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Chapter 1 : General introduction

In these days, much attention has been collected on molecules featuring photofunctionalities,
conversion of light to signals such as luminescence and isomerization, because of their potential
use in molecular optoelectronics, and ultimately, in molecular devices. One of well-known strategy
of molecular design to harvest visible light is connecting electron donor and acceptor through
m-conjugation in order to express intramolecular charge transfer (ICT) transition. Our laboratory
has researched such molecules like donor-acceptor-donor (D-A-D) types, and one of good
examples is those containing dimethyl diethynylfumarate (DDF) as an acceptor scaffold. For
example, E-1, comprising DDF and triarylamine (TAA) as an electron donor site (Fig. 1) shows

Fig. 1. E-1

curious photochemical activities; strong absorption in the visible region and visible-light E-Z
photoisomerization accompanied by switching of fluorescence and electronic communication in the mixed-valent (MV) state
[1]. These properties would be suitable for molecule-based photofunctional devices; however, the efficiency of fluorescence
and photoisomerization reaction of E-1 is slightly low (& = 0.15 and @y, = 0.075), so that some efforts are required to
improve these properties.

My Ph.D work focuses on the creation of new photofunctional molecules based on E-1. In chapter 2, I focus on the
improvement of photoisomerization property and adopt N-phenylcarbazole (NPC) group to new terminal donor moieties [2].
In chapter 3, | focus on the improvement of luminescent property, and attempt to convert the DDF framework into the
Pechmann dye motifs as a central acceptor moiety by means of my original intramolecular double lactonization reaction. As a
result, 1 found the missing structural isomer of Pechmann dye [3]. In chapter 4, | achieved the effective synthesis of the
Pechmann dye's missing framework (Psg-framework) and successfully introduced it into a new D-A-D system. As a result, |
revealed that the Psg-framework with two anisyl moieties shows efficient fluorescence (@ = 0.91); in contrast, that with two
TAA moieties displays slightly low luminescent property (@ = 0.20).

Chapter 2 : Introduction of NPC as the donor site focusing on improvement of photoisomerization property

NPC, a fused analogue of triarylamine, collects much attention because of its utility for the hole transport and luminescent
materials in organic electronics. Their efficient fluorescent property mainly stems from the radiative process from locally
excited (LE) state, but in case of the D-A shaped molecules consisting of NPC and acceptor moieties, they also show
fluorescence from the intramolecular charge transfer (ICT) excited state stabilized with the mesomeric effect [4]. Thus, |
introduced NPC and dimetoxy substituted NPC moieties as two donors into D-A-D shaped molecules containing DDF
framework, and synthesized E-2 and E-3. As a result, they show strong absorption in visible region assignable to the ICT
transition from NPC to DDF. In particular, E-3 shows reversible photoisomerization reaction by excitation of the ICT band



with high efficiency (@ = 0.40) (Figs. 2 and 3). In addition, E-3 is redox active because of preventing the
electropolymerization reaction derived from carbazole moiety, so that its photochromism is accompanied by the modulation of
electronic communication in the one-electron oxidized MV state; E-3 features more intense interaction than Z-3. This behavior
is a suitable property for photofunctional material of molecule-based devices.
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Fig. 3. Time-course UV/Vis spectral change of E-3 in toluene upon
Fig. 2. Reversible E/Z photoisomerization irradiation with A=500 nm light. The inset shows a time-course 'H
in E/Z-3 NMR spectral change in [D®] toluene under the same condition.

Chapter 3 : Conversion of DDF framework into Pechmann dyes focusing on improvement of luminescent property and

