DESCRIPTION

TITLE OF THE INVENTION:
Hydrosilane Derivative, Method for Producing Same, and Method for

Producing Silicon-Containing Thin film

TECHNICAL FIELD

[0001}
The present invention relates to a hydrosilane derivative useful, for example, as

the material for the production of a semiconductor device, a method for producing the

same, and a method for producing a silicon-containing thin film.

BACKGROUND ART

[0002]
A silicon simple substance and a silicon-containing compound is used as a thin

film in many parts constituting a semiconductor device, because electrical properties
such as electrical resistivity and relative permittivity can be adjusted by changing the
type and/or proportion of the constituent element, and their application in industry is
expected to more expand in the future. The silicon-containing compound used in
applications to a semiconductor device includes various substances such as silicon
dioxide, silicon oxynitride, silicon nitride and metal silicate. Furthermore, in
proceeding with high integration of a semiconductor device, it is very important to
establish a three-dimensional formation of the device structure, that is, a technique for
producing a thin film on a three-dimensionally shaped substrate surface. From this
viewpoint, a chemical vapor deposition method (CVD method) and an atomic layer
deposition method (ALD method) are particularly attracting attention as a thin-film
production process suitable for the process of producing a semiconductor device of
future generations. As the material for producing a silicon-containing thin film by
using a CVD method or an ALD method, studies are being made on use of various
silicon compounds. However, a silane gas explosively reacts with an oxygen gas,
which limits its use, and tetraethoxysilane (TEOS) is limited in its use, because a high
temperature or a plasma is indispensable for the production of a thin film.
Tris(dimethylamino)silane (TDMAS) is also being studied as the material for producing
a silicon-containing thin film by the CVD method or ALD method. For example,



Patent Document 1 describes a method for producing a silicon dioxide thin film by a
plasma-enhanced chemical vapor deposition method (PECVD method) using TDMAS
as the material. Also, Patent Document 2 describes a method for producing a silicon
dioxide thin film by the ALD method using TDMAS and ozone or an oxygen gas.
[0003]

With respect to the substance analogous to the hydrosilane derivative (1) of the
present invention, Non-Patent Document 1 describes, as Compounds 8 and 10, 1,3-di-
tert-butyl-2-diethylamino-1,3-diaza-2-silacyclopent-4-ene
(Si('BuNCHCHN'Bu)(H)NEt;) and  1,3-di-tert-butyl-2-dipropylamino-1,3-diaza-2-
silacyclopent-4-ene (Si('BuNCHCHN'Bu)(H)NPr,), respectively, but is absolutely silent
on using such a compound as the material for producing a silicon-containing thin film.
Also, there are not found at all description about a derivative having a dialkylamino
group except for diethylamino group and dipropylamino group, or a derivative having
an amino group, a monoalkylamino group, an isocyanato group, a thioisocyanato group

or an alkenyl group.

RELATED ART
PATENT DOCUMENT
[0004]
Patent Document 1: International  Publication No.  2009-045964, -
pamphlet
Patent Document 2: JP-A-2008-135633
NON-PATENT DOCUMENT

[0005]
Non-Patent Document 1: Organometallics, Vol. 28, page 2744 (2009)

SUMMARY OF THE INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE

[0006]
In the case of producing a semiconductor device, thin films formed of a

plurality of different compounds must be stacked. However, there is a problem in
using existing silicon compounds as the practical material for producing a silicon-
containing thin film. For example, in producing a silicon dioxide thin film by using
only TDMAS and an oxygen gas, a high substrate temperature is indispensable for



accelerating the reaction of TDMAS with oxygen. Also, in Patent Document 2, it is
stated that in the case of pi‘oducing a silicon dioxide thin film by the ALD method using
only TDMAS and an oxygen gas, a thin film can be produced at 550°C but if the
substrate temperature is low, a film is not deposited. = Furthermore, the present
inventors have tried to produce a silicon dioxide thin film by the CVD method using
TDMAS and an oxygen gas and confirmed that deposition of a film scarcely proceeds at
a substrate temperature of 500°C or less (sece, Comparative Example-1, Comparative
Example-2 and Comparative Example-3). When the substrate temperature at the
production of a thin film is high, there may arise a trouble such as interdiffusion or
delamination between respective layers, and therefore, it is required to produce a thin
film at a temperature as low as possible. In addition, a PECVD method using a plasma
and a method using ozone are also studied as the means to accelerate the reaction of
TDMAS with oxygen, but both are of narrow application as a practical thin-film
production method, because the PECVD method has a problem of damage to the
substrate by a plasma and the method using ozone has a problem of oxidation of the
substrate by ozone. That is, a silicon compound capable of forming a thin film only by
heating without use of an auxiliary agent such as plasma and ozone, at a temperature as
low as possible is required, but such a compound has not been found yet. For solving
these problems, it is necessary to develop a new silicon material for thin film production,
which makes it possible to efficiently produce a silicon-containing thin film such as
silicon dioxide or silicon nitride even at a low temperature of 500°C or less without

using a plasma or ozone.

MEANS FOR SOLVING THE PROBLEMS

[0007]
As a result of intensive studies to solve the above-described problems, the

present inventors have found that a hydrosilane derivative having a cyclic structure
represented by formula (1) or (1') is an excellent compound capable of efficiently
producing a silicon-containing thin film such as silicon dioxide or silicon nitride even at
a low temperature of 500°C or less without using a plasma or ozone. The present
invention has been accomplished based on this finding.

That is, the present invention relates to a hydrosilane derivative represented by

formula (1):



[0008]

[0009]
(wherein each of R! and R* independently represents an alkyl group having a carbon

number of 3 to 12, Za represents an isocyanato group, an isothiocyanato group, an
amino group, a monosubstituted amino group represented by. NHR?, an N-methyl-
alkylamino group represented by N(CH:)R*, or an alkenyl group having a carbon
number of 2 to 6, R®? represents an alkyl group having a carbon number of 1 to 12,
which may be substituted with a fluorine atom, and R* represents an alky! group having
a carbon number of 1 to 4).

[0010]
Also, the present invention relates to a method for producing a hydrosilane

derivative, comprising reacting a chlorosilane derivative represented by formula (3):

[0011)
[Chem. 2]

[0012]
(wherein each of R! and R? independently represents an alkyl group having a carbon

number of 3 to 12) with a compound represented by formula (4):



[0013]
[Chem. 3]

M2z )

[0014]
{(wherein Z represents an isocyanato group, an isothiocyanato group, an amino group, a

monosubstituted amino group represented by NHR’, a disubstituted amino group
represented by NR'R®, or an alkenyl group having a carbon number of 2 to 6, R>
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, each of R* and R’ independently represents an alkyl group having
a carbon number of 1 to 4, M? represents a sodium atom or a potassium atom when Z is
an isocyanato group or an isothiocyanato group, M? represents a hydrogen atom or a
lithium atom when Z is an amino group, a monosubstituted amino group represented by
NHR? or a disubstituted amino group represented by NR'R®, and M? represents a
magnesium halide group when Z is an alkenyl group having a carbon number of 2 to 6)

to produce a hydrosilane derivative represented by formula (1'):

[0015]
[Chem. 4]
R1
N Z
\_/
| Su\ 1 |
N/ H
\R2
[0016]

(wherein each of R! and R? independently represents an alkyl group having a carbon
number of 3 to 12, Z represents an isocyanato group, an isothiocyanato group, an amino
group, a monosubstituted amino group represented by NHR® a disubstituted amino
group represented by NR*R, or an alkenyl group having a carbon number of 2 to 6, R?



represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, and each of R* and R® independently represents an alkyl group
having a carbon number of 1 to 4).

[0017]
Furthermore, the present invention relates to a method for producing a

hydrosilane derivative, comprising reacting a vinylenediaminide alkali metal salt
represented by formula (2):
[0018]
[Chem. 5]
R1
NM
| @

N\M1
R2
[0019]
(wherein each of R! and R? independently represents an alkyl group having a carbon
number of 3 to 12, and M! represents a lithium atom or a sodium atom) with

trichlorosilane to produce a chlorosilane derivative represented by formula (3):
[0020]

[0021]
{(wherein each of R! and R? independently represents an alkyl group having a carbon
number of 3 to 12), and further reacting the chiorosilane derivative (3) with a compound



represented by formula (4):
[0022]
[Chem. 7]

M?Z 4)

[0023]
(wherein Z represents an isocyanato group, an isothiocyanato group, an amino group, a
monosubstituted amino group represented by NHR®, a disubstituted amino group
represented by NR*R®, or an alkenyl group having a carbon number of 2 to 6, R’
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, each of R* and R’ independently represents an alkyl group having
a carbon number of 1 to 4, M? represents a sodium atom or a potassium atom when Z is
an isocyanato group or an isothiocyanato group, M? represents a hydrogen atom or a
lithium atom when Z is an amino group, a monosubstituted amino group represented by
NHR® or a disubstituted aminoe group represented by NR'R®, and M? represents a
magnesium halide group when Z is an alkenyl group having a carbon number of 2 to 6)
to produce a hydrosilane derivative represented by formula (1'):
[0024]

[Chem. 8]

[0025]
(wherein each of R and R? independently represents an alkyl group having a carbon

number of 3 to 12, Z represents an isocyanato group, an isothiocyanato group, an amino
group, a monosubstituted amino group represented by NHR>, a disubstituted amino
group represented by NR*R’, or an alkenyl group having a carbon number of 2 to 6, R>



represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, and each of R* and R® independently represents an alkyl group
having a carbon number of 1 to 4).

[0026]
Furthermore, the present invention relates to a method for producing a silicon-

containing thin film, comprising using, as the material, a hydrosilane derivative
represented by formula (1'):
[0027]
[Chem. 9]
R’
/

N 7
\ /"

[0028]
(wherein each of R' and R? independently represents an alkyl group having a carbon

number of 3 to 12, Z represents an isocyanato group, an isothiocyanato group, an amino
group, a monosubstituted amino group represented by NHR?, a disubstituted amino
group represented by NR*R®, or an alkenyl group having a carbon number of 2 to 6, R?
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, and each of R* and R’ independently represents an alkyl group
having a carbon number of 1 to 4),

[0029]
That is, the gist of the present invention resides in the following (1) to (9).

g} A hydrosilane derivative represented by formula (1):



[0030]
[Chem. 10]

[0031]

(wherein each of R! and R? independently represents an alkyl group having a carbon
number of 3 to 12, Za represents an isocyanato group, an isothiocyanato group, an
amino group, a monosubstituted amino group represented by NHR®, an N-methyl-
alkylamino group represented by N(CH3)R* or an alkenyl group having a carbon
number of 2 to 6, R’ represents an alkyl group having a carbon number of 1 to 12,
which may be substituted with a fluorine atom, and R* represents an alkyl group having
a carbon number of 1 to 4).

[0032]
2) The hydrosilane derivative as described in (1), wherein, preferably,

each of R! and R? is independently an alkyl group having a carbon number of 3 to 8, Za
is an isocyanato group, an amino group, a monosubstituted amino group represented by
NHR?, or an alkenyl group having a carbon number of 2 to 4, and R is an alkyl group
having a carbon number of 1 to 8, which may be substituted with a fluorine atom.

(3) The hydrosilane derivative as described in (1)} or (2), wherein,
preferably, each of R' and R? is independently a tert-butyl group or a tert-pentyl group,
Za is an amino group or a monosubstituted amino group represented by NHR?, and R? is
an alkyl group having a carbon number of 1 to 4.

[0033]
(4) A method for producing a hydrosilane derivative, comprising reacting

a chlorosilane derivative represented by formula (3):



[0034]
[Chem. 11]

[0035]
(wherein each of R! and R? independently represents an alky! group having a carbon
number of 3 to 12) with a compound represented by formula (4):
[0036]
[Chem. 12]

M2z 4)

[0037]

(wherein Z represents an isocyanato group, an isothiocyanato group, an amino group, a
monosubstituted amino group represented by NHR? a disubstituted amino group
represented by NR*R®, or an alkenyl group having a carbon number of 2 to 6, R’
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, each of R* and R® independently represents an alkyl group having
a carbon number of 1 to 4, M? represents a sodium atom or a potassium atom when Z is
an isocyanato group or an isothiocyanato group, M? represents a hydrogen atom or a
lithium atom when Z is an amino group, a monosubstituted amino group represented by
NHR? or a disubstituted amino group represented by NR'R®, and M* represents a
magnesium halide group when Z is an alkenyl group having a carbon number of 2 to 6)

to produce a hydrosilane derivative represented by formula (1'):

-10 -



[0038]
[Chem. 13]

R'I

N/ 7
| \Si/
. N/ \H
\

R2

(1%

[0039]

(wherein each of R' and R? independently represents an alkyl group having a carbon
number of 3 fo 12, Z represents an isocyanato group, an isothiocyanato group, an amino
group, a monosubstituted amino group represented by NHR?, a disubstituted amino
group represented by NR*R’, or an alkenyl group having a carbon number of 2 to 6, R?
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, and each of R* and R’ independently represents an alkyl group
having a carbon number of 1 to 4).

[0040] .

(5) The production method as described in (4), wherein, preferably, Z is
an isocyanato group, an amino group, a monosubstituted amino group represented by
NHR?, or an alkenyl group having a carbon number of 2 to 4, each of R' and R? is
independently an alkyl group having a carbon number of 3 to 8, and R> is an alkyl group
having a carbon number of 1 to 8, which may be substituted with a fluorine atom.

(6) The production method as described in (4) or (5), wherein, preferably,
Z is an amino group or a monosubstituted amino group represented by NHR?, M? is a
hydrogen atom, each or R! and R? is independently a tert-butyl group or a tert-pentyl
group, and R is an alkyl group having a carbon number of 1 to 4.

[0041]
(7) A method for producing a hydrosilane derivative, comprising reacting

a vinylenediaminide alkali salt represented by formula (2):

-11 -



[0042]
[Chem\. 14]

NMT

l S S
N !

\

RZ
[0043]
(wherein each of R' and R? independently represents an alkyl group having a carbon

number of 3 to 12, and M' represents a lithium atom or a sodium atom) with
trichlorosilane to produce a chlorosilane derivative represented by formula (3):
[0044] ‘

[Chem. 15]

R1

[0045]
(wherein each of R! and R? independently represents an alkyl group having a carbon

number of 3 to 12), and further reacting the chlorosilane derivative (3} with a compound

represented by formula (4):
[0046]
[Chem. 16]

M2Z “4)
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[0047]

(wherein Z represents an isocyanato group, an isothiocyanato group, an amino group, a
monosubstituted amino group represented by NHR® a disubstituted amino group
represented by NR'R®, or an alkenyl group having a carbon number of 2 to 6, R>
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, each of R* and R® independently represents an alkyl group having
a carbon number of 1 to 4, M? represents a sodium atom or a potassium atom when Z is
an isocyanato group or an isothiocyanato group, M represents a hydrogen atom or a
lithium atom when Z is an amino group, a monosubstituted amino group represented by
NHR® or a disubstituted amino group represented by NR'R’, and M? represents a
magnesium halide group when Z is an alkenyl group having a carbon number of 2 to 6)

to produce a hydrosilane derivative represented by formula (1"):

[0048]
[Chem. 17]
R‘l
N Z
/7 ,
I /Sl\ (19
N H
\o
[0049]

(wherein each of R! and R? independently represents an alkyl group having a carbon
number of 3 to 12, Z represents an isocyanato group, an isothiocyanato group, an amino
group, a monosubstituted amino group represented by NHR®, a disubstituted amino
group represented by NR*R®, or an alkenyl group having a carbon number of 2 to 6, R>
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, and each of R* and R’ independently represents an alkyl group
having a carbon number of 1 to 4).

[0050]
(8) A method for producing a silicon-containing thin film, comprising

using, as the material, a hydrosilane derivative represented by formula (1:

-13 -



[0051]
[Chem. 18]

R‘I

[0052]

(wherein each of R! anid R? independently represents an alkyl group having a carbon
number of 3 to 12, Z represents an isocyanato group, an isothiocyanato group, an amino
group, a monosubstituted amino group represented by NHR®, a disubstituted amino
group represented by NR'R®, or an alkenyl group having a carbon number of 2 to 6, R®
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, and each of R* and R’ independently represents an alkyl group
having a carbon number of 1 to 4).

[0053]
(® The production method as described in (8), wherein, preferably, Z is

an amino group or a monosubstituted amino group represented by NHR? and R? is an

alkyl group having a carbon number of 1 to 4.

ADVANTAGE OF THE INVENTION

[0054]
By virtue of using the hydrosilane derivative (1') of the present invention as the

material, a silicon-containing thin film such as silicon dioxide or silicon nitride can be

efficiently produced even at a low temperature of 500°C or less without using a plasma

0Or 0ZOone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055]
[Fig. 1] Fig. 1 is a schematic view of the thin-film producing apparatus used in

Example-39 to Example-52, Example-57 to Example-65, and Comparative Example-1
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to Comparative Example-4.

[Fig. 2] Fig
[Fig. 3] Fig
[Fig. 4] Fig
[Fig. 5] Fig
[Fig. 6] Fig
[Fig. 7] Fig
[Fig. 8] Fig
[Fig. 9] Fig

[Fig. 10]Fig.
[Fig. 11]Fig.
[Fig. 12]Fig.
[Fig. 13]Fig.
[Fig. 14]Fig.
[Fig. 15]Fig.
[Fig. 16]Fig.
[Fig. 17]Fig.
[Fig. 18]Fig.
[Fig. 19]Fig.
[Fig. 20]Fig.
[Fig. 21]Fig.
[Fig. 22]Fig.
[Fig. 23]Fig.
[Fig. 24]Fig.
[Fig. 25]Fig.
[Fig. 26]Fig.
[Fig. 27]Fig.
[Fig. 28]Fig.
[Fig. 29]Fig.
[Fig. 30]Fig.

[Fig. 31]Fig
[Fig. 32]Fig

.2 is TG and DSC charts of Si(PANCHCHN'Pr)(H)NHEL.

.3 is TG and DSC charts of Si(PrINCHCHN'Pr)(H)NH Pr.

.4 is TG and DSC charts of Si(BUNCHCHN'Bu)(H)NHS,.

.5 is TG and DSC charts of Si(BuNCHCHN'Bu)(H)NHMe.

. 6 is TG and DSC charts of Si('BuNCHCHN'Bu)(H)NHEL.

.7 is TG and DSC charts of Si('BUNCHCHN'Bu)(H)NH®Pr.

.8 is TG and DSC charts of Si(BuNCHCHN'Bu)(H)NHPr.

.9 is TG and DSC charts of Si(BuNCHCHN'Bu)(H)NHPr.

10 is TG and DSC charts of Si(BuNCHCHN'Bu)(H)NH*Bu.

11 is TG and DSC charts of Si(BuNCHCHN'Bu)(H)NH'Bu.

12 is TG and DSC charts of Si(BuNCHCHN'Bu)(F)NHCy.

13 is TG and DSC charts of Si’BUNCHCHN'Bu)(H)NH'Oct.

14 is TG and DSC charts of Si('BuNCHCHN'Bu)(H)NHCH,CF;.
15 is TG and DSC charts of SiCBuNCHCHN®Bu)(H)NHEL.

16 is TG and DSC charts of Si(PeNCHCHN'Pe)(H)NHa.

17 is TG and DSC charts of Si('PeNCHCHN'Pe)(H)NHMe.

18 is TG and DSC charts of Si(*PeNCHCHN'Pe)(H)NHEL.

19 is TG and DSC charts of Si('OctNCHCHN'Oct)(H)NHo.

