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Synthesis and Characterization of Biocompatible
Block Copoly(L-lactide-r-benzyl-L -glutamate)

Yong Kiel Sung, Hoon Kim, Dae Kyung Song, Young Soon Kim, U-hyun Paek

Block copoly(L-lactide-r-benzyl-L-glutamate) was synthesized from L-lactide by

cationic ring opening polymerization and r-benzyl-L-glutamate N—carboxy anhydride

by introducing amino group terminated poly(L-lactide).

L-lactide was polymerized in the presence of stannous octate at 110°C and r-benzyl-

L-glutamate was polymerized in the presence of NaH at room temperature. The

synthesized monomers and copolymers were identified by IR and NMR.

The thermal properties of the copolymers were characterized by differential scanning

calorimetry and thermogravimetry. The thermal stability and melting temperature(Tm)

of the block copolymers were measured and discussed.

The activation energies of thermal decomposition for the block copoly(L-lactide-r-

benzyl-L-glutamate) were evaluated from the thermogravimetric data by Freeman and

Carroll method.

1. M =

22 A B4 282 B2 4 a-hydroxyat
3 q-aminot AE F3A B FTFTPAE 9
QA SEIPRoA 9 HE BRAG Sorg
AR MG A A7 dge] Ha 3
o] BATo] AN EHAY n¥:2 EHURA AL
27 ARAE AAgel Fo Dy A4 ¥
(019883 129 69>
g e
Dept. of Chemistry, Dongguk University
L oA Fat ded T Ao g d
o] Fojal A4l

do

&5 & stAo 8 Al2EHE F90 wet H
143 R5E FAMor stn AN B4 F5
2 Jo1A oo} st 59 TAEF AFo
e} oebs 2 FRAELS F2AFoIH AR
Wil A7 AG FEFEAE A A" FY
248 13H = A

E-35] g-amino acid®} a-hydroxy acid®) 233
A <l polydepsipeptideoy] =& +=2q EA-E @
37 93 A+ gol AAH FepY, g-hyd-
roxy acidAl% 9 TF %A poly(lactide)= 1913
3 (French Patent 456, 824)0] -2 A7 olais
196613 Kulkarni'>9} 19673 Schneider(French Pa-
tent 1,478, 694)%-ol 23 ARG S8 A

[ )
d

o4
-

'

3
(=]
=

g

flo ofn

— 215 —



—BIBa% B, B2 19885~

23z By Hg.

Lactic acid”} L3} D&} 271x9) 33 o] A4HE
7tA = A} o] me] 0|2 E lactide £& L,
D, meso ¥l 32 o4 AE Ak DG L 3
B =gz AZ2H 28 25 APLE 7
Ax 25T 22AE AR 5 o A
o ZAjs: AAe] L d=a1E A=z LE"y
poly(L-lactide)”t A £sl4 niziz o ol
o] &R},

a-Amino acid A %9 F3 & 2l poly(L-gluta-
mic acide): Ful ©]4] F 2~3Uo] F 3z <l
3 RAEE 2o F553, collagenolt d4 F
A mBER}o ¥ A&y} o=z drug delivery
systemo] $&3%z, WA ASVE 7HA EAUS
< Mita'?, Feijen'® © GregonisS!¥o] 73 %
o}, &3 o] FASL oixkd] YAENA BRAY
al ester®t amider]S ZIA=Z 7] W&o 229
2 A BAHE 3E Aoz Ay

olgjdl RE AN EMA e AX =3
oA 2HFE AT UEq ARAY A
|HEE d4SE 2y G5 2L 45349 2
e AAA Depe, '

A AdAE 3 AQow EAY T2 =)
2w o]4 X SH T2 F A% oo eEE
Fadle AN As: Lol FaAR] A
o)Al e},

EH BAs AHEPA DAE EAY FH47
XaEE FT§AYo] A HridHer Z%
o] Aol Yol TEALY FEH HFAol
el ZrtAl Wt UF R dojdrt

