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Ronald Breslow

(1931-2017)

Professor Ronald Breslow (86) passed away in October. His passing is a huge loss for the
world of chemistry including cyclodextrin chemistry.

Breslow completed his B.A. (1952), M.A. (1953) and Ph.D. (1955) at Harvard University. He
started to work at Columbia University in 1956, where he became a University Professor in
1992 and worked there till his retirement. He served as President of the American Chemical
Society in 1996. On his honor, the Ronald Breslow award was established in 2001 (on the

occasion of his 70 birthday) to recognize outstanding contributions to the field of biomimetic
chemistry. His interest was shared between biology and chemistry (being a member of both
chemistry and biology department). He wrote about the history of biomimetic chemistry
(which is the history of his life) in an easily understandable style [1].

He made fundamental research on various fields of synthetic chemistry including cyclodextrin
modifications. He used the cyclodextrin derivatives in supramolecular chemistry, molecular
catalysis and biomimetic chemistry. He has published 75 cyclodextrin-related papers including
2 book chapters and a book. His cyclodextrin-related publications were started with a paper on
selective aromatic substitution within a cyclodextrin complex in 1969 [2] and finished with a
review chapter in a book entitled “"Molecular Encapsulation: Organic Reactions in Constrained
Systems” in 2010 [3].

Prof. Crini writes on him in his famous paper on the history of cyclodextrins [4]:

“Breslow, at the University of Colombia in 1970, synthesized an artificial enzyme (a CD
modified with a coenzyme) that mimicked the biochemical reactions catalyzed by naturally
occurring transaminases [5, 6]. A year later, the same lab managed to realize the dreams of
supramolecular chemists: they used a modified CD to catalyze a chemical reaction (a
Diels—Alder cycloaddition), which no natural enzyme and no common catalyst could [7].”

Ronald Breslow found cyclodextrins extremely attractive components of artificial enzymes.
Enzymes have a hydrophilic exterior and a hydrophobic interior. This structure makes possible
hydrophobic substrates to bind the hydrophobic binding site allowing the reaction to occur
away from water. Cyclodextrins possessing hydrophilic exterior and hydrophobic cavity behave
as enzyme analogs. Their large number of hydroxyl groups can either react with the substrate
included in the cavity or can be used to attach other catalytic groups [8].

This concept was used to imitate various enzymes as summarized in several reviews [3, 8-
24]. A few examples of the huge library of his cyclodextrin-based enzyme mimics are shown
below.
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Ribonuclease model was developed using bisimidazoyl-CD derivatives (6A,6B and 6A,6C and
6A,6D isomers) mimicking the two histidines at the active site of the enzyme. Catechol
monophosphate, as a model compound of the cyclic intermediate in RNA hydrolysis was
hydrolyzed by the beta- and gamma-CD derivatives with an enhanced rate with the 6A,6B
isomer of BCD having the two imidazoyl groups in adjacent glucose units (Fig. 1).

Fig. 1 Intermediate of hydrolysis of cyclic phosphate ester of 4-tert-butylcatechol to noncyclic
phosphates by BCD carrying catalytic groups, in this case two imidazole moieties

Cyclodextrin dimers and trimers were found to bind to certain peptides and proteins with
much higher affinity than beta-cyclodextrin. A series of dimers and trimers were prepared with
various spacer groups (various length and hydrophobicity) to find the best binding agents for
polypeptides and proteins. See two examples in Fig. 2 and 3. A dimer with a short disulfide
linker between the primary carbons of the two cyclodextrins binds preferably the dipeptide
Trp-Trