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General Comments. 

All reactions were carried out under an inert atmosphere and in heat-dried glassware. Solvents were 

dried and distilled prior to use according to the standard methods. Unless otherwise indicated, all 

materials were obtained from commercial sources, and used as purchased without dehydration. Chiral 

thiourea-based organocatalysts were prepared on the base of the literature.
[1,2,3] 

Flash column 

chromatography was performed on silica gel (particle size 10-40 µm, Ocean Chemical Factory of 

Qingdao, China). 
1
H NMR, 

13
C NMR and 

31
P NMR spectra were recorded in CDCl3 at Bruker 400 

MHz spectrometers, TMS served as internal standard (δ = 0 ppm) for 
1
H NMR and 

13
C NMR, H3PO4 

served as internal standard (δ = 0 ppm) for 
31

P NMR. HPLC analyses were recorded on a chiral column 

Daicel Chiralcel AD-H column or a AS-H column, at 220 nm). The crystal structure was determined on 

a Bruker SMART 1000 CCD diffractometer. Mass spectra were recorded on a LCQ advantage 

spectrometer with ESI resource. HR-MS were recorded on APEXII and ZAB-HS spectrometer. Optical 

rotations were recorded on a Perkin Elemer 241 Polarimeter. Melting points were determined on a T-4 

melting point apparatus (uncorrected). 

General procedure for the synthesis of β-nitro ethylphosphoramidates 6:  

To a solution of N-phosphoryl imines 4 (0.3 mmol) and chiral catalyst 3a (0.015 mmol, 5 mol%) in 

toluene (3.0 mL) was added 2-nitropropanoate 5 (0.45 mmol, 1.5 equiv) at -20 °C under a nitrogen 

atmosphere. The mixture was stirred for corresponding time at -20 °C (monitored by TLC). Then 

saturated NH4Cl aq (3 mL) was added, and the mixture was extracted with ethyl acetate (3×5 mL). The 

organic layers were washed with brine solution (2 mL), dried over MgSO4, filtered and concentrated in 

vacuo to yield the crude products 6, which were purified by flash column chromatography on silica gel 

[petroleum ether/ethyl acetate, 1:1 (v/v)] to provide pure products 6. 
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Methyl 3-((diethylphosphoryl)amino)-2-methyl-2-nitro-3-phenylpropanoate (6a): 

White solid; mp 114-117 °C; [α]
20

D = 48.8° (c = 0.005, CH2Cl2); 
1
H NMR (400 

MHz, CDCl3) δ 7.30-7.38 (m, 5H), 4.92 (dd, J = 11.5, 9.7 Hz, 1H), 4.83 (t, J = 

11.5 Hz, 1H), 3.73-3.95 (m, 6H), 3.50-3.65 (m, 1H), 1.70 (s, 3H), 1.20 (t, J = 7.0 

Hz, 3H), 1.02 (t, J = 7.0 Hz, 3H);
 13

C NMR (101 MHz, CDCl3) δ 165.96, 136.74, 128.74, 128.61, 

128.50, 94.89 (d, J = 8.1 Hz), 62.49 (d, J = 5.0 Hz), 62.37 (d, J = 5.0 Hz), 62.00, 53.60, 22.56, 16.00 (d, 

J = 7.5 Hz), 15.77 (d, J = 7.5 Hz); 
31

P NMR (162 MHz, CDCl3) δ 5.86, 5.67; HRMS (MALDI) 

calculated for [C15H23N2O7P+H]
+ 

: 375.1321, Found: 375.1315; HPLC (Chiralcel AD-H, hexane/iPrOH, 

85:15 v/v, 1.0mL/min, 23°C, UV 220 nm): tr (minor) = 10.848 min, tr (major) = 14.388 min, tr (major) 

= 15.401 min, tr (major) = 17.012 min. 
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Methyl 3-((diethylphosphoryl)amino)-3-(2-fluorophenyl)-2-methyl-2-nitropropanoate (6b): 

White solid; mp 68-71 °C; [α]
20

D = 56.4° (c = 0.005, CH2Cl2); 
1
H NMR (300 

MHz, CDCl3) δ 7.28-7.39 (m, 2H), 7.12-7.21 (m, 1H), 7.01-7.12 (m, 1H), 5.37 

(dd, J = 11.4, 10.4 Hz, 1H), 4.75 (t, J = 11.4 Hz, 1H), 3.79-4.01 (m, 6H), 

3.57-3.71 (m, 1H), 1.74 (s, 3H), 1.23 (t, J = 7.0 Hz, 3H), 1.04 (t, J = 7.0 Hz, 3H); 
13