Aus gAs A 2sbAd e F5RAY AD H
Ho) ALslo) Eapgpo] Adtn BADANA B
o) RrAewn gHEE A} o)y 254
MNE A BAL mF3 Aol FopiAwt A
301A Aol Bd AxolAE AN B4l A
A3 F57) dojupA Aot

sl Al ARz 938 Foz EAY
248 A7} doivd FHA el

B AFoMr ANEHAY ¥ EAS ¥4
317 $3 288 2MIRR AR 2L 7-benzyl
L-glutamated SFAZ 31 FFPye] M= o
5 EAE BE N2 PAYHe &5 FFY
Ag AN IH

ol MAFFE 3= ahydroxyAse L-
lactic acid® =tE L-lactidest Zol2 ABFTE
3+ a-amino acid %9 L-glutamic acid® =}
E r-benzyl-L-glutamate NCAE =iz ARFTd
poly(L-lactide)®] @ =tol aminoZ}§& T U3A 7
benzyl-L-glutamate NCAE 73 A1 A block copoly
(L-lactide-r-benzyl-L-glutamate) 5 =&3, 21 5
Z3H, F0A L DPAEE A H20F
B Ege AdEY] 2o At £ ¥
A" FHAETY @Y AAE AAFA d2AS
G5 BAE o &3 A

24
21 Al & 7171

D Alet

L-lactic acid(E. Sigma Co.), L-glutamic acid
(Junsei chemical Co.), benzyl alcoholE 2 = A
kg 2oy AE31P.em, toluene(E. Merck Co.),
tetrahydrofuran(E. Merck Co.), n-hexane(E. Me-
rck Co)59 £dE2 &% Nag Q3 1247 &
FA7 g FF, FEE AAHSE ALARA

Stannous octate(American CAN Co.)= <3
a2 AL E A
2) 717|

IR E 32 Nicolet MX-S H9a 233
2}2 3] KBr pelletA oA Q8ya1¢3.

NMR-AS] e 8.2 Varian T-60A #z}7] 93
Pz JRLEE E3e TMSE ARIR2 |
2 deuteriated chloroform(CDCly)-§& A}& 3t
gt

GRA oA A 2321 A= Perkin-ElmerDSC-
4 Model-S 41237 VFH B4+ Perkin-
Elmer TGS-2 Model-& 4123} .

il

e

2

2-2 chery] Bty

1) L-lactide

25, AN 9 AF ARz FAH 250ml
37 EgA A0 L-lactic acidst ZnOg a3}
e 3 140C Aol A 25mmHg7tA] 641 5
2t & Pet. 2 ol Qo AR
poly (L-lactic acid)® ©}A] 250°C ImmHgo) A

8417 Eat gt FH399 L-lactides AT}

oo

o 2

— 216 —



—482 G AANEA FFHRAY B9 B4 A A7 -

FAH L-lactider o} AEA dg= 53] AHAH
gt
2) 7-Benzyl-l.-glutamate-N-carboxy anhydride

7-Benzyl-L-glutamate(r-BLG)+ L-glutamic a-
cidst WA FILE ARBA ZofsiolA ofjEH
23} 3o mtE .

L-glutamic acid 88.2¢, MALIZ-& 144g, & 78g¢,
A2 BA 1166g8 70CY B2FHA A
308 Fol T goo] A= ImmHg3 3}t
gl X 7)c}, 81252 sodium bicarbonatesa=-2 oY
o8 FHAA AAH AHE ER A HEF
AMAANA AxAIZE,

7-Benzyl-L-glutamate N carboxy anhydride(” -
BLG NCA): XA AYPo 7 319t Tetrahydro-
furaneo] T A#A o)gkA Q) trichloromethylchloro-
formate® o}m|xAbY] Epu|E HE-SIlo] YolA
40CollA 142 g 23A 2 =g »BLG NCA
& n-hexanes} olAMEA = 33 AAAIA
4%3 7-BLG NCAE @433}

23 U By

1) Poly(L-lactide)

