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DECLARATION IN SUPPORT

In support of the (Convention) Application madeby: ESPE STIFTUNG & CO. PRODUKTIONS-UND

for a patent for an invention entitled: POLYETHER-MOULDING MATERIAL, PROCESS FOR

VERTRIEBS KG.

ITS PREPARATION AND ITS USE

XX (We) Dr. Oswald Gasser and Dr.Klaus Ellrich,
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bXDaX We are) authorised by the applicant{X) for the patent to make this declaration on its behalf.

Delete the following if not a Convention Application.
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on November
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14, 1988 j; Federal Republic of Germany
(Application No;P 38 38 587.2)

MK

tox

by ESPE STIFTUNG & CO. PRODUKTIONS-UND VERTRIEBS KG.

The basic application(¥) referred to in this paragraph is (&X) the first application®) made in
2 Convention country in respect of the invention the subject of the application.
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Dr. Peter Jochum
¥rDr. Oswald Gasser
b)Dr. Wolf-Dietrich Zahlexr (See back hereof for addresses)
Dr. Giinther Lechner
Dr, Rainer Guggenberger
Dr. Klaus Ellrich
¥s{are) the actual inventor(s) of the invention and the facts upon which
the applicant company
is (¥¥) entitled to make the application are as follows:

The applicant is a person who would, if a patent were granted

upon an application made by the actual inventors, be
entitled to have the patent assigned to it.
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Claim

1. & polyether-ingessimm material comprising
(a) a poiyether, which has at least two, optionally
substituted vinyl- and/or allyl end groups,

(b) a SiH component

(c) a platinum catalyst,

and optionally

(d) additives
characterized in that the SiH component (b) can be obtained by the
reaction of an at least bifunctional allyl- or vinyl-hydrocarbon compound,
the hydrocarbon radical of which, without taking account of the
allyl or vinyl groups and the optionally present alkylene ether
groups, has 6 - 30 carbon atoms and contains at ‘'east one
aromatically unsaturated, heterocyclic, or cycloaliphatic ring,
with at least one mole per vinyl- or allyl group of an at least

bifunctional SiH-compound of the formulae
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(11) AU-B-44602/89 -2-
(10) 624192
or
R | g6 -
0 -58i-R’
H-si" L |
0 o)
N
Si
R/E‘ \Rg
— —h

in which

e = 0 to 8,

g =20 to 8,

h =0 to 4 and

R' to R!®, are the same or different, and are each H, methyl or
ethyl, with the proviso that at least 1 and at most 5 of R* to R
are H, wherein g and h cannot simultaneously be 0, and wherein at
least the components (b) and (c) are spatially separaied from each

other.

9. A process for the preparation of polyether-impression
material according to claim 1, characterized in that a part of
component (a) is mixed with compoQ?nt (c) and separate therefrom

tahac

the remaining part of component (aLAis mixed with component (b) and

both part-mixtures are kept spatially separated from each other untu
:)USh peor o use of the r~afecia) .
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Complete Specification for the invention entitled:

"POLYETHER-MOULDING MATERIAL,

USE"

Tha following statement is a full description of this invention

including the best method of performing it known to us:-

Dr. Peter Jochum; Dr. Oswald Gasser:
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Background of the Invention

In the production of dentures in a dental laboratory, a
"working model" which reproduces the teeth and jaw proportions of
a patient as closely as possible is the most important
prerequisite. For this purpose, a negative form is first produced
by the dentist in the mouth of the patient using so-called impression
materials. The initially plastic workable impression material is
introduced into the patient’s mouth on an impression plate and
solidified as much as possible to an elastic material. This
represents the negative form when removed. This mold could then

be finally filled with model material, thus resulting in a

working model.

Discussion of Related Art

Highly precise elastic imprassion materials, which are
distinguished by high accuracy, high dimensional stability %‘
and good reproduction of detail, are for example, materials based
on agar—-agar, polysulphide, polyether or addition cross-linking
silicones. Substances containing aziridine groups are polymerized to
produce the polyether materials, such as those described in U.S. E;
Patents 3,453,242 and 4,093,555. Generally, in additionrto the

compounds containing aziridine groups, additives such as fillers,
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dyestuffs and further auxiliary agents are also used. Sulphonium
salts, which are known from U.S. Patent 4,167,618, are well suited
to initiate the polymerization reactions.

