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A pyrene-tiaraed pillar[5]arene derivative showing concentration-independent intensive excimer emission was synthesized.
Photolysis of the compound led to a switch from excimer to monomer emission, which was applied for photo-writing.
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ABSTRACT

A pyrene-tiaraed pillar[5]arene derivative was synthesized, which showed a concentration-independent intensive excimer emission. Photolysis of the
pyrene-tiaraed pillar[5]arene led to a switch from excimer to monomer emission, applicable to photo-writing.
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Among recent research in the field of host-guest chemistry, pillar[n]arenes are undoubtedly one of the most thoroughly studied
molecular hosts [1-7], due to their unique macrocyclic framework, versatile complexation properties, and ready chemical modification
[8-14]. So far, the studies on pillar[n]arene derivatives mainly focused on their host-guest complexation properties and the functions
derived therefrom [15-23]. By virtue of their relatively strong binding ability, pillar[n]arenes have demonstrated promising in
applications such as stimuli-responsive materials [24, 25], molecular recognition [26, 27], energy transfer [28-30] and molecular
absorption and separation [31-33]. On the other hand, pyrene is the most representative polyaromatic compound that can emit excimer
fluorescence [34-40]. The excimer of pyrene derivatives typically forms at high concentrations. Reinforced intermolecular association
between fluorophores [35, 41-44] or covalently linking two or more pyrenes were effective ways to improve excimer formation [45-
48]. The photophysical properties of pyrene could be well manipulated by the supramolecular assembly, and the pyrene excimer-based
supramolecular systems have been applied for sensing, optical materials and devices [49-51]. We have demonstrated that
supramolecular hosts could significantly switch photochemical properties of photosubstrates [52-58] and energy transfer efficiency
could be drastically improved by the complexation of pillar[S]arene [28]. In the present communication, we report a novel possible
application of pillar[5]arene on the basis of not its host-guest complexation properties but rather the template effect of well-orderly
arranged composing units. Thus, a pyrene-tiaraed pillar[5]arene derivative demonstrated unique photophysical and photochemical
properties so as to innovate a novel way of photo-writing.
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Scheme 1. Synthetic route of the pyrene-tiaraed PyP5.

The Cs symmetric PyP5 (Scheme 1) was synthesized followed a strategy for the synthesis of the rim-differentiated tiara-
pillar[5]arene, developed independently by Ma [59] and Sue [60] groups, respectively. Thus, the asymmetrically substituted 2,5-
dialkoxybenzyl alcohol 3 was synthesized by reacting 2,5-dihydroxybenzaldehyde stepwise with 1-bromopentane and then 3-
bromoprop-1-yne under alkaline conditions. The rim-differentiated tiara-pillar[5]arene 4 was synthesized by catalyzing 3 with FeCls;
[60]. By introducing pyrenes through the azide-alkyne cycloaddition “click” reaction, the pyrene-tiaraed PyP5, in which five pyrenes
were orderly arranged on the same rim of the pillar[5]arene (Scheme 1), was obtained in good yield (41.0%). The introduction of the
alkyl chains on the rim of the other side allowed PyP5 to be well soluble in many organic solvents. The aromatic proton signals of
PyP5 in the *H NMR spectrum are relatively simple and gave only one set of the protons of pyrenyl and two kinds of hydroquinone
aromatic proton signals (Fig. S10 in Supporting information), confirming the Cs symmetric structure. Comparing to the *H NMR
signals of R1, the aromatic proton signals of PyP5 are much more upfield shifted (Fig. 1), which could be ascribed to the mutual
shielding effect among pyrene moieties [60, 61].

The UV-vis spectrum of PyP5 showed intensive peaks at 290 nm and 365 nm, corresponding to the absorption of the pillar[5]arene
moiety and the L, band of the pyrene units, respectively. The 1L, absorption band of PyP5 was apparently bathochromic shifted in
comparison of that of R1, suggesting the z-z stacking interaction among pyrene moieties. We were interested to find that PyP5 showed
a light blue emission upon excitation with a 365-nm UV lamp. On the contrary, only purple emission peaked at the UV region of 330
nm was observed for R1 in the dichloromethane solution at a concentration of 10.0 umol/L, indicating that monomer fluorescence
dominates at this concentration. Excimer fluorescence appeared when increasing the concentration of R1 to 0.50 mmol/L. Further
increasing the concentration of R1 led to a decrease of the monomer fluorescence and an increase of the excimer fluorescence,
exhibiting a typical concentration-promoted excimer formation. The broad excimer fluorescence peaked at 476 nm became dominant
only at the concentration higher than 5.0 mmol/L (Fig. S17 in Supporting information).
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Fig. 1. Partial *H NMR spectra (400 MHz, CDCls, 298 K) of (a) PyP5 and (b) R1.

