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2,6-Di(2-pyridyl)benzo[1,2-b:4,5-b"]difuran (2-PyBDF)
shows a ;r—-stacking packing structure in a single crystal and
some intriguing properties: mechanochromism in the solid state,
and solvent and concentration dependence of absorption and
emission spectra.

Benzodifuran (BDF) derivatives belong to a new class of
semiconducting materials that exhibit useful properties for
organic light-emitting diodes (OLED).! During the course of
our study on the chemistry and electronic properties of BDF
derivatives, we unexpectedly found that 2,6-di(2-pyridyl)benzo-
[1,2-b:4,5-b"]difuran (2-PyBDF) displays some unique proper-
ties in the solid and solution states. Herein, we report its
synthesis, single-crystal structure, mechanochromic behavior
both for absorption and for emission, and electrochemical
properties.

The synthesis of 2-PyBDF relied on the zinc-mediated
double cyclization reaction that we recently developed
(Scheme 1).!3 Thus, 2,5-di(2-pyridylethynyl)-p-hydroquinone
(1) was treated with butyllithium followed by zinc chloride to
afford 2-PyBDF in 88% yield. Vacuum sublimation afforded
pale green-yellow crystals.

This compound was found to be almost planar with a
dihedral angle between the pyridyl groups and the BDF core of
2.13(16)° as revealed by single-crystal X-ray crystallography,
and the molecules are 77— stacked with an interplane distance
of 3.43(6)1& (Figure 1).* The packing structure is different from
its diphenyl analog, 2,6-diphenyl-BDF, which is also planar
but packs in a herringbone manner in the crystalline state.’
The observed short-distance face-to-face packing of 2-PyBDF
allows the molecules to have a significant overlap of their
orbitals, and may favor carrier transportation in the solid state.

This compound exhibits unique photophysical properties
that show concentration dependence. In a dilute solution in
CH,Cl, (2.1 x 107°M, Figure 2a, black solid line), a sharp
absorption band with vibrational fine structure was observed in
the near UV region with maxima of 356 and 375nm. Photo-
irradiation of this solution at 350 nm caused deep blue emission
(Figure 2a, black dotted line; Figure 2c), corresponding to a
structured band at 375-450 nm, which is essentially a mirror
image of the absorption spectrum with a small Stokes shift.

Interestingly, a 10-fold concentrated solution (2.1 x 107> M)
exhibited a yellow color (Figure 2b) because of the new
absorption band in the visible region (400—450nm, Figure 2a,
red solid line). Upon excitation of this solution at 350 nm, some
shoulders were observed at 450-600nm in addition to the
structured emission band at 375-450nm (red dotted line).
Excitation at 420 nm afforded only the broad structureless band
(red dashed line). A solution of the intermediate concentration
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Figure 1. Single-crystal X-ray structure of 2-PyBDF (black:
carbon, white: hydrogen, red: oxygen, blue: nitrogen).
(a) ORTEP drawing (30% probability for thermal ellipsoids)
and (b) packing structure shown with a space-filling model
(viewed along the ¢ axis).

(8.4 x 107°M) also showed an additional absorption band at
longer wavelength (blue solid line) with much weaker relative
intensity than that of the concentrated solution. We tentatively
attribute the origin of these new absorption and emission bands
found in the concentrated solution to the formation of a
molecular complex, details of which are unclear at the present
time.

The photophysical properties of 2-PyBDF in the solid state
are also intriguing. The sublimed sample (sample S) showed
near UV-light absorption and emission of blue light, similar to
the diluted solution. Photoexcitation at 340 nm of this crystalline
sample showed an emission band with a maximum wavelength
App of 467 nm (Figure 3b, blue).

Interestingly, recrystallization of the sublimed 2-PyBDF
crystal from 1,1,2,2-tetrachloroethane (TCE) afforded a yellow
solid (Figure 3a, sample R). Photoexcitation (at 340nm) of
sample R furnished yellow emission, exhibiting a red-shifted
broad band with a maximum Ap; = 565nm (Figure 3b, red).
Even more interestingly, mechanical grinding of sample R
caused a color change into pale yellow under ambient light, as
illustrated in Figure 3a (sample G). The emission color under
UV irradiation also changed from yellow to bluish.®’ Because
the "THNMR spectrum of the ground sample (dissolved in TCE)
was identical with that of the unground sample, the mechanical
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Figure 2. Concentration dependence of photophysical proper-
ties of 2-PyBDF in CH,Cl,. (a) UV absorption spectra (solid
line. Black: 2.1 x 107°M, blue: 8.4 x 107°M, red: 2.1 x
1073 M) and emission spectra (black dotted line 2.1 x 107°M
excited at 350nm, red dotted line: 2.1 x 10°M excited at
350nm, and red dashed line: 2.1 x 1073 M excited at 420 nm).
(b) Photos of the solutions under ambient light (left: 1.9 x
107°M, right: 2.0 x 107°M) and (c) photos of the solutions
under UV light (365 nm) irradiation (left: 1.9 x 107°M, right:
2.0 x 1075 M).

grinding did not change the molecular structure, however it
altered the alignment of the molecule in the solid state.

Electrochemical-property measurements showed that the
compound has an unexpectedly low LUMO level. The differ-
ential pulse voltammetry (DPV) trace of ca. 0.5 mM THF solution
of 2-PyBDF showed a reduction peak at —1.58 V (vs. Fc/Fc™).
The estimated LUMO energy level was —3.22eV,® which is
much lower than those of other BDFs, which are generally ca.
—2.4¢V,! and rivals those of n-type semiconducting materials,’
such as bathocuproine (BCP),'® siloles,'! and phospholes.!?
DPV in THF gave an oxidation peak at 0.89V, from which
the HOMO energy level was estimated to be —5.69eV. This
value is close to those of other BDFs. These data demonstrate
that there are some specific interactions that significantly affect
the LUMO energy level of 2-PyBDF, resulting in a color change
in both solid and solution states under certain conditions.

In summary, we synthesized a new molecule 2-PyBDF that
shows unique properties such as mechanochromism and solvent
and concentration dependence of the photophysical properties.
Studies on the origin of these intriguing properties and organic
electronic applications will be the subject of future studies.
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Figure 3. Photophysical properties of 2-PyBDF in the solid
state. (a) Pictures of the solid sample under UV light (365 nm)
irradiation. Sample S: after sublimation; sample R: after recrys-
tallization of sample S from TCE; sample G: after grinding of
sample R. (b) Photoluminescence spectra of these solids excited
at 340 nm (blue: sample S; red: sample R; black: sample G).
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