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SYNTHESIS AND SOLUTION BEHAVIOR OF PDMAEMA-b-PNIPAM
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TEBORF R e TSRS b R e AR

The well-defined thermosensitive block copolymer composed of poly[2-(V,N-dimethylamino)ethyl
methacrylate] and poly(N-isopropylacrylamide) (PDMAEMA-b-PNIPAM) was synthesized by an atom

transfer radical polymerization. Dynamic light scattering and '"H NMR spectrum clearly indicated that the
polymer micelle consists of a hydrophobic PNIPAM core and a hydrophilic PDMAEMA shell in water at 50
°C, i.e. higher temperature than LCST of PNIPAM. High encapsulation efficiency of ibuprofen or fluorescein

into polymer micelle was achieved by an ionic bond formation between amino groups in PDMAEMA segment

and carboxyl groups in low molecular weight compounds. Furthermore, the encapsulated low molecular weight

compounds were rapidly released by ionic bond dissociation under acid conditions.

Key Words : Thermosensitive polymer, LCST, pH-responsive polymer, block copolymer, micelle,

ionic bond, encapsulation efficiency.

1. #E8

AWFFEER T, BkMEEZ A2 b & LTERZES R
4% 7~ 7" Polycaprolactone (PCL), #H/AME7 A FEL
T FIREE RIS (LCST) & #9 32 °C (ZHf> Poly(N-
isopropylacrylamide) (PNIPAM) % ¥l A& bHE/7-7 0 v 7
HE AR PCL-b-PNIPAM, PNIPAM-b-PCL-b-PNIPAM,
LOERIT 1w 7 IEESK 4-star-PCL-PNIPAM D5 %
LBEBRZEENC OV TR L TE RN Zh b ot 7
0y 7 EAEKIIAKF T, PCL 227, PNIPAM %3 =
NETHREEREER L, BUKMEMEERIC XV &S
bz aT7ICBIAL Z EAHIREES TV D A, EA
BITDOTIENEETHD.

AW TIE, BUKMEMAEM LY biRnA 4 ofia %
B FEEYOE NIRRT L2 2B, 3 /M7 I /4
GHEY ~—"Td D Poly[2-(V,N-dimethylamino)ethyl
methacrylate] (PDMAEMA) &, BRI TH 0 7203 5 LR
X VA G TR LAY ibuprofen, fluorescein DFA A
AbEEEZT-. PDMAEMA 1%, 5 F&IZMZ, pH I
fEIF L CLCST 28 30 ~ 50 °C Z/R T2 &6 TR
2, pH OZELBMEG FLEME T T D MY T—E7 5
TEREBEZOND. BICAE T, BEMEEHET D7
® PNIPAM DA% %z 7=, 472, PDMAEMA &
PNIPAM 7SR &N 5 7 v v 7 LB AR PDMAEMA-
b-PNIPAM %% —7 > hARIU~v—L L7z, ZORYv—
DIKF TS 5 2 2, BIRME & pH 7 & RIRFC

RYZ EMD, Drug delivery system (DDS) (23T &
IEMEX Y VT L LCORAREREENS.

2. EEB
(1) TRV I HREEERDER

Ethyl 2-bromoisobutyrate (EBiB) % P45 & L, Acetone
H, CuBr / NNN’ N’ N’-Pentamethyldiethylenetriamine
(PMDETA) f#7ET, 40 °C T 48 h, DMAEMA OJF 1%
7 U HNVES (ATRP) 2170, PDMAEMA Z157-. Ik
I\Z, PDMAEMA %~ 7 mB4h#4lE L, 2-PrOH 1, CuBr
/ Tris[2-(dimethylamino)ethyl]amine (Mes TREN) {77E T, 60
°C ¢ 72 h, NIPAM ® ATRP %17\, HHO T v v 73t
AR TH 5D PDMAEMA-b-PNIPAM (M, poMaEMA =
4,900, M, pnipam = 1,500) %457,

N

o] | o 0" 'NH o
Br j\/ A UNL Br PN Br
~o 00 o > o - n
EBiB CuBr/PMDETA o CuBr/ Me;TREN o o )Ni
! Acetone 2-PrOH \
40°C, 48 h PDMAEMA 0%, 721 L
/N\ N
PDMAEMA-5_PNIPAM

2 N gy HeER
( 2 ) /-I_\ U 7_1'6'1&0)EH§2

PDMAEMA-b-PNIPAM O 0.2 wt% /KK Z il L= &
Z 5 PDMAEMA OI#57 2 7 Fic kv, /KB pH =
8 &Lz, ZHUZ0IMIEREEMA, pH=7 OKERE
L7,
(3) BERFLEYMDOHA LB

PDMAEMA-6-PNIPAM (20 mg) % F58K (10 mL)



Wi s, B FEAY (5mg) & DMSO (5mL) &1
BITBICR L=, FTERE OREKZ WV CHET L %
179 2 & CREIES TL AW A BRE LT2%, UV-vis ]
ENDEARERM L2, I, BTN~ 0.1 M s %
WFT52&T, UV-vis lIED BB 2 Bl LT,

