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(54) METHOD FOR PREPARING CYCLIC POLYSILANE COMPOUND

(57) Provided is a method for producing a cyclic
polysilane compound from a silane monomer compound
in one-pot approach. The method for producing a cyclic
polysilane compound according to an embodiment of the
present invention includes a first step of adding and re-

acting a silane monomer compound in a liquid mixture
of a sodium dispersion and a solvent; and a second step
of adding an aromatic hydrocarbon to a reaction solution
of the first step and heating and refluxing.
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Description

Technical Field

[0001] The present invention relates to a method for producing a cyclic polysilane compound.

Background Art

[0002] Silicon carbide fibers are fibers having excellent heat resistance and oxidation resistance even in high temper-
ature atmosphere at a thousand and several hundreds degrees. This property is expected to be applied in the nuclear
and aerospace fields.
[0003] The silicon carbide fibers can be obtained by subjecting an organosilicon polymer compound such as polycar-
bosilane, which is a precursor, to spinning, infusibilization, and firing. To obtain silicon carbide fibers having extreme
heat resistance, introduction of oxygen atom into the polymer compound constituting the fibers needs to be inhibited.
Therefore, silicon carbide fibers having extreme heat resistance are produced by using an organosilicon polymer com-
pound having a low oxygen content and, for infusibilization, by employing a method that does not introduce oxygen.
Cyclic polysilane compounds, such as dodecamethylcyclohexasilane, can provide polycarbosilane with approximately
0.1 wt% of oxygen content, and thus is useful as a raw material for organosilicon polymer compound, which serves as
a precursor of silicon carbide fibers (Patent Document 1).
[0004] As a method for producing dodecamethylcyclohexasilane, Patent Document 2 describes the following method:
at first, xylene and metallic sodium are heated and refluxed, dichlorodimethylsilane is added dropwise, and polydimeth-
ylsilane is obtained; and then, the purified polydimethylsilane, a dispersion of metallic sodium in naphthalene, and
tetrahydrofuran (THF) are mixed under stirring at room temperature, then heated and refluxed under stirring, and then
cooled to room temperature, after which ethanol is added thereto.
[0005] Furthermore, as a method for producing a polysilane compound, Patent Document 3 describes a method
including a first step of synthesizing a polysilane compound by adding one of a dispersion, in which an alkali metal is
dispersed in an inert solvent, or a monomer to a reaction solution containing the other of the dispersion or the monomer;
and a second step of deactivating the alkali metal by reacting the reaction solution in which the polysilane compound is
synthesized and a deactivation solution including alcohol and water.

Citation List

Patent Document

[0006]

Patent Document 1: JP 04-194028 A (published on July 14, 1992)
Patent Document 2: JP 54-130541 A (published on October 9, 1979)
Patent Document 3: JP 2017-57310 A (published on March 23, 2017)

Summary of Invention

Technical Problem

[0007] The technology described in Patent Document 2 includes a purification operation to remove the solvent (xylene)
from the synthesized polydimethylsilane and has a problem that the operation is complicated. Furthermore, in the
technology described in Patent Document 3, since the alkali metal is deactivated by adding the deactivation solution
including alcohol and water, the purification operation is required to remove alcohol and water in order to further obtain
dodecamethylcyclohexasilane from the obtained polysilane compound, and thus there is a problem of the complicated
operation as well.
[0008] An aspect of the present invention is to provide a method for producing a cyclic polysilane compound from a
silane monomer compound in one-pot approach.

Solution to Problem

[0009] To solve the problems described above, a method for producing a cyclic polysilane compound according to an
aspect of the present invention includes a first step of adding and reacting a silane monomer compound in a liquid
mixture of a sodium dispersion and a solvent; and a second step of adding an aromatic hydrocarbon to a reaction solution
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of the first step and heating and refluxing.

Advantageous Effects of Invention

[0010] According to an aspect of the present invention, a cyclic polysilane compound can be produced from a silane
monomer compound in one-pot approach.

Description of Embodiments

Outline

[0011] The method for producing a cyclic polysilane compound according to an embodiment of the present invention
includes a first step of adding and reacting a silane monomer compound represented by Formula (I) below in a liquid
mixture of a sodium dispersion and a solvent; and a second step of adding an aromatic hydrocarbon to a reaction solution
of the first step and heating and refluxing.

