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A urea-containing tetraphenoxy-substituted perylene bisimide has been synthesized, and its gelation ability has been studied. This functional

dye forms fluorescent organogels in toluene and tetrachloromethane through self-assembly by hydrogen-bonding and

m-mr-stacking interactions.

AFM and confocal laser scanning microscopy reveal the formation of fiberlike aggregates.

Organogels are of increasing interest for quite diverse

applications, e.g., templates for mineralizaticand ion-

Among functional dyes, perylene bisimides (PBIs) have
attracted great interest as a result of their unique optical and

selective membranéghermo- and mechanoresponsive sen- photophysical properties. These dyes have been applied in

sor material$, or nano- and mesoscopic assemblies with

interesting optical and electronic propertfe$.For these
applications, a wide spectrum of low molecular weigh
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such as hydrogen bonding;-z-stacking, donoracceptor,
and van der Waals interactiof?s® In recent years, gelators
based on porphyrir;t2° phthalocyanine&’ and phenyle-
nevinylene% have been reported.
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light-harvesting systems, photovoltaic cells, field-effect subsequent neutralization with KHG(pH value ca. 7), the
transistors, and light-emitting diod&s.Thus, we have free diamine derivative was released, which was reacted with
planned to develop gelators derived from PBIs that may dodecylisocyanate without any further purification to afford
provide organogels for applications in optoelectronics. the diurea-functionalized PE. The producB was purified

Noteworthy, while our work was under progrédshinkai by column chromatography on silica gel and characterized
and co-workers have published a communication on orga- by *H and**C NMR, MALDI-TOF mass spectroscopy, and
nogels composed of cholesterol-based PBIs. elemental analysis.

There are numerous urea-based gelators that form orga- The gelation propensity of the urea-containing perylene
nogels through self-complementary and highly directional bisimide dye3 was assessed in different organic solvents.
hydrogen-bonding interactiori$®13 However, to date no  For this purpose 0.5 mg a8 was added to 1 mL of a
urea-based gelator derived from PBI functional dyes has beenparticular solvent and heated until everything was dissolved.
reported. Here we present the urea-containing PBI derivative After cooling the sample to ambient temperature, the vessel
3, which forms highly fluorescent organogels through self- was turned upside down to verify whether nonflowing
assembly mediated by hydrogen-bonding ardr-stacking material was formed, indicating gelation of the employed
interactions. solvent. If no gelation was observed, the procedure was

The urea-containing PBE3 was synthesized in three steps repeated with an additional 0.5 mg batch3ffor toluene
starting with 1,6,7,12-tetrakis(tert-butylphenoxy)-perylene- a critical gelation concentration of 5.0 mg/mL was deter-
3,4:9,10-tetracarboxylic acid bisanhydridg'¢ according to mined, whereas for tetrachloromethane this concentration was
Scheme 1. The imidization df with mono BOC-protected 1.0 mg/mL. No gels were formed in polar aprotic DMSO
and H-bonding methanol, suggesting the crucial role of self-
complementary hydrogen bonding in the gelation process of
3. This compound is insoluble in nonpolar solvents such as
methylcyclohexane and-hexane even at elevated temper-

atures.
The absorption and fluorescent spectr8 ofere measured
in gelling solvent tetrachloromethane at dilute concentration

0 O o (8.71 x 1077 M) (Figure 1a) and at slightly above critical
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Figure 1. UV—vis absoption and fluorescence spectra3oin
Q N/_F O>/ *® ﬁo\_\N J<° CCly: (a) [3]=8.71x 1077 M), (b) [3] = 5.5 x 1074 M, Aex =
CoHe—N  H 5 H  N-CH, 580 nm; inset shows a photograph of the fluorescent gel.

H H )

gelation concentration (5.5 10* M) (Figure 1b). The
1,3-propanediamine afforded the PBin good yield. After spectra in Figure 1 reveal that both the absorption and
the deprotection of BOC groups with trifluoroacetic acid and emission bands are strongly changed upon gelation but the
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coloristic properties, i.e., the strong red photoluminescencetransition at 539 nm as well as of the shoulder at about 500
(see inset in Figure 1b), are maintained. On the basis of ournm is decreased. These temperature-dependent spectral
earlier work on aggregation of tetraphenoxy-substituted changes indicate the existence ofx stacked perylene
PBIs!® these observations are attributedrtes stacking of bisimide units in gel and their destacking upon heating. The
the perylene core in géf.A fluorescence quantum yield of  thermoreversibility of the gelation process was confirmed
94% was determined fa8 (8.71 x 107 M) in tetrachlo- by several repeated variable-temperature measurements with

romethane by employin!,N’-bis(2,6-diisopropylphenyl)-

the same sample. The observed thermoreversibility implies

1,6,7,12-tetraphenoxy-perylene-3,4:9,10-tetracarboxylic acidthat the gelation o8 is rendered by self-assembly mediated

bisimide as reference (@= 96% in CHC}).’
Absorption spectral changes of gelat®rn toluene at
variable temperature between 5 and 4D are shown in

through noncovalent interactions (in the present case
stacking and hydrogen bonding). From the Boltzmann fit
(inset in Figure 2), a melting temperature of about’@8is

