WD 95/ 34270 DENTAL COVPCSI TI ON AND METHOD This s a continuation-in-part
.of US patent application serial nunber 08/049, 221 filed ril 19, 1993.
The i nvento osi3e2ed ates to dental conpositions and met hods NCHEISMMeof to
bind hard tooth, netal and ceram c. The invention provides conpositions

i ncl udi ng conpl exes forned by reacting nultivalent cation with acid

noi eti es of ethylenically unsaturated Mononers and prepol yners. The

i nvention provides conpositions with superior adhesion to dentin,

enamel and cenentum w thout the need for separate steps of acid etching
dental enanel to adhere thereto. Conpositions of the invention are useful
as dental luting cenents, liners, bases and restoratives. The
conpositions of the invention are hydrolytically stable. The .~

het er ogeneous mnul ti-phase dental conpositions of the invention show

| nproved nechani cal strength, for exanple, inproved

DENTAL COMPOSITION AND METHOD
| This is a continuation-in-part of US patent
application serial number 08/049,221 filed April 19,
1993. |

The invention relates té-dehtal cbmpoéitions aﬁd
methods of use thereof to bind hard tooth, metal and
ceramic. The invention provides qomﬁositicns'including 
co.mple.xes“ formed by reacting multivalent 'éatioﬁ Wlth
‘acid moieties of.eihylepically uﬁsaﬁuraﬁed Mdhomersﬁaha
| prepélymers. Theﬂinventibn provides cqmposipiong With 
‘superior adhesion to 'dentin; enamel 'aﬁd ceméntﬁm
without the need for .separate steps of acid etching
dental enamel to adhere thereto.  Compbsitions of the
invention are useful as dental luting ceménté, liners,
bases and restoratives. The compositions of the
invention are hydrolytically stable. The'heterogeneous
multi-phase dental compositions of the invention show

improved mechanical strength, for example, improved



O 95134270 DENTAL COMPCSI TION AND METHOD This is conti nuation-in-part

of US patent application serial nunber 08/049, 221 flled 1993.
The i nver®D@sB4¥Pates to dental conpositions and nmethods o@p{ﬂ%séisé"r‘eof to

‘tbind hard tooth, netal and ceramic. The invention provides compositions

I ncl udi ng conplexes formed by reacting nultivalent cation with acid

noi eti es of ethylenically unsaturated Mononers and prepol yners. The -

i nvention provides conpositions with superior adhesion to dentin,

enamel and cenmentum w thout the need for separate steps of acid etchlng
dental enanmel to adhere thereto. Conposi tions of the invention are useful
as dental luting cenents, liners, bases -and restoratives. The
compositions of the invention are hydrolytically stable. The

het er ogeneous mnul ti-phase dental conpositions of the invention show

i nproved mechani cal strength, for exanple, inproved

DENTAL COMPOSITION AND METHOD
| This is a conﬁinuation-in-part of ﬁs patent
application sérial number 08/049,221 filed..épril 19,
1993. |
The invention relates to dental compositions and
methods of use thereof to bind hard tooth, métal and
ceramic. The invention provides compositiohs including
complexes formed . by reacﬁing multivalent cation with
acid moieties of ethylenically unéaturated Mbnomefs andl
prepolymgrs. The invention provides compbsitiohs with
superior adhesion to dentin, enamel and cementum
without the need for ,separate steps of acid etching
dental enamel to adhere thereto. .Compoéitidns of the
invention are usefﬁl as deﬁtal'luting'cementé, liners,
bases and restorafives. The "compésitidns.'of the
invention are'hydrolyticaily stable.' The hefefogeheous
multi-phasé dental compositions of the inﬁénéibﬁ shbw

improved mechanical strength, for 'example, improved



WO 95/ 34270 bond strength to tooth and are.less sensitive to the effects'o?

noi st ur i onomers are described by A Wlson in U
%%ﬁgﬁ) peT/USSPRLS

5,079, 2 4,758,612. Prior art glass iononer conpositions are s
.~ conbi nati ons of a pol yal kenoic acid pol yner such as polyacrylic acid and an

‘el ut-abl S ' pr.Qvi rce of. catigns to.react with the
polyacrs?géga%FgghggBHéé é§$£€1§§§i%?(N%ﬁ%?a?@nﬁ?FfY?eth&ﬂﬁbak in high
stress apglications’apd set poorly in the presence of noisture unless

prot ect B F@SHe vk gRoistureprior art pit and fissure materials include

pol yneri zabl e hydr ophobi c resins with essentially no adhesion to
tooth. They atkasslhioroméysiatel teatribedi byosechdniseoal iwnderguts produced
by acid etching. They harden in-situ to protect the tooth from col oni zati on

by bact epd@ehils OF 82576 O24pdugRacaLi, 98¢, Bib, begaise they Af Ll cull to

: 8 . .
use they are not universally enployed fo achieverthis val result. They

require the tooth be c|)eaned, acid etched, washed, drjed and isol ated by
| iber LTS BT G S (CPIRATIAF hah S i AhraRic s, ang

achi eve suitable _ _
acid polymer such as polyacrylic acid and an elutable

glass which provides a sou:ce of cations to react with
the polyacrylic acid. Prior' art glass ionomers are
brittle and weak in-high stress applications and set '
poorly inl ﬁhé presence _of moisture unless .protected
.from wﬁter. Prior:_art pit and fissgure materials
include polyméfizable .hfdrophobic resins  with
essentially no adhesion to tooth. They are adhered by
infiltrating miéromechanical_undercﬁts prodﬁced by acid
etching. .They hérden in-situ to-proteét'fhe tooth from
colonization by ba:teri§ in order to reduce caries, but
because they ;re difficult to -use -they are not
universally employedito_achieve_this vaiﬁable rééuit.
They reduire thé tpoth b¢,c1eaned, acid etchéd, washed,
dried and isolated by rubber dam to maintain dryness,
to avoid contamiﬁation by saliva, and achieve suitabie '
results. The.procedure.is_thus uncomfortable for the

patient and 1aborious for the dentist. = The present



.results. The procedure is thus unconfortable for the patient and | aborious

for the dg/nb; g  The present 2 i nventi on provi des pipcEUshsfors@ur e
~sealant c 05|%|ons which are applied to tooth without a separate acid
vetching step. Adivier in US. Patent 3,234,181 discloses nelt- fabricable

- end- capped; Qroi@d:L PUVIdELAgSt Lé&{aerflrssuxlen sea18nt F@Jﬁasléoﬁ@ 176

di scl oses pol yam de-"aci ds and polymde from a mxture : :
di anhydrid Gal_l i n 2,061 . dlscloses :
coal. esceabei?e“i)"bl Vi d@pBH\%%r fFSﬂgg Ao Rier %boﬁyl PP/t BE1G anhydri de
and phenyl ene di am ne. Angel o in Pat ent 3,424,718  discloses -
copol ynersemhmg)rﬁﬁnz t et racar boxyl | c aC| ds with at | east two organic

di am nes. Rogers in U S. Patent 3,959,350 discloses nelt- fusible

linear - . pol yori¢ier inofu.S. Paterd s3(234;181 discloses melt-

fabricable endj-capped aromatic polyimides.

Lonerini in U.S. Patent 3,407,176 discloses
polyamide-acids and . polymide = from ~a mixture of
dianhydrides.

Gall in U.S. Patent 3,422,061 discloses
céalesceable_ polyimide powders from a polycarboxylic
aromatiq dianhydride and phenylene diamine.

Ang;aio ~in U..S. Patent 3,424,718 discloses
copolymers of aromatic tetracarboxylic acids with at
least two organic diamines.

Rogers in U.S. Patent 3,959,350 disc;oses melt-
fusible j.ine_ar polyimide of 2,2-bis(3,4-
dicarboxyphenyl) -hexaf luoropropane dianhydride.

Madsen ‘in U.S. Pétent 4,322,207 discloses dental
cleaning sl_urry'.

Beede et al in U.S. Patent 4,324,591 diséloses
modifying agenﬁs_for ion-leachable cément compositions.

| Gibbs in U.S. Patent 4,336,175 discloses polymide

precursor solutions.



di car boxyphenyl ) - hexaf | uor opr opane di anhydri de. Madsen in U S. Patent
4,322, 207 %h§@4oses dental cleaning slurry. Beede et al A% Jpat ent
4,324, Q9 P oses nodi fying agents for ion-|eachable ce

G bbs in U S Patent 4,336,175 discloses pol ym de precursor solutions. 3

WD 95/ 34270 et, al ghat 3 6 ose |ight curable
acrylic dent %@&%os% |8% vr\!AL cal mrfﬁ%ﬁq%uo%%z?‘p?g#mﬁt‘ % Bhinus

- -Patent 4,401, 773 discl oses h|ghly reactive ion-|eachabl e Iass ‘Denyer et

al in Uldghbaraprablesacoybie SePsads GRIManitdom et th oaglrium ur et hane
acrylate, diacrylate nononer, canphor qui none and
d|nethyEaubmdéehphgmenbacrylate Ratcliffe et al in U S Patent 4,459,193
di scl oses o _ )

Smyth in U.S. Patent 4,401,773 discloses highly
reactive ion;leachable glass.

Denyer et al in U.S. Patemt 4,457,818 discloses
dental compositions from urethane acrylate, diécrylate
monomer, camphbrquinone and dimethylaminoeﬁhyi
methacrylate.

Ratcliffé et al in U.S. Patent 4,459,193 discloses
dental compositions containing Camphofquindhe'l and
organic peroxide as catalyst.

Denton, Jr. et al in u.s. Patent 4,492,777
discloses heat treated barium or strontium glass.

Bowen in U.S. Patent 4,514,527 discloses method
for'obtaining_strong adhesive bonding of composites to
dentin enamel and othef.substrates. |

Bowen in U.S. Patent 4,521,550 discloses method
for_ébtaining strong adhesive bonding of composites to
identin, enamel and other substratgs.

Martin in U.S. Patent 4,525,256 discloses

photopolymerizable composition -inclﬁding' catalyst

COI’TpOSI tions.s



. dent al conposi tions cont ai ning canphorqui none and organic peroxide as
catal yst .whephp9e Jr- et al in US Patent 4,492, 7hCTASISHTSSS heat
treated bari:um-or-strontiumglass. Bowen in U S Patent 4,514,527

z di scl oses nethod for obtaining strong adhesi ve bondi ng of conposites to

dentin enaign, At helkikaubak! abBss WNJbl'fﬁe%hylgﬁﬁﬁB? b&n261c>50

. discl oses nethod for obtaining strong adhesi ve bond I ng of conposites to
- dentin, enarﬂ# and q§r e%bs%rates Martin in US. Pat ent :
4,525, 256 ?ﬁ(ﬁ? pﬁ 88 ymeri zabl e conposition i ncl udi ng
catalyst 4 PCTI US95107544 congr|5|ng di ket one pl us
4- (N, N- Di et hy|Baweiv) bBnZbi® aBRrEeRE dst588.{756r cdiscasm MHlUisS. Pat ent
4,588, 756 discloses nulti- step nmethod for obtaining strong adhesive
bondi ng ofstqnpmethed tfordesttainimpanetrend eidmisivebsmditg of

composites to dentin, enamel and other substrates.

Ratciiffe et al in U.S. Pétent 4,602,076 discloses
photopolymerizablé composi;ions.

:Peters | in U.S;l Patent 4,612,361 discloses
poly(étherimides) and coﬁposiﬁions containing the same.

Blackwell et al in U.S. Patent 4,657,941 discloses
biologically compatible adhesive containing a
phosphorus 'adhesién promoter and a sulfinic
accelerator.

Bowen in U.S. Patent 4,659,751 discloses
simplified method for obtained strong adhesive bonding

- of composites to dentiq, enamel and other substrates.

Gallagher et al in‘ ﬁ;s. Patent 4,680,373 discloses
process for tﬁe production of a random copolymer
containing repeating polyiﬁide units and repeating
polyetherimide units.

Aasen et al in U.S. Patent 4,719,149 discloses

method for priming hard tissue.



Ratcliffe et al

conposi t

ions. Peters in US. Pat ent 4 612, 361 di scl oses

in US Patent 4,602,076 discloses photopol ynerizable

pon(ethﬁbbgbﬂgg) and conpositions containing the sane. Bbemsesiorsat al in
ent 4,657,941 discloses biologically conpati bl e adhesi ve
ng a phosphorus adhesion  pronoter and a sulfinic

U S. Pat
cont ai ni

accel erator.

and ot he
. process
polyimd

al in U

‘Beteiahl i¢t all Sn Ut ePatend, 859975157 diigeheses Sinplified
nmet hod for obtained strong adhesi ve bondi ng of conposites to dentin,

enanel

?or WS iedls! de%hk@gpﬁérgt' dirﬂeHu?d f’gfqgg ”n 80, 373 di scl oses

the productio a random copo

repeatln

pol,yet heri m de unlts Aasen et al

yner ing repeating

in U S'

e units
Pat ent 4, 719, me&%a%es Set hga fdP priring RAFENti s4u8065381 Berdahl et

S. Patent 4,794,157 discl oses
discloses polymerlzable compounds contalnlng acid and

acid derivatives, mixtures containing the same, and use
thereof.

Blackwell et al in U.S. Patent 4;8i6,495 discloses
biologicaily compatible adhesive visible light curable
compositions. |

Calla et al in U.S. Patent 4,864,015 discloses

method for making _thianthrené dianhydride and

polyimides obtained therefrom.

~Engelbrecht in U.S. Patent .4,872,936 teaches
dental cement mixtures contain;ng polymerizable
unsatqrated monomers and/or oligomers and/or
prepolymers containing acid groups and/or their
reactiVe_écid-derivative groups.

Aasen eﬁ al in U.S. Patent 4,880,660 discloses
method for priming hard tissue.

Kawaguchi et él in U.S.lPatent 4,918,136 diécioses

adhesive composition.



+pol yet heri m de copol yners, and nmethod for meking. Engel brecht et al in
U S Patent 4,806,381 discloses polynerizable conpounds ccﬁh§P gn% acid
and aci d wer9sBdMves, mi xtures containing the same, and usk D334

Bl ackwel | et al in U S Patent 4,816,495 discloses biologically conpatibte
adhesive visible light curable conpositions.. Calla et al :in U S. Patent _

' 4,864,015 di scl™®@Ren neth@l iporU.Snafaggnt thi ek (tlehedisglemrpdride  and
pol yi mi des obtai ned therefrom Engelbrecht in US. Patent 4,872,936 .
t eaches denitsivecemmmdingri Xtfur esryldent aiesiing, pebgotaligbl ¢nunsaturated

- nmononer s _and/or ~oligoners and/ or prepolyners containing acid
gr oups qg%{ Ié,helr reactive acid-derivative groups. Aasen et al in U S.

Patent 4,8 660 scl oses net hod for pr|n1ng har d tlssue Kawaguchi et al

in US Patent 4 918 136 dj scl osgs;adhesiy Ve CPpos! §§4 dlSClOSeS

biological compatible~adhésiVe containing a phosphorous
adhesion promoter and accelerator;

Hirasawa et al in U.S. Patent 4,985,198 discloses
tooth-adhesive compounds.

Okada et al in U.S. Patent 5,055,497 discloses
curable resinous composition.

Akahane et al in U.S. Patent 5,063,257 discloseé
dental glass ionomer cement compoSitions.

Wilson et al in U.S. Patenﬁ ‘5 079,277 ‘discloses
poly-vinylphosphonic acid ﬁnd.metai oxide or cermet or
glass iondmgr cement.

.Mitra in U.S.. Patent 5,130,347 discloses
photocurable ionomer cement systems. |

Mitra et al in U.S. Patent 5,154,762 discloses
universal water-based medical and dental cement. |

Ohno et al in U.S. Patent 5,171,763 discloses

curable composition.



WD 95/ 34270 |Ibsen et al in U S Patent 4,964,911 discloses adhesive
bonding of acrylic resins, especially in dentistry. Huang et al in U S
Pat ent &V@)W‘@%/M di scl oses bi ol ogi cal conpati bl € adhesi vg’c%‘?ﬁ“ P'fﬁ“ﬁg a
phosphor ous adheS|on pronoter and accelerator. Hrasawa et al in US.

Pat ent 4, 985, cl oses fo0o0t h-adhesive co unds. Ckada et al in U S _
Pat ent 5, 055, é%@b Ioﬁ%s éﬁ?%.*%?re s ¢ iﬁm%ﬁﬁlcﬁﬂs NRFTe et al in-
U. S. Patent 5, 063, 257 discl oses dental gl ass ionomer cenment conpositions.
W | son ellt'alnlumn Latuminumnt S61dgater7 voIymeres dsmtalyi nA Jhiasphoni ¢ aci d
~and nmetal oxide or cermet or glass ionomer cenent. Mtra I n u. S
Patent cémdaditiohs. di scl oses photocurabl e i onomer cenent systenms. Mtra

et al in US Patent 5,154,762 discloses universal water-based nedical and

dental_cenentRossi in Canadian Patent 934,085 discloses dental

restorative material of improvéd polishability,.
sﬁoor in Canadian Patent 968,741 discloses
production of coatings by | curing with ionizing
radiation. |
Knight in Canadiaanatent 969,299 discloses resins 'I-
prepared from vinyl-ended polyurethéne.prepolymers. |
Waller in Canadian Patent 983,190 discloses
photopolymerizable acrylic déntal products.
Lee et allin Canadian Patent 1,018,294 discloses
dental filling package.
O'Sullivan in Canadian Patent'1,020,687 discloses
urethane-acrylate dental fiiling composition.
Rockett et al. in Canadian. Patent 1,028,441
discloses three package dental restoration system.
Lorenz in Canadién Patent 1,117,242  discloses.
coating composition  comprising .N-vinyer-P?rrolidone
and an oligomer.
Osborn in Canadian Patent 1,131,388 discloses

radiation curable urethane compositions.



Chno et al
95/ 34270

dental fi

in US. Patent 5 171, 763 di scl oses -curabl e conposition.

7 WO

: PCTI US95/ 07544 Ranbosek in
Canadi an WRx95484270 873,935 discloses lithium alumnum. si P
| 1'i ng conmpositions. Rossi in Canadi an Patent 934, 085 di scl oses

dental restorative material of inproved polishability. Spoor in
Patent 968, 74BaviRsc| 65es Pk oddBt | FfpnastiancoaPakeRt by, 136r786 with
ionizing radiation. Knight in Canadian Patent 969, 299 di scl oses resins

prepared fdiseMises poutblyalepizeblaneoppeptyorss. Wal ler in Canadian

Pat ent 983, 190 dlscloses phot opol'yneri zabl e acrylic dental
s rﬁ}“ de 018 29§nd' gghgaﬁa depbaknti | hi Ag4Package.

et al in Canadi
O Sulllvan in

Pat ent , 020, |sc oses

discloses flowable mixture and use of synthetlc calc1um
silicate.

Schaefer in Canadian Patenﬁ 1,159,984 discloses
dental matérial having a plastics material base.

Munk in .Canadian Patent 1,164,124 discloses
pouréble solid mixture.

Chevreux et al in Cénadian Patent i,176,787
disciosesuphotosetting adhesive composition. |

Gruber let al in Canadian Patent 1,179,094
discloses . radiation curable coating composition
comprising an o;igomer :aﬁd a COpolymefizable ultré;
vioiet absorBer.

Morgan in Canadian Patent 1,194,637 discloses UV
and thermally curable, 'thermoplaétic4containing
compositions.

Ratcliffe et -al in Canadian Patent 1,198,847
discloses dental CompositiOns.

Szycher et al in Canadian Patent 1,200;647

discloses actinic radiation cured polyuréthane acrylic

copolymer.

