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ABSTRACT : A new hydroxypropyl chitosan capable of forming a thermotropic liquid crystalline phase and two
kinds of derivatives based on the hydroxypropyl chitosan (6-cholesteryloxycarbonylpentoxypropyl) chitosans
(CHPCTs) and acrylic acid esters of CHPCT (CHPCTEs) were synthesized. The crosslinked films with liquid
crystalline order were also prepared by photocrosslinking CHPCTE in mesophase. The liquid crystalline
properties for all the samples and the swelling behavior of the crosslinked samples in acetone were investigated.
In contrast with the hydroxypropyl chitosan, all the uncrosslinked cholesteryl-bearing samples formed mono-
tropic cholesteric phases with left-handed helicoidal structures and exhibited reflection colors over the full
cholesteric range. This is the first report of a thermotropic cholesteric liquid crystalline chitosan derivative with
reflection bands in the visible region. Both the optical pitches (4,’s) of CHPCT and CHPCTE decrease with
temperature or with cholesteryl content at a given temperature. However, the A, of CHPCT was larger than that
of CHPCTE at the same temperature and at the same cholesteryl content. All the crosslinked samples did not
display reflection colors, indicating that the cholesteric structure of CHPCTE significantly changes upon
crosslinking. The two-dimentional anisotropic swelling characteristic of liquid crystalline networks was observed
for all the crosslinked samples.

Keywords . hydroxypropyl chitosan, cholesterol, optical pitch, helicoidal sense, anisotropic swelling .
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£ A7l A4= hydroxypropyl (HP)7]2] X]3+%. (degree of
substitution, DS)—Q} Zx8 % (molar substitution, MS)7]- ZA
= A 22 HPCTO, lI2~El3}F% (degree of esterification, DE)
£ 22]3]= (6-cholesteryloxycarbonylpentoxypropyl)chitosans
(CHPCTs) 18]35 CHPCTS] o}=2&At o 2E}S- (CHPCTEs)
< Az A o5 @i AP 5A4S HEst
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Figure 1. Schematic structures of HPCTO, CHPCT, and CHPCTE.
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slic). S| 2HE (Tokyo Kasei Co., Ltd.), adipoyl chlo-
ride (ADC; Tokyo Kasei Co., Ltd.), acryloyl chloride (AC;
Tokyo Kasei Co., Ltd.) ZZ8] 3L propylene oxide (PO; Jassen
Chemicals Co.)&= A HEE TU3te] 2ol= Hkg-of o
43kt FINAIAIQ] 2,2-dimethoxy-2-phenyl acetophen-
one (DMPA; Aldrich Chemicals Co.)+= f|gh-2-o] <]3) =)
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folS KBr plateo]] =¥, ZAZxs}o SA31c) HPCTO—J
'H-NMR (200 MHz, Gemini-2000) 2% E -2 tetramethyl
silane (TMS)E 7|EEAZE 319 CDCl; €9 (5 wi%)=
o] &3te] 30 Tl FA3te Itk HPCTOS “C-
NMR (JEOL GX-400, 100.8 MHz) A#E 2L D,0 %°-“,
(10 wt%)S ©]&-3te] oA SA3le] Aok #
AEe] AAe] PA5, 44 A L 24 52 7}%‘
B (Mettler, FT-82)7 2247 (FT-80)% F-3A17] =
Z&#u]7 (Reichart Co.)2] =3} differential scanning
calorimeter (DSC; Mettler, Model 30)2] <-4l 23] A
E3gict. CLC A WA A9 2E=EHL
circular dicroism (CD; JASCO Model J-700)2] A= E o
28 A&

HPCTO® 4. HPCTO+ AXSS® FdsHA &
7 EARE 713 A dFolA POt BRS-AlF1o0] <]
& zﬂ}_s}du} u3-9kE o] HPCTO<] DS9} MSe) #]
Ax g3 AEsb) fsted W2t (10 bay 019)<)
xEH '6—7-‘—73_'5 ARYE FUdsHA| st HPCTOE )|
Z3lgol. HPCTO®] A|2ZE & Table 19 F33te] 1)
Y

