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We have designed and synthesized difunctionalized dendrimers containing two donors in the periphery and an acceptor at the core to serve
as scaffolds for comparison with linear analogues to investigate the advantage of dendritic scaffolds for energy and charge transfer. Comparison
of these dendrimers with the fully decorated dendrimers provides information on the advantage of chromophore density in energy/charge

transfer from periphery to the core.

Multichromophore dendrimers provide the ability to surround have been extensively studied for this purpose. Light
a single energy acceptor with a dense periphery of energyharvesting represents only the first step in the photosynthetic
donors. These types of structures are of interest as artificialprocess, which also involves the creation of a long-lived
light-harvesting systems for use in solar energy conversion charge-separated state to convert photon energy into an

devices! Both conjugatetiand nonconjugatédiendrimers
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electrochemical potential. There have been relatively few
reports on charge transfer within dendritic architectures in
both conjugatetiand nonconjugatédsystems. To the best

of our knowledge, there has been no study that compares
dendrimers with the corresponding linear analogues in the
context of intramolecular electronic energy transfer (EET)
and charge transfer (CT). Such a study has the potential to
provide fundamental insights into the possible advantages
that dendritic architectures provide for these photoinduced
processes. We utilize the combination of donors and accep-
tors that we have recently shown to exhibit a sequential EET
and CT events in dendrimetsince these provide a unique
opportunity to investigate the advantages that dendrimers
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provide in both EET and CT processes. This paper outlinesdensity variable and directly addresses the advantages of
the design and syntheses of the linear molecules and thedendritic scaffold in light harvesting. On the other hand,
corresponding dendrimer analogues for a straightforward comparison of F and D provides information on the
comparison. advantages of chromophore density in dendrimers.
Comparison of dendrimers with linear analogues has been We have synthesized dendrimers that contain diarylami-
previously done in the context of their physical properties. nopyrene-based units as the donor functionality and a
However, similar comparison in light-harvesting dendrimers benzthiadiazole-based core as the acceptor. Structures of the
is more complicated. Classical dendrimers with the periphery fully functionalized dendrimerslF—3F, difunctionalized
fully decorated by donor moieties and a single acceptor unit dendrimersLD—3D, and the corresponding linear analogues
at the core are represented By(see the Abstract for a  1L—3L are shown in Figure 1. The key steps in the syntheses
schematic representation; see Figure 1 for the structures ofof dendrimers were the repetitive benzylation followed by
the bromination of the hydroxymethyl group by using
methanesulfonyl chloride, triethylamine, and lithium bromide
as reagents. Note that in the syntheses of classical benzyl
ether dendrimers, the conversion of the hydroxymethyl
moiety to the bromomethyl functionality is achieved using
triphenylphosphine and carbontetrabromide Kebromo-
succinimide However, when this methodology was re-
peated in this work, we noticed small peaks in the mass
spectra that corespond to M 80 and M+ 160. This was
attributed to the possible aromatic ring bromination, since

control compound, R =~

R S @%0 2 R= the reagents above could generate bromonium ions. The
00 presence of bromine atoms could affect our photophysical
& results, due to the possible heavy atom effegy. using the

synthetic pathways outlined here, the formation of electro-
philic Br™ functionality is avoided, thus obviating the
possiblity of ring bromination.

Synthesis of difunctionalized dendrimdBsis nontrivial
5 because only two of the positions in the otherwise identical
. oo DR R= . peripheral moieties contain the diarylaminopyrene function-

> @ ality. We used the synthetic methodologies developed in our
=3 group to achieve these moleculéslo obtain the partially

functionalized G-1 dendroh2, we started with the reaction
Difunctionalized dendrimers & of 3,5-dihydroxybenzyl alcohol5) with 1 equiv of benzyl

LR= _ - bromide @) (Scheme 1). This reaction afforded a mixture
"q,,.‘@ 2L R= .\* 3LR= @
Lnear ansigs -

