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(54) POLYMERIZABLE COMPOSITIONS BASED of these radicals, wherein one or more C atoms can 
ON EPOXIDES be replaced by O, C=O, —O(C=O)—, SiR2 and/or 

NR, or an aliphatic radical having 0 to 22, preferably 
(75) Inventors: Wolfgang Weinmann, Herrsching 1 to 18 C atoms, Wherein one or more C atoms can 

(DE); Oswald Gasser, Seefeld (DE); be replaced by 0, C=O, —O(C=O)—, NR 0r SiR2, 
Rainer Guggenberger, Herrsching Wherein at least one C atom must be replaced by 
(DE); Gunther Lechner, vvorthsee SiR2, and Wherein R is an aliphatic radical having 1 
(DE); Wolfgang soglowek, Herrsching to 7 C atoms, Wherein one or more C atoms can be 
(DE); Joachim Zech, Hechendorf (DE) replaced by Q C=O and/0r —O(C=O)—> 

if n>2 
Correspondence Address: 
BIRCH STEWART KOLASCH & BIRCH Z denotes an aliphatic, cycloaliphatic or aromatic radi 
PO BOX 747 cal having 0 to 22, preferably 0 to 18 C atoms or a 
FALLS CHURCH’ VA 22040_0747 (Us) combination of these radicals, Wherein one or more 

C atoms can be replaced by O, C=O, 
(73) Assigneez Espe Dental AG —O(C=O)—, SiR2 and/or NR and Wherein R is an 

aliphatic radical having 1 to 7 C atoms, Wherein one 
(21) APPL NO: 09/759,455 or more C atoms can be replaced by O, C=O and/or 

—O(C=O)—, 
(22) Flled: Jan- 16, 2001 and in Which, for type B: 

Related US, Application Data Z denotes an aliphatic, cycloaliphatic or aromatic radi 
cal having 0 to 22, preferably 0 to 18 C atoms or a 

(62) Division of application NO_ 09/101,867, ?led on Sep combination of these radicals, Wherein one or more 
21, 1998,I10W Pat. NO. 6,245,828, which is a 371 of C atoms can _ be replaced by O,_ C=O, 
international application No. PCT/EP97/06504, ?led —O(C=O)—> S1R2 and/Or NR and Whereln R 15 an 
on NOV_ 21, 1997_ aliphatic radical having 1 to 7 C atoms, Wherein one 

or more C atoms can be replaced by O, C=O and/or 

(30) Foreign Application Priority Data —O(C=O)—> 

Nov. 21, 1996 (DE) ................................... .. 196 48 283.6 and “1 Whlch’ for type A and type B‘ 

Adenotes an aliphatic, cycloaliphatic or aromatic radi 
Publication Classi?cation cal having 1 to 18 C atoms or a combination of these 

radicals, Wherein one or more C atoms can be 
(51) Int. Cl.7 ...................................................... .. C08J 3/28 replaced by O, C=O, —O(C=O)—, SiR2 and/Or 
(52) US. Cl. ............................................................ .. 522/148 NR, Wherein R is an aliphatic radical having 1 to 7 

C atoms, in Which one or more C atoms can be 

(57) ABSTRACT replaced by O, C=O and/or —O(C=O)—, 

The invention relates to polymeriZable compositions com 
prising 

(a) 3 to 80 Wt. % of an epoxide or a mixture of epoxides 
of the general formula: 

B1, B2, D and E independently of one another denote an 
H atom or an aliphatic radical having 1 to 9 C atoms, 
Wherein one or more C atoms can be replaced by O, 
C=O, —O(C=O)—, SiR2 and/or NR, Wherein R is 
an aliphatic radical having 1 to 7 C atoms, in Which 
one or more C atoms can be replaced by O, C=O 

Type A and/or —O(C=O)—, 

_ _ O _ n denotes 2-7, 

|Z__/|\_4;7 m denotes 1-10, \_ 
DP B1 B1 I p denotes 1-5, 

B2 
— ' m-H q denotes 1-5 and 

Type B 
_ _ _ X denotes CH2, S or O, 

O 
X (b) 0 to 80 Wt. % of an epoxide or a mixture of epoxides 

|Z__‘|\— / Which differ from (a), 
B \_ 

DP Eq 1 1'3 (c) 3 to 85 Wt. % of ?llers, 
2 In 

(d) 0.01 to 25 Wt. % of initiators, retardants and/or 
accelerators, 

in Which, for type A: 

if n=2 
(e) 0 to 25 Wt. % of auxiliaries, the percentage data in each 

case being based on the total Weight of the composition. 

The neW polymeriZable compositions are particularly suit 
able as dental compositions. 

Z denotes a cycloaliphatic or aromatic radical having 1 
to 22, preferably 1 to 18 C atoms or a combination 
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POLYMERIZABLE COMPOSITIONS BASED ON 
EPOXIDES 

[0001] The invention relates to polymeriZable composi 
tions based on epoxides, neW cycloaliphatic epoxides and 
their use. 

