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ABSTRACT

reactive acid derivative functionality having the general

formula:

(RO,C), == CH, == (CO,R'),

where R is an acid radical or a reactive acid derivative

and R' is a polymerizable unsaturated radical having from

2 to 13 C and x is 2 to 3 and y is 1 to 2.
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DENTAL/MEDICAL COMPOSITION AND USE

The invention relates to a new Class of dental/med-

ical material based.uponia:relatively low molecular weight

tive functionality.

BACKGROUND

U.S. Patent 4,872,936 teaches dental cement mixtures

containing polymerizable unsaturated monomers

oligomers and/or'prepolymerscontaining“acidmgroups and/or

their reactive acid-derivative groups. However, the poly-

merizable compounds taught are directed toward those of

J.S. Patent 4,589,756 relates to

similar aromatic based compositions employed in dentistry.

By an aspect of the invention a new group of dental

materials is provided that are kingd to the patient, non-

toxic and give superior adhesion to dentin, enamel ang

bone when properly formulated and ‘that provide other

favorable characteristics.
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The dental materials differ from earlier dental

materials because they are based upon a new polymerizable
composition system based upon a butane compound having in its
preferred embodiments as primary preferred functional groups,
olefins, more preferably (meth)acrvlates and acid based
radicals, especially preferred is carboxvlic acid and included
are reactive acid derivative radicals. The butane (based)
compound of this invention has the general formula:

(RO,C)y = CyHg - (CO,R")

where R is hydrogen, an acid radical containing moiety or a
moiety containing a reactive acid derivative and R’ is a
polymerizable unsaturated ester-containing radical having from
2 to 13 C and Xx is 2 to 3 and v is 1 to 2.
OBJECTS

An alm of this invention 1s the provision of new
dental compositions useful as filling materials, cavity liners
and bases, cements, pit and fissure sealants to prevent
caries, as adhesive between tooth structure and/or bone and
polymeric composites, and similar dental and orthopedic

applications.

It is a further aim to provide such dental/medical

restoratives/prosthetic compositions that have high purity,

consistency and uniformity. -

A further important aim is to provide dental/medical

restorative/prosthetic compositions that are relatively

inexpensive and easy to manufacture.

64053-260
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Yet a further aim of the invention 1is to.provide
dental/medical restorative/prosthetic compositions that ére
highly reactive and are relatively low viscosity fluid.
alleviating the néed for high concentrations of diluenis to
provide sultable visgcosity, thus giving superior

dental/medlical restoratives and prosthetics.

SUMMARY OF THE INVENTION
By the present invention in one aspect a new
dental/medical restorative/prosthetic composition is provided
that 1s based on a compound that 18 a polymerizable unsaturate

substituted butane moilety with aclid or reactive acid
derivative functionality having the general formula:

(ROZC)x - C4H6 - (COZR )y

where R 1s hydrogen, an acid radical containing moiety or a

molety containing a reactive acid derivative and R’ is a
polymerizable unsaturated ester-containing radical having from
2 to 13 Cand x 1s 2 to 3 and vy 1s 1 to 2. The preferred

compound 1s butane tetracarboxylic acid bis-(2-hydroxy

ethylmethacrylate) ester. Preferably, the butane compound is
the primary or only binder in the composition. By primary

binder it 1s meant preferably in both quantity and
functionality.

The invention also provides a dental/medical

restorative/prosthetic polymerizable unsaturated substituted

butane compound with acid or reactive acid derivative

functionality having the general formula

64053-260
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wherein R; and R’] each independently 1s a molety containing a
reactive acid derivative which is polymerizable, unsaturated and

has from 2 to 13 carbon atoms.

In one preferred aspect the composition 1s a dental
liner consisting essentilally of the butane compound and other
active ingredients chocsen from the group consisting cf curing
catalysts, initiators, accelerators and mixtures thereol. The
dental liner in some preferred instances will contain other
incredients such as curing agents and a.denyde.

In another preferred aspect the composition 1s a
dental composite comprising the butane compound, at least
one finely divided reactive filler that can react ionic-
ally with the acids or acid derivative of the butane com-
pound and curiling agent.

By further aspects of the present invention the
compositions recited above are employed for their recited
purposes as dental treatments by application to teeth 1in
vivo.

In yvet other aspects the butane compound 1s employed
as a medical treatment as an ingredient in bone cement and

preferably as the primary or only binder 1in the bone

cement.
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BEST MODE

General Description

By an aspect of the invention new dental/medical

restorative/prosthetic compositions are provided. These

compositions are the product of the use of a class of com-
pounds new to such use. As a liner or bonding agent,

especially a dental liner for application to tooth enamel

and dentin (meaning natural tooth structure), the compound
can be applied in preferred forms neat or with only poly-
10 merization initiators added to assure quick curing and aid.

in completion of the cure of the compositions. Of course,
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'~ pending on the application intended other materials may
be added. When dental cements and composites are the
intended compositions the compound of the present inven-

tion is used as a complete or a partial substitute for

conventional resins.

