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1. X-ray crystal structure and crystallographic data of 4ac (CCDC 1951698): 

 

Sample preparation:  50.0 mg of compound 4ac was taken in a vial and dissolved 

in 5 mL of ethyl acetate then 0.2 mL n-hexane was added to it (dropwise). The 

solvents were allowed to evaporate slowly at room temperature, which yielded 

block-shaped transparent crystals of compound 4ac in two weeks. 

 

 

 

Figure S1: Molecular structure of 4ac with ellipsoids set at 50% probability. All hydrogen atoms except N-H 

are omitted for clarity.  
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Crystal structure determination for compound 4ac: The crystal structure was solved by SHELXT1a 

structure solution program and refined by full matrix least-squares method based on F2 by SHELXL1b program 

in the Olex 21c software. All the crystallographic figures were generated using the Diamond 3.2k software.1d 

Table S1: Crystal data for 4ac 
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2. X-ray crystal structure and crystallographic data of 6 (CCDC 1951699): 

 

 Sample preparation: 30.0 mg of compound 6 was taken in a vial and dissolved 

in 5 mL of ethyl acetate then 0.2 mL n-hexane was added to it in a dropwise 

manner. The solvents were allowed to evaporate slowly at room temperature, 

which yielded block-shaped transparent crystals of compound 6 in one week. 

 

 

Figure S2: Molecular structure of 6 with ellipsoids set at 50% probability. All hydrogen atoms except N-H 

and O-H are omitted for clarity.  
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Crystal structure determination for compound 6: The crystal structure was solved by SHELXT1a structure 

solution program and refined by full matrix least-squares method based on F2 by SHELXL1b program in the 

Olex 21c software. All the crystallographic figures were generated using the Diamond 3.2k1d software. 

Table S2: Crystal data for compound 6 

 

 

3. References: 1 (a) Sheldrick, G. M. SHELXT - Integrated Space-Group and Crystal-Structure Determination. Acta 

Cryst. 2015, A71, 3. (b) Sheldrick, G. M. Crystal Structure Refinement with SHELXL. Acta Cryst. 2015, C71, 3. (c) 

Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J.; Howard, J. A. K.; Puschmann, H. OLEX2: A Complete Structure 

Solution, Refinement and Analysis Program. J. Appl. Crystallogr. 2009, 42, 339. (d) Brandenburg, K.; DIAMOND. 

Version 3.2k, Crystal Impact GbR, Bonn, Germany, 2014. 
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4. NMR specta: 

 

 

400 MHz 1H NMR and 100 MHz 13C NMR spectra of compound 3d in CDCl3 
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400 MHz 1H NMR and 100 MHz 13C NMR spectra of compound 3k, E/Z (1:1.3), in CDCl3 
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400 MHz 1H NMR and 100 MHz 13C NMR spectra of compound 3m, E/Z (1:1.1), in CDCl3 
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400 MHz 1H NMR and 100 MHz 13C NMR spectra of compound 3n, E/Z (1:1.3), in CDCl3 
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NMR spectra of HDA adducts (4), transformation products (5) and (6) 

 

(i) (R)-N-(2-oxo-4,6-diphenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl)benzamide (4aa) 

 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4aa in CDCl3   
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500 

125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4aa in CDCl3  
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(ii) (R)-N-(4-(3-bromophenyl)-2-oxo-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl) 

benzamide (4ab) 

 

 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4ab in CDCl3   
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125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4ab in CDCl3 
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(iii) (R)-N-(4-(4-bromophenyl)-2-oxo-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl) 

benzamide (4ac) 

 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4ac in CDCl3   

 



S15 
 

 

 

125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4ac in CDCl3 
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(iv) (R)-N-(4-(3-chlorophenyl)-2-oxo-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl) 

benzamide (4ad) 

 

 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4ad in CDCl3   
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125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4ad in CDCl3 



S18 
 

(v) (R)-N-(4-(4-chlorophenyl)-2-oxo-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl) 

benzamide (4ae) 

 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4ae in CDCl3   
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125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4ae in CDCl3 
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(vi) (R)-N-(4-(4-fluorophenyl)-2-oxo-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl) 

benzamide (4af) 

 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4af in CDCl3   
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125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4af in CDCl3 
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(vii)  (R)-N-(4-(4-nitrophenyl)-2-oxo-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl) 

benzamide (4ag) 

 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4ag in CDCl3 
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125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4ag in CDCl3 
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(viii) (R)-N-(2-oxo-6-phenyl-4-(p-tolyl)-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl)benz-

amide (4ah) 

 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4ah in CDCl3 
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125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4ah in CDCl3 
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(ix) (R)-N-(4-(4-methoxyphenyl)-2-oxo-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-

yl)benzamide (4ai) 

 

                                                                                      

 

 

 

 

 

  

 

 

500 MHz 1H NMR spectrum of compound 4ai in CDCl3 

 

 



S27 
 

 

 

125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4ai in CDCl3 
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(x) (R)-N-(2-oxo-6-phenyl-4-(thiophen-2-yl)-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl) 

benzamide (4aj) 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4aj in CDCl3 
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125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4aj in CDCl3 
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(xi) (R)-N-(4-(benzofuran-2-yl)-2-oxo-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl) 

benzamide (4ak) 

