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Abstract

Sudy on the Synthesis, Reaction and Property of

2,5-Dicarboxylsiloles and Silole Oligomers

Abstract

This dissertation consists of five chapters, including the research and progress
in synthesis and application of functionalized siloles and silole polymers, synthesis
and characterization of 2,5-dicarboxylsiloles, coordination polymerization of
1,1-dimethyl-2,5-dicarboxylsilole with transitional metals, synthesis, property and
application of silole oligomers, the conclusion and prospect of the present research
work.

In chapter one, the research progress and and application prospect of
functionalized siloles and silole polymers are reviewed. This chapter consists of
five parts, which are the unique electronic structures of silole ring, the metal
complex and aromatic property of siloles, synthetic methods of functionalized
siloles; research and progress of silole polymers, and application of silole
molecules and polymers, respectively. The research objective for this dissertation
is also presented in this chaper.

In chapter two, the research work on the synthesis and luminescence of
2,5-dicarboxylsiloles is described. The results enlarge the application range of
silole molecules and have positive effects on developing silane blue emission
materials and non-linear optical materials. This chapter is divided into two
sections.

In section one, a series of phenylethynylsilanes are synthesized following the
method of “organolithium”, the procedure of which is as follows: Reaction of

phenyl acetylene with n-butyllithium gives lithium phenylacetylide as a byproduct.
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By trapping with four different chlorosilanes a series of phenylethynylsilanes with
different substitutes are synthesized in good yields. The structure of the
phenylethynylsilanes are characterized by infrared spectrum(IR), nuclear magnetic
resonance(NMR), mass spectrum(Ms) and elemental analysis(EA). The method
of “organolithium” has four merits, which are facile materials, high efficiency,
little side reaction and high purity. Accordingly, it gives much benefit to the
subsequent syntheses of silole small molecules and oligomers.

In section two, first synthesis of 2,5-dicarboxylsiloles is reported based on
"endo-endo" mode intramolecular reductive cyclization of phenylethynylsilanes.
Three new silole molecules are synthesized, 1.e, 1,1-dimethyl-2,5-
dicarboxylsilole(2-5), 1,1-diphenyl-2,5-dicarboxylsilole(2-6), and 1-dimethyl-1-
phenylethynyl-2,5- dicarboxylsilole(2-7). Crystal structure of 2-5 is obtained by
room temperature volatilization of 2-5 in ethanol. Thermal and luminescent
properties of 2,5-dicarboxylsiloles are studied. It is found that this kind of
molecules has different photoluminescence from common organic luminescent
material: Most luminescent organic and polymeric compounds are highly emissive
in their dilute solutions but become weakly luminescent when fabricated into thin
films. The loss of luminescence efficiency is thought to be caused by aggregation
of single molecules in the films. However, exactly the opposite effect is found in
2,5-dicarboxylsiloles. They are hardly luminescent in solutions but emit strong
blue-green light in solid state(including thin films). This unique luminescence was
analyzed and discussed. It is speculated that the cause of this phenomenon is the
rigid conjugating structure by hydrogen bonds between siloles molecules. This
good luminescence presents them good alternatives in such domains as silane light
emitting diodes(LEDs), blue laser diodes, organic electroluminescent diodes,

non-linear optical materials, etc. In this section the double reductive cyclization of
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the tetra-(phenylethynyl)-silane to give the spiro-compound is also attempted. The
result is that all attempts to generate silole spiro-compound gives not the target
molecule but polymeric products.

In chapter three, three novel coordination polymers are obtained by
self-assembling of 1,1-dimethyl-2,5-dicarboxylsilole with such transitional metals
as cadmium(II), cobalt(Il) and nickel(II) at room temperature. Single crystal X-ray
diffraction shows that Si-C bond of the silole ring is cleaved and the silicon atom
together with the two methyl groups are off. Meanwhile, two phenyl groups on the
3,4-positions of the silole ring are isomerized. = Consequently,
1,1-dimethyl-2,5-dicarboxylsilole(DCS) has changed into trans-3,4-diphenyl-2,4-
dihexalene-diacid (DHA). It is speculated that the cleavage of the Si-C bond is
mainly caused by its instability. Although the target coordination polymers are not
achieved, this research especially the successful synthesis of the cobalt(I)
coordination polymer contributes to the development of geometry and topology
undoubtedly. Searching for more proper reaction materials and conditions, i.e.,
solutions and temperatures to construct coordination polymers with complete silole
ring is still on further study.

In chapter four, three silole oligomers, including silole-pyridine(a)
copolymer(4-1), silole-phenylphosphine copolymer(4-2), and silole-p-phenyl-di
methylene copolymer(4-3), were synthesized by reaction of 2,5-dilithium silole
with 2,6-dibromopyridine, dichloraphenylphosphine and a,a'-dichloro-p-xylene,
respectively. The structure of each oligomer is characterized, the morphology,
thermal performance, luminescent property, and electrochemical behavior of
which are also discussed. Further study also disclosed the light-transferring
property of each oligomer. It is found that 4-3, which has rigid phenyl rings on the

main chain, presents crystal state and best thermal stability, while the other two
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oligomers show non-crystal state and relatively poor thermal stability. Study on
the electric ability of the oligomers implies that all the oligomers are poor
conductors even after adulterating with hydrochloric acid, perchlorate acid and
iodine. Probably it is account for the structure of the oligomers and the mode of
adulterating. Electrochemical behavior are studied by means of cyclic voltammetry
measurements. It indicates that the redox process is irreversible and is affected by
solvents when lithium perchlorate is chosen as supporting electrolyte. In this
chapter, photoluminescence of the oligomers is studied in detail. All the
copolymers emit strong light both in solutions and in solid state including thin
films. This excellent luminescent property presents them good application prospect
in OLEDs, laser diodes and ultraviolet detectors. The wavelength of maximum
emitting depends not only on the factor of environments and existing states of the
oligomers but the structure of the main chains. Therefore, the color of the light can
be controlled by changing the structure of the oligomers. Feasibility of applying
oligomers to agricultural light transferring thin films is also studied. The
silole-phenylphosphine copolymer (4-2) can absorb the UV light of sunlight and
emit violet-blue light which can be easily absorbed by plants. This property
permits it possible application in plastic cote in order to improve the yields of
Crops.

In the final part of the dissertation, chapter five, the innovation of the

dissertation is concluded and the prospect of this research is given.

K eywords: silole, carboxyl group, coordination polymer, oligomer, synthesis,

photoluminescence, application.
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