3. HBREER
(1) BREH

RV = —IKIEHR O FIZE UV-vis JIE (500 nm) %17
-7- (Fig.1). pH=7 Ti¥, PDMAEMA OfIgH7T I / &
D7 N AT R DB EIZ XY, FEiEEO R
BRARIEE 25K 34 °C I EH- L, ZOWANTH 40%F2HE T
—TE Loz, —J, pH=8 TIL, #30°C CHffE721%H
ROV DPHERENT-. ZOFEEMNS, PNIPAM DR
P L 2R Y v — OHEBEH N R S 72729, DO
oo 'H NMR HIEZ1T -7 (Fig2). 25°C D& EITRB
U2 PNIPAM DA Y Fu B LR RD A F o DL 7
Jb (3.9 ppm) A3, 50 °C DEFICHE L TWZZ Enb,
PNIPAM % 217, PDMAEMA % > = /)L L 9% I BILTEKL
PRSIz,

pH=7

PNIPAM
PDMAEMA -CH(CHs),
-CH,CH:N(CH;),

20 25 30 35 40 45 44 42 4 3.8 3.6
Temperature [°C] ppm

Fig.2. '"H NMR spectra
of resulting polymer in
D0 observed at 25 °C

and 50 °C.

Fig.1. Transmittance of
PDMAEMA-b-PNIPAM
depending on solution
temperature.

WU ~—/KIEK (0.2 wt%) @ DLS HIEZ{EFE - pH %
AL EHETITo 7= (Table 1). 50°C - pH=8.5 DK (Sample
2~5), DDS (i L7z 264 ~402 nm OREE/RLTZ. L
ML, TORBENSANIALS, PNIPAMZa7 L453+¢
NOMIZ, BEDOIBNANESG L7 FAZ—, DK
XMRBHERDIFET 2 Z PR E NS, RIZ, £ DRI
% 50°C |\ZfR> 72 F F pH=3~4 |2 S 7=FF (Sample
3~5), RIfEIL69.5~114nm I[THIR L7=. Zhid, metEss
HETIZBWT, v =)L E AL TV % PDMAEMA O
TIRE0Te b ALK o TELTE AT A UV RILEOE
EBRIEDT- D EHEESND.

Tablel. Diameter of PDMAEMA-b-PNIPAM aggregates
depending on solution temperature and pH

Sample Temp. pH  du. [nm] Dy, [nm]
1 109.5 146.8 + 65.5
r.t. 8.5
2 1322 1955 + 102.2
2 273 304 + 8.10
3 s0°C 8.5 31.0 40.2 £+ 16.8
4 26.4 31.7 = 109
5 40.2 51.0 + 204
3 69.5 70.5 + 6.90
4 50°C 3~4 103.2 1200 + 384
5 114.1 170.0 + 87.7

(2) BEDFLEYMOHAHBRR UKL HER

ibuprofen & U* fluorescein D AFRER A 1T > 7= (Table 2).
ibuprofen M E AL, r.t. THI 100%, 50°C T 63.7~88.3%
Toh-o7-. FEIZ, fluorescein IE r.t. T 78.5~85.5%, 50°C
T57.0~803%THY, WFhoLHEbmEmWEEZRLT.
AR, WRIARS LSO ERLER R o
ol Z b EBET D E, BUKEES EEHOE S
FHHP~DOI Y AL R ST, S ARBRE OWIK %
FEU L, KOWBIEREEEIT-721%, O 'H NMR JIE
(CDCL W) #1ToTc& 24, T/ RIIHETLIAT L
VRO VT (227 ppm) DKM T 7 b
(ibuprofen : 2.30 ppm, fluorescein:2.32 ppm) L TW\W/=Z &
Mo, BoTIbEwICEENDI LRI ULELE,
PDMAEMA $4D7 3/ JEE TOA A4 UG TR R
Shi-. fluorescein & AR U < —0 DMSO/H,0 ¥&E D UV-
vis & AT MUZEWT, fluorescein D Fe KWL F A
FEREMIZ 7 F (480 nm — 500 nm) LTEY,
fluorescein & PDMAEMA O A A USRI L 5, v
RFx T — M A DEREMHIDTZ. —T7, 50°C TO
FHAEN Lt OREL DORBNZ &0 D, UL > THT
EIPERE R0 A FURERREE L7 S HEE S LS.

F7o, BITIENICHERE A 3 ~4 [BNE T3 2 iHRBR 21T
72 Z 5, ibuprofen 35 U, fluorescein DT 2 fEFE L
7o HIT, MBS OBHTIEN OEEIEIN G, @msrF#HHP
WK IAENT B HbEmELHEE LZL 25, HA
HAEBZEOFARELY KE KT L TW (ibuprofen :
81.6% — 29.8%, fluorescein:71.3% — 30.0%). ZiUig,
PDMAEMA $HD 7 1 b AKIZHED B F A4 RO f%E
KHE A A UAEE ORI Lo T Ehiz B2 6h
2.

Table 2. Encapsulation test of PDMAEMA-b-PNIPAM

Encapsulated low molecular weight compounds

Low molwcular

. Temp. 1 2 3
weight compounds
[mg]  [%] [mg]  [%] [mg]  [%]
. r.t. 525  105.0 4.67  93.6 4.95  99.0
ibuprofen
50°C 441 88.3 395 79.1 3.18 63.7
. r.t. 428 855 4.04 808 393 785
fluorescein
50°C  4.02 803 2.85 57.0 3.83 765
4 !Fl:i
. hU=R=]

'HNMR JI7E K O UV-vis WIEN D, A AU EE12L D
BiAKPEARS TAEE D I BV FA~DOE Y SALRHER S
7-. ¥IZ, PDMAEMA H3K® pH iS& M & 5 1&45 b
B O HERR S T,

S Xk
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