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PROCESS FOR PRODUCTION OF CYCLIC
SILANE COMPOUND AND/OR CYCLIC
CARBOSILANE COMPOUND

[0001] This isa Division of application Ser. No. 13/259,554
filed Sep. 23, 2011, which in turn is a National Stage of
PCT/IP2010/056473 filed Apr. 9, 2010, and claims the ben-
efit of Japanese Patent Application No. 2009-096720 filed on
Apr. 13, 2009, and Japanese Patent Application No. 2009-
096721 filed on Apr. 13, 2009. The disclosure of the prior
applications is hereby incorporated by reference herein in its
entirety.

TECHNICAL FIELD

[0002] The present invention relates to a process for pro-
ducing a cyclic silane compound and/or a cyclic carbosilane
compound. More specifically, it relates to a process for pro-
viding a cyclic silane compound or a cyclic carbosilane com-
pound from a chained polysilane with good selectivity and
safety by using a specific metal simple substance or metal
compound.

BACKGROUND ART

[0003] In the field of production intermediates of organo-
silicon chemistry, a cyclic silane compound is one of the
important starting materials.

[0004] Heretofore, for example, decamethylcyclopentasi-
lane is obtained as a by-product in the production of chained
polysilanes or cyclohexasilanes by a dechlorination reaction
of dimethyldichlorosilane using an alkali metal or alkali earth
metal, so that both yield and purity are low.

[0005] As an alternative process, there is known a process
for synthesizing decamethylcyclopentasilane by pyrolyzing a
chained polysilane under an inert gas atmosphere but both
yield and purity are also low by this process.

[0006] As a process which dissolves these disadvantages,
Patent Document 1 describes a process for producing deca-
methylcyclopentasilane  where poly(dimethylsilylene) is
continuously transferred into and passed through a heated
vacant tube under an inert gas atmosphere to effect pyrolysis.

[0007] However, the process also has a problem that a strict
control of reaction time is required since decamethylcyclo-
pentasilane formed may be pyrolized when the reaction time
is prolonged.

[0008] Moreover, heretofore, a cyclic carbosilane com-
pound which is important as a production intermediate for
organosilicon polymers, especially, a precursor for chained
polycarbosilanes, has been mainly produced by ring closure
through a dechlorination reaction of terminal chlorosilyl
groups of a halosilane compound using an alkali metal or an
alkali earth metal, as shown in the following scheme (Non-
Patent Document 1).

CH; CH;
Cl—Si—(CHy), —si—c1 Ya—K

CH; CH;
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-continued
CH; CH;

Si—Si—-CH, ¥

CH; CH;

[0009] However, this process has a problem that the num-
ber of carbon atoms is larger than the number of silicon atoms
and hence the process only synthesizes those having low
silicon content.

[0010] On the other hand, it is also known that a cyclic
carbosilane is produced by metathesis of a silicon-silicon
bond of a cyclic disilane having a low molecular weight using
a palladium catalyst (Patent Document 2). However, the pro-
cess is limited to the production of a macrocyclic carbosilane.

BACK GROUND ART DOCUMENTS

Patent Documents

[0011] Patent Document 1: JP-A-61-238790

[0012] Patent Document 2: JP-A-07-252270
NON-PATENT DOCUMENT

[0013] Non-Patent Document 1: J. Organometal. Chem.

(1967), 9, 43
SUMMARY OF THE INVENTION

Problems that the Invention is to Solve

[0014] An object of the present invention is to provide a
process for producing a cyclic silane compound (especially,
cyclopentasilane or the like) or a cyclic carbosilane com-
pound (especially, 6- to 8-membered cyclic carbosilane com-
pounds) steadily and safely with good selectivity.

