CHAPTER III

EXPERIMENTAL

3.1 Materials

hours prior to use. Glycidol was disti ‘under reduced pressure before use. All of
the initiators, and other chemiedls v ceived without further purification.

\\\

\\ ydrous dichloromethane
and tetrahydrofuran was preparéc ;- \ trogen atmosphere.

1. L-lactide
2. Glycidol

tr{ ‘. "J"
Magnesium diethoxide
PA_,"ﬂ‘!’

4. Aluminusi friisopropoxid:

S Tetraphnih
6. Tinl)@-sbalis Y
'ﬁ TR TN INY AT
ium fert-butoxide ¢ : Merck
ammmsu NWIIANENE

9. Stannic chloride : Fluka
10. Sodium hydrogen carbonate : Riedel-de-Haén
11. Benzyl glycidyl ether . Aldrich

12. Trifluoroacetic anhydride : Aldrich
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13. Dichloromethane : Commercial grade, Merck
14. Methanol : Commercial grade, Merck
15. Ethyl acetate : Commercial grade, Merck
16. Tetrahydrofuran : AR grade, Merck

17. Diethyl ether : AR grade, Merck

18. Petroleum ?” AR grade, Lab Scan

21. Cationic exc in Amberli 402 : Supleco
22. Anionic exc i ¥Com X5 D0 : Aldrich
23. Chloroform-d

24. Deuteri _..—=- '
LY.

25. Nitrogen gg Lm Center
ﬂuﬂﬁwﬂw§WHwni

JE TN

Proton (‘H) and carbon (‘3C) nuclear magnetic resonance analysis were
carried out by using Varian Mercury-400 spectrometer operating at 400 MHz (‘H
and "C) in deuterated chloroform (CDCl;) or deuterated oxide (D;0). Chemical
shifts (8) are reported in parts perAmillion (ppm) relative to tetramethylsilane (TMS)

by using the residual protonated solvent signal as a reference.
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3.2.2 Gel Permeation Chromatography (GPC)

Gel permeation chromatograms of PLLA and copolymer of LLA and G were
obtained from Waters 150-CV chromatograph equipped with PL-gel 10 pm mixed B
2 columns (MW resolving range = 500-10,000,000) at 30 °C. Tetrahydrofuran was

used as an eluent with the flow rate of 1.0 mL/min. The sample injection volume was

51460 00) were used as standards for
vas d y a refractive index detector.
——

- .
In case of PG, gelepeties ionl ¢ ‘\t\ o obtained from Waters 600
controller chromatograph®™cquipped , h!:-hl” ogel linear and guard column

MW resolving range Z#1,000-20,000,000) at 30 °C. 0.4M sodium nitrate (NaNO;
: —— : BN (N : )
were used as an eluengdWwith the OW _Iate | ‘ 6, mL/min. The sample injection
volume was 20 L. Pulldhs MW = 5,900" .788,000) were used as standards for

a reflactive index detector,

calibration. The moleculag we as /deterthined
Waters 2410.

3.2.3 Matrix-4ssistéd Laser Desorp izaion Time of Flight Mass

Spectr ALDI-TOF-N \‘

All MS spectrDof PG were acquired using ﬂJLEX MALDI-TOF mass
spectrometer. Spec ‘ﬁ: ui m& using the reflectron.
The sample weéj dﬁoﬁd wﬁ ‘ i lqrjﬁg/mL matrix solution
prepared from qIIdissolvin o-h dﬁ)xyc anoci i id i ahydrofuran.
RSB AT TN AR
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3.3 Experimental Section

3.3.1 Polymerization of Poly(L-lactide) using Mg(OEt),, Al(OiPr)s,
SnPhy, or Sn(Oct); as an Initiator

Scheme 3.1 Polymeri

L-lactide (20. or (0:06, miol, 0.3 mol% of L-lactide)
. NN
was stirred at 100 °C nPhy o

1 g Oct), as initiator, the crude
products were dissolv: 1 ometha ; \-\ ipitated in methanol. White

The reactlons were set der mtrogen atmosphere usmg a glove bag.
Glycidol (30.18 mmol) and the initiator (0.09 mmol, 0.3 mol% of glycidol) was
stirred at 100 °C for 3 days. Yellow liquid was dissoived in methanol. The solution
was filtered. Then, methanol was removed using a rotary evaporator. Final drying

was done in vacuum, yellow liquid was obtained.
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b) BF3-OEt, as an Initiator

The reactions were set under nitrogen atmosphere using a glove bag.
BF3-OEt; (0.03 mmol) was added to glycidol (0.13 mol, 0.06 mol% of glycidol). The
mixture was kept at —15 °C in an ethylene glycol cold bath. The crude products were
10 % w/v NaHCOs and then passed though

a column packed with cationic and an ange resin. After removing the DI

333 Polyme oly ' Protected Glycidol)
/ ::ﬁ ". I

dissolved in DI water and neutralized. b

275775 7
Scheme 3.3 Polym i ;._._..__.__-_.."—4_,

a) KO'Bu as g_n_gﬁitia or (An : ; zati@
The reacti ‘ﬁm“f mﬁ using a glove bag.
Potassium tert@ﬁﬂ ' ] rﬂ f moromer) was dissolved in
anhydrous THF (0.3 ml) and addéd m i E‘ﬁﬁ mmol). The
mlxtureQamr]@ ba ?a t§ my r i 3 product was

characterlzed by 'H NMR.

b) BF3-OEt, or SnCl, as an Initiator (Cationic Polymerization)

The reactions were set under nitrogen atmosphere using a glove bag. The
initiator (0.08 mmol, 0.8 mol% of monomer) was dropped to benzyl glycidyl ether
(10.0 mmol). The mixture was kept in an ethylene glycol cold bath for 5 or 7 days at
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-15 °C, 0 °C, room temperature (30 °C), or 50 °C. The crude products were
dissolved in dichloromethane and characterized by '"H NMR.

