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Abstract: We have synthesized ABC linear triblock copolymers, ie., polystyrene—b—poly (ethylene
oxide) —b—polylactide, via sequential anionic and ring—opening polymerizations. In the first anionic poly—
merization step, styrene was polymerized in cyclohexane using sec—butyllithium as the initiator. Poly
{styryDlithium was hydroxylated by the addition of ethylene oxide, and the subsequent protonation with
methanolic HCI. In the second anionic polymerization step, potassium naphthalenide was used to deprotonate
the hydroxyl group of the PS to generate the macroinitiator of PS—0"K*. Polymerization of ethylene
oxide was performed in THF and terminated with methanolic HCL. In the ring—opening polymerization step,
the PS—b~PEO~0O~AlEt, macroinitiator was prepared from an AlEty/pyridine system in THF, and the
polymerization of lactide was performed at 90 C. The resulting block copolymers showed well—defined
molecular weights and narrow molecular weight distributions as revealed by 'H—NMR spectroscopy and
gel permeation chromatography (GPC).
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ofl, th7ie} 7% AB Felle] BET53A Azl Setslol ARg-Egict:

EelRdSARIEE & 24, ooy 58, 783 AANE
“d (biocompatibility) 57 2& 540% Qlsjo], ekuld %}
9 N FUR 7P wol ARgHo] rEIT Ao, o5 Z
d@EAle= B=o] B} Bkt Gejo] 113A) ggkEe] g
™ 837l ol ] BEE5S P BETEEAS A4 B0
5-80] A=H I Sltk ST 2ol F3-2 Eaf TAE- ABCH
He] ES35TAY A9, @i Jol2ol Hjs) Akk go)e2] Ak
Ao g vk 133 (nucleophilicity) 02 Q1510 tipe] A% 2=
TSUA el Y28 = Hlo] gik DY 750 A9, o] 2 &
o)X T WAE FH3) 8l A wehikS- 3 (metathesis
polymerization) 3! @zxlolgetc)z T8 (atom transfer radical
polymerization, ATRP) & $°& F39} $7 o]&slo], Zejogdd
SRl E59 IXE BEEEEAY E3rl Alofd 5= 9IS
I, oE TS 014 A4S, Ukl BES o) dakde] 7
7 T olFAEE 2 FEE AREE S7E o webA,
E2OIAEE Fele] B5E SYAP17) e ohe E3hle) &
Usolof Rz, Ukl H3Mkse] 79, Bk xdo] golsix]
] izl F oY BE FFEAIS Alxeh=d] ZAldo] glrk