Means for Solving the Problems

[0015] As a result of the extensive studies, the present
inventors have found that, in the process for producing a
cyclic silane compound and/or a cyclic carbosilane by pyro-
lyzing a chained polysilane, the objective compounds are
efficiently obtained and formation selectivity between the
cyclic silane compound and the cyclic carbosilane compound
to be obtained can be controlled by carrying out the reaction
in the presence of a specific metal simple substance or metal
compound. Specifically, they have found that the cyclic silane
compound is efficiently obtained in the presence of an oxide
of a transition metal belonging to Group 8 or Group 11 of the
periodic table, especially an iron compound or a copper com-
pound. Also, they have found that a cyclic carbosilane com-
pound mainly containing 6- to 8-membered cyclic carbosi-
lanes is efficiently obtained in the presence of a metal simple
substance or a metal compound of a transition metal element
or an element belonging to Groups 12 to 15 of the periodic
table. Based on these findings, the invention is accomplished.
[0016] That is, the first embodiment of the present inven-
tion relates to the following process for producing a cyclic
silane compound:

[1] a process for producing a cyclic silane compound, which
contains subjecting a chained polysilane to pyrolysis in the
presence of an oxide of a transition metal belonging to Group
8 or Group 11 of the periodic table;
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[2] the process for producing a cyclic silane compound
according to the above [1], in which the chained polysilane is
a compound represented by the following formula (1):

M

[0017] in the formula, R' and R? each independently rep-
resent a C1-C6 alkyl group, an aryl group, or an arylalkyl
group; X represents a hydrogen atom, a halogen atom, a
hydroxyl group, a C1-C6 alkyl group, a C1-C6 alkoxy group,
an aryl group, or a trialkylsiloxy group; m represents any
integer of 2 to 50,000; and each of R* groups and R* groups
may be the same or different from each other;

[*] the process for producing a cyclic silane compound
according to the above [1] or [2], in which the cyclic silane
compound is a compound represented by the following for-
mula (2):

@

[0018] in the formula, R' and R? represent the same mean-
ings as in the formula (1); n represents any integer of 1 to 20;
R! and R? may be the same or different from each other; and
each of R! groups and R? groups may be the same or different
from each other;

[4] the process for producing a cyclic silane compound
according to any one of the above [1] to [3], in which the
cyclic silane compound is decamethylcyclopentasilane; and
[5] the process for producing a cyclic silane compound
according to any one of the above [1] to [4], in which the
transition metal belonging to Group 8 of the periodic table is
iron and the transition metal belonging to Group 11 of the
periodic table is copper.

[0019] Further, the second embodiment of the present
invention relates to the following process for producing a
cyclic carbosilane compound:

[6] a process for producing a cyclic carbosilane compound,
which comprises subjecting a chained polysilane to pyrolysis
in the presence of a simple substance of a metal selected from
the group consisting of transition metal elements and ele-
ments belonging to Groups 12 to 15 of the periodic table or a
compound thereof;

[7] the process for producing a cyclic carbosilane compound
according to the above [6], in which the chained polysilane is
a compound represented by the formula (1);

[8] the process for producing a cyclic carbosilane compound
according to the above [6] or [7], in which the cyclic carbosi-
lane compound is 6- to 8-membered cyclic carbosilane com-
pounds; and

[9] the process for producing a cyclic carbosilane compound
according to any one of the above [6] to [8], in which the
transition metal element is titanium, manganese, iron, cobalt,
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or palladium, and the element belonging to Groups 12to 15 of
the periodic table is aluminum, silicon, zinc, cadmium, tin,
antimony, lead, or bismuth.

Advantage of the Invention

[0020] According to the production process of the first
embodiment of the present invention, a cyclic silane com-
pound, especially decamethylcyclopentasilane can be effi-
ciently obtained. Moreover, according to the production pro-
cess of the second embodiment of the present invention, a
cyclic carbosilane compound, especially 6- to 8-membered
cyclic carbosilane compounds can be efficiently obtained.

MODE FOR CARRYING OUT THE INVENTION

[0021] The present invention is an invention according to a
production process, which affords a cyclic silane compound
and/or a cyclic carbosilane compound using a chained pol-
ysilane as a raw material. The chained polysilane herein is a
chained polymer having a —Si—Si— bond as a skeleton
thereof. For example, a silane compound represented by the
general formula (1) can be exemplified.

M

X—(—?i—)m—X

Rr2

[0022] In the formula, R' and R? each independently rep-
resent a C1-C6 alkyl group, an aryl group, or an arylalkyl
group; X represents a hydrogen atom, a halogen atom, a
hydroxyl group, a C1-C6 alkyl group, a C1-C6 alkoxy group,
an aryl group, or a trialkylsiloxy group; m represents any
integer of 2 to 50,000; and each of R! groups and R? groups
may be the same or different from each other.