0754401 yrer

Canadi an

products. Lee



uret hane-acrylate dental filling conposition. Rockett et
Patent 1,028,441 discl oses three package dental restorat
in Canaﬂﬂaﬂmﬁﬁment 1,117,242 discl oses coating compositi

al in Canadian

ShPaiEe

Lorenz

N-vi nyl - 2-Pyrrolidone and an ollgoner Csborn in Canadlan Pat ent 1 131 388

di scl oses radlatlon curabJe ret ane osi tions.
Canadi an Patemin Ié"c‘{

Davi es et

al in

cﬂ;ﬁﬁ%n%? I49ﬁﬁ%ﬂﬁﬁ§|t|ons

Skudel ny et al |n Canadlan Patent 1, 154,895 di scl oses fl owabl e

m xt ur e dentajs easftonakivet icompasditdensi.| i cate. ‘Schaefer

1,159,984 di'scl oses dental material having a plastics material base.

i n Canadi an

in  Canadi an udirenin &adbdidr4pagenie! 25036p9BLaBIBCIBLEE rau&feure

et al in Canadian Patent 1,176,787
to elastomers composition

s

" Ibsen et al in Canadian Patent 1,243,796 discloses

dental composite and porcelain repair.

Ibsen in Canadian _Pateht 1,244,177 discloses

methacrylate functional vresin dental composite and

porcelain repair compositions.

Ying in Canadian Patent 1,259,149 discloses

dental

restorative composition containing = monofunctional

- monomer.

'Randklev_ in Canadian Patent 1,261,992 discloses

orthodontic bracket adhesive compositions.

Waknine in Canadian Patent 1,262,791 discloses a

two component = (Paste-Paste) self curing

restorative.

" dental

Dougherty et al in Canadian Patent - 1,262,981

discloses methods for 'posterior dental restoration

employing light curable packable compositions.

Waknine  in Canadian Patent 1,269,790 discloses

dental restorative material.

10

Pat ent -
Munk
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di scl oses photosetting adhesive conposition. Guber et al in

Pat ent

conpri si nGvaAS/M2¥Qoner and a copol yneri zabl e ultra- viol et "absor
gEn Canadi an Patent 1,194,637 discloses UV and thermal ly  curable,
t her nopl asti c-contai ning copposjtions. Ratcliffe et al _jin (Canadian

Pat ent
Canadi an

dental restorative conposition.

Canadi an

1,179, 094 di scl oses radi ati on cur abl e coat i ng, TII%Q%PE?J tion
er.

Mor gan

1, 198, 8Heidi s@tosedtdertthl EBRRELRRI of@teqty cipPligatign

Patent 1,200, 647 discloses actinic radiation cured pol yurethane
acrylic copeobgaps7l9disclleses Hybrid iplaCdriadifdd 1IRagemater243, 699 di scl oses

di scl oses cure gggghasteRrergl CONROSidanadibRsePrtlerd | ApSRiast fsh
1,243, 796 discl oses '

2,011,438 discloses = 1light-curable ionomer dental
cement.

' ﬁheinberger et al in Canadian Patent Application
2,038,695 discloses pol.ymeriz'able dental materials.

Rhéinberger et al in Canaﬁian Patent Application
2,051,333 discloses polymerizable dental material.

Billingt;:n in European Patent Application o 241
277 discloses gla-sses' and poly(carboxylic acid) cement
compos-itions' containing them.

B__illingt:on .ip_ Euroﬁean Patent Application 0 244
959 disclose.s glass/poly(c_:arboxylic" ac_id) cement

compositions.

Moran in Canadi an Patent 1,216, 982

Pat ent

Montgomery in Eui_:opea_n Patent Application 0 325

038 discloses = surface priming composition  for
proteinaceous substrates, method of making and using
éame ..

- Kawaguchi et al in European Patent Application 0

335 645 discloses adhesive composition.

11



dental conposite and porcelain repair. Ibsen in Canadian Patent
1,244,177 discloses methacrylate functional resin dent€. q¥05|te

and porWO%R#Pepair conpositions. Ying in Canadian Pat ehtT¥S%548 :

di scl oses dental restorative conposition cont ai ni ng nmonof unct i onal
monamner . g# 3% n _Canadi.an_Pat ent 261,992 di scl oses orthodontic
bracket adhestéd si &HﬁEuﬁEPﬁ?ﬁePPﬁeégnéaP&ﬁcﬁﬁ%@ﬂt014?62 791

di scl oses a two conponent (Past e- Past e) self  curing dent a

r est or aidbe. Abougherioses HMigh Gkral anrRmedtion 262mpetatisel oses net hods
for posterlor dental restoration enploying Iight curable packable

conposi figag. pmlymmmaesnaﬂanadmp@sf’@égnﬁoﬁme"&%ﬂe‘i%ﬁloip' oses dental
restorative material. 10 WD 95/ 34270
PCT/ US95/ 075%suhara in U.K. Patent Applica’tionf 2 000 789 A
discloses curable coﬁposition. |
Hirasawa in UfK. Patent_Application.z_lss 347“a
discloses (Meth) acrylic acid es;er.compounds boundable
to tdoth_subs:rates,
Akahane et al UK .Paté_nt Application 2. 202 221 ‘
disclosés glass _poﬁders. for dental glass ibnomer
cements.
U.S;: Patent 4,588,756 relates to afomatic based
compositions emploYed in dentistry as a'component in é
dental adhesive system_requiring.multiple pretieatment
stepé including applipation of an acid.
Engelbrecht in .U.S. Patent 4,372,936 broadly
teaqhes dental cemenﬁ.mixtures containing polYmeriéable
unsaturated_ monomers and/or oligomers- and/or
| prepéiymers containing acid groups and/or their
reactive aéid-derivative groups. -
Mitra in U.S. Patent 5,130,347 discloses a

photocurable ionomer cement having a photocurable amid

monomer.

- 12



Heid et al in Canadian Patent Application 2,009,471 discloses Hybrid

plastic filli nggmateri al. Ibsen et al in Canadi an Patent | s@%‘%ﬂ
fbses ' ' c fu‘f 4

2,011, 438 WO§¥ light-curable ionomer dental

Rheynberger et al in Canadian Patent Application 2,038, 695 di scl oses

pol yneri zabl e d nnte { I.n Canadi an Pat ent

Appl i cation 2, 0@#"3%3 Jd?s Sespgqg Ereeﬁr%%ﬁ EG&nF&FCF@F%?l aratey || ngt on
i n Eur opean Patent plication O 241 277 di scl oses gl asses and

pol y(car boﬂ?lﬂblﬁcré\s ueing Ang oipielizineh agemssai ning them Billington in
Eur opean Patent Application O 244 959  discl oses gl ass/ pol y(carboxylic
aci d) cenment conpositions. Mntgonery in European Patent Application O
325 038 di scl oses surface primng conposition for protei naceous

substrates, nethpd; 8f gag%ﬂgc@ngf ugﬁgglég%@n&?@ g]sqlf?vﬁie |nnewEur opean

Pat ent Appl I cation di scl oses adhesi ve ‘conpo

dental compositions useful as filling materials, cavity
lineré and bases, cements, and pit and fissure sealants
other restorative materials which are adhesive to tooth.
stfucture.

It is én objecﬁ of the invention to pro?ide .a -
composition which reduces the steps and time required
to adhere metal or ceramic to tooth structure.

.It is an object of the invention to prdvide an
' adhesive composition fof adhesion between tooth
structure and/or boné and polymeric composites.

It is an object of the invention to provide dentél
compositions that are .relatively inexpensive and easy
to mgnufacture. |

“Monomer” as used herein means monomer or
oligomer. |

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

stiff and nonpliable.

13



WD 95/ 34270 PCT/ US95/ 07544 Griffin
et al in_European Patent Application 0 470 446 Al discl oses H gh gl ass
transiti -‘éﬁﬁ'@r ature mixed polyinides and conposites forpgadidokigssglrom
Masuhara in U K Patent Application 2 000 789 A discloses curable
conposition. Hrasawa in U K Patent Application 2 156 347 a discl oses

(Met h) acryl i ®@Sich8edstheredondined MA0 UDged emggngoq?_& Mg,;dr at es.. Akahane
glass po

et al U K Patent Application 2 202 221 di scl oses wdérs for

dent al glmgiund)ﬁerf@errqrib@.t_ oPymBat ,588. 756 relates to aromatic
based conpositions enployed in dgnt @tr%ggiglé C nfateriadent al

adhesi ve sgygt qur@ggig%%ﬂgi ?H%I%Iaq:l%r e'é reat ment steps including application

of an acid. Engel br tInQ. grhrosgh biteadLypt eaches
dental c gernl_?( gi.xtur,es cont ai ni ng pol yneri zabl e unsaturated . nononers
and/ or Ot gOAEr§1OR. and/ or * prepol ymer s contai:ning acid groups
and/or their

Thrqughout - this disclosure unless otherwise

. Specified amounts of each component of a ééfnposition

are in percent by weight.

14



Jeactive

aci d-derivative groups. Mtra in US  Patent 5,130,347
discl oses a photocurable iononmer cenent having a photocur o
nononer . WD 9S4 95/ 34270 ' Perfisrlus
PCT/ US95/ 07544 Mtra in U. S. Patent 5,154,762 discloses water sol uble
reduci ng and oxi di zi ng agents I s_an object of the invention is to
~ provi de new dent al conpogBFEEnEE%§%¥?FIQ& K | THEh F NYENEACH| s, cavity liners
and bases, cenents, and pit and fissure sealants other restorative

mat eri al s whi ciTher e iasteesiva tprovidds stdardialr e compoisitdonsbj endd of t he

invention to provide a conposi tion which reduces the steps and tine

required

the invention to prOV|de an adhesi ve conposi t'1 on for

tooth str

ot ofel kiRE CERéd! CEdP aHdYitld U(Eburﬁarat {:ﬁoéﬁ obj ect of

uctur and/ or ne a ol yneric conpo
tructures, me%aei ancf) eramicC. rrp ‘?‘he . compos:Ltlons

include shelf stable complexes of ethylenically
unsatufated monomers 'reactea with cations. These
compositions have superior adhesion to tooth without
separately acid etching dentin or enamel. Compositions
of the invention are useful as dental luting 'ce'ments,
liners, bases and restoratives pit and fissue sealants.
In accordance with a method of polymerization .of the

invention is provided the sequence of steps of forming a

substantially pliable polymerizable composition,
including polymerizable complex coated particles within

the écbpe of the general formula:

IEU)r - (M)q} P
Jt

wherein each U independently is a moiety having at

least one acid group and at least one polymerizable

‘group, each M is a multivalent cation of particle P

which forms a complex by bonding to one or more U, and
t, r and g each independeritly is a number having an

average value of 1 or more, storing the polymerizable

15
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It is an object of the invention to provide dental

conpositions that are

relatively inexpensive and easy to manufacture. "Mnoner" as used herein
means MA8KE27Gr ol i goner. "Set" as used herein neans a '

conposition undergoes a change so that

nonpliable. 13 95/ 34270

PCT/ USOSPBPSa4t s,

uni t

| nt er napobymerinable heouppsition .t aChgdthhi vi si on. Throughout
di scl osure unl ess ot herw se specified amounts of each conponent of a
conposition are in percent by melght 14 .

DETAILED DESCRIPTION OF THE iNVENTION '

Compositions of the invention provide superior

adhesion to dentin, enamel and bone. In a preferred
embodiment compositions of this invention are used

without a separate step of etching the surfaces to be

joined. The adhesive dental materials provided by this.

_ invention include restorative materials especially

cavity bases and liners, luting cements, pit and

fissure sealants and £illing materials.

In accordance with the invention is provided a -

method of polymerizing polymerizable composition which

includes a polymerizable salt (complex) within the
scope of the general. formula (Al) and/or a novel

material within the scope of general formula (A1’):

(U, - (Mg ' - (A1)

IEU), - (M) q;l' P (A1’)

. 16
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. WD 95/ 34270 ' PCT/ US95107544 BRI EF
DESCRI PTI G 9k7348h8= | NVENTI ON The invention provi des dent al MIMsesHsdbns and
met hods of-zusi'ng them for adhering to hard tooth structures, netal and
<cer am c. The conpositions include shelf stable conpl exes of
et hyl eni cavhgrepaatesdt ed nDideperrdentact éd Wat loieali OR&ving at These
conposi tions have superior adhesion to tooth w thout separately acid

et chi ng deRLips.or a i 1L @nS, +0f o | nt.i ; ful as
dental | ut ?%ég-ger?eﬁls,geﬁ?n rs, baé%g ?rtl—'d %ée%%%'r%;ﬁ?veés %t ]gln% |ésjsue

seal ants. | n accordance wi.th a nE&hOdﬁif gogégerizatip of. the invention is
provi ded t BEYBqu M dfe BRLIFIVALRRC a SRS ariRifh y Eorms) i3yp) ¢

pol ymeri zabl e conposi tion, including polynerizable conpl ex coated
particl es wpmhiext by dooddngf toheongereyr ahoferdul &: ijser= |pastteiradien each U

i ndependently is a noiety having at |east one acid’group and at | east one
pol ymeri zapl e ygr ogRd @ACdRdW | $ndividbaVE) ek GAth@RbeF Bakihgl &l

average value of 1 or more. In general formula Al’ M
is a cation of particle P. _fr_eferably the particle is
Qlass or ionomeric polymer. This composition is stable
and adapted t.o not set in order of. increasing
preference fof at ieast 12 hqurs, 24 hours, or 36
hours, moré preferably for ai: least 7 days and most
préfe_fably for at ieasﬁ_ 1 year in t;he absence of
polymerization initiation. t is preferably greater
than 100, more.lpreferably greater than 1,000 and most
'preferably greater than 10,000. A composition in
accordance with a preférred emSodimeh_t of the invention
includes a éubstantié.l portion of polymerizable salt
.wi;thin the scope of general fqrmula Al 'in equilibrium
v_v‘ith polymerizable acid(s) and a source of multivalent
cation(s) .. -T_he polymexjizabie salt in such co_mpositions
is preferably ﬁormed by mixing,a polymerizable acid and
a source bf multivalent cations in the presence of.

water. The polymerizable salt 1is preferably in

17



k4

which forns a conplex by bonding to one or nore U, and t, r and q each
i ndependently is a nunber having an average value of 1 or_npre, storing the
pol yrer WaSHH270 - \\D 95/ 34270 - | PCI/USS5/07844 =
PCT/ US95/ 07544 conposition for at |least 12 hours, and applying the
pol ynmeri zabl e, conposition to a footh, DETAILED: DESCRI PTI ON OF THE | NVENTI ON
Conposi t PEwEL LigF1unp Helth ke PRlymeriRakie acisbrangd adurem @b dentin
enanel and bone. In a preferred enbodi ment conpositions of this invention
are usedmultivalent septiiahe Soep exteriddd nperihedsuofacdme,0 fier j 0i ned. The
adhesi ve dental materials provided by this invention include restorative
mat o1 | 2l SxSRPEE] Hhbife CHAR Yol SpEaRNd ThéSE Seotpidl 1y ol and
fissure sealants and filling nmaterials. In accordance wth the invention is
provided_a nethod of pplynerjzin ol ynerizabl.e conposition which includes
a pol ynefTFbte E%We‘?’c%nfﬁ%%n g?‘ﬁl ?*ﬁ%ngc%%sgﬁn?@ REFTHT formula
(Al') and/or a novel ' _ _ S : _

~as is required by prior art compositions. Thus, these

>

compositions - advantageously form, _for examéle, one
component compositions which do not Subétantially set,
and are thus, shelf s;able preferably for more fhan one
year. It is preferred that the salt forms on the outer
surface, perferably as a coating on gléss particles
used as multivalent cation séurqes, and that upon
polymerization of the polynierizable group a stronger
material is formed than in'prior art.compositions which
are multicomponent systems and/or_do.not include water
as a component of the composition applied to a tooth.
Preferably these éompositions are mixed with'Monomers
and/or érepolYmers and applied to a tooth. These
compositions preferably'_inciude at least one .Monomer
and/or polymers which does not include an acid méiety.
More specifically .the :inventionl provides a
polymerizable composition " which includes a

'poiymerizable éalt (complex) within the'scopé of the

18



smaterial within the scope of general fornula (A '"): [err]

(Al) [err] S (Al") 16 WD 95/ 34270 wherein
each U inov@esidm [y is a noiety having at | east one aci d JIGIFEABIAt

- Feast one polynerizable group, each Mis a multivalent cation which fornms a
compl ex by bonding to one or nore U, Pis a particle, r, t, and q each

i ndi vi dual BgneEad farBetanill hgand/ el ek ageveh  matexial oritdoire.the n general
formula AI' Mis a cation of particle P. Preferably the particle is glass
or iononer seopel gfethe Jenerabnfmsinilizon(B13 )st abl e and adapted to not
set in order of increasing preference for at least 12 hours, 24
hours, or 36 hours, nore preferably for at |east 7 days and nost
preferably for at least 1 year in the absence of polynerization

initiation. t.LS;pr rfab greater than 100, nore preferably greater
than 1,000 andl:%ie(ﬁjgﬁgl‘rgﬁsq ;T (B1) -

[EY)O(B)S(A)E]»r (M)'%‘ P (B1')
t. '

whereih each Y in_dependently._ is a poiymerizable group,

each A independently is an_— acid group, each B

independentiy is a organic moiety, ___each M independently
:|.s é. multivalent cation which forms a complex by
bonding to one or more. A; P is a particle and o, p, q,

r, s, and t each indepef_xder;tly is a oumber having . an

averagé valﬁe of at least 1. _Prefex"ably M is a

multivalent ioh of a glass particle. This composition

~is adapted to not set for at least 24 hours in the

absence of polym-erizat.iﬂon initiotion.

Preferably polytﬁerizable' compositions ~in
accordance - wi_th the invention include at least 1
percent by we_ight:, more p.referably' at _ileast 3 precent
by Qeight o.f polymerizabie complexes within the scope

of general formula (Al).
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’

preferably greater than 10, 000. A conposition in accordance with a
preferr Lment of the invention includes a substantj Lgn of

pol ymrf@&?g}g@& t within the scope of general formula Al tlé.*r.lmg%??}”ﬁibri um

w th polymerizable acid(s) and a source of nultivalent cation(s). The

pol yneri zabl e | ' .c‘?:%%i ferably f d m xing a-
pol yneri zabl e %ﬁ&éﬁﬁgﬁgﬁﬁgﬁ térru Tl \?;fl g]et%e?’(;ag.t if)érlfg‘%l&%gt' hg‘)ipr esence of
wat er . . The_ pol rizable salt js r ef er abl in 17 - WD 95134270
equi | i br R4 wPth tﬂ’%er%%i hapee '5‘24%9% a“@é&héﬁ o¥esfil thaal ent cations
for extended periods of tine, for exanple, nore than one year. These :
conposi t il®s 0P ;nomorequpref¢mabdy i dessal thgnt 2@y ed¥entarslibsbsert i al setting
as is required by prior art conpositions. Thus, these conpositions

advant ageeseraiaM1 oy RN, 90 003QC @EpRRERYN 150 PRREELFRAS skl ch do not
substantially set, and are thus, shelf stable préeferably tor nore than one

such complexes having molecular weights less than
1,000. _
Particulate 'maﬁerial within the scope of general
formulas Al’ a;nd B1’ preferalbly. have a particle' size
having a longest dimension in order of in.c:relasing' !
preference of: less than 1 mm, less than 0.1 mm, less
than 0.01 mm or less than 0.001 mm.
Dental cbmpositio_ns of the invention include
polymerizable unsaturated = substituted aromatic

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

(I)

20



year. It is preferred that the salt forns on the outer surface, perferably
as a coating on % ass particles used as mul tival ent cation B 7$ﬁnd

t hat upon ﬁ@”§ zation of the polynerizable group a strongér natertal is
formed than in prior art conpositions which are nulti conponent systens

and/ or do not include. water as a %ﬂgg)ne t he co osition applied to a
t oot h. Preferably these onﬁb ;tl d mnth nonmer s and/ or
prepolyners I| t on a,} oat h. C npo tron pr ef er ably

i nclude at M 5@1 % ﬁgndngs andﬂ%r pbly rs mﬁ?ch es not include an acid

noi ety. More specrfrcally t he |nventu9n grovrd a polynerizabl e
conposition whi ch |ncludes a pol yierilZabl e s¥Mt (conplex) within
t he scope of the 18 W)95/ 34270 general formula (Bl) and/ or a novel
material wthin the scope of the general fornula (B1'): [err]

'Rs
o ©,T (cI:)b -0 fl-p
Re

wherein R; and'_R2 each indepeﬁdently is a polymerizable
unsaturated ﬁoieﬁy having from 2 to 13 carbon atoms;

R,, R,, Rs, and .Rs ‘each independehtly is Thydrogen,
halogen, alkyl having from 1 to 10 carbon atoms or
_halogenaﬁed alkyl of.from 1.to 10 carbon atems,

Ry, Rg“: Rii, .Rn, R,; and Ru. each independently is
hydrogeﬁr 'alkfl haviné frcﬁ1 1 to: 10 carbon atoms. or
aryl having from 6.t6 10 carbon atoms;.

