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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.
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AAAL 29} WA el T8t Al ThE Sl A4S ATRP
£ T3] AR st & w v Fosk "k olE =
o} A7} Al IEAF AES ATRPE ARESHo] A7 Ak
g e, fAF EHe] EAlshs s|=SA] e sk dwal
(e.g. 2—bromoisobutyryl bromide) & |~ H 23} WS F3}]
23714 e, oln) FAEE o2 o|AHE ATRPS W
SR JIAIE 4 Ql], tekst 2dE T2 1AE T 5 9l
t} sk, Wi Fo s de] AREE YAl A,
9] 7359l FARH o =g} RES-S F3lel ATRP 7INAIE E9
3 4= Stk T, a— 3R opn|El] A ATF R =g K &
S5 vERE ZoE deA Qlo] daks 728 aRAE 4= A
o] ] gt} whA] olof] tidt A Wo| QE=H] HAWEA] oF
o= JAAE o] 88t ATRP F5tell tigt 5= Sawamoto W
9} < Haddleton 1ol 2Jair] ®argl u} glct.

2 AFolA= o= AAAIE ©]838t [poly (ethylene glycol)
methyl ether] methacrylate (©]3} PEGMA) 2] ATRP HES<] o
slo] Bstaizt stk PEGMAE PEGE 7HIZ 7K & HAZ
Al AR wREolRS o, Bl & 3 e niEo|d s
z2hgo] o] Tl AFhS Fot vio] Q. 58l de] AREE
dgo]eh T B dtefii= JIAAE N-butyl—2—bromo—2—
methylpropanamide S $4d3t & PEGMAE 4% 132 47|
Sl gekst Sujzistol £EE4R1 ATE ST o = F
Aol F3t 2AS Al A HScheme 1).

HO
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Al2F 21 2. [Poly (ethylene glycol) methyl ether] meth—
acrylatex= Aldricholld 43k, AAS AASH] $I8
THFe|| 2}4xAA &vu ZH (alumina column) of] 541510t
Cu(Cl(Aldrich, 98%) = ¥&& webq AABIACE"” Butyl amine
(99.5%), 2,2°—bipyridyl(99%+, ©13} bpy), 2—bromoisobutyryl
bromide (98%) 12|31 Cu(ll)Cl2(97%) & AldrichellA] 715157
I A glo] ARSItk

BA 9] A8k8-(monomer conversion) 2 ¥4 molecular
weights (M) 12]37 A= T3 (M/ My = gel permeation chro—
matography (GPC) & ©1-83l0] S73I3itt. GPCE Ej2Eloldl &
e B3l 2AgsIalal, Agilent 1100 B2, RID 7&719F PSS
SDV (5 um, 10% 10° 10° A 8.0x300.0 mm) 22 ARSIk
"H—NMR spectra’ Varian Unity Plus 300 spectrometerS 0]
3lo] A9, AL Waters ZQ—4000S o435t

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

Butyl amine (2.00 mL, 20.0 mmol) #} triethyl amine (3.09 mL,
22.0 mmol) & ¥33t 50.0 mL THF £9¢j| bromo isobutyl
bromide (2.74 mL, 22.0 mmol)-& 3] H71sIi) vEs- &3
B2 5 HFolA 30, 30 TellA] 12241%F 5<F WA,
AJEL THEE A7 ¥, E7 CHClsS o]43to] 33 =3t
A3, v e R FRE FEA e WS 160 mg ¥
SJtk. 2—Bromo—N-butyl—2—methyl—propanamide (1) &] 7-Z=
'H-NMR3} AektAe Sajo] 29l a1k

"H—NMR (300 MHz, CDCly): & 0.87 (¢, 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 CsHi6BrNO=222.12.

[Poly(ethylene glycol)methyl ether] methacrylate)(2)2] S&t.
AAE X3 Schlenk Z2~Fol PEGMA (1.00 mL, 2.27 mmol)
2} o€ (1.00 mL) S ¥ freeze—pump—thaw AR|E-S THA
H S S CuCl(11.3 mg, 0.114 mmol) 2} bpy (35.5 mg, 0.227
mmol) & H7}8kaL, tHA] freeze—pump—thaw AJo1E-S F ¥ Hb
EBISACE 3R AdolA wket & ZEk~aE 70 T2 2 vk
Zeof Y 3 AAA (1) (25.1 mg, 0.114 mmoD) & ¥tk &
g AR A 0= Aeke] MES FS) THFe g4A1AH GPCE ©|
gato] EA AEES Stk 6A7F $oll Schlenk &2k
F5 93 THEE Woltte] 35 TA3KIE 1 ol AIES
Fre] tleldefHl= o]-gste] XA 150.0 mge] p(PEGMA)
(2)& 43tk

