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Abstract : Diblock copolymers consisting of methoxy poly (ethylene glycol) MPEG) and poly (e—ca—
prolactone) (PCL), poly (6—valerolactone) (PVL), poly (L—lactide) (PLLA), or poly (L—lactide—co—glycolide)
(PLGA) were prepared to compare the characterization of diblock copolymers as a drug carrier. MPEG—
PCL, MPEG—PVL, MPEG—PLLA, and MPEG—PLGA diblock copolymers were synthesized by the ring—
opening polymerization of e—caprolactone or é—valerolactone in the presence of HCI - Et;O as a monomer
activator at room temperature and by the ring—opening polymerization of L—lactide or a mixture of L—
lactide and glycolide in the presence of stannous octoate at 130 C, respectively. The synthesized diblock
copolymers were characterized with 'H-NMR, GPC, DSC, and XRD. The micellar characterization of
MPEG—polyester diblock copolymers in an aqueous phase was carried out by using NMR, dynamic light
scattering, AFM, and fluorescence techniques. Most micelles exhibited a spherical shape in AFM. Thus,
we confirmed that the micelles formed with MPEG—polyester diblock copolymers have possibility as a
potential hydrophobic drug delivery vehicle because a hydrophobic drug could be preferentially distributed
in the micelle core.

Keywords : MPEG—polyester, PCL, PVL, PLLA, PLGA, ring—opening polymerization, micelle.
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Al 2 JiZ. A A ZA MPEG (Aldrich, Milwankee, WI,
USA) & 782 2000 g/moles ARE3FAAL HES THekA 2
A1 CL, VL(Aldrich)& Zgsto]=ate] = (Aldrich) shellA 73st
AAste] AT LA, GA (Boehringer Ingelheim Pharma
GmbH & Co., KG, France) &= ol€lolAE|o]|E (Merck, Germany)
oA 2xF A ste] 23 Axste] ARSIt CL, VL] 5%
Zu|24] HCI - Et20 (Aldrich) += A28 glo] AR-3131al, LA,
GA?] TEFEA XEH| -2 SEO]E(Sn(Oct) 2, Wako Pure
Chemical Industries, Ltd., Japan) = 24A17F <t 7dst & 0.1
M w2 AR EFloR sjAsto] ARg3IltE MPEG—PCL,
MPEG—PVL®] RE&-gul2A ARG wlddlEZe}o]=(Jin Chem.
Pharm. Co. Ltd., Korea) & %4 02 g2 o] =(Aldrich, St.
Louis, MO, USA) &} Zsto|=elo] oA 47| slholla] A
AsAth. MPEG-PLLA, MPEG-PLGAS] W-&-&41ljel A%
EFll (Fisher Scientific Korea Ltd., Korea)= 4 A ¥}
(Junsei Chemical Co., Ltd., Japan) ©l| B335}tk vhe & p &
kel RS gske] dak(Junsei) ZF lEoElZ (Jin Chem.) =
HPLC & AHESIGlth A Bt 25 gelstr] 4

3t AR 2rlE 783 (GPC) 42 ol54or FR22XE
(Fisher Scientific Korea)& AM-81911L, BTAIRZA E2]A
E]gll (Showa Denko, Japan) & ARSIt 4% Zzke] &5
FTEEA] A v FEE S5 Aste] G EFEA 3
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7] 918t ot 22 S AAsIGITE ZIAIAIR] MPEG 2 g(1
mmol) 2! EF<l 80 mL& & 2% 100 mL s Sk~
Y o AE ERS ARESIo] 5AIZFESE 130 ol 21 /75
ANEA. S5 F EFAS BF A|As MPEGE A&o=
WA & njg] AAE CL 1.7 g(14.9 mmol) & FAP = o)&
afo] ¥ & vkg-guzA] wlg] AAlE MC 30 mLE W& thy
%3 ZjE4 HCl - Et,0S 2 mL Folalo] 2447 Bt AL
oAl WHIAIA F=RIth B B I A shellA] s
o} Wk S makg degEAg AAIAIE AASE] flete] 400 mL
9] alo]] WRS-E-S AA3) Hojrmg]da FAAA Fek FHELS
MCell 350 AGFo|Z AE £ 3d TLE Fsle] &vls Al
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B AAs) A9 LA 1.7 g(11.8 mmo) & 2 & Zujjel
0.1 M Sn(Oct)z 2 mLE ¥& Th 115 TellA] 15A1KF 53t 1
HAA FEAek 9kS- F @t 320 mLe} olgeHlZ 80 mLo]
o]l HAAIZ F dojxl mRAR= A sl AERAIHL
MPEG—-PLLAY 5342 Figure 1(c) ol YeRHSIL
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EEZFEAC SMEM. JAAIL TR AR EAERRE
¢} ExpEke 5 71e] 2 (Shodex K—802 and Shodex Asahipak
GF—-510, Japan)< 7}4l Futecs GPC A]2A¥(Shodex RI-71
detector, Japan) & &35l ol sAto R SREXES o83l 0.6
mL/min?] §40% SHe) 2zt A Akl £ ulof of
3k Bkl Ui 7|22 881 0.05 wt%d] HEHE A (TMS)
S ¥3F3F CDCl3(Merck, Germany) @} DO (Aldrich) & 89| =
sto] 'TH-NMR (Bruker 300, 500 MHz, USA) & %a}o] #2413}
%t} MPEG-PCL, MPEG—PVL, MPEG-PLLA, ¥ MPEG—
PLGA?] tjekst ZajoAv2 T80 wE 97 54S adep|
9)8ke] DSC(TA Intrument DSC 3100, Dupont, USA) Z o]&-a}
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= A7siele). =gk A% Feje wslE dEab] flste] XRD
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Figure 1. Polymerization scheme of (a) MPEG—PCL, (b) MPEG—PVL, (¢) MPEG—PLLA, and (d) MPEG—PLGA.
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Table 1. Synthesis of MPEG-Polyester Diblock Copolymers

