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Synthesis of Ti(dibenzoylmethane),(O-i-Pr), and its L-Lactide
Ring-Opening Polymerization
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£: Poly(L-lactide)(PLA) 3§ A4+ 0 & 7l
Tl(dbm)z(O i-Pr), ZME AU PLA FFEAS
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$8kd Ti(0-i-Pr),9} dibenzoylmethane(dbm)2 ©]&

gelslth. Ti(dbm),(O-i-Pr), &0l PLA 5% EA4L L- ﬂlﬂ

=& En) g S90S WA et L-EEl=/E ER)7E STkl we dekest —rZPEkOI <7t
SFATE. Ti(dbm),(O-i-Pr), o= vl W sid7]7F EAste] S5 whs- 5 ZEl= AdS Welishr] miiel S &
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Abstract: Ti(dbm),(O-i-Pr), catalyst was synthesized using Ti(O-i-Pr), and dibenzoylmethane(dbm) to develop a catalyst
for the polymerization of L-lactide. The L-lactide polymerization behaviors of Ti(dbm),(O-i-Pr), catalyst was observed
with varying molar ratio of L-lactide/catalyst and polymerization time. The conversion and molecular weight increased
with increasing L-lactide/catalyst molar ratio. Ti(dbm),(O-i-Pr), catalyst was found to have a low catalytic activity
because of the presence of a phenyl group in the catalyst and interfering with the lactide insertion during the polym-
erization reaction. Benzyl alcohol as an initiator resulted in a significant reduction in conversion of Ti(dbm),(O-i-Pr), cat-
alyst. The molecular weight of the obtained polymer was measured by DSC and GPC, and the molecular structure of PLA
was confirmed by 'H NMR.
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3] tris(acetylacetonate)titanium(IV) (Ti(acac);) ZE 33
st L-EE = S9S Bsisinh’ 2@y o3 Ti(acac),
Sfje] &do] FA] ot o] T7I7171 1814 Ti(acac),(O-
FPrys et o] Suie] LEEE FHEAEE Hasiit
1 Ti(acac)(0-i-Pr)y> WFHSZ7|HE =2 @4& Hol =
S LS HYA 7)E oA WS TiAl Evjrc &
o] Zio}. &3 Ti(acac),(O-i-Pr), S ©]-&35}o] AXE PLA2
20| Ti(acac),E.tF 2t} Ti(acac),(O-i-Pr),2] A3H&
o] & olf= Ful W GFA77F EAI8H T vEgol
o WEA JPEe o2 HIHJT” o2t 7|E A+
£ H"OZ acetylacetonate?] Z|7IE T 5 XIS HE
7104 T X372 MRS o FHEALS IRlsk=
Zlo] 83t

A 2 Ao A= acetylacetone2] U]
7|2 X1%kg dibenzoylmethane 2]{H=E ©]
iAo B RS Ti shetes s 348E Ti

o A Sl =], S5 ARl wE S 54
Atk A4 ¥ PLAE GPC, FTIR, NMR, DSC 5¢] 3o
A8kl

NI

Alef. =& WF8-2 Schlenk line?} FZHBIAE o] &3l
A2T9)7] stellA] Jdsidct. TiAl Faje] AFA= AR
% titanium(IV) isopropoxide(Ti(O-i-Pr),)¢} dibenzoylmethane
(dbm)& AldrichAl A ES ALt &z Agd
dichloromethane(MC; J.T. Baker}> UYEFY HZH=S ¥
o A4 5 3F SFAZ T AM-3FAL, 2-propanol(RH)
S A glo] ARgalth. T (3S)-cis-3,6-dimethyl-1,4-
dioxane-2,5-dione(L-Z1E] =, LAY AldrichA}e] A& 7
slo] FREEA ) WA A Bste] AREIQITE A
7F== REDOX 4k AlA Z# (Fisher)s}t 5A/13X molecular
sieve A (Aldrichys FIHAIA T A4 S A AS
5 ARg-skaiTh

Z0[EM . Dichloromethane(35 mL)*| dbm(2.24 g, 10 mmol)
< 83171 3 Ti(0-i-Pr),(2.96 mL, 10 mmolyS 2L 429
A 30 E<F wkete] HESAIZTE WhE TR ¥ X
sled A ¥ FulE 2-propanolS ©]-&3k 4°ColA 4 &
o AAA k] HE Ti(dbm)y(O-i-Pr), ZE AU}, (yellow
solid, 2.8¢g, yield=45.7%) 'H NMR(CDCl;, 400.3 MHz,
ppm): & 7.33-8.19(m, 10H, CH(COPh-H),), 6.95 (s, 2H,
CH(COMe),), 4.97(sept, J=62Hz, 2H, OCHMe,), 1.27-
135(dd, J=6.1 Hz, 12H, OCH(CH;),).

