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Abstract: In this study, Ti(acac),(O-i-Pr), was synthesized by coordinating acetylacetone with Ti metal and L-lactide
polymerization was carried out with it to investigate polymerization behaviors. L-lactide polymerization was investigated
by comparing Ti(acac),(O-i-Pr), with Ti(acac);. L-lactide/catalyst molar ratio and polymerization time were changed in
the absence of initiator. Ti(acac),(O-i-Pr), showed a high activity from the beginning and exhibited a high conversion,
and was more active than the Ti catalysts disclosed in the literature. The molecular weight of poly(lactide) (PLA) produced
using Ti(acac),(O-i-Pr), was smaller than that of Ti(acac);. The reason for the high conversion of Ti(acac),(O-i-Pr), is con-
sidered to be that the polymerization reaction proceeds more rapidly than Ti(acac); due to the presence of an alkoxy group
in the catalyst. Benzyl alcohol as an initiator resulted in an increase in the conversion of Ti(acac);, but a decrease in the
conversion of Ti(acac),(O-i-Pr),.

Keywords: L-lactide, poly(lactide), polymerization, Ti(acac),(O-i-Pr),.

M

EEeHr (Tl 7 1e5sit=<
A Fel el Fuj7t 9o %Eﬂi
;\1-04 7<4 o= /\},&sh;], 12 Tl—‘ 5]
M7 gl 3853 At PLA 88 Fvl= Sn
Al st Al sl9tEe] F2 o] §EH, HTole vt
Holgs 9 e 5 stEx A7sa vk 1 F 4
o] &3} Mol Tid Zr 25 93 A= thiodiolate,

"To whom correspondence should be addressed.
ysko@kongju.ac.kr, ORC 0000-0001-5134-9737
©2018 The Polymer Society of Korea. All rights reserved.

242

So] T 2lEE olgska

amine phenolate, aminodiol

9\}]\];}‘ 10-18

Ti TAFE5S o83 Fujehd oA FEl= Sl A
S8 Ti vl A77F oAl Ex =5 o). Trianionic
amine-phenolate-type Z17F=2 SHAE Ti EE SEl= 5
Gt A, S Sl o k= wielarel 28] wist
o] 9]&3]aL phenylenediamine bis(phenolate}= rac=E|=
gellA Fujgrd 2 JAdgdo] =k 2,2-bis(trifluoro-
methyl)oxirane®} 1,2-ethanedithiol == 1,2-benxenedithiol<
Hkg-sle] A% [{OSSOLTI(OR) Al EMiE C, A # f5
Aol EHO=E rac-, L-EE| =] /M3Eoel w2 €4S

H.0] 3% (OSSO)-type tetradentate bis(phenolate) 2] 7+ ==
EE Ti 9= meso-, rac-, L-EFEIE S ol|A] YA



Ti(acac),(0-i-Pr), &35} o5 o183 LEE = 7353t 243

43 Z2Ho] 7¥&sitt” Aminodiol 71%ke] E|7HEE o) 8
"= L, rac-2HEIE SEE AFolA 2zie Wt i =
o] Mely = el ALl FES A U

O} D O} A E(CH,(COCH, )& EEH#}O 2 A ESF
(CH,COCH,COCH,)9} <123 (CH,COCH=C(OH)CH,)®]
T ol A o] HYEFJER EASL B aFolM= Ti
3} oA OIAES 0]-8-51¢] tris(acetylacetonate)titanium(IV)
(Ti(acac)) & Fdste] L-EEI= S-S Ryt
o] Fuli = FAFREETL 1.2-14% 2R ke 7o, &
oF Whgo] HegI} A2 RES Ak wet AL MY
Aoz ZFrlsle 2 9 548 Bk Bg x|
wel EAFE SRt 28y o] gk Ti(acac); 1)
o] AA] ot AAsE Sl 243 P AFTE REEA|
Z g8t}

2 AFolA = oL oHE BZk=E Ti w5l wi$IA7]
v S ST Sl 2= 25 HAIA Ti(acac),
(0-i-Pr)y& FA33I0 L, o5 ol&st] LFE = T3S 119
sl @ Sl % 543 Hojxl PLAY] % &
Mg Aegst] 2 545 AREgL