[0023] As the C1-C6 alkyl group for R! and R?, i.e., a
chained or branched alkyl group having 1 to 6 carbon atoms,
for example, there may be mentioned a methyl group, an ethyl
group, a n-propyl group, an isopropyl group, a n-butyl group,
an isobutyl group, a t-butyl group, a n-pentyl group, an iso-
pentyl group, a neopentyl group, a 2-methylbutyl group, a
2,2-dimethylpropyl group, a n-hexyl group, and the like.
[0024] The aryl group means a monocyclic or polycyclic
aryl group and, in the case of the polycyclic aryl group,
includes partially saturated groups in addition to fully unsat-
urated groups. For example, there may be mentioned a phenyl
group, a naphthyl group, an azulenyl group, an indenyl group,
an indanyl group, a tetralinyl group, and the like. Of these,
preferred are C6-C10 aryl groups.

[0025] As the aralkyl group, there may be mentioned a
benzyl group, a phenethyl group, a 3-phenyl-n-propyl group,
a 1-phenyl-n-hexyl group, a naphthalen-1-ylmethyl group, a
naphthalen-2-ylethyl group, a 1-naphthalen-2-yl-n-propyl
group, an inden-1-ylmethyl group, and the like. Preferred are
C6-C10 aryl-C1-C6 alkyl groups.

[0026] As the halogen atom for X, fluorine, chlorine, bro-
mine, iodine, and the like may be mentioned. As the C1-C6
alkyl group for X, those the same as the C1-C6 alkyl groups
for R' may be mentioned. As the C1-C6 alkoxy group, spe-
cifically, there may be mentioned a methoxy group, an ethoxy
group, a N-propoxy group, an iSOpropoxy group, a n-butoxy
group, an isobutoxy group, a s-butoxy group, a t-butoxy
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group, a n-pentoxy group, an isopentoxy group, a neopentoxy
group, a 4-methylbutoxy group, a 1-ethylpropoxy group, a
n-hexyloxy group, an isohexyloxy group, a 4-methylpentoxy
group, a 3-methylpentoxy group, a 2-methylpentoxy group, a
1-methylpentoxy group, a 3,3-dimethylbutoxy group, a 2,2-
dimethylbutoxy group, a 1,1-dimethylbutoxy group, a 1,2-
dimethylbutoxy group, a 1,3-dimethylbutoxy group, a 2,3-
dimethylbutoxy group, a 1l-ethylbutoxy group, a
2-ethylbutoxy group, and the like.

[0027] Asthetrialkylsiloxy group, a trimethylsiloxy group,
atriethylsiloxy group, a t-butyldimethylsiloxy group, and the
like can be mentioned. The trialkylsiloxy group has three
alkyl groups in one substituent and these three alkyl groups
may be the same or different from each other. The alkyl group
is preferably a C1-C6 alkyl group. Specifically, those the
same as the alkyl groups for R* may be mentioned.

[0028] The m represents any integer of 2 to 50,000.
[0029] As the cyclic silane compound obtained by the pro-
duction process of the present invention, a compound repre-
sented by the formula (2) and the like can be exemplified.

@

[0030] Inthe formula, R* and R? represent the same mean-
ings as in the formula (1); n represents any integer of 1 to 20;
R! and R? may be the same or different from each other; and
each of R! groups and R? groups may be the same or different
from each other.

[0031] AsR'and R? groups the same as those mentioned
for the formula (1) can be exemplified, and the n represents
any integer of 1 to 20 and is more preferably any integer of 3
to 8. Namely, the cyclic silane compound of the present
invention is preferably a compound having a cyclopentasi-
lane ring, a cyclohexasilane ring, a cycloheptasilane ring, or a
cyclooctasilane ring.

[0032] Asthecyclicsilane compound, specifically peralky-
Icyclosilanes, more specifically, for example, decamethylcy-
clopentasilane, dodecamethylcyclohexasilane, and the like
may be mentioned.

