WD 97/ 29732 PCT/ US97/ 02342 DENTAL
COMPOUNDS, COMPCSI TI ONS AND PRODUCTS The i nvention relates to dental
conmpounds, COgBYFhdAPLNS, Products and nethods of use thereof Eggﬂggktions
of the invention are useful as dental adhesives, pit and fissure s ant s,
| uting cenents, liners, bases, restoratives and core build up material. The
I nvention provides dental conpositions which include a polynerizable aryl
acid conmpound and at |east 10 percent ceram c, netal and/or netal oxide
filler and have | ess wear and nore adhesion to teeth than prior art dental
restorative material. The invention provides dental conpositions having
pol yneri zabl e aci d conpounds wi thin enclosures having a readily rupturable
wal | . The invention provides novel aryl acid conpounds having aryl

noi eti es. The i nvenDENTAL rapMPOSNDE o CROMEPGS IMTONS| AND | PRODUATS easi ng
restorative conpositions Wi th superior adhesion to dentin, enanel and

cementum wi t hout t herpeedihPencafiar ake18t€PS @b acachtiChi fgmplaiial, enanel

to adhere thereto.
compositions, products and methods of use thereof.
Compositions of the invention are useful as dental
adhesives, pit and fissure sealants, luting cements,
liners, bases, restoratives and core build up material.

The invention provides dental compositions which

include a polymerizable aryl acid compound and at least
10 percent ceramic, metal and/or metal oxide filler and
have less wear and more adhesion to teeth than prior
art dental restorative material. The invention provides
dental compositions having polymerizable acid compounds
within enclosures having a readily rupturable wall.
The invention provides novel aryl acid compounds having
aryl moieties. The invention provides packable and
fluoride releasing restorative compositions with
superior adhesion to dentin, enamel and cementum

without the need for separate steps of acid etching

denital enamel to adhere thereto.



WD 97/ 29732 PCT/ US97/ 02342 The
prior art does not provide a polynerizable dental conposition, whi ch

i ncludes one or nore polynerizable aryl acid conpounds within the scope
of formul aWO9789BI ynerization initiator; at |east 10 per BENUSHP2MR ght of
ceramc, nmetal and/or netal oxide filler particles having a particle size

| ess than 500 m crons, or products enclosing such conpositions and net hods
of use thereof. Tifheprpvionr artoaipeasot npk oprdvide dent pdlymeadizablenc! udi ng
an encl osure having at |east tw chanbers separated by a wall adapted to be
ruptured, andeme@losicopposidipngri adtilch deiriclludesnposid | 06ri Nedodi Ng a

pol yneri zabl e conpound and an effective anount of a polynerization

Initiator angaiymeeashbl Revteatilly coRbolhdsf wiehaw €he Makape 2@/ Or netal
oxide filler particles having a particle size |less than 500 n crons.
formula JX; =a polymerization initiator; at 1least 10
percent by weight of ceramic, metal and/or metal oxide
filler particles having a particle size less than 500
microns, or products enclosing such compositions and
methods of use thereof.

The prior art does not provide a dental product
including an enclosure having at least two chambers
gseparated by a wall adapted to be ruptured, and
enclosing a polymerizable dental composition including
a polymerizable compound and an effective amount of a
polymerization initiator and at least 10 percent by
weight of ceramic, metal and/or metal oxide filler
particles having a particle size less than 500 microns.

It is an object of the invention to provide a
polymerizable dental composition which includes one or
more polymerizable aryl acid compounds within the scope

of formula I, a polymerization initiator at least 10

percent by weight of ceramic, metal and/or wmetal oxide



It is an object of the invention to provide a polynerizabl e dental
conposi tion which includes one or nore polynerizable aryl acid conpounds

within the sgg formula I, a polynerization initiator W
percent by wel g of ceramc, netal and/or netal oxide 2 732
PCT/ US97/ 02342 filler particles having a particle size | ess than 500
m crons, products encl,osing. such conposition, anqd nethods of use
thereof. It isf’alrc}e&bjpé‘tﬁt epp DaviDdn & (ﬂrg’):(t cg?oﬁ"aﬁ SFent- np%&&uct

i ncluding an encl osure having at |east two chanbers separated by a wall
adapted to be MifpiMEed, PYWFLSen@ELOFNT 3 SYGH yRqUPLgEtdon darda)
conposition including a polynerizable conpound and an effective anount of a
pol yneri zat i ormétdicdsapsr uaadtiRaraafast 10 percent by wei ght of ceranic,
met al and/ or

It is an object of the invention to provide a

dental product including an enclosure having at least
two chambers separated by a wall adapted to be
ruptured, and enclosing a polymerizable dental
compogition including a polymerizable compound and an
effective amount of a polymerization initiator and at
least 10 percent by weight of ceramic, metal and/or
metal oxide filler particles having a particle gize
less than 500 microns.

“PENTA” as used herein refers to dipentaexythritol
pentacrylate phosphoric acid ester which may be
prepared according to Example 2 of U.S. Patent
4,816,495,

*OEMA” as used herein refers to the reaction
product of 1 mole 4,4’ oxydiphthalic anhydride -
{chemical name: 5,5’-oxybis-1,3-isobenzo furandione)

and 2 moles of HEMA.



nmetal oxide filler particles having a particle size |less than 500 m crons.
"PENTA" as used herein refers to dipentaerythritol pentacrylate phosphoric
acid ester which may be prepared according to Exanple 2 of U.S. Patent
4,816, 495. WOHMPLas ysed herein refers to the reacti on pPoHtRfA24: 3

nmol e 4,4' oxydiphthalic anhydride (chem cal nanme:

5, 5" -oxybi s-1, 3-i sobenzo furandione) and 2 noles of HEMA. 3 WO 97/ 29732
PCT/ US97/ 02342 " OBBBPatSas sesed dietein ae€esst Bods M’ -anpdiphihAdi¢C

anhydri de. "HEMA" as used her ei n refers to 2-

hydr oxyet hyl gehpasigbate. "TEGDVA" as used herein refers to triethylene

“HEMA* as used herein refers to 2-
hydroxyethylmethacrylate.

“TEGDMA® as used herein refers to triethylene.
glycol dimethacrylate.

“BEHT* as used herein refers to butylated
hydroxytoluene.

*bisGMA* as used herein refers to bisphenol A-
glycidylmethacrylate.

“*CQ” as used herein refers to camphorquinone.

“EDAB” as used herein refers to ethyl 4-
dimethylaminobenzoate.

“6-FDMA” as used herein refers to the reaction
product of 1 mole of hexafluoroisopropylidene-2,2
bis(phthalic acid anhydride) {(6-FDA) and 2 moles of 2-
hydroxyethyl wmethacrylate.

*Monomer” as used herein means wonomer or -
oligomer.

“Packable” as used herein refexrs to compositions

which are packable as disclosed in Dougherty et al,



gl ycol dinethacrylate. "BHT" as wused herein refers to butylated
hydr oxyt ol uene. "bi sGVA" as used herein refers to bisphenol A-

gl yci dyl net )éb@_&e. "CQ' as used herein refers to canph " EDAB"
as used h@?’g‘f’n refers to ethyl 4- dinethylam nobenzoaée& “@ﬁlyDl\/A
used herein refers to the reaction product of 1 nole of

hexaf | uor oi sopropyl i dene-2,2 bis(phthalic acid anhydride) (6-FDA) and 2
nol es of 2- hﬁcﬁox%’??ﬁﬂ' 42 Mo} aPETELRRIANTRY "2ty CQlvmen & e Teans

nmononer or oligonmer. "Packable" as used herein refers to conpositions which
are packabl e asddpzeferakly refoughtet gowpositiops having resistance

values greater than about 175 g/mm®, and more preferably
greater than 200 g/mm’.

"Set" as used herein means a polymerizable
composition undergoes a change so that it becomes firm,
stiff and nonpliable.

As used herein "The MAX Lite"” means THE MAX™, ga
curing unit for light-polymerizable dental materials
sold by Dentsply International Imnc. through its L.D.
Caulk Division.

Throughout this disclosure unless otherwise
specified amounts of each component of a composition
are in percent by weight.

The invention provides polymerizable dental,
compounds, compbsitions, including the compounds and
products for mixing the compositions and wmethods of
ugsing the compositions. Aryl acid compounds are -
provided in accordance with the invention. The
compositions of the invention include at least one

polymerizable aryl acid compound, an effective amount



WD 97/ 29732 PCT/ US97/ 02342 U. S.
Patent 4,514,174, particularly at colums 6 and 7 and preferably refers to
conposi tions having resistance val ues greater than about 175 qg/ err], and
nore pref ¥2BMPRf eater than 200 g/mrerr]. "Set" as USEM@F&’H%EEIHS a
pol ymeri zabl e conposition undergoes a change so that it becones firm stiff
and nonpliable. As used herein "The MAX Lite" means THE MAX[ err], a curing
unit for |ight -papylpmsrigsitdodepnitiatowyr iand atol kkast Déntppicent
International Inc. through its L.D. Caul k Division. Throughout this

di scl osure bynkeight of heevamie,smidl athdforumeraldfl eddie Gilpesent of a
conposition are in percent by weight. The invention provides

pol yneri zabl gartdeiledl hat¢2AgOs NGErt B @Hizel 088s tH&h USH( Gnidi@ngQnpounds and
products for mxing the conpositions and nethods of using the conpositions. .

ALYl act d CORPUNSE RERGWRD ot AGEPT (AR ith! N inkiGael NyENtT ON.

polymerizable composition in an enclosure having at
least two chambers separated by a wall adapted to be
ruptured prior to or during mixing of the composition.
Compositions of the invention are preferred for use in
these enclosures. Core build up material including a
polymerizable acid containing compound is wused to
support dental crowns and adhexre them to teeth in
accordance with the invention. Compositions of the
invention are preferred for use in restoring teeth by
replacing missing tooth structure

Figure 1 is a schematic representation of two part
compogition in a storage and mixing enclosure in
accordance with a preferred embodiment of the
invention. -

Figure 2 is a schematic representation of two part

composition in a storage and mixing enclosure having a



conpositions of the invention include at |east one polynerizable aryl acid
conpound, an effective anmount 5 WO 97/ 29732

PCT/ US97/ 023&399{91& pol ynerization initiator, and at |east plQReiRsAt DY
wei ght of ceramc, netal and/or netal oxide filler particles having a
particle size |l ess than 500 m crons. The dental products of the invention
i ncl ude a pol ynerjzabl e conposition in an encl osure hayi ng at | east two
chanbers separ&tFf HWaL Wtk eﬁfhrﬂ%ﬁftﬁ’ﬁebéhﬁﬁ'ﬁf:gf%‘éﬁ%r}%r EPTHRHEr | ng

m xi ng of the conposition. Conpositions of the jnvention are preferred for
use in these ewtthhauprefervedcemkpdimens rft bhe Anverti®®-ng a pol yneri zabl e
acid containing conpound is used to support dental crowns and adhere them
to teeth in accorddmigmne 8hishe echenatimn. représepsstionnet dfwa partnventi on
are preferred for use in restoring teeth by

composition in a storage and mixing enclosure enclosing

a rupturable container in accordance with a preferred
enbodiment of the invention.

Figure 4 is a schematic representation of two part
composition in a storage and mixing enclosure having a
rupturable wall in accordance with a preferred
embodiment of the invention.

Figure 5 is a schematic representation of two part
compogition in a storage and mixing enclosure having a
rupturable wall in accordance with a prefexrred
embodiment of the invention.

Compositions of the invention provide a packable
restorative material having superior adhesion to
dentin, enamel and bone. In accordance with the
invention are provided packable compositions which -
include at least one a polymerizable compound within
the scope of the general formula I, an effective amount

of polymerization initiator and at least 10 percent by



replacing mssing tooth structure Figure 1 is a schematic representation of
two part conposition in a storage and m xi ng enclosure in accordance wth
a preferred _enbodi ment of the invention. Figure 2 is a schematic
repr esent alPo28P2t wo part conposition in a storage and P42 osur e
having a 6 WD 97/ 29732 '
PCT/ US97/ 02342 rigid wall wth an aperture therethrough in accordance with
a preferred wabghf neaf oferhdmi¢nvemetah. 6 gumetdl | sozidehefiblilex
representation of two part conposition in a storage and m xi ng encl osure
encl osi ng a paptichéd ehadmignian@artche coiganamsnithiana Spoeheerats enbodi nent
of the invention. Figure 4 is a schematic representation of two part
conposi ti on pRoduétH' Al ciithgiewcRIcOREbORHcRhsN AniNBeBhods of use

thereof. In order of increasing preference the filler

is at least 40, 50, 60, 70, 80 or 90 percent by weight

of the composition. These compositiong are stable and

adapted to not set in order of increasing preference

for at least 12 hours, 24 hours, or 36 hours, more

preferably for at least 7 days and most preferably for

at least 1 year in the absence of polymerization

initiation.

Packable dental compositions of a preferred
embodiment of the invention include at 1least one

polymerizable unsaturated substituted aromatic acid

compound within the scope of the general formula (I):

[%’h - }q:ER" ) R'}?ERIJ % (1)

wherein each R’ independently is within the scope of

the general formula:



rupturable wall in accordance with a preferred enbodi nent of the

I nvention. Figure 5 is a schematic representation of two part conposition
in a storagerﬁngngkﬁing encl osure having a rupturable wallpeifiserasger dance
with a preferred enbodi nent of the invention. Conpositions of the
invention provide a packable restorative material having superior adhesion
to dentin, enanmel and bone. In accor dance he |nvent|on are’
provi ded packable C oD i ;
cormpound wi t hi fis o ¥
pol yneri zati on |n|t' 3 ghst 10 perc
PCT/ US97/ 02342 weilgh S metal o

n

each R,’ independently is within the scope of the

general formula:

olol” oIo

z1 zz
L An L ~m

each R,” and R” independently is alkyl having from 2 to
40 carbons, alkylene having from 4 to 40 carbon atoms,
aryl having from 6 to 40 carbon, ether having from 2 to

40 carbons or alkyl aryl having from 7 to 40 carbon

atoms,
0
o 00 o
I 1 n 19 R13 Q i
each X independentty is C, O, S, S, ﬁ, N, R P, ﬁh %. o - ? - 0
o Ryp ORpp ORy,



products encl osi ng such conpositions and net hods of use thereof.
of increasing preference the filler is at
percent by woehemnef the conposition.
adapted to not set in order of i
24 hours,
preferably for at

dental conpos
invention include at |east one polynerlzabrf unsatuﬂated substituted
h

aronmatic aci d conpound-v thin the scope of

Packabl e

ions of a preferred enbodi nent of the

e gengrlal formula (1):

I n order
| east 40, 50, 60, 70, 80 or 90
These conpositions are stable and

i ncreasi ng preference for aRCH¥aS302342 hours,

or 36 hours, nore preferably for at |east 7 days and nost
| east 1 year in the absence of polynerization initiation.

[err]

wherein each R independsntly is wthin thd&s®pe—af—the general formula:

4

Rs
ofc 0 }
) - O

a
|b P
R
or omitted whereby the adjacent rings are directly

covalently bonded together,

each R, independently is a polymerizable wunsaturated
moiety having from 2 to 30 carbon atoms,

R;» Ry, Rg, and R¢ each independently is hydrogen,
halogen, alkyl having from 1 to 10 carbon atoms or
halogenated alkyl of from 1 to 10 carbon atoms,

Rs: Ry Ry, Ry, Ri3 and R,, each independently is
hydrogen, alkyl having from 1 to 10 carbon atoms or

aryl bhaving from 6 to 10 carbon atoms,

10

8



WD 97/ 29732 PCT/ US97/ 02342 [err] each
Rlerr]' independently is within the scope of the general fornula: [err]
each R err] W 331 ndependently is alkyl having from 2 t opdfiusedoldeds.

al kyl ene having from4 to 40 carbon atons, aryl having from6 to 40 carbon,
ether having from2 to 40 carbons or alkyl aryl having from7 to 40 carbon

atons, [err] each X i ndependent | s [efs],.9 VWO 97/ 297 .
PCT/ US97/ 02342Rkser AP [%ﬁ)’[ Gie or‘#‘f’#‘éd %P@lﬁeeé’g? tﬂéa‘&’o’fea{ceﬁf‘%F‘Fﬁb‘ét%‘?e
directly alkylene diol or substituted alkylene diamine,

preferably R, is

-ocn,-cﬁ-cn,o-

Z, and Z, each independently is a moiety including an
acid group,
a, m and n each independently is 0 or 1,
b, and p independently is an integer from 1 to 10, q is
zero or 1, gy is zero, 1 or 2, q, is zero or 1,
when q is zero, g, is 1; and when q is 1 q, is zero.
Compounds within the scope of general formula I
wherein at least one of g and q, is greater than zero
provide new, wuseful, nonobvious abrasion resistant
dental material having adhesion to dentin of at least
300 psi.
In accordance with a preferred embodiment of the

invention R, and R, each independently is:

1l



coval ently bonded together, each R err] independently is a polynerizable
unsaturated noiety having from2 to 30 carbon atons, Rerr], Rerr],

Rl err], andwiefgebszeach i ndependently is hydrogen, hal ogen, alkyl having
from1l to 10 carbon atons or hal ogenated al kyl of from 1 tBCHUSY#2ia2n
atons, Rerr], Rerr], Rerr], Rerr] and Rerr] each independently is
hydr ogen, al kyl having from1 to 10 carbon atons or aryl having from6 to
10 carbon atoms, 10 WD 97/ 29732 '

PCT/ US97/ 02342 5[ err] is alkylene diol, alkylene diamne, substituted

al kyl ene di oI” or subﬁti tut ed al kylene  diamne, preferably Rlerr]
is [err] Zer []Ca_nq!7ZI g r] cegcél d rE:IHependent ly is a noiety including an acid
group, ; 2

Re

wherein R, is a divalent carbon containing radical and

Ry is hydrogen, halogen or alkyl having from 1 to

10 carbon atoms.

Exemplary of R” are

—CH, CH,OCH, CH,—

CH,
—CH,CH,0CH,CH,0 —— @- C — <<D-oc32cnzocnzcn2 _—
CH,

12



a, mand n each independently is O or 1, b, and p independently is an

I nt eger froml to 10, g is zero or 1, qg[err] is zero, 1 or 2, q[err] is
zero or 1, %ﬁ# zero, g[err] is 1; and when q is 1 q[g Fi.

Conmpounds within e scope of general formula | wherein at [east one of q
and g[err] is greater than zero provide new, useful, nonobvi ous abrasion

resi stant dental material having adhesion to dentin of at |east 300 psi. In
accor dance wi t3% preferred enbodi nent of the invention Rerr] and Rl err]
each independently is: WO 97/ 29732

PCT/ US97/ 02342 [err] wherein R7 is a dival ent carbon containing radical and
Rl err] is hydrog@hCHQIHBEEPO al kyl ha®@ ng from 1 t&.CH.FhOEHCHBE0ONS.

Exenpl ary of R' are b\q

In a preferred embodiment of the invention
compounds are provided within the scope of general
formula I wherein n and m are 2zero, X is oxygen,

sulfonyl or bis(trifluoromethyl}wmethyl; and R, is

OCI-&

.-C-O-CH2 CH-O-C C Hz
I
o]

Most preferably compounds within the scope of general
formula I are those wherein X 1is oxygen or
bis{trifluoromethyl)methyl. Preferred polymerizable
unsaturated groups R; each independently is alkenyl,
alkenoxy, cycloalkenyl, arylalkenyl, and alkenaryl
moieties; with vinyl, and styryl moieties being more

preferred, and acryl and methacryl moieties that

13



[err] 12

PCT/ US97/ 02342 and [err]

conmpounds

WD 97/ 29732

In a preferred enbodi nent of the invention

i ded within the scope of general formul wherein n and
m ar e zeroﬁaimﬁé%%xygen, sul fonyl or bis(trifluoronethyl)ﬁgbﬂ$ng§ﬁd Rl err]

is [err] Most preferably conpounds within the scope of general
bi s(trifluoronethyl)nethyl.

are those wherein X is oxygen or
pol yrer i zabl eonstitutat the gpolymerr]

al kenoxy, cycl oal kenyl, aryl al kenyl, and al kenaryl noieti es;
and styryl ndlestadsmbbeniplsieimgekepeoiihllnpredfexkednd net hacryl
t hat

formula |
Preferred

B guohprs et pranie manpmexrsalikenyl |

wi th vinyl,

noi eti es

Exemplary R, {meth)acrylate moieties include:

o)
n
-0-0H2-CH2-0-C-CH=CI'&;
O C
I ll-5
-O-CH2-CH2-O-C-C=CH2;
C o C
l'.k 1 l'%
-(-O-CH-CI'&-}nO-C-C=CH2;
o c
1 I'.&
-(O-CHZ-Cﬂz-)n-O-C-C=CH2:
o Cl
i l’.5
- {0 - GFZ- CFZ -)n~ O - C - C = CHZ:

where n preferably is an integer from 1 to 10.

Preferably R, is (meth)acryloyloxyethyl moieties.

Preferably these

compositions

are mixed with

monomers and/or prepolymers and applied to a tooth.

Compounds within the scope of general formulas I,

preferably have molecular weights less than 100,000;

14



13 WD 97/ 29732 PCT/ US97/ 02342
constitute the polynerizable groups of many nononers in dental materials

bei ng especi ferred. Exenplary R err] (neth) acryl at ke fo
o4 Potipbfhiés

i ncl ude: [er re n preferably is an integer from 1 to
Preferably R err] is (neth)acryl oyl oxyethyl noieties. Preferably these

conpositions are m xed w th _nononers and/ or 8repo| émers and agpl led to a

t oot h. Conpound®enf tPFeESTRPLYC olfRESHf EiRMerlr 000 AIRa St %8 LY have

nol ecul ar wei ghts | ess than 100, 000; 14 WO 97/ 29732
PCT/ US97/ 02342 less than 5,000 and especially preferred are those

having molecular weightsg less than 1,000.

Particulate material for use in compositions in
accordance with the invention preferably have a
particle size having a longest dimension in order of
increasing preference of: less than 1 mm, less than
0.1 mm, less than 0.01 mm or less than 0.001 mm.