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

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

21



[err] wherein each Y independently is a polynerizable group, each A

i ndependently is an acid group, each B independently is a organic noiety,
each M waokspsézrdent |y is a nultivalent cation which PETWSISES44conpl ex
by bonding to one or nore A; Pis a particle and o, p, q, r, s, and t each ~
i ndependently is a nunber having an average value of at |east 1. '
Preferadby andip irdepgndenfilantis @n dnteggrafeopant itol .0, Thiis conposition
is adapted to not set for at |east 24 hours in the absence of o

pol ymer i gxedm A i3, alrddn. Preferably "pol yneri zable - conpositions

in accordance with the invention include at |east 1 percent by weight, nore

preferably aty,l eas I y gm . pol [izabl.e. conplexes within
t he scope of %eﬁ%r gl’%‘%rtrqr'uqﬁgtefﬁl )é-/ﬁ %5¥%§é . E%ﬁ{}l @g‘]é'él within the
scope of general formlas, A
moieties to form a complex.
In accordance with a preferred embodiment of the

invention R; and R, each indep.endently is:

wherein }i-, a éivalent. c_arioon éontaining radical and
R; is hydrogen, halogen .or .' alkyl having _from 1 to
10 carbon a_tomé. | |
In a .preferred ) 'embo.diment of the inve_ntion
éompoqhds are provided within the scope of ge_neral.
formula. I wherein n and m ‘are .zérc,' X is oxygen,

.sulf.c.>nyl or ditrifluoromethyl; and R, and R, are

o C
o N |l-5
- C-0-CH,-CH,-0-C-C=CH
¢ Hy- CH, 2
0
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and Bl, preferably have nol ecul ar weights | ess than 100, 000; nore
preferably | ess than 20,000 and nost preferably | ess than SpEfissdfidsas
especi al | yWg? B ed are such conpl exes having -:nol ecul ar We?ght s |less
than 1,000. Particul-ate material within the scope of general fornulas A"

and B1' preferabl ave a particle.size having a | ongest_dinension in order
of incr eass'{ﬁ’gftpr%’-%(e'elf’1 y(')feomq;%\éréde hgﬁtgl tgeessscqq:%ano .?eﬂﬁfaﬁess t han
0.01 mmor less than 0.001 nm Dental conpositions of the invention

i ncl ude polfiprauilaabl & axmsathpgeed Whexgigst i Kut ellS  QXVE®® i cOFonpl exes
Wi thin the scope of the general fornmula (1): (1) R2 20 WO 95/ 34270 [err]
[err] ditrifluoromethyl, and M is barium, calcium, strontium

or alumilni_um.._ Preferred. polymerizable unsaturated
groups R; and R, independently are alkenyl, alkenoxy,
cycloalkenyl, arylalkenyl, .and alkena:;'yl moieties; with
vinyl, end styry_l moieties being more preferred, and
acryl and methacryl moieties that constitute the
polymerizable groups of many monomers in dental:
materials being especially preferred.

Exemplary R, and R,(meth)acrylate moieties include:

)
B}
- 0 - CHy - CHy, - O - C - CH = CH ;
O . CH
1 I'-5
- 0 - CHy - CH, - O - C - C = CH,;
CH, o0 o
1 [N i
- ¢ O - CH - CH 9,0 - C - C = CHy,;
o c
. I I|.5
- (0 - CHy - CH,9 - 0 - C - C = CH,;
o ¢
it l'-5
- © - CF,- CFy ) - O - C - C = CHy;
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®

wherein [err] and [err] each independently is a polynerizabl e unsaturated
moi ety having from2 to 13 carbon atons, [err] and [err] each

i ndependygsiaw270i s hydr ogen, hal ogen, al kyl having from 1PCW/UB5/a78440n at ons
or hal ogenated alkyl of from1l to 10 carbon atons, [err] and Rl4 each "
i ndependently is hydrogen, alkyl having from1l to 10 carbon atons or aryl
havi ng fwhewe tro pFefarbbidyat bes,ar]l ixfckgér eficlom ndependernd)y is a noiety

i ncluding an acid group, a, mand n each independently is 0 or 1, 21 b,
and p i noepRsyEIyY Y RS anahdteagr fue@ 1 tQeeid) oY 3, and Mis
a multivalent cati oanv\,hi ch reagfzs with acid noiae%rl%s l{lod}&oe:tr#y;i complex. In
accordance wiih a-preferred enbodi nent of the invention [err] and [err]

each i nggoglee#&e%"l y i's: [err] .

Preferred compounds " for use in con,iplexes 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. In a !

preferred embodiment at least two aromatic rings of a
compound for use in. complexes with the scope of fbrmul_a
I are joined through at '_]..east one s_aturated carbon,
oxygen or sulfonyl. |

Aromatic dianhydrides preferred for .making
compounds for use in lcompl'exes “within the scope of
general formula I react to form par"cial esters énd
carbcxylic ‘acid functionality. Dianhydrides having at
least two aromatic rings- ;'ire .more "preferred. _Most.
preferably at least two aromatic rings are joined as
shown in formula I to provide disruption of conjugation
between the a_romatic rings_. It has been found th.at
such compositions are l_e.s's sensitive to light inducéd

changes in color, and are therefore preferred when -
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wherein R7 a divalent carbon containing radical and [err] is hydrogen,

hal ogen or al kyl having from1 to 10 carbon atons. In a preferred

enbodi menygogl427dhe invention conpounds are provided wi tRFHUSNE?¥dope of
general formulta | wherein n and mare zero, X is oxygen, sulfonyl or.
ditrifluoromethyl; and [err] and [err] are [err] 22  Most preferably
conpounds egttHetid hecormajpe et igemser alrd orofill aimpértamee. t hosMostherein X
is oxygen or ditrifluoronethyl; and Mis barium calcium strontium or

al uni ni UMy-e ROLSIRY TShmQsy e 280 e oxyiasphenal e aha?aeiaer ghaand [err]
|ndependeﬁ?iy'are al kenyl , al kenoxy, cycl oal kenyl, aryl al kenyl, and

and acryl SR wad s SRR BT B RO R0l Vror 2abl ¢ or oups

of many nononers in dental materials being especially preferred. '
dianhydride. ' :

Dental compositions in accordance with a'preferred
embodiment of the invention include an acid functional
polymerizable organic ester for use in complexes within
the scope of general_fermula I, water, cation elutable
glass filler, and a polymerizatioﬁ catalyst system.'

- Optionally, additional polymerizable monomers and/or
prepolymers are included.

A compositien in accordance with a preferred
embodiment of the invention provides polymerizeble
monomer having at 'lea_st one acid redical or reactive
acid derivative, and a source of cations reactive with
the acid moiety, a_.nd _a-'catalyst system. P're'f'erab-ly the
catalirst system promotes free radical poiyinerization
and preferably includes visibie light curing and/or a
redox catalyst system. '. Preferably the composition

" includes liquid diluents, aﬁd/or filler adjuvants.
Diluent preferably co-polyﬁerizes - with ‘the
polymerizable monomer within the scope of general

formula Al. Alternatively the diluent is nonreactive
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Exenplary [err] and [err](neth)acrylate noieties include: 0 [err] . WO

95/ 34270 where n preferably is an integer from 1 to 10. Preferably
[err] ¥A95347%] are (meth)acryl oyl oxyethyl noieties PE/EPINTUY
conpounds for use in conplexes within the scope of fornula | include

di esters which are the adducts of & .

2, 2- bi s( ¥ikhgiths REYPHEAADL S RARPURF opr HFERE ©F lawmnbeildeg

4, 4" - oxydi pht hal i ¢ anhydri de, 4,4 -sul fonyl di phthalic anhydri de,
r espect i aékephwilsh s2chy dsorpshbpbloreebhanglat end ibopaoparbkraed enbodi nent -
at least two aromatic rings of a conmpound for use in conplexes with the

scope of nharaHkbRivear @ijlRiened.t hr oughk @ibleasho sPiaAd edogarbon, oxygen
or sulfonyl. Aromatic di anhydrides preferre for - maki ng conpounds

for use %gngggggex%%émtéﬁéhiggéécogﬁ 0%.8. Pat§nt 4,657,941
particularly aﬁ column 3 line 5 thrdugh éolumn 5 line
59 and U.S. 4,514,342 both of which are incorporated
herein by reference. The filler adjuvants are
preferably reactive, fgr example by providing a soﬁrcé
of cations which are reactive with the acid moiety of
the polymerizable monomer. Nonreactive filler is
prefe:ably included in compositions in accordance with
a preferred embodiment of ;he invention. Optiénally,
fillers | hgve  surface . treatments to | improve
compatibility | and strength of  the resulting
ccmpoéition. :Exemplary fillers include silica,
silicates, alumina, . aluminates, -calcium - fluoride,
strontium fluoride, élasses including fluorine glasses,
ceramics and minerals .including mica, =zeolites,

' ceramics, calcium. apatites aﬁd ‘organic polymers and
those disclosed in U.S. Patents 4,?58,612. and
5,079,277.

A preferred compositiqn of the invention inclﬁdes

‘a monomer compound for use in complexes within the
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general fornmula | react to formpartial esters and carboxylic acid.

functionality. Di anhydri des having at | east two aronatic rings are nore
preferred wo9sBRY0 preferably at | east two aromatic rings ark eH44s
Shown in formula | to provide disruption of conjugation between the
aromatic rings. It has been found that such conpositions are |ess

sensitive seopeghefi r@rrexRkhdinyauila nAdel ot iedstr eone hefiiahe preferred
when 24 WO 9534270 esthetic considerations are of inportance.

Most pref edieiidedanmmastiare 4£idleexywhpbh haddsriddty dai dgodpde of

2, 2-bi s(3, 4-di car boxyphenyl ) hexaf | uor opr opane di anhydri de. Dental-

PO L Bacidn8CCaaRRI0E With AHY Sfeldedof Al Ty 0ciie Tdpent | On

i ncl ude an aci unct1 onal polynerizabl'e organic éester Tor "use 1 h conpl exes
Wi thin the scope of general foryula |, water, cation elutable glass filler,
% at%ﬁnggqurg:{}gm curing agent: A dental

and a pol yhBfi ZBPRIR

composition in accordance with the invention inc]:.udes' a
compo_und_.for' use- in compiexes of general formula A1, -
cétalysts, initiators, accelerators, filler, adjuvants,
source of cations, water, and diluent. Dental cements
and dehtal filling compositions in accordance with a -
preferred embodiment of the invention include monomer
compounds for use in. complexes within the scope of
general formula Al. |

The ;:ompounds for. use in complexes within _the_
scope 'o.f general formula Al have at least two different
functional substituent groups, one of which ié capable
of addition polymerigation and the other of which is
carboxﬁrl or other acid or reactive acid derivative.
Most preferably these compounds include at least one
polymerizable group éﬁd one - of more acid or reactive
acid derivative groups. Preferred compounds within the
scope of general formula Al are derivéd ac.id formed
from the reaction. qf '4,4'-oxy_<_iiphthaiic anhydride or

2,2-bis(3,4-dicarboxylphenyl) hexafluorpropane
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Optional Iy, additional
‘included. A conposition

t he i nvewd 9s78a270r ovi des pol yneri zabl e nononer
reactive acid derivative,
and a-catal yst system

radi cal or
the acid noiety,-

in accordance wth

havi ng at-
and a source of cations reactive with
Preferably the catal yst

pol ynmeri zabl e nononers and/ or prepolynmers are
a preferred enbodi nent of

| @ETFUSHHHES&L| d

system

pr onot esdiinkyedridesal witlynera zat pohymend malefer aliydtoxgtiudesowi si bl e |i ght

curing and/ or a.redox catalyst system Preferably the conposition
i ncl udespoiym}aldléil Eéﬂﬁéﬁnd dod/ firrf | bs@Er8dhHYAY S 11! L{éﬁ preferably
co- polynerlzes t he polynerizable nononer n the scope

of genel %énula N.
with the Y Yi zabl e nononer.
met hanol , et hanol, and |sopropanol

Alternatively the dil uent
- Water or
are nonreactive

S nonreactlve 25

| ow boiling al cohols such as

di l uent s. Sui t abl e

pol yrer i zabl eTh%o newnofts - eerepoundg| dfed they dgventipm emre 4, 657, 941

capable

of Dbeing polymerized

to form

linear or -

crosslinked polymers which contain multiple acid groups

or reactive acid derivative groups that have been

reacted with cations,

greater to form poly-salts.

Because the salt compounds

especially those of valence 2 or

are monomers of relatively low molecular weight with a

high 'density

of

- both ethylenic

unsaturation

carboxylic reactive acid derivative sites,

curing with superior integrity occurs.

and

excellent

The carboxyl

group itself is most preferred over other acid moieties

or the reactive acid derivative

ions.

‘Especially

appropriate acid moieties are all those that react with

-oxidic,

fillers.

mineral,

ceramic, vitreous,

or

'metallic

Examples of these other acid moieties include:

0 o}

o : "

- P - OH - P - OR
) 1

OH o

0 . _ o

K] 1]

- OH, and - 0 - P -
[ . §

’ OH - .

OR,
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particularly at colum 3 line 5 through colum 5 |ine 59 and U. S.
4,5.14,342 both of which are incorporated herein by reference. = The
filler adjuvants  are preferably reactive, for exanple by prpykstisusd
source of MRAPHEOwhi ch are reactive with the acid noiety o? the

pol yneri zabl e nonomer. Nonreactive filler is preferably included in
conpositions in -accordance with a preferred enbodi nent of the invention.
Optionally, fillers have  surface treatments to | nprove

conpatibility . and strength of - the resul ting conposition.
Exermpl ary bkl | gh&sphdghsdeacidd | Gherdin C& e$s  aBkyD] Naaryl Al WH nat es,
calcium fluoride, strontiumfluoride, glasses including fluorine glasses,
ceramcs  ghdylminerals including mca, zeolites, ceramcs, calcium
apatites and organic polynmers and those disclosed in US. Pat ent s
4,758,612 thedmbi8T2e877SOM prad.Hyrod cOnPOF toHrewlfutie iawiald ;i on
I ncl udes a nononer conpound for use in conplexes within the 26

the moieties: '

. B - OH -8B - OR, - O - B - OH and - O - B - OR,
t i [ t
OH OH OH . OH

of boron acids wherein R is alkyl, aryl, or vinyl and
cationic acid moieties inclﬁding -NR,H+ wherein R is H
or lalkyl. ' The reactive acid derivatives can be
substituted with acid halides, with acid anhydrides,
and with acid amides,_nitriles, and esters that readily
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 derivétives ére carboxylate, phosphate,
phosphonate, sulfonate, or borate acid mpieties and/or
of their reactive derivativés._

The compositions_of the ihvention,are formulated
as one, two 6r_more_comp6nents,.visiblé light curable,
self cﬁre, and/or dual-qure_product or combinations of

these. The composition of a _preferred embodiment_ of
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WO 95/ 34270 scope of general fornula Al, at |least one finely divided )
reactive filler which provides a source of cations reactive with the acids
or aci dwasi3¢2®i ve of the nonomer conpound and curi nBCT/HEEATS44 A

dental conposition in accordance with the invention includes a conpound for”
use in conplexes of general fornmula A, catalysts, initiators, '
accel er atbes,inventdon gdngiudes, rolyweridakls i oasbownléc, aeid di | uent .
Dental cenents and dental filling conpositions in accordance with a

pr ef er r edlonomedj mant optibhali Hialkiromnidyehuds INRErs coMPRsds for use
in conpl exes wthin the scope of general fornmula Al. The conpounds for use

i n conpl S 34 £ hi he sco | or;gilq ave at |least two

di fferen%ﬁ%%%%léohgﬁggut?s&fi?ﬁ’é% g?g%é; ofgn 0 \ﬁ;ﬁlectl i%a%la%résdl e of

addi tion glyrrer_i zati.on and the other of which is carboxyl or other acid or
reactive®B@i d @eri PRLYTETIRBELORr ef SREBLYSEnes8YEE/Founds | ”M%ide at | east

one pol yneri zabl e group and one or nore acid or reactive acid derivative.
gr oups. ﬁbb\]mriazlabbarp@am'&bsxwlﬁ.bi ra¢itk monomers- are chosen to

provide a suitable balance of hydrophébic and
hydfophilic moieties in order to provide a balanced éet_
of properties including édhesion'to.metal, ceramics and
tooth. | They are essentially #on—Volatile and not.
critically affected by'Moisture during hérdening-within
;he oral cavity;_aﬁd provide the ability to be used on -
hydrated surfaces such as fdund on and in teeth; and in
a preferred embodiment do not requife: the separate
steps of acid'gtching and adhesive priming to achiévé
adhesion to tooth structﬁre. |

For -a better uﬁderstanding of_the.characteristics
and method - of producing the preferred .ethylehically
unsaturated carboxylic compounds for use in complexes
of fhe present inventidn.the préparation of a prefefred
lseries of the compounds is carried aut as follows:

In the presence of acid,'base or other suitable
catalyst one ' mole 4,4'4cxydiphthalic. anhYdride is

reacted with two moles of a compound of the general
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scope of general fornmula Al are derived acrd formed fromthe reactron of

