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Germany and the Cyclodextrin Science and 
Technology

The 17th International  Cyclodextrin Symposium will  be held in May, in Germany, organized by 

Prof. Gerhard Wenz at Saarland University.

This  Editorial  is,  therefore, intended to be an overview of the impact  of German Science and 

German scientists on the cyclodextrin technology. This article is  at the same time a hommage 

à German Pioneers and their followers, those who contributed remarkably to the scientific and 

technical advancements achieved in this field since the early 1930’s to date.

It is interesting to realize that almost all major Universities across Germany have been involved in 

the cyclodextrin  science to  different extents.  Almost all  aspects  of  cyclodextrin  chemistry  and 

applications have been subject at German laboratories.

The very beginning: University of Heidelberg and Karl Freudenberg (18861983)

The great German pioneer, Karl Freudenberg (Photo 1) worked at the University of Heidelberg at 

the Chemistry Department. In 1935, he and his doctorant co-worker, Richard Jacobi, published an 

influential paper on the chemical structure of cyclodextrins convincingly stating their well-founded 

opinion, that these oligosaccharides are of cyclic structure. (Justus Liebigs Annalen der Chemie Vol 

518, Issue 1, pages 102–108, titled “About Schardinger dextrins from Starch”.) 

Freudenberg  also  reported   probably  for  the  first  time   that  the  two  types  of  purified 

Schardinger-dextrins, the alpha- and beta-dextrins would show different aqueous solubility. Alpha 

is well soluble, while the beta is less soluble.

Photo 1. Karl Freudenberg in 1951.

http://onlinelibrary.wiley.com/doi/10.1002/jlac.v518:1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/jlac.v518:1/issuetoc
http://www.google.hu/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ggm6Ucl69LmcmM&tbnid=D1ecR7xbX6xx5M:&ved=0CAUQjRw&url=http://www.uni-heidelberg.de/institute/fak12/texte/freudenb.html&ei=btFYU7HZCYLLtQbFg4DwAw&bvm=bv.65397613,d.Yms&psig=AFQjCNFy5K0CwSQ5l7Dps2ondmnKqNfWZQ&ust=1398416038979376


VOLUME 28. No 05. 

Five years later, in 1936, Freudenberg and Wilhelm Rapp reported on the laboratory scale 

simple process to prepare Schardinger dextrins from potato starch via controlled enzymatic 

hydrolysis. This paper also served for many years as a solid ground for making cyclodextrins 

from amylose and starch pre-hydrolysates under laboratory conditions, in particular on how 

the cyclic dextrin fractions can be efficiently separated from linear fragments (see cover page 

of that paper in Figure 1a). The kinetics of enzymatic hydrolysis of amylose was also studied 

and reported. Today, we certainly must appreciate the importance and technical significance 

of  this  work,  since  the  current  sophisticated  cyclodextrin  manufacturing  technologies  are 

similar to that what was described about 80 years ago by Freudenberg and co-workers. Also in 

the same year Freduenberg’s group published on the acetolysis and hydrolysis of starch and 

Schardinger dextrins and set up well founded rules and the behavior of cyclodextrins during 

amylolytic  degradation.  They  provided  the  very  first  hydrolysis  kinetics  data  and  rate 

constants  of  the  hydrolysis  of  glycosidic  linkages.  (Berichte  der  deutschen  chemischen 

Gesellschaft A and B Series, Vol.69. pages 1258–1266, 10. 1936, Figure 1b)

Figure 1. a) The cover page of Freudenberg-Rapp paper and b) of Freudenberg paper on 

acetolysis both published in 1936.
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After World War II: Friedrich Cramer (19232003), University of Göttingen (Max-

Planck Institute of Experimental Medicine)

After the World War II, in early 1950s, two groups have taken up the dominating position in 

the  cyclodextrin  chemistry  and  applications:  in  the  USA  Dexter  French  at  Iowa  state 

University,  while  in  Europe  Friedrich  Cramer’s  group  at  the  Max-Planck  Institute  of 

Experimental Medicine, in Göttingen, Germany. 

Interesting to note that Cramer wrote his PhD thesis under supervision of Karl Freudenberg in 

1949, then made his habilitation in 1953 both on the Cyclodextrins subject. 