Preferred compounds within the scope of formula I
include diesters which are the adducts of 2,2-bis(3,4-

dicarboxylphenyl) hexafluoropropane anhydride, 4,4°'-

oxydiphthalic anhydride, 4,4'-sulfonyldiphthalic
anhydride, respectively with 2-hydroxyethyl
methacrylate. 1In a preferred embodiment at least two

aromatic rings of a compound within the scope of
formula I are joined through at least one saturated
carbon, oxygen or sulfonyl.

Aromatic  dianhydrides  preferred for making -
compounds for use in complexes within the scope of
general formula I react to £form partial esters and

carboxylic acid functiomality. Dianhydrides having at

15



nore preferably |l ess than 20,000 and nost preferably | ess than 5,000 and
especially preferred are those having nol ecul ar wei ghts | ess than 1, 000.
Particul ate material for use in conpositions in accordance with the

i nvention WRPE bl y have a particle size having a | oRGE®EY¥2nsi on i n
order of increasing preference of: less than 1 mm less than 0.1 mm |ess
than 0.01 mmor less than 0.001 nm Preferred conpounds within the scope of
formula | intéaste twestasramatiicc hrings t hree aduuet spréfedr@dhi s( Mokt

di car boxyl phenyl ) hexafl uor opr opane anhydride, 4,4'- oxydi phthalic

anhydri de, preferahl4d -stl fLeayt dtpbt habmatbmhyiingsleare joifedecls vely

wth 2- hydroxyet hyl nmethacrylate. In a preferred enbodi nent at | east

two aromati CghidwidSirPffAmRQaPauUed prbtide tdiurtgeRenobs f Sbiightlicly € | 0i ned
t hrough at | east one saturated carbon, oxygen or sulfonyl. "Aromatic

TR o] Ul Pl £ SRS LE o401, O
4,4'-oxydiphthalic anhydride and 2,2-bis(3,4-~
dicarboxyphenyl) hexafluoropropane dianhydride.

Preferably the polymerizable initiator promotes
free radical polymerization and preferably includes a
visible light curing and/or a redox catalyst system.
Preferably the composition includes 1liquid diluent
monomers. Diluent wmonomers preferably co-polymerize
with the polymerizable monomer within the scope of
‘general formula I. Suitable polymerizable co-monomers
are disclosed in U.S. Patent 4,657,941 particularly at
columm 3 1line 5 through column 5 line 59 and U.S.
4,514,342 both of which are incorporated herein by
reference. BExemplary fillers include metals, metal
oxides, silica, silicates, alumina, aluminates, calcium -
fluoride, strontium fluoride, glasses including
fluorine glasses, ceramics and minerals including mica,

zeolites, ceramics, calcium apatites, silane and/or

16



carboxylic acid functionality. D anhydrides having at 15 WO 97/ 29732
PCT/ US97/ 02342 | east two aromatic rings are nore preferred. Most
preferably aly]g&AghatWo aromatic rings are joined as shown peysb@idh | to
provi de di sruption of conjugation between the aromatic rings. Mst
preferred exanples are 4,4' -oxydi phthalic anhydri de and

2, 2-bi s(3,4- dicarboxyphenyl)hexaf! uoropropane, di anhydride. Preferably the
pol ynerizabl e PALEPato rﬁf% tgéﬁ?’%eaﬁ‘ dPgﬁ?mp‘bl Qﬂg‘}l‘vﬁ i ?J'Pffa'ﬁ{]oﬁ eferably
includes a visible light curing and/or a redox catal yst system Preferably

t he conpositi odipateeeksin ih§.dPatenehts MifofBrsand Bt e’ nononer s
preferably co-polynerize with the polynerizable nononer within the scope of

general fornula |. ASprefetrredotgmpositdione ofo-thendmnyentaos dnsihdesd in
U S. Patent 4,657,941 particularly at
a monomer compound within the scope of general formula
I, at least one finely divided filler and curing agent.
A dental composition in accordance with the invention
preferably includes a compound of general formula I,
initiator and fillex. Dental cements and dental
£filling compositions in accordance with a preferred
embodiment of the invention include monomer compounds
within the scope of general formula I.
The compounds within the scope of general formula
I have at 1least 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. Most
preferably these compounds 3include at least one
polymerizable group and one or more acid or reactive -
acid derivative groups. Preferred compounds within the

scope of general formula I are derived acid formed from

the reaction of 4,4'-oxydiphthalic anhydride or 2,2-

17



colum 3 line 5 through colum 5 line 59 and U.S. 4,514, 342 both of which
are incorporated herein by reference. Exenplary fillers include netals,
nmetal oxides, silica, silicates, alumna, alum nates, calciumfluoride,

st ront i umWOST2AIR de, gl asses including fluorine gl a®cE8s9¥242ni cs and
m nerals including mca, zeolites, ceramcs, calciumapatites, silane
and/or 16 WD 97/ 29732

PCT/ US97/ 023828 $3 | @il carexyiphény1 Jdrexafduorgeopane) ol yllianhydﬂihéélose
disclosed in U S. Patents 4,758,612 and 5,079, 277. A preferred conposition
of the invenyien angbyﬁeénazamaom SRFD Qi Codliyihiyidr-i ENBomSORE Ofo gener al
formula I, at least one finely divided filler and curing agent. A dental

of Tgener al 1 SORRENAAT LB base 14F Pt HRRrBsE B NS Cemonts cand o
dent al The carboxyl group itself is most preferred over
other acid moieties or the reactive acid derivative
ions. Especially appropriate acid moieties arxre all
those that 1react with oxidic, mineral, ceramic,

vitreous, or metallic fillers.

Examples of these other acid moieties include:

O
o
[+}
=0

it 13 1t
- P - OH, - P - DR, - O - P - OH, ad - O -
i

8
2
2
-

of phosphorus acids wherein R is alkyl, aryl, or vinyl;
the moieties -SO,H, SO,H, or -0-SO,H of sulfuric acids;

the moieties:

- 8 - O - B - OR, ~ O -8 - OH, e - O - B - OR
) ' 1 !
OH OH o OH

of boron acide wherein R is alkyl, aryl, or vinyl and

cationic acid moieties including -NR,H+ wherein R is H
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filling conpositions in accordance with a preferred enbodi nent of the

I nvention include nononmer conpounds within the scope of general formula I.
The conpounds within the scope of general formula | have at_|east t

di fferent fufMR¥HE2 substituent groups, one of which mggﬂ’#e of
addi tion polynerization and the other of which is carboxyl or other acid
or reactive acid derivative. Most preferably these conpounds
include at |eastalkyile pol yiher i rebrbiyeoumcixthd derdvetiviese ean d ke
reactive acid derivative groups. Preferred conpounds within the scope of
general fornul substitauutdet | with aaicddf dalddeb; orwittthe aciatt aphydfides,

4, 4" - oxydi phthali ¢ anhydride or 2,2- 17 WO 97/ 29732

PCT/ US97/ 02342ak4 SBe1 - sk rdu@esh hanytl Tex afdnd reptepanehat dieadyds i des
wi th a pol ynerizabl e hydroxyl or pol yhydric conpound to

hydrolyze into acid, such as can enter into ion-
exchange, neutralization, salt formation, or chelation
reactions with the reactive filler. Preferred acid or
reactive acid derivatives are carboxylate, phosphate,
phosphonate, sulfonate, or borate acid moieties and/ox
of their reactive derivatives.

The compositions of the invention are formulated
as one, two or more components, visible light curable,
self cure, and/or dual cure product or combinations of
these. The composition of a preferred embodiment of
the invention includes polymerizable carboxylic acid
monomey, an optional filler and/or diluent, a catiomic
elutable glass or other source of peclyvalent catiomns,
and a polymerization catalyst system.

A method of producing the ethylenically -
unsaturated carboxylic compounds is disclosed in
Dentsply’s U.S. Patent 5,338,773 at columns 10 and 11,

which provides as follows:
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formesters and partial esters thereof. The carboxyl group itself is nost
preferred over other acid noieties or the reactive acid derivative ions.
Especially appropriate acid noieties are all those that react wth
oxidic, mwoewssr2 ceramc, vitreous, or netallic filler PCTRESOIMNIB42S Of
these other acid noieties include: [err] of phosphorus acids wherein Ris
al kyl, aryl, or vinyl; the noieties -SJerr]H, SOJerr]H or -OSJerr]H of
sul furi ¢ aci ds: dheedBi ghbBsncd ok AhahOrAReAU ISR Chity i al kyl . -
aryl, or vinyl and catioOnic acid noieties including -Nerr]Ht wherein Ris

gl &§| ) V?hggé%%%i vae actlmd1 ¢ deqr‘ﬁ/'a':twg%phggﬁn%e anhydrid%cr/ilésgw pasaz or
reacted with two moles of a compound of the general
formula R-OH, wherein R is a polymerizable unsaturated
moiety having from 2 to 30 carbon atoms. This yields a
liquid product which is believed to be a mixture of

isomer monomers of general formulas II-IV:

(o] o
14 it
HO/L@D\@‘\DH
RO OR
~ e G/
1 3]
o] o]

28

o o

I H
R0~ -~
uo\c -

Yl "

o o Ul and

0 0

[y ] il
uo/c ™~ o
Ro\c - OH

11 1}

o] [
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substituted with acid halides, with acid anhydrides, and with acid am des,
nitriles, and esters that readily hydrol yze into acid, such as can enter
into ion- e p neutralization, salt formation, or chelggmasacti ons
with the reactive Tiller. Preferred acid or reactive acid derivatives are
car boxyl ate, phosphate, phosphonate, sulfonate, or borate acid noieties
and/or of their reactive derivatives. The conpositions of the invention are
fornul ated as one, Bywreachire esgpomeie sof vicxyBieb¥hraHic caphapleidese| f
cure, and/or dual cure product or conbinations of these. The conposition
of a preferredwithodiveennobés t lod | methadxylicyiokpeebybolaleebpladlso

car boxyl.ic acid nononer, an optional filler and/or diluent, a cationic

el ut abl e gl asskaowit ey WwWhydeoRfetlolly v aiethhcrplatens, (HEMA) a ol whey i zat i on
catal yst system A nethod of producing the ethylenically
unsaturated Cafboenydd Cof COSPOUAAS al 3iqelid ChASALbt i1b Dedinidd Ywisicde S.
Patent 5,338,773 at columms 10 and 11, which provides as foll ows:

is believed to be a mixture of isomer monowers V-VII:

] I
5‘:’ ﬁ HO =~ on o cH,
"ot
H,C=C-C-O-CH , -CH , -O \ﬁ —~D-CH , -CH ,-0-C-C=CH,
o °

o)
°
glc 1" fr A '°' °;'s
H_C=C-C-0-CH _-CH -0 ) c
z 2 2 \o-cuz-cn -06-C-CmoH,
2
Ho ~ " OH
& )
) o
and
" om
o o
o cH
i} 1 bl
)
5" " HO “~o-cH 2-CH ,-0-C-CmCH,
M,CeC-C-0-CH , -CH, -0 ~c oH
1 i
o o
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19 WD 97/ 29732 PCT/ US97/ 02342
In the presence of acid, base or other suitable catalyst one nole

4, 4" - oxydi [c anhydride is reacted with two noles of a conpound of
t he genera ‘a RROH wherein Ris a polynerizable uﬁg’fl@?’ﬁ’g@ noi ety
having from2 to 30 carbon atons. This yields a liquid product which is
believed to be a m xture of isoner nononers of general fornulas Il-1V:

[err] 20 WO 9Mopgwmgy compounds within the scope of general

PCT/ US97/ 02342 By reacting one nole of oxydi phthalic anhydride with two

mol es of risntweday |oyadrs ytdvtiivealentiers whlish have at least one
unreacted carboxylic acid group and one polymerizable
group in the wmonomer. The number of reacted or
unreacted carboxylic acid groups in the monomer is
controlled by warying the reaction conditions and molar
ratio of reactants. The monomer compounds of the
invention polymerize by addition polymerization through
the ethylenically unsaturated group. Curing agents,
catalysts, initiators and/or accelerators, are used to
expedite and control the polymerization. A peroxide
initiator, for example benzoyl peroxide, andfor heat
are useful to initiate the reaction. Accelerators
enhance the reaction so that it may proceed more
expeditiously at room temperature. Accelerators
preferably include reducing agents such as amines or
sulfinates, and/or transition metal ions. Ultraviolet
and/or visible light may be used with initiators and -
acceleratoxrs to initiate and accelerate the
polymerization. Visible light curing is preferred for

curing the compositions of the invention in the mouth.
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known as 2-hydroxyethyl nethacrylate (HEMA) in the presence of catalyst a
liquid product is fornmed which is believed to be a m xture of isoner
mononers V- Vidgobeis] and 21 WO 97/ 29732 PCT/USY/02342

PCT/ US97/ 02342 Monomer conpounds within the scope of general fornula | are
reactive esters which have at | east one unreacted carboxylic acid group and
one pol yneri zabl e grou I n _the,nononer. The nunber of . regcted or
unreact ed car boﬁﬂﬁgcpﬁgfﬂr@?%uﬁgﬁﬁt?he°ﬁon‘3i'%sre i SUESRt PYEPEGe by R%ar yi ng
the reaction conditions and nol ar_ ratio of reactants. The nononer
conpounds of tRedy nveriten Eqrmey @fr Fadigtiendi§9% fX98P} Re it 5 Y4 athr ough

the ethylenically unsaturated group. Curing agents, catalysts, initiators
and/ or accel er donizingr vagiationo and light from a laser source, are

preferred for curing the compositions of the invention.
In accordance with the method of the invention in-
vivo polymerization does not harm the patient within
whom polymerization of monomer compound within the
scope of general formula I occurs. To initiate by
irradiation with ultraviolet or visible 1light the
initiator, for example a benzophenone or camphorguinone
is preferably used to form a single, ready to use
shelf-stable composition. A preferred embodiment of
the composition of the invention includes a
polymerization catalyst system having a light sensitive
polymerization initiator such as camphorquinone, a
reducing agent such as ethyl 4-dimethylaminobenzoate
(EDAB) and an oxidizing agent such as benzoyl peroxide.
Redox polymerization gysteme known to the art are -
preferably used to polymerize the composition of the
invention. Preferred redox polymerization catalyst

systems for use in accordance with the invention
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expedite and control the polynerization. A peroxide initiator, for
exanpl e benzoyl peroxide, and/or heat are useful to initiate the reaction.

Accel erat Qrs _epnhance the reaction so that it nmay proceed _nore expeditiously
at roomwof"é@r ature. Accelerators preferably incl ua'grmg agent s

such as amnes or sulfinates, and/or transition netal ions. Utraviolet
and/or visible light may be used with initiators and accel erators to
initiate dmtludegcelaer pegoxidae poflyneributtylon boviasi blamd/bght acuring is
preferred for curing the conpositions of the invention in the nouth. 22
WO 97/ 29732 transition metal salt. Redox polymeriza¥iod/St13348 For
preformed objects, or those cured outside the body, other forns of

radiation, ffid e@staRystubseend|Hle itdidisel Basbadbadi 00 Wl Igagahef rom a
| aser source, are preferred for curing the conpositions of the invention.
4,657,941 at column 7 line 10 through coclumn 8 line 27
incorporated herein by reference. A particular
polymerization method and system may be preferred
depending on the application requirements of the
material., For example a CAA/AP/BPO system.
Fillers which are especially suited for use in
compositions of the invention are inorganic glasses
such as are used in glass ionomer cements. Exemplary
of such fillers are those of U.S. Patent 4,814,362
which is incorporated herein by reference in its
entirety. Preferred fillers are glasses formed from or
including, Dbarium, calcium, strontium, lanthanum,
tantalum, and/or tungsten silicates and aluminates
and/or aluminosilicates, silica, including submicron
silica, quartz, and/or ceramics for example, calcium ~
hydroxy apatite. In a preferred embodiment of the
invention reactive cations, especially those of

calcium, strontium and aluminum, and anions especially
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In accordance with the nmethod of the invention in- vivo polynerization does
not harmthe patient within whom pol yneri zati on of nononer conpound w thin
the scope o | formula | occurs. To initiate byirra#l%gyg {th
ultraviolet or visible light the initiator, for exanple a benzophenone or
canphorqui none is preferably used-to forma single, ready to use

shel f -stabl e conposi tion. A preferred. enbodi mrent of, _the conposi tion
of the in\ggHPFb‘ﬂe ’r‘?ﬁﬁ;udége YA nEFPPat ot cél‘t]z%ef&' syrsnf?%?n havi ng a

| ight sensitive polynerization initiator such as canphorqui none, a reducing
agent such as féﬂ-E?l-’S sugedreithiheniinyveahiont prefaymblya ageamedneed zimg agent
such as benzoyl peroxide. Redox polynerization systens known to the art are
pref erably usedrtidchel ysrze zende sonposiprafiermied hembndinénon. are
Preferred redox polynerization catalyst systens for use in accordance with
the inventi ongdlanated before they are incorporated into such

compositions. Preferred 1levels of filler are from

about 20% to about 85% based on the total weight of the

cement composition, with from about 40% to about 85%

being more preferable and about 50-80% being most

preferred. If a more finely particulated filler is

ugsed, amounts of filler may be decreased due to the

relative increase in surface area which attends the

smaller sizes of particles. Preferred part;i.cle size

distributions are from 0.02 to 50 microns, more

preferably 0.1 to 10 microns, and most preferably 1 to

6 microns.

In a preferred embodiment compositions of the
invention include solvents, plasticizers, pigments,
anti-microbials and therapeutics which wmay be time -
released from the composition, and oxidation inhibitors

such as butylated hydroxytoluene. In addition to

compounds within the scope of general formula I
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WD 97/ 29732 PCT/ US97/ 02342 i ncl ude,
a peroxide and tributyl boron and/or a transition netal salt. Redox

pol ymer i za@bon catal ysts and catal yst systens are those disclosed in U S
Patent 4,6 t colum 7 line 10 through col um 8 |i FETREABY por at ed
her ei n by ref er ence. A particular polynerization nethod and system
may be preferred depending on the application requirenents of the material.
For exanpl e com@osisROBBO syst enmrcEprdance whiwiithar etbepecimtdntiomi t ed for
use in conpositions of the invention are inorganic glasses such as are used

in glass i ononefer=dsignt snclidenpalymeafizabid furndarusated tdidsentf U. S
Patent 4,814,362 which is incorporated herein by reference in its entirety.

Preferred fihdeinferdy,e §logsmsrd Oan@ o I prepblyndd dilet mhl idlge cal cium
strontium | anthanum tantalum and/or tungsten silicates and al um nat es

and/ or al um él&ﬁéduf%ﬁ? a°d1_|d CQrod;&E' B3 G SWRALET PhedebECand)dg’ tZ, and/or

ceram cs for exanple, Talciu
reactive readily hydrolyzing acid-derivative groups
thereof. One such preferred monomer is hydroxyalkyl
methacrylates. Compositions of the invention may alsc
preferably include compounds having acid groups and/or
their salts and/or their readily reactive hydrolyzing
derivative groués but do not contain any groups that
are unsaturated and polymerizable, such as multi-basic
acids or their reactive, readily hydrolyzing
derivatives.

In a preferred embodiment of the invention is

provided a dental crown product, including a dental
crown, supported by core build up material comprising a
polymerizable dental composition, comprising: a
polymerizable acid compound an effective amount of a
polymerization initiator, and at least 10 percent by

weight of ceramic, metal and/or metal oxide filler

particles having a particle size less than 500 microns.
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hydr oxy apatite. In a preferred enbodi nent of the invention reactive

cations, especially those of calcium strontiumand alum num and
ani ons especiwéloyoith WO 97/ 29732
PCT/ US97/ 02342 fluoride ions; are eluted from the filFera e,

fillers used in the invention preferably are reduced in particle size and
in a preferred . gnbodinent, are sil anated, hefore they are incorporated into
such conpositi ong. compﬁfé'f%??e’clsl%'(ﬁg 35ty £PPLRFed Y 3n FRCHSHES20% t o
about 85% based on the total weight of the cement conposition, with from
about 40%to afSifYO85oRBEFRY A e Br SR EabPRiAAd ¥R oURRTRKIZAY, WaiAY nDst

preferred. If a nore finely particulated filler is used, anpunts of
filler my be ®rxafersbllydadhereshetocldemitio iwitkase | adsesivacebanda which
attends the smaller sizes of particles. Preferred particle size

strength of at least 300 psi, more preferably at least
400 psi and most preferably at least 500 psi.

Compoundg that have chelating groups but do not
contain carboxylic acid groups or readily hydrolyzing
acid-derivative groups are preferably included in
composition in accordance with the invention, for
example vanillates, syringates, and salicylates.

Mixing the compositions of the present invention

may be achieved using standard compounding techniques.

FILLING COMPOSITIONS

A preferred dental treatment in accordance with
the invention is the application of dental filling
compositions which include a curing agent and at least
one salt compound within the scope of general formula
I. Preferably the dental filling composition includes
finely divided reactive filler that can react ionically

with the acids or acid derivatives of the monomer.
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distributions are from0.02 to 50 mcrons, nore preferably 0.1 to 10

m crons, and nost preferably 1 to 6 mcrons. In a preferred enbodi nent
conpositions of the invention include solvents, plasticizers, pignents,
anti - mi cr oM@A"@¥Bhd t her apeutics which may be tine relea§ﬂﬂmmygﬁgﬁhe
conposition, and oxidation inhibitors such as butylated hydroxytoluene.

In addition to conpounds within the scope of general formula | 25 WO
97/ 29732 In accordance with the method of PEReUSBRA/RXI4N,
conpositions in accordance wth t he i nvention preferably include

pol yner i zabl festtasiviie edc8impoeid idA¥ONMELSludei JORNEr S TeHHOr RImepol yners
that nay al so contain any acid groups and/or salts thereof and/or reactive

readi |y hydrgdingidid zawiie- dedid/ abbyse BrPURERYIEIRRA1y GhSatsiGit e ef erred
nmononer i s hydroxyal kyl
compound within the scope of general formula I. Such
compositions are applied to tooth without prior etching
of the tooth. |

Preferably, packable restorative compogitions in
accordance with the invention include more than 80
percent by weight, more preferably more than 90 percent
by weight, and most preferably, more than 92 percent by
weight metal, metal oxide and/or ceramic particles.

