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General Information 

Unless otherwise noted, the reactions were carried out with dried glassware under argon atmosphere. For the title 

three-component coupling reaction, a 10-mL test tube (16×100 mm) was used.  
1
H NMR spectra were recorded on 

a JEOL JNM-ECA600 (600 MHz) spectrometer. Chemical shifts are reported in ppm from the solvent resonance or 

tetramethylsilane (TMS) as the internal standard (CDCl3: 7.26 ppm, TMS: 0.00 ppm).  Data are reported as 

follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling 

constants (Hz) and integration. 
13

C NMR spectra were recorded on a JEOL JNM-ECA600 (150 MHz) spectrometer 

with complete proton decoupling. Chemical shifts are reported in ppm from the solvent resonance as the internal 

standard (CDCl3). 
31

P NMR spectra were recorded on a JEOL JNM-ECA600 (243 MHz) spectrometer with 

complete proton decoupling. Chemical shifts are reported in ppm with 85% H3PO4 solution as an external standard 

(0.0 ppm in CDCl3). Analytical thin layer chromatography (TLC) was performed on Merck precoated TLC plates 

(silica gel 60 GF254, 0.25 mm). Flash column chromatography was performed on silica gel 60N (spherical, neutral, 

40-50 m; Kanto Chemical Co., Inc.). High resolution mass spectra analysis was performed on a Bruker Daltonics 

solariX 9.4T FT-ICR-MS spectrometer at the Instrumental Analysis Center for Chemistry, Graduate School of 

Science, Tohoku University. 

 

Materials: Unless otherwise noted, materials were purchased from Wako Pure Chemical Industries, Ltd., Tokyo 

Chemical Industry Co., LTD., Aldrich Inc., and other commercial suppliers and were used without purification.  

Dichloromethane, tetrahydrofuran and toluene were supplied from Kanto Chemical Co., Inc. as “Dehydrated 

solvent system”. Other solvents were purchased from commercial suppliers as dehydrated solvents, and used under 

argon atmosphere. 
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Experimental Procedure 

Procedure for Preparation of α-Ketoesters 1. 

Synthesis of 1d is representative.  

Synthesis of S1. 

 

A solution of 1-Bromo-4-fluorobenzene (0.96 g, 5.5 mmol) in THF (5.0 mL) was added dropwise to a mixture of 

magnesium (0.15 g, 6.0 mmol), dibromoethane (17 μL, 0.20 mmol) and THF (1.0 mL), and the resulting mixture 

was stirred at room temperature for 1 h. The solution of aryl Grignard reagent in THF thus prepared was then added 

dropwise to a solution of diethyl oxalate (0.73 g, 5.0 mmol) in THF (10 mL) at ‒78 °C over 1 h by using a syringe 

pump. The resulting solution was stirred at that temperature for 2 h and then warmed up to room temperature. After 

reached room temperature, the reaction was quenched with sat. aq. NaHCO3, and the product was extracted with 

AcOEt. The combined organic layer was washed with brine, dried over Na2SO4 and evaporated. The crude product 

was purified by silica gel column chromatography (hexane/AcOEt = 20:1) to afford S1 (0.74 g, 3.8 mmol, 76%) as 

a colorless oil.  

Synthesis of 1d. 

 

The mixture of S1 (0.74 g, 3.8 mmol) and aq. NaOH (1.0 M, 7.0 mL) was stirred at room temperature for 1 h. The 

mixture was then carefully acidified with sat. aq. KHSO4. The product was extracted with AcOEt and the combined 

organic layer was washed with brine, dried over Na2SO4 and evaporated to provide S2 (0.61 g, 3.6 mmol, 95%). 

This material was used without purification in the next step. 

To a solution of S2 (0.61 g, 3.6 mmol) in CH2Cl2 was added dichloromethyl methyl ether (0.46 g, 4.0 mmol) and 

the mixture was stirred at room temperature for 4 h. The mixture was then cooled to 0 °C, and Et3N (0.91 g, 9.0 

mmol), a catalytic amount of DMAP and benzyl alcohol (0.43 g, 4.0 mmol) were sequentially added. The resulting 

mixture was allowed to warm to room temperature and stirred for 17 h. The reaction was quenched with H2O, and 

the product was extracted with CH2Cl2. The combined organic layer was washed with brine, dried over Na2SO4 and 

evaporated. The crude product was purified by silica gel column chromatography (hexane/AcOEt = 20:1) to afford 

2d (0.87 g, 3.4 mmol, 93%) as a colorless oil.  



S3 

The NMR spectrum data of all of α-ketoesters 1 were matched with those in the literature.
S1

 

 

General procedure for three-component coupling reaction of α-ketoesters, imines and diethyl phosphite. 

 

The reaction of 1c, 2a and 3 is representative. 

To a solution of 1aa (28 mg, 0.10 mmol), 2c (29 mg, 0.11 mmol), and diethyl phosphite (3, 14 μl, 0.11 mmol) in 

THF (1.0 mL) was added a solution of tBuONa in THF (2.0 M, 5.0 µL, 0.010 mmol) at —20 °C. The resulting 

mixture was stirred at that temperature for 14 h. The reaction was then quenched with sat. aq. NH4Cl, and the 

product was extracted with AcOEt. The combined organic layer was dried over Na2SO4 and evaporated. The 

purification of the crude mixture by column chromatography (hexane/AcOEt = 1:1) provided a mixture of 4ca and 

5c. Further purification by using preparative HPLC afforded pure 4ca (55 mg, 0.082 mmol, 82%) as a colorless oil. 

 

General procedure for three-component coupling reaction of α-ketoesters, β-nitrostyrenes and diethyl 

phosphite. 

 

The reaction of 1a, 7a and 3 is representative. 

To a solution of 1a (24 mg, 0.10 mmol), 7a (30 mg, 0.20 mmol), and diethyl phosphite (3, 14 μl, 0.11 mmol) in 

1,4-dioxane (1.0 mL) was added a solution of tBuOLi in THF (2.0 M, 5.0 µL, 0.010 mmol) at room temperature. 

The resulting mixture was stirred at that temperature for 14 h. The reaction was then quenched with sat. aq. NH4Cl, 

and the product was extracted with AcOEt. The combined organic layer was dried over Na2SO4 and evaporated. 

The residue was purified by silica-gel column chromatography (hexane/AcOEt = 1:1) to provide a major 

diastereomer of 8aa (31 mg, 0.059 mmol, 59%) as a pale yellow solid. 

 

  

  

                                                        
S1

 (a) S.-S. Weng, M.-W. Shen, J.-Q. Kao, Y. S. Munot and C.-T. Chen, Proc. Natl. Acad. Sci., 2006, 103, 

3522-3527; (b) C. J. Roxburgh, C. R. Ganellin and A. J. Thorpe, Synlett, 2007, 1211-1214; (c) H.-F. Duan, J.-H. 

Xie, X.-C. Qiao, L.-X. Wang and Q.-L. Zhou, Angew. Chem. Int. Ed., 2008, 47, 4351-4353; (d) W. Raimondi, O. 

Baslé, T. Coustantieux, D. Bonne and J. Rodriguez, Adv. Synth. Catal., 2012, 354, 563-568; (e) P. Gu, X.-P. Wu, Y. 

Su, X.-Q. Li, P. Xue and R. Li, Synlett, 2014, 25, 535-538; (f) S. Battula, N. Battini, D. Singh, Q. N. Ahmed, Org. 
Biomol. Chem., 2015, 13, 8637-8641. 
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Analytical Data 

The analytical data of 4aa, 4ac, 4ad, 4ae, and 5a were reported in our previous work.
S2

 The NMR spectrum data 

of 6a were matched with those in the literature.
S3

 

Benzyl 2-diethoxyphosphoryloxy-2,3-diphenyl-3-(N-tosylamino)propionate (4aa): 

diastereomixture. 

1
H NMR (600 MHz, CDCl3) major diastereomer:  1.12 (td, J = 7.2, 1.2 Hz, 3H), 1.21 (td, J = 

7.2, 1.2 Hz, 3H), 2.64 (s, 3H), 3.79 (ddq, J = 9.6, 7.2, 7.2 Hz, 1H), 3.86 (ddq, J = 9.6, 7.2, 7.2 Hz, 

1H), 4.03-4.15 (m, 2H), 5.21 (d, J = 12.0 Hz, 1H), 5.33 (d, J = 12.0 Hz, 1H), 5.51 (d, J = 9.0 Hz, 1H), 6.76 (d, J = 

7.2 Hz, 2H), 6.85 (dd, J = 7.8, 7.8 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 6.99 (t, J = 7.2 Hz, 1H), 7.20 (dd, J = 7.8, 7.2 

Hz, 2H), 7.23-7.40 (m, 10H), 7.66 (d, J = 7.8 Hz, 1H); minor diastereomer:  1.05 (td, J = 7.2, 0.60 Hz, 3H), 1.16 

(td, J = 7.2, 1.2 Hz, 3H), 2.23 (s, 3H), 3.65-3.73 (m, 1H), 3.93-4.03 (m, 3H), 4.90 (d, J = 12.0 Hz, 1H), 4.96 (d, J = 

12.0 Hz, 1H), 5.58 (d, J = 10.2 Hz, 1H), 6.86 (d, J = 7.8 Hz, 2H), 6.90 (dd, J = 8.4, 7.2 Hz, 2H), 6.97-7.04 (m, 4H), 

7.18-7.40 (m, 9H), 7.61 (d, J = 10.2 Hz, 1H), 7.69-7.73 (m, 2H);
 13

C NMR (150 MHz, CDCl3) major diastereomer: 

 15.8 (d, J = 7.2 Hz), 15.9 (d, J = 7.2 Hz), 21.3, 63.8 (d, J = 7.2 Hz), 64.3, 65.0 (d, J = 5.7 Hz), 68.7, 90.9 (d, J = 

7.2 Hz), 126.4, 126.7, 127.1, 127.3, 128.1, 128.4, 128.5, 128.72, 128.77, 128.85 (2C), 134.0, 134.5, 135.6 (d, J = 

7.1 Hz), 138.3, 142.3, 168.3; minor diastereomer:  15.68 (d, J = 7.2 Hz), 15.73 (d, J = 8.7 Hz), 21.2, 61.7, 64.5 (d, 

J = 5.7 Hz), 64.8 (d, J = 5.7 Hz), 67.8, 89.4 (d, J = 7.2 Hz), 126.6, 127.56, 127.58, 127.9, 128.1, 128.2, 128.3, 

128.4, 128.8, 129.0, 129.2, 134.4 (2C), 135.1, 137.9, 142.2, 167.7 (d, J = 10.1 Hz);
 31

P NMR (243 MHz, CDCl3) 

major diastereomer:  ‒4.77; minor diastereomer:  ‒4.83; m.p. major diastereomer: 137.0-138.0 °C.  

 

Benzyl 2-diethoxyphosphoryloxy-2-(4-methoxyphenyl)-3-phenyl-3-(N-tosylamino)propionate (4ba): 

diastereomixture. 

