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(57) Abstract: Provided herein are high performance dental restoration compositions, particularly two-part compositions having
good self cure times. In particular, compositions provided herein are useful in restoring large caries, including Class I and Class 11

cavities.
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DENTAL COMPOSITIONS AND METHODS OF USE

CROSS-REFERENCE
|001] This application claims the benefit of U.S. Provisional Application Nos. 62/113,899, filed
February 9, 20153, and 62/260,193, filed November 25, 2013, both of which are incorporated herein by

reference 1n their entireties.

FIELD OF THE INVENTION
|002] The ficld of use 1s dental compositions, particularly those useful in dental restoration

applications.

BACKGROUND OF THE INVENTION
10031 A dental restoration or dental filling 15 a dental restorative matenal used to restore the function,
itegrity and morphology of missing tooth structure. The structural loss typically results from canes or
cxternal trauma {(collectively referred (o herewn as cavities). Tooth structure may also be lost mientionally
during tooth preparation to umprove the acsthetics or the physical mfegnity of the mmtended restorative
material, A direct restoration mvolves placing a soft or malleable hilling mnto the prepared tooth and
butlding up the tooth betore the material sets hard. Due {o their desirable acsthetic properties, resin based
dental restorative materials are becoming the materials of chotce by dental clinicians.
{004} Among all dificrent tvpe of dental fillings, the postenior fillings are oficn the largest mn size. In
some mstances, posterior fillings are also stress-bearing. Stress bearing restorations, such as those Class
I and I filhng at the postenor {eeth, require the use of mechanically strong restorative materials {0
withstand the forces resulimg from mastication. Such restorative matenials are tvpically highly viscous
and 1t 15 difficult and highiv fechnique sensiive for accurate placement of the restorative materials.
Posterior cavilies are often deep, sometimes as deep as 7 mm or more. Currently, the vast majority of
posterior dental filling matenals are cured by blue hight at the wavelength of around 468 nm. The
ciicctive penctration of light i1s ofien not deeper than 5 mm, rendering such techmgues unsuitable for
tilling deeper cavitics {¢.g., without using more complicated and/or {ime consunung techniques). These
maierials also have shrinkage during curing, which mitroduce stress. The nature of curing that 1s mmbiated
by hght 15 that polymenzation happens m a very fast motion, which usual result m significant stress {o
the tooth structure.
(005} In some mstances, i may be possible mitigate these defects and risks by {illing cavities
mcrementally in thin fayvers. Each mcremental laver is cured mdividually before placing a subsequent
one {0 counteract polvmenzation stress and lfow lhight penetration depth.  This method 1s therelore
relatively time-~consuming and imcrease nisks of leaving vowds between the layers, which would
significantly weaken the restorations and mitroduce risks of fatlures of restorations.
{000]  Inadvertently, the cavilty may be msuificiently {ilied and adaptation of the restorative material (o
the cavity walls may be mcomplete, resulting i gaps between the restoration and the tooth structure,

which can lead to increased sensitivity, mtrusion of fluids and bactena, and can resull in continued tooth
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decay and premature failure of the restoration. The majority of clinical studies mdicate the annual falure

rates {AFR s} are between 1% and 3% with {ooth colored fillings on posterior tecth.

SUMMARY OF THE INVENTION
[007] In some instances, an wleal filling materntal (e.g.. posierior filling material, or other fifling
material, such as for filling larger cavities) may be filled n bulk, rather than m increments, and cures
(¢.g., relativelv) slowly from the bottom of a restoration to result in much less stress and vowds. In certam
embodiments, such a process and materials suitable for such applications are provided heren.
[008] Provided 1n certain embodiments herein are dental compositions comprising a polymerizable
monomer, and a hydroperoxide and/or thiourca. In some embodiments, the compositions further
comprise copper (II) (e.g., as a catalyst). In certain embodiments, the dental compositions comprise a first
part and a second part, the first part comprising a hydroperoxide and the second part comprising a
thiourea. In certain embodiments, the first and/or second part comprises a polymerizable monomer (e.g.,
comprising an cthylenic group, such as described herein). In some embodiments, the first and/or second
part comprises copper (I1) (e.g., a copper (11) catalyst, such as a copper (II) compound described herein).
[009] In specific embodiments, provided herein 1s a dental composition comprising a first part and
a second part, the first part comprising: copper (II) (e.g., a copper (II) catalyst);a hydroperoxide; and a
polymerizable monomer, the polymerizable monomer comprising an ethylenic group, and the second part
comprising: copper (II) (e.g., a copper (II) catalyst);a thiourca; and a polymerizable monomer, the
polymerizable monomer comprising an e¢thylenic group. In specific embodiments, the first and second
parts are physically separated (e.g., until such a time as the dental composition 1s used to restore a cavity
1in a tooth).
|010] In some embodiments, provided herein 1s a dental composition comprising a first and a second
part, the first and second part collectively comprising: copper (II) (e.g., a copper (II) catalyst); a
hydroperoxide; a polymerizable monomer, the polymerizable monomer comprising an ethylenic group:
and a thiourca. In specific embodiments, the first part comprises the hydrogen peroxide, the second part
comprises the thiourea, and the first and the second part are physically separated from cach other (¢.g.,
until such a time as the dental composition 1s used to restore a cavity mn a tooth). In more specific
embodiments, the first and second parts both comprise copper (II). In other specific embodiments, the
second part (e.g., comprising thioureca) comprises copper (1I). In more specific embodiments, the second
part comprises copper (II), and the first part does not comprise copper (II). In some embodiments, the
second part comprises more copper (II) than the first part (e.g., at least 2 times as much, at least 4 times
as much, at least 5 times as much, or at least 10 times as much (e.g., by wt. %)).
|011] In some embodiments, provided herein 1s a dental composition, a part thercof, or a resin
precursor thercof comprising: a hydroperoxide; and a polymerizable monomer (e.g., the polymerizable
monomer comprising an cthylenic group). In specific embodiments, provided herein 1s a dental
composition, a part thercof, or a resin precursor thercotf comprising: copper (1) (e.g., a copper (1)

catalyst); a hydroperoxide; and a polymerizable monomer (¢.g., the polymerizable monomer comprising
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an cthylenic group). Similarly, 1n certain embodiments, provided herem 1s a dental composition, a part
thercof, or a resin precursor therecof comprising: copper (1I) (e.g., a copper (11) catalyst);a thiourea; and a
polymerizable monomer (¢.g., the polymerizable monomer comprising an ethylenic group).

|012] In some embodiments, provided herein 1s a dental composition (e.g., a fast curing, copper free,
acid free composition) comprising a first and a second part, the first and second part collectively
comprising: a hydroperoxide (e.g., the hydroperoxide being a tertiary aryl hydroperoxide (e.g.,
HOOCR’;, wheremn each R’ 1s independently alkyl or aryl, with at least one R™ being aryl (e.g..
substituted or unsubstituted aryl), such as cumenchydroperoxide (e.g., wherein a first and second R™ are
methyl and a third R° 1s phenyl)); a polymerizable monomer (¢.g., the polymerizable monomer
comprising an ethylenic group); and a thiourca. In some embodiments, the first part comprises the
hydrogen peroxide, the second part comprises the thiourca, and the first and the second parts are
physically separated from each other. In specific embodiments, the hydroperoxide has a concentration 1n
the dental composition (¢.g., of the composition mn its entirety (e.g., concentration = (weight of
hydroperoxide / weight of composition) * 100%), or excluding the weight of any filler (e.g.,
concentration = (weight of hydroperoxide / (weight of composition — weight filler)) * 100%)) of about
1.5% (w/w) or more, or a concentration relative to the monomer (e.g., concentration = (weight of
hydroperoxide / weight of monomer) * 100%) of about 1.5% (w/w) or more. In more specific
embodiments, the hydroperoxide has a concentration 1n the dental composition (e.g., of the composition
in 1ts entirety, or excluding the filler) of about 2% (w/w) or more or a concentration relative to the
monomer of about 2% (w/w) or more. In still specific embodiments, the hydroperoxide has a
concentration 1n the dental composition (e.g., of the composition 1n 1ts entirety, or excluding the filler) of
about 2.5% (w/w) or more or a concentration relative to the monomer of about 2.5% (w/w) or more. In
further or alternative embodiments, the thiourea has a concentration in the dental composition (¢.g., of
the composition m 1ts entirety (e.g., concentration = (weight of thiourca / weight of composition) *
100%), or excluding the filler (e.g., concentration = (weight of thiourca / (weight of composition —
weight filler)) * 100%)) of about 1.5% (w/w) or more or a concentration relative to the monomer (e.g.,
concentration = (weight of thiourea / weight of monomer) * 100%) of about 1.5% (w/w) or more. In
more specific embodiments, the thiourca has a concentration in the dental composition (e.g., of the
composition 1n its entirety, or excluding the filler) of about 2% (w/w) or more or a concentration relative
to the monomer of about 2% (w/w) or more. In still specific embodiments, the thiourca has a
concentration 1n the dental composition (e.g., of the composition 1n 1ts entirety, or excluding the filler) of
about 2.5% (w/w) or more or a concentration relative to the monomer of about 2.5% (w/w) or more. In
further or additional embodiments, the combined weight of the hydroperoxide plus thiourca has a
concentration in the dental composition (e.g., of the composition 1n 1ts entirety, or excluding the filler) of
about 3% (w/w) or more or a concentration relative to the monomer of about 3% (w/w) or more. In more
specific embodiments, the combined weight of the hydroperoxide plus thiourea has a concentration 1n the
dental composition (¢.g., of the composition 1n i1ts entirety, or excluding the filler) of about 4% (w/w) or

more or a concentration relative to the monomer of about 4% (w/w) or more. In still specific
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embodiments, the combined weight of the hydroperoxide plus thioureca has a concentration 1n the dental
composition (¢.g., of the composition 1n 1ts entirety, or excluding the filler) of about 5% (w/w) or more or
a concentration relative to the monomer of about 5% (w/w) or more. In certain instances, the amount of
thiourea and hydroperoxide present in the composition are less than an amount that would result in the
failure to cure the composition and/or failure of a restoration material resulting from the combination of
the parts of and the curing of the composition. In certain embodiments, the amount of thiourca and/or
hydroperoxide (individually or in combination) in the dental composition (e.g., of the composition 1n 1ts
entirety, or excluding the filler) 1s less than 50% (w/w) of monomer, less than 30% (w/w) of monomer,
less than 20% (w/w) of monomer, less than 10% (w/w) of monomer, or the like.
|013] In certain embodiments, the copper (11) or copper (I1I) catalyst comprises a copper (1I) 1on and/or
a copper (II) compound (e.g., copper (II) salt, complex, or other dentally acceptable compound). In
specific embodiments, the copper (II) compound or catalyst comprises copper (I1I) sulfate, copper (1I)
acetate, copper (II) chloride, copper (1) acetylacetonate, or a combination thereof. In some embodiments,
the copper (1) (e.g., copper (II) compound or catalyst) 1s present in the composition (e.g., of the
composition 1n 1ts entirety, or excluding the filler) in an amount of about 5 wt. % or less (¢.g., about 1 wt
% or less, or about 0.1 wt. % or less). In specific embodiments, a copper (II) compound 1s present in the
composition (¢.g., of the composition 1n 1ts entirety, or excluding the filler) in an amount of about 5 wt.
% or less (e.g., about 1 wt % or less, or about 0.1 wt. % or less). In certain embodiments, the amount of
copper (II) present 1n the composition 1s sufficient to facilitate a desired cure time (e.g., of a composition
provided herein wherein the first and second parts thereof are combined), such as any desirable cure time
described herein.
|014] In some embodiments, the hydroperoxide comprises a hydrocarbon (¢.g., C4-Cy hydrocarbon)
substituted with one or more —OOH group. In specific embodiments, the hydroperoxide 1s a tertiary
hydroperoxide (e.g., the —OOH group 1s substituted with a carbon having tertiary substitution). In more
specific embodiments, the hydroperoxide 1s or comprises t-butyl hydroperoxide, t-amyl hydroperoxide,
p-dusopropylbenzenehydroperoxide, cumenchydroperoxide, pmanchydroperoxide, P-
menthanchydroperoxide, 1,1.3,3-tetramethylbutyl hydroperoxide, or a combination thereof. In further or
alternative embodiments, the hydroperoxide 1s present in the composition (e.g., of the composition 1n its
entirety, or excluding the filler) in an amount of about 0.01% (w/w) to about 10% (w/w). In more
specific embodiments, the hydroperoxide 1s present in the composition 1n an amount of about 0.1% (w/w)
to about 6% (w/w), e¢.g. about 0.1% (w/w) to about 5% (w/w). In some embodiments, the hydroperoxide
1S present m the composition 1n a ratio of hydroperoxide to polymerizable monomer of about 1:9999 to
about 1:9. In more specific embodiments, the ratio of hydroperoxide to polymerizable monomer 1s about
1:99 to about 5:95.
|015] In certain embodiments, the monomer 1s a dentally acceptable monomer. In some embodiments,
the monomer comprises a vinyl, an acrylate, a methacrylate (e.g., a dimethacrylate), or a combination
thercof. In further or alternative embodiments, the monomer 1s present (¢.g2., by weight in the entire

