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(57) ABSTRACT 

Dental compositions and dental products having a resin 
derived from a cyclic diol such as 2.2,4,4-tetramethyl-1,3- 
cyclobutandiol. 
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Resin Structure based on Cis-TMCD 

Resin Structure based on trans-TMCD 

M:TMCD moiety(cis- and/or trans-isomer) 
X or X: same or different carbonate, ester, urethane, ether linkage 
R or R': same or different alkyl, alicyclic, aromatic residues or Substitutes aromatic residues etc; 
Y or Y: same or different polymerizable groups such as vinyl, vinylether, acrylic, methacrylic, epoxide, etc 

FIGURE 1A 
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FIGURE 1B 
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FIGURE 2 
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trans-/cis-TMCD 
Molecular Weight F 14.4.22 
Molecular Formula = CHO, 

EM--transTM CD-EM 

EM-cisTM CD-EM 
Molecular Weight = 454.52 
Molecular Formula = CH3N2O 

FIGURE 3 
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FIGURE 4 
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trans-/cis-TMCD isophorone Diisocyanate(IPDI) 
Molecular Weight = 14.4.22 Molecular Weight = 222.29 
Molecular Formula = CHO Molecular Formula F CHNO2 

PD-TMCD-IPD 

HEMA-PD-TMCD-PD-HEMA 
Molecular Weight = 849.08 
Molecular Formula = CH7NO. 

FIGURE 5 

  

ClearCorrect Exhibit 1106, Page 7 of 16



Patent Application Publication May 31, 2012 Sheet 7 of 7 US 2012/0136089 A1 

NCO 

ocrx-r- 224 
NCO 

244 
trans-/cis-TMCD 
Molecular Weight = 14.4.22 TMD 
Molecular Formula E CHO Molecular Weight F 210.28 

Molecular Formula = CHNO 

HEMA-MD-TMCD-MD-HEMA 
Molecular Weight = 825.06 l 
Molecular Formula = CHNO2 

FIGURE 6 
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DENTAL MATERALSUSING 
2,2,4,4-TETRAMETHYL-1,3-CYCLOBUTANDIOL 

0001. The present application claims priority from appli 
cation Ser. No. 12/949, 883, filed Nov. 19, 2010, which 
claimed priority from Provisional Application No. 61/281, 
713, filed Nov. 20, 2009 (now abandoned). 

TECHNICAL FIELD 

0002 Disclosed herein are dental materials and dental 
products comprising a cyclic diol Such as 2.2,4,4-tetramethyl 
1,3-cyclobutandiol (TMCD). 

BACKGROUND 

0003) Dental materials such as for example, dental filling 
materials, often include liquid polymerizable organic mono 
mers and/or polymers, reactive diluents, polymerization ini 
tiators, stabilizers, and fillers. Such composite materials have 
their good mechanical properties such as high flexural 
strengths, high compressive strengths and hardness. Further, 
they are often polishable and readily accept suitable dyes. The 
most frequently used monomers are esters of methacrylates 
and higher multifunctional alcohols or isocyanates Such as 
the bismethacrylate of biphenol-A diglycidyl ether, urethane 
bismethacrylates. Aromatic diols are often used to make poly 
merizable resins having good thermal and mechanical stabil 
ity. 
0004 Bisphenol A (2.2-bis(4-hydroxyphenyl)propane, 
BPA) in particular is one such aromatic diol that has been 
widely used in epoxy resin, modified methacrylate resin, 
polyetherSulfone/ketone, polyester, polycarbonate and the 
like, for use indental materials. Resins or polymers from fully 
aliphatic diols are less popular due to their relative lower 
thermal stability. However, there have been investigations of 
resins and polymers based on cyclic aliphatic compounds, 
especially those that are multi-cyclic. Interest in Such cyclic 
aliphatic diols has increased due to potential concerns of 
some aromatic diol, especially BPA. Accordingly, BPA-free 
resins or polymers would be highly desirable if they pos 
sessed the same or comparable thermal and mechanical sta 
bilities as the BPA counterparts. 

SUMMARY 

0005. It has been unexpectedly found that 2,2,4,4-tetram 
ethyl-1,3-cyclobutandiol (TMCD), which is a cyclic diol that 
is rigid, thermally stable, and which forms symmetric ali 
phatic molecules, is particularly useful in dental products 
Such as restoratives and the like. According to the present 
disclosure, it is expected that Such a moiety would provide 
Vgimproved optical, thermal and mechanical properties in 
comparison to linear aliphatic analogies. This diol is pro 
duced as a mixture of cis and trans isomers, depending on the 
relative stereochemistry of the hydroxyl groups. A standard 
reaction path for the synthesis of TMCD is as follows: 

May 31, 2012 

-continued 

Trans- and Cis-isomer of TMCD 

0006 TMCD has been used in many polyesters or poly 
carbonates and is known to be a co-monomer. Some of key 
features from Such polymers are its high impact resistance, 
optical clarity, thermal stability and biodegradability in addi 
tion to being BPA-free. Although TMCD as a diol comono 
mer has been taught in making some polymerizable/curable 
resins, TMCD is not known as a BPA alternative in dental 
applications. 