[0012] R1 and R2 each independently represent a hydrogen atom, a hydrocarbon group, an alkoxy group, or a halogen
atom. X1 and X2 each independently represent an alkoxy group or a halogen atom. n1 is an integer that is greater than
or equal to 1.
[0013] Examples of the alkoxy group in R1 and R2 as well as X1 and X2 include a methoxy group and an ethoxy group.
Examples of the halogen atom include a fluorine atom, a chlorine atom, a bromine atom, and an iodine atom. These
have a large electronegativity difference from silicon, leading to intramolecular polarization in the silane monomer com-
pound, and thus have excellent reactivity and are substituents that function as leaving groups in reactions. As such a
substituent, from the perspectives of stability and stable supply of the silane monomer compound itself, a halogen atom
is preferred, and a chlorine atom is more preferred. The number of the alkoxy groups or the halogen atoms in the silane
monomer compound is two or more (such as two, three, or four); however, from the perspective of forming a cyclic
polysilane compound without branch, the number of the alkoxy groups or the halogen atoms in the silane monomer
compound is preferably two (X1 and X2). Such two or more alkoxy groups or halogen atoms in one silane monomer
compound may be the same or different.
[0014] Examples of the hydrocarbon group in R1 and R2 include alkyl groups, alkenyl groups, alkynyl groups, and aryl
groups.
[0015] R1 and R2 can be a side chain in a chain polysilane compound and can be a side chain in a cyclic polysilane
compound. Therefore, R1 and R2 in the silane monomer compound can be selected depending on the cyclic polysilane
compound which is the synthesis target. In one embodiment, R1 and R2 are preferably a hydrogen atom or a hydrocarbon
group, more preferably a hydrocarbon group, even more preferably an alkyl group, and particularly preferably a methyl
group.
[0016] n1 is an integer that is greater than or equal to 1, and not greater than the number of silicon in the cyclic
polysilane compound which is the synthesis target, n1 can be, for example, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or greater. From
the perspectives of stability of the silane monomer compound itself and enhancing reactivity of silane monomer com-
pounds, n1 is preferably 1 or 2, and more preferably 1.
[0017] In one embodiment, for the silane monomer compound, in Formula (I), R1 and R2 each independently represent
a hydrogen atom or a hydrocarbon group, X1 and X2 each independently represent a halogen atom, and n1 is preferably
an integer greater than or equal to 1.
[0018] The silane monomer compound in the first step may be one type or a mixture of two or more types.
[0019] One characteristic of the present embodiment is that, by using a sodium dispersion, the cyclic polysilane
compound, which is the target product, is produced from a silane monomer compound, which is a raw material, in one-
pot approach.
[0020] In the first step, a cyclic polysilane compound and a chain polysilane compound are formed from a silane
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monomer compound. In the second step, the chain polysilane compound is converted into a cyclic polysilane compound.

