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Synthetic biodegradable polymers are of great interest for biomedical applications such as
surgical sutures and drug delivery systems. The copolymers of ¢-amino acids and o-hydroxy
acids could be a valuable addition to the existing series of biodegradable polymers. I;“or
application in drug delivery systems, the materials should be suitable to prepare membranes or
matrices having the required permeability for drugs.

Poly (glycine-co-lactic acid) and poly (glycine-co-glycolic acid) have been synthesized by
ring-opening polymerization. Morpholine-2,5-dione, lactide, and glycolid have been used as
starting materials for polydepsipeptides.

The synthesized monomers and copoylmers have been identified by NMR and FT-IR
spectrophotometer. The thermal properties and glass transition temperatures (Tg) of the
copolymers have been measured by differential scanning calorimetry. The T, values of poly
(glycine-co-lactic acid) and poly (glycine-co-glycolic acid) are increased with increasing mole
fraction of morpholine-2,5-dione in the copolymers.
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L-Lactic acid (E, Merck Co.), glycolic acid (Al-
drich Co.), glycine (Tokyo Kasei Co.) % bromo-
acetyl bromide (Tokyo Kasei Co.y5-& EF4 & A}
2354,

o}<d slr]oll ’l (Aldrich Co.) & toluene £-viol 15wt
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2) 721 7]
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A (Perkin-Elmer DSC-4) & AH&-3t4 o},
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1) L-Lactide2| &4

+5A, ¥A47 9 A% dA#e = AW 250ml 3
T ZebA Ao L-lactic acid®} ZnOE mubste] 42 F
140°C, ArtollAl 25 mmHg7t=| 6417 59t AA18] 7
HEE3gich, 28 o] w] dojal A2 poly (L
-lactic acid)® t}4] 250°C, 1 mmHgeiA 84| 2k &3k 3t
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Table 1. Solution polymerization of morpholine-2, 5-
dione (MD) and L-lactide (LA) using dietylzi-
nc as initiator

Mole fraction of

Compound x?dand LA in Z‘;L‘;ﬁﬁ' Polymer
numer o . time({(hrs.) yield (%)
MD LA
LM—1 1.00 0.00 52 17
LM—-2 075  0.25 48 23
LM-3 0.50 0.50 48 36
LM—4 0.25 0.75 24 39
LM—5 0.00 1.00 24 47

Table 2, Solution polymerization of morpholine-2, 5-
dione (MD) and glycolide (GL) using diethyl-
zinc as initiator

Mole fraction of

Compound p’lD and GL in Rolyme- Polymer
eed rization A
numer ——————— lime (hrs.) yield (%)
MD GL .
GM-—1 1.00 0.00 52 17
GM--2 0.75 0.25 48 20
GM-3 0.50 0.50 48 33
GM—4 0.25 0.75 24 36
GM-5 0.00 1.00 24 42
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2) Poly (glycine-co-glycolic acid)2| $H

Morpholine-2,5-diones} glycolide®! 5Z 34+ Al
AH4 ek9] morpholine-2,5-dione, glycolide % o} 3}t)
ol &l & toluene £l (Table 2 #=2)ol] =of A4 ¥4
719 FHE ol dn FFe b AF Aol Aol &
7|2 A7l F w]ubg stk § AlA 7] 18 methanol
L2 2447 Fak FFA R

o] uj ooy Al poly (glycine-co-glycolic acid)x A&
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Poly (glycine-co-L-lactic acid) @ poly (glycine-co-
glycolic acid)¥] A1 &% 242 5mgH #3led DSCE &
FolEErlo deo] &3 F HL]|F3telA 20CTAA
100C 7] 10°C/min®| 7t £=52 =& Fefw o
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Fig. 1 FT—IR spectrum of D, L-lactic acid {neat)
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Fig. 2 FT—IR spectrum of D, L-lactide (KBr)
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Fig. 3 NMR spectrum of D, L-lactide (TMS + CDCl3)
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Fig.4 FT—IR spectrum of glycolic acid (neat}
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Fig. 5 FT—IR spectrum of glycolide (KBr)
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Fig. 6 NMR spectrum of glycolide (TMS + CDCl3)
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ve-u 2,900 cm™, veo 1,600 cm™, §c-0 1,550 cm™ &
w-u 1,370 cm™! 5-¢] o)z, Fig. 8141 wn_u, vo-n 3,
200~2,800cm™ §9] Fola, yec_42920em™, veo 1,
700em™, Sc-0 1,640cm™ B Sy 1,570 cm™ 5] o
o] 3, Fig. 9ol 4] vy_x 3,400 cm~ol gojaE ngony,
ve-u 2,900 cm™, ycao 1,740 cm™, §c_o 1,660 cm™!, On-n
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Fig. 7 FT—IR spectrum of glycine (KBr)
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Fig. 8 FT—IR spectrum of bromoacetyl glycine (KBr)
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Fig. 9 FT—IR spectrum of morpholine-2, 5-dione (KBr)
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shefoll & (1.0 wt %)& A3l 60C, toluene &wfu)
ol 4] Scheme 2¢] WhgA 2} 2ol A& FFE A3 2,