1
H NMR (600 MHz, CDCl3) major diastereomer:  1.08 (td, J = 7.2, 1.2 Hz, 3H), 1.16 (td, J = 

7.2, 1.2 Hz, 3H), 2.24 (s, 3H), 3.67-3.83 (m, 2H), 3.83 (s, 3H), 3.91-4.10 (m, 2H), 4.88 (d, J = 

12.0 Hz, 1H), 4.95 (d, J = 12.0 Hz, 1H), 5.57 (d, J = 9.6 Hz, 1H), 6.72 (d, J = 9.0 Hz, 2H), 

6.84-7.40 (m, 15H), 7.66 (d, J = 9.0 Hz, 2H); minor diastereomer:  1.09 (td, J = 7.2, 1.2 Hz, 3H), 1.20 (td, J = 7.2, 

1.2 Hz, 3H), 2.27 (s, 3H), 3.67-3.83 (m, 2H), 3.76 (s, 3H), 3.91-4.10 (m, 2H), 5.19 (d, J = 12.0 Hz, 1H), 5.31 (d, J 

= 12.0 Hz, 1H), 5.47 (d, J = 9.0 Hz, 1H), 6.80 (d, J = 7.2 Hz, 2H), 6.84-7.40 (m, 14H), 7.48 (d, J = 6.0 Hz, 1H), 

7.64 (d, J = 10.2 Hz, 2H);
 13

C NMR (150 MHz, CDCl3)  15.8 (d, J = 7.2 Hz), 15.8 (d, J = 7.2 Hz), 15.9 (d, J = 7.2 

Hz), 21.26, 21.30, 55.2, 55.3, 61.6, 63.7, 64.2 (d, J = 2.9 Hz), 64.5 (d, J = 7.2 Hz), 64.8 (d, J = 5.9 Hz), 67.8, 68.7, 

89.3 (d, J = 7.2 Hz), 90.5 (d, J = 7.2 Hz), 113.36, 113.38, 126.6, 126.7, 127.1, 127.2, 127.3, 127.37, 127.42, 127.6, 

128.1, 128.2, 128.3, 128.4, 128.46, 128.48, 128.76, 128.78, 128.86, 128.91, 129.1, 129.5, 134.2, 134.46, 134.52, 

137.9, 138.2, 142.2, 142.3, 159.8, 160.0, 167.9 (d, J = 11.4 Hz), 168.6;
 31

P NMR (243 MHz, CDCl3) major 

diastereomer:  ‒4.8; minor diastereomer:  ‒5.0; IR (ATR): 3144, 3065, 3033, 2983, 2932, 2910, 1758, 1609, 

1514, 1456, 1334, 1254, 1183, 1160, 1027 cm
-1

; HRMS (ESI) Calcd for C34H38NO9PS [M+Na]
+
 690.1897, Found 

                                                        
S2

 A. Kondoh and M. Terada, Org. Chem. Front., 2015, 2, 801-805. 
S3

 R. Fan, D. Pu, F. Wen and J. Wu, J. Org. Chem., 2007, 72, 8994-8997.  
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690.1897. 

 

Benzyl 2-(4-chlorophenyl)-2-diethoxyphosphoryloxy-3-phenyl-3-(N-tosylamino)propionate (4ca): 

diastereomixture. 

1
H NMR (600 MHz, CDCl3) major diastereomer:  1.10 (t, J = 7.2 Hz, 3H), 1.20 (t, J = 7.2 Hz, 

3H), 2.28 (s, 3H), 3.75-3.88 (m, 2H), 4.00-4.13 (m, 2H), 5.20 (d, J = 12.0 Hz, 1H), 5.32 (d, J = 

12.0 Hz, 1H), 5.40 (d, J = 9.0 Hz, 1H), 6.79 (d, J = 7.2 Hz, 2H), 6.90 (dd, J = 7.8, 7.8 Hz, 2H), 

6.95 (d, J = 8.4 Hz, 2H), 7.15 (d, J = 9.0 Hz, 2H), 6.98-7.40 (m, 10H), 7.46 (d, J = 9.0 Hz, 1H); minor 

diastereomer:  1.08 (t, J = 7.2 Hz, 3H), 1.16 (t, J = 7.2 Hz, 3H), 2.25 (s, 3H), 3.73-3.88 (m, 1H), 3.92-4.13 (m, 

3H), 4.91 (d, J = 12.0 Hz, 1H), 4.97 (d, J = 12.0 Hz, 1H), 5.47 (d, J = 9.6 Hz, 1H), 6.85-7.38 (m, 17H), 7.64 (d, J = 

9.0 Hz, 2H);
 13

C NMR (150 MHz, CDCl3) major diastereomer:  15.8 (d, J = 7.2 Hz), 15.9 (d, J = 7.2 Hz), 21.3, 

63.9 (d, J = 5.9 Hz), 64.3, 64.9 (d, J = 5.7 Hz), 68.9, 90.1 (d, J = 7.2 Hz), 126.7, 127.3, 127.5, 128.0, 128.2, 128.5, 

128.6, 128.7, 128.9, 129.0, 133.9, 134.2, 134.3, 134.9, 138.1, 142.5, 168.0; minor diastereomer:  15.7 (d, J = 7.1 

Hz), 15.8 (d, J = 7.1 Hz), 21.3, 62.1, 64.5 (d, J = 7.2 Hz), 64.9 (d, J = 6.4 Hz), 68.1, 89.0 (d, J = 5.7 Hz), 126.6, 

127.7, 127.8, 128.2, 128.40, 128.44, 128.5, 128.9, 129.0, 129.4, 133.8, 134.2, 134.3, 135.1, 137.6, 142.5, 168.0;
 31

P 

NMR (243 MHz, CDCl3) major diastereomer:  ‒4.81; minor diastereomer:  ‒4.83; IR (ATR): 3151, 3065, 3033, 

2985, 2930, 2909, 1758, 1598, 1494, 1456, 1335, 1243, 1160, 1092, 1027, 984 cm
-1

; HRMS (ESI) Calcd for 

C33H35ClNO8PS [M+Na]
+
 694.1402, Found 694.1401. 

 

Benzyl 2-diethoxyphosphoryloxy-2-(4-fluorophenyl)-3-phenyl-3-(N-tosylamino)propionate (4da): 

diastereomixture. 

1
H NMR (600 MHz, CDCl3) major diastereomer:  1.11 (t, J = 7.2 Hz, 3H), 1.20 (t, J = 7.2 Hz, 

3H), 2.27 (s, 3H), 3.24-3.88 (m, 2H), 3.92-4.13 (m, 2H), 5.20 (d, J = 12.0 Hz, 1H), 5.32 (d, J = 

12.0 Hz, 1H), 5.42 (d, J = 9.0 Hz, 1H), 6.77 (d, J = 7.2 Hz, 2H), 6.83-7.40 (m, 16H), 7.47 (d, J = 

9.0 Hz, 1H); minor diastereomer:  1.08 (t, J = 7.2 Hz, 3H), 1.16 (t, J = 7.2 Hz, 3H), 2.24 (s, 3H), 3.24-3.88 (m, 

1H), 3.92-4.13 (m, 3H), 4.90 (d, J = 12.0 Hz, 1H), 4.96 (d, J = 12.0 Hz, 1H), 5.51 (d, J = 9.6 Hz, 1H), 6.83-7.40 (m, 

16H), 7.47 (d, J = 9.6 Hz, 1H), 7.69-7.73 (m, 2H);
 13

C NMR (150 MHz, CDCl3) major diastereomer:  15.8 (d, J = 

7.2 Hz), 15.9 (d, J = 7.2 Hz), 21.3, 63.9 (d, J = 5.7 Hz), 64.4, 64.9 (d, J = 7.2 Hz), 68.9, 90.2 (d, J = 7.2 Hz), 115.0 

(d, J = 21.6 Hz), 126.7, 127.3, 127.5, 128.5, 128.60 (d, J = 7.7 Hz), 128.62, 128.7, 128.9, 129.0, 131.4 (d, J = 4.4 

Hz), 133.9, 134.3, 138.2, 142.4, 162.7 (d, J = 247.1 Hz), 168.2; minor diastereomer:  15.8 (d, J = 5.7 Hz, 2C), 

21.3, 61.9, 64.6 (d, J = 7.2 Hz), 64.9 (d, J = 7.2 Hz), 68.0, 88.9 (d, J = 7.2 Hz), 115.0 (d, J = 21.6 Hz), 126.6, 127.7, 

127.8, 128.3, 128.4, 128.6, 128.8, 129.1, 130.1 (d, J = 8.6 Hz), 131.1, 134.2, 134.3, 137.7, 142.4, 162.9 (d, J = 

248.6 Hz), 167.6 (d, J = 11.6 Hz);
 31

P NMR (243 MHz, CDCl3) major diastereomer:  ‒4.8; minor diastereomer:  

‒4.9; IR (ATR): 3134, 3066, 3033, 2984, 2931, 1758, 1602, 1509, 1456, 1335, 1240, 1162, 1092, 1031, 987 cm
-1

; 

HRMS (ESI) Calcd for C33H35FNO8PS [M+Na]
+
 678.1697, Found 678.1697. 
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Benzyl 2-diethoxyphosphoryloxy-2-(3-methoxyphenyl)-3-phenyl-3-(N-tosylamino)propionate (4ea): 

diastereomixture. 

1
H NMR (600 MHz, CDCl3) major diastereomer:  1.13 (td, J = 7.2, 0.60 Hz, 3H), 1.22 (t, J = 

7.2 Hz, 3H), 2.26 (s, 3H), 3.56 (s, 3H), 3.77-3.91 (m, 2H), 4.05-4.18 (m, 2H), 5.21 (d, J = 12.0 

Hz, 1H), 5.37 (d, J = 12.0 Hz, 1H), 5.48 (d, J = 9.0 Hz, 1H), 6.74-7.40 (m, 18H), 7.65 (d, J = 9.0 

Hz, 1H); minor diastereomer:  1.08 (t, J = 7.2 Hz, 3H), 1.16 (t, J = 7.2 Hz, 3H), 2.23 (s, 3H), 3.70-3.80 (m, 1H), 

3.77 (s, 3H), 3.93-4.02 (m, 3H), 4.91 (d, J = 12.0 Hz, 1H), 4.97 (d, J = 12.0 Hz, 1H), 5.57 (d, J = 10.2 Hz, 1H), 

6.74-7.40 (m, 18H), 7.62 (d, J = 10.2 Hz, 1H);
 13

C NMR (150 MHz, CDCl3) major diastereomer:  15.8 (d, J = 7.1 

Hz), 15.9 (d, J = 8.7 Hz), 21.3, 55.0, 63.9 (d, J = 7.2 Hz), 64.4, 65.0 (d, J = 5.7 Hz), 68.7, 90.8 (d, J = 7.2 Hz), 

111.9, 114.7, 118.7, 126.7, 127.1, 127.3, 128.46, 128.49, 128.7, 128.8, 128.9, 129.0, 134.0, 134.5, 137.1 (d, J = 8.7 

Hz), 138.3, 142.3, 159.1, 168.1; minor diastereomer:  15.7 (d, J = 8.6 Hz), 15.8 (d, J = 7.1 Hz), 21.2, 55.4, 61.8, 

64.5 (d, J = 7.2 Hz), 64.9 (d, J = 5.7 Hz), 67.8, 89.4 (d, J = 5.9 Hz), 112.9, 115.6, 120.2, 126.6, 127.58, 127.60, 

128.2, 128.3, 128.4, 128.8, 129.0, 129.1, 134.40, 134.44, 136.5, 137.8, 142.2, 159.3, 167.6 (d, J = 10.2 Hz);
 31

P 

NMR (243 MHz, CDCl3) major diastereomer:  ‒4.8; minor diastereomer:  ‒4.9; IR (ATR): 3145, 3065, 3033, 

2985, 2940, 2908, 1757, 1601, 1586, 1494, 1455, 1334, 1249, 1159, 1092, 1027, 976 cm
-1

; HRMS (ESI) Calcd for 

C34H38NO9PS [M+Na]
+
 690.1897, Found 690.1897. 

