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ABSTRACT: A facile synthesis of bile acid-based dendritic structures with multiple naproxen groups at the
periphery and a single anthracenyl moiety on the side chain is described. The photophysical properties have been
studied by both steady-state and time-resolved techniques. Absorption studies indicate that there are no ground-
state interactions between the chromophores and the molar extinction coefficients increase linearly with increasing
number of naproxen units. Upon excitation of the peripheral chromophores, there is efficient intramolecular energy
transfer to the anthracenyl chromophore. These novel, non-conjugated dendrimers thus act as efficient molecular
light harvesters.

Introduction Synthesis and Characterization

Photosynthesis is one of the most important natural phenom- The dendritic structures were synthesized using a combination
ena and is vital for the survival of all life on earth. This process ©Of both convergent and divergent strategies and by exploiting
primarily involves the harvesting of solar energy and its the high reactivity of the chloroacetyl functlonghty. Per-
subsequent conversion into useful chemical energy by supramo-(Chloroacetylated) dendrors 4, and7 were synthesized from
lecular systems present in plants, photosynthetic bacteria, algaed€0xycholic acid/cholic acid by a convergent route similar to
and a few other microorganisms. The natural photosynthetic fePorted procedurégsee Supporting Information for experi-
systems consist of a complex assembly of chromophores thatMental details) and were subsequently hydrogenolyzed (Pd/C,
function as antenna, absorbing photons from the sunlight anddioxane, H) to yield dendrong (90%),5 (92%), andB (80%),

then transferring the energy with high efficiency to a reaction "€SPectively. Anthracenyl esters of the ack]s, and8 were

center where subsequent conversion to redox chemical energ)grepar‘:ed by formihng thle acid chlorideshand cc;]upling tlhem Witg §
takes place via charge separation. -anthracenemethanol to generate the anthracenyl-appende

L ) dendrons3 (72%),6 (70%), and (62%), respectively (Scheme
Of late there has been growing interest in the development 1y

of artificial systems that can mimic certain aspects of photo- " rimers 1 and 3 were then reacted with an excess of the
synthesig. In this context, dendrimetshave proven to be potassium salt of-naproxen in DMSO to yield 0 (85%) and
excellent candidates for the design of artificial light-harvesting 11 (9194), respectively (Scheme 2). In an analogous manner,
antennae, mainly due to their highly branched architecture and etramerst and6 were converted to the corresponding naproxen-
the presence of multiple functionalizable grodpEhere have  torminated dendrimer&? (84%) and13 (80%), respectively
been essentially two approaches to dendrimer-based ”9ht'(Scheme 2). The second-generation dendriridrg2%) and
harve_sting systems. In the first approach, the_ dendritic fr_ame- 15 (60%) were also conveniently synthesized by following the
work is designed to be photoactive. It functions as a light- same displacement strategy from the respective precursor
absorbing antenna and transfers the energy to a central acceptdheptamersy and9 (Scheme 3). For comparative studies with
mainly via a through-bond mechanisrithe second strategy is  the dendritic structures, four monomeric analoguk®;19
to use the dendrimer backbone as a scaffold to hold the (Chart 1) were also prepared starting from lithocholic and cholic
peripheral chromophores and the core chromophore together. acid (Supporting Information). All the compounds were purified
In such light-harvesting dendrimers, energy transfer from the by column chromatography and characterizedNMR, 13C
peripheral donor chromophores to the core acceptor involves aNMR, IR, elemental analysis, and whenever possible, by ESI/
through-space Heter-type interaction and is not affected by MALDI-TOF MS. The homogenity of the compounds used for
the dendritic backbone. To date, most work on such dendrimer-the photophysical studies were confirmed by reversed-phase
independent energy transfer systems has involved pol(aryl HPLC.
ether)-based dendrimefsUsing the second approach, we  1H NMR spectral data were extremely useful in the charac-
recently reported preliminary results on the synthesis and steady-terization of the dendritic structures. Figure 1 shows the 400
state photophysical properties of a bile acid-based first- MHz spectra for the dendritic structur@sind15 as representa-
generation dendritic light harvesting system with peripheral tive examples. In the perchloroacetylated dend@nthe
naproxen units as donors and a single anthracenyl chromophoraesonances of the methylene protons of the chloroacetyl group
as the acceptdr.In this paper, the full synthetic details and occur in the region 4.034.11 ppm. The 8, 78, and 13 H of
extensive photophysical studies on the first and second-the cholic acid units appeared between 4.6 and 5.21 ppm, the
generation dendritic structures are reported. aromatic signals of the anthracenymethyl moiety appear at
7.46-8.50 ppm, and the methylene hydrogens appear as AB-
* Corresponding author. E-mail: maitra@orgchem.iisc.ernet.in. Also at quartet at 6.146.28 ppm. The observed ratios of the intensities

the Chemical Biology Unit, Jawaharlal Nehru Centre for Advanced Scientific Of the signals are in good agreement with the expected values.
Research, Bangalore 560 064, India. For example, in heptamed, there are twelve chloroacetyl
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Scheme 1. Synthesis of Precursor Dendrons 3, 6, and 9

0 o)"jCI

(a) Pd/C, dioxane, K(b) (i) (COCl), CH,Cl,, (ii) 9-anthracenemethanol, CaHPhCHEN'CI~, toluene reflux, M.

groups, seven/8H, four 75 H, and seven 12H. As observed significant shift or change in absorption intensity in the series
in Figure 1, the integration data are consistent with these values.(inset, Figure 2).

After the naproxen units are linked to dendr@ro form 15, In the series of compounds appended with naproaed

the m_ethylene signals originally at 4:08.11 ppm shifted anthracenyl chromophoresl§ 13, 11, 17, and 19), the
downfield to 4.33-4.69 ppm, while the other resonances apsorption spectra closely matched the sum of the absorption
remained almost unchanged. The complete absence of signalgf the naproxen chromophores and the 9-anthracenyl moieties.
in the 4.03-4.11 region of15 indicated that impurities due 0 \joreover, the molar extinction extinction coefficients (corre-
incomplete reaction (“defects”) were not present. In addition, sponding to naproxen absorption) increased linearly with
the peripheral naproxen moietieslif gave rise to distinct sets  jncreasing number of naproxen units (Figure 3). These observa-
of signals in the regions 3.84.98 (OCH, CH) and 7.04 tions imply that the naproxen and anthracene units behave as
7.66 (aromatic protons), with slight overlap with some of the 5g|ated chromophoreis the ground state in the monomels/(
aromatic protons of the anthracenyl moiety. The integration data gnq 19) and dendritic serieslq, 13, and15).

