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In the field of materials chemistry, the 1,3-dithiole ring system is
one of the most widely investigated and attractive heterocycles due to its
unique redox properties. A large number of new organic materials containing
this system have been developed. The most important example is tetra-
thiafulvalene (TTF) and related electron donors giving organic conductors or
superconductors. 2-Methylene-1,3-dithiole, which is a component of TTF, is
considered to give the corresponding cation radical upon one-electron oxidation.
In other words, it can be regarded as a source of cation radical species.
Thus, introduction of this unit into an appropriate = -electron system is
expected to produce various novel redox systems showing interesting properties
and reactivities inherent to the configuration and the numbér of the 1,3~
dithiole units as well as to the nature of the x-electron system. Therefore,
on the development of novel organic functional materials as well as organic
conductors, it is worthwhile to prepare such redox systems and study their
properties.

In this thesis, the author designed several novel 1,3-dithiole
compounds containing thiophene-related systems and investigated their
electrochemical properties, reactivities, and crystal structures. The thiophene
derivatives were chosen as spacer units for following reasons. (i)The electron-
releasing thiophene ring is expected to enhance the electron-donating ability of
the molecules and to stabilize the cationic species formed by oxidation.
(ii)The expansion of =-conjugation caused by insertion of the thiophene units
may reduce intramolecular Coulombic repulsion. (iii)The structural modification
is generally easy.

The present thesis consists of the following four chapters. Chapter 1
describes the recent studies related to this research work and the purpose and
constitution of the thesis.

In Chapter 2,6,6-bis[5-(1,4-dithiafulven-6-yl)-2-thienyl]-1,4-
dithiafulvene and its derivatives have been prepared as novel cross-conjugated
tris(l,3-dithiole) donors, and their physical and chemical properties are
discussed. According to MNDO-PM3 calculations on a parent compound, the
molecule takes a nonplanar conformation, in which one dithiafulvenyl unit is
orthogonal to the plane of the 2,5-bis(dithiafulvenyl)thiophene skeleton. The
cyclic voltammograms (CV) showed that the donors are oxidized to trication
radicals or tetracations. The first oxidation waves correspond to two-electron
processes, indicating the reduced on-site Coulombic repulsion in the dication
state. The electron-donating ability of the donors is estimated to be

comparable to that of TTF. The donors gave iodine complexes which showed



' as compressed pellets. A redox

electrical conductivities of 107°-10"*Scm”
active polymer was formed from a certain derivative by electrochemical oxidation.
Furthermore, the synthesis and redox properties of a tris(1l,3-dithiole) donor
containing a cyclopentadithiophene moiety were also discussed.

Chapter 3 deals with the preparation and properties of bis(l,3-
dithiole) compounds containing thienylmethylene units affording novel cations
by oxidation. Molecules possessing a methylene group adjacent to electron-
donating moieties seem to undergo deprotonation by oxidation to give the
corresponding methyl cations. In order to prove the generality of this type of
reaction and to apply it to the preparation of novel cations, bis(l,3-dithiole)
compounds containing a dithienylmethane skeleton have been prepared. The CV
indicated that redox active products were formed through electrochemical
oxidation followed by chemical reactions and the reactions were dependent on the
substituents R on the C6-carbons of the dithiafulvenyl groups. When R was
methyl group, chemical oxidation of the compounds with NOBF: gave the
corresponding dithienylmethyl cations in moderate yields. They were also
obtained by hydride abstraction with Ph:CBF«. The cations were characterized by
intense absorptions in the near-infrared region (900-980nm in MeCN). The
alkylthio groups on the dithiole rings make the absorptions much red-shifted.
The absorption band was blue-shifted to ca. 820 nm in a thin film, indicating
that they are interesting as near-infrared absorbing dyes. The polymethine
cyanine like structure of the cation was revealed by the X-ray analysis. On
the other hand, in the case of R=H, a redox active oligomer was formed by
oxidation. Furthermore, isolation of the dication salt derived from 2,5-bis[5-
(6-methyl-1,4-dithiafulven-6-yl)-2-thienylmethyl]thiophene, which has two
methylene groups, was also attempted.

Although it has been reported that 1,4-dithiafulvene derivatives
undergo oxidative intermolecular coupling reactions at the 6-position, the
corresponding intramolecular reaction is unknown. Chapter 4 describes the
oxidative intramolecular cyclization of 2,2 -bis(l,4-dithiafulven-6-yl1)-3,3 -
bithienyls. The CVs of the compounds showed that they are irreversibly oxidized
to afford redox active products. Chemical oxidation with tris(4-bromophenyl)
aminium hexachloroantimonate gave cyclization products as dication salts in high
yields. The X-ray structural analyses of the dication salts revealed that they
contain trivalent chloroantimonate ions(SbsCls®™ and SbCls®”), suggesting that
SbCle- ion acts as an oxidizing agent in the reaction. Chemical reduction of
the dication salts with zinc gave the corresponding neutral donors in high
yields. According to the X-ray analysis, the molecule adopts a nonplanar
structure.with short intramolecular S--+S contacts. The CVs of the donors

showed reversible one-stage two-electron oxidation waves, and the potentials are



fairly low compared with TTF. A tetracyano-quinodimethane complex was formed

from one of them.
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