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Systematic theoretical studies of hydrogen bonded dimeric capsular complexes of C2V-symmetrical tetraesters with cationic and neutral guest molecules have been carried out through molecular mechanics, molecular dynamics, semi-empirical and ab initio calculations.

Calix[4]resorcinolarene tetraacetate monomer is denoted as 1a, tetrabenzoate – as 1b.
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Figure 1 - Calix[4]resorcinolarenes 1a (left) and 1b (right) structures

Empty dimeric capsules (1a)2 and (1b)2 have distances between the H of the resorcinolarene OH groups and the O of the ester groups of the opposite molecule 0.175 nm and 0.182 nm respectively, which proves formation of eight hydrogen bonds between molecules stabilizing the dimers. The inner volumes of the capsules are 0.24 nm3 and 0.25 nm3, suggesting the ability to incorporate molecules of appropriate volume and geometry. The guests of the π-basic dimers cavity may be π-acceptor cations or C-H donor cations. Calculated total energy of hydrogen bonds are 33.5 and 31.4 kcal/mol. Average energies of one bond are 4,2  and 3.9 kcal/mol.  The distance between phenyl rings of the (1b)2 supramolecule is 0.406 nm, which implies a π-π stacking interactions.

Tetramethylammonium (2a),  tropilium cation (2b),  benzyl cation (2c) and methylpyridine (2d) were used as guests of (1a)2 and (1b)2.

Due to calculations, most stable among (1a)2 and (1b)2 investigated complexes is 2a@(1a)2BF4- and 2a@(1b)2BF4- respectively. This can be explained by the fact that 2a molecule have geometric structure that meets the oral capsule and is stabilized with 12 C-H ∙ ∙ ∙ π bonds. Complexes 2b@(1a)2BF4- and 2b@(1b)2BF4- are the least stable.  It can be explained by the unsuccessful geometrical structure of the tropilium cation and small number of C-H ∙ ∙ ∙ π bonds. Predicted the possibility of 2c@(1a)2BF4- and 2d@(1a)2BF4- complexes.  Their stability exceeds the stability of 2b@(1a)2BF4- and 2b@(1b)2BF4- respectively.

(1a)2 complexes with cations are average 7.45 kcal/mol more stable than corresponding (1b)2 complexes. 
Neutral and negatively charged guests were used: tetramethylsylan (Me4Si) (2e), cycloheptatriene-1,3,5 (C7H8) (2g) and tetramethylborane (BMe4-) (2f). Calculation results showed dimeric capsules (1a)2 and (1b)2 with encapsulated uncharged guests (2e, 2g) is 5 - 15 kcal/mol more stable than corresponding dimeric capsules with cation guests (2a and 2b) and anion guests (2f).
