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(57) ABSTRACT

[Purpose] One of the purposes of the present invention is to
provide a siloxane compound having an amide bond and a
(meth)acrylate group. Further, other purpose of the present
invention is to provide a method for preparing a siloxane
compound having beneficial purity as a medical material.

[Solution] A siloxane compound represented by the follow-
ing formula (1):
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wherein R' is a hydrogen atom or a methyl group, R? is a
hydrogen atom or a monovalent hydrocarbon group having
1 to 6 carbon atoms, L' is a divalent hydrocarbon group
having 1 to 5 carbon atoms, L is a divalent hydrocarbon
group having 2 to 10 carbon atoms and which may contain
an ether bond, and A is a polysiloxane unit represented by
the following formula (2) or (3):
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wherein n is an integer of 1 to 100, a is an integer of 0 to 10,
b is an integer of 0 to 10, and c is an integer of 0 to 10,
provided that a+b+c is 2 or more, R and R® are, indepen-
dently of each other, a monovalent hydrocarbon group
having 1 to 10 carbon atoms, and the site marked with ** is
a binding position to the group L? in formula (1).
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SILOXANE COMPOUND AND A METHOD
FOR PREPARING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a siloxane com-
pound and a method for preparing the same. Specifically, the
present invention provides a siloxane compound suitable for
medical materials.

BACKGROUND ART

[0002] Conventionally, monomers having siloxanes are
known as a compound used for preparing medical materials
including ophthalmic devices. For example, 3-[tris(trimeth-
ylsiloxy)silyl|propyl methacrylate (TRIS) is widely used as
a monomer for medical materials. A polymer obtained by the
copolymerization of TRIS with a hydrophilic monomer,
such as 2-hydroxyethyl methacrylate, N,N-dimethylacryl-
amide, and N-vinyl-2-pyrrolidone, has beneficial character-
istics such as high oxygen permeability. However, highly
hydrophobic siloxane monomers do not have sufficient
compatibility with such a hydrophilic monomer and, accord-
ingly, in the preparation of a hydrogel prepared therefrom
for medical materials, there is a problem in that phase
separation occurs, causing the hydrogel to be cloudy. There-
fore, attempts to improve compatibility have been per-
formed by introducing a hydrophilic group in a siloxane
monomer molecule.

[0003] Patent Literatures 1, 2, and 3 disclose a siloxane
compound, which is methyl bis(trimethylsiloxy) silyl propyl
glycerol methacrylate (SiGMA), having glycerol methacry-
late represented by the following formula (a) or (a').
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SiGMA is a monomer with a hydroxyl group in the molecule
and formed by an addition reaction between methacrylic
acid and an epoxy-modified siloxane compound, therefore it
expresses satisfactory hydrophilicity. However, with
SiGMA, a side reaction in an addition reaction of carboxylic
acid with the epoxy-modified siloxane compound cannot be
prevented, and there is a problem in that a purity of the
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intended siloxane compound decreases, thus SiGMA is not
desirable as a raw material for medical materials.

[0004] Patent Literature 4 discloses a siloxane compound
having a (meth)acrylamide group. Since the compound has
an amide in the molecule, it expresses satisfactory hydro-
philicity.

PRIOR LITERATURES

[0005] Patent Literature 1: Japanese Patent Application
Laid-Open No. Sho 54-55455(1979)

[0006] Patent Literature 2: Japanese Patent Application
Laid-Open No. Sho 56-22325(1981)

[0007] Patent Literature 3: Japanese Patent Application
Laid-Open No. 2004-182724

[0008] Patent Literature 4: Japanese Patent Application
Laid-Open No. Hei 5-17577(1993)

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0009] However, most other monomers for medical mate-
rials that are polymerized with siloxane compounds have
(meth)acrylates. The siloxane compound having a (meth)
acrylamide group disclosed in Patent Literature 4 is inferior
in terms of reactivity with monomer compounds having
(meth)acrylates and causes phase separation during polym-
erization, which may make the obtained materials non-
uniformity.

[0010] As described above, while a siloxane compound
having a hydrophilic group has compatibility with hydro-
philic monomers, it has problems with reactivity and purity.
Therefore, the siloxane compound not desirable as a raw
material of (meth)acrylic resins, particularly a raw material
for medical materials. Consequently, providing a material
having beneficial hydrophilicity, transparency, and strength
is difficult with conventional siloxane compounds. There-
fore, demand still exists for compounds and compositions
that will overcome these drawbacks.

[0011] The present invention has been made in view of the
above circumstances, and one of the purposes of the present
invention is to provide a siloxane compound having an
amide bond and a (meth)acrylate group. Further, other
purpose of the present invention is to provide a method for
preparing a siloxane compound having beneficial purity as a
medical material.

Solutions to the Problems

[0012] As a result of serious examination to solve the
above-described problems, the present inventor found that a
compound having a siloxane unit and a (meth)acrylate
group, and having an amide bond at a linking group portion
thereof, has excellent compatibility with other monomers
including hydrophilic monomers, and further, has satisfac-
tory reactivity. Further, the present inventor found that the
siloxane compound obtained from a siloxane compound
having an amino group, a lactone compound, and a (meth)
acrylic acid halide has a high purity and, therefore, the
siloxane compound is preferred as a raw material of a
(meth)acrylic resin serving as medical materials.
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[0013] That is, the present invention provides a siloxane
compound represented by the following formula (1):

R! 0
0 JI\ LP—a
L! III
0 R?

wherein R' is a hydrogen atom or a methyl group, R? is a
hydrogen atom or a monovalent hydrocarbon group having
1 to 6 carbon atoms, L' is a divalent hydrocarbon group
having 1 to 5 carbon atoms, L? is a divalent hydrocarbon
group having 2 to 10 carbon atoms and which may contain
an ether bond, and A is a polysiloxane unit represented by
the following formula (2) or (3):
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wherein n is an integer of 1 to 100, a is an integer of 0 to 10,
b is an integer of 0 to 10, and ¢ is an integer of 0 to 10,
provided that a+b+c is 2 or more, R and R® are, indepen-
dently of each other, a monovalent hydrocarbon group
having 1 to 10 carbon atoms, and the site marked with ** is
a binding position to the group L2 in formula (1).

