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ABSTRACT : The applications of dental restorative composite resins containing 2,2-bis [4-(2-hydroxy-3-me-
thacryloyloxy propoxy) phenyl] propane as a base resin, and triethylene glycol dimethacrylate, as a diluent, were
often limited in dentistry due to the relatively large amount of volumetric shrinkage that occurs during the curing
reaction. In this study, in order to reduce volumetric shrinkage of the current dental restorative composite resin,
asymmetric spiro orthocarbonates were synthesized and then the characteristics of resin composites containing
them were explored. The volumetric shrinkage of the dental composites containing spiro orthocarbonates was
decreased approximately 45%. However, the curing characteristics and mechanical properties of the new dental
composites were slightly poor than those of the commercially available dental composite.

Keywords : dental composite, resin matrix, asymmetric spiro orthocarbonates, volumetric s hrinkage.
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Figure 1. Isothermal DSC thermogram of the resin matrix (Bis-
GMA) at30 C.
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Scheme 1. Synthetic route for asymmetric spiro orthocarbonates
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dioxa-2-cyclopentanethione (Table 12] 2(a) 3}31&), 5.5-
dimethyl-4-phenyl-1,3-dioxa-2-cyclohexanethione (Table 12]
2(b) 3}3HE), 4-chloromethyl-1,3-dioxa-2-cyclopentanethione
(Table 19] 2(c) 3}3t=)S A|=3}F ) Thionocarbonateo]
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e, FT-IR 22 E3 1240~1270 cm oA peak=
el etk Figure 290l5= thionocarbonate®] $F 5731 4-
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Figure 2. FT-IR spectrum of 4-phenyl-1,3,-dioxa-2-cyclopentan-
ethione (2a compound).
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8.82, 8.48 Hz, 1H), 5.89 (t, J = 8.23 Hz, 1H), 7.35-7.48 (m,
5H); 3C-NMR (75 MHz, CDCly) & 75.1, 83.3, 126.5, 129.6,
130.3, 134.8, 191.9; FT-IR (KBr) 1150, 1270, 1380, 1450,
1710, 2360, 2980, 3030 ; HRMS (EI, 70eV) Al4kel F-=}=k
CoH0,S (M") 180.0245, ~®E 2l o 2 ¥ ] Fabs] Hx}
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Figure 3. NMR spectra of 4-phenyl-1,3,-dioxa-2-cyclopen-
tanethione (2a compound); (a) 'H-NMR; (b) "C-NMR.
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Figure 4. NMR spectra of spiro[2,4-benzodioxepine-4'-methyl-
ene-3,2'-[1,3]dioxolane (5c compound); (a) '"H-NMR; (b) BC-NMR.
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Spiro[2,4-benzodioxepine-4'-methylene-3,2'-[ 1.3 ]dioxolane
(5¢): "H-NMR (300 MHz, CDCl3) & 4.04 (m, 1H), 4.50 (m,
1H), 4.71 (t, J=1.93 Hz, 2H), 5.05 (s, 4H), 7.06-7.10 (dd, J=
5.54 Hz, 2H), 7.20-7.24 (dd, J=5.71, 2H); *C-NMR (75MHz,
CDCLy) § 67.17 (1C), 67.23 (2C), 81.1 (1C), 126.4 (2C), 127.5
(2C), 130.1 (1C), 136.0 (2C), 153.6 (1C); FT-IR(KBr) 1070,
1120, 1200, 1260, 1370, 1450, 1640, 2360, 2920, 3440;
HRMS (EI, 70eV) AAHE #21=F C,H,,0, (M) 220.0736,
2"EZ o 2 HE] by BEx1EF 220.0721.
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Table 3. Curing Characteristics of Various Monomer
resins

density (cm’/g) heatof  volumetric

monomer curing time  reaction  change

monomer  polymer (e) %)
TEGDMA 10739  1.2239 56 sec 192 -12.3
Bis-GMA 11563 1.2190 46 sec 141 5.1
SOC (52)"  1.1988  1.1782 12 hrs - +1.8
SOC (5b)*  1.1827  1.1507 12 hrs - 2.8
SOC (5¢)* 12104  1.1774 12 hrs - 2.6

“polymerized during 12 hrs at 100 C.

