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LOW SHRI NKAGE MULTI FUNCTI ONAL SSQ RESI NS FI ELD OF THE

I NVENTI ON [ 0001] The present invention relates to | ow
waebooonkmge nmul ti functionalized sil sesqui oxaneP¢BSGA008/000073

derivatives, to nanoconposite materials conprising

these SSQ s and to the use of -the nanoconposite

material as a polynerizable resin in biologically

conmpatible materials. BACKGROUND [ 0002] Dent al

conposi tE@W@HMN}@AGELMUmlmﬂcﬂmNmLasstE@Ns

clinical dentistry in the 1960s are conpl ex,
tooth-colored filling materi als conposed of synthetic
polynmers, inorganic fillers, initiators, activators,

stabilizer and sil i ch bond the
rei nforcing fill ergmw*bﬁmmﬁh Since their
B b s o o Pk i Tonctonalzod

inlays/onl a pit and fissure sealants and o \
Sllsﬁéawoxé@e s(tséﬁ) defvativest & mnanocompesite analegnls comprising these

popul arity and remarkabl e i nprovenents in fornul ation,
SSkEs endatosthendse of they nasetoropagite material las @ mdlymerizable resin in

avai |l abl e conposite materials still have the inherent
biokbigizaily zohapatibdé nyatényater i zat i on shrinkage and its

acconpanyi ng stress. [0003] Al known dent al

conposites exhibit 2-14% vol unetric shrinkage during

the pol ynerizati on process.2 6 When conposite shrink,

stress are generated algAGRGROOND te/ tooth
i nterface. These shrinkage stresses can cause nmargi nal

[0002] Dental composites which revolutionized the practice of clinical
dentistry in the 1960s are complex, tooth-colored filling materials composed of
synthetic polymers, inorganic fillers, initiators, activators, stabilizer énd silane
coupling agents which bond the reinforcing fillers to the polymer matrix. Since thelr
introduction, they have found wide appllcatlons as anterior and posterlor
restorations, indirect inlays/onlays, pit and fissure sealants and wear-resistant
denture teeth.! Despite their popularity and remarkable improvements in formulation,
materials and curing technology, the currently available composite materials still
have the inherent disadvantage of polymerization shrinkage and its accompanying
stress. |

[0003] All known dental composites exhibit 2-14% voILimetric shrinkage

| during the polymerization process.?® When composite shrink, stress are generated

at the composite/ tooth interface. These shrinkage stresses can cause marginal
openings if the bonding system is unable to withstand the polymerization forces and
thus lead to leakage and ultimately caries. Despite the dramatic improvements in

the formulation of newer generation bonding agents with enhanced marginal
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openings if the bonding systemis unable to w thstand

the pol ynerization forces and thus |ead to | eakage and
wabkdoomeised y cari es. Despite the dramatic i npr ORETBRGL098/000073

in the formul ati on of newer %nerati on bondi ng agents

wi th enhanced marginal adaptatdaon and bond strengths, a

perfect marginal seal is still not achievable.

Cinical studies carried out for resin-based conposite

adbgﬁa&.@haéh@%ﬁdostrawgm la peffet! nfatyinkl 88afl & sl nﬁitl %.evable
0 to 6 years have al so shown t hat secondary and/o

Clip%%ré{u%ﬂés ((Eja”& ﬁ%u‘ﬁ%rere‘sﬂwebg?%]d“cé géﬁféﬁrefs&{)ra{ﬁﬁé erf’%%beé‘l and Il

ure an meri zati on rmn een cite

ol Y P At 508 o e

t { t . .
caliSs, ware b eI HEBSeRS B?r " EsHiaton bl andrRalymerization shinkage
shri nkagqd during the nerization process. [0004

]
hagheencei §ﬁm¢k@fg@edm0§ pigpificant fagtarrinfluencing the seal between
divided into pre-gel and post-gel phases. During the
togih stryeture @indnpolymet-besed réstotativpasatedalss Thiuk etheamajosvand most
and stresses within the structure are relieved.7 After
sighificaint adrawbiagk oof tgompusitesisasedsirgsing i isatiié yshainkage during the
stresses due to shrinkage cannot be conpensated.

polyasdrizatibnpRbodsy. i zation thus results in significant
stresses in the surrounding tooth structure and

anwgt Fht eENsRfNS cdﬁ?ﬂoént%a}ﬁafeﬁag% Bf?‘Ht\}t’dé?d into pre-gel

akage, post-operative sensitivity

anBHREF oRRLet ARG Bhe 5 g%fpgwmecgz%pwﬁeeﬁ ﬁ«@gsne s able to

i nter,face causi. oth to fractur Ther e
ﬂoweaust Bifosen R ce, STere farer RisUe87 Aef HeIUoH, Suiscosity
|nq5$ %ﬂsh@?f&%ﬁg bqeq%j? g‘f{g%ggtq%ry {oogHrsmll(arbet Egnggtvglaogonrﬁgénsated

Post-gel polymerization thus results in significant stresses in the surrounding tooth
structure and composite tooth bond that may lead to bond failure, microleakage,
post-operative sensitivity, pulp pathoses and recurrent caries.®'" These stresses
could also produce defects at the composite/tooth interface causing the tooth to
fracture.'? Therefore, reduction in polymerization shrinkage of dental composites
has become a major focus in the development of new monomers for dentistry.
[0005] In order to overcome the problem on po~lymerization shrinkage and its
associated stresses, a few systems have been explored. For example, ring opening
monomers such as spiro-orthocarbonate (SOCs)'® that expand during
polymerization through a double-ring opening process, acrylates and methacrylates
containing spiro ortho esthers' that are capable of being polymerized by heat, ionic
and free radical initiators, oxetanes,’® oxybismethacrylates'® and highly branched

methacrylates'’ have been developed. Although these polymers are promising,
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[0005] In order to overcone the problemon

pol yneri zati on shrinkage and its associ ated stresses,
w@2doemmyst ens have been expl ored. For exanpl ePCT/BQL08/000073

openi ng nononers such as spiro-orthocarbonate (SCCs) 13

t hat expand during pol ynmeri z8tion through a

doubl e-ring openi ng process, acrylates and

net hacryl ates containing spiro ortho esthers 14 that
PO S N e Heffhal DroESiod ol gitBhon, SULiitg Eluing times

an é%ﬁéﬁggg\tllgpﬁrewfgt es 16 and hi ghly branched
e ates

acry have been devel oped. Al though these

po s.are _prom sing, probl e bal anci ng, mechani cal .
o R P oBe® st SppRiathn i SR SRVERpMENS  hdfetdln costorative
and i%é)ansi on stjll exist. {0006]_ One recent approach i

compogites NasePEBReiR Y afedt al arganisrineraeRICc Hird | Ranpcomposite
has been in the area of organic-inorganic hybrid

matefials.orpdsenexampler a glass of Qusedocyele stosanst eages matesials termed
of fused cyclic siloxane caged nmaterials terned

silsEshsmxgnes x a(@SQ),SS@mmontyon| kndarmownasas Polyhadt al Oligomeric
A igoneric Sil sesqui oxanes (POSS(tm)), are known. The

SilssEquIBNanes3IPQ IS ™), arg kiivih f THaTevantericeSSabiting rigidiframework
of silicais a unique class of inorganic/organic

reseYBling tABL S'siiRbSs Wunigue Shssst iﬁbrﬁni(?o@%lnft{)“yﬂrftdﬁgaterials with a

versatile chemcal reactivity not” only "al | ovis _
B BT O HE GRS Bl LSRGt i ows tne
de YRPIrRH oL B o8 G MEA S i ol pBBLAhg properties™
buly B sor fsk SYRETALS, SRPgIans Bk BERIR ForbEsIon resistant

t hese nanosi zed nol ecul es al so offer the advantage of
coatifgiso ViauidsisRIpy IElerpentad inssialing layers gmeleciranicawreuit boards and
optléaallffizalep (g‘,]oaa}('irrlwogl;s.25'26 The incorporation of these nanosized molecules also offer
the advantage of improved solubility, adhesion, cbpolymerization, grafting and
blending.'®%’

[0007] However, still there is much development desired for obtaining SSQ

compounds having improved stability, crosslink density and packing. In particular,
there remains the need in the art for dental resin materials that have minimal

shrinkage without sacrificing other advantages physical properties.
SUMMARY

[0008]) The objective of the present invention was to synthesize and provide

low-shrinking multifunctional silsesquioxanes (SSQ).
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bl endi ng. 18' 27 [0007] However, still there is nuch
devel opnent desired for obtaining SSQ conpounds havi ng
WO pgpowsas st abi lity, crosslink density and pack@mgG2008/000073
particular, there remains the need in the art for
dental resin naterials that-Have mi ni nal shri nkage
W t hout sacrificing other advantages physi cal
properties. SUVWARY [ 0008] The objective of the

Pr FOODY] inyefirst aBpaGts thed pradtinh @isverfioANSroRIdes! Keilti functionalized
| ow shrinking nmulti functl onal sil sesqui oxanes (SSQ .

Ssty d[elﬁ\%}ﬁ,}e A ogdlb rtétmm??'?edt he present invention

pr ov nctlona SSQ derivative accordi ng
to formula (1) [((R 1)a(R2)b(R3)c(R4)d)((R 5)nSin0 z)]
(1) vvherein nis an integer from6 to 14; z is 1.5n or

2.5n; sel ect ed
from the groupRiaRg%&aﬁngE@% @&Fébg&ggg(bonsisting of
C2-C20 al kene, C2-C20 al kyne, allyl, allyl glycidyl
et her, C2-C20 al kyl al kene, alkylalkynes, acryl ates,

met hacryl at es, benzoxazi nes, epoxides and oxetanes; R5
whegeinndependently selected from (C(R)(R')) d, ((C(R

%éﬁegz)lﬁéspﬁrgnfé&%éng \r/ ng |[ E]gieéJSnlj\énz i23(/)) ]S:| ect ed
f HZJrIT; 1.5n or 2.5n;

R', R, R? and R* are independently selected from the group of polymerizable
residues consisting of ACZ-CZO alkene, C,-Cyp alkyne, allyl, allyl glycidyl ether, C,-Cyo
alkylalkene, alkylalkynes, acrylates, methacrylates, benzoxazines, epoxides and
oxetanes;

R® is independently selected from (C(R')(R"))q, ((C(R')(R")){N(R")), [(CH2)mO)r
and [(Si(RV),0)]s, wherein R, R", R" and RV are independently selected from
hydrogen, C4-Cyg alkyl, and Cg-C4g aryl; m is an integer from 1 to 10; and q, rand s

are independently an integer from 0 to 10;

a, b, c and d are independently an integer from 0 to n, whereina+b +c+d =

with the proviso that in case z is 1.5n than at least one of R', R? R®and R* is

not (CH2);0C(0)C(CH2)(CHs), (CH2)30C(O)C(CHz)(H), CH(CHy),

\/\/0\/<J) or O'

[0010] In a second aspect, the present invention provides a nanocomposite

material comprising
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hydrogen, Cl-C20 al kyl, and C6-C 0 aryl; mis an

integer froml1l to 10; and g, r and s are independently
wamoonimsger fromO to 10; a, b, ¢ and d are  PCT/SG2008/000073

i ndependently an integer fromO to n, wherein a + b +

c +d=n, with the proviso-®hat in case z is 1.5n

than at | east one of Rl, R2, R3 and R4 is not

(CH2) SOC(O C(CH 2) (CHB) , (CH 2)30C(OQ C(CH 2)(H),
- %e n?@riz’abié)oﬂﬂ%bo%@ é@ﬁlgﬂgin SRRt Cleast h8n€rﬁﬁﬁf?t functionalized

tiron provi S a nanocoOnpoSite materi a

coppld S I ' X IS t. | .
on ORI PR Rl SRR B R bk SERYe o8 oo iBRbmer; and
derivative of the present invention as co-nononer; and

- a BHY'AY ¥F¥8Bm [0011] In a further aspect, the
present invention provides the use of the )
nalfddpbsiar turther easpgact.othe; Reesgnt devantipRviiovidss the yse of the
pol ynmeri zable resin for biologically conpatible

nanecampeasite remeral DESDRI PrEsent @Fvertien DE\W Nedymedaahle resin for

Figure 1 illustrates two general preparation exanples
biotdgitdlly Gsapatiblp onatesalst t he present invention. [0013]
Figure 2 illustrates an exanple of a general reaction

schenme for the preparation of one of the SSQ conmpounds
of the present invention having a cage with 8 Si

atons. [ 0014BREgUHESERIPTION'GE THEEDRAWINGSSxanp!

of the general preparation
[0012] Figure 1 illustrates two general preparation examples of the SSQ

compounds of the present invention.

[0013] Figure 2 illustrates an example of a general reaction scheme for the
preparation of one of the SSQ compounds of the present invention having a cage
with 8 Si atoms.

[0014] Figure 3 illustrates a further example of the general preparation
scheme for an exemplary compound of the present invention having 8 Si atoms.

[0015] Figure 4 illustrates SSQ compounds of the prese_nt invention having
allyl ether methacrylate, propargyl methacrylate and vinyl cyclohexene epoxide
substituents.

[0016] Figure 5 illustrates four SSQ compounds of the present invention.

[0017] Figure 6 illustrates a graph showing the mean shrinkage of SSQ
compounds of the present invention and compositions of the prior art during light
curing.

[0018]) Figure 7 illustrates a graph showing the mean shrinkage of SSQ
compounds of the present invention and compositions of the prior art post-light

polymerization.
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schene for an exenplary conpound of the present
i nvention having 8 Si atons. [0015] Figure 4

WO bdovaiosag es SSQ conpounds of the present i nvePdT/86G2008/000073
havi ng allyl ether nethacryl ate, propargyl
met hacryl ate and vi nyl cycl oéxene epoxi de
substituents. [0016] Figure 5 illustrates four SSQ
compounds of the present invention. [0017] Figure 6

i | [00s19] aFRfire @ristraté\d geaphehoRany 3ihe imEageharingsof SSQ

conmpounds of the present invention and conpositions of

coutnbeuﬁas of tH predeht mehumrane ebipdsitioR8 b khd pasr € 7

| ustrates a graph showi ng the mean shrinkage of SSQ

t nORH Fickire | SSNERED o KON iRl ﬁngt’@?%é] Hﬁfuﬁls"fof SSQ
SS
co%shkhﬁ%éiﬁb%eﬁ&e%sﬂ@@saﬁ%“ﬁ%@%ﬂH@#@na A TEBET: ons o
t nOFLFioubi 12 isties o gtRlh bomnd 1ee 8«5%§£ 2 cire 3 ssQ
| nvention and conpositions of the prior. [0021] Figure
compoungs, of the lé@sangmagnﬂ@hami 6gMPesItigapof the Pk e of
SSQ conpounds of the present invention and
col8922] t Figuse of1 titstratesra §r@app2ph&wingr ¢hel Imean water sorption

illustrates a graph show ng the nean water sorption

obtziricd foe $ S@ compQuUadspPhthedsresénttineentionsart cormpesitioesiof the prior.
and conpositions of the prior. [0023] Figure 12

| | foo23] aFReré N2 PRSKERSS fl pORNRIrizEReN Yof BpYxySgrétib8using a 3
3 component initiating system
component initiating system.
[0024]) Figure 13 illustrates an example of a general reaction scheme for the

preparation of (HSiMe20SiO 5)s.

DETAILED DESCRIPTION OF THE INVENTION

[0025] In the following description non-limiting embodiments of the process of
the invention will be exp!ained.

[0026] According to the present invention, it has been surprisingly found that
a new class of multi functionalized silsesquioxane (SSQ) derivatives may be easily
synthesized, wherein said compounds may be used as low-shrinking monomers for
biologically compatible materials, for example for dental applications. The
compounds have been isolated in high yields and form highly reactive, viscous
liquids that can be polymerized both thermally and/or photochemically to produce
clear hybrid polymers. It has unexpectedly been discovered that the SSQ of the
present invention show improved low shrinkage upon curing, together with improved

fracture resistance.
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[0024] Figure 13 illustrates an exanple of a general

reacti on schene for the preparation of (HS Me2q Si Q.
WG@9/1BBFAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0P@B$G2008/000073

the follow ng description non-limting enbodi nents of

the process of the invention?will be explained. [0026]

According to the present invention, it has been

surprisingly found that a new class of nulti

f uroRi279NRY itﬁ@‘i:o?tit%&eéfqtﬂé)?b?&eer{tsiﬁ%nﬁ%,i et tethe “g@rﬁgggng" or

easi |y synthesized, wherei'n said conpounds may be I
"ot eS| R TBLE A iPliga 28, PRbate B BRwg ! fhe word
oA SR e Pe A0k i ReBiiReHoS i bk e et

ol ynmeri zed both thermally and/or photochemcally to
ele&%ﬁﬁ ake [qasiredioy pa %%’Wy%‘étrtgat qthepelemeanisaeQriignal and may or

been di scovered that the SSQ of the present invention
mayHel/benpreseetd | ow shrinkage upon curing, together with

i nproved fracture resistance.[0027] In the context of

t hiP0283s€he follweingi tenmst tedfert tor @ny cgnopips snegtiormd in the present

"conprises” neans including, but not limted to,

invehtide vualest dtherwisé imdiomed. " conpri sing”. Thus, the use
of the term"conprising"” indicates that the listed

el fvmg STRE Refn® AHIky P daRne B inatdthisinalibh, Fiéfs @ 49dlly saturated
el enents are optionhal and may or nmay not be present.

o EREH ek, BV SR s AU 6N spsttted.
cerjtémie?r%c%iments, an alkyl comprises 1 to 30 carbon atoms, for example 1 to 20
carbon atoms, wherein (whenever it appears herein in any of the definitions given
below) a numerical range, such as "1 to 20" or "C4-Cy", refers to each integer in the
given range, e.g. "C4-Cy alkyl" means that for example an alkyl group comprising
only 1 carbon atom, 2 carbon atoms, 3 carbon atoms, etc., up to and including 20
carbon atoms. Examples of alkyl groups include, but are not limited to, methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, tert-amyl, pentyl, hexyl,
heptyl, octyl and the like.

[0030] The term "alkene", alone or in combination, refers to an aliphatic
hydrocarbon having one or more carbon-carbon double-bonds. In certain
embodiments, alkene groups are optionally substituted. Examples of alkene groups |
include, but are not limited to, ethenyl, propenyl, butenyl, 1,4-butadienyl, pentenyl,
hexenyl, 4-methylhex-1-enyl, 4-ethyl-2-methylhex-1-enyl and the like.

