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1. NMR Spectra of Compounds 1−4, 9, 10. 

General Experimental Procedures. 

Unless otherwise noted, all the reactions were performed under nitrogen atmosphere with dried solvents. Dichloromethane was distilled 

from CaH2 under nitrogen. THF was distilled from sodium under nitrogen. All other commercial reagents were used without further 

purification. All the reactions were monitored by TLC. 1H NMR spectra (300 or 400 MHz) were recorded on a spectrometer with CDCl3 as 

solvent and trimethylsilane (TMS) as an internal standard. 13C NMR (100 MHz or 75 MHz) spectra were recorded on a spectrometer with 

CDCl3 as solvent. 31P NMR (121 or 162 MHz) spectra were recorded on a spectrometer with CDCl3 as the solvent with 85% H3PO4 as 

external standard. Mass spectra were performed at 2020 eV. HR-MS were detected by FTICR. Elemental analyses were conducted in an 

apparatus. Optical rotation values were measured on a spectrometer. IR spectra were recorded in CHCl3 on a spectrometer. 
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Compound 1f: 
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Compound 1h: 
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Compound 1i: 
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Compound 1k: 
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Compound 1l: 
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Compound 1m: 
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Compound 1n: 
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Compound 1o: 
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Compound 2a: 
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31P NMR: 

 

Compound 2b: 
1H NMR: 
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Compound 2c: 
1H NMR: 
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31P NMR: 

 

Compound 2d: 
1H NMR: 
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Compound 2e: 
1H NMR: 
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31P NMR: 

 

Compound 2f: 
1H NMR: 
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13C NMR: 
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Compound 2g: 
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31P NMR: 

 

Compound 2h: 
1H NMR: 
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Compound 2i: 
1H NMR: 
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31P NMR: 

 

Compound 2j: 
1H NMR: 
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13C NMR: 
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Compound 2l: 
1H NMR: 

 

13C NMR: 



 30 

 

31P NMR: 

 

Compound (-)-2l: 
1H NMR: 



 31 

 

13C NMR: 
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Compound 2m: 
1H NMR: 
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31P NMR: 

 

Compound 2n: 
1H NMR: 
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13C NMR: 
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Compound 2o: 
1H NMR: 
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31P NMR: 

 

Compound 2p: 
1H NMR: 
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Compound 2q: 
1H NMR: 

 

13C NMR: 



 39 

 

31P NMR: 

 

Compound 2r: 
1H NMR: 
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Compound 3b: 

H NMR: 
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31P NMR: 

 

Compound 3c: 
1H NMR: 
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13C NMR: 
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Compound 3d: 
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1H NMR: 
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Compound 3e: 
1H NMR: 
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31P NMR: 

 

Compound 3f: 
1H NMR: 
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13C NMR: 
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Compound 3g: 
1H NMR: 
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31P NMR: 

 

Compound 3h: 
1H NMR: 
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13C NMR: 
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Compound 3i: 
1H NMR: 
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31P NMR: 

 

Compound 3j: 
1H NMR: 
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13C NMR: 
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Compound 3k: 
1H NMR: 
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31P NMR: 

 

Compound 3l: 
1H NMR: 



 57 

 

13C NMR: 
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Compound 3s: 
1H NMR: 
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31P NMR: 

 

Compound (-)-3l: 
1H NMR: 
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13C NMR: 
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Compound (-)-3s: 
1H NMR: 
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31P NMR: 

 

Compound 3m: 
1H NMR: 
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13C NMR: 
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Compound 3t: 
1H NMR: 
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31P NMR: 

 

Compound 3n: 
1H NMR: 
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Compound 3p: 
1H NMR: 
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31P NMR: 

 

Compound 3q: 
1H NMR: 
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Compound 3r: 
1H NMR: 
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31P NMR: 

 

Compound 9a: 
1H NMR: 
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Compound (-)-9a: 
1H NMR: 
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31P NMR: 

 

