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Title: Synthesis and Application of Cyclic Silanols Bearing Long Alkyl Chains

Cyclosiloxanes and silanols have been utilized as the starting material to synthesize
well-defined siloxanes such as ladder or cage silsesquioxanes. They are also important materials
for some applications, such as sealing materials for LED and organic EL diode devices. In
particular, cyclic silanols are novel materials, which are the most promising compounds. Various
cyclic silanols having different ring sizes are well known. By the reason of the highest
thermodynamic stability of the compound bearing cyclotetrasiloxane framework, various cyclic
silanols have been reported. However, many of them are associated with 8-membered silanols,
and a few ones are for 6-membered ones.

This academic dissertation describes the synthetic methods for 6-membered silanols bearing

long alkyl groups and their structures as well as the synthesis of their derivatives.

Section 1: As an introduction, the outline of silicon chemistry and the history of
organo-polysiloxanes and silanols in this research field were summarized, and the issues and

objectives of this study are clarified.

Section 2: Synthesis of cyclic silanols [OctSi(OH)O]s was performed by using
octyltrichlorosilane as the starting material, it was verified how the additive amount of water and the
reaction time are effective in hydrolytic condensation in solvent.

Cyclic silanols [OctSi(OH)O]; were obtained in 30% yield by adding an equivalent amount of
water to chlorine atoms of chlorosilane in the system. The best reaction time was about 1 hour, and
the gel-like material was obtained by occurring the condensation of silanols for longer reaction time.
Also, the chemical shift at 2Si NMR spectrum was observed at the adjacent area of RSiO;s in
tricyclic ladder siloxane. It was confirmed by X-ray crystallography that [OctSi(OH)O]; obtained
through recrystallization is cis-trans form, and that the structure of siloxane ring is almost not
affected by the bulk length of the alkyl group in comparison with cyclic silanols substituted with
alkyl groups. It was demonstrated that the compositions of the other compounds generated in the
reaction system are detectable by treating the solution with silazane (capping) and using gas
chromatography. The resulting crude reaction mixture was distilled by using a Kugel-Rohr
distillation apparatus under reduced pressure at 248 °C in the vacuum of 20Pa, and it was revealed
that the mixture has the thermodynamic stability without decomposition of the siloxane. Also, it was
indicated that [OctSi(OSiMe3)O]; and [OctSi(OSiMe;H)O]4 are successfully isolated by using GPC

or HPLC including a reversed-phase column with fractionation function. Furthermore, the profiling



analysis for the transition in the reaction yield of the product contained in the reaction mixture was
conducted by a gas chromatography, and the reaction process for hydrolysis and condensation was
revealed. It was demonstrated that [OctSi(OH)O]Js and [OctSi(OH)O]4 are dominantly generated,
then decreased their amounts over time by condensation of the silanols, and the reaction rate is
accelerated by temperature. The two types of cyclic silanols generated by hydrolytic condensation
were determined as the mixtures of 2 stereoisomers and 4 stereoisomers by 2°Si NMR spectrum and

a gas chromatography for their derivatives obtained by capping treatment.

Section3: Each cyclic silanol bearing long alkyl chains like hexyl, octyl, decyl, or dodecyl
group was synthesized, and the differences between compositions in the reaction system were
verified.

It was demonstrated that the longer alkyl group improves the reaction yield of cyclic silanol.
The yield was 15 %, 30 %, 40 %, and 49 % respectively. It was also shown that cyclic triols can
be separated by difference of the solubility between all-cis form and cis-trans form.
Decyltrichlorosilane  and  dodecyltrichlorosilane ~ were  hydrolyzed in THF, and
cis-trans-[RSi(OH)O]s was obtained through washing and filtering in hexane after
post-processing. On the other hand, it was confirmed that some all-cis form was dissolved in
hexane, and all-Cis-(RSi(OH)O); was generated in the filtrate of capping reaction. When the
resulting cyclic silanol was evaluated in the thermodynamic stability by TG analysis, it was
determined that TDs value is 329 °C for cis-trans-(OctSi(OH)O)s, which is much better than
those of the other organic compounds. Using in-situ reaction, three types of alkyl cyclic
siloxanes capped with dimethylsilyl groups were synthesized, and their yields were 15% for
hexyl, 38% for octyl, and 43% for dodecyl. In addition, when allylglycidyl ether, 1-hexene,
vinyltriethoxysilane, or triethoxysilane was added to these compounds by a hydroxy silyl
reaction, the addition material of each was obtained as expected. It is expected that the cyclic
siloxanes having epoxy groups can be utilized for epoxy resins, and the others having methoxy
or ethoxy groups can be utilized for treatment agents with various reaction points to inorganic
resins. The anionic living polymerization of cis-trans-(OctSi(OMes;)O); capped with
trimethylsilyl group was conducted. The ring-opening of the cyclic siloxane was not confirmed,
and the results suggested that the binding and cleavage of Si-O-SiMes occurred at the side

chain.

Section 4: the accomplishments and results from this study were summarized.
Especially, the reaction mechanism for cyclic silanols described in Section 2 was considered
additionally from the standpoint of the composition obtained at the earlier stage of the hydrolytic

condensation of octyltrichlorosilane.



