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Two kinds of novel bifunctional methacrylated prepolymers (170—2MA and 631—2MA)

which have similar structure with 2,2—bis[4— (2'—hydroxy—3'—methacryloyloxypropoxy) phenyll propane
(Bis—GMA) was synthesized for dental applications as an alternative to Bis—GMA containing bisphenol
A that is doubtful as an endocrine disrupter. The organic matrices were prepared by mixing a diluent
and/or a monomer with the synthesized methacrylated prepolymers. The yield, viscosity, and chemical
structures of the prepolymers and the physical and mechanical properties of the organic matrices were
evaluated. The yields of the prepolymers synthesized through a ring—opening reaction of epoxy
compound and methacrylic acid were above 90% and the viscosities of the prepolymers were much lower
than that of the Bis—GMA control. From the results of 'H-NMR and FTIR analyses, the chemical
structures of the prepolymers were similar to that of Bis—GMA. In addition, the curing time, poly—
merization shrinkage, photoconversion, polymerization depth, and compressive strength of the organic
matrices formulated with 170—2MA and 631—2MA prepolymers exhibited comparable to or better than
those of the existing Bis—GMA—based one. These results suggest that the novel methacrylated
prepolymers which have no endocrine disrupter can be an alternative to Bis—GMA and be applicable to

dental polymer materials.

Keywords : dental materials, endocrine disrupter, Bis—GMA, bisphenol A, methacrylated prepolymer.
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methylaminopyridine (DMAP) %! AldrichA}e] 4—methoxy—
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Figure 1. Chemical structure of Bis—GMA containing Bisphenol A.
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Methacrylated YDF-170 (170-2MA)

Figure 2. Synthetic scheme of methacrylated YDF—170 (170—
2MA).
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Methacrylated YDPN-631 (631-2MA)

Figure 3. Synthetic scheme of methacrylated YDPN—-631 (n=
0.2, 631—2MA).
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Table 1. Preparation of Various Organic Matrices

Matrix” Prepolymer TEGDMA UDMA

(wWt%) (wt%) (wWt%)
BG—-640 60(BG) 40 0
A—-640 60(A) 40 0
B—-640 60(B) 40 0
BG—622 60(BG) 20 20
A—622 60 (A) 20 20
B-622 60(B) 20 20
A—631 60(A) 30 10
A—613 60(A) 10 30

“BG : Bis—GMA, A : 170—2MA, and B : 631 —-2MA.

T e Hkg-o] WS dolu ] QJsle] thE g dEEA |l
UDMAZ 0~30 wt%® 718ttt 18l §7) e~ 1
HS A4 7] Y84 Bis—GMAZ BGRE, 170-2MAS A=,
631-2MAE BZ 717} F3om 1 A= vt ol vt
Uitk A& E9, BG-6312] 7% Bis—GMA prepolymer?] $+
o] 60 wt%, TEGDMA~Z} 30 wt%, UDMAZ} 10 wt% 2}2} st
ok S Sv)sitt

EM BM 3AJH methacrylated prepolymer?] A%+ Brown
A AEAE o] §3F9] Z} prepolymer®} control®l Bis—GMA
£ 25 ColM 22 5310, &8h4] Fx=

u] 2 A}-2-3} proton nuclear magnetic resonance (H—NMR,

chloroform—d &

Gemini 200 MHz, Varian) ¢} Fourier transform infrared
spectrometer (FTIR, IFS 66 spectrometer, Bruker) 2 #4135}
Aok F7] EZ A AFAIz FEF 755 Linometer
RB404 (R&B, Inc., Korea) & °]-8-8} S48}k 2572
prepolymer 2} Bis—GMA 2] 3434 (degree of photocon—
version) < attenuated total reflection—Fourier transform
infrared (ATR-FTIR) & ©l-§3fo] S43I8t) ol AMH 54
933 1608 cm !9 aromatic WA Y] o] F AT T4 79}
1638 cm '9] aliphatic methacrylate®] ©|%Z43 F59]3=,
FEe A 9] 93 WAS AuFo® vlwste] A3t
T3 XL FEAA ule- Fod 420 o] (poly—
merization depth) & S438F7] 91slo] 20 mme] zlo]& 7kl 4%
o] Bof 7} prepolymer$}t Bis—GMA ®EZIAS Wy 20%
B3 AEe deto] Tk ZlolRRE] Frlelth TSk f7] wl
Eg A9 AdEAE (compressive strength)+ 4X10 mme] &=
Cof MiEYAE Y1 FF5FAAA AEE RHE the InstronAt

