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Introduction

Polyrotaxane (PR), where a number of cyclodextrins (CDs) 
are threaded on a linear polymer chain and interlocked by 
terminal bulky stoppers, has attained significant advances in 
some particular areas of supramolecular chemistry because 
of its important theoretical potential and wide applications 
since it was firstly reported by Harada and colleagues in the 
1990s [1]. The threaded CDs are able to rotate and move 
along the guest linear chain freely [2]. This unique property 
is thought to give some outstanding advantages to PR mate-
rials [3–5]. Furthermore, due to the abundant hydroxyls on 
the threaded CD, PR is also easy to be functionalized via 
simple chemical modification. With these characteristics, 
PR materials have great potential to be used as novel smart 
materials [6–8] including molecular switch, drug delivery 
systems [9–11], insulated molecular wires [12, 13], slide-
ring materials [14], and so forth.

The traditional synthetic strategy for PR usually 
involved two steps. The former is the formation of 
pseudo-PRs (PPRs) in water and end-capping with stop-
pers in an organic solvent. The latter, a key step, deter-
mines the yield and CD coverage ratio in PR prepara-
tion. However, because the polar organic solvents used 
in end-capping process can eliminate the intermolecular 
forces between CDs and guest polymer [15, 16], they lead 
to the strong and quick de-threading tendency of the CDs 
from the PPR; therefore, it is very difficult to achieve PR 
products with high yield and CD coverage ratio. This dif-
ficulty greatly has restricted the further research about PR 
application.

Abstract A kind of one-step synthesis of polyrotaxane 
(PR) was achieved via in situ Michael addition reaction. 
The acrylate terminated poly(ethylene glycol) (a-PEG) 
was initially synthesized. Then, the PR was synthesized 
in situ with a novel stopper mono-thiolated β-cyclodextrin 
(SH-β-CD) via Michael addition reaction. A pseudo-
polyrotaxane (PPR) was formed in water by a-PEG and 
α-CDs. This strategy was not only able to prevent the de-
threading of CDs, simplify the PR’s synthetic procedure, 
and achieve high yield but also obtained biocompatible 
and environment-friendly PRs. Furthermore, the influence 
of reaction conditions on the yield and CD coverage ratio 
were thoroughly investigated. It showed that the yield 
increased with increasing solubility of SH-β-CD, resulting 
from the introduction of DMF, while the CD coverage ratio 
almost was kept as a constant with the change in feed ratio 
of α-CD. The highest yield of around 29 % was obtained 
by this method, whereas a relative high CD coverage ratio 
of around 60 % was achieved simultaneously. This result 
showed a promising potential in the large scale PR produc-
tion. Finally, the successful preparation and the structure of 
the resulting PR were confirmed by IR, NMR, and DSC. 
The GPC traces exhibited a narrow molecular weight dis-
tribution, and the XRD confirmed the PR’s channel-type 
structure.
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