Figure 2. Isosbestic points are observed at 550 and 613 nmgestimated for the toluene gel 8f

To confirm the existence of hydrogen bonding in gel
aggregate 08, IR measurements were carried out. The FT-
IR spectrum of tetrachloromethane gel33.3 x 1073 M)
exhibits a broad band at 3350 chthat can be assigned to
the hydrogen-bonded N—H stretching vibration according
to literature dat&®1°In the dichloromethane solution spec-
trum of 3 (3.4 x 103 M), this stretching frequency is shifted
about 100 cm? toward higher wavenumbers. Similar shifts
were reported for the stretching frequencies of hydrogen-
bonded N—H groups for other urea-based organogel&tors.
Thus, the IR study provides evidence for the involvement
of hydrogen bonding that may act cooperatively with
stacking in gelation o8 through self-assembly.

The result of a molecular modeling study of four ag-

gregated molecules &fis shown in Figure 3. The urea units
Figure 2. Variable-temperature (540 °C) UV—vis absorption

spectra of3 (8.9 x 1074 M) in gelling solvent toluene. The arrows _

indicate spectral changes with increasing temperature. Inset shows
a plot ofa value (ais the fraction of aggregated molecules) against
the temperature; the curves were fitted at 579 nm with the
Boltzmann equationio. = 1/(1 + &7~ TwAT) 18
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revealing transition between two spectroscopically different
states. The spectrum af& resembles that observed for the
gel of 3in CCl, (Figure 1b), whereas the spectrum at°@

is virtually identical with the solution spectrum in dilute GCI
(Figure 1a). Comparison of the spectra at 5 and@@eveals
that the absorption band at 584 nm°(@) is hypsochromi-
cally shifted to 579 nm at 40C and its intensity is
significantly increased, while the absorbance of the vibronic

Figure 3. CPK model of four aggregated molecules3dbtructure
calculated with CAChe with MM3 method).
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(18) Apperloo, J. J.; Janssen, R. A. J.; Malenfant, P. R. L.; Fréchet, J.
M. J. Macromolecule2000,33, 7038—7043.
(19) Syamakumari, A.; Schenning, A. P. H. J.; Mejer, E.@%em. Eur.

758. J. 2002,8, 3353—3361 and references therein.
(17) Gvishi, R.; Reisfeld, R.; Burshtein, Zhem. Phys. Leti993 213 (20) Babu, P.; Sangeetha, N. M.; Vijaykumar, P.; Maitra, U.; Rissanen,
338—344. K.; Raju, A. R.Chem. Eur. J2003,9, 1922—1932.

Org. Lett, Vol. 7, No. 6, 2005 969



temperature. The height AFM image of the xerogel aggregate ||| R A

of 3 (Figure 4) reveals a network of fiberlike structures with

Figure 5. CLS microscopy image @ spin-coated on coverglas;
Aex = 543 nm.

demonstrated for nanosized supramolecular architectures of
phenoxy-substituted perylene bisimidéshese novel orga-
nogels are promising canditates for optoelectronic function
little branching. In different samples it was found that the on the mesoscopic scale.

diameter of these fibrous structures varies from 30 to 100

nm. This suggests that the fibers are made up of smaller Acknowledgment. Financial support by the DFG (Wu317/
filaments, which are aligned together. 5) and the Fonds der Chemischen Industrie is gratefully

Figure 5 shows the confocal laser scanning microscopy acknowledged.

(CSL) image of the fluorescent fibers of the gel, supporting
the fact that the fluorescence comes from the gel structure
itself and not from amorphous material.

Accordingly, compoun@ forms highly photoluminescent
mesoscopic networks similar to our earlier reported perylene
bisimide-melamine self-assembli®ddowever, the present  0L0475820
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Figure 4. Height AFM image of3 spin-coated on graphite.

Supporting Information Available: Procedure for the
preparation oB and its characterization, general procedures,
and a brief description of analytical methods. This material
is available free of charge via the Internet at http:/pubs.acs.org.
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