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Abstract : Fully cholesteryloxycarbonated and (8—cholesteryloxycarbonyl)heptanoated disaccharide
derivatives were synthesized by reacting cellobiose, maltose, and lactose with cholesteryl chloroformate
or 8—cholesteryloxycarbonylheptanoyl chloride, and their thermotropic liquid crystalline properties
were investigated. All the cholesteryloxycarbonated derivatives(CH1DSs) formed enantiotropic
cholesteric phases, whereas all the (8—cholesteryloxycarbonyl) heptanoated derivatives (CH8DSs)
exhibited monotropic cholesteric phases with left—handed helicoidal structures whose optical pitches (An’s)
decrease with increasing temperature. All the CH1DSs, contrast with the CH8DSs, did not display
reflection colors over the full cholesteric range, suggesting that the helicoidal twisting power of the
cholesteryl group highly depends on the length of the spacer joining the cholesteryl group to the
disaccharide chain. The thermal stability and degree of order in the mesophase and the temperature
dependence of the Ay observed for CH8DSs were entirely different from those reported for the
cholesterol—bearing dimers and triplet and the (8—cholesteryloxycarbonyl) heptanoated polysaccharide
derivatives. The results were discussed in terms of the difference in the number of the mesogenic
units per mole of repeating unit and the flexibility of the main chain.
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Figure 1. Chemical structures of CH1CB, CH8CB, CHIMT, CH8MT, CHI1LT, and CH8LT.
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Figure 2. FTIR spectra of (a) cellobiose, (b) CHICB, (c)
CHSCB, (d) maltose, (e) CHIMT, (f) CH8MT, (g) lactose,
(h) CHILT, and (i) CH8LT.
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Figure 3. '"H-NMR spectra of (a) CH8C, (b) CHICB, and (c)
CHBCB.
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Figure 4. Optical micrographs of CH1CB and CH8CB: (a) heated CHICB at 150 T(crystalline) and (b) heated CHICB at
185 T (oily—streak texture); (¢) CHICB cooled from the isotropic state to 210 T (focal—conic texture); (d) sheared CHICB
at 210 C(Grandjean texture); (e) step—cooled sample (c) to 142 C(crystalline); (f) heated CH8CB at 110 C(crystalline); (g)
CH8CB cooled from the isotropic state to 125 T (batonnets); (h) step—cooled sample (g) to 110 T (focal—conic texture); (i)
sheared CH8CB at 110 T (Grandjean texture); (j) step—cooled sample (h) to 60 T (solid).
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Figure 5. DSC thermograms of (a) CH1CB, (b) CHIMT, (c)

CHILT, (d) CH8CB, (e) CH8MT, and (f) CH8LT.

Table 1. Transition Temperatures (TC), Enthalpy Changes (J/g) in Square Brakets, and Thermal Stability of CH1CB, CHIMT, CHILT,

CHSCB, CHSMT, and CHSLT

Sample Heating Cooling
code 7 T’ T’ T’ T T.* T T T."  Scan
CHICB 174[30.3] 251[0.65] 300 228[0.34]  142[25.8] 1st
CHIMT 174[32.9] 249[0.56] 320 225[0.371  145[26.0] 1st
CHILT 173[33.5] 247[0.65] 325 223[0.311  144[26.4] 1st
CH8CB 1271[63.2] 245 1261(5.97] 16 ~60 1st
18 60~110[10.8] 129[12.9] 2nd
CH8MT 128[56.3] 250 124[5.05] 15 ~60 1st
17 60~100[19.4] 121[28.5] 2nd
CH8LT 128[54.2] 238 127[5.46] 15 ~60 1st
17 70~110[23.5] 121[29.7] 2nd