[0002] Methacrylate and acrylate monomers have hitherto 
chie?y been used in polymeriZable dental compositions. 
2,2-Bis[4,1-phenylenoxy(2-hydroxy-3,1-propanediyl) 
methacrylic acid ester]-propylidene (bis-GMA) [U.S. Pat. 
No. 3,066,112], described by BoWen, deserves particular 
attention. Mixtures of this methacrylate With triethylene 
glycol dimethacrylate are also used noWadays as the stan 
dard recipe for dental plastic direct ?lling materials. Meth 
acryl derivatives of diformylated bis-(hydroxymethyl)tricy 
clo [5 .2.1.02>6]-decane have also proved suitable as 
monomers for dental composites Gruber et al., DE-A-27 
14 538; W. Schmitt et al., DE-C-28 16 823; J. Reiners et al., 
EP-A-0 261 520]. A great disadvantage of the knoWn 
polymeriZable dental compositions is the polymeriZation 
shrinkage Which, for example When they are used as ?lling 
material, can cause secondary caries due to the formation of 
edge gaps. Furthermore, in acrylate-based dental composi 
tions, the polymeriZation inhibition by oxygen leads to the 
formation of a so-called greasy layer Which, for example in 
the case of ?llings, is undesirable and even harmful. Finally, 
acrylate-based polymeriZable dental compositions have a 
loW adhesion to the tooth substance. 

[0003] Although there is extensive experience With 
epoxides and cycloaliphatic epoxides (US. Pat. No. 2,716, 
123, US. Pat. No. 2,750,395, US. Pat. No. 2,863,881, US. 
Pat. No. 3,187,018), such monomers and cationically poly 
meriZable compositions formulated therefrom having the 
properties necessary for dental uses have not been commer 
cially available at any point in time. 

[0004] The preparation of bifunctional cycloaliphatic 
epoxides is already described in patents from the 1950s 
(US. Pat. No. 2,750,395, US. Pat. No. 900,506, US. Pat. 
No. 907,149, US. Pat. No. 2,745,847, US. Pat. No. 2,853, 
499, US. Pat. No. 3,187,018, US. Pat. No. 2,863,881, US. 
Pat. No. 2,853,498). Silicon-containing cycloaliphatic 
epoxides have been described by Crivello et al. in various 
publications (EP-A-0 449 027; J. Polym. Sci., Part A: 
Polym. Chem., 28 (1990) 479, ibid. 31 (1993) 2563; ibid. 31 
(1993) 2729; ibid. 31 (1993) 3109; ibid. 31 (1993) 3121; 
ibid. 33 (1995) 2463). The knoWn cycloaliphatic epoxides 
are essentially loW molecular Weight monomers Which 
indeed have a someWhat reduced polymeriZation shrinkage 
[J. Adhes. Sci. Technol. 9 (10) 1995, 1343; DE-A-4 340 
949], but because of their density of functional groups, do 
not meet the requirements (processing, physical properties) 
for dental uses. 

[0005] Only little is knoWn of cationically curable epoxide 
compositions for dental uses: The patent U.S. Pat. No. 
5,556,896 describes epoxide-containing compositions 
Which must necessarily comprise sprioorthocarbonates as 
shrinkage-compensating monomers. The company Ciba 
described in 1958, in the patent AT-A-204 687, epoxide 
dental compositions based on bisphenol AWhich Were cured 
by means of LeWis acid catalysts. The long curing time and 
the loW mechanical strength and long-term stability Were 
problematic in these formulations. The companies Minne 
sota Mining and Manufacturing Company and Wictorin et 

Jan. 3, 2002 

al. describe in patents (WO 96/13538 and WO 95/30402) 
cationically curable epoxy mixtures, preferably With 3,4 
epoxycyclohexyl-methyl 3,4-epoxycyclohexanecarboxylate 
or bis(3,4-epoxycyclohexyl adipate). This type of epoxide is 
highly cytotoxic and in vitro tests shoWed for these mono 
mers mutagenic properties, Which are undesirable in dental 
use. 

[0006] The object of the present invention is to provide 
polymeriZable compositions Which, by comparison With the 
knoWn compositions, in addition to a high reactivity and the 
necessary mechanical properties, have a loW volume shrink 
age and have no mutagenic and only mild cytotoxic prop 
erties. 

[0007] According to the invention, this object is achieved 
by polymeriZable compositions comprising 

[0008] (a) 3 to 80 Wt. %, preferably 3 to 75 Wt. %, and 
in particular 5 to 70 Wt. % of an epoxide or a mixture 
of epoxides of the general formula: 

Type A 
_ _ O _ 

WW B1 \_| D 
P q B2 m 
_ _ - II 

Type B 
_ _ O _ 

004/? B1 \_| D 
P q B2 m 
_ _ _ n 

[0009] 

[0010] 

in Which, for type A: 

if n=2 

[0011] Z denotes a cycloaliphatic or aromatic radical 
having 1 to 22, preferably 1 to 18 C atoms or a 
combination of these radicals, Wherein one or more 
C atoms can be replaced by O, C=O, 
—O(C=O)—, SiR2 and/or NR, or an aliphatic radi 
cal having 0 to 22, preferably 1 to 18 C atoms, 
Wherein one or more C atoms can be replaced by O, 

C=O, —O(C=O)—, NR or SiR2, Wherein at least 
one C atom must be replaced by SiR2, and Wherein 
R is an aliphatic radical having 1 to 7 C atoms, 
Wherein one or more C atoms can be replaced by O, 