Not many cyclodextrin chemists are aware of the really interesting fact, that Cramer has got a 

postdoctoral position at University of Cambridge in England to work with James Watson and 

Francis Crick in 1953. Watson and Crick involved Cramer in their double helix studies, as the 

German chemist  had  previous  and  solid  knowledge  on other  type (glucose-based)  helical 

structures (such as amylose/starch and their iodine complexes). In 1954 Cramer returned to 

Heidelberg University and delivered the very first lecture on new discoveries around DNA’s 

helical structure and on the chemistry of heredity, in Germany. 

Cramer‘s group – benefiting from the availability of pure cyclodextrins in larger gram scales - 

worked on the preparation and characterization of cyclodextrin inclusion complexes. A number 

of even today useful  complexation technologies were developed and communicated by the 

team.  He  and  his  group  with  Drs.  Henglein,  Dietsche,  Kampe  and  others,  convincingly 

published on the main physico-chemical properties of binary host-guest inclusion complexes. 

The diversity of guest substances studied by Cramer with the host (mainly alpha- and beta-) 

cyclodextrins  in  these studies was really  remarkable.  These studies included noble  gases, 

halogens, aromatic organic substances, slim fatty acids, even the synthetic azo dyes and other 

types of colorants. Hundreds of different cyclodextrin complexes were isolated in crystalline 

form and the consequences of the inclusion phenomenon were described, in detail. Cramer 

and his co-workers set up rules for the basic terms of complex formation and they made 

suggestions on the putative step-wise mechanism of the complex formation and determined 

the main thermodynamic driving forces of the non-covalent interactions. In the early 1950s 

Cramer actually  laid down the ground rules of inclusion complex chemistry. Interesting to 

mention that  he made the first observation that  the complexation with cyclodextrins may 

proceed in a stereochemically controlled manner. Also he suggested that cyclodextrins could 

have some utility in chiral recognitions via inclusion complex formation. 

Friedrich Cramer and co-workers in Göttingen authored about 40 papers, and all of them are 

today valuable „scientific historical monuments” for all of us. 

In  1962  Cramer  was  appointed  as  the  director  of  Max-Planck  Institute  of  Experimental 

Medicine, in Göttingen and he acted in this position until 1991.
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Freie  University  Berlin,  Professors  Wolfram  Saenger  (1939)  and  Karl-Heinz 

Frömming (19232006)

The forerunner of Berlin Freie University, the Kaiser Wilhelm Institute was founded in 1911 for 

the promotion of natural sciences by the emperor, himself. (During the first few decades great 

scientists worked in these institutes such as Werner Heisenberg, Peter Debey, Albert Einstein, 

Fritz Haber, Otto Hahn, Walter Bothe, just to name a few eminent persons.)

After World War II, this neighborhood and the old buildings were reconstructed the university 

reorganized and the prestigious Freie Universtiät Berlin was established. 

Freie University has played a decisive role in cyclodextrin science in particular regarding the 

structural aspects of cyclodextrin hydrates and the inclusion complexes. Wolfram Saenger – 

who had a privilege to work with F. Cramer in Göttingen – became one of the most influential  

scientist  concerning  the  different  hydrate  forms  of  parent-  and  chemically  modified 

cyclodextrins and the topology, crystal structure of host guest complexes.

Moreover from the early 1970 s Prof. Fömming at the pharmaceutical department started a 

decades-long project on the utilization of CDs in different pharmaceutical formulations. 

Germany pioneers in separation science: Wilfried König (19392004) in Hamburg 

and Volker Schurig (1940) in Tübingen 

Professor Wilfried König at the Department of Organic Chemistry University of Hamburg has 

played a dominating role in the cyclodextrin-assisted chiral recognitions. He has been most 

active  in  the  enatioseparations  by  gas  chromatography.  König  invented  a  number  of 

chemically  modified cyclodextrins as stationary phases suitable as coatings in capillary gas 

chromatography. He and co-workers developed a number of chiral  separation GC methods 

today routinely used for the analysis of natural substances, flavors, fragrances, essential oils, 

etc. using cyclodextrin-based capillary GC columns.

