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Abstract

Synthesis of saccharide derivatives carrying photoreactive groups and their application to

biomaterials

This thesis, composed of four chapters, describes the synthesis of saccharide derivatives carrying
photoreactive cinnamoyl groups and mesogenic groups exhibiting liquid crystal properties, and
proposes their application as a new biomaterial for cell culture.

Recently, new devices with controlled properties of the most upper surface layer are attracting
attention. Since the property of the biomaterial surface is especially important, coating materials are
focused on in this thesis. In our laboratory, synthesis and photopolymerization of trehalose
cinnamate have been studied. Cinnamate derivatives are known to dimerize by UV irradiation to
yield a crosslinked material. Furthermore, cinnamate derivatives having liquid crystal properties are
attracting attention as photoalignment materials. However, the cell compatibility of these materials
has not been studied until now.

Chapter 1 and Chapter 2 describe the synthesis of cinnamate esters of trehalose and
hydroxypropyl cellulose (HPC) and fibroblast cell culture studies on the photocrosslinked film.
Chapter 3 and Chapter 4 describe the liquid crystal properties of two different types of trehalose
derivatives carrying cinnamoyl groups and mesogenic groups and fibroblast cell culture studies
observing cell morphology.

In chapter 1, two trehalose cinnamates (TC) with different degrees of substitution (DS) was
synthesized from trehalose and cinnamoyl chloride. After TC thin films were deposited by the dip
coating method, UV irradiation of the films was carried out. The maximum absorption observed at
283 nm in the UV-visible spectrum decreased by UV irradiation, implying that cinnamoyl groups
underwent dimerization. Both TC showed no toxicity in fibroblast cell culture, and the number of
adherent cells on the TC with a higher DS was larger than that on the TC with a lower DS.

In chapter 2, for the investigation of cell compatibility of cinnamoyl dimer, HPC cinnamates
(HPC-C) with various DS values were synthesized. Analysis by '"H-NMR spectroscopy revealed that
the DS values of cinnamoyl groups attached per anhydroglucose unit of HPC were 1.3, 2.0 and 3.0.
After the preparation of HPC-C films by dip coating, UV irradiation was carried out to yield
photocrosslinked films. Fibroblast culture studies on HPC-C before and after photocrosslinking
revealed an increase in DS of HPC-C and photocrosslinking promoted proliferation of adherent cells.

In chapter 3, a trehalose derivative carrying cinnamoyl groups and mesogenic groups at different
positions (TC-HBPHA) was synthesized by esterification of partially cinnamoyl-modified trehalose
with 4-(4-hexyloxybenzoyloxy)phenoxy-6-oxohexanoic acid (HBPHA). TC-HBPHA thin films
prepared by dip coating were irradiated with UV to yield crosslinked films. Liquid crystal phase with



droplet morphology of the TC-HBPHA thin films before UV irradiation was observed with a
polarizing optical microscope (POM) in a temperature range of 153-180°C at heating, and
168-127°C at cooling. Partial liquid crystal phase of the TC-HBPHA thin films after UV irradiation
was observed at a temperature range almost the same as that before UV irradiation. In the cell
culture test, fibroblast cells adhered and grew on the crosslinked TC-HBPHA films, and cells with a
spindle shape were aligned parallelly at some areas.

In Chapter 4, trehalose was reacted with 8-(4'-(cinnamoyloxy)-1,1'-biphenyl-4-yl)oxy-8-oxooctanoic
acid (CBOA), which contains a mesogenic group and a cinnamoyl group, to yield a trehalose
derivative carrying cinnamoyl groups at the same positions (T-CBOA). While the T-CBOA thin films
before UV irradiation showed liquid crystal phase, the T-CBOA thin films after UV irradiation did
not show liquid crystal phase. The photocrosslinked T-CBOA films showed fixed domains of
self-assembled mesogens under a POM. In the cell culture test, some fibroblast cells adhered and
elongated unusually. This is an interesting result because there is no example that the material
prepared by homogeneous processes induces such cell elongation without any fibrous and pattered
surface, as far as I know.

In summary, I found good cell compatibility of photocrosslinked saccharide derivatives carrying
cinnamoyl groups and observed paticular cell behaviors on photocrosslinked saccharide derivatives

carrying mesogenic groups. I expect their application to new biomaterials with unique properties.
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Fig. 1 Schematic concept of scaffolds in the regenerative medicine.
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Table 1 Roles of use of absorbable materials. ®

Purpose Example
1. Operation assistance Hemostasis, Immobilization, Lumen holding, Blood vessel obstruction

2. Damaged organ healing Wounded area healing, Tissue proliferation, Regeneration of organs

3. Drug release Cancer treatment, Wound healing promotion, Prevention of blood clot, Prevention of infection
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Table 2 Classification of absorbable materials. ®

Organic polymeric material

Inorganic material
Natural polymer

Synthetic polymer

Protein Polysaccharide Phosphate material carbonate material
Collagen Cellulose Polyglycolic acid Hydroxy apatite Calcium carbonate
Gelatin Starch Polylactic acid Tricalcium phosphate (CaCO0s)
Fibrin Chitin Polylactic acid copolymer (Ca3(POy),)
Albumin Chitosan Polydioxanone
Hyaluronic acid Synthetic polypeptide
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Fig. 2 Structure of cinnamic acid.
Molecular formula : CoHgO, (Molecular weight : 148.16)
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Scheme 1 Dimerization reaction of cinnamate esters by UV irradiation.
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Fig. 4 Structure of trehalose.
Molecular formula : C;,H»,04;(Molecular weight : 342.30 g / mol)
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Fig. 5 Manufactural production of trehalose.
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Y70 BB HE D PGS-CinA 7 /L A L TOMAHESEAS R4 Fig. 7 (2”3, Fig. 7 X0, #
Jake AR ) ZAF Lo 7 L— MNTCPSHE & DHFEIZ R S hno 7273, JEffIZIiE s A L
AT, Ml EMEZ R Lz, Zhu b OWFE THW S AL72 PGS-CinA IZE 72280t Fr
X RN TV D,

5.0

| PGS-CinA (DS26%)

0 Q 4 \-PGs-c:nA(Dsas/)
aol -TCPS
O g O /n
35
o. 0O

3.0 -
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25|
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Absorbance

15
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Fig. 7 WST-1 absorbance of
fibroblast cells after 1, 2, 3, 5 and
7 days of culture on substrates
composed of PGS-CinA (DS26%
and DS45%).

Fig. 6 Structure of poly(glycerol
-co-sebacate)-cinnamate(PGS-CinA).

F 72, 2004 412 Miyamoto © VL. B 7 m VRS LOMERUCE T, BT LR UERIC
AR—Y—Zf LT TEANEERFE L, 20 Z®mEICKVER Lz R i Lof]
A & AREAMEIZ OV THEE Lo, Fig. 8 Ik 7 /b r U EFHE(RHAD)DOHEEX A, Scheme
212UV BT X 5 HAD OZ8E %=~

0 R1=0ONa
CH,OH C-Ri
o o
oM RZ=NHOAA/\
OH
NHCOCH, OH n ©

Fig. 8 Structure of hyaluronan derivative (HAD).
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Hyaluronic acid chain 8 Dimer: Truxillic acid or Truxinic acid

Scheme 2 Dimerization reaction of HADgel by UV irradiation.
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MK THD Frm—R LR n ) RERGSE, bnr—RERBRT AT VEE
L. ZONEEIZOVWTOMREIT T, Y TEANVEON _ELEFMAL FLe
— A B DO NCHRE N A AFR L7, (Scheme 3)
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Ha aH DMAP, TEA / DMF Ha H
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Trehalose R:—H or *CJ/_Q

o
Trehalose cinnamoyl ester

Scheme 3  Trehalose cinnamoyl ester.
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|
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Fig. 9 Photoreactive liquid crystal polymers (P2CB, P6CB)
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Fig. 10 UV polarization spectra of cinnamoyl-modified liquid crystal polymer films

before photoirradiation, after irradiation with 450 mJ cm™ doses (thin lines), and after

subsequent annealing (thick lines). Ap is shown as the solid lines, and As is shown as

the dotted lines. (a) P2CB film, annealed at 180 °C for 1 min. (b) P6CB film, annealed
at 155 °C for 1 min.
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&L, M S tEoRE L2 wE Lz, (Fig. 11)
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Fig. 11 Structure of C-LA,,.
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TRV EHE STV D,

Fig. 12 (a) 3T6 fibroblasts on a PLA surface 72 h after cell seeding. The fibroblasts
aggregate and do not spread on these surfaces. (b) 3T6 fibroblasts on C-LAjg 72 h after

seeding. The cells spread preferentially along the boundaries of focal conic domains.
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13 Structure of star-shaped compounds with

mesogenic groups.
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Fig. 14 DSC thermograms of star-shaped

compounds ¢1—c3

Fig. 15 Optical polarizing micrographs for c2 and c3: (a) fingerprint texture of
¢3 on cooling to 156.0 °C (200%), (b) droplet texture of ¢3 on cooling to 187.0 °C
(500x), (¢) fingerprint texture of ¢2 on cooling to 145.0 °C (500x%).
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Ty, £, D FRNICEEOE FaxvEEB L TNAHAZ 0D, =200 FIC%K
DEREEZFFOMLAEYOE R THENEH SN TVW5, RIS CIIAERBRORTSE A M
bl —2 0 BEO, —EHOBAREORNS S & L TEEN DR W CORAUEMAS
BF2ERL L, ARMEHIERAT 52 L2 B E LTS, BEBT AT UVIEBITS Y )
FBAVEEIE, SEAODEUV)ORREIC LY 8Bk L, #EETHIENMBILTN S, (Scheme
LLDLARTEHFIEE T, Mo —AOFE LR = AT L2 G AL, Z DN E AL DE RO (EfLS
WLz, Y2 0 & 9 ZRBUKAY R IR F IC R W T O HMEATEN & 5 00 &8 9 D ERE
T 5,

BARRIZIE, Mo —2ABLOEKEEZ 0 ) REMSSE, BREORLRSD FLn
— AR ATV EAKR L, EEAER L2, b Lo —RAERERT AT VOB RIS
A% Scheme 1.1.2 (2739, 1ERL U 7= 3%t LU, S84 CRREHC X 256 — BAb O FRAE R KON
Fakz 2% sBR I L 2 Ml & M ORIl 21T - 72,

o) 0o
R—0"~_ R—O
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0]
Scheme 1.1.1 Dimerization reaction of cinnamate esters by UV irradiation.
HO o OH P
HO HO 7 52708
OH O
Trehalose Cinnamoyl chloride
o
RO OR R =_
TEA, DMAP RO&&RWR R="Hor =
RO OR
OR O |
Trehalose cinnamates
Molarfeed ratio
Trehalose : Cinnamoyl chloride
=1:4 (TC4)
=1:8 (TC8)

Scheme 1.1.2  Synthesis of trehalose cinnamate synthesized

from trehalose and cinnamoyl chloride.
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Trehalose cinnamoyl esters(TC)D & BRI A ZiREEE LT, FERiE 7 1Y R (Fw:166.6, m.p.
36 CONTH AL AR T2ERR) LA LT, bl e —A(Fw:342.30, m.p. 210.5 °C)IX(FR) AR LD
PR 272 & ARBFZE Tl Z N I IR ST K I Licb O L=, TC DAk A
WO EZ LA T IR,

*Trehalose
HO o OH
H HO OH
g&\\ 075770},
OH O
+Cinnamoy]l chloride
O
/

Cl

TC DA R A IS LT, SIGMA-ALDRICH #0 ik N N-2 AF VARV LT IR
(DMF) (Fw:73.9, m.p. -61.0 °C), B H L (BR) DR =F /L 7I/(TEA) (Fw:101.19, m.p.
-115 °C), HEALRR TEEH) DT AF LTI/ E VY (DMAP) (Fw:122.17, m.p. -110°C), B
FALZ R BLD NN-AF LAV 57 IR (DME, Fifl) i L7z,

FT-IR & HIFA3E I LU NMR JH7E K RS L LT, P s LW o R U
Z\(KBr) (Fw:119 m.p. 734 °C), BIHAL (R LD T AT L AL ARF 2R - dg(DMSO- de)
(99.9atom%D, 0.03%TMS & A, Fw:84.18), BARAL- (1K) D/ ark/L -d (CDCls)
(99.8atom%D, 0.03%TMS & 47, Fw:120.39) % Z 12Ul FH L=,



TC DJEAME I LORINuE 28 RO ERI WA . L, B E k) oo /a
273 /L 5 (CHCLy) (Fw 119.38, m.p. -64 °C), B A L7 (BR) D iEEE(Fw 63.01, m.p. -41.6 °C,
concentration: 69~70%). B AL 7 (HR) O A EL(Fw 98.08, m.p. 10 °C, concentration: 96.0%)%
i HLC, ##iZkiT Direct-Q UV(Millipore fH8)5155415, BEXIEFIHF =182 MQ-cm D
bOEEM LT,

BRHEZEHIIAD in vitro FAEFER 21X, RIKEN BRC Cell Bank, Riken, Japan(Cell No.
RCB1642)X0 AFUT=~ T A8 WL R O#HESF M CTd D 3T3 Swiss Albino M, Ftfi%E
T 2L Dulbecco’s modified Eagle’s medium (D-MEM)EE I, FOSEHMIZE T 30K oD
Dulbecco’s phosphate buffered saline (D-PBS(—))33 X OFR YA T3 (1% ) 8D Penicillin-
Streptomycin solution (10,000 U/ml Penicillin, 10,000 pg/ml Streptomycin)Z-fif L7z, H5HiIZ
Penicillin-Streptomycin solution Z /X, HAEHIIZ 100 5 AREZARDIDITFRHRL 7,
Penicillin-Streptomycin solution % /1.2 72551112 J R Scientific, Inc (Lot No. 168904)® fetal
bovine serum (FBS) Z N1z, 15%&72AIZFHILT=, 25 %Trypsin-ethylenediaminetetraacetic
acid (EDTA)iZ GIBCO #, 3-(4,5-dimethylthiazol-2- yl)-2,5-diphenyltetrazolium bromide(MTT)
VRN EREER T 2E(RK)HL, Tripan Blue Stain 0.4% (TB)i GIBCO Bt d & fALI-, £/=, &
VTAL AL T, TGRS T 2 (FR) LD NP-40 Substitute LA 452 FH (FEA A ME SR TS
A% D-PBS T 10%&E725XIZFHFE L 72, 10% NP-40 &L T A AWK DR %% Table 1.2.1
(2R,

TN D 5 2 X7 W A5 BRI W 3 L ONAEEL L T, Cytoskeleton 4D HiLyte
488-modifed fibronectin, FIYEAEEE T3 (1K) D 0.5w/v% Trypsin-5.3mmol/l EDTA +4Na
Solution without Phenol Red (X 10), BARALF(#R) DK EE(L T RD 22 H LT,

Table 1.2.1 Composition of Cell lysis.

Normal saline 3.6 ml
NP-40 (polyoxyethylene (9) octylphenyl ether) 400 pl
Total 4 ml
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1.2.2 Trehalose cinnamoyl esters(TC)D & X

A2 Tl trehalose : cinnamoyl chloride DA% mol bbz 1:4, 1:8 LU, ZHE DAY
% TC4, TC8 L7z,

F9. trehalose (3.42 g, 10 mmo)ZFFVED | K NN-2 AF /L4157 IR(DMF)15 ml HiZ
60 °C THEL THEfESE 7o, ZOWIRIZ, KOS THECDBO P FEAIELL TN =F LTI
(TEA)% TC4 (% 5.6 ml(40 mmol), TC8 iE 11.2 ml(80 mmol), filtifEL L T AF LTI/
(DMAP)(0.61 g, 5 mmol)%Z 2 7=, 5| cinnamoyl chloride % TC4 1 6.66 g(40 mmol), TC8 | %
13.33 g(80 mmol)fEN &V, ik DMF 5 ml FHICIRMESE | ENAEDOEIRIZINA T, EF T, =
IRC 24 h BFE LT, IRICTOWEIREZ EOMK I FL T, A tHEE, AL, =L
L7=iLE W% DMF 20 ml (ZIAfRSHE, &512 500 ml OFK I FLZ#, /IR T 24 h L
Too BEHRTE . AL TELNZE AL, RIRT 48 h FLZSH RSt TC4 1A ABRD ALY
(4.70 g , IUH:55%), TC8 ILFL FAAEIARDAR(9.00 g , UL :65%) & 157, FFHIVIZAERY)
[Z2WT FT-IR 3L H-NMR 2227 WU E NS KOS L, R BRI S WG L 7=,
FhRFiEA 7 —F ¢—he LT Fig. 1.2.1 1T 7

Trehalose : Cinnamoyl chloride=1:4 (molar ratio)
E Trehalose ] 3.42 g(10 mmol) i ol
| filwation |
i ; DMF (anhydr 15ml
’ dissolution 60°C(an ydrous) 15m ’ |

dissolution ‘ DMF 20 ml

TEA#! |
DMAP 0.61 g(5 mmol)

’ precipitation ‘ H,0

|
Cinnamoyl chloride * ] ’ ‘ rt. 24h

stirring
(DMF(anhydrous)5 ml) |
’ stirring rt. 24h underN, ’ ﬁltthlon ‘
’ vacuum drying ‘ rt. 48h
‘ precipitation ‘ H,0 l Amalysi
[ TC4, TCS8 } FLIR

'H-NMR

Fig. 1.2.1 Preparation of TC4 and TCS.

21 Amount of TEA: TC4 5.6 ml(40 mmol), TC8 11.2 ml(80 mmol)

#%2 Amount of cinnamoyl chloride: TC4 6.66 g(40 mmol), TC8 13.33 g(80 mmol)
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1.2.3 TC DL

TC4, TC8 (2 UV ZMRETL7= L EDWULAT MLV OB ZEA L ORI EZI TG — BlbORE A
{777, TC4, TC8 T2 0.080 g % 4.0 ml (D7 7R )b LIRS B T- U BHA IR GUBHE E 20
mg / m)ZFEL, ZD 2 ml ZHFEEAG ecm X2 em X 5 mm)IZINZ 72, WIS, B IZH)—727%
B CELT 4y T a—2—(T AT (R)E)Z T, B N3EEE 1 mm /s, R{ERFH 1 min,
AT 0.5 mm /s, FLERIFRT 1 h OFMFCAIEHR(6 em X 1.5 cm X 2 mm) RIS RZ(ERLL7Z,
T Ay T a— % Fig. 1.2.2 12777,

Drying for
lh

Immersion speed Rising speed
I mm/s 0.5mm/s

Immersion time
1 min

Fig. 1.2.2 Condition of dip coating.

HEFEERLES | UV BRETERE Spot Cure SP-7(V i A B E)Z VT UV HBHE1T-72,
UV BGHEEE I3 — BN 2=y NI AT AREZTOT THY | B — B2 =y s A NTARD
Jedd s 12 em OALEIZ PMMA 74 /L2—(L <280 nm Z 4 M) &% E L., 17 cm OfLE (24
W ISR 7 A R B L=, UV OIRFHIRFE T 100% (60.6 mW/em®) TiT-7=, UV A
TEREEI IR L7t | AT & U CTERA AT IR AT LI E KD A7 ML O IRE R 2L A E L
7
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124 HREEREEROMER

HITAFERELTPHLS mm FA/S—HFTANo.1 MR TEEHE) ZHVT TC4 BLW
TC8 DA ERIL 7=, TC4 £7/213 TC8 1 g % 50 ml D7 0 ras /L AR S 7= R EHATR GRUEH
IR 20 mg / ml)&ZENZEIFEL , ZDF%, 100 ml E— I —IZBLTZ,

TIT AT RRIE AR E . DM-90(KAE TEWR)RHIZ T2 A UV LBRL7-% | fillE:
HieER MK DARFEAY 1:3:6 12725 LZIR A IRIKIC 1 AIRIES T 52 CRmPEA
ITN, FAK T NTEERS 7=, O WEE LA T AEMRICKIL T, 1.2.3 LIRIUSA:(Fig. 1.2.2)
TT Ay T A= ATWRRES T, 20k, UV BB (A=280 nm)ZfT\ \EIRA/ERLL7-, K
ITTF LA F P ARHABOG) LB () ATV T 7 AR CIE 21T -7, UV B Sff:
ELT B 2= NIA N AR DI 12 cm OALEIZ PMMA 74X —%A3%EL, 17
cm DNLEIZT 4y T A—NeAToTo T AT AR E LT, UV OB REEIE 100% (60.6 mW /
em’) &L7-, UV ORRETIFIE TC4 T 60 s, TC8 T 300 s &L7=, TERIL7- IR Em DS L
LC FE-SEM (ZX58I52 3 LUl M Il B 41T 70, MIfaEs BRI izt 7 v ofifE %
Table 1.2.2 |2~ , F7o, #EAERILIZBEO FIEEZ 72 —F v —hEL T Fig. 1.2.3 IZ5R-7,

Table 1.2.2 Samples for cell culture.

Sample Description

PS well Polystyrene culture plate used as purchased
glass UV-treated and acid-washed glass coverslip

TC4-UV UV-irradiated TC4 coated on washed glass coverslip

TC8-UV UV-irradiated TC8 coated on washed glass coverslip




Glass coverslip )

| (¢15 mm, circular) | —
UV irradiation
UV treatment 48h ‘
EOG sterilization
HNO,: H,S0,: H,0
immersion® =1:3:6
24h [Film(TC4-UV, TCS8-UV)
washing H,0
. o e 1
drying 60°C 24h : Condition of dip coating !
| Immersion speed : 1 mm/s :
Immersion time : 1 min
. . Sample: TC4, TC8 P 1
dip coating 20 mg/ml (CHCL,) | Rlslpgspeed : 0.5mm/s I
I Dryingfor : 1h I
L oo J
i

Fig. 1.2.3 Preparation of UV-irradiated thin films for cell culture.

Condition of UV irradiation

Irradiation intensity : 100% (60.6 mW /cm?)
Irradiation time : 60 s (TC4),300s (TCS)
Irradiation distance : 17 cm (Lens- Filter=12 cm,
Filter - Samples=5cm)

Filter material : PMMA
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1.2.5 #R#EFHEAD in vitro MR EKER
(1) Aifaks2E

AR AR DL ROF BT /20D DMl T FRAE EHR D AR M IE & S TODBRAE 2
AR TE B L A i~ AR B R HHE 2 3T3 Swiss Albino Al IV, FRBRICL
E 72D FE TP 10 em dish ZF]H L, D-MEM IZ 15%FBS & 1% Penicillin / Streptomycin
EERIMA T VSR Z FARRTMIEL | 37°C, 5%CO, F5PHA T~ CHE R 21T o7, ¢ 10 cm dish THYJES
W7 ELEI A Fig. 1.2.4 1RT,

60-70% Confluence(FfZHIFHEI W T, /MR EITE > TQORUWIREE)IZe>72 3T3
Swiss Albino %~ ~7"32(0.25%trypsin+EDTANC LVFIBEL | [RIUX L7z, 24 well plate((#5)7 741
F =D YD well IZEHEL7ZW Y AV ERRE L FD 11T 3X 10° cells/ml #FEL 7=,
RERE 3 e, 103, 5.7 R RIS ZAT o7, Ml DA, MR ZBEE CKX41 (4
RARR) YA IV TRIER LT,

100 um
Fig. 1.2.4 3T3 Swiss Albino cells (¢ 10 cm dish)

(2) FRDECH 3 KO SR AT 7

HIRECH i BR G RAE A FO IHSAE O R 21 MTT 384 AV 7=, mEREH R

X DHIBEGRI E Tik, N U T — a3 a2 WD Z LS K AR Tl 3B 05 M i 2 125 18

L7, FERII I3 S A Z L 2R LT Mo A eI A E 52N TED,

B OBBHT 250 pl ORI 7oAz 37°C, 5%co2 TS T3 EEE T 528
IR FRIZ KO A FRIBEL | M EE 2K Sy RT3 57212 250 pl BARG A N2 CHFnL
2o ED# . 500 pl NS TV —% NN % SEMRA YL L ﬁuﬁzéﬂ%ﬁk{ﬂa%iﬁ%ﬁﬁ%fzﬁﬁw
TH BRI ECA G LT,
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MTT BRI, 7 b7 VT O —FETHD MTT ([ZEVAEHIIEOINa L RUT O REL §% 5
AL THEL, XMl &Z2H1EST 25 IETHD, MTT IEIb2 RUT NICIFE T DR
[CEDIETTEN, RO T D, FTER % OFEHT 300 ul @ 1.0 mg / ml MTT &A%, 37
°C. 5%CO, R T C 90 43 FlEfFE L7=1% . 300 pl HERRVAFRIR(E L7422 ez, filaz i
iR UT=, TR CTEBITZIATZ 300 ul 92 96 well plate(FK)7 714 F— v S B L, <
A/w7L—h)—%— MTP-300 Lab (== F &5 (R )2 VTR 570 nm CUOEEEZ- I E
L7z,

Qe FiE 1

THEAR t REICIOFEHRIT AT o7, AR t RELIL. HD BN END DN E
RKODLFETHY, ZZNRNENIRERZFEANTHZ LTIV T 5, D SOEMIZEN D
HZEHFENT %A . ETEN W EOIER R EGER Ho: “BHZR— O EH LS5
IIAERTHD)AREL | 2D DDLUV RELO ARG H)IXRE 5, TN ENOEEE X,
Xy ET D&, ZHEOEDNVEIED 7 x1-x ITERISNDHEE 2 BID, ZOZEIE Hy DY 6 72038
WO THIFHEILX 0 THD, ZOAEAEZHETDH12DIZ HyDObET x1-x, DELLMERE ED
YRS TR E L5 & [ I EE(df=n; +n0)D t DARICLIEAD ZE AR AL TR 5,

X1—Xp

s ’1/n1+1/n2

ZIT s IEMBEDS B 8%, 82" ORDIZBRLER Sy s* DI HFHREL T

t= (1.2.1)

2 _ 2 _
s = sf(n;—1)+s5(n,—1) (1.2.2)

ny+n,—2
TRDHZIENTED, FT2
s\/1/n; + 1/n, (1.2.3)
D X1-xy DIEWERZEZIT2D, t HAAFITED, A B df, AEKED t fH(t) 2T EAD t
T D0t 2 ty DESHEZEDDHY  t S t DEZHEZNIRNERD,
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1.2.6 FIRIZHT 52 N\ VEDOREHR
(DHHEOLBIZR

HOUBIELTIR, D= T T RIT/ERLTZ TC #54 EOG JRE L7=b DI L, Mifust~ R
VI ANAFAET DS R E CRIIRBEE R 1 ChH 747 a ks F U NZHHK - ChD HiLyte
488 #HEA L7 b OEHWTIT 72, D-MEM (T 15%FBS & 1% Penicillin / Streptomycin &% /)l
Z TR HRIZ kL, HiLyte 488-modifed fibronectin 2% 5 ug/ml & 725 K 5 IZF%E L, TC K i
300 pl %, 37°C, 5%CO, HZFAK T T 24 h Ao Fa—arLi-, TD%, FELORTEE R
X, D-PBS T 2 [FI¥EH% . D-PBS % 400 ul Il BISZBAISEE Axio Vert Al(1—/Y 7 A A< A
raZae’—#R) A W T OB 21T o 72,

QyEEHIE

HOGIE Tl H3OEEE TR B O 1820 D-PBS Z AL L, D-PBS T | mg/ml (Z7§4%
LN 7% 250 pl Nz 1Th A2 FaX—Tar iz, T0%, X707 L, EERERIYL
#%. 250 pl FIRIARRIRZINZ 1 h A2 FaX—Tar Uiz, BTy T4 7% L BZEILL .,
1 MAZFHEE L 72K BRI T N D KRR E 300 ul Nz 1h > FaX—ar iz, Tk, B3y
Tar 7L, BB EEINE, D-PBS THEFL, VEFEIEB IR LT, SH s EHE, F-2500
W EEFH(BE) B SE AT 7 A = 28 2 W CRIE LT,



1.2.7 £E

7 —) LSRRI (FT-IR) A~ [Vl
7 TSR I R FTIR - 84005(%@;@1@%&;@);&% WTFT-IR AT LHEZ:
1T o7z, A TR KBr SEAIVE T, JIEHIFH 4000-700 om™ | FEFLEIEL 50 [ CHIE LT,

BRI ("H-NMR) A~ LI E

KIS AVA00(Bruker £154)% IV T "TH-NMR I E &1 T -7, #kl 20 mg 245 F i
IKFEACTEIE(DMSO-dg. 7000785/ 2a-d)500-550 pl ([ ZIAfESHE . NMR F#IAE (2L, FEE I
32 [BEITCHIELT,

SR TR AT SV E
RO RT3 L EERT V-650( A A3 et 8 A IV TER AR AT (U V-Vis) U AT MV E %
1To7c, MESRMHELLFITRT,
HYEE—R Abs

e i P 800 - 200 nm
L AR A Medium
IR L 5.0 nm
AEAHE 400 nm / min
W IA [H R 1.0 nm
LI 1

- FE SO 2 A - BRI 122 (FE-SEM)

B R AT T-BE S-4700 Type 1(H SERUERATHESD 2 O CE S ALER B 158
MBI EAT o T, BV 7V LU TREBMEEBZE CHW e Az LT, o
T NEHENT—R T —7C SEM BlE HEUEHS IZEEL , BIERIIC E-1030 A4 A&
—(H SERUEFTHE R 2 TR AR 7 % 30 s 1T o7, WESMEZLL FITRT,

I E T 2o0r3kV
R frR 5000r 5000 i

b

PEfili 51 SImage02V((ER) = o~ #E8) & L CREfi A R EE AT o 72, 74V MK %
—(5 u)FESL ., PC BHLAENTICEAEFHA 7T ATAN 02 JEX0HE A 2R IE LTz, — DD
T IACOE 5 RIORPEETO, FEEA AL,



1.3 BREIVER

1.3.1 FT-IR &V 'H-NMR ZRZMVAITEIZ & & BT 6 SRR MR

TC ZhLma—ABIORERRE /Y RE W TA LT, ZOEE e m—R R R aU R
DAGAFEV A 1:4 EUTEBREO/NS)D TC4, BLO, 1:8 ELTEMED KEW TC 24
LT,

Fig. 1.3.1 {Z(@hbm—2 (WEEKEEZ 0V RBIOZNOLD NI L > THRL T E KW
(c)TC4, (d)TC8 D FT-IR A~ LAY,

Fig. 1.3.1 £V TC4, TC8 DA FL(c)(dIZFHVIT 1700 cm™ FHiTIZ RN DL —2ZE AT
LD C=0 MHFIRENC KT DRI TH D, EHIT, 1640 cm™ FHTEOE —7 3L 2= D
C=C {HHEIRENCH L, 1500 cm™ ~1440 cm™ fFEOE =273~ BU 80 C-C [MiEIREICH
ke pLEZLND, 1160 et (DY —2 1T 27 /LD C-O MFEIRENC kT 5L E 2 55,
1000 cm™ fEDOE—21E o —2D C-O-C MfFEIRENCH KT 5L 0EE 2515,

F72. Scheme 1.1.2 ORISALYISHIEOLFAEEIE B 5L, hbrm—2DeRrFd
ML LTS, Fig. 1.3.1 KDL Am—RD AT M (a) 238V VT 3400 em™ AT ICBEE 22 R
233 FL D O-H Mg IR ENC L HWRINE — 27 23 Rib 472, TCA TIXZOE =703 b L Tue, Zh
X DR ek BTk ) RSB E Tl 0 B L CODT0 LB 2 Hivd,
TC8 TlIeRm o TR R/ n) R FERITEHL TS oD e R Hk 751
— 7 NEEHEL TODZENTND,

INHDTEND, TC4 BEUTC8 DEFSIEAEITL TODHIENRIEBEND,

(a)

Transparency

3200

2700

2200

37bo
|

I -OH
13400 cm!

Cc=C

|
|
1 wave number (cm ')
|
| 1640 cm!

} N

L 3700

Fig. 1.3.1

3200

2700 2200

1700

Wavenumber (cm™)

1200 700 J

FT-IR spectra of (a)trehalose, (b)cinnamoyl chloride, (c)TC4 and (d)TCS.



(@R a—2 OB/ RBLIORINOLDEKIZE > TROLN AR (c)TC4 D
'H-NMR A7 ML% Fig. 1,32 15757, 728, (€)TC4 D7 F N7 a—R{EL TWD DL E H
FEDERDHED, BEON FICEHLEE CH BRLNE, BAeDeFad U RICTEBMA LI > TVDE
DPRIELTEY, TNENRL T T NG THIENOM 2 2L ZAIZ 7T ABHBIL
TR ERSTTa—REL T2 Th D,

Fig. 1.3.2 KV (a)hL"B—ADAXTNUZEBWTERKO C-H ICHKT5H 27 F/1(3.0-3.7
ppm)B LN O-H (ZH KT 57 F /1 (4.3-4.8 ppm)H3(c)TC4 THLIT7RLTWNDBIEN3IND,
F7o. ORI U RDARTNUZEBW T T A BIOWRUC B U B SED L7 ) 1(6.3-6.6
ppm. 7.2-8.0 ppm)73(c)TC4 |12 b7z, ZDOZLIZED, TC4 DA RRSUGIEITL TWVBHZEN
RIBIND,

ERMI(C)TCA D AT IVICEBITHE LT FADIES TR, BEE., BiRfE % Table
1.3.1 1R,

Table 1.3.1 Measured integral value of each signal in the spectrum of TCA4.

