
INTRODUCTION

Polymeric materials incorporating azobenzene moieties

have been extensively studied due to their potential techno-

logical application, such as optical storage1, optical switching2,

liquid crystal alignment3 and optical diffraction devices4,5.

Various methods have been developed to attach azobenzene

moieties to the side chains6-10, main chain11-13 or chain end of

polymers14,15. Especially, azobenzene-terminated polymers

have been used as photochromic probes16-18. However, little

attention has been paid to the azobenzothiazole-terminated

polymers although azobenzothiazole is a promising candidate

structure in the design of chromophores with enhanced optical

properties19,20.

Living and controlled polymerization techniques are

appropriate tools to achieve polymers with well-controlled

architecture and predictable molecular weight. Among them,

atom transfer radical polymerization (ATRP) is an effective

method for controlled radical polymerization21,22 and the

molecular weight and functionality can be well controlled with

the method. A wide range of functionality can be introduced

into a polymer chain end by using functional initiator if the

functional group remains intact during this living radical
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2-Bromo-2-methyl-propionic acid 4-benzothiazole-2-ylazo-phenyl ester (BPBE), 2-bromo-2-methyl-propionic acid 4-(6-methoxy-

benzothiazole-2-ylazo)phenyl ester (BPMBE) and 2-bromo-2-methyl-propionic acid 4-(6-nitro-benzothiazole-2-ylazo)phenyl ester

(BPNBE) were synthesized and acted as initiators for the heterogeneous atom transfer radical polymerization of methyl methacrylate

under copper(I) bromide/2,2'-bipyridine catalytic system, respectively. The azobenzothiazole-based end group of polymethyl methacrylate

was characterized via UV-visible spectroscopy. All rates of polymerizations exhibited first-order kinetic with respect to the monomer and

a linear increase in the number-average molecular weight with increasing monomer conversion was observed for all these initiation

systems. The polydispersity indices of the polymethyl methacrylates were relatively low (1.08-1.37) up to high conversions at 60 ºC.

Moreover, the initiation systems exhibit a high activity that polymerizations could even be performed at ambient temperature (30 ºC).
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polymerization. Examples of end-functionalized group

through ATRP include di-tert-butyl phthalate23, hydroxyl24,

dibenzyloxy or dimethylester25, tetra-functionalized adaman-

tine etc.26.

Our research was focused to report atomic transfer radical

polymerization of methyl methacrylate with three initiators

with azobenzothiazole (Scheme-I). The aim of this research

was to investigate these initiators on the controllability of

polymerization and the UV-visible spectra of obtained

polymers. The 2-bromo-2-methyl-propionic acid 4-(6-nitro-

benzothiazole-2-ylazo)phenyl ester (BPNBE)/copper(I)

bromide/2,2'-bipyridine system yielded the lowest rate of

polymerization which could be explained by the bad solubility

of the initiator. The rates of polymerizations were not affected

by electronic effects of the substituted R groups (Scheme-I)

remarkably. Moreover, successful incorporation of initiator

groups with the polymer chains were confirmed according to

the UV-visible spectra.

EXPERIMENTAL
1H NMR spectra were measured by INOVA 400 MHz

NMR spectrometer, CDCl3 or DMSO-d6 as solvent and

tetramethylsilane (TMS) as the internal standard at ambient
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2-Bromo-2-methyl-propionic acid 4-benzothiazole-2-ylazo-phenyl ester

(BPBE) R = H; 2-Bromo-2-methyl-propionic acid 4-(6-methoxy-benzothia-

zole-2-ylazo)phenyl ester (BPMBE) R = CH3O; 2-Bromo-2-methyl-propi-

onic acid 4-(6-nitro-benzothiazole-2-ylazo)phenyl ester (BPNBE) R = NO2

Scheme-I: Structure of the azobenzothiazole-based initiators

temperature. Molecular weights and the polydispersity relative

to PMMA were measured using Waters1515 GPC with THF

as a mobile phase at a flow rate of 1 mL/min and with column

temperature of 30 ºC. UV-visible absorption spectra of the

polymers and initiator in DMF solutions were determined on

a Shimadzu RF540 spectrophotometer.

Methyl methacrylate (98 %; Sinopharm Chemical Reagent

Co., Ltd) was purified by extracting with 5 % sodium hydroxide

aqueous solution, followed by washing with water and dried

with anhydrous sodium sulfate overnight, finally distillated

under vacuum. CuBr (98.5 %; Sinopharm Chemical Reagent

Co., Ltd.) was purified in acetic acid, washed with methanol

and dried under vacuum to afford a white powder. Benzothiazole-

2-ylamine (99 %; Ninghai Shangfeng Chemical Reagent Co.,

Ltd.) and 6-methoxy-benzothiazole-2-ylamine (99 %; Ninghai

Shangfeng Chemical Reagent Co., Ltd) were used as received.

