Polymer (Korea), Vol. 33, No. 5, pp 458—462, 2009

=X So0I2 9 JjEtselit S S St
E2|2E|H-Z2|oEBISAO|=-E2ZEIE S35 &t
& .=’
darfeta sbeba), v AlA] wte] Q Bl P4 Foll U A 24 A A E]

(2009 44 159 A<, 20099 5€ 74 4, 2009¢ 54 114 A=)

Synthesis of Polystyrene-b-Poly(ethylene oxide)-bH-Polylactide
Copolymers via Sequential Anionic and Ring-Opening Polymerizations

Jie Song and Byoung-Ki Cho'
Department of Chemistry, Institute of Nanosensor and Biotechnoloty, and

Center for Photofunctional Energy Materials, Dankook University,

Jukjean—dong, Suji—gu, Yongin—si, Gyeonggi—do 448—701, Korea
(Received April 15, 2009, Revised May 7, 2009:; Accepted May 11, 2009)

=5 2

H= —fﬁ%bhﬂ =
ujel| A AE]ll/o] -5
a1, o]F A} Wehs —’F"W ]
= (potassium naphthalenide) &
A Z3]
E8A71= ANEEEES] 739, THE gujjolla] Ego

17171 <18, OﬂE‘
ol-gste] FTAER T

)3

EEEE N

A%

1:]-

e SR e R e =
919}

g4 3
o~
T

3l

A1) G0l &5

A2

E
i

stlck e A ARAIAle] R D illSAle| =5 F718le], gl

Yo

3lo] PS—b—PEO—AIEt, ?‘éEHOl AdANAE B £ 90 ColM T85 3
I EAL TR

7]

1:1

ABC Fe|o] Zg|2Eldl-EedddgA o)==
E5R1 EYAEAE ] SlsiA, A=t &
S}(anionic polymerization) < 55}
A7reiin. the WAIE, ey Lergue]
25 AR, AYAAA PS-O K S
25E sl ZEEEE E58
F (triethylaluminum) /3 2] 9 (pyridine) Al 2252 ©]&-
o]_oﬂx;]_ Sy BEpzale

Aol B ul

lol=%
A1)

Abstract: We have synthesized ABC linear triblock copolymers, i.e., polystyrene—bA—poly (ethylene

oxide) — h—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 HCL. In the second anionic polymerization step, potassium naphthalenide was used to deprotonate
the hydroxyl group of the PS to generate the macroinitiator of PS—O K*. Polymerization of ethylene
oxide was performed in THF and terminated with methanolic HCL. In the ring—opening polymerization step,
the PS—H—PEO—0O—AIEt, macroinitiator was prepared from an AlEts/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).

Keywords: triblock copolymer, anionic polymerization, ring—opening polymerization.
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HEgol] ARS8l AlokE FollA] AERI(=99%), olE#SAl]| =
(99.5+%), 3,6—dimethyl—1,4—dioxane—2,5—dione (lactide),
n—F898E (2.5 M solution in hexane), sec—5g€2 (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) & Aldrichelx] 91&15ith 2ol & 7%
LSOl AT = Cyclohexaneﬂ} tetrahydrofuran (THF) 2 1,1—
diphenyl ethylene®} n—F8el 53 78l 7AZ815th AE=LS-
CaHg3lollA] 71x8t 3 gAlsto] ARSI odASAo|E= -
FEHES olgsle] dxsta, = RS ZARIAREE AA A
3l ARgslit) 2= (lactide) + ethyl acetate® AA3)L, 2
204 50A17F B A 1AZS * ARSI Potassium naph—
thalenide® naphthalene (1.28 g, 10 mmol)©] =<3 100 mL
o] THF ZHg #4:(0.645 g, 16.5 mmol) HolglS HH3] gol
= & AR 124K o kst 3 FolE IAE ojFs)o]
0.1 M && AlFzslo] ARSI Zﬂt‘}—oﬂ ARGER= gul], Aok
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PR E AA T & e A ARESIgler EEgt A
¥go] glo] o= ARESISITE 498 TLC¥R Merck $IAk] silica
gel 60Fos; (2], 28 A¥] AZrIET189= Merck 341] silica
gel 60(70—230 mesh) = AFHE3IITE NMR AZ/E&-2 Varian
500 MHz Spectrometer® Z431911, TMSZ 7|F0 % slo] 38t
2 o)F& §(ppm) & WERISITE AR FAZwEE T2 (gel per—
meation chromatography, GPC) A3 Stragel HR 2,3 2 4 Z
#o] A2h¥l Waters R4015 ARE3IaL, THE 41 skold 1.0
mL/min. 5% SHFHA ST
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Scheme 1. Polymerization of (a) styrene (PS—OH); (b) ethylene oxide (PS—A/—PEO—OH); (¢) lactide (PS—4—PEO—4—PLA).
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Polystyrene(PS-0H)2| &M. 500 mL Z&}~To A&z akt
(260 mL) 2 A3t & Fe|uukA QoA AEJRN(21.7 g, 208.7
mmol) & FAP|Z YW1, 22 F=&EH(0.75 mL, 1.05 mmol) & T+
AP i) Al Yol & AkellA] 10AIRE 2t wRkeisl
o} AISE o AlZA] = (0.2 mL, 4.2 mmol) & ¥al AollA] 12
AlRE Bt AdatA wRket ¥, #C] methanolic HCIE Yol RES
< FA8IIL A SR Ll AAskaL tlo| 2R EHEHDCM,
300 mL) el 3541 7, 77(300 mL X 3) 2 AIHa3It. o5, 2l
Zn7|= 7] slal, F MgSOs& A% § o7A| 2 o=}
3lo] 314 7R SiE AR 100 Collx] 24A17F 52F %
F Axsi0] fepel 1A|(20.8 g 99%)F Ak 'H-NMR (500
MHz, CDCls, ppm): & 1.30—0.53 (—CH (phenyl) CH.CH (CHCH3)
CHa), 1.90—1.31(CHz of the PS backbone), 2.61—1.90(CH of
the PS backbone), 3.30 (HOCH2CHs —), 7.38—6.36 (aromatic);
TLC (eluent; hexane/CHoCly,=2:3) £;0.46.