CHPCT®] #4l. CHPCT+ HPCTOS} Z3|2H|E3}
ADCE HHg-AA
chloride (CH6C)E T©}o]2:

rir

-2 6-cholesteryloxycarbonylpentanoyl
b)) Eggulel H7ts)

Table 1. Preparative Conditions for HPCTO and Its
Molecular Characteristics”

sample [N,OH]’ [POJ° pressure ¢ T
code [GLN] [GLN] (bar) (C) (0)
HPCTO 32 554 10  gummy,soft 62 254 -18 150

“The etherification was carried out in the presence of the hexane as diluent
solvent at 70 C for 16h. *Molar ratio of NaOH/glucosamme (GIcN) unit.
“Molar ratio of propylene oxnde (PO)/GIcN. “At room temperature. “By
'H-NMR measurement. By '"*C-NMR measurement. $Glass transition
temperature determined by DSC measurement. hIsotroplzatlon temperature
determined by light polarizing microscopy with hot-stage.
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HPCTO®] < 2 #2454 4. 7] E4 HPCTO
©] FT-R 2#E8lE 247} Figure 29] ()9} ()l Vel
v} Z]EA} ©®] HPCTOS] 7%+ OH (3500 cm’
22k NH, (1600 cm™ F-2)ol] 93t 7=+ <3
2|2 CH;$} CH,o A1&A1% (2973, 2876 cm™) 13171
% (1456, 1375 em™)ell 2% FHAEE SR AA
EHE 7|EAR] 09} N #]x]e HP7]7} =% HPCTO
7} AAENEE & 5 i) 3 NHE] F3415 (1649
emell 2% F571 BREE AAZRE NHol HPY)
7} AR #2=A] dokee & 4 stk

Figure 39l HPCTO2] 'H-NMR A#EZHE velyct
HP7]ol| £A8l= CHy2 4 (1.2 ppm H32), GIeNZ7)
o] =49} HP7]ol] EA3= CH2F CHE] 4 (3.0-4.0
ppm F-) ¥ NHE| 4 (5.7 ppmy)ell 2|3 S4=j0]a
o] BEEE AHEREE NH, T2 47| HPY)
2 39 HPCTOZ} A= RS U 5 ek
A, 1.2 ppm 3 3-49} 5.7 ppm F-+2] ule]z e
AE FHEE o83l AEe At w9 MS
< H7bstd Ms=629l AHE d3ict old A}
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Figure 2. FT-IR spectra of (a) chitosan, (b) HPCTO, (c)
CHPCT-1, (d) CHPCT-2, (¢) CHPCT-3, and (f) CHPCT-4.
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Figure 4°] HPCTO2] "C-NMR 2~#|E#H-& vpepic)
a83e) Agle]la (6=17.00 ppm)T} BI o)A (5=19.23-
19.31 ppm)= 242} HP719] W2} dkel] Ex8h= CH;,
9] ghaof o3k Aoz E ek MS 3 A%
B dlo]ae] AUAEE o] g3l AR FAg
ol o8] DSE I8t DS=2.549 2AHE Lok
MS3ke] DS Ftell Bl#f oF 2.59)7F 2 AL DS7) 71
gl we} 71 EAF FAEe] £A18 OH -2 NH7|
o] w3 HP7]o] E£A8H= OH7]=2] HP7]e] *|Fhe]
f-ol8lA] Lol oJm| e}t

FT-IRe} 2]§ HPCTO 54152} <L, Figure 22|
(0)-(H°ll CHPCT-N¢] R A" EZE Yeyct ZE A
BEo) QA o2 F2] ¢c=0 (1735 em ™)} C-0 (1173
em)ol 23k M2 SA|o]2EF HPCTOS| 7359}
A9 Td3t Z=EA NH7 2% F47F A
t}. o]g)g A& HPCTOSH? chito-oligosaccharides2]*
ol 2~Ej3} MhSEelA Bl vie} o] B A¥e] 27
sloflAl= NHES] CH6CS A3 dejuA] ofom] DE>3
AR AEA ke 2n]gle). g, HPCTO

