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The eight kinds of aromatic dimethacrylates with different chemical backbones were synthesized and
the relationship between the chemical structure and physical properties of these dimethacrylates were in-
vestigated.
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INTRODUCTION

Most commercial dental resinous materials have various types of dimethacrylates, such
as aromatic, alkylene, and urethane, as major monomeric ingredient. However, the rela-
tionship between the chemical structure and the physical properties has not been established.

The previous papers™? described that in order to improve the physical properties of
dental resinous materials, two aromatic dimethacrylate monomers containing sulfonyl
diphenol backbone, 2,2’-bis(4-methacryloxy phenyl) sulfone (SDMA) and 2,2’-bis(4-me-
thacryloxy ethoxy phenyl) sulfone (MEPS), were synthesized. In that paper, the relation-
ships between their chemical structure and physical properties of these dimethacrylates
were investigated. Consequently, the physical properties of dimethacrylate copolymers
with methyl methacrylate (MMA) increased by increasing the molar ratio of these dime-
thacrylates. Thus, it was shown that these dimethacrylates were useful for improving the
physical properties of dental resinous materials. However, these dimethacrylates were
crystalline solids with a high melting point and showed relatively low solubility with MMA
or other conventional dental methacrylate monomers.

We synthesized eight kinds of aromatic dimethacrylates with different backbones,
hydroquinone, bisphenol A (isopropylidene diphenol), bisphenol S (sulfonyl diphenol) and
biphenyl, and investigated the relationship between the chemical structure and the physical
properties of these dimethacrylates.

MATERIALS AND METHODS

1. Preparation of dimethacryloxy phenols

Preparation of 1,4-dimethacryloxy benzene (HQDMA) was carried out by the method
of Atsuta, et al.?
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2,2’-bis(4-methacryloxy phenyl)propane (BPDMA) was prepared according to the
method of Atsuta, et al.?

Preparation of 2,2’-bis(4-methacryloxy phenyl)sulfone (SDMA) was conducted as pre-
viously described.”

4,4’-dimethacryloxy biphenyl (DMBP) was prepared by the following method: 29.5 g
(0.28 mol) of methacryloyl chloride was added dropwise to a solution of 25 g (0.13 mol)
of 4,4’-dihydroxy biphenyl, 28.5 g (0.28 mol) of triethylamine and 400 ml of tetrahydrofuran,
The mixture was stirred at a temperature of 0 to 5°C for 3 hrs and filtered to remove the
triethylammonium chloride, and the solvent was removed by evaporation. Purification of

DMBP was carried out by recrystallization from methanol. A white crystalline material
with mp. 136-137°C was obtained.

2. Preparation of dimethacryloxy ethoxy phenols

The synthesis of dimethacryloxy ethoxy phenols was carried out in essentially the
same manner. An example is given here using hydroquinone (1,4-dihydroxy benzene) as
the substrate.

A solution of 22 g (0.20 mol) of hydroquinone, 18 g (0.45 mol) of sodium hydroxide
and 60 ml of water was placed into a three-necked flask and heated at 60°C for 30 min.
Then 36 g (0.45 mol) of ethylenechlorohydrin was added dropwise to the mixture, and the
mixture was held at 85°C for 6 hrs. After cooling, pale brown crystals were separated
and recrystallized with hot water and active charcoal. The white flake crystals, 1,4-bis(2-
hydroxy ethoxy)benzene, with mp. 101°C was obtained. 1,4-bis(2-hydroxy ethoxy benzene
was esterified by condensation reaction with methacryloyl chloride. 35g (0.33 mol) of
methacryloyl chloride was added dropwise to a solution of 30 g (0.15 mol) of 1,4-bis(2-
hydroxy ethoxy) benzene, 34 g (0.33 mol) of triethylamine and 400 ml of N,N-dimethyl
folmamide (DMF). During the addition, the reaction mixture was kept at a temperature
of 0 to 5°C. After 3hrs, triethylammonium chloride was removed by vacuum filtration.
The filtrate was diluted with 500 ml of ethyl acetate and washed several times with 59,
HCI solution, and washed with water. After it was dried over anhydrous sodium sulfate,
ethyl acetate was removed by evaporation. The yellow oil was purified by recrystalliza-
tion from methanol to yield white flake crystals with mp. 70°C.

3. Identification of synthesized dimethacrylates

Eight kinds of synthesized aromatic dimethacrylates were identified by infrared, NMR
spectra and elemental analysis.