o) WsAlEY)E S,

Methacrylated Prepolymer| &M 2 5}5H8 1 Figure 1<
A X FEE 7] MEZAS prepolymer® e AR-E
5= Bis—GMAS] gfehraE ekl Zlo=, TIgdelxgl 2]
a8t 124 F1bel vlavls AS et glont # el A

E7) A3 methacrylated prepolymer®] 3182 -3+ Bis—
GMAS} At vxwlls AS SHistal QA ok Zlo] 540
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Table 2. Synthetic Yield and Viscosity of Methacrylated Pre-
polymers

Yield Viscosity
Prepolymer

(%) (cps)
BG : Bis—GMA control - 12000
A : Methacrylated YDF—170 (170—-2MA) 91 4000
B : Methacrylated YDPN-631 (631—2MA) 90 7500

o &, 2 AFelMs vATlE AE SRS 2 27149 of)F
A elE-S EEAR 5o methacrylated prepolymerE A
3}tk Figures 29} 32 A2 Fej2] 2754 methacrylated
prepolymer®] 4 BAEE UERd Zlo%, 2714 FFe At
9% prepolymerg! methacrylated YDF—170(170—2MA)
¥} methacrylated YDPN—631(631-2MA)-2 3}8H 127} A
9] H|SE 631-2MA7F 170—-2MA R EA13o] oF 20% =1
22 Jof g =84 9 7A1A 240 ok Aol7t Sle A
Z o5k

Table 2+ 333+ methacrylated prepolymer?] 170—2MA
2} 631-2MA°] &3 FEE control?!l Bis—GMAS} H]:L
&k Zlo|tkh. 25 prepolymer?] &2 B 90% oGO %
A Yebson, Ax= AlEA $/d9 170-2MA7}F 4000 cps,
631-2MA7} 7500 cpsZ 712 Bis—GMA~Z} 12000 cps®!
Zof vlaiA ol w2 ghs B3Itk oA At prepolymer7}
Bis—GMAKT H&r} W o]fi= Afdor Aol a1
S| EZA 7o) &3t FAAF o] A FAEY] Wit o E AlREH
3k A9t prepolymer & 631-2MA7} 170-2MAXEE 2
AEE YeRE 212 ozt 38hd 71 Ajolo) @xlgo] ok 20%
A& 7] etk dRby o A3 AR 2] 7] prepoly—
merE 2:0]= Bis—GMAS}H &2 &3E2 3|1 55A17|9 st
W2 AR ATl QN & AEE Rtk dEA
7] WiEel wes] ARE Fol7] A FAAG tE S
wo] ARgata qltk 53] 3AA| = ARg-¥= TEGDMATE Bis—
GMAZ®] vl&l] A2 g do] "olx| 1 71 SR 3 F-o)
Fo] 7] witel] 7hsdh 3 AR Folt Zlo] ulAsih”
T2y B AqtoA] A Zo] g3 methacrylated prepolymer
2 HETY AEs] W) witel] X|2E- ARl 28] 3AA
Q1 TEGDMAS] ARESS =Y 7 loH I7 <lele] 7] 4
Ale] TS vl Wol 7 5 lojA] 71 A FEE 1
AF AERGE 78 BEAS 98 5 S Ao g

