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(7) ABSTRACT

Stable and substantially filled cationic dental compositions
are described which include:

(1) at least one cationically reactive compound (A);
(2) at least one dental filler (B);

(3) optionally, at least one dispersant (C) composed of
at least one organic polymer or copolymer;

(4) at least one cationic photoinitiator (D); and

(5) optionally, at least one photosensitizer (E). The
dental filler (B) is treated with at least one organo-
silicon coupling agent (F), and

at least one compound (G). The organosilicon coupling
agent (F) has at least one reactive function (rfA)
directly linked to a silicon atom forming after acti-
vation of a chemical bond with the dental filler, and
at least one reactive function (rfB) not directly linked
to a silicon atom, forming after activation, a chemi-
cal bond with a reactive function (rfC) of the com-
pound (G).
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STABLE CATIONICALLY
CROSSLINKABLE/POLYMERIZABLE DENTAL
COMPOSITION WITH A HIGH FILLER CONTENT

[0001] The field of the invention is that of dental compo-
sitions. More specifically, the dental compositions devel-
oped in the context of the present invention may be used for
making dental prostheses and for dental restoration.

[0002] These dental compositions are conventionally
epoxy resins, or photopolymerizable silicones or free-radi-
cal-polymerizable acrylate resins. These compositions also
include particulate reinforcing fillers (e.g. hydrophobicized
silica), photoinitiators and optionally photosensitizers or
even other functional additives such as pigments or stabi-
lizers.

[0003] Once mixed together, these compositions are
shaped and then photocrosslinked into a mass whose struc-
ture is similar to that of teeth.

[0004] The fact that the filler consists of very fine particles
(a 0.01 to 5 um) with a large specific surface area is a factor
that limits its degree of incorporation into the resin. The
reason for this is that said resin has a limited absorption
capacity. As a result, the filler contents of such compositions
rarely reach more than 45% by volume. This therefore
penalizes the mechanical reinforcing function assigned to
the particulate filler.

[0005] Furthermore, dental compositions are formulated
with reinforcing fillers such as mineral glasses or combus-
tion silicas of very low particle size, the surface silanols
and/or residual water of which react with the cationic
functions, preventing the compositions from being stored.
This is also the case when these glasses or these combustion
silicas are pretreated with silanes, for instance glycidylox-
ypropyltrimethoxysilane or glycidyloxypropyltriethoxysi-
lane, or even methacryloxypropyltrimethoxysilane. Rein-
forcing fillers interact with the reactive functions of the
(photo)polymerizable/crosslinkable species and are thus the
cause of instability problems of the dental composition
during its storage, which may be up to several months. This
phenomenon of instability on storage is accentuated for
substantially filled compositions (i.e. overall filler content
250%).

[0006] U.S. Pat. No. 6,306,926 concerns dental composi-
tions based on epoxy resins (e.g. UVR® 6105, EPON® 828,
GY281®), oxetane or vinyl ether, inter alia, which are
polymerizable/crosslinkable, cationically and under irradia-
tion, and optionally free-radical-polymerizable (meth)acry-
late resins. Besides polymerization inducers such as cationic
photoinitiators and optionally free-radical initiators, depend-
ing on the case, these compositions comprise a radio-opaque
microparticulate mineral filler selected from the following
metallic compounds: oxides, halides, borates, phosphates,
silicates, carbonates, germanates, tetrafluoroborates,
hexafluorophosphates, having an isoelectric point of less
than 7. This composition is such that its Barcol hardness is
at least 10, after 30 minutes of cationic polymerization at 25°
C.

[0007] These resins have the drawback of not being fully
transparent to the actinic radiation for activation of the
polymerization via UV-visible radiation, which is harmful to
the reaction kinetics and thus limits the possibilities of
obtaining very thick photocrosslinked materials.
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[0008] Patent application FR-A-2 784 025 is directed
toward overcoming this problem by proposing dental com-
positions based on silicone resins that are polymerizable/
crosslinkable, cationically and under irradiation, possibly
followed by thermal post-crosslinking. These silicone resins
contain oxirane (epoxide, oxetane, etc.) or vinyl ether func-
tionalities. Such compositions comprise:

[0009] one or more cationically crosslinkable and/or
polymerizable polydimethylsiloxanes bearing on at
least one of their ends reactive functions of formula:

— CHZ_ CHZ

[0010] an effective amount of at least one initiator of
onium borate type:

CH;
CH;
3 F )

[0011]

at least one photosensitizer, and

[0012] at least one dental filler or inert reinforcing
filler based on dental glasses or on polymethyl
methacrylate or on combustion silica optionally
treated with hexamethyldisilazane or polydimethyl-
siloxane with a specific surface area of 200 m?/g,

[0013] These dental compositions are intended for the
manufacture of dental prostheses or appliances and for
dental restoration.

[0014] These silicones have the advantage over cationi-
cally crosslinking organic resins of being highly transparent
to UV-visible light and thus of allowing very thick (several
millimeters thick) photocrosslinked materials to be obtained
in a very short time (less than one minute) with a UV lamp
that emits in the visible range >400 nm.

[0015] However, these silicones are formulated with rein-
forcing fillers of Lewis acid or Bronsted acid nature, such as
ground glasses or combustion silicas of very low particle
size, the surface silanols and/or the residual water of which
react with the cationic functions. Such silicone formulations
are therefore unstable on storage. Furthermore, when these
silicones are formulated with photosensitizers of thioxan-
thone type, large chromatic variation is observed during
exposure for crosslinking purposes. This is reflected by a
pinkish coloration of the finished product (after exposure)
which is not esthetically desirable.
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[0016] Besides these problems, these silicone dental com-
positions remain to be improved as regards increasing the
filler content, so as to allow an improvement in the mechani-
cal properties.

[0017] Substantially filled dental compositions, presented
as having good mechanical properties and comprising from
10% to 70% by volume of filler (e.g. combustion silica) with
a particle size (Dm) of between 0.05 and 0.5 um (less than
50% by volume of particles of diameter ®>0.50 um), a
free-radical-photopolymerizable acrylic monomer and a dis-
persant of phosphoric acid ester type of formula:

R——CO—(CH,)s—0—1],PO,H,

[0018] are moreover known, through patent application
EP-A-1 050 291.

[0019] Such a teaching relating to free-radical dental com-
positions cannot in any way be transposed to silicone-based
cationic dental compositions. The reason for this is that the
dispersants R—[—CO—(CH,,)s—O0—],PO,H,, are not suit-
able for cationic compositions, especially since they contain
a large acidic residue RPO,H, that reacts in the presence of
oxirane functions and harms the stability of the composition.

[0020] Tt is thus seen that the prior art does not provide a
satisfactory solution to the twofold problem of stability on
storage of dental compositions based on units that are
polymerizable cationically under UV (for example oxiranes)
and of dispersion of large amounts of fillers in the resin.
Furthermore, the prior art does not provide a solution either
to the problem of the residual coloration of dental compo-
sitions after crosslinking.

[0021] One of the essential objectives of the present
invention is thus to overcome this by providing novel dental
compositions based on units that are polymerizable cationi-
cally under UV (for example oxiranes), which do not have
the drawbacks of the prior art as regards the stability on
storage and the limited filler content.

[0022] Another essential objective of the present invention
is to provide novel cationic dental compositions that are
polymerizable and/or crosslinkable in an oral environment,
which are not only stable on storage and substantially filled
(e.g. 250%), but which also have the advantage of being
highly transparent to UV-visible light and thus of allowing
very thick (several millimeters thick) photocrosslinked
materials to be obtained in a very short time (less than one
minute) with a UV lamp that -emits in the visible range >400
nm.

[0023] Another essential objective of the present invention
is that of providing novel cationic dental compositions that
are polymerizable and/or crosslinkable in an oral environ-
ment, which are stable, substantially filled (e.g. 250%),
easy and economical to prepare, but also which do not have
the drawback of generating spurious colorations after
crosslinking.

[0024] Another essential objective of the present invention
is that of providing a novel process for treating a reinforcing
filler, in particular a dental reinforcing filler, such that it can
satisfy the constraints outlined above when it is used espe-
cially as a reinforcing filler in a dental composition.

[0025] These objectives, among others, are achieved by
the present invention, which relates firstly to a dental com-
position comprising:
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[0026] (1) at least one cationically reactive com-
pound (A);

[0027] (2) at least one dental filler (B);

0028] (3) optionally at least one dispersant (C) com-
P y P
prising at least one organic polymer or copolymer;

[0029] (4) at least one cationic photoinitiator (D);
[0030] (5) and optionally at least one photosensitizer

>

[0031] said composition being characterized in that at least
one dental filler (B) is treated:

[0032] a) with at least one organosilicon coupling
agent (F) and

[0033] b) with at least one compound (G),

[0034] said organosilicon coupling agent (F) comprising
at least one reactive function (rfA) directly linked to a silicon
atom reacting with the dental filler, and at least one reactive
function (rfB) not directly linked to a silicon atom, reacting
with a reactive function (rfC) of the compound (G).

[0035]

[0036] the reactive function (rfA) directly linked to a
silicon atom of the organosilicon coupling agent (F)
is an alkoxy, enoxy or hydroxyl function;

[0037] the reactive function (rfB) not directly linked
to a silicon atom of the organosilicon coupling agent
(F) is an oxirane, oxetane, hydroxyl, acid, carboxylic
acid anhydride or diol function; and

[0038] the reactive function (rfC) of the compound
(G) is an oxirane, oxetane, alkenyl ether or carbonate
function.

In one preferred embodiment:

[0039] The inventors have, to their credit, shown, surpris-
ingly and unexpectedly, that it is possible to treat the surface
of the filler and thus to increase the filler content and
therefore to reinforce the material while at the same time
improving the stability on storage of the composition. This
stability is reflected by a shelf life of several months or
years.

[0040] This technical solution is all the more advanta-
geous since it is economically viable and easy to implement.

[0041] Ttis also advantageous to note that this composition
is satisfactory in terms of limiting the shrinkage after
polymerization/crosslinking, which is entirely noteworthy in
the dental application.

[0042] According to one preferred variant of the inven-
tion, the dental composition according to the invention
comprises at least one dental filler (B) treated via a process
(I) comprising the following steps:

[0043] a) the dental filler (B) and at least one orga-
nosilicon coupling agent (F) comprising at least one
alkoxy and/or hydroxyl function directly linked to a
silicon atom and at least one oxirane, oxetane,
hydroxyl, acid, carboxylic acid anhydride and/or diol
function are mixed together in solvent medium,
preferably in aqueous medium,

[0044] b) the solvent is evaporated off to obtain an
intermediate dental filler (B-1),
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[0045] c) the intermediate dental filler (B-1) under-
goes a heat treatment so as to allow the coupling
reaction between the intermediate dental filler (B-1)
and the coupling agent (F) and thus to obtain an
intermediate dental filler (B-2),

[0046] d) the intermediate dental filler (B-2) is next
mixed in solvent medium with at least one com-
pound (G) comprising at least one oxirane, oxetane,
alkenyl ether and/or carbonate function,

[0047] e) the solvent is evaporated off to obtain an
intermediate dental filler (B-3), and

[0048] ) the intermediate dental filler (B-3) under-
goes a heat treatment so as to allow the reaction
between the intermediate dental filler (B-3) and the
compound (G) and thus to obtain a treated dental
filler (B-4).

[0049] According to another preferred variant of the
invention, the heat treatment of steps c¢) and f) of the process
(D) is performed by heating to a temperature of less than or
equal to 200° C., preferably less than or equal to 165° C. and
even more preferably of between 100 and 165° C

[0050] According to one preferred embodiment, the over-
all content of dental fillers (B) represents up to 85% by
weight and preferably between 60% and 80% by weight
relative to the total weight of the dental composition.

[0051] Advantageously, the treatment of the dental filler
(B) is performed with up to 20% by weight, preferably
between 1% and 15% by weight and even more preferably
between 2% and 10% by weight of the compound (G)
relative to the total weight of the dental composition.

[0052] The treatment of the dental filler (B) with the
organosilicon coupling agent (F) is preferably performed
with compounds of formula:

®

(RO)3-X X
\Si
|
RY,
[0053] in which formula:

[0054] R is ahydrogen or a linear or branched C1-C4
alkyl or alkenyl radical,

[0055] R'is a linear or branched alkyl radical or a
phenyl radical,

[0056] x is equal to 0, 1 or 2, and
[0057] X being defined by the following formula:

o (M-1)
= —E—(O—D)Z—CR{(C)HXvRS
R4/ \R3 R?
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-continued
OH OH (M2
X = —E—(O—D)Z—CRZ—(C)n%RG
R3/ \R4 R?
o (M-3)
= —E—(0TD), CR>—(Cn—C—FR’
/\
R® R
(CR'R®),
OH OH M
= —E—(0D), —(c)n—c—R5
(CR7R8)
o o (M-5)
O_/
= —E—(0—D),—CR*—(Qp— R’
PR R
(M-6)
o OH HO o)
X = —E—(0—D),—CR*—(C)p RS
RPOR R

[0058] with:

[0059] E and D which are identical or different radi-
cals chosen from linear or branched C1-C12 alkyls,

[0060]
[0061] n is equal to 0 or 1;
[0062]

[0063] RZ R3 R* R® R R” and R® are radicals,
which may be identical or different, representing a
hydrogen atom or a linear or branched C1-C12 alkyl.

z is equal to O or 1;

isequal to 0, 1,2, 3,4, 5 or 6;

[0064] Preferred organosilicon coupling agents (F) that
may be mentioned include the following compounds: gly-
cidyloxypropyltrimethoxysilane, the product of hydrolysis
of glycidyloxypropyltrimethoxysilane; glycidyloxypropyl-
triethoxysilane, the product of hydrolysis in acidic medium
of glycidyloxypropyltriethoxysilane; glycidyloxypropy-
ldimethoxymethylsilane or the hydrolysis product, the silane
B-(3,4-epoxycyclohexyl)ethyltriethoxysilane or the hydroly-
sis product, the silane (-(3,4-epoxycyclohexyl)ethyltri-
methoxysilane or the hydrolysis product.