BRIEF DESCRIPTION OF DRAWINGS 

0007 FIG. 1A shows the general structure of TMCD 
based resins, including resin structures based on cis-TMCD 
and trans-TMCD. 
0008 FIG. 1B shows the specific structure of various 
TMCD-based resins. 
0009 FIG. 2 shows a one-step reaction pathway of creat 
ing a urethane dimethacrylate oligomer of a TMCD-based 
resin. 
0010 FIG. 3 shows a reaction pathway of creating a ure 
thane dimethacrylate trimer of a TMCD-based resin. 
0011 FIG. 4 shows a reaction pathway of creating a car 
bonate dimethacrylate trimer of a TMCD-based resin. 
0012 FIG.5 shows a two-step condensation reaction path 
way of a urethane dimethacrylate oligomer of a TMCD-based 
resin. 
0013 FIG. 6 shows another two-step condensation reac 
tion pathway of a urethane dimethacrylate oligomer of a 
TMCD-based resin. 

DETAILED DESCRIPTION 

0014. As stated above dental restorative materials, such as 
composites, adhesives, and cements have traditionally con 
tained derivatives of BPA as the base polymeric component. 
These include 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)phenylpropane 
(EBPADMA) and 2.2-bis(4-glycidyl-phenylpropane 
(BADGE). There are also many examples of urethane resins 
produced by combining BPA and BPA derivatives with di 
isocyanates. These components have provided exceptional 
properties Such as high durability, chemical resistance and 
optical properties to formulated dental products. 
0015. Due to potential health concerns related human 
exposure to BPA, many producers of polymers which contain 
BPA and derivatives of BPA have been seeking new chemical 
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approaches. For instance, TMCD has been shown to be an 
effective substitute for BPA in polyester resin systems. 
0016. As described herein, TMCD may be used as a build 
ing block for the development of new dental resin Systems. 
Substantially the same synthetic approaches currently used to 
synthesize BPA derivatives may be employed when substi 
tuting TMCD for BPA based resins. TMCD is substituted for 
BPA in these reactions. The resultant TMCD derivatives are 
substituted for their BPA derivative analogues in restorative 
formulations. The result is that high performance dental 
restorative materials are made free of BPA containing mate 
rials. 
0017. It is therefore, an accomplishment of the present 
disclosure to provide the use of TMCD based monomers used 
in dental formulations and materials, including restorative 
composites, bonding agents, cements, luting agents, bases, 
and liners. 
0018 TMCD monomers with one or more pendant vinyl 
groups, such as, but not limited to methacrylic or acrylic 
moieties are also provided according to the invention. These 
compounds may also include groups such as ethylene oxide 
or propylene oxide in their composition. 
0019. The TMCD monomers used in the present invention 
may have one or more pendant epoxy groups. Urethane 
derivatives may also be provided, normally produced through 
reaction of TMCD with isocyanate based compounds. TMCD 
derivatives with phosphate, and other ionic functionalities, 
and TMCD derivatives which may contain combinations of 
functionalities are provided. Resins or macromonomers 
which may incorporate TMCD in its structure and dental 
formulations with TMCD based compounds are within the 
Scope of the present disclosure. 
0020. Therefore, according to the present disclosure, a 
dental material is provided based upon a TMCD polymeriz 
able resin. An example of Such a dental product is a dental 
restorative that is light curable. Such a dental product or 
material may be placed into a prepared dental cavity and then 
exposed to electromagnetic radiation of an appropriate wave 
length to initiate (or co-initiate if other initiators are useful) to 
polymerize the material. Before polymerization, the material 
must have suitable flow properties to allow it to be placed into 
the prepared cavity, yet may also be required to have a certain 
stiffness or resistance to flow to allow the dental practitioner 
the ability to manipulate it. Further, after polymerization, 
wear, toughness, fracture resistance, and other thermal and 
mechanical stabilities must be of a certain, desirable nature. 
While such aspects of dental restoratives are well developed 
with respect to BPA dental materials, it is unexpected that 
such properties are accomplished by TMCD materials. In 
fact, other BPA free materials do not exhibit the desirable 
properties that are exhibited by dental materials having 
TMCD resins, as described herein. 
0021 TMCD may be prepared in high yields by pyrolysis 
of isobutyric acid, or isobutyric anhydride to form dimeth 
ylketene, which spontaneously dimerizes to cyclic diketone. 
Hydrogenation of Such diketone using ruthenium, nickel or 
rhodium catalysts produced up to 98% yield of cis/trans 
TMCD. The isolation of the pure isomers is tedious and 
expensive, so cis/trans mixtures of TMCD have been used. 
0022. Again TMCD is a diol molecule and it should be 
readily reacted with other condensation monomers to build 
up linkages such as ester, carbonate, urethane and the like (see 
FIG. 1) and to form polymerizable resins accordingly. Addi 
tional examples of TMCD-based polymerizable resins are 
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given in FIG. 2. For example, if TMCD reacts with an isocy 
anate, it would yield a urethane-based resin; if TMCD reacts 
with a carboxylic monomer, and it would yield ester type of 
resin. The physical and mechanical properties of the resulting 
TMCD-based resins would vary depending upon the resin's 
linkages, detailed molecular structures and the pathways to 
make such resins. 

