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SYNOPSIS

In a previous paper, the authors defined a network polymer composed of different poly-
meric chains as ‘heterogeneous network polymer”, and reported the synthesis and a few mecha-
nical properties of [PCbzLL]-[PEG-HMDI] type heterogeneous network polymers. In this paper,
the heterogeneous network polymers were prepared by crosslinking pélylysine chains with
hydrocarbon chains through urethane bridges.

The following procedures were adopted.

[Procedure 1] Interfacial condensation method

PLL-HCl were allowed to react with butanebischloroformate.

[Procedure 2] NCA (N-Carboxy anhydride) method ]

Bis-¢-N-carboethyleneoxy-L-lysine was prepared by reacting L-lysine HCl with butanebis-
chloroformate and then converted to bis-:-N:carboethyleneoxy-L-lysine N-carboxy anhydride
by phosgenation. The network polymers were obtained by the polymerization of bis-NCA.

The structures of these network polymers could be varied by changing the molar ratio of
amino group of [PLL.HCI] to chloroformate in procedure 1, and by changing the molar ratio
of bis-NCA to mono-NCA 1in procedure 2.

The heterogeneous network polymers thus obtained were pale-yellow, stiff or curdy particles

from procedure 1, and leathery or resinous film from procedure 2. The polymers swelled in
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dimethylacetamide, dimethylformamide, dichloroacetic acid, formic acid etc. A typical poly-

mer prepared by procedure 2 showed Tg at —1°C and high modulus above room temperature.

1. #&

R, BaFHRlo#no%E [ Lo ebic
Toy sEBEPS T 7 FEACIBEBORY A
v V= =Y REFEORI S DEESENELNT
npLY , BELE, COBMDbDEESL, EESS
FHEPOLRZWETE - THEREN TV 3 =R
AT agxy b= RY w="LZ/T, ZOEK
LHR Y ORBRE I L TR EED, i, R
) —e—=N—fHWERY V' Fv—L-1) v LKA
VYT F—EERORY) 2—~FVEREDRISICE B
ANFOFy b= R = —DERRELT, =0
FRELLY, CORY =—F, FRTITL2RYET
b0, BYIRTFFFEEEY) 2~ F NI SIS EEE
THHBC PO OTH I AEBERMED EO>DERE
~L7.

Hid5, RYRTFFEEKE LR )OSR
i, BREFVEOMEIE L TAEMRERORHFIES
TBHET, FRTEMBE LCOEREBEEATT
HBETERCRKENSDTHS. L LENS, &
) RTF FOZRIAIDEROME T, £ DERE
OREEHEIDVFLERDE IR TORY, i
, MERER YRS FFELTC L—s i v, L
-V VY, D,L=YRF U hHIRBERY RS F FAE
WAL, COBEMNHEEA 4 I xH /73
WY RT LETERT B EEREDTNBY . T,
O, J. Y. Yang S, #Y -L-s v vk
7YY Y TEBLTZRITT 1 v a2 BT E
REEOR %L T35 . Yung D.Kim, I. M.
Klotz |, 8Y —~7v& 3 vE42—) o HBr2s—
TI7=vIQEAKE S-S HELTHES,

L&D, RYRTF FOERAAIYDOEROH
HEJILROL, TERYVRTF VOIS HERESST
BERMKFEO LS NEEMEEITHEE, ST EA
Fudxy bT—7RY) v—2ERT B EiE, Bikd
52 EThD. AR TIR. BICREL - LRI
BT I /EESDOL Y UV EREAELT, £ RY
AVFRIAFVERANTAF A=~ 7 v 7)<
—2AMT A EEERNE L.

bl

2. ® &
2.1 ZXTemo s

ANFarxy FT—7RY = —@FIRO_DODFEEICK
> CTAER L.

(B 1) REmatk

Schotten-Baumann 4 F A LR EEHFSE
Kk oT, #Y Y YrERE (PLL-HCL) (1] &v
Ry uFBRIZRFN (L] LDRIGiCL =Rkt
MELSKR L. ST e ERLIKRLE.

TI/EEIavFRBRIAFVEDEREL K %

1) RTEHT 3.
O

K= (—NHz] / C—o-cl*l—ctj ¢Y)
K 2 « & 2 Lickd, K2Rl M8
KE#EREZEZ S -/~ TFaiy 7 —7 RY =—(PLL)
—(BU] BE&MTE 3,

(B2H) NCAE:

) O VIERIEL R aVFB T R TV EERISE
H, ER-e-N—JWERzFLv vtF v—L-U Ty
(M) %248 L7. #ic Fuchs-Farthig #ic kb sk
27V ERISERT, v R-e-N—purfzsL it
Fv —=L—y Uy =N—#uk + okl (Bis-L-
NCA) (V) %8T, Chiy4+4vhTHEATS
LI XD ERTAEEGE LIz, chid, B1ET
K=1 TAREh IR =—LEA—DOEETHS. %
7z, Bis-L-NCA & ¢e-N—#p R~y —-L—y
Py —N—# R % K (Cbz-L-NCA) (V] &
2HAESLT, ZRLEEARES. AR 0 x
ZEF 3 iIKRLIz.