composition, including any filler) in an amount of about 10% (w/w) to about 60% (w/w). In more
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specific embodiments, the polymerizable monomer 1s present in an amount of about 20% (w/w) to about
50% (w/w).
|016] In certain embodiments, the thiourea 1s a (hetero)arylthiourea, a (hetero)arylcarbonylthiourea, a
(hetero)alkylcarbonylthiourea, a (hetero)alkylthiourea, or the like. In specific embodiments, the thiourea
1s or comprises 1-(2-Pyndyl)-2-thiourca (PTU), 1-Benzoyl-2-thiourca (BTU), 1-Acetyl-2-thiourca
(ATU), 1-(2-Tetrahydrofurfuryl)-2-thiourca (TTU), or a combination thercof. In further or alternative
embodiments, the thiourea 1s present in the composition 1n a ratio of thiourea to polymerizable monomer
of about 1:999 to about 100:900. In more specific embodiments, the ratio of thiourea to polymerizable
monomer 1s about 1:99 to about 10:90.
|017] In specific embodiments, the hydroperoxide 1s cumene hydroperoxide. In further or alternative
embodiments, the thiourea 1s 1-(2-Pyridyl)-2-thiourca (PTU). In more specific embodiments, the
hydroperoxide 1s cumene hydroperoxide and the thiourca 1s 1-(2-Pyridyl)-2-thiourea (PTU). Other
specific hydroperoxides and thioureas, as well as combinations thercof, are set forth 1n the examples. In
addition, specific embodiments, specific monomers and combimations thercof as included
compositions herem are as set forth in the examples. Other specific agents and combinations of agents as
set forth 1n the examples and included 1n the disclosure herein, 1n any combination exemplified.
|018] In specific embodiments, a dental composition provided herein comprises a filler. In more
specific embodiments, the first and second parts comprise a filler. In still more specific embodiments, the
filler 1s a finely divided filler. In some embodiments, the finely divided filler comprises a plurality of
particles. In specific embodiments, the particles having an average dimension (¢.g., diameter) of about
0.02 microns to about 30 microns, €.g., about 0.2 microns to about 10 microns. In further or alternative
embodiments, the filler comprises an mnorganic filler, a pre-polymerized filler, or a combination thereof.
Fillers include, by way of non-limiting example, metal oxide, a metal nitride, a metal fluoride, a silicate,
silica (e.g., colloidal silica, precipitated silica, fused silica), an aluminosilicate, an aluminoborosilicate, a
fluoroaluminosilicate, a barmumsilicate, a bariumaluminosilicate, a barium aluminoborosilicate, a
stronttumaluminosilicate, a  bariumfluoroaluminosilicate, a  strontitumfluoroaluminosilicate, a
stronttumzincfluoroaluminosilicate, a zinc alummosilicate, a pre-polymerized filler, and a combination
thercof. In some embodiments, the filler 1s present 1n an amount (¢.g., of the entire composition,
including all components) of about 10% (w/w) to about 90% (w/w). In more specific embodiments, the
filler 1s present 1n an amount of about 40% (w/w) to about 80% (w/w). In still more specific
embodiments, the filler 1s present in an amount of about 60% (w/w) to about 80% (w/w).
|019] In some embodiments, the composition comprises a photoinitiator, a stabilizer, a solvent, or any
combination thercof. In some embodiments, a photoinitiator 1s present (¢.g., by weight relative to the
weight of the composition 1n its entirety, or to the weight composition excluding the filler) in an amount
of about 5% (w/w) or less. In further or alternative embodiments, a stabilizer 1s present (e.g., by weight
relative to the weight of the composition 1n 1ts entirety, or to the weight composition excluding the filler)

1in an amount of about 1% (w/w) or less.
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|020] In some embodiments, a composition provided herein 1s free of, or substantially free of, an acid
or anhydride. In specific embodiments, the composition (and/or part(s) thereof) (e.g., by weight relative
to the weight of the composition 1n 1ts entirety, or to the weight composition excluding the filler)
comprises less than 10 % (w/w) of an acid and/or anhydride — alone or in combiation — (¢.g., less than
8% (w/w), less than 3% (w/w), less than 3% (w/w), less than 1% (w/w), or less than 0.5% (w/w)). In
some¢ embodiments, the composition and/or parts thercof 1s non-acidic (e.g., has a pH of about 5 or
more).
|021] In various embodiments, compositions provided herein have good performance characteristics,
such as when utilized 1n restorative dental applications (¢.g., 1n restoring a tooth with a Class I or Class 11
cavity). In specific embodiments, upon combination of the first and second parts, the total volume of the
composition shrinks by less than 10% (e.g., less than 8%, less than 6%, or less than 4%) (e.g., as 1t sets).
In some 1nstances, mimimizing such shrinkage reduces the incidences of void formation between a filling
and a tooth, reduces mcidences of damage (¢.g., cracking) to the tooth during and following restoration,
and the like. In further or alternative embodiments, upon combination of the first and second parts, the
hygroscopicity of the composite is less than 100 pg/mm’ (e.g., less than 50 pg/mm’, less than 25
ug/mm’, less than 20 pg/mm’, or less than 15 pg/mm’). In some instances, minimizing the
hygroscopicity reduces expansion of the restoration material following curing to a resultant composite
which, 1n turn, may reduces mcidences of damage (e.g., cracking) to the tooth, dislodgement of the filling
from the tooth, and/or the like.
|022]  Also provided herein are dental composites comprising resulting from the mixing of composition
parts described herein, e¢.g., partially or wholly cured mixtures. In some embodiments, the composite
comprises a partially or wholly cured resin (e.g., comprising polymer — such as polymerized monomer
described herein), filler and copper. In specific embodiments, the composite comprises the cured resin 1n
an amount of about 10% (w/w) to about 60% (w/w), the filler in an amount of about 10% (w/w) to about
90% (w/w), and the copper in an amount of about 1 clemental wt. % or less. Also provided heremn 1s a
mixture comprising copper (1) (e.g., a copper (11) catalyst); a hydroperoxide; a polymerizable monomer,
the polymerizable monomer comprising an ethylenic group; and a thiourea. The reaction mixture may be
partially cured, with a portion of the monomeric units thercof forming monomers and other portions
forming oligomer or polymers thereof.
|023] In some embodiments, two part compositions provided herein are contained within a dual
chambered device comprising a housing body, the housing body comprising a first chamber and a second
chamber, the first chamber containing the first part of a composition described herem, the second
chamber containing the second part of a a composition described herein. In specific embodiments, dual
chambered device 1s configured to concomitantly extrude and/or mix the first and second parts.
[024] Also provided herein 1s a method for restoring a tooth m an individual. In some embodiments,
the process comprises combining a first composition (e.g., a first part of a dental composition described
herein) with a second composition (¢.g., a second part of a dental composition described herein) to form a

mixed composition. In specific embodiments, the first composition comprising a hydroperoxide, the
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second composition comprising a thiourca, and one or both of the first and/or second compositions
comprising copper (II) (e.g., a copper (1I) catalyst), a polymerizable monomer (¢.g., the polymerizable
monomer comprising an cthylene group), and a filler. In some embodiments, the method further
comprises administering the mixed composition to an individual (e.g., to a Class I or Class II cavity in a
tooth of the individual). In some embodiments, the process further comprises curing the mixed
composition (¢.g., allowing the composition to self cure, and/or using a dental curing light to photo-cure
the composition). In specific embodiments, curing of the mixed composition results in the formation of a
restoration composite (¢.g., in the form of a filling within a dental cavity of the individual).In preferred
embodiments, the curing step (e.g., self-curing) occurs relatively quickly in order to facilitate the
restoration process. In specific embodiments, the curing step (e.g., self-curing or setting) occurs within
10 minutes, within 4 minutes, within 2 minutes, or the like.
|025] In some embodiments, the method comprises removing decay from m and around a cavity to be
filled (e.g., drilling the tooth to remove decay therefrom). In certain embodiments, a cavity to which the
composition 1s to be admiistered 1s a Class I or Class II cavity. In some specific embodiments, a cavity
to which the composition 1s to be administered has a depth of at least 3 mm, ¢.g., at least 4 mm, at least 5
mm, 5 mm to 7 mm, or the like.

[026] These and other objects, features, and characteristics of the compositions, parts thereof,
precursors thercof, resultant composites, and methods disclosed herein, as well as the methods of
manufacture, will become more apparent upon consideration of the following description and the
appended claims with reference to the accompanying drawings, all of which form a part of this
specification. It 1s to be expressly understood, however, that the drawings are for the purpose of
1llustration and description only and are not intended as a definition of the limits of the invention. As

ee 22 e 22
d

used 1n the specification and 1in the claims, the singular form of an”, and “the” mclude plural

referents unless the context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[027] FIG. 1 1llustrates a cross-sectional image of the filling of a cavity using a composition
described herein versus a commercially available restoration composition.

[028] FIG. 2 1illustrates an 1mage demonstrating the lack of microleakage observed when filling a
cavity using a composition described herein versus the microleakage observed when filling a cavity using
a commercially available restoration composition.

[029] FIG. 3 1illustrates an exemplary monomer used herein comprising an ethylenic group (a
diacrylate).

[030] FIG. 4 1illustrates an exemplary monomer used herein comprising an ethylenic group (a

tetraacrylate).

DETAILED DESCRIPTION OF THE INVENTION
(0311 Provided i certain embodiments herem are dental compositions. Also provided m certamn

cmbodiments hercin are component parts thereof, dental restoratton processes, resins used in the
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preparation of dental compositions, dental composites (e.g., filling matenials), and the hike. In specific
embodiments, the dental composifions comprise two parts, such as two parts that are kepl physically
separated from cach other. In some nstances, when the two parts are combined, such as when the dental
compostion 1s used in a dental restoration process (such as described beremn), the composition forms a
compostie {(¢.g., a filling maternial used i tooth restoration).

