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1 (54) Title: PHOTOINITIATOR MODIFIED POLYACIDIC POLYMER 

(57) Abstract: The present invention relates to an initiator modified polyacidic polymer having a covalently bonded initiator compound, 
and to a dental resin-modified glass ionomer composition comprising this polyacidic polymer, Furthermore, the present invention 
relates to a use of the initiator modified polyacidic polymer for the preparation of a dental composition. The covalently bonded initiator 
compound of the initiator modified polyacidic polymer may be any compound of a redox initiator system, a photoinitiator system, for 

CA example a Norrish type I or II photoinitiator, an electron donor component, a sensitizer component or a coinitiator component.
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Photoinitiator modified polyacidic polymer 

Field of the invention 

Thepresentinvention relates to a dentalresin-modified glassionomer composition 

comprising a specific initiatormodified polyacidic polyNer havingacovalentlybonded 

initiator compound. The present invention also relates toaspecificinitiator modified 

polyacidic polymer having a covalently bonded iiatorcompound.Furthermore,thepresent 
invention relates toa use of the initiator modified polyacidic polymerforthe preparation of a 

dental composition.  

The covalently bonded initiator compound oftheinitiatorodified polyacidic polymermay 
beaNorrish type I initiatorcorpound or a sensitizer or electron donorcomponentof a 

Norrish type initiator,Moreover, the covalently bondedinitiator compoundofthe initiator 

modified polyacidicpolymer may be a oxidizing compound ora reducing compound in of a 

redox initiator system.  

BackgroundoftheInvention 

Dentalcompositionscontainingpolymerizable componentsrequire an initiator system for 

curing. The initiator system may be a photoinitiator system which is activated by visible light 

in the range of from 400 to 800 nm. Alternatively or additionally, the initiatorsystemmay 

comprisea securing redox initiator sstem which is activate when different components 

of the redoxiiaor aremixed.  

A resin-modified glassionomer compositionisa polymerizable componentcontaining dental 

composition further comprising a reactive particulateglass and polyacidic polymer which is 

reactive with the reactive particulate filer in a cement reaction Resin-modified glass 

ionomer compositions are cured by o indendedent curing mechanisms including cement 

reaction and aradicapolymerizationA cement reaction requires cationsfrom the reactive 

particulateglass tol each into a hydrophilic surface layer of the parties before a salt 

forming reaction with the acidic groupsof the polyacidicpolymer may takeplace. Onthe 

otherhand, a photopolymerization of polymerizable monomers takes place in thebulkofthe 

composition order to efficientlynitiate photopolymerization, polymerizablemonomers 

and photoinitiator should be in close proximity.  

Photoinitiator compounds for usein dental compositionsare smallmolecules which may 

eachouofthe cured composition, which maygive rise to toxicological concerns.



Polyacidic polymers having a covalently bonded initiator compound are known. KR 

2015/0000063 A discloses a photo-crosslinkable polyacrylic acid as a binder for a silicon

based anode for a lithium ion battery. In the photo-crosslinkable polyacrylic acid, a 

photoreactive residue is derived from a benzophenone compound such as 4-(6

hydroxyhexyloxy)benzophenone. Specifically, the photo-crosslinkable polyacrylic acid is 

prepared by reacting polyacrylic acid and 4-(6-hydroxyhexyloxy)benzophenone in the 

presence of the coupling agent 1-[3-(dimethylamino) propyl]-3-ethylcarbodiimide methiodide 

(EDC), with a degree of substitution with 4-(6-hexyloxy)benzophenone groups of about 

3.7%. However, the photo-crosslinkable polyacrylic acid of KR 2015/0000063 A does not 

react in a cement reaction.  

It is an object of the present invention to overcome or ameliorate at least one of the 

disadvantages of the prior art, or to provide a useful alternative.  

Any discussion of the prior art throughout the specification should in no way be considered 

as an admission that such prior art is widely known or forms part of common general 

knowledge in the field.  

Unless the context clearly requires otherwise, throughout the description and the claims, the 

words "comprise", "comprising", and the like are to be construed in an inclusive sense as 

opposed to an exclusive or exhaustive sense; that is to say, in the sense of "including, but 

not limited to".  

Summary of the Invention 

It is an aspect of the present invention to provide a dental resin-modified glass ionomer 

composition having 

- improved color stability; 

- improved biocompatibility; and 

- excellent mechanical properties after curing, in particular in view of flexural 

strength.  

Moreover, the present invention provides use of the initiator modified polyacidic polymer for 

the preparation of a dental composition.  

According to a first aspect, the present invention provides a dental resin-modified glass 

ionomer composition comprising



/-a 

(a) a reactive particulate filler, and 

(b) a polyacidic polymer which is reactive with the reactive particulate filler in a 

cement reaction, wherein the composition further comprises an initiator 

system consisting of one or more initiator compounds, 

wherein at least one of the one or more initiator compounds is an aromatic amine 

which is linked to the polyacidic polymer (b) by a covalent bond forming an initiator 

modified polyacidic polymer having a covalently bonded aromatic amine initiator 

compound, wherein the initiator modified polyacidic polymer is a compound having 

repeating units of the following formula (1):
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Cox 

00 

(I) 

wherein 

X , whichmaybethe same ordifferent,independentlyrepresentOH, 

O-L-Z, orNHZ,wherein 

L is a single bondor adivalentinkergroup,and 

Z is acovalently bonded initiator compound; 

Y is a hydrogenatom, COOora covalentlybonded initiator 

compound; 

k, ,m, n, and p areindependently integers of at least 0, 

k++m+n+o+p is at least 1; and 

at least one Xis present which is not OH whenYis a hydrogen atom or 

COOH; 

wherein the polyacidic polyner has a weight average molecular weightof1 

to 300kDa; 

whereintheinitiator modified polyacidic po ymercontains 0,01 to 20mole%covalently 

bonded initiator compound per 100mole%of acidicgroups of the polyacidic polymer.  

Accordingtoa second aspect, the present invention provides aninitiator modified polyacidic 

polymer having a covalently bonded aroatic amine initiator compound, wherein the 

initiator modified poyacidic polymer contains 001to 20mole%covalentlybondediiator 

compoundper 100moleof acidic groups of theinitiator modified polyacidic player, 

whereinthe initiator modified polyacidic polymer is a compoundhaving repeating units of 

the followingformula (1):
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Cox 
Cox 

n p 

x x 

wherein 

X whichmaybethe sameordifferentindependentlyrepresent OH, O-L-Z, or 

NH-L-Z, 

wherein 

L is a singebond or a divalent linker group,and 

Z isacovalently bondedaromatic amine initiatorcompound; 

Y is ahydrogen atornCOOH or acovalently bonded aromatic amine initiator 

compound; 

kI, m, oandpareindependently integersofatleast 0, 

k++m+n+o+p isatleast 1; and 

at leastoneXis present whichis not OHwhen Y is a hydrogenatmor COOH;and 

wherein the polyacidicpolymer has a weight averagemolecular weight of 1 to 300 kDa.  

Accordingtoa third aspect, the present invention provides a use ofthe polyacidic polymer 

according tothe secondaspectofthepresentinvention for thepreparationofadental 

composition.  

Thepresent invention is based on the recognition that aninitiatorcompoundcovalently 

attached toa polyacidic polyermay be used in a dental resin-modified glass ionomer 

compositionfor efficiently initiating a radicalcuring mechanism.Surprisinglyan initiator 

modified polyacidic polymer whichis involved ina cement reaction on thehydrophilic 

suaceofaparticulate reactiveglass may at the sametieefficiently initiate an 

independentcuringmechanisminthehydrophobicbulkof thedental composition.  

Accordingly,it was found thataninitiator modified polyacidic polymer having a covalently 

bonded initiator compound provides cureddentalresin-modified glass ionomer 

composition which has improved color stability, improved bocompatibility, and excellent
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mechanical propertiesaftercuring, in particular in viewof flexural strength.Specifically 

yellowing is significantly reduced compared to conventional dental resin-modified glass 

ionomer compositions having non-covalently bonded initiator compoundsdInaddition, the 

leachingproblem of thecured dental resin-modiied glass ionomercompositionis alleviated.  

Detaileddescriptionofpreferred embodiments 

Theterm "resin-modified"asused hereineans thataresin in the form of polymerizable 

monomers is contained in the dental glass ionomercomposiion.  

The term active particulaefiler" refers to any particular component capable of reacting 

with the polyacidic polymer (b) ina cement reaction. The term "cement reaction"nan 

acid-base reaction between the reactive particulate filler (a) andthe polyacidic polyer (b).  
Specifically, the reactiveparticulatefiller (a) is alkaline andreacswiththe acid groups,such 

as carboxylic groups of the poyacidic polymer, whereby an acid-base reaciontakes place 

resulting in the formation of ioni bonds, 

The term "polyacidic" in connection with the polyacidic polymer means that the polymer has 

a pluraty of aciicgroups, preferably carboxylic acidgroups,which may participation a 

cement reaction with the reactive particulate filler(a). Forexanpe, the acidic groups in the 

form of carboxylic acid groups are preferably present inthe backboneofthepolymerand 

maybederivedfror(meth)acrylic acid, maleicacidand/oriaconicacid.  

The term"initiator system" means any system of one or a mixture oftwo or more 

compounds that form free radicaswhen activated, e. g by exposure to light and/or 

interactionwithoneormore further compounds in aphotochemicalorredoxprocess, 

wherebypolymerizationof polymerizable compounds is initiatedTheinitiator systemmay 

be aphotoinitiator system consisting of one or more initiator compounds generatingalone 

or incorbination free radicals when irradiated with light having a wavelength in the range of 

from 400 to800 nrn. Alternatively, the initiator system ray be a redox initiator system 

consisting of twoor more initiator compounds generating reraicalswhenmixed.  

The term "initiatorcopound in connection with the initiatorsystemmeansany compound 

of the initiator system, for example a redoxinitiatorcomponent,aNorrishtypeIorI 

photoinitiatoran electron donor component, asensitilzer component ora coinitiator 

component. The term "photoinitiator"refers to any chemicalcompoundthatforsfree 

radicalswhenactivated,e.g. byexposure to ightorinteractionwithasensitizeri||n a
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photochemical process. The term "eletrondonor"refersto any compoundwhich is capable 

of donating electrons in aphotochernical process, for exampe organic compounds having 

heteroatoms with electron lone pairs such as amine compounds. The term sensitizer" 

refers to amolecule that produces achemical change in another molecule such as the 

photoinitiator in aphotochemical process.The term "coinitiato'"refers to any compound 

improving the polymeriation perormance ofthe photoinitiaor, for example iodoniurn, 

sulfonium and phosphonium salts and tertiary aromatic phosphine compounds.  

The term "initiator modified in connection with the polyacidic polymer means that any 

initiator compound of the initiatorystem is linkedtohe polyacidic polyrnerby acovalent 

bond.  

The present dental resin-modie dglass ionomer composition provides acured dental glass

ionomer composition based on acement reaction of the reactive particulate filler (a) and the 

polyacidic polymer (b) in combination with apolynerization oaresin, which free radical 

polyrnerizationisinitiatedbytheinitiatorsystem.  

The present iriention relates to adentalresin-rodiiedglass ionomercomposition, which 

may be usedasa temporary or finalrestorationofaharddental tissue orasalutingcement 

forcrownsand bridgecementations.  

The reactive particulate filler (a) 

Thedentalresin-modified glass ionomer composition accordingtothe present invention 

comprises (a)a reactive particulate filler The dental resimodifiedglass ionomer 

compositionmaycompriseoneoramixtureoftwoorore reactiveparticulate fillers(a).  

Any granular component being reactive withthepolyacidic polymer(b)inacementreaction 

may be used as the reactive particulate filler (a), that is, any alkaline granular cornpound 

suitable fora dental resirnmodified glass ionomer composition.  

Preferablythe reactive particulate filler (a) is one or amixture of two or more metal oxides, 

most preferably a glass, e. an amorphoussolid mixture ofmetaloxides.  

The reactive particulate filer (a) in the form of aglass isobainable by transforming asold 

mixture of metal oxides by athermal melt process into aglass followed by miling, which 

glasses capableofreacting with the polyacidi polymer (b) in ace action
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Any conventional reactive dental glass may be used as reactive particulate filler (a) 

Specific examplesofparticulatereactiveglassesareselectedfrom calciumaluminosilicate 

glass, calcium alumino fluorosilicate glass, calciumaurinumfluoroborosilicate glass, 

strontiumaluminosilicate glass, strontium aluinofluorosilicate glass, strontium 

aluminofluoroborosilicate glass, orion-eachable glasses, esgas described in US-A 

3,655,605, US-A 3,814,717,US-A 4,143,018, US-A4209,434, US-A 4,360,605 and US-A 

4,376,835.  

