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The essence of this doctoral thesis is the synthesis and spectroscopic and electrochemical elucidation of
novel core-modified phthalocyanines and related compounds, including subphthalocyanine and phthalocyanine
dimers, which contain internal six-membered or seven-membered ring units instead of pyrrolic five-membered
ring units. The main content is showed as follows.

In Chapter 2, a general method which produces core-modified phthalocyanines (APPcs) containing one or
two internal six-membered ring units instead of pyrrolic five-membered ring units by utilizing 1, 8-
naphthalenedicarbonitrile as a key starting material has been developed, and these novel phthalocyanine ana-
logues were investigated by means of spectroscopic and electrochemical measurements. All of the APPcs
retain a similar aromaticity to that of phthalocyanine, while the spectroscopic and electrochemical properties
are strongly altered depending on the number and positions of the incorporated six-membered ring units.
Mono-substituted APPc shows red-shifted and split Q bands, and the red-shift is enhanced upon increasing the
number of incorporated six-membered rings. adj-AP,Pc shows non-split Q band, while opp- AP, Pc shows
strongly split Q bands, depending on the relative positions of the two six-membered rings. The first oxidation
potentials of APPcs shift to the negative side upon increasing the number of incorporated six-membered rings,
while the first reduction potentials remain almost unchanged. Accordingly, destabilization of the HOMOs of
APPcs is found, and the extent of the changes of the LUMOs is small. The decreased HOMO-LUMO gaps
are consistent in turm with the red-shifts of the lower-energy Q bands and decreased potential differences.

In Chapter 3, the method employed in Chapter 2 has been further developed to produce a novel core-
modified phthalocyanine (AZPPc) containing one seven-membered ring unit instead of a pyrrolic five-

membered ring unit, by utilizing biphenyl- 2, 2'- dicarbonitrile as a key starting material. The two cyano groups



in the biphenyl-2, 2'-dicarbonitrile are further away from each other than those in 1, 8-naphthalenedicarbonitrile.
In this case, a further-expanded seven-membered ring is incorporated into the phthalocyanine skeleton. Crystal-
lographic analysis on AZPPc unambiguously shows a severely distorted conformation, where the biphenyl part
is almost perpendicular to the remainder of the molecule. A large splitting of Q bands is observed in the ab-
sorption spectrum, and the Q bands are situated in the higher and lower energy regions of the corresponding
phthalocyanine. The first oxidation potential of AZPPc shows a large shift to the negative, while the first re-
duction potential shifts slightly to the positive side. These changes in potentials result in a lowering of the
potential difference between the first oxidation potential and the first reduction potential. Theoretical calcula-
tions reveal that coefficients are not displayed on the biphenyl unit owing to the orthogonal arrangement. This
kind of localization destabilized the HOMO and LUMO+1 to a large degree, resulting in a small HOMO-
LUMO gap and a large HOMO-LUMO+1 gap. The electronic structure of AZPPc can thus be better under-
stood in the form of tetraazachlorin rather than phthalocyanine. The influence of the seven-membered ring in
AZPPc system is quite distinct compared with that of the six-membered rings in APPcs. The difference can
be attributed to their unique conformations.

In Chapter 4, the method used to produce core-modified phthalocyanine has been developed for the synthe-
sis of the core-modified subphthalocyanine analogue (SubAPPc) containing a six-membered ring unit instead
of a pyrrolic five-membered ring unit, by utilizing 1,8-naphthalenedicarbonitrile as a key starting material. This
novel subphthalocyanine analogue has been intensively investigated by means of spectroscopic and electro-
chemical measurements. The absorption spectrum shows a red-shifted and strongly split Q band by over 1000
cm™', indicating a considerable change in the electronic structure due to the expansion of the 7 -conjugation
system by incorporation of the six-membered ring. Electrochemical measurements show a negative shift of the
first oxidation potential, while maintaining the first reduction potential. A decreased potential difference is ob-
tained with respect to that of general subphthalocyanines. Theoretical calculations reveal a high-lying HOMO
and LUMO+1 due to the additional distribution on the electron-rich naphthalene units. A small HOMO-LUMO
gap and considerable energy splitting of the frontier LUMOs are thus reproduced. The incorporation of the
six-membered ring gives rise to a significant alteration of the electronic structure.

In the first half of Chapter 5, the method used in Chapter 2 has been further developed for the synthesis
of a core-modified dimer containing internal six-membered rings instead of pyrrolic five-membered rings, by
utilizing 1, 4, 5, 8 - naphthalenetetracarbonitrile as a key starting material. The synthesis and preliminary purifi-
cation are described, and preliminary spectroscopic and theoretical results reported. In the second half of
Chapter 5, the synthesis of novel core-modified naphthalocyanines is described.

In summary, a general synthetic method has been developed by utilizing starting materials bearing two
cyano groups at the 1,3 - or 1, 4-positions of aromatic units in the chemistry of phthalocyanine. Several novel
core-modified phthalocyanines and related compounds with six- or seven-membered rings have been prepared
and intensively investigated. All of these compounds retain the aromaticity, while the spectroscopic and elec-
trochemical properties are strongly altered. Studies on these compounds suggest that core-modification is a

promising modification method for exploring new properties in the chemistry of phthalocyanines.
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