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A series of novel unsymmetrical stilbene-based 1,3,4-oxadiazole derivatives were efficiently synthesized
by a four-pots reaction sequence. All of the title compounds were characterized by MS, '"H-NMR and
elemental analysis. UV-Vis absorption and fluorescence emission spectra of the compounds were
investigated in dilute chloroform solution; the compounds exhibit strong blue-green fluorescence ranged
from 397 to 499 nm and show potential for application in organic optical materials.

© 2012 Elsevier B.V. All rights reserved.

Introduction

Stilbene derivatives are well known not only for their consider-
able biological and medical activities, such as anti-microbial and
insecticidal effects, vasodilation action, and insect baculovirus
synergists [1-5], but also for their interesting features of the
stilbene derivatives which are their effects on light and witness
applications in main chain liquid crystalline polymers [6-8], optical
brighteners [9-11] and PPV-type electroluminescent copolymer
[12]. Moreover, stilbene derivatives show distinctive blue fluores-
cence emission properties to be used in organic electroluminescent
(EL) materials [13-15].

1,3,4-Oxadiazoles are a class of heterocycles with a broad
spectrum of biological activities, which have attracted significant
interest in medicinal and pesticide chemistry [16-20], and the
development of materials for organic electroluminescent (EL)
devices since these compounds possess high electron-accepting
properties and display strong fluorescence with high quantum yield
[21-25].

Recently, there is great interest to increase the structural or
spatial dimensions of m-conjugated molecules in order to tune
and acquire more favorable physical properties [26]. Based on
the fact that the 1,3,4-oxadiazole unit has good hole-transporting
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capability, durability and thermal stability, especially high fluores-
cent quantum yields, it is envisioned that the introduction of the
1,3,4-oxadiazole unit into the stilbene skeleton can improve their
photo-electric properties, durability, and thermal stability
[27-28]. In this paper, we report the synthesis of six novel 1,3,4-
oxadiazole-based stilbene derivatives via the Wittig-Horner
reaction with good overall yield. All of the title compounds were
characterized on the basis of MS, "H-NMR and elemental analysis.
The photophysical processes of the title compounds are investi-
gated by UV-Vis absorption and fluorescence emission spectra in
chloroform solution. The synthetic route is outlined in Scheme 1
(see the Supplementary material).

Experimental
Chemical and instrument

Melting points were determined using RY-1 melting point
apparatus and were uncorrected. '"H-NMR spectra were recorded
in CDCl3 on a Bruker AVANCE-400 MHz NMR spectrometer using
TMS as an internal standard. Mass spectra were obtained with a
HPLC/MS LCQDECA spectrometer (APCI). Elemental analyses were
performed on a Vario EL11I CHN elemental analyzer. UV-Vis absorp-
tion spectra were recorded on a Hitachi UV-3010 spectrophotome-
ter. Fluorescence spectra were obtained on a Hitachi F-4500
spectrophotometer at room temperature. The purity of the com-
pounds was confirmed by TLC on silica gel ‘G’-coated glass plates.
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Scheme 1. The synthetic route of the title compounds.

Synthesis

Typical procedure for the synthesis of compounds 1, 2 and 3
Intermediates of compounds 1, 2 and 3 were prepared by the
reported methods [29].

Typical procedure for the synthesis of compounds 4

To a stirred solution of aromatic aldehydes (1.7 mmol) and the
intermediate 3 (0.9 g, 1.7 mmol) in anhydrous N,N-dimethylform-
amide (15 mL) under nitrogen atmosphere was added dropwise a
solution of t-BuOK (2 g, 3%) in ethanol. The reaction proceeded at
room temperature overnight. Then the resulting mixture was fil-
tered and washed with ethanol. The residue was recrystallized
from ethanol/DMSO, giving compounds 4a-g. Analytical and spec-
tral data were obtained from all compounds (see the Supplemen-
tary material).

Results and discussion
The synthesis and characterization

A series of novel unsymmetrical stilbene-based 1,3,4-oxadiazole
derivatives were synthesized by a four-pots reaction of the oxidative
cyclization, bromination, esterification, and Wittig-Horner reaction.
The title compounds were characterized with spectral and analytical
methods. 1,3,4-Oxadiazole is the electron-accepting five-membered
hetero-aromatic unit containing two imine —-C=N- groups, because
of the electron-withdrawing ability of the imine -C=N- group. The
TH-NMR spectra of compounds 4a-h show that the proton chemical
shifts of phenyl ring, naphthalene nucleus and anthracene nucleus
ranged from ¢ 7.31 to § 8.32 ppm, ¢ 7.50 to § 8.23 ppm and § 7.45
to § 8.45, respectively. A doublet of CH=CH was obtained between
67.15 and ¢ 8.10 ppm. According to the chemical shifts and coupling
constant (16.0-16.6 Hz), it was determined that two protons had
different chemical environments because of the effect of substitu-
ents belonging to the trans-structure, which could stably exist in

stilbene derivatives. The mass spectra of compounds 4a-f show
the intense molecular ion peaks and the characteristic ion peaks.
These molecular ion peaks were consistent with their molecular
formula.