The Chemical Compound Employed
The class of compounds that characterize the inven-
tion are those having as a principle functional ingredient
polymerizable unsaturated monomers of a substituted butane

moiety with acid or reactive acid derivative functionality

having the general formula:

and R' 1s a polymerizable unsaturated radical having from
2 to 13 Cand x is 2 to 3 and vy is 1 to 2. Preferably at
least one carbon adjacent to each carbon carrying a
(COZR')Y is associated with a (RO,C), and the preferred
polymerizable unsaturated radical is preferable a (meth)

acrylate. (Meth)acrylate means either an acrylate or a

methacrylate.

The compounds average molecular weight is preferably
about 200 - 600, more preferable 260 - 499 and most pre-
ferably 290 - 460. The preferred compounds are liquid at

room temperature. By liquid it is meant that the material

is fluid with viscosities of less than 100,000 cps at

- 23-cC.

AR Pt o gl g - ——— - — - —
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The compounds essentially contain or include in a
single chemical compourd at least two different functional

substituent groups, one of which is capable of addition

polymerization and the other of which is carboxyl or other
acid or reactive acid derivative. Tt is important that
there be at least one such addition polymerizable group,
but not more than two and there must be two or more acid
or reactive acid derivative groups but in the most pre-
ferred compound there are no more than three. The pre-~
ferred chemical compounds are in a preferred aspect
derived from the reé.ction of butanetetracarboxylic acid or
its anhydride with a hydroxyl or polyhydric compound to
form esters and diesters.

The new dental/medical compositions of matter are
capable of being polymerized to form linear or crosslinked
polymers which contain multiple acid groups or reactive
acid derivative groups that may be further reacted with
cations, especially those of v.alence 2 Oor greater, to form
poly-salts relatively insoluble in water. Because the
compounds are monomers of relatively low molecular welght
with a high density of both ethylenic unsaturation and
carboxylic reactive acid derivative sites, excellent
curing with superior integrity occurs. The cations may be
supplied by ingredients or components of the given
formulation or they may be supplied from a solution of

cations suppiied from a second component of the formu-

R ———
B e —




ﬂwtion, or they may be supplied from the substrate against
which the formulation is polymerized especially the tooth
in the preferred dental compositions where this provides
an especially good bond in the preferred applications. In
such a case the carboxyl ions, other acid ions or reactive
acid derivative ions may be chelated with surface cations
of the substrate to provide an adhesive bond. In a pre-
ferred dental composition not only is this substrate
bonding available but bonding with an ion contributing
inorganic filler aids in binding the entirety together.
It will be understood that the term reactive acid
derivative ions as used here includes the water soluble
salts of cations, especially the monovalent species of
cations, for example the sodium, ammonium and potassium
salts, which are displaced by cations of greater valency
by metathesis. However, the carboxyl group itself is most
preferred over other acid groups or the reactive acid
derivative ions. Especially appropriate acid groups are

all those that can react with oxidic, mineral, ceramic,

vitreous, or metallic fillers.

Examples of other acid radicals, the radicals in-

clude:

0 o O 0
I l i I
~T~OH, ~f-OR, -0-P-0OH, and —O—f~0R,
|

OH OH OH OH

of phosphorﬁs acids wherein R is alkyl, aryl, or vinyl for




'W'\:ample, the radicals --SO,H, SO;H, OR --0-- SO;H of sul-

furic acids, and the radicals

TNy TTORy TOTRTOH, and -O-B-OR, 206092 g

éH éH éH éH
of boron acids wherein R is alkyl, aryl, or vinyl.

Cationic acid radicals like =-NR,H+ or --PR,H+
(wherein R is H or alkyl) are also appropriate.

The reactive acid derivatives can be substituted with
acid halides with acid anhydrides, and with acid amides,
nitriles, and esters, that readlily hydrolyze into acid,
such can enter into ion-exchange, neutralization, salt
formation,. or chelation reactions with the reactive
filler. Preferred are acid groups or reactive acid

derivatives in the form of carboxylate, phosphate, phos-
phonate, sulfonate, or borate acid radicals or of their
reactive derivatives.

Preferred polymerizable unsaturated radicals are
alkenyl, alkenoxy, cycloalkenyl, radicals, with acryl,
methacryl, vinyl, and of these, the olefins are preferred
with the acrylic and methacrylic radicals being especially
preferred.

For a better understanding of the characteristics and
method of producing the preferred ethylenically unsatu-
rated carboxylic acid compounds of the present invention
the production of a most preferred series of the butane

based compounds is described as follows showing a prefer-




-=d method of their production:

For starting materials, Butane 1,2,3,4-~tetracar-

boxylic acid is refluxed with acetic anhydride.

| ]
HO--—-—C*-——-([Z--—?--* (IZ--—-C'!owOH
H (Il-"-'-"O ('Zmo H
o 0
| |
H H
O O
| ]
/ C\ / C\
CH, 0 CH,
Butane 1,2,3,4 tetracarboxylic acid acetlc anhydride.