[0065] The treatment of the dental filler (B) with the
compound (G) is preferably performed with a compound
that is an organic monomer, oligomer or polymer or an
organosiloxane comprising at least one oxirane, oxetane,
alkenyl ether and/or carbonate function and even more
preferably comprising at least one oxirane function.
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[0066] Preferably, the compound (G) comprises at least
one function chosen from the group consisting of the struc-
tures (M-7) to (M-12) below:

T M-7)
192
: (M-8)
|
- (M-9)
103
- (M-10)
k]
——(CHy);—O—CH=—CHjy, (M-11)
(M-12)

——(CH,);—O—CH=CH—TR"

[0067] with R" representing a linear or branched C;-Cq
alkyl radical.

2

Me Me Me Me
/

/
Si Si
\O/
o) (0]

b)

Me Me MeMe Me Me

\/ \/

S1\O/S1
(@)
Me

Me Me Me Me
\/ \/

0 /\/Si\O/Si\/\f
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[0068] According to a first preferred embodiment, the
compound (G) is a silicone oligomer (G-1) or a silicone
polymer (G-2). The silicone oligomer (G-1) and the silicone
polymer (G-2) comprise:

[0069] a) at least one unit of formula:

- (M-13)

Z—Si—0(@.a)2

[0070] in which formula:

[0071] a=0,1 or 2,

[0072] R®, which may be identical or different,
represents an alkyl, cycloalkyl, aryl, vinyl, hydro-
geno or alkoxy radical, preferably a C1-C6 lower
alkyl,

[0073] Z, which may be identical or different, is an
organic substituent comprising at least one
oxirane, alkenyl ether, oxetane and/or carbonate
function, and

[0074] b) at least two silicon atoms.

[0075] Advantageously, the silicone oligomer (G-1) and
the silicone polymer (G-2) are chosen from the group
consisting of the compounds of formulae:

(5-1)
(5-2)
(0]
Me
(8-3)
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5
-continued
d)
(5-4)
Me Me Me Me
/ / /
(o] (o]
€)
(8-5)
Me Me
\/
M Sl\o
Me—%i O
Me\Si/O 1@
/' \
Me Me
|y
(S-6)
(R)0 ﬁ Me
(n < 1000)
SN
IR
Si—O Ti—O
PR
P
(o+p)<10
0>1
O
h)
(5-8)
(o]
CH,CH—CH,
(o]
CH,CH,CH,

CH;—Si—CH,

(0]

CH3 —Si— CH3
CH,CH,CH,
@]

CH,CH—CH,
\/
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-continued

Me e Me Me

/N / < > \ | I

Si Si Si Si
\ \

l\l/le Me
Me, e Me Si_ _si
\l l / / \O/
S1\ /S1 M Me
(@)
O
o Me Me

k)

Me  Me Me
Mell S/
\\ O/\/SI\O/Sl\/\O //
o [¢]
m)
Me Me Me Me
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(8-9)

(5-10)

(5-11)

(5-12)

(5-13)
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7
[0076] with L=H; OH; Me; Phenyl; C1-C12 Alkyl; C1-C6
Cycloalkyl; the groups -continued
n)
—CH,—CH, (S-14)
O or I\I/Ie I\I/Ie
I\I/Ie I\I/Ie ?i—O ?i
?i (O?i)n Me o Me
Me Me a
—CH;—CH o
0

[0077] with n<100; a<100 and m<100

(5-15)

with n < 100

[0078] in which formulae R° or R, which may be identical
or different, represents an alkyl, cycloalkyl or aryl radical,
preferably a C1-C6 lower alkyl.

(8-16) (5-17)

Ar Ar.  Ar Ar, CHz Ar CH4
\L N NN
~o SI\O _si
O O [e) (o)
(5-18) (5-19)
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8
-continued
(8-22) (5-23)
Q 51 - O, P
~o" \/\ \ -5 \/\
3
(S-24) (8-25)
Ar Ar Ar
A Ar Ar\ CH
D D D D D 3 H3C D
@N ~ V\(\/ﬁ @N b v\(\/P
(8-26) (s-27)

Q5 eg

(8-28) (5-29)
Ar\ Tr Ar Ar Ar Tr
5D D/ / D D
o \L A/ o N -
iy I 2NNy
o % HC CH, 0
(S-30) (s-31)
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9
-continued
(5-32)
o
Ar
Si—o.
n
i (5-33)
CH; CH; H;C CH,
Lol o\
1 1 1 1
o / S0\ T tp—d o—n"7 No” o
HsC CH, H;C CHj
L n
i (S-34)
Tr Tr 1|§r (|ZH3
Si Si / < > \ Si Si
o HC/ ~o” N T to—d o—p"7 Yo~ \, o
3 CHj i CH, T .
(5-35)
Ar Ar Ar  Ar
Lo LN
1 1 1 1
o / Yo7\ Tp—0 O—D// o | o
Ar Ar Ar Ar
n
(S-36)
H,C CH, CH, CH,
Si sl' H3C\ /CH3 (|:H3 é s!
1 1 1 1
o ~No | T T o—si si—p”/ o7 | 0o
H;C CH, |  mc CHj
CH;
n
) (5-37)
Ar Ar Ar Ar
\S' s! H3C\ /CH3 (|:H3 é s!
1 1 1 1
o o7 | T Fo—st si—p7/ Yo | 0o
H;C CH; |  mc CH;
CH;
- n
_ (5-38)
Ar Ar Ar,  Ar Ar
Lol Qoo NS
1 1 1 1
o | o] “To—si si—p” o7 | o
Ar Ar | Ar
CH;
- n
(5-39)
Ar Ar Ar Ar
Ar Ar
I | /o
o T1\O/S1\ O—T1—O S1\O/S1\ o
Ar Ar CH3 Ar
n
(S-40)
HAC CH, Ar CH, CH,
\S' s! o) é o) é é
1 1 ) 1 1
o) / \O/ | | / \O/ \ (o)
H3C CH3 Ar 3C Ar
n
(5-41)
H.C CH; HiC cq, e (1 HC | cp,
NV \LL
1 1 1 1
0 ~o7” D—o0 o—p”" o . o
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10

-continued

CH3 CH3 CH3 CH3
S1 S1
0
3
n
r

Tr THZ H3
Si Si —si i
o /N0 N O ~o” | o
HC Ar
n

Ar
|

Ar Ar
é' Si \S' S!
i i i i
o / Yo7\ Tbp—d o—b77 o7 | o
Ar Ar Ar Ar
Ar Ar r r
| |
o /Sl o S1\ S1\ /S1 o
Ar
n

(5-47)
D DD D
H,C CH
N/ \/ N
SI\O/SI D—si O/Si
@) O o)
3
(5-49)
CHj H:C  CH;
(D),—Si s! (D);—Si \S'/
2T WL 1 3T DL 1
o” \ o~
CH; 0 ()
2
S51

S53

3

(5-42)

(5-43)

(S-44)

(5-45)

(S-46)

(5-48)

(S8-50)

S52
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-continued
S55 S56
H3C CH3 H3C\ /CH3
DT—Si _Si
o)
(o] 3 (o]
2
S57 S58
HsC CHj HyC  CHj
IV Y
1 1 1 1
~o o~
(o] 2 (o]
3 2
_ B S59 S60
H:«C  CH HyC  CHj
N/ Y
1 1
Si O/S1 O/
3 (o) O
L . 3
_ B S61 S62
HAC H,C  CHj
N N/
Si\\O/Si Si O/S1
2 0 3 (¢}
L =2
S63 S64
HC CH CHs H;C CH; CHs
1> AP N e
Si D—S1\ /S1 Si D—S1\O/S1
3 2 O
2
S65
H, CH3
S66
CH CH3 CHj,
H;C 3 HyC_ | Lo,
O—D—S1 _Si
o) (o]
S67

\ _O o
si” sl
[ o

CH,

CH,

CHj3

H;C CH,
/
1

Lo
\ O
~
Si \S'
Si Si

\O/ \
HsC CH; HsC CHj
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-continued
S68
CH3 H3 CH; CH;
H;C H3C I I CH;
D—O O—D—Si Si
O \O/ | (0]
(jH3 H,C CH; 4,
CH CH,
S69 S70
CH; CH; D DD D CH;
cis it (0] \Si/ \Si/
\O/
(0]
CH, HsC CH
P (0]
1 S1
C M
S71 S72
H;C CH, CH; H;C CH;, CH;
1\ 1N/
D Si /S1 D, Si /S1
o)
(0] (0]
CH,4 CH;
2
S73 S74
H;C CH, CH; H;C CH, CH;
sl \/
—Si i D—Si ] Si
O/ o/
o (0]
CH;, CHj
3
S75 S76
3(: CH3 CHj;
CH
1 1
3 H;C (0]
CHj;
2 CH;
S77 S78
3C\ CH; H3C\ /CH3 CH;
QD—& /S1 D Si o /S1
() 2 (0]
CH,3 CH;
3 2
S79 S80
3(: CH3 H3C\ /CH3 CH;
Si Si
o
(0]
(0]
CH;
CH; 3
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-continued
S81 S82
H,C CH; CHj e
\ / 3 CHj CH,
Si _Si \ /
¢} Si _Si
2 0 (¢}
3 (¢}
CH,
2 CH;
$83 S84
H,C CH;  CH, H,C CH;  CH,
\/ \/
Si Si Si Si
o~ o~
(¢} 2 (¢}
CH,4 CH;
3 2
S85 S86
CH; H:C cHyen
CH 3 CHj CHj
L \/ o\
i i Si—rD—Si 1
O/ \O/
3 HiC (o) 3 o)
CH, CH;
S87
HiC  CH;CH3 CHj; CHj;
H;C \S / \S. é . S! CH;
1 1 1 1
o S0\ AAY o
CH; o e} H;C CH,
n
CH; CHj3
S88
H,C  CHy CHs CH; CHj;
e \S'/ s! ¢} ¢} é s! o
1 1 —Sl 1
[e) \O/ / \O/ | (o)
CH, H,C CH,
n
CH, CHj
S89
Ar CH;
CH
Ar.  CH;\ CH, Ar / Ar 3
the v/ VRN cn
o I\O/ 1 _/_ I\O/ 1 o
o 0 .
CHj CH,
S90
CH,
Ar Ar
e an | PN ] cHy
Si Si ¢} 0—si Si
0o \O/ / \O/ | 0
H,C CH,3

CH; CH,
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-continued
S91
Ar
HC r Ar \ Ar / Ar CH,
r
o _/_ o)
n
CH; CH,
S92
Ar Ar
Ar
HC \ / Ar\ Ar Ar CH,
Si Si O—Sr 1
o '~o” (o}

[0079] in which formulae the group D is a linear or
branched C1-C12 alkyl and n is an integer between 1 and 20 -continued

(limits inclusive), with Ar=aryl group. N
[0080] According to a second preferred embodiment, the @7
compound (G) is a silane (G-3) of formula:

[0082] R, which may be identical or different, repre-
®)b sents an alkyl, cycloalkyl, aryl, vinyl, hydrogeno or

|
(Z)a—Si—E alkoxy radical, preferably a C1-C6 lower alkyl,

[0083] Z, which may be identical or different, is an
[0081] in which formula: organic substituent comprising at least one oxirane,
alkenyl ether, oxetane and/or carbonate function, and

—a+b=3.

E= —CH,—; —CH==: —CH; [0084] According to one preferred embodiment, the silane
| (G-3) is chosen from the group consisting of the molecules
(S-93) to (S-95):

(8-93) (S-94)

O@J% Ny QJ (Y

(5-95)

O @J' ~ O Mk@
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[0085] According to another preferred embodiment, the
compound (G) is an organic compound (G-4) chosen from -continued S-97)
the group consisting of the molecules (S-96) to (S-104):

o) o)
o 0
o (8-96) .98)
o) o
© J\ )l\
o o

[0086] in which formulae: n is an integer between 1 and 10
(limits inclusive),

(5-99) (S-100)

O O O

O

O O O
O O O
IO < O—"C>

O

(5-101)

08 Lo O
S A )T A ) e
o (6] (6] O
(6] (6]
(S-103)
O (6]
(6] (6]

[0087] with n<100 and D=linear or branched C1-C12
alkyl.

[0088] Among the molecules of the type (S-103), the resin
UVR6150® sold by the company Dow Chemical may be
chosen.

o : : o)
[0—D+-0 o—fp—of,

(S-104)
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[0089] with n<100 and the group D=linear or branched
C1-C12 alkyl.

[0090] For the resins of type (S-104), the one in which n=0
is particularly suitable for the invention.

