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ABSTRACT

A family of m-conjugated dendrimers based on truxene and thienylethynylene units are synthesized via a mixed divergent/convergent growth
approach. These dendrimers possess an intrinsic energy gradient from the periphery to the core through branches and thus show a broad
absorption in the UV —vis range and an efficient energy transfer to the lower-energy center. The molecules hence have the potential to be used
as light harvesting materials.

In recent yearsg-conjugated dendrimers have been exten- harvesting materials. The convergent surface-to-core structure
sively studied because of their unusual molecular structuresand the stepwise synthetic protocol of dendrimers offer the
and the potential of acting as the active chemical components
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opportunity for fine tuning of the electronic properties of || G

each generation so that an energy gradient may be built into Scheme 1. Synthesis of the Core of Dendrimers
the dendrimer structure. Thereby, a directional energy flow
from the peripheral branches to the core may be realized.
Indeed, several examples of conjugated dendrimers and/or
dendrons acting as an energy funnel for light harvesting have
been reported by Moore et &l® Tour and co-workers
demonstrated the incorporation of triple bonds in linear oligo-
(thienylethynylene)s and studied their applications in elec-
tronic devices as “molecular wire8".Yet, so far few
dendrimers containing thienylethynylene units have been
reported, possibly because of the difficulty in synthesizing
such molecules with well-controlled structures.

In this communication, we present an efficient preparation
of novel dendrimers€s0 and G1, which contain building
block 1 as the branching moiety joining oligo(thienylethy-
nylene) units of different lengths. The photophysical proper-
ties of these dendrimers are also investigated. Our design is
to establish a gradient in the length of the thienylethynylene
units from the dendrimer periphery to the core. The longer
oligo(thienylethynylene)s near the core of the dendrimer not
only allow the energy to be funneled inward but also entail
a greater void at the molecule interior and reduce congestion
around building blocKL at higher generation. Considering
the large number of steps required in the synthesis, we
achieved these dendrimers via a mixed divergent/convergent
growth approach based on the large building blocks obtained 3 .
through either divergent or convergent synthetic methods. 92",2??g;’gﬁj{;‘ggg"gﬁf’;ﬁé:};Lﬁy%%@fﬁfg%i .c(:(,;)zi)h,
In our syntheses, two protocols, the Sonogashira and Wittig, | pa -78°C 1 h. i) I, -78 °C to 1t, 76%.
followed by a dehydrohalogenation reaction, were alterna-
tively utilized to construct the carbetrtarbon triple bond.
These dendritic compounds exhibit good solubility in com- A Sonogashira coupling o2 with 3° catalyzed by Pd(0)
mon organic solvents. The relationships of their structures afforded Compoun@ﬂ._ A deprotonation ofd by LDA at a
and properties have been investigated. Unusually broadjow temperature followed by its reaction with iodine
absorptions were observed, rendering these dendrimers googroduced the corresponding triiodo compousidn 76%
candidates as antenna molecules for light harvesting. yield.10 A Wittig reaction betwees!! and bromomethylene-

Schemes 1 and 2 illustrate the synthetic approaches to theriphenylphosphorane followed by further treatment with
branches and the core. Thiophene-functionalized trugéne potassiumtert-butoxide afforded? having a monoterminal

was easily converted to compouBdby treatment with NIS. acetylene in 72% vyielé? Compound8 was obtained by
reacting aldehydeés with NIS. The Sonogashira reaction
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éw- Ch?ngsgg-1E99‘|11,éél§,3‘;53;g45254% ((b)) ;<(u, % moore,j-gngew product9, which was significantly more polar due to the
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(4) (@) Peng, Z.; Pan, Y.; Yu, B.; Zhang, J. Am. Chem. So@000, Wittig reaction.

