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Abstract
A polymerizable composition for dental use, containing

monomer (a) with a polymerizable olefinic unsaturated group,

acylphosphine oxide (b), organic peroxide (c), tertiary amine
(d') and aromatic sulfinic acid énd/or a salt thereof (e). The
polymerizable composition for dental use exerts excellent
curability by any of photo-polymerization and chemical
polymerization, having a good color for dental use, with less
color change between prior to and after polymerization, and
excellent light resistance, producing a cured product with a
smaller thickness of the unpolymerized layer on the surface,
having larger curing depth and excellent adhesion to teeth and
metals and the; like and great color fastness in hot water and
in darkness. By taking advantages of these excellent properties,
the polymerizable composition can effectively be used for
utilities, for example as a bonding agent, a composite resin,
an adhesive agent, a primer and an opaque primer and the like,

for dental use.
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SPECIFICATION

POLYMERIZABLE DENTAL COMPOSITION

Technical Field

The present invention relates to a novel polymerizable

composition for dental use, being polymerizable by any method
of photo-polymerization and chemical polymerization, having
less color change between prior to and after polymerization,

generating cured products with great color stability and having

good surface curability and a short polymerization time.

Taking advantages of the great characteristic properties
of the polymerizable composition for dental use in accordance
with the present invention, the composition can effectively be
used as an adhesive, a bonding agent, a composite reSin, a.

surface treating agent, an opaque primer and the like, for

dental use.

Technical Background

In recent'years,polymerizablerresin.materials have been
used as polymerizable compositions for dental use, widely in
the entire fields of dental treatment, owing to the great
processability such that the materials can appropriately be
molded into desired shapes, the good aesthetic beauty such that

the materials can restore damaged tooth as if the resulting

tooth were natural, and the high strength of the cured product.
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Since US Patent No. 3,066,112 issued in 1959 proposes the
application of polyfunctional acrylic polymerizable resins to
the tfeatment Oof caries, a great number of materials chemically
polymeriza’ble at ambient temperature have been put to practical
use. Thereafter, a dental material of ultraviolet
polymerization has been proposed by using benzoin methyl ether
and similar catalysts, in parallel to the ﬁrogress of materials
of chemical polymerization (Japanese Patent Application
Laid-Open No. 47-247).

Furthermore, a number of products have been developed,
wherein a variety of polymerization processes have been applied,
including a dental material of photo-polymerizatibn using

camphorquinone (Japanese Patent Application Laid-Open No.

48-49875).

Since then, photo-polymerizable materials containing

camphorquinone have widely been used as filling materials for

dental use.

For applications where no effective level of light is
incident even after photo-irradiation, for example for bonding
of metal crowns, inlay and onlay, furthermore, dental materials
of chemical polymerization are currently used.

Additionally, Japanese Patent Application Laid-Open No.

60-32810 discloses a dental composition containing a catalyst
system comprising one of «&-diketone compounds, namely

camphorquinone, an organic peroxide and an amine, and describes

skt e v St MR, RIS x N AL . Tren e Trearard vind RO R ety patan e

PYSYITI TT8 PR



CA 02262744 1999-02-09

that the thickness of the resulting unpolymerized layer on the
surface is small.

Further, Japanese Patent Application Laid-Open No.
60-89407 describes that a dental composition containing a
catalyst system of the same composition as described above can
attain very large curing depth.

These compositions for dental use, which contain a catalyst
system comprising camphorquinone, organic perokides and amines,
have both the functions of chemical polyme:izetion and
photo-polymerization. Such compositions have been used widely
as adhesives and bonding agents for dental use, since the
composlitions have got good appraisal such that the compositions
can readily promote high polymerization degree on the surfaces
of materials owing to the function of photo-polﬁerization and
can also progress chemical polymerizationeven in depth where
no sufficient light required for polymerization can reaeh.

However, camphorguinone itself has a color in vivid yellow,
polymerizable compositions cOhtaining camphorquinone ere
colored yellow inappropriate for dental materials.
Additionally, the vivid yellow of the polymerizable
compositions containing camphorquinone fades through photo-
irradiation, so that the color changes markedly between prior°
to and after polymerization. In recent years, the demand for
aesthetic beauty from dental patients has been emphasized in
the field of dental treatment, and it is said that the vivid

yellow color and the color change between prior to and after
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polymerization are not suitable.

A combination of benzoyl peroxide, i.e. a polymerization
initiator, and reducing agents such as tertiary amine, which
has been used widely for chemically polymerizable compositions,
is problematic in view of color stability in that the color of
the cured products of such compositions readily changes when
the products are exposed to hot water.

For the purpose of overcoming the problems, a dental
composition containing acylphosphine oxide as a photo-
polymerization initiator has been proposed (Jdpanese Patent
Publication No. 6-55654). The cured products resulted from the
photo-polymerizable compositions containing acylphosphine
oxide as a photo-polymerization initiator are excellent in its
color stability, but the photo-polymerizable compositions are
disadvantageous in that polymerization is not sufficiently
facilitated in depth because the curing depth of the composition

1s shallower than that of the polymerizable compositions

‘containing camphorquinone.

A technique for improving the affinity between teeth and
such cured products thereby increasing the adhesion strength
between teeth and the cured products, by using an acidic monomer
having an acid group together with a polymerizable unsaturated
group for a part of polymerizable monomers to be used in dental
materials, has been on the way of practical use. Though
polymerizable compositions containing acidic monomers have

such an advantage as stated above, the thickness of the

I e s WA A 4 vt



CA 02262744 1999-02-09

resulting unpolymerized layer is so large that the hardness of
the resulting cured product may be insufficient.

Because the burden over patients is less as the therapeutic
treatment time is shorter, a dental material with such a high
polymerjization rate that can be cured for a short period has
been expected.

Therefore, it 1s an objeci of the present invention to
provide a polymerizable composition for dental use, the
composition being colored suitable as a dental material, having
less color change between prior to and after polymerization
(prior to and after curing) and such a larger curing depth to

produce cured products with sufficient hardness and strength

even in dept@,

Furthermore, it is the other object of the present invention
to provide a polymerizable composition for dental use, in
addition to the properties described above, being capable of
producing cured products with such a small thickness of the
unpolymerized layer on the surface and a higher hardness, having
a larger polYmerization rate so the composition .can be cured

for a short period of time, and having great adhesion to the

teeth.

Disclosure of the Invention

To attain the objects, the present inventors have made
intensive investigations. Consequently, the inventors have

found that the use of acylphosphine oxide as a photo-
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polymerization initiator, an organic peroxide as a chemical
polymerization initiator, reducing agents such as the
combination of tertiary amine and aromatic sulfinic acid and/or
a salt thereof for a polymerizable composition containing a
monomer with a polymerizable olefinic unsaturated group can
impart excellent curability to the resulting polymerizable
composition through any of photo-polymerization and chemical
polymerization, which can further have suitable color for
dental use, less color change between prior to and after
polymerization (prior to and after curing) and great light

resistance with less fading.

The present inventors have further found that cured
products made from the poiymerizable composition have a small
thickness. of the unpolymerized layer on the surface, a higher
hardness; that the polymerizable composition has such large
curing depth to produce cured products with sufficient hardness
and strength even in depth; and that the composition has so
excellent resistance to discoloration by hot water in darkness
that the resulting cured products are hardly discolored even
i1f the products are exposed to hot water in the oral cavity.

Still additionally, the present inventors have found that
the polymerizable composition containing a monomer with an acid
group together with a polymerizable olefinic unsaturated group,
as a part of the polymerizable monomers in the composition, can
more improve the adhesive strength to teeth while the resulting

cured products can still retain the various excellent



CA 02262744 1999-02-09

properties described above. The inventors have achieved the
present invention on the basis of those findings.