[0091] In general, the photochemical activation is per-
formed under UV radiation. More particularly, a UV radia-
tion with a wavelength of about from 200 to 500 nm is used
for making dental prostheses and a UV-visible radiation with
a wavelength of greater than 400 nm is used for making
restoration materials. A wavelength of greater than 400 nm
allows crosslinking and/or polymerization in an oral envi-
ronment.

[0092] The actinic (photochemical) activation may advan-
tageously be completed (or even replaced) with thermal
activation.

[0093] Preferably, the cationically reactive compound (A)
is chosen from the group of monomers and/or (co)polymers
comprising:

[0094] epoxys, vinyl ethers, oxetanes, spiroorthocar-
bonates, spiroorthoesters and combinations thereof.

[0095] Even more preferably, the cationically reactive
compound (A) is a silicone oligomer (G-1), a silicone
polymer (G-2), a silane (G-3) or an organic compound (G-4)
as defined above by the unit (M-13), or the molecules (S-1)
to (S-101).

[0096] Informula(M-13), the reactive functions Z that are
particularly advantageous comprise at least one reactive
function chosen from the following radicals:

®R-1)

— CHZ_ CHZ

®R-2)

—CH,—CH,
O;
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-continued
R-3)
I
T {ZT
O
(R-4)
——CH,—CH,—CH,
~
o /w
O
R-5)
CH,—CH,—CH,—
- Qg\ o/
O
(R-6)
- Qg\ O/
O
R-7)
_CHZ_ CHZ
\O/\(\O
O ; “~
(R-8)
— (CH2)3_ O— CH=—CHy;
R-9)

——(CH);—O—CH=CH—R"

[0097] with R" representing a linear or branched
C1-C6 alkyl radical.

[0098] According to one advantageous variant, the cat-
ionically reactive compound (A) is combined with an
organic epoxy resin or oxetane representing less than 80%
by mass of the fraction. Among the chosen functional
organic resins that will be preferred are those for which the
mass percentage of reactive function is less than 20% and
preferably less than 15%. The volume shrinkage will be all
the more reduced during the polymerization. The resins that
will preferably be selected are those of formulae (S-103) and
(S-104):

(5-103)

) O
O O
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[0099] with n<100 and D=linear or branched C1-C12
alkyl.

[0100] Among the resins of (S-103) type that may be
chosen is the resin UVR6150® sold by the company Dow
Chemical.
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(S-104)

o) : : o)
[0—D+-0 o—fp—of,

[0101] with n<100 and the group D=linear or branched
C1-C12 alkyl.

[0102] For the resins of (S-104) type, the one in which n=0
is particularly suitable for the invention.

[0103] Various types of dental filler (B) may be used to
prepare the compositions according to the invention. The
fillers are chosen as a function of the final use of the dental
composition: these fillers affect important properties such as
the appearance, the penetration of UV radiation, and also the
mechanical and physical properties of the material obtained
after crosslinking and/or polymerization of the dental com-
position.

[0104] Reinforcing fillers that may be used include treated
or untreated pyrogenic silica fillers, amorphous silica fillers,
quartz, glasses or non-vitreous fillers based on silicon
oxides, for example of the type described in U.S. Pat. No.
6,297,181 (barium-free), zirconium, barium, calcium, fluo-
rine, aluminum, titanium, zinc, borosilicates, aluminosili-
cates, talc, spherosil, ytterbium trifluoride, polymer-based
fillers in the form of ground powder such as inert or
functionalized polymethyl methacrylates, polyepoxides or
polycarbonates, ceramic whiskers (Si—C, Si—O0—<C,
Si—N, Si—N—C, Si—N—C—0) and glass fibers.

[0105] Examples that will be mentioned include:

[0106] inert fillers based on polymethyl methacrylate
Luxaself® from the company UGL, which may be
used in the dental field and pigmented pink,

[0107] combustion silica fillers treated with hexam-
ethyldisilazane or polydimethylsiloxane, with a spe-
cific surface area of 200 m?/g,

[0108] untreated combustion silica fillers (Aecrosil-
AE200® sold by the company Degussa),

[0109] quartz or glasses based on silicon oxides.

[0110] According to one embodiment of the invention, the
dental filler (B) is a mineral glass or a combustion silica.

[0111] According to one advantageous characteristic of
the invention, the dental fillers (B) represent up to 85% by
weight, preferably between 50% and 85% by weight and
even more preferably between 60% and 85% by weight
relative to the total weight of the dental composition.

[0112] Inaccordance with the invention, the dispersant (C)
is selected from the group comprising: polyurethane/acry-

late copolymers optionally salified with an alkylammonium,
acrylic copolymers optionally salified with an alkylammo-
nium, carboxylic acid monodiesters, polyesters, polyethers,
polyurethanes, modified polyurethanes, polyol-polyacry-
lates, copolymers thereof or mixtures thereof. The dispers-
ants sold under the brand name Disperbyk® (from the
company Byk) or Solspers® (from the company Avecia) are
particularly suitable for the invention. Examples that may be
mentioned in particular include the commercial products:
Disperbyk® 164, Disperbyk® 161, Disperbyk® 166, Dis-
perbyk® 2070, Disperbyk® 9075, Disperbyk® 9076. Men-
tion may also be made of the dispersants cited in the
following patents:

[0113] U.S.Pat. No. 5,882,393 describing dispersants
based on polyurethanes/imidazoles-acrylates or
epoxides;

[0114] U.S. Pat. No. 5,425,900 describing polyure-
thane-based dispersants;

[0115] U.S.Pat. No. 4,795,796 describing dispersants
based on polyurethanes/polyoxyalkylene glycol
monoalkyl ether;

[0116] patent application WO-A-99/56864 describ-
ing dispersants based on polyurethanes/poly(oxy-
alkylene-carbonyl): e-caprolactone and d-valero-lac-
tone derivatives; and

[0117] patent EP-B-0 403 197 describing dispersants
of grafted polyol-polyacrylate type comprising a
polyurethane/polyvinyl/polyacrylate random
copolymer and a polyoxyalkylene polyether.

[0118] Quantitatively speaking, the dispersant (C) is
present in a proportion of from 50 ppm to 1% and preferably
100 ppm to 5000 ppm.

[0119] Preferably, the amine number of the dispersant (C)
is less than or equal to 60 and even more preferably between
0.1 and 50 mg of potassium hydroxide per gram of dispers-
ant (C).

[0120] Advantageously, the acid number of the dispersant
is less than or equal to 200, preferably less than or equal to
100 and even more preferably between 1 and 60 mg of
potassium hydroxide per gram of dispersant.

[0121] The cationic photoinitiators (D) are chosen from
onium borates (taken alone or as a mixture) of an element
from groups 15 to 17 of the Periodic Table [Chem. & Eng.
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News, vol. 63, No. 5, 26 of Feb. 4, 1985] or of an organo-
metallic complex of an element from groups 4 to 10 of the
Periodic Table [same reference].

[0122] According to one preferred mode, the cationic
photoinitiator (D) is of borate type and is chosen from those
in which:

[0123] a) the cationic species of the borate is selected
from:

[0124] (1) the onium salts of formula:
(R?)-A-R),]" O
[0125] in which formula:

[0126] A represents an element from groups 15 to
17, for instance: I, S, Se, P or N,

[0127] R® represents a C6-C20 carbocyclic or het-
erocyclic aryl radical, said heterocyclic radical
possibly containing nitrogen or sulfur as hetero
elements,

[0128] R™ represents R® or a linear or branched
C1-C30 alkyl or alkenyl radical; said radicals R®
and R'° being optionally substituted with a
C1-C25 alkoxy, C1-C25 alkyl, nitro, chloro,
bromo, cyano, carboxyl, ester or mercapto group,

[0129] m and n are integers, with n+m=v+1, v
being the valency of the element A,

[0130] (2) oxoisothiochromanium salts, in the
present case those described in patent application
WO 90/11303, especially the sulfonium salt of
2-ethyl-4-oxoisothiochromanium or of 2-dodecyl-4-
oxo-isothiochromanium and the oxoisothiochroma-
nium salts of structural formula V:

Structure V
(Rsl)nl
(RZI)nl

(RSl)zl RS! R71
[0131] in which formula:
[0132] A represents

Cl
ﬂ
NN
[0133] nl=an integer between 1 and 3;

[0134] zl=an integer between O and 3;

[0135] X represents a group of formula M'Y" , (1)
or of formula Q' (2) in which M'Y* , (1): M'=Sb,
As, P, B or Cl, Y represents a halogen (preferably
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For Cl) or 0 and in which r1 is an integer between
4 and 6, the formula Q' (2) represents a sulfonic
acid

[0136] R*-—SO, in which R* is an alkyl or aryl
group, or an alkyl or aryl group substituted with a
halogen, preferably F or Cl,

[0137] R'' represents an alkyl or cycloalkyl
group, preferably of C,-C,, or an aryl group,

[0138] R*! represents a hydrogen or an alkyl, alk-
enyl, cycloalkenyl or cycloalkyl group, preferably
of C,-C,, or an aryl group, all the R*! being
independent of each other,

[0139] R>! represents a hydrogen or an alkyl, alk-
enyl, cycloalkenyl or cycloalkyl group, preferably
of C;-Csp, or an aryl group, all the R*' being
independent of each other,

[0140] R* represents a hydrogen, a halogen, an
alkenyl group, for example vinyl, cycloalkenyl,
alkyl or cycloalkyl, preferably of C,-C,,, an
alkoxy or thioalkoxy group, preferably of C,-C,,
a poly(alkylene oxide) group with up to 10 alky-
lene oxide units ending with a hydroxyl or a
(C;-C;,) alkyl, an aryl group or an aryloxy or
thioaryloxy group,

[0141] R>! represents a halogen, an alkenyl group,
for example vinyl, cycloalkenyl, alkyl or
cycloalkyl group, preferably of C;-C,,, an alkoxy
or thioalkoxy group, preferably of C,-C,,, a poly-
(alkylene oxide) group with up to 10 alkylene
oxide units ending with a hydroxyl or a (C;-C,,)
alkyl, an aryl group or an aryloxy or thioaryloxy

group,

[0142] R®! represents a hydrogen, an alkyl, alk-
enyl, cycloalkenyl or cycloalkyl group, preferably
of C;-C,,, or an aryl group,

[0143] R”! represents a hydrogen, an alkyl, alk-
enyl, cycloalkenyl or cycloalkyl group, preferably
of C,-C,, or an aryl group; and

[0144] (3) the organometallic salts having the follow-
ing formula:

L L,L;M)* (I
[0145] in which formula:

[0146] M represents a metal from groups 4 to 10,
especially iron, manganese, chromium or cobalt,

[0147] L1 represents a ligand linked to the metal M
via 7 electrons, the ligand being chosen from the
ligands m>-alkyl, n’-cyclopentadienyl and m-cy-
cloheptatrienyl and the m°-aromatic compounds
chosen from the optionally substituted 1°-benzene
ligands and the compounds containing from 2 to 4
fused rings, each ring being capable of contribut-
ing to the valency layer of the metal M via 3 to 8
wt electrons,

[0148] L2 represents a ligand linked to the metal M
via 7 electrons, the ligand being chosen from the
17-cycloheptatrienyl ligands and the n°-aromatic
compounds chosen from the optionally substituted
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M°-benzene ligands and the compounds containing
from 2 to 4 fused rings, each ring being capable of
contributing to the valency layer of the metal M
via 6 or 7 7 electrons,

[0149] L3 represents from O to 3 identical or
different ligands linked to the metal M via a
electrons, this or these ligand(s) being chosen
from CO and NO2+; the total electronic charge q
of the complex toward which L1, L2 and L3
contribute and the ionic charge of the metal M
being positive and equal to 1 or 2; and

[0150] b) those in which the anionic borate species
has the formula:

[BX.Rp]”
[0151]

[0152] a and b are integers ranging for a from 0 to
3 and for b from 1 to 4 with a +b=4,

[0153]

[0154] a halogen atom (chlorine or fluorine)
with a=0 to 3, or

[0155]

[0156] the symbols R are identical or different and
represent:

[0157] a phenyl radical substituted with at least
one electron-withdrawing group, for instance
OCF;, CF;, NO, or CN, and/or with at least 2
halogen atoms (most particularly fluorine), this
being the case when the cationic species is an
onium of an element from groups 15 to 17,

[0158] a phenyl radical substituted with at least
one element or an electron-withdrawing group,
especially a halogen atom (most particularly
fluorine), CF;, OCF;, NO, or CN, this being the
case when the cationic species is an organome-
tallic complex of an element from groups 4 to
10, or

[0159] an aryl radical containing at least two
aromatic nuclei, for instance biphenyl or naph-
thyl, optionally substituted with at least one
element or an electron-withdrawing group,
especially a halogen atom including fluorine, in
particular, OCF;, CF;, NO, or CN, irrespective
of the cationic species.

(1)

in which formula:

the symbols X represent:

an OH function with a=0 to 2,

[0160] Without being limiting in nature, further details
regarding the subclasses of onium borate and of borate of
organometallic salts that are more particularly preferred in
the context of the use in accordance with the invention are
given hereinbelow.