As a result of their hydrophilic property, the polyether
materials are ideal for recording as accurately as possible the
teeth in a mouth, due to their good flowing characteristics even
in a damp mouth environment.

The hardening of an addition cross-linking silicone impression
material is achieved by a reaction of a polysiloxane having vinyl
end groups with a polysiloxane having SiH end groups in the
presence of certain platinum catalysts. The impressions obtained
in this way are distinguished by being characterized with very good
elastic properties and high storage stability. However, because
of the hydrophobic nature of silicones, the accuracy of a
reproduction can only be described as being good to a limited
extent.

To improve the hydrophilic property of silicone impression
materials, it has been proposed to add polyethoxylated oligo-
siloxanes or perfluoro-alkane additives to the addition cross-
linking silicone impression material (e.g., WO 87/03001 or EP-A 0 231
420) . These additives do in fact produce an improved contact angle
of a water droplet on the impression material. This improved
wettability, however, only occurs after a marked time delay. Thus, this
improvement has only an unsatisfactory effect on the malleability

of the material in the mouth.
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In DE-A 37 41 575 impressionmaterials with the capacity to

harden are described. These materials also contain, in additicn
to unsaturated polyethers with terminal alkenyl radicals, the
reaction products of such substituted polyether with oligo-siloxane
radicals having at least two SiH groups in the molecule and
platinum catalysts as the main constituents. They can be used as

dental impression materials and have good elastic and very

hydrophilic properties. The described SiH components containing
siloxanes are however difficult to isolate because of their strong
tendency to cross-linkage even during preparation and the storage
stability of the impressionmaterials containing these siloxanes is

only limited for this reason.

Object and Summary of the Invention

The object of the present invention is to produce an elastic

and storage-stable addition cross-linking polyether inipression

material.

This can be achieved by a polyether impression material

comprising
(a) a polyether, which has at 1least two, optionally
substituted vinyl- and/or allyl-end groups,
(b) a SiH component,
(c) a platinum catalyst
and optionally:

(d) the usual additives

L




characterized in that the 'SiH-component (b) can be obtained by the

reaction of an at least bifunctional allyl- or vinyl-hydrocarbon compound,

the hydrocarbon radical of which, without taking account of the

allyl or vinyl groups and alkylene ether groups optionally present,
has 6 to 30 carbon

atoms and which contains at least one

aromatically unsaturated, heterocyclic or cycloaliphatic ring, with

at least one mole per vinyl or allyl group of an at-least bi-

functional SiH compound, of the formulae

R4 RO R8
[ l [
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in which

e = 0 to 8,

g 0 to 8,

h =0 to 4 and

R* to R'” are the same or different, and are each H, methyl or
ethyl, with the proviso that at least 1 and at the most 5 of R* to
R are H, wherein g and h cannot simultaneously be O, and wherein
at least the components (b) and (c) are spatially separated from
each other.

The impression material according to the invention is
advantageous in that the SiH component contained therein does not
have a tendency to cross-link and therefore is characterized with
having a satisfactory storage stability.

Furthermore, in comparison to the impression material known from
DE-A 37 41 575, it has more balanced hydrophilic properties, in
that on the one hand it is easily wettable by water and therefore
has a good flow characteristic, and on the other hand, however, in
the presence of water it has only a slight tendency to swell, i.e.,
the dimension stability is retained.