No. [M] atio (LA/GA) — [M]/[MPEG]* M, ,cica Yield”(%) M, i M,/M,”
PC1“(MPEG-PCL) - 12.9 2000-1500 96“ 2000-1700 1.20
PV2/(MPEG—PVL) - 14 2000—2000 84! 2000-1700 1.21
PL3"(MPEG—PLLA) 100/0 12.1 2000—1750 95% 2000-1720 1.21
PLG4*(MPEG-PLGA) 80/20 9.7/3 2000-1750 83 2000-1600 1.23
PLG5"(MPEG-PLGA) 60/40 7.3/6 2000-1750 82 2000-1550 1.17

“[HCI]/[MPEG] = 2, temperature =room temperature, time =24 h. b[Sn(Oct) ,]/[IMPEG] =0.6, temperature =115 C, time=15 h.
‘MPEG : M, =2000 g/mol( M /M =1.17). 4 h—hexane insoluble part. Y n—hexane/ethyl ether(4 : 1) insoluble part. ‘Determined by

"H NMR. “Measured by GPC (based on standard polystyrene).

Table 2. Thermal Properties and Degree of Crystallinity for
MPEG, PC1, PV2, PL3, PLG4, and PLG5

No MPEG Block Polyester block” e
| (O AU/’ Th(O) Ar,U/g)?

MPEGY 50.4 191.4 - - 22.3
PC1 25.7 5.3 45.2 140 339
PV2 17.7 1.9 49.6 131.2 249
PL3 45.5 78 130 17 51.3
PLG4 46.9 98 83 7 377
PLG5 47.3 102.4 - - 28.7

“PCL, PVL, PLLA and PLGA block. ’"Measured_by DSC.
‘Determined by X —ray diffraction. “MPEG : M, =2000 g/mol.

-50 0 50 100 150
Temperature (C)

Figure 2. DSC thermograms of MPEG, PC1, PV2, PL3, PLGA4,
and PLGb5.

PCL, MPEG-PVL #42] 9oz AF Fulls ARgste] 2o
A ZFeslgd . whd, MPEG—PLLA, MPEG—PLGA= Sn(Oct)
2 ARgao] 115 T 250l F3e Areln > ek &
EE ERIY] 918 GPCE &3t 4] A7 1.17-1.239] F2 &
LS 7S EelEgin) dojdl A= 'H-NMR #4418 &
g PCL, PVL, PLLA 9 PLGAS] 54 935 #RIE &4 ISk
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Ao g SO R A AT S Qich
ESZTEAMC 5N 2. 3E At 97 S 4734
< 15| St AREAIEHAI X-4A 31875 AMSE
548 Agsielth EEaEdA 94 5402 Table 29}
Figure 204 Uebd 238 MPEGE ¢k 50.4 Colld 2 1=

Intensity

0 10 20 30 40
260
Figure 3. X—ray diffraction diagrams of MPEG, PC1, PV2,
PL3, PLG4, and PLG5.
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o AXE W} =2 A ¢ 5 Uitk 283 PL3, PLG4 9
PLG52] Ag3sl=E nlws] B9 PL3S 51.3%, PLG4+ 37.7%,
PLG5% 28.7%% PLLAo| PGAQ] o] Z7le% A43}
S fadhs A4S 1% 7 QIgitk(Table 2). ol& #& A%
238 7FA)+= PLLAC] PGA7} 80 : 203} 60 : 402 473 ul&
UlellAl A2 ASHA AolHA] el o] dojuk PGAS] &
o] ZrVekrE ARSI} haetal Th, w3 fhadhs Aow
AtaEn? o2 & MPEGe 3535e zizte] Zejo =
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Figure 4. 'H-NMR spectra of MPEG—PLGA diblock copolymer
(PLG4) in (a) CDCl3 and (b) D20.
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Figure 5. Excitation spectra of pyrene as a function of PC1
concentration in water at room temperature.

Table 3. Critical Micelle Concentration (CMC) and Mean Hy-
drodynamic Diameters of Micelles Formed by MPEG-Polyester
Diblock Copolymers

— CMC %1073« Diameter®
No. M, ow (mg/mL) (nm)
PC1 2000—1700 5.77 107
PV2 2000—1700 5.26 144
PL3 2000—1720 25.3 376
PLG4 2000—1600 6.59 314
PLG5 2000—1550 3.19 216

“Measured by the fluorescence technique. “Measured by dynamic
light scattering (the micelles prepared with 1% concentration of
MPEG—Polyester diblock copolymers).
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Figure 6. Plot of Ass/hss(from pyrene excitation spectra)
versus Log C for concentration(C) of PC1, PV2, PL3, PLG4,
and PLGb5.
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