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DENTAL MATERALS AND METHOD OF 
MANUFACTURE 

CROSS REFERENCE TO RELATED 
APPLICATION 

This Application is a Section 371 National Stage Appli 
cation of International Application No. PCT/US2013/ 
032257, filed Mar. 15, 2013, published as WO 2014/025406 
A1 on Feb. 13, 2014, in English, which is based on and 
claims the benefit of U.S. Provisional Application Ser. No. 
61/681,452, filed Aug. 9, 2012, the disclosures of which are 
incorporated herein by reference. 

FIELD 

This invention relates to dental materials and dental 
products. 

BACKGROUND 

Dental materials such as composites have been used in 
preventing and treating dental carries and defects and oth 
erwise maintaining dental health. Dental composites are a 
mixture of materials that typically include a free-radically 
polymerizable resin and a filler dispersed in the polymeriz 
able resin. The resins typically are derived from bisphenol A 
(BPA) and contain methacrylate endgroups. Examples 
include bisphenol A diglycidyl dimethacrylate (Bis-GMA) 
and bisphenol A dimethacrylate (Bis-DMA). 

SUMMARY 

The present invention provides, in one aspect, a dental 
material comprising a filler or a free-radical polymerization 
initiator and a free-radically-polymerizable resin having a) 
at least one ethylenically unsaturated free-radically polym 
erizable group, more preferably an end group and b), one or 
more aryl or heteroaryl ring segments having an oxygen 
atom attached to the ring and, in some embodiments, a 
Substituent group attached to the ring at an ortho or meta 
position relative to the oxygen atom, or one or more aryl or 
heteroaryl rings joined by a polar linking group or by a 
linking group having a molecular weight of at least 125 
Daltons; and in some embodiments where both the substitu 
ent groups and the polar linking groups are or included; the 
resin being substantially free of bound or mobile polyhydric 
phenols having estrogenic activity greater than or equal to 
that of bisphenol S. 

The present invention provides, in another aspect, a dental 
material comprising a filler or a polymerization initiator and 
a free-radically polymerizable resin comprising segments of 
the structure shown in Formula I: 

Formula I 

wherein: 
H denotes a hydrogen atom, if present; 
each R" is independently an atom or group preferably 

having an atomic weight of at least 15 Daltons, wherein 
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2 
each of the phenylene groups depicted in Formula I 
preferably includes at least one R' group attached to the 
phenylene ring at an ortho or meta position relative to 
the oxygen atom; 

V is independently 0 to 4, more preferably 1 to 4, even 
more preferably 2 to 4; with the proviso that if v is 0. 
then n is 1 or the phenylene groups depicted in Formula 
I join to form a fused ring system; 

w is 4: 
R, if present, is preferably a divalent group; 
n is 0 or 1, with the proviso that if n is 0, the phenylene 

rings depicted in Formula I can optionally join to form 
a fused ring system with each other (e.g., a Substituted 
naphthalene group), in which case w is 3 (as opposed 
to 4) and V is 0 to 3 (as opposed to 0 to 4): 

t is 0 or 1: 
if v is 0, t is 1 then R is a polar linking group or a linking 

group having a molecular weight of at least 125 Dal 
tons; 

two or more R' or R groups can join to form one or more 
cyclic groups, and 

the polymerizable resin includes at least one and preferably 
two free-radically polymerizable groups, which are prefer 
ably end groups and wherein the composition is substan 
tially free of polyhydric phenols having estrogenic activity 
greater than or equal to that of bisphenol S. 
When t is 1, the segment of Formula I is a segment of the 

below Formula IA. 

(H)- (R2) (H)- Formula IA 

X^1'-1^ -O-H- | HO 44 2a 
(R'), (R'), 

When t is 0, the segment of Formula I is a segment of the 
below Formula IB: 

Formula IB 

The present invention provides, in another aspect, a 
method of making a dental material, comprising: 

mixing a filler or a polymerization initiator and a free 
radically polymerizable resin, the resin comprising 
segments shown in Formula I wherein H. R', R, V, w, 
in and t are as described for Formula I above. 

DEFINITIONS 

As used herein, “a,” “an,” “the.” “at least one,' and “one 
or more are used interchangeably. Thus, for example, a 
dental material that includes “a resin means that the dental 
material can include “one or more resins. 
The term “aryl group' (e.g., an arylene group) refers to a 

closed aromatic ring or ring system such as phenylene, 
naphthylene, biphenylene, fluorenylene, and indenyl, as well 
as heteroarylene groups (e.g., a closed aromatic or aromatic 
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like ring hydrocarbon or ring system in which one or more 
of the atoms in the ring is an element other than carbon (e.g., 
nitrogen, oxygen, Sulfur, and the like.). Suitable heteroaryl 
groups include furyl, thienyl, pyridyl, quinolinyl, isoquino 
linyl, indolyl, isoindolyl, triazolyl, pyrrolyl, tetrazolyl, imi 
dazolyl pyrazolyl, oxazolyl, thiazolyl, benzofuranyl, ben 
Zothiophenyl, carbazolyl, benzoxazolyl pyrimidinyl, 
benzimidazolyl, quinoxalinyl, benzothiazolyl, naphthyridi 
nyl, isoxazolyl, isothiazolyl, purinyl, quinazolinyl, pyrazi 
nyl, 1-oxidopyridyl, pyridazinyl, triazinyl, tetrazinyl, oxadi 
azolyl, thiadiazolyl, and so on. When Such groups are 
divalent, they are typically referred to as “arylene' or 
"heteroarylene' groups (e.g., furylene, pyridylene, and the 
like). 
The terms “comprises” and variations thereof do not have 

a limiting meaning where these terms appear in the descrip 
tion and claims. 

The term “crosslinker” refers to a molecule capable of 
forming a covalent linkage between polymers or between 
two different regions of the same polymer. 

The terms “dental composition' or “dental material are 
used interchangeably and include composites, sealers, 
cements, restoratives, bonding agents, luting agents, bases, 
liners and the like. A composite is a highly filled paste 
suitable for filling substantial voids in tooth structure. Dental 
cements are somewhat less highly filled and less viscous 
materials than composites, and typically act as a bonding 
agent for additional materials. Dental Sealants typically 
containing a polymerization initiator, resin, one or more 
pigments, and no or low filler content. 
The terms "estrogenic activity” or “estrogenic agonist” 

activity refer to the ability of a compound to mimic hor 
mone-like activity through interaction with an endogenous 
estrogen receptor, typically an endogenous human estrogen 
receptor. 

Organic groups in the disclosed resins may be unsubsti 
tuted or Substituted. As a means of simplifying the discus 
sion and recitation of certain terminology used throughout 
this application, the terms “group' and "moiety' are used to 
differentiate between chemical species that allow for sub 
stitution or that may be substituted and those that do not 
allow or may not be so substituted. Thus, when the term 
“group' is used to describe a chemical substituent, the 
described chemical material includes the unsubstituted 
group and that group with O. N. Si, or Satoms, for example, 
in the chain (as in an alkoxy group) as well as carbonyl 
groups or other conventional substitution. Where the term 
“moiety' is used to describe a chemical compound or 
Substituent, only an unsubstituted chemical material is 
intended to be included. For example, the phrase “alkyl 
group' is intended to include not only pure open chain 
saturated hydrocarbon alkyl Substituents. Such as methyl, 
ethyl, propyl, t-butyl, and the like, but also alkyl substituents 
bearing further Substituents known in the art. Such as 
hydroxy, alkoxy, alkylsulfonyl, halogen atoms, cyano, nitro, 
amino, carboxyl, and the like. Thus, “alkyl group' includes 
ether, haloalkyl, nitroalkyl, carboxyalkyl, hydroxyalkyl, Sul 
foalkyl, and like groups. On the other hand, the phrase “alkyl 
moiety' is limited to the inclusion of only pure open chain 
saturated hydrocarbon alkyl Substituents. Such as methyl, 
ethyl, propyl, t-butyl, and the like. As used herein, the term 
“group' is intended to be a recitation of both the particular 
moiety, as well as a recitation of the broader class of 
substituted and unsubstituted structures that includes the 
moiety. A group that may be the same or different is referred 
to as being “independently something. 
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4 
The term “(meth)acrylic acid' includes either or both of 

acrylic acid and methacrylic acid, and the term "(meth) 
acrylate” includes either or both of an acrylate and a 
methacrylate. 
The term “mobile' when used with respect to a compound 

means that the compound can be extracted from a cured 
composition when the cured composition is exposed to a test 
medium for some defined set of conditions, depending on 
the end use. An example of these testing conditions is 
exposure of a cured dental material to HPLC-grade acetoni 
trile for 24 hours at 25° C. 
As used herein, the term “organic group” means a hydro 

carbon group (with optional elements other than carbon and 
hydrogen, such as oxygen, nitrogen, Sulfur, and silicon) that 
is classified as an aliphatic group, a cyclic group, or com 
bination of aliphatic and cyclic groups (e.g., alkaryl and 
aralkyl groups). The term "cyclic group” means a closed 
ring hydrocarbon group that is classified as an alicyclic 
group or an aromatic group, both of which can include 
heteroatoms. The term “alicyclic group” means a cyclic 
hydrocarbon group having properties resembling those of 
aliphatic groups. 
The term "phenylene' as used herein refers to a six 

carbon atom aryl ring (e.g., as in a benzene group) that can 
have any Substituent groups (including, e.g., hydrogen 
atoms, halogens, hydrocarbon groups, oxygen atoms, 
hydroxyl groups, and the like). Thus, for example, the 
following aryl groups are each phenylene rings: —CH . 
—CH (CH)—, and —CH(CH) Cl-. In addition, for 
example, each of the aryl rings of a naphthalene group are 
phenylene rings. 
The term “polyhydric phenol” as used herein refers 

broadly to any compound having one or more aryl or 
heteroaryl groups (more typically one or more phenylene 
groups) and at least two hydroxyl groups attached to a same 
or different aryl or heteroaryl ring. Thus, for example, both 
hydroquinone and 4,4'-biphenol are considered to be poly 
hydric phenols. As used herein, polyhydric phenols typically 
have six carbon atoms in an aryl ring, although it is 
contemplated that aryl or heteroaryl groups having rings of 
other sizes may be used. 
The terms “preferred” and “preferably” refer to embodi 