4, 4" - oxydi pht hal i ¢ anhydri de or

2, 2- bi s(3,W0@5R34®oxy| phenyl ) hexaf | uor pr opane 27 di anhymmﬁﬂt h  a
polynerrzable hydr oxyl or pol yhydric conpound to formesters and

partial esters thereof The new _salt conpounds of the invention are
capabl e of foWEilRy RpoHynwherein Ro isf ¢ Rolymaxdizabde omsadiunsited pol yner s
which contain nmultiple acid groups or reactive acid derivative groups that
have been rreeietyl Mvingairons? tespexicddbor aomsaf Hiengdedder agreater to
form poly-salts. Because the salt conmpounds are nononers of relatively |ow

mol ecul ar vei ghiq Wok-Baacl! Ghhicddensst be1dkveROlth Sémg eﬂiﬁtui@s%tfur ation

and carboxylic reactlve acid derivative sites, excellent curing

superior infegrity occurs The carb ro elf is nost preferred
over ot her %ﬁéhﬁ?mW%R?Qﬁ?%noftﬁ%?erF&a%é¥W89 Ea &ﬁerrvatrve ions.
Especially
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appropriate acid noieties are all those that react wth oxidic, m neral , -
ceram c, vi treous, or netallic fillers. Exanples of these other acid
noi et i eV MINAYe: 0 0 : 0 0 PCauysps/os44 WO
95/ 34270 of phosphorus acids wherein R is alkyl, aryl, or vinyl; the"
- nmoieties [err] or [err] of sulfuric acids; the noieties: [err] of boron
acids wherein Ris alkyl, aryl, or vinyl and -cationic acid noieties
i ncludi ng - NR2H+ wherein Ris H or alkyl. The reactive acid
derivatives ocan be substituted wd:h acid halides, with acid anhydrides,

and with acil amides, nitriles, and'esters that readily hydrolyze into
. O c
acid, speh™ 3 —Ente 1 OR-g _ _ -
RO_\C c_/OR
0 N ;oo
(] o]

) ' o '
1" BT
c 0 c '
Ro/@/ \@: ~. OR
HO OH
~ o | «
: 1 . "
o : : o . :

~Hand

) ' o
' a] 1
_ c ) c
WORO B
RO

e c— M "y

i . i

o . o

As discussed in detail in Example 3 by reacting
one mole of oxydiphthalic anhydride with two moles of
methacryloyloxyethyl alcohol also known as 2-
hydroxyethyl methacrylate (HEMA) in the presence of

catalyst a liquid product is formed which is believed

to be a mixture of isomer monomers V-VII:

32
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exchange, neutralization, salt formation, or chelation reactions with the
reactive filler. Preferred acid or reactive acid derivati are

carboxyl aﬁ‘@’%‘fé@phate phosphonate, sul fonate, or borate &gﬁﬂjsﬁw-’éﬁ es
and/ or- of their reactive derivatives. The conpositions of the invention are
fornul ated as one, two or nore conponents, visible light curable, self

cure, and/or dual cure product or conbi nations of these. The conposition
of a preferred enbodi nent of 29 the invention includes polynerizable

car boxylic acid nmononer, an optional .-filler and/or diluent, a cationic

el ut abl e gl ass or other source of polyval ent cations, -and a

pol yneri zati on cat al yst system The pol ymeri zabl e car boxyldc
acid nononers are chosen to prOV|de a suitable balance of

hydr ophobi c and hydrophilic ndieties in order to pr&V|de a bal anced set
of propertiesyt BCl udi ng ad A d\L%ch.' They are

essentlally noh-vol atil e

llI
GCCOCH2 CHZ-O

~"0-CH _- .----
2(:HZ()C(:CH2

o

co
5'1 0 A & |°| °|“3
H,C=C-C-0-CH .CH , -0 __C o c ~o.o
| . -CH ,-CH ,-0-C-C=CH
N HO
. ~ - OH
: f : A '
o o -
and
vy
o CH

3| l3

SIC o / . -
, Y . O CH -Cle-O-C-C=CH2
H20=C -C-0-CH 2 -(:H2 \ /OH

Monomer compounds for use in complexes within the
scope of general formula .I are reactive esters which

- have at least one unreacted carboxylic acid group and
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critically affected by noisture during hardening within the oral cavity;

and provide the ability to be used on hydrated surfaces %%gnd on
and in tW@PH3422hg in a preferred enbodi nent do not requi ?lg&p“%i’g rate. .

steps of acid etching and adhesive primng to achieve adhesion to tooth
structure. Far .a better understandi ng of the characteristics and nmet hod of

produci n§ CHPRE Y BRHIT eRREAPI PEuReAGHARt®Y caThexyonemeynpounds f or

use in conplexes of the present invention the preparation of a preferred.
seri es ofcampeung®po@ids the cdnveatiom glfyvieriwe: by t addptesance of acid,.
base or other suitable catalyst one nole 4,4'-oxydi phthalic anhydride is

react ed Wolkmiewd 280lies Oth2oGEHPOLRE it HyRerfiRnarid) %glsat.uwtg / 34270
e

formula R-OH, wherein Ris a polynerizabl'e unsaturat noi ety having from 2

Lo I8 cadhRyt oMeug Wgthids, Lheuh Bl sl L SaBgbeved T0 Pe @
accelerators, are used to expedite and control the
polymeiization. A peroxide initiator, for example
benzoyl peroxide, and/oxr heaﬁ aie useful to initiate
the reaction. Accelerators enhance the reaction so
that it wmay proceed mpre expeditiously at  r§om
temperature. Accelerators preferably inciude ;educing
aggnts such as amines or sulfinatgé; and/or transition
metal ions. Ultraviolet and/or visible light are used
with initiators and accelerators: to initiate and
acéelerate the polymerization...Visible light curing is
preferred for curing thelcompositions of the invention
in the mouth. For preformed objects, or those cﬁred

" outside the body, bthér forms of radiation, for example
-ultravidlet'ionizing radiation.is'préferfed fdr curing
the compositions of the invention. |

In accordance with the method of the invention in-
vivo polymérizai;ion does not harm the patient within
whom bolymerizatiéﬁ of monomer compound (or.complexes)

within the scope of general formula I occurs.
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.isoner nononers of general fornulas I[I-1V: 31 WD 95/ 34270 o

0O HO [err] As di icussed in detail in Exanple 3 by reacting pgAgusssn |
oxydi pht haVPasi3d} '{/dri de with two nol es of methacryl oyl oxyet hyl al cohol
al so known 2- hydroxyet hyl nethacrylate (HEMA) in the presence of

as
o AU oL a1 7 FR g1 LR e gt ure o
polymerize by the application of heat or light. To
initiate by irradiation with ultravioiet or visible
light the initiator, for example a b§nszhenone -Or
' cémphdrquinone is -pfeferably used to fom a single,
premixed, réady to use shelf-stable composition. .A
prefefred émbodiment of the composition of the
invention includes a polymerization catalyst system
having a light .sensitive bolymerization initiator such
as camphorquinone, a reducing agent such as ethyl 4-
dimethylaminobenzoate (EDAB) and an oxidizing agent
such as benzoyl peroxide. Redox polymerization systems
knowﬁ to the art éfe preferab'ly'used- to polymerize the
compositibn of the i_nvention. ' Preferred redox
polymerization catalyst systems for use in accordance
v}ith the invention include, é. peroxide and tributyl
boron and/or a t'ransition ._metal salt. Redox
polymerization catalysts and catalyst sYstems are those
disclosed in U.S. Patent 4,657,941 at column 7 line 10
through column 8 1line 27 incorporated herein by
reference. ‘A particular polymerizat.ion method and
systém may be_ pfeferred depending on the application

requirements of the material. Whatever the mode of
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Monomer conpounds f or use in conplexes within the scope of general. f
ormula | are reactive esters which have at |east one unreacted

car boxyWpOs3430d group and 33 . WD 95/ 34270 conditi onsTGHESHEY¥E ratio of,
reactants. The nmononer conpounds of the invention polynerize by addition

pol ymeri zation through the efhylenically unsaturated group. ., ~ Curing _
agents, Pc@dﬂ%ﬁ%ﬂsﬂa§,19 ni Pfat Eﬁ%‘: Qﬁd/%‘?%/%ccé’l%er'é@%rﬁmwlﬁs’-@@ to expedite
and control the polynerization. A peroxide initiator, for exanple
benzoyl jpwmlmdidyg andher hesallire usehomexrs, i nitdmte timpordanti on.

. Accel erators enhance the reaction so that it may proceed nore

exped { iiilace ¥ stieorms MRS polyfers WEEEH CESHAT SoPLARE! Rbley | ncl ude
1 ONn

reduci ng agents such as amines or sulfinates, and/or transit nmetal ions.
! e "BERR" e e B B g PR SR o
T ght CuTrl';engs;it_: compounds and compositions_' of the inver.ltion‘

exhibit adhesion between the | rgsin and a catiozfi

containing surface, metal, | metal oxide, tooth, énd/or

bbne égainst which they are polymerized.

Fillers which are éspecially .-suitled for use in !

compositions of ‘the in{rention are inorganic glasses

such as are 'usgd in glass -ionomer éemen’ts. ' EXempiary

of such fillers are -those of U.S.. Patent 4,814,362

which is incorporated herein by reference in its

enﬁirety. Preferred fillers aré glasses forrﬁed from or

including, barium, .-calcium, strontiﬁm,' lantha.num,.

t_antal.uin,. -a_nd/or' tungsten ‘silicates and aluminateé

and/or aluminosilicafes, silica, including subm.icron'

sillica, .quartz, ~and/oxr ceramics for: exémple, calcium

hydroxy apatite. In a preferred embodiment of the

invention <reactive <cations, especially those of

calcium, strontium and aluminum, and anions especially

fluoride | .ion_s; are eluted from the fillers. ‘The

fillers used in the invention preferably are reduced in
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preferred for curing the conpositions of the invention in the nouth. For

pr ef or med | or those cured outside the body, other fgryigso8h7544
radi at i on,"gggg'g@%npl e ultraviolet ionizing radiation is preferred for

turing the conpositions of the invention. In accordance with the method of
the inventiQn,i.n~ _Viv oly i ion d armi{he. patient_w thin whom
pol ymer i zaf) 5rt1:;%1lermnsgrrz%r c%fé’poﬁlﬁ% (%r §g$r%$§%<%€) ?\Wﬁ‘?ﬂg‘arrh% S%B?)e of .
general formula I occurs. 34 Preferably a single part conposition is

i nduced t o SidEPRECPze Bfane FHRY cATDn wcmr«'ﬁedoi ghtto  suchnitiate by
irradiation with ultraviolet or visible light the initiator, for exanple
a benzophemomposdtiocasphor Rrefmrrdd Aevbdsabd§ usiddero heem srsmngl e,

prem xed, ready to.use shelf-stable conposition. A preferred enbodi nent

'gf the CoRRER tz!o@ntoofabohe_essevsagaanphnehadeatalp@éygﬁeiaﬁtéﬁé catal yst
ystem having a light sensitive polynerization initiatol suc
cemerit 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
used, amounts oﬁ f.il-ler may be decreased due to the
relative increase in surface area which attends the
smaller sizes of particles. Preferred particle size
distributions < are from 0.02 to 50 microns, more
preferably 0.1 to 10 microns, and most preferably .1' to
6 microns.

In a preferred embodiment of the invention the
cations of the salts are di- and polyvalent cations,
such as Sr, Ca, Al .and Ba. In another preferred
embodiment compositions of the invention include
solvents, plasticizers, pigments, anti-'microbialé and
therapeutics which may be time released from the
compdsition, and oxidatién inhibitors such as butylated'
hydroxytoluene. . In addition to compounds within the

scope of general formula I compositions in accordance

with the. invention preferably include- polymerizéble"
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aS'éanphorquinone, a reduci ng agent such as ethyl 4- dinethylam nobenzoate
(EDAB) and an_oxi di zi ng agent such as benzoyl peroxide. %ﬁﬁﬂF
pol yner%?%ﬁ%systens known to the art are preferably use 35%%rreri ze

- the conposition of the invention. Preferred redox polynerization

cat al yst

f ' d ith the, i 1t I ¢l ude,
per oxi deué%%:ﬁggﬁﬁa;l - rlg%n%;ﬁglr“b?%{‘oc“gerv%fr ans? Jrql)c?r%‘\‘/eelfr;%!t glnahgg?%. ©

Redox pol yneri-zation catal ysts and catal yst systens are those disclosed in

a

U.S. PatBREP2lBBerssthat do mev rcontedm Gmnhragih gooups sndfoz 27

i ncorporated herein by reference. =~ A particular polymerization nethod
and syst salusytherpoef and¢drdepacting peadbby appai6By: g 6@t ements of
the material . What ever the node of 35 pol ymeri zation, o

.
cure” of gphe,cpipes &'.bﬁgsio?.‘ﬁ%aggb?g . Orfer]esv%clzhc ?*éferré@ ¢ gﬁ&ﬁ%@y

| nportant characterrsti

pol ymers ormis

rereacted with di - qr polyval ent _cati ons.
P _ gs Vﬂyé]roxyaﬁcylp m%t%acrylates. Compositions of the

invention may also preferably include compounds having

acid groups and/or their salts and/or their readily
reactive hydrolyzing derivative groups 'but do ant
contain any groups - that are unsaturated . aind

polymerizable, such as multi-basic acids or their

- reactive, readily hydrolyzing derivatives. .Eépecialiy

~contain carboxylic acid groups or readily hydrolyzing.

preferred multibasic acids are hydréxy acids such as
tartaric or citric acid.

Compounds that have chelating groups but do not

acid-derivative _groi;pg 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.

For example, liquids, | photoinitiator(s), and

accelerator(s) are blended first, and fillers are added

incrementally  thereafter. - When ..bléndi-ng light

38
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scThe salt conpounds and conpositions of the invention exhibit adhesion
between the resin and a cation containing -surface, netal, netal oxide,

" tooth, ang/gysishge agai nst which they are polynerized. Fi|PEVYSHHITRM are
Bspecially suited for use in conpositions of the invention are inorganic

gl asses such as are used in glass iononmer cenents. Exenpl ary of such
fillers areehbbstvelf UofiposPaiens, 4, Bowe8éL2, whach phictosiaifeor poocat ed  herein
by reference in its entirety.. Preferred fillers are glasses fornmed from .

or includi DgIymik@Eisd) iCR.CiUnbne StEldt | Ulloes | aRbPanWBndan al um
and/or tungsten silicates and 'al um nat es and/ or alum nosilicates, silica,

I ncl udi ng su cron_silica uar / rap c .cal ci um
hydr oxy apﬁ‘flggtantla aglobxp er?ttedwgﬁs Egﬁeﬁ’? %Jﬁée&{"rn(%ﬁe(a et%.c reactive
cations, especially those of calcium strontlunland alun1nun1 and

‘ani ons espeedaatsyom ushrfie woydd agtdvadieyt ddhe f rPRteiRitigying s. The

fillers used in the invention preferably are reduced in 36
system is used to avoid initiating polymerization of

the composition prematurely.

CEMENTS

The ls'alt compounds of compositions of the present |
invention also have medical applications such as in
self adhesive bone cements. ‘However, they are most
preferred to use in dental tr'e'aﬁme’nt by application to
a tooth or a number of teeth ih vivo, in the ﬁouth of a
live patient'by a aentist or dental practitioner.

The application of the compositions of the
inﬁention is preferably as a dental'cement applied to
tooth. The dental cement compbsitions of the invention
preferably include a salt compound within the 'scope' of
general formula I, and 'otherl'ingredients, such as
curing .catalysts, “initiators, 'aéceleratgrs, diluents
and/or adjuvant's. ~ The - composition is applied as a
cement using conventio'nai " techniques and preferably

cured with application of wvisible 1light 'in a
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particle size and

in a preferred enbodinent are silanated before

they are incorgﬁ:ated i nto such conpositions. Preferred |evels of

filler AYQ95342

cenment conposition,

about 20%to about 85%based on the tot ACTHRSFPISH! t he

with fromabout 40%to about 85% being nore preferable

and about. 50-8096bein nost preferred. If a nmore finely particul ated

filler iSOQy¥LeRLt:

nMangLETs | | | EPMERYS hd Ny RFEREIRNTRIWEEDt HNS el at i ve

increase in surface area which attends the smaller sizes of particles.
Pr ef er r etnypentich caxe zeeUf sadli¢riverts dentir ramd dhaiel + CThéde ni crons,
nore preferably 0.1 to 10 mcrons, and nost preferably 1 to 6 mcrons. In a

pref er r egeéosli HBA! ugkd! it im@d&:gndéﬁemahbor&r%fcth%s%a'fﬁr are di - and
, Al d Ba. e

pol yval ent cati ons,

enbodi nent _c os'ti%ns of  the invenii
=111 ?o I

pi gment sSXHTR

I n anot

..an r preferred

-such as Sr,
ude sol vents asticizers,

oA aan%eﬁaﬂ'élrcaplé%faln%isg% Ac PETRA6 t‘?ar}gi!tryel eased from

the conposition, and oxidation inhibitors such as butyl ated hydroxyt ol uene.
In addi t?®Hn @0 kePpunds WWiays tpreeferably are polymers, or

ceramics which are cast or built-up from porcelain

frits and fired. Alternatively, inlays are machined

from metal

polymeric composite or homogeneous monolithic polymer

such as titanium or gold or preformed

compositions, for example by CAD-CAM procedures. In

accordance with a preferred embodiment of the invention

metal or

ceramic superstructures for crowns, and

bridges and/or orthodontic appliances are bonded to

teeth using

cement compositions of the invention. Such

cement compositions join metal or ceramic to tooth by

application

of the cement composition by bringing them

into contact until the cement hardens.

A preferred composition of the invention includes

a two-part system. One part includes a curing agent. .

The two parts are spatuled to form a cement prior to

placement_ on tooth. The placement is by standard

technique(s). Preferably the cement inclﬁdes a visible

light and/or a self-curing redox polymerization

40
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, scope of general formula | conpositions in accordance with the invention

pr ef er abl
oligonergx

i e polynerizable 37 unsaturated  dil uegpdrusodgfQREr S,
qu%gygr prepol yners that do not contain any acid groups and/or

.salts thereof and/or reactive readily hydrolyzing acid- derivative groups

- t her eof .

Compost 11 ARETBEEE PEFREGATT, CREEY et bied KRG nRR) B Lo

es.
ounds

havi ng aci,d groups and/.or their salts and/or their readily reactive :
hydr ol yzi AGVeREiPRatifd NIy CENERE FOMPogtinBe BBNEalA” VaR§osigyoups  that
are unsat ur at ed and pol yneri zabl e, such as nulti-basic acids
reactive, ampdfiymhywhidkyeisaesdeléyat ithan  abdspecisal iy picef BoREd

nmul ti basi ¢ acids are hydroxy acids such as tartaric or citric acid.

cPamOunTs didle BV G5 AATa0ERLPY O Ubrdalol SN CAP oKL

groups or

i ncl uded

readi | y hy
I n
embodiment luting cement compositions of the present

ng acl er i VE groups  aré’ pre

invention may be prepared of such high viscosity and
consistency that they form adhesive "glue" lines 6f
thicknesses up to several hundred microns to lute less
close fitting restorations, for example inlays prepared
using present ' state-of-the-art CAD-CAM devices.

Compositions of the invention are mechanically strong,
abrasion resistant, and.are esthetically suitable and

serve as the sole structural element to retain inlay;

. crowns and bridges or other applianceé to tooth

structure.

FILLING COMPOSITIONS

A _prgferred dental treatment in accordance with
the _inventi¢n_ is the applicatién of dental filling
compositions which include a curing agent and.at'least
one salt cpmppund within the scope of.general:fOrmula
I. Preferably,tﬁe dental filling composition includes

finely divided reactive filler that can react ionically

41
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conposition in accordance wth the invention, for exanple vanillates,

syringates, and salicylates. Mxing the conpositions of the present
RERI0s

i nventi oW

exanpl e,

first, and, fill

45® achi eved using standard conpoundi ng tech

25/07544

| i qui ds, photoinitiator(s), and accel erators -are bl ended

mental |y thereafter. When

rs are added inp
bl endi ng W1Whgﬁg33§C1 sséﬁél??%é g@ﬁﬁﬁﬁEFY?§n§ theweeromen. phot osaf e

roomillum nation, i.e.,’ one that does not contai n substanti al

anount s oFremmhgthhe oftompesitbmmgist iappldedatticona t bedtMworkd aact i vat e the

photoinitiating systemis used to avoid initiating polynerization of the

conposi t i O PLEfRigtelry a1CEVENIS Té&ﬁw%ﬁttld%&rnﬁouaeﬁnﬁ&uégmﬂgé' sf
present invention also have ned|cal appllcatlons such™as in sel
et oSS o R st e T ol VS ARt S

visible light in conventional manner.