[0014] Further, the present invention provides a method
for preparing the siloxane compound, a polymer containing
repeating units derived from the compound, and a medical
material including the polymer, particularly an ophthalmic
device.

Effects of the Invention

[0015] The siloxane compound of the present invention
has excellent compatibility and reactivity with other mono-
mers. Further, the siloxane compound obtained by the prepa-
ration method of the present invention has a high purity, and
is therefore preferred as a raw material of a (meth)acrylic
resin serving as a medical material.

BRIEF DESCRIPTION OF THE DRAWING

[0016] FIG. 1 is a graph having the results of measuring,
by a rheometer, a viscoelastic change of a reaction solution
in a polymerization reaction between a siloxane compound
of Example 2 and other polymerizable monomers, and a
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viscoelastic change of a reaction solution in a polymeriza-
tion reaction between a siloxane compound of Comparative
Example 2 and other polymerizable monomers.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0017] The siloxane compound of the present invention
will be described in detail below.

[0018] The siloxane compound of the present invention is
a siloxane compound represented by the above formula (1).
The siloxane compound is characterized by having a
siloxane unit, an amide bond, and a (meth)acrylate group.
The siloxane compound has an amide bond, so that it has
excellent compatibility with other polymerizable monomers.
The compound of the present invention has a (meth)acrylate
group as the polymerizable group and, thereby, it has excel-
lent reactivity with other (meth)acrylate monomers.

[0019] In the above formula (1), R* is a hydrogen atom or
a methyl group. The methyl group is preferred.

[0020] In the above formula (1), R? is a hydrogen atom or
a monovalent hydrocarbon group having 1 to 6 carbon
atoms. Examples of the monovalent hydrocarbon group
include an alkyl group such as a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, and a
hexyl group; a cycloalkyl group such as a cyclopentyl group
and a cyclohexyl group; and an aryl group such as a phenyl
group. R? is preferably a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms, and further preferably a hydro-
gen atom or a methyl group.

[0021] In the above formula (1), L' is a divalent hydro-
carbon group having 1 to 5 carbon atoms. An aliphatic
hydrocarbon group having 1 to 5 carbon atoms is preferred.
Examples of L' include an alkylene group such as a meth-
ylene group, an ethylene group, a 1,3-propylene group, a
1-methyl propylene group, a 1,1-dimethyl propylene group,
a 2-methyl propylene group, a 1,2-dimethyl propylene
group, a 1,4-butylene group, a 2-methyl-1,4-butylene group,
a 3-methyl-1,4-butylene group, and a 1,5-pentylene group.
The 1,3-propylene group, the 1,4-butylene group, and the
1,5-pentylene group are preferred.

[0022] In the above formula (1), L? is a divalent hydro-
carbon group having 2 to 10 carbon atoms, and which may
contain an ether bond. An aliphatic hydrocarbon group
having 2 to 10 carbon atoms is preferred, while 2 to 5 carbon
atoms are more preferred. Examples of L? include an
alkylene group such as an ethylene group, a 1,3-propylene
group, a 1-methylpropylene group, a 1,1-dimethylpropylene
group, a 2-methylpropylene group, a 1,2-dimethylpropylene
group, a 1,1,2-trimethylpropylene group, a 1,4-butylene
group, a 2-methyl-1,4-butylene group, a 2,2-dimethyl-1,4-
butylene group, a 3-methyl-1,4-butylene group, a 2,3-dim-
ethyl-1,4-butylene group, a 2,2,3-trimethyl-1,4-butylene
group, a 1,5-pentylene group, a 1,6-hexanylene group, a
1,7-heptanylene group, a 1,8-octanylene group, a 1,9-
nonanylene group, and a 1,10-decanylene group. Examples
of the group containing an ether bond include polyoxyal-
kylene group such as a polyoxyethylene group, a polyoxy-
propylene group, and a polyoxyethylene-polyoxypropylene
group. The 1,3-propylene group is preferred.

[0023] A s a polysiloxane unit represented by the follow-
ing formula (2) or (3).
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In formulae (2) and (3), n is an integer of 1 to 100, a is an
integer of 0 to 10, b is an integer of 0 to 10, and ¢ is an
integer of 0 to 10, provided that a+b+c is 2 or more.
Preferably, n is an integer of 2 t0 20, ais 1, b is 1, and c is
1.

[0024] In formula (2) or (3), R and R? are, independently
of each other, a monovalent hydrocarbon group having 1 to
10 carbon atoms, and preferably 1 to 6 carbon atoms.
Examples of R and R?® include an alkyl group such as a
methyl group, an ethyl group, a propyl group, a butyl group,
a pentyl group, a hexyl group, a heptyl group, an octyl
group, a nonyl group, and a decyl group; a cycloalkyl group
such as a cyclopentyl group and a cyclohexyl group; and an
aryl group such as a phenyl group and a tolyl group. R and
R? are preferably an alkyl group having 1 to 10 carbon
atoms, and more preferably 1 to 6 carbon atoms, or a phenyl
group, and are preferably a methyl group or a butyl group.
All of Rs in formula (3) is further preferably a methyl group.
Further, in formula (2), R is preferably the methyl group, and
R3 is preferably the butyl group. While the butyl group may
be any of an n-butyl group, an s-butyl group, an isobutyl
group and a t-butyl group, the n-butyl group is most pre-
ferred.

