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A Solid-state Chiral Fluorophore Obtained from Achiral Fluorescent Biphenyl-4-carboxylic Acid
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A chiral supramolecular organic fluorophore is developed
by using achiral biphenyl-4-carboxylic acid and rac-1-phenyl-
ethylamine. This fluorophore is a spontaneously resolved chiral
fluorescence system.

The potential application of solid-state fluorescence tech-
niques to organic electroluminescence (EL) devices, optodevice
materials, etc. has attracted considerable attention.! To date,
solid-state organic fluorophores have mostly comprised a single
molecule,? and there have been only a few reports concerning
supramolecular organic fluorescent complexes containing two
or more organic molecules.> Almost all these reported com-
plexes, however, have no chirality. Recently, we have succeeded
in developing a chiral supramolecular organic fluorophore that
shows circularly polarized luminescence (CPL) in the solid state
by combining two types of organic molecules—fluorescent
biphenyl-4-carboxylic acid (1) (Chart 1) and chiral (1R,2R)-
1,2-diphenylethylenediamine.* However, if a chiral supramolec-
ular organic fluorophore is formed by using achiral or racemic
(rac) component molecules instead of chiral component mole-
cules, it is very useful from the viewpoint of industrialization.

In this paper, we report the formation of a chiral supramo-
lecular organic fluorophore and its optical property; the chiral
fluorophore was prepared by employing achiral or rac supramo-
lecular building blocks. An acid molecule, achiral fluorescent
biphenyl-4-carboxylic acid (1), was used as one of the building
blocks. Achiral and rac base amine molecules, i.e., benzylamine
(2) and rac-1-phenylethylamine (rac-3), respectively, were used
as the other building blocks.

The complexation behavior of the 1/2 system was studied.
The formation of a chiral supramolecular organic fluorophore
was attempted via crystallization from MeOH and EtOH
solutions. A mixture of 1 (10mg, 0.05mmol) and 2 (6 mg,
0.06 mmol) was dissolved in each alcohol solution (2mL)
and left to stand at room temperature. After a few days, a large
number of identical crystals I (7 mg)® were obtained from both
solutions. The X-ray crystal structure analysis of complex I is
shown in Figure ESI-1.5 Unfortunately, this complex is a
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rac complex. The stoichiometry of complex I was molecule 1:
molecule 2 = 1:1, and its space group was P2;/c. This crystal
had a characteristic one-dimensional (1D) columnar network
structure along the b axis (Figure ESI-1a). The column was
mainly formed by the carboxylate oxygen of a carboxylic acid
anion (Figure ESI-1, indicated by the molecules in blue) and
the ammonium hydrogen of a protonated amine (Figure ESI-1,
indicated by the molecules in green). Complex I was formed
by the self-assembly of the column (Figure ESI-1b). The column
interacted via benzene-benzene edge-to-face interaction
(3.74 A, indicated by a red arrow in Figure ESI-1b) and CH-1r
interaction (3.57 A, indicated by a blue arrow in Figure ESI-1b).”

A useful feature of these supramolecular systems is that the
structure of the complex can be easily controlled by changing the
component molecules.’®® Subsequently, rac-3 is used instead of
2. Using the same procedure, we attempt the formation of a
chiral supramolecular organic fluorophore by crystallization
from the MeOH and EtOH solutions. As a result, different
complexes II and III are obtained, respectively.® The crystal
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Figure 1. Crystal structures of complexes II and III. Molecules
of 1 and 3 are indicated as blue and green molecules, respective-
ly. MeOH and EtOH molecules are indicated as red space-filling
molecules. (a) View along ¢ axis. 1D columnar network structure
is parallel to b axis. (b) Packing structure observed along b axis.
Red and blue arrows indicate benzene—benzene edge-to-face
and CH-7 interactions, respectively.
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Table 1. Crystal forms and solid-state fluorescence spectral
data of complexes I-III and fluorescent molecule 1