Alternatively or additionally, reactive metal oxdes such as zinc oxide and/or magnesium 

oxide may be used in glass and/or crystalline form as reactive particulate filler (a), 

Preferably, the reactive particulatefiller (a) isa glasscomprising: 

1)20o45 by weightof silica, 

2) 20 to 40% byweight of aluina, 

3) 20 to 40% by weight of strontiuoxide, 

4) 1 to 10% by weightof PC .and 

5) 3 to 25% by weightoffluoride.  

Thepresent dental resin-modified glass ionomercomposition preferably comprises 20to90 

percent by weight ofthe reactive particulate filler (a),mrore preferably 30to 85percentby 
weight, mostpreferably 20 to 80percen by weight based on thetotal weight the 

composition.  

The reactiveparticulate filler(a)usually has an averageparticle sizeof from 0.1 to 100 pm, 
preferablyoffrom 1 to 40 pm asmeasured forexample, by ecron microscopy or by using 

aconventionallaser diffraction particle sizing method asembodied by a MALVERN 

MastersizerSorMALVERN Masersizer 2000 apparatus.  

The reactive particulate filler (a) ay have a unimodalor multimodal (e.g, bimodal) particle 

size distribution wherein amultimodalreactive particulate filler(a) represents a ixtureof 

twoor more particulate fractions having different average particle sizes.  

The reactive particulatefiler(a) may be an agglomerated reactiveparticulatefller which is 

obtainable byagglomerating reactive particulate filer in the presence of a modified 

polyacid and/or polymerizable resinsuch as (meth)acryloyl monomers. The particlesize of
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the agglomerated reactive particulatefiler (a) may be adjusted by suitable size-reduction 

processes such as milling.  

Thereactiveparticulatefiller(a)maybesuacemodifiedbyasurfacemodifying agent.  

Preferably, the surace modifying agent is asilaneA silane provides asuitable 

hydrophobicity to the reactive particulate filer (a), which allows for an advantageous, 

homogeneous admixture with organic components ofthe dental resin-modified glass 

onomer composition. Thereactiveparticulate filler(a)mayhavesilanecouplingagent(s) on 

itssuacefor example intheforofacoating atleastpartlyandpreferably fullycvering 

the surface of the reactiveparticulatefiller (a).  

The polyacidic polymer (b and the initiator system 

Thedental resin-modified glass ionomer composition according to the present invention 

comprises (b)apolyacidicpolymer whichis reactivewith thereactive particular filerin a 

cement reaction.The dentalresin-modified glass onomercompositionmay comprise one or 

mixture of two or more polyacidicpolymers(b).  

The polyacidic polymer (b) is initiator modified, thatis,it is formed by linking at least one or 

moreinitiatorcompoundstothepolyacidic polymer (b)byacovalent bond. Atleastone 

initiatorcompound is an aromatic amine initiator compound.  

Preferably,inthepolyacidic polymer(b), the pluralityofacidicgroupscomprises acidic 

groupsselectedfrormagroup(C=Het)-Het 2 H,wherein Het1 is an oxygen atom ora sulfur 

atom, and Het2 isan oxygen atomnor asulfur atom. That is, the acidic groups are preferably 

selectedfromcarboxylicacid group ((=)-OH), (C=S)-SH(C=O)-SH and (C=S)-OH.The 

most preferred acidicgoup is thecarboxylicacid group ((C=0)-OH).  

The acidi groupsof thepolyacidicpolymer(b)canreactwiththereactiveparticulatefiler 

(a)to foraglassonomer cement whichcanbe usedasadental material 

Preferably,thepolyacidic polymer (b)is water-soluble Thetern "water-soluble" neans that 

atleast1 g, preferably 0.5 g of the polyacidicpolymer (b)dissolves in100 g ofwaterat 

200.  

Furthermore, itis preferred that the polyacidic polymer (b) ishydrolysis-stable. Hydrolysis

stablmeansthatthepolyacidicpolymer(b)is stable to hydrolysis inan acidic medium,
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suchasinadentalcompoinSpecifically,thepolyacidic polymer (b)preferably does not 

contain groups such as ester groups which hydrolyze in aqueous media atpH 3at room 

temperature withinonemonth.  

The polyacidicpolymer (b) is an initiator modified polyacidic polymer having repeating units 

of the following forrnula (I) 

ofco 
Cox 

x X 

(() 

In forula(I), the X, which maybe the same or different, independently representOH,-L

Z or NH-LZ,wherein L is a single bond or a divalent linker group, andZis a covalently 

bondedinitiatorcompound. Y is a hydrogen atom,COOH or acovalentlybondedinitiator 

compound, and k, I,m n, o and p are independently integersof at least0,wherein 

k+l+m+n+o+pisat least 1 In formula (), at least oneXis presentwhichisnotOHwhen Y 

is a hydrogen aomor COH.Atleast one initiator compound is anaromaticaineinitiator 

compound.  

Theinitiatormodiiedpolyacidicpolymerhavingrepeatingunitsofformula () has a weight 

average molecularweight of 1 to 300 kDa, preferably 10 to 250kDa.  

When theinitiator modified polyacidic polymer having repeating unitsof the formula (1) has 

a weight-average molecular weightofless than 1 kDa,thestrength of thecured dental 

resin-modifiedglassionomer composition may be lowered. Onthe otherhandwhenthe 

initiator modified polyacidic polymer having repeating units of the formula() hasa weight

average molecular weight exceeding 300 kDaupon mix ing ingthe dentalresin

modifiedglassionomer composition may become too viscous, whereby workabilityay 

perhaps be deteriorated. Therefore, theweight-averageolecularweightoftheinitiator 

modified polyacidic polymer having repeating unitsofthe formula ()is from 1 to 300 kDa.



WO 2019/043114 PCT/EP2018/073380 

10 

In formula (I),the divalent inker group L of group X may beahydrocarbon group whichmay 

bealiphaticand/oraromatic,preferablyaliphaic,andpreferablyhas 1 to45carbonatoms 

The aliphatic hydrocarbon group may be saturated or unsaturated. The hydrocarbon group 

rnay besubstituted with 1to 6Ci alkyl groups. Speciic examples of the alkyl groups are 

methyl ethyl n-propyl, i-propyl nbuyl i-butyl or terebutyl.In apreferred embodiment, for 

L, the hydrocarbon group of thelfiniker group may contain 1to 20heeroatoms selected from 

oxygen, nitrogen and sulphur. The oxygen atoms, nitrogenaoms and sulphur atoms in the 

hydrocarbon group may bein the formnof ether or thioether bonds,arnine bonds, keto or 

sulfoxide groups carboxylic acid orester groups, amide groups, sulfonic acid or ester 

groups, hydroxyl groups and thiol or thioester groups.  

Preferably, Lis adivalent01.20hydrocarbon which may contain one or more heteroatoms 

selected from the group ofan oxygen atorneasullfur atom, and anitrogen atomn.More 

preferably, Lis analiphatic group in the form of alinear Cito020or branched C3to020 

alkylene group, linear02to C2 0 and branched0C3to020alkenylene group,0C3to020 

cycloalkylene or cycloalkenylene group which may contain 1to 20heteroatornsselected 

from oxygen, nitrogen and sulphur, which heteroatoms may be inthe formndescrilbed above.  

According to one aspect of the invention, Lis agroup ofthe following formula (V) 

(V).  

In formula(/), ais 0or an integer offrom 1to 10, and Het is selected from the group of 

sulfur, oxygen, and nitrogen substituted with ahydrogen atom (NH) or astraight-chain Ca 

alkyl group or abranched or cyclic Ca&alkyl group. More preferably, in formula (V), ais 0or 

an integer of from 1to 6, and Het is oxygen orNHmost preferably ais 0or an integer of 

fro1 to 3,andHet is NH.  

According to another aspect of the invention, Lmay bean alkylene(polyoxyalkylene) group.  

The alkylene(polyoxyalkylene) for Lis not particularly limited, bupreferably, itis a02C 

alkenylene-(O-C2.6alkylene)k wherein kis 1to 20. Preferably, the alkylene(polyoxyalkylene) 

is ethylene(polyoxyethylene) wherein k is 1 to 10, most preferably 1 to 5.



WO 2019/043114 PCT/EP2018/073380 

11 

In the iniat orrodified polyacidicpolymer behavingg repeatingunits offormula(),the 

covalently bond iiator compoundY andZ may independentlyfromeachotherbe 

selected from any initiator compound of the initiator system , which is described in detail 

below.  

Preferably, in formula(), h covaently bonded photoinitiator compound Y and Z are 

independently from each other selected from the groupofbenzophenone12-diketones, 

1,3 diketones arornatic amines, iodonium salts, and phosphines, more preferably from 1,2

diketones aromaticamines and phosphines,most preferably froaromaticamines. At 

least one initiator compounds an aroaticaineinitiator compound.  

Preferably,in formula (I), th covalently bonded redox initiator copound Y andZare 

independently from each otherselectedfrom the group comprising either one ormore 

reducingagents or an oxidizing agent. The reducingagent may be a tertiary aine, or an 

organic compound containing the -SO 2 M group, whereinM isHoralkalimetalion, such as 

a sulfinic acid o analkali metal sulfinate. ThereducingagentmayalsobeN,N

dihydroxyethyl poluidine, NN-dimethyl p-toluidine,N,N-dimethylaminophenyethyl alcohol, 

N,N-dmethylamnophenylacetic acidbenzenesulfinicacid,toluenesulfinicacid, sodium 

benzenesulfinate, potassium benzenesulfinate, sodium toluenesulfinate,and/or potassium 

toluenesulfinate.Atleast oneinitiator compoundisanaromaticaineinitiatorcompound.  

The oxidizing agent may be aperoxide, such asbenzoyl peroxide, hydrogen peroxide, diA

butyl peroxide, and/or t-butyhydrogen peroxide 

Mostpreferably, in formula () the covalently bonded initiator compoundY andZ are 

independentlyfromeachotherselected from the following moieties of formula (II): 

(II) 

Informula(II),RandRwhichmaybethesame different, independentlyrepresent a C 

Sstraight-chain0 branchedor cyclic alkyl group,preferably aCastraight-chainor 

branched alkyl group.
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In formula (I), thecovalentlybonded initiatorcompoundY andZ may further independently 

from each other be selected from the folowing moietiesof formulae (ll)and (V): 

P 

(Ill) 

0 

0 

H3C 

H3C 

(IV).  

The polyacidicpolymer (b) is preferably prepared by aprocess comprising asep (a) of 

providingaprecursorpolyacidicpolymerhavingrepeatingunitsof the following formula (VI) 

CCOOH 

k rnM COOH R~x Ry 
COOH COOH 

(VI).  

In formula (VI), Rx is OH or NHoptionally protectedwithaprotectivegroup, Ry is a 

hydrogen atoorCOH, andk+l+m+n+o+p are definedas aboveforformula() 

Preferably, the average molecular weight of compound of formula (VI) is 6to 290kDa, more 

preferably 7 to 270 kDa, most preferably to 230 kDa
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The precursor polyacidic polymer having repeating units of the folowing formula (VI) 

may be prepared based by polymeizing acrylic acid or amixture comprsing acrylic acid.  

A mixture comprising acrylic acid may further compiseoneormoreunsaturated 

monocarboxylicacidsorunsaturated dicarboxylic acidsorananhyrieounsaturated 

dicarboxylic acids Specificexamplesinclude itaconic acid, aleic acid methacrylic acid,2

chloroacrylic acid,2-cyanoacrylic acid, aconitic acidmesaconic acid fumaric acid, 

glutaconicacid,citraconicacid, utraconic acid and an anhydrildeofthe unsaturated 

dicarboxyc acids. Preferred are itaconic acid and maleic acid, most preferred is itaconic 

acid.  

The repeating unit havingther ng number p ay be introducedinthe precursor 

polyacidic polyer having repeatingunitsofthefoowing formula(Vi)bypolyerizingit 

withRx being OH or NH 2 , or Rx being OHorNH 2 protected withasuitable protective group 

Theprotective group of an optional protected OH orNH2 group is not particularly limited.  

Anyprotectivegroup for OH or NH 2 groups knowninthe artoforganic chemistry may be 

used, described eg. in PG M.Wuts and .W. Greene Greene's Protective Groups in 

OrganicSynthesis,4thEdition, John Wiley and Sons inc, 2007.  

Furthermorea mixture comprising acrylic acid may further comprise copollymerizable 

monomerswhich do not haveacarboxylicacid functionality or an anhydridethereof, 

whereby it is preferablethat the proportion of the unsaturated carboxylic acid units is 50% 

bymlor moreofthe entire structural units. Preferably,theprecursorpolyacidicpolymer 

havingrepeatingunits offormula (VI) contains from 50 to 100 mole percentofacrylic acid 

repeatingunits.  