Signal Chemical shift (ppm) Measured integral value Theoretical number of proton(DS=4.0)
a 3.5-4.5 14.52 12.00
b 4.9-5.6 6.17 6.00
c 6.0-6.6 4.00 4.00
d 7.1-7.6 21.36 20.00
e 7.6-7.9 3.91 4.00

Table 1.3.1 £V, 7 F AR EEE ORI IZE—BL THDIEN 530D, EBIT
(©)TC4 DT FNFEMELO N T —REFERZEE7 0RO EHRIE 1:3.8 LEHEIIL, BREREIC
IVME T o7z, LI T, ZRDDOFEHR LD TC4 OBRRMRROLINT, 70k, Lo T EANEE
DEHNLE % NMR AT NUNBIENT T HZ X TEROD, Rbma—2D 6, 6'fLDOER I
FEITSGTED LG B2 [EHLL TDHEE X DiLD, EOMMOER X JLIZ B L TR
Thbh,



J HOd OH
: 0]
1 HO HO OH
pHO—5" 1~ O OH
O h,i
alg] o.f
® sl
a
B _ﬂ{ M N l -
0 Solvent: DMSO-d
b b /c
b i Cl
b b b
a | c
|
I
M _ . o b

Solvent: DMSO-dg

c b a
[ 1 [ | [ )
© M .
----- M_ﬂ_ ___’!_M'Pﬂ'\,.\__ L_,__ n
' T T T T T T | T e e e 1
8.5 B.0 7 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 ppm

Fig. 1.3.2 'H-NMR spectra of (a)trehalose, (b)cinnamoyl chloride and (¢)TC4.



I, (@)hbm—A (WEEE 70 R BLOZNHD A RRIZ L > TELN A () TC8 ™
'H-NMR A~Z V% Fig. 1.3.3 17T,

Fig. 1.3.3 V(@b B —ZADAXTNUZEBWTERD C-H O 2~6 (Ll kT 57 )1
(3.0-3.2 ppm, 3.3 ppm, 3.4-3.7 ppm)& C-H @ 1 (ZIZHI KT 52 F/1(4.9 ppm)73(c)TCY TH 72
DT Z7RLCNT, O-H IZH KT D27 F/1(4.2-4.8 ppm)23(d)TC8 TIFTH AL THDIENTDD,
FEOEERBR 70U RDARTNUZBWCT AT BEX OB BH DY 7T 1(6.3-6.6
ppm. 7.2-8.0 ppm)73(c)TC8 (Zh HHT-, ZDOZEITEY ., TC8 DA RIS TL TNDHEE
HID,

R (C)TC8 DAY MU EBITHE 7 F DAL 7, B, BRE(EL % Table
1.3.2 1R,

Table 1.3.2 Measured integral value of each signal in the spectrum of TCS.

Signal Chemical shift (ppm) Measured integral value Theoretical number of proton(DS=8.0)

a 4.2-4.3 4.21 4.00
b 4.4 2.26 2.00
c 5.4 3.15 2.00
d 5.7 2.00 2.00
e 6.1 1.85 2.00
f 6.2-6.6 7.78 8.00
g 7.2-7.6 44.77 40.00
h 7.6-7.9 8.14 8.00

Table 1.32 XV, g D7 FNFES BT NRHDHN, ZHUIEKFZRE TH L/ amm/L -d
EHIpSTNDIZHEE 2 HND, EDMDT 7 AR MEE B R IXIFIE L T b2 e
D3 DD, IHIT()TCE DY 7 FIVFEIMEL O L o —ALFER /0 UR DL E3RIE 1:8.0 LitHH
S, HEREISEVWME T o7z, L72hi> T, ZIVHLDOFER KD TC8 DE DGR LT,



i iP

-HZOd Q _Ho > OH
1 .
hHO—; & A~ O~0H h,i
a
g ] o.f
f1bd
(a) d
A I
— e U J JU VL L i
O Solvent: DMSO-d,
b b /c
b Cl
P b
a

S— . —l —

Solvent: DMSO-d,

Kl fe dc ba
© gl 9T T

Fig. 1.3.3 "H-NMR spectra of (a)trehalose, (b)cinnamoyl chloride and (c)TCS8.
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Rnm—2 AR 7 RE KO TCA, TC8 12N TR BR ZAT 72, TV it
K, TH)—)L AZ)—)L DMF, DMSO, THF., 7thy | Zoak/L b, ~FH JoF Lo
—T )b, TRh=RNL BT )L ML O 13 FEE Th D, ik 20 mg FEY L0IRIEE 500
pl Nz, B CBIET 228 Tt A1 T o7, ZOR5 % Table 1.3.3 12”7,

Table 1.3.3 Solubility of trehalose, cinnamoyl chloride, TC4 and TCS.

samples

solvent

—
Q
0

Trehalose Cinnamoyl chloride TC4

water X
ethanol
methanol
DMF
DMSO
THF

acetone

x OO0 00O

chloroform
hexane
diethyl ether
acetonitrile
acetic ether
toluene

O00O00OOOOOOOO0O
x x xxx0O0O00O00O0OD>D> x
Ox0O000 0O 000 x x x

X X X X X X X

(O) soluble
(X) insoluble
(/) partially soluble

Table 1.3.3 £V, bma—RTBUKMETH L7120 ik, =%/ —/L A% /—/L DMF BLWY
DMSO ([ZIEAETHY , DD NI AT CThoTe, ke R v RITBK M Th DT
DFKIZIZRE T o7, ZOMOAREEEIZIX S Th o7,

TC4 1T H ) =N BILORAZ ) — T3 i fiEL . DMF, DMSO, THF, 7t h il mn
RV AR THY , ZOMOEEEIII AT ThoTz, ZHUIR ~m— 2D KR T
FEANVENEL LI T2D M~ a— 2D BIKMEPME T L, Ao — 2R3 E Th o -t o JE
FIZEWIREECTHDMAK, =& ) — VB I ORAY ) — WTRITHZLL 2D | R 2R3 Al AT
BT ARPEVEIE T D THF, 72 B I ONBUK MRS Ch D7 aud /L A IEIC IR o T B 2
Do SHIT TC8 TITMBIEDIEF 2@\ AR L ORI = F WA RIETHY | OO A HEIA L
LRI T o7e, 2T TC4 JVEHE N m<IesTo oD BUKMERSHITAR N L., W0 IEH
R OE B IRV 72 DR E DRV B PR ISR o 7o e B 2 Hivd,



1.3.2 TC DHLERE

~om—2B X O EE 7Y R K0 &AL T2 TC4, TC8 Z T e Bz /ERIL
RSN UV RS RETRT I C LD 2880 PTRRIN AR MV 3 A TR L T2,

F Ay T a—2—THER FIAERLU -2 %L, PMMA 7 /L 2L < 280 nm Z 77 B D A
AL T UV 2R L, EIR OSSN AR A7 ML DR 2 b2 ffesB LT, dERIT L, W
HEDIALINET RON2I2 B FTHRET L, 2O, FTED BB A FER(TC4:05, 55, 10 s,
205,305, 60s,90s, 120s, 150 s, 180 s) (TC8:0s, 55, 105,205, 30s, 605, 90s, 120 s, 180
s\ 210's, 240 s, 270 s, 300 )= LIZART MLVERIE LT, TC4, TC8 DRI AIRBLUL AT R L
D% % Fig. 1.3.4, Fig. 1.3.5 (TR,

Fig. 1.3.4, Fig. 1.3.5 £V, BER1TD TC4, TC8 IZFV VT 283 nm (2 H RV WIS A b7,
ZHUIRBUBREEIURE A T2 C=C f5A B LUV HR =L EOd&IZL5H DO THD, UV
FREHZ LD TC N BALSISE TV a7 X BN EUD En e m B L5, Zhicdky, —
LU ZDE, ZOFRWBINA S TR BINART MVISZEALT D, F7o, BRESREH#DMH
4512240 7TC 283 nm DY DB 3 Bz, ZAUSEY, UV BREHZED TC OYeE D it
ITVRIBEND, IRIZ TC4 & TC8 Z LR L THDHE TC4 L0 TC8 N AN L TEY, W
FEDIALN 72725 FTD UV FARFER#E TC4 13 180 s, TC8 14 300 s & TC8 DI MREMN -7,
ZAUT TC8 DEHEFEN TC4 LV, SULDTE TIZENZLDHEWRIN T DB BV i
b R pot=tE 2 b5,

TC O~ EARIZIW T, SRR U7 I A SRR L D657 /3 - CORE G 13T
STWBIENGI DD, 23 FHNTO —BAGIZBEL T, TC8 134y T E T /UTB W CE R O
AL o T27280 V| FZ 5> TOBDFTREMEITE 2 515, TC4 DET L TILE REFD BN
ARIATESTZ3 R OB DOV TRE R 2R L7282 A K9 35%D B &b 3 75
Tz TCAITEHRFEN R D %5 A TRY BN ZSOb DLy FHTRERAEL T
HAAREETHLHN, — T TEBEDE WS DODFELEETHE, 0 TFHRO RS-
TWDH AT E 2 BN D,
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Fig. 1.3.4 Spectral changes of TC4 induced by UV irradiation.
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Fig. 1.3.5 Spectral changes of TC8 induced by UV irradiation.



1.3.3 TC BENKREEHE

AR L72 1.2.3 ERBEDORIFTHN—HTA LT 47 2— AT AERILT- TC HIE(TC4,
TC8)D UV FREFHIT, FRES#4(TC4:60 s, TC8:300 s)DFE B LN UV BBE 140D TC 5T oD
FE-SEM #2417 572, TC4 3L TC8 D [ DBIELHE 4 Fig. 1.3.6, Fig. 1.3.7 12, Wi D8l
£24E A Fig. 1.3.8, Fig. 1.3.9 1”7,

Fig. 1.3.6, Fig. 1.3.7 X0, UV B&FAT, FREH% D TC4 LN TC8 D CIXEBITIBLNNTH)
— 7R 7p > T2, Fig. 1.3.8, Fig. 1.3.9 X0 Wi OB 2212 35\ TR O R 1T 30-40
nm LR TNDIENI DT, T A4y T a— A THBR, BEIXIRIROREE L5 & BB Ik
FL, T CIIREZEIT/ > CNDIENE 2 LD, £1-, MitkEb LIc U B NL 0
DI A B H L7z,

h= % (1.3.1)

ZIZT, R R, gl UIES1E B, pl3 TR, gl XE IS Th o,
TR Ch DT LA ZEL T, glIrmmi/L AORNESR(0.57 cp). pldZ mmi/L ADEFE(1.48
glem’) &AWz, SSHIALAMDILEE | HMELTZEEDRE T OERFES L2 AW TEHETS
&L BRI 70 nm E7e0 | SEM OBIEESHIE LI T —F L IV ML 7R 572, TC4 & TCS
DR Z L, SEM OBIEGHLHIE LT — X TIERER 721370 Ty 7 a—MIL o8
FE, B1& RIFHECIIRERZITH ARV EE X b,
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$4700-96 2.0kV 12.7mm x5.00k SE(M)

Fig. 1.3.6 FE-SEM observation of surface morphologies of
(a) TC4 before UV irradiation and (b) UV-irradiated TC4.

$4700-12 2.0kV 13.1mm x5.00k SE(M) S4700-19 2.0kV 12.0mm x5.00k SE(M)

Fig. 1.3.7 FE-SEM observation of surface morphologies of
(a) TC8 before UV irradiation and (b) UV-irradiated TCS.
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S4700-44 3.0kV 12.6m

Fig. 1.3.8 The cross section of the sample-coated cover glasses was observed for
determination of the TC4 film thickness.

S4700-55 3.0kV 12.7mm x50.0k SE(M)

Fig. 1.3.9 The cross section of the sample-coated cover glasses was observed for
determination of the TCS film thickness.
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1.3.4 TC EED#EAARIE

T TAFEM T TC4, TC8 HEMEZAFRIL | MRS OTRAUMECBUIK I | BRAKYE )2 Hefih £ ]
(XA LT,

AMiaRs ARV AT L (PS) well plate, fEA LT H T ATMNZE D EE, PRiFlLE 2T 74T
AZHML, UV BRI, UV BRSO TC4 I, UV BRI, UV B0 TC8 IS\ T Fig.
1.3.10 (ZHfil A fEZ 7R L, Fig. 1.3.11 (ZHflA HIEIC B 1T 24308 LK O 25 ET
Y,

Fig. 1.3.10, Fig. 1.3.11 {23\ Tl /4 OfEIX PS well plate T 46.0° (£ 0.6° ), AL
EDEEDTTAEMT 57.9° (£ 3.1° ), el LB AAT ST W T AEMT 147 (£ 1.1° ).
UV BERTIOD TC4 T 14.7° (£ 1.4° ), UV BH#%ZO TC4 T 46.1° (= 1.5° ), UV FEHFETO
TC8 T85.3° (£ 2.6° ), UV B TC8 T 101.0° (= 1.6° YTh-o7=,

BEA U= T A3 061§ 5 2 LI K0 R A BUKMEIC /20l OEN KRERD LD, 2
AUCEVIE AR ORI E L COTE B BR ESILCNDIENR D o7z, o, UV BRET
D TC4 (T BN TEE A I TH K PEICITV METE 72D % L, UV FRETRTO TC8 Tld TC4 (2H~
P DAEIT R EL, BUKPEICZ2 > Tz, TCA TR /A E—2DER S HEAERFEL TV
723 BUKPETH DM, TC8 TIXFDEREF L LN AV IRICE RSN DT D Bk M
LIRSl DEE 2 NS, o, UV IBEHR D TC4, TCS TIIIRETRiTLY 2 1 D BRAK M)
LTS, 2, UV RSN LD ZBAL SIS, 45O aTEhE N B 0, 225Uk 9- 5
([CBUK PRI E o2 ATREME N E 2 DB,
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Contact angle (° )

120

100 E

Polystyrene Cover glass Acid-cleaned TC4 before UV UV-irradiated TC8 before UV~ UV-irradiated
well plate as purchased cover glass irradiation TC4 irradiation TC8

Fig. 1.3.10 Contact angles of the UV irradiated TC4 film and TC8 film.

o
=}

=2
=]

=~
=}

[
=]

=]

Polystyrene well plate Cover glass as purchased ~ Acid-cleaned cover glass

TC4 before UV irradiation UV-irradiated TC4

TCS8 before UV irradiation UVe-irradiated TC8

Fig. 1.3.11 Photographs of water droplets on the UV-irradiated
TC4 films and TCS films.
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1.3.5 TC EfEZ AL V- Hifa:E & 45T

Polystyrene well plate F(PS well), VelfHlLE AT 7277 T 25 (glass) 36 L OMESE L 72 i
(UV B D TC4(TC4-UV), UV HBE % D TC8(TCS-UV)) % FV N THREMELEHINL D in vitro Ff
HIHRBR AT o7,

ALAH 2SR S RO MR O BIESRE R EL T, MIBRERER 3 il Db D% Fig. 1.3.1212, 5 Hi%
DOHO% Fig. 1.3.13 12, 7 H%ZDOHO% Fig. 1.3.14 IZENEIURT,

Fig.1.3.12 [ZBWCHifaE: 28 3 IR Tl T oslEHT B W Th 825 LRI 2213 05
AIRInoTz, Fig. 1.3.13 I8V THEEE 5 HZ TlE (b)glass DR #EE 23D 72<, (a)PS well 35
L O)TC4-UVIZIZIERITTHY ., (d)TC8-UV TIHLo iRt L0E 2L o Mg b, £
72, Fig. 1.3.14 |Z8BCTHEFR 7 H 1% Tld(b)glass LAAAOFENTIZIE 100% confluence(FREFR
ZSE AT L CODIRRE)C 2> T,

100 pm
(a) PS well (b) glass

100 pm 100 pm
(c) TC4-UV (d) TC8-UV

Fig. 1.3.12 Phase contrast microscope images of 3T3 Swiss Albino cells after 3 h
culture on (a)PS well, (b)glass, (c) TC4 after UV irradiation
and (d) TCS after UV irradiation.

1-25



100 um
(a) PS well (b) glass

100 pm 100 pm
(c) TC4-UV (d) TC8-UV

Fig. 1.3.13 Phase contrast microscope images of 3T3 Swiss Albino cells after 5 d
culture on (a)PS well, (b)glass, (c) TC4 after UV irradiation

and (d) TCS after UV irradiation.

100 pm ‘

(a) PS well (b) glass
‘ !
(c) TC4-UV (d) TC8-UV

Fig. 1.3.14 Phase contrast microscope images of 3T3 Swiss Albino cells after 7 d
culture on (a)PS well, (b)glass, (c) TC4 after UV irradiation
and (d) TCS after UV irradiation.
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PS well plate 35K OVEEE ECRIFAES R ATV, MERGHF A IV CHES MRS ol E
AT 5T, TDORER% Fig. 1.3.15 (-7, £/o, #E5 LIl BIEMI O A Fig. 1.3.16 12
Y,

Fig. 1.3.15 {28\ T PS well plate ERB IO TOREL ETHEEE A O HEINE EHITHIED
MBI ST, 2V ENE IR L CAD L, Mk 3 FE[HE], 1 B Tl well BR O
\ZRWTHERS LT MIIRIC 2213720~ 7203, 8538 3 H . 5 H 1% Tl glass DA ML T 072
<, well BEW TC4-UV [HZXFRTTHY, TC8-UV Tlddeh M\ Flilatksrr~7-, #filsh flE
(1.3.3)DFEFERHES T TELRT DL, PRI AT oT- T AT O 3 E OB EEZ AL
TWHDIZRL, PS well plate 35K TC4-UV OEEEER H ORAENZIZFRT T, TC8-UV D
TSR XL B E S m < FIIEA S LT WERIRIZH T2 ThHEE 2 LD, 1o

2L AT RS IR I L QOB B AR 13 00 TRV MIE(60° ~80° HI) THHIENHID
NTEY P, ZRIVEOBUKETHBICb )b O T, BTN @E -T2 L2 BB+ 5E, i
DOEMPAET DA REMEL B 2 biLD, K548 7 B 1% Tl glass AN OFUEFNZIE R CAEIZ 725 T
Ve, 2 glass DA OB CHIIE 23 EIE 100% confluence (272> TN ezb THhHEE 2 B
%R

Fig. 1.3.16 {2 W CHEMBIZBAL T3 HMIC IO T 1 ZEA LRSIV oTo, ZDZE
MO FREHT IR EE L N2 eV RENTZ,

728, BigE 7 B OMIADOAELFRO I well T8 = 4.1 %, glass, TC4-UV, TC8-UV
T100 £ 0% THb,
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60
5
0~ EpS well
3 E 45 mglass
o »
=3 TC4-UV
<3 mTC8-UV
2 30
&
™ 2L

o

o £
© 815
<t
>S5 =
(@}
@)

0 = A - A

3h 1d 3d 5d 7d

Cultivation time

Fig. 1.3.15 Cell proliferation determined by counting of live cells adhered on
PS well, glass, UV-irradiated TC4, and UV-irradiateed TC8.

4
mPS well
3 mglass
TC4-UV
= TC8-UV

N

[EY

Count of 3T3 Swiss Albino cellson
the samples (x 104 cells / ml)

o Lok , , ok
3h 1d 3d 5d 7d
Cultivation time

Fig. 1.3.16 Cell proliferation determined by counting of dead cells on
PS well, glass, UV-irradiated TC4, and UV-irradiated TC8.
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PS well plate 3B IO R ECTIT 72 MlaiERIC 31T 5 MTT test Ol F2% Fig. 1.3.17 12
Y,

Fig. 1.3.17 {23 T PS well plate RIS IOT X TOE ECTHEDOHINE L6 ITHIE O H5E
MRS, MERFHE I LA MRS E & RIS RS EE 3 REf. 1 A% Tl well BLO
FUBHZ I W TS LIRS 221377228, 8538 3 B, 5 H 1% Tl glass OHE5 MIEA
N7 well BEDN TC4-UV [HZIFFRLTHY, TC8-UV Tidib a3 #imL <z,

1.2
>:<
= PS well i‘
£ 0.9 Hglass
£ i
o TC4-UV .
S %
; mTC8-UV ’i
2 0.6
=
§ %
2 ]
< 0.3 >;<| ‘
|
0 - -
3h 1d 3d Sd
Cultivation time *p<0.05

Fig. 1.3.17 Cell proliferation measured by MTT test on
PS well, glass, UV-irradiated TC4 and UV-irradiated TCS.
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1.3.6 TC FEEDNEL/\VEREHER

PS well plate, 73— T A, LU TC ZAEHMIEIIIL | #OLKFTdhD HiLyte 488 4 il
HBLIEZ 47 aRx 7 F o2 TRERREIT o7z, @B s JOHEEICE V5D
NI AT SV O % Fig. 1.3.18, Fig. 1.3.19 (2777,

Fig. 1.3.18 £ ¥ | PS well plate, 7/3—HTFAIZtH~ TC4 & TC8 DAEGEHNEE L Cld7 171
KT F L D AEDHIND Abhiz, £72., Fig. 1.3.19 LV | #6227 LBV T PS well
plate, 7/X—H T AT, TC4 & TC8 DI LTI AFEANL Ty, TC8 Dl Hi5E
DFEREGAE ATHIND Gy TR Y| FrRAVSE G P> TOD ATEEED B 2 TD,
—FH T, ZOFIETIE, 747 axIF U DPEREE B T A E R R oTo AL D0 E 90
IR THY, ISR AL THD,

PS well glass
TC4-UV TC8-UV

Fig. 1.3.18 Fibronectin binding assay by fluorescence observation on a PS
culture plate, glass, UV-irradiated TC4, and UV-irradiated TC8 using
fibronectin modified with fluorescent probes (Hilyte 488) in the presence of

10% serum and in the absence of cells.
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300

m
o 250
>
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o
£ 150
I=
(D]
2 100
=
2 50
[

0

PS well Glass TC4-UV  TC8-UV

Fig. 1.3.19 Fibronectin binding assay by fluorescence spectra on a PS
culture plate, an acid-washed cover glass, photo-cured TC4, and photo-cured
TC8 using fibronectin modified with fluorescent probes (HiLyte 488) in the

presence of 10% serum and in the absence of cells.

1-31



1.4 #Ek

AT TIFAE RO RIFETH A e — R BLOVEREICIY ZB(LL THEG 75
FER IR 0 R % W CTEBE ORI D e ~m— 2 R B2 7 /W (TC) &R AR LTz, L TE K
IO TCE AW TEBEAERIL | S = B ORI RS L O M 285BI Lo M A
PEDFHI AT 572,

FPFh o m—2B L ORI REHWT TC 2/ LTIZ, ZOLER/a—R FEL 7T
URDAAR TV A 1:4LLTTC4 L 1:8 L TTC8 ZE N LA LI, FT-IR BLU'H-NMR
AT MBI LRSI RIT 2T o7, ZDFER TC4 BIL U TC8 DA AR LI,

TC4, TC8 Z 7 /L AIZIERESE | SEHRIRZ HWTC, Ty 7 a—7 4 71X A 3R
(IR AAER L7z, PTEIRERE] UV B ZATUN RO AT A LRI E JO WA [ L D
T2 LA TR A L T2, TC4 BT TC8 DN A7 ML Tl 283 nm (2 ich iE WIS biu, =
FUIRBUEBREZNUICHE G T5 C=C A BLOINA N IO ZIZLDL D THD, R
R ORI LT 283 nm ORI AA LTz, — BALUGICE > T 2 A2 L L 283 nm
WA LT=b DB 2 Hih, E2, BRI CIX TC4 X0 TC8 D J773 283 nm DOWL Y E R KX
< BHEHICE > TRl ET 5 E TORML TC8 DTN K -T2, ZIULTCE DY A VG
BN TC4 KNZ W= | WO B L OWAEE 72 FRGTIRF R 23 HE N L 7= &35 2 B b,

TC4, TC8 %47 v/ a—H—% T N—HTFA EIZT 72—k, UV SRS TCA 1T
60 s, TC8 (X300 s [ UV FRGTEATV MERLL 72 D K i 35 L OWT R D FE-SEM #1£2417 o7,
IR AT TC4, TC8 EHITIEHACTH—7pidili 7o T, Fio, HIEWT i OBLE2IZH0 T
TC HEIEDOIEE L 30-40 nm L7825 TWBIEN D357,

TC4, TC8 2T (v T a—H—% AN THNN—ATALIZT v 73—k, TC4 1T 60 s, TCS 1%
300 s UV FRET A T EIRAVERLIL 72, PS well plate, PEif-LERZAT 72 hR— T T AB L OERIL
72 TC4-UV, TC8-UV DA FIVCRkHE SRR O Ml s ER R 21T o7, MIREEE, mEREH A
Wi ARG E L MTT test (ZEDHIRLIOEAE fERR CE Iz, I/ N—H T A ECldBE il
372K PS well plate & TC4-UV O ETIXIZIX R CAEIZ/2YD, TC8-UV _ETlidfb i
BB TV, FIAEMBIRIZE A E RSN o T, ZIHDOREREID TC Il X
P MBI A PE DD ZEN Iy T,

PS well plate, 7/3—H T A, BILUF TC ZRIGEEIIIGI L, #OGK FTéh2 HiLyte 488 &5 &
L7747 a3 F oz TEAEBIEB LR EAT MRIEEZIT -T2, deBlgE &
V. PS well plate, 7/3—HFAIZEE, TC4 & TC8 DUUMEHE ETlX7 47 0 F L DO AED
M ROz, Eo, AT MUZEBWTY PS well plate, /3—H T A2~ TC4 &
TC8 DZEFEEML L CTHIAHEANL Tz, 2D, TC I EIZ CHERRASEAL O W BR BRI
2o TNDHIENREZ LD,
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21 #%E

UTAE MR R LR DAEMRMELOBIR AR A THY | M EFR O FHEDFIENIZ XD 4 (5 &
PEDOMENEH SN TN, 5 1 EIZBWT, RAMH R THZH DN e a4 58
A= AR IO FELERZaURE W, UGN ~Na— R R EBE = AT VAR L, DA
W L CHIBaEE B AT o7, MBS R OFALEZAT > 72 L2 A, JAUEHINIRIE B 4T 72 /0 e i &
PEEZALTNDIEN T oTe, —FH T Y EBANEHDNNTZE D ZERPE ORI IuE A M
WAL TQHDOEIMNIE, FEARBR SR Z 0,

AWFFETIE, 5 1 ECTHW N Na— R B RSB R THY, Vv a—RAa =y NIES
Bz biizeRadx s 7 ee L2 —A(HPC) LA K IR/ n K& s S8, BREDOR%
HPC IR = AT WGk L WA (ERLL 7=, HPC Z V5 Z L CTALER L CTh A Tk T
%o HPC KEZ = 27 /L DA B Ui A& Scheme 2.1.1 (27, MERLL 7381525k L. 46416 R 5
XDV BALO TR LN ZEAE AT, ARG O MR FIV CHE R RS 28 BRI 1 B A Ak
DRI ZAT o7,

0
e . p
h/o>\ Cinnamoyl chloride
R= —H or ol

Hydroxypropyl cellulose (HPC)
RO R= —H or %\(0>\H
o) OR A
DMAP SWO
Hydroxypropyl cellulose cinnamates :
Feed molar ratio or h/%(\v@

HPC(anhydrous glucose unit) : Cinnamoyl chloride

=1:23(HPC-C1
-1:34 EHPC-CZ; m = 4.5 (per anhydroglucose unit)

=1:9.1+1:5.6 (HPC-C3) n=72

Scheme 2.1.1 Synthesis of hydroxypropyl cellulose cinnamates synthesized
from hydroxypropyl cellulose and cinnamoyl chloride
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2.2 EEX
221 ABRICANHE
Hydroxypropyl cellulose cinnamates (HPC-C)D & il W= E L T, BB/ nU R
(Fw:166.6, m.p. 36 °C)B L UER r% 7k’ /Lt /L m—Z(M,,:88000,M,:31000) |3 HU 5 {L % 1.2
(HR) LVl ALT=, HPC-C DA FRIC W3R DR ER LA FITR,

Hydroxypropy! cellulose
RO
OR
o o
RO OR 4 n
-~ {7}

+Cinnamoyl chloride

0]

/
Cl

HPC-C D& AU W= A REIAREL L T, SIGMA-ALDRICH B0 ik NN- AF LRV LT
RF(DMF) (Fw:73.9, m.p. -61.0 °C)., B F(HR) DR =F /LT I(TEA) (Fw:101.19, m.p.
-115 °C). B bR TEEFD) ROV AF L7 eV (DMAP) (Fw:122.17, m.p. -110°C). Bi#
B () B D NN-Y AF LRV L7 IR (DMF, F#k) ., B AL ()R A% /) — L
(MeOH)(Fw:122.17, m.p. -110 °C) . BIHAL = (KK) D/ mrrk /L A (CHCI) (Fw 119.38, m.p. -64
°C)yEfFEH L=,

FT-IR & FHFEE B KOV NMR #IE H EKREEEE L T, BT A(KBr) (Fw:119 m.p. 734
C)(Fn i T2 (BR)HL), Zunak /L 4-d (CDCl3) (99.8atom%D, 0.03%TMS & A,
Fw:120.39) (B8 B/b 22 (#R) HY), &k (D,O) (99.8atom%D, 0.03%TMS &4, Fw:20.03)(BE /b
()Y ZE LT,



TC DIEZEE 6 L OHHIRES 28 FEREO ERUZ WA HIABEE LT iR (Fw 63.01, m.p.
-41.6 °C, concentration : 69~70%)(BIHAbF (1) HY) . Fiiliz(Fw 98.08, m.p. 10 °C, concentration:
96.0%)(FE s L2 (BR) ) A& I L, #8#l/K 1T Direct-Q UV(Millipore #EE)/515515 ., &
SIRPIE =182 MQ em DLOE{EALIZ,

BRHEZEHIIAD in vitro FEFER 21X, RIKEN BRC Cell Bank, Riken, Japan(Cell No.
RCB1642)E0 AFUT-~ T A8 WL R O#HESE ML Td 5 3T3 Swiss Albino e, Frtfid
T 28D Dulbecco’s modified Eagle’s medium (D-MEM)EE I, FOSEHMIZE T30 oD
Dulbecco’s phosphate buffered saline (D-PBS(—))33 X OFRYEAIEE T3 (1% ) 5L Penicillin-
Streptomycin solution (10,000 U/ml Penicillin, 10,000 pg/ml Streptomycin)Z-fif L 72, H5HiIZ
Penicillin-Streptomycin solution Z /M2, HAEHIIZ 100 f5ARERDIDITFRHEL 7,
Penicillin-Streptomycin solution % /12 72551112 J R Scientific, Inc (Lot No. 168904)?® fetal
bovine serum (FBS) Z N1z, 15%&725IHZFHILT=, 25 %Trypsin-ethylenediaminetetraacetic
acid (EDTA)IZ GIBCO ¢, 3-(4,5-dimethylthiazol-2- yl)-2,5-diphenyltetrazolium bromide(MTT)
VEFNEREER T 2E(RR)HL, Tripan Blue Stain 0.4% (TB)i GIBCO Bt d & fALI-, £/=, &
IVTAL AL T, TGRS T 2 #R) R NP-40 Substitute LA 4052 FH (FEA A MR TS
A% D-PBS T 10%E725X0IZFHFE L 7=, 10% NP-40 &/ T A AWK DR %% Table 2.2.1
(2R,

Table 2.2.1 Composition of Cell lysis.