Optical properties

Table 1 shows the UV-Vis absorption and fluorescence emission
spectrain dilute chloroform solution. The UV-Vis absorption spectra
and fluorescence spectra of the compounds are shown in Fig. 1 and
Fig. 2 (in 10> mol L~! chloroform solution). The absorption spectra
of compounds 4a-h show maximum absorption (Amax) at 309-
343 nm. The maximum absorption peaks (4,ps), which can be attrib-
uted to the charge-transfer type n-7x electronic transitions, situate
in 311-342 nm in solution. The charge-transfer absorption band of
the compounds strongly depends on the conjugation length of
molecular structure. Compared with the fluorescence characteristic
emission wavelengths of the title compounds, the maximum fluo-
rescence emission wavelength of compounds 4e and 4h had a great-
er shift toward higher wavelengths than the other compounds
owing to increasing the conjugation length of the molecule, which
would make the electron-pair in the highest occupied molecular or-
bit possess a lower energy; the electron-pair could be excited easily
to transit into a higher orbit. Compounds 4a, 4b, 4¢ and 4f had the
different maximum emission wavelength peaks, indicating that
the halogen substituents have a great effect on their electronic en-
ergy levels. The fluorescence quantum yields @, = (As x Fy x nZx
®@,)/(Ay x Fs x n?) where A is the absorbance at the excitation wave-
length, F the area under the fluorescence curve and n the refraction
index. Subscripts s and x refer to the standard and to the sample of
unknown quantum yield, respectively. Rhodamine B in ethanol
(@ =0.89) was taken as the standard [30]. It can be seen that com-
pounds 4d and 4g had a greater fluorescence quantum yield, which
can be explained by the conjugative effect. The molecular structure
containing naphthalene nucleus can increase the conjugation length
and rigid structure of the molecule. As can be seen in Table 1,
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Table 1
Absorption and fluorescence characteristics of the title compounds in dilute chloroform solution at room temperature (concentration: 1 x 107> mol L™').
Compound Jmax (NM) x10E *¢max(Lmol ' cm™1) Jex (NM) Jem (NM) Stokes shifts (nm) D2
4a 343 6.40 344 397 53 0.82
4b 333 5.74 346 398 54 0.78
4c 333 4.53 348 402 54 0.67
4d 342 3.21 358 436 78 0.74
4e 314 3.15 317 498 181 0.23
af 342 5.53 350 403 53 0.69
4g 342 3.09 364 438 74 0.73
4h 309 3.68 322 499 177 0.21
¢ Fluorescence quantum yield.
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Fig. 1. The UV-Vis absorption spectra of target compounds (1 x 107> molL™" in
chloroform).
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Fig. 2. The fluorescence emission spectra of target compounds (1 x 107> mol L' in
chloroform).

compounds 4e and 4h had a smaller fluorescence quantum yield,
which maybe attributed to the difference in the steric hindrance
imposed by the 1,3,4-oxadiazole, anthracene skeleton, m-bridges,
linkages and dihedral angles between two units that seem to affect
the planarity of the molecules. The influence of solution on the fluo-
rescence intensities of the compounds 4a and 4b was investigated.
Fig. 3 showed fluorescence emission spectra of the two compounds
in chloroform, THF and DMF (concentration: 1 x 107> mol L™1). We
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Fig. 3. The fluorescence emission spectra of the compounds 4a and 4b in
chloroform, THF and DMF at room temperature (concentration: 1.0 x 107> mol L™1).
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Fig. 4. Fluorescence spectra of 4a and 4b at different concentration of THF;
1,1.0 x 10*mol L™'; 2, 1.0 x 10> mol L'; 3, 1.0 x 10~ mol L.

could see that the emission wavelengths and fluorescence intensity
of the two compounds were different in three solutions at the same
concentration. All these indicated that the solution molecules had
strong coordination effect and the environment played an important
role in determining the fluorescence intensity of the compounds.
The influence of concentration on fluorescence intensity of the two
compounds was also studied (Fig. 4). It can be seen that the emission
intensity of fluorescence was greatly decreased with gradual
increasing in concentration of 4a and 4b in THF.
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Conclusion

A series of novel unsymmetrical stilbene-based 1,3,4-oxadiazole
derivatives were synthesized, characterized by spectral studies and
their fluorescence spectra were recorded in order to study the
changes in the photophysical properties with structural modifica-
tions. The results showed that the compounds exhibited strong blue
fluorescence emission. It can be concluded that the absorption and
fluorescence characteristic of the new target compounds show a
significant dependence on their molecular structure. The influence
of solution on the fluorescence intensities of the compounds
indicated that the solutions and the environment played an impor-
tant role in determining the fluorescence intensity of the
compounds.
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