10321 In some embodiments, provided herein 1s a dental composition comprising two parts (e.g., with
free radical polyvmerization being mitiated upon the mixing thercot), the two part dental composition
comprising, i some embodiments: (1) at lcast one monomer with at least one cthyienmicallyv unsaturated
group (e.g., also referred (o heremn as a polymernizable monomer comprising an ¢thvienic group, such as
described herein); (2) one part comprising at least one hvdroperoxade group: and (3) one part comprising
at least one substituted thicwrea. In more spectiic embodiments, the two part dental composibion
comprises:{1) at lcast one monomer with at least one ethvienically unsaturated group; (2) one part
comprising at least onc hvdroperoxide group: (3) one part comprsing at least one substifuied thioures;
(4} at least one part comprising af least one copper (1) compound {¢.g., a copper {11} compound that
catalvzes, such as, facilitates and/or specds up curing of the composiion {€.g., polymerizabon of the
monomeric components thercoty upon combination of the first and sccond parts).

{0331 In specific embodiments, provided hercin 1s a dendal composifion comprising a fwrst and a sgcond
part, the first part comprising: (1} copper (II) (e.g., a copper (1) catalyst); {?} a hvdroperoxide; and {(3) a
polvmerizable monomer comprising an cthyienic group, and the second part comprising: (1} copper (1)
(e.g., a copper (II) catalyst); {2} a thuourea; and {3) a polvmerizable monomer comprising an ethvienic
oroup. Also provided hercin are the mdividual first and sccond parts thereof, mncludmmg, ¢.g., a dental
composiiion comprising (1) copper (II) (e.g., a copper (II) catalyst), {2} a hydroperoxide, and {3) a
polyvmerizable monomer comprising an ¢thyvlenie group, and/or a dental composition comprising (1)
copper (II) (e.g., a copper (II) catalyst); {2} a thiourea; and {3} a polymerizable monomer comprising an
cthvicnic group. Alfernatively, in some embodiments, the first part does not comprise copper (11}

{034} In certain embodiments, provided herein 1s a dual chambered device comprising a housing body,
the housing body comprising a first chamber and a second chamber, the first chamber contamning therein
the first part of a composition described herein, and the second chamber containing therein the second
part of a composition provided herein. In some embodiments, the dual chambered device 1s any suitable
device suitable for concomitantly extruding the first and second parts, such as to allow the mixing of the
first and second parts and facilitate initiation and polymerization of the monomeric component(s) thereof.
In specific embodiments, the dual chambered device 1s a dual barreled syringe comprising a nozzle
configured to facilitate mixing of the first and second parts upon (concurrent) depression of a first and a
second plunger (¢.g., wherein the first and second plungers displace the first and second parts of the
composition from the dual chambered device upon depression thereof).

10351 In certamn embodiments, the monomer with at least one ethyienically unsaturated group or
polvmerizable monomer comprising an cthylenic group 1S a compound comprising at least one >(C=(<

group. in speciiic embodiments, the monomer s represented by the formula R,C=CR,, wherein cach R 1s
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independently selected from H, COOR'. or an optionally substituted hydrocarbon, such as alkyl, aryl, or
the like, such as wherein at least one R i3 not H. In speeific embodiments, at least one R is COOR’ or an
arvl {c.g., phenvl, or the like). In some embodiments, R is cither H, (hetero)alkyl {e.g., C-Cs atkyl)
(wheremn  “(heterojalkyl” refers to herein as either alkvl or  heteroalkvl), (heterojalkylarvi,
arvi(heterojalkyl, (heterojallkviarvi(herterojalkvl, or the like. In more specific embodiments, the alkvl is
a C-Ce alkyl (e.g., methyl, ethvl, or the bike). In certain embodiments, an alkvl 1s an acyclic (e.g.,
branched or straight chamn} or cyclic, saturated or unsaturated alkyil In some embodiments, optional
substituents include, by way of non-himiting example, -OH, alkyl, and/or arvl. In certain embodiments,
the monomer comprises one or more mowety represented by the formula R7H,C=CRL, wheremn each of the
R™ and L groups are independently as described for the R groups above. In specific embodiments,
adiacent L groups combine (o form any suoitable group, such as ~COO-(hetero)alkyvi-O0C-, -COO-
(heterojalkylarvithetero)alkyl-O0C-, -COO-(hetero)alkylarvialkylarvithetero)alkyi-O0OC-, (heterojalkyi,
(heterojalkylarvitheterolalkyl, (heterojalkviarvialkviaryl{heterojalkvl, or the like. In certan
cmbodiments, the L group(s) 1s substituted with any suitable group or groups, such as one or more alkvi,
one or more —-OH group, one or more oxo (1.e., =0) group, or the hike, or a combimation thereof. FIG. 3
illustrates an exemplary embodiment. such as wherein adjacent L groups combine to form a -CO0O-
heteroalkviaryialkviarviheteroalkvi-O0OC- group. In certam embodunents, a monomer comprises two or
more R,C=CRL groups, wherein the L groups are inked together (¢.g., as R, U=CRL-{(LCR =(CR",},,

7

wherein a > 0, such as 1-3, ¢.g., 1-2}, such as dlustrated m Formula |

R R
R2C=C<L_E 1 C=CR2] a

{036] For example, 1 some embodimenis, the monomer 5 optionally R L,C=CR’-
COO{(CH W(CHOH ), 00C-R°C=CR ", {e.g.. whercin the L groups are each COOR, wherein the R
groups, taken together and/or mdividually, are alkvi, optionally substituted with OH), wherein m 15 1-6
(c.g.. 2~4), n1s -1, and p1s 1-30 {e.g., 1-10}. FIG. 4 sHustrates another exemplary monomer, comprising
an acrviate (the tetraacrviate, ethoxylated (4} pentacryvthritoltetraacrviate), wherem each L 15 a ~COOR
(R = heteroalkyl eroup), and a = 3.

{0371 In specilic cmbodiments, the monomer 1s an acrviate {e.g., wherein three K groups = H and one
R group = COOR'), a methacryvlate {¢.g., wherein two R groups = H, one R group = methyvl, and another
R eroup {on the same carbon as the methyvl) is COORY), or a vinyl group (wherein at least one R group 1S
a hydrocarbon). in some cmbodiments, the monomer comprises an acrviate, a methacrviate, and/or a
vinvi group. in specific embodiments, the ethvicnically unsaturated group 1s selecied from acrviate and
methacrviate groups.  Exampies of polymenzable monomers mchude, but are not hmuded fo, the
followmyg:  glveerol difmethjacrviate, glyveerol mono{methjacrviate, hydroxyethyvl {methacryiate
Hmeth)acrviate=acrviate or methacrviate}, hvdroxvpropyi {meth)acrviate, methyl {methjacryviate, cthvl
(methacryiate, propyl (methjacrviate, octvl {(methyacrviate, decyl {(methjacrviate, 2-cthoxyethyi

(methjacrylate, 2'-gthoxy-~-2~cthoxvethyl {meth)acrylate, cthyvlencglycol di{methyacrviate,

P i
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dicthvieneglveo!l  difmethjacrviate, incthviencglveol di{methjacryiate; polvethvienegiveol  mono-
(methjacrviate, polyethvieneglveol  di~{meth)acrviate, polvpropyieneglveol  mono-{methlacrviaie,
polvpropyicnegiveol di-{meth jacryiate, polvietramethyilencglveol mono-{methlacrvlaie,
polvictramethvienegiveol di-{methjacryiate, bexanediol di{methacryvlate, octanediol difmethjacrviate,
decancdiol di{metivacrviate, trimethviovipropane iri{methjacrviate, urcthane dimethacrviate {e.g.,
reaction adduct of 2-hydroxyethyvl methacrviate with 2,4 4-trimethvihexane dusocvanate), 2,2-bisj4-(2-
hvdroxy-3-methacrylovipropoxy -phenvij-propane {Bis-GMA), cthoxviatedbisphenol A dimcthacrvlate
(where total number of moles of ethyiene oxide m the molecule may range from 2 1o 30 unids, ¢c.g., FIG
3 silustrates ethoxviated bisphenol A dimethacrviaie and n cquals, for example 2-30) (e.g., cthoxviated
(G} bisphenol A dimethacrviate (ESBAD) or ethoxyiated (3} bisphenol A dunethacrviate (EBPADM)),
tetrahvdrofurturyl  {(methiacrviate, or mixtures or copolvmers thercof. As referred {0 heremn,
“(methacryviate” meludes disclosures of both methacrviate and acrviate.

[038] in certam embodiments, the amount of monomer present in the composition 1s anv suttable
amount {¢.g., to {aciitate cuning of the composition mio a dentally acceptable restoration matenal). In
certain embodiments, a dental composiion provided heremn comprises monomer i a weight percentage
(¢.z.. of the total composition} amount bebween 10% and 60%. In more specific embodiments, the weight
percentage s between 20% and 507,

10391 In certain embodiments, composthions provided herem compnise copper (II) (e.g., a copper (1)

catalyst), such as mn the torm of a copper () compound. In specific mnstances, copper(il} {e.g., a copper

(I} compound) 1s ptilized to catalvze curmg (e.g.. hardenmng, or otherwise setiing) of the composition
(c.g., accelerate or otherwise faciitate polymerization of the monomer). In speciic instances, the
presence of the copper (1) {e.g., compound thercol) accelerates the polvmenzation process when {fwo
parts of the mventive composiiion are mixed {¢.g., whereby separaled hydroperoxade and thiourea come
together and facihitate mifiation of polymerization, which 1s accelerated by the presence of the copper
(i1}). A copper (11} catalyst 1s optionally 10 a disassociated, associated (e.g., i the form of a copper (11)

compound), or partiaily associated form. In varous embodmments, the copper (I} compound 15 any

suitable compound that comprises at least one copper (1) n s molecular formula. Examples of copper
{11} compounds mclude, but are not limuded to, copper (1) sulfate, copper (11} acetate, copper (1 ichlonde,
copper (il} acetviacetonaie, and combinations thercof.  In specific ombodiments, the copper (i)
compound s copper (11} acetate. In other specific embodiments, the sawd copper (1) compound 1s copper
(11} acetylacetonate. In specific embodiments, the weight percentage of the copper (1) (or compound
thereof} 1s less than 196 (e.g., about .001 wi. % to T wt. %), In more specific embodiments, the weight
percentage of the copper (i} (or compound thereot) 18 less than 0.1% {e.g., about 8.0061 wit. % (o about
0.1 wi. %), In st more specific embodiments, the copper (1) {(or compound thereol) 1s provided w, or
combined n, a composition herein m an amount of about 0.001 wi. 9% to about G.05 wt. %. In speeific
embodiments, such weight percentages are determined relative to the overall weight of the composition,

or 10 the overall weight of the composition minus the weight of any filler {¢.z.. worgamc filler).