The copolymerizable monomer ispreferably an ethylenicallyunsaturatedpolymerizable 

monomer, and th copolymerizable monomer includesfor examplestyrene, acrylamide, 

acrylonitrile, methyl methacrylatevinyl chlorideaylchloride, vinyl acetate,1,1,6

rimethylhexamethylene dimethacrylate ester.  

Among the precursor polyacidic polymers having repeating units of theformula (VI), the 

homopolymers ofacrylic acidand copolymersof acrylic acidanditaconic acidanhydrideare 

preferred. According to a preferred embodiment, the precursor polyacidic polymer having
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repeatingunitsofthe formula (VI) is polyacrylicacid or a copolymer of acrylic acid and 

itaconic anhydride.  

Theprecursor polyacidic polymer having repeating units offorula (VI) provided by step(a) 

isreacted ina subsequent step(b) with derivativesofinitiator compounds having a reactive 

groupcapableofreactingwiththeCOOHgroupsothe precursor polyacidic polymer having 

repeatingunitsofformula(VI).Preferably,the derivatives ofinitiator compound have 

reactive group selected roman isocyanate group, an amine group,an alcohol groupor a 

halogen atom selected from Cl ,Br or, 

By step (b), at leastone of he oneoramixture of twoormoreinitiatorcompounds of the 

initiatorsystemarelinked tothe polyacidic polymer by acovalent bond formingaiiator 

modified polyacidicpolymer havingrepeatingunitsofformula().Preferably,theinitiator 

modified polyacidic polyer having repeating units of formula (I) contains 0.01 to 20 mole% 

more preferably0.05to10mole%covalentlybondedinitiatorcompoundsper 100 mole% of 

acidic groupsof theinitiatorodified poyacidic polymer.  

Preferably,the isocyanate, amine, alcoholor halogeno derivativesof one ora mixtureof 

two ormoreinitiator compoundsareselectedfrom compounds ofthefollowing formulae 

(VII),(VII) and (IX): 

FRR LO 

PH 3C 

H3C L Rg 
Rg-L-Ar-(NRR 2) F 

(VIl ) (Vill) (IX).  

In formulae (VI),( ) and (IX) L is a single bond or a divalent linker of formula (V)as 

definedabove forformula(),andRgisselected from an isocyanategroup, an amine group, 

analcoholgrouporahalogenatorselected from Ci, Bror Furthermoreinformula(VI), 

R and R2 havethe same meanings deed forformula(XVI)Arrepresents an aromatic 

group, and n is 1 to 3.
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In formula (Vi), the aromatic group Ar may bea C 4 ary group or.aCa heteroaryl group 

containing to3 heteroatomsselectedfromnitrogen,oxygenandsulfur,preferably a C 

aryl group oraC heteroarylgroup containing1or2 nitrogenatoms.Mostpreferably, the 

aromaticgroupsArisaphenylgroup,anaphtylgrouporapyridylgroup.  

Morepreferably, in formula (VII), Ar is aphenylgroupandnis1evenmorepreferably Ar 

is a phenyl group,n is1 wherein the group NRRis inpara-position to Land most 

preferably Ar is a phenyl group, n is wherein the groupNR R2 is in para-position to L and 

R, L is a single bond anRg is anisocyanategroup.  

In formulae (VII), (VIII) and (IX), Rg is preferablyanisocyanategroup.  

According to the present inventionforlinking one or more initiatorcompound(s) bycovalent 

bondigin step (b)to the precursor polyacidic polymer having repeatingunits ofthe 

following formula (VI) preferably, it is not required thatthe arboxylcacidgroups of the 

polymer are protected.Therefore,after step (b) the thusobtained initiator modified 

polyacidic polymer having repeatingunis of formula(1) can bedirectlyusedasthe 

polyacidic polymer (b) accordingto the present inventionwithout further treatment for 

removing protective groups.  

For reacting compounds of formulae (VI),(VIl) and (IX)with Rg being anisocyanategroup, 

in step (b)a cupling agent may optionallybeaddedforactivatingthecarboxylicacid 

groups of the precursor polyacidc polymer havingrepeating unitsoffornula (VI). The 

coupling agent ispreferably added prior to the reaction with compounds of formulae (VI), 

(VII) and (IX). PreferabIly, the coupling agent is a carbodiimide, ore preferably a 

carbodiimide selected fromN,Ndicyclohexylcarbodiimide (DCC), N-(3

dimethylaminopropyl)-N ethylcarbonate (EDC), and N,Ndiisopropylcarbodiimide (DIC.  

In compoundsof formulae (Vi), (VI) and (IX), when Rg is an isocyanate group, reactingthe 

carboxylicacidgroups of theprecursor polyacidic polymer having repeating units of formula 

(VI) withtheisocyanatederivativesofcompoundsofformulae(VII),(VII)and(IX)resultsin 

a nixed acid anhydride as intermediate compound, which decarboxylates Thereby, anN

substituted amide n the form of aninitiator modified polyacidic acidhaving repeatingunits 

of formula (1) comprising, at least partially, X being NH-L-Z, is obtained, 

Preferably 0,.02 to 0.5 eq. of the one or more compounds of formulae (VII), (VIll)and (IX) 

are reacted with the precursor polyacidic polymer having repeating units of formula (VI)
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based on the totalnumber of carboxylic acid groups of the precursor polyacidic polymer 

havingrepeatingunitsof forua (VI).  

The reaction conditions for the reaction according to step b) ofthe present invention are not 

particularly limited. Accordinglyit impossible tocarry out the reactionin any suitable solvent 

ora suiablemixtureof o or more solvents. Preferably, a solvenmay be selected from 

the group of dioxanedimethylforrnarnide (DMF) acetonitrile, carbon tetrachloride, and 

tetrahydrofurane (THF).More preferably dioxane, dimethylformamide (DMF), and/or 

acetonitrileareuse most preferably dioxane.  

The reaction temperatureisnotparticularlylimited. Preferably,the reaction is carriedout at 

temperatures between -10C tothe boilingpoint of the solvent Preferably, thereaction 

temperature is inthe range of from 0to 00C more preferably20 to 60, and most 

preferably 30 to 50"C The reaction time is not particularly limited. Preferably, the reaction 

tie is in the range of from 10 minutesto 120 hours, more preferably 1 hour to 80 hours, 

most preferably4 to 16 hours. The reaction between the precursor polyacidicpolymer 

having repeating units of formula(VI) and the one ormrore compounds) offormulae(V), 

(Vi) and (IX) may preferably be carried out at a temperature offrom 30 to 50 C for 4 to 16 

hours.  

The reaction product obtained in step b)maybeisolatedb precipitation, decantation 

and/orfiltration.The product may bepurifiedbyrecrystallizationand/orwashingwitha 

suitable solvent.  

For application of the present dentalresin-modified glassionomercomposition,the 

polyacidic polymer (b) is combined with the reactive particulate filler (a). In this context, 

"combining" means physical mixing of the components and theassociationofthe 

components such that the physical mixing of the components isfacilitated,preferably in a 

single step. Accordingly, the polyacidic polymer (b) and the reactive particulate filler (a) may 

be combined in a kit-of-partsor o- or multi-pack composition, whereinthepolyacidic 

polymer (b) and the reactiveparticulate fller (a) are separated for storage.  

Besides of the above described initiator compounds linkedtotheinitiaormodified 

polyacidic polymer by acovalentbond the dental resin-modified glass ionomercomposition 

may,alternatively or additionally, comprise oneoramixureof two or more furtherinitiator 

compounds other thanthe above described ones of formulae (II), () or (IV).Thesefuher
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initiatorcompounds may be covalentlylnkedtotheinitiatormodifiedpolacidicpolymer, or 

they may contained inthedentalcementcomposiionasdiscrete components.  

The photoinitiator system consists of one or more initiator compounds generating alone or 

incombinationfreeradicals when irradiated withghthaving wavelength intherange of 

from 400 to 800 nm.  

As initiatorcopounds,any compound capableofinitiatingapolymerizationreacionby 

irradiationwithlightmaybesuitably used for making the presentdentalresimodifiedglass 

ionomercomposition curable. The term "curable" referstodentalresin-odifiedglass 

ionomer composition thatwll polymerize into acrosslinked polymer network when irradiated 

with light, whereby (co)polymerizablemronomers, oligomers and even polymerizable 

polymerspolymerize into a polymer network.  

For example, asuitablephotoinitiatorsystemmaybein the formofabinaryortertiary 

system.Abinarysystemmayincludeaphotoinitiatorandanelectrondonorcompound. A 

tertiarysystemmayincludea photoinitiator, anelectron donor compoundandacoinitiator, 

as forexapledescribed in US 5545,676.  

Suitablephotoinitiators for the photoinitiator system are Norrish type i and Norrish typeI 

photoinitiators.  

The term "Norrish type " refers to a photoinitiatorundergoing excitation by energy 

absorption with subsequent decomposition of the compound into one or more radicas.  

Theterm "Norrish type " refersto a photoinitiator undergoing excitation, and theexcited 

photoinitiaor interacts with second compound, such asan electron donor,a coinitiatoror 

asensitizer,byeitherenergy transfer or a reox reaction to form free radicals from any of 

th compounds 

Suitable Norrish type Iphotoinitiators are for example phosphine oxides or Si- or Ge-acyl 

compounds.  

Phosphine oxide photoinitiators mayhavea functional wavelength rangeofabout380nm to 

about450 nm,which include acylandbisacylphosphineoxidessuchasthosedescribed in 

US4,.298,738, US4,324,744 USand 4,85,109 and EP0 173 567. Specific examples of
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the acylphosphine oxides include 2,4,6-trimethylbenzoyldiphenylphosphine oxide, bis(2,46

trimehylbenzoyl)phenylphosphineoxideenzenzoylphenylphosphine oxide, bis(2,6

dimethoxybenzoyl)phenylphosphine oxide, tris(2,4-dimethylbenzoyl)phosphine oxide, tris(2

rnethoxybenzoyl)phosphine oxide,26-dimethoxybenzoyldiphenylphosphine oxide,26

dichlorobenzoyldiphenylphosphine oxide,2,3,5,6-tetrarethylbenzoyldiphenylphosphine 

oxide, benzoyl-bis(2 6-dimethylphenyl)phosphonate, and24,6

trimethylbenzoylethoxyphenylphosphine oxideCommrciall available phosphine oxide 

photoinitiators capable offree-radical initiationwhen irradiated atwavelengthranges of 

greaterthanabou380nm to about 450 include bis(2,4,6-trimethylbenzoyl)phenyl 

phosphine oxide (IRGACURE 819), bis(26-dimethoxyenzoyl)-(244-trimethylpentyl) 

phosphineoxide (CGI 403), a 25:75 rixturebyweight,obis(2,6-dimethoxybenzoyl)-2,44

trimehylpentyl phosphine oxide and 2-hydroxy2-methy1-phenylpropan1-one 

(IRGACURE 1700), a 1 mixture by weight, of bis(2,46-trimethylbenzoyl)phenyl 

phosphine oxide and 2hydroxy-2-rnethy-1-phenylpropane-1-one (DAROCUR 4265), and 

ethyl24,6-rimethylbenzylphenyl phosphinae (LUCIRIN LR8893X),. Typically, the 

phosphine oxide initiatorispresent in the composition incatalyically effective amounts, 

such as from0 percent by weight to 5.0 percent by weight, based on the total weight of 

the composition, 

Suitable Si-or Ge-acyl compoundspreferably have the following formula(X): 

X-R9 

(X) 

wherein 

X is agroup of the following formula (XI): 

R" 0 

RM 

(Xl) 

wherein 

M isSiorGe; 
R   represents substituted or unsubstituted hydrocarbyl or 

hydrocarbylcarbonyl group; 

R11 represent a substitutedor unsubstituted hydrocarbyl or 

hydrocarbylcarbonylgroup;
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R   represents a substituted orunsubsuted hydrocarbyl group; 

and 

R9 i) hasthesaemeaning asX whereby th compound of 

forrnula (X)may besymmerical or unsymmetrical; or 

ii) is ag roup of the following formula (XI): 

Y-R 

0 

(XII) 

wherein 

Y represents single bondan oxygenatomoragroup 

NR' wherein R'represents asubsituted or 

unsubstituted hydrocarbyl group; 

R13  representsasubstitutedorunsubstitutedhydrocarbyl 

group, attrihydrocarbylsilyl group,amono(hydrocarbyl

carbonyl)dihydrocarbylslygroup or a di(hydrocarby 

carbonyl)rnono-hydrocarbylsilyl group.  