[Method for Preparing a Siloxane Compound]

[0025] A method for preparing the siloxane compound
represented by formula (1) is described below.

[0026] The preparation method of the present invention
includes an amidation step of reacting a siloxane compound
having an amino group and represented by the following
formula (5):

®

wherein R?, L? and A are as described above, with a lactone
compound having 2 to 6 carbon atoms to obtain a hydroxy
group-containing siloxane compound represented by the
following formula (4):
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wherein R?, L', L? and A are as described above, and a
(meth)acrylation step of reacting the hydroxy group-con-
taining siloxane compound represented by formula (4) with
a (meth)acrylic acid halide to obtain the siloxane compound
represented by the above formula (1).

[0027] Each step is described in detail below.

[Amidation Step]

[0028] The amidation step is a step of reacting the siloxane
compound having an amino group and represented by the
above formula (5) with a lactone compound to prepare a
siloxane compound represented by the above formula (4).
[0029] Examples of the lactone compound having 2 to 6
carbon atoms include, but are not limited to, a-acetolactone,
[-propiolactone, y-butyrolactone, y-valerolactone, d-valero-
lactone, and e-caprolactone. From the viewpoint of avail-
ability, y-butyrolactone and e-caprolactone are preferred.
[0030] The amidation step may be performed under reac-
tion conditions in accordance with a conventionally-known
method. For example, 1 mole or more of the lactone com-
pound may be added to react with 1 mole of the siloxane
compound having an amino group and represented by for-
mula (5). The lactone compound is preferably 1.0 mole to
10.0 moles, further preferably 1.1 moles to 5.0 moles, and
particularly preferably 1.2 moles to 3.0 moles, relative to 1
mole of the siloxane compound having an amino group.
Adding 1 molar equivalent or more of the lactone compound
to the siloxane compound having an amino group suppresses
the presence of any remaining siloxane compound having an
amino group, as well as side reactions. Further, while not
limited, an upper limit value is preferably in the above range
in terms of yield and economic efficiency.

[0031] While the amidation reaction may be performed
either in air or in an inert gas atmosphere, the reaction is
preferably performed under an inert gas atmosphere to
suppress oxidation of the amino group. While a reaction
temperature is not particularly limited, the reaction is pref-
erably performed at a temperature of 0° C. to 150° C., and
more preferably in a range of 50° C. to 120° C. The reaction
may be performed in the presence of a solvent, a catalyst, or
a stabilizer, and when using a solvent, the reaction tempera-
ture is preferably at a degree not exceeding a boiling point
of the solvent used.

[0032] Examples of the solvent include a glycol ether-
based solvent such as methyl cellosolve, ethyl cellosolve,
isopropyl cellosolve, butyl cellosolve, propylene glycol
monomethyl ether, diethylene glycol monomethyl ether,
triethylene glycol monomethyl ether, polyethylene glycol
monomethyl ether, ethylene glycol dimethyl ether, diethyl-
ene glycol dimethyl ether, triethylene glycol dimethyl ether,
and polyethylene glycol dimethyl ether; an ester-based sol-
vent such as ethyl acetate, butyl acetate, amy] acetate, ethyl
lactate, and methyl benzoate; an aliphatic hydrocarbon-
based solvent such as n-hexane, n-heptane, and n-octane; an
alicyclic hydrocarbon-based solvent such as cyclohexane
and ethylcyclohexane; a ketone-based solvent such as
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acetone, methyl ethyl ketone, and methyl isobutyl ketone; an
aromatic hydrocarbon-based solvent such as benzene, tolu-
ene, and xylene; a halogenated hydrocarbon-based solvent
such as dichloromethane, chloroform, 1,2-dichloroethane,
carbon tetrachloride, chlorobenzene, and dichlorobenzene; a
petroleum-based solvent such as industrial gasoline; an
alcohol-based solvent such as methyl alcohol, ethyl alcohol,
n-propyl alcohol, isopropyl alcohol, n-butyl alcohol,
isobutyl alcohol, and tert-butyl alcohol; and a glycol-based
solvent such as ethylene glycol, diethylene glycol, triethyl-
ene glycol, tetracthylene glycol, and polyethylene glycol.
One kind of solvent may be used alone, or two or more kinds
may be used in combination.

[0033] Examples of the catalyst include basic compounds,
organophosphorus-based compounds, tertiary amines and
Lewis acids. Examples of the basic compound include an
alkali metal such as lithium hydroxide, sodium hydroxide,
potassium hydroxide, calcium hydroxide, and magnesium
hydroxide, and hydroxides of alkaline earth metals.
Examples of the organophosphorus-based compound
include tricyclohexylphosphine, tributylphosphine, trioc-
tylphosphine, cyclohexyldiphenylphosphine, dicyclohex-
ylphenylphosphine, butyldiphenylphosphine, dibutylphe-
nylphosphine, octyldiphenylphosphine,
dioctylphenylphosphine, and triphenylphosphine. Examples
of the tertiary amine include trimethylamine, triethylamine,
tripropylamine, tributylamine, diazabicycloundecene, diaz-
abicyclononene, and 1-methylimidazole. Examples of the
Lewis acid include boron trifluoride, aluminum chloride,
methyldichloroaluminum, dimethylchloroaluminum, trim-
ethylaluminum, magnesium chloride, magnesium bromide,
titanium tetrachloride, dichlorotitanium bistriflate, biscyclo-
pentadienyltitanium bistriflate, dichlorotitanium bisfluoro-
sulfonate, tin tetrachloride, and tin(Il) bistriflate. One kind
of catalyst may be used alone, or two or more kinds may be
used in combination.