C NMR (101 MHz, 

CDCl3) δ 165.81, 160.20 (d, J = 247.2 Hz), 130.46, 129.46, 124.68, 124.36, 115.50 (d, J = 22.9 Hz), 

94.81 (d, J = 7.9 Hz), 62.64 (d, J = 5.3 Hz), 62.39 (d, J = 5.4 Hz), 54.33 (s), 53.64 (s), 21.36 (d, J = 2.6 

Hz), 15.98 (d, J = 7.4 Hz), 15.67 (d, J = 7.5 Hz); 
31

P NMR (162 MHz, CDCl3) δ 5.65, 5.39; HRMS 

(MALDI) calculated for [C15H22FN2O7P+H]
+
: 415.1046, Found 415.1044; HPLC (Chiralcel AD-H, 

hexane/iPrOH, 85:15 v/v, 1.0mL/min, 23°C, UV 220 nm): tr (minor) = 10.252 min, tr (major) = 12.068 

min, tr (major) = 14.155 min, tr (major) = 16.552 min. 
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Methyl 3-((diethylphosphoryl)amino)-3-(2-bromophenyl)-2-methyl-2-nitropropanoate (6c): 

White solid; mp 80-83 °C; [α]
20

D = 9.8° (c = 0.01, CH2Cl2); 
1
H NMR (300 MHz, 

CDCl3) δ 7.49-7.65 (m, 1H), 7.25-7.38 (m, 2H), 7.11-7.24 (m, 1H), 5.66 (t, J = 

10.3 Hz, 1H), 4.91 (t, J = 11.6 Hz, 1H), 3.76-4.07 (m, 6H), 3.44-3.61 (m, 1H), 

1.75 (s, 3H), 1.28 (t, J = 7.0 Hz, 3H), 1.00 (t, J = 7.0 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 166.72, 

136.60, 133.05, 130.22, 128.57, 128.41, 125.33, 96.43 (d, J = 8.8 Hz), 62.79 (d, J = 5.6 Hz), 62.41 (d, J 

= 5.5 Hz), 57.85, 54.00, 20.60, 16.12 (d, J = 7.7 Hz), 15.74 (d, J = 7.7 Hz); 
31

P NMR (162 MHz, 

CDCl3) δ 5.27, 5.14; HRMS (MALDI) calculated for [C15H22BrN2O7P+Na]
+
: 475.0246, Found 

475.0242; HPLC (Chiralcel AD-H, hexane/iPrOH, 85:15 v/v, 1.0mL/min, 23°C, UV 220 nm): tr 

(minor) = 8.617min, tr (major) = 12.468 min, tr (major) = 13.262 min, tr (major) = 17.233 min. 
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Methyl 3-((diethylphosphoryl)amino)-3-(3-fluorophenyl)-2-methyl-2-nitropropanoate (6d): 

White solid; mp 90-93 °C; [α]
20

D = 51.2° (c = 0.005, CH2Cl2); 
1
H NMR (300 

MHz, CDCl3) δ 7.27-7.38 (m, 1H), 6.97-7.20 (m, 3H), 4.92 (dd, J = 11.5, 9.4 Hz, 

1H), 4.79 (t, J = 11.5 Hz, 1H), 3.75-3.99 (m, 6H), 3.51-3.75 (m, 1H), 1.71 (s, 

3H),1.21 (t, J = 7.1 Hz, 3H), 1.07 (t, J = 7.1 Hz, 3H); 
13

C NMR (101 MHz, 

CDCl3) δ 165.87, 162.64 (d, J = 247.3 Hz), 139.38, 130.11, 124.47, 115.75, 115.43, 94.72 (d, J = 7.9 

Hz), 62.59 (d, J = 5.3 Hz), 62.48 (d, J = 5.2 Hz), 61.48, 53.72, 22.27, 15.99 (d, J = 7.4 Hz), 15.79 (d, J 

= 7.4 Hz); 
31

P NMR (162 MHz, CDCl3) δ 5.88, 5.66; HRMS (MALDI) calculated for 

[C15H22FN2O7P+Na]
+
: 415.1046, Found 415.1043; HPLC (Chiralcel AD-H, hexane/iPrOH, 85:15 v/v, 