It is not yet elucidated why the polymerizable composition
according to the present invention can have such various
excellent properties as described above, but it is speculated
that an extremely great number of radicals are generated on the
irradiated surface because of the higher quantum yield of
acylphosphine oxide to be used as component (b) in the
polymerizable composition, so that the polymerization heat and
the radicals at such higher concentration on the surface may
induce the decomposition of organic peroxides.

Thus, the present invention is a polymerizable composition
for dental use, the composition comprising monomer (a) with a
polymerizable olefinic unsaturated group, acylphosphine oxide
(b), organic peroxide (c), tertiary amine (d) and aromatic

sulfinic acid and/or a salt thereof(e).

In accordance with the present invention, additionally,
the polymerizable composition for dental use, further
containing a monomer with a polymerizable olefinic unsaturated
group and an acid group for a part of the monomer (a), is

encompassed within the preferable embodiments.

Embodiment of the Invention

!

The monomer (a) to be used in the present invention may
be any of monomers with a polymerizable olefinic unsaturated

group. Among them, (meth)acrylate monomers are preferably
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used as the monomer (a), from the respect of the simplicity of

the polymerization procedure and the safety for biological

organisms.

The (meth)acrylate monomer to be used preferably in the
present invention may be any of mono-functional (meth)acrylate
monomers and polyfunctional (meth)acrylate monomers.

As such mono-functional (meth)acrylate monomers, use may
preferably be made of esters of (meth)acrylic acid having alkyl
groups with 1 to 12 carbon atoms and esters of (meth)acrylic
acid containing aromatic groups with 6 to 12 carbon atoms,
wherein the alkyl groups and aromatic groups composing the

esters may contain substituents such as hydroxyl group and ether

bonds.

Specific examples of the monofunctional (meth)acrylate
monomers may include (meth)acrylates such as methyl
(meth)acrylate, ethyl (meth)acrylate, n-butyl (meth)acrylate,
iso-butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, lauryl
(meth)acrylate, tridecyl (meth)acrylate, stearyl
(meth)acrylate, cyclohexyl (meth)acrylate, benzyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate,
2-hydroxypropyl (meth)acrylate, glycidyl (meth)acrylate,
tetrahydrofurfuryl (meth)acrylate, allyl (meth)acrylate,
2-ethoxyethyl (meth)acrylate, methoxydiethylene glycol
(meth)acrylate, methoxytetraethylene glycol (meth)acrylate,
methoxypolyethylene glycol (meth)acrylate, phenoxy-

diethyleneglycol (meth)acrylate, phenoxyhexaethyleneglycol
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(meth)acrylate, glycerol (meth)acrylate, tetrahydrofurfuryl
(meth)acrylate, dicyclopentenyl (meth)acrylate, isobornyl
(meth)acrylate, phenyl (meth)acrylate, pentaerythritol
mono(meth)acrylate, dipentaerythritol mono(meth)acrylate,
caprolactone modified tetrahydrofurfuryl (meth)acrylate,
caprolactone modified dipentaerythritol (meth)acrylate, and
caprolactone modified 2-hydroxyethyl (meth)acrylate.
Furthermore, preferable examples of the polyfunctional
(meth)acrylate monomers may include di(meth)acrylates of
alkylene glycol having 2 to 20 carbon atoms, di(meth)acrylates
of the oligomers of said alkylene glycol, polyalkyleneglycol
di(meth)acrylate, di(meth)acrylate derived from bisphenol A,
(meth)acrylate mo.nomers having three or more functional groups:
and the examples additionally may include urethane
(meth)acrylate esters as reaction products of 2 moles of
(meth)acrylate having a hydroxyl group and one mole of
diisocyanate (refer to for example polyfunctional urethane
monomers disclosed in Japanese Patent Publication No. 55-33687
and Japanese Patent Application Laid-Open No. 56-152408).
More specifically, the polyfunctional (meth)acrylate may
include for example ethylene glycol di(meth)acrylate,
diethylene glycol di(meth)acrylate, triethylene glycol
di(meth)acrylate, tetraethylene glycol di(meth)acrylate,
polyethylene glycol di(meth)acrylate, 1,3-butylene glycol
di(meth)acrylate, 1,6-hexane diol di(meth)acrylate, neopentyl

glycol di(meth)acrylate, tripropylene glycol di(meth)acrylate,
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polypropylene glycol di(meth)acrylate, glycerol
di(meth)acrylate, bisphenol A A di(meth)acrylate, bisphenol A
glycidyl di(meth)acrylate, ethylene oxide modified bisphenol
A di(meth)acrylate, ethylene oxide modified bisphenol A
glycidyl di(meth)acrylate, 2,2-bis(4-
methacryloxypropoxyphenyl) propane, 7,7,9-trimethyl-4,13-
dioxa-3,14-dioxo-5,12-diazahexadecane-1,16-diol
di(meth)acrylate, neopentyl glycol hydroxypivalic acid ester
di(meth)acrylate, caprolactone modified,hydroxypivaliq acilid
neopentyl glycol ester di(meth)acrylate, trimethylol ethane
di(meth)acrylate, trimethylol propane di(meth)acrylate,
trimethylol methane tri(meth)acrylate, trimethylol ethane
tri(meth)acrylate, trimethylol propane tri(meth)acrylate,
pentaerythritol tri(meth)acrylate, dipentaerythritol
tri(meth)acrylate,'pentaerythritol tetra(meth)acrylate,
dipentaerythritol tetra(meth)acrylate, dipentaerythritol
hexa(meth)acrylate, the reaction product of 3-chloro-2-
hydroxypropyl (meth)acrylate and methylcyclohexane
diisocyanate, the reaction product of 2-hydroxypropyl
(meth)acrylate and methylcyclohexane diisocyanate, the
reaction product of

2-hydroxypropyl (meth)acrylate and methylene bis
(4-cyclohexylisocyanate), the reaction product of
2-hydroxypropyl(meth)acrylate and trimethylhexamethylene
diisocyanate, the reaction product of 2-hydroxyethyl

(meth)acrylate and isophorone diisocyanate, and the reaction

- 10 -
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product of 3-chloro-2-hydroxypropyl (meth)acrylate and
isophorone diisocyanate.

The present polymerizable composition for dental use may
contain one or more of the (meth)acrylate monomers described
above. From the respect of the handling of the composition,
curability and physical properties of the resulting cured
products, the polymerizable composition for dental use
preferably contains at least one of the monofunctional
(meth)acrylate monomers and at least one of the polyfunctional

(meth)acrylate monomers.

For using the present polymerizabie composition for dental
use as an adhesive and a bonding agent for dental use,
furihermore, the composition preferably contains a strongly
polar monomer having ability to promote the adhesion between
teeth and metals, particularly a monomer with an acid group
together with a polymerizable olefinic unsaturated group
(referred to as "acid monomer” hereinbelow) for a part of the
monomer (a).

When the'present polymerizable composition for dental use
contains the acid monomer, the content of the acid monomer is
preferably 1 to 70 ¥ by weight, more preferably 5 to 50 % by
welght on the basis of the total weight of the monomer (a). The
content of the acid monomer exceeding 70 % by weight often causes
deterioration of curing of the composition.

Examples of the acid group in the acid monomer may include

the following groups of from phosphoric acid, diphosphate or

- 11 -
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derivatives thereof:

; : :
Y T
——P—GOH — P — —
)2 I GH P‘éz)z
0 0 0
Y T Y
—P—2  —P—0—P—
l | |
OH OH

(wherein Z represents a halogen atom),
carboxyl group (~-COOH), carbohalide group (-COZ) (wherein Z
represents a halogen atom), carboxylic anhydride group.

Speclific examples of the acid monomer with the acid group

may include what will be shown below.

