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A multiple switching bisthienylethene and its photochromic

fluorescent organogelator
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A multiple switching fluorescent photochromic bisthienylethene
bridged naphthalimide bearing cholesteryl groups was synthe-
sized and its organogelator showed excellent photo-responsive
and thermal reversible performance by light, thermal.

Low-molecular-weight (LMW) gelators have attracted much
attention in recent years.'® Of particular interest for organogelator
materials science are “smart gels”, i.e. gels whose properties can be
controlled reversibly or irreversibly in response to changes in
external chemical, photochemical, thermal stimuli or sound.* Such
responsive systems are highly desirable in thermo- and mechano-
responsive sensor materials or in applications like drug delivery or
catalysis, or in nano- and mesoscopic assemblies with interesting
optical and electronic properties and so on.’ Several groups
exploited these features for the development of “smart” LMW
organogelators.'® However, it is a tremendous challenging task to
design controllable gelation systems based on reversible changes of
a gelator molecule induced by external stimuli.

Some organogelators with photochromic units including
azobenzene or naphthopyran derivatives have been reported,”'°
in which the gelation was controlled by heat, light, or acidity as
external stimuli. Among various types of photochromic com-
pounds, bisthienylethene (BTE) derivatives are the most promising
because of their excellent fatigue resistance and thermal stability in
both isomeric forms, picosecond switching rate, and high
photochemical quantum vyields."""'> More recently, BTE deriva-
tives incorporating a chiral moiety have been shown to reversibly
control supramolecular chirality switching between different chiral
aggregates in the gel phase.”> As an attempt to obtain a new
functional organogelator with potential photonics applications, we
have designed and synthesized a photochromic gelator containing
bisthienylethene bridged fluorescent naphthalimide units bearing
cholesteryl groups (shown in Scheme 1, BTE-NA-(chol),). This
novel photochromic gelator exhibits excellent reversible photo-
chromic behaviour in gel phase. Interestingly, it can fluoresce the
in gel phase but it scarcely emits in solution. In addition, this
system is sensitive to fluoride ions in solution, which is a promising
fluorescent molecular switch by fluoride ions and protons.
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Scheme 1 The structure and photochromic process of BTE-NA-(chol),.

Naphthalimide (NA) is an excellent fluorescent chromophore
with high photostability and high fluorescent quantum yield."*
Two naphthalimides are covalently attached to a photochromic
dithienylcyclopentene unit'> for the purpose of photoswitching
fluorescence with high contrast. The cholesteryl groups are
expected to assemble through van der Waals interaction and
naphthalimides are connected with cholesteryl groups by amide
bonding and are expected to behave as sites for hydrogen bonding.
This novel naphthalimide dimer based on cholesteryls tethered by
a photochromic bisthienylethene-bridge was synthesized by the
Suzuki coupling method (shown in Scheme SI)f. All key
intermediates and the final product are identified by '"H NMR
spectroscopy and MS or MALDI-TOF-MS.+

BTE-NA-(chol), undergoes reversible photochromic reaction.
Irradiation of a solution of BTE-NA-(chol), with UV light at
365 nm led to the appearance of a new absorption band at round
540 nm and the light yellow solution of BTE-NA-(chol), turned to
red (Fig. 1), which is attributed to large n-electron delocalization
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Fig. 1 Absorption spectra and fluorescent spectra (inset, excited at
355 nm) of the open-ring isomer BTE-NA-(chol); (a: in gel; ¢: in solution)
and the photostationary state (b: in gel; d: in solution) upon irradiation
with 365 nm light at room temperature.
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along the whole molecule. And after visible light (4 > 510 nm)
irradiation the original absorption spectrum was converted back
to that of the initial open-ring isomer of BTE-NA-(chol),.
The cyclization and cycloreversion yield are 0.39 and 0.37,
respectively.'” The reversible spectral changes should be due
to the reversible structural transformation between the closed-
ring and open form of the bisthienylethene unit in BTE-NA-
(chol),. Corresponding to the difference in absorption between
the photochromic binary states, the luminescence spectra of BTE-
NA-(chol), is also indicated by binary status (the inset in Fig. 1).
Interestingly, the very large enhanced luminescence (contrast
ratio >50) of the closed-ring of BTE-NA-(chol), at around
452 nm upon the irradiation with 365 nm light might be
attributed to the formation of an extended m-conjugation system
that results from the photocyclization as well as the self-
assembled aggregates of BTE-NA-(chol),.!® Regretfully, the
enhanced fluorescence mechanism has still not been proved by
reasonable proofs.