PLA H3F§l F2H8120fA L-ZE =2 g, 13.9 mmol)
o dA&Fe] gt TiAl FulE 20 mL vialell ¥of =D5-gh

ZgH, A42H A2%, 20183

o dPer= dPAIE Bt ST 9
k5 ¥ S83] 23] th: dichloromethane® 2 FA|E
o] 3 #=Fe] methanolol] I ZTH AHE FFHAE 2
oF}ste] gujel gk & - Tk A AXRAIR F
& 2B 40°C, 147 Az3IIT.

Ed 9 BN 8T T S0 F 2 EAY FER= 'H
NMR, C NMR(Bruker Biospin, AVANCE III 400)2- 53}
S5 48 v= CDCLE ARE-8Islth. aLdate] E&
248 DSC(differential scanning calorimetry, TA 2010)E A}
8311 200 °C7FA] 5°C/min®] &2 HE2 13} scanste] &
olgS ol Tt 2% WelollA tHA] 5°C/mind] S
£5 2 22} scandto] DSC A1 o] 9|39 A= =&
A frEldele=s SA4sATh A7 GPC(gel
permeation chromatography)s ©]-8-3l] £33, WaterA}
9] Breeze ZZ 13 A pump(waters 1515), RI detector
(waters 2414), column(Waters styragel HR 4E and HR SE)
5 o] &3t} °] 542 tetrahydrofuran(THF, J.T. Baker,
HPLCH), 3% &%+ 1 mL/min®|™, polystyrene standard
(Shodex, SM-105)Z ©]-8-3}] calibration =412 233t}
FEARe] 2 B4 FTIR spectrometer(Thermo Scientific,
Nicholet 6700y ©]-8-ato] 41 33itt.

@ off i
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&0 . Ti(O-i-Pr)2t dbmS- 2RF=% 01851 Ti(dbm),
(O-i-Pr), 0 SHdsislet. 97d€ Ti S 755 'H NMR
o2 48kt Ti(dbm),(0-i-Pr), Fre] Fdnte2
Scheme 19 YERIAT}. Figure 12 §/3%¥ Ti(dbm),(O-i-Pr),
Fujo] 2 BAZAMZE Tis} dbme] ketone group®] 12
g=lo] EA5R= CH(COPh),2} CH(COPh-H),:= 1:102] &
HHZ E2A5P CH(COPh), sld == 2719 i W
& F (5 6.95) B =2 EA3F 3L, CH(COPh-H)
I = 2009 Fhe oz 7P et 492l §
7.33-8.1914 S0}, Ti(0-i-Pr),2t dbme] TS Sa) Ti
o A¢=o{%= -OCHMe, 4] A3}, Ti(dbm)y(O-i-Pr), =
9} FASA OCHMe,2F OCH(CH;),2] AiH|= 1:692
EABIATE. OCHMel 3B == 4 Ve 328 99
497014 AR EA8IAL, OCH(CH;)Ll 3ld=e
A2 120e 2HE olFAe R B (5 1.27-1.35)00 &

o o ~
+ Ti(0-i-Pr), HsC}OO\T_Po{CHs

_FhOP, i
O O -2 HO-i-Pr e d b CH

Scheme 1. Synthesis of Ti(dbm),(O-i-Pr),.
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Figure 1. '"H NMR spectrum of Ti(dbm),(O-i-Pr),.

A&t Ti(dbm),(0-i-Pr), Z5e] 'H NMR FZ84E &
3 Tiell 238 -OCHMe,= U8 A= 71571 met &
2 9oz 3eHE olFS nyow, ver|ug Fujr}t
Z H=717t A8 e Al 9 Y2 dde=m & 3
4 o]5-S B o]y g £4E Tl Lol stEe
Ti(O-i-Pr),2} 2]7F=81 dbmo] WkE-gh & Holl= -OCHMe,
27N} w9l Aol o8 AgtE k= wi7F FAFE] Ti
E SHOE SFFolM Aotk dEolE s9HER] Ti(dbm),
(O-i-Pr), +25 7tk

L-2tE|= F&. Ti(dbm),(O-i-Pr), Z1|E o]-&-3}o] L-2E]
= T3 A3 A% PLA 5432 BRISISITE Ti(dbm)y(O-
i-Pr), W5 o]&3te] LEE| =0 Bl 2 FTHEA
< vlwakr] 918 A §lol L= S8 asiitt.
Table 12] entry 1, 22 L-ZE]=E 2 g(13.9 mmol) 2.2 17
s L-ZE =/& v EvE WA A s Aol

