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1. General 

Melting points were recorded on a hot-plate microscope apparatus and uncorrected. 
1
H NMR 

spectra were measured on Varian-Mercury 600 (600 MHz) spectrometers. Chemical shifts were 

recorded in δ (ppm) relative to tetramethylsilane (TMS) or residual solvent signals as the internal 

standard (CHCl3, δ = 7.26, DMSO-d6, δ = 2.50). Spectra were reported as follows: Chemical shifts 

(δ ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling 

constants (Hz), integration, and assignment. 
13

C NMR spectra were collected on Varian-Mercury 

600 (150 MHz) spectrometers with complete proton decoupling. Chemical shifts were reported in 

ppm from the tetramethylsilane with the solvent resonance as internal standard (DMSO-d6, δ = 

39.5). Infrared spectra were obtained as a KBr disc on a Perkin-Elmer PE-983 infrared spectrometer. 

The X-ray diffraction data were collected on a Bruker SMART AXS CCD diffractometer. Mass 

spectra were measured on a Finnigan Trace MS spectrometer. Elementary analyses were taken on a 

Vario EL III elementary analysis instrument. Optical rotations were measured on JASCO P-1020 

polarimeter and reported as follows: [α]D
T
 (c = g/100 mL, solvent). The enantiomeric excesses (ee) 

of the products were determined by HPLC analysis on chiral DAICEL CHIRALPAK AS-H column 

at 254 nm unless specially indicated. All reagents are commercial reagents and were used as 

received. Solvents were purified by standard techniques
1
. The chiral ligands 9a-f were prepared 

according to literature reported
2
. The progress of reaction was monitored by TLC.

 
 

 

 

2. Typical Procedure for Asymmetric Hydrophosphonylation of Aldehydes and Ketones 

Et2AlBr (1.0 mmol) was added to a solution of ligand (S)-9f (1.0 mmol) in CH2Cl2 (4 mL) under 

nitrogen. After stirring at room temperature for 30 minutes, the aldehyde or ketone (10 mmol) in 

THF (6 mL) and silver carbonate (0.4 mmol) were added and stirred for a further 30 minutes. The 

cyclic phosphite 6 (12 mmol) was added at -15 °C, and the reaction solution was stirred for 2 hours. 

The reaction were quenched by diluted hydrochloric acid (v/v = 1/15). The pure α-hydroxy 

phosphonate 7 or 8 was afforded by column chromatography on silica gel (acetone/petroleum ether 

= 1/2). 
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Products: α-hydroxy phosphonates 7 

 

7a: (S)-2-[hydroxy(phenyl)methyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one  

white solid; mp 154.1-155.3°C; The material was determined to be of 99% ee 

by chiral HPLC analysis [Daicel Chiralpak AS-H, n-hexane/i-PrOH = 10/90, 

0.5 mL/min；tr (major) = 14.22 min (S), tr (minor) = 45.43 min (R)]; [α]D
20

 = 

-78.3
o
 (c = 1.0, CHCl3); 

1
H NMR (600 MHz, CDCl3): δ 0.80 (s, 3H), 1.11 (s, 

3H), 3.97-4.06 (m, 4H), 5.16 (d, J = 11.4 Hz, 1H), 7.31-7.38 (m, 3H), 7.50 (d, 

J = 7.2 Hz, 2H). The 
1
H NMR data were consistent with literature data

3a
. 

        

      

 

7b: (S)-2-[hydroxy(4-methylphenyl)methyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 170.3-172.1°C; The material was determined to be of 99% 

ee by chiral HPLC analysis [Daicel Chiralpak AS-H, n-hexane/i-PrOH = 

10/90, 0.5 mL/min；tr (major) = 16.24 min (S), tr (minor) = 41.21 min (R)]; 

[α]D
20

 = -60.7
o
 (c = 0.49, CHCl3); 

1
H NMR (600 MHz, CDCl3): δ 0.84 (s, 

3H), 1.11 (s, 3H), 2.34 (s, 3H), 3.98-4.05 (m, 4H), 5.12 (d, J = 10.8 Hz, 

1H), 7.18 (d, J = 7.2 Hz, 2H), 7.38 (d, J = 6.6 Hz, 2H). The 
1
H NMR data were consistent with 

literature data
3a

.  
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7c: (S)-2-[hydroxy(3-methylphenyl)methyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 175.9-176.9°C; The material was determined to be of 99% ee 

by chiral HPLC analysis [Daicel Chiralpak AS-H, n-hexane/i-PrOH = 10/90, 

0.5 mL/min；tr (major) = 12.97 min (S), tr (minor) = 40.13 min (R)]; [α]D
20

 = 

-59.2
o
 (c = 0.39, CHCl3); 