C=O and/or O(C=O)—, 

[0012] if n>2 

[0013] Z denotes an aliphatic, cycloaliphatic or aro 
matic radical having 0 to 22, preferably 0 to 18 C 
atoms or a combination of these radicals, Wherein 
one or more C atoms can be replaced by O, C=O, 
—O(C=O)—, SiR2 and Wherein R is an aliphatic 
radical having 1 to 7 C atoms, Wherein one or more 
C atoms can be replaced by O, C=O and/or 
—O(c=))—, 
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[0014] 
[0015] Z denotes an aliphatic, cycloaliphatic or aro 

rnatic radical having 0 to 22, preferably 0 to 18 C 
atoms or a combination of these radicals, Wherein 
one or more C atoms can be replaced by O, C=O, 
—O(C=O)—, SiR2 and/or NR and Wherein R is an 
aliphatic radical having 1 to 7 C atoms, Wherein one 
or more C atoms can be replaced by O, C=O and/or 

—O(C=O)—, 
and in Which, for type A and type B: 

and in Which, for type B: 

[0016] 
[0017] A denotes an aliphatic, cycloaliphatic or aro 

rnatic radical having 1 to 18, preferably 1 to 15 C 
atoms or a combination of these radicals, Wherein 
one or more C atoms can be replaced by O, C=O, 
—O(C=O)—, SiR2 and/or NR, Wherein R is an 
aliphatic radical having 1 to 7 C atoms, in Which one 
or more C atoms can be replaced by O, C=O and/or 

—O(C=O)—, 
[0018] B1,B2, D and E independently of one another 

denote an H atom or an aliphatic radical having 1 to 
9, preferably 1 to 7 C atoms, Wherein one or more C 
atoms can be replaced by O, C=O, —O(C=O)—, 
SiR2 and/or NR, Wherein R is an aliphatic radical 
having 1 to 7 C atoms, in Which one or more C atoms 

can be replaced by O, C=O and/or —O(C=O)—, 

[0019] n denotes 2-7, preferably 2-5, in particular 
a 
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[0020] In denotes 1-10, preferably 1-7, in particular 
1-5, 

[0021] p denotes 1-5, preferably 1-4, in particular 1 
or 2, 

[0022] q denotes 1-5, preferably 1-4, in particular 1 
or 2, and 

[0023] X denotes CH2, S or O, 

[0024] (b) 0 to 80, preferably 1 to 70 Wt. % of an 
epoXide or a mixture of epoXides Which differ from (a), 

[0025] (c) 3 to 85, preferably 5 to 75 Wt. % of ?llers, 

[0026] (d) 0.01 to 25, preferably 0.01 to 20 Wt. % of 
initiators, retardants and/or accelerators, 

[0027] (e) 0 to 25, preferably 0 to 20 Wt. % of auxilia 
r1es, 

[0028] the percentage data in each case being based on the 
total Weight of the composition. 

[0029] Preferred cornpositions according to the invention 
comprise, as component (a), one or more of the epoXides 
listed beloW: 

[0030] i) 2,2-bis[4,1-phenylenoXy-3,1-propanediyl-3,4 
epoXy-cycloheXylcarboXylic acid ester]propylidene 

0 

CH3 

O/\/\O O/\/\O 
O 0 

CH3 

[0031] ii) 2,2-bis[4,1-phenylenoXy-3,1-propanediyl 
oXy-rnethanediyl-3,4-epoXycycloheXyl]propylidene 

CH3 

O/\/\O O/\/\O 
O 0 

CH3 

[0032] iii) 2,2-bis[3,4-epoXycycloheXylrnethanediyl(4, 
1-phenylenoXy-3,1-propylcarboXylic acid ester)]pro 
pylidene 

O O 

M CH3 Mk 
0 O O O 

O 0 

CH3 
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[0058] xxix) ot,u)-bis(3-propanediyl-3,5,7-tris(2,1 
ethanediyl-3,4-epoxycyclohexyl)-1 ,3,5 ,7-tetramethyl 
cyclotetrasiloxanyl)polytetrahydrofuran 
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Alder products. The endocyclic double bond is epoxidiZed 
With perbenZoic acid in a suitable solvent, preferably in 
diethyl ether. When the reaction has ended, the mixture is 

[0059] The invention also relates to the abovementioned, 
individually listed neW cycloaliphatic epoxides per se. 

[0060] The epoxides can be prepared in a simple manner. 
To prepare the epoxides of type A Without siloxanyl units, 
the cycloaliphatic alkenes obtained by conventional etheri 
?cation or esteri?cation of di- tri- or polyols With cyclohex 
enecarboxylic acid or cyclohexenylmethanol are epoxidiZed 
With perbenZoic acid in suitable solvents, preferably in 
diethyl ether. When the reaction has ended, the mixture is 
Washed several times With sodium hydroxide solution and 
dried over magnesium sulphate. The volatile constituents are 
distilled off in vacuo. 

