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An azaborine bearing two dimesitylboryl groups on its periphery
showed very strong light absorption and moderate photo-
luminescence emission; the reaction of the title compound with
fluoride ion resulted in multi-step fluoride ion complexation
on the boron atoms of the dimesitylboryl groups, producing
mono- and bisfluoroborates.

Triarylborane-based optical materials and anion sensors have
been extensively investigated. Because of its property as a
strong m-acceptor, as well as the switching of its optical
properties upon complex formation with Lewis Dbases,
triarylborane is one of the most powerful candidates for
organic functional materials.!

A synergic electronic interaction between several borane
units through m-orbitals is expected to achieve a further
decrease in the LUMO energy levels, resulting in effective
electron- and Lewis base-accepting materials that are
useful for n-type organic semiconductors and sensors.>* In
particular, the reaction of such oligoboryl m-conjugated
compounds with anions is interesting, because they can react
with anions in a multi-step fashion to give oligoanions, and the
absorption and emission colour can be changed by varing the
amount of guest anions.

We have reported the syntheses, optical properties, and
reactivity of azaborines and their extended analogues
(Fig. 1).* The introduction of various functional groups
around azaborines was achieved by taking advantage of
dibromoazaborine as a common intermediate. Donors
(amino groups) and electronically neutral functional groups
(carbon substituents) were successfully introduced. Azaborines
bearing a strong G-acceptor, such as ammonio or phosphonio
groups were also synthesized recently, and these cationic
azaborines showed enhanced Lewis acidity and water
solubility that are useful for anion sensing in aqueous media.’
Azaborines bearing strong m-acceptors, however, have not
previously been synthesized.

The introduction of a strong m-acceptor, such as the
dimesitylboryl (Mes,B) group should be worth investigating
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Fig. 1 Azaborine and its periphery-functionalized analogue
(FG = functional group).

Tip 1) t-BuLi
2) Mes,BOMe

Br\c[ B O Br

_
N Et,O

| -75°Ctort

Tip
Mes,B IIB BMes;,
Q0
Me Nie

2 1 (38%)
(Tip: 2,4,6-(-Pr)sCqHy)

Scheme 1

because it is expected to have dual functions. First, the Mes,B
group can improve the Lewis acidity of azaborine because of
its property as a m-acceptor that decreases the LUMO energy
level. Second, another donor—acceptor interaction between the
nitrogen atom and Mes,B groups is possible in addition to
that between the nitrogen atom and the central boron atom,
and the coordination of Lewis bases to the boron atoms can
switch the direction of donor—acceptor interactions, resulting
in multicolor sensing of Lewis bases.** Here we report the
synthesis, structure, optical properties, and fluoride ion
complexation ability of a bis(dimesitylboryl)azaborine.

Bis(dimesitylboryl)azaborine 1 was synthesized from dibromo-
azaborine 2 as a pale yellow solid in moderate yield
(Scheme 1). 1 was stable towards air and moisture, because
of the effective steric protection of the three boron centres by
bulky groups, as shown by X-ray crystallographic analysis.®

The optical data of 1 and other azaborines are summarized
in Table 1. When electron-donating groups were introduced
on the periphery of the azaborine core, a substantial
bathochromic shift in 1,,,x was observed (from 405 nm for 3
to 453 nm for 4), but there was little change in the extinction
coefficient (¢).* In contrast, the introduction of dimesitylboryl
groups resulted in a hypsochromic shift (from 405 nm for 3 to
377 nm for 1), and the value of ¢ increased by a factor of
approximately 10 compared with other azaborines. To shed
light on such differences between the azaborine derivatives,
the electronic structures of azaborines were investigated by
theoretical calculations.

Theoretical calculations were performed on model
azaborines using the Gaussian 03 program package at
B3LYP/6-31G(d) level of theory.” In the case of azaborine
3/, the LUMO is attributed to the m* orbital of azaborine,
mainly constructed from the vacant 2p orbital of the boron
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Table 1 Optical properties of azaborines in cyclohexane at 298 K

1

Amax/nm (log €) Aem/NM () Stokes shift/cm™
1 377 (4.96) 402 (0.21) 1.65 x 10°
3¢ 405 (4.02) 421 (0.48) 0.94 x 10°
4 453 (3.80) 501 (0.51) 2.12 x 10°
MFS Tip
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N N
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3 4

@ Ref. 4a. " Ref. 4c.

atom in the azaborine core. In contrast, the LUMO of 1’ is
distributed over the H,B groups and benzene rings, and the
atomic orbitals of the boron or nitrogen atom in the azaborine
core are not involved. In contrast, the HOMO and LUMO + 1
of 1’ are m and m* orbitals of azaborine, respectively, and thus
the photo-excitation of 1’ is attributable to the intramolecular
charge transfer (ICT) from the nitrogen atom to the H,B
groups, which is quite different from the excited states of other
azaborines that are similar to the m—m* excited state of
anthracene.

