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ABSTRACT

We have synthesized a series of novel coplanar chromophores in which heteroarenes, namely, thiophene, benzothiophene, and carbazole,

were fused to neighboring phenylene ring(s) through intramolecular annulation via sp 3-hybridized carbon atoms bearing two  p-tolyl groups as
peripheral substituents. The molecular configurations of the mr-conjugated backbones were determined by X-ray crystallographic analysis; the
heteroarene-fused molecular frameworks of these novel molecules exhibit nearly coplanar conformations.

Polymeric and oligomeri@-conjugated materials possessing natively, the physical behavior afconjugated materials can
coplanarz-conjugated backbones, such as the ladder-typebe modulated, often dramatically, by incorporating hetero-
poly(p-phenylene)s (LPPP5have become the subject of a arenes directly as constituents of the conjugated backbones,
considerable degree of interest for their use in optoelectronicsfacilitating ready manipulation of the electronic structutes.
applications because of their enhanced degreeainjuga- In this Letter, we report the syntheses and solid-state
tion,2 highly efficient photoluminescence, and remarkable structures of novel coplanar chromophores featuring embed-
hole mobility® The superior physical properties of LPPPs ded heteroarenes as constituents of coplanar conjugated
can be ascribed to the conformational rigidity of the coplanar
molecular backbone that is obtained through intramolecular (4)2Yama9U°hir S.; Xu, C.; Tamao, K. Am. Chem. So@003, 125,
annulation. More importantly, the physical properties of " (s)(a) kudoh, K.; Okamoto, T.; Yamaguchi, Srganometallic£20086,
ladder-type materials can be tailored by changing the degree2s, 2374. (b) Wang, C.-H.; Hu, R.-R.; Liang, S.; Chen, J.-H.; Yang, Z.;
of coplanarity between consecutive backbone units or, moreSfa{h‘é"Tgt_r;aE:S;?ﬁgtf’“ﬁgo,a;ﬁ%rf1}2?',\Sﬁa)tesr'."gﬁgglfégg"’;”zeongdS’.R(a;""
effectively, by flattening ther-conjugated molecular frame-  Ahmed, M.; Ashby, J.; Ayad, M.; Meth-Cohn, @. Chem. Soc., Perkin
work by incorporating heteroatoms, such as sili¢snlfur? Trans. 11973, 1099.

. . . 6) Okamoto, T.; Kudoh, K.; Wakamiya, A.; Yamaguchi,Srg. Lett.
selenium boron! and nitroger? as bridging atoms. Alter- 2085),7, 5301. Y 9 9

(7) Agou, T.; Kogayashi, J.; Kawashima, Org. Lett.2006, ASAP.

(1) (a) Scherf, UJ. Mater. Chem1999,9, 1853. (b) Grimsdale, A. C.; (8) (a) Wakim, S.; Bouchard, J.; Blouim, N.; Michaud, A.; Leclerc M.
Millen, K. Angew. Chem., Int. EQ005,44, 5592. Org. Lett. 2004, 6, 3413. (b) Nozaki, K.; Takahashi, K.; Nakano, K.;
(2) (a) Setayesh, S.; Marsitzky, D.; Miillen, Klacromolecule2000, Hiyama, T.; Tang, H.-Z.; Fujiki, M.; Yamaguchi, S.; Tamao, Kngew.