L-lactide bulk @532 Azxs 2719 AL
204 ARt A A2 L-lactide(7.2g)
£ vl vy stirring barr} oA+ Az 32
vletFala3o ¥, 0.5ml8 stannous octatef
Ag ATAF FACZ £ [ B§ 2IF
oFzd t@g o2 5% lmmHegz 7} 3to stan-
nous octate-2 M4 9] toluened A|A 3L, oil bath
oA 1100C2 L-lactidert =-guj 7tA] AP
702412 53 A,

olw do3A poly(L-lactide)d FE22 I B =
Q) ¥ wEbgol 93l HFAFHE
2) Poly(7-benzyl-L-glutamate)

22 Na2 0|89 48§ A Tmle THF
ol 4% r-BLG NCA 02lg§ &L 7% A
=olstxy W g MAAZR 0.64mg NaH(57%
oil dispersion)®& A713ted 34 T T A3
ch Fgo] AaH FTHE FAE LLI Lo ¢
oA FHAME ARAZ oL Az L
22 Ao Axd P
3) Block copoly(L-lactide-7-benzyl-L-glutamate)

AF BANE & FTEFAA0) poly(L-lactide)

lg& 243 benzene 100mlol) 2143 g3 A
% 1.5ml2) SOCLE F3]3lad 40°ColA 3022 L
B2 A7) o} IlmmHg=z 2tsled =luk-g SOCL
& AALH.

A7l t}A] 4-ote|n-|-ZEHLEES HHy Y
HCIE 5308 Aol 1A Fa Ao aH
3l poly(L-lactide)o] amino?)-& =rlo] %g] A
)8 05 MerE s 53] M2 F poly(L-lactide)-
NH., & WAlo] ¥ r-benzyl-L-glutamate NCAE
A F3l3 40CoAH 72412 F 33

% A4S AVe AR HEFAH do4A
5 FTEPANE dHdEizE A2 F 424

]

A% AzZAR.

By

K

[~

J|

2-4 ZEUHC 95 43 &3

1) ARIFEAL SEAY

Poly(Li-lactide), poly(r-benzyl-L-glutamate)
o BE23 23 (L-lactide-r-benzyl-L-glutamate) ¢
A5E 27 SmgHd 3o DSCE LFrw |7
of Y3 ¥% ¥ AL J|FFHAA 30°CHE 310C
72 200C/ming} 714 £x 2 25§ $edHA ¢
Ba3ts 2383
2) g A s3d

Poly(L-lactide), poly(r-benzyl-L-glutamate)
%) block copoly(L-lactide-r-benzyl-L-glutamate)
o ARE A2 5~10mgH Mool WE Lol ¥
3 45ce/min $-4-9 ML J)F3olA 30°CHE 500
CAA 20C/ming ¢EE 44 AFWA £ 8
ol me T RLBE PG

3. @x g o
3-1 chEkdiel &tel
1) L-lactide
2923 al L-lactic acid® % ¥ L-lactided =
&3} 7o) A4S @l s P,

OH Zn0 (':Ha ?Hs
|
CH3CHCOOH - H+ OCH ~ COOCH- CO+0H

140°C/ 25 mmHg
6hrs. Low MW

(o]

H o 7

———— we e

250°C/ | mmHg o/ H
8hrs,

— 217 —



~BITREE B % H 2R, 1988F -

2wz o PJHEY IR ¥ NMRAsE=¢&
22 1, 2% 23 30 Jehdiginh
28 1A v ex3400ecmt, v cp2930cmt, ¥ c-o
1750cm L ¥ col240cm! 52 Hola s BPov
18 2004 v o.43400cm ) Sojzrt vehual @
gtom, voa2970em™, v cool775cm™, ¥ ¢.01235cm™
o) L-lactide®) 438 ol=r} 935cm o)A v}
CH,
B, 28 304 81.75(—CH-), 85.2(— CH —

(%)