                                                                                                         

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4ak in CDCl3 
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125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4ak in CDCl3 
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(xii) (R)-N-(4-(naphthalen-2-yl)-2-oxo-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl) 

benzamide (4al) 

                                                                                                       

 

 

 

 

 

 

 

 

 

 

400 MHz 1H NMR spectrum of compound 4al in CDCl3 
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100 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4al in CDCl3 
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(xiii) (R)-N-(4-cyclopropyl-2-oxo-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl) 

benzamide (4am) 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4am in CDCl3 
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125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4am in CDCl3 
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(xiv) (R)-N-(4-isopropyl-2-oxo-6-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl) 

benzamide (4an) 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4an in CDCl3 
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125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4an in CDCl3 
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(xv) (R)-N-(6-(4-fluorophenyl)-2-oxo-4-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl) 

benzamide (4ba) 

 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4ba in CDCl3 

 

 



S39 
 

 

 

100 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4ba in CDCl3 
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(xvi) (R)-N-(6-(4-chlorophenyl)-2-oxo-4-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl) 

benzamide (4ca) 

 

 

 

 

 

 

 

 

 

500 

500 MHz 1H NMR spectrum of compound 4ca in CDCl3 
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125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4ca in CDCl3 
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(xvii) (R)-N-(2-oxo-4-phenyl-6-(p-tolyl)-6-(trifluoromethyl)-5,6-dihydro-2H-pyran-3-yl) 

benzamide (4da) 

 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4da in CDCl3 
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125 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4da in CDCl3 
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(xviii) (R)-N-(6-(2,3-dihydrobenzofuran-5-yl)-2-oxo-4-phenyl-6-(trifluoromethyl)-5,6-dihydro-2H-

pyran-3-yl)benzamide (4ea) 

 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4ea in CDCl3 

 

 

 

 



S45 
 

 

 

125  MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4ea in CDCl3 
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(xix) (R)-N-(6-(4-chlorophenyl)-4-(4-methoxyphenyl)-2-oxo-6-(trifluoromethyl)-5,6-dihydro-2H-

pyran-3-yl)benzamide (4ci) 

 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 4ci in CDCl3 
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125  MHz 13C NMR and 373 MHz 19F NMR spectra of compound 4ci in CDCl3 
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(xx) (R,Z)-N-(3-(4-bromophenyl)-6,6,6-trifluoro-1-hydrazinyl-5-hydroxy-1-oxo-5-phenylhex-2-

en-2-yl)benzamide (5) 

 

 

 

 

 

 

 

 

 

 

 

 

400 MHz 1H NMR spectrum of compound 5 in DMSO-d6 
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100  MHz 13C NMR and 373 MHz 19F NMR spectra of compound 5 in DMSO-d6 
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(xxi) (R,Z)-N-(3-(4-bromophenyl)-6,6,6-trifluoro-5-hydroxy-1-oxo-5-phenyl-1-(pyrrolidin-1-

yl)hex-2-en-2-yl)benzamide (6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

500 MHz 1H NMR spectrum of compound 6 in DMSO-d6 
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100 MHz 13C NMR and 373 MHz 19F NMR spectra of compound 6 in DMSO-d6 
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5. HPLC graphs: 

 

HPLC graph of racemic 4aa 

 

HPLC graph of enantioenriched 4aa 
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HPLC graph of racemic 4ab 

 

 

HPLC graph of enantioenriched 4ab 
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HPLC graph of racemic 4ac 

 

 

HPLC graph of enantioenriched 4ac 
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HPLC graph of racemic 4ad 

 

 

HPLC graph of enantioenriched 4ad 
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HPLC graph of racemic 4ae 

 

 

HPLC graph of enantioenriched 4ae 
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HPLC graph of racemic 4af 

 

 

HPLC graph of enantioenriched 4af 
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HPLC graph of racemic 4ag 

 

 

HPLC graph of enantioenriched 4ag 
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HPLC graph of racemic 4ah 

 

 

HPLC graph of enantioenriched 4ah 
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HPLC graph of racemic 4ai 

 

 

HPLC graph of enantioenriched 4ai 
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HPLC graph of racemic 4aj 

 

 

HPLC graph of enantioenriched 4aj 



S62 
 

 

HPLC graph of racemic 4ak 

 

 

HPLC graph of enantioenriched 4ak 
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HPLC graph of racemic 4al 

 

 

HPLC graph of enantioenriched 4al 
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HPLC graph of racemic 4am 

 

 

HPLC graph of enantioenriched 4am 
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HPLC graph of racemic 4an 

 

 

HPLC graph of enantioenriched 4an 
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HPLC graph of racemic 4ba 

 

 

HPLC graph of enantioenriched 4ba 
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HPLC graph of racemic 4ca 

 

 

HPLC graph of enantioenriched 4ca 
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HPLC graph of racemic 4da 

 

 

HPLC graph of enantioenriched 4da 
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HPLC graph of racemic 4ea 

 

 

HPLC graph of enantioenriched 4ea 
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HPLC graph of racemic 4ci 

 

 

HPLC graph of enantioenriched 4ci 
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HPLC graph of racemic 5 

 

         

HPLC graph of enantioenriched 5 