2-Bromo-2-methylpropionyl bromide (97 %; Alfa Aesar) was

used as received. 6-Nitro-benzothiazole-2-ylamine and 4-(6-

nitro-benzothiazole-2-ylzao)-phenol were synthesized accord-

ing to the reported procedure27,28. All other reagents and solvents

were analytic pure and used as received.

General procedure for synthesis of 4-benzothiazole-2-

ylzao-phenol and 4-(6-methoxy-benzothiazole-2-ylzao)-

phenol: The heteroaromatic amine (0.04 mol) was added to a

mixture of distilled water (32 mL), concentrated H2SO4 (20

mL) and formic acid (8 mL). A solution of sodium nitrite (0.044

mol) in distilled water (20 mL) was prepared in a test tube.

Sodium nitrite solution was added dropwise to the acidic

solution of amine over 1 h at 0-2 ºC. The mixture was stirred

at 0-2 ºC for 45 min. Phenol (0.04 mol) was dissolved in ethanol

(20 mL) and cooled to 0 ºC. Phenol solution was added slowly

to the diazonium salt solution at 0-5 ºC. The resultant colored

mixture was stirred for 24 h at 0-5 ºC. The solution was filtered

and the obtained crude product was recrystallized for two times

from ethanol.

4-Benzothiazole-2-ylzao-phenol: Orange powder. Yield:

38 %. 1H NMR (DMSO-d6, δ): 10.97 (s, 1H), 8.12-8.10 (m,

2H), 7.96-7.94 (d, 2H), 7.60-7.52 (m, 2H), 7.05-7.03 (d, 2H).

4-(6-Methoxy-benzothiazole-2-ylzao)-phenol: Henna

powder. Yield: 46 %. 1H NMR (DMSO-d6, δ): 10.86 (s, 1H),

8.01-7.98 (d, 1H), 7.92-7.89 (d, 2H), 7.66 (s, 1H), 7.19-7.15

(d, 1H), 7.03-7.00 (d, 2H), 3.88 (s, 3H).

General procedure for synthesis of BPBE, BPMBE and

BPNBE: The phenol derivates (0.01 mol) was dissolved in a

mixture of triethylamine (Et3N, 0.02 mol) and freshly distilled

tetrahydrofuran (THF, 80 mL). This solution was then cooled

in an ice-water bath with vigorous stirring. Then, a solution

containing 2-bromo-2-methylpropionyl bromide (0.01 mol)

and freshly dried THF (20 mL) was added to the above mixture

by a dropping funnel under a nitrogen atmosphere. After 1 h,

the ice-water bath was removed and the reaction was allowed

to continue for 24 h at room temperature. The solution was

filtered and poured into a large amount of water. The precipi-

tated product was washed by ethanol (95 %) and recrystal-

lized from trichloromethane and petroleum ether (60-90 ºC).

2-Bromo-2-methyl-propionic acid 4-benzothiazole-2-

ylazo-phenyl ester (BPBE): Yellow powder. Yield: 73 %. 1H

NMR (CDCl3, δ): 8.21-8.18 (d, 1H), 8.17-8.14(d, 2H), 7.93-

7.90 (d, 1H), 7.58-7.47 (m, 2H), 7.39-7.36 (d, 2H), 2.10 (s,

6H).

2-Bromo-2-methyl-propionic acid 4-(6-methoxy-benzo-

thiazole-2-ylazo)phenyl ester (BPMBE): Brown powder.

Yield: 66 %. 1H NMR (CDCl3, δ): 8.14-8.05 (m, 3H), 7.37-

7.32 (m, 3H), 7.16-7.12 (d, 1H), 3.93 (s, 3H), 2.10 (s, 6H).

2-Bromo-2-methyl-propionic acid 4-(6-nitro-benzo-

thiazole-2-ylazo)phenyl ester (BPNBE): Brown powder.

Yield: 60 %. 1H NMR (DMSO-d6, δ): 9.09 (s, 1H), 8.42-8.20

(m, 2H), 7.95-7.93 (d, 2H), 7.20-7.17 (d, 2H), 2.08 (s, 6H).

General procedure for polymerizations: Initiator, CuBr,

BPY, MMA and cyclohexanone were mixed in a round-bottomed

flask. The flask was sealed and cycled between vacuum and

N2 for three times. The polymerization was processed at a pre-

determined temperature under N2. Samples for conversion and

molecular weight analysis were taken at regular intervals,

dissolved in THF and precipitated into a large mount of metha-

nol/HCl (100/0.5, v/v). The precipitation was filtrated and dried

under vacuum.