0023. In Table I, it is given some examples for TMCD 
based polymerizable resins. In FIG. 3, there is shown a reac 
tion pathway towards urethane type of polymerizable resin 
based on TMCD. This resulting urethane oligomeric resin is 
liquid. It can be further formulated with any other resin and 
conventional initiators to make it polymerizable. Thus, clear, 
rigid cured resin can be resulted after it is formulated with 
Camphorquinone (CQ) and ethyl-4-(dimethylamino)ben 
Zoate (EDAB) and exposed to visible light. 
0024. In FIG.4, another reaction pathway towards carbon 
ate type of polymerizable resin based on TMCD is further 
illustrated. This resulting carbonate resin is semi-crystalline 
with a melting point of about 68°C. This resin can be formu 
lated with other resins and conventional initiators to make it 
polymerizable. Thus, clear, rigid cured resin can be resulted 
after it is formulated with CQ/EDAB and exposed to visible 
light. 
(0025. The polymerizable TMCD-based composition 
according to the invention may includes a filler, stabilizer, 
polymerization initiator or cure package, or the like. The filler 
may be an inorganic filler and/or an organic filler. Preferred 
fillers for use in compositions in accordance with the inven 
tion include inorganic fillers, such as colloidal silica, alumina, 
Zinc oxide, Zirconia, magnesia, titania, and the like may also 
be used, or an organic fillers, such as polymer granulate or a 
combination of organic/or inorganic fillers. Total filler load 
ing should vary from about 1 weight percent to about 95 
weight percent. Such as from about 5 weight percent to about 
95 weight percent. In Table II and III, it is shown some 
examples of formulated TMCD-based resin systems and their 
corresponding composites with 40% of filler loading. Obvi 
ously extremely low curing stress can be resulted from the 
newly formulated BPA-free resin systems though they offer 
only slightly low shrinkage in comparison to a BPA-contain 
ing resin (TPH resin, a urethane-modified BisGMA deriva 
tive). 
0026. The dental composition described herein may 
include TMCD, a diluent, a filler and optional photoinitiator 
compounds. TMCD may be present in the dental composition 
in amounts for from about 5 weight percent to about 95 
weight percent. Such as from about 5 weight percent to about 
70 weight percent or from about 5 weight percent to about 60 
weight percent. A diluent may be present in the dental com 
position in amounts for from about 5 weight percent to about 
50 weight percent, such as from about 5 weight percent to 
about 35 weight percent or from about 10 weight percent to 
about 30 weight percent. A filler may be present in the dental 
composition in amounts for from about 10 weight percent to 
about 90 weight percent, such as from about 20 weight per 
cent to about 80 weight percent or from about 30 weight 
percent to about 70 weight percent. Photoinitiator com 
pounds may be present in the dental composition in amounts 
of from about 0.01 weight percent to about 5 weight percent, 
such as from about 0.05 weight percent to about 1 weight 
percent or from about 0.1 weight percent to about 0.5 weight 
percent. 
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0027. As explained herein the dental compositions dis 
closed herein may be a dental cement, a dental sealer, a dental 
restorative, or the like. 
0028. A exemplary cement in accordance with a preferred 
embodiment of the invention for dental and/or medical use 
includes a TMCD monomer or co-monomer having at least 
one polymerizable group in an amount of from about 10 to 
about 30 percent by weight, a polymerizable monomer as a 
diluent and a stabilizer in an amount of from about 15 to about 
35 percent by weight, a filler in an amount of from about 50 to 
about 65 percent by weight, and the polymerization initiator 
component(s) in an amount of from about 0.05 to about 0.5 
percent by weight. 
0029. A composite restorative composition in accordance 
with a preferred embodiment of the invention for dental and/ 
or medical use includes a TMCD monomer or co-monomer 
having at least one polymerizable group in an amount of from 
about 5 to about 25 percent by weight, a polymerizable mono 
meras a diluent and a stabilizer in an amount of from about 5 
to about 20 percent by weight, a filler in an amount of from 
about 50 to about 85 percent by weight, and the polymeriza 
tion initiator component(s) in an amount of from about 0.05 to 
about 0.5 percent by weight. 
0030. A dental/medical sealer in accordance with a pre 
ferred embodiment of the invention for dental and/or medical 
use includes a TMCD monomer or co-monomer having at 
least one polymerizable group in an amount of from about 15 
to about 55 percent by weight, a polymerizable monomeras a 
diluent and a stabilizer in an amount of from about 20 to about 
40 percent by weight, a filler in an amount of from about 10 to 
about 50 percent by weight, and the polymerization initiator 
component(s) in an amount of from about 0.05 to about 0.5 
percent by weight. 
0031. The dental compositions disclosed herein may be 
made by any Suitable method. As an example, the dental 
compositions disclosed herein may be made by first forming 
the TMCD resin described herein. As described in detail in the 
examples below and the attached figures, this can be done by 
reacting a TMCD diol with an isocyante or a carboxylic 
monomer. The formed TMCD resin is then combined with 
optional diluents, filler, photoinitiator compounds, and any 
other components described herein in order to create the 
formulated TMCD resin. These components may be com 
bined or mixed by any suitable method. This formulated 
TMCD resin is then combined with any suitable surface 
modified glass filler in order to generate the dental composi 
tion described herein. The formulated TMCD resin and suit 
able glass filler may be combined or mixed by any suitable 
method in order to form the dental composition described 
herein. As particulate filler, it includes colloidal silica, alu 
mina, Zinc oxide, Zirconia, magnesia, titania, and the like may 
also be used. 
0032. The resulting dental composition disclosed herein 
exhibits improved characteristic, such as improved compres 
sive yield strength and improved compressive modulus. The 
dental composition may exhibit a compressive yield strength 
of from about 80 MPa to about 300 MPa, such as from about 
90 MPa to about 250 MPa or Such as from about 100 MPa to 
about 200 MPa. The dental composition may exhibit a com 
pressive modulus of from about 2000 MPa to about 5000 
MPa, such as from about 2250 MPA to about 4500 MPa or 
from about 2500 MPa to about 4000 MPa. 