2.2 RO ERK

2.2.1 FaveRIuvFBREI ATV
WEPICRED Li—7 2y vt —v (REERICT

i ?
4C-$—N#‘ Cl-C-0-R-0-C-C!
(?&h '
NH. -HCI
g (m
!
3

Fig. 1. Synthetic procedure by Interfacial

Condensation.
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Fig. 2. The structure of [PLL]-[BU] type heterogeneous network polymer.
i
H:N—C~COOH 2 Q
(CHos + ~ CLCO(CH:)0CCI
NHz'HCl
NH HO OH NH:
NaOH HC—(CHz):—NCO—(CHz)—OCN—QCHz).—CH
COOH COOH
(1)
o, C,,o
C—NH NH —
[m] COCL 0/ I HO OH H o
N C— CH—CHa y-NEO—CH-OCN— CHed-CH—C
0 0
O
/
o " - /
e CH—(CH:):—NCOCH:

(Vi

Fig. 3. Synthetic procedure by NCA method.
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Infrared spectrum of Bis ¢-N-carboethyleneoxy-L-Lysine (KBr tablet).
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Table 1. Syntheses of the Heterogeneous Network Polymers
Elementary analysis Vield
No. Procedure X* Found Caled. (1; ) Appearance
C H N C H N ?
1 1 1 50.1 7.6 12.4 54.3 7.5 14.1 95 stiff particle
2 1 2.5 46.1 7.3 12.2 49.3 6.1 16.0 29 soft particle
3 1 5 48.8 7.2 11.3 46.2 7.8 16.3 10 curdy
4 2 50.0 7.8 11.9 54.3 7.5 14.1 leathery
5 2 1/5%k  59.0 7.3 10.5 62.6 7.0 11.3 resinous
#*) K=(-NHy7J/(-OCOC1) #%) {Bis-L-NCAJ/(Cbz-L-NCA}
Table 2. The Solubilities of the Synthesized Polymers
No. DMA  DMF DCA DMSO  HCOOH m-Cresol - °8% LN NaOH
1 swollen  swollen swollen insoluble insoluble insoluble swollen insoluble
4 swollen  swollen g:zggpd . swollen swollen insoluble g:iglgipd. —_—
5 —_ swollen  swollen swollen swollen swollen gg%pd. insoluble
PCbzLL  soluble soluble  soluble —_ —_— — —_— —
PLL-HCL e - — — —_ —_— —_— soluble
g, 1625em-1 G —NHy i AEiRo—# FRABI B L UR Y < —ORfEEN» S, BRO=RT

O—NHY [CET EEORINAH D, 3260cm-1 T
NH fi#g, 1660cm-1 j¢ C=0 {dffi (7 3 FI), 1525
cm-1 g7 I NI (NH Z£8E& C-N M#) o7 I F
WAKESL T F FOFHERNASH S, hicktlL
< (PLLI—(BUJ iKix, —NHj KE3L—EHOR
WASTE 730, #ric 3300cm-1 jz NH {higF, 1720~
1700cm™t iz C = O fhi#f 1260cm=1, 1150~1070cm~1

IC L 27D C-0-COMFEREOBINAENTL 5.

ORIV EVESOFERINETHS. o s
&, 690cm-t [{fED C-Cl ic B { WA i &
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NT —NHE kS { —EORIEEE A IITHE D
L.
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2B 5 DENE, X6 IERTRULBSEE L
HE4 LEABTH o7, THRHLDB, 3030cm-! FEK
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698cm-1 jt~ v ¥ vigd CH WAEA(E /B i
RESNZRNVEVZRICESBNSEHE. ThoD

L DAERERER L 7.

3.2 (PLL])—(BU] O&H#H

AR L7 (PLLI-(BUJ GRE 1) oRZEHdh
% PLL-HCl Bk PCbzLL t&:HicTitRL
#z. PLL-HCl |zi%, 10048 125°C Tk & 75368
Y7 A8, 7z 300 ;5 325°C B b EIc & B KR
ERFAC—7 2B 5. (PLLJ-(BUI & PCbzLL
(X FRE R Bl A R Y, 34005 380°C ik
RRALARC X ZRAC—7 05 5. —RICHERY v
2y DEGHEREZ 280 5 320°C THBH, v
B VREEEESCORY = —ORRENE DI,
RIRTF VEICERT20THAS.

3.3 ZERTET4LLDZ, =Dt

B4 OZHTALT 4 v LI, BE 1.148g/cm3,
# 5 AR H—1°C, 50°C T¥ /5 2.6x 108dyne/
em?, BEGIRTS 129.3%, FHTTREE 5.47x 107 dyne/
cm? TdH -t FICHE L/ (PCbzLL] —[PEG]—
(HMDI) ZAFrity b 7—o78Y w—& HiKT 2
L, BE, 47 AEBARAREOEEL M, TV
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Fig. 5. Infrared spectra of [PLL.HCl] and [PLL]-[BU] (Sample 1).
...... [PLL.HCI] (KBr tablet), — [PLL]-[BU] (KBr tablet).
ol
1]
=
3
E
n
=
[2+]
-
=~
\ 1 ) ! IR TN N Y TR NN N T N M
4000 : - 3000 2000 1500 1300 1000 700 500
Wave Number (em—1)

Fig. 6.

Infrared spectra of Heterogeneous polymer by NCA method.
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B—1°C THVY, BRI LETEFOMMEREZRL, 2
DY—MRELTERTE 30THEE L TORHED
mEELERTE 3,
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