33, 2016. (b) Jacob, J.; Zhang, J.; Grimsdale, A. C.; Miillen, K.; Gaal, M.; Chem., Int. Ed2003,42, 2051.
List, E. J. W.Macromolecule®003,36, 8240. (9) Wong, K.-T.; Hwu, T-Y.; Balaiah, A.; Chao, T-C.; Fanf, F.-C.; Lee,
(3) Hertel, D.; Scherf, U.; Béasseler, Adv. Mater.1998,10, 1119. C.-T.; Peng, Y.-COrg. Lett.2006,8, 1415.
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backbones. Because of their intrinsic coplanarity, ladder-type bridged by the two sphybridized carbon atoms was almost
materials usually exhibit strong intermolecuars interac- coplanar. Thep-tolyl groups occupying the top and bottom
tions, and hence, they tend to be crystalline. Unfortunately, faces of the molecular plane were arranged with a dihedral
non-homogeneous crystalline systems that feature grainangle of ca. 15.3%
boundaries of various sizes often cause problems in device The acid-mediated intramolecular ring closure between a
applications. In our present approach, the introduction of aryl tertiary hydroxyl group and adjacent arene(s) is a useful
groups as peripheral substituents of the coplanar backboneeaction for establishing the coplanarity of a conjugated
impedes the intermolecular interactions between the mol- backbone. This versatile synthetic strategy provides the
ecules quite efficiently, leading to their exhibiting amorphous flexibility to introduce various heteroarenes as constituent
morphologies, which is crucial for practical applications in parts of the conjugated backbone to effectively manipulate
organic light-emitting diodes (OLEDS). the energy levels, as well as the electronic behavior, of the
Scheme 1 depicts the syntheses of three thiophene-im-resulting coplanar molecules. Along this line, Pd-catalyzed
planted coplanar chromophores that feature aryl substituentsNegishi coupling reaction of diethyl 2,5-dibromoterephthalate
with 2-thienyl zinc chloride, which was generated in situ
through transmetalation of a corresponding 2-thienyl Grig-
nard reagent with Znglafforded the doubly coupled product
4in 73% yield (Scheme 2}
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nothiophenes1 were reacted with ethyl 2-iodobenzoate in
the presence of catalytic amounts of Pd(BPland co-
catalystt-BugP to yield the coupling product® in good
yields. The additions of excess amounts of aryl Grignard  After the double addition and acid-promoted intramolecu-
reagents, which we prepared in advance from the corre-lar cyclization reaction sequence, we isolated a new chro-
sponding aryl bromides, onto the ester group of compoundsmophore,p-thiophene-phenylene-thiophene (5 in 65%
2 gave the corresponding alcohols as intermediates. Withoutyield (Scheme 2); we confirmed its coplanar structure
further purification, these crude alcohols were subjected to through X-ray crystallographic analysis (Figure S-1, Sup-
acid-catalyzed intramolecular annulation to afford the co- porting Information).°
planar phenylene—thiophene—phenylene systgimsgood The degree ofr-conjugation can be extended effectively
isolated yields. The flexibility of this synthetic sequence by increasing the degree of coplanarity of a backbone unit.
allowed us to introduce different aryl substituents, which we Thus, the Suzuki coupling of diethyl 2,5-dibromoterephtha-
expected to exert subtle influences on the molecular mor- late with benzothiophene boronic acid afforded the bis-
phologies and physical properties. (benzothienyl)phenylen@ in excellent yield. A subsequent
We characterized the molecular structur@otising X-ray ring-closure strategy provided the new coplanar chromophore
crystallography (Figure 1). The-conjugated molecular plane 7, which can be regarded as a coplanar distyrphgnylene
flattened through the incorporation of two different bridging
] atoms (i.e., carbon and sulfur) (Scheme 3). This compound
serves as a new member of the family of coplanar oligo-
(phenylenevinylene) (OPV) derivatives that contain bridging
silicon and silicort, silicon and carbo@? and sulfur and
carboi® atoms.

j j i) I (10) Crystal packing diagrams and the analyses of possible intermolecular

Y _\,.-\ )/ Vs interactions of molecule3c, 5, 7, 9, and15 are provided in the Supporting
o y L _1 Information.

(11) A polymer related to this structure has been reported previously.
. . . . Forster, M.; Annan, K. O.; Scherf, WMacromolecules1999,32, 3159.

Figure 1. (a) Top and (b) side views of the solid-state structure (12) (a) Xu, C.: Wakamiya, A.; Yamaguchi, $.Am. Chem. So€005,
of 3c. 127, 1638. (b) Yamaguchi, S.; Xu, C.; Yamada, H.; Wakamiya,JA.
Organomet. Chen005,690, 5365.
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We confirmed the nearly flat molecular structurebafsing
X-ray crystallography (Figure 3); the two fused thiophene
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X-ray crystallographic structural analysis af con-

firmed the relative coplanarity of this molecule’s backbone _

(Figure 2).
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g;g7u.re 2. (a) Top and (b) side views of the solid-state structure rings were twisted by 5.6 and 2,Xespectively, in relation

to the central phenylene rir§.

Carbazole-based conjugated oligomers and polymers are

Interestingly, the bridging carbon atoms appear somewhatoften used as hole-transporting materials, as well as host
deviated from the planar structure, leading to a slightly materials'®in organic light-emitting devices (OLEDs). Much
twisted molecular plane having a dihedral angle of°6.7 research effort has been exerted toward the realization of
between the central and terminal phenylene units (rings 1carbazole derivatives for optoelectronic applications. We
and 4)1° applied our present synthetic protocol to the synthesis of

Both theoretical calculatiofdand practical examplé&s coplanar chromophores containing carbazole units as core
have indicated that the energy levels, as well as the electronicstructural features. Recently, interesting carbazole-based
properties, ofrw-conjugated molecules can be modulated coplanar molecules were reported that featured phenylene
when they adopt different molecular geometries. Using a substituents at the C2 and C7 positions of their carbazole
similar synthetic pathway (Scheme 4), we synthesized the units; their molecular planes were subsequently flattened at
m-thiophene—phenylene—thiophefieas a novel coplanar the electron-rich sites (e.g., C3 and C6) of the carbazole
molecule to serve as a counterpart when determining themoiety!” We became intrigued to extend theconjugation
physical properties of the linear ison&rNegishi coupling of carbazole in a different manner—through intramolecular
of thienyl zinc chloride and diethyl 4,6-dibromoisophthalate ring closure of aryl substitutions at the C3 and C6 positions.
afforded the dieste8 in excellent yield. Subsequent addition This approach led us to prepare the interesting carbazole-
of a p-tolyl Grignard reagent onto the ester groups8of containing coplanar chromophot® (Scheme 5).
followed by intramolecular annulation, gave the target The electron-rich C3 and C6 positions of carbazole are

product9 in an isolated yield of 58%? functionalized quite readily; thus, we treated 3,6-dibromo-
(13) Avilov, I.; Marsal, P.; Brédas, J.-L.; Beljonne, Bdv. Mater.2004 (16) (a) Tsai, M.-H.; Lin, H.-W.; Su, H.-C.; Wu, C.-c.; Fang, F.-C.; Liao,