[0031] The term "alkyne", alone or in combination, refers to an aliphatic

hydrocarbon having one or more -carbon-carbon triple-bonds. In certain

embodiments, alkyne groupé are optionally substituted. Examples of alkyne groups
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[0029] The term "al kyl", alone or in conbination,

refers to a fully saturated aliphatic hydrocarbon. In
we@erwalms4enbodi nents, al kyls are optionally  PCT/SG2008/000073

substituted. In certain enbodi nents, an al kyl

conprises 1 to 30 carbon ato®s, for exanple 1 to 20

carbon atons, wherein (whenever it appears herein in

any of the definitions given below) a nunmerical range,

incidenbasare dottlitnity toobthyﬁilr g?ébg%! Qflﬁhﬁﬁ/l tshcEvenikient eger

in the given range, e.d al Kyl™ means that for

e"[ﬁﬁﬁggnﬂgﬁ ey '"gﬂg Hﬁan%“'?@fe'ré 't89¢1 g%l}b loﬁ@'h@fhg; &h Uiyl group

car on atons

boér&ﬁkﬁﬂdﬁ%‘% B, 8%?% g?@%hﬁ%ﬂé g*ﬁ%'kﬁﬁéé’% optionally
sutpRER riamp e8ie Biwakensinthice. REtae nat dtieH 1o g CHCH:),
and the |ike. [0030] The term "al kene", alone or in

(CHwrS(Ghts)(GH2).ruherein wds an integsh font 1#g dPoaad Bamlikmvi ng

one or nore carbon-carbon doubl e-bonds. In certain
en00dB8herhs term Kalkylathynep sefers to@ gongl tgmpdibingi amitatky! group
Exanpl es of al kene groups include, but are not limted

boura tetdremkynepgopenyin, coddiangibodirderitst adjlalkyhes are optionally
pent enyl, hexenyl, 4-nethyl hex-1-enyl,

subtieitey Eiarﬁpte@ydffmy@kﬂﬁad inadet bat hidkeot linfiglb, (0A,)..-C(CH),

term "al kyne", alone of in conbination, refers to an

whéﬁ'e'er § i @Véﬁe‘i‘ﬁﬁ‘fn?qr{oh%vbngtﬁ’é‘ﬁké’r mor e car bon- car bon

rlp e- bon certain enbodl nents, alkyne gr oups

B0 BRElh wa«ree-v%@fs AR g g Oc .
mal Qﬁ%”émlﬁﬁ HEHr OF G Bl eﬁgmiﬂ A0 il onerin s
an og ?&%‘g tér@] aﬁ?l keglgsggr gggmqltgﬁlﬁc{lt e, "but are not limited to,
acrylate, propargyl acrylate, allyl acrylate, 2-allyloxyethyl acrylate,
2-propargyloxyethyl acrylate, 1-hexenylacrylate, and the like.

[0035] The term "methacrylate" refers to a group of formula
X-OC(O)C(CHgz)(CHj3). X may be C4-Cp4 alkyl, [(CH2)nOl;, C2-C12 ether, vinyl group”
or allyl group, wherein r is an integer from 1 to 10. Examples of methacrylates
include, but are not limited to, di(propylene glycol) allyl ether methacrylate,
propargyl methacrylate, 2-(methacryloyloxy)ethyl ester, allyl methacrylate, allyl
acrylate, propargyl methacrylate, propargyl acrylate, and the like.

[0036] The term "epoxide" refers to compounds having one or more epoxide
(oxirané) functionalities, and includes monomeric epoxy compounds and epoxides
of the oligomerié or polymeric type, which can be aliphatic, cycloaliphatic, aromatic,
or heterocyclic. The epoxides may vary from low molecular weight monomeric

materials to oligomers to high molecular weight polymers and may vary greatly in
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substituted. Exanpl es of al kyl al kene include, but are

not limted to, (CH2) WCH(CH 2) , (CH2)W C(CH3) (CH2)
wOobmpei10848v i S an integer from1l to 15, and t hepd1/K€2008/000073

[0033] The term "al kyl al kyne" refers to a group

conprising an al kyl group be®d to an al kyne group. In

certain enbodi nents, arylalkynes are optionally

substituted. Exanpl es of al kyl al kynes include, but are

i b ] S RN g L MG 5885 e
refers to a group of formula X- OC(CH 2)(H. X may
be & C 24 alkyl, [(CH2)mOTr, et her, vinyl

group or allyl group erein Ointeger from1
to 10. Exanples a 2 ¢l ude, but are not
but &8 ictdiniitad BCT Y} atxe, propar'gyl acryl at @heéihXlis an integer from

acryl ate, 2- al | yl oxyet hi/l acryl at e,

1 2-tgr opgy,gy! oX35@1-6¢bxm16h@s@lméthizlez,aréd@%y&@ﬁ@eatr%egrboxylate,

the like. [0035] The term"nethacrylate" refers

o 50 PR S A BB o st
oA KB LT RO o8, B o

aié il? yl ene glycol) allyl ether nethacryl ate,

ang % vyl nethacryl ate, 2-(nethacryl oyl oxy) et hyl
ester, allyl methacrylate, allyl acrylate, propargyl
me{0R371y The dermyrepfianally substtutads refersita agrounds. wlpl@%@@pe, one,
The term "epoxi de" refers to conpounds having one or

or fpere theoxpae qfothier Aydrpgenratomsnbas thiees, replacednwithcdane or more
nonomneri ¢ epoxy conpounds and epoxi des of the

grap(gparerindependanitly seldoted from, alkyl, @nyl canyldiieyl,Hyidpdwey, koxy, halo,
cycl oal i phatic, aromatic,

carbonyl, nitro, silyl, and amino, including mono- and di-substituted amino groups. In

embodiments in which two or more hydrogen atoms have been substituted, the
substituent groups may be linked to form a ring.
[0038] In one embodiment the present invention is directed to multi

functionalized silsesquioxane (SSQ) according to formula (l)

[((RM)a(RA)6(R*)(R)a)(R®)nSinO2)] (1)

wherein

n is an integer from 6 to 14;

zis 1.5n or 2.5n;

R', R?, R® and R* are independently selected from the group consisting of
C,-Cy alkene, Cp-Czo alkyne, allyl, allyl glycidyl ether, C,-Cg alkylalkene,

alkylalkynes, acrylates, methacrylates, benzoxazines, epoxides and oxetanes;
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or heterocyclic. The epoxides may vary from | ow
nmol ecul ar wei ght nononeric nmaterials to oligoners to
whe@b/1nskecul ar wei ght pol ynmers and may vary greESG3008/000073
i nthe nature of their backbone and substituent groups.
Exanpl es of epoxides incl udd0 but are not linited to,
wherein x is an integer from1l to 10,
3, 4- epoxycycl ohexyl met hyl - 3, 4- epoxycycl ohexanecar boxy!
atR? is independently selected from (C(R')(R")),, ((C(R')R")N(R")), [(CH2)mO
3, 4- epoxy‘-) 2- et hyl cycl ohexy(l r(ret)$1yl)2q3(,(4-(e|c)>(ox3)/)-q2-( rre)t)h3[/(l c 2)".1 ]r
X CaMi Hlpt e R v .
an%ﬁ@(@?ﬁ?@é’x Wi Pein' R' R" R" and aF% |"§de£ﬁ“€§{‘g¥ selected from

- met hyl cycl ohexyl met

- V] NYh- 6y C epoxi de, ' 031]..T
nydradbtY Rl SRETEE R ATEm Reh itGooisfdingt BURHapd'd. rand s
whi,ch non one, or .nore than one of the hydrogen
ared?ﬁﬁ%equ%"%y '"F%Qﬁ%@é’a%v&’th@ one or more group(s) are
i ndependent |y selected from al kyl, ar¥l, aryl al kyl , '
hydirkganddigg yndepgndentiy an dnfeoer tipay Qo B; whereinad b +c+d =
am no, including nono- and di-substituted am no
N, groups. In enbodinents in which two or nore hydrogen
atons have been substituted, the substituent groups
mayitptheé provisb that irocaseaz is hdn thaf 3B Jedst omeaofdbBdi Rtand R* is
the present invention is directed to nulti

ol el {capos GO o OEOEISIRS | (A%

(1) wherein n is an integer G to 14; z is 1.5n or
2.5n; R1, R2, R3, and R4 are pengent |y sel ect ed

W 0 nsi stiwng of

O or

[0039] In the above formula (I), the basic silsesquioxane structure is
presented by (Si,O.). In case of z = 1.5n, each silicon atom therein is bound to an
average of one and a half (sesqui) oxygen atoms. In one embodiment of the present
invention, an additional oxygen atom is linked to each respective Si-atom of the
cage resulting in a general formula of (SinO2 5n), i.€. in the above formulaz=2.5n. To -
the latter oxygen atom and to the Si-atom in the formula (Si,O1.5,) the (bridging)
group R® is bound. The silsesquioxane molecules have rigid, thermally stable
silicon-oxygen frameworks. Depending on the number of n, the silsesquioxane
forms a 3-dimensional cage which is then optionally substituted at the respective
Si-atoms.

[0040] n is an integer from 6 to 14, i.e. for n = 6 a cage with six Si-atoms is
formed, wherein, for example, with n = 8, an octahedral cage is obtained. n may be
any integer from 6 to 14, i.e. n may be 6, 7, 8, 9, 10, 11, 12, 13 or 14. In one
embodiment n is an even number of 6, 8, 10, 12 or 14. In one further embodiment n

=8.



10

15

20

25

C2- C20 al kene, C2-C20 al kyne, allyl, allyl glycidyl

et her, C2-C8 al kyl al kene, al kyl al kynes, acryl ates,
waoreiohaorsys at es, benzoxazi nes, epoxi des and OxePEIE62088000073

is i ndependently sel ect ed from (C(R)(R")) q,

((C(R1IXR11 ) N(R1")), [(CHAYMQr and [(Si(Rv )20]s,

wherein R1, R', R1" and R1V are independently sel ected

from hydrogen, C -C 2o0al kyl, and C6-Cl0 aryl; mis an

i nltog%L Ad 9?&&%}? 8t#@d 88% Qng as"’m&cgtegf ifi fbﬂﬁiﬁgemdgg&ln %i atom

.an i nteger

<°r'§‘*9£389§ ih 5o 4 il SBB6ra sl BBl bt
G%SMMQ of %‘dgﬁe&%@%%ﬁ%p) which-s) further

£0039 In the above formul a h%b 5
substi Wed JyioneLfdhe polmpeiizable r%@mlRed? R (@nqhB yR? may be, but
case of z = 1.5n, each silicon atomtherein is bound

is net mited ctoad E(BN(RHk, df@(%b(R%»aN(&”e)sq[wcwszendaﬁsws'V)zo)]s

I n one enbodi nent of the present invention,

Exardpiesiod R2lmay bgebutdremot simited ke, CCHS, (Hﬂ;GstebB@HyeHz, CH,0,
Si -atom of the cage resulting in a general formula of

CHe-BHLGE GHINH, C@CHZNHfmggy@vs.(t:% ,@nd thedikén. To

the latter oxygen atom o the Si-atomin the

f ﬁgﬁu f bP RSIFPOBNLnh e Wl{:ﬁjghﬂgélgﬂ{éﬂﬂgl:@rﬁbﬁi&%u?F’e connected

sesqui oxane nolecu rigird, thermal

i SO 5 §SE0 BRLT DRSO FBCHE G, AL, tpast one
pow@g%%@@&gm;.ona SRS et B Blapind g 50 oo
In olnAé embodmIe?\t of the gre%ent |%3er\ll\€lotnh eilar)%p\lgéls_ 3 R E R2 R3 and R* may be,
but are not limited to, C,-C,o alkene, C,-Cy, alkyne, allyl, allyl glycidyl ether, C,-Cyq
alkylalkene, alkylalkynes, acrylates, methacrylates, benzoxazines, epoxides,
oxetanes and the like. Each of R', R?, R®, and R* may be present in the
functionalized SSQ of the present invention, wherein they may be the same or
different. It is also possible that only one, two or three of R', R?, R®, and R* may be
present in the functionalized SSQ. The actual number of each of R, R2, R?, and R*
is given by the subscript a, b, ¢ and d, which is an integer from 0 to n, wherein a +}b
+ ¢ +d =n. This means that every Si atom of the SSQ cage is substituted with one of
the polymerizable residues. For example, in one embodiment, a may be n. In
another embodiment, a may be n-2 and b may be 2 or a and b may be the same, for
example each a and b may be 4 in case n = 8. Each possible combination of the
substituents R', R?, R?, and R* is suitable in the present invention.

[0043] In one embodiment of the present invention,a+b=n(i.e.c+d=0).In

this case, for example, R* and R? may be independently selected from di(propylene



10

15

20

25

formed, wherein, for exanple, with n = 8, an
octahedral cage is obtained n may be any integer from
w®2000/110848 i .e. n may be 6, 7, 8, 9, 10, 11 , 1PCT/3BG2008/000073
14. In one enbodinment n is an even nunber of 6, 8, 10,
12 or 14. In one further enrd@di ment n = 8.[0041] As
al ready stated above and as indicated in formula (1),
each Si atom (or Si-O Goup in case of the general
aivedh R, el metatnlite; DRy dofetTe dHoR il proparay
Olflﬁé which is further substituted by one of the
me&lﬂ I8 zabl e residues R1, R2 R3 and R4. R5 rray be,
but is not limted to, ( g, ((C(R1KRL 1
N([IQQﬂ])ExaTP@HZ)fthfrgeﬁﬁ [P(“EJPEQr '9") PQS f%(@ﬁpﬂ'%”@ﬁ’" SSQ
but are not limted to, CH2, - CHz,
corupizumrieofcthg preserdin@ntiotiqao, bedakmfromfgum teB( Basically, two
Si (CH3) 20, and the like. [0042] Rl, R2, R3, and R4,
mairhprepaeatio nquiogeduries aahdermmentinres. Method dris diustrdted in Seheme 1
to the SSQ cage. These substituent groups will have at

of thaam QORtRRIRIEsHaR 1 rbdoetivith a tetrasikgamntorimtdat, such as
whi ch is not bound to the SSQ cage. In one

for %&Bﬁ\%émﬁi}t it IlH?t%dl%e&?@nétﬁVlﬁHM@ﬁun?ﬁ?dFBki%% iRfa \B&ter/alcohol

but are not

ml)@rlécggfl ﬁyl aI cﬁ‘utkéf'PST “§1|"| y‘IN" a‘lljlzﬂ” ,Q,' Ct%é]lg)lrepﬁ—irgﬁrrespectlvely

ene kyl al kynes,” acryfa

HoRRYSF figthétsBlins B HeGEHipdiies RN Persianls BLARielift inyention.
el B HE AR ol G BT Y s g con
p033| ble that only one, two or three of Rl

obtgingd Rwh%vnt@acﬁw%s@tﬁm |Srﬁl{h$éltl#t9¢|dvlﬂbﬁéﬁf‘li6&|aB$QfOUmeT his SSQ
actual nunber of each of Rl, R2, R3, and R4
cage is further reacted with, for example, a suitable silane compound. For example,

a substituted chlorosilane such as dimethylchlorosilane, may be used to obtain the
respective substituted SSQ cage.

[0045] In Scheme 2 of Figure 1 a further example for the preparation of the
precursor SSQ cages is illustrated. The method described in Scheme 2 is making
use of a more corrosive monomer and volatile as the melting point is just above
room temperature. In this particular example, trichlorosilane (HSiCl3) or (HSi(OR)3)
is reacted using a catalyst system to prepare the respective SSQ cage having a
hydrogen as substituent on every Si atom.

[0046] Figures 2 and 3 are specific examples of the preparation routes
described above, wherein n = 8.

[0047) Figure 4 describes a possible synthesis route for linking the
polymerizable moieties to the precursor SSQ cage. The compounds reacted with

the precursor SSQ cage should be bifunctional. “bifunctional” in this case means
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Is given by the subscript a, b, ¢ and d , which is an

integer fromO to n, whereina + b +c¢c +d=n. This
wore@paidsikat every Si atom of the SSQ cage is  PCT/SG2008/000073

substituted with one of the polynerizabl e residues.

For exanple, in one enbodi metd; a may be n. In another

enbodi nent, a may be n-2 and b nay be 2 or a and b may

be the sane, for exanple each a and b may be 4 in case

_a . . . ; i _ _

thafifesk ponpLriHAEn&RTONE RircRnd grbif o383k of Hestihg with the

ProcUER S S 208 7 andingt Yo BRIR of D wicn méy B E:fherizabe. For
for exanple, and R2 may be independent|y sel ected .

examBie, (BB eACYIAEo TolaCHIaGE R SRIIGES eyt reacted with
4-vinyl -cycl ohexene epoxi de_and propar%

thenBrasaiEsaf| 886 cpoe4ln thixdepelian step; ie syiatde gatalyst such as a Pt
preparati on nethods for the precursor SSQ conpounds of

catalyst praydmnusédhvieon éxamplanplatinuralkdivinylitetrarfethyldisiloxane [Pt(dvs)],
3. Basically, two main preparation procedures can be

platinoin dioyslopddithtizthel[Pi(@lcp))] hexachiardplatiniscdutd¥HIPtdls) and the like
Figure 1. A tetraal kyl oxysilane is reacted with a

mayd 8seK BLRBTROE Kiltedkd.. lIlsstrdtiva exbRiplEX AIh®. préphrafieh method
NPmted to, tetranethyl anmoni um hydroxide in a

aré{@ﬁ@ﬁ/bﬁwhm m xture. A 1:1 :10 Msolution of "Si "

O'_ may be prepared respectively. However,
AR VAR o8ler OB SRR SheRlrB gl BABAE midlohdt basea
on PRS0, SoEF PR AR svRefe SrdcBpftfdien. For
(ON(CH3)4) group. This SSQ cage is further reacted,
exaginple, Methasrviaie cand spPx\IUbSityente havmdReRn ¢ljained. Thus,

exanpl e, a substituted chlorosilane such as o
corpaends with| differant fuactiona) graupsseer $8Qoeags wereanade possible in

this invention. All compounds were obtained in high yields (> 80%) and were
synthesized based on inexpensive starting materials. The compounds obtained
were viscous liquids at room temperature and contained up to about 48% masked
silica making them ideal for, for example, dental materials. With this invention, novel
low shrinking fully functionalized SSQ resins with different functional groups ratio
were obtained.

