J. of Korean Ind. & Eng. Chemistry,
Vol.9, No. 2, April 1998, 273-277

Hydroxy-terminated Poly(propylene carbonate)2| &A

¥4o-2¥g-dyY-gaso =

LR

(1997 12€ 114

"
frad
&
e
k!
f
A
»
ol
]
o

Synthesis of Hydroxy-terminated Poly(propylene carbonate)

S. M. Jung, J. Y. Moon, D. W. Park, S. W. Park, and J. K. Lee*

Dept. of Chem. Eng., Pusan National University, Pusan 609-735, Korea
. *Dept. of Polymer Science and Eng., Pusan National University, Pusan 609-735, Korea
(Received December 11, 1997, Accepted January 24, 1998)

2 o 2 A7E metal akoxide, ZFLANHZ, 48 onium¥ F& EFWE AHgetd TR EPC)S ¢F AHAAZRE hydroxy-
terminated poly(propylene carbonate) (HTPPC)E @A3twdl e Rolth Zujo) £59 2ATZ 229 £59 3%, 183 &7} wee nx=
S nRHAY Metal alkoxide®! Lewis acidity’t 22 alkoxide &°l€9] Ao} E42 =& uhe ¥4 S Uehllth. Metal alkoxidest ZeHgol
HEol EFFoie metal alkoxide B5 Zojirt £ Z2FY 7Y olE A3LS BAT 4F oniumP EZo9 A$ %o)29 A7t ;. So| &
9 Aol EF B2 AL YAk £ Suje) Ao ¥3 [PClInitiator]®) = W7} &4 HTPPCY 48°] ¥4 vehygt

Abstract * The synthesis of hydroxy-terminated poly(propylene carbonate)(HTPPC) was performed by the reaction of propylene carbonate(PC) with
alcohol initiator using metal alkoxides, crown ethers and quaternary onium salts as catalysts. The effects of catalyst structure, types and concentration
of alcohol, and solvents were investigated. Among the alkoxide catalysts tested, the ones with higher Lewis acidity and with more nucleophilic alkoxide
anion showed higher catalytic activity. Mixed catalysts of metal alkoxide and crown ether showed higher conversion of PC than metal alkoxide alone.
Quaternary onium salts of bulky cation exhibited higher catalytic activity. High polar solvent showed higher vield of HTPPC and the yield increased
with the decrease of [PC)/[Initiator] ratio.