| he presen f Ive naproxen moieties. Similar . .
also supported the presence of twelve naproxen moieties. Simila Steady-State Fluorescence StudieslTo study the light

patterns were observed for all the other dendritic structures. - .
) ) ) harvesting and energy transfer properties of the deaoceptor

Absorption Spectroscopy StudiesThe absorption, fluores-  gendritic systems, we first examined their steady-state emission
cence spectra, and the fluorescence decay of all compounds WerBroperties. Upon excitation at 360 nm, monomévsand 19
recorded in CHCN, except forl4and15, which were recorded  gypibjted fluorescence characteristics typical of the anthracenyl
in 4% CHCE in CH3CN for complete solubilization under the chromophore with emission maxima-a890,~412, and~436
experimental conditions. nm and a shoulder at465 nm. In the case of the dendritic

The absorption spectra of dendrimdé@ 12, and 14 were structures 11, 13, and15), the spectra were similar to those of
characteristic of the naproxen chromophore similar to the the monomers, with onl{t3 showing a slight decrease in the
monomeric analoguekb and18 (Figure 2). Also, the extinction  fluorescence intensity (Figure 4). The estimated quantum yields
coefficients increased linearly with increasing number of were 0.19+ 0.01 for11, 15, 17, and19 and 0.16+ 0.01 for

naproxen units from monomet8 to heptamerl4, which 13. The dendritic structure3, 6, and9, which are capped only
suggested the absence of ground-state interactions between theith anthracene, can be used as model probes for studying the
donor chromophores. Similarly, the dendritic structudes, fluorescence characteristics of the anthracenyl chromophore in

and 9 showed typical anthracenyl absorption bands with no the absence of the peripheral naproxen moieties. The quca{B%;
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Scheme 2. Synthesis of Multiple Naproxen Appended First-Generation Dendrimers 10, 11, 12, and 13
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(c) Potassium salt of naproxen, DMSO, room temperature.

Chart 1 the absence of random quenching of the fluorescence due to
: OR oR the proximity of the naproxen units in the dendritic structures
M/\g M\/\y{ (10, 12, and14). These observations along with the absorption
& oo % °© spectral studies indicated that the light harvesting ability of the
0\V> O;/\ o///\ O\Vﬁo naproxen-capped series (donor series) increased steadily with
o o increasing number of naproxens, which is indeed the desirable
feature. Excitation of the monomeds7 and 19 at 275 nm
resulted in emission chiefly from the anthracenyl moiety with
very weak emission from the naproxen chromophore. This
indicated energy transfer from naproxen (donor) to the anthra-

MeO cenyl chromophore (acceptor). Similarly, 275 nm excitation of
_ 18R = Bn the dendrimers1(1, 13, and15) resulted in intense emission
1? E _ EE 19 R=An from the acceptor with relatively weak emission from the donors.

Moreover, the fluorescence intensity of the anthracene core

cence spectra of these compounds were similar to that of the!ncreased fromi1 to 15 analogous to the monomers with

above series at the same excitation wavelength=(0.21 + increasing number of naproxens, but the residual emission of
0.01)0 (inset, Figure 4). These results suggest that the steadyna_prOXen 1S als_o relatively higher, especially witB and 15
state fluorescence properties of the anthracenyl moiety are(':'gl.Jre 5). The mtramolecular ngture of the energy transfer was
mostly unaffected by the dendritic structure and by the presenceconf'rmed by expenment_s on mixtures of naproxen and 9-an-
of the naproxen chromophores thracenemethanol that did not show any energy transfer from
The absorption studies suggested that the-ZE® nm region ~ d0nor to acceptor in the same concentration range.
might be used teelectbely excite the naproxen chromophore Time-Resolved Fluorescence Studylhe fluorescence life-
with minimal direct excitation of the anthracenyl moiety (Figure times of all the compounds were measured using the time-
2).11 Compoundsl0, 12, 14, 16, and 18 exhibited a strong correlated single-photon counting method. The decay curves
fluorescence in acetonitrileldy = 275 nm) with maxima at  were analyzed using a nonlinear least-squares fitting procétiure.
~353 nm (inset, Figure 5). The quantum yield was fairly Figure 6 shows the fluorescence decay of dendtaras a

constant ¢ = 0.32 £ 0.02%! in the entire series, suggesting representative example. CDV
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Scheme 3. Synthesis of Multiple Naproxen Appended Second-Generation Dendrimers 14 and 15

14 R =Bn/15R = An

(d) Potassium salt of naproxen, DMSO, 4G5.
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Figure 1. 400 MHz'H NMR spectra of compound3 and 15. (Np = naproxen, An= anthracenylmethyl).

The lifetimes of the anthracene-capped dendr@$,(and rable to the lifetime of naproxen (7.2 ns) in acetonitrile, which
9) and naproxen-terminated compountig, 12, 14, 16, and18 suggest that there is no nonradiative quenching due to the
were first measured. The former series was excited at 369 nmproximity effect of the chromophores in the dendritic structures
and the fluorescence decay was monitored at 436 nm, whileand in the monomer with three donors. Compouddalone
for the latter series, excitation was at 275 nm and emission showed a biexponential with an average lifetime of 7.5 ns. There
wavelength was 350 nm. The anthracene-labeled compoundsvas a minor amount of a shorter decay component of 4.6 ns
showed a single lifetime of 3:94.2 ns, which is similar to that  due to slight quenching by CHglwhich was not present (as
of anthracene~4.1 ns) (Table 132 In the donor series, all  solvent component) in the other compouddis.
compounds exceft4 exhibited single-exponential decay, with In the donofr-acceptor seriesl(, 13, 15, 17, and 19), the
lifetimes ranging from 7.6 to 8.1 ns. These values are compa- fluorescence decay of the anthracenyl moiety on direct excitzgiBQ/
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Figure 2. Absorption spectra (molar extinction coefficients as a - T T '
function of wavelength) of compound®, 12, 16, 18 in CH;CN and 350 400 _450 500
14in 4% CHCB/CHsCN (concentration range 10-504M). The inset wavelength in nm
shows the absorption spectra of dendr8n§ and9 in CH;CN. Figure 5. Emission spectra of compoundg, 13, 17, 19 in CH:CN