 

Benzyl 2-diethoxyphosphoryloxy-2-(2-methylphenyl)-3-phenyl-3-(N-tosylamino)propionate (4fa): 

major diastereomer: white solid. 

1
H NMR (600 MHz, CDCl3)  0.91 (t, J = 7.2 Hz, 3H), 1.14 (t, J = 7.2 Hz, 3H), 2.04 (s, 3H), 2.23 

(s, 3H), 3.35-3.46 (m, 1H), 3.87-3.95 (m, 1H), 3.98-4.10 (m, 2H), 4.67 (d, J = 12.0 Hz, 1H), 4.81 

(d, J = 12.0 Hz, 1H), 5.62 (d, J = 10.2 Hz, 1H), 6.84 (d, J = 8.4 Hz, 2H), 6.90 (d, J = 7.2 Hz, 2H), 

6.91 (dd, J = 7.8, 7.2 Hz, 2H), 7.03 (t, J = 7.2 Hz, 1H), 7.04 (d, J = 7.2 Hz, 2H), 7.08 (d, J = 7.8 Hz, 1H), 7.19-7.29 

(m, 6H), 7.33-7.37 (m, 1H), 8.30 (d, J = 7.8 Hz, 1H), 8.58 (d, J = 10.2 Hz, 1H); 
13

C NMR (150 MHz, CDCl3)  

15.6 (d, J = 7.2 Hz), 15.7 (d, J = 7.2 Hz), 20.2, 21.3, 62.2, 64.7 (d, J = 7.2 Hz), 65.4 (d, J = 5.7 Hz), 67.7, 89.3 (d, J 

= 7.2 Hz), 126.2, 126.6, 127.6 (2C), 128.2, 128.29, 128.33, 128.7, 128.9, 129.1, 129.3, 131.7, 133.9, 134.3, 134.4, 

138.1, 138.5, 142.1, 168.1; 
31

P NMR (243 MHz, CDCl3)  ‒4.6; IR (ATR): 3129, 3066, 3032, 2982, 2911, 1766, 

1734, 1600, 1456, 1335, 1227, 1159, 1092, 1026 cm
-1

; HRMS (ESI) Calcd for C34H38NO8PS [M+Na]
+
 674.1948, 

Found 674.1948; m.p.: 88.0-90.0 °C. 

minor diastereomer: 

1
H NMR (600 MHz, CDCl3)  1.03 (t, J = 7.2 Hz, 3H), 1.05 (t, J = 7.2 Hz, 3H), 2.14 (s, 3H), 2.29 (s, 3H), 

3.47-3.59 (m, 1H), 3.67-3.91 (m, 3H), 5.04 (d, J = 12.0 Hz, 1H), 5.17 (d, J = 12.0 Hz, 1H), 5.75 (d, J = 7.8 Hz, 1H), 

6.56 (brs, 1H), 6.90-6.99 (m, 6H), 7.03-7.06 (m, 2H), 7.09-7.14 (m, 3H), 7.16-7.20 (m, 1H), 7.25-7.30 (m, 3H), 

7.34 (d, J = 7.8 Hz, 2H), 7.56 (d, J = 7.8 Hz, 1H); 
13

C NMR (150 MHz, CDCl3)  15.7 (d, J = 8.6 Hz), 15.8 (d, J = 

8.7 Hz), 20.9, 21.4, 60.8, 63.9 (d, J = 5.7 Hz), 64.5 (d, J = 5.7 Hz), 68.2, 87.6 (d, J = 5.7 Hz), 125.8, 127.0, 127.3, 

127.5, 128.4, 128.5, 128.8, 128.9 (2C), 129.0, 129.1, 132.2, 133.3 (d, J = 4.4 Hz), 134.1, 134.8, 137.3, 137.9, 142.5, 

169.6 (d, J = 7.2 Hz); 
31

P NMR (243 MHz, CDCl3)  ‒5.4. 
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Benzyl 2-diethoxyphosphoryloxy-2-(2-naphthyl)-3-phenyl-3-(N-tosylamino)propionate (4ga): 

diastereomixture. 

1
H NMR (600 MHz, CDCl3) major diastereomer:  1.11 (td, J = 7.2, 1.2 Hz, 3H), 1.20 (td, J = 

7.2, 1.2 Hz, 3H), 2.24 (s, 3H), 3.76-3.89 (m, 2H), 4.00-4.15 (m, 2H), 5.22 (d, J = 12.0 Hz, 1H), 

5.38 (d, J = 12.0 Hz, 1H), 5.62 (d, J = 9.6 Hz, 1H), 6.80-7.86 (m, 22H); minor diastereomer:  

0.95 (td, J = 7.2, 1.2 Hz, 3H), 1.17 (td, J = 7.2, 1.2 Hz, 3H), 2.21 (s, 3H), 3.60-3.70 (m, 1H), 3.76-4.15 (m, 3H), 

4.93 (d, J = 12.0 Hz, 1H), 4.96 (d, J = 12.0 Hz, 1H), 5.68 (d, J = 10.2 Hz, 1H), 6.80-7.86 (m, 21H), 8.33 (d, J = 1.8 

Hz, 1H);
 13

C NMR (150 MHz, CDCl3) major diastereomer:  15.8 (d, J = 7.2 Hz), 15.9 (d, J = 7.2 Hz), 21.3, 63.9 

(d, J = 5.7 Hz), 64.3 (d, J = 2.9 Hz), 64.9 (d, J = 5.7 Hz), 68.8, 90.9 (d, J = 7.2 Hz), 123.7, 126.2, 126.3, 126.6, 

126.8, 127.2, 127.3, 127.4, 127.7, 128.46, 128.53, 128.6, 128.7, 128.8, 129.0, 132.4, 132.9 (d, J = 8.7 Hz), 133.0, 

134.2, 134.5, 138.2, 142.3, 168.3; minor diastereomer:  15.6 (d, J = 7.2 Hz), 15.8 (d, J = 7.2 Hz), 21.3, 62.0, 64.5 

(d, J = 7.1 Hz), 64.8 (d, J = 5.7 Hz), 68.0, 89.7 (d, J = 7.1 Hz), 125.0, 126.2, 126.6, 127.0, 127.3, 127.5, 127.64, 

127.65, 127.8, 128.28, 128.34 (2C), 128.8, 128.9, 129.2, 132.5, 132.6, 133.1, 134.3, 134.6, 137.8, 142.3, 167.7 (d, J 

= 10.5 Hz);
 31

P NMR (243 MHz, CDCl3) major diastereomer:  ‒4.71; minor diastereomer:  ‒4.71; IR (ATR): 

3143, 3063, 3033, 2984, 2928, 1757, 1599, 1496, 1455, 1334, 1239, 1160, 1092, 1028, 976 cm
-1

; HRMS (ESI) 

Calcd for C37H38NO8PS [M+Na]
+
 710.1948, Found 710.1948. 

 

Benzyl 2-diethoxyphosphoryloxy-3-phenyl-2-(2-thienyl)-3-(N-tosylamino)propionate (4ha): 

major diastereomer: pale red solid. 

1
H NMR (600 MHz, CDCl3)  1.09 (td, J = 7.2, 1.2 Hz, 3H), 1.26 (td, J = 7.2, 1.2 Hz, 3H), 2.26 

(s, 3H), 3.75 (qd, J = 7.2, 7.2 Hz, 1H), 3.82 (qd, J = 7.2, 7.2 Hz, 1H), 4.10-4.23 (m, 2H), 5.25 (d, 

J = 12.0 Hz, 1H), 5.40 (d, J = 8.4 Hz, 1H), 5.42 (d, J = 12.0 Hz, 1H), 6.75 (d, J = 7.8 Hz, 2H), 

6.87-6.90 (m, 3H), 6.92 (d, J = 7.2 Hz, 2H), 7.03 (t, J = 7.2 Hz, 1H), 7.09 (dd, J = 3.6, 1.2 Hz, 1H), 7.17 (dd, J = 

4.8, 1.2 Hz, 1H), 7.35 (d, J = 8.4 Hz, 2H), 7.37-7.41 (m, 3H), 7.46 (dd, J = 7.8, 1.8 Hz, 2H), 7.72 (d, J = 8.4 Hz, 

1H); 
13

C NMR (150 MHz, CDCl3)  15.8 (d, J = 7.2 Hz), 16.0 (d, J = 7.2 Hz), 21.3, 64.1 (d, J = 7.2 Hz), 65.2 (d, J 

= 7.2 Hz), 66.1 (d, J = 2.9 Hz), 69.2, 90.1 (d, J = 7.2 Hz), 126.3, 126.7, 126.89, 126.91, 127.2, 127.5, 128.5, 128.57, 

128.59, 128.9, 129.1, 133.5, 134.4, 138.3, 139.1 (d, J = 8.6 Hz), 142.4, 167.5; 
31

P NMR (243 MHz, CDCl3)  ‒5.9; 

IR (ATR): 3114, 3066, 3033, 2984, 2909, 1762, 1599, 1456, 1335, 1248, 1161, 1033, 982 cm
-1

; HRMS (ESI) Calcd 

for C31H34NO8PS2 [M+Na]
+
 666.1356, Found 666.1355; m.p.: 109.0-110.2 °C. 

minor diastereomer: 

1
H NMR (600 MHz, CDCl3)  1.06 (td, J = 7.2, 1.2 Hz, 3H), 1.14 (td, J = 7.2, 1.2 Hz, 3H), 2.25 (s, 3H), 3.71-3.93 

(m, 4H), 4.99 (d, J = 12.0 Hz, 1H), 5.02 (d, J = 12.0 Hz, 1H), 5.27 (d, J = 9.6 Hz, 1H), 6.65 (d, J = 10.2 Hz, 1H), 

6.85-6.98 (m, 7H), 7.06-7.10 (m, 1H), 7.16-7.18 (m, 1H), 7.22-7.24 (m, 1H), 7.29-7.33 (m, 5H), 7.36 (dd, J = 5.4, 

1.2 Hz, 1H); 
13

C NMR (150 MHz, CDCl3)  15.80 (d, J = 7.2 Hz), 15.82 (d, J = 7.2 Hz), 21.3, 64.29 (d, J = 5.7 Hz), 

64.31 (d, J = 7.2 Hz), 64.4 (d, J = 5.7 Hz), 68.5, 86.3 (d, J = 7.2 Hz), 125.9, 126.8, 127.7, 127.99, 128.04, 128.5, 

128.6, 128.8, 128.9 (2C), 130.3, 134.1, 134.3, 136.2, 137.6, 142.6, 167.3 (d, J = 7.2 Hz); 
31

P NMR (243 MHz, 

CDCl3)  ‒4.6. 
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Benzyl 2-diethoxyphosphoryloxy-4-phenyl-2-(N-tosylaminobenzyl)butanoate (4ia): 

diastereomixture. 

