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Abstract: Cholesterol-containing monomeric surfactants
cle solution. This vesicle solution was dried to construct
Using UV irradiation the surfactants in this membrane

Using a X-ray diffractometer, the thickness of one layer
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] drug carrier system[ 1], photochem-
ical solar energy conversion system[ 3, 4], reactivity

control system[5-7], controlled release system[8-
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were synthesized, and sonicated in water to form a vesi.
a membrane which had a molecular multilayer structure.
were polymerized and molecular weight was determined.

and the regularity of the multilayer were measured.
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2.1 Alek gl 77|

B2 Aldel| a}&-= o 2~ HE, cholesteryl chlore
acetate, 11-bromoundecanocic acid, 6-bromohexanoic
acid, bromoacetic acid, N, N-dimethylethanolamine,
diethylene glycol, 2-(dimethyl-
amino)ethyl methacrylate= Aldrich #&& 2843}

sith. Infrared spectrophotometer+= Perkin-Elmer X

acryloyl chloride,

982, nuclear magnetic resonance spectrometer
Varian EM 360L<-, X-ray diffractometers Scitag
XDS-2000<-, sonicator+= Cole-Parmer 4710 250W
sonicator® A&3}9th.

2.2. [{(Cholesteryloxy )carbonyi}methyl ][ 2-{meth-
acryloyloxy Yethyl Jdimethylammonium chloride(CHO-
DAMA) 2| 3t

Has o] gatef gHAfatadct[20].
(yield 40 %) NMR(CDCl,) & 0.8-2.4(m, 44H),
2.0(s, 3H, C-CH,), 3.8(s, 6H, N-CH,), 4.4(m,
2H, N-CH,), 4.5-4.8(m, 2H, CH-0-CO), 5.0(s,
2H, N-CH.-C0Q), 5.4(m, 1H, CH=C), 5.7(s, 1H
CH=C), 6.1(s, 1H, CH=C).
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2.3. [5-{(Cholesteryloxy )carbonyl }pentyl ][ 2-(me
thacryloyloxy )ethyl Jdimethylammonium bromide
(CHODAMA-5)2| 3t

puEl o uhge ojgste gAsbedch[20].
(yield 41%, mp 96-98°C) NMR(CDCI3) ¢ 0.8-2.4
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(m, 49H), 2.0(s, 3H, C-CH,), 2.3(m, 3H, CH.-
C0), 3.6(s, 6H, N-CH,), 4.2-4.3(m, 4H, N-CH,),
4.5-4.8(m, 3H, CH-0-CO), 5.4(m, 1H, CH=0(),
5.7(s, 1H, CH=C(), 6.1(s, 1H, CH=C).

2. 4. [10-{(Cholesteryloxy )carbonyl}decyl ][ 2-(me

thacryloyloxy Jethyl Jdmethylammonium bromide
(CHODAMA-10) 9] &M
oluf Bay wg ol&sted FAstedi{20]

(yield 65%, mp 136-138°C) NMR(CDCI3) & 0.8-
2.4(m, 59H), 2.0(¢s, 3H, C-CH,), 2.3(m, 3H, CH,
-C0), 3.6(s, 6H, N-CH,), 4.2-4.3(m, 4H, N-CH.,),
4.5-4.8(m, 3H, CH-0-CO), 5.4(m, 1H, CH=0),
5.7(s, 1H, CH=C), 6.1(s, 1H, CH=C).

2.5. [{(Cholesteryloxy }carbonyl}methy! ][ 8 - (acry-
loyloxy )-3,6-oxaoctyl Jdmethyl ammonium bromide
(CHODAMA—OXYG)EI &N

300ml £} flaskol|
mole)A hydrobromic acid(48% )% $2 %
o)43 gho] £EZ 4-5CZ Yol 30ml(0.30
mole)2] N,N-dimethylethanolamine &
glod 4-5CE 255 & ¥, 919 &
& Hrlsiodch Azbrb By 3?.
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, o] flaskell 200ml2] acetones 7}
ice bath %ol 244)7F Fob uFA5}
ﬂﬂ%% 71232 acetoneoZ A E o]
ol HEE Aol ¥ T AZabath N-(2-
bromoethyl)-N,N-dimethylamine  hydrobromide7}
58g ool (yield 83%).

