MHz, 
CDCl3): δ = 147.52, 144.45, 127.7 (d, J = 5 Hz), 123.3, 70.1 (d, J = 158 Hz), 64.0 (d, 
J = 8 Hz), 63.3 (d, J = 8 Hz) 16.4 ppm; ESI-HRMS Calcd for (C11H16NO6P + H) 
290.0788, Found: 290.0785. 
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Diethyl hydroxy(2-methoxyphenyl)methylphosphonate: 
colorless oil. The material was determined to be of 95% ee by 
chiral HPLC analysis [Chiralpak AD, 85:15 n-hexane/iPrOH, 
1.0 mL/min, tr (minor) = 10.17 min,  tr (major) = 12.46 min]; 
[α]D

20 = -43.4o (c = 0.78 in CHCl3). 
1H NMR (400 MHz, 

CDCl3): δ = 7.46 (d, J = 7.6 Hz, 1H), 7.18 (t, J = 8.0 Hz, 1H), 6.89 (t, J = 7.6 Hz, 1H), 
6.78 (d, J = 8.0 Hz, 1H), 5.38 (d, J = 11.6 Hz, 1H), 3.78-4.06 (m, 4H), 3.75 (s, 3H), 
1.06-1.21 (m, 6H) ppm. 

 

 

Diethyl hydroxy(3-methoxyphenyl)methylphosphonate: 
colorless oil. The material was determined to be of 93% ee by 
chiral HPLC analysis [Chiralpak AS-H, 80:20 
n-hexane/iPrOH, 1.0 mL/min, tr (minor) = 10.003 min,  tr 
(major) = 15.832 min]; [α]D

20 = -13.6o (c = 0.50 in CHCl3). 
1H 

P(OEt)2

OH

O

OMe

P(OEt)2

OH

O

OMe
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NMR (400 MHz,  

CDCl3): δ = 7.30 (t, J = 7.6 Hz, 1H), 7.08 (d, J = 8.0 Hz, 2H), 6.88 (d, J = 8.4 Hz, 
1H), 5.03 (d, J = 10.8 Hz, 1H), 3.99-4.16 (m, 4H), 3.84 (s, 3 H), 1.24-1.39 (dt, J = 
20.0, 6.8 Hz, 6H) ppm. 
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(S)-Diethyl hydroxyl(4-methoxyphenyl)methyl 
phosphonate: white solid. The material was 
determined to be of 97% ee by chiral HPLC analysis 
[Chiralpak AS-H, 80:20 n-hexane/iPrOH, 1.0 mL/min tr 
(minor) = 9.796 min,  tr (major) = 13.151 min]; [α]D

20 

= -38.6o (c = 0.76 in CHCl3). 
1H NMR (400 MHz, CDCl3): δ = 43 (d, J = 6.8 Hz, 

2H),6.93 (t, J = 8.8 Hz, 2H), 4.98 (d, J = 9.6 Hz, 1H), 3.94-4.14 (m, 4H), 3.83 (s, 3H), 
1.27 (dt, J = 23.2, 7.2 Hz, 6H) ppm. 
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Diethyl (4-fluorophenyl)(hydroxy)methylphosphonate. 
white solid. The material was determined to be of 97% ee 
by chiral HPLC analysis [Chiralpak AS-H, 80:20 
n-hexane/iPrOH, 1.0 mL/min tr (minor) = 6.497 min, tr 
(major) = 7.920 min]; [α]D

20 = -29.2o (c = 0.68 in CHCl3). 
1H NMR (400 MHz, CDCl3): δ = 6.95-6.98 (m, 2H), 6.56 (t, J = 8.4 Hz, 2H), 4.50 (d, 
J = 10.4 Hz, 1H), 3.47-3.61 (m, 4H), 0.72-0.79 (m, 6H) ppm. 13C NMR (100 MHz, 
CDCl3): δ = 162.5 (d, J = 245 Hz), 132.6, 128.8, 115.1 (d, J = 22 Hz), 70.1 (d, J = 158 
Hz), 63.4 (d, J = 7 Hz), 63.0 (d, J = 7 Hz), 16.4 (d, J = 6 Hz) ppm; ESI-HRMS Calcd 
for (C11H16FO4P + H) 263.0843, Found: 263.0844. 