Preferably the allyl- or vinyl-hydrocarbon compound is an
allylether-, vinylether-, allylester-, or vinylester-hydrocarbon

compound.
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As component (b),. SiH-compounds of the formula:

are preferably used,

wherein |

A is a straight-chain or branched 2- to 6-valent hydrocarbon
radical with 6 to 30 carbon atoms, containing at least one
aromatically unsaturated or cyclo-aliphatic ring,

B is a straight-chain or branched saturated hydrocarbon radical
with 2 to 6 carbon atoms,

m= 2 to 6,

n 0 to 25 and

C’ represents the radical
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in which
R’ to R’ are the same or different, and are each H, methyl or ethyl,
f is 1 or 2, and e, g, h, and R* to R'” have the above meanings.
The polyether-inpression material according to the invention can
be produced in such a way, that all components (a), (b) and (c) lie
spatially separated from each other. However, the components (a)
and (c) can also be mixed together with component (b) being kept
apart. In another embodiment, part of component (a) can be mixed
with component (c) and separate therefrom the remaining part of
component (a) can be mixed with the compeonent (b) and both part-
mixtures kept spatially separated from each other. Shortly before
using the impression material the individual components or part-

mixtures can then be combined together and thoroughly mixed.
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Another object of the invention is to use the above named

addition cross-linking polyether-impression material for the
production of dimensionally stable dental impressions.

The di- or poly-allylethers of poly-ether-di or -polyols
be used, for example, as the unsaturated polyether (a). Ethylene-
and propyleneoxide polymers, ethylene- and propyleneoxide co-
polymers as well as ethylene oxide- and tetrahydrofuran co-polymers
can be used, for example, as the middle polyether unit. The
polyetherdiols obtained therefrom can be reacted in a manner known
per se, e.g., with allyl- or vinylchloride to form the unsaturated
polyethers (a). The unsaturated polyethers preferably have average
molecular weights of 1000 to 20,000, particularly preferred are
from 1500 to 10,000 and most particularly preferred are from 2000
to 7000. Suitable unsaturated polyethers are described in the
aforementioned DE-A 37 41 575, the disclosure of which to this
extent is to be included herein.

Component (b) of the impression material according to the
invention is an aromatic or cyclo-aliphatic compound substituted
by siloxane radicals. In the above formula for the SiH compound
the radical A 1is preferably a bivalent 1,4-phenylene-, 2,7-
naphthylene-, 4,4’-isopropylidenediphenylene-,

4,4'-biphenylylene-, phthaloyl-, terephthaloyl- or tricyclo-

[5.2.l.ozﬁ]—decan-3,8—dimethy1 radical.
The radical B 1is preferably an ethylene or a propylene

radical, m is preferably from 2 to 4 and especially preferred is




2, n is preferably from 0 to 10, and more particularly from 0 to

3.

In the radical ¢’, the radicals R’ to R® are preferably H or

methyl, H in particular being preferred, and the radicals are the

4

same, f is preferably 2, R' and R’ are preferably methyl, R® is

7

preferably H, R’ and R’ are preferably methyl, R® and R are

preferably H, e is preferably 0 to 5, and more particularly, 1 to

3, g is preferably 1 to 4 and h is preferably 1 to 2. Radical C’

of the following formulae are particularly preferred:
-C;H,-Si(Me),0Si(Me),H and -C,H,-Si(Me),-0Si(Me),H

and

Mo

R
\\/
S1

Me o/// ~ 0 H
_<c42>\\si/ N
3 ~ /N
: 0 0 e
~N
Si
.'/// N
h Me

R = H or Me
The reaction products from triallyl-triazine-trione with at least
three times the molecular quantity of . an at least bifunctional

SiH-compound of the formula above are for example well suited.
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The siloxane-substituted aromatic or cyclo-aliphatic compounds
can be produced according to the usual methods or as in DE-0S 37
41 575. They can be produced by reacting a di- or poly-
allyl or -vinyl aromatic compound with a polyorganosiloxane, which
contains at least two SiH groups, using a platinum catalyst in a
mole ratio of at least two SiH groups to one allyl- or vinyl-group.
Suitable starting substances are for example the diallylether of
bisphenol A, of ethoxylated bisphenol A and of bishydroxymethyl-
tricyclo—[5.2.l.OzA]—decan as well as phthalic and terephtalic acid
diallyl ester. The catalyst used must be removed to produce
storage-stable pastes. This can suitably be achieved by the
adsorption of the catalyst with silica gel, kieselguhr or the like.