C Hg 0
T
H;C=C-COO0—(CHy)70~P—0H - (n=2~10)
OH
R i
H,C=C-C 00—(CHg)s5 —@—o—(c Hy)5~0—P—OH
OH
g 3
H2C=C-COOCH2-O-CH2—O—II=’-—OH
o OH
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?Ha | 0O
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Ho,C=C-COOCH, CH—CHZ-O—FI’—-OH
2 OH
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Ho,C=C-COOCH, C—C Hz-O—l;‘—OH
3 OH
CH, 0O

| T
H,C=C-COOCH,CH,-0+—P—0OH

P i
HzC:C_COO_(CHz);‘O“I;’“‘O‘@ (n=2~10)
OH
C Hs 0
. 1
HaC=C-C00—(C Hz)'z"'O—-ll'-‘ —0—-(CHjy)3~Br
OH
C H; 0
1
H,C=C-C00—(C Hg)frO-Il’—-Cl _
Cl
C Hj 0

| T
H,C=C-CONH—(CHj,)5~0—-P —Br
B

I

SN v
H, C=C-COOCH2CI3HCH20©-C-©-O CH2CI2HCH2000-C=CH2
OPOC1, (|3H3 OPOC1,
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C Hy 0
1
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P i
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| Cl
P i
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OH OH
o
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COOH
C H,

l
HaC=C—CONH—(CH3)g—COOH

CH, _
| _COOH
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C H,

|
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COOH
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o
H2c=c-coocnzcnzooc-Q—com
. - 'CO0Cl1
H
P 0
HoC=C-COOCH2;CH,00C
' O
on .
H,C=C-CO0O0CH,CH,00C- OO
. 0O -
3 O

In accordance with the present invention, one or two or
more of the acid monomers described above, for a part of the
monomer (a), can be used in combination with one or two or more
of the (meth)acrylates with no acid group.

The acylphosphine oxide (b) to be used in accordance with
the present invention has a primary action as photo-
polymerization initiator, to initiate the polymerization of the
monomer (a) in the polymerizable composition on photo-
irradiation.

As the acylphosphine oxide (b) to be used in accordance
with the present invention, use may be made of any acylphosphine
oxide capable of initiating the polymerization of the monomer
(a) on photo-irradiation, and specifically, use is preferably

made of the acylphosphine oxide compound represented by the
- 15 -
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following general formula (I).

O

Rl——T—Ac (1)

R2

(wherein R' represents an alkyl group or an aryl group; R2
represents an alkyl group, an aryl group or a group represented
by the formula -OR® wherein R® represents an alkyl group or an
aryl group; and Ac represents an acyl group.)

As the acylphosphine oxide’ (b) among them in accordance
with the present invention, use is preferably made of
benzoyldiphenylphosphine oxide within the general formula (I)
wherein R' and R? are phenyl groups which may have or may not
have substituent(s); and benzoylphenyl phosphinate ester
wherein R' represents a phenyl group which may have or may not
have substituent(s), R* represents a group represented by the
formula -OR®, and Ac fepresents a benzoyl group which may have
or may not have substituent(s).

Specific examples of the benzoyldiphenylphosphine oxide
and benzoylphenyl phosphinate ester to be preferably used in
accordance with the present invention may include
2,4,6-trimethylbenzoyldiphenylphosphine oxide,
2,6-dimethylbenzoyldiphenylphosphine oxide,

2,6-dimethoxylbenzoyldiphenylphosphine oxide,

- 16 -
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2,6-dichlorobenzoyldiphenylphosphine oxide,
2,3,5,6-tetramethylbenzoyldiphenylphosphine oxide,
2,4,6-trimethylbenzoylphenylphosphinic acid methyl ester,
2,4,6-trimethylbenzoylphenylphosphinic acid ethyl ester, and
2,4,6-trimethylbenzoylphenylphosphinic acid phenyl ester, and
one or two or more of these compounds may be used.

As the acylphosphine oxide (b) among them in accordance
with the present :I.nvention, use is particularly preferably made
of 2,4, 6-trimethyibenzoyldiphenyiphosphine oxlde represented
by the following chemical formula (II) and/or
2,4,6-trimethylbenzoylphenylphosphinic acid élkyl ester

represented by the chemical formula (III), from the respect of

P——C (Ir)

its stability.

(wherein R* represents an alkyl group with one to 4 carbon

atoms. )

- 17 -
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The content of the acylphosphine oxide (b) in the
polymerizable composition is preferably 0.05 to 20 % by weight,
more preferably 0.1 to 10 % by weight on the basis of the weight
of the monomer (a), in view of the adjustment of the photo-
sensitivity of the polymerizable composition.

The organic peroxide (c) to be used in accordance with the
present invention may be any organic peroxide capable of
initiating the polymerization of the monomer (a) through
thermal or redox reactlon, specifically including diacyl
peroxides, peroxyesters, dialkyl peroxides, peroxyketals,
ketone peroxides, and hydroperoxides. Specific ekamples of
the diacyl peroxides may include benzoyl peroxide,
2,4-dichlorobenzoyl peroxide, and m-toluoyl peroxide.
Specific examples of the peroxyesters may include
t-butylperoxybenzoate, bis-t-butylperoxyisophthalate,
2,5-dimethyl-2,5-bis(benzoylperoxy)hexane, t-butylperoxy-2-
ethylhexanoate, and t-butylperoxyisopropylcarbonate.
Sspecific examples of the dialkyl peroxides may include dicumyl
peroxide, di-t-butyl peroxide, and lauroyl peroxide.
Additionally, specific examples of the peroxyketals may include
1,1-bis(t-butylperoxy)3,3,5-trimethylcyclohexane. And
specific examples of the ketone peroxides may include methyl
ethyl ketone peroxide. Then, specific examples of the
hydroperoxides may include t-butyl hydroperoxide. One or two

or more of these organic peroxides may be used satisfactorily.
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SO0 as to impart a proper polymerization rate to the
polymerizable composition for dental use, the content of the

organic peroxide (C) in the polymerizable composition in
accordance with the present invention is preferably 0.05 to 20 &
by weight, more preferably 0.1 to 10 % by weight on the basis
of the weight of the monomer (a).

The tertiary amine (d) to be used in accordance with the
present invention primarily functions as a reducing agent. As
the tertiary amine (d4), any tertiary amine is satisfactory as
lohg as it'functions as a reducing agent in combination with
an aromatic sulfinic acid or a salt thereof in the presence of
the acylphosphine oxide (b) and the organic peroxide (c). They

include aromatic tertiary amine and/or aliphatic tertiary amine.

Specific examples of the aromatic tertiary amine may include
N,N-dimethylaniline, N,N-dimethyl-p-toluidine,
N,N-dimethyl-m-toluidine, N,N-diethyl-p-toluidine,
N,N-dimethyl-3,5-dimethylaniline, N,N-dimethyl-3, 4-
dimethylaniline, N,N-dimethyl-4-ethylaniline, N,N-dimethyl-
4-i-p;opylaniline, N,N-dimethyl-4-t-butylaniline,
N,N-dimethyl-3,5-di t-butylaniline, N,N-bis(2-
hydroxyethyl)-p-toluidine, N,N-bis(2-hydroxyethyl)-3,5-
dimethylaniline, N,N-bis(2-hydroxyethyl)-3,4-
dimethylaniline, N,N-bis(2-hydroxyethyl)-4-ethylaniline,
N,N-bis(2-hydroxyethyl)-4-i-propylaniline, N,N-bis(2-
hydroxyethyl)-4-t-butylaniline, N,N-bis(2-hydroxyethyl) -

3,5-dl1 i-propylaniline, N,N-bis(2-hydroxyethyl)-3,5-di t-

- 19 -
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butylaniline, 4-dimethylaminobenzoate ethyl,
4-dimethylaminobenzoate n-butoxyethyl, and
4-dimethylaminobenzoate (2-methacryloyloxy)ethyl.
Furthermore, specific examples of the aliphatic tertiary amine
(d) may include trimethylamine, triethylamine,
N-methyldiethanolamine, N-ethyldiethanolamine,
N-n-butyldiethanolamine, N- 1auryldiethanolamine ,
triethanolamine, (2-dimethylamino)ethyl methacrylate,
N-methyldiethanolamine dimethacrylate, N-ethyldiethanolamine
dimethacrylate, triethanolamine monomethacrylate,

triethanolamine dimethacrylate, and triethanolamine

trimethacrylate.