100ml(1.054mole) 2] diethylene glycol®t 10.0g
(0.435mole)2] sodium& E& Hxs  AAZ
tetrahydrofuran(THF) o} ¥ 1 sodiume] 3] =
o tu;} 2 refluxshsich, Lolo] 5B Meo g u
. 50.0g(0.215mole) 2] N-(2-bromoethyl)-N,N-
dlmethyldmme hydrobromideE 50m!2] diethylene
glycolell =2l &84 9]¢ &olo] dropping funnel

-

s

iy
AL
r{,w

o
=
o
=
mlm

& A 5

[} ANy

g

>
=

3z
an

ooz @ orfo L o ol a2 o

N

1



o] #A4E2 dichloromethane& o] g3t =%s}9
o} oA &AE N-(8-hydroxy-3, 6-oxaoctyl)-
N,N-dimethylamine& &1 Atej2 t] o)ate] =3
glo] ohg uheol AHeataic

5.0g(28.2m mole) 2] N-(8-hydroxy-3, 6-oxaoctyl)
-N,N-dimethylamineo| 100ml¢] dichloromethanesl|
Zopole 4o 25ml(30.8m mole)?| acryloyl
chloride7} 20ml9] dichloromethaneo)] molgl= &
A HWrlgh &, Aol 2417F Fab whgAlFT)
o] Hk-g Lols sodium bicarbonate $&N o7 =
e Mejg F, 49E AT EHsb N-(8-
(acryloyloxy)-3,6-oxacctyl)-N, N-dimethylamine &
Qorh o] AHEE o ol AAge] g e
of Ap-g-3hoir}.

4.01g (17.3m mole)2] N-[8-(acryloyloxy)-3,6-
oxaoctyl ]-N,N-dimethylamine#} 8.80g(17.3m mole)
2] cholesteryl bromoacetate® 200m!¢] diethyl
ethero =l ¥, AF2ollM 147} St ubgX|7ich
Hhgo] By F, 34" AHEL A2 9 o] AT
S 4% chloroformel]l ¢l %o diethyl ether&
Wkl ALY Azich 448 A9EE Az A3
stoll Al AxzAlgch HE PAHEL silica gelg o]
& column chromatography ®HH& A}gso] =
#tole). EluentZ& CHClL/CHOH=3/1& Al43b4d
2 CHODAMA-0XY-39 Rgte 0.320]9c}. 3
FHo® 23g(3.17m mole)?] CHODAMA-OXY-3
7} #A4=sdek. yield 19%, mp 193°C NMR(CDCI,)
6 0.8-2.4(m, 44H), 3.8(s, 6H, N-CH,), 4.1(m,
2H, N-CH,), 4.2-4.5(m, 10H, CH,-0), 4.9(s, 2H,
N-CH,-C0), 5.4(m, 1H, CH=C), 5.7-6.3(m, 3H,
CH=C).

d

2.6. [{({Cholesteryloxy )carbonyl}methyl 1[5 - (acry
loyloxy )-3-oxapentyl ldimethyl ammonium bromide
{CHODAMA-OXY-2) 2| A

ore] CHODAMA-OXY-3 #4dolMe} 72 why
© 2 N-(2-bromoethyl)-N,N-dimethylamine hydro-
bromide§ ¢4 &, 94 CHODAMA-0OXY-3 3
Aol Mo} 7t& wbio 2 diethylene glycol thAle)
ethylene glycolg 2830} N-[5-(acryloyloxy)-3-

A ohd FEe) A 215

oxapentyl)-N,N-dimethylamine2 §4J&}3ic}.