1
H NMR (600 MHz, CDCl3): δ 0.83 (s, 3H), 1.12 (s, 

3H), 2.36 (s, 3H), 3.99- 4.07 (m, 4H), 5.11 (d, J = 11.4 Hz, 1H), 7.12(d, J = 

7.2 Hz, 1H), 7.28 (m, 3H). The 
1
H NMR data were consistent with literature data

3a
. 

       

       

 

7d: (S)-2-[hydroxy(4-chlorophenyl)methyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 175.3-176.8°C; The material was determined to be of 

99% ee by chiral HPLC analysis [Daicel Chiralpak AS-H, 

n-hexane/i-PrOH = 10/90, 0.5 mL/min；tr (major) = 14.83 min (S), tr 

(minor) = 39.14 min (R)]; [α]D
20

 = -60.4
o
 (c = 0.56, CHCl3); 

1
H NMR 

(600 MHz, CDCl3): δ 0.84 (s, 3H), 1.10 (s, 3H), 3.99-4.11 (m, 4H), 5.14 

(d, J = 12.0 Hz, 1H), 7.33 (d, J = 7.8 Hz, 2H), 7.42 (d, J = 7.2 Hz, 2H). The 
1
H NMR data were 

consistent with literature data
3a

. 
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7e: (S)-2-[hydroxy(4-bromophenyl)methyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 189.1-191.6°C; The material was determined to be of 

96% ee by chiral HPLC analysis [Daicel Chiralpak AS-H, 

n-hexane/i-PrOH = 10/90, 0.5 mL/min；tr (major) = 15.81 min (S), tr 

(minor) = 42.15 min (R)]; [α]D
20

 = -59.6
o
 (c = 0.39, CHCl3); IR (KBr): 

3233, 2978, 1483, 1247, 1202, 1180, 826 cm
-1

; 
1
H NMR (600 MHz, 

CDCl3): δ 0.84 (s, 3H), 1.10 (s, 3H), 3.99-4.12 (m, 4H), 5.12 (d, J = 12 Hz, 1H), 7.36 (d, J = 7.2 Hz, 

2H), 7.48 (d, J = 8.4 Hz, 2H); 
13

C NMR (150 MHz, DMSO-d6): δ 20.0, 21.5, 32.1, 68.8, 68.9, 69.9, 

77.4, 78.0, 120.8, 129.4, 131.0, 138.1; MS (EI) (m/z): 334 (M
+
); Anal. Calcd. for C12H16BrO4P: C 

43.01, H 4.81; Found: C 43.20, H 4.67. 

      

     

 

7f: (S)-2-[hydroxy(4-methoxyphenyl)methyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 186.4-187.9°C; The material was determined to be of 

92% ee by chiral HPLC analysis [Daicel Chiralpak AS-H, 

n-hexane/i-PrOH = 10/90, 0.5 mL/min；tr (major) = 27.02 min (S), tr 

(minor) = 49.84 min (R)]; [α]D
20

 = -59.6
o
 (c = 0.42, CHCl3); 

1
H NMR 

(600 MHz, CDCl3): δ 0.86 (s, 3H), 1.12 (s, 3H), 3.81 (s, 3H), 4.03-4.05 

(m, 4H), 5.10 (d, J = 10.2 Hz, 1H), 6.91 (d, J = 8.4 Hz, 2H), 7.43 (d, J = 7.2 Hz, 2H). The 
1
H NMR 

data were consistent with literature data
3a
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7g: (S)-2-[hydroxy(2,4-dichlorophenyl)methyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 188.4-189.2°C; The material was determined to be of 

99% ee by chiral HPLC analysis [Daicel Chiralpak AS-H, 

n-hexane/i-PrOH = 10/90, 0.5 mL/min；tr (major) = 13.22 min (S), tr 

(minor) = 24.85 min (R)]; [α]D
20

 = -63.1
o
 (c = 0.52, CHCl3); 

1
H NMR 

(600 MHz, CDCl3): δ 0.87 (s, 3H), 1.10 (s, 3H), 3.96-4.10 (m, 4H), 5.62 (d, J = 12.0 Hz, 1H), 7.31 

(d, J = 8.4 Hz, 1H), 7.39 (s, 1H), 7.70 (d, J = 7.2 Hz, 1H). The 
1
H NMR data were consistent with 

literature data
3a

. 