Normal saline 3.6 ml
NP-40 (polyoxyethylene (9) octylphenyl ether) 400 ul
Total 4 ml
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2.2.2 Hydroxypropyl cellulose cinnamates (HPC-C)D & Bk

HPC OE/K T )Va— A2 =& cinnamoyl chloride DfHAARTE/VEEE 1:2.3, 1:3.4 1272589
IZSEE, FNZENOAERKY % HPC-C1, HPC-C2 L35, £7- HPC DK La—Az2=yk
& cinnamoyl chloride DAHAATE /L EEE 1:9.1 (T72 5 I GSH, ST AR LT,
SERIIE R FRIZ LD AT LD 728 S5 cinnamoyl chloride % 1:5.6 DE/VEL TGS H T2
A% HPC-C3 £9°5,

HPC(3.00 g, #E/K7 Na—2a2=y LT 6.83 mmol)ZFEVELY | /K NN -2 AF )LV T
IR (DMF) 15 ml H11Z 60°C THMMEAL TIAfESE 72, ZOWHRIC, SO CTEUD O H I gL L
Th)=F LT I/(TEA)% HPC-C1 X 2.8 ml (20 mmol), HPC-C2 | 4.2 ml(30 mmol)/iN %, fifk
ELTUATFILTIEYT Y (DMAP) 0.61 g (5 mmol)Z /I Z 7=, 51T cinnamoyl chloride %
HPC-C1 1% 2.61g(15.7 mmol), HPC-C2 1% 3.92 g(23.55 mmol)FFV &0 /K DMF 5 ml 1 Z ¥ fi#
S, ENELOBERICINZ T, BH T, BIRT24h B L=, D%, MK 1 LICIkEESE,
AL, 7aadR/V NS A% ) —/V T L IS T L7, IR, 24 h THREELC, HHrE,
FhT—arl, BON AR AR T 24 h B2 S| Y A E R0 £ 4 HPC-C1
(1.5393 g, =R 35%) . HPC-C2(4.0154 g, IR 75%) 1572, 1FOI AT OV T FT-IR
BELOUHNMR A7 WUVRIE I LORETERAT L, TR 21T T2, BRI EE 7 n—F
¥—h&EL T Fig. 2.2.1 IZ”,

%72, HPC(3.00 g, #E/K/ /La—A2 =y LT 6.83 mmol)ZFFV Y, itk DMF15 ml H1iZ
60°C THIEAL TR, ZOWRIRIZSR TALAEEO FFIRREEE LT TEA % 11.2 ml(80
mmol)INZ . filifEE L T DMAP0.61 g (5 mmol)% Il 272, 5T cinnamoyl chloride % 10.50
2(62.80 mmol)FEV &Y | ik DMF 5 ml HHIZESiRSHE | ZNASEOEHITINA T, R T, =il
T24h B LT, 2D, MK 1 LICHHESE, AL, Z7eai/ L ARSI A%/ —/L 1L
T R L7, IR, 24 h THRERLTC, R, 7o T —Tar L b A E IR T
24 h 22 ST, SOOIV AR Z K DMF15 ml H11Z 60°C THIEAL CHfESHE T,
% Z1Z TEA % 7 ml(50 mmol)/llZ. DMAP0.61 g (5 mmol)Z Nz 7=t . H:f i/ VR % 6.53
2(39.25 mmol)iN %, &K T, TR T 24 h LS H 72, ZD%, AibEFRBRORERAITO, ¥
B EROAE R HPC-C3(0.35 g, I3 5%) 21572, HOI AR OV T FT-IR BLOY
'H-NMR A7 WUVRIEIC LOREERRNT L VAfRVERBR ICOWCREI L 7=, FEBR ka7 n—F
¥—h&L T Fig. 222 ITRT,
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[ HPC ] 3.00 (6.83 mmol)

’ dissolution ‘ Ié)é\{)[g(anhydrous) 15ml
TEA*!
DMAP 0.61 g(5 mmol)
Cinnamoyl chloride **
(DMF (anhydrous)5 ml)

’ stirring r.t. 24h underN,

’ precipitation ‘ H,0

HPC(anhydrous glucose unit) : Cinnamoy]l chloride=1 :2.3 (molar ratio)

=1:3.4 (molar ratio)

Fig. 2.2.1 Preparation of HPC-C1 and HPC-C2.

]

’ filtration ‘
\

’ dissolution ‘ CHCl; 40 ml
|

’ washing ‘ MeOH
|

’ stirring ‘ rt. 24h
[

’ decantation ‘
[

’ vacuum drying ‘ rt. 24h
l Analysis

HPC-C2

'TH-NMR

1 Amount of TEA :HPC-C1 2.8 ml(20 mmol), HPC-C2 4.2 ml(30 mmol)

HPC(anhydrous glucose unit) : Cinnamoyl chloride
=1:9.1 (molar ratio)
HPC

=

’ dissolution

—
a

] 3.00 g(6.83 mmol)

DMF (anhydrous) 15 ml
60°C

TEA 11.2 ml(80 mmol)
DMAP 0.61 g(5 mmol)

Cinnamoyl chloride
10.50 g(62.80 mmol)

|

22 Amount of cinnamoyl chloride: HPC-C1 2.61g(15.7 mmol), HPC-C2 3.92 g(23.55 mmol)

HPC(anhydrous glucose unit) : Cinnamoyl chloride

=1:5.6 (molar ratio)

 — 1

’ dissolution

DMF (anhydrous) 15 ml
60°C

—

TEA 7 ml (50 mmol)
DMAP 0.61 g(5 mmol)

—

Cinnamoyl chloride
6.53 g(39.25 mmol)
(DMF(anhydrous)S ml)

|

(DMF(anhydrous)5 ml)
’ stirring r.t. 24h underN,
’ prempltatlon ‘ H,0
’ ﬁltratlon ‘
’ dlSSOlIutIOIl ‘ CHCI; 40 ml
’ wasng ‘ MeOH
’ stiriring ‘ rt. 24h
’ decanltation ‘
’ Vacuunll drying ‘ rt. 24h
\
Fig.2.2.2
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’ stlrrlng rt. 24h underN,
’ prec1p1tat10n ‘ H,0
’ ﬁltratlon ‘
I
’ dissolution ‘ CHCl; 40ml
|
’ washing ‘ MeOH
I
’ stirring ‘ rt. 24h
I
’ decantation ‘
I Analysis
’ vacuum drying ‘ rt. 24h FT-IR
'TH-NMR
[ HPC-C3 J

Preparation of HPC-C3.




2.2.3 HPC-C OHZEE

HPC-C1, HPC-C2, HPC-C3 |Z UV H&EMRE L7z DWW AT ML ORI ZEAL ORI EEAT
WE T BALOFEEIT o7, 4 HPC-C0.080 g 4.0 ml D2 /L AT ERfiES B 7= sl A (R
BHEEE 20 mg / m)ZFRHL, 20 2 ml ZA595E/1(3 em X2 em X 5 mm)Z N2 7=, WRIZT 47
DS —(TAT (R E AT, B T | mm /s, RERR 1 min, _EF3#E 0.5 mm /s,
HLPRIERE] 1 h DO THIEN(6 cm X 1.5 cm X 2 mm)_EICHEAERILZ, T v 7 a—h ez
Fig. 1.2.2 1277,

Drying for
lh

Immersion speed Rising speed
I mm/s 0.5mm/s

Immersion time
1 min

Fig. 2.2.3 Condition of dip coating.

HEIEIERIFS | UV S Spot Cure SP-7(7 L A Bt E W CERAEIRET 21T 572,
UV BGHEEE TS — BN 2=y NI AT AREZROHT THY | B — Bt 2= s A NTARD
Jeda s 12 em OALEIZ PMMA 74 L2—(L <280 nm 24 M) &% E L., 17 cm OfLE (24
W ISR 7 A R B L=, UV OIRFHIRFE T 100% (60.6 mW/em®) TiT-7=, UV A
TEREEI IR L7t | AT & U CTERA AT IR AT LI E KD A7 ML O IRE R 2L A E L
7
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224 HREERSEOER

HITAFEREL THS mm FAH/3—HFANo.l IR M) 2T HPC-C1,
HPC-C2 3L TN HPC-C3 DA ERL 72, 4 HPC-C0.080 g & 4.0 ml D7 ad/L MRS
WIEENA IR GUEHE L 20 mg / m)ZZHZHaiHL, £D 2 ml 24 9E/1(3 cm X2 em X5
mm)(ZANZ 7=,

T T AT R RRE LR E T DM-90(KAE TEWR)RHIZ T2 A UV LBRL7-% | fillE:
HieER MK DARFEAY 1:3:6 12725 LZIR A IRIKIC 1 AIRIES T 52 CRmPEA
ITU, K TT TN TSR, D IES LI T AR LT, 2.2.3 SRIUSA:(Fig. 2.2.3)T
T Ay T A= NATORRESE T, Z0% UV B (A=280 nm)Z ATV A /ERIL 7, i3 =
FL oA XY ARTAEOC LR ATV T ZF K CIREE1T o7, IR UV FRE 5
HRELT, BB 2=y NI A NTAR DS 12 cm DOALEIZPMMA 7 A VX —%FRE L, 17
cm ONLEIZT 4y T A—NeAToTo T AT AR E LT, UV OB REEIE 100% (60.6 mW /
em’) &L7-, UV ORBEEER]IE HPC-C1 T 180 s, HPC-C2 T 180 s, HPC-C3 T 300 s)&L7-, fE
AL I R E O M & U CHE Al A I E 21T o 7o, MR BRI AW o 7 L oA
Table 2.2.2 |2~ Fieo, WHEAERLIZBEO FIEEZ 72 —F v —hEL T Fig. 2.2.4 [T T,

Table 2.2.2 Samples for cell culture.

Sample Description
PS well Polystyrene culture plate used as purchased
glass UV-treated and acid-washed glass coverslip
HPC-Cl1 Before UV irradiation HPC-C1 coated on washed glass coverslip
: HPC-C1-UV UV-irradiated HPC-C1 coated on washed glass coverslip
HPC-C2 Before UV irradiation HPC-C2 coated on washed glass coverslip
HPC-C2-UV UV-irradiated HPC-C2 coated on washed glass coverslip
HPC-C3 Before UV irradiation HPC-C3 coated on washed glass coverslip
HPC-C3-UV UV-irradiated HPC-C3 coated on washed glass coverslip




~N

Glass coverslip |
(¢ 15 mm, circular)
. J . . .
UV irradiation
UV treatment 48h ‘
EOG sterilization
HNO,: H,S0,: H,0
immersion!) =1:3:6 — N
24h Film(HPC-C1-UYV,
HPC-C2-UV,
washing H,0 . HPC-C3-UV) )
. . il 1
drying 60°C 24h : Condition of dip coating !
| Immersion speed : 1 mm/s :
di ti Sample: HPC-C1,HPC-C2, | gr.lrpersmngn.leo:sl m1;1 1
1p coating HPC-C3 20 mg/ml (CHCL,) I Risingspeed : 0.5mm/s |
I Dryingfor : 1h |
L e J
Fe—_"—-—-=—--FTTT-—-_-———__——— - ————————— |

Condition of UV irradiation |
Irradiation intensity : 100% (60.6 mW /cm?)

Irradiation time : 180s (HPC-C1),180s (HPC-C2),300s (HPC-C3)
Irradiation distance : 17 cm (Lens-Filter =12 cm,

Filter - Samples=5cm) I
Filter material : PMMA I

Fig. 2.2.4 Preparation of UV-irradiated thin films for cell culture.
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225 #EMESFHAEO in vitro MRER
(1) AfaEEEE

FIRE T~ o7 ARG F SRRRAE 2E A 3T3 Swiss Albino Ml FAV =, sBRIC B Aol $k
(2725 FE TP 10 em dish ZF|FH L, D-MEM (Z 10%FBS & 1% Penicillin / Streptomycin &% /172
TR A FAEE AL, 37°C. 5%CO, A N TR Z1T 72, ¢ 10 cm dish THIJES - #HELE
#IEZ Fig. 2.2.5 \2R T,

60-70% Confluence(fifld ZHFE St T, FILIRERBEEIZE > TORVIREE) 272 >7 3T3
Swiss Albino % kU773 2(0.25%trypsin+EDTA)ZLVHIEEL . [FIUXL7=, 24 well plate(TrueLine
F)DF well IZFHEL 720 7 A2 B L, 20 112 3X 10 cells/ml #EFEL7-, #&7E 3 H. 1.
3.5.7 BRICHIIRBR 21T o7, MRS X, BLHHEE Axio Vert AL(T— /LY 7 A A~ A
raat’— (BR) ) & VTl Lz,

Fig. 2.2.5 3T3 Swiss Albino cells (¢ 10 cm dish)

(2) HINAEIRTE 35 KON AT 2

AR R (2 T Bk F AR 2 N HER S O ML I MTT test & FH Mz, IERFHAERIC
FDHARGHE TIE, M S T N — R WA Z LIS I Tl 2% Em L
PRV, FERIIRI R SN DI E AT L T MO A e IREA I E T A2 LN TEA,

R OFEHT 250 pl DR 72 o2z 37°C. 5%C0, 5P FC 3 oy MErE 528 Th
IR FRIZ KO MIRR A FIBEL | W EE 2K Sy A A3 572812 250 pl BARG A N2 CHFnL
2o D%, 500 pl NI ST —% N, SEMIaA YAl | MEREHRAR LA FH ZE BRI A F T
A FERI A G LT,
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MTT kBRI, 7 b7 VT A O—FETHD MTT ([ZEVAEHIIEOINa L RUT O REL §4 %5
AL THEL, XMl &Z2H1EST 25 IETHD, MTT IEIb2 RUT NICIFE T DR
ICX0ETTEN, T D, FTER % OFEHT 300 pl @ 1.0 mg / ml MTT &N Z., 37
°C. 5%CO, R T C 90 43 FlEfFE L7=1% . 300 pl HERRVAFRIR(E L7422 ez, filaz i
iR UT=, TR CTEBT-IATZ 300 ul 5> 96 well plate (TrueLine #l) (2L, ~( 2707 L—h
J—& —iMark (/S A TR TRF—ZX(#F) )2 T & 570 nm CUOEEEARIEL7Z,

CRE L
BEFEIRERITO Y, H 1 B0 TREMIIT 21T -7,
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226 XE

7 —) LSRRI (FT-IR) A~ [Vl
7 TSR I R FTIR - 84005(%@;@1@%&;@);&% WTFT-IR AT LHEZ:
1T o7z, A TR KBr SEAIVE T, JIEHIFH 4000-400 om™ | FEFLHIEL 50 [ CHIE LT,

BRI ("H-NMR) A~ LI E

KIS AVA00(Bruker £154)% IV T "TH-NMR I E &1 T -7, #kl 20 mg 245 F i
IKFEACTEIE(DMSO-dg. 700785/ 2a-d)500-550 pl ([ ZIAfESHE NMR F#IAE 2L, FEE I
32 [EITCHIELT,

SR TR AT SV E
RO RT3 L EERT V-650( A A3 et 8 A IV TER A AT LU V-Vis) U AT MV E %
1To7c, MESRMHELLFITRT,
HYEE—R Abs

e i P 800 - 200 nm
L AR A Medium
IR L 5.0 nm
AEAHE 400 nm / min
W IA [H R 1.0 nm
LI 1

- Efh A ) ©

B2l A 7 STmage02 V(1R = o~ 18 a Tl /4 I E A1 T o 72, 74 /V ATk %
—( u)TESL ., PC BHLIEHTICEAEHA 7T ATAN 02 JEXHE A2 HIE LTz, —D D
YA OE S EIORIEEATV, FEEE B LI,
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23 BRBIUEE

2.3.1 FT-IR &Y 'H-NMR ZRRIMVAIEIZ & DS ERRAT

HPC DMK T )Na— A=y hefER R/ mURZ 1:2, 1:3 OAHAZE/VIT/ARD I AT
BRIz, E72 HPC DK Va— A=y M g7 N4 1:8 DILIALE/V TGS,
BONTARRICH LT, DI EZ YR E 1:5 OFNITRDINTMZ TG Lz, 2
(XD KRB OBHE D 0D 3 FHOERuX o7 aeL/La—AFE L A7 /L (HPC-C)
ALz,

Fig. 2.3.1 IZ(a)HPC, (W)L 7 v B LRI NOD KSIZ L~ TEL L= AR (c)HPC-C1,
(d)HPC-C2, (e)HPC-C3 @ FT-IR ARV ERT,

Fig. 2.3.1 £V, HPC-C DA~/ (c) (d) (e) 1ZFV T, 1700 cm™ (I RSN AL —71Em %
TILD C=0 MfFIRENC H T DI TH D, SHIT, 1640 e (T OE — 7 134 =~
C=C {H#EIRENCH L, 1500 cm™ ~1440 cm™ fEOE =273~ BU 80 C-C [MiEIREICH
kFBHEEZLND, 1160 em™ (DL —Z1ZT AT /LD C-O MfEiRENC kT 5LE 2 505,
1000 cm™ FHEDOE—21Z HPC 0 C-O-C fEIRENCH kT 50D EEZHN5,

F72. Scheme 2.1.1 OIS EYUGHTHE DL FHEEIZE B 3258, HPC OEREFT FENE
{fELTW%, Fig. 2.3.1 £ HPC DAZR(a)ZiW T 3400cm™ AT ICBEEZ b N s Jho
O-H (HfEIRENC L AW E — 27 28 b=, (c)HPC-C1, (d)HPC-C2, (e)HPC-C3 {28\ T, HifL
it 7 ) R OAA TV EEDOBEINE LB I LTV, 2D AT L OBINE L I2Z
NENT ANV EDPEEINL TONDTEN DD,

ZNBHDZENE, HPC-C1, HPC-C2 B L OYHPC-C3 DA RGN EITL CODZEDRIR S
%R

(a)

1

1 1

! s
1

1

1

1

z
5 |
2 1 1
= ! n! (©
% 1 1 1
5 I ] :
et F. 1
R " e W i @
| 1 |
| 1 1 V!
[
. "Wl . ©
1 -OH | C=0 1
| 3400em? 1700 cmt )
3900 3400 2900 2400 1900 1400 900 400

Wavenumber (cm™)

Fig. 2.3.1 FT-IR spectra of (a)HPC, (b)cinnamoyl chloride, (¢c)HPC-C1, (d)HPC-C2
and (e)HPC-C3.
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(@HPC, W)L EEZ7 v R BLOINOLD KIGIZE > TR LI A K Y) (c)HPC-C1 D
'H-NMR A7 L% Fig. 2.3.2 (2R,

Fig. 2.3.2 &V, (a) HPC DA MUIZEBWT-CH; IZH KT 537 F/1(0.7-1.6 ppm)B LNk
Na—ZEHD 2~6 L0 C-H |ZH K957 F 1 (2.6-4.6 ppm)AH3(c)HPC-C1 T LAl
\Z 7R TWBZER 0D, 2, (b) LRI BIRDARTNUZEB W TT VT BLOWY
YUBRH RO FI1(6.2-6.6 ppm, 7.3-7.7 ppm)AH3(c)HPC-C1 ([ZHfER T, ZDZLITE,
HPC-C1 DERSLEITL TODIENRIEBE LD,

AW (c)HPC-C1 D AT MUZ BT DK V7 F VDb 7 b, 5 E., BERRATE % Table
23.1 TR,

Table 2.3.1 Measured integral value of each signal in the spectrum of HPC-C1.

Signal Chemical shift (ppm) Measured integral value Theoretical integral value (DS=1.0) *
a 0.7-1.6 8.72 12.00
b 2.6-4.6 13.76 22.00
c 4.9-5.3 1.33 2.00
d 6.2-6.6 1.00 1.00
e 7.3 3.35 3.00
f 7.5 1.83 2.00
g 7.7 0.99 1.00

% The value was calculated under the assumption that DS were 1.0.
Table 2.3.1 LY, (c)HPC-C1 O 7 FNIEFMEIZB VTR XU 7 ae /LI E $F415-CH;

DaDITFNBLOR L FEANIEHED dDT T F % TREMED FHE AT~ Tk 5
1:1.3 LEtES,
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b
@) J LM ) K

') Solvent: D,O
h b /C
b a Cl
b b b
a C
o i 1
b Solvent:CDCl,
b b o
RQ 0 ORGC R= —H or %\(%b
(0]
RO OR ROb n or \'((i\/@e
o] g f e
f e
al /ol g f =
f
b
)\
g
© oo S WU\ \
Cc 0
AU | LLJ D S
' 5 g i 6 5 1 ; 2 1 pom

Solvent:CDCl,
Fig. 2.3.2 'H-NMR spectra of (a)HPC, (b)cinnamoyl chloride and (c)HPC-C1.
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(@HPC, b)EEEE7uU R BRI LD KISIZ L > THL AV E 5 (dHPC-C2 D
'H-NMR A7 V% Fig. 2.3.3 IR,

Fig. 2.3.3 &V, (a) HPC DA MUIZEBWT-CH; IZH KT 57 F/1(0.8-1.5 ppm)B Lk
Na—ZE D 2~6 LD C-H ([ZH KT 57 F/1(2.8-4.6 ppm)23(d)HPC-C2 T LKA
IZ 7R TWBZER 0D, 2, (b) LRI BV RDARTNUZEB W TT VT B8RO
BUERH RO T 1(6.2-6.6 ppm, 7.3-7.7 ppm)H3(d)HPC-C2 [ZH R TEI=, ZDIEITID,
HPC-C2 DE RS EITL TODTENRIEBE LD,

) (A HPC-C2 D AT MUZEBITDE Y7 T vofbEs 78, BoE., BisfffEbz
Table 2.3.2 TR T,

Table 2.3.2 Measured integral value of each signal in the spectrum of HPC-C2.

Signal Chemical shift (ppm) Measured integral value Theoretical integral value(DS=2.0) *

a 0.8-1.5 11.70 12.00
b 2.8-4.6 17.51 22.00
c 5.0-5.3 2.17 2.00
d 6.2-6.6 2.00 2.00
e 7.3 5.93 6.00
f 7.5 3.26 4.00
g 7.7 2.00 2.00

% The value was calculated under the assumption that DS were 2.0.
Table 2.3.2 XY, (d)HPC-C2 D7 F VB EIZEB W TCER XU 7 BE /LT & $415-CH;

DaDITFNBLOR L FEANIEHKED dDT T F %N TRMED FE AT~ Tk 5
1:2.0 LEHES,
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b

Solvent: D,0O

o | :

Solvent:CDCl,

RO

b b b o
o ORC R= —H or %\r%b
RO OR b 0 d f ¢
RO n or N ; e
b d
JoA gt
g
A / L

T T
9 8

Solvent CDCI3
Fig. 2.3.3 'H-NMR spectra of (a)HPC, (b)cinnamoyl chloride and (d)HPC-C2.
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(@HPC, )KL EEZ7 v R | BLOINOHD KIGIZE > TR LI A B Y) (e)HPC-C3 D
'H-NMR A7 L% Fig. 2.3.4 (277,

Fig. 2.3.4 XV, (a) HPC DA NUZEBWT-CH; IZH KT 57 F/1(0.8-1.5 ppm)B Lk
Na—ZE D 2~6 L0 C-H |ZH K957 F/1(2.8-4.6 ppm)H3(e)HPC-C3 T LKA
W2 7R TWBZER 0D, 2, (b) LRI BV RDARTNUZEBWTT VT BLOWY
YUBR RO FI1(6.2-6.6 ppm, 7.3-7.7 ppm)AH3(e)HPC-C3 ([ZHfER T/, ZDZLITE,
HPC-C3 DERSLEITL TODTENRIEBE LD,

A (e)HPC-C3 D AT MU BT DK V7 F VDb 7 b, B E., BERmAT(E % Table
233 1R T,

Table 2.3.3 Measured integral value of each signal in the spectrum of HPC-C3.

Signal Chemical shift (ppm) Measured integral value Theoretical integral value(DS=3.0) *
a 0.8-1.5 11.38 12.00
b 2.8-4.6 14.12 22.00
c 4.8-5.3 3.07 2.00
d 6.2-6.6 3.00 3.00
e 7.3 10.14 9.00
f 7.5 5.66 6.00
g 7.7 3.20 3.00

% The value was calculated under the assumption that DS were 3.0.
Table 2.3.3 LY. (e)HPC-C3 O 7 T NIEFMEIZB VTR RF U 7 o /LTS F£415-CH;

DaDITFNBLOR L FEANIEHID dDT T F %N TRMED FHE AT~ Tk 5
1:3.0 LEHES,
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b
(a) ) fifj/hA/\\A\hgﬂh o K\ —

o . So[Vent: D,0O

b b C

) /

a Cl
b b b
a C
: |
(b) N

Solvent:CDCl,

f
I 2
g } \ | d b f\
(e) L c A A
I _,Jv ‘L_/ YA “ij \‘\- ]

Solvent:CDCl;
Fig. 2.3.4 'H-NMR spectra of (a)HPC, (b)cinnamoyl chloride and (e)HPC-C3.
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HPC, g7 0 R BL U HPC-C IOV AR BR &1 T o 72, FWTZIR BTk, =4
J—)b A% )—)v DMF, DMSO. THF., 7tk 7aak/L s, ~FHo UoF Lo —TF)1
TER=NV, BEETT L ML D 13 FEETHD, 3B 20 mg 710 EVPEEA 500 pl Nz,
HRCBIE T 22 TR A 1T o7, 2O R Table 2.3.4 TR T,

Table 2.3.4 Solubility of HPC, cinnamoyl chloride, HPC-C1, HPC-C2

and HPC-C3.
Sample
Solvent
HPC Cinnamoy! chloride HPC-C1 HPC-C2 HPC-C3
water O X X X X
ethanol O O AN AN AN
methanol O @) AN A A
DMF O O O O O
DMSO O O @) O A
THF @) O O O AN
acetone O O O O O
chloroform @] O O O O
hexane X @) x x X
diethyl ether x O A A A
acetonitrile A O A A A
ethyl acetate x O O O O
toluene X O @) O JAN
(O) soluble

(X) insoluble
() partially soluble

Table 2.3.4 XY, HPC |3/k, =% /—)L A¥/— L DMF, DMSO, THF, 7tk Zuoki
AIZIEAIETHY , 7B =RNTER TR R TE DM OEEIZIIARE ThoT-, kK=
URIZBKIME THD =D RKIZIIRE TH T2, ZOMO A B I A IE TH-T2,

HPC-C1, HPC-C2 I/ — )LV B LAY ) — VT 0 iafiEL . DMF, DMSO, THF, 7 &k
CBIO RV AR THY | EOMOTEEIIIARE Th o7, 2l HPC OfE#Iz
U RANEENE BRI D BRI R MRIEO @A THHK, =X — L AF )
—JVZARTEETRD  HPC DAE CThoTm SRR ChL Y =T Lo —T7 )L BT LB L
O MNVEAZARIZIR T2 85 2.5, SHIZ HPC-C3 Tl DMSO, THF, MV DN IR iR S 73
STV e, ZiUE HPC-C1, HPC-C2 KWEHAFE N @L< BUKMEDS @L< 2o o282, 771
EOHINL CEMFEDME T L2720 EB 2 bivd,
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2.3.2 HPC-C DFZEE

HPC BROHEEY OV FX DGR L ZEHE DRSS HPC-C & AW TAKER EicH
JRZfEE L, UVIEZIRE U & E ORI HIRINA XY MV ORRZELZEHRHE L.

T4 w7 A= —THIER LITE- U 2@ L PMMA 7 ¢ )L (A< 280 nm %47 v
MZBLTUV 2R Uiz, SEICH U, BEEOEENZER SN < /25 ETHRE L.,
Z D, FE D RIS FEHPC-C1: 0. 55, 10s, 20s, 30s, 60s, 90s, 120, 150s,
180 s) (HPC-C2: 0s, 5s, 10s, 20s, 30s. 60s, 90s, 120s, 150s, 180s) (HPC-C3: 0,
5s, 10s, 20s, 30s, 60s, 90s, 120s, 180s, 210s, 240s, 270s, 300s)Z EITARY
NV ZE#IE Uz, HPC-C1, HPC-C2 B X N HPC-C3 DRI al HILIN A R 27 )V DR RIZEAL
%, ThZEN. Fig. 23.5, Fig. 2.3.6. Fig.2.3.71ZR7,

Fig.2.3.5. Fig.2.3.6, Fig.2.3.7 XV, H4FH{TD HPC-C IZIB W T 283 nm 1T H B iKY
NHENT, THERNEVRETNIHEET 2 C=CHEBIUNINARZINEDOrEEKIC
EDHbDTH5, UVRFICEKD TCAZRILKISZEITTWS 27075 VRNAEL 5 Endbf
RNET B, ZhUCkD, ZBIERKBNRI D&, ZOMWEINAT 7 b U, TR R
7 RIVZEET B, EBIZ, RIS 212D T 283 nm ORI OHFHANHE 51
oo ZHUCTED. UV HREHT K D HPC-C O KIEDHEITN/REB I NS, KIZEK HPC-C %
R L TH2 EBEHENRENZ ETENE <T2o> TWiz, BHEOENE /B E
TO UV BERRICKEREZRZR SN ho .

0.7
UV irradiation time
0.6
1 —0s ]

o 05} | 280nm 10s —20s
:,é ! —30s —60s
= 04 I —90s ——120s
S : 150s —180s
=
<

" [} e

200 300 400 500 600 700 800

Wavelength (nm)
Fig. 2.3.5 Spectral changes of HPC-C1 induced by UV irradiation.
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0.7

UV irradiation time
0.6
! —0s =58

8 10s —20s
g —30s —60s
f —90s —120s
4 150 s 180 s
=
<«

200 300 400 500 600 700 800

Wavelength (nm)

Fig. 2.3.6  Spectral changes of HPC-C2 induced by UV irradiation.

0.7
UV irradiation time
e i —0s By
g 10s —20s
= —30s —60s
3 —90s — 1205
2 150s ——180s
< —210s  — 240
270s 300 s

500 600 700 800
Wavelength (nm)
Fig. 2.3.7 Spectral changes of HPC-C3 induced by UV irradiation.
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2.3.3 HPC-C BE 0 it 8 E

HTAHM I HPC-C1, HPC-C2, HPC-C3 A 1ERLL | JEIEESE i O M ECRUK M , Bk
PE) & B2 il A T E I KA L 72,

AR ARV AT L7 —NPS well), BEALTZ T ZAEME D EE, Pl Ui A1 T o727
TAHM, UV AT, UV B %00 HPC-C1 I, UV BRI, UV %0 HPC-C2 i,
UV BBERT, UV BREH% O HPC-C3 BN DU T, Fig. 2.3.8 [ZHEfilf{iA 7~ L, Fig. 2.3.9 (282
fil 8 I E N2 BT B 50 E TOKEOMFA2EE TRY,

Fig. 2.3.8. Fig. 2.3.9 (23 THEflA O PS well plate =T 46.0° (£ 0.6° ), lEAL=Z
DEEDITTFAFMTS57.9” (£ 3.1° ), el AT T W TAFMRT14.7° (£ 1.1° ), B
fifo> HPC-C1 T 73.2° (£ 5.0° ), UV fH%®D HPC-C1 T 79.0° (£ 2.7° ), BUHAID
HPC-C2 T 70.7° (£ 1.4° ), UV ME§#% D HPC-C2 T 76.8° (£ 6.0° ), UV HBEHID
HPC-C3 T 72.6° (= 4.4° ), UV 5% HPC-C3 T 73.6° (= 1.8° )Th-o7,

B LT T AT D2 LIS R R DI T @O BRI 220 2 il O 23 K & i
LTCWD, ZHUCTOEEARFD F AT L T A TS S N QWD ZEN -T2, FTz,
UV W4ta70> HPC-C1, HPC-C2, HPC-C3 d#fifa DI FIE R UEARL, UV BBE %D
HPC-C1. HPC-C2, HPC-C3 TIXHH AT LV R E OB MED A THINL TODA3, UV BREAT
& UV BT, BROY AV OB TOHRRA DO REINEVIT RO o7, 2D
ZEDDY T EANFEDBEHE DIENIE ST, Bl OZAUIZH VBRI N LRI
iz,
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100
~—
(-]
N—r T T
5 80
=4
< 60
)
(&)
g
c 40
@]
@)
PS well Cover glass Acid-cleaned HPC-C1 UV-irradiated HPC-C2 UV-irradiated HPC-C3 UV-irradiated
as purchased coverglass before UV HPC-C1 before UV HPC-C2 before UV HPC-C3
irradiation irradiation irradiation

Fig. 2.3.8 Contact angles of PS well, cover glass before and after acid wash, HPC-C1,
HPC-C2 and HPC-C3 before and after UV irradiation.

— S

Polystyrene well plate Coverglassas purchased Acid-cleaned cover glass

HPC-C1 before UV irradiation UV-irradiated HPC-C1 HPC-C2 before UV irradiation

UV-irradiated HPC-C2 HPC-C3 before UV irradiation UV-irradiated HPC-C3

Fig. 2.3.9 Photographs of a water droplets on PS well, cover glass before and after acid
wash, HPC-C1, HPC-C2 and HPC-C3 before and after UV irradiation.
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2.3.4 HPC-C EigE# AL - HifaE & 1457

24 well polystyrene culture plate (PS well), JEVFALELZAT 7207 A ARk (glass)F L T HPC-C
MUV % HPC-C1 (HPC-Cl), UV FE&H#% HPC-C2 (HPC-C2), UV F4H% HPC-C3
(HPC-C3))% VN CRRMESEHIIED in vitro AMEHEIERER A1 T 72,

ALAH 2SR C RO BIESRE R EL T, MIfaEREE 3 Rl Db D% Fig. 2.3.10, 5 HE D
HD% Fig. 2.3.11, 7 B#DOLO% Fig. 2.3.12 (12”7,

Fig.2.3.10 |23\ CHifaE: 28 3 IRl TRV T oslEHT B W Th#85 LIl 2213 LS
NIpinoTz, Fig. 2311 IZBWTHEEE 5 H&TiX (a)PS well (ZkEX, (d)HPC-C1, (HHPC-C2,
(h)HPC-C3 D3fsE ECHRIEOBEEE NI HINL TRV, HPC-C DY A NI I D EHE N
EWEEBEE SN2 < BT, Fig. 2.3.12 [ZBWTHEE 7 HE TV hoitkl Bk
WTHZL O ML b7,

(a)PS well (c)HPC-C1 (e)HPC-C2 (2)HPC-C3

(b)glass (d)HPC-C1-UV (HHPC-C2-UV (h)HPC-C3-UV

Fig. 2.3.10 Phase contrast microscope images of 3T3 Swiss Albino cells after 3 h
culture on (a)PS well, (b)glass, (c)HPC-C1 before UV irradiation, (d)HPC-C1 after UV
irradiation, (e)HPC-C2 before UV irradiation, ()HPC-C2 after UV irradiation,
(g)HPC-C3 before UV irradiation and (h)HPC-C3 after UV irradiation.
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(a)PS well (c)HPC-C1 (e)HPC-C2 (2)HPC-C3
(b)glass (d)HPC-C1-UV (HHPC-C2-UV (h)HPC-C3-UV

Fig. 2.3.11 Phase contrast microscope images of 3T3 Swiss Albino cells after 5 d
culture on (a)PS well, (b)glass, (c)HPC-C1 before UV irradiation, (d)HPC-C1 after UV
irradiation, (e)HPC-C2 before UV irradiation, (f)HPC-C2 after UV irradiation,
(g)HPC-C3 before UV irradiation and (h)HPC-C3 after UV irradiation.

