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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) phenyl] 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.
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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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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
(wt%) (wt%) (Wt%)
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.
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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

th &, ¥ A7AE HaElE A e 92 271118 ol F
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B12AT) Figures 29} 3 A2 el 23984 methacrylated
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3} methacrylated YDPN—-631(631—-2MA) 2 3}&H 271 A
o) wgsht 631-2MA7F 170—-2MART BAZo] o 20% 2
g e & E83 9 7|AA E490] ok Alol7t & A2
2 54
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9} 631-2MAS &3 HAEE control?] Bis—GMAS} H|iL
g Aot} 2%/ prepolymer®] &S BT 90% ©VFLE =
Al velhdew, dxEs AEA 98 170-2MA7] 4000 cps,
631—-2MAZ} 7500 cps®E 71€2] Bis—GMAZ} 12000 cps¢l
Zof Hlal|A] o} e ke Hr) o]FA A5t prepolymer?}
Bis-GMAXT ALr} W o)f-&= Ayes #Azo] z1
B =FA7]0l 23t FAaAT o] AA APV HELE AlsET
£k A9 prepolymer % 631—-2MA7} 170—-2MARTHE &2
ATF YeE 212 ozt 3lshE] 2 Ajolo} #xlo] ¢k 20%
e 7] gioc). dutd oz X3 TEARS] #7] prepoly—
merE. 20]& Bis—GMAS} Z& SFEL S|=5A719 23t
B B A el £ HEE UERdtia d=iA 9
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GMAS®] Blal gAZ o] dojx 1 11 SFA 0 3 Fo
o] z17] wjRo| 7Fsdt T ARERE Foli= Ao} upgA s}
Teu B AFelA AjEe] $/J3F methacrylated prepolymer
T2 ATt A3 Wl gl XHE TEAR A8l 4R
%! TEGDMAS] AMs Y &+ 3lon I2 Q] 77) 534
AY) TS TS Wol 71 7 glolA 719 A 58 1%
2} AEEOE 975 BAS 98 5 S A0 ZidiEn)

Figure 4+ A Z2o| 433t methacrylated prepolymers!
170-2MA (@) ¢ %A 312521 YDF-170(b) 2] 'H-NMR
2HELS Rl Holuh 383 YDF-170 &4 3%
B2 6.99 7.2 ppmeollA dAl7], 3.5 ppmelA] HAl7] Ate] 9]
—CHy—7], 4.03} 4.2 ppm F-2olA WAl7] 4] —~OCH,7), 2.9
ppmolA oEA7) Ye] —CH7] 9 2.8 ppmellA <lIFA17] Wie]
~CHp7 17} 242 e #1313} whgel 34d€ 170—-2MA
= 9 doe) glE 2709 olFA Tl 2 5.73 6.2 ppm F
22| ot=Z 7 (a) & 2.0 ppme] —CHs7](b) &) EAZHE FAo)
Z EHes g 4 9ddrk?! 18)3 methacrylated pre—

b
a
(a)
10 8 6 4 2 0
ppm
Figure 4. 'H-NMR spectra of (a) 170—2MA and (b) YDF—

TVl
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Figure 5. FTIR spectra of (a) Bis—GMA, (b) YDF—170, and (c)
170—-2MA.
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aksigion 1 A A9 100% A#=EUSS & 4 Ut TE
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Figure 5% control®l Bis—GMA (), YDF—-170(0) ¥ 170—
2MA(0) 8] FTIR A E#HE WeRd Aolt). Bis—GMA2] 735
3500 cm™'ellA] ~OH719} 1700 em ™ 'ellA] o AE|7]6f] )3t s
A1 BT vERL S, ool vlaix] FdE 170—2MACIA
£ 22272 YDF-170¢] 91 3500 cm ™'l —OH 3=
7} A4 VERR 1638 cm” oA methacrylate®] ©152% 9]
7h vEbg ez o] & H30E-S AIsIIch 8 631-2MA
9 Z¢% FTIR ¥4 A3 170-2MAS} 22 F3E BT, u
2 'H-NMR ¢ FTIRS] AA2RE AFA §49 2864
methacrylated prepolymerg! 170—2MA$} 631 -2MA2] 3
Ao) AF2 o g olFo]H o 7|2 control prepolymer?] Bis—
GMASIE slazlos fARSE 725 7IA1 Ye-& I +
3T

{71 BE2lAo| B2|X 24 Table 19 Bis—GMA %+ 170—2MA
4 631-2MAE AMEER] BMAIRI TEGDMAS 58 T2
UDMAE 288 st Axe A3 58 f7] HEd LS
YERA Zlojok vE-IA AZE 98 E3hks 7} prepolymerol] W
2hA] B4Rk E3ek viE— A BlaA 9l S5 dEE Zo)
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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 47 135
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

gk MEYAZ ro] AFsIge, dddoes AREHT gl
X7} FEAN7F F2 Bis—GMA : TEGDMA=7 : 314 6 : 4
3 E o]Fo)A Q7] witel & AFIME oetk HlRE &
&g Agssick