TRANSMITTANCE { &

195 3800 3000 2200 1800 1400 1980 800 600 40¢
WAVENUMBER {cm™')

7] 1 FT-IR spectrum of L-lactic acid

TRANSMITTANCE (%)

00 380 3000 2200 1800 1400 0oy sy 00

WAVENUMBER (en”')

8] 2 FT-IR spectrum of L-lactide

1

T 0 ed 50 40 30 70 10 0
ppm(d)

2] 3 NMR spectrum of L-lactide

CO—-)%9 solart veiy Feox Llactider}
g4 HPEE Flaish
2) r-Benzyl-L-glutamate NCA

Z4rE 39 L-glutamic acid® A1-® 3ty protec-
ting group]l WAL ZL-E T3]3 rbenzyl-L-
glutamate NCAE i3 7o) A3z g}
%D}zzﬂa)‘

o] H O
it

il |
HO—C—CHZ-CHQ-Cl— C-OH + (CgHs)~ CH20H

NH2
0 H O
dil. HpS04 (CeHe) I [/
—_——— Hg)~CHa=0-C-CHp-CHxC - C-OH
700 M5 2 2 2‘[
30 min NH2

0 H 0
I (T
(CgHg) = CHz~0-C~CHp~CH,~C~C~OH  +  COCla
[

NHz

o] H O
lad (CgHg) CHp-0O (‘; CHp-C L
——— - - H - H _C—C—OH
a, ehs) CHz 2=CHa I

HNCOCI
0 H O
- HC! il |
——————> (CgHg) CH2-0-C-CH2-CH,-C~C
A ,40°C | o
HN-C”

Il
0

F0EL 2 PHEHY IRAYEHRE 27 4
U 2% 5o et gl 28 4ol v -0l780cm™,
v yx3100cm™ 2 WAz 54 o)zt 1475em’!
S} 1600cm o) A e}t

28 504 v xg3400cm™, 1750cm 'S 2.8]F o)
Aol 22l NCAzaE e+ 1860cm™!,
2209 |790cmtH o]z s} JENG Aew yBLGYL
g4 5SS gy

T e

1) Poly(L-lactide)E& stannous octate’] A]A| 2
LHOColl A ©}g #1g-4ls 7ko] bulk HREF 33 Al
For olu] FAH FTFEAY IRAHERS o

& 6o eI
H P 0 CHs  CHa
HaC 7 stannous octate | ]
[ s B O H4O-C-C-0-C-C-OFOH
D// " 110 °C, 70 hrs. [l I ton
H O H O

— 218 -



%

[4:4

-
)

fadl

~A2A 9 AMALAY FFEAA A 240l

lW

TRANSMITTANCE (%)
TRANSMITTANCE (%)

PR ———
4600 3800 3000 2200 1800 1400 1000 800 600

WAVENUMBER (cm~ "} 4600 3000 1800 1000 600

%l 4 FT-IR spectrum of 7-benzyl-L-glutamate

WAVENUMBER (cw '}

2] 7 FT-IR spectrum of poly(r-benzyl-L-glu-

tamate)
;E Icl) T //O NaH
% CgHg—CHp0-C-CH2CH-C ~ C W
3 0
% ]
0 o}
600 3800 3000 2200 1800 1400 1000 80 600 '('NH'CH-I(IZ')-M
WAVENUMBER (oa™") éHz
%] § FT-IR spectrum of r-benzyl-L-glutamate |
N carboxy anhydride (lIHz
COOCHCeHs
5 28} 7ol 1665cm- 9} 1550cm ol 4 72} amide
g I, amide T Molm7} E}gtem®, 1850cm™ o
§' 1790cm ol 4 e} 5kl NCA 3] sjol &7} Ape}al
= o 24 poly(r-benzyl-L-glutamate)”} FAHI I
< &3t
3) Block copoly(L-lactide-7-benzyl-L-glutamate)
. Poly(L-lactide) 2&tol aminosl§ =440 F
Wizl Rofslollq grEkA] r-BLG NCAES F3lstd
VAvELMEER e : 40°C2 obdl WS A% ol ABFTFTH AZow,
=12 6 FT-IR spectrum of poly(L-lactide) 2wz ol G4Y TE YA [RAME DS
18 o)A terminated ¥ 0.43400cm™, ¥ ¢=01750 2 a) s R et
em?, veoll0cm'E2o Mol E RP.or, ¥35em’ 9349 IRA==3E 27 8 4489 IR&
A4 A lactideo] 93 malmolar}t AR He®g 2.8 9o) Jeb NG 28 8ol A4 v 443400
o 23] poly(L-lactide)”} &4 HAR-T-< BAHA em®t, ¥ epd000cm, ¥ eol750cm™ v £o1250cm !
o, =9} sol2g vepiel kol amine’) 7t £