4. Preparation of MMA copolymers

Mixtures of 5, 10, 20, 30, 40 and 50 mol%, synthesized dimethacrylates with MMA
were prepared as comonomers. Because the solubility limits of SDMA, MEPS, DMBP
and DMEBP with MMA were relatively lower than the others, the comonomers with
maximum concentration, 10, 40, 10 and 40 mol%, were prepared, respectively.

Copolymerization was carried out with 0.5wt%, of benzoyl peroxide (BPO) at 60°C for
12 hrs and 120°C for 10 hrs.

5. Physical properties
All specimens, except for specimens for determining water sorption, were tested in
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both the dry and wet states to evaluate the effect of water sorption on the physical pro-
perties of copolymers. The dry specimens were stored in a desiccator at room tempera-
ture for 24 hrs and the wet specimens were immersed in distilled water at 37°C for one

month.
Specimens for compressive strength and modulus of elasticity were 5¢ X7 mm cylinders.

Measurements of compressive strength were made on a universal testing machine at a
crosshead speed of 1 mm/min. Because the cylindrical specimens showed large plastic
deformations by compressive stress, the values of proportional limit were calculated as

compressive strength.
Knoop hardness was measured on cylindrical specimens (10¢ <10 mm) with 100 g

load.
Amounts of water sorption were determined on disc specimens (10¢ x0.5 mm). After

vacuum drying, disc specimens were immersed in distilled water at 37°C for one month,
and then the amounts of water sorption were calculated as the gain weight per centimeters
of surface areas.

RESULTS
The eight kinds of aromatic dimethacrylates were prepared by the following schemes:
' CH, CHy
amine — —
HO- R —OH - CH=0 G=CH,
GH, C-0-R -0-C
i, =C § 5
(;~C1
0]
CICH,CH, OH
HO— R —OH =  HOCH,CH,O- R —OCH,CH, OH
NaOH
. CH, CH,
amine I |
- CH,=C C=CH,
GH, C—OCH,CH, O~ R —OCH, CH, O—C
1] Il
CH,=C 0 0
(l%~Cl
O (R;aromatic)

The structure and properties of these dimethacrylates are listed in Table 1. Table 2
contains the infrared and NMR spectra assignments.

On comparing the melting points of these dimethacrylates, it was found that in every
case dimethacryloxy phenols had higher melting points than the dimethacryloxy ethoxy
derivatives of the corresponding phenols.

The relationship between the compressive strength and the concentration of these
dimethacrylates is shown in Figs. 1 and 2, and the modulus of elasticity is shown in Figs.
3 and 4. Within the concentration range studied, compressive strength and modulus of
elasticity rose by increasing the concentration of dimethacrylates. Dimethacrylates con-
taining bisphenol A and bisphenol S backbones gave relatively higher compressive strength
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Table 1 Structure and properties of synthesized dimethacrylates

Elementary analyses

Molecular Melting Calc'd(%) Found (%)
Structure Abbreviation weight point C H C H
- HQDMA 246.3 88-89°C  68.28  5.73 - ——-
( CH, C(CH3)C00 7\—@],4 Q
2
GHy o o
{ CH.=C(CH )coo@—ﬁc- BPDMA 364.4 72°C  75.80  6.64 - -
2 3 i,
( CHZ:C(CH3)COO@+Z_8_ SOMA 386.4 151-152°C  62.17  4.70 61.97  4.69
b
( CH2=C(CH3)COO@—}—2 DMBP 322.4 136-137°C  74.52  5.63 74.69  5.49
- DMEBZ 334.3 70°C  64.66  6.63 65.27  6.39
( cH, C(CH3)CODCH2CH204@],4
cH )
( CH,=C(CH)COOCH,CH o@é.3 MEPP 452.6 42-43°C  71.65  7.13 71.65 7.6
2 3 2“2 2
3
9
- —-  MEPS 474.5 87-88°C  60.75  5.52 61.20  5.40
( cH, C(CH3)COOCH2CH20@—)?6 S
- DMEBP 410.5 78°C  70.22  6.38 70.65  6.22
(o, c(CH3)COOCHZCH20-@+2
DHEBZ 198.2 101°C
( HOCHZCHZO@]!4
CHy o
( HOCH,CH,0 ¢- DHEPP 316.4 107-109°C
2“2 Z
CH,
9
- DHEPS 338.3 180-182°C
( HOCHZCH20<C__)>—)7(s5
DHEBP 274.3 212-215°C
{ HOCHZCHZO@—‘b
Table 2 Infrared and NMR spectra assignments of synthesized dimethacrylates.
. STy R
NMR chemical schift (ppm) * IR absorption bands{cm ')
Dimethacrylate :CH2 aromatic -CHZ- —CH3 C=0 C=C SO2
HQDMA 5.85(2H) 7.30(4H) 2.10(6H) 1730 1640
6.50(2H)
BPOMA 5.76(2H) 6.91-7.61 2.09(6H) 1720 1645
6.38(2H) (H) 1.66(6H)
SOMA 5.80(2H) 7.25-8.15 2.05(6H) 1730 1640 1320
6.35(2H) (8H)
DMBP 5.70(2H) 7.00-7.70 2.05(6H) 1730 1640
6.30(2H) (8H)
DMEBZ 5.75(2H) 7.05(4H) 4.10-4,90 2.05(6H) 1720 1645
6.31{2H) (8H)
MEPP 5.45(2H) 6.45-7.20 3.80-4.45 1.80(6H) 1710 1640
6.02(2H) (8H) (8H) 1.50(6H)
MEPS 5.55(2H) 6.60-8.00 3.90-4.60 1.85(6H) 1720 1640 1320
6.06(2H) (8H) (8H)
DMEBP 5.55(2H) 6.80-7.80 4.00-4.75 1.90(6H) 1720 1640
6.17(2H) (8H) (8H)
* run in CDCT3

