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Abstract—A novel class of conjugated dendrimers bearing phenothiazines as peripheral groups and phenylenevinylene-group as a
core has been synthesized through the Wittig–Horner reaction in moderate to good yield.
� 2005 Elsevier Ltd. All rights reserved.
Conjugated polymers have attracted considerable atten-
tion because of their various applications in electronics
and optoelectronics such as organic light-emitting
diodes (OLEDs)1 and photovoltaic cells.2 However,
the aggregation of p-conjugated skeleton often results
in low quantum efficiency of luminescence.3 Although,
branching of polymers can prevent the close packing
of the system, it is prone to lead to poor charge injection
and transport.4 Thus, rather than employing a linear
geometry like in polymers, dendrimers based on a self-
similar fractal branching geometry are potentially ideal
macromolecules to overcome the conflict. In the past
decades, efforts have been made to use the conjugated
dendrimers as both charge transporting5 and light-emit-
ting materials.4,6 Compared with the small organic mol-
ecules and polymers used in OLEDs, the dendrimers
have a number of advantages such as the ability to spa-
tially control the active components and thus the EL
properties, and the ability to promote the durability of
devices.

Phenothiazines, a pharmaceutically important class of
heterocycles, have been used recently as spectroscopic
probes in supramolecular assembly for PET (photoin-
duced electron transfer) studies7 and as electron donor
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components in the materials science due to their low
reversible oxidation potentials.8 For example, donor–
acceptor systems with phenothiazine as the electron do-
nor and phenylquinoline group as an electron acceptor
provide an approach for the design of new materials
exhibiting efficient ECL (eletrogenerated chemlumines-
cence).9 And, phenothiazine-based conjugated polymers
that were used as a light-emitting material have also
been reported recently.10 Since we have been interested
in EL materials based on a dendritic structure, we
thought that the dendrimer with the phenothiazine
group might give improved EL properties compared
with the linear conjugated polymer. Thus, herein we re-
port the synthesis and photophysical characterization of
a novel class of conjugated dendrimers based on the
phenylenevinylene-based core with phenothiazine deriv-
atives as the peripheral group.

The typical Wittig–Horner reaction between hetero-
cyclic aldehydes, 1–3 and the core building block, hexa-
ethyl 1,3,5-benzenetriyltris(methylenephosphonate), 411

was used for the synthesis of the first generation dendri-
mer, G1-PTZ3 and its derivatives (Scheme 1). The
conjugated aldehyde, 2, was prepared by palladium-
catalyzed Heck reaction13 of styrene with 7-iodopheno-
thiazine-3-carbaldehyde, 8, derived from the iodination
of 10-n-hexyl-10H-phenothiazine-3-carbaldehyde, 1.12

The thiophene-containing aldehyde, 3 was synthesized
from the mono-protected compound, 10 in a two-
step procedure such as Wittig–Horner reaction with
diethyl thiophen-2-ylmethylphosphonate,14 followed by
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Scheme 1. Synthesis of the first generation dendrimer and its derivatives.
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Scheme 2. Reagents and conditions: (a) I2, H5IO6, H2SO4, AcOH, H2O, 80 �C, 6 h; (b) styrene, Pd(OAc)2, K3PO4, DMA, 116 �C, 16 h; (c)

CH(OCH3)3, MeOH, DOWEX� 50WX8-100, reflux, overnight; (d) (i) KOBut, THF, rt, 2 h; (ii) 2 M HCl, CHCl3, rt, 0.5 h.
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deprotection (Scheme 2). The synthesis of second gener-
ation dendrimer was started from the Wittig reaction
between phenothiazine-3-carbaldehyde, 1 and methyl-
triphenylphosphonium bromide, which gave the 3-eth-
enyl-10-n-hexyl-10H-phenothiazine, 11 in good yield.
The intermediate 12, obtained by the Heck reaction
between 11 and 3,5-dibromobenzaldehyde, was coupled
with the hexaethyl 1,3,5-benzenetriyltris(methylene-
phosphonate), 4 to produce 13 (G2-PTZ6) in moderate
yield (Scheme 3).

These dendrimers, which are soluble in various organic
solvents such as chloroform, dichloromethane, 1,2-
dichloroethane, and THF, were characterized by stan-
dard spectroscopic measurements.15 The 1H NMR spec-
tra (CDCl3) of G1-PTZ3 and G2-PTZ6 showed sharp
and well resolved signals at room temperature. On the
other hand, the signals of G1-PTZ3-Ph and G1-PTZ3-
Th were broad at room temperature, which might be
due to the slow conformational change because of the
extended chain length. Broadened signals were also ob-
served in the 13C NMR spectra of these compounds. The
coupling constant (J = 16.2 Hz) of olefinic protons in
the G1-PTZ3 indicates that Wittig–Horner reaction
afforded the pure all-trans isomer, which was further
confirmed by the characteristic absorption band of trans
double bond at 957 cm�1 in IR spectra.4,16 In addition,
all the NMR spectra indicate that the dendrimers adopt
highly symmetric conformations in solution.

Absorption and fluorescence spectra of these dendritic
molecules are shown in Figure 1. Dendrimer G1-PTZ3
has a maximum absorption at 379 nm, which is about
57 nm red-shifted to that of 3-ethenyl-10-n-hexyl-10H-
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Figure 1. UV–vis (left) and fluorescence (right) spectrum of dendri-

mers (4 · 10�6 M) in THF.

Table 1. Photophysical data of dendrimers

kmax/nm

(emax/10�4 M�1 cm�1)

kem/nm Stokes

shift/nm

Uf
a

G1-PTZ3 379 (5.18) 503 124 0.083

G1-PTZ3-Ph 388 (7.04) 517 129 0.037

G1-PTZ3-Th 400 (8.31) 515 115 0.048

G2-PTZ6 374 (13.5) 509 135 0.058

11 322 (0.636) 456 134 0.18

a 9,10-Diphenylanthracene (DPA) was used as a standard (kexc =

380 nm; Udpa = 0.91 in benzene).
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phenothiazine, 11. This absorption is also about 30 nm
longer than that of phenylenevinylene core, which has
a broad absorption band (270–390 nm) with a peak at
350 nm.5d The quite large red-shift confirms the effec-
tively elongated p-conjugated dendritic skeleton of the
compound with substituents such as phenyl and thio-
phene ring. In addition, the absorption and fluorescence
of all dendrimers show a good correlation to the conju-
gation length from the core to the periphery with the
exception of G2-PTZ6, which shows a blue-shifted
absorption maximum at 372 nm and a slightly red-
shifted emission at 509 nm. These results might be ob-
served because of the increased steric hindrance as the
number of generations are increased6k (Table 1). The
rather large Stokes shift shown by all these dendrimers
could be explained based on the more planar conforma-
tion of the phenothiazine ring in excited state compared
with the ground state.10
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In conclusion, we have synthesized novel dendrimers
bearing phenothiazines as peripheral groups and phenyl-
enevinylene-group as a core. We are currently investigat-
ing EL properties of these molecules.
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