1.0mL/min, 23°C, UV 220 nm): tr (minor) = 8.831 min, tr (major) = 12.005 min, tr (major) = 13.113 

min, tr (major) = 15.505 min. 
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Methyl 3-((diethoxyphosphoryl)amino)-3-(3-chlorophenyl)-2-methyl-2-nitropropanoate (6e): 

White solid; mp 89-92 °C; [α]
20

D = 50.8° (c = 0.005, CH2Cl2); 
1
H NMR (300 

MHz, CDCl3) δ 7.35-7.43 (m, 1H), 7.28-7.35 (m, 3H), 4.66-4.99 (m, 2H), 

3.75-3.99 (m, 6H), 3.58-3.74 (m, 1H), 1.72 (s, 3H), 1.21 (t, J = 7.0 Hz, 3H), 1.07 

(t, J = 7.0 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 165.84, 138.90, 134.52, 

129.83, 128.90, 128.74, 126.83, 94.70 (d, J = 8.1 Hz), 62.63 (d, J = 5.3 Hz), 62.50 (d, J = 5.2 Hz), 

61.44, 53.73, 22.28, 16.00 (d, J = 7.4 Hz), 15.79 (d, J = 7.4 Hz); 
31

P NMR (162 MHz, CDCl3) δ 5.87 

(s), 5.65 (s); HRMS (MALDI) calculated for [C15H22ClN2O7P+Na]
+
: 431.0751, Found 431.0748; 

HPLC (Chiralcel AD-H, hexane/iPrOH, 85:15 v/v, 1.0mL/min, 23°C, UV 220 nm): tr (minor) = 8.626 

min, tr (major) = 11.287 min, tr (major) = 14.668 min, tr (major) = 18.758 min.  
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Methyl 3-((diethoxyphosphoryl)amino)-3-(3-bromophenyl)-2-methyl-2-nitropropanoate (6f): 

White solid; mp 73-75 °C; [α]
20

D = 50.8° (c = 0.005, CH2Cl2); 
1
H NMR (400 

MHz, CDCl3) δ 7.50-7.56 (m, 1H), 7.43-7.50 (m, 1H), 7.28-7.34 (m, 1H), 

7.19-7.25 (m, 1H), 4.88 (dd, J = 11.5, 9.2 Hz, 1H), 4.79 (t, J = 11.5 Hz, 1H), 

3.76-3.97 (m, 6H), 3.62-3.72 (m, 1H), 1.72 (s, 3H), 1.22 (t, J = 7.0 Hz, 3H), 1.07 

(t, J = 7.0 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 165.83, 139.15, 131.85, 131.66, 130.11, 127.25, 

122.61, 94.69 (d, J = 7.8 Hz), 62.64 (d, J = 5.2 Hz), 62.52 (d, J = 5.2 Hz), 61.45, 53.74, 22.38, 16.02 (d, 

J = 7.5 Hz), 15.81 (d, J = 7.5 Hz); 
31

P NMR (162 MHz, CDCl3) δ 5.87, 5.64; HRMS (MALDI) 

calculated for [C15H22BrN2O7P+Na]
+
: 475.0246, Found 475.0243; HPLC (Chiralcel AD-H, 

hexane/iPrOH, 85:15 v/v, 1.0mL/min, 23°C, UV 220 nm): tr (minor) =8.888 min, tr (major) = 11.594 

min, tr (major) = 15.833 min, tr (major) = 21.252 min. 
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Methyl 3-((diethylphosphoryl)amino)-3-(4-fluorophenyl)-2-methyl-2-nitropropanoate (6g): 

White solid; mp 99-102 °C; [α]
20

D = 28.0° (c = 0.005, CH2Cl2); 
1
H NMR (400 

MHz, CDCl3) δ 7.34-7.42 (m, 2H), 7.01-7.11 (m, 2H), 4.93 (dd, J = 11.5, 9.2 

Hz, 1H), 4.80 (t, J = 11.5 Hz, 1H), 3.77-3.98 (m, 6H), 3.62-3.73 (m, 1H), 1.72 

(s, 3H), 1.22 (3, J = 7.2 Hz, 3H), 1.09 (t, J = 7.2 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 165.94, 

162.73 (d, J = 248.6 Hz), 132.70, 130.35, 115.55, 94.84 (d, J = 8.1 Hz), 62.58 (d, J = 5.3 Hz), 62.49 (d, 