The methods of measurement of compressive
strength, transverse flexural strength, diametral
tenaile strength, bond strength to dentin and fluoride
release-static extraction used herein for testing
compositions of the invention, particularly those
compositions set forth in the following Examples are

disclosed in Dentsply’s U.S. Patent 5,338,773 at columm -

14, linea 38-68 and column 15, lines 1-68.
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met hacryl ates. Conpositions of the invention may al so preferably include
conpounds having acid groups and/or their salts and/or their readily

reactive hydr | derivative groups but do not contain a t hat
are unsaturate %nﬁ pol ynmeri zabl e, such as multi-basic aci drsi érﬂ%ﬂﬁ%flhei r
reactive, readily hydrol yzi ng derivatives. In a preferred enbodi nent of
the invention is Erovided a dental crown product, including a dental crown,
supported by c uild up material conprising a polynerizable dent al
conposition, conpri si ng: a pol ynmeri zabl e acid conpound an effective
anmount of a pol yner Thgt iaweraget izglativanvear |lowst uged dmexsin bis wai ght of
ceramc, netal and/or netal oxide filler particles having a particle size
| ess than 500 nirmitdess 26cmpariDi%é/ 29&Rde. For example a sample
PCT/ US97/ 02342

having an average relative wear loss of 2 has twice the

loss of volume due to wear under the same conditions as

a sample having an average relative wear loss of 1.

Having generally described the invention, a more

complete understanding can be obtained with reference

to certain specific examples, which are included for

purposes of illustration only. It should be understood

that the invention is not 1limited to the sgpecific

details of the Examples.

PREPARATION OF ACID MONOMERS

6-FDMA is the reaction product of 1 mole of
hexafluoroisopropylidene-2,2 bis(phthalic acid
anhydride) and 2 moles of 2-hydroxyethyl methacrylate,
(identified hereafter as HEMA) as disclosed in Example -

1 of Dentsply’s U.S. Patent 5,338,773.
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The conposition is preferably enclosed by an encl osure, and/or useful as a
core build up material which preferably adheres to dentin with an adhesive
bond strength of at |east 300 psi, nore preferably at |east 400 psi and
nost prefe Iﬁﬁ?@ﬁ | east 500 psi. Conmpounds that have ch FFﬁﬂnSPoups but
do not contain carboxylic acid groups or readily hydrolyzing

aci d-derivative groups are preferably included in conposition in
accordance SUNTHESIScOF|i BVRMA i on, for exanple vanillates, syringates, and
salicylates. Mxing the conpositions of the present invention may be

achi eved usi ng steppdar d isonphendieactiesmhnipgodsct Flat | NG G@IROSLEI ONS A
preferred dental treatnent in accordance with the invention is the

appl i cation pfadantal- fillbézdphEpeskt i oOn:adiiacarbbsUfl€ a cydigg agent and
at | east one salt compound within the scope of general fornula I.

Preferably t&%%d#?ﬁfﬂdéﬁdﬂd g ﬁgﬂggsbtg§5k3ﬂ2§t%§qs j g Lyjided reactive
filler that can react ionically wth the aci'ds 0r gggys grgva%ives of the

Tonomer. When prepared in an excess of 2-hydroxyethyl
methacrylate the HEMA serves as a solvent for the
esterification reaction as disclosed in Example 2 of

Dentsply’s U.S. Patent 5,338,773.
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27 WO 97/ 29732 PCT/ US97/ 02342 In
accordance with the nethod of the invention, restorative corrposi tions

include at one polynerizable acid reactive et hw
unsat ur at ed ‘é"é’rr%’@% wi thin the scope of general formula I. uch ?
conpositions are applied to tooth without prior etching of the tooth.
Preferably, packable restorative conpositions in accordance with the
i nvention i ncl SYETHEPES tHaPE¥® percent by weight, nmore preferably more than
90 percent by weight, and nost preferably, nore than 92 percent by wei ght
metal, netal oxi de @FMRoriscerhm cxenation cerodust ofethodele of.4'-
measur enent of conpressi ve strength, transverse fl exural strength,
di anetral tensokgdipherajtiv lbohjtdridengtdhemdcddntnamennd Sf, Bllopkpeis-
rel ease-static extraction used herein for testing
1,3-isobenzo furandione) and 2 moles of HEMA as
disclosed in Example 3 of Dentsply’s U.S. Patent

5,338,773.

SYNTHESIS OF OPMA

OPMA 1is the reaction product of 1 mole
oxydiphthalic anhydride and 2 moles of HPMA as
disclosed in Example 4 of Dentsply’s U.S. Patent

5,338,773.

PREPARATION OF STDMA

STDMA is the reaction product of 1 mole of 4,4'-
sulfonyldiphthalic dianhydride (STDA) and 2 moles of
HEMA. In this example STDMA is prepared in an excess
of HEMA as disclosed in Example 5 of Dentsply’s U.S. -

Patent 5,338,773.
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conpositions of the invention, particularly those conpositions set forth in
the foll owi ng Exanpl es are disclosed in Denteply's U S. Patent 5,338,773 at
colum 14, lines 38-68 and colum 15, lines 1-68. 28 WD 97/ 29732

PCT/ US97/ ¥83Y29TRe average rel ative wear | oss used her ei RCFUSHFARMR: | ess
conparative val ue. For exanple a sanple having an average relative
wear loss of 2 has twice the |oss of volunme due to wear under the sane
condi ti ons PREPARANDON OB\OEMA I I¥GMAge rel ative wear | oss of 1. Having
general ly described the invention, a nore conpl ete understandi ng can be

obtai ned with rebemancgst otkert gelctiwti fproduednpbgs, 1whimehear ggi Ncl uded
for purposes of illustration only. It should be understood that the

invention i gipliphtihisd dfadiiRraecicbbeasielnd!s Rf1dd S eE0aR! §5-

disclosed in Example 6 of Dentsply’'s U.S. Patent

5,338,773.

PREPARATION OF POWDERS

Strontium aluminofluorosilicate glags powder used
in Examples 27B is made by fusing aluminum oxide,
silica, strontium fluoride, aluminum fiuoride, aluminum
phosphate, and cryolite according to procedures
disclosed in U.S. Patent 4,814,362 to form particles
which are milled to a mean particle size of 5.5
microns. It has the following analysis with all
elements except fluorine being calculated as the oxide
of the element:

The composition of strontium aluminofluorosilicate

glass particles used herein is as follows: -
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PREPARATI ON OF ACI D MONOVERS 6- FDVA is the reaction product of 1 nole of

hexaf | uor oi sopropyl i dene- 2, 2 bi s(phthalic aci d anhydride) and 2
mol es of Z_N*ﬂiﬂéﬁﬁihyl met hacryl ate, (identified hereaftepcipustiin as

di sclosed in anple 1 of Dentsply's U S. Patent 5,338,773. 29 WO

97/ 29732 PCT/-US97/ 02342 SYNTHESI S

OF BTDVA BTDMA is the reaction product_of 1 nole of 3,31,4,4' -

benzophenone tetracarboxylic Raxtd BYMeddht de and 2 nol es

2- hydr oxyet hyl net hacryl ate. Wen pr epar ed in an excess of

2- hydr oxyet hyl net feePyl ate the HEMVA serve$4a$ a solvent for the
esterification read®ii®n as disclosed in Exa&2Re 2 of Dentsply's U S. Patent

5,338, 773. 30 Nas0 2.9
Sr0 28.7
F 12.3
P04 4.8

The barium aluminofluorosilicate glass particles used
in Examples 18, 1%, 20, 22-27, 27A and 27C are 7726
glass sold by Corning. It is preferably formed as

disclosed in Danielson U.S. Patent No. 4,920,082,

SYNTHESIS OF GMA

In a 500 mL round bottom flask is placed 17.1 g
(0.15 mole} glutaric anhydride, 20.1 g (0.155 mole)
HEMA, 2.2 g (0.15 mole) 4-pyrrolidino-pyridine and 15.2
g (0.15 mole) triethylamine in 300 ml, methylene
chloride. The solution is stirred overnight. IR
analysis indicated no anhydride remained.

The solution is washed with 250 wh 2 N -
hydrochloric acid, then twice with 200 wlL portions of

deionized water. The washed solution is dried over
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WD 97/ 29732 PCT/ US97/ 02342
SYNTHESIS OF OEMA CEMA is the reaction product of 1 nole 4,4'-

oxydi pht hal i ¢ anhydri de (chem cal nane: 5,5'-oxybis- 1, 3-isobenzo

furandi oneWO9ZRRI2 2 noles of HEMA as disclosed i n ExXeBosom2e
Dentsply's U S. Patent 5,338,773. SYNTHESIS OF OPMA OPMA is the reaction
product of 1 nole oxydiphthalic anhydride and 2 noles of HPMA as

di scl osed i NnardsAtiuE SodiukReBlitfate Sardd ShePdo20bne, $8B8iphesl RABRARATI ON OF
STDVA STDVA is the reaction product of 1 rml e of 4,4'- sulfonyldiphthalic

di anhydri de QDA rndpe HR'EShQ%I this exanple STDVA is prepared
I n an excess of HEMA as él sclosed 1 n Exarrp e 5 of Dentsply's U S
CH,=C CO,CH,CH,0,C CH,CH,CH,COOH.

CH,

SYNTHESIS OF SMA

In a 500 mL round bottom flask is placed 15.0 g
(0.15 wmole} succinic anhydride, 21.5 g (0.165 mole)
HEMA, 2.22 g {0.015 mole} 4-pyrrolidino pyridine and
15.2 g (0.15 mole) triethyl amine in 300 mL methylene
chloride. The solution is stirred overnight.

The solution is washed with 200 mL 2 N
hydrochloxic acid, then twice with 200 wl. deionized
water. The washed solution is dried over anhydrous
sodium sulfate and the solvent stripped under wvacuum to
give a liquid product.

CH,=C CO,CH,CH,0,C CH,CH, COOH.

CH, "
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Patent 5, 338,773. 31 WD 97/ 29732

PCT/ US97/ 02342 PREPARATI ON OF OCEMA IN TEGVA CEMA is the reaction

product of 1 nole of oxydiphthalic dianhydride (ODPA) and 2 nol es of
HEMA as di sOVRSEWRL n Exanple 6 of Dentsply's U S — PRCZWSY3g 773
PREPARATI ON OF POADERS Strontium al um nofl uorosilicate gl ass powder used in
Exanpl es 27B i s made by fusing al um num oxide, silica, strontiumfluoride,

al um num f | uor sYlerHEEISTOFUOEBR NI HESIN and cryolite according to
procedures disclosed in U S. Patent 4,814,362 to formparticles which are

mlled to a mean pagyt.icldiahiszqo0i Rodel £/ ONoxydipheBal e LhyBWdRD

analysis with all elenents except fluorine being calculated as the oxide
(ODPA), 11.4 grams of glutaric anhydride (0.1 mole),
33.0 grams of hydroxyethyl methacrylate (HEMA)}, (0.30
mole}), and 0.05 grams of butylated hydroxytoluene are
reacted at room temperature for 30 minutes followed by
stirring at 110°C for 2.0 hours to form a very viscous
mixture of the adduct of ODPA and HEMA (OEMA) and an
adduct of glutaric anhydride and HEMA (GMA) .
Alternatively, OEMA may be prepared from ODPA (0.1

mole) and HEMA (0.2 mole) in GMA prepared as described

above.

SYNTHESIS OF 6-FDMA/PMA RESIN ADDUCTS WITH HEMA

39.0 grams of HEMA, 0.06 g butylated
hydroxytoluene, and 14.8 grams of phthalic anhydride
are reacted at 100-110°C for 60 minutes. Then 44.4
grams of hexafluoroisopropylidene~ 2,2-bis (phthalic
acid anhydride) (6-FDPA) is added and stirred at

between 120° and 130°C for 4.0 hours to form a clear,
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of the el enent:

particles used herein is as follows: 32 WO 97/ 29732

PCT/ U897/02342 Parts by wei ght Al [err]CIerr]
SlQerr]

28.

F

32.1 Na[err]O
12.3 Plerr]derr]

24. 6
PCT/US97/0334§_ 9 SIrO

The conposition of strontium alum nofluorosilicate gl ass

4.8

The barium al um nofl uorosilicate glass particles used in Exanples 18, 19,
20, 22-27, 2ghightly 7¥eliew Aeding| adxtapedoby 6CPDMA ngnd antaddudgy ef erably
formed as disclosed in Danielson US. Patent No. 4,920,082. SYNTHESI S OF

GVA

of phthalic anhydride and HEMA (PMA).

SYNTHESIS OF 6-FDMA/GMA RESIN:

39.0 grams (0.30 mole) hydroxyethylmethacrylate,
44 .4 grams of hexafluoroisopropylidene - 2,2-bis
(phthalic acid anhydride), (6-FDPA, 0.1 mole) 11.4
grams of glutaric anhydride (0.1 mole} and 0.06 grams
of butylated hydroxytoluene are reacted at 100°C for 4.0
hours to form a viscous slightly yellow clean xesin,
mixture of 6-FDMA and an adduct of glutaric anhydride
and HEMA (GMA). Altexnatively, 6-FDMA/GMA may be
prepared by reacting 6-FDPA (0.1 mole) with HEMA (0.2

moles) in GMA prepared as described above.

EXAMPLE A
SYNTHESIS of OEMAMA:
In a 500 mL round bottom flask is placed 15.50 g
(0.05 mole) 4,4’-oxydiphthalic anhydride (ODPA)}, 24.86
g (0.11 mole) glyceryl dimethacrylate, 1.48 g 4-

pyrrolidino pyridine and 10.10 g (0.10 mole) triethyl
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In a 500 nmL round bottomflask is placed 17.1 g (0.15 nole) glutaric

anhydri de, 20.
4-pyrrolidi ng

met hyl ene chl ori

1 g (0.155 nole) HEMA, 2.2 g (0.15 nol e)

Ggﬁg§ﬂ&ne and 15.2 g (0.15 nole) triethyl angcGusorihzs
e. The solution is stirred overnight. I R anal ysi s

00 nL

I ndi cated no anhydride remai ned. The solution is washed with 250 nL
2 N hydrochlori¢ acid, then twice wt 00 nmL_portions Qf deipnj zed water.
The washed sol BF{RMR FLERY iRy :?)qpermIS:?“etq‘ 7 ?5?‘58‘ 8n asaitien

PC/ US97/ 02342 anhydrous, sodi um sul fate and the sol vent stripped under

vacuumt o obt aPf i gthel pebiArctdiggdvep=c BoperPierier retpeiT s err]C

CHerr]CHerr]CH err]COOH CH err] SYNTHESIS OF SMA In a 500 nL round

bottom fl ask i

overmight 15.0 g

The solution is washed twice with 200 mL 2N
hydrochloric acid and twice with 200 mL deionized
water. A saturated salt solution (150 mL) is used to
break an emulsion during the second washing. The
solution is dried over anhydrous sodium sulfate and the
solvent removed under vacuum to give OEMAMA a light

yellow resin, having structural formula:

0 @ Q 0
i P I [
(CH,=C-COCH, ) ,CHOC 0 CO CH {CH,0C-C=CH,),
) !
Ho,¢ CO,H
OEMAMA
EXAMPLE 1

A two component metallic oxide containing
composition is formed by mixing 44.8 grams of OEMA, 4.1
grams of water; 30 grams of triethylene glycol

dimethacrylate (TEGDMA}; 19.4 grams of hydroxyethyl
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(0.15 nol e)

succi ni ¢ anhydride, 21.5 g (0.165 nole) HEMA, 2.22 g (0.015
nol e) 4-pyrrolidino pyridine and 15.2 g (0.15 nole) triethyl
mL met hyl ene chloride. The solution is stirred overnight. The solution
washed ~ wit{9”

dei oni zed water.

m. 2 N hydrochloric acid, then tw

anm ne in 300

0 nmL

The washed solution is dried-over anhydrous sodi um
sul fate and the solvent stripped under vacuumto give a |iquid product.

CH[ err] =C Colezhal-Cyfiate | CH(EEMALDE er r J0C6CH| egxgdneH] er of CO@thyTHRerr] 34
PCT/ US97/ 02342 SYNTHESI S

OF CEMN GVA &2mSkNylamingsarizoate. UEDABE) ¢, 3- gouwsli phiglbriquiashydri de
(CDPA), 11.4 grans of glutaric anhydride (0.1 nole) 39.0 grans of

hydr oxyet hylg. net §aany | ¥fe biEdfated Ohgdroxytoluene; 1.0 gram of

WD 97/ 29732

Uvinol M-40; to form a polymerizable liquid. 1 parts
of this polymerizable liquid is mixed with 1.5 parts of
powder. The powder is made up of 10 parts by weight
silanated aluminum oxide and 0.1 parts by weight of
initiator. The initiator is made by mixing 10 parts of
benzoyl peroxide {(BPO), 0.2 parts by weight of cupric
acetylacetonate (CAA) and 1.5 parts by weight of
ascorbyl palmitate (AP). The liquid and powder are
enclosed in a plastic mixing capsule. The capsule is
placed in an actuator, and the actuator is operated to
vibrate the capsule for about 10 seconds and the powder
and liquid are mixed during the actuation to form a
paste. The paste hardens in three minutes to form a
set polymeric metallic oxide containing material having
a flexural strength of 87 MPa; a flexural modulus of

5138 MPa; and compressive strength of 210 MPa.
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nole), and 0.05 granms of butyl ated hydroxytol uene are reacted at room
tenperature for 30 mnutes followed by stirring at 110[err]C for 2.0 hours

to forma ver ' s mxture of the adduct of ODPA and HE and an
adduct of M&H’Ji aric anhydride and HEMA  (GW). Al %&%zy,
OCEMA may be prepared from CDPA (0.1 nole) and HEMA (0.2 nole) in GVA
prepared as descri bed above. SYNTHESI S OF 6- FDVA/ PMA RESI N ADDUCTS W TH
HEMA 39.0 grams of HEMA, 0. O6BXAMPLE 2t y| at ed hydroxytol uene, and
14.8 granms of phthalic anhydride are reacted at 100-110[err]C for 60
m nut es. Then 44. Fhgr precefune xef | Brantleodr dy Epdbored 2xeepits thaht hal i ¢
acid anhydride) (6-FDPA) is added and stirred at between 120[err] and 130 C
for 4.0 hours talumimmma okide, @bich A8 9@6R9E32anated, is used in
PCT/ US97/ 02342
place of silanated aluminum oxide to form polymeric
metallic oxide containing material having a flexural
strength of 50 MPa, a flexural modulus of 5206 MPa; and

a compressive strength of 185 MPa.

EXAMPLE 3

A two component composition is formed by mixing
44.8 grams of OEMA, 4.1 grams of water; 30 grams of
triethylene glycol dimethacrylate (TEGDMA); 19.4 grams
of hydroxyethyl methacrylate (HEMA); 0.6 grams of
ethyl-4-dimethylaminobenzoate {EDAB) ; 0.2 grams
camphorquinone, 0.1 grams of butylated hydroxytoluene;
1.0 gram of Uvinol M-40; to form a polymerizable
liquid. 1 parts of this polymerizable liquid is mixed
with 1.5 parts of powder. The powder is made up of 10 -
parts by weight silanated titanium oxide, having a
particle size less than 3 microns, and 0.1 parts by

weight of initiator. The initiator is made by mixing 10
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slightly yellow resin, mxture of 6-FDVA and an adduct of phthalic
anhydri de and HEMA (PMA). SYNTHESI S OF 6- FDMA/ GVA RESIN: 39.0 grans (0. 30

nol e) hydr‘g | met hacryl ate, 44.4 grans of hexaflugroisopropylidene
- 2,2-bis é ic acid anhydride), (6-FDPA, 0.1 nole) . of

glutaric anhydride (0.1 nole) and 0.06 granms of butyl ated hydroxytol uene
are reacted at 100[err]C for 4.0 hours to forma viscous slightly yellow
cl ean resi npante ofebehzeyFpranidleard BRAHuCE - fpagta &y oredghpdofde and
HEMA (GWA). Alternatively, 6-FDVA/ GVA may be prepared by reacting

6- FDPA (0. 1 cuplrdy acehyhbidétdrate Mohal) and G posEated wedgllesefi bed above.
EXAMPLE A SYNTHESI S of CEMAMA: In a 500 nmL round bottom flask is placed

15.50 g (0. Gisdtrbe)l gaimitatel phtHeallieuaahyfdi pewddPRive eib188eq (0. 11
nmol e) glyceryl dinmethacrylate, 1.48 g 4- pyrrolidino pyridine and 10.10 g
(0.10 nole) #f ifidMsti® mixing capsule. The capsule is placed in

an actuator, the actuator is operated for about 5

seconds and the powder and liquid are mixed during the

actuation to form a paste. The paste hardens to form a

set polymeric metallic oxide containing material having

a flexural strength of 34 MPa; a flexural modulus of

4674 MPa; and compressive strength of 200 MPa.

EXAMPLE 4 |
The procedure of Example 3 is followed except that
titanium oxide, which is not silanated is used in place
of silanated titanium oxide to form polymeric material
having a flexural strength of 37 MPa, a flexural

modulus of 3730; and a compressive strength of 195 MPa.

EXAMPLE 5
A two component mercury free amalgam paste
composition is formed by mixing 44.8 grams of OEMA, 4.1

grams of water; 30 grams of triethylene glycol
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WD 97/ 29732 PCT/ US97/ 02342 ami ne (TEA) in 300
m. net hyl ene chloride. On addition of TEA, the solids dissolved. The
solution is iﬁﬁ overnight. The solution is washed tw Cecyokshnssdd M. 2N
hydr ochl ori c‘ﬁgglm nd twice with 200 M. dei oni zed water. A saturated salt
solution (150 nL) is used to break an emul sion during the second washing.