10
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[040] In certain embodiments, the hydroperoxide 1s any suitable agent, particularly a dentally
acceptable agent, such as that when combined with a thiourea provided herein mitiates and/or otherwise
facilitates polymerization of the monomer herein, such as at a rate suitable for dental applications,
particularly restorative applications. In some embodiments, the hydroperoxide 1s represented by the
formula HOO-R”, wherein R is any suitable organic group. In specific embodiments, R” is a
hydrocarbon, such as a C4-C,o hydrocarbon (optionally substituted with any suitable groups, such as alkyl
groups, aryl groups (¢.g., phenyl), alkylaryl groups, additional —-OOH groups, and/or the like). In some
embodiments, R” is represented by the formula: -CR’R'R’, wherein each of R’, R*, and R’ are
independently H, alkyl (cyclic and/or acyclic, and branched or straight chain), aryl (e.g., phenyl),
arylalkyl (e.g., attached to the carbon at the alkyl), alkylarylalkyl, or the like, wherein such groups are
optionally substituted or unsubstituted. In some embodiments, at least two of R, R*, and R’ are not H. In
specific embodiments, the hydroperoxide is a tertiary hydroperoxide, i.c., wherein none of R’, R*, and
R’are H.In certain instances, any one or more of R, R*, and/or R’ are optionally taken together with
another or both of R°, R*, and R’ to form a cyclic (mono or polycyclic) alkyl group (which is optionally
substituted or unsubstituted, such as discussed herem). As discussed herein, any suitable hydroperoxide
compound with at least one hydroperoxide group 1s optionally used. In specific embodiments, the
hydroperoxide compound comprises more than one hydroperoxide group. Non-limiting examples of
hydroperoxide compounds include, but are not limited to, t-butyl hydroperoxide, t-amyl hydroperoxide,
p-duisopropylbenzenchydroperoxide, cumenchydroperoxide, pinanchydroperoxide, p-methane
hydroperoxide, and 1,1,3,3-tetramethylbutyl hydroperoxide.

[041] In some embodiments, any suitable concentration of hydroperoxide 1s optionally utilized
the compositions and methods provided herein. In specific embodiments, the total hydroperoxide
compound(s) 1s in the range of about 0.01% (w/w) to about 10.0% (w/w) (e.g., of the overall
composition). In certain embodiments, the hydroperoxide 1s present i the range of about 0.1% (w/w) to
about 5.0% (w/w) of the composition (e.g., overall composition). In some embodiments, the
hydroperoxide 1s present in the composition 1n an amount of about 1.5 % (w/w) to about 5 % (w/w). in
speciiic embodiments, such weight percenlages are determuned relative to the overall weight of the
composition, or {o the overall weighi of the composition munus the weight of any filler {¢.g.., morgamc
fifler). In certain mstances, hydroperoxides provided herein, such as amongst those described above, are
stable under a variety of conditions and have a long shelf-life.

[042] Any suitable thiourea 1s optionally utilized 1n a compositions described herein (e.g., 1n at
least one part of a two-part composition described herein). In some embodiments, the thiourca 1s a
substituted thioureca, such as a dentally acceptable thiourea. In some embodiments, the thioureca 1s an
organic thiourea, €.g., a thiourea substituted with an organic radical (e.g., a pyridyl, acetyl, or the like). In
specific embodiments, the thiourea is represented by the structure R°R’'NC(=S)NR°R’, wherein R°, R’,
R®, and R’ are independently selected from H, COR', heterocycloalkyl and heteroaryl (e.g., the
heterocycloalkyl or heteroaryl being substituted or unsubstituted), R being an alkyl, heteroalkyl (cyclic

or acylic), arvl, or heteroaryl (R" being substituted or unsubstituted). In specific embodiments, the
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thiourea group 1s attached to the heterocycloalkyl or heteroaryl at a carbon alpha to a heteroatom of the
ring. In some embodiments, at least one of or one of R°. R’.R® and R’ is not H. In specific embodiments,
the substituted thiourea 1s selected from the group consisting of 1-(2-Pyridyl)-2-thiourca (PTU), 1-
Benzoyl-2-thioureca (BTU), 1-Acetyl-2-thiourca (ATU), 1-(2-Tetrahydrofurfuryl)-2-thiourea (TTU) and
any mixture thercof (1.¢., any one or more of PTU, BTU, ATU, and/or TTU).

[043] In certain embodiments, combination of the two parts of the composition provided herein
results 1in curing of the composition. In specific instances, combination of the two parts, particularly the
hydroperoxide and the thiourca thercof, facilitates imitiation of polymerization of the monomer
component of the composition. In certain embodiments, inclusion of the copper (11) catalyst accelerates
the curing process (¢.g., polymerization of the monomer component(s)), resulting 1n a set time that 1s fast
enough to be suitable for dental applications. In some 1nstances, when the two-parts are mixed, the mixed
composition cures (€.g., sets or hardens). In one embodiment, the setting time 1s less than 20 minutes
(e.g., without the need for photo-curing using a photo-curing device emitting a majority of light having a
wavelength 1n the blue range (e.g., 400 nm to 530 nm, such as about 470 nm)). In one embodiment, the
setting time 1s less than 10 minutes. In one embodiment, the setting time 1s less than 5 minutes. In more
preferred embodiments, the cure (e.g., set) time 1s about 250 seconds or less. In preferred embodiments,
the cure (e.g., set) time 1s about 180 seconds or less. In further or alternative embodiments, the
composition, when the two parts are combined, has a work time of about 200 seconds or less, ¢.g., about
150 seconds or less. Further, in some embodiments, the work time 1s at least 30 seconds (¢.g., to allow
restoration or filling of a tooth cavity, particularly a Class I or Class 11 cavity).

[044] In certain embodiments, additional additives are included in the composition and/or parts
thercof. In some embodiments, any suitable additive 1s optionally included, such as, by way of non-
limiting example, a photo-initiator, a filler, a stabilizer, a solvent, or a combination thereof. in specific
cmbodiments, a dental composttion {or part thereof} comprises a resin composition and a filer {¢.g., the
resin composiiion comprising the matenials of a denfal composiion desceribed herem ). In more specific
embodiments, cach part of a composition provided heremn comprises a resin composition (€.g., 4
composition comprising monomer desenbed herein) and filler. In specific embodiments, agents and
additives utibized m the compositions and composiies provided heren are gencrally dentally aceeptable
{c.g., having sufficiently low toxicity and performimng thew mnfended purpose under iniraoral condilions).
{(3435] in spectfic embodiments, a compostiion {or part thereot) provided herein comprises a filier,
¢.g., al icast one fmely divided Hiller. In some msiances, a filler may reduce polanzation shrinkage,
improve mechamcal properties and mwcrease racdhopacily of a dental composite.  In further or aliernative
instances, a filler may change the rheological properties of a dental composition.  Exemplary fillers
wrclude, but are not Unuted o, metal oxades, metal nitndes, metal fluorides, silicate glass, colloidal sthica,
precipitated siiica, fused silica, alummosiicate glass, alummoborosilicate glass, flyoroaluminosilicate
olass,  barmumsihicate,  barnmmalomanosdicate,  barmmmalomunoborosilicate,  stronfiomaluminosihicaie,
banumiluoro-ahuminosihicate, stronfivmiluorcalummaosilicate., stronttumzinctinoroaluminosilicate,

ancalumunosiicate pre-polvmerized composite filler, and any combination of one or more thereof
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tExamples of metal oxides and figondes mclude, but are not mited o, barmum oxade, strontium uorde,
bartum  {hionde, viterboum fluonde, vitrmm  fivonde, zine oxade, bismuth i) oxyde.  In one
cmbodument, the said  filler 18 treated  with  a  coupling  agent  such as -
methacrviovioxypropvitnmethoxysitane (MPTMS), In some instances, such treafment ¢nhances the
mieriacial bonding between the filler and resm matnx, and improves mechanmcal properties.

[046] In some embodiments, the filler 1s a finely divided filler, ¢.g., a filler comprising or
comprised of a plurality of solid particles. In certamn embodiments, the finely divided filler (e.g., particles
thercof) has any suitable average dimension, such as, for example, an average size (¢.g., particle size) of
between 0.02 micron (um) and 30 micron. In specific embodiments, the average size 1s between 0.2
micron and 10 micron.

1047 ] In certain embodiments, the filler 1s present 1n a composition provided herein 1n any suitable
amount. In some embodiments, the filler (e.g., finely divided filler) 1s present in the composition 1n an
amount between 10 wt. % and 90 wt. %. In specific embodiments, the weight percentage 1s between 40%
and 80%.

048] In certain embodiments, a composition (or part thereof) provided herein further comprises at
least one photo-initiator. Any suitable photo-initiator(s) 1s optionally included. Examples of a photo-
initiator 1clude, but are not limited to, benzomm and derivatives, 2.2-diethoxy acetophenone,
camphoroquinone, 1-phenyl-1,2-propanedione, monoacylphosphine oxide, bisacylphosphine oxide, and a
mixture thereof. Additionally, an activator can be used together with a photo-initiator. Examples of
activators include, but are not limited to, 2-ethyl-4-(N,N-dimethylamino) benzoate, 2-amyl-4-(N,N-
dimethylamino)  benzoate,  2-octyl-4-(N N-dimethylamino)  benzoate;  2-(ethylhexyl)-4-(N,N-
dimethylamino) benzoate, N,N-dimethylaminoethyl methacrylate, N,N-dimethylaminophenethyl alcohol
and a mixture thereof. In one embodiment, the photo-mitiator system comprises camphoroquinone and a
tertiary amine selected from the group of 2-ethyl-4-(N,N-dimethylamino) benzoate, 2-amyl-4-(N,N-
dimethylamino)  benzoate,  2-octyl-4-(N,N-dimethylamino)  benzoate;  2-(ethylhexyl)-4-(N,N-
dimethylamino) benzoate, N N-dimethylaminoethyl methacrylate, N,N-dimethylaminophenethyl alcohol
and any mixture of one or more therecof. In one embodiment, the weight percentage of the photo mitiator
1s less than 5%. In one embodiment, the weight percentage of the photo mitiator 1s less than 3%. in
specific embodiments, such weight percentages are deternuned relative to the overall weight of the
composttion, or to the overall weight of the composition minus the weight of any filler {(¢.g.. morganic
filler).

[049] In certain embodiments, a composition provided herein comprises at least one stabilizer. In
some 1nstances, a stabilizer 1s an agent that inhibits polymerization, such as of the monomer
component(s) of a composition described herein. In certain instances, such agents are useful for
improving the shelf life of a composition provided herein (e.g., inhibiting polymerization of the monomer
prior to use). Any suitable stabilizer, or polymerization inhibiter (such as a free radical scavenger), 1s
optionally utilized herein. Stabilizers include, by way of non-limiting example, 2,6-di-(tert-butyl)-4-
methylphenol (BHT) and 4-methoxyphenol (MEHQ). Any suitable amount of stabilizers 1s optionally
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utilized, such as less than 1 wt. %. In specilic embodiments, such weight percentages are delernuned
relafive {o the overall weighl of the composition, or to the overall weight of the composition minus the
wetght of any filler (¢.z., worganic filler}.

[050] in vanous embodiments, the first and/or second parts provided herein are optionally provided
i any suttable ratio, such as to provide an overall composition having the characlenisucs provided herein.
in certain embodiments, the ratio of the hirst part (o the second part (e.g., present 1 a composilion herein
and/or provided 1 a process herem) s about 99:1 1o about 1:99. In some embodiments, the ratio of the
tirst part to the seccond part 1s about 9:1 to about 19 In specific embodiments, the ratio of the first part to
the second part 1s about 4:1 to about 1:4 or about 2:1 to about 2. In more specific embodiments, the
rafio of the Hirst part {o the second part 1s about 111

[051] In certain embodiments, provided herein are methods of utilizing and manufacturing such
compositions, such as in and for dental applications. In general 1nstances, such compositions are prepared
in a dentally acceptable manner (1.¢., in a manner suitable for administration into the mouth (or tooth
cavity thereot) of an individual, patient or person). In specific embodiments, provided herein 1s a method
of administering a composition described herein to an individual, such as to restore a tooth of the
individual. In specific embodiments, a composition described herein 1s provided, any parts thercof are
combined to form a mixed composition (e.g., wherein the monomers of the compositions are being
polymerized), administering the mixed composition to the individual (e.g., mnto a cavity of the
individual), and curing the mixed composition (¢.g., until set).