20 is TG and DSC charts of Si('OctNCHCHN'Oct)(H)NHE.

21 is TG and DSC charts of Si(BUNCHCHN'Oct)(H)NH,.

22 is TG and DSC charts of Si(BuNCHCHN'Oct)(H)NHPr.

23 is TG and DSC charts of Si('BuNCHCHN'Bu)(H)NCO.

24 is TG and DSC charts of Si('BuNCHCHN'Bu)}(H)NCS.

25 is TG and DSC charts of Si('PeNCHCHN"Pe)(H)NCO.

26 is TG and DSC charts of Si('OctNCHCHN'Oct)(H)NCO.

27 is TG and DSC charts of Si('BuNCHCHN'Bu)(H)NEt,.

28 is TG and DSC charts of Si('BuNCHCHN'Bu)(H)NBuMe.

29 is TG and DSC charts of Si('BUNCHCHN'Bu)(H)CHCH..

30 is TG and DSC charts of Si(BuNCHCHN'Bu)(H)CH,CHCH,.
.31 is TG and DSC charts of Si( BUINCHCHN'Bu)(H)CHC(CHs),.
.32 is TG and DSC charts of Si('BuNCHCHN'Bu)(H)C(CH;)CHo.
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MODE FOR CARRYING QUT THE INVENTION
[0056]

The present invention is described in more detail below. First, definitions of
R, R%, R?, R* and R’ are described. The alkyl group having a carbon number of 3 to
12 represented by R! and R? may be linear, branched or cyclic, and specific examples
include propyl group, isopropyl group, cyclopropyl group, butyl group, isobutyl group,
sec-butyl group, tert-butyl group, cyclobutyl group, pentyl group, isopentyl group,
neopentyl group, tert-pentyl group, 1-methylbutyl group, 2-methylbutyl group, 1,2-
dimethylpropyl group, 1-ethylpropyl group, cyclopentyl group, hexyl group, isohexyl
group, l-methylpentyl group, 2-methylpentyl group, 3-methylpentyl group, 1,I-
dimethylbutyl group, 1,2-dimethylbutyl group, 2,2-dimethylbutyl group, 1,3-
dimethylbutyl group, 2,3-dimethylbutyl group, 3,3-dimethylbutyl group, I1-ethylbutyl
group, 2-ethylbutyl group, 1,1,2-trimethylpropyl group, 1,2,2-trimethylpropyl group, 1-
ethyl-1-methylpropyl group, 1-ethyl-2-methylpropyl group, cyclohexyl group,
cyclopropylmethyl group, cyclopropylethyl group, cyclobutylmethyl! group, heptyl
group, cyclohexylmethyl group, 1,1-diethylpropyl group, 2-methylcyclohexyl group, 4-
methylcyclohexyl group, octyl group, 1,1-diethyl-2-methylpropyl group, 2,5-
dimethylcyclohexyl group, 3,5-dimethylcyclohexyl group, 1,1,3,3-tetramethylbutyl
group, l-methyl-1-propyibutyl group, 1,1,2,3,3-pentamethylbutyl group, 1,1-diethyl-
3,3-dimethylbutyl group, adamantyl group, 1,1-dimethyloctyl group, 1,1-dipropylbutyl
group, 1,1-dimethyldecyl group, 1,1-diethyloctyl group, and 1-butyl-1-propylpentyl
group.

[0057]

From the standpoint that the hydrosilane derivative (1) has a high vapor
pressure and is easy to handle as a thin-film forming material and that when a film is
deposited using the hydrosilane derivative (1") as the material, the deposition rate of a
silicon-containing thin film is high, each of R' and R* is independently, preferably an
alkyl group having a carbon number of 3 to 8, more preferably a secondary or tertiary
alkyl group having a carbon number of 3 to 5, still more preferably a tert-butyl group or
a tert-pentyl group.

[0058]

Examples of the alkyl group having a carbon number of 1 to 12 represented by
R? include methyl group, ethyl group, propyl group, isopropyl group, cyclopropyl group,
butyl group, isobutyl group, sec-butyl group, tert-butyl group, cyclobutyl group, pentyl
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group, isopentyl group, neopentyl group, tert-pentyl group, 1-methylbutyl group, 2-
methylbutyl group, 1,2-dimethylpropyl group, 1-ethylpropyl group, cyclopentyl group,'
hexyl group, ischexyl group, l-methylpentyl group, 2-methylpentyl group, 3-
methylpentyl group, 1,1-dimethylbutyl group, 1,2-dimethylbutyl group, 2,2-
dimethylbutyl group, 1,3-dimethylbutyl group, 2,3-dimethylbutyl group, 3,3-
dimethylbutyl group, l-ethylbutyl group, 2-ethylbutyl group, 1,1,2-trimethylpropyl
group, 1,2,2-trimethylpropyl group, 1-ethyl-1-methylpropyl group, 1-ethyl-2-
methylpropyl group, cyclohexyl group, cyclopropylmethyl group, cyclopropylethyl
group, cyclobutylmethyl group, heptyl group, cyclohexylmethyl group, 1,1-
diethylpropyl group, 2-methylcyclohexyl group, 4-methy1cyclohe§cyl group, octyl group,
nonyl group, decyl group, undecyl group, dodecyl group, 1,1-diethyl-2-methylpropyl
group, 2,5-dimethylcyclohexyl group, 3,5-dimethylcyclohexyl group, 1,1,3,3-
tetramethylbutyl group, 1-methyl-1-propylbutyl group, 1,1,2,3,3-pentamethylbutyl
group, 1,1-diethyl-3,3-dimethylbutyl group, adamantyl group, 1,1-dimethyloctyl group,
1,1-dipropylbutyl group, 1,1-dimethyldecyl group, 1,1-diethylocty! group, and 1-butyl-
1-propylpentyl group.

[0059]

These alkyl groups may be substituted with a fluorine atom, and examples of
the substituted alkyl group include fluoromethyl group, difluoromethyl group,
trifluoromethyl group, [-fluoroethyl group, 2-fluoroethyl group, 1,1-difluoroethy! group,
2,2-difluoroethyl group, 2,2,2-trifluorcethyl group, perfluoroethyl group, 1-fluoropropyl
group, 2-fluoropropyl group, 3-fluoropropyl group, 1,1-difluoropropyl group, 2,2-
difluoropropyl  group, 3,3-difluoropropyl group, 3,3,3-trifluoropropyl group,
perfluoropropyl group, 1 -trifluoromethyl-2,2,2-trifluoroethyl group, perfluoroisopropyl
group, perfluorobutyl group, perfluoroisobutyl group, perfluoro-sec-butyl group,
perfluoro-tert-butyl  group, perfluoropentyl group, perfluoroisopentyl group,
perfluoroneopentyl group, perfluoro-tert-pentyl group, perfluorohexyl group,
perfluorocyclohexyl group, perfluoroheptyl group, perfluorooctyl group, perfluorononyl
group, perfluorodecyl group, perfluoroundecyl group, and perfluorododecyl group.
[0060]

From the standpoint that the hydrosilane derivative (1") has a high vapor
pressure and is a liquid and easy to handle as a thin-film forming material and that when
a film is deposited using the hydrosilane derivative (1") as the material, the deposition

rate of a silicon-containing thin film is high, R> is preferably an alkyl group having a
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carbon number of 1 to §, which may be substituted with fluorine, more preferably an
alkyl group having a carbon number of 1 to 4, and specifically, still more preferably a
methyl] group, an ethyl group, a propyl group, an isopropyl group, a cyclopropyl group,
a butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, a cyclobutyl
group, or the like.

[0061]

Examples of the alkyl group having a carbon number of 1 to 4 represented by
R* and R’ include methyl group, ethyl group, propyl group, isopropyl group,
cyclopropyl group, butyl group, isobutyl group, sec-butyl group, tert-butyl group, and
cyclobutyl group.

Definitions of the substituents represented by Z and Za in the description of the
present invention are described below. Za represents an isocyanato group, an
isothiocyanato group, an amino group, a monosubstituted amino group represented by
NHR?, an N-methyl-alkylamino group represented by N(CH3)R?, or an alkenyl group
having a carbon number of 2 to 6 (wherein R? and R* have the same meanings as above).
Z is a broader term of Za and represents an isocyanato group, an isothiocyanato group,
an amino group, a monosubstituted amino group represented by NHR?, a disubstituted
amino group represented by NR*R, or an alkenyl group having a carbon number of 2 to
6 (wherein R?, R* and R have the same meanings as above).

[0062]

The alkenyl group having a carbon number of 2 to 6 may be linear, branched or
cyclic, and specific exaﬁlples thereof include vinyl group, prop-1-en-1-yl group, prop-1-
en-2-yl group, prop-2-en-1-yl group, cycloprop-1-enyl group, cycloprop-2-enyl group,
but-1-en-1-yl group, but-1-en-2-yl group, but-3-en-2-yl group, but-3-en-1-yl group, but-
2-en-1-yl group, but-2-en-2-yl group, 2-methylprop-1l-en-1-yl group, cyclobut-1-enyl
group, cyclobut-2-enyl group, pent-1-en-1-yl group, pent-1-en-2-yl group, pent-1-en-3-
yl group, pent-4-en-2-yl group, pent-4-en-1-yl group, pent-2-en-1-yl group, pent-2-en-2-
yl group, pent-2-en-3-yl group, pent-3-en-2-yl group, pent-3-en-1-yl group, 2-
methylbut-1-en-1-yl group, 2-methylbut-3-en-2-yl group, 3-methylbut-2-en-1-yl group,
3-methylbut-2-en-2-yl group, 2-methylenebutyl group, 2-methylbut-2-en-1-yl group,
cyclopent-1-enyl group, cyclopent-2-enyl group, cyclopent-3-enyl group, hex-1-en-1-yl
group, hex-1-en-2-yl group, hex-1-en-3-yl group, hex-5-en-1-yl group, hex-5-en-2-yi
group, hex-5-en-3-yl group, 2-methylpent-4-en-2-yl group, 4-methylpent-1-en-3-yl
group, 3-methylpent-1-en-3-yl group, 2-methylpent-1-en-3-y! group, 4-methylpent-4-
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en-1-yl group, 3-methylenepentyl group, 2-methylenepentyl group, 3-methylene-2-
methylenebutyl group, 2,3-dimethylbut-3-en-2-yl group, cyclohex-l-enyl group,
cyclohex-2-enyl group, and cyclohex-3-enyl group.

[0063]

From the standpoint that the hydrosilane derivative (1') has a high vapor
pressure, an alkenyl group having a carbon number of 2 to 4 is preferred.  Specifically,
vinyl group, prop-l-en-1-yl group, prop-l-en-2-yl group, prop-2-en-1-yl group,
cycloprop-1-enyl group, cycloprop-2-enyl group, but-1-en-1-yl group, but-1-en-2-yl
group, but-3-en-2-yl group, but-3-en-1-yl group, but-2-en-l-yl group, but-2-en-2-yl
group, 2-methylprop-1-en-1-yl group, cyclobut-1-eny! group and cyclobut-2-eny! group
are preferred, and vinyl group, prop-1-en-1-yl group, prop-1-en-2-yl group and prop-2-
en-1-yl group are more preferred.

[0064]

From the standpoint that in the case of producing a silicon oxide thin film by
using the hydrosilane derivative (1) as the material in the co-presence of an oxygen gas,
the deposition rate of the silicon-containing thin film is high, Za is preferably an amino
group, a monosubstituted amino group represented by NHR?, an N-methyl-atkylamino
group represented by N(CH3)R?, or an alkenyl group having a carbon number of 2 to 4,
more preferably an amino group or a monosubstituted amino group represented by
NHR?, still more preferably an amino group, a methylamino group, an ethylamino
group, a propylamino group, an isopropylamino group, a cyclopropylamino group, a
butylamino group, an isobutylamino group, a sec-butylamino group or a tert-butyl
amino group. Also, from the standpoint that the material has a low thermal
decomposition temperature and is suited for the production of a silicon-containing thin
film at a low temperature, Za is preferably an amino group, a monosubstituted amino
group represented by NHR?, an isocyanato group, or an alkeny! group having a carbon
number of 2 to 4. Furthermore, from the standpoint that the deposition rate of the
silicon-containing thin film is high even at a low temperature, Za is more preferably an
amino group.

[0065]

From the standpoint that in the case of producing a silicon oxide thin film by
using the hydrosilane derivative (1') as the material in the co-presence of an oxygen gas,
the deposition rate of the silicon-containing thin film is high, Z is preferably an amino
group, a monosubstituted amino group represented by NHR?, an N-methyl-alkylamino
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group represented by N(CH3)RY, or an alkenyl group having a carbon number of 2 to 4,
more preferably an amino group or a monosubstituted amino group represented by
NHR?, still more preferably an amino group, a methylamino group, an ethylamino
group, a propylamino group, an isopropylamino group, a cyclopropylamino group, a
butylamino group, an isobutylamino group, a sec-butylamino group or a tert-butyl
amino group. Also, from the standpoint that the material has a low thermal
decomposition temperature and is suited for the production of a silicon-containing thin
film at a low temperature, Z is preferably an amino group, a monosubstituted amino
group represented by NHR?, an isocyanato group, or an alkenyl group having a carbon
number of 2 to 4. Furthermore, from the standpoint that the deposition rate of the
silicon-containing thin film is high even at a low temperature, Z is more preferably an
amino group.
[0066]

' The production method of the present invention is described below. The
hydrosilane derivative (1') of the present invention can be produced through the step A

shown in the following reaction formula.

[0067]
[Chem. 19]
)a1 )%1
O ez "\
| S ——— I Si
}22 >12
3) (19
[0068]

The compound M?Z (4) for use in the step A can be used by determining M? as
described above according to the type of the substituent Z of a desired hydrosilane
derivative (1'). Specifically, the compound M?Z (4) used is appropriately selected
from ammonia, lithium amide, a primary amine represented by NH,R?, a secondary
amine represented by NHR'R®, a lithium(alkylamide) represented by LiNHR? a
lithium(dialkylamide) represented by LINR'R’, sodium cyanate, potassium cyanate,

sodium thiocyanate, potassium thiocyanate, and an alkenyl magnesium halide having a
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carbon number of 2 to 6 (R?, R* and R® have the same meanings as above). More
specifically, sodium cyanate or potassium cyanate is used as the compound (4) when Z
is an isocyanato group; sodium thiocyanate or potassium thiocyanate is used as the
compound (4) when Z is an isothiocyanato group; ammonia or lithium amide is used as
the compound (4) when Z is an amino group; a primary amine NH,R® or a
lithium(alkylamide) LINHR? is used as the compound (4) when Z is a monosubstituted
amino group NHR?; a secondary amine NHR*R® or a lithium(dialkylamide) represented
by LiNR*R® is used as the compound (4) when Z is a disubstituted amino group NR'R%;
and an alkenyl magnesium halide is used as the compound (4) when Z is an alkenyl
group having a carbon number of 2 to 6 (R®, R* and R® have the same meaning as
above). Examples of the halogen atom of the alkehyl magnesium halide include a
chlorine atom, a bromine atom and an iodine atom, and in view of good yield of the
hydrosilane derivative (1"), the halogen atom is preferably a chlorine atom or a bromine
atom, more preferably a bromine atom. In the step A, if desired, tertiary amines such
as triethylamine and diethyl(isopropyl)amine, and pyridines may be added as a reaction
aid.

[0069]

In view of good yield of the hydrosilane derivative (1'), the step A is preferably
performed in an organic solvent. The organic solvent which can be used is not limited
as long as it is a solvent not inhibiting the reaction. For example, in the case where
ammonia, a primary amine NH;R® or a secondary amine NHR'R® is used as the
compound (4), examples of the solvent include a hydrocarbon solvent such as pentane,
hexane, heptane, octane, cyclohexane, methylcyclohexane, ethylcyclohexane, benzene,
toluene, xylene and ethylbenzene, and an ether solvent such as diethyl ether, diisopropyl
ether, cyclopentylmethyl ether, cyclopentyl ethyl ether, dioxane, tetrahydrofuran and
1,2-dimethoxyethane. One of these may be used alone, or a mixture thereof in an
arbitrary ratio may be used. In view of good yield of the hydrosilane derivative (1",
hexane, heptane, tetrahydrofuran, or a mixed solvent of tetrahydrofuran and hexane or
heptane is preferred. Also, in the case where lithium amide, a lithium(alkylamide)
LiNHR?, a lithium(dialkylamide) LINR*R®, sodium cyanate, potassium cyanate, sodium
thiocyanate, potassium thiocyanate or an alkenyl magnesium halide is used as the
compound (4), examples of the solvent include an ether solvent such as diethyl ether,
diisopropyl ether, cyclopentyl methyl ether, cyclopentyl ethyl ether, dioxane,

tetrahydrofuran and 1,2-dimethoxyethane, and a mixed solvent of this ether solvent and
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a hydrocarbon solvent such as pentane, hexane, heptane, octane, cyclohexane,
methylcyclohexane, ethylcyclohexane, benzene, toluene, xylene and ethylbenzene, In
view of good yield of the hydrosilane derivative (1'), tetrahydrofuran or 1,2-
dimethoxyethane is more preferred.

[06070]

In the step A, the amount of the solvent used is not particularly limited, and a
diazasilacyclopentene derivative (1') can be produced in good yield by using an
appropriately selected amount of a solvent. '

The mixing ratio between the chlorosilane derivative (3) and the compound (4)
is described below. In the case where the compound (4) used in the step A is ammonia,
a primary amine NH,R? or a secondary amine NHR’R®, when tertiary amines or
pyridines are not added as. a reaction aid, the hydrosilane derivative {1') can be produced
in good yield by using the compound (4) in an amount of 2 or more equivalents relative
to the chlorosilane derivative. In the case of adding a reaction aid, the amount of the
compound (4) used may be decreased according to the amount of the reaction aid added,
and, for example, when the reaction aid is used in an amount of 1 or more equivalents
relative to the chlorosilane derivative (3), the hydrosilane derivative (1') can be
produced in good yield by using the compound (4) in an amount of 1 or more
equivalents relative to the chlorosilane derivative (3). Also, in the case where the
compound (4) used in the step A is lithium amide, lithium(alkylamide) LiNHR?,
lithium(dialkylamide) LiNR'R’, sodium cyanate, potassium cyanate, sodium
thiocyanate, potassium thiocyanate or an alkenyl magnesium halide, the hydrosilane
derivative (1') can be produced in good yield by using the compound (4) in an amount
of 1 or more equivalents relative to the chlorosilane derivative (3).

[0071]

In the step A, the reaction temperature and the reaction time are not particularly
limited and are appropriately selected from the ranges of preferably from 0 to 200°C
and from 10 minutes to 120 hours, whereby the hydrosilane derivative (1'} can be
produced in good yield. Examples of the gas which can be used for the atmosphere in
the step A include dry air, nitrogen, helium, neon and argon. In view of good yield of
the hydrosilane derivative (1'), the step A is preferably performed in a nitrogen or argon
atmosphere.

[0072]
The hydrosilane derivative (1"} produced through the step A may be purified, if
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desired, by appropriately selecting a general purification method such as filtration,
extraction, distillation, sublimation and crystallization.

