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a  b  s  t  r  a  c  t

The  design  of complex  macromolecular  architectures  has  driven  macromolecular  engineer-
ing over  the  past  decades.  The  introduction  of  supramolecular  chemistry  into  polymer
chemistry  provides  novel  opportunities  for the  generation  of  macromolecular  architec-
ture with  specific  functions.  Cyclodextrins  are  attractive  design  elements  as they  form
supramolecular  inclusion  complexes  with  hydrophobic  guest  molecules  in aqueous  solu-
tion affording  the  possibility  to combine  a large  variety  of building  blocks  to  form  novel
macromolecular  architectures.  In the  present  critical  review,  the  design  of a  broad  range
of  macromolecular  architectures  driven  by cyclodextrin  host/guest  chemistry  is discussed,
including  supramolecular  block  copolymers,  polymer  brushes,  star  and  branched  polymers.

© 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Complex macromolecular architectures play a crit-
ical role in contemporary polymer science [1–3]. The
control over polymer functionality, polymer composi-
tion and polymer topology provides an opportunity to
prepare polymeric materials for a large variety of appli-
cations, e.g. microelectronic materials [4], drug/gene
delivery [5], biomedical materials [6], supersoft elastomers
[7] or hybrid materials [8]. Especially the development
of reversible-deactivation radical polymerization tech-
niques, e.g. nitroxide-mediated radical polymerization
(NMP) [9,10], atom transfer radical polymerization (ATRP)
[11,12], and reversible addition-fragmentation chain trans-
fer (RAFT) polymerization [13–15], had a significant impact
on the formation of complex macromolecular architec-
tures, due to their convenient handling and functional
group tolerance. Especially in connection with modu-
lar ligation chemistry it is possible to generate very
complex building blocks with a large diversity due to
the high tolerance of functional groups [16–19], e.g. via
copper(I)-catalyzed azide-alkyne cycloaddition (CuAAc)
[20], thiol-ene [21,22] or Diels–Alder reactions [23].

Concomitantly, supramolecular chemistry had sig-
nificant impact on polymer science and especially on
the formation of complex macromolecular architec-
tures. Examples for supramolecular interactions that have
been utilized in polymer chemistry are hydrogen bond-
ing [24,25], metal complexes [26] as well as inclusion
complexes [27–29]. Cyclodextrins (CDs) constitute an
important building block for supramolecular systems, as
they can form inclusion complexes with hydrophobic guest
molecules primarily in aqueous solution. This ability has
been utilized in polymer science in manifold applications,
e.g. drug delivery [30], nano-structures [28], supramolecu-
lar polymers [31], self-healing materials [32], amphiphiles
[33], bioactive materials [34] or in the solubilization of
hydrophobic monomers or RAFT agents [35,36].

In recent years CD complexes have proven to be an
elegant tool for the generation of complex macromolec-
ular architectures. Almost every conceivable architecture
has been described so far. Especially the development of
reversible-deactivation radical polymerization techniques
for the synthesis of end-functionalized polymers and mod-
ular ligation chemistry [17] had a very significant impact
on the recent progress in the area.

Fig. 1 depicts a compilation of different architectures
that were generated via CD host/guest complexes thus far.
CDs have been utilized for the modification of polymer
functionality, polymer composition and polymer topology.

CD functionalized polymers are rather readily accessible
via reversible-deactivation radical polymerization giving
control of end chain and mid  chain functionality. Diverse
supramolecular polymer compositions can be obtained via
incorporation of CD complexes at the interface between
different blocks. To achieve more complex topologies, a
combination of different functionalized building blocks is
necessary, e.g. multi-CD functionalized polymer strands. In
general, the control over polymer functionality gives rise to
the formation of complex supramolecular polymer com-
positions and topologies. In the following, the structures
depicted in Fig. 1 will be illustrated with several exam-
ples.

2. Common CD containing building blocks

Although CDs possess a large number of functional
groups, the reactivity of the primary (at C-6) and secondary
hydroxyl groups (at C-2 or C-3) differs significantly, provid-
ing an opportunity to exclude some of the hydroxyl groups
in specific reactions (refer to Fig. 2) [37,38]. Nevertheless, at
least six hydroxyl groups with the same reactivity exist in
a CD molecule. To obtain mono functionalization, the reac-
tion conditions have to be monitored carefully. The most
commonly used intermediate is the mono tosylate at C-
6, which can be synthesized in pyridine for all native CDs
[39–41] or in aqueous NaOH solution for �-CD and �-CD
[42,43]. The tosylate can be transformed into several use-
ful building blocks, e.g. azide [40,41], thiol [44] or amine via
nucleophilic substitution with a diamine [45]. The azide
is available via a nucleophilic substitution of the tosylate
with sodium azide [40–42], whereas the thiol is formed via
a nucleophilic substitution with thiourea and subsequent
hydrolysis [44,46]. The azide can be further converted
into an amine via reduction [39–41]. With these 3 sub-
stituents a large variety of modern polymer conjugation
reactions can be utilized, e.g. CuAAc [43,47] and thiol-ene
reactions [48]. CD-functionalized polymerization media-
tors, e.g. for NMP  [49], ATRP [50] or RAFT [51] have been
described in the literature as well as post-polymerization
conjugation reactions with CDs. [50,52] Mono function-
alizations at C-2 are described in the literature as well
[53,54], yet C-2 or C-3 derivatives are not utilized as fre-
quent as the C-6 derivatives. Certainly an esterification of
the hydroxyl groups is possible as well, yet the selectiv-
ities are usually low. Either full conversions are initially
targeted or lower substitution grades are targeted and the
obtained mixtures have to be purified in inconvenient pro-
cedures.
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