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Abstract

The research of cation''n interactions and C-H'-'x interactions as molecul
Title recognition patterns based on the crystal structures of cyclic tetramers complexes

(800 words)

For examining the molecular structures and reactions, it is important to understand well the bonds existing in|
lintra-molecules and inter-molecules. Like covalent bonds, the bonds whose distances and angles are hardly,
influenced by surrounding environment are easy to model and to understand. And hydrogen bonds and ion|
bonds are well modeled and understood when those bonds are relatively strong and easy to see the features.
While, because many atoms concern about especially macromolecules, even weak interactions make large]
influences to the structures and reactions when many weak interactions gathered. It is also difficult to explain|
all mechanism of the structures and reactions of macromolecules like as proteins only with canonical strong|
interactions. So, the weak interactions are investigated well in recent years, and the cation--z interactions and]
C-H:--z interactions are one of them.

This research aims to the grabs of the features of the cation-*x interactions and C-H:+-w interactions through
obtaining the precise three dimensional structures. X-ray crystallography is the best way to obtain the precise
three dimensional structures. Especially to obtain the high resolution, crystals of small molecules are usually|
better than crystals of macromolecules because small molecules are tend to become good crystals. While, to]
maintain the crystal structures, strong interactions among molecules like network exist in many crystals, so
strong interactions work on the groups of targets to observe weak interactions in the case of small molecule
crystals. In such case, it is difficult to distinguish influences of the weak interactions in the determined]
structures. With attention to these problems, using cyclic tetramers, PCT (C-ethyl-pyrogallol[4]arene,
Pyrogallol Cyclic Tetramer), RCT (C-ethyl-resorcin[4]arene, Resorcinol Cyclic Tetramer), and MRCT]
(C-ethyl-5, 11, 17, 23-tetramethyl-resorcin[4]arene, Methyl Resorcinol Cyclic Tetramer) and making them
complexed with camitin, betaine, and phosphocholine which have trimethylammonium group on the end of alkyl
chain, I determined the three dimensional structures with high resolution by X-ray crystallography. While, not
cation-+xt interactions, but C-H--x interactions structures are observed in pipecolinic acid complex crystal. The
% electron-rich cavities formed by benzene rings of cyclic tetramers binded to trimethylammonium groups with)
cation -7 interactions and to alkyl groups with C-H--xt interactions. These groups with weak interactions do nof]
be observed to have directly the strong interactions. So, the structures formed by weak interactions seem to be
observed precisely. The distances between the centers of benzene rings and carbon atoms of interacting alkyl
groups are 3.32 — 4.05 A of cation-= interactions with room temperature measurement, 3.16 —3.90 A of cation-n
interactions with cryo-temperature measurement, and 3.45 —3.68 A of C-H--x interactions with cryo-temperature
imeasurement. The difference of distances according to temperature may be caused by disturbance with thermal
motion, so statistical examination with more data is necessary to judge whether the difference is meaningful.
The difference of distances according to the type of interactions may show that cationw interactions are stronger
than C-H--z interactions.

The binding sites of the structure-determined proteins reacting with camitine, betaine, and phosphocholine
containing trimethylammonium groups used in this experiment have aromatic rings in the almost all cases and
cation'-7 interactions seem to be formed decided with the structures. The fact that the various types of many
proteins and reaction molecules have aromatic rings around binding sites of trimethylammonium groups shows|
that cation--r interactions play the important role for the recognition mechanism. The weak interactions are
inferred to have serious influence on the structure formation and intermolecular interactions of proteins because|
structural factors like aromatic rings, cation, and C-H exist abundantly in proteins.