Ti(dbm),(O-i-Pr), Fvi= L-=E=/Fv EH]7F S718l= A
$he-2 o 7RSI AL EAFEFe] 23000141 3400 g/mol= T
4 Z7kelnt. ol st @442 71 WaEE Ti(acac),, Ti(acac),
(O-i-Pr),H Tt 32 50% o’ wom o= Ti(dbm)y(O-i-
Pr), Fuje] A5 GFA7] A HE7)e] F97t 2 7)E
717} EAIste] o] & I8l Tl FEAbo]l EAsHAY
gyt weER)7] Wiz o g AkE o) T
Aol A A BT BRI L-EE =& EH|7t
Z7H) wet THEEEE Fkete] EAbEe] F7HE Ao
2 FETh AAA e LEE = /A EHE HSkA A
S4e A7E Table 19] YERHATE Ftell AREE 7HATA
+= benzyl alcohol2 AF&-3F31t}. Ti(dbm),(O-i-Pr), Zvll= 7]
AAZE EAE o T Ao Ak Ae s
olgfst Axpk= vl 2o e FHEA Wil ZoE &

&

Pt} Ti(dbm)y(O-i-Pr), Z 1= isopropoxide”] 7} &4,

Table 1. Effect of LA/Ti Molar Ratio on the Polymerization of L-Lactide with Ti(dbm),(O-i-Pr), in the Presence or Absence of

Benzyl Alcohol”

M, (g/mol) M, (g/mol)

Entry Catalyst name [LA}/[Ti] [IJ/[LA] Time (h) Polymer (g) Conv. (%) (GPC) (NMR) PDI T, (°C)
1 100 0 2 0.45 22.5 2300 2000 1.1 128.8
2 Ti(dbm),(O-i-Pr), 300 0 2 0.40 20.0 3400 -t 1.1 148.3
3 100 0.01 3 0.06 3.0 -’ -t -’ -t
“Bulk polymerization condition: L-lactide =2 g (13.9 mmol), temperature = 130 °C. "Not determined.
Table 2. Ring-Opening Polymerization of L-Lactide by Ti(dbm),(O-i-Pr), in the Presence of Benzyl Alcohol’
Catalyst name [LAJ/[Ti] Time (h) Polymer (g) Con. (%) M, (g/mol) M, (g/mol) PDI T (°C)
100 0.5 0 0 - - - -
Ti(dbm),(O-i-Pr), 100 : 0 0 ) ] ) )
100 2 0.45 22.5 2300 2500 1.1 128.8
100 3 0.64 32.0 2400 2800 12 130.2

“Bulk polymerization condition: L-lactide =2 g (13.9 mmol), temperature = 130 °C.
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SAI71E sl 9lon Ti(acac), SlE 2l7H=9] AlE
719 Tioll A% 722 dFA7E EFHA ket wet
Al Ti(acac);= 7HAIAIZE Sl &4 S71He BY & o
Ti(dbm)y(O-i-Pr), 7] 735 7= W) S=A17|7F At
o &4 SIPt gl 9318 EXo] Hadhs AL & 4 Utk

SIS HIIAIA F3sE 235 Table 291 YERAATH
o FEE HIAA TS AHE B AFEgo] =&
Ao gk LEE|= /A EHE 10022 783kl S
7k 0.5, 1, 2, 3A7EeE HSIAFITE. Figure 20014 & = 9l
o] Ti(dbm)y(O-i-Pr), Fvll= vHg 271 oF 1A17F 52t &
e HolA Eht M7 o] F Tl 7] A&kt
£ F=A1ZH(induction time)©] £}, o] = 3] I Al
7¥e] WA 7kl A= Ti(dbm)y(O-i-Pr), Zml7} Ti(acac),(O-i-
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Figure 2. Change in the conversion as a function of the polymer-
ization time using Ti(dbm),(O-i-Pr), (polymerization temp. =130 °C,
[LAY/[Ti] molar ratio = 100).
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Figure 3. Change in the M, as a function of the polymerization time
using Ti(dbm),(O-i-Pr), (polymerization temp. = 130 °C, [LA]/[Ti]
molar ratio = 100).
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Pr),ETH &/do] Bl Yehhs 2o ® AdET ! o] Fuf
el EAsh= #4717 = ArdS Wallshr] wed] A
o2 b