In accordance with the present invention, one or two or

more oOf these tertiary amines may be used.

From the respect of imparting a proper polymerization rate
and suppressing discoloration, the content of the tertiary
amine (d) in the polymerizable composition for dental use in
accordance with the present invention is preferably 0.05 to 10 %
by weight, more preferably 0.1 to 5 % by weight on the basis

of the weight of the monomer (a).

The aromatic sulfinic acid or a salt thereof (e) (referred
to as "aromatic sulfinic acid (salt) (e) " ) to be used in
accordance with the present invention primarily functions as
a reducing agent. As the aromatic sulfinic acid (salt) (e),

any aromatic sulfinic acid (salt) (e) is satisfactory as long

as i1t functions as a reducing agent in combination with the

- 20 -
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tertiary amine (d) in the presence of the acylphosphine oxide '
(b) and the organic peroxide (c). Specific examples thereof
include benzenesulfinic acid, sodium benzenesulfinate,
potassium benzenesulfinate, calcium benzenesulfinate, lithium
benzenesulf;l.nate, toluenesulfinic acid, sodium
toluenesulfinate, potassium toluenesulfinate, calcium
toluenesulfinate, lithium toluenesulfinate, 2,4,6-
trimethylbenzenesulfinic acid, 2,4.,6-trimethylsodium
benzenesulfinate , 2,4,6-trimethylbenzenesulfinate potassium,
2,4,6-trimethylbenzenesulfinate calcium, 2,4,6-
trimethylbenzenesulfinate lithium, 2,4,6-
triethylbenzenesulfinic acid, 2,4.,6-triethylsodium
benzenesulfinate , 2,4,6-triethylbenzenesulfinate potassium,
2,4,6-triethylbenzenesulfinate calcium, 2,4,6-1i-
propylbenzenesulfinic acid, 2,4,6-i-propylsodium
benzenesulfinate , 2,4,6-i-propylbenzenesulfinate potassium,
and 2,4,6-I-propylbenzenesulfinate calcium. For the
polymerizable composition for dental use in accordance with the
present invention, one or two or more of these aromatic sulfinic
acids (salts) may be used.

From the respect of imparting a proper polymerization rate,
the content of the aromatic sulfinic acid (salt) (e) in the
polymerizable composition for dental use in accordance with the
present invention is preferably 0.05 to 10 % by wéight. more

preferably 0.1 to 5 % by weight on the basis of the weight of

the monomer (a).
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In combination with the monomer (a), the polymerizable
composition for dental use in accordance with the present
invention essentially contains the acylphosphine oxide (b), the
organic peroxide (c), the tertiary amine (d) and the aromatic
sulfinic acid (salt) (e).

When the polymerization composition for dental use
containing camphorquinone instead of acylphosphine oxide (b),
the thickness of the unpolymerized layer on the surface of the
resulting cured product £from the composition is lai:'ge , wheréby
the hardness thereof 1s decreased, as well as causing the
reduction of the light resistance of the cured product, thereby
leading to the increase of the color change between prior to
and after polymerization‘. When the polymerizable composition
for dental use does not contain the tertiary amine (d4),
alternatively, the curing depth of the composition is less.
When the polymerizable composition for dental use does not
contain the aromatic sulfinic acid (salt) (e), furthermore, the
thickness of unpolymerized layer on the surface of the resulting
cured product is large, whereby the hardness thereof is
decreased, as well as causing the reduction of the light
. resistance of the cured product, thereby leading to the
enhancement of the color change between prior to and after
polymerization.

From the respect of the stability of the composition,
during storage and before use of the composition, the

polymerizable composition for dental use in accordance with the
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present invention should be prepared in multi-package , wherein
the organic peroxide (c) is separated from the tertiary amine
(d) and the aromatic sulfinic acid (salt) (e). The multi-
packing includes (1) two packages comprising the first package
containing the monomer (a), the acylphosphine oxide (b) and the
organic peroxide (c) and the second package containing the
tertiary amine (d) and the aromatic sulfinic acid (salt) (e):
(ii) two packages comprising the first package containing a part
of the monomer (a), the adylphosphine oxide (b) and the organic
peroxide (c) and the second package containing the remaining
part of the monomer (a), the tertiary mine (d) and the aromatic
sulfinic acid (salt) (e):; (iii) two packages comprising the
first package containing the monomer (a) and the organic
peroxide (c) and the second package containing the
acylphosphine oxide (b), the tertiary amine (d) and the aromatic
sulfinic acid (salt) (e):; (iv) three packages comprising the
first package containing a part of the monomer (a), the
acylphosphine oxide (b) and the organic peroxide (c), the second
package containing the remaining part of the monomer (a) and
the tertiary mine (d), and the third package containing the
remaining part of the monomer (a) and the aromatic sulfinic acid
(salt)(e).

The polymerizable composition for dental use in accordance
with the present invention may satisfactorily containa filler,
1f necessary, in combination with the components described

above. Particularly when the polymerizable composition for

- 23 -
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dental use in accordance with the present invention is used for
a bonding agent or a compoéite resin for dental use, the
composition preferably contains a filler, from the respect of
the strength of the resulting cured product.

The content of a filler in the polymerizable composition
for dental use is preferably at a ratio of the monomer: (a) :
the filler = 100 : 0 to 10 : 90 (in weight ratio). Particularly
when the polymerizable composition for dental use in accordance

with the present invention is a bonding agent or a composite

resin, the composition preferably contains a filler within a

ratio of the monomer (a) : the f-iller = 80 : 20 to 10 : 90 (in
weight ratio);'when the polymerizable composition is an

adhesive agent, the composition preferably contains a filler
within a ratio of the monomer (a)° : the filler = 70 : 30 to 100 :

0 (in weight ratio).

The filler may satisfactorily be any of inorganic fillers,
organic fillers, inorganic and organic complex fillers, or a
mixture of inorganic fillers and organic fillers.

Examples of such inorganic fillers may include soda glass,
lithium borosilicate glass, barium glass, strontium glass, zinc
glass, fluoroaluminum borosilicate glass, borosilicate glass,
crystal quartz, fumed silica, synthetic silica, alumina
sillicate, amorphous silica, glass ceramics or mixtures thereof.

From the respect of uniformity for mixing, generally, the

particle size of the inorganic fillers is preferably 150 4 m

PO .,M\.wwwm.uu;: R —_— - et o AN, sy T 1 -



CA 02262744 1999-02-09

or less, more preferably 100 4 m or less, but inorganic fillers

outside above limitation may also be used. If necessary,
several types of inorganic fillers with different particle
sizes may be mixed together and the resuiting mixture may
satisfactorily be used.

S0 as to improve the affinity with the monomer (a) and with
the resulting cured product after polymerization, preferably,
the inorganic fillers may be subjected to surface treatment.
As such surface treating agent, use may satisfactor:l.ly_be made
of conventionally known silane compounds (silane coupling
agents), specifically including for example

vinyltrimethoxysilane, vinyltriethoxysilane,

vinyltrichlorosilane, vinyltri( [ -methoxyethoxy)silane,
7T -methacryloxypropyltrimethoxysilane,

T - glycidoxyprOpyltrimethoxys ilane,

7 -mercaptopropyltrimethoxysilane, and

T -aminopropyltriethoxysilane.