and15in 4% CHCE/CH;CN upon excitation at 275 nm (normalized
to 1 uM). The inset shows the emission spectral6f 12, 16, 18 in
CHsCN and 14 in 4% CHCE/CH:CN upon excitation at 275 nm at
constant absorbance (0.1 OD).
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Figure 3. Absorption spectra of compound, 13, 17, 19in CH;CN L: =
and15in 4% CHCR/CHsCN. E“ i . . o=
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é ‘ Figure 6. Fluoresence decays of donor (Ae = 350 nm) and
@ 1001 sensitized acceptor (Bi{m = 436 nm) in compound.l, (Aex = 275
o nm).
S
= 0 =< Table 1. Fluorescence Lifetimes of Compounds 3, 6, 9
v v T y 1 anthracene-capped), and 10, 12, 14, 16, and 18 (naproxen-capped
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Figure 4. Emission spectra of compoundg, 13, 17, 19in CH;CN Aex = 369 NM lem= 436 NnmM
and15in 4% CHCW/CH:CN upon excitation at 360 hm,(conen2.5 3 3.92
uM). Inset shows the emission spectra of compouBdé and 9 in 6 3.97
CH3CN upon excitation at 360 nm (conen 2.5 uM). 9 4.19
. . . Aex= 275 nmAem= 350 nm
(Aex = 369 nm) was found to be single exponential only in the 10 8.09
case of the monomerdT and 19). In the dendritic systems 12 7.78
(11, 13, 15), the recovered decay curves were better fit with a 14 747
biexponential decay function. These large structures are likely ig ;'gg

to have multiple conformations in solutions, and hence the
anthracenyl moiety may experience different local environments _ *7 = Tag 71 = 8.14 ns: Bl= 0.49 (80.5)z, = 4.58 ns: B2=0.21
that could qud tp slight differ_ences in the lifetinf8sdowever, |(ola?é5r3t'he2esISaréhﬁep:gz(iegn:nqgiltugfst?r (amplitude). The values in
the average lifetimesn dendrimersll (tayg = 3.9 ns) andl3

(ravg = 4.0 ns) were similar to the values observed for the respectively). The presence of the fast decay component in the
dendrons capped only with anthracene and with the lifetime of donor decays was due to energy transfer to the acceptor. This
the monomersz(= 3.8+ 0.1 ns). Dendrimet5 alone showed was further confirmed by monitoring the fluorescence dynamics

a slight increase in the lifetime{,y = 4.5 ns). of the sensitized acceptSi(lex = 275 NM,Aem = 436 NM). In
The donor decays in the above serigs € 275 nm,Aem = monomersl7 and 19, the anthracenyl chromophore exhibited
350 nm) were all multiexponential. Monomels and 19 rise times of 0.38 and 0.75 ns, respectively, which were

showed biexponential decays with a short lifetime component comparable to the quenched donor lifetimes of 0.47 and 0.83
and a minor amount of a long-lived component (Table 2). The ns, respectively (Table 2).

long-lived fluorescence decay times were slightly lower in In case of the dendritic structuréq, 13, and15, the donor
magnitude compared to that of the donor systehtsand 18, decays could be best fit to a triexponential. There were 8%(\/
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Figure 7. Space filling view of monomet7 (Np' — An: 23 A; Np’' — An: 11 A) and heptamet5 (Np' — An: 42 A; Np' — An: 16 A) (Spartan
'04 minimized models in a vacuum).

Table 2. Fluorescence Lifetimes1), Preexponential Factors/Amplitude (B), and Relative Amplitudes (rel amp) of Compounds 11, 13, 15, 17, and

19 in CHsCN
Aex= 275 nmAem= 350 nm Aex= 369 Nnm Aem= 436 nm Aex= 275 NnMdem= 436 nm
compound 7 (ns) B rel amp (%) 7 (ns) B rel amp (%) 7 (ns) B rel amp (%)

11 0.55 0.67 28 2.95 0.25 27 0.57 —0.50 -8
1.37 0.34 34 4.32 0.45 73 4.02 0.90 108
7.88 0.07 38

13 0.38 0.38 6 3.29 0.49 58 0.73 -0.61 -12
1.52 0.36 32 5.09 0.23 42 4.23 1.02 112
7.51 0.14 62

15 0.35 0.28 6 3.01 0.20 34 0.93 -0.34 -13
1.80 0.37 37 5.31 0.23 66 5.06 0.54 113
7.05 0.15 57

17 0.47 1.16 59 0.38 —0.30 -4
7.35 0.05 41 3.72 3.63 0.81 104

19 0.83 111 85 3.80 0.75 -0.39 -12
6.33 0.05 15 3.82 0.70 112

short-lifetime components and a small long-lived component, too87d A possible explanation is that, since the donor and
which was again comparable to that of the donor systdifis (  acceptor are linked to the bile acid backbone via highly flexible
12, and 14, respectively) (Table 2). These bile acid-derived spacers, these molecules may adopt conformations in which
dendrimers are not symmetrical, and hence the donors are notlonor-acceptor orientation is not favorable for energy trar§fé.
equidistant from the acceptor, which could lead to different rates Moreover, as the Hster's radiu¥ is only 26 A (28 A under

of energy transfer by the donors. This is probably why more deaerated conditions), it is very likely that one or more donors
than one fast decay component is observed. It is to be notedmay be at distances greater than 26 A with a low energy transfer
that, even in the monomers with two or three donors, the denor  probability (Figure 7) in the dendritic structures due to their
acceptor distances are not same, but there is a greater degree d¢érger size and conformational flexibility. This could also be
inhomogeneity (distance distribution) in the dendritic systems the reason for the increase in the amplitude of the long-lived
(Figure 7). The sensitized acceptor decays of the dendrimerscomponent in the dendritic structures as compared to the
showed a single rise time whose value lay between that of the monomers. The Reter’s radius for self-transfer for the naproxen
shorter components of the corresponding donor decays, whichchromophore was estimated to bel3 Al16 The distance
suggests that probably it is the average rise time that wasbetween the donor chromophores in a single bile acid unit
observed. For example, in compouht} the donor decay has  calculated based on molecular modeling-5—13 A. Hence,

two fast components of 0.55 and 1.37 ns, which correspondedit is also probable that the long-lived species could also be due
to an average lifetime of 0.61 ns, and this value is comparable to persistent energy migration between the naprokéns.

to the observed rise time of 0.57 ns. Moreover, the average rise Energy-Transfer Estimation. The efficiency of energy
time increased from the first to the second generation as thetransfer has been estimated both by steady sEj)eafd time-
average distance of the donor from the acceptor increased. Theesolved measurement using the donor-quenching method
lifetime of the sensitized acceptor remained unchanged (com-(Table 3)!° It was observed that efficiencies calculated from

pared to direct excitation) in the monomerg and 19 (Table time-resolved data were slightly lower compared to those
2). In the case of the dendritic structuré4,(13and15), single estimated from the steady-state measurement, the reason for
decay times were observed that were comparable to the averag&hich is not clear. In the monomersqand19), the efficiency
lifetimes on direct excitation. is ~92% based on steady state calculations. Although all the

