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ABSTRACT

Synthesis and application of fluorescent self-assemblies
from BODIPY derivatives

Kim Bo Ram

Advisor : Prof. Kim, Ho-Joong, Ph.D,
Depar tment of Chemistry,

Graduate School of Chosun University

Boron—dipyrromethene (BODIPY) derivatives have been widely used as bright
fluorescent dyes for cellular imaging due to their remarkable photophysical
properties, such as excellent photostability, large extinction coefficients
and high f luorescent quantum  yields. Recent improvements in
functionalization methods for BODIPY has allowed fine—-tuning of the
photophysical properties of the chromophore and brought great research
interest in BODIPYs for diverse fields, such as photosensitizers and
fluorescent organic devices. We synthesized aqueous self-assemblies with
nano-size from amphiphilic BODIPY derivatives. The amphiphilic BODIPY
molecules consisting of a hydrophobic aromatic segment and hydrophilic
coils, self-assembled into micellar nanostructures. The BODIPY derivatives
could be used as photodynamic therapy and bio—imaging agents.
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induced emission enhancement; AIEE)2tD &tC}.’

2 AR A= boron dipyrromethene ( BODIPY ) speciesES O|I=Zot%HLCH. BODIPY

= )

FEMeE =2 2 82 A=, =2 2 52, BIE SI90M2 emission EE

Jell oI ol st =2 otE-s 20 U (- 1 ). SHAIeH BODIPY &

Mot S0 hsh ol 1 SOtA, MAo &5t Xl ZCH A

SHACHY E2&Z2 IR poly ethylene glycol( PEG ) At=S Z5HACH® =,

BODIPY LM X0 AIEEE = S0t= cyano stilbene unitES T AotA LD, 24X
R2=AM0| PEGS C1ZGI, ABA typel XA XS SAGAC ( 1

v
=2
rir
al

~

Cys

Keio Fluor-3 (KFL-3)

J8 1. HIXE imagingdl AI2El= AZ3SHE BODIPY dyes=.

Collection @ chosun



R : poly ethylene glycol

& 2. Molecular structure of designed BODIPY derivative;
R = PEG coils
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2. Experiment

2.1. Generals

2 AEUA LBHANQOl BtSES 022 JIAM StolA XEHEUCH. 2,4-dimethy
pyrrole 97 %, boron triflouroride diethyletherate, poly(ethylene glycol)meth
yl ether MW 550, triethylene glycol monomethy! ether, iodine, iodic acid, tr
ifluoroactic acid, tetrabutyl ammonium hydroxide solution &2 Sigma aldrich
HlA FOHSHR LD, tetrakis(triphenylphosphine)-palladium (0), acetyl chloride
= TCI, 4-bromophenylacetonitrile 97 %, 4-bromobenz aldehyde 98+ %, 4-(amino
methy|)benzene boronic acid hydrochloride 96 %, 4-bromo benzene boronic acid
97+ %, 4-formylbenzene boronic acid pinacol, 4-(diphenylamino)benzeneboronic
acid pinacol2 Alfa AesarOlAl &3 20, magnesium sulfate anhydrous= DAEJ
UNGOIAl 2ot &elS &IHGHULH

3tgt2o RE 242 Bruker AC - 300 MHz spectrometer ( 'H-NMR, 300.1 MHz
o PC-NMR 75 MHz) 2 OI235t0 LA20M, NVR Z0H chloroform-d= Cambridge Is
otope laboratories, IncOlM OHGHR LD EX 10l AL=ZSHAUCH. NMR peakll 3h&t
X 0lS2 part per million ( & ppm )22 LACE.

2.2. Synthesis
2.2.1 Synthesis of 1,3,5,7,8-pentamethy|-B0ODIPY

( compound 1)
2,4-Dimethyl pyrrole ( 5 g, 0.052 mol )2 Ot=2&2 JtA GtOIM dried
dichloromethane ( 150 mL )Jt €21 S2 BIY ZctAI0 &HOtot) wWEtete &
EHOIIA acetylchloride ( 2.09 g, 0.026 mol )& SRIFAIIIE AME0IH & &3
FQUGIACE. el 50 CTUHIM 2A12F 817 AIZCH. 2A12F & A20HK AGE &

Z0HE HMHGHD s A2t Jtg MZXEl = anhydrous toluene 80 mL2t dried

Collection @ chosun



dichloromethane 15 mLE F2oIALCt. Ice bathlll SH S22 2 E 422
YHEe & &S| triethylamine ( 13 mL ) EHIIoILCH. 152 et & AXXNO
Z boron trifluoride diethyl etherate ( 12 mL )& & &3l &EIISH £ ice bath
E HAHSHL, &A=20M 5AI2F EtE FXIGHALEH.

BtE 32 =, S0HE MHGHLL dichloromethane?t SF+E AIE5IH 3H F==ot
0 RIS &2 20 20HE HA SHACEH. MRS compoundE LI #oH0
dichloromethane : hexane = 1:2 &0 X212 Sofl 2&8 AZ0IEDNTIE M-Sl

220l 2clotALt.

stA Sl compound2l Z b= 'H-NMR spectroscopy=S OIE8t0 &0I5HS L.

2.2.2 Synthesis of compound 2
2,4-Dimethy! bodipy ( 1 g, 3.8 mmol )= dried dichloromethane 60 mLOil Of

=2 JtA GHUHIM 2+&3| =@l =, N-bromosuccinimide ( 1.43 g, 8.01 mmol )2

2, M20Ad 5AI2F SO WBGIALH. BtE 35 =, NaS0s E3t +=ZH1t
dichloromethane@2 381 =& ol |RIIEWM S22 22, MgSO,E Ol=2dH =2
BN MoAGtY, O = |IIEME MHOIALH. 2OH& DX compound 2= hexane
£ MEd HZES &I L2t O stet=s LUACH

2.2.3. Preparation of compound 3
compound 2( 0.8 g, 1.90 mmol )3+ 4-formlyphenyl boronic acid ( 1.09 g,

4.38 mmol )2 250 mL S22 HIEY EctA3I0 €2 =, solvent tetrahydrofuran0il
=0, 2 15 nLE EOtotYL., el wets SXIotHEA, 2 M KLC03 5 mL €10 30
= L=

2t A20AM nBtet = =0HC Zels 30 mgS €1, 75 TZ 8AIZE &% Al

Ct. Bt & Z00 tetrahydrofuranE ZIUIEH HIHGID K21 0 dichloromethane
2t ER4=2 M =AU, == & Z2E JAZ20IEINIIE Soll MRS XA
ZES HULC.
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2.2.4. Preparation of compound 4
gallic acid ( 4 g, 23 mmol )S 100 mL S2 HI& E2tA3AN &2 F,
distilled ethanol0ff 2&3o|l =RUCH. W2 KFAGIH SHE AIESE St U

©Z HMEGl FItotALt., el 80 CTOHIA 5AI2E 8= AIZLCH
i

B2 387 & E0MZ2 AMEE ethanolS 2835l MIHSH C+E dichloromethane2t &
S+E 0|30l 3H =oAL
I E0 £2 2 20t MgS0,Z2 == MHE & RIIE0H dichloromethaneE
MIAGHH GteFM DHIE L ALY

2.2.5. Preparation of compound 5
Ester gallic acid ( 1.00 g, 5.0 mmol )2 anhydrous dimethylformamide0il 2
&3l =02 = tosylated triethylene glycol2 &EIIotCH. 2l HOIM KL0s (
3.48 g, 25.0 mmol ) €=, 75 CTOIA 12A12t &= AIZCH Bt &2 =
O dimethylformamideE &8 ZFZ 2Mo|l HMAHot) ZE AZ20tEHIIZ M
RotA S RUCEH.