Experiments and Test Methods: 
0033 Resin Synthesis: A solvent-free process is employed 
for urethane resin synthesis and solvent has to be used in 
carbonate-type of resin process. 
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0034 TMCD Resin 1: Urethane dimethacrylate oligomer 
was prepared by a one-step condensation reaction from a 
preformed monohydroxy-monomethacrylate (ICEM) from 
2,4,4-(2,2,4)-trimethyl-hexanedisiscyanate (TMDI) and 
2-hydroxyethoxylmethacrylate (HEMA), and TMCD (about 
0.02 mol) in the presence of dibutyltin dilaurate under a dry 
air atmosphere at a temperature from about 30° C. to about 
35° C. for about 14 hours. To the reaction system, 2,6-di(tert 
butyl)-4-methylphenol, BHT was also added as an inhibitor. 
See FIG. 2. 

0035 TMCD Resin 2: Urethane dimethacrylate trimer 
was prepared by a one-step condensation reaction from 
TMCD and 2-isocyanateethyl methacrylate (IBM). The first 
reaction was carried out in the presence of dibutyltin dilaurate 
under a dry air atmosphere at a temperature from about 30°C. 
to about 35°C. for about 4 hours. To the reaction system, BHT 
was also added as an inhibitor and TEGDMA can also be used 

as an inert diluent for this reaction. Semicrystallime resin 
could be developed after aging at room temperature. See FIG. 
3. 

0036 TMCD Resin 3: Carbonate dimethacrylate trimer 
was prepared by a one-step condensation reaction from 
TMCD and HEMASA in solvent (methylene dichloride) in 
the presence of N,N'-dicyclohexylcarbodiimide, DCC under 
a dry air atmosphere at room temperature, that is, a tempera 
ture of from about 20° C. to about 26° C. To the reaction 
system, BHT was also added as inhibitor. Semi-crystalline 
resin could be slowly developed at RT aging after the solvent 
was removed from the resin system. See FIG. 4. 
0037 TMCDResin 4: Urethanedimethacrylate oligomers 
were prepared by a two-step condensation reaction from 
TMCD and slight excess of isophorone diisocyanate, IPDI, 
followed by a reaction between the NCO-terminated prepoly 
mer and 2-hydroxyethyl methacrylate. The first reaction was 
carried out in the presence of dibutyltin dilaurate under a dry 
air atmosphere at a temperature from about 30° C. to about 
35° C. for about 4 hours. To the resulting prepolymer, BHT 
was added as an inhibitor. See FIG. 5. 

0038 TMCDResin5 and 6: Triethyleneglycol dimethacy 
late (TEGDMA) was used as inert diluent in this process for 
the urethane dimethacrylate oligomers, were prepared by a 
two-step condensation reaction from TMCD and a slight 
excess of TMDI or IPDI in the presence of dibutyltin dilaurate 
under a dry nitrogen atmosphere at a temperature from about 
30° C. to about 35° C. for about 4 hours to form NCO 
terminated prepolymers, followed by end-capping reaction 
with 2-hydroxyethyl methacrylate. BHT was added as an 
inhibitor. See FIGS. 6 and 5, respectively. 
0039 TMCD Resin 7: TEGDMA was also used as inert 
diluent in this process for this urethane dimethacrylate oligo 
mers were prepared by a two-step condensation reaction from 
TMCD and a slight excess of TMDI or IPDI in the presence of 
T-9 catalyst under a dry air atmosphere at a temperature from 
about 30° C. to about 35° C. for about 4 hours to form 
NCO-terminated prepolymers, followed by end-capping 
reaction with 2-hydroxyethyl methacrylate. BHT was added 
as an inhibitor. Since the reaction was so slow, additional 
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dibutyltin dilaurate had to be added to ensure a complete 
reaction of TMCD. See FIG. 6. 

0040. Formulated Resin 1 through 7 showed further for 
mulated resin compositions, which are comprised of TMCD 
based polymerizable resins (TMCD Resin 1-7) as described 
previously, and other conventional (meth)acrylate resins and 
a variety of photoinitaitors (CQ, 2,4,6-trimethylbenzoyl 
diphenylphosphine oxide, LTPO etc). A comparable example 
1 is also included here with exclusion of any TMCD-based 
resins mentioned herein. 

0041. Formulated Pastes 1 through 7 showed those formu 
lated composite compositions, which are comprised ofa Vari 
ety of formulated TMCD-based polymerizable resins as pre 
viously described, and about 40% wit/wt of glass filler 
mixtures. A comparable example 2 is also included here with 
exclusion of any TMCD-based resins mentioned herein. 
0042 Photo DSC: DSC 2529 with photocaltometor (TA 
Instrument) was used to evaluate the photolysis and photo 
polymerization for the neat resin and/or any formulated resin 
system. The test was performed under both air and nitrogen. 
The light outputs and light spectrum can be tuned by using 
build-in filter, or additional UV filter or intensity-reducing 
filter. 