[0033] According to the production process of the first
embodiment of the present invention, in the production of a
cyclic silane, the process is carried out in the presence of an
oxide of a transition metal belonging to Group 8 or Group 11
of the periodic table. The objective cyclic silane can be
obtained with good selectivity by carrying out the reaction in
the presence of the metal oxide. Moreover, the formation
selectivity between the cyclic silane compound and the cyclic
carbosilane compound to be obtained can be controlled
depending on the amount of the metal oxide to be added.
[0034] The cyclic carbosilane compound herein is a cyclic
compound having a skeleton composed of silicon and carbon
and partially having a silicon-carbon-silicon bond.

[0035] As the transition metal belonging to Group 8 of the
periodic table, iron, ruthenium, and osmium may be men-
tioned. As the transition metal belonging to Group 11, copper,
silver, and gold may be mentioned. As oxides of these tran-
sition metals, iron (II) oxide, iron (II, III) oxide, iron (IIT)
oxide, ruthenium dioxide, ruthenium tetroxide, osmium diox-
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ide, osmium tetroxide, copper (I) oxide, copper (II) oxide,
silver oxide, and the like may be mentioned. Of these, more
preferably, the transition metal belonging to Group 8 is iron
and the transition metal belonging to Group 11 is copper.
Above all, they are more preferably iron oxide (I1I) and cop-
per (II) oxide.

[0036] Inthe production process of the first embodiment of
the present invention, these metal oxides may be used singly,
or two or more thereof may be used in combination.

[0037] Inthe production process of the first embodiment of
the present invention, the amount of the metal oxide to be
used is preferably 10 ppm by weight or more, more preferably
100 ppm by weight or more, and further preferably 1,000 ppm
by weight or more based on the chained polysilane to be used.
Moreover, it is preferred to be 2,000 ppm by weight or less.

[0038] Incidentally, any components other than the above
metal oxides may be added unless the components inhibit the
production process of the first embodiment of the present
invention.

[0039] The production of the cyclic silane compound in the
production process of the first embodiment of the present
invention is carried out by charging a chained polysilane as a
raw material and the above metal oxide into a reaction vessel
and heating them. By heating, the chained polysilane is pyro-
lyzed to form the cyclic silane compound.

[0040] The reaction temperature may be appropriately
selected depending on the amount to be charged and the
apparatus but is approximately 350 to 450° C., and preferably
about 400° C. The reaction time may be appropriately
selected depending on the amount to be charged, the tempera-
ture, and the apparatus but is approximately 10 minutes to 90
minutes.

[0041] Moreover, the reaction is preferably carried out
under normal pressure and an inert gas stream, and as the inert
gas, nitrogen, argon, mixed gases thereof, and the like may be
mentioned.

[0042] The cyclic silane compound produced by the above
process can be confirmed by known methods such as gas
chromatography (GPC) and infrared spectroscopic (IR)
analysis.

[0043] The cyclic carbosilane compound obtained by the
production process of the second embodiment of the present
invention is a cyclic compound having a skeleton composed
of silicon and carbon and partially having a bond of silicon-
carbon-silicon, and especially, 6- to 8-membered cyclic car-
bosilane compounds are efficiently obtained.

[0044] As the 6- to 8-membered cyclic carbosilane com-
pounds, for example, in the case where poly(dimethylsi-
lylene) is used as a raw material, compounds represented by
the following formulae (3) to (5) and the like can be exem-
plified. However, these chemical structures are presumed
based on the results of gas chromatography-mass spectros-
copy (GC-MS) and infrared spectroscopic (IR) analysis (ab-
sorption derived from Si—H stretching vibration v, ).

&)
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[0045] Moreover, in the invention, cyclic silanes repre-
sented by the following formula, decomposition products of
the chained polysilane, and the like are also produced as
by-products.

@
: Si
R\ 1

\(-sﬁn/R
N

R2

/
R2

[0046] Inthe formula, R' and R? represent the same mean-
ings as in the formula (1); n represents any integer of 1 to 20;
R! and R? may be the same or different from each other; and
each of R! groups and R? groups may be the same or different
from each other.

[0047] AsR'and R? groups the same as those mentioned
for the formula (1) can be exemplified and the n is any integer
of 1 to 20. Specifically, peralkylcyclosilanes, more specifi-
cally, for example, decamethylcyclopentasilane, dodecam-
ethylcyclohexasilane, and the like may be mentioned.