2.2.6. Preparation of compound 6
Triethylene glycol ( 1.88 g, 3.0 mmol ) £ 150 mL S Ht< ZctA 0 &
1) ethanol 40 mL &EIotRACE. triethyllene glycolOl ethanoldt & 40IH wEt
FRACH. 2l NaOH ( 0.47 g, S 10 mLOl sHAM &E&Sl D
o 70 TCOAM 5AI12F &F Al Z0i ethanolE HIHGHD
ich >

21
SUS AL =B0IUC. RIS 52 2

«Q

12 mmol )S

ol

010 O

ol
ol
N

10

loromethane® S &At

IT_]O'

Z0HE M SHALE.

2.2.7. Preparation of compound 7

Methy| 4-hydroxy benzoate ( 1.08g, 6.5mmol )2 150 mL S2 HIE E2tA 30

Collection @ chosun



22 =, anhydrous dimethylformamide 40 mLE &IIGIACE. 1 =, tosylated
polyethyleneglycol ( 0.22 g, 5.0 mmol )2 CotRUCH. el S0l K03 ( 3.45
g, 25 mmol )2 &Il F, 9AIZt S 75 TOUHA 2F AL BS B &
dimethylformamide E0HE &3 3
dichloromethane?t &J= A
?|5t0 dichloromethane @ methanol = 1 : 30 HIEQ2 HMIHHS AIES Z2E 3=

OtEJHIE MAGHALE.

2.2.8. Preparation of compound 8
100 mL S22 Ht< Ze2+tA 30 compound 7 ( 1.4 g, 1.9 mmol )3t NaOH ( 0.30
g, 7.5 mmol )& €11, ethanol : water = 4 : 1 HI&% &HItoICH. D2l
TUHAN BSAIZE B8 AL, 28 38 F, 0 ethanolE HMAHE & E2F[F2

dichloromethane =&2 &l &HoIALCEH.

2.2.9. Preparation of compound 9
4-Boromopheny | acetonitrile ( 0.59 g, 3.0 mmol )1t 4-(aminomethyl)benzeneb
oronic aicd ( 0.51 g, 2.7 mmol )E 150 mL S22 bt ZctA30 €10 solvent
tetrahydrofuran& =L, E2& =20 O 2™ KC03 2 M, 5 mLE O oi=12 30
Z2h wWets RXSHACH. 302 = =00 Pd(pphs)s 30 mgS £, 75 CTOIAM 12A12+

B8 AIZCH. B2 = tetrahydrofuran® AHIJHGHL] dichloromethanelt &&=

FES 3 BEOIUL. |I S0 &2 2 2210 H0lUA= =22 MgS0,Z2 HIA
olACH, 2O & compound 92 Z IZ0IEHIIZ 0lE2ol IHRSHH =2t
Ct.

2.2.10. Preparation of compound 10

Olel St=0 & dialdehydepheny! bodipyE 50 mL &2 HIE S2tA30 €1, &
A= PEG ( Mw 550 )& &M SO0=QUCH. delll S2 HIE E2tA3E &ZE AR
— 7 —
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2 e =, 02222 X#otACh. 1elld  anhydrous tetrahydrofuran,
t-butanol= 5 mL & 22 FHotW &It otUCH. 50 COHA 1022t wWEH = TBA
0.5 mL 2 FAIIE 01230 HIIGIACH. el 2A12F SO 50 COHlA W EHetA
Ch. ¢t8 &2 & EME HIAHs O3, 28 AZ0tEDHI YHe =2 MHRO0l &
clotALCE. TBAS HMIAHGH)| ®loh 322t EF+= 4 SIRULEH.

2.2.11. Preparation of compound 11

150 mL S2 Bte Ze2tA 30 cyano aminebenzen ( 0.53 g, 2.4 mmol )2 €1,

1-Ethy |-3-(3-dimethylaminopropy|)carbodiimide ( 0.50 g, 2.6 mmol ), 1-hydrox
ybenzotriazole hydrate ( 0.35 g, 2.6 mmol )2 XieItHE = IIGHALCE.

&2 vialdl triethylene glycol ( 1.24 g, 2.0 mmol ) =2HE ML

dimethylformamide2 3SIA&oIHAN S22 HIY Zc2tA30 OISAIZACH. el

)E &DIb otUCH. dimethylformamideE =

KJ

o~
(@]

triethylamine ( 0.50 g, 5.0 mmol

mLS EIIotR D A20 A 24A12F WBHGHACH., WEt = dimethylformamideE &3
=5 gHO 2 HMHGIGO., O Us 28 AZ0IE0HIIE Sofl R0l =226t
Ct.
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3. Results and Discussion

3.1. measurements
"H-NMRZH *C- NMRCHIOIE{= Bruker AC-300 MHz spectrometerE S6fl 2 ULt
3.2. Preparation of BODIPY derivatives of luminogenic
molecules
BODIPY HE ol 22y 22X 84 dZ= 0tel Scheme 101l LIEFH
Ct. &2 2XE g4dot=d 228 832 4,4-difluoro-1,3,5,7-tetramethyl-
4-bora-3a,4a-diaza—s—indacene ( BODIPY )= ZSL=2ZQ! 2, 4-dimethylpyrrole 1t
acetyl chlorideE AI205l{ &4 6t¥U20, E£& 0Ol0I0IE &Hetez sd= pol
yethylene glycol 2 ZRZEOZ & 3D, LA 3822 H-NMR Spectoscopy
2 S HEE EHOGIRL. 20 == g2 2Xs DM HE FHejo IeA
HEHNE RAHoH, 200 Z2ol< 0l 2 Intra molecular charge transfer ( ICT
S Eol HOoMl, Lot A NI CHet POT Asls K& olUCH. L£d M
MZEZD NZ0 st =4 210 MHE 0|02 s88 &0l ottt
3.2.1 Synthesis and characterization of compound 1~9
BODIPY € &4ot)| 3t acetyl chloridelt 2,4-dimethylpyrrole2 AIEI}2
H, 3setsAI2 scheme 101 LIEFKICH.
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< compound 1& 2 >

CF3CDDH DDQ, NE; B S N NBS
NS >
BF3 OEt, N...B,N ==/ DryDCM

A
F F

Scheme 1. Synthesis of compound 1 to 2

2 29 % OIAUCH. H-NMR ( 300 MHz, COCls ): &

gfdE compound 121 =SE&

6.06 (s, 2H), 259 (s, 3H), 255 (s, 6H ), 2.42 (s, 6H ). compound 1
2 12&, N-bromosuccimide 2.32 &= AIEotH E=ZLlgt 222 4o
Ct. 84S compound 29 =SE2 78 %0IACH. H-NMR ( 300 MHz, COCls ): &
2.63 (s, 3H), 256 (s, 6H ), 2.43 (s, 6H ).