The hydrosilane derivative (1') of the present invention can be also produced
by a method of performing two steps 1 and 2 shown in the following reaction formula,
[0073]

[Chem. 20]

R1 ' - R 7 R1

/ J

N 2
HSiCl M2Z(4
(e (¢ CX
NM‘ ‘[step 1] /\H {Step 21- /

N §
R \R2 ' \R2
2) 3 (1"

[0074]
(wherein RYL R ML, Z, R3, R, R’ and M? have the same meanings as above). More
specifically, step 1 of reacting a vinylenediaminide alkali metal salt (2) with
trichlorosilane to produce a chlorosilane derivative (3), and step 2 of reacting the
chlorosilane derivative (3) with the compound (4) to produce a hydrosilane derivative
(1') are performed, whereby the hydrosilane derivative (1') can be produced.
[0075]

The step 1 is descried in detail below. The vinylenediaminide alkali metal
salt (2) used in the step 1 or a raw material for the synthesis thereof, that is, N,N'-
dialkyl-1,4-diaza-1,3-butadiene (R"N=CHCH=NR?), can be produced according to the
method described, for example, in Journal of the American Chemical Society, Vol. 120,
page 12714 (1998) and Journal of Organometallic Chemistry, Vol. 301, page 183
(1986).
[0076]

In view of good yield of the chlorosilane derivative (3), M' is preferably a
lithium atom.

In view of good yield of the chlorosilane derivative (3), the step 1 is preferably
performed in an organic solvent. The organic solvent which can be used is not limited
as long as it is a solvent not inhibiting the reaction. Examples of the solvent include an
ether solvent such as diethyl ether, diisopropyl ether, cyclopentyl methyl ether,
cyclopentyl ethyl ether, dioxane, tetrahydrofuran and 1,2-dimethoxyethane, and a mixed
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solvent of this ether solvent and a hydrocarbon solvent such as pentane, hexane, heptane,
octane, cyclohexane, methylcyclohexane, ethylcyclohexane, benzene, toluene, xylene
and ethylbenzene. In view of good vyield of the chlorosilane derivative (3),
tetrahydrofuran or a mixed solvent of tetrahydrofuran and hexane is more preferred.
The amount of the solvent used is not particularly limited, and the chlorosilane
derivative (3) can be produced in good yield by using the solvent in an appropriately
selected amount.

[0077]

The amount of the vinylenediaminide alkali metal salt (2) used in the step 1 is
not particularly limited, but from the standpoint that the chlorosilane derivative (3) can
be produced in good yield, it is preferred to use trichlorosilane in an amount of 0.9 to
1.1 equivalents relative to the vinylenediaminide alkali metal salt (2), and from the
standpoint that the vinylenediaminide alkali metal salt (2) and trichlorosilane can be
used in just proportion, it is more preferred to use trichlorosilane in an amount of 1.0
equivalents relative to the vinylenediaminide alkali metal salt (2).

[0078]

In the step 1, the reaction temperature and the reaction time are not particularly
limited and are appropriately selected from the ranges of preferably from 0 to 100°C
and from 10 minutes to 120 hours, whereby the chlorosilane derivative (3) can be
produced in good yield. Also, in view of good yield of the chlorosilane derivative (3),
examples of the gas which can be used for the atmosphere of this reaction include inert
gases such as nitrogen, helium, neon and argon. In view of good yield of the
chlorosilane derivative (3), the reaction is more preferably performed in a nitrogen or
argon atmosphere.
f0079]

The chlorosilane derivative (3) produced through the step 1 may be purified, if
desired, by appropriately selecting a general purification method such as filtration,
extraction, distillation, sublimation and crystallization. The chlorosilane derivative (3)
need not be necessarily isolated, and the crude chlorohydrosilane derivative (3) may be
directly used as the raw material in the step 2 or rﬁay be used in one-pot system for the
reaction of the step 2 after the completion of reaction in the step 1.

[0080]
The step 2 can be performed under the same conditions as in the step A above.
The method for producing a silicon-containing thin film, comprising using the
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hydrosilane derivative (1) as the material, is described in detail below. A silicon-
containing thin film may be produced not only by a method using the hydrosilane
derivative (1') alone as the material for thin film production, but also by using the
hydrosilane derivative in combination with other silicon compounds as the material for
thin film production. Furthermore, a silicon-containing thin film may be produced by
using oxygen gas, ozone, nitrogen gas, hydrogen gas, water, hydrogen peroxide,
ammonia, alcohols, carboxylic acids or the like as the material for thin film production
in combination with the hydrosilane derivative (1). Examples of the thin film that can
be produced include thin films of silicon dioxide, silicon nitride, silicon carbide, silicon
oxynitride and silicate. Among others, a silicon dioxide thin film or a silicon nitride
thin film can be efficiently produced. More specifically, for example, a silicon oxide
thin film can be produced by using the hydrosilane derivative (1') of the present
invention as the material and using, in combination, a material for thin film production
appropriately selected from the group consisting of oxygen source compounds such as
oxygen, ozone, water, hydrogen peroxide, alcohols and carboxylic acids. Also, a
silicon nitride thin film can be produced by using a nitrogen source compound such as
ammonia, amines and hydrazine in combination as the material for thin film production.
Furthermore, a silicon nitride thin film can be produced by using the hydrosilane
derivative (1") alone without using another material for thin film production in
combination. In addition, various metal silicide thin films can be produced by using
other metal compounds, for example, a compound containing a transition metal such as
scandium, yttrium, rare earth element, titanium, zirconium, hafnium, vanadium,
niobium, tantalum, chromium, molybdenum, tungsten, manganese, technetium, rhenium,
iron, ruthenium, osmium, cobalt, thodium, iridium, nickel, palladium, platinum, copper,
silver, gold, zinc and cadmium, or a typical metal-containing compound, as the material
for thin film production in combination with the hydrosilane derivative (1'). Also, a
thin film of a composite oxide with a typical metal or a transition metal may be
produced.
[0081]

Examples of the specific method for producing a silicon-containing thin film
include a vapor deposition method such as CVD method and ALD method, and a
solution method such as dip coating method, spin coating method and inkjet method.
A vapor deposition method is preferred, because a uniform thin film is easily formed

also on the surface of a substrate having a three-dimensionally shaped structure. For
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example, in the case of producing a silicon-containing thin film by the CVD method or
the ALD method, the hydrosilane derivative (1"} is vaporized and fed as a gas to a
reaction chamber. Examples of the method for vaporizing the hydrosilane derivative
(1" include a bubbling method and a liquid injection method. The bubbling method as
used in the description of the present invention is a method where the hydrosilane
derivative (1') is charged into a material vessel kept at a fixed temperature by being
placed in a constant temperature bath and a carrier gas incapable of reacting with the
hydrosilane derivative (1'), such as helium, neon, argon, krypton, xenon and nitrogen, is
blown into the vessel to thereby vaporize the hydrosilane derivative (1'). The liquid
injection method is a method where the hydrosilane derivative (1') in a liquid state is fed
to a vaporizer and, for example, heated in the vaporizer to thereby vaporize the
hydrosilane derivative (1'). In the liquid injection method, the hydrosilane derivative
(1" can be used alone as the material for thin film production, or a solution obtained by
dissolving the hydrosilane derivative (1) in an organic solvent may be used. The
organic solvent when using the hydrosilane derivative (1") as a solution is not
particularly limited as long as it is a solvent incapable of reacting with the hydrosilane
derivative (1'), and examples thereof include ethers such as 1,2-dimethoxyethane,
diglyme, triglyme, dioxane, tetrahydrofuran, cyclopentyl methyl ether and cyclopentyl
ethyl ether, alkanes such as pentane, hexane, cyclohexane, methylcyclohexane,
ethylcyclohexane, heptane, octane, nonane and decane, and aromatic hydrocarbons such
as benzene, toluene, ethylbenzene and xylene. One of these solvents may be used
alone, or a mixture thereof may be used as the solvent.

[0082]

In the case of producing a silicon-containing thin film by the CVD method or
the ALD method, the hydrosilane derivative (1') fed as a gas to the reaction chamber is
decomposed, whereby a silicon-containing thin film can be produced on a substrate
fixed in the reaction chamber. Examples of the method for decomposing the
hydrosilane derivative (1') include a method by heat, 2 method using a plasma, light or
the like, and a method where a reactant gas such as water, oxygen gas, ozone, hydrogen
peroxide, hydrogen gas, ammonia, alcohols (e.g., methanol, ethanol, 2-propanol) and
carboxylic acids (e.g., formic acid, acetic acid, propionic acid) is fed into the reaction
chamber to cause a chemical reaction. These methods are used individually or in
combination, whereby the hydrosilane derivative (1') can be decomposed and a silicon-

containing thin film can be produced. The substrate temperature when decomposing
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the hydrosilane derivative (1') is appropriately selected according to the decomposition
conditions. For example, in the case where a plasma or light is not used in
combination and an oxygen gas is used as the reactant gas, the substrate temperature is
not particularly limited and is, in view of cost advantage, preferably from 300 to
1,000°C, and in view of good deposition rate, more preferably from 400 to 750°C, still
more preferably from 450 to 700°C. Also, by appropriately using a plasma, light,
ozone, hydrogen peroxide, ammonia or the like, a silicon-containing thin film can be
produced even in the temperature region of 300°C or less. Furthermore, by using the
hydrosilane derivative (1') of the present invention, a silicon-containing thin film such
as silicon dioxide can be efficiently produced even at a low temperature of 500°C or
less without using a plasma or ozone.

[0083] -

The silicon-containing thin film produced using the hydrosilane derivative (1"
as the material for thin film production has various electrical properties such as
electrical conductivity, electrical insulation and dielectricity according to the
composition and therefore, can be used not only as an electrode, an insulator or a
dielectric material for a semiconductor device such as DRAM and flash memory but
also, for example, as an optical material for a coating film or the like. Among others, a
silicon dioxide thin film and a silicon nitride thin film can be used for an insulator, a
dielectric material, a sacrificial layer, an anti-reflective film, a gas barrier film, a
protective film, a hard mask or the like, and furthermore, the silicon nitride thin film can
be used also for a diffusion barrier film, a durable coating or the like.

[0084]
In addition, the hydrosilane derivative (1') is also useful as various silicon-

containing polymers or silane coupling agents or as a synthetic intermediate thereof.

EXAMPLES

[0085]
The present invention is described in greater detail below by referring to

Examples, but the present invention is not limited thereto. In the description of the
present invention, Me, Et, Pr, ‘Pr, Pr, Bu, 'Bu, *Bu, ‘Bu, 'Pe, Cy and 'Oct stand for
methyl group, ethyl group, propyl group, isopropyl group, cyclopropyl group, butyl
group, isobutyl group, sec-butyl group, tert-butyl group, tert-pentyl group, cyclohexyl
group and 1,1,3,3-tetramethylbutyl group (tert-octyl group), respectively.
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[0086]
Reference Example-1:

[0087]
[Chem. 21]

]PFNHg

N'Pr
ONO — lprN'f\/

[0088]
6.06 g (41.8 mmol) of an aqueous 40% glyoxal solution was added to a mixed

solution of 5.32 g (89.9 mmol) of isopropylamine and 50 mL of water, and the mixture
was stirred at room temperature for 1 hour. The produced solid was separated by
filtration, washed twice with 5 mL of water and then dried under reduced pressure to
obtain N,N'-diisopropyl-1,4-diaza-1,3-butadiene (PINCHCHN'Pr) as a white solid
(yielded amount: 4,66 g, yield: 80%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 7.94 (s, 2H), 3.15 (sept, J=6 Hz, 2H), 1.08
(d, J=6 Hz, 12H).

[0089]
Reference Example-2:
[0090]
[Chem. 22]
SBUNHz NSBL
ONO > sguN?
[0091]

84.45 g (582.0 mol) of an aqueous 40% glyoxal solution was added to a mixed
solution of 86.07 g (1.177 mol) of sec-butylamine and 200 mL of hexane, and the
mixture was stirred at room temperature for 30 minutes, Thereto, 15.00 g of sodium
chloride was added and after further stirring for 15 minutes, the stirring was stopped to
cause separation into two layers. The aqueous layer was removed and then, 5.00 g of
magnesium sulfate was added to the hexane layer, followed by stirring at room
temperatufe for 30 minutes. Insoluble matters were separated by filtration, and the

filtrate was dried under reduced pressure to obtain N,N'-di-sec-butyl-1,4-diaza-1,3-
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butadiene CBUNCHCHN®Bu) as a pale yellow liquid (yielded amount: 97.10 g, yield:
99%). This product was a mixture of a plurality of isomers differing in the steric
configuration from each other.

"H NMR (500 MHz, CDs, 8/ppm) 7.98 (s, 2H), 2.88 (sext, J=6 Hz, 2H), 1.60-
1.50 (m, 2H), 1.47-1.38 (m, 2H), 1.09 (d, J=6 Hz, 6H), 0.75 (d, J=7 Hz, 6H).

[0092]
Reference Example-3:
[0093]
[Chem. 23]
BUNH - - B
ONO > guN?
[0094]

A mixed solution of 50 mL of hexane and 20.48 g (280.0 mmol} of tert-
butylamine was cooled by dipping it in an ice bath and after adding 20.30 g (139.9
mmol) of an aqueous 40% glyoxal solution, the mixture was stirred at room temperature
for 1 hour. The aqueous layer was removed and then, 2.00 g of magnesium sulfate
was added to the hexane layer, followed by stirring at room temperature for 30 minutes,
Insoluble matters were separated by filtration, and the filtrate was dried under reduced
pressure to obtain N,N'-di-tert-butyl-1,4-diaza-1,3-butadiene (‘BuNCHCHN'Bu) as a
white solid (yielded amount; 22,90 g, yield: 97%).

"H NMR (500 MHz, C¢Ds, 8/ppm) 8.07 (s, 2H), 1.12 (s, 18H).

[0095]
Reference Example-4:
[0096]
[Chem. 24]
S PeNH, /\//N‘Pe
P F > peN?
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[0097]

A mixed solution of 160 ml of hexane and 118.4 g (1.358 mol) of tert-
pentylamine was cooled by dipping it in an ice bath and after adding 98.04 g (675.7
mmol) of an aqueous 40% glyoxal solution, the mixture was stirred at room temperature
for 1 hour. The aqueous layer was removed and then, 5.00 g of magnesium sulfate
was added to the hexane layer, followed by stirring at room temperature for 30 minutes.
Insoluble matters were separated by filtration, and the filtrate was dried under reduced
pressure to obtain N,N'-di-tert-pentyl-1,4-diaza-1,3-butadiene (‘PeNCHCHN'Pe) as a
pale yellow liquid (yielded amount: 130.3 g, yield: 98%).

'H NMR (500 MHz, CsDg, 8/ppm) 8.07 (s, 2H), 1.52 (q, J=7 Hz, 4H), 1.04 (s,
12H), 0.79 (t, J=7 Hz, 6H).

[0098]
Reference Example-5:
[0099]

[Chem. 25]

'OctNH, x
N'Qct
o P = ootN? 7

{0100]

10.66 g (73.5 mmol) of an aqueous 40% glyoxal solution was added to a mixed
solution of 19.50 g (150.9 mmol) of 1,1,3,3-tetramethylbutylamine and 100 mL of water,
and the mixture was stirred at room temperature for 1 hour. The produced solid was
separated by filtration, washed twice with 10 mL of water and then dried under reduced
pressure  to  obtain  N,N'-bis(1,1,3,3-tetramethylbutyl)-1,4-diaza-1,3-butadiene
("OctNCHCHN'Oct) as a white solid (yielded amount: 19.54 g, yield: 95%).

"H NMR (500 MHZ, CeDg, 8/ppm) 8.09 (s, 2H), 1.61 (s, 4H), 1.14 (s, 12H),
0.98 (s, 18H).
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Reference Example-6:
[0101]
[Chem. 26]

N'Oct
/
OctN? 7

[0102]

A mixed solution of 66.00 g (510.7 mmol) of 1,1,3,3-tetramethylbutylamine
and 37.35 g (510.7 mmol) of tert-butylamine was added to a mixed solution of 200 ml.
of hexane and 74.10 g (510.7 mmol) of an aqueous 40% glyoxal solution, and the
mixture was stirred at room temperature for 1 hour. The aqueous layer was removed
and then, 5.00 g of magnesium sulfate was added to the hexane layer, followed by
stirring at room temperature for 30 minutes. Insoluble matters were separated by
filtration, and the filtrate was dried under reduced pressure to obtain a mixture of N-tert-
butyl-N'-1,1,3,3-tetramethylbutyl-1,4-diaza-1,3-butadiene (‘BuNCHCHN'Oct),
‘BuNCHCHN'Bu and ‘OctNCHCHN'Oct as a pale yellow liquid (vielded amount: 111.4
g, yield: 97%).

'H NMR (500 MHz, CsDs, 8/ppm) 8.094 (s), 8.091 (d, J=8 Hz), 8.08 (d, J=8
Hz), 8.07 (s), 1.61 (s), 1.60 (s), 1.14 (s), 1.12 (s), 1.11 (8), 0.979 (5), 0.976 (s).

3¢ NMR (125 MHz, C¢Dg, 8/ppm) 157.80, 157.79, 157.76, 61.97, 58.10,
56.63, 56.56, 32.51, 32.47, 32.19, 32.18, 29.774, 29.69, 29.66, 29.61.

[0103]

Reference Example-7:

[0104]

[Chem. 27]
iPr
I .
- _NIPr - - E
=
PN NLi

i\
Pr
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[0105]

| In an argon atmosphere, 26.27 g (187.3 mmol) of PANCHCHNPr was
dissolved in 190 mL of tetrahydrofuran and after adding 2.67 g (385 mmol) of lithium,
the mixture was stirred at room temperature for 7 hours to obtain a dilithium(N,N'-
diisopropyl-1,2-vinylenediaminide) solution as a dark red uniform solution.

Reference Example-8:

[0106]
[Chem. 28]
*Bu
/
Li NLi
s
BN > > [
I\{Li
SBu
[0107]

In an argon atmosphere, 31.24 g (185.6 mmol) of ‘BuNCHCHN®Bu was
dissolved in a mixed solvent of 50 mL of tetrahydrofuran and 200 mL of hexane and
after adding 2.71 g (390 mmol) of lithium, the mixture was stirred at room temperature
for 12 hours to obtain a dilithium(N,N'-di-sec-butyl-1,2-vinylenediaminide) solution as

a dark red uniform solution.

[0108]
Reference Example-9:
[0109]
[Chem. 29]
'Bu
/
Li NLi
N'Bu . > [
22
tBuN//,\/ | l .
NLi
' \
'‘Bu
[0110]

In an argon atmosphere, 32.00 g (190.2 mmol) of 'BuNCHCHN'Bu was
dissolved in a mixed solvent of 50 mL of tetrahydrofuran and 150 mL of hexane and
after adding 2.66 g (383 mmol) of lithium, the mixture was stirred at room temperature
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for 16 hours to obtain a dilithium(N,N'-di-tert-butyl-1,2-vinylenediaminide) solution as

a da:fk red uniform solution.

[0111]
Reference Example-10:
[0112]
[Chem. 30]
Pe
/
: Lj . NLi
t \
tPeN’//\///'\l e : > [ i
N\Ll
Pe
[0113]

In an argon atmosphere, 36.55 g (186.2 mmol) of ‘PeNCHCHN'Pe was
dissolved in a mixed solvent of 50 mL of tetrahydrofuran and 190 mL of hexane and
after adding 2.66 g (383 mmol) of lithium, the mixture was stirred at room temperature
for 14 hours to obtain a dilithium(N,N'-di-tert-pentyl-1,2-vinylenediaminide} solution as

a dark red uniform solution.