[0061] The epoxide of type A With siloxanyl units are 
prepared by tWo-stage conventional hydrosilylations: Com 
pounds having tWo, three or more terminal alkene functions 
are added to an excess of a siloxane having at least tWo 

active hydrogen atoms and catalytic amounts of H2PtCl6, 
dissolved in a suitable solvent (e.g. hexane). When the 
reaction has ended, the mixture is freed from the platinum 
Which has precipitated out, Washed once With Water and 
dried over magnesium sulphate. In a second hydrosilylation, 
the resulting di-, tri- or polysiloxane-containing compound 
is dissolved in a suitable solvent, eg in toluene or alkanes, 
and heated With H2PtCl6 and vinylcyclohexene epoxide. The 
mixture is freed from the platinum Which has precipitated 
out and Washed once With Water. The product is obtained by 
distilling off the volatile constituents in vacuo. 

[0062] To prepare epoxides of type B With terminal 3-ox 
atricyclo[3.2.1.02>4]octanyl units, di- tri- or poly(meth)acry 
lates are reacted With substituted (or unsubstituted) mono 
meric cyclopentadiene, thiophenes or furans under LeWis 
acid catalysis (for example ZnCl2 or AlCl3) under normal 
pressure or in an autoclave to give the corresponding Diels 

Washed several times With sodium hydroxide solution and 
dried over magnesium sulphate. The volatile constituents are 
distilled off in vacuo. 

[0063] In addition to the epoxides according to the inven 
tion, the polymeriZable compositions according to the inven 
tion can comprise, as component (b), other loW-viscosity 
epoxides. LoW-viscosity epoxides according to (b) can be, 
for example: 3,4-epoxycyclohexylmethyl 3,4-epoxycyclo 
hexanecarboxylate (US. Pat. No. 2,716,123), 3,4-epoxy-6 
methylcyclohexyl 3,4-epoxy-6-methylcyclohexanecarboxy 
late (US. Pat. No. 2,716,123) or related epoxides, 
vinylcyclohexene diepoxide (US. Pat. No. 2,948,688), dicy 
clopentadiene dioxide (US. Pat. No. 2,985,667), bis(3,4 
epoxycyclohexylmethyl) adipate (US. Pat. No. 2,750,395, 
US. Pat. No. 2,863,881, US. Pat. No. 3,187,018), 1,3,5,7 
tetrakis (2,1-ethanediyl-3,4-epoxycyclohexyl)-1,3,5,7-tet 
ramethylcyclotetrasiloxane of the folloWing formula: 
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[0064] 1,3,5,7,9-pentakis (2,1-ethanediyl-3,4-epoxycyclo 
hexyl)-1,3,5,7,9-pentamethylcyclopentasiloxane (US. Pat. 
No. 5,085,124) of the following formula: 

[0065] and loW molecular Weight siloxanes functionaliZed 
With cycloaliphatic epoxides, for example 1,1,3,3-tetram 
ethyl-1,3-bis(ethanediyl-3,4-epoxycyclohexyl)disiloxane 
(EP-A-0 449 027, EP-A-O 574 265) of the following for 
mula: 

[0066] The loW-viscosity epoxides according to compo 
nent (b) are present in a concentration of 0 to 80 Wt. %, 
preferably 5 to 75 Wt. %, in each case based on the total 
Weight of the composition. 

[0067] Inorganic ?ller according to component (c) can be 
the customary dental ?llers, for example quartz, ground, 
optionally X-ray-opaque, optionally reactive glasses, spar 
ingly soluble ?uorides, such as CaF2, or YF3 (EP-B-O 238 
025), silica gels and pyrogenic silicic acid or granules 
thereof. The compositions can also comprise, as ?uoride 
donating constituents, one or more Water-soluble inorganic 
complex ?uorides of the general formula AnMFm, Wherein 
A denotes a mono- or polyvalent cation, M denotes a metal 
of main group or sub-group III, IV or V, n denotes an integer 
from 1 to 3 and m denotes an integer from 4 to 6 (DE-A-4 
445 266). The dental compositions contain these in a con 
centration of 3 to 85 Wt. %, preferably 5 to 75 Wt. %, and in 
particular 30 to 75 Wt. %, based on the total composition. For 
better incorporation into the polymer matrix, it may be 
advantageous to hydrophobiZe the ?llers and, if appropriate, 
the X-ray-opaque additives, such as YF3. Customary hydro 
phobiZing agents are silanes, for example trimethoxygly 
cidylsilane. The maximum particle siZe of the inorganic 
?llers is preferably 20 pm, in particular 12 pm. Fillers having 
an average particle siZe <7 pm are especially preferably 
employed. 
[0068] Initiators according to component (d) of the com 
positions according to the invention can be: LeWis or 
Broensted acids, or compounds Which liberate such acids, 
Which initiate the polymeriZation, for example BF3 or ether 
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adducts thereof (BF3~THF, BF3~Et2O, etc.), AlCl3, FeCl3, 
HPF6, HAsF6, HSbF6 or HBF4, or substances Which initiate 
the polymeriZation after irradiation by UV or visible light or 
by means of heat and/or pressure, such as eg (eta-6 
cumene)(eta-5-cyclopentadienyl)iron hexa?uorophosphate, 
(eta-6-cumene)(eta-5-cyclopentadienyl)iron tetra?uorobo 
rate, (eta-6-cumene)(eta-5-cyclopentadienyl)iron hexa?uo 
rantimonate, substituted diaryliodonium salts and triarysul 
phonium salts. Accelerators Which can be employed are 
peroxy compounds of the perester, diacyl peroxide, peroxy 
dicarbonate and hydroperoxide type. Hydroperoxides are 
preferably used, and cumene hydroperoxide in an approxi 
mately 70 to 90% solution in cumene is employed as the 
particularly preferred accelerator. The ratio of photoinitiator 
to cumene hydroperoxide can be varied Within Wide limits 
from 1:0.001 to 1:10, but the ratio used is preferably 1:0.1 
to 1:6, and particularly preferably 1:05 to 1:4. The use of 
complexing agents, such as, for example, oxalic acid, 8-hy 
droxyquinoline, ethylenediaminetetraacetic acid and aro 
matic polyhydroxy compounds, is also possible. Retardants 
Which can be added are bases, typically tertiary amines. 
Components (d) is present in the composition according to 
the invention in an amount of 0.01 to 25 Wt. %, preferably 
0.01 to 20 Wt. %, based on the total Weight of the compo 
sition. 