[0049] A further aspect of the present invention is directed to a
nanocomposite material. The definition of nanocomposite material encompasses a
large variety of systems such as one-dimensional, two-dimensional,
three-dimensional and amorphous materials, made of distinctly dissimilar
components and mixed at the nanometer scale. These materials may be created by
introducing nanoparticulates into a macroscopic sample material. After adding

nanoparticulates to the macroscopic sample material, the resulting nanocomposite
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respective substituted SSQ cage. [0045] In Schene 2 of

Figure 1 a further exanple for the preparation of the
w@emearmsas SSQ cages is illustrated. The met hoRICT/SG2008/000073

described in Schenme 2 is making use of a nore

corrosi ve nononer and vol at-i14-as the nelting point is

just above roomtenperature. In this particular

exanple, trichlorosilane (HSI Cb) or (HSI (OR)3) is

a&ee%&'itﬁ dllé§h %aerﬁ'f’a%%#%ﬁyr é(rﬁéﬁ'?dércéﬁhﬁﬁér@n%gﬁa?tﬂte in.enhanced

espective cage ogen as s

eve atom [ 004 d 3 are specific
meé‘,ﬁa Lérogprtfehses ?ﬁa? q%ﬁ%’lﬁﬁ%@@@@scri bed above,
mhereln n = 8. [0047] gure 4 describes a possible
syl099di & heoﬂﬁéoﬁ@ﬂppﬁ'ﬁlrﬂ@teﬂﬁb b olnenPresenb | IBVeRsias cegprises
to the ecursor SSQ cage. The conpounds reacted with
powwrﬁab&m@nor@s@ cagwrisingulal leasbignenof i eamulti functionalized
"bifunctional”™ in this case nmeansthat these conpounds
silseisquickahav & SME derivativeodescrijrenlipboep s eo-mionaaert and a curing
with the precursor SSQ cage and another functional
sygé@up which may be pol ynerizable. For exanple,
(substituted) acryl ates, nethacryl ates and epoxi des

re@gﬁiy?ﬁét %@I%éﬁkatdﬂae Ridrforiersr @S%éaglﬁnoé&nbaélfe material

n step, sul tabl e catal yst such as

co@ﬁb@% éﬂe#\iéﬂg : W‘egﬁréjllt %gﬁéﬂ%\gt ? dsllegafﬁwa*?éﬁe (88Q) derivative of
tnel biSER, B LY en? il 'Eédﬁﬁﬁé SR HONBIER i ﬁ#’t%?} is ot
"mg% Lﬁ'olvgﬁélrs ; SWiayoa) eihstulateo HiSKHAL L Teliete  alycol

ﬂanl cli nogl_%anl c hybrid materials based
dlmet acrylate (TEGDMA), urethane dlmethacrylate (UDMA), ethoxylated

bisphenol-A-dimethacrylate (bis-EMA), decanediol dimethacrylate (DsMA),
urethane tetramethacrylate (UTMA), methyl methacrylate, 2-hydroxyethyl
methacrylate, hexandiol methacrylate, dodecanediol dimethacrylate,
bisphenol-A-dimethacrylate, 2,6-di-tert-butyl-4-metyhiphenol (BHT),
2-hydroxyethylmethacrylate (HEMA), N,N-dimethyl-p-toluidine or mixtures thereof.
[0052] The nanocomposite material according to the present invention may
contain a curing system. The curing system assists in the polymerization of the
nanocomposite material. The curing system may include, but is not limited to, at
least one of polymerization initiators, polymerization accelerators, stabilizers,
ultraviolet light absorbers, antioxidants and other additives known in the art. The
amount of the respective compounds of the curing system may be, but is not limited
to, about 0.1 to about 5 wt% based on the total nanocomposite material. In one
embodiment of the present invention, the curing system may be used in an amount

of about 0.5 to about 3 wt%, such as about 1 wt%.
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on functionalized SSQ were successfully synthesi zed

and characterized. For exanple, nethacrylate and epoxy
wWQupstiaseent s have been obtai ned. Thus, conpouPdESGRI$000073

di fferent functional groups per SSQ cage were nade

possible in this invention.-#}+ conpounds were

obtained in high yields (> 80% and were synthesi zed

based on i nexpensive starting materials. The conpounds

obtaifad V] . qui; r . e

colfisica e banRiT-ail ilatls aPTHOSTTRIASH Rl can e

J.deal faor, for exanple, dental materials. Wth this..
utilizab ip  dicacivead Ele S VSRR JIoNAClVRER. e dompgitions.  For

SSQ resins wwth different functional groups ratio were
examplg. n\é'ﬁ'.b|€[ d'@fl-‘g]c%alPlﬁr P‘H@PO%B@%te'BP|°Vhlé9"ﬁr5@§1=§Htve compounds,

invention is directed to a nanoconposite material. The
inclledingi bubnnalf bednpclimijedi te benzdr | benzaiv.o hragoss methyl ether,

| arge variety of systens such as one-di nensional,

DLt-eam phomeuinonea(CQY), landdbahziidiletares. Either bivbagthatedd cure or visible
materials, made of distinctly dissimlar conponents

ligitoaktiviate’fl cate (droRRElye2305&A780 nhipRecad@iptablal Fh&@mount of
be created by introducing nanoparticulates into a

phBRHiGSEP R léélaela%cstﬁﬁﬁg tPhe cﬁfrihgfra@d&éé?&d. A minimal catalytically

nanoparticul ates to € macroscopi ¢ sanple material,
o 34U Reatingey TRERI 40T 21 el oliTetiniahdostions, an
L P R S e U
n Biontn 1Ye iR oo o HaTear e et the tta
si | sesqui oxane (SSQ derivative described above as
majedafpnomer and a curing

[0054] The polymerization accelerator may be, but is not limited to, an amine,
ammonia, an acid or the like. For example, the various organic tertiary amines well
known in the art may be used. In visible light curable dental composite materials, the
tertiary amines are generally acrylate derivatives such as in an amount of about 0.05
to about 5.0 wt % of the total material. In one embodiment of the present invention
the amine may be a tertiary amine, such as, but not limited to, N(CzHs)3, N(CgHs)s,
ethyl 4-(dimethylamino)benzoate (EDMAB), 2-[4-(dimethylamino)phenyllethanol,
N,N-dimethyl-p-toluidine (DMPT), bis(hydroxyethyl)-p-toluidine, dimethylaminoethy!
methacrylate, diethylaminoethyl methacrylate (DEAEMA) or the like.

[0055] The stabilizers may be, but is not limited to, hydroquinone,
hydroquinone monomethyl ether, t-butyl paracresol, hydroxyl
methoxybenzophenone and the like.

[0056] The ultraviolet light absorbers may be used in an amount of about 0.05

to about 5.0 wt% of the total nanocomposite material. Such UV absorbers are
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system [0051] The pol yneri zabl e nononers of the
nanoconposite material conprise at |east one of the
worenovit1d8ect i onal i zed sil sesqui oxane (SSQ derPUEBEG2088/000073
of the present invention an it | east one further
nmononer which may be, but is not [imted to,
bi sphenyl gl yci dyl nethacryl ate (Bi s-GvA), Methyl ene
gl ycol dinethacrylate (TEGDVA), urethane
padﬁcu’arluaiﬂsy‘abteem(t bledlghbwna@t@dental restorative materials in order
bi sphenol - A-di net hacryl ate (bis-EMA), decanedi ol
to cvoiel kiisoojdratien (&¥3 W ,resinefrbanmaieemtaumtdvmietyIiglnte Suitable UV
(UTMA), net hyl nethacryl ate, 2-hydroxyet hyl

absGrbbACaly BechempheAbAbs BRLNBS liké.at e, dodecanedi ol
di met hacryl ate, bi sphenol - A-di net hacryl at e,

2, ﬁmgﬂy R by Quéﬁh'boﬂuﬁ@ﬁtymeofﬁﬂebgﬁlﬁbg ite material according to the

xyet yI net hacryl ate

pré#ﬁhlf SVERAS hi %@&lﬁ'ﬂ) prfgexét E&st c{rl?aelil 2 thd thg%;l.t one filler

€ hanoconposi accor I ng e pre

a&%ﬁs?gg@r% I r%snrgt? go%%%gﬁ,?qsrzﬁ?angpﬁ fﬂgers mag include those
nanoconpaosi te materi The cyring system may inclu
that gre capahie 0% Pﬁi’@é@vﬁ%m‘éﬁbqf‘éﬁgtomﬁﬁﬂn Bty %%?ﬂ z%&"P@fFOUP“nQ
initiators, merization accelerators, stabilizers,
agentithatis @pwlentlg g@"dﬁitﬂ beths Examplesaf saitakle fHimgonaterials include
additives known in the art. The anpunt of the
but aspauiti knited nfoowsilita, odudrts silica rglassy ssteontivay dilisatdustrontium
is not limted to, about 0.1 to about 5 wt % based on

boitds#tichty, dithinmnsilicate oithiuen BRinsina &llicate) apmsrphobe gilioe ndmeafoniated
the present invention, the curing systemnay be used

o SEaT TS BE Oeefutcl sl nithets i, srcone i
oxiBE€ titdH5 € dpBtitdsdt I dfoxydPatifesS dRolified hydroxyapatite compositions,
bismuth oxide, barium sulfate, bismuth subcarbonate or the like. Thé fillers may
have a particle size in the range from about 0.1 to about 5.0 microns.

[0058] The silica glass may comprise strontium, barium, zinc, boron, yttrium,
aluminoborosilicate glass, strontium-alumino-fluoro-silicate glass or colloidal glass
or other fluoride releasing glasses.

[0059] The amount of the total filler in the nanocomposite material may vary
widely, being in the range from about 1 to about 90 wt% of the total composition. The
amouﬁt used is determined by the requirements of the particular application of the
nanocomposite material. Thus, when used as a dental material, for example a
crown and bridge material, it generally comprises from about 60 to about 90 wt%
filler; luting cements comprise from about 20 to about 80 wt% filler; sealants

generally comprise from about 1 to about 20 wt% filler; adhesives generally

comprise from about 1 to about 30 wt% filler; and restorative materials comprise
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utilized in UV-activated cure or visible
i ght-activated cure conpositions. For exanpl e,

woe@vhim48 | ght curabl e conpositions enpl oy PCT/SG2008/000073
| i ght-sensitive conpounds, i,{?:l udi ng but not being
limted to benzil, benzoin,” Wehzoin nethyl ether,

DL- canphor qui none (CQ, and benzil diketones. Either
UV-activated cure or visible light-activated cure

frofregtypo U e0ntet £Hout B0 fillef) with) thie Semeireier am bit casés being the resin
amount of photoinitiator is selected according to the

corﬁbbélﬂ% %‘hﬂ%uﬁﬁé's&gf&m Anthigl r€§ﬂ>e(§t¢tts'HoXﬂd BéhbiedethkefHe Afount of
amount is generally about 0.01 wt % of the total resin

the%f@?@ﬁb?éﬁ&?on M sidk!dnd tgggs Bf’Lﬁ’eé 'a‘ﬁWer"es t&f??ér%bmcally be

tes of cure are ach I ev anount s O

detggrgu{e"’(‘gq‘xt tlﬁ/e gi}e(]r§§§t ?Ispéc{f] H'aﬂger %tan Olf Oé?)%? (f eﬁ{s some illustrative
emBRaBer fm et 3% edisestin A %;nevnrtq?féatqquia'l iou’bb & of the

exanpl e, the various organic tertiary am nes wel |
naneRIAPeSite; Mategial, fapoxayaplesiacan amoyuntobakouti o ahaus§0et%. In

dental conposite materials, the tertiary am nes are
ongmﬂmﬂimnndhgIaamwrdmfithatfilleemamm fragn ahoah2% teaboub70 wi%,

about 0.05 to about 5.0 wt % of the total material. In
sucinas abbo6dsent of the present invention the am ne may

be a tertiary am ne, such as, but not limted to,

N( ; 3in A emb&diment f ot prRédent MUehBidR etheofdbcomposite
2-[ 4- (di net hyl am no) phenyl ] et hanol ,

m 'f‘llzﬁs\% ﬂr‘;/%ﬂ?%%lg?lﬁ@lw&hﬁ ﬁ? g@]@fgégtlc a?%nt ;ms ntggﬁg)eutic agent may
o AN SRR AR e e

in hearinng ortreatlng % Pa%{sré(a)ses For example, the therapeutic agent may be an

antibacterial and/or a remineralization (enhancing) agent. lllustrative examples of
remineralization (enhancing) agents include calcium compounds such as calcium
phosphate or calcium hydroxide, fluorine compounds such as sodium fluoride,
potassium fluoride, ammonium fluoride, stannous fluoride, calcium fluoride, sodium
or potassium monofluorophosphate or zinc compounds such zinc citrate, zinc oxide
or zinc stearate. Such remineralization (enhancing) compounds are described in US
patent 7,300,645, for example. lllustrative examples of antibacterial agents, include
but are not limited, to chlorohexidine, or an halogenated diphenyl ether or phenolic
antibacterial compound such as tricosan (see US patent 6,451,291, and the like.
[0061] The multifunctional SSQ of the present invention may be used in an
amount of about 1 to about 90 wt% based on the total amount of the nanocomposite
material. In one embodiment, the SSQ is used in an amount of about 3 to about 50

wit% based on the total amount of the nanocomposite material, for example in an
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hydr oqui none nononet hyl ether, t-butyl paracresol,
hydr oxyl net hoxybenzophenone and the |ike. [0056] The
waQikaopavises et | i ght absorbers nay be used i n anPGEHBGNS/000073
of about 0.05 to about 5.0 wt % of the total
nanoconposite material. Suchl8W absorbers
areparticularly desirable in the visible |light curable
dental restorative materials in order to avoid
amuhE Bt bt ®Wt9f td BSolites0 Wtde! FIP dxiaeh5le Hbout 0aMELbaked on the
l'ight. Suitable UV absorbers may be benzophenones and
totélhgmlobhf'of[tﬂQS éné%ﬂﬂﬁméﬁ@m[htehﬁn{bﬁﬁ?%@' b€ed in the
material according to € present invention may
dditional ly conprise at |east one fid.ler, .The a .
nafESebb G iR e Sesding FEHe B8 51 S 6ke J € T S5 resin and
fillers. For exanple, fille i ncl ude those tha
carbg CELETIINGS SINRRAY. E6sIah Y hE BRIRRD $4ca the et The above
matrix itself or to a coupling agent that is
deswibgdaanogopnesite materakis a lewshpnkiaganateral. bissneans that upon
filling materials include, but are not limted to,
polyimierizationdbe tshrinkage od thé asateriat isoinsigmificant iavatoempared to the
strontiumborosilicate, lithiumsilicate, lithium
shrirlkagiepropetties aif the materHiooftheiprioe art. Ahedegrieast sbfinkage can be
deanmoni at ed cal ci um phosphate, trical ci um phosphate
provdéd A tethisC OFi finedr hePedrfle shiinkaydl. aPoRP®riZa8ién shrinkage of
hydroxyapatites, nodified hydroxyapatite conpositions,
corflhégfﬁaf ?g@ﬁﬁgy ftlﬁﬁd FFhitioh B @weBh SHBhEOmMRrO GoiiRg i'}?a&l?rﬂgﬁzatlon.

ers may have a particle size
Thd BESE BERORN I Rohnd 8 ERSH o Ber oA gt BB o
theg st f olFlert- H9MsBy 8 4% iRolfTRer (HACS: fergrady; Magnitude of

gl ass or other fluoride releasing glasses. )
shrinkage is determined by the number of covalent bonds formed and the size of

monomers. Linear Percent shrinkage measures post-gel changes in the linear
dimension.

[0062] In one embodiment the material has a linear percent shrinkage below
about 4.0, for example below about 2.0. In one embodiment of the present invention
the linear percent shrinkage may be about 0.25 to about 0.5, for example about 0.28
to about 0.4.The linear percent shrinkage may also be calculated as volumetric
percent shrinkage using, for example, the formul.a described in Julita Jakubiak &
Lars Ake Linden, Polimery (2001), 46(7-8), 522-528.

[0063] All essential and optional materials of the nanocomposite material
may be mixed at the same time or subsequently. In one manner of proceeding the
polymerizable monomers and the SSQ and any additional filler are mixed. The
optional curing system is added to the mixture, which is again stirred and stored or

used, as appropriate. The cure may be initiated through the use of UV light or by
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[0059] The anmount of the total filler in the
nanoconposite material may vary widely, being in the

WO 2009818 mM about 1 to about 90 wt % of the totBECT/SG2008/000073
conposition. The anount used is determ ned by the '
requirements of the particul ¥ -application of the
nanoconposite material. Thus, when used as a dental
material, for exanple a crown and bridge material, it

raifgi_?lpefrﬁé' ké&n?@r@&ﬁﬂeSSﬁ thé GARBUINn S4hdtRer BRIBodRReMt ¥F the present
i

ler; luting cenents conprise from about 20 to abou

. Mt 9% £ g a r : j.
nBRigh e pOTfergPer ohoRRS, Bt SO ifors, S tors are
. .abqut W %d&iller: and, restorative . ..
miked St o] BBRERY ane JBLR" Supaeiiuapi: scolRs ey Be intiated
filler, wt he .r, [ nder .in all cases being the
thrPHg“&%U%BEP#O%S'E@Q'QSEPPHBQé‘)'}‘g?em In this respect
it _should be noted that the ampunt of the fillers
de[O84M Ghe napospmpositel majeral afithe presant inveatior snaysbe used as
and can enpirically be determ ned by the person
a padymetizable resie far biologicallyscorspatible nsatedalsl Bislogiaally eompatible
enbodi nments the filler may be used in an anount of

matenals rhay bealforiexamplé,Yderdtal heatendisc DaEptsl i rhatorals aréllmaterials
for exanple in an anount of about 10 to about 80 w %

uséd teResterd aicaBad ,ortdlﬁn%éw teetR fto tHeaithi dldefunéBdn PBhe corrosive
from about 25 to about wt % such as about 63%

nafuf@8Psallva %%@b#&ﬁén&i%%ﬁ%ﬁm@ﬁoﬁ Bﬁo@fﬁ%&%yre with pz}a{nges in

I nvention, t oconposite nmaterital may a t1ona

erf RSB UFEAP ARSI ¢ g MEHBELTHS SRUEEbrouont
ool B b EAChY S BELY o5 et S8, erta
e AR S pb ey DO P Ld BBl o egion of the
mo%)t(ﬁ, hlee%a?grials must also be esthetically pleasing. Dentals materials, used
when and where indicated, help to ensure the placement of a successful restoration
and preservation of the tooth.

[0065] All the above properties are met by the nanocomposite material of the
present invention. The materials have improved strength and in particular shrinkage
properties compared to conventional dental materials known in the prior art. Further,
the dental materials may be formulated to have additional improved properties, such
as water sorption or bonding to tooth substrates as expressed in measured shear
bond. The nanocomposite material may be applied to a site of a tooth and
subsequently cured by any conventional means. The nanocomposite material may

also be used as coatings, lenses and plastics. In one embodiment, the low shrinking

nanocomposite material may be used as a direct restorative material.
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rem neralization (enhancing) agents include cal cium

conpounds such as cal ci um phosphate or cal ci um
wogdpoxisde, fl uori ne conpounds such as sodi um PCTUSG2068/000073

pot assi um fl uori de, amoni um fluoride, stannous

fluoride, calciumfluoride,”%0di um or potassium

nmonof | uor ophosphate or zi nc conpounds such zinc

citrate, zinc oxide or zinc stearate. Such

r e[0088] aThé an@ﬂtL(eangam;psr@)e crusepUiadse @bAsidiit Wittethe current
in US patent 7,300,6 for exanple. Illustrative

chEMATIRY Bedoh @MmeAGARIdrthl cﬁﬂﬁﬁﬁsﬁtes' whliedee ?’E’S’ are n'i‘t?éduced to

1 mted, to chl or ohexi di ne, an hal ogena di phenyl

e}

oS Bl Rl %Péﬁ%’@?"iééf’ﬂ'aﬁfiméﬁd"ﬁ%é‘i@? Ffiga” source.
[O rrultlfuntlona sent .
R oﬂﬁﬁ‘eﬁ?t'BQ I BBt Can By rerparaBiidiie napaspmposite to
90 W % a\sed on the total anount, of tt@nanoconposwe

alloy forq dyal qure systeahBEIBREPOXK ENSEN ke eReNE 19 campensate for
amount of about 3 to about 50 wt % based_on the total

volumeliig shfinkage feiribednpiifunetionalized 8SQs bhe @papigsoups on SSQ
ananount of about 5 wt%to about 40 wt% for exanple

maylmuopatedwsSing afoeexamplda thoeeatomponent initiating system comprising
‘nanoconposite material. The anpbunt actually used in

of Clg amaiodoniym Salteariditir reledtrormdontsr®MAEMA Nasihy ise elirrent light
Si cage, i.e. the SSQ resin and can be detern ned

cuiPlRhitSHibure 12). desired, by the person skilled in the
art. The above ‘descri bed nanoconposite material is a

| W88 AL S a5 Rt PRfnerzaton shnkage
PR SSRGS o g by 54 en
o B TSGR LGB S0RR FASH wn

occurs by bond formation between nononers durin
shipliagesang gomparable mechanical properties, effects of SSQ compounds as

copolymers were also evaluated. The developed SSQ resins which were liquids at
room temperature do not require significant changes in processing. SSQ resins can
be simply mixed and copolymerized by traditional methods. They form true
molecular dispersions when mixed into polymer formulations with no phase
separation. The inclusion of SSQ resins into polymer formulations can also lead to

dramatic improvements in polymer properties.