ments of the invention that may afford certain benefits, under 
certain circumstances. However, other embodiments may 
also be preferred, under the same or other circumstances. 
Furthermore, the recitation of one or more preferred embodi 
ments does not imply that other embodiments are not useful, 
and is not intended to exclude other embodiments from the 
Scope of the invention. 
The term “substantially free” when used with respect to a 

dental material that may contain a particular mobile com 
pound means that the recited free radically polymerizable 
resin or cured polymer thereof contains less than 1,000 parts 
per million (ppm) of the recited mobile compound. The term 
“essentially free” when used with respect to a dental mate 
rial that may contain a particular mobile compound means 
that the recited free radically polymerizable resin or cured 
polymer thereof contains less than 100 parts per million 
(ppm) of the recited mobile compound. The term “essen 
tially completely free” when used with respect to a dental 
material that may contain a particular mobile compound 
means that the recited free radically polymerizable resin or 
cured polymer thereof contains less than 5 parts per million 
(ppm) of the recited mobile compound. The term “com 
pletely free” when used with respect to a dental material that 
may contain a particular compound means that the recited 
free radically polymerizable resin or cured polymer thereof 
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contains less than 20 parts per billion (ppb) of the recited 
mobile compound. If the aforementioned phrases are used 
without the term “mobile” (e.g., “substantially free of BPA') 
then the recited dental material or composition contains less 
than the aforementioned amount of the compound whether 
the compound is mobile in the composition or bound to a 
constituent of the composition. 

Also herein, the recitations of numerical ranges by end 
points include all numbers subsumed within that range (e.g., 
1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, and the like). 
Furthermore, disclosure of a range includes disclosure of all 
Subranges included within the broader range (e.g., 1 to 5 
discloses 1 to 4, 1.5 to 4.5, 4 to 5, and the like). 

DETAILED DESCRIPTION 

The disclosed dental materials include a filler or a polym 
erization initiator or both, and a free-radically polymerizable 
resin. Exemplary fillers may be selected from a variety of 
materials Suitable for incorporation in compositions used for 
dental applications. The filler is finely divided and prefer 
ably has a maximum particle diameter less than about 50 
micrometers and an average particle diameter less than 
about 10 micrometers as measured using, for example, a 
sedimentation analyzer. The filler can have a unimodal or 
polymodal (e.g., bimodal) particle size distribution. The 
filler can be an inorganic material. It can also be a cross 
linked organic material that is insoluble in the polymerizable 
resin, and is optionally filled with inorganic filler. The filler 
should preferably be non-toxic and suitable for use in the 
mouth. The filler can be radiopaque, radiolucent or non 
radiopaque. 

Optionally, the surface of the filler particles may be 
treated with a surface treatment. Such as a silane coupling 
agent, in order to enhance the bond between the filler and the 
polymerizable resin. The coupling agent may be function 
alized with reactive curing groups, such as acrylates, meth 
acrylates, and the like. 

Examples of Suitable inorganic fillers are naturally-occur 
ring or synthetic materials such as quartz, nitrides (e.g., 
silicon nitride), glasses (including borosilicate glasses, Zinc 
glasses, and glasses derived from, for example, Ce, Sb, Sn, 
Zr, Sr, Ba or Al), feldspar, kaolin, talc, titania, and Zirconia 
silica fillers; low Mohs hardness fillers such as those 
described in U.S. Pat. No. 4,695.251; and submicron silica 
particles (e.g., colloidal silica, and pyrogenic silicas Such as 
the “AEROSIL Series “OX 50”, “130”, “150' and “200 
silicas sold by Degussa and "CAB-O-SIL M5” silica sold by 
Cabot Corp.). Examples of suitable organic filler particles 
include filled or unfilled pulverized polycarbonates, polyep 
oxides, and the like. Preferred filler particles are quartz, 
Submicron silica, and non-vitreous microparticles of the type 
described in U.S. Pat. No. 4,503,169. Mixtures of these 
fillers are also contemplated, as well as combination fillers 
made from organic and inorganic materials. Fluoroalumino 
silicate glass fillers, either untreated or silanol treated, may 
also be used. These glasses have the added benefit of 
releasing fluoride at the site of dental work when placed in 
the oral environment. 

Typically, filler particles may be present in filler-contain 
ing dental materials in amounts from about 10 weight 
percent to about 90 weight percent, about 20 weight percent 
to about 80 weight percent or from about 30 weight percent 
to about 70 weight percent, based on the total dental material 
weight. 

The disclosed dental materials may be hardened or cured 
by any appropriate system for curing free-radically polym 
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6 
erizable materials. Preferred such systems include photoini 
tiator Systems and redox cure systems. Redox cure systems 
are sometimes called "chemical cure systems because 
curing may occur without exposure to light or heat. 
The photoinitiator preferably should be capable of pro 

moting free-radical crosslinking of an ethylenically unsatu 
rated moiety on exposure to light of a Suitable wavelength 
and intensity. Visible light photoinitiators are preferred. The 
photoinitiator preferably is soluble in the resin. The pho 
toinitiator may, for example, be used alone in a one-part 
paste, light-cure composition, or in combination with a 
peroxide-containing paste in a two-part, paste-paste chemi 
cally cured system having two modes of cure (a photoini 
tated cure and a “dark' chemically initiated cure). In other 
embodiments, photoinitiator need not be employed, and the 
dental material could be provided as, for example, a chemi 
cally cured two-part system. 

Preferred visible light-induced photoinitiators include 
camphorquinone (which typically is used together with a 
Suitable hydrogen donor Such as an amine), diaryliodonium 
simple or metal complex salts, chromophore-substituted 
halomethyl-s-triazines and halomethyl oxadiazoles. Particu 
larly preferred visible light-induced photoinitiators include 
combinations of an alpha-diketone (e.g., camphorquinone), 
a diaryliodonium salt, (e.g., diphenyliodonium chloride, 
bromide, iodide or hexafluorophosphate), and a hydrogen 
donor (e.g., an amine or amine alcohol). 

Preferred ultraviolet light-induced polymerization initia 
tors include ketones such as benzyl and benzoin, and acy 
loins and acyloin ethers. Preferred commercially available 
ultraviolet light-induced polymerization initiators include 
2,2-dimethoxy-2-phenylacetophenone (“IRGACURE 651) 
and benzoin methyl ether (2-methoxy-2-phenylacetophe 
none), both from Ciba-Geigy Corp. 
The photoinitiator should be present in an amount suffi 

cient to provide the desired rate of photopolymerization. 
This amount will be dependent in part on the light source, 
the thickness of the layer to be exposed to radiant energy, the 
filler amount, if any, in the dental material and the photoini 
tiator extinction coefficient. Typically, the photoinitiator will 
be present at a total weight of about 0.01 weight percent to 
about 5 weight percent, more preferably from about 0.03 
weight percent to about 0.1 weight percent, based on the 
total dental material weight. 

Dental polymerizable resins have traditionally contained 
BPA derivatives, derived from monomers such as 2.2-bis(4- 
(2-hydroxy-3-methacryloyloxy-propoxy)phenylpropane 
(Bis-GMA): 2.2-bis(4-methacryloyloxy-phenyl)propane 
(Bis-DMA); 2.2-bis(4-(2-methacryloyloxy-ethoxy)phenyl 
propane (EBPADMA); and 2.2-bis(4-glycidyl-phenylpro 
pane (BADGE), and include those shown in U.S. Pat. No. 
3,066,112 (Bowen) and in U.S. Patent Application Publica 
tion Nos. US 2006/000954.0 A1 (Jia et al.) and US 2011/ 
0144230 A1 (Koltisko et al.). These resins when cured in 
formulated dental products desirably have properties includ 
ing good durability, good chemical resistance and realistic 
optical properties. 
The disclosed dental materials provide effective substi 

tutes for BPA-derived dental materials. The disclosed free 
radically polymerizable resins may be made by replacing 
BPA or BPA-derived monomers as used in conventional 
dental resins with the polyhydric phenols and polyhydric 
phenol-derived monomers discussed herein. The resins may 
be present in the disclosed dental materials in amounts from 
about 5 weight percent to about 95 weight percent, from 
about 5 weight percent to about 70 weight percent or from 
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about 5 weight percent to about 60 weight percent, based on 
the total dental material weight. 

The disclosed free-radically polymerizable resins prefer 
ably do not include any structural units derived from or 
derivable from the polyhydric phenols bisphenol A ("BPA"), 
bisphenol F (“BPF) or bisphenol S (“BPS''), and preferably 
do not include any structural units derived from or derivable 
from a reaction of such polyhydric phenols with a diepoxide 
(e.g., structural units derived from BADGE). More prefer 
ably, the resin does not include any structural units derived 
from or derivable from a polyhydric phenol having estro 
genic agonist activity greater than or equal to that of BPS. 
Even more preferably, the resin does not include (e.g., is 
substantially free or completely free of) any structural units 
derived from or derivable from a polyhydric phenol having 
estrogenic agonist activity greater than 4,4'-(propane-2.2- 
diyl)bis(2,6-dibromophenol). Optimally, the resin does not 
include any structural units derived from or derivable from 
a polyhydric phenol, having estrogenic agonist activity 
greater than 2.2-bis(4-hydroxyphenyl)propanoic acid). 