Compound 9b: 
1H NMR: 
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Compound 3u: 
1H NMR: 
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19F NMR: 
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Compound 4c: 
1H NMR: 
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31P NMR: 

 

Compound 4f: 
1H NMR: 
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Compound 4h: 
1H NMR: 
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31P NMR: 

 

Compound 4k: 
1H NMR: 



 83 

 

13C NMR: 

 

31P NMR: 



 84 

 

Compound 4o: 
1H NMR: 
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Compound 4p: 
1H NMR: 
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31P NMR: 

 

Compound 4v: 
1H NMR: 
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Compound 10a: 
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31P NMR: 

 

Compound 10b: 
1H NMR: 
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Compound 10c: 
1H NMR: 
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31P NMR: 

 

Compound 10d: 
1H NMR: 
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13C NMR: 
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Compound 10e: 
1H NMR: 
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31P NMR: 

 

Compound 10f: 
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Compound 10g: 
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Compound 10h: 
1H NMR: 
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Compound 10i: 
1H NMR: 
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31P NMR: 

 

 

Compound 10j: 
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1H NMR 

 
13C NMR 

 
31P NMR 



 103 

 

Compound 10k: 
1H NMR: 
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31P NMR: 

 

Compound 10l: 
1H NMR: 
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Compound 10m: 
1H NMR: 
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2. NMR Spectra for Mosher’s Derivatives of 5p and the Major Isomer of 3m. 

1
H NMR of (S) and (R)-Mosher’s Derivative 6p: 

  

(R)-Mosher’s derivative of 5p (6p): 
1H NMR: 
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19F NMR: 

 

31P NMR: 
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(S)-Mosher’s derivative of 5p ((-)-6p): 
1H NMR: 

 

19F NMR: 
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31P NMR: 

 

(R)-Mosher’s derivative of the major isomer of 3m: 
1H NMR: 



 112 

 

19F NMR: 
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(S)-Mosher’s derivative of the major isomer of 3m: 
1H NMR: 

 

19F NMR: 
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31P NMR: 
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3. NMR Spectra or HPLC Data of Compounds 6 and 7. 

NMR spectra of 6: 
19 F NMR of 6e: 

  
19 F NMR of 6l: 

 



 116 

 

 

19 F NMR of (-)-6l: 

 

  
19 F NMR of 6n: 
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HPLC data for 6b. 



 119 

HPLC data for 7f. 

AD-H, n-hexane/2-propanol .50:50, λ = 214 nm, flow rate = 0.7 mL min-1, retention time = 5.18 and 6.18 min. 

Racemate: 
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7f: 
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HPLC data for 7g. 

Chiralpak PC-2, n-hexane/2-propanol 50:50, λ = 214 nm, flow rate = 0.7 mL min-1, retention time = 9.6 and 7.2 min. 

Racemate: 
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7g: 
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HPLC data for 7h. 

Chiralpak PC-2, n-hexane/2-propanol 50:50, λ = 214 nm, flow rate = 0.7 mL min-1, retention time = 39.4 and 28.8 min. 

Racemate: 
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7h: 
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HPLC data for 7j. 

Chiralpak PC-2, n-hexane/2-propanol 50:50, λ = 214 nm, flow rate = 0.7 mL min-1, retention time = 23.0 and 11.9 min. 

Racemate: 
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7j: 
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HPLC data for 7k. 

Chiralpak PA-2, n-hexane/2-propanol 50:50, λ = 214 nm, flow rate = 0.7 mL min-1, retention time = 17.7 and 15.1 min. 

Racemate: 
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7k: 
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HPLC data for 7o. 

Chiralpak PC-2, n-hexane/2-propanol 50:50, λ = 214 nm, flow rate = 0.7 mL min-1, retention time = 26.5 and 17.0 min. 

Racemate: 

 



 130 

7o: 
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HPLC data for 7p. 

Chiralpak PC-2, n-hexane/2-propanol 50:50, λ = 214 nm, flow rate = 0.7 mL min-1, retention time =8.9 and 7.5 min. 

Racemate: 

 



 132 

7p: 

 