RESULTS AND DISCUSSION

Atomic transfer radical polymerization (ATRP) of methyl

methacrylate using azobenzothiazole-based initiators:

Atom transfer radical polymerization of methyl methacrylate

using three different azobenzothiazole-based initiators was

investigated and the results were shown in Figs. 1-3. According

to Fig. 1, the polymerization of MMA proceeded through first-

order kinetics with respect to monomer concentration for all

the polymerizations. The number average molecular weight

(Mn) increased with the monomer conversion (Fig. 2), which

indicated a constant concentration of growing chains through-

out the reaction. Polydispersities remained relatively low (1.08-

1.37) during polymerization (Fig. 3). However, the polymeri-

zations showed some deviations in molecular weight from the

theoretical Mn (Fig. 2) and instead of a continuing decrease in

polydispersity with conversion (as often observed in other

ATRP systems), a continuing increase in polydispersity

occurred at higher conversions (Fig. 3). The deviations were

presumably due to an unidentified transfer process and slower

initiation29. The polymerizations initiated by BPNBE were

much slower than those of the other initiation systems due to

the worse solubility of BPNBE. The rate of polymerization

initiated by BPBE was near to that of polymerization initiated

by BPMBE, which suggested that little influence was imposed

on the polymerizations by R group (Scheme-I). It could be

explained by the long distance between the halogen and R

groups.

Atomic transfer radical polymerization of methyl metha-

crylate at ambient temperature: The ATRP of MMA bearing

9084  Jiang et al. Asian J. Chem.



Fig. 1. Kinetic plots for ATRP of MMA with azobenzothiazole-based

initiators BPBE, BPMBE and BPNBE in cyclohexanone solutions

(mcyclohexanone : mMMA = 2 : 1) at 60 ºC ([MMA]0/[initiator]0/

[CuBr]0/[Bpy]0 = 200/1/2/3)

Fig. 2. Dependence of Mn, GPC on conversion for ATRP of MMA with

azobenzothiazole-based initiators BPBE, BPMBE and BPNBE in

cyclohexanone solutions (mcyclohexanone : mMMA = 2 : 1) at 60 ºC

([MMA]0/[initiator]0/[CuBr]0/[Bpy]0 = 200/1/2/3)

Fig. 3. Dependence of PDI on conversion for ATRP of MMA with

azobenzothiazole-based initiators BPBE, BPMBE and BPNBE in

cyclohexanone solutions (mcyclohexanone: mMMA = 2: 1) at 60 ºC

([MMA]0/[initiator]0/[CuBr]0/[Bpy]0 = 200/1/2/3)

azobenzothiazole-based groups could even be proceeded at

ambient temperature (30 ºC) and the results were shown in

Table-1. The weak C-Br bond of initiators was responsible for

the fast rate of polymerization in Br-iB/CuBr system since

radicals were easily generated during the activation process29.

The fast rate of polymerization of was also attributed to the

fact that the substituents ester groups containing azobenzo-

thiazole contributed to the stabilization of the generated

radicals30. In addition, polydispersity at 30 ºC became lower

than those at 60 ºC, which might be caused by low radical

concentration at lower temperature31.

TABLE-1 

ATRP OF MMA WITH BENZOTHIAZOLE-BASEDINITIATORS 

BPBE, BPMBE AND BPNBE IN CYCLOHEXANONE  

SOLUTIONS (mcyclohexanone:mMMA = 2: 1) at 30 ºC 

([MMA]0/[initiator]0/[CuBr]0/[Bpy]0 = 200/1/2/3) 

Initiator Time (h) Conversion(%) Mn, GPC PDI 

BPBE 
4 11.7 9500 1.09 

24 75.3 25400 1.11 

BPMBE 
4 16.6 9800 1.07 

8 39.0 17300 1.29 

BPNBE 
6 7.5 8700 1.08 

12 23.0 16400 1.10 

 
UV-visible of initiators and PMM: According to the

mechanism of ATRP, initiator group was incorporated at α-end

of the polymer chain and it could be verified by UV-visible

spectra of the azobenzothiazole-based initiators and the corres-

ponding PMMA (Fig. 4). The intensities of the UV absorptions

of the initiators were stronger than those of the corresponding

PMMA. As report by Gang Wang et al., it was due to the

decreased concentration of the chromophores when the

initiators were attached to the polymeric chain32. The three

azobenzothiazole-based initiators exhibited absorption peaks

of π-π* transition at 335-423 nm and n-π* transition at 420-

550 nm since they were substituted by the different groups.
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Fig. 4. UV-visible spectra of initiators and corresponding PMMA in DMF

solutions (10-4 mol/L)

Conclusion

The polymerizations of MMA with azobenzothiazole-

based initiators were well-controlled with the characteristics

of controlled/"living" polymerization. The initiators exhibit

high activity and the progress could even be performed at

ambient temperature (30 ºC). The initiator, BPNBE, with the

worse solubility afforded relatively slower rate of polymeri-

zation. The polymerization rates had little relation with elec-

tronic effects of R groups. Polydispersities of PMMA obtained

at 30 ºC were lower than those obtained at 60 ºC. The process

of ATRP was further confirmed through the study of UV-VIS

spectra of azobenzothiazole-based initiators and corresponding

PMMA.
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