While not intending to be bound by theory, it is believed 
that a polyhydric phenol is less likely to exhibit any appre 
ciable estrogenic agonist activity if the compound's chemi 
cal structure is sufficiently different from compounds having 
estrogenic activity such as diethylstilbestrol. The structures 
of preferred polyhydric phenol compounds, as will be dis 
cussed herein, are sufficiently different such that the com 
pounds do not bind and activate a human receptor. These 
preferred compounds are, in some instances, at least about 6 
or more orders of magnitude less active than diethylstilbe 
strol (e.g., when assessing estrogenic agonist effect using an 
in vitro assay such as the MCF-7 cell proliferation assay 
discussed later herein). Without being bound by theory, it is 
believed that such desirable structural dissimilarity can be 
introduced via one or more structural features, including any 
suitable combination thereof. For example, it is believed that 
one or more of the following structural characteristics can be 
used to achieve Such structural dissimilarity: 

steric hinderance (e.g., relative to one or more hydroxyl 
phenols), 

molecular weight that is arranged in three-dimensional 
space Such that: (i) the compound does not fit, or does 
not readily fit, in the active site of a human estrogen 
receptor or (ii) the structural configuration interferes 
with activation of the human estrogen receptor once 
inside the active site, and 

the presence of polar groups. 
In one embodiment, the free radically polymerizable resin 

includes one or more segments of Formula I above: 

(H)w- (R2) (H)w- 

- O r N O '4 2a 
(R'), 

Formula I 

(R'), 

When t is 1, the segment of Formula I is a segment of the 
below Formula IA: 
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Formula IA 
(H)w- 

As 
-- 21 

(R'), 

sa!" 
Go eX 
(R'), 

(R), 

When t is 0, the segment of Formula I is a segment of the 
below Formula IB: 

Formula IB 

As depicted in the above Formula I, the segment includes 
at least two phenylene groups when t is 1 (illustrated in 
Formula IA), and includes at least one phenylene group 
when t is 0 (illustrated in Formula IB). The segments of each 
of Formulas IA and IB may optionally include one or more 
additional phenylene or other aryl or heteroaryl groups in 
addition to those depicted. Although aryl groups having a 
six-carbon aromatic ring are presently preferred, it is con 
templated that any other Suitable aryl or heteroaryl groups 
may be used in place of the phenylene groups depicted in 
Formula I, with appropriate adjustment in the allowable 
values for w and V. As depicted in the above Formula I, the 
substituent groups (e.g., -O-, H. R', and R) of each 
phenylene group can be located at any position on the 
phenylene ring relative to one another, although in certain 
preferred embodiments at least one R' is positioned on the 
ring immediately adjacent to the oxygen atom. In other 
embodiments in which other aryl or heteroarylene group(s) 
are used in place of the depicted phenylene group(s) in 
Formula I, it is contemplated that the same would hold true 
for the substituent groups of such other aryl or heteroarylene 
group(s). 

In preferred embodiments, R' is preferably located at an 
ortho position on the ring relative to the oxygen atom. In 
some embodiments, an R' is located at each ortho position 
on the ring relative to the oxygen atom. While not intending 
to be bound by theory, it is believed that the positioning of 
one or more R' groups at an ortho position relative to the 
oxygen atom depicted in Formula I may be beneficial in 
reducing or eliminating estrogenic agonist activity. The 
benefits of R' with regards to an absence of appreciable 
estrogenic activity with respect to when these components 
are mobile are discussed in greater detail below. 

In another embodiment, the one or more hydroxyl groups 
present on each aryl ring of a polyhydric phenol compound 
(for example, the phenol hydroxyl groups of a bisphenol 
made by protonating the oxygen atoms shown in Formula I) 
are sterically hindered by one or more other substituents of 
the aryl ring, as compared to a similar polyhydric phenol 
compound having hydrogen atoms present at each ortho or 
meta position. It is believed that it may be preferable to have 
Substituent groups positioned at each ortho position relative 
to the aforementioned hydroxyl groups to provide optimal 
steric effect. It is believed that the steric hindrance can 
prevent or limit the ability of a polyhydric phenol compound 
to act as an agonist for a human estrogen receptor. 
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Preferred R' groups are sufficiently “bulky” to provide a 
suitable level of steric hindrance for the aforementioned 
hydroxyl groups to achieve the desired effect. To avoid any 
ambiguity, the term “group” when used in the context of R' 
groups refers to both single atoms (e.g., a halogen atom) or 
molecules (e.g., two or more atoms). The optimal chemical 
constituents, size, or configuration (e.g., linear, branched, 
etc.) of the one or more R' groups may depend on a variety 
of factors, including, for example, the location of the R' 
group on the aryl group. 

Certain preferred segments of Formula I include up to 
four R' groups having an atomic weight of at least 15 
Daltons. In some embodiments, the segments of Formula I 
include up to four R' groups having an atomic weight of at 
least 25, at least 40, or at least 50 Daltons. While the 
maximum suitable size of R is not particularly limited, 
typically it will be less than 500 Daltons, more typically less 
than 100 Daltons, and even more typically less than 60 
Daltons. Non-limiting examples of R' groups include groups 
having at least one carbon atom (e.g., organic groups). 
halogen atoms, Sulfur-containing groups. 

In presently preferred embodiments, the R' groups of 
each phenylene group, if present, preferably include at least 
one carbon atom, more preferably 1 to 10 carbon atoms, and 
even more preferably 1 to 4 carbon atoms. R' will typically 
be a saturated or unsaturated hydrocarbon group, more 
typically Saturated, that may optionally include one or more 
heteroatoms other than carbon or hydrogen atoms (e.g., N. 
O, S, Si, a halogen atom, etc.). Examples of Suitable hydro 
carbon groups may include Substituted or unsubstituted 
alkyl groups (e.g., methyl, ethyl, propyl, butyl, etc., includ 
ing isomers thereof), alkenyl groups, alkynyl groups, alicy 
clic groups, aryl groups, or combinations thereof. 

In certain preferred embodiments, each phenylene group 
depicted in Formula I includes at least one alkyl R' group. 
As discussed above, any Suitable isomer may be used. Thus, 
for example, a linear butyl group may be used or a branched 
isomer Such as an isobutyl group or a tert-butyl group. In one 
embodiment, a tert-butyl group (and more preferably a 
tert-butyl moiety) is a preferred R' group. 
As previously mentioned, it is contemplated that R' may 

include one or more cyclic groups. In addition, R' may form 
a cyclic or polycyclic group with one or more other R' 
groups or R. 

In Some embodiments, one or both phenylene groups 
depicted in Formula I include an R' group that is a halogen 
atom located ortho to the oxygen, more preferably a higher 
molecular weight halogen Such as bromine or iodine. How 
ever, in preferred embodiments, the segment of Formula I 
does not include any halogen atoms. 

In some embodiments, a suitable R' group is selected and 
positioned at the ortho position such that a width “f 
measured perpendicular from a centerline of the phenylene 
group (or other suitable aryl group) to the maximal outside 
extent of the van der Waals volume of R' (corresponding to 
the radius of the van der Waals radius of R') is greater than 
about 4.5 Angstroms. This width measurement may be 
determined via theoretical calculation using Suitable 
molecular modeling software and is illustrated below. 
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10 
As illustrated above, the centerline for the depicted phe 

nylene group includes the carbon atom to which the phenol 
hydroxyl group attaches and the para carbon atom. For 
example, While not intending to be bound by theory, it is 
believed that it is generally desirable that f be greater than 
about 4.5 Angstroms if R is a -C(CH4)2- group. In some 
embodiments, R' may be selected and positioned at an ortho 
position Such that f is less than about 4.5 Angstroms. For 
example, if R is a methylene bridge (-CH2-), in some 
embodiments R' can be selected and positioned such that f 
is less than about 4.5 Angstroms, which is believed to be the 
case for certain preferred segments of Formula I derived 
from, e.g., 4,4'-methylenebis(2,6-dimethylphenol). 
R’ is present or absent in the segment of Formula IA 

depending on whether n is 0 or 1. When R is absent in the 
segment of Formula IA, either (i) a carbon atom of one 
phenylene ring is covalently attached to a carbon atom of the 
other phenylene ring (which occurs when w is 4) or (ii) the 
phenylene groups depicted in Formula IA join to form a 
fused ring system (which occurs when w is 3 and the two 
phenylene groups are so fused). In some embodiments, R 
(or the ring-ring covalent linkage if R is absent) is prefer 
ably attached to at least one, and more preferably both, 
phenylene rings at a para position (e.g., a 1,4-position) 
relative to the oxygen atom depicted in Formula IA. An 
embodiment of the segment of Formula IA, in which n is 0. 
w is 3, and V is independently 0 to 3 such that the two 
phenylene groups have joined to form a naphthalene group, 
is depicted below: 

(R'), (R'), 

- HO 

R can be any suitable divalent group including, for 
example, carbon-containing groups (which may optionally 
include heteroatoms such as, e.g., N, O, P, S, Si, a halogen 
atom, etc.), Sulfur-containing groups (including, e.g., a Sul 
fur atom, a sulfinyl group —S(O)—, a Sulfonyl group 
—S(O)—, etc.), oxygen-containing groups (including, e.g., 
an oxygen atom, a ketone group, etc.), nitrogen-containing 
groups, or a combination thereof. In embodiments in which 
v in Formula(I) is zero, R preferably is a polar linking group 
or a linking group having a molecular weight of at least 125 
Daltons. 

In preferred embodiments of the segment of Formula IA, 
R is present and is typically an organic group containing 
less than about 15 carbon atoms, and even more typically 1 
or 4-15 carbon atoms. In some embodiments, R includes 8 
or more carbon atoms. R will typically be a saturated or 
unsaturated hydrocarbon group, more typically a saturated 
divalent alkyl group, and most preferably an alkyl group that 
does not constrain the movement of the connected phe 
nylene groups in an orientation similar to that of diethyl 
stilbestrol or dienestrol. In some embodiments, R may 
include one or more cyclic groups, which may be aromatic 
or alicyclic and can optionally include heteroatoms. The one 
or more optional cyclic groups of R can be present, for 
example, (i) in a chain connecting the two phenylene groups 
depicted in Formula IA, (ii) in a pendant group attached to 
a chain connecting the two phenylene groups, or both (i) and 
(ii). 
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The atomic weight of the R group, if present, may be any 
suitable atomic weight. Typically, however, R has an atomic 
weight of less than about 500 Daltons, less than about 400 
Daltons, less than 300 Daltons, or less than 250 Daltons. 