The reaction yields butane tetracarboxylic acid di

anhydride and acetic acid.

H, H H H, .
O = ComeCo=~rC———C-—=C——C = 0O

N N

Q—-C Ce—0

|l
O O
O
|
CH,C - OH
Butane tetracarboxylic acid anhydride acetic acid.

- One mole butane tetracarboxylic acid anhydride is
then reacted with two moles 2-hydroxyethyl methacrylate

(HEMA) 1in the presence cf H,SO, or other suitable catalyst.

!CHsﬁ
CH, = C.- C -0 - CH, - CH, - OH
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2-hydroxyethyl methacrylate (HEMA)

--------
\\\\\\\\\\\

The reaction yields a liquid product, believed to be
a mixture of isomer monomers of Butane tetracarboxylic

acid bis (2-hydroxyethyl methacrylate) ester. The isomers

differ in the positioning of the hydroxyethyl methacrylate

molety on the carboxylate groups.

? 0 0 1) 0 0
' ! I | I !
/ \ / \ / \
HO OH RO OR HO OR
RO OR HO OH RO OH

VARV U VAR
: [ |' i || i

O O O O O

Butane tetracarboxylic acid bis (2-Hydroxyethyl

methacrylate) esters.

In this example, R is the hydroxyethyl methacrylate
molety. Thus, the second isomer above would be structur-

ally diagrammed as follows.
O

0
, |
CH, O

I
C C O CH,
CHz-:c{-C/{O-CHZ-CHz-O/ J’*( \O--CHZ--CHZ-O-é/-(!zCHZ
HO OH
\ /
C

I

-0
Butanetetracarboxylic acid bis (2-hydroxyethyl meth-

acrylate) ester.

’The Butane tetracarboxylic acid bis (2-hydroxyethyl

10
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""" '1thacrylate) esters are refer;éd to by the initials BCA.

The above reaction gives a monomer molecule having
two reacted carboxylic acid groups and two unreacted car-
boxylic acid groups. In an analogous manner 1 mole of
butane-dicarboxylic-acid-anhydride may be reacted with 1
mole of hydroxy ethyl methacrylate to similarly vyield
isomers of butane tetracarboxylic acid mono (2-hydroxy-

ethyl methacrylate). Different combinations of reactive

esters may be formed by different concentrations of

The number of reacted or unreacted carboxylic acid groups
in the monomer is controlled by varying the reaction

conditions.

The (meth)acrylate radical may be joined on in a

number of ways, for exanmple:
Exemplary radicals would be
ethoxy acrylate -O-CHf435~O~C-CH=CH2
O CH

3
| |

ethoxy methacrylate ~0=CH,~CH,~-0-C~-C-=CH,

CH; O CH

[0

(iso) propoxy (meth)acrylate '-0-CH2-CH-O-C-C=CH2

O CH,
polyglycol methacrylate =0=CH,-CH,- (0-CH,~CH,) "'--0----4----C--""-'---CH2

where n is preferably from 1 to 10.

11




O CH,
i/

amide  -HN-CH,~CH,-0-C-C=CH,

The preferred radicals would be the (meth) acrylates

and especially the ethoxy (meth)acrylate radicals.
The Dental/Medical Compositions

The compounds of this invention can desirably be used
as primers in some preferred aspects with only initiators
present or initiators and accelerators or only accele-
rators present. 1In some instances the butane compounds
may be used neat or with only curing agents and ingred-

ients that would be considered incidental and thus not

'counted when considering "consistency essentially of".

Such incidental ingredients would be anti-oxidants, stabi-
lizers and pigments and the like which may be included in

proper instances.

The monomers of the present invention polymerize by

well known addition polymerization procedures through the
ethylenically unsaturated group by a variety of means.
Most often curing agents, catalysts and initiators and
accelerators, are used to expedite and control the poly~-
merization. It is known in the dental art to practice
addition polymerization by employing a peroxide, for
example benzoyl peroxide, and heat to initiate the reac-
tion. It 1is also known that accelerators enhance the
reaction so thatitmay‘proceed.more expeditiously at room

temperature. Accelerators are reducing amines or sulfi-

12
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'.tes for example. It 1is also known to polymerize such
compounds by ultraviolet -an.d visible light using initi-
ators and accelerators known to the art. Visible light
curing is preferred. For preformed objects, or those
cured outside the body, other forms of radiation, for
example lonizing radiation is known.

