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A series of new rigid rod-like molecules consisting of a dibenzosilole core, ethynylene linkages, and dif-
ferent aryl end-groups has been synthesized by palladium-catalyzed Sonogashira cross-coupling reac-
tions. These compounds exhibit intense blue to green emissions with high quantum efficiencies and
good thermal stabilities.

� 2009 Elsevier Ltd. All rights reserved.
p-Conjugated rigid rod-like molecules containing ethynylene
linkages have attracted considerable interest due to their fascinat-
ing properties relating to organic light-emitting devices (OLEDs),1

phototransistors,2 molecular wires,3 and chemosensors.4 Mole-
cules with various fluorophores, such as fluorene,5 carbazole,6 ben-
zothiadiazole,7 and siloles (silacyclopentadienes),8 have been
constructed. Molecules of this class generally exhibit high photolu-
minescence efficiencies and maximum orientation as a conse-
quence of their extremely stiff, linear backbones.9

On the other hand, in recent years, dibenzosiloles or 9-silafluo-
renes, the silicon-bridge containing analogs of fluorenes, have re-
ceived increasing attention as building blocks for the
construction of opto-electronic functional materials. A series of
polymers containing dibenzosilole units10 has been developed,
and some of them display high potential as thermally stable
blue-light emitting materials,11 as hosts for green electrophospho-
rescent emitters,12 or as p-channel materials with excellent OFET
performance.13 However, little attention has been paid to rigid
rod-like molecules that combine ethynylene linkages with a dib-
enzosilole unit. In this Letter, we wish to report the synthesis of
new rigid rod-like molecules consisting of a dibenzosilole core,
ethynylene linkages, and different aryl end-groups. Their photo-
physical properties and thermal behavior are also discussed.

The synthetic route is outlined in Scheme 1. Based on a facile
and efficient synthesis of 6,60-diiodo-4,40-dibromo-3,30-dime-
ll rights reserved.
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thoxybiphenyl (1), Huang and co-workers developed a general syn-
thetic method for the 2,7-dibromo-9-heterofluorenes, by which 2a
and 2b were prepared in yields of 12% and 63%, respectively.14 By
slightly modifying Huang’s method in this work, 2a and 2b were
obtained in higher yields of 93% and 68%, respectively.15

With 2a and 2b in hand, we then carried out the synthesis of the
target molecules containing a dibenzosilole core and ethynylene
linkages by Sonogashira cross-coupling reactions. Thus, the reac-
tion of 2a with phenylacetylene in piperidine solution at 80 �C with
Pd(PPh3)4 and CuI as co-catalysts produced 3a in 65% yield. Simi-
larly, 3b, 3c, and 3d were prepared by reactions of 2b with differ-
ent phenylacetylene derivatives16 in yields of 59%, 75%, and 83%,
respectively.17 All of the new compounds were fully characterized
by 1H NMR, 13C NMR, and elemental analysis.

A single crystal of 3b suitable for X-ray analysis was obtained
from a solution in an ethanol/CH2Cl2 solvent mixture, and its struc-
ture is shown in Figure 1. Compound 3b crystallizes in an ortho-
rhombic crystal system with space group Pbca. One of the
terminal phenyl rings (P1) is almost coplanar with the plane of
the dibenzosilole core, with a torsion angle of 7.39�, while the
other phenyl ring (P2) adopts a perpendicular arrangement relative
to the core, with a torsion angle of 89.24�.18

The normalized UV–vis absorption and emission spectra of 3a–
d in acetonitrile solution are shown in Figure 2. Details of their
photophysical and thermal properties are summarized in Table 1,
together with those of compound 419 for comparison. In solution,
all compounds containing a dibenzosilole core exhibit strong
absorptions and intense emissions, with their absorption maxima
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Figure 2. Normalized Uv–vis and fluorescence spectra of 3a–d in acetonitrile.