M TR

Figure 5. Radical reaction mechanism of SOC.
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Table 4. Curing Characteristics of the Monomer
mixtures
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o] o] E3E9] T SE+ Bis—GMA-‘ﬂ %f,z} &Ty

the thie 279 TEGMARTR: Wl 503 ¥-Zo
BFYo] ARG FH 1S F Sh BFAS A

&3t viks d=EA 35 AES SR J% <
FAE 7o FE= A skt & Table 40 Yehd Zi}
Z+o] Bis-GMA/TEGDMA/SOC &3HZ9] #3F 582
Bis-GMA/TEGDMA £3t=9l v|3] 27| 7F43skgich
FEAL 7AF 4. PR AR FEAE
oamuﬁ,gi Bis-GMA/TEGDMA(7/3) &3%& 30 wt%%}
7] FAA 70 wi%Z T4 F o 0147-10 ofof we} &
AFollM = 771 FAA 70 wins I A= 2ok
FTEE 5AE Azt 7Ad =49 73 5=
A3sto] Table 501 A2HE WEp St} SOCE iﬁf}f& =)
ezl A W= ohigke] T3 Zo] A3k SoCTk
71& wElzEd ol E sitEry W2 FHAe 2 9l
=t 71813 7o R AAZIYE & SOCE 3 75 of
kel ZAA &4 AsF A== o] g4 SOC &
A AA] Uit 7 A1 Fme) w2 SRt 7]Q1g A
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Table 5. Properties of Various Dental Composite Resins

density (cm’/g) curing  heatof  volumetric

monomer mixture time reaction  change

monomer polymer (se0) Ui )

Bis-GMA/TEGDMA=7/3 1.1405 12270 31 130 70
Bis-GMA/TEGDMA/SOC

(52)=523 1.1497 12179 51 121 5.6
Bis-GMA/TEGDMA/SOC

(5b)=502/3 1.1467 1.1969 47 122 42
Bis-GMA/TEGDMA/SOC

(5)=523 1.1518 12086 54 116 4.7

onomer mixture volumetric ~ depth of DTS FS
shrinkage (%) cure (mm)  (MPa)’  (MPa)"
Bis-GMA/TEGDMA =7/3 25 552 41#2)  220(£3)
Bis-GMA/TEGDMA/SOC
E +
(52)= 523 21 534 38(2)  210(15)
Bis-GMA/TEGDMA/SOC
- +
(5b) =523 1.4 540 402)  216(T5)
Bis-GMA/TEGDMA/SOC 19 502 ) 207(+S)

(5¢)=5/213

1) numbers in parenthesis denote error range.
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UrEMJ‘”ﬁ}. 7122] Heta el 5 E3k=el SOCE
te 2398 F5A0 AR AR ARsh S
7IAE =Ae] 2 Ast glo] T3 Fo] F50] 2
Xﬂﬂ el TEAE AxT

A},

3

O A= —
S5k 2|78

¥ rlo M‘ dﬁ o

§° J[N E

4. A&

Bis-GMA<S} TEGDMAE )7 W=A|Z 38l g+
I FEAE S 7AE =24, FF 58S A
A9k F3F 5FAAL] A Slo] ARg-el Ak
Hholo 31 glek & AFelXE 71 A Aot 5=
Ao TAAR T +5ES 277 S T3
53] sto] M]EJ# AT gk FF< B
SOCES A, A |25 T%ZH:?—_-"J A&
Vs f‘ﬂﬁ}%“xv}. Aol ¢J3) SoC =5 A3} vkg-o]
A= Q5 ojuf ofzke] F-zm sAfe] FEE glrk SOC
E‘r%&?f ZFA13Ad Ol o5l 733} whS-o] ZlsiE|A] eksk
ANk o]55 71E9] HEHetela €A SFAE = Bis-
GMA, TEGDMA ¢} &3}sto] AR8-slH 3743} nks-o] %l
Y=gk SOC7t E£3E Ao} £EA|0] F3 52
7|E AdHoR o]g= sHA vlE] A oF 45%
742 Zhastgley 23y SOC 3 EAelA 2= 3l

9 4 54 0 A B Sl Asks 24 wgkek

de o ;3 N

A

-

Ak 2 2 A7 dAE AT 5472979
A1 (FAH E: RO1-2003-000-10216-0)°1] 2]3] <7=] <)
71el el A=Yt}
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