Synthesis of Novel Ladder

Bis-Silicon-Bridged  p-Terphenyls

Liangchun Li, Junfeng Xiang, and Caihong Xu*

ORGANIC
LETTERS

2007
Vol. 9, No. 23
4877—4879

Beijing National Laboratory for Molecular Sciences (BNLMS), Institute of Chemistry,

Chinese Academy of Sciences, Beijing 100080, China
caihong@iccas.ac.cn

Received September 10, 2007

ABSTRACT
R R
N/
Si
O O O Py
2) R,SiCl, S
R R

The tetralithiation reaction of 2,2
On the basis of this convenient method, a series of new ladder-type
and photophysical properties are described.

',5',2""-tetrabromo- p-terphenyl followed by a double silacyclization produces bis-silicon-bridged
p-terphenyl derivatives have been synthesized. Their crystal structures

p-terphenyls.

Laddersz-conjugated molecules have attracted considerable Significant progress has recently been made in the
attention in the past decades, due to their fascinating synthesis of laddet-conjugated molecules containing silole

properties relating to organic electronics and optoelectrdnics.

As a representative example, ladder-type oligo- or gmly(
phenylene)s with carbéror heteroatom bridgésiave been
extensively studied, and their significant potentials for

units® However, little attention has been paid to the silicon-
bridged ladder oligo- or polptphenylene)s. Until very
recently, the first example of a bis-silicon-bridgeterphenyl
had been synthesized by Murakami and co-workers on the

applications have been proven by recent research. On thebasis of the elegant iridium(l)-catalyzed doubletf2 + 2]

other hand, incorporation of the silole unit inteconjugated
molecules has also received keen intefeshe o*—na*
conjugation in the silole ring effectively decreases the LUMO
level and makes this ring attractive as a building unit for
new z-systems.
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In this paper, we disclose a new entry into this class of

coupling reaction betweeb and the boronic esterka—1c

molecules formed by a sequential tetralithiation and double successfully produces the target 'HZ22'"-tetrabromo-p-
silacyclization reactions. Crystal structures and fundamentalterphenyls3a—3cin moderate (5864%) yields. The flex-

photophysical properties of the new molecules will also be
reported.
The reaction of dichlorosilanes with 2-@ilithiodiphenyl

ibility of this synthetic sequence allowed us to introduce
different substituents at the 5,positions ofp-terphenyl and
thus prepare symmetrical or unsymmetrical tetrabrgmo-

generated from biaryl halide has been a common methOdterphenyls_ In addition3a was also prepared in a one-step

for the preparation of silafluorenes, for example, diben-
zosilole derivative4f We envisioned that bis-silicon-bridged
p-terphenyl could be synthesized in a similar way by the
reaction of dichlorosilane with 2,.%',2"-tetralithio-p-ter-
phenyl (Scheme 1). As the lithiurhalogen exchange

X X

reaction of aryl bromide with organolithium conveniently
produces aryllithium8 the key point for this synthetic route
is the preparation of 2,2',5',2"-tetrabromo-p-terphenyl.

Scheme 2. Synthesis of 2,2',5',2"-Tetrabromo-p-terphenyls
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Scheme 2 depicts the synthetic route to',3,2"-tetra-
bromop-terphenyls. The palladium-catalyzed Suzuki
Miyaura cross-coupling reaction of 1,4-dibromo-2,5-diiodo-
benzene with 2-(2-bromophenyl)-1,3,2-dioxaborinane in the
presence of KPOy-7H,0 in DMF produces 2,5;Zribromo-
4-iodobiphenyR2 in an isolated yield of 44%. Then another
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procedure by selective double cross-couplind@and 1,4-
dibromo-2,5-diiodobenzene in 87% vyield.