Figure 3& Ti(dbm),(O-i-Pr), 1| E o]-&3}] A= PLA
o] EAFA o]t} Figure 3914 & 4= o] A7l
o= EAlgo] S7I8I91L, Ti(acac),(O-i-Pr),2 ¥ast
Fe 7% Ti(dbm),(O-i-Pr),7} Bk w2 #A7E YeERNS]
t}. o]& Ti(dbm)y(O-i-Pr), Zvl= Zul W &5k #1497
o oa A WS Wallste] A FUF A2 Al
FAE T 210 B Ao A Ti(dbm)y(O-i-Pr), Z7 =2 Al 3
PLAS] ¥4} 3000 g/mol PIFF 202 22 gho|t}, o]
gk 22 BAFS S7ANT)7] At fEAIRS Has)st
of W A5} 7FssHl she Aol g wgolth. olF 9

3h 2h

RI response

6 17 18 19
Elution volume (mL)

Figure 4. GPC curves of PLA prepared with Ti(dbm),(O-i-Pr),
(polymerization temp. = 130 °C, [LA]/[Ti] molar ratio = 100).
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Figure 5. DSC curves of PLA prepared with Ti(dbm),(O-i-Pr),
(polymerization temp. = 130 °C, [LA])/[Ti] molar ratio = 100).
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Figure 6. 'H NMR spectra of PLA prepared with titanium complexes Ti(dbm),(O-i-Pr), (polymerization temp. = 130 °C, [LA]/[Ti] molar

ratio = 100).

&l Ti(dbm)y(O-i-Pr), FE o83l T8 Al dFulEA =
v 55 o]&ste wE 4slE fEske Wl 7t
o} 5 ol g ATE T o golrt.

EMZAIL Ti(dbm),(0-i-Pr), E] 2 53 PLAS] GPCe}
DSC 41 Figure 49} Figure 59 YRt GPC 4le
WUy 3 JEE Hola, DSC FANE e J=d Fi
oA shoulder FENe] H&=7 aE BT} S35 7823}
o] B2 A3} Table 13} Table 2914 £ 4 d=o] 128-
148 °C2] ¥E=4S Bk, PLA S31%k1 160-180 °CS1 72t
Hlwate] vhe =38 Helt}h Ti(dbm),(O-i-Pr), & o]
£3lo] AAE PLAS] 'H NMR £4Z23= Figure 60 L}
WA}, 2iEAke] $=2.39]321 methyl proton(CH;)2} methine
proton(CHYS 242} § 1.59-1.6034 & 5.18914 ERISIAAL, L
2} 9= 9ol §5.02-5.12¢F 5 1.24-1.28104 T T2 methyl
protone(CH;)9} methine proton(CHY’} EA)l= A< 2138}
At ol= Fje] FEFo g Fulf i dEAtel =Tt EAske
Ti(dbm),(O-i-Pr), ZiE o]-&3te] Y= PLAE 24} 9
o] &7t &7 A== Aoz FAETE Table 19]
entry 1 A|5°] GPCE 48 F94+ A2 2300 g/mol
o| o} Aol Aol 'H NMROE 3+ EAES 7
2k 4= lom AAE A3} 2000 g/mol©] AT BiF e
133010t} 7 34 o] fARE A Bith

2 B

PLA 338 Ti SIS L oIS o185k PLAS| &
SFEAS Rt Ti(0-i-Pr),2t dbmS o83l Ti(dbm),
(0-i-Pr), vl 2 B NMR 232 53 S8shs &
j2E SRS B3k o] ZujE |83l PLA TH5
%3S ERISIATE. Ti(dbm)y(O-i-Pr), & ©]&-3+ L=

THEEL LB =A =] B SIS HEAA J

gatAh L-FE =/Ev 247 S71gkel ueh H3ee
22.5%001A4 20%2 ZAAsFR o) EAFEERS 2300004 3400 g/
molZ Z7}38131th. Ti(dbm),(O-i-Pr), = Z0f W) #ld 7]
717} EAEt T v T S E A Weliskr] wEl
Sl Edo] w2 7102 AT Benzyl alcohols 7HAIA
2 ARg-ale] %t A3} Ti(dbm)y(O-i-Pr), Evie A&
3.0%= ZA A3 A mE FHEAAM =
Z7| THEAE HolA| ko "hgA 7] 2417 o] o)
HAEE-S Hol7] AlRtete] FiAQl @ 842 FEAIRE

(induction time)°] E=AN3}7] WiEl Ao = FtE

ZAle] 2 o] =78 20169% HH(mE )] A
o2 AT A dE ol £ HE A7Y(NRF-
2016R1D1A1B01009941). ¥ A= 20173 % AHIFA4A
ol Aoz A= A71EH7HI(KETEP)?] ofli#]<1
PP oz A YPtol et e kA A9 39 Y th(No.
20174010201560).
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