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Abstract: The acrylate or methacrylate (MA) group which is often used in photo-crosslinking systems requires high
energy or photoinitiator because of its low photoreactivity under 365 nm. In order to increase the photoreactivity of acry-
late group at 365 nm, we designed and synthesized the a-methoxyacrylate (aMA) with controlled HOMO energy level
of double bond. The compounds (Hx-aMA and Hx-MA) were synthesized from 1,6-hexandiol (Hx) via esterification
reaction. The degree of conversion of the synthesized compounds were calculate from the FTIR spectral change after UV
irradiation of 0 to 50 J/cm? at 365 nm. The photoreactivity of aMA crosslinker was about 3 times higher than that of MA.
A high photoreactive aMA RM (reactive mesogen) can be utilize to bio-applications, display or optical component appli-

cations where the use of photoinitiators are limited.

Keywords: photo-crosslinking, acrylate, photoreactivity.
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Table 1. HOMO and LUMO Energies of Common Alkenes"

CH,=CH, -10.52 +1.5 12.02
CH,=CHMe -9.88 +1.8 11.68
CH,=CHOMe -9.05 +2.0 11.05
CH,=CHNO, -11.4 +0.7 12.10
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o wje} Gt 7o) H= ol €El(CH,=CH,)el Y3}
A=A 25 (EDG)]! HEA17F 2]2HE 7-9-21 HOMO ©
U] 971 ozt whbd | LUMO oluA] 9+ & W3}
7} §lo] 232 02 HOMO-LUMO oly#] sie 7S =
4 Utk HOMO-LUMO ©U#] ¥i= 7Yo] Zo|EW Fr3t
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FA 275 wWEAT7F 2 S Lol EA ol Y o] E
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A o] FelA] A} 3 WElslh= FTIR ZHEHO 2
B AL, tiz] HElolZ g o] E(MA) WH71¢] 4
e} vlwatdet. KBr Helol] 38 & F=2AF 152 FTIR
2 EY9] BAS 93] dA7ZT o]Foi 1,6-3t]o]
S(Hx)oll o =EHZ3} vEg-S& F3l Hx-aMAS}F Hx-MAE &
’dste] kS-S AT

M 3

Mz ¥ HH|. Ao A8 methacrylic acid, 1,6-
hexanediol, p-toluenesulfonic acid monohydrate, potassium
hydroxide, oxalyl chloride, trimethylamine, 4-(N,N-dimethyl-
amino)pyridine Sigma-Aldriche] A &S AL&3lom,
methyl-2,2-dimethoxypropionate, N,N-dicyclohexylcarbodiimide
= TCI Al#F& AHE-3Hh 8wl 2= Duksan ChemicalA}
methyl alcohol, dichloromethane, N,N-dimethylformamideS
AT Wk EFRS Ut A ¥ FmekETes) 230-
400 mesh, Merck)= AM&3lo] QA5 dAleE S
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ZHAl = Brukerite] 300 MHz 3217|874 #537] (NMR)S
ALE-SISATE. SR SlehEe] Ak e] ks 542 FTIR
(Bruker EQUINOX 55)& AF2-&}iT}.

a-Methoxyacrylic acid §4." Methyl-2,2-dimethoxy-
propionate(25 g, 16 mmol)ll p-toluenesulfonic acid mono-
hydrate(0.5 )5 23 &2 ¥ S (short path distillation)E
AAZIT 25 140°CE &8 i T AEHEE vEES
AASAIL, 287 F 190°CE =5 &v] T3 A
methyl a-methoxyacrylate(14.5 g, 74%)S 43It} Methyl o-
methoxyacrylate(14.5 g)%} potassium hydroxide(8.5 gy methyl
alcohol(120 mL)#} E(12 mL)°ll 352t} o] EF=EL 6A|7F
Rt FFBIATE 2EE 0°CE WZA7IAL 10% FAF &
Ao Wk EFES 23t F ethyl acetate® F=3I3IT
<7 magnesium sulfateE A&t S AA T F53t
o] =gkl M) 813HE a-methoxyacrylic acid(10 g, 78%)%
Al 'H NMR(acetone-ds, 300 MHz) & 5.29 (d, 1H),
4.71 (d, 1H), 3.63 (s, 3H).

