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This thesis describes synthesis and dynamic properties of molecular tweezers and molecular spur gears
with a 4, 6-bis(2-hydroxylphenyl)pyrimidine.

In chapter 1, synthesis and properties of reported molecular tweezers and molecular gears were overviewed
and purpose of this thesis was mentioned.

In chapter 2, molecular tweezers which composed of two 9-ethynylanthryl (1-OH, 2-0H) or 9-anthryl
(3-0H) substituents connected by a 4, 6-bis (2-hydroxyphenyl)-2-alkylpyrimidine were synthesized. These
molecules prefer a ‘U’ —shaped conformation supported by intramolecular OH---N hydrogen bonds in the solid
state as well as in CDCl, solution. In constant, its O-alkylated compounds, 2-OHex and 3—-OHex, adopted
a ‘W -shaped conformation. 2-OHex and 3—OHex exhibit emission from the anthryl groups with ¢ = 0. 40,
0.39, respectively. The photochemical measurement of 2-O0H and 3-0H, however, show negligible
luminescence (¢ < 0.01) owing to the photoinduced electron transfer (PET) process.

In chapter 3, host—guest chemistry of the molecular tweezers was discussed. The molecular tweezers
1-0H can form a 1:1 complex with a electron—deficient aromatic compound (2,4, 7-trinitro—9-fluorenone,
TNF), suggested by a UV/vis titration, Job’ s plot, 1D ROESY spectroscopy and DFT calculations. Its
association constant (K,) was estimated to be 2100 M' at 298 K by 'H NMR titration, which is larger than
those of other molecular tweezers (< 1000 M'). The addition of (n~Bu) ,NF to the solution of the complex
(1-OHDTNF) causes the cleavage of one or two OH:-*N hydrogen bonds and the formation of new O:--HF hydrogen
bonds and changes the molecular conformation. The resulting structure of the molecular tweezers contains
non—parallel anthryl groups, which do not bind the guest molecule.

In chapter 4, five types of molecular spur gears which consist of two to six trypticene (Tp) units and
the 4, 6-bis (2-hydroxyphenyl) pyrimidine groups were synthesized via reiterative Sonogashira reaction and
fully characterized by 'H NMR, IR, MS and X-ray crystallography.

In chapter 5, the dynamic structures of the molecular spur gears were investigated. The differential
scanning calorimetry (DSC) of the single crystals of molecular gears with three trypticene (Tp) units
(3a) revealed exothermic peak at 268 ° C, which was attributed to 30° gear rotation of the Tp units assigned
by solid-state NMR measurements and DFT calculations. The 'H NMR spectra of the molecular gears in the
CDCl, solution suggest free rotation of all Tp units on the 'H NMR time scale in 298 K. The rotation
frequency of the Tp units of molecular gears with six Tp units (6a) becomes smaller at the lower temperatures
(T~ 213 K) from the variable—temperature 'H NMR measurements. Further detail of the dynamic motion of
6a was discussed compared with the molecular gear pairs with bulky substituents (methoxy group or napthyl
group) at a phenyl ring of the Tp units. The 'H NMR titration profile of molecular gears with
tetra—n-buthylammmonium fluoride (TBAF) revealed that the dissociation of the Tp units (molecular

‘clutch’  function) caused by cleavage of OH:--N hydrogen bonds.

In chapter 6, synthesis and characterization of the molecular spur gears with macrocyclic structures
composed of ethynylene (C=C), butadiene(C=C-C=C) and Pt(II)acetylide (C=C-Pt-C=C) spacer were
reported.

In chapter 7, these results were summarized. In chapter 8, the experimental procedure was mentioned.
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