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1. Experimental Section 

1H, 13C, 19F NMR, 1D NOESY NMR, 2D NMR HSQC, HMBC and ROESY experiments were 

recorded on Bruker AV-600 (600, 565 and 151 MHz, for 1H, 19F and 13C respectively), Bruker AV-400 

(400 and 100.6 MHz, respectively) and Bruker AM-300 (300, 282 and  75 MHz, for 1H, 19F and 13C 

respectively). The chemical shifts (δ) were expressed in ppm and referenced to DMSO-d6 (39.5 ppm) 

for 1H and 13C NMR, respectively. The coupling constants (J) are in Hertz. The assignment of the 

signals in the NMR spectra was based on the 2D NMR data. IR spectra were recorded on a Bruker 

Alpha spectrometer as KBr pellets, significant band (ν) reported in cm−1. High-resolution mass spectra 

were obtained on a Bruker MicroTOF mass spectrometer by electrospray ionization (ESI) using Q-TOF 

detection. The melting points were determined on a Kofler hot stage apparatus and are uncorrected. 

TLC was performed using Silicagel 60 F254 plates. The chromatograms were visualized with an UV 

lamp (254 and 365 nm) and [Ce(SO4)2/H2SO4] developing solution. Column chromatography was 

carried out on silica gel 60 (0.063–0.200 mm, Merck). Commercial reagents were used without further 

purification.  
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2. NMR spectra (Bruker AV-600) 

 1H NMR spectrum of 3b (DMSO-d6).  
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 13C NMR spectrum of 3b (DMSO-d6). 
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2D 1H-13C HMBC NMR spectrum of 3b (DMSO-d6). 
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2D 1H-13C HSQC NMR spectrum of 3b (DMSO-d6). 
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1H NMR spectrum of 3c (DMSO-d6). 
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 13C NMR spectrum of 3c (DMSO-d6). 
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2D 1H-13C HMBC NMR spectrum of 3c (DMSO-d6). 
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2D 1H-13C HSQC NMR spectrum of 3c (DMSO-d6). 
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1H NMR spectrum of 3f (CDCl3). 



S12 
 

 13C NMR spectrum of 3f (CDCl3). 
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2D 1H-13C HSQC NMR spectrum of 3f (CDCl3). 
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1H NMR spectrum of 3g (DMSO-d6). 
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13C NMR spectrum of 3g (DMSO-d6). 
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2D 1H-13C HMBC NMR spectrum of 3g (DMSO-d6). 
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2D 1H-13C HSQC NMR spectrum of 3g (DMSO-d6). 
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1H NMR spectrum of 3h (DMSO-d6). 
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13C NMR spectrum of 3h (DMSO-d6). 
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2D 1H-13C HMBC NMR spectrum of 3h (DMSO-d6). 
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2D 1H-13C HSQC NMR spectrum of 3h (DMSO-d6). 
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19F NMR spectrum of 3h (DMSO-d6). 
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1H NMR spectrum of 3i (DMSO-d6). 
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2D 1H-13C HMBC NMR spectrum of 3i (DMSO-d6). 
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1H NMR spectrum of 5 (CDCl3). 
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13C NMR spectrum of 5 (CDCl3). 
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2D 1H-13C HMBC NMR spectrum of 5 (CDCl3). 
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2D 1H-13C HSQC NMR spectrum of 5 (CDCl3). 



S29 
 

 
1D 1H NOESY (3.25 ppm) NMR spectrum of 5 (CDCl3). 
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1D 1H NOESY (2.04 ppm) NMR spectrum of 5 (CDCl3). 
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1H NMR spectrum of 6 (CDCl3). 
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13C NMR spectrum of 6 (CDCl3). 
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2D 1H-13C HSQC NMR spectrum of 6 (CDCl3). 