Itwassurprisingly found thatSi or Geacyl compounds offormula (X) represent 1,2

iketonephotoinitiators which are particularly suitable for dental compositions.With 

cornpoundsofformula (X), a high polymerizationefficiency isattained, and nocoloration 

problems occur,or inapolymerization systemcomprisinga conventional photoinitiator such 

as camphor quinone, colorationisefficiently suppressed Furthermore, compounsof 

formula (X) have a light absorptionwithinthe wavelength rangetypicallyappliedindental 

appliaion,they arcopatiblewihtheingredients ofdentalcopositionsand besides 

they're considered physiologically harmless 

in connection with the SorGe-acyl compound of formula (X), theterm "substituted"as 

used hereineans that RW R R' RD and R' maybe substituted by a substituent 

selected from the groupconsisting of halogen atoms a nitrogroup, a cyano group,a 

hydroxy group, an amino group, Ci- alkyl groups,C alkoxygroups and a ;NRxRY group 

wherein R andRindependently from each other representaCo alkyl group.Here, 

illustrativeofthehalogenatorscanbefluorine,chlorine,brorineandiodineThe C16alkyl 

groups are, for example, methyl,ethyl,n-propyl,isopropyl and n-butyl. illustrative of theC 

alkoxy groups are, for example, ethoxyethoxyandpropoxy.Thealkylmoietiesinthese 

substituents may be linear, branched orcyclic. Preerably, the substituent is selected from a
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chlorine atom a nitro group,-aCalkoxygroupandaNRRgroup)wherein R and RY 

independenty from each other represena01.4alky group.  

IfR10 , R andRo aresubstituted,then ispreferredthattheyaresubstitutedwih1to3 

substituents, morepreferablywith1substituent 

In the compound of formula (X), oieties R 0 ,RandR 2 maybedefinedasfollows 

R4° and R 1 independently from each other represent substituted or unsubstiuted 

hydrocarbylorhydrocarbycarbonyl group, and R represents substituted or unsubstituted 

hydrocarbylgroup.  

The hydrocarbyl group ay be an alkyl group, a cycloalkyl group,a cycloalkylalkyl group, 

an arylalkyl group or an aryl group.  

Analkylgroup may be straight-chain or branched C alkyl group, typically Ca 1alkyl 

group.Examples for a C alkyl group can include linear or branched alkyl groups having 1 

to6carbon atoms,preferabl 1 to4 carbon atoms, for example, methyl,ethyn-propyl, 

isopropy, n-butyl,isobutyl, sec-buty ntert-buty n-pentyl,isopentyiand n-hexyl 

A cycloalky group may be a CM cycloalkyl group, typically .cycloalky group.  

Examples of the cydoalyl group can includethose having 3 to 6 carbon atoms, for 

example, cyclopropyl,cyclobutycyclopentyl and cyclhexyl.  

Acydoalkylaky groupay have4 to 20 carbon atoms and may include acombination of a 

linearor branched alkyl group having 1 to 6 carbon atoms and acyoalky group having 3 

o14 carbon atoms.Examples of the cycloalkylalkyl(-) group can for example, include 

methylcydopropyl-) methylcyclobutyl(), methylcy clopentyl(-), methylcyclohexyl(-) 

ethylcyclopropyl(-), ethylcyclobutyl(-),ethylcyclopentyl(-),ethylcyclohexyl(-), 

propylcycdopropyl(-), propylcyclobutyl(-), propylcydopenyl(), propylcyclohexyl(-) 

Anarylalkyl()groupmaybea2 Coarylalkyl(-) group,typically a combination of a linear or 

branched alkyl group having 1 to 6 carbon atoms and anaryl(-) group having 6 to 10 carbon 

atos. Specific examples of an arylakyl(-) group are abenzyl(-) group or a phenylethyl() 

group.
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Anaryl group can include aryl groups having 6 to 10 carbonatoms. Examples of the aryl 

group arephenyland naphtyL.  

Thehydrocarbylcarbonyl groups of R 0 and R represent acylgroups (R (C=O)in which 

theorganic residue Roris a hydrocarbyl residue as definedabove.  

Compound of formula (X) may contain one or two hydrocarbylcarbonyl groups, that is either 

oneof R orRl is a hydrocarbylcarbonyl group, or bothR and Rare 

hydrocarbylcarbonylgroups. Preferably, compound of formula(V) containsone 

hydrocarbylcarbonyl group.  

Preferably, the hydrocarbylcarbonyl group is an arylcarbonyl group, morepreferably a 

benzoyl group.  

Preferably,R 0 and R 1 are independently selected from the group consisting ofa straight 

chain or branched C- alkyl groupand a phenyl or benzoylgroup whichmayoptionally be 

substituted by one tothree substitutents selected from halogen atoms, a nitrogroup,aC14 

alkoxy group and a NRXRY group whereinR and R independently from each other 

represent a C alkyl group,andRisa straight chain or branches C alkyl group or a 

phenyl group.  

Most preferably,Rand Rare independently selected from the group consistingof a 

straight chain or branched C alkyl group and a phenyl or benzoyl group which may 

optionally be substituted with one substituent selectedfrom the groupconsistingof selected 

from halogen atom, a nitro group, a C alkoxy group anda NRXR group wherein Rand 

R independently from each other represent C aky group, and R 1 2 is a straight chain or 

branchedC 14 alkyl group.  

Inthecompound of formula (X), Re may have the same meaning as X, wherebythe 

compoundofformula (X) may be symmetrical or unsymmetrical.Alternatively,Rmay 

representasubstitutedorunsubstitutedhydrocarbylgroup,or a group of formula(XII).  

Preferably,ifRhas the same meaningasX, thencompound offormula(X) is 

unsymmetrical. If R represents a substituted or unsubstituted hydrocarbyl group, thenthe 

hydrocarbylgroup has thesame earnings defined above forR andisindependently 

selected therefrom,
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in the group of formula (XI) of compound of formula (X), R 1 represents a substituted or 

unsubstituted hydrocarbyl group, a rihydrocarbylsilyl group, a mono(hyrocarbcarbonyl)

dihydrocarbylsilyl group or a di(hydrocarbylcarbonyl)monohydrocarbylsilyl group.  

f R1 3 offormula (XI)isa trihydrocarbylsilylgroup, a mono(hydrocarbylcarbonyl)

dihydrocarbysilyl group or a di(hydrocarbylcarbonyl)monohydrocarbylsilyl group, each of 

the hydrocarbyl and hydrocarbylcarbonylgroups has the same meaning asdefined for R, 

R" and R' and is independently selected therefrom.  

In formula (XII), R'has the same meaning as defined forR and is independently selected 

therefrom.  

For example, compounds of formula (X) wherein RF has the samemeaning as X and which 

are symmetrical may be have the following structure formulae: 

For example, compounds of formula (X) wherein R` represents a group of formula (XII) 

wherein Y is bond, an oxygen atom ora NR' group,and Rrepresents a substituted or 

unsubstituted hydrocarbyl group may have the following structural formulae: 

0O 

O I 

~ A~'~~M MO
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0O 

For examp e, compounds of formula (X) wheein R" irepresenr-ts a gro-up of-, formnula (XII) 

weein RI rersents a trihydrocarb)ylsiyl group have the follow ing stIructural formulE.  

o) o 

Pref,,erably, comr-pound Of for-mula (X) s selected from the group consistig of: 

wherein compounds of formula (X) wh M=A Si arFe pairticLarly preferred.  

More prefer, compound of formula (X) has the following structural formula: 

whereinl it is particularly preferred that M = Si. That' is, etbt5(etbtliehliy) 

glyoxylate) (IDKSi) is yeferred.  

F case the photocurable dental compoi i in the pres of an acic composition, that s a 

composition having a pof l an 7, depending on the coppositon's phi evel, it is
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preferredtoselectcompoundsof formula (X) with the provisothattheydonotcontainester 

groups or atleast only ester groups which donot significantly hydrolyse in aqueous media 

atplH 3at room temperature within one month. Thereby, an advantageous stability of an 

acidic photocurable dental composition, that is acomposition having apH ofless than 7,in 

termseof shelf-life stability of the uncured photocurable dental composition as well as 

stability after curing in the mouhof apatient is ensured. Thereforefor acidic phoocurable 

dental compositions, particularly preferred are compounds of formula (X) excluding R9 being 

a group of formula (XII) inwhich Yis anoxygen atom.  

Furthermore, since the acylsilyl moiety (-C(=O)-Si)mright be sensitive to basic conditions, 

that is apH higher than 7,it ispreferred to suitably select pH value ofthe composition 

being higher than 7with the proviso that the acylsilyl moiety is not cleaved in aqueous 

media at the selected basic pH atroom temperature within one month.  

The compound of the formula (X) may be aknown compound which is commercially 

availableor amay be prepared according to published procedures as described for 

exarnple in WO2017/060459 A1.  

Suitable Norrish type ilphotoinitiatorsay be seleced from the group consisting of 

camphorquinoner benzil,2,2'-3 3'-and 4,4-dihydroxylbenzil, 23-butanedione,23

pentanedione,2;3-hexanedione, 3,4hexanedione, 23-heptanedione,3,4-heptanedione, 

2,3-octanedione, 4,5-octanedionefurit biacetyl,1,2-cyclohexanedione,1,2-naphthaquinone, 

and acenaphthaquinone. Carnphorquinone is preferred.  

Particularly preferred photoinitiators, irrespective whether Norrish type Ior It,include 1,2

diketones having alight absorption within arange of about 400 nm toabout 520 nm , 

preferably, about 450 to about 500 nm.  

Preferably, irrespective whether Norrish type Ior II,the photoinitiator is a1,2-diketone, even 

more preferably camphor quinone or aSi- or Ge-acyl compound of formula (X), yet even 

more preferably camphor quinone or DKSi, and most preferably camphor quinone.  

According to one preferred embodiment, the photoinitiator system consists of aNorrish type 

I photoinitiator covalently linked to the polyacidic polymer.
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According to anotherpreferredembodiment the phooinitiator system consists of a Norrish 

type Ilphotoinitiator comprising an electron donor component acoinitiator component or a 

sensitizer component, wherein the electron donor component, the coinitiator component or 

the sensitizer component is covalently linked to the polyacidic polyrner, and the other 

components are contained in the dental cernent composition or covalently linked to the 

polyacidic polymer.  

Preferred electron donor components include for exarnple,arnines,arnides, ethers, 

thioethers, ureas, thioureas, ferrocene, sulfinic acids and their salts salts offerrocyanide, 

ascorbic acid and its salts, dithiocarbamic acid and its salts, salts of xanthates, sats of 

ethylene diamine tetraacetic acid and salts ofteraphenylboronic acid or anorganic hydride 

of Si, Ge orSn.  

More preferably, the electron donor component isan amine cornpound or anorganic 

hydride compound of SiGe orSn.  

Preferredarnine compounds are tertiary amine compounds, more preferably tertiary amine 

compounds selected from the group consisting of triethanoamine, 4-N,N

dirnethylaminobenzonitriles methyl N,N-dimethylaminobenzoate, ethyl N,N

dirnethylaminobenzoate, NN-dimethylaminoethyl methacrylate andisoamyl 4-N,N

dimethylaminobenzoate, N,N-dimethylanilineN,N-dimethyltoluidine, N,N-diethanoltoluidine, 

dimethylarrinoanisole, 1or 2-dimethylaminonaphthalene. Most preferably, the tertiary 

amine compound is selected from the group consisting of triethanolaminemethyl 4-N,N

dirnethylaminobenzoate, ethyl 4-N,N-dimethylaminobenzoate, 4-N,N-dimethylaminoethyl 

methacrylate and isoamy 4-N,N-dimethylarninobenzoate.  

Preferred organic hydrides of Si, Ge orSnhave thefolowingforrula (XII): 

L*-H 

(XlII), 

wherein L*is amoiety ofthe following formula (XIV) 

RaRbReX*

(XIV).
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In formula (XIV), X* representsSi, Ge,or Sn, Ra represents a hydrogen atom, an organic 

rnoiety or a different moiety L*, and Rband R, which are independentfromeachother, 

represent an organic moiety.  

The organic metal hydride of formula(Xi) may react as a hydrogen donating agentina 

photoexcitation complexwiththe alpha-dietone sensitizer. Accordingly when an alpha

diketone absorbs visible lightandformsan exciplex with theorganicmetalhydride of 

formula (Xill), a hydrogen transfer maytakeplacefromtheorganicmetal hydride to the 

alpha-diketone compound, whereby the organic metal hydride of formula (XIII) is 

transformedinoaradicaspeciiescapableofaciitatinghe polymerization reaction.  