On the contrary, PyP5 showed exclusively the excimer fluorescence at 2.0 umol/L (Fig. 2a), and only tiny monomer fluorescence
peaked at 379 nm could be observed. The excimer fluorescence of PyP5 exhibited a peak at 473 nm (Fig. S18 in Supporting
information), which is slightly hyperchromic shifted relative to that of R1 (476 nm), possibly due to the relatively rigid framework of
pillar[5]arene which prevents pyrenes to stack perfectly [35, 62]. The excimer fluorescence of PyP5 could not be well fitted by one-
component exponential decay but rather a two-components model to give lifetimes of 29.9 ns (74%) and 46.1 ns (26%), respectively.
This suggests that at least two kinds of excimer fluorescence was formed, for which different types of stacking due to the restriction of
the pillar[5]arene framework should be responsible. On the other hand, the lifetime of monomeric fluorescence of R1 measured at 379
nm was 46.1 ns, while the excimer fluorescence at 476 nm gave a lifetime of 53.3 ns (Figs. S17 and S20 in Supporting information).
Interestingly, monomer fluorescence was negligible even diluting the concentration of PyP5 to down to 1x10® mol/L (Fig. 2b),
indicating that the excimer fluorescence is concentration-independent. These results demonstrate that the excimer fluorescence is
mainly an intramolecular process by virtue of the close orientation of pyrene units. The quantum yield of the PyP5 was 26.6%, which

is higher than that of R1 (17.1%).

Table 1
Photophysical properties of PyP5 and R1. 2
Xavs (NM) £(10* L molt cm™®) Lem (NM)® D: (%)°
PyP5 345 8.10 473 26.6
R1 344 2.20 379 17.1

aln dichloromethane PyP5 (2 umol/L) and R1 (10 umol/L) at room temperature.

b Emission wavelength.
¢ Fluorescence quantum yield, quinine sulfate as the standard (@ = 54.6%, in 0.10 mol/L H2SOa).
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Fig. 2. (a) UV-vis spectra and the normalized fluorescence emission spectrum of PyP5 (Red, 2.0 umol/L), R1 (black, 10.0 umol/L) in DCM at
room temperature (Aex = 330 nm); (b) Fluorescence spectra of PyP5 at different concentration measured in DCM at room temperature (Aex =

330 nm). The inset shows the normalized emission spectra.

The fluorescence spectra of PyP5 were measured in different solvents, including dichloromethane, DMF, DMSO, THF, 1,4-dioxane,
toluene, chloroform and n-hexane, and overwhelming excimer fluorescence was observed irrespective of the solvent used (Fig. S21 in
Supporting information). These results further confirmed that the congested and orderly arrangement of the five pyrene moieties
guaranteed the extremely high efficiency in the formation of the excimer, which is not disturbed by the solvation. The fluorescence
excitation spectra of a 1.0 umol/L PyP5 solution monitored at 379 and 399 nm were practically superimposable with each other, which
significantly deviated to longer wavelengths (~15 nm) when monitored at 473 nm (Fig. S22 in Supporting information), indicating the
formation of the intermolecular pyrene static excimer due to the interaction at the ground state [35, 41, 48].