A
U

0.00

0.20

0.40

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

6.
40

0

7.
98

6

 

A
U

0 .0 0

0 .2 0

0 .4 0

0 .6 0

Min u te s
1 .0 0 2 .0 0 3 .0 0 4 .0 0 5 .0 0 6 .0 0 7 .0 0 8 .0 0 9 .0 0 1 0 .00

6.
49

7

7.
92

0

 

 

 

Diethyl (2-chlorophenyl)(hydroxy)methylphosphonate: 
white solid. The material was determined to be of 95% ee by 
chiral HPLC analysis [Chiralpak AS-H, 80:20 
n-hexane/iPrOH, 1.0 mL/min, tr (minor) = 7.912 min, tr 
(major) = 17.349 min]; [α]D

20 = -58.6o (c = 0.57 in CHCl3). 
1H 

NMR (400 MHz, CDCl3): δ = 7.75 (d, J = 7.6 Hz, 1H), 7.25-7.39 (m, 3H), 5.58 (d, J 
= 11.6 Hz, 1H), 3.97-4.23 (m, 4H), 1.34 (t, J = 7.2 Hz, 3H), 1.23 (t, J = 7.2 Hz, 3H) 
ppm. 13C NMR (100 MHz, CDCl3): δ = 135.0 (d, J = 10 Hz), 132.9 (d, J = 8 Hz), 
129.3 127.0, 66.9 (dd, J = 155 , 6 Hz), 63.8 (d, J = 8 Hz), 63.2 (d, J = 7 Hz), 16.3 ppm; 
ESI-HRMS Calcd for (C11H16ClO4P + H) 279.0547, Found: 279.0547. 
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Diethyl (3-chlorophenyl)(hydroxy)methylphosphonate: 
white solid. The material was determined to be of 92% ee by 
chiral HPLC analysis [Chiralpak AS-H, 80:20 
n-hexane/iPrOH, 1.0 mL/min, tr (minor) = 6.822 min, tr 
(major) = 7.747 min]; [α]D

20 = -25.3o (c = 0.46 in CHCl3). 
1H 

NMR (400 MHz, CDCl3): δ = 7.26-7.37 (m, 4H), 5.01 (dd, J = 
4.8, 11.2 Hz, 1H), 4.03-4.13 (m, 4H), 1.27 (dt, J = 7.2, 12.8.0 Hz, 6H) ppm. 13C NMR 
(100 MHz, CDCl3): δ = 139.0 (d, J = 2 Hz), 134.1 (d, J = 3 Hz), 129.4 (d, J = 2 Hz), 
128.0 (d, J = 3 Hz), 127.2 (d, J = 5 Hz), 125.3 (d, J = 5 Hz), 69.6 (d, J = 159 Hz), 
63.7 (d, J = 7 Hz), 63.2 (d, J = 8 Hz), 16.4 (d, J = 6 Hz) ppm; ESI-HRMS Calcd for 
(C11H16ClO4P + H) 279.0547, Found: 279.0547. 
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(S)-Diethyl (4-chlorophenyl)(hydroxy)methylpho 
sphonate: white solid. The material was determined to be 
of 95% ee by chiral HPLC analysis [Chiralpak AS-H, 
85:15 n-hexane/iPrOH, 1.0 mL/min, tr (minor) = 7.14 
min, tr (major) = 9.14 min]; [α]D

20 = -43.1o (c = 0.39 in 
CHCl3). 

1H NMR (400 MHz, CDCl3): δ = 7.33-7.44 (m, 4H), 5.00 (dd, J = 4.8, 10.8 
Hz, 1 H), 3.99-4.17 (m, 4H), 1.22-1.30 (dt, J = 6.8, 12.8 Hz, 6H) ppm. 
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Diethyl 
(4-bromophenyl)(hydroxy)methylphosphonate: white 
solid. The material was determined to be of 97% ee by 
chiral HPLC analysis [Chiralpak AS-H, 80:20 
n-hexane/iPrOH, 1.0 mL/min, 1.0 mL/min, tr (minor) = 

8.433 min, tr (major) = 11.378 min]; [α]D
20 = -33.0o (c = 0.46 in CHCl3). 