In formula(XIV),Xrepresents Si, Ge,orSnPreferably, X* represents Si or Ge. More 

preferably, Xis Ge. According to a specific embodiment, compound of formula (XI) is a 

silane compound.-According to a further specific embodiment, compound of formula(XII) is 

germane compound.  

Informula (XIV), Ra may be a hydrogen atom, anorganicmoietyoradifferentmoietyL 

When RB is a hydrogen atom, then the compound of formula (XL) contains two metal 

hydride bonds (X*-H).I n caseRb is a hydrogen atom, the X* is Si, 

When R isanorganic moiety, R is preferablyanaromatic,analiphatic or analicyclic 

group. An aromatic group may be a phenyl group. The phenyl group may be substituted by 

one ormore straight chain or branched alkyl groups having to 6carbonatomsalicyclic 

groups having 3 o carbon atos,halogen atoms, hydroxyl groups, or amino groups. The 

aliphatic group may be a straight chain or branched alkyl groups having 1 to6carbonatoms 

which may be substitued by one or more aromatic groups,alicyclicgroupshaving 3 to 6 

carbon atoms, halogen atoms,hydroxyl groups or amino groups. Analicyclic group may be 

a group having to 6 carbon atoms which may be substituted byoneormorearomatic 

groups,aliphaticgroupshalogen atoms,hydroxyl groups oraminogroups.  

When Risa different moietyL*,theompoundof formula(XI)oftheformula(XII) 

contains a metal-metal bond. In case two moieties L are present, then each X, R Rb and 

Romay bethe same or different and independently has the meaning as defined by the 

present invention.
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Rb andRwhich are independent from each other represent anorganicmoiety.Anorganic 

groupmaybeanaroatican aliphati or analicyicgroup. Anaromatic groupmay bea 

phenyl group. The phenyl groupmay besubstituted by one ormrore straight chain or 

branched alkyl groups having1to6carbon atoms,alicyclic groups having 3 to 6 carbon 

atoms, halogen atoms, hydroxyl groups oramino groups. The aliphatic groupay bea 

straightchain or branched alkyl groups having 1to 6carbon atoms whichmray be 

substituted by one or more arornatic groups, alicycdic groups having 3to 6carbon atoms, 

halogenatoms, hydroxyl groups or amino groups. An alicyclic groupmray be agroup having 

3to6carbonatoswhichmaybesubstitutedbyone or more aromaticgroupsaliphaic 

groups, halogen atoms,hydroxyl groups or amino groups.  

According to a preferred embodiment,R R and R in the compound of formula (XI1) of 

formula (X) are the same and representanaliphatic, anaromati or analicyclic 

hydrocarbon group.  

According to a preferred embodiment, thecompoundof formula(XI) of formula (XIl) is a 

compound of the following formula: 

HHCH CH 

NcHHO HC03 

H 

H C~HO3-Si-CH 3
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According toapreferred embodiment, the dentalresin-modifiedglassonomercomposition 

containsthecompound of formula(VI)inanamountfrom005o5percent byweight 

basedonthetotalweightofth composition.  

Coinitiator components are preferably selected fromiodoniumsalts,sulfionium salts 

phosphonium salts andtertiaryaromaticphosphinecompoun.  

Preferrediodonium,sulfionium or phosphoniurn salts respectivelyhave vacation selected 

from: 

(1) anl odonium ion of the following formula (XVll): 

RM*-R 4  (XVII) 

wherein 

R 3 and R4 which are independent fromeach other represent an organic 

moiety; 

(2) a sulfoniumion ofthe following formula (XVII): 

R5R6R7S* (XVIII) 

wherein 

R, Reand RTwhich are independent from each other, represent an organic 

moiety, and optionallyany oofR R6 andR7 formacycl structure 

together with the sulfur atom to which they are bound; 

(3) a phosphonium ion othefollowing formula(XIX): 

RR9RP(XIX) 

wherein 

R ,R and Rwhichareindependentfrom each other, represent an organic 

moiety.  

Saltshavingacationselectedfromformulae(XVI),(XVIII)and(XIX)represent particularly 

efficient odonium, sulfonium or phosphonium saltsandsignificanlyimprovethe 

polymerizationperformanceofthephotoinitiatorsystem



WO 2019/043114 PCT/EP2018/073380 

29 

Preferably, R3 and RYof the iodonium ion of formula (XV),R R andR 7 of thesulfonium 

ion of(XVI), and R,R*and Raof thephosphoniumion offorrula (XIX) are respectively 

selected from an aromatic an aliphatic or analicyclic group.An aromatic group may be a 

phenyl group.The phenyl group may be substituted by one or more straight chain or 

branched alkyl groups having 1to 6carbon atoms, straight chain or branched alkoxy groups 

having1to6carbonatomsaromaticgroupssuchasarylgroupsoraryloxy groups,alicyclic 

groups having to 6 carbon atomshalogen atoms, hydroxyl groups or amino groups.The 

aliphatic group may be a straight chainor branched alky groups having 1to 6 carbon atos 

which may be substituted by one or more aromatic groupscalicyclic groups having 3to 6 

carbonatoms,halogenatoms, hydroxyl groups oraminogroups. An alicyclicgroup may be 

group having 3 to6 carbon atoms which may be substitutedbyone or morearomatic 

groups, aliphatic groups, halogen atorns, hydroxyl groups or amino groups.  

Morepreferably, R3 andR oftheodoniumionofformula (XVI) and R R" andR of the 

sulfonium ion of (XVII) are respectively selected from aphenyl group which may be 

substituted with 1to 3substituents selected from halogen atoms, acyano groupa hydroxy 

group, an amino group, C1oalkyl groups and C16alkoxy groups. Preferably, R'is alinear, 

branched or cyclicalkyl group having 1 to 6 carbon atoms,whichmaybesubstitutedwith 1 

to 3 groupsselected from halogenatoms, a cyano group, a hydroxy group, an amino group, 

01s alkyl groups and C alkoxy groups.  

According to a preferred embodiment, theiodonium ion of formula (XVI)is a diary 

iodoniumion. Examples ofusefuldiaryl iodonium ionsinclude (4methylphenyl)[4-(2

methylpropyl) phenyl] odonium, diphenyliodonium tetrafluoroborate, di(4

methylphenyl)iodonium, phenyl-4-methylphenyliodonium, di(4-hepylphenyl)iodoniu, di(3

nitrophenyl)iodonium,di(4chlorophenyl)iodonium, di(naphthyl)iodonium, di(4

trifluoromethylphenyl)iodonium, diphenyliodonium, di(4-methylpheny)iodonium; 

diphenyliodonium, di(4-phenoxyphenyl)iodonium, phenyl-2-thienyliodonium3,5

dimethylpyrazolyl-4-phenyliodonium, diphenyliodonium, 2,2-diphenyliodonium, di(2,4

dichloropheny)iodonium di(4-bromophenyl)iodonium, di(4-methoxyphenyl)iodonium, di(3

carboxyphenyl)iodonium, di(3-methoxycarbonylphenyl)iodonium, di(3

methoxysulfonylphenyl)iodonium, di(4-acetamidophenyi)iodonium di(2

benzothienyl)iodonium, and diphenyliodonium.  

More preferably aromatic iodonium ions of formula (XVI) are selected from the group 

consisting of diaryliodonium, (4-methylphenyl)4-(2-methylpropyl) phenyl] iodonium, 4-
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octyloxyphenylphenyliodonium and4-(1-methylethyJ)phenyI4-methylphenyliodonium.Most 

preferably, the aromaticjiodoniumnion of formula (XVI) is diphenyiodonium or (4

methylphenyl)[4-(2-methylpropyI)phenylIjodonium.  

A preferred sulfonium ion of formula (XVII)is S-(phenyl)thianthreniumof the following 

formula: 

Preferably, ina phosphonium ion of formula(XIX),R R9 andRindependently fromeach 

other representan aliphatic group, norepreferably a straight chain or branched alkyl group 

having 1 to 6 carbon atoms which may besubstituted by one or more aromatic groups, 

alicyclic groups having 3 to 6 carbon atoms, halogen atoms, hydroxyl groups or amino 

groups. More preferably in a phosphoniumionofformula(XIX),RR andR 

independently from each other represent straight chain or branched alkyl group having 

to 4 carbon aons whichmay besubstituted bone or morehalogen atoms,hydroxyl 

groups or amino groups.  

A particularly preferred phosphoniumion of formula (XIX)is tetrakis(hydroxymethyl)

phosphonium (THP).  

Intheiodonium, sulfoniumorphosphoniu salts having cation of formula (XVII), (XVHI) or 

(XIX),the anion may be selected from hexafluoroantimonate, trifluoromethylsulfate, 

hexafluorophosphate, tetrafluoroborate, hexafluoroarsenate,andtetraphenylborate.  

Preferred aromatictertiary phosphine copoundshave thefollowing formula (1): 

(XV) 

wherein 

ZP is a group of the following formula (XVI) 

R*(ArP)P

(XVI) 

wherein



WO 2019/043114 PCT/EP2018/073380 

31 

R* represents a substituted or unsubstituted hydrocarbyl 

group; 

Ar" represents asubstituted or unsubstituted arylor 

heteroaryl group; 

RP is an aryl group, whichmay be substituted byoneor more 

groups selected fro a hdroxgroup, an amino group,a 

NRRb group (wherein RandR whichmay be he same or 

different, are selected froCalkyl groups) a carboxyl 

group,and a group havingapolymerizabledouble bond; 

whereinthegroup Rand Ar may be substituted by oneororegroups 

selected from a hydroxyl group,an oxo groupa-NRRgroup(whereinR 

and R , whichmay be the same or different,are selected from a hydrogen 

atormandC -alkyl groups)acarboxyl groupand group having 

polymerizabledoublebond, and 

L may be substituted by one or more groups selected from a hydroxy group, 

an oxo group a -NRRgroup (wherein Rand R, which may bethesame 

or different,are selected from a hydrogen atom and C. alkyl groups), a 

carboxyl group, and group havingapolymerizabledoublebond.  

In formula (X), forR, the monovalent hydrocarbyl group may beanalkylgroup, a 

cycloalkyl group, a cycloalkylalkylgroup, an arylalkyl group or anarylgroup.  

Ar representsasubstituted or unsubstituted aryl or heteroaryl groupAnaryl groupmay be 

selectedfrom a phenylgroup, a naphty! group a tolyl group a xylyl group, and a styryl 

group. A heteroaryl group may be a pyridylgroup.  

LP isa substitutedor unsubstituted divalent hydrocarbylgroup which may contain a linkage 

selected from an ether linkagea thioether linkageman ester linkage, an amide linkage, and 

a urethane linkage. ForL the divalent hydrocarbyl group may be an alkyldyl group, a 

cycloalkyldiyi group, a cycloalkylalkyldiyl group, an arylalkyldylgrouporanaryldiylgroup 

In a cycloalkylalkyNdiyl, onevalency ay be bonded to each ofthecyclalkyl moiety or the 

alkylmoiety,orbothvalencies may be bonded to either thcycloalkyl moietyor the alkyl 

moiety.Inaarylalkydiylgroup each of the aryl moiety or the alky moiety maybe 

monovalentrespecivelyoreitherthearyl moiety or the alkylmoietyisdivalent,while the 

other rmoiety is nonvalent. In a cycloalkylalky#diyl, each of the ycloalkyl moietyorthe alkyl
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moietymay be monovalent respectively,or either thecycloalkyl moietyor the alkylmoietyis 

divalent, while theothermoietyisnonvaent.  

The following definitions apply both for the monovalentand the divalent hydrocarbyl group, 

therefore, for thedefinition of the divalenthydrocarbylgroup,thesuffixesdiyland-diyl"are 

bracketed.  

Analkyl(diyl)groupmaybestraight-chainorbranchedC2alkyl(diyl)group,typicallyaC, 

alkyl(dyl)group. Examples foraCalkyl(diyl) group can include linear or branched 

alky(diyl) groups having 1 to6carbon atoms, preferably 1 to4 carbonatoms,forexampe, 

methyl(diyl), ethyl(diyl), n-propyl(diyl), isopropyl(diyl), n-butyl(diy), isobutyl(diyl),sec

butyl(diyl),tert-butyl(diyl),n-pentyl(diyl),isopentyl(diyl) and n-hexy(diyl).  

A cycloalkyl(diyl) group may be a Cv cycloalky(diyl) group. Examples of the 

cycloalkyl(diyl) group can include thosehaving3 to14 carbon atoms,for example, 

cyclopropyl(diyl), cyclobuty(diyl), cyclopentyl(diy) and cyclohexyl(diyl). A 

cycloalkylalkyl(diyl) group caninclude those having 4 to 20 carbonatoms.  