The gelation ability of BTE-NA-(chol), was studied at a
concentration of 0.5 w/v% in various solvents. We modified the
solubility of BTE-NA-(chol), in toluene by adding alcoholic
solvents; as expected, most mixed solvents were finely gelated by
BTE-NA-(chol),. We could also use benzene, o-xylene, and
nitrobenzene for gelation instead of toluene. A very stable BTE-
NA-(chol), gel was formed above 0.5 w/v%% and showed a high
sol-gel phase-transition temperature.f

Hereafter, we used a mixed solvent of toluene and ethanol
(1: 3 v/v) as the standard medium. The visual images of the BTE-
NA-(chol), gel with a network structure composed of fibrous
aggregates were observed with a scanning electronic microscope
(SEM).T In addition, we measured the absorption and fluorescence
spectra of BTE-NA-(chol), gel in a 0.1 cm cell to obtain an insight
into their photochromic properties in the gel phase, which retains
photochromic performance as in solution. The yellow colour of
BTE-NA-(chol), gels turned to red and a new absorption band
appeared at around 537 nm and gradually increased and reached a
photo-stationary state (Fig. 1). Upon subsequent irradiation of the
closed form of BTE-NA-(chol), gel with visible light (4 > 510 nm),
the system gradually returned to the initial status. This cycle could
be repeated more than 10 times and the gel phase remained stable
at room temperature. The cyclization and cycloreversion yield are
0.18 and 0.13, respectively.'® There is also a difference in
luminescence spectra between two photochromic states in the gel
phase.t The fluorescent intensity of BTE-NA-(chol), gel evidently
increased and strong emission with A, at round 460 nm was
observed upon irradiation with UV light (365 nm) and the original
emission could also recovered by visible (4 > 510 nm) light
irradiation.

The interaction of BTE-NA-(chol), with fluoride anion was
investigated in THF solution through spectrophotometer titration
experiments. Upon addition of F~, the band around 330 nm
progressively increases, while a new band with a peak at round
495 nm forms (Fig. 2). The presence of two isosbestic points at 340
and 410 nm indicates that only two species coexist at the
equilibrium, the solution of BTE-NA-(chol), becoming an orange-
red colour. The possible explanation for this phenomenon is the
deprotonation of the amino moiety by F~, which would result in a
negatively charged density on the amide nitrogen, with associated
enhancement in the push—pull effect of the ICT transition.!”
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Fig. 2 The changes in absorption and the changes in fluorescence spectra
(insert, excited at 495 nm) of the open form of BTE-NA-(chol), (2.0 x
107°> mol L™! in THF) upon addition of TBAF (tetrabutylammonium
fluoride salt) at room temperature.

The emission spectra of compound BTE-NA-(chol), and its
fluorescence titration with fluoride ions are shown as the inset in
Fig. 2. The open form of BTE-NA-(chol), displays no emission at
570 nm until F~ is added to the solution of BTE-NA-(chol), in
THF, when a significant emission at 570 nm is observed. The
possible explanation for this phenomenon is that the change in
electron density of the amide moiety upon fluoride addition
influences the charge transfer between the amide group and the
acceptor.'®

Fig. 3 shows the whole multiple switching processes with
photographic images of BTE-NA-(chol), under the cooperative
effects of light, thermal, fluoride ions and protons. The multiple
switching could be repeated many times. Upon irradiation with
365 nm UV light and visible light (4 > 510 nm), the yellow colour
open form of BTE-NA-(chol), can be interconverted with the red
colour closed-ring form in the gel or in solution, i.e. photochromic
processes both in gel and in solution. The interconversion between
the gel phase and solution could be easily achieved by thermal
stimuli. The incorporation of cholesterol was presumably designed
to induce chiral-sensitive selection, which is being measured for
many different cases. In addition, the solutions of BTE-NA-(chol),
both in the open form and in the closed-ring form were sensitive to
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Fig. 3 Multiple switching images of BTE-NA-(chol), under the coope-
rative effects of light, thermal, fluoride anions, protons. (a) Gel(open); (b)

Gel(closed); (c) Sol(open); (d) Sol(closed); (e) Sol(open) + F—; (f)
Sol(closed) + F .
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fluoride ion, which resulted in obvious changes in the absorption
and fluorescence spectra. The reversible chemical switch could be
obtained by proton stimuli.t Thus, this system constitutes a multi-
mode complete reversible switch by light, thermal stimuli, fluoride
ions as well as by protons.

In summary, we have succeeded in constructing a BTE-NA-
(chol), multiple switching system responding to light, thermal
stimuli, fluoride anions, proton stimuli and a photochromic
fluorescent organogel based on bisthienylethene bridged naphtha-
limides. It exhibits excellent photochromic properties and defined
thermo reversible properties in an organogel system. At the same
time, by taking advantage of the ability of F~ and protons to
induce obviously different absorption and fluorescence spectra of
BTE-NA-(chol); in solution under sequential alternating UV/Vis
light irradiation, a multiple switch is realized, which makes it
promising application in the fields of opto- and electronic smart
materials, logic gate, fluorescence sensors and other molecular
photonic devices.

This work was supported by NSFC/China (20476027,
90401026) and Scientific Committee of Shanghai.
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