The organic fillers may include organic polymer powder which
1s preliminarily produced by polymerizing the monomer (a).

Additionally, use may satisfactorily be made of composite
fillers recovered by polymerizing a polymerizable monomer in
the presence of an inorganic filler in dispersion.

The present polymerizable composition for dental use may

contain fluoride releasing fillers, for example polysiloxane
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coated metal fluorides as described in Japanese Patent
Application Laid-Open No. 10-36116, and in that case, a
polymerizable composition for dental use with an effect of

preventing caries can be obtained.

The present photo-polymerizable composition for dental use
may contain polymerization inhibitors, ultraviolet absorbents,
pigments, and solvents. Specific examples of the solvents may
include water, ethanol, i-propanol, acetone,
dimethylsulfoxide, dimethylformamide, ethyl acetate, butyl
acetate, and one or two or more of these soivents may be used.

The polymerizable composition of the present invention can
effectively be used for utilities, for example as cements for
dental use, such as resin cement and resin reinforced glass
lonomer cement, composite resins for dental use and compomers
for dental use, such as filling and restorative materials, core
build-up materials, pits and fissure sealant; adhesives for
dental use, such as bonding agents and adhesives for orthodontic
devices; dental primers; opaque primers and the like.

For using the present polymerizable composition for dental
use as a composite resin, even a deep cavity can be filled, owing
to the large curing depth, so that a cured product with greater
hardness is yielded even in such depth, effectively retaining
aesthetic beauty with lesé discoloration.

When the present polymerizable composition for dental use
1s used as a cement, the composition has such greater surface

curability that the wear of cement lines can be prevented, with
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less discoloration, which effectively works to retain aesthetic

beauty.

When the present polymerizable composition for dental use
is used as a bonding agent, the composition has such. a larger
polymerization rate that the adhesion procedure is simple,
which works to readily promote treatment prodedures by using
other restorative materials such as composite resin.

When the present polymerizable composition for dental use
1s used as primer, the composition has such excellent curability

of penetrated components into the tooth that the adhesion can

be improved.

Additionally, the polymerizable composition of the present
invention may satisfactorily be used as coating agents,

adhesives and fillingmaterials for general industries, besides

dental uses.
Best Mode for Carrying out the Invention

The present invention will now be described in detail in
the following examples, but it is in noway intended to be 1imited
by these examples.

In the following examples, the properties of the
polymerizable composition or the cured product thereof after
polymerization were measured as follows.

(1) Thickness of surface unpolymerized layer

In the following examples and comparative examples, the

compositions A and B were equally weighed and mixed together,

to prepare individual polymerizable compositions for dental use,
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which were then filled in a mold made of Teflon having a diameter
of 10 mm and a thickness of 1 mm, followed by smoothing of the
surface and subsequent irradiation with a dental 1rradiator
(manufactured by Morita Corporation; "Lightel II") for 20
seconds. After irradiation, the unpolymerized part on the
surface was wiped off, and then, the thickness of the
unpolymerized layer was calculated on the basis of the change
in weight between prior to and after the wiping procedure.
(2) Brinell hardness

In the following examples and comparative examples, the
compositions A and B were equally weighed and mixed together,
to prepare individual polymerizable compositions for dental use,
which were then filled in a metal mold of a diameter of 10 mm
and a thickness of 5 mm, followed by covering under pressure

with a glass plate, and the compositions were left to stand in

darkness at 37 C for 30 minutes, to prepare products cured

through chemical polymerization. The Brinell hardness of the
surface of each cured product was measured, after taking the

glass plate off, by using Microbrinell Hardness Tester

(manufactured by Mori Tester Seisakusho).
(3) Curing depth

In the following examples and comparative examples, the
compositions A and B were equally weighed and mixed together,
to prepare 1ndividual polymerizable compositions for dental use,

which were then filled in a metal mold of a diameter of 4 mm
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and a height of 12 mm, followed by covering with cover glass,
and then, the compositions were irradiated from the above with
a dental irradiator (manufactured by Morita Corporation;

"Lightel II") for 20 seconds. Immediately after irradiation,
the cured products were removed out of the mold, to wipe off
the unpolymerized layer and measured the height of the cured

products with a slide gauge.
(4) Light resistance (AE,)

In the following examples and comparative examples, the
compositions A and B were equally weighed and mixed together,
to prepare individual polymerizable compositions for dental use,
which were then filled in a metal mold of a diameter of 20 mm
and a thickness of 1 mm, followed by photo~irradiation with a

dental irradiator (manufactured by Morita Tokyo Corporation;
"@-Light II") for 5 minutes to cure the composition. A half

surface of each of the cured product was covered with aluminium

foil, followed by irradiation of light of 150,000 lux in water

at 37 C for 24 hours. By using a color measuring system

(manufactured by Nippon Denshoku; "2 90"), the colors of the

resulting non-irradiated face covered by aluminium foil and the
resulting irradiated face were counted on an L*a*b* color
specification system. Then, the color difference between

above-mentioned two faces was determined by the following

equation; AE; =(AL** + Aa*? + Ab*?)Y2  ywhich was used as an
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indicator of light resistance.

(5) Color change between prior to and after polymerization (A

E;)

In the following examples and comparative examples, the

compositions A and B were equally weighed and mixed together,
to prepare individual polymerizable compositions for dental use,
which were then filled in a metal mold of a diameter of 20 mm

and a thickness of 1 mm, to count the colors on an L*a*b* color

specification system by using a color measuring system

(manufactured by Nippon Denshoku; ™ 2‘ 90"). Then, the

compositions were irradiated with a dental irradiator

(manufactured by Morita Tokyo Corporation; "a-Light II") for

5 minutes, and the colors of the resulting cured products were

counted in the same manner, to determine the color change

between prior to and after polymerization by the following
equation

AB, =(AL** + Aa*® + Ab#*?2)1/2,

(6) Color fastness in hot water and in darkness (AE;)

In the following examples and comparative examples, the
compositions A and B were equally weighed and mixed together,
to prepare individual polymerizable compositions for dental use,
which were then filled in a metal mold of a diameter of 20 mm

and a thickness of 1 mm and were then left to stand in darkness

at 37 C for 30 minutes, to prepare cured products. By using
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a color difference meter (manufactured by Nippon Denshoku; "2

90" ), the color of the resulting cured products was counted on

an L*a*b* color specification system. Then, the cured products

were placed in hot water (purified water) at 70 C in darkness

for one week. After drawing out the products from the water,
the color was counted in a similar manner, to determine the color

change between prior to and after immersion in hot water, by
the following equation AE; =(AL*? + Aa*? 4+ Ab*?)V/2

(7) Photo-polymerization time

In the following examples and comparative examples, the
compositions A and B were equally weighed and mixed together,
and the tip of a thermocouple was immediately inserted into the
resulting mixtures (polymerizable compositions), followed by
photo-irradiation with a dental irradiator (manufactured by
Morita Corporation; “"Lightel II"). The time required for the
temperature of the polymerization heat to reach the peak,

monitoring with the thermocouple, was designated as photo-

polymerization time.

Examples 1 to 3 and Comparative Examples 1 and 2

(1) By u.sing bisphenol A A diglycidyl ether (abbreviated as
"Bis-GMA" hereinafter), triethylene glycol dimethacrylate
(abbreviated as "TEGDMA" hereinafter) , l1l0-methacrylovyloxy-
decyldihydrogen phosphate (abbreviated as "MDP" hereinafter)

and 2—hydroxyethyl methacrylate (abbreviated as "HEMA”
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hereinafter) as the monomer (a), and by using 2,4,6-
trimethylbenzoyldiphenylphosphine oxide or 2,4,6-
trimethylbenzoylphenylphosphinate ethyl ester as the
acylphosphine oxide (b), benzoyl peroxide as the organic
peroxide (c) and N,N-bis(2-hydroxyethyl)-p-toluidine
(abbreviated as “diethanol-p-toluidine” hereinafter) as the
tertiary amine (d), and sodium benzenesulfinate as the aromatic
sulfinic acid (salt) (e), in combination with camphorgquinone,
quartz powder and polysiloxane coated sodium fluoride, all the
above substances being at the amounts shown in Table 1 below,
two polymerizable compositions for dental use, the composition
A and the composition B, were prepared respectively.