[0161] According to a first preferred variant of the inven-
tion, the anionic borate species that are most particularly
suitable are the following:

1t [B (C5F5)4]7
2" [(CsFs)-BE, ]
3t [B (C5H4CF3)4]7

19
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-continued
4" [B(C,F,OCF;),]
5" [B(CsH5(CF5),)4]
6" [B(C5H3F2)4]7
7 [C.FsBF;]~

[0162] According to a second preferred variant of the
invention, the onium salts of formula (S-26) that may be
used are described in many documents, especially in patents
U.S. Pat. Nos. 4,026,705, 4,032,673, 4,069,056, 4,136,102
and 4,173,476. Among these, the following cations will be
most particularly preferred:

[0163] [(CgH,,)—O—CeH)—I—CHyI";
[CoHops—(CH ) —I—CH, T [(CsHy7—0—
(CHLITT(CsH, ) —O0—CH)—1—CHJ) I
[(CeH5).S—(CH,)—O0—CgHy,]"; [CH:—CH,—
[—C,H,—CH,CH(CH,),]"; [(C;;Ho5—(CeH)—
I—~CH)—CH—(CH,), J'[(C1.H,5s—CsHy) 1T
[(C6H5)3 ST [CH;—~(CeH ) —1—(CH.)—
CH(CH,),]*(m5-cyclopentadienyl) (n6-toluene)Fe*;
(n5-cyclopentadienyl) (n6-cumene)Fe*, (n5-cyclo-
pentadienyl) (n6-methyl-1-naphthalene)Fe*;

[0164] [(CoHs)—S—CeH,—S—(CsHs),]%
[(CH;—(CeH, ) —I—CH,)—OCH, I (CH,,,
1—CgH,),I1* (with, for the group C,H,,,;,n=110 18
is linear or branched).

[0165] According to a third preferred variant, the organo-
metallic salts (3) of formula (S-27) that may be used are
described in documents U.S. Pat. Nos. 4,973,722, 4,992,
572, EP-A-203 829, EP-A-323 584 and EP-A-354 181. The
organometallic salts more readily selected according to the
invention are especially:

[0166] (n>-cyclopentadienyl) (n°-toluene)Fe*,

[0167] (n’-cyclopentadienyl) (n°-methyl-1-naphtha-
lene)Fe™,

[0168] (n’-cyclopentadienyl) (B°-cumene)Fe™,
[0169] bis(n°-mesitylene)Fe*,
[0170] bis (n°-benzene)Cr*

[0171] In accordance with these three preferred variants,
examples of photoinitiators of the onium borate type that
may be mentioned include the following products:
[0172] (P-16): [(C8H,,)—0—C.H,—I—CH/)]",
[B(CsFS)I
[0173] (P-17):
[B(CsFs).I
[0174] (P-18):
[B(CsFs).I
[0175] (P-19):
[B(CsFs).I
[0176] (P-20):
[B(CsHLCE5),]5
[0177] (P-21): [(CioHos—CsHy)LITT, [B(CoFs)a]
[0178] (P-22): [CH;—CH,—I—CH,—
CH(CH,).I", [B(CsFs)a]

[Cy2Hos—CoH,—I—CeHs]",
[(CsHy,—O—CeH,)LIT",
[(CeH,7)—O—CH,—1—CHy)]",

[(CeH5),S—C:H,—O—CBH,;[",
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[0179] (P-23): (n5-cyclopentadienyl)(n6-tolu-
enc)le”, [B (C4F5),];

[0180] (P-24): (n5-cyclopentadienyl)(n6-methyl-1-
naphthalene)Fe*, [B(CgF5),];

[0181] (P-25): (n5-cyclopentadienyl)(n 6-cume-
ne)be”, [B (CeFs),]7

[0182] (P-26):
[B(CsHA(CF5),]75

[0183] (P-27): [CH,—CH,—I—CH,—
CH,CH(CH,),I", [B(CsF5).]5

[0184] (P-28): [CH;—CH,)—I—CH,—
CH,CH(CH,), ", [B(CsH; (CF5),),]7; and

[0185] (P-29): [CH,—C H,—I—CH,—
CH(CH,),]", [B(CeH5(CF),),]"

[0186] As another literature reference for defining the
onium borates (1) and (2) and the borates of organometallic
salts (3), mention may be made of all of the content of patent
applications EP 0 562 897 and 0 562 922. This content is
incorporated in its entirety into the present description by
reference.

[Cl 2H25_C6H4)2I]+’

[0187] As another example of an onium salt that may be
used as photoinitiator, mention may be made of those
disclosed in patents U.S. Pat. Nos. 4,138,255 and 4,310,469.

[0188] It is also possible to use other cationic photoini-
tiators, e.g.:

[0189] iodonium hexafluorophosphate or hexafluoro-
antimonate salts, such as:

[0190] _[CH3_[(C6H4)_I_[(C6H4)_
CH(CH,),J'TPFe]

[0191] _[CH3_(C6H4)_I_(C6H4)_
CH,CH(CH,),]'[PFq]7;

[0192] —(Cy H,5—CH,)ITTPFe]" or

[0193]

[0194] The photosensitizer contained within the dental
composition according to the invention may be of very
varied nature. In the context of the invention, it corresponds
especially to one of the formulae (IV) to (XXIV) below:

the ferrocenium salts of these various anions.

formula (IV)

Rll
ATIT"Xn

O RZ

[0195] in which:

[0196] when n=1, Ar' represents an aryl radical con-
taining from 6 to 18 carbon atoms, a tetrahydronaph-
thyl, thienyl, pyridyl or furyl radical or a phenyl
radical bearing one or more substituents chosen from
the group consisting of F, Cl, Br, CN, OH, linear or
branched C,-C,, alkyls, —CF>, —OR*3>, —OPhe-
nyl, —SR**, —SPhenyl, —SO,Phenyl, —COOR™>,
—O0—CH,—CH=CH,), —O(CH,H,—0)_—H,
—O(C;H0),,—H, m being between 1 and 100,

20
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[0197] when n=2, Ar' represents a C,-C,, arylene
radical or a phenylene-T-phenylene radical, in which
T represents —O—, —S—, —SO,— or —CH,—,

0198] X represents a group —OR** or —OSiR*®
[ P group

(R ), or forms, with RY™, a group
— O—CHR"—,
[0199] R represents a linear or branched C,-C,

alkyl radical that is unsubstituted or that bears a
group —OH, —OR*?, C,-Cq acyloxy, —CF> or
—CN, a C; or C, alkenyl radical, a C, to C,4 aryl
radical or a C; to Cg phenylalkyl radical,

[0200] R'? has one of the meanings given for R or
represents a radical —CH,CH,R'®, or alternatively
forms with R™ a C,-C, alkylene radical or a C;-C,
oxa-alkylene or aza-alkylene radical,

[0201] R*represents a lower alkyl radical containing
from 1 to 12 carbon atoms,

[0202] R represents a hydrogen atom, a C,-C,,
alkyl radical, a C,-C, alkyl radical bearing a group
—OH, —OR™® or CN, a C;-C, alkenyl radical, a
cyclohexyl or benzyl radical, a phenyl radical
optionally substituted with a chlorine atom or a
linear or branched C,-C,, alkyl radical, or a 2-tet-
rahydropyranyl radical,

[0203] R™ and R*® are identical or different and each
represent a C,-C, alkyl radical or a phenyl radical,

[0204] R'7represents a hydrogen atom, a C,-Cy alkyl
radical or a phenyl radical,

0205] R' represents a radical —CONH,,
P 2
—CONHR", —CON(R"? ),, —P(O)(OR"* ), or

2-pyridyl:
formula (V)

Ar2—|'|—R

(0]

[0206] in which:

[0207] Ar® has the same meaning as Ar' of formula
(IV) when n=1,

[0208] R*represents aradical chosen from the group
consisting of a radical Ar, a linear or branched
C-C;; alkyl radical, a C4-C,, cycloalkyl radical and
a cycloalkyl radical forming a C,-C,, ring with the
carbon of the ketone or a carbon of the radical Ar?,
these radicals possibly being substituted with one or
more substituents chosen from the group consisting
of —F, —Cl, —Br, —CN, —OH, —CF,, —OR"?,
—SR*?, —COOR™, linear or branched C,-C,, alkyl
radicals optionally bearing a group —OH, —OR™?
and/or —CN, and linear or branched C,-Cg alkenyl
radicals;
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formula (VI)

Y Y
Ar4 || I Z I || Ar4
R R

[0209] in which:

[0210] R*2, which may be identical or different, have
the same meanings as in formula (IV),

[0211] Y, which may be identical or different, repre-
sent X and/or R*,

[0212] Z represents:
[0213] a direct bond,

[0214] a C,-C, divalent alkylene radical, or a phe-
nylene, diphenylene or phenylene-T-phenylene
radical (T: linear or branched C;-C,, alkyl), or
alternatively forms, with the two substituents R**
and the two carbon atoms bearing these substitu-
ents, a cyclopentane or cyclohexane nucleus,

[0215] a divalent  group —O—R¥—0—,
—O—SiR¥R¥—O—SiRR1—O0—, or
—O—SiR*R*—0—,

[0216] R? represents a C,-C, alkylene, C,-C, alk-
enylene or xylylene radical,

[0217] or alternatively the species:

[0218] corresponds to —O—O0—

[0219] and Ar* has the same meaning as Ar' of
formula (IV) when n=1.

[0220] the thioxanthone family of formula (VII):

Z |
TR m

[0221] m=0 to 8,

[0222] R*, which may be identical or different sub-
stituents on the aromatic nucleus (nuclei), represent
a linear or branched C,-C,, alkyl radical, a C4-C,
cycloalkyl radical, a radical Ar', a halogen atom or
a group —OH, —OR™, —CN, —NO,, —COR™,
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—OCORB, —N(R13)2, —O—RB—(NRB)z—
CHO, —O-phenyl, —CF,;, —SR*3, —S-phenyl,
—S0,-phenyl, —O-alkenyl or —Si(R"?)s.

[0223] the xanthene family of formula (VIID):

TR

E/ \§

[0224] n=0to 8
[0225] the xanthone family of formula (IX):

&2,

E/ \g

[0226] p=0to 8
[0227] the naphthalene family of formula (X):

—_ (RZI)q

.

[0228] g=0to 8
[0229] the anthracene family of formula (XI):

| —— @,

[0230] r=0to 10

/

\

[0231] the phenanthrene family of formula (XII):
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[0232]
[0233]

s=0 to 10
the pyrene family of formula (XIII):

\)
\)

=
2

[0234]
[0235]

t=0 to 10
the fluorene family of formula (XIV):

—_— (R21)u

:

[0236] u=0to 9

[0237] the fluoranthene family of formula (XV):

_ (R21)v

()
C_
\ /

[0238] v=0to 10

[0239] the chrysene family of formula (XVI):

_ (R21)W

O
g
\_/

[0240] w=0to 12

[0241] the fluorone family of formula (XVII):

—_ (RZI)X

;\ ;
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[0242] with x=0 to 8, for example 2,7-dinitro-9-
fluorenone,

[0243] the chromone family of formula (XVIII):

TGN

S

O

[0244] with y=0to 6
[0245]

the eosin family of formula (XIX):

[0246] with z=0 to 5 with z=0 to 6

[0247] the erythrosin family of formula (XX):
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[0248] withz=0to2o0r0to 3
[0249]

the erythrosin family of formula (XXI):

[0250] with z=0to 3

[0251] the biscoumarin family of formula (XXII):

[0252] with x=0to 8
[0253] the thioxanthone family of formula (XXIII):
®,
= S
‘e
AN
6]

[0254] with y=0to 6
[0255] the thioxanthone family of formula (XXIV):

(RZI)y

[0256] wity y=0to 6
[0257] For formulae (VIII) to (XXIII), the group R*! has
the same definition as for the molecule (VII).

[0258] Other sensitizers may be used. It is especially
possible to use the photosensitizers described in documents
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U.S. Pat. Nos. 4,939,069, 4,278,751, 4,147,552 and also the
group consisting of the compounds of the coumarin, conju-
gated diketone, fluorone, amino ketone and para-ami-
nostyryl ketone family, and also mixtures thereof.

[0259] According to one preferred mode, the photosensi-
tizer (E) is chosen from the group consisting of compounds
of the anthracene, thioxanthone, camphorquinone and
phenanthrenequinone class, and also mixtures thereof.

[0260] According to another preferred mode, the dental
composition comprises as photosensitizer (E) a salt of a
thioxanthone substituted with at least one group comprising
an ammonium function. The use of this type of photosen-
sitizer has the advantage of avoiding spurious colorations
when the dental composition is crosslinked for the manu-
facture of a dental prosthesis.

[0261] According to a first variant of the invention, the
associated anion of the salt of the thioxanthone substituted
with at least one group comprising an ammonium function
is chosen from the following anions:

[0262] a halide, BF,~, PF6~; SbF,~; the anion (III) of
formula [BX,R,]” as defined above, RSO;;
(RS0,);C or (RSO,),N~ with R; being a linear or
branched alkyl radical substituted with at least one
halogen atom, preferably a fluorine atom.