           

        

 

7h: (S)-2-[hydroxy(2,3-dichlorophenyl)methyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 193.1-194.5°C; The material was determined to be of 99% ee 

by chiral HPLC analysis [Daicel Chiralpak AS-H, n-hexane/i-PrOH = 10/90, 

0.5 mL/min；tr (major) = 9.86 min (S), tr (minor) = 19.32 min (R)]; [α]D
20

 = 

-61.8
o
 (c = 0.51, CHCl3); IR (KBr): 3221, 2970, 1375, 1237, 1185, 749, 683 

cm
-1

; 
1
H NMR (600 MHz, CDCl3): δ 0.87 (s, 3H), 1.10 (s, 3H), 3.98-4.11 (m, 

4H), 5.71 (d, J = 12.0 Hz, 1H), 7.27 (d, J = 7.8 Hz, 1H), 7.44 (d, J = 7.8 Hz,  

1H), 7.68 (d, J = 7.2 Hz, 1H). 
13

C NMR (150 MHz, DMSO-d6): δ 19.9, 21.3, 32.0, 67.3, 68.4,77.8, 

78.0, 128.0, 128.3, 129.7, 131.4, 138.9, 139.0; MS (EI) (m/z): 324 (M
+
); Anal. Calcd. for 

C12H15Cl2O4P: C 44.33, H 4.65; Found: C 44.36, H 4.59. 
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7i: (S)-2-[hydroxy(3,4-dichlorophenyl)methyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 189.8-191.5°C; The material was determined to be of 

99% ee by chiral HPLC analysis [Daicel Chiralpak AS-H, 

n-hexane/i-PrOH = 10/90, 0.5 mL/min；tr (major) = 17.50 min (S), tr 

(minor) = 54.93 min (R)]; [α]D
20

 = -60.2
o
 (c = 0.48, CHCl3); IR (KBr): 

3273, 2967, 1466, 1247, 1193, 885, 822 cm
-1

; 
1
H NMR (600 MHz, 

CDCl3): δ  0.88 (s, 3H), 1.12 (s, 3H), 4.04-4.15 (m, 4H), 5.14 (d, J = 

12.6 Hz, 1H), 7.33 (d, J = 7.8 Hz, 1H), 7.43 (d, J = 8.4 Hz, 1H), 7.61 (s, 1H); 
13

C NMR (150 MHz, 

DMSO-d6): δ 19.9, 21.5, 32.2, 68.1, 69.2, 77.6, 78.0, 127.5, 129.0, 130.2, 130.3, 130.8, 139.9; MS 

(EI) (m/z): 324 (M
+
); Anal. Calcd. for C12H15Cl2O4P: C 44.33, H 4.65; Found: C 44.56, H 4.68. 

    

    

 

7j: (S)-2-[hydroxy(furan-2-yl)methyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 202.4-203.4°C; The material was determined to be of 99% ee 

by chiral HPLC analysis [Daicel Chiralpak AS-H, n-hexane/i-PrOH = 10/90, 

0.5 mL/min；tr (major) = 16.73 min (S), tr (minor) = 65.11 min (R)]; [α]D
20

 = 

-64.1
o
 (c = 0.53, CHCl3); 

1
H NMR (600 MHz, CDCl3): δ 0.89 (s, 3H), 1.21(s, 

3H), 4.00-4.04 (m, 2H), 4.24-4.25 (m, 2H),5.20 (d, J = 13.2 Hz, 1H), 6.38 (s, 

1H), 6.52 (s, 1H), 7.43 (s, 1H). The 
1
H NMR data were consistent with literature data

3b
. 
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7k: (S)-2-[hydroxy(thiophen-2-yl)methyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

yellowish solid; mp 226.0-227.4°C; The material was determined to be of 99% 

ee by chiral HPLC analysis [Daicel Chiralpak AS-H, n-hexane/i-PrOH = 

10/90, 0.5 mL/min；tr (major) = 16.27 min (S), tr (minor) = 74.23 min (R)]; 

