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Novel hyperbranched polyselenides with multi-catalytic sites at

the branching units have been synthesized which may provide a

new approach towards glutathione peroxidase mimics.

In this communication we report the synthesis of hyperbranched

polyselenides with multi-catalytic sites of selenium located at the

branching units, which provides a novel model for glutathione

peroxidase (GPx) mimics. GPx is a mammalian antioxidant

enzyme that protects biomembranes and other cellular compo-

nents from oxidative damage by catalyzing the reduction of a

variety of hydroperoxides, using glutathione (GSH) as the

reducing substrate. The catalytically active center of GPx is

selenocysteine.1 The discovery of Ebselen (2-phenyl-1,2-benzoiso-

selenazol-3(2H)-one), which functions as an antioxidant, has

inspired a worldwide interest in the design of GPx mimics.2,3

Recently by taking advantage of the microenviroment provided

by the dendrimers and introducing catalytic groups (diselenide)

into the core of the dendrimers we have successfully achieved high

GPx activity.4 Like dendrimers, hyperbranched polymers (HBPs)

have attracted increasing scientific and industrial attention in

recent years due to their unusual chemical and physical properties

such as compact three-dimensional structures, large numbers of

terminal functional groups, and low intrinsic viscosities.5 Their

applications vary mainly from coatings and additives to light

emitting materials and so on.5,6 However the use of HBPs as

models for biomimetics or as catalytically active molecules is still in

its infancy.7 The normal way to use HBPs as catalysts is to

functionalize the peripheries with catalytic groups. Few efforts

have been tried to introduce catalytic groups at the inner branching

units. Herein we have succeeded in introducing selenium in the

branching units of HBPs, which act as GPx mimics.

In many cases, hyperbranched polymers are synthesized by self-

polycondensation of ABn type monomers which have one ‘‘A’’

and n ‘‘B’’ functional groups. However, in our cases, the

polycondensation of A2 (or AA9) monomers with B3 monomers

seemed more attractive as the required starting materials can be

obtained more readily.8 Herein we used a direct polymerization of

NaHSe (as the AA9 monomer) and 1,3,5-tris-bromomethyl-2,4,6-

trimethyl-benzene (as the B3 monomer) in a ratio of 1 : 1 leading to

new hyperbranched polyselenides as shown in Scheme 1. For

synthetic details see ESI.{ As can be seen from the 1H-NMR

spectrum of HP-Br in Fig. 1 A, a new broad peak appears at

around 3.80 ppm which can be ascribed to the Ar–CH2–Se– unit

after polymerization. A single peak appears around 196.3 ppm

in the 77Se-NMR spectrum, shown in Fig. 1 B, which

indicates that selenium is indeed interposed into the HBP

exclusively as –CH2–Se–CH2–, instead of in other oxidized states.

NaHSe was completely consumed during the reaction, since it was

very reactive. Thus the ratio of Se to Br in the resulting polymer

should be 1 : 1, which was supported by XPS data (ratio of Se : Br

was 1.05 : 1). The molecular weight was measured by conventional

gel permeation chromatography (GPC) performed in CH2Cl2
against linear polystyrene standards. The apparent Mw was

around 1780 g mol21 with a polydispersity of 1.08. It should be

emphasized that the molecular weights obtained by GPC are likely

to be underestimated because of the compact structure of our
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Scheme 1 Synthetic route to hyperbranched polyselenides HP-Br and

HP-EO.
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macromolecule.9 The above characterization confirms the success-

ful synthesis of HP-Br.