In some embodiments, R includes a carbon atom that is 
attached to a carbon atom of each of the phenylene groups 
depicted in Formula I. For example, Rican have a structure 
of the formula - C(R)(R) , wherein R7 and Rare each 
independently a hydrogen atom, a halogen atom, an organic 
group, a Sulfur-containing group or a nitrogen-containing 
group, and wherein R and R can optionally join to form a 
cyclic group. In some embodiments, at least one of R7 and 
R is a hydrogen atom, and more preferably both. In one 
preferred embodiment, R is a divalent methylene group 
(—CH2—). While not intending to be bound by theory, it is 
believed that it may be generally desirable to avoid using an 
R’ group wherein each of R and R are methyl ( CH) 
groups. It may also be generally desirable to avoid using an 
R° group in which R7 and R join to form a monocyclic 
cyclohexyl group. 

It is also thought to be generally desirable to avoid using 
either of the following “constrained unsaturated structures 
(i) or (ii) as R: (i) = C(R)=C(R)- or (ii) C(=C(R') 
—C(=C(R'),)—, whereiny is 1 or 2 and each of R or Rf 
is independently a hydrogen atom, a halogen atom, an 
organic group, or a monovalent group. For example, the 
following unsaturated structures (i) and (ii) are preferably 
avoided: (i) —C(CHCH)=C(CHCH)— and (ii) 
—C(=CHCH) C(=CHCH)–. 

While not intending to be bound by theory it is believed 
that a suitably low atomic weight R group such as, e.g., 
—CH2— (14 Daltons), can help avoid estrogenic activity. In 
some embodiments where R is a C(R)(R)—group, it 
may be desirable that R have an atomic weight of less than 
42 Daltons or less than 28 Daltons. It is also believed that a 
suitably high atomic weight R can also help interfere with 
the ability of a polyhydric phenol to function as an agonist 
for a human estrogen receptor. In some embodiments where 
R’ is a C(R)(R)—group, it may be desirable that R 
have an atomic weight that is greater than about 125, 150, 
175, or 200 Daltons. By way of example, a diphenol 
compound has been determined to be appreciably non 
estrogenic that: (a) is not “hindered’ (the phenol hydroxyl 
groups are not surrounded by ortho hydrogens) and (b) has 
an R group in the form of C(R)(R)—having an atomic 
weight greater than 200 Daltons. 

While not intending to be bound by theory, preferred R' 
groups include divalent groups that promote that the orien 
tation of a polyhydric phenol compound in a three-dimen 
sional configuration that is sufficiently different from 17B 
estradiolor other compounds (e.g., diethylstilbestrol) having 
estrogenic activity. For example, while not intending to be 
bound by theory, it is believed that the presence of R as an 
unsubstituted methylene bridge (—CH2—) can contribute to 
the reduction or elimination of estrogenic activity. It is also 
contemplated that a singly substituted methylene bridge 
having one hydrogen attached to the central carbon atom of 
the methylene bridge ( C(R)(H)—, see, e.g. the R group 
of 4.4Butylidenebis(2-t-butyl-5-methylphenol)) may also 
contribute such a beneficial effect, albeit perhaps to a lesser 
eXtent. 

In some embodiments, R is of the formula –C(R) 
(R)— wherein R7 and R form a ring together that includes 
one or more heteroatoms. In one such embodiment, the ring 
formed by RandR further includes one or more additional 
cyclic groups such as, e.g., one or more aryl cyclic groups 
(e.g., two phenylene rings). 
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12 
In one embodiment, R is of the formula—C(R)(R)— 

wherein at least one of 

R" and R form a ring with an R' of the depicted phe 
nylene group. In one such embodiment, each of R7 and R' 
forms such a ring with a different depicted phenylene group. 
The oxygen atom of a phenylene ring depicted in Formula 

I can be positioned on the ring at any position relative to R 
(or relative to the other phenylene ring if R is absent). In 
Some embodiments, the oxygen atom (which is preferably 
an ether oxygen) and R are located at para positions relative 
to one another. In other embodiments, the oxygen atom and 
R may be located ortho or meta to one another. 

In some embodiments, the Substituted phenylene groups 
of Formula IA are symmetric relative to one another. Stated 
otherwise, the substituted phenylene groups are preferably 
formed from the same phenol compound, thereby resulting 
in the same Substituent groups on each ring located at the 
same ring positions. An example of a compound having 
symmetric phenylene groups is provided below. 

HO OH 

An example of a compound having phenylene groups that 
are not symmetric is provided below, in which a methyl 
group is at a meta position on one ring and at an ortho 
position on the other. 

HO 

Shown below in Formula II is a polyhydric phenol 
compound that does not exhibit appreciable estrogenic activ 
ity. R', R, n, t, V, and w are as described in Formula I: 

Formula II 

(H)w- 

As 
t 2 

(R'), 

(R), 

When t is 1, the compound of Formula II is of the below 
Formula IIA: 
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(H) Formula IIA 

w- (R) (H)w- 

As Sé 
Hot - HOH A4 2 

(R'), (R), 

When t is 0, the compound of Formula II is of the below 
Formula IIB: 

Formula IIB 
(H)w- 

As 
Aue 

(R'), 

Preferred appreciably non-estrogenic compounds exhibit 
a degree of estrogen agonist activity, in a competent in vitro 
human estrogen receptor assay, that is preferably less than 
that exhibited by 4,4'-(propane-2,2-diyl)diphenol in the 
assay, even more preferably less than that exhibited by 
bisphenol S in the assay, even more preferably less than that 
exhibited by 4,4'-(propane-2,2-diyl)bis(2,6-dibromophenol) 
in the assay, and optimally less than about that exhibited by 
2.2-bis(4-hydroxyphenyl)propanoic acid in the assay. It has 
been found that compounds such as 4,4'-methylenebis(2,6- 
di-t-butylphenol), 2,2'-methylenebis(4-methyl-6-t-butylphe 
nol), 4,4'-methylenebis(2,6-dimethylphenol), 4.4"butyliden 
ebis(2-t-butyl-5-methylphenol), and 2,5-di-t- 
butylhydroquinone do not exhibit appreciable estrogenic 
activity in a Suitable in vitro assay whose results are known 
to be directly correlated to the results of the MCF-7 cell 
proliferation assay ("MCF-7 assay’) through analysis of 
common reference compounds. 
The MCF-7 assay is a useful test for assessing whether a 

polyhydric phenol compound is appreciably non-estrogenic. 
The MCF-7 assay uses MCF-7, clone WS8, cells to measure 
whether and to what extent a substance induces cell prolif 
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14 
eration via estrogen receptor (ER)-mediated pathways. The 
method is described in “Test Method Nomination: MCF-7 
Cell Proliferation Assay of Estrogenic Activity” submitted 
for validation by CertiChem, Inc. to the National Toxicology 
Program Interagency Center for the Evaluation of Alterna 
tive Toxicological Methods (NICEATM) on Jan. 19, 2006 
(available online at iccvam.niehs.nih gov/methods/endo 
crine/endodocs/SubmDoc.pdf). 
A brief summary of the method of the aforementioned 

MCF-7 assay is provided below. MCF-7, clone WS8, cells 
are maintained at 37° C. in RMPI (or Roswell Park Memo 
rial Institute medium) containing Phenol Red (e.g., GIBCO 
Catalog Number 11875119) and supplemented with the 
indicated additives for routine culture. An aliquot of cells 
maintained at 37° C. are grown for two days in phenol-free 
media containing 5% charcoal stripped fetal bovine serum in 
a 25 cm tissue culture flask. Using a robotic dispenser such 
as an EPMOTIONTM 5070 unit from Eppendorf AG, MCF-7 
cells are seeded at 400 cells per well in 0.2 ml of hormone 
free culture medium in Corning 96-well plates. The cells are 
adapted for 3 days in the hormone-free culture medium prior 
to adding the chemical to be assayed for estrogenic activity. 
The media containing the test chemical is replaced daily for 
6 days. At the end of a 7 day exposure to the test chemical, 
the media is removed, the wells are washed once with 0.2 ml 
of HBSS (Hanks’ Balanced Salt Solution), and then assayed 
to quantify amounts of DNA per well using a micro-plate 
modification of the Burton diphenylamine (DPA) assay, 
which is used to calculate the level of cell proliferation. 

Examples of appreciably non-estrogenic polyhydric phe 
nols include polyhydric phenols that when tested using the 
MCF-7 assay, exhibit a Relative Proliferative Effect 
(“RPE) having a logarithmic value (with base 10) of less 
than about -2.0, more preferably an RPE of 3 or less, and 
even more preferably an RPE of -4 or less. RPE is the ratio 
between the EC50 of the test chemical and the EC50 of the 
control substance 17-beta estradiol times 100, where EC50 
is “effective concentration 50% or half-maximum stimula 
tion concentration for cell proliferation measured as total 
DNA in the MCF-7 assay. 

Table 1 shown below includes exemplary preferred poly 
hydric phenol compounds of Formula II and their expected 
or measured logarithmic RPE values in the MCF-7 assay. 

TABLE 1. 

