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Synthesis and Properties of Open-Cage Ceso Derivatives Encapsulating Polar Molecules
WA | GBS TR R L BN Coo FREIRD B & PR

The insertion of atoms or molecules inside the cavity of fullerenes through the ‘molecular
surgery’ has provided novel molecular complexes. However, among the reported ones, molecules
encapsulated inside are predominantly nonplolar and small. Consequently, these molecular
complexes have not shown significant changes in the structures and/or properties from their empty
forms. Thus, more polar and larger organic molecules are considered to be introduced inside the
molecular cavity. In this thesis, the author has worked on the non-covalent modification of fullerene
cages based on the encapsulation of polar organic molecules with large sizes inside their cavity.

In Chapter 1, the author studied the encapsulation of a chemically active molecule, H>O»,
inside the cavity of open-cage Ceo derivatives. To stabilize the encapsulated H2O2, a hydroxy
stopper at the orifice was constructed by the reduction of one of four carbonyl groups using
BH3*THF. The X-ray analysis revealed two H.O@open-fullerenes structural isomers, whose
structures were differentiated by the position of the hydroxy group at the orifice, being located near
or off the center position. For the former H>O;-containing complex, the short O(OH)e+*O(H20>)
distance of 2.939(5) A was found, which was less than donor-acceptor limits of hydrogen bonding,
indicating a strong interaction. DFT calculations showed that the centrally located hydroxy group
enhanced the thermodynamic stability of H>O> threefold more than an off-centered one toward its
escape.

In Chapter 2, the author conducted encapsulation of CH3CN, a molecule with large size and
higher polarity, into the caged molecule. Successful insertion of CH3CN was achieved by treating
open-cage Ceo hosts with an excessive amount of CH3CN in o-dichlorobenzene under 9400 atm at
150 °C. The single X-ray analysis confirmed the CH3CN with an orientation where the methyl
group pointed downward to the bottom of the carbon cage. The enhanced polarity of the resulting
CH3CN@open-Ceo was owing to the overlapped dipole moment as well as changes in charge
distribution caused by cage deformation from the analysis of '"H NMR spectroscopy, X-ray analysis,
and theoretical calculations. Also, the author designed the competition experiments for the

encapsulation of CD3CN and CH3CN, revealing the favored affinity for the deuterated one.




THERR i ( T ) K4 HUANG GUANGLIN

In Chapter 3, the author addressed the issue of encapsulated molecules escaping from
fullerenes with large orifices. A solution involving the construction of a double hydroxy group
stopper at the orifice was proposed and implemented through selective reduction using BH3*THF.
The orifice with a vicinal diol was confirmed by NMR spectra and X-ray analysis. Remarkably,
this design proved effective in maintaining N> or Ar inside the cages even under mass spectrometric
conditions at 200 °C. DFT calculations showed that this double stopper significantly raised the
energy barrier for the escape. The installation of two hydroxy groups at the orifice caused the
dimerization in the solution as well as in the solid state.

In Chapter 4, the author focused on a one-step reaction for orifice expansion that achieved
high yields. The reactions of an open-cage precursor with 1,2-, 2,3-, and 1,8-diaminonaphthalenes
were carried out. For the former two, orifice enlargement proceeded by cleaving two C=C bonds,
transforming the original 12-membered ring into a 20-membered ring in 90% yield. For the latter,
one C=C bond was cleaved to give a 17-membered ring with a fused pyrimidine moiety. In this
reaction, a rearranged product with a 14-membered ring was also formed, and a unique structure of
the Cs9 cage was confirmed by crystallographic analysis.

In Chapter 5, the author described the application of the open-cage fullerene with an 8-
membered-ring orifice as an electron transport material in tin halide perovskite solar cells for
reducing the energy gap against the perovskites. The LUMO level of the film spin-coated onto
the ITO surface was estimated to be comparable to that of standard compounds, indicating good
energy-matching toward the perovskite layer. The morphologies of the film on the perovskite
layer was examined to be similar to those for standard compounds by scanning electronic
microscopy and atomic force microscopy, confirming good quality of the film. The solar cells
were found to present a power conversion efficiency of nearly 10% with an open-circuit voltage
of 0.72 V. This performance was slightly higher than or comparable to the cells using standard

compounds.
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