The presence of the long-lived donor decay in both the dendrimers exhibited slightly lower efficiencies compared to
monomers and dendrimers in the donacceptor series could  the monomers, there is an interesting pattern. It is observed that,
be due to varied reasons and has been observed by othersn the first-generation dendritic systems, the efficiency decreeﬁg{j/
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Table 3. Energy Transfer Efficiencies Calculated by Donor spectrophotometer. For all compounds, IR (thin film) refers to a
Quenching Method glassy film deposited on a NaCl plate from a chloroform solution.
compound Es (%) + 3 Er (%) £ 2 HPLC was recorded on a Shimadzu system using a 2506
mm C-18 reversed-phase analytical column. MALDI-TOF MS were
1513 gg ?‘51 rgcordeq ona Kompack Seq model (KRATOS Analytical, U.K)
15 76 68 fitted with a nitrogen laser. ESI-QTOF MS was recorded on a
17 92 90 Micromass Q-TOF micro (model).
19 93 86 All solvents used for absorption and fluorescence studies were
spectroscopic grade, and nondegassed solutions were used for the
with increasing number of branching unitsl > 13. One fluorescence measurements. Absorption spectra were recorded on

possible explanation is that, with increased branching to avoid & Shimadzu UV-visible spectrophotometer. Steady-state fluores-

steric crowding, the branches and chromophores are likely to CENce measurements were done in a Perkin-Elmer LS-50B spec-
adopt more extended conformations, which could lead to trophotometer. Fluorescence decay measurements were carried out

increase in distance between some of the donors and acce torUSing the time-correlated single photon counting technique. The
. . PLOlaxcitation source was a mode locked titanium sapphire laser (Spectra
The second-generation dendritic structufiés)(has lower

- ) . Physics) operating at 82 MHz and with a pulse width<# ps.
energy transfer efficiency than the first generation (Table 3). The 369 second harmonic, and 275 third harmonic outputs were
Molecular modeling (in a vacuum) suggested thatlkthe used for excitation, and a microchannel plate photomultiplier tube
distances varied from-14—42 A, with many of the donors  was used as the detector. The fluorescence photons were collected
exceeding the Fster's radius (26 A), but the decrease in atright angles to the exciting beam. For recording the lamp profiles,
efficiency is not as much as might be expected (Figure 7). a scatter was placed instead of the samplg. The response time of
Becausel5 is poorly soluble in CHCN as compared to the  the instrument was-50 ps. The data analysis was carried out by
other compounds, it might adopt more compact conformations Software provided by IBH (DAS-6), which is based on the
than extended forms, which could lead to reduced distancereconvolutlon technique using iterative nonlinear least-squares

. L methods.
between the donors and acceptors and hence higher efficiencies. The synthesis of compounds 3, 5, 6, 8, 9, and 10—15 are

Also, rather than smgle-step"t-‘sner transfer_ to the acced[)éor, described below. Potassium salt of naproxen was synthesized
energy transfer may occur via energy hopping among doiors. - to|iowing a reported procedufé.Synthesis of dendrong 4, and

. 7 and monomer46—19 are described in the Supporting Informa-
Conclusion tion.

Novel bile acid-based dendritic light-harvesting systems with  Trimer (4Cl, acid) 2. To compoundl (0.21 g, 0.13 mmol)
multiple peripheral naproxen units as donors and a single dissolved in dioxane (10 mL), 10% Pd/C (0.040 g) was added and
anthracene as an acceptor have been efficiently synthesized ankhe mixture was stirred fo7 h under a Hatmosphere. The catalyst
their absorption, fluorescence, and energy-transfer propertiesas filtered off using a Celite bed, and the crude product obtained
investigated. The synthetic strategy we adopted also gave read)f"fter removal of the solvent was chromatographed on silica gel

i 0, i 0,
access to bile acid dendrimers, which either do not possess the;:'r;gvf&t/g E;grﬁféheNxGEe?sg)oy;\ino.éég!;gle/o)s %foc?smg?_lﬁ)nd

anthracenyl chromophore or lack the peripheral naproxen unitss og (s, 1H), 4.80 (m, 2H), 4.69 (m, 1H), 4.08 (s, 4H), 4.04 (s,
for comparison with compounds containing both the chro- 4 2.34-2.20 (m), 1.88-1.01 (m), 0.93-0.73 (angular Me)13C
mophores. It was observed that the photophysical properties ofNMR (75 MHz, CDCl) o: 179.4, 173.5, 173.3, 166.8, 166.53,
the naproxen chromophore were largely unaffected with an 166.49, 78.0, 76.3, 75.7, 73.9, 49.5, 49.2, 47.6, 45.13, 45.06, 41.72,
increasing number of naproxen units in the dendritic structure 41.66, 41.1, 35.54, 34.69, 34.61, 34.54, 34.4, 34.3, 34.0, 32.3, 31.9,
and also with an increase in the size of the dendrimer (in the 31.6, 31.4, 30.9, 30.7, 30.6, 27.31, 27.26, 26.8, 26.72, 26.65, 26.3,
absence of the anthracenyl chromophore). Similarly, the an-25.8,25.5,23.4,23.0, 22.9, 17.5, 17.4, 12.41, 12.36, 12.3. IR (thin
thracenyl Chromophore in dendrim@SG, g, 11’ 13’ and15 fl|m, cm‘l): 2947, 2870, 1732, 1294, 1009, 756. LRMS-ESI: Calcd