Reference 
Polyhydric Compound of Formula II Structure Compound Log RPE 

17B-estradiol 2.OO 
diethylstilbestrol about 2 
dienestrol about 2 
Genistein -2 
Bisphenol S -2 
Bisphenol F -2 

4,4'-isopropylidenebis(2,6- 1 -2 
dimethylphenol) 
44'-(propane-2,2-diyl)bis (2,6- 16 -3 
dibromophenol) 
4,4'-(ethane-1,2-diyl)bis(2,6- 2 -3 
dimethylphenol) 
44'4"-(ethane-1,1,1-triyl)triphenol 3 -3 
4,4'-(1-phenylethane-1,1-diyl)diphenol 4 -3 
2,2-bis(4-hydroxyphenyl)propanoic acid 5 less than -4 
4,4'-methylenebis(2,6-dimethylphenol) 6 less than -4 
4,4'-butylidenebis(2-t-butyl-5- 7 less than -4 
methylphenol) 
4,4'-methylenebis(2,6-di-t-butylphenol) 8 less than -4 
2,2'-methylenebis(4-methyl-6-t- 9 less than -4 
butylphenol 
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TABLE 1-continued 

Polyhydric Compound of Formula II 

44'-(1,4-phenylenebis(propane-2,2- 
diyl))diphenol 
2,2'methylenebis(phenol) 
2,5-di-t-butylhydroquinone 
2,2'-Methylenebis(6-(1- 
methylcyclohexyl)-4-methylphenol 
2,2'-Methylenebis(6-t-butyl-4- 
methylphenol) 
2,2'Methylenebis(4-ethyl-6-t- 
butylphenol) 

Structures 1 through 16 as 
shown below: 

Reference 
Structure Compound 

10 

11 
12 
13 

14 

15 

identified in Table 1 are also 

s r 
HO 

OH 

HO OH 

OH 

HO O 

HO OH 

HO OH 

16 

Log RPE 

less than -4 

less than -4 
less than -4 
less than -4 

less than -4 

less than -4 
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OH 

10 

11 

12 
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-continued 
13 

OH HO 

14 
OH OH 

15 
OH OH 

16 

Br Br 

HO OH 

Br Br 

Compounds having no appreciable estrogenic activity 
may be beneficial in the event that any unreacted, residual 
compound may be present in the cured dental material. 
While the balance of scientific data does not indicate that the 
presence in a resin of very Small amounts of residual 
compounds having estrogenic activity (e.g. as measured in 
an in vitro recombinant cell assay) pose a human health 
concern, the use of compounds having no appreciable estro 
genic activity in Such an assay may nonetheless be desirable 
from a public perception standpoint. Thus, in preferred 
embodiments, the disclosed resin is preferably formed using 
polyhydric phenol compounds of Formula II or compounds 
containing segments of Formula I that do not exhibit appre 
ciable estrogenic activity in the MCF-7 test. 

While not intending to be bound by theory, as previously 
discussed, it is believed that the presence of substituent 
groups (e.g., a group other than a hydrogen atom) at one or 
more of the ortho or meta positions of each phenylene ring 
of the Formula II compound, relative to the phenol hydroxyl 
group of each ring, can reduce or effectively eliminate any 
estrogenic activity. It is believed that the inhibition/elimi 
nation of estrogenic activity may be attributable to one or 
more of the following: (a) steric hindrance of the phenol 
hydroxyl group (which may cause the overall polyhydric 
phenol structure to be sufficiently different from estrogeni 
cally active compounds such as diethylstilbestrol), (b) the 
compound having an increased molecular weight due to the 
presence of the one or more Substituent groups, (c) the 
presence of polar groups or (d) the presence of ortho 
hydroxyl groups relative to R. Substitution at one or both 
of the ortho positions of each phenylene ring is presently 
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18 
preferred for certain embodiments as it is believed that ortho 
Substitution can provide the greatest steric hindrance for the 
hydroxyl group. 
As previously discussed, structural features other than the 

presence of suitable R' groups (e.g., features such as (b), (c), 
and (d) of the preceding paragraph) are believed to inhibit/ 
eliminate estrogenic activity, even in the absence of any R' 
groups. 

It is believed that molecular weight may be a structural 
characteristic pertinent to whether a polyhydric phenol is 
appreciably non-estrogenic. For example, while not intend 
ing to be bound by theory, it is believed that if a sufficient 
amount of relatively "densely” packed molecular weight is 
present in a polyhydric phenol, it can prevent the compound 
from being able to fit into the active site of an estrogen 
receptor (irrespective of whether the polyhydric phenol 
includes any ortho or meta R' groups). 
The presence of one or more polar groups on the poly 

hydric phenol compounds of Formula II may be beneficial in 
making certain embodiments of the disclosed resins, par 
ticularly certain embodiments of Formula IIA. The polar 
groups may be located at any Suitable location of the 
compounds of Formula II, including in R'— or R. Suitable 
polar groups may include ketone, carboxyl, carbonate, 
hydroxyl, phosphate, Sulfoxide, and the like, any other polar 
groups disclosed herein, and combinations thereof. 
The below compounds of Formula II may also be used to 

make certain embodiments of the disclosed resins if desired. 

- - - 
ce 

HO 

CO 
The below compounds are not presently preferred, but 

may be used to make certain embodiments, if desired. 

HO OH 

OH 

OH 

OH 

OH 



US 9,724,276 B2 
19 

-continued 

HO OH co 
HO OH co 

Additional polyhydric phenol compounds that may have 
utility in making the free radically polymerizable resin are 
provided below. While the diphenol structures listed below 
are not “hindered in the sense of having bulky substituent 
groups at one or more ortho or meta positions of the 
phenylene ring(s), it is contemplated that each of the below 
polyhydric phenol structures may be used in place of, or in 
addition to, the compounds of Formula II. Such compounds 
are believed to be appreciably non-estrogenic for one or 
more of the reasons previously described herein. 

HO 

Col. 
N 

| 

HO OH 

O 

O 
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20 
-continued 

HO OH 

OOl 

OO 
Segments of Formula I and compounds of Formula II 

wherein each of the depicted phenylene groups include one 
or two ortho R' groups (relative to the depicted oxygen 
atom) are presently preferred for making the disclosed 
resins. To further illustrate such structures, Table 2 shown 
below exemplifies some non-limiting combinations of one 
or more ortho R' and R, if present, for a given phenylene 
group. Table 2 is non-limiting with respect to the ring 
position of R (e.g., ortho, meta, para), although typically 
R, if present, will be located at a para position relative to the 
oxygen atom. The columns labeled “Ortho Position A' and 
“Ortho Position B” indicate the R' group present at each 
ortho position of the phenylene group (assuming R is not 
located at an ortho position). Positions “A” or “B” can be 
either ortho position relative to the depicted oxygen atom. If 
R is located at an ortho position of the phenylene group, 
then the group listed in the “Ortho Position B column is not 
present. Typically, though not required, the phenylene 
groups in a given segment of Formula I or compound of 
Formula II will be “symmetric' relative to the second 
phenylene group Such that the same ortho group (as delin 
eated in the ortho position column “A” or “B”) is located on 
each ring at the same ortho position. 

Table 2 is also intended as a listing of independent 
examples of R' or R, as well as examples of combinations 
of R' and R (regardless of whether R' is ortho or meta 
relative to the oxygen atom, whether other R' are present in 
a particular phenylene group, or whether the one or more R' 
are the same for both of the phenylene groups). 

HO 

HO OH 

TABLE 2 

Ortho Position “A Ortho Position 'B' R2 

Butyl Hydrogen 2-Butylidene 
Butyl Methyl 2-Butylidene 
Butyl Ethyl 2-Butylidene 
Butyl Propyl 2-Butylidene 
Butyl isopropyl 2-Butylidene 
Butyl Butyl 2-Butylidene 
Ethyl Hydrogen 2-Butylidene 
Ethyl Methyl 2-Butylidene 



Ortho Position “A 

Ethyl 
Isopropyl 
Isopropyl 
Isopropyl 
Isopropyl 
Isopropyl 
Methyl 
Methyl 
Propyl 
Propyl 
Propyl 
Propyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Ethyl 
Ethyl 
Ethyl 
Sopropyl 
Sopropyl 
Sopropyl 
Sopropyl 
Sopropyl 
Methyl 
Methyl 
Propyl 
Propyl 
Propyl 
Propyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Ethyl 
Ethyl 
Ethyl 
Sopropyl 
Sopropyl 
Sopropyl 
Sopropyl 
Sopropyl 
Methyl 
Methyl 
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TABLE 2-continued 

Ortho Position 'B' 

Ethyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
isopropyl 
Hydrogen 
Methyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
isopropyl 
Butyl 
sec-Butyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
isopropyl 
Butyl 
sec-Butyl 
ert-Butyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
isopropyl 
Butyl 

Propyl 
isopropyl 
Butyl 
sec-Butyl 
ert-Butyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
isopropyl 
Butyl 
Hydrogen 
Methyl 
Ethyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
isopropyl 
Hydrogen 
Methyl 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 
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tle 

tle 

tle 
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Ortho Position “A 

Propyl 
Propyl 
Propyl 
Propyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Ethyl 
Ethyl 
Ethyl 
Sopropyl 
Sopropyl 
Sopropyl 
Sopropyl 
Sopropyl 
Methyl 
Methyl 
Propyl 
Propyl 
Propyl 
Propyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Ethyl 
Ethyl 
Ethyl 
Sopropyl 
Sopropyl 
Sopropyl 
Sopropyl 
Sopropyl 
Methyl 
Methyl 
Propyl 
Propyl 
Propyl 
Propyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
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TABLE 2-continued 

Ortho Position 'B' 

Hydrogen 
Methyl 
Ethyl 
Propyl 

Propyl 
isopropyl 
Butyl 
sec-Butyl 
ert-Butyl 
Hydrogen 

Propyl 
isopropyl 
Butyl 
sec-Butyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
isopropyl 
Butyl 
sec-Butyl 
ert-Butyl 
Hydrogen 

R2 

ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 

Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Methy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 
Propy 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 



Ortho Position “A 

sec-Butyl 
sec-Butyl 
sec-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Ethyl 
Ethyl 
Ethyl 
Sopropyl 
Sopropyl 
Sopropyl 
Sopropyl 
Sopropyl 
Methyl 
Methyl 
Propyl 
Propyl 
Propyl 
Propyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
ert-Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Butyl 
Ethyl 
Ethyl 
Ethyl 
Sopropyl 
Sopropyl 
Sopropyl 
Sopropyl 
Sopropyl 
Methyl 
Methyl 
Propyl 
Propyl 
Propyl 
Propyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
sec-Butyl 
tert-Butyl 
tert-Butyl 
tert-Butyl 
tert-Butyl 
tert-Butyl 
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Ortho Position 'B' 

isopropyl 
Butyl 
sec-Butyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
isopropyl 
Butyl 
sec-Butyl 
ert-Butyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
isopropyl 
Butyl 
Hydrogen 
Methyl 
Ethyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
isopropyl 
Hydrogen 
Methyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
Hydrogen 

Propyl 
isopropyl 
Butyl 
sec-Butyl 
ert-Butyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
isopropyl 
Butyl 
Hydrogen 
Methyl 
Ethyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
isopropyl 
Hydrogen 
Methyl 
Hydrogen 
Methyl 
Ethyl 
Propyl 
Hydrogen 

Propyl 
isopropyl 

Phenyle 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 

-Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 
Pheny 

-Pheny 

ip 

Propylidene 
Propylidene 
Propylidene 
Propylidene 
Propylidene 
Propylidene 
Propylidene 
Propylidene 
Propylidene 
Propylidene 
Propylidene 

ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 

henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 
henylme 

ny 

US 9,724,276 B2 

ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 
ny 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

tle 

ny tle 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

TABLE 2-continued 

Ortho Position “A Ortho Position 'B' R2 

tert-Butyl Butyl Diphenylmethylidene 
tert-Butyl sec-Butyl Diphenylmethylidene 
tert-Butyl tert-Butyl Diphenylmethylidene 

The disclosed polyhydric phenols such as those of For 
mula II, or compounds containing segments such as those of 
Formula I, may be used to make the disclosed free-radically 
polymerizable resins by reacting the polyhydric phenol or 
compound to impart one or more and preferably two free 
radically active functional groups (e.g., ethylenically unsatu 
rated groups) into the resin. Acrylate- or methacrylate 
functional free-radically polymerizable resins are especially 
preferred. A preferred method for making such resins 
involves reacting a polyhydric phenol with glycidyl(meth) 
acrylate by adapting the procedures described in the above 
mentioned U.S. Pat. No. 3,066,112 to Bowen. The disclosed 
resins may include (meth)acrylate functionality and epoxy 
functionality, and if so may be made by adapting the 
procedures described in the above-mentioned U.S. Patent 
Application Publication No. US 2006/000954.0 A1 to Jia et 
al. 