A cycloalkylalkyl(-diyl) group can include a combination of a linear or branched alky(diyl) 

group having 1 to6 carbon atoms and a cycloalkyl(diyl) group having 3 to 14 carbon atoms.  

Examples ofthcycloaikylalkyl(-diyl) group can for example, include methylcyclopropyl(

diyl)methylcyclobutyl(-diyl), methylcylopentyl(-diyl)methylcyclohexyl(-diyl), 

ethylcyclopropyl(-diyl), ethylcyclobutyi(-diyl), ethylcyclopentyl(-diyl), ethylcyclohexyl(-diyl), 

propylcyclopropyl(-diyl),propylcyclobutyl(-diypropropylcyclopentyl(yl),l), propylcyclohexyl(

diyl).  

Anarylalkyl(-diyl) group may be a 20 arylalkyl(-diyl) group, typically combination of a 

linear or branched alkyl(diyl) group having 1 to 6 carbon atoms andan ary(-diyl) group 

having 6 to 10 carbon atoms. Specificexamples of an arylalkyl(-diyl)group areabenzyl(

diyl) group or a phenylethyl(-diyl) group.  

An aryl(diyl) groupcaninclude ary(diyl) groups having 6 to 10 carbon atoms. Examplesof 

thearyl(diyl) grouparephenyl(diyl) and naphtyl(diyl). Aryl(iyl)groups maycontain 1 to 3 

substituents. Examples ofsuchsubstituents canincludehalogen atoms,a cyanogroup, a 

hydroxy group, an amino group, CV alkylgroupsandC alkoxy groups.Here,illustrative 

of the halogen atoms can be fluorine rinchlre, bromine andiodine. The C0 alky(diyl)
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groupsare, for example, methyl(diyl), ethyl(dyl),n-propyl(diyl), isopropyl(diyl) and n

butyffdiyl).Ililustrative ofthe C alkoxy(diyl) groups areas for example, methoxy(diy), 

ethoxy(diyl) and propoxy(diyl). The akyl(diyl) moieties in these substituentsmray belinear, 

branchedorcycli c 

Preferably,the hydrocarbyl group isan aryl(dyl)group selectedrom a phenyl(diyl)group 

andanaphthyl(diyl)group, which groups may optionallybesubstituted bone to three 

groupsselectedfromhalogen atoms,a cyanogroupanamino group, a hydroxy group, C 6 

alkyl groups andC1-6alkoxy groups, or wherein the hydrocarbylgroupisanon-aromatic 

hydrocarbyl group selected froma straight chain orbranchedalkylgroup,astraightchain or 

branched alkenyl group ora straightchainorbranchedalkynylgroup.  

The C alkyl(diyl) groupand the C 4 cycloalkyl(diyl) group may optionally be substituted 

by one or morem members of the group selected from a C alkyl group, C alkoxygroup, a 

phenyl group, and a hydroxy group. Examples for aC alkyl group can include linear or 

branched alkyl groups having 1 to 4 carbon atoms, for example, methyl,ethyl, n-propyl, 

isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl Examples for anC1 ralkoxy groupcan 

includelinearor branched alkoxy groups having 1to 4carbonatoms, for example, methoxy, 

ethoxy,n propoxyisopropoxy, n-butoxy,isobutoxysec-butoxy, and tert-butoxy, 

Moreover,informula (XV), any of the hydrocarbylgroup may be substituted by one or more 

groups selected rom halogen atoms, a cyanogroup, anaminogrouporahydroxygroup.  

Accordingly,in the hydrocarbyl groups some or alhydrogen atomsare replaced byhalogen 

atoms (e. fluoro, bromo,chloro),forexample,halo-substituedalkylgroupssuchas 

chloromethyl, chloropropyl,bromoethylandtrifluoropropyl,andcyanoethyl 

In case the hydrocarbyl group contains an alkyl(diyl) chain, one or more carbon atomsinthe 

alkyl(diyl) chain maybe replaced by an oxygen atom, a sulfur atom, an amide group, an 

ester group, or urethane group. in case the hydrocarbyl group is analky group having 

nore than one carbon aton, the alkyl group contains analkylene. Accordingly, in case the 

hydrocarbyl groups an n-hexyl group, any of th carbon atomsofthealkylenechain 

excluding the terminal methyl group may be replaced byanoxygenatomasulfuratom,an 

amidegroup,anester group,a urethane group oranNHgroupTherefore, the following 

groups may begivenas specificexamples in case ofone or more oxygen atoms
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HaC 

0 
HRCO 

HsC 0 

HG 

H3C 0 

In formula (XV), group R*and/or AraswellasRand/or may be substituted witha 

polymerizable double bond, preferably acarbon-carbon double bond. Examples of 

polymerizable carbon-carbon double bonds include vinyl conjugated viny ally acryl, 

methacryl and styryl Preferably, the polymerizabledoublebondisselectedfromthegroup 

consisting ofmethacry lacrylandstyrylMore preferablythedoublebondisstyryl 

PreferablyR* and Ar' independently are aromatIchydrocarbylgoups selected from a 

phenyl group, a naphtyl group, a tolyl group, axylyl group, and a styrylgroup.  

Asregards R, this oietyis an aryl group,whichmaybesubstitutedbyoneor moregroups 

selected fromahydroxylgroupanamino group, a -NRaRb group (whereiRa and Rb 

which may be the same or differentareseleced from Ce alkylgroups)acarboxylgroup, 

and a group having a polymerizabledouble bond. According to a preferred embodiment,RP 

isan aryl group substituted by one or more groups selected from a hydroxyl group,an 

amino group,a -NRaRb group (wherein Raand Rb, which may be the same or different, 

areselected from C alkyl groups) a carboxyl group, and a grouphavingapolymerizable 

double bond More preferably, R is a phenyl groupsubstitutedbyoneortwogroups 

selected from a hydroxyl group, an ainogroup, a -NRaRb group(whereinRa and Rb, 

which may be the same or different, are selected from Ce alkylgroups),a carboxylgroup, 

anda group having polymerizable double bond.  

Even morepreferably, the aromatic phosphine compound isa compound of formula (XV) 

whereinZ isa group of thefollowingformula:
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P 

Specific examples for compound of formula (XV) include triphenyl phosphine (TPP), 4

(diphenylphosphino)styrene (DPPS), 4-(diphenylphosphino)benzoic acid, 4-(dipheny

phosphino) benzoic acid, 3-(diphenylphophonino)propionic acid, (4-diphenylphosphino) 

N,N'-dimethylaniline, 2,2-bis(diphenylphosphino)benzophenone (BDPPEP)bis[2-(di

phenylphosphino)phenyllether (BDPPE), (4-Hydroxyphenyl)diphenylphosphine allyldi

phenylphosphine. Preferably, the compound of formula (XV) is triphenyl phosphine (TPP) or 

4-(diphenylphosphino)styrene (DPPS), more preferably 4-(diphenylphosphino)styrene 

(DPPS).  

From the above listed aromatic tertiary compounds offormula (XV),4-(diphenylphos

phino)styrene (DPPS) is particularl|ypreferredsince this compound provides for particularly 

improved photo-bleaching resultsconpared to the already advantageous results obtained 

with triphenyl phosphine (TPP).  

A compound of the formula (XV) may be aknown compound whichs commercially 

available or may be prepared according to published procedures as described for example 

in WO/2016/156363A1l 

Besides of aphotoinitiator and the optional electron donor component and/or coinitiator 

component, the photoinitiator system may further contain asensitizer component.  

The sensitizer component may be selected from aNorrish type Ior Ilphotoinitiator as 

described above. The sensitizer component represents an additional photoinitiator other 

than the photoinitiator of the photoinitiator system.  

According to apreferred embodiment, the dental resin-modified glass ionomer composition 

contains aredox initiator. The termn"redox initiator"'means acombination ofan oxidizing 

agent and areducing agent, and optionally acatalyst such as ametal salt. The redox 

initiator provides aredoxreaction in which radicals are formed. These radicals initiate
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polymerisation of aradicallypolymerizable compound. Typically, aredox initiator system is 

activated by mixing the components of the redox initiator system,including by bringing the 

redox initiator sysem incontact with water and/or an organic solvent providing for at least 

partial dissolution of the oxidising agent and the reducing agent. Amixture of the 

photoinitiator system and aredox initiator is a dual cure intator system 

A suitable redox initiator system comprises reducing and oxidizing agents, which produce 

free-radicals capable of initiating polymerization of the polymerizable double bonds of 

monomer (c) and/or crosslinker (d),independent from the presence of lightThe reducing 

and oxidizing agents are selected such that the dental resin-modified glass ionorner 

composition is sufficiently storage-stable and free of undesirable colorization to permit 

storage anduseurder typical dental conditions. Moreover, the reducing and oxidizing 

agents are selected so that the dual cureinitiators system issufficiently miscible with the 

resin system to permit dissoluion of the redox initiator system in the composition.  

Usefulreducing agents include ascorbic acid, ascorbic acid derivativesand metal 

complexed ascorbic acid compounds as described inUS 5,501 727; amines, namely tertiary 

aminespreferably tertiary arornatic amines such as4-tert-buydimethylaniline; aromatic 

sulfinate salts such as p-toluenesulfinate salts and benzenesulfinate sats, most preferably 

sodium para-toluenesulfinate; thioureas, such as 1-ethyl-2-thiourea, tetraethyl thiourea, 

tetramethyl thiourea, 1,1-dibutyl thiourea, and 13-dibutyl thiourea; and mixtures thereof.  

Other secondary reducing agents may include cobalt (ll)chloride ferrous chlorideferrous 

sulfate, hydrazine, hydroxylanine, salts of adithioniteor sulfite anion, andmrixtures thereof.  

Suitable oxidizing agents include persulfuric acid and salts thereof, such as ammonium, 

sodium, potassium, cesium, and alkyl ammonium salts, preferably inorganic peroxodisulfate 

salts, most preferaby potassium peroxodisulphate. Additional oxidizing agents include 

peroxides such as benzoyl peroxides, hydroperoxides such ascumyl hydroperoxide, t-butyl 

hydroperoxide, and amylhydroperoxide, aswell as salts of transition metals such as cobalt 

(Ill) chloride and ferric chloride, cerium (IV) sulate, perboric acid and salts thereof, 

permanganic acid and salts thereof, perphosphoric acid and salts thereof, and mixtures 

thereof. One ormrore different oxidizing agents or one ormrore different reducing agent may 

be used in the initiator system. Smalquantities of transition metal compounds may also be 

added to accelerate the rate of redox cure. The reducing and oxidizing agents are present 

in amounts sufficient to permit an adequate free-radical reaction rate.
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The reducing or oxidizing agents may be microencapsulated for enhancing shelf stability of 

the composition, and necessary permiting packaging the reducing and oxidizing agents 

together (US5,154,762).Appropriate selection ofan encapsulant mayalow combination of 

the oxidizingandreducing agents and evenofanacid-functionalcomponentandoptional 

filler in astorage-stable state. Moreover, appropriate seletion of awater-insoluble 

encapsulant allows combination of the reducing and oxidizing agents with the particulate 

reactive glass and waterinastorage-stable state.  

Particularly preferred redoxinitiator contains(i)an inorganicperoxodisulphate salt,(ii)an 

aromatic amine, and (iii) an aromatic sulfinate salt. For the particularly preferred redox 

initiator, itis preferred that the inorganic peroxodisulphate salt is potassium 

peroxodisuiphate; and/or the aromatic amine istertbutyNN-dimethylaniline (4-tert-buty

N,N-dimethylaniline)and/or the aromatic sulfinate saltils sodium para-toluenesulfinate.  

Most preferably, the redox initiator contains (i') potassiumnperoxodisulphate, (iif)4-tert.

butyl-N,N-dimethylaniline, and (iii) sodium para-toluenesulfinate 

Preferably, adual cure initiator system contains the photoinitilator system with the covalenly 

bonded initiator compound Xor Zhaving formula (XVI), (IRI)or (IV)and the redox initiator 

contains (i) an inorganic peroxodisulphate salt, (ii) an arornatic amine, and (iii) an aromatic 

sulfinate salt, more preferably the redox initiator contains (i') potassium peroxodisulphate, 

(ii') tert -butyl-N,N-dimethylaniline, and (iii') sodium para-toluenesulnate, 

The above described initiator compounds may be linked to the initiator modified polyacidic 

polymer by acovalent bond. This linkage may be achieved analogously as described above 

for the process for preparing the photoinitiator modified polyacidic polymer having repeating 

units offormula (I),that isby reacting aprecursorpolyacidic polymer having repeating units 

of formula (VI) provided by step (a) in asubsequent step (b) with derivatives of the any one 

of the above described photoinitiators/sensitizers, electron donors and coinitiatorswhich 

derivatives have areactive group capable of reacting with the COOH groups of the 

precursor polyacidic polymer having repeating units of formula (VI). Preferablythese 

derivatives have areactive group selected from an isocyanate group, an amine group, an 

alcohol group or ahalogen atom selected from ClBr orI.  