[0048] The process for producinga cyclic carbosilane com-
pound of the present invention is carried out in the presence of
a metal simple substance selected from the group consisting
of transition metal elements and elements belonging to
Groups 12 to 15 of the periodic table or a compound thereof
(hereinafter referred to as a “metal additive” when they are
collectively described). By carrying out the reaction in the
presence of the metal additive, a cyclic carbosilane com-
pound, particularly 6- to 8-membered carbosilane com-
pounds can be efficiently obtained.

[0049] As the transition metal, titanium (Ti), manganese
(Mn), iron (Fe), cobalt (Co), palladium (Pd), or the like may
be mentioned.

[0050] There may be mentioned zinc (Zn), cadmium (Cd),
and the like as the elements belonging to Group 12 of the
periodic table, aluminum (Al) and the like as the elements
belonging to Group 13, silicon (Si), tin (Sn), lead (Pb), and the
like as the elements belonging to Group 14, and antimony
(Sb), bismuth (Bi), and the like as the elements belonging to
Group 15.
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[0051] As the metal simple substance, specifically, Zn and
the like may be mentioned.

[0052] Moreover, as the metal compound, there may be
mentioned TiCl,, MnCl,, FeCl,, CoCl,, PdCl,, ZnCl,, ZnO,
CdCl,, AlCL,, SiCl,, 5 nCl,, 5 nCl,, SnO, SnO,, PbCl,,
SbCls, BiCl;, and the like. Of these, ZnCl,, ZnO, AlCl;, 5
nCl,, ZnCl,, PbCl,, SbCls, and BiCl; are particularly pre-
ferred. In this connection, the metal compound is preferably
not an oxide of a transition metal belonging to Group 8 or
Group 11.

[0053] Inthe production process ofthe second embodiment
of the present invention, these metal additives may be used
alone or in combination of two or more thereof.

[0054] Inthe production process of the second embodiment
of'the present invention, the amount of the metal additive to be
used is preferably 1 to 2,000 ppm by weight, and more pref-
erably 1 to 100 ppm by weight based on the chained polysi-
lane to be used.

[0055] Incidentally, any components other than the above
metal additives may be added unless the components inhibit
the production process of the second embodiment of the
present invention.

[0056] The production of the cyclic carbosilane compound
of the present invention is carried out by charging a chained
polysilane as a raw material and the above metal additive into
a reaction vessel and heating them. By heating, the chained
polysilane is pyrolyzed to form the cyclic carbosilane com-
pound.

[0057] The reaction temperature may be appropriately
selected depending on the amount to be charged and the
apparatus but is usually 350 to 450° C., and preferably about
400° C. The reaction time may be appropriately selected
depending on the amount to be charged, the temperature, and
the apparatus but is usually 10 minutes to 90 minutes.

[0058] Moreover, the reaction is preferably carried out
under normal pressure and an inert gas stream, and as the inert
gas, nitrogen, argon, and mixed gases thereof may be men-
tioned.

[0059] The cyclic carbosilane compound produced by the
above process can be confirmed by known methods such as
gas chromatography (GPC) and infrared spectroscopic (IR)
analysis.

EXAMPLES

[0060] The following will describe the production process
of the first embodiment of the present invention but the first
embodiment of the present invention is not restricted to these
Examples.

Example 1

[0061] Into a reaction vessel were charged 20.40 g of poly
(dimethylsilylene) (trade name: PDMS, manufactured by
Nippon Soda Co., Ltd.) and 0.2 mg (10 ppm by weight based
on PDMS) of iron (III) oxide (manufactured by Wako Pure
Chemical Industries, [.td.), and pyrolysis (elevating the tem-
perature from room temperature to about 400° C. over a
period of 40 minutes and subsequent heating at about 400° C.
for 50 minutes) was carried out under a nitrogen stream.
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Examples 2 to 8

Comparative Example 1

[0062] Pyrolysis of poly(dimethylsilylene) was carried out
as described in Table 1 in the same manner as in Example 1
except that the kind and amount of the metal oxide used were
changed. In this regard, (ppm) in the table represents (ppm by
weight).