EXAMPLES
[0069] The following experimental examples are provided to further illustrate
the present invention and are not intended to be limiting to the scope of the

invention.
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The di stance between nononers due to van der waal s’

forces is transforned into the distance of coval ent
wWh2wda18i8 t he pol yner that are forned. Magni t UBKET/86G2008/000073

shrinkage is determ ned by the nunber of coval ent

bonds fornmed and the size of2hononers. Linear Percent

shri nkage neasures post-gel changes in the |inear

di mensi on. [0062] In one enbodi nent the naterial has a

i 0] PH4 CBR aAd PO RUMR RN AEne8sBEra ware F&f u‘?)@[ﬁ'@iﬁn 5 mm

bel ow about 2.0. In one en‘oodl ment of the present

d|é6ﬁB§EP ? gb@%@? @%L@@@WH?N@RO ectrometer.
0.4. Th near erce t shrin S

ol S e o P?*Egas?'ﬁgﬁfCEﬁ?fq CRE S e IMS (G as an
exa for cribed in Jakubi ak &

interpa S&R‘QaL‘F %&é‘ﬁ'e %%Wa (OZD’@i’ajed] (LH%E‘%B?C"%Z’EF% ggporded on
I4@063 essent i aI and optional materials of the

mﬁss'ine@twm 2000 FTHR speetrephetameten with g aagolutiereof 4 cm”

or subsequently. In one manner of proceeding the

Liquid samplesabére cast omeNaChpldteshandsSolicasamples veerei pressed into KBr

filler are m xed. The optional curing systemis added

pelatst Aeninimbmraf, 320ddams wereag@siliestest for each samptd.or ed or
used, as appropriate. The cure may be initiated

through the use of UV light or byraising the
tenperature of the m xture. In another enbodi nent of

P B e e sapra R o (FSPFRORIONY

m xing of the fillers. Subsequently, the cure nmay be
initiated through the use of blue visible light curing

or 8T PRV ORNAEIER LoodSIRED: ° wad' ' "eacted  with
tetramethylammonium hydroxide (25% in methanol) (NMesOH) in methanol/water
(MeOH/H,0) solution to make a 1:1:10 M solution in “Si” : “N” : “H,O" respectively.
After stirring vigorously for greater than 48 h at room temperature, a quantitative
yield of the “octaanion” was obtained. Reaction of (HSiMe;OSiO;5)s was then
carried out by adding solution of the “octaanion” dropwise to an ice-cold solution
containing chlorodimethylsilane (HSi(CH3).Cl) (6 equivalents per O’) in hexane with
vigorous stirring for 1 h. White solid in yields of ~ 85 % was obtained upon solvent
removal. The resultant solid was then purified by rinsing with cold methanol. The
product is soluble in dichloromethane (CH,Cly), THF (tetrahydrofuran), CHCI3;, and
non-polar solvents such as hexane, pentane and toluene. The obtained

silsesquioxane core was then used for subsequent synthesis.

Example 2: Pt-Catalyzed reaction of Di(propylene glycol) allyl ether

methacrylate with Octakis(dimethylsiloxy)silsesquioxane
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a polynerizable resin for biologically conpatible
materials. Biologically conpatible materials nay be,
WO 2009axsupl e, dental materials. Dental materi aPGI/&GE208/000073
materials used to restore diseased or damaged teeth to
heal th and function. The c6r420si ve nature of saliva
and t he expansion and contraction of tooth structure
with changes in tenperature nake great denmands upon a
dental nmaterial. The stress brought to bear on the
restoration by masticatory forces al so nmakes great
demands. mealqweHMS must be conpatible with
living tp§&ue \é used in the anterior region of the
nmout h, thg un%grbals nmust al so be esthetically
pIeaskng-ﬂf%nﬁabs/naterlals used when and where
i ndi égted/ \helb/ﬁaxensure the placenent of a
successfuﬁsﬁg§fnﬁat|on and preservation of the tooth.
[ 0065 AN Pﬁé\%b¢ve properties are nef by the
nanocGnpesy Le&naterlahgjaBﬁx\ﬁ’égAT/WhvéﬁPrdHrAﬁﬁ?
material § hawe™ i mproved strength and in particuw ar
shrinkage properties conpared to conventional dental
materials known in the prior art. Further, the dental
materials may be fornulated to have additionm

| TRI0FSF REAARET A SRas SHRBS P RANRY | PRYIMIE,G8RS! 9 (1.0,

h "sSu ates as expresse ear

0. ngndolg)?a-p\g %@‘@/ﬁ lg%g)?l { & @3) 'ttsl);a gﬁhlgr%blﬁgw hask equipped
conventional .nmean The nan 0Si terial X

with asgfirhar '5§°E@%‘?§%¢§‘dergﬁ2€'g pﬂ%‘sm"&tgre Wﬁgoﬁtféfed for 5
enbodi nent, the | ow shrinking nanoconposite materi al

minvig allew, furdath¢HSIME @S0 s toodisspive. iRitRsppyiene calpe)allyl ether

The substituent groups are chosen to be consistent
methadnylates(Z% 149,60 83 ohmol) Jolloweds byl Pt(dvep(thet eilaif Zmmealisolution in

conposites, while the SSQ are introduced to
anhydrous xylene) were then added dropwise into the flask. The mixture was
allowed to stir at 55°C for 24 h. Reaction completion was monitored by the
disappearance of the SiH absorption peak at 2145 cm™ using FTIR. Small amount
of excess reactant and solvent were removed effectively by vacuum evaporation
technique using a high vacuum pump. A viscous liquid with a product yield of 95 %
was obtained. '"H NMR (400 MHz, CDCl;) (6, ppm): 6.08, 5.52 (d, 16H,
CH,=CCHj3(CO)), 3.20-3.70 (m, 56H, OCHy), 1.92 (s, 24H, CH,=CCH3), 1.0-1.4 (m,
48H, CH,CH,0), 0.56-0.60 (m, 16H, (CH3),;SiCH>), 0.12 (s, 48H, (CH3);SiCH,). *C
NMR (100 MHz, CDCl3) (J, ppm): 166.81 (C=0), 136.63 (CH;C=CH,), 125.10
(CH3C=CH,), 76.72-69.77 (OCH,), 23.10 (OCH,CH,CH,0), 18.22 (CH3C=CHy,),
17.31-16.20 (CH,CH,CH,0), 13.65 (Si(CH3)2CHy), -0.44 (Si(CHs),). 2°Si NMR (79
MHz, CDCl5) (8, ppm): 13.0 (Si(CHa),), -108.8 (SiO4). FTIR (cm™): 1718 (C=0),
1638 (C=C), 1254 (Si(CHjs),), 1094 (Si-O-Si).
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provide a rigid three-di nensi onal chem cal platform
and "masked silica" source. [0067] The cationic
WO vl #i8e¥ s can be i ncorporated to the nanoconpGBEBGZI08/600073
allow for a dual cure system where the epoxy ring can
be opened to conpensate for 2btunetric shrinkage for
the multi-functionalized SSQ The epoxy groups on SSQ
may be opened using, for exanple, a three conponent
initiating systemconprising of CQ an iodonium salt
and an el ectron donor (DMAEMA) using the current [|ight
18&. Uuni ps i e . [ 0068] | e
EXBHpIOR; |2 PECRaNRE® (eakton 61 Pilbrdhyiend C giiseh gyl ther

nstrated | e exanp

ted with all SSQ,compounds was found to b .
mem%g’?f ?ecant ly 7'6‘\’?\1&r t han "{HE ¥ '%f’%?"ermt eri ajRpxiae with
i, S- [ TE . In order to obtain a material with

ch%(ﬁ@%ﬂk’éd@%%@gﬁﬂml e mechani cal properties,
effects of SSQ conpounds as copol yners were al so
eval uated. The devel oped SSQ resins which were |iquids
at roomtenperature do not require significant changes
i n gy ocessijpg. SSQ resins can be sinply mixed and
copolyneri Zed by traditional nethods. They formtrue
ol eekitaes~di sper si ons when mixed into pol yner

\f_o“r‘yiﬁl at{@ng’wi th no phase separation. The inclusion

R—Si

/of °§§Q r}gié_ioﬁs into polynmer fornulations can al so | ead
to ;ﬂmg@m@tg cNd-aprovenents in polymer properties.

R}'ﬁX&l\QPfES)O[ 0069] The WWWb | _exgmpl es

are/proyided toBfRr& Her 11lustrate the prqﬁ:\fg A °
i nventifon and are not intended to be lim®ing to the
scope of the

[0073] Reaction B was carried out in two steps by adding (HSiMe,0SiO1 5)s
(1.0g, 0.98mmol) and anhydrous toluene (10 ml) to a 50 ml round bottom flask
equipped with a stir bar and condenser under Ar. The mixture was stirred for 5 mins
to allow for all (HSiMe>OSiO1s)s to dissolve. 4-vinyl-cyclohexene epoxide (0.24g,
1.96 mmol, 2 equivalents) followed by Pt(dcp) (0.01 ml of 2 mmol solution in
anhydrous xylene) were then added dropwise into the flask. The mixture was
allowed to stir at 55 °C for 24 h. Di(propylene glycol)allyl ether methacrylate (1.43g,
5.90 mmol, 6 equivalents) was then added dropwise into the reaction and allowed to
stir for another 24 h to complete the reaction. Reaction completion was monitored by
the disappearance of the SiH absorption peak at 2145 cm™ using FTIR. Small
amount of excess reactant and solvent were removed effectively by vacuum
evaporation technique using a high vacuum pump. A viscous liquid with a product
yield of 88 % was obtained. The above synthetic procedures were repeated for the

synthesis of compound C and D. Compound B: 'H NMR (400 MHz, CDCl5) (3, ppm):
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i nvention.[0070] 1H, 13C and 29Si NWR sol ution spectra

were run in CDCI3 in 5 mmdi aneter tubes and recorded
WQ2000g16@48r uker DRX 400 MHz NWVR spectronet er. EBERG288/000073

shifts were assigned using residual CHCI3 (1H, 130

and TM5 (29Si) as an internd4 standard. Fourier

Transformation Infrared (FTIR) spectra were recorded

on a Perkin El mer Spectrum 2000 FTI R spectrophot onet er

o0, G5t (50 Y CO-CEH GBI 3 201 to? S DL £k, an
CHRSEH o8 R Lor? GRS o St Sgb A28 sem

f.(HSI Me20Si G 5) [0071] Tetraethylorthosilicate

CHOGHE ) Sty RS eHOG G Ret hob@on D052 (m, 16H,
hydr oxi de (25% i n met hanol ) ( Nve4 s i n nmet hanol / wat er

(ChiaeSiGH2.P. 12010410 ¢ 48HntkE:)aSICH,): T€ MMRI (100 dMHzn CDCls) (6,
"Si" o "N' @ "H2O0' respectively. After stirring

ppmi):;gdi66 B | G=0), gt3R68r (EHg@=CH, Y §25.100(CHe@pEHR),uT78,77-69.76
a quantitative yield of the "octaani on" was obtai ned.

(OCGeggt i on58f10c5HBYE2CSICHOBHWas ghen c@HOGHW outgby  epoxy),
addi ng solution of the "octaanion" dropwi se to an
[ ' i ' g4 an

S5 AT TUDIC O oL IEH) QUOREHGHIOHSDUORY 2 tpp. 2007
hJ I Ryl f i A2 S04 £ i i 3

23 52°95ehich, 1 Serbecll e S fo' fobHidhcilon. 1622

% was® obtai ned upo vent I _ ]
<C%%%='§';'¥)2‘3ziﬁﬁi%-?Q[(%z%zﬁ%ﬁeﬂf%ﬁgnﬁ-h§4§"¢ lt@,?&@HzCHzﬂ,
epyant &85 ENETLS GHebe i T kot st IR 8102 S8R (6. pom):

si | sesqui oxane core was then used for subsequent
13.gy(§:(@|§3)3), -108.8 (SiO4) . FTIR (cm™): 1719 (C=0), 1638 (C=C), 1254

(Si(CH3)2), 1094 (Si-O-Si), 910 (C-O-C, epoxy).

N N
Si

Si
- l\ '

/_o o
O\‘/SLG Oxg”
0—Si si—0. /

\
rs” /0 \ 0 s&r

AR AN

Compound C: 'H NMR (400 MHz, CDCl3) (8, ppm): 6.07, 5.52 (d, 8H,
CH,=CCHj(CO0)), 3.20-3.70 (m, 24H, OCH?,), 3.10 (m, 8H, CHOCH, epoxy), 1.92 (s,
12H,  CH,=CCHj;), 0.95-1.50, 2.00-220 (m, 60H, CH.CH.0,
SiCH,CH,CHCH,CH;CHOCHCH, epoxy), 0.49-0.52 (m, 16H, (CH3),SiCH.), 0.12,
0.10 (d, 48H, (CH3);SiCH,). *C NMR (100 MHz, CDCl3) (&, ppm): 166.81 (C=0),
136.63 (CH3C=CH,), 125.10 (CH3C=CH,), 75.75-69.76 (OCH,), 53.10-51.80
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Exanple 2: Pt-Catal yzed reaction of Difpropyl ene
glycol) allyl ether nethacrylate with

wa@eaarieseli met hyl sil oxy) si |l sesqui oxane[ 0072] ReCEYSG208/200073
was carried out by adding (HSiMe 20SiG )8 ( 1.Qg,
0.98mmvol ) and anhydrous toli@Zme (10 M) to a 50 m
round bottom fl ask equi pped with a stir bar and air
condenser under Ar (Figure 3). The m xture was stirred

P, " OB i BT R Bcrngngn.
e 8o s S i %@gf@m m

dropwi se into the flask. The m xture was allowed
2330i {OGH26HeCHaP) 218 22 (e TCIH2)c difpd1e16-2R GﬁﬂzCHzCHzO) 14.49,

noni tored by the di sappearance of the SiH absorption
141@Qa48|§Hz@m5a,c$rquz@rlng BPPRY), 3369 (SikCHakCht2), eﬁe%%éSI(CHs)z)

reactant and sol vent were renoved effectively by

2557 NMRN(76Vidpia; &DCk) (& qipm ) uS.2165i10Ha).)i-§08 8a(Si0s) pETR (cm™):

A viscous liquid with a product yield of 95 % was

1 713)%%:?2 H 61368;|(N®2 (1%%%@3@ 02909 63'81 nte ; %‘9)1 g 6(3—080 es)oxy)

, 1.92 (s, 24H CH2=CCH3) , 1.0-1 .4 (m 48H CH2CH2O),
0.56-0.60 (m 16H, (CHs)2Si CH2), 0.12 (s, 48H,
( 28|CH2) 13C NMR (100 MHz, CDCI3) {d , ppm:

1 (O, 136.63 (CHBC=CH2) , 125.10 (CH3C=CH2) ,
76 ng/a,g 7% (OCH2) , 23.10 (COCH2CH2CH2O), 18.22

_ 17.31-16. 20 (CH2CH2CH20), 13.65 (Si (CH
)3 20&2),\06—4*4 (Si (CH 3)2). 29Si NWR (79 MHz, CDCl 3)
(d, % p.[g)/s'—ks 0 (S/(CH3)2) , -108.8 (SzO4). FTIR (cm

. ),/ mi CF 1638 (C=C) 1254 (Si (CH 3)2 1094
i ;b_Sls, Exg)-rrpleRBZ SN SIS
Di f"p opyNene glycol) allyl et her met hacrybat e and \
4-vinyl-cycl ohéxene epoxide with

Compound D: 'H NMR (400 MHz, CDCly) (6, ppm): 6.07, 5.52 (d, 4H,
CH,=CCH3(CO)), 3.20-3.70 (m, 24H, OCH,), 3.10 (m, 12H, CHOCH, epoxy), 1.92
(s, 6H, CH,=CCH;), 0.95-1.50, 2.00-2.20 (m, 66H, CH.CH,O,
SiCH,CH3CHCH,CH>;CHOCHCH;, epoxy), 0.49-0.52 (m, 16H, (CH3),SiCH.), 0.13,
0.11 (d, 48H, (CH3).SiCH,). °C NMR (100 MHz, CDCl3) (6, ppm): 166.81 (C=0),
136.63 (CH3C=CH,), 125.10 (CH3C=CH,), 75.70-70.10 (OCH,), 53.10-51.80
(CHOCH a, CHOCH B, epoxy), 35.31-25.34 (CHCH,CH,CHOCHCH; a,
CHCH,CH,CHOCHCH, 8, epoxy), 23.97, 23.52 (SiCH,CH,CH a, SiCH,CH,CH B),
23.10 (OCH2CH,CH,0), 18.22 (CH;C=CHy), 17.31-16.20 (CH,CH,CH,0), 14.49,
14.39 (SiCH,CH; a, SiCH,CH; B, epoxy), 13.65 (Si(CHs)2CHy), -0.42 (Si(CHa)y).
29Si NMR (79 MHz, CDCls) (8, ppm): 13.0 (Si(CHs)2), -108.9 (SiOy) . FTIR (cm™):
1718 (C=0), 1638 (C=C), 1253 (Si(CHs)y), 1087 (Si-O-Si), 910 (C-O-C, epoxy).
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Cct aki s(di net hyl si | oxy) si | sesqui oxane [0073] Reaction
B was carried out in two steps by addi ng (HS Me2CSi G

WO 300p/1(0838 . Oy, 0. 98mmol ) and anhydrous t ol uenePC/8G2M0$/000073
to a 50 mM round bottomflask equi pped with a stir bar
and condenser under Ar. The 2fixture was stirred for 5
mns to allow for all (HSiMe OSiQ. 5) to dissolve.
4-vi nyl - cycl ohexene epoxi de (0.24g, 1. 96 nmol , 2

Ex‘%ﬂmg% ent p). da%ig%@d Pé/qégin&f Rf (P IOfrgét fate  with

ion in anhydrous Xy wer e

the 1 saIIovvedto stir at 55
Q}‘ 6‘!’%"&% }é"é’g?@%‘iﬁ@@&g{'éﬁém )Jal Iyl ether
net hacrylate ( 1 .43g, 5.90 mmol, 6 equival ents) was
then added dropwi se into the reacti on and allowed to
stir for another 24 h to conplete the reaction.
Reacti on conpl et“i\ n vva&mom tored by the di sappearance
of the SiH absorpt\bon péak at 2145 cm1l using FTIR
Smal | anount of %axﬁgé;&/?eact ant and sol vent were
removed ef f @i+ véfy By o\gzﬁ;uum evaporation technique
usi ng a hi gh/va&gbm PR A viscous liquid with a
product vyiel d of s /%Nvaésn—ebt ai ned. The aboyve
synt hetic pr@éé@g‘ es )R/eré Tepeated fax 1 thesi s
of conpound C and\ D7 /'"Conpound B:8 1H NWR ( VHz,
CDCI3) (d , ppm:6.08, 5.53:(d, 12H, C 2= C?CHS(CO))
3.20-3.70 (m 36H, OCH2), 3.11 (m 4H, CHOCH, epoxy),
1.92 (s, 18H, CH2=CCH3) , 0.95-1 .50, 2.00-2.20 (m
54H, CH2CH2O, Si CH 2CH2CHCH2CH2CHOCHCH 2, epoxy),
0. [0074] SReaeation B KFigutkd) wais Carmgd outowittpsintlat proqcgduraHpo that of
(CH3)2Si CH2) . 13C NWR (100 MHz, CDCI3) (d , ppm:

reddtion8A i @#h thé%@ﬂ(ﬁﬁ)p(}%ﬁlg@ldﬁb)auw leitﬁerlﬂnetl@ﬁﬂa@-ﬂ/)as replaced
75.77-69.76 (OCH 2) , 53.10-51 .80 (CHOCH a, CHOCH b

witB[pPsyargyl methacrylate. The reaction mixture was allowed to stir at 50 °Cfor24
h. As before, reaction completion was monitored by the disappearance of the Si-H
absorption peak at 2145 cm usi'ng FTIR. Small amount of excess reactant and
solvent were removed effectively by vacuum evaporation technique using a high
vacuum pump. A viscous liquid with a product yield of 91% was obtained. "H NMR
(400 MHz, CDCl3) (8, ppm): 6.16-5.59 (m, 32H, CH=CHSi B-trans, CH,=CCH3(CO),
CH,=CSi a, CH=CHSi -trans), 4.81-4.69 (m, 16H, OCH,C(sp?)), 1.98 (s, 24.0H,
CH,=CCH;), 60.29-0.25 (m, 48.0H, OSi(CH3).CH). ">C NMR (100 MHz, CDCl3) (4,
ppm): 166.8 (C=0), 144.7 (SiC=CH; a), 141.1 (CH=CHSi p-trans), 136.2
(CH,=CCH3(C0O)), 130.0 (CH=CHSi p-trans), 127.0 (SiC=CH; a), 125.6
(CH,=CCH3(CO)), 67.3 (OCH,CH=CH p-trans), 66.3 (OCHCSi a), 18.3
(CH,=CCH5(C0)), -0.14 (OSi(CH3),CH). 2°Si NMR (79 MHz, CDCl5) (8, ppm): 1.39,
1.04 (Si(CH3)2 B-trans a), -109.4 (SiO,). FTIR (cm™): 1722 (C=0), 1638 (C=C), 1256
(Si(CHa3)2), 1092 (Si-O-Si).
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35. 31- 25. 34( CHCH 2CH2CHOCHCH 2 a, CHCH 2CH2CHOCHCH 2 b
, epoxy), 23.97, 23.52 (SiCH 2CH2CH a, SiCH 2CH2CH b )