1
H NMR (600 MHz, CDCl3) major diastereomer:  1.14 (td, J = 7.2, 1.2 Hz, 3H), 1.34 (td, J = 

7.2, 1.2 Hz, 3H), 1.91 (ddd, J = 13.8, 12.0, 4.8 Hz, 1H), 2.19-2.25 (m, 1H), 2.24 (s, 3H), 2.34 

(ddd, J = 13.8, 13.2, 4.8 Hz, 1H), 2.62 (ddd, J = 13.2, 12.0, 4.8 Hz, 1H), 3.80 (ddq, J = 9.6, 7.2, 

7.2 Hz, 1H), 3.86-3.97 (m, 2H), 4.24-4.34 (m, 1H), 5.02 (d, J = 9.6 Hz, 1H), 5.10 (d, J = 12.0 Hz, 1H), 5.35 (d, J = 

12.0 Hz, 1H), 6.86-7.42 (m, 17H), 7.46-7.49 (m, 2H), 7.88 (d, J = 10.2 Hz, 1H); minor diastereomer:  1.13 (td, J = 

7.2, 1.2 Hz, 3H), 1.27 (td, J = 7.2, 0.6 Hz, 3H), 2.22 (s, 3H), 2.38-2.50 (m, 2H), 2.61-2.70 (m, 1H), 2.81-2.89 (m, 

1H), 4.10-4.20 (m, 2H), 4.24-4.35 (m, 2H), 4.99 (d, J = 12.0 Hz, 1H), 5.05 (d, J = 12.0 Hz, 1H), 5.10 (d, J = 10.2 

Hz, 1H), 6.85-7.50 (m, 18H), 7.65 (d, J = 10.2 Hz, 1H), 7.82 (d, J = 7.8 Hz, 1H);
 13

C NMR (150 MHz, CDCl3) 

major diastereomer:  15.8 (d, J = 7.2 Hz), 16.1 (d, J = 7.2 Hz), 21.3, 29.7, 38.8 (d, J = 7.2 Hz), 63.4, 63.8 (d, J = 

7.2 Hz), 65.2 (d, J = 5.7 Hz), 68.5, 91.1 (d, J = 10.1 Hz), 126.1, 126.6, 127.69, 127.72, 128.3, 128.4 (2C), 128.6, 

128.8, 129.0, 129.2, 134.1, 134.9, 138.3, 140.2, 142.2, 168.9; minor diastereomer:  15.7 (d, J = 7.2 Hz), 16.0 (d, J 

= 5.9 Hz), 21.5, 29.7, 37.4, 62.9, 64.76 (d, J = 7.2 Hz), 64.83 (d, J = 5.9 Hz), 67.8, 90.6 (d, J = 5.7 Hz), 126.4, 

126.6, 127.6, 127.8, 128.2, 128.3, 128.6, 128.7, 128.8, 128.9, 129.7, 134.4, 135.2, 138.0, 140.3, 142.4, 168.6 (d, J = 

13.1 Hz);
 31

P NMR (243 MHz, CDCl3) major diastereomer:  ‒4.7; minor diastereomer:  ‒5.0; IR (ATR): 3157, 

3064, 3030, 2984, 2934, 1761, 1600, 1496, 1455, 1335, 1242, 1161, 1092, 1029, 982 cm
-1

; HRMS (ESI) Calcd for 

C35H40NO8PS [M+Na]
+
 688.2104, Found 688.2104. 

 

Benzyl 2-cyclohexyl-2-diethoxyphosphoryloxy-3-phenyl-3-(N-tosylamino)propionate (4ja): 

major diastereomer: colorless oil. 

1
H NMR (600 MHz, CDCl3)  0.70-0.80 (m, 1H), 0.86-1.10 (m, 3H), 1.17 (t, J = 7.2 Hz, 3H), 

1.24-1.36 (m, 1H), 1.38 (t, J = 7.2 Hz, 3H), 1.40-1.80 (m, 5H), 1.90-2.00 (m, 1H), 2.28 (s, 3H), 

3.75-3.83 (m, 1H), 3.88-3.96 (m, 1H), 4.21-4.33 (m, 2H), 5.13 (d, J = 12.0 Hz, 1H), 5.30 (d, J = 

9.6 Hz, 1H), 5.42 (d, J = 12.0 Hz, 1H), 6.89 (d, J = 7.8 Hz, 2H), 7.03 (dd, J = 7.8, 7.2 Hz, 2H), 7.10 (t, J = 7.2 Hz, 

1H), 7.13 (d, J = 7.8 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.36 (td, J = 7.8, 1.8 Hz, 1H), 7.40 (dd, J = 7.8, 7.8 Hz, 2H), 

7.49 (d, J = 7.2 Hz, 2H), 8.04 (d, J = 9.6 Hz, 1H); 
13

C NMR (150 MHz, CDCl3)  15.8 (d, J = 8.7 Hz), 16.1 (d, J = 

5.7 Hz), 21.3, 26.0, 26.1, 26.2, 26.9, 28.6, 44.6 (d, J = 7.1 Hz), 60.6, 63.6 (d, J = 5.7 Hz), 65.2 (d, J = 5.7 Hz), 68.3, 

94.9 (d, J = 10.1 Hz), 126.5, 127.6, 127.7, 128.5 (2C), 128.7, 128.9, 129.2, 134.8, 134.9, 138.8, 141.9, 168.4; 
31

P 

NMR (243 MHz, CDCl3)  ‒4.9; IR (ATR): 3141, 3032, 2983, 2931, 2855, 1754, 1599, 1454, 1335, 1245, 1217, 

1161, 1031, 981 cm
-1

; HRMS (ESI) Calcd for C33H42NO8PS [M+Na]
+
 666.2261, Found 666.2261. 

minor diastereomer: 

1
H NMR (600 MHz, CDCl3)  0.62-0.72 (m, 1H), 0.97 (t, J = 7.2 Hz, 3H), 1.05-1.15 (m, 1H), 1.15-1.28 (m, 1H), 

1.30-1.42 (m, 1H), 1.35 (t, J = 7.2 Hz, 3H), 1.50-1.60 (m, 1H), 1.66-1.76 (m, 2H), 1.85-1.90 (m, 1H), 2.02-2.10 (m, 

1H), 2.22 (s, 3H), 2.29-2.36 (m, 1H), 2.40-2.48 (m, 1H), 3.73-3.82 (m, 2H), 4.13-4.26 (m, 2H), 4.87 (d, J = 12.0 Hz, 

1H), 5.04 (d, J = 12.0 Hz, 1H), 5.28 (d, J = 10.8 Hz, 1H), 6.84 (d, J = 7.8 Hz, 2H), 6.87 (dd, J = 7.8, 7.8 Hz, 2H), 

6.98 (d, J = 7.2 Hz, 2H), 6.99 (t, J = 7.2 Hz, 1H), 7.05 (d, J = 7.2 Hz, 2H), 7.23-7.31 (m, 5H), 8.32 (d, J = 10.8 Hz, 

1H); 
13

C NMR (150 MHz, CDCl3)  15.5 (d, J = 7.2 Hz), 16.1 (d, J = 7.2 Hz), 21.3, 26.2 (2C), 26.5, 26.7, 28.4, 
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44.0, 60.5, 64.6 (d, J = 5.7 Hz), 64.8 (d, J = 7.1 Hz), 67.4, 95.3 (d, J = 5.7 Hz), 126.6, 127.2, 127.5, 128.4, 128.5, 

128.68, 128.72, 129.0, 134.5, 134.6, 138.5, 141.9, 167.7 (d, J = 14.4 Hz); 
31

P NMR (243 MHz, CDCl3)  ‒6.2. 

 

Benzyl 2-diethoxyphosphoryloxy-3-(4-methoxyphenyl)-2-phenyl-3-(N-tosylamino)propionate (4ab): 

diastereomixture. 

1
H NMR (600 MHz, CDCl3) major diastereomer:  1.15 (td, J = 7.2, 1.2 Hz, 3H), 1.21 (td, J = 

7.2, 0.60 Hz, 3H), 2.28 (s, 3H), 3.64 (s, 3H), 3.80-4.16 (m, 4H), 5.21 (d, J = 12.0 Hz, 1H), 5.33 (d, 

J = 12.0 Hz, 1H), 5.46 (d, J = 9.0 Hz, 1H), 6.38 (d, J = 9.0 Hz, 2H), 6.67 (d, J = 7.8 Hz, 2H), 6.96 

(d, J = 7.8 Hz, 2H), 7.20-7.40 (m, 12H), 7.55-7.63 (m, 1H); minor diastereomer:  1.04 (td, J = 7.2, 0.60 Hz, 3H), 

1.18 (td, J = 7.2, 0.60 Hz, 3H), 2.25 (s, 3H), 3.69 (s, 3H), 3.66-3.72 (m, 1H), 3.80-4.15 (m, 3H), 4.90 (d, J = 12.0 

Hz, 1H), 4.97 (d, J = 12.0 Hz, 1H), 5.53 (d, J = 9.6 Hz, 1H), 6.41 (d, J = 8.4 Hz, 2H), 6.89 (dd, J = 8.4, 7.8 Hz, 2H), 

6.99 (d, J = 7.2 Hz, 2H), 7.18-7.40 (m, 12H), 7.68-7.73 (m, 1H);
 13

C NMR (150 MHz, CDCl3) major diastereomer: 

 15.8 (d, J = 7.2 Hz), 15.9 (d, J = 7.2 Hz), 21.3, 55.0, 63.84, 63.85 (d, J = 5.7 Hz), 64.9 (d, J = 5.7 Hz), 68.7, 91.0 

(d, J = 5.7 Hz), 112.5, 126.1, 126.4, 126.7, 128.1, 128.41, 128.44, 128.7, 128.8 (2C), 129.9, 134.5, 135.6 (d, J =7.1 

Hz), 138.4, 142.2, 158.8, 168.3; minor diastereomer:  15.7 (d, J = 7.2 Hz), 15.8 (d, J = 7.2 Hz), 21.2, 61.1, 63.8, 

64.5 (d, J = 5.7 Hz), 64.8 (d, J = 5.7 Hz), 67.7, 89.5 (d, J = 7.2 Hz), 112.9, 126.5, 126.7, 127.9, 128.1, 128.29, 

128.34, 128.7, 128.8, 129.0, 130.4, 134.4, 135.2, 138.0, 142.1, 159.1, 167.8 (d, J = 11.4 Hz);
 31

P NMR (243 MHz, 

CDCl3) major diastereomer:  ‒4.7; minor diastereomer:  ‒4.8; IR (ATR): 3142, 3064, 3033, 2984, 2932, 2909, 

1756, 1612, 1514, 1448, 1334, 1246, 1159, 1027, 986 cm
-1

; HRMS (ESI) Calcd for C34H38NO9PS [M+Na]
+
 

690.1897, Found 690.1897. 