1H NMR 
(400 MHz, CDCl3): δ = 7.50 (d, 2H), 7.36 (dd, J = 2.0, 8.4 Hz, 2H), 4.98 (d, J = 10.0 
Hz, 1H), 3.99-4.12 (m, 4H), 1.26 (dt, J = 7.2, 11.6 Hz, 6H) ppm. 13C NMR (100 MHz, 
CDCl3): δ = 135.8 (d, J = 2 Hz), 131.3 (d, J = 3 Hz), 128.7 (d, J = 6 Hz), 121.9 (d, J = 
5 Hz), 70.2 (d, J = 159 Hz), 63.5 (d, J = 7 Hz), 63.1 (d, J = 7 Hz), 16.4 (d, J = 5 Hz) 
ppm; ESI-HRMS Calcd for (C11H16BrO4P + H) 323.0042, Found: 323.0042. 
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Diethyl (4-cyanophenyl)(hydroxy)methylphosphonate: 
white solid. The material was determined to be of 89% ee 
by chiral HPLC analysis [Chiralpak AS-H, 80:20 
n-hexane/iPrOH, 1.0 mL/min, tr (minor) = 9.555 min, tr 
(major) = 12.302 min]; [α]D

20 = -46.2o (c = 0.92 in 
CHCl3). 

1H NMR (400 MHz, CDCl3): δ = 7.59-7.68 (m, 
4H), 5.10 (d, J = 12.0 Hz, 1H), 4.03-4.15 (m, 4H), 1.24-1.30 (m, 6H) ppm. 13C NMR 
(100 MHz, CDCl3): δ = 142.5 (d, J = 2 Hz), 131.9 (d, J = 3 Hz), 127.6 (d, J = 5 Hz), 
118.7 (d, J = 2 Hz), 111.6 (d, J = 3 Hz), 70.1 (d, J = 158 Hz), 63.9 (d, J = 7 Hz), 16.4 
(d, J = 8 Hz) ppm; ESI-HRMS Calcd for (C12H16NO4P + H) 270.0890, Found: 
270.0886. 
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Diethyl(4-phenyl)(hydroxy)methylphosphonate: white 
solid. The material was determined to be of 95% ee by 
chiral HPLC analysis [Chiralpak AS-H, 80:20 
n-hexane/iPrOH, 1.0 mL/min, tr (minor) = 8.986 min, tr 
(major) = 12.908 min]; [α]D

20 = -39.9o (c = 0.94 in 
CHCl3). 

1H NMR (400 MHz, CDCl3): δ = 7.54-7.63 (m, 4H), 7.44 (t, J = 7.6 Hz, 2H), 
7.35 (t, J = 7.6 Hz, 2H), 7.26 (s, 1H), 5.07 (d, J = 10.8 Hz, 1H), 3.99-4.13 (m, 4H), 
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 1.27 (dt, J = 6.8, 16.8 Hz, 6H) ppm. 13C NMR (100 MHz, CDCl3): δ = 140.8, 140.6, 
135.7, 128.8,  127.5 (d, J = 6 Hz), 127.4, 127.1, 126.9, 70.1 (d, J = 158 Hz), 63.4 (d, 
J = 7 Hz), 63.1 (d, J = 7 Hz), 16.4 ppm; ESI-HRMS Calcd for (C17H21O4P + H) 
343.1070, Found: 343.1065. 
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Diethyl benzo[d][1,3]dioxol-5-yl(hydroxy)methyl 
phosphonate: colorless oil. The material was determined 
to be of 97% ee by chiral HPLC analysis [Chiralpak 
OD-H, 90:10 n-hexane/iPrOH, 1.0 mL/min, tr (minor) = 
8.197 min, tr (major) = 9.564 min]; [α]D

20 = -21.1o (c = 
0.67 in CHCl3). 