“Glass transtion temperature. °Cold crystallization temperature. ‘Melting temperature. “Cholesteric phase —to—isotropic liquid phase transition
temperature. ‘Isotropic liquid phase —to—cholesteric phase transition temperature. TCholesteric phase—to—crystalline phase transition temperature.
fTemperature at which 5% weight loss occurred. “Cholesteric phase —to—solid transition temperature derermined by optical microscopic observation.
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239 W335 (45=30.4~35.8 J/K - mol~ring skeleton)<
CH1CB, CHIMT, T8l2 CHILTES 45=1.3~1.5 J/K : mol—
ring skeletone®] Bl&l] thets] & AgES vjepdck o|Hd A&
2 ZY2adg Ao AMEE olgdFe st nish &
BlA) o= wba Asfjojre) o7} Foigel e} To1eke Ak
o FEAHE 25S Zdeigd 2uolME B3] tildt me-
sogenic 182 AZAA I dimerEe] YEhE Tu(EE T
ofre) ASE &5 e YERIY mesogenic 159 35}
T2} ARP Foll 2}l nol F7Kstel| ma} FyPhinne
EE gashe? o7 By} vk mekd FAAHE IF
SN A oPH FEASO) Vehls Za2H 49 2
MEol gt vt WEst g A7) fstelE 2oo)Ag] Zelg)
g8h 1128]3 mesogenic 159 3RS} ARG S @
ZJsle] AT AEAEE o83l T(BE Ty oMY JAERY
Hslel] st AAILQ] AEY} st

ZY~HE 75 AU 3749 B7)172E AW triplet’V" T
A Yehlie 45=26.7~46.1 J/K - mol2 228" 158 A
Y dimerEo]PetiTkmeomasvwi g e T (S T oM 9] A4S
=0.3~16.1 J/K - molel] v]a] tfeks] & &S Hepdth vinte
Aord A Aoz o) Mol oM vehle 4719 7172 E X
d 3389 45=9.3 J/K - mol 3709 B7)FEE Ad 33E
9] AS=7.8 J/K - molel wla) I T2)3 2 el A go
29) Hol2Told YehliE 3708 #)1F2E A4 3RMES) 48
=116.5 J/K » mol& twin 3E2) AS=64.4 J/K - mole] B]&]
2 Rog% yygo] gk ojd ARIES AHTFe|] FH3A
BVFEY) ) Ve O o) AMEE TS AALRL
olg]3t AFAEL 1Ed u), CH8CB, CH8MT, ~1#]11 CHSLT&
o Zy 28 Ao AMErt ZUAHE 78S A dimerE 9]
Y HY A2 AXT vlE) 2 AP FE olFR ARAS
¢ DE7} 49) AM, & vkE @7zl EAEhe 4712 22|
g IFET] A3 Qo] g3k AMIRRE sy AoR
AZyack, Tripleto® TuolA YEhlE mesogenic 1§ 17129
AEZy WHIFE(U93=8.9~15.4 J/K - mol) ¥ CHSCB,
CH8MT, 1281 CHBLTZ} TiolA vehdes Fd2HE 15
1] AEZY WIgE(AS/4=7.6~9.0 J/K + mol-ring
skeleton) 2 A FAFSE 3He ZHe AMR 4719 P& A4
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CHSCB 28)3. CH8MT7} Ziolld vehlls 494 #h52 DE
=391 CH8CE 123l CH8AM®| 7oA WElE Sd2uE
% 1742 dERI] WsghE(493=4.6~4.7 J/K + mol-
ring skeleton) o*® ¥]&) ok 18817} 2 A2 vFeRdITh Cello—
biose octadecanocatet AZB) 24 RFo] 7 Ao Fulek 4=
Ao FAso] gl dxlard tAFE 24y A4S FAske vk
H cellulose tridecanoater= AEZ QA FAREo| 4 A9 =
Wk BastA FHEY e 2 A gAEE Aem 2
Eo] Ikl o9l e BAS TR o)l 7]Q18 B}
719 A= Alojof| Sz kY AdellA] A Aoz e] Ao e
A9) AS & cellobiose octadecanoate®] 73-$7} cellulose
tridecanoate®] 73--oll ulaj ok 1.7807F 2 23k vehdirt! of
23t Ad-E meld W, CH8CB 18|32 CHSMTS 4S/4 #kol
CHBCE<} CH8AMS] A93°) vlsf 1.88)7} & AL pseudo—
nematic Follx] FAEE FA4EC] Afolol| 7118 EAFEHe]
lgo) o|FF FEAZS A7 R F=AEY A5l vls
FAMIERE] 2elEe 302 A7hd

o|FHo o|FH FEAEY TGA YFXELR Figure 69 e}
Yk dzles SEes T3y BE oAM= 247t oF 240, 230
283 210 CollM 343 RE Jo7)7] AlEssl). olegt
APAE o|FRE F1dstEA HGHn|H &) B Ae, 5
R AlErt @& Ao HighEE ARl MR g1 ¢
AT g, TR e ~olA BaEE oF 100~200 T 24
9] FEA(e 5 wt) = GRS BF FEASANT
3] paEE @9 FYshe ZEA A 2EEHA Qs 1719
SEALE] Fge) o3 =T Fow A7

