%5 =

2013 5 H

% j:li No. 5

ACTA POLYMERICA SINICA May, 2013

RSB ATENTRRS FRIBATIESR

P F A%

FX&E™ ZERT

CPER B FITN @0 TR S5 hr5cE  Jba 100190)

OB BT T ) RE AL A SR L (Br-lys ) S5 1 5C B RN 70 R IR AR Lo AR VR R
I (Br-Lys-NCA) L4f. A HH 3 3 42 J8 51 % 50 Ni (COD) depe 3 £ (1) NCA {5 11 JF 5 5 43 A0 45 Il #4445 9 5
5 A B T L URN S R WA BB (& R SUBE LBUERR ) -b-PBrLL ( PZLL-PBrLL) P 4% Bt 3£ 3R ik. 1 ] PZLL-b-
PBrLL Wi fig B R MO R 7751 K0, il i ATRP 5| % NG R 55 3R £ —WEfE (EGMA) , & i 1 LU R #i &
T2 S 20 ZF AR 53 7 I BIF 5T 52 8L PZLL-PBrLL 99 i B 75 DU 0 0k I v T8 80 -8 15 45 44 , MR8 &€ i 4 PBrLL
HE B A1 KT REAIR, 1] PZLL-b-( PBrLL-g-PEGMA) JE IR 43 - MR BEAL 52 , SR E B W 0N 5 PEGMA B9 [ 1M el /).
KR REAMER, ITHES, FRARS TR, BT A RERE, o B

R W oy Wil — 28 45 Ik 28 AU 1 H R 3 2R
Pttt g S O R R E A RO
(proteoglycans) + 23 IRl . & 11 5 B J — Al L
BN A 280 AR S O B R R
YR TR R AR AR N RIS R
UK LA K 1 45 o 2R HT. 5 R & 9 40
Thl A EENREE L. GRS T —
A =Fp )7k “ grafting through” , “grafting onto”
L K “ grafting from™ 1. 3 25 3¢ T A W4 F il ()
TAER R 43 5 b 7E LLAS BE % I A 10 Bk Bk 8 o 32
i, DRI 2 BT Y T R DR TR B AT R i A RS
Yoy 1 il BA 5 (B SRR SRR 2 IR RS
B Ge iy & 3 1 M OBHAE L, B R G 1 A A 2
PNEEER 7/ o ST SR 1= e A e X U
(BT A 4 = — L T L R AR R & kR R
TE VA W B 7 T AOIRZS HA 32 AT 8 Y 2
L o RIEH R B T BB 5F. il KT K
BT R BE AL R Z LR 23 1 Wi R — IS
P, EEA M A RN grafting onto 75 Al
it 5 BAR Y grafting-from J5 3. Hammond #f B
A A R & B (PEG) H B AL I
R RS &R (PPLG ) & 28 09 M 4 P it o /K Ak
(958 LW 43 TRl °) . Zhang %3R8 T A F A
SR Ay LA W5 S5 ) B IR R A o T
AR RS A R IE TR A TR M I B ARy

PEG 75 I WP 9 B 3647 0 L R R A
ol T ULy 15 BB AR £ Ik (PCELG) 11 K
KAy T3 %) il 5k ATRP 2 o 3 4 4 I8 13 1) o
PEAR A TR AR 2 B R TR AR
fi % ( PBrLL) /E 2 K 4% 751 & #, i i3 ATRP
S ) % 43 M A PS L) K2 PEGMA A Sy il 4 11 43
TR TAE " 3R thiol-yne 64k 2 & A
TR RE IR T ARG S TR RS
5 7 2 BE & R DNA 3 A% 10 3 & 5 R 4 T
i U1 g R TN ey B R 4 T
WO 5 1O I 9 40T £ ) R o 0 e 2 R
JERR I G Ak, Deming B4 IR E T
et — 7 A 1 o S A0 S e R R R 1Y
ST