First step

[0021] A silane monomer compound is added and reacted in a liquid mixture of a sodium dispersion and a solvent.
[0022] The sodium dispersion (SD) in the present specification is a dispersion, in which metallic sodium having an
average particle diameter from 1 mm to 30 mm is dispersed in an electrical insulating oil. From the perspectives of
reactivity and safety, the average particle diameter is preferably from 2 mm to 10 mm, and more preferably from 3 mm
to 5 mm. Examples of the electrical insulating oil include aliphatic hydrocarbons such as liquid paraffin. The amount of
the metallic sodium in the sodium dispersion is not particularly limited but is preferably from 20 to 30 wt% from the
perspective of safety.
[0023] The solvent mixed with the sodium dispersion is a liquid that allows metallic sodium having an average particle
diameter from 1 mm to 30 mm to be dispersed, and examples include aprotic polar solvents. In particular, an ether solvent
that does not react with metallic sodium is preferred. Examples of the ether solvent include tetrahydrofuran (THF), 1,2-
dimethoxyethane, 4-methyltetrahydropyran, bis(2-methoxyethyl)ether, 1,4-dioxane, and cyclopentyl methyl ether. These
solvents may be used alone, or a mixture of two or more types of these may be used. The solvent is preferably a solvent
that is suitable for a reaction to obtain a cyclic polysilane compound from a chain polysilane compound, aromatic
hydrocarbon and sodium. In the present embodiment, since metallic sodium is not required to be melted in the first step,
a solvent having a boiling point of lower than 90°C, lower than 85°C, lower than 80°C, lower than 75°C, or lower than
70°C can be selected. As the solvent, tetrahydrofuran, 4-methyltetrahydropyran, and cyclopentyl methyl ether, which
do not inhibit reaction in the second step, are preferred, and tetrahydrofuran is more preferred.
[0024] The amount of the solvent in the liquid mixture is not particularly limited; however, from the perspective of
inhibition of formation of chain polysilane compounds, the amount is preferably from 5 to 50 mL, and more preferably
from 10 to 40 mL, per 1 g of metallic sodium.
[0025] The temperature during preparation of the liquid mixture is not particularly limited; however, the mixing and
stirring are preferably performed at 0°C to room temperature (23°C to 27°C).
[0026] In the first step, the silane monomer compound is added to the liquid mixture of the sodium dispersion and the
solvent. Thereby, local increase in concentration of the silane monomer compounds during the addition can be reduced.
Therefore, since the proportion of the reaction that produces cyclic polysilane compounds, not through chain polysilane
compounds, increases compared to the reaction that produces chain polysilane compounds in the first step, the total
yield of the cyclic polysilane compound after the second step is increased.
[0027] The silane monomer compound may be added alone or as a mixture with a solvent. In one embodiment, since
the silane monomer compound is liquid at room temperature, the silane monomer compound can be mixed with a solvent.
Examples of the solvent include aprotic polar solvents. Examples of the aprotic polar solvent include tetrahydrofuran
(THF), 1,2-dimethoxyethane, 4-methyltetrahydropyran, bis(2-methoxyethyl)ether, 1,4-dioxane, and cyclopentyl methyl
ether. These solvents may be used alone, or a mixture of two or more types of these may be used. The solvent is
preferably a solvent that is suitable for a reaction to obtain a cyclic polysilane compound from a chain polysilane compound
and aromatic hydrocarbon. In the present embodiment, since metallic sodium is not required to be melted in the first
step, a solvent having a boiling point of lower than 90°C, lower than 85°C, lower than 80°C, lower than 75°C, or lower
than 70°C can be selected. As the solvent, tetrahydrofuran, 4-methyltetrahydropyran, and cyclopentyl methyl ether,
which do not inhibit reaction in the second step, are preferred, and tetrahydrofuran is more preferred. In the case where
the silane monomer compound to be added is mixed with the solvent, local increase in concentration of the silane
monomer compounds during the addition can be reduced. Therefore, since the proportion of the reaction that produces
cyclic polysilane compounds, not through chain polysilane compounds, increases compared to the reaction that produces
chain polysilane compounds in the first step, the total yield of the cyclic polysilane compound after the second step is
increased.
[0028] Furthermore, from the perspective of easier purification that can be performed after the second step, the solvent
in the liquid mixture of the sodium dispersion and the solvent, and the solvent in the silane monomer compound are
preferably the same one.
[0029] In the case where the silane monomer compound is mixed with the solvent, the amount of the solvent is not
particularly limited; however, from the perspective of the inhibition of formation of chain polycarbosilane, the amount is