Hexane-1,6-diyl bis(a-methoxyacrylate) (Hx-aMA) &
M. 1,6-Hexanediol(1 g, 8.5 mmol), a-methoxyacrylic acid
(2.6 g, 25 mmol), 4-(N,N-dimethylamino) pyridine(3.4 g, 28
mmol)S &3 &9l dichloromethane(100 mL)3} N,N-
dimethylformamide(20 mL)ol| =<1t} 20 F N,N-dicyclo-
hexylcarbodiimide(5.7 g, 28 mmol)2 3 7}8te] 244]17F wit
St FAk=dl ureas BEJsto] AlA F F=39th ¥ =2
2vlE 123 (hexane/ethyl acetate=10/1)Z #2]sto] Fr§
A =13 g 52%)S LAt 'H NMR (CDCL, 300
MHz) 6 534 (d, 1H), 4.62 (d, 1H), 4.23 (t, 2H), 3.65 (s,
3H), 1.73 (m, 2H), 1.44 (m, 2H).

Hexane-1,6-diyl  bis(methacrylate) (Hx-MA) &4,
Methacrylic acid(5.7 g, 67.7 mmol)2 dichloromethane(300 mL)
o] &o]3L N,N-dimethylformamide 2~3 &2 Hol&t}h &
E=E 0°CE Y3 oxalyl chloride(6.0 mL, 67.7 mmol}2
A3 YA 2N & 2EE 402 S A] methacryloyl
chlorideE #|Z39t). o2 ¥H8-7]9l 1,6-hexanediol(2.0 g,
16.9 mmol)2 dichloromethane(100 mL)ol| =]l trimethyl-
amine(23.6 mL, 169.2 mmol), 4-(N,N-dimethylamino) pyridine
(02 g, 1.7mmol)S &53F & A3k methacryloyl chloride
£ A7V § A2olA] 3A7F witelQiT), vES 9= 2
2ro] 27,2 Yol wk3-S £83}a dichloromethane® & 5
3 & 3 3 2vlE ) 9 (hexane/ethyl acetate=50/1)%
gsle] T3 A SFHE(1.7 g, 39.5%)S AUt 'H NMR
(CDCls, 300 MHz) 8 6.09 (m, 1H), 5.55 (m, 1H), 4.16 (t,
J=6.6 Hz, 2H), 1.94 (s, 3H), 1.71 (m, 2H), 1.45 (m, 2H).

FTIRE o|8%t BIS7|9| 2HISd 5 WY, Hx-aMAS
1,1,2,2-tetrachloroethane®] 20 wt% =% =<1 &, KBr @
o 2¥ FE71E ARl 1500 rpmell A 30% B9 =X &}
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AT} 150 °ColA 537F 7FEste] §ujE A|AS £ 365 nm
106 mW/cm?e] Al|7| &2 AholA] F2AE 742 032(0 J), 9.4
Z(1)), 189%(2 J), 283%(3 J), 4723%(5 1), 943%(10 J),
188.7%(20 J), 283%(30 J), 471.7(50 J) E<ratit). zHzt
o] Fx2ARE AIEE FTIRS SAT 5 AX] (HE Ags
< 7sISith. Hx-MA 9JA] 9]¢} 2 Ao = S st

Zn o =2

HISd &kt 7two| Ln-HSA|ot3-E|0|E(aMA)
A . 7hr)e] BNkAS 717 SlEl aMAE &
sl 29E2 2 methyl-2,2-dimethoxypropionateZ A&
S}2L p-toluenesulfonic acid A sl 71 31e] methyl o-
methoxyacrylateS 74%2] F5E=2 $/J31 L, KOHE Al
g3ato] 7123l st aMAE 78%%] FS5EE AT
$HA3F aMAS Scheme 13} 740] DCC, DMAP 4| 3l A
1,6-hexanediolZ} o|2~E{3} W8-S 53l 3717 |2 ormethoxy-
acrylateE ZH= Hx-aMAE 52%9] &= 43t en, &
e FF 249 F2EAL Figure 13} 2¢] 'H NMR<
o]g3ld 4.5~5.5 ppme] C=C-H®} 3.5 ppm ¥-=2] OCH, ¥
9] RIS R 7F53HA