PIT AND FISSURE SEALANTS

In a preferred embodiment of the invention a one

or two component pit and fissure sealant which includes

at least one salt compound within the scope of general
formula I is applied to anatomic defects and/or the

exterior of teeth. The sealant limits the ability of

caries-forming bacteria to colonize the pits, fissurés

and other .su;faces. of the teeth. - Pit and fissure
sealant compositions in accordance with the invention
are an especially valuable means of reducing caries by
filling and eliminaéing enamel defects. The pit and

fissure sealants of the invention are preferably

applied without prior acid etching or the use of rubber

dam to teeth. In one embodiment fluoride eluting

compounds and glasses are preferably. included in

. compositions of the invention.  Fluoride is eluted to
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a tooth or a nunber of teeth in vivo, in the nouth of a live patient by a
dentist or_dental practitioner. The application of the conpg@siili of the
invention WQ%’P&’%rabl y as a dental cenent applied to toot h?é*fh%’%@zfﬁf'al
tement conpositions of the invention preferably include a salt conpound

wi thin the sc,eg e of .general, . fornmul and , other _ingredients, such

l, .
as curing % & stt&e  ARFLASRGEs, Of actarifst dis, togithueAbssABLe!

adj uvant s. The conposition is applied as a cement using conventional
t echni ques adieg¢eitetdealsoppregitdonsi ofi thepinvention. of© visible light in
a 39 WD 95/ 34270 conventional manner. Cenents in accordance with the

invention are saif adbesidfcéo wid i Bhanthedilie! of ThaRe ¢aTRAESoAT € Used in
bondi ng dentin to structures, for exanple, to bond a ceramc inlay to a

prepared cayj of . Lnl ferably .are. polymers, or
ceranmi cs V\/na(%ec _e\ﬁé:r eaggstrte%%tc%'&tlltv Sup T org%glr%eﬁaaf"ﬁc;ude 4t {eBst
one  polymerizable acid  reactive ethylenically
unsaturated compound within the ' scope - of general

formula 1I. Such compositions are applied “to tooth

without prior etching of the tooth.

Method for measurement of compressive si:rengr.h' JIS:J'DQ
International Standard Organization(ISO) 9917:1991(E)
at pages 5-7 Dental water-based cements.

For each materiai to be tested, cylinders 4 - mm
diameter and 6 mm . long were prepared by £illing the
mixed material into teflon molds and light curing from
each end for 40 seconds using The MAX Lite. The
cylinders were removed from the molds and stored in.
water at 37°C for 24 hours prior to testing. The force
néeded to load_ the -specimens to breaking point was
measured using a universallltesting machine operating at

a crosshead speed of 5 mm/min:
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frits and fired. Alternatively, inlays are machined from net
as titanium or gold or preforned polyneric conposit neou
monol i t YR her conpositions, for exanple by CAD- CAM ﬁ()@é%ﬁg‘g

accordance with a preferred enbodlnent of the invention nmetal o

superstr

are bondéed

conposi t
conposi t

ions join netal or cerantc to tooth by application of th

al  such

r cer am c

and/ordorthodontlc appl i ances

ns. A

preferred'conp05|t|on of the |nvent|on i ncludes a two-part system One
part Ianages 8-8UREBENnapaBed ThE1iN® matdsidie spatuled to forma cenent
a

prior to p

cenent on tooth. °~ The placenent is by standard

el T-curing  FBRox CARBFSRor PERFRL s TR Rt ige® | aP e ST #

Teflon® mold with internal dimensions 25 mm x 2 mm x 2
mm. The exposed faces were then covered with polyester
foil and clamped.between.transparent.plastic blocks.

The material.was light cured for a total of 120 seconds

by .moving a dental curing light evenly backwards and

forwards along the mold with the ‘wand of the light in
contact with the plastic blocks. - After curing, the
hardened specimens were stored in water at 37°C for 24

hours. Before being tested, any remaining flash along

the edges of the specimens was carefully removed and

the exact d;mensions of each specimen measured. The
specimens were then tested in three point bending mode
using a universal testing-nachine set to a crosshead
speed of 0.75 wm/min, with the sample resting on
supports 20 mm apart and'being'loaded at the mid point.

The transverse bending strength was calculated frt:m

the standard formula in Megapascals (MPa).
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.nitiator system In a preferred enbodi ment of the invention luting
cement conpositions have |ow viscosity and. filmthicknesse ' an about
25 umto E%h?ﬁ’%‘%’se fitting appliances to prepared teeth. i#ﬁﬁg%&ggﬁn _
=enbodi ment Iutlng cement conpositions of the present invention nmay be
prepared of suc -ioh VISCOSIt : f oy m adhesi ve

Me L OO

"glue" lin ‘ e o Fotl ute | ess
. close fitting restorations, for exanpl e |nIay repared using present

st at e- of - t he- ar MOAtADREARFOCRINERS: . © ne qEtiare Nowehtansh are _
mechani cally strong, abrasion resistant, and are esthetically suitable and

serve as tfg.s@le PGt Bl zece| BFENE11 Omaee 2l 815 Nkayt eal owgspland bri dges
or other appliances to tooth structure. FILLI NG COVWPOSI TIONS A preferred

dental tregLEREh hi188oRLIANIAuEhDy! peggﬂgfaﬁgoaf' 3_tie ,2Rply G i on of

dental fil g conposItions curing‘agent *and a1 east one
salt conpound within the scope of general fornula Preferably. the dental
filling coRp@li 8nen6i F@ l-Rjeoslf iR | ad}exﬂed’ed’erré‘ad’ﬁe\ﬂe f iNYLAT tHghm can react
ionically : : : o
was placed at the ‘bottom of the mold. After the mixed

material wes gonveyed into the mold in excess, a second
piece of mylar film was pléced on top of the mold and
pressed with a metal platé lto squeeze out excess
material. The blate was then removed with the mylar'
still in'plaée on top of the material and each side was
cured for one minute'using The MAX Lite. After being
stored in 37°C water for 24 hours, speeimens were
tested on an Instron. device for measurement of
diametral tensile streﬁgth rising a 10 wm/minute

crosshead speed.

I ¢ adhesi Dentin: Bond |
Dentin

Extracted human teeth used for the shear bond
~strength test was treated in 1% sodium hypochlorite for

18 to 24 hours and stored in distilled water in a

refrigerator at about 4°C until needed. The teeth were
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41 with the acids or acid derivatives of the nononer. Preferably the

conmposi ti\phekS4s3pP! ied to a tooth as a filling material uspRfyeRipyat i onal
t echni ques as a one-conponent nmaterial and is cured with application of

visible |ight in conventiona! manner. PI'T AND FI SSURE SEALANTS In a
preferred,guhed WRRhL %%t%?% h@%ﬁﬁhﬁ%ﬁl&yOQSnaéﬁtW@tﬁOEEB?gﬂb(ﬁbb and

fissure sealant which includes at |east one salt conmpound wthin the scope

of general formula | is applied tq. anatonmg defects and/or the exterior of
t eet h. Tﬁﬁlgeé’laéﬁiprl' s p[alpgraﬁ.}qqn{iy %Ei%?i%%gtf’o?n?‘ﬁﬁgﬁﬁ%tﬂ??a to
colonize the pits, fissures and other surfaces of the teeth. Pit and
fissure sexpasedeconpositions in accordance with the invention are an
especi al |l y val uabl e nmeans of reducing caries by filling and elimninating
enanel defectsrthe Theeph! @ogeli thene. inaakaataldy tPeepaveatigy are

preferably applied wi thout prior acid etching or fhe use of rubber
_.follows, Each tooth was blown dry'with compressed dry
air to ensure the.ldentin. surface was free from
noticeable moisture. A small plastic. straw with 3.7 mm
inner diameter and 2 to 3 mm in léngth was filled with
mixed material and seated on i:he dentin so as to form a '
post withéuﬁ pressure. The upper open end of the straw
was covered with a thin £film and curgd with The MAX
Lite for 40 seconds. The specimens were then.stored in
distilled water at 37°C for more than 24 hours. The
teeth were then _vertically moﬁnted in a one inch
phenolic ring using self.quring polymethyl-mgthacrylate
resin to provide a base for.tesﬁing with the post at
right angles theréto. The mounted specimens were
loaded in sheér in an Instron device. for measurement of
adhesion of the post to dentin at 5 ﬁm/minute crosshead
speed. The load was applied parallel to the prepared
tooth_surface and at right angles to the post until

fracture occurred. The shear bond strength was.

calculated.
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dam to teeth. I n one enbodi nent- fluoride eluting conpounds and

gl asses ar %aFﬁ_ﬁd@bl y included in conpositions of the invericrakesnrsss
Fluoride is eluted to 42 reduce the incidence of caries in tooth

Subst ance adj acent the conpositions of the invention. In accordance wth

t he met hod ﬁét%naﬁ ﬂ:ﬂ@%{:éﬂhé?ﬁ%aﬁq rdwﬁ&ﬂ%ﬁsi tions include at
| east. one polyneri za acl reactive ylenlcally unsaturated
conmpound wi thin e ,of ral formula |I. Such conp05|t|ons
are applied to téotﬂ VW Kri BV ?@ Lamet e ofhiPMedhodHor

measur enent of cpnfre55|ve strength u5|ng I nternational standard
Organi zat i omgteojalogas: regedrfon Jpapirute 7omesach wider widdedheenent s.
For each material to be tested, cylinders 4 mmdianeter and 6 nm|ong were

prepared bymakl liike.t heantxed HBler wals id¥ia e | DD gRLdshapd | igd curing
fromeach end for 40 seconds using The MAX Lite. ¢ The

specimen was tied with a nylon thread, suspended in 10

ml deionized water in a plastic jar caped with a lid,
and stored in _37°C oven for one week, or otherwise
indicated. Water in each jér was 'decanted..to a
separate 30 ml plastic beaker. The specimen in the jar |
was washed in 1 ml deionized water, and the water rinse-
was added to the respective beaker. To the jar, 10 ml
of fresh deionized water was added and but back in the
37°C oveh for the next t'neasﬁrément.. The solution was
diluted.with 11 ml Total Ionic Strength Adjustor Buffer
(TISAB) solution and measured with fluoride electrodes.

. This method is used to simulate what happens in
the mouth over a lc.ang period of time. . The water is -
changed weekly. l'The values ére reported in ppm, in
micrograms of fluqride per ,gram of sample, and in
micrograms of fluoride per centimeter square of sample
surface.

Hav_ing g_eneral_ly described the invention, a

more complete understanding can be obtained with
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cylinders were removed fromthe nolds and stored in water at 37[err]C for
24 hours élﬁ o testing. The force needed to |oad the s 97449

br eaki ng‘g PH#42hs neasured usi ng a uni versal testing machine operatl ng at
a crosshead speed of 5 Mmmn. 43 WO 95/ 34270 Met hod of transverse

fl exural e using, lLnternatio St an

Or gani zat FS gb?ﬁ045°19§§ St ﬁgéggg%CS %@Pﬁ{%%Sedw}H‘FlPl nQg* frat er i aI s
The uncured material was filled into a split Teflon[err] nmold with

i nternal #nadudednsors prFresesAix limtratﬁ@nemed fHeeshorl@ t hen
covered with polyester foil and cl anped between transparent plastic bl ocks.
The nat erbel underbitgb thaed ther imviemtdbnofisl Hbts eimitedyrsorvhag a dent al
curing light evenly backwards and forwards along the nold with the wand of

the Iightgj gcg?ﬂ{:ore g\ﬁ@ 5Pet19é A}fp ﬁ)cks After curing, the hardened

speci nens I'n wat er Cfor 24:

EXAMPLE 1
6FDMA is the reaction product of 1 mole of

hexafluoroisopropyli'din.e-2,2' . bis(phthalic “acid

anhydride) and 2 moles of 2-hydroxyethyl methacrylate, ‘

ide_ntified hereafter as HEMA.

13.3 grams (0.03 mole's) he’xafluo‘roiédprppjrlidine_
2,2bis (phthalic acid anhydride) and 12.6 grams (0.097
moles) of HEMA and 0.0006 gramsll of 'butylated
hydroxytoluene are  heated .in---. a 100 ml round bottom
flask equipped with a thermometer and a water cooled
condenser with a .dryi,ng tube. The mixture is stirred
while 'heating SlO‘;Jl'Y to 100°C. Thereafter the .
temperature is maintained at 110°C for one hour, then
16 hours qvernight at 50°C, then a further 3.5 hours at_
110°C. The soluti.on.'is cooied to room temperature.
The solution contaihs _70% by weight of 6FDMA and 30% by

weight of HEMA and has IR absorptions at: 2500-3500cm™”,
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, hours. Before being tested, any remaining flash along the edges of the
speci nens waesgref ul ly renoved and t he exact di mensi ons ofPCGIANISATMEI nen
measured. .- - The specinens were then tested in three point bendi ng node

., using a universal testing machine set to a crosshead speed of 0.75 mi min,
Wi th the sa¥plad;r earilBgmon buppd;t s1@80omi‘apall3antsbecmy | badad; at the md
poi nt. The transverse bending strength was cal cul ated fromthe standard

forml a inYegaRascasndnd™Pa)andt400 %%mgglé{p‘awremnt of diametral
tensile strength Mdified procedures of ADA Specification No. 9 and No. 27

were utilized for all materials tested. Split teflon nolds with internal
di mrensions of 3 mm.[err] 0.1 mmhigh and 6 nm + 0.1 nmm di aneter were used.
M/lar filmwas placed at the bottomof the nold. After the m xed nmaterial
was conveyed into the nold in excess, EXAMBEENd pi ece of nylar filmwas
pl aced on top of the nold and pressed with a netal ‘plate to squeeze out
eXCess = SYNTHESIS OF BTDMA
BTDMA is the reaction product of 1 mole of
3,3',4,4'- benzophenoné tétra'carboxylic acid
dianhydride and 2 moles 2-hydroxyethyl methacrylate..
When  prepared in an  excess of 2-—hydfoxyethy1
" methacrylate the__ HEMA serves as a solvent for the
esterification reaction.
50 grams - (0.155 moles) 3,3',4,4'-benzophenone
tetracarboxylic acid dianhydride (Aldrich Chem) is
reacted with 82.7 grams HEMA (0.635 moles) (Aldrich
- Chemical) at 1203C for 1 hour to provide a clear thick
liquid containing BTDMA in an excess HEMA, having IR

absorptions’ _at 3000 to 3550cm,t

, very broad; 2950cm’1
broad;  1720cm®,  broad;  1630cm’™;  1370-1450cm™
multiplets; 1100-1340cm™> very broad; 1160cm’.1; 940cm™;

810cm™; and '__650cm'1. This solution contains 70% by

weight of BTDMA and 30% of HEMA.
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materi al . The plate was then renoved with the nmylar still in place on top
of the r¥O&B#70and each side was cured for one mnute us?%“ﬁ’ﬁ&mx Lite.
After being stored in 37[err]C water for 24 hours, specinmens were ,
tested on an Instron device for neasurenent of dianmetral tensile strength
rising a 10 nm minute crosshead spe&AMPEEsdrement of Adhesion to Dentin:
Bond Strength to Dentin Extracted hunman teeth used for the shear bond

strengt h sSYIHESIS OFcaEMd i n 1% sodi um hypochlorite for 18 to 24 hours and
stored in distilled water in a refrigerator at about 4[err]C until needed.

The teoth wer meffs 3 VOLS/ 34210: ¥ hoskghidk YRYST o Mhghan gagly sanded

w th 120/ 3200/ grit carborundum paper until a flat déentin’surface was
exposed. T aiphtilic " hinyal e ' [Hhen i ' hark:*PE &% o8Snia-
1,3-is§benzo furandione) and 2 moles of HEMA | |
35.6 grams (0.115 ;pol_es)- .of 4,4'-o$cydiphtha1ic
_.anhy'drid..é. and | 58._0 -grams (0.045 moles) oﬁ HEMA are
reacted at 110°C for 4 hdurs to_'_plr'ovide a cléar oily
solution o.'f- OEMA in an excess of HEMA, having a ‘
viscosity of 5250 c¢ps, and IR é.bsorptions at 2700-
3550cm™t very brdad,- .1715.ch1 broad; '1630cm™, 1590cm™;
1570cm™; ."1450_cm'1,- 1400cm™?; 1360&m‘1; .1100-1330cm™;

1

1165cm™; 940cm, *; 8_10'cm"1, and 785cm™. This solution

contains 70% by weight OEMA and 30% by weight of HEMA.

 EXAMPLE - 4 |
SYNTHESiS OF OPMA
OPMA .is the reaction product of 1 mole
oxydiphthalic anhjrdride and 2 moles of HPMA.
18.0 gfams (0.058 mol_.e_s_): of 4,4’ oxydiphﬁhalic
'anhydridé (Occidéntal Petroleum) and 32.6 grams (6.226
moles) hydroxypropyl meth‘acrylate 'HPMA. (Aldrich) are

reacted at 110°C while stirring for 3 hours at 110°C to
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follows. Each tooth was blown dry with conpressed dry air to ensure the
dentin surface was free fromnoticeable noisture. A small W o753} I aw
with 3.7 PO di ameter and 2 to 3 nmin length was fille h 'm xed
frat eri al and seated on the dentin so as to forma post w thout pressure.

The upper o nd _of e str CoV. thin f|In1and cured with
The MAX LiP o]v&ﬁeLﬁ e]tecﬁfdsm'fyl'h%lag’b%ﬁr}re%g %ﬁﬂg f‘ﬁer?%t%?ceetfq i stilled
water at 37[err]C for nore than 24 hours. The teeth were then vertical ly
nount ed | nHEMAn&aviialy Fme\ﬁbﬂ;‘FQS*‘?}ﬁgaﬁ%?ﬁgrgéFFl@%r Pfig 3880y ARshyat

met hacrylate resin to provide a base for testing with the post at right

~angl es theregoand tHEEOPMRURARENg SPRCABSEpL W dtoahaghi3sstepat in an
I nstron device for neasurenent of adhesion of the post to dentin at 5

nm m nut e cross%r pe ﬁ ¢ Ioad ppl i ? al l 2 t-he prepared
tooth surfd&&¥a é g POFPE: 6 e ﬁggt u% ? gﬁrac$ﬁ¥% Tocturred.
The shear bond 1strength was calcuhated 46 i

"1570cm’ 1445cm™ 1400cm 1100-1330cm™ 1060cm ~;

940cm™*; 810cm>. This solution contains 70% by weight

'OPDMA and 30% by weight of HEMA."

EXAMPLE 5

PREPARATION OF STDMA

STDMA is the reaction product of 1 mble qf.4,4'4
sulfonyldiphthalic dianhydride’ (STDA) and 2 moles of
HEMA. In this example STDMA is prepéred in an exness
of HEMA. | |

26.9 grams - (0.207 moles) HEMA, 10.4 grams (0;029
moles) - STDA and-0f044,grams BHT are placed'in a 100ml
flask and heated to 90°C. The mixture is held for 1.5
hours at 99°C-tc5§5°c and 1.33 hours aﬁ 115°C to 120°C.