preferably from 1 to 50 mL, and more preferably from 5 to 20 mL, per 1 g of the silane monomer compound.
[0030] The ratio of the amount of the metallic sodium contained in the sodium dispersion to the amount of the silane
monomer compound is not particularly limited. However, from the perspective of the yield of the cyclic polysilane com-
pound, the amount of the metallic sodium is preferably 1.25 molar equivalents or greater, more preferably 1.50 molar
equivalents or greater, and even more preferably 2.5 molar equivalents or greater, per one functional group of the alkoxy
group or the halogen atom of the silane monomer compound. Furthermore, from the perspective of post-treatment of
reaction, the amount of the metallic sodium is preferably 3 molar equivalents or less per one functional group of the
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alkoxy group or the halogen atom of the silane monomer compound.
[0031] The preparation temperature of the liquid mixture of the silane monomer compound and the solvent is not
particularly limited; however, the mixing and stirring are preferably performed at 0°C to room temperature.
[0032] The silane monomer compound is preferably added in batches, and more preferably added dropwise. Thereby,
local increase in concentration of the silane monomer compounds can be reduced, and thus formation of chain polysilane
compound can be inhibited. Therefore, the proportion of the reaction that produces cyclic polysilane compounds, not
through chain polysilane compounds, increases in the first step, and the total yield of the cyclic polysilane compound
after the second step is increased.
[0033] During the addition of the silane monomer compound in the liquid mixture of the sodium dispersion and the
solvent, the temperature of the liquid mixture is preferably -10°C or higher, and more preferably -5°C or higher, and
preferably lower than a reflux temperature, more preferably lower than 50°C, even more preferably lower than 45°C, yet
even more preferably lower than 40°C, yet even more preferably lower than 35°C, yet even more preferably lower than
30°C, and yet even more preferably lower than 25°C; and from the perspective of the suppression of heat generation,
the temperature is more preferably room temperature or lower, even more preferably lower than 20°C, yet even more
preferably lower than 15°C, yet even more preferably lower than 10°C, and yet even more preferably lower than 5°C.
In one embodiment, the temperature of the liquid mixture is 0°C. Note that "reflux temperature of liquid mixture" refers
to a "temperature at which reflux starts if the liquid mixture is slowly heated". Thus, "lower than a reflux temperature"
refers to "lower than a lower limit temperature at which reflux can occur"
[0034] The duration for addition of the silane monomer compound into the liquid mixture is not particularly limited and
can be appropriately set depending on, for example, the entire volume. For example, the duration is preferably from 5
to 15 minutes, and more preferably from 9 to 12 minutes, per 1 mL of the liquid mixture.
[0035] The temperature is preferably increased after the addition of the silane monomer compound. That is, in the
first step, the silane monomer compound is added during a period of time when the liquid mixture is at a first temperature,
and after completion of the addition of the silane monomer compound, reaction is preferably continued at a second
temperature, which is higher than the first temperature. Thereby, the yield of the cyclic polysilane compound in the first
step is increased. It is conceived that this is because heat generation and excessive reaction during the addition can be
inhibited and progression of the reaction after the addition can be accelerated. Note that the first temperature is a
temperature of the liquid mixture during the addition of the silane monomer compound into the liquid mixture described
above.
[0036] The second temperature is preferably 0°C or higher, more preferably 5°C or higher, and preferably lower than
the reflux temperature. For example, the temperature of the liquid mixture is room temperature.
[0037] The reaction time at the second temperature is not particularly limited and can be appropriately set depending
on, for example, the entire volume. For example, the time is preferably from 3 to 25 hours.
[0038] The reaction in the first step is preferably performed under stirring from the perspective of reducing local increase
in the concentration.
[0039] In the first step, a cyclic polysilane compound and a chain polysilane compound can be formed from a silane
monomer compound.
[0040] The chain polysilane compound is a compound having a straight chain structure or a branched structure having
a main chain and a side chain, which was polymerized from a silane monomer compound as raw material. The chain
polysilane compound formed in the present embodiment is, for example, represented by the following formula.