2 I EE

Table 1] HoiR|& vigl o], ofe] vhg Z7dellA] PEGMAS]
TS AT S A sl o] Foi%la, PEGMASE 71
AIAE] EHIE 2002 3taL FHll= ARG sEE s dolF
ATk B3 Fe B e olES Sl ARSSt 50% vivel
A ZEgesitt. Fall2E bpyE BREERE 3798kl CuBr 55 CuCl
S Jdolggo R ARSI Best CuCle} CuCles Al ARE-8)
o] Sl v|Ae IS AuRgdct ojw) WE2 GPCE %
alo] Atk (Figure 1). PEGMAS] AgHE-2 op< HAS )
T EFEAE o] g3t sk WA AuAR] WANE &
A S4BT 8ol AN DAt ARl w2
WA 9] o &y} nlwste] ©gAe] Wlo] U ThAasHA He
= G137 Al FAlel| MEso] STFsRHA aEARe] WA
A 7Vl AR 710l whet aEAke] wiE AlZH(retention
time) & 5 Fok= & HolFal gick

ol WA g4 p(PEGMA) 9 7%= 'H-NMRS o]8-3}
of golsl 5= QAT Figure 2). 7IAIAIR] A= FE71] 404
-‘ﬂﬂc\’l CHg_CH2_CH2_CH2_NH_CO_(b,C) 7]’ 1.1~1.2 ppm
oM tzFyl=2 vYehtar CH3—CHy—CH,—CHe—NH—-CO— (d)
7} 3.4 ppmeld] YeERITE p(PEGMA) &) HHE 7321 poly (ethyl—
ene glycol) PEG) 7F4¢] -OCH3 ()= 3.38 ppmelX WERtaL
~-OCH>—CHa— ()= 3.60~4.20 ppmeolA YEeRdtt

== SR ARESte] TS e welli= GPC #4 A,
bimodal FE|2] wl-¢- B BAF FAEE ZHE 2RAE ATt
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(Table 1(No.1) ¥} Figure 3). o= 5 72 afjasl 4= 9l
A, Cu o]} Bj7k=e] 43t & vksoixl Su7) E=2E 714
E2 ABPHHR QIS w, 504 E271E ¢l B AES Y
stof B1EHds) vEE-C] S5 mEA EAS A @il 71qlst
oh0 gk ARG ol ZHAIAL (1) 7F B 50% v/ve] Sufell] she
SATE 7ReZA, 7IANESS] St e sl7] wiEelck

ox o g

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

Mt=[area of monomer]tl[area of anisole]t

anisole
Mg=[area of monomer]g/[area of anisole],
——0h
---2h
L .—.3n monomer L
---=- 6h

20 25 30 35
Retention time (min)
Figure 1. Conversion determination using GPC. Experimental
conditions (No. 3 in Table 1):[PEGMAIy : [initiator]o : [CuCll :
[bpylo=20:1:1:2; solvent=anisole (60% v/v); 70 C; time
=6 h.
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Figure 2. '"H-NMR data of p(PEGMA) (No. 3 in Table 1).

Table 1. Polymerization of PEGMA with Different Condition

-
Z
ot
ofN

U AdelME, CuBr/bpy F1llE o]8310] ol 50% v/vel
Al PEGMAE 83130tk 6A17E 18- 3 dojzl x5 GPC
£ olgslo] st A, HEEo] 87.8% W, Mg 51800
g/mOIE My (O1F4R1 24D 1 8560 g/mol KX} w9~ =131, &
A Mo/ M) & 1162 AF 02 A Uehd 218 18t
StH(Table 1(No. 2) 7} Figure 3). oJ&f3t $3dTh= o =5 7]
o7 k= JIAAPE HiEtTZ AL Aol oA om =2A] 7|
AlEHs Zlell 7118tk ke,

Ao} 22 7RIS FIsp] fIste], vk AgelxlE CuBr ol
CuClE olg3te] Fd3lolth ol 7IAEGES 7Ksk] Hste] 4
2] ARgahs g wehke WS 285t Aot el wih
HEgoldh ThANEEo] Al dofihi= A9l ZiAIAI] C—Xell Br
7HAA kar, CuClE Hola40% ARSHA HW CuBr& S
ARSEE WlHT} ATER] ANSES WEA 3 5 Qs S ust
t}h & C-X AgelM X7} ClIQl A5 Ao] Brell vjsl] ¥ 2s]
uhel, 2 Fuljslelr 2)ds e &b @3 ATRPRE
9] TRA ARSI C-Cl 722 24 "ok webd, C—Cl
< O 25 p(PEGMA) 9] A& 9 gtz 34 58 =5
o] FOBM, C—Bra Zh= o= 7AAPL BEZs viee 5
9] 2|5 EoiE 4= A Aok g2A wE-e-S 2831e] CuCl/
bpy Fvl AlAElA 6AIRE SEBIEW, HEE 71.9%14, &
ZF 20500 g/mol (Mhcro) O M/ Mp=1.10S Zbe 1245 o
S 4 93U (Table 1 (No. 3) #} Figure 3).