< compound 3 >

om—@—sqomz
OH

_—
THF, K,COs, Pd(pphs).

Scheme 2. Synthesis of compound 3.

_10_
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5 % OIUCEH.

o HHo=z M= compound 32 =SE2
"H-NMR ( 300 MHz, COCls ): & 10.09 (s, 2H ), 8.01 ( d, 4H ), 7.45 ( d, 4H
2.54 (s, 6H ), 2.40 (s, 6H ).

), 2.77 (s, 3H),

< compound 4 to 6 >

Campaund 4

OH
3 _HSO,
OH
Ethanol \_

OH
gﬁ?ﬁ lTosylatian
/\),0...._‘ NaOH
Ethanol, H;0 \
Compound 6 Compound 5

Scheme 3. Synthesis of compound 4 to 6

compound 3 0l SRZEez 2L 242 2 &E)| &4
cidel HAHZ3 otRULCEH.
S compound 42 S22 98 %0I1A D, H-NMRS SaH 2I5HC

8§ 6.94 (s, 2H ), 4.23-4.15 ( m, 2H

compound 4 : 'H-NMR ( 300 MHz, COCls ):

_11_
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), 1.24 ('m, 34 ). compound 6 : H-NMR ( 300 MHz, COCls ): & 7.36 (s, 2H ),
4.25-4.20 ('m, 6H ), 3.74 ('m, 32H ), 3.38 (s, 9H ).

< compound 7 to 8 >

9 Tosylation Q 0 NaOH
on —en 0 M /\), ~
—_ K,CO;, DMF —d Ethanol H,0

Compound 7 Compound 8

Scheme 4. Synthesis of compound 7 to 8.

Methy| 4-hydroxybenzoate 1 & &F1l tosylated polyethylenglcol 1.2&2&F2| H|

22 SO LCH. compound 72 =SE2 89 %0IUCH. compound 82 compound 61t

22 ggoz AE AABIACEH. H-NMR ( 300 MHz, COCls ): & 4.18 (s, 2H ),
3.78-3.58 (m, 5H ), 3.39 (s, 3H ).

< compound 9 >

OH
5 HzN’_Q_B( K ﬂ —
r -
NC/ < > K,COs, Pd(pphs), NC/ \\ /RN, NH,

Scheme 5. Synthesis of compound 9.
_12_
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4-bromopheny| acetonitrile 1.1 &
GO H|82, suzuki coupling reaction

me 50 LIEFLHRALCE.
l3): & 7.62 ( m, 4H ),

< compound 10 to 11 >

Compound 8

Compound 9
Compound 6

2t 4-(aminomethy|)benzeneboronic acid 1
=]

AE=E=20

compound 9% =SE2
7.42 (d, 4H ),

BtS=S £=dolRCH. O3S &84d=2 Sche
54 % O|ULCH. "H-NMR ( 300 MHz, CDC
3.93 (s, 2H), 3.49 (s, 2H ).

Compound 10

D—

Compound 11

Scheme 6. Synthesis of compound 10 to 11.

Reaction condition (a) :

Collection @ chosun

triethylamine, EDC, HOBT, OMF, rt.
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<compound AIE 1 and AIE 3 >

AIE1 :R=R1, AIE3 : R=R3

o o 0/_3{40_
AT vt
i

Scheme 7. Synthesis of AIE 1 & 3.

FOF
-/

S SIE2S PEG JHXI JHZ-Ofl T2l AIE 1 J2lD AIE 322 Z& 3

O

il

2
AL

3.3. Characterization of BODIPY based-fluorescent

molecules

3.3.1 BODIPY based-fluorescent molecules
Transmission electron microscopy ( TEM )& 0|5l =2 AWM 2 AIE 1
o 32 ANE & 20-30 nm AJI micelle

compoundd} £=TWOZ EHZ= 20| 2082, I HANWAN ABA-typel| AEIHA
— 14 —

Collection @ chosun



ZA0H, WE= A=42 BODIPYR cyano stilbene unitOl XtXIGHH, 23t &6t
= THO PEGcoilZ2 = HOHUSE HAE = JJUCH (O™ 3adl
). £ MESO0| dryst AEHOIA TEM grid <0 Le=2xM=z 4 el
OIGHD| RIohA =M AOUAM2 dynamic light scattering ( OLS ) A&E2
E Sot0d SEMA 2AJ10F TEM Z 2 SASHA 20-30 nm@!

=
= o0

SO

3.3.1.1 TEM images of self-assembled nano structures from
AIE 1 & 3

18 3. TEM A& (a) AIE 1, (b) AIE 3. =& (0.0001 wt%)22
grid?I0l casting (=]

o

H, ZEHOZ uranyl acetate(2 wt%) ==
staining2 ot L.

_15_
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3.3.1.2 Photos of AIE 1&3 under 365 nm in different solvent

b)= AIE 3, |ZS2H X2 HO, Ethanol,

8 4. 08 (a)E AIE 1, O3 (
25 365 nm ItE OtcHOlA 2t=s&t 2010

THF, DCM OICH. O

3.3.1.3 Emission spectrum of AIE 1 & 3 in different solution

a) — Dichloomethane b) — Dichloromethane

,7-‘ « -+ Tetmhydrofuran - - - - Tetmhydrofuran
- -
3 =]
= o
oy z
- =
c c
] @
o k=
= [=

- .
T T T T T T i - T
480 S00 550 €00 850 700 7SO 800

T T T T T T T T
450 500 550 600 650 70O TS50 &00 €50 200

Wavelength (nm) Wavelength (nm)

_16_
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8 5. 0" a)= AIE 1, 18 b)= AIE 3010, 0ol ME
emission spectrumOlCt.
18 55 Sofl AIE 11 AlE 32 E0f S0AM 22 G2 &S0 ASS =0
& £ QUAUCH. AIE 12 RIIS20H2t HIWGHH S0M= SIS 0150l LHG2H
SIS0l S2 H-aggregation ( 90 ° > © >54.7 ° )2 S& = GILIOICH. face to
face2 m-m stacking &EHHA ZLUHUXE 20t S AMEHIF ZH, HHAE( O
dipole2 MZ ZOHUONH =2 WX AEIDF S0 O 23 SOHE 01S0l oLt
Ct. HEH 22 AIE 32 end to end? stacking EEHE RIIS0H2L BIWSIH =0

M= J-aggregation( 54.7 ° > 6>0 °

Collection @ chosun

) ZItE 0lSE &9
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3.3.1.4 aggregation property of AIE 3 molecule

— 1.00%107
— s0gx10™
— 1.00x107
200x10*
— 1.00%10*

=

Intensity (a.u.)