0043 Flexural strength and modulus ere tested according 
to ISO 4049, 2x2x25 mm specimens were cured by three 
overlapped spot curing with Spectrum 800 with 13 mm light 
guide at 800mw/cm, 20" for each spot on one side only. The 
cured specimens (6-10) were placed in deionized water and 
stored at about 37° C. for about 24 hours, then were sanded 
prior to the test at room temperature, about 25°C. 
0044 
according to ISO 9917, which is actually for water-based 

Compressive strength and modulus were tested 
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0045 Polymerization Shrinkage was calculated from the 
density change before and after curing, which were measured 
by helium pycnometer (Micromeritics. AccuPyc II 1340) at 
about 25° C. New in-house shrinkage test protocol was fol 
lowed in this test: 3 pieces of round disc samples from a 
(p10x2 mm Teflon mold. It was pressed between Mylar films 
and cured by Spectrum 800 at about 800mw/cm for about 20 
seconds from top and bottom sides, respectively. The cured 
specimen was stored at room temperature for 2-3 hrs or for 24 
hrs prior to the density measurement. 
0046 Shrinkage Stress was measured by using NIST/ 
ADA's tensometer. Specimen with 2.25 mm in thickness 
(c-factor as 1.33) is cured for 60 seconds by DENTSPLY/ 
Cauk's QHL light at 550 mw/cm2. The total stress at the 60' 
minute is taken to rank different materials. 
0047 UV-Vis Spectroscopy was measured by using 
Thermo Scientific's Evolution 160 UV-Vis spectrometer. 
Thin film of 25-200 microns was casted directly onto a fussed 
silica plate with a specially-fabricated Stage. 
0048 Photo-Rheology: Light curable resins or compos 
ites were analyzed using two types of curing accessories 
(EXFO Omnicure 52000 with visible light filter and UV 
LED) in TA Instruments AR-G2 rheometer at room tempera 
ture. Sample gap is 500 microns, Light intensity of 150 
mw/cm (visible light) or 120 mW/cm (UV LED light) for 1 
min or 5 min curing, respectively. 

TABLE Ia 

Compositions for Three Types of 
TMCD-based Polymerizable Resins 

TMCD Resin 1 TMCD Resin 2 TMCD Resin 3 

Resin Type Urethane Urethane Carbonate 
cements since ISO 4049 does not specify for compressive Oligomer Trimer Trimer 
strength. p4x6 mm glass slave was used as a mold for speci- INR ed Resin, s t 19 
men preparation (6). It was cured by Spectrum 800 at about HEMA O 12 O 
800mw/cm from both top and bottom, at about 20" each. The (wt wt.%) 

Resin Form Liquid Semicrystalline Semicrystaline 
cured specimens (6-10) were placed in deionized water and T(C.) None 110 68 
stored at about 37° C. for about 24 hours, and then were 
Sanded prior to the test at room temperature. 

TABLE Ib 

Compositions for Various Urethane Type of MCD-based Polymerizable Resins 

TMCD Resin 4 TMCD Resin 5 TMCD Resin 6 TMCD Resin 7 

Resin Composition TMCDIPDI TEGDMATMCD, TEGDMATMCD, TEGDMATMCD, 
HEMATEGDMA TMDIHEMA IPDISHEMA TMDIHEMA 

TMCD-based Resin, 77 72 67 72 

TEGDMA, 17 15 23 15 

HEMA, 2 4 2 

UDMA, 9 8 9 

(wt wt.%) 
Resin Form Liquid Liquid Liquid Liquid 
Viscosity (a) 20° C. 143SO 75 1010 90 
Pa. S 

RI (a) 259 C. NA 148426 O.OOO45 1491.48 O.OOO58 NA 
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TABLE II 

Physical Property for Formulated Urethane Type of TMCD-based Resins 

Formulated Formulated Formulated Formulated 
TMCD Resin 4 TMCD Resin 5 TMCD Resin 6 TMCD Resin 7 

100% TMCD Resin 5 80% TMCD Resin 6 81.8% TMCD Resin 5 80% TMCD Resin 7 
0.165% CO 13% TEGDMA 18.2% TEGDMA 20% TMPTMA 
O.30% EDAB 7%. UDMA 0.165% CO 0.165% CO 
O.O30% BHT 0.165% CO O.30% EDAB O.30% EDAB 

O.30% EDAB 
O.O.30% BHT 

O.O30% BHT O.O.30% BHT 

Viscosity.(a)20°C., 60 30 5 15 
Pa. S 
Shrinkage (a) 24 hrs, 5.94 6.14 7.79 7.09 
% 
Stress (a) 60 min, 1.30 1.64 1.89 1.63 
MPa. 
Compressive Yield 115 - 1 1354 108 - 1 114 - 1 
St. (MPa) 
Compressive 263O 270 27OO 210 2510 - 100 26OO 160 
Modulus(MPa) 
Flexural St.(MPa) 822 64 1. 84 - 2 692 
Flexural Modulus(MPa. 1780 - 70 17OO 130 1830 - 110 1380 130 

TABLE IIIa TABLE IIIa-continued 

Property for Various Formulated Composites 
containing TMCD-based Resins 

Property for Various Formulated Composites 
containing TMCD-based Resins 

Formulated Paste 1 Formulated Paste 2 Formulated Paste 1 Formulated Paste 2 

Resins TMCD Resin 2 TMCD Resin 3 Stress (a) 60 min O.93 1.OO 
(wt wt.%) 60 60 
Fillers 40 40 MPa 
(wt wt.%) Compressive Yield St.(MPa) 1212 1022 
Viscosity.(a)35° C. 30 2O Compressive Modulus(MPa) 3210 - 400 31OO2SO 
Pa. S Flexural St.(MPa) 785 7OS 
Shrinkage (a) 72 hrs S.61 NA Flexural Modulus(MPa. 262O 140 2580 200 
% 

TABLE IIIb. 