[0114]
Reference Example-11:
[0115]
[Chem. 31]
'Oct
!
L NLi
N'Oct ' - E
A
oot N | .
N\LI
Oct
[0116]

In an argon atmosphere, 52.28 g (186.4 mmol) of 'Oc¢tNCHCHN'Oct was
dissolved in a mixed solvent of 30 mL of tetrahydrofuran and 200 mL of hexane and
after adding 2.68 g (386 mmol) of lithium, the mixture was stirred at room temperature
for 16 hours to obtain a dilithiom(N,N'-di(1,1,3,3-tetramethylbutyl)-1,2-

vinylenediaminide) solution as a dark red uniform solution.
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[0117]
Reference Example-12:

[0118]
[Chem. 32]
‘Bu
/
Na | NNa
N'Bu - E
B NT NP
BuN NNa
\
By
[0119]

In an argon atmosphere, 27.90 g (165.8 mmol) of 'BuNCHCHN'Bu was
dissolved in 180 mL of tetrahydrofuran and after adding 7.59 g (330 mmol) of sodium,
the mixture was stirred at room temperature for 12 hours to obtain a disodium(N,N'-di-
tert-butyl-1,2-vinylenediaminide) solution as a dark red uniform solution.

Reference Example-13:

[0120]
[Chem. 33]
N'Oct
N
‘BuN ‘C’)ct ‘?u '?ct
+ : Li NLi NLi NLi
‘BuNNN Bu > [ + [ + [
NLi NLi NLi
+ * By By - tQat
N'Oct '
‘OctNN
[0121]

In an argon atmosphere, 41.60 g of a mixture of 'BuNCHCHN'Oct,
‘BuNCHCHN'Bu and ‘OctNCHCHN'Oct obtained by the method described in Reference
Example-6 was dissolved in a mixed solvent of 50 mL of tetrahydrofuran and 150 mL
of hexane and after adding 2.67 g (393 mmol) of lithium, the mixture was stirred at
room temperature for 12 hours to obtain a mixed solution of dilithium(N-tert-butyl-N'-
1,1,3,3-tetramethyibutyl-1,2-vinylenediaminide), dilithium(N,N'-di-tert-butyl-1,2-
vinylenediaminide) and dilithium(N,N'-di(1,1,3,3-tetramethylbutyl)-1,2-

vinylenediaminide) as a dark red uniform solution.
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[0122]
Reference Example-14:

[0123]
[Chem. 34]
Pr Pr
. /
A e
| o I /S'\
NLi N H
\ A
'Pr Pr
[0124]

In an argon atmosphere, a dilithium(N,N'-diisopropyl-1,2-vinylenediaminide)
solution prepared according to the procedure and reagent quantities described in
Reference Example-7 was added to a hexane (200 mL) solution containing 25.00 g
(184.6 mmol) of trichlorosilane, and the mixture was stirred at room temperature for 16
hours. Insoluble matters produced were separated by filtration, and the solvent was
removed by distillation from the filtrate under atmospheric pressure. The obtained oily
material was distilled under reduced pressure (distillation temperature: 64°C/4.4x10°
Pa) to obtain 2-chloro-1,3-diisopropyl-1,3-diaza-2-silacyclopent-4-ene
(Si(PrNCHCHN'Pr)(H)C) as a colorless liquid (yielded amount: 12.96 g, yield: 34%).

'H NMR (500 MHz, CeDs, 8/ppm) 6.36 (s, 1H), 5.59 (s, 2H), 3.20 (m, 2H),
1.13 (d, J=7 Hz, 6H), 1.10 (d, J=7 Hz, 6H).

BC NMR (125 MHz, C¢Ds, 8/ppm) 115.3, 48.3, 24.7, 24.0.

[0125]
Reference Example-15:
[0126]
[Chem. 35]
SBu *Bu
/ _ /
NL SiHCl, N Cl
| .
: Pl
NLi . N H
\ \
SBu *Bu
[0127]

In an argon atmosphere, a dilithium(N,N'-di-sec-butyl-1,2-vinylenediaminide)
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solution prepared according to the procedure and reagent quantities described in
Reference Example-8 was added to a hexane (150 mL) solution containing 25.00 g
(184.6 mmol) of trichlorosilane, and the mixture was stirred at room temperature for 6
hours. Insoluble matters produced were separated by filtration, and the solvent was
removed by distillation from the filtrate under atmospheric pressure. The obtained
residue was distilled under reduced pressure (distillation temperature: 85°C/5x10? Pa)
to obtain 2-chloro-1,3-di-sec-butyl-1,3-diaza-2-silacyclopent-4-ene
(SiCBuNCHCHN Bu)(H)CI) as a pale yellow liquid (vielded amount: 18.10 g, yield:
42%). This product was a mixture of a plurality of isomers differing in the steric
configuration from each other.

'H NMR (500 MHz, C¢Ds, 8/ppm) 6.39 (s, 1H), 5.61 (m)/5.58 (m) (2H as the
total of integrated intensities of two signals), 2.95 (m, 2H), 1.63-1.49 (m, 2H), 1.42-1.29
(m, 2H), 1.14 (d, J=7 Hz)/1.12 (d, J=7 Hz) (6H as the total of integrated intensities of
two signals), 0.80 (t, J=7 Hz)/0.78 (t, J=7 Hz) (6H as the total of integrated intensities of
two signals).

BC NMR (125 MHz, C¢Ds, 8/ppm) 115.4, 115.3, 114.7, 114.5, 54.4, 54.0,
31.38, 31.36, 30.82, 30.81, 22.51,22.49, 21.6, 11.4, 11.3.

[0128]
Reference Example-16:
[0129]
[Chem, 36]
Bu ‘Bu
/- /I
NLi SIHCI, N, e
l - I Si
Pl
NLi N H
A \
Bu ‘Bu
[0130]

In an argon atmosphere, a dilithium(N,N'-di-tert-butyl-1,2-vinylenediaminide)
solution prepared according to the procedure and reagent quantities described in
Reference Example-9 was added to a hexane (50 mL) solution containing 25.20 g
(186.0 mmol) of trichlorosilane, and the mixture was stirred at room temperature for 3
hours. Insoluble matters produced were separated by filtration, and the solvent was
removed by distillation from the filtrate under atmospheric pressure. The obtained
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residue was distilled under reduced pressure (distillation temperature: 80°C/3.8x107 Pa)
to obtain 2-chloro-1,3-di-tert-butyl-1,3-diaza-2-silacyclopent-4-ene
(Si('BuNCHCHNBu)(H)Cl) as a colorless liquid (yielded amount: 35.58 g, yield: 83%).
"H NMR (500 MHz, C4Ds, 6/ppm) 6.40 (s, 1H), 5.77 (s, 2H), 1.21 (s, 18H).
C NMR (125 MHz, C¢Ds, 8/ppm) 113.1, 51.9, 30.8.

[0131]
Reference Example-17:
[0132]
[Chem. 37]
By 'Bu
/ /
NNa SIHCI, AN
| - | Si
VRS
NNa ~N H
\ \
By 'Bu
[0133]

In an argon atmosphere, a disodium(N,N'-di-tert-butyl-1,2-vinylenediaminide)
solution prepared according to the procedure and reagent quantities described in
Reference Example-12 was added to a hexane (50 mL) solution containing 25.20 g
(186.0 mmol) of trichlorosilane, and the mixture was stirred at room temperature for 3
hours. Insoluble matters produced were separated by filtration, and the solvent was
removed by distillation from the filtrate under atmospheric pressure. The obtained
residue was distilled under reduced pressure (distillation temperature: 80°C/3.8x10? Pa)
to obtain Si(‘'BuNCHCHN'Bu)(H)CI) as a colorless liquid (yielded amount: 20.80 g,
yield: 48%). The thus-obtained Si(BuNCHCHN'Bu)(H)CI was measured for the 'H
and C NMR spectra, as a result, these spectra agreed with spectra of that obtained in

Reference Example-16.
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[0134]
Reference Example-18:;

[0135]
[Chem. 38]
‘Pe 'Pe
’ . /
NLI SiHCI, N, cl
l .
PRI
NLi N H
\ : \
'Pe 'Pe
[0136]

In an argon atmosphere, a dilithium(N,N'-di-tert-pentyl-1,2-vinylenediaminide}
solution prepared according to the procedure and reagent quantities described in
Reference Example-10 was added to a hexane (180 ml) solution containing 25.00 g
(184.6 mmol) of trichlorosilane, and the mixture was stirred at room temperature for 4
hours. Insoluble matters produced were separated by filtration, and the solvent was
removed by distillation from the filtrate under atmospheric pressure. The obtained
residue was distilled under reduced pressure (distillation temperature: 95°C/3.8x10? Pa)
to obtain 2-chloro-1,3-di-tert-pentyl-1,3-diaza-2-silacyclopent-4-ene
Si('PeNCHCHN'Pe)(H)CI) as a colorless liquid (vielded amount: 44.11 g, yield: 92%).

'H NMR (500 MHz, CgDs, 8/ppm) 6.45 (s, 1H), 5.71 (s, 2H), 1.47 (dq, J=16
Hz, 8 Hz, 2H), 1.41 (dq, J=16 Hz, 8 Hz, 2H), 1.199 (s, 6H), 1.197 (s, 6H), 0.78 (t, J=8
Hz, 6H).

BC NMR (125 MHz, C¢Ds, 8/ppm) 112.9, 54.6, 35.2, 28.7, 28.2, 8.9.

[0137]
Reference Example-19:
[0138]
[Chem. 39]
t(})ct t(IJCt
[N“ SiHCl; [N\S_/C'.
i
NL 1\{’ “H
'Oct : 'Oct
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[0139]

In an argon atmosphere, a dilithivm(N,N'-bis(1,1,3,3-tetramethylbutyl)-1,2-
vinylenediaminide) solution prepared according to the procedure and reagent quantities
described in Reference Example-11 was added to a hexane (150 mL) solution
containing 25.00 g (184.6 mmol) of trichlorosilane, and the mixture was stirred at room
temperature for 3 hours. Insoluble matters produced were separated by filtration, and
the solvent was removed by distillation from the filtrate under atmospheric pressure.
The obtained residue was distilled under reduced pressure (distillation temperature:
125°C/85 Pa) to obtain 2-chloro-1,3-bis(1,1,3,3-tetramethylbutyl)-1,3-diaza-2-
silacyclopent-4-ene (Si('OctNCHCHN'OQct)(H)Cl) as a pale yellow liquid (yielded
amount: 57.22 g, yield: 90%).

"H NMR (500 MHz, C¢D¢, 8/ppm) 6.44 (s, 1H), 5.73 (s, 2H), 1.60 (d, J=15 Hz,
2H), 1.43 (s, 6H), 1.31 (d, J=15 Hz, 2H), 1.28 (s, 6H), 0.95 (s, 18H).

13C NMR (125 MHz, C¢Ds, 8/ppm) 113.0, 55.7, 53.8, 32.7, 32.0, 31.8, 30.0.

[0140] ’
Reference Example-20:
[0141]
[Chem. 40]
Bu By
NLi |
! SiHCl, N C
| [ s
VRN
NLi N H
\ : \
‘Oct 'Oct
[0142]
In an argon atmosphere, a mixed solution of dilithium(N-tert-butyl-N'-1,1,3,3-
tetramethylbutyl-1,2-vinylenediaminide), dilithium(N,N'-di-tert-butyl-1,2-
vinylenediaminide) and dilithium(N,N'-di(1,1,3,3-tetramethylbutyl)-1,2-

vinylenediaminide prepared according to the procedure and reagent quantities described
in Reference Example-13 was added to a hexane (100 mL) solution containing 25.14 g
(185.6 mmol) of trichlorosilane, and the mixture was stirred at room temperature for 3
hours. Insoluble matters produced were separated by filtration, and the solvent was
removed by distillation from the filtrate under atmospheric pressure. The obtained

residue was distilled under reduced pressure, and the fraction at a distillation
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temperature of 83°C/81 Pa was separated to obtain 2-chloro-3-tert-butyl-1-1,1,3,3-
tetramethylbutyl-1,3-diaza-2-silacyclopent-4-ene (Si( BUNCHCHN'Oct)()CI) as a pale
yellow liquid (yielded amount: 9.84 g, yield: 18%).

'"H NMR (500 MHz, C¢Ds, 5/ppm) 6.44 (t, J=1 Hz, 1H), 5.77 (dd, J=4 Hz, 1 Hz,
1H), 5.72 (dd, J=4 Hz, 1 Hz, 1H), 1.59 (d, J=15 Hz, 1H), 1.41 (s, 3H), 1.35 (d, J=15 Hz,
2H), 1.28 (s, 3H), 1.21 (s, 9H), 0.95 (s, 9H).

3C NMR (125 MHz, CsDs, 8/ppm) 113.4, 112.8, 55.7, 54.1, 51.9, 32.4, 32.0,
31.8,30.8, 30.1.

[0143]
Example-1:
[0144]
[Chem. 41]
‘Pr 'Pr
l\{ Cl i\{ NH
NH 2
[ s T [ i
VRN 2N
N H : N H
\ A
'Pr 'Pr
[0145]

In an argon atmosphere, 4.06 g (19.8 mmol) of Si(PrNCHCHN'Pr)(H)Cl was
dissolved in 20 mL of hexane. The resulting solution was deaerated by Freeze-Pump-
Thaw cycling and after creating an aminonia atmosphere in the reaction vessel by
connecting thereto a balloon having an internal volume of 5 L and being filled with
ammonia, the solution was stirred at room temperature for 3 hours. Insoluble matters
produced were separated by filtration, and the solvent was removed by distillation from
the filtrate under atmospheric pressure. The obtained residue was distilled under
reduced pressure (distillation temperature: 80°C/8.8x10° Pa) to obtain 2-amino-1,3-
diisopropyl-1,3-diaza-2-silacyclopent-4-ene (Si(PINCHCHN'Pr)(H)NH,) as a colorless
liquid (yielded amount: 2.11 g, yield: 58%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.66 (m, 2H), 5.62 (t, J=5 Hz, 1H), 3.35
(sept, J=7 Hz, 2H), 1.20 (d, J=7 Hz, 6H), 1.18 (d, J=7 Hz, 6H), 0.84 (br, 2H).

BC NMR (125 MHz, C¢Ds, 8/ppm) 114.0, 48.0, 25.3, 24.3.
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[0146]

Example-2:
[0147]
[Chem. 42]
IPr ‘pr
NI Cl N! “ Et
EtNH ' _
[ :s( > [ :ss:
N H N H
\ \
'Pr 'Pr
[0148]

In an argon atmosphere, 6.80 g (151 mmol) of ethylamine was dissolved in 20
ml of hexane, and a solution obtained by dissolving 5.73 g (28.0 mmol) of
Si(PEINCHCHN'Pr)(H)Cl in 5 mL of hexane was added thereto at -20°C.  After stirring
at room temperature for 4 hours, insoluble matters produced were separated by filtration,
and the solvent was removed by distillation from the filtrate under atmospheric pressure,
The obtained residue was distilled under reduced pressure (distillation temperature:
74°C/4.3x10% Pa) to obtain 2-ethylamino-1,3-di-isopropyl-1,3-diaza-2-silacyclopent-4-
ene (Si(iPrNCHCHNiPr)(H)NHEt) as a colorless liquid (yielded amount: 5.34 g, yield:
89%).

'H NMR (500 MHz, CgDg, 8/ppm) 5.68 (s, 2H), 5.58 (s, 1H), 3.35 (sept, J=7
Hz, 2H), 2.70 (quint, J=7 Hz, 2H), 1.21 (d, J=7 Hz, 6H), 1.19 (d, J=7 Hz, 6H), 0.94 (br,
1H), 0.91 (t, J=7 Hz, 3H). ‘

13C NMR (125 MHz, C¢Ds, 5/ppm) 114.0, 47.9, 35.1, 25.0, 24.2, 20.1.

[0149]

Example-3:

[0150]

[Chem. 43]
i‘f’r. "!r:’r u
N Cl PrNH, \ MN=Pr
l /SI\. - | i

N H  H
i‘I‘?‘r Pr
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[0151] |
In an argon atmosphere, 4.24 g (20.7 mmol) of Si(PINCHCHN'Pr)(H)Cl was

dissolved in 20 mL of hexane and after adding 2.51 g (42.4 mmol) of isopropylamine,
the mixture was stirred at room temperature for 3 hours. Insoluble matters produced
were separated by filtration, and the solvent was removed by diétillation from the
filtrate under atmospheric pressure. The obtained residue was distilled under reduced
pressure (distillation temperature: 75°C/3.7x10° Pa) to obtain 1,3-diisopropyl-2-
isopropylamino-1,3-diaza-2-silacyclopent-4-ene (Si(PrNCHCHNPr)(H)NHPr) as a
colorless liquid (yielded amount: 4.10 g, yield: 87%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.69 (s, 2H), 5.58 (s, 1H), 3.37 (sept, J=7
Hz, 2H), 3.18 (m, 1H), 1.21 (d, J=7 Hz, 12H), 0.94 (br, 1H), 0.96 (d, J=7 Hz, 6H).

3C NMR (125 MHz, C¢Ds, 8/ppm) 113.6, 47.6, 42.2, 27.6, 25.0, 24.1.

[0152]
Example-4:
[0153]
[Chem. 44]
‘Bu Bu
’ Nr NH
N CI LiNH 2
[ \Si/ 2. . IE \Si/
. 2N AN
N H N H
t[\-:'»u 'Bu
[0154]

In an argon atmosphere, 505 mg (purity: 95%, 20.9 mmol) of lithium amide
was suspended in 20 mL of 1,2-dimethoxyethane and after adding 4.65 g (20.0 mmol)
of Si('BuNCHCHN'Bu)(H)C], the mixture was stirred at room temperature for 2 hours.
Subsequently, 20 mL of hexane was added to the reaction mixture, and the mixture was
stirred at room temperature for 10 minutes. Insoluble matters produced were separated
by filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 78°C/3.8x10% Pa) to obtain 2-amino-1,3-di-tert-butyl-1,3-
diaza-2-silacyclopent-4-ene (Si(BuNCHCHN'Bu)(H)NH,) as a pale yellow liquid
(yielded amount: 3.93 g, yield: 92%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.81 (d, J=1 Hz, 2H), 5.68 (t, J=5 Hz, 1H),
1.29 (s, 18H), 0.83 (br, 2H).
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BC NMR (125 MHz, CsDg, 8/ppm) 111.9, 51.4, 31.4.