. . +. .
also did not show any significant change in the absorption for CaoHialCla + Na': 1467.7; GoHiolCly + K™ 1484.4. Obsd:

spectra, quantum yield, or lifetime. Dendritic structutds13, é4gg ’11648: 'SAQ? l;iczsa;?d Jjgaég_'&og_:g CCH6(§)'38’ H 8.36. Found:

and15 ex_hibited high energy transfer efficie_ncies, which have Trimer (4Cl, An) 3. To a solution of (0.145 g, 0.10 mmol) in

been estimated both by steady-state and time-dependent fluoyichioromethane (1 mL), oxalyl chloride (56.) was added and

rescence spectroscopy. the mixture was stirred in the presence ofi2 of DMF for 45
Virtually any donor with a carboxylic acid group and any min. Volatiles were removed under reduced pressure, and the

acceptor with a hydroxyl group can be assembled on the bile- residue was dried under vacuum for 30 min. To the acid chloride,

dendritic structure using our methodology. The ease of synthesis9-anthracenemethanol (0.030 g, 0.14 mmol), £6H012 g, 0.29

of the bile oligomers and the modular nature of the construction mmol), PACHEtN*CI~ (0.009 g, 0.04 mmol), and toluene (1 mL)

of the donor-acceptor systems make these molecules attractive Were added, and the reaction mixture was refluxed unddons

to design additional functional systems. Such systems are Iikelypl't-'—hzI :ﬁactio#cr:niﬁtur?_k\]/vas then (ﬂll‘te? t"I;’ith CHEA :nL) an'dld d
to extend and expand the possibilities envisaged for potential . ¢ co trougn Lelite. The evaporation ot Ihe organic layer yielde
the crude product that was chromatographed on silica gel using

applications of synthetic light-harvesting molecules. 4% EtOAC/80% benzene/16% CHCIo yield 0.12 g (72%) of
£ . tal Secti compound3 as a white foam'H NMR (300 MHz, CDC}) 6: 8.52
Xpenmental ection (s, 1H), 8.33 (d, 2HJ = 8.7 Hz), 8.05 (d, 2H) = 8.1 Hz), 7.6

Lithocholic acid, cholic acid, deoxycholic acid, chloroacetic 7.48 (m, 4H), 6.18 (d, 1HJ = 12.6 Hz), 6.14 (d, 1HJ) = 12.6
anhydride, 9-anthracenemethan®-(+)-2-(6-methoxy-2-naphth- Hz), 5.19 (s, 1H), 5.16 (s, 1H), 5.01 (s, 1H), 4.79 (m, 2H), 4.69
yl)propanoic acid were purchased from Aldrich and were used (m, 1H), 4.08 (s, 2H), 4.04 (s, 2H), 4.03 (s, 4H), 2:3326 (m),
without further purification. All solvents were laboratory grade and  1.83-1.29 (m), 1.09-0.60 (angular Me)13C NMR (100 MHz,
were distilled prior to use. DMF and DMSO were dried over BaO CDCl) 6: 174.3, 173.5, 173.3, 166.79, 166.77, 166.6, 166.5, 131.3,
and toluene was dried with sodium. For column chromatography, 131.0, 129.12, 129.08, 126.7, 126.3, 125.1, 123.9, 78.03, 77.96,
silica gel (106-200 mesh) was usedH and 13C NMR were 77.2,76.30, 76.28, 75.7, 73.9, 58.7, 49.5, 49.24, 49.21, 47.62, 47.55,
recorded on JEOL Lambda 300 MHz or Bruker AMX 400 MHz  45.13, 45.08, 44.98, 41.74, 41.66, 41.20, 41.16, 41.1, 35.55, 35.51,
spectrometers. IR spectra were recorded on a Jasco-70 FT-IR34.71, 34.65, 34.56, 34.4, 34.3, 34.0, 33.3, 31.9, 31.6, 31.4, &JD%/
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30.9, 30.7, 27.33, 27.25, 26.8, 26.7, 26.6, 26.3, 25.8, 25.5, 23.4,0.59 (angular Me)**C NMR (75 MHz, CDC}) o: 174.07, 173.36,

23.3,23.0,22.9,17.5,17.4,12.4, 12.2. IR (thin film,&n 2945,
2866, 1731, 1180, 757. LRMS-EShvz Calcd for GsH13¢CisO4
+ Na': 1658; GsH13Cl4O4 + K*: 1673.8. Obsd: 1657.8, 1674.
Anal. Calcd for GsH13¢Cl4sO4: C 69.67, H 8.00. Found: C 70.03,
H 8.17. ]%%: +95.3 (1.13, CHG).

Trimer (4Naproxen, Bn) 10. To a solution ofl (0.027 g, 0.02
mmol) in DMSO (0.5 mL), potassiumS|-2-(6-methoxy-2-naph-

173.25, 173.06, 166.77, 166.55, 166.54, 166.50, 166.48, 166.22,
131.32, 130.96, 129.08, 126.61, 126.23, 125.09, 123.85, 75.82,
75.17,74.02,73.02, 70.49, 58.67, 47.62, 47.43, 47.27, 45.17, 45.14,
45.11, 44.99, 44.98, 43.30, 42.83, 42.76, 41.16, 40.87, 40.54, 37.83,
37.67,34.97,34.50 34.49, 34.42, 34.35, 34.30, 34.23, 31.53, 31.37,
31.16, 30.85, 30.66, 30.65, 30.61, 30.45, 28.82, 28.46, 27.1, 27.07,
26.99, 26.41, 25.40, 25.23, 25.21, 25.16, 22.88, 22.82, 22.79, 22.5,

thyl)propanoate (0.024 g, 0.089 mmol) was added and the reaction22.3, 17.5, 17.4, 17.34, 17.30, 12.1, 12.0. IR (thin film,"ém

mixture stirred at room temperature for 5 h. The reaction mixture
was poured in water (20 mL) and extracted with EtOAc (20 mL).

2950, 2870, 1754, 1731, 1290, 1181, 1006, 967, 736. LRMS-ESI:
m/z Calcd for GodH175ClgO06 + Na': 2475.9; GsiH15006 + K+:

The organic layer was washed with water (15 mL) and dried over 2491.9. Obsd: 2476.5, 2492.5. Anal. Calcd fagdH17:ClgO26 C

anhyd NaSQ,. After removing the volatiles, the crude product was

63.01, H 7.09. Found: C 63.18, H 7.2 +77.1 (1.09,

then chromatographed on silica gel using 4% EtOAc/toluene to yield CHCL).