(a)PS well (c)HPC-C1 (e)HPC-C2 (g)HPC-C3

(b)glass (d)HPC-C1-UV (HHPC-C2-UV (h)HPC-C3-UV

Fig. 2.3.12 Phase contrast microscope images of 3T3 Swiss Albino cells after 7 d
culture on (a)PS well, (b)glass, (¢c)HPC-C1 before UV irradiation, (d)HPC-C1 after UV
irradiation, (e)HPC-C2 before UV irradiation, ()HPC-C2 after UV irradiation,
(g)HPC-C3 before UV irradiation and (h)HPC-C3 after UV irradiation.
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Ak ECHERE AT TV, MEREH AR A WO CRES I ORI EEF T~ T2, = Oft Rz
Fig. 2.3.13 |Z”7,

Fig. 2.3.13 LY, 5 EEMIC N T, o7 Mz B W Ch S Mo feRs -, -
FNEnEHRT AL, MlakisE 3 K. 1 B, 3 B TS 7 s DTS LRI
ZT RO o725, B8 5 AL TlE UV BREATD HPC-C1 O T 7L B8 7
H % CIXRR ST RO HPC-C1, HPC-C2 Oiffifa%k s io 372 72<, HPC-C3 3 KkIZ <, UV Hi
OB CIT A M E A 2 WIEIZ HPC-C3-UV, HPC-C2-UV, HPC-C1-UV, &7257z, Zi
SOFE RS IH % IO o= 5 7 Wi UV BE% D HPC-C3 L7a-7=, HPC-C
DERRANZAUZELLL TR DIZH D305, HPC-C3 OMIaEEE MmN Z & & B &
T oL, MROEEIH L T T EANEOGHENERL THDEHRERISILD, EHIT, UV
FRERAT % 2 LI L CAB e 21 UV BBE% D HPC-C (2B CTHES MR A L Ta,
TIED, T EANVEN D REARE DT E TR O BRI PED N T D FREME RN HHEE 2 5
N5, 728, K548 7 B 14D glass THIFAHETHANEFE T o7z DI, YEiiZ OBIEIZIB T HMHH
DIENDOF BN TH S FHEMEN B 2 5ivb,

Fi2, FERAIC B TSR I LS 3 I RIEMEGR SN2 o T2, ZOZENBAFEHT AR
FIENRNZEDIRENTZ,

80
[¢B)
e
e
c mPSwell
o
© !JgIaSS
= =60 F—
[¢D)
g % HPC-C1
é S s HPC-C1-UV
<340 | =HPCC2
wn
‘é’ x L HPC-C2-WV
N wn
i % 8 HPC-C3
5 €20 | wHpC-C3-UV
s 8B
)
C
3
O 0 .
3h 1d 3d 5d 7d

Cultivation time % p<0.05
Fig. 2.3.13 Cell proliferation assay by counting of live cells adhered on PS well, glass,
HPC-C1 before UV irradiation, HPC-C1 after UV irradiation, HPC-C2 before UV
irradiation, HPC-C2 after UV irradiation, HPC-C3 before UV irradiation and HPC-C3
after UV irradiation.
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A ETTT oo Milass a8 BRI 35172 MTT RBROFE R4 Fig. 2.3.14 I,

Fig. 2.3.14 1V #5B&IFMICIGU T, &V 7S BT DM OHEE b7, MilakisE 3
Kefl, 1 B3 B TIEE T 7 BV TS LTCIIRIC 22 X DR o7 iy, 1548 5 Bk
TIE UV BHTTO HPC-C1 OMIan b3 20072 8548 7 H % CIEMS AT HPC-C1,
HPC-C2 D%y 10 72<, HPC-C3 A3 KRIZE<, UV BUE % DOFUENCIX HPC-C3-UV T
H <MD BEFEA RO T=Z L5 HIBRPEIZIZ S AN T2 O ZBARBMaD
INOVERZ RIFL TCNDIENRIBEND, 7235, HidE 5 HE LD glass THIGIHEFEANEHE T
BHoT=DIL, AR O MERGHRARZ LD ML E D L& LRERIT, ek OERIEIZI T D HH
DIENOFHEDNRR TH S AHEMEN B 2 Hivs,

INBORERID, o T EANFED L EH LI HPC 12BN T, KD @ AR TR DS FL S
AU, AR OB EITMBERN X T ANV IER L QDI EN RIS,

3
mPS well

- 24 b Hglass
£ HPC-C1
E mHPC-C1-UV
EE N
= HPC-C2
2 EHPC-C2-UV
S B
2 12 | mupc-c3
=}
z mHPC-C3-UV
< 06 }

0 -

3h 1d 3d 5d 7d

Cultivation time % p<0.05

Fig. 2.3.14 Cell proliferation assay by the MTT test of live cells adhered on PS well,
glass, HPC-C1 before UV irradiation, HPC-C1 after UV irradiation, HPC-C2 before UV
irradiation, HPC-C2 after UV irradiation, HPC-C3 before UV irradiation and HPC-C3

after UV irradiation.
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2.4 #EH

AT TIZEHE TH D HPC BL O R/ 0 R &2 VT T BA VIO BEHRE D B s
EReXs 7 ue Lt ra— 2R 27 L HPC-C) & LT, v AL HT, eI
F0, ZEBBUS R T ZENMON TV D, G L TRELIZ HPC-C O3 L, UV ez
FREFL | 8N AT BRI A ML O REBIZE L O FH A F KON, Mlfaks a8 s LM i A PEDOFT
MiZATV N, T T BANEE T O ZERDHINHEIEIC B 2 DR BT OV TN T2,

9 HPC BI ORI/ YR 2T HPC-C 28R LTz, ZOEERIRDIAI TV T
JEUL AERRNCRIL, FT-IR 38508 TH-NMR A7 MUHIE S L0 E AT 24T - 72, 'TH-NMR A
RIZMRIELY  HPC DMK T L a— Rz =y MIxt T 53 AL FOE #E (DS)IE,
HPC-C1 C 1.3, HPC-C2 T 2.0, HPC-C3 T 3.0 £72o7z,

B2 DEHE D HPC-C &7 anad/L MRS T I ENARZ W C, Ty 7 a—T 471
FOA TR FIERR A ERL L 72, Z OIS FTERER UV BB 21T S50 rIRIR AR ML D
WP 28 b2 TRA L=, UV BBERTIX, 3T HPC-C D AT NUZEBUNT 283 nm (2 fieh i\ O
IAF DIV, FRERERE OGN E L 12 283 nm ORI A LT,

i EsEE BRI HPC-C1, HPC-C2, HPC-C3 %7 /L AR RS 7= il B HA i 2 i U
T T Ay T a—F 4 P X0 R—H 52 12 F v 7 a—kL, HPC-C1, HPC-C2 1% 180 s,
HPC-C3 (%300 s [ UV FSFZEATUVEREZERIL7, PS culture plate b, 7/ N—HF7 2B LOMER
U724 HPC-C DA FV N CHREME SRR IR O MR AR A1 T o7, MIRIZE, M EkFH A
WA AR ORIE . MTT s8I K0 & 7 B W GRS B b, Miia e
72, B5#E 5 Bk, 7 B TIX HPC-C3 DM b #E MR EN £ 725 283 o,

LT3 oC, ZIHORERED | MO8 F MR IE o ANV F - ITF 0 &
EBERAL TWAZERRIRESNT,
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2.5 ZEXR
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2) SRR —, oA B SRR A (MGTH 2 i), FEILAL (2004)

3) ERAET, WA, Mile 22 8 Frifila TR 7 mha—r, Fild (1991)
4) FEHFIE, MassE A —b, FE1f, 54 (1999)

5) AT, =7/, A —= A A AR, 84-93 (2008)
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3.1 ¥E

UTAE | Bk R BEA EAA L A LA B B T RS SEBE A BLE L CHE B ShuTung, P2
DRI B CHREL . RASCETER T DML TS, 55 3 T Cid, KERWHkTHHh
Lm—2&H 8 REMEE R T2 4B LS OB PR B2 E T2 H 1R 2B R,
HIRE A TEDR D E AT D, 5 1 FIZBW T, e — AR E R AT L O 2T
FRMEZE IR BAF 0B A 97028 % R L, 5 2 BIZR\WC, MIfoEE - H5ic T T
TANIEFEINTZD T BARNEEE RIFL WD ENg D -T2, AAFIETIX, Rm—R Tk
Rl R BN 4-(4-~F LN FF L R AN F )T = /% -6-F3F Y ~F L iE(HBPHA)
ENFNEBEPENC RS SE DL T AT e A NV AT A N — AFHE R
(TC-HBPHA)Z &k L, WEFEAERL7-, b Lom —REEEE = A 7 )W(TCAH DA R SHR &
Scheme 3.1.1 (2, HBPHA D& /)i i% Scheme 3.1.2 (2, TC-HBPHA DA F S %
Scheme 3.1.3 (27”9, TERIL 72 B0 L, R YECBAMEE I L DIR B PEDOBIEL B KON UV e st
(ZED 7 4V DRFE D ZEALIZ DWW T, SOICHRBI MO Rl L OBE a0 e#l g%
1177,

HO o OH P
HO HO 7 5708
OH O

Trehalose Cinnamoyl chloride
o
RO OR R =_
TEA.DMAP® RQ O RO/GZ/OR R="Ho = _
RO OR |
OR O §
Trehalose cinnamate 7777777777777777777777777777777777777777777777777
Molar feed ratio
Trehalose : Cinnamoyl chloride
=1:4 (TC4)

Scheme 3.1.1 Synthesis of trehalose cinnamate

from trehalose and cinnamoyl chloride.
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CH3—(CH2)4-CH2-O—OCOOH + HOOOH

4-(hexyloxy)benzoic acid (HBA) Hydroquinone

O
DCC, DMAP

4-hydroxyphenyl-4'-hexyloxy benzoate(HPHB)

O

+ )‘\/\/\”/CI 1) Pyridine, THF
Cl L
2) H,0

O

Adipoyl chloride

0 O
OH
CH3-(CH,),-CH,—O O (@)
(@)

4-(4-hexyloxybenzoyloxy)phenoxy-6-oxohexanoicacid (HBPHA)

Scheme 3.1.2  Synthesis of HBPHA synthesized from HBA, hydroquinone
and adipoyl chioride.

@)
Tc4a
o (0]
CH3—(CH2)4—CH2—O~©—“—04©70/“\/\/\[(OH -
o] DCC, DMAP
HBPHA

RO OR
RO T RO/G/OR
RO OR
OR O

TC-HBPHA

Scheme 3.1.3  Structure of TC-HBPHA from trehalose cinnamate and
4-(4-hexyloxybenzoyloxy)phenoxy-6-oxohexanoic acid.
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3.2 EE

3.2.1 AMEICAHLVRE

TC-HBPHA DA AU AW GRIEEL T, A2 EE 7 1Y R (Fw:166.6, m.p. 36 °C), 4-~FT /LA
X2 BB (Fw:222.3, m.p. 105.0-153.0 °C)B LT VB U ERZ U R (Fw:206.3, m.p. 35.0 °C)i%
FR bR T2 (BR)L0IEA L, ERE /2 (Fw:110.1, m.p. 172.0 °C)IFBIHAL 22 (BR)LVIEAL
720 Rsm—Z(Fw:342.30, m.p. 210.5 °C)Z(BE)ARIE LIREE =72 % | ARBFZECIE /RO L
NI — 2EANERL RS T AR L T-b D& L7, TC-HBPHA O & AU W3R D ik iE
LA TIORTS,

*Trehalose
HO\ 5 OH
HO OH
OH O
+Cinnamoy]l chloride
O
/
Cl

*4-(Hexyloxy)benzoic Acid

CH3—(CH2)4-CH2-OOCOOH

*Hydroquinone

HO OH



* Adipoyl chloride
O

CI/\M(C'

O

TC-HBPHA M4 f%IZ1% SIGMA-ALDRICH #OKEAHINN -3 70 ~F L L IVR T AR
R(DCC)(Fw:206.3, m.p. 35.0 °C)%f# i L7=, TC-HBPHA D& k& ORI VR EL T
BE S (k) 3L oD (R B K 35 RU 7 A\(NaHCOs) (Fw: 84.0, m.p. 50.0 °C (43i#)). BIHAL2A(KER)
FOHEERF RN A (Fw: 124.0, m.p. 884.0 °C), BIH LK) DL 27 B (Fw: 126.1, m.p.

101.5 °CO) & LT, hT7L7a~hrT7 4+—TCTHU = UB77 L 60(spherical , 40 — 100 pm)/ %
B BB LD S D2 i L 7=, £7-. TC-HBPHA DA AU - AR 3 L Ok
LT, SIGMA-ALDRICH B0 ik NN AF V)L 27 2R (DMF) (Fw:73.9, m.p. -61.0
°C), BB ER)FLDORN) =F LT I(TEA) (Fw:101.19, m.p. -115 °C)., B AUk T2 (Bk) il
DY AF NTIEVY(DMAP) (Fw:122.17, m.p. -110 °C), BIEALZ(BR)RLD N N-2 AT )Lk
VLT IR(DME, #5#%). B SRR 8Ly 7 mam 2% (CH,CL,) (Fw:84.9, m.p. -96.7 °C). 4
AL RO LK T N F7e ka7 (THF) (Fw:72.1, m.p. -108.4 °C), BB AL ()R D i 7k
EVYU(Fw:79.1, m.p. -41.6 °C), B F(BR) DT B (Fw:58.1, m.p. -95.0 °C), BI#H/b7F
(FRRLID X ) — L (Fw: 46.1, m.p. -114.3 °C), BIHALZ(BR)RLD AKX /— /L (Fw: 32.0, m.p.
97.0 °C)BIOBHHALZ2ER) RO~V (Fw: 86.2, m.p. -95.0 °C)& M L7,

FT-IR & FHFA3E IS O NMR HIE I K R BEE LT FapiEs TREWD) o BT 2
(KBr) (Fw:119 m.p. 734 °C), B H AL FZ(HR)B DTV AT )L AR F T K- dy(DMSO- dy)
(99.9atom%D, 0.03%TMS % A, Fw:84.18), B H b= (#R) Dok L A-d (CDCly)
(99.8atom%D, 0.03%TMS &, Fw:120.39) % L 7=,

TC-HBPHA DESAT | ARG 36 KOS R 28 AT O/ ERUC W ARSI S L <L B
FALF ) D7 mads L A(CHCLy) (Fw 119.38, mup. -64 °C). BEHAL (kR RO RSB (Fw
63.01, m.p. -41.6 °C, concentration : 69~70%). B H AL (1) B O Fitz(Fw 98.08, m.p. 10 °C,
concentration: 96.0%)%{# H L, ##fi/K (% Direct-Q UV(Millipore #:5)H155105 ., AT
=182 MQ-cm OLOEf L=,



HRHEZEHIIE D in vitro FAEFERTIX, RIKEN BRC Cell Bank, Riken, Japan(Cell No.
RCB1642)X0 AFUT=~ T A8 WL R O#HESF ML Td D 3T3 Swiss Albino M, Frtfi
T 2L Dulbecco’s modified Eagle’s medium (D-MEM)EE I, FOSEHMIZE T30 o
Dulbecco’s phosphate buffered saline (D-PBS(—))33 X OFRYEAIZE T3 (1% ) 5L Penicillin-
Streptomycin solution (10,000 U/ml Penicillin, 10,000 pg/ml Streptomycin)Z-fif L7z, H5HiIZ
Penicillin-Streptomycin solution Z 1%, Ff&HIIZ 100 FEAREZ2D IR LA L7z,
Penicillin-Streptomycin solution %12 72551112 J R Scientific, Inc (Lot No. 168904)® fetal
bovine serum (FBS) A% | 15%E722 I ZFHEUAL L 7=, 25 %Trypsin-ethylenediaminetetraacetic
acid (EDTA)i% GIBCO #, 3-(4,5-dimethylthiazol-2- yl)-2,5-diphenyltetrazolium bromide(MTT)%
FOYEHIER T2 (KRS, Tripan Blue Stain 0.4% (TB)i% GIBCO b, 0% HLIZ, 7=, /L
TATAEL T, FEHER T 3R H1o> NP-40 Substitute #lIE A8 (GEA A M RURITENE
#)% D-PBS T 10%&E725 IO CTHEE L T L7z, 10% NP-40 2/L7 4 2 AAHR OFH K % Table
32,1127,

Table 3.2.1 Composition of Cell lysis.

Normal saline 3.6 ml
NP-40 (polyoxyethylene (9) octylphenyl ether) 400 pl
Total 4 ml
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322 TC4DER®

ARG TIET— B MEH OGS T, hbm— 2D RS JLIC LAY 7 D @B 58 0y %
559728, trehalose: cinnamoyl chloride MDf1iAZ mol bb% 1:4 L L7T-,

F7°, trehalose (3.42 g, 10 mmol)ZFEN D | Bl NN-2 AF /LR LT IR(DMF)15 ml i
60°C THNEAL TS ETz, ZOWRIZ, BUSTHEL LD HFZEL L TR =F LTI
(TEA)(5.6 ml, 40 mmol), filtif1 T AF /LTI /YT (DMAP)(0.61 g, 5 mmol)Z N x 72, S
51Z cinnamoyl chloride(6.66 g, 40 mmol)ZFF0 L0 | ik DMF 5 ml FICYEfRSH | i a Je DR
HRIDINZ T, BHE T, RIRT24 h B L, KRIZ, ZORIRE S BEOMKTIH FLT, £k
TS, AL, [ L7ZILE )% DMF 20 ml (ZEEfRSH, &5 500 ml ORI FL
T, SIRT 24 hBHE L7, HiEPtE . AL CTHELN-ERE, IR T 48 h B8RS, Hf
RO ARKM(4.70 g, IR :55%) %157, 1SN AERMIC OV T FTIIR 3L H-NMR (12X
S THEEMRHT L W ftaiRaAT o7, FERIT k%7 —F v —heL T Fig. 3.2.1 1R T,

Trehalose : Cinnamoyl chloride=1:4 (molar ratio)

Trehalose I 3.42 g(10 mmol) 1
filtration
. . DMF (anhyd: 15ml
dissolution 60 OC(an ydrous) 15m - | -
dissolution DMF 20ml

6.66 g (40 mmol)

TEA 5.6 ml (40 mmol) l
DMAP 0.61 g(5 mmol) ..
precipitation H,0

Cinnamoyl chloride 1 l

stirrin rt. 24h
(DMF (anhydrous)5 ml) | g
stirring r.t. 24h underN, filtI‘Ttlon
vacuum drying rt. 48h
precipitation H,0 l Amalysis
| TC4 |

FT-IR

'H-NMR

Fig. 3.2.1 Preparation of TCA4.
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3.2.3 4-Hydroxyphenyl-4'-hexyloxy benzoate(HPHB)®D & Bk
4-(4-hexyloxybenzoyloxy)phenoxy-6-oxohexanoic acid(HBPHA) @ fij BX & & L T |
4-hydroxyphenyl-4'-hexyloxy benzoate(HPHB)D & %41 T-72,

%77, 4-(hexyloxy)benzoic acid (HBA)(3.33 g, 15 mmol)ZFE0 &Y, ¥7rmr A% 30 ml, DMF
20 ml FUZE IR CIAfESHE 7=, £ 212 hydroquinone(6.61 g, 60 mmol)&filigiE 1 C DMAP(0.19 g,
1.5 mmol)& Nz 7=, IHIZHLKAEAAILL T N,N -dicyclohexylcarbodiimide(DCC)(4.65 g, 22.5
mmol)ZFFY &0 rrr Az 15 ml, DMF 10 ml ([ZEESE | A LOBIRITNZ T, EH#
T.30°C T 24 h Rz, RIC. ZOWIRE AL, BN L7=AIRZRIERFEL T, 2212 7m
TAK TGy BN & BN R IR K 5B T R 2OKEEIR 3 LOWIK & VTR THed L, fit
W NI D A SRR T 24 hERS W7o, Jolitk  IEIRNEL . S UM TN DIT7 Du~ T 57 4
— (BB : CHCL)IC DGR | 1502 B A4 2830 C 24 h B2t A @ ERD AR
W(2.43 g, IR :58%) %157, FHNIZ AR OV T FT-IR 350N 'H-NMR 227 MUHIEIC
Lo THEEMRATL . TARMERRBRIC DWW G L 72, FEBR 7% 7 e —F v —heL T Fig. 3.22 12
A

HBA 3.33 g(15 mmol) HBA : Hydroquinone=1 :4 (molar ratio)
[ —
hi Saturated NaHCO;,
washing solution
. . CH,CI1, 30 ml, DMF 20 ml
dissolution it m m ‘
e . washing H,0
< Hydroquinone |
6.61 g(60 mmol)
dry]ng NaZSO4, r.t.
l«——— DMAP 0.19 g(1.5 mmol) |
«— DCC 4.65 g(225 mmol) evaporatlon 30 o(:
(CH,CL, 15 ml, DMF 10 ml) |
stirrin 30°C, 24 h,under N 1
g 2 silica gel column CH,CI,
| chromatography
filtration |
| vacuumdrying | rt,24h
evaporation 75°C v

’ Analysis

HPHB FTIR

D — CH2C12 ‘

'"H-NMR

Fig. 3.2.2 Preparation of HPHB.
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3.2.4 4-(4-Hexyloxybenzoyloxy)phenoxy-6-oxohexanoic acid(HBPHA)D & RX "

3.2.3 T B/ HPHB & adipoyl chloride % VT 4-(4-hexyloxybenzoyloxy)phenoxy-
6-oxohexanoic acid(HBPHA)D & ik &1T->72,

F9°. HPHB(5.00 g, 18 mmol)ZFE0 &0 | /K7 h7eRe> 7 (THF)16 ml, iK'V 2 ml
HZ SR IR S 7=, £ 212 adipoyl chloride(6.59 g, 36 mmol)ZFE0 D ik THF 9 ml FHiZ
RS, TNEFEOERITH FL, EF T, EIE T 15 h L, RIS, ZOWEE %L &OM
ARHNZH FL T, ARzt s, AL, B LIZIEEA A2 SHIZ 500 ml ORI THefL
7ol B|IRT 24 h HZERR LT, Wit S U TSNV HT7 0~ 7 T7 4—(CHCLy:
acetone=30 : DNIZEVFEL721% , 1RO NTZE{E% | %R T 24 h BRI, A AE RO AR
Y1(3.30 g, IR :47%) %57, bR AEWIZ oW T FT-IR, 'H-NMR, PC-NMR F L8
2D-NMR AT MUVRIEIS & THEEARTL | T RMERRBR IC SV TR L 72, SR T5 k27 u—
F¥—h&ELTFig. 3.2.3 IR,

HPHB ] 5.00 ¢ (18 mmol) HPHB : Adipoylchloride=1:2 (molar ratio)
] . THF (anhydrous) 16 ml vacuum drying rt.,24h
dissolution Pyridine (anhydrous) 2 ml I
r.t.
Adipoyl chloride silica gel column | CH,CI,: Acetone
| 6.59 2(36 mmol) chromatography | =30:1
(THF (anhydrous)9 ml) \
vacuum drying rt.,24h
stirring r.t,, 15h,under N, T
‘ ‘ HBPHA ]
precipitation H,0
‘ Analysis
filtrati
iltration FTR
‘ 'H-NMR
washing H,0 BC-NMR
2D-NMR
\ —

Fig. 3.2.3 Preparation of HBPHA.
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3.25 TC-HBPHA M&HRL "

3.2.2 TEDLIZ TC4 & 3.2.4 THHMZ HBPHA L% VT TC-HBPHA DA K E1T-7-,

%97, TC4 (0.84 g, 0.97 mmol)X HBPHA (2.00 g, 4.86 mmol)ZFE0 L0 li/KEV > 11 ml Hf
(2 SRIR TSz, SHICflEE LT DMAP(0.35 g, 2.92 mmol) & i /K& #& LT DCC(1.20
g, 5.83 mmol)ZFFV &Y, Bi/KEVT Y 30 ml FIIEfRSHE, TN A EOIRIRIZINZ T, EF# T,
IR T 72 h B L7, RIS, ZOWRAE AL, B L 7o AIRERTEDMRD D 5 55D 11270508
FEETRUERMEL-% ., ZRBOMKTIH FLT, Eliirtist, AL, B LZiLEd
ZIHIZ 500 ml OFIZK TR LT, Yok, rmaiy & Tt Bz o 2200
X IR T 24 h Hpf ST, Hot%  BUEIRMEL . 50 ml O/ — L CHEE LTt IO
DCC ZHIEEEDH7260, 2V FE(0.73 g, 5.83 mmol)Z A% /—/L 10 ml |[ZIEfRESET-IR-ATRIE T
(A Ve LT, Ve %, T BOV 7 mn AR ARIRSH BN R IE /K E T N LK RT3
FOWIARE VTR CHRE L, BREE N D A% N2 IR C 24 h ST, 20k, BT
PEREL . 500 ml DOA~FH TR L TR DI (%, IR T 48 h B8 iisd H AR
DER0.19 g, LR 8%) &5, DN AR HOWT FT-IR 5L 'H-NMR ZA~<Z7 kL
HIE, TR (RS AT DAL D= TV RFENC Lo TRETSEFENT L . IRRIERBR 21TV,
By HrE LT TGA, DSC &7 o7, ErH1EE7n—F v—heL T Fig. 3.2.4 1T 7,

TC4 : HBPHA=1:5 (molar ratio)

TC4:0.84 g(0.97 mmol) I
[ TC4’ HBPHA J HBPHA:2.00 g (4.86 mmol) evaporation 30°C
dissolution Pyridine(anhydrous) 11 ml washing EtOH
DMAPO0.35 g(2.92 mmol)
DCC1.20 g(5.83 mmol) washing MeOH/ oxalic acid
(Pyridine(anhydrous)30 ml)
stirring r.t.,72h,under N, «— CHCl,
] . Saturated NaHCO,
filtration washing solution
evaporation 55°C washing H,0
precipitation H,0 drying N2,SO,,r.t.
filtration evaporation 30°C
washing H,0 washing hexane | Analysis
. _ rt.24n | FLIR
extraction CH,CL, vacuum drying IH-NMR
i ¥ TGA
drying NSO [ TC-HBPHA } DSC

Fig. 3.2.4 Preparation of TC-HBPHA.
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3.2.6 TC-HBPHA MO} %E4E

TC-HBPHA 2 UV JtA BB L TN A Y ML ORI ZAGIRIEZATV N, It B b OFRA 41T
STz, T WA ML O BRI ZE(E Tl TC-HBPHA 0.040 g % 2.0 ml D2 iR /L LIRS
W7 REHA R GRUEHREE 20 mg / m)Z 8L, A5EE/L(3 em X2 em X 5 mm)ZHIZ 7=, RIZT
AT A= —(TAT L (BR)E)E T, B T 1 mm /s, ZIEKH] 1 min, EA3HE 0.5 mm
/s, HEKRESRE] 1 h O THIENR(6 cm X 1.5 em X 2 mm) B ERIL -, 7y 7 a—RE
% Fig. 3.2.5 [TR T,

Drying for

Immersion speed Rising speed
Imm/s 0.5mm/s

Immersion time
1 min

Fig. 3.2.5 Condition of dip coating.

HIEIERIE . TR AW TH IO A E X LUA T TRERA-72% UV BEHEE Spot Cure
SP-7(7 > A BB E VTRV IR 21T 72, UV IREHEE 13— 2= NI AN AR
ZROMTCHY, BB 2=y hIAMTAR DS 12 cm OALEIZA =280 nm G~
INATANA—(A<280 nm Z YN —TRT v/ (R EYAFRE L, 17 om OB AIEH 1
(SRR - A 3R B LT, UV ORETTREEIE 100% (60.6 mW/em®)E L7z, BUBHD s 34 35
WO IO ILIE L TSI B L TV iahy b L — NI, 737 180°C +
THEAL . ZD1% 145 °C £ THAHIL TN 21T 72, ZOMREITATL TIT - 72 GEE
MEEBLZRC LR BB ICIR G O RONTIREE CThD, UV ZFTER MBS L2, fEfre LTV
-650 $EAN AT A YL FH( A ARG B KO AT MLV O RERZE LA I E LT,

F7o. 7=V EHARAN Y SEIEEE FE FTIR - 8400S (& HRUEAT #:850) A4 IV T KBr #4120
FT-IR WL AT MV DIF 8L Z0) 8 L 7=, TC-HBPHA 0.040 g % 2.0 ml 7 /L A VSR
ST EHAR GUEHE EE 20 mg / m)ZFRHIL . 7'V A L7= KBr OFEIZ 10 pl i FL. ffRS
. [FRRO S THNER UV B 21T O EET T 72,
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3.2.7 MEEREERO/ER

HTAFEMEL T, g15 mm AL/ S—HTA(No.1 KR TEEE)R) %MV T TC-HBPHA
DA VERIL7-, TC-HBPHA 0.040 g % 2 ml D27 mmads /L AR S BT BUBHA TR GBI
20 mg / ml)ZFHFL, AL/ (3 em X2 em X 5 mm)ZANZ 7=,

T T AT R RRE LR E T DM-90(KAE TEWR)RHIZ T2 A UV LBRL7-% | fillE:
HieER MK DARFELAS 1:3:6 12725 IICHRILZIR A IRIKIC 1 AIRIESE5Z L TR Mm%
TV, K TT TN TSR, Y B LI T AR R LT, 3.2.6 &RIUSA:(Fig. 3.2.5)T
T AT A= ATORRSE T, £ D% UV BT (A =280 nm)ZATVW A (FRL 72, @k L=
FL A F P ARHT A EOG LI () ATV T 7 RN T 21T 272, UV BE Gkl C,
B)—MBE 2= FTA NI AR DN 12 cm OALEIZA=280 nm B 7/ SAT )V H —%
REL, 17 cm ONEIZT 47T 3—NAT ST W T AR AR E L=, UV ORRSTREIL 100%
(60.6 mW / cm?) &L7=, UV YD BRETHRRIL 3.2.6 DFEBRICIIT HEE ol IR A 2 VI E
12T, ZREL ERSR L THIZEA EWNEE DZALD RGN 7272 DR (180 o)L | FRGHIR L
IR EBAS S TR A Y b Z< D2 IRE(180°C ETIREA LIS 7. 145 °C £ TR
Z T ) TiTo72,

FTo, DD RO KM T TC4 OFEBLIERLT-, UV S SIREL T IR IERE, S
SEIE | B IRFRE] X TC-HBPHA DR L [k CTHHAY, FREHIEIR CIT o7,

VERLU 723 I 332 1T D 43 AT & U CHERA I E A T o 72, ARFEBROMILEE B REIC V=~
JVOFESE% Table 3.2.2 ITRT, FIoEEAERLCBEOFIEEZ 72 —F v—Re LT Fig. 3.2.6 8
FOVFig. 3.2.7 {TR T,

Table 3.2.2 Sample for cell culture.

Sample Description
PS well Polystyrene culture plate used as purchased
glass UV-treated and acid-washed glass coverslip
TC4-UV UV-irradiated TC4 coated on washed glass coverslip
TC-HBPHA TC-HBPHA coated on washed glass coverslip

TC-HBPHA-UV UV-irradiated TC-HBPHA coated on washed glass coverslip
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( Glass coverslip —‘
(¢ 15 mm, circular)
’ ‘ UV irradiation ‘
‘ UV treatment ‘ 48h l
| ‘ EOG sterilization ‘
HNO,: H,S0,: H,0 l
‘ immersion® ‘ =1:3:6
| 24h [ Film(TC4-UV) ]
‘ washing ‘ H,0
. o oan | mmmmmmmm=—=- 1
‘ drying ‘ 60°C 24h : Condition of dip coating !
| | Immersion speed : 1 mm/s |
Immersion time : 1 min
. . Sample: TC4 I mn |
‘ dip coating ‘ I Risingspeed : 0.5mm/s
20 mg/ml (CHCL,) I Dryingfor : 1h :
| oo 0 .
[~ === === |
I Condition of UV irradiation |
! Jrradiation intensity : 100% (60.6 mW /cm?) 1
: Irradiation time : 180 1
Irradiation distance : 17 cm (Lens-Filter=12cm, |
U ki - |
I Filter - Samples=5 cm)
y Filter : A=280nm longpass filter 1
|

b e e - = -
Fig. 3.2.6 Preparation of UV-irradiated TC4 thin film for cell culture.

Glass coverslip
(¢15 mm, circular)

‘ UV irradiation ‘

‘ UV treatment ‘ 48h |
| | EOG sterilization |
HNO;: H,S0,:H,0 l
‘ immersion® ‘ =1:3:6
| 24h [Film(TC-HBPHA-UV)}
‘ washing ‘ H,0
‘ drying ‘ 60cc 240 | G CTTmTTCT 1

Condition of dip coating !