1H NMR (300 MHz, CDCl3): δ = 6.94 (s, 1H), 6.84 (d, J = 8.0 Hz, 
1H), 6.70 (d, J = 8.0 Hz, H), 5.88 (s, 2H), 4.83 (d, J = 10.0 Hz, 1H), 3.88-4.05 (m, 
4H), 1.18 (m, (dt, J = 18.4, 7.2 Hz, 6H) ppm. 

A
U

0.00

0.10

0.20

0.30

? ?
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

8.
09

4

9.
75

1

 

 

P(OEt)2

OH

O

O

O



 

S16

A
U

0.00

0.20

0.40

0.60

0.80

? ?
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

8.
19

7

9.
56

4

 

 

Diethyl hydroxy(naphthalen-1-yl)methylphosphonate: 
white solid. The material was determined to be of 96% ee 
by chiral HPLC analysis [Chiralpak AD-H, 90:10 
n-hexane/iPrOH, 1.0 mL/min, tr (major) = 10.850 min, tr 
(minor) = 12.035 min]; [α]D

20 = -108.4o (c = 0.80 in CHCl3). 
1H NMR (400 MHz, CDCl3): δ = 8.10 (d, J = 8.4 Hz, 1H), 7.82-7.88 (m, 3H), 
7.47-7.56 (m, 3H), 5.86 (d, J = 11.6 Hz, 1H), 3.92-4.12 (m, 3H), 3.72-3.83 (m, 1H), 
3.37, (s, 1H), 1.25 (t, J = 7.2 Hz, 3H), 1.06 (t, J = 7.2 Hz, 3H) ppm. 
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Diethyl 
hydroxy(naphthalen-2-yl)methylphosphonate: white 
solid. The material was determined to be of 96% ee by 
chiral HPLC analysis [Chiralpak AS-H, 80:20 
n-hexane/iPrOH, 1.0 mL/min, tr (minor) = 8.808 min, tr 

(major) = 11.191 min]; [α]D
20 = -31.1o (c = 0.94 in CHCl3). 

1H NMR (400 MHz, 
CDCl3): δ = 7.96 (s, 1H), 7.81-7.85 (m, 3H), 7.60 (d, J = 8.8 Hz, 1 H), 7.46-7.51 (m, 
2H), 5.20 (d, J = 11.2 Hz, 1H), 3.95-4.10 (m, 4H), 1.24 (dt, J = 7.2, 21.2 Hz, 6H) 
ppm. 13C NMR (100 MHz, CDCl3): δ = 134.2, 133.1 (d, J = 2 Hz), 128.1 (d, J = 1 Hz), 
127.9, 127.7, 126.1 (d, J = 7 Hz), 125.0, 71.0 (d, J = 158 Hz), 63.4 (d, J = 7 Hz), 63.1 
(d, J = 7 Hz), 16.4 ppm; ESI-HRMS Calcd for (C15H19O4P + H) 295.1094, Found: 
295.1091. 
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(E)-diethyl 1-hydroxy-3-phenylallylphosphonate: 
white solid. The material was determined to be of 85% 
ee by chiral HPLC analysis [Chiralpak AS-H, 80:20 
n-hexane/iPrOH, 1.0 mL/min, tr (minor) = 9.894 min, tr 
(major) = 18.348 min]; [α]D

20 = -11.3o (c = 0.54 in 
CHCl3). 

1H NMR (400 MHz, CDCl3): δ = 7.24-7.42 (m, 5 H), 6.78 (dd, J = 4.8, 11.2 
Hz, 1H), 6.28-6.36 (m, 1H), 4.64-4.69 (m, 1H), 4.16-4.24 (m, 4H), 1.34 (t, J = 7.2 Hz, 
6H) ppm. 
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(S)-Diethyl hydroxy(thiophen-2-yl)methylphosphonate: 
colorless oil. The material was determined to be of 93% ee by 
chiral HPLC analysis [Chiralpak AS-H, 80:20 n-hexane/iPrOH, 
1.0 mL/min, tr (minor) = 7.832 min, tr (major) = 9.642 min]; 
[α]D

