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1. Introduction

Fluorine has the highest electronegativity among all elements, and its atomic radius is small. In addition,
since the C - F bond is short and the binding energy is large, it has a strong and stable bond. Fluorine-
containing organic compounds having many C-F bonds show excellent chemical stability and heat
resistance, high water, oil repellency, high electron acceptability and low refractive index, which are not
seen in non-fluorine organic compounds. For example, polytetrafluoroethylene (PTFE) developed by
DuPont has a structure in which all hydrogen of polyethylene (PE) is substituted with fluorine. Thus,
PTFE is insoluble and infusible resistant polymer with the melting point of 327 °C, whereas the melting
point of high density PE is in the range from 120 to 140 °C. Further, the fluoropolymer has high
transparency in a wide region from visible to ultraviolet and is also used as a transparent material. In
particular, Cytop® (AGC) and Teflon AF® (DuPont) are known as amorphous perfluoropolymers having a
cyclic structure with little light scattering. In addition to extremely high light transmittance, they have the
lowest refractive index as a polymer, and therefore they are applied in information fields such as
antireflection coating of flat panel displays (FPD) such as optical fibers and plasma displays.

We discovered that fluorine-containing phenanthrenes can be efficiently obtained by combination of
nucleophilic addition-defluoride reaction? of octafluorocyclopentene (OFCP) and aryl lithium and the
following Mallory reaction?. We also reported the intermolecular -1 interaction between phenanthrene
units and the control of molecular arrangement in crystal by interaction between fluorine substituents in
the phenanthrene molecule?). In order to develop these fluorinated phenanthrenes as functional materials,
it is considered that introduction of functional group into aromatic rings is effective. For example,
nucleophilic addition and defluorination between OFCP and a lithium reagent bearing hydroxy groups
proceeds to give a fluorine-containing diarylethene with hydroxy groups on aromatic rings, and the
following intramolecular photocyclization of the obtained compound can be the monomer for
polyestefication.

In this study, synthesis of fluorinated phenanthrene with hydroxy groups on aromatic ring
and its polyestefication was described (Chapter 2). In addition, reactivity and application of
heptafluorocyclopentene (HFCP), of which the structure is similar to that of OFCP, and
application of was also described (Chapter 3).

2. Synthesis and polymerization of fluorinated phenanthrene with hydroxy groups

First of all, 4-bromophenol (1) in which the hydrogen group was protected with a methoxyethoxymethyl
(MEM) group were converted to its lithium salt (2). Next, nucleophilic addition-defluorination of PFCP with
2 in 1:2 molar ratio afforded the diarylethene 3. Finally, the Mallory reaction of 4, obtained by deprotection
of the MEM group in 3, proceeded to give fluorinated phenanthrene having a hydroxy group at the 2 and
9 position (5) in high yield. Polyesterfication of 4 and 5 with various carboxylic acid dichlorides was carried
out. Among the diarylethene-type polymers (Poly-1-Poly-6), Poly-2 and Poly-6 show good solubility in
organic solvents such as chloroform, while other diarylethene-type or phenanthrene-type polyesters are
insoluble because the polymer chains are more rigid than those of Poly-2 and Poly-6. It was confirmed
that the obtained polymer showed high heat resistance by TGA measurement.

3. Reactivity of heptafluorocyclopentene (HFCP) as an electrophile

The sp? carbon bonded hydrogen in heptafluorocyclopentene (HFCP) is known to be reactive so that
replacement of the hydrogen with lithium cation easily proceed. In this study, reactivity of the cation
species of HFCP with various electrophiles such as aldehyde and ketone were carried out to give the
corresponding secondary alcohol in high or moderate yield. Many of the obtained products reacted with
nucleophiles on another sp? carbon with elimination of fluoride ion, affording disubstituted



hexafluorocyclopentene. On the other hand, mono-substituted hexafluorocyclopentene, which was
synthesized by reaction of HFCP with nucleophiles (e.g., phenyllithium), were not converted to the
corresponding lithium salt.

4. Summary

In this study, we have investigated the synthesis of novel fluorinated compounds using OFCP or HFCP
and the development of heat resistant polymers starting from fluorinated phenanthrene derivatives
obtained. In addition, we have found that HFCP reacts both nucleophiles and electrophiles to give mono-
and disubstituted perfluoroalkenes. Through this study, the author has proved that
polyfluorocyclopentene has possibility as an excellent building block of fluorine-containing compounds.
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