1

I .

| Immersion speed : 1 mm/s
‘ Sample: TC-HBPHA | Immersion time : 1 min

1

1

1

‘ dip coating

20 mg/ml (CHCly) Ei:yi;gg Sg)iefj {hO‘S mm/s

I Condition of UV irradiation 1
I Irradiation intensity : 100 % (60.6 mW /cm?) 1
| Trradiation time : 180 |
I Irradiation temperature : 145 °C (set by cooling !
' from 180 °C) !
! Irradiation distance : 17 cm (Lens-Filter=12 cm, !
I . _ |
I Filter - Samples=5 cm) I
I Filter : A =280nm longpass filter |

Fig. 3.2.7 Preparation of UV-irradiated TC-HBPHA thin film for cell culture.
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3.2.8 #EHMSFMATD in vitro HIRERER
(1) AfaEEE

FRRE T~ 7 ARG H SRARAESE A 3T3 Swiss Albino M FAV =, sBRIC L EE A%k
(2725 FE TP 10 em dish ZF|H L, D-MEM {Z 15%FBS & 1% Penicillin / Streptomycin &% /12 72
SR A AR L L, 37°C 5%CO, F5PS T THEE AT 572, ¢ 10 cm dish THFES W7 HHE
M % Fig. 3.2.8 {7,

60-70% Confluence (il & HEFHSHC, FIRE/RE LI T > TORWIREE)IZ /2572 3T3
Swiss Albino %~ ~7"32(0.25%trypsin+EDTA)NZ LV FIEEL | 24 well polystyrene culture
plate(TrueLine $) 1 DFEAHL 72U o 70 112 3X 10° cells/ml #5FEL 7=, #57E 3 BRI, 1. 3. 5.
7 B RBR AT T -7, MBS X, BISLIAMESE Axio Vert Al(H—/VY 7 A A~ AV 1A
o — (KR & AV CELER LT,

Fig. 3.2.8 3T3 Swiss Albino cells (¢ 10 cm dish)

(2) HFIHCRE 3 KON s O 34T 2

AR E I BRFH BRI LD MR AR E | MRS AE O BRI 1L MTT 3RBa Vi,

MM ERE AU LD MR E Tl M S 7 — @A WA Z R I Al Tl A 3825
N2 L7\ 03 | SEARI IS S A Z &R A LT, Mo A SEAR AR 2 E 52 2 88
TED,

R OFEHTZ 250 pl ORI 7Y &% 37°C, 5%C0, FPHR FC 3 2 EEE 52Tl
ARG KO AR A FIBEL | 8 FE 2K 3 A i3~ 5728012 250wl FEARRFHIA N Z FfnLTz,
ZD#, 500 pl IS T —% Nz SEMRRA YL L IEREHRAR SO FH ZEBE S A VTR
FEMMR A A R LT,
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MTT RERI%, 77V LD —FETHDH MTT (LW AEFMILOIN=a R 7 H o R §8 4 Y
L, MR B2 E T 555 THD, MTT IIIhar RUTNICHFET HEER ICLDE
TEEN, FEOT D, e RIEE % OFEHT 300 ul @ 1.0 mg / ml MTT ik a4, 37°C,
5%CO, ZZ B T T 90 4y FIFHE L7-1% . 300 pl HEfRVAfRIR 2N 2, MRz AR UT-, TRl T
BAIVIZIEE % 300 pl 37> 96 well polystyrene culture plate(TrueLine )2 L, v~ 727 —h
J—%— iMark (/A TV TRIN =X ()2 VTR 570 nm TROGEZHIEL
7=

GYRIEHIE
BEFIEL tREERITV P 8 1 BEORRUHE TREHRIT 21T 572,
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329 X¥E

7 =V BRI (FT-IR) A7 ML E

7 — Y IS HARAN e IEEE R FTIR -8400S (Rt B EAT AL AL I L OVIR Affinity-1S(& R E
ATt & IV C KBr SEAIVE L 2RI E (ATR)EIZ T FTHIR %1772, KBr $EAI1ET
[ #iPH 4000-400 em™ | FE R 15 50 A1 CHIE L7, ATR I TIXEIRVIEREM &7 T kT
EL(P/N GS10820) 1 L O AVE L RikdaT 4 A2 (P/N GS10810)% HW Tl E &L 4000-400
em™ | FEEEIEL 50 [0 TRIE L,

BRI ("H-NMR) A2 LI E

FER A LB B AVA00(Bruker £18)% VT "H-NMR I E AT -7, 3B 20 mg 24 &
IKFEACIEBE(DMSO-dg. 7010781 2a-d)500-550 pl (ZERESE, NMR RS IS L, FER I
32 [AICHIELTZ,

FERE R AL (P C-NMR) A~ ML E

AR AL AE B AV400(Bruker £15)% VT PC-NMR I EA1T -7, 3B 20 mg 245
HRFAEE (7 v ads /L A-d)500-550 pl IZESfESHE . NMR S ICR L, B #1000 [2] T
HELT=,

A0

A0

*2D-NMR &

KRR LSS AVA00(Bruker 1184)% FV T, 2D-NMR JHIiE &1 T 7=, ikl 20 mg &4 FE
FKFALRBE(Z 0oL b-d) 500-550 ul ICIAfESE . NMR #1412 L, HHCOSY .
CHCOSY (I [A1%% 40 [1], HMBC [ 3AER 1%L 48 [A] T -7,

HHCOSY [ZofiZDRFEIT DOV TZAKFEE, BALIZ DWW K FBRNCBITHAKFE —KFEOMHBEZ
F T, CHCOSY LK ELEDIRFITDOWIIKFZR-NCTI T DR FE — KFEOMHBEZR 3, HMBC
XL DRFIZ DN KFEE, BArHLUL y MDRFE IR T HiKHE —KFEOMHBEERT,

i (M
—c*c— —¢c— MM
| | —Vclz—“c—c—

HHCOSY CHCOSY | |
HMBC

Fig. 3.2.9 Correlation of various 2D-NMR
ENE B3 T (TGA)
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B BONTEE TGA-S0(BS AU ERTHEEDZ W C TGA IEE To7-, MIESREEZLLT
2R,

SR 10 °C /min
T FEE SR - r.t.(25+5°C)~500°C

7 /L3 (Mac Science fE8) 2 [E A FENE 3~5 mg OFEIFHN TV ED | 2R85B I THI
LTz, S RIREE (Tl ZRUB O E DS 5 wt%liD LTIz L EDIREEE LTz, Fio, HEREZ OWE
I%, 7 /L3 (Mac Science FEE)ZEARFEE 3~5 mg OHEIFHNTHOED , Z7mad/L L 10 ul
(RS BERL T oL b b L, R A O UV BBEH(A =280 nm)% 2.2.5 S[RIEED S TITV,
ERFHKPICTHEHEZEZNE L,

TORFEEBENE S HT(DSC)
IRZEAEAENE T HEE Pyris 1(Perkin Elmer #1:84)% VT DSC I E&1T-7-, HIE S %
PLFIORT,

NI 1L 5« B IR
%1 EE iR -10°C~200°C 10°C/min
%2 R 3 min.{RFF 200°C —
%3 315 200°C ~-10°C 10°C/min
%4 3 min.{RFF -10°C —
%5 iR -10°C~200°C 10°C/min

B A5k 2 7 123 (Perkin Elmer #E82)12 5~10 mg OFIFAN THEDED, TAIDE T —
NI OERIEREE Uz, El2 =y NI eryofill 2 L, EHFEHKTICTAELZ,
T2 BB L ORIET, 7 V/3 (Perkin Elmer #1-5) (2 [EAFENE 3~5 mg OGN THY
LV raadV 10 pl IS /gL BRI O UV BET (L =280 nm)% 2.2.5 L[AIERDS:
T, BHRFFASK IS TRIE L,
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SO AT AT MV E
RO AT LR V-650( H AR5y i) 2 CER A AT (U V-Vis IR~ BV E
BT ol WESMEZLLTITRT,
HPYEE—F Abs

P RE HH 800 - 200 nm
L AR A Medium
IR L 5.0 nm
AL 400 nm / min
RN LILE] 1.0 nm
NGRS 1

fROCER S 5

RIS OLYMPUS BXS50(OLYMPUS f4d) 35 L UDEJE OLYMPUS TH3(OLYMPUS ft:
By VTR BEMBE B 22 51T o7, BIEME 31T 200 5, =|IRQ5E5 °C)D5 200 °C DR E
FFATEAR =2V FICTRSFEDOEIZE AT o7,

- FE SO 2 Ay - BRI B 22 (FE-SEM)

B A A T RS S-4700 Type 1( B SZRUEATHERYZ AW CRAR RS E A E
BRI 2T o7, B 7 VLU TROGBEIIMEE B TRV AR R LT,
CINVEEEMT)—R T —7C SEM B HIFEF S IZEEL . BIZZRTIZ E-1030 A4 ARy
A —(HSLBUERT D Z W TEAYX R E L 30 s To7, MIESRMFEZLL FITRT,

DA[IBU =EA A 2kV
R fi 500 &

- Fafid A 1)
PEfii A 5t SImage02V((FR) = o~ & FVCHEf A I E &A1 T o 72, 74V DB #tKE
—¥E (5 u)FESL, PC B ARHTICLDEHAL 7 M C ATAN 02 X0l 208 LTz,
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3.3 WRBLUBE

3.3.1 FT-IR & 'H-NMR ZRRZMVAIEIZ & D& ARAT

Mo —2B L NEEEE )R ROGL, ZOEE R /m—R R R R OfARE L
A 1:4 LT, TCA AR LTz,

Fig. 3.3.1 {Z(@hbm—2 (WEEKEEZ 0V RBIOZNOLD NI L > THRL T E Y
(c)TC4 @ FT-IR A NVERT,

Fig. 3.3.1 £V TC4 DARZ ()BT 1700 em™ AT IZ ONAE — 2T AT /LD C=0
RFEHIRENC SR 2RI TH D, SHIT, 1640 cm™ (IO —Z 3= D C=C fiiffi
EENCH SR L, 1440-1500 et fH T DB — 213XV BR D C-C ffEIRENC H kT 58 & 260
%, 1160 cm™ (LD —21Z= AT /LD C-O MfEIRENCH K § 55 2 511D, 1000 ecm™ 13T
DE—27IR L "m—2A0D C-O-C HFFIRENCH R T5bDEE 2 Hivd,

F72 Scheme 3.1.1 DS EDUGHITE DL FAEEIZE H 358, hbsg—20eRaX o5
WL TUV5, Fig. 3.3.1 KUM= ZD AT ML)V VT 3500 cm™ AT ICBEE /bR 1
XD O-H MEIRENC LRI — 2723 A7z, TC(e) TIEZDOE —7 A LTz, Zi
IE—EBDER XL Iy ANV ENERL TWDIOD LIZEE 2 6ND,

INHDZEND, TCA DERIEDHETL TODTENRIBIILD,

A 00 e e e e I - -
o N
. | a
| | (| (a)
I 11
2 1 : 11
= : I
o : ; : I
s I
& ' | 1)
5 | i At ®
= I ; 11
I ; 11
I ; 11
I aA Ve |
——.\/TN ! ©)
N |
I —OH : c=0 IV
13400 et I 1700 cmt | :
1

3769 32@9 27@P 2290 17@pP 12@p 7P
wave number (cm™1)

Wavenumber (cm!)

Fig. 3.3.1 FT-IR spectra of (a)trehalose, (b)cinnamoyl chloride and (c)TC4
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(@R a—2 OB/ RBLIORINOLDEKIZE > TROLN AR (c)TC4 D
'H-NMR A~Z V% Fig. 3.3.2 1T,

Fig. 3.3.2 JW(@I "mB—ADARINUZEBWTERKO C-H I[ZHKTHL T F1(3.0-3.7
ppm)B LN O-H IZH KT D7 F/1(4.3-4.8 ppm)23(c)TC TH LI 7 RLTNDIEN3nD, F
T2 (bYER R U R D AR MUZB W TT AT BE OB U B kDL F/1(6.3-6.6 ppm,
7.2-8.0 ppm)AH3(c)TC4 IZHMEFR TEIz, ZDOZLIZED, TC4 DA ETL TWDIEN R
I,

R (C)TCA DAY M EBIT DK 7LD 7, Al BR E(EL % Table
33.1 1R,

Table 3.3.1 Measured integral value of each signal in the spectrum of TC4.

Signal Chemical shift (ppm) Measured integral value Theoretical number of protons(DS=4.0)
a 3.5-4.5 14.52 12.00
b 4.9-6.0 6.17 6.00
c 6.3-6.6 4.00 4.00
d 7.1-7.6 21.36 20.00
e 7.6-8.0 3.91 4.00

Table 3.3.1 KV, V7 FNFEDEEZE OB GGRAELBNZE =L TODIEN 1D, EBIT
() TC4 OV T FNFEFELOR o — AR R 70 RO HEIE 1:3.8 SRR, B fEIC
FVME T o7, LTINS T, ZHOFER-LD TC4 DA RN DB,
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(a)
b b c P
b a/ Cl
b~ b b
g
b i

I

Solvent: DMSO-dg

|

Solvent: DMSO-dg

Fig. 3.3.2 'H-NMR spectra of (a)trehalose, (b)cinnamoy! chloride and (c)TC4.
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roo—2R R EE7 TR B IO TCA IZ DU TR fiEd:

RBREAT o7, MWCREHIHMIK, =

2 )—)v A% )—)L DMF, DMSO. THF, 7 &by, ZaakLh, ~FH o JxFLo—F)L,
TER=NV, BEE=T L ML 13 FEETHD, 3B 20 mg 710 EVPEEEA 500 pl Nz,

H A CRlz B THR

PEERBR A 4T 7=, ZODFERA Table 3.3.2 (257,

Table 3.3.2 Solubility of trehalose, cinnamoyl chloride and TC4.

Solvent

Sample

Trehalose

Cinnamoy! chloride

TC4

water
ethanol
methanol
DMF
DMSO
THF

acetone
chloroform
hexane
diethyl ether
acetonitrile
ethyl acetate
toluene

CNORONONG®)

X X X X X X

X

O0O00O0O0O OO O0O0O0

x x x xO 0O O0O00DP>D> x

X

Table 3.3.2 L0, &H—

EL[AIRKIC

(O) soluble
(X) insoluble
(A) partially soluble

RN —RTEOKMETTH AT | K, o ) — v A )

— /L, DMF X0 DMSO (ZIZAETHY, T DDA IIRNE TH -T2, KRR/ 0K
B CHDT-OMAKITIERIE TH o728, ZOMOFRIAEI T AR ThH -7,

ZLTC, TCA 1ZTH ) — )V BIURAY ) — /W ZITE 3 E R L . DMF, DMSO, THF, 7tk 84X
O aaR/L M RETHY | ZOMOEEIZIIRE Th o7z, ZHUTR e a— RO KER I
ST EANVFENERLIZ D N m— ZOFUKMENME T L, R m— 28RS T o T i

DIEHIZ

BB CH LMK, =8 ) — VB ILOAY ) — WZEETIZLLARY B R 7 e U RS AT

B CTHST BB THD THE, 7 b B ORI AR THDH 7 amd /L AR IR

Sl2EEZD,

3-21



I, HBA BLOeR o /2% VT HPHB 2/ LT,

Fig. 3.3.3 (Z(@HBA, (b)eReX /o BLUOZNLD KISIZE > THRLATZ AR (C)HPHB @
FT-IR AT MLVERT,

Fig. 3.3.3 1 HPHB D A~Z L ()2 VT 1200 em ™ A1 RHNAE— 213 HBA SER
¥ ) ORERICEVELN DT AT LD C-O ffEIRENC kT 2N THD, EHIZ, 2960 cm™
FHEDE—271% HBA D AT VIR I OAF L E kD C-H MRSk 2b0EE 25
o,

F7-. Scheme 3.1.2 OSHIOIGHITE DL FAEEIZE H 758, HBA DAL ARFI L EL
WZE(EL TV, Fig. 3.3.3 10 HBA DAL ML (a)lZ 330 T 3400-2400 cm™ {3 (2 BAZE 72 v
RF LIV ILD-COOH HFFIRENZ LD WU E — 27 A3 57, HPHB(C) TIZZ e — 2703 E AL T
W2, ZAUE HBA OV ARF I VEICERaX ) NEBRL CWATOIE R LTZEE 2D,
HPHB DA~ ML (e)I23 T 1700 cm™ I RSN AE =271, HBA DA ML ()IZH1F5
1720 e (ITIC 3D 1 VAR R D C=0 MFEIRBI O WL & [F UL IR T A 7230 LB TE AR,
FIIVRED C=0 MHEIRBI OIS T 271 0> C=0 M EENZ H kT 2RI > TV
EEZBIND,

INHDZEND HBHP DA UGS EITL TWODZEDVRIRS LD,

—COOH I
3400-2400 cm'! I

-1
e ___ 1700 cm L

(a)

Py
%. ! I
2 | ! (b)
o I I
(== ! I

! I

! I

! I

| ! I

! I

|

|

3900 3400 2900 2400 1900 1400 900 400
Wavenumber {cm-)

Fig. 3.3.3 FT-IR spectra of (a)HBA, (b)Hydroquinone and (c)HPHB
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(a)HBA. (b)eF s /o BLUOZNSDAFRICE > TELN - AR (c)HPHB @ 'H-NMR A<
7 WV% Fig. 3.3.4 \TRT,

Fig. 3.3.4 J0(a)HBA DAXRT N NZEBWTAT VIR KT 527 F1(0.95 ppm), 7 /L5 /L
FHOKRFIZH RS D27 F/1(1.2-1.9 ppm), FEFRIZBEEL -7 VX NVHOKFITHKT 537
F (4.0 ppm)BL OB EROKFEIZH KT 527 F/1(6.8 ppm, 8.2 ppm)7A3(c)HPHB T A
BT, Fo(b)EREFX ) DARTMUIZBW TR BUEROKRIZH K L2227 F /(6.6 ppm)
23(c)HPHB T 7hLTHEY, ERax /o D7 = /)— /W O-H D7 F/1(8.6 ppm)AH3(c)HPHB T
WAL, E£o, RETTZRLUT(5.7-5.9 ppm)2S HHEBLL T2, ZOZEIZEY, HPHB O UG EITL T
WHZEDRBEIND,

AR ()HPHB DAY NUVIZEIT BT 7 F VDAL 7, FEAME. PR fFAE L% Table
333 1R,

Table 3.3.3 Measured integral value of each signal in the spectrum of HPHB.

Signal Chemical shift (ppm) Measured integral value Theoretical number of protons
a 0.95 3.22 3.00
b 1.2-1.9 8.85 8.00
c 4.0 2.09 2.00
d 6.8 2.03 2.00
e 8.2 2.00 2.00
f 6.9-7.1 4.09 4.00
g 5.7-5.9 0.96 1.00

Table 3.3.3 £V, v 7 F NS EEZ OB GIELNNZTE — L QWD EN D, LT
TINHOHEE LY HPHB OB RO BT,
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CH3 (CH2 CH2 OCOOH
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I

Solvent: CDCl;

Solvent: CDCl;

a
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T 1
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Solvent: CDCl;

Fig.3.3.4 'H-NMR spectra of (a)HBA, (b)hydroquinone and (c)HPHB.
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WIZ, HPHB B X7 VB U7 U R % VW C HBPHA 248 L7,

Fig. 3.3.5 [Z(a)HPHB, (b)7 Tt/ REBLOZNOD KL > TRV AR
(c)HBPHA @ FT-IR A~ LA,

Fig. 3.3.5 L HBPHA D A7 ML(e)IZFV T 2960 cm™ fHEDE —2 13 HBPHA D AF /L Jk
N OAF L ik C-H fgiRENICH kT 5b DB 2 b,

F72. Scheme 3.1.2 DRISAIY ISHIE DL FAEIEIZE H T 5L, HPHB D7 =/ —/LOR
AV L TV, Fig. 3.3.5 0 HBPHA DAY ML(C)IZ350 VT 2400-3400 cm™ 435D A1 LR
XL FED-COOH (g HREN T kT~ DR AW INE — 7 23 HEBLL 72, EHIZ HBPHA DA |
JACNZINT 1720 em™ 3TIC AOHNAE — 1%, HPHB DA ML (@)l Z$51)% 1700 cm™ 130T
\ZHDHT AT VD C=0 ks & HEir> THBYBAME TITRNDS, WL ARFI L EED C=0 itk
ZH KT DRI & ENTWDEEZBND, ZHBIZHPHB D7 = /— /v D O-HIZT VB i
TBURNEISL, KRB Tl a YRR LT- 72 DI BLLI- & B 2 Hivd,

INHDZENE HBPHA D& RIS EITL TNDZ LN RIESND,

I
“ %’ T (@)

>
(&)
c
(D]
S
=1 I (b)
c | |
© I I
[ I I
I I
I
I
I I N
I I 14, (©)
I I 1,
I I I
I—COOH I C=0 .
L 24003400 oL | 17200m?, I
————————— -
3900 3400 2900 2400 1900 1400 900 400

Wavenumber (cm-1)

Fig. 3.3.5 FT-IR spectra of (a)HPHB, (b)adipoyl chloride and (C)HBPHA
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(@)HPHB, (b)7 Pt /R BLIOZNLD A KL > THELN A K (c)HBPHA O
'H-NMR A7 V% Fig. 3.3.6 1S5,

Fig. 3.3.6 V(@ HPHB DAXIZMUIZEBWTHLIZ, AT VEIZH KT HT 7 F1(0.95
ppm), 7LD KFICH KT HL T T (1.2-1.8 ppm), BEFHR TR L= T VX LEHO KR
IZHKT D7 F (4.0 ppm) 23(c)HBPHA TH.OILE, SHITNUBUEROKBZICH KT
7 F(6.9-8.2 ppm)A3(c)HBPHA ThHOT 072 7R LTz, F2(b)T VB U7 2R A
NRIMZBWTRLIIZT AT VEHO AT L BICHk T2 771 (1.9 ppm, 2.9 ppm)7d
(c)HBPHA TlL, ZALE4 1.9 ppm BL N 2.3-2.6 ppm (2T ROz, IHIZHTERD HPHB CHY
BL727x/— /VD-OH \ZHKT D7 FIV(57-59 ppm)DIE KAERMERLTZ, ZOZEIZLD,
HBPHA D& R BUGEITL TWDZEN I RIESIND,

A () HBPHA D AT MU EITH4 L 7 VDAL EFS 7 b, B . BRis(F(E Eb % Table
334 1R,

Table 3.3.4 Measured integral value of each signal in the spectrum of HBPHA.

Signal Chemical shift (ppm) Measured integral value Theoretical number of protons
a 0.95 3.00 3.00
b 1.2-1.8 8.18 8.00
c 4.0 1.97 2.00
d 7.0 1.94 2.00
e 8.2 1.88 2.00
f 7.1-7.3 4.25 4.00
g 1.9 4.05 4.00
h 2.3-2.7 4.40 4.00

Table 3.3.4 KV, 7 FAFEGEEZOEGRAFIELENIFTIE B L TCODIEN DD, LT2h-
T, ZHOFEFLLY HBPHA O & SR EITL CWAZENRIES LD,
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Solvent: CDCly

Fig. 3.3.6 '"H-NMR spectra of (a)HPHB, (b)adipoy! chloride and (c)HBPHA.
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R4 HBPHA @ C-NMR A7 RV % Fig. 3.3.7 ({17,

Fig. 3.3.7 £V HBA OAF NVIIZH KT 57T /1(13 ppm), T/VFLEHOIRFICH KT 5
73722 ppm, 26-32 ppm), BEFRIZEFELT-T L LEHO R FRIZH HT DT 7T 1(68 ppm),
HBA O~ P UBEDRFETH KT 52 F /(114 ppm, 121 ppm, 132 ppm, 163 ppm), ER 23
I DB BEDIRFEICH KT DT (122 ppm, 148-149 ppm)B LT AT /LI H KT 5
7 (164 ppm)AHS HBPHA TH.OITE, T PV BIaYROT VX VB DR A H KT
%7 F(23-24 ppm, 33-34 ppm), TAT/UICH KT HT 7 FV(171 ppm) VIR RO [RFEIT
k3 %37 F/1(178 ppn) 7% HBPHA THROLITZ, L2723 T, ZRHDH5 R KLY HBPHA &k

FOGISEEITL CODZEDRIES D,

i o © g g o P __¢© & o , ,
HO_p N n’ n’ r K c b a
P T [Ve} O—q O—-CHy—CH,—(CH3)3-CHj3
© g7 T —
9 b
Fog
]S
bb’
& b a
ol
Uy
|| h‘
o ‘
5 s k’ , J |
Pony n K
Ll
190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 ppm

20

Solvent: CDCl;

Fig. 3.3.7 “C-NMR spectrum of HBPHA.
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AR HBPHA (2542 2D-NMR Il D5 H D HHCOSY A7 L% Fig. 3.3.8 [T/R” T,

Fig. 3.3.8 ¥, '"H-NMR A~ZMLHID 0.95 ppm D7 F /L aEERICHITH a DF rb b
RETDE. 1.2 ppm DT F/UEb DT B LR T 52 LM TED, 1.2-1.5 ppm D7 F /L7
b D7 ATIFRINDE, 1.8 ppm DT F VT ¢ DT BIALIFRIETED, 1.8 ppm D7 F )L
e DT aRATRBSNDE, 4.0 ppm DT FE d DT aREIRIETES, £2, 7.0 ppm D
T FNERERICEITD e DT R ERGET DL 8.2 ppm DT F T f O uh LIFET
&%, 82 ppm DT FIVH f DT ab L LIFESIDHE, 7.1-7.3 ppm DT T /UiT g DT mh b
JHBTED, IHIT, 1.9 ppm OV F N EEERIZEBITS h O 7 ah HRET HE, 2.3-2.6 ppm
DT F LA, jOTBRALRIETED, ZLDIFBEMRGET 57212 CHCOSY AXZRLD
JFBEAT T,

AR HBPHA @ CHCOSY A7 V% Fig. 3.3.9 IR,

Fig. 3.3.9 J0, "C-NMR A7) 13 ppm D7 F /U IHERICIH TS a? DB —R,
22 ppm, 26 ppm, 32 ppm DT F VI B DI —AR2 29 ppm DT F /UL DI—R | 68
ppm DT F X A DA—R | 114 ppm DT FME e DF—AR | 132 ppm D7 F/ViE
DF3—AR 121 ppm DT F VL @ DI1—R2 | 23-24 ppm D7 F VT W DA—RL | 33
ppm D7 F /UL OF—7R | 34 ppm DT F /UK DA —RATKHET D, SHIZTIHD
I B A REE T 572012 HMBC A7 ML DR @ &4T -7,

AR HBPHA @ HMBC A7V % Fig. 3.3.10 (277,

Fig. 3.3.10 Y. '"H-NMR Z~Z L 1.8 ppm D27 F/L(c)id PC-NMR Z~2Z ML HiD 68
ppm D7 F /A DI HEZRE D, 'THANMR A7 RLHD 4.0 ppm D7 F /()i
BC-NMR A7 LD 164ppm D7 F V(K )EDFBE DRSNS, 'H-NMR A7 kLoD
7.0 ppm D7 F 7 (e)lE PC-NMR 227 ML HID 119 ppm D7 F /(1) EDF BRSNS,
'H-NMR Z~2ZMLHIOD 7.0 ppm D27 F /b (e)id PC-NMR Z~2Z ML D 119 ppm D27 F )L
)LD BN FEREND, 'HANMR A7 MLHIOD 8.2 ppm D7 F/1(e)i "C-NMR A7 L
1D 165 ppm D7 F /()& DA HER SN D, 'H-NMR 227 ML 7.1-7.3 ppm D2
F/(g)iZ PC-NMR 227 ML HID 149 ppm D27 F /1 (n")E DI A TR SN D, 'H-NMR AL
ZIVHID 2.3 ppm D27 F (i)l PC-NMR A7 L H10D 179 ppm D7 F/1(p’)e DA R
WEREND, 'HNMR A7 MLHD 2.6 ppm D27 F/L(j)iE PC-NMR 227 Hid 171 ppm
DT F (0" ) DB R S AL D0

L7=3»> T, ZNHOFER LY HPHB O AR RD HILTZ,
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Fig. 3.3.8 HHCOSY spectrum of HBPHA (solvent CDCls).
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Fig. 3.3.9 CHCOSY spectrum of HBPHA (solvent CDCls).
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Fig. 3.3.10 HMBC spectrum of HBPHA (solvent CDCls).
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HBA. bRz /> HPHB 3L UOVHBPHA (2 OW TR ENERBR AT o 7=, WIS Ik, —
K )—) A% )—)L DMF, DMSO. THF, 7tk ZaafRiL b ~FHhr JSoFLo—F)L
TER=NV, BEE=T L ML 13 FEETHD, 3B 20 mg 710 EVPEEEA 500 pl Nz,
H O 22 & Tl MERIR 2T o7, ZOHER% Table 3.3.5 1T T,

Table 3.3.5 Solubility of HBA, hydroquinone, HPHB and HBPHA.

Samples
Solvent -
HBA Hydroquinone HPHB HBPHA
water X O X X
ethanol O O @) O
methanol O O O O
DMF O O O O
DMSO @) O O O
THF O O O O
acetone O O O @)
chloroform O x O O
hexane X X X X
diethyl ether O O O O
acetonitrile x O O O
ethyl acetate O @) O O
toluene O X O O
(O) soluble

(X)) insoluble

Table 3.3.5 &0, HBA 1%, /K, ~FH | TER=N/MIRETHY, TOMOEEIILAIET
Hotz, eRaX AT Rud R “obbimbruaniL A AF YL MVZUAZRE TH -
Te N EDMOEEENZIT A Th o7,

HPHB /¥ HBA THRIETH 77 B h=NUIZIEfELTZ, ZiUE HBA O ALARF I VEEICER
o U NEHRL T, JOMEBEL 72D R ek VN RETH LT B b= RIVICIARE LB %
HND, £/ HPHB L7 DB/ 0 N & OGS CA R L7 HBPHA | X HPHB & [RIEED A fENE
ThH-oT,
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%I, 1557 TC4 3L HBPHA % IV C TC-HBPHA %A kLT,

Fig. 3.3.11 Z(a)TC4, (b)HBPHA BLUZNOHD K ZL» TR A ) (c)TC-HBPHA
? FT-IR A~ MVERT,

Fig. 3.3.11 £ TC-HBPHA D A~Z M (e)ZFT 2960 cm™ (1T D —21Z HBPHA D AF
I B SR -CH, HERENC F k92 T D, 1700 em™ FHTIC AONAE — 21T T AT LD
C=0 [HHFIRENZ R4 HRILTH D, S5I2, 1640 cm™ LD — 213k Rt =y D> C=C
fAEIRENC 3L, 1500-1440 cm™ (OB —2 13 BUBD C-C [BfEREICH kT 585
Z BB, 1160 cm™ T O —21Z AT /L0 C-O MfFEIRENCH KT 5L 5 2515, 1000 cm™
fHEOE =21 "m—2D C-0-C HfFEIRENC R T2 0B 2 s,

F7-. Scheme 3.1.3 DORUSALYISHITEOILFHEIEICE H T54, TC4 DERmF A%
{ELTW%, Fig. 3.3.11 £V TC4 DA ML ()23 T 3500 e (1T I B # THDH R~ m— 2R
I T RAVENERL TV v eRad v iko O-H MfFESICIIWINE — 7B I
HBPHA DA~ RLb)ZIUNT 2400-3500 cm™ AHUTIZ /LR F3 /L HD-COOH BN &
BN E — 27 B H5 72, TC-HBPHA(C) Tl ZOE — 7 2MEIETH AL Tz, ZhudfkhorRo
FUHIIAV T U FETHD HBPHA NEHRL TWATZDIH R LTIZEE 255, S5 TC-HBPHA
DANRZINZBNT 1700 em™ FHITIZALNDE —21%, TC4 DAZ ML (@IZB1F5 1720
em fHTICHHTAT LD C=0 HFEIREH OV IN AL EASE /R i TEAVDY, LRSI
Foo C=0 MWHFHREENZ Sk 2WINN T 2T /L0 C=0 MFFRENCE D> TWHEE 2D,

INHDOZENE, TC-HBPHA DA FSUSHHEITL TODIEAVRIESND,
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Fig. 3.3.11 FT-IR spectra of (a)TC4, (b)HBPHA and (c)TC-HBPHA
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(a)TC4, (b)HBPHA BL BN AL > TELNZ AR (c)TC-HBPHA @ "H-NMR A
~JMV% Fig. 3.3.12 12”7,

Fig. 3.3.12 £Y(a)TC4 DAXTMUZEBWTEED C-H ([ZH KT 527 F/1(3.5-4.5 ppm)AH
(c)TC-HBPHA THEFRTE7=, (a)TC IZ LBz O-H HkD 7 uiE, RICHFTIZ L/ ~xm— &
BRO C-H OV7F IRy 7R THILTONDIEND, IR LIZNEIMOHBIM DX,
FT-IR DOFERNGE X TAZEHRLIZLDEE Z TS, Tz, Vo TFEANEOT Vo BX
OB UEBRH DT F1(6.3-6.6 ppm, 7.2-8.0 ppm)723(c)TC-HBPHA (ZH R CTX72, &5

Iz, (b)HBPHA DAY MU IBWTATFIVEICH KT 57 F/1(0.95 ppm), 7 /L /LEHD K

WZHRT D7 (1.2-1.8 ppm), BERIZHEE L7 VX V8 {OKFICH KT HT 7 F v
(4.0 ppm), B UEROKFEITH KT DY T (7.0-8.2 ppm)H3(c) TC-HBPHA CTHEFB ST,
F72 HBPHA DAXRTNUZEBWTEALINZT VE BRI RO T VX VD IKED 7 F (1.9
ppm, 2.3-2.9 ppm)7%3(c)TC-HBPHA (2B W TIIT 7R TNAZER ALz, ZDOZEIZEY,
TC-HBPHA D UGEITL TWDZEDNRIRI LD,

AR (c)TC-HBPHA DAXTMNUIZEITHET 7T A0 FT 7, B E., BEimfr etk x
Table 3.3.6 (27”9,

Table 3.3.6 Measured integral Value of each signal in the spectrum of TC-HBPHA.