[0069] Suitable auxiliaries according to component (e) can 
be, for example, stabiliZers, pigments or diluents usually 
employed in the dental ?eld. 

[0070] The epoxide-containing polymeriZable composi 
tions according to the invention are particularly suitable as 
materials for dental purposes, for example for the production 
of arti?cial teeth or temporary prostheses, as coating com 
positions, for gluing substrates and as dental ?lling materi 
als. 

[0071] The polymeriZable compositions according to the 
invention offer a particular advantage in dental uses. The 
volume shrinkage of the compositions according to the 
invention is far beloW the shrinkage of knoWn compositions 
based on methacrylate monomers. As a result, for example, 
the edge gap problem of ?lling materials can be largely 
avoided. The dimensional stability and the storage stability 
of the epoxides according to the invention and of the 
polymeriZable compositions prepared therefrom is also of 
great advantage in the case of precisions model materials. 

[0072] Compared With acrylate-based dental composi 
tions, Which have a very short setting time and therefore a 
sudden curing compared With epoxide-based compositions, 
the compositions according to the invention shoW a hard 
ening Which proceeds uniformly over a period of, for 
example, 10 to 240 seconds. Stresses Within the polymers 
formed are thus avoided. The compositions according to the 
invention therefore also have an optimum processing time, 
before they reach their ?nal hardness. 

[0073] In addition to high compressive and ?exural 
strengths, the polymeriZable compositions according to the 
invention surprisingly shoW high impact strengths, Which is 
of outstanding importance for dental uses. 

[0074] The dental ?lling materials according to the inven 
tion moreover shoW a surprisingly good adhesion to the 
tooth substance. The epoxides according to the invention 
furthermore are not mutagenic and are acceptable in respect 
of their cytotoxicity. 
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EXAMPLES OF THE SYNTHESIS OF THE 
MONOMERS ACCORDING TO THE 

INVENTION 

1. Preparation of 2,2-Bis[4,1-phenylenoxy-3,1-pro 
panediyl-3,4-epoxycyclohexylcarboxylic acid ester] 

propylidene 
[0075] 100 g 2,2-bis(4-oxypropylhydroxyphenyl)propane 
are kept under re?ux With 85 g 4-cyclohexenecarboxylic 
acid in toluene for 6 hours. The solvent and excess 4-cy 
clohexenecarboxylic acid are distilled off. 161 g 2,2-bis(4 
oxypropylphenyl-3-cyclohexenylcarboxylate)propane 
remain and are added to 83 g perbenZoic acid in 500 ml 
diethyl ether. After a reaction of time of 8 hours, the mixture 
is Washed several times With 10% sodium hydroxide solu 
tion and dried over magnesium sulphate. The volatile con 
stituents are distilled off in vacuo. 

2. Preparation of bis(3,4-epoxycyclohexylethyl 
tetramethyldisiloxanylpropoxymethyl) 

tricyclo[5.2.1.02’°]decane 
[0076] 174 g tetramethyldisiloxane are initially introduced 
into 800 ml hexane, and 120 mg H2PtCl6 are added. 80 g 
tricyclo[5.2.1.02>°]decane-diallyl ether are added and the 
mixture is heated at 85° C. (b.p.) for 3 hours. The mixture 
is freed from the platinum Which has precipitated out, 
Washed once With Water and dried over magnesium sulphate. 
Hexane and volatile constituents are distilled off in vacuo. 
The resulting bis(tetramethyldisiloxanylpropoxymethyl)-tri 
cyclo[5.2.1.02’°]decane is dissolved in 200 ml hexane, 120 
mg H2PtCl6 and 71 g vinyl-3,4-cyclohexene epoxide are 
added and the mixture is heated at 85° C. for 3 hours The 
mixture is freed from the platinum Which has precipitated 
out, Washed once With Water and dried over magnesium 
sulphate. After the reaction mixture has been concentrated in 
vacuo, 202 g bis(3,4-epoxycyclohexylethyl-tetramethyldisi 
loxanyl-propoxymethyl)-tricyclo[5.2.1.02’°]decane are 
obtained. 