TABLE 1
Amount
Metal oxide Manufacturer charged(ppm)

Example 2 Iron (III) oxide Wako Pure Chemical 100
Industries, Ltd.

Example 3 Tron (III) oxide Wako Pure Chemical 1000
Industries, Ltd.

Example4  Silver oxide Wako Pure Chemical 1000
Industries, Ltd.

Example 5 Copper (I) oxide  Kanto Chemical Co., 1000
Inc.

Example 6  Copper (II) oxide Wako Pure Chemical 10
Industries, Ltd.

Example 7 Copper (II) oxide Wako Pure Chemical 100
Industries, Ltd.

Example 8  Copper (II) oxide Wako Pure Chemical 1000
Industries, Ltd.

Comparative none none

Example 1

(Analysis of Product)

[0063] Reaction products obtained in Examples 1to 8 were

analyzed by gas chromatography (GC).

[0064] Measurement conditions are as follows.

GC apparatus: GC-14A (manufactured by Shimadzu Corpo-
ration)

Column: Glass column 7G 3.2 mm¢x2.1 m (manufactured by
Shimadzu Corporation)

Filler: Silicone OV-17 2% Chromosorb WAW DMCS 60/80
mesh (manufactured by G L Sciences Inc.)

Injection temperature: 200° C.

Column temperature: 100° C. (10 minutes)-20° C./minute-
250° C. (5 minutes)

Detector: TCD 125 mA, 220° C.

[0065] Carrier gas: helium 100 m[/minute

Injection amount: 0.6 pl.

Data processing apparatus: Chromatopack C-R6A (manufac-
tured by Shimadzu Corporation)

(Evaluation of Product)

[0066] For pyrolysis products obtained in Examples 1 to 8
and Comparative Example 1, the ratio (A/B) of the area of the
peak (A) (retention time: 4.8 minutes) containing a cyclic
carbosilane compound on GC to the area of the peak (B)
(retention time 4.0 minutes) of decamethylcyclopentasilane
on GC and the area value of B are shown in Table 2. From
these results, it was revealed that the A/B value decreased in
Examples where a metal oxide was added as compared with
Comparative Example 1 where pyrolysis of poly(dimethylsi-
lylene) was carried out without adding any substances, and
the amount of the cyclic silane compound formed could be
relatively increased as compared to the cyclic carbosilane
compound by adding a metal oxide. Moreover, it was revealed
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that the area value indicating the amount of formed decam-
ethylcyclopentasilane increased in Examples where a metal
oxide was added as compared to Comparative Example 1
(particularly, in the case where an oxide of copper or iron was
used), and the amount thereof formed could be increased by
adding a metal oxide.

TABLE 2
A/B value B area value
Example 1 1.19 26,754
Example 2 1.07 26,958
Example 3 0.79 34,430
Example 4 1.24 23,473
Example 5 0.29 78,973
Example 6 0.79 34,780
Example 7 0.40 61,613
Example 8 0.21 95,087
Comparative 1.30 22,389

Example 1

[0067] The following will describe the production process
of the second embodiment of the present invention but the
second embodiment of the present invention is not restricted
to these Examples.

Example 9

[0068] Into a reaction vessel were charged 20.6 g of poly
(dimethylsilylene) (trade name: PDMS, manufactured by
Nippon Soda Co., [.td.) and 24 mg (1,170 ppm by weight
based on PDMS) of AICl; (manufactured by Wako Pure
Chemical Industries, [.td.), and pyrolysis (elevating the tem-
perature from room temperature to 400° C. over a period of 45
minutes and subsequent heating at about 400° C. for 30 min-
utes) was carried out under a nitrogen stream.

Examples 10 to 24

Comparative Example 2

[0069] Pyrolysis of poly(dimethylsilylene) was carried out
as described in Table 3 in the same manner as in Example 9
except that the kind and amount of the metal additive used
were changed.