[0034] Examples of the stabilizer include a phenol-based
antioxidant, a phosphorus-based antioxidant, an amine-
based antioxidant, and a sulfur-based antioxidant. Examples
of the phenol-based antioxidant include, but are not particu-
larly limited to, compounds selected from the group con-
sisting of  p-methoxyphenol, di-tert-butyl-p-cresol,
pyrogallol, tert-butylcatechol, 4,4-thiobis(3-methyl-6-tert-
butylphenol), 2,2'-methylenebis(4-methyl-6-t-butylphenol),
phenolic resins, and cresol resins. Examples of the phos-
phorus-based antioxidant include, but are not particularly
limited to, tris [2-[[2,4,8,10-tetrakis(1,1-dimethylethyl)
dibenzo[d, f][1,3,2] dioxaphosphepin-6-yl]oxy|ethyl|amine,
tris[2-[(4,6,9,11-tetra-tert-butyldibenzo[d, f][1,3,2 ]dioxa-
phosphepin-2-yl)oxy|ethyl]amine, and ethylbis(2,4-di-tert-
butyl-6-methylphenyl)phosphite. Examples of the amine-
based antioxidant include, but are not particularly limited to,
tri or tetra C1-3 alkylpiperidine or a derivative thereof,
bis(2,2,6,6-tetramethyl-4-piperidyl)oxalate, 1,2-bis(2,2,6,6-
tetramethyl-4-piperidyloxy) ethane, phenylnaphthylamine,
N,N'-diphenyl-1,4-phenylenediamine, and N-phenyl-N'-cy-
clohexyl-1,4-phenylenediamine. Examples of the sulfur-
based antioxidant include, but are not particularly limited to,
dilauryl thiodipropionate and distearyl thiodipropionate.
One kind of stabilizer may be used alone, or two or more
kinds may be used in combination.

[0035] In the above reaction, a reaction end point may be
confirmed in accordance with a conventionally-known
method by checking that a peak of a raw material compound
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has disappeared by, for example, thin-layer chromatography
(TLC), high-performance liquid chromatography (HPLC),
or gas chromatography (GC). After the reaction has ended,
purification may be performed in accordance with a con-
ventionally-known method. For example, a product can be
isolated by washing an organic layer with water, then
removing the solvent and the raw material. Further, reduced-
pressure distillation or activated carbon processing may be
used.

[(Meth)Acrylation Step]

[0036] The (meth)acrylation step is a step of reacting the
siloxane compound represented by the above formula (4)
with a (meth)acrylic acid halide to prepare a compound
represented by the above formula (1).

[0037] The (meth)acrylation step may be performed under
reaction conditions in accordance with a conventionally-
known method. For example, 1 mole or more of the (meth)
acrylic acid halide may be added to react with 1 mole of the
siloxane compound represented by formula (4), and the
(meth)acrylic acid halide is preferably 1.0 mole to 3.0 moles,
further preferably 1.1 moles to 2.0 moles, and particularly
preferably 1.2 moles to 1.5 moles. Adding 1 molar equiva-
lent or more of the (meth)acrylic acid halide to the siloxane
compound suppreses the presence of any remaining siloxane
compound. Further, while not limited, an upper limit value
is preferably within the above range in terms of yield and
economic efficiency.

[0038] While a reaction temperature is not particularly
limited, the reaction is preferably performed at, for example,
a temperature of 0° C. to 80° C., and more preferably in a
range of 0° C. to 40° C. The reaction may be performed in
the presence of a solvent, a catalyst, or a stabilizer. When
using a solvent, the reaction temperature is preferably at a
degree not exceeding a boiling point of the solvent used. The
solvent, the catalyst, and the stabilizer may be ones that are
conventionally known, and those exemplified for the ami-
dation step may be used.

[0039] While the reaction may be performed either in air
or in an inert gas atmosphere, the reaction is preferably
performed under an inert gas atmosphere to suppress deac-
tivation of the (meth)acrylic acid halide.

[0040] Examples of the (meth)acrylic acid halide include,
but are not limited to, methacrylic acid chloride, acrylic acid
chloride, methacrylic acid bromide, and acrylic acid bro-
mide.

[0041] The (meth)acrylation reaction is preferably per-
formed using a basic compound or a tertiary amine as a
catalyst. Those exemplified as a catalyst for the above
amidation step may be used as the basic compound or the
tertiary amine, and one kind may be used alone, or two or
more kinds may be used in combination.

[0042] While the solvents described in the above amida-
tion step may be used as the solvent in the reaction, from
among the alcohol-based solvents, the glycol-based sol-
vents, and the glycol ether-based solvents, those having a
hydroxyl group are not desirable. With solvents having a
hydroxyl group, the hydroxyl group may react with the
(meth)acrylic acid halide, which may lead to a poor reaction
and a reduction in purity.

[0043] One example of the preparation method of the
present invention is described below.

[0044] First, 1 molar equivalent of the siloxane compound
represented by the above formula (5) and 2.0 molar equiva-
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lents of a lactone compound are heated and stirred at 100°
C. under a nitrogen atmosphere. The resulting mixture is
reacted for about 6 hours, thereby completing the reaction.
Next, the unreacted raw material is distilled off at a reduced
pressure, thus making it possible to obtain a siloxane com-
pound represented by the above formula (4).