With the 2,2',5',2""-tetrabromo-p-terphenyls in hand, we
then carried out the synthesis of bis-silicon-bridged
terphenyls by sequential tetralithiation and double silacy-
clization reactions. We first examined the tetralithiation of
2,2' 52" -tetrabromo-p-terphenga. The initial attempt to
react3a with n-BuLi in THF failed, and an unidentified
material was obtained, although the tetralithiation proceeded
well in diethyl etherp-Terphenyl was formed in high yield
when the mixture was quenched with water. The reaction of
3 with 4 molar amounts ofi-BuLi, followed by addition of
the resulting mixture to a solution of dichlorosilane in diethyl
ether, produces bis-silicon-bridgpeerphenyl in moderate
yield (Scheme 3). The substituent$ &d R in dichloro-

Scheme 3. Synthesis of Bis-Silicon-Bridgeg-Terphenyls
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silane have a substantial effect on the yieldloThe use of
HMeSiClL producestain 49% vyield, and the use of Me
SiCl, and MeViSiC} produce4b and4c with yields of 34
and 32%, respectively. Lower yields were found for the
preparation ofAd and4e, in which PBSICl, was used. The
double silacyclization was presumably affected due to the
increase of steric hindrance when moving from H, Me, vinyl
to the Ph group. When 5,5-dichlorodibenzosilole was allowed
to react with the tetralithiated intermediate, the bis-silicon-
bridged bispirop-terphenyldg was obtained in 33% yield.

4g
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Among the newr-electron systems produced, the struc- ||| NG

tures of compoundb and4d have been determined by X-ray
crystallography, as shown in Figure 1. Both compounds have
highly coplanavz-conjugated frameworks due to the silicon

bridges. The dihedral angles between the central and the outer

benzene rings are only 1.9®r 4b and 2.31%or 4d. These
results suggest that theconjugation is effectively extended

over the entire molecules. Substituents attached to the silicon

(a) Wﬁ%@,@{%ﬁsb

Table 1. Photophysical Properties of Bis-Silicon-Bridged
p-Terphenyls and Related Compounds

UV—vis absorption® fluorescence?®
compd Amax/DM® log € Amax/DM¢ Dy
4a 324 4.30 389 0.50
4b 322 4.25 370, 384 0.45
4c 325 4.55 373, 389 0.50
4d 328 4.03 380, 395 0.56
4e 334 4.38 397 0.40
4af 327 4.50 387 0.51
4g 329 4.04 394, 408 0.59
5¢ 333 4.83 340, 356 0.73
(4 328 345, 360 0.36

a|n dichloromethane? All compounds show vibronic absorption spectra.
Only the longest absorption maxima are liste&xcited at 324 nm.
d Determined with anthracene as a standard. ®hes the average values
of repeated measurements withi% errors e From ref 10.f From ref 2e.

Figure 1. ORTEP drawings of compourgb: (a) side view and
(b) top view.

atoms strongly influence the crystal packirp arranges
into a herringbone motif along thee-axis with an angle of
66° between the adjacent disilaindenofluorene backbones,
while in the packing ofid, each molecule stacks in a parallel
fashion (see Supporting Information).

The fluorescence spectra of the ladder-type silicon-bridged
p-terphenyl in dichloromethane solution are shown in Figure
2, and their photophysical data are summarized in Table 1,

Normalized Intensity (au)

340 360 380 400 420 440 460 480 500
Wavelength (nm)

Figure 2. Normalized fluorescence spectra of compou#adsib,
4c, 4d, 4e, 4f, and4g in dichloromethane.

together with the data o6 and 6 for comparison. All
compounds exhibit absorption maxima at 3&34 nm,
while the emission maxima of the silicon-bridged compounds
4a—4f are at longer wavelength (by more than 20 nm)
compared with the indenofluorene analogbesd6. These

Org. Lett, Vol. 9, No. 23, 2007

phenomena are different from those of the bridged stilbene
homologues. In the latter, the silicon bridge significantly
shifts both the absorption and emission maxima to a longer
wavelengtH® It is also noteworthy that all silicon-bridged
compounds have comparable fluorescence efficiency to that
of the carbon-bridgeg-terphenyls. This fact is in accordance
with the result that the incorporation of the silicon moieties
does not necessarily decrease the quantum yield in ladder
m-electron material$.

In summary, we have developed a new synthetic route to
ladder bis-silicon-bridgeg-terphenyls by a sequential te-
tralithiation and double silacyclization reactions. This con-
venient route allows us to synthesize a series of new
fluorescent bis-silicon-bridgeg-terphenyls. The ease of
structural modification of both the silicon moiety and the
aromatic backbone provides the possibility to construct
various newgs-conjugated systems based on bis-silicon-
bridged p-terphenyls. Further studies on the electronic
properties of the present compounds as well as the incor-
poration of the ladder units inte-conjugated polymers are
underway in our laboratory.
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