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The addition of oligothiophene into a dendritic structure causes a self-association behavior by intermolecular sr—sr interactions in a solution
and in a solid state. Increasing the generation of the dendritic structure gives not only a high association constant but also sufficient field-
effect hole mobility, which indicates that the charge-transporting passes are formed by the strong -7 interactions.

Oligothiophenes and polythiophenes have been well-studieda precise control of the thermal evaporation conditions for
m-conjugated systems in the past few decades as attractivenolecular materials or a thermal posttreatment for polymer
candidates for active materials for organic thin-film electronic films.? On the other hand, it is more desirable that such a
devices such as organic field-effect transistors (OFETS), stacking structure is formed by simple solution processes,
electroluminescent devices, and solar ckllBhe perfor- such as spin coating, drop casting, and ink-jet printing, which
mances of these devices largely depend on charge-carrielare appropriate for fabricating large area and flexible
mobility, which is enhanced by efficient intermolecular devices® Toward development of such molecular materials,
charge hopping in the organic materials throughx we have designed the incorporation of oligothiophenes into
stacking structures achieved by a high degree of intermo-a dendritic highly branched structure in anticipation of self-
lecular order or a high crystallinity. These desirable packing
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Scheme 1. Synthesis of Dendritic Oligothiophenes
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aggregation properties and enhange¢r stacking interac-

tions? Recently, a number of star-shaped oligothiophenes
and thiophene dendrimérhave been prepared, and some
of them were applied to OFETs and solar cells. In this
communication, we report the synthesis of the dendritic
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S.; Wiesler, U.-M.; Berresheim, A. J.; Millen, K.; De Schryver, F. C.
Langmuir2002,18, 2385—2391.

(5) (@) Ponomarenko, S. A.; Kirchmeyer, S.; Elschner, A.; Huisman, B.-
H.; Karbach, A.; Drechsler, DAdv. Funct. Mater2003,13, 591—596. (b)
Pei, J.; Wang, J.-L.; Cao, X.-Y.; Zhou, X.-H.; Zhang, W.-BAm. Chem.
S0c.2003,125, 9944—-9945. (c) de Bettignies, R.; Nicolas, Y.; Blanchard,
P.; Levillain, E.; Nunzi, J.-M.; Roncali, Adv. Mater.2003,15, 1939—
1943. (d) Nicolas, Y.; Blanchard, P.; Levillain, E.; Allain, M.; Merciar, N.;
Roncali, J.Org. Lett.2004,6, 273—276 and references cited therein. (e)
Sun, Y.; Xiao, K.; Liu, Y.; Wang, J.; Pei, J.; Yu, G.; Zhu, Bdv. Funct.
Mater. 2005, 15, 818-822. (f) Roncali, J.; Frere, P.; Blanchard, P.; de
Bettignies, R.; Turbiez M.; Roquet, S.; Leriche, P.; Nicolas;T#in Solid
Films 2006,511-512, 567—575. (g) Cravino, A.; Roquet, S.; Leriche, P.;
Alévéque, O.; Frere, P.; Roncali, €Them. Commur2006, 1416—1418.
(h) Cavino, A.; Roquet, S.; Aleque, O.; Leriche, P.; Frére, P.; Roncali, J.
Chem. Mater2006,18, 2584—2590. (i) Roquet, S.; Cravino, A.; Leriche,
P.; Aleveque, O.; Frere, P.; Roncali,J.Am. Chem. So2006 128 3459-
3466.

(6) () Nakayama, J.; Lin, J.-Setrahedron Lett1997 38, 6043-6046.

(b) Xia, C.; Fan, X.; Locklin, J.; Advincula, Qrg. Lett.2002,4, 2067—
2070. (c) Xu, M.-H.; Pu, LTetrahedron Lett2002,43, 6347—6350. (d)
Xia, C.; Fan, X.; Locklin, J.; Advincula, R. C.; Gies, A.; Nonidez, \W.
Am. Chem. So2004, 126, 8735—8743. (e) Mitchell, W. J.; Kopidakis,
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T.; Zhang, H.; Xu, X.; Zhu, DAdv. Funct. Mater2006,16, 917—925.

830

oligothiophenes composed by the thiophene tetramer (4T)
and nonamer (9T) with the 1,3,5-trisubstituted benzene
juncture unit (Scheme 1) and also report on their self-
association properties and the preliminary investigation of
the field-effect mobility of holes.