1 LIEER4y

L1 i F 5 E

Ne-CBZ-L-Lysine-OH  }  Na-CBZ-L-Lysine-
OH, R /R A ), BEAE . — 5 W ke
AWK (THF) FE C e 4850 & 2 R SO R A LR
P28 W P AL R AR TR IS A s N, N- TR
BERE (DMF) 285 Aldrich 2% /] i) H i e Y B Ad B
FAR 53 07 B 6 o AU AR B8 R T4 0 6 5 2
LWRZ CaH, T 1 ZRUH S 10 s — & & i<
HE G CaH b B, s Z8 M5 1, DL Bl 2y
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g 7 [ 24 42 AT Ak 22 350 A 50 BR 2 Al CuBr (4
JE=98% ), Aldrich 23 7], 28 i v I R R fh Ak B,
PR QB CBEVE % 3 RS ] EGMA (M,
=300,98% ) , Aldrich 2% ], 28 Gl 14 S04k 55 A Ak B2
Ja A HI. Ni (COD ), (Strem) | ¥ fC 5 T Bt %
( Aldrich ) | depe [ f& f1 N, N, N', N', N'-
pentamethyl-diethylenetriamine ( PMDETA ) ( Acros)
WK e ) B . 28 7K (18.2 mQ), &
Millipore Milli-Q #fi 7K A% 4l k. J5 {5 FH .

P A% S M 35 R ) Bruker AV400 FT-
NMR spectrometer. i j ESI-MS ffi /i Bruker
Daltonics Inc. APEX Il FT-ICR Jifi i {% ; MALDI-
TOF-MS ffi Ji] Bruker BIFLEX T &A%, £1 4% JH)
Nicolet Avatar 330 FTIR spectrometer. & i 13 i 10,
7% (GPC) Sk H Wyatt Optilab %5 7 {5 5 Ab 3 2% Fn
Wyatt DAWN EOS S {45 46 #5% 15 2= 58, Ui 3
FAE 0.02 mol/L LiBr fY DMF, i # 1.0 mL/
min. F AR i 15 0063 (CD) SR 3 [ 0
SeH /N B 1 Chirascan-Plus B [&] — % G R4
1.2 FRIRKREBE Y PZLL-b-PLL-g-PEGMA Hj
A
1.2.1 Neg-CBZ-L-Lysine-N-carboxyanhydride ( Lys-
NCA) (M1) 5 1

£ 500 mL Schlenk %% i & fin A Ne-CBZ-L-
Lysine-OH #. {& (10 g, 35.7 mmol) 1 = X
(1.15 eq, 4.05 g) , f H25 GEASIEI 3 K, 7
AT A 120 mL JE /K DU &k I i S FE
50 CF I 4 hJi5, T 43 0801 v 4 0 50 il 1 15
LA @R R EREETEM D, 20 mL G
/K THF/120 mL JE7K IE & %t 45 & 3 W, 15 2
[ A, 72 = 2 % 40% . FTIR ( THF): 3350,
2905, 2850, 1852, 1793, 1640, 1502, 1250,1105
1934 ¢m ™",

1.2.2  Poly ( Ne-CBZ-L-Lysine ) (PZLL) (P1) 1§
B

FE46, 17— 20 mL B FE & B ACH
Lys-NCA (100 mg, 0.33 mmol),2 mL. DMF, 5 %
TRBE 57 VA TR AR5 T RS VAR o) 44 R v
A 45 pL #H B #l Ni(COD) depe (20 mg/mL K
THE Y900, AR 3% SCHk 1 (9 7 ik e ), v Wi or 2
7S T T I L R RO, LA I, L E AT
ShE 3% o NCA (9 45 4 W% (1852, 1793 Al 922
em ") 58 A2 R K 4 WM T FTIR Al
GPC/LLS R AL, KA 7 W M, T i B3k 23R

K& L. 'H-NMR (400 MHz, CDCl,, TMS, 20°C,
8):7.08(CONHCH,, 1H, s), 4.99(OCONHCH,
IH, s), 3.86 ( NHCHCOOH, 1H, s), 3.25 ~
3.50(NH,CH,CH,, 2H, d), 1.94(CH(CH,;),,
6H, s), 1.43 ~2.08 (CHCH,CH,CH,CH,, 6H,
m). FTIR(THF) . 3350, 2905, 2850, 1640, 1502
11105 ecm ™.
1.2.3 Neg-bromoisobutyryl-Na-CBZ-L-Lysine-OH
(Br-Lys) (M2) B4 K