Property for Formulated Composites Containing TMCD-based Resins 

Formulated Paste 4 Formulated Paste 5 Formulated Paste 6 Formulated Paste 7 

Resins Formulated Formulated Formulated Formulated 

(wt wt.%) TMCD Resin 4 TMCD Resin 5 TMCD Resin 6 TMCD Resin 7 
60 60 60 60 

Filers 40 40 40 40 

(wt wt.%) 
Viscosity.(a)35° C. 22 10 3 8 
Pa. S 

Shrinkage (a) 24 hrs 4.36 5.19 6.39 5.71 
% 

Stress (a) 60 min O.91 O.76 122 1.28 
MPa. 

Compressive Yield 1163 115S 1093 118 3 

St.(MPa) 
Compressive 3220 440 307O 310 3660 - 190 22603SO 

Modulus(MPa) 
Flexural St. (MPa) 91 - 2 64 1. 922 84 - 1 
Flexural Modulus(MPa. 2710 - 240 17OO 130 26SO 170 2480 - 80 
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TABLE IV a 

Physical Property for Control Urethane Resins 

Control Resin 1 Control Resin 4 

Composition 100% UDMA 75% BisCMA 
0.165% CO 25% TEGDMA 
O.30% EDAB 0.165% CO 
O.O30% BHT O.30% EDAB 

O.O30% BHT 
Viscosity.(a)20° C. 25 5 
Pa. S 
Shrinkage (a) 24 hrs 6.86 7.42 
% 
Stress (a) 60 min O.99 2.98 
MPa. 
Compressive Yield St.(MPa) 973 1222 
Compressive Modulus(MPa) 22OO 150 288O140 
Flexural St.(MPa) 622 1087 
Flexural Modulus(MPa. 1200 - 70 2370 60 

TABLE IVb 
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used. Therefore, our initial pathway to make TMCD-based 
resin is urethane type of type. Thus TMCD reacted with a 
monoisocyanate derivative (1-methacryloxylethylurethane 
2.4.4(2.2,4)-trimethyl-6-hexaneisocuynate, ICEM) to form 
new TMCD-based urethane resins. As showed in FIG. 2, for 
example, a urethane type resin containing TMCD was 
achieved by reacting TMCD and ICEM. ICEM is a resin 
mixture comprising preformed monoisocyanate methacry 
late and dimethecrylate. Accordingly, the resulting TMCD 
based urethane resin containing other dimethacrylates Such as 
UDMA and TEGDMA and slight excess of HEMA. In addi 
tion, it was found that the reactivity of such secondary diol in 
TMCD was dramatically reduced towards ICEM, which was 
attributed to the steric hindrances from both TMCD and the 
isocyanate. Therefore, small amount of TMCD might remain 
as unreacted or partially reacted. It is a high viscose but 
colorless liquid resin (TMCD Resin 1). Additional diluent 
was used to formulate a workable resinas showed in Table IIa 
(Formulated TMCD Resin 3). The evaluation of this batch of 
BPA-free resin showed a shrinkage of 6.8% and low stress of 
1.06 MPa. 

Property for Composites based on Control Urethane Resins 

Control Paste 1 Control Paste 2 Control Paste 3 

Control Resins UDMA TPH Resin 
(wt wt.%) 60 60 60 
Fillers 40 40 40 
(wt?wt, %) 
Viscosity.(a)35° C. 8 8 12 
Pa. S 
Shrinkage (a) 24 hrs S.22 6.OS 4.95 
% 
Stress (a) 60 min 1.17 3.88 1.24 
MPa. 
Compressive Yield 1023 1303 1215 
St. (MPa) 
Compressive 2S3O 170 316O 220 3370 - 170 
Modulus(MPa) 
Flexural St.(MPa) 794 101 - 9 973 
Flexural Modulus(MPa. 2OOO 8O 3S2O 110 27SO 190 

0049. Although there are many commercially-available 
resins that are BPA-free, such as TEGDMA, UDMA and 
other types of (meth)acrylic resins, there is still strong desire 
for new BPA-free resin as anchor resin to provide adequate 
mechanical performance. Described herein are reaction pro 
cesses to incorporate TMCD into a radically polymerizable 
resin as part of a BPA-free resin platform for dental applica 
tions. 
0050 Chemically, TMCD is a diol molecule and it should 
be readily reacted with other condensation monomers to build 
up linkages like ester, carbonate, urethane, etc. (see FIGS. 1 a 
and 1b) and to form polymerizable resins, accordingly. For 
example. If TMCD reacts with an isocyanate, it would yield a 
urethane type of resin; if TMCD reacts with a carboxylic 
monomer, then it would yield an ester type of resin. Obvi 
ously, the physical and mechanical properties of the resulting 
TMCD-based resins would vary depending upon the resin's 
linkages, detailed molecular structures and the pathways to 
make such resins. 
0051 Since TMCD is a highly symmetrical molecule, 
there are certain limitations in choosing its co-reactants for 
Such reactions in order to yield a liquid resin, not crystal or 
semicrystalline ones, even though its cis/trans isomers are 