0.034 g (85%) of compoundO as a white foam!H NMR (300
MHz, CDCk) 8: 7.71—7.65 (m, 12H), 7.447.40 (m, 4H), 7.36
7.30 (m, 5H), 7.157.07 (m, 8H), 5.15 (s, 2H), 5.09 (m, 3H), 4:74
4.45 (m, 11H), 3.993.92 (m, 4H), 3.96-3.84 (m, 12H), 2.33
2.06 (m), 1.82-1.24 (m), 0.96-0.67 (angular Me)3C NMR (75

Tetramer (9 Naproxen, Bn) 12.The procedure for the synthesis
of 10 was followed. From4 (0.03 g, 0.013 mmol) was obtained
0.043 g (84%) of the title compound as a white fodd.NMR
(300 MHz, CDC}) 6: 7.67-7.61 (m, 27H), 7.387.32 (m, 14H),
7.13-7.03 (m, 18H), 5.15 (s, 3H), 5.07 (s, 3H), 4.99 (s, 3H), 4.91

MHz, CDC|3) o: 174.0, 173.8, 173.7, 173.64, 173.61, 173.4, 167.3, (S, 1H)| 4.76-4.39 (m, 22H), 3.953.84 (m, 36H), 2.331.79 (m,),
167.2, 167.1, 157.8, 157.7, 136.06, 135.08, 134.99, 134.96, 133.75, 5" 156 (m), 1.44-1.02 (m), 0.96-0.68 (angular Me)iC NMR

126.3, 126.20, 126.18, 126.1, 119.1, 119.01, 118.95, 105.6, 77.2,173 2 167.2. 167.1. 167.0. 157.6. 136.0. 135.0. 134.94 13492

75.7, 74.0, 66.1, 63.9, 61.2, 55.4, 55.3, 52.1, 49.5, 49.3, 47.74, 134 89 133.7, 129.2, 128.8, 128.5, 128.21, 128.16, 127.17, 127.1,
47.69, 45.08, 45.05, 45.03, 41.8, 37.0, 35.7, 35.53, 35.51, 34.8,156'> 126.1. 118.6. 105.5, 75.2, 72.1, 70.4. 66 1, 61.2. 61.0. 55.2.
347,345, 34.3, 34.08, 34.02, 33.99, 32.1, 31.8, 315, 31.3, 30.9,47 0" 47.7 47.5. 453, 451, 45.0. A3.4. 41.0. 40.6, 37.7. 3469

30.8,27.3,26.9, 26.8, 26.3, 25.8, 25.7, 25.6, 23.4, 23.1, 23.0, 18.8,3 g6 34,5, 34.40, 34.35, 34.21, 34.18, 31.8, 31.6, 31.4, 31.2, 31.1,

18.6,18.2,17.5,17.4,17.3,12.5,12.41, 12.38. IR (thin filn; ®m

2941, 1740, 1606, 1454, 1159, 1025, 756. LRMS-E8/z Calcd
for CiagH176026 + Na': 2334.2. Obsd: 2334.3. Anal. Calcd for
CuaH176026. C 74.26, H 7.76. Found: C 73.98, H 7.88]%%:
+100.4 (1.26, CHG).

Trimer (4 Naproxen, An) 11. In an analogous manne&¥(0.089

g, 0.054 mmol) yielded 0.12 g (91%) of compouhtias a white
foam.H NMR (300 MHz, CDC}) o: 8.50 (s, 1H), 8.31 (d, 2H,
J=28.7 Hz), 8.02 (d, 2HJ) = 8.1 Hz), 7.76-7.37 (m, 20H), 7.14
7.06 (m, 8H), 6.16 (d, 1H) = 12.3 Hz), 6.12 (d, 1HJ = 12.3
Hz), 5.14 (s, 1H), 5.11 (s, 1H), 5.02 (s, 1H), 474145 (m, 11H),
3.99-3.85 (m, 16H), 2.252.17 (m), 1.7#1.10 (m), 0.96-0.60
(angular Me)X3C NMR (75 MHz, CDC}) 6: 174.2,174.0, 173.61,

30.7, 30.6, 30.4, 29.9, 29.6, 29.0, 27.1, 26.5, 25.6, 22.7, 22.4, 18.70,

18.64, 18.57,17.42,17.35, 12.2. IR (thin film, chh 2947, 2871,

1741, 1606, 1391, 1173.5, 1149, 1030, 756. MALDI-TOF M8z

Calcd for G47H28¢053 + Na™: 4123. Obsd: 4122.98. Anal. Calcd

for CoaH2860s3: C 72.31, H 7.03. Found: C 72.63, H 7.3@]#%:
+98.3 (1.21, CHG).

Tetramer (9 Naproxen, An) 13.In an analogous manne8,
(0.042 g, 0.018 mmol) yielded 0.056 g (80%) of the title compound
as a white foam!H NMR (300 MHz, CDC}) d: 8.48 (s, 1H),
8.30 (d, 2HJ = 8.4 Hz), 8.01 (d, 2HJ) = 8.4 Hz), 7.677.34 (40
H), 7.13-7.04 (m, 18 H), 6.14 (d, 1H] = 12.6 Hz), 6.10 (d, 1H,
J=12.6 Hz), 5.15 (m, 3H), 4.99 (m, 4H), 4.89 (s, 1H), 46840

173.58, 169.8, 167.2, 157.64, 157.60, 135.03, 134.97, 134.9, 133.7 (M, 22H), 3.96-3.83 (m, 36 H), 1,92.1.02 (m), 0.89-0.56 (angular
131.33, 131.0, 129.3, 129.2, 129.1, 128.9, 127.2, 127.1, 126.6,Me). **C NMR (75 MHz, CDC}) o: 173.97, 173.76, 173.71,

126.30 126.25, 126.1. 126.04, 125.05. 123.9, 119.0, 118.9 105.59173.44, 173.30, 173.21, 167.21, 167.18, 167.10, 166.93, 157.59,
105.54, 105.49, 75.6, 74.5, 73.9, 61.2, 59.2, 58.6, 55.2, 49.2, 47.6,157.57, 135.0, 134.92, 134.87, 133.65, 131.30, 130.94, 129.23,

47.1, 45.04, 45.01, 44.9, 41.7, 35.5, 34.8, 34.6, 34.2, 34.00, 33.95’129.20, 129.05, 128.82, 128.78, 127.16, 127.07, 126.58, 126.20,
32.4,32.0,31.8,31.4,31.2,30.8, 27.2, 26.8, 26.2, 25.7, 25.6, 23,3,126.12, 126.05, 125.07, 123.87, 118.88, 105.51, 77.20, 75.19, 74.01,

22.9,22.4,18.8,18.6, 17.4, 12.3. IR (thin film, ch 2944, 2869,
1740, 1606, 1452, 1390, 1266, 1217, 1174, 755. LRMS-ESE
Calcd for Q51H182025+ Na': 2434.3; Q51H182026 + K*: 2450.3.
Obsd: 2437, 2453. Anal. Calcd for§&3H150,6. C 75.16, H 7.60.
Found: C 75.11, H, 7.530]%%: +97.1 (1.36, CHG).