* 250 mL [B £ 5 im A Na-CBZ-L-Lysine
(6.02 g, 21.50 mmol), NaHCO, (3.35 g, 33.50
mmol) , 100 mL PUS kA 6 mL oK, %6 T 585
PEFE 20 min BT, ZE KRR HZE 0C, [k
FHEm 5.5 mL AR T BER (3.0 g, 13.07
mmol) ,30 min P 58 , 4k 28 SN 3 h 28 A
AT . ARG e AR AR R R Yy 2 —
1 mol/T B2 # Ho 9895 2= pH ca. 2,485 ] 100
mL G P Be PR A3 U, A I F A LA 2 50
50 mL A9 257K (100 mL {8 A ER KA 1K,
Jo7K MgSO, 4 I T B 2% 9 7 45 B R ik i
=Y, 2 PEAE E s (VLR OB ) = V(I
AHEE) =1:1) G2 K @R HIR ™4 3.03 ¢, 7™
Yy 46.5% . H-NMR (400 MHz, CDCl,, TMS,
20°C,86):7.26 ~7.36 (C,Hy, 5H, m), 6.82
(CONHCH,, 1H, s), 5.55 ~5.57 (OCONHCH,
IH, d), 5.10 (CH,CH,, 2H, s), 4.36
(NHCHCOOH, 1H, s), 3.21 ~3.29 (NH,CH, CH,,
2H, m), 1.92(CH(CH,),, 6H, t), 1.40 ~2.05
(CHCH, CH, CH, CH,, 6H, m). “C-NMR (400
MHz, CDCl;, 20 C,5): 175.6 (COOH), 172.6
(HNCOCH), 161.8 (OCONH), 136.1 ( ArC-1),
128.0 ~ 128.7 (ArC-2, ArC-3, ArC4), 67.1
(ArCH, O0), 62.9 (NHCHCOOH), 53.5 (CH
(CH,),Br), 39.8 (CH,CH,NHCO), 32.5(CH
(CH;),), 31.9(CHCH,CH,), 28. 8( NHCH,CH,
CH,), 22.2 (CHCH, CH,CH, ). ESI-MS: C; H,
BrN,Os[M + H" Jm/z FLig i :428. 09 ; S {2y
429. 1. C H,.BrN, 0, T Z /3 #7 , BB (A . C 50. 36,
H5.87,N 6.53,Br 18.61. sZ{ill{4.C 50.39, H
5.85, N 6.48, Br 18.56.
1.2.4  Ne-Bromoisobutyryl-L-Lysine N-carboxyanhydride
(Br-Lys-NCA) (M3) 194 1%

7E 250 mL Shlenk Jfii # /il A Br-Lys i {k
(3.25 g, 7.59 mmol) , i F 2538 S UEHF 3 I, 78
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AER TFRKIMA 120 mL oK G P4, — &P
fi¥ (0.86 mL, 9.87 mmol, 1.3 equiv),35C T Jx
N 36 h 5, A 2 =R ORI A2
Bror@ (VKL OER): VIZ&AP ) =1
8) 15 B B AR A 1,53 g, R R
50% , AR AR FE. ' H-NMR (400 MHz, CDCI,,
TMS, 20 °C, &) :6.87(CONHCH,, 1H, s), 6.61
(OCONHCH, 1H, s), 4.34 (NHCHCOOH, 1H,
s), 3.39 ~3.22(NH,CH,CH,, 2H, m), 1.95 ~
2.03(CH(CH,),, 6H, t), 1.43 ~2.07(CHCH,-
CH,CH,CH,, 6H, m).FTIR(THF) : 3350, 2905,
2850, 1852, 1793, 1640, 1502, 1105 FI 934

-1
cm

1.2.5 PZLL-b-PBrLL(P2) I % Bt 4t 58 JIk i & i
5 3RAE

FE 4 B, B Br-Lys-NCA (100 mg, 0.31
mmol ) % T 2 mL Jo/K DMF w45 5] 3% 8 (4 15 B i
WA E A REERE PZLL AR R T, &
TR URSE N, B OE LA EEE h NCA [ R AE 6
(1852, 1793 #1922 em ") 5 4 K5 , A £ 20
mL ZBEUTIE W, 250 S5 HE T A5 20 o A
R Y% 85% . H-NMR (400 MHz, CDCl,, TMS,
20 C, §):7.08( CONHCH,, 1H, s), 4.99(0CO-
NHCH, 1H, s), 3.86 (NHCHCOOH, 1H, s),
3.25 ~3.50 (NH, CH, CH,, 2H, d), 1.94 ( CH-
(CH,),, 6H, s), 1.43 ~2.08 (CHCH, CH, CH,-
CH,, 6H, m). FTIR (THF) : 3350, 2905, 2850,
1720, 1650, 1510 #1 1105 cm .
1.2.6 PZLL-b-( PLL-g-PEGMA) ( P3) 2 kil K 4%
TRl A B AL