Control Paste 4 

SDRTEGDMA, BSGMATEGDMA 
60 
40 

3 

5.51 

2.57 

1333 

3940 - 170 

1088 
392O 220 

0052. As illustrated in FIG.1, TMCD may beincorporated 
into polymerizable resin via a variety of approaches. For 
example, TMCD-based polymerizable resin may be achieved 
by using diisocyanate, thus yielding a urethane type of oligo 
mer resin in liquid form (see FIG. 2). However, it was found 
that some of unreacated and/or partially reacted TMCD 
remained in the resin mixture due to low reactivity nature of 
TMCD towards a sterically hindered isocyanate. Therefore, a 
highly reactive monoisocyanate (IEM) was used to ensure 
TMCD fully reacted. As showed in FIG. 3, the reaction of 
TMCD and IEM should yield a urethane trimer (TMCD 
Resin 2). Unfortunately, such a well-defined trimer is in a 
semicrystalline form due to the chain regularity and strong 
H-bonding. 
0053. In addition, carbonate type of TMCD-based resin as 
showed in FIG. 4 was also explored in order to reduce vis 
cosity and minimize tackiness that may be caused by strong 
H-bonding in resin matrix. Unlike urethane type of resin, 
there is no H-bonding within this carbonate type of trimer 
resin (TMCD Resin 3). Although no diluent was needed dur 
ing the reaction, the resulting carbonate resin was found to 
recrystallize quickly. 

ClearCorrect Exhibit 1106, Page 14 of 16



US 2012/013 6089 A1 

0054 Due to the crystallinity of these two trimer resins, 
only 20% of the TMCD resin was incorporated into the for 
mulated resins for evaluation as showed in Table II. Such a 
resin mixture was in liquid form. As expected, low stress 
resulted from the formulated resin systems. More impor 
tantly, they also offered moderate mechanical property, for 
example, a flexural strength of 75 MP and compressive yield 
strength of 156 MPa for Formulated TMCD Resin 1 in Table 
IIa. 

0055. Because the TMCD trimeric resins with well-de 
fined structures yielded the crystalline resins and the TMCD 
resin was an amorphous liquid, TMCD was reacted with an 
asymmetric diisocyanate monomer (isophorone diisocyan 
ate, IPDI, as shown in FIG. 5) with the belief that it might 
disrupt the chain regularity and yield an amorphous resin with 
improved TMCD conversion because of the initial low vis 
cosity of the IPDI/TMCD system. A stepwise addition of 
TMCD ensured a smooth early reaction, but the bulk viscosity 
increased as the reaction proceeded. In order to ensure a 
complete conversion of TMCD, solvent had to be added to the 
reaction system prior to HEMA being introduced. Then dilu 
ent (TEGDMA) was loaded into the system prior to stripping 
off the solvent. The viscosity of such TMCD resin was still 
quite high, about 14,500 Pa's at about 20° C., for the final 
resin mixture though there was about 17% of TEGDMA (see 
Table I). In order to formulate a workable resin from such 
high viscose resin, more diluent has to be incorporated. It 
yielded a low stress though its shrinkage was about 5.6%. 
0056 Although the chemical reaction in TMCD/IPDI/ 
HEMA system proceeded as expected in term of improving 
TMCD conversion, its high viscosity for TMCD Resin 4 was 
unexpected. Such a high viscosity limited the application of 
the resin. In order to formulate a workable resin from such 
high viscose resin, more diluent has to be incorporated. 
0057 Another diisocyanate, TMDI, was then used in syn 
thesizing TMCD-based urethane resin. As illustrated in FIG. 
6, TMDI is an asymmetrical diisocyanate, which was 
expected to offer an effective disruption of the crystallinity of 
resulting urethane resins and also to effectively control the 
Viscosity of the resulting urethane resins. In addition, 
TEGDMA was also incorporated into the reaction system as 
Solvent in the early reaction stage to ease the reaction of 
crystalline TMCD with TMDI (TMCD Resin 5). Surpris 
ingly, the Viscosity of Such a resin was well controlled. As 
showed in Table I, a low viscosity of about 75 Pa's at about 
20°C. with more than 70% wit/wt of TMCD resin fraction was 
achieved. Its refractive index was about 1.4843 as measured 
at about 25° C. 

0058. However, when a similar reaction process was 
applied to IPDI, a high viscosity resin was achieved (TMCD 
Resin 6) and slight gelation was also noted during the second 
stage reaction of the resin System. 
0059 Both TMCD Resin 5 and TMCD Resin 6 were 
evaluated as resins and filled composites, which are shown in 
Table IIb and Table IIIb, respectively. No additional diluents 
were used informulation of TMCD Resin 5, in comparison to 
the 20 weight % diluents that were used in formulating 
TMCD Resin 6. Both resins yielded relatively low polymer 
ization stress of from about 1.30 MPa to about 1.65 MPa, 
although both resins showed a polymerization shrinkage of 
about 6.0%. As shown in Tables II and III, moderate mechani 
cal strength and modulus resulted from the cured resin speci 
men, which indicated that proper conversions were achieved. 
For the filled composites, slightly lower polymerization 
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shrinkage resulted but much lower polymerization stress was 
developed. Again, moderate mechanical property was dem 
onstrated by Formulated TMCD Paste 4, which was formu 
lated from the new resin TMCD Resin 5. 