As shown in Scheme 1, our synthetic strategy for the
dendritic oligothiophenes relies on a convergent method to
reduce the number of reaction sites and on repeating Stille
cross-coupling reactions of large building blocks to suppress
the formation of byproducts that are not separable by
chromatographic techniques. In the beginning, the 4T deriva-
tives 2 and4 were obtained by a Stille coupling reaction of
1 and3awith 3,5-dibromoiodobenzene in 74 and 84% yields,
respectively. Then, the G1 uria was prepared by Stille
coupling of2 with 3ain 58% yield. Eglinton homocoupling
of the deprotected compound & followed by a treatment
of the resulting diyne with N& gave desired1(H)-9T-
G1(H) in 38% yield in three steps. To stabilize the
chemically active terminad-positions of the 4T part$G1-
(Ph)-9T-G1(Ph) was also synthesized by the same route
starting from3c and2. For the synthesis d&2(H)-9T-G2-

(H), the differently substituted G1 unitb was prepared in
60% vyield by the coupling 08b with 4 and converted to
the ethynyl-substituted G2 un@b (71%) via selective
formation of monotributylstannyl derivativéb (79%). Then,
G2(TMS)-9T-G2(TMS) was synthesized according to the
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same route asG1(X)-9T-G1(X), and finally, the TMS chemical shifts of the juncture benzene protons and the
protecting groups were easily removed by TBAF treatment terminal thiophenea-protons were plotted against the
to provideG2(H)-9T-G2(H). Similarly, G2(Ph)-9T-G2(Ph) concentrations in Figure*The shifts of the benzene protons
was prepared by starting from the reactiorBofwith 4. All

of the new compounds were unambiguously characterize.

by 'H and**C NMR spectroscopy and elemental analyses.

The dendritic oligothiophenes are soluble in common organic 78
solvents. It is important to note that MALDI-TOF mass 555
spectra of the dendritic oligothiophenes clearly showed a g A i
sharp molecular ion peak, indicating complete homogeneity EEt 76% "
of the dendritic structure, and it was accompanied by several B '_
aggregation peaks (vide infra). s 1.
The UV-—vis absorption and photoluminescence (PL) 874 =
spectral data of the dendritic oligothiophenes are summarized 5 58 B
in Table 1. The absorption bands are considered as the s "
T — w
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Table 1. Spectroscopic Data of the Dendritic Oligothiophenes concentration / mM

in CH.CI,
Figure 1. Concentration dependence f NMR chemical shifts
compound absmax/nm fltmax/nme ¢ for benzene protons (square) and terminal thiophene protons (circle)
G1(H)-9T-G1(H) 418 558,597 (sh)  0.083 of G1(H)-9T-G1(H) (blue) andG2(H)-9T-G2(H) (red) at 30°C
G1(Ph)-9T-G1(Ph) 429 557,597 (sh)  0.080 in CDCls.
G2(H)-9T-G2(H) 430 563 0.025
G2(Ph)-9T-G2(Ph) 439 590 0.015

exhibit relatively strong concentration dependence, whereas
those of the thiophene protons show little concentration
dependency. These results indicate that the aggregation of
the dendritic oligothiophenes occurs mainly around the star-

superposition ofr—x* transitions of the 4T—Ph, Ph—4T—  shaped juncture moieties. Interestinglyy NMR signals

Ph, and PR9T—Ph chromophores becauseconjugation ~ assigned to the inner and outer benzene rings2{H)-9T-
between the metasubstituted units does not generally éccur. G2(H) showed almost equal upfield shifts, implying that the
Thus, the observed red shifts of absorption maxima with an dendritic oligothiophenes associate overall with each other.
increasing number of branch units as well as with conversion Assuming the dominate association to be mononaémer

of the terminal positions from H to Ph are attributable to equilibrium in solution, we calculated dimerization constants
the increasing participation of the PAT—Ph chromophores. by using nonlinear least-squares fittiigChe highly branched