FRIR A>Tl PZLL-b-( PLL-g-PEGMA ) £ il
By 4L 3 W) PZLL-b-PBrLL & ATRP 1 () K
SrF 5l kA, ik EGMA S Bk (M, =300),
PMEDTA fE Ry B fA. 57 6140~ 76 20 mL B4
WK YA PZLL,,-b-PBrLL,, 15. 0 mg (0. 0204
mol) , EGMA 1.224 g (2.57 mmol ), PMDETA
10. 80 mg(13 pL, 0.062 mmol) A & 2. 0 mL Jo/K
DMF IR A5 VR R % H 3 IR TE— R —
fif R 09 08 280 S E AR R I A 2,88 mg
(0.0203 mmol) CuBr Ll } 0.45 mg CuBr, (0. 002
mmol) , ¥ A2 ZRAh EL 25 30 min J5EASFRIE. 25
60 °C i 2 h 458 1k 52 B, A ik & 2 ik T 5E , 48
i 1 AR R 0 A 0 I 2 A A Ak TR e i 7%
1V 0045 30 1 S 0 44

2 BR5UE

2.1 PZLL-b-PBrLL M# B £ BRHRHAR S X
fiE

KT B EE 5] A SACH S O A A O
0 A B AL IO AT LK SR T IR R A A
HREWI T sl SOnE. S 1 B e SO P, FRATT
BT TE o &S CBZ {3 19 4 0 R 3l 2 YR AR 57
TRERTE & A2 B Ab 5] A IR E e AT, 15 8] 1 53
AaE 3 — G Ik 5% 2R AT DL 3R A5 AT A A Br-Lys
NCA R ™ T & B w it B 3 2R ik

WE 1 s &, 2 G L Lys-NCA 1 Br-
lys-NCA J& , &A1k H 3 ¥ 4 J& 51 & 50 38 2 0t 3
B J5 25 ok 1 S A i B Ak ROk © M & T
Ni(COD) depe5| & ) NCA JF ¥ J 4 & — A1
RE Hor 7 5 R AR OE e — A SRR
RESELLG e Ak 2L 5| K55 A SR Y I R R
G 8T A B ik B AL R RR AR &L FRATEA
Ni(COD)depe Jy 5| & 7, 1 568 i FF 3 R G 6 W
PZLL ¥ 54 (P1). L% — #5417 1 h J5 ,FTIR &
WIE B NCA A 3 AN4EAF 0% (1852, 1793 FIl 922
em ) AFERI A, UL M1 B £ B A 58, [
G T T i B 1 AR 1 0 o O, D T 2R A . [
2 Hedr MR M3 (8 R5AIE 21 1 33 el Sk 156 B 25 44 1)
AR FAREGE MG, U PZLL 353y it
1T GPC/LLS FRAE. SR 5 A M3 PR W 4k 25 iF
TP R G, — M W o % J5 , FTIR JE B M3
KE 2B A5E MR P2. WK 2 B R4 b
REZE M3 {153 > NCA FRAEEH 2%, Ui ] M3
MR A R 5 IO B L iE 4T GPC/LLS %
E, HE B 2 U TE 446 J5 13 8] PZLL-b-PBrLL
ik B LR K.

AT T B 5] & R ), 3R AT T LS
BXT PZLL R Y 7 F = 6. £ A TAED,
FATE T RA BE(DP) g 45,70 195 (1 3 M
d St B PDI 43 531k 1.15,1.08 i1 1.20, 4> &
JE 2K T 88% . BT Ni(COD) depe ¥ 1)
NCA PR G2 —Fh AT 36 PR R A, B A28
2 i NCA Fk LIS BB 6% 4k 22 HE AT B 09 35 1<, AT
2Pk B LR AR, &l 3 fi s, GPC/LLS 45 5%
IR Y R AR AR R A2 RS U R A W o
TE R, W E RN S S B R AW sy TR
MASRARZE  AE B 28 — 2B 5] &t J&@ T 36 vk ]
4. PZLL-b-PBrLL Wik Bt 3 5 BR A9 & Wl vl LA A
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Fig. 1  Synthetic routes to PZLL-b-( PLL-g-POEGMA ) toothbrush copolypeptides
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Fig. 2 FTIR  spectra of monomer and
polypeptides: (a) Ne-CBZ-Lys-NCA and (b)
PZLL homopolypeptide, (c¢) Br-Lys-NCA, (d)
PZLL-b-PBrLL diblock copolypeptide