Figure 6°] ¥ojg-50], CH8CB, CH8MT, 2732 CHRLT+= <
220 CTolA Ea8E 4277l Akt oA 243 F¢
C—0*" Zelu ZeAEEol” AReF do7)7] Azt 25
7} Z¥2} ok 220 C 2] 250 €] ARlE weE u), CH8CBSH
CHSLT Z-f-olle oF 220 Teld C-04] @&l el 220 C
ole] 2xoA o|FFet FHAHY 15 dRV Lok
RoR Az} 98, CHAMT 7ol oF 220 TollM C-0 ¥
gk oz} BE A Akl g7t dojve A= AztErk
CHICB, CHIMT, 282 CHILT= o|FF=rt 52 25, &
ok 280 Tl dE3lE do717] A&tk olegh -2
poly [1~ (cholesteryloxycarbonylheptanoyloxy) ethylen] ©]
Ze(uld YT R} L 50N GRS YogE= @Y
Edsin] o)gFoll EAldH= OH”} cholesteryloxycarbonate &
22 3l o]FF Ao ula 7 FAdo] SIS AR
Eig=

st BM 4<% vle} 0] CHICB, CHIMT 8|3 CHILTE
8 An 7HAE G E Hlopv2 R CD ~HEHE 4g F ¢l
Ak T ol 25E NEEE 7RIS $ HZRA M CD
ZA || 98l ¥ CH8CB, CH8AM, 18l CHELTS ~dEels
Figure 79 VeIt o]52] Al2&= 2k 60 CTolld 1A o= W
BEER 60 T o)gtellx] CD H4-2 ™3It BE A58
29} BaskA <k CD ¥as8 Vel o]alsh AR 2 Y H
CHS8CB, CHSAM, 18] CHSLTE #= Wake] YXT2E Ad

2, A31d A15, 20074
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Figure 6. TGA thermograms of the disaccharides and the
disaccharide derivatives recorded under nirtogen at a heating
rate of 5 C/min.
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CD A#EH2] Hof) viAlzte] 23] 7243 CHRCB, CH8MT,
1183 CHBLTEY Ans 259 <424 Figure 8o Yyepic}
BlZE 2)8le] C8HCES CH8AMS)™ 4,5 Figure 8¢ 37 1}

o) 18o] BojgERo] BE ARES] 4y 257} Al ub
g} 7rastc) B8 dae] 282829 non—mesogenic®
= mesogenicS?PSHY SIAIA A& A} SFHERTE o}
FAS = wdRE FAlEe] ZHAHE 5L TYAA &
< I3 A4S oM E Buse] gick o3 ARELS 4
2HE 258 Ad BAE0] YEhE 254 98 A0 T
Atk @A FYAEE 2ES 143 YA g8 ==
Ak EUS AlAFsHE

=TT w
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Figure 7. CD spectra of (a) CH8CB, (b) CH8MT, and (¢)
CHS8LT at differnt temparatures.

ZeAHY 3 HEEEE(R), p 2B A4, 3olE An=np
o] AP A § = < 1524 98 ¢S 7REET 4,
2] A7y poll Xk & <= glok $H8 pseudonematic 71
AR (D) & 74 sz (g T8 p Telle p=22D/4°) TA
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Figure 8. Temparature dependence of the optical pitch (An)
for CH8CB, CH8MT, CHS8LT, CH8CE,’ and CH8AM.

2" e e BA FFCl AEtith D 4% 9
&) Z7kelt Do) DBHRE(dnD/dD S 2F 107 TlEA] duk
Hog thds] Arp™ o2l AMIES THE o, Figure 8o 1
Bl BE fEAES 4,0] 257} Al wet hadke AR
25 A5l g3 gt Sk AMRFE ZdEE AR g7
Hck