It will be appreciated that in-vivo polymerization
must fake into account the suitability of the method and
composition so as not to harm the patient within whom
polymerization of the monomer'cr cligomer compound and the
curing of the composition occurs. Thus the elements of a
polymerization system, for example a peroxide and an
amine, may be components of a two part formulation in

which polymerization is delayed until the two parts are

combined and react to polymerize the monomer. Or all the

necessary chemical components may be combined within a

single composition which is induced to polymerize by the
application of heat or light or other initiating action.
It i1s known for example to initiate by irradiation with

ultraviolet or visible light in which case the initiator,
often a benzophenone or camphoroquinone may be combined
within a single, premixed, ready to use shelf-stable
composition. A .particular polymerization method and

system may be preferred depending on the application

requirements of the material. Whatever the mode of poly-

merization, or "cure" of the composition including the

13
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» Aomer or monomers an 1important characteristic of the

.
20T

polymers which form are that they are capable of further
reaction with di- or polyvalent cations through their acid
or reactive acid deri'vative functionality. A further
important aspect of the compounds and compositions of the
invention is that they exhibit adhesion between the mono-
mer compound and a cation containing surface, metal, metal
oxide, tooth bone and the like, against which they are
polymerized.

One preferred class of compositions of the present
invention are shelf-stable compositions that initiate

curing in response to visible light. By shelf-stable it

curing characteristic when stored in a visible light
opaque container at room temperature for one year or more.
Curing by visible light refers to actinic light initiated
compositions curing within the visible light range of
approximately 360 to 600 nanometers.

In many dental and medical applications it is desir-
able to include fillers supplying reactive cations, and
optionally non reactive fillers or mixtures thereof in the
compositions of the present invention in preferred aspects
thereof. Among those fillers which are especially suited
for use in this invention are inorganic glasses such as
are presently known in the art to form glass ionomer

cement compositions. Exemplary of such fillers are those

14
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of U.S. Patent 4,814,362 .,

Preferred species of glasses
include, for example, barium aluminosilicate, calcium

aluminosilicate, and strontium, lanthanum, tantalum, tung-

sten, etc. glasses. Silica, including submicron silica,

Oor quartz may also be used. Ceramic fillers, for example,

calcium hydroxy apatite may also be used to good advant-

age. The fillers used in the invention may be reduced in

particle size and then preferably silanated by methods

Known in the art before they are incorporated into such

compositions. Preferred levels of filler material are
from about 20% to about 80% based on the total weight of
the adhesive composition, with from about 40% to about 70%
being more preferable and about 45 to 60% being most pre-~
ferred. If a more‘ finely particulated filler is used,

amounts of filler may be decreased due to the relative
increase in surface area which attends the smaller sizes
of particles. Preferred particle size distributions are
from 0.02 to 50 microns, more preferably 0.1 to 10
microns, and most preferably 1 to 6 microns;

Other 1ingredients that may be present are, for
example, solvents, plasticizers, pigments, anti microbials

and therapeutics which may be time released from the
composition and oxi-dation inhibitors such as butylated
hydroxytoluene. The mixtures in accordance with the

invention can also contain other polymerizable unsaturated

15




contain any acid groups and/or salts thereof and/or reac-

tive readily hydrolyzing acid-derivative groups thereof.

Particularly appropriate are monomers that are consti-
tuents of conventional composites such as for example
hydroxy alkyl methacrylate. The mixtures can also if
necessary contain other compounds that, although they
contain acid groups and/or their salts and/or their
reactive readily hydrolyzing derivative groups do not
contain any groups that are unsaturated and polymerizable.
Preferred in this case are multi-basic acids or their
feactive, readlly hydrolyzing derivatives. Especially
preferred multibasic acids are hydroxy acids such as
tartaric or citirc acid, but also polyacids such as poly-
carboxylic, polyphosphoric, polyphosphonic, or polysul-
fonic acids.

Compounds that have chelating groups but do not
contain acid groups or readily hydrolyzing acid-derivative
groups can be employed. Examples of this type are vanil-

eates, syringates, and salicylates.

While one of the special advantages of the use of the

class of compounds of the present invention in treating

mammals, especilally humans and especially in the maxio-

facial, mouth area, in dentistry is the fact that the com-

pounds are relatively fluid monomers and large amounts of

diluents are not required, there are instances where
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"\‘.".luents may be desirable. For example, in bonding agent
adhesive compositions to aid in more completely and
quickly wetting the substrate. Suitable diluents would
be, for example, ethanol, water, and less viscous reactive
monomers.

Mixing of the compositions of the present invention
may be achieved using standard compounding techniques.
for example, ‘liquids, photoinitiator(s), and accele-
rator(s) are blended first, and then when fillers are to
be includedthey'are-added incrementally thereafter. When
blending light sensitive compositions, however, a photo-
safe light, i.e., one that does not contain substantial
amounts of wavelengths of electromagnetic radiation that
would activate the photoinitiating system used, should be
employed to avoid initiating polymerization prematurely.