Another German separation scientist, Professor Volker Schuring, at the Institute for Organic 

Chemistry  of  University  of  Tuebingen  has  become one  of  the  most  influential  person  in 

cyclodextrin-based chiral separations both in capillary GC and eletrochromatography. Schurig 

and his team published over 170 scientific  technical  papers and filed a number of patents 

concerning the use of alkylated CD-based chiral stationary phases. 

Hans Bender  (19071991)  University  of  Freiburg  im Breslau:  The  enzymology  and 

biotransformation  of  polysaccharides  including  cyclodextrins,  has  been  one  of  the  major 

subjects of studies by Professor Hans Bender and his team at University of Freiburg. Both 

cyclodextrin forming and cleaving types of bacterial enzymes were involved in their studies. 

Bender and colleagues played a decisive role in locating and determining the active centers of 
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CTG-ase enzymes originated from different species. Such a pioneering work by Bender’s group 

was the first detailed description of cyclodextrin glucanotransferase isolated from Klebsiella 

pneumoniae in 1977. (Arch. Microbiol., 111(3), 271-82, 1977) 

Bender studied also the CD degrading enzymes from diverse microrganisms, for instance by 

developing  partial  purification  processes and  describing  properties  of  the  enzyme from a 

Flavobacterium species. Bender’s contribution  has been one of the most influential  to the 

establishment  of  an  industrially  feasible  enzymatic  technology  for  manufacturing  of 

cyclodextrins. 

University of Darmstadt: Frieder W. Lichtenthaler (1932) and Stefan Immel (1965)

Professors Lichtenthaler and Immel played a fundamental  role in the right and unanimous 

nomenclature of cyclodextrins inaddition to constructing a molecular library with computer-

aided illustrations of the most probable structures and geometries of cyclodextrins and other 

cyclic oligosaccharides. This library has been available for years as a reliable source of the 

computer-based generation of the three dimensional geometries and the contact surfaces for 

the cyclodextrins and cyclic  oligosaccharides made up of galactose, mannose, altrose and 

fructose The MOLCAD program's computation of the molecular lipophilicity patterns (MLPs), 

projected in color-coded form onto the respective contact surfaces, for the first time allowed a 

precise localization of hydrophobic and hydrophilic domains that determine complex formation 

of cyclic oligosaccharides.

Wacker Chemie, the German Cyclodextrin Manufaturer

Consortium für Elektrochemische Industrie, Dr. Frank Müller (1929??) and Wacker 

Chemie Dr. Gerhard Schmid (1957) and his team 

In  early  1980's  Wacker  Chemie  was  the  first  German  company  that  opened  toward 

biotechnology–related projects. Manufacturing of enzyme-modified  starch, in  particular  the 

cyclodextrins were in the focus of these attempts. Dr. Frank Müller, the managing director of 

Consortium for Electrochemical industry „crossed the iron curtain” and discussed the details of 

Hungarian cyclodextrin manufacturing technology with József Szejtli at the Chinoin factory. A 

dedicated young biotechnology engineer, Dr. Gerhard Schmid optimized the type and use of 

cyclodextrin glycosyl transferase enzymes and the reaction conditions of bioconversion leading 

to the optimization of CD-manufacturing technology at an industrial  scale. Since that time 

Wacker Chemie became a world-wide recognized key manufacturer of the parent alpha- beta- 

and gamma cyclodextrins (Cavamax™ product line), as well as HPBCD, HPGCD and methyl-

beta-cyclodextrins  (Cavasol™  product  line).  Wacker  has  also  played  a  significant  role  in 

providing  cyclodextrins  and  CD complexes  for  nutraceutical,  food and  cosmetic  purposes. 

Wacker  has  recognized  the  possibility  of  utilization  of  parent  gamma-  and  alpha-CDs  as 
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valuable dietary fibers. 

There are various research teams working on cyclodextrins even at present increasing the 

contribution of the country to the cyclodextrin science and technology, no wonder that the 

organizing committee accepted the offer of Prof. Wenz to organize the symposium in 2014. 

This is the 2nd time that Germany is the host of the International Cyclodextrin Symposium. 

The 4th ICS was held in Munich, West Germany in 1988 organized by Wacker Chemie. The 

conference proceedings book (still  available at Kluwer) was published with the introductory 

remarks by Prof. Cramer.

Lajos Szente

CycloLab Cyclodextrin R&D Laboratory, Ltd.,

Budapest, HUNGARY
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