[0155]

Example-5:

[0156]

[Chem. 45]
Bu 'Bu
! /
N ci NH; N, NH;
[ /S! > l /Sl\

N H N H
1By Bu

[0157]

In an argon atmosphere, 6.44 g (27.7 mmol) of Si('BuNCHCHN'Bu}(H)CI was
dissolved in 20 mL of hexane. The resulting solution was deaerated by Freeze-Pump-
Thaw cycling and after creating an ammonia atmosphere in the reaction vessel by
connecting thereto a balloon having an internal volume of 5 L and being filled with
ammonia, the solution was stirred at room temperature for 3 hours. Insoluble matters
produced were separated by filtration, and the solvent was removed by distillation from
the filtrate under atmospheric pressure. The obtained residue was distilled under
reduced pressure (distillation temperature: 78°C/3.7x10*> Pa) to obtain
Si("BuNCHCHN'Bu)(H)NH, as a pale yellow liquid (yielded amount: 5.45 g, yield:
92%). The thus-obtained Si('BuNCHCHN'Bu)(H)NH, was measured for the 'H and
B¢ NMR spectra, as a result, these spectra agreed with spectra of that obtained in

Example-4.
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[0158]

Example-6:
[0159]
[Chem. 46]
tIBU 1) SIHCI Bu
. | 3 !
NLi 2) NH, N\ /NH2
L - L,
VRN
N\Li N\ H
‘Bu | 'Bu
[0160]

In an argon atmosphere, a dilithium(N,N'-di-tert-butyl-1,2-vinylenediaminide)
solution prepared by using 12.65 g of ‘BuNCHCHN'Bu, 20 mL of tetrahydrofuran, 60
mL of hexane and 1.05 g of lithium according to the procedure described in Reference
Example-9 was added to a hexane (20 mL) solution containing 9.98 g (73.7 mmol) of
trichlorosilane, and the mixture was stirred at room temperature for 3 hours. The
resulting reaction mixture was deaerated by Freeze-Pump-Thaw cycling and after
creating an ammonia atmosphere in the reaction vessel by connecting thereto a balloon
having an internal volume of 5 L and being filled with ammonia, the mixture was stirred
at room temperature for 20 hours. Insoluble matters produced were separated by
filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 78°C/3.7x10* Pa) to obtain Si(BuNCHCHN'Bu)(H)NH, as a
pale yellow liquid (yielded amount: 14.09 g, yield: 90%). The thus-obtained
Si('BuNCHCHN'Bu)(H)NH, was measured for the 'H and '*C NMR spectra, as a result,
these spectra agreed with spectra of those obtained in Example-4 and Example-5.
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[0161]

Example-7:
10162]
[Chem. 47]
‘Bu 'Bu
/ I\f H
N\ /Cl MENHQ AY /N_Me
[ Si\ > ! /Si\

N H N H
IBU tBL]

[0163]

In an argon atmosphere, 5.24 g (22.5 mmol) of Si('BuNCHCHNBu)(H)CI was
dissolved in 20 ml of hexane and after adding 25.0 mL (48.8 mmol) of a
tetrahydrofuran solution (concentration: 1.95 mol/L) of methylamine, the mixture was
stirred at room temperature for 1 hour. Insoluble matters produced were separated by
filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 80°C/3.8x10% Pa) to obtain 1,3-di-tert-butyl-2-methylamino-
1,3-diaza-2-silacyclopent-4-ene (Si(‘BuNCHCHN'Bu)(H)NHMe) as a pale yellow
liquid (yielded amount: 4.41 g, yield: 86%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.81 (d, J=1 Hz, 2H), 5.60 (s, 1H), 2.31 (d,
J=7 Hz, 3H), 1.28 (s, 18H), 0.65 (br, 1H).

BC NMR (125 MHz, C¢Ds, 8/ppm) 112.0, 51.3, 31.2, 26.4.

[0164]
Example-8:
[0165]
[Chem. 48]
'Bu "Bu
/ H
N\ /C} EtNHz N\ /N—Et
[ Si = 1l i
/N /N
N H r\{ H
By 'Bu
[0166]

In an argon atmosphere, 3.40 g (75.5 mmol) of ethylamine was dissolved in 30
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mL of hexane, and a solution obtained by dissolving 5.78 g (24.8 mmol) of
Si('BuNCHCHN'Bu)(H)Cl in 5 mL of hexane was added thereto at -20°C. After
stirring at room temperature for 2 hours, insoluble matters produced were separated by
filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 86°C/4.1x10% Pa) to obtain 1,3-di-tert-butyl-2-ethylamino-1,3-
diaza-2-silacyclopent-4-ene (Si'BuNCHCHN'Bu)(H)NHEt) as a pale yellow liquid
(vielded amount: 5.77 g, vield: 96%).

'H NMR (500 MHz, CsDs, 8/ppm) 5.83 (s, 2H), 5.65 (s, 1H), 2.69 (quint, J=7
Hz, 2H), 1.30 (s, 18H), 0.92 (t, J=7 Hz, 3H), 0.82 (br, 1H).

BC NMR (125 MHz, C¢Ds, 8/ppm) 112.0, 51.3, 35.1, 31.3, 19.9.

[0167]

Example-9:

[0168]

[Chem. 49]
‘i13u "Bu y
EN\Si/CI PrNH, " EN\SE,N._cpr

/N e
(™ (v
By 'Bu

[0169]

In an argon atmosphere, 6.22 g (26.7 mmol) of Si(BuNCHCHN'Bu)(H)Cl was
dissolved in 30 mL of hexane and after adding 3.14 g (56.0 mmol) of cyclopropylamine,
the mixture was stirred at room temperature for 3 hours. Insoluble matters produced
were separated by filtration, and the solvent was removed by distillation from the
filtrate under atmospheric pressure. The obtained residue was distilled under reduced
pressure (distillation temperature: 100°C/3.7x10* Pa) to obtain 1,3-di-tert-butyl-2-
cyclorpopylamino-1,3-diaza-2-silacyclopent-4-ene (Si(' BuNCHCHN'Bu)(H)NH®Pr) as a
colorless liquid (vielded amount: 6.07 g, yield: 90%).

"H NMR (500 MHz, Ce¢Ds, 8/ppm) 5.80 (s, 2H), 5.34 (s, 1H), 2.08 (m, 1H),
1.28 (s, 18H), 0.90 (br, 1H), 0.39-0.29 (m, 4H).

BC NMR (125 MHz, C¢Dg, 8/ppm) 113.8, 51.4, 31.2,23.8, 7.9.
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[0170]

Example-10:
[0171]
[Chem. 50]
'8y 'Bu
/ /
N, ¢l iPrNH, N, N—Pr
[ /SI\ » I /Sl
N H N H
By Bu
[0172]

In an argon atmosphere, 5.70 g (24.5 mmol) of Si(BUNCHCHN'Bu)(H)C] was
dissolved in 40 mL of hexane and after adding 2.90 g (49.1 mmol) of isopropylamine,
the mixture was stirred at room temperature for 5 hours. Insoluble matters produced
were separated by filtration, and the solvent was removed by distillation from the
filtrate under atmospheric pressure. The obtained residue was distilled under reduced
pressure (distillation temperature: 90°C/3.7x10% Pa) to obtain 1,3-di-tert-butyl-2-
isopropylamino-1,3-diaza-2-silacyclopent-4-ene (Si(*BuNCHCHNBu)(H)NHPr) as a
pale yellow liquid (yielded amount: 5.65 g, yield: 90%). ' _

'H NMR (500 MHz, C¢Dg, 5/ppm) 5.80 (s, 2H), 5.64 (s, 1H), 3.20
(doubleseptet, J=8 Hz, 7 Hz, 1H), 1.31 (s, 18H), 0.98 (d, J=7 Hz, 6H), 0.87 (br, d, J=8

Hz, 1H).
BC NMR (125 MHz, C¢Ds, 8/ppm) 111.9, 51.4, 42.3, 31.3, 27.5.

[0173]
Example-11:
[0174]
[Chem. 51]
t?u tIBU y
N, cl PrNH, N, NPT
[ Si B
/N /7 \H
N H N\
'Bu By
[0175]

In an argon atmosphere, 5.90 g (25.4 mmdl) of Si('BuNCHCHN'Bu)(H)CI was
dissolved in 40 mL of hexane and after adding 3.03 g (51.3 mmol) of propylamine, the
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mixture was stirred at room temperature for 3 hours. Insoluble matters produced were
separated by filtration, and the solvent was removed by distillation from the filtrate
under atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 92°C/3.5x10% Pa) to obtain 1,3-di-tert-butyl-2-propylamino-
1,3-diaza-2-silacyclopent-4-ene (Si('BuNCHCHN'Bu)(H)NHPr) as a pale yellow liquid
(vielded amount: 5.99 g, yield: 92%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.83 (d, J=1 Hz, 2H), 5.67 (s, 1H), 2.65 (g,
J=7 Hz, 2H), 1.31 (s, 18H), 1.30 (sext, J=7 Hz, 2H), 0.94 (br, 1H), 0.75 (t, J=7 Hz, 3H).

BC NMR (125 MHz, C¢De, 8/ppm) 112.0, 51.4, 42.6, 31.3,27.7, 11.9.

[0176]
Example-12:
[0177]
[Chem. 52]
Bu 1) SiHCI Bu
. iHCly /' H
NLi 2) PrNH, N N—Pr
L - [
"NLi N H
\ \
'‘Bu 'Bu
[0178]

In an argon atmosphere, a dilithium(N,N'-di-tert-butyl-1,2-vinylenediaminide)
solution prepared by using 32.00 g of '‘BuNCHCHN'Bu, 50 mL of tetrahydrofuran, 150
mL of hexane and 2.67 g of lithium according to the procedure described in Reference
Example-9 was added to a hexane (50 mL) solution containing 25.16 g (185.7 mmol) of
trichlorosilane, and the mixture was stirred at room temperature for 3 hours. To this
reaction mixture, 22.40 g (379.0 mmol) of propylamine was added, and the mixture was
stirred at room temperature for 3 hours. Insoluble matters produced were separated by
filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 78°C/3.7x10% Pa) to obtain Si('BuNCHCHNBu)(H)NHPr as a
pale yellow liquid (yielded amount: 41.46 g, yield: 87%). The thus-obtained
Si('BuNCHCHN'Bu)(H)NHPr was measured for the 'H and “C NMR spectra, as a

result, these spectra agreed with spectra of that obtained in Example-11,
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[0179]

Example-13:
[0180]
[Chem. 53]
Bu Bu
/ /
-l
N\ Gl SBuNH, N\ ./N Bu
| si > || i
/N VAR
N H N H
\ ‘ \
'Bu 'Bu
[0181]

In an argon atmospheré, 5.23 g (22.4 mmol) of Si('BuNCHCHN'Bu)(H)Cl was
dissolved in 30 mL of hexane and after adding 3.30 g (45.1 mmol) of sec-butylamine,
the mixture was stirred at room temperature for 14 hours. Insoluble matters produced
were separated by filtration, and the solvent was removed by distillation from the
filtrate under atmospheric pressure. The obtained residue was distilled under reduced
pressure (distillation temperature: 98°C/3.5 x10? Pa) to obtain 2-sec-butylamino-1,3-di-
tert-butyl-1,3-diaza-2-silacyclopent-4-ene (Si(BuNCHCHNBu)(H)NH*Bu) as a pale
yellow liquid (yielded amount: 5.56 g, yield: 92%).

"H NMR (500 MHz, C¢Ds, 8/ppm) 5.83 (s, 2H), 5.69 (s, 1), 3.02 (sept, J=7
Hz, 1H), 1.45-1.35 (m, 2H), 1.32 (s, 18H), 1.00 (d, J=6 Hz, 3H), 0.98 (br, 1H), 0.77 (t,
J=7 Hz, 3H).

BC NMR (125 MHz, CgDs, 8/ppm) 112.01, 112.00, 51.46, 51.43, 47.7, 31.3,
31.2,23.8, 10.6.

[0182]

Example-14:

[0183]

[Chem. 54]
'Bu ‘Bu
! { \
N cl tBUNH, N, N='Bu
I[ Si Ll | Si

VARAN PARR
N H N H
tl\3u 'Bu

[0184]

In an argon atmosphere, 4.87 g (20.9 mmol) of Si(BuNCHCHNBu)(H)Cl was
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dissolved in 40 mL of hexane and after adding 3.13 g (42.8 mmol) of tert-butylamine,
the mixture was stirred at room temperature for 14 hours. Insoluble matters ﬁroduced
were separated by filtration, and the solvent was removed by distillation from the
filtrate under atmospheric pressure. The obtained residue was sublimated (heating
temperature: 150°C/1.2x10* Pa) to obtain 2-tert-butylamino-1,3-di-tert-butyl-1,3-diaza-
2-silacyclopent-4-ene (Si('BuNCHCHN'Bu)(I)NH'Bu) as a white solid (yielded
amount: 5.06 g, yield: 90%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.79 (s, 2H), 5.56 (s, 1H), 1.33 (s, 18H),
1.14 (s, 9H), 1.01 (br, 1H). |

BC NMR (125 MHz, C¢Ds, 8/ppm) 111.7, 51.6, 49.5, 33.4, 31.2.

[0185]
Example-15:
[0186]
[Chem. 55]
tBu By
’ N N—c
Cl CyNH Y
[ 7 NP o I 57
/N /SN
N H N H
\
tBy ‘Bu
[0187]

In an argon atmosphere, 5.70 g (24.5 mmol) of Si('BuNCHCHN'Bu)(H)Cl was
dissolved in 100 mL of hexane and after adding 4.86 g (49.0 mmol) of cyclohexylamine,
the mixture was stirred at room temperature for 4 hours. Insoluble matters produced
were separated by filtration, and the solvent was removed by distillation from the
filtrate under atmospheric pressure. The obtained residue was sublimated (heating
temperature: 160°C/7.0x10*> Pa) to obtain 2-cyclohexylamino-1,3-di-tert-butyl-1,3-
diaza-2-silacyclopent-4-ene (Si(BuNCHCHNBu)(H)NHCy) as a white solid (yielded
amount; 6.95 g, yield: 96%). :

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.83 (d, J=1 Hz, 2H), 5.71 (s, 1H), 2.87 (i,
1H), 1.86 (m, 2H), 1.57 (m, 2H), 1.44 (m, 1H), 1.33 (s, 18H), 1.20-0.95 (m, 6H).

3C NMR (125 MHz, C¢Ds, 8/ppm) 112.0, 51.5, 49.8, 38.4, 31.3, 26.4, 26.0.
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[0188]

Example-16:
[0189]
[Chem. 56]
!IBU tIBU H
_t
N, Ci LNHOct] N, N='Oct
si = [ s
/ l\ /o~
N H N H
l|\3u t\BL.!
[0190]

In an argon atmosphere, a solution obtained by dissolving 5.14 g (22.1 mmol)
of Si('BuNCHCHN'Bu)(H)Cl in 10 mL of hexane was added to a lithium(1,1,3,3-
tetramethylbutylamide) solution prepared by adding 10 mlI. of hexane and 2.94 g (22.8
mmol) of 1,1,3,3-tetramethylbutylamine to 13.8 mL (22.8 mmol) of a hexane solution
(concentration: 1.65 mol/L) of butyllithium and stirring the mixture at room temperature
for 14 hours, and the resulting mixture was stirred at room temperature for 24 hours.
Insoluble matters produced were separated by filtration, and the solvent was removed
by distillation from the filtrate under atmospheric pressure. The obtained residue was
sublimated (heating temperature: 180°C/64 Pa) to obtain 1,3-di-tert-butyl-2-(1,1,3,3-
tetramethylbutyl)amino-1,3-diaza-2-silacyclopent-4-ene
(Si(BuNCHCHN'Bu)(H)NH'Oct) as a white solid (yielded amount: 5.85 g, yield: 81%).

TH NMR (500 MHz, C¢Dg, 8/ppm) 5.80 (d, J=1 Hz, 2H), 5.61 (s, 1H), 1.51 (s,
2H), 1.36 (s, 18H), 1.28 (s, 6H), 1.04 (br, 1H), 1.00 (s, SH).

BC NMR (125 MHz, CgDs, 8/ppm) 111.8, 59.3, 53.9, 51.7, 32.6, 32.2, 32.1,
31.2.
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[0191]

Example-17:
[0192]
[Chem. 57]
By 'Bu
/ x\{ H
AN CF3CHNH, [ \S],N"CHzoFa
'(SI\H / \H
\
tI\Bu Bu
[0193]

In an argon atmosphere, 5.63 g (24.2 mmol) of Si('BuNCHCHNBu)(H)Cl was
dissolved in 20 mL of hexane and after adding 5.38 g (54.3 mmol) of 2,2,2-
trifluoroethylamine, the mixture was stirred at room temperature for 15 hours.
Insoluble matters produced were separated by filtration, and the solvent was removed
by distillation from the filtrate under atmospheric pressure. The obtained residue was
distilled under reduced pressure (distillation temperature: 80°C/4.7x10? Pa) to obtain
1,3-di-tert-butyl-2-(2,2,2-trifluoroethyl}amino-1,3-diaza-2-silacyclopent-4-ene
(Si(‘BuNCHCHN'Bu)(H)NHCH,CF3) as a pale yellow liquid (vielded amount: 4.74 g,
yield: 66%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.73 (d, J=1 Hz, 2H), 5.47 (s, 1H), 2.89
(quint, J=9 Hz, 2H), 1.19 (s, 18H), 1.02 (br, 1H).

BC NMR (125 MHz, C¢Dg, 8/ppm) 114.8 (q, J=269 Hz), 112.2, 42.7 (q, J=33
Hz), 51.4,31.1.

[0194]
Example-18:
[0195]
[Chem. 58]
SIBU ‘SIBU y
N\ /CI EtNHz N\ /N—"Et
| si = || si
AN PR
N H ~N H
8‘1\3 s\Bu
u
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[0196]
In an argon atmosphere, 3.30 g (73.2 mmol) of ethylamine was dissolved in 30

mL of hexane, and a solution obtained by dissolving 6.21 g (26.7 mmol) of
SiCBUNCHCHN’Bu)(H)Cl in 5 mL of hexane was added thereto at -20°C. After
stirring at room temperature for 2 hours, insoluble matters produced were separated by
filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 92-96°C/4.0x10 Pa) to obtain 1,3-di-sec-butyl-2-ethylamino-
1,3-diaza-2-silacyclopent-4-ene (Si*BuNCHCHNBu)(H)NHEL) as a pale yellow liquid
(yielded amount: 5.61 g, yield: 87%). This product was a mixture of a plurality of
isomers differing in the steric configuration from each other.

'H NMR (500 MHz, C4Ds, 8/ppm) 5.68 (s)/5.66 (s)/5.65 (s) (2H as the total of
integrated intensities of three signals), 5.57 (s, 1H), 3.06 (sept, J=7 Hz, 2H), 2.76-2.69
(m, 2H), 1.69-1.59 (m, 2H), 1.51-1.33 (m, 2H), 1.21 (d, J=7 Hz)/1.20 (d, J=7 Hz) (6H as
the total of integrated intensities of two signals), 1.00-0.88 (m, 10H).

BC NMR (125 MHz, C¢Ds, 8/ppm) 114.3, 113.9, 113.2, 112.9, 54.1, 54.0, 53 .4,
35.2,31.9,30.9,22.9,22.8,22.1,22.0,20.3, 11.9, 11.74, 11.73.

[0197]
Example-19:
[0198]
[Chem. 59]
'Pe Pe
| Nl NH
cl LiNH, 2
[ :S|: > E :SI:
H N H
) \
'Pe Pe
[0199]

In an argon atmosphere, 379 mg (purity: 95%, 15.7 mmol) of lithium amide
was suspended in 10 mL of 1,2-dimethoxyethane and after adding 3.99 g (15.3 mmol)
of Si("PeNCHCHN'Pe)(H)CI, the mixture was stirred at room temperature for 3 hours.
To the reaction mixture, 10 mL of hexane was added, and the mixture was stirred at
room temperature for 10 minutes. Insoluble matters produced were separated by

filtration, and the solvent was removed by distillation from the filtrate under
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atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 90°C/3.7x10* Pa) to obtain 2-amino-1,3-di-tert-pentyl-1,3-
diaza-2-silacyclopent-d4-ene (Si('PeNCHCHN®Pe)}H)NH,) as a pale yellow liquid
(yielded amount: 3.23 g, yield: 87%).

'"H NMR (500 MHz, C¢Ds, 8/ppm) 5.72 (d, J=1 Hz, 2H), 5.69 (t, J=5 Hz, 1H),
1.56 (dq, J=14 Hz, 7 Hz, 2H), 1.48 (dq, J=14 Hz, 7 Hz, 2H), 1.26 (s, 6H), 1.25 (s, 6H),
0.87 (t, J=7 Hz, 6H), 0.85 (br, 2H).

