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Letters
A stilbene dendrimer with caltrop-shaped dendrons:
synthesis and photophysical studies
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Abstract—A topologically new stilbene dendrimer is prepared using rigid caltrop-shaped dendrons derived from tetraphenyl-
methane. The dendrimer by virtue of its highly branched periphery, showed a strong emissive property with little excimer formation,
even at the first generation.
� 2004 Elsevier Ltd. All rights reserved.
Since 1990, when Holmes and co-workers first reported
that poly(p-phenylenevinylene)s (PPVs) can be used as
the emitting layer in light emitting diodes (LEDs),1

interest in the synthesis and optical properties of stilb-
enoid compounds has increased considerably.2;3 While
most of the early studies dealt with linear oligophenyl-
enevinylenes,3 recently, much attention has been paid to
branched stilbenoid architectures, especially the stilbene
dendrimers.4 Linear PPVs, owing to their highly crys-
talline nature, suffer from strong intermolecular associ-
ations in the solid phase resulting in diminished
fluorescence intensities.5 Stilbene dendrimers, in view of
their three-dimensional structures, are expected to be
free from such intermolecular associations and hence,
promised to show superior emission properties.6

In 1998, Bazan and co-workers reported that tetra-
stilbenoid compounds built on a rigid tetrahedral core
such as tetraphenylmethane (TPM) were free from in-
termolecular as well as intramolecular associations.7a

Such caltrop-shaped molecules retained the strong
emission properties of the individual stilbene units.7a;c

Since then, we and others have shown that dendritic
stilbenoid architectures based on a tetraphenylmethane
core display properties that are strikingly different from
those of the linear analogs.7b;d–i In an extension to these
studies, we sought to prepare dendrimers with TPM
based stilbenoid dendrons at the periphery. We reasoned
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that: (a) TPM can easily give rise to a tritopic dendron,
which would ensure a high concentration of peripheral
stilbene units; (b) since TPM is pivoted on a central sp3

hybridized carbon, the latter will disrupt any through-
bond interactions between the stilbene chromophores in
the dendrons, that is, all the stilbene units in the den-
drimer would behave as isolated chromophores, and (c)
the topologically rigid caltrop-shaped dendrons would
prevent intermolecular or intramolecular associations
between the individual chromophores leading to a
strong emissive property for the dendrimer. In this
paper, we now describe the synthesis of a stilbene den-
drimer having three such caltrop-shaped tri-stilbenoid
dendrons and report on its steady state absorption and
emission properties.

The caltrop-shaped dendrons 4 were prepared from the
cheap commercial dye New Fuchsin 1 as shown in
Scheme 1. Thus, threefold diazotization of 1 (NaNO2,
dil H2SO4, 0 �C) followed by an iodo-dediazoniation
reaction with KI (H2O, rt) produced the triiodoaryl
carbinol 2 in 40% overall yield.8 Acid catalyzed reaction
of 2 with phenol then gave the key TPM based AB3

