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X-ray Crystallographic analysis for product 3k 

 

The CCDC number of the compound 3k is 2534149. 

 

 

 

Crystal Data and Structure Refinement for Product 3k 

Empirical formula C19H18BrClO 

Formula weight 377.69 

Temperature 170 K 

Wavelength 0.71073 Å 

Crystal system triclinic 

Space group P-1 

Unit cell dimensions 

a = 5.8690(2) Å, α= 104.8380(10)o 

b= 10.1522(4) Å, β= 94.280(2)o 

c= 14.6162(6) Å, γ= 96.306(2)o 

Density (calculated) 1.508 

Absorption coefficient 0.083 

F(000) 384.0 

Crystal size(mm3) 0.15 × 0.06 × 0.05 

Theta range for data collection 4.188 to 52.852 

Index ranges -7 ≤ h ≤ 7, -12 ≤ k ≤ 12, -18 ≤ l ≤ 

18 

Reflections collected 10135 

Independent reflections 3421 

Completeness to theta = 29.55° 98.03% 

Absorption correction multi-scan 

Refinement method Full-matrix least-squares on F2 

Data/restraints/parameters 3421/0/201 

Goodness-of-fit on F2 1.031 

Final R indices [I>2sigma(I)] R1 = 0.0362, wR2 = 0.0857 

R indices (all data) R1 = 0.0452, wR2 = 0.0910 
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X-ray Crystallographic analysis for product 4d 

 

The CCDC number of the compound 4d is 2534152. 

 

 

Crystal Data and Structure Refinement for Product 4d 

Empirical formula C23H27ClO 

Formula weight 354.89 

Temperature 170 K 

Wavelength 0.71073 Å 

Crystal system triclinic 

Space group P-1 

Unit cell dimensions 

a = 10.1041(18) Å, α= 71.017(6)o 

b= 13.308(2) Å, β= 76.649(6)o 

c= 16.926(3) Å, γ= 72.312(6)o 

Density (calculated) 1.162 

Absorption coefficient 0.083 

F(000) 760.0 

Crystal size 0.12 × 0.06 × 0.05 

Theta range for data collection 4.658 to 52.946 

Index ranges -12 ≤ h ≤ 12, -16 ≤ k ≤ 16, -21 ≤ l ≤ 21 

Reflections collected 8207 

Independent reflections 8207 

Completeness to theta = 29.55° 98.20% 

Absorption correction multi-scan 

Refinement method Full-matrix least-squares on F2 

Data/restraints/parameters 8207/0/461 

Goodness-of-fit on F2 1.062 

Final R indices [I>2sigma(I)] R1 = 0.0876, wR2 = 0.1948 

R indices (all data) R1 = 0.1565, wR2 = 0.2239 
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1H and 13C NMR spectra of compounds 3 

1H NMR of 3a 

 

13C NMR of 3a 
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1H NMR of 3b 

 

 

13C NMR of 3b 
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1H NMR of 3c 

 

 

13C NMR of 3c 
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1H NMR of 3d 

 

 

13C NMR of 3d 

 

 



 - 8 - 

 

1H NMR of 3e 

 

 

13C NMR of 3e 
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1H NMR of 3f 

 

 

13C NMR of 3f 
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1H NMR of 3g 

 

 

13C NMR of 3g 
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19F NMR of 3g 
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1H NMR of 3h 

 

 

13C NMR of 3h 
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1H NMR of 3i 

 

 

13C NMR of 3i 
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1H NMR of 3k 

 

 

13C NMR of 3k 
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1H NMR of 3l 

 

 

13C NMR of 3l 
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1H NMR of 3m 

 

 

13C NMR of 3m 
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1H NMR of 3n 
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1H NMR of 3o 

 

 

13C NMR of 3o 
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1H NMR of 3p 

 

 

13C NMR of 3p 
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1H NMR of 3q 

 

 

13C NMR of 3q 
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19F NMR of 3q 
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1H NMR of 3r 

 

 

13C NMR of 3r 
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1H NMR of 3v 

 

 

13C NMR of 3v 
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1H NMR of 3w 

 

 

13C NMR of 3w 
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1H NMR of 3x 

 

 

13C NMR of 3x 
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1H and 13C NMR spectra of compounds 4 

1H NMR of 4a 

 

 

13C NMR of 4a 
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1H NMR of 4b 

 

 

13C NMR of 4b 
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1H NMR of 4c 

 

 

13C NMR of 4c 
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1H NMR of 4d 

 

 

13C NMR of 4d 
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1H NMR of 4e 
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1H NMR of 4f 
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1H NMR of 4g 
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1H NMR of 4h 
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1H NMR of 4i 
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1H NMR of 4k 
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1H NMR of 4l 

 

 

13C NMR of 4l 
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1H NMR of 4m 

 

 

13C NMR of 4m 
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1H NMR of 4n 
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1H NMR of 4o 
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19F NMR of 4o 
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1H NMR of 4p 
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1H NMR of 4r 
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1H and 13C NMR spectra of compounds 5 

1H NMR of 5a 

 

 

13C NMR of 5a 
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1H NMR of 5b 

 

 

13C NMR of 5b 
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1H NMR of 5c 
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1H NMR of 5d 
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1H NMR of 5e 
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1H NMR of 5f 
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IR spectra of all compounds 
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HRMS spectra of all compounds 
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