Polystyrene- 6-Poly(ethylene oxide)(PS-5-PEO-OH)2| &+A.
500 mL Schlenk Z2}~=of] THF (160 mL) & gA1%t &, =&
Bk~ Qo PS—OH (14=20,800 g/mol, 16.28 g, 0.783 mmol)
= o] 9t} o]F, potassium naphthalenide 0.1 M -§4(7.83 mL)

TAPIR 8] QolF §, Aol 25217 &<t mhlskSic
A3t @A) = (4,42 mL, 88.5 mmol) S L, 55 Tk 40
7+ B2t A3 Wkt 3 ¥l8k0] methanolic HCIE: 3715197
55 Fdsitk A8 7PAEH (CHoCle to CHoCly/methanol=
:1) 0% PS—b—PEO—OHE 22Jal3ith 120 Colld 244131 &<t
T Azsl, FA9 1420 g, 99%) E A3k 'H-NMR (500
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MHz, CDCls, ppm): & 1.30—0.53 (—~CH (pheny]) CHCH (CHoCHs)
CHy), 1.90—1.31 (CH., of the PS backbone), 2.61—1.90(CH of
the PS backbone), 3.82—3.45(~CH,CH,0—), 7.38—6.36

N

;

(2)

(aromatic) ; TLC (eluent; CHoCly/methanol=8:1) £;0.49.
Polystyrene-b-Poly(ethylene oxide)-bH-Polylactide(PS-6-PEO-
b-PLA)Q| &Y. S2|HHEA <leflA] 20 mL Schlenk Z2kAol
PS—hH—-PEO—-OH (14=25,800 g/mol, 0.355 g, 0.01376 mmol)
5 ¥ THF (7.1 mL) 2 591 5, rlo]a% FAPIRE AlEt; (1.0 M,
22.76 pl, 0.02276 mmol) /T2 H (3.68 uL, 0.0455 mmoD) & ¥
2 %70 CToM 2547 Bt wRlEIit) o), Z|BukA QoA
A1 2= (218.6 mg, 1.52 mmol) & k- E5-E<] ¥ar, 90 C
oAl 23A1%E B2t AHsA wRkEsict S T4 B me—
thanolic HCIZ #H7}ske] =33atgict. Ag)7hAa4 3 (CHoCls to

CH.Cly/methanol=8:1) 0 & FolQl= SE|T deFAlE AlAsIL
HPLC (Japan Analytical Industry) E2]8H]S o]8-3lo], HkS-of|

FofapA] k2 A1) 7INAIE Ak, HE 50 dH02 9=

3] pAFEE Ak 'TH-NMR (500 MHz, CDCls, ppm): §
(=00C—CH(CHs3) —0-), 1.90—1.31 (CH; of the PS backbone),
2.61—1.90(CH of the PS backbone), 3.82—3.45(—CH,CH20—-),
5.27—5.12(=00C—CH(CH3) —0-), 7.38—6.36 (aromatic); TLC
(eluent; CHoClo/methanol=8:1) & 0.49.
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Figure 1. "H-NMR spectra of (a) PS—OH; (b) PS—5—PEO—OH; (c) PS—hs—PEO—b—PLA-1.
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ol TS ol FAEaL TElar AR HPHS ErjelldldkT
HEs SR o] &8t MEshHs ol&siglth