 

Benzyl 3-(4-chlorophenyl)-2-diethoxyphosphoryloxy-2-phenyl-3-(N-tosylamino)propionate (4ac): 

diastereomixture. 

1
H NMR (600 MHz, CDCl3) major diastereomer:  1.18 (td, J = 7.2, 1.2 Hz, 3H), 1.23 (td, J = 

7.2, 1.2 Hz, 3H), 2.31 (s, 3H), 3.83-4.18 (m, 4H), 5.21 (d, J = 12.0 Hz, 1H), 5.34 (d, J = 12.0 Hz, 

1H), 5.45 (d, J = 9.0 Hz, 1H), 6.67 (d, J = 8.4 Hz, 2H), 6.80 (d, J = 7.8 Hz, 2H), 6.98 (d, J = 7.8 

Hz, 2H), 7.21 (dd, J = 7.2, 7.2 Hz, 2H), 7.24-7.28 (m, 1H), 7.32-7.38 (m, 9H), 7.75 (d, J = 6.6 Hz, 1H); minor 

diastereomer:  1.06 (td, J = 7.2, 1.2 Hz, 3H), 1.18 (td, J = 7.2, 1.2 Hz, 3H), 2.29 (s, 3H), 3.65-3.73 (m, 1H), 

3.83-4.06 (m, 3H), 4.94 (d, J = 12.0 Hz, 1H), 4.97 (d, J = 12.0 Hz, 1H), 5.53 (d, J = 9.6 Hz, 1H), 6.82 (d, J = 8.4 

Hz, 2H), 6.89 (d, J = 9.0 Hz, 2H), 6.91 (d, J = 9.0 Hz, 2H), 6.98 (d, J = 7.8 Hz, 2H), 7.22-7.30 (m, 4H), 7.32-7.38 

(m, 4H), 7.65-7.70 (m, 3H);
 13

C NMR (150 MHz, CDCl3) major diastereomer:  15.8 (d, J = 8.7 Hz), 15.9 (d, J = 

7.2 Hz), 21.3, 63.8, 64.0 (d, J = 5.7 Hz), 65.2 (d, J = 7.2 Hz), 68.8, 90.1 (d, J = 7.1 Hz), 126.1, 126.7, 127.2, 128.2, 

128.5, 128.6, 128.87, 128.90, 128.94, 130.2, 132.7, 133.4, 134.4, 135.3 (d, J = 7.2 Hz), 138.2, 142.7, 168.0; minor 

diastereomer:  15.7 (d, J = 7.2 Hz), 15.8 (d, J = 7.2 Hz), 21.3, 61.1, 64.6 (d, J = 7.2 Hz), 65.0 (d, J = 5.7 Hz), 68.0, 

89.1 (d, J = 7.2 Hz), 126.7, 127.6, 127.8, 128.2, 128.3, 128.4, 128.5, 128.9, 129.2, 130.7, 132.8, 133.8, 134.2, 134.9, 

137.8, 142.7, 167.6 (d, J = 10.1 Hz);
 31

P NMR (243 MHz, CDCl3) major diastereomer:  ‒4.5; minor 

diastereomer:  ‒4.7. 
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Benzyl 2-diethoxyphosphoryloxy-3-(4-nitrophenyl)-2-phenyl-3-(N-tosylamino)propionate (4ad): 

diastereomixture. 

1
H NMR (600 MHz, CDCl3)  1.10 (td, J = 7.2, 1.2 Hz, 1.5H), 1.20 (td, J = 7.2, 1.2 Hz, 1.5H), 

1.23 (td, J = 7.2, 1.2 Hz, 1.5H), 1.24 (td, J = 7.2, 1.2 Hz, 1.5H), 2.23 (s, 1.5H), 2.29 (s, 1.5H), 

3.71-3.73 (m, 0.5H), 3.91-4.06 (m, 2.5H), 4008-4.20 (m, 1.0H), 4.97 (d, J = 12.0 Hz, 0.5H), 5.02 

(d, J = 12.0 Hz, 0.5H), 5.20 (d, J = 12.0 Hz, 0.5H), 5.35 (d, J = 12.0 Hz, 0.5H), 5.53 (d, J = 7.8 Hz, 0.5H), 5.61 (d, 

J = 9.6 Hz, 0.5H), 6.89 (d, J = 8.4 Hz, 1.0H), 6.93 (d, J = 8.4 Hz, 1.0H), 7.01 (d, J = 8.4 Hz, 1.0H), 7.03 (d, J = 7.2 

Hz, 1.0H), 7.11 (d, J = 9.0 Hz, 1.0H), 7.18-7.38 (m, 9.0H), 7.40 (d, J = 9.0 Hz, 1.0H), 7.62 (d, J = 10.2 Hz, 1.0H), 

7.64 (d, J = 9.0 Hz, 1.0H), 7.69 (d, J = 9.0 Hz, 1.0H), 7.78 (d, J = 9.6 Hz, 0.5H), 7.99 (d, J = 6.0 Hz, 0.5H);
 13

C 

NMR (150 MHz, CDCl3)  15.7 (d, J = 7.2 Hz), 15.8 (d, J = 7.2 Hz), 15.92 (d, J = 7.2 Hz), 15.95 (d, J = 7.2 Hz), 

21.2, 21.3, 61.4, 63.9, 64.2 (d, J = 5.7 Hz), 64.7 (d, J = 7.1 Hz), 65.1 (d, J = 5.9 Hz), 65.5 (d, J = 5.7 Hz), 68.3, 69.0, 

88.6 (d, J = 7.2 Hz), 90.1 (d, J = 5.7 Hz), 122.1, 122.4, 125.8, 126.6, 126.8, 127.5, 128.4, 128.47 (2C), 128.52, 

128.6, 128.69, 128.73, 128.9, 129.0, 129.1, 129.2, 129.4, 129.8, 130.4, 134.0, 134.2, 134.6, 135.1 (d, J = 8.6 Hz), 

137.7, 138.0, 141.7, 141.9, 143.1, 143.2, 147.0 (2C), 167.5 (d, J = 11.6 Hz), 167.7;
 31

P NMR (243 MHz, CDCl3)  

‒3.8, ‒4.4. 

 

Benzyl 2-diethoxyphosphoryloxy-3-(3-methoxyphenyl)-2-phenyl-3-(N-tosylamino)propionate (4ae): 

diastereomixture. 

1
H NMR (600 MHz, CDCl3) major diastereomer:  1.12 (td, J = 7.2, 1.2 Hz, 3H), 1.23 (td, J = 

7.2, 1.2 Hz, 3H), 2.27 (s, 3H), 3.43 (s, 3H), 3.79 (ddq, J = 10.2, 7.2, 7.2 Hz, 1H), 3.87 (ddq, J = 

10.2, 7.2, 7.2 Hz, 1H), 4.06-4.19 (m, 2H), 5.23 (d, J = 12.0 Hz, 1H), 5.36 (d, J = 12.0 Hz, 1H), 

5.53 (d, J = 9.0 Hz, 1H), 6.28 (s, 1H), 6.30 (d, J = 7.8 Hz, 1H), 6.53 (dd, J = 8.4, 2.4 Hz, 1H), 6.75 (t, J = 7.8 Hz, 

1H), 6.96 (d, J = 8.4 Hz, 2H), 7.20-7.43 (m, 12H), 7.78 (d, J = 7.8 Hz, 1H); minor diastereomer:  1.06 (td, J = 7.2, 

1.2 Hz, 3H), 1.15 (td, J = 7.2, 1.2 Hz, 3H), 2.25 (s, 3H), 3.53 (s, 3H), 3.64-3.74 (m, 1H), 3.90-4.03 (m, 3H), 4.90 (d, 

J = 12.0 Hz, 1H), 4.99 (d, J = 12.0 Hz, 1H), 5.59 (d, J = 9.6 Hz, 1H), 6.55-6.60 (m, 3H), 6,84 (t, J = 7.8 Hz, 1H), 

6.88 (d, J = 7.8 Hz, 2H), 6.97 (d, J = 7.8 Hz, 2H), 7.20-7.43 (m, 8H), 7.66 (d, J = 10.2 Hz, 1H), 7.69-7.73 (m, 2H);
 

13
C NMR (150 MHz, CDCl3) major diastereomer:  15.7 (d, J = 7.1 Hz), 15.9 (d, J = 7.2 Hz), 21.2, 54.6, 63.9 (d, J 

= 7.2 Hz), 64.4, 65.0 (d, J = 5.7 Hz), 68.8, 91.1 (d, J = 7.2 Hz), 113.4, 113.9, 121.2, 126.3, 126.7, 128.0, 128.1, 

128.42, 128.45, 128.7, 128.79, 128.83, 134.5, 135.2, 135.7 (d, J = 8.6 Hz), 138.4, 142.3, 158.5, 168.2; minor 

diastereomer:  15.66 (d, J = 5.7 Hz), 15.70 (d, J = 5.7 Hz), 21.2, 54.7, 61.6, 64.6 (d, J = 5.9 Hz), 64.8 (d, J = 5.7 

Hz), 67.8, 89.5 (d, J = 7.1 Hz), 113.9, 114.1, 121.7, 126.6, 126.7, 127.9, 128.0, 128.27, 128.34, 128.7, 128.8, 129.0, 

134.4, 135.1, 135.6, 137.9, 142.3, 158.9, 167.7 (d, J = 10.1 Hz);
 31

P NMR (243 MHz, CDCl3) major diastereomer: 

 ‒4.8; minor diastereomer:  ‒4.9. 

 

Benzyl 2-diethoxyphosphoryloxy-3-(2-methoxyphenyl)-2-phenyl-3-(N-tosylamino)propionate (4af): 

diastereomixture. 

