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Annual Research Highlights

(1) “Creation of Functional m-Conjugated Molecules
Based on a Dibenzoheteraborin Skeleton”

Optical properties of m-conjugated molecules are
strongly affected by their HOMO-LUMO energy gap. We
expected to be able to effectively decrease the
HOMO-LUMO energy gap by the introduction of
electron-withdrawing boron and electron-donating group
15 or 16 elements in the same m-conjugated skeleton,
because donor-acceptor interactions between these
heteroatoms can narrow the energy gap efficiently. In
addition, the Lewis acidity of the boron center could be
controlled by the property of introduced heteroatoms.
From these standpoints, we have synthesized
dibenzoheteraborins 1 and 2, and investigated the
properties of these hetero-m-conjugated molecules. For
compounds 1, the longest absorption band was red-shifted
in order of O, S, and Se, while the fluorescence quantum
yield of the selenium compound was largely reduced,
probably because of heavy-atom effect. In the case of
azaborine derivatives 2, we have introduced cationic
moiety on the periphery of the molecules in order to
enhance the Lewis acidity as well as water solubility,
resulting in selective ion sensing of cyanide ion in water.
Meanwhile, introduction of a boryl group to the azaborine
skeleton has allowed multi-sensing of fluoride and cyanide
ions. Furthermore, we have synthesized dendrimer-type
azaborines in order to utilize high extinction coefficient of
the azaborine, and we have revealed that the dendritic
azaborines can function as a light-harvesting antenna.

1. (1)-1) Chem. Asian J. 4, 42-49 (2009).

2. (1)-2) Chem. Eur. J., 15, 5056-5062 (2009).

3. (1)-3) Chem. Commun., 2009, 1894-1896.

4. (1)-4) J. Organomet. Chem., 694, 3833-3836 (2009).
5. (1)-5) Org. Lett., 11, 3534-3537 (2009).

(2) “Synthesis of Sn(ll)-containing Dipyrromethene
Derivative and the Reversible Control of Its Optical
Properties”

A dipyrromethene, a partial skeleton of porphyrin,
forms stable complexes with various main group elements
and transition metals, working as a monovalent bidentate
ligand. Among them, a boron-dipyrromethene complex
(BODIPY) is known to have excellent optical properties
and used as a platform of opto-functional molecules. On
the other hand, group 14 element analogues of BODIPY
were rare. Here, we have synthesized compound 3
containing reactive divalent Sn as the central element. It
was found that absorption characteristics of 3 were similar
to those of BODIPY, while 3 showed very weak
fluorescence. On the other hand, treatment of 3 with
AgOTTf resulted in fluorescence emission with a moderate

fluorescence quantum yield, indicating that the optical
properties of the dipyrromethene mn-system can be
controlled by changing the energy level of lone pair on the
Sn atom.

1. (1)-6) J. Am. Chem. Soc., 131, 10836-10837 (2009).

(3) “Development of Sila-Friedel-Crafts Reaction and
Its Application to the Synthesis of Dibenzosiloles”

Linear extension of s-conjugated molecules has been
actively investigated, because the characteristics of
m-conjugated molecules are drastically improved by the
elongation of the s-systems. On the other hand, although
the  properties of  two-dimensionally  extended
m-conjugated molecules, represented by graphene, have
attracted much attention, their syntheses are challenging,
and thus development of an effective synthetic method is
desired. Here, we have developed sila-Friedel-Crafts
reaction and succeeded in synthesizing trisilasumanene 4
using this method.

1. (1)-7) J. Am. Chem. Soc., 131, 14192-14193 (2009).

(4) “Synthesis of 2-Borylbenzylideneamines and Their
Application to Cyanide lon Sensing”

We already succeeded in providing azobenzenes with
fluorescence by introducing a bis(pentafluorophenyl)boryl
group at the 2-position of azobenzene and utilizing the
resulting N-B dative bond. Here, we have synthesized
fluorescent aldimines 5, by application of the present
concept. The adduct formation of 5a (R = p-(Me;N)CgH,)
with cyanide ion resulted in fluorescence quenching,
revealing that 5a can be used as a cyanide ion sensor.

1. (1)-8) J. Org. Chem., 74, 7496-7503 (2009).
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