(ii) By using the polymerizable compositions for dental use as
prepared above in (i), the thickness of the unpolymerized layer
on the surface, Brinell hardness and light resistance of the
cured products from the polymerizable compositions were
measured according to the methods described above. The results

are as shown in Table 1 below.
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[Table 1]

Examplie 1 | Example 2 Compara-
tive
Exampie 1

[Polymerizable compositions
for dental use]

Compara-
tive
Example 2

Composition A (parts by weight):
Monomer (a)"
Bis—GMA

SO S UE AN PO S I TR AT NI IO RANGRN R ERARRY R RPNt AN PR FE RO SNSARTARTNC PRt RO NN E R RGO A RGOSR PR AUNS RSt A NS R IR R e R AP RS P NS PR R TSP IR PR SR AR R AL S PSS T ISR IAAS S REA S D r e s e s A N NAN AR RS TI T RN N OY T R R I P U O UEI YR AR A PR PR PREENEe

L. S— .
NDP

Component (b)?
b

b,
Component (c)
‘ Benzoyl peroxide

"~ Camphorauinone | 0 | 0
" Quartzpowder | 300 | 300

Composition B (parts by weight):
Monomer (a)"
Bis—GMA
™~ T E TR BT R Ea T Sa— e
T T

Component (d)
‘Diethano!l-p-toluidine

Component (e)
Sodium benzenesulfinate

Polysiloxane coated sodium
fluoride

Quartz powder
[Prop el’t] = - R
Thickness of unpolymerized

layer (u m)

Brinell hardness (HB) | 41,5

Light resistance (A E,)

1) Monomer (a)

Bis-GMA: bisphenol A diglycidyldimethacrylate
TEGDMA: triethyleneglycol dimethacrylate

MDP: 10;methacryloyloxydecyldihydrogen phosphate
HEMA: 2-hydroxyethyl méthacrylate

2) Component (b) [acylphosphine oxide]
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b;: 2,4,6-trimethylbenzoyldiphenylphosphine oxide

bz: 2,4,6-trimethylbenzoylphenylphosphinate ethyl ester

The results in Table 1 above indicate that the polymerizable
'compositions containing the monomer (a), the acylphosphine
oxide (b), the organic peroxide (c), the tertiary amine (d) and
the aromatic sulfinic acid (salt) (e) for dental use in Examples
1 to 3 have excellent surface curability because of the small

thickness of the unpolymerized layers on the surface, high

Brinell hardness and excellent chemical curability, and smaller

values of AE,; showing superior light resistance.

The polymerizable composition with no acylphosphine oxide
(b) contained therein for dental use in Comparative Example 1
has a 1larger thickness of the unpolymerized layer on the surface

than those in Examples 1 to 3, indicating far poorer surface
curability, and has larger values of AE; than those in Examples

l to 3, indicating poor light resistance.

The polymerizable composition with no tertiary amine (d)
contailned therein for dental use in Comparative Example 2 has
a far larger thickness of the unpolymerized layer on the surface
than those in Examples 1 to 3, indicating poorer surface
curability, and has far lower Brinell hardness than those of

Examples 1 to 3, showing poorer chemical curability, and larger
values of AE,; than those in Examples 1 to 3, showing poor light

resistance.
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Examples 4 to 6 and Comparative Examples 3 to 4

(i) By using bisphenol A diglycidyl ether (Bis-GMA) and
triethyleneglycol dimethacrylate (TEGDMA) as the monomer (a)
and by using 2,4 ,'6-trimethylbenzoyldiphenylphosphine oxide or
2,4,6-trimethylbenzoylphenylphosphinate ethyl ester as the
acylphosphine oxide (b), benzoyl peroxide as the organic
peroxide (c) and diethanol-p-toluidine or

4-dimethylaminobenzoate ethyl as the tertiary amine (d), and
sodium benzenesulfinate as the aromatic .sulfi'nic acid (salt)
(e), in combination with camphorquinone, quartz powder and
barium glass, all the above substances being at the ratios sh'own
in Table 2 below, two polymerizable compositions for dental use,
comprising the composition A and the composition B, were
individually prepared as shown in the following Table 2.
(ii) By using the polymerizable compositions for dental use as

prepared above in (i), the curing depth and the color difference
(AE;) between prior to and after polymerization were measured

according to the methods described above. The results are as

shown in Table 2 below.
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[ Table 2]

Example 4 | Example 5 | Example 6 | Compara- Compara-
tive tive
Example 3 Example 4

[Polymerizable compositions
for dental! use]

Composition A (parts by weight):
Monomer (a)"
Bis—GMA

SESOESOREEOIRGEDA O hiebHowdb dobratatdiPOaasLIaree

Component (b)?

AdHaa L2 2 2t 22 0 a1 L b1 . 2441 1]

" Component (c)
Benzoyl peroxide

Camphorquinone

Composition B (parts by weight):

2 2
0 | 0
400 | 400

Maonomer (a)"

Bis-GMA emeerasssseseseoessssseetresessseeafosane

e TEGDUA_

SOUNPAPYESAN RSP HA RS Peronu SO0l r v ResrPoossRionddhRdw L]

Component (d)

Diethanol-p-toluidine

AARGAPSSPORPOLBPII NP ENAASPRRARNPNPASSNGEOOTOTSVPONESRAERAQGReagUu IS RATRuT I ESCA N NDO T ES JOOs OO RNOSTESR SO SRRSO ROCR RS STRRCRICOROLRNRR RS lAAd PRI T OO TOS AP IRRAREY ROV leor R IOV SO O RIS ERASFTIOOFIOPRIVPETSOTRIDOTOOIGARETISS

4-dimethylaminobenzoate

ethyl

Quartz powder

[Properties]

Curing depth (mm)
Color difference between prior to
and after polymerization (AE,)

1) Monomer (a)

Bis-GMA: bisphenol A diglycidyl dimethacrylate
TEGDMA: triethyleneglycol dimethacrylate

2) Component (b) [acylphosphine oxide]

b;: 2,4,6-trimethylbenzoyldiphenylphosphine oxide

b,: 2,4,6-trimethylbenzoylphenylphosphinate ethyl ester
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The results i1in Table 2 above indicate that the polymerizable
compositions containing the monomer (a), the acylphosphine
oxide (b), the organic peroxide (c), the tertiary amine (d) and
the aromatic sulfinic acid (salt) (e) for dental uSe in Examples

4 to 6 have larger curing depth with higher photo-polymerization,
and smaller values of color difference (AEQ) between prior to

and after polymerization, sUggesting excellent color.
Alternatively, the polymerizable composition containing

camphorquinone in place of the acylphosphine oxide (b) in
Comparative Example 3 has a smaller curing depth than those in

Examples 4 to 6, indicating poorer photo-polymerization, and
larger values of color difference (AE,;) between prior to and

after polymerization, showing that the color of .the composition
largely changes between prior to and after polymerization. ‘

The polymerizable composition with no tertiary amine (d)
contained therein for dental use in Comparative Example 4 has
far smaller curing depth than those in Examples 4 to 6,

indicating far poorer photo-polymerization than those of
Examples 4 to 6, and larger values of color difference (AE,)

between prior to and after polymerization, showing larger color

change between prior to and after polymerization.