[0041] R1 and R2 are the same as those of R1 and R2 in the raw material silane monomer compound, and X1 and X2

are the same as those of X1 and X2 in the raw material silane monomer compound. n2 is an integer that is greater than
or equal to 2.
[0042] The cyclic polysilane compound is a compound in which the raw material silane monomer compound is polym-
erized in a cyclic or polycyclic form, and may have a side chain of silane or organic silane. The cyclic polysilane compound
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formed in the present embodiment is, for example, represented by the following formula.

[0043] R1 and R2 are the same as those of R1 and R2 in the raw material silane monomer compound. n3 is an integer
that is greater than or equal to 3. n3 can be, for example, 3, 4, 5, 6, 7, 8, 9, 10 or greater. In one embodiment, n3 is
preferably 6.
[0044] Note that, in the case where R1 or R2 of the raw material silane monomer compound is a halogen atom or an
alkoxy group, a cyclic or polycyclic polysilane compound having a side chain may be obtained.
[0045] In the present embodiment, no purification is performed between the first step and the second step.

Second step

[0046] In the second step, an aromatic hydrocarbon is added to the reaction solution of the first step, and heated and
refluxed.
[0047] Examples of the aromatic hydrocarbon include naphthalene and anthracene. As the aromatic hydrocarbon,
naphthalene is preferred from the perspective of the easier purification and isolation operation for the cyclic polysilane
compound after the reaction. The aromatic hydrocarbon may be one type or a mixture of two or more types.
[0048] The amount of the aromatic hydrocarbon is not particularly limited; however, the aromatic hydrocarbon is
preferably 0.1 molar equivalents or greater, and more preferably 0.2 molar equivalents or greater, relative to the amount
of the silane monomer compound from the perspective of yield of the cyclic polysilane compound, and is preferably 1.0
molar equivalent or less relative to the amount of the silane monomer compound from the perspectives of heat generation
in the reaction and isolation after the reaction.
[0049] The reaction temperature in the second step is not particularly limited as long as the reaction temperature is a
temperature that allows reflux of the reaction solution and may be selected depending on the solvent. For example, in
the case where the solvent is tetrahydrofuran, the temperature is preferably from 60 to 70°C. Note that the addition may
be performed at a temperature lower than the reflux temperature (e.g., room temperature).
[0050] The reaction time in the second step is not particularly limited and can be appropriately set depending on, for
example, the entire volume. For example, the time is preferably from 1 to 8 hours, and more preferably from 3 to 8 hours.
[0051] The reaction in the second step is preferably performed under stirring from the perspective of reducing local
increase in the concentration.
[0052] In the present embodiment, without purification of the reaction solution of the first step (without isolation of the
product), the aromatic hydrocarbon is added to the reaction solution of the first step. Therefore, the metallic sodium and
the solvent necessary for the reaction in the second step are taken over the first step. Therefore, it is inexpensive and
environmentally friendly.
[0053] In the second step, the cyclic polysilane compound is formed from the chain polysilane compound formed in
the first step. The cyclic polysilane compound formed in the present embodiment is as described for the first step. By
performing the second step in this manner, the total yield of the cyclic polysilane compound can be increased.
[0054] The cyclic polysilane compound after the second step may be obtained as the reaction solution as is, may be
subjected to a post-treatment to be obtained as a solution, or may be subjected to an isolation operation to be obtained
as a simple substance. Examples of the isolation operation include crystallization operations, distillation operations, and
sublimation operations. The isolation operation may be one type of these or a combination of two or more types of these.

Comparison between production method in the art and production method of the present embodiment

[0055] To understand further the present embodiment, an example of production methods in the art and an example
of the production method of the present embodiment are compared and described. Note that, as an example, a case
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where dodecamethylcyclohexasilane (cyclic polysilane compound) is produced from dichlorodimethylsilane (silane mon-
omer compound) is described; however, the present embodiment is not limited to this. Furthermore, solvents, temperature
conditions, and the like are also examples, and the present embodiment is not limited to these.

[0056] In an example of a production method in the art, at first, metallic sodium and xylene are heated and refluxed,
then dichlorodimethylsilane is added dropwise, and thus polydimethylsilane is obtained (reaction A). Then, the obtained
polydimethylsilane is isolated and purified. Then, the purified polydimethylsilane, THF, and a dispersion of metallic
sodium in naphthalene are mixed under stirring at room temperature, and then heated and refluxed under stirring.
Therefore, the dodecamethylcyclohexasilane is obtained (reaction B). Note that, in the reaction B, the xylene used in
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the reaction A cannot be used as a solvent in place of the THF from the perspective of solvent dependence of the
reaction. On the other hand, in the reaction A, the temperature needs to be increased to melt the metallic sodium;
however, since the boiling point of the THF is lower than the melting point of the metallic sodium, the THF used in the
reaction B cannot be used as a solvent in place of xylene. Therefore, in the production method in the art, different solvents
need to be employed for the reaction A and the reaction B, and isolation and purification need to be performed after
polydimethylsilane, which is an intermediate product, is obtained. Therefore, the production method in the art cannot be
performed in one-pot approach, and the operation is complicated.
[0057] In an example of the production method according to the present embodiment, at first, reaction is performed
at a temperature lower than the reflux temperature by using a sodium dispersion (SD) to obtain polydimethylsilane and
dodecamethylcyclohexasilane (the first step). Then, naphthalene is added to the reaction solution and heated and
refluxed to convert the polydimethylsilane into the dodecamethylcyclohexasilane (the second step). Note that, in the first
step, the temperature does not need to be increased to the melting temperature of the metallic sodium because the
sodium dispersion is used. Furthermore, since the temperature does not need to be increased, the THF can be used.
Therefore, the same solvent can be used in the first step and the second step. That is, without performing isolation and
purification, a cyclic polysilane compound can be produced from a silane monomer compound in one-pot approach.
Therefore, compared to production method in the art, the operation is simple and easy. Furthermore, since the metallic
sodium and the solvent, which are necessary for the reaction, can be commonly used in the two steps (the first step and
the second step), it is inexpensive and environmentally friendly. Furthermore, dodecamethylcyclohexasilane is obtained
in the first step, and by further performing the second step, the dodecamethylcyclohexasilane can be further obtained
from the polydimethylsilane formed in the first step. Therefore, the total yield can be excellent.

