
ENHANCED HELICAL FOLDING OF 

ORTHO-PHENYLENES THROUGH 

THE CONTROL OF AROMATIC 

STACKING INTERACTIONS 

 
In solution ortho-phenylenes preferentially coil into a helix with the phenyl rings 

stacked. However, 25-50% of these chains will typically misfold. Hartley and 

coworkers have reported the use of substituents to increase the percentage of 

perfectly folded chains.
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They synthesized two isomeric o-phenylenes, differing in the substitution pattern 

(1 and 2), with chain length of 6 to 10 phenyl rings. Substituents included 

methoxy, acetoxy, nitrile, and triflate. They principally employed 
1
H NMR to 

assess the conformational distribution, and used computations to confirm the 

conformation. 

 

http://comporgchem.com/blog/?p=3416#oPhenyl1


Ideally folded conformations of 1 and 2 with eight phenyl rings are shown in 

Figure 1. The dihedral angle formed by two adjacent phenyl rings are typically 

about ±55° or ±130°. 

1 2 

Figure 1. Idealized folding of 1 and 2 with X=OH. 

Hydrogens omitted in these images, but full structures available, through Jmol, by clicking on the image.) 

 

Given the size of these systems, and the conformation flexibility not just of the 

chain but with each substituent, a full search to identify the global minimum was 

not undertaken. Rather, a library of conformations was generated with MM, the 

lowest 200 conformations were then reoptimized at PM7 and then the energies 

were determined at PCM/B97-D/TZV(2d,2p). The lowest energy conformer was 

then reoptimized at this DFT level. Three conformations of 3 and 4 are shown in 

Figure 2 with triflate as the substituent with six phenyl rings.  
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The first conformer has optimal stacking (perfect folding), the second conformer as 

one misfold at the end, and the third conformer has no stacking at all. 
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4 – ideal fold 
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Figure 2. Optimized geometries of conformers of 3 and 4. 

(Remember that clicking on one of these images will bring up the JMol applet allowing you to rotate and visualize 

the molecule in 3-D – a very useful feature here!) 
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NMR chemical shifts were then computed using these geometries at 

PCM/WP04/6-31G(d). In all cases examined, the chemical shifts of the major 

conformation was confirmed to be the perfect folding one by comparison with the 

computed chemical shifts. The examined substituents enhanced the proportion of 

properly folded chains in all cases, often to the extent where no minor conformer 

was observed at all. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: http://www.compchemhighlights.org/2015/01/enhanced-helical-folding-of-

ortho.html 