38, AlEtsE S92 3H= 78853 (ring opening polymeri—
zation) & -8 A9, WA FE BRI BIZ 2H= el Ay
2F 9% 5 3tk Dubois9} Hawker 381782 WA ofg]2
E2 Ad7iAAe 2 ASEES ol8slol 4R Zejshrzat
E(polycaprolactone) & =971 AB Hele] BE35EAS T4
AL R} HZolie vulzE) tiste] Hillmyerws: 9 9] 71
53 9 FARg 270) sk 272 89 (controlled radical
polymerization) & ©]-83}o], ¥x}ado] 2 7golgl ABC o] Za
HE =-E2 (NN-H i Eota dotn) =) ~Z2| AE - (PLA- b—
PDMA-/-PS) 335845 Ja2oz gsigint’
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Hg-ofl ARS-EE AloHE Folldl AEA(=99%), ddSAle|=
(99.5+%), 3,6—dimethyl—1,4—dioxane—2,5—dione (lactide),
n—FE88E (2.5 M solution in hexane), sec—FE8]E(1.4 M
solution in cyclohexane), methanolic HC1(1.25 M in methanol),
naphthalene (=99%), potassium(99.5%), triethylaluminum (1.0
M solution in hexane)-2 Aldrichol] 7483tk 20)& 2 73k
Fekgo| AME= cyclohexane® tetrahydrofuran (THR) & 1,1-
diphenyl ethylene¥} r—%=2lE-5 d7lelol 1xsiqlct AEjle
CaHp3lelld 7123k & AAslo] ARgalgict. d@lgAlol=x n—
FElES o|83le] 1xsla, 4 29 ZIAAAREE AR A
3o ALtk 2= (lactide) &= ethyl acetate® A2 e}T1, AF
2ollM 50ARY 9 AF AZg T ARSI Potassium naph—
thalenides= naphthalene (1.28 g, 10 mmol) ©] o3l 100 mL
o] THF ZF $4:(0.645 g, 16.5 mmol) HolelE :33)] dol
T F oA 124171 o wHIsE & ool mAlE ojFele]
0.1 M 894 Alzsie] ARaSITh. F3utgoll ARl 8], Alek
& 2TEEkA QoA Bt YA ANeE BE Aok} S
YA E GA T 5 gl RAES AMESEISlon B A4
#pgol Qlol 1eliE ARSItk 248 TLCHE Merck A1) silica
gel 60Fss (2D, 2218 dY F2rlE7#8u)= Merck 3A12) silica
gel 60(70—230 mesh)2 AMESIITE NMR A~AHEHE Varian
500 MHz Spectrometer2 783151, TMSE 7|07 3o 38t
2 o5& 8(ppm) & WERISICE ARFI 2 vlE 1249 (gel per—
meation chromatography, GPC) 82 Stragel HR 2,3 9 4 Z
Ho| Z2kd Waters R401E ARSI, THR £ stolA 1.0
mL/min. $5% FHFEA S48t
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Scheme 1. Polymerization of (a) styrene (PS—OH); (b) ethylene oxide (PS—A—PEO~OH); (¢) lactide (PS—h~PEQ—5—PLA).
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Polystyrene(PS-0H)2| &, 500 mL Zg}~30)| Alo|Ez 8t
(260 mL)& A & FejHuks QoA AEJRI(21.7 g, 208.7
mmoD-& FAPIZE 93, 22} F9215(0.75 mL, 1.05 mmoD) & F
APIE el A8 Yol F, ARRellA 1041 5t mybkslsd
o} AR @801 =(0.2 mL, 4.2 mmol) 2 B ARelA 12
AR &Y AEaHA wnkt ¥, #%9] methanolic HCIE: Wol ¥hg-
& T2l 3A W BHlE AFjsk telE= 2HRHDCM,
300 mL) ol 39! ¥, FF5(300 mL X 3) 2 A|H3ISTh o]%, ol
712 7158 BEfBlan 77 MeSO4E A% F A= ol 7
3l 31 SR SuiE AASKITE 100 TollA 24413 B2t 2
3 Azalod Rk TA(20.8 g 99%)F 2tk 'H-NMR (500
MHz, CDCls, ppry): 8 1.30—0.53 (—CH (pheny!) CHACH (CHoCHa)
CHs), 1.90—-1.31(CHj of the PS backbone), 2.61-1.90(CH of
the PS backbone), 3.30 (HOCH:CH;—), 7.38—6.36 (aromatic);
TLC (eluent; hexane/CH2Cl,=2:3) Rr0.46.

Polystyrene- b-Poly(ethylene oxide)(PS—-£-PEO-OH)2| &M,
500 mL Schlenk Z=~79] THF(160 mL)E A &, 29
BEEA Qo] PS—OH(M4,=20,800 g/mol, 16.28 g, 0.783 mmol)
5 go] 599t ©)F, potassium naphthalenide 0.1 M -24(7.83 mL)
& TAVIE AHds] ol T, ARollx 25417 &<t wrEksisich
A - WAL= (4,42 mL, 88.5 mmol) E ¥, 55 Celld 40
A7k <7t AdstA wikst 2 2] methanolic HCLE: H71814
R TE3IGlh AelybaE E (CH:Cly to CHaCly/methanol=
8:1) 0% PS—H-PEO-OHZ #2331tk 120 Colx] 24A1RF F<t
Azxslo], A 3A(20 g, 99%) F ATk TH-NMR (500
MHz, CDCls, ppmy): 8 1.30—0.53 (—CH (pheny!) CH,CH (CHCHs)
CH3), 1.90—1.31 (CH of the PS backbone), 2.61—1.90(CH of
the PS backbone), 3.82—3.45(—CH>CH20—-), 7.38—6.36