20 = -11.3o (c = 0.57 in CHCl3). 
1H NMR (400 MHz, CDCl3): 

δ = 7.32 (dt, J = 1.2, 5.2 Hz, 1H), 7.19 (t, J = 7.2 Hz, 1H), 7.01 (dd, J = 4.0, 5.2 Hz, 
1H), 5.24 (d, J = 10.8Hz, 1H), 4.04-4.30 (m, 4H), 1.29 (dt, J = 6.8, 20.0 Hz, 6H) ppm. 
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(S)-Diethyl furan-2-yl(hydroxy)methylphosphonate: colorless 
oil. The material was determined to be of 94% ee by chiral HPLC 
analysis [Chiralpak AS-H, 220 nm, 80:20 n-hexane/iPrOH, 1.0 
mL/min, tr (minor) = 7.818 min, tr (major) = 8.896 min]; [α]D

20 = 
-17.3o (c = 0.90 in CHCl3). 

1H NMR (400 MHz, CDCl3): δ = 7.44 
(s, 1H), 6.51-6.53 (t, 1H), 6.39 (s, 1H), 5.00 (d, J = 13.2 Hz, 1H), 4.01-4.23 (m, 4H), 
1.36 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H) ppm. 
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Diethyl 1-hydroxy-3-phenylpropylphosphonate: 
colorless oil. The material was determined to be of 87% 
ee by chiral HPLC analysis [Chiralpak AS-H, 90:10 
n-hexane/iPrOH, 1.0 mL/min, tr (minor) = 6.106 min, tr 
(major) = 10.716 min]; [α]D

20 = +16.5o (c = 0.84 in 
CHCl3). 

1H NMR (400 MHz, CDCl3): δ = 7.17-7.31 (m, 5H), 4.11-4.21 (m, 4H), 
3.82-3.87 (m, 1H), 2.92-2.99 (m, 1H), 2.70-2.78 (m, 1H), 1.99-2.08 (m, 2H), 
1.29-1.35 (m, 6H) ppm. 
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Diethyl 1-hydroxypentylphosphonate: colorless oil. 1H 
NMR (400 MHz, CDCl3): δ = 4.13-4.21 (m, 4H), 3.85 (dt, 
J = 5.6, 15.6 Hz, 1H), 1.58-1.80 (m, 3H), 1.32-1.41 (m, 
9H), 0.82 (t, J = 7.2 Hz, 3H) ppm 

Diethyl 1-(phenylperoxy)pentylphosphonate: colorless oil. 
The material was determined to be of 85% ee by chiral 
HPLC analysis [Chiralpak AS-H, 90:10 n-hexane/iPrOH, 
1.0 mL/min, tr (minor) = 8.771 min, tr (major) = 14.913 

min]; [α]D
20 = +16.0o (c = 0.75 in CHCl3). 

1H NMR (400 MHz, CDCl3): δ = 8.07-8.10 
(m, 2H), 7.60 (t, J = 7.6 Hz, 1H), 7.47 (t, J = 8.0 Hz 2H), 5.53 (dt, J = 4.8, 12.4 Hz, 
1H), 4.13-4.21 (m, 4H), 1.96-2.18 (m, 2H), 1.28-1.44 (m, 10H), 0.89 (t, J = 7.2 Hz 
3H) ppm. 13C NMR (100 MHz, CDCl3): δ = 165.6 (d, J = 5 Hz), 133.3, 129.8, 129.5,  
128.5, 68.4 (d, J = 166 Hz), 62.8 (d, J = 7 Hz), 62.6 (d, J = 6 Hz), 29.2, 27.8, 22.2, 
16.5 (d, J = 5 Hz), 16.4 (d, J = 6 Hz), 13.8 ppm; ESI-HRMS Calcd for (C16H25O5P + 
H) 329.1512, Found: 329.1515. 
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Diethyl 1-hydroxy-2-methylpropylphosphonate: colorless oil. 1H 
NMR (400 MHz, CDCl3): δ = 4.13-4.21 (m, 4 H), 3.65 (t, J = 6.4 Hz, 
1H), 2.98 (s, 1H), 2.02-2.13 (m, 1H), 1.34 (t, J = 7.2 Hz, 6H), 1.06 
(dd, J = 6.6, 2.4 Hz, 6H) ppm 