0060. In addition, four more control resins (UMDA, TPH 
Resin, SDR Resin, and BisGMA/TEGDMA, see Table IVa) 
and their composites with 40% wit/wt of BAFG filler mix 
(Table IVb) were evaluated as a comparison to several for 
mulated TMCD-based urethane resins (Tables IIa and IIb) 
and their composites with 40% wit/wt of BAFG filler mix 
(Tables II and IIIb). 
0061. With similar viscosity, TPH resin (XJ7-161-2) 
showed slightly higher polymerization shrinkage (7.35%) 
than other three resins (6.73-6.86%), but it also generated a 
significantly high polymerization stress than others, 4.38 
MPa vs. 0.99-2.98 MPa. The resin with the lowest MW 
(UDMA) offered the least polymerization stress but its over 
all mechanical property is lower than TPH resin. 
0062. The Formulated TMCD Resins and composites 
from the TMCD-based resins (TMCD/IPDI/HEMA/ 
TEGDMA (TMCD Resin 4 and TMCD Resin 6) and TMCD/ 
TMDI/HEMA/TEGDMA (TMCD Resin 5 and TMCD Resin 
7) exhibit low shrinkage of from about 5.6% to about 7.1% 
and polymerization stress of from about 1.3 MPa to about 1.6 
MPa (Tables II and IIIb). 
0063. It should be evident that the dental composition 
disclosed herein carries out one or more of the objects set 
forth above and otherwise constitutes an advantageous con 
tribution to the art. As will be apparent to persons skilled in 
the art, modifications can be made to the embodiments dis 
closed herein without departing from the spirit of the disclo 
SUC. 

What is claimed: 
1. A dental composition comprising a dental resin and a 

filler, wherein the dental resin is 2,2,4,4-tetramethyl-1,3-cy 
clobutandiol. 

2. The dental composition according to claim 1, wherein 
the dental resin is derived from a diol of 2,2,4,4-tetramethyl 
1.3-cyclobutandiol and an isocyante or a carboxylic mono 
C. 

3. The dental composition according to claim 1, wherein 
the dental resin is derived from a diol of the 2,2,4,4-tetram 
ethyl-1,3-cyclobutandiol, a diisocyanate and a monohy 
droxylmethacrylate. 

4. The dental composition according to claim 1, wherein 
the dental composition exhibits a compressive yield strength 
of from about 80 MPa to about 300 MPa. 

5. The dental composition according to claim 4, wherein 
the compressive yield strength is from about 90 MPa to about 
250 MPa. 

6. The dental composition according to claim 5, wherein 
the compressive yield strength is from about 100 MPa to 
about 200 MPa. 

7. The dental composition according to claim 1, wherein 
the dental composition exhibits a compressive modulus of 
from about 2000 MPa to about 5000 MPa. 

8. The dental composition according to claim 7, wherein 
the compressive modulus is from about 2250 MPa to about 
4500 MPa. 

9. The dental composition according to claim 8, wherein 
the compressive modulus is from about 2500 MPa to about 
4000 MPa. 
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10. The dental composition according to claim 1, wherein 
the filler is selected from the group consisting of as colloidal 
silica, alumina, Zinc oxide, Zirconia, magnesia, titania. 

11. The dental composition according to claim 1, wherein 
the filler is present in the dental composition in an amount of 
from about 5 weight percent to about 95 weight percent. 

12. The dental composition according to claim 1, wherein 
the dental resin is present in an amount from about 5 weight 
percent to about 95 weight percent and the filler is present in 
an amount from about 5 weight percent to about 95 weight 
percent. 

13. The dental composition according to claim 1, wherein 
the dental composition is a dental cement, a dental sealer or a 
dental restorative. 

14. The method of producing a dental composition, com 
prising: 

reacting a diol of 2,2,4,4-tetramethyl-1,3-cyclobutandiol 
(TMCD) with isocyante or a carboxylic monomer or 
with diisocyanate and monohydroxyl(meth)acrylate to 
create a TMCD-based resin, 
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mixing the TMCD-based resin with a filler to form the 
dental composition. 

15. The method according to claim 14, the dental compo 
sition is a dental cement, a dental sealer or a dental restorative. 

16. The method according to claim 14, wherein the 2.2.4. 
4-tetramethyl-1,3-cyclobutandiol resin is present in an 
amount from about 5 weight percent to about 95 weight 
percent and the filler is present in an amount from about 5 
weight percent to about 95 weight percent. 

17. The method according to claim 14, wherein the filler is 
selected from the group consisting of as La O. ZrO. BiPO, 
CaWO, BaWO, SrF, and BiO. 

18. The method according to claim 14, wherein the dental 
composition exhibits a compressive yield strength of from 
about 100 MPa to about 300 MPa. 

19. The method according to claim 14, wherein the dental 
composition exhibits a compressive modulus of from about 
2000 MPa to about 5000 MPa. 

c c c c c 
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