122, 6619-6623. (b) Melinger, J. S.; Pan, Y.; Kleiman, V. D.; Peng, Z.;  The final steps td&50 and G1 are outlined in Scheme 3.
Davis, B. L.; McMorrow, D.; Lu, M.J. Am. Chem. So2002 124, 12002~ T h desired h di . . h
12012. (c) Pan, Y.; Lu, M.; Peng, Z.; Melinger, J.5.0rg. Chem2003, 0 suppress the undesired homodimerization, the more

68, 6952-6958. (d) Atas, E.; Peng, Z.; Kleiman, Y. Phys. Chem. B00S5, reactive catalyst, R@ba)y, was employed in the final

109, 13553—13560. ; P 2ab 1 :
(8 (@) Pillow, J. N. G.: Halim, M.: Lupton, J. M.. Burn, P. L.: Samuel, Sonogashira reactiof? It is noteworthy that the final

1. D. W. Macromoleculed999,32, 5985—5993. (b) Adronov, A.; Fréchet,

J. M. J.Chem. Commun200Q 1701-1710. (c) Cotlet, M.; Vosch, T.; (9) D’Auria, M.; de Mico, A.; D'Onofrio, F.; Piancatelli, GGazz. Chim.
Habuchi, S.; Weil, T.; Mdllen, K.; Hofkens, J.; De Schryver, F-.Am. Ital. 1989,119, 201—202.
Chem. Soc2005,127, 9760—9768. (10) Ringenbach, C.; De Nicala, A.; Ziessel, ROrg. Chem2003,68,
(6) (&) Wu, R.; Schumm, J. S.; Pearson, D. L.; Tour, JJMDrg. Chem. 4708—4718.
1996,61, 6906—6921. (b) Tour, J. MChem. Rev1996,96, 537—554. (c) (11) The structure of compourgiwas verified by*H, 13C NMR, MS,
Pearson, D. L.; Tour, J. Ml. Org. Chem1997,62, 1376—1387. and elemental analysis. The procedure to make described in another
(7) Pei, J.; Wang, J.-L.; Cao, X.-Y.; Zhou, X.-H.; Zhang, W.<-BAm. publication. Wang, J.-L.; Duan, X.-F.; Jiang, B.; Gan, L.-B.; Pei, J.; He,
Chem. Soc2003,125, 9944—9945. C.; Li, Y.-F. J. Org. Chem2006, in press.
(8) Melucci, M.; Barbarella, G.; Zambianchi, M.; Di Pietro, P.; Bongini, (12) Matsumoto, M.; Kuroda, KTetrahedron Lett198Q 21, 4021-
A. J. Org. Chem2004,69, 4821—4828. 4024.

2282 Org. Lett, Vol. 8, No. 11, 2006



Scheme 2. Synthesis of Branches of the Dendrimers

R= I’I-CeH13 Ri

Scheme 3. Synthesis 0G0 andG1

Reagents and conditions: (a) Pd,(dba)s, Cul, PPhs, EtsN,
40 °C,10 h, 90% for GO, 82% for G1.

Reagents and conditions: (a) i) Br,CH,PPhs, KOBu, -78 °C,
1 h. i) KO'Bu,-78 °C,1 h, 72% for 7, 71% for 10. (b) NIS,

CH,Cl,/AcOH, 0°C, 2 h, 98% (c) Pda(dba)s, 7, Cul, PPhs, EtsN,
40°C, 10 h, 87%.

Sonogashira couplings afforded0 and G1 in excellent
yields (90% and 82%, respectively), which were quite

343 nm owing to the same moiety, the thiophene-function-
alized truxene chromophorelhe absorption oft exhibited
a maximum peak at 398 nm with a minor shoulder peak at
343 nm. Another absorption peak was observed30r 10,

satisfying for the preparation of such large dendrimers. Thus,_

owing to the stiff nature of the truxene unit, a rapid growth
in the size of these dendrimers was efficiently achieved by
such a double-stage divergent/convergent growth approach.
As we anticipated, all compounds were readily soluble in
common organic solvents. All new compounds were fully
characterized, and their structures were verifiedtdyand
13C NMR, elemental analysis, as well as MALDI-TOF MS.
IH NMR spectra of the dendrimers became complicated with
the increasing generation, bGtl does possess the correct
ratio of aliphatic and aromatic protons in agreement with
the expected dendritic structure (see the Supporting Informa-
tion).
The photophysical properties of all dendrons and den-
drimers were first examined in dilute THF solution (ca-40
M) as shown in Figure 1. Then, thin films used for BVis
and fluorescence measurements were obtained by spin
coating toluene solution (ca. 10 mg/mL) onto quartz plates
at 1000 rpm. All compounds exhibited excellent film-forming
properties. Photophysical data from both the solutions and
thin films are summarized in Table S1 (see the Supporting

Information). Figure 1. Absorbance (top) and emission (bottom) spectra of the
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The absorption spectra of the core uhitdendrons and dendrimers in THF solution at room temperature.