synthon 3 (85%), exclusively as the para-isomer.9

Finally, threefold Heck reactions of 3 with styrene or
4-tert-butyl styrene under Jeffery�s PTC conditions (10%
Pd(OAc)2, Bu4NBr, KOAc, DMF, 100 �C)10 produced
the desired dendrons 4a and 4b in 83% and 75% yields,
respectively.11 The 1H NMR spectra of 4a,b showed
large coupling constants (�16Hz) for their vinylic pro-
tons indicating a trans-configuration for the newly
constructed stilbene units. However, the dendron 4a was
insoluble in THF and alcohols and only sparingly sol-
uble in CH2Cl2. Hence, the more soluble dendron 4b
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Scheme 1. Reagents and conditions: (i) NaNO2, dil H2SO4, 0 �C; (ii) KI, H2O, rt; (iii) phenol, cat. concd H2SO4, 80 �C; (iv) styrene or 4-tert-butyl
styrene, 10% Pd(OAc)2, Bu4NBr, KOAc, DMF, 100 �C; (v) NaH, DMF, rt.
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was used for dendrimer synthesis. Toward this end,
threefold alkylation of 2,4,6-tris(bromomethyl)mesityl-
ene core 5 was carried out with 4b (NaH, DMF, rt) to
produce the first generation dendrimer 6 in 33% yield
after chromatographic purification on silica gel (5%
EtOAc in light petroleum).11 The 1H NMR spectrum
of 6 was diagnostic of the dendrimer structure. As
expected, the aromatic region was virtually identical
with that of dendron 4b, except for minor changes in the
chemical shift values. The signals for the tert-butyl and
the tolyl methyl groups in 6 were slightly shielded
compared to those in the free dendron. In addition, two
new singlets appeared at d 5.18 (benzylic methylene) and
2.39 (tolyl methyl), attributed to the hexasubstituted
aromatic core. Finally, the MALDI-TOF mass spec-
trum of 6 showed a dominant M+1 peak at m=z 2713.
It should be noted that the dendrimer core in 6 is a
hexasubstituted benzene nucleus. Therefore, in analogy
to other hexasubstituted benzene derivatives,12 6 is
expected to adopt a conformation in which the three
stilbenoid dendrons (alternate substituents) would
remain on the same side of the benzene plane, that is,
conformation I or III (Fig. 1). Of these, conformation I
having an all s-trans orientation of the caltrops is
believed to be the preferred one because II and IV,
having a s-cis orientation of the ether linkages, would
suffer from severe steric interactions between the stilbe-
noid caltrops (as in II) or between the stilbenoid caltrops
and the ortho-methyl groups of the central benzene ring
(as in IV). However, at this moment, we cannot entirely
rule out the presence of the conformer III having an �up
down� s-trans arrangement of the dendrons. It should
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Figure 1. Conformational analysis of the dendrimer 6.
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also be noted that conformations II and IV can lead to
pre-organization of the stilbene chromophores toward
association. However, since II and IV are the less stable
conformations, it may be concluded that, irrespective of
whether 6 prefers conformation I or III, excimer for-
mation in the dendrimer via pre-organization of the
stilbene chromophores would be highly disfavored.

The dendron 4b showed an absorption maximum at k
318 nm in CH2Cl2 due to its stilbene units. The kmax

value is slightly red-shifted from that of trans-stilbene
(Dk � 20 nm)2a and may be due to a small degree of
homoconjugation operating through the central sp3

hybridized carbon in 4b. Bazan and co-workers have
also reported similar red shifts in tetrastilbenylmethane
derivatives and attributed them to homoconjugative
effects.7a;c Notably, the 318 nm peak is associated with
a large molar extinction coefficient (emax ¼ 11:0�
104 M�1 cm�1). This was as expected since 4b consists of
three trans-stilbene units held in a rigid tetrahedral
arrangement.13 The dendron 4b produced a strong
fluorescence with a maximum at k 387 nm (kexc 318 nm),
which is also red-shifted from stilbene fluorescence by
ca. 20 nm.

The absorption maximum of the dendrimer 6 was found
at k 319 nm with a high molar extinction coefficient
[emax(CH2Cl2)¼21.7 · 104 M�1 cm�1]. As expected, the
emax value is nearly nine times that of trans-stilbene.
Excitation of 6 at 319 nm, caused a strong broad emis-
sion peak centered at k 387 nm. Therefore, as far as the
peak positions are concerned, the absorption and
emission spectra of 6 virtually mimic those of the den-
dron 4b. Thus, all nine stilbene units in 6 behave as
isolated chromophores. This was possible due to the
choice of tetraphenylmethane for dendron construction
so that the stilbene units in the dendrons were held in a
highly branched but rigid tetrahedral arrangement. As a
result, no through-bond or through-space interactions
were allowed between the individual stilbene units in 6.
Notably, the emission peak of 6 showed little red tailing
indicating that excimer formation is retarded in the
dendrimer. This vindicated our prognosis that dendri-
mers having caltrop-shaped stilbenoid dendrons would
be less associated and hence, would provide a superior
emission property. It may be mentioned that most of the
stilbene dendrimers reported to date have been based on
planar dendrons such as 3,5-distyryl styrenes.4 Dendri-
mers prepared from such planar dendrons invariably led
to strong intermolecular associations or excimer for-
mation via p-stacking interactions, especially at a low
dendrimer generation, as was evident by the extended
red tailings reported in their emission spectra (up to
�650 nm).4d;i;l In contrast, we have shown that by using
a highly branched caltrop-shaped dendron, association-
free emission can be obtained even in a first generation
stilbene dendrimer. Therefore, caltrop-shaped tri-chro-
mophoric dendrons can be effectively used as light har-
vesting antennae. The synthesis and photophysical
studies of higher generation dendrimers of this class are
currently under investigation in our laboratories.
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