[α]D
20

 = -62.1
o
 (c = 0.42, CHCl3); IR (KBr): 3215, 2968, 1469, 1237, 1079, 

825, 722 cm
-1

; 
1
H NMR (600 MHz, CDCl3): δ 0.88 (s, 3H), 1.19 (s, 3H), 

4.02-4.25 (m, 4H), 5.41 (d, J = 12.0 Hz, 1H), 7.01 (t, J = 4.2 Hz, 1H), 7.20 (s, 1H), 7.32 (d, J = 4.8 

Hz, 1H); 
13

C NMR (150 MHz, DMSO-d6): δ 20.0, 21.6, 32.1, 65.8, 66.9, 77.6, 78.0, 125.6, 125.9, 

126.8, 141.8; MS (EI) (m/z): 262 (M
+
); Anal. Calcd. for C10H15O4PS: C 45.80, H 5.76; Found: C 

45.61; H 5.72. 

        

       

 

Products: α-hydroxy phosphonates 8 

 

8a: (S)-2-[1-hydroxy-1-(4-chlorophenyl)ethyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 149.8-151.6°C; The material was determined to be of 

98% ee by chiral HPLC analysis [Daicel Chiralpak AS-H, 

n-hexane/i-PrOH = 85/15, 0.5 mL/min；tr (minor) = 9.26 min (R), tr  

(major) = 11.81 min (S)]; [α]D
20

 = -53.4
o
 (c = 0.54, CHCl3); IR (KBr): 

3241, 2970, 1489, 1222, 1138, 829 cm
–1

; 
1
H NMR (600 MHz, CDCl3): δ 

0.86 (s, 3H), 1.07 (s, 3H), 1.88 (d, J = 15.6 Hz, 3H), 3.96-4.09 (m, 4H), 7.34 (d, J = 8.4 Hz, 2H), 

7.57 (m, 2H); 
13

C NMR (150 MHz, DMSO-d6): δ 20.0, 21.4, 25.5, 32.0, 74.6, 75.6, 78.0, 78.5, 

127.7, 128.1, 131.8, 142.0; MS (EI) (m/z): 304 (M
+
); Anal. Calcd. for C13H18ClO4P: C 51.24, H 

5.95; Found: C 50.96, H 5.90. 
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8b: (S)-2-[1-hydroxy-1-(3-chlorophenyl)ethyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 142.0.3-143.6°C; The material was determined to be of 97% 

ee by chiral HPLC analysis [Daicel Chiralpak AS-H, n-hexane/i-PrOH = 

85/15, 0.5 mL/min；tr (minor) = 9.51 min (R), tr (major) = 11. 18 min (S)]; 

[α]D
20

 = -53.7
o
 (c = 0.51, CHCl3); IR (KBr): 3229, 2969, 1486, 1222, 1138, 

787, 691 cm
–1

; 
1
H NMR (600 MHz, DMSO -d6): δ 0.85 (s, 3H), 1.15 (s, 3H), 

1.74 (d, J = 15.6 Hz, 3H), 3.89-3.93 (m, 1H), 4.03-4.08 (m, 1H), 4.39-4.40 

(m, 1H), 4.47-4.49 (m, 1H), 7.37-7.43 (m, 2H), 7.54-7.60 (m, 2H); 
13

C NMR (150 MHz, DMSO-d6): 

δ 20.0, 21.4, 25.6, 32.0, 74.6, 75.6, 78.0, 78.5, 124.9, 125.8, 126.9, 129.7,132.6, 145.5; MS (EI) 

(m/z): 304 (M
+
); Anal. Calcd. for C13H18ClO4P: C 51.24, H 5.95; Found: C 50.98, H 5.91. 