BC NMR (125 MHz, CsDs, 8/ppm) 111.7, 54.0, 35.6, 29.3, 28.7, 9.1.

[0200]
. Example-20:
[0201]
[Chem. 60]
lpe "Pe
Nf hf NH
Cl NH3 \ 2
[ s’ > [ S’
ERN AN
N H N H
\ \
tPe 'Pe
[0202]

In an argon atmosphere, 6.18 g (23.7 mmol) of Si('PeNCHCHN'Pe)(H)Cl was
dissolved in 20 mL of hexane. The resulting solution was deaerated by Freeze-Pump-
Thaw cycling and after creating an ammonia atmosphere in the reaction vessel by
connecting thereto a balloon having an internal volume of 5 L and being filled with
ammonia, the solution was stirred at room temperature for 6 hours. Insoluble matters
produced were separated by filtration, and the solvent was removed by distillation from
the filtrate under atmospheric pressure. The obtained residue was distilled under
reduced pressure (distillation temperature: 90°C/3.7x10? Pa) to obtain 2-amino-di-1,3-
tert-pentyl-1,3-diaza-2-silacyclopent-4-ene  (Si('PeNCHCHN'Pe)(H)NH,) as a pale
yellow liquid (yielded amount: 5.36 g, yield: 94%). The thus-obtained
Si(*PeNCHCHN'"Pe)(H)NH, was measured for the 'H and *C NMR spectra, as a result,
these spectra agreed with spectra of that obtained in Example-19.
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[0203]

Example-21:
[0204]
[Chem. 61]
'Pe 'Pe
/ JH
[N\Si/Ci MeNH, . [ \Si,N—Me
N/ \H Nx \H
\ \
Pe ‘Pe
[0205]

In an argon atmosphere, 5.24 g (20.1 mmol) of Si('PeNCHCHN'Pe)(H)Cl was
dissolved in 20 mL of hexane and after adding 24.0 mL (46.8 mmol) of a
tetrahydrofuran solution (concentration: 1.95 mol/L) of methylamine, the mixture was
stirred at room temperature for 3 hours. Insoluble matters produced were separated by
filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 104°C/3.8x10? Pa) to obtain 2-methylamino-1,3-di-tert-pentyl-
1,3-diaza-2-silacyclopent-4-ene (Si('PeNCHCHN'Pe)(H)NHMe) as a pale yellow liquid
(yielded amount: 4.71 g, yield: 92%).

"H NMR (500 MHz, C¢Ds, 8/ppm) 5.73 (d, J=1 Hz, 2H), 5.62 (s, 1H), 2.34 (d,
J=7 Hz, 3H), 1.58 (dq, J=14 Hz, 7 Hz, 2H), 1.48 (dq, J=14 Hz, 7 Hz, 2H), 1.25 (s, 6H),
1.24 (s, 6H), 0.88 (t, J=7 Hz, 6H), 0.64 (br, 1H).

3C NMR (125 MHz, C¢Ds, 8/ppm) 111.8, 53.8, 35.6,29.2, 28.4, 26.4, 9.2.

[0206]
Example-22:
[0207]
[Chem. 62]
'Pe 'Pe
, y
N Cl ENH, | \Si,N*Et
I /Si\_ SN
N H N H
\
Pe Pe
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[0208]

In an argon atmosphere, 6.80 g (151 mmol) of ethylamine was dissolved in 25
mL of hexane, and a solution obtained by dissolving 6.96 g (26.7 mmol) of
Si('PeNCHCHNPe)(H)Cl in 5 mL of hexane was added thereto at -20°C. After
stirring at room temperature for 3 hours, insoluble matters produced were separated by
filtration, and the solvent was temoved by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 110°C/1.5x10% Pa) to obtain 2-ethylamino-1,3-di-tert-pentyl-
1,3-diaza-2-silacyclopent-4-ene (Si('PeNCHCHN'Pe)(H)NHEL) as a pale yellow liquid
(yielded amount: 6.63 g, yield: 92%).

'H NMR (500 MHz, CsDg, 8/ppm) 5.72 (d, J=1 Hz, 2H), 5.64 (s, 1H), 2.73
(quint, J=7 Hz, 2H), 1.60 (dq, J=14 Hz, 7Hz, 2H), 1.48 (dq, J=14 Hz, 7Hz, 2H), 1.27 (s,
6H), 1.25 (s, 6H), 0.94 (t, =7 Hz, 3H), 0.89 (t, J=7 Hz, 6H), 0.83 (br, 1H).

B3C NMR (125 MHz, C4Dg, 8/ppm) 111.8, 53.9, 35.7, 35.2, 29.3, 28.3, 19.9,

9.2.

[0209]

Example-23:

[0210]

[Chem. 63]
Pe Pe
! /I H
N, Cl 'PrNH, N N=Pr
[ Si > || si

/7N /N
N H N H
\ \
'Pe 'Pe

[0211]

In an argon atmosphere, 6.49 g (24.9 mmol) of Si(‘'PeNCHCHN'Pe)(H)Cl was
dissolved in 25 mL of hexane and after adding 2.96 g (50.1 mmol) of isopropylamine,
the mixture was stirred at room temperature for 3 hours, Insoluble matters produced.
were separated by filtration, and the solvent was removed by distillation from the
filtrate under atmospheric pressure. The obtained residue was sublimated (heating
temperature: 160°C/70 Pa) to obtain 2-isopropylamino-1,3-di-tert-pentyl-1,3-diaza-2-
silacyclopent-4-ene (Si('PeNCHCHN'Pe)(H)NH'Pr) as a white solid (yielded amount:
6.77 g, yield: 96%).
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'H NMR (500 MHz, C¢Ds, S/ppm) 5.73 (s, 2H), 5.66 (s, 1H), 3.22 (m, 1H),
1.64 (dq, J=14 Hz, 7 Hz, 2H), 1.46 (dq, J=14 Hz, 7 Hz, 2H), 1.30 (s, 6H), 1.27 (s, 6H),
1.00 (d, 7=7 Hz, 6H), 0.90 (t, J=7 Hz, 6H), 0.86 (br, 1H).

13C NMR (125 MHz, C¢Ds, 8/ppm) 111.8, 42.3, 35.7, 29.4, 28.0, 27.5, 9.1.

[0212)
Example-24:
[0213]
[Chem. 64]
toct ‘(?ct
{
N cI LiNH, -N_NH,
[ si >~ E s
VRN VAR
N H N H
\ \
tOct Oct
[0214] '

In an argon atmosphere, 439 mg (purity: 95%, 18.2 mmol) of lithium amide
was suspended in 20 mL of 1,2-dimethoxyethane and after adding 6.07 g (17.6 mmol)
of Si('OctNCHCHN'Oct)(H)C], the mixture was stirred at room temperature for 4 hours.
To the reaction mixture, 20 mL of hexane was added, and the mixture was stirred at
room temperature for 10 minutes. Insoluble matters produced were separated by
filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtéjned residue was distilled under reduced pressure
(distillation temperature: 116°C/1.3x10° Pa) to obtain 2-amino-1,3-bis(1,1,3,3-
tetramethylbutyl)-1,3-diaza-2-silacyclopent-4-ene (Si'OctNCHCHN'Oct)(H)NH,) as a
pale yellow liquid (yielded amount: 4.99 g, yield: 87%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.73 (d, J=1 Hz, 2H), 5.70 (s, 1H), 1.63 (d,
J=15 Hz, 2H), 1.46 (d, =15 Hz, 2H), 1.41 (s, 6H), 1.35 (s, 6H), 1.05 (s, 18H), 0.88 (br,
2H).

BC NMR (125 MHz, C¢Dg, 8/ppm) 111.9, 55.2, 54.2, 32.8, 32.1, 32.0, 31.2.
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[0215]

Example-25:
[0216]
[Chem. 65]
tOct ‘(?ct
/
N CI ~ NH; - N, NH,
| /Si\ i I /Sl\
N H N H
\ \
'Oct Oct
[0217]

In an argon atmosphere, 5.42 g (15.7 mmol) of Si('OctNCHCHN'Oct)(H)Cl
was dissolved in 20 mL of hexane. The resulting solution was deaerated by Freeze-
Pump-Thaw cycling and after creating an ammonia atmosphere in the reaction vessel by
connecting thereto a balloon having an internal volume of 5 L and being filled with
ammonia, the solution was stirred at room temperature for 41 hours. Insoluble matters
produced were separated by filtration, and the solvent was removed by distillation from
the filtrate under atmospheric pressure. The obtained residue was distilled under
reduced pressure (distillation temperature: 115°C/1.2x10? Pa) to obtain 2-amino-1,3-
bis(1,1,3,3-tetramethylbutyl)-1,3-diaza-2-silacyclopent-4-ene
(Si('OctNCHCHN'Oct)(H)NH,) as a pale yellow liquid (yielded amount: 4.52 g, yield:
88%). The thus-obtained Si(*OctNCHCHN'Oct)(H)NH, was measured for the 'H and
BC NMR spectra, as a result, these spectra agreed with spectra of that obtained in

Example-24.
[0218]
Example-26:
[0219]
[Chem. 66]
‘(I)ct t(?ct y
N ¢ EtNH, N, N—Et
IE /Si\ = E /Si\
N " N
'Oct Oct
[0220]

In an argon atmosphere, 6.80 g (151 mmol) of ethylamine was dissolved in 20
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ml of hexane, and a solution obtained by dissolving 526 g (15.2 mmol) of
Si(‘OctNCHCHN'Oct)(H)C1 in 10 mL of hexane was added thereto at -20°C. After
stirring at room temperature for 12 hours, insoluble matters produced were separated by
filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 128°C/1.4x10* Pa) to obtain 1,3-bis(1,1,3,3-tetramethylbutyl)-
2-ethylamino-1,3-diaza-2-silacyclopent-4-ene  (Si(*OctNCHCHN'Oct)(H)NHEt) as a
pale yellow liquid (yielded amount: 5.22 g, yield: 97%).

"H NMR (500 MHz, C¢Ds, 8/ppm) 5.74 (s, 2H), 5.64 (s, 1H), 2.73 (quint, J=7
Hz, 2H), 1.72 (d, J=15 Hz, 2H), 1.45 (s, 6H), 1.43 (d, J=15 Hz, 2H), 1.33 (s, 6H), 1.06
(s, 18H), 0.95 (t, J=7 Hz, 3H), 0.83 (br, 1H).

BC NMR (125 MHz, CsDs, 8/ppm) 111.9, 55.2, 54.3, 35.5, 33.0, 32.1, 32.0,
30.5, 19.9.

[0221]
Example-27:
[0222]
[Chem. 67]
'Bu ‘Bu
/ /
N ol NH; N NH,
[ PN > I S
N H N H
\ \
'Oct 'Oct
[0223]

In an argon atmosphere, 4.87 g (16.9 mmol) of Si’BuNCHCHN'Oct)(H)CI was
dissolved in 20 mL of hexane. The resuiting solution was deaerated by Freeze-Pump-
Thaw cycling and after creating an ammonia atmosphere in the reaction vessel by
connecting thereto a balloon having an internal volume of 5 L and being filled with
ammonia, the solution was stirred at room temperature for 19 hours. Insoluble matters
produced were separated by filtration, and the solvent was removed by distillation from
the filtrate under atmospheric pressure. The obtained residue was distilled under
reduced pressure (distillation temperature: 114°C/3.3%x10? Pa) to obtain 2-amino-3-tert-
butyl-1-1,1,3,3-tetramethylbutyl-1,3-diaza-2-silacyclopent-4-ene
(Si('BuNCHCHN'Oct)(H)NH,) as a pale yellow liquid (yielded amount: 4.02 g, yield:
88%).
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'H NMR (500 MHz, C¢Ds, S/ppm) 5.79 (dd, J=4 Hz, 1 Hz, 1H), 5.74 (dd, I=4
Hz, 1 Hz, 1H), 5.69 (t, J=5 Hz, 1H), 1.65 (d, J=15 Hz, 1H), 1.46 (d, =15 Hz, 1H), 1.41
(s, 3H), 1.35 (s, 3H), 1.28 (s, 9H), 1.05 (s, 9H), 0.85 (br, 2H).

13C NMR (125 MHz, C¢Ds, 8/ppm) 112.4, 111.4, 55.2, 54.4, 51.4, 32.8, 32.1,
32.0, 31.4, 31.1.

[0224]
Example-28:
[0225]
[Chem. 68]
'?u tll3u ’
N, ci PrNH, N, N—Pr
[: Si > || s

7N A

( {

tOct 'Oct
[0226]

In an argon atmosphere, 4.82 g (16.9 mmol) of Si(BuNCHCHN'Oct)(H)Cl was
dissolved in 40 mL of hexane and after adding 2.02 g (34.2 mmol) of propylamine, the
mixture was stirred at room temperature for 3 hours. Insoluble matters produced were
separated by filtration, and the solvent was removed by distillation from the filtrate
under atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 106°C/97 Pa) to obtain 1-1,1,3,3-tetramethylbutyl-3-tert-butyl-
2-propylamino-1,3-diaza-2-silacyclopent-4-ene (Si("BuNCHCHN'Oct)(H)NHPr) as a
pale yellow liquid (yielded amount: 4.53 g, yield: 87%).

'H NMR (500 lMHZ, C¢Dg, &6/ppm) 5.80 (dd, =4 Hz, 1 Hz, 2H), 5.75 (dd, J=4
Hz, 1 Hz, 2H), 5.67 (s, 1H), 2.66 (g, J=7 Hz, 2H), 1.73 (d, J=15 Hz, 1H), 1.46 (s, 3H),
1.43 (d, J=15 Hz, 1H), 1.33 (s, 3H), 1.32 (sext, J=7 Hz, 2H), 1.30 (s, 9H), 1.06 (s, 9H),
0.96 (br, 1H), 0.77 (t, J=7 Hz, 3H).

13C NMR (125 MHz, C¢Dg, 8/ppm) 112.4, 111.5, 55.1, 54.5, 51.3, 42.8, 33.1,
32.1,32.0,31.3,304,27.7,11.9,
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[0227]

Example-29:
[0228]
[Chem. 69]
l,;:,u : "53&1
[N\Si,CI NaOCN [N\Si:NCO
N\/ y N\/ H
By 'Bu
[0229]

In an argon atmosphere, 7.69 g (33.0 mmol) of Si(BuNCHCHN'Bu)(H)Cl was
dissolved in 30 mL of tetrahydrofuran and after adding 2.58 g (purity: 90%, 35.7 mmol)
of sodium cyanate, the mixture was stirred for 8 hours under heating and refluxing.
Insoluble matters produced were separated by filtration, and the solvent was removed
by distillation from the filtrate under atmospheric pressure. The obtained residue was
distilled under reduced pressure (distillation temperature: 85°C/3.3x10% Pa) to obtain
1,3-di-tert-butyl-2-isocyanato-1,3-diaza-2-silacyclopent-4-ene
(Si("'BuNCHCHN'Bu)(H)NCO) as a colorless liquid (vielded amount: 7.09 g, vield:
90%).

"H NMR (500 MHz, C4Dg, 8/ppm) 5.68 (s, 2H), 5.63 (s, 1H), 1.12 (s, 18H).

3C NMR (125 MHz, CsDs, 8/ppm) 125.0, 112.7, 51.4, 30.9.

[0230]

Example-30:

[0231]

[Chem. 70]

tBLl tBU
/ /
N_ci KOCN N, NCO
| /SI\ —> I /SI\
N H N H
\ A
'Bu Bu

[0232]

In an argon atmosphere, 8.33 g (35.8 mmol) of Si('BuNCHCHN'Bu)(H)Cl was
dissolved in 30 mL of tetrahydrofuran and after adding 3.19 g (purity: 96%, 37.8 mmol)
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of potassium cyanate, the mixture was stirred for 15 hours under heating and refluxing.
Insoluble matters produced were separated by filtration, and the solvent was removed
by distillation from the filtrate under atmospheric pressure. The obtained residue was
distilled under reduced pressure (distillation temperature: 85°C/3.3x10? Pa) to obtain
1,3-di-tert-butyl-2-isocyanato-1,3-diaza-2-silacyclopent-4-ene
(Si('BuNCHCHNBu)(H)NCO) as a colorless liquid (yielded amount: 7.07 g, yield:
83%). The thus-obtained Si("BuNCHCHN'Bu)(H)NCO was measured for the 'H and
3C NMR spectra, as a result, these spectra agreed with spectra of that obtained in -

Example-29.
[0233]
Example-31:
[0234]
[Chem. 71]
't?u 1) SiHCI Bu
. 1HCIy /
NLi 2) NaOCN N, NCO
L - [ »
FaY
NLi , N H
\ \
'Bu '‘Bu
[0235]

In an argon atmosphere, a dilithium(N,N'-di-tert-buty!l-1,2-vinylenediaminide)
solution prepared by using 32.16 g of 'BuNCHCHN'Bu, 250 mL of tetrahydrofuran and
2.67 g of lithium according to the procedure described in Reference Example-9 was
added to a hexane (30 mL) solution containing 25.12 g (185.5 mmol) of trichlorosilane,
and the mixture was stirred at room temperature for 3 hours. To this reaction mixture,
14.47 g (purity: 96%, 213.7 mmol) of sodium cyanate was added, and the mixture was
stirred for 4 hours under heating an refluxing. Insoluble matters produced were
separated by filtration, and the solvent was removed by distillation from the filtrate
under atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 85°C/3.3x10% Pa) to obtain 1,3-di-tert-butyl-2-isocyanato-1,3-
diaza-2-silacyclopent-4-ene  (Si('BuNCHCHN'Bu)(H)NCO) as a colorless liquid
(vielded  amount: 3544 g, yield: 80%). The  thus-obtained
Si("BuNCHCHNBu)(H)NCO was measured for the 'H and *C NMR spectra, as a result,
these spectra agreed with spectra of those obtained in Example-29 and Example-30.
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[0236]

Example-32:
[0237]
[Chem. 72]
tBU tIBU
/
N, C NaSCN N, NCS
Si > || =i
/ l\ VAR
N M N H
By B
[0238]

In an argon atmosphere, 6.10 g (26.2 mmol) of Si('BuNCHCHN'Bu)(H)Cl was
dissolved in 20 mL of .tetrahydrofuran and after adding 2.15 g (purity: 99%, 26.3 mmol})
of sodium thiocyanate, the mixture was stirred at room temperature for 14 hours.
Insoluble matters produced were separated by filtration, and the solvent was removed
by distillation from the filtrate under atmospheric pressure. The obtained residue was
distilled under reduced pressure (distillation temperature: 108°C/3.3x10% Pa) to obtain
1,3-di-tert-butyl-2-thioisocyanato-1,3-diaza-2-silacyclopent-4-ene
(Si('BuNCHCHN'Bu)(H)NCS) as a pale yellow liquid (yielded amount: 6.05 g, yield:
90%).

'"H NMR (500 MHz, C¢Ds, 8/ppm) 5.63 (d, J=2 Hz, 2H), 5.52 (s, 1H), 1.10 (s,

18H).
BC NMR (125 MHz, C¢Ds, 8/ppm) 144,1, 112.8, 51.5, 30.8.
[0239]
Example-33:
[0240]
[Chem. 73]
'Pe 'Pe
/ /
EN\S/CI NaOCN [N\Si,NCO
N |\H N H
teae ‘I\:’e
[0241]

In an argon atmosphere, 11.3 g (43.3 mmol) of Si('PeNCHCHN'Pe)(H)Cl was
dissolved in 80 mL of tetrahydrofuran and after adding 2.81 g (purity: 96%, 41.6 mmol)
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of sodium cyanate, the mixture was stirred for 18.5 hours under heating and refluxing.
Insoluble matters produced were separated by filtration, and the solvent was removed
by distillation from the filtrate under reduced pressure. The obtained residue was
distilled under reduced pressure (86°C/9.6x10° Pa) to obtain 2-isocyanato-1,3-di-tert-
pentyl-1,3-diaza-2-silacyclopent-4-ene (Si(PeNCHCHN'Pe)(H)NCO) as a colorless
liquid (yielded amount: 9.37 g, yield: 84%).