WO 2@9/1184§ OCH 2CH2CH20O), 18.22 (CH3C=CH2), 17.B1F/3$62028000073
(CH2CH2CH2O), 14.49, 14.39 (SiCH 2CH2 a, SiCH2CH2 /2,
epoxy), 13.65 (Si(CH 3 2CH2)27,--0.42 (Si(CH 3 2) .
29Si NWR (79 MHz, CDCI3) (d , ppm: 13.2 (SZ(CHs)?2) |,
-108.8 (Sz™) . FTIR (cm 1) : 1719 (C=O, 1638 (C=0),

1254 (Si(CHs)2) , 1094 (Si-OSi), 910 (CGOC, epoxy).
Compound C. 1H NWR (400 MHz, CDCI3) (d, ppm: 6.07,

Exampfe 5 “Phoativesti “leddiion 925(%9 arg)l, cllstnalivtdte and
4-‘@'%15&49@&# %maléﬁ%ﬁé ?cte@a@;"%%ﬁmﬁﬂﬁﬁqweﬁne

(CH3)2Si CH2) , 0.12, 0.10 (d, 48H (CH 3 2SiCH 2)

13C NMR (100 MHz, CDCI3) (d , ppm): 166.81 (C=0),
136.63 (CHSC=CH 2) , 125.10 (CH3C=CH2), 75.75-69. 76
(OCH2) 10- 5%}~ 80(CHOCH a, CHOCH b , epoxy),

35. 31- 25. G\O(CHCI-TZCI-IZCI-ICIZHCH 2 a, CHCH 2CH2CHOCHCH 2
b, epoxygs s.@?ww’, 23.52 (Si CH 2CH2CH a, Si CH 2CH2CH b

) 23\10-5gocrr-zgsyng20) 18.22 (CH3C=CH2) ,
1731464(0 cg; 14. 49, 1439(S|CHZCH2a

(

Si CH &CHZ ?ml\d/ OXY ) 13 65 (Si (CH 3) CH2)

(S (0|a+<aa°é 29Si / AVR " pp @ 2

(S/(CHS) \’JfQSS(Sl IR (cnit 1

1638 (C=C), 1254 (Si (s:CH 3) 2) 1089 (sSi -O—Sl , 910

(G OC, epoxy). Conpound D: 1H NMR (400 I\/Hz CDCl 3) d,

ppm: 6.07, 5.52 (d, 4H, C 2=CCH 3(CO), 3.20-3.70 (m

24H, OCH2) , 3.10 (m 12H, CHOCH, epoxy), 1.92 (s, 6H,

CHROTZSH AR procdlidé-identtsd) tathd-of .réfction E6GaS fdllded?iD, which the
di(propylene glycol)allyl ether methacrylate was replaced with propargyl
methacrylate in step 2 and the mixture was allowed to stir at 50 °C for 24 h. Reaction
completion was monitored by the disappearance of Si-H absorption peak at 2145
cm™ using FTIR. Small amount of excess reactant and solvent were removed
effectively by vacuum evaporation technique using a high vacuum pump. Viscous
liquid with a product yield of 87 % was obtained. The above synthetic procedures
were repeated for the synthesis of compounds G and H. Compound F: 'H NMR
(400 MHz, CDCl3) (8, ppm): 6.17-5.57 (m, 24H, CH=CHSi g-trans, CH,=CCHj3(CO),
CH,=CSi a, CH=CHSi g-trans), 4.79-4.66 (m, 12H, OCH.C(sp?)), 3.14 (m, 4H,
CHOCH, epoxy), 1.96 (s, 18H, CH,=CCHs), 0.80-1.85, 2.00-2.20 (m, 22H,
CH,CH;0O, SiCH,CH,CHCH,CH,CHOCHCH, epoxy), 0.50-0.55 (m, 4H,
(CH3),SiCH3), 0.27-0.11 (m, 48.0H, OSi(CH,)2, OSi(CHs)2, epoxy). *C NMR (100
MHz, CDCl3) (&, ppm): 166.8 (C=0), 144.8 (SiC=CH; a), 141.1 (CH=CHSi g-trans),

136.2 (CH,=CCH3(CO)), 130.1 (CH=CHSi B-trans), 126.9 (SiC=CH; a), 125.6
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Si CH 2CH2CHCH 2CH2CHOCHCH 2, epoxy), 0.49-0.52 (m
16H, (CHs)2SiCH 2) , 0.13, 0.11 (d, 48H, (CHa)2Si CH 2)
WO 2003CidiR (100 MHz, CDCl 3) (d, ppm: 166.81 (E=IHG2008/000073
136. 63 (CH3C=CH2), 125.10 (CH3C=CH2) , 75.70-70.10
(OCH 2) , 53.10-51 .80 (CHe@84a, CHOCH b , epoxy),
35312534(CHCHZCI—IZCHOCHCI—I2a CHCH 2CH2CHOCHCH 2
, epoxy), 23.97, 23.52 (SiCH 2CH2CH a, SiCH 2CH2CH b

el AR A 5 atsme, o
(TR By SSHOEE Y RivReppsy M 35 8135 3 5 %Hﬁgﬁ’éﬁ&)@%cm a,

S/ -108.9 (SzZzM) . FTI R % m 1 1718 (C=0O
CHEHEHERC zsﬁ(gch)e%é)o 23,69 BCHCHOCH p, SEHCH.CH B,
(G OC, epoxy).Exanple 4. Pt- Cat algzed reacti on of

epw)pw @;{CWEQ@MQD&) d 44,1 14.4 (SICHCH; a, SiCH,CH; B, epoxy), -0.05,
Cct aki s(di net hyl si | oxy) si | sesqui oxane [0074] Reaction

-0.%7 (Si(QHER). 37SMEMR GG Métz, QDCM) (sh ppi)i 135 (SV(Gthjkuepsxy), 1.45,
to that of reaction A in which the di (propyl ene

0.33 (ssmmga)% Ipvtrartd, B! - 188 8BS0, RETIRaEni Bpl1aeed C#0)) 1638 (C=C),

propar gyl methacrylate. The reaction m xture was

12%@&%%) 19B0"(sk0-8p. OC for 24 h. As before, reaction

i'on was rmmt red by the di sappear ance of the
Si -H absorption peak at 2145 cm 1 using FTIR Snal |
amount of excess reactant and sol vent were renoved
effectively by va;:uum evaporation technique using a
hi gh vacul purrrj\ /A viscous liquid with a product
yi el d of 91% yas |obt ai ned. 1H NMR (400 MHz, CDCI 3) d,
ppn) 6. g,_ s/sp Tm, 32H, CHECHSI O-trans, C

% :Csﬁa CH=CHSi 0-trans), 481469(m
16H [.1.98 (s, 24.0H, CH2=CCH 3)
0. 29- o\zsi(ln O;&l,—OS|(CH3)2CH) 1CNI\/R\/®¥HZ

CDCISF/ G:R=4

Compound G: 'H NMR (400 MHz, CDCls) (8, ppm): 6.14-5.58 (m, 16H, CH=CHSi
B-trans, CH,=CCH3(CO), CH,=CSi a, CH=CHSi p-trans), 4.79-4.68 (m, 8H,
OCH,C(sp?)), 3.12 (m, 8H, CHOCH, epoxy), 1.96 (s, 12H, CH,=CCHs), 0.80-1.90,
2.00-2.20 (m, 44H, CH:CH,0, SiCH,CH>;CHCH;CH;CHOCHCH,, epoxy), 0.48-0.6
(m, 8H, (CH3)2SiCH3), 0.28-0.11 (m, 48.0H, OSi(CH), OSi(CHs),, epoxy). °C NMR
(100 MHz, CDCl3) (8, ppm): 166.7 (C=0), 144.9 (SiC=CH; a), 141.2 (CH=CHSi
B-trans), 136.3 (CH,=CCHs(CO)), 130.2 (CH=CHSi B-trans), 126.9 (SiC=CH; a),
125.4 (CH,=CCHj3(CO0)), 67.2 (OCH,CH=CH B-trans), 66.3 (OCH,CSi a), 52.9-51.7
(CHOCH a, CHOCH B, epoxy), 35.3-253 (CHCH,CH,CHOCHCH, a,
CHCH,CH,CHOCHCH; B, epoxy), 24.0, 23.5 (SiCHCH3;CH a, SiCH,CH,CH B,
epoxy), 18.2 (CH,=CCH5(CO0)), 14.5, 14.4 (SiCHCH; a, SiCH,CH; 8, epoxy), -0.09,
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ppm: 166.8 (C=O, 144.7 (SIC=CH 2 a), 141 .1 (CH=CHSI

O-trans), 136.2 (CH2=CCH 3(CO), 130.0 (CH=CHSI
WwWQ@2a0pans¥y 127.0 (SiC=CH 2 a), 125.6 (CH2=CCH B(18¥3008/000073

67.3 (OCH 2CH=CH O-trans), 66.3 (OCH2CSi s), 18.3

(CH2=CCH3(CO)), -0.14 (Csi (@93)2CH) . 29Si NWR (79

WMHz, CDCI3) (d, ppm: 1.39, 1.04 (S/(CH 3)2 O-trans

s), - 109.4 (SzQ4) . FTIR (cm1): 1722 (C=0O, 1638

0 B TR PE T oqo MR 78 btz PR 6 oMl R TR e arpo. 105,

4- Vinyl - cyel ohexene
0.6 (SRR RIS € 10 | 0ul il B (o o723 (Ge©). 1638 (C=C),
ocedure identjcal to that of reaction E was foll owed
12gﬂ (RMECER)2N08E G} ene gl ycol )al Iyl et her
nmet hacryl ate was replaced with propargyl nethacrylate
in step 2 and the mixture was allowed to stir at 50 C
for 24 h. Reaction conpletion was nonitored by the
di sappear&[\ce of (BF - H absorption peak at 2145 cm 1
usi ng FTI R \Smal I'{'amount of excess reactant and
sol vent V\B{\QI/P&E{BWed ef fectively by vacuum evaporati on
t echni gyue— ; !m gh vacuum punp. Viscous liquid
J]D‘G

with & pr ehd of 87 % was obtained. The above

synt hetic ur‘gs_vvere r epeat ed for t he synt heS| S

of co@e}u dsg°G ’and/ . ConpoundE: (400

CDCl 3)” (d™#\ p—p/fQ 6.1 #5257 Tm 24 SHsi 0 ans,

C 2= CCH3(CO\) RCH2=CSi; a, CH=CHSI O0-t%ans), 4.79-4.66

(m 12H, OCH2C(Sp2)), 3.14 (m 4H, CHOCH, epoxy), 1.96

(s, 18H, CH2=CCH3) , 0.80-1 .85, 2.00-2.20 (m 22H,

CH2CH2O, Si CH2CH2CHCH2CH2CHOCHCH2, epoxy), 0.50-0.55
CotipouHd H( CHINRIR G0 MHL.COON) 18, ppin)48.18H5.50%m,B13) CH=CHSi

CSi (CH3) 2, epoxy). 13C NMR (100
B-trans, CH,=CCH3(CO), CH,=CSi a, CH=CHSi B-trans), 4.81-4.69 (m, 4H,
OCH,C(sp?)), 3.16 (m, 12H, CHOCH, epoxy), 1.97 (s, 6H, CH,=CCHs), 0.80-1.90,
2.03-2.19 (m, 66H, CH2CH,0, SiCH,CH,CHCH>CH;CHOCHCH,, epoxy), 0.50-0.60
(m, 12H, (CH3);SiCH,), 0.28-0.13 (m, 48.0H, OSi(CHs),, OSi(CHs), epoxy). °C
NMR (100 MHz, CDCl;) (8, ppm): 166.7 (C=0), 144.9 (SiC=CH, a), 141.1
(CH=CHSi pB-trans), 136.2 (CH,;=CCH3(CO)), 130.2 (CH=CHSi B-trans), 126.9
(SiIC=CH; a), 125.9 (CH,=CCHj3(CO0)), 67.2 (OCH,CH=CH B-trans), 66.3 (OCH,CSi
a), 52.9-51.7 (CHOCH a, CHOCH B, epoxy), 35.3-25.3 (CHCH;CH,CHOCHCH; a,
CHCH,CH,CHOCHCH; B, epoxy), 24.0, 23.5 (SICHCHsCH a, SiCH,CH,CH B,
epoxy), 18.2 (CH,=CCH3(CO0)), 14.5, 14.4 (SiCHCHj3 a, SiCH,CH; 8, epoxy), -0.10,
-0.50 (Si(CHs),). 2°Si NMR.(79 MHz, CDCl3) (8, ppm): 13.15 (Si(CHa)2, epoxy), -1.20,
-2.21 (Si(CHj3), B-trans, a), -108.8 (SiO4). FTIR (cm™): 1722 (C=0), 1638 (C=C),

1253 (Si(CHs)), 1093 (Si-O-Si).



10

15

MHz, CDCI3) (d, ppm: 166.8 (C=0O), 144.8 (Si C=CH2 a)

, 141 .1 (CH=CHSI O0O-trans), 136.2 (CH2=CCH3(CO),
wAa3@a1@@+=CHSI -trans), 126.9 (SiC=CH 2 s) , PCT/SG2008/000073

125. 6( CH2=CCH3(CO)), 67.3 (OCH 2CH=CH O-trans), 66.3

(OCCH2CSI s) , 53.1-51 .8 (GHOCH a, CHOCH b , epoxy),

35.3-25.3 (CHCH 2CH2CHOCHCH 2 s, CHCH 2CH2CHOCHCH 2 b

, epoxy), 24.0, 23.5 (SiCHCH 3CH a, Si CH2CH2CH b ,

il o s e
N'\ﬁg%g ﬁg(yqt@g}gégﬁs%gngon@ugdé > %B é’p@% OW’ h’ control

FTIR (cm_1) 1722 (C=0) 1638 (C=C), 1255 (Si (CH
monomgss in §; 16 gp)an leqaqumrthggemctlvgbcﬂye control
(d, ppm: 6.14-5.58 (m 16H, CH=CHSI O-trans, C
mager@Chs (o) $tu¢HZMSimade Oy-raixiig BI’S-Gi\Ms[;uispher‘Y@-A.merolate (1
(m 8HL OCH2C(Sp2)), 3.12 (m 8H, CHOCH, epoxy), 1.96
glyéerol/pRéholCditréitdd)ylatePafl-TEGBMA Rri@thyerdd glyevl) diethacrylate]
CH2CH2O, Si CH 2CH2CHCH2CH2CHOCHCH 2, epoxy), 0.48-0.6

ind Fﬁtl’O&H 1: ?C%B%Btgh Q;ip%lz%;/)ert%ls% ?%ﬂ?t?gﬂoof@?bbé%t? G(Hp?flmental

Sspodﬁﬁpéﬁﬁlggltv%gr‘]?} 3]“?%‘03‘ W/ é% ’bojdil\gsigle light initiators
(ca%@b@ﬁ ;(?(Bféa,ncgz%@ﬁ@%é tﬁﬂyé%ﬂmfn%) gthyl methacrylate,
MBS ) b s g v

é’) 24.0. 23.5 (S CHCH 3CH a

(GUHRI58. 8670 T tifleitrario (RaykpoingiCoibHls The Blermevty as, average
Si CH2CH2 b , epoxy), -0.09,-0.51 (SléCH 3)2) . 29Si

partinies (size 1. 5rg|)s (were @@mptedlyltb 2l/s/0f Giape xoupling agent
epoxy), 1.05, 0.64 (S/(CH 3)2 /S-trans, s) , -109.0

(y-roéthagyyloxypropyifrinethpxysitana). Tlﬁk@)arioaﬁaan(o@sﬁk Jformulations were

then mixed homogeneously by hand spatula in light-tight containers with care taken
to ensure that no air bubbles were trapped upon mixing. Table 1 shows the
composition of the respective materials. Figure 5 illustrates the inventive

compounds used in these examples.

Table 1:
Material Manufacturer Shade Composition
& Lot
number
Filtek™ 3M-ESPE, St. A2B Resins: Bis-GMA, UDMA, Bis-EMA (6) and
Supreme Paul, MN 55144 TEGDMA (small amounts)
[FS] 2AE

Fillers: Non-agglomerated/ non-aggregated
nanosilica (20 nm), agglomerated
zirconial/silica nanocluster (0.6 — 1.4 microns),
consisting of agglomerates of primary
zirconia/silica particles with size of 5-20nm
fillers

Filler by weight: 78.5 %




1254 (Si (CH 3)2) , 1089 (Si-OSi). Conpound H. 1H NMR

(400 MHz1 CDCI3) (d, ppm: 6.15-5.59 (m 8H, CH=CHS

w0 2o00bna33g C 2=CCH 3(CO, CH2=CSi a, CH=CHSI Or¢T/SQE)$/000073
4.81-4.69 (m 4H, OCH2C(Sp2)), 3.16 (m 12H, CHOCH,
epoxy), 1.97 (s, 6H, CH2=Ce313) , 0.80-1 .90,

2.03-2.19 (m 66H 1CH2CH2O, Si CH 2CH2CHCH2CH2 CHOCHCH
2. _epoxy). 0.50-0.60 (m 12H, (CHS)2SiCH 2) |

FitekS. 0| 133MESPESStOH,| AQ CHR8yizS: BEFMARNETEGDMAOX Y )

2410 NVR PagOMNISB144CTICI A (0, ppm): 166.7 (C=0), 144.9

Sic=CH 2 s) , 141 .|1 (CH=(
ECLQ:(:(}B(?:)Q), 130.[2 E%i@?’sos'ﬁagﬂgg'“"’f%s)g (Si C=CH

2 a),

l

25.9 ( CH2=CCH

1B3(CO))

o--L1

FiBat.by n(e@!ﬂﬁSC%:CH -tr ans)

=z {

,HCaZZCl

'éﬁ_leﬁ‘a féﬂ TE%FM Proprietary

4.0, 2 CHCH 3CH a
b (CHp=OCH 3(CO)) . 14.5.
 Fllers: ZheoMidlsilica (1.5 Microds) 50

Fi b Pl 6% 5) 571 ane

-trans,
Eesilsy BisiGMAR, TEGODIA, 10%:3®mpound C
1093 (Si-O Si). Exanpl e 6:

at ed Experi nent al

ind Fr'e%{)‘?é&l 5 QiesoRYnpounds
Tﬂmérrwrm,gwnsﬁ% 10, 20 and 50

R B T Zafgfomeound ©
1 gl ycerol/phenol)
H]Iérb (ﬁﬁéa.xh evfﬁcﬁhy)col )

: t1mum
ﬂ”‘fﬂ?ﬂ’wﬁgf’{ §3%ed

Resins: Bis-GMA, TEGDMA, 20% compound B

e

2CH b epoxy
i CHCH 3 a, Si
1) 2) 29Si NN
3)2, epoxy),

OIS yh8eSited .
(C=0), {1253 (Si (CH 3
Formul ati on of Light
Nanoconposi tes [ 0076

wer e bllended with cd
___f$060f
?erie
[ bi sphe
di et h4d
di met hd
propert
esperi I

), 18.
CH 2CHp
/R (79
1.20
FTIR
2)
-activ
] The
ntr ol
SSOfrest-ns—+at+-os
lfsﬁ‘fhsyf‘ﬂ]"é"g? ydy was
enol A glyceralate (
icryl at e] and [TEGDVA
iIcrylate] in g ratiofQ
i es. Preparat|i on of
resuifadynthesized

14. 4 (S
(Si (CH
(S/ (CH
s$1, -1

r
T

Fillers: Silica (1.5 microns)
Filler by weight: 63%
Resins: Bis-GMA, TEGDMA, 20% compound D

S4 Self-synthesized

Fillers: Silica (1.5 microns)
Filler by weight: 63%

"All compounds used are commercial products except for compounds B, C and D which have been

prepared according to the process of the present invention.