The disclosed resins may also be made by converting a 
polyhydric phenol (preferably a dihydric phenol) containing 
a segment or segments of Formula Ito a polyepoxide (pref 
erably a diepoxide), and then reacting the oxirane groups in 
the polyepoxide with (meth)acrylic acid to form ethyleni 
cally unsaturated free-radically polymerizable end groups. 
The oxirane groups in the polyepoxide may be attached via 
any suitable linkage, including, for example, ether-contain 
ing or ester-containing linkages. Glycidyl ethers of polyhy 
dric phenols and glycidyl esters of polyhydric phenols are 
preferred polyepoxides, with diglycidyl ethers being par 
ticularly preferred. 
An exemplary polyepoxide compound containing seg 

ments of Formula I is depicted in Formula III below: 

Formula III 

(H)w- 2 (H) 
(R) w 

As Sás R (R)-O- --O-- (R), R 4. 2a 
O (R'), (R'), O 

R4 R4 R. R. 

wherein: 

H. R. R. n, t, V, and w are as described above for 
Formula I; 

s is 0 to 1, more preferably 1: 
Each R, if present, is independently a divalent group, 
more preferably a divalent organic group; and 

preferably each R is independently a hydrogen atom, a 
halogenatom, or a hydrocarbon group that may include 
one or more heteroatoms; and more preferably each R' 
is a hydrogen atom. 

When t is 1, the polyepoxide of Formula III has Formula 
IIIA below: 
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Formula IIIA 

(H)w- (H) 
R2 pi w \ S- ^S% 5 

R4 '-ot -o-R R4 A4 ex 
O (R'), (R'), O 

R4 R4 R4 R4 10 

When t is 0, the polyepoxide of Formula III has Formula 
IIIB below: 

Formula IIIB 15 

R is typically a hydrocarbyl group, which may optionally 25 
include one or more heteroatoms. Preferred hydrocarbyl 
groups include groups having from one to four carbon 
atoms, with methylene groups being particularly preferred. 
In some embodiments, R includes a carbonyl group. In one 
Such embodiment, R includes a carbonyl group that is 
attached to the oxygen atom depicted in Formula III (e.g., as 
in an ester linkage). 

Preferred polyepoxide compounds of Formula III are 
non-mutagenic, more preferably non-genotoxic. A useful 
test for assessing both mutagenicity and genotoxicity is the 
mammalian in vivo assay known as the in vivo alkaline 
single cell gel electrophoresis assay (referred to as the 

30 

35 

26 
indicate the opposite and in Such cases a more definitive test 
may be utilized (e.g., a two-year rat feeding study). 

If t of Formula III is 0, V is preferably 1 or more, more 
preferably 2 or more. 

While not intending to be bound by theory, it is believed 
that the presence of one or more R' groups, and particularly 
one or more ortho R' groups, can contribute to the diepoxide 
of Formula IIIB being non-genotoxic. 

In one embodiment, epichlorohydrin may be used to form 
a diepoxide of Formula III. By way of example, below is a 
diepoxide formed via an epichlorohydrin epoxidation of 
4,4'-methylenebis(2,6-di-t-butylphenol). 

v-so ory 

In another embodiment, epichlorohydrin may be used to 
form a diepoxide of Formula III, and the resulting diepoxide 
may be reacted with an ethylenically-unsaturated acid or 
acid anhydride to provide a resin with ethylenically unsatu 
rated free-radically polymerizable groups. By way of 
example, Formula IV below is a resin formed by epichlo 
rohydrin epoxidation to form a diepoxide of Formula III 
followed by reaction with a (meth)acrylic acid: 

Formula IV 

(H)- 2 (H) R6 R4 
O R4 (R )n w- R4 

OH / 3 \ N Sás O 
O R’ ot 2 o R3 OH 

R4 A ex R4 O 
R4 R4 (R), (R), 

“comet' assay). The method is described in Tice, R. R. “The wherein: 
single cell gel/comet assay: a microgel electrophoretic tech- 50 R", R, n, t, V, and w are as described above for Formula 
nique for the detection of DNA damage and repair in 
individual cells.' Environmental Mutagenesis. Eds. Phillips, 
D. H. and Venitt, S. Bios Scientific, Oxford, UD, 1995, pp. 
315-339. A negative test result in the comet assay indicates 
that a compound is non-genotoxic and, therefore, non 
mutagenic, though a positive test does not definitively 

R4 O R4 

O LRs --f N 
R41 N O 4 S y 2 

O R4 R R4 (R), 

(R), 

I; and 
R. R. and s are as described above for Formula III. 
By way of further example, Formula V below is a resin 

formed by epichlorohydrin epoxidation to form a diepoxide 
of Formula III followed by reaction with an anhydride such 
as maleic anhydride: 

Formula V 

6 R4 
(H)w- R4 

sas 4 a. O N -R 
-HO R3 O 
1. s OH 

2a R4 O R4 
(R), 
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wherein: 
R", R, n, t, V, and w are as described above for Formula 

I; and 
R. R. and s are as described above for Formula III. 
In another embodiment, a polyhydric phenol of Formula 

II may be reacted with a suitable difunctional linking 
compound, followed by reacting (e.g., end-capping) the 
resulting product with a suitable ethylenically unsaturated 
compound. By way of Example, Formula VI below is a resin 
formed by reacting a polyhydric phenol of Formula II with 
a linking compound containing Z segments and then react 
ing the resulting product with an ethylenically unsaturated 
compound containing R'' and R' groups: 

Formula VI 

R12 R12 (H)w- (R2) (H) R12 

21 -HO Z R11 e Ó R 

wherein: 
R", R, n, t, V, and w are as described above for Formula 

I; 
Each Z is a divalent linking group containing for example 

less than 20, less than 10 or less than 5 carbon atoms; 
and 

Each R'' and R'' are independently hydrogen atoms, 
halogen atoms, or alkyl groups that may include one or 
more heteroatoms; and more preferably R'' and R'' are 
all hydrogen atoms. 

The disclosed dental materials may include optional 
diluents, e.g., reactive diluent monomers. Diluent monomers 
may be used to increase the surface wettability or decrease 
the viscosity of the disclosed dental materials. Exemplary 
diluent monomers include acrylic acid esters, methacrylic 
acid esters, hydroxy-functional acrylic acid esters, hydroxy 
functional methacrylic acid esters, and combinations 
thereof. Preferred diluent monomers include mono- or 
multi-functional (meth)acrylate monomers include alkyl 
(meth)acrylates, cycloalkyl(meth)acrylates, aralkyl(meth) 
acrylates and 2-hydroxyalkyl(meth)acrylates, such as butane 
dimethacrylate, dodecane dimethacrylate, 2-hydroxyethyl 
(meth)acrylate, 2-hydroxypropyl(meth)acrylate, isobornyl 
(meth)acrylate, butyl glycol(meth)acrylate, acetyl glycol 
(meth)acrylate, ethylene glycol(meth)acrylate, diethylene 
glycol(meth)acrylate, tri(ethylene glycol)di(meth)acrylate 
and tetra(ethylene glycol)di(meth)acrylate, polyethylene 
glycol di(meth)acrylate, 2-phenylethyl(meth)acrylate, 2-eth 
ylhexyl(meth)acrylate, cyclohexyl(meth)acrylate, lauryl 
(meth)acrylate, hexanediol di(meth)acrylate, glycerol 
mono- or di-(meth)acrylate, trimethylolpropane mono- or 
di-(meth)acrylate, pentaerythritol mono-, di-, and tri-(meth) 
acrylate, Sorbitol mono-, di-, tri-, tetra-, or penta-(meth) 
acrylate, and mixtures of any such diluent monomers. Tri 
(ethylene glycol)dimethacrylate (TEGDMA) is particularly 
preferred. Suitable diluent monomers are available from a 
wide variety of commercial sources, such as Sigma-Aldrich, 
St. Louis. Diluent monomers, when present, preferably are 
incorporated into the disclosed dental materials in an amount 
of about 1 to about 70 wt % of the total dental material. 
The disclosed dental materials may additionally include 

adjuvants Suitable for use in dental materials, such as 
pigments, flavorants, medicaments, stabilizers, viscosity 
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modifiers, and the like. Such adjuvants may optionally have 
reactive functionality so that they will be copolymerized 
with the resin. 

Other optional ingredients that do not adversely affect the 
disclosed dental materials or a cured dental restoration 
resulting therefrom may be included to enhance esthetics; to 
facilitate manufacturing, processing, handling, and applica 
tion of the dental material; or to further improve a particular 
functional property of a dental material or a cured dental 
restoration resulting therefrom. For example, the disclosed 
dental materials may optionally include crosslinkers, cata 
lysts, lubricants, Surfactants, coalescents, extenders, flow 
control agents, thixotropic agents, dispersing agents, anti 
oxidants, adhesion promoters, and mixtures thereof, as 
required to provide the desired properties. Each optional 
ingredient is preferably included in a sufficient amount to 
serve its intended purpose, but not in Such an amount as to 
adversely affect the dental material or a cured dental resto 
ration resulting therefrom. 