— 38 A S SRR I . AN 4 s L BR T R A
iR BaEMILIRIE 6 =1.6 ~ 1.9 Xf A7 Y& PZLL

Y1 5y v R O A 0 PR R R U T e B
R4y PZLL-b-PBrLL 3 K i fE 6 =2.0 b 31 T 4R
5t Y JoT - e, 0 iy ) S R S T AR A YRR Y o
U, 3 A 10 W i Be L SR 18 .
2.2 FRIMk4 FRI PZLL-b-( PLL-g-PEGMA )
K& B S RE

WKL Feos, A I 4 8 T | A AW ok
AE % 15 1) 45 A 41 B W 0 A Ay T A A R

12 14 16 18 20 22 24 26 28 30 32
Elution volume (mL)

Fig. 3 GPC curves of linear and brush polymers:
(a) PZLL,, (b) PZLL,-b-PBiLL,, (c)
PZLLyy-b-( PLL,y-g-PEGMA,y) and (d) PZLL,,-

b-( PBrLL,,-g-PEGMA,, )

PZLL-b-PBrLL W7 B 26 5 ik, Horp PBrLL 4 B 47
AR ERMBEEHE R FHBEAHERS
(ATRP) 1 7% ¥ 51 & 7 5. 3 AT & £ PZLL,,-b-
PBrLL, , PZLL,-b-PBrLL, , PZLL, -b-PBrLL,,,
PZLL,-b-PBrLL, 35X 4 /4~ i# B 4L Bk f S ATRP
B R o T 51 & R K 9 EGMA hy $u ok &
JCA R AR P e 2R B il

FATTH) FA % g &% LA S GPC/LLS X 44 kil bk
B4 ) PZLL-b-( PLL-g-PEGMA ) #1722 1iF . )& 3
AL LA WK 43 F 531 & 5 PZLL,,-b-PBrLL,, 31| f
Jil Bk B 4 ¥ PZLL,,-b-( PLL,,-g-PEGMA,, )
PZLL,,-b-( PLL,,-g-PEGMA, ) , ¥t /i 7€ GPC i
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Fig. 4 'H-NMR spectra of PZLL ( P1) homopolypeptide,
PZLL-b-PBrLL (P2) diblock copolypeptide and PZLL-b-( PLL-
g-PEGMA) (P3) toothbrush copolypeptide ( * indicates solvent
peaks. )

AR B R0 U R W oy T R . e b,
K 3 [ GPC %5 H 38 3 B PZLL,,-b-( PLL,,-g-
PEGMA,,) B ¥ i} & X b PZLL, -b-( PLL,,-g-
PEGMA,, ) /)N, B 73 - fill PEGMA Il 5% i 4% <
SRR S AR R E I, LA K GPC 45 2R 2F Il otk
REW W 7 1 8o A AR, T W] ATRP R
SRR R DI R i P N 7 A= R T

PEGMA M55 () s B 4. WKl 4 Fts , N PZLL-b-
PBrLL W if% Bt 3| PZLL-b-( PLL-g-PEGMA ) 7 fill tk
SR LT 8 =1.6 ~ 1.9 kb B i &1 I 0 £ (14 7
R T 0y e PR 0 A AR AR (B2 6 =2.0 &b IH
BT IR S T 20y P& BT+ w2k, Ul W
ATRP ) & 4 . Rt PZLL-b-( PLL-g-PEGMA) 7 kil
R TR RE SR AE 6 =3. 6 ~4. 0 Z [a] £ PLA 5%
By PR U, Xt 1 PEGMA &5 I 1Y £ — i #. o
FYMP FOEE T 0./ E gR B &, 78 PZLL-b-
(PLL-g-PEGMA) 1 #% #6 Ht 9= =035 b, i1 T ) 5%
PEGMA (1% B /R & i Ik 2 T 3R W 24 B2 3 ik 15 22
BB RERL, BT LA —fAE 0 85 B 2R 005 B TR
1 3% bl s A A R ARG . {H PZLL 55 Bt il
TWA A LG & EGMA B R G 15 M7 4
It 2R A 2 R 0 % %) ST P R T 0 S 23V Kl
2 EGMA JUR 5 K 73 51 AR B BE IR T, FRATT
BT — RN A RAR 5> 7 Rl R A&, BAR S5O
F1LNER T BERKRE, S F AR RS Y055
FHEAMARAE , XARBL T ATRP 1§ MR & 0 FF
T L 2 B AR e B 3 SR W B Y 2H 4 b ) 2 R
R4 A B B A2 4k