Physical / Mechanical Characterizations
Polymerization Shrinkage

[0077] Post-gel polymerization shrinkage was determined using the
experimental set-up used by Yap et al.?®% with minor modifications. A white Teflon

mold of inner length 7.0 mm, width 4.0 mm and height 2.0 mm was used to confine

the synthesized materials with the exception of a window for the strain gauge leads.
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SSQ resins involved the addition of 1 nol % of both
visible light initiators (canphorqui none, CQ and
W@eavitases s (2- (di net hyl am no) et hyl met hacr yl BEESG2008/000073
DVAEMA) to the nononmers followed by addition of 63 wt%
silanated silica fillers (GBB-0166, SCHOTT El ectronic
Packagi ng GrbH). The fillers with an average particles
size of 1.5 mcrons were silanated with 3.2% of sil ane

Foff_%'t’ééth&ﬂ RAYRMndd gﬂ?hhgﬁﬁ%ﬁogﬁ’ d dir SRYint Ghﬂ?% hRy E:‘)?lnﬁﬂb‘??ents Ltd,

he vari ous conposi ons vvere

SINGROEI LM imeoaite Angier s ehistareha j20 Hgnd gauge factor 2.00

bubbl es re trapped upon mX| Tabl shows t

We%ﬁﬁ%&?f‘@@ﬁ”& the,dat; §§|°véh gfign mold ]Wlt'@m%sﬁa'” gauges in
illustrates the inventive conpounds used in these

plagg othel systhesigadmatesials wergplaned inte die ea\ity«s e Teflen mold. Care
products except for conpounds B, C and D whi ch have

wab ¢alerptosgraure caoieteifiling af thé eapit)oam; exodsst matgriat wastextruded
i nvention. Physical / Mechanical Characterizations

usiRgIpyessura aipptiad Svougk20§iabo elidd. Thesibags from the strain gauge were
pol ymeri zation shrinkage was determ ned using the

corfdéd TBNA Adtrifimotitdmgdd&ice aBtrain @S’al%%z?{e‘@ot'dbrmaﬂ’é Parmer
modi fications. A white Teflon nold of inner length 7.

Insimettdlt ﬂ_e%iOQ)G lﬂlﬂgllfﬂaﬁﬁce% g %H"a?hasﬁijalﬁq?ﬁﬂfgrldbedewce

e synt hesi ze ter S W|th he except1on

corPSégtggtogr@Crghé{irrgﬁérrd% ugﬂ@*”ﬁﬁgklﬁﬁgiy hor@'gl eCtnrs'ﬁé?oltage to signal

nts Ltd, .Sin or .
VolBEBLATHY Covarias tTaAte ogﬂs?twtal?una%a@a'@@ﬂsﬁ aretussfiectively
positioned onto the flat surfaces of the Teflon nold.
tramfgﬁegi He tke gavges ang sreasyred in terms of resistance.

[0078] The test samples were then light polymerized at 500 mW/cm? for 40
seconds. A total of three specimens were made for each material. Dimensional
change during and post light polymerization was monitored in air at room
temperature (25 + 1°C). Post light polymerization shrinkage measurements were
taken at 0 (immediately after light polymerization), 1, 10, 30 and 60 minutes after
removal of the curing light. Percentage linear shrinkage was derived from the

following equation (1):

AR
Percentage linear shrinkage = = AL x100 = % x100 (1)

where AL = Change in length, L = Original length, AR = Change of resistance, R =

Original resistance and K = Gauge factor (i.e. 2).

Indentation Hardness and Elastic Modulus

[0079] Both indentation hardness and elastic modulus were determined using
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pl ace, the synthesized materials were placed into the

cavity of the Teflon nold. Care was taken to ensure
weapheses filling of the cavity and excess matRCT/86:2008/800073

extruded using pressure applied through a gl ass slide.

The leads fromthe strain gad®e were connected to a

strain-nonitoring device (Strain Gauge Recorder, Cole

Parmer Instrunents, |IL 60061) initially balanced at

: I:0= (AN : [ j f_,a .

@ ifisepaga iR TAPRRUBE e AEY BIGRIET YEP e’ Synthesized
vol.tage to sSigpa ol tage and converting.it,to analo

mafgigR erts higeed] Bt plTeoEeSs iR 18T [ Jidth Shd 2 mm
transferred to the, gauPes and neasured. in terns of, '

hejghd) %ﬁ%{%@?"ZFG@PEEY“CﬂHQ dsgwith §éﬁﬁ$%§‘%@3 exuded YRing pressure
pol yneri zed at 500 nWcnR2 for 40 seconds. A total of

appledethspregh nenglager slidendd heorsyathssizast enaterials were then light
Di mrensi onal change during and post |ight

polymierizedi aa600mWdsmftdai #0r setandsaiBotlathardress and modulus were
tenperature (25 1C). Post |ight polynerization

defdimiméhae (Ranediatsy hterbure), REAG 7adays witlgpétinieplsiconditioned
after light polynerization), 1, 10, 30 and 60 m nutes

in ?{i}étﬂédr\%@f%t §f7°¢heAFF6tbP%f|ééVéh- sPECifRiNs2ARrd IM&déE for each
shrinkage was derived fromthe followng equation (1):

L.near shrinkage = ( 1) where DL = Change
syﬁﬁégggg?ﬁ{ftehég Oiginal length, DR = Change of

res| nge, R = Origi.nal. resistanc K,= G
¢ 2B Peptrsansind FuBlndtatiert Bira@R diafome S modulus was
Caml\/bd “,({)ﬁ;:u%{gg ggﬁg&ﬂqiéﬁggﬁ y ?t ¥ rt]%;&nh F ﬂé@i ﬂgﬁ %o&*tgg tté) Can Instron

m croi ndent ati on techni que enpl oyed bé Yap et a/. 30 )
Migpniess system (Model 5848, Instron Corporation, Canton, USA). The specimens

were indented with a Vickers indenter at a rate of 0.0005 mm/s until a maximum load
of 10N was attained. The peak load was then held for 10 s and unloaded fully at a
rate of 0.0002 mm/s. Indentation loads (P) and the corresponding indenter
displacements (h) were recorded continuously during the loading—unloading cycle.
Hardness (H) data were obtained by dividing the peak load (Pp.x) over the maximum
projected contact area (Amax) (equation 2) while elastic modulus (E;,) is calculated
by the unloading contact stiffness analysis (S) according to Oliver and Pharr

(equation 3).%'

P
H = Zman 2
Y (2)
_ 2
E, - Ll @)
[4 _
[1.142 max 1 "°]
S E,

where



materials were placed into the square recess (3 mm
length, 3 mmw dth and 2 nmm hei ght) of custom zed
wa@eeogliieg4srol ds with excess material s extruded RGI/8G2008/000073
pressure applied through a glass slide. The
synt hesi zed materials were -t3%n |ight polynerized at
500 mMWcnR2 for 40 seconds. Both hardness and nodul us
were determned at O (imediately after cure), 1 and 7
days with speci nens condi tioned in digtilled water at
37C. Atotal of sevep gg ns Mﬁ%rrade for each
synt hesi zed nateri al max[D e pt nsi ng
m croi ndentation for both h dness d nodul us was
carried out using a custom deS| gned i ndentation head
unit nounted to an Instron M cro-Test system ( Model
5848, Instron Corporation, Canton, USA). The speci nens
E, werlasiinoadubcs of diamendi \dkieers indender, d14%GRar at e of
0.0005 mm's until a maxi mum | oad of 10N was att ai ned.
Theifedks Il for 10 s and unl oaded
U"f% at gﬁ@%ﬁgﬁggﬁ%@gggg%s I ndent ati on | oads (P)
and the correspondi ng i ndenter displacenents (h) were
v, EFREIESTs ¢AHY bﬂth@ttébt/m@t&riamm phe | oadi ng- unl oadi ng
"cycl e. Hardness data were obtained by dividing the
peak | oad Prmx%] overthe maxi mum pr oj ect ed cont act
hrareideptation depih at maximumideatde el astic modulus (/ ) is
cal cul ated by the unloading contact stiffness analysis
(S) according to Aiver and Pharr (equation 3).3 1 HH
== max- (2) - mx
Degree of Conversion

[0081] The degree cf conversion was determined using a TA instruments
DSC Q100 equipped with a PCA (Photocalorimetric Accessory) unit. Specimens (n
= 3) of approximately (10 + 2) mg were weighed and placed in a hermetic DSC
aluminum pan. Samples were then exposed to visible light (mercury lamp) for 40
seconds at 500 mW/cm? under N, at 37 °C. The extent of polymerization was then
derived from the heat of photopolymerization (AH) calculated from the area under
the peak of the differential temperature curve using theoretical reaction enthalpy cf
13.1 kcal/mol for the methacrylate double bonds®? as the standard value for heat of
polymerization in this study. Degree of conversion was then derived from the
following equation (3):

AH. .
Degree of conversion = ——2=2 100 (3)

Theoretical

Depth of Cure
[0082] The depth of cure testing methodology was carried out by means of a

scraping technique based on ISO 4049 (2000). The composite was placed in black
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whereL = 24.51 - 3 Pmax 45 EO = El astic nodul us of

di anond Vi ckers indenter, 1141 GPa uO= Poisson's ratio
woRoovhesehdenter, 0.07 oin = Poisson's rati o oPCT/B&2008/000073

test material, 0.24 hmax = Indentati on depth at

maxi mum | oad Degree of Conved%ston [0081] The degree of

conversion was determ ned using a TA instrunents DSC

QLO0 equi pped with a PCA (Photocal orimetric Accessory)

. ! ° : | _ _
ot oS 80l i o P Bt Y # iy eyl S confnea
: . d irsi bl edkight ,

oefikEn TR Bodiaifs pBoteid SuBEIRRE: Moo P CRIoH pitggrana). A

whife o8iscbasecmas HseR Sercat DePaKs: BaasAidedh NBHic) was then
calcul ated fromthe area under the peak of the o

plaged partee malds aedpxeessunatarial wasextraged by pressuse ppplication. The
reacti on enthal py of 13.1 kcal/nol for the

compositewak dhen iradiated Hiroma the3topethraugh theglaks slidecndadetate strip

heat of polynerization in this study. Degree of
at S0 infond® selbendsi evithvhd NIPdight beriiguhioiimmgediately after light

equation (3): DH Degree of conversion = - * x 100 (3)
polyRRPizEtids,ahe acetate strips were removed followed by the specimens in their
molds. Uncured materials were then removed with a plastic spatula. Height of the
cured material was measured with a digimatic caliper (Mitutoyo Corporation, Japan).

Depth of cure was tabulated as 50 percent of the remaining length. Five specimens

were prepared for each composite

Water Sorption

[0083] Water sorption test for all composites were determined using
technique specified in ISO 4049 (2000). The composite was placed in white teflon
molds of 10 mm in diameter and 1 mm in thickness and confined between two
opposing acetate strips (Hawe-Neos Dental, Bioggio, Switzerland). A white delrin
base was used beneath the molds. A glass slide (1 mm thick) was then placed on
the molds and excess material was extruded by pressure application. The
composite was then irradiated from the top through the glass slide and acetate strip
at 500 mW/cm? for 40 seconds with the VIP light curing unit. Immediately after light
polymerization, the acetate strips were removed followed by the specimens in their
molds. On removal, specimens were placed in a desiccator containing freshly dried
silica gel maintained at (37 + 1)°C. Specimens were then removed after 24 hours

and stored in a second desiccator maintained at (23 + 1)°C for 2 hours and weighed
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Depth of Cure [0082] The depth of cure testing
nmet hodol ogy was carried out by neans of a scraping

W@ 2wbnicgee based on | SO 4049 (2000). The conmpoRCT/BGAAS/000073
pl aced in blackteflon nolds with square cavities 6.7
nm deep and 4 nm w de/ | ong -&38l- confi ned between two
opposi ng acetate strips (Hawe-Neos Dental, Bioggio,
Switzerland). A white delrin base was used beneath the

to ?ﬁ a@ﬁ%nl'%g ?3‘? gii 'Iq‘ﬁs (sn)étgle Wgr% q%gggtemtﬁ ngagy Rt ﬁgas%rlm1) was

ESS eria extrude pressure

obfaied. afer i g condgning, Bolf e %@M@%?Pha specimen

500 nWcn® for, 40 seconds wth the VIP |i rln%

wegg determingdi HF'@ana#E&FaW g]@!'Pﬁrol(MFHFQYQa(-?%HOFaﬁ'ﬁ@ apan) and
acetate stri were renoved f ol Fovved by the speci nens

specgimemevalumel wenﬁml@datﬁdtlerrmra sAlhepecimens wengdowaersed in 20
with a plastic spatula. Height of the cured materi al

ml wi distiled water a6 (BF a1 dCdondtdays dlaén pamovyed,thivttsbdry and weighed
Corporation, Japan). Depth of cure was tabul ated as 50

(m@ewtth@fwé@mrrgerﬁpeammé WBE Feconditnedeasi doistantehass (ma) in
prepared for each conposite Water Sorption [0083]

s
theﬁét?%caftgi E%l:ngggé ?‘gg(\:/léﬁeg@hﬂ)e& 8@84@5{8‘% %%ﬁ@%@bmred for

| 0
ealfy ARl Mo Eiffor hW%?he'Es’"Z#aa%g”?. 3,8, fiter was
t at Ha Ne De I
calgwgsmg&ﬁg%lﬁvgﬂg)eahé 4)9 \éIV:I ri (r)18bascre]t \ilas used
beneath the nmolds. A glags slide (1 mmthick) was then

pl aced on the nDde_an%I—e%cess mat eri al (dps extruded
by pressure application’ The

Results of the experiments:
Polymerization shrinkage

[0084] The mean linear percent shrinkage of the various dental composites
evaluated during light polymerization is shown in Figure 6. The mean linear percent
shrinkage at the various post light polymerization time intervals is shown in Figure 7.
For all materials, the rate of shrinkage was greatest during light polymerization
reaction and continued after removal of the light source (Figure 6). The shrinkage
strain that occurs prior to gelation does not contribute to stress as only viscous but
unrestricted flow was involved. Flow was defined as the amount by which the
shrinkage stresses exceed the elastic limit and was thought to be the ability of
molecules within the forming polymer to slip into new positions before being
constrained by cross-linking. In light-activated composites, the fast reaction rate
practically eliminates the time allowed for viscous flow, and that the polymer matrix

becomes rigid within seconds after a relatively low degree of conversion. The
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conposite was then irradiated fromthe top through the

gl ass slide and acetate strip at 500 nWcnR for 40
waewonds4sv th the VIP Iight curing unit. | nredPEE/&G:3008/000073

after light polynerization, the acetate strips were

removed foll owed by the specdhens in their nmolds. On

renmoval , specinens were placed in a desiccator

containing freshly dried silica gel maintained at (37

polﬂnogrriggﬁtﬁﬁi othe "l‘@%iﬁ e riﬁV&V@Q.tﬂ%éﬁ%gtﬁg‘% {B?Pégssa%reby the

n a second desiccator nain

residfetite {EAleMROR BT IIY ol SREpiGPlanic Moms Wip-qisfc phase.

obtained. After the final conditioning, both diangeter |

WhesaTlowi eqarassatier ss!ﬁﬁlogpeeﬁ?m ferlange eewpﬁeaat@smfmgsfgmkage
digimatic caliper (Mtutoyo Corporation, Japan) and

stregsesi pest-gell natemerzatian shiiiage davetpnsa Thisspolymerization process
specimens were imersed in 20 mM of distilled water at

is gceompaniad by arrapid mcréase ineelasticimaddubtst whlicHrigdwzoes stress within
wei ghed (rri2). After this weighing, specinens were

ther polynikrt and edistributasitt @NtheradendaB) |dyerd. NEhidepostegdl oshrinkage
usi ng the above descri bed cycle. Five specinens were

inflOEREEY fd §PEnRADT tHBIBYNERbetwithSorifbdile RBinsVimd tddth structure

m crograms per cubic mllinmeter was cal cul ated using
g b NG LB 1 BT b bona.

T 8 0 @B e SRR rRodE h88Riated with the
ﬂo&%l%ﬂé g&{rh éﬁéiiqog,kn fd:z “%go%h\r)@rbg %& rﬂggqn-{giyg?enr tlhiaﬂeaal[ the other
derl?tgl gorrr%rploél?ésl gCaltuiatr[a%. iTnﬁee{o\\C\/al\/isécci)ss’ityspe%\il\rTcci)rrrlmpgisi gsr sveZé developed
for ease of placement and handling. As the volume fraction of polymer matrix in the
composite and the type of polymers used are primary material factors influencing
polymerization shrinkage the high shrinkage obtained with FF may be attributed to
the proprietary dimethacrylate polymer used.

[0086] Post-gel shrinkage associated with experimental nanocomposites was
found to be significantly lower than A110 with the exception of S1. AIthough
shrinkage value associated with S1 was low, no significant difference was observed
between that of S1 and A110. The low shrinkage property obtained with all
experimental nanocomposites may be attributed to the presence of the synthesized
SSQ compounds. Post-gel shrinkage decrease with increase in SSQ compounds
added. This accounted for the differences in shrinkage values between that of S1
and S2. S1 with only 10 wt% compound C incorporated have more Bis-GMA /

TEGDMA monomers in the composite system when compared to S2. The low

molecular weight TEGDMA, being more flexible and having more double bonds per
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For all materials, the rate of shrinkage was greatest

during |ight polynerization reaction and conti nued
wa@tieniasesroval of the Iight source (Figure 6).PdngG2008/000073

shrinkage strain that occurs prior to gelation does

not contribute to stress as 3ty viscous but

unrestricted flow was involved. Flow was defined as

t he amount by which the shrinkage stresses exceed the

unff Beldhs A 1ok e SR plohsm e fiedighishrfikagg of 1.

posi tions, before bei ng constrajned by cross-1jnking
" n1d0a7N  Wheh rTRaE AGSs tas difefenteoocPERER e SPeba and S4,
practically elimnates the tinme allowed for viscous
post-ggl shinkage generatly gectaase with desrepse dhihe nyraber ofirpeihacrylate
seconds after a relatively | ow degree of conversion.
chainepaitached tatSSA witht the exeeptiovatf iS4.i Bdowitbs2tlheg chains of
gel ati on process whereby the restorative material is

methaorglate grolipsrand 6 shostashaingpbbepoxy groups attached to the SSQ core
rigid-elastic phase. Wien fl ow ceases after gelation

wasdufidNtoBel MOBEraceeBBibNs ahtl haVe PetteRkR@Pactiohe@®ASthe control
post-gel polynerization shrinkage devel ops. This

matRmers! Tﬁigtdcefiuﬁfeﬁ%ﬁﬁ%ﬁ@?mﬁ%@ﬂ é?*inﬁa?é%ﬁxes.

