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Syntheses, Properties, and Self-assembling Behav@ehydroannulenes Fused with
Phenanthrene or Benzene Moieties
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Dehydroplannulenes (]JDAs) and dehydrobenzofannulenes (JDBAS), in which n
denotes the number af electrons in the cyclicti-conjugation system, have received
long-lasting attention in not only the basic aspacaromaticity/antiaromaticity, namely, the
tropicity of cyclicn-conjugation, but also the application to matersaience. In this thesis,
DAs fused with phenanthrene or benzene moietiespasdessing diyne or tetrayne linkages
were synthesized, and their tropicity, propertiesid self-assembling behavior were
systematically investigated.

In Chapter 1, the previous studies @A and [n]DBA were summarized and the
backgrounds and purposes of this study were destrib

In Chapter 2, phenanthrene-fused [12]- and [18]pAssessing butoxy or decyloxy groups
were synthesized, and their tropicity, electromaperties, and self-assembling behavior were
clarified. The X-ray crystallographic analysis ienanthrene-fused [12]DA demonstrated
that the molecules were arranged longitudinallya islippedr-stacked fashion to form a 1D
column. Phenanthrene-fused [12]- and [18]DAs haweonger tropicity and smaller
HOMO-LUMO gaps than the corresponding [12]- and[DBBAs. The results indicate that
the annulation at the 9,10-positions of phenanthrenthe DA ring enhances the cyclic
n-conjugation of a DA moiety, owing to the highernbloorder of the C9—-C10 bond in
phenanthrene than that of the C-C bond in benze8elf-association behavior due to the
n—n stacking interactions in CDgwas observed for phenanthrene-fused [12]- andJAS8]
in contrast with the [12]- and [18]DBAs. The sa¥sembly ophenanthrene-fused [12]- and
[18]DAs into well-defined 1D superstructures witiglh aspect ratios was obtained, indicating
the annulation at the 9,10-positions of phenanthriecreases the self-assembling ability.

Furthermore, it was shown that phenanthrene-fu$2f pnd [18]DAs possessing decyloxy



groups display liquid-crystalline phases.

In Chapter 3, [20]-, [30]-, and [40]DBAs possesstagrayne linkages were synthesized,
and their tropicity, electronic properties, andf-salsociation behavior were clarified. The
X-ray diffraction analysis demonstrated that thdenoles of [30]DBA ang-xylene formed
2D sheetlike structure. The extension of the depiy linkages from a diyne to a tetrayne
unit decreases the tropicity. The tetrayne linkagee responsible for the lowering of
HOMO and LUMO levels compared to the diyne linkageSnlike [18]DBA possessing
diyne linkages, the self-association behavior o®]PBA resulting from effectiven—n
stacking interactions was observed in solution.

In Chapter 4, phenanthrene-fused [20]- and [30][pAssessing tetrayne linkages were
designed and synthesized, and their tropicity, tede@, and self-assembling properties
together with those of phenanthrene-fused [12]-[a8{DAs possessing diyne linkages were
investigated. = Phenanthrene-fused [20]- and [30]D&® weakly antiaromatic and
nonaromatic, respectively. The extension of thetydenic linkages from a diyne to a
tetrayne unit lowers both HOMO and LUMO levels. eTlassociation constants of
phenanthrene-fused [20]- and [30]DAs were largesintithose of [12]- and [18]DAs
possessing diyne linkages. The enthalpic termghehanthrene-fused [20]- and [30]DAs
were found to be more negative than those of [aa¢l [18]DAs, and thereby it is reasonably
concluded that the extension of the acetylenicalgds withdraws the electron density from
the phenanthrene moieties and thus prometesstacking interactions, which is in line with
the polart model. The entropic cost increases with increaske enthalpic contribution,
and thus enthalpic-entropic compensation appli@he phenanthrene-fused DAs formed 1D
self-assembled clusters and their morphology aystaitinity proved to depend on the length
of acetylenic linkages, the topology of DA coreddhe bulkiness of alkoxy groups appended
to the phenanthrene moieties. The intriguing suptacular polymorphism of
phenanthrene-fused [30]DA depending on solventsolasrved.

This thesis clarified that the tropicity and eleaiic properties of DAs fused with aromatic
hydrocarbons depend on the bond order of the C+@ lshhared by the DA ring and the
aromatic nuclei and the length of the acetylem&dges, and their self-assembling abilities

depend on the size of the aromatic nuclei andahgth of the acetylenic linkages.
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