[0045] Next, 1 molar equivalent of the siloxane compound
represented by the above formula (4), 1.2 molar equivalents
of triethylamine, and 2 mass equivalents of toluene are
added, then 1.2 molar equivalents of (meth)acrylic acid
chloride are added. After adding, the added components are
stirred at room temperature. The resulting mixture is reacted
for about 10 hours, thereby completing the reaction. At that
time, the progress of the reaction may be confirmed by
monitoring the siloxane compound or methacrylic acid
chloride by GC measurement. After the reaction completes,
the organic layer is washed with water, and the solvent and
the unreacted raw material present in the organic layer are
distilled off at a reduced pressure, thus making it possible to
obtain a siloxane compound represented by the above for-
mula (1).

[0046] In accordance with the above preparation method
of the present invention, a high-purity siloxane compound
which has few impurities such as by-products and is repre-
sented by the above formula (1) is obtained. That is, a
high-purity siloxane compound, in which a proportion of the
siloxane compound having one specific structure among the
structures represented by formula (1) is 95 mass % or more,
is obtained.

[0047] The siloxane compound of the present invention
provides a polymer having repeating units derived from the
addition polymerization of the (meth)acrylic group. The
siloxane compound of the present invention has good com-
patibility with other compound (s) having a polymerizable
group, such as a (meth)acrylic group (hereinafter referred to
as polymerizable monomers), so that a colorless and trans-
parent copolymer is obtained by copolymerizing the
siloxane compound with polymerizable monomers. Further,
the siloxane compound may be homopolymerized.

[0048] In the preparation of the copolymer containing
repeating units derived from the siloxane compound and
repeating units derived from the polymerization with other
polymerizable monomer(s), a mass proportion of the repeat-
ing units derived from the siloxane compound may be 10
mass % or more, relative to the mass of the entire polymer.
More specifically, the compound of the present invention
may be copolymerized in an amount of preferably 10 parts
by mass to 80 parts by mass, and more preferably 10 parts
by mass to 60 parts by mass, relative to the total 100 parts
by mass of the compound of the present invention and the
other polymerizable monomer(s).

[0049] Examples of the polymerizable monomer include
(meth)acrylic monomers other than siloxane compounds,
acrylic acid derivatives, N-vinylpyrrolidone, other unsatu-
rated aliphatic or aromatic compounds, and siloxane mono-
mers having a polymerizable group, such as a (meth)acrylic
group. More specific examples include a (meth)acrylic
monomer such as (meth)acrylic acid, methyl (meth)acrylate,
ethyl (meth)acrylate, (poly)ethylene glycol dimethacrylate,
polyalkylene glycol mono (meth)acrylate, polyalkylene gly-
col monoalkyl ether (meth)acrylate, trifluoroethyl (meth)
acrylate, 2-hydroxyethyl (meth)acrylate, and 2,3-dihydroxy-
propyl (meth)acrylate; an acrylic acid derivative such as
N,N-dimethylacrylamide, N,N-diethylacrylamide, N-acry-

Jun. 6, 2024

loylmorpholine, and N-methyl (meth)acrylamide; N-vi-
nylpyrrolidone and other unsaturated aliphatic or aromatic
compounds such as crotonic acid, cinnamic acid, and vinyl-
benzoic acid; and a siloxane monomer having a polymeriz-
able group such as a (meth)acrylic group, other than that of
the above formula (1). One kind may be used alone, or two
or more kinds may be used in combination.

[0050] From the aspect of reactivity with the siloxane
compound of the present invention, at least one of the other
polymerizable monomers is preferably a (meth)acrylic
monomer other than a siloxane compound. The siloxane
compound of the present invention and the (meth)acrylic
monomer other than a siloxane compound may be polym-
erized in an amount of 50 parts by mass or more, preferably
50 parts by mass to 100 parts by mass, and more preferably
70 parts by mass to 100 parts by mass, relative to the total
100 parts by mass of the siloxane compound of the present
invention and the other polymerizable monomers. That is, in
the obtained copolymer, the mass proportion of the repeating
units derived from the siloxane compound of the present
invention and the repeating units derived from the (meth)
acrylic monomer may be 50 mass % or more, and preferably
70 mass % or more, relative to the total mass of the
copolymer. While an upper limit is not particularly limited,
the repeating units derived from the siloxane compound of
the present invention and the repeating units derived from
the (meth)acrylic monomer preferably account for 100 mass
%.

[0051] The copolymerization of the siloxane compound
with the other polymerizable monomers above may be
performed by a conventionally-known method. For
example, the copolymerization can be performed using a
known polymerization initiator, such as a heat polymeriza-
tion initiator or a photopolymerization initiator. Examples of
the polymerization initiator include 2-hydroxy-2-methyl-1-
phenyl-propan-1-one, azobisisobutyronitrile, azobisdimeth-
ylvaleronitrile, benzoyl peroxide, tert-butyl hydroperoxide,
cumene hydroperoxide, and 2,2'-azobis (2-methylpropiona-
midine) dihydrochloride. One kind of these polymerization
initiators may be used alone, or two or more kinds may be
used in combination. A blend amount of the polymerization
initiator may be 0.001 part by mass to 2 parts by mass, and
preferably 0.01 part by mass to 1 part by mass, relative to the
total 100 parts by mass of the components to be polymer-
ized.

[0052] The polymer containing the repeating units derived
from the siloxane compound has excellent hydrophilicity.
Further, a hydrogel obtained from the polymer has excellent
transparency and strength. Consequently, the compound of
the present invention is suited for the preparation of medical
materials, such as ophthalmic devices, contact lenses,
intraocular lenses, and artificial corneas. The method for
preparing a medical material using the polymer is not
particularly limited and may be performed in accordance
with a conventionally-known preparation method for medi-
cal materials. For example, a cutting process or a casting
(molding) process may be used when forming into the shape
of a lens, such as a contact lens or an intraocular lens.