Table 32 control?! Bis—GMAS} $H4% prepolymerE ©]
galo] Azt Zt 77] EYAY AR FH THES VE
A Aot WA Bis—GMAE AR3to] 34411 TEGDMARM:

1o i o

40 wt% -3t BG—640 WEEAS] 79 A3A0] 523 1
2y £ F££F0] 1192 BYon =3 dekA¢l UDMAES

20 wt% &3 BG—622 WIEZ A 47 50% Y 9%E HS
t}. o= @A 4YAH2F AMHE Bis—GMASH TEGDMAS)] v
80 7:30% F3d A7H 54Ae) 2R St S5Eo)
gk 7% AEYS AT P B AFeA Azt 7] vjE
25 o] Heglel & & = %k 3 TEGDMARRS 40
wt% 3k 170-2MAS} 631 -2MAE A3 A—6407 B—
640 MEHAE Azrzte] 22} 483} 50 28T FE5E +F
£o] 83 9% = e} Bis—GMAE AMg-3 e AR} 7k 7
A7 W2 F5 £ ES YERISIYE 53] TEGDMAE 20
wt%, UDMAZ 20 wt% 343 A—-6229} B-622 vlEEAE
TEGDMAZ 40 wt% 73 EgAuchs ek 3429 2
2 A3 2-3%2] W2 SETEES Hol3 itk o9t &
#3ke] Chung 5& +% TEGDMASH UDMARHE 100% ARE
& 7ol 23rEFo] 24 1419 8.70%U2 Bk vl ¢l
0 web TEGDMARRS ARg3t vlEdinr) 5 gfQ)
UDMAE #o} AMS-3H tjEZ A E0) % FE5E Ve
£ AL dEese] 3 TEGDMAS] Bao] ] wgolu,
control?] Bis—GMAX.tH &4¥€ prepolymer?}, 23+ pre—
polymerZelA= 631-2MART} 170-2MA7} T 2+ A 3}4A]
7 e 3 =258 HolE AL AR prepolymer?] 2
TR W Aol 71Qlgk 2o 2 Alg )

Table 4+ control?! Bis—GMA$} T3F prepolymerE ©] &
3l Azt 2 /7] dEY A FREET TS YERA A
ol ANHoZ By 34H9) TEGDMATHS 40 wt% 73
fEZ A7} S5 kol UDMAE 20 wi% 333 tiEgiAn
ot FHggo] o £ 2k YepIRIch Tarumi 52 tiEZ 20
TEGDMAS] g#o] S71845E mE-Ag FAEEL F7ie)
W gefdk Ak e~ $hAE TEGDMAZE &) B2l
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ol 4579 (mobility) & golsh stod wiE A HIEES Wt
o (reactivity) & E91F7) wWiEef| FHEEo) Tty vy
ek webd 2 ATelM TEGDMARRS: 3-8 =gl 29
FEgo] v #A vehiie 312 $9 B dukst 2 dxjstn
ok g Ris—GMAE AME3E BG-6407) BG—-622 tiEEA
9] FHEEE 7 507 46% 3 LER L 9o 3 pre—
polymerg! 170—2MA$} 631 -2MAZE ARESH W E-&AQ] 3
&2 Bis—GMAE AMSE viEY AR B/ fA8E e W
ERIglch mEgk 2 f7] wlEY L] FRzlolE nlwste] vER
Table 42 ¥, A9t prepolymer?l 170—-2MA$} 631—-2MA
2 {3 WEZ A7) Bis-GMAE §R3 fEgdAg) n)ss)
vt o o 22 FEelE Btk of A MEA T4 E
prepolymer?] #3H% 27} Bis—GMAS} AR RF 772) o
2 BAjgel o3t Awrt AdiF o g vr) wiEe Fzolr} =
718t Ao 7 reltk B3t 514A9] TEGDMAS 53 w9l
UDMAE FAld ARSEE B-97F XA o] o ot
T2 TRAE VMt et A oR 7)Ee)] AR EHD
& Bis—GMAE ARSSH A7} 54 /7] WEZ2R8 297
prepolymerd]l 170-2MAS%} 631-2MAZE A3 7] WE
Yart Hek e FE5EEY 52 FHEE U FEU0E Y
Efjgien] olzish A= 7] MEY RS 7114 BA ) 9
S n)E Aoz ot
At AR wEek S AAY Tl 2ol gHEA o g F9ix
7] wiiell 21 71AIE B F AFERE S He] vl T2
St Figure 62 Bis—GMA$}F 4151 prepolymer® THEold &
7] EHAY] 4= EE HERH Folt}. Control?l Bis—GMA
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Figure 6. Compressive strength of various organic matrices.
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