The butane (based) compounds of the present invention
also have medical applications, especially preferred would
be the bone cements and adhesives. But the application of
the present invention to dental treatment by application

Lo a tooth or a number of teeth in Vvivo, 1in the mouth of

a live patient by a dentist or dental practitioner, is a

most preferred use.
One preferred dental treatment is the application of
the composition as a dental liner. The dental 1liner

composition may in one most preferred embodiment consist

essentially of the butane compound and other active

17
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Qgredients chosen from the group consisting of none,
curing catalysts, initiators, accelerators, and mixtures
thereof. 1In other preferred compositions diluents may be
present or other ingredients may be present.

The composition is applied as a liner using conven-
tional techniques and preferably cured with application of

visible light in conventional manner. In other preferred
embodiments the composition is a two-part system and the
curing agent is spatuled in prior to placement and the
placement is by standard technique. Yet another preferred
embodiment is a comingation of the other two where there

is a two-part system but after mixing the system is cured

e - N— - - . 4190 AN 2T « clrene
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with visible light with substantial self~-curing occurring.

Another preferred dental treatment is the application
of the composition as a dental composite filling. The
dental composite filling composition may in one most
preferred embodiment consist essentially of the butane
compound and other active ingredients chosen from the
group consisting of finely divided reactive filler that
can react 1lonically with the acids or acid derivative of
said butane compound, curing agent and mixtures thereof.

In other preferred compositions diluents may be present or

other ingredients may be present.

The composition is applied as a composite filling

using conventional techniques and preferably is a one-

\

component composite filling material cured with appli-

18
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ation of visible light in conventional manner. In other
preferred embodiments the composition is a two-part
system and the curing agent is spatuled in prior to place-
ment and the placement is by standard technique. Yet

another preferred embodiment is a combination of the other

two, where there is a two-part system but after mixing the

system is cured with visible light with substantial self-
curing occurring.

Having generally described the invention, a more com-
plete understanding can be obtained with reference to cer-
tain specific examples, which are included for purposes of

illustration only. Lt should be understood that the

invention is not limited to the specific details of the

Examples.

EXAMPLES
Throughout the Examples once a material, procedure or
test procedure has been described, the description will
not be repeated in éubsequent Examples in most instances
where the description remains the same, 1t being under-

stood that the description applies in subsequent Examples.

All ingredients are by weight unless otherwise specified.

Method for measurement of compressive strength

For each material to be tested, cylinders 4 mm diam-

~eter and 6 mm long were prepared by filling the mixed

material into stainless steel molds and light curing from

19
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-ach end for 40 seconds using a Prismetics™ light. The

! N,

Cylinders were removed from the molds and stored in water
at 37°C for 24 hours prior to testing. The force needed

to load the specimens to breaking point was measured using

a Zwick model 1455 set to a crosshead speed of 1 mm/min.

Method of transverse flexural strength

mm. The exposed faces were then covered with polyester
foil and clamped between transparent plastic blocks

approximately 5 mm thick. The material was light cured
for a total of 120 seconds by moving a dental curing light

evenly backwards and forwards along the mold with the wand
of the light in contact with the plastic blocks. After
curing, the hardened specimens were stored in water at
37°C for 24 hours. Before being tested, any remaining

flash along the edges of the specimens was carefully

removed and the exact dimensions of each specimen
measured. The specimens were'then tested in three point
bending mode using a Zwick model 1455 set to a crosshead
speed of 1 mm/min, with the sample resting on supports 20

mm apart and being loaded at the mid point. The trans-

verse bending strength was calculated from the standard

formula 1in Mega Pascals (MPa).

20
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;M;;Qggmgggﬂmﬁéggzgmgg&'o diametral strength

For each material to be tested, cylinders approxi-
mately 6 mm diameter and 3 mm long were prepared by fill-
ing the mixed material into stainless steel molds and
light curing from éach end for 40 seconds using a Pris-
metics™ light. The cylinders were removed from the molds
and stored 1in water at 37-C for 24 hours prior to testing.
Immediately before testing, the exact dimensions of each
cylinder was measured with a micrometer, for use later in
calculating the diametral strength. The force needed to
load the specimens across the diameter to breaking point

was measured using a Zwick model 1455 set to a crosshead

speed of 10 mm/min.

Barcol hardness measurements

The Barcol hardness tester model GYZJ 935 was used

for all measurements.

To avoid errors and effects due to changes in ambient

lighting, these tests were carried out in a room with
yellow lighting to which the photoinitiators systems are
not sensitive. A circular brass mold having an internal
diameter of 8 mm and a thickness of 1.3 mm was used. This
was placed on a‘white surface and filled with the material
to be tested. The surface was then covered with a small
piece of transparent polyester film and the sample cured

from above for the required time (usually 30 seconds),

21
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materials and before measuring the hardness, since light
cured compounds show a rapid increase in hardness during
the first few seconds after curing, and attempts to
measure during this time can lead to unnecessary vari-

ations and errors. A waiting period of sixty seconds was
chosen since this could be reliably and reproducibly
carried out, and the hardness of the compound 1s increas-

ing relatively slowly at this time.

