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Abstract. Well-defined PEGylated zwitterionic triblock copolymer, poly(ethylene 

glycol)-b-poly(methacrylic acid)-b-poly(2-aminoethyl methacrylate) (PEG-b-PMAA-b 

-PAEMA), was prepared from poly(ethylene glycol)-b-poly(tert-butyl meth acrylate) 

-b-poly(N-(tert-butoxycarbonyl) amino ethyl methacrylate)(PEG-b-PtBocMA-b-PtBoc 

AEMA) precursor synthesized via atom  transer radical polymerization (ATRP) by 

successively polymerized tert-butyl methacrylate (tBocMA) and N-(tert-butoxy- 

carbonyl) amionethyl methacrylate (tBocAEMA) monomers using a PEG-based macro- 

initiator followed by t-Boc group deprotection. The obtained triblock copolymer was 

confirmed by proton nuclear magnetic response (
1
H NMR) and Gel Permeation 

Chromatography (GPC). The resultant PEG-b-PMAA-b-PAEMA copolymer bearing a 

large number of amine moieties will have potential applications as anti-cancer drug or 

DNA carriers.  

Introduction 

In the past decades, stimuli double hydrophilic block copolymers (DHBCs) have drawn 

continuously increasing attentions, for it fantastic self-assembly behaviors, induced by 

external stimuli such as pH, ionic strength, and temperature [1-3]. Among those studies, 

pH-responsive copolymers have been the predominant stimulus-responsive blocks 

owing to unique property of smart response to convenient pH change. 

pH-responsive double hydrophilic block copolymers can spontaneously 

self-assemble into two or more types of micelles triggered by hydrophobic interaction, 

hydrogen-bonding and electrostatic interaction induced by pH changes [4-7]. The 

fascinating supramolecular self-assembled micelles have been the most attractive 

interest as nanocarrier. While the dilemma of constructing stimuli zwitterionic doubles 

hydrophilic block copolymer is avoiding the complicate and multi-steps preparation 

process [6-7]. Therefore, more brief and facile methods for fabricating tunably stimuli 

zwitterionic double hydrophilic block copolymer comprising different responsive 

segment should be developed.  

Herein, a new method was developed for preparing novel PEGylated zwitterionic 

triblock copolymer via ATRP using protecting group chemistry, followed by one step 

hydrolysis. The novel PEGylated zwitterionic triblock copolymer contianing polybase 

International Conference on Biological Sciences and Technology (BST 2016)

© 2016. The authors - Published by Atlantis Press 290



poly(2-aminoethyl methyl acrylate) PAEMA block and polyacid poly(methacrylic acid) 

PMAA block is expected to possess remarkable self-assembly behaviors. 

Experimental Section 

Materials. Bromide-capped poly-(ethylene glycol) macroinitiator (PEG113-Br)
8 

and 

N-(tert-butoxycarbonyl) amino-ethyl methacrylate (t-BocAEMA)
9 

were prepared 

according to literature procedures. All other chemicals were purchased from 

Sigma-Aldrich and used as received. 

Preparation of PEG-b-PtBocMA-Br Diblock Copolymer. A reaction flask with a 

magnetic stirrer and a rubber septum was charged with PEG113-Br (2.06 g, 0.4 mmol), 

CuBr (57.4 mg, 0.4 mmol) , bpy (124.9 mg, 0.8 mmol), tBocMA(6.4 ml, 40 mmol)  and 

toluene (10 mL). The flask was degassed by three freeze-pump-thaw cycles, back-filled 

with N2, and then placed in an oil bath thermostated at 80 °C to start the polymerization 

under a N2 atmosphere. After 2 h, the flask was quenched in the liquid nitrogen, exposed 

to air, and then diluted with 10 mL of dichloromethane. The copper catalysts were 

removed by after passing through a silica gel column. The solvent was then 

concentrated by a rotary evaporator and precipitated into excess cold n-hexane to 

remove residual monomers three times. The obtained colorless product was dried in a 

vacuum oven overnight at room temperature. The yield was ~40%.  

Preparation of PEG-b-PtBocMA-b-PtBocAEMA Triblock Copolymer. The 

triblock copolymer was synthesized via ATRP method by polymerized tBocAEMA 

monomer using PEG113-b-PtBocMA42-Br as the macroinitiator. A typical procedure 

was as follows: PEG113-b-PtBocMA42-Br (2.0 g, 0.2 mmol), CuBr (28.7 mg, 0.2 mmol), 

bpy (62.5 mg, 0.4 mmol), tBocAEMA(4.6 g, 20 mmol) and toluene (10 mL) were 

charged into a 50 mL reaction flask. The flask was degassed by three freeze-pump-thaw 

cycles, back-filled with N2, and then placed in an oil bath thermostated at 80 °C to start 

the polymerization under a N2 atmosphere. After 16 h, the reaction flask was quenched 

in liquid nitrogen, exposed to air, and diluted with 10 mL of chloroform. After passing 

though a silica gel column to remove the copper catalysts and concentrating the solvent 

by a rotary evaporator, the residues were precipitated into excess n-hexane to remove 

residual monomers. After the supernatant solution was discarded, the product was 

collected as colorless solid. The prepared sample was then dried in a vacuum oven 

overnight at room temperature. The overall yield was ~55%.  