The solution i dri ed 0 er anh [Q sod um sul fate e Sso t renpved
under vacuumt‘ii Cﬁ#‘%yeli" ut r SERES hgg ﬁby‘l;? &%‘V
formula: [err] EXAI\/PLE 1 A conponent metal lic oxi de

cont ai ni ng corfR¥hacryRate for%@'ﬁ‘%y mi X3y 449N ans©°bf OBMWRY1r41 grans of

wat er; 30 grans of triethylene glycol dinethacrylate (TEGDVA); 19.4 grans
of hydr oxyet hydimethylaminobenzoate (EDAB); 0.2 grams camphorquinone,

0.1 grams of butylated hydroxytoluene; 1.0 gram of
Uvinol M-40; to form a polymerizable liquid. 1.0 parts
of this polymexizable liquid is mixed with 2.0 parts of
powder. The powder is wmade up of 10 parts by weight
silanated zirconium oxide and 0.1 parts by weight of
initiator. The initiator is made by mixing 10 parts of
benzoyl peroxide (BPO), 0.2 parts by weight of cupric
acetylacetonate (CAA} and 1.5 parts by weight of
ascorbyl palmitate. The liquid and powder are enclosed
in a plastic mixing capsule. The capsule is placed in
an actuator, and the actuator is operated for about 10
seconds and the powder and liquid are mixed during the
actuation to form a paste. The paste hardens within
three minutes to form a set polymeric metallic oxide
containing material having a flexural strength of 61 -
MPa; a flexural modulus of 2826 MPa; and compressive

strength of 221 MPa.
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37 WD 97/ 29732 PCT/ US97/ 02342

met hacryl ate (HEMA) ; 0.6 grans -of et hyl - 4- di net hyl am nobenzoat e
(EDAB); 0.2 am; canphor qui none, 0.1 grans of butyl ated hydroxytol uene;
10gramo M 40; to forma polynerizable Iiquid. P ’ﬂ?? f this

pol yneri zabl e |IC]UId Is mxed with 1.5 parts of powder. The powder is nmade
up of 10 parts by weight silanated al um num oxide and 0.1 parts by wei ght
of initiator. The initiator is mad@XBMPEE X6 ng 10 parts of benzoyl peroxide
(BPO), 0.2 parts by weight of cupric acetylacetonate (CAA) and 1.5 parts by
wei ght of ascor byfheaprodatre ocAPExampides | i8Ufsl Iwwedpendept akgaencl osed in
a plastic mxing capsule. The capsule is placed in an actuator, and the

actuator IS opergfsht @x(hby atimihe £aPsWke SPlamhted 40 $Reands,and the

powder and liquid are m xed’ during the actuation to forma
place of silanated aluminum oxide to form polymeric

metallic oxide containing material bhaving a flexural
strength of 56 MPa, a flexural modulus of 5362 MPa; and

a compressive strength of 201 MPa.

EXAMPLE 7
The procedure of Example 5 is followed except that
yttrium oxide, which is silanated is used in place of
silanated zirconium oxide to form polymeric material
having a flexural strength of 58.9 MPa, a flexural
modulus of 5342 MPa; and a compressive strength of 176

MPa.

EX2MPLE 8
The procedure of Example 7 is followed except that
yttrium oxide, which is not silanated is used in place
of silanated yttrium oxide to form polymeric material

having a flexuaral strength of 64 MPa, a flexural
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past e. The paste hardens in three mnutes to forma set polyneric
netallic oxide containing material having a flexural strength of 87 MPa; a

fl exural nmodwhigsaehs 5138 MPa; and conpressive strength of %}'Q.,‘W VO
2 EXAMPLE 2

97/ 29732 PCT/ US97/ 0234

The procedure of Exanple 1 is followed except that alum num oxide, which is
not silanated, is used in place of silanated alum numoxide to form :

pol yneric met aPPRRlRs; %Q%rﬁ ¥Pgi hg3Rdt B r FAPIRRRING §tFF’é§§Pa‘?f st3%®ngt h of

50 MPa, a flexural nodulus of 5206 MPa; and a conpressive strength of 185
MPa. EXAMPLE 3MRatwo conponent conposition is formed by mnixing 44.8 grans
of CEMA, 4.1 grans of water; 30 grans of triethylene glycol dinethacrylate
(TEGDMR) ; 19.4 grans
: EXAMPLE 9

The procedure of Example 5 is followed except that
silanated aluminum oxide is used in place of silanated
zirconium oxide with 1 part polymerizable liquid mixed
with 2 parts of powder, to form a polymeric metallic
oxide containing material having a flexural strength of
81 MPa, a flexural modulus of 7500 MPa and a

compressive strength of 261 MPa.

EXAMPLE 10
The procedure of Example 6 is followed except that
unsilanated aluminum oxide using 1 part polymerizable
liquid mixed with 2 parts powder is used in place of
gilanated zirconium oxide to form a polymeric material
having a £flexural strength of 70 MPa, a flexural
modulus of 6432 MPa and a compressive strength of 199 -

MPa.
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of hydroxyethyl nethacrylate (HEMA); 0.6 grans of

et hyl - 4- di net hyl am nobenzoat e ( EDAB) ; 0.2 granms canphor qui none,
0.1 granms of butyl ated hydroxytoluene; 1.0 gramof Winol M40; to forma
pol yreri zA¥P &A% Fuid. 1 parts of this polynerizable |iquPGTU8M32d with
1.5 parts of powder. The powder is nade up of 10 parts by weight silanated
titani um oxi de, having a particle size less than 3 mcrons, and 0.1 parts
by weight of initiator. The initi RKAMPLE ¥sade by m xi ng 10 39 WO

97/ 29732 PCT/ US97/ 02342 parts of

benzoyl peroxi de ThBPProclawrd st Exiivmpiei 8hisOFoTlbwes a&lpy! aagtonate (CAA)
and 1.5 parts by weight of ascorbyl palmtate. The |iquid and powder are

encl osed in g3 13lnaskiCeil Xidt) RIS isTU8e§2RE Ubtads ¥ A9Unpegn act uator,
the actuator is operated for about 5 secongs aﬁ% t he po%ﬁé%nggaaliquid are .
m xed during;tRensum oxide, to form a polymeric material having a

flexural strength of 79 MPa, a flexural modulus of

10,400 MPa and a compressive strength of 177 MPa.

EXAMPLE 12
The procedure of Example 6 is followed except that
unsilanated silicon carbide is wused in place of
unsilanated zirconium oxide to form a polymexic
material having a flexural strength of 51 MPa, a
flexural modulus of 9397 MPa and a compressive strength
of 128 MPa.
EXAMPLE 13
A two component mercury free, metallic silver
composite paste composition is formed by mixing 44.8
grams of OEMA, 4.1 grams of water; 30 grams of
triethylene glycol dimethacrylate ({(TEGDMA); 19.4 grams
of hydroxyethyl methacrylate (HEMA); 0.6 grams of

ethyl-4-dimethylaminobenzoate (EDAB) ; 0.2 grams
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actuation to forma paste.

The paste hardens to forma set polyneric

netallic oxide containing material having a flexural strength of 34 MPa; a
fl exural md“b%n#),g’EiGM MPa; and conpressive strength of
0

4 The procedure

VPLE

anple 3 is followed except that titanium oxide, which

I's not silanated is used in place of silanated titaniumoxide to form

pol ymeric material having a flexural strength of 37 MPa, a fl exural
of 3730; and acaBRRPXENin@Best Lefqidrade £ Laped)Mydrexytodgenfinponent

nmercury free amal gam paste conposition is formed by mxing 44.8

CEMA, 4.1

PCT/ US96/ 02342 di net hacryl ate (TEGDMA); 19.4 grans of hydroxyet hyl

liquid. 1 part of this polymerizable liquid is mixed
with 10 parts of silver metal powder. The metal powder
is made up of 10 parts by weight silver powder and 0.1
parts by weight of initiator. The initiator is made by
mixing 10 parts of benzoyl peroxide (BPO}, 0.2 parts by
weight of cupric acetylacetonate (CAA) and 1.5 parts by
weight of ascorbyl palmitate. The liquid and powder
are enclosed in a plastic mixing capsule. The capsule

igs placed in an actuator, and the actuator is operated

for about 10 seconds and the powder and liquid are

mixed during the actuation to form a paste. The paste
hardense to form a set polymeric metallic silver
composite material having a flexural strength of 41.8

MPa; and a flexural modulus of 4946 MPa.

EXAMPLE 14
The procedure of Example 13 is followed except

that a silver-tin alloy (80 percent by weight silver

and 20 percent tin} is used in place of silver powder
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met hacryl ate ( HEMA) ; 0.6 gr ans of et hyl - 4-

di nmet hyl am nobenzoate (EDAB); 0.2 grans canphorqui none, 0.1 grans of
butyl ated hydroxytoluene; 1.0 gramof Winol M40; to forma pol ynerizabl e
l'i quid.. 1‘.‘\%9&&? of this polynerizable liquid is m xed RaHUPP2¥25rt s of
powder. The powder is nmade up of 10 parts by weight silanated zirconium
oxide and 0.1 parts by weight of initiator. The initiator is nmade by.m xi ng
10 parts of benZoyhn pelgmetdc( BRORridl 2hpeing by flekghdl obtremytlc
acetylacetonate (CAA) and 1.5 parts by weight of ascorbyl palmtate. The

liquid and pegdess amPagncd OFadxufal Mlodullus Ne&i agssapmy;e. agfe L£apsule is
pl aced in an actuator, and the actuator is operated for about 10 seconds

and the powdgpmapdsdiilidtAnGtHl 3£dglWbaNg the actuation to forma paste.

The paste hardehs wthin thrée mnutes to forma set polyneric netallic
oxi de containing material having a flexural strength of 61 MPa; a flexural
nmodul us of 2826 MPa; and conpressive strength of 221 MPa. 41

EXAMPLE 15
The procedure of Example 13 is followed except
that a mixture of silicon carbide and a metallic dental
alloy powder {Dispersalloy™) in a one to one by weight
ratio is used in place of silver to form polymeric
material having a flexural strength of 57.3 MPa, a

flexural wodulus of 9379 MPa.

EXAMPLE 16

Powder A, shown in Table 2, and liquid A, shown in
Table 3, are mixed in a ratio of 6.5 to 1, as described
in Example 1 and shown in Table 1. Powder A is made by
mixing 20.5 parts by weight of a metallic dental alloy,
0.6 parts by weight of SnF,, 20.5 parts by weight of
barium boro aluminosilicate glass, and 0.4 parts by
weight of an initiator composition. The metallic alloy

is a mixture of spherical and irregular particles
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WD 97/ 29732 PCT/ US97/ 02342
EXAMPLE 6 The procedure of Exanple 5 is followed except that zirconium

oxi de, whi chywg oSilanated is used in place of silanated ' oxi de
to formpolyneric netallic oxide containing material having a TTexural
strength of 56 MPa, a flexural nodulus of 5362 MPa; and a conpressive
strength of 201 MPa. EXAMPLE 7 The procedure,of Exanple 5 is followed
except that yttPAroRfodHPRFFTAEES FIROREELOR s r-’iﬁsge'i:"n PeERANtO{ 0% | anat ed
zirconiumoxide to formpolyneric material having a flexural strength of
58.9 MPa, a fl| &edBhF AbUYE%s Bf- S PexXcrph; b¥nweightoimesdilvé pereemtth of 176

MPa. EXAMPLE 8 The procedure of Exanple 7 is foll owed except that
by weight copper and 0.9 percent by weight zinc, sold

commercially as Dispersalloy™ by Dentsply
International, Inc. The initiator composition is 10
parts Dby weight of benzoyl peroxide, 0.2 parts by
weight of copper acetylacetonate and 3.5 parts by
weight of ascorbyl palwitate. Liquid A is 16 percent by
weight PENTA, 37.926 percent by weight OEMA, 16.254
percent by weight HEMA, 25.20 percent by weight TEGDMA,
4.536 percent by weight water, and 0.084 percent by
weight BHT.

The powder-liquid mixture formed polymerizes to
form a polymeric material having a compressive strength
of 228 MPa, a flexural strength of 109 MPa, a flexural
modulus of 11,134 MPa, adhesion to dentin without
priming of 792 psi, adhesion to dentin with priming
using Prime and Bond (TM) {[a primer/adhesive sold by -
Dentsply International, Inc.] of 1272 psi and a wear of
37.1 wusing an in witro wear testing device on a

polished sample of the polymeric material fixed under a
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yttrium oxide, which is not silanated is used in place of silanated yttrium
oxide to formpolyneric material having a flexural strength of 64 MPa, a
flexural 42 WD 97/ 29732 .

PCT/ US97/ ¥8AP29dul us of 5034 MPa ; and a conpressive s®CER§IMWMH2 155 VPa.
EXAMPLE 9 The procedure of Exanple 5 is foll owed except that silanated

al um num oxide is used in place of silanated zirconiumoxide with 1 part

pol ymer i zablweds quéstingxestyiud Pumpardesl afn pandermebasf elordyp@fymeri c
metallic oxide containing material having a flexural strength of 81 MPa,

a flexural pomfwiric ©kaddb00 NRa stidusad eOEBEESS agafidengia of 261

MPa. EXAMPLE 10 The procedure of Exanple 6 is foll owed except that
polymeric material and then rotates about 30° during
each wear cycle. The wear test is complete after
250,000 wear cycles. The polymeric material formed

releases fluoride. The cumulative gix week static

fluoride release is 549 ug/gm.

EXAMPLE 17
Powder B and liquid A are mixed in a ratio of 6.5 to 1,
as described in Example 1 and as shown in Table 1.
Powder B is made by mixing 7.8 part by weight silver
{Ag} powder, 7.8 part by weight barium boro alumino
fluoride silicate glass, and 0.08 part by weight
initiator composition. The initiator composition is 10
parts by weight of benzoyl peroxide, 0.2 parts by
weight of copper acetylacetonate and 3.5 parts by
weight of ascorbyl palmitate. Liquid A is 16 percent
by weight PENTA, 37.926 percent by weight OEMA, 16.254
percent by weight HEMA, 25.20 percent by weight TEGDMA,

4.536 percent by weight water, and 0.084 percent by
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unsi | anat ed al um num oxi de using 1 part polynerizable liquid mxed with 2
parts powder is used in place of silanated zirconiumoxide to forma

pol ymeric ma%&%lyzsgavi ng a flexural strength of 70 MPa, a flexural nodul us
of 6432 MPa npressi ve strength of 199 MPa. 43 WORSHPS%/az2
PCT/ US97/ 02342 EXAMPLE 11 The procedure of Exanple 5 is followed except
that silanated silicon carbide is used in place of silanated zirconium
oxi de, to for mweighty reBHE. nat er The hpowdgralidneidiir amistueagt foafnedd MPa, a
fl exural nodulus of 10,400 MPa and a conpressive strength of 177 Mra.
EXAVPLE 12 The polycettzesof t&xdigrne 6 i polyhdmivedmaxeepil t halviwgsi hanat ed
silicon carbide is used in place of

compressive strength of 81 MPa, a flexural strength of

22 MPa and a flexural modulus of 3,885 MPa.

EXAMPLE 18
Powdex C and liquid A are mixed in a ratio of 6.5 to 1,
as described in Example 1 and as shown in Table 1.
Powder C is made by mixing 50 parts by weight of a
metallic dental alloy and 50 parts by weight barium
bore alumino f£luoride silicate glass and 1 part by
_weight initiator composition. The alloy is a mixture
of spherical and irregular particles having an
approximate composition of 69.3 percent by weight
silver, 17.9 percent by weight tin, 11.8 percent by
weight copper and 0.9 percent by weight zinc, and is
sold commercially as Dispersalloy™ by Dentsply
International, Inc. The initiator composition is 10
parts by weight of benzoyl peroxide, 0.2 | parts by
weight of copper acetylacetonate and 3.5 parts by

weight of ascorbyl palmitate. Liquid A is 16 percent
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unsi | anated zirconiumoxide to forma polyneric material having a fl exural
strength of 51 MPa, a flexural nodulus of 9397 MPa and a conpressive
strength of 128 MPa. EXAMPLE 13 A two conponent nercury free, nmetallic
silver conWOMR¥3Ipaste conposition is formed by m xi ng 4cTrigoremssnf OEMA,
4.1 grans of water; 30 grans of triethylene glycol dinethacrylate (TEGDVA);
19. 4 grans of hydroxyethyl nethacrylate (HEMA); 0.6 grans of

et hyl - 4- di mebylabRObEERTI) ©37. 9deERABLent bY. Weightl 8EMA 416 2340 97/ 29732
PCT/ US97/ 02342 canphor qui none, 0.1 grans of butylated hydroxytol uene; 1.0

gram of Wi ngL M40 by Qi AENR! yg?[i@aﬁléa?céﬂtq_lﬂlydwei hPa'F'ﬁGISﬁAt hi's
pol yneri zable liquid’s mxed with 10 parts of siflver tal powder. The
met al povvder4.536 percent by weight water, and 0.084 percent by
weight  BHT. The powder-liguid mixture formed
polymerizes to form a polymeric material having a
compressive strength of 246 MPa, a flexural strength of
98 MPa, a flexural modulus of 14,810 MPa, adhesion to
dentin without priming of 697 psi, an adhesion to
dentin with priming using Prime and Bond (TM} [a
primer/adhesive sold by Dentsply International, Inc.]
is 1,426 psi.
The polymeric material formed releases fluoride.

The cumulative six week static fluoride release is 561

micrograms of fluoride per gram of polymeric material

(ug/gm) .

EXAMPLE 19
Powder J and a liquid A are mixed in a ratio of 7.0 to
1 as described in Example 1 and as shown in Table 1.
Powder J is made by mixing 10 parts by weight of a

metallic alloy powder, ([which is a mixture of spherical
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I's made up of 10 parts by weight silver powder and 0.1 parts by weight of
initiator. The initiator is made by m xing 10 parts of benzoyl peroxide

(BPO), 0.2 pasérmoiag wWei ght of cupric acetyl acetonate (CAA) pciosotobsparts by
wei ght of ascorbyl palmtate. The I'iquid and powder are enclosed in a

plastic m xing capsule. The capsule is placed in an actuator, and the

actuator is operate ut ds ggg. e wder, Liguid are

m xed during ta%gaacgﬁgg%%%oo f%a(r}%igﬁggste. l:]g;pa%q"e th@%ﬁg‘%‘%‘#orm a set
polymeric netallic sjilver co site material having a flexural strength of
41.8 MPa; andcngPt?}E#%‘I‘ rﬂfdzggs?’ofpefé’%tl\/%é‘f E’?AﬁgEE SAYETYa ptdcRdure of
Exanple 13 is followed except that a silver-tin alloy (80 percent by weight
silver and 20Ps&FeBRt biyi Weightysed.i Nt &ceexsent | R wpighter capper

and 0.9 percent by weight zinc alloy and sold
commercially as Dispersalloy by Dentsply International
Inc.], 4 parts by weight barium boro alumino silicate
glass and 0.1 part by weight initiator composition. The
initiator composition is 10 parts by weight of benzoyl
peroxide, 0.2 parts by weight of copper acetylacetonate
and 3.5 parts by weight of ascorbyl palmitate. Liquid
A 1is 16 percent by weight PENTA, 37.926 percent by
weight OEMA, 16.254 percent by weight HEMA, 25.20
percent by weight TEGDMA, 4.536 percent by weight
water, and 0.084 percent by weight BHT. The powder-
liquid mixture formed polymerizes to form a polymeric
material having a flexural strength of 80.1 MPa, a
flexural modulus of 10,833 MPa, and compressive

strength of 214 MPa. -
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WD 97/ 29732 PCT/ US97/ 02342 to form
polynmeric material having a flexural strength of 36 MPa, a flexural

nodul us of a; and a conpressive strength of 89 M E 15 The
procedur e ‘Xég%%l e 13 is foll owed except that a m xtur f"@g%on
carbide and a netallic dental alloy powder (D spersalloy[err]) in a one to
one by weight ratio is used in place of silver to formpolyneric materi al
having a flexural strength of 57. EXMELEa2P| exural nodul us of 9379 MPa.
EXAMPLE 16 Powder A, shown in Table 2, and liquid A, shown in Table 3, are

m xed in a rapwdenfC Gardd tldghidaB deecmiksil im Exatrpbeof ansl sdawn in Tabl e
1. Powder A is nade by mxing 20.5 parts by weight of a netallic dental

all oy, 0.6 pastfeaeribe@htinof BRIl 1, a2d Sadashéwdy et 0f1 bari um boro
alum nosilicate glass, and 0.4 parts by weight of an initiator conposition.
The netal | i cpglddy bS 1% Wrgyofmﬁagar iwlpm iﬁ*}e%kaﬁt Pt iacl es

mixture of alloy silver/tin/copper/zinc, 50 parts by

weight barium boro alumino fluoride silicate glass and

1 part by weight initiator composition and 1 percent

initiator. The wmixture of alloy is 69.3 percent by

weight silver, 17.9 percent by weight tin, 11.8 percent

by weight copper and 0.9 percent by weight zinc, sold

commercially as Dispersalloy™ by Dentsply

International, Inc. The initiator composition is 10

parts by weight of benzoyl peroxide, 0.2 parts by

weight of copper acetylacetonate and 3.5 parts by

weight of ascorbyl palmitate. Liquid B is 35.6 percent

by weight compound VIII A made as describe in Example

28, 35.6 percent by weight TEGDMA, 23.9 percent by

weight HEMA and 4.9 percent by weight H,0. The powder- -

liguid mixture formed polymerizes to form a polymeric

material having a flexural strength of 4% MPa, a

flexural modulus of 6,562 MPa.
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46 WD 97/ 29732

havi ng an approxi mate conposition of 69.3 percent by weight silver,
percent by | | n, 11.8 percent by wei ght copper and 0
o3, rafi

wei ght zi nc,
I nt er nati onal
benzoyl peroxi

percent by wei

mrercial ly as Di spersal |l oy[err]

PCT/ US97/ 02342

17.9
by
ntsply

Inc. The initiator conposition is 10 parts by wei ght of
de, 0.2 parts by weight of copper acetylacetonate and 3.5
parts by weight of ascorbyl palmtate. Liquid Ais 16 percent by weight
PENTA, 37.926 percent by wei ght CEMA, 16.254 percent by wei ght HEMA, 25.20
ght TEGDMVA, 4.536 per RXMMPBE 2&i ght water, and 0. 084 percent
by wei ght BHT. The powder-liquid m xture fornmed polynerizes to forma
pol yneri c nmat epowdedlayisgl & iq@EAr Dsary enbieeigt b ehr2380H/Ra,5 ad lgxur al
strength of 109 MPa, a fl exural

as shown in Table 1. The powder is made by mixing 50
parts by weight of a metallic dental mixture of alloy
powdexr, 50 parts by weight barium boro alumino silicate
glass and 1 part by weight initiator composition. The
metallic alloy comprised of approximately 69.3 percent
by weight silver, 17.9 percent by weight tin, 11.8
percent by weight copper and 0.9 percent by weight

zinc, sold commercially as Optalloy™ by Dentsply

. International, Inc. The initiator composition is 10

parts by weight of benzoyl peroxide, 0.2 parts by
weight of copper acetylacetonate and 3.5 parts by
weight of ascorbyl palmitate. Liquid D is 12.8 percent
by weight PENTA, 30.34 percent by weight OEMA, 13.0
percent by weight HEMA, 26.16 percent by weight TEGDMA,
14.0 percent by weight BisGMA, 3.628 percent by weight
water (H;O) and 0.067 percent by weight BHT. The powder-

liquid mixture formed polymerizes to form a polymeric
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nmodul us of 11,134 MPa, adhesion to dentin wi thout primng of 792 psi,
adhesion to dentin with primng using Prine and Bond (TM [a

pri mer/adhesive sold by Dentsply International, Inc.] of 1272 psi and a
wear of 37! ’H@?ﬁ@ an in vitro wear testing device on a POtk Znpl e of
the polyneric material fixed under a 47 WO 97/ 29732

PCT/ US97/ 02342 wear testing stylus immersed in an aqueous slurry of
polynmeric bweatderial hheingtyl| i3expralsstsrerggid rsff 871.J6c M yaret ia nateri al
and then rotates about 30[err] during each wear cycle. The wear test is

conpl et e aft glexbPaDOfbdtais ¢¥ches3o3 MHae pol ynmeric material formed
rel eases fluoride. The curul ative six week static fluoride release is
549 pg/gm EXAVMPLE 17 Powder B and liquid A are mxed in a ratio of 6.5 to

EXAMPLE 22

Powder E and liquid F are mixed in a ratio of 6.5 to 1
as shown in Table 1. Powder E is made by mixing 50
parts by weight silver/tin alloy (silver/tin 4/1 parts
by weight), 50 parts by weight silanated barium boro
alumino fluoride silicate glass and 1 part by weight
initiator composition. The initiator composition is 10
parts by weight of benzoyl peroxide, 0.2 parts by
weight of copper acetylacetonate and 3.5 parts by
weight of ascorbyl palmitate. Ligquid F is 45.08
percent by weight OEMA, 5.6 percent by weight H,0, 30.0
percent by weight TEGDMA and 19.32 perxrcent by weight
HEMA..