Measurement of Adhesion to dentine
Preparation of the teeth

Extracted human teeth were cleaned and sterilized in
1% sodium hypochlorite solution. The teeth were then
stored 1in fresh 1% sodium hypochlorite solution at 4-°C
until needed. Both anterior and posterior teeth were used
at random. Before use a dentine surface was exposed on
each tooth by grinding’an area of the crown flat with 300
grit abrasive paper, and then polishing this with 600 grit

paper. All this work was carried out under water to avoid

desiccation of the dentine.
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Immediately before use, the prepared dentine surface

was quickly blotted with a paper tissue. This removes

;, Trather

than the white opaque appearance which occurs when exces-
sive drying has taken place. A length of a plastic drink-

ing straw approximately 4 mm long and 3 mm in diameter was

then filled with the material to be tested, pressed
lightly onto the dentine surface, and the material light
cured through the straw for 40 seconds using a Prismetics™

curing light. The prepared samples were normally tested

after storage in water at 37°C for 24 hours, though some

were tested after only 10 minutes.

Testing the prepared samples
After storage for the required time, the samples were

set in plaster so that the dentine surface was vertical.
The samples were kept covered with a damp paper tissue
during this time to avoid their desiccation. The force
needed to shear the.cylinders from the dentine was then

measured using a Zwick model 1455 set to a crosshead speed
of 1 mm/min, and the adhesion calculated in Mega Pascals.

Samples which were to be tested after 10 minutes were

set 1n plaster before use.
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' reparation of powder samples i

The ingredients were weighed into a glass bottle and %

thoroughly mixed by tumbling this for one hour. The

powder was then passed twice through a 150 £ nylon sieve

before being transferred into a labeled container.

Method of measuring fluoride release

For each material, three cured discs having a diam-
eter of 20 mm and a thickness of 1 mm were prepared. Each
disc was placed into a bottle containing 25 ml of dis- ‘ é

tilled water, and stored at 37-C. At intervals of one

week the water was renewed, and the fluoride content of

the old water determined in the presence of 10% TISAB IV

buffer. The average measurement of the three discs was

calculated and expressed in terms of pug fluoride ion per

square cm of surface area of the disc (including the
sides). Each week a blank was run by storing a bottle
containing only water. The fluoride content of this was
determined as a control. The electrode was calibrated

before use using solutions with a known fluoride content,

also in the presence of 10% TISAB IV buffer.

EXAMPLE 1

Preparation of Butane-1,2,3,4 tetracarboxylic dian-

hydride. (BTCA) ]

Butane-1,2,3,4 tetracarboxylic acid (230 g) (Aldrich-
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aemie GmbH, catalog No. B,402-3, 97%) and acetic anhy-
dride (690 ml) (Aldrich-Chemie GmbH, catalog No. 11,004-3,
993%) were placed in a 1500 ml flask fitted with a distil-
lation fraction cutter and reflux condenser and heated
with stirring to reflux for 3 hours. After this time, 250
ml of a mixture of acetic acid and acetic anhydride were
slowly distilled out when the reflux temperature slowly
increased from 118°C to 138°C. The mixture was then

stirred while it cooled. The crystals were filtered off
using a suction funnel, washed twice with 300-400 ml of
hexane, and the filter cake sucked dry. The white

- crystals (185 g) were then transferred to a desiccator and

stored over sodium hydroxide pellets.

EXAMPLE 2
Preparation of Monomer A.
Butane-1,2,3,4~-tetracarboxylic acid, bis(2-hydroxy-
ethyl methacrylate) ester is prepared as follows:
Butanetetracarboxylic acid dianhydride (34.5 g), 2~
hydroxyethyl-methacrylate (HEMA, 50 g), (Aldrich-Cheni
GmbH, catalog No. 12,813-5, 97%) and anhydrous sodium

acetate (0.46 g) (Merk, catalog No. 6268), were stirred

and heated together at 80°C. The changes in concentra-
tions of reactants and products were followed by means of
HPLC and IR Spectroscopy, and after seven hours it was

found that all the anhydride was consumed, and the reac-
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ion was therefore at an end. The product was a light

colored viscous liquid, which was used directly in the

formulations given elsewhere.

EXAMPLES 3 AND 4

Powder compositions were prepared from the following

two ingredients:

*The Strontium glass was made according to U.S. Patent
4,814,362 and had the following analysis with all elements

except fluorine being calculated as the oxide of the

element.

The mean particle size was 5.5 microns.

Composition parts

Sio2 32.1
2-'&1203 24 .6
Nazo 2.9
Sro 28 .7
F 12.3
ons 4.8

polyacrylic acid (PAA) (molecular welght
Specification range 30,000 to 45,000
Usual range around 35,000.

The powder was prepared by tumbling the glass and PAA
together in a bottle for one hour, then passing the

resultant mixture through a 150 u sieve. Two powder

compositions, 3 and 4, were prepared as follows with the

proportions given in parts by weight.

