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E&: AT ATRPE ©|83l0) @¥idle] 2389 729 wEAE QA= A77F @33 2381 ot o],
ATRP 7Rl @zle]| gl Axjojrle] o] =8} yke-8 B3] T9let < ek 13, F45E -2 o=
B AR 2 W] SEE vehfie Z0RE deA glo] Bk 7R EAE ¥ Aol fA] dot wEkA
E dA7gME ol =r]E 7R = MAAIE ©]-83F [poly (ethylene glycol)methyl ether] methacrylate
(PEGMA) ¢ ATRP ¥Hgof| tigt A& uke 248 214} 8199tk PEGMAE PEGE 7IAIE 71 WA=
TEALE THEoRE w, Bl & =3 gl nie] H|So|H AT go] Ao] dulde] Aghs FE nujo] e 3-8l
g AME T Qi) o =R 7R ANAIE o) 43le] PEGMAE A&z T38| s HA 9 $§ 23
<& g2 23 R 8 aAE ARSEIA 28 5 dich

Abstract : Atom transfer radical polymerization (ATRP) has been widely used in bioconjugation as it is an
efficient and facile method to prepare polymers with pre—designed structures. Quite often, bioconjugation
with proteins employs primary amines in proteins as a functional group to attach an initiator, When 2—
bromoisobutryl bromide, the most widely used precursor for ATRP initiator, is used, a—halo amide initiating
groups are formed in the proteins, which are known to exhibit slow initiation behavior in the ATRP
process. Here we studied the ATRP of [poly (ethylene glycol) methyl ether] methacrylate (PEGMA) using
amide—based initiator. PEGMA differs for both the nature and size of the polymer side branches and
shows good solubility in water and a property that made it an ideal candidate for biomaterials., While
normal ATRP produced ill—defined p(PEGMA) with amide based initiators, the halogen exchange method
and the external additional of deactivator effectively improved the control of ATRP of PEGMA.

Keywords : ATRP, amide functionalized initiator, PEGMA, halogen exchange reaction.
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Scheme 1.

FAEA A2 AP 98 NS LA PANESS @
3 ZH] $F gA sk

AR 29} AW E8o] BBt AR U 5] A4S ATRP
£ Solo] 1EAR skt & o oS Fesk gok A% &
o] A7t YAlel] LEAF AKEE ATRPE ARSI A7) A}
& dofls, YA FHel| EAlshs F|=EA7 ] BAdsle deaA
(e.g. 2~bromoisobutyryl bromide) & | AH 23} HFS-& £3]
AEAFIE ek ol PAHE o2 AAEE= ATRPS WE
SEE WNE 4 glo], tekst 2 170 aEAE wE 4= Q)
o} &, S 5o siel del ARgEE dxelle] A9 o
9] 7398 fARIHA ol =3l W& F3lo] ATRP /AAIE 59
&4 ok T4, a-FE oW =8) AP AHOE = W &
55 vehllE 202 deiA Qlo] dshe 720 aAE de A
o] A ¢tk whEbA ol oigh AT We)| Qs FRHA] o}
o= AR o8-8 ATRP 3ol thet 7 Sawamoto W5
10 HZ Haddleton w=ol't <)M w38 w} 9ok,

2 A7elAE o= AHAIAIE 0143 [poly (ethylene glycol)
methyl ether] methacrylate (¢} PEGMA) 2] ATRP wk2-<) oj
3lo] Bustuzt itk PEGMA= PEGE 72 7 WA=
A TRARZ EolRe W, Bell & =3 habdle] niSe)d A%
Z}-go] Foj ghlzlule] Aghg T3t nlo| 9 gl Uy AREEE
SFAo|tk M 2 Aeldi= FWNRIZ A-butyl—2—bromo—2-—
methylpropanamide® $/3% ¥~ PEGMAE 2=8% 727 97]
fl8lo] Tkt Fujxzishlr] £REA ATE FHTo N FH
A8l T8 21& D34 1M Scheme 1).
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A2 ¥ M=, [Poly(ethylene glycol) methyl ether] meth—
acrylate AldrichollA #I3ksia, AAE AAs7] Yl
THF 3MAAA S5} 23 (alumina column) o) S3b1)30)
Cu(DCl(Aldrich, 98%) & ¥ wepqd AASI3cE" Butyl amine
(99.5%), 2,2—bipyridyl(99%+, ©13} bpy), 2—bromoisobutyryl
bromide (98%) 1212 Cu()Clz(97%)+ Aldricholld T3k
I A glo] ARg-slT