Hydrolysis of PEG-b-PtBocMA-b-PtBocAEMA Triblock Copolymer. To 

remove the t-Boc groups, 1.0 g of PEG-b-PtBocMA-b-PtBocAEMA was dissolved in  5 

mL of trifluoroacetic acid (TFA) and stirred for 5 h at room temperature. TFA was then 

removed by vacuum evaporation, and the residue was rinsed with diethyl ether, filtered, 

and washed by diethyl ether three times. The colorless product 

PEG-b-PMAA42-b-PAEMA50 was dried overnight in a vacuum oven overnight at room 

temperature. The overall yield was ~85%. 

Characterizations. All 
1
H NMR spectra were recorded using a Bruker Avance 400 

NMR spectrometer with CDCl3, D2O or DMSO-d6 as the solvent and tetramethylsilane 

as the internal standard. Molecular weights and molecular weight distributions were 

determined by THF GPC with PS as calibration standard.  

Results and Discussion 

Preparation of PEG-b-PtBocMA-b-PtBocAEMA. ATRP is a versatile method to 

prepare bock copolymer containing PtBocMA or PtBocAEMA under mild condition [7, 

10]. The synthesis route as shown in Scheme. 1.  
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In order to achieve highly initiator efficiency for the subsequent polymerization, 

controlling the low conversion by shorten the polymerization of tBocMA time to 2 h. 

well defined PEG-b-PtBocMA-Br diblock copolymer was obtained  with low monomer 

conversion of 42%, the DP was 42 from
1
H NMR analysis (as shown Figure 1). In the 

polymerization of tBocAEMA, PEG113-b-PtBocMA42-Br was used as macroinitiator. 

The DP of the PtBocAEMA block was calculated by 
1
H NMR to be 50 by comparing 

the intergral ratio of resonance at 3.3 ppm (e) or 4.2 ppm (f) and 3.6 ppm(c), 

characteristic of PtBocAEMA and PEG blocks, respectively. THF GPC traces (as 

shown in Figure 2) revealed a narrow and symmetric peak for both the diblock and 

triblock copolymer with an Mn 12600 and 28800 g/mol, an Mw/Mn of 1.2 and 1.35, thus 

denoted as PEG-b-PtBocMA42-Br and PEG113-b-PtBocMA42-b-PtBocAEMA50. 
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Scheme 1. Synthetic Route for the Preparation of PEG-b-PMAA-b-PAEMA zwitterionic Triblock 

Copolymer 

 

Figure 1. 
1
H NMR spectra recorded for (a) PEG113-Br (D2O), (b) PEG113-b-PtBocMA42 (CDCl3), 

(c)PEG113-b-PtBocMA42-b-PtBocAEMA50(CDCl3), (d)PEG113-b-PMAA42-b-PAEMA50 (DMSO-d
6
) 
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Figure 2. THF GPC traces of (a)PEG113-Br, (b)PEG113-b-PtBocMA42, 

(c)PEG113-b-PtBocMA42-b-PtBocAEMA50 

Hydrolysis of PEG-b-PtBocMA-b-PtBocAEMA. After hydrolysis of the obtained 

triblock copolymer, by 
1
H NMR spectrum analysis, it is clearly shown that the signal of 

Boc group at 1.44 ppm was disappeared, indicating the completely hydrolysis of 

PtBocMA and PtBocAEMA block, moreover, new characteristic signals were observed 

at 8.3 ppm and 12.3 ppm indicating the NH2 and COOH group appeared compared to 

PEG-b-PtBocMA-b-PtBocAEMA triblock copolymer. By 
1
H NMR spectrum analysis, 

after hydrolysis of PEG-b-PtBocMA-b-PtBocAEMA, PEG block was not to be affected. 

Thus, the zwitterionic PEG-b-PMAA-b-PAEMA will retain the structure feature of 

PEG-b-PtBocMA-b-PtBocAEMA triblock copolymer, thus denoted as PEG113-b- 

PMAA42-b-PAEMA50 and the study of supramolecular self-assembly behavior is on 

going. 

Conclusions 

Well defined PEG-b-PtBocMA-b-PtBocAEMA triblock copolymer, was synthesized 

via sequential atom transfer radical polymerization (ATRP) in toluene. The obtained 

triblock copolymer was successfully converted into PEGylated zwitterionic 

PEG-b-PMAA-b-PAEMA triblock copolymer by hydrolysis. The PEGylated 

zwitterionic PEG-b-PMAA-b-PAEMA triblock copolymer comprising amine based 

polybase block and pH-sensitive carboxyl group based polyacid block will exhibit 

remarkable self-assembly behaviors, induced by electrostatic interaction hydrogen- 

bonding interaction, respectively. The synthesis of the pH-responsive zwitterionic 

PEG-b-PMAA-b-PAEMA triblock copolymer bearing lager number of amine moieties 

will provide a light for design of novel anti-cancer drug or DNA delivery carriers. 
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