1
H NMR (600 MHz, CDCl3) major diastereomer:  1.19 (t, J = 7.2 Hz, 6H), 2.23 (s, 3H), 3.26 (s, 

3H), 3.94-4.10 (m, 4H), 5.25 (d, J = 12.0 Hz, 1H), 5.39 (d, J = 12.0 Hz, 1H), 5.88 (d, J = 8.4 Hz, 
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1H), 6.30 (d, J = 7.8 Hz, 1H), 6.56 (dd, J = 7.8, 7.2 Hz, 1H), 6.89 (d, J = 7.8 Hz, 2H), 6.95 (dd, J = 8.4, 7.2 Hz, 1H), 

7.07 (dd, J = 8.4, 7.2 Hz, 2H), 7.14 (t, J = 7.2 Hz, 1H), 6.97-7.40 (m, 11H); minor diastereomer:  1.10 (t, J = 7.2 

Hz, 3H), 1.14 (t, J = 7.2 Hz, 3H), 2.20 (s, 3H), 3.19 (s, 3H), 3.83-4.09 (m, 4H), 5.03-5.12 (m, 2H), 5.60-5.74 (brs, 

1H), 6.27 (d, J = 9.0 Hz, 1H), 6.60 (dd, J = 7.8, 7.8 Hz, 1H), 6.63 (d, J = 10.8 Hz, 1H), 6.83 (d, J = 7.8 Hz, 2H), 

6.98-7.40 (m, 14H);
 13

C NMR (150 MHz, CDCl3) major diastereomer:  15.9 (d, J = 7.2 Hz, 2C), 21.3, 54.5, 64.01, 

64.04 (d, J = 7.1 Hz), 64.6 (d, J = 5.9 Hz), 68.5, 90.7 (d, J = 8.7 Hz), 109.4, 119.7, 126.4, 126.8, 127.2, 128.25. 

128.29, 128.3, 128.4, 128.6, 128.7, 128.8, 129.7, 134.8, 135.2 (d, J = 5.7 Hz), 137.6, 142.2, 156.4, 168.3; minor 

diastereomer:  15.79 (d, J = 8.3 Hz), 15.82 (d, J = 7.2 Hz), 21.2, 57.2, 64.01, 64.04 (d, J = 7.1 Hz), 64.4 (d, J = 4.2 

Hz), 67.9, 88.1, 109.7, 119.9, 122.8, 126.7, 127.3, 128.0, 128.1, 128.3, 128.46, 128.50, 128.8, 129.0, 130.0, 134.9, 

135.4, 137.2, 142.4, 156.6, 167.8 (d, J = 5.7 Hz);
 31

P NMR (243 MHz, CDCl3) major diastereomer:  ‒4.6; minor 

diastereomer:  ‒4.9; IR (ATR): 3138, 3064, 3033, 2984, 2933, 2908, 1756, 1612, 1514, 1448, 1334, 1246, 1160, 

1028, 986 cm
-1

; HRMS (ESI) Calcd for C34H38NO9PS [M+Na]
+
 690.1897, Found 690.1896. 

Benzyl 2-diethoxyphosphoryloxy-3-(1-naphthyl)-2-phenyl-3-(N-tosylamino)propionate (4ag): 

major diastereomer: white solid. 

1
H NMR (600 MHz, CDCl3)  0.91 (t, J = 7.2 Hz, 3H), 1.07 (t, J = 7.2 Hz, 3H), 2.12 (s, 3H), 

3.53-3.67 (m, 2H), 3.77-3.91 (m, 2H), 5.33 (d, J = 12.0 Hz, 1H), 5.38 (d, J = 12.0 Hz, 1H), 6.23 

(d, J = 9.0 Hz, 1H), 6.63 (d, J = 7.8 Hz, 2H), 6.87 (d, J = 9.0 Hz, 1H), 6.99 (dd, J = 7.8, 7.2 Hz, 

2H), 7.02-7.11 (m, 4H), 7.20-7.40 (m, 10H), 7.54 (d, J = 7.8 Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.69 (d, J = 8.4 Hz, 

1H); 
13

C NMR (150 MHz, CDCl3)  15.6 (d, J = 7.2 Hz), 15.8 (d, J = 7.2 Hz), 21.1, 57.9, 63.8 (d, J = 5.9 Hz), 64.3 

(d, J = 5.9 Hz), 68.7, 90.3 (d, J = 7.2 Hz), 123.0, 124.4, 125.0, 125.7, 126.3, 126.6, 126.8, 127.7, 127.9, 128.2, 

128.48, 128.51, 128.56, 128.8, 129.1, 131.2, 132.2, 132.8, 134.5, 134.9 (d, J = 4.4 Hz), 137.3, 142.2, 168.7; 
31

P 

NMR (243 MHz, CDCl3)  ‒5.0; IR (ATR): 3162, 3063, 3033, 2985, 2929, 2910, 1756, 1599, 1449, 1336, 1253, 

1160, 1091, 1027, 984 cm
-1

; HRMS (ESI) Calcd for C37H38NO8PS [M+Na]
+
 710.1948, Found 710.1947 m.p.: 

124.4-125.0 °C. 

minor diastereomer: 

1
H NMR (600 MHz, CDCl3)  1.03 (t, J = 7.2 Hz, 3H), 1.22 (t, J = 7.2 Hz, 3H), 2.04 (s, 3H), 3.70-3.78 (m, 1H), 

3.94-4.12 (m, 3H), 4.35 (d, J = 12.0 Hz, 1H), 4.72 (d, J = 12.0 Hz, 1H), 6.43 (d, J = 10.2 Hz, 1H), 6.46 (d, J = 7.8 

Hz, 2H), 6.80 (d, J = 7.2 Hz, 2H), 6.99 (d, J = 8.4 Hz, 2H), 7.08 (dd, J = 7.8, 7.2 Hz, 1H), 7.17 (dd, J = 7.8, 7.2 Hz, 

2H), 7.19-7.24 (m, 2H), 7.29 (dd, J = 7.2, 7.2 Hz, 1H), 7.34-7.38 (m, 4H), 7.43 (d, J = 7.2 Hz, 1H), 7.53 (d, J = 7.8 

Hz, 1H), 7.64 (d, J = 7.8 Hz, 1H), 7.78-7.82 (m, 2H), 7.98 (d, J = 8.4 Hz, 1H); 
13

C NMR (150 MHz, CDCl3)  15.7 

(d, J = 7.2 Hz), 15.9 (d, J = 7.2 Hz), 21.0, 54.8, 64.5 (d, J = 5.9 Hz), 64.9 (d, J = 5.7 Hz), 67.6, 88.9 (d, J = 7.2 Hz), 

123.4, 124.8, 125.2, 126.0, 126.5, 127.2, 127.9, 128.07, 128.13 (3C), 128.15, 128.19, 128.23, 128.5, 129.1, 131.5, 

133.1, 134.4, 135.4, 136.9, 142.1, 167.6 (d, J = 10.1 Hz); 
31

P NMR (243 MHz, CDCl3)  ‒4.8. 

Benzyl 2-diethoxyphosphoryloxy-3-(2-naphthyl)-2-phenyl-3-(N-tosylamino)propionate (4ah): 

diastereomixture. 

1
H NMR (600 MHz, CDCl3) major diastereomer:  1.01 (td, J = 7.2, 1.2 Hz, 3H), 1.21 (td, J = 

7.2, 1.2 Hz, 3H), 1.97 (s, 3H), 3.69-3.76 (m, 1H), 3.81 (ddq, J = 9.6, 7.2, 7.2 Hz, 1H), 3.93-4.02 
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(m, 1H), 4.06-4.18 (m, 1H), 5.27 (d, J = 11.4 Hz, 1H), 5.37 (d, J = 11.4 Hz, 1H), 5.69 (d, J = 9.6 Hz, 1H), 6.68 (d, J 

= 7.8 Hz, 2H), 6.75 (d, J = 9.0 Hz, 1H), 7.18-7.46 (m, 17H), 7.62 (d, J = 7.8 Hz, 1H), 7.86 (d, J = 5.4 Hz, 1H); 

minor diastereomer:  1.06 (t, J = 7.2 Hz, 3H), 1.13 (t, J = 7.2 Hz, 3H), 1.86 (s, 3H), 3.69-3.76 (m, 1H), 4.02-4.19 

(m, 3H), 4.87 (d, J = 12.0 Hz, 1H), 4.94 (d, J = 12.0 Hz, 1H), 5.72 (d, J = 9.6 Hz, 1H), 6.53 (d, J = 7.8 Hz, 2H), 

6.89 (d, J = 7.2 Hz, 1H), 7.10-7.16 (m, 3H), 7.22-7.48 (m, 12H), 7.67 (d, J = 7.8 Hz, 1H), 7.72-7.78 (m, 3H);
 13

C 

NMR (150 MHz, CDCl3)  15.7 (d, J = 7.1 Hz), 15.7-15.8 (2C), 15.9 (d, J = 7.2 Hz), 20.9, 21.0, 60.3, 63.9 (d, J = 

5.7 Hz), 64.6, 64.9 (d, J = 5.7 Hz), 65.1 (d, J = 5.7 Hz), 67.9, 68.9, 89.5 (d, J = 5.9 Hz), 91.5 (d, J = 7.2 Hz), 125.5, 

125.7, 125.9, 126.1, 126.4, 126.46, 126.51, 126.6, 127.1, 127.2, 127.3, 127.8, 127.9, 128.0, 128.1, 128.2, 128.3, 

128.4, 128.5, 128.6, 128.7, 128.8, 128.9, 129.1, 129.3, 131.0, 131.4, 132.3, 132.4, 132.6, 134.3, 134.5, 135.2, 135.5 

(d, J = 8.6 Hz), 137.7, 138.2, 142.29, 142.33, 167.8 (d, J = 10.1 Hz), 168.3;
 31

P NMR (243 MHz, CDCl3) major 

diastereomer:  ‒4.74; minor diastereomer:  ‒4.72; IR (ATR): 3136, 3061, 3030, 2984, 2931, 2108, 1757, 1599, 

1448, 1336, 1241, 1159, 1027, 986 cm
-1

; HRMS (ESI) Calcd for C37H38NO8PS [M+Na]
+
 710.1948, Found 

710.1947. 

 

Benzyl 2-diethoxyphosphoryloxy-3-(2-furyl)-2-phenyl-3-(N-tosylamino)propionate (4ai): 

major diastereomer: white solid. 