A, d=e] AFS-(monomer conversion) 3} A (molecular
weights(M4)) 1813 Bx12F B3 (M,/My) & gel permeation chro—
matography (GPC) & 183l Z7i5irt. GPC= E)2Elo]dl 1
FEAE B8 HASK T, Agilent 1100 BX, RID 7A=712} PSS
SDV (5 um, 10° 10°, 10* A 8.0x300.0 mm) Z&< ARG}t
'H-NMR spectra®= Varian Unity Plus 300 spectrometerS o}-&
Blod A, AL Waters ZQ—4000% o) 23813tk

N-Butyl-2-bromo-2-methylpropanamide(1)2| M. n—

Buty! amine (2.00 mL, 20.0 mmol 3 triethy! amine(3.09 mL,
22.0 mmol) & E38Fst 50.0 ml. THF €44l bromo isobutyl
bromide (2.74 mL, 22.0 mmoD & HH3] 7kt vhg £
B8 gL vkl 308, 30 TollA 1227F 5 A Fch
BAES THEE AAS & 23 CHCls= ©]83lo 33 F&3)
P, FREe 2 SHE BN o heES 160 mg Y& 7
alt}, 2—Bromo—N-butyl—2—methyl—propanamide (1) &] &=
'"H-NMR#} 2348 Eato] 2ol 35iut,

TH-NMR (300 MHz, CDCl): § 0.87(t, 3H), 1.31(m, 2H), 1.46
(m, 2H), 1.89(s, 6H), 3.19(m, 2H); MS(ESI-MASS): found
222(M"), m/z calculated for CgH;sBrNO=222.12.

[Poly(ethylene glycol)methyl ether] methacrylaie)(2)2| S&t
22 X2k Schlenk Z2k~=10l PEGMA (1.00 mL, 2.27 mmol)
¢} oJU4(1.00 mL) S Y1 freeze—pump—thaw Alo|E2 thil
W ¥HEEE 3 CuCl(11.3 mg, 0.114 mmol) 9} bpy (35.5 mg, 0.227
mmol) & H7}slk3, T freeze—pump—thaw ARIES F ¥ 7}
B3Itk 33 dellM wHket & E2kATE 70 T 2 HhE
Zofl Y3 849 A (1D (25.1 mg, 0.114 mmoD) & ¥k &
4 ARE o Ageke] AES sl THFe slMAA GPCE ©]
4310 ExE A3ES STk 6AIKF 3ol Schlenk EehA
FE 91 THRE "ole] $8S S350 1 Jo) WiEs
Hege] t]elEeofH 2 o]8310] FAIAHA 150.0 mgel p(PEGMA)
@< ¥k

it % EE

Table 1° HoIA|= npe} go], of2] ¥k3- Z71olA PEGMASY]
Z3e AN 8- A dlola] o]Fo)F 1, PEGMAS 7Y
AA2) BHE 2007 3t Fulls AL BUTE kS Yol
ok S B T oll&S &R AME3le] 50% v/ivel
A AsPEeict EMEE bpy s 2lRteR 145k CuBr %= CuCl
= Ho|E& o7 ARSI T3 CuCle) CuCleE FAlol A3}
o] F3f| nlXe FFS AHroh) olu) HFEE GPCE o4&
310} AA3I3IcHFigure 1). PEGMAS) A8&-2- of& wAS 1)
B gFE22 o] g3lo], Zh2dhs WAl Adde) A g &
B ZgsIgic) Feo) AWM GFAE 2Rgo) ule) 2
W3 8] o} nlmwsle] WgAe) WRe) W Hash) He A
& B8 5 3k FAloll Aggo] SISl mRAle] WA
A Z7Vsk, EAkEe] Zoll ulet 3k WE-E ARHretention
time) 2 A4 FolRE= A& BoFEL ek

ozl 7AAE FA49 p(PEGMA) 9] T3 'H-NMRS o] 43}
o] golgk 4= St (Figure 2). 7WAA = HE719) AU
592) CHs—CHy—CHy—CH,—NH—-CO— (b,0) 7} 1.1~1.2 ppm
ol BEe=E JeR sl CHz—CHy—CHe—CH;—NH—-CO— (d)
7} 3.4 ppmeid] VERR: p(PEGMA) &) HHE. 752 poly (ethyl—
ene glycol) (PEG) 7F*1¢] -OCH3 (D= 3.38 ppmollA Wehtar
~OCHz—CHz~ ()%= 3.60~4.20 ppmellx Yehdc),