A ZAEAN(PS)2 cyclohexane &1 sl sec—butylli—
thiums 7IARAIE ARS8l Sola3he B3l FA=EATE PSE3
% o] 9A]8 Bk Lo)&(carbanion) & AV (hydroxyl group)
Z 3P| 98l T3 & G2 oldellSAte] = (ethylene oxide)
A7RISIt) o] 79, oEdSAelEE B 7RISl &
3l €1 el oddigalo|mrio] el X7, 1 ol
D A So128 F=49 cyclohexane g Sl 2l o
I ol A AEAE-S Bl Ak Holee] HEe] 2
7] whizot). ¥h3-9] F42 75 methanolic HCIE 3718tod
st 4= Qi) HJEeIR PSe] 48t A (number average
molecular weight, 1)< 4 I THHS F3l A7gsIsih
Figure 1(a) M & = 315°], 3.3 ppmeiX] Uehh= g 5417]
QI vyl 4=4-0] 2E313} 6.36~7.38 ppmolA] e = ek
= TAEY Agks vlwst Ay, EEAlEe] 20800 g/mol
= AH=GIe) ek o), AT I ErE 9 (GPO) & 53l A
B A3} FEAERER] 18700 g/molE AP FEHHES Sl 92
A gk 10%UlelM 2 F3EE & 5 AT, #ARE B
A4=(Maf/ M) 3] 1.02% 33wl aitxE2] Aldolrt 2 24
e AT gUdtH(Table 1).

dEoIx PS—OHel EZejellgd@ll&Alo|= 552 E9)2 oA
ol SRS Bl 7 7 Ssick 94 PS—OHE AdiZiA
A= AgsE7] QlaiA, vl2] #8]% potassium naphthalenide-8-<4
< VISl olF, HAHALE o]g3te] FHR P ASA|=E
7Y, ST S FsIsick. & 2oleF > THFEM sfllx
e =], THFS] SAC2 Q8o 2kar 5023 potassium %
ol2e] A5 EY 7 3L olE RIEje] 1A Fole] e
< FTHE TS 7 S Y=L AXA Fok olglA Rl &
YAER-EPod gl | ES3EdAe] A 4 AP
HWHS 2al Ast) 7.38—6.36 ppmelA] YERR= PSe) W
= 453 3.82-3.45 ppmelA] YERR= PEO ARl $1A
w40 ARghe vwst 47, PEOES2] A7ko] 5000
g/mol¥S FRIEIITHFigure 1(b)). ©1& §3ll PS—4—PEO-OH %
ZoH|9] HTEARRS 25800 g/molE AFEJIHTable 1). ¥
BEY53H|9] GPCATR= Table 19 Bojx|Eo), S8 iiAlEo]
17100 g/mol& 23]2] PS—OHe]l vl 2A] 4= =4, ol= 2
441 PEOES0] GPC ZHy¥ke] Az 2k8o] 7J4 elution volume
o] A= Ftol| 7191eR= Aow F43 4= ek’ GPCe] B
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Table 1. Characterization of PS-b-PLA Copolymers

GPC? NMR
polymer Mn S — Mn
M| Mn

g/mol g/mol

PS—0OH 18700 1.02 20800
PS—bH—PEO—-OH 17100 1.02 25800
PS—b—PEO—-bH—PLA-1 27300 1.06 31800
PS—bH—PEO—bH—PLA-2 46900 1.10 45800

“Calculated by polystyrene standard samples.

YAE - EPd S| E-ERHE| = S5 EA] 4 461

WA= PS—A/-PEO-OHS A$-% 1.022 1.00] 77k 474
= BtH(Figure 2).

#E ABC He|9] 35l HEI=E AR ARgsio] MekE
o7 SAEITHScheme 1(c)). ¥ 718 S3hE-Sox o] g
= Hld =4 80l THREE ARSIt diushd, PS—h—-PEO
B3] Ae, By 22 v)=d ) el 144
PEOF2o] gulele] HEs 2o)7] Slall, SA=s dde] doju=
2, A5 BPIsl e ZREEIE BAl 2H0] golaR] ¢k
Ao st = Q7] wjFo|tk! PEOS dHrals 225 7tivl
A2 AHE A9, PEOEE 1)) Ak 927} aluminumell Zel
olas]e] Wkl Hs W] whitel Y TEEE e
Walishe 2o At A WE IRelM, FEREEAd ]
A Fll SloA, o]t EAES dldsh] 215k, aluminum
o] thell PEOXL} &314¢1 2j7H=(ligand) 98k sh= v]ejde 3
7RI 1 Aol ARESE whgel Sl ojA] FhrwelEs) v
$- FARBEHESAIS W Rlog ) opdel 4= Q)| wjiel|, FUE ¥
AdE Sl dsh] flsto] vk Al F2lds A7kt Triethyl—
aluminum v thr] 7 2743k vejd geks A4el] 18], H)

PS-b-PEO-b-PLA-1

|

PS-5-PEO-H-PLA-2

g

PS-5-PEO-OH

s

Elution volume(mL)

Figure 2. GPC chromatograms of PS—/—PEO—OH, PS—hH—
PEO—bH—PLA—-1, and PS—H—PEO—)H—PLA—-2.