S34 
 

 
1D 1H NOESY (3.25 ppm) NMR spectrum of 6 (CDCl3). 
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1D 1H NOESY (2.28 ppm) NMR spectrum of 6 (CDCl3). 
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1D 1H NOESY (2.41 ppm) NMR spectrum of 6 (CDCl3). 
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2. NMR spectra (Bruker AV-400) 

 
1H NMR spectrum of 3a (DMSO-d6). 
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 13C NMR spectrum of 3a (DMSO-d6). 
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19F NMR spectrum of 3a (DMSO-d6). 
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2D 1H-13C HMBC NMR spectrum of 3a (DMSO-d6). 
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2D 1H-13C HSQC NMR spectrum of 3a (DMSO-d6). 
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1H NMR spectrum of 3e (DMSO-d6). 
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 13C NMR spectrum of 3e (DMSO-d6). 
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2D 1H-13C HMBC NMR spectrum of 3e (DMSO-d6). 
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2D 1H-13C HSQC NMR spectrum of 3e (DMSO-d6). 
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1H NMR spectrum of 3i (DMSO-d6). 



S47 
 

 13C NMR spectrum of 3i (DMSO-d6). 
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 19F NMR spectrum of 3i (DMSO-d6). 
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2D 1H-13C HMBC NMR spectrum of 3i (DMSO-d6). 
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2D 1H-13C HSQC NMR spectrum of 3i (DMSO-d6). 
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1H NMR spectrum of 3i/4i (CDCl3). 
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 13C NMR spectrum of 3i/4i (CDCl3). 



S53 
 

 
2D 1H-13C HMBC NMR spectrum of 3i/4i (CDCl3). 
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2D 1H-13C HSQC NMR spectrum of 3i/4i (CDCl3). 



S55 
 

 1H NMR spectrum of 3j (DMSO-d6). 
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13C NMR spectrum of 3j (DMSO-d6). 
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 19F NMR spectrum of 3j (DMSO-d6). 
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2D 1H-13C HSQC NMR spectrum of 3j (DMSO-d6). 
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1H NMR spectrum of 3d (DMSO-d6). 
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 13C NMR spectrum of 3d (DMSO-d6). 
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2D 1H-13C HMBC NMR spectrum of 3d (DMSO-d6). 
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2D 1H-13C HSQC NMR spectrum of 3d (DMSO-d6). 
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13C NMR spectrum of 3e (DMSO-d6). 
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2D 1H-13C HMBC NMR spectrum of 3e (DMSO-d6). 
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2D 1H-13C HSQC NMR spectrum of 3e (DMSO-d6). 
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1H NMR spectrum of 3e (CDCl3). 
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 13C NMR spectrum of 3e (CDCl3). 
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2D 1H-13C HSQC NMR spectrum of 3e (CDCl3). 
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1D 1H NOESY (6.51 ppm) NMR spectrum of 3e (CDCl3). 
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1D 1H NOESY (6.51 ppm) NMR spectrum of 3e (CDCl3). 
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1D 1H NOESY (3.63 ppm) NMR spectrum of 3e (CDCl3). 
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1D 1H NOESY (3.63 ppm) NMR spectrum of 3e (CDCl3). 
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1D 1H NOESY (6.31 ppm) NMR spectrum of 3e (CDCl3). 
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2. NMR spectra (Bruker AM-300) 

 1H NMR spectrum of 3b (CDCl3) 
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19F NMR spectrum of 3i (CDCl3).  
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 1H NMR spectrum of 3j (CDCl3). 
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 19F NMR spectrum of 3i (CDCl3). 
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1H NMR spectrum of mixture 5 and 6.  
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3. IR spectra 
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4. Mass spectra 

 
Mass-spectra of 3a. 
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Mass-spectra of 3b. 
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Mass-spectra of 3c. 
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Mass-spectra of 3d. 
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Mass-spectra of 3e. 
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Mass-spectra of 3f. 
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Mass-spectra of 3g.  
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Mass-spectra of 3h. 
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Mass-spectra of 3i. 
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Mass-spectra of 3j-4j. 
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Mass-spectra of 5/6. 