2L S ARl FEE 33E welle GPC ¥4 43,
bimodal el ¢ W& EAEF X E 2= RS gt

o Y rlo
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(Table 1(No.1) 7} Figure 3). o)= F 7N 2 A8 4 Ql=d), ¥ the A3ejxE, CuBr/bpy E91E o831 o 50% v/ivel
A, Cu o7} 27t=e] 43 & wgoirl Eu7) 2418 7149 A PEGMAE ZF3t6199t). 6A172] vks- 3 dojzl 1@AkE GPC
FS ABPHR QL& o, ESolX 228 4 B9 FEE 34 2 o|gafd XS A3l Agkgo] 87.8%Y W, Myecs 51800
stod ¥)184J3) whe] £ 571 -uA HUAAE ol dAtel Z)lE g/molE. M (012221 £8P 41 8560 g/mol B} vl 231, &
th1 et ARgE obal A (17 B 50% vive] L] B AF BE (M/M) % 1162 AF oz A Yehd Z21& gRlst
ST 70 BA, NS SE7} mBig] wEolch SATH(Table 1(No. 2)34 Figure 3). )2 @A ofl=g 7]
voz sk AP verZLAlS wkAlel) Aoz w2l I
Aghe o) 7I1gta BaEnt

conversion(%)=[1 -(Mtho)]x1 00

Mj=[area of monomer] /[area of anisole] . 919} e 73S FRlEy) Y3k, the A@elxd= CuBr T
Mg=[area of monomer]y/[area of anisole]y anisole CuClE o]&sl Zgslgith ol= NEEE /s s @
— 2] Mgt BEA LIRS WAE 48 R0l 2ed v

| [ onomer W1, pge] L2 ol A4l AL C—Xol Br
7124 3k, CuClE AolE4 o AMEH =4 CuBrs SM=2

ARE3F Wrc) AR MAEEE wEA & 4 Qe HhEE wst
o} & C-X A X7} C19) 4% ZAo| Broll vlsl] 1 3P|
2o, e EnjjslolA FuizE e s £57F 221 ATRPRE
- - - 2] TRA ARS thRE C—Cl 25 2 ¥t gepr, C-d
20 25 30 35 L = = 1.
Retention time (min) '% W% ;l% D(PEGMA)EZ] }‘]'E :11‘:’18] ‘1}'1:]%_} Eé}é év\"EE =T
Freure 1. Comversion determination usine GPC. Exoerimontal FORM, C-Brg 2 oW AV} erigg et SE
gure . Lonversion determination using . pXperimenta _ = ez .y N 0.0 =]
conditions (No. 3 in Table 1):[PEGMAI, * linitiator]o : [CuCllo : AL E4Z = QA At A S Hgstel CuCl
[bpylo=20:1:1:2; solvent=anisole (50% v/v); 70 C; time bpy &0 AlAEON 617 F8EIRSu|, AEE 71.9%, £
=6 h. 22 20500 g/mol (Mgro) & M/ Mi=1.10& ZH= 182 &
< 4 9tH(Table 1 No. 3) 3 Figure 3).

o] A3= CuCl/bpy Full Al2Ee] CuBr/bpy &l AlARIETE
B ur) 2 2Ad) £ Hol o A4 99 F A9 vl
T3 B CuClE ARgshd ke 27] =& 7RAEESe] 218 54
3 Baek Z712 wolgy| wjiEo] ExEE Aoy} vl §-9
b Bl XL & Aojgd & 4 3tk v A¥eMe &
ke 22 1 JAEE) Ysle) CuClbpy EHi A=l CuDClz

o 9

O e g

. M% _ w/ ﬂ\p\f& £ CuCle] 30% W& 7R F F8& BRI 6/ B¢ F
N N 2 3k $A A 54%14 EA] 16400 g/mol (Mhcro) 2
o T BAF B (Md/ M) 7} 106 TEAE P& 5 AATHTable 1(0No.
= 4) ¢} Figure 4). 0|2 A7k 242249 CuDXe?) ¥k 57}
J J t ‘ Jr I o ofs) B} Wk Sk S7ekT, FA1) WA Ego) e
A A ) gl 9l WS 2]9) Cul) @22 3R] F48] &)
7060 50 40 30 20 10 00 sl HE CuE AE gt Wesle] Fase sl

oD g 2719 T S 23 o 2 AlsEs meEn
Figure 2. '"H-NMR data of p(PEGMA) (No. 3 in Table 1). CuBr/bpy v A28, CuCl/bpy Zi A28l CuCl/bpy vl

Table 1. Polymerization of PEGMA with Different Condition

Conversion Time Mot Mcrc Temp.
No. Catalyst @) [hour] ol [kgimon MM Solvent ]
1 CuCl/bpy 86.1 1 8390 17.9 4.02 water 20
2 CuBr/bpy 87.8 6 8560 51.8 1.16 anisole 70
3 CuCl/bpy 71.9 6 7050 20.5 1.10 anisole 70
4 CuCl/CuCls/bpy 54.0 6 5360 16.4 1.06 anisole 70

Experimental conditions: No.1—3 : [PEGMA]y=2.27 mmol, [initiator] o= [CuX]lo= [bpy]l/2=0.114 mmol(X=Br or CD, 50% v/v solution. No. 4 : [PEGMA]g.
[initiator]y : [CuCllg : [CuClalg : [bpylo=20 : 1 :1 :0.3: 2.6, 50% v/v solution MW of monomer X ([M]y/[I]1gx conversion) +MW of initiator.
®Determined by gel permeation chromatography with conventional calibration based on polystyrene standards.