"H NMR (500 MHz, C¢Ds, 8/ppm) 5.68 (s, 1H), 5.62 (s, 1H), 5.61 (s, 1H), 1.36
(g, J=8 Hz, 2H), 1.35 (q, J=8 Hz, 2H), 1.10 (s, 6H), 1.09 (s, 6H), 0.76 (t, J=8 Hz, 6H).

3¢ NMR (125 MHz, C¢Ds, 8/ppm) 125.3, 112.1, 53.8, 34.9, 28.3, 28.2, 8.59.

[0242]
Example-34:
[0243]
[Chem. 74]
Q?Ct t(;)C:t
N cl NaOCN N, _NCO
| s || i
/ I\ s~
{ " ("
Oct 'Oct
[0244]

In an argon atmosphere, 7.57 g (22.0 mmol) of Si(*OctNCHCHN'Oct)(H)C]
was dissolved in 30 mL of tetrahydrofuran and after adding 2.14 g (purity: 96%, 31.6
mmol) of sodium cyanate, the mixture was stirred for 18 hours under heating and
refluxing. Insoluble matters produced were separated by filtration, and the solvent was
removed by distillation from the filtrate under atmospheric pressure. The obtained
residue was distilled under reduced pressure (distillation temperature: 117°C/73 Pa) to
obtain  2-isocyanato-1,3-bis(1,1,3,3-tetramethylbutyl)-1,3-diaza-2-silacyclopent-4-ene
(Si('OctNCHCHN'Oct)(H)NCO) as a colorless liquid (vielded amount: 6.91 g, yicld:
89%).

'H NMR (500 MHz, C¢Ds, 8/ppm) 5.70 (s, 1H), 5.63 (s, 2H), 1.51 (d, J=14 Hz,
2H), 1.30 (d, J=14 Hz, 2H), 1.28 (5, 6H), 1.19 (s, 6H), 0.95 (s, 18H).

BC NMR (125 MHz, CeDs, 8/ppm) 125.1, 112.6, 55.2, 53.7, 32.6, 31.9, 31.8,
30.5.
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[0245]

Example-35:
[0246]
[Chem. 75]
l,BU tlBu hlﬂe
~N_ ¢l HNMe, N N—Me
[ ~ [
{ (™
‘Bu Bu
[0247]

In an argon atmosphere, 3.98 g (17.1 mmol) of Si('BuNCHCHN'Bu)(H)C] was
dissolved in 20 mL of hexane. The resulting solution was deaerated by Freeze-Pump-
Thaw cycling and after creating a dimethylamine attmosphere in the reaction vessel by
connecting thereto a balloon having an internal volume of 5 L and being filled with
dimethylamine, the solution was stirred at room temperature for 20 hours. Insoluble
matters produced were separated by filtration, and the solvent was removed by
distillation from the filtrate under atmospheric pressure. The obtained residue was
distilled under reduced pressure (distillation temperature: 84°C/4.7x10 Pa) to obtain
1,3-di-tert-butyl-2-dimethylamino-1,3-diaza-2-silacyclopent-4-ene
(Si('BuNCHCHN'Bu)(H)NMe,) as a colorless liquid (yielded amount: 3.76 g, yield:
91%).

TH NMR (500 MHz, C¢Ds, 8/ppm) 5.83 (s, 2H), 5.63 (s, 1H), 2.38 (s, 6H), 1.22
(s, I8H).

3C'NMR (125 MHz, C¢Ds, 8/ppm) 112.0, 51.1, 35.6, 31.0.
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[0248]

Example-36:
[0249]
[Chem. 76]
Bu Bu 'lft
! 1} SiHCI; a
NLi DENH N N—E
[ - [ »
N
~NLi N H
\ : \
‘Bu 'Bu
[0250]

In an argon atmosphere, a dilithium{N,N'-di-tert-butyl-1,2-vinylenediaminide)
solution prepared by using 32.00 g of ‘BuNCHCHN'Bu, 50 mL of tetrahydrofuran, 150
mL of hexane and 2.67 g of lithium according to the procedure described in Reference
Example-9 was added to a hexane (120 mL) solution containing 25.20 g (186.0 mmol)
of trichlorosilane, and the mixture was stirred at room temperature for 4 hours. To this
reaction mixture, 30.00 g (410.2 mmol) of diethylamine was added, and the mixture was
stirred at room temperature for 5 hours. Insoluble matters produced were separated by
filtration, and the solvent was removed by distiilation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 102°C/4.0x10” Pa) to obtain 1,3-di-tert-butyl-2-diethylamino-
1,3-diaza-2-silacyclopent-4-ene (Si('BuNCHCHN'Bu)(H)NEt,) as a pale yellow liquid
(vielded amount: 30.29 g, yield: 60%).

'H NMR (500 MHz, CsDs, 8/ppm) 5.82 (s, 2H), 5.69 (s, 1H), 2.85 (q, J=7 Hz,
4H), 1.26 (s, 18H), 1.00 (t, J=7 Hz, 6H).

"*C NMR (125 MHz, C¢De, 8/ppm) 112.1, 51.3, 38.6, 31.2, 15.1.
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[0251]

Exampie-37:
[0252]
[Chem. 77]
'Bu : 'Bu Me
/ NI |
N Ci LiN(Bu)Me —~N, N—Bu
[ Si ~ | s

A VRS
N H N H
\ \

[0253]

In an argon atmosphere, 5.50 g (23.6 mmol) of Si('BuNCHCHN'Bu)(H)CI was
dissolved in 10 mL of hexane and after adding a lithium butyl(methyl)amide solution
(prepared by mixing 14.2 mL of 1.67 mol/L butyllithium hexane solution, 15 mL of
tetrahydrofuran and 2.07 g of N-butyl-N-methylamine and stirring the mixture at room
temperature for 1 hour), the mixture was stirred at room temperature for 20 hours.
Insoluble matters produced were separated by filtration, and the solvent was removed
by distillation from the filtrate under atmospheric pressure. The obtained residue was
distilied under reduced pressure (distiilation ternperature‘: 109°C/3.3x10” Pa) to obtain
1,3-di-tert-butyl-2-butylmethylamino-1,3-diaza-2-silacyclopent-4-ene
(Si(‘BuNCHCHN'Bu)(H)NBuMe) as a colorless liquid (yielded amount: 5.67 g, yield:
85%).

'H NMR (500 MHz, C¢D¢, 8/ppm) 5.85 (s, 2H), 5.68 (s, 1H), 2.75 (m, 2H),
2.40 (s, 3H), 1.46 (m, 2H), 1.26 (s, 18H), 1.21 (m, 2H), 0.88 (t, J=7 Hz, 3H).

3¢ NMR (125 MHz, C¢De, 8/ppm) 112.1, 51.2, 48.7, 32.7, 31.6, 31.1, 21.1,
14.6.
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[0254]

Example-38:
[0255]
[Chem. 78]
By Bu
’ N
[N\S./CI KSCN . [ \Si/NCS
/ I\ VAR
N H N H
\ \
'‘Bu Bu
[0256]

In an argon atmosphere, 3.36 g (14.4 mmol) of Si('BuNCHCHN'Bu)}(H)Cl was
dissolved in 20 mL of tetrahydrofuran and after adding 1.47 g (purity: 98%, 14.8 mmol)
of potassium cyanate, the mixture was stirred at room temperature for 18 hours.
Insoluble matters produced were separated by filtration, and the solvent was removed
by distillation from the filtrate under atmospheric pressure. The obtained residue was
distilled under reduced pressure (distillation temperature: 108°C/3.3x10% Pa) to obtain
1,3-di-tert-butyl-2-thioisocyanato-1,3-diaza-2-silacyclopent-4-ene
(Si('BuNCHCHN'Bu)(H)NCS) as a pale yellow liquid (yielded amount: 3.28 g, yield:
89%). The thus-obtained Si('BuNCHCHN'Bu)(H)NCS was measured for the 'H and
BC NMR spectra, as a result, these spectra agreed with spectra of that obtained in
Example-32. |
[0257]

Thin Film Production Examples (Example-39 to Example-47 and Comparative
Example-1 to Comparative Example-3):

Silicon-containing thin films were produced by thermal CVD method using the
hydrosilane derivative of the present invention or SIH(NMe;); (TDMAS) as the material.
Fig. 1 schematically shows the apparatus used for thin film production. The deposition
conditions were as shown in Table 1. Incidentally, sccm is the unit showing the flow
rate of a gas, and 1 sccm indicates that a gas is moving at a speed of 2.68 mmol/h in
terms of ideal gas. The feed rate of the material to the reaction chamber can be
determined according to the calculation formula of (flow rate of carrier gas x vapor
pressure of material + total pressure in material vessel), and, for example, the material
vessel temperature or the carrier gas (argon) flow rate was adjusted so as to make the

material feed rate uniform as much as possible throughout all deposition examples of
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Example-39 to Example-47 and Comparative Example-1 to Comparative Example-3.
Also, in addition to the material and the carrier gas, an oxygen gas was introduced into’
the reaction chamber at a flow rate of 60 sccm. Furthermore, the amount of the diluent
gas (argon) introduced was adjusted so as to make uniform the oxygen concentration in
the reaction chamber and the total gas flow rate (linear velocity) throughout all
deposition examples of Example-39 to Example-47 and Comparative Example-1 to
Comparative Example-3. That is, the pressure in the reaction chamber was adjusted to
1.3 kPa by introducing the diluent gas at a flow rate of 220 sccm in Example-39 to
Example-47 and at a flow rate of 230 sccm in Comparative Example-1 to Comparative
Example-3. The substrate material used was sapphire, and the deposition time was 1
hour. In all of Example-39 to Example-47 and Comparative Example-1 to
Comparative Example-3, when the film produced was confirmed by X-ray fluorescence
analysis, a characteristic X-ray based on silicon was detected. The film thickness
computed from the intensity of the detected X-ray is shown in Table 1. As apparent
from Table 1, in Comparative Example-1 to Comparative Example-3, where production
of a silicon dioxide thin {ilm by the CVD method using TDMAS and an oxygen gas was
tried, it was confirmed that deposition of a film scarcely proceeds at a substrate
temperature of 500°C or less. With respect to Example-39, Example-41, Example-44
and Example-46, the film composition was confirmed by X-ray photoelectron
spectroscopy, as a result, the film was revealed to be a silicon dioxide film.

[0258]

Example-48:

A silicon-containing thin film was produced by the thermal CVD method using
Si("BuNCHCHN'Bu)(H)NH, as the material. Fig. 1 schematically shows the apparatus
used for thin film production. The deposition conditions were as follows: temperature
of material vessel: 40°C, vapor pressure of material: 31 Pa, carrier gas (argon) flow rate:
20 sccm, total pressure in material vessel: 13.3 kPa, feed rate of material to reaction
chamber: 0.13 mmol/h, diluent gas (argon) flow rate: 280 scem, total pressure in
reaction chamber: 1.3 kPa, and substrate temperature: 500°C. Feeding of an oxygen
gas was not performed. The substrate material used was sapphire, and the deposition
time was 1 hour. When the film produced was confirmed by X-ray fluorescence
analysis, a characteristic X-ray based on silicon was detected. The film thickness was
computed from the intensity of the detected X-ray and found to be 20 nm. Also, the

film composition was confirmed by X-ray photoelectron spectroscopy, as a result, the
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film was revealed to be a film containing silicon and nitrogen.
[0259]
Example-49:

A silicon-containing thin film was produced by the thermal CVD method using
Si('BuNCHCHN'Bu)(H)NH; as the material. Fig. 1 schematically shows the apparatus
used for thin film production. The deposition conditions were the same as in Example-
48 except that the substrate temperature was 475°C. When the film produced was
confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon was
detected. The film thickness was computed from the intensity of the detected X-ray
and found to be 10 nm.

[0260]
Example-50:

A silicon-containing thin film was produced by the thermal CVD method using
Si("BuNCHCHN'Bu)(H)NH, as the material. Fig. 1 schematically shows the apparatus
used for thin film production. The deposition conditions were as follows: temperature
of material vessel: 40°C, vapor pressure of material: 31 Pa, carrier gas (argon) flow rate:
40 sccm, total pressure in material vessel: 13.3 kPa, feed rate of material to reaction
chamber: 0.26 mmol/h, diluent gas (argon) flow rate: 60 sccm, total pressure in reaction
chamber: 1.3 kPa, and substrate temperature: 500°C. Feeding of an oxygen gas was
not performed. The substrate material used was sapphire, and the deposition time was
1 hour. When the film produced was confirmed by X-ray fluorescence analysis, a
characteristic X-ray based on silicon was detected. The film thickness was computed
from the intensity of the detected X-ray and found to be 131 nm. Also, the film
composition was confirmed by X-ray photoelectron spectroscopy, as a result, the film
was revealed to be a film containing silicon and nitrogen.

[0261]
Example-51:

A silicon-containing thin film was produced by the thermal CVD method using
Si('BuNCHCHN'Bu)(H)NH, as the material. Fig. 1 schematically shows the apparatus
used for thin film production. The deposition conditions were the same as in Example-
50 except that the substrate temperature was 475°C. When the film produced was
confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon was
detected. The film thickness was computed from the intensity of the detected X-ray

and found to be 50 nm.
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[0262]
Example-52:

A silicon-containing thin film was produced by the thermal CVD method using
Si("BuNCHCHN'Bu)(H)NH, as the material. Fig. 1 schematically shows the apparatus
used for thin film production. The deposition conditions were the same as in Example-
50 except that the substrate temperature was 450°C. When the film produced was
confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon was
detected. The film thickness was computed from the intensity of the detected X-ray
and found to be 19 nm. '

[0263]
Comparative Example-4:

Production of a silicon-containing thin film by the thermal CVD method using
SiH(NMey); (TDMAS) as the material was tried. Fig. 1 schematically shows the
apparatus used for this test. The deposition conditions were as follows: temperature of
material vessel: 1°C, vapor pressure of material: 125 Pa, carrier gas (argon) flow rate;
10 scem, total pressure in material vessel: 26.7 kPa, feed rate of material to reaction
chamber: 0.13 mmol/h, diluent gas (argon) flow rate: 290 sccm, total pressure in
reaction chamber: 1.3 kPa, and substrate temperature: 500°C. Feeding of an oxygen
gas was not performed. The substrate material used was sapphire, and the deposition
time was 1 hour. The substrate surface was examined by X-ray fluorescence analysis
so as to confirm the formation of a silicon-containing thin film on the substrate surface.
As a result, a characteristic X-ray based on silicon was scarcely detected, and formation

of a silicon-containing thin film was not confirmed,

[0264]
Example-53:
[0265]
[Chem. 79]
‘Bu t}BU
/
[ /S:_\ | N
N H N H
\ \
By 'Bu
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[0266] _ :
In an argon atmosphere, 6.54 g (28.1 mmol) of Si('BuNCHCHN'Bu)(H)Cl was

dissolved in 20 ml of hexane and after adding a vinyl magnesium chloride
tetrahydrofuran solution (1.61 mol/L, 34.5 mL., 55.5 mmol), the resulting solution was
stirred at room temperature for 22 hours. Insoluble matters produced were separated
by filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 85°C/6.1x10? Pa) to obtain 1,3-di-tert-butyl-2-vinyl-1,3-diaza-
2-silacyclopent-d-ene (Si(BuNCHCHNBu)(H)CHCH,) as a yellow liquid (yielded
amount: 3.01 g, yield: 48%). ‘

IH NMR (500 MHz, C¢Dy, 8/ppm) 6.25 (ddd, J=20 Hz, 14 Hz, 5 Hz, 1H), 6.09
(d, J=5 Hz, 1H), 5.92 (dd, J=20 Hz, 3 Hz, 1H), 5.89 (dd, J=14 Hz, 3 Hz, 1H), 5.77 (s,
2H), 1.19 (s, 18H).

13C NMR (125 MHz, C¢Ds, 8/ppm) 140.3, 133.9, 113.6, 51.5, 31.1.

[0267]
Example-54:
[0268]
[Chem. 80]
/ AN Mger
N\ /CI = N\ ) /\/
N H N H
\ \
'Bu 'Bu
[0269]

In an argon atmosphere, 8.39 g (36.0 mmol) of Si('BuNCHCHN'Bu)(H)Cl was
dissolved in 17 mL of hexane and after adding a (prop-2-en-1-yl)magnesium bromide
diethyl ether solution (0.99 mol/L, 38.0 mL, 37.6 mmol), the resulting solution was
stirred at room temperature for 18 hours. Insoluble matters produced were separated
by filtration, and the solvent was removed by distillation from the filtrate under
atmospheric pressure. The obtained residue was distilled under reduced pressure
(distillation temperature: 88°C/4.4x10% Pa) to obtain 1,3-di-tert-butyl-2-(prop-2-en-1-
y1)-1,3-diaza-2-silacyclopent-4-ene (Si('BuNCHCHN'Bu)(H)CH,CHCH,) as a yellow
liquid (yielded amount: 7.33 g, yield: 85%).
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'H NMR (500 MHz, C¢Dg, 8/ppm) 6.05 (s, 1H), 5.93-5.85 (m, 1H), 5.72 (s,
2H), 5.10-4.90 (m, 2H), 1.77 (dt, J=8 Hz, 1 Hz, 2H), 1.17 (s, 18H).
13C NMR (125 MHz, C¢Ds, 8/ppm) 133.6, 115.0, 113.9, 51.1, 31.2, 31.1.

[0270]
Example-55:
[0271]
[Chem. 81]
Bu /I\/M B Bu
/ . - MgBr
N, ci N N /A~
l[ /Si\ » l /SI\ .
N H N H
3\ \
tBU ‘Bu
[0272]

In an argon atmosphere, 8.44 g (36.2 mmol) of Si('BuNCHCHN'Bu)(H)Cl was
dissolved in 17 mL of hexane and after adding a (2-methylprop-1-en-1-yl)magnesium
bromide tetrahydrofuran solution (0.56 mol/L, 68.0 mL, 38.1 mmol), the resulting
solution was stirred at room temperature for 18 hours. Insoluble matters produced
were separated by filtration, and the solvent was removed by distillation from the
filtrate under atmospheric pressure. The obtained residue was distilled under reduced
pressure (distillation temperature: 90°C/3.5x10% Pa) to obtain 1,3-di-tert-butyl-2-(2-
methylprop-1-en-1-yl)-1,3-diaza-2-silacyclopent-4-ene
(Si(BuNCHCHNBu)(H)CHC(CH;),) as a yellow liquid (yielded amount: 6.30 g, yield:
69%).

'H NMR (500 MHz, CsDg, 8/ppm) 6.19 (s, 1H), 5.77 (s, 2H), 5.40 (s, 1H), 1.78
(s, 3H), 1.70 (s, 3H), 1.22 (s, 18H).