Tetramer (9Cl, Acid) 5. From4 (0.22 g, 0.093 mmol), 0.19 g
(92%) of the title compound was obtained as a white foamy solid.
IH NMR (300 MHz, CDC}) 6: 5.21 (s, 3H), 5.09 (s, 1H), 5.04 (s,
3H), 4.90 (s, 1H), 4.67 (m, 3H), 4.55 (m, 1H), 4:14.04 (m, 18H),
2.33-1.10 (m), 0.95-0.73 (angular Me)13 C NMR (75 MHz,
CDCl) o: 173.4, 173.2, 173.0, 166.8, 166.53, 166.49, 166.32,

72.10,70.37,61.16, 61.13, 60.99, 58.61, 55.19, 47.88, 47.62, 47.46,
45.24, 45.20, 44.96, 43.33, 40.63, 37.64, 34.59, 34.40, 34.31, 34.20,
31.50, 31.14, 30.43, 28.95, 27.04, 26.53, 25.58, 22.57, 22.40, 18.72,
18.69, 18.62, 18.57,17.32, 12.19, 12.11. IR (thin film;&m 2946,
1740, 1606, 1390, 1173, 1148, 754. MALDI-TOF MS: Calcd for
CossHoodOs3 + Na: 4223. Obsd: 4221.9. Anal. Calcd for
CasH900s3: C 72.87, H 6.95. Found: C 72.58, H 6.86(7%:
+98.2 (1.13, CHQ).

Heptamer (12 ClI, Acid) 8 From7 (0.075 g, 0.02 mmol) was
obtained 0.06 g (80%) of compourgdas a white foam!H NMR
(300 MHz, CDC¥) 6: 5.22 (s, 4H), 5.085.04 (m, 7H), 4.67 (m,

166.27, 166.22, 75.8, 75.2, 74.0, 73.1, 73.0, 70.5, 47.6, 47.4, 45.2,7H), 4.11-4.03 (m, 24H) 2.28:1.01 (m), 0.95-0.72 (angular Me).
45.13, 45.05, 43.3, 42.8, 41.1, 40.9, 40.5, 37.8, 34.5, 34.4, 34.3,13C NMR (100 MHz, CDC}) 6: 177.02, 173.41, 173.38, 173.17,
34.2, 31.6, 31.3, 31.23, 31.15, 30.7, 30.60, 30.5, 28.5, 27.1, 27.0,166.80, 166.61, 166.57, 166.53, 166.49, 166.34, 166.31, 166.26,
26.4,25.2,22.84,22.82,22.5,22.24,17.5,17.44,17.41, 17.3,12.2,166.25, 77.20, 75.85, 75.75, 75.68, 73.99, 73.94, 73.12, 73.07,

12.1, 12.04. IR (thin film, cm?): 2949, 2870, 1731, 1290, 1180,
1006. LRMS-ESI: n/z Calcd for G14H168ClgO26 + Na™: 2285.9.
Obsd: 2287. Anal. Calcd for &4H163ClsO26. C 60.36, H 7.24.
Found: C 60.12, H 7.200]%%: +78.7 (1.27, CHG).

Tetramer (9Cl, An) 6. From 5 (0.147 g, 0.065 mmol) was
obtained 0.12 g (70%) of the title compourtth. NMR (300 MHz,
CDCly) o: 8.52 (s, 1H), 8.32 (d, 2H] = 8.7 Hz), 8.05 (d, 2H/
= 8.4 Hz), 7.66-7.48 (m, 4H), 6.17 (d, 1H] = 12.3 Hz), 6.13 (d,
1H,J = 12.3 Hz), 5.19 (s, 3H), 5.045.01 (4H), 4.89 (s, 1H), 4.67
(m, 3H), 4.54 (m, 1H), 4.164.03 (18H), 2.36-1.32 (m), 1.14

49.56, 48.04, 47.80, 47.63, 47.55, 47.46, 47.44, 45.23, 45.19, 45.14,
45.11, 42.86,41.79,41.18, 41.17, 41.14, 40.59, 37.93, 35.67, 35.05,
34.70, 34.60, 34.45, 34.37, 34.27, 34.04, 34.03, 34.0, 32.33, 32.05,
31.71, 31.49, 31.19, 30.87, 30.74, 30.61, 28.50, 27.37, 27.12, 26.86,
26.71, 26.43, 25.91, 25.59, 25.19, 23.47, 23.05, 22.88, 22.29, 22.27,
17.53,17.48,12.53,12.43, 12.39, 12.16, 12.07. IR (thin filn,ym
2949, 2870, 1734, 1290, 1179, 1006, 737. MALDI-TOF M8z

Calcd for ngHngCI12038 + K*: 3660.8. Obsd: 3661.4. Anal.
Calcd for GoHagoCl120zg: C 63.67, H 7.79. Found: C 63.42, H
7.93. [1]%5: +84.8 (0.92, CHG)). .y
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Heptamer (12Cl, An) 9. From 8 (0.051 g, 0.014 mmol) was
obtained 0.033 g (62%) of compoufds a white foam!H NMR
(400 MHz, CDCH) o: 8.52 (s, 1H), 8.33 (d, 2H] = 8.7 Hz), 8.04
(d, 2H,J = 8.7 Hz), 7.66-7.49 (m, 4H), 6.18 (d 1HJ = 12.6
Hz), 6.14 (d, 1H,J = 12.6 Hz), 5.2+5.19 (m, 4H), 5.085.01
(m, TH), 4.67, (m, 7H), 4.124.03, (m, 24H), 2.281.00 (M), 0.95-
0.60 (angular Me}:*C NMR (100 MHz, CDCY) 6: 174.19, 173.40, compoundsdl, 4, 7, and16—19. This material is available free of
173.17, 173.08, 166.79, 166.53, 166.49, 166.45, 166.24, 131.38, 0o o » 0 S0 1S TE
131.02, 129.10, 128.86, 126.59, 126.35, 125.09, 123.92, 77.20," &9 P-Ipubs.acs.org.
75.84,75.77, 75.68, 73.98, 73.06, 58.69, 49.53, 49.48, 48.06, 47.87
47.70. 4755, 47.47. 4519, 45.14. 45.07. 45.03, 42.86, 41.79, 41.15°ererences and Notes
40.59, 37.94, 35.65, 35.03, 34.83, 34.69, 34.62, 34.45, 34.37, 34.27, (1) (a) Hu, X.; DamjanovicA.; Ritz, T.; Schulten, KProc. Natl. Acad.
34.03, 32.34, 32.04, 31.76, 31.50, 31.27, 31.19, 30.96, 30.86, 30.70,  Sci. U.S.A199§ 95, 5935-5941. (b) Nelson, D. L.. Cox, M. M.
29.65, 28.50, 27.46, 27.26, 27.13, 26.87, 26.71, 26.43, 25.89, 25.59,  Principles of BiochemistryWorth Publishers: New York, 2005; p
25.18, 23.51, 23.41, 23.07, 22.88, 22.65, 22.27, 17.54, 17.48, 17.42, ,__ 123 o
12.44,12.26, 12.17, 12.14, 12.08. IR (thin film, cin 3024, 2949, (@) (&) Ng. D, Guillet, J. EMacromolecules1983 15 728 732. (b)

of Madras, India, for providing time-resolved fluorescence
experimental facilities. We thank the Department of Science
and Technology, New Delhi, for financial assistance (grant no.
SR/S1/0C-11/2004). N.V. thanks the UGC for a fellowship.