[052] In specific embodiments, the method 1s utilized to restore a tooth (¢.g., a tooth comprising a
cavity). In some embodiments, the composition 1s administered to, delivered into, and/or used to restore a
tooth comprising a Class I or Class Il cavity (e¢.g., based on the G.V. Black classification system), or a
cavity 1n a posterior tooth. In certain embodiments, a Class I cavity 1s a cavity located 1n a pit or fissure
of the occlusal surfaces of molars and premolars, the occlusal two-thirds of the buccal surfaces of molars,
the lingual surfaces of upper mcisors, or in the lingual surfaces of upper molars. In some embodiments, a
Class II cavity 1s a cavity 1n the proximal surface of a molar or premolar. In certain embodiments, the
composition 1s particularly useful in providing an effective mechanism of filling large cavities — an arca
where other restoration compositions are lacking. In specific embodiments, a cavity treated according to
a process herein has a depth of about 3 mm or more (¢.g., about 4 mm or more, about 5 mm or more,
about 5 mm to about 7 mm, or the like) from any surface of the tooth (¢.g., the fill surface of the tooth, or
where the surface of the tooth was prior to the cavity, or would have been 1n the absence of the cavity).
053] In specific instances, two parts of the composition are mixed and mixture 1s then delivered
into a Class I or Class II cavity (or any other cavity type described herem). Upon waiting for a certain
period of time, the mixture eventually sets. In one embodiment, the setting time 1s between 1 min and 3
min (¢.g., at intra oral conditions (¢.g., within the mouth of an imndividual to whom the composition 1s
administered)). In one embodiment, the setting time 1s between 0.2 min and 5 min (¢.g., at intra oral

conditions). In one embodiment, the setting time 1s between 0.5 min and 3 min (¢.g., at intra oral

conditions).
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[054] In some embodiments, the mixture 1s further cured by a dental curing light, ¢.g., after 1t sets
at the intraoral conditions. In further or alternative embodiments, an additional layer of a dental
composition provided herein 1s placed on top of the set or cured mixture followed by curing with a dental
curing light.

053] In specific embodiments, the parts of a composition provided herein are mixed (e.g.,
passively combined, such as put into contact with each other, or actively integrated) to form a mixed
composition, the mixed composition bemmg administered to an individual (e¢.g., a dental cavity of the
individual), and the mixed composition being cured under ambient (e.g., intraoral) conditions (or, being
allowed to self-cure) for up to 5 minutes (e.g., 0.2 minutes to 5 minutes, 30 seconds to 250 seconds, or
0.5 minutes to 3 minutes). In alternative embodiments, a first or second part 1s administered, and the
other of the first or second part 1s subsequently administered (e.g., thereby mixing the two parts, such as
in a tooth cavity of an individual), followed by curing, such as described herein. In specific instances,
curing under ambient conditions comprises allowing the composition to set (€.g2., cure 1n the absence of a
light mitiator device, such as a device that emits light, a majority of which having a blue wavelength
(e.g., 1n the 400-530 nm range, or about 470 nm)). In specific embodiments, the cured (e.g., self-cured or
set) composite 1s further cured using a light mitiator device, such as a device that emits light, a majority
of which having a blue wavelength (e¢.g., in the 400-3530 nm range, or about 470 nm). In more specific
embodiments, prior to light curing, additional mixed composition 1s administered to the cavity. In some
instances, light curing at the surface 1s desirable, to facilitate complete curing of the filling at the surface
(e.g., wherein radical — ¢.g., of living polymer and/or imitiator — groups may interact and die, such as a
result of chemically reacting with agents 1in the in the ambient environment (e.g., air), such as water, prior
to complete polymerization/curing).

[056] In some embodiments, one or more of the desirable restorative material characteristics
described herein 1s achieved 1n any suitable manner, such as by using the concentrations of materials
described herein. In certain embodiments, provided herein 1s a composition (e.g., two part composition)
comprising copper (II), such as described herem. In some embodiments, presence of the copper (II)
catalyzes the curing (e.g., self-curing) of a composition at a rate sufficient to be dentally effective (¢.g.,
longer cure times may reduce proper usage of the product, potentially resulting 1n increased failure rates
of the restoration materials). In some embodiments, the amount of copper (I1I) (or compound thereof)
present need not be much to have an effect. For example, in some embodiments, less than 0.1 wt. % or
even less than 0.01 wt. % of copper (I1I) (or compound therecof) 1s utilized. In further or alternative
embodiments, good curing rates are achieved using higher concentrations of hydroperoxide and/or
thiourea (e.g., but not so much as to cause excessive temperatures and/or defects in the cured restoration
material). In some embodiments, a composition provided herein comprises a combined concentration of
hydroperoxide and thiourca (e.g., the hydroperoxide and thiourca provided in separate parts of the
composition) 1s about 2.5 wt. % (relative to the total weight of the monomer —1.¢., {{wt. hydroperoxide +

wt. thiourea} / total wt. monomer} * 100%) or more, about 3 wt. % or more, about 4 wt. % or more, or
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about 5 wt. % or more (¢.g., up to about 50 wt. %, up to about 30 wt. %, up to about 20 wt. %, up to
about 10 wt. %, up to about 8 wt. %, or the like).

[057] Provided in certain embodiments herein 1s a dental composite (e.g., a restoration material
described herein) comprising the cured combination of the first and second parts of any composition
herein, or the cured combination of any composition comprising thiourca with any composition
comprising a hydroperoxide described herein. In certain embodiments, one or both parts of a
composition described herein comprise a copper (II) catalyst. In some embodiments, a composite
provided herein comprises a cured resin (e.g., comprising polymerized monomer(s) described herein),
filler and copper (e.g., 1n any oxidation state, such as the oxidation state of the copper (1) catalyst). In
specific embodiments, the composite comprises cured resin 1n any suitable amount, such as an amount
described herein for a composition comprising a monomer (e.g2., about 10 wt. % to about 60 wt. %), the
filler 1n any suitable amount, such as an amount described herein for a composition comprising the filler
(e.g., about 10 wt. % to about 90 wt. %, and the copper 1n an amount of about 1 elemental wt. % or less
(¢.g., based on amount of copper present on an elemental basis) (e.g., about 0.1 wt. % or less, about 0.05
wt. % or less, or the like). In specific embodiments, the dental composite comprises filler in an amount of
about 60% (w/w) to about 80% (w/w) and cured resin mn an amount of about 20% (w/w) to about 40%
(w/w). In specitic embodiments, such weight percentages are determined relative {o the overall weight of
the composite, or to the overall weight of the composite munus the weight of any filler {e.g., morgamc
filler}). In specific embodiments, the dental composite 1s a restoration material (e.g., affixed to and/or
adhered to a tooth cavity, or capable of suitable therefor), such as having a thickness of greater than 3
mm, greater than 4 mm, greater than 5 mm, about 5 mm to about 7 mm, or the like.

[058] In certain embodiments, compositions and methods provided herein are useful for restoring
tecth, wherein the restoration material has good set/cure times, good adhesion, low shrinkage during
curing (¢.g., which, 1n some 1nstances, causes voids between the filling and the tooth, Ieading to leakage
of fluid and/or bacteria), little leakage after curing, little expansion after curing (e.g., which, 1n some
instances, causes cracking or other distortion of the filling and/or tooth), and/or low or reduced failure
rates. FIG. 1 illustrates a cross-sectional image of the filling of a cavity using a composition described
herein (left) versus a commercially available restoration composition (right). As 1llustrated on the left,
exemplary restoration materials prepared according to the processes herein and/or using the compositions
provided herein provide good filling of the cavities. As indicated at the arrow of the left panel of FIG. 1.,
the composite material shows good adhesion and good volume retention (low shrinkage) (e.g., in cavities
having depths of greater than 5 mm, such as about 7 mm). By contrast, as illustrated in the right panel of
FIG. 1 (at the arrows), other commercial materials show poor adhesion to the cavity substrate, with voids
forming between the composite and the cavity substrate (e¢.g., in cavities having depths of greater than 3
mm, such as about 7 mm).FIG. 2 illustrates an image demonstrating the lack of microleakage observed
when filling a cavity using an exemplary composition (after curing) described herein (left) versus the
microleakage observed when filling a cavity using a commercially available restoration composition

(after curing) (right).
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[059] In some embodiments, compositions provided and used herein demonstrate little shrinkage
during curmg. In certain instances, minimal shrinkage 1s desirable so as to avoid poor matching of a
filllng with a tooth, such as allowing voids to form between the filling and the tooth, such voids
potentially leading to leakage of fluid and/or bacteria, which may further lead to tooth decay. In some
embodiments, upon curing of a composition herein, shrinkage 1s about 10% or less (e.g., about 8% or
less). In more specific embodiments, the shrinkage 1s about 6% or less, about 5 % or less, about 4% or
less, about 3% or less, about 2% or less, about 1% or less, or the like.
[060] In certain embodiments, compositions provided and used herein have no to low acid and/or
anhydride content. In specific embodiments, the acid and/or anhydride content 1s less than 5 wt. % of the
composition. In more specific embodiments, the acid and/or anhydride content 1s less than 3 wt. % of the
composition, less than 2 wt. % of the composition, less than 1 wt. % of the composition, less than 0.5 wt.
%, less than 0.1 wt. % of the composition, or the like. in specific embodiments, such weight percentages
are determuned relative o the overall weight of the composition, or o the overall weight of the
composttion munus the weight of any filler {¢.g., morganic filler). In some embodiments, the composition
has a substantially neutral or alkaline nature, such as a pH of about 5 or higher, a pH of about 5.5 of
higher, a pH of about 6 or higher, a pH of about 6.5 or higher, or a pH of about 7 or higher. In specific
instances, 1t 1s preferred that the acid content of the composition be minimized for any reason, such as to
minimize hygroscopicity or water sorption of the resultant composite. In some instances, high levels of
water sorption into the composite, when used as a restoration material, may result in volume expansion in
the restoration material, which may lead to deformation of the restoration material, and, ultimately,
dislodgement of the restoration material, damage to the tooth, and/or other undesirable outcomes.
[061] In certain embodiments, a composition provided herein cures to a composite (or a composite
provided herein has) a water sorption of about 100 pg/mm’or less. In specific embodiments, the water
sorption is about 50 pg/mm-° or less, about 25 pg/mm’ or less, about 20 ug/mm° or less, or about 15
ug/mm’.
[062] In some embodiments, composites described herein (e.g., formed from the combination of
the composition parts described herein) have good physical parameters for dental applications. In some
embodiments, such composites have good flexural strength (e.g., greater than 50MPa, greater than 100
MPa, greater than 125 MPa, or the like). In further or alternative embodiments, the composites have good
compression strength (e.g., greater than 100MPa, greater than 150 MPa, greater than 200 MPa, greater
than 250 MPa, or the like). In certain embodiments, the composites have good diametral strength (e.g.,
oreater than 30 MPa, greater than 40 MPa, greater than 45 MPa, or the like). In some embodiments,
composites provided herein good water solubility (e.g., less than 1 pg/mm®). In certain embodiments, the
composites provided herein have good radiopacity (e.g., greater than 200% Al, greater than 300% Al or
the like). Any suitable process 1s optionally utilized to determine such parameters, such as testing a film
comprising such a composite (¢.g., the film having a thickness of about 10 microns to about 15 microns,

such as about 14 microns).
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[063] Also provided heremn are methods of manufacturing the compositions described herein. In
some¢ embodiments, the component parts of the compositions described herein are combined 1n any
suitable order. Exemplary processes are set forth in the Examples. In specific embodiments, a part of a
composition provided herein 1s prepared by combining monomer, hydroperoxide, optional stabilizer, and
optional photomnitiator. In some embodiments, combination thercof 1s mixed to form a resin to which
filler 1s added and blended or milled. Likewise, a part of a composition provided herein 1s, 1n specific
embodiments, prepared by combining monomer, thiourea, optional stabilizer, and optional photoinitiator.
In some embodiments, combination thereof 1s mixed to form a resin to which filler 1s added and blended
or milled. Exemplification of specific agents (as well as the corresponding component class type) as set
forth 1n the examples are to be understood as being included in the disclosure of compositions and
methods described herein.