Figure 4+ Aj&Z0] 3433 methacrylated prepolymer?l
170-2MA(a) ¢ I ZA] 83E<1 YDF-170(b) 2] 'H-NMR
~FER S v Zlolth AR YDF-170 oA 3¢
22 6.99 7.2 ppmellA WAL7], 3.5 ppmellA #Hz17] Alo] 2]
—CHz—71, 4.0%} 4.2 ppm F-Zollq #lAl7] o] —OCHy7], 2.9
ppmellX EA7] Y] —CH7] 9 2.8 ppmellA] olZA17] e
—CHo717} 22+ Uebas RISt Ridel 4% 170—-2MA
T OF woe)] o= 2719 oAl 9§ 5.77 6.2 ppm F-
9] okaE7](a) 9 2.0 ppm&] —CHy71(b) 8] SAZHE] T4 0]
2 J95S Fad 5= YArk?! 183 methacrylated pre—

(3]
=
s

T4 g f7) WEE XA Az 541
b
a
(a) l\
(b) ” h lﬁ
10 8 6 4 2 0
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Figure 4. '"H-NMR spectra of (a) 170—2MA and (b) YDF—
170.
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Figure 5. FTIR spectra of (a) Bis—GMA, (b) YDF-170, and (c)
170—2MA.

polymer?] 34 X3Hee= ol EA] g5tEel sle wWAalv]gl 170—
2MAC] o] Age] o5t o}m@r|e] 'H-NMR W2H]|25E 7]
skstelem 1 Az A2l 100% X3=HAE & 5 ALt 1
3 22 o FR18 631-2MA2] T B A= 170-
2MAS}H fAFeE A3 YRSl

Figure 5% control¢! Bis—GMA (a), YDF—170(b) 4 170—
2MA(c) ¢] FTIR 2~ EZS vkl 2otk Bis—GMA®] 7-¢-
3500 cm ™ 'ellA —OH719} 1700 cm™'ellA] o AE|7]e] <3 ths
21 53927} ekt om, o]ef Hlsix E/dE 170—2MAA
£ ZE42 YDF-170°] §li= 3500 cm™'elld —OH &5-9)=
7} A e} 1638 cm tellA] methacrylate®] o543 v
7} vYepgemA o] & S-S ERIsIGITE BEgt 631-2MA
o] B$E FTIR #4] A3} 170-2MAS} 22 A= ®ojck uf
2 'H-NMR % FTIRS] Az RE AEA S¥ 2364
methacrylated prepolymer?l 170—2MA<%} 631-2MA<S] &
o] a2 o7 o)FojF on 7)Z2] control prepolymer?] Bis—
GMASL glstdor fARE 725 7 a8 gRlg &
ATk

7| lERIAS| E2|X &M, Table 19 Bis—GMAS®} 170—2MA
4 631-2MAE ARE31e] 3419l TEGDMAS) 3 gl
UDMAE Z/JHE 838 Alxst A7 558 /7] E"AE
UeRd Zook viEYA AlE 218t E3W= 7} prepolymerel] W
2hA] SJATES S5k v E A9 slalA] Wl S5t kA E 7o)
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Table 3. Curing Time and Polymerization Shrinkage of Various
Organic Matrices

Table 4. Photoconversion and Polymerization Depth of Various
Organic Matrices

Curing time Polymerization

Matrix

Photoconversion Polymerization depth

Matrix

(sec) shrinkage (%) (%) (mm)
BG—-640 52 11 BG—640 50 11.0
A—640 48 8 A—-640 52 12.0
B—640 50 9 B—640 48 11.5
BG—-622 50 9 BG—622 46 12.0
A—622 46 6 A—622 47 13.5
B—622 47 7 B—622 46 12.5
A—-631 48 8 A-631 48 13.0
A—-613 45 7 A—-613 44 12.0

3 viE AR pro] AFsilom, dHow ARE L gl
= X3} FEA7} 2 Bis—GMA : TEGDMA=7 : 304 6 : 4
o] E3H|Z o]FolA] QI7] wite] B Ao % o]¢) nlsEk &
&S AEsiick

