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ABSTRACT

A facile synthesis of a cholic acid derived dendritic structure labeled with nine naproxens and a single anthracene is reported. This
multichromophoric, novel dendritic construct acts as an efficient molecular light harvester.

Dendrimers are monodisperse, polymeric materials of na-
nometric dimensions with precisely defined structures and
multiple controllable functionalities.1 These features have
been utilized for diverse applications including drug or gene
delivery, diagnostics, catalysis, and molecular recognition.2

In recent years there has been specific interest in dendritic
molecular light harvesting systems because of their potential
optical applications.3,4 Several groups have elegantly dem-
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onstrated the use of dendrimers as light harvesting antennae
with efficient energy transfer properties.4

Bile acids are excellent building blocks for dendritic
construction5 because of their many interesting features. They
are readily available, chiral, facial amphiphiles with comple-
mentary functionalities. Moreover, because of the large size
of the bile acid units, a dendritic structure consisting of only
a few such repeat units can have a globular shape with
multiple functionalizable groups. In addition, these dendritic
scaffolds are potentially biodegradable because of the pres-
ence of hydrolyzable ester bonds. These promising charac-
teristics, coupled with the advantages of dendrimer-based
drug carriers,6 prompted us to design dendrimer12 with
multiple naproxen7 units at the periphery. Since naproxen is
photoactive with a high fluorescence quantum yield, we could
further explore the photophysical properties of this multi-
chromophoric dendrimer. We find that it is possible to
localize the energy absorbed by the peripheral chromophores
through intramolecular energy transfer by functionalizing the
carboxyl group on the side chain with an anthracenyl moiety.
Here we report the remarkably simple synthesis and studies
on the optical properties of these dendritic systems.

The dendritic structures were prepared from cholic acid
as the starting material, using a straightforward synthetic
strategy in high yields. Tris(chloroacetylated) cholic acid (1)
and benzyl cholate (3) were synthesized using routine
procedures.5b Compound1 was converted to its acid chloride
and reacted with3 following the Oppenauer protocol8 to
generate tetramer9 with nine easily functionalizable chloro-
acetate groups (72%). To synthesize the tetramer appended

with anthracene (11), compound9 was hydrogenolyzed
(Pd/C, H2, dioxane) to dendron10 (92%), which was
converted to its acid chloride and then coupled with
anthracene-9-carbinol (70%) (Scheme 1). Dendrons9 and
11 were then reacted with an excess of the potassium salt of
naproxen in DMSO to generate12 (84% yield) and13 (80%
yield), respectively. (Scheme 2).

Hence, by taking advantage of the high reactivity of the
chloroacetyl group, we have successfully attached multiple
naproxen units at the periphery of per(chloroacetylated) bile
acid based dendrons.9

In a similar way, four simpler model compounds were
synthesized using monomeric bile acid units for comparitive
studies with the dendritic system. Compounds14 and 16
were synthesized from5 and6, respectively, by reaction with
the potassium salt of naproxen. Compounds15 and17 were
synthesized from1 and2, respectively, by first converting
to their anthracenyl esters (7and 8) followed by coupling
with the naproxen salt.

The dendritic structures were soluble in chloroform, THF,
and acetonitrile. All the compounds were characterized by
NMR and MALDI-TOF/ESI mass spectrometry, and the
purity of all the naproxen derivatives was determined by
reverse-phase HPLC, which showed a single peak in each
case (see Supporting Information).

The molar extinction coefficients (corresponding to naprox-
en absorption) of12and14were nearly 9 and 3 times higher,
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Scheme 1. Synthesis of Compounds10 and11
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respectively, compared to those of16 in CH3CN. This linear
increase of absorption with increasing number of naproxen
units suggests the absence of ground-state interactions
between the chromophores (Figure 1). The absorption
spectrum of17 was similar to an equimolar mixture of
naproxen and 9-anthracenemethanol (except for a 2 nm red
shift in the anthracenyl absorption). Compound13 and15
showed similar absorption characteristics with a linear
increase in the naproxen absorption, analogous to12 and
14, respectively (Figure 2, inset). This indicates the absence
of ground-state interactions between the naproxen and
anthracenyl moieties. In the 275-290 nm absorption region
the molar extinction coefficient of naproxen is much greater
than that of anthracene-9-carbinol (see Supporting Informa-
tion). Hence, excitation in this region would mainly excite
the naphthalene chromophore (see Supporting Information).

The fluorescence study of12, 14, and16 in acetonitrile
(λex ) 275 nm) showed a maximum at 353 nm, with a linear
increase in fluorescence intensity with the number of
naproxens-a desirable feature for amplification of photo-
physical properties (inset of Figure 1, concentration adjusted
scale). No excimer formation was observed in the concentra-
tion range of 10-6-10-7 M in acetonitrile. The emission
spectra of15 and17 (λex ) 275 nm) exhibited fluorescence
characteristics, chiefly that of the anthracene chromophore,
with maxima at 390, 412, and 436 nm and a shoulder at 465
nm (with weak emission from the naproxen chromophore).
Hence, there is energy transfer from naproxen (donor) to
the anthracenyl (acceptor) moiety on the side chain.

The emission spectra of mixtures of naproxen and 9-an-
thracenemethanol (under similar experimental conditions)
exhibited fluorescence characteristics, chiefly that of naprox-
en, which confirms the intramolecular nature of the energy

Scheme 2. Synthesis of Compounds12 and13

Figure 2. Emission spectra of13, 15, and17 at 1µM in CH3CN
(λex ) 275 nm). The inset shows the absorption spectra of13, 15,
and17 in CH3CN.

Figure 1. Absorption spectra of12, 14, and16 in CH3CN. The
inset shows the emission spectra of12, 14, and16 at 0.22, 0.7,
and 2µM, respectively, in CH3CN (λex ) 275 nm).
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transfer in15 and17. Compound15 can be considered to
be the basic building block of dendrimer13. Hence, the
emission characteristic of13 was compared with that of15.
When tetramer13 was excited at 275 nm, intense emission
from the anthracene moiety was observed, which was much
higher than that of15, but the residual emission from the
naproxen was higher compared to15 (Figure 2). The
estimated efficiencies of energy transfer based on donor
quenching5 were 80% for13 and 92% for15. Molecular
modeling (Figure 3, showing one possible conformation)
suggests that in13 the probable distance between donor and
acceptor is in the range of 13-28 Å (estimated Forster’s

distance10 in CH3CN for the donor-acceptor pair is 28 Å).
Hence, the decreased efficiency of the tetramer (compared
to 15) may be due to increase in the average distance between
some of the donor units and the acceptor.

In conclusion, it is worth noting that by applying a simple
synthetic strategy we have been able to construct a novel
first generation dendritic light harvesting system with a large
number of chromophoric groups with energy transfer ef-
ficiencies comparable to those of other reported systems.4

We have demonstrated light harvesting in the UV range, but
the flexible synthetic scheme allows for facile modification
of the periphery and the core with other chromophores. These
dendritic structures are also promising candidates for drug
delivery applications. In vitro enzymatic cleavage of the
naproxen conjugates and detailed photophysical studies are
currently under investigation, and these results will be
published elsewhere.
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Figure 3. Spartan ‘04 (molecular mechanics) minimized model
of 13 (one possible conformation). Naproxen (blue) and anthracene
(green) N1-A: 23 Å; N2-A: 13 Å.
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