Increase In elastic no nduces stress
within the polyner and distributes it to the boundary
| ayers. This post-gel shrinkage influences the

trepgth. of the b et ween conposite resins and

In %H?ﬁge{i\ﬂ%v{ﬂsea?ﬁ%ﬁgnﬁﬁﬂ ead to bond failure arising
fromdefects in the conposite-tooth bond. [0085] At
al [0088leThet B18ARN hardReS$oaRd gEodihts Mfade. addldRi afkdand all

with the flowable conposites, FF was found to be )
experimentat papesorgpesitas (ShaP4lare shewst indrigerend and 9 respectively.

conposites eval uated. The | ow viscosity resin
The amdesstandingeofdhd enethamichl fppopertiss of fdeptal compusitasds important

handl i ng. As the volune fraction of polymer matrix in
fortthedevelopment of “tooth-like” restorative materials. An ideal restorative material
is one that has mechanical properties comparable to those of enamel and dentin.
Both hardness and elastic modulus are amongst the several mechanical properties
evaluated in this study to determine the resistance to occlusal forces. Hardness
refers to the resistance of a material to indentation or penetration. It has also been
related to strength, proportional limit and ductility of materials and has been used to
predict the wear resistance of a material and its ability to abrade or be abraded by
opposing tooth structure and materials. On the other hand, elastic modulus refers to
the relative stiffness of a material. Together with adhesive properties, elastic
modulus plays an important role in preventing microleakage, secondary caries and /
or filling dislodgement.

[0089] From results obtained in Figures 8 and 9, indentation hardness and

modulus associated with FS at day 0 (immediately after cure), 1 and 7 was found to
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conposite and the type of polyners used are primary
material factors influencing polynerization shrinkage

W@ bwohiaghs shri nkage obtai ned with FF may be atR€T/BGR088/000073
to the proprietary dinmethacrylate pol ynmer used. [0086]
Post - gel shrinkage associ at-639 wi t h experi nent al
nanoconposites was found to be significantly | ower
than A110 with the exception of S 1. Although

be %%Hlﬂlr%qﬁgn tl@hgre e ntEHald! é\)%lt%tédw? is! M4y tqg?ttri?utgd to the

er ence V\BS observe ween

The Iow nkage. r ed with
a2 e PSP B RtRel ﬂ%@e Fﬁbw&b aialisisgs of both
t he presence of the s n S|ze conpo
"a'be%'téoag@P sﬁ'mqm%f@&'cae ?\@ ﬁféa@@ !"S 8‘5(33 S wt%. The
conpounds added. This accounted for the differences in
corghinatiRa ¥ nanosizedoeantieles anshrargclgster eaucss intergtitigl spacing of
only 10 wt % conpound C i ncorporated have nore Bis-GVA
the/ fillBESDERicles) and rthus mesuits indrigbaii filkers yeading @hdrbetter mechanical
conpared to S2. The | ow nol ecul ar wei ght TEGDMA, bei ng
properties. | exi bl e and havi ng nore doubl e bonds perunit of
wei ght, accounted for the relatively higher

Pj0090] | ABLAICHin?d ihtd 8IS, Ho Sidnifi &QQSaiﬁeYX}% Ciﬁ”ﬁéfdrf&s was

across the different nanocorrposHes S2,

obﬁ?@é rrh"éé“ Hﬁi‘iﬁ%ﬂ%ﬁbaéﬁd’ﬁﬁ% éfaa‘(%ﬂulg tﬂ@%’é@%&em'oﬁulus of

met haéryl at e chai ns

S1 592%@&?\? NG 58 siifiganty hidtel tndn W18 @A TR hioh hardpess and
moduhBiiiiesSL5h CARRS STtuLes o i aifien SC1 TR wt%‘eompound C. The

contraol _mononers. This accounted for the slig
addition &f $2Q FAMPAHNAR AHieny Fasulls m|dfamtlatlrrtmowaent§sm polymer

and Har dness
properties due to their ability to bridge the gap between inorganic ceramics and

organic polymers. Results obtained for FF corroborated well with that of
polymerization shrinkage which stated that FF tended to shrink more and was less

rigid than conventional hybrid materials due to their increased flow capacity.

Degree of Conversion

[0091] The mean degree of conversion of the various materials evaluated is
shown in Table 2. Degree of conversion associated with the commercial dental
composites was found to be significantly greater than all experimental
nanocomposites except S4. S4 was found to have a degree of conversion higher

than A110.
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[0088] The nean hardness and nodul us of FS, A110, FF
and all experinental nanoconposites (S1 - $S4) are
webwen1G8#8 Fi gure 8 and 9 respectively. The PCT/SG2008/000073
under st andi ng of the nechanical properties of dental

conposites is inportant for-4Mhe devel opnent of
"tooth-like" restorative materials. An ideal
restorative material is one that has nechani cal
Ta@r%erti es conparable to those of enanel and dentin.
§th hardness and el astic modul us are anongst the
sever al MateRialg cal properti es eDegrer eHConvérsionst udy
0 defermpg the resigtance to occlggsh (1®29es.
Hardness rs to the resistance o ral~to
aeaett ati?}??ﬁ. penetration—tt—has g%;?tsqﬁl retated
1 N AandAY AN AL

o-ctraoanat nroanort i a | i+ 1 \ ~f

mterials ‘Q:lnrlphn: heen used to pr od?’q“ssg( .ga)éar

resi stanceS8f a materilal and its ab#0.86¢0:58)abrade or

be abr adedSBy opposing tooth struct3@.61dmd3aterial s.

On the ot hg4 hand, el gstic nodul us 54B84r(3.719 t he
relative stiffness of a nmaterial. Together wth
adhesi ve properties, elastic nodulus plays an
i mportant role in preventing mcrol eakage, secondary
cafQ092] afhbe degred pF comyeraios] iodyerasatlinked pehmericaystem plays a
results obtained in Figures 8 and 9, indentation

potemtidihe sigrificRntorble us deteovining dthevultimate ahysiegl and mechanical
(inmedi ately after cure), 1 and 7 was found tobe

prépegtied | ofinthey hiaibRal. t hadetjuateraipelynadrizationl ueseits in  inferior
This may be attributed to the amount of fillers

phP$ies PhécHamidd! BrésEes sLieh a% PodRtedistanbe (wean podt ol stability,
oth nanosilica and zirconi a/silica nanocluster has

seé&ﬂda&??gﬁ@é‘gnﬁgaffer@ tigsﬁ\é %a%ﬂﬁus‘? ﬂ{éﬁ’%é‘d%éfgg‘sé‘ﬂeé’ﬁf water sorption,

nano particl-es and nanocl uster

so B 24y SRR bl 5 BB B oosi
nechani c%l . . . N
resins to achieve high levels of conversion, there is usually a significant

concentration of unreacted carbon double bonds remaining in the resin when cured.
This is due to limitations on the mobility of reactive species imposed by the rapid
formation of a cross-linked polymeric network. In addition, high levels of conversion
also resulted in higher contraction strain rates during polymerization. This usually
results in gaps around the cavity margins, resulting in microleakage, pulpal irritation,
thermal sensitivity, recurrent caries and internal stresses.

[0093] Various techniques used for the measurement of the degree of
conversion include Fourier Transform Infrared Spectroscopy (FTIR), Laser Raman,
Micro-Raman Spectroscopy, MIR (multiple internal reflection), NIR (near infrared),
ATR and micro-attenuated total reflection infrared spectroscopy (micro-ATR),
differential thermal analysis (DTA) and differential scanning calorimetry (DSC). In

the following, the DSC technique with a photopolymerization apparatus was chosen
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properties. [0090] At all tinme intervals, no

significant difference in hardness was observed
wheiwaees4g hat of S 1, A110 and FF in general whCT/8G2008/000073

elastic modulus of S 1 was found to be significantly

hi gher than A110 and FF. Thetht gh hardness and nodul us

values of S 1 can be attributed to the addition of 10

wt % conpound C. The addition of SSQ conmpounds often

or 4 S5 BEB C  PE'd bmon

BT TN O E—
| izati hr | nk whi ch stated that FF tended

the(péc)?“éﬁg'{’#ﬂféwrae%{qrbaggfessl (r:i gisdat ﬁan cgnventi gﬂale

hybrid materials due to their increased flow capacity.
Delf094] oF ramp ables2.odegree ®f comversiarnassnsipted with FF was found to
conversion of the various materials evaluated is shown

be isignifidantly Zrre@ieg thean alf othenmratgiials exakatachildis phefoméron can be
comerci al dental conposites was found to be

explaipedibycthetfloyvadilitp bethet donpadite s @sizemion@ Risebus materials tended to
nanoconposites except S4. S4 was found to have a

resiRABE nfdbifQBf e aEtVe SPedREY and ?édu‘ée%_@-f?éﬁﬂeﬂc?anQﬁQB&bility of

The degree Of conversion in a cross-linked polyneric

rar@étﬁ{ EREARSRS, WS fI o Hé(%r%iagé‘ iirf bgﬁﬂ*%{%@ﬁg% :pgoaﬁagation.

ermning the ultimate physica

LAY 5 Bl LB Bl ERE SHE" SoRPAIRS. 3R diypostos
dedeloBO8" 54 WA toiNG Go have T begR Yt EAvalsich GRiater than S1, 52 and
S3. No significant difference was observed between that of S4, FS and A110. This
may be due to the addition of the more flexible and accessible compound D. When
the methacrylate groups of compound D start to react with the control on
polymerization, they bring with them the attached SSQ cubes. After the first coupling
reactions, the SSQ cubes are anchored into the crosslink network. With the
restrictions set by the bulky SSQ cubes, molecular structures of the network were
set. Further reactions involved only movement of both the small molecules and
anchored methacrylate groups. As compound 2 has only 2 long chain methacrylate
groups attached, more interstitial spacing were present in the network after the first
coupling when compared to S2 and S3. This interstitial spacing may be filled up by
the smaller Bis-GMA and TEGDMA molecules on further reactions. Thus, this may
account for the high degree of conversion and low shrinkage properties obtained for
S4.

[0096] In this study, the obtained degree of conversion of the different

materials corroborated well with earlier studies where degree of conversion was
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secondary caries and adverse tissue reactions,

i ncreased rates of water sorption, solubility and
W@220004t108¢%t orati on failure. Wiile, it is desire@li/gaG1008/000073

dental conposite resins to achieve high |levels of

conversion, there is usual |442-significant

concentration of unreacted carbon doubl e bonds

remaining in the resin when cured. This is due to

foqnwgg%biggnﬁ?rﬁnﬁ geto“f’:? d{%a%{nootzvarseﬁgﬁéytefo?ﬁ’ﬁ& I oc'sé diluted resins.

e raprd ion of cross-l

ol yneric di tion evel s, of

HOBGYPE 1k nistdhe. Golist iatelre: fegiesnah CateTHiaR ddks opt indicate the
rates during polynerization_ This usually results in .

de@rggsof@om@mq{@n(g{\ﬁlgﬁMﬁ,og,TrE@DN@sltgeﬂf, q@ indicates the conversion
m cr ol eakage, pul irritation, thermal sensitivity,

rate @f dhe aliphatis Ce€ Ecmld iimthe mathyimethasrylatearosp intera §&:€ bond.
techni ques used for the neasurenent of the degree of

The &1 8 ©f adegree | af drivevsior rdoEsanst ovean! thiat dnatd49 % of monomer
Spectroscopy (FTIR), Laser Raman, M cro-Raman

ren®@ifs bupFeniites HaR40 % of OaJCBbMtis?rl’eﬁfém IHidugdtderee ohbdhversion

(near infrared), ATR and micro-attenuated total

is rglﬁf(lkrﬁféd B tHé"lEE@%i‘o% SfPRigh &Fﬁtf)a (40-80 AR diluents in the resin,

erent thermal analysis and di fferentl al _
I °
he’§ Lﬂ%%%%gfi@p%hléﬁeﬁ%¥@g§%t bR Za%}ﬁgg.sg sAithReae (52 8501 %) for

osenf or. t surerrent of the degree of conver3| on
mors pommercia ‘1%” It is a convenient tool which

provi des a neasur e of nethacryl ate conversi on based on

the enthal py of the exotherm c.polynerization. [0094]

From Tabl e 2, degree of conversion associated with FF
Depth of GMfe to be significantly greater than all other

mat eri al s eval uated. This phenonenon can be expl ai ned

by[009F] f Incaddition ttg tbé pdigmenzatosi skrinkagea hatdress| swadidus and

materials tended to
degree of conversion, the depth of cure is another important property to be
determined. Figure 10 show the mean depth of cure of FS, A110, FF and S1 - S4. As
light pass through the bulk of the composite to initiate polymerization, it is absorbed
and scattered. These factors result in an attenuation of light intensity as it passes
through the restoration bulk. The result of this attenuation is that cure on the surface
is much greater than it is within the depths of the material. At greater depths, part of
the light required for further polymerization is absorbed by the already polymerized
layers of composite resins. Thus, depth of cure can be defined as the extent of
quality resin cure deep down from the surface of composite restoratives and is

affected by filler size, light source intensity, duration of exposure and resin shade.

As aforementioned, the presence of inadequate polymerization throughout the

| depth of restoration can lead to undesirable effects such as gap formation, marginal

leakage, recurrent caries, adverse pulpal effects and ultimate failure of restoration.
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restrict the nobility of reactive species and reduce

the frequency and probability of random encounters,
woRioen1dse’l t o a decrease in polynerization propetsG2008000073

[ 0095] For the degree of conversion of the

experi ment al nanoconposites 4¥evel oped, S4 was found to

have a degree of conversion greater than S 1, S2 and

S3. No significant difference was observed between

i 0088] Vrods et usdd Gr S, dBferifiaddh bl Gepth of cure of
. . h f
corplaatfeS, e ah Bichl Mimehans s SRS T dhe g%{q%afc%ncv of
i fgmAeste Ferias Secaisd Qe S Q AV e fe'art?qmue knoop
the crosslink network. Wth the restrictions set

hardpess tetingstie digialpenstomateatest mathed,dye tentalsméactlle tests and

network were set. Further reactions involved only
nuctear magnetic besbnance gnieréimaging: ulre sthisndstady; hthheedSO  scraping
nmet hacryl ate groups. As conpound 2 has only 2 | ong

techhigiue wab helsghafoe thie dgtemsinbtiorh e depth of icurerdie to #$ relative
spacing were present in the network after the first

simfpeny idHl WhRn SoMBRUMENtRioA2 retjifirervent TH §s lan G\A&ﬁé'ﬁméﬂiod that

spaci ng rmy be filled up by the smaller Bis-

ondHED LS SIER S SirATekeaF uoig iy e o

peéghhnkage properti es obtained for S4. [0096] In this
t he obt ai ned degree of conversion of the
dlfferent mat erials corroborated well with earlier
studi es where degree of conversion wasfound to range
from43.5 to 73.8 % and was hi ghest for the nost

Water SpERti®Rsi ns. However, it nust be noted that the

degree of conversion does not indicate the
[0099] Results of the mean water sorption evaluated for the different

materials are shown in Figure 11. The water sorption by composite materials in an
aqueous environment is defined as a diffusion-controlled process with water uptake
occurring mainly in the resin matrix. While water sorption by polymer network
contributes to stress reduction, its effect is minimized as water uptake by composite
resins takes place at a much slower rate, requiring hours to reach saturation. In
addition, the water sorbed by the polymer matrix could cause filler-matrix debonding
or even hydrolytic degradation of the fillers, and may affect composite materials by
reducing their mechanical properties and wear resistance.

[00100] From results obtained in Figure 10, all materials evaluated met the ISO
water sorption requirement of less than 40 ug/mm?®. The water sorption associated
with commercial composites, FF, FS and A110 was found to be greater than all
experimental nanocomposites S1 — S4. The higher water sorption values obtained

with FF, FS and A110 when compared to S1 — S4 could be attributed to the different
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degree of polynerization of Bis-GVA or TEGDMVA itself

but indicates the conversion rate of the aliphatic C=C
Wh2vd/110848 he net hyl net hacryl ate group i nto a BTZSG2908/000073

The 5 1 % of degree of conversion does not nean that

that 49 % of nononer remai ns4but indicates that 49 %

of C=C bonds remain. Though degree of conversion is

maxi m zed by the i nclusi on of a high percentage (40-50

o] A N 5 e S g
h'QEB/dP?Psﬂd% ”Uﬁér‘f B sk, G thE: e Thebwater sorbtion of

nodul us and degree of conversion, the de h of cure is
Varigii RONOTTASGI WA (oIt Peyas 9IBWsa G Ve, BIerGMA> 19DMA >
show t he nean depth of cure of FS, A110, FF and SI -
BissAMAnsThe griesqnessot the lhgdrqnwl%ather dinkages doAESPMA ¢ bydroxy!
initiate polynerization, it is absorbed and scattered.
grolpssé BﬁaGMAandaﬂatFBﬁediMHg% iredDMA accaintéd fdrtthe differences in
intensity as it passes through the restoration bul k.

waldisorstioH. (This, the éxistehed ofbbrhydiopiiiié TEGTMAN Blél-e MA and low
surface i s nuch greater than it is wthin the depths

fillets Iézﬂﬁn%r%@ W) of A410 ra%@&@ﬁtee 98¢ the higR WatéX sdrpfion bB{Hmed

required for urther pol yneri zation Ts absorbed by t

al ready polynerized | ayers of conposite resins. Thus

depth of cure can be defined as the extent of quality
Coh i‘lfn cure deep down fromthe surface of conposite
°|n§ YPBBi ves and i s affected by filler size, |ight

Ao S NGRS b ions " of iR CBoiie Sy siosl cshrinkage
asspocug/tggrvlvét?tSHOE St4h wa%gpo%%% ttohge significantly lower than all commercial
composites evaluated. No significant difference in hardness was observed for S1,
A110 and FF. Modulus associated with S1 and S4 was found to be higher if not
equal to A110 and FF. The degree of conversion of S4 was also found to be higher
than A110. All materials evaluated for depth of cure and water sorption met the ISO
requirements. Thus, the development of experimental nanocomposites, for example
S4, does show potential for use as low-shrinking dental restoratives with
physico-mechanical properties comparable to some commercial dental composites.
It was believed that with further modifications and optimization on the filler particles

used, polymerization shrinkage and physico-mechanical properties may be further

enhanced.
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depth of restoration can |ead to undesirable effects
such as gap formation, margi nal | eakage, recurrent

wa@220va84adver se pul pal effects and ultinate fRCT/SG08H00073

restoration.[0098] Various techniques used for the
determi nation of depth of cu#%-of conposites include
an optical mcroscope where changes in the

transl ucency of light-cured conposite resins are

detected, the I SO 4049 hni que, knoop
har dness testing, the dﬁg!:?gmgg%grorreter t est

BT R A e R BB o

scrapi ng techni que was chosen for the determ nation of
depth of cure due to its relative sinplicity and
mnimal instrunmentation requirenent. It is a sinpl

e
. et heiafelder KEnblemedeyelppments torgsdn ireglaradivet sustarns.i hg\m Dent

depth and is suitable for clinicians to perform Water
Sor Ass@n199DI2B:FHSsadt.s of the nean water sorption
eval uated for the different materials are shown in
Figure 11 . The water sorption by conposite nmaterials
in an aqueous environnent is defined as a

. di f §8RINS; YaptAY| $iBd RSOPBSEgY SHinkah e withPdiffkfent modes of LED

occurring mainly in the resin matrix. Wile water

sor pt.i : r ' 1@ 7S SS
ety RaIBerARn FRfing BnHe G oBLh A0 20 o740 2ke by
conposite resins takes place at a nuch slower rate,
requi ring hours to reach saturation. In addition, the

111 FebdRLA rbinsied T VAR Oebegts ) yenbets b oRabmsyization

of the fillers, and may affect conposite materials by
r edSleittgpaenand elasticiiviaf flowsblp spmpositgs @ngefilled adhesives. Dent
resi st ance.
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[001 00] Fromresults obtained in Figure 10, all
materi als evaluated nmet the | SO water sorption

wo epoitresaent of | ess than 40 ng/ MmB. The wat er PGDSELI0RMN0073
associated with commerci al conposites, FF, FS and A110
was found to be greater thamed!| experinental
nanoconposites S 1 - S4. The hi gher water sorption
vaI ues obtained with FF, FS and A 110 when conpared to

ot Ty 1Y 0B8R foRoBliod PHEARES 'WBEaURIEE chown ™™

that water sorption is highly dependent upon the
chem stry of the nononers. The water sorption of
various nononers was found to _be as follows; TEGDMA >
8. Bi sFelger-ALDiR GeasiAd. BaxidspReChy Seliiftgestoess e composite resin in
hydrophilic ether |inkages in TEGDVA, hydroxyl groups
of @ilaticBvia configuratidresfeheirestagation. d IR e tBRiF6€U 686r1639.
the differences in water sorption. Thus, the existence
of both hydrophilic TEGDVA / Bi s- GVA and low fillers
| oading (56 wt% of A110 accounted for the high water
9. SOr PickQUD,ONeRiHFH. PolirériitioRssHidRagd b pdstdiion cbhﬁaosute resins

limtations of this in-vitro study, post-gel shrinkage

assged qg}seﬁog%ﬂb §1fi'uenc§4 %{?}Qtl\t/é’ ské‘?\sﬁ*vii\?' bum&ééhce Int

| oner conmer Cli a tes eval uated

il gﬁé‘l%qzﬂg)ag?:ﬁference in hardness was observed for S

Modul us associated with S 1 and S4 was

found to be higher if not equal to A110 and FF. The

degree of conversion of S4 was al so found to be higher

than A 110. Al materials evaluated for depth of cure
10.andLepvailol Sorfeesan A, Matis| B Maqse BieRladt JAicrolgakage of

devel opnent of experinental nanoconposites, for
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physi co- mechani cal properties conparable to sone
comercial dental conposites. It was believed that

wowdob/1faseg her nodi fications and optim zati on oPCT/E€2008/000073

filler particles used, polynerization shrinkage and
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Clains: 1. A uncti onal i zed qU| oxane (SSQ
derivative according to fornula (1)

wherein

n is an integer from 6 to 14;

zis 1.5n or 2.5n;

R', R% R® and R* are independently selected from the group of
polymerizable residues consisting of C,-Cy alkene, C,-Cy alkyne, allyl, allyl
glycidyl ether, C,-Cy alkylalkene, alkylalkynes, acrylates, methacrylates,
benzoxazines, epoxides and oxetanes;

R® is independently selected from (C(R')(R")s ((C(R'YR"M)N(R™M),
[(CH2)mO) and [(Si(R"")zO)]s, wherein R', R", R" and RV are independently
selected from hydrogen, C4-Cy alkyl, and Cg-C1p aryl; m is an integer from 1 to
10; and q, r and s are independently an integer from 0 to 10;

a, b, c and d are independently an integer from 0 to n, whereina+b +c +
d=n,

with the proviso that in case z is 1.5n than at least one of R' R? R® and

R* is not (CH2);0C(O)C(CH,)(CHs), (CH2)30C(O)C(CHz)(H), CH(CHy).