Then 0.11 grams triphenyiiphbsphine, 10.2'gramé (0.028

moles) STDA, and 4.3 grams (0.033 mnlesf HEMA are added
to the mixture and held at 115°C to 120°C for an u
additional 1.5 hour to form a solution containing 68.6%

by weight of STDMA and 31.4% by weight of HEMA having
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Met hod of fluoride rel ease -

I ndi cat ed. Water in each jar decant e
pl astic hea The eC|nen | ary she delonlzed wat er
and the wat 309 BMs e ?agdde%‘{]o&?ﬁgl""nes\égﬁ?? ‘s BEERR jar, 10 ni
of fresh delonlzed wat er was added and

ite.

Static Extraction A1 mmthick by 20 nm

di anet erygpldsfe@p the material was cured for 1 mnute on epePusysfgsqyi th the
Max L

A'tiny hole was drilled in the chip. The specimen was tied
with a nylon thread, suspended in 10 nl deionized water in a plastic jar

caped Witk &Hddbprarmhestdy es%ddhnS?I e{ré}? 2884 0%7938111“691 35 Ot her wi se

a separate 30 n

ut back |n the 37[err] C oven for

t he next ceBiadnené®.6% hewebohti of RIPMAI lande BIni4%h byt weidgbtal |onic

Strengt h Adj ustor

_ Buf fer (TISAB) solution and neasured with fluoride
el ectrode$. HEMAS nethod is used to sinmul ate what happens in the nouth over:

a long period of tinme. - The water is changed weekly. The val ues are
reported in ppm in mcrograns of fluoride per gramof sanple,
m crograms of fluoride per centineter square of sanple surface.

- EXAMPLE 6

PREPARATION OF OEMA IN TEGMA |

OEMA is . the reaction product of 1 mole of
oxydiphthalic dianhydride (ODPA) and ? moles of HEMA.

In this example product is-prepared,in triethylene

glycol dimethacrylate (TEGDMA) as a solvent.

 19.6 grams (0.063 moles) of ODPA, 30 grams (0.23
moles) HEMA, 0.046 gramé of monomethyl hydroquinone and
20 gr;ms of TEGDMA as a solveqt are placed in a 250 ml
flask. The mixﬁure is heated with stirring to 95°C to
100°c, and 0.06 grams of triphenyl phOsphine as
catalyst is added aﬁd”hgld at 100*3 for an additional
25 minutes. Following this 15,5 grams (0.05 moles) of

ODPA and 0.03 grams of triphenyl phosphine are added.at

110°C._ After stirring at 110°C for, 1.5 hours, 0.02

grams of triphenyl phosphine is added and held for one
hour at 110°C and then held at 50°C for 7 days. At the

end of that time éll anhydride is consumed. = The
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+bving generally described the invention, a nore conplete understanding

can %ﬁ% W th 47 reference to certain specifi ¢ceiairesy Which
are |ncIu i pur poses of il'lustration only. It should be understood

that the invention is not limited to the specific details of t he Exarrples

EXAMPLE 1 GEDMA ﬁsfgﬁrﬁg ZJEQBihQE%anc%%‘&%H 196 76.9% By Weiaht (0 o

hexaf | uor or sopropyl i

nmol es of 2-hydrox i tif] hereafter as HENA 13.3
grams (0. 0%ENR) §‘§/ fﬁo%] 'pyI i gﬁ?‘?e i PR hdak &

anhydri de) and 12.6 grams (0. 097 nmol es) of HENA and 0. 0006 grams . of
butyl at ed apserxyionsicat 2580hdmt e365h amfooremy rlxeatl ol 70 £mask equi pped
with a thernoneter and a water cool ed condenser with a drying tube. The

' mhxture | Spebad | ed1eboes*, heatbogi4sbemt’y vteey 1@%&@] C1050cm™;Thereaf ter
the .
950cm™*; and 780-900cm™>. This solution contains 76.5_%

by weight of OEMA and 23.5% by weight of TEGMA.

PREPARATION OF POWDERS

Strontium aluminofluorosilicate glass powder used
in Examples 12, 13 and 17 ie made by fusing aluminum
oxide, silica, strontium fluoride, aluminum fluoride,
aluminum  phosphate, - énd' cryolite = according to
procedures disclosed in U.S. Patent '4’,814,’36_2_ to form
particles Whicﬁ are milled_._ to a mee.n particle size of
5.5 -microns. It has the following analysis with all
elements except flu_oripe .b'eing" calculated as the oxide
of the element:

Composition of strontium

alum:.nof luorosilicate

glass_partlglss Bar;s_hx_welgh;
Al,0, - 24.6
Si0," S : 32.1
SrO - - 28.7
F 12.3
P,0s 4.8

53



tenperature is maintained at 110[err]C for one hour-,_ then 16 hours
overni ght at 50[err]C, then a further 3.5 hours at 110[err]C The

sol ut i ORyhSe/8 ed to roomtenperature. The sol ution contgigg %R AY Wei ght
of 6FDM§N2235%8%/0 by wei ght of HEMA and has IR absorptions at :sggﬁfgﬂ

2500-3500cnferr], 48 WD 95/34270 broad; 1715cnferr] broad; 1630cm
[err]; 1130-1450cnferr] broad; 1170cnferr]; 950cnierr]; and 800 cnierr]

L O e

di anhydri de_and 2 nol es_ 2-hydroxyet hyl nethacrylate. Wen pr epar ed I n
an  excéBsExagplesy8pydPoang: Ayl LhEPHIR! JPapke 7RR6HEMAS8eE0bd as a
solvent for the esterification reaction. 50 grans (0.155 nol es)

3, 3', 4, 4bybarmapienone Itetisacprébeyibly atosmdd amlay Histel dddlr igh Chem) is

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

EXAMPLE 7

SYNTHESIS OF OEMA/GMA RESIN

31.0 grams (0.1 mo]_.e) 4,4- oxydiphthalic anhydride '

(ODPA) , _1_1.4 grams of glutaric anhydride (0.1 mole),
39.0 grams of hy_droxﬁrethyl methacrylate (HEMA), (0.30
mole) , and 0.05 grams of _butylated' hydroxytoluene are
reacted at_' roon; 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).

EXAMPLE 8
ONE COMPONENT VLC COMPdSITION
30.50 grams of OEMA/GMA resin are . formed as
described in Example 7; 2.50 grams of water; 65.10
grams of 2,7,7,9, :_I.5-pentamethy1-4,13-dio'xo'-_3,14-dic.:xa—

5, 12-diaza-h_exadecane-l, l16-diyl dimethacrylate (UDMA); .
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reacted with 82.7 grans HEMA (0.635 noles) (Aldrich Chemical) at 120[err]C .

for I hour to provide a clear thick |iquid containing BTDIV& ' Xcess -
HEMA, haviW@9¥®2Zbsor pti ons at 3000 to 3550cm 1, very bro ME’B M err]

Br oad; 1720cm [err], br oad; 1630cnt; 1370-1450cn] err]

mul tiplets; 1100-1340cnjerr] very broad; 1160cnierr];_940cn{er r(}'
810cn er r] 0 - 28n@HE8EC lerG3mPhoreiinagsiul 60 GFang Rf ARy heP@ht of
BTDVA and 30% of HEMA. 49 . EXAMPLE 3 SYNTHESIS OF OEMA CEMA is the

reacti on pgraducbf o2-hydnokye-4 ek haxpdinduph@noneanidinde (Mheor cal nane:

5,5 -oxybis- 1,3-isobenzo furandione) and 2 noles of HEMA. 35.6 grans

(0. 115 nol gg) gof 4,3,4 - @Ayeh pht Baki ¢ gnBydri geamad 58¢0 95&@?1at§9d945 nol es)
of HEMA are reacted at 110[)err]C for 4 hourS to provide a clear oily

ig!stjtigzd ?&dg%?ﬁ}:ugﬁgag@@gcefzse gt];irﬁg%to r4]5‘%>\4:'|mngan éac\:/ti:fw(}gtsééy of 5250
résin. 5.0 grams of the activated resin is mixed with |
'15.0 grams of Earium alumino.fluorosil_icate glass powder
(67% silanated and 33% unsilanated) .to form a paste
__having.a shelf stable polymerizable complex which does
not set within 6 months in = the .absence of
polymerization initiation. The paste is cured .by
transmissién _t_hereint§ of visible 1igi1t from The Max
lite TM polymerization unit sold by .Dentsply
International Inc .to fdrm a polymeric material having a

compressive strength of 31533 psi.

. EXAMPLE 9 |
SYNTHESIS OF 6-FDMA/PMA RESIN ADﬁUCTs WITH HEMA
39.0 grams “of HEMA, 0.06 g butylét.e
hydroxytoluene, apd 14 8 grams o.f- pﬁthalic anhydride
are reacted atl 100-1106°C fof 60 m_iﬁute_s. Then 44..4
grams of hexafluoroisopropylidene- 2,2-bis (phthalic
acid anhydride) is added and stirred aﬁ between 120°

and 130°C for 4.0 hours to form a clear, slightly
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3550cm [err] very broad; 1715cnferr] broad; 1630cnferr], 1590cnferr];

- 1570cn] wo 9s/3437450cnierr]; 1400cnferr]; 1360cnferr]; 1PODASEOISH err];
1165cm ; 940cm[err] 810cnferr], and 785cnierr]. This solution contains
70% by ~wei ght OCEMA and 30% by wei ght of HEMA. EXAMPLE 4 SYNTHESI S OF OPMA
OPMA  ipellde resiacti onxpneductf 6FDMA 1andol anoxydiduthaldsc anhydri de
and 2 noles of HPMA. 18.0 grams (0.058 noles) of 4,4" oxydiphthalic
anhydri %t(}g,pléjeé}{)%dfqer @nRupemandpma) 6 grans (0.226 nol es) hydroxypropyl
net hacryl ate HPMA (Al drich) are reacted at 110C while stirring for 3 hours
at 110[err]C to 50 provide a clear oily solution of OPMA in an excess of
HPMA having a viscosity after reaction of 3250 cps at 23[err]C and the OPMA
having | R absorptions at 3100-3550cnierr] very broad; 2900-3000cm|[err];
1715cm [err]; 1630cnierr]; 15988AMPLESYQcnierr]; 1445cn{ err];

1400cnferr]; 1100-1330cnferr]; 1060cnferr]; 940cnferr]; 81lO0cnferr]. This
© sol ut i oroNE YGMECNENT/OV)C \¢oMPDEITION '

L4

30.10 grams- of G-FDMA/P@ fééin formed by
following the procedure of Exémple 2: 2.50 grams of
water; 65.10 . grams of UDMA; 0.20 grams of
camphorquino'ne.; 0.60.' grams of EDAE; 1.00 gram of 2-
hydroxy-4—met:hoxybe_hzophenone (Uvinol 'M-40); and 0.50
grams of butylated hydioxytoluene. are _stirred_ to form
an aétivated resin. 2.59 grams of ‘the act_':J".vated resin
is mixed w_ith 75.0 grams bariﬁm alumj.nofluorosilicate
glass (60% siianted .40% ﬁnsilanat:ed) to form a paste -
having a shelf stable polﬁeriz&le complex. The paste
is cured by transmission thereinto of visible 1light
from a The Max lite- TM polymerization- unit: sold by
Dentsply International Iné Eo form polyméric material
having a compressive strength of .29334 psi; a flexural
strength of 72.1 MPA and a flexural modulus of .8935.6

MPA.

56



, OPDMA and 30% by wei ght of HEMA. EXAMPLE 5 PREPARATI ON OF STDVA STDMA is -

the reacti

on product of 1 nole of 4,4'- squonyIdiphthaIiCﬂ@fi$g
( STDA) andy99§%Pg% of HEMA. In this exanple STDVA is prepare %ﬁ{an

T

sexcess of HEMA. 26.9 grans. (0.207 noles) HEMA, 10.4 grans (0.029 noles).

STDA and 0.044 grans BHT are pla

90[err] C

10. 2 gr ans SYYTHES IFoP

00m flask and heated to

The m xture is held fg@%%]% s at 90[err]Cto 95[err]C and
1.33 hours at 115 err%C to 120[err]C. Then 0.11 grans triphenyl phosphine,

to the mxture and held at 115ferr]C to 120C for an additional
to forma sol ut 3enocogtamsi NP .68. 6RoDhy) Wwhydiroxget AyDhrhadridladdy by wei ght
of HEMA havi ng 51 | R absorptions at 3500cm |[err], very broad;

1 41§35C3 4A00C BT el Ribroi9RibrbbReabgE | b 030y piIhi s

1715cnferr
sol ution

(phthalic acid anhydride), 12.0 grams of glutaric

anhydride and 0.06 grams of butylated hydroxytoluene

are reacted at 100°C for 4.0 hours to form a viscous

slightly yellow clean resin, mixture of 6-FDMA and an

adduct of glutaric anhydride and HEMA (GMA).

"EXAMPLE 12

A ‘one component VLC paste composition is formed by

| mixing 9.20 grams of 6-FDMA/GMA(formed by following the

procedureg_pf Example 11),'0.80 grams of wétér; 15.0
grams of urethane  dimethacrylate = (2,7,7,9,15-
pentamethy-é,13-dioxo-3,14-dioxa—5;lz-diaza-hexadecane-
1,16-diyl dimethaérylate); 0.05 - grams of
camphprqﬁinoﬁe; 0.30 - grams of ethyl-4-
dimethylaminobeﬁzoate (EDAB) ; 050125 gréms of butylated
hydroxytoluene; 6.075'.grams of Uvinol M-40; 37.5
silanated strontium'aluminofluorosiligate glass powder
and o 37.5 = grams " of silanated - barium

aluminofluorosilicate glass. The paste is cured by
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contai ns 68.6% by wei ght of STDVA and 31. 4% by wei ght of HEMA. EXAMPLE 6
PREPARATI GEVA IN TEGVA CEMA is the reaction prodysfmsdafor nol e
-of oxydi @h%l ¢ di anhydride (CDPA) and 2 noles of HEMA. In tiﬂ?s e%énp | e
product is prepared |n triethylene glycol dinethacrylate (TEGDMA) as a

sol vent . &5) @f Neb 0 HEMA,

0. 046 gra%ao m)norret hyI é1%l#oqw none air?’cil'egolg ans. o?mréEﬁ/Aﬁ% a sol vent
are placedq..n a m fl.ask. .The mxture is ated with stlrrlngto
95[err] C S‘&%O[ﬁﬁi C, PoIYPeTE 286 198 anttitf Y DeR&SPhvne as
catal yst is added and held at 100[err]C for an addltlonal 25" m nut es.

Fol | owi ng Imtiegned iSngdaring 0t05 form el ywferdoPAnatrer (a03hgving af triphenyl
phosphi ne are added at 110[err]C. After stirring at 110[err]C for 1.5

hours, 0.fQ2:@aTs Stréhgehern homne d SE2e48#adndadifilihd ObgONe hour at
1100C and then held at 5 [err]Cfor days At the end of that tine aII

anhydri de 1O9§S;C%%§u%gpress]:pg ggrength of 31954 psi.

EXAMPLE 13

| 10.75 gramé of adduct of he:;afluoroispropylidene-'
2, 2-bis (phthalic. anhydride) __ and 2-hydroxyethyl ' ‘
methacrylate ' 4, 61 grams of 2-hydroxyethyl
methacrylate, 7.2 grams of triethylene glycol
dimethacrylate, and 0.98 Qrams of water -are .tﬁixed with
0.048 grams _6f b_icyclo' (2,2,1) heptane-2, 3-diocne
1,7,74trimeth§l, : 0144 ~ grams - of 4-ethyl
dimethylaminobenzoate, 0.24 grams of methanone (2-
Hydroxy’-methéxyphenyl’) phenyl, and 0.024 grams of | 2,6-
bis(1, 1-dimethetﬁyl)-4;methyl phencl . to fqrm - a
polymerizable liquid. 37.24 grams of silanated
strontium aluminofluorosilicate, 38.6 grams of barium
aluminofluorosilicate glass, 0.76 grams of aerosil R-
972 are formed into a power :bleﬁd which is then mixed
with the polymerizable liquid to form a one-component

light curable den;al adhesive paste composition which-
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reaction forns a solution containing 76.5% by weight CEMA and 23.5 %
TEGVA. The A OEMA which has |R absorptions at 2500 to 3’?’3%5%%7(;5‘{]

very broadwasd2éhierr] broad; 1630cm 1, 1100-1450cm 1 v ;
1050cnf err]; 950cnierr] ; and 780-900cnierr]. This solution contains 76.5%
by wei ght of CEMA and 23.5% by, wei ght of TEGVA. PREPARATI ON OF POADERS .
Stronti um aP@ABNAPR0EES | YERRER gl6asBORBME e WifhO}t nPEkERPF 240N 13 and 17
is made by fusing alum num oxide, silica, strontiumfluoride, alunm num
fluoride, alintdthationphospThee, pasted iscryamirdd buccoramsmissian
procedures disclosed in U S. Patent 4,814,362 to formparticles which are

mlled to a,pReRiARE! |6 vaisa®1ef PignHi GRS al tTHES Mahe fotkowimg
analysis with all elenents except: fluorine being cal cul ated as the oxi de of

t he el ement: posi tion_of straontium al umi.nofluorosilicate gl ass particles -
Parts by meF§&§g§f263£1°n unla sJid'By De _ y(¥ﬁ£§rna 1onéii%hc o
to form polymeric material having the properties shown

in Tables l'and 2.
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Si o 32.1 Na20 | | 2.9 SrO

28.7 F - 12.3 4.8 53 WO 95/ 3427Pcp/38oshBEdsum

al um no |0u9gr33%|0| icate glass particles used in Exanples 8, 10 and 12 t hr ough
16 are 7726 gl ass sold by Corning. It is preferably fornmed as discl osed
in Danielson U S. Patent No. 4, %l@ﬁ; EXAMPLE 7 SYNTHESI S OF CEMA/ GVA
RESIN 31..0 granms (0.1 nole) 4,4- oxydi phthalic anhydride (CDPA), 11.4

rams of .glutaric am; of hydroxyet hyl
grgnat hacryl gte (HEI\/A)&WM%I(% jptg_[}c)@log%&g 15F but yl>/at edy Y
hydr oxyt ol uene are reacted at roomtenperature for 30 minutes foll owed by
stirring at 1100C for 2.0 hours to forma very viscous
o STANDARD STANDARD SELF ADHESIVE
PROPERTY . ISO 9917 IS0 4049 COMPOSITE .
o ' ‘OF EXAMPLE 13

COMPRESSIVE STRENGTH(MPa) >130 . 234
FLEXURAL STRENGTH (MPa) >50 69
FLEXURAL MODULUS (MPa) . 7953
DIAMETRAL STRENGTH (MPa) 43
OPACITY Co. 70 >0.35 <0.90 >0.35,<0.55 (
RADIOPACITY mm Al : >lmm Al 3 mm
COLOR STABILITY SLIGHT

: : : CHANGE PASS
SENSITIVE TO AMBIENT LIGHT NO CHANGE PASS

. o - IN 1 MINUTE
DEPTH OF CURE (mm) >2 3
4.5

ADHESION TO DENTIN (MPa)
unetched ' . 5

ADHESION TO ENAMEL (MPa)
unetched 5

ACID SOLUBLE: o .
Pb content mg/kg ' . <100 <2
Rs content mg/kg <2 . <l

% SALT FORMED BY
TITRATION AFTER 2
MONTHS STORAGE AT
70°F TEMPERATURE : 20.8
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mi xture of the adduct of ODPA and HEMA (OEMA) and an adduct of glutaric
anhydride_and HENMA (GVA). EXAMPLE 8 ONE COVPONENT VLC COWP %%ﬁg§3.5o
granms of VA resin are. formed as described in , 2.50
grans of water; 65.10 grans of 2,7,7,9,

15- pent anet hyl - 4, 13- di oxo- 3, 14-di-oxa- 5, 12-di aza- hexadecane- 1, 16-di yl

di net hacryl ate (UDMA); ‘54 WO 95/ %dggpe (5 20 granms of canphor qui none;

0. 60 grans of EDAB; 1.00 gram of 2-hydroxy-4-net hoxybenzophenone (Uvi nol

M 40 sold by BASF) and___0.50 rans __ of but yl at ed hydr oxyt ol uene -
(BHT) are stirred to form aﬁT%E¥¢VEEQék¥Q§HRFLEﬁﬁﬁ)grans of the activated
resinis mxed with 15.0 grans of barium al um nofl uorosilicate glass powder
(67% si | anat ed @Ydraddoinsamgilat ed) to Cuor.mpg/paameciagaingle shel f stable

pol ynmeri zabl e conpl ex whi ch does not set w thin 6 nonths in the
absence  of 142.54 142.54°
: 111.83 254.37
95.16 349.54
91.15 : 1440.68
72.30 . 512.99
73.69 ' 586.67
‘59,59 646.26
. 62.68 - ' 708.94

Sample used to prepare Table 2 had an average
weight grams of 0.578, an average diameter cm.of 2.039,
and average thickness cm of 0.094 and an avefage
surface area Qf 7.13.

| EXAMPLE 3;4.