All catalyst which initiate hydrosilylation can be used as

catalyst (c). For example, finely dispersed platinum,
chloroplatinic acid or platinum complexes are suitable. Also
suitable are all other compounds, which are known in the

preparation of addition cross-linking silicones. Suitable platinum
complexes are platinum rlefin complexes, e.g., the reaction produce
of chloroplatinic acid with a polysiloxane containing at least
one vinyl group.

The mole ratio of component (a) to component (b) is usefully
chosen, such that per 1 mole of unsaturated radical,; 1 to 10 moles
of SiH-groups, preferably 1.5 to 3 moles of SiH-groups are present.

The quantity of the platinum catalyst (c) used, preferably

amounts to 0.1 ppm to 5000 ppm, in particular 0.1 to 1000 ppm,

based on the total weight of the components (a) and (b).

11
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To set the working conditions, in particular the flowability
and hardness of the finished molding, the impression material
optionally contains the usual inorganic and/or organic fillers.
Suitahle inorganic fillers are for example pyrogenic silicium
dioxide, kieselguhr, silica gel, quartz powder, ground fibre-glass,
titanium dioxide, aluminum oxide, magnesium oxide, calcium
carbonate and mica. The particle-size distribution of the fillers
used is preferably chosen in such a way that no fillers with a
particle size > 50 um are contained; the maximum particle size
preferably amounts to 25 um and more preferably to 5 um. According
to the intended use the quantity of filler amounts 0 to éo% by
weight, preferably 5 to 50% by weight, and is based on the total weight
of thz molding material.

The fillers can be coated. Fillers coated with silane are
preferred. The silanes known to be used for the coating of fillers
can be used as the silane. Particularly suitable are, for example,
hexamethyl-disilazane and divinyl-tetramethyl-disilazane.

Furthermore, the mixtures according to the invention can
contain additives such as plasticizers, pigments, anti-oxidating
agents, release agents among others. Compounds such as
tributylcitrate, dibenzyltolulene, polyethylene oxide as well as
ethylene oxide copolymers and propylene oxide co-polymers are
suitable as plasticizers. The quantity of plasticizer preferably
amounts to 0 to 40 % by weight, and in particular 0 to 20 % by

weight, referred to the total mass.

12
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As the number of SiH groups needed to guarantee: rapid
hardaning is relatively large in relation to the quantity of
unsaturated radicals in the hardenable molding material, during the
hardening hydrogen gas can be liberated as a by-product. In order
that this does not influence the dimensional stability, an absorber
for the hydrogen gas is preferably introduced. Metal powders from
palladium, platinum, nickel, magnesium or zinc are suitable;
especially suitable are carrier materials provided with these
metals for example, palladium-coated silica gel or palladium-coated

calcium carbonate.

1st Example of Preparation

7 mg of hexachloroplatinic acid is introduced into 7.92 g of
(20 mmole) bisphenol-A bisallyloxyethylether and the ﬁixture is
stirred for 15 minutes at ambient temperature, until the majority
of the hexachloroplatinic acid has dissolved. Following this 9.6
g of (40 mmole) tetramethylcyclotetrasiloxane is slowly added
dropwise at ambient temperature. Within 20 minutes the temperature
of the mixture rises to 55°C. Stirring is continued until the
mixture has cooled to a temperature of 30°C and is then continued

for an adlditional 2 hours. Finally, filtration with silica-gel

removes a small amount of a black precipitate and 10 g of compound 1

is obtained.

13
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Example 1

1 g of diallylether of a polypropylene glycol with an average
molecular weight of 2000 and 0.2 g of a platinum catalyst solution,
comprising 0.1% of hexachloroplatinic acid in
divinyltetramethyldisiloxane, are introduced into 0.27 g of
compound 1 and the mixture obtained is stirred. After
approximately 2 1/2 minutes setting begins and is completed after
approximately 6 minutes. A solid rubber is obtained, which has
very good elastic properties and exceptional tensile strengtﬁ.

The impressimmaterial can be easily wetted with water before
and after setting, without absorbing any significant amount of

water.