1. M 2 1985'd Inoue F[9)2 aluminum porphyrin-quaternary ammonium
salt ZujAE AM8-3l9] poly(alkylene carbonate)® A sHP .o,
A7 s @4o) tE BAlo] TREHUA o AEAZ Fu Soga 5110~12]% ZnOY Zn(OH)st 2] 7}4] biscarboxylic acid
HolE 38 Y9z st A7 2uws sasHn Qo EFY A4E vnd Azt F& Fule B4E e F
(1. A2 Kuran S[200] Aol5 ZujS Abgsted Atsiol A FERIMT 2L o, 0-biscarboxylic acid®] o}dd & Foj ALg
o7 729 EAo|Egt 002 WEAA 598 carbonateD I 8, 20~3071%, 80C ZZelA poly(alkylene carbonate)& $H4
Atk 593 carbonate® YEERE AMES YT A 7)HA e 71es eIt 53 A2 FYESU3NE alcoholH
2EAEE poly(alkylene carbonate)7t QW 593 carbonates o AAAS 47 onum@ ZohE AH§Ete] cyclic carbonated 7
Mgurg-o] o} 2B 2 poly(alkylene carbonate)®] $4Jo] T3 FHEAAM  hydroxy-terminated  poly(alkylene  carbonate)
E 32 5~5071¢e) ndEANA SAE A0, 3. (HTPPO)E @4shz Wol AXHLY 28y o Eddxe
ol stethe} o|ZaloluRRE Znyo]ER FAsE ut T2 2EAY AU 71ET 27450 9 Roln}. o|g} 2
& oYRRE MAHAET 19699 Inove SA~61¢ $7124 °l poly(alkylene carbonate)®] ¥4l B e A7 F2
Al 538 diethylzinc(ZnEt) 7 &4} organozincAl ZvjE ALgs} TN FAHAD JrE A@ude) AAY F84) B Ay
o propylene oxidest o|atg@ag FFFAA TEAZ poly T Baso] glg Bolm Fujd ol Fold Tz §
(propylene carbonate)& &2z §A4s1d B o]F ol o] F7, B TN F ¥Hg-270] HTPPCSY FA3o v
ATAL ALHA dFE $3] oxiraned 14 ¥ 248 £ % T AT 4 B3 AT AY olFoAA &tk
A ol AsetaAE FEFANLLZMA polylakylene carbonate)E Heh 2 =g AzEol o] Wl $88 ol ustgras) of
At #9 organozincAl Evlol vl ZFRAAEL tha FAO|E2 B o) 598 carbonate B4 AT{14-16]1F Wigoz
Ho]A A% organomagnesiumA Z91$} organoaluminiumZ Z vl propylene carbonate(PC)¢t ¢E2%E HTPPCE FAshe g
% 9A oxirane ¥ 19 FEA g} o)A RAS FFFAA poly- of st} Zufe} FF, el 7, ANALY FFHY 2w, 4
carbonate® A B AFHoleke AT QN7 8l 2 ol PCel 883 HTPPCY £AF ma: i diste]
At whgze o] W~50 712 B%T WSAZLE 704 2.

ooz oF A,

273



274 FAQu . BAYG .

2.4 ¥

€ A¥d

2 AHEE Zui= dgd 29 Potassium  tert-
butoxide(PTB, Fluka), sodium tert-butoxide(STB, Fluka), lithium
tert-butoxide(LTB, Fluka), potassuim ethoxide(PE, Fluka), 18-
crown-6(Sigma), dicyclohexyl-18-crown-6(Sigma), dibenzo-18-
crown-6(Sigma), 15-crown-5(Sigma), tetrabutylammoniumtoluidine
sulfate(TBATS, Aldrich), tetrabutylammonium acetate(TBAA,
Aldrich), tripyridiumtetrafluoro borate(TPTFB, Aldrich). ©] Zu}
£33 HMAAQ butanol(Junsei), dodecanol (Junsei), 2-ethylhexanol
(Junsei), 1,4-butandiol(BD, Junsei), 1,6-hexandiol(HD, Junsei), &
w2 14-dioxane(Junsel), butylacetate(Junsei), DMSO(Junsei),
23 59% carbonate$! propylene carbonate(PC, Junse) S 7+%
A% B EF Algeln] ¢EE 89 ¥ Oz Agssi
Hydroxy-terminated poly(propylene carbonate)(HTPPC)<] A
ukg. o kA=l AN WA AAFUAT 9 LA 2ZE 200mL
pyrex ®H&-7lol WH8-E91 propylene carbonate(PC)$F 7A1AQ)
butanol€ 77} 0.1mol, 0.05moly FLE F 0.005mold) Zo)&
YW F2oM 428 FIAA 24 2712 BHE 9& 10T
A 24*]7} ¢ %‘3/‘]”5}. Wb AFEAA 9 AAES
£ ARst] £4& dAsAh $3ol 94
‘&%713 %%Ei A3 FHF2 zﬁi}zﬂ‘? 38t 7
5tell A ”l HSE 3 Fu, ILEU’- SHTE 4dd] AAS
BREE AT Q2N & AzxA
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22l propylene carbonate(PCH 4 ?‘i‘?" < HE717b

