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Abstract—A series of linear monodisperse vinylene-linked phenothiazine oligomers have been synthesized by alternate Heck reac-
tion and Wittig reaction in good yields. It was found that their absorption and fluorescence emission bands red-shifted with increas-
ing phenothiazine units due to extending of the conjugated degree. The fluorescent quantum yield increased from OPTZ1 to OPTZ6,
and the UF of OPTZ6 was close to phenothiazine-based polymers.
� 2007 Elsevier Ltd. All rights reserved.
Conjugated oligomers have received much attention in
recent years,1 because they possess fascinating potential
applications in organic light emitting diodes,2 field-
effected transistors,3 and photovoltaic cells.4 Monodis-
perse conjugated oligomers have well-defined chemical
structures,5 so they become ideal models for understand-
ing the structure–property relationships of the corre-
sponding polymers.6 Many oligomers with desired
function have been synthesized, such as oligothio-
phenes,7 oligocarbazoles,8 oligofluorenes,9 oligophenyl-
enes,10 oligoanilines,11 and so on. It was well known
that linear conjugated oligomers not only represent the
simplest models of molecular wires, but also give low
bandgaps (Eg), which may lead to true ‘organic metals’
or fabrication of LEDs operating in the IR.12

Phenothiazine is a well-known pharmaceutical com-
pound bearing electron-rich sulfur and nitrogen hetero-
atoms. In one hand, it has low oxidation potentials, and
stable radical cation can be easily generated.13 In an-
other hand, the phenothiazine ring is nonplanar with a
butterfly conformation in the ground state, which is
quite different from carbazole and fluorene.14 Such spe-
cial conformation can impede the molecular aggregation
and the formation of intermolecular excimer, which may
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lead to promising electronic and optical properties.15

For instance, phenothiazine has been used as electron
donor in ECL (electrogenerated chemluminescence),
and EL (electroluminescence) materials.16–18 Müller’s
group reported the synthesis and the electronic proper-
ties of alkynylated phenothiazines and phenothiazinyl
triads.13b,c Till now, linear monodisperse vinylene-linked
oligophenothiazines have not been reported. Herein, we
present the synthesis of a series of new linear p-conju-
gated phenothiazine oligomers (OPTZs 1–6).

Stilbenoid OPTZs were prepared by alternate Heck
reaction and Wittig reaction,19 and the synthetic routes
were illustrated in Scheme 1. In order to improve the
solubility, we introduced octyl group into the 10-posi-
tion of phenothiazine ring by N-alkylation reaction.
Compound 1 (OPTZ1) was prepared in a yield of 92%
through Wittig reaction between methyltriphenylphos-
phoniumiodine and 3-formyl-phenothiazine 7, which
was obtained from 10-octylphenothiazine via Vilsmeier
reaction with a yield of 77%. Compound 13 (3-formyl-
7-bromo-10-octylphenothiazine) was an important
intermediate for us to extend the ethenyl phenothioazine
units, and it can be gained by bromination of compound
7.14a Then, compound 2 (OPTZ2) was synthesized from
methyltriphenylphosphoniumiodine and FOPTZ2 8,
which was prepared by Heck reaction of OPTZ1 and
13, via Wittig reaction with a yield of 92%. Accordingly,
using alternate Heck reaction and Wittig reaction,
we gained OPTZs (compounds 3–6) in good yields of
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n=1 FOPTZ2 8 n=1 OPTZ2 2
n=2 FOPTZ3 9 n=2 OPTZ3 3
n=3 FOPTZ4 10 n=3 OPTZ4 4
n=4 FOPTZ5 11 n=4 OPTZ5 5
n=5 FOPTZ6 12 n=5 OPTZ6 6