We have measured the catalytic activity of the synthesized

hyperbranched polyselenides HP-Br in organic solvents according

to the method reported by Tomoda et al. using benzenethiol

(PhSH) as a glutathione alternative.3f The initial rates (n0) for the

reduction of H2O2 by PhSH in the presence of hyperbranched

polyselenides were determined in a solvent mixture of 1 : 9

chloroform–methanol by monitoring the UV absorption of

diphenyl disulfide (PhSSPh) at 305 nm (Fig. 2). The initial

reduction rate of H2O2 without any catalyst was around

0.38 mM min21. After the addition of hyperbranched polyselenides

with a concentration of 1.32 mg per 100 ml, the initial reduction

rate increased rapidly to 6.34 mM min21. In order to determine

whether the reactivity of the hyperbranched polyselenides on a

molar basis is a function of the total number of individual reactive

selenium groups as well as the reactivity of the individual groups or

not, we synthesized an organic monoselenide BDB-Se (bis(3,5-

dimethylbenzyl) selenide, see ESI{) for comparison. The

initial reduction rate in the presence of BDB-Se was around

1.72 mM min21. The difference in the reduction rate between HP-

Br and BDB-Se can be clearly seen from Fig. 2. The initial

reduction rate of the hyperbranched polyselenides is around

3.7 times that of the comparative organic monoselenide BDB-Se.

The theoretical selenium weight percentage in both compounds is

almost the same, 24.82% for the hyperbranched polyselenides and

24.88% for BDB-Se respectively. So obviously the incorporation of

numerous catalytic groups in the macromolecule is important for

the higher activity of the hyperbranched polyselenides. The local

concentration of selenium in the hyperbranched polymer is very

high. We think the advantage of hyperbranched polyselenides

during the catalysis may result from an increased chance for the

substrate to get close enough to an active catalytic site.

Water solubility of organic compounds is frequently required

for evaluation in biological systems and for real applications in this

context. Hence, the periphery of HP-Br was successfully

functionalized with oligo-ethylene oxide groups in the presence

of NaH as shown in Scheme 1. In this way the hyperbranched

polyselenide HP-EO was obtained, endowed with enhanced

hydrophilicity and water solubility. From the 1H-NMR spectrum

(Fig. 1 C) we can easily see that oligo-ethylene oxide chains have

been attached to the hyperbranched polyselenides. This was

confirmed by GPC measurements in THF showing an increase of

the apparent molar mass to Mw 5 2761 with a polydispersity of

1.28. The activity of the peripherally EO substituted hyper-

branched polyselenides in aqueous solution was assessed using

GSH as a thiol substrate in the classical coupled reductase assay

system under identical experimental conditions. The oxidation of

GSH to the corresponding disulfide (GSSG) was measured

indirectly by the spectrophotometric monitoring of the oxidation

of NADPH in the presence of glutathione reductase at 340 nm.3e

The EO functionlized hyperbranched polyselenides showed a GPx

activity of 0.28 U mg21. This relatively low value can be explained

on the basis of steric hindrance from the big EO chains, lowering

the chance of the substrate to penetrate to the catalytic sites.

However, it seems reasonable that there remains a great potential

for us to increase the GPx activity by fine-tuning the peripheral

structures of the hyperbranched polyselenides.

In conclusion, we have successfully synthesized a novel

hyperbranched polyselenide with multi-catalytic sites at the

branching units which acts as a novel glutathione peroxidase

mimic. To the best of our knowledge, this may be the first

successful example of incorporating catalytic sites onto the

skeleton of the hyperbranched polymer. By post-synthetic

modification of the periphery this hyperbranched polyselenide

could be solubilized in water, which may be very important for

real use as an antioxidant drug. It is believed that this work

will open a new avenue for biocatalysis by hyperbranched

polymers.

Fig. 1 1H-NMR and 77Se-NMR of HP-Br and HP-EO: (A) 1H-NMR

of HP-Br; (B) 77Se-NMR of HP-Br; (C) 1H-NMR of HP-EO.

Fig. 2 Plots of the absorbance at 305 nm vs. time during the catalytic

reduction of H2O2 (0.25 mM) by PhSH (1 mM) in a solvent mixture of 1 : 9

chloroform–methanol. Catalysts: (A) none, n0 5 0.38 mM min21; (B)

BDB-Se 1.32 mg per 100 ml, n0 5 1.72 mM min21; (C)HP-Br 1.32 mg per

100 ml, n0 5 6.34 mM min21.
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