J = 5.3 Hz), 61.38, 53.67, 22.48, 16.02 (d, J = 7.4 Hz), 15.84 (d, J = 7.4 Hz); 
31

P NMR (162 MHz, 

CDCl3) δ 6.05, 5.84; HRMS (MALDI) calculated for [C15H22FN2O7P+Na]
+
: 415.1046, Found 415.1044; 

HPLC (Chiralcel AD-H, hexane/iPrOH, 85:15 v/v, 1.0mL/min, 23°C, UV 220 nm): tr (minor) =11.789 

min, tr (major) = 17.388 min, tr (major) = 19.970 min, tr (major) = 21.001 min. 
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Methyl 3-((diethylphosphoryl)amino)-3-(4-chlorophenyl)-2-methyl-2-nitropropanoate (6h): 

White solid; mp 103-105 °C; [α]
20

D = 48.0° (c = 0.005, CH2Cl2); 
1
H NMR 

(300 MHz, CDCl3) δ 7.28-7.38 (m, 4H), 4.90 (dd, J = 11.5, 9.3 Hz, 1H), 4.79 

(t, J = 11.5 Hz, 1H), 3.75-3.98 (m, 6H), 3.61-3.73 (m, 1H), 1.70 (s, 3H), 1.21 

(t, J = 7.0 Hz, 3H), 1.08 (t, J = 7.0 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 165.87, 135.33, 134.74, 

129.96, 128.76, 94.73 (d, J = 7.9 Hz), 62.64 (d, J = 5.3 Hz), 62.54 (d, J = 5.3 Hz), 61.40 (d, J = 2.2 Hz), 

53.71, 22.38, 16.02 (d, J = 7.4 Hz), 15.85 (d, J = 7.4 Hz); 
31

P NMR (162 MHz, CDCl3) δ 5.85, 5.63; 

HRMS (MALDI) calculated for [C15H22ClN2O7P+Na]
+
: 431.0751, Found 431.0747; HPLC (Chiralcel 

AD-H, hexane/iPrOH, 85:15 v/v, 1.0mL/min, 23°C, UV 220 nm): tr (minor) = 12.390 min, tr (major) = 

17.051 min, tr (major) = 21.081 min, tr(major) = 23.011 min. 
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Methyl 3-((diethylphosphoryl)amino)-3-(4-bromophenyl)-2-methyl-2-nitropropanoate (6i): 

White solid; mp 104-107 °C; [α]
20

D = 26.2° (c = 0.01, CH2Cl2); 
1
H NMR 

(300 MHz, CDCl3) δ 7.36-7.57 (m, 2H), 7.08-7.21 (m, 2H), 4.89 (dd, J = 

11.4, 10.0 Hz, 1H), 4.66 (t, J = 11.4 Hz, 1H), 3.78-4.00 (m, 6H), 3.64-3.78 

(m, 1H), 1.74 (s, 3H), 1.19 (t, J = 7.1 Hz, 3H), 1.12 (t, J = 7.1 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 

166.53, 135.54, 131.68, 130.07, 122.92, 95.88 (d, J = 8.5 Hz), 62.70, 62.62 (d, J = 5.8 Hz), 60.15, 

53.84, 20.63, 16.03 (d, J = 7.2 Hz), 15.87 (d, J = 7.2 Hz); 
31

P NMR (162 MHz, CDCl3) δ 5.98, 5.77; 

HRMS (MALDI) calculated for [C15H22BrN2O7P+Na]
+ 

: 475.0246, Found 475.0244; HPLC (Chiralcel 

AD-H, hexane/iPrOH, 85:15 v/v, 1.0mL/min, 23°C, UV 220 nm): tr (minor) = 15.881 min, tr (major) = 

20.424 min, tr (major) = 25.370 min, tr (major) = 31.095 min. 
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Methyl 3-((diethylphosphoryl)amino)-2-methyl-2-nitro-3-(p-tolyl)propanoate (6j): 

White solid; mp 100-103 °C; [α]
20

D = 44.0° (c = 0.005, CH2Cl2); 
1
H NMR 

(400 MHz, CDCl3) δ 7.23-7.27 (m, 2H), 7.14-7.19 (m, 2H), 4.87-4.95 (m, 

1H), 4.81 (t, J = 11.4 Hz, 1H), 3.77-3.99 (m, 6H), 3.57-3.66 (m, 1H), 2.36 (s, 

3H), 1.71 (s, 3H), 1.23 (t, J = 7.0 Hz, 3H), 1.07 (t, J = 7.0 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 