16, 1624. Y.-L.; Wong, K.-T.; Wu, C.-.Adv. Mater.2006,18, 1216. (b) Yeh, S.-J.;
(14) (a) Brunner, K.; van Dijken, A.; Borner, H.; Bastiaansen, J. J. A. Wu, M.-F.; Chen, C.-T.; Song, Y.-H.; Chi, Y.; Ho, M.-H.; Hsu, S.-F.; Chen,

M.; Kiggen, N. M. M.; Langeveld, B. M. WJ. Am. Chem. So2004,126, C.-H. Adv. Mater.2005,17, 285. (c) Tokito, S.; lijima, T.; Suzuri, Y.;

6035. (b) van Dijken, A.; Bastiaansen, J. J. A. M.; Kiggen, N. M. M.;  Kita, H.; Tsuzuki, T.; Sato, FAppl. Phys. Lett2003,83, 569. (d) Holmes,
Langeveld, B. M. W.; Rothe, C.; Monkman, A.; Bach, I.; Stéssel, P.; R. J.; Forrest, S. R.; Tung, Y.-J.; Kwong, R. C.; Brown, J. J.; Garon, S.;
Brunner, K.J. Am. Chem. So®004,126, 7718. Thompson, M. EAppl. Phys. Lett2003,82, 2422 .

(15) The coplanar moleculésand9 may serve as useful core structures (17) (a) Qin, S.; Liu, L.; Wang, B.; Shen, F.; Zhang, W.; Li, M.; Ma, Y.
for developing potentialz-conjugated oligomers or polymers because Macromolecule005,38, 6782. (b) Patil, S. A.; Scherf, U.; Kadashchuk,
halogenations can be performed readily at the C2 positions of terminal A. Adv. Funct. Mater2003,13, 609. (c) Mishra, A. K.; Graf, M.; Grasse,
thiophene moieties. We are currently investigating such reactions. F.; Josemon, J.; List, E. J. W.; Mlllen, IChem. Mater2006,18, 2879.
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Figure 4. (a) Top and (b) side views of the solid-state structure
of 15.

N N
@ 2) HoAcHal @ position of the carbazole and, sequentially, forces the second
85% Ar = 4-CH;Ph . . .
annulation to occur at the C7 position. In Figure 4, we
observe that the terminal phenylene rings are twisted slightly

O A O A O from the molecular plane o015, leading to a nearly flat
A A ' o O A=) structure having dihedral angles of 6.7 (between rings 1 and
a’ond ) TH; Ar O <) 2), 6.8 (rings 2 and 3), and 2.Qfings 3 and 4§°
N In summary, we have achieved an efficient syntheses of a
@ © series of novel coplanar chromophores that feature phenylene

ring(s) fused to heteroarenes, namely, thiophene, ben-
zothiophene, and carbazole. The carbon atoms bearing the
two p-tolyl groups flatten their respective phenylene(s) and
9-phenylcarbazole witm-BuLi at —78 °C, followed by adjacent heteroarene(s) units to afford nearly coplanar
quenching of the dilithiated intermediate with 2-isopropoxy- Mmolecular configurations of the conjugated backbones, which
4,45 5-tetramethyl-[1,3,2]-dioxaborolane, to obtain the bis- We confirmed through X-ray crystallography. The structure
(pinacol boronate) 1in 82% vyield. Suzuki coupling of the ~ Property relationships and potential applications in OLEDs
diboronatel 1 with ethyl 2-iodobenzoate afforded the diester ©Of these new compounds are currently under investigation
12 in excellent isolated yield (92%). Subsequent double @and will be reported in due course.

addition of aryl lithium onto the ester groups i, followed ] ] )

by acid-mediated intramolecular annulation, gave the novel Acknowledgment. This study was supported financially
coplanar carbazole-cored chromophi&having two bridg- by the _Natlon_al Sm_ence Council and the Ministry of
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respectively, of the central carbazole moiety. We confirmed
the structure ofL5 through X-ray crystallographic analysis
(Figure 4). We believe that the acid-promoted intramolecular
Friedel—Crafts alkylation of the didl3 occurred initially at

the C4 position of the carbazole to form the alcohé! The
presence of the twp-tolyl groups attached to the bridging
carbon atom presents a sterically congested environment tha
inhibits the second ring closure from occurring at the C5 OL061791Y
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mental procedures; spectroscopic characterization and NMR
spectra of new compounds; crystal data, crystal packing, and
crystal CIF files of compound8c, 5, 7, 9, and 15. This
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pttp://pubs.acs.org.
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