EXAMPLES

[0053] The present invention will be explained below in
further detail with reference to a series of the Examples and
the Comparative Examples, though the present invention is
in no way limited by these Examples. In the following
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Examples, 'H-NMR analysis was conducted with an
ECS400 manufactured by JEOL using deuterated chloro-
form as a measurement solvent.
[0054] All gas chromatography (GC) measurements were
performed under the following conditions.
[0055] An Agilent 7890B Gas Chromatography system
(FID detector) was used.
[0056] Capillary column: HP-5MS (0.25 mmx30 mx0.
25 pm) manufactured by J&W
[0057] Heating program: 50° C. (5 minutes) —10°
C./min —250° C. (held)

[0058] Temperature at injection port: 250° C.

[0059] FID detector temperature: 300° C.

[0060] Carrier gas: helium (1.0 ml/min)

[0061] Split ratio: 50:1, and Injected volume: 1 pl.
[0062] Further, all rheometer measurements were per-

formed under the following conditions.

Performed using an OMNICURE series 2000 manufactured
by Excelitas Technologies connected with a TA Instruments
DISCOVERY HR-2.

[0063] UV irradiation intensity: 45 mW/cm®
[0064] Geometry: 20 mm quartz plate
[0065] Temperature: 25° C.
[0066] Environment: Under N, atmosphere
[0067] Period: 10 minutes
[0068] Gap: 200 um
[0069] Sampling: Oscillation-Fast Sampling
[0070] Sample amount: 100 pl,
Synthesis Example 1
[0071] To a 300-mL three-necked eggplant flask equipped

with a Dimroth condenser and a thermometer, were added
80.0 g of 3-aminopropyltris(trimethylsiloxy)silane and 70.0
g of y-butyrolactone under a nitrogen atmosphere and, then,
heated to 100° C. and aged for 6 hours. After reacting, the
unreacted raw material were distilled off at a reduced
pressure and at an inside temperature of 120° C. to obtain a
colorless and transparent liquid represented by the following
formula (8B). The yield was 97.0 g.

(8B)

I
o
o q
—TI—O—TI\/\/ Y\/\OH
(I) 0

Synthesis Example 2

[0072] Synthesis Example 1 was repeated, except that
3-aminopropyltris(trimethylsiloxy)silane  in  Synthesis
Example 1 was replaced with a siloxane compound repre-
sented by the following formula (9A), to obtain a colorless
and transparent liquid represented by the following formula
(9B). The yield was 96.9 g.
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©A)

| | |
—© T\/\/NH2

©B)

ENIERY 1

\/\/Ti_o Ti_o Ti\/\/N\n/\/\OH
3
0

Synthesis Example 3

[0073] Synthesis Example 1 was repeated, except that
3-aminopropyltris(trimethylsiloxy)silane  in  Synthesis
Example 1 was replaced with a siloxane compound repre-
sented by the following formula (10A), to obtain a colorless
and transparent liquid represented by the following formula
(10B). The yield was 91.2 g.

(10A)

\/\/li—o li—O li\/\/NHZ
AR
(10B)

NIERY 1

\/\/Ti_o Ti_o Ti\/\/N\"/\/\OH
9
o

Synthesis Example 4

[0074] Synthesis Example 1 was repeated, except that
3-aminopropyltris(trimethylsiloxy)silane  in  Synthesis
Example 1 was replaced with a siloxane compound repre-
sented by the following formula (11A), to obtain a colorless
and transparent liquid represented by the following formula
(11B). The yield was 93.6 g.

(11A)

Synthesis Example 5

[0075] Synthesis Example 2 was repeated, except that
y-butyrolactone in Synthesis Example 2 was replaced with
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g-caprolactone, to obtain a colorless and transparent liquid
represented by the following formula (12B). The yield was
98.1 g.

(12B)

I I I il

SOOI AN NN

¢}

Example 1

[0076] To a 500-mL three-necked eggplant flask equipped
with a Dimroth condenser and a thermometer, were added
80.0 g of the siloxane compound (8B) obtained in Synthesis
Example 1, 22.2 g of triethylamine, and 240.0 g of toluene
were added under a nitrogen atmosphere, and cooled to 10°
C. 22.8 g of methacrylic acid chloride was added dropwise
and aged at 20° C. for 10 hours. After reacting, the resulting
mixture was washed with deionized water three times, and
the solvent and the unreacted raw material were distilled off
at a reduced pressure and at an inside temperature of 80° C.
to obtain a colorless and transparent liquid represented by
the following formula (8C). The yield was 91.0 g. The GC
purity was 98.8%. The 'H-NMR data is shown below. 0.0
ppm (27H), 0.4 ppm (2H), 1.6 ppm (2H), 1.9 ppm (3H), 2.0
ppm (2H), 2.3 ppm (2H), 3.2 ppm (2H), 4.2 ppm (2H), 5.6
ppm (1H), 6.1 ppm (1H)

(8C)

|7 I
_TI_O_IIW§WO
7 o
|
Example 2

[0077] Example 1 was repeated, except that the siloxane
compound (8B) in Example 1 was replaced with the siloxane
compound represented by the above formula (9B), to obtain
a colorless and transparent liquid represented by the follow-
ing formula (9C). The yield was 86.6 g. The GC purity was
98.4%. The 'H-NMR data is shown below. 0.0 ppm (30H),
0.5 ppm (4H), 0.9 ppm (3H), 1.3 ppm (4H), 1.6 ppm (2H),
1.9 ppm (3H), 2.0 ppm (2H), 2.3 ppm (2H), 3.2 ppm (2H),
4.2 ppm (2H), 5.6 ppm (1H), 6.1 ppm (1H)
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Example 3