o] A3}= CuCl/bpy =4l A|AElo] CuBr/bpy &0 A|AEET}
WA Hoh 2 288 5 B Frh A 919 F A v
Wl B CuCle ARESPE WhS 27] =9 JiANES<) <3t 34
S B SU1E woly] ulEel AR Aoyt nlud £2
abr EA FEE A AoES o 5 QISlth the AdekE F
& 27 ol /WIE] $l8lo] CuClbpy x| Al2ElolA Cu(DCly
£ CuCle 30% T 71st & Z3& AAIBISItE 6417 52t &
S S A F3E 54%04 A1) 16400 g/mol (Mcre) 2F
AR XM/ Mo) 71 1,069 3RS 98 5= 3)3IcKTable 1 (No.
4) 9} Figure 4). o183t Avh= 47404191 Cu(D X9 §% 57}
o gJ3)) nl&ds} kg L5t STkekaL, wAlell JiAl &gl Ay
7] wirolt), resk wke- %7]19] Cu(l) &4 3}3HaEo] S%5-3] EA)
sl =W Cu(lD+ A 2]z vhgslo] Fags FAdsto]
HhS 2710 S5 kS 2 v 2 Alojale® el

CuBr/bpy Zul] A28, CuCl/bpy vl Al2~82} CuCl/bpy i

Conversion Time M Maygrc Temp.
No. Catalyst (%) [hour] [g/mol] [kg/mol] M/ Mo Solvent [l
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/CuCly/bpy 54.0 6 5360 16.4 1.06 anisole 70

Experimental conditions: No.1—3 : [PEGMA],=2.27 mmol, [initiator] o= [CuX]= [bpyl/2=0.114 mmol (X=Br or CI), 50% v/v solution. No. 4 : [PEGMA]j:

[initiator]o : [CuCllp :

[CuClz] 0 -

*Determined by gel permeation chromatography with conventional calibration based on polystyrene standards.

Z0M, 43148 6=, 20074

[bpylo=20 : 1 :1:0.3 : 2.6, 50% v/v solution ‘MW of monomer X ([M]¢/[I]ox conversion) +MW of initiator.
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No.1 : conv.=86.1%, Mwan= 4.02, time=1h

= -1 = -
M,¢,=8390g mol *, M, 5p=17 900g mol

No.2 : conv.=87.8%, M“/Mn= 1.16, time=6h

1

_ -1 _ -1
M+,=8560g mol , MnGPC'51 800g mol

No.3 : conv.=71.9%, MwIMn= 1.10, time=6h
_ -1 _ -1
Mt =7050g mol *, M, sp=20 500g mol

T T T
10000 100000 1000000
Molecular weight (g/mol)

Figure 3. GPC Chromatograms of p(PEGMA). Experimental
conditions : [PEGMA]o=2.27 mmol, [initiator]o=[CuX]o= [bpyld/ 2
=0.114 mmol(X=Br or Cl), 50% v/v solution.

. - -1
6h : M= 16 400 g mol
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) : [PEGMAlj : [initiator]o : [CuCllg :
[CuClalp : [bpylo=20:1 :1 :0.3 : 2.6; solvent=anisole (50 v/v);
70 C; time=6 h.

Al2~ElollA] Cu(D CloE CuCle] 30% " 371l A3l thgt 1
2} &% 224 (the first order kinetic plot) ©] Figure 5(a) o] YFER}
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Zul] A|2Ee|X 2] &7} 71 =31 CuCl/bpy FHl] Al2~Elof|A]
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HS & 4 Qloh dgkge] st Al E3sh M ow STk
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S ATHo® FH] allA] ARge 2 S wEhgo]
o}k ANEge] Al o= A9, 2l wEke-S AMEShO.
A AUER AESES wEA] 8 5= Qlek mebA|, ZAAIe] C-X
ol Br7AAl 3k, CuClE Holg<02 AMgsto M CuBra &
2 AR B} ARl NSRS wE2A] S1%itk PEGMAS
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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,
My cpe, on monomer conversion for the polymerization of PEGMA .
Experimental conditions: [PEGMA]y=2.27mmol, [initiator]o=
[CuX]o= [bpyl¢/2=0.114 mmol(X=Br or CD, 50% v/v (A W) ;
[PEGMAly : [initiator]o : [CuCllg : [CuCls]o : [bpylo=20:1:1:
0.3:2.6;50% v/v(@).

R ARES Cu(DBr/2,2 —bipyridyl S AR231S wi=
o|2RAERT} B =& BAZF(Mere=51 800 g mol ', My
=8560, PDI=1.16)& AAW Cu()Br thal Cu()ClE Evijz
AR w20 500 g mol 'Y FET BRI, 1.109] &
A EXPDDE ek w23k CuClel 84 724 (deactivator) €1
CuClo® B2l AREsle] TEsilis i o & 249 IwAE o
S 4 AT Macpe=16400 g mol !, PDI=1.06, [PEGMA]¢
[initiator] ()). O]Eﬁ% @3]’15‘ [CU(H)Xz] ()oﬂ -O/]T:Sl' ‘i‘l’% é?‘E_-o/l 71:,]21\_7]'
& AR 2R FAR BAR S71E vol] Hzow
e,

ZEARS| 2 : o] =2 2006\ FF-(ISAAAMIT) o] Ao
2 =g Aol ]S wol =alE el (KRF—2006—
311-D00083).
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