7hAAReE T Z(HPS8W0A)N A AT ol AME
< HP-17 capillary® AHESISIT A9 F2898 9
-IR(Mattson Polaris)? “C-NMR(Jeol PMX-60 SI, TMS&
FTEE AH)IS AHEEon, ol &ui2: CDCLE A
% £XE GPC(Waters 510)2 ZAbstsio),
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3.1. Hydroxy-t‘erminated poly(propylene carbonate)2
o
Z2E FHRUIES Zo) EAd}o] MY 22 o )
@”P%°i hydroxy-terminated poly(propylene carbonate)(HTPPC)
g 48 # 9o AL eI gy

HsC
’ R'OH —— R “(‘OCO'—S: I(_:b-)nOH
v
0 |Hor,0H Il
e HOt-g— c——oco—)—Rz—(—oco—c C‘)OH

Ry = C4Hg~, CgHyz-, CyaHps-
Rz = CHg-, CeHyr

AL E$71314 PTBS 18-crown-69] &d&vjs
0.1mol® PCS 0.05mol®] butanolg 24A17F ¥+$A71 £ ukey
oA AAT AYA R P FT-IR 242345 Fig. 19 dehy
Aok 1745em 9] FHANAH 09 linear carbonyl band® 3500
cm'e) GG voye} T2t B2 9ol HTPPCI B4
+€ ¢ # vk @9 HTPPCY T2E 249 AzslA 3}
7] 918ted PC-NMR #4¢ 48 A%E Fig. 29 Yehygich
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Fig. 1. FT-IR spectrum of HTPPC.
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Fig. 2. ®C-NMR specta of HTPPC.
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Fig. 3. Conversion porfile of PC with various metal alkoxide
catalysts at 110 C([PC]=0.1 mol, [Butanol]=0.1 mol, [Cat.]=
0.5 mmol).

3.2. oo A3t
3.2.1. Metal alkoxide &0 ¥3}

PCo] M&FEol thaiN metal alkoxide’t ZHuj@Ale] vz
FEE BFS] A&A lithium t-butoxide(LTB), sodium ¢-
butoxide(STB), potassium ¢-butoxide(PTB), potassium ethoxide
(PEYZ AM&3tod Agd o-g Aztel @2 propylene carbonate®]
A3e HEE Fig 39 Yehideh of A&l metal cation®]
TR 0 Fule) B4& BFs}Y) YsiXE LTB, STB, PTB
o A7HA £viE wlwslg L, alkoxides) TR WE Zujo g
A& BEM d8ME= PTBS PES vlustgy. 598
butoxideell %el2-& Li', Na', K'& W3AA A3 A3y o8
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Table 1. Effect of Metal Alkoxide Structure on the Molecular
Weight of HTPPC

Catalyst Mw
Potassium tert-butoxide 630
Sodium tert-butoxide 2270
Lithium tert-butoxide 3930
Potassuim ethoxide 1100

Reaction Condition : [PC]=0.1mol, [Butanol]=0.1mol, [cat.]=0.5mmol,
T=110C, reaction time=24hr

4& LTB>STB>PTBY &#XZ 74sle AL Byl oA
< 7% Gl Lewis acidity €49 LAl = metal
cation®] Lewis acidity’} 72&4% metal cation®l propylene
carbonate=2 58 HAE FoJ37|=(electron-withdrawing) 530
F7ksked PCO AMEtgo] e A FAIH7 g RoR
bidagil=d

=3 2 2 AREHY dEez Bd Sol2 Fid
HEEHER dcoholate Y Sol Lo 2RE MAE GEAE 1
a7l 84 sitedl Solol AAHY ALHow dExe F
Ao os nEAZ FEHE dIE S A Ik BAE &
ol &4 site FHolE %ol20] Ao} FEit counter cation
HH2 EASHA H9 1 Foled v FHE 2 4L 1
Ae AR oA Idl7]. £ 939 ALddE Li', Na, K7}
counter cation® 2 243D 2 Li'9} o] gol&e] zI} AL
TE NEFRNE At dFAY ol BA site2e] F
o] golng F2 $¥AE Yehn nEA e HTPPCH}
A8 Ao Jdgdrt. Metal alkoxide® FZol mE HTPPC
9 EAZFE Table 191 dehiidth. HTPPCY BAZE metal
alkoxide Zvj9] Fzo w2 BgBAY ¥ 2SS & F 9
At