                       

         

 

8c: (S)-2-[1-hydroxy-1-(2-chlorophenyl)ethyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 145.9-147.8°C; The material was determined to be of 99% ee 

by chiral HPLC analysis [Daicel Chiralpak AS-H, n-hexane/i-PrOH = 85/15, 

0.5 mL/min；tr (minor) = 9.05 min (R), tr (major) = 10.69 min (S)]; [α]D
20

 = 

-58.4
o
 (c = 0.52, CHCl3); IR (KBr): 3241, 2970, 1489, 1222, 1138, 768 cm

–1
; 

1
H NMR (600 MHz, DMSO-d6): δ 0.85 (s, 3H), 1.14 (s, 3H), 1.74 (d, J = 

15.6 Hz, 3H), 3.87-3.92 (m, 1H), 4.03-4.07 (m, 1H), 4.37-4.39 (m, 1H), 4.47-4.48 (m, 1H),7.44 (d, 

J = 7.8 Hz, 2H), 7.59 (m, J = 7.2 Hz, 2H); 
13

C NMR (150 MHz, DMSO-d6): δ 20.0, 21.4, 25.5, 32.0, 

74.5, 75.6,  77.9, 78.4,127.6, 128.0, 131.8, 141.9; MS (EI) (m/z): 304 (M
+
); Anal. Calcd. for 

C13H18ClO4P: C 51.24, H 5.95; Found: C 51.06, H 5.89. 
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8d: (S)-2-[1-hydroxy-1-(4-bromophenyl)ethyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 148.5-150.2°C; The material was determined to be of 

95% ee by chiral HPLC analysis [Daicel Chiralpak AS-H, 

n-hexane/i-PrOH = 85/15, 0.5 mL/min；tr (minor) = 9.42 min (R), tr 

(major) = 12.17 min (S)]; [α]D
20

 = -64.8
o
 (c = 0.56, CHCl3); IR (KBr): 

3239, 2970, 1486, 1222, 1138, 830 cm
–1

; 
1
H NMR (600 MHz, CDCl3): δ 

0.84 (s, 3H), 1.06 (s, 3H), 1.85 (d, J = 15.6 Hz, 3H), 4.00-4.01 (m, 4H), 7.49 (m, 4H); 
13

C NMR 

(150 MHz, DMSO-d6): δ 19.8, 21.3, 25.4, 31.8, 74.5, 75.5, 77.8, 78.3, 120.3, 128.3, 130.4, 142.2; 

MS (EI) (m/z): 348 (M
+
); Anal. Calcd. for C13H18BrO4P: C 44.72, H 5.20 %; Found: C 44.51; H 

5.31. 

            

        

 

8e: (S)-2-[1-hydroxy-1-(3-bromoophenyl)ethyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 162.3-163.5°C; The material was determined to be of 95% ee 

by chiral HPLC analysis [Daicel Chiralpak AS-H, n-hexane/i-PrOH = 85/15, 

0.5 mL/min；tr (minor) = 10.14 min (R), tr (major) = 12.58 min (S)]; [α]D
20

 = 

-74.0
o
 (c = 0.41, CHCl3); IR (KBr): 3233, 2969, 1477, 1225, 1139, 777, 690 

cm
–1

; 
1
H NMR (600 MHz, CDCl3): δ 0.87 (s, 3H), 1.10 (s, 3H), 1.89 (d, J = 

15.6 Hz, 3H), 3.96-4.11 (m, 4H), 7.27 (m, 1H), 7.45 (d, J = 7.8 Hz, 1H), 7.58 (d, J = 8.4 Hz, 1H), 

7.81 (d, J = 1.8Hz, 1H); 
13

C NMR (150 MHz, DMSO-d6): δ 20.0, 21.4, 25.7, 32.0 (d, J = 8.55Hz,), 

74.5, 75.6, 78.0, 78.6, 121.3, 125.2, 128.7, 129.8, 130.0, 145.8; MS (EI) (m/z): 348 (M
+
); Anal. 

Calcd. for C13H18BrO4P: C 44.72, H 5.20; Found: C 44.39, H 5.48. 
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8f: (S)-2-[1-hydroxy-1-(4-fluorophenyl)ethyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 168.7-169.9°C; The material was determined to be of 96% 

ee by chiral HPLC analysis [Daicel Chiralpak AS-H, n-hexane/i-PrOH = 

85/15, 0.5 mL/min；tr (minor) = 9.27 min (R), tr (major) = 10.60 min (S)]; 

[α]D
20

 = -65.0
o
 (c = 0.64, CHCl3); IR (KBr): 3220, 2974, 1510, 1374, 1223, 

1135, 828 cm
–1

; 
1
H NMR (600 MHz, CDCl3): δ 0.86 (s, 3H), 1.07 (s, 3H), 

1.89 (d, J = 15.6 Hz, 3H), 3.92-4.10 (m, 4H), 7.06 (m, 2H), 7.61 (m, 2H); 
13

C NMR (150 MHz, 

DMSO-d6): δ 20.0, 21.4, 25.6, 31.9, 74.4, 75.5, 78.3(m), 114.4(d, J = 6.9 Hz), 128.1, 139.0, 160.5, 

162.1; MS (EI) (m/z): 288 (M
+
); Anal. Calcd. for C13H18FO4P: C 54.17, H 6.29 ; Found: C 54.19; H 

6.51. 