[0263] According to a second variant of the invention, the
photosensitizer (E), optionally in combination with at least
one camphorquinone, a phenanthrenequinone and/or a sub-
stituted anthracene, has the formula:

(XXV)
0 OH
o\)\/w X
S09Gha
S R23
R22

[0264]

[0265] R** and R*® are identical or different and
represent a hydrogen or an optionally substituted
C1-C10 alkyl radical, and preferably R22=R23=
methyl,

in which formula:

[0266] (X7) being an anionic species, preferably a
halide; BF,~, PF,~; SbF,~; the anion (III) of formula
[BX,R,]™ defined as above, R.SO,7; (RSO,),C™ or
(RS0,),N7, with R being a linear or branched alkyl
radical substituted with at least one halogen atom,
preferably a fluorine atom,

[0267] and even more preferably (X7) is chosen from
the borates having the following formulae:
[B(CsHs(CFs),),]™ and [B(CgFs).]™

[0268] According to one preferred mode, the photosensi-
tizer (E), optionally in combination with at least one cam-
phorquinone, a phenanthrenequinone and/or a substituted
anthracene, has the formula:
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(PS-31)
o OH
O\)\/N+ B
9499 "
S
(PS-32)
OH  "B(CgH3(CF3)2)4
N+
909 A
S

[0269] In the context of the present invention, the photo-
sensitizers have a residual absorption of UV light of between
200 and 500 nm and preferably 400 to 500 nm for the
preparation of dental prostheses. For dental restoration, a
photosensitizer with a residual absorption of UV light of
above 400 nm will be preferred.

[0270] According to one preferred variant, the photosen-
sitizers will be chosen from those of the families (VII), (X),
(XD, (X1II), (XXIID), (XXIV) and (XXV). According to
another embodiment, the photosensitizer is chosen from the
group consisting of the following compounds:

[0271] (PS-30):  3-(3,4-dimethyl-9-0x0-9-thioxan-
thenen-2-yl-oxy)-2-hydroxypropyltrimethylammo-
nium chloride;

[0272] (PS-31):  3-(3,4-dimethyl-9-0x0-9-thioxan-
thenen-2-yl-oxy)-2-hydroxypropyltrimethylammo-
nium tetrakis(pentafluorophenyl)borate;

[0273] (PS-32):  3-(3,4-dimethyl-9-0x0-9-thioxan-
thenen-2-yl-oxy)-2-hydroxypropyltrimethylammo-
nium tetrakis(bis-(trifluoromethyl)phenyl)borate;

[0274] (PS-33): phenanthrenequinone;

[0275] (PS-34): camphorquinone;

[0276] (PS-35): acenaphthenequinone;

[0277] (PS-36): dibenzoyl peroxide;

[0278] (PS-37): 2-ethyl-9,10-dimethoxyanthracene;

[0279] (PS-38): 9,10-diethoxyanthracene;

[0280] (PS-39): 9,10-dibutoxyanthracene;

[0281] (PS-40): 9-hydroxymethylanthracene;

[0282] (PS-41): 2-dimethylaminothioxanthone;

[0283] (PS-42): 3-ethylcarboxy-7-methoxythioxan-
thone;

[0284] (PS-43): 1-phenylthio-4-propoxythioxan-
thone;

[0285] (PS-44): 2-methoxythioxanthone;
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[0286] (PS-45): 2-(N,N-diethylaminopropoxy)thiox-
anthone;

[0287] (PS-46): 2-isopropylthioxanthone;
[0288] (PS-47): 1-chloro-4-propoxythioxanthone;
[0289] (PS-48): 4-isopropylthioxanthone;

(PS-49)
(PS-50)
S
999
900
o

[0290]

[0291] In the context of the invention, the stability on
storage, the mechanical strength, the modulus of elasticity
and the compression strength of the material obtained after
crosslinking are markedly improved. When the thioxantho-
nes of the family described by formula (XXV) are used, an
additional advantage is observed in using the thioxanthones
(PS-31) or (PS-32), optionally in combination with at least
one camphorquinone, a phenanthrenequinone and/or a sub-
stituted anthracene, namely the absence of residual colora-
tion.

and mixtures thereof.

[0292] Besides the reinforcing fillers, pigments may be
used to color the dental composition according to the
envisioned use and the ethnic groups.

[0293] For example, red pigments in the presence of
microfibers are used for dental compositions used for the
preparation of dental prostheses in order to simulate the
blood vessels.

[0294] Pigments based on metal oxides (iron oxide and/or
titanium oxide and/or aluminum oxide and/or zirconium
oxide, etc.) are also used for the dental compositions used
for the preparation of restoration material, in order to obtain
a crosslinked material of ivory color.

[0295] Other additives may be incorporated into the dental
compositions according to the invention. For example, bio-
cides, stabilizers, flavor agents, plasticizers and adhesion
promoters.

[0296] Among the additives that may be envisioned,
crosslinkable and/or polymerizable coreagents of organic
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type will advantageously be used. These coreagents are
liquid at room temperature or thermofusible at a temperature
below 100° C., and each coreagent comprises at least two
reactive functions such as oxetane-alkoxy, oxetane-hy-
droxyl, oxetane-alkoxysilyl, carboxy-oxetane, oxetane-ox-
etane, alkenyl ether-hydroxyl, alkenyl ether-alkoxysilyl,
epoxy-alkoxy, epoxy-alkoxysilyl, dioxolane-dioxolane-al-
cohol, etc. Examples that may be mentioned include the
resins R70 and R71.

[0297] The dental compositions according to the invention
may be used for numerous dental applications, and in
particular in the field of dental prostheses, in the field of
dental restoration and in the field of temporary teeth.

[0298] The dental composition according to the invention
is preferably in the form of a single product containing the
various components (“monocomponent”), which facilitates
its implementation, especially in the field of dental prosthe-
ses. Optionally, the stability of this product may be ensured
by organic derivatives containing amine functions according
to the teaching of document WO 98/07798.

[0299] In the field of dental prostheses, the product in the
“monocomponent” form may be deposited using a syringe
directly onto the plaster model or into a key. Next, it is
polymerized (polymerization by possible successive layers)
using a UV lamp (visible light spectrum 400 to 500 nm).

[0300] In general, it is possible to make a durable and
esthetic dental prosthesis in 10 to 15 minutes.

[0301] It should be noted that the products obtained using
the dental composition according to the invention are non-
porous. Thus, after optional polishing using a felt brush, for
example, the surface of the dental prostheses obtained is
smooth and shiny and it is therefore unnecessary to use
varnish.

[0302] The applications in the field of dental prostheses
are essentially those of the removable prosthesis, which may
be divided into two types:

[0303] total prosthesis in the case of a patient who
has had all his teeth removed,

[0304] partial prosthesis due to the absence of several
teeth, reflected either by a temporary prosthesis or a
skeleton denture.

[0305] In the field of dental restoration, the dental com-
position according to the invention may be used as material
for stopping the front and back teeth in different shades (for
example “VITA” shades), which is quick and easy to use.

[0306] Since the dental composition is nontoxic and poly-
merizable in thick layers, it is not essential to polymerize the
material in successive layers. In general, a single injection of
the dental composition is sufficient.

[0307] The preparations for dental prostheses and for
restoration materials are made according to the usual tech-
niques of the art.

[0308] Inthe case of application of the dental composition
to a tooth, either the tooth may be pretreated with an acid
etch and then with an attachment primer, which may itself be
photocrosslinkable, or the dental composition may be pre-
pared as a mixture with an attachment primer before its use.
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[0309] The invention also relates to a process for treating
a reinforcing filler, in particular a dental reinforcing filler,
characterized in that the filler is treated:

[0310] a) with at least one organosilicon coupling
agent (F), and

[0311] b) with at least one compound (G),

[0312] said organosilicon coupling agent (F) comprising
at least one reactive function (rfA) directly linked to a silicon
atom reacting with the dental filler, and at least one reactive
function (rfB) not directly linked to a silicon atom reacting
with a reactive function (rfC) of the compound (G).

[0313] According to one preferred mode of the process
according to the invention:

[0314] the reactive function (rfA) directly linked to a
silicon atom of the organosilicon coupling agent (F)
is an alkoxy, enoxy and/or hydroxyl function;

[0315] the reactive function (rfB) not directly linked
to a silicon atom of the organosilicon coupling agent
(F) is an oxirane, oxetane, hydroxyl, acid, carboxylic
acid anhydride or diol function; and

[0316] the reactive function (rfC) of the compound
(G) is an oxirane, oxetane, alkenyl ether or carbonate
function.

[0317] According to another embodiment, the filler is
treated:

[0318] a) with at least one organosilicon coupling
agent (F) comprising at least one alkoxy and/or
hydroxyl function directly linked to a silicon atom
and to at least one oxirane, oxetane, hydroxyl and/or
diol function; and

[0319] b) with at least one compound (G) comprising
at least one oxirane, oxetane, alkenyl ether and/or
carbonate function.

[0320] The process according to the invention is particu-
larly suitable for treating a dental filler. This process (I)
comprises the following steps:

[0321] a) the dental filler (B) and at least one orga-
nosilicon coupling agent (F) comprising at least one
alkoxy and/or hydroxyl function directly linked to a
silicon atom and to at least one oxirane, oxetane,
hydroxyl and/or diol function, are mixed together in
solvent medium,

[0322] b) the solvent is evaporated off to obtain an
intermediate dental filler (B-1),

[0323] o) the intermediate dental filler (B-1) is sub-
jected to a heat treatment so as to allow the coupling
reaction between the intermediate dental filler (B-1)
and the coupling agent (F) and thus to obtain an
intermediate dental filler (B-2),

[0324] d) the intermediate dental filler (B-2) is then
mixed in solvent medium with at least one com-
pound (G) comprising at least one oxirane, oxetane,
alkenyl ether and/or carbonate function,

[0325] e) the solvent is evaporated off to obtain an
intermediate dental filler (B-3), and
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[0326] ©) the intermediate dental filler (B-3) is sub-
jected to a heat treatment so as to allow the reaction
between the intermediate dental filler (B-3) and
compound (G) and thus to obtain a treated dental
filler (B-4).

[0327] According to one preferred mode, the heat treat-
ment of steps ¢) and f) of the process (I) is performed by
heating to a temperature of less than or equal to 200° C.,
preferably less than or equal to 160° C. and even more
preferably of between 100° C. and 165° C.

[0328] The organosilicon coupling agent (F), the com-
pound (G) and the dental reinforcing filler (B) are as defined
in the dental composition according to the invention.

[0329] The invention also relates to a reinforcing filler
obtained via the process according to the invention.

[0330] The Examples and Tests below are given for illus-
trative purposes. They especially allow the invention to be
understood more clearly and allow some of its advantages to
be brought out and illustrate some of its implementation
variants.

EXAMPLES AND TESTS
[0331] Structures

(S
Me  Me Me
Me_| /
>si Si
~o”
o o
(P-22)
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-continued
(P-29)
CF;
‘B
CF,
1
(PS-31)
0 OH
+ "B(CeFs)s
o N
O O \)\// ™
S
[0332] resin sold by the company Dow Chemical

under the reference ERLX-4360 (resin of the family
described under the structure S-104 mentioned
above),

[0333] filler (B-1): quartz glass (particle size=1.5 um,
Si0, 56%; SrO 14%; B,05 14%; Al,0, 14%; F 2%)
sold by the company Schott under the reference
G018-163

[0334] filler (B-2): quartz glass (particle size 1.5 um,
Si0, 55%; BaO 25%; B,05 10%; Al,O5 10%) sold
by the company Schott under the reference GM27-
884.

Preparation of a Thioxanthone Containing
Ammonium Borate Functionality (S-61)

[0335]

I \)OH\/ I \).%I\/ e
o Nt Cr o) N*
/ | \ K"B(CsFs)y —> O / | \
S S

(PS-30)

(PS-31)
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[0336] 1.02 g of 3-(3,4-dimethyl-9-0x0-9H-thioxanthen-
2-yloxy)-2-hydroxypropyDtrimethylammonium  chloride
(sold by the company Aldrich); 2.688 g of “Kisbore” salt
KB(C Fs), (prepared by the company Rhodia) and 50 ml of
isopropanol are introduced, protected from light, into an
opaque flask and the mixture is left under magnetic stirring
for 48 hours at room temperature. The mixture is then
poured into demineralized water (200 ml). A yellow pre-
cipitate forms. The suspension is filtered through a Biichner
funnel and the solid is dried for 24 hours in an oven at 100°
C. The salt referenced (PS-31) is obtained (melting point
235° C.; absorption maximum Amax=397.3 nm).

EXAMPLE 1

(Comparative): Treatment of the Filler (B-1)

[0337] a) Treatment of the Filler with a Coupling Agent
Containing Diol Functionality (F-2):

[0338] The silane glycidyloxypropyltrimethoxysilane or
GLYMO

(OR)
| O acidic pH
(RO)_Ti\/\/O\/<| “Shon™
(OR)
(OH) OH
(HO)—%i\/\/O\/l\/OH

(OR)

[0339] of formula (F-1) sold by the company Degussa is
hydrolyzed in acidic medium according to the following
reaction:

[0340] with R=methyl

[0341] The compound (F-2) is in a more or less polycon-
densed form and is soluble in aqueous phase.

[0342] The solution used is a solution containing 40%
silane (F-2) with a pH=3-4.

[0343] 12.5 g of this 40% solution of silane (F-2) are
poured into a beaker and made up with 200 g of deminer-
alized water. 200 g of filler (B-1) are poured into this
solution and the mixture is stirred for 1 hour at room
temperature using an impeller stirrer. The mixture is poured
into a crystallizing dish and the filler is dried in an oven for
16 hours at 150° C. The filler is then screened through a 250
micron gauze.