Complex Crystal form  Adex/nm Agy/nm @

I colorless needle 324 395 0.47

1I colorless needle 321 385 0.63

III colorless needle 327 387 0.61
Compound 1 colorless needle 312 393 0.38

structures of complexes II and III are shown in Figure 1.6

Interestingly, both these complexes are chiral and are the
same as those obtained from the 1/(R)-3 system.? The stoichio-
metries of complexes II and III are 1:(R)-3:MeOH (or
EtOH) = 1:1:0.5, and their space groups are C2. These com-
plexes have characteristic 2;-helical columnar hydrogen- and
ion-bonded network structures along the b axis, similar to com-
plex I (Figure 1a). Both complexes are formed by the self-as-
sembly of these 2;-columns, which gives rise to the channel-like
cavities (Figure 1b). In complex II, these 2|-columns interact by
three types of benzene—benzene edge-to-face interactions (3.59,
3.64, and 3.70 1&; indicated by the red arrows in Figure 1b) and
CH-7t interaction (3.61 1&, indicated by a blue arrow in
Figure 1b).” On the other hand, complex III has four types of
benzene-benzene edge-to-face interactions (3.53, 3.62, 3.63,
and 3.66 A, indicated by the red arrows in Figure 1b) apart from
CH-r interaction (3.57 and 3.80 A, indicated by the blue arrows
in Figure 1b).” Although the alcohol molecules (Figure 1, indi-
cated as red space-filling molecules) are disordered, they are
trapped one-dimensionally along the direction of the cavity.
In one batch, chiral crystals composed of 1 and (S)-3 were
also obtained, respectively.® This shows that this system is a
spontaneous resolution system.

Since this system comprises 1, which is fluorescent, the
obtained complexes may also exhibit fluorescence. In order to
study the solid-state fluorescence property of this system, the
solid-state fluorescence spectra of these complexes have been
determined (Table 1).°

Although the most serious problem encountered in a solid-
state organic fluorophore is fluorescence quenching in the
crystalline state, this is not observed in any of the complexes ob-
tained. A comparison of complex I and the fluorescent molecule
1 reveals that their solid-state fluorescence maxima (A.p) are
similar. However, the absolute value of the photoluminescence
quantum yield (¢g) increases from 0.38 to 0.47. On the other
hand, the solid-state fluorescence maxima (Adey) of complexes
II and III are similar (385 and 387 nm, respectively), and
small hypsochromic shifts (8 and 6 nm) are observed in these
complexes relative to the hypsochromic shift of 1. Moreover,
the absolute photoluminescence quantum yields in complexes
IT and III (¢ = 0.63 and 0.61) are observed to be higher than
the yield in 1 (¢ = 0.38).

A comparison of the crystal structures of complex I and the
fluorescent molecule 1° reveals that the relative arrangement of
the biphenyl unit is similar in both. Although 1 exists as a dimer
in the crystalline state, 1 in complex I comprises a strong ionic-
bonded columnar network that suppresses the concomitant non-
radiative processes. It can be inferred that the main reason for an
increase in the photoluminescence quantum yield after complex-
ation is the change in the bonding style of the fluorescent mole-
cule 1. Although the crystal structures of complexes II and IIT
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containing MeOH and EtOH are similar, a comparison of com-
plex II (or IIT) and complex I reveals that the relative arrange-
ment of the biphenyl unit is different. In other words, the stack-
ing between the neighboring biphenyl units in complexes II and
III is smaller than that in complex I. Moreover, although the
bonding style of 1 is almost the same in these three complexes,
the torsion angle between benzene rings of 1 in complexes IT and
III (39.2° for II and, 35.3° and 36.0° for III) is smaller than that
in complex I (49.2°). It is believed that the increase in the photo-
luminescence quantum yields of complexes II and III is mainly
caused by these structural changes, especially, the increase of
planality of biphenyl unit of 1. The fluorescent complexes II
and III have chirality, and therefore, they show CPL. However,
when KBr pellets were prepared for measuring the CPL spectra,
all the alcohol molecules were released from the complexes.
Therefore, the CPL spectra of these chiral complexes could
not be measured.

In conclusion, a novel chiral supramolecular organic fluoro-
phore was successfully prepared by using achiral 1 and rac-3.
In other words, a spontaneously resolved chiral fluorescence sys-
tem was found. Although many organic fluorophores lose the
fluorescence property in the solid state, this chiral supramolecu-
lar fluorophore showed the fluorescence property in the solid
state. This further enhanced the capability of the fluorescence
system, enabling its application in the design of novel solid-state
chiral supramolecular organic fluorophores.

This work was supported by the Kansai Research Founda-
tion for technology promotion.
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