Water-soluble hdrol sis-stable monomer c 

Optionally, the dental resin-modified glass ionomer composition according to the invention 

comprises (c) awater-soluble, hydrolysis-stablemronomer having asingle polymerizable
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double bond and optionally acarboxylic acid group or hydroxyl group,whichmonomeris 

termedas"monomer(c)hereinafter. The dentalresin-modifiedglassionomercomposition 

may comprise one or amixtureof to or more of monomers (c).  

The term "polyerizable doublebondasusedherein inconnection withmonomer(c) 

means any doublebondcapableofaddiionpolymerization,inparticular freeradcal 

polymerization, preferably acarbon-carbon double bond.  

The term "hydrolysis-stable used in this connection means thatthemonomer (c)isstable 

to hydrolysis in anacidic medium, suchas in adental compositions particular; the 

monomer (c) does not contain groups, e.g. as ester groups, which hydrolyse in aqueous 

mediaatpH 3 at roomtemperature withinonemonth.  

Further, the term "water-soluble" used in his connection means that atleast 0,1 g, 

preferably 0.5 g of the monomer(c) dissolvesin gofwaterat 20°C.  

The optionalhydrolysis-stable,water-solublemonomer(c)mayprovideforafurther 

improvement of the mechanical characteristics of the present dental resin-rnodified glass 

ionomer composition in cured forrn.Because, monomer (c) may for examplepolymerize 

together with acrossliniker having at least two polymerizable carbon-carbon double-bonds, 

whereby a crosslinkedpolymernetwork is formed.  

Monomer(c)ishydrolysisstablethatisitpreferably doesnotcontain groups hydrolysing at 

pH3withinonemonth. In particular, a suitable monomer(c)doesnotcotainanyester 

group.  

Furthermore, monomer (c) contains has a single doublebond. Suitablepolymerizable 

double bonds are carbon-carbon double bondssuchasakenyl groups and vinyl groups.  

Preferably, monomer (c) hasa carboxylicacid groupand isa compound represented by the 

general formula (XX):
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OH 
CH 

(XX) 

Informula(XX), R isahydrogenatom ora straight chainorbranchedC alkylgroup,and 

Rais hydrogen atom ora straight-chain orbranchedC alkylgroupwhichmaybe 

substituted by a -COOH group.Informula (XX), thedottedlineindicates thatRmaybein 

either the cis or trans orientation. PreferablyR1 'is ahydrogen atom, and R 2 is ahydrogen 

atom or a Coalkyl group optionally substituted with a-COOH group. More preferably, R1 

is a hydrogen atom, and R 2 is a hydrogenatomoramethylgroupsubstiutedwitha 

COOHgroup, thatiscompoundof formula (XX) is acrylicacidoritaconic acid. Most 

preferably, the compound of formula (XX) isacrylic acid 

Itispreferred that in formula(XX),residuesR 1 andRareselectedwiththeprovisothat 

hemolecularweightofthemonomerhavingasingle polymerizabledouble bondaccording 

to (D)isat most200 Da, preferably at most 150Da, morepreferably at most 100 Da.  

Furthermore,monomer(c) may be 2-hydroxyethylacrylamide(HEAA), NN 

dimethyl(meth)acrylamide, N,N-diethyl(meth)acrylamide, N,Ndi-n-propyl(meth)acrylamide, 

and N-ethykN-methyl(meth)acrylamide.  

Monomer (c)ispreferablyselected in view of a good processability an applicability of the 

final dental resin-modified glass ionomer composition, in particular in terms of viscosity 

Therefore, the viscosity of monomer (c) is preferably in the rangeof0.1to 100 mPas, more 

preferably 0.3 to 50 mPa s, even more preferably 0.5to25mPas,yet even morepreferably 

08 to10 mPas, in particular 0.9 to3 mPas.  

Monomers (c) comprising acarboxyicacidgroupareparticularly advanageous,sincesuch 

monomersmitroduce additional carboxylic acid groups into adental resin-modified glass 

ionomercomposition These additionalcarboxylicacidgroupscanundergoacement 

reaction resulting ina further improved setting or curing reaction in the presence ofa 

reactive particulate filler (a).
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Preferably, monomer (c) scntedinthedentalresin-modified glassonomer 

composition inan amount of fro 0.1 to 20,morepreferably1to15evenmorepreerably2 

to 10 percent by weight based on the total weight ofhedental resin-modified glass onorner 

composition. When monomer (c) is absenta long-term mechanical resistance may be low.  

Ontheotherhand,whentheaount of monoer (c) exceeds 20 percent ofweight, 

shrinkage of the denalglass ionomer cement obtained from the dental resin-mnodified glas 

ionomercompositionmayoccur.  

Water-soluble, hydrolvsis-stable polymerizable crosslinker (d) 

Optionally,the dental resin-modifiedglass ionomer composition according tothe invention 

comrnses(d)awater-soluble,hydrolysis-stable polymerizable crosslinkerhavingatleast 

twopolymerizabl carbon-carbon doublebonds, which crosslinker is termed as "crsslinker 

(d)"hereinafter. The dental resin-modified glass ionomer compositionmay compriseoneor 

a mixture of two or more crosslinkers (d) 

The term "polymerizable carbon-carbon double bond"asusedherein inconnection with 

crosslinker (d) means any carbon-carbon double bondcapableofaddiionpolymerizationin 

particuar free radical polynerization.  

Crosslinker(d) may bean alkylenedioldiethylacrylate suchas 13butanediol 

dimethacrylate, 1,4-butanediol dimethacrylate, an alkylenediol divinyl ether such as 1,4

butanediol nylether, di(ethylene glycol) dimethacrylate, di(ethylene glycol) divinyl ether 

pentaerhritldia cryleorylate trimetylolpropane 

trimethacrylate, pentaerythritol triacrylate or triallyl ether,pentaerythritol tetraacrylate and 

trimetylolpropane triacrylate.  

Preferably,the crosslinker (d) is a polymerizable compound of the following formula(XXI) 

which is disclosed in EP2705827 and W02014040729: 

ALI(BY (XXI) 

wherein 

A is agroup of the following formulla(XXII)
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CH2 

X10

R ~ R1 

(XX11) 

X1  is0,CS,CH2 oragroupX 0 Z"]kwherein Xaisanoxygenatomasulfuratom 

or NH, Z1 isa straight chain or branched 4 alkylenegroup, andk isaninteger of 

fromi1to 10; 

R1  is ahydrogenatom, 

-COOMMY 

astraightchainor branched Ce alkyl group which may be substituted bya C3

cycoalkyl group, aCe4 aryl or C34 heteroaryl group,-COM,-P 3M1 ,-0

PO3M10
2 or -S0 3 M10 

a C3, cycloalkyl group which may be substituted bya Cie alky group, a C614 aryl or 

C, heteroaryl group,-COOM -PO3M -O-PO3 M or -SO 3 M 

aCeyary r 4 oarylgroup which may be substituted by -GM 

PO 3M C1-O-P) M or -S 3M, 

R14 is ahydrogen atom, 

-COO M 

straight chain orbranched C akyl group whichmay be substituted by aC 4 

arylor C144heteroary group,-CM 0, -P 3M --PM0
2 and -S 3M, 

a0 3: cycloallkyl group which may be substitutedby aCealkyl group, a C 4arylor 

C04 heteroaryl group,-0OMi' P 3 Me1 -0-PO3 M 1 2 or -SO3M' or 

a C64aryl or C34hetercaryl group which may besubstitutedby -COOM,

PO3 M ,-P03 M1
2 and-S 3 M 0 

L isasingle bond oralikergroup; 

B independently is 

a group according tothedefinition of A, 

a group of the following formula (XXI)
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RR 

wherein 

X independentlyhasthesamemeaning as defined for X1 inforula 

R andR 4 areindependentromeachotherind independently have the 

same meaning as defined for formula (XXI), 

R° is a hydrogen atom, 

straight chain or benched C alkyl groupwhichmaybesubstituted by a 

C3.ecycloalky group, a Cesaryl orC344heteroaryl groupeCOOMi0 , 

PO3 M10 ,-O-PO3M1 0
2 or 

aC3cydoalkyl group which may be substitutedbya C alkylgroup,a 

a aryl or Ca.1heteroaryl group, COOM 0 ,-PO 3Mi0 ,-O-PO 3M'%or -S 3 M 0 , 

aCarylgroup which may be substitutedby COOM ,-P 3 Mi, -OPO 3 

M or-OM 

a group of thefolowing formula (XXIV) 

x30 
1)( 

RR 

(XXIV) 

wherein 

S isCO,-CH2O, CS,orCH2CS 

R 1 3and R~which are independent from each other and independently have 

thesame meaningasdefinedforformula(XXI),or 

a group [XZ]E, 

wherein 

Z200 is astraight chain or branched Cs4 alkylene group, 

X4 isan oxygen atoma sulfur atomnor NH,
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E is ahydrogenatom, 

PO3M2 , 

a straight chainor branched Cie alkyl group which may be 

substituted by aC3.cycloalkyl group, a Csaryl or Comi 

heteroaryl group, -COOM0 , -PQM1 0 ,-O-PO3 M1 2 or -S 3 M 

a C3 6 cycloalkyl group which may be substituted by aC6 

alkyl group, aC 4 aryl or C 3 4 heteraryl group, -COOM1 , 

P03 M1 0 ,--PO3M 0
2 or -SsM 

a Ces aryl or C34heteroaryl group which may be substituted 

by-COOM n PO3 M, O-PO3 M or-S3 M and 

pC is an integer offrom 1 to 10; 

and 

n saninteger of from 1 to4; 

wherein Mwhichare independentfromeachother each represent a hydrogenatomora 

metalato.Preferably,whenLisasinglebond B cannot be a group accordingtothe 

definitionofA ora groupoftheformula(XXIi).  

Thefollowinggroupsarepreferred groups offormua(XXi),whereinM 1 is hydrogen 

atom or ametal atom: 

Preferred divalentlinker groups may beselected from methylene,ethylene,propylene, 

butylene andthefollowingdivalentgroups:
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CH 

Thve denta resn-odfed glas -oo om pstoacrdn to h reetineto 

ma1y, sde of ptinal compnet rnonoer (c) ando rosne (d)y c ors 

additionallrne opina omoens 

may Ccnanfrhrcopnnssc as furhe filr eies ofratve particulate filer 

(a), copnntmrving radio-opacity, SOlvN, feradical scavner such as 4

methxypeno polmerzation iniios sufcat ( such as to enhance SollubiI of an 

inf io u; , polyoxyethee) couplng agent to enhance reactiviy of filers emg. 3

( 1tritoysily) propy methacrylate, ;and rheoogy modifiers.  

Father fillrs) besides of teraive partcuatefle (a) may for exapL be seece fr 

ner glasses), flurid rlasin glsWe) grauae peomere filues, groun 

prepolymize iles n fe agrgts 

Thetem inrtglawssps) refr to a glasis which ist capbl of reactin wihapolyme 

th ora fDna eerhJun 199 ae 6711 rMore; recenl in US 

4846 , S 518929, US 5307,adapiainU-0407925 A1. Speciicaly, 

fro US 2004/0079258 A1, ietgAsss are koniwhcstongl basi oxdssCha
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CaO BaO SrO, MgOZnO, Na20, K2 0, Li2 etc.arereplacedwithweaklybasicoxides 

such as those intheScandium orLanthanideseries, 

The term fluoride releasingglass(es)"referstoaglasscapabletoofreleasingfluoride.  

Fluoride releasing capability may be provided by adding to amixture of oxides for forming a 

glass inorganic particles containing fluoride with the proviso that the glass has fluoride 

releasability, preferably sustained fluoridereleasability.Suchinorganicparticlesmaybe 

selected from thegroup consisting of sodium fluoride,strontiufluoride,lanthanumfluoride, 

terbiu fluoride, ytrium fluoride, andcalcium-containingfluoroaluminosilicateglasses.  

The term"silanated" as used herein means that the filler has silan coupling agents) on its 

suace, for example in theform ofa casting atleast partly, and preferably fully coveringthe 

surface of the filler.  

Components improving radio-opacitymay for examplebe selected from CaWO 4, ZrO2 and 

YF3 , 

Suitablesolvents may be selected fron water ,alcohols such asmethanol, ethanol, 

propanol (n-, i-), butanol(niso-, tert.-), and ketones such as acetone.  