[0344] b) Treatment with a Coupling Agent Containing
Oxirane Functionality

[0345] For comparative purposes, we performed the
hydrolysis of the silane glycidyloxypropyltrimethoxysilane
in neutral medium and we removed the majority of the
methanol arising from the hydrolysis reaction by distillation.
Analysis by ‘H NMR reveals that the epoxide function is not
hydrolyzed when this solution is cold-stored for several
weeks.
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(OR)
| O peutral pH
(RO)_Ti\/\/O\/<| -1\4:40?1>
(OR)
(o)
| o
(HO)_TI\/\/O\/<I
(OR)

[0346] A 40% solution of silane (F-3) at pH=7 is used.

[0347] 12.5 g of this 40% solution are poured into a beaker
and made up with 200 g of demineralized water. 200 g of
untreated filler (B-1) are poured into this solution and the
mixture is stirred for 1 hour at room temperature using an
impeller stirrer. The mixture is poured into a crystallizing
dish and the filler is dried in an oven for 16 hours at 150° C.
The filler is then screened through a 250 micron gauze.

[0348]

[0349] 11.625 g of siloxane resin containing an oxirane
function (S-1) are placed in a centrifugal mixer (Hauschild
brand).

[0350] 1.125 g of a 4% solution of dispersant (C-1) (sold
by the company Byk under the reference Disperbyk-164®)
are added. The mixture is stirred for 16 seconds using the
centrifugal mixer at 3000 rpm, and 3 g of ytterbium trifluo-
ride are added. The mixture is stirred for a further 16 seconds
with the centrifugal mixer at 3000 rpm, and 1.25 g of
photoinitiator system (P) containing 30% by weight of
photoinitiator (P-22) and 0.89% by weight of the photosen-
sitizer of formula (PS-31) as a solution in (S-1) are then
added.

[0351] The mixture is stirred for 16 seconds with the
centrifugal mixer at 3000 rpm, at room temperature, and 25
g of the filler (B-1) are then added:

¢) Properties of the Dental Compositions

[0352] untreated (formulation 1t),
[0353] or treated according to a) (formulation 1a);
[0354] or treated according to b) (formulation 1b).

[0355] The mixture is stirred for 16 seconds with the
centrifugal mixer. 3 grams of a filler of combustion silica
type (B-3) (5i0,>99%, sold by the company Degussa under
the reference OX50®) are added and the mixture is then
stirred for 16 seconds. Finally, 5 g of a filler of combustion
silica type (B-4) sold by the company Degussa under the
reference R202® are finally added, and the mixture is then
stirred for 16 seconds.

[0356] The change in viscosity over time is monitored for
the three formulations. The moment at which the formula-
tion of the composite is gelled and is no longer manipulable
is noted. The results are given in Table 1.

TABLE 1
Comparative Stability at 25° C.
Formulation 1t <24 h
Formulation la <24 h
Formulation 1b 48 h
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EXAMPLE 2

Invention

[0357] a) Treatment with the Resin Containing an Oxirane
Function (S-1) of the Fillers Obtained in Example 1a)

[0358] A solution containing 2.5% by weight of resin
containing an oxirane function (S-1) is prepared in acetone.

[0359] 100 g of filler (B-1) treated according to Example
1a) are poured onto 100 g of this 2.5% solution and stirred
mechanically at room temperature for about one minute. The
mixture is then poured into a crystallizing dish and the
acetone is evaporated off at room temperature.

[0360] The residue is heated at 150° C. for 16 hours in
order to polymerize the resin containing an oxirane function
(S-1) at the surface of the filler. The filler is then screened to
obtain a powder.

[0361] b) Treatment with the Resin Containing an Oxirane
Function (S-1) of the Fillers Obtained in Example 1b)

[0362] A solution containing 2.5% by weight of resin
containing an oxirane function (S-1) is prepared in acetone.

[0363] 100 g of filler (B-1) treated according to Example
1b) are poured onto 100 g of this 2.5% solution and stirred
mechanically at room temperature for about one minute. The
mixture is then poured into a crystallizing dish and the
acetone is evaporated off at room temperature. The residue
is heated at 150° C. for 16 hours in order to polymerize the
resin containing an oxirane function (S-1) at the surface of
the filler. The filler is then screened to obtain a powder.

[0364]

[0365] The two fillers of Examples 2-a) and 2-b) are
formulated in the same way as in Example 1-c), the overall
filler content is 72% by weight relative to the weight of the
composition, to obtain two dental compositions (formula-
tions (2a) and (3b), respectively), the stability and the
change over time of which are monitored.

¢) Properties of the Dental Compositions

TABLE 2
Stability at
Invention Treatment 25° C.
Formulation a) solution containing 2.5% by 1 month
(2a) weight of resin (S-1)
Formulation b) solution containing 2.5% by 1 week
(2b) weight of resin (S-1)

0366] Comparison of the results between:
p
[0367] formulations (1a) and (2a), and
[0368] formulations (1b) and (2b) shows a marked
improvement in stability.

EXAMPLE 3

Invention, Double Treatment of the Filler

[0369] Variation of the Content of Resin Containing an
Oxirane Function (S-1)

[0370] Example 2a) is repeated, varying the content of
resin containing an oxirane function (S-1) during the treat-
ment of the filler (B-1).
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[0371] A dental composition is then formulated as in
Example 2¢).

[0372] The exact composition corresponds to the follow-
ing formulation (the overall filler content is 66% by weight
relative to the weight of the composition):

resin containing an oxirane =~ -------- > 29.25 g
function (S-1)

dispersant solution containing ~ -------- > 225 g
4% (C-1)

photoinitiator system (P) (see ~ -------- > 25 g
Example 1): (P-22) + (PS-31)

ytterbium trifluoride ~ --emeee- > 6g
double-treated filler (B-1) ~ -----—-- > 50 g
untreated filler (B-3) ~ —-eeee- > 5g
combustion silica OX50 ®

untreated filler (B-4) ~ —-eemee- > 5g

combustion silica R202 ®

[0373] The change in the epoxy content is monitored by
potentiometric assay in solution of the composite in the
perchloric acid assay solution.

TABLE 3

% by weight of
the resin (S-1)
in acetone for

the treatment of

Degree of

conversion of Stability at

Dental the filler the epoxy % 25° C.
compositions (B-1): after 26 days (months)
Control 0 not 0
formulation (1t) measurable
Formulation (3a) 1 23 1
Formulation (3b) 2.5 19 3
Formulation (3¢) 5 16 >12 months
EXAMPLE 4

Invention, Double Treatment of the Filler

[0374] Preparation of a Dental Composition with an Over-
all Filler Content of 70% by Weight Relative to the Weight
of the Composition.

[0375] 11.5 g of siloxane resin containing an oxirane
function (S-1) are placed in a Hauschild centrifugal mixer.
225 g of a 4% solution of dispersant (C-1) sold by the
company Byk under the reference Disperbyk-164® are
added. The mixture is stirred for 16 seconds with the
centrifugal mixer at 3000 rpm, and 3 g of ytterbium trifluo-
ride are added. The mixture is stirred for a further 16 seconds
with the centrifugal mixer at 3000 rpm;, and 1.25 g of a
photoinitiator system (P) containing 30% by weight of
photoinitiator (P-22) and 0.89% by weight of photosensi-
tizer based on (PS-31) are then added to the resin (S-1). The
mixture is stirred for 16 seconds with the centrifugal mixer
at 3000 rpm and at room temperature, and 27 g of the filler
(B-1) treated according to Example 2a) and then according
to Example 3 (treatment of the filler (B-1) with a solution
containing 5% by weight of the resin (S-1) in acetone) are
then added. The mixture is stirred for 16 seconds with the
centrifugal mixer. 2.5 g of combustion silica (B-3) (sold by
the company Degussa under the reference OX50®,
8i0,>99%) treated as for the filler (B-1) are added and the
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mixture is then stirred for 16 seconds. Finally, 2.5 g of
combustion silica (B-4) (sold by the company Degussa
under the reference R202®) are added and the mixture is
stirred for 16 seconds.

[0376] The change in viscosity over time is monitored for
the formulation with treated fillers. This formulation is
stable for more than 1 year at 25° C.

[0377] Samples as described in standard ISO 4049 are
crosslinked using a halogen lamp of Demetron Optilux 500
type (irradiation time: 2 times 40 seconds).

[0378] The flexural strength measured according to stan-
dard ISO-4049 is 90 Mpa +10 with a bending modulus of
9000 MPa.

[0379] The depth of crosslinking is 4 mm after irradiation
for 40 seconds.
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irradiation time of between 30 seconds and 1 minute using
an Optilux Demetron lamp. The values L*,a*,b* are mea-
sured using a Minolta CR200 chromameter or calorimeter,
after 15 minutes of crosslinking on a white background and
after 5 days of crosslinking.

[0384] The chromatic difference obtained Ac defined such
that Ac=[(Aa)*+(Ab)*1"2, is deduced therefrom.

[0385]
Optilux 500 dentistry lamp of the dental compositions

It is found that the crosslinking with a Demetron

formulated with the photosensitizer (PS-31), alone or in
combination with other photosensitizers, for example (PS-
39); (PS-34) and (PS-33), does not give rise to any colora-
tion defect (no phenomenon of reddening during irradiation
with a chromatic value a>1 immediately after irradiation).

TABLE 4

Photo- Concentra- T =15 minutes; L,a,b T=5days;L.a, b
Example  sensitizer (s)  tion(s) ppm L* a* b* L* a* b* Ac
5-a PS-47 67 69.15 2.87 7.68 734 -05 9.55 3.85
5-b PS-30 220 71.1 1.70 162 7585 -1.51 1475 3.5
5-¢ PS-31 220 76.35 0.29 124 78.06 -0.63 11.9 1.08
5-d PS-31 170 72.8 1.01 10.02 75.24 -0.4 873 1.51
5-¢ PS-31; PS-39  170; 130 73.4 0.46 1416 76.47 -1.0 13.04 1.84
5-f PS-31; PS-34;  170; 100; 120 70.1 -0.21 15.68 73.69 -1.33 13.94 2.07

PS-39
5-g PS-31; PS-33;  170; 50; 110 69.08 1.41 15.58 73.42 -0.79 15.07 2.26

PS-39
5-h PS-34; PS-39  100; 160 Kinetics insufficient for crosslinking in 1

minute to 3 mm

[0380] The volume shrinkage calculated from the densi-
ties measured before and after polymerization is: -1.6%
=0.2.

[0381] The exact composition corresponds to the follow-
ing formulation (the overall filler content is 70% by weight
relative to the weight of the composition):

resin containing an oxirane =~ -------- > 15 g
function (S-1)

dispersant solution (C-1) ~ -----ee- > 225 g
photoinitiator system (P): ~ ------- > 125 g
(P-22) + (PS-31)

treated ytterbium trifluoride =~ -------- > 3¢
double-treated filler (B-1) ~ ------- > 27 g
untreated filler (B-3) - > 25 g
combustion silica OX50 ®

untreated filler (B-4) - > 25 g

combustion silica R202 ®

EXAMPLE 5

Invention, Double Treatment of the Filler

[0382] The impact of the nature of the photosensitizers on
the coloration of the composition after irradiation with a
dentistry lamp was compared. Example 4 was reproduced,
modifying the nature and amount of photosensitizer intro-
duced into the composition.

[0383] The dental compositions described in Examples 2
to 5 are crosslinked to a thickness of 2 to 3 mm with an

[0386] The use of the combination of thioxanthone (PS-
31) makes it possible to eliminate the coloration problems,
but also the kinetic problems encountered by using cam-
phorquinone (PS-34) alone or camphorquinone in combina-
tion with the anthracene derivative (PS-39) in low concen-
tration (of less than 0.1% in the case of Example 5-h).

EXAMPLE 6

Invention, Double Treatment of the Filler
[0387] Example 5 is repeated, replacing:

[0388] the photoinitiator (P-22) with the photoinitia-
tor (P-29); and

[0389] the photoinitiator system (P) with the photo-
initiator system (P') containing 30% by weight of
photoinitiator (P-29) and 0.89% by weight of pho-
tosensitizer based on (PS-31) in the resin (S-1).

[0390] Chromatic difference:

[0391] after 15 minutes of crosslinking on a white
background, L*,a*b*=72.1; +0.10; 9.53 respec-
tively; and

[0392] after 5 days, L*,a*b*=75; -0.25; 8.1, respec-
tively.
[0393] =>Ac=[(Aa)*+(Ab)*]"?=1.47.
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EXAMPLE 7

Invention, Double Treatment of the Filler

[0394] a) Treatment of the Filler (B-2) with Glycidylox-
ypropyltrimethoxysilane

[0395] 300 g of an acetone solution containing 2.5% of
glycidyloxypropyltrimethoxysilane are introduced under
nitrogen onto 300 g of glass B-2. The mixture is then stirred
vigorously using a Teflon-coated impeller for 8 hours at
room temperature. The “slurry” is then filtered to recover the
glass and the filter cake is screened through a 200-micron
gauze. The screened glass is air-dried at 110° C. for 8 hours.

[0396] b) Treatment of the Filler (B-2) Obtained from
Example 7-a) with the Mixture of Resins (S-1) and (S-104)
Containing Oxirane Functionality.

