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Abstract: Catechol monomer was synthesized by the reaction of dopamine and methacrylic anhydride. Then, it was
copolymerized with 2-hydroxy ethylmethacrylate (HEMA), ethylene glycol dimethacrylate (EGDMA), 2-methacry-
loyloxyethyl phosphorylcholine (MPC). Subsequent oxidation reaction under a basic condition produced transparent and
brownish blue-light blocking hydrogel contact lenses (BB Lenses) based on ortho-benzoquinone. Degree of the blue-light
blocking could be controlled depending on the amount of catechol monomer at the initial mixing step of monomers. The
maximum blue light blocking ratio was determined to be 38%, and the BB lenses also blocked UV-A and UV-B. The
BB lenses exhibited high luminous transmittances more than 87%. The water content and contact angle values were more
than 60% and less than 60°, respectively, indicating excellent hydrophilicity both interior and surface of lenses.

Keywords: hydrogel, contact lenses, blue-light blocking, ortho-benzoquinone, hydrophilicity.
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Figure 1. Transformation of catechol into ortho-benzoquinone
under basic condition.
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Mz, 2 Ao AFHEE A°F=2 HEMA, dopamine
hydrochloride, sodium tetraborate decahydrate(Na,B,O;:
10H,0, 99.5%), methacrylic anhydride(94%), sodium carbonate
(Na,CO;), EGDMA, 2,2-azobis(2-methylpropionitrile)(AIBN),
Tris, 2-methacryloyloxyethyl phosphorylcholineMPC)E Sigma-

Aldrich S=AAFERE Fiste] A glo] A8kl

N-(3,4-Dihydroxyphenethyl)methacrylamide(catechol
ch2ER]|) 8.2 5] Na,B,0,- 10,09} 2.5 g9 Na,CO; &
A 300 mLE ©l7] ¥ 500 mL ZEpaAe] vkt &
2.5 g2] dopamine hydrochlorideE 2 3. 30&7F &It
2 &9 o2, 2mLe methacrylic anhydrideE 5 mL<]
tetrahydrofuran(THF)oll ¥ o] & o} & &9 S A 2353t
Dopamines #-3h= &l methacrylic anhydride ¥
sh= 82 71gE $, NaOH €948 o]&3ale A71210S
A SPAA, 12A7F &< ARkt o] %, HCl €45 o8-
sl Ao E WAL, A7 B Wk TR ethyl
acetate® F=3I2L, Ay ARvEIYFE o]-8319] catechol
dZFA =2 Al & 60%. 'H NMR(500 MHz,
DMSO-d6, 8, ppm): 8.64(s, 2H, -OH), 7.92(t, 1H, -NHC
=0), 6.43-6.64(m, 3H, Ph), 5.62(s, 1H, CH,=C-CH), 5.30
(s, 1H, CH,=C-CH;), 3.22(m, 2H, -CH,-CH,-NH-), 2.55(t,
2H, -CH,-CH,-NH-), 1.85(s, 3H, CH,=C-CH;). *C NMR
(125 MHz, DMSO-d6, 6, ppm): 167.34, 145.06, 143.50,
140.09, 130.31, 119.22, 118.79, 115.99, 115.49(aromatic),
40.97, 34.61, 18.65. M,/M,=1.01. High-resolution & &4
A, AlAE: 22111, 4%k 221,11 [M], 222.11 [M+H]".
A2 A3, AR C, 65.14; H, 6.83; N, 633, 33k C,
65.17; H, 6.85; N, 6.33.
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Table 1] YERHATE 7HAIAQ] AIBN 0.012 g3t 7Fa A<
EGDMA 0.012g, MPC 021 g(7 wt%)>.2 A 319t}
Catechol T 2] TH%E 0.5%, 1.0%, 1.5%= 3} A
71 3%e] A= A 85 AZSIATE 2F AlRES vl g
AEet &, 7F EFEAS 30F F 250 Atk =
HE EFARE o) Bl F9U3 &, 79 2=E5 He
Tk olF, 2=E 135°CE FAIRE A, 258 5t 35
it 3% T2 &, AlxH catechol FZ(catechol-lens)
5 A2 E YT v, 35dE d2E EEE N E
Eslit) A= o] 3f-2d8e2 94% catechol ZF2
7174 Tris buffer £ 3}ol| A, ortho-benzoquinone®- = 7
st o] 73, pH=9 212 &9 50 mLol| Tris 5 g

Table 1. Amounts of Added Reactants for Copolymerization

(unit: g)
0.5%-BB Lens 1.0%-BB Lens 1.5%-BB Lens
HEMA 2751 2736 2721
EGDMA 0.012 0.012 0.012
AIBN 0.012 0.012 0.012
rgifgfr‘l‘;'r 0.015 0.030 0.045
MPC 0.210 0.210 0.210
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Scheme 1. Synthesis of blue-light blocking contact lenses via copo-
lymerization of HEMA, EGDMA, catechol monomer and MPC and
subsequent oxidation at pH=9.
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Figure 2. (a) Absorption; (b) transmittance spectra of catechol-lenses.
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Figure 3. (a) Transmittance spectra; (b) photos as a function of oxi-
dation time during the synthesis of 1.0%-BB lens (lens thickness:
0.27 mm). (c) Optical microscope image of 1.0%-BB lens.
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Table 2. Characterization of Blue-light Blocking Hydrogel Contact

AsA) - 4

A - 27

Lenses (unit: %, lens thickness: 0.27 mm)

Lens sample UV B blocking ratio UV A blocking ratio RBL Luminous Water
P (290~320 nm) (320~380 nm) (380~450 nm) Transmittance (t) content
0.5%-BB lens 63 44 23 90 64.8
1.0%-BB lens 78 58 29 89 66.4
1.5%-BB lens 87 68 38 87 65.9
100 - 100 = 100
o] 05%BBlens _ —— op ] 10%-8B lens 1% 1.5%-BB lens
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ap 804 2.1%
57% flat sample e flat sample
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Figure 4. Transmittance spectra of BB-lenses depending on the lens shape (lens thickness: 0.32 mm).
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