Table 1  Molecular parameters of toothbrush polypeptides-PZLL,, -b-( PLL,-g-PEGMA )

PZLL, -b-(PLL,-g-PEGMA ) *

Conv*®

Sample M, x10 74" PDI
P3-1 95 36 22 26.7 30.2 1.20
P3-2 95 36 15 18.5 24.5 1.32
P3-3 70 40 19 25.6 21.5 1.27
P34 70 40 42 53.3 33.4 1.23
P3-5 70 88 26 73.8 31.1 1.29
P3-6 70 88 37 100.9 38.2 1. 14
P3-7 45 70 22 49.2 32.8 1.23

“m, n, and y represent degree of polymerization for each block; * Determined from GPC/LLS; © Estimated from GPC/LLS data and feeding ratio

of [EGMA |: [ PZLL-b-PBrLL ]

2.3 HREHEXEVMURTIRRESYWHN _REN
B 5R

—JRIEM T, T NCA PR AEARS MR
FEFR B IC I AR AE T PR R AE , D I A5 3 9 3R R
BA—E 454, X% T PZLL-b-PBrLL Witk B Al
PZLL-b-( PLL-g-PEGMA) 43 ¥ fil] , 3= %% #8 J2& 5
AR, (F 2 0 A o 199 TR 2 5 i G R 25 4
PRI T AT TR B — €5, 533 ( CD) e iF 5% IRAR 2R it
Z R PEGMA il 55 (%) 52 . ¥ PZLL 345 4 UL
PZLL-b-PBrLL fix Bt 3 R Y BC & THF W, =T
MR — 635 K 5(a) fFc,208 nm 1 222 nm

b3 AR TR 0 T, X R B PZLL A
PZLL-b-PBrLL W% Bt #F THF v [ — 9% 25 #4) 1) 1
JEABAT I o-BRE R S T AR L A9 190 nm Zb (1 1E
WSt IF I AT W 52 3], )3 L I A A] Rg 2 i THF
VA B AE 190 nm b 7778 53 1 W iy
PZLL, ) R W) - B2 E FE 2 T0% |, i % F itk
BoAL R YR, B PZLL BeAH X 2 5 1Y ik
UELE B 320 W8/ R B T PZLL 1) 5 i A
BB — ik AR B LA 4y B o 04 R I R
BCK B B I T AR /N, 8] G, PZLLyg -b-PBrLL,, P
B a8 25k 57% , 1] PZLL,,-b-PBrLL,,

//I\’a_
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PR B 1 oo R Ok A1 1) 47 %, 3 2 D PR 2
F PZLL 5 Bt K & 09 /. 6 B 1Y, PZLL,,-b-
PBrLLy P % BE Y o WRE FE T /N AL 41 % , J5E [
& i F PBrLL & B & it (9 36 0. 32 28 s B2 1R AR
ST R W PBrLL [ PZLL 7547 WL 7 v %5 i
PETE 4, P S B0 PZLL,,-b-PBrLLy . PZLL,,-b-
PBrLL,, P {t% Bt 18 € & 1 ifF — 25 B AIC. [A) A 1 R
, PZLL -b-PBrLL,, % fx Bt 1) 82 i€ J&F f /1N, A h
28% .