T T
500 600 700 200 200

Wavelength (nm)

2E1.0x 10™M, 5.0x 10™M, 2.5x 10™M, 1.25x 10™M OI|C}.
I=A

=
2l b) s&Y AIE 3 22X &2 intensity.

bl HZ RI| 2A=2 S0l Lol ek €201 Ag6k=E ACQ A0 ¢
“HCH, obXI2F 202 62| b) emission spectrumOlAl @3l2d &2 intensity MDDt

_18_
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3.3.1.5 Cytotoxicity of synthesized molecules AIE 1 & 3

Cytotoxicity of AIE-1 & -3 in L-929 (fibroblast) cells

140 4
BAIE -1  WAIE -3

120 4

100
20 A
0 4

0.625 1.25
Contrations (ug/ ml)

-] -]
=] =]

Cell viability (% of control)

8 7. AIE 10 32 ERZAIEUAME NME HES

10t AIE 32 MIZ=4d= Zdol)| ?otH sZ0 HE NME HEES
(L-929 )E oI8a5tH =& otct. O8 70M, E:2AHZ0 AIE 1
sC0l et A F2otAs M, dEst == H2 ( 0.625 ~ 10 4g/mL

b 721 JcHEE Sofl AIE 11t

0x [
w 30 0x
Mo HO ™M
>
= >
—

]
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3.3.1.6 POT activity of synthesized molecules AIE 1 & 3

PDT condition : LED (500nm), 8mW for 5min
cell concentrations : 1.5x105 cells/ml

120 ~

B AIE-1 W AIE-3

[
[=]
o

PANC-1 cell viability (% of control)

Contrations of AIE-1 and -3 (pM)

18 8. AIE 11+ 32 HIESAHEMAS POT &8

FHZAHMEIONAC 2XH D 32 028 photodynamic therapy ( PDT )
OFAUCH. POT =242 582 S0 LED ( 500 nm )E 8 mWel AIIIZ2 ZEAL
1 0 39 s&Jt =025 HEL MES MEE0| ZA0AULCEH.
L= TAH Al SHIES MES0| L= =0lot

St JASS =eIstU

_20_
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3.3.1.7 Cell-imaging of synthesized molecules AIE 1 & 3

AXOHA2l AIE 32 mouse pancreatic cancer cellOIAd 20 UM SEZ 2A12¢

incubation A2 &2, 18 92 NZ-0/0IAS SOl & £ JUJYCH. 45 U
CSEAS ARE= SHOIH 4ol PEG = = AWUCH =4 PEG =
cell-penetrating 2150 /= R & LM JU. Oeld LUHeSEM= AXE
o SWIt e EFHH MHMEES =220t ol0E g = UA2H,
4',6-diamidino—2-phenylindole ( DAPI )& IZH GME sl XIHELH HEZE
Ol S 90| JtsoiCh. O 20 AEZ-0I0I& HE JIssS o4 & 3= AU
Ct.
Bright field Fluorescence Fluorescence Merged
(DAPI, Ex.377/Em.447) (Ex.531/Em.716) (DAPI+Em.716)

& 9. AIE 39 cell-imaging data (mouse pancreatic cancer cell); 2h
incubation with 20 uM

_21_
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5. Spectrum
5.1. 'H-NMR spectroscopy

Figure 23. "H-NMR spectra of compound 1.
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Figure 24. 'H-NMR spectra of compound 2.
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Figure 25. 'H-NMR spectra of compound 3.
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Figure 26. "H-NMR spectra of compound 4.
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Figure 27. 'H-NMR spectra of compound 6.
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Figure 28. "H-NMR spectra of compound 8.
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Figure 29. "H-NMR spectra of compound 9.

AR

]

850

T
e 0 O o @r Wy D4 O 3 3 i3 L 3% L3 45 233 453 o P P e D <O
o 'w‘m‘m’i%w“m- - ERRBSE ..».t?!.-. ..\_....é_..‘_m. O 00 0 2= »fp ._@t_fp. 0422100
Frw P Pre foe P e o EA oy LR T R e o O DO O 0N N NN &N o IN

ai e

1

1

1

1

1

1
718
148
§.04
000
o.o0
<0
00
-0 g2

2.1

12

-l
-2

800
750

700

1l T

550

500

450

A0

350
300

2580

e

150

~100

b | ;

2004w

1.89y pmen
te
T

T ¥ T

86 80 75 T0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05
13 {ppm)

_29_

(*ICollection @ chosun



Figure 30. "H-NMR spectra of compound 10.
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Figure 31. 'H-NMR spectra of final 1.
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Figure 32. 'H-NMR spectra of final 3.
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Chapter

1. Introduction
2ut&d o=z golid-statel HEZEAE2A2 emission S2A2tel st m-x
interaction@& ©QIalf quenching effectJl 2245I0H, Ol= aggregation—caused

quenching ( ACQ )

S ALO

Ao 4P| 2 UCH ' ACQ effect@

|6H l:JI-_T’,I-/\-l b’x}0|

SE0 stAHDOL JACH. WetMd, gZ2X0l bulkyst XI22012] &8 L= quenching
£ HEAH U= = U= polymer2l & S CHsH g8t Seld 2l JIsH
ol 822 Sl aggregate 42 YUXote HRAS0| XS ACH. DBUHE 2

otd, Olefgt stetd, 2clE YHe SZEN 2o 2™ E49 HEE
2Ot & AU M= aggregation-induced emission ( AIE ) effectE X &8st
BODIPY HZ=ZXE &HOHULCE. AIE luminogens SSx2 &&= Z0= BODIPYU
CheFst 2r8H0ll triphenylamine (TPA)S SZGHRCH.?** TPA= 2X W rotation
230 URXIZ Qo BODIPYSl && emissiong &otH BHS = UM, 0I= AlE
Z XM=& aggregationOl &® 2X W rotationOl MSHEIOf, planar conformation
= g4dold emission AI2IJt BJtotAl = dellt g€4dE 22X AE82=2
S0l st oIt EX 20 MZE-0I01E A0 Hggotkl &=Ct deHMd =2
HOUAN ZAH0l 28 A9t LH-dX0l 0l ZXE Mot AlE S48 &
OIGIRUC.” Bt S AIE 22Xt EHE 2219 U= XE 0/28 AHZ-0/0/1& &8
S 30 MESE20H S2IISHZ2 SIGHRALCE.®

- 33 -
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2. Experiment

2.1 Generals

2 AE2 RS suzuki reaction® IR H, =29 &4 SEst =
2 0] A#MIACH. 4-boromobenzaldehyde, iodine, N-bromosuccimide, iodic

acid, 2,4-dimethylpyrrole, trifluoroacitic acide= Sigma Aldrich OIAl —*0HSt
A}, 4—(dimethy|)benzeneboronic acid, Diphenylbenzeneboronic acid= Alfalil
N FSH0 AFESHRULCE.

3t8t29| RX 242 Bruker AC - 300 MHz spectrometer ( 'H-NMR, 300.1 MHz
C-NMR 75 MHz) £ O0I=25t0{ 2ACH. NMR 20§ chloroform—d= Cambridge |sotope
Laboratories, IncOlAl OHOIRA ] HAM 810l AFEotZACH. NMR peakel 3t&td 0|
S2 part per million ( & ppm )22 ARULCH.

2.2 Synthesis

2.2.1 Synthesis of 1,3,5,7-tetramethy|-8-(4-bromopheny! )-4,4-difluo

ro—4-bora-3a,4a-diaza-s—indacene 1.

=

150 mL S=2 Bt ZctA 30 4-boromobenzene aldehyde ( 2.8 g, 15 mmol )2t
2,4-dimethylpyrrole ( 3 g, 30 mmol )2 €1 distilled dichloromethaneZ =
Ct. D2l &20lM 15228 wBHetACH. =00 trifluoroacetic acid( TFA ) O.
mLE FAIIZ EIIGI D, Ot2&2 A2 2 HtY ZetA3 WEE XI& &t
A20 M 24A12F WBHGHRAUCEH.