166.00, 138.59, 133.69, 129.26, 128.35, 94.97 (d, J = 8.1 Hz), 62.47 (d, J = 5.1 Hz), 62.37 (d, J = 4.9 

Hz), 61.74, 53.57, 22.60, 21.09, 16.03 (d, J = 7.4 Hz), 15.80 (d, J = 7.4 Hz); 
31

P NMR (162 MHz, 

CDCl3) δ 6.07, 5.87; HRMS (MALDI) calculated for [C16H25N2O7P+Na]
+ 

: 411.1297, Found 411.1293; 

HPLC (Chiralcel AD-H, hexane/iPrOH, 85:15 v/v, 1.0mL/min, 23°C, UV 220 nm): tr (minor) = 11.737 

min, tr (major) = 14.974 min, tr (major) = 19.705 min, tr (major) = 24.333 min. 
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Methyl 3-((diethoxyphosphoryl)amino)-2-methyl-2-nitro-3-(m-tolyl)propanoate (6k): 

White solid; mp 102-105 °C; [α]
20

D = 50.9° (c = 0.005, CH2Cl2); 
1
H-NMR 

(400 MHz, CDCl3): δ 7.24-7.29 (m, 2H), 7.12-7.17 (m, 2H), 4.84-4.92 (m, 

1H), 4.75-4.83 (m, 1H), 3.74-3.96 (m, 6H), 3.54-3.63 (m, 1H), 2.34 (s, 3H), 

1.69 (s, 3H), 1.20 (t, J = 7.0 Hz, 3H), 1.03 (t, J = 7.0 Hz, 3H); 
13

C-NMR (101 MHz, CDCl3): δ 164.96, 

137.24, 135.64, 128.41, 128.23, 127.47, 124.38, 93.86 (d, J = 8.0 Hz), 61.43 (d, J = 5.0 Hz), 61.30 (d, J 

= 5.1 Hz), 60.96, 52.52, 21.63, 20.41, 14.98 (d, J = 7.6 Hz), 14.74 (d, J = 7.6 Hz); 
31

P-NMR (162 MHz, 

CDCl3): δ 5.71; HRMS (MALDI) calculated for [C16H25N2O7P+Na]
+
: 411.1297, Found 411.1293; 

HPLC (Chiralcel AD-H, hexane/iPrOH, 85:15 v/v, 1.0mL/min, 23°C, UV 220 nm): tr (minor) = 8.982 

min, tr (major) = 11.691 min, tr (major) = 14.993 min, tr (major) = 16.418 min. 
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Methyl 3-((diethylphosphoryl)amino)-3-(furan-2-yl)-2-methyl-2-nitropropanoate (6l): 

White solid; mp 84-87 °C; [α]
20

D = 74.0° (c = 0.005, CH2Cl2); 
1
H NMR (300 

MHz, CDCl3) δ 7.34-7.37 (m, 1H), 6.28-6.46 (m, 2H), 5.11 (dd, J = 11.8, 9.9 Hz, 

1H), 4.34 (t, J = 11.8 Hz, 1H), 3.70-4.02 (m, 7H), 1.76 (s, 3H), 1.11-1.29 (m, 

6H); 
13

C NMR (101 MHz, CDCl3) δ 165.71, 150.11, 142.65, 110.79, 109.77, 94.05 (d, J = 7.8 Hz), 

62.66, 62.62, 55.51, 53.70, 21.40, 16.07, 15.96 (d, J = 7.5 Hz); 
31

P NMR (162 MHz, CDCl3) δ 5.98; 

HRMS (MALDI) calculated for [C13H21N2O8P+Na]
+
: 387.0933, Found: 387.0935; HPLC (Chiralcel 

AS-H, hexane/iPrOH, 85:15 v/v, 1.0mL/min, 23°C, UV 220 nm): tr (minor) = 22.310 min. 
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Methyl 3-((diethylphosphoryl)amino)-2-methyl-2-nitro-5-phenylpent-4-enoate (6m): 