— [AI[Py]=1:] Mw/Mn=1.45
— [Al][Py]=12 Mw/Mn=1.17
——- [AI[Py]=1:3 Mw/Mn=1.18

Unreacted
\ PS-5-PEO-OH

Elution volume(mL)

Figure 3. GPC chromatograms of triblock copolymers depending
on [Aluminum] : [Pyridine] ratio.
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28-S asiict =gt A3 triethylaluminum:¥2]d=1:2 o]
o] 7ol AR A48] 89S & 4 lth(Figure
SR, P 11D 39, 5 B IR/ Mi=1.45)
B, o] ohhis wEjd A} B} eliheE 288l st
7] AtPIAAE Sl FelskA] 3t Zlo] ohdrt Al
t}. o] 2 A= BUR, FEx0S AA/EY D YRl
1:1.5, EgloEadFmE (riethylaluminum) /2 (pyridine) =1:2
2 skl A0 70 TollA 25A41F 52t wheste] PS—h—
PEO—O—AlEt; AtirAE Adeisict. o, gEE dgAls 3
7¥sted, 90 Celr] 23AIRF 7Hgkadks: Sea8sisivt. Azl Ze)etE
T Al Aol AAA div] weiA] Jeks 1007 20002 W
A ASeIITE A Sk S35 A, ol 2 o]
PS—=b/—PEO AtZRAIAIZ} SEEG-ell FrolabA] ekgkom, ogA
Holgli= AdliAAl= HPLCE olg3to] AAE 4= it A=
ojxl #F ABC FH®] E535dHE GPCE B8l 2Ak 43,
AB S53F @Al njs) Ealgo] gis] Fkst s B 4 93l
o (Figure 2), ARF XA (M/My) 7F 1.10018F9] ke
ERdlis AR o] Hol & Aojel ARITEE 2kl ol 2kl
& AUStH(Table 1. #HFE E53FTAL] BAFES 24 2]
e Eal 24sIgit) 3.45~3.82 ppmels] Ueh = ZejoEl
AEAfo| = FAREe X5k wlE 40 AE4ky} 5.12~5.27
ppmelA] e ZEHEIE FARE 9218 CH- 48] A
Z vnE Eall 2ARE A3 Figure 1(0)), B350 FH¢
FAo] PS—h-PEO—AH—PLA—13} 20 thall 242} 31800, 45800
g/mol©Z A7 cHTable 1).

Moot @ oox K

g2 =B

2 AFelME AR S0l W AN B35k, ABC
Fe¢] PS—H-PEO—-H—PLA E5353AE FAJsISIcE A
E521 LA oA EES JIAAIR ARSSE AREAR] &
ol &S Fall AEIeH, T - Uuks AR Mkt
7] S8l oldzlEAlo=ele] WS F33Ielt). Bojzl ZEj e
9] A7 Wkl potassium naphthalenide® ©]-831] Ak S9]
202 HEAZ om o] A3t oddllSAlolE TS ISt
o] S0l TS ISl o2l T AB eS| ZElElR-
ZE|EdSAl|E E5FETAE AVINAR o] g3t Egel
HadFul/aEd SuljAlolA HHEE /Rseith & g
elM EgjelddFuimalald detle 1204 58 Al 24
xx7do] golaiths AoE A& 4 USltE dA=I%l ABC FH)
9 ESFFAE 4 ey 2 ANFIErEIHYHS

Zo|M, A33¢ #15%, 20094
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Fall gRlst A7), 2 Yol EArx 9 F w4 22E UE
il S-S & gler, ESHE =Y BAFERE AAIA] oib]
% S8 WA O =2H] Ao 4= QIgink & A7 ET=
S0l 3 Wl oARnly FuE 2glslo] oA A HE Ql=
ABCHHY E535FAE st A o7, o] 12 F3 o] 23
= B3l ookt A W A B85S =9 W HAIA0)) ks
sk Z10R ofiden) w3t 2 S5 dAle S wa QY]
el HElFket 22 5 RS YT TS - Qs 'lE
o] E (template) & 582 = 311, ©|F B3l TR e %
= -] slEglE 245 Al 4= oS o= vtk

ZALRl 2: 2 s A7 A EATAE S73A11(67345)
Bl AT A7 S EARR] o] Ao SaiEglom, ol

WA=

P

I
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