\/\/o\/<c‘, or o_
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[((R1)a(R2)b(R3) c(R4)d) ((R5)nSin0 2)] (I) wherein nis
an integer from6 to 14; z is 1.5n or 2.5n; Rl, R2,

woans4R4 are i ndependently sel ected fromt hEC % 62008/000073

4.

of pol ynerizabl e resi dues consisting of C2-C2Qal kene,
C2-C20 al kyne, allyl, allyl-5flycidyl ether, C2-C20

al kyl al kene, al kyl al kynes, acryl ates, nethacryl ates,
benzoxazi nes, epoxi des and oxetanes; R5 is

i ndependently selected from(C(R)(R')) q,

((CR(RD)ANRIT )1 [(GR)dlr and [(Si (R
! iAo it Ricfosalai diesauntanntainadp Sl T mrein zis 2:6n.

and C6-C O aryl; mis an integer from1l to 10; and q,
r and s are independently an integer fromO to 10; a,
b, ¢ and d are independently an integer fromO to n,

. whEhe multh fundtiomalized silsesauioxané acberdingio claim har 2, wherein the

case z is 1.5n than at least one of Rl, R2, R3 and R4

| SCpQ (@lkéhe X(se)ectédTidntHBE, groGP2¢HIRtIACOLadriyl, propenyl,
CH(CH2). o or2. The nmulti functionalized

Si tb@teﬁgyl %ﬂ%té&l@ﬁ?ﬂi nﬂer‘it@n?ﬂ aiHexkn Mhe4i?rhéth?|hle§i—1-enyl and
The multi functionalized si sequ|oxane

ac&gg@,_@g gﬂ?ﬁ,l,& vpe‘ln r 2, wherein the C2-C20 al kene

is sel’ecte romthe group consi sting of ethenyl,
propenyl, butenyl, 1,4-butadienyl, pentenyl, hexenyl,
4-nethy|hex-1-eny| and

The muiti functionalized silsesquioxane according to claim 1 or 2, wherein the
C,-Cy alkylalkene is selected from the group consisting of (CH;),-CH(CHy)

and (CH2)w-C(CH3)(CH,), wherein w is an integer from 1 to 15.

The multi functionalized silsesquioxane according to claim 1 or 2, wherein the

methacrylates have the following formula (ll)
X-OC(O)C(CH2)(CH3) (1),

wherein X is selected from the group consisting of C4-Cz4 alkyl, [(CH2)mOl;,

C,-Cyo alkenyl, vinyl and allyl, wherein r is an integer from 1 to 10.

The multi functionalized silsesquioxane according to claim 5, wherein the
methacrylates are selected from the group consisting of di(propylene glycol)
allyl ether methacrylate, propargyl methacrylate, 2-(methacryloyloxy)ethyl
ester, allyl methacrylate, allyl acrylate, propargyl methacrylate and propargyl

acrylate.
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4- et hyl - 2- net hyl hex- 1-enyl. 4. The nul ti
functionalized sil sesqui oxane according to claim1 or

WQ200ne8¢8 n t he C2- C20 al kyl al kene i s sel ect edPE /66200800073

group consisting of (CH2)w CH(CH2) and
(CH2) W C(CH3) (CH2) , whereib2+is an integer from1l to
15. 5. The nmulti functionalized sil sesqui oxane
according to claim1 or 2, wherein the methacryl ates
have the following fornula (11) X-OC(O C(CH 2) (CH3)
II) wherein X is selected fromthe group consisting

21 707 it afgtionpized Setibloyane acgRiding B gim § Mg, ytein the

multi functio ed. si]sesqu ane according to claim
5 aGRiAEF Rove e tiRging foarals UL St ot od Trom the
group consi sting of di(propylene glycol) allyl ether

nmet hacryl ate, propargyl nethacryl ate,
2- (et hacryl oyl oxy) ethyl ester, allyl nethacryl ate,

allyl acrylate, prdp@CIANCHtHEd) yl atld),and propar gyl
acrylate.7. The multi functionalized silsesqui oxane
according to claim1 or 2, wherein the acryl ates have
the followng fornula (111) X-OC(O C(CH2) (H) (II1),

wh
LIS 16t ey eyl iAo Gl (bl

al Yl WS, Vidy o iy, WSS S it fm 1o T0°

o runct i ze sesqul oxane ac ng to claim
7, wherein the acrylates are selected fromthe group
consi sting of acrylate, propargyl acrylate,

The multi functionalized silsesquioxane according to claim 7, wherein the
acrylates are selected from the group consisting of acrylate, propargyl acrylate,
allyl acrylate, 2-allyloxyethyl acrylate, 2-propargyloxyethyl acrylate and

1-hexenylacrylate.

The multi functionalized silsesquioxane according to claim 1 or 2, wherein the

<

epoxides are selected from the group consisting of ,

X , wherein x is an integer from 1 to 10,
3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexanecarboxylate,
3,4-epoxy-2-methyicyclohexylmethyl-3,4-epoxy-2-methylcyclohexane
carboxylate, bis(3,4-epoxy-6-methylcyclohexylmethyl) adipate,

4-vinyl-cyclohexane epoxide.
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allyl acrylate, 2-allyloxyethyl acrylate,

2- propar gyl oxyet hyl acryl ate and 1-hexenyl acrylate. 9.
wab@onuissd functi onal i zed sil sesqui oxane accorBECT§G2008/000073

claim1 or 2, wherein the epoxides are selected from

the group consisting of , wi&ein x is an integer from

1 to 10,

3, 4- epoxycycl ohexyl met hyl - 3, 4- epoxycycl ohexanecar boxy!

10_at ?he mult| fémctl?nallzed ?I Sﬁgguipé%?% ﬁc_cgrdzir_m% 68xayn y, of c{%mls 11t 9,

I hexane carboxylate

W@%“ﬂ 8{& 6- met hyl cycl ohexyl net hyl ) adi pat e,
4 vi nyl - cycl ohexane epoxi de. 10. The nul ti
functionalized sil sesqui oxane accordi ng to any of
clainme 1 to 9, wherein a is n. 11. The nulti )

115 uhlee irouldl funstioralizedssjlpesguinkane @ncardiad tto amyobrlaims 1 to 9,
claime 1 to 9, wherein ais n-2 and b is 2. 12. The
muwheredinads ine2andzeid Zi | sesqui oxane accordi ng to any
of clains 1 to 9, wherein a and b are the sane. 13.

The multi functionalized silsesqui oxane according to
claim10 or 1 1 , wherein nis 8. 14. The multi

2f U‘ﬂﬁé'rﬁﬂlﬁ' fuﬁ%ﬁoﬁéllz%@séﬂé'egéélﬁﬁaﬁ@%R;E:Gfd?ﬂg e éHy’J‘bfT%laWns 1 to 9,
wher ei n d are i1 ndependently sé€l ected

W @ﬁ}ﬁﬁ%ﬁ é}ﬁyh%r,lgﬂgg ¥eak) allyl ether nmethacrylate,

exene epoxi de and propar gyl
nethacrylate. 15. A nanoconposite material conprising

13. The muilti functionalized silsesquioxane according to claim 10 or 11, wherein n

is 8.

14. The multi functionalized silsesquioxane according to claims 10 to 13, wherein
R' and R? are independently selected from di(propylene glycol) allyl ether

methacrylate, 4-vinyl-cyclohexene epoxide and propargyl methacrylate.

15. A nanocomposite material comprising
polymerizable monomers comprising at least one multi functionalized
. silesquioxane (SSQ) derivative according to any of claims 1 to 14 as
co-monomer; and

a curing system.

16. The nanocomposite material according to claim 15, wherein the polymerizable
monomers further comprise bisphenylglycidyl methacrylate (Bis-GMA),

triethylene glycol dimethacrylate (TEGDMA), urethane dimethacrylate
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pol yneri zabl e nononers conprising at | east one nulti
functionalized sil esqui oxane (SSQ derivative

waezwondisw®) to any of clains 1 to 14 as co- nDNOPEF/SG2008/000073

18.

19.

20.

a curing system 16. The nanoconposite materi al
according to claim15, wher-&s-the pol yneri zabl e
nmononers further conprise bisphenyl gl yci dyl

net hacryl ate (Bis-GVA), triethylene glycol

d! {@bm %@p&%ﬁﬂ@bpﬂ %-gfarﬁgthacrylate (bis-EMA), decanediol
b| he ryl at bi s-E decanedi

Soryfaig o oMo, * GPUEnc SN ShaEHEEy| (IEMA), methyl
(UTI\/A) mat hyl met hacryl ate, 2-hydroxyet hyl
mefethacyiates, Renaiexysthylet methatrdate, ddexendisdi omethacrylate,

di net hacryl ate, bi sphenol - A-di net hacryl at e,
2, odiécanediol but y| - 4-dimetHdcpyletepl ( BHT) ,bisphenoI-A-dimethacrylate,
2- hydr oxyet hyl net hacryl ate (HEMA),

N, Nleadirtetttydtylps-atynigheroloBHIT ) t2shpdrokethgipiethadrylatb g HEMA),
nanoconposite material according to any of claim15 or

16N,N*diﬁh8ﬂﬂl-f)h§ltﬁd%hé%ﬁ%@?@éﬂHe?eéﬁ' ected fromthe
group consisting of polynerization initiators,

pol yneri zation accel erators, stabilizers, ultraviolet
I i ght absorbers, cationic i ni tiators and anti oxi dants.

7Ty RO BRERE B G on bR 15 2118, Wheron e

fromthe rou consi |ngl; of am ne, :il i a and
eGSR sSRgReE *e%gwétpeqms 158,85 PR RTiZgtion initiators,
claim 18, V\/nereln the am n

polymerization accelerators, stablllzers ultraviolet light absorbers, cationic

initiators and antioxidants.

The nanocomposite material according to claim 17, wherein the
polymerization accelerator is selected from the group consisting of amine,

ammonia and an acid.

The nanocomposite material according to claim 18, wherein the amine is a
tertiary amine selected from the group consisting of N(C,Hs)s, N(CgHs)s, ethyl
4-(dimethylamino)benzoate (EDMAB), 2-[4-(dimethylamihd)phenyl]ethanol,
N,N-dimethyl-p-toluidine (DMPT), bis(hydroxyethyl)-p-toluidine,
dimethylaminoethyl methacrylate and diethylaminoethyl methacrylate

(DEAEMA).

The nanocomposite material according to any of claims 15 to 19 further

comprising at least one filler.
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tertiary am ne selected fromthe group consisting of
N(C2Hs) 3, N(CeHs) , ethyl 4-(dinethylam no)benzoate

W@ EOMABR4S 2- [ 4- (di net hyl am no) phenyl ] et hanol , PCT/SG2008/000073

21

22.

23.

24.

25.

N, N- di et hyl - p-t ol ui di ne (DVMPT),

bi s(hydr oxyet hyl ) - p-t ol ui di-rgs - di net hyl am noet hyl

nmet hacryl ate and di et hyl am noet hyl nethacryl ate
(DEAEMR) . 20. The nanoconposite material according to
any of clainms 15 to 19 further conprising at |east one
filler.2 1. The nanoconposite material according to
clai m 20, wherein the at |least one filler is select

fr Ehﬁtﬂ?@ogpmwsse ﬁﬁ?@f'?h@cw d'@QIth‘Aa'"h ¢8r wherejn the é‘t Ieast oné
gl ass, strontiumsilicate, strontium borosilicate,

i fillgruia selected drom i thei areusl censisting Idfcsitiea, anaftphsiuga glass,
silica, amoni ated or deammoni at ed cal ci um phosphat e,

t r sttahtium msitibatep hsttantiailmu rbaresilicatec dithiam tsilicate,i dithium alumina
titania, apatites, hydroxyapatites, nodified

hyé.l.@dmaamdrbﬁowsnc@lémmaﬁuat&u aﬁubhnwmgtedb@dlcnum phosphate
sul fate, bisnmuth subcarbonate or m xtures thereof.

Th 0 a ng 40 m
mg@ﬁp&gﬁg@%ﬁ@@%ﬁ%ﬁ HEHAINT tho &kiak! %tahla apatltes

I ca glass conprises strontiunj bariu

ot ﬁinao?ﬁéﬁé‘fhta%t@éb'ﬁ%g? %?ﬁ%ﬁ% gildg%i‘ o%sgbﬁﬁﬁ’asz'de barium
.23, T

R LR T o A

to 22 further conprising a therapeut| c agent. 24. The

nanoconposite material according to claim23, wherein

the therapeutic
The nanocomposite material according to claim 21, wherein the silica glass

comprises strontium, barium, zinc, boron, yttrium, aluminoborosilicate glass,
strontium-alumino-fluoro-silicate glass, colloidal glass or other fluoride

releasing glasses.

The nanocomposite material according to any of claims 15 to 22 further

comprising a therapeutic agent.

The nanocomposite material according to claim 23, wherein the therapeutic

agent is an antibacterial agent and/or a remineralization agent.

The nanocomposite material according to claims 23 or 24, wherein the
therapeutic agent is selected from the group consisting of calcium compounds,
fluorides, sodium and potassium monofluorophosphate, zinc compounds,
chlorohexidine, halogenated diphenyl ether and phenolic antibacterial

compounds.
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agent is an antibacterial agent and/or a

rem neralization agent. 25. The nanoconposite materi al
waezwondisw®) to clains 23 or 24, wherein the thePEpeG008/000073

agent is selected fromthe group consisting of cal cium

conmpounds, fluorides, sodi umPfand potassi um

nmonof | uor ophosphat e, zinc conpounds, chl orohexi di ne,

hal ogenat ed di phenyl ether and phenolic antibacteri al

compounds. 26. The nanoconposite material according to

any of clainms 15 to 25, wherein the SSQ is used in an

a f : 0 9 t t .
2653t eBpeRBLRI sldinfadtooriind ty b7 3PEIRRMs 15%0'25, Wherein the

na osite material accord to cl.aj , JWherein

{ HOSERR PEed da P Amating 36 000k 1 gyt B ytth, pABSEHN the total

wt % based on the total _anount of the nanoconposite

na@@ougt of the nanasompesitepaisrigk material according to

claim 27, wherein the SSQ is used in an anmount of

about 5 wt% to about 40 W % based on the total anount

of the nanoconposite material. 29. The nanoconposite

27 maThe imhosompodite naterial accordifig tovickzimi 26, tweer8BQhesSSQ is used
used i n an anmobunt of about 20 wt % based on the total

anpugh apholimeof bt BTRPabbet SBIRY Bhseddn theetotal amount of the
nanoconposite material according to any of clains 15

t ondRodthpskife materflr i nking material. 3 1. The

nanoconposite material according to claim30, wherein
the materi-al has a

28. The nanocomposite material according to claim 27, wherein the SSQ is used
in an amount of about 5 wt% to about 40 wt% based on the total amount of the

nanocomposite material.

29. The nanocomposite material according to claim 28, wherein the SSQ is used
in an amount of about 20 wt% based on the total amount of the nanocomposite

material.

30. The nanocomposite material according to any of claims 15 to 29 being a

low-shrinking material.

31. The nanocomposite material according to claim 30, wherein the material has a

linear percent shrinkage below about 4.0.

32. The nanocomposite material according to claim 31, wherein the material has a

linear percent shrinkage below about 2.0.
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15

| i near percent shrinkage bel ow about 4.0. 32. The
nanoconposite material according to claim3 1, wherein

WO b@ofri8es i al has a |inear percent shrinkage beRCTD#G2008/000073

about 2.0.33. The nanoconposite material according to
claim32, wherein the materi® -has a Iinear per cent
shrinkage in the range of about 0.25 to about 0.5. 34.
Use of a nanoconposite material according to any of
clainms 15 to 33 as a pol ynerizable resin for

bi ol ogically conpatible materials. 35. The use

3ac‘?ﬁé Waﬂ%céﬁ’igﬁb-ﬁé m(ﬁémal‘%%r@dlﬁb t&&aﬁﬁ@?%ﬁ@%ﬁi\ {fe material has a

mat eri al site of a tooth an

su Jhe i m 35,
S BRERH A g Eel Hb ABRE8 ps
coatings, lenses and plastics. 37. The nanoconposite
mat eri al according to claim 15 wherein the cationic
initiators can be incorporated to the nanoconposite to

344) Us@ 9f? nanggampesite "sqigﬂélnamﬁ@gt lecary, gk glaimegl T ih 33 as a

35.

36.

37.

be opened to conpensate for volunetric shrinkage for
t hpolymerizablgnesinioa biolegic@iygompatible materials.

The use according to claim 34, wherein the nanocomposite material is applied

to a site of a tooth and subsequently cured.

The use according to claim 35, wherein the nanocomposite material is used as

coatings, lenses and plastics.

The nanocomposite material according to claim 15 wherein the cationic
initiators can be incorporated to the nanocomposite to allow for a dual cure
system where the epoxy ring can be opened to compensate for volumetric

shrinkage for the multi-functionalized SSQ.