The powder-liquid wmixture formed polymerizes to
form a polymeric material having a compressive strength -
of 225 MPa, a flexural strength of 56 MPa and a

flexural modulus of 7,705 MPa.
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as described in Exanple 1 and as shown in Table 1. Powder B is made by
m xing 7.8 part by wei ght silver (Ag) powder, 7.8 part by meight barium

bor o alun1no“#L jfde silicate glass, and 0.08 part by melgﬁén?
conposi tion e lnitiator conmposition is 10 parts by weigh enzo

peroxide, 0.2 parts by wei ght of copper acetyl acetonate and 3.5 parts by
wei ght of ascorbyl palmtate. Liquid Ais 16 percent by wei ght PENTA,
37.926 percent by wei ght OCEMA 16. 2§?uﬂgﬁébﬁ? by wei ght HEMA, 25.20 percent
by wei ght TEGDVA, 4.536 percent b¥ wei ght water, and 0.084 percent by 48
WD 97/ 29732  Powder C and liquid F are mixed in a rapdp 0f9§;528421mei ght
BHT. The powder-liquid mxture formed polynerizes to forma
pol ynmeri ¢ nmat emisal shivawn nin aTabher dssiPowderr €hgis whd€1 byPanixirg exar al
strength of 22 MPa and a flexural nodulus of 3,885 Mra.
parts by weight of a mixture of a metallic dental alloy
powder, 50 parts barium boro alumino fluoride silicate
glass and 1 part by weight initiator composition. The
dental alloy has approximate composition of 69.3
percent by weight silver, 17.9 percent by weight tin,
11.8 percent by weight copper and 0.9 percent by weight
zinc, sold commercially as Dispersalloy™ by Dentsply
International, Inc. The initiator composition is 10
parts by weight of benzoyl peroxide, 0.2 parts by
weight of copper acetylacetonate and 3.5 parts by
weight of ascorbyl palmitate. Liquid F is 45.08
percent by weight OEMA, 5.6 percent by weight H,0, 30.0
percent by weight TEGDMA and 19.32 percent by weight
HEMA. The powder-liquid mixture formed polymerizes to
form a polymeric material having a compressive strength -

of 200 MPa, a flexural strength of 60 MPa and a

flexural modulus of 8,568 MPa.
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EXAMPLE 18 Powder C and liquid A are mxed in aratio of 6.5 to 1, as

described in Exanple 1 and as shown in Table 1. Powder
50 parts b '

Cis made by m xing

ht of a nmetallic dental alloy and 50 parts wei ght barium

wej

boro al umi WO3#¥3%i de silicate glass and 1 part by wei ghttG

conposi tion. The alloy is a m xture of spherical and irregular
particles having an approxi mate conposition of 69.3 percent by wei ght
silver, 17.9 percent by weight ti rEXaMPLE Rércent by wei ght copper and 0.9

percent by weight zinc, and is sold comercially as

Di spersallo[err]

by Dentsply | ntepovddrormland NdquidTlipe alr8i hiRedr ig oaPEStio WF ie. 510 parts by
wei ght of benzoyl peroxide, 0.2 parts by weight of copper acetyl acetonate

and 3.5 partgoby, Wek HHowf i®SGabhyl 1 Dokl iRl 18UNEad by dbefiff cent 49

50 parts by weight alloy powder and 50 parts by weight

silanated barium boro alumino fluoride silicate glass

and 1 part by weight initiator composition.

The alloy

powder has an approximate composition of 56.7 percent

by weight silver, 28.6 percent by weight tin and 14.7

percent by weight copper alloy - all

spherical

particles sold by Dentsply International Inc. as Unison

TM. The initiator composition is 10 parts by weight of

benzoyl peroxide, 0.2 parts by weight of copper

acetylacetonate and 3.5 parts by weight of ascorbyl

palmitate. Liquid F is 45.08 percent by weight OEMA,

5.6 percent by weight H,0, 30.0 percent by weight TEGDMA

and 19.32 percent by weight HEMA. The powder-liquid

mixture formed polymerizes to form a polymeric material

having a compressive strength of 207 MPa,

a flexural

strength of 43.4 MPa and a flexural modulus of 6,548

MPa.
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WD 97/ 29732 PCT/ US97/ 02342 by wei ght
PENTA, 37.926 percent by wei ght CEMA, 16.254 percent by wei ght HEMA, 25.20

percent by ' GDMA, 4.536 percent by weight water, an rcent
by wei ght BHI. The powder-liquid mxture formed pogg/—fr){g%%é%%gto
forma polyneric material having a conpressive strength of 246 MPa, a
flexural strength of 98 MPa, a flexural nodulus of 14,810 MPa, adhesion to
dentin without primng of 697 psi, afXA¥REE|2H to dentin with primng using
Prime and Bond (TM [a priner/adhesive sold by Dentsply International,

Inc.] is 1,426 EavidexTiHe apd| yhguid Gretws imeilxefodned ratiases .suebi de. The
cunul ative six week static fluoride release is 561 m crograns of fluoride
per gram of polasestiowneire rfale( [16r r | THegPowde¥ANB malil Rewaakidgagg a

liquid A are mxed in aratio of 7.0 to 1 as described in Exanple 1 and as

shown in Tabl e gartROW{erwelidht B¥lea byiTved NNl PN S(divee/alh 212
parts by weight), 50 parts by weight percent silanated
barium boro alumino fluoride silicate glass and 1 part
by weight initiator composition. The initiator
composition is 10 parts by weight of benzoyl peroxide,
0.2 parts by weight of copper acetylacetonate and 3.5
parts by weight of ascorbyl palmitate. Liquid G is
64.4 percent by weight 6-FDMA/GMA, 30.0 percent by
_weight TEGDMA and 5.6 percent by weight H,0. The
powder-liquid mixture polymerizes to form a polymeric
material having a compressive strength of 192 MPa, a

flexural strength of 40 MPa and a flexural modulus of

7,698 MPa.

EXAMPLE 26
Powder C and liquid G are mixed in a ratio of 6.5 to 1,
as shown in Table 1. Powder C is made by mixing 50

parts by weight of a metallic dental alloy powder and
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netallic alloy powder, [which is a m xture of spherical 50 WO
PCT/ US97/ 02342 and I rregul ar particles havi ng an appr oxi mat e
of 69.3 percent by weight silver, 17.9 percent 8& Wei aht tin,

conposition

11. 8 per ceXP

i ght copper and 0.9 percent by wei ght ZCH

97/ 39732

and sold

commercially as Dispersalloy by Dentsply International Inc.], 4 parts by
wei ght barium boro alum no silicate glass and 0.1 part by wei ght
conposi ti on.50hepaxtis i dtyr waightsi tiagrurs bOrpar adutdnawei fihioxdfdebenzoyl

peroxi de, 0.2 parts by wei ght of copper acetyl acetonate and 3.5 parts by

wei ght of asgprivdtepal glidsi €. ahd QUL Ralrs 1®yPerveightdy Wed il RENTA,
37.926 percent by wei ght OEMA, 16.254 percent by wei ght HEMA, 25.20 percent

sitioRl  PRHeC &P haleiathlappeh@lmafd doQniiid aghcent by

by weight T
wei ght BHT.

e powder -
of is 69.3 percent by weight silver, 17.9 percent by

weight tin, 11.8 percent by weight copper and 0.9
percent by weight =zinc, sold commercially as
Dispersalloy™ by Dentsply International, Inc. The
initiator composition is 10 parts by weight of benzoyl
peroxide, 0.2 parts by weight of copper acetylacetonate
and 3.5 parts by weight of ascorbyl palmitate. Liguid
G is 64.4 percent by weight 6-FDMA/GMA, 30.0 percent by
weight TEGDMA and 5.6 percent by weight H,0. The
powder-liquid mixture polymerizes to form a polymeric
material having a compressive strength of 190 MPa, a
flexural strength of 50 MPa and a flexural modulus of

9,794 MPa.

EXAMPLE 27
Powder F and a liguid G are mixed in a ratioc of 6.5 to
1, as shown in Table 1. Powder F is made by mixing 50

parts by weight Unison (56.7 percent by weight
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liquid mxture fornmed polynerizes to forma polyneric material having a
flexural strength of 80.1 MPa, a flexural nodulus of 10,833 MPa, and
conpr essi ve!i@ h of 214 MPa. 51 WO 97/ 29732 PCTUSIT02342

PCT/ US97/ 02 %ﬁ LE 20 Powder C and liquid B are mxed in a ratio of 6.5
to 1, as described in Exanple 1 and as shown in Table 1. Powder C is nade

by m xing 50 parts ght of a m xture of al In!\i silver/tin/cqpper/zinc,
50 parts by weityFer 1%mH?&'F8nEI uR¥ no%eight | dedilhi-dat BeFFeRs 3 1 part
by weight initiator conposition and 1 percent initiator. The m xture of

alloy i.s 69. 3W9esle'ént=omenvea7g¥msnm spheyienl c@?ﬁtwe\ﬁél @ t3h, 11.8
percent by wei ght copper and 0.9 percent by weight zinc, sold commercially
as Di sper sapavy$ eby| weight silgnategerhagiug boro alumino fluoride

silicate glass and 1 part by weight initiator
composition. The initiator composition is 10 parts by
weight of benzoyl peroxide, 0.2 parts by weight of
copper acetylacetonate and 3.5 parts by weight of
ascorbyl palmitate. Ligquid & is 64.4 percent by weight
6-FDMA/GMA, 30.0 percent by weight TEGDMA and 5.6
percent by weight H,0. The powder-liquid mixture
formed polymerizes to form a polymeric material having
a compressive strength of 188 MPa, a flexural strength

of 33.5 MPa and a flexural modulus of 9,350 MPa.

EXAMPLE 27A
Powder G and liquid H are mixed in a ratio of 3.8 to 1,
as shown in Table 1, Powder G is made by mixing S0
parts by weight of silver powder, 50 parts by weight of -
silanated barium boro alumino fluoride silicate glass,
2 parts by weight stannous fluoride, and 1 part by

weight of initiator composition. The initiator
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International, In
benzoyl peroxide,

C. The initiator conposition is 10 parts by weight of

0.2 parts by weight of copper acetylacetonate and 3.5

parts by Sﬁ*ﬂgt f ascorbyl palmtate. Liquid Bis 35.6 percent by weight
o\

conpound

de as describe in Exanple 28, 35.6 per C&Ho$ ght

TEGDVA, 23.9 percent by weight HEMA and 4.9 percent by weight Herr]O

powder- liquid mXx

having a fkoxpeaitist rmglih paxts 4% weight =ff kenzogl pedokide pf 6, 562

MPa. 52 WD 97/ 2

ture forned polynerizes to forma polyneric nmateri al

9732

The

PCT/ US97/ 023426 ExAPEEbY] wadytier o awgpkirquicdtPlacetdriated dnn a3 r@ti o of 6.5
Table 1. The powder is nade by m xing 50 parts by wei ght

to 1, as shown in

of a netalligpagest
boro alumno silic

37.03

HEMA,

ﬁ# WeXbhE Cofl aBbbey DOt P DYi i §M g bari um
ate
percent by weight OEMA, 15.87 percent by weight

24.8 percent by weight TEGDMA, 0.1 percent by

weight BHT, 3.7 percent by weight H,0 and 18.5 percent
by weight PENTA. The liquid H is sealed in a pillow of
polyethylene film to form a filled pillow. The filled
pillow and powder G are enclosed in a plastic capsule,
such as an IRM capsule, sold by Dentsply International
Inc., L.D. Caulk Division. The pillow is ruptered by
twieting the cap of the capsule, allowing the liquid H
to conact powder G. The capsule is then placed in an
actuator, and the actuator is operated for 8 seconds to
mix the powder G and liquid H. During the actuation a
paste is formed. The paste self cures to form a set
polymeric material having a flexural strength of 128
MPa; a flexural wmodulus of 17,962 MPa, compressive
strength of 207 MPa, and adhesion to dentin without

priming of 958 psi.
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glass and 1 part by weight initiator conposition. The netallic alloy
conprised of approximately 69.3 percent by weight silver, 17.9 percent by

wei ght tin, JdePndgy cent by weight copper and 0.9 percent RériRbiiheazi nC,
sold commercrally as Optalloy[err] by Dentsply International, |Inc.

The initiator conmposition is 10 parts by weight of benzoyl peroxide, 0.2

parts by wei ght of copper acetyl acet atlfz%% 3.5 parts by weight of
ascorbyl palmtate. Liquid Dis 12.5’?%&? 7 y wei ght PENTA, 30. 34 percent

by wei ght OCEMA, 13.0zgercenp by wei ght HEMA, 26.16 Egrcent by wei ght
TEGDVA, 14. 0 pRBewesr Hantelgauig Swe mixeds 15cAcEAE1D O din aser
(Herr]O and 0.067 percent by weight BHT. The powder- |iquid m xture
f ormed pol yner skeen tin fTabhen lJpengnasi des@ribed\@nOExaeFbe 1. Powder
PCT/ US97/ 02342 material having a flexural strength of 87.6 MPa and a
H is made by mixing 10 parts by weight silanated
strontium alumino fluorosilicate glass, 10 parts by
weight aluminum powder, 0.5 parts stannous fluoride,
and 0.3 parts by weight of initiator. The initiator is
made by mixing 10 parts by weight benzoyl peroxide
(BPO), 0.2 parts by weight of cupric acetylacetonate
and 3.5 parts by weight ascorbyl palmitate. Liquid I
comprises 37.9 parts by weight OEMA, 4.5 parts by
_weight water, 25.2 parts by weight TEGDMA, 16.3 parts
by weight HEMA, 0.1 percent by weight butylated
hydroxytoluene, and 16.0 percent by weight PENTA. The
powder-liquid mixture formed polymerizes to a polymeric

material having a flexural strength of 72.1 MPa and a

flexural modulus of 7392 MPa.
EXAMPLE 27C

Powder I and liquid H are mixed in a ratio of 10 to 1,

as shown in Table 1. Powder I is made by mixing 9 parts

6l



fl exural nodulus of 10,393 MPa. EXAMPLE 22 Powder E and liquid F are m xed
inaratio of 6.5 to 1 as shown in Table 1. Powder E is nade by m xi ng 50
parts by melqgt silver/tin alloy (silver/tin 4/1 parts by wei , 50 parts
by melght ¥P2d barium boro alumino fluoride silicat 1 part
by weight initiator conposition. The initiator conposition is 10 parts by
wei ght of benzoyl peroxide, 0.2 parts by weight of copper
acetyl acet onayewedglt &f Sstpinliess Inreedi pbwdenf 2apastdyby wedghﬁaie

Liquid F is 45.08 percent by weight OEMA, 5.6 percent by weight Herr]Q

30. 0 percentoby #EishiteBECOMAI AN Bdko32apamntadt fucsdideht sktMatelhe
powder-liquid mxture forned pol ynerizes to forma polyneric nateri al

having a ConBigss! Vhdly %gkhbgf w8Z3ntPini & dd 2 Woilpos i £ 44! N fle 56 MWPa and

a flexural nddul us of
initiator composition is 10 parts by weight benzoyl

peroxide, 0.2 parts by weight of cupric acetylacetonate
and 1.5 parts by weight of ascorbyl palmitate. The
liquid is 37.03 percent by weight OEMA, 15.87 percent
by weight HEMA, 24.8 percent by weight TEGDMA, 0.1
percent by weight BHT, 3.7 percent by weight H,0 and
18.5 percent by weight PENTA. The liquid B is sealed
in a pillow of polyethylene film to form a £illed
pillow. The filled pillow and powder I are enclosed in
a plastic capsule, such as an IRM capsule, sold by
Dentsply International Inc., L.D. Caulk Division. The
pillow is ruptered by twisting the cape of the capsule,
allowing the liquid H to conact powder I. The capsule
is then placed in an actuator, and the actuator is
operated for 4 seconds to mix the powder I and liquid -
H. During the actuation a paste is formed. The

powder-liquid mixture polymerizes to form a polymeric
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WD 97/ 29732 PCT/ US97/ 02342 EXAMPLE
23 Powder Cand liquid F are mxed in aratio of 6.5 to 1, as shown in

Tabl e 1. Pom?,ar Ls made by m xing 50 parts by wei ght of ax;t]qinﬁs%ﬁél f a

netallic den alwa oy powder, 50 parts barium boro al um no uori 7

silicate glass and 1 part by weight initiator conposition. The dental

alloy has approxinmate conposition of 69.3 percent bg wei ght sil ver,
3

17. 9 percent byakeriat thaving) 8 peiermalpysteerghb cefpe?3 adPa0. ander cent
by wei ght zinc, sold comrercially as Dispersalloy[err] by Dentsply

| nt ernational , flexoral mbdulus ofadds922rRmsi tion is 10 parts by wei ght of
benzoyl peroxide, 0.2 parts by weight of copper acetylacetonate and 3.5
parts by weight of ascorbyl palmtate. Liquid F is 45.08 percent
by wei ght CEMA, 5.6 percent by weight Herr]O 30.0 percent by weight
TEGDMA and 19. 32 percent by wei gidmpARMATvENExer -1 iquid m xture forned
pol yneri zes to o

Polymerizable composite material (DYRACT light curable
polymerizable paste s0ld by Dentsply International
Inc.} which includes 28 percent monomer, 72 percent
powder, and polymerizes to form polymeric material,
polymerizes having a compressive strength of 245 MPa, a
flexural strength of 97 MPa, a £lexural modulus of
7,428 MPa, adhesion to dentin without priming of 391
psi, adhesion to dentin with priming using Prime and
Bond {T™) primer/adhesive sold by Dentsply
International Inc., of 1682 psi and a wear of 178 using
the same conditions and sample size as in the in wvitro

wear test described in Example 16.
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forma polyneric material having a conpressive strength of 200 MPa, a
flexural strength of 60 MPa and a fl exural nodulus of 8,568 MPa. WO
97/ 29732 PCT/ US97/ 02342 EXANMPLE 24
Powder F aW@9R2%d2d F are nixed in a ratio of 6.5 to 1, XSTARSYMM: Tabl e
1. The powder is made by m xing 50 parts by weight alloy powder and 50
parts by weight silanated bariumboro alumno fluoride silicate glass and 1
part by weight initiator conposition. The all oy powder has an approxi mate
conposition of 56.7 percent by weight silver, 28.6 percent by weight tin
and 14.7 percent by weight copper alloy - all spherical particles

: R
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pal mtate. Liquid F is 45.08 percent by wei ght OEMA, 5.6 percent by
wei ght Herr]O 30.0 percent by weight TEGDVA and 19. 32 Fercent by wei ght
HENA. The QRWQ -Liquid mxture forned polynerizes to for ric
mat eri al having gzg?%)rrpressi ve strength of 207 MPa, a flexurgﬁg@ h of
43.4 MPa and a flexural nodulus of 6,548 MPa. 56 WO 97/ 29732

