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Computational details 

All computations were carried out with the Gaussian 09 package (Frisch et al., 

2009). The geometries 1-11 in this study were optimized with no symmetry 

constraints at the hybrid-DFT functional B3LYP (Becke, 1993, Lee et al., 1988) and 

the basis set 6-31G(d) (Petersson et al, 1988, Petersson et al, 1991). The optimized 

geometries were found to be true minima based on no imaginary frequencies obtained 

from frequency calculations. Frontier orbital densities were analysed with GaussSum 

(O’Boyle et al., 2008) and listed along with Mulliken charges as atomic charges in 

Table S1. The frontier orbitals for 2 depicted in Figure S1 were generated using 

GabEdit (Allouche, 2011). The 19F GIAO (Wolinski et al., 1990) NMR shifts at 

B3LYP (Becke, 1993, Lee et al., 1988) /6-31G(d) were converted to the CFCl3 scale 

δ(19F) = 171 – [0.95σ(19F)] in ppm in Table S2.  
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Table S1. Calculated frontier orbital densities (%) and atomic charges (a.u.) on aromatic carbons of 1-5. 

 
1 C2 C3 C4 C5 C6 C1' C2' C3' C4' C5' C6' 

LUMO 17 5 8 17 1 3 4 1 6 1 4 

HOMO 11 2 4 8 10 16 8 3 19 4 8 

Charge 0.232 -0.149 -0.147 0.074 -0.003 0.085 -0.171 -0.133 -0.123 -0.133 -0.171 

            

2 C2 C3 C4 C5 C6 C1' C2' C3' C4' C5' C6' 

LUMO 10 15 10 3 24 1 1 0 1 0 1 

HOMO 8 2 4 7 7 14 1 10 21 0 19 

Charge 0.016 0.046 -0.168 0.059 0.013 0.091 -0.250 0.384 -0.193 -0.135 -0.170 

            

3 C2 C3 C4 C5 C6 C1' C2' C3' C4' C5' C6' 

LUMO 11 15 10 3 24 1 1 0 1 0 1 

HOMO 9 2 4 8 8 17 14 0 15 10 2 

Charge 0.017 0.046 -0.166 0.070 0.022 0.014 0.328 -0.194 -0.127 -0.132 -0.176 

            

4 C2 C3 C4 C5 C6 C1' C2' C3' C4' C5' C6' 

LUMO 9 16 12 3 24 0 1 0 1 0 1 

HOMO 8 2 5 7 8 19 7 6 17 6 7 

Charge 0.015 0.047 -0.169 0.060 0.010 0.089 -0.174 -0.201 0.386 -0.201 -0.174 

            

5 C2 C3 C4 C5 C6 C1' C2' C3' C4' C5' C6' 

LUMO 4 14 11 3 18 4 5 1 9 1 6 

HOMO 4 12 0 11 6 18 12 0 16 8 3 

Charge 0.022 0.051 -0.130 -0.179 0.273 0.038 0.316 -0.196 -0.124 -0.130 -0.168 



Table S2. Comparison of computed (GIAO) and observed 19F NMR chemical shifts 

for 2-5 and 8-11 

 
Compound Calculated 19F Observed 19F 

2 -112.1 -112.5 

3 -118.6 -118.6 

4 -112.7 -113.2 

5 -117.4 -116.7 

8 -134.4 -135.6 

9 -115.9 -116.9 

10 -114.4 -114.0 

11 -119.7 -117.5 

 



Figure S1. Computed frontier orbitals and atomic charges for 2.  

 