[0397] 300 g of a solution in acetone containing 3.8% of
(S-1) and 3.8% of (S-104) are introduced onto 300 g of glass
treated according to Example 7-a) and the mixture is then
stirred under nitrogen using a Teflon-coated impeller for 8
hours at room temperature.

[0398] The glass is filtered through a polyamide filter and
then screened through a 200-micron gauze and finally dried
at 110° C. for 12 hours.

[0399] The treated glass obtained (double-treated filler) is
then used to make the following dental composition (the
overall filler content is 75% relative to the total weight of the
composition):

resin containing an oxirane function (S-1) 45 g
resin containing oxirane functionality 45 g
(S-104)

dispersant solution (C-1) 225 g
photoinitiator system (P): (P22) + (PS-31) 125 g
double-treated filler [B-2] 325g
double-treated filler (B-3), combustion 25 g
silica OX50 ®

untreated filler (B-4), combustion silica 25 g
R202®

[0400] The change in the epoxy content over time of the
composition is monitored. It is observed that the composi-
tion is stable for at least 9 months at 25° C. with a degree of
conversion of the epoxys of less than 20%.

[0401] Samples as described in standard ISO 4049 are
crosslinked using a Demetron Optilux 500 halogen lamp
(irradiation time: 2 times 40 seconds).

[0402] The bending strength measured according to stan-
dard ISO-4049 is 90 Mpa +10 with a bending modulus of
800 MPa +1000.

[0403] The depth of crosslinking is 4 mm after irradiation
for 40 seconds.

[0404] The volume shrinkage calculated from the densi-
ties measured before and after polymerization is -1.4%
=0.2.

EXAMPLE 8

Invention, Double Treatment of the Filler

[0405] The treated glass (double-treated filler) obtained
according to Example 7b) is then used to make the following
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dental composition (the overall filler content is 75% relative
to the total weight of the composition):

resin containing an oxirane function (S-1) 45 g
resin containing oxirane functionality 45 g
(S-104)

dispersant solution (C-1) 225 g
photoinitiator system (P): (P22) + (PS-31) 125 g
double-treated filler [B-2] 325g
double-treated filler (B-3), combustion 25 g
silica OX50 ®

untreated filler (B-5), colloidal silica 25 g

as a solution at a concentration of about
40% by weight in a resin (S-96) sold by
the company Hanse Chemie

[0406] The change in the epoxy content over time of the
composition is monitored. It is observed that the composi-
tion is stable for at least 9 months at 25° C. with a degree of
conversion of the epoxys of less than 20%.

[0407] Samples as described in standard ISO 4049 are
crosslinked using a Demetron Optilux 500 halogen lamp
(irradiation time: 2 times 40 seconds).

[0408] The bending strength measured according to stan-
dard ISO-4049 is 100 MPa +10 with a bending modulus of
8000 MPa +1000.

[0409] The depth of crosslinking is 4 mm after irradiation
for 40 seconds.

[0410] The volume shrinkage calculated from the densi-
ties measured before and after polymerization is —1.4 £0.2.

1. A dental composition comprising:
(1) at least one cationically reactive compound (A);
(2) at least one dental filler (B);

(3) optionally at least one dispersant (C) comprising at
least one organic polymer or copolymer;

(4) at least one cationic photoinitiator (D);

(5) and optionally at least one photosensitizer (E),
wherein said at least one dental filler (B) is treated:

a) with at least one organosilicon coupling agent (F) and
b) with at least one compound (G),

said organosilicon coupling agent (F) comprising at least
one reactive function (rfA) directly linked to a silicon
atom reacting with the dental filler, and at least one
reactive function (rfB) not directly linked to a silicon
atom reacting with a reactive function (rfC) of the
compound (G).

2. The dental composition as claimed in claim 1, in which:

the reactive function (rfA) directly linked to a silicon
atom of the organosilicon coupling agent (F) is an
alkoxy, enoxy or hydroxyl function;

the reactive function (rfB) not directly linked to a silicon
atom of the organosilicon coupling agent (F) is an
oxirane, oxetane, hydroxyl, acid, carboxylic acid anhy-
dride or diol function; and
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the reactive function (rfC) of the compound (G) is an
oxirane, oxetane, alkenyl ether or carbonate function.

3. The dental composition as claimed in claim 1, in which
at least one dental filler (B) is treated via a process (I)
comprising the following steps:

a) the dental filler (B) and at least one organosilicon
coupling agent (F) comprising at least one alkoxy,
enoxy and/or hydroxyl function directly linked to a
silicon atom and at least one oxirane, oxetane,
hydroxyl, acid, carboxylic acid anhydride and/or diol
function are mixed together in solvent medium,

b) the solvent is evaporated off to obtain an intermediate
dental filler (B-1),

¢) the intermediate dental filler (B-1) undergoes a heat
treatment so as to allow the coupling reaction between
the intermediate dental filler (B-1) and the coupling
agent (F) and thus to obtain an intermediate dental filler
(B_2)>

d) the intermediate dental filler (B-2) is next mixed in
solvent medium with at least one compound (G) com-
prising at least one oxirane, oxetane, alkenyl ether
and/or carbonate function,

¢) the solvent is evaporated off to obtain an intermediate
dental filler (B-3), and

f) the intermediate dental filler (B-3) undergoes a heat
treatment so as to allow the reaction between the
intermediate dental filler (B-3) and the compound (G)
and thus to obtain a treated dental filler (B-4).

4. The dental composition as claimed in claim 3, in which
the heat treatment of steps c) and f) of the process (I) is
performed by heating to a temperature of less than or equal
to 200° C.

5. The dental composition as claimed in claim 1, in which
the overall content of dental fillers (B) represents up to 85%
by weight and relative to the total weight of the dental
composition.

6. The dental composition as claimed in claim 1, in which
the treatment of the dental filler (B) is performed with up
20% by weight of the compound (G) and/or up to 20% by
weight of the compound (F) relative to the total weight of the
dental composition.

7. The dental composition as claimed in claim 1, in which
the organosilicon coupling agent (F) is of the formula:

®

in which formula:

R is a hydrogen or a linear or branched C,-C, alkyl
radical,

R'is a linear or branched alkyl radical or a phenyl radical,
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x is equal to 0, 1 or 2, and

X being defined by one of the following formulae:

o (M-1)
= —E—(O—D)Z—CR{(C)HXVRS
R4/ \R3 RS
M-2)
(l)H OH
= —E—(O—D)Z—CRZ—(C)n+R5
R3/ \R4 R®
o (M-3)
X= —E—(OTD), CR>—(Cn—C—R’>
/\
R* R
(CR7R®)
(M-4)
(l)H (l)H
X= —E—(O<D), CR>—(Cn—C—FR’
R* R*
(CR'R®),
(M-5)
Q o)
O_/
= —E—(0—D),—CR*—(Qp——FR°
PR R
o OH HO o) (M-
= —E—(0—D),—CR>—(C)p R’
R3/ \R4 RS

with:

E and D which are identical or different radicals chosen
from linear or branched C,-C,, alkyls,

z is equal to O or 1;
n is equal to 0 or 1;
isequal to 0,1, 2,3, 4,5 or 6;

RZ, R>, R*, R®,R® R” and R® are radicals, which may be
identical or different, representing a hydrogen or a
linear or branched C,-C,, alkyl.

8. The dental composition as claimed in claim 7, in which
the organosilicon coupling agent (F) is chosen from the
group consisting of the following compounds: glycidylox-
ypropyltrimethoxysilane, the product of hydrolysis of gly-
cidyloxypropyltrimethoxysilane; glycidyloxypropyltri-
ethoxysilane, the product of hydrolysis in acidic medium of
glycidyloxypropyltriethoxysilane; glycidyloxypropy-
ldimethoxymethylsilane and its hydrolysis product, p-(3,4-
epoxycyclohexyl)ethyltriethoxysilane and its hydrolysis
product, and f3-(3,4-epoxycyclohexylethyltrimethoxysilane
and its hydrolysis product.
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9. The dental composition as claimed in claim 1, in which
the compound (G) is an organic or organosiloxane monomer,
oligomer or polymer comprising at least one oxirane, oxet-
ane, alkenyl ether and/or carbonate function.

10. The dental composition as claimed in claim 9, in
which the compound (G) comprises at least one function
chosen from the group consisting of the structures (M-7) to
(M-12) below:

) M-7)
[ : ’
: (M-8)
__ (M-9)
[ : O‘
’ (M-10)
m/
(M-11)
— (CH2)3 —O—CH=—CHy;
(M-12)

——(CHy);—O—CH=CH—R"

a)
Me Me Me Me
/ \/
Si Si
\O/
(@)
b)
Me Me MeMe Me Me
/ \/
Si Si
\O/
(@)
Me
°)
Me /Me M{ /Me
£ /! Vs
O S1\ /S1
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with R" representing a linear or branched C,-C4 alkyl
radical.

11. The dental composition as claimed in claim 9, in
which the compound (G) is a silicone oligomer (G-1) or a
silicone polymer (G-2).

12. The dental composition as claimed in claim 11, in
which the silicone oligomer (G-1) and the silicone polymer
(G-2) comprise:

a) at least one unit of formula:

w0 (M-13)

Z—S5i—0(.a)2

in which formula:
a=0, 1 or2,

R, which may be identical or different, represents an
alkyl, cycloalkyl, aryl, vinyl, hydrogeno or alkoxy
radical,

Z, which may be identical or different, is an organic
substituent comprising at least one oxirane, alkenyl
ether, oxetane and/or carbonate function, and

b) at least two silicon atoms.

13. The dental composition as claimed in claim 12, in
which the silicone oligomer (G-1) and the silicone polymer
(G-2) are chosen from the group consisting of the com-
pounds of formulae:

(8-1)
(8-2)
O;
Me
(8-3)
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d)

-continued

Me Me Me

(54)
PYAVARN o= _\_\S{ ra
o e NN
9

O;

(S-5)
M< o

(s-6)
(R)0 /E Me

(n < 1000)

BRI

(o+p)<10
0>1

)

O

CH,CH—CH,

(5-8)
0

CH,CH,CH,

CH;—Si—CH,

(0]

CH;—Si—CHj;

CH,CH,CH,
o

CH,CH—CH,
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34
-continued
)
(8-9)
Me, MeMe Me Me, Me Me
\S./ S./ \S./ S./Me
i i i i
@I \O/ e
O
O;
D
(5-10)
Me Me Me
Me  Me Me Me \S1/ \Si
VAR ~o\
1 1 M
\O/ €
O;
Me
[o] Me, Me
| \
Si Si
~
O
@_/M?
O
k)
(5-11)
o M 1\|46 M{ /Me o
e
~N DL /
NS 51\/\/0\/<\
/Ov o B
O O;
D
(5-12)
Me  Me Me
MLl
\\ O/\/SI\O/ Sl\/\o //
0 O ;
m)
(5-13)
Me Me Me Me
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L=H; OH; Me; Phenyl; C,-C,, Alkyl; C,-C, Cycloalkyl;
or the following groups

—CH,—CH,

—CH,;—CH

n)
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in which formula:
a=0, 1 or 2,

R®, which may be identical or different, represents an
alkyl, cycloalkyl, aryl, vinyl, hydrogeno or alkoxy
radical,

Z, which may be identical or different, is an organic
substituent comprising at least one oxirane, alkenyl
ether, oxetane, dioxolane and/or carbonate function,
and

b) at least two silicon atoms.

16. The dental composition as claimed in claim 15,
wherein the unit (M-13) comprises groups Z chosen from
the group consisting of the radicals (R-1) to (R-9) below:

(5-14)
I\I/Ie I\I/Ie
Me | Me Si—OT—Si ®-D
| | | | —CH,—CH,
Si— (OSI), Me Me
[ [ " \©>o.
Me Me a ?
0
o ®-2)
with n<100; a<100 and m<100: and Oy O o
0)
Me. Me Me Me (0] O Me Me Me
N/ N/ NN
Sl\ /S1 S1\ /S1
(o) 0" |
Me N
o] o]
with n<100
-continued
(5-15)
®-3)
in which formulae R°® or R,, which may be identical or (|:H3
different, represents an alkyl, cycloalkyl or aryl radical. _CHZ_CHQC}B;
14. The dental composition as claimed in claim 1, wherein 9
the cationically reactive compound (A) is chosen from the ®4)
group of monomers and/or (co)polymers selected from the ——CH,— CH,—CHj,
group consisting of: \O/V ;
epoxys, vinyl ethers, oxetanes, spiroorthocarbonates and o
o . . R-5
spiroorthoesters, and Fémblnatlo?s theFeof. . . _CH—CH—Ci,— ®R-5)
15. The dental composition as claimed in claim 14, in H;C )
which the cationically reactive compound (A) comprises at
least one crosslinkable and/or polymerizable silicone oligo- o
mer (G-1) or silicone polymer (G-2), which is liquid at room ®6)
temperature or thermofusible at a temperature below 100° P
C., and comprising: H;C (6]
a) at least one unit having the following formula: o
®7)

_ (M-13)
Z_Sll_ Og-ay2

®%
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-continued
R-8)
——(CHy3—O—CH==CHy, and

R-9)
——(CHy);—O—CH=CH—R"

with R" representing a linear or branched C,-C, alkyl

radical.

17. The dental composition as claimed in claim 13,
wherein the cationically reactive compound (A) is chosen
from the group consisting of the compounds (S-1) to (S-15).

