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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- In recent years there has been specific interest in dendritic
nometric dimensions with precisely defined structures and molecular light harvesting systems because of their potential
multiple controllable functionalities.These features have optical applicationg:* Several groups have elegantly dem-

been utilized for diverse applications including drug or gene

delivery, diagnostics, catalysis, and molecular recognition.  (2) (a) Zeng, F.; Zimmerman, S. Chem. Rev1997,97, 1681. (b) Liu,
M.; Fréchet, J. M. JPharm. Sci. Technol. Todd®99,2, 393. (c) Stiriba,

*To whom correspondence should be addressed. Rex1-80-2360- S. E.; Frey, H.; Haag, RAngew. Chem., Int. ER002, 41, 1329. (d)
0529. Zimmerman, S. C.; Zharov, |.; Wendland, M. S.; Rakow, N. A.; Suslick,
TAlso at the Chemical Biology Unit, Jawaharlal Nehru Centre for K. S.J. Am. Chem. So2003,125, 13504.
Advanced Scientific Research, Bangalore 560 064, India. (3) (a)Vogtle, F.; Gestremann, S.; Kauffmann, C.; Ceroni, P.; Vicinelli,
(1) (@) Tomalia, D. A.; Naylor, A. M.; Goddard, W. A., lllAngew. V.; Balzani, V.J. Am. Chem. So000, 122, 10398. (b) Serin, J. M.;

Chem., Int. EdEngl. 1990,29, 138. (b) Newkome, G. R.; Moorefield, C. Brousmiche, D. W.; Fréchet, J. M. J. Am. Chem. So2002,124, 11848.
N.; Vogtle, F. Dendritic Molecules: Concepts, Syntheses, Perspesti (c) Hahn, U.; Gorka, M.; Vogtle, F.; Vicinelli, V.; Ceroni, P.; Maestri, M.,
VCH: Weinheim, 1996. (c) Matthews, O. A.; Shipway, A. N.; Stoddart, J. Balzani, V.Angew. Chem., Int. E002,41, 3595. (d) Jordens, S.; Belder,
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York, 2001. 177.
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onstrated the use of dendrimers as light harvesting antenna i R NN
with efficient energy transfer propertiés. Scheme 1. Synthesis of Compound0 and 11
Bile acids are excellent building blocks for dendritic 1

constructioAbecause of their many interesting features. They
are readily available, chiral, facial amphiphiles with comple- (ii) 3 CaH,, BnEty"Cr
mentary functionalities. Moreover, because of the large size toluene reflux
of the bile acid units, a dendritic structure consisting of only :
a few such repeat units can have a globular shape with ' OR
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 carrier$, prompted us to design dendrim&e with
multiple naproxehunits 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. 10R=H
(i) COCl,, CHoCl,
z (ii) 9-anthracenecarbinol, CaH,

(i) COClp, CH,Cl,

9 R = benzyl
‘ Pd/C, H, dioxane

OR BnEt;*CI, toluene reflux
4 o 11 R = 9-anthracenylmethyl
X Y
R=H ? ;b:e\r;zzlz =OH
) i:égég}gﬁ?g@g; . 4 X=OHY=Z=H with anthracene 1(1), compound9 was hydrogenolyzed
’ 5 X=Y=Z =0COCH,CI (Pd/C, H, dioxane) to dendrorl0 (92%), which was

6 X=0COCH,Cl,Y=Z=H

Rz o anih et converted to its acid chloride and then coupled with
7 X2V oz e QEOCHCI anthracene-9-carbinol (70%) (Scheme 1). Dend@msd
8 X=0COCH,Cl,Y=Z=H 11 were then reacted with an excess of the potassium salt of

naproxen in DMSO to general® (84% yield) andl3 (80%

The dendritic structures were prepared from cholic acid Yield), respectively. (Scheme 2). _ o
as the starting material, using a straightforward synthetic Hence, by taking advantage of the high reactivity of the
strategy in high yields. Tris(chloroacetylated) cholic adip (  chloroacetyl group, we have successfully attached multiple
and benzyl cholate (3) were synthesized using routine Naproxen units at the periphery of per(chloroacetylated) bile
procedure§® Compoundl was converted to its acid chloride ~ acid based dendrofis.
and reacted wit8 following the Oppenauer protocoto In a similar way, four simpler model compounds were
generate tetram@with nine easily functionalizable chloro- synthesized using monomeric bile acid units for comparitive

acetate groups (72%). To synthesize the tetramer appendedtudies with the dendritic system. Compouridsand 16
were synthesized fromand6, respectively, by reaction with

(4) (a) Devadoss, C.; Bharathi, P.; Moore, JJSAm. Chem. Sod.996, the potassium salt of naproxen. Compouh8snd17 were

,{lleirw 2?]?5# (3) RAF’EIQ%‘% gA';GGFizl1atA 3 éﬁeﬁééﬁztécfo ivlz'zJI 1%‘“&)*(-? synthesized froml and 2, respectively, by first converting
Melinger, J. S.; Pan, Y.; Klieman, V. D.; Peng, Z.; Davis, B. L.; McMorrow,  tO their anthracenyl esters @hd 8) followed by coupling
D.; Lu, M. J. Am. Chem. So@002,124, 12002. (d) Liu, D.; De Feyter, S.; with the naproxen salt.