The calculations also indicated that the energy levels of
HOMO, LUMO and LUMO+1 of 1’ decreased compared
with the energy levels of the corresponding orbitals of 3
because of the electronic effect of the H,B groups (Fig. 2).
The decrease of HOMO level (0.85 eV) is bigger than that in
the LUMO level (0.65 eV), resulting in the increase in
HOMO-LUMO energy gap (+0.20 ¢V), which is correlated
with the blue-shift of the absorption maximum of 1
(vide supra). Due to the decreased LUMO Ilevel, 1 is expected
to have enhanced Lewis acidity and exhibit strong complexa-
tion ability against Lewis bases. In addition, as 1 has three
boron atoms that are capable of acting as Lewis acid centres,
stepwise complexation of fluoride ion up to three centres can
be possible, resulting in multi-step fluoride ion sensing. The
strong light-absorption and emission properties of 1 are also
useful for optical sensing, and thus the detection of a Lewis
base by 1 was investigated.:

Ele
LUMO+1
LUMO 5
R N 11 Vo T R —
i
3.84 LUMO
404 H_?;::
Homo - HOMO| - 0
., Q,\H
Xyl O""H

Xyl
Me\QéQMe HzB@B@,BHz
N N
1 I
H H
3 1

Fig. 2 Calculated energy diagram of model azaborines 1’ and 3'.
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1 was treated with an excess amount of (z-Bu),;NF in THF,
and the reaction mixture was analyzed by negative-mode FAB
mass spectroscopy to show the formation of monofluoro-
borate 5a or S5b as well as bisfluoroborate 6a or 6b
(Scheme 2). This reaction was also monitored by !'B NMR
spectroscopy. First, a broad signal around Jp 72 corres-
ponding to the Mes,B groups was diminished rapidly and
completely disappeared after the addition of more than 2
equivalents of fluoride ion, accompanied by the appearance
of a new signal at dg 5 due to the formation of fluoroborates.
On the other hand, another signal around dg 58, which is the
resonance of the boron nucleus in the azaborine core,
remained throughout the reaction. Judging from these data,
fluoride ion is thought to attack the Mes,B groups selectively
to form fluoroborate Sa and bisfluoroborate 6a. The forma-
tion of 6a can be explained by considering electrostatic
repulsion between the two fluoroborate moieties. 6b has two
closely located anionic centres and should be more unstable
than 6a. However, the main reason of the formation of 5a
rather than 5b is more obscure. The LUMO of 1 is distributed
over the two Mes,B groups (vide supra), and thus fluoride ion
may attack these groups kinetically, but we do not have
information about the thermodynamic stability balance
between 5a and 5b. Precise theoretical investigation on the
stability of these fluoroborates is now under way.

The UV-Vis titration of 1 with (n-Bu)4NF was carried out in
THF at 298 K, and the absorption spectra were gradually
changed with two sets of isosbestic points, indicating the
stepwise formation of 5 and 6 (Fig. 3). The complex formation
constants K; and K, were determined by using a non-linear
least square fitting method.® Although the value of K is
too high to be determined exactly, it was estimated to be
>10® M~!. This value is quite high for a triarylborane without
any additional effect to enhance Lewis acidity, such as chela-
tion or electrostatic effects (cf. Mes;B: K = 3.3 x 10° M~ in
THF®). The value of K> (= 7(1) x 10° M~") was much lower
than that of K, indicating that the formation of the borate ion
in 5 may assist charge transfer from the nitrogen to the
remaining boryl group, resulting in decreasing Lewis acidity
of the boryl group.

The complex formation could also be monitored by fluor-
escence spectroscopy (Fig. 4). When 2 equivalents of fluoride
ion was added, the fluorescence maximum around 400 nm
disappeared, and a new broad emission band developed,
indicating the quantitative formation of fluoroborate 5.
Further addition of fluoride ion resulted in the blue-shift of
the emission band on accordance with the conversion of 5 to 6.
Because of much smaller value of K, than that of K, as well as

This journal is © The Royal Society of Chemistry 2009

Chem. Commun., 2009, 1894-1896 | 1895


http://dx.doi.org/10.1039/b818505k

Published on 20 February 2009. Downloaded by University of Pittsburgh on 28/10/2014 16:41:23.

View Article Online

1.4

f (n-Bu),NF

10 1.2

Abs.

pme 02 04 06 08

1.4

(n-Bu),NF
1eq

|

1.0 1.2

Abs.

pwo 02 04 06 08

o
o
w
[=]
o
B
o
o

Fig. 3 UV-Vis spectral change of 1 upon the addition of (n-Bu),NF
in THF at 298 K ([1] = 1.0 x 107> M).
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Fig. 4 Fluorescence spectra of 1 upon the addition of (n-Bu)4NF in
THF at 298 K ([1] = 1.0 x 107° M).

low concentration of 1, a large excess amount of fluoride ion
was necessary for this step. Because of its good optical proper-
ties (intense light-absorption and emission) as well as strong
complexation ability, the detection of fluoride ion under a sub-
micromolar condition can be accomplished easily. These
results revealed that the introduction of Mes,B groups into
an azaborine framework is a powerful strategy to enhance
both the Lewis acidity and the detection ability.

In conclusion, a new azaborine bearing two Mes,B groups
as a strong m-acceptor has been synthesized from the corres-
ponding dibromoazaborine. The bis(dimesitylboryl)azaborine
exhibited quite strong light-absorption and moderate photo-
luminescence in the near UV to violet region. Theoretical

calculations indicated that the LUMO of the bis(dimesitylboryl)-
azaborine is mainly constructed from vacant 2p orbitals on
Mes,B groups unlike other azaborines. Therefore, its light-
absorption originates from an intramolecular charge transfer
from the nitrogen atom to the Mes,B groups. Theoretical
calculations also indicated the enhanced Lewis acidity of the
bis(dimesitylboryl)azaborine, as revealed by the complexation
titration with fluoride ion monitored by UV-Vis and
fluorescence spectroscopy.
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