BH F4 ¥ol2E potassiumeFE AT 0] &S ethoxide
9 t-butoxide® ¥ 3}slo) A¥E A3 PTB7F PEXCH o =2 &
& B4tk ol t-butylcarbonium ion®] ethylcarbonium ionX.
o el 7] Wil HAA alcoholZRE] E uhg-o) A
=29 alcoholate® ol29 HA& F71A7122 PCO 7 8uks
o} GAo| Frtete Aoz woso Ak

3.2.2. Metal alkoxide®} crown ether®| Z#&o)

ERZu7 ZojgAel v)A e e BERY] Y8 9 2
& metal alkoxide &5Zvi9} metal alkoxide®t i@ 7FA] crown
etherste] EfFZo)E A48 RS Fig 49 Jehi}d. PTB
GEZE AMSS A5t} PTB+crown etherd E8&0)8 Al
S A9t B Eug4e VeSS ¢ AT Metal
alkoxide$t crown ether® 74 Zvjz AH&8 #A9o] Y=
T2 B4 crown ether’} metal®] %¥ol2n 2HE YA st
alkoxide £o129 858 AG&A 37 yolg Frgvi].

T oo Fxo) BE FFL BA3Y] A5 metal alkoxide
i PTBZ 233 crown ether® 15-crown-5, 18-crown-6,
dibenzo-18-crown-6, dicyclohexyl-18-crown-62 W3AA AL
st A8 AT A propylene carbonate®] A3H8e PTB+15-
crown-5 < PTB+Dicyclohexyl-18-crown-6 < PTB+18-crown-6 <
PTB+Dibenzo-18-crown-69] #MZ Z7}3tgh o|AL crown
ether’t FZ22 02 ABEFTE metal cationd B QA Fd
£ BAstd Fole9 F4E /Y] MEoE Bud,
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Fig. 4. Conversion profile of PC with various mixed catalysts at
110C{[PCI=0.1 mol, [Butanol]=0.1mol, [PTB}= 0.25mmol,
[Crown ether]=0.5 mmol).

Dibenzo-18-crown-64 7Z$-ol 18-crown-69] Fze= &
%29 benzene ring®] FHAALLET A FEAOZ o}F 9
3] metal cation? HHF FPL FAot] Lo AL Z
H1EE & 084S Jehidth 28U dicyclohexyl-
18-crown—6% dibenzo-18-crown-69] HATZe= 2] chair form
T£E MAER YAH 4EE 2o} metal cationd FHL A
3717k olglgng e Eug4de YehlEs Rz Bay.

¥4 metal cation® crown ether’} ZEE FAY WE metal
cation® A% 3 crown ether? cavity®] 277} v)%stojorgt ok
A F9e AP HEAQ metal cationd K& 1 37]7}
266A 224 cavity #7o] 26~32A¢ 18-crown-68+ 9HA g
Z4E€ BA432, Na'(1H4A)e 15-crown-5(1.7~22A)s A&
AAE B Li'(136A) 12-crown-4(1.2~15A)8} <4
A4e FHse Aoz ¥a so ol] 2¥=E PTB+15-
crown-5 &¥Zv] Bt} PTB+18-crown-6 %9} A°7} crown
etherst K'7te] #dg o] &stal HTPPC FAolA & )
A4S Yeie ¢ £ 9ok