3. Preparation of ot,u)-bis(3-propanediyl-3,5,7-tris(2, 
1-ethanediyl-3,4-epoxycyclohexyl)-1,3,5,7-tetram 

ethylcyclotetrasiloxanyl)-polytetrahydrofuran 
[0077] 126 g ot,(u)-polytetrahydrofuran-600-daillyl ether 
are added to 151 g 1,3,5,7-tetramethylcyclotetrasiloxane and 
110 mg H2PtCl6 in 700 ml hexane. After 3 hours at 85° C., 
the platinum Which has precipitated out is separated off and 
all the volatile constituents are distilled off in vacuo. ot,u) 
Bis[3,5,7-tris(3,4-epoxycyclohexylethyl)-3-propyl-1,3,5,7 
tetramethylcyclotetrasiloxanyl]-polytetrahydrofuran 
remains and is heated at 120° C. With 179 g vinylcyclohex 
ene epoxide and 130 mg H2PtCl6 in 800 ml toluene for 3 
hours. The platinum Which has precipitated out is separated 
off and all the volatile constituents are distilled off in vacuo. 
339 g ot,(u)-bis[3,5,7-tris(3,4-epoxycyclohexylethyl)-3-pro 
pyl-1,3,5,7-tetramethylcyclotetrasiloxanyl]-polytetrahydro 
furan remain. 

4. Preparation of 0t,uu-bis(6-methyl-dioxatricyclo 
[3.2.1.02>4]octyl-6-carboxy)polyethylene glycol 

[0078] 85 g ot,u)-polyethylene glycol-600-diamethacrylate 
are heated at 120° C. With 19 g furan in 300 ml toluene in 
an autoclave under 10 bar for 4 hours. The volatile constitu 
ents are distilled off in vacuo. ot,u)-Bis(3-methyl-7-oxabicy 
clo[2.2.1]heptyl-3-carboxy)polyethylene glycol remains and 
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is added dropWise to a solution of 31 g perbenZoic acid in 
300 ml diethyl ether. After a reaction time of 8 hours, the 
mixture is Washed several times With 10% sodium hydroxide 
solution and dried over magnesium sulphate. The volatile 
constituents are distilled off in vacuo. 

5. Preparation of 1,1,1-tris[methanediyl-oxy 
bis(ethanediyl-oxy)-methanediyl-3,4-epoxycyclo 

hexyl]propane 
[0079] 168 g 1,1,1-tris(methanediyl-hydroxy 
bis(ethanediyloxy)]propane are initially introduced into 600 
ml tetrahydrofuran. 178 g potassium tert-butanolate are 
added in portions and the mixture is stirred at 30° C. for one 
hour. 277 g 3-cyclohexenylbromomethane, dissolved in 300 
ml tetrahydrofuran, are then added dropWise. The reaction 
mixture is heated at 75° C. for 24 hours. The solvent is 
distilled off, the mixture is suspended in methyl tert-butyl 
ether and the precipitate is ?ltered off. After aqueous extrac 
tion, 249 g 1,1,1-tris[methanediyl-oxy-bis(ethanediyloxy) 
methanediyl-3-cyclohexenyl]propane remain and are dis 
solved in 500 ml diethyl ether. This solution is added to 61 
g perbenZoic acid in 400 ml diethyl ether and, after a 
reaction time of 8 hours, the mixture is Washed several times 
With 10% sodium hydroxide solution. The mixture is dried 
over magnesium sulphate and the volatile constituents are 
distilled off in vacuo. 

EXAMPLES OF POLYMERIZABLE 
COMPOSITIONS 

1. General Preparation of PolymeriZable 
Compositions 

1.1 One-component Photo- or UV-curing Systems 

[0080] The preparation of the one-component composi 
tions Which can be polymeriZed according to the invention 
is a tWo-stage process in Which homogeneous premixing of 
all the constituents With the exception of the photoinitiator 
takes place in the ?rst stage. In a second stage, the photo 
initiator is kneaded homogeneously into the paste With 
exclusion of light. When the epoxy resins according to the 
invention Which have been obtained in this Way and can be 
processed have been mixed in completely, they are intro 
duced into light-proof containers. 

1.2 TWo-component Systems 

[0081] The tWo-component compositions Which can be 
polymeriZed according to the invention are prepared by ?rst 
preparing a homogenously mixed component A comprising 
the epoxide monomers, a ?ller content, the retardants, accel 
erators and the auxiliaries. A homogeneously mixed com 
ponent B comprising the initiator, diluent and a further ?ller 
content is furthermore prepared. Components A and B are 
introduced, for example, into a double-cartridge system. The 
tWo-component compositions can be processed directly by a 
static mixer on the cartridge system. 

2. Use Examples 

Example 1 

[0082] Component A: Apaste is kneaded from 17.6 parts 
by Wt. ot,u)-bis(3-propanediyl-3,5,7-tris(2,1-ethanediyl-3,4 
epoxycyclohexyl)-1,3,5,7-tetramethylcyclotetrasiloxanyl) 
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ditetrahydrofuran, 17.6 parts by Wt. 3,4-epoxycyclohexyl 
methyl 3,4-epoxycyclohexanecarboxylate and 64.7 parts by 
Wt. of a silaniZed, pigmented quartz. Asecond component B 
comprises 32.8 parts by Wt. polyethylene glycol, 4.7 parts by 
Wt. BF3~OEt2 and 62.5 parts by Wt. of a silaniZed pigmented 
quartz. Pastes A and B are mixed in a ratio of 2:1 via static 
mixer. The composition cures Within tWo minutes. 