2
Ay

(aromatic); TLC (eluent; CHoClo/methanol=8:1) Rr0.49.
Polystyrene- b-Poly(ethylene oxide)-b-Polylactide(PS-56-PEO-
p-PLA)S| &Y. Z=RHEkA ¢t 20 mL Schlenk Z2RAT00
PS—h—PEO—OH(M,=25,800 g/mol, 0.355 g, 0.01376 mmol)
Y3 THF(7.1 mD) 2 321 %, mlo]3% FAP|Z AlEt;(1.0 M,
22.76 pL, 0.02276 mmol)/7& 9 (3.68 pL, 0.0455 mmol) S &
& F 70 ColA 2547 Eotk wHIBISIT) o]F, SE|BHkA QleflA]
A SE)=(218.6 mg, 1.52 mmol) & WFS- Z3hEe] ¥, 90 C
o 23A1KF E3t AFsAl wtelgich FEe] FELS A2 me—
thanolic HCIE #7}ste] F3siaict. Aa7ba2 9 (CHLl to
CHyCly/methanol=8:1) 22 oIl HE = WFAE AAskL
HPLC (Japan Analytical Industry) ¥2781])E 0|23}, Hkso]
Zodahr] & Al WANAE AA, HF EE353A02 95
A9 pAF R Fck 'H-NMR (500 MHz, CDCl3, ppm): §

=

(—00C—CH(CH3 —0-), 1.90~1.31 (CHz of the PS backbone),
2.61—1.90(CH of the PS backbone), 3.82—3.45(—CH,CH:0-),
5.27—5.12(=00C—CH(CHs) ~0-), 7.38—6.36 (aromatic); TLC
(eluent; CHzCly/methanol=8:1) 7% 0.49.
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Sh= Witk 3 Sdo, AW 2 FRA e &

(a) ﬁab e fgon
! I 'm B
coen || ¢ oS % f
3 ) i bE 2~ PS-OH ;b@“‘y‘ e
\i /\A\\ a 34 33 32 e
VL d v e
© |1 bl
|, O
l_ PS-6-PEO-OH /\
N v
. t ! ; | . e,
©) b ooy,
f/im ’ " T °
\\\\ PS-5-PEO-5-PLA-1 i
A
I N
7 6 s 4 3 2 1 pom

Figure 1. "H-NMR spectra of (a) PS—OH; (b) PS—5—PEO—OH; (¢c) PS—5s—PEO—h-PLA-1.
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ol FIHL Bl rasIR T, 180 Aets wEe Enedus
vES SR o] &3 JEFEHE ol gt

Ay Z2EI(PS)& cyclohexane &+ Sl sec—butylli~
thium& 7IAAE AMEsle] $o]255e B8 Yt PSESt
%, ol $1HE ' S0 (carbanion) 4] (hydroxyl group)
2 ¥gs] H8, T8 5 HFe] EeALAle] = (ethylene oxide)
E Apisi). o] B, oS Alo|=E H Wrlslleels B
ok, @] shie] eg@ligAje|mxto] dhde]] Hyhel=d), 7 olfe
AR Ak S0)&-& 2499 cyclohexane £+ skl 2l %
123 uhe- AxstA 322 slod, 2k Solee] Aol 7t
&817] wifolch Wkg-o] AL 33kl methanolic HCIE H7)ske]
T £ G} WdHelR PSe) EFEAE number average
molecular weight, M) T4 AAIFHHES £ st
Figure 1(@) M & < 91%2], 3.3 ppmolA] viehbes vk 2241710
QA oliEell 0] ARzt 6,.36~7.38 ppmolr] VR wak
& T45Y ARgs vwd A7, sEEEARe] 20800 g/mol
Z AAEQIT) Wl oh e, AREm2ekE 189 (GPO) & B3l A
B Ay}, $5878A80] 18700 gimol2 7|9yl e S8 9
AR ik 10%Wel 2 28ES & 7 39, A X
A (M/ M) 0] 1.022 e meAS5e] Alddo)rp & x4
g BRI 4 QSIv(Table 1),