Table 1
Optical and thermal properties of compounds 3a–d

Compound kmax
abs

a,b (nm) log e kmax
abs

a,c (nm) UF
a,d Tm

e/Td
f (�C)

3a 367 4.9 397, 418 0.89 208/346
3b 368 4.7 397, 419 0.86 249/424
3c 374 4.7 399, 421 0.75 307/412
3d 399 4.9 499 0.46 294/445
4g 348 — 371, 391 1.00 186/302

a In acetonitrile solution.
b All compounds show vibronic absorption spectra. Only the longest absorption

maxima are listed.
c Excited at 350 nm.
d Determined with anthracene as a standard.
e Melting points measured by DSC under N2.
f Decomposition temperatures (5% weight loss) measured by TGA under N2.
g 20 ,70-Bis(phenylethynyl)-spiro(cyclopropane-1,90-fluorene) 4, Ref. 19
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Figure 3. Fluorescence spectra of 3b and 3d (in acetonitrile) pristine, and annealed.
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Scheme 1. Synthesis of 2,7-bis(arylethynyl)-dibenzosiloles 3a–d.

Figure 1. ORTEP diagram of compound 3b.
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in the range 367–399 nm and their emission maxima in the range
397–499 nm. Compounds 3a and 3b exhibit almost identical
absorption and emission spectra, suggesting that substituents at-
tached to the silicon atom have negligible influence on their photo-
physical properties. Compared with those of 3b, the absorption and
emission maxima of compound 3c are only slightly red-shifted,
while significant bathochromic shifts are seen for those of 3d. This
indicates that although increasing either the electron-withdrawing
or electron-donating character of the end-groups leads to either
core-to-periphery or periphery-to-core intramolecular charge
transfer,20 the electron-donating groups show a more pronounced
effect. In addition, both the absorption and emission bands of 3a
show significant red-shifts relative to those of analog 4 containing
a fluorene core owing to the effective r*(Si–C)–p* conjugation,
while maintaining comparable fluorescence efficiency (fluores-
cence spectra of 3a in different solvent were shown in Supplemen-
tary data).11,21 All of the molecules show intense emissions, with
their fluorescence quantum yields ranging from 0.46 to 0.89 in ace-
tonitrile solution.

To test their optical stabilities, powder samples of 3a–d were
annealed in air at 200 �C for 10 h. After annealing, the samples
were each dissolved in acetonitrile and their fluorescence spectra
were recorded. Figure 3 shows the normalized fluorescence spectra
of both pristine and annealed 3b and 3d. No new emission bands
were detected for either of the annealed samples, each sample
showing an identical spectrum to that of the corresponding pris-
tine material. This suggests that these new compounds have good
optical stabilities.22

The thermal properties of 3a–d under nitrogen atmosphere
were evaluated by differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA), and the results are listed in
Table 1. DSC analyses of 3a–d showed relatively high melting
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points, while no glass transition temperatures were observed.
Broad exothermic peaks, which are typical of cross-linking reac-
tions of acetylene groups, were observed in the DSC thermograms
of each of the compounds, centered at 377, 381, 367, and 385 �C for
3a–d, respectively (see Supplementary data).23 The TGA results
clearly indicate that all of the new compounds have good thermal
stability. The decomposition temperatures (Td) corresponding to
5% weight loss were measured as 346, 424, 412, and 445 �C for
3a–d, respectively, which are much higher than that of their car-
bon analog 4. This is consistent with the finding that thermal sta-
bility may be improved by increasing the molecular volume or
incorporating a heteroatom such as silicon.24

In conclusion, we have synthesized a series of new highly emis-
sive compounds consisting of a dibenzosilole core, ethynylene link-
ages, and various peripheral chromophoric units. These
compounds exhibit blue to green emissions with high fluorescence
quantum efficiencies in solution. They also display good optical
stabilities and high thermal stabilities. Further studies on the opto-
electronic properties of the present compounds as well as the
incorporation of ethynyl-linked dibenzosilole units into p-conju-
gated polymers are underway in our laboratory.
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