Example 2 

[0083] A paste is kneaded from 18 parts by Wt. bis 
(methanediyl-oxy-3,1-propanediyl-3,4-epoxycyclohexyl 
carboxylic acid ester)-tricyclo[5.2.1.02’6]decane, 10 parts by 
Wt. 1,1,3,3-tetramethyl-1,3-bis(ethanediyl-3,4-epoxycyclo 
hexyl)disiloxane, 68.9 parts by Wt. of a silaniZed pigmented 
quartz, 1.2 parts by Wt. (eta-6-cumene)(eta-5-cyclopentadi 
enyl)iron hexa?uorophospate and 1.8 parts by Wt. cumene 
hydroperoxide and is cured by irradiation With a lamp 
(Elipar II light apparatus, ESPE Dental-MediZin GmbH & 
Co. KG, Germany) in the course of approx. 40 seconds. 

Example 3 

[0084] 16.7 parts by Wt. 1,1,1-tris[methanediyl-oxy-1,3 
propanediyl-1,1,3,3-tetramethyldisiloxanediyl-1,2 
ethanediyl-3,4-epoxycyclohexyl]propane, 4.5 parts by Wt. 
3,4-epoxycyclohexylmethyl 3,4,-epoxycyclohexanecar 
boxylate, 5.2 parts by Wt. 1,3,5,7-tetrakis(2,1-ethanediyl-3, 
4-epoxycyclohexyl)-1,3,5,7-tetramethylcyclotetrasiloxane, 
70.5 parts by Wt. of a silaniZed pigmented quartz, 1.2 parts 
by Wt. (eta-6-cumene)(eta-5-cyclopentadienyl)iron 
hexa?uorophosphate and 1.9 parts by Wt. cumene hydrop 
eroxide are kneaded to a paste, Which is cured by irradiation 
With a lamp (Elipar II light apparatus, ESPE Dental-MediZin 
GmbH & Co. KG, Germany) in the course of approx. 40 
seconds. 

Example 4 

[0085] 18 parts by Wt. 2,2-bis[4,1-phenylenoxy-3,1-pro 
panediyl-3,4-epoxycyclohexylcarboxylic acid ester]propy 
lidene, 13 parts by Wt. 3,4-epoxycyclohexylmethyl 3,4 
epoxycyclohexanecarboxylate, 65.4 parts by Wt. of a 
silaniZed pigmented quartZ, 1.5 parts by Wt. (eta-6-cume 
ne)(eta-5-cyclopentadienyl)iron hexa?uorophosphate and 
2.1 parts by Wt. cumene hydroperoxide are kneaded to a 
paste, Which is cured by irradiation With a lamp (Elipar II 
light apparatus, ESPE Dental-MediZin GmbH & Co. KG, 
Germany) in the course of approx. 40 seconds. 

Example 5 

[0086] Comparison paste, commercially obtainable dental 
composition 

Example 5 
Ex- Ex- Ex- Ex- (compari 

ample 1 ample 2 ample 3 ample 4 son) 

Compressive strength 388 331 361 355 385 
[MPa] 

Flexural strength 151 131 121 141 118 

[MPa] 
(ISO 4049) 

Volume shrinkage [%] 1.3 0.8 0.7 1.0 2.2 
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1. PolymeriZable composition comprising 

(a) 3 to 80 Wt. % of an epoxide or a mixture of epoxides 
of the general formula: 

Type A 
_ _ O _ 

leer-$7 B1 \_| D 
P L1 B2 In 
_ _ _ II 

Type B 

' 0 

PP / X 
B1 \_| D 

P L1 B2 In 
_ _ _ n 

in Which, for type A: 

if n=2 

Z denotes a cycloaliphatic or aromatic radical having 1 
to 22, preferably 1 to 18 C atoms or a combination 
of these radicals, Wherein one or more C atoms can 

be replaced by O, C=O, —O(C=O)—, SiR2 and/or 
NR, or an aliphatic radical having 0 to 22, preferably 
1 to 18 C atoms, Wherein one or more C atoms can 

be replaced by O, C=O, —O(C=O)—, NR or SiR2, 
Wherein at least one C atom must be replaced by 
SiR2, and Wherein R is an aliphatic radical having 1 
to 7 C atoms, Wherein one or more C atoms can be 

replaced by O, C=O and/or —O(C=O)—, 

Z denotes an aliphatic, cycloaliphatic or aromatic radi 
cal having 0 to 22, preferably 0 to 18 C atoms or a 
combination of these radicals, Wherein one or more 
C atoms can be replaced by O, C=O, 
—O(C=O)—, SiR2 and/or NR and Wherein R is an 
aliphatic radical having 1 to 7 C atoms, Wherein one 
or more C atoms can be replaced by O, C=O and/or 

—O(C=O)—, 
and in Which, for type B: 

Z denotes an aliphatic, cycloaliphatic or aromatic radi 
cal having 0 to 22, preferably 0 to 18 C atoms or a 
combination of these radicals, Wherein one or more 
C atoms can be replaced by O, C=O, 
—O(C=O)—, SiR2 and/or NR and Wherein R is an 
aliphatic radical having 1 to 7 C atoms, Wherein one 
or more C atoms can be replaced by O, C=O and/or 

—O(C=O)—, 
and in Which, for type A and type B: 