Preferred dental materials are substantially free of mobile 
BPA and BADGE, and more preferably essentially free of 
these compounds, and most preferably completely free of 
these compounds. The dental material is also preferably 
substantially free of bound BPA and BADGE, more prefer 
ably essentially free of these compounds, and optimally 
completely free of these compounds. In addition, preferred 
materials are also Substantially free, more preferably essen 
tially free, and most preferably completely free of bisphenol 
S. bisphenol F. and the diglycidyl ether of bisphenol F or 
bisphenol S. 
The disclosed dental materials may be used with addi 

tional materials, such as inlays, onlays and the like, or may 
act as the filling material itself if applied and cured in one or 
more layers. The disclosed dental materials also find utility 
as a cured article for Subsequent placement in the mouth as 
a prosthetic device. Examples of Such devices include 
crowns, bridges, inlays, onlays, implants and general for 
mats that may be further fabricated or shaped into the 
desired final product for placement in the oral environment. 
The invention is further illustrated in the following non 

limiting examples. Unless otherwise indicated, all parts and 
percentages are by weight. 

EXAMPLES 

Example 1 

Diepoxides of Ortho-Substituted Polyhydric 
Phenols psRun I: Diglycidyl ether of 

4,4'-methylenebis(2,6-di-tert-butylphenol) 

A solution of 4,4'-methylenebis(2,6-di-t-butylphenol) 
(500 grams, 1.076 moles obtained from Albemarle Corpo 
ration) in anhydrous dimethylformamide (1.5 liters) was 
cooled to -10° C. and a solution of sodium tert-pentoxide 
(374 grams, 3.23 moles) in anhydrous dimethylformamide 
(1.5 liters) was added dropwise at -10 to -5°C. The mixture 
was stirred for 30 minutes at -10° C. Epichlorohydrin (1.9 
liters, 24.2 moles) was added via dropping funnel at -10 to 
-5° C. The solution was allowed to warm up to room 
temperature and then was heated for 16 hours at a tempera 
ture of from 75 to 82° C. After cooling down to ambient 
temperature, the mixture was added to cold tap water (12 
liters). Ethyl acetate (5 liters) was added to the mixture, 
which was stirred for 10 minutes and separated. The aqueous 
layer was extracted again with additional ethyl acetate (3 
liters). The combined ethyl acetate extracts were washed 
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twice with brine (2 x 6 liters), dried over anhydrous sodium 
sulfate (600 grams), and filtered. The solvent was removed 
under reduced pressure to give 887 grams of crude product 
as a purple oil. The crude product was dissolved in toluene 
(600 milliliters) and passed over a silica gel pad (1.4 
kilograms), and eluted with a mixture of toluene and heptane 
(8 parts toluene to 2 parts heptane). The fractions containing 
product were combined and evaporated under reduced pres 
sure. The product was mostly the desired diepoxide (756 
grams, yellow oil which crystallizes in time), with some 
monoepoxide present. The purified material (756 grams) 
was dissolved at 70° C. in 2-propanol (2.3 liters) and then 
allowed to cool down to room temperature overnight. The 
flask was kept in an ice-water bath for 3 hours, filtered and 
the solids were washed three times with cold 2-propanol (3 
X 400 milliliters). The obtained solid was dried under high 
vacuum at ambient temperature to give the final product as 
a white solid (371 grams having an HPLC purity of 95.2%, 
and a yield of 60%). The epoxy value of the final product 
was 0.367 equivalents per 100 grams. The resulting digly 
cidyl ether of 4,4'-methylenebis(2,6-di-t-butylphenol) was 
tested using Suitable genotoxicity assays (e.g., an Ames II 
assay) and was found to be non-genotoxic. 
Run II: Diglycidyl ether of 4.4Butylidenebis(2-t-butyl-5- 
methylphenol)) 
A 20-gram batch of the diglycidyl ether of 4,4'-butyliden 

ebis(2-t-butyl-5-methylphenol) was prepared by reacting 
epichlorohydrin with 4,4'-butylidenebis(2-t-butyl-5-methyl 
phenol). Multiple purification steps were required to obtain 
a suitably pure batch. The purified batch exhibited an epoxy 
value of 0.402 equivalents per 100 grams. The resulting 
diglycidyl ether of 4,4'-butylidenebis(2-t-butyl-5-methyl 
phenol) was tested using Suitable genotoxicity assays (e.g., 
Ames II assay) and was found to be non-genotoxic. 
Run III: Diglycidyl ether of 4,4'-methylenebis(2,6-dimeth 
ylphenol) 

4,4'-Methylenebis(2,6-dimethylphenol) (32 grams, 0.125 
moles), epichlorohydrin (140 milliliters, 1.79 moles), and 
2-propanol (150 milliliters) were heated to 80°C. in an oil 
bath. Sodium hydroxide (12.5 grams, 0.313 moles) in water 
(20 milliliters) was added in portions over 5 minutes. The 
purple solution was heated for 2 hours at 80°C. The mixture 
was cooled to room temperature, filtered, and concentrated 
on a rotary evaporator at a temperature of about 30-40°C. 
The remaining oil was mixed with dichloromethane (50 
milliliters) and heptane (100 milliliters) and allowed to stir 
for 30 minutes at ambient temperature. The salts were 
removed by filtration and the filtrate was concentrated on a 
rotary evaporator at 30-40°C. The remaining oil was dried 
under high vacuum at ambient temperature until a constant 
weight was obtained. The crude product was crystallized 
twice from methanol (250 milliliters) and dried under high 
vacuum at ambient temperature until a constant weight was 
obtained. The experiment generated diglycidyl ether of 
4,4'-methylenebis(2,6-dimethylphenol) (28 grams, 60% 
yield) as a white solid. The epoxy value was 0.543 equiva 
lents per 100 grams. 
The polyhydric phenols used to make the diglycidyl 

ethers of each of Runs I-III were assayed for estrogenic 
activity by an outside toxicology laboratory using a suitable 
assay whose results are known to be directly correlatable to 
the MCF-7 assay based on common reference compounds. 
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Example 2 

Preparation of Dental Components 

Preparation of Bisphenol A Diglycidyl Methacrylate 
(Bis-GMA) 

Components: 

EPONTM 828 diepoxide 549.8 grams 
Methacrylic Acid 248.9 grams 
BHT (2,6-di-tert-butyl-4-methylphenol) 0.8 grams 
N-Benzyldimethylamine 0.8 grams 
TEGDMA 199.7 grams 

The EPON 828 diepoxide and BHT were charged to a 2 
liter flask, equipped with a stirrer, a gas inlet, a thermo 
couple, and a condenser and heated to 108°C. with an air 
sparge. With the contents of the flask at 108° C., the 
methacrylic acid was added dropwise into the batch with an 
addition funnel over the course of two hours and the 
temperature was maintained at 105° C. throughout the 
addition. After the addition of the methacrylic acid was 
complete, the batch was held at temperature for 15 minutes, 
then the N-benzyldimethylamine was added. The batch was 
then held at 105° C. for about 11.5 hours, at which point the 
acid value had reached 13 mg KOH/gram. At this point, an 
additional 0.8 grams of N-benzyldimethylamine and 0.8 
grams of BHT were added to the batch and it was held at 
105° C. for an additional 9.5 hours after which the acid value 
was 6.7 mg of KOH/gram. The TEGDMA was then added 
to the flask and the contents were cooled and poured into a 
container. 

Preparation of Butylidene Diglycidyl Ether 
Dimethacrylic Acid (BUDGE-DMA) 

Components: 

Butylidine diglycidyl ether (from Example 1, Run II) 150.3 grams 
Methacrylic acid 49.7 grams 
BHT 0.2 grams 
N-benzyldimethylamine 0.7 grams 
TEGDMA 50.0 grams 

The butylidine diglycidyl ether was charged to a flask 
equipped with a stirrer, a gas inlet, a thermocouple, and a 
condenser and heated to 105°C. with an air sparge. With the 
contents of the flask at 105°C., a mixture of the methacrylic 
acid, BHT, and N-benzyldimethylamine was fed into the 
flask dropwise over about 75 minutes, after which the 
contents of the flask were held at 105° C. for about 20 hours 
and a final acid value of 0.5 mg KOH/gram was obtained. 
The contents of the flask were then cooled to 85°C. and the 
TEGDMA was added. The batch was then cooled and 
poured. 

Materials: 

TEGDMA was obtained from Sartomer, USA, LLC 
Exton, Pa. 