{064} In some wmstances. as used berein, a st time” 15 the amount of time under which a mixed
composition provided herem (1.¢., a composition combining both parts of a two-part described
composthon deseribed herein} formis a solid or hard composite {(which 18 partaally or compietely cured},
parbicularly mn the absence of an ancillary device designed (o facilifate the cunng of restoration matenals,
such as a dental conng hight (.2, also referred {0 herewn as “self-curimg ). A dental curig light 18 a piece
of dental cquipment that 1s used for polvmerization of hight cure resin based composiies. I can be used
on several diflerent dental maiterials that are curable by light. The hight used falls under the visible biue
light spectrum. Thas hight 1s delivered over a range of wavelengths and vartes for cach type of device.
There are four basic tvpes of dental cuning hights; Tungsten halogen, hebht-enutiing diode (LED), plasma
arc curing (PAC), and laser. In certain mstances, the “work time” 15 the length of fime after which the
mixed composiion ceases bemg malleable using tvpical dental technigues and/or equipment.

{0631 As used herein, weight percentage (wt % or % {w/w}) refers, onless otherwise noted, the
percentage of the weight of a component relative to the overall weight of a composition or composie. In
the case of non-monomer and non-filler components, the disclosure of a weight percentage (wi. % or Y
(w/w} also includes a disclosure of a percentage of the weight of a component relatve {0 the overall
wetght of a composition or composite minus the weight of any filler {e.g., morganic filler) mn the
composition or composite, whether considered as a whole, a ong part svsiem, a two parl sysiem, or the
like. In some embodiments, the weight percentage refers {o the weight of the component relative to the
weight of a two part composilion (¢.g., wherein a first and sccond part are physically separated) and/or
the weight of the component relative to the weight of one part of a two part composiion. In some
instances, the weight percentage of the component may be sdentical or stomlar i both parts of the two
part system, and in other nstances, the component may have didiorent weight percentages i cach part of
the two part svstem. For example, m general mstances, the hvdroperoxide and thiourca each have
different weight percentages in cach of the parts, with the hvdroperoxide bemg wholly or primarily i a
first part of the composition and the thiourea bemng wholly or primandy 1w a second part of the

COMPOsItion.
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{066]  The ferm “alkyl” as used herein, alone or mn combination, refers 0 an optionally substituied
stravght-chain, or opbonally substituled branched-cham  satoraled or unsaturated hydrocarbon
monoradical having, ¢.g., from one to about ten carbon atoms, more preferably one to six carbon atoms.
Examples mclude, buf are not lomited to methvi, cthyvl, n-propvl, 1sopropyl, 2-methyvi-1-propvi, 2-methyi-
Z-propyi, Z-methvi-l-butvl, 3-methvi~-i-butvl, Z-methvi-3-butvl, 22-dumethyvi-1-propvl, Z-methyl-i-

B |

penivi, 3-methyi-i-pentyl, 4-methyi-T-pentvl, Z-methyi-2-pentyl, 3-methyi-2-pentyl, 4-methyi-Z-pentyi

2. 2-dimethvi-1-butyl, 3, 3-dimethyvi-i-butyl, Z-cthyl-1-butvi, n-butyl, isobutyl. sec-butvl, t-butvl, n-peotyi.
wsopenivl, neopentyl, tert-amvi and hexvl, and longer alkvl groups, such as heptvl, octvl and the like
Whenever i appears herein, a numerical range such as "C U alkvl,” means that in some embodiments,
the alkyvl group consists of 1 carbon atom; 1o some embodiments, 2 carbon aloms; n some embodiments,
3 carbon aloms; m some embodunents, 4 carbon atoms: in some embodiments, 5 carbon atoms; or,
some embodiments, & carbon atoms, aithough the present definttion also covers the occurrenee of the
term Tatkyvl’ where no numerical range 18 designated. {n addifion, 1o some mstances, such as wherein the

alkvl 1s substituied on either sade (e.g., as set forth for L above), the alkyl may refer to a diradical denived

from the above-~delined monoradical, alkyl Examples mnclude, but are not limited to methvlene (+CH,-},
cthvicne (-(CH,CUH,-). propviene (-UCHUCH,CH,-}, sopropvicne (+UH{UHCH,-) and the hke. An Talkyl”
may alse refer 0 a evelic alkyl group, reicrring o an optionally substituied, saturated, hvdrocarbon
monoradical ning, contaming, ¢.g., Irom three to about fificen ring carbon atoms or from three to about
ten ring carbon atoms, though, 1 some embodiments, mehudes additional, non-ring carbon afoms as
substituents {¢.g. methyicyclopropyl). The term mehides fused, non-fused, bridged and spiro radicals. In
some embodiments, a fused cveloalkvl contains from two to four fused rings where the ring of
attachment 1s a cveloalkyl rimg. Examples mcelude, bul are not binuted (o cyclopropvi, cvclopentvi,
cyclohexyl, comene, and pmane ring systems.

{0671 The term Taryl” as used herem, alone or m combination, refeors to an oplionally substituted
aromatic hvdrocarbon radical of six {o about twenty ring carbon atoms, and includes fused and non-fused
arvi rmngs. A fused arvi ring radical confams from two o four fused rings where the ring of attachment 1s
an arvl ring, and the other mdividual rings are alicyclic, helerocyelic, aromatic, heteroaromatic or any
combimation thercol. Fuarther, the torm aryl mcludes fused and non-fused rings contaimmng from six {0
about twelve ring carbon atoms, as well as those conlaming from six to about {en ring carbon atoms. A
non-limiting ¢xample of a single nng arvl group mcindes phenvl, a fused rnng aryl group includes
naphthyl, phenanthrenyl, anthracenvl, azulenyi; and a non-fused bi-arvl group mciudes biphenyi.

{068]  The term “heteroarvl” as used herem, alone or mn combination, refers to optionally substituied
aromatic monoradicals contammyg from about five to about twenty skelelal ring atoms, where one or
more of the ring atoms 18 a heleroatom mdependently sclected from among oxvgen, mtrogen, and sulfur,
but not himited to these atoms and with the proviso that the rng of said group does not ¢oniam two
acdiacent O or D atoms. In embodiments i which two or more heterocatoms are present m the ning, the two
of more heteroatoms are the same as cach anocther, or sonie or ail of the two or more heteroatoms are

different from the others. The ferm heteroarvl mmcludes optionally substituted fused and non-fused
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heteroaryd radicals having at least one heteroatom. The term heteroaryi also mcludes fused and non-fused
heteroaryis having from five to about twelve skeletal ring atoms, as well as those having from {ive (©
about ten skeletal ring atoms. In certamn nstances, bonding to a heteroaryl group 18 via a carbon atonm or a

heteroatom. A non-hmiting example of a single ring heteroarvl group includes pyrnidyi or furanvi,

69]

described above, in whach one or more of the skeletal chamn carbon atoms (and any associated hvdrogen
atoms, as appropriate) are cach independentlv repiaced with a heteroatom {(1.e. an atom other than carbon.
such as though not Immited to oxvgen, nirogen, sulfur, or combinations thereol). Exemplary heteroalkvi

groups include strarght chamn groups, such as ethviene oxides {e.g., -CHZUHZUn-~}, or nnged groups,

The term “heleroalkyvl” as used heren, refers to optionally substituted alky! structure, as

such as tetrahydrofuran.

[070]

EXAMPLES

Abbreviations for certain materials used 1n certain embodiments provided herein, such as in

the illustrative, non-limiting examples provided below include, as follows:

(071]
(072]
(073]
(074]
[075]
[076]
(077]
[078]
[079]
[080]
[081]
[082]
[083]
[084]
[085]
[086]
[087]
[088]
[089]
[090]
[091]
[092]
(093]
[094]

PTU: 1-(2-Pyndyl)-2-thiourea

BTU: 1-Benzoyl-2-thiourca

ATU: 1-Acetyl-2-thioureca

TTU: 1-(2-Tetrahydrofurfuryl)-2-thiourca

CHP: Cumene hydroperoxide

THPO: tert-Butyl hydroperoxide

Cu(acac)2: Copper(ll) acetylacetonate

CuAc: Copper(Il) acetate

GPDM: Glycerol Dimethacrylate

MDP: 12-Methacryloyldodeylphosphate

Saccharin: o-Benzoic sulfimide

R202: AEROSIL® fumed silica

R812S: AEROSIL® fumed silica

GM27884-K6: Schott GM27884 Dental Glass, 3 um
GM39923-706: Schott GM39923 Dental Glass, 0.7 um
Ba-Glass-15-23: Bartum Dental Glass, 1.5 uym

YbF3: Ytterbium Fluoride

BYK W9010: Wetting and dispersing additive (flow modifier)
CQ: Camphorquinone

SR494: Ethoxylated (4) pentaerythritoltetraacrylate
EDMARB: Ethyl-4-dimethylamino benzoate

UDMA: Urethane dimethacrylate

E6BAD: Ethoxylated (6) Bisphenol A Dimethacrylate
EBPADM: Ethoxylated (3) Bisphenol A Dimethacrylate
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[095] BisGMA: Bisphenol A-glycidyl methacrylate
[096] TEGDM: Trniethylene glycol dimethacrylate
[097] BHT: Butylatedhydroxytoluene
098] Example 1
[099] A paste of Cu(acac),1s made into the composition listed in Table 1. All components are

mixed and milled using a three-roll maill.

Table 1
(In parts) Ex. 1A Ex. 1B
EBPADM 89.5 89.5
Cu(acac); 0.5
CuAc 0.5
R202 10.00 10.00

[0100] Examples 2 to 19
[0101] Resins containing hydroperoxides are made into the compositions listed in Table 2. All

components are mechanically mixed or magnetically stirred to form homogeneous mixtures or solutions.

Table 2:
(In parts) Ex.2R | Ex.3R Ex. 4R E. SR Ex. 6R Ex. 7R
BisGMA -
FEGDM 28.2 28.2 39.0 39.0 39.0 18.7
TEGDM 10.8 10.8 10.0 10.0 10.0 12.0
UDMA 13 13 5.0 5.0 5.0 21.0
EBPADM 45.5 45.5 36.0 35.0 35.0 45.0
SR494 - - 7.0 7.0 7.0 -
EDMARB - - 0.4 0.4 0.4 -
CQ - - 0.2 0.2 0.2 -
BYK W9010 0.2 0.2 0.3 0.3 0.3 -
BHT 0.1 0.1 0.1 0.1 0.1 0.1
CHP - 1.1 2.5 3.0 - 3.0
THPO 2.2 1.1 - - 3.0 -
[0102] The resmn examples (resin examples denoted with an “R™) above (Table 2) are used to

prepare the following paste compositions listed in Table 3. All components are mixed and dispersed with
the aid of a 3-roll mull.
Table 3:

(In parts) Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7
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| 31.7 31.7 33.2 33.2 31.7 37.85
Resin
(Ex. 2R) (Ex. 3R) (Ex. 4R) (Ex. 5R) (Ex. 6R) (Ex. 7R)
GM27884-
63.6 63.6 61.1 61.6 63.3 -
K6
GM39923-
- - - - - 62.0
706
YbEF3 4.5 4.5 4.7 4.7 4.5 -
R202 0.45 0.45 1.0 0.47 0.45 -
R812S - - - - - 0.15
[0103] Resins containing thiourea compounds are made into the compositions listed in Table 4. All
components are mechanically mixed or magnetically stirred to form homogeneous mixtures or solutions.
Table 4:
(In parts) Ex. 8R Ex. 9R Ex. 10R
BisGMA -
26.0 39.0 19.1
TEGDM
TEGDM 10.0 10.0 12.0
UDMA 12.0 5.0 20.0
EBPADM 42.0 36.0 45.5
SR494 7.0 7.0 -
EDMAB 0.5 0.4 1.0
CQ 0.2 0.2 0.15
BYK W9010 0.2 0.3 -
BHT 0.05 0.1 -
PTU 2.0 2.0 -
ATU - - 2.0

(0104]

The resin examples above are used to prepare the following paste compositions listed 1n

Table 5. All components are mixed and dispersed with the aid of a 3-roll mall.