Adenotes an aliphatic, cycloaliphatic or aromatic radi 
cal having 1 to 18 C atoms or a combination of these 
radicals, Wherein one or more C atoms can be 

replaced by O, C=O, —O(C=O)—, SiR2 and/or 
NR, Wherein R is an aliphatic radical having 1 to 7 
C atoms, in Which one or more C atoms can be 

replaced by O, C=O and/or —O(C=O)—, 
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B1, B2, D and E independently of one another denote an (b) 0 to 80 Wt. % of an epoXide or a mixture of epoXides 
H atom or an aliphatic radical having 1 to 9 C atoms, Which differ from (a), 
Wherein one or more C atoms can be replaced by O, (C) 3 to 85 Wt % of ?llers 
C=O, —O(C=O)—, SiR2 and/or NR, Wherein R is 
an aliphatic radical having 1 to 7 C atoms, in Which (d) 0.01 to 25 Wt. % of initiators, retardants and/or 
one or more C atoms can be replaced by O, C=O accelerators’ 

and/or —O(C=O)—, (e) 0 to 25 Wt. % of auxiliaries, 
n denotes 2_7 the percentage data in each case being based on the total 

Weight of the composition. 
2. PolymeriZable composition as claimed in patent claim 

p denotes L5, 1, characteriZed in that it comprises, as component (a), one 
or more of the following epoX1des: 

m denotes 1-10, 

q denotes L5 and i) 2,2bis[4,1-phenylenoXy-3,1-propanediyl-3,4-epoXycy 
X denotes CH2, S or O, cloheXylcarboXylic acid ester]propylidene 

O 0 

CH3 

O/\/\O O/\/\O 
O 0 

CH3 

ii) 2,2-bis[4,1 -phenylenoXy-3,1 -prop anediyl-oXy-meth 
anediyl-3,4-epoXycycloheXyl]propylidene 

iii) 2,2-bis[3,4-epoXycycloheXylmethanediyl(4, 1-phe 
nylenoXy-3,1-propylcarboXylic acid ester)]propylidene 

O O 

M CH3 /\)k 
0 O O O 

O 0 

CH3 

iv) 2,2-bis[4, 1-phenylenoXy-3, 1-propanediyl- 1 ,1 ,3,3 -tet 
ramethyldisiloXanyl- 1,2-ethanediyl-3,4-epoXycyclo 
heXyl]propylidene 
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3. PolymeriZable composition as claimed in patent claim 
1 or 2, characterized in that it comprises, as the loW-viscosity 
epoxide according to component b) 3,4-epoxycyclohexylm 
ethyl 3,4-epoxycyclohexanecarboxylate, 3,4-epoxy-6-meth 
ylcyclohexyl 3,4-epoxy-6-methyl cyclohexanecarboxylate, 
dicyclopentadiene dioxide, bis(3,4-epoxycyclohexylmethyl) 
adipate, 1,3,5,7-tetrakis(2,1-ethanediyl-3,4-epoxycyclo 
hexyl) 1,3,5,7-tetramethylcyclotetrasiloxane, 1,3,5,7,9-pen 
takis(2,1-ethanediyl-3,4epoxycyclohexyl)-1,3,5,7,9-pen 
tamethylcyclopentasiloxane, 1,1,3,3-tetramethyl-1,3 
bis(ethanediyl-3,4-epoxycyclohexyl)disiloxane and/or loW 
molecular Weight siloxanes functionaliZed With 
cycloaliphatic epoxides. 

4. PolymeriZable composition according to at least one of 
patent claims 1 to 3, characteriZed in that it comprises, as 
?llers according to component c), quartz, ground glasses, 
silica gels or silicic acids or granules thereof. 

5. PolymeriZable composition according to at least one of 
patent claims 1 to 4, characteriZed in that it comprises, as 
retardants, accelerators and/or initiators, LeWis acids or 
Broensted acids or compounds from Which such as acids are 
formed by irradiation With UV light or visible light or by 
heat and/or pressure. 
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6. PolymeriZable composition according to at least one of 
patent claims 1 to 5, characteriZed in that it comprises, as 
auxiliaries, diols, diluents, stabiliZers, inhibitors and/or pig 
ments. 

7. PolymeriZable composition according to at least one of 
patent claims 1 to 6, comprising 

A a catalyst paste comprising the epoxides of components 
(a) and (b), a portion or all of the ?ller of component 
(c), if appropriate retardants or accelerators according 
to component (d) and if appropriate auxiliaries of 
component (e), and, spatially separated therefrom, 

B a catalyst paste comprising an initiator according to 
component (d), if appropriate a portion of the ?ller of 
component (c) and if appropriate auxiliaries according 
to component (e). 

8. Epoxides, namely 

i) 2,2-bis[4,1-phenylenoxy-3,1-propanediyl-3,4-epoxycy 
clohexylcarboxylic acid ester]propylidene 

0 

CH3 

O/\/\O O/\/\O 
O 0 

CH3 

ii) 2,2-bis[4,1 -phenylenoxy-3,1 -prop anediyl-oxy-meth 
anediyl-3,4-epoxycyclohexyl]propylidene 

iii) 2,2-bis[3,4-epoxycyclohexylmethanediyl(4, 1-phe 
nylenoxy-3,1-propylcarboxylic acid ester)]propylidene 

O O 

AKA CH3 AA 
0 O O O 

O 0 

CH3 
