Signal Chemical shift (ppm) Measured integral value Theoretical number of protons
a, i 3.5-4.5 15.83 18.00
b 4.9-5.6 6.68 8.00
c 6.3-6.6 4.00 4.00

d,e, 1 7.0-8.2 31.45 36.00
f 0.95 11.43 12.00
g 1.2-1.6 20.19 24.00

h. m 1.6-1.9 32.57 24.00
j 7.0 5.94 8.00
k 8.2 4.92 8.00
n 2.2-2.6 18.95 16.00

KL m—Z—5+H

LTWD

TRILT, o FEBANIEDOBHE N 4.0, A7 HOEHEN 4.0 2 18E

Table 3.3.6 £V, 7 T VL E DGR LD LT AN AELC TNVD, Zhud, 7T v
N7 =KL, EHERFEMENG N2 T2720 ThD, 207, JEHRHICEY C, H, O ®
GEEHEL, TOMEPLI A=A FEE L TWD Y T EANEB I ORI 7 U HO %R
Wiz, FTEHRIHT T, C:67.53%, H:6.21%, O: 25.84% THY, ZOMEEY, hb/bo—Az=yhty
CFERANILEA RO EIT 1:3.0:2.1 LRHEINZ,
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Fig. 3.3.12 'H-NMR spectra of (a)TC4, (b)HBPHA and (c)TC-HBPHA.
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TC4, HBPHA 35X O'TC-HBPHA (2 DWW TR BR A1 T o 70, W2 IEBEIIK, =&/ —1
AH J— )L DMF. DMSO. THF, 7®&hry . ZaualR/L A ~FHr JxF )lo—F)L TEr=}
v, Wi =T v ML O 13 T THD, B 20 mg #£0 E0EEIEZ 500 W ANz, H A CEL

G HZ LTI BR AT o7, ZDfE B4 Table 3.3.7 IZR”7,

Table 3.3.7 Solubility of TC4, HBPHA and TC-HBPHA.

Solvent

Samples

H
Q
~

HBPHA

TC-HBPHA

water
ethanol
methanol
DMF
DMSO
THF
acetone
chloroform
hexane
diethyl ether
acetonitrile
ethyl acetate
toluene

x x x x x OO0 0O O0OD> P> x

O0O0Ox0OO0OOOOOO x

OO00O0Ox0OO0O0O OO x x

(O) soluble
(X)) insoluble
() partially soluble

Table 3.3.7 k0. TCA XX ) —)L AX )— X ER A iR . DMF, DMSO. THF., 7thy . 7
DAL AT AR T FOMOBEEEIC I RA TH 72, £7- HBPHA (3K EAFV L LIS OFH

BRI BE ST IR TH -T2,

TC-HBPHA [FFEH IR D @V A AT THY |, il A~F Y AT Th o128, £
LIS O G REAB I RIS AR LT, ZHUT TC4 /KBRS HBPHA (ZE L 7=72 TC4 OB
DMK T L, TC4 DSER DTSR Cho TR ChH T ) — VB LAY ) — /WXL ToE
BNIRIELIRD TCA PARIE CTHHTMMEDIRWA CHHY = F L —T )b TEh=R/L,
FEfE =T VB L OV A RYEIC o T 2B 2 s,
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3.3.2 TC-HBPHA MOH%E4E

TC4 & HBPHA JV-A R L7= TC-HBPHA 7% F\V N CHifEAERIL | 284N (UV)YEIRET I L DR
BALE LRI AT AT MVITE B L OV FT-IR A7 MUWAIEIC LA L,

T Ay T A= —CH I FI/ERU 7B TR L, A =280 nm Bl Ry 27 /SAT (VB —%
LT UV ZIREL, EEOSEI TR AT MV O REE b 2 Terd LTz, WIS L, WO
EDOEALNTIF RO e<Ae D ETHRIF L, FTED RFEFRHFERO s, 55, 10 s, 20 s, 30 s, 60 s,
90's, 120 s, 150 s, 180 s)Z LIZAT ML ZERIE LTz, TC-HBPHA DRI AT AR T ML D
28 (b & Fig. 3.3.13 1" T,

HRE AT TC-HBPHA (2350 T 283 nm (Zch TRVGIN AN BT, ZAUTS v T EA /L HD
RUBVEREZIUCHES T5 C=C fi B BLOINVA =NV EOr AR I H KT BN ThH D,
Fig. 3.3.13 XY, FREFHRFR23EIN9-212-240C 283 nm DRI T2 E0 580N, i
£0. UV B2 ED TC-HBPHA DS DHETTHRIBE LD, SHIZ, RN
DHUT 340 nm DI T HNTIHENL TODZENRFRDBITZ, ZIUT trans FERZEEDS UV B
W2V cis IRI1Z72% trans-cis BMALSIEDELZ > TNDHDEE 2 HD,

0.1
\
\ —0s —S5s
0.08 ¢ 580 nm 10s 20s
o —30s —60s
:é 0.06 - —90s 120 s
2 150s 180's
3
§ 0.04
0.02 r | 340mm
N
0 1 [ s e SN IS [
200 300 400 500 600 700 800
Wavelength (nm)

Fig. 3.3.13 Spectral changes of TC-HBPHA induced by UV irradiation.
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KBr O 2% L TC-HBPHA DX AREATU N, A =280 nm i 7 /S A7 ()L X —Z%iE L
T UV ZBEL, ZOHEED FT-IR AT MLORERZE( AT ~<7-, 3UEHIRIL ., FTE D SRS
FHEEE(0s, 555,908, 180 8)Z LIZANZ ML ARIELTZ, TC-HBPHA @ FT-IR A7 ML DIRF[# 28
{b% Fig. 3.3.14 127”7,

Fig. 3.3.14 0, HR5IRTD TC-HBPHA TH.H7-, trans RO e = hD=C-H i NZ £
#EH)(1305, 1320 cm™). C=C {H#EHREI (1630 cmM)DWLI R UV 2S5 LIc k& LT
W5, 7235, AT /L0 C=0 [H#EHEEN(1730 cm™) W Es 7 R T, 1750 e Iz BliL T
%, C=C {HfEIRENZEI UL DD NIEE THDHZ LG, B LIt B LIS N BB
EZoTWBEEZHILD,

H- H-

—~ —~
_~C=C__ _~C=C__

- Deformation Deformatiorl1_|
1320 cm'? 1305cm’?

Stretching UV Irradiation time

11

11

— 11
Cc=C D
1630 cm'! 11
11

Os

: |:|| ! 5s
: \ IIII 11
90s

180 s

Absorbance

Stretching
1730cm?* -

1800 1700 1600 1500 1400 1300 1200 1100 1000 900

Wavenumber (cm)

Fig. 3.3.14 Changes of the FT-IR spectrum of TC-HBPHA induced by UV irradiation.
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3.3.3 TC-HBPHA BIEDEREZELICLSHREMEHE

TC-HBPHA % IV T v AMEIZ KO IRZERL | (ROCBAMEESIZE, B I KD EIREE O
BIREATV, Ty 7 a—NMEIZIDEEZFRIL | FE-SEM #1243 21T o7, 2N bDHEIEIC
*fL 180°C £TIREA FIF 724, 145°C £TIREA NIF7RRB(UV BN ThReb kb AH 238l
ZSNTZIRED) T UV B4 180 s 17V ROGEAMEBLES | i i o> B #8525 L0 FE-SEM
Bl LRSI E O LB A AT 572,

10 mg/ml DR E T/ uni/L AMIIAfRS 72 TC-HBPHA V&R A 777 AFEMR 12 10 ul i FL.,
F ¥ AMEIZELY TC-HBPHA A AFRIL 72, RIZ6 L, A =280 nm B2 /S A7 ()L 5 —
ZHL T 180°C FTIREZ FIF7-t4., 145°C £TIRAEE FIF7RIET 180 s UV FRE 21T\, 1
PRSI L AR E 2L OB S AT o7, UV I Z1THO20b DL R L, WG BAMETIZ L
DIRE A OBIERE A Z T Fig. 3.3.15(FREHAT). L Fig. 3.3.16(MBH )R,

Fig. 3.3.15 X0, &9 FIRMFCIX=IRND 149°C ETIHFE ML THY, 150-153°C OIRFEFIPH T
FT AV IR DY 2 ) — L U HEED—ER THH IR DMRIEANC RHND Ik o7-, L
IXOZEDORBEDBILES T4, 175-180 °C DI EHIPH CTEIFRIKIT/2D , ZOH IR0 >
oo I, BEIRFFCIE 174 °C ETHEHIRETHY | 173-170 °C OFEFH TR~ T 1 7K s IR A
DR ROND I8 o7, LIXHZEDORBREBIEE ST 1% | 122-120 °C fHE TR fn koM ih
F0 90°C THRERERIT/I2> T, TOREICIT 2T, 5T IR EPH A fE T/ ER
EL T TC-HBPHA TIXEHLE D B2 DHOBRIEL TWDHTI2h LB 2 Hid,

F72, Fig. 3.3.16 LV, HAUEZ OB TIX, H IR IR R A DMBLELS L, FHRRE, IR
75 149°C £TIEAE A THY, 150-153 °C DIREEHIFH TR~ T v 7KDY 2 ) — L A IED —
HCHD I TBREMRAERNZ O DI e o7z, LIEHE OB BIEE S 14 ., 178-185
°C DIRFEFFH CE IR L LTz, RICHIRRFCIE 181°C £TE G KA THY, 180-175°C
DOHFIFH TR~ T A 7RSI A ORI RHND I8 o7, LIZDLZ DR BlEs -
#%. 122-120 °C £ CTHEAALDMAED 90 °C TrRa/2ibimllieo T, TO®%E IR -T2, Z
NI HBABE B LN SNDZ LN ol TS T ANV RO B E 7
DTHY, “BALICE > THIERITITFIEENME 15D T 5B 71BN S /T REZRH
TRHDHTDEE 2 LD,

Fo. T Ay T A= AT oI LI T A D BN B [ LDV o T2 M3 BAE )T TR AR IR BE
(2T D&, AT TR D TEHED R IR | ZOBEPETAY 7 0 H AR FA B Z -
TWAZENEZLND, IREIKIBIZEB T A UV B TIE, S AN B biZi> T
DOELADS ALK RE CAEE T 28, WGBS CII M MBI S NA Z & h | BB DR S
ATAT O A CEBIIRI N TCNDEDEE X HIND, Fio, ARG E ARG % L4 gL
THDHE, JANESR TR DB SN DIREETEIDN DTN R LTz, ZhE TC-HBPHA 23
BB LI=Z SIS X0k S N 2 EE L . KV EIRICE W TH Y TRLM LS <o fzb D& 2
BND, 728, HEUERTB L OHZEEZ OV TIUTEBNTH, bR Z< B TET0 k&
IHRFD 145°C THo7=,
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Heating

100um

30 °C (X 200)

150-153°C
Nematic
Liquid Crysta

v
-

150 °C (X 200)
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Cooling

175 °C (X 200)

173-170°C
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* . 100 um a
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90 °C ( X 200)

Fig. 3.3.15 Polarization microscope images of TC-HBPHA before photocrosslinking.
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Fig. 3.3.16 Polarization microscope images of TC-HBPHA after photocrosslinking.
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3.3.4 TC-HBPHA ZEENDREEE

10 mg/ml DR E CTruri/L AMIIAfRS 72 TC-HBPHA V&R A 777 AFEM 12 10 ul i FL.,
Fr AMEIZEVIZ/ER L 72 TC-HBPBA FREOELERE T, JEZRAEZ N OV T, INEFRRZI 1T 53R
o> A RBLER AT o7, JEARERT, MG I231T D TC-HBPHA 74 /L A% MR LTz EE D | FL
72 HOZEA % Fig. 3.3.17 (-7,

Fig. 3.3.17 £V, YEUGERTIL, RO S0 TIB 2 BERORETHY | s OBl
REETINRELZEZA, RPN ARICELL TV e, 2 IREZ T 7282 ATTOREEIZ R -
720 LONUEZRAE % ORI, IR CTITIEW CTHOPMEEIZLY, OUD AsT=LH7eFEIRIC
2o THRY, R OBIESNIZRE ETIEL Th, IR T ZOEEDORIETH-
2o FRIREZ T THEIT A T, ZHUE UV BBENC LR B = o MO ARG L 246
fEE7a o772 MBI L DRI Z D72 72072 b DEE X DID, — T, UG % LIRS
DEIEINT-ZED, ZOLEBIEREN 2L DO THY, 1+ OENITZIZE R EEHT- %
TWRWEDEE ZHND, 728, T4y 7 a—NCERLL 72 TC-HBPHA OfIZ UV 2 FREL T
ZAEE L Ch, OO ASTZIOZRIEIZIT RG> T2, DU ADINEINIL, DR I
IZEDHbDEE ZBILD,

(a) Before photocrosslinking

25°C 155°C

(liquefied)

25°C 155°C

(not liquefied)

Fig. 3.3.17 Photographs of TC-HBPHA film
(a) before photocrosslinking and (b) after photocrosslinking.
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AR L723.2.6 L[RBRD S CTHAN—TTA BT 4y 72— AT, /ERIL7- TC-HBPHA #
IEOELRIERT. JE2R G2 ) D1 D FE-SEM Bl42321T 72, JEAG AT L UG % DB
% Fig. 3.3.18, Fig. 3.3.19 lIZZF N1,

Fig. 3.3.18, Fig. 3.3.19 1V, JeALERTCITIB O CTH 7o it Zn > Tz, LinL, 446
B OB TITREICER 1 pm BE ORI IROLODSLEL TV, BHITARATH S,
FRIHZ K280 53 7253 - M O GG 0N SR T 72 e 7 I TR 2 B | S L QOB W REMEZ B 2
T3,

S4700-02 2.0kV 13.4mm x5.00k SE(M)

Fig. 3.3.21 FE-SEM observation of TC-HBPHA film before photocrosslinking.

$4700-10 2.0V 12.6mm x5.01k SE(M)

Fig. 3.3.22 FE-SEM observation of TC-HBPHA film after photocrosslinking.
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3.3.5 TC-HBPHA M E\¥i4 ST

TC4, HBPHA, UV RO TC-HBPHA BL U471 (180 ) UV FRETZIT 7250
TC-HBPHA(TC-HBPHA-UV)IZ%fL T, TGA JIEZTo72, TGA JIEICL > THHLAVZIRE L
HEZ{LOBIRE Fig. 3.3.20 12/ L, H i 5% (Z351F 25 fRiR (T )% Table 3.3.8 127”7,

Fig. 3.3.20 L U" Table 3.3.8 LV, TC-HBPHA ™ UV MBE FiZ SULRTIOLD LT 54 1
ERED Ty Lo TS, ZAESUG T e Ty WNEL<IRDIENE ZHNDN, ZDEH724E R
137257003572, TC-HBPHA Tlds v T EANVEDOBEHENZLIUIE mRNWZEIThI %, TGA
ACHAB L 7 UREA DS UV KW FERETRE Lol ATREMENE 2 Hivd,

120
— TC4
HBPHA
100 | osm— === TC-HBPHA
= TC-HBPHA-UV
_ 80 }
g,
E 60 }
(@)
.g
10
20 F
0
0 100 200 300 400 500 600

Temperature [°C]

Fig. 3.3.20 TGA curves of TC4, HBPHA, TC-HBPHA before photocrosslinking
and TC-HBPHA after photocrosslinking.

Table 3.3.8 Decomposition temperature of TC4, HBPHA,
TC-HBPHA before photocrosslinking and TC-HBPHA after photocrosslinking.

Sample T,c1™!
JE— TC4 322°C
HBPHA 247 °C
— TC-HBPHA 346 °C
TC-HBPHA-UV 338 °C

*1T,4, 5% weight loss temperature

3-46



UV HESTRTO TC-HBPHA F5 L Tr 180 s UV Hag#% D TC-HBPHA (ZxFL T, DSC HliEA1T-
2o UV B&EHT0O TC-HBPHA XU UV 5% D TC-HBPHA D% — iR IS LU ~FR T
@ DSC JIEREF% Fig. 3.3.21 3L Fig. 3.3.22 |[T/R T,

Fig. 3.3.21 0, UV BBHFIOT T 7% JChHLEKE —rN T a—RThote, £, RMICHK
85T RONIAREERS ORI T, FRCHMEZREBAD I ADIZ IO — 2 3Bl S e Tz,
ZAUT TC-HBPHA TIXEHLELDIEIE DAREIEL TV, BB OIR L TEEA A TRV e s
BZOND, LU, WO DOE =2 If -1~ T Ay VFER~ T 1 VF-2E TR IR O A
BIAERSNUIREE L0/ URWRE DD BTV, Fig. 3.3.22 X0, UV BBEHE TlIEbice—2
DML L7 oT=b DO | ST RTFERIZ, (RGCBEMEE T o RO RE kX, v —2
WBEES IR oT2, ZHUE TC-HBPHA 23 EAUEL THE LICToOEIE D ZAMED L 4
(2o TebDEB ZBIND, 72721, FHRIEFRIZIIT 5 80-110°C fHiT, IBLN, BRIEEFRICI TS
80-90°C fHTIZBIHENHED tHAVICBIL TR E DA TH D,

g A
S Heating at 10°C/min
E
(o
=
3 Cooling at 10°C/min
3 \
=
o
g
= 60 80 100 120 140 160 180
Temperature [°C]
Fig. 3.3.21 DSC curves of TC-HBPHA before photocrosslinking.
B 4
E \"‘-/\M_\ / Heating at 10°C/min
=
=]
é \_\ / Coolingat 10°C/min
=
2
g
T 60 80 100 120 140 160 180
Temperature [°C]

Fig. 3.3.22 DSC curves of TC-HBPHA after photocrosslinking.
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3.3.6 TC-HBPHA &R Dzt &R E

HTAEM T TC-HBPHA A AFRIL | ISR O TR AUV CBLUK PR BIUK M) 2 2 i 4 T
EIZEVFRA LT,

AMiaRs ARV AT L (PS) well plate, fEA LT H T ATMNZEDEE, PRiFrlLE 2T 70T
ZHM UV BB #Z O TC4 #E, UV BATHTO TC-HBPHA #EI LY UV H4H# D
TC-HBPHA #5125 NT, Fig. 3.3.23 |[ZHfifi A%~ L, Fig. 3.3.24 [CHfAlA T IZH1T 54
R ECOKBO T ETEETRT,

Fig. 3.3.23. Fig. 3.3.24 [ZBW Tl /4 OfEIX PS well plate T 46.0° (£ 0.6° ), AL
EDEEDTTAEMT 57.9° (£ 3.1° ), el LB AAT ST W T AEKMT 147 (£ 1.1° ).
UV %0 TC4 T 46.1° (= 1.5° ), UV FREFRTD TC-HBPHA T 43.0° (£ 2.57 ), UV &
§1#£ > TC-HBPHA T 85.8° (£ 2.7° )Th~7=,

BEA U= T A3 061§ 5 2 LI K0 R A BUKMEIC /20l OEN KRERD LD, 2
FUC KO ARFO R E AT E L QOB DR S TWDLZEN h ol £ UV IS #
® TC-HBPHA TIZMS AT LV R i OB MDA T D, ZhuE, UV BBEICE D Bk i
WRELZ, O RTEMEDS B EY | AT ANZHKPENRE 0| BRI RN B PEZEE F
STAMREMENE 2 HID, EHIZ, UV BE %D TC4 L UV FSH% D TC-HBPHA % LL#Z L THA5
& UV BG4 TC-HBPHA D 53K DB/KMEAHINL TS, ZHUL TC4 IZAY 7 Faa &
ST Z LIV R AR L, BOKPEREINL 72720 &5 2 His,
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100

80

60

40
20
: ]

Polystyrene Cover glass Acid-cleaned UV-irradiated TC-HBPHA UV-irradiated
well plate  as purchased cover glass TC4 before UV ~ TC-HBPHA
irradiation

Contact angle ()

Fig. 3.3.23 Contact angles of the UV irradiated TC4 film and TC-HBPHA films.

Polystyrene well plate Cover glass Acid-cleaned
as purchased cover glass

UV-irradiated TC4 TC-HBPHA before UV-irradiated
UV irradiation TC-HBPHA

Fig. 3.3.24 Photographs of water droplets on the UV-irradiated
TC4 film and TC-HBPHA films.
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3.3.7 TC-HBPHA 5&f&% L - #fa:E & 14 5T

Polystyrene well plate =(PS well), YE{FALEEZAT 572 07 A HoAR (glass) I L OV [EIVEREL 72 3
UV BRE 1% TC4 (TC4-UV), UV JBEFRT TC-HBPHA (TC-HBPHA), UV fR4+#% TC-HBPHA
(TC-HBPHA-UV))% VN CHAHEZERIIAD in vitro FNHEFERER 21T o7,

PR ZEBAMBTIC LM OBIESE R ELC, MlassaE 3 % ObO% Fig. 3.3.25.5 A#%OD
HD% Fig. 3.3.26, 7 HHE DL O % Fig. 3.3.27 12”7,

Fig. 3.3.25 (2B CRllaRs 38 3 % TRV T oslEHI B W Th #8285 LIl 2213 LS
N7ghoTz, Fig. 3.3.26 (2B THRFE 5 A% TlE (b)glass OAIIEEEE E 7L, ()PS well,
(c)TC4-UV . (d)TC-HBPHA ¥ X UY(e)TC-HBPHA-UV TIXIFIE R LU THY ., /2.
(e)TC-HBPHA-UV (23 VTAEERMAE N H 4 B oDV 7L LI e DT RBIC AL L T
V. HDIT N2> THEE L T, 2L, Fig. 3.3.16 IZRABNA LI Rl s 473 H CEERE
LTSS Z DAV OFEAFAIEL , FIOWEBITEAILEH TAEL THDHDEE X HILD,
DX AR Y EIeEE D RR T, M A Itk zb o THREBLIZ - L& 2 b, Fig. 3.3.27
\ZRBUWTHEER 7 H 2 CTld(b)glass LA DFENTIZIZE 100% confluence(FRUEFE % 58 2T HIIE A
BVRKLTODIREE)C 725 TU Tz,

(a)PS well (b)glass (c)TC4-UV

. R g z. i
(d)TC-HBPHA (e)TC-HBPHA-UV

Fig. 3.3.25 Phase contrast microscope images of 3T3 Swiss Albino cells after 3 h
culture on (a)PS well, (b)glass, (c) TC4 after UV irradiation,
(d) TC-HBPHA before UV irradiation, and (¢)TC-HBPHA after UV irradiation.
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(a)PS well (b)glass (c)TC4-UV

(d)TC-HBPHA (e)TC-HBPHA-UV

Fig. 3.3.26 Phase contrast microscope images of 3T3 Swiss Albino cells after 5 d
culture on (a)PS well, (b)glass, (¢) TC4 after UV irradiation,
(d) TC-HBPHA before UV irradiation and (¢)TC-HBPHA after UV irradiation.

(a)PS well

(d))TC-HBPHA (e)TC-HBPHA-UV
Fig. 3.3.27 Phase contrast microscope images of 3T3 Swiss Albino cells after 7 d

culture on (a)PS well, (b)glass, (c) TC4 after UV irradiation,
(d) TC-HBPHA before UV irradiation and (¢)TC-HBPHA after UV irradiation.
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PS well plate FIIOEE ECRIBBES R ATV, MERFHRME VTS M 2ol &
AT o7, TDORER% Fig. 3.3.28 [T~ T, E£/o, #5 LIoMilaD HAEHIN D% Fig. 3.3.29 12
Y,

Fig. 3.3.28 {28V T PS well plate EIS IO~ TOREL L THEFE A EOHINE LB IO
WS TERR STz, TN ENZ LI L THD L, MiflEs 2% 3 RFfE], 1 A 1% TIX PS well plate 355
O RBHI I W TS LIS =32 h o 7228, K538 3 H ., 5 H 1% Tl glass D5 M %A
DI 72 PS well plate, TC4-UV 3 LT TC-HBPHA EIXIZIER LT THY
TC-HBPHA-UV L CI3#E FHEMIAEN 2 <o o7, 28548 7 H 1% TiX glass AAADOFERN
I FERICMEIZ /25> TNz, ZAUT glass PIAAOFEFCHREFEANZIE 100% confluence (2725 TV 5
DL E 25,

Fig. 3.3.29 ({2 W CHEMIARIZBIL T3 MMIc IS T 1ZEA GRS Ve ~Tz, 2D E
O FREHT IR FEE D T2 eV RIE S LD,
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50 | EPSwell :
mglass 'JL|
40 F— mTC4-UV : i|
ETC-HBPHA I

[

pTC-HBPHA-UV

Count of 3T3 Swiss Albino cellson
the samples (x 10%cells/ ml)
w
o

3h 1d 3d 5d 7d
Cultivation time

*p<0.05

Fig. 3.3.28 Cell proliferation determined by counting of live cells adhered on
PS well, glass, UV-irradiated TC4, TC-HBPHA before UV irradiation, and
UV-irradiateed TC-HBPHA.

mPS well

!

mglass
TC4-UV
mTC-HBPHA

!

mTC-HBPHA-UV

[E

Count of 3T3 Swiss Albino cells on
the samples (x 104 cells / ml)

0 .1
3h 1d 3d 5d 7d
Cultivation time

Fig. 3.3.29 Cell proliferation determined by counting of dead cells on PS well,
glass, UV-irradiated TC4, TC-HBPHA before UV irradiation, and
UV-irradiated TC-HBPHA.
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PS well plate F3BIOEEE ECITo7-MilaatRizis i s MTT sBRO#s 5% Fig. 3.3.30 12
Y,

Fig. 3.3.30 {23V T PS well plate 3N TORE} T HEOHMEEH IO HEFH
IFERRS IV, M ERGH AR LM 25 E & R M A 55 2% 3 e, 1 A £ TIx PS well plate
BILOERBHT B TS LIS 22132~ 72728, K538 3 B, 5 H £ Tl glass O35
BRIz 72< PS well plate, TC4-UV B LY TC-HBPHA [ZIZIERLT THY .
TC-HBPHA-UV T3 T B85 MM L Tz, 5538 7 B 1% Tl glass LIS ORELNEIE
[RICAEZ 72> CU Nz, AU RTIR O MR EH E L[FAE T, glass DAAAO B CHEMEZNZIE 100%
confluence 272> TV THHEE 2 D,

ZNHOFERIVEFEHC IR FEE T 72<, TC4 BL T TC-HBPHA [/ L Cili &3
boLEZLND,

1.2
mPS well
€09 | mglass
= TC4-UV
Lo
T BETC-HBPHA
© 06 F—
c mTC-HBPHA-UV
8
2
fg 0.3
0

3h 1d 3d 5d 7d
Cultivation time

% p <0.05

Fig. 3.3.30 Cell proliferation measured by MTT test on PS well, glass,
UV-irradiated TC4, TC-HBPHA before UV irradiation and UV-irradiated TC-HBPHA.
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3.4 #EH

AWFFETIE, B e— ARV RBI )N 4-(4-~F VAo XU ANV N T 2/
X -6-A4 XV ~F Y UEE(HBPHA) Z Z N LIS EDHIE T, AV ke v EANVIEE R
FTHN AT —AFER AR, AR LU, T ORI L, @ CBEMEE S LD s D
BIERB IO UV HOBENZ LD T )V DEFEDZALIZ OV TR, SBISHIE A MO &
OSHR B DB LA 1T 7,

FH 1 EEFRRIC TC4 &K L7, KIZHBPHA ORETE{ALLTHBA BLOtREF /2%
&L HPHB Z A LT=, FT-IR 310N 'H-NMR JIE S L0 &t 217~ 7=, D% HPHB 5
LOT VU Y R & S L HBPHA 24 R L7-, FT-IR, 'H-NMR, “C-NMR X0} 2D-NMR
HE N LRSI AT 24T~ 72, T DOFE T HBPHA D& AR LT, £ LT TC4 3L HBPHA %
&L TC-HBPHA Z &K L7-, FT-IR 3L '"H-NMR I EC LR EMRAT 21T~ 7, Z O R
TC-HBPHA DA AMERL ., BEHAE IR N — R 2 AR A7 HET 1:3.0:2.1 &72
Stz Fio, BVIHTEL T TGA 5L UV DSC 217-o72,

TC-HBPHA %7 vuads/L MRS E TR USRI T, Ty 7 a—T 4 o T 2TV R
FIERBE A ERILU 7=, ZOEBICHTERE UV BREEITO, SR AT IR MV HIE KO
IWANRT MV DR AL AR LT, WA MV ORFIZAAETIE 283 nm (2 FRV WX A3 7
BAL, UV IRE R OB N E L (TS EE AN LTz, F72. 340 nm OURILOBEINAE TREES AL,
trans FEFZ 7N UV BRENZEIY cis IRIZ725 trans-cis BV ISHEEZ > TWNDIEN D oT2, S
HIZ, UV BBEITED FT-IR ATV OZAbE A LTz, 2KV EMEA LRSS g L Ok — &1tk
BN EITEZI o TWAZENGh o7,

TC-HBPHA %2 muds/L M S TR UBHE IR 2 T T AR R IZF v AMEIC LD
IRz T-, RGBSR Z2IZ 1D UV BRI O AT 72824, UV RERT, UV B
% EBITEB T HO7RIR AR R A L 3R ST,

AR RSB 2, TC4 BL O TC-HBPHA %7 2 i)V A YRR SE 30 E FVWCL 7
AT AT A TNZTO I R—=TTFA FIZT 73—k, 180 s [ UV B 21TV WA /ERIL
72 PS well plate b, #/X—HF72LBLOVERIL7- UV IBE#% D TC4, UV FESTRTO TC-HBPHA
BELONUV BH%D TC-HBPHA DA VTl 25l fu oo Ml s sl ekl 21 7o 7o, ARl
01T, 535 5 B O UV B D TC-HBPHA | CREHESEMMAR ML o 77 )L LT L0 (i
LIcTBlleo Tz, 2R S 1 23 B CEEL CODEIRE 2 DR DOREIRAFIEL, FEIT
FZEAG I ZJE LR CAL TRY , R E /G LM itz > THELIZ-HEE 2 T
5o Tz, MERFHREAR A AW EGR E . MTT BRI EVA I O BEFE D fEsR C& e, N —H
TA L CIEEE MR E A D72  PS well plate |, UV FE# 0 TC4 L UV BEHHITO
TC-HBPHA D[ ECIHIFIZFCAEIZARY, UV IRE% O TC-HBPHA Tl 37 CHfa$k 31
ML Tz, FEHIRIXIEE A E B IR0 o 72720 & 3N ML #5113 72< . TC-HBPHA
IR L ClE S PEDHHZ LD 3> T,
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41 #E

AR MR e 2R 11 O W MERIE O WFZEAM T 4L TH Y | SES MMM B & U Tl B2 e f 8
S BB DRI MBI E B SN T0B, WL, 2oLk Blo sl &M Bl TiE
EAEBFRSI TN B 3 B\ T, R IBH GRS S A A B ot T e L TR
KHK THLN ~a— 22 b LI KR EZ A T DR EM B A ERIL | HIfuRs B A T o7k
A MIE G EA R LT, Eo, TORIREIZRICIBWT, AV o B CERIRICKD, v 7m
IRBEIR T AV B @ OB JE TR L E DO RRIRZ BT 2 Lo I A2 5 L, S5 Ao 2
EWGyinoTe, B 3 ETAMULIEAY T B A ICBUSIER e — ZGFERIL, FL/ e — Dk
FEdes TR B EA R - DT DL AN S KR E AR - DT DA 7
ENRBRDAEICRDIOBHL 2D Thole, B 4 ECIIONEERE AT T EAN A%
AT HEFE RS TOLR B — AL GSE DI ETED  ZNODFFET HALE 35 L OME
ZRI A IDNTERE T HIEE B 272, Z2 T, RETIX, Moo —RBUSHED AV 7 H
THD 8-(4-( T ETANTFIN)-11-ET 2= )b A V)T F T -8-FF VA 7 X2 (CBOA) % X
JEEE T LN T —ZFHER(T-CBOA) &2 A % L 72, CBOA DHIBKTH D 4-(2 A/ AFY)
B 2= )b-4' A W(CB)D A R 2% Scheme 4.1.1 12, CBOA OA K% Scheme 4.1.2
|7, T-CBOA DAk ER% Scheme 4.1.3 17757, T-CBOA OEIEIZ %L . {5 Y HAESI17 L5
R MEDBIE B L O UV D REHZE D7 4V DD ZEAGIT DUV T SHISH B A D
FEATT 3 KOS Ia R B OB AT o7,

o)
Cl
Cinnamoyl chloride 4, 4'-Biphenyldiol

O
4-(Cinnamoyloxy)biphenyl-4'-ol (CB)

Scheme 4.1.1 Synthesis of CB synthesized from cinnamoyl chloride
and 4, 4'-biphenyldiol.
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Q_\_{OH " C'ﬁ‘/\/\/\)okCI
CB

O Suberoyl chloride

- @M" OMOH

8-(4'-(Cinnamoyloxy)-1,1'-biphenyl-4-yl)oxy-8-oxooctanoic acid (CBOA)

Scheme 4.1.2  Synthesis of CBOA synthesized from CB and suberoyl chioride.