Interestingly, the fluorescence of PyP5 exhibited significant change upon irradiation at 365 nm with a UV lamp (Fig. 3). As can be
seen from Fig. 3a, the exposure of PyP5 to a 365nm-LED lamp led to a decrease of excimer emission at 473 nm, accompanied by an
increase of monomer emission at 382 nm, which caused a visibly noticeable color change with the naked eye. Since pillar[5]arene
framework has no absorption at 365 nm, the photoreaction should occur on the pyrene or the conjugated 1,2,3-triazole moieties. Pyrene
is known to undergo photochemical conversion upon photolysis in different solvents [63, 64]. On the other hand, 1,2,3-triazole may be
photodegraded upon photolysis [65, 66]. Indeed, photolysis of pyrene or R1 with the 365 nm-LED lamp led to clear chemical
conversion, which could be traced by the fluorescence spectral change (Fig. S23a in Supporting information). The UV-vis spectra of
R1 showed a decrease at 344 nm and a slight increase at 375 nm upon irradiation, which is consistent with the UV -vis spectral changes
of PyP5 under the same conditions (Fig. 3b). Similarly, the absorbance of pyrene gradually decreased at 335 nm but increased at 365
nm with the irradiation time (Fig. S24b in Supporting information), accompanied by the decrease of the fluorescence intensity (Fig.
S23b in Supporting information). In contrast to the decrease of the monomer fluorescence upon photolysis of pyrene or R1, the
photolysis of PyP5 showed a decrease in the visible emission of excimer fluorescence and an increase of the monomer emission in the
UV region, furthermore, one of the photoproducts was separated and characterized to be pyrene (Fig. S26 in Supporting information).
These results suggested that the fluorescence change is not due to the decomposition of the pyrene moiety. We thus ascribe the
fluorescent change to the photochemical reaction mainly of the 1,2,3-triazole units, which causes the release of the pyrene from PyP5to
thus recover the monomer fluorescence (Scheme S2 in Supporting information) [67].
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Fig. 3. (a) Fluorescence spectral change of 2.0 umol/L solution of PyP5 in DCM upon irradiation at 365 nm with a UV lamp (Lex = 330 nm);
(b) UV-vis spectral change upon irradiation of 2.0 umol/L PyP5 in DCM; (c) Fluorescence intensity change monitored at 379 nm and 473 nm
of 2.0 umol/L PyP5 in DCM upon irradiation at 365 nm with a UV lamp (Rex = 330 nm); (d) The CIE chromaticity coordinate changes
according to the fluorescence spectra. The inset showed the photographs of PyP5 in DCM before (A) and after (B) irradiation at 365 nm for 20

min.
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Fig. 4. Procedures of passive photo-writing in a PVP/PyP5 gel contained in a petri dish for 10 min with a 365 nm UV lamp (150 mW/cm?). (a,
b) Photograph of the PVP/PyP5 gel under ambient light and under 365 nm UV lamp respectively; (c) Masked photo-writing procedure on the
PVP/PyP5 gel; (d, ) The photograph of PVP/PyP5 gel under 365 nm UV lamp and ambient light, respectively, after the masked photo-
writing.



Such an emission changes due to the photolysis of PyP5 inspired us to further explore its application in photo-writing. Thus,
polyvinyl pyrrolidone (PVP) powders were added to a dichloromethane solution of PyP5 to give a transparent PVP/PyP5 gel (Fig. 4a)
[68]. Light green fluorescence in the gel was observed under excitation with a 365 nm lamp (Fig. 4b), suggesting PyP5 kept in its
excimer form in the gel. Mask-illumination was applied by photoirradiation of the gel covered with corresponding pictures with the
365-nm LED (Fig. 4c). After the mask-illumination for 10 min, all the gels showed the excimer fluorescence of the masked picture,
which were not observable under sunlight (Figs. 4d and e). As a comparison, the mask-illumination was carried out with a gel
containing pyrene or R1, which, however, cannot show the similar photo-writing features. Thus, the gel containing PyP5 could be a
confidential lithographic material with potential application for the secret photo-writing.

In conclusion, we synthesized a rim-differentiated Cs-symmetric tiara-pillar[5]arene PyP5 in which 5 pyrenes were oriented at the
same rim of the pillar[5]arene. PyP5 showed excimer fluorescence overwhelmingly higher than the monomer fluorescence even at the
highly diluted solution as a result of the confined template effect of the pillararene framwork. The excimer fluorescence could be
switched to monomer fluorescence by photoirradiation due to the photodecomposition of PyP5, which opened up new possibility for
the application of secret photo-writing. The present study provided a new aspect of the application of pillar[n]arenes by virtue of the
highly ordered arrangement of the functional groups anchored on the rims, and should open a new avenue for the application of
pillar[n]arenes.
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