(o
I

rf
e

4

Algf. BE WFg-2 Schlenk line?t FEZBHAE o] 8351
A2T9)7] st Kdsidct. TiAl Faje] AFA= AR
¥ titanium(IV) isopropoxide(Ti(O-i-Pr),)9} 2]7F=91 ofAle
oAl (acac)(Aldrichy> Fi38t] A& ARSI, §0=
AH8-% dichloromethane(MC; J.T. Baker) UEF3} HlZd|
=S Yol A& F 3R TR ¥ AR, 2-2ERE
& SamchunAte] AlFS T8t AA| glo] AH&skAT.
Zudel AedE SR 33 FRSE ARSI ©
A 2l (39)-cis-3,6-dimethyl-1,4-dioxane-2,5-dione(L- 2+ E]
) (Aldrichy 798t S3PHE o&slo] A § 228
vk ) WAkl Bagsied ARSIttt A4 71~ = REDOX
k2 AlA ZAHE (Fisher)?k 5A/13X FAl (molecular sieve) 4
H(Aldrichys A7 F3} A% B2 AAL T AS
skt

Z0iEH. Ti(acac),(O-i-Pr),: Ti(O-i-Pr),(2.6 mL, 8.8 mmol)
£ 2-Z23E(10 mL)ll 83IA171 = op|EobA|E (8.8 mmol)
S 93 A2olA 307 FF wkste] HHSAIH T WS
8 ¥ AF Axste] =g A Fe] Ti(acac),(0-i-Pr), 3
) S AN quantitative yield). 'H NMR(CDCl,, 400.3 MHz,
ppm): & 5.50(s, 2H, CH(COMe),), 4.77(sept, J=6.2 Hz,
2H, OCHMeg,), 1.90-2.01(d, /=439 Hz, 12H, CH(COCH,),),
1.15-1.21(dd, J= 6.01, 18 Hz, 12H, OCH(CH,),).

Ti(acac)s: Ti(O-i-Pr),(5.2 mL, 17.6 mmol)E 2-propanol

(10 mL)ll £3A171 & ofAlE oAl E(5.4 mL, 52.8 mmol)yS

7 37

.
&

H3 Aol 30 FF WRAZTH
oA 300 53 F7T RESAIFAT

T5 F g Axs w2k £ el Ti(acac); FWE
ATH3.1g, yield=51.0%). 'H NMR(CDCl;, 400.3 MHz,
ppm): 8 5.67(s, 3H, CH(COMe),), 2.05(s, 18H, CH(COCH;),).
PLA Y338l S2Hu20A L-2E| =2 g, 13.9 mmol)
oF AA o] P TiAl FulE 20 mL vlo|Gol| Yol U
QUuj ol L =R AYA7F T+ It

T
o

Ol
L ol
12 o ztlm

o 4 K
[t

3T Q
=5 k5 & FH35| 48] tx dichloromethane® 2 3
& Folal kel wigkgol HHAF L AE THAIE X
T sl gujo} Eelgt & o B9t A ARAR
Z1F QBofA 40°C, 117+ Ax3AT

£ % 24 I T EF0) 2 8] 2= H

NMR, "*C NMR(Bruker Biospin, AVANCE III 400)2- %3
ZA319 ). 248 1= CDCLE AMS-3Fitt. aEAte] I
412 DSC(differential scanning calorimetry, TA 2010)& A}
851 200°C7HA] 5°C/min®] & &%= 12k 270ste] &
olfE ol FUT 2= WLIM BA 5°C/ming] 5
L5 22 278t DSC A4S ol 9=9 A= =
=T frEldoleEE S48tk A FS GPC(gel
permeation chromatography)s ©]-&-3f] 3142, WaterA}
°] Breeze ZZIYO|A FHE(waters 1515), RI AZ7]
(waters 2414), 4 7 (Waters styragel HR 4E and HR 5E)=
o] 83I59t}. o154 tetrahydrofuran(THF, J.T. Baker, HPLC
), &5 $5% 1 mL/minc|™, Z2)2Elo]dl 375 (Shodex,
SM-105)S o]-&38t EAFA =4S 28kt