In case of the reaction carried out at room temperature (30 °C) using SnCly,

the crude product was precipitated in dichloromethanev to separated white solid.

Dichloromerhane was remove from sol 76 layer, viscous white liquid was received.

334 Copolyme -l J d Glycidol using Mg(OEt),,

Table 3.1 Reaction co e eepol neriza f L-lactide and glycidol.

(O.IBHII:(?;‘(’;: of Atr(r:lgxsl}t)rlcl)el:ric
monomer)
Mg(OEt), Drying tube
AL(O'Pr); Balloon N,
SnPhy TN, I Flow N,

Glove box

Sn(Oct), 4
T S

a)

2

Types of untlatg;s and methods for controlling the atmosphere during

polmenmtlorﬁﬂtﬂq%ﬂv]ﬁ%ﬂ Qfﬁfaﬁned out at 100 °C for

1:1 LLA:G and‘at 120 °C for 9:1 LLA G feed molar ratio. The pol erization time

) WG RPN Exiiea)
were judge atio product viscosity. Pro uct purification was

done as follows:

1:1 (LLA:G)/ using Mg(OEt),. Al(O'Pr SnPhy_or Sn(Oct), as an initiator. The

crude product was stirred with petroleum ether overnight. A layer of insoluble oil

was separated. Further drying was done to remove the ether. Yellow oil was

obtained.
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5:1 (LLA:G)/ using Mg(OEt ) or SnPhy as an initiator. The crude product was stirred

with petroleum ether overnight. A layer of insoluble oil was separated. Further

drying was done to remove the ether. Yellow oil was obtained.

9:1 (LLA:G)/ using Mg(OEt), as an initiator. The crude product was crystallized

with diethyl ether in an ice bath. White solid (LLA) was separated and evacuated.

9:1 (LLA:G)/ using TR initiator. product was precipitated in
methanol to separate : : . The mother liquor was
concentrated. After fuggher deyi yellow o '- : \ .

sl

Scheme 3.4 Copolymerization of LLA and RG usililSn(Oct)z as an initiator.

The reactions ﬂeut ﬂdg nﬂoglnzpl;wﬂe using a glove box. The monomer

e ISR T
of the to . 0 ﬁ ! e | G was heéated to 130 °C
until it turned liquid and homogeneous. Then Sn(Oct); was added to the monomers.

Stirring was continued at 130 °C for 1 day. Product purification was done as follows.

20:1 and 40:1 (LLA:PG). The crude product was dissolved in dichloromethane. The

solution was centrifuged to separate a layer of insoluble white solid (initiator). After

further drying by a rotary evaporator, viscous yellow liquid and yellow solid (PLLA-
co-PG) was received for 20:1 and 40:1 mole of LLA:PG, respectively.
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60:1 (LLA:PG). The crude product was dissolved in dichloromethane. The solution

was centrifuged to separate a layer of insoluble white solid (initiator). After
removing dichloromethane from a layer of soluble clear liquid, white solid was
obtained. White solid was further purified in methanol and then solution was
centrifuged. A layer of insoluble white oil was separated and dried under vacuum,
white solid was obtained (high M '3

layer of soluble liquid by using a rotary »rator, white solid was received and

0-PG). Methanol was removed from the

stirred with diethyl ether overnight. A oligomer) was received after
———
removing diethyl ether white liquid (PLLA-co-PG)

was obtained after rotary evaporator.

¢
Scheme 3.5 Cﬂ)lﬂeﬁa@nw I&IA%J%J(% &ln’g]%)z as an initiator.
The reacqéons were set ﬁ itroge 0 p,ilﬁd ove box. The
mixturtﬂqfw;-&ﬁyimiﬁl ‘ ﬂ:ﬁﬁ@ml) Lﬁ (7.00 mmol)

was stirred at 130 °C until the mixture became liquid and homogeneous. Sn(Oct),
(0.15 mmol, 10 mol% of total hydroxyl group in PGBn) was added. The mixture
was stirred at 130 °C for 1 day. The crude product was dissolved in dichloromethane
and centrifuged to separate white solid (initiator). Dichloromethane was removed
from the layer of soluble brown liquid. Viscous brown liquid was obtained and then

dissolved in methanol and centrifuged. The yellow solid was separated and the layer

of soluble brown liquid was further dried under vacuum to remove methanol.
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Viscous brown liquid was obtained and further purified in diethyl ether, and
centrifuged. Yellow oil was received after removing diethyl ether from the soluble-
methanol layer. The insoluble-diethyl ether layer was separated and dried in vacuum,

brown viscous liquid was obtained.

), and methanol (5.0 ml) was
de product was filtered. Methanol
id was obtained.

stirred in hydrogen atmosphere M""ETU w

was removed by dryifig
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