HO OH
HOOT0, HO 5/ -0k
HO OH +
OH O

Trehalose ) DCe
Q_RO . . O\H/V\AJ\OH TEA, DMAP
(6] (0]
CBOA
RO OR
RO>-0, RO7G /08
RO OR
OR O
R=—-H or ] o
MO . . O>—\_©
_________ O T
T-CBOA

Scheme 4.1.3  Structure of T-CBOA synthesized from trehalose and CBOA.
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4.2 EE

421 ABRRICALHE

T-CBOA DAV GRIEEL T, R 2R (Fw:166.6, m.p. 36 °C)IZH bk T.2
(KR). 4, 4-E7 2= /LU — L (Fw: 186.2, m.p. 283 °C)IZFYEHISE T3 HEK) | AV g/ R
(Fw: 211.1, m.p. 163.0 “ONFHFLAK T BR)LVIEA Lz, F vz — A (Fw:342.30, m.p.
210.5 °C)ITER) BRI LD ERME V=72 & | RBFFE TIEH RO R/~ — 22 NEA S K12
Lzt D% LTZ, T-CBOA O &R AWV RS O EE L NIRRT,

+Cinnamoy]l chloride

Cl

*4, 4'-Biphenyldiol

HO OH

* Suberoyl chloride

Cl
Cl



*Trehalose

HO O\ 4 OH
HO OH
H(H)o&o\\ MOH

H O

T-CBOA DA FRIZAVZHEEH NN -3 7~ L 71 LR P AR (DCC)(Fw:206.3, m.p.
35.0 °C)ix SIGMA-ALDRICH HO#, 0% i L7z, T-CBOA DA k% OFEHIT ., BB (1K)
RO R ERK T R A(NaHCO;) (Fw: 84.0, m.p. 50.0 °C (53i%)) 3 L OB HAL (KR L D T
FRUT L(Fw: 124.0, m.p. 884.0 °C)&A L7, F£7-, AL T, SIGMA-ALDRICH #®
Wik NN-2 AF L)V 57 2R (DMF) (Fw:73.9, m.p. -61.0 °C), BB (RO RN =F )L 73
(TEA) (Fw:101.19, m.p. -115 °C), B bk T2EF)RLD Y AF L7 /¥ VY (DMAP)
(Fw:122.17, m.p. -110 °C), BHALF(#R)BD T B R (Fw:58.1, m.p. -95.0 °C), BEH LT (1) 5
DZ7raaR/L(CHCLs) (Fw 119.38, m.p. -64 °C), B HALF (1K) D NN-V ATF /LR LTIR
(DMF, $5fk). BIHsbZ(R) fooY =F L= —F )L(E,0) (Fw: 74.1, m.p. -116.0 °C), BAHL2
(FRHBLDMAKE VT (Fw:79.1, m.p. -41.6 °C) | BARALZF(HR) LD A% ) — )L (Fw: 32.0, m.p.
97.0 °C). BIHALZER)RID ML= (Fw: 92.1, m.p. -95.0 °C)B L ORI HAL F#)FLDO~FH
(Fw: 86.2, m.p. -95.0 °C)&fE H L 7=,

FT-IR 7 HI3A3E 36 OV NMR I8 F EK RIS L LT Froltlis T3 (k) oD BAL U 2
(KBr) (Fw:119 m.p. 734 °C), B H AL FZ(HR)B DTV AT )L ANV R F T K- dy(DMSO- dy)
(99.9atom%D, 0.03%TMS &4, Fw:84.18) K L OB AL F(#) D/ mrkL i-d (CDCl)
(99.8atom%D, 0.03%TMS & F, Fw:120.39) % L7z,

T-CBOA DOEVIHT, YA I KO ES 28 IO /ERUC | BIBU L7 (-R) O S R (Fw
63.01, m.p. -41.6 °C, concentration : 69~70%). B H AL (1K) B O Fitz(Fw 98.08, m.p. 10 °C,
concentration: 96.0%)%{# H L, ##fi/K (% Direct-Q UV(Millipore #:5) B155105 ., BT
=182 MQ-cm OLOEf L=,



BRHEZEHIIAD in vitro FEFER 21X, RIKEN BRC Cell Bank, Riken, Japan(Cell No.
RCB1642)X0 AF-L7=~o AR L H SR OBRAESEMIIE Tdh D 3T3 Swiss Albino i, Frytfizi
T 28D Dulbecco’s modified Eagle’s medium (D-MEM)EE I, FOSEHMIZE T 30K o
Dulbecco’s phosphate buffered saline (D-PBS(—))33 X OFRYEAIZE T3 (1% ) 8L Penicillin-
Streptomycin solution (10,000 U/ml Penicillin, 10,000 pg/ml Streptomycin)Z-fif L7z, H5HiIZ
Penicillin-Streptomycin solution Z /M2, HAEHIIZ 100 f5AREARDIDITHRHEL T,
Penicillin-Streptomycin solution %12 7255112 J R Scientific, Inc (Lot No. 168904)® fetal
bovine serum (FBS) %A, 15%&722XOIZFHELL 72, 25 %Trypsin-ethylenediaminetetraacetic
acid (EDTA)i GIBCO #4, 3-(4,5-dimethylthiazol-2- yl)-2,5-diphenyltetrazolium bromide(MTT)
VRN T 26K )L, Tripan Blue Stain 0.4% (TB)iZ GIBCO #Db, & H L, F/=. &
NVTAL AL T, TGRS T 2 FR) B> NP-40 Substitute LA 452 FH (FEA A ME SR TS
P %Z D-PBS T 10%&E725 9 FHBLL 7=, 10% NP-40 2/L7 A AR O % Table 4.2.1
(2R,

Table 4.2.1 Composition of Cell lysis.

Normal saline 3.6 ml
NP-40 (polyoxyethylene (9) octylphenyl ether) 400 pl
Total 4 ml




4.2.2 4-(Cinnamoyloxy)biphenyl-4’-ol (CB)®D & Bk

8-(4'-(Cinnamoyloxy)-1,1'-biphenyl-4-yl)oxy-8-oxooctanoic acid (CBOA) ® Rij Bk & & 1L T,
4-(cinnamoyloxy)biphenyl-4'-ol (CB)D & % E1T>7=,

%77, 4, 4-biphenyldiol (7.45 g, 40 mmol)ZFFN LY | /K NN-2AF /LA /L 17 IR (DMF)20
ml FIZER CEMIE T, ZOBKRIC, KISTELLZBOPFREEL TN =F LTI
(TEA)(5.6 ml, 40 mmol), filtif1 T AF /LTI /YT (DMAP)(0.61 g, 5 mmol)Z & 72, S
5IZ cinnamoyl chloride(1.67 g, 10 mmol)ZFF0 LD /K L7z DMF 10 ml FHIZIEfESHE, 2%
FEDOVHRITINA T, EBHE T, HIRT 24 h #BEELI, RICZOWKE S EORMKTIZH FLT,
AR ENT S, AL, BN LB % 72 50 ml (SIEESHE, X512 500 ml O7re
RVLHNT T LT, £D%, Al BIERMEL ., FFEZEO/aud/V MBI 1% fafii
B /K8 T NID KRR SRR THRAEAT, Bl N7 AT — B2 LT, Rt Al
JEEMEL , BN EAZ DMF IS E, YoF Lo—T L hicii F L, i L=, 20,
Al WIEIRAEL | £SO 72 FE R A 2R C 24 h L2 d S A BIRO A R(2.88 g, INLEE:
91%) %157, FFHNIZ AR OV T FT-IR 3L N H-NMR 227 MURIEIZ &> THEEfRATL
TRIRPEBR 2 SOW TR L 72, 28R 5% 7 v —F v —hEL T Fig. 4.2.1 12”7,

e . 4,4'-Biphenyldiol : Cinnamoy] chloride=4:1 (molarratio)
4, 4'-Biphenyldiol | 7.45g(40 mmol)
|
‘ DMF(anhydrous) 20 ml ’ dissolution ‘ CHCl; 500ml
r.t. I

’ dissolution

TEA 5.6 ml (40 mmol) ’ washing ‘ SaturatedNaHCO;

DMAP 0.61 g(5 mmol) I solution

Cinnamoyl chloride } ’ washing ‘ H,0

1.67 g(10 mmol) l
(DMF (anhydrous)10 ml) ’ drying ‘ Na,SO,, I t.

’ stirring r.t. 24h underN, -
] ’ filtration ‘
’ precipitation ‘ H,0 I .
[ ’ evaporation ‘ 30°C
’ filtration ‘ I
| ’ dissolution ‘ DMF 20 ml
’ dissolution ‘ Acetone  50ml |
[ ’ extraction ‘ Et,0 500ml
X2 ’ extraction ‘ CHCI, 500ml I
| ’ filtration ‘
’ filtration ‘ I
| ’ evaporation ‘ 30°C
’ evaporation ‘ 30°C |

‘ ’ vacuum drying ‘ rt. 24h
' Analysis
CB

FT-IR

'"H-NMR

Fig. 4.2.1 Preparation of CB.
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4.2.3 8-(4'-(Cinnamoyloxy)-1,1'-biphenyl-4-yl)oxy-8-oxooctanoic acid (CBOA)MD & Ak

422 THDHILTZ CB & suberoyl chloride &% F\ T 8-(4'-(cinnamoyloxy)-1,1'-biphenyl-4-yl)oxy-
8-oxooctanoic acid (CBOA)D A K ETIT 7=,

F9°. CB(0.61 g, 1.93 mmol)ZFEN L0, ik DMF3 ml, li/KEV L 2 ml HHIZ SRR CIAfiES
7=, ZZIZ suberoyl chloride(1.85 g, 7.72 mmol)ZFE0N £V | ik DMF10 ml FFIZIAfRSE . £h
ZHEOEWRICH FL, BF T, =R T 15 h L, IICZO@IREZ EOMAKTIZRH LT,
AR AT S, D BEL . B L7 UEEY) 2 S 512 DMF20 ml HHZEEAES . 500 ml O
KT L7 B0 BEL . SRIET 24 h B2ERIR LT, Wi TR hASHBESHE A%/
—/LTHEH L 3 Do BEA ATV LB IS IR AT E IR LT, SHIZZ B&O7mad/ L AL,
BN ERIER KR T RID LIRS IR SRR TR EAT O, il R D LT Bz LT, W%, 5
W PR SO ER % 2R T 24 h B2 RS AAREIROARMY(0.60 g, I
65%)Z G T2, DN AEEIC OV T FTIR, 'H-NMR A7 MUHIEIC L - THEEMRIT L, I8
FRMERRBR IOV TR L 7o, R GEE 7 n—F v —hEL T Fig. 422 1017”7,

CB : Suberoyl Chloride=1 : 4 (molar ratio)

CB 0.61 g(1.93 mmol)
1
| DMF (anhydrous) 3 ml extraction MeOH 500 ml
dissolution Pyridine (anhydrous) 2 ml [
r.t. . .
centrifugation 3500 rpm 3 min
Suberoyl Chloride |
1.85 g(7.72 mmol) ] .
(DMF (anhydrous)10ml) evaporation 45°C
|
stlrrlng r.t., 15h,under N, dissolution CHCL, 500ml
| |
precipitation H,0 washing Saturated NaHCO,
[ | solution
centrifugation | 3500rpm 3min washing H,0
| |
dissolution DMF 20ml drying Na,SO,,r.t.
| |
washing H,0 filtration
[ |
centrifugation | 3500rpm 3 min evaporation 30°C
| |
vacuumdrying | rt.24h vacuumdrying | rt,24h | Analysis
| v FT-IR
dispersion Acetone 20 ml CBOA 'H-NMR
I

Fig. 4.2.2 Preparation of CBOA.
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424 T-CBOA MDA

4.2.3 THFHAL72 CBOA & trehalose % I C T-CBOA DA kAT -7,

F7°. trehalose (0.04 g, 0.12 mmo)ZFFD LD | lizk DMF1.3 ml H1IZ 60°C CTERESHE T, K&
THELLEEO P FIRRIKLEL TR =T LT I(TEA)(5.6 ml, 40 mmol), filkifEE L COAF LTI /B
U (DMAP)(0.61 g, 5 mmol), Bi/K#fEA7IELTDCC(1.20 g, 5.83 mmol)ZFF0 LD Ziha st
DIITINZ T, ZFR T 60°C T 72 h FEFPLIC, IRICTOWK A D BEL | IR LISl i
FEDRIDOD 55D 1 FE /2D ETRITIRAE LTt 2 BOMAKPITH FL T, ERpEIT TS
B, T AT BTV, 40°C, 24 h FUZERE LTS, HURE . 7R 20 ml T
IR TR A A% 7 — /L 100 ml HFHUZINZ L7t 300 BEL . R A2 ERAE L €L
40°C, 24 h BLZE# M LT, T Dk, D BEDAX )— /LT 6 [RIPEE L, £S5 72 K%, 80°C T48h
BZ2R S HAEIROAERY(0.01 g, IR 4%) 21570, SOV AR OV T FT-IR 8
F OV H-NMR (2L THEERERT L, TEfRPERBR ATV BT E L C TGA, DSC &1To7, KR
FHikxmT7u—F v —hE LT Fig. 423 IR 7,

Trehalose : CBOA=1 :8 (molar ratio)
|

[ Trehalose J 0.04 g(0.12 mmol)
I

. . DMF (anhydrous) 1.3 ml vacuum drying 40°C,24h
dissolution 0
60°C I
DCC 0.21 g(1.18 mmol) dispersion Acetone 20 ml
TEA 0.6 ml (4.3 mmol) [
DMAP 0.03 g(0.12 mmol) extraction MeOH 100 ml
I
CBOA oat '
‘ 0.48 g(0.98 mmol) centrifugation | 2500rpm 5min
(DMF (anhydrous)10ml) I
evaporation 45°C
stirring 60°C, 72 h, under N, ]
] vacuum drying | 40°C,24h
centrifugation 2500 rpm 5 min I
| : 0 precipitation MeOH 1 ml
evaporation 75°C :
_ '. : X6 centrifugation 2500 rpm 5 min
precipitation H,0 ]
: | . ‘ decantation Analysis
centrifugation 2500 rpm 5 min ]
I - FT-IR
. vacuumdrying | 40°C,24h
decantation 7 TH-NMR
l ( TGA
T-CBOA DSC
=

Fig. 4.2.3 Preparation of T-CBOA.



425 T-CBOA MDHZEHE

T-CBOA |2 UV JtZMRE LTZ L& DRI AT ML OREZLORIEICLD, St Bk OFHE
EITol=, £ WILAT ML OB ZETlE T-CBOA 0.040 g % 4.0 ml D7 aris /L LA R
ST REHA IR GRUEHRE 10 mg / m)Z S | A 9876 cm X 1.5 em X 2 mm) FIZ 10 pl i FL,
MR 72,

WEVERIE UV BREPEERE Spot Cure SP-7(7 3 A BT Z W TERAMDEIRES 21T 72,
UV BREEE 23— RS = NI A R ARZRO T THY | B — R 2=y A T A
ROYE7 12 em OALEIIA =280 nm B 7 /S AT (LA —(1.<280 nm &1 ) (/—TR
TS (BRR)ERREL . 17 em OALE A gtk B ERU 72 A R & LTz, UV OO RS iR
12 100% (60.6 mW/em®)EL7-, BRI A SR D T E IS D BT E L TODT= A5 LT
W 2Ry N L — MEEE S 190°C ETMEAL , SRAMERRET 51T o7, ZOIREITIFATL
TAT TR IEBAMEE B ST 0 e b BRI IR A D O IVTIREE T D, UV 2T EREF RS L7
% | AT E L TERAN AT A Y VI E KD AT L DIRE [ 28 A E LT,

Fiz, TV EHIRINT IR IR Affinity-1S (iR EATHESRD A IV C KBr #:1250
FT-IR WX AT MV OB LB E L=, T-CBOA 0.040 g % 2.0 ml D7 arzi/L AR RS
H7oRENARGUEHR E 20 mg / m)ZFRTL | 7'V AR L7 KBr OEIZ 10 pl il FL, #g
. ARG CHrERE UV B2 TOHIEZTT -7,
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426 HREERSEOER

HIAFEREL T, ¢15 mm I/ 3—HFANo.1 IR TEER) 2 H T T-CBOA ®
A ERLL 7=, T-CBOA 0.040 g % 2 ml 2 mm7R /L A IVE MRS 7= SUBHE IR GRBHIE E 20 mg
/ml)ZFRL . A3 em X2 em X 5 mm)Z IR 7=,

T T AT R RRE LR E T DM-90(KAE TEWR)RHIZ T2 A UV LBRL7-% | fillE:
HieER MK DIRFELAY 1:3:6 12725 ISR LR AIRIRIC 1 AIRIES T 52 TR Mm%
1T, K TTTOTERSET, O RICT 4y T a—2—(TAT (B Z AT, BT HE 1
mm /s, iR{ERFHE 1 min, EAOEE 0.5 mm /s, SRR 1 h ORETHIAEMR Bz v bz
VERILT=, T4y 72— M% Fig. 4.2.4 1R T, TD% UV BBE(L=280 nm)&1T\ A (E
BT, BRI =T LA F AR T A EOG) () AT VT v 7 #AREIC CIRE Z 1T 72,
UV BBE L T — B = NI AT AR D S5 12 em OALEIZA =280 nm Z i
TIRART AN —FZRE L, 17 em DALEIZT 4y T 23— A To T2 T AR Z R E LT-, UV O
FRE IR 1T 100% (60.6 mW / ecm®) &L7-, UV JEI3E5 3 ZoaklE RIAE ORI (180 s)FRESL .
HRGS IR DR BE | R BRI TR b AE 23 e b LB 3172 190°C TIT o7,

VERLU 723 I 33 11 D 43 AT & U CHERA I E A T o 72, ARFEBRO ML RE I V=
JVOFESE% Table 422 (2R, F@REAFRLIZBEOFIAZ 72 —F +—Re LT Fig. 4.2.5 12
Y,

Drying for
l1h

Immersion speed Rising speed
Imm/s 0.5mm/s

Immersion time
1 min

Fig. 4.2.4 Condition of dip coating.

Table 4.2.2 Sample for cell culture.

Sample Description
PS well Polystyrene culture plate used as purchased
glass UV-treated and acid-washed glass coverslip
T-CBOA-UV UV-irradiated T-CBOA coated on washed glass coverslip
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~

-

Glass coverslip l
(¢ 15 mm, circular)
. J . . .
UV irradiation
UV treatment 48h i
EOG sterilization
HNO,: H,S0,: H,0
immersion® =1:3:6
24h | Film(T-CBOA-UV) ]
washing H,0
; . il 1
drying 60°C 24h : Condition of dip coating !
| Immersionspeed : 1 mm/s
Immersion time : 1 min
. . Sample: T-CBOA P
dip coating 20 mg/ml (CHCl,) | R1s1pgspeed : 0.5mm/s
I Dryingfor : 1h
1
___________________ ]

Condition of UV 1rradiation
Irradiation intensity : 100% (60.6 mW /cm?)
Irradiation time : 180s

Irradiation distance : 17 cm (Lens- Filter=12 cm,
Filter - Samples=5cm)
Filter : A=280nm longpass filter

|
|
|
|
I Irradiation temperature : 190°C
I
|
|
|

Fig. 4.2.5 Preparation of UV-irradiated T-CBOA thin films for cell culture.
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4.2.7 $RHESFHIAED in vitro MAEEHER
(1) AfaEEE

FRRE T~ 7 ARG H SRARAESE A 3T3 Swiss Albino M FAV =, sBRIC L EE A%k
(2725 FE TP 10 em dish ZF|H L, D-MEM {Z 15%FBS & 1% Penicillin / Streptomycin &% /12 72
SR A AR L L, 37°C 5%CO, F5PS T THEE AT 572, ¢ 10 cm dish THFES W7 HHE
MR % Fig. 4.2.6 (1”7,

60-70% Confluence (il & HEFHSHC, FIRE/RE LI T > TORWIREE)IZ /2572 3T3
Swiss Albino &~ =72 2/(0.25%trypsin+EDTA)NZ X VFHIEEL | 24 well plate(TrueLine ) DFF
L7270 BIZ 3X10° cells/ml #5FEL 7=, #5783 e[, 1, 3. 5. 7 BRRICHINRRBRZ 1T
oo MMOHEFE 1T, BISTEEMEE Axio Vert. Al(—/L Y 7 A A=A 72z’ —#k) )& VT
BEL,

Fig. 4.2.6 3T3 Swiss Albino cells (¢ 10 cm dish)

(2) HINEIRTE 35 K OKIIAH L O FT AT

ARSI E T BRFH AR LD MR AR E | MRS ORI X MTT #RA vz, (i
BREMELR I LA MR & TlE, N S T e — a3 A WA Z LT L0 A M Tl 03 i
A F i L7 s SERIIR I T e S D Z AR L CL iR o A SE MR A I E 922 &3 T
=5,

R OFEHT 250 pl ORI 7Y &% 37°C, 5%C0, FPHR T C 3 o BEE 52Tl
ARG KO AR A FIBEL | 8 FE 2K 3 A i3~ 5728012 250wl FEARRFHIA N Z FfnLTz,
ZD#, 500 pl IS T —% Nz SEMRRA YL L IEREHRAR SO FH ZEBE S A VTR
FEMMR A A R LT,
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MTT BRI, 77V O —FETiHD MTT (LW AERIILOI = RU T o R 8447
ALYl MRtB7ehila &2 1E 35515 ThD, MTT IZIhar RUT NI ET DR
[CEDIETTEN, RO T D, FTER % OFEHT 300 ul @ 1.0 mg / ml MTT &A%, 37
°C. 5%CO, PR T T 90 43 FEFHE L7214 . 300 pl AIRIARRIKZ N2 Ml 2 ISR UT-, TR
THLIVZIENEZ 300 ul 372 96 well plate(TrueLine #) 2L, v~ 7a 7L —R)—4— iMark
(AF TR TRIN)—X(#R)E)Z TR 570 nm CTHOEEARIE L=,

GRIEHIE
BEFIET tREERITO 'O 8 1 BEORRUHE- TREHIT 21T 572,

4-13



428 ZEE

7 =) BRI (FT-IR) A7 b LI E

7 — VBB HAARAN o e YEEE FE FTIR - 8400S (FiE B ET 41 HL) I L OVIR Affinity-1S(SE A E
AT 8L 2 T FT-IR 24T -7, & iUk 2 KBr 88/4174 T, IE#iPH 4000-400 cm™ |, FEH[A]
$% 50 [AICHIE L,

BRI ("H-NMR) A~ LI E

FERS A LB B AVA00(Bruker £184)% IV T "H-NMR I E£1T -7, 708 20 mg 24 #
IKFEACIEBE(DMSO-dg. 7010781 2a-d)500-550 pl (ZERMESE, NMR FHE 1B L, BRI
32 [AICHIELTZ,

BV &3 HT(TGA)
ENEE B TSR TGA-S0(E RIS A VT TGA MIEE1T -7, WESRMFELLT
W7,

SR T 10 °C /min
1 5 i - r.t.(25+5°C)~500°C

7 V3 (Mac Science £E8) |2 B AAFENE 3~5 mg OFEIFHN TR ED | 2R 5B I THI
LTz SRR EE (Tl ZRUB OB DS 5 wt%liD LIzEEDIREEE LTz, Fio, HEEZ OWE
I%, 7 /L3732 (Mac Science fE#Y)IZ BERFEE 3~5 mg OHEIFAN TRV ED, Z7aad/L A 10 pl
CHfRSE BB T L AL L, R O UV RS =280 nm)% 2.2.5 LRIBEDO ST,
ERFHKPICTEEZEZRNE L,

TR EEHT(DSC)
TR ENE T E Pyris 1(Perkin Elmer £H8)% FVC DSC IEZ1T -7, HIESH%
PLFIORT,

N1 . i P -« B IR T
%A SR -10°C~230°C 10°C/min
%2 R 3 min.{RFF 230°C
%3 31 230°C ~-10°C 10°C/min
%4 3 min.{RFF -10°C
5 mEE Sl -10°C~230°C 10°C/min
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A2 T LR 8 (Perkin Elmer £18)(2 5~10 mg O#IFAN TR D TAIDE T —
NT=bOERIEREE Uz, W Hl =y MZIT cryofill Zfli L, R FHK I THIEL,
Fo HBEBHOWE L, 7137 (Perkin Elmer £H3)IZFE (4302 3~5 mg O#iFA N CTFEY
LY randov s 10 pl ISHEESE, 9L, BRI O UV S (0.=280 nm)% 2.2.5 LREED S
HETITV, ERFHATICTHEREL(LEHIEL,

SO AT AT MV E
RO AT LR V-650( H A5y i) 2 i CER A AT (U V-Vis LA ML E
BT ol WESHEZLLTITRT,
HPYEE—F Abs

e i pH 800 - 200 nm
L AR A Medium
AV L 5.0 nm
AL 400 nm / min
W IA R 1.0 nm
LRI 1

fROCER BB 5

RIS OLYMPUS BXS50(OLYMPUS f4d) 35 L UDEJE OLYMPUS TH3(OLYMPUS ft:
Bl % I TR BRI BB A 1T o 7o, BLEME 31T 200 %, =IR(Q25E5 °C)h D 200 °C DR E
HiPA CEAA =2V P TR FHDBIZE 21T o T2,

- FE SR 2 A - BRI B 22 (FE-SEM)

B A A T RS S-4700 Type 1( B SERUEFTHERYE AW CRR RS EAE
BRTMEEBLE AT o T, B Y 7 E U TROGEIMEEBIZE TRV o T2 LT,
VI NEEEN T — R T —7C SEM B BB ICEE L BIELATIZ E-1030 A4 A3y
A —( A SLBUERT D Z W TEAYX G 30 s 707, MIESRMFEZLL FITRT,

N BT 2kV
T 500 1%

- Fafid A ) 1D
Pefil A5t SImage02V((BR) = o~ 418 & F O CRE A I B 24T 72, 74V DTHBHKE
—i# (5 p)IES L, PC HH{EMENTIZIDFHAI 7 T ATAN 02 1EX 0Bl 20 E L=,

4-15



43 HBRELVEE

4.3.1 FT-IR BLU H-NMR ZRRZMLBITE 2 &k D& E T

SRR BLIN4, 48T 2= LA — VAW T, CB 28 ALz,

Fig. 4.3.1 (C(QFE&ZEEZ IR, (b) 4, 4-E 7 2=V F — L BIORZNOLD FRIZ L > THELIL
T=A R (C)CB @ FT-IR AU ML Z 7R,

Fig. 4.3.1 1V CB D AZML(C)ITFUNT 1700 ecm™ 3T I b A — 2713 27 /LD C=0
AEIRENZ SR AIL T D, 51, 1640 cm™ (i D — 23 kE ik~ => b C=C fiiff
BN HRL ., 1440-1500 cm ™ L D — 213X U B O C-CifEiREN kT 5L E 2 50
%, 1160 cm (iF DY — 7 [ZT AT LD C-O HFHEEN kT 5LE 2 b5,

F7-. Scheme 4.1.1 OISR EVISHIGE DL G I B 58,4, 487 ==L — )b
DeRBEFIENZEL TS, Fig. 44.1 SV 4, 487 2= LT F— )LD AT ML (ONZIEWNT
3400 cm™ fFITICEHE AL R E- Hod O-H fERENC LA I e — 27 28 b7z, CB(c) Tz
DOE—I RN T e, ZAUI R FOeRads v B T EBAVENELRL TOAT20 L
LB 265,

INHDOTEND, CB DA RIS DHEITL CWNAIENRIBESND,

—_—— =
e g |

(@)
>
S
5
3
g (b)
|_

|

|

|

|

|

|

b "‘mmww- )

I |
| I |

|

|

I —OH Cc=0 I
I 3400 cmt 1700 cmrt 1
| [ -
3700 3200 2700 2200 1700 1200 700

Wavenumber (cm1)

Fig. 4.3.1 FT-IR spectra of (a) cinnamoy! chloride, (b) 4, 4-biphenyldiol and (c)CB.
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(QFEREZBUR | (b)4, 4-E 7 == I F — L BLOZNOD G L > TES LR
(c)CB @ 'H-NMR A~2ZNVL% Fig. 43.2 \TR T,

Fig. 43.2 XV(@FEKEEZaIRDAXTNUZBWTT V7O C=C ([ZHKTDHV 7T
(6.3-6.6 ppm)»3(c)CB TUZ7hLTWAIEN DD, FT2(b) 4, 4B T 2= )L U — /)LD AT
JAZBW TR BB RO T 7 1(6.8 ppm, 7.4 ppm)23(c)CB [ZHHERESAL, -OH (ZHI3K§
L7 F (9.4 ppm)A3(c)CB IZBW T 7L T, ZOZEIZEY, CB DA RIS EITL T
WHZEDRBEIND,

AR (C)CB DARIIMUCEBITEK L7 F LD 78, B, FlER1ET1E L% Table
43.1 \TRT,

Table 4.3.1 Measured integral value of each signal in the spectrum of CB.

Signal Chemical shift (ppm) Measured integral value Theoretical number of protons
a, e 7.8-8.0 3.17 3.00
b 7.5 5.16 5.00
c, g 6.8-7.0 3.04 3.00
d 7.3 1.99 2.00
f 7.6 2.05 2.00
9.6 1.00 1.00

Table 4.3.1 £V, 7 F ARG EEZOEGRAGAIELENIZE B L TQONDIEN DN D, LT2h3 >
T.ZNHDOHERLY CB D& B LT,
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b b /c
b b b

a | Cc
(a) lﬂ “
, _.JJ .Jk_ | - %
a b b a Solvent: DMSO-dg
o~
HO OH
a b b a
C b a e
(b) { | l |
—b_ X - .. . Solvent: DMSO-d
R~
sy
b b c o d e f 8
b
C,g
fid
a, e
h
©| JL,MJW ‘

Solvent: DMSO-dg

Fig. 4.3.2 'H-NMR spectra of (a) cinnamoyl chloride, (b) 4, 4'-biphenyldiol and (c)CB.



WIZ, CB BILUIARY 7 aI R % VT CBOA 2 A L7=,

Fig. 4.3.3(2(a)CB. (b)A V7l REBLOZNOD KGR L > TESHILT- /) (c)CBOA
D FT-IR A7 MLAETRT,

Fig. 4.3.3 L0 CBOA D A7 L(C)IZ33V VT 1700 em™ (312 RHn A —21E CB LAY
f 70V ROFEGIZEVESENAT AT LD C=0 MHEFIRENCH KT WU THS, IHIT, 2960
em (LD =21 Z AN 0RO AF L LD C-H MfFRENCH R T Db D EE XL
o,

F72. Scheme 4.1.2 ORISR IY RISHIE OILFAEIEIZE H T 58, CB DRk 0321 b
LTV %, Fig. 4.3.3 10 CB D AZM ()30 T 3500 em™ (T |2 B35 7 R e s Jiod O-H
HERENC LA — 73 Bbh7-, CBOA(C) TIXZ DB — 23l LTV =, ZhiE CB Dt
R R AR U7 U R NEHAL CODT-0OTE R LT=EE 25D, CBOA DATEL(C)
(233 T 2400-3400 cm™ fFITIC RONAE =21, AV RZ 0 R 25 A L, R LB T %
5-OH (B & > T-Z LT D HVR BRI ST BN EE 2 55,

INHDZENE, CBOA DA FSUGIEITL TWDIEDRIBI LD,

|
|
|
1 |
> I I
GC) R 1
Z lelm\ﬁr, ; |
o 1 1 1 (b)
e I I I
s I I I
— 1 1 |
| 1 I
1 |
(©)

2400-3400 cm™
C=0

|
|
—COOH |
|
| 1700 cm?

3700 3200 2700 2200 1700 1200 700
Wavenumber (cm-?)

Fig. 4.3.3 FT-IR spectra of (a)CB, (b)suberoyl chloride and (C)CBOA
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(2)CB. (D) AR/ R B LI NED A RICL > TELN A K (c)CBOA @ 'H-NMR
AT MV Fig. 4.3.4 (287,

Fig. 43.4 JV(a)CB DAXTFUIZEBWTRUPUBRICH KT 5227 F/1(6.8-7.0 ppm)7id
(c)CBOA T Z7hLTW=, F7-. (a)CB D7 =/ — MDD O-H IZH kT 522 F/1(9.6 ppm)id
(c)CBOA THKRL Tz, EHIT, (DAY BRIV ROAF L HICH KT —H D7 v
(1.5 ppm, 2.3 ppm)A3(c)CBOA T 7hL T2, ZDOZEIZEY, CBOA DA RIS EITL T
HZENTRBIND,

HP(c)CBOA DANRTMUIEBITHE L7 FIVOALEL 7 b, B E. BisfEEL% Table
432 \RT,

Table 4.3.2 Measured integral value of each signal in the spectrum of CBOA.

Signal Chemical shift (ppm) Measured integral value Theoretical number of protons
a 7.9 1.40 1.00
b 7.4-7.5 4.40 3.00
c 6.9 1.00 1.00
d 7.3 2.35 2.00
e 7.8 2.63 2.00

f,h 7.7 4.52 4.00
g 7.2 2.43 2.00
i 2.6 2.22 2.00
j 1.5 2.16 2.00
k 1.7 2.28 2.00
1 1.3-1.4 4.34 4.00
m 2.2 2.05 2.00

Table 4.3.3 KV, v 7 F NS EEZ OB GRGAIELL N ZE — L QWD EN 3D, LT -
TINHOHER LY CBOA DA REAERD BT,
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d e f 8

b
C, g
fid
a, €
h
(@ | JM .
o Solvent: DMSO-d
c a b
cl Cl C
¢ a
O ° ’ b

(b) - \
Solvent: DMSO-dg

b _h d e f g 0
a 1 .
m
bhc Odefg o)

f,hb

el |dg 1| m .

