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Ladder molecules with annelatedconjugated frameworks are
promising materials for broad applications in organic-based devices,
including light-emitting diodes, thin film transistors, and optically
pumped lasersTheir rigid coplanar structures promise enhanced
sr-conjugation, which leads to a set of desirable properties, such as
intense luminescence and high carrier mobility. The recent persistent
interest in this field has led to considerable progress in the synthesis
of various types of molecules, such as ladder oligo- or pely(
phenylene)s with carb8ror heteroatom bridgespolyacenes and
heteroacenesand relatedr-conjugated systentsHowever, only
limited attention has been paid to phenylenevinylene-based ladder
molecules, probably due to the lack of efficient synthetic robites.
As an example, Barton recently reported the synthesis of bis-silicon-
bridged stilbend. by the elegant rearrangement of 5,6-disiladibenzo-
[c,dlcyclooctynes and installed this skeleton as a pendant group
on polymeric system&We also independently reported the efficient
route to the silicon-bridged stilbene derivatives based on a newly
developed cyclizatioAHowever, tetrakis-silicon-bridged bis(styryl)-
benzene2 thus prepared was the longest example of the ladder
oligo(phenylenevinylene)s (LOPVs) reported thus far. Therefore,
the exploring of more efficient and general routes to the longer
ladder systems has been a compelling subject in our research. W
now report the first versatile synthetic methodology for the LOPVs
and relatedr-electron systems annelated with silicon and carbon
bridges. This methodology allows us to synthesize a homologous
series of molecules up to a 13-ring-fused system.
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Our strategy for the construction of the Si,C-bridged LOPV
skeleton is to combine two types of cyclization, that is the intra-
molecular reductive cyclization of morméilylphenyl)acetylene
derivatives and the FriedeCrafts-type cyclization with a Lewis
acid. We recently reported the former reaction as an efficient method
for the preparation of various functionalized silaindehesile the
latter electrophilic cyclization has been broadly employed to
synthesize the ladder oligo- or pofyphenylene)s.

We first examined the reactions of two kinds of starting materials
i.e., 1,4-bis(phenylethynyl)benzen8sand 6 that have two silyl
groups at the terminal and central benzene rings, respectively. Thus
the treatment oB with 4 mol amounts of lithium naphthalenide
(LiNaph) followed by trapping the produced dianionic species with
excess benzophenone gave a dolin 84% yield. The next
electrophilic cyclization o# was carried out using BFOEY, as a
Lewis acid. Upon the addition of BFOEt, to a CHCI, solution
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of 4, the cyclization immediately took place as indicated by the

ppearance of a strong fluorescence, and the desired Si,C,C,Si-
bridged bis(styryl)benzeriewas obtained in 96% yield as a bright
yellow solid (Scheme 1). No other regioisomers were detected.
Similarly, starting from6, the successive two-step procedures
afforded the C,Si,Si,C-bridgefflin 64% overall yield via a dio¥.
Advantageously, the substituents on the carbon bridges can be easily
modified by changing the ketones. For example, the use of
fluorenone instead of benzophenone resulted in producing fluorene-
bound bis(styryl)benzen@ (Chart 1) that has an interesting spiro
structure (Supporting Information).
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These results indicate thaa-6ilylphenyl)acetylenéd and 2,5-
bis(silyl)-1,4-diethynylbenzenB can serve as synthetic equivalents
of the 3-ring-fused terminating urit’ and 5-ring-fused spacer unit
B', respectively, since the starting acetylenic materials of the present
methodology are readily obtainable by the Sonogashira coupling
'of A or B with appropriate halogenatedsystems. On the basis of
this idea, we carried out the synthesis of more extended ladder
molecules as shown in Chart 1. Thus, the 9-ring-fused compound
10, consisting of two terminating unit&’ and a fluorene spacer,
was prepared from compourd and 2,7-diiodofluorene by the
three-step reaction, which included the Sonogashira coupling of
these compounds, the reductive cyclization, and the electrophilic
cyclization. Similarly, the use of 2-iodofluorene and compoénd
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Chart 1 Table 1. Photophysical Data for LOPVs and Related Compounds
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= rescein as a standard.

Y " nm with a slight decrease i®r. As a consequence, the emission

12 colors varies from bludO to greenll to yellow 13. As for the

Hex, Hex ¢ electrochemical properties, the cyclic voltammetry of the LOPV
13 has been investigated as a representative example. This
compound shows two quasi-reversible redox processes both for the
£ v Hex oxidation €y, 0.34, 0.64 V vs Fc/Fg and reduction . —2.51,
13 —2.84 V vs Fc/Ft), indicative of its potential as an ambipolar

carrier transporting material. Further studies on the solid-state

as the starting materials resulted in producing the 11-ring-fused electronic properties, such as the carrier mobility and luminescence
system11 in which two fluorene skeletons were connected with properties, for this series of ladder molecules are currently in
the 5-ring ladder unitB'. Finally, we have succeeded in the progress.
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