PCT/ US97/ 02342 EXAMPLE 25 Powder E and liquid Gare mxed in a ratio of 6.5
to 1, as shown in Table 1. The povatB}LE Prde by m xing So parts by wei ght

of a silver/ti S by \/\/elght) 50 parts by wei ght
percent silan S 3 by
wei ght initf ator I¢ parfs
by wei ght of penzoyl Fﬁ&ﬂiﬂ H8v0 alumino silicate glass 20.5
Initiator Composition (1) 0.4
B Ag powdex 7.8
Barium Boro Alumino silicate glass 7.8
Initiator Composition {1} 0.08
c Dispersalloy™ (69.3 silver/i1.8 copper/17.9 tin/0.9] SO
zinc) 50
Barium Bore Alumino Fluorosilicate glass 1
Initiator Composition{l)
D Optaloy™ (69.7 Silver/17.5.tin/11.8 copper/ 1.0 zinc | 50
alloy) 50
Barium boro alumino silicate glass 1
Initiator Composition(1)
E Silver/tin alloy (4 parts/1 part by weight} 50
Silanated Barium Boro Alumino Fluorosilicate glass 50
Initiator Composition{l) 1
F Unison {56.7 Silver/28.6 tin/i4.7 copper alloy) 50
Silanated Barium Borc Alumino Fluorosilicate glass 50
Initiator Composition (1) 1
G Silver powder S0
gilanated barium boro alumino fluorosilicate glass 50
stannous fluorxide 2
Initiator Composition (2) 1
H Silanated Strontium alumino fluorosilicate glass 10
Aluminum powdexr 10
Stamnous fluoride D.S
Initiator Composition (1} 0.3
I Stainless steel powder 9.0
Silanated Barium boro alumino fluoreosilicate glass 2.0
Initiator Composition {3} 1.0
T Dispersalioy (as shown in powder C) 10
Silanated Barium boro Alumino Fluorosilicate glass 4
Initiator Composition (1) 0.1
(1) Initiator Compomition {2) Initiator Compogition
10 parts benzoyl peroxide 10 parts benzoyl peroxide
0.2 parts copper acetylacetonate 0.6 parts copper acetylacetonate
3.5 parts ascorbyl palmitate 3.0 parts ascorbyl palwmitate

3) Initiator Compomition

10 parts benzoyl peroxide
0.2 parts copper acetylacetonate
1.5 parts ascorbyl palmitate
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0.2 parts by weight of copper acetylacetonate and 3.5 parts by wei ght of
ascorbyl palmtate. Liqguid Gis 64.4 percent by weight 6-FDVA GVA, 30.0
per cent by wei ght TEGDMA and 5.6 percent by weight Herr] O The
powder-llq ‘ﬂ’f’ﬂure pol ynmerizes to forma polyneric m %nga
conpressive strength of 192 MPa, a flexural strength of 40 MPa and a

fl exural nodulus of 7,698 MPa. EXAMPLE 26 Powder C and liquid G are m xed
inaratioof 6.5to 1, as sho @ Eb#e 1. Powder Cis made by m xing 50
parts by weight of a netallic d P owder and 57 WO 97/ 29732

PCT/ US97/ 02342 50 parts bRdQRERNht bar i BRRGENE R MRIGET | uori de silicate
glass and 1 plartA bﬁ Pepkdl ght i ni tfi ¥t-6r corrp05| tion.[The alloy has an
appr oxi mat e conposi ti or] OBMA 37.926
HEMA 16.254
TEGDMA 25.20
H,0 4.536
BHT 0.084
B Compound  VIIIA | 35.6
TEGDMA 35.6
HEMA 23.9
H,0 4.9
C OEMA 44.8
TEGDMA 30.0
H,0 4.1
HEMA 29.4
D Penta 12.8
OEMA 30.34
HEMA 13.0
TEGDMR 26.16
BisGMA 14.0
H,0 3.628
BHT 0.067
E TEGDMA. 30
{(VIC} {OEMA 44.8
HEMA 19.2
H,0 4.1
BHT 0.1
cQ 0.2
EDAB 0.6
Uvinol/M-40 1.0
“F OEMA 45.08
H,0 5.6
TEGDMA 30.0
HEMA 19.32
G 6-FDMA/GMA 64a.4
TEGDMA 30.0
H,0 5.6
" CEMA 37.03
HEMA 15.87 .
PENTA 18.5
TEGDMA 24.8
R0 3.7
BHT 0.1
T "OEMA 37.9
Water 4.5
TEGDMA 25.2
HEMA 16.3
PENTA 16.0
BHT 0.1
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of is 69.3 percent by weight silver, 17.9 percent by weight tin, 11.8
percent by wei ght copper and 0.9 percent by wei ght zi nc, sol d

comercially . spersal |l oy[err] by Dentsply Internati Bﬁb Hm .
The initiat ofw%g?rnggs?ition is 10 parts by wei ght of benzoyl ger 0%7 €, 90. 2

parts by wei ght of copper acetylacetonate and 3.5 parts by wei ght of
ascorbyl palmtate. Liquid Gis 64.4 percent by weight 6-FDVW GVA, 30.0
percent by wei ght TEGDVA and 5.6 per cGXRMBLE\@8 ght H err] O The
powder-liquid m xture polynerizes to forma polynmeric material having a
conpr essi ve strengt h Compd@BdMPRTTI aa fiseXiowmieds ineags00 ofl, Sbuvida batdom

fl exural nodulus of 9,794 MPa. EXAMPLE 27 Powder F and a liquid G are m xed

in aratio of 6.fddk by glariayntherdaR| €515 Sousex fo.os wede)by amexi ng 50

parts by weight Unison (56.7 percent by weight
g 1,3-benzenedimethanol (0.025 mole), 0.74 g 4-
pyrrolidinopyridine (0.005 mole) and 5.05 g
triethylamine ({(TEA) {0.05 wmole) in 300 mL methylene
chloride. On addition of TEA, the solids dissolved.
After two hours stirring at room temperature, 6.5 g
HEMA (0.05 mole), 0.74 g 4-pyrrolidinopyridine (0.005
mole}) and 5.05 g TEA (0.05 mole) axe added. After
stirring an additional two hours at room temperature,
the sclution is washed twice with 2N hydrochloric acid
and twice with deionized water. The solution is dried
over anhydrous sodium sulfate and the solvent stripped

under reduced pressure to give a light yellow resin.

Compound VIII A has the structural formula:
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WD 97/ 29732 PCT/ US97/ 02342
silver/28.6 percent by weight tin/14.7 percent by weight copper alloy - al
spherical Rasbimehsas) and 50 parts by weight silanated barium boro al um no
fluoride silicate glass and 1 part by weight initiBEHPSH8RMesition.
The initiator conmposition is 10 parts by wei ght of benzoyl peroxide, 0. 2
parts by wei ght of copper acetylacetonate and 3.5 parts by wei ght of
ascorbyl palmtate. Liquid Gis 64.4 percent by weight 6-FDVW/ GVA, 30.0
percent by weight TEGDMA and 5.6 percent by wei ght H20. The

powder - | i qui d m xture fornmed polynerizes to forma polyneric materi al
havi ng a conpressive strength of 188 MPa, a flexural strength of 33.5 MPa
and a flexural nodulus of 9,350 MPa. EXAMPLE 27A Powder G and liquid H are
mxed in aratio of 3.8 to 1, as shown in Table 1. Powder Gis made by

m xi ng 50 parts by weight of silver powder, 50 parts by weight of silanated
barium boro alumno fluoride silicate glass, 2 parts by wei ght stannous
fluoride, and 1 part by

2CHQCH202CC"-=CHZ
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weight of initiator conposition. The initiator 59 WD 97/ 29732
PCT/ US97/ 02342 conposition is 10 parts by weight of benzoyl peroxide, 0.6
parts by wei gﬂ%”?{”ﬁopper acetyl acetonate and 3.0 parts by Wa'
ascorbyl palmtate. The liquid is 37.03 percent by wei ght ™ O=MX =87
percent by weight HEMA, 24.8 percent by weight TEGDMA, 0.1 percent by

wei ght BHT, 3.7 percent by weight Herr]O and 18.5 percent by wei ght PENTA.
The liquid His sealed in a pillow of polyethylene filmto forma filled
pillow The filled pillow and powderEXaMHLE 888l osed in a plastic capsule,
such as an | RM capsul e, sold by Dentsply International Inc., L.D. Caulk
Division. The pill &empoundpVEIE® bis tfurmedndnt hescapmbhfrddifl Gagtvhne,
allowing the liquid Hto conact powder G The capsule is then placed in an
actuator, and tflmskcibyatlacinagopReséds {95 & seMMNd® 103 mole), 3.45

g 1,4-benzenedimethanol (0.025 mole), 0.74 g 4-
pyrrolidinopyridine (0.005 mole) and 5.05 g
triethylamine (TEA) (0.05 mole) in 300 mL methylene
chloride. On addition of TEA, the solids dissolved.

After two hours stirring at room temperature, 6.5 g
HEMA (0.05 mole), 0.74 g 4-pyrrolidinopyridine (0.005
mole) and 5.05 g TEA (0.05 mole) are added. After an
additional two hours stirring at room temperature, the
solution is washed twice with 2N hydrochloric acid and
twice with deionized water. The soclution is dried over
anhydrous sodium sulfate and the solvent stripped under
reduced pressure to give a light yellow resin.

Compound VIII B has the structural formula:
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m x the powder G and liquid H During the actuation a paste is forned.

The paste self cures to forma set polyneric material having a fl exural
strength of 128 MPa; a flexural nodulus of 17,962 MPa, conpressive
strength o@¥?*®Pa, and adhesion to dentin without priniPodermdz psi. 60
WD 97/ 29732 PCT/ US97/ 02342 EXAMPLE
27B Powder H and Liquid | are mxed in a ratio of 4 to 1 as shown in Table
1 and as described in Exanple 1. Powder His nmade by mxing 10 parts by
wei ght silanated strontiumalumno fluorosilicate glass, 10 parts by wei ght
al um num powder, 0.5 parts stannous fluoride, and 0.3 parts by wei ght of
initiator. The initiator is nade by m xing 10 parts by wei ght benzoyl
peroxi de (BPO), 0.2 parts by weight of cupric acetyl acetonate
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and 3.5 parts by weight ascorbyl palmtate. Liquid | conprises 37.9 parts
by weight OEMA, 4.5 parts by weight water, 25.2 parts by wei ght TEGDVA,

16. 3 parts wpoeéant HEMA, 0.1 percent by wei ght butyl at edchyskofessol uene,
and 16.0 percent by wei ght PENTA. The powder-liquid m xture formnmed

pol ymerizes to a polyneric material having a flexural strength of 72.1 MPa
and a flexural nodulus of 7392 Mra. MNPLE /C Powder | and liquid H-are
mxed in aratio of 10 to 1, as sho AR 1. Powder | is made by
mxing 9 parts 61 WO 97/ 29732

PCT/ US97/ 02342 by wei ght of stainless steel powder, 2 parts by weight of

si | anat ed bari um bofemeeend W GodpdEorned ciit & f08sol xawnd befttomby wei ght
initiator conposition. The initiator conposition is 10 parts by wei ght
benzoyl flask by placing therein 15.5 g ODPA (0.05 mole), 11,1

grams ethoxylated bisphenol A (0.027 mole), 0.74 g 4-
pyrrolidinopyridine {0.005 mole) and 5.05 g
triethylamine (TEA) (0.05 mole) in 300 mL methylene
chloride. On addition of TEA, the solids dissolved.

After two hours stirring at room temperature, 6.5 g
HEMA {0.05 mole), 0.74 g 4-pyrrolidinopyridine (0.005
mole}) and 5.05 g TEA (0.D05 mole) are added. After
stirring at room temperature overnight, the solution
was ‘t:reated with 200 ml of 2N hydrochloric acid and 200
ml of wmethylene chloride. The layers were separated
and the methylene chloride solution was washed twice
with deionized water. The solution was dried over
anhydrous sodium sulfate and the solvent stripped under
reduced pressure to give a viscous yellow resin.

Compound VIII C has the structural formula:

71

SUBSTITUTE SHEET (RULE 26)



0.2 parts by weight of cupric acetylacetonate and 1.5 parts by
The liquid is 37.03 percent by wei ght OEMA,
15. 87 percewoshgemei ght HEMA, 24.8 percent by weight TEGDMA, 0.1 percent by
wei ght BHT, 3.7 percent by weight Herr]O and 18.5 percentm jpa43t PENTA.
The liquid His sealed in a pillow of polyethylene filmto forma filled
pillow The filled pillow and powder | are enclosed in a plastic capsul e,
such as an | RM capsul e, sold by Dentsply International Inc., L.D. Caul k
The pillowis ruptered by twi sting the cape of the capsule,

per oxi de,
wei ght of ascorbyl palmtate.

Di vi si on.

allowing the liquid Hto conact powder |I. The capsule is then placed in an
actuator, and the actuator is operated for 4 seconds to m x the powder |
and liquid H During the actuation a paste is forned. The powder-1liquid

m xture polynerizes to forma polynmeric 62
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WD 97/ 29732 PCT/ US97/ 02342
material having a flexural strength of 93 Mia and fl exural nodul us of
17,922 MPa. Wd@rfit! VE EXAMPLE Pol yneri zabl e conposite natg%hgkn&%g CT
| i ght curabl e polynerizable paste sold by Dentsply Internatl 7)

whi ch includes 28 percent nononer, 72 percent powder, and polynerizes to
formpolyneric material, polynerizes having a conpressive strength of 245
MPa, a flexural strength of 97 MPa, a flexural nodulus of 7,428 Mra,
adhesion to dentin without primng of 391 psi, adhesion to dentin with
primng using Prinme and Bond (T™M pri mer/adhesi ve sol d by
Dentsply International Inc., of 1682 psi and a wear of 178 using the sane
conditions and sanple size as in the in vitro wear test described in

Exanmpl e 16. 63
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WD 97/ 29732

PCT/ US97/ 02342 [err] WD 97/ 29732 ;
PCT/USQ?/O%ﬁééH%@SkE 2 PONDER PARTS BY VEI GHT A Di spersal |l oy[err]
(as shown i C bel ow) 20.5 SnF[ err] FCT/US97/02342
0.6 Barium boro alum no silicate gl ass 20.5
Initiator Conposition (1) 0.4 Ag powder
7.8 Barium Boro Alumino silicate gl ass 7.8
Initiator Conposition(l) 0.08 C
Di spersal loy[err] (69.3 silver/11.8 copper/17.9 tin/0.9 50 zinc)
50 Barium Boro Alum no Fluorosilicate glass 1 Initiator
Composition (1) D Optal oy[err] (69.7 Silver/17.5.tin/11.8 copper/ 1.0
zinc 50
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al | oy) 50 Barium boro

alumno silicate gl ass 1 Initiator Conposition (1)
E Silver/tin alloy (4 parts/1 part by weight) 50
Si | anat ed Baﬁf‘&%ﬁ? o Alum no Fluorosilicate glass %OIJ l.1J.at.or
Composition(1l) : 1F uUni’s @Hg@@@@z
Silver/28.6 tin/14.7 copper alloy)- 50 Silanated Barium Boro -
Al um no. Fluorosilicate gl ass a0 Lol tl telcoopasition (1)
1G Si | ver powder I‘t 50
silanated barium boro al umifto] fl uprjogi Ifi ¢al e} g] &ss 50} stpnnous
fluoride L 2{ I nijtigtor osition
(2) o leldet lal PBifAnatpd $trdntijumfl unino
fluorosilicate glass §°‘:10<ﬂmm rﬁrfhpa, r
10 Stannous fluoride 2 oreEerterrreE 0.3 Initiator
Conposition (1) 631 Staf-Hess st eel
powder o o] Of §i | apat ¢d Barijumporo
alumno fluorosilicate glaqg‘ 4 qQ Entt ar Conposi tfi onl (3
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J Di spersall oy (as shown in powder C) 10
Si |l anated Barium boro Alum no Fluorosilicate gl ass 4 Initiator

Conposi tiaqn (’1& 0.1 10 parts benzoyl

peroxi de WOM2 145 narts benzoyl peroxide 0.2 parts PCEf§EN02342

acetyl acetonate 0.6 parts copper acetyl acetonate 3.5 parts ascor byl
palmtate 3.0 parts ascorbyl palmtate 3) Initiator Conposition

10 parts ben®®y0 pesixidefdxredara sicdfridre & aind doctnglate 37 Sandart s
ascorbyl palmtate 65 WO 97/ 29732

PCT/ US97/ 0233@ 1ABlghe3 téi¢didn product RERCERME BYeWEl GAT giycidyant a
16. 0 CEMA 37.926 HEMA 16. 254
dimethacrylate and hexamethylene diisocyanate in a 5 to
4 equivalence ratio, with triethylene glycol
dimethacrylate and ethoxylated bisphenol A as diluents

and/or coreactants.

** EBPADMA referred to in Table 6 and Examples 39 and

39A is ethoxylated bis phenol A dimethacrylate

EXAMPLE 29

A powder and a ligquid are mixed in a ratio of 6 to
1 as shown in Table 4. The powder is 49.5 percent by
weight of a mixture of 49.5 percent by weight silanated
barium bore alumino fluoride silicate glass and 1.0
percent by weight initiator. The mixture of alloy is
69.3 pexrcent by weight silver, 17.9 percent by weight
tin, 11.8 percent by weight copper and 0.9 percent by
weight 2zinc, sold commercially as Dispersalloy™ by
Dentsply International, Inc. The initiator composition

is the same as is used in Example 27. The liquid is
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TEGDVA 25.20 Herr]O 4.536 BHT

0. 084 Conpund VIITA 35.6 TEGDMVA 35. 6 HENVA

23.9 Herr] 4.9 C CENVA 44.

30. 0 H[err]8°"””"”‘2 4.1 HEMA 19.4 D g‘:%ﬁegntﬁa%"
12. 8 CENA 30. 34 HENA 13. 0 TEGDVA

Bi sGVA 14.0 Herr]O 3.628 BHT .

E TEGDVA 45.15 percenyy lz(yvmlghg;mm, 19.35 percenp by weight

HEMA, 30.00 percent by weight TEGDMA, 5.40 percent by
weight water and 0.10 percent by weight BHT. The
composition is polymerized to form polymeric material
having a flexural strength of 60 MPa and a flexural

modulus of 8568 MPa as shown in Table 4.

EXAMPLE 30
A powder and a liquid are mixed in a ratio of 6 to
1 as shown in Table 4. The powder is 49.5 percent by

weight of a mixture of 49.5 percent by weight silanated

. barium boro alumino fluoride sgilicate glass and 1.0

percent by weight initiator. The mixture of alloy is
69.3 percent by weight silver, 17.9 percent by weight
tin, 11.8 percent by weight copper and 0.9 percent by
weight zinc, sold commercially as Dispersalloy™ by
Dentsply International, Inc. The initiator composition
is the same as is used in Example 27. The liquid is 50
percent by weight TEGDMA and 50 percent by weight
Compound VIII A made as described in Example 28. The

composition is polymerized to form polymeric material

77
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HEMA 19.2 Herr]O 4.1 BHT 0.1 CQ

0.2 EDAB 0.6 Wi nol / M 40 1.0 F OEMVA
45.08 Hert] O 5.6 TEGDVA 30.0 HEMA

19.32 G S ERRE GvA 64. 4 TEGDVA 30. PGHEoTARRA2

5.6 OEMA 37.03 HEMA 15. 87 PENTA 18.5
TEGDVA 24.8 Herr]O 3.7 BHT 0.1 I
CEMA having3 A 9flexural strength of 87.6 MPa and a flexural

modulus of 8488 MPa as shown in Table 4.

EXAMPLE 31

A powder and a liquid are mixed in a ratio of 6 to

1 as shown in Table 4. The powder is 49.5 percent by
weight of a mixture of spherical and cut alloy, 48.5
percent by weight silanated barium bore alumino
fluoride silicate glass and 1.0 percent by weight
initiator. The mixture of alloy is 69.3 percent by
weight silver, 17.9% percent by weight tin, 11.8 percent
by weight copper and 0.9 percent by weight zinc, sold
commercially as Dispersalloy™ by Dentsply
International, Inc. The initiator composition is the
same as is used in Example 27. The liquid is 23.9
percent by weight HEMA, 35.6 percent by weight TEGDMA,
4.9 percent by weight water (H,0) and 35.6 percent by
weight Compound VIII A made as discussed in Example 28.
The composition is polymerized to form polymeric
material having a flexural strength of 49 MPa and a

flexural meodulus of 6562 MPa as shown in Table 4.
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Wat er 4.5 TEGDVA 25. 2 HEVA 16. 3 PENTA
16. 0 BHT 0.1 66 WO 97/ 29732
PCT/ US97/ 02342 EXANPLE 28 Conmpound VIII Ais fornmed in a S%ﬁl&&r&d
bottomflaska"Mi ng therein 15.5 g ODPA (0.05 nole), 3.
1, 3- benzenedi net hanol (0.025 nole), 0.74 g 4- pyrrolidinopyridine
(0.005 nol e) and 5. 05 g triethylamne (TEA) (0.05 nole) in 300 nL
nmet hyl ene chl ori de. On addition oEXEMRLEt3R solids dissolved. After two
hours stirring at roomtenperature, 6.5 g HEMA (0.05 nole), 0.74 g
4-pyrrolidinopyri dixedwde0andoh e)iquid] axreOmigedEin 4 Grdtiomafe &be added.
Af ter

1 and have the compositions as shown in Table 5. The

powder is 98.83 percent by weight strontium alumino

fluorosilicate glass, 1.0 percent by weight benzoyl

peroxide, 0.02 percent by weight copper acetylacetonate

and 0.15 percent by weight ascorbyl palmitate. The

liguid is 36.4 percent by weight HEMA, 7.4 percent by

weight water (H,0) and 56.2 percent by weight compound

VIIIB, formed as disclosed in Example 28A. The

composgition is polymerized to form polymeric material

having a bond strength to dentin of 587 psi as shown in

Table 5.