™S
NH
CDCl3 ‘ J\J{
T T T S S S T
Figure 3. 'H-NMR spectrum of HPCTO.
B—|i+—A
J PRyt ek "
100 80 60 40 20 0 ppm

Figure 4. "C-NMR spectrum of HPCTO at room temperature.
Solvent D,0; accumulation: 2700.
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2] CH;2t CH,oll W&t OH®| F<=7=el ¥]3| CHPCT-
Ne| Afele ol&9 A4 EE CH6CS molFE F
WA Az ABAFE ZotA]= AH) 2 DE7}
Z74¥ CHPCT-No| Az=e5& & 4 3k HPCTO
2} CHPCT-N°| Yell= OH &1 CH; ¥ CH9l
olAYE FES o]&3le AR FUZ upHel 23
#H7}8F CHPCT-N9] DE 55 Table 29| Yelyich
CHPCTE-17} CHPCTE-1G9] IR 23 E2}E 7+7} Figure
59 (a)¢} (b)oll Yebdtl CHPCT-13 ¥&] CHPCTE-1
2] A= OH719] SAglo|a+ Al NHE Al
2 (3360 cm™) T} F3 (1640 cm’) AESo]” HLy w
ok olde} c=C7]9 AEAF (1621 em™)ol 23k A=
+ SA4vlelate] #as| it ©E CHPCTENES] 3
T ELF BAte] BAH L AALZHE CHPCT-N]

Table 2. Thermal and Cholesteric Mesophase Pro-
perties of CHPCT-N and CHPCTE-N*

sample transition temp. in ‘C°

code DE’ T. T helicoidal sense”
CHPCT-1 2.08 30 74 left
CHPCT-2 254 28 71 left
CHPCT-3 2.65 26 70 left
CHPCT-4 2.77 25 68 left
CHPCTE-1 <20 57 left
CHPCTE-2 <20 55 left
CHPCTE-3 <20 53 left
CHPCTE-4 <20 51 left

'All the samples formed only a monotropic cholesteric phase. "Degree
of esterification determined by FT-IR mesurement. “Determined by
ptical polarizing microscopic observation. T - cholesteric-to-solid
ransition temperature, T - isotropic-to-cholesteric phase transition
-emperature. “By CD measurement.

(@ :c=C

(b)

—

— —p
—

Transmittance (%)

3500 3000 2500 2000 1500 1000 500
Wavenumber(cm ™)

figure 5. FT-IR spectra of (a) CHPCTE-1 and CHPCTE-1G.
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EA8k= OH717} aaryloyl 1522 A5 x|3k=l CHPCTE-
Ne| AA=ERSE & 4 Usdck ¥4, CHPCTE-1G]
£ C=C7]° 9% Heolzrl EFA dve AR
F-¥| CHPCTE-1¢]l €Al3le= EE C=C7|& 7tauks
o A& & 5 YNk e Tl EERE Y
gt S Yelyloh o]#]3t A= DMPAE #H7}31A]
& 5ol HPCH o= EAat olAE9] 7lael 485
5A1ZF* wls] ods] Fom DMPAS] &% A7)
o8 7tanke-& HAIZE el FARHE on| gk
HPCTOS} HPCTO #E=A4159] AHIA5 2 €3
E4. HPCTO= Aol A%t EAZA Loz hE
Are A T4 AARe] AolxE (1,=150 T)°l ©]
E2717FA] polygonal ZAUkS- HAslH Akl <
&) polygonal 2 band T+XE W3St} (Figure 62
(@)%} (b). ¥, HPCTOL] DSC dFAlAtellE= fe A
°] X (I,=-18 C)EA A== 237 Havle] &
2= HPCY} ©)9) S=AE* a8lx HPCTOS o]
9 FEAEADYT glojr E3] Bk mle} o] T
2A AEE 973 il A=A 29k (Figure 7).
MS=6.8¢] HPCTOS}? SUstA] B AFo)| A Alxd
HPCTOE E¥7% ofdzl 49 #7] &9 FelAx
HPCTO®] 557} 2F 50 wi% °|4o] HH 44 44