[0078] Example 1 was repeated, except that the siloxane
compound (8B) in Example 1 was replaced with the siloxane
compound represented by the above formula (10B), to
obtain a colorless and transparent liquid represented by the
following formula (10C). The yield was 83.7 g. The GC
purity was 98.0%. The 1H-NMR data is shown below. 0.0
ppm (66H), 0.5 ppm (4H), 0.9 ppm (3H), 1.3 ppm (4H), 1.6
ppm (2H), 1.9 ppm (3H), 2.0 ppm (2H), 2.3 ppm (2H), 3.2
ppm (2H), 4.2 ppm (2H), 5.6 ppm (1H) and 6.1 ppm (1H)

(10C)

Example 4

[0079] Example 1 was repeated, except that the siloxane
compound (8B) in Example 1 was replaced with the siloxane
compound represented by the above formula (11B), to
obtain a colorless and transparent liquid represented by the
following formula (11C). The yield was 84.4 g. The
'"H-NMR data is shown below.

[0080] 0.0 ppm (126H), 0.5 ppm (4H), 0.9 ppm (3H), 1.3
ppm (4H), 1.6 ppm (2H), 1.9 ppm (3H), 2.0 ppm (2H), 2.3
ppm (2H), 3.2 ppm (2H), 4.2 ppm (2H), 5.6 ppm (1H) and
6.1 ppm (1H)

(110)

Example 5

[0081] Example 1 was repeated, except that the siloxane
compound (8B) in Example 1 was replaced with the siloxane
compound represented by the above formula (12B), to
obtain a colorless and transparent liquid represented by the
following formula (12C). The yield was 89.4 g. The GC
purity was 98.2%. The "H-NMR data is shown below. 0.0
ppm (30H), 0.5 ppm (4H), 0.9 ppm (3H), 1.3 ppm (8H), 1.6
ppm (2H), 1.9 ppm (3H), 2.0 ppm (2H), 2.3 ppm (2H), 3.2
ppm (2H), 4.2 ppm (2H), 5.6 ppm (1H), 6.1 ppm (1H)
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(120)

(€]
\/\/Ti_o_&%i_ot%i\/\/%WK\/\/\ )‘\K
O
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[0082] Other polymerizable monomer compounds used in
the Examples and Comparative Examples are as follows:

[0083] HEMA: 2-hydroxyethyl methacrylate
[0084] MMA: methyl methacrylate
[0085] In Comparative Examples 1 and 2, the following

siloxane compounds were used instead of the siloxane
compound of the present invention.

[0086] TRIS: 3-[tris(trimethylsiloxy)silyl]propyl meth-
acrylate
| ©
|
|
—Si—O0—=_i O
D T
(6]
| 0
[0087] AM-PDMS: monoacrylamide polydimethylsi-

loxane (number average molecular weight 500)

M

\\//\V/%_O*%_OT%\¢/\\/§

D,

[0088] Each of the siloxane compounds obtained in the
above Examples, TRIS, or AM-PDMS were mixed with
HEMA and MMA, which are the other polymerizable mono-
mers, and Irgacure 1173 (Irg1173), which is the polymer-
ization initiator, in a blend ratio shown in Table 1 below and
stirred for 10 minutes. After stirring, the mixtures were left
to stand for 10 minutes, and the state of the solutions were
visually observed. The evaluation results based on the
following criteria are shown in Table 1.

[Compatibility]

[0089]
[0090]

A: Uniform and transparent
B: Non-uniform or cloudy

[Viscoelastic Change]

[0091] After the above evaluation of compatibility, the
solutions were sufficiently degassed by bubbling with nitro-
gen gas for 5 minutes, then the change in viscoelasticity of
the obtained solutions was measured with the rheometer.
The measuring conditions of the rheometer are as described

above. FIG. 1 shows the rheometer measurement results of
the polymerization reaction using the siloxane compound of
Example 2 and the polymerization reaction using the
siloxane compound of Comparative Example 2.

TABLE 1
Component, Com. Com.
Part by mass Ex.1 Ex.2 Ex.3 Ex.4 Ex.5 Ex. 1 Ex.2
Siloxane 8C 50 0 0 0 0 0 0
compound 9C 0 50 0 0 0 0 0
10C 0 0 50 0 0 0 0
11C 0 0 0 50 0 0 0
12C 0 0 0 0 50 0 0
Compara- TRIS 0 0 0 0 0 50 0
tive AM- 0 0 0 0 0 0 50
compound PDMS
Acryl HEMA 40 40 40 40 40 40 40
monomer MMA 9 9 9 9 9 9 9
Polymeri-  IRG1173 1 1 1 1 1 1 1
zation
initiator
Result Compati- A A A A A B A

bility

[0092] As shown in Table 1, the compound of the present
invention has an amide and a (meth)acrylate and, thereby,
the compound has excellent compatibility with other polym-
erizable monomers including hydrophilic monomers, com-
pared to conventional siloxane monomers.

[0093] Further, as shown in FIG. 1, the siloxane com-
pound of the present invention exhibits one-phase polym-
erization behavior and is said to be uniformly polymerized
with other (meth)acrylic monomers. In contrast, AM-PDMS
having an acrylamide has good compatibility with other
polymerizable monomers, but AM-PDMS exhibits two-
phase polymerization behavior in which an inclination
changes in a graph of the elastic modulus as shown in FIG.
1 and, thus, AM-PDMS is not uniformly polymerized with
other (meth)acrylic monomers.