EXAMPLE 33
A powder and a liquid are mixed in a ratio of 2 to 1
and have the compositions shown in Table 5. The powder
is 98.83 strontium alumino fluorosilicate glass, 1.0 -
percent by weight benzoyl peroxide, 0.02 percent by
weight copper acetylacetonate and 0.15 percent by

weight ascorbyl palmitate. The liquid is 35.4 percent
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stirring an additional two hours at roomtenperature, the solution is
washed twi ce with 2N hydrochloric acid and twce with deionized water. The
solution is dried over anhydrous sodium sulfate and the sol vent stripped
under reduW@I"¥BEsure to give a light yellow resin. ComRKIWEPIMB42 A has
the structural formula: 67 WO 97/ 29732

PCT/ US97/ 02342 [err] WD 97/ 29732

PCT/ US97/ 0232 veiyviel BERRA Coappersent IMy Bvdightokatdri NrD)IS0G6TR round
bottom flask by placing therein 15.5 g ODPA (0.05 nole), 3.45 g

1, 4- benzenedpRiHRNAy wdiGH2TonPohtlt vII® B fdme® as disclosed

in Example 28A and 1.0 percent by weight Lucerin TPO
{(2,4,6,-trimethyl benzoyl diphenyl phosphine oxide)
photoinitiator. The composition is polymerized using
visible light to form a polymeric material having a

bond atrength of 800 psi and shown in Table 5.

EXAMPLE 33A

A powder and a liquid are mixed in a ratio of 2 to
1 as shown in Table §. The powder is 98.83 strontium
alumino fluorosilicate glass, 1.0 percent by weight
benzoyl peroxide, 0.02 percent by weight copper
acetylacetonate and 0.15 percent by weight ascorbyl
palmitate. The liquid is 15.7 percent by weight HEMA,
16 percent by weight TEGDMA, 6 percent by weight water
{H,0) and 62.3 percent by weight compound VIIIC (made as
disclosed in Example 28B). The composition is
polymerized to form polymeric material having a bond

strength of 800 psi as shown in Table 5.
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pyrrolidi nopyridine (0. 005 nol e) and 5. 05 g triethylam ne (TEA

(0. 05 nol e)

di ssol ved. Alggpdinby¥@ hours stirring at room tenperature, G.ECEggﬁggﬁ
T .

nole), 0.74 g 4-pyrrolidinopyridine (0.005 nole) and 5.05 g

are added.

solution is washed twice with 2N hyd

in 300 nL net hyl ene chl ori de. On addition of TEA, the solids
0. 05

nol e)

After an additional two hours stirring at roomtenperature, the
rochl oric acid and twice with deionized

water. The solution is dried over ad493ﬁﬁ@%3§odiun1sulfate and the sol vent

stripped under reduced pressure to give a light yellow resin

B has the structuraf PRYde¥ Ange ligpd arpomixed as shown in Table
PCT/ US97/ 02342 [err]

6. The powder is 73.79 percent by weight of the
composition and is silanated barium boroalumino
silicate glass powder, 7.82 percent by weight is

TEGDMA, 18.13 percent by weight is compound VIII A

{made as disclosed in Example 28), 0.21 percent by -

weight is EDAB and 0.05 percent by weight is
camphorguinone. The composition is exposed to wvisible
light from a 1light curing unit for 40 seconds and

polymerizes to form polymeric wmaterial having a

.transverse strength of 64.7 MPa, a flexural modulus of

11466 MPa, a diametral tensile strength of 43.8 MPa and

a compressive strength of 200 psi as shown in Table 6.

EXAMPLE 35
A powder and a liquid are mixed as shown in Table
6. The powder is 76.82 percent by weight of the
composition and is silanated barium borc alumino
gilicate glass powder, 0.05 percent by weight of the

composition is camphorquinone, 0.19 percent by weight

81
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WD 97/ 29732 PCT/ US97/ 02342 EXAMPLE
28B Compound VIII Cis fornmed in a 500 nL round bottom flask by placing
therein 15.5 ODPA (0.05 nole), 11,1 grans et hoxyl ated bi sphenol A (0.027
nol e), 0. 7%WQFBIBy (ol i di nopyri di ne (0.005 nole) PBEEUSRME g
triethylamne (TEA) (0.05 nole) in 300 nL nethylene chloride. On
addition of TEA, the solids dissolved. After two hours stirring at room

tenperature, off. the ddvipoeltonmikekDal, 74.02 4pe¥eést | By N@eYghdi 8 (0. 005
nole) and 5.05 g TEA (0.05 nole) are added. After stirring at room

tenperature @uer oaPbeitien SokUirkabMNasnd " 22t 68 PetBeO0LY! ol RN

hydrochloric acid and 200 m of methylene chloride. The" | ayeTs were

ot oni zed water The RSBl Y CEpBQhsl VR ' e 8 iR Ll at e and

Compound VI | LRCERBEELR oS80 LcPlF aPoRbTriion 1o aposda’ 3 ViSufe’ O 1o
light from a 1light curing unit for 40 seconds and
polymerizes to form polymeric wmaterial having a
transverse strength of 67.7 MPa, a flexural modulus of

14379 MPa, a diametral tensile strength of 31.7 MPa and

a compressive strength of 194 as shown in Table 6.

EXAMPLE 36

A powder and a liquid are mixed as shown in Table
6. The powder is 70.79 percent by weight of the
composition and is silanated barium boxo alumino
silicate glass powder, 0.05 percent of the composition
is camphorguinone, 0.20 percent by weight of the
composition is EDAB, 8.69 percent by weight of the
composition is TEGDMA, 20.27 percent by weight of the
composition is Compound VIII B made ags disclosed in
Example 28B. The composition is exposed to visible

light from a 1light curing unit for 40 seconds and
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71 WD 97/ 29732 PCT/ US97/ 02342 [err] WD 97/ 29732
PCT/ US97/ 02342 [err] WO 97/ 29732

PCT/ US97/ 02348 ohby75d PCT/US9702342

polymerizes to form polymeric material having a
transverse strength of 58.3 MPa, a flexural modulus of
9294 MPa, a diametral tensile strength of 22.5 MPa and

a compressive strength of 169 MPa as shown in Table 6.

EXAMPLE 37

A powder and a liquid are mixed as shown in Table
6. The powder is 73.89 percent by weight of the
compogition and is silanated barium borc alumino
silicate glass powder, 0.05 percent of the composition
is camphorguinone, 0.18 percent by weight of the
composition is EDAB, 3.09 percent by weight of the
composition is TEGDMA, 15.58 percent by weight of the
compogition is “E-U resin” which is the reaction
product of bis phenol A ditr}ethacrylate and
hexamethylene diisocyanate in a 5 to 4 equivalence
ratio, with triethylene glycol dimethacrylate and
ethoxylated bisphenol A as diluents and/or coreactants,
7.21 percent by weight of the composition is Compound
VIII ¢ made ags disclosed in Example 28B. The

composition is exposed to visible light from a light
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WD 97/ 29732
PCT/ US97/ 02342 [err] WO 97/ 29732

PCT/ USQ?/O@&;,F%E%?U resin referred to in Table 6 and Exanples 37 and 38 is
the reaction p ct of bis phenol A glycidyl dinethacryl RCEUEHP2342

hexanet hyl ene diisocyanate in a 5 to 4 equi val ence ratio, W th
triethyl ene gl ycol dinethacryl ate and et hoxyl at ed bi sphenol A as diluents
and/ or cor eacuxAng. unitEBEPADMA N ebecomib t aniin phdlymerfzasd doxapglgs 39 and
39A is ethoxyl ated bis phenol A dinethacryl ate EXAMPLE 29 A powder and a

liquid are nmpodgmenia rmdteriafll 6havidgas s&&uﬁsﬁerﬁbls@x@ng{ﬂe gpwder is
49.5 percent by weight of a mxture of 49.5 percent by wei ght silanated

bari um boro abuwubnmpa| uer fTGakidl eREE105a88 PIMLsl MPaPeRCAILLRY-Ypi Oht
initiator. The mxture of alloy is
tensile strength of 49.1 MPa, a compressive strength of
251 MPa and wear of 16.9 as shown in Table 6 using the

same conditions and sample size as in the in vitro wear

test discussed in Example 18.

EXAMPLE 38

A powder and a liquid are mixed as shown in Table
5. The powder is 75.50 percent by weight of the
composition is light yellow gray silanated barium boro
aluminosilicate glass powder, 0.05 percent by weight
of the composition is camphorquinone, 0.18 percent by
weight of the composition is EDAB, 4.83 percent by
weight of the composition is TEGDMA, 12.20 percent by
weight of the composition is E-U Resin and 7.24 percent
by weight of the composition is Compound VIII C made as -
disclosed in Example 28B. The composition is exposed
to visible light from a 1light curing unit for 40

seconds and polymerizes to form polymeric material
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69. 3 percent by weight silver, 17.9 percent by weight tin, 11.8 percent by
wei ght copper and 0.9 percent by weight zinc, sold commercially as

Di spersal | oy[‘g{)r y Dentsply International, Inc. The ini Hd-?
conposition iS ame as is used in Exanple 27. The liquidTs WO
97/ 29732 PCT/ US97/ 02342 45. 15

percent by wei ght CEMA, 19. 35 percent by wei ght HEMA, 30.00 percent by -

wei ght TEGDMA, lsvi@oper ckrangyerge gﬁﬂ!‘emt:brognéfiesiol’fﬁércéntflbfuweﬂ-ght BHT.
The conposition is polynerized to form polyneric material having a flexural
strength of 60 niddulasd of flides MPajyodul diamftr@i6& u8dleas stlirengthnofabl e 4.
EXAMPLE 30 A powder and a liquid are mxed in aratio of 6 to 1 as shown in

Tabl e 4. The pawer Mpa,49. Zompréesdive\stwengbh of 2ddringalamdoived?. BEper cent
by wei ght sil anated

13.5 as shown in Table 6.

EXAMPLE 39

A powder and a liquid are mixed as shown
in Table 6. The powder which is 76.85 percent by
weight of the cowposition is light yellow gray
gilanated barium boro alumino silicate glass powder.
0.04 percent by weight of the composition is
camphorquinone, 0.16 percent by weight of the
composition is EDAB, 7.68 percent by weight of the
composition is TEGDMA and 7.59 percent by weight of the
composition is EBPADMA, 7.68 perxrcent by weight of the
composition is Compound VIII C and made as disclosed in
Example 28B. The composition is exposed to wvisible
light from a 1light curing unit 40 seconds and -
polymerizes to form polymeric material having a

transverse strength of 110.6 MPa, a flexural modulus of
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bari um boro alumno fluoride silicate glass and 1.0 percent by weight
initiator. The m xture of alloy is 69.3 percent by weight silver, 17.9
percent by weight tin, 11.8 percent by weight copper and 0.9 percent by
wei ght zi nWOS8¥BY comercially as Dispersalloy[err] by"‘B‘é‘r’\@@'ﬁ’?’
International, Inc. The initiator conposition is the sane as is used in
Exanple 27. The liquid is 50 percent by weight TEGDVA and 50 percent . by
wei ght Conpounsiod|Mpa A arediametrddscendile istrenanpl 6£287. Thepg aepsi tion is
pol ynmeri zed to formpolyneric material 77 WO 97/ 29732

PCT/ US97/ 0234 2cbmphidibiarel ls@¥ehgth S 229t hpaf a8 siowPanafdbgef 4 exur al
nmodul us of 8488 MPa as shown in Table 4. EXAMPLE 31 A powder and a liquid
are mixed in aratio of 6 to 1 as shown in Table 4. The powder is 49.5
percent by
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wei ght of a m xture of spherical and cut alloy, 49.5 percent by weight
silanated barium boro alumno fluoride silicate glass and 1.0 percent by

wei ght initi%%ny&ﬁe m xture of alloy is 69.3 percent by W&yer,
an

17.9 percent by welght tin, 11.8 percent by wei ght copper . 9 percent
by wei ght zinc, sold comrercially as Di spersal |l oy[err] by
Dentsply International, Inc. The initiator conposition is the sane as is

used in Exanple 27. The liquid is 23.9 percent by weight HEMA, 35.6
percent by wei ght TEGDVA, 4.9 percent by weight water (Herr]O and 35.6
percent by wei ght Conpound VIII A nBEBMBEKE diddcussed in Exanple 28. The
conposition is polynerized to formpolyneric material having a fl exural
strength of 49 MPa mnpbwddd end a liRfbuarel mbk62 adashcws wnrdblelabl e 4.

78 WD 97/ 29732 PCT/ US97/ 02342
6. The powder which is 76.85 percent by weight of the
composition is light yellow gray silanated barium boro
alumino silicate glass powder. 0.04 percent by weight
of the composition is camphorquinomne, 0.16 percent by
weight of the composition is EDAB, 7.68 percent by
weight of the composition is TEGDMA and 7.59 percent by
weight of the composition is EBPADMA, 7.68 percent by
weight of the composition is OEMAMA and made as
disclosed in Example A. The composition is exposed to
vigible light from a light curing unit 40 seconds and
polymerizes to form polymeric material.

Products in accordance with a preferred embodiment
of the invention are now described with more particular
reference to Figures 1-5. As shown in Figure 1, each
part of multiple part compositions in accordance with a -
preferred embodiment of the invention is enclosed in a

chamber of an enclosure. Generally at least one wall

of at least one of the chambers is adapted to be
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EXAMPLE 32 A powder and a liquid are mxed in a ratio of 2 to 1 and have
the conpositions as shown in Table 5. The powder is 98.83 percent by wei ght
strontiumalum no fluorosilicate glass, 1.0 percent by wei ght benzoyl
peroxi de, WOP2BBEcent by wei ght copper acetyl acetonate dﬁ%“@?@@ﬁmkrcent by
wei ght ascorbyl palmtate. The liquid is 36.4 percent by weight HEMA, 7.4
percent by wei ght water (H20) and 56.2 percent by wei ght conpound VI I B,

formed as dupehes®dori dthévwigel pendfated BHcalDoPOEhé i ampTetol yeri zed
to formpolyneric material having a bond strength to dentin of 587 psi as

shown in TabLgmSosfE@Plte 32 AiRewderasnshdin] i1GUFdgake o X&4kh b ratio of
2 to 1 and have the conpositions shown in Table 5. The powder is 98.83

oLy ontca” o HEFGE LA i e tee lbogit 0 VLIRS
wel ght - ascorfytyPa, M LalPer f |dbidinmedie3°02 PERS® invention is
enclosed in a chamber of enclosure 10. The enclosure
10 has a wall 16 which is ruptured prior to or during
mixing of the two part composition. The two part
composition within enclosure 10 includes a
polymerizable compound, polymerization initiator and at
least 10 percent by weight of ceramic, metal and/or
metal oxide filler particles having a particle size
less than 500 microns.

In accordance with a preferred embodiment of the
invention shown in Figure 2, wall 16A of enclosure 10A
may be ruptured, for example by forcing wall 16A
against a rigid wall 20A which has with an aperture
therethrough. Upon being wvibrated first and second
parts 12A and 14A are mixed. Apart from the -

composition enclosed, such enclosures include those

used for mixing temporary sealing material, such as for
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79 WD 97/ 29732 PCT/ US97/ 02342 by
wei ght HEMA, 7.4 percent by weight water (Herr]O, 56.2 percent by weight

conmpound VI d as disclosed in Exanple 28A and 1.0

wei ght Lucer#ﬂ%{g, 4,6,-trimethyl benzoyl di phenyl p@Wxi de)
photoinitiator. The conposition is polynerized using visible light to form
a polyneric material having a bond strength of 800 psi and shown in Table
5. EXAMPLE 33Mmixingwiruigencd anfli gine eideniiged Ante faveishi zati@.1 as
shown in Table 5. The powder is 98.83 strontium alumno fluorosilicate

gl ass, 1.0 perfentexampiei JRM Capswlds, peddxbylel.D.0C@Rlkpercent by weight
copper acetyl acetonate and 0. 15 percent by wei ght ascorbyl palmtate. The

liquid is 15.7 per xidedmatioelp; &EMdhowd jerEinird\s WaikghtwalECHel 6

percent by wei ght water
of enclosure 10B may be ruptured by its impact against
a rigid wall 20B. Upon being vibrated first and second
parts 12A and 14A are mixed. Apart from the
composition enclosed, such enclosures include those
used for mixing mercury amalgam in a vibrational mixer
for example as disclosed by Muhlbauer in U.S. Patents
4,306,651 and 4,3%6,117. A further alternative
embodiment of the invention as shown in Figure 4 has
wall 16C which may be ruptured, and the first and
gsecond compositions 12C and 14C in accordance with the
invention which are mixed prior to being extruded from
capsule enclosure 10C. Apart from the composition
encloged, such enclosures are disclosed by Welsh in US.
Patent 4,515,267,

A further alternative embodiment of the invention -

as shown in Figure 5 has wall 16D which may be
ruptured, and the first and second compositions 12D and

14D in accordance with the invention which are mixed
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(Herr]O and 62.3 percent by weight conpound VIIIC (nade as disclosed in

Exanpl e 28B). The conposition is polynerized to form polyneric
nateriallqurl a bond strength of 800 psi as shown in Table 5. 80 WO
97/ 29732 WO IIIBL PCT/ USFGTRSIN023EX AVPL E
34 A powder and a liquid are m xed as shown in Table 6. The powder is

73.79 percent by weight of the conposition and is silanated barium
bor oal um no spriamt togbeaingpewteuded. E2ofeicapBhldy e 88Lrde S 165COMA, 18. 13
percent by weight is conpound VIIl A (made as disclosed in Exanple 28),

0.21 percent Ayayel ghim ithe RRARosARdon0 10880 Huct) YendEldilles | S
canphor qui none. The conposition is exposed to visible light Troma |ight

curing unit fre 4: SELAME P bRV BT 15ES pdt@nt! ¥ BaaPQLYTRGEC 5omat er i al

having a

801) .

It should be understood that while the present
invention has been described in considerable detail
with respect to certain specific embodiments thereof,
it should not be considered limited to such embodiments
but may be used in other ways without departure from
the spirit of the invention and the scope of the

appended claims.
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transverse strength of 64 meﬂ"ﬂ'mmﬂmm nmodul us of 11466 MPa, a
dianetral tensile strength S5 oy L cogpref5|vedstrength of 200
psi as shownwigyksase 6. EXAMPLE 35 er and a |iqui r(ﬁ%%ﬁ‘?glf
shown in Table 6. The powder is 76.82 percent by weight 5% e
conposition and is silanated barium boro al um no ﬁlllcate gl

0. 05 percent q%hmelght of the conposition is canphorqui nond

by wei ght 81 Whak ig;cileimed is:

P%T/USg7/02342 of the conposition is EDAB, 8.02 percent by weight
conposition is TEGDNéag?d 14bg§b3ercent bylmelght of the conp25|t|on S
Compound VI 1 1o nade varesd. componand | wittih die seop®Sofi @hel S
exposed to visible light froma light curing unit for 40 seconds and
pol ynerizes tgendmimfopmhyapric material having a

Il i

wherein each R’ independently is within the scope of

the general formula:

Ol o—]/\[ro O

F 4 r 4
h ] _J" 2

each R,’ independently is within the scope of the

general formula:

Ol Ol OLO

2 Z
! L Jdn L Jdm

2
each R,” and R” independently is alkyl having from 2 to
40 carbons, alkylene having from 4 to 40 carbon atoms,
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transverse strength of ural nodul us of 14

dianetral tensile str Ji Uﬂuy&ﬁzand a conpressiveistren D194 a$

shown in nd a liquid are m xed as shown I n
s, " .

Tabl e 6. er i's 70. 79 percent by wei ght of thePCEME%M28420n and is
silanated barium boro alum no silicate glass powder, 0.05 percent of the
conposition is canphorqui none, 0.20 percent by weight of the conposition is
EDAB, 8.69 pewdehaviipgwErghts ofo tdte caabpnsi ether i lsavigD¥dom2@. 24 percent by
wei ght of the conposition is Conpound VIIl B nade as disclosed in Exanple
28B. | The aameasbbhenotSaERFDR 1 GavifgbEeohi Phic famMazbbhght curing unit
for 40 seconds and 82 WO 97/ 29732

PCT/ US97/ 0234 éma0! ynerizes to form polymeric naterial having a

O

© OR. R.OR.O o
I noo P IRI3H ] Y
each Xindependently is G, 0, 5, S, § N. P. P. P P O - B - O
° Ryy ORp, OR4
R o
-C - y '
' "“"C“""st —— C —~ o
Ry
&
)T -0
£, 0 1,
Re

or omitted whereby the adjacent rings are directly

covalently bonded together,

each R, independently is a polymerizable unsaturated

moiety having from 2 to 30 carbon atoms,
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transverse strength of 58 a a erxuraI nodul us of 9291{!_g ﬁ fp
dianetral tensile strengt a conpressive stiengt lfAClElQQ
MPa as shovvn“;d"b, er and a liquid al;[(far EQ S
shown in Table 6. The powder |s 73 89 percent by weight 0 'F%eE 3

conposition and I's silanated bariumboro alumno silicate glass powder,
0.05 percent of the conposition is canphorquinone, 0.18 percent by weight
of the conposiRionRis HBAB 3B 0Rspeteht 153335116?#33& tife bwdpeasnion is
TEGDVA, 15.58 gercent by wei ght of the conposition is "E-U resin” which is
t he reaction phategen, alkylphgvinghdizom 1 Ato didrethzboy| atems and
hexanmet hyl ene diisocyanate in a 5 to 4 equivalence ratio, wth

triethyl ene ghybojenatiedehlikel ybaitfronandtet Doxyisicd adtiomehenol A as

di luents and/or coreactants, 7.21 percent by weight of the conposition is

Compound VI rRG nFode R3S Wi, sclmsetand n Fxagehe indidBenadhf1¢ONRPSI tion
Is exposed to visible light froma |ight
hydrogen, alkyl having from 1 to 10 carbon atoms or
aryl having from 6 to 10 carbon atoms,
R;s is alkylene diocl, alkylene diamine, substituted
alkylene diol or substituted alkylene diamine.
Z, and 2, each independently is a moiety including an
acid group,
a, m and n each independently is 0 or 1,
b, and p independently is an integer from 1 to 10, at
least one of g and q, is greater than zero, q is zero or

1, ¢, is zero, 1 or 2, q, is zero or 1,

and when g is 1 q, is zero.
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WD 97/ 29732

PCI/ USO HEpeAdencuri
unit for 40 seconds anc'mmw“wfflmnm orm pol ymeric ma - .
transversevétren t h of ural modulus of 11149 MPa, a
di anet r al strength of 49.1 MPa, a conpressive st PSTAIHAA4251 VPa
and wear of 16.9 as shown in Table 6 using the sanme conditions and sanple
size as in the in vitro wear test discussed in Exanple 18. EXAMPLE 38 A
powder and . iThei doapeund x=t| daimhawhereikal®l e i6. The powder is 75.50
percent by weight of the conposition is light yellow gray silanated barium
boro alum nosilicate glass powder, 0. 05 percent by weight of the
conposition is canphorqui none, 0.18 percent by weight of the conposition is

EDAB, 4.83 percent b ght of the conposition is TEGDVA, 12.20 percent by
wei ght of the corrp E-U Resin and 7.24 percent

—CH, —

O

—CH,CH,0CH,CH,—
CH,
|

—CH,CH,0CH,CH,0 —— ©— cC — ©-ocu2cnzocn,cnz —_—
ICH3

and

-cn,cazocn,cnzo,>©/ CO,CH,CH,OCH,CH, —
HO,C \©<m

3. The compound of claim 1 in a composition comprising -
at least 10 percent by weight of filler particles and
adheres to dentin with an adhesive bond strength of at

least 300 psi.
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by wei ght of the conposition i VIl C nmade as dilscl osed PLACQQ
Exanpl e 28B.  The corrpoﬁ!lllﬂimluﬂlw to v:c si bl e : i ght
curing unit I econ s to form pol ymeri

VO 97/ 29732 WBha PCT/ USQ#'EWW ng a
transverse strength of 134.6 MPa, a flexural nodulus of 11368 MPa, a
dianetral tensile strength of 47.6 MPa, a conpressive strength of 246 MPa
and wear of 13.5 as shown in Table 6. EXAMPLE 39 A powder and a liquid are
m xed as shown in Table 6. The powder which is 76.85 percent by wei ght

of the conpdsiti ke | somppynd ofe| |Qdwimgr 3y whexedn edsadak | Friilbero al um no
silicate glass powder. 0.04 percent by weight of the conposition is
canphor qui nonegomprisés peramid, metalgi ghttabf oxidee or fluoride

releasing particles.