Ut —7F PBrLL 55 Bt [if i ATRP 5] A M 14

20 T —PZLLs =+ PZLL7-b-PBrLLyg

= = PZLLys-b-PBrLL3s =---PZLL4s-b-PBrLL7o
‘T T PZLLm-h-PBl’LLxx

[6]% 1073 (deg cm?/dmol)

190 200 210 220 230 240 250 260
Wavelength (nm)

) PEGMA ] %% 5, 3 %] 4 PZLL-b-( PLL-g-
PEGMA ) 43 Tl i) — 2 S5k 30F — 25 B AIG, 45 SR & 5
(b) Fr~. WE 5 (b) A] LA i, PZLL-b-( PLL-g-
PEGMA ) 43 kil 78 U 4 WK 1 ¥ W h i) CD 3% I e
208 nm F1 222 nm 4k 53 550 A7 B0 B 48 0 0l
Ul B AR SR A 8 43 W e 4 42, (R I I B 5
o B WA Ll A B 8 ARG T L, 8% PEGMA [ K
JEE Yot WERHE ) ) 5 K, 2 2 D AL A K R 17 4
s 2 23 [ 437 BEL 0V A 1 1 0 5 550 B B K ¥
W/

—— PZLL79-b-(PBrLL4-g-PEGMA |9)
+ PZLLys-b-(PBrLL36-g-PEGMA i)
=+ = PZLL7-b-(PBrLL4o-g-PEGMA4,)

[6]% 1073 (deg cm?/dmol)
L
~

-20F b
190 200 210 220 230 240 250 260
Wavelength (nm)

Fig. 5 CD spectra of (a) PZLL and PZLL-6-PBrLL and (b) PZLL-b-(PLL-g-PEGMA) in THF

3 &g

AR 2k % 42 J8 51 & 57 Ni( COD ) depe i
FE NCA % P IT 38 5 G R ek 7 vk il 2%
TSR RN 20 B P B 1 PZLL-b-PBrLL P ik Bt 2L 2R
Bk, I R PBrLL Bt il 55 i V8 A% E g A AE A
ATRP (12K 5351 & 500 R il #& 2 hill 284 4 34 5 ik
Fhil. 38 o 2 A8 Lys-NCA Fll Br-Lys-NCA HL {4 [t
B, G BT 4 AN TR T ik B e SR IR A4, SR 5 R
FH EGMA iy B {, K| | ATRP Jz B i #5978
PBrLL 55 B H 4K i) graft-from 1) 5 B2 4% T A8
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SYNTHESIS OF TOOTHBRUSH COPOLYPEPTIDES
BASED ON POLYLYSINE BACKBONE

Lei Yu, Yu Liu, Wen-xin Fu, Zhi-bo Li

( Laboratory of Polymer Physics and Chemistry, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190 )

Abstract A new type of toothbrush like polypeptide with poly-L-lysine ( PLL) as backbone was synthesized
via a combination of ring opening polymerization ( ROP) and atom transfer radical polymerization (ATRP). A
Ng-bromoisobutyryl functionalized Na-CBZ-L-lysine was prepared and subsequently converted into a-amino
acid N-carboxyanhydride ( Br-Lys-NCA ). Then,a series of well-defined PZLL-PBrLL diblock copolypeptides
were prepared via Ni ( COD) depe mediated living ROP and sequential monomer addition strategy. These
diblock copolypeptides containing a block of bromo-functionalized poly-L-lysine were then used as
macroinitiator for subsequent ATRP of EGMA monomers to make toothbrush copolypeptides. The structure and
composition of block and toothbrush copolypeptides were characterized using GPC/LLS,'H-NMR and FTIR.
The successful reaction and chain extensions were firstly supported from FTIR characterization for NCA
characteristic absorbance. The GPC results demonstrated the apparent increase of samples”molecular weight as
the linear copolypeptide was converted into copolypeptide brushes. 'H-NMR spectra verified the formation of
homopolypeptide and copolypeptides. The secondary structures of both block and toothbrush copolypeptides
were investigated using circular dichroism (CD). It was found that the a-helical content of PZLL-b-PBrLL
diblock copolypeptide decreased with the reduction of mass fraction and chain length of PZLL. For toothbrush
copolypeptides, the helicity was substantially lower than corresponding diblock precursors, and decreased with
growing side chain length of PEGMA. Herein,we demonstrated a facile method to synthesize the biodegradable
copolypeptide toothbrush with tunable spatial configurations and secondary structures by combining NCA ring
opening polymerization and controlled ATRP technology. Moreover, such strategy can be easily expanded to
make temperature and pH responsive copolypeptide toothbrushes.

Keywords Polypeptide, Ring opening polymerization, Toothbrush, «-Helical, ATRP



