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Abstract—A topologically new stilbene–anthracene dendrimer has been prepared using a highly branched tristilbenyl dendron
derived from tetraphenylmethane. Steady-state photophysical studies on this dendrimer showed energy transfer from the
peripheral stilbene units to the anthracene core. © 2002 Elsevier Science Ltd. All rights reserved.

The photosynthetic unit of purple bacteria is a
supramolecular assembly composed of a central reac-
tion center surrounded by chlorophyll and carotenoid
chromophores.1 The latter act as the light harvesting
antennae which absorb incident photons and transfer
the energy to the central reaction center with high
efficiency. Dendrimers are highly branched macro-
molecules that have attracted considerable current
attention due to their potential application in a number
of functional devices.2 They usually consist of a multi-
armed core from which numerous branches radiate
outwards in a three dimensional array. The degree of
branching in a dendrimer increases with successive gen-
erations as a result of which higher generation den-
drimers are globular in shape and possess high
functional densities at their periphery. These features
bear close resemblance to the composition of a natural
photosynthetic unit and in recent years, have triggered
widespread activity in the synthesis of photoresponsive
dendrimers as artificial light harvesting modules.3 Pho-
toresponsive dendrimers are also gaining interest as the
active material for other photonic applications viz.
organic LEDs, optical power limiting devices and in
non-linear optics.4 In view of these, we have initiated a
program on the synthesis and photophysical studies of
dendritic bichromophoric (donor–acceptor) systems
and report here the synthesis and energy transfer prop-
erties of a dendritic stilbene–anthracene dyad.

Stilbene–anthracene dyads are a promising class of
energy transfer modules in which stilbene units act as
the donor and anthracene acts as the acceptor chro-
mophore. Spectral overlap between stilbene fluores-
cence and anthracene absorbance concurs with the
Förster’s type (S1

D�S1
A) energy transfer process.5 A few

reports on cross-conjugated dendrimers comprised of
meta-distyrylbenzene dendrons and an anthracene core
have recently appeared in the literature.6 However,
effective energy transfer was only possible in a second
generation dendrimer having 12 stilbene units at the
periphery.6a We now describe a topologically new stil-
bene–anthracene dendrimer 5 in which a tetra-
phenylmethane based tristilbenyl dendron has been
used as the peripheral chromophore and show that, by
virtue of the highly branched nature of these dendrons
resulting in a greater number of energy collection sites,
energy transfer to the core is possible even in a first
generation dendrimer.

Our synthesis started with the cheap dyestuff, New
Fuchsin 1 which was easily converted to the (tri-
iodophenyl)methyl phenol 2 by a two-step procedure
previously described by us (Scheme 1).7 Threefold Heck
reaction of 2 with p-tert-butylstyrene under Jeffery’s
conditions (cat. Pd(OAc)2, Bu4NBr, KOAc, DMF,
100°C, 24 h)8 then produced the desired tristilbenyl
dendron 3 in 66% yield.9 The 1H NMR spectrum of 3
showed large coupling constants (J�16 Hz) for the
olefinic protons indicating a trans-geometry for the
stilbene moieties. The dendron 3 was then coupled to
the 9,10-bis-(chloromethyl)anthracene 4 core, under
phase transfer catalysis (10% aq. NaOH, cat. Bu4NBr,
PhCl, 90°C, 6 h),10 to produce the first generation
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Scheme 1.

dendrimer 5 in 45% yield after purification by prepara-
tive thin layer chromatography on silica gel.9 The cou-
pling reaction between 3 and 4 was best carried out
under the PTC conditions described above since other
methods (NaH, DMF, rt to 100°C or K2CO3, DMF, rt
to 100°C) either led to incomplete reaction or produced
a complex mixture of products. The 1H NMR spectrum
of 5 clearly showed the presence of the 9,10-bis-
(oxymethylene)anthracene core in the dendrimer struc-
ture. Thus, a four proton singlet was found at � 5.97
due to the core methylene groups together with a four
proton multiplet at � 8.38 due to the anthracene ring
�-hydrogens. The anthracene ring �-hydrogens
remained embedded along with the other aromatic pro-
tons in a broad multiplet ranging from 6.97 to 7.72
ppm.