10, and dendrimer&0 and G1 exhibited a peak at about
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andG1 at 398, 395, and 410 nm, respectively. We observed

shown in Figure 2, the same phenomena were also observed

that the effective conjugation length was enhanced with the for G1. All emission behaviors of the dendrimers were
increasing dendrimer size because longer chromophores weréindependent of the excitation wavelengths. These results

incorporated. In addition, this family of dendrimers covered

further demonstrated that our dendrimers may be promising

a much broader absorption range than meta-linked dendrim-candidates as light harvesting materials for optoelectronics

ers$ Especially in the case d1, the absorbance ranged
from 250 to 490 nm. The molar extinction coefficient®1

was 2.7x 10® M~1 cm™%, which was higher than those of
other dendrimerd? It suggests a potentially significant
improvement in the energy utilization efficiency if our

devices.

We also investigated the behaviors of absorption and
emission of our dendrimer in thin films (see the Supporting
Information). We observed that their absorption spectra in
films were nearly identical with those in solution, without

dendrimers are used in the light harvesting application. The showing a significant red shift, which implied that intermo-

excitation spectra of both dendrimers were also similar to
their absorption ones (see the Supporting Information).
The emission behaviors of all compounds showed well-
defined vibronic structures. As shown in Figure 1, the
maximum emission wavelengths G0 andG1 are 444 and
468 nm, respectively. A red shift of the fluorescence emission
maximum was observed foB1. As shown in Figure 2,

Figure 2. Emission spectra &0 (top) andG1 (bottom) recorded
at varied excitation wavelengths in THF solution at room temper-
ature.

regardless of the various excitation wavelengths (343, 355,

and 398 nm), nearly identical emission maxima and behav-
iors were found foiGO. A complete overlap was observed
between the absorption d&0 and the emission of its
corresponding donor unit, which may suggest an efficient
intramolecular energy transfer within molec@®. As also

2284

lecular interaction in the ground states might be suppressed
in films, possibly because of such large sizes of the molecules
with multiple hexyl substituents and truxene moieties.
However, their emission spectra in film states became very
broad and featureless, and the maximum peaks were red
shifted by 33 nm folGO and by 23 nm folG1, respectively,

in comparison with those in dilute solutions, which indicated
that the excimer foGO andG1 was formed in the excited
states. Moreover, we also found that more efficient energy
transfer in films was exhibited due to both the intermolecular
and the intramolecular energy transfer.

In conclusion, the synthetic strategy outlined herein
represents a double-stage divergent/convergent growth ap-
proach without any protectierdeprotection chemistry, and
it was used to construct novel gradient dendrin@fsand
G1. These two dendritic structures contain up to four and
ten thiophene-functionalized truxenes, respectively, with an
increase in the length of thienylethynylene spacers with
generation. They were achieved with full control over the
molecular architecture by a sequence of coupling reactions,
leading to expanded, rigid structures. The photophysical
properties of these dendrimers, characterized by very broad
absorptions and efficient intermolecular and/or intramolecular
energy transfer, make them promising light harvesting
materials.

Acknowledgment. This work was supported by the Major
State Basic Research Development Program (2002CB613402)
from the Minister of Science and Technology, China, and
the National Natural Science Foundation of China (NSFC
20425207, 50473016, 20521202, and 20544004).

Supporting Information Available: Experimental pro-
cedures and characterization data for all new compounds.
This material is available free of charge via the Internet at
http://pubs.acs.org.

OL0605427

Org. Lett, Vol. 8, No. 11, 2006