** KBr

and modulus of elasticity.

Knoop hardness of these dimethacrylate copolymers are shown in Figs. 5 and 6. Co-
polymers showed an increase in Knoop hardness with increasing dimethacrylate content.
The relationship between the amounts of water sorption and the concentration of
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dimethacrylates is shown in Figs. 7 and 8. With increasing dimethacrylate concentration,
the amounts of water sorption of copolymers decreased. Dimethacrylates containing bis-
phenol A and biphenyl backbones gave relatively lower water up-take

On comparing the physical properties of these dimethacrylate copolymers, it was found
that dimethacryloxy ethoxy derivatives had relatively lower mechanical properties than the
corresponding dimethacryloxy phenols. Mechanical properties of these dimethacrylate
copolymers slightly decreased by immersion in distilled water at 37°C for one month.

DISCUSSION

Dimethacrylate monomers are now widely used as major monomeric ingredients of
dental resinous mateirals. A number of dimethacrylate monomers containing different
chemical backbones have been reported during the past twenty years. However, the rela-
tionship between the chemical structure and the physical properties of these dimethacry-
lates have not been established.

The purpose of our study was to investigate the relationship between the chemical
structure of polyfunctional methacrylate molecules and their physical properties. Because
we expected that the physical properties of dental resinous materials could be improved by
the introduction of aromatic groups into the backbone, we synthesized the eight kinds
of dimethacrylates with different aromatic groups into the backbone.

As shown by the results in this study, these aromatic dimethacrylates improved the
physical properties of MMA copolymers. Dimethacrylates containing bisphenol A and
bisphenol S backbones yielded higher physical properties than those containing biphenyl
and hydroquinone backbones. Therefore, the introduction of bisphenol A and bisphenol
S backbones are significantly useful for improving the physical properties of dental resinous
materials.

These crystalline dimethacrylate monomers are relatively easy to purify by recrystal-
lization. However, these aromatic dimethacrylates except for MEPP had a relatively
higher melting point and lower solubility for conventional dental monomers. Introduction
of alkylene groups into the backbone reduced the melting point, and improved the solubility
of aromatic dimethacrylates. It has been reported that dimethacrylates containing (CH,),
groups in the backbone yields generally more desirable physical properties than those
containing (CH,CH,0),, groups.”

On comparing the physical properties of these aromatic dimethacrylate copolymers,
it was found that the introduction of alkylene groups into the backbone slightly decreased
the mechanical strength (such as compressive strength, modulus of elasticity and Knoop
hardness) and slightly increased the amounts of water sorption. However, the physical
properties of dimethacryloxy ethoxy derivatives containing bisphenol A and bisphenol S
are high enough for use as dental monomers. Therefore, it is considered that dimethacry-
loxy alkyloxy bisphenol A and dimethacryloxy alkyloxy bisphenol S are the most desirable
dimethacrylate monomers for improving the physical properties of dental resinous ma-
terials,
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CONCLUSIONS

In order to improve the physical properties of dental resinous materials, the eight
kinds of aromatic dimethacrylates were synthesized and the relationships between the
chemical structure and physical properties of these dimethacrylates were investigated.

Mechanical properties (compressive strength, modulus of elasticity and Knoop hard-
ness) of MMA copolymers increased by increasing the concentration of dimethacrylates.

The physical properties of dimethacryloxy phenols were relatively higher than those of
dimethacryloxy ethoxy derivatives for corresponding phenols.
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