US4 d|nE 2|8t HEOIZEY0IEMA) F=A &
. @7k AlzEel ] AREAL E MAS Huwo®

o o o
TsOH KOH
R e e
oL 140°C to 190°C ocH, 20, MeOH OCH,
1d reflux, 6h
OCH; o
HO\/\/\/\OH O
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CH.CI, Hx-aMA

rt, 1d

Scheme 1. Synthesis of Hx-aMA.
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Figure 1. '"H NMR spectrum of Hx-aMA.

ARSI, B Aol AAIE aMA 15HEe] kA Y
AwZ H7Fsb7] 918 Scheme 291 7] Hx-MAZS 33813
t}. 1,6-Hexanediol#} methacryloyl chlorideE WF-$-A] 7 Hx-
MAE 39% F5&= 43t 2™, Figure 29} 7o)

< o]&3te] 5.5~6.5 ppme] C=C-H®} 2.0 ppm 72
CH; ¥=1¢] 0108 22 EA39t}

FTIRE 0|88t aMA SN =X, 37tw7]9] vk
L Qe AT aMA2] HFAIS FTIRS ARS8l 7t
&tk 8719l MA 2 aMAE UV 2AM ¢J8) o3
#o|Ee] C=C AFe] W3t M= e C-C 2FS FAS
o} UV Z2A 98k C=C 2] A4S FTIRS AME-3hY
Al = At olul, C=C AF<] W3E AAs] 9
&) 4Z7)|2n0k o]Fo]x Hx-aMA 2 Hx-MAZS F4d5ksith.
333t Hx-aMA 2 Hx-MAE KBr 2glo| Z®3}, 717t
o] A&l 1~50 J/em?2] 365 nm UVE RAI8IoH, F%
Abrel] W& FTIR SHERe] wisks A6t} Figure 3
< Hx-aMA9] FZAP] w2 1500-1800 cm™7FA] FTIR &
¢ 23 EY wslolt FTIR ZZ A 1732~1736 cm'oll =
FEAL F WSkl e C=0 olT AR F7F e,
FzAbel] o) REgo] dojub 7 FolE= C=C °l54
Tl Fe 1628 em ™ol A veRgth vRPE R dizee.
2 343 Hx-MA+= Figure 49} 7+o] 324 & w3le}x)
%E C=0 o5 4% &5 vIE 1720 em™, FFAF 5wt
2ol 93] Fo=e C=C olFZAHT] 5 ¥3+= 1636 cm’

o]

A

o
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rt,1d
Hx-MA
Scheme 2. Synthesis of Hx-MA.
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Figure 2. '"H NMR spectrum of Hx-MA.
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Figure 3. FTIR spectral change after the 365 nm UV irradiation of
Hx-aMA.
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Figure 4. FTIR spectral change after the 365 nm UV irradiation of
Hx-MA.
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Table 2. Calculated Degree of Conversion of Hx-aMA and
Hx-MA Monomer to Polymer under 365 nm UV

UV dose (J/cm?) Hx-aMA (%) Hx-MA (%)
0 0 0
1 9 10
2 12 14
3 18 14
5 29 16
10 42 17
20 43 16
30 49 18
50 54 18
100 - ® Hx-aMA
] = Hx-MA
90
80-.
S 70
- A
S 60+
$ s . ¢
c 4
S 40- o °
"6 4
o 30+ °
o |
§, 20_. Oy = . " -
10 |r
o =
T T T T T T T M T T T
0 10 20 30 40 50
UV dose (Jiem?)

Figure 5. Degree of conversion diagrams of Hx-aMA and Hx-MA
monomer to polymer under 365 nm UV.
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AATE =, 10 Jem? 0)72] oA ZAMA| Hx-aMA”7} Hx-
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