[0094] As described above, since the siloxane compound
of the present invention has excellent compatibility and
reactivity with other polymerizable monomers and, further,
the siloxane compound has a high purity. Therefore, the
siloxane compound provides a (meth)acrylic resin having
beneficial transparency and strength.

Industrial Applicability

[0095] The compound of the present invention has excel-
lent compatibility and reactivity with (meth)acrylic mono-
mer(s). The compound of the present invention is beneficial
as a monomer in the preparation of medical materials such
as, for example, ophthalmic devices, contact lenses,
intraocular lenses, artificial corneas and spectacle lenses.
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1. A siloxane compound represented by the following
formula (1):

R! 0
o} JJ\ LP—A
)ﬁ‘/ \Ll III/
0 R?

wherein R! is a hydrogen atom or a methyl group, R? is
a hydrogen atom or a monovalent hydrocarbon group
having 1 to 6 carbon atoms, L' is a divalent hydrocar-
bon group having 1 to 5 carbon atoms, L is a divalent
hydrocarbon group having 2 to 10 carbon atoms and
which may contain an ether bond, and A is a polysi-
loxane unit represented by the following formula (2) or

G):

M

@
R R

I I
—eTi—oan—Ti—I@

R R
3
I
(O—Tia;R
R
R
Ex 3 |
Si—éO—Ti#R
R
I
(O—Tié;R
R

wherein n is an integer of 1 to 100, a is an integer of O to
10, b is an integer of 0 to 10, and ¢ is an integer of 0
to 10, provided that a+b+c is 2 or more, R and R? are,
independently of each other, a monovalent hydrocar-
bon group having 1 to 10 carbon atoms, and the site
marked with ** is a binding position to the group L* in
formula (1).

2. The siloxane compound according to claim 1, wherein
R! is a methyl group.

3. The siloxane compound according to claim 1, wherein
A is represented by said formula (2) and n is an integer of
2 to 20.

4. The siloxane compound according to claim 1, wherein
A is represented by said formula (3) andais 1, bis 1 and ¢
is 1.

5. The siloxane compound according to claim 1, wherein
R and R? in said formulae (2) and (3) are, independently of
each other, an alkyl group having 1 to 6 carbon atoms, or a
phenyl group.

6. The siloxane compound according to claim 5, wherein
R in said formula (2) is a methyl group and R* in said
formula (2) is a butyl group.
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7. The siloxane compound according to claim 5, wherein
R in said formula (3) is a methyl group.

8. The siloxane compound according to claim 1, wherein
a proportion of the siloxane compound having one specific
structure among the structures represented by formula (1) is
95 mass % or more.

9. A polymer derived by polymerization of the siloxane
compound according to claim 1.

10. A copolymer derived by polymerization of the
siloxane compound according to claim 1 with other polym-
erizable monomer(s).

11. The copolymer according to claim 10, wherein a mass
proportion of the repeating units derived from the siloxane
compound is 10 mass % or more to 80 mass % or less,
relative to the mass of the copolymer.

12. The copolymer according to claim 10, wherein at least
one of the other polymerizable monomer(s) is a (meth)
acrylic monomer other than a siloxane compound, and a
total mass proportion of the repeating units derived from the
siloxane compound and the repeating units derived from the
(meth)acrylic monomer is 50 mass % or more, relative to the
mass of the copolymer.

13. A hydrogel comprising the polymer according to
claim 9.

14. A medical material comprising the polymer according
to claim 9.

15. A method for preparing the siloxane compound rep-
resented by the following formula (1):

M

R! 0
Ny )]\ _LP—a
L! lel
0 R?

wherein R' is a hydrogen atom or a methyl group, R? is
a hydrogen atom or a monovalent hydrocarbon group
having 1 to 6 carbon atoms, L' is a divalent hydrocar-
bon group having 1 to 5 carbon atoms, L? is a divalent
hydrocarbon group having 2 to 10 carbon atoms and
which may contain an ether bond, and A is a polysi-
loxane unit represented by the following formula (2) or

3):

@
R R

EE]

I I
—eTi—oan—Ti—I@
R R
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-continued
€
R
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R
R
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Si—éO—Tiﬁ;R
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wherein n is an integer of 1 to 100, a is an integer of O to
10, b is an integer of 0 to 10, and ¢ is an integer of 0
to 10, provided that a+b+c is 2 or more, R and R? are,
independently of each other, a monovalent hydrocar-
bon group having 1 to 10 carbon atoms, and the site
marked with ** is a binding position to the group L* in
formula (1),

wherein the method comprises a step of reacting a
siloxane compound having an amino group and repre-
sented by the following formula (5):

®
L2—A

R2
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wherein R?, L and A are as described above, with a
lactone compound having 2 to 6 carbon atoms to obtain
a siloxane compound represented by the following
formula (4):

@)

0
HO JJ\ LP—A
N I|\I/
RrR2

wherein R?, L', L? and A are as described above, and a
step of reacting the siloxane compound represented by
said formula (4) with a (meth)acrylic acid halide to
obtain the compound represented by said formula (1).

16. The method according to claim 15, wherein the
lactone compound is selected from the group consisting of
a-acetolactone, fB-propiolactone, y-butyrolactone, y-valero-
lactone, d-valerolactone and e-caprolactone.

17. The method according to claim 15, wherein the
(meth)acrylic acid halide is methacrylic acid chloride,
acrylic acid chloride, methacrylic acid bromide or acrylic
acid bromide.

18. The method according to claim 15, wherein a propor-
tion of the siloxane compound having one specific structure
among the structures represented by said formula (1) is 95
mass % or more.

19. A hydrogel comprising-the copolymer according to
claim 10.

20. A medical material comprising the copolymer accord-
ing to claim 10.