JulJ 1
© ) RN

pPpm

Solvent: DMSO-d

Fig. 434 'H-NMR spectra of (a)CB, (b)suberoyl chloride and (c)CBOA.
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TR R/ aIR | 4,487 2=V A —/ CB 3L CBOA (2 OW TR RER 21T -7, H
WK, =4 ) — v AX J—)L  DMF, DMSO, THF, 7&hy | Zaadb b ~FH
YVxF)NT—T )b TEM=RNV HERT TV DV D 13 R TH D, B 20 mg FEDED
T 500 pl Mz, B CRIE T 228 TR AT o 7o, 2O % Table 4.3.3 127”7,

Table 4.3.3 Solubility of cinnamoyl chloride, 4, 4'-biphenyldiol, CB and CBOA.

Samples
Solvent - -
Cinnamoyl chloride 4,4'-Biphenyldiol CB CBOA

water X X X X
ethanol O O X O
methanol O O x O
DMF O O O O
DMSO O O O @)
THF O O VAN O
acetone O O O O
chloroform O x O O
hexane O X X X
diethyl ether O x O O
acetonitrile O x O O
ethyl acetate O O O O
toluene O X X X

(O) soluble
(X)) nsoluble
(A) partially soluble

Table 4.3.3 X0, FER R 0V RIZBUKME THDT- D KITIIRNIETH 1208, T OO AR
WX ChoTe, Fio, 44 B 7 2= VA — VX ) —)v A% /—)L DMF, DMSO, THF,
TR BRI VZIE AR THY . EOMOEEIIIARE CTh o7z,

%L, CBIZDMF, DMSO, 7thy, Fiig=F /L BL O aadi/L AL A A THY, THF 12
BT IRIE L . ZDOMDIEBAZIIRNE Th Tz, ZHUT 4, 4-E 7 2= U4 — /L OeRaXx o5k
(Z T RANVIEINERLTZ720 447 2= L0 d— L OEKENE L, 44-E 7 2=y
A= VIR EIEChHoT=TH ) — VB LAY ) — W ZEETIZL D B iR 7 eV RS el A T -
TRBRPE DRV AR Th D7 aad )V A IRIZ -T2t B 25,

F72, CBOA [FARYUBIaYREFEG L, TAXNVEHEBANLTZZEIZED, =& ) — )b A
— VIO THF IZ AR E7e o1 B 2 D,
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BT, 15572 CBOA % VT T-CBOA # & kL=,

Fig. 4.3.5Z(a)FL-/"i2—Z (b)CBOA BLUINOHD KHIZ L~ THOIN AR (c)T-CBOA
? FT-IR A~ MVERT,

Fig. 4.3.5 1V T-CBOA DA ML ()NIIWT 1700 em™ fHUTIZ RONAHE — 2T AT )LD
C=0 [HFEIRENZ R HRINTH S, S5I2, 1640 cm™ T OE — 2713k Rt =y D C=C
fAEIRENC 3L, 1500-1440 cm™ (OB —2 1T B U BD C-C [BfEREICH kT 585
Z 515, 1160 cm™ FHEDOE — 21T 2T L0 C-O HFEIEENCH kT 2L E 2 b5,

F72. Scheme 4.1.3 DOFISALISHIEOLFAEEIE BT 5L, bbrm—2DeRedk
HENZEAL LTV, Fig. 4.3.5 XY, FLm—RD AT ML (@)IZFW T 3400 ecm™ AT E T
HLHMAE—ZDEREF T HO O-H HHFIRENC LW E —2 728 T-CBOA DA IML(c)ZH
WTIBA LTS, F72, CBOA DARZ LIV TRLILTU = 2400-3400 cm™ D7
JVIRF LV EEIZ 3 5H-COOH i iR BN LAWK I e — 2 53 T-CBOA () DWIN E — 271235 T
IFIEH KL QO ZHUIR Nm—RADeRa S LAY 7 FECTihh CBOA DMEHL CDH7-
HEEZ LD,

INHDZENE T-CBOA DA BIEEITL TODIEDRIES D,

e e o o e = ey - -
A I I L
| | [
| | 11 a
| | 1 1 ( )
I I —1 1
2 I I 1l
= [ I 11
-
:; |
= I 1 1 (b)
7]
= I I 1 I
<
| I | | |
} S
= I g1 -CooH I
I | 12400-3400 cm! | Ll
I 3700 I3200 I 2700 I 2200, J_‘1 7')0 1200 7
T -~ I Yl ()
I I W 1 |
I —oH g | I I
I 3600em! 11 _ _ ___ ! Il
1 1 Cc=0 11
I ! 1700em | |
I — e = = - - - I I 1 I_ I\ 1 |
3700 3200 2700 2200 1700 1200 700

Wavenumber (cm)

Fig. 4.3.5 FT-IR spectra of (a)trehalose, (b)CBOA and (c)T-CBOA
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(a)hL/"1—2Z (b)CBOA BL UM OD A I L > THEBIIZ A R(c)T-CBOA @ 'H-NMR
A~ MVE Fig. 4.3.6 (27,

Fig. 4.3.6 £V, (@ "B—ADAXINUZBWTEKEO C-H [ZHKT5H2 7)1 (3.54.5
ppm)A3(c)T-CBOA THER TX7=, SHIZ, (a)hb/ mB—A 2B O-H kD7) /1(5.0-5.5
ppm)iE, V7 TN T B—RLTEHNTNDIENS, HRLEZNEIDOH BB SEITN,
FT-IR OFERPOE X TAZFHRLIZBDEBZ X TND, Flo, VT EANVEDT NV B8R
ORBUBHSRD T 7 ) 1(6.3-6.6 ppm, 7.2-8.0 ppm)7A3(c)T-CBOA |ZH 8 TXTz, DI,
(b)CBOA D ARZILIZBWT, TAFALEHOKFICHKTHT 7T (1.7-2.6 ppm)A
(c)T-CBOA {ZEB W T 7 U THERRE LT, LL, 1.0-2.0 ppm fFiTiZT v 7a~F T LT H
KDL T F NIRRT DTED B EITHERLEN T RNWEE 2 bD, ZhHdED, T-CBOA
DFIRDEITL TWAZEDRIBIND,

AR () T-CBOA D AT MUIZEIT DG 7T IVObEL 7, BoE. Bl FE e %
Table 4.3.4 |Z/R T,

Table 4.3.4 Measured integral value of each signal in the spectrum of T-CBOA.
Signal Chemical shift (ppm) Measured integral value Theoretical number of protons(DS=6.9)

a 4.8-5.5 11.94 12.00
b 3.4-3.9 1.30 1.20

c 7.9 6.90 6.90
d,e,h 7.5-7.7 46.40 48.30
f 6.6 7.55 6.90
g 7.1-7.2 25.81 27.60

i 7.5 13.99 13.80

k, 0 2.6 27.79 27.60
Ln 1.7 31.47 27.60
m 1.4 45.26 27.60

Table 4.3.4 XV, 7 FNFEMEL E DBEGERAFAELLN —BL TS EFTHH 573, 1.0-2.0 ppm
I HyO RO 7 F AR RONDZENBIESEIZ T AL TS, 72, (¢)T-CBOA @
fomm—2za=yha, b AT D ¢ JORDIZF"mB—RAa =y e AV DO FHRIT 1:
6.9 L7 5Tz, LIEio T, ZRHDFER KD T-CBOA DA A RES T,
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HO~ a2, HO 757 70k
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(a) ° “
b h d e f g Solvent:oDMSO-d6
bQ_a\«o oA
b=—h ° . A4 e f 9 I m
f.h b

O
o

elidd im
1K I
NN 11 I I | N |
RO aa a a aORa Solvent: CDCl,
RO ObRW)R
RO—3a o a_aOR
RHboromloJ """ i hog o f\ e g
] . J 1 h 9 e —d:
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© 0, k,0 I,n!\lm
[ N T |
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© ot AN

Solvent:CDCl,
Fig. 4.3.6 'H-NMR spectra of (a)trehalose, (b)CBOA and (c)T-CBOA.
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RLnm—2Z CBOA BEWN T-CBOA [Z WV TR FRERAAT o7, FIWZIRBLIIK, =4/
— )L, A% /)—)L DMF, DMSO, THF, 7t hy, ZaafL s, ~F L PoFLo—T L T
Th=RL FEfE=TF L ML= O 13 B CTHD, i 20 mg FFO EVIAEBEAE 500 wl il B
BT DL TR MR RBR AT o7, 2O/ R % Table 4.3.5 IT7R T,

Table 4.3.5 Solubility of trehalose, CBOA and T-CBOA.

Samples
Solvent
Trehalose CBOA T-CBOA

water O X X
ethanol O O O
methanol O @) O
DMF O O O
DMSO O O @)
THF x O @)
acetone x O O
chloroform x O O
hexane X X X
diethyl ether x O O
acetonitrile x ®) 0O
ethyl acetate X @) @)
toluene X X X

(O) soluble
(X)) insoluble

Table 4.3.5 LV, hbo—X(FTHKMETHLHT-0, K, =& /—/ A% /)—/L DMF BLQ
DMSO ([ZIEATETHY . ZDOMOEEBNIIANE Th o7z, £, CBOA ITffiAK, ~FH | b=
VNTNIRETE ST, ZOMOEEPENZIT A TR LI >TD,

T-CBOA [T CBOA ERIERDIE ML 72> T e, ZHUT R ~m—ADKEEILIZ CBOA AN EIE
BEHLLTZ72O M~ a— 2O K IEDME T L, CBOA ERBEDIEMNEIZ/20 | IED R T A
BEZHEEIRL 0T <R oTeEEZ B,
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432 T-CBOA MDI%EFE

R nm—2E CBOA KW A ALLTZ T-CBOA % W T A ERIL | 284MUV) Y IREFIZ L DR
ML ERA AR AT MUVRITE B L O FT-IR A7 MUVIEIC IV AL,

T Ay T A= —TCH I FIT/ERU 7@ B TR L, A =280 nm Bl Ry 27/ SAT (VB —%
LT UV ZMREL ., IO LI TR UL A T ML ORI AL 2R LT, MRS L,
EDOEALNTIF RO e<Ae D ETHRIF L, FTED RFEFRHFERO s, 55, 10 s, 20 s, 30 s, 60 s,
90's, 120's, 150 s, 180 s, 240 s, 300 8)= & T AT MLAHIE LT, T-CBOA DLE5\ AT BT A
~IMVORER L% Fig. 4.3.7 17T,

AT T-CBOA DI IV TEZREIEIC 2> TB LT RINE — 2737 r—R Th-o7e
D3, ANERL 72736 UV AR L T SR 2 ITEIR I L 7> T | 20 s FRETZ D, 260
nm SRV S BT, AU T EANEO R B UBREZNICH AT C=C fEaeh
NAR=ZNV OB L4, 487 2= LU — VRO BRI DB D ThD, Fig.
4.3.7 X0, 20 s LARE, BREFBERE]ASHE N0 912240 T 280 nm T OV ANB D 52 L3FR0H 5
Niz, Zhdh, UV BBEHZ LD T-CBOA OY:GDOHEITIVRIBSND,

1.5 —
UV Irradiation time
—0s —35s
1.25 } 10s 20s
—30s —60s
g 1 —90s —120s
= 150s —180s
= 0.75
5 v —240s 300s
S
< 05

500 600 700 800
Wavelength (nm)

Fig. 4.3.7 Spectral changes of T-CBOA induced by UV irradiation.
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KBr OEIC%L T-CBOA DOF v AREITU N, A=280 nm i@l 7 /327 )L 4 —% i@ L T
UV ZHIFL, ZOEIED FT-IR AT MVORFEZE L2~ T, 3UBHIX L, PTE D SRS
IK§[#(0s,5's, 180 s, 300 5)Z EZ AT ML AEZHEL T2, T-CBOA @D FT-IR A ML DRI & L%
Fig. 4.3.8 |2/~ 7,

Fig. 4.3.8 1Y, BB AT T-CBOA THRLI-, trans RO i = hD=C-H /M E A iR )
(967 cm™). =C-H N A HEH)(1305, 1320 cm™), C=C {H#EfR®E) (1630 cm™)DWLIA UV %R
F4 27 LI REJID LTS, ods, TAT /L0 C=0 MfEES(1730 cm™) DI E 7 LT,
1750 cm™ FFTICHALTOBEE X BRDH, 53 FPICHIFET BID = AT /L O & B -
TWDI | BHEITIX RO T2, 2D, C=C MfFIREIRLO=C-H £ IRKEHDH 23
RONTZEND, B LSRRI > TNDHEZ R B,

i H>c=cl  Puc=c? H>c=cC
C=C—C_—O C=C - ~ /C C\H e ~
Stretching Stretching DeformationH Deformation Deformatior{—|
1730cm'! 1630cmt 1320 cm'! 1305cmt 967 cmt

r=

Absorbance

1800 1700 1600 1500 1400 1300 1200 1100 1000 900
Wavenumber (cm)

Fig. 4.3.8 Changes in FT-IR spectra of T-CBOA induced by UV irradiation.
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433 T-CBOA BEDERELILICKDERMBERE

T-CBOA % A THR ¥ ANEIC L E A (R | (R CHRSIE 21T o1, T DO
XL 190°C(UV RS RN Tl b iR b NBIER S AVICIR D) C UV HUR 2 180 s(2f 3 B C Rk}
LIRIBEDIEEATU N, IROCBAMERBIERC L IR AT E D L 21T 572,

10 mg/ml DPEFE T/ oL AIRRESET- T-CBOA V&% 17 AHM FIZ 10 ul i FL. &
FAMEIZELY T-CBOA A FRL 72, @I L, A =280 nm i 7 /X274 )V Z—% 8L
T 190°C T 180 s UV FRI 24T\, (W CHMSBIC L DIRE L OBIE AT -7, UV 21T
72NE D EERER L T AR GBRIERIC L DIREE L OB B A E L E 4L Fig. 4.3.9(FRATHD), X
W\ Fig. 4.3. 105 %)~ T,

Fig. 4.3.9 X0, T HIBRFCIIEIRNS 179°C ETIHFESTHY, 180°C THYT AV iKaD
T a)—L U EIED —E TH IR BRI RO D IO e o7, LIEHLEDREERD
BIZRSI 4%, 230 °C THF AR, Z OB T 2D o7z, IRITERFFTIL 181 °C T
FTHEIETHY, 180°C TRV T A v IR FFA DIARD O DI 72570, LITHEORER
DBIELSIUTZ 1%, 130°C TR ALIZ/R-> T, ZO®REIT o7, 723, AUERTIZ BV
T, OB NELBIEETEZOITFIERD 190°C ThHhoT-,

F72. Fig. 4.3.10 K0, JEAUESL ORI, R, BRRREEH IR Z T TR AL
FRST . FRFFD 190 °C THEIMEZRL, BEIRFFD 170 °C THREAADIIZRb DR HEBLLT,
NI EIB RTINSO DN o T, ZhUE, AR A LIz A
JVIHER T BAL LT T2 o FEEN L OO Ao T E B 2 HIVD, L, G RIT R/~ A
IR — )L DR A MBS T,
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Heating Cooling

25 °C( %X 200) 230 °C(%200)

180°C
Nematic
Liquid Crystal

200 um 100 um

190 °C( % 200) 160 °C (X 200)
230°C 130°C
Isotropic Crystalline

230 °C( X 200) 130 °C ( X 200)

Fig. 4.3.9 Polarization microscope images of T-CBOA before photocrosslinking.
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Heating Cooling

25 °C( X 200) 190 °C( X 200)
190°C 170°C
Isotropic Crystalline

190 °C( X 200) 170 °C ( X 200)

Fig. 4.3.10 Polarization microscope images of T-CBOA after photocrosslinking.
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4.3.4 T-CBOA MEttsTi

onm—2Z CBOA, UV HURTTD T-CBOA, UV f5 1% T-CBOA IZXxIL T, TGA HIE%
172720 TGA JIEIZ > TRONICIRE L B EZ MO BRE Fig. 4.3.11 IZ/RL, B 5%
BT Do fRIRE (T,)% Table 4.3.6 \Z/RT,

Fig. 4.3.7 30" Table 4.3.6 U, T-CBOA ZGHIDOGD LT DL Ty 3HEAIL TVD, Z
AU, Fom—2O 3R R U DB 5L TEBY, ZIWMRESNHZ LI Ty mkieo
TebDEEZBND, £z, T-CBOA DY 2 L L TH5 & AR T Ty 3 L T
Do ZAUTFABHI L UV B A T o722 TRIGL . @y il BAEIE L2028 THEL D678
STZATREMENE 2 DD,

120
=== Trehalose
100
CBOA
_ 80 } = T-CBOA
=S ——T-CBOA-UV
E” 60
=
40
20
0
0 100 200 300 400 500 600

Temperature [°C]

Fig. 4.3.11 TGA curves of trehalose, CBOA,
T-CBOA before photocrosslinking and T-CBOA after photocrosslinking.

Table 4.3.6 Decomposition temperature of trehalose, CBOA,
T-CBOA before photocrosslinking and T-CBOA after photocrosslinking.

Sample Ty [°C1*!
 —— Trehalose, 2H,0 229 °C
CBOA 253 °C
—— T-CBOA 267 °C
T-CBOA-UV 319°C

*1T4, 5% weight loss temperature
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UV BERTO T-CBOA 3L TN 180 s UV HiEf £ T-CBOA(T-CBOA-UV)IZxL C, DSC #|E
E1To72, UV IETETD T-CBOA B LUV HE# D T-CBOA DO — RIS IO ~HIRT
@ DSC HIERE % Fig. 4.3.12 31O Fig. 4.3.13 127”1, DSC #ll7E LWk 7= T-CBOA BL
UV HES1%2 D T-CBOA Difift o~ 7 4 v 7R AR L (Teon) BE IR~ T 1o Vi fho % )7
TRARHERS TR E (Tye) % Table 4.3.7 33X 0" Table 4.3.8 ([2E R,

Fig. 4.3.12, Fig. 43.13 0, UV BHFIDT T 7% A CHLESE =N ET 7 a—RTh-olz,
ZAUT T-CBOA TILEHLEE D HEI2 D0 DONREL TR, 5B O EEFEI i TV ob e
EZHND,

RIZ Table 4.3.7 £V, £9° UV BBEFTD T-CBOA D Teon 1E. FIRFFCIX 130-140°C THY,
BEIEFECIE 113-119°C THoT2, £72 Thon 1E FIRFF T 188-202°C THY ., iR FCIX
148-160 °C Tdh>7, F7- Table 4.3.8 1V, UV %D T-CBOA D Teey 1. FIRFFCIX
126-142°C THY, FEIRIFTIZ 114-120°C Th o7, F1= Tnor 1L FRFFTIT 187-205°C THY.,
FEIRIFCIE 114-120°C Th 7o, B —27H UV BEFTSIZZF CIRE TROILTWAHDIE, DSC
FRICHB LI T VERERRHY, UV B3 FEETHoISER L2 > T rTREMED B 2 D
B,

F7o, BB D 4.3.3 OFNCBEMETBIERORE L THDHE, UV AR T-CBOA Tlit, &-
IBIRE, BRRRFED ISR -~ T o VR E R~ T 0o V-2 T AR B S VT IR R D
20-30°C FRARV VR EE el T — 7 8BlE STz, BRHNERBATH DAY, DSC Tl B sii-22
M CRNIVEDVLT VDR L, WIEHEMEE E i 7 AR e Rk el TR, Fio, 2R
LIFI =TT RAZS T LTS T D720 R AR AEL, o7 UIRE C R ORI A2
WEUTZATREMEDN B 2 55, UV BRET£ O T-CBOA T, (W IEEEMEL TRON T HERE Y,
DSC TIERH RiRIARICBIEE ST, AR LIY | RN SER TR ST2h, HDVNL, B
BT ORI TERWI YR I Ty FANR R FAR D ZFBY & B> CWOD FTREMER B 2 Hid,
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Heat flow endo up (mW/mg)

Heating at 10°C/min

Cooling at 10°C/min

100 110 120 130 140 150 160 170 180 190 200 210 220 230

Temperature [°C
P [*C] 200 220

100 1ffg124 352 “DHFE° cﬁ@%é@bﬁﬁqé@bﬂ%éi&rézﬁhé%crosslinking.

100

Table 4.3.7 Transition temperature of T-CBOA before photocrosslinking.

Sample Tcen [°C] Tnoi[°Cl
e T-CBOA on heating 130-140 188-202
— T-CBOA on cooling 113-119 148 -160

Heat flow endo up (mW/mg)

Heating at 10°C/min

Cooling at 10°C/min

0

»

2
200
180
160

. 140

100 1&0 120 \¥90 140 150 160 170 180 190 200 210 220 230
10

Temperature [°C]

Fig. 4.3.13 DSC curves of T-CBOA after photocrosslinking.
100 110 120 130 140 150 160 170 180 190 200 210 220 230

Table 4.3.8 Transition temperature of T-CBOA after photocrosslinking.

Sample Tcon [°C] Ty o1 [°Cl
=== T-CBOA-UV on heating 126-142 187-205
= T-CBOA-UV on cooling 114-120 151-165

434



4.3.5 FE-SEM IZ&% T-CBOA EEDER

AR LT2 4.2.6 RO ST AR— T TR FIZT 4o 72— AT, /ERIL7- T-CBOA i
CEZAGERIT, LG ) DR 1 D FE-SEM BT o7, JEAUERT. BLUYELUMER OB 2R 1
% Fig. 4.3.14, Fig. 4.3.15 |[Z/~7,

Fig. 4.3.14, Fig. 4.3.15 XV, JEAUERTCIRIE SN CH 7ol 72 > Tz, Lo, JE44E
B OB CITRIEIZ 5 pm FREDOFH DL 72DbONIFEL T, ZAUT, INERE O L AUEIC
Lo TR AU MEES I, MEIRFZZ DR AL SO AL OB CTURER D ZEDEL | %
LT T9 7 TIHIRONEE ZTND,

] I I L} 1 U ] I

$4700-95 2.0kV 12.0mm x5.00k SE(M) 10.0um

Fig. 4.3.14 FE-SEM observation of T-CBOA film before photocrosslinking.

S4700-03 2.0kV 11.8mm x5.00k SE(M)

Fig. 4.3.15 FE-SEM observation of T-CBOA film after photocrosslinking.
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4.3.5 T-CBOA ZIEDiEfnARIE

T T AHMR 12 T-CBOA A VERIL | IR f OTR AU ECBAPE | BRI A B2 fil 4 I 2 12
FOFHAELT,

FHlaEE R ARV AT L (PS) well plate, i ALTZ EEDORFENE AT ARM , YeiflL B E1T 7=
HTAFEI ., UV FRETRTD T-CBOA I LN UV R4 D T-CBOA 2> T, Fig. 4.3.16
\ZHH A EZ R L, Fig. 4.3.17 [ZHlAHIEIZ BT 5530k ECOKEO 25 H TR,

Fig. 4.3.16, Fig. 4.3.17 [Tl /4 OfEIX PS well plate T 46.0° (£ 0.6° ), ALY
EDEEDTTAEMT 57.9° (£ 3.1° ), el LB EAT ST W T AEKMRT 147 (£ 1.1° ).
UV H5HTO T-CBOA T 69.9° (£ 9.4° ), UV 514D T-CBOA T 87.4° (£ 22° )Th»-
7=

FEAUT= AT A3 061§ 5 2 I K0 R A BUKMEIC 720 Bl OEN KREJRD LD, 2
AUCTOEE AR O K AT B L TG AR STV D I EN 3D o7, Fl2 T-CBOA D
UV B TS AT RO R mOBOKPER ML Td, Ziud, UV BEHZ IS Z B b RGR
2 O REMENRFEED BT AMANBUKMERE N E T | 225Uz i3 AN BRI E F
STZRIREMENE 2 Hib,
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anl

Polystyrene Cover glass Acid-cleaned T-CBOA UV-irradiated
well plate as purchased cover glass before UV T-CBOA
irradiation

Fig. 4.3.16 Contact angles of the T-CBOA films.

Polystyrene well plate Cover glass Acid-cleaned
as purchased cover glass

T-CBOA before UV UV-irradiated
irradiation T-CBOA

Fig. 4.3.17 Photographs of water droplets on the T-CBOA films.
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43.6 T-CBOA ZEiEZ AUl & 45T

Polystyrene well plate F(PS well), JeifLEE AT 7277 A5 M (glass) I L O UV PR D
T-CBOA #E(T-CBOA -UV)% VN CHRHEFHINR D in vitro AIIETHFRER AT o7,

PR ZEBAMBTIC LM OBIESE R ELC, Mlass % 3 R %ObO% Fig. 43.18, 5 A% D
D% Fig. 4.3.19, 7 HL DL, D% Fig. 4.3.20 (TRT,

Fig. 4.3.18 (2B CHIAIES 28 3 IE[E] 74 CTIW O EHI B W Th BE LIcHiiaIc 213 RS
N7eioTz, Fig. 43.19 ([ZBWWTHERE 5 HLTIE (b)glass OMaiEAEEN D 72< | (a)well,
(c)T-CBOA-UV TIIZLDOEHEMIEA RSNT=, £72. (c)T-CBOA-UV ZH\ THbHE LML
HOTHNZML DY T VLT BRI BRI L TRY, JVME B LB L es THAEL T
720 55 3 MTOMERLEESETELRTHL, Fig. 43.13 TROLND I, ~A7uRr— L Dik
a0 AN A CAEFEL CUOVAREIR S R IZAFEL TEY . M A CHERSE T 28I R E S
HZET, ZOXHRREI ol e B 2 iV, £, ZOMIBHETHD ¥ 71413 FE-SEM THIZEX
Ni-EEEm Eor7y 7RG L WA TREMEL &5, Fig. 4.3.20 2BV THE 7 HZIZB W
Th(b)glass LIS DFEHCEWIIR T2 LS, —F TR IEE 122<72D. (a)PS
well £(c)T-CBOA-UV D ZENRHED HHi 77z o7z,

(a) PS well (b) glass

(c) T-CBOA-UV
Fig. 4.3.18 Phase contrast microscope images of 3T3 Swiss Albino cells after 3 h
culture on (a)PS well, (b)glass, (c) T-CBOA after UV irradiation.
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(a) PS well (b) glass

(¢) T-CBOA-UV

Fig. 4.3.19 Phase contrast microscope images of 3T3 Swiss Albino cells after 5 d
culture on (a)PS well, (b)glass, (c) T-CBOA after UV irradiation.

(a) PS well (b) glass

(c) T-CBOA-UV
Fig. 4.3.20 Phase contrast microscope images of 3T3 Swiss Albino cells after 7 d
culture on (a)PS well, (b)glass, (c) T-CBOA after UV irradiation.
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F B B IR R 24T M EREH B R A O TS IO E & T T2, TORE He%
Fig. 4.3.21 |{TR"$, FoB5 LIZIEDY BIEMIED$ % Fig. 4.3.22 12”7,

Fig. 4.3.21 (ZBWTT N TOREL L THEE B O EE SISO HIE MRS NI, £
NENZ L TABE, MINESEE 3 HERT, 1 A% Tl PS well plate 355 O BHT F5\ TS
L7z 2813~ 7278, 5538 3 H. 5 B TIE glass OHIIEEEE S O PS
well plate, T-CBOA-UV HIIFZXFCEOEE LT, 7o, 553 7 AZRIZBWThRIBRD
22> TV,

Fig. 4.3.22 (2B W OB CIIEFEBIRICLEL T IZEA LRSI Tz, 2Dk
S REHI IR FMED 2N 2 EDVRIR SN D,
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mPS well
45 ——

mglass

ET-CBOA-UV
30

15

Count of 3T3 Swiss Albino cells on
the samples (104 cells / ml)

3h 1d 3d 5d 7d
Cultivation time *p<0.05

Fig. 4.3.21 Cell proliferation determined by counting of live cells adhered on
PS well, glass and UV-irradiateed T-CBOA.

mPS well

mglass

mT-CBOA-UV

Count of 3T3 Swiss Albino cells on
the samples ( 10* cells / ml)
[\°)

L

3h 1d 3d 5d 7d
Cultivation time

Fig. 4.3.22 Cell proliferation determined by counting of dead cells on PS well,
glass and UV-irradiated T-CBOA.
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PS well plate 3L O3 | CTIT 72 MTT iBRO#E B4 Fig. 4.3.23 1R,

Fig. 4.3.23 {28V TPS well BB IO RCORE ETHEOBINE LG IR O TG ) e
PRSI, MEBRFHRAR I L2 AR A E & R IR RS 8 3 IR, 1 H 7% CTIEPS well plate 35
O RBHZ B W THEEE LTS 2213700 - 723, 5558 3 B, 5 H 1% Tl glass DA M E)
HFMITD7K PS well, TC-HBPHA-UV _EIZIFIEFRRICHIFHETEL TV, 5528 7 HiRICE
T T-CBOA-UV X0, PS well EOMa#A o302 <7e> Tz, Z4UX T-CBOA-UV ET
X FE R ICTFET DI R A OB TR A CHEE CELEPTMRIRES L DT 12
BRI D 72T TNDBHLDEE Z HND,

INHOFER LD, T-CBOA [Tl d 3 7e<, Mifalcxt L ChATRE DM G ME2A T8 2
LD,

1.2

uPS well

T

e
)

mglass

ET-CBOA-UV

0.6

Absorbance at 570 nm

0.3

3h 1d 3d 5d 7d
Cultivation time *p<0.05

Fig. 4.3.23 Cell proliferation measured by MTT test on PS well,
glass and UV-irradiated T-CBOA.
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4.4 #EH

ARFFETIE, hb T =R 8-4-( v T BANAFU)-1,1'- BT 2= )L-4-A )L )F T -8-FF Y
052 AE(CBOA)E UGS HZET, WIEAY 7 o BT DR o —AFFE R E AL,
MR VERLL 72, 2O MBI U, RCBEMEIIC LD E OB B L OV UV kD IREHIC LD 7 ¢
IV BRFHEDZEAVIZ DU TR SHIHERE At O FEAT 36 L Ol By DB 22 41T - 72,

77, CBOA DORFIBIMALL THELEE/ 0V REBL 44 BT 2= VU — VAR 4-( T F
ANFFINET 2= /14T W (CBY 2 A LT, FT-IR LT 'H-NMR I E (2 L0 T 21T -
720 Z D% CB BILOARY /IR &S CBOA A LT, FT-IR, 'H-NMR JHI7E (2 L 0H#
ERRNTEAT o7z, ZDOFEFR: CBOA OAREMR L, TL Thbnma—2AEBLX O CBOA ZIHL
T-CBOA %#AEL7z, FT-IR BLO 'H-NMR HIEIC L&A 21T 572, ZOFEF: T-CBOA |2
117% CBOA DEHLEIL 6.9 Lipolz, FTo, BT é LT TGA BLWNDSC #1757,

T-CBOA %7 umis/L AMIVEIRS W= 3UEHA TR Z VT, X AMEIZED A Sk B E
L7z, ZOMBRIZPTEREH] UV RS 21TV SO AT A S M VRIE ORI A7 R LD
BRI Z A L7, TN A LTI 260 nm (2 Heh JRV RIS b, UV 6z R 58
D FBIAMEN L, SHICIRE 21T 5L 280 nm T OWLUL DD S 572, &5HI2, UV IR
$HZED FT-IR AT MV OZEALEFIE LTz, ZNHORER LN B LIS HEITL TODHZEMN
otz

T-CBOA %7 v r7i L AR S T3 BHE R 2 T T AHMR RISy AMEIZ LD A
TERIL 7=, RCB R E1C X0 UV BBERIT#% O AT o7, MCBIEEBIES CII UV FRSHAT
IZBWTRERIITIR G RO, UV B IR E 2 I LM SR LREGR T & e o
7eo LInL, UV BEHZIZIW T, BEOIK D FOERML CTEDOEEFEESNIEBZ 2 DILL~Y
AT BRI — VDR AL NSRS NI,

AEfuEG B HIC T-CBOA %7 nud/L AMIEMSE 7oA W, Ty a—4—
IZED A R—HTA FIZT-CBOAZBAAL, 180 s [H UV MU 21TV A ERLIL 7=, PS well plate
b AR HIZBIOWERLL 72 UV BRSO T-CBOA D3Iz FHU T HiHE 3 A0 o #l Bl
RER AT o7, AIRBLELCIEREEE S H B O UV B4 O T-CBOA JEIE TS fians tho 4
CINEIFI RV E R LB o QN e, ZHUIAY VR A CERBL D~ Ao e
A=V DRA L EENAFAEL TWDT2D | MIDSGF A CHEE T DRI R ESNHZE T
DEIRFEREIT /20T B 2 Tnd, Fie, MERFHEACE F WM EER E . MTT BRIV
DOEEFHHERR TET, PS well L, UV B D T-CBOA LIZIW-THRIAZEL AL Tz, F7z
FEARMRIZIZE A ERERR SR o T2 7o D & B UBH TR B 1 372< . T-CBOA MR Z AT L Tl
MERHHEE ZHD,
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