TABLE 3
Chloride or Amount added (ppm
oxide by weight)

Example 10 ZnCl, 100
Example 11 Zno 100
Example 12 SnCl, 74
Example 13 SnCl, 100
Example 14 SbCls 1000
Example 15 BiCl; 1000
Example 16 PbCl, 1000
Example 17 FeCl, 1000
Example 18 CdcCl, 1000
Example 19 MnCl, 1000
Example 20 TiCl, 750
Example 21 CoCl, 1000
Example 22 SiCl, 610
Example 23 PdCl, 1000
Example 24 ZnCl, 3.3
Comparative none —
Example 2
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(Analysis of Product)

[0070] Reaction products obtained in Examples and Com-
parative Example were analyzed by gas chromatography
(GC). Measurement conditions are as follows.

GC apparatus: GC-14A (manufactured by Shimadzu Corpo-
ration)

Column: Glass column 7G 3.2 mm¢x2.1 m (manufactured by
Shimadzu Corporation)

Filler: Silicone OV-17 2% Chromosorb WAW DMCS 60/80
mesh (manufactured by G L Sciences Inc.)

Injection temperature: 200° C.

Column temperature: 100° C. (10 minutes)-20° C./minute-
250° C. (5 minutes)

Detector: TCD 125 mA, 220° C.

[0071] Carrier gas: helium 100 m[/minute

Injection amount: 0.6 pl.

Data processing apparatus: Chromatopack C—R6A (manu-
factured by Shimadzu Corporation)

(Evaluation of Product)

[0072] For products of Examples 9 to 24 and Comparative
Example 2, the ratio (A/B value) of the area of the peak (A)
(retention time: 4.8 minutes) containing the cyclic carbosi-
lane compound of the present invention on GC to the area of
the peak (B) (retention time: 4.0 minutes) of decamethylcy-
clopentasilane on GC and the area value of A are shown in
Table 4. From these results, it was revealed that the A/B value
increased in Examples where a metal compound was added as
compared to Comparative Example 2 where pyrolysis of poly
(dimethylsilylene) was carried out without adding any sub-
stances, and the amount of the cyclic carbosilane compound
formed could be relatively increased as compared to the
cyclic silane compound by adding a metal compound. More-
over, it was revealed that the area value indicating the amount
of the formed cyclic carbosilane compound increased in
Examples (partially with exception) as compared with Com-
parative Example 2, and the amount thereof formed could be
increased by adding the metal compound.

TABLE 4
A/B value A area value
Example 9 1.14 33,505
Example 10 1.28 25,883
Example 11 0.93 33,583
Example 12 1.48 21,259
Example 13 1.49 21,388
Example 14 1.51 32,764
Example 15 1.30 21,118
Example 16 1.24 16,188
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TABLE 4-continued

A/B value A area value
Example 17 0.42 16,371
Example 18 0.56 17,550
Example 19 0.40 13,754
Example 20 0.75 33,468
Example 21 0.79 19,041
Example 22 0.44 32,183
Example 23 0.36 15,386
Example 24 1.01 27,199
Comparative 0.16 15,933
Example 2
[0073] While the present invention has been described in

detail and with reference to the specific embodiments thereof,
it will be apparent to one skilled in the art that various changes
and modifications can be make therein without departing
from the spirit and scope thereof.
1. A process for producing a cyclic carbosilane compound,
comprising:
subjecting a chained polysilane to pyrolysis in the presence
of a simple substance of a metal selected from the group
consisting of transition metal elements and elements
belonging to Groups 12 to 15 of the periodic table, or a
compound thereof.
2. The process according to claim 1, wherein the chained
polysilane is a compound represented by formula (1):

M

wherein:

R! and R? each independently represents a C1-C6 alkyl
group, an aryl group, or an arylalkyl group;

X represents a hydrogen atom, a halogen atom, a hydroxyl
group, a C1-C6 alkyl group, a C1-C6 alkoxy group, an
aryl group, or a trialkylsiloxy group;

m represents any integer of 2 to 50,000; and

each of R' groups and R* groups may be the same or
different from each other.

3. The process according to claim 1, wherein the cyclic
carbosilane compound is 6- to 8-membered cyclic carbosi-
lane compounds.

4. The process according to claim 1, wherein the transition
metal element is titanium, manganese, iron, cobalt, or palla-
dium, and the element belonging to Groups 12 to 15 of the
periodic table is aluminum, silicon, zinc, cadmium, tin, anti-
mony, lead, or bismuth.
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