Figure 8¢] HojF-%0] CH8CB, CHSMT, 1811 CHRCT7} 1+
Ehils 2545l 23t 4,9 Zagels Aulg 2jo|rt B2
=tk ofEl ARE 2ndsel A ¢f] TUHES o)EFRY 38t
T2l WIZFsHAl &Sk ka2 AJAksith CH8CESF CH8AM
o] Vbl &gl At ¢ TS v skl 7
o] 9JE31] kot (Figure 8) olFH REAEl vls) 2 Agke:
UERdTE o]2ish AN 9l Akl vle} o] FelAEHE 4] AA
LE oldR ARAEY A tRR SEAEY A5l vls) &
ARLE 1ElE o, FelaEE ) AXEr) STl FEAHE
TEER chiral S o3y AuiEl= g0 FUHES Ta
g2 AABIT) Z2PAHE 282 Ad dimer$} trimers©] e}
Ul &5 2t ¢o] 57182 EHAHE] =YY meso—
genic IF9] HETE, 2FHIM Holg) FETE, mesogenic
T AvolMe] ARk Fol| MizksHA &I HlTA) e
2EE Ake] AMEIL Z7keh o) F7haol AaskA] operh A
F4% #2}o] non—mesogenic 152 Ad FYAHE F2A]
Sl theiM e BaEo] Aok webd FelAHE 152 Ad o]
IR T FTAES ZUAHY A A5 EX g
ARHER] AEE A7) 9Jslode AlolX g o), FAkET A
o] Ak, AT & Dl B2 ATAES o83l E
A2e o] ¥4, AT 21 2,9 &5 IEA e st A
Aol AEs) Aeasirh

4 B

AZR| @A DEQ A 781 FHE 9 AZ- cholesteryl chlorofor—
mate B CHBCS BRSAIA AXE Ze2v|ESA7MEs) 18
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9} non—mesogenic 152 Ad o|9F AEAE 181 A
& 758 A dimerE, triplet 7813 BFEF FEAIS] oiF
Ze] A7Aue} nlagtel o8 v 22 AMAE doyich
1) FA2EHESA7IR s} R EAEL 0 SHAHE s
< A v B-FHAHHEEA TR ) PR3t FEAES

o]
=
Wiy Fesuy 45 s

2) A Azn| e PHANEES 2 S sk
W G BEA T8]) FEQA UUNAEES A g

o

/g8kA] etk olelst ARdE B Aol 23 non—meso—
genic I15-& TYAA A& o)FHF REAES A4 95
TZ BEAL o|FH9 3tz YIzeA dEss W me-
sogenic I15& TYUAIA D& o|FF AEAIES] A4 I
I} FEEAL o|FR] 3Erze) wizklA Q& kom o)
ZFHoll £31% mesogenic ZIE] 2l AuiES ¢ o Uk

3) BE o|FH AEAlES AT JTRE Ad FHA
g A g9 2eu ZHAHESAIR Y AR &
4E AR A LA SIS JERA] S

(B—-FaAHE A7) bt FRAE2 <F 60 T2 ¥

L= MAMZES el o]2fdt AMIERE 409 2
15 2#o|xe] oo RIztslA &S & = AT
4) B-FA2HBEAFIEY) FEeg} o]FF FEAEe] Y
e 250l 3 4,0 A o|dHe] 38tz AY
oJESIX] Yttt ojelst S (8- ZulAHE AT YY) el
3} AEZ oA obdE 04 FEAES] Vel d43) Tt
Zeht Sl g g0 RS oldR FEAES] B9t o
T ATAEY Al vis 2 Aoz vehdoh oledt AR
2 DES} w2 Aolo 71918 2225l 23t 2252 ¢
AFene) wske] 2lolo) o8] xHE Ao AZtEh

5) o|FF FEAES THAHY Ao 47 L oFRY
spehzo] A &E3IR] k= wba Aslo|x2] Zoldl] wiztslA|
o FEAHE Ao 27 e 8-ZUAEHE AT
) Febe s} ggREe B 8-FaAuESA A7) FEl
3} o]gRe] Aol njg) wrh o)gt AP T2 wiEkE] Sl
223 thR TARSS g A () D £ 3] st
B2 25, & B duA} 7EHE ARIERE s A
A7}

6) olFH FEAEC] Fdshs FulzE Ao AMEE O
FAAE 2g8ln Eu2EE 252 Xd dimer$} tripletd] &
Al2ElE ] Ao vlE] ok ol#dt AP ofFF A
9] W Frzddel EABks 419 Zelzdd aFEe A
gt 7o) Ak AMNERE Xl R0 2t
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