Table 3 control?] Bis—GMAS®} 3% prepolymerE ©]
g3to] Azt 7+ 7] ME2] A3 T FHES e
W Zlo|tk WA Bis-GMAE ARgato] 3|44l TEGDMATH:
40 wt% 3 BG-640 MEZ A 3¢ F3algle] 52% 1
21 FFT FHE0] 1195 5o S35 d&A)9l UDMAE
20 wt% 53 BG-622 WEg A 77 50% W 9%E Hol
o} ol A 4dH o= AMEEE Bis—GMAS TEGDMAS] #]
£o] 7:30% EH X FEA B3R 9L 58]
thek 7% HEYS R B Aol Azt f7) vEE
A% o] Higietel l5-& & 7 AUrk wEsk TEGDMARRS: 40
wt% B8t 170—2MAS} 631 -2MAS AFRS A—6403} B—
640 WES A= APt 247} 489 50x 183 T T
£°] 87} 9% = e} Bis—GMAS A3 wjEE| AR} 2R 7
AR} B Z9 5 ES UERISITE 53] TEGDMAE 20
wt%, UDMAZE 20 wt% -3+ A—622%} B—622 WEZ =
TEGDMAE 40 wt% it mMEZARGE gk 3—4%29 g
< A3AI 2-3%2 W FETHES Holal Utk o9k &
#3slo] Chung 5 <5 TEGDMASH UDMARRS: 100% AR
sk 499 FEFFE] 47 1417 8.70%UE Hadk v )
o wlebd TEGDMAWRS: ARgst e nr} S5 whakd|ol
UDMAZE o] A8t mEg A50] whe 23 255 vehy
= 28 ujEE Ao E8E TEGDMAS dHgo] v7] wjitoln],
control®l Bis—GMARXR.C} 4% prepolymer”}, E3F pre—
polymerZolX= 631-2MAKRTF 170—2MA7} 1 22 A3
7} wke F3t 2258 ®ole 21 AM prepolymer?] 2
WAp) v Aol Z]Rlek Fo® Alm T

Table 4= control¢] Bis—GMA®} 4% prepolymers o1&
sto] Azst 7} {7] MiEFAS] FATEY F3zlolE UERd A
olt}, AAH o ¥ 34A¢) TEGDMARRS 40 wt% -3k
mEg A7) 3 dekxol UDMAS 20 wt% $H-3h iEZ AR
o} FAgEe] ¥ 22 ghS YERIQITE Tarumi 5= WlEZ 20
TEGDMA®] gHgo] Z71sps wlEe A FHa8-2 S8t
] T7e)st FE EE A $h¥l TEGDMAZ}F &l 2=

N

=2/, A30¢¥ #A6=, 2006

9] 573 (mobility) & -§ol3Hl st} MEHAY FAH==2] v
5 (reactivity) & =0157] wiitel FH3kgo] Srishta By
aloith® weba B el TEGDMATRS: 368 njEg 49|
FRFEC] o] A el A2 $19] By Avel & X5t
Slt}. A Bis—GMAE ARESH BG-6403 BG—622 wjEZA
o] FHIEL 27 509 46%E e 9lew 94 pre—
polymer¢! 170—2MA %} 631—-2MAS AR&3F vjEZ A 9] 334
&2 Bis—GMAE ARS8 vjE- AR =AU fARSE ghs U
ERIQleh T3 7F 7] mlEY A F3zlolE nlwsle] vkl
Table 4 ®H, Al3f prepolymer$! 170—2MA2} 631 —-2MA
£ 33 M EY A7) Bis—GMAE -3k wjEg A9} n|s=s)
ALy o7 ¥ =2 FE0IE Bk o] Ay AlEA ddE
prepolymer?] 3}8t4 727} Bis—GMAS} frAFskARE 21719 bk
& ERpol| o3t Fmrt Ao g vy wite] Tzt F
7Vt Ao wolrh rEdt 3449l TEGDMASH $§ el
UDMAE #Aloll ARE-3E 797 3JAA19 ghgo] &o] okt
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Figure 6. Compressive strength of various organic matrices.
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