21 & 2,3-dichloro-5,6-dicyano-1,4-benzoquinone ( 00Q ) ( 3.4 g, 15 mmol )

anhydrous tetrahydrofurantl =0 ®&3S| EHIF & F, A20lAM 4AI2F WEHSI

o 8

o

£Q Mo

_34_
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C. WEHOl UH 150 mL S2 HIY E2tAAE Ice bath SlOIAl triethyl amine

( 12 mL )2 boron trifuoride diethyl etherate ( 12 mL ) &It S, 2AI2t
WHGHRALH, B8 5 =, E0HE MAHGHL dichloromethane?t &EF =2 3H =
Z0I%UCH RIIEME G2 201 MgS0,2 HOotJUE=E 22 MAHS =, 28 AZ20IE
JeiIlE Soil IR0l 2eldtALt

2.2.2 Synthesis of compound 12 - final 11

4-bromopheny |-bodipy ( 0.24 g, 0.60 mmol ), 4-(dimethyl)benzeneboronic acid
(0.31 g, 0.83 mmol )1 NaxCOs ( 0.38 g, 3.6 mmol )= 250 mL S2 HIE SctA
solvent DME 2 22 4:1 2 HIEZ &EIIoIH ANY=s=2 = UL

a0 g2 = %S

5-102 1Bt &, =01 Pd(pphs)s 20 mg= Cot] 80 ° COlA 8AIZE Ol& &R Al
Ct. 8t &8 = E0HE MIAHGHL, dichloromethane?t 22 F=S 38 BHEGIN
Ch. =22 Sdll 8I1 20E 221, RII20H0l MgS0, & Cloltdl €0 JAes 22
HAS = Z20ME MHGI|CH. 28 AZ0EDHIIS Sl MRoHH 226t} LY.

2.2.3 Synthesis of compound 13.

150 mL S2 ut< E2tA 30 bodipy dye ( 0.14 g, 0.53 mmol )2t iodine (
g, 1.2 mmol )2 €1 Z0H ethanol 40 mL & AIEdH AMLSS =ACH. T
=, jodic acid ( 0.20 g, 1.1 mmol )& 2 3 nL Ol =0IAM HAS HHFRULCH.
0 & M20lM 5AI2F WEHGHALE.

S5AI2b =, ZOHE =&&3| HMIAGHL, dichloromethane?t 22 AME off =

ot n, 1 U2, Z0E IHRSHA MASHACH., 2ld methanolE 0I&adH IH3RO|

_35_
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2.2.4 Synthesis of compound 14 - final 12

compound 3 ( 0.11 g, 0.21 mmol )1 4 (dimethy!)benzeneboronic acid ( 0.
0.51 mmol )E 100 mL S22 HIE Z2tA30 €1, tetrahydrofuran 40 mLO|l

Ch. J2ld) K03 1.56 9= = 5 ml =0AM S2 Bt S2A30 Holi==RUCH.

Ol0f =0# Pd(pphs)s 20 mg & FIIGtLD 75 ° COIA 8AIZH Ol& B= Al
Cts 28 JAZ0IEJHIZ stet=S

T
ro

dichloromethane?t =2 0ol =

20| LACE.
2.2.5 Synthesis of compound 15.

4-bromopheny |-bodipy ( 0.57 g, 1.4 mmol )S distilled dichloromethane0il
ol =@ ChS, N-bromosuccimide ( 0.53 g, 3.0 mmol )= Hol¥CH. 1eld
HS ZctA3 LHEE 022 X8 ot A20A 24A12F W BRI CE.

S0HE 2&3| HH 8 =, dichloromethane@t Na,S,03 === H

2.2.6 Synthesis of compound 16 - final 13

19

g,
=2
o

sy

Ch.

nio
=

compound 15 ( 0.70 g, 1.2 mmol )2} diphenyl benzeneboronic acid ( 1.57 g,
4.2 mmol )S 250 mL 2 HIY EctA30N 22 5 NaS:03 ( 0.76g, 7.2 mmol )

£ &It StALY.
-1 = solvent 1,2-dimethoxyethane 50 mLE AtEdH AMLSE =012, 7
mLE =It2 &It GtAULCE.

Suzuki reaction2 =™otJl <o 8 ° COIM 8AIZE Ol& &F Al
evaporation = dichloromethane2t == AtEoH 381 == ot LD, RII E0H
Z 20t CtAl 20HE HAHGIRICH. SBOHE HAGHH 2DME gD, SUHE

_36_
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methanol 2 3AIZ2F 0|4 WEISIH === Mo L.

3. Results and Discussion

3.1. Solid-state2t E20g =&stH

[= s B |

M
A,

MHI

3.2. Preparation of luminogenic BODIPY derivatives

< compound 11 >

crgcooH DDQ, NE;
BF; OEt,

4-Bromobenzaldhyde@t 2.4-dimethylpyrrieE OIZ6t0H 4-bromopheny|-bodipyS
SHAHGIQUCH. =SS2 23 % 0IAD, H-NRS Sall ZUES =QI5HALE

"H-NMR ( 300 MHz, CDCl3 ): & 7.46 (m, 24 ), 7.29 (m, 2H )

1.41 (s, 6H ).

. 2.56 (s, 6H ),

_37_
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< compound 12 >

o
agvs

o
r

Pd(pphs)s, NaCOs

0 %012, H-NVR
.75-7.20 ( m, 22H

G

gdotAlt. =S8=2 2
) 7

Aot final 12 &4
UCH. H-NMR ( 300 MHz, COCls

BC-N\MRS Sl =oloty

2t
), 6.0 (s, 2H), 2.57(s, 6H), 1.46 (s, 6H).

’

3.3. Preparation of 2-TPA BODIPY

< compound 13 >

=2

lodic acid, I, ?/N‘\B/N
I\
F ¥
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Ch. H-NMR ( 300 MHz, CDCl3 ): & 2.63 (s, 3H ), 2.56 (s, 6H ), 2.43 ( s,
6H ).

< compound 14 >

Compound 2% 2 YWHO=Z BAGIAD, =SS2 52 %0IACH. H-NRS Sdfl &
QIGHRILCY.

"H-NMR ( 300 MHz, COCl3 ): & 7.22-7.01 ( m, 30H ), 2.70 ('s, 3H ), 2.52 ( s,
6H ), 2.37 (s, 6H ).