                              

       

 

8g: (S)-2-[1-hydroxy-1-(4-methoxyphenyl)ethyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 155.6-156.3°C; The material was determined to be of 

98% ee by chiral HPLC analysis [Daicel Chiralpak AS-H, 

n-hexane/i-PrOH = 85/15, 0.5 mL/min；tr (minor) = 11.03 min (R), tr 

(major) = 21.82 min (S)]; [α]D
20

 = -48.1
o
 (c = 0.48, CHCl3); IR (KBr): 

3329, 2969, 1513, 1251, 1230, 1137, 830 cm
–1

; 
1
H NMR (600 MHz, 

CDCl3): δ 0.88 (s, 3H), 1.10 (s, 3H), 1.90 (d, J = 15.6 Hz, 3H), 3.82 (s, 3H), 3.90-4.08 (m, 4H), 6.93 

(d, J = 8.4 Hz, 2H), 7.56 (d, J = 6.6 Hz, 2H); 
13

C NMR (150 MHz, DMSO-d6): δ 20.1, 21.5, 25.6, 

32.0 (d, J = 7.05 Hz), 55.1, 74.4, 75.5, 77.7, 78.2, 113.1, 127.4, 134.7, 158.3; MS (EI) (m/z): 

300(M
+
); Anal. Calcd. for C14H21O5P: C 56.00, H 7.05 %; Found: C 55.72, H 7.28. 
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8h: (S)-2-[1-hydroxy-1-(thiophen-2-yl)ethyl]-5,5-dimethyl-1,3,2-dioxaphosphinane-2-one 

white solid; mp 152.0-153.8°C; The material was determined to be of 97% ee 

by chiral HPLC analysis [Daicel Chiralpak AS-H, n-hexane/i-PrOH = 80/20, 

0.5 mL/min；tr (major) = 74.36 min (S), tr (minor) = 80.74 min (R)]; [α]D
20

 = 

-63.0
o
 (c = 0.57, CHCl3); IR (KBr): 3234, 2967, 1468, 1372, 1224, 1128, 

1064, 836 cm
–1

; 
1
H NMR (600 MHz, DMSO-d6 ): δ 0.84 (s, 3H), 1.17 (s, 3H), 

1.78 (d, J = 15.6Hz, 3H), 3.92-4.05 (m, 2H), 4.43-4.45 (m, 2H), 6.70 (d, J = 18Hz ,1H), 7.04 (d, J = 

18Hz, 2H), 7.47(s, 1H); 
13

C NMR (150 MHz, DMSO-d6): δ 20.0, 21.4, 26.3, 32.0, 73.9, 75.0, 78.1, 

78.5, 124.4, 125.2, 126.9, 147.8; MS (EI) (m/z): 276 (M
+
); Anal. Calcd. for C11H17O4PS: C 47.82, 

H 6.20; Found: C 47.72, H 6.02. 
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4. The Crystal Structures of 7g, 8d and (S)-10d 

Crystal data of 7g: CCDC 806530 

Crystal data 

C12H15Cl2O4P V = 742.08 (17) Å
3
 

Mr = 325.11 Z = 2 

Monoclinic, P21 Mo Kα radiation 

a = 7.0263 (9) Å µ = 0.55 mm
−1

 

b = 9.9443 (13) Å T = 298 K 

c = 10.6462 (14) Å 0.16 × 0.12 × 0.10 mm 

β = 93.975 (2)°  

Data collection 

Bruker SMART APEX CCD area detector  

diffractometer 
2478 reflections with I > 2σ(I) 