2531 7 ek B & EE U A7k Y - E
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sazdE ¥4 UL,
Scheme 2

H 00 H Zn*?
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LK %

SR O
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L x| [ ] 1-x
H O HO HO HO n

FAH 2 S 4 33 AT IRAH =L Fig.
11, Fig. 12, Fig. 13, Fig. 14 & Fig. 159 Jel g,
Fig. 11ol4  wy-u 3,400 cm™, ve_x 2,980 cm™?, oo

1,750 cm™, v_§_xx 1,690 cm™ = Sn_p 1,560 cm™! 2]
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o 4 vieltd glycolided] 41 xg] ozt Abetx
g A3 FEged sl poly (glycine-co-glycolic
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Transmittonce (%)
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dione) (KBr) Fig. 140l 4 ve_y 2,900 Cmﬂ’ Voo 1760cm ™
Voo 1,200 cm ™! S2] Ho|2E wedow, 935cm oA
slelag ¥y yeol00emeld WERFE  gehgd B4 ;e selast ARz poly (L

morpholine-2,5-dione®] 54 2.8 sjol27t A2t 2,  _lactide acid)7t $AHHEL salatich,
935 cm™'of 4] LEFIE] L-lactide] 544 2] sjolas} Fig. 1500 41 ve-n 2940 cm ™, vero L775cm ™ 3
Ateizloz AHEEE el 98l poly (glycine-co-L- Voo 1180 em-! 9] o] 25 welew], 845cm ol
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Fig. 120141 wy.n 3,400 cm™?, ve-x 2,930cm™, ve-o acid)?t FA ol AL stelslelct,
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Poly (glycine-co-L-lactic acid)®|
morpholine-2,5-dione (MD) ¢l &®]7} 0.75, 0.50,
0.25% 7+4£3bo] ule} AltH o 2 L-lactide(LA) S o
ol F7tslo] YA Y FelHol =7} wolal o'
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= &} poly (glycine-co-glycolic acid)e] f2jH ol 2%
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Fa 3ol mhet AoiE e 2 glycolided] oFe] F7lsiof &
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Table 3. Glass transition temperatures of poly (glycine-

co-L-lactic acid)

Mole fraction of )

. a
Emg:rund MD and LA in feed Tg °C) b}
MD LA
LM—1 1.00 0.00 92.0 0.5
LM--2 0.75 0.25 72.6£0.5
LM—3 0.50 0.50 67.0 0.5
LM—4 0.25 0.75 60.910.5
LM—5 0.00 1.00 56.9£0.5

a) MD ; morpholine-2, 5-dione
LA ; L-lactide

b} The Tg values were taken as the intersection mid-
point of the extrapolation of the baseline and of
the inflection

Table 4. Glass transition temperatures of poly (glycine-
co-glycolic acid)

Mole fraction of )

g:’:;g:rund MD and GL in feed? Tg (°C) b)
MD GL

GM—1 1.00 0.00 92.0%0.5

GM-2 0.75 0.25 66.6 £0.5

GM-3 0.50 0.50 50.5*0.5

GM—4 0.25 0.75 45.1+0.5

GM-5 0.00 1.00 336 %0.5

a) MD ; morpholine-2, 5-dione
GL ;glycolide

b) The Tg values were taken as the intersection mid-
point of the extrapolation of the baseline and of
the inflection
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