Table 35:

(In parts) Ex. 8 Ex. 9 Ex. 10 Ex. 11 Ex. 12 Ex. 13

32.6
| 31.7 33.2 32.2 32.6 36.9
Resin (Example
(Ex8R) (Ex9R) | (Ex9R) | (Ex9R) (Ex 10R)

9R)

GM27884-

e 63.3 61.1 60.0 60.5 60.5 -
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Ba-Glass-

i _ - - - 61.0

15-23

YbF3 4.5 4.7 4.6 4.7 4.7 -

R202 0.45 1.0 0.46 0.47 0.47 -

R812S - - - - - 0.15

Ex. 1A - - 2.8 1.9 - 1.0

Ex. 1B - - - - 1.9 -

[0105] The two-part paste examples containing either a chemical reductant (thioureca) or oxidant

(hydroperoxide) compound above are combined (e.g., in about a 1:1 ratio) to measure the resultant
work/set times for their respective mitiator systems. Work/set times are determined under ambient

conditions (e.g., at 22 °C, without a dental cure light), with exemplary work / set times illustrated in

Table 6.
Table 6:

Hydroperoxidew

Thiourea wt.

Combine Catalyst wt. % Work / Set Time

=
>

Exs.

0/0 ill

part A

t. % 1n

part B

In part A

(seconds)

S N I O

1.1% THPO &
122 | 3+8 PTU (2%) 360/ 510

13a PTU (2%) CHP (2.50%) _ 120/ 140
U@ | awewy [ |

CHP

5+ 10 PTU (2%) CHP (3.0%) 3% Ex. 1A 45/ 65
5+11 PTU (2%) CHP (3.0%) 2% Ex. 1A 60 / 80

— — — — — o
\O oo ~J N N 4 ’

5+ 12 PTU (2%) CHP (3.0%) 2% Ex. 1B 65 / 80
11 PTU (2%) THPO (3.0%) 2% Ex. 1A 240/ 275
7+ 13 ATU (2%) CHP (3.0%) 1% Ex. 1A 180 /210

[0106] As 1s 1llustrated 1 Table 6, faster work / set times are achieved for compositions comprising

copper (II), even at very low concentrations, compared to otherwise similar compositions lacking copper

(ID).

[0107] Examples 20 to 26
[0108] Resins containing hydroperoxides are made mmto a composition listed in Table 7. All
components are mechanically mixed or magnetically stirred to form homogencous mixtures or solutions.
Table 7
(In parts) Ex. 20R
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E6BAD 20.0
BisGMA-TEGDM 15.0
TEGDM 18.0
UDMA 9.0

EBPADM 34.15

EDMAB 0.40

CQ 0.20

BYK W9010 0.80

BHT 0.10

CHP 2.8

PCT/US2016/016901

The resin examples above were used to prepare the following paste compositions listed 1n

Table 8. All components were mixed and dispersed with the aid of a 3-roll mall.

(0110]

components are mechanically mixed or magnetically stirred to form homogencous mixtures or solutions.

Table 8:
(In parts) Ex. 20
| 29.0
Resin
(Ex. 20R)
GM?27884-
60.49
K6
YbEF3 9.0
R8I2S 1.50

Resins containing thiourea compounds are made into the compositions listed in Table 9. All

Table 9:
(In parts) Ex. 21R Ex. 22R Ex. 23R
E6BAD 22.0 22.0 22.0
BisGMA -
16.50 16.50 16.50
TEGDM
TEGDM 19.80 19.80 19.80
UDMA 9.90 9.90 9.90
EBPADM 28.88 28.88 28.88
EDMAB 0.44 0.44 0.44
CQ 0.22 0.22 0.22
BYK
0.33 0.33 0.33
W9010
BHT 0.11 0.11 0.11

24



WO 2016/130441

(0111]

CA 02973762 2017-07-12

PCT/US2016/016901

BTU

1.82

T'TU

- 1.82

PTU

1.82

The resin examples above are used to prepare the following paste compositions listed 1n

Table 10. All components are mixed and dispersed with the aid of a 3-roll mill.

Table 10:
(In parts) Ex. 21 Ex. 22 Ex. 23
Rogit 26.0 26.0 26.0
(Ex. 21R) (Ex. 22R) (Ex. 23R)
GM27884-K6 60.3 60.3 60.3
YbEF3 9.0 9.0 9.0
R812S 1.50 1.50 1.50
Ex. 1A 3.0 3.0 3.0

[0112] The two-part paste examples containing either a chemical reductant or oxidant compound
above are combined (e.g., 1n about a 1:1 ratio) to measure the resultant work/set times for their respective

initiator systems, such as described above, the results of which are illustrated in Table 11.

Table 11:

Work / Set
Catalyst wt%

hydroperoxidewt

Combine| Thiourea wt% in

Ex Time

inpart A

% in part B

(seconds)

24 | 20+21 | BTU (1.82%) CHP (2.85%) 3% Ex. 1A 300 / 390
25 | 20+22 | TTU (1.82%) CHP (2.85%) 3% Ex. 1A 130 / 160
26 | 20+23 | PTU (1.82%) CHP (2.85%) 3% Ex. 1A 60 / 80

[0113] As 1s 1llustrated 1n Table 11, good work / set times are achieved for a variety of thiourca

compounds when copper 1s included, with TTU and PTU providing excellent results.

[0114]  Examples 27 to 44

[O115] Resins containing hydroperoxides are made into the compositions listed in Table 12. All
components are mechanically mixed or magnetically stirred to form homogencous mixtures or solutions.
Table 12
(In parts) Ex.27R | Ex.28R | Ex.29R | Ex.30R | Ex.31R
E6BAD - - 20.0 - i
BisGMA-TEGDM 39.0 39.0 15.0 39.0 39.0
TEGDM 10.0 10.0 18.0 10.0 10.0
UDMA 5.0 5.0 9.0 5.0 5.0
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EBPADM 36.0 36.0 34.62 36.0 36.25
EDMAB 0.4 0.4 0.2 0.4 0.4
CQ 0.2 0.2 0.08 0.2 0.2
BYK W9010 0.3 0.3 0.5 0.3 0.3
BHT 0.1 0.1 0.1 0.1 0.1
CHP 2.0 2.5 2.5 3.0 1.75
[0116] The resin examples above are used to prepare the following paste compositions listed 1n
Table 13. All components are mixed and dispersed with the aid of a 3-roll mull.
Table 13:
(In parts) Ex. 27 Ex. 28 Ex. 29 Ex. 30 Ex. 30
R i 33.2 33.2 29.0 33.2 33.2
(Ex. 27R) (Ex. 28R) (Ex. 29R) (Ex. 30R) (Ex. 31R)
GM27884-K6 61.1 61.1 61.0 61.1 61.6
YbEF3 4.7 4.7 9.0 4.7 4.7
R202 1.0 1.0 - 1.0 0.5
R812S - - 1.0 - i
[0117] Resins containing thiourea compounds are made into the compositions listed in Table 14.
All components are mechanically mixed or magnetically stirred to form homogeneous mixtures or
solutions.
Table 14
(In parts) Ex.32R | Ex.33R | Ex.34R | Ex.35R | Ex.36R
E6BAD - 22.0 . - i
BisGMA -
FEGDM 39.0 16.5 39.0 39.0 39.0
TEGDM 10.0 19.8 10.0 10.0 10.0
UDMA 5.0 9.9 5.0 5.0 5.0
EBPADM 36.0 2941 36.0 36.0 36.0
SR-494 7.0 - 7.0 7.0 7.0
EDMAB 0.4 0.2 0.4 0.4 0.4
CQ 0.2 0.08 0.2 0.2 0.2
BYK
0.3 0.5 0.3 0.3 0.3
Wo010
BHT 0.1 0.11 0.1 0.1 0.1
PTU 1.5 1.5 3.0 4.0 5.0
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[0118] The resin examples above are used to prepare the following paste compositions listed 1n
Table 15. All components are mixed and dispersed with the aid of a 3-roll mull.
Table 15:
(In parts) Ex. 32 Ex. 33 Ex. 34 Ex. 35 Ex. 36
| 33.2 26.65 33.2 33.2 33.2
Resin
(Ex. 32R) | (Ex. 33R) | (Ex. 34R) | (Ex. 35R) | (Ex. 36R)
GM27884-
6l.1 61.4 61.4 61.4 61.4
K6
YbF3 4.7 9.0 4.7 4.7 4.7
R812S 1.0 1.0 0.7 0.7 0.7
Ex. 1A - 1.75 - - -

(0119]

The two-part paste examples containing either a chemical reductant or oxidant compound

above are combined to measure the resultant work/set times for their respective mitiator systems, €.g., as

described above, with the 1llustrative results set forth in Table 16.

Table 16:

Ex

NG I N N Wl w
W — O| o )

4 awem | - | mws
S R L
PTU (1.5%) CHP (2.50%) 1.75% Ex. 1A
Uy | aGwe | - | morm
o [ vwen [oweso | |

2 U | oo || morme
U@y | amramo || s

] s

(0120]

Combine

Thiourea wt%

In part A

hydroperoxidew

t% 1n part B

I
—

36

PTU (5%)

CHP (1.75%)

Catalyst wt%
inpart A

Work / Set

Time

(seconds)

85 / 105

As 1llustrated in Table 16, good work / set times are achieved using PTU and CHP 1n

combination, with the best results being obtained for compositions comprising higher concentrations of

PTU + CHP and/or for compositions comprising copper (1I).
[0121]

(0122]

Example 45.