Powder compositions = 2 3
Strontium Glass 90.9 80
PAA 9.1 20

26

'
datee Y 0 S AP f AT g & fogh # i S M B b PN ‘e meemi— e — e, & AA



ey P - - ~ LA W ~r A PR L e g b Ay Sl g vl par=nemm . -~ o~ — ——— - o Y - - - e roasyra, Pt ——rm e — - e P e msrmrer m e e m
I, 2 A ¢ rerdiy 3 S oo, 8 T e PV " A ———— U T S v § S A R ARG 4 v AT T Ty A% T R AL TDAL N, ' PN AT X LN Y L e e -—rresss .
J - o [or et »
4 oy wa N NEE DN A Mo g e N e, FANTI M LSRR L A S AL !,:’.? Doy S~ o, r \aw\w}' NN CEyy X ATy

2060928

EXAMPLES 5 to 10
Adhesive light cured Composition.

A series of compositions were formulated from the
ingredients in the proportions given in Table 1 in parts
by weight.

Ingredients in given before

camphoroquinone (CQ) (Aldrich Chemical,GmbH
catalog No. 23,122-3)

dimethaminobenzoic acid, ethyl ester

(DMABE) (Aldrich Chemical, GmbH
catalog No. E2,490-5)

The compositions were prepared by first mixing
monomer A and 2-hydroxy ethylmethacrylate with stirring
and then dissolving the camphoroquinone and dimethamino-
benzoic acid, ethyl ester in the Monomer mixture with
stirring at 50°C. Finally the water was added and stirred

until totally dissolved. Roughly equal weights of the

liquid and powder were mixed on a paper pad, when a fluid
composition was obtained having a visually and taétually
observed consistency suitable for use as a dental mater-
ial, particularly as a lining material under fillings, as
a cement, or as a fissure sealant. This was hardened by
application of light from a dental curing light (Pris-
metics® 1light, Dentsply International Inc.) for 30

seconds. The following properties were measured:

27
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Table 1 Liquid Components [in grams ]
Examples 5 6 7 8 9 10

Monomer A 6.25 7.14 6.82 6.00 4.50 8.50

HEMA 2.50 1.90 2.73 3.20 5.50 1.50
Water 1.25 0.95 0.45 0.80 0.00 0.00
CQ 0.06 0.06 0.06 0.06 0.06 0.06
DMABE 0.08 0.08 0.08 0.08 0.08 0.08
Powder # 2 2 2 2 3 3

Thejproperties listed were evaluated with the results

shown.

Barcol
Hardness 75 80 89 86 90 90

Compressive Strength
MPa 62.1 72.4 91.4 81.2 N/D N/D*

Adhesion to wet Dentin
MPa 4.7 5.8 6.6 5.8 N/D N/D

Fluoride Release
Lg/cm2 17 31 40 34 92 60

These examp.les. show the utility of the compositions as
demonstrated by their strength, rapid polymerization,
adhesion to wet dentin, and the ability'to release

fluoride from the glass component through the polymerized

matrix of the compositions described.

*N/D = not determined
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EXAMPLE 11

Powder Formulation

Strontium Glass 90
PAA | 10
Liquid Formulation
Monomer A 29.4
2-hydroxyethyl methacrylate 31.8
water 8.0
camphoroguinone 0.38
DMABE 0.44
Butylated hydroxytoluene 0.01

The powder and liquid were mixed 1:1 [By weight] as in
Examples 5 to 10. This gave a fluid cement like consist-
ency suitable for use as a liner covering the floor of
prepared dental cavities. Properties were determined and
compared. The properties were compared to a commercial

product, Vitra-bond® a product of 3M, sold for the stated

purpose and also light polymerized.

Table 2 Example 11 Vitrabond®

Compressive Strength
MPa 81 + 3.2 49

Flexural Strength
MPa 17.2 + 0.5 20.7 + 1

Flexural Modulus
MPa . 1332 + 252 1268 + 115

Diametral Tensile Strength
MPa 15.4 + 0.9 17.6 + 1

Adhesion to wet dentin
MPa 8.4 + 3.8 6.5 + 1.3

All settings as in the standard method.
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sarcol Hardness measured 60 seconds after irradiation for

30 seconds

Specimen Top Surface 80 0

Specimen Bottom Surface 80 0

Fluoride Release (7 days)

Hg/cm2 90 (7 days) 114 (3 days)

Translucency C,., clear opaque
<0.35 >0.75

*measured using a Langer photometer model UMES3.