On the other hand, the observed PL wavelengths of all the G2(H)-9T-G2(H) showed a larg& value of 3480 M* at
dendritic oligothiophenes correspond to the fluorescence only 30 °C, which is 120 times as large as that ®1(H)-9T-
from the 9T moieties regardless of excitation wavelengths, G1(H) (29.2 M™). This is demonstrative of the high self-
which are considered to have been caused by an efficientdssociation potential of the dendritic oligothiophenes as
photoinduced intramolecular energy transfer. The increaseNonpolarz-conjugation systems. Their aggregation is derived
of the number of branching points leads to the drastic from w—x interactions of the two-dimensionally extended
decrease of the fluorescent quantum yield and to broadeningtonjugation systems in contrast with self-associations of most
of the spectrum. This, along with taking into account the reportedz-conjugated systems where solvophobic interac-
tailing absorptions 0fG2(X)-9T-G2(X) to longer wave-  tions of peripheral polar groups dominate!® Preferable
lengths (Figure S3, see Supporting Information), suggestsStrong aggregation behavior in a solid state has been
intermolecular interactions of the 9T units induced by the Ssupported by MALDI-TOF mass spectroscopy of all the

a Jex= 370 nm.P9,10-Diphenylanthracene in cyclohexane as the standard
(¢ = 0.90).

highly branched structure.
Aggregation behaviors d&1(H)-9T-G1(H) and G2(H)-
9T-G2(H) were investigated byH NMR spectroscopy in

CDCls. As the concentration of sample solutions increased,

dendritic oligothiophene¥,which showed a series of regular-

(9) The chemical shifts of juncture benzene proton&a{Ph)-9T-G1-
(Ph) and G2(Ph)-9T-G2(Ph) could not be plotted because their signals
were superimposed on those of the terminal benzene protons.

(10) Nogales, D. F.; Ma, J.-S.; Lightner, D. Aetrahedron1993,49,

all the NMR signals in the aromatic region showed notable 5351 5375

upfield shifts owing tozr—x stacking aggregation. The

(11) Zhao, D.; Moore. J. SChem. Commur2003, 807—818.
(12) Tobe, Y.; Utsumi, N.; Kawabata, K.; Nagano, A.; Adachi, K.; Araki,
S.; Sonoda, M.; Hirose, K.; Naemura, 8. Am. Chem. SoQ002,124,

(7) Recently z-conjugation between the metasubstituted arms has been 5350—5364.

reported: Yamaguchi, Y.; Ochi, T.; Miyamura, S.; Tanaka, T.; Kobayashi,
S.; Wakamiya, T.; Matsubara, Y.; Yoshida, Z3Ji.Am. Chem. So2006,
128, 4504—4505.

(8) Sumi, N.; Nakanishi, H.; Ueno, S.; Takimiya, K.; Aso, Y.; Otsubo,
T. Bull. Chem. Soc. Jpr2001,74, 979—988.
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5698—-5708.
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interval weak but obvious peaks assignable to aggregatedi

monocationic and dicationic species up to 7-mer as shown
representatively by52(H)-9T-G2(H) in Figure 2 and sum- -50 : :
marized in Table S4 (see Supporting Information). Ves =
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Figure 2. MALDI-TOF mass spectrum o62(H)-9T-G2(H). Vos IV

Figure 3. Ips—Vps plot of theG2(Ph)-9T-G2(Ph)FET device at
various gate voltaged/gs).

The electrochemical behavior was investigated by cyclic
voltammetry. On an anodic voltammetric scan (Figure S5, highly branched structure contributes to the higher mobility.
see Supporting Informationfs 1(H)-9T-G1(H) andG2(H)- Because the thin film o&2(Ph)-9T-G2(Ph)showed no peak
9T-G2(H) showed ambiguous broad multioxidation waves, on an XRD measurement, indicating the film is completely
which were irreversible when the scan was repeated, andamorphous, we presume that the dendritic oligothiophene
black materials were deposited on the working electrode, molecules form multidirectional networks through intermo-
indicating that polymerization or decomposition occurred. lecular 7—s interactions of the star-shaped conjugated
The phenyl-cappeds1(Ph)-9T-G1(Ph) also showed ir- moieties.
reversible complex oxidation waves, but they became revers- In summary, we have synthesized the dendritic oligoth-
ible when the scan was repeated within a range-€8.6 V iophenes using highly selective reactions and demonstrated
(Figure S6, see Supporting Information). On the other hand, their strong self-association behaviors and successful ap-
the cyclic voltammogram oG2(Ph)-9T-G2(Ph) exhibited plication to OFET devices. We have been currently inves-
reversible waves during repeated scans up to 1.3 V (Figuretigating the development of further intelligent systems based
S6, Supporting Information), implying that the phenyl-capped on the dendritic oligothiophenes.
highly branched structure could kinetically stabilize its
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