Summary

[0058] As described above, the method for producing a cyclic polysilane compound according to an aspect of the
present invention includes a first step of adding and reacting a silane monomer compound represented by Formula (I)
below in a liquid mixture of a sodium dispersion and a solvent; and a second step of adding an aromatic hydrocarbon
to a reaction solution of the first step and heating and refluxing.

[0059] In the formula, R1 and R2 each independently represent a hydrogen atom, a hydrocarbon group, an alkoxy
group, or a halogen atom, X1 and X2 each independently represent an alkoxy group or a halogen atom. n1 is an integer
that is greater than or equal to 1.
[0060] In the method for producing a cyclic polysilane compound according to one aspect of the present invention,
the silane monomer compound is preferably added in batches.
[0061] In the method for producing a cyclic polysilane compound according to one aspect of the present invention,
temperatures of the liquid mixture and the reaction solution are preferably -10°C or higher and lower than a reflux
temperature.
[0062] In the method for producing a cyclic polysilane compound according to one aspect of the present invention, in
the first step, the silane monomer compound is preferably added during a period of time when the liquid mixture is at a
first temperature, and after completion of the addition of the silane monomer compound, reaction is preferably continued
at a second temperature, which is higher than the first temperature.
[0063] In the method for producing a cyclic polysilane compound according to one aspect of the present invention,
the sodium dispersion is preferably a dispersion, in which metallic sodium having an average particle diameter from 1
mm to 30 mm is dispersed in an electrical insulating oil.
[0064] In the method for producing a cyclic polysilane compound according to one aspect of the present invention,
the silane monomer compound to be added is preferably mixed with a solvent.
[0065] In the method for producing a cyclic polysilane compound according to one aspect of the present invention,
the solvent in the liquid mixture and the solvent for the silane monomer compound are preferably the same solvent.
[0066] In the method for producing a cyclic polysilane compound according to one aspect of the present invention,
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the solvent in the liquid mixture is preferably an aprotic polar solvent.
[0067] In the method for producing a cyclic polysilane compound according to one aspect of the present invention,
the aprotic polar solvent is preferably an ether solvent.
[0068] Embodiments of the present invention will be described in further detail hereinafter using examples. The present
invention is not limited to the examples below, and it goes without saying that various aspects are possible with regard
to the details thereof. Furthermore, the present invention is not limited to the embodiments described above, and various
modifications are possible within the scope indicated in the claims. Embodiments obtained by appropriately combining
the technical means disclosed by the embodiments are also included in the technical scope of the present invention. In
addition, all of the documents described in the present specification are herein incorporated by reference.

Examples

[Example 1]

[0069] In a 200 mL four-necked flask, 30 mL of tetrahydrofuran and 11.07 g of sodium dispersion ("25 wt% sodium
dispersion") were charged and stirred, and thus a liquid mixture was prepared. In 25 mL of tetrahydrofuran, 3.22 g of
dichlorodimethylsilane was dissolved, and thus a silane monomer compound solution was prepared. The mixture was
cooled and maintained at 0°C, and the silane monomer compound solution was added dropwise thereto over 5 hours
under stirring. After completion of the dropwise addition, the mixture was stirred at room temperature for 3 hours and
then allowed to react overnight (the first step). Then, 0.83 g of naphthalene was added thereto at room temperature and
heated and refluxed for 4 hours under stirring (the second step). When the heating was stopped and the reaction solution
was analyzed, formation of dodecamethylcyclohexasilane, which is a cyclic poly silane compound, was confirmed, and
the yield was 87.3%.

[Example 2]

[0070] Dodecamethylcyclohexasilane was synthesized in the same manner as in Example 1 except for changing the
amount of the sodium dispersion added to 8.86 g. The yield thereof was 83.4%.

[Example 3]

[0071] Dodecamethylcyclohexasilane was synthesized in the same manner as in Example 1 except for changing the
amount of the sodium dispersion added to 5.88 g. The yield thereof was 71.6%.
[0072] The results of Examples 1 to 3 are shown in the following table. Note that "SD" in the table means a sodium
dispersion.