3.95g(21.1m mole)2] N-[5-(acryloyloxy)-3-
oxapentyl)-N,N-dimethylamine} 5.24g(10.3m mole)
2] cholesteryl bromoacetated 200mle) diethyl
etherol] <l £, Ah2ol4] 24417 F< uk2-2|3c).
Hhgo] B &, A" AHES 721 U4 o A
HEE 229 chloroformel
ether® H7ls) WA At §
AFstelld AEAZHS. HF YYEL silica gel
o] 83 column chromatography ®H& Al4-3}
o} AHAsdrt. Eluent2& CHCL/CHOH=3/1&
AHg-stod ¢ o3 CHODAMA-OXY-29] R.gte 0.190]
Ark HE2H o2 237g(3.4lm mole) & CHO-
DAMA-OXY-27} g4 =t yield 34%, mp 189
C NMR(CDCl,) & 0.8-2.4(m, 44H), 3.8(s, 6H, N
-CH;), 4.1(m, 2H, N-CH,), 4.2-4.5(m, 6H, CH,-
0), 4.9(s, 2H, N-CH,-C0), 5.4(m, 1H, CH=0),
5.7-6.3(m, 3H, CH=C).
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CH}ZC(CH;) _CO_O—CHg_CHg \ _ / CH§

Cholesteryl—0—CO—CH, ”

[{(Cholesteryloxy )carbonyl }methyl ][ 2- (methacry-
loyloxy ethyl Jdimethylammonium chloride(CHO-
DAMA)

CH,=C(CH,)~CO—-0—-CH,—CH,\ _ ,CH,

N Br
Cholesteryl —0—CO—(CH,), / \CH,
[5-{ (Cholesteryloxy }carbony! }pentyl }[ 2- (metha-
cryloyloxy)ethyl Jdimethylammonium bromide(CHO-
DAMA-5)

CH,=C(CH,;) -CO-0~CH.—CH.\ , ,CH,
N Br
Cholesteryl -0—CO—(CH,).,|  * CH,
[ 10-{(Cholesteryloxy)carbonyl}decyl ][ 2- (metha-
cryloyloxy)ethyl ldimethylammonium bromide(CHO-
DAMA-10)

CH,=CH-CO—(0-CH,~CH.),\ | ,CH,
N Br

Cholesteryl—=0—CO—CH,/  “CH,

[{(Cholesteryloxy)carbonyl )methyl]{ 8-(acryloyloxy)
-3,6-oxaoctyl Jdimethylammonium bromide(CHO-
DAMA-0OXY-3)

CH,=CH~-CO~(0~CH,—CH,).\ , , CH,

N Br

Cholesteryl—O—CO—CH,” ° CH,

[ {(Cholesteryloxy )carbonyl }methyl ][ 5-(acryloyloxy)
-3-oxapentyl Jdimethylammonium bromide(CHO-
DAMA-OXY-2)

Cholesteryloxy- =
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DAMA-0OXY-33} CHODAMA-0XY-29] 7A$of=
23 ol oF7} Aasidrt. ojigk Hae FE ub
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Fig. 1. X-ray reflectivity scans of multilayer trom
CHODAMA-0XY-3, CHODAMA-0OXY-2,
CHODAMA, CHODAMA -5, and CHODA-
MA-10, respectively.
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Table 1. Thickness of One Layer in Cast Film

Thickness of one layer( A )
Surfactant — —

before polymerization | after polymerization
CHODAMA 39.5 39.4
CHODAMA-5 42.2 42.0
CHODAMA-10 45.6 45.3
CHODAMA-0XY-3 41.5 40.6
CHODAMA-0XY-2 41.0 40.5

o2 Azter),

CHODAMA-54 2l3] &A% cast filme Fig. 1
o4 BEo] CHODAMAY #A$ ¥u: Fz7l 2
F o 737 ojgjon, CHODAMA-10<| o)a) &
1%l cast filme] Z$= Fig. 1o)4 BEo| ¢ 22
AL 2o F3lot. o] A#e alkyl spacer7} 7
BAA 7o) A v 288 F97) o
o8 47rdct. CHODAMA-0OXY-39 CHODA-
MA-0OXY-2¢] 93 A ¥ cast filme CHO-
DAMA®] 799} wlis) 29k wf F24 @A
M2 Jo}x|z] ekgtrh. o]7e CHODAMA-OXY-3
2t CHODAMA-0XY-29 #%ol spacer7} ammo-
nium?| 9t ZH 28| E7] Alele] §1x] ¢F7] wEo R
A7kt