1
H NMR (600 MHz, CDCl3)  1.17 (td, J = 7.2, 1.2 Hz, 3H), 1.23 (td, J = 7.2, 1.2 Hz, 3H), 2.32 

(s, 3H), 3.85-3.95 (m, 2H), 4.05-4.17 (m, 2H), 5.17 (d, J = 12.0 Hz, 1H), 5.33 (d, J = 12.0 Hz, 

1H), 5.67 (d, J = 9.6 Hz, 1H), 5.77 (d, J = 3.0 Hz, 1H), 5.94 (dd, J = 3.0, 1.8 Hz, 1H), 6.89 (d, J = 

1.2 Hz, 1H), 7.07 (d, J = 8.4 Hz, 2H), 7.24-7.35 (m, 8H), 7.42-7.45 (m, 2H), 7.50 (d, J = 8.4 Hz, 2H), 7.64 (d, J = 

9.0 Hz, 1H); 
13

C NMR (150 MHz, CDCl3)  15.88 (d, J = 8.6 Hz), 15.94 (d, J = 7.2 Hz), 21.4, 58.2, 63.9 (d, J = 5.7 

Hz), 64.9 (d, J = 5.7 Hz), 68.6, 89.8 (d, J = 7.2 Hz), 109.9, 110.1, 126.3, 126.7, 128.2, 128.4 (2C), 128.7, 128.8, 

129.0, 134.6, 135.4 (d, J = 7.2 Hz), 138.2, 141.8, 142.4, 148.0 167.9; 
31

P NMR (243 MHz, CDCl3)  ‒5.1; IR 

(ATR): 3117, 3033, 2984, 2913, 1760, 1498, 1449, 1338, 1248, 1161, 1030, 986 cm
-1

; HRMS (ESI) Calcd for 

C31H34NO9PS [M+Na]
+
 650.1584, Found 650.1583; m.p.: 111.7-112.4 °C. 

minor diastereomer: 

1
H NMR (600 MHz, CDCl3)  1.12 (td, J = 7.2, 1.2 Hz, 3H), 1.17 (td, J = 7.2, 1.2 Hz, 3H), 2.31 (s, 3H), 3.78-3.86 

(m, 1H), 3.90-4.04 (m, 3H), 5.07 (d, J = 12.6 Hz, 1H), 5.11 (d, J = 12.6 Hz, 1H), 5.73 (d, J = 10.2 Hz, 1H), 5.94 (d, 

J = 3.0 Hz, 1H), 5.97 (dd, J = 3.0, 1.8 Hz, 1H), 6.91 (d, J = 0.60 Hz, 1H), 7.04 (d, J = 7.8 Hz, 2H), 7.12 (dd, J = 7.8, 

2.4 Hz, 2H), 7.25-7.35 (m, 6H), 7.44 (d, J = 7.8 Hz, 2H), 7.44 (d, J = 7.8 Hz, 1H), 7.62-7.66 (m, 2H); 
13

C NMR 

(150 MHz, CDCl3)  15.8 (d, J = 7.2 Hz, 2C), 21.4, 56.6, 64.4 (d, J = 7.2 Hz), 64.7 (d, J = 5.9 Hz), 68.1, 88.9 (d, J 

= 7.2 Hz), 110.1, 110.3, 126.7, 127.4, 128.1, 128.30, 128.34, 128.4, 128.95, 129.05, 134.6, 134.8, 137.9, 141.8, 

142.5, 148.5, 167.7 (d, J = 10.0 Hz); 
31

P NMR (243 MHz, CDCl3)  ‒5.3. 

 

Benzyl 2-diethoxyphosphoryloxy-2-phenyl-3-(3-pyridyl)-3-(N-tosylamino)propionate (4aj): 

major diastereomer: colorless oil. 

1
H NMR (600 MHz, CDCl3)  1.22 (td, J = 7.2, 1.2 Hz, 3H), 1.23 (t, J = 7.2 Hz, 3H), 2.29 (s, 3H), 

3.94 (ddq, J = 10.2, 7.2, 7.2 Hz, 1H), 4.01 (ddq, J = 10.2, 7.2, 7.2 Hz, 1H), 4.09-4.20 (m, 2H), 
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5.22 (d, J = 12.0 Hz, 1H), 5.35 (d, J = 12.0 Hz, 1H), 5.47 (d, J = 8.4 Hz, 1H), 6.80 (dd, J = 8.4, 4.8 Hz, 1H), 7.01 (d, 

J = 8.4 Hz, 2H), 7.18-7.23 (m, 3H), 7.26 (t, J = 7.2 Hz, 1H), 7.29-7.32 (m, 2H), 7.32-7.35 (m, 5H), 7.41 (d, J = 8.4 

Hz, 2H), 7.85 (d, J = 2.4 Hz, 1H), 7.89 (d, J = 7.8 Hz, 1H), 8.22 (dd, J = 4.8, 1.2 Hz, 1H); 
13

C NMR (150 MHz, 

CDCl3)  15.91 (d, J = 7.2 Hz), 15.94 (d, J = 7.2 Hz), 21.4, 62.5, 64.2 (d, J = 5.7 Hz), 65.4 (d, J = 5.7 Hz), 69.0, 

90.5 (d, J = 5.7 Hz), 122.1, 125.8, 126.8, 128.4, 128.5, 128.6, 128.9, 129.2 (2C), 130.2, 134.4, 135.2 (d, J = 8.6 Hz), 

136.0, 138.0, 142.8, 148.5, 150.0, 167.9; 
31

P NMR (243 MHz, CDCl3)  ‒4.0; IR (ATR): 3142, 3064, 3033, 2985, 

2930, 2909, 1756, 1598, 1449, 1337, 1247, 1161, 1028, 988 cm
-1

; HRMS (ESI) Calcd for C32H35N2O8PS [M+Na]
+
 

661.1744, Found 661.1743. 

minor diastereomer: 

1
H NMR (600 MHz, CDCl3)  1.09 (td, J = 7.2, 1.2 Hz, 3H), 1.18 (td, J = 7.2, 1.2 Hz, 3H), 2.26 (s, 3H), 3.75 (ddq, 

J = 10.2, 9.0, 7.2 Hz, 1H), 3.94-4.06 (m, 3H), 4.95 (d, J = 12.0 Hz, 1H), 5.00 (d, J = 12.0 Hz, 1H), 5.56 (d, J = 9.0 

Hz, 1H), 6.79 (dd, J = 8.4, 4.8 Hz, 1H), 6.92 (d, J = 7.8 Hz, 2H), 7.00 (d, J = 7.2 Hz, 2H), 7.22-7.42 (m, 9H), 7.61 

(d, J = 8.4 Hz, 2H), 7.66 (d, J = 9.6 Hz, 1H), 8.14 (d, J = 2.4 Hz, 1H), 8.26 (dd, J = 4.8, 1.2 Hz, 1H); 
13

C NMR 

(150 MHz, CDCl3)  15.7 (d, J = 7.2 Hz), 15.8 (d, J = 7.2 Hz), 21.3, 60.0, 64.7 (d, J = 5.7 Hz), 65.1 (d, J = 5.7 Hz), 

68.2, 89.0 (d, J = 7.2 Hz), 122.5, 126.6, 127.6, 128.5 (2C), 128.47, 128.51, 129.1, 129.3, 130.4, 134.1, 134.6, 136.4, 

137.7, 142.8, 148.7, 150.4, 167.5 (d, J = 11.6 Hz); 
31

P NMR (243 MHz, CDCl3)  ‒4.5. 

 

Benzyl 2-diethoxyphosphoryloxy-2-phenyl-3-(N-tosylamino)nonanoate (4ak): 

major diastereomer: colorless oil. 

1
H NMR (600 MHz, CDCl3)  0.77 (t, J = 7.2 Hz, 3H), 0.90-1.20 (m, 8H), 1.25-1.35 (m, 1H), 

1.28 (td, J = 7.2, 0.60 Hz, 3H), 1.32 (td, J = 7.2, 1.2 Hz, 3H), 1.37-1.46 (m, 1H), 2.38 (s, 3H), 

4.13 (qd, J = 7.2, 7.2 Hz, 2H), 4.17-7.27 (m, 2H), 4.62 (td, J = 9.6, 3.0 Hz, 1H), 4.73 (d, J = 12.6 

Hz, 1H), 5.08 (d, J = 12.6 Hz, 1H), 7.11-7.16 (m, 2H), 7.21-7.27 (m, 5H), 7.28-7.33 (m, 3H), 7.38 (d, J = 9.0 Hz, 

1H), 7.52-7.58 (m, 2H), 7.76 (d, J = 8.4 Hz, 2H); 
13

C NMR (150 MHz, CDCl3)  14.0, 16.00 (d, J = 7.2 Hz), 16.05 

(d, J = 5.7 Hz), 21.4, 22.4, 26.2, 28.8, 30.9, 31.3, 61.0, 63.9 (d, J = 5.7 Hz), 65.1 (d, J = 5.7 Hz), 68.0, 92.5 (d, J = 

7.1 Hz), 125.9, 126.4, 128.17, 128.24, 128.3, 128.4, 128.6, 129.2, 134.8, 136.7 (d, J = 8.6 Hz), 140.4, 142.3, 168.3; 

31
P NMR (243 MHz, CDCl3)  ‒4.9; IR (ATR): 3154, 3064, 3033, 2954, 2929, 2859, 1757, 1599, 1448, 1331, 

1246, 1159, 1095, 1034, 983 cm
-1

; HRMS (ESI) Calcd for C33H44NO8PS [M+Na]
+
 668.2417, Found 688.2417. 

minor diastereomer: 

1
H NMR (600 MHz, CDCl3)  0.83 (t, J = 7.2 Hz, 3H), 0.95-1.30 (m, 8H), 1.17 (td, J = 7.2, 1.2 Hz, 3H), 1.22 (td, J 

= 7.2, 1.2 Hz, 3H), 1.45-1.61 (m, 2H), 2.35 (s, 3H), 3.85-3.93 (m, 1H), 3.96-4.08 (m, 3H), 4.49 (td, J = 9.0, 3.0 Hz, 

1H), 5.14 (d, J = 12.0 Hz, 1H), 5.18 (d, J = 12.0 Hz, 1H), 5.66 (d, J = 10.2 Hz, 1H), 7.10 (d, J = 7.8 Hz, 2H), 

7.21-7.26 (m, 5H), 7.28-7.32 (m, 3H), 7.43 (d, J = 8.4 Hz, 2H), 7.54-7.58 (m, 2H); 
13

C NMR (150 MHz, CDCl3)  

14.0, 15.87 (d, J = 7.2 Hz), 15.89 (d, J = 7.2 Hz), 21.4, 22.5, 26.6, 28.9, 31.5, 32.8, 60.5 (d, J = 2.9 Hz), 64.2 (d, J = 

7.2 Hz), 64.4 (d, J = 5.9 Hz), 68.0, 90.5 (d, J = 7.1 Hz), 126.5, 126.8, 128.0, 128.5, 128.6 (3C), 129.2, 134.7, 136.1 

(d, J = 4.2 Hz), 139.3, 142.4, 168.4 (d, J = 5.7 Hz); 
31

P NMR (243 MHz, CDCl3)  ‒5.4. 
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Benzyl 3-cyclohexyl-2-diethoxyphosphoryloxy-2-phenyl-3-(N-tosylamino)propionate (4al): 

major diastereomer: colorless oil. 