2nd Example of Preparation

As described in the example of preparation 1, 20 mmoles of
each of the diallyl compounds 1listed in Table 1 below with
respectively 7 mg of hexachloroplatinic acid and 9.6 g of
tetramethylcyclotetrasiloxane is reacted to yield the respective
SiH compounds listed in Table 1 below. The characterization of the
products 1is carried out by their FTIR-spectrum. The SiH
oscillation of the tetramethylcyclotetrasiloxane adduct can be seen
at 2173 cm'. The wave numbers of the SiH compound according to the
invention are provided in Table 1 below. The completeness of the
reaction can be easily followed by NMR-spectroscopy. The wide
multiplet of the allyl group at 5.0 to 6.3 ppm disappears on

completion of the reaction.

14
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Table 1

IR spectrum of

Allyl compound Quantity Yield of SiH the SiH compound
(g) compound (g) (SiH oscillation)

4,4'-bis-(allyloxy-

ethyl-ethoxy)-2,2-

diphenylpropane 13.4 18 2171cm’’

4,4’-bis-(allyloxy)-

2,2-diphenylpropane 6.16 6.5 2168cm™

phthalic acid

diallyl ester 4.93 11 2168cm’’

Example 2

The compounds -obtained according to the second example of
preparation, as described in Example 1, were reacted with
polypropylene glycol diallylether with an average molecular weight
of 2000 and the platinum catalyst, containing 0.1% by weight of
hexachloroplatinic acid in divinyltetramethyldisiloxane. In each
case hardening begins after 2 1/2 minutes and is complete after
approximately 6 minutes. The rubber obtained have excellent
tensile strengths and elasticities.

The impression material is easily wettable with water both before
and after hardening, without taking up any significant amount of

water.

15
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Example 3

A homogeneous solution is obtained from 2.3 g of H,PtCl, x 6H,0
and 11.5 g of tributylcitrate by stirring at 100°C for 5 minutes.
This solution is allowed to cool to 50°C and 13.8 parts by weight
of divinyltetramethyldisiloxane is added, then the solution is
heated to 100° again and stirred for a further 5 minutes at. 100°C.
After cooling to ambient temperature a clear catalyst solution is
obtained. 0.01 parts by weight of this catalyst solution are
kneaded with 2 parts by weight of polypropyleneglycol diallylether
with an average molecular weight of 2000 and 0.02 parts by weight
of palladium on calcium carbonate and 0.9 parts by weight of a
pyrogenic silane coated silicic acid to a stable catalyst
paste.

0.64 parts by weight of the diallyl ether described above are
kneaded with 0.47 parts by weight of the reaction product described
in Example of Preparation 2 of tetramethylcyclotetrasiloxane and
4,4-bis-(allyloxy)=-2,2-diphenylpropane as well as 1.9 parts by
weight of a calcium carbonate coated with stearic acid to a stable
basic paste.

The catalyst paste and the basic paste are mixed together in
equal parts by weight. After 2 minutes 45 seconds hardening begins
and is complete after approximately 8 minutes. The freshly mixed
paste has an excellent stability, it does not run off the
impression plate, but can however easily be applied around the
teeth with an elastomer injection for dental impressions. After

30 minutes the material has a Shore hardness A of 43, the elastic

16
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deformation amounts to 8% after 60 minutes and the remaining
deformation to 0.5% after 60 minutes. (The measured values were
determined according to ADA 19 for dental molding compounds). The
molding material can easily be wet with water both before and after

hardening without any swelling due to water absorption.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-
1. A polyether-inpessim material comprising

(a) a poiyether, which has at least two, optionally
substituted vinyl- and/or allyl end groups,

(b) a SiH component

(c) a platinum catalyst,

and optionally

(d) additives
characterized in that the SiH component (b) can be obtained by the
reaction of an at least bifunctional allyl- or vinyl-hydrocarbon compound,
the hydrocarbon radical of which, without taking account of the
allyl or vinyl groups and the optionally present alkylewe ether
groups, has 6 - 30 carbon atoms and contains at least one
aromatically unsaturated, heterocyclic, or cycloaliphatic ring,
with at least one mole per vinyl- or allyl group of &n at least

bifunctional SiH-compound of the formulae

\

R4 R6 28

H ~S8i -0 - 5i

L\

RS R’ /e

osi - 210

y ——

Q
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in which
e = 0 to 8,
g = 0 to 8,
h =0 to 4 and

R' to R', are the same or different, and are each H, methyl or
ethyl, with the proviso that at least 1 and at most 5 of R* to R'®
are H, wherein g and h cannot simultaneously be 0, and wherein at
least the components (b) and (c) are spatially separated from each

other.