Reference Example 1

[0073] In a 200 mL four-necked flask, 30 mL of tetrahydrofuran and 5.88 g of sodium dispersion ("25 wt% sodium
dispersion") were charged and stirred, and thus a liquid mixture was prepared. In 25 mL of tetrahydrofuran, 3.22 g of
dichlorodimethylsilane was dissolved, and thus a silane monomer compound solution was prepared. The mixture was
cooled and maintained at 0°C, and the silane monomer compound solution was added dropwise thereto over 5 hours
under stirring. After completion of the dropwise addition, the mixture was stirred at room temperature for 3 hours and
then allowed to react overnight at room temperature (the first step). When the reaction solution was analyzed, formation
of dodecamethylcyclohexasilane, which is a cyclic poly silane compound, was confirmed, and the yield was 24.5%.

[Table 1]

Amount of SD added 
(g)

Amount of sodium added per 1 substituent of leaving group 
(mol equivalent)

Yield (%)

Example 1 11.07 2.5 87.3

Example 2 8.86 2.0 83.4

Example 3 5.88 1.3 71.6
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Reference Example 2

[0074] Dodecamethylcyclohexasilane, which is a cyclic polysilane compound, was obtained in the same manner as
in Reference example 1 except for changing the temperature after completion of the dropwise addition of the silane
monomer compound solution in the first step to 0°C (which was at room temperature in Reference Example 1). The yield
thereof was 20.8%.

Reference Example 3

[0075] Dodecamethylcyclohexasilane, which is a cyclic polysilane compound, was obtained in the same manner as
in Reference example 1 except for changing the temperature after completion of the dropwise addition of the silane
monomer compound solution in the first step to 55°C. The yield thereof was 28.9%.

Reference Example 4

[0076] Dodecamethylcyclohexasilane, which is a cyclic polysilane compound, was obtained in the same manner as
in Reference example 1 except for changing the temperature during the preparation of the liquid mixture of the tetrahy-
drofuran and the sodium dispersion and the temperature during the dropwise addition of the silane monomer compound
solution to the liquid mixture in the first step to 55°C (both were 0°C in Reference Example 1), and changing the
temperature after completion of the dropwise addition of the silane monomer compound solution in the first step to 55°C
(which was at room temperature in Reference Example 1). The yield thereof was 23.0%.

Industrial Applicability

[0077] The present invention can be advantageously utilized in production of a cyclic polysilane compound, which is
a raw material for silicon carbide fibers that are expected to be applied in the nuclear and aerospace fields.

Claims

1. A method for producing a cyclic polysilane compound comprising: a first step of adding and reacting a silane monomer
compound represented by Formula (I) in a liquid mixture of a sodium dispersion and a solvent; and a second step
of adding an aromatic hydrocarbon to a reaction solution of the first step and heating and refluxing:

where, R1 and R2 each independently represent a hydrogen atom, a hydrocarbon group, an alkoxy group, or a
halogen atom, X1 and X2 each independently represent a halogen atom or an alkoxy group, and n1 is an integer
that is greater than or equal to 1.

2. The method for producing a cyclic polysilane compound according to claim 1, wherein the silane monomer compound
is added in batches.

3. The method for producing a cyclic polysilane compound according to claim 1 or 2, wherein temperatures of the
liquid mixture and the reaction solution are -10°C or higher, and lower than a reflux temperature.

4. The method for producing a cyclic polysilane compound according to any one of claims 1 to 3, wherein, in the first
step, the silane monomer compound is added during a period of time when the liquid mixture is at a first temperature,
and after completion of the addition of the silane monomer compound, reaction is continued at a second temperature,
which is higher than the first temperature.
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5. The method for producing a cyclic polysilane compound according to any one of claims 1 to 4, wherein the sodium
dispersion is a dispersion, in which metallic sodium having an average particle diameter from 1 mm to 30 mm is
dispersed in an electrical insulating oil.

6. The method for producing a cyclic polysilane compound according to any one of claims 1 to 5, wherein the silane
monomer compound to be added is mixed with a solvent.

7. The method for producing a cyclic polysilane compound according to claim 6, wherein the solvent in the liquid mixture
and the solvent for the silane monomer compound are the same solvent.

8.  The method for producing a cyclic polysilane compound according to any one of claims 1 to 7, wherein the solvent
in the liquid mixture is an aprotic polar solvent.

9. The method for producing a cyclic polysilane compound according to claim 8, wherein the aprotic polar solvent is
an ether solvent.
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