The absorption and photoluminescence (PL) spectra of
the dendron 3 is shown in Fig. 1. The absorption
maximum at 318 nm is due to the stilbene units and is
red-shifted from that of trans-stilbene11 by ca. 20 nm
indicating some electronic interaction between the three
stilbene units through the central sp3-carbon. Recently,
Bazan et al. have reported similar homoconjugative
effects in some tetrastilbenylmethane derivatives.12 The
318 nm peak is also associated with a large molar
extinction coefficient (�max 11.0×104 M−1 cm−1) which is
significantly more than three times the value of trans-
stilbene (�max 2.7×104 M−1 cm−1),11 indicating construc-
tive excitonic coupling between the three stilbenoid
arms in 3. Such a constructive interaction is perhaps
due to the rigid tetrahedral arrangement of the chro-
mophores in 3.13 The dendron 3 produced a strong



S. Sengupta, N. Pal / Tetrahedron Letters 43 (2002) 3517–3520 3519

Figure 1. Absorption (1a) and PL spectra (1b) of 3 in
CH2Cl2.

Figure 3. PL spectrum of 5 (�exc 318 nm; inset �exc 394 nm).

fluorescence with a maximum at 387 nm (�exc 318 nm)
which is also red-shifted from the stilbene fluorescence
by ca. 20 nm.

The absorption spectrum of the dendrimer 5 is shown
in Fig. 2. The peaks at 234 (�max 16.6×104 M−1 cm−1)
and 321 nm (�max 22.8×104 M−1 cm−1) are due to the
stilbene dendrons (cf. Fig. 1). The molar absorbtivity of
the latter peak is twice that of the 318 nm peak of 3
since two dendron moieties are present in the den-
drimer. Weak absorptions were also found at 373 and
394 nm (log � 3.6) which were assigned to the anthra-
cene core [�max (nm) for the model 9,10-bis-(phen-
oxymethyl)anthracene (6):14 230 (log � 3.86), 246 (log �
3.87), 354 (log � 3.44), 374 (log � 3.62) and 394 (log �
3.62)]. The spectrum is thus a superimposition of peaks
arising out of the peripheral stilbenoid dendrons and
the anthracene core. This was as expected since the two
types of chromophores in 5 are connected by a non-
conjugated linker.

The PL spectrum of the dendrimer is shown in Fig. 3.
Excitation at 394 nm, where absorption is only due to
the anthracene core, led to a structured emission with
peaks at 402, 422 and 446 nm (see inset, Fig. 3). On the

other hand, excitation at 318 nm, where the stilbene
moieties have strong absorption, produced peaks at 387
and 400 nm (Fig. 3). The former peak corresponds to
emission from the stilbenoid moieties (cf. Fig. 1)
whereas the latter is due to emission from the anthra-
cene unit indicating energy transfer from the surface
stilbene units to the dendrimer core. In a control exper-
iment, an equimolar mixture of 3 and the model core 6
in CH2Cl2 was irradiated at 318 nm which produced an
emission spectrum (�max 387 nm) which was fully super-
imposable on the PL spectrum of 3 showing that the
energy transfer in 5 is purely an intramolecular process.
The fluorescence intensity of 5 at 400 nm is nearly 500
times that of the emission peak produced by direct core
excitation (cf. inset, Fig. 3), again pointing to light
harvesting by the stilbenoid periphery and subsequent
energy transfer to the anthracene core. Further proof of
energy transfer in 5 comes from its photoluminescence
excitation (PLE) spectrum monitored at 420 nm (Fig. 4)
which showed a strong peak at 320 nm indicating
effective coupling between the stilbene units and the
anthracene core. Notably, the emission spectrum of 5

Figure 4. PLE spectrum of 5 monitored at 420 nm.Figure 2. Absorption spectrum of 5 in CH2Cl2.
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was devoid of much red-tailing, a phenomenon previ-
ously observed by us for a first generation m-distyryl-
benzene–anthracene dendrimer,6b suggesting that the
highly branched nature of the tetraphenylmethane
based dendrons in 5 probably discourages aggregate
formation. However, the energy transfer in 5 is less
than quantitative, perhaps due to the presence of only
six energy collection sites in the dendrimer periphery. A
higher generation dendrimer with more energy collect-
ing sites might provide improved efficiency. Moreover,
in an anthracene-cored dendrimer, the acceptor wave-
length (370–390 nm) where the energy is being trans-
ferred, has a low absorptivity which may also account
for the inefficient energy transduction in our system.
An acceptor chromophore having a strong absorbance
in the long wavelength region capped by numerous
stilbenoid energy collecting sites could provide a supe-
rior energy transfer module. We are currently investi-
gating these possibilities.
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