White solid; mp 57-60 °C; [α]
20

D = 6.4° (c = 0.005, CH2Cl2); 
1
H NMR (400 

MHz, CDCl3) δ 7.30-7.47 (m, 5H), 6.71 (d, J = 15.8 Hz, 1H), 6.17 (dd, J = 

15.8, 8.5 Hz, 1H), 4.44 (dd, J = 20.4, 9.0 Hz, 1H), 3.81-4.11 (m, 8H), 1.89 (s, 

3H), 1.22-1.33 (m, 6H); 
13

C NMR (101 MHz, CDCl3) δ 166.28, 135.71, 135.57, 128.73, 128.50, 126.70, 

124.43, 95.05 (d, J = 7.3 Hz), 62.76, 62.69 (d, J = 4.7 Hz), 60.82, 53.61, 21.66, 16.17, 16.07 (d, J = 7.3 

Hz); 
31

P NMR (162 MHz, CDCl3) δ 6.73; HRMS (MALDI) calculated for [C17H25N2O7P+Na]
+ 

: 

423.1297, Found: 423.1295; HPLC (Chiralcel AD-H, hexane/iPrOH, 85:15 v/v, 1.0mL/min, 23°C, UV 

220 nm): tr (major) = 12.620 min, tr (major) = 24.532 min. 
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Methyl 2-((2-chlorophenyl)((diethylphosphoryl)amino)methyl)-2-nitrobutanoate (6n): 

White solid; mp 59-62 °C; [α]
20

D = 7.0° (c = 0.01, CH2Cl2); 
1
H NMR (400 MHz, 

CDCl3) δ 7.36-7.41 (m, 1H), 7.23-7.31 (m, 2H), 7.12-7.18 (m, 1H), 5.57-5.75 (m, 

1H), 4.65-4.85 (m, 1H), 3.77-4.03 (m, 6H), 3.43-3.62 (m, 1H), 2.16-2.30 (m, 1H), 

1.82-1.99 (m, 1H), 1.25 (t, J = 7.0 Hz, 3H), 1.01 (t, J = 7.0 Hz, 3H), 0.95 (t, J = 

7.3 Hz, 3H); 
13

C NMR (101 MHz, CDCl3) δ 165.62, 135.10, 134.06, 129.92, 129.65, 127.94, 127.63, 

100.74 (d, J = 8.4 Hz), 62.70 (d, J = 5.5 Hz), 62.40 (d, J = 5.5 Hz), 55.59, 53.57, 27.09, 16.09 (d, J = 

7.5 Hz), 15.75 (d, J = 7.5 Hz), 9.12; 
31

P NMR (162 MHz, CDCl3) δ 5.34, 5.19; HRMS (MALDI) 

calculated for [C16H24ClN2O7P+Na]
+
: 445.0907, Found 445.0905; HPLC (Chiralcel AD-H, 

hexane/iPrOH, 85:15 v/v, 1.0mL/min, 23°C, UV 220 nm): tr (minor) = 8.184 min, tr (major) = 10.391 

min, tr (major) = 11.817 min, tr (major) = 17.838 min. 
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Methyl 2-((3-chlorophenyl)((diethylphosphoryl)amino)methyl)-2-nitrobutanoate (6o): 

White solid; mp 58-60 °C; [α]
20

D = 27.6° (c = 0.005, CH2Cl2); 
1
H NMR (400 

MHz, CDCl3) δ 7.22-7.35 (m, 3H), 7.13-7.20 (m, 1H), 4.93-5.03 (m, 1H), 

4.67-4.78 (m,1H), 3.79-3.97 (m, 6H), 3.63-3.74 (m, 1H), 1.95-2.09 (m, 2H), 1.22 

(t, J = 7.0 Hz, 3H), 1.08 (t, J = 7.3 Hz, 3H), 0.96 (t, J = 7.3 Hz, 3H); 
13

C NMR 

(101 MHz, CDCl3) δ 165.64, 139.07, 134.58, 129.90, 128.96, 128.18, 126.21, 98.34, 62.60 (d, J = 5.3 

Hz), 62.50 (d, J = 5.1 Hz), 60.98, 53.49, 29.59, 15.99 (d, J = 7.5 Hz), 15.81 (d, J = 7.5 Hz), 9.02; 
31

P 

NMR (162 MHz, CDCl3) δ 5.75, 5.60; HRMS (MALDI) calculated for [C16H24ClN2O7P+H]
+ 

: 

423.1088, Found: 423.1086; HPLC (Chiralcel AD-H, hexane/iPrOH, 85:15 v/v, 1.0mL/min, 23°C, UV 

220 nm): tr (minor) = 8.483 min, tr (major) = 10.905 min, tr (major) = 17.385 min, tr (major) = 18.813 

min. 
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