1
H NMR (600 MHz, CDCl3)  0.85-1.05 (m, 5H), 1.20-1.26 (m, 1H), 1.26 (td, J = 7.2, 0.60 Hz, 

3H), 1.31 (td, J = 7.2, 0.60 Hz, 3H), 1.43-1.55 (m, 3H), 1.57-1.63 (m, 1H), 1.71-1.81 (m, 1H), 

2.38 (s, 3H), 4.05-4.24 (m, 4H), 4.49 (dd, J = 10.2, 4.8 Hz, 1H), 4.62 (d, J = 12.6 Hz, 1H), 5.03 (d, 

J = 12.6 Hz, 1H), 7.07-7.12 (m, 3H), 7.21-7.29 (m, 8H), 7.52-7.56 (m, 2H), 7.72 (d, J = 8.4 Hz, 2H); 
13

C NMR 

(150 MHz, CDCl3)  16.0 (d, J = 7.2 Hz, 2C), 21.4, 25.7, 26.1, 26.5, 28.8, 33.0, 39.1, 63.7 (d, J = 5.7 Hz), 64.9, 

65.0 (d, J = 5.7 Hz), 67.9, 92.7 (d, J = 7.2 Hz), 126.1, 126.4, 128.16, 128.19, 128.22, 128.27, 128.5, 129.2, 134.7, 

136.6 (d, J = 8.9 Hz), 140.2, 142.2, 168.4; 
31

P NMR (243 MHz, CDCl3)  ‒4.8; IR (ATR): 3170, 3066, 2983, 2927, 

2853, 1756, 1496, 1448, 1329, 1251, 1157, 1094, 1026, 971 cm
-1

; HRMS (ESI) Calcd for C33H42NO8PS [M+Na]
+
 

666.2261, Found 666.2260. 

minor diastereomer: 

1
H NMR (600 MHz, CDCl3)  0.85-1.15 (m, 5H), 1.15 (td, J = 7.2, 1.2 Hz, 3H), 1.20 (td, J = 7.2, 1.2 Hz, 3H), 

1.37-1.60 (m, 6H), 2.36 (s, 3H), 3.85-4.05 (m, 4H), 4.20 (d, J = 10.2 Hz, 1H), 5.15 (d, J = 12.0 Hz, 1H), 5.22 (d, J 

= 12.0 Hz, 1H), 5.40 (d, J = 10.2 Hz, 1H), 7.11 (d, J = 7.8 Hz, 2H), 7.16-7.24 (m, 3H), 7.28-7.35 (m, 5H), 7.44 (d, J 

= 7.8 Hz, 2H), 7.56 (d, J = 7.2 Hz, 2H); 
13

C NMR (150 MHz, CDCl3)  15.9 (d, J = 7.2 Hz), 16.0 (d, J = 5.7 Hz), 

21.4, 25.8, 26.1, 26.6, 28.6, 32.9, 39.9, 64.0 (d, J = 6.8 Hz), 64.2 (d, J = 5.9 Hz), 64.7 (d, J = 4.4 Hz), 68.2, 90.6 (d, 

J = 8.7 Hz), 126.7, 126.9, 127.9, 128.5, 128.58, 128.64, 128.9, 129.2, 134.5, 136.0, 138.9, 142.5, 168.4 (d, J = 5.6 

Hz); 
31

P NMR (243 MHz, CDCl3)  ‒5.1. 

 

Benzyl diethoxyphosphoryloxy(phenyl)acetate (5a): 

1
H NMR (600 MHz, CDCl3)  1.16 (td, J = 7.2, 1.2 Hz, 3H), 1.30 (td, J = 7.2, 1.2 Hz, 3H), 

3.89-4.00 (m, 2H), 4.10-4.22 (m, 2H), 5.16 (d, J = 12.0 Hz, 1H), 5.18 (d, J = 12.0 Hz, 1H), 5.80 (d, 

J = 8.4 Hz, 1H), 7.18-7.24 (m, 2H), 7.27-7.32 (m, 3H), 7.34-7.39 (m, 3H), 7.43-7.48 (m, 2H); 
13

C 

NMR (150 MHz, CDCl3)  15.8 (d, J = 5.7 Hz), 15.9 (d, J = 7.2 Hz), 64.0 (d, J = 5.7 Hz), 64.3 (d, J = 5.7 Hz), 67.3, 

76.7 (d, J = 4.4 Hz), 127.2, 128.0, 128.3, 128.4, 128.7, 129.2, 134.9 (d, J = 5.9 Hz), 135.0, 168.7 (d, J = 5.7 Hz); 

31
P NMR (243 MHz, CDCl3)  ‒1.4. 

 

Diethyl phenyl(N-tosylamino)methylphosphonate (6a): 

1
H NMR (600 MHz, CDCl3)  1.03 (t, J = 7.2 Hz, 3H), 1.33 (t, J = 7.2 Hz, 3H), 2.28 (s, 3H), 

3.55-3.63 (m, 1H), 3.87 (ddq, J = 10.2, 7.2, 7.2 Hz, 1H), 4.13-4.24 (m, 2H), 4.77 (dd, J = 24.0, 9.6 

Hz, 1H), 6.34 (brs, 1H), 6.99 (d, J = 8.4 Hz, 2H), 7.12 (dd, J = 7.8, 7.2 Hz, 2H), 7.10-7.20 (m, 3H), 

7.46 (d, J = 7.8 Hz, 2H); 
13

C NMR (150 MHz, CDCl3)  16.0 (d, J = 5.7 Hz), 16.4 (d, J = 5.7 Hz), 21.3, 55.2 (d, J = 

155.1 Hz), 63.6 (d, J = 7.2 Hz), 64.0 (d, J = 5.7 Hz), 127.0, 127.8 (d, J = 3.9 Hz), 128.12, 128.14, 128.9 (d, J = 7.2 

Hz), 133.6, 137.8 (d, J =12.9 Hz), 142.8 (d, J = 14.4 Hz); 
31

P NMR (243 MHz, CDCl3)  20.2. 

 

 

 



S15 

Benzyl 2-diethoxyphosphoryloxy-4-nitro-2,3-diphenylbutanoate (9aa): 

major diastereomer: white solid. 

1
H NMR (600 MHz, CDCl3)  1.08 (td, J = 7.2, 1.2 Hz, 3H), 1.21 (td, J = 7.2, 1.2 Hz, 3H), 

3.79 (ddq, J = 9.6, 7.2, 7.2 Hz, 1H), 3.85 (ddq, J = 10.8, 7.2, 7.2 Hz, 1H), 3.94 (qd, J = 7.2, 

7.2 Hz, 2H), 4.63 (dd, J = 9.6, 4.8 Hz, 1H), 5.04 (dd, J = 13.8, 10.2 Hz, 1H), 5.06 (dd, J = 13.8, 4.8 Hz, 1H), 5.17 

(d, J = 12.0 Hz, 1H), 5.33 (d, J = 12.0 Hz, 1H), 7.06-7.18 (m, 5H), 7.19-7.33 (m, 10H); 
13

C NMR (150 MHz, 

CDCl3)  15.8 (d, J = 7.2 Hz), 15.9 (d, J = 7.2 Hz), 52.3 (d, J = 4.4 Hz), 64.02 (d, J = 5.9 Hz), 64.06 (d, J = 5.7 Hz), 

68.4, 76.8, 87.6 (d, J = 7.2 Hz), 125.9, 127.99, 128.02, 128.3, 128.5, 128.6, 128.76, 128.81, 129.7, 133.9, 134.3, 

136.5 (d, J = 6.0 Hz), 168.8 (d, J = 3.0 Hz); 
31

P NMR (243 MHz, CDCl3)  ‒4.9; IR (ATR): 3064, 3033, 2984, 

2908, 1739, 1555, 1496, 1454, 1379, 1269, 1026, 979 cm
-1

; HRMS (ESI) Calcd for C27H30NO8P [M+Na]
+
 

550.1601, Found 550.1601; m.p.: 97.5-98.2 °C. CCDC1450154. 

Figure S1. ORTEP diagram of 9aa. 

 

 

Benzyl 2-diethoxyphosphoryloxy-3-(4-methoxyphenyl)-4-nitro-2-phenylbutanoate (9ab): 

major diastereomer: white solid. 

1
H NMR (600 MHz, CDCl3)  1.09 (td, J = 7.2, 1.2 Hz, 3H), 1.22 (t, J = 7.2 Hz, 3H), 3.72 (s, 

3H), 3.81 (ddq, J = 10.2, 7.2, 7.2 Hz, 1H), 3.87 (ddq, J = 10.2, 7.2, 7.2 Hz, 1H), 3.96 (qd, J = 

7.2, 7.2 Hz, 2H), 4.58 (dd, J = 10.8, 3.6 Hz, 1H), 4.99 (dd, J = 13.8, 11.4 Hz, 1H), 5.03 (dd, J 

= 13.8, 3.6 Hz, 1H), 5.17 (d, J = 12.0 Hz, 1H), 5.32 (d, J = 12.0 Hz, 1H), 5.65 (d, J = 9.0 Hz, 2H), 5.99 (d, J = 9.0 

Hz, 2H), 7.19-7.32 (m, 10H); 
13

C NMR (150 MHz, CDCl3)  15.8 (d, J = 7.1 Hz), 15.9 (d, J = 7.2 Hz), 51.6 (d, J = 

4.4 Hz), 55.1, 64.03 (d, J = 4.2 Hz), 64.06 (d, J = 5.9 Hz), 68.3, 77.0, 87.8 (d, J = 7.2 Hz), 113.5, 125.6, 125.9, 

128.3, 128.5, 128.6, 128.76, 128.78, 130.8, 134.4, 136.5 (d, J = 5.4 Hz), 159.3, 168.8 (d, J = 2.9 Hz); 
31

P NMR 

(243 MHz, CDCl3)  ‒4.9; IR (ATR): 3064, 3034, 2983, 2933, 2912, 2838, 1738, 1612, 1555, 1515, 1449, 1379, 

1252, 1183, 1027, 979 cm
-1

; HRMS (ESI) Calcd for C28H32NO9P [M+Na]
+
 580.1707, Found 580.1707; m.p.: 

106.0-106.6 °C. 



S16 

Benzyl 3-(4-chlorophenyl)-2-diethoxyphosphoryloxy-4-nitro-2-phenylbutanoate (9ac): 

major diastereomer: white solid. 

1
H NMR (600 MHz, CDCl3)  1.09 (td, J = 7.2, 1.2 Hz, 3H), 1.27 (t, J = 7.2 Hz, 3H), 3.83 

(ddq, J = 10.2, 7.2, 7.2 Hz, 1H), 3.88 (ddq, J = 10.2, 7.2, 7.2 Hz, 1H), 4.01 (qd, J = 7.2, 7.2 

Hz, 2H), 4.60 (dd, J = 11.4, 3.0 Hz, 1H), 4.99 (dd, J = 13.8, 11.4 Hz, 1H), 5.13 (dd, J = 13.8, 

3.0 Hz, 1H), 5.17 (d, J = 12.0 Hz, 1H), 5.32 (d, J = 12.0 Hz, 1H), 7.00 (d, J = 8.4 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H), 

7.17-7.34 (m, 10H); 
13

C NMR (150 MHz, CDCl3)  15.8 (d, J = 7.2 Hz), 16.0 (d, J = 7.2 Hz), 51.7 (d, J = 3.0 Hz), 

64.17 (d, J = 5.7 Hz), 64.25 (d, J = 5.9 Hz), 68.5, 76.7, 87.4 (d, J = 5.7 Hz), 125.5, 128.2, 128.4, 128.5, 128.7, 

128.8, 128.9, 131.0, 132.5, 134.0, 134.2, 136.4 (d, J = 7.1 Hz), 168.6 (d, J = 2.9 Hz); 
31

P NMR (243 MHz, CDCl3) 

 ‒4.7; IR (ATR): 3065, 3034, 2984, 2930, 2910, 1739, 1555, 1495, 1449, 1378, 1268, 1025, 979 cm
-1

; HRMS 

(ESI) Calcd for C27H29ClNO8P [M+Na]
+
 584.1212, Found 584.1211; m.p.: 121.5-122.5 °C. 
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