N ox I

3.2.3. 43Y &4

4839 F9pl Zuj@4d) N dFe BRI Y8 &)
tetrabutylammonium toluidine sulfate(TBATS), tetrabuthylam-
monium acetate(TBAA), tripyridinium tetrafluoro borate(TPTFB)
€ AH88te] HTPPC ¥4 482 8% 27 Azt @ pCy
A3ES Fig. 59 Jehlith 489 Zvj9 $4e TBATS<
TBAA <TPTFBY &AZ 37134tk TPTFB Zuj9} o] &)
o] Aol Z 43F Fuje} AL wsBA o) A EA U
e ol Eule) gol2o Aol ZAU4E ANAY A
BhEat] AAAQ g9 weAS Z7AA PC Suree] B8
Aol F7kste Aoz #ase] Jrh ¢ 47 FRFLY Pole
9 FATZE WEBAC] & L vHn duHoF o) Lo
A77E EFE Aol He Ast By wjRo] golee 845
b AE Aoz 4 UMl bty B AP ASd urhg
A9 AT Fol9 FATZ V)9 Lol ANAH Ux
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Fig. 5. Conversion profile of PC with various quaternary salt
catalysts at 110°C([PC]=0.1 mol, [Butanol]=0.1 mol, [Cat.]=
0.5 mmol).

Table 2. Effects of Quaternary Onium Salt on the Molecular
Weight of HTPPC

Catalyst

Mw

Tetrabutylammoniumtoluidine sulfate 270
Tetrabutylammonium acetate 3760
Tripyridiumtetrafluoro borate 380

Reaction Condition : [PC]=0.1mol, [Butanol]=0.1mol, [cat.]=0.5mmol,
T=1107C, reaction time=24 hr

@2 ¢ 4 Utk 99 439 E09 FROl We HIPPCY ¥7
F& Table 2 UEHiGIT HIPPCS A Zolo) 7zl
me weBAY A%% 28E ¢ 4 Q9T

3.3. JHAIKS S
3.3.1. JHAIHI2l BR0| thE &
2 BHgelMe PC MEeS

09,'.

ZANI A8 AANAE AHE
gtich AMAlAe FEg 237 Y8 mono-hydric alcchold!
butanol, dodecanol, 2-ethylhexanol® diol%! 14-butandiol, 16-
hexandiol& AHE& 4¥A3E Fig. 69 YehhAch MAAle] o
g kg @42 1 4-butandiol < 1,6-hexandiol < butanol < dodecanol
< 2-ethylhexanol®] £AZ F7}stgu)

Mono-hydric alcohol®] 7%l butanol®2th dodecanole] ©
shegol wgm TF diold ALl 1,6-hexandiolo] 14-
butandiol Bt %2 gH&84E BAW o|AL dodecanol® 2o
ANAZ AMEE R S29 427174 29 hydroxy7]eh 42719
2%ge A77 A1 EF hydroxy7) 9] A2 dael FaU9)

L r

AYE ®3 AaA 7282 AXFAH A acoholate &o)&
o AAe] Y& HEo AgHr) ol¢ R AR mono-

hydric alcohol# diol®] 7%l diole] mono-hydric alcohol 2t}
3 @Mo]l wred ol diol® 2% mono-hydric alcohol®th
hydroxy”] stupel] tist &27)9 277 Aonz oA A&
ukel Zro] JRAIBA AEjQl alcoholate &01&2] AlAo] =) 97

+983, A9 H A 2 3, 1998
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Fig. 6. Effects of initiator structure on the conversion of PC at
110C([PC]=0.1 mol, [Alcohol}=0.1 mol, [PTBI=0.25mmol,
[18-C-6]=0.25 mmol).
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Fig. 7. Effects of [PC}/Initiator] ratio on the conversion of PC at
110C([PC]=0.1 mol, [PTBI=0.25 mmol, {18-C-6]=0.25 mmol).