BC NMR (125 MHz, C¢De, 8/ppm) 156.7, 126.7, 112.8, 51.2, 31.0, 29.5, 23.8.
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[0273]
Example-56:
[0274]
[Chem, 82]

t,Bu A
[N\Si /Cl MaBr . I[ ’
N H N H

\
By tBl.l

[0275]

In an argon atmosphere, 8.71 g (37.4 mmol) of Si('BuNCHCHN'Bu)(H)CI was
dissolved in 20 mL of hexane and after adding a (prop-1-en-2-yl)magnesium bromide
tetrahydrofuran solution (0.57 mol/L, 65.0 mL, 39.3 mmol), the resulting solution was
refluxed for 14 hours. Insoluble matters produced were separated by filtration, and the
solvent was removed by distillation from the filtrate under atmospheric pressure. The
obtained residue was distilled under reduced pressure (distillation temperature:
80°C/4.3x10> Pa) to obtain 1,3-di-tert-butyl-2-(prop-1-en-2-yl)-1,3-diaza-2-
silacyclopent-4-ene (Si('BuNCHCHN'Bu)(H)C(CH3)CH,) as a yellow liquid (yielded
amount: 4.18 g, yield: 47%).

"H NMR (500 MHz, C¢Ds, 8/ppm) 6.12 (s, 1H), 5.79 (s, 2H), 5.69 (s, 1H), 5.62
(s, 1H), 1.93 (s, 3H), 1.11 (s, 18H).

3CNMR (125 MHz, C¢Dg, 8/ppm) 149.3, 127.8, 113.8, 51.4, 31.0, 20.6.
[0276]

Example-57:

A silicon-containing thin film was produced by the thermal CVD method using
Si(BuNCHCHN'Bu)(H)CH,CHCH, as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were as follows:
temperature of material vessel: 43°C, vapor pressure of material: 31 Pa, carrier gas
(argon) flow rate: 20 sccm, total pressure in material vessel: 13.3 kPa, feed rate of
material to reaction chamber: 0.13 mmol/h, oxygen gas flow rate: 60 scem, diluent gas
(argon) flow rate: 220 sccm, total pressure in reaction chamber: 1.3 kPa, and substrate
temperature: 500°C. The substrate material used was sapphire, and the deposition time

was 1 hour. When the film produced was confirmed by X-ray fluorescence analysis, a
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characteristic X-ray based on silicon was detected. The film thickness was computed
from the intensity of the detected X-ray and found to be 123 nm. Also, the film
composition was confirmed by X-ray photoelectron spectroscopy, as a result, the film
was revealed to be a silicon dioxide film,

[0277]

Example-58:

A silicon-containing thin film was produced by the thermal CVD method using
Si('BuNCHCHN'Bu)(H)CH,CHCH as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were the same as in
Example-57 except that the substrate temperature was 475°C.  When the film produced
was confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon
was detected. The film thickness was computed from the intensity of the detected X-
ray and found to be 91 nm.

[0278]
Example-59:

A silicon-containing thin film was produced by the thermal CVD method using
Si('BuNCHCHNBu)(H)CH,CHCH, as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were the same as in
Example-57 except that the substrate temperature was 450°C.  When the film produced
was confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon
was detected. The film thickness was computed from the intensity of the detected X-
ray and found to be 47 nm.

[0279]
Example-60:

A silicon-containing thin film was produced by the thermal CVD method using
Si(‘BuNCHCHN'Bu)(H)CH,CHCH; as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were as follows:
temperature of material vessel: 43°C, vapor pressure of material: 31 Pa, carrier gas
(argon) flow rate: 20 sccm, total pressure in material vessel: 13.3 kPa, feed rate of
material to reaction chamber: 0.13 mmol/h, diluent gas (argon) flow rate: 280 sccm,
total pressure in reaction chamber: 1.3 kPa, and substrate temperature: 500°C. Feeding
of an oxygen gas was not performed. The substrate material used was sapphire, and
the deposition time was 1 hour. When the film produced was confirmed by X-ray

fluorescence analysis, a characteristic X-ray based on silicon was detected. The film
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thickness was computed from the intensity of the detected X-ray and found to be 74 nm.
Also, the film composition was confirmed by X-ray photoelectron spectroscopy, as a
result, the film was revealed to be a film containing silicon and nitrogen.

[0280]

Example-61:

A silicon-containing thin film was produced by the thermal CVD method using
Si(*BuNCHCHN'Bu)(H)CH,CHCH, as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were the same as in
Example-60 except that the substrate temperature was 475°C. When the film produced
was confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon
was detected. The film thickness was computed from the intensity of the detected X-
ray and found to be 44 nm.

[0281]
Example-62:

A silicon-containing thin film was produced by the thermal CVD method using
Si('BuNCHCHNBu)(H)CH,CHCH, as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were the same as in
Example-60 except that the substrate temperature was 450°C. 'When the film produced
was confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon
was detected. The film thickness was computed from the intensity of the detected X-
ray and found to be 14 nm.

[0282]
Example-63:

A silicon-containing thin film was produced by the thermal CVD method using
Si('BuNCHCHN'Bu)(H)CH,CHCH;, as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were as follows:
temperature of material vessel: 43°C, vapor pressure of material: 31 Pa, carrier gas
(argon) flow rate: 40 scem, total pressure in material vessel; 13.3 kPa, feed rate of
material to reaction chamber: 0.26 mmol/h, diluent gas (argon) flow rate: 60 sccm, total
pressure in reaction chamber: 1.3 kPa, and substrate temperature: 500°C. Feeding of
an oxygen gas was not performed. The substrate material used was sapphire, and the
deposition time was 1 hour. When the film produced was confirmed by X-ray
fluorescence analysis, a characteristic X-ray based on silicon was detected. The film
thickness was computed from the intensity of the detected X-ray and found to be 277
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nm. Also, the film composition was confirmed by X-ray photoelectron spectroscopy,
as a result, the film was revealed to be a film containing silicon and nitrogen.

[0283]

Example-64:

A silicon-containing thin film was produced by the thermal CVD method using
Si('BUNCHCHN'Bu)(H)CH,CHCH, as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were the same as in
Example-63 except that the substrate temperature was 475°C.  When the film produced
was confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon
was detected. The film thickness was computed from the intensity of the detected X-
ray and found to be 177 nm,

[0284]
Example-65:

~ Adsilicon-containing thin film was produced by the thermal CVD method using
Si('BuNCHCHN'Bu)(H)CH,CHCH, as the material. Fig. 1 schematically shows the
apparatus used for thin film production. The deposition conditions were the same as in
Example-63 except that the substrate temperature was 450°C. When the film produced
was confirmed by X-ray fluorescence analysis, a characteristic X-ray based on silicon
was detected, The film thickness was computed from the intensity of the detected X-

ray and found to be 77 nm.
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[0285]

[Table 1]
A B C D Note-1 E F MNole-2 G H I J—
Example-39 500 72
P Si(BuNCHCHNBWENE, | 57 | 31 20 | 133 | 013 | 20 | 13
Example-40 475 31
Example-41 500 121
Example-42 Si(*BuN CHCHN'Bu)(H)NH, 40 31 20 13.3 0.13 220 1.3 475 70
Example-43 450 30
Example-44 o X 500 84
Si(BUNCHCHN'BW(H)NHPr | 60 30 20 133 0.12 220 1.3
Example-45 475 46
Example-46 . 500 59
Si(BuNCHCHNBw)(H)NCO | 46 31 20 133 | 013 | 220 1.3
Example-47 475 -21
Comparative
Example-1 500 6
Comparative TDMAS Lop12s | 10 | 267 | 013 | 230 | 13 | 475 | s
Example-2
Comparative 450 3
Example-3




A: Material, B: temperature of material vessel [°C], C: vapor pressure of
material [Pa], D: carrier gas flow rate {scem], E: total pressure in material vessel [kPa],
F: feed rate of material to reaction chamber [mmol/h], G: diluent gas (argon) flow rate
[sccm], H: total pressure in reaction chamber [kPa], I: substrate temperature [°C], J:
film thickness [nm].

Note 1: scem is the unit indicating the volume of gas flowed per unit time, and
1 [scem]=2.68 [mmol/h].

[0286]

Note 2: The feed rate of material to reaction chamber [mmol/h] can be

determined according to the calculation formula of 2.68 [mmol/h/sccm]x(carrier gas

flow rate [sccm])x(vapor pressure of material [Pa])+(total pressure in material vessel

[Pa]).

Test Example:

Thermogravimetric analysis (T'G) and differential scanning'calorimetry (DSC)
of the hydrosilane derivative of the present invention were performed. In TG, the
sample was placed in a measuring apparatus where argon was flowing at a constant rate
of 400 ml/min, the decrease in weight due to vaporization when raising the temperatures
of the sample and argon at a constant rate of 10°C/min was observed, and the
temperature giving a 50% weight loss of sample was recorded. In DSC, the sample
was sealed in a stainless steel-made measurement container under an argon atmosphere,
heat generation based on pyrolysis of the sample when raising the temperature of the
container at a constant rate of 10°C/min was observed, and the temperature at which
heat generation started occurring was recorded. A list of these records is shown in
Table 2. Also, Fig. 2 to Fig. 32 show the TG and DSC charts of respective samples.
In these charts, the abscissa is the centigrade temperature, the left-side ordinate is the

percentage of decrease in weight of TG, and the right-side ordinate is the calorific value

of DSC.
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[0287]

[Table 2]
a b .« d e r g
2 Si(PrNGCHCHNPr)(HINHEt 28.3 157 5.9 336 2
3 Si(PrNCHCHNPr){(H)NHPr 26.5 162 6.8 326 3
4 Si('BUuNCHCHN'Bu)(H)NH, 31.8 158 5.6 320 4
7 Si¢BuNCHCHN'Bu){H)NHMe 25.3 162 5.2 342 5
8 Si('BUuNCHCHN'Bu}(H)NHEt 27.2 169 9.0 335 6 .
9 Si('BUNCHCHN'Bu)(H)NHPr 28.4 185 5.6 330 7
10 Si('BUuNCHCHNBU)(HINHPr 26.9 169 7.8 343 8
11 SiCtBUNCHCHN'Bu)}(H)NHPr 23.5 181 6.5 340 9
13 Si(*BUNCHCHN'Bu){H)NH*Bu 30.8 186 7.6 340 10
14 Si(*BUNCHCHN'Bu)(H)NH'Bu 24,3 178 9.6 336 11
15 Si('BUNCHCHN'Bu){H)NHCy 20.7 214 9.9 341 12
16 Si('BuNCHCHN'Bu)(H)NH'Oct 16.6 205 6.6 343 13
17 Si(*BuNCHCHN'Bu)(H)NHCH,CF, 25.3 163 11.2 340 14
18 SiCBUNCHCHNBu)(H)NHEt 27.9 178 6.3 330 15
19 Si{'PeNCHCHN'Pe)(H)NH, 30.0 185 7.6 315 16
21 Si(*PeNCHCHN'Pe}(H)NHMe 27.3 189 5.1 336 17
22 Si(*PeNCHCHN'Pe)(H)NHEt 27.4 193 5.5 341 18
24 Si(*OctNCHCHN'Oct)(H)NH, 21.5 231 5.8 300 19
26 Si(*OctNCHCHN'Oct)(H)NHEE 31.9 241 6.1 317 20
27 Si¢{BuNCHCHN'Oct)(H)NH, 28.4 203 7.0 283 21
28 Si('BuNCHCHN'Oct)H)NHPr 32.1 217 6.2 292 22
29 Si('BuNCHCHN'Bu)}H)NCO 33.4 168 8.2 300 23
32 Si('BuUNCHCHN'Bu){H)NCS 26.9 195 6.3 265 24
33 Si{(*PeNCHCHN'Pe)(HINCO 25.9 193 9.3 303 25
34 Sit*Oct NCHCHN Oct)(HINCO 28.9 238 10.0 279 26
36 SittBuNCHCHN'Bu)(H)NEL, 26.4 180 7.8 315 27
37 Si{'BUNCHCHN'Bu)(H)NBuMe 30.2 193 6.9 347 28
53 Si('BUNCHCHNBu)(H)CHCH, 30.4 161 8.2 256 29
54 | Si('BuNCHCHNBu)H)CH,CHCH, { 29.9 170 6.4 249 30
55 | Si(BuNCHCHN'Bu)H)CHC(CH,), 32.0 178 7.2 321 31
56 | Si('BuNCHCHN'Bu}H)C{CH,)CH, 29.9 166 4.5 274 32

a: No. of synthesis example, b: material, c: sample amount by TG measurement
[mg], d: temperature at 50% weight loss [°C], e: sample amount by DSC measurement
[mg], f: decomposition temperature [°C], g: No. of figure.

While the invention has been described in detail and with reference to specific
embodiments thereof, it will be apparent to one skilled in the art that various changes
and modifications can be made therein without departing from the spirit and scope of

the invention.
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[0288]

This application is based on Japanese Patent Application (Patent Application
No. 2010-132539) filed on June 10, 2010, Japanese Patent Application (Patent
Application No. 2010-200542) filed on September 8, 2010, Japanese Patent Application
(Patent Application No. 2010-259888) filed on November 22, 2010, and Japanese
Patent Application (Patent Application No. 2011-112373) filed on May 19, 2011, the

contents of which are incorporated herein by way of reference.

INDUSTRIAL APPLICABILITY
[0289]

By virtue of using the hydrosilane derivative (1") of the present invention as the
material, a silicon-containing thin film such as silicon dioxide or silicon nitride can be
efficiently produced even at a low temperature of 500°C or less without using a plasma

orozone. Accordingly, the present invention has a remarkable industrial value.

DESCRIPTION OF REFERENCE NUMERALS AND SIGNS
[0290]

Material vessel

Constant temperature bath

Reaction chamber

Substrate

Oxygen gas

Diluent gas

Carrier gas

Mass flow coniroller

N0 1 Y b R W N

Mass flow controller

Mass flow controller

—
— O

Oil-sealed rotary pump
Exhaust

f—
[\
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CLAIMS

[Claim 1] A hydrosilane derivative represented by formula (1):
[Chem. 1]

(wherein each of R' and R? independently represents an alkyl group having a carbon
number of 3 to 12, Za represents an isocyanato group, an isothiocyanato group, an
amino group, a monosubstituted amino group represented by NHR®, an N-methyl-
alkylamino group represented by N(CH3)R4, or an alkenyl group having a carbon
number of 2 to 6, R? represents an alkyl group baving a carbon number of 1 to 12,
which may be substituted with a fluorine atom, and R* represents an alky! group having
a carbon number of 1 to 4).

[Claim 2] The hydrosilane derivative as claimed in claim 1, wherein each of R’
and R? is independently an alkyl group having a carbon number of 3 to 8, Za is an
isocyanato group, an amino group, a monosubstituted amino group represented by
NHR?, or an alkenyl group having a carbon number of 2 to 4, and R3 is an alkyl group
having a carbon number of 1 to §, which may be substituted with a fluorine atom.
[Claim 3] The hydrosilane derivative as claimed in claim 1 or 2, wherein each of
R! and R? is independently a tert-butyl group or a tert-pentyl group, Za is an amino
group or a monosubstituted amino group represented by NHR?, and R? is an alkyl group
having a carbon number of 1 to 4.

[Claim 4] A method for producing a hydrosilane derivative, comprising reacting

a chlorosilane derivative represented by formula (3):
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(wherein each of R! and R? independently represents an alkyl group having a carbon
number of 3 to 12) with a compound represented by formula (4):
[Chem. 3]

M2Z 4)

(wherein Z represents an isocyanato group, an isothiocyanato group, an amino group, a
monosubstituted amino group represented by NHR?, a disubstituted amino group
represented by NR*R®, or an alkenyl group having a carbon number of 2 to 6, R®
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, each of R* and R’ independently represents an alkyl group having
a carbon number of 1 to 4, M? represents a sodium atom or a potassium atom when Z is
an isocyanato group or an isothiocyanato group, M? represents a hydrogen atom or a
lithium atom when Z is an amino group, a monosubstituted amino group represented by
NHR? or a disubstituted amino group represented by NR'R®, and M? represents a
magnesium halide group when Z is an alkenyl group having a carbon number of 2 to 6)

to produce a hydrosilane derivative represented by formula (1%):
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(wherein each of R' and R? independently represents an alkyl group having a carbon
number of 3 to 12, Z represents an isocyanato group, an isothiocyanato group, an amino
group, a monosubstituted amino group represented by NHR?, a disubstituted amino
group represenied by NR'R®, or an alkenyl group having a carbon number of 2 to 6, R’
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, and each of R* and R® independently represents an alkyl group
having a carbon number of 1 to 4).

[Claim 5] The production method as claimed in claim 4, wherein Z is an
isocyanato group, an amino group, a monosubstituted amino group represented by
NHR?, or an alkenyl group having a carbon number of 2 to 4, each of R! and R? is
‘independently an alkyl group having a carbon number of 3 to 8, and R? is an alkyl group
having a carbon number of 1 to 8, which may be substituted with a fluorine atom.
[Claim 6] The production method as claimed in claim 4 or 5, wherein Z is an
amino group or a monosubstituted amino group represented by NHR?, M?isa hydrogen
atom, each or R' and R? is independently a tert-butyl group or a tert-pentyl group, and
R? is an alkyl group having a carbon number of 1 to 4.

[Claim 7] A method for producing a hydrosilane derivative, comprising reacting
a vinylenediaminide alkali salt represented by formula (2):

[Chem. 5]

NM?
NM'
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(wherein each of R' and R? independently represents an alkyl group having a carbon
number of 3 to 12, and M' represents a lithium atom or a sodium atom) with
trichlorosilane to produce a chlorosilane derivative represented by formula (3):

[Chem. 6]

(wherein each of R! and R? independently represents an alkyl group having a carbon
number of 3 to 12), and further reacting the chlorosilane derivative (3) with a compound
represented by formula (4):

[Chem. 7]

M2Z 4)

{wherein Z represents an isocyanato group, an isothiocyanato group, an amino group, a
monosubstituted amino group represented by NHR® a disubstituted amino group
represented by NR*R®, or an alkenyl group having a carbon number of 2 to 6, R’
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, each of R* and R independently represents an alkyl group having
a carbon number of 1 to 4, M? represents a sodium atom or a potassium atom when Z is
an isocyanato group or an isothiocyanato group, M? represents a hydrogen atom or a
lithium atom when Z is an amino group, a monosubstituted amino group represented by
NHR? or a disubstituted amino group represented by NR'R®, and M? represents a
magnesium halide group when Z is an alkenyl group having a carbon number of 2 to 6)

to produce a hydrosilane derivative represented by formula (1'):
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(wherein each of R! and R? iﬁdependently represents an alkyl group having a carbon
number of 3 to 12, Z represents an isocyanato group, an isothiocyanato group, an amino
group, a monosubstituted amino group represented by NHR?, a disubstituted amino
group represented by NR‘R%, or an alkenyl group having a carbon number of 2 to 6, R}
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, and each of R* and R® independently represents an alkyl group
having a carbon number of 1 to 4).

[Claim 8] A method for producing a silicon-containing thin film, comprising
using, as the material, a hydrosilane derivative represented by formula (1'):

[Chem. 9]

(wherein each of R' and R? independently represents an alkyl group having a carbon
number of 3 to 12, Z represents an isocyanato group, an isothiocyanato group, an amino
group, a monosubstituted amino group represented by NHR?, a disubstituted amino
group represented by NR*R, or an alkenyl group having a carbon number of 2 to 6, R®
represents an alkyl group having a carbon number of 1 to 12, which may be substituted
with a fluorine atom, and each of R* and R’ independently represents an alkyl group

having a carbon number of 1 to 4).
[Claim 9] The production method as claimed in claim 8, wherein Z is an amino
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group or a monosubstituted amino group represented by NHR® and R? is an alkyl group

having a carbon number of 1 to 4.
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