3.4. preparation of 3 - TPA BODIPY

< compound 15 >
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)

H-NMR ( 300 MHz, COCls )

=822 88 %0IACH. H-N\MRS Soll &olstct
7.72 (d, 2H), 7.19 (d, 2H ), 2.62 (s, 6H ), 1.42 (s, 6H )

< compound 16

QA
@Gm Q
5

Pd(F'F'hs)‘h K,CO;, DME
£EE2 65 %0IAD, H-N\WMRS Soll &oIat . 'H-NMR ( 300 MHz, COCls ): &
7.85-7.34 (m, 27H ), 7.14 ('m, 16H ), 6.90 (s, 1H ), 2.77( s, 6H ), 1.59(

m, 6H )
3.5. BODIPY-TPA ST HS2 &&= L& ( UV-Vis absorption
and fluorescence spectrum )
Compounds -139 SdKE L2H=E =HoIgt)| @6t U-vis adsorption
spectrumdt fluorescence S22 ZAOICH. 18 10 110 = = UXO0l,
compounds 11-132 tetrahydrofuranOil HA =012, 99 v/v% (THF / H.02 HIE)
MR 22 EIIoISCE. 60-80 v/véh HIE2 S0| JIoHES M LZADI0F LR S
MRS Z Zolgr £~ AU 0| =oll BODIPY-TPA SE=XM=2 AIE =E &Y
— 40 —
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o
I
80
$Q
Q

THF 0O 30 50 60 70 80 90 95 99 Fw%

(a) compound 11, (b) 12, (c) 139 &
O AS M AIE A2 LIEHHCY.

2 10, THF-water HIE2 H3t O
AFEL. =0 70-80 v/v %014t 4
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450 -

Intensity {au)

150 A

T T T i i
610 660 710 760 310
Wavelength (nm)

8 11, OH2kst THF-water HI22 200 =2 compound 122| && A&, fw =

THF/H:0, Excitation: 547 nm, =&%: 0.5 uM.

a8 1ilde, €

Jl H3lE E0=10 UCH. 0 2 S0 =240 SItet+==, compound 127t

L triphenylamine2l ZXHUSI &0l HIStEH EHZAHIIJF SIE2 & = QU

Ch.

Collection @ chosun

el
=]

630 nmOI M2l water fractionOl (2 compound 122 EH2tAll

£ 00

AN
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Intensity (au)

o 30 50 s0 70 80 S0 a5 99
Water fraction (%)

& 12. THF-water HISO0l [H2 compound 122 &2 MID| HlW. fw = THF/H:0,

Excitation: 547 nm, =&%: 0.5 uM.
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& 13. compound 1220t ©ME Al LI X2l TEM AR
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O 14, Ae9F L= X0l EXHE compound 122 imaging= cel |-1929.

4. Conclusions

Ol A&E0lM= Aggregation-induced emission enhancement (

EtLt= triphenylamineOl =& 3JtX SEHS BODIPY REME &HoALH. &4

E  TPA-BODIPY SZHME THFE / H0 mixtureOiAM =2 HIE0l 3t ==

TPA-BODIPY R &M= S&O0I LA &0, 20 et triphenylamine2 =2l ™ Xt

S 2ASOZ Qo €20 ZatE= A4S =QIGHACEH. SHRIgH AxHol
o

TPA-BODIPY ===

o
2
&
o
Ol
%
i
_\':i
Ot
P

20 Ml cell-imagingOl = &tot

A &0 J2HA S0l st =2 2484, =2 MH HegdsS JHE silica
nanoparticle0ll TPA-BODIPY SE=ME E Mol &8 2 M2 cell-imagings £

Collection @ chosun



SH5HSCEH.” TPA-BODIPYJF ETHE silica nanoparticle
4' 6-diamidino—2-phenylindole ( DAPI )2 II&H A= sHl XY
0] 21 YMES 30I5tA D, cell-imagingll HE JIssts 801 UCHE(D

g 14)

ro

120 nm =3JI0I04,

J
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6. Spectrum
6.1. H-NMR, "*C-NMR spectroscopy

Figure 383. "H-NMR spectra of compound 11
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Figure 34. "H-NMR spectra of compound 13.
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Figure 35. "H-NMR spectra of compound 15.
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Figure 36. 'H-NMR spectra of

compound 16.
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Figure 37. "H-NMR spectra of final 11.
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Figure 38. BC-NMR spectra of final 11.

P )
SaE3=3>a 3o8 Bog
2ELERROY ey I
g ww e e ] gy Fog P P bl -
O . T e ! { - B0
=700
B30
;;;;; 50‘3
_________________ § ANFPURI: W SPURIIN [SPUE SNEUNIE SRR SPRPURIE SR ¢ S | 3 SUNFPURIS SRR SRR SRRSO SN SR SRR SO SR SR S— SFUURINS SURFURFIS ORI S 4{}9
- 304G
ey
148
o
=100

230 210 150 170 150 130 ER 1 B BO O G0 SO 4D 30 2 W0 O 20
1 {ppm}

_53_

Collection @ chosun



Figure 39. "H-NMR spectra of final 12.
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Figure 40. BC-NMR spectra of final 12.
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Figure 41. "C-NMR spectra of final 13.
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Chapter Ill.
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1. Introduction

M W ZEols 25 28 & B2 ERI 28420 20EUs A0l e
PN

LSS X6t 229 T )2 SE0lU 42 oY 20
4

reactive oxygen scavengers, reducing agents 2| 9&& OIXH LAHU= &S
A2 2Xg %= UCH. 1,2-dihydroxylbenzene Zt= polyphenol2 202 & X2t
LAA0RS UEOIHAM, 2JH S AL, =, reactive oxygen species (ROS)S

<D_E| )

u
.
ol
.
r\>
Q_
3
<
o
2
o
>
<
(lon
D
>
N
D
>
D
10
ooll
@

X

0ICH.>® &Hatst 2Z2 bio—polymer, inorganic materials, nanoparticlent 2
20l SUAIHA SRS 225 I Yol gD ACt.
ZI2, hydrogel2 functional bio-material platform@& 0| H2E1D Y= M
S0l hydrogel2 cross—link& hydrophilic polymer2, =& &+&222 QI
2t biological fluidsE &= =+ U= s=ES AULD Y. OldE ==
st 4&Z Qloll, hydrogelE& &M drug delivery platform, soft contact lens,
ificial cornea, artificial skin S Ctst =20t =% JUc+H '

hydrogel @l =MWl radical polymerization, electrostatic interaction,

A ﬂH[]

interpenetrating polymer networks (IPNs) &4 S& 0|20l CIE JlssS &
og 2 QUCH ™®
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£93l, IPNs?*xeE &
2e MsEEDER
OHotAl 210 Ol&atH
,A” network

8 16.

,,B” network

Interpenetrating Polymer

IPN=,A™+,B"

Networkll 24L&,

IPNs= polymerization initiator2 monomer2l solution=0lA polymerE %A
SdotH, O F CHZ monomerE &IIotKM ChAl 8ot 22 = AT el
2210 polymer=2 H&EO| IPNO HEZE = U= EEO| UL

ol AEMdeE, &atst 222 poly( hydroxyehtyl methacrylate ) ( pHEMA
)=J18F hydrogel EHO DAGHO, hydrogel2l JI2 22l SHI gitgt E42
ZAGIACEH. A p( HEMA )-DI8t hydrogelS HMIZStL, hydrogel HEHO
chitosandt p( HEMA )-networkZ &4 & PN S QGIRUCH. FIOHHo=z, Satg
=292 polyphenol2 chitosandt amide Z&= Soll hydrogel HHO =26t
Ch."®
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@)

PIHEMA) hydrogel

oM on
ol ol Lo
H&;m Ba e PN with Gallic aad IPH with Dopamine
o

Amide coupling OH om
o or o
e e Q Ouwoma 0 e o] [ SN,
‘o fo v B
succinyl chitosan o =§ ; {jo
oH :
) o
HO OH H
Polyphenols ’

| Amide coupling

Chitosan-PN hydrogel Polyphenoldunctionalized hydroge!