4069 measured reflections Rint = 0.067 

2597 independent reflections θmax = 25.5° 

Refinement 

R[F
2
 > 2σ(F

2
)] = 0.042 

H atoms treated by a mixture of 

independent and constrained refinement 

wR(F
2
) = 0.105 Δρmax = 0.39 e Å

−3
 

S = 1.01 Δρmin = −0.25 e Å
−3

 

2597 reflections 
Absolute structure: Flack H D (1983), 

Acta Cryst. A39, 876-881 

177 parameters Flack parameter: −0.15 (8) 

1 restraints  

Computing details 

Data collection: Bruker SMART; cell refinement: Bruker SMART; data reduction: Bruker SAINT; program(s) used 

to solve structure: SHELXS97 (Sheldrick, 1990); program(s) used to refine structure: SHELXL97 (Sheldrick, 

1997); molecular graphics: Bruker SHELXTL; software used to prepare material for publication: Bruker SHELXTL 

 

The Crystal Structures of 7g, showing the atom-labeling scheme for 

the non-H atoms and 50% probability displacement ellipsoids 
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Crystal data of 8d: CCDC 806531 

Crystal data 

C13H18BrO4P V = 1497.7 (4) Å
3
 

Mr = 349.15 Z = 4 

Orthorhombic, P212121 Mo Kα radiation 

a = 11.0662 (17) Å µ = 2.86 mm
−1

 

b = 11.3149 (18) Å T = 298 K 

c = 11.9609 (19) Å 0.20 × 0.12 × 0.10 mm 

Data collection 

Bruker SMART APEX CCD area detector  

diffractometer 
2691 reflections with I > 2σ(I) 

10072 measured reflections Rint = 0.114 

3627 independent reflections θmax = 28.3° 

Refinement 

R[F
2
 > 2σ(F

2
)] = 0.045 H-atom parameters constrained 

wR(F
2
) = 0.105 Δρmax = 0.46 e Å

−3
 

S = 0.93 Δρmin = −0.45 e Å
−3

 

3627 reflections 
Absolute structure: Flack H D (1983), 

Acta Cryst. A39, 876-881 

176 parameters Flack parameter: −0.011 (10) 

0 restraints  

Computing details 

Data collection: Bruker SMART; cell refinement: Bruker SMART; data reduction: Bruker SAINT; program(s) used 

to solve structure: SHELXS97 (Sheldrick, 1990); program(s) used to refine structure: SHELXL97 (Sheldrick, 

1997); molecular graphics: Bruker SHELXTL; software used to prepare material for publication: Bruker SHELXTL 

 

The Crystal Structures of 8d, showing the atom-labeling scheme for 

the non-H atoms and 50% probability displacement ellipsoids 
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Crystal data of (S)-10d: CCDC 806532 

Crystal data 

C44H70Al2Br2Cl4N2O4 V = 5394.2 (11) Å
3
 

Mr = 1046.60 Z = 4 

Orthorhombic, C2221 Mo Kα radiation 

a = 12.9848 (17) Å µ = 1.77 mm
−1

 

b = 17.0304 (17) Å T = 298 K 

c = 24.393 (3) Å 0.26 × 0.20 × 0.10 mm 

Data collection 

Bruker SMART APEX CCD area detector  

diffractometer 
6666 independent reflections 

Absorption correction: ψ scan  

？ 
4745 reflections with I > 2σ(I) 

Tmin = 0.656, Tmax = 0.843 Rint = 0.083 

18710 measured reflections θmax = 28.3° 

Refinement 

R[F
2
 > 2σ(F

2
)] = 0.042 H-atom parameters constrained 

wR(F
2
) = 0.100 Δρmax = 0.55 e Å

−3
 

S = 0.93 Δρmin = −0.25 e Å
−3

 

6666 reflections 
Absolute structure: Flack H D (1983), 

Acta Cryst. A39, 876-881 

271 parameters Flack parameter: 0.004 (8) 

0 restraints  

Computing details 

Data collection: Bruker SMART; cell refinement: Bruker SMART; data reduction: Bruker SAINT; program(s) used 

to solve structure: SHELXS97 (Sheldrick, 1990); program(s) used to refine structure: SHELXL97 (Sheldrick, 

1997); molecular graphics: Bruker SHELXTL; software used to prepare material for publication: Bruker SHELXTL 

 

The Crystal Structures of (S)-10d, showing the atom-labeling scheme for 

the non-H atoms and 50% probability displacement ellipsoids 
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