discovery of a new structural isomer and an application in organic electronics

Pechmann dye (Pss-framework) and its known structural isomer (Pgs-framework) are good pigments and acceptors, and
feature rigid planar structures that stem from the cross-conjugated electron-withdrawing lactone rings [5]. These properties are
optimal for the construction of D-A-D quadrupolar molecules with intense D-A interaction, and applications in organic
electronics; however, the Pechmann dye frameworks have not been sufficiently appreciated in such studies. | regarded the
DDF framework as an open form of Pechmann dyes protected by the methyl ester groups, and expected that with an
appropriate ring closure reaction, it could open up a new route to the Pechmann dye family, and could provide access to their
missing structural isomers (Fig. 4). Treatment of E-1 in boiling acetic acid containing a catalytic amount of hydrochloric acid
gave rise to Pss-1, Pge-1, and surprisingly, Psg-1 comprising an unreported structural isomer of Pechmann dye (Fig. 5). The
three compounds feature more intense and redshifted ICT bands in the visible and NIR region, and higher fluorescence
quantum yields than those of E-1 (Table 1 and Fig.
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Chapter 4 : The synthesis of a new molecule comprising Pss-framework and its photochemical property

In Chapter 3, Psg-1 does not show efficient fluorescence as seen in Pgg-1 although they consist of similar condensed lactone
frameworks. To clarify this phenomenon, the creation of another molecules comprising Pseg-framework is required, so that the
next challenge is to achieve effective synthesis. A plausible reaction mechanism for Pss, Pgg, and Psg-frameworks is shown in
Scheme 1. In case of E-1 as a starting material, contiguous intramolecular double lactonization yields the products, where three
types of cyclization, 5-endo, 6-endo and 5-exo take part (Fig. 7). As seen in Scheme 1, there are two synthetic routes of
Pss-framework in which the inversion of cyclization modes between 6-endo and 5-exo is required. | expected that this
inversion could be achieved by varying the activator of an ethynyl moiety as a stepwise fashion. In particular, the following
order, 5-exo0 and 6-endo is more attractive way because the Ps'-framework is a precursor to not only Psg-framework but also
Pss'-framework which is another missing structural isomer of Pechmann dye as displayed in Scheme 1; in other words, the
synthesis of the Ps'-framework will be a breakthrough to expand this research. Hereafter, | adopt this strategy to a new starting
material, E-4 which has DDF framework and two anisyl moieties as terminal donors.

I focused on three kinds of activator, proton, triphenylphosphinegold(l) chloride and silver powder. As a result, | found two
ways to produce the Ps'-framework; one is the reaction of E-4 with triphenylphosphinegold(l) chloride and
tetrabutylammmonium hydroxide (Buy;NOH), and the other is de-esterification reaction of E-4 and following process to
disengage the dicarboxylic acid moiety as seen in Scheme 2. Especially the latter structure is revealed to possess both the
Ps'-framework and a carboxylic acid moiety by several measurement. This result indicates that its reaction with silver powder
is expected to produce both Psg-and Pss'-frameworks because silver powder is a catalyst to mainly promote the cyclization in
5-exo mode in case of a single lactonization reaction between carboxyl acid and ethynyl moieties. Unexpectedly, this reaction
gave rise to only Pge-framework and | selectively synthesized Psg-4 in the yield of 32%.

The crystal structure of Psg-4 is shown in Fig. 8, and optical data for Pss-4, Psg-4, and Pgg-4 are assembled in Table 2. Psg-4
shows the highest fluorescence quantum yield (@ = 0.91), which assures the usability of the Psg framework. From this result,
the low @&; of Psg-1 would stem from the interaction between TAA moiety and Psg-framework in the ICT excited state; in other
word, Pge-1 would be a special case to show efficient fluorescence derived from the planar configuration of the ICT excited
state [6].
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Conclusions

By substituting the TAA moiety of E-1 with NPC, | achieved the improvement of the photoisomerization quantum vyield.
Also, | for the first time observed MV communication in a NPC-based compound, the intensity of which is switched upon the
photoisomerization. The DDF framework can be converted into the Pechmann dye families via intramolecular double
lactonization reaction, including one of the missing structural isomers, Psg-framework. Donor-appended Pechmann dyes
constitute D-A-D quadrupolar molecules, which show good photochemical properties and usability in organic electronics. The
stepwise approach of this reaction leads the effective synthesis of a new molecule comprising Pge-framework. The comparison
of luminescent properties with molecules consisting of Psg-or Pge-framework reveals that the nonradiative decay would be
enhanced by the introduction of large donor moieties except for Pgg-1 derived from the high planarity in the excited state.
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