& 17. (a) Schematic diagram for the fabrication of chitosan—IPN
hydrogels functionalized with polyphenols. (b) Photograph of the fabricated

antioxidant hydrogel .

2. Experiment

2.1 Generals

2-hydroxylethyl methacrylate ( HEMA ), ethylene glycol dimethacrylate ( EGOM
A ), 1-ethyl-3-(3-dimethylaminopropy!)-carbodiimide hydrochloride ( EDC-HCI
), N-hydroxysuccinimide ( NHS ), gallic acid, dopamine hydrochloride, 2,2-di
pheyny |-1-picrylhydrazy|( DPPH ), and 2,2'-azino-bis(3-ethylbenzothiazoline—6
—sulphonic acid) ( ABTS )& Sigma Aldrich ( St Louis, MO, USA )UIM et
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UL,

Azobisisobutyromitrile ( AIBN )2 Junsei ( Tokyo, Japan )OIA PSR, tr
iethylamine2 Alfa Aesar ( Haverhill, MA, USA ), chitosan ( 100-300 KDa 2t 6
00-800 KDa )& Acros Organics ( Geel, Belgium )OIA 25t0 AFESHACH. Suc
cinyl chitosan( SCS )2l succinyl-substitution ®E= 2k 35 %0/ UCH.Z
hydrogel lenses &¢tst HEES foll, U= 285-750 nm EHRIUWA SEI2H,

UV-vis spectrometer ( UV-1650 PC, Shimazu ) & OIZ2otH L.
2.2 Synthesis

2.2.1. Synthesis of chitosan—-IPN hydrogels functionalized with

gallic acid and dopamine

Polymerization &0l HEMA monomerE &8 &7 YH2Z HAMGHAL.

EGOMA ( 0.04 g )3t AIBN ( 0.004 g )2 HEMA ( 9.92 g )0l &&X3l =0 solution
£ 2E =, polypropylene sheet?t 0.8mm &2 teflon framel2z FHE
hydrogel mold0ll & 224 FHItst =, 90 ° C L2 20N S5AI2E SEAIZICEH.
polymerization = HEMA hydrogels 2clE <ol 012t 70 83 === Al
ZACt. HEMA hydrogel 2 moldOiAl Eclot], 40 ° C 22 UM BlIZE Z2i0l Al

Ct. HIZEE hydrogeldt N-succinyl chitosan® & |PNs polymerization@ 0|2t

EFLZ 3H4H AHH = gallic acid?t

o
dopamine2 2 ZRZ& =2 IR L. SF 2+ 20 mL Ol IPNs-hydrogels=2 €O
c

2=35lAl21 &, gallic acid / dopamine 12l EDC-HCI, NHSE ZHJlotd, A200A
wetS 24A12¢ NS CH
1 =, chitosan-IPNs hydrogelsE Z&=0 0 H d-Z =, Bt = Y2
chemicals 2 HMAHGII| ol 322t EF=2 AAHWCH
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2.3. DPPH radical-scavenging assay of the chitosan-IPNs

hydrogels

Chitosan—-IPNs hydrogels 2t #== Brand-Williams & Dt MiliauskasJt HICtst
YO DPPH radical scavenging capacityE Z=HGIQCH?Y HRZoZE,
antioxidantZ2 2ei&l ascorbic acid ( 1,000 ppm )S ALESHRUL.

OPPH solution ( 0.2 mM, in ethanol )0l hydrogels 2 5JHE HotD vial CHOll
N E2 = A/JCH vtz 29 SHolM 37 ° C, 3022t shaken machine2Z E=
O Z=Ct.

OPPH2! radical& 517nm OlA =& GtRULCH.

ol

ol
9

DPPH scavenging inhibition capacity Ofchiel &A&AIS AIZ6I L.

% Inhibition = { 1-( Absorbance of sample / Absorbance of control ) x 100

(1)

2.4. ABTS radical-scavenging assay of the chitosan - |PN

hydrogels

ABTS Soll 8H4t5 SUE =XGH= 242 Arnaolll 2o SHEH0| MO CQAUCH.?
2 2 ( ABTS+ ) 7 mM ABTS solutiondt 2.4 mM potassium
persul fate solution@ &JIotd =HISIACEH.
[m]

ABTS+ &2 solution Jl ol 0101 &1 Us 2009 & s59 2UHs

10
Hu
ro

ot

2SS 2o 54 IIA YHRle 734 nm 0|04, @A R>= 0.7-1 £ 0.02 OIC}.

MOIAM hydrogels MESS &2 ABTS + solutiontl &€& ==CH delld, 37 ° C,
=

_62_

Collection @ chosun



i

U0 EI|= HHAS 0|20t ABTS + solutionll &atst BEE HA oL,

3. Results and discussion

Sofl £F StACH. H B &

i

Antioxidant hydrogel 2l &4 g&z2 & 17

HZM p(HEMA)-based hydrogelse HEMA

2t JHAIH AIBNZ vialOl €0t 283l =02 = JtwAIZCH OlE€H GHSOHHA

hydroge! 2 p(HEMA) networksOl chitosang WXt cross-linkingAl24 [PNs =& Dt

MEZE chitosan—-IPNs hydrogelS &0, FIHE2Z polyphenol@! gallic
=]

monomer I cross—Ilinking agent® EGDMA

2t
=

or
nio
rir

acid / dopamine 2 JIE4&tNt2| amide coupling BtSS Soll &4étst Dl
chitosan—-IPNs hydrogel & & &6t%ULt.

Amide 282 floiM= A W OI2l =2 IIELAIIE =10 JA00F StCt. Ol
chitosanOll JtS&JIE ZH= MsuccinylES S &0tAH, chitosan backbone LH OFE!
o IH=2AIIE SAI0 2= Msuccuinyl-chitosan ( SCS )2 &4 8&9‘1&.23'24
chitosan2 =2ci 42 =0 =X X, =2X W 2 O0t2ld =4
SCS= =0l A =0t Bts80l &0 otCt. Ctst =Xt
600-800 kDa )2 = chitosan2 0I&5dt SCSE &4 MO, AU2=S Low-SCSe
High-SCSZ & GtRACH. p(HEMA) hydrogelsOl Low-SCS, High-SCSE 22 loading
AlA  amide ZES Y20, p(HEMA) network? SCsez  RAE

—

—

IPNs—structure hydroglesE &4&aIFLH gallic acid 2 dopaminelt2l F=IJ4&E QI
amide Z&S Soll 4JtX2 &AtS hydrogel 8 42X O=2 &4 oIRCH. MES9

OlE &IIEl polyphenol2l H &2 Table 10l HEJ| SHALCH.
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Table 1. Characteristics of antioxidant hydrogels

T MW of chitosan Amounts of attached polyphenols

(kDa) per hydrogel (umol)*
High-SCS-H 600-800 -
Low-SCS-H 100-300 -
GA-High-SCS 600-800 0.22 + 0.033 (gallic acid)
GA-Low-SCS 100-300 0.17 + 0.046 (gallic acid)
Do-High-SCS 600-800 0.16 * 0.015 (dopamine)
Do-Low-SCS 100-300 0.09 #+ 0.054 (dopamine)

“Dada are means+SD (n=3)

=

Hydrogel 2 soft contact lenslLt colorimetric sensor, optical device S22 A

22 &dS optical transparency)t 1S =0otCt. &4dE hydrogelS IHE
285-750 nmUIA % transmittanceE = 2 M, HEE 0 % 0ol =2

s
transmittanceE 20 FRACH. ( > 90 %, & 18 ).

