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Smart People with Smart Polymers from Organic
Macromolecular Chemistry Group of Saarland

University

The editorial of CDN pre-symposium issue was dedicated to the German scientists and

cyclodextrin technologists. 

This post-symposium issue of CDN is to thank Prof. Wenz, the Organizer and Chairman of the

17th International Cyclodextrin Symposium and his team for the excellent organization, for the

high level scientific environment and for the kind hospitality. (Some of us thank Gerhard for

the exhausting physical exercise during the first day’s excursion and for the unforgettable

climbing on the last day at the industrial historic place at Völklinger Hütte together with

culinary adventures.) Our host at the Saarbrücken Symposium, has been playing a world-wide

recognized role in the chemistry, the synthesis of cyclodextrins and their derivatives,

polymers, rotaxanes as well as their applications.

The successful symposium with more than 200 participants from all over the world has been a

special and really stimulating event giving platform to the most sophisticated supramolecular

structures useful for many applications from catalysis to pharmaceuticals, food and

environmental field. 

Speaking of the German Cyclodextrin scientists, Prof. Gerhard Wenz has a distinguished

recognition, since he is today one of most decisive and influential chemists among German

Cyclodextrin scientists.

Gerhard has been working in the field of CDs for over 25 years. In the beginning, he worked at

the Max Planck Institute für Polymer Forschung in Mainz, on the synthesis and

characterization of series of lipophilic CD derivatives. Per-O-pentylated CDs, like heptakis

(2,6-O-dipentyl)-αCD, and (2,3,6-O-tripentyl)-αCD as well as the corresponding βCD

analogues have been synthesized. He then collaborated with Prof. König (in Hamburg) by

sending his per-pentylated CD derivatives for enantioselective gas chromatography. This

fruitful co-operation of the organic chemist and the chromatographer, soon resulted in the

design and commercialization of Lipodex® columns for enatioselective gas chromatography.

The Macherey-Nagel company patented [1] these CD-enabled GC columns and now offers six

different Lipodex GC capillary column products for enatioseparation. 

Another patented discovery made by Prof. Wenz and colleagues is the synthesis and utilization

of 2,6-di-O-butylated-3-O-acetylated CDs as catalysts for cyanoacrylate adhesives.[2] The
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ethyl-2-cyanoacrylate which contains about 0.2 wt% of heptakis (2,6-di-O-butyl-3-O-acetyl)-

βCD was used to bond SBR rubber with highly accelerated binding and shortened setting time

(See Henkel’s Loctite glue products). 

He wrote his first review on CDs as building blocks for supramolecular structures [3] and

published his first results on the synthesis of cyclodextrin polyrotaxanes in Angewandte

Chemie as early as in 1992 [4], the same year when the paper of Harada et al. on molecular

necklaces appeared in the Nature [5].

Wenz at Karlsruhe (1992−2000)

The work in Karlsruhe was mainly devoted to cyclodextrin polyrotaxanes [6-9].

Furthermore the group synthesized the first self-organizing hydrogels by interaction of

cyclodextrin polymers with guest polymers (Scheme 1) [10]. 

Scheme 1: Self-assembly of linear CD polymer and guest polymer with 4-tert-butylaniline

moieties [9]

Wenz at Saarbrücken

In the year 2000, Prof. Wenz moved from Karlsruhe to Saarbrücken to University of Saarland,

to become the head of Department of Organic Macromolecular Chemistry. Since then he has

been conducting his research around smart polymers including also CD-based ones. The

definition of these systems is given on the homepage of the group:

„Smart Polymers are functional materials with properties switchable by external stimuli like temperature, pH,

time, light, pressure, magnetic fields, electricity, or specific receptor-ligand interaction. Smart Polymers are

often inspired by biological systems and mimic living bones, tissues, cells, viruses and so on. We are interested

in specific functions and material properties ranging from switchable mechanic and tribologic properties to

molecular transport functions, for example for controlled drug delivery. We start from the natural
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polysaccharides starch and cellulose because they are renewable feed-stocks independent from fossilic oil

and gas. Furthermore, polysaccharides show a very high structural definition and they are generally non toxic,

biocompatible, and biodegradable.” [11]

Among the about 100 CD-related publications (papers, conference proceedings and patents)

of Prof. Wenz’s research team filed in the Cyclodextrin News database on 18.06.2014 we can

find 39 hits for “polymer” as a keyword, 12 for “polyrotaxanes”, 10 for “supramolecular

structures”, 5 for “immobilization”, etc. showing the main focus of the research. The 6 review

papers on CDs as synthons [12], host-guest chemistry [13], molecular recognition [14] and

on polyrotaxanes [15-17] are well cited.

The most recent results were demonstrated at the symposium. Some examples are as follows:

CD was conjugated to hyaluronic acid, a natural polymer of high biocompatibility and

biodegradability. First mono-tosyl βCD was reacted with cysteamine hydrochloride to get

amino functions and coupled to hyaluronic acid by 2-chloro-4,6-dimethoxy-1,3,5-triazine

coupling agent (Scheme 2) [18].

Scheme 2: Hyaluronic acid modified with CD

Amphiphilic 6-thioalkyl CDs −useful carriers for delivery of camptothecin− were prepared and

complexed with the fluorescence dye BODIPY to get a promising system to visualize transport

processes into living cells [19].

A sophisticated gene delivery system was worked out by self assembly: cationic CD

polyrotaxanes were prepared by threading first a heptacationic βCD and then αCD on highly

water-soluble ionic polymers with long spacer groups. These cationic polyrotaxanes were

especially useful for gene transfection even superior to polyethylene imine (PEI) (Scheme 3)

[20].
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Scheme 3: Nanoparticles formed of polyrotaxanes of polycationic polymer with polycationic

CDs (βCDs in the middle of the chain and αCDs at the end) forming polyplexes with the

double helix of genes [20]

A molecular toolkit based on CD-modified surfaces, ditopic guests and CD polymers with stiff

backbones was developed and utilized to measure the adhesion and friction forces between

two CD layers (the CD-modified silicone surface and CD-functionalized tip of the dynamic

single molecule force microscope) in the presence and absence of ditopic adamantane guests

(Scheme 34) [21].

Scheme 4: Self assembly via complex formation with a ditopic guest (adamantane) forming a

non-covalent link between the CD-modified surface and a CD-modified polymer [21]

Prof. Wenz’s team has been regularly in the focus of scientific discussions at the International

Cyclodextrin Symposia as shown by the 2 photos below.
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Prof. Wenz with Dr. Buschman in 1996 in Budapest and with Dr. Szente in 2014 in

Saarbrücken at the 8th and 17th International Cyclodextrin Symposia, respectively
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