In addition, good physical parameters are obtained for composites prepared according to the
preceding examples. For example, filling of deep cavities results in good adhesion of the restoration
material to a substrate, without the formation of voids between the restoration material and substrate,
such as 1illustrated 1n FIG. 1, whereas use of competitive materials results 1n very poor adhesion to the

substrate, particularly at the bottom of the cavity (which 1s 7 mm 1 depth), with void formation. In
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addition, interproximal leakage 1s not observed for restoration material composites prepared using
compositions provided herein, as illustrated in FIG. 2, whereas competitive light curing bulk fill
composite materials result in microleakage along interproximal margins.
[0123] In addition, composites described in the preceding examples provided good physical
parameters, such as having very low volume shrinkage upon curing (e.g., less than 5%), good flexural
strength (e.g., greater than 100 MPa), good compression strength (e.g., greater than 150 MPa), good
diametral strength (e.g., greater than 30 MPa), low water absorption (e.g., less than 20 pg/mm®), good
water solubility (e.g., less than 1 pg/mm®), and good radiopacity (e.g., greater than 300% Al).
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CLAIMS
What 1s Claimed 1s:
1. A dental composition comprising a first part and a second part,

the first part comprising:
a hydroperoxide; and
a polymerizable monomer, the polymerizable monomer comprising an ethylenic group,
and
the second part comprising:
a thiourea; and
a polymerizable monomer, the polymerizable monomer comprising an ethylenic group,
the first and the second part being physically separated from cach other, and the first and/or
second part comprising a copper (II) catalyst.
A dental composition comprising a first and a second part, the first and second part collectively
comprising:
a copper (1) catalyst;
a hydroperoxide;
a polymerizable monomer, the polymerizable monomer comprising an ethylenic group:;
and
a thiourea:
the first part comprising the hydrogen peroxide, the second part comprising the thiourea, and the
first and the second part being physically separated from each other.
A dental composition comprising:
a copper (II) catalyst;
a hydroperoxide; and
a polymerizable monomer, the polymerizable monomer comprising an ethylenic group.
A dental composition comprising:
a copper (II) catalyst;
a thiourea; and
a polymerizable monomer, the polymerizable monomer comprising an ethylenic group.
A dental composition comprising a first and a second part, the first and second part collectively
comprising:
a hydroperoxide;
a polymerizable monomer, the polymerizable monomer comprising an ethylenic group;
and

a thiourea;
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10.

11.

12.

13.

14.

15.

16.

17.

18.

the first part comprising the hydrogen peroxide, the second part comprising the thiourea, and the
first and the second part being physically separated from cach other, and the combined amount
of the hydroperoxide and the thiourca being more than 3 wt. % of the dental composition,
excluding the weight of any filler.

The dental composition of any one of the preceding claims, wherein the hydroperoxide 1s a

tertiary aryl hydroperoxide, such as cumene hydroperoxide.

The dental composition of any one of the preceding claims, wherein the hydroperoxide has a

concentration of more than 2 wt. % 1n the dental composition, excluding the weight of any filler.

The dental composition of any one of the preceding claims, wherein the second part comprising

copper (II) catalyst (e.g., and the first part optionally comprising or excluding copper (1)

catalyst).

The dental composition of any one of the preceding claims, wheremn the copper (1I) catalyst

comprises a copper (II) 1on and/or a copper (II) compound.

The dental composition of any one of the preceding claims, wheremn the copper (II) catalyst

comprises copper (II) sulfate, copper (II) acetate, copper (I1I) chloride, copper (1)

acetylacetonate, or a combination thercof.

The dental composition of any one of the preceding claims, wherein the copper (II) catalyst 1s

present 1n the composition 1n an amount of about 5 wt. % or less, excluding the weight of any

filler.

The dental composition of claim 11, wherein copper (11) catalyst 1s present 1n the composition 1n

an amount of about 0.1 wt. % or less, excluding the weight of any filler.

The dental composition of any one of the preceding claims, wherein the hydroperoxide

comprises a hydrocarbon (e.g., C4-Cyo hydrocarbon) substituted with one or more —OOH group.

The dental composition of any one of the preceding claims, wherein the hydroperoxide

comprises t-butyl hydroperoxide, t-amyl hydroperoxide, p-dusopropylbenzenchydroperoxide,

cumenchydroperoxide,  pinanchydroperoxide, p-menthanchydroperoxide, and 1,1,3,3-

tetramethylbutyl hydroperoxide, or a combination thereof.

The dental composition of any one of the preceding claims, wherein the hydroperoxide 1s present

1in the composition 1n an amount of about 0.01% (w/w) to about 10% (w/w), excluding the weight

of any filler.

The dental composition of claim 15, wherein the hydroperoxide 1s present in the composition 1n

an amount of about 0.1% (w/w) to about 6% (w/w) (e.g., about 0.1% (w/w) to about 5% (w/w)).

The dental composition of any one of the preceding claims, wherein the hydroperoxide 1s present

in the composition 1n a ratio of hydroperoxide to polymerizable monomer of about 1:9999 to

about 1:9.

The dental composition of claim 17, wherein the ratio of hydroperoxide to polymerizable

monomer 1S about 1:99 to about 5:95.
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19

20).

21

22,

23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

The dental composition of any one of the preceding claims, the ethylenic monomer comprises a
vinyl, an acrylate, a methacrylate, or a combination thereof.

The dental composition of any one of the preceding claims, wherein the polymerizable monomer
1s present 1n an amount of about 10% (w/w) to about 60% (w/w).

The dental composition of any one of the preceding claims, wherein the polymerizable monomer
1s present 1n an amount of about 20% (w/w) to about 50% (w/w).

The dental composition of any one of the preceding claims, wherein the thioureca comprises 1-(2-
Pyridyl)-2-thiourea (PTU), 1-Benzoyl-2-thiourca (BTU), 1-Acetyl-2-thiourca (ATU), 1-(2-
Tetrahydrofurfuryl)-2-thiourea (TTU), or a combination thereof.

The dental composition of any one of the preceding claims, wherein the thiourea 1s present in the
composition 1n a ratio of thiourea to polymerizable monomer of about 1:999 to about 100:900.
The dental composition of claim 23, wherein the ratio of thiourea to polymerizable monomer 1s
about 1:99 to about 10:90.

The dental composition of any one of the preceding claims, further comprising a filler.

The dental composition of any one of the preceding claims, wherein the first and second parts
comprise a filler.

The dental composition of either one of claims 250r 26, wherem the filler 1s a finely divided
filler.

The dental composition of any one of claims 25-27, wherein the filler comprises an mmorganic
filler, a pre-polymerized filler, or a combination thereof.

The dental composition of claim 27, wherein the filler comprises an morganic filler, the
inorganic filler being selected from the group consisting of metal oxide, a metal nitride, a metal
fluoride, a silicate, silica (e.g., colloidal silica, precipitated silica, fused silica), an
aluminosilicate, an aluminoborosilicate, a fluoroaluminosilicate, a bariumsilicate, a
bartumaluminosilicate, a  barmumaluminoborosilicate, a  stronttumaluminosilicate, a
bartumitluoroaluminosilicate, a strontiumftluoroaluminosilicate, a
stronttumzincfluoroaluminosilicate, a zincaluminosilicate,a pre-polymerized filler, and a
combination thereof.

The dental composition of any one of claims 25-29, wherein the filler 1s present 1n an amount of
about 10% (w/w) to about 90% (w/w).

The dental composition of claim 30, wherein the filler 1s present 1n an amount of about 40%
(w/w) to about 80% (w/w).

The dental composition of claim 31, wherein the filler 1s present 1n an amount of about 60%
(w/w) to about 80% (w/w).

The dental composition of any one of claims 25-32, wherein the finely divided filler comprises a
plurality of particles, the particles having an average dimension (e.g., diameter) of about 0.02

microns to about 30 microns.
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34,

33.
36.

37.

38.

39.

40.

41.

42.

43,

44.

45,

46.

47.

48.

The dental composition of claim 33, wherein the particles have an average dimension (e.g.,
diameter) of about 0.2 microns to about 10 microns.

The dental composition of any one of the preceding claims, further comprising a photomaitiator.
The dental composition of claim 35, wherein the photoinitiator 1s present in an amount of about
5% (w/w) or less, excluding the weight of any filler.

The dental composition of any one of the preceding claims, further comprising a stabilizer.

The dental composition of claim 37, wherein the stabilizer 1s present in an amount of about 1%
(w/w) or less, excluding the weight of any filler.

The dental composition of any one of the preceding claims, wherein the composition comprises
less than 10% 1 either part of an acid or anhydride (e.g., less than 5% (w/w), less than 3%
(w/w), less than 1% (w/w), less than 0.5% (w/w), less than 0.1% (w/w), or about 0% (w/w)).

The dental composition of any one of the preceding claims, wherein the composition comprises
less than 5% (w/w) of an acid or anhydride (e.g., less than 3% (w/w), less than 1% (w/w), or less
than 0.5% (w/w)).

The dental composition of any one of the preceding claims, wherein the composition and/or parts
thercof 1s non-acidic (e.g., has a pH of about 5 or more).

The dental composition of any one of the preceding claims, wherein upon combination of the
first and second parts, the total volume of the composition shrinks by less than 10% (e.g., less
than 8%, less than 6%, or less than 4%).

The dental composition of any one of the preceding claims, wherein upon combination of the
first and second parts, the hygroscopicity of the composite is less than 100 pg/mm” (e.g.. less
than 50 pg/mm’, less than 25 pg/mm’, less than 20 pg/mm’, or less than 15 pg/mm”).

A dental composite comprising the combination of the first and second parts of any one of the
preceding claims.

A dental composite comprising a cured resin, filler and copper, the composite comprising the
cured resin 1 an amount of about 10% (w/w) to about 60% (w/w), the filler in an amount of
about 10% (w/w) to about 90% (w/w), and the copper mm an amount of about 1 elemental wt. %
or less, relative to the cured resin.

The dental composite of either one of claims 44 or 45, wheremn the cured resin 1s present 1n the
composite m an amount of about 60% (w/w) to about 80% (w/w) and the filler 1s present 1n the
composite 1n an amount of about 20% (w/w) to about 40% (w/w).

The dental composite of any one of claims 44-46, wherein the composite has a thickness of
greater than S mm (e.g., S mm to 7 mm).

A dual chambered device comprising a housing body, the housing body comprising a first
chamber and a second chamber, the first chamber containing the first part of a composition of
any one¢ of claims 1-43, the second chamber containing the second part of a composition of any
on¢ of claims 1-43, and dual chambered device configured to concomitantly extrude the first and

second parts.
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49. A reaction mixture comprising

0.

S1.

2.

d3.

>4,

d).

6.

>7.
d3.
9.

a copper (1) catalyst;
a hydroperoxide;
a polymerizable monomer, the polymerizable monomer comprising an ethylenic group;
and
a thiourea.
A reaction mixture comprising
a hydroperoxide;
a polymerizable monomer, the polymerizable monomer comprising an ethylenic group:
and
a thiourea,
the combined concentrations of the hydroperoxide and thiourca, excluding the weight of any
fillers (e.g., morganic fillers), being more than 1.5 wt. % (e.g., about 3 wt. % or more, about
3.5 wt. % or more, about 4 wt. % or more, ¢.g2., and less than 20 wt. %, or less than 10 wt. %).
A method for restoring a tooth 1n an individual, the process comprising:
a. combining a first composition with a second composition to form a mixed composition,
the first composition comprising a hydroperoxide, the second composition comprising a
thiourca, and one or both of the first and/or second compositions comprising a copper
(II) catalyst, a polymerizable monomer, the polymerizable monomer comprising an
cthylene group, and a filler;
b. administering the mixed composition to the individual; and
c. curing the mixed composition (¢.g., to form a restoration composite).
The method of claim 51, further comprising inserting a metal frame near or around a tooth of the
individual, the tooth having a cavity therein; and administering to the mixed composition to the
cavity.
The method of either one of claims Slor 52, the method further comprising drilling the tooth to
remove decay therefrom.
The method of any one of claims 51-33, wherein the mixed composition 1s administered to a
Class I or Class 1l cavity of the individual.
The method of any one of claims 51-54, wherein the mixed composition 1s administered to cavity
of an individual, the cavity having a depth of about 5 mm to about 10 mm (or about 7 mm or
less, or about 5 mm to about 7 mm).
The method of any one of claims 51-355, wherein curing comprises allowing the mixed
composition to self-cure, photo-curing the mixed composition, or a combination thereof.
The method of any one of claims 51-56, wherein the curing occurs 1n about 10 minutes or less.
The method of claim 57, wherein the curing occurs 1n about 4 minutes or less.

The method of claim 58, wherein the curing occurs 1 about 2 minutes or less.
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