) Scheme 1. Synthesis 0fG1—D Dendrons
Figure 1. Structures of the., D, andF molecules.
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the molecules). Comparison Bfwith the linear analoguke HO O (1 equiv) ,'::; z

accounts for the doneracceptor distance that dendrimers OH K,COytBcrowns  *

and the linear oligomers provide but fails to provide the ' KGO o §oN
. . 0. OH 2 3 Q

equivalent chromophore densities (number of EET/CT donors ‘1? Tocrowns, 60°% l?(

A ) ) OH -Crown: d X O
vs. acceptor). However, comparison of the dendriberith " Xeon
a difunctionalized periphery with the linear analogue 832% Mecl Bt L'B’Cn'X:Br

accounts for both of these factors. In other words, for this
study, comparison dD andL eliminates the chromophore
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diarylaminopyrene compountio, as shown in Scheme 1. || ENENENGTGNGNNEGNEGEEGEGEEEEEEEEEEEEEEE

&2252:&?&;”?;:&?\‘;'3? to the dendrdr2 using the Scheme 3. Synthesis of Linear Analogues
On the other hand, the byproduct of the previous reaction, NOVOH‘“"O” i Q» oy o

7, was used to obtain the next generation of the monofunc- O 2 * ”"““‘;0“3:°“””F »

tionalized dendron. First, the hydroxymethyl compouhd “

was converted to the corresponding bromomethyl compound

9, which was then treated withto obtain a mixture of the HOO;;O

monosubstituted 3 and disubstituted4 dendrons. Dendron

13 was used to synthesize the monofunctionalized G-2

¢ L On QL
. on N o 0. OH
dendronl7 using a pathway similar to that adapted i, O::QVQOA <8 2 o

as shown in Scheme 2. Similarly, dendrbfwas converted

_ reactions also do not involve the possibility of any heavy atom

2. NaBH,

MeOH/THF 94%

1. DEAD/TPP, THF
57%
THF 52% MeOH/THF 93%

1.24, DEADITPP\ 2. NaBH,

Scheme 2. Synthesis 0iG2—D and G3—D Dendrons incorporation into the dendrimers. When we attempted the
0 Mitsunobu reaction for the syntheses of the dendrimers, the
e o 5© (5) OQO yields of reactions were poor, especially at higher generation.
?o Ttocoune, 7o% KE{ b Finally, the targeted dendrimersD—3D were accom-
° plished by the benzylation reaction of the benzthiadiazole
oy 0 1;’ - X Msm,a,NC‘°-"=°“ core chromophord with the bromomethyl functionalized
1Bcowns THE 4 B 2% A A7, X = Br dendrondl2, 17, and20, respectively (Scheme 4). Similarly,
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Q p o Scheme 4. Synthesis oD andL Molecules
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LiBr, 84 % = OH I Mitsunobu conditions

15, X =Br 18-crown-6, 66% 0[__ . et
2
D\\ X = Br for} OH
(o} O
@ Oq dendsan of linear moleculs

¢ (? the linear analoguebL —3L were obtained by a Mitsunobu
MSOLEGN 19 X=OH X reaction betweed and the hydroxymethyl compounas,
Lisr, 80 % C 20,x=8r 25, and 26, respectively, as shown in Scheme 4. The

dendrons, dendrimers, linear analogues, and key compounds
that lead to these molecules were characterizedHgnd
to the corresponding monofunctionalized G-3 dend2fn 3C NMR and mass spectrometry. Compoudds-3D and
(Scheme 2). Detailed experimental procedures and charac1L—3L were also analyzed by elemental analysis. For
terizations for all the compounds are outlined in the Sup- consistency, we also synthesized our previously reported
porting Information. 1F—3F® using the same synthetic pathway. The purity of
The linear analogues were synthesized using the Mitsun-these molecules was also analyzed by elemental analysis.
obu! reaction as the key step in the synthesis. The hydroxy- While recording MALDI spectra of these compounds
methyl-functionalized diarylaminopyrene compoutidvas particular attention was paid to the presence of even a small
treated with 3-hydroxybenzaldehyd22( under Mitsunobu  peak containing bromine at M- 80 or M + 160. No such
reaction conditions to give corresponding aldehyde. The peaks were observed even in small amounts. Additionally,
aldehyde was then reduced to the alcd®)llinear analogue  the purity of the samples was also further confirmed using
for the G-1 dendron (Scheme 3). Reaction2dfwith the gel permeation chromatography.
aldehyde24, followed by reduction afforded the G-2 analog- ~ The three families of molecules were compared using
ue 25, whereas a similar reaction sequence with the com- fluorescence spectroscopy. For energy transfer study, we
pound 23 afforded the G-3 analogu26. Note that these  found that, in all these cases, when the donor component of
the molecules is excited at 395 nm, the emission arises
(10) (a) Sivanandan, K.; Vutukuri, D.; ThayumanavarQ8y. Lett.2002 mainly from the acceptor (Figure 2a,b). This indicates a high
o Ao e T, 21 e, deree of energy transfer from the periphery 10 the core n
G. R.; Kim, H. J.; Moorefield, C. N.; Maddi, H.; Yoo, K. $acromolecules all families. The differences in energy transfer among
2003 36, 4345-4354. (d) Zhang, W.; Nowlan, D. T., lll; Thomson, L. generationsl—3 were very similar for all three families
M.: ackowski, W. M. Simanek, E. Bl Am. Chem. S02001 123 8914~ yithin experimental error. We have previously estimated that
(11) Mitsunobu, O Synthesis1981, 1—28. the Faster radius for this combination of donor and acceptor
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s functionality at 490 nm in solvents with different dielectric