Z2MH, #3137 #A6%, 20074
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No.1 : conv.=86.1%, M, /M= 4.02, time=1h

M ¢4,=8390g mol ™, My, ;p =17 9009 mol”

No.2 : conv.=87.8%, MwIMn= 1.16, time=6h

1

My 44,=8560g mol”, My p =51 800g mol”™

No.3 : conv.=71.9%, M, /M= 1.10, time=6h
Mygy=7050g mol™!, M, 5 p =20 500g moi™!
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Figure 3. GPC Chromatograms of p(PEGMA). Experimental
conditions : [PEGMA],=2.27 mmol, [initiator] o= [CuX]o=[bpyld/ 2
=0.114 mmol(X=Br or C1), 50% v/v solution.

6h : M= 16 400 g moi”
M, /M =1.06

3h : M= 11700 g mol
M, /M, =1.10

1h30min : M= 7520 g mol”

M, /M, =1.14

10000 " 100000 " 1000000

Molecular weight (g/mol)

Figure 4. GPC Chromatograms of p(PEGMA). Experimental
conditions (No. 4 in Table 1) : [PEGMA], : [initiator]o : [CuCl]y :
[CuClzlo @ [bpylo=20:1:1 :0.3 : 2.6; solvent=anisole (50 v/v);
70 C; time=06 h.

AZ2BelA CuD CleE CuCle] 30% ¥k A7els Aol i3t 1
2} &5 2 (the first order kinetic plot)©) Figure 5(a) ¢} Vet
Uk Al 7B BF ANPor e oIl 913, CuBr/bpy
Zaj) A2xEefA 9] £57) 7 =51 CuCl/bpy F7l Al2EelA
Cu(DClE CuCl®) 30% g H7isiE 23} 7K w2 555
RBAE & & Qe #Asgol gt Al =3 Ao Z7ksks
E 4 9031, CuBr/bpy &7l AlZEollA o2&l Exjek) H|3) 7}
2 e S PSS 4 F 3l

My

2

—

ol=71E 7 /AALE olgsle] PEGMAS] ATRP S
tisled Q78I o =T1E R ANAE o835 PEGMA
£ A3 o S| HaiA AMee 2SR w3kl
th 7RAERge] Al dofhs A, &2 w3IhhE-g AMEghe
ZA AR ANEEE wEA) & 4 glek meka, AR C-X
ol Br7WA 811, CuClE FeolFg&50 2 AMgslo 24 CuBrd &)
Z AR B A NGRS wWEA 3tk PEGMAS

]
251 4 Cu(l)Br
= Cu(iiCl s
20] ® Cu(l)CH30% Cu(liCl, P
= //
2 15] -
=) o —
= 4~ >
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=] e o . —
e e .//
- -
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Figure 5. ATRP of PEGMA in anisole at 70 C at three different
concentrations of catalyst system: (a) Kinetic plot for the
polymerization of PEGMA. (b} Dependence of molecular weight,
M:grc, on monomer conversion for the polymerization of PEGMA .
Experimental conditions: [PEGMA]y=2.27mmol, linitiator] =
[CuXlo=bpylo/2=0.114 mmol(X=Br or CD, 50% v/v (A W)
[PEGMAL, : [initiator]s : [CuCllo : [CuClaly * [bpylo=20:1:1":
0.3:2.6; 50% v/v(@®).

)2 ARgskn Cu(DBr/2,2' —bipyridyl S AREIIS Wi
olERaerTh B4 & BAF(M,ere=51 800 g mol™!, My
=8560, PDI=1.16)& VAT Cu(®Br thil Cu(DClE Fii=
A3 W= 20 500 g mol 'Y SET BRI, 1.102]
A= B PDDSE Igck wdt CuClel 84 744 (deactivator) {1
CuCleE EA0l AMEal] SR80S o 1 2 248 18E &
2 4 Y (M,epe=16400 g mol !, PDI=1.06, [PEGMAly
linitiator] ). ©)&)st Azk= [CuDXaleoll 2k HES- £52] 747}
@ RSl oJF FEE A Z7HE HolF] ke 3
A,

ZALe] 2 o) =R 20063 AR (EIAAGR) o] Ao
2 SR Adg Wb 448 A7 (KRF-2006—
311-D00083).
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