18. The dental composition as claimed in claim 1, wherein
the cationic photoinitiator (D) is a borate and is chosen from
those of the following formula in which:

a) the cationic species of the borate is selected from the
group consisting of:

(1) the onium salts of formula:

[(R®)a-A-(R')m]” )
in which formula:

A represents an element from groups 15 to 17,

R® represents a C4-C,, carbocyclic or heterocyclic aryl
radical, said heterocyclic radical optionally contain-
ing nitrogen or sulfur as hetero elements,

R represents R® or a linear or branched C;_¢.5, alkyl or
alkenyl radical; said radicals R° and R'° being
optionally substituted with a C,-C,5 alkoxy, C,-C,5
alkyl, nitro, chloro, bromo, cyano, carboxyl, ester or
mercapto group,

m and n are integers, with n+m=v+1, v being the
valency of the element A,

(2) oxoisothiochromanium salts; and
(3) organometallic salts having the following formula:

(L,L,L;M)* an
in which formula:

M represents a metal from groups 4 to 10,

L1 represents a ligand linked to the metal M via &
electrons, the ligand being chosen from the ligands
n?-alkyl, m’-cyclopentadienyl and m’-cyclohep-
tatrienyl and the m°-aromatic compounds chosen
from the optionally substituted 1°-benzene ligands
and the compounds containing from 2 to 4 fused
rings, each ring being capable of contributing to the
valency layer of the metal M via 3 to 8 = electrons,

L2 represents a ligand linked to the metal M via &
electrons, the ligand being chosen from the m7-cy-
cloheptatrienyl ligands and the m°-aromatic com-
pounds chosen from the optionally substituted
M°-benzene ligands and the compounds containing
from 2 to 4 fused rings, each ring being capable of
contributing to the valency layer of the metal M via
6 or 7 m electrons,

L3 represents from 0 to 3 identical or different ligands
linked to the metal M via o electrons, this or these
ligand(s) being chosen from CO and NO,+; the total
electronic charge q of the complex toward which L1,
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L2 and L3 contribute and the ionic charge of the
metal M being positive and equal to 1 or 2; and
b) the anionic borate species of the formula:
[BX.Ry]” (Im
in which formula:

a and b are integers ranging for a from 0 to 3 and for
b from 1 to 4 with a+b =4,

the symbols X represent:
a halogen atom with a=0 to 3, or
an OH function with a=0 to 2,
the symbols R are identical or different and represent:

a phenyl radical substituted with at least one elec-
tron-withdrawing group, and/or with at least 2
halogen atoms, this being the case when the cat-
ionic species is an onium of an element from
groups 15 to 17,

a phenyl radical substituted with at least one element
or an electron-withdrawing group, this being the
case when the cationic species is an organometal-
lic complex of an element from groups 4 to 10, or

an aryl radical containing at least two aromatic
nuclei, optionally substituted with at least one
element or an electron-withdrawing group, irre-
spective of the cationic species.
19. The composition as claimed in claim 18, wherein the
cationic photoinitiator (D) is chosen from the group con-
sisting of the following compounds:

(P-16): [(CeH;,)—O0—CH,—I—CH)T", [B(C:Fs)]

(P-17): [C,Hp5—CeH,—1—CsHsT", [B(CsFs)]

(P-18): [(CeH;7—0—CsH,).T", [B(CsFs)]

(P-19): [(CeH;7)—O0—CH,—I—CH)T", [B(CeFs)]

(P-20): [(CsH5),8—CH,—O0—CgH, 4],
[B(CH,CF3)4]5

(P-21): [(C1oHas—CHLIT, [B(CFs)]

(P-22): [CH,—CH,—I—C H,—CH(CH,),",
[B(CsFs)aI™s
(P-23): (n5-cyclopentadienyl)(n6-toluene)Fe*,

[B(CF5).Ts

(P-24):  (n5-cyclopentadienyl)(m6-methyl-1-naphthale-

ne)le™, [B(CFs)a]
(P-25): (n5-cyclopentadienyl)(n6-cumene)Fe™,
[B(CeFs).I

(P-26): [(C1.H,5—C6H),I", [B(CsH5(CF3), T

P-27): [CH;—CH,—I—CH,—CH,CH(CH,),[",
[B(CF5).Ts

(P-28): [CH,—CH,)—I—C,H,—CH,CH(CH,),]",
[B(CeH5(CF5),)4]"; and

(P-29): [CH,—CH,—I—C.H,—CH(CH,),]",
[B(C,H,(CES),). T

20. The dental composition as claimed in claim 1, wherein
the cationic photoinitiator (D) is an iodonium salt.

21. The dental composition as claimed in claim 1, in
which the photosensitizer (E) comprises in its structure one
or more substituted or unsubstituted aromatic nuclei having
a residual light absorption of between 200 and 500 nm.

22. The dental composition as claimed in claim 21, in
which the photosensitizer (E) is chosen from the group
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consisting of compounds of the anthracene, thioxanthone,
camphorquinone and phenanthrenequinone class, and also
mixtures thereof.

23. The dental composition as claimed in claim 22, in
which the photosensitizer (E) is a salt of a thioxanthone
substituted with at least one group comprising an ammo-
nium function.

24. The dental composition as claimed in claim 23,
wherein the associated anion of the salt of the thioxanthone
substituted with at least one group comprising an ammo-
nium function is chosen from the following anions: a halide,
BF,”, PF,; SbF,; the anion (III) of formula [BX R, ]
defined as claimed in claim 18, RSO, (RS0,),C™ or
(RS0,),N™ with R, being a linear or branched alkyl radical
substituted with at least one halogen atom.

25. The dental composition as claimed in claim 1, in
which the photosensitizer (E), optionally in combination
with at least one camphorquinone, a phenanthrenequinone
and/or a substituted anthracene, has the formula:

(XxXV)

O OH
O\)\/ N Y
7>
S R2
R2

in which formula:

R** and R** are identical or different and represent a
hydrogen or an optionally substituted C,-C,, alkyl
radical, (X7) being an anionic species, the anion (III) of
formula [BX,R,]” defined as claimed in claim 16,
R:SO;7; (RSO,),C™ or (RSO,),N-, with R; being a
linear or branched alkyl radical substituted with at least
one halogen atom,

26. The dental composition as claimed in claim 1, in
which the photosensitizer (E), optionally in combination
with at least one camphorquinone, a phenanthrenequinone
and/or a substituted anthracene, has the formula:

(PS-30)
o OH

o \)\/ Nt B(CeFs)
71\

S
or
(PS-31)
O OH B(CH3(CF3)2)4
’ 7\
S
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27. The dental composition as claimed in claim 1, in
which the photosensitizer (E) is chosen from the group
consisting of the following compounds:

(PS-30): 3-(3,4-dimethyl-9-0x0-9-thioxanthenen-2-
yloxy)-2-hydroxypropyDtrimethylammonium  chlo-
ride;

(PS-31): 3-(3,4-dimethyl-9-0x0-9-thioxanthenen-2-

yloxy)-2-hydroxypropyDtrimethylammonium  tetrak-

is(pentafluorophenyl)borate;

(PS-32): 3-(3,4-dimethyl-9-0x0-9-thioxanthenen-2-
yloxy)-2-hydroxypropyDtrimethylammonium tetrakis-
(bis(trifluoromethyl)phenyl)borate;

(PS-33): phenanthrenequinone;

(PS-34): camphorquinone;

(PS-35): acenaphthenequinone;

(PS-36): dibenzoyl peroxide;

(PS-37): 2-ethyl-9,10-dimethoxyanthracene;
(PS-38): 9,10-diethoxyanthracene;

(PS-39): 9,10-dibutoxyanthracene;

(PS-40): 9-hydroxymethylanthracene;

(PS-41): 2-dimethylaminothioxanthone;

(PS-42): 3-ethylcarboxy-7-methoxythioxanthone;
(PS-43): 1-phenylthio-4-propoxythioxanthone;
(PS-44): 2-methoxythioxanthone;

(PS-45): 2-(N,N-diethylaminopropoxy)thioxanthone;
(PS-46): 2-isopropylthioxanthone;

(PS-47): 1-chloro-4-propoxythioxanthone;
(PS-48): 4-isopropylthioxanthone;

(PS-49)
O :
S
\
O
(OCgHy7) (PS50
S
NZ
N
O

and mixtures thereof.
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28. The dental composition as claimed in claim 1, in
which the photosensitizer (E) is chosen from the group
consisting of the compounds of the coumarin, diketone,
fluorone, amino ketone and para-aminostyryl ketone family,
and also mixtures thereof.

29. The dental composition as claimed in claim 11, in
which the silicone polymer (G-2) or the silicone oligomer
(G-1) is combined with an organic epoxy or oxetane resin of
formula (S-103) or (S-104):
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(S-103)

O O or
o—Dpl-o O0—FD—0]
o} o}
o) : : o)
[0—D+-0 o—ftp—o
o B (o)

with:
0=n=100 and

D=radical chosen from linear or branched C,-C,, alkyls.

30. The dental composition as claimed in claim 1, in
which the dental filler (B) is a mineral glass or a combustion
silica.

31. The dental composition as claimed in claim 1, in
which the compound (G) is a silane (G-3) of formula:

®)p

(Zya—Si—E

in which formula:

E=—CH,— —CH=;

(5-93)

| |

Si Si O;
A= T T
(@]

(S-104)

R, which may be identical or different, represents an alkyl,
cycloalkyl, aryl, vinyl, hydrogeno or alkoxy radical,
Z, which may be identical or different, is an organic
substituent comprising at least one oxirane, alkenyl
ether, oxetane and/or carbonate function, and —a+b=3.
32. The dental composition as claimed in claim 31, in
which the silane (G-3) is chosen from the group consisting
of the following molecules:

(5-94)

|
Si
QI | _\_%i\_go; and
O

(5-95)

O e
LA~ =
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33. The dental composition as claimed in claim 1, in
which the compound (G) is an organic compound (G-4)
chosen from the group consisting of the molecules:

(S-96) (8-97)
(@] (0] (0]
O O; O O;
(5-98) (5-99)

L

j\ )T\ I I
0
0
o)K()
O;
O
(S-101)

in which formulae: n is an integer between 1 and 10 (limits
inclusive);

(5-100)

(5-103)
O (0]
@Y[O_WHD_OY@
(6] (6]

with n<100 and D=linear or branched C,-C,, alkyl; and

(S-104)

O O
) O
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with n<100 and the group D=linear or branched C;-C,,
alkyl.

34. A process for treating a reinforcing filler, which
comprises treating the filler:

a) with at least one organosilicon coupling agent (F), and
b) with at least one compound (G),

said organosilicon coupling agent (F) comprising at least
one reactive function (rfA) directly linked to a silicon
atom reacting with the dental filler, and at least one
reactive function (rfB) not directly linked to a silicon
atom reacting with a reactive function (rfC) of the
compound (G).

35. The process for treating a reinforcing filler, as claimed

in claim 34, in which:

the reactive function (rfA) directly linked to a silicon
atom of the organosilicon coupling agent (F) is an
alkoxy or hydroxyl function;

the reactive function (rfB) not directly linked to a silicon
atom of the organosilicon coupling agent (F) is an
oxirane, oxetane, hydroxyl, acid, carboxylic acid anhy-
dride or diol function; and

the reactive function (rfC) of the compound (G) is an

oxirane, oxetane, alkenyl ether or carbonate function.

36. The process for treating a reinforcing filler as claimed
in claim 34, comprising the following steps:

a) the reinforcing dental filler (B) and at least one orga-
nosilicon coupling agent (F) comprising at least one
alkoxy and/or hydroxyl function directly linked to a
silicon atom and to at least one oxirane, oxetane,
hydroxyl and/or diol function, are mixed together in
solvent medium,

b) the solvent is evaporated off to obtain an intermediate
dental filler (B-1),
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¢) the intermediate dental filler (B-1) is subjected to a heat
treatment so as to allow the coupling reaction between
the intermediate dental filler (B-1) and the coupling
agent (F) and thus to obtain an intermediate dental filler
(B_2)>

d) the intermediate dental filler (B-2) is then mixed in
solvent medium with at least one compound (G) com-
prising at least one oxirane, oxetane, alkenyl ether
and/or carbonate function,

e) the solvent is evaporated off to obtain an intermediate
dental filler (B-3), and

f) the intermediate dental filler (B-3) is subjected to a heat
treatment so as to allow the reaction between the
intermediate dental filler (B-3) and the compound (G)
and thus to obtain a treated dental filler (B-4).

37. The process for treating a reinforcing filler as claimed
in claim 36, in which the heat treatment of steps ¢) and f) of
the process (I) is performed by heating to a temperature of
less than or equal to 200° C.

38. The process for treating a reinforcing filler in which an
organosilicon coupling agent (F) is used as defined as in
claim 7.

39. The process for treating a reinforcing filler in which a
compound (G) is used as defined in claim 10.

40. The process for treating a reinforcing filler claim 34,
in which the reinforcing filler is a mineral glass or a
combustion silica.

41. Areinforcing filler obtained via the process as claimed
in claim 34.

42. (canceled)

43. A dental prosthesis obtained by crosslinking of a
composition as claimed in claim 1.

44. Dental restoration material obtained by crosslinking
of a composition as claimed in claim 1.

#* #* #* #* #*