A one component VLC composition is formed by
stirring 16.75 grams of é-FDMA (formed by following the
précedure of Exémple~i);.4.61 grams pf HEMA, 7.2 grams
of TEGDMA, 0.98 grams.of distilled water, 0.048 grams
of camphorquinone, 0.144 graﬁs of EDAB, 0.24 grams of
Uvinol M-40 and 0.024 grams §f BHT ét room temperature
to form é.hpmogeﬁeous.activated regin. 2.4 grams of
the activated résin.is ﬁixed Qith 7.é gxams:of a_powder
blend of 99 grams of lbariuml aluminofluorosilicate
glass, 1 gram of Aerésil R-972‘to make a stable pasﬁe.
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pol ymeri zation initiation. The baste ts cured by transm ssion
t her ei ntvgogglggi,@ ble light fromThe Max lite TM  pol ynidpdalkioMis
by : 0

sol d

a conpressive strength of 31533 psi.

ntsply International Inc to forma polyneric material having
EXAMPLE 9 SYNTHESI S OF 6- FDVA/ PVA

RESI N ADDggESphktle kEMAu33d0to &oaP a ﬁ%flyme‘f’EMA‘adhesng 6hav9n?e

hydr oxyt

- | i , . f
ﬁggagﬁgggg{k§3&§%§%$8§Lgﬁ&%%§F§iE’(gﬁﬁﬁéﬁ? rgnﬁagﬂ%h§ﬁ¥?ﬂ%§h t2 added and

ol uene, and 14.8 grans of phthalic anhydride are reac

uni t

butyl ate

d at

stirred at between 120[err] and 130[err]C for 4.0 hours to forma clear,

sl i ght| ydsptin \&§ okf

adduct

COVPCSI Tirgle 3. :

EXAMPLE 15

One component VLC sealant is formed by mixing

opelyapdor rediljorigextmaleasst ssmIMALD and
of phthalic anhydride and- HEMA (PMA). EXAMPLE 10 ONE COVPONENT VLC

25.24 grams of OEMA, (formed by following the. procedure

of Example 3) 12.5 grams TEGDMA, 2.0 grams of distilled
water, 0.04 grams of camphorquinone, 0.2 grams EDABR and
0.016 _g'ra'ms BHT to an homogeneous activated resin. 40
grams of barium aluminofluorosilicate glass is added lto
the resin to form a .stable one éomponent VLC sealant
having which upon exposure to visible light forms a
poly;meric ma_teri:al having a. -compressiffe. stx;eng_th of
25521 psi, flexural st_‘rehgth 42 MPa, flexural modulus

of 4071 MP and releases fluoride as shown in Table 3.

EXAMPLE 16
One component VLC sealant is formed by stirring.
30.93 grams 6-FDMA'f_ormed by following the procedure of

Example. 1, 1.93 grams distilled water , 14.98 grams

-TEGDMA, 0.05 'grams of camphorquin_one, 0.24 gramé EDAB
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'30. 10 grans of 6-FDMAW PMA resin ‘fornmed. by followi ng the procedure of
Exanple 9; 2.50 granms of water; °~ 65.10 ‘grans- of UDMA; - 0.20 grans_
of canphow@asi3d?2#@; 0.60 grans- of EDAB; 1.00 gram of 2- PCT/US95/07544

hydr oxy- 4- met hoxybenzophenone (UWinol M40); and 0.50 grans of butyl ated

_hydroxytoluene are stirred to forman activated resin. 2.50 grans of the
acti vat ed 3k f- P35 nigxadswiBHT 7500 fgransdtharsiubvattedi nesiner &%eni cate gl ass
(60%:sil anted 40% unsilanated) to forma paste having a.shelf stable

pol yneri zad@® Ganpheams THeayiam e aluminoédubyobidheatssigimddengignt o of

visible light Tfroma The Max |ite TM pol yneri zation unit sold by Dentsply

I nternati I I y C Lepkal - having essiye strength
of 29334 g?}?a I%ﬁu%%%%e%%ﬁ bf'ﬁ%.ﬁlﬁ%ﬁéa%g ggfﬁgggrgal%%%dul us of

1 8939. 6 MPA 5% o WD 95134270 EXAVMPLE .11 , ,
a stable one component sealant which upon curing by

exposure to visible light forms a polymeric l.material
having a compressive strength of 31552 psi, aimetrial
tensile strength_ of 5085 psi, flexural strength 74
MPa, flexurai modulus of 3722 MPa., and 'a bond strength
to enamel of 1160_ psi. |

The 'statilc' fluoride release for samples of
prociucts from Examples 14, 15, and 16 are. shown in

Table 3.
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SYNTHESI S OF 6- FDVA/ GVA RESIN: 39.0 granms (0.30 nol e)

hydr oxy hacrylate 44.4 grans of hexafluoroiso gﬁ!?

2, 2- bls%%g%#ﬁg Ic acid anhydride), 12.0 granms of glutaric aﬁﬁbd e and Ce
0. 06 grans of butylated hydroxytoluene are reacted at 1000C for 4.0 hours"™

to forma viscous slightly yeIIo*hEkg re5|n m xture of 6-FDMA and an
adduct of glutaric anhydride and ? EXAMPLE 12 A one conponent VLC

Por o ng Cne. (SEbachELER R e B 2&%&!@%@%@? rer: 15.0 gram

of ur et hane. di net hacryl ate (2,7,7,9, 15-
pentanethy-4,13-dioxo-ELU@R@DBXEEB,G@AMi@EaSAMRhﬂecane- 1, 16-di yl

di met hacryl at e) ; 0.05" gr ans of canphor qui none; 0. 30

gr ans of et hyl - 4- di met hyl am nobenzoate (EDAB); 0.0125 grans of
butyl ated hydroxytoluene; 0.075 granms of Uvi‘nol h440 37.5 silanated
strontium al um nof Lu r03|L|cate g owder and granms

of si | anat ed b 9 g1alun#ﬁ§¥?§5}8?lllcaF §T3§§c The paste is
cured by 57 r° uc °

Exauple 14 Example 15  Example_1§

1 857.5 509.6 479.4
2 . 720.3 296.3 433.0
3 545.3 296.3 376.9
4 458.6 374.2 327.4 ‘
6 373.3 283.6 311.9
7 337.4 299.6 279.5

8 282.9 265.4 - 146.1
9 268.7 261.8 146.1
10 239.7 . 247.3 146.1
11 _ ' 232.0 226.8
12 ' 200.8

201.2

Polymerizable Salt Formation:

1.0 grams Ca(OH),, and a solution of 0.95 grams

.~ 6FDMA, 0.27 grams HEMA and 0.08 grams water are mixed.

The IR spectrum of the mixture is measﬁred immediately
and shows neutralization of the acid and a broad IR
absorption at.'1390cmq‘ and 1580cm™, indicating salt
formation.

1.0 grams of Alzog, a solution of 0.65 grams 6FDMA,

0.27 grams HEMA and'o.os grams of water are mixed. The
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» WO 95/34270 transm ssion thereinto of visible light fromThe Max lite
(TM. poI ion unit sold by Dentsply Internationghy, ohqform
pol ymeric é%ﬁg -having a flexural strength of 82 MPa; a (?%éu?a

+ modul us of 10948 and conpressive strength of 31954 psi. EXAMPLE 13 10.75

grams of afidughe sl XAt bRLOLIRLARY! aﬂsqsatéﬁ safieBclLhBh By ,

hydroxye acrylare
gr ans of 2- hydr oxyet h t hacryl at e, 7.2 gr ans of
triethyl erSOXPEAQR ah rek %%ergfa&t ar 98 grans of water are mxed with
0.048 granms of bicyclo (2,2,1) heptane 2, 3-dione 1,7,7-trinethyl,
0. 144 . gr ams of 4-et hyl di nmet hyl am nobenzoate, 0.24 grans of
nmet hanone (2- Hydroxy-nmethoxyphenyl) phenyl, and 0.024 grans of 2, 6-
bis(I, 1-di met het hyl ) - 4- met hyl pxBRefigl 17t 0 form a polynerizable |iquid.

37.24 grans of silanated strontlun1a|un1nof|uor05|Ilcate 38.0 grans of

bari
Hum A resin mixture of 6 grams of an adduct of

‘succinic anhydride and glycerol dimethacrylate.(SGMA),
1.2 grams.of dipentaeiyothritol pentaacrylate phosphaté
(DPEPAP), prepared as described in US Patent 4,514,342,
2.4 grams of 2,2-bis '[4-(2-hyd;oxy-3-
methacryloxypropoxy) phenyl], (Bis—GMA), 0.573 grams of.
water, 0.02 graﬁs of: camphoiquinone, 0.649 grams of
EDAB and 0.01 grams of butylated.hydroxytoluene (BHT)
is mixed in a 50 mi .piastic beaker to form é
‘homogeneous  liquid. Then,. 31 grams ‘of strontium
aluminofluorosilicate glass powder is added and mixed
to form a uniform paste. The paste is cured by
transmiséion thereinfo of visible light.from a The Max
lite TM polymerization unit sold by Dentsply
Internatiohal Inc to form.a bolymerié material having

static fluoride release shown_ in Table 4.,
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al um nof luorosilicate glass, 0.76 grans of aerosil R 972 are formed into a
power blend which is then m xed with the polynerizable liquid to forma
one- conp®YRP¥342Thht curabl e dental adhesive paste conposi tRCIAUSIHDTSH4 58

does not set within 6 nonths w thout polynerization initiation. The
paste is cured by transmssion thereinto of .visible light froma The
Max lite TM pol ynerization unit s®RBLBy4 Dentsply International Inc to form

polynmeric material having the properties shown in Tables 1 and 2. 59 WO
95134270 Tabl e 1-CoNPARKISON- OF- PHYSH GAL- PROPERTI ES STANDARD STANDARD SELF -
ADHESI VE " WEEKS ppm ug Bg/gram  Cum.pg/gram

1 7.5400 82.94  93.37 93.37

2 '4.0050 44.06  49.59 142:95

3 3.4850 3B8.34 43.16 185.12

4 2.7900 30.69 84.44 220.67

5 2.2700 24.97 28.11 248.78

6 | 2.0800 22.88 .25;76 274.54

7 1.9300 21.23 23.90 298.44 _ '

8 1.9150 21.07 23.71 322.15 |

9  1.6450 18.io 20.37 342.52

10 1.1450 12.60 14.18 356.70

11 1.2500 13.75 15.48  372.18

12 1.1480 12.53 14.22 386.39

13” 1.03?5 11.36 = 12.79 399.18

14 1.0325 11.;6 12.79  411.96

It should be understood thét while the present
invention has been described in coﬁsiderable detail
with respéct to certain Specific embodimenté ﬁhereof,
it should not be cohsidered limited té sﬁch embodiments
but may be used in other wéys Withouﬁ depafture from
the spirit of the invention and the scopé of the

appended claims.
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+ PROPERTY | SO 9917 .1 SO 4049 COVPOSI TE OF EXAVPLE 13
COVPRESSI VE STRENGTH( MPa) >130 234 FLEXURAL

STRENGTHW/F'93i34270 m&@g{%ﬁﬁ S44
7953 DI AVETRAL STRENGTH( MPa) |um| 43 OPACI TY Co. 70
>0.35 <0.90 . >0. 35, <0 |
>l mm Al WhaB e cuoredTias LI TY SLIGHT CHANGE
PASS SENSI TI VE TO AMBI ENT LI GHT NO CHANGE PASS IN 1 M NUTE"
DEPTH OF CURE(AmMpolymerizable dental co@iposition, ZohpridRHES QN TO
DENTI N( MPa) unet ched 5 ADHESI ON
TO ENAMEL d Pp, o
< Re _Conéé’gﬁei’i;géﬁfg mﬁ@éP;zaSP-Hﬂﬁin PngoRLepL ¥ kéh; gere NED BY

formula: - ' _ K

[ W, - (M){}—P

t

wherein each U in-depende.ntly' is a méiety having at
"least one acid group and at least one pélyrnerizable
group,

each M independently is a multivalent cation of
particle P and _forms: a complex by boﬁding to one or
more U, ;nd | |

r, q aﬁd t each indépendently is a number having
an average value of 1 or more, said compésition being
adapted to not set for at least 24 hours in the ébsence

of polymerization initiation.

2. A polymerizable compo_sition) comprising: a
'polymer_izable material within the scope.of the general
',formu'.}.a: |
1: Ey)o(s)s (AJ%]r(M)%j-t P
wherein each Y indepéndently is a polymerizable

group,
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TI TRATI ON AFTER 2 MONTHS STORAGE ' TURE
20.8 60 v o AR5/ 34270 Table 2°S I " LEASE pgi:gf/@gggm‘wﬁarrpl e
* [ L

cum ug/ GPamor sanpl e 142. 54 142.54 111,
254.37 95. 16 - . 349.54 91.15 440. 68
72.30 586. 67 59. 59

646. 26 62. 68
an average wei
average thick

each A indepe?ﬂi%n%?.ng’.g 2 gc:.d
Af 8,8rgfpic moiety, an

each M ind.eper.:tdent.ly is a multivalent cation of
particle P and forms a complex by bonc?ing to one or
more A,

r, t, o, .p, q, and s each inaependent_ly is a
number having an average value' of 1 or more, -sai.d
compositién being .adapted to not sgt for at least 24

hours in the absence of polymerization initiation.

3. The composition of claim 1 or 2 wherein said M is

barium, calcium, strontium or aluminum.

4. The composition of claim 1 or 2 wherein A is a

carboxylic moiety and Y is alkylene.

5. The composition of claim 1 or 2 further comprising
acrylic monomer, and said acrylic Monomer and said
complex each independently comprises at least 1 percent

by weight of said composition.
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surface area of 7.13. EXAMPLE 14 A o6ne conponent VLC conposition is

formed by stirring 10.75 gra mm d by followng the °
“procedurewdospeazrpl e 1), 4.61 rlmuﬂm ﬂ granms of PETDSYSN0784498
‘grans of distilled water, 0.048 yrdns “of "cahphbr qui none, 0.144 grans of
EDAB, 0.24 grams of Uvinol M40 and: @024 grans of BHT at room tenperature
to form a éonogemheuscanposhtiash r e€i nclai. 4 grNe ofhéheimcisaydt ed resin
s mxed with 7.6 grans of a powder blend of 99 grans of barium

al um nof | j sk i atl j - 942 4 ea:gtable
past.e. Uc\E/H\i!)n&ng/ SACSCS? I%"J'hs(?s;aast-i egéiiﬂbair eégfg%%r%axééggﬁgrg?c s%& esive

havi ng a COMDI €3 ive strength of 225 MPa, a bond strength to dentin of 1673
psi and a ORIt GE rel ease shown in Table 3. EXAMPLE 15 One’ conmponent
VLC seal ant i.-s formed by m xing

7. The composition of claim 1 or 2 wherein P comprises
glass with a particle size having a longest dimension
less than 0.1 mm and further comprising a

polymerization initiator.

8. The composition of claim 1 wherein said complex is

within general formula

' [ [ 1 N N K
wherein Xis O, S, S § N, P, P, P, P, O - P - O
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25.24 grans of CEMA, (forned by follow ng the procedure of Exanple 3) 12.5
grans TEGDVA, 2.0 grans of distilled water, 0,04 granms of canphor qui none,

0. 2 gr ar¥o Ea¥Brend 0. 016 grans BHT to an hmﬁous act iIRCIVERISHBI4n. 40

grans of barium al um nofl uoro ng@sssaggq ded to the resin to forma
stabl e one conponent VLC seal @nt ﬁa‘{,‘v L:8gadiEm ch ugbn exposure to visible
light forns a polyneric materif _havi-pe—a—eonpressi ve strength of 25521
psi, flexural strength 42 MPa, flexural “nmodul us of 4071 MP and rel eases
fluoride as shown irP3TabI e 3. EXAMPLE 16 One conmponent VLC seal-ant is

formed by stirring 30.93 grans 6- FDVA forped—by—fottowing the procedure of
Exanple 1, 1.93 grags_distilled water W/A 0. 05 grans of
canphor qui none, 0. 34 'grans EDAB 62 Mﬁtﬂ‘ﬁﬂmﬂ 25 grams BHT to

forman activated reﬂd n, then add 51 gra: riwmsal &m hof | uorosilicate

gl ass and '

i
or (O) (C) - O
| b 3_

Re

R, aﬁd R, each indepe‘ndently j:s a poly_merizable
unsaturated moiety havizig from 2 l;o 13 cé.rbbn atoms,

R;, Ry, Rs, a.tn'd, | R, each independently is hydrogeﬁ,
halogen, alkyl of from 1 to 10 carbon atoms or
halogenated alkyl of from 1 .tc'> 10 carbon atoms, '

Ry, Rygr Ru,.' Ry;, Ry and 'Ru each indeéendently is
hydrogen, alkyl haviné from 1 to 10 :carbon aﬁoms or
aryl having from 6 to 10 carbon atoms,

Z, and .Zz each independently is a moiety including an
acid group or a reactive acid derivativ_e; 'a ,m and n
each independently is 0 or 1, b, and p éach
independ_entiy is an intéger from 1 to 10; 1 is a

integer from 1 to 3 and M is multivalent cation.

-
eet Has Been Rep‘laced

T Ru
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0.77 granms aerosil R-972. The rm_forma st abl e one

conponent seal ant which upon curj “mmamu) Hl‘o. Visible light forns a
pol yneri c wawsBs423 having a corrpmﬂ of 31552 TOPAESA4 | al
tensile strength of - 5085 psi, flekurtl %trength 74 MPa, flexural nodul us
of 3722 MPa., and a bond strength to enanel. of 1160 psi. The static
fluoride r@&l.-eas&heor comppsition mibdGdadmf r ®m Exagheescémpodbtiomd 16 are
shown in Table 3. 63 TABLE 3 STATI C RELEASE OF FLUORI DE | N M CROGRAMS OF

FLUORI DE PERr&nal compAlVRihgPal d0Eliéft comondtdyMeric Pol ymeri c
Product of " Product of Product of Wek - Exanpl e 15
Exanple 16 1 857.5 509. 6 - 479.4 2 720. 3

$296.3 433.0

10. The composition -of Claim 8 in a composition

fﬁtther comprises glass particles.