A E)Z] PS—OHe| Eejodilgalol= BEe] ©3]8 9
ol S B8 T 5 Uk 94 PS-OHE Atz
AZ Agslr] Yair, mlel $£491¥ potassium naphthalenide &Y
& 7RIk o1F, dAHALE ol fdle] AHE eS| nE
AL FolRFTE FHBINh B SolRF 8 THREY oA
ZgE=d], THRE] SA0R s, Ak 29183 potassium %
oj&3e] AT AE-E F 4 3l o]F QIsje Akk 09 e
& TRE T 5 s AR ARA gk olglA TAdEeIn &
ZiAEl-EEjedeAlolt E5FEHA] 2L 4 A
S 23 28180t} 7.38—6.36 ppmol VbR PSO) HE
% FAEY 3.82-345 ppmellA ViR PEO FARE<l $14]
eyl FA40] dighd vlwet o), PEOES 2] d3ko] 5000
g/mol& EIsIHFigure 1()). ©1F 83 PS—5-PEO-OH ¥
SEAY FHFEAFEE 25800 g/mol® A CHTable 1). 2
BEFE2] GPCAIR= Table 1] Rodx|5o), =Biijaho)
17100 g/molE 23] PS—OHe} vlsl 27 FAs9ld), of= A
#2391 PEOES0] GPC #AR#R] 25ag0] 733) elution volume
o] AXE Eael 7196hs e & 49 4 Uk GPCe B

o of

o

k)

e

o

L ofl

o)

o

Table 1. Characterization of PS-5-PLA Copolymers

GPC? NMR
polymer M . M.

- Mol M,
g/mol g/mol
PS—-0OH 18700 1.02 20800
PS—5p~PEO~OH 17100 1.02 25800
PS—hH~-PEO~H-PLA-1 27300 1.06 31800
PS—H-PEO-Hp—PLA-2 46900 1.10 45800

“Calculated by polystyrene standard samples.
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i

B2 E PS—5-PEO~OHE] 495 1.022 1.00¢] 77k 4]
£ B3t (Figure 2).

HFE ABC FH¢] FXPAE HETE DA R AL A3k
o5 FAIBIACHScheme 1(0)). # 718 E3h-golA2] L)
=l 24 il THES AMSISIch 9ivshs, PS—-H-PEO
BE23E49) 49, EFd3 2 nj=5A £ velMe 19
PEOY-2o] grfigle] H&Eg Fol7] S8l -S3i=l dido] Yol
B2 AFA Boplslelde Eele|n x5k 23] golak] ¥
HAo7 st 5 oly] wFolck! PEOS sk BE8 Advl
ARz AR 7S, PEOES 9] Ak 9x7} aluminumel] 2
o)Axlo] waka|e] g Welsl] whitel YABHA FEEE A
Whalsls o AEAYL AT 2E aFo, TiEEEEAd
]| 50 ol olEld BAEE idsl] Asled, aluminum
of thisl] PEOECE E34A¢) 2l = (igand) 98-E she 9lRdlg 3
TVl B o prelr] ARRSE RiEAlQ) el oA e EEs) v)
£ SAREHRAS B A0 A sl 4 gl7) e, TS &
AFE sdstr] dsled v Al FHEldE H7RISItE Triethyl—
aluminum o o) 7R G7g% sy e A4sk| flsle],

PS-5-PEO-5-PLA-1

PS-b-PEO-b-PLA-L PS-b-PEO-OH

15 16 17 18 19 20 21 22 23 24 25
Elution volume(mL)

Figure 2. GPC chromatograms of PS—5—PEO~OH, PS~p~
PEO—-b—PLA-1, and PS—5—PEO~Hh—PLA-2.

e TAIPYI=1T Mw/Ma=1.45
e (AL [PYI 12 Mw/Mus=1.17
e (ALPYI=13 Mw/Mi=1.18

Unreacted
\ PS-5-PEO-OH

LA SRS SR M A M N AL MRS SN SN A S N S S

14 15 16 17 18 19 20 21 22 23 24 25
Elution volume(mL)