5. The compound of claim 3 wherein said filler
comprises at least 90 percent by weight of composition
and at least 10 percent of said filler is wmetal or

metal oxide.

6. The compound of Claim 3 wherein said filler
particles comprise more than 95 perxcent by weight of

composition.

7. The compound of Claim 1 wherein said compound is
enclosed in a first chamber, and

an effective amount of a polymerization initiator,
is enclosed in a second chamber, and at least one said -
chamber encloses at least 10 percent by weight of
ceramic, metal and/or metal oxide filler particles

having a particle size less than 500 microns.
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conposition is EDAB, 7.68 percenﬂlmmmmm“me conpositi on REPLREEDVA
and 7.59 percent by weight of th 116l EBPADMA, -

wei ght of Eps osition is Conpbund WM C’and nmade as gi scl osed in
Exanpl e 28B. he composition is exposed to visible |ightSTUSH342 gnt
curing unit 40 seconds and polynerizes to formpolyneric material having a
transverse strength of 110.6 MPa, a flexural nodulus of 85 WO 97/ 29732
PCT/ US97/ 02342 11600 MPa, a dianetral tensile strength of 47.7 MPa and a
conpressive strength of 227 MPa as shown in Table 6. 86 WO 97/ 29732
PCT/ US97/ 02342 The composition of claim 1 wherein q is 1, 2 or 3

and R; has from 2 to 20 carbon atoms.

9. The composition of claim 1 wherein each R,

independently is:

o o
11 t
-C-R,-0-C-C=CH
[

Rs

2

10. The composition of claim 9 wherein R, is a divalent
carbon containing radical and R, is hydrogen, halogen or

alkyl having from 1 to 10 carbon atoms.
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EXAMPLE 39A A powder and ixxed as shown in TaEIHISGSﬁHEggEH%S\%gy
which is 76.85 percent bdmgmﬁmﬂu@ nposition is lig J
sil anated bawigympaso al uM NG sSklile ss powder. 0.04 w&%wéxz wei ght
of the conposition is canphorqui none, 0.16 percent by weig

conposition is EDAB, 7.68 percent by weight of the conposition is TEGDVA

and 7.59 perceg% %@{e%% of the cogﬁe sition is EBPADVA, 7.68 percent by
wei ght of the tohpodls COTPPELEERR impdeWharediis & 0d8d i n Exanple A. The
conposition is exposed to visible light froma light curing unit 40 seconds

and polynerizes to formpolyneric material. Products in accordance with a
preferred enbodi nent of the invention are now described with nore

particul ar reference t Rgures 1-5. As shown in Figure 1, each part of
mul tiple part conposit in accordance with a preferred enbodi nent of the
invention is enc3Rd inTa cC r of an enclosure. Generally at |east one

wal | of at |east one of the chanbers is adapted to be

<O

~—~CH,CH,0CH,CH,—
CH,
~—CH,CH,0CH,CH,0 —— ©— !: —_— <C:>>.ocxizcnzocazca2 —_—
ICH3
and

_.cnzmzoCHzCHgoz>©/ CO,CH,CH,0CH,CH, —
HO,C \©<

12. The composition of «c¢laim 1 wherein said -
composition comprises at least 50 percent by weight of

said filler.
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87 WD 97/29732 J L%@; EEEN
ruptured or otherw se Hl“'uﬂ uu ‘gjﬁm W t he conpl ete cqnpgosi

m xed. As shown in Figurse ts 12 and 14 of a two part
conposi ti oWAH2EBor dance with a preferred enbodi nent of PERUIHBAR | on i s
encl osed in a chanber of enclosure 130. The encl osure 10 has a wall 16
which is ruptured prior to or during mxing of the two part conpositi.on.
The two parti1Zonmiesid¢ompdsitibhhof cl®£iw| DSsHereinl@aidi B6MpPELHion A

pol ymeri zabl e conpound, polynerization initiator and at |east 10 percent by
wei ght of cesomprisdiLiat! 1888 Wo Pirdlenexbyewdi d&ﬁtﬁbﬂoéaiackf‘flé!@v' ng a
particle size less than 500 mcrons. In accordance with a preferred

enbodi ment of the invention shown in Figure 2, wall 16A of enclosure 10A
may be ruptured, for exanple by forcing wall 16A

14. The composition of claim 1 wherein said f£iller
comprises metal, wmetal oxide and fluoride releasing

particles.

15. The composition of claim 1 wherein said filler
compriges at least 70 percent by weight of composition
and at least 10 pexcent of said filler is wmetal or
metal oxide and glass particles comprise at least 10

percent by weight of said composition.

16. The composition of Claim 1 wherein said particles

comprige more than 95 percent by weight of composition.

17. The composition of claim 1 wherein said initiator

is a photoinitiator or a redox initiator.
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: o THIS SHEET HAS BEEN
oo vibratcd tirstano | AVIRUMBAIMI0MR °2n' i e Stm

from the coggps, n encl*oséd, 'suth &ncl osures include th r
m Xi ng tenpor aryh?esgl ing material, such as for 88 WO 97%€

PCT/ US97/ 02342 m xi ng eugenol and zinc oxide in a 1l to 4 weight ratio, for
exanple I RM ca suI es, sold by L.D. Caul k. Alternatively, as shown in Figure
3, the wall 1 'E‘FR:I‘EB‘ER%B’-?GBW gaiwp? uMBE iR | $31d (gantaisei nst a
rigid wall 20B. Upon being vibrated first and second parts 12A and 14A
are mixed. commxisesframwakke @dapbedt i vv vl svpturedcipmwimy otor es

i ncl ude those used for mxing nmercury amalgamin a vibrational m xer for
exanpl e as di scémrsechghpalihtdrepmsi tiiionUESom Peaixhtencldp8abfe 651 and

4,396, 117. A further alternative

18. The composition of claim 18 wherein said wall

comprises a nozzle.
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enbodi mrent of the invention as shown in Figure 4 has wall 16C which may be
ruptured, and the first and second conpositions 12C and 14C i n accordance
with the inv J.ﬁ%)ﬁ\/ﬂi ch are m xed prior to being extruded éﬁ{:ﬂsmﬂ" e
encl osure 108;B art fromthe conposition enclosed, such ltenc osures are
di scl osed by Welsh in US. Patent 4,515, 887. A further alternative

enbodi nent of the invention as shown in Figure 5 has wall 16D which may be
ruptured, and the first and second conpositions 12D and 14D i n accor dance
with the invention which are m xed 89 WO 97/ 29732
PCT/ US97/ 02342. prior to being extruded s,
fromthe conposition epglosed, such engl

US. Patent 4,648,532 (%gs &b1). :
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ISV U ¢ 7

It sho that while the present invention has bBRFAAGEMENT SHEET
I n. COHH ﬁ!{ @HH@B Wi th respect to certain specific enbodi nents
t her eof'y ! s be considered limted to such enbodi mw

y
used in other ways wi thout departure fromthe spirit of thej ﬁ\@'&’@nﬁﬁﬁT
t e scope of the appended clains. 90 I
1111 W1t 59 ehhimdd 3111111111111 What is claimed is: j1.] A& JUL 1998
pol ymeri zabl e dental conposition, conprising: at |east one c ound within
the scope of the general fornula: [err] wherein each R independentlTy is

W t hin thq_sgﬁggngg%ﬁg REREE p{,s%&ﬂ"lc : pgxgiglﬁ: Rlerr]" indepeindently is

within the sc genera or mila: Rlerr]" and R' independently

i s a afiilesst ewd cdigpbundavitdn tg suope of lecgendral fommilire group consi sting of
al kyl ene having from4 to 40 carbon atons, aryl containing al kyl ene

(R4 R =R{ RO =R R,

wherein each R’ independently is within the scope of the general formula:

Z;

each R,’ independently is within the scope of the general formula:

“ :

Zz

each R," and R" independently is a divalent hydrocarbon group selected from the group
consisting of alkylene having from 4 to 40 carbon atoms, aryl containing alkylene
having from 6 to 40 carbon atoms, -ether containing alkylene having from 2 to 40
carbons, alkyl aryl containing alkylene having from 7 to 40 carbon atoms and alkyl
containing alkylenes having from 2 to 40 carbon atoms,
each X independently is
O O Ry Ry ORy ©

o o
| [ T R RS TR
C. 0.8 S ﬁ K. P, P, 1l>. o-1i»-o.

o R ORy
K3 O O
| H i
—C e, =Ce=Rpge=C o=, {o.jco:—(?» ...o.;;

Rs
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havin bon atons, ether containing al kyl ene hagf
ta 40 (ﬁm@" @Q ﬂ contai ning al kyl ene having from?7 to 4%1%((:;5%&28”55?
ca

atons an i ng al kyl enes having from2 to 40 carbon atons, each
X |ndependently is [err] 91 or omtted whereby the adjacent rings are

di‘rect | t ded t, th h dent |
i R R wﬁa%%rt%qg' b togefisen atyo'ni “Rerrl,

Rb&h | kyl
E[a\enr :l]g from rlkfgdu%gg[carg%ﬁ?gtcﬂg I ogenat "h?fg‘g%%gr Fom Q?ooa y
car boarbae @temms, Rl err], Rerr], R[err] Rlerr], Rerr] and R err] each

I nd d Ik f t 10 b I
0ePEnIeR ! Ko B B RORSH B o, e o o
di ammw@bm&%%ghﬂ%&m P'btofroﬁrl wmaﬁaﬁ%ﬁé ky' ene di amne, Z[err]

and Z[err] each independent| noi ety including an acid group, a, mand
n each i ndgp&agdht, 3121 R, Landr R,l each independently is hydrogen, alkyl having from 1

to 10 carbon atoms or aryl having from 6 to 10 carbon atoms,

R;; is alkylene diol, alkylene diamine, substituted alkylene diol or substituted alkylene
diamine,

Z, and Z, each independently is a moiety including an acid group,

a, m and n each independently is 0 or 1,

b and p indéi:endently is an integer from 1 to 10, q is zero or 1, q, is zero, 1 or 2,
g iszeroorl,

when q is zero, q, is 1; and when q is 1, q; is zero, an effective amount of a
polymerization initiator, and at least 10 percent by weight of ceramic, metal and/or metal
oxide filler particlex having a particle size less than 500 microns.

2. The composition of claim 1 wherein q is 1 and R, has from 2 to 20 carbon atoms.

-

3. The composition of claim 1 wherein each R, in&ependently is:

=0
N=0

R S, - —? =CH;

Re

wherein R; is a divalent carbon containing radical and R; is hydrogen, halogen or alkyl
having from 1 to 10 carbon atoms.

4. The composition of claim 3 wherein Ry is a divalent carbon containing radical and
R; is hydrogen, halogen or alkyl baving from 1 to 10 carbon atoms.
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and p |nde an integer from1l to 10, q is zero &EP&ACEM@H ?HEEJ
zero, mmmﬁ ﬁgg‘m Mﬁzero or 1. when q is zero, gf[err] is iwm__
is 1, ef fective anmount of a polynerizati of RBPIIA(}&MENT SHEET
and at Ieast 10 percent by weight of ceram c, netal and/or ngta—oxirde

filler | ex havi ng article 5|zelessthan 500 m crong. 2.
corrp05|t| "hgq %‘PB‘?WQE‘?&?@%% wherein R"ai§d Rerr] has from 2 tlo 20“&3?&&0@?98

atonms. 3. The camposition of clal m 1 wherein each R err] indd¢pendently. is.
[err] wherein R ert~is a divalent carbon containing radical {and R[err] S

hydr ogen, hal ogen kyl having from1 to 10 carbon atons. “4—Ffe
conposi tion of cl wher ei n R[er"s a di val ent carbon contai ni ng

radi cal and Rf&sT] hy d¥cg e Cihe oCHat Kk yICHEIQ¥eCH+0m 1 to 10 car bon
at ons. 5. The conposition of cla\ wherein R* is [err] 6. The
conposition of claim1l wherein sal d conposition conprises at |east 50

percent by weight of said er. l CHy e conposition of claim1 wherein
sai d conposi t+CRCIKOMRAH,S S 0 0 OCHLH;OCHCH,~  and
=~ CHCH0CHCH20-C COCHCH,O0CHCHy —
xo:c: C \@[co-x
6. The composition of claim 1 wherein said composition comprises at least 50
percent by weight of said filler.

7. The composition of claim 1 wherein said composition comprises at least 80
percent by weight of said filler.

8. The composition of claim 1 further comprising fluoride releasing particles.

.-

9. The composition of claim 1 further comprising élass particles, said glass particles
comprising at least 10 percent by weight of said composition.

10. The composition of claim 1 wherein said particles comprise more than 95 percent
by weight of composition.

11. The composition of claim 1 wherein said initiator is 2 photoinitiator or a redox
initiator.

12. The composition of claim 1 wherein said composition is enclosed by a container.
13. The composition of claim 12 wherein said container comprises a wall adapted to

be ruptured prior to removing said composition from said enclosure.
93



- | REPLACEMENT Sncet
percent by weight of said filler. 8. The donpustTTon of cI ai %MEEWNFSHEET
mm“ﬂmﬂﬁ el easing particles. 9. ? clgmaq?g enjof clarm '
f'upnr"“‘“ ass particles, said dl as % es gqofpri sing at
.east * 10¢ pér cé&nt ® by wei ght of said conposiftiion —~Fhe—conjosi ti on of
claim1l wherein said particles conprise r e than 95 percent} by wei ght of
conposition. 11. The conposition of claim sard rnitiator is a
phot oi ni t4.&Ter compesitiem ok claimt 13awhereir] 2aid Twell comprisést polymeticcilai Br 1 wher ei n
sai orrpo§ LI on is enclosed by a container. 13. The conposition of claim
12 P 184G d cont ai ner conprises a wall adapted to be ruptured prior to
renovi ng said conposition fromsaid encl osure. 93 14. The conposition of
claim 13 wherein said wall conprises polyneric filmor alumnumfoil. 15.
The conpd3$i Thopompositicn of ARmii2 meiereis adid wadl tompriges iasewzie. nozzl e. 16. The
conposition of claim13 wherein said wall adapted to be ruptured is
positioned adjacent to a rigid wall having an aperture therethrough.

16. The composition of claim 13 wherein said wall adapted to be ruptured is
positioned adjacent to a rigid wall having an aperture therethrough.

17. A polymerizabie compound within the scope of the general formula,

(R P=5RC —ROTHRT=RITERY,

wherein each R’ independently is within the scope of the general formula:
Qe
2 "

each R’ independently is within the scope of the general formula:

Z
each R," and R" independently is a divalent hydrocarbon group selected from the group
consisting of alkylene having from 4 to 40 carbon atoms, aryl containing alkylene having
from 6 to 40 carbon atoms, ether containing alkylene having from 2 to 40 carbons, alkyl

aryl containing alkylene having from 7 to 40 carbon atoms and alkyl containing alkylene
having from 2 to 40 carbon atoms,
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17 A pol ymeri zabl e conpound within the scope of the gener ormul a herr]
mllmm!ﬂ“ﬂm”n pendently is within the scope of the ggiﬁﬂ-&c MBWnS
[er ndependent ly is within the scope of the general

formil a¥ eacH Rferf]" and R' independently is a dival ent hydfo bon .uu

sel ected fromthe group consisting of alkylene having from4 t MCW leToﬁﬁEET
atons, aryl containing alkylene having from6 to 40 carbon a , ether

cont ai l.en haV| ng from2 to 40 carbons, alkyl aryl

al kyleéab%‘é@ P%‘dﬁ‘ 7 to 40 carbon atoms and al kyl containi E’y‘[’e%e‘t998
having from2 to 40 carbon atons, 94 REPLACEMENT SHEET egcht X

I ndependently is [err] or om'tted wher eby the adjacent ringd are directly

coval ently bonded together, each R err] independently is a polynerizable
unsaturated noiety having from2 to 30 carbon atons,

Q G OR Rog ORp O ©
] 10 I T T | i
C. 0 S S ?x N. P P 1;. o-z;—o.

0 Ru ORu

R; O o Rs
i i} i {
-(;.— —C—=~Riyg=C=. (0)4‘:"!'?‘:5—0'!;

Rs

-

-

or omitted whereby the adjacent rings are directly covalently bonded together,

each R, independently is a polymerizable unsaturated moiety having from 2 to 30
carbon atoms, _

Ry, Ry, R;, and R, each independently is hydrogen, halogen, alkyl having from 1 to
10 carbon atoms or halogenated alky! of from 1 to 10 carbon atoms.

Rss Rio» Ryy5 Ry, Ry and R, each independently is hydrogen, alkyl having from 1
to 10 carbon atoms or aryl having from 6 to 10 carbon atoms.

R;; is alkylene diol, alkylene diamine, substituted alkylene diol or substituted alkylene
diamine. )

Z, and Z, each independently is a moiety including an acid group.

a, m and n each independently is O or 1.

b, and p independently is an integer from 1 to 10, at least one of q and q, is greater
than zero, q is zero or 1, q, is zero, 1 or 2, g, is zero or 1,
and when q is 1 g, is zero.
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car

isnde entt y* s*hydr ogen, aI kyl having from1l to 10 carbon

having from6 to 10 carbon atons. Rerr] is al kylene diol, a}ky-ere
di am ne, substituted al kyl ene diol or substituted al kylene djamne. Z[err

and Z[ er r |18eZhk_compepmh df oialny 17swirereiniRt i i ncl udi ng an acid

n each independently is 0 or 1. b, and p independently is an

to 10, at least one of q and qg[err] is greater than zero, ¢

glerr] is zero, 1 or_2, q2 is zero or 1, and when q is 1 gfek

d h ind dently is h
AP E rm\i‘@ 10 car bon &t oms o ' hal ogenat ed ;fky?ﬁgwéﬁ’%ﬂo
%\m * Rlerr], Rerr], Rerr], Rerr] and R err] each

pt mggemaw ISHEET

hr bup & UL M998 d
ht eger from 1
S zero or 1,

18. The conpound im17 wherein R' is [err] 19. The conpound of claim
17 in a conpositi rising at | 10 percent by weight of filler
particles and i @s-t ede kran adhesixsndgnd strength of at

| east 300 psi.

CHy
l
—CHCH,OCH;CH;O @r% —@— OCH;CHOCH,CH;—  and
CHy
—~CHCHOCHCHOC ;@/ o \@[c 02CHCH:OCHCH —~
- HOy COH

19. The compound of claim 17 in a composition comprising at least 10 percent by
weight of filler particles and which adheres to dentin with an adhesive bond strength of at

least 300 psi.

20. The compound of claim 19 wherein said filler comprises ceramic, metal, metal

oxide or fluoride releasing particles, -

21. The compound of claim 19 wherein said filler comprises at least 90 percent by
weight of composition and at least 10 percent of said filler is metal or metal oxide.

22. The compound of claim 19 wherein said filler particles comprise more than 95

percent by weight of composition.

23. The compound of claim 17 wherein Ry, is

CI)H
~QCHy~~CH—CH20~—
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20. The conpound of claim 19 wherein said filler conprises cerani tPOSTEORH, +
nmetal oxide or fluoride releasing particles. 21. The conpound of Eplrqrerd »heet
wherein said filler conprises at |east 90 percent by wei ght oigER\TpOSition
and at |east 10 Eercent of said filler is netal or netal oxi das

Y - The
®’t han 95

conpound of cl 1 wher ei Vo3 CTUAL PROBERTY, QGROANIABENDr | Se ML hal
beroent JiEiviondl AHRIGY Bpuikien %ﬁm%%%ﬁcoﬁpm%k Hi5HK fen
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‘The invention provides polymexizable dental, compounds, com-
positions, including the compounds and products for mixing the com-
positons and methods of using the compogitions. Aryl acid compounds
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include at least one polymerizable aryl acid compound, an effective
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