11. The composition of Claim 8 wherein n and m are

Zero.

12. The composition of Claim 8 wherein X is oxygen or

?wherein R3 and R4 are fluorinated methyl moieties.

13. The composition of Claim 1 in a composition

further comprising a source of fluoride ion.

14. The composition of claim 1 or 2 wherein said

complex has a molecular weight less than 100,000.

15. The composition of claim 1 or 2 wherein said

complex has a molecular weight less than 20,000.

16. The composition of claim 1 or 2 wherein said

complex has a molecular weight less than 5,000.
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3 545. 3 296. 3 ' 376.9 4 458. 6

374. 2 327. 4 6 283. 6 311.9 7
337.4  W095/34270 299 6 t""s i;*_ SﬂB%EN " 2829 . PCT/USISIOTSES 4
146.1 9 268. 7 DB 146.1 10 . 239. 7
247. 3 146.1 11 232. 0 226.8 12

200. 8 17. The 20d1lyménizakele zabhpelaal 6f Folmbhni anod. P ghaseiga(OH) 2, and
a solution of 0.95 grans 6FDVA, 0.27 grans HEMA and 0.08 grans water are

m xed. TagiHRcoHM PﬁékuﬁhgfathslééﬁléfGWé HE*E%&é“LH&H“%*o%%ﬁ'V and shows
neutralization of the acid and a broad I'R absorption 1390cnferr] and.

1580cnferr], indicating salt formation. 1.0 grans of A1203 a solution of
0. 65 grans 6FDVA, 0.27 grams HEMA and 0.08 granms of water are m xed. The 64

18. A method of adhering a dental~ composition to
tooth, comprising: |

providing a deﬁtal cement,.said dement comprising
a - polymerizable qomposition, comprising: a
polymerizable material Qithin the scope of the general

formula:

-E?), - (M)é}' P

t

wheréin each U independently is a moiety having at
least one acid"group and at least one polymerizable
group,

each M is a multi;élent_cation of glass particle P
and forms a complex by bonding to one or more U,

g and r each iﬁdependently is a number having an
averagé vaiué of 1 or.more,

storing éaid composition for at ieast 24 hours in
the absence of polymerizatioﬁ.initiation,~

applying said cement to téch- e
/\ e T
A



*WD95134270 IR spectrumof thé mxture indicates salt formation by
absorption at 1390cnferr] and ﬂm m“““m!m MPLE 17 A resin. nixture
of 6 gragpoesmizzoan adduct i de and gl yrcE0$95/07544 :
*di net hacrylate (SGWA), 1.2 grand of pent aeryot hritol pentaacrylate

phosphat e (DPEPAP), prepared.as described in US Patent 4,514,342, 2.4

gr ams 190f The métBoli f Clai42E2-Wiyshtenty- 8aid applying is
met hacryl oxypr opoxy) phenyl], (Bis-GVA), 0.573 grans of water, 0.02 grans of

canphor qu ML, D ty

hydr oxyt olhggggufBﬁ%i%ﬁfg m xgg'reinﬁ '}%58&%1@ ‘IQ%OS% ?H%t%egr)ijt oé%&éﬁ?
hom)geneous qui d. . Then g d?fgf hc&rontl um

al um nof G&P@EF-F‘HceFt% bT‘%‘s’%a%%V\ﬂéPe $°%d 83t nCLB8TE o Y0 B2 uni form
paste. The paste is cured by transm ssion thereinto of visible light froma
The Mix | tbeth.TM pol yneri zation uni t sol d by Dent sply

International Inc to forma polyneric material having static fluoride
rel ease shown in  Table 4. 65 .

20. The methpd of Claim 18 wherein M is barium,

calcium, aluminum or strontium.

21. The method of Claim 18 further comprising a

diluent comonomer.

22. The method of claim 18 wherein said complex is

within general formula:

o o Rg Rip ORg O O 0
[ | | 11 1 I :
whereinXis O, S, 8, S, N, P, P, P, P, O - P - 0O
. ' 1 B |
o Ry OR,  ORy,
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WO 95/ 34270 TABLE 4 1 7.5400 82.94 93. 37 93.37 2
4.0050  44.06 49. 59 142.96 3 3.4850  38.34 43.16

186. 12 4 WO9392%900 30.69 84. 44 220.67 5 pcra,sgg@,g“ 24. 97
28. 11 248.78 6 2.0800 22 88 274.54 -
1.9300 21.23 - 23. 90 | 8. 44 B.WQ,B eh §150  21. 07 23.71
322.15 9 1.6450 18.10 1.1450  12.60
14. 18 356. 70 11, 1. 250 372.18 12

1.1480 12.53 Ry 22 386.39 13_ ©1.0325 11.36 12. 79
399.18 14 1.0325 ' 11.36 12.79 " 411.96 It should be

under stood that whilethe present invention h'as been described in
considerable detail wth respect to cer ic enbodinents

freret. 14 shoul oty b cor derewmmunmmmmmil .

le

o ©,F©-o0
b

"%

R, land R, each | independently is a polymerizable
unsaturated moiety having from 2 to 13 carbon atoms,
R;, Ry, Rs, and R¢ each independently is hydrogen,
halogen, alkyl of from 1 toc 10 carbon atoms oi‘
halogegatgd alkyl of from 1 to 10 cérbon at.oms,

Ry, Ryo, Ry, RI;, Ry, ~and lRI‘l each independently is
hydrogen, alkyl hav_ihg from 1 to 10 carb§n atoms or
aryl having from 6 to 10 carbon atoms,

Z, and Z, each independently is a moiety includi.ng an
acid group or a reacﬁive 'aicid derivative, a ,m and n
each independently is 0 or 1, b, and P each
independently is an integer from 1 to 10; 1 is an

interger from 1 to 3 and M is muitivalent cation.

[

74 . ; Been Re‘laced
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‘but may be used in other ways wthout ~departure fromthe spirit
of the invention and the sc of the appended clains. 66 What is
clai ned iggodsq274* POl ymeri zabl e dental conpoSition;— conpr i BATMRISATS44

; . 3427 . . o .

pol yner i z‘g&’ge’ material within theTﬂ'l m‘ﬂb"mm eral fornula: [err] t _
wherein each U independently is a'§ ﬁﬂﬂat | east one acid group
and at |east one pol ynerizabl e group, eath ™ iSndependently is a nultival ent
cation of particle P and fornms a conplex by bonding to one or nore U, and
r, q and each,.independent! %, i er_havin n average value of 1 or
nore, sai 5360 i f“legﬁogef)%gé%\ g%?ze%%rﬁgeﬁ%ﬁn gbt M &S 5%59'24 hours.in

t he absence _ ' -

*;

R,
) I
24. The method of Claim 22 wherein X is oxygen or C
. |
wherein R; and . : R,

R, are fluorinated methyl moieties.

25. A dental composition for adhering to a tooth
comprising:

a polymerized dental product forméd from.a dental
‘composition comprising: a polymerizable~matgrial within

the scope of the general formula:

EU)'r - (M)qgll‘ P | o ' (A1)

wherein each U independently is a moiety having at
least oﬁe Iacid. group and at least one 4polYmerizable
'group, |

eéch'M is a multivalent cation of glass particle P

and forms a complex by bonding to one or more U, and
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of polymerization initiation. N ol yneri zabl e . .conposition,
conprising; .. ol yneri zabl e ' ﬂirﬂnhe scope of eral
formul a: ‘?@P?’fﬁ\m?erei n each Y 0“@“ "i* ~a pol yneri%‘té'gﬁ?%g’g?%p, 67 °
WD 95134270 each A independently is an acid group, each B independently is

a organic noiety, and_.each M. ndepen tly is a_mltival ent cation of
particle P and¥f oF nER8 Eofik J‘d’@o O ?éﬁﬁﬁyolgng RS FEegter ¢ 5 5 g,
and s each independently is a nunber having an average value of 1 or nore,
sai d conpeBaRioh Py ERlabted to not set for .at |least 24 hours in the
absence of polynerization initiation. 3. The conposition of claim1 or 2
wherein said Mabd composition being adapted to not set for at

least 24 hours in the absence of, pol}&nerization

initiation.

26. The dental composi'tion of claim 25 wherein said
polymerized product is a dental £filling material, pit
and fissure sealant, luting cement, base or orthodontic ‘

cement .

27. A method of polyt;\erization, _ncomprising the
following seqﬁence of steps:

a) forming a substantially pliable polymerizable
composition, comprising: a ﬁoiymerizable complex within
ﬁhe scope of the general formula: (U), - (M),

wherein each U independently is a moie_ty having at
least one | acid group and at least one 'pblymerizable_
group,

each M is a multivalent ca.tion wl'_xich forms a
complex by .bonding to one or more U, and

r and g each independently is a 'number. having én

average value of 1 or more,
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‘barium calcium strontium or al um nup 4_;Hxi;gunmﬁuijon of claim1 or 2
wherein A is a carboxylic noiety and|jyg : 1[The conposition of
claim 1l oW@Si2Mher conprising acryl i C NOHOBE ke 4l dPATOBHINTSMONONEY
and said conpl ex each independent|y (QaRkdsbs—at_Teasi—4 percent by weight
of said conposition. 68 6. The conposition of claim1 or 2 wherein
sai d conpl ex cédipresesing Faidt Plymerdanbly weingitsidficsai fbxogposition. 7
The conposition of claim1l or 2 wherein P conprises glass with a particle
si ze haV|a@a&thmgmahrdlnanalon less. .than .0.1 mm and .further
conpri sing a pol yneri zation initiator. 8. The conposition of claim1

wherein said cypl g¥pi5i Mbt a0 0906  Ghed WIS BnBsition to a

tooth. o - . '

28. The method of claim 27 further éomprising
polymerizing said polymerizable complex in said
polymerizable composition applied to said tooth to form

polymeric material.

29. The method of claim 28 wherein said polymeric
- material is a dental 1luting cement, liner, base or

restorative.

30. The method of claim 27 wherein said pblymerizable
complex forms a coating on an outer surface of said

particle.

31. The method of claim 30 wherein said particle
comprises glass with a longest dimension less than 0.1

mm.

LT mﬁfifiﬂ]ﬁilﬁfli 1N



having from2 to 13 carbon ato

and [err] each

[err] RL and R2 each |ndependentlﬁ is a polymerizabl e unsaturated noiety

SR

i ndepend 405 hydr ogen, rom1lto 1 at ons or
hal ogena%&%“ﬁ of from1l to 10 carbof afoms, R9, RI0, %{5}‘?‘5%%5%13 and
R14 each |ndependently i s hydrogen, alkyl haV|ng from1l to 10 carbon atons

or aryl WI ng fpam ﬁef:}goéo S Beg ;i at o4F, vﬁljer%'lgx Z%gp_ach |]‘[}é1&aendent ly is a

noiety i udi ng-an aci

each independently,
i nt eger f?‘%mnlsﬁ% iﬁ’ngﬁ‘&rﬂfﬁ

group OfF a reactive aC|d

spchﬁmrvaw.éﬁb el

m and n
~each independently is an
grgest glimermmyion conposition

of Claim 8 in the conp05|t|on further conprising a diluent conononer.

less than 0.1 mm.
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0 The conposition of Claim8 in a conposition furthecrr)é%&“
artixl es.

-donposi tion’
fluorinated- I

aim8 vvh
m)letles

11.. The conposition of Caim38 wherein n and m .ail.ll‘-"j 0.
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tooth, conprising: providing a dental cenent, said cenent conprising a
pol yneri zabl e conposi tion, conpri si ng: a polynerizable materia
within the scope of the general fornmula: [err] t wherein each U ¢

i ndependently is a noiety having at |east one acid group and at | east one
pol yneri zabl e group, each Mis a nmultivalent cation of glass particle P and
forms a conplex by bonding to one or nore U, t, -q and r each independently
i s a-nunber having an average value of 1 or nore, storing said conposition
for -at | east 24 hours -in the.absence of polynerization initiation, applying
said cement to tooth. 72 19. The nmethod of Claim 18 wherein said

applying is
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wi't hout' prior treatment of said tooth material, except cleaning to increase
adhesi.on of said cement to said tooth. 20. The nethod.of Cl REPDAC B ISHERT M
i s~ barium -calcium alum numor str ntTMLmHF’ZF'IT cJbeeert hod of d @i gusu
further conprising a diluent comonorfer. ol ACEDE hod of cla™m 18 wherein
said conplex is within general for — zd R2 each .
I ndependently is a polynerizabl e unsat ur at ed noi ety having from2 to 13
carbon atons, [err] a [err] each independently is hydrogen, hal ogen,
alkyl of from1 to 10! carbon atons or hal ogenated al kyl of from1 to 10
carbon atons, [err] .agd [err] each independently is hydrogen, alkyl having
froml to 10 carbon atom; or aryl having from®6 to 10 carbon atons, Z1 and
Z2 each independentl yR45 a noiety including an

|R5
or (O)a'E (<I3)b -0 ﬂ-p
Re

-Rl and R, each independently is a polymerizable
unsaturated moiety having from 2 to 13 carbon atoms,

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

Re, Ryor Ry, Rys, R;; and R;, each independently is
hydrogen, alkyl having from 1 to 10 carbon atoms or
aryl having from 6 to 10 carbon atoms,

Z, and Z, each independent.l’fr is a moiety incl.uding an
acid group or a reactive acid derivative, a ,m and n
eaéh independently _is 0 or 1, b, and p each
indépendently is an integer from 1 to 10; 1 is an
integer from 1 to 3 and M is multivalent cat;ion.

heet Has Been Re(ilaced
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acid group or a reactive acid derivative, a ,mand n each independently

is= 0 ,or 1, b, and p each independently is an integer SHEET
and Mis nultivalent cation. 74 23. The nmethod of Claim gﬁ%DEMEm . and
mare zero. R3 24. The nethod of Claim 22 wherein X is oxygen o in
R3 and R4 R4 are fluorinated nethyl

noi eti es. 237.ATentpdlywepizdbloncenplexinefi naiv & @oth whapeiBing: a
pol ymeri zed dental product fornmed froma dental conposition conprising:. a

pol'ymeri zablsg j e t-8hpalexVhbBi B hbte&alae widhte Ranendlad @,mooa: [err]
wherein each U independently is a noiety having at | east one acid group and
at -1 east one pol yneri zabl e group,

18. A method of adhering a dental composition to
tooth, comprising:

providing a dental cement, said cement comprising
a polymerizable composition, comprising: a
polymerizable material within the scope of the general

formula:

EU)r - (M)q;}' P

t

wherein each U independently is a moiety having at
least one acid group and at least one polymerizable
group,

each M is a multivalent cation of glass particle P
and forms a complex by bonding to one or more U,

t, q and r each independghtly is a number having an

average value of 1 or more,

storing said composition for at least 24 hours in

the absence of polymerization initiation,

applying said cement to tooth.
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each MIS a multivalent cation of glass partlcle P and forms a conpl ex by
bending to-one or nore U, and 75 LT ATo | depenﬁgﬁM[}EMEm'aSHEEt
nunber greater than or equal to 1, jsdi 0 IO bdi ng a a&t ﬂ\KN) not
set for at least 24 hours in th] ymeri za

initiation. 26. The dental conposition of claim 25 wherein said pol yrrerl zed
product is a dental fiwlﬁei ng material, pit and fissure sealant, |uting:

cenment, base or orthodpBtic cenent. 27. A method of pol yrreri zati on,
conprising the follow ng sequence of steps: a) formng a substantially
pliabl e pol ynerizabl e €@onposition, conprising: a polynerizable conpl ex
wi't hin the scope of the general formula: (Ur - (Mg wherein each U

i ndependently is a noi Bﬁy havi ng at | east one acid group and at |east one

pol ymeri zabl e

|R5

or (0T © - 0
l
Re

R, and R, each independently is a polymerizable
unsaturated moiety having from 2 to 13 carbon atoms,
'Ry, R,, Rg, and R; each independently is hydrogen,
halogen, alkyl of from 1 to 10 carbon atoms or
halogenated alkyl of from 1 to 10 carbon atoms,

Ry, Ryor Ryuzr Ryy, Ry; and Ry, each independently is
hydrogen, alkyl having from 1 to 10 carbon atoms or

aryl having from 6 to 10 carbon atoms,

»e

2, and Z, each independently is a moiety including an
agid group or a reactive acid derivative, a ,m and n
each independently is 0 or 1, b, and p each
independently is an integer from 1 to 10; 1 is an

integer from 1 to 3 and M is multivalent cation.

-
et Has Been Reﬁaced

T
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group, each Mis 3 mul tijval ent hcat ijon which forns a conplex by bonding to
oné or*nore U, and r and g each independently is a nunber hpym e
value of 1 or nore, 76 b) storing said polynerizable con%gQ??F@ﬁnfgﬁﬁg?
| east 12 hours, and c¢) applying said polynerizable conpositior® ?oNﬁVtygggh.

28. The th ' qgﬁ[l i izin

sai d polynerigﬁblégbrﬁ%%p%égan#ﬁa§gglgE%gF%né%1 a%égigghg§%¥g?%n apglied
to.said tgoth to formpolyneric material. 29. The .net hod of cl aim 28
wher ei n s&e@85ol¢nPPLESmafBAi al is a dental luting cenent, liner, base or
restorative. 30. The nethod of claim27 wherein said polynmerizable conplex
forms a coating)onapplyimer saidf apelyfexizable composition to a

tooth.

28. The method of claim 27 further comprising
| polymerizing said polymerizable complex in said
polymerizable composition applied to said tooth to form

polymeric material.

29. The method of claim 28 wherein said polymeric

material is a dental luting cement, liner, base or

restorative.

30. The method of claim 27 wherein said polymerizable
complex forms a coating on an outer surface of _a

particle.

e -

31. The method of claim 30 wherein said particle
comprises glass with a longest dimension less than 0.1

mm.
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particle. 31. The method of claim 30 wherein said particle conpr] -
gfass with a longest dinension less than 0.1 mm 77 WO %Pkﬁgﬁﬁf‘@g%Em

The method of claim 30 wherein said particle conprises iononenig Eﬁﬂnm
with-a |l ongest dinension less than 0.1 mm 78

IR5

or (O)a‘E ((I:)b -0
R

-Rl and R, each independently is a polymerizable
unsaturated moiety having from 2 to 13 carbon atoms,

R;;, Ry, Rz, and R each' independently is hydrogen,
halogen, alkyl of from 1 to 10 carbon atoms or
halogenated alkyl of -from 1-to 10 carbon atoms,

Ry, Rygs Ryz, Ry, Ry and Ry, each independently is
hydrogen, alkyl having from 1 to 10 carbon atoms or
aryl having from 6 to 10 carbon atoms,

Z, and Zz each independentf; is a moiety including an
acid group or a reactive acid derivative, a ,m and n
each independently is 0 or 1, b, and p each

independently is an integer from 1 to 10 and M is

multivalent cation.

_
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'Rs
o (O, @, 0 j‘-p
"

Ry and R, each independently 1is a polymerizable
unsaturated moiety having from 2 to 13 carbon atoms,
R;, Ry, Rg, and R, each indepehdently is hydrogen,
halogen, alkyl of from 1 to 10 carbon atoms or
halogenated alkyl of from 1 to 10 carbon atoms,

Ry, Rys, Ry, Rys, Ryy and R, each independently is
hydrogen, alkyl having from 1 to 10 carbon atoms or
aryl having from 6 to 10 carbon atoms,

Z, and 2, each independently is a moiety including an
acid group or a reactive acid derivative, a ,m and n
each - i-ndependently is 0 or 1, b, and p each
independently is an integer from 1 to 10 and M is

maltivalent cation.
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