2. The polyether-ingressim material according to claim 1,
characterized in that the allyl- or vinyl-hydrocarbon compound is
an allylether-, vinylether-, allylester-, or vinylester-hydrocarbon

compound.
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3. The polyether—imgessim material according to claim 1,

characterized in that the component (b) is a SiH-compound of the

formula
A——E———-—(o-s)n' o C’]m
in which
A is a straight-chain or branched 2~ to 6-valent hydrocarbon

radical with 6 to 30 C-atoms, containing at least one
aromatically unsaturated or cycloaliphatic ring,
B is a straight-chain or branched saturated hydrocarbon radical

with 2 to 6 carbon atoms,

I

m 2 to 6,
n = 0 to 25, and

C' represents the radical

gl 2 od R6 9'8

| l | l l
—C — C ~—si 0 — 8i —/— 0Si — grl10

[ [ | _ | l

RO R3 /£ RS R7 /e RS9
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in which

R’ to R® are the same or different, and are each H, methyl or ethyl,

and f is 1 or 2, and e, g, h, and R* to R' are as defined in claim

1.

4. The polyether—inpessicn material according to claim 1,
characterized in that said hydrocarbon radical is & 2-valent 1,4-
phenylene-, 2,7-naphthylene-, 4,4'-isopropylidene-diphenylene-,
4,4'-piphenylylernie~, phthaloyl-, terephthaloyl- or tricyclo-

[5.2.1.0%%)-decan-3,8-dimethylene radical.

5. The polyether-imgressim material according to claim 1,
characterized in that the mole ratio of component (a) to component
(b) is per 1 mole of unsaturated radical of polyether (a) there is

1 to 10 moles of th« SiH groups of SiH component (b).
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6. The polyeth'er—inprmsim material according to claim 1,
characterized in that platinum catalyst (c) is present in the form
of finely dispersed platinum, chloroplatinic acid or platinum

complexes.

7. The polyether-impression material according to claim 1,
characterized in that the quantity of platinum catalyst (c) amounts
to 0.1 ppm to 5000 ppm, based on the total weight of components (a)

and (b).

8. A process for the preparation of a polyether-impression
material according to claim 1, characterized in that component (a)
and component (c) are mixed together and component (b) is spatially

separated from the mixture ounti\\ just prior to Use of the makecal.

9. A process for the preparation of polyether-impression
material according to claim 1, characterized in that a part of
componerit (a) is mixed with comporc\en\:: (c) and separate therefrom

n\

the remaining part of component (a) lis mixed with component (b) and

both part-mixtures are kept spatially separated from each other untu
j\)st pcioc & Lse of the maltecal |
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10. The polyether-impressim material according to claim 3,
characterized in that said hydrocarbon radical A isa 2-valent
1,4-phenylene-, 2,7-naphthylene-, 4,4’-isopropylidene-
diphenylene-, 4,4’-biphenylylene-, phthaloyl-, terephthaloyl- or

tricyclo—[5.2.1.0L6]—decan—3,8—dimethylene radical.

11. The polyether-impression material according to claim 1,
characterized in that the mole ratio of component (a) to component
(b) is per 1 mole of unsaturated radical of polyether (a) there is

1.5 to 3 moles of the SiH groups of SiH component (b).

12. The polyether-imression material according to claim 1,
characterized in that the quantity of platinum catalyst (c) amounts
to 0.1 ppm to 1000 ppm, based on the total weight of components (a)

and (b).

Dated this 10th day of November 1989.
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Patent Attorneys for the Applicant
F.B. RICE & CO.
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