One-pack or multi-pack dental composition 

The present dental resin-modified glass onomercomposition may eaone-packoramulti

pack dental composition.  

The term "one-pack abused herein means thatall cmponents of the dental resin-modified 

glass ionomercomposition are comprised in onesingle pack such as a capsule having at 

least two chambers oradouble barrel syringe.  

The ter"multi-pack as used herein means thatthe components of the dentalresin

nodified glass ionomer composition ar comprised in a ultitude ofseparate packs. For 

example,afirstpart ofcomponents is comprisedin a first pack, whileassecond part of 

components is comprised in a second packa third part of components may be comprised 

ina third pack fourth part of components may be conprised ina fourth pack, andso on,
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Preferably,the dentalresin-modiied glass onomer compositionisa compositionoftwoor 

more packs, more preferably a to-pack composition. For a to-pack dental composition, a 

two-packpowder/liquidcompositionispreferred, 

Preferably, in a to-pack powder/lquid composition, the powder pack comprises (a) the 

reactive particulate filler,andtheliquidpack comprises (b)thepoyacidic polymerwhichis 

reactive with the reactive particulate filler in a cement reaction.  

The cured dental resin-modified glass ionomer composition 

Thepresent dental resn-modifiedglass ionomercompositionisacurabledental 

composition.A cured dental glass ionomer composition/cement can be obtained therefrom 

by reacting the reactive particulate filler (a) with the polyacidic polymer (b) by means of 

cement reaction, wherein in addition, a photopolymerization isinitiatedbythephotoinitiator 

systern.  

Itwas found that the cured present dental resin-modifiedglass ionomercomposition 

according has the following particularly advantageousmechanicalproperties: 

- A lexural strength ofat least 80MPa as measured according to ISO 4049; and/or 

- an adhesion toenamel and/or dentine is of at least 5 MPa as measured according 

ISO 29022:2013.  

Particularly preferred embodiment 

Accordingtoaparticularly preferred embodiment,theinitiatormodifiedpolyacdicpolymer 

has repeatingunits of formula (l'): 

(l') 

wherein 

X whichmay be thesaeordifferentindependently represent OH, or NH-L-Z, 

wherein
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L' isasinglebondoradivalentlinkergrouphavingthefollowing 

formula(VI) 

Het' 

wherein 

a' is 0 or an integer offrom1 to6 and 

Het' is oxygen orNH, 

preferably ais 0or an integer of from 1to 3,and Het'is NH, more 

RR 

preerbrybiasingleond an 

Y' isac oentondedinitiatocopouend oormultator 

(lv) 

wherein 

R* and R2 

which may be the same or different, independently represent a C

straight-chain, C3 branched or cyclic alkyl group, preferably a C 

straight-chain or branched alkyl group; 

Y' isahydrogenatoCOOHoracovalentlybondedinitiator 

compound; 

kI',ino'andpareindependentlyintegersofat least 0, 

k'+l+m+n+o+pis atleast 1, wherein itis preferred that mand/or pis 0,most 

preferably andpis0;and 

atleastoneXispresentwhichisnotOHwhenY'isahydrogenatomorCOOK; 

wherein the polyacidic polymer has aweight average molecular weight of 1to 300 kDa.  

Use of the initiator-modified polvacidic polvmer having repeating units of formula (X\/) 

The initiator-modified polyacidic polymer having repeating units of formula (XV) as 

de scribed above may be used for the preparation of adental compositionpreferably for the
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preparation ofadentalresin-modifiedglassionomercomposition,mostpreferablyforthe 

preparationoftheabove describeddentalresin-modifiedglassonomer composition.  

Theinventionwill now be furtherillustrated bythefollowingExamples.  

Examples 

ExampleI1 

Synthesis ofpoly(N-(4-(dimethylaminophenyl)acrylamid)-co-(acrylicacid)] 

Toasolutionof5gpolyacrylic acid(Mw136.00g/mol)in15mdioxaneat40°Cwere 

added 563 mg(69 mmol) 4-dimethylaminophenylisocyanatdissolvedin5mldioxanewithin 

5min. The solutions stirred overnight at 40. The reaction mixturecooledtoroom 

temperature was dropped into200mlaceonitrileThen, the precipitated modified polymer 

was separatedby decanting the overlaying solution,and dissolved in 100 mi water.The 

acetonitrilewas removed by distillation at 100mbar and40.Then, the remaining solution 

wasdialysed(MWCO 1000 Da), and the water was removed by freeze-drying 

Yield: 1.89 (36%) 

Polymermodification (H NMR): appr. 2.5 % 

H NMR (DMSO-db): 6 (ppm) 12.23(s,COOH), 7.27-6.67,(inAr),2 84-2.82(d, 

CHCHgCH),211(s, CH),151-1.33(m,CH 2CHCH), 

n m 

0 NH 0 OH 

Application Examples 1and 2and Comparative ExampleI1: 

Aqueous dental glass ionomer compositions of Application Exarnple 1according to the 

invention and of the Comparative Exanple 1have been prepared by forming aliquid and a 

powder composition of the ingredients listed in Table 1below, which respectively add up to 

100 wt%, and admixing both partsi|nthe shown powderliiquid (P/L) ratio.
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[Curing tirne] 
Working time: Period of time, measured from the start of mixing the powder and glass in the 

shown P/L ratio, during whichit is possible to manipulate the material without an adverse 

effect on theproperties.  

Settingtie:Point of tieatwhich the mixture stopped beingdeformedevenunder 

pressing.  

[Flexural strength] 

The obtaineddentalglassionomer compositions of Example 1 and Comparative Exampe1 

were filled inastainless steel rould having thesize (25 2) mmx (20 10) mm x (2.0 

01)mforthe preparation of test specimens. The thus obtained denal glassionoer 

compositions were cured with a dental curing light (lightcured, Lo) as wellas without 

external power source (sel-cured,SC).Forthe resulting cured dental glass onomer 

composiion theflexural strengthhasbeen determined accordingtoISO4049.
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Table 1 Comrposition and properties of Applcation example andComparative example 

Application Comparative 

Example 1 Example 1 

SAH 1-173-03A / .SAH 1-176-01A 

SAH1-173-038 /SKA17-072

01B 

Liquid Water 33.8 33.8 

Cross-linker 15.0 15.0 

Acrylicacid 25.0 25.0 

Modfiedpolyacid 20.0 25.0 

Amine modifiedPolyacid of synthesis example 5.5 

1 

Camphorquinone + Inhibitor 0.7 0.7 

DMABN - 0.5 

100 100 

Powder Reactive glass mixture 99.34 99.34 

KPS 0 22 02 

apTS 04404 

X 100100 

IL ratio 30 3,0 (SC) 

3.2 (LC) 

Crng Working time secods) 10 145 

Setting time (seconds) 277 285 

Fxural strength(SC)[MPa] 95±17 84± 

5 Modui sSC) [MPa) 12060±910 10520±340 

FIexuralstrengthLC)[M~ 115±i5 11±1 

F-Modulus (LC) [MPa] 1o200410 12650±&370
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Example 2 
(AmineModifiedPAA Charge JBR 
03-129-01) 
Liquid FSZ 01-145-01 

________Powder FSZ 01-143-01 

Liquid Water 3385 
Cross-linker 15.0 
Modified polyacid 20.0 

________Amine Modified polyacid 5.5 
Acrylic acid 25,0 
DMAPAA 0 
CQ 0.62 
inhibitor 0.03 

100 

Powder Reaive n Ixture 9954 
NapTS 0.58 
KPS 0.88 

PILratio 3.0 

Curing Wintmsecond s) 140 SKA 17-121-01 A 
tirne 

Setting time (seconds) 200 SKA17-121-01B 
Flexura strength (SC)MPa] 85 12 SKA17-119-01 B 
Flexural strength (LC) {MPa] 98 3 SKA17-119-01 A 

Mod ulus { 411 SKAi7119-1B 
1 Moulf (LC)[MPaQ 12 C00L ± 500 S I -9 -1 A



Claims 

A dental resin-modified glass ionomer composition comprising 

(a) a reactive particulate filler, and 

(b) a polyacidic polymer which is reactive with the reactive particulate filler in a 

cement reaction, wherein the composition further comprises an initiator 

system consisting of one or more initiator compounds, 

wherein at least one of the one or more initiator compounds is an aromatic amine 

which is linked to the polyacidic polymer (b) by a covalent bond forming an initiator 

modified polyacidic polymer having a covalently bonded aromatic amine initiator 

compound, wherein the initiator modified polyacidic polymer is a compound having 

repeating units of the following formula (1): 

Cox 

COXX 
- o 

XOC -0 Cox X Y 

X X 

(1) 

wherein 

X , which may be the same or different, independently represent OH, 

O-L-Z, or NH-L-Z, wherein 

L is a single bond or a divalent linker group, and 

Z is a covalently bonded initiator compound; 

Y is a hydrogen atom, COOH or a covalently bonded initiator 

compound; 

k, I, m, n, o and p are independently integers of at least 0, 

k+l+m+n+o+p is at least 1; and 

at least one X is present which is not OH when Y is a hydrogen atom or 

COOH; 

wherein the polyacidic polymer has a weight average molecular weight of 1 

to 300 kDa; 

wherein the initiator modified polyacidic polymer contains 0.01 to 20 mole% 

covalently bonded initiator compound per 100 mole% of acidic groups of the 

polyacidic polymer.  
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2. The dental resin-modified glass ionomer composition according to claim 1, wherein 

the initiator system is a photoinitiator system consisting of one or more initiator 

compounds generating alone or in combination free radicals when irradiated with 

light having a wavelength in the range of from 400 to 800 nm.  

3. The dental resin-modified glass ionomer composition according to claim 1, wherein 

the initiator system is a redox initiator system consisting of two or more initiator 

compounds generating free radicals when mixed.  

4. The dental resin-modified glass ionomer composition according to any one of claims 

1 to 3, wherein the polyacidic polymer (b) is polyacrylic acid or a copolymer of acrylic 

acid and itaconic acid.  

5. The dental resin-modified glass ionomer composition according to one of claims 1, 2 

or 4, wherein the photoinitiator system consists of a Norrish type || photoinitiator 

comprising a sensitizer component and an electron donor component.  

6. The dental resin-modified glass ionomer composition according to claim 1, wherein 

the covalently bonded initiator compound Y and Z are independently from each other 

selected from moieties of the following formulae (II): 

N 

R 2 

wherein 

R1 and R2 

which may be the same or different, independently represent a C1-6 straight

chain, C3-6 branched or cyclic alkyl group.  

7. The dental resin-modified glass ionomer composition according to any one of the 

preceding claims, which further comprises 

(c) a water-soluble, hydrolysis-stable monomer having a single polymerizable 

double bond and optionally a carboxylic acid group or hydroxyl group; and/or 

(d) a water-soluble, hydrolysis-stable polymerizable crosslinker having at least 

two polymerizable carbon-carbon double bonds.



8. The dental resin-modified glass ionomer composition according to any one of the 

preceding claims, wherein the initiator modified polyacidic polymer contains 0.05 to 

10 mole% covalently bonded initiator compound per 100 mole% of acidic groups of 

the initiator modified polyacidic polymer 

9. An initiator modified polyacidic polymer having a covalently bonded aromatic amine 

initiator compound, wherein the initiator modified polyacidic polymer contains 0.01 to 

20 mole% covalently bonded initiator compound per 100 mole% of acidic groups of 

the initiator modified polyacidic polymer, wherein the initiator modified polyacidic 

polymer is a compound having repeating units of the following formula (1): 

Cox 
Cox 

XOC O COX X Y 

X X 
0 

wherein 

X , which may be the same or different, independently represent OH, 

O-L-Z, or NH-L-Z, 

wherein 

L is a single bond or a divalent linker group, and 

Z is a covalently bonded aromatic amine initiator compound; 

Y is a hydrogen atom, COOH or a covalently bonded aromatic amine 

initiator compound; 

k, I, m, n, o and p are independently integers of at least 0, 

k+l+m+n+o+p is at least 1; and 

at least one X is present which is not OH when Y is a hydrogen atom or 

COOH; and 

wherein the polyacidic polymer has a weight average molecular weight of 1 

to 300 kDa.  
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10. The initiator modified polyacidic polymer according to claim 9, wherein the covalently 

bonded initiator compounds Y and Z are independently from each other selected 

from moieties of the following formulae (II): 

N 

R 

(II) 
wherein 

R1 and R2 

which may be the same or different, independently represent a C1-6 straight

chain, C3-6 branched or cyclic alkyl group.  

11. Use of the initiator modified polyacidic polymer according to claim 9 or 10 for the 

preparation of a dental composition.  
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