2y o =2

Zof g Z1} Ti(0-i-Pr),2F UAE F=AQ olxdo}
Al (acac)yS BIZFER ©]8-381¢ Ti(acac)(O-i-Pr), V& &
Atk AE Ti Fule] 7224 'H NMROE 4]
313 CDCLE #4] vl = ARt vl 549<] vl
£ 98l ¥ 2Follx ool whEst Ti(acac), M= §Ad 6}
Ti(acac),(O-i-Pr), ¢t 5 543 PLA FxE H| 8kl
t}. Ti(acac),(O-i-Pr), 7] /dWH-8~2 Scheme 161 ERHRI
o} 'H NMR #2443} Ti(acac),(O-i-Pr), vl = Ti(O-i-Pr),
oF ZJ7k=R] acaco] WHEEH § HolglE -OCHMe, 2719} vl

+ Ti(O-i-Pr),

3 -2 HO-i-Pr

Scheme 1. Synthesis of Ti(acac),(O-i-Pr),.
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Figure 1. '"H NMR spectrum of Ti(acac),(O-i-Pr),.
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Table 1. Effect of LA/Ti Molar Ratio on the Polymerization of L-Lactide with Ti(acac);, Ti(acac),(O-i-Pr), in the Presence or

Absence of Benzyl Alcohol”

Entry Catalyst name [LAV[Ti]® [1)/[LA] Time (h) Polymer (g) Conv. (%) M, (g/mol) M, (g/mol) PDI T, (°C)
1 100 0 2 0.56 28.0 9900 13800 1.4 165.5
300 0 2 0.25 12.5 7700 9200 12 166.1
Ti(acac);
3 100 0 3 0.79 39.5 11900 15400 1.3 166.7
4 100 0.01 3 1.10 55.0 6500 8000 12 156.0
5 100 0 2 1.42 71.0 5700 7100 12 157.2
6 300 0 2 0.76 38.0 4200 5300 1.3 155.3
Ti(acac),(0-i-Pr),
7 100 0 2.6 1.54 77.0 8000 9900 12 157.1
8 100 0.01 3 1.30 65.0 - = -

“Bulk polymerization condition: L-lactide =2 g (13.9 mmol), temperature = 130 °C. *[LA]/[Ti] molar ratio=100: 1, 300 : 1. “Not determined.
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Table 2. Ring-Opening Polymerization of L-Lactide by Ti(acac),(O-i-Pr), in the Presence or Absence of Benzyl Alcohol”

Catalyst name [LAY/[Ti]” Time (h) Polymer (g) Con. (%) M, (g/mol) M, (g/mol) PDI T (°C)
100 0.5 0.48 24.0 2000 2500 1.3 128.0
100 1 0.98 49.0 3800 4500 1.2 149.9
Ti(acac),(O-i-Pr),
100 2 1.42 71.0 5700 7100 1.2 157.2
100 2.6 1.54 77.0 8000 9900 1.2 157.1

“Bulk polymerization condition: L-lactide =2 g (13.9 mmol), temperature = 130 °C. *[LA]/[Ti] molar ratio=100: 1.
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Figure 2. Change in the conversion as a function of the polymer-

ization time using Ti(acac),(O-i-Pr), (polymerization temp. = 130 °C,
[LAJ/[Ti] molar ratio = 100).
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Figure 3. Change in the M, as a function of the polymerization time
using Ti(acac),(O-i-Pr), (polymerization temp. = 130 °C, ([LA]/[Ti]
molar ratio = 100).
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Figure 5. GPC curves of PLA prepared with Ti(acac),(O-i-Pr),
(samples in Table 2).
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Figure 6. DSC curves of PLA prepared with Ti(acac),(O-i-Pr),
(samples in Table 2).
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Figure 7. '"H NMR spectra of PLA prepared with with (a) Ti(acac); (entry 1 in Table 1); (b) Ti(acac),(O-i-Pr), (entry 5 in Table 1).
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Figure 8. *C NMR spectra of PLA prepared with (a) Ti(acac); (entry 1 in Table 1); (b) Ti(acac),(O-i-Pr), (entry 5 in Table 1).
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