100 -
80 - —GA-High-5CS
—GA-Low-3CE
WT ~Do-High-5C3
wDo-Low-SC5

49

20 -
0

3or 0 350 4p0 0 450 S0 S50 4000 4500 oo Tso
Wavelength {nm)

& 18. Transmission spectra of the antioxidant hydrogels.
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£t W/ Vis &&= chitosan—IPN-modified hydrogelOl gallic acid 2t
dopamineOl L0tLt EU =K ZHSIGHACEH. Beer-Lambertll HEZS UM, X
A= hydrogel 1HE GA-High-SCSOl= gallic acidIt 293nmOlAl 0.21 pmol/cm’E
28 SACD S 5HR D, GA-Low-SCSOIl= gallic aciddt 0.16 pmol/cm’@2 &
g TojUSeS EOIGHUCH (12 19 ). ©8h, DO-High-SCSHl= 0.15 pmol/cm’,

DO-Low-SCSOl= 0.09 umol/cm®e dopamineOl Z& THUASS =H0I5HAULE.

1 o 107 y=34166x-0.025
Z 12 R?=0.9851
=
=
® 0.8 5 b9
= 04
%‘ &
'?: 0.6 - 03 %
g 04 ;
Z D 02 04
= 04 - Cone. of Gallic Acid, mM
0.2
0 3
280 380 480

Wavelength (nm)
~—High-SC5  #—Low-SC§ 4—GA-Low-SCS -@-GA-High-SCS

8 19. Absorbance spectra of the prepared chitosan-IPN hydrogels
functionalized with gallic acid. Inset image displays the calibration curve
obtained using five varying concentrations of gallic acid in agueous

solution.
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0.4 -

y=1.9739x + 0.0296
R*=0.9931

0.3 -

Absorbance

65 0 02 0.4

Absorbance

0

280 380 480

Wavelength (nm)
—High-SCS —Low-SCS —Do-Low-SCS  —Do-High-SCS

8 20. Absorbance spectra of the prepared chitosan-IPN hydrogels
functionalized with dopamine. Inset image displays the calibration curve

obtained using five varying concentrations of dopamine in agueous solution.

Table 12 ZME Soll 1 Z0[JF 21 SCS-J18F hydrogel 0] & SCS-Jl1Et 20
PN

SE0| TAUZUALIE AHE SHOIE £ JASH, O 0lR=s 22X
CSOF 2AF U0l o &2 ottt I24AJI2 2210 /A0 polyphenol O O 20l

st & AIl MEolCt. B

Hydrogel| 2| &titst S&2 DPPHRE ABTS radical MIH BHE0 Slol 246t CH (O
192} 20 ). polyphenol O] &= hydrogel 2 radical scavenging abilityS B0HZFE

X =2oIR XIS, polyphenol-modified hydrogel2 2st &dtsld=2 BHF=RULEH.
DPPH-assay & &0 A= GA-High-SCS2F GA-Low-SCSOF 2t2F 85.12 %2t 82.45 %= =

ass
2 it 582 BEHF/ACH( O 21 ) Ol ascorbic acide 95.31 %= Z 1t

<

oo
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Jb LIEHSECH. ABTS-assay A& 0l M= GA-High-SCS2t GA-Low-SCS= 22t 96.77 %%t
95.53 %2 shAStHdE BOHFUCH( O 22 ) dopamineg HEZJIEZ I
hydrogel 2 & &gt 5282 Do-High-SCS 56.33 % ( ABTS ), 35.91 % ( DPPH )0l12,
Do-Low-SCS 48.80 % ( ABTS ), 34.34 % ( OPPH )OICt. Olc{8t DPPHRF ABTS &t
2 T=E st 89 &=M&= GA-High-SCS > GA-Low-SCS > Do-High-SCS >
Do-Low-SCSZ O ULCt.

100

80 -

60 -

40 -

20 -

DPPH inhibition %

i é 3 4 b B 7/

18 21. Radical scavenging capacity of the fabricated antioxidant chitosan—IPN
hydrogels against DPPH free radicals. The amount of ascorbic acid is 0.85 umol.
Legend: 1 = Low-SCS-H; 2 = High-SCS-H; 3 = Do-Low-SCS; 4 = Do-High-SCS; 5 =
GA-Low-SCS; 6 = GA-High-SCS; 7 = ascorbic acid.
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100

]
]

o
o

ABTS inhibition %
S 3

0-
1 2 3 4 5 6 7

18 22. Radical scavenging capacity of the fabricated antioxidant chitosan—IPN

hydrogels against ABTS free radicals. The amount of ascorbic acid is 0.85 umol.

Legend: 1 = Low-SCS-H; 2 = High-SCS-H; 3 = Do-Low-SCS; 4 = Do-High-SCS; 5 =

GA-Low-SCS; 6 = GA-High-SCS; 7 = ascorbic acid.

4, Conclusions

Polyphenol-functionalized hydrogel2 & &6t &&t3 SIUHE I AIGHIRCH. =
A SHOAM, p( HEMA )-based hydrogelS EHAEGIA LD, OJI0l cross—Iinked

chitosandt p( HEMA ) network® A& MZ2 IPNs X E T H, FIHH
©2Z chitosan backbonell gallic acid 2t dopamine 2 22 SRZIES2=Z AHZA
H etetIIS2l chitosan—IPNs hydrogel £ M OtRCH. &4 E hydrogel 2l &t
3t S42 DPPHRF ABTS free radical scavengingES Ol&d =HOIULH. ES
chitosan polymer= Eoll&It 1S 2RI 20 AtE0l MSHEO0IXIgH, = A0

x

A= N-succynyl functional group= chitosanOll =&ot, SH2 = HAQY
T & =) oYL et 22X W &2 oteldr =400 Jqo &0 2R U

=2 22X 2t 0t0I01E Z&E0| Jisoldtt. MZEZ SCS= p( HEMA )hydroge|sOfl

!
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chitosan IPNs &It Jts GtAl aH=RACH. Rel= gallic acid2t dopamine 28 &
©| polyphenol-8f5= chitosan—IPN 20t £ & hydrogel& 210, 0152 &t
3t Jlsds 240U, 012 SoilAd gallic acid-functionalized hydrogel 2l &
&3 S=0| dopamineOl HEE hydrogel 2CH H= FIHES &OCIGHALCEH. galic
acid= 3JH2l hydroxyl groupsS =1 UL, protonS AUS Ui phenoxy radical
Ol O ¢&g = QI H20IH, d2l) O =2 ete s E Y| AdiMeE
SCS 20t 25 £8 & = JIEL 22Xl 201IF 24=
2 g¢tst 2 &0l polyphenol 0 28 & = UJ| MHZ20ICH.
Soll chitosanl @48 MM S AW p( HEMA ) networkSl 04t

= hydrogel CtHl B=AIH ME S &3 IPN-hydrogel 2 &3
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