constants. The fluorescence of the acceptor was quenched
@ w, ® relative to a control chromophore that does not contain any
— diarylaminopyrene moieties (Figure 1). Moreover, the degree
i I of fluoresence quenching increases with increasing solvent
polarities indicating the presence of CT. An interesting
divergence in generation dependence emerges when the trend
in the extent of fluorescence quenching in the three families
of molecules are compared. As could be seen in Figure 2c,
0% @0 50 B0 860 W0 55 G0 e with increasing generation, the fluorescence quenching de-
o e om (d:me'e"“"”"m’ creases in the case @t —3L and 1D—3D. This trend is
1t understandable because the distance between the donor and
the acceptor increases with increasing generation. Therefore,
the efficiency of photoinduced electron transfer is expected
to decrease with generation, as observed. However, there is
a discernible difference betwedn and D families in the
02 third generation where linear analogues seem to provide
0 W — better CT efficie_ncy_than their difunction_alizgd dendrimer
Wavelength (nm) Wavelength (nm) counterparts. This might be due to the steric hindrance gener-
ated by the dendritic arms i@, which could result in in-
Figure 2. Emission spectra in toluengs, = 395 nm, of (a)lD— creased doneracceptor distance and therefore decreased CT
3D, 1L—3L and (b)1F—3F. Spectra of 1.8.3.0uM solutions are  eficiency. The generation-dependent trend is opposite in the

normalized at theélmax Of the acceptor. Emission spectra in DMF flF—3F. wh the fl hing i
based on relative quantum yields using ethidium bromide as ataSe o » where the fluorescence quenching Increases

referenceex = 490 nm of (c)1D—3D, 1L—3L and (d)1F—3F. with increasing generation (Figure 2d). In the case offthe
dendrimers, even though the don@rcceptor distance in-

creases with increasing generation, the number of donors also
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is approximately 48 A. Since all these three families have

the donors and acceptors within this distance, the energydEUblis with gach glent_arg_tlon, ur;}hkedihe;)nl_dD rrr}]olecule;. .
transfer seems to be efficient in all cases. These results| N€ Observed results indicate that doubling the number o

suggest that our dendrimers do not provide an inherentthe electron donors around.the core chromophor_e_more than
advantage, when one compares fheand L family of compensates for the loss in charge-transfer efficiency due

molecules. However, when one compares these moleculed® increased d|stancr<]a in tr:jesg dergjdrlmders. hesized ||

with the F family of molecules, an obvious advantage of In_summary, we have designed and synt esized linear

dendritic architectures can be seen when the absorptionvers'ons of dendrimers that could exhibit electronic energy
ransfer and electron transfer upon excitation of the donor.

spectra of these molecules were compared (see Figure 3, fof _ : X
We have synthesized dendrimer analogues of these linear

_ molecules (difunctionalized dendrimeB) to investigate
whether there are any architectural advantages to dendrimers
in either of these photoinduced processes. Comparison of
these two classes of molecules with the more classical fully
functionalized dendrimer§ suggests that dendrimers are
indeed advantageous for these processes. The advantage
primarily emanates from the number density of the energy
or electron donors that one could decorate equidistant from
the acceptor core, a feature that is not available in linear

7 molecules. A more quantitative understanding of this struc-
Wavelength (nm) ture—property relationship is likely to emerge from time-

Figure 3. Absorption spectra 08D, 3L, and 3F (1.0-3.0 uM resolved spectroscopy and molecular modeling studies, which
solutions in toluene normalized at 500 nm). are the focus of current work in our laboratories.
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