Camphorquinone, diphenyliodonium hexafluorophos 
phate, BHT, N-benzyldimethylamine, methacrylic acid, 
and dimethyl amino phenethanol were obtained from 
Sigma-Aldrich Corp., St. Louis, Mo. 
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EPON 828 was obtained from Momentive, Columbus, 
Ohio 

Example 3 

Dental Materials 

Dental materials were prepared by mixing the ingredients 
shown in Table 3: 

Sample 

Comparison 
Material A 
Comparison 
Material B 
Dental 
Material 1 
Dental 
Material 2 

25 TABLE 3 

Comparison Dental Material A (no filler) 

10.0 g BIS-GMA (prepared in Example 2) 
6.0 g TEGDMA 

0.08 g Camphorquinone 30 
0.08 g Diphenyliodonium hexafluorophosphate 
0.08 g Dimethyl amino phenethanol 

Dental Material 1 (no filler) 

10.0 g BUDGE-DMA (prepared in Example 2) 
6.0 g TEGDMA 35 

0.08 g Camphorquinone 
0.08 g Diphenyliodonium hexafluorophosphate 
0.08 g Dimethyl amino phenethanol 

Comparison Dental Material B (with filler) 

10.0 g BIS-GMA (prepared in Example 2) 40 
6.0 g TEGDMA 

9.29 g Crystalline silica (IMSIL A-10) 
0.08 g Camphorquinone 
0.08 g Diphenyliodonium hexafluorophosphate 
0.08 g Dimethyl amino phenethanol 

Dental Material 2 (with filler) 45 

10.0 g BUDGE-DMA (prepared in Example 2) 
6.0 g TEGDMA 

9.29 g Crystalline silica (IMSIL A-10, from Unimin Corp., Elco, IL.) 
0.08 g Camphorquinone 
0.08 g Diphenyliodonium hexafluorophosphate 
0.08 g Dimethyl amino phenethanol 50 

The above compositions were then formed into bars as 
follows: upon the platen glass of a 3MTM overhead projector 
(from 3M Company), a thin polyethylene film was secured 
using adhesive tape. Two microscope slides were affixed to 
the plastic in a parallel gapped orientation using adhesive 
tape. The distance between the two slides was slightly less 
than one slide width in the plane of the slides. Next, a 
polyethylene film was affixed to a third microscope slide 
using a thin grease film. Then, the above compositions were 
poured between the two slides on the projector and the third 
slide was laid across the other two in such a way that it 
bridged the gap between them and was arranged perpen 
dicular to the first two slides. The slide was firmly pressed 
down to Squeeze out excess material, creating a polymeriZ 
able bar between the slides. The overhead projector was then 
turned on to cure the materials. Cure time was 60 seconds for 
clear materials and 120 seconds for filled materials. 
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After curing, the bars were trimmed to a regular rectan 

gular shape by scoring with a razor blade and breaking off 
the excess material. The resulting bars were approximately 
60-70 mms in length, 6-12 mm in width and approximately 
1 mm thick. A dynamic mechanical analyzer was used to 
study the materials at about 25° C. temperature and a 
frequency of 1 Hz at 0.5% strain Pascal. The results shown 
below in Table 4 are the Storage Modulus (G) reported in 
Pascals (Pa). 

TABLE 4 

Storage Modulus (G) at Room Temperature 
and 1 Hz at 0.5% strain (Pa G' (Pa) G' (Pa) Std 

1 2 3 4 Average Dew 

2.45E-09 223E--09 2.34E--09 154E--08 

5.61E--09 S.O8E--09 4.57E--09 5.99E-09 5.31E--09 6.21E--08 

1.66E--09 189E-09 192E--09 129E-09 169E-09 2.92E--08 

3.94E--09 4.49E-09 438E--09 4.42E--09 431E--O9 2.52E--08 

The results show Dental Material 1 and Dental Material 2 
have mechanical properties comparable to those of conven 
tional BPA-derived dental materials but with resins that are 
Substantially free of polyhydric phenols having estrogenic 
activity greater than or equal to that of BPS. 

Examples 4-12 

In the same manner as the BUDGE-DMA was prepared in 
Example 2, additional resins may be prepared by replacing 
the BUDGE-DMA with the polyhydric phenols shown 
below in Table 5: 

TABLE 5 

Example Polyhydric Phenol 

Comparison Example C Bisphenol S 
Example 4 4,4'-(propane-2,2-diyl)bis(2,6-dimethylphenol) 
Example 5 4,4'-methylenebis(2,6-dimethylphenol) 
Example 6 4,4'-(ethane-1,2-diyl)bis(2,6-dimethylphenol) 
Example 7 4,4'-butylidenebis(2-t-butyl-5-methylphenol) 
Example 8 4,4'-methylenebis(2,6-di-t-butylphenol) 
Example 9 2,2'-methylenebis(4-methyl-6-t-butylphenol 
Example 10 4,4'-(ethane-1,2-diyl)bis(2,6-dimethylphenol) 
Example 11 Tetrabromobisphenol A 
Example 12 2,5-di-t-butylhydroquinone 

The resulting resins may show mechanical properties 
comparable to those of conventional BPA-derived dental 
materials but with resins that are substantially free of 
polyhydric phenols having estrogenic activity greater than or 
equal to that of BPS. 

All patents, patent applications and literature cited in the 
specification are hereby incorporated by reference in their 
entirety. In the case of any inconsistencies, the present 
disclosure, including any definitions therein will prevail. 
The invention has been described with reference to various 
specific and preferred embodiments and techniques. How 
ever, it should be understood that many variations and 
modifications may be made while remaining within the 
invention. 
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The invention claimed is: 
1. A dental material comprising: 
a free-radical polymerization initiator, and 
a free-radically-polymerizable resin comprising: 

a) at least two ethylenically unsaturated free-radically 
polymerizable end groups; and 

b) a segment comprising: 
(i) two or more aryl or heteroaryl groups in which 

each aryl or heteroaryl group includes an oxygen 
atom attached to the ring and (a) an ethyl, propyl. 
isopropyl, butyl, sec-butyl, or tert-butyl substitu 
ent group attached to the ring at an ortho or meta 
position relative to the oxygen atom, or (b) two 
Substituent groups attached to the ring at both 
ortho positions relative to the oxygen atom; 

(ii) and in which two or more aryl or heteroaryl 
groups are joined by an unsubstituted methylene 
bridge (-CH2—); 

wherein the polymerizable resin is substantially free of 
polyhydric phenols having estrogenic activity greater 
than or equal to that of bisphenol S. 

2. A dental material of claim 1, wherein the at least two 
ethylenically unsaturated free-radically polymerizable end 
groups comprises one or more (meth)acrylate groups. 

3. The dental material of claim 1, wherein the segment has 
a structure of Formula I: 

Formula I 
(H)- 

(R) (H)w-y \ N 
21 r y 

(R), 
al 
(R), 

wherein: 
H denotes a hydrogen atom, if present; 
each R" is (a) an ethyl, propyl, isopropyl, butyl, sec 

butyl, or tert-butyl substituent group attached to the 
ring at an ortho or meta position relative to the 
oxygen atom, or (b) independently an atom or group 
having an atomic weight of at least 15 Daltons 
attached to the ring at both ortho positions relative to 
the oxygen atom; 

V is independently 2 to 4: 
w is 4: 
Ris a divalent unsubstituted methylene bridge 
(—CH2—); 

n is 1: 
t is 1: 
two or more R' groups can join to form one or more 

cyclic groups, and 
the polymerizable resin includes at least two free 

radically polymerizable end groups. 
4. The dental material of claim 3, wherein the one or more 

R" groups independently comprise methyl groups. 
5. The dental material of claim 3, wherein each of the 

phenylene groups depicted in Formula I includes at least one 
R" group attached to the phenylene ring at an ortho position 
relative to the oxygen atom. 

6. The dental material of claim 3, wherein each of the 
phenylene groups depicted in Formula I includes two sepa 
rate R' groups attached to the phenylene ring at both ortho 
positions relative to the oxygen atom. 
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7. The dental material of claim 3, wherein the one or more 

R" groups independently comprise ethyl groups. 
8. The dental material of claim 3, wherein an R' group is 

attached to the phenylene ring at an ortho position relative 
to the oxygen atom, and a width measured perpendicular 
from a centerline of the phenylene ring to the maximal 
outside extent of the van der Waals volume of R is greater 
than about 4.5 Angstroms. 

9. The dental material of claim 3, wherein the oxygen 
atom of each phenylene group depicted in Formula I is 
located at a para position relative to: R. 

10. The dental material of claim 1, wherein the free 
radically polymerizable resin is derived from one or more of 
the diglycidyl ether of 4,4'-methylenebis(2,6-di-t-butylphe 
nol), the diglycidyl ether of 2,2'-methylenebis(4-methyl-6- 
t-butylphenol), the diglycidyl ether of 4,4'-methylenebis(2. 
6-dimethylphenol) or a derivative or combination thereof. 

11. The dental material of claim 1, wherein the dental 
material is a dental sealant, and further comprises a pigment. 

12. The dental material of claim 1, wherein the dental 
material is a dental composite or dental cement, and further 
comprises a filler. 

13. The dental material of claim 12, containing from about 
10-90 wt % of the filler, from about 0.1 to about 5 wt % of 
the free-radical polymerization initiator and from about 5 to 
95 wt % of the free-radically-polymerizable resin. 

14. The dental material of claim 1, wherein the segment 
of the polymerizable resin is derived from a polyhydric 
phenol or derivative thereof that exhibits a log Relative 
Proliferative Effect value in an MCF-7 cell proliferation 
assay less than that of bisphenol S. 

15. A method of restoring a tooth comprising: 
applying to the tooth a dental material comprising: 

a free-radical polymerization initiator, 
a filler; and 
a free-radically-polymerizable resin comprising: 

a) at least two ethylenically unsaturated free-radi 
cally polymerizable end groups; and 

b) a segment comprising: 
(i) two or more aryl or heteroaryl groups in which 

each aryl or heteroaryl group includes an oxy 
gen atom attached to the ring and (a) an ethyl, 
propyl, isopropyl, butyl, sec-butyl, or tert-butyl 
Substituent group attached to the ring at an ortho 
or meta position relative to the oxygen atom, or 
(b) two substituent groups attached in both 
ortho positions relative to the oxygen atom; 

(ii) and in which two or more aryl or heteroaryl 
groups are joined by an unsubstituted methyl 
ene bridge (—CH2—); 

wherein the polymerizable resin is substantially free of 
polyhydric phenols having estrogenic activity 
greater than or equal to that of bisphenol S; and 

polymerizing the dental material to form a dental resto 
ration. 

16. A method for making a dental material, comprising 
mixing: 

a) a free-radically-polymerizable resin comprising: 
i) at least two ethylenically unsaturated free-radically 

polymerizable end groups and 
ii) two or more aryl or heteroaryl ring segments having 

an oxygen atom attached to the ring and (a) an ethyl, 
propyl, isopropyl, butyl, sec-butyl, or tert-butyl Sub 
stituent group attached to the ring at an ortho or meta 
position relative to the oxygen atom, or (b) two 
Substituent groups attached in both ortho positions 
relative to the oxygen atom; and in which two or 
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more aryl or heteroaryl ring segments are joined by 
an unsubstituted methylene bridge (-CH ); 
the resin being substantially free of polyhydric phe 

nols having estrogenic activity greater than or 
equal to that of bisphenol S: 5 

b) a polymerization initiator; and 
c) optionally, a filler. 
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