20 &

Figure 6. Optical microscopic textures of HPCTO. (a) untreated
HPCTO (80 C), (b) sheared HPCTO (the arrow indicates the
shearing directions), (¢) HPCTO/CH;OH solutions (70 wt%) at
room temperature, (d) HPCTO/H,O solutions (70 wt%) at room
temperature.
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AHe A5} 924 &3 CH,0HS] £o] Yeh
£ HA=EZE Figure 62 ()% (d)°ll Yebdlch A=
(c)2} 7L focal conic 2 FAsPY 52 HPoll=
A5 7R BEA ()8 22 oily streak T3]
< BT o3 A W AP Rud BE
7| BAF FEAIEL CLC AMS FAsks RS 11T
& o, Figure 69 Yeld 2E HAAL CLC Al A
o A7yt

Ao A 149l CHPCT-NZ} CHPCTE-NS H% 3w
Aol o8] B2 =4 CHPCTE-29] 7Z-$-& Figure 8
2] (a)-(c)°oll LRt ()l Yehd whe} Zho] HA]d
= Ao 7 Fulg]= xZA.2 Hakg|x] ¢kolom =
‘ﬂo“é A 25E] A A3 WZHAZ Aol (b)ell YEk
W uke} 3Eo| batonnets?t 2 EF o] YER} & o)lE
o] FHAA ()% 22 focal conic A& FA3HSch

|

€X0

endo b\f\ﬁ
}

T T J T 1 ]
-100 -50 0 50 100 150 200

o

C

Figure 7. DSC thermograms of HPCTO recorded in heating and
cooling modes at 10 ‘C/min.

Figure 8. Optical micrographs of CHPCTE-2. (a) slowly heated
from the room temperature to 50 C; (b) slowly coolded from the
isotropic state to 55 C. (c) step-cooled sample (b) to 50 C. The
micrographs of (d) shows the texture observed for CHPCTE-2G
on slow cooling from the isotropic state to 90 C.
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ost Ze 2A $YL
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oF 30224 dieks] whzA] dolyin) the slwAsE
TAG B Yehch shade] Vehl: SAzge
CHPCTENe| Uehile agzazt o] #at ohjel
wbAZE Uehl] 99ieh o] BAMe CHPCEER
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n®) X 2J&4. CHPCT-N# CHPCTE-NS] CD A
HEz}le] &4 CHPCT-13} CHPCTE-1¢] #-$Z Figure
9o Yehlict AR5 5o FHslA k2] CcD o)
35 Ve oE AEEE U FAE YERth
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Pigure 9. CD spectra of (a) CHPCT-1 and (b) CHPCTE-1 at
lifferent temperatures.
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Figure 10. Temperature dependence of the optical pitch (A,,) for
(a) CHPCT-N and (b) CHPCTE-N.
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Figure 11. Time dependence of weight swelling ratio, AW, for
CHPCTE-NG in acetone at 25 C.

Table 3. Thermal and Swelling Properties of CHPCTE-
NG’

TV A, Ay A, A AW p,
(C©) %) (» %) (B (%) (gem)

sample code

CHPCTE-1G 112 432 433 464 20049 10326 153
CHPCTE-2G 110 491 491 525 239.04 12042 149
CHPCTE-3G 107 542 $45 583 27730 15007 145
CHPCTE-4G 104 592 593 633 31424 175.62 141

“Swelling experiment was carried out in acetone at 25 C. ‘Isotropizatior
temperature determined by optical polarizing microscopic observation.
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