Examples 7 and 8 and Comparative Example 5
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(i) By using bisphenol A diglycidyl ether (Bis-GMA) ,
triethyleneglycol dimethacrylate (TEGDMA),
10-methacryloyloxydecyldihydrogen phosphate (MDP) and
2-hydroxyethyl methacrylate (HEMA) as the monomer (a), and by
using 2,4,6-trimethylbenzoyldiphenylphosphine oxide or
2,4,6-trimethylbenzoylphenylphosphinate ethyl ester as the
acylphosphine oxide (b), benzoyl peroxide as the organic
peroxide (c) and diethanol-p-toluidine as the tertiary amine
(d), and sodium benzenesulfinate as the aromatic sulfinic acid
(salt) (e), in combination with camphorquinone and colloidal
silica, all the abové substances being at the 'amounts shown’ in
Table 3 below, two polymerizable compositions for dental use,

comprising the composition A and the composition B as shown in

Table 3 were individually prepared.

(ii) By using the polymerizable compositions for dental use as
prepared above in (i), the photo-polymerization time was

measured according to the method described above. The results

are as shown in Table 3 below.
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[ Table 3]

Example 7 Example 8 Comparative
. Example 5

[Polymerizable compositions
for dental use]

Composition A (parts by weight):
Monomer (a)"
Bis-GMA

SIS0 ssoad 56 POPOOOROPRAOPNEESOEPIGEERESO SN PLEIPSRICIVIN I NERTPE SRR A AN NERPEPISARLBROSERSD SRS EPPIRRIO v eI DI PO EITODITORIOROGT P RTYSOOOATAEADRD

" Component (c)
Benzoyl peroxide

Camphorquinone

Collaidal silica
Composition B (parts by weight):

Monomer (a)V
-~ Bis—GMA

PHASEALAOBASR AP EOPI NPT OCADRERO ISP TATOTORATINE IO POSSSSOO TSI EPIPISDENFNASE IR RENSSOPESRAS AT RARANGORETSRGOTOCOEPEOTIPE R SUUSAPRYBORPARIAN OIS LSO AOROPNSSSRNPINPAASSORNSRGB SNSRI rnAnuafielivi vt PCOCOIPIERPREY

...
HEMA

PASLSORPDESRPIRS NSO ANSENNSTPOIRGOCACOITORIISIEONE IO PARR TS I RAARAA RSO R R A RISttt adoR PO RN EOAS P IR YT R AR EPP S RACTEO RCAa AR ROl FP ROt vl BOle R Rt ARt iwdtub it atbhrf® e RedvarttsiabubbentapenbApeeReP e R YO OPSEOUES®

Component (d)

Diethanol-p-toluidine

SLPARSPEEFIGAN IS UNAT IO EPRAdERARG A0 RARNS S RoPPeoP PTG RT PRSI RS AR SRS RERANYRAPESALI P AT OTET O ONI TISAYINEORCOP RO SCSEVIROE P PP TRRG RPN OER IS RREAR RIS ERPSeRPIRRESEEIP NSO RSERPPOPRIPEPORRCIEOOROP OGS RIROIRLtABaN

Component (e)
Sodium benzenesulfinatg”

[Properties]
Photo-polymerization time
(seconds)

1) Monomer (a)

Bis-GMA: bisphenol A diglycidyl dimethacrylate
TEGDMA: triethyleneglycol dimethacrylate

MDP: l1l0-methacryloyloxydecyldihydrogen phosphate
HEMA: 2-hydroxyethyl methacrylate

2) Component (b) [acylphosphine oxide]

by: 2,4,6-trimethylbenzoyldiphenylphosphine oxide
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b, 2,4;6-trimethylbenzoylphenylphosphinate ethyl ester

The results in Table 3 above indicate that the polymerizable
compositions containing the monomer (a), the acylphosphine
oxide (b) i.e. 2,4,6-trimethylbenzoyldiphenylphosphine oxide
or 2,4,6~-trimethylbenzoylphenylphosphinate ethyl ester, the
érganic peroxide (c) i.e. benzoyl peioxide, the tertiary amine
(d) i.e. diethanol-p-toluidine and the aromatic sulfinic acid
(salt) (e)li.e. sodium benzenesulfinaté for dental use in
Examples 7 and 8 have a short photo-polymerization time,
suggesting that the compositions can be polymerized and cured

on photo-irradiation for a short time.

The polymerizable composition for dental use, containing
camphorquinone instead of the acylphosphine oxide (b), in
Comparative Example 5, has a longer photo-polymerization time
than those in Examples 7 and 8, indicating that a longer time

is required for polymerizing and curing the composition on

photo-irradiation.

Examples 9 and 10 and Comparative Example 6

(i) By using bisphenol A A diglycidyl ether (Bis-GMA) and
triethyleneglycol dimethacrylate (TEGDMA) as the monomer (a),
2,4,6-trimethylbenzoyldiphenylphosphine oxide or 2,4,,6-
trimethylbenzoylphenylphosphinate ethyl ester as the
acylphosphine oxide (b), benzbyl peroxide as the organic

peroxide (c) and diethanol-p-toluidine as the tertiary amine
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(d), and sodium benzenesulfinate as the aromatic sulfinic acid
(salt) (e), in combination with camphorquinone and quartz

powder, all the above substances being at the ratios shown in
Table 4 below, two polymerizable compositions for dental use,
comprising the composition A and the compo'sition B as shown in

Table 4 were individually prepared.
(ii) By using the polymerizable compositions for dental use as
prepared above in (i), the Brinell hardness and curing depth

were measured according to the methods described above. The

results are as shown in Table 4 below.
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[Table 4]

Example 9 Example 10 Comparative
Example 6

[Polymerizable compositions
for dental use]

Composition A (parts by weight):
Honomer (a)”

nadaen maYRpadRlvEst Ot OOPOosUSSaniubad » -

“Component (b)?

Component (d)
Diethanol-p—-toluidine

Composition B (parts by weight):

Monomer (a)”

- Bi S-G"A asnascssassessusnnarsansssesessassasessselervatsnanonsnsansonnen avsrsesmessfrsascnsnssevnsaseassnrencrnnnuasnssnassfhostsassensnnsnnsansscassosncsacnsosnessrsonne

TEGDMA

“Component (c)
Benzoyl peroxide & e ot B2

o Quartz powder

[Properties]
Brinell hardness (HB)

Curing depth (an BT Y T

1) Monomer (a)

Bis-GMA: bisphenol A diglycidyl dimethacrylate
TEGDMA: triethyleneglycol dimethacrylate

2) Component (b) [acylphosphine oxide]

b;: 2,4,6-trimethylbenzoyldiphenylphosphine oxide

b,: 2,4,6-trimethylbenzoylphenylphosphinate ethyl ester
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The results above in Table 4 indicate that the polymerizable
compositions containing the monomer (a), the acylphosphine
oxide (b), the organic peroxide (c), the tertiary amine (d) and
the aromatic sulfinic acid (salt) (e) for dental use in Examples
9 and 10 have greater Brinell hardness and excellent chemical
polymerization as well as larger curing depth, than those of
the polymerizable composition for dental use in Comparative

Example 6, suggesting excellent photo-polymerization.

Examples 11 and 12 and Comparative Example 7

(i) By using bisphenol A diglycidyl ether (Bis-GMA) and
triethyleneglycol dimethacrylate (TEGDMA) as the monomer (a),
and by using 2,4,6-trimethylbenzoyldiphenylphosphine oxide or
2,4,6-trimethylbenzoylphenylphosphinate ethyl ester as the
acylphosphine oxide (b), benzoyl peroxide as the organic
peroxide (c) and diethanol-p-toluidine as the tertiary amine
(d), and sodium benzenesulfinate as the aromatic sulfinic acid
(salt) (e), in combination with camphorquinone, all the above
substances being at the ratios shown in Table 5 below, two
polymerizable compositions for dental use, comprising the
composition A and the composition B as shown in Table 5 were

individually prepared.