3.3.2. JHAIH|e| 2ulof chst A

AAASE PCo] Zule] g 43S 1@ A8 PCSY wHgE

FAQ butanol®] B¥)E 1:05 1:1, 1:28 283 @4_ Fig. 7
ol YERHATE PC AfAIAIS] A Buly} Z7bE4E ubgata
o] E7HEE & F YUtk ol wSEAA ) “‘“% HA A 2]

Axdzte] JMAYFHA) Zrhetd PC
HEY AL #Aadge] g FA
HTPPCY a3

o] ARsgkgo] F AyH7)
PC% 7HAIAlS] Eu|oj] w&
Z& Table 3] uYehiith. HTPPCY Ealge

ANAL Fol FNEFE Zadhe AL ¢ 5 AL o= AN
A butanolZ PC7} ¥-7hutg & sfmz "a‘a«l Fol HEFE ¥
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Table 3. Effects of [PCliButanol] Ratic on the Molecular
Weight of HTPPC

Molar ratio of [PCl/[Butanol] Mw
1:05 2890
1:1 940
1:2 490

Reaction Condition : [PC]=0.1mol, Catalyst=PTB(0.25mmol)+18-C-6
(0.25mmol), T=110C, reaction time=24hr
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20 - —A— ],4-dioxane
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Fig. 8. Effects of solvent on the conversion of PC at 110C
([PC]=0.1 mol, [Butanol]=0.1 mol, [PTB]=0.25 mmol, [18-C-6)=
0.25 mmol).

7tEE PCY gol F7lelEzs £ £X5 F1 BAF] 371
e Ao #udd.

3.4. 8oje| 2%

MA A PCte] ukg-ol 23] HTPPCE #Alste whgol dig
£rjo) g nAd}y) st FAo] F2 HYANAL £H9
DMSO, F4o) W¥& 14-dioxane$t butylacetate] A 7} £ojo)
3 A¥2AHE Fig 8o UYehiAch ¥ 239 Zuj2: PTB+
18~crown-6 E#E|E AL Ao L v|FAARA L)
ol DMSO7F 24le] W& 14-dioxane, butylacetate Bt} #& b
& BAHL BYSs & £ YA ol FAo) B HYAAN &
7t go2 SHE 9 HFHAAE) ZFA F& Gole
& 4uissle 34 %ol alkoxide &0 ) AE A
o] ZEFo| kX2 alkoxide S0l &Fo] A&3}A 5o
AAre gl 2484 JE counter cation?! & %o &F}e]
748 d solvationell o3 Sol& MEFHe] FAREY B &
o]0 PCo HIo| £oldlAl H7 WFez Adar,

4.2 &

AXA S} ZvlE o] &3t propylene carbonate(PC)9] 7 8uke
S Y% 243 U 22 AES 48 5 Ak

1) 598 729 PC 4FA MAAY uho] metal alkoxide
T metal alkoxide$t crown etherd) E¥E, 47 onium¥ & 24z
o2 AME 23 AYdlN EES &2 hydroxy-terminated
poly(propylene carbonate)® AT 4+ YU

2) Metal alkoxide £l Lewis acidity’} 42 £33 alkoxide
aniond] F¥Ao] E45F Fvj#do] F713HATh Metal alkoxide
¢} crown etherdl %ol XN#ZFujg EFisld ALE Ayde
metal alkoxide @5 Fvinch 4 ¥ EFvigAS Jehidch
T3 crown etherd] 7271 AASA & Fol23 2 FHE
AT 5 gle Aol ¥& 4L By ¢4 439 Fule &9
29 Aol Am fole FAFZI} E5F & AL
YERigich

3) AAAZ AS8 GF9 4L7IF7 E7E S8 F7)
33, diol®tHE mono-hydric alcohold] ¥HgAlel =A vielyt
ok PCol di@ 7iAlAlS] Bul7l S5 w840 Frtsldn ut
Holl BxiFe Zasigoh aedn wheol A" fulel FA4ol
245 w2 B L Yehigith

#d A

2 A7E RHLANEHI2AT T7-0502-05-01-9¢)
FH)g Agwol o)FolW Ao ol ZAEPYT,
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