Supporting Information Available: Synthetic details for

2870, 1730, 1379, 13556, 1184, 1007, 756. Anal. Calcd oG Webber, S. EChem. Re. 1990 90 14691482, (c) Gust, D.; Moore,
Cly;0sg: C 65.22, H 7.67. Found: C 65.24, H 7.88]%: +85.3
(1.16, CHC}).

Heptamer (12 Naproxen, Bn) 14:To a solution of7 (0.050 g,
0.013 mmol) in DMSO (0.5 mL), potassiung)¢2-(6-methoxy-2-

naphthyl)propanoate (0.06 g, 0.22 mmol) was added and the reaction

mixture was stirred at 45C for 5 h. The reaction mixture was
poured into water (15 mL) and extracted with EtOAc (20 mL).

The organic layer was washed with water (10 mL) and dried over

anhyd NaSO,. After removing volatiles, the crude product was
chromatographed on silica gel using 8% EtOAc/32% CJ80Rb6
toluene to yield 0.05 g (62%) of compoufd as a white foamtH
NMR (400 MHz, CDC}) 6: 7.66-7.61 (m, 36H), 7.397.30 (m,
17H), 7.12-7.04 (m, 24H), 5.185.16 (m, 4H), 5.16:5.06 (m, 5H),
5.0 (s, 4H), 4.69-4.40 (m, 31H), 3.983.85 (m, 48H), 1.931.26
(m), 0.88-0.68 (angular Me)X*C NMR (100 MHz, CDC}) o:

T. A.; Moore, A. L.Acc. Chem. Red993 26, 198-205. (d) Watkins,
D. M.; Fox, M. A. J. Am. Chem. Sod994 116, 6441-6442. (e)
Adronov, A.; Robello, D. R.; Frehet, J. M. JJ. Polym. Scij.Part A:
Polym. Chem2001 39, 1366-1373. (f) Campagna, S.; Serroni, S.;
Puntoreiro, F.; Loiseau, F.; De Cola, L.; Kleverlaan, C. L.; Becher,
J.; Sgrensen, A. P.; Hascoat, P.; ThorupOkem—Eur. J. 2002 8,
4461-4469. (g) Lidell, P. A.; Kodis, G.; Andisson, J.; De la Garza,
L.; Bandyopadhyay, S.; Mitchell, R. H.; Moore, T. A.; Moore, A. L;
Gust, D.J. Am. Chem. So@004 126, 4803-4811. (h) Rybtchinski,
B.; Sinks, L. E.; Wasielewski, M. Rl. Am. Chem. SoQ004 126,
12268-12269.

(3) (a) Tomalia, D. A.; Naylor, A. M.; Goddard, W. A., IIAngew. Chem.,

Int. Ed. Engl 1990 29, 138-175. (b) Newkome, G. R.; Moorefield,
C. N.; Vogtle, F.Dendritic Molecules: Concepts, Syntheses, Perspec-
tives VCH: Weinheim, 1996. (c) Zeng, F.; Zimmerman, S.Ghem.
Rev. 1997, 97, 1681-1712. (d) Matthews, O. A.; Shipway, A. N.;
Stoddart, J. FProg. Polym. Sci1998 23, 1-56. (e) Ffehet, J. M.

J.; Tomalia, D. A.Dendrimers and Other Dendritic Polymerdohn
Wiley & Sons: New York, 2001.

174.0,173.79, 173.76, 173.75, 173.4, 173.2, 167.20, 167.17, 167.0,
157.7,136.10, 135.06, 135.0, 133.7, 129.28, 129.26, 128.9, 128.54,
128.53, 128.20, 128.17, 127.2, 127.1, 126.3, 126.2, 126.10, 126.07,
118.95, 118.93, 118.91, 105.59, 105.56, 75.7, 75.2, 73.9, 72.2, 66.1,
61.2, 61.13, 61.06, 55.28, 55.25, 49.4, 47.90, 47.79, 45.36, 45.30,
45.14,45.13, 45.02, 43.43, 41.84, 40.71, 37.76, 35.74, 34.95, 34.73,
34.67, 34.46, 34.27, 34.06, 32.42, 31.77, 31.19, 30.92, 30.62, 29.68,
28.99, 27.14, 26.93, 26.76, 26.56, 25.94, 25.62, 23.52, 23.10, 22.71,
22.48, 18.75, 18.66, 18.62, 17.59, 17.51, 17.41, 17.33, 12.55, 12.47,

(4) (a) Adronov, A.; Frehet, J. M. JChem. Commur200Q 1701-1710.
(b) Balzani, V.; Ceroni, P.; Maestri, M.; Saudan, C.; Vicinelli, Np.
Curr. Chem 2003 228 159. (c) Balzani, V.; Ceroni, P.; Maestri, M.;
Vicinelli, V. Curr. Opin. Chem. Biol2003 7, 657-665. (d) Jiang,
D. L.; Aida, T. Prog. Polym. Sci2005 30, 403—-422. (e) Nantalak-
sakul, A.; Dasari, R. R.; Ahn, T. S.; Al-Kaysi, R.; Bardeen, C. J.;
Thayumanavan, Srg. Lett 2006 8, 2981-2984.

(5) (a) Xu, Z.; Moore, J. SAngew. Chem., Int. EAL993 32, 1354
1357. (b) Devadoss, C.; Bharathi, P.; Moore, JJ.5Am. Chem. Soc.
1996 118 9635-9644. (c) Jiang, D. L.; Aida, TJ. Am. Chem. Soc

12.40, 12.33, 12.23. IR (thin film, cm): 2941, 2872, 1741, 1606,
1149, 1029, 754. MALDI-TOF MSm/z Calcd for GeHs42074 +
K*: 6076.5. Obsd: 6076.3. Anal. Calcd foge@H44074: C 73.01,
H 7.38. Found: C 73.04, H 7.400]?%: +93.5 (0.8, CHGJ).
Heptamer (12 Naproxen, An) 15.In an analogous manné&r

(0.022 g, 0.005 mmol) yielded 0.021 g (60%) of the title compound
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