Figure 3. GPC chromatograms of triblock copolymers depending
on [Aluminum] : [Pyridine] ratio.
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FgEliTh =3s A3, triethylaluminum:sja]Hl=1:2 o]
o] ZA9ollis EARHEE L 423 2389E € UK Figure
SR, Pl 1019 A B BRI BT (M/M=1.45)
RYEY), ol ol Fjid BAl 25} elztew 2] Bt
o, A AAARE F3l ZolsiH) £8 o] opdr) AlR
gt} o] 22 AAE EUE, TERAE MIA/ERJELdTelE
=1:1.5, Eg|EUFula(triethylaluminum)/ el pyridine) =1:2
2 Ak, AR 70 TollA] 25413 B8t vES31] PS—H—
PEO—O—-AlEt; At/IAAE WdsiGict o] %, gl wgAls 3
7¥slod, 90 CoA 23217 NBEEE Fapsisic) Ad2:) Eel2tg)
T BAEE Ao /WA the] SeAe) 9 1009 20008 W
A DFBIICES AR F3RE-L st 23, olF AL ok
PS—5-PEQ AUMAAIZ} FEnksoll edsha} kgkon, o1&l
ok AdZINARE HPLCE o831 AAE 4= et A=
o7l HF ABC HH] EE3F8AE GPCE B3l 2413 23,
AB 22FFA] ula) BAj0] Bols) Zhe AL B % 99
o (Figure 2), WAFF EXAF M/ M) 7+ 1.10015H] 3h& 1t
Bz 202 n|Fo] ol F Hold ARITFERE 23 9IS Q)
& 4 YTHTable 1). HEF BEFETAL A 4 9P|
FEHE Eo) A5k 3.45~3.82 ppmeld] YeER B Zleld
ASAlo| = FARE| X8 Wl $40] HEgta} 5.12~5.27
ppmeld e Z2j=El= FARzel X3 CH- 49 A%
s B3 AR A9 Figure 1(0), ESFFTAL) 44
Ezjo| PS—h-PEO—h-PLA—13} 2¢] thafl 22t 31800, 45800
g/mol©F A= rH(Table 1).

i &2 o Kl

4 E

2 dA7olE S Sl 2 EEFENESS B31, ABC
Fele] PS—p-PEO-H-PLA E53FEAE T3S A

]l ZEAEAL oA HEHES /AR AMES ARkl &
|2FEe B3l Ao, S ¥ duhs AR st
| S8 eldagAlo| =98] 9he-& Fasigit)t dojzl EejA e
2] F4F7) ¥k potassium naphthalenide® o€t AlA 20]
207 HEAF o, o]F Al dEHASA| = T Yo
o o2 FHE SISt ogAl T9% AB Fele] ZelEWl-
ZjoddLAlol = BEFFIHAE AUPIMAR o] 83k, Egle
deFnE/EEd SujAlelA SEl=E NESEsisich £ e
Holx ExlelddFrE:aeld F)= 11201 S Al 221 &
xx7do] golalths AHE & & Utk F=loRl ABC FHH|
9] BEEFEAE 4 A3 @ ANFIEnE TS

;

o
o 4

N

=olH, A33A #A53%, 2009

A RolE BATE U S BAG REE et
i ghes & 4 Qglon), Feltel=e) B4R A o) &
WEAITI A Aol 5 Y B ATATE
fole 2 9 AFelE Fule 23] oA BYD bl gl
ABCHH] BSEFIIE BYA A0z, o) B TPl 28
2 B DR A W A5 8RB =90 9 A s
$ R02 otk B, B ESTFIIC FARIE W ]
ael, dellel B 25 RS theTash 4 Qs S
o= template) = 589 5 9111, o} B Tk RS 2t
£ 471-57] ol BAL AT £ e A0 VidkEn

ZAIRl Z B A7 A% AP ATAE £794181(67345)
9 ANZAY 2ALR7 eI} Afog FEglon, ol
FAER YT

o
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