+8 4 B9

28 994 v a0l750cm™t, ¥ 4.x1610~1500cm”,
v c42900cm o ¥ 01300cm? H e}z s}t e A
©.2 block copoly(L-lactide-7-benzyl-L-glutama-
te)7} FAEP-E§F DA A

2) Poly(>-benzyl-L-glutamate)

clgkd]  r-benzyl-L-glutamate NCAE NaHE&
MA AR ALofa ohg WL o] MBFY
AZgeom, o 40 FFTPANE IRAdER 2R
A E A

219 -



-BIREK B9K B2R 1988E—

TRANSMITTANCE (%)

4600 3000 1800 1000 600

WAVENUMBER (on™')

1% 8 FT-IR spectrum of coupling agent trea-
ted poly(L-lactied)

TRANSMITTANCE (%)

4600 300 1800 1000 600
WAVENUMBER (e *)
3] 9 FT-IR spectrum of block copoly(L-lacti-
de-7-benzyl-L-glutamate)

CHjy CH3

1 |
H$0-C-C-0-C-C}0H + s0Clp —m———————»
}I{ CH) J‘ g n benzene , 40 °C

30 min.
(IZHs (I:H3
H+0—<':~‘c‘-o-$—?‘+c| + NHz=CHpCHzCHz- OM ———
n

H o H o benzene
room temp,
I hr

CHa CHs

| |
H(-O-(I:-(Ii—o—c—?-)-O-CHzCHgCHg—NHz +
Ll
H O H O o o H 0

1 1 ]
CeHy~CHa0~ C~CHy CHpm C~CH,CH,-C - ¢

X

HN-

o
e \o/

CH3 ?Ha ﬁ
|
—_— H'(-O-C‘C-O-C-C-O-H-C-(fH-NH*m
benzene, 40 °C ! Pl
72 hrs H O H O (.;.HZ
|
COOCH,CgHs

SEUNS 8N 843
D AIRFAL A

1-LACTIDE
WT, 560
SCAN RATE, 20.00 degmn MAX ., 9956

PEAK FROM, 81 .69

~H -+ Endethc rmic

athermic +

0g.00 10g.00 140.00
TEMPERATURE{C)

8] 10 DSC thermogram of L-lactide

15.00
SCAN RATE:20.00 deg/min

ENDO>

MCAL /SEC

L " i

a.0g . -
50.0 100.0 15¢.0 200.0

Temperature (T)

% 11 DSC thermogram of poly(L-lactide)
AAZFA AT DAY Y L FHe)A 2
Zxigtel] ute o £ Wy ((dg/dt)d]=0
F, AZe] AR Clgs Wy dH/ALE F3 5
HHeg FAsA i ARG ZTE ARG 9

Y Y AAFE AAEHA F AR A0l X

Aol7t ZA A olE BRAEI] ) ZY) o @
AWAE 7p3td e xR FAAFI] =HEel
4 £ ANAE FHLE + Q0.