Scheme 1. Reagents and conditions: (a) NaH, DMF, n-C8H17Br, 0 �C, rt; (b) POCl3, DMF, ClCH2CH2Cl, 90 �C; (c) Br2, AcOH; (d) Ph3PCH3I,
t-BuOK, THF, rt, 2 h; (e) Pd(OAc)2, K2CO3, DMF, Bu4NBr, 110 �C, 10 h.
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91–92%. All the intermediates and the final products
were purified by column chromatography and recrystal-
lization, and they have good solubility in common
solvents, including tetrahydrofuran, toluene, ethyl
acetate, and dichloromethane. The molecular structures
were characterized with FT-IR, 1H NMR, elemental
analysis, and MALDI/TOF mass spectroscopy.20 The
oligomers from OPTZ2 to OPTZ6 exhibit an IR absor-
ption band around 960 cm�1 arising from the wagging
vibration of the trans-double bond (C@C).21,22 1H
NMR spectra also confirmed that the vinylene groups
were in trans-conformation because no peak appeared
at 6.56 ppm assigned to the proton in cis-double bond
(C@C).9b,22 MALDI/TOF-MS spectra showed peaks
matching the calculated molecular weight, and some
fragmentation peaks were found due to the cleavage of
N-octyl bond.9d

The UV–vis absorption spectra of OPTZs in dilute solu-
tions (4 · 10�6 mol/L) were shown in Figure 1. It was
clear that the absorption bands of OPTZ1 appeared at
270 nm and 320 nm. For OPTZ2-OPTZ6, the absorp-
Figure 1. UV–vis absorption spectra of OPTZs in THF (4 · 10�6

mol/L).
tion bands red-shifted compared with those of OPTZ1,
for example, the absorption bands of OPTZ2 were
located at 276 and 396 nm, and 307 and 422 nm for
OPTZ6, respectively (See Table S1). It suggested that
the increase of phenothiazine–vinylene units resulted in
the decrease of Eg due to extending of the conjugated
length of oligomers. Furthermore, the mole extinction
coefficient at 302 nm increased linearly from OPTZ1 to
OPTZ6 (as shown in Fig. S1), while no deviation from
the slope was observed. Combining with the fact that
each oligomer obeyed Beer’s law very well, we could de-
duce that no intermolecular p-interaction happened for
these oligomers in dilute solutions. Figure 2 shows the
normalized absorption spectra of OPTZs in the films,
similar red-shift behaviors of the absorption bands were
observed from OPTZ1 to OPTZ6. In addition, the
absorption bands of OPTZs in the film red-shifted more
than ca. 15 nm compared with those in the correspond-
ing solutions, suggesting the formation of p-aggrega-
tions in the solid states. Figure 3 shows the
Figure 2. Normalized UV–vis absorption spectra of OPTZs in the
films.



Figure 3. Fluorescence emission spectra of OPTZs in THF
(4 · 10�6 mol/L).
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fluorescence emission spectra of OPTZs in THF
(4 · 10�6 mol/L). It was found that the emission bands
of OPTZ2-OPTZ6 red-shifted from that of OPTZ1 be-
cause of enlarging of the conjugated degree. The fluores-
cence intensity enhanced more significantly from
OPTZ1 to OPTZ4, and less from OPTZ4 to OPTZ6.
Therefore, we deemed that molecular coplanation could
be increased by introduction of vinylene unit,14c but its
increased degree might be saturated when the conju-
gated chain was enlarged to a certain extent. The fluo-
rescence emission bands of the oligomers in the films
also red-shifted compared with those in the dilute solu-
tions as shown in Figure 4. The fluorescent quantum
yield was measured in THF with quinine sulfate as
the standard (see Table 1), and it increased from
OPTZ1 to OPTZ6. The UF of OPTZ6 was very close
to phenothiazine-based polymers.14b,c
Figure 4. Normalized fluorescence emission spectra of OPTZs in the
films.

Table 1. Fluorescence quantum yields (UF) of OPTZs in THF

Oligomers OPTZ1 OPTZ2 OPTZ3 OPTZ4 OPTZ5 OPTZ6

UF
a 0.20 0.28 0.35 0.37 0.36 0.41

a The fluorescence quantum yields were determined against quinine
sulfate in 0.1 N H2SO4 (UF = 0.546) as the standard, kex = 365 nm.
In conclusion, we presented a facile synthesis of novel
linear vinylene-linked phenothiazine oligomers by alter-
nate Heck reaction and Wittig reaction in good yields.
Their absorption bands as well as fluorescence emission
ones exhibited red-shift with increasing phenothiazine–
vinylene units because of the enlargement of the
conjugated degree. The strong photoluminescence of
oligomers reveals that they possess potential application
in optical devices.
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