CHODAMA] sl A% cast filme 7t %o
ZtHe] 39.5A°¢]lon], CHODAMA-52 7=
42.2A ]2 CHODAMA-109] 7%%& 456A° 0|9
t}. ole} o] spacer?t ammonium7|9} S#xgE
7] Abolell )& wl& spacere] ZHe| Zrje} tjio
TAhE e Aol g M Frbstglh & A CHO
DAMA-0XY-39 CHODAMA-0XY-29] %<9} 7
°| spacer7} thg F-¥of 9l Aol HAH cast
filmwef 7+ 2] 72tH0] CHODAMA®] 7 $-of u}s|
o5 23 27esc,

F4H cast fimE M7 F¢ e @ &, 3
F oukdol A doldErtE: #aldy] Ysbed IR
spectrum& Ho ®grrl. 3 M3} 22 IR spec
trume] Fig. 20 veb} <glck IR spectrumol] 4
1645cm "ol 449] vinyl 7)ol 2Jg+ absorptiono] %3
2he Foll Ao Albaic} w=g CDCLoll sof 33t
A3} Fo] NMRE %o 2 #nr} Fig. 3ol vehr}
sith. Fig. 34 & 4 9l%o] 3¢ whe %o 57
# 6.1ppmel 42| vinyl protono] A8 Aleba=
& alstdde).

A ohE Fxze 24 217
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(em™")

Fig. 2. IR spectrum of CHODAMA-10 (a) and its
polymer (b).

b WWWW\W\N/

PPM(o)

Fig. 3. NMR spectrum of CHODAMA-10(a) and
its polymer (b).

Table 2. Molecular Weight of Surfactant Polymer

in Cast Film
Surfactant Mgieajgrveigﬁ -
CHODAMA o300
~ CHODAMA-5 w00
~ CHODAMA-10 5800 o
~ CHODAMA OXY-3 7300
CHODAMA-OXY-2 - se00

HRE cast filmg 7hx2 F3 wheg 3 %, 7}
7he} ol GPCE o &8 Bajeke Z4e s}
Table 2] vjeh} 9}

Table 29 Z2% ww CHODAMAS) 727} =
T EAREo] 320022 7H4 yrekovd CHODAMA-
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59} CHODAMA-1002 Z4E Zvlstgdr). o] 4
= ammoniumZ|¢t FFAHEY] Aleldl Sle
spacer”7|7} %% k%o 228 FrE= g ZHE
t}. 3 CHODAMA-0OXY-29t CHODAMA-OXY-
35] A9ols CHODAMAS 7%s wzs 2 o
BAlzkd] "l o) Z AolE Kol Fot. o] AT
CHODAMA-0XY-2¢ CHODAMA-0XY-39] 7%
o] spacer?|7} &% uHe-E e vinyl7]9 #l2 &
of Eof o7l WEol Y W F 2oF AR
A7+

AAARoR B o Exze 234 AR Yoo
CHODAMA ] %o HEHdeoR 5749 #a7} o
A=glo] 9lom, Ao wo] A" CHODAMA-OXY
-39 gl 107] A= A7t FHE Aoz y
234

O
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ZH~HES A CHODAMA,
CHODAMA-5, CHODAMA-10, CHODAMA-0OXY
-3, CHODAMA-OXY-2% 343tz of AwaAA

Zre FAAQ

=]

£2 B £ sonicationd}o] vesicle &-& A
g g, o] &dE Axse gAEe] FAAHLR
g 22 o F2E e HES gAstoden,
o] &g UVE o|4ste] Tt n&astd £
A & F2E gAY 2R o] TEE X-
ray Diffractometer2 ¥4 2 A3 o}z +2&
2 3t 9lelen, GPCE oj&sle 7+7ho] vt iy
o gl= HAE wExe ExlEg AW B An

3200-56004 £ o) gltt. CHODAMA-109] 7494 7}
A FaAel wjde 3}__1_ gJejo i CHODAMA-
0XY-39} AL 845 &2 9 Bajeto] 7}k 7).

A

At

o] =22

=22 199515 W&R Aldafiol &S
2489 A Yol te] A Addu, w3 A
Hol] #e & F4 Kyushurfde] Kunitake T
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