AHtE F37 93 2= A% Indiume A%
AT Fae)l AE£E ©B3A L-lactided DSCE
A-S 2.8 109 e}y ie}, Poly(L-lactide), poly
(7-benzyl-L-glutamte), block copoly(L-lactide-r-
benzyl-Li-glutamate)$ <2 DSC thermogram2
1L 28 12, 27 139 HEpRg

o 7] o) poly(L-lactide)$t poly(7-benzyl-L-gluta-
mate)d F+= A2 22} 171.1'C2 1004°CH .o,
block copoly(L-lactide-7-benzyl-L-glutamate)=
w30 1684Ce 117.2C2 FA4Y g RAx
it

- 220 —



-84 9

DSC thermogram A2 B ¥ £§ il A=
3 2 ez PLT F lof YEINY

% 19 AA=Z BE poly(L-lactide)”t poly(r-
benzyl-L-glutamate)_‘i’_D} ety W & Ao
7 JEZEd o]+ r-benzyl-L-glutamateol bulky
& 227} ‘%—2}]3}5’_, poly (L-lactide) = A&-FZ =2

SCAN RATE:20.00 deg/min

MCAL /SEC

/\/

80.0 160.0 240.0 3000
Temperature{T)

12} 12 DSC thermogram of poly(7-benzyl-L-glu-
tamate)

SCAN RATE:20.08 deg/min

ENDO,

—

MCAL ./ SEC
~.

B0.0 1600 240.0 3000
Tempernture (U}

2] 13 DSC thermogram of block copoly(L-la-
ctide-7-benzyl-L-glutamate)

ARG FHFLHY T4 EA 8 AT -

14

A7) wEelrt
2) 94 7H &3
Alg9 T i
B ol ol w

x 2
o e

9 3 FyPor y_mﬂ wet g
Af 2 s ATE A3 ¢ 5 Be 2en £
9 @ e AAGEOIG B BAAE HD 8 4
siet

g 2 2R oHAE FIE WHHde
Freeman-Carroll¥§®, Kissinger#§?” 2 Ozawa
W20l glor} o] =B = Freeman-Carroll¥
& °]-&33sh

Poly(L-lactide),  poly(r-benzyl-L-glutamate),
block copoly(L-lactide-r-benzyl-L-glutamate)ol
Bk TGA FA-8F 2% 4o el gt

o] FA9 AAR F ¥ T3 BA4H AHAE X
20 Agix 28 15, 16, 17 B 28] 189 X A3 S
=

SCAN RATE: 20.0Cdeg/min
1oe.00 4

50.00

-1%] 14 TG curves of poly(L-lactide), poly(7-ben-
zyl-L-glutamate), and block copoly(L-la-
ctide-r-benzyl-L-glutamate)

E 1 Enthalpy and entropy changes associated with the endothermic transition of polymers

] . 4H(cal/g) .
Polymers Dmax(°C) Tm(C) AS(cal/g’K)
Tm Decomp
Poly(L-lactide) 267.5 171.1 14.4 1.1 8.42x10*
Copoly(L-lactide) 18 168.4 16.8 3.8 9.98x 102
—7-BLG) ’ 117.2 2.3 33.2 1.96 % 10-2
Poly(7-benzyl-L- 250.9 100.4 0.9 19.3 9.01x10®
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Dmax ; maximum decomposition temperature

Tm ; melting temperature
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¥ 2 The activation energies of polymers by Freeman and Carroll method

Polymers IDT(C) Dmax Temperature Ea(cal/deg mole)
Poly(L-lactide) 245.1 265.7 250.2—269.6 26.8+0.3
Copoly (L-lactide 255.0 257.3 248.3—268.2 24.9£0.3

-r-BLG) 239.5 253.2 243.0—265.4 235+0.3
Poly(7-benzyl-L 235.7 2514 239.2—260.5 22.4%+0.3
glutamate)
Dmax ; maximum decomposition temperature
IDT ; initial decomposition temperature
Ea;26.8 % 0.3 cal/deg.mol Eai22.4 + 0.3 cal/deg.mol
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17 The activation energy of block copoly
(L-latide-7-benzyl-L-glutamate) by Free-
man and Carroll method(First melting)
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