(ii) By using the polymerizable compositions for dental use as

prepared above in (i), the light resistance (AE,), the color

change (AE,) between prior to and after polymerization and the
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color fastness in hot water and in darkness (AE3) were measured.

The results are as shown in Table 5 below.

[ Table 5]

Example 11 Example 12 Comparative
- Example 7

[(Polymerizable compositions
for dental use]

Composition A (parts by weight):
Monomer (a)"
Bis-GMA

CRDPADS OHODO SISO NSRS PITODEOETTITOPre RS NPt uPdAYRAS S IOUERPOAPYR SOOROOREISETRNSPIFgeédn PO NORdravPAdd ISP RN AR O RPN PPaeer RS OFS G Ravr i erslrrnnneRdinbse b MTaEARDIEN SUSSPIIRIRGRREISOdE ISHOESHASSEMOGAOOOSRe S b PRl

-

— ponent(b)” cecsesesessosasssssnsresastafeseresessansmisservenesssesrastsarascisaneaniesnasresesmesseneesssss sntssnne fassesernsasereesssnsnereseressesrorseussenes

Diethanol-p—-toluidine 0.5 0.5

AJOOUVRSORGTRAGGLPP RO PIPPRIYOCPTragse g ru RAARESDOPOTRROSIS

_...Camphorquinone
Composition B (parts by weight):

Monomer (a)"
Bis-GMA

Ay P PTudan P tAA B ISR RO O OTASPARSOR RSO PSP RN N AP RSAS PSS OROCRPRRREPRARA AR POSPOAPESEY RACOAPRRSIEARTRRTeta b rPRetRRiuhbtabnuss SOV OrSRORSORGOERROITEPIRARPSRERRNGAC I R OIASSESIOROTCOORSPPRPLAFRNISRREEPEPRINITRTAGd RO

TEGDMA

PP RESREUREP RNt IR Rl rva Rl P heGSdAt ARl OACENR RSO N CARTONE PR ACARaSRPROSNASY R R RGNS Gl RO RGOSR TORARANACAGTRARSSOOTINOISOIROIEIRRaAnDY SRGACETOIPPIPLAPICESLSERRPAGubeB RS GP AUl BAaRaRaN e Rintn e PSaRSSOAFRAYRCsagaabrubLsta

Component (¢)
Benzoyl peroxide

Ton reste w | oum
Color change between prior to and
after polymerization _-
(A E,)

— b - —

Color fastness in hot water and iIn
darkness (A E,)

1) Monomer (a)

Bis-GMA: bisphenol A diglycidyl dimethacrylate
TEGDMA : triethyleneglycol dimethacrylate

2) Component (b) [acylphosphine oxide]

b;: 2,4,6-trimethylbenzoyldiphenylphosphine oxide

b,: 2,4,6-trimethylbenzoylphenylphosphinate ethyl ester
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The results in Table 5 above indicate that the polymerizable
compositions containing the monomer (a), the acylphosphine
oxide (b), the organic peroxide (c), the tertiary amine (d) and

the aromatic sulfinic acid (salt) (e) for dental use in Examples
11 and 12 have far smaller light resistance values (AE;) than

the value of the polymerizable composition with no
acylphosphine oxide (b) contained therein for dental use in

Comparative Example 7, showing that the compositions have
excellent light resistance, and far smaller values (AE,) of

the color change between prior to and after polymerization,
showing that the compositions have excellent color stability,

and smaller values of color fastness in hot water and in darkness
(AE;), showing that the color of the compositions is less

discolored in hot water and in darkness.

Industrial Applicability

The polymerizable composition for dental use in accordance
with the present invention exerts excellent curability by any
of photo-polymerization 'and chemical polymerization.

Additionally, the polymerizable composition for dental use
in accordance with the present invention has a color suitable
for dental use, with less color change between prior to and after
polymerization (prior to and after curing), excellent light

resistance and penetrated less fading.
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Furthermore, the polymerizable composition for dental use
in accordance with the present invention can produce a cured
product with a smaller thickness of the unpolymerized layer on
the surface and high hardness, and can additionally produce a
cured product with sufficient hardness and strength even in
depth, because the composition has larger curing depth.

The polymerizable composition for dental use in accordance
with the present invention additionally has excellent color
fastness in hot water and in darkness, so that the composition

is less discolored even if the composition 1s exposed to hot

water in the oral cavity.

Still additionally, the polymerizable composition for
dental use in accordance with the present invention has
excellent adhesion to teeth and metals, and the composition has
much more high adhesion to teeth in combination with an acid
monomer with an acid group for a part of the monomer (a).

Accordingly, the polymerizable composition for dental use
in accordance with the present invention may effectively be used
for utilities, for example as bonding agents for dental use,
such as resin cement and resin reinforced glass ionomer cement;
composite resins for dental use and compomers for dental use,
such as fissure restorative materials, support construction
materials, sealant; adhesives for dental use, such as tooth

bonding agents and adhesives for orthodontic devices; dental

primers; and opagque primers.
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For using the present polymerizable composition for dental
use as a composite resin, in particular, even a deep cavity can
be filled just once because the curing depth of the composition
is large, so that a cured product with greater hardness is
yielded even in such depth, effectively retaining aesthetic
beauty with less discoloration.

When the present polymerizable composition for dental use
is used as a bonding agent, the composition.additionolly'has
- such greate.r surface curability that the wear of cement lines
can be prevented, with less discoloration, which effectively
works to retain aesthetic beauty.

When the present polymerizable composition for dental use
is used as a dental adhesive, furthermore, the composition has
such a larger polymerization rate that the application of the
composition is simple, which works to readily promote treatment
with other restorative materials such as composite resin.

When the present polymerizable composition for dental ose
is used as a dental primer, furthermore, the composition has
such excellent curability when penetrated into teeth that it

shows much improved adhesion to teeth.
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What is claimed is:

1. A polymerizable composition for dental use, comprising
monomer (a) with at least one polymerizable olefinic
unsaturated group, acylphosphine oxide (b) ,' organic peroxide

(c), tertiary amine (d) and aromatic sulfinic acid and/or a salt

thereof (e).

2. A polymerizable composition for dental use according to
claim 1, comprising a monomer with at least one polymerizable

olefinic unsaturated group and an acid group for a part of the

monomer (a).

3. A polymerizable compositlion for dental use according to
claim 1, wherein the organic peroxide (c) is separately packed

from the tertlary amine (d) and the aromatic sulfinic acid or

a salt thereof (e).

4. A polymerizable composition for dental use according to
claim 1, comprising the acylphosphine oxide (b) within a range
of 0.05 to 20 % by weight, the organic peroxide (c) within a
range of 0.05 to 20 % by weight, the tertiary amine (d) within
a range of 0.5 to 10 % by weight and the aromatic sulfinic acid

and/or a salt thereof (e) withinarangeof 0.05 to 10 ¥ by weight.

5. A polymerizable composition for dental use according to

claim 1, wherein the acylphosphine oxide (b) is
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benzoyldiphenylphosphine oxide and/or
benzoylphenylphosphinate ester which may have or may not have
substituent respectively and the organic peroxide (c) is

diacylperoxide.

6. A polymerizable composition for dental use according to
claim 1, wherein the adylphosPhine oxide (b) is
2,4,6-trimethylbenzoyldiphenylphosphine oxide and/or
2,4,6-trimethylbenzoylphenylphosphinate alkyl ester and the

organic peroxide (c) 1is benzoyl peroxide.

7. A polymerizable composition for dental use according to

claim 1, wherein the monomer (a) is a (meth)acrylate monomer.
8. A polymerizable composition for dental use according to

claim 1, comprising a filler at a welght ratio of the monomer :

the filler = 99.9 : 0.1 to 10 : 90.
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