Diethyl 2-methyl-1-(phenylperoxy)propylphosphonate: 
colorless oil. The material was determined to be of 90% ee by 
chiral HPLC analysis [Chiralpak AS-H, 90:10 n-hexane/iPrOH, 1.0 
mL/min, tr (minor) = 6.738 min, tr (major) = 8.004 min]; [α]D

20 = 
-6.1o (c = 0.54 in CHCl3). 

1H NMR (400 MHz, CDCl3): δ = 8.08-8.11 (m, 2 H), 7.60 
(t, 1H), 7.45-7.50 (t, J = 7.6 Hz, 2H), 5.37 (dd, J = 13.2, 6.0 Hz, 1H), 4.10-4.20 (m, 
4H), 2.35-2.43 (m, 1H), 1.28 (dt, J = 7.2, 11.2 Hz, 6H), 1.10-1.30 (dd, J = 2, 6.8 Hz, 
6H) ppm. 13C NMR (100 MHz, CDCl3): δ = 165.6 (d, J = 5 Hz), 133.3, 129.8, 129.5,  
128.5, 72.9 (d, J = 164 Hz), 62.7 (d, J = 7 Hz), 62.4 (d, J = 6 Hz) 29.4 (d, J = 2 Hz), 
19.8 (d, J = 9 Hz), 18.4 (d, J = 7 Hz), 16.5 (d, J = 5 Hz), 16.3 (d, J = 6 Hz) ppm; 
ESI-HRMS Calcd for (C15H23O5P + Na) 337.1175, Found: 337.1169. 
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Diethyl 1-hydroxy-2,2-dimethylpropylphosphonate: colorless 
oil. 1H NMR (300 MHz, CDCl3): δ = 4.14-4.20 (m, 4H), 3.57 (t, 1 
H), 1.35 (t, J = 7.2 Hz, 6H), 1.09 (s, 9H) ppm 

 

Diethyl 2,2-dimethyl-1-(phenylperoxy)propylphosphonate: 
colorless oil.  The material was determined to be of 91% ee by 
chiral HPLC analysis [Chiralpak AD-H, 90:10 n-hexane/iPrOH, 
1.0 mL/min, tr (major) = 11.589 min, tr (minor) = 13.195 min]; 

[α]D
20 = -4.1o (c = 0.27 in CHCl3). 

1H NMR (400 MHz, CDCl3): δ = 8.11 (d, 2H), 7.60 
(t, J = 7.6 Hz, 1H), 7.48 (t, J = 8.0 Hz, 2H), 5.34 (d, J =10.0 Hz, 1 H), 4.02-4.18 (m, 
4H), 1.26 (dt, J = 7.2, 27.6 Hz, 6H), 1.18 (s, 9H) ppm. 13C NMR  
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(100 MHz, CDCl3): δ = 165.6 (d, J = 5 Hz), 133.3, 129.9, 129.5, 128.5, 72.3 (d, J = 
164 Hz), 62.7 (d, J = 7 Hz), 62.4 (d, J = 7 Hz) 38.7, 29.9 (d, J = 8 Hz), 28.4 (d, J = 8 
Hz), 26.0, 16.5 (d, J = 5 Hz), 16.3 (d, J = 4 Hz) ppm; ESI-HRMS Calcd for 
(C16H25O5P + H) 329.1512, Found: 329.1509. 
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Reference : [ 1] a) Stirring the 3,5-di-substituted-butylsalicylaldehyde and L-valinol 
in CH3OH for 1-2 h, remove CH3OH under reduced pressure, Recrystallizetion from 
n-hexane and Et2O afforded the ligands 1a-e; b) T. D. Nixon, S. Dalgarno, C. V. 
Ward, M. Jiang, M. A. Halcrow, C. Kilner, M. Thornton-Pett, T. P. Kee, C. R. Chim. 
2004, 7, 809. 
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