Cotlet, M.; Stefan, A.; Wiesler, U. M.; Hermann, A.; Grebel-Koehler, D.;

Qu, J.: Millen, K- De Schryver, F. acromolecule2003, 36, 5918. The dend_rlt_lc structures were soluble in chloroform, THF,
(e) Thomas, K. R. J.; Thompson, A. L.; Sivakumar, A. V.; Bardeen, C. J.; and acetonitrile. All the compounds were characterized by
Thayumanavan, SI. Am. Chem. So@005,127, 373. _

(5) (a) Balasubramanian, R.; Rao, P.; Maitra@hem. CommuriL999, NM_R and MALDI-TOF/ESI m_ass_ spectrometry, a_nd the
2353. (b) Balasubramanian, R.; Maitra, 1).Org. Chem2001,66, 3035. purity of all the naproxen derivatives was determined by

(c) Ropponen, J.; Tamminen, J.; Lahtinen, M.; Linnanto, J.; Rissanen, K.; reverse-phase HPLC, which showed a single peak in each
Kolehmainen, EEur. J. Org. Chem2005, 73.

(6) (a) Haba, K.; Popkov, M.; Shamis, M.; Lerner, R. A.; Barbas, C. F., case (see Supporting Information).
I1l; Shabat, D.Angewk Chem., Int. Er§2005,44, 716. (b) Ihre,hH. R.; De. The molar extinction coefficients (corresponding to naprox-
Jesus, O. L. P.; Szoka, F. C.; Fréchet, J. MBidconjugate Chen002, ; ; ;
13, 443. (c) Patri, A. K.; Majoros, I. J.; Baker, J. R.,JOE[lJrr. Opin. Chem. en absorptlon) of2andl4were nearly 9and 3 times hlgher,
Biol. 2002,6, 466.

(7) The S-enantiomer of naproxen is a non-steroidal anti-inflammatory (9) (a) We have also recognized that this is a potentially efficient way
drug (NSAID) which is used as a therapeutic agent for rheumatoid and to construct bile acid derived large dendritic structures (unpublished
osteo-arthritis. observations from this laboratory). (b) See also: Vinogradov, SOd.

(8) Oppenauer, R. Wonatsh. Chem1966,97, 62. Lett. 2005,7, 1761.
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Scheme 2. Synthesis of Compoundk2 and 13
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Figure 1. Absorption spectra o012, 14, and16 in CH3;CN. The
inset shows the emission spectraldf, 14, and16 at 0.22, 0.7,
and 2uM, respectively, in CHCN (4ex = 275 nm).

The fluorescence study df2, 14, and16 in acetonitrile
(Aex = 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 105—10"7 M in acetonitrile. The emission
spectra ofl5 and17 (1ex = 275 nm) exhibited fluorescence
characteristics, chiefly that of the anthracene chromophore,
respectively, compared to thoseldfin CH;CN. This linear with maxima at 390, 412, and 436 nm and a shoulder at 465
increase of absorption with increasing number of naproxen nm (with weak emission from the naproxen chromophore).
units suggests the absence of ground-state interactiondHence, there is energy transfer from naproxen (donor) to
between the chromophores (Figure 1). The absorptionthe anthracenyl (acceptor) moiety on the side chain.

spectrum of17 was similar to an equimolar mixture of The emission spectra of mixtures of naproxen and 9-an-
naproxen and 9-anthracenemethanol (excepaf2nm red  thracenemethanol (under similar experimental conditions)
shift in the anthracenyl absorption). Compoutigiand 15 exhibited fluorescence characteristics, chiefly that of naprox-

showed similar absorption characteristics with a linear en, which confirms the intramolecular nature of the energy
increase in the naproxen absorption, analogou$2t@nd

14, respectively (Figure 2, inset). This indicates the absence_
of ground-state interactions between the naproxen and
anthracenyl moieties. In the 27290 nm absorption region 1000-
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).
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Figure 2. Emission spectra af3, 15, and17 at 1uM in CHsCN

(Aex = 275 nm). The inset shows the absorption spectra3ofl5,

14 R = benzyl 16 R =benzyl and17in CHsCN.
15 R = 9-anthracenylmethyl 17 R = S-anthracenylmethyl
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transfer in15 and17. Compoundl5 can be considered to
be the basic building block of dendrimdB. Hence, the
emission characteristic df3was compared with that df5.
When tetramefl3 was excited at 275 nm, intense emission
from the anthracene moiety was observed, which was much
higher than that ofl5, but the residual emission from the
naproxen was higher compared % (Figure 2). The
estimated efficiencies of energy transfer based on donor
quenching were 80% forl3 and 92% forl5. Molecular
modeling (Figure 3, showing one possible conformation)
suggests that itt3 the probable distance between donor and
acceptor is in the range of 13—28 A (estimated Forster’s

Figure 3. Spartan ‘04 (molecular mechanics) minimized model
of 13 (one possible conformation). Naproxen (blue) and anthracene
(green) N1—-A: 23 A; N2A: 13 A

2730

distancé® in CHsCN for the donor—acceptor pair is 28 A).
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.
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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