Powder Formulatioh

Calcium Glass* 75
PAA | 25
Liquid Formulation
Monomer A 59.4
2-hydroxyethyl methacrylate 31.
water 8.0
camphorogquinone 0.38
DMABE 0.44
BHT . 0.10

The powder and liquid were mixed 1:1 by weight on a paper
pad as before. This gave a visible light curable (VLC)
glass lonomer cement having a creamy consistency suitable
for use, for example, as dental cavity liner or cement.
It 1is believed that the glass provides calcium ion by
elution which help to crosslink the polymerized mass. The
mixture was cured by exposure to a dental curing light for
30 seconds irradiated from one surface only. The Barcol

Hardness was 75 at the top surface and 70 at the lower

surface 1.3 millimeters beneath the exposed surface.

30

. - . . T W TN YV YW AL L JPALTINA 8 P s KA § e iy S——CIETR A A v L 1 ety e aremig
T N N AT N A AT A D U T By W N2 S SRV AT 20, SN M e B Ny AT FE0 AN A LKW = WA, o DY TP, ' arbelimarn * S, vy

Ay s LY g g APTREI ERA G i A A W ek e ek e e e p ey =g Sen e 4 b
[ TN - -’ - R N Ty T 3 T A oy ¢ RS AN W TR e e o g v - amwe




0 6. 0 | | | \ :.‘\;‘*‘.}‘

‘The Calcium glass had a mean particle size of 6.5

microns. .

The analysis was carried out at the Dorfner Analysen

Zentrum, Hirschan, Germany.

Composition by parts

Sio2 27 .8

A1203 31.3

Nazo 10.6

Cao 10.8

F ‘ 14.8

ons 7.0
EXAMPLE 13

Formulations of Monomer A with calcium glass.

Another powder was formulated as follows:

Powder Formulation
Calcium Glass 85
PAA 15

The powder was combined with the liquid component of
Example 12 at a ratio of 1:1 on a glass pad, and mixed
with a dental spatula. As before, it was cured with a
Prismetics light; the Barcol Hardness at the upper surface
was 78 and the lower surface, 1.3 millimeters beneath, was
73.

' Both Examples 12 and 13 show the ability of the
monomers and compositions of the invention to be reactive
and polymerize by addition polymerization in the presence
of various glasses which provide cations capable of cross-
linking the compositions. These 1onically crosslinked

polymers are useful as liners, cements and filling mater-
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«als. They have exceptional translucency and may be cured

to considerable depth compared to commerclally available

dental liners and cements. These properties are espe-
cially valuable where rapid cure to good depth of inher-

ently'adhesive.ionically'crosslinkednrestorativenmaterials

are desired.

EXAMPLE 14
Crosslinking with zinc oxide.

The liquid composition of Example 12 was combined on
a dental mixing pad at a ratio of 1 part to 4.6 parts by
weight of zinc oxide containing powder (Poly F™ Plus,
DeTrey Dentsply, Konstanz) to form a stiff paste of a
consistency suitable for use as a dental filling material.
The powder contains 83% by weight of a zinc oxide mixture
with minor amounts of the oxides of magnesium, aluminum
and silica; 13% powdered polyacrylic acid, and 4% of tin
fluoride. The surface of a mass of this material could be
cured by 30 seconds exposure to a dental curing light to
give a tough water resistant surface. Curing by
irradiation with visible light was slower with this rather
opaque composition than the composition of Example 12.
The following table shows that the composition becomes
cured whether or not exposed to 1light but that when
polymerization occurs prior to crosslinking a hard

composition results more rapidly, and that reaction with
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-1inc oxide occurs even without prior polymerization. The
composition has dental applications, for example, as a

liner or base under permanent fillings, a temporary fil-

ling material, or as a cement.

Table 3

Time (min) Barcol Hardness (test)

of Test Light Cured Not Light Cured
0 Light Cure 30 seconds
5 52 0
10 85 0
15 85 30
30 87 55
40 90 70
50 90 76
60 90 80

Readings were taken sequentially on one light cured and
one non light cured specimen.

EXAMPLE 15
Tie Coat and Top Coat compositions.

The crown of an extracted human tooth was ground so
as to expose a flat area of dentin. This was dried with
a paper tissue and the liquid of Example 12 was applied in
a thin layer. This was cured for 10 seconds with a Pris-
metics® curing light used in standard clinical manner. A
blob of the powder:liquid mixture of Example 39 was placed
on top to cover an area about 4 mm in diameter. This was
cured for 30 seconds with the Prismetics® light used in
the standard.clinidal manner. Five minutes later force
was applied’' to the dentin composition interface using a

metal spatula. It was not possible to dislcdge the compo-
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that 1its adhesion to dentin is at a high and clinically
useful level. In contrast, a mixture of Poly F™ Plus
powder (a composition formed by the combination of the
same reactive zinc oxide filler and the same polyécrylic
acid), and water which is the commercially recommended
method for wusing this material, mixed according to

directions and applied to a dentin surface, was easily

dislodged.

EXAMPLE 16 to 17

Preparation of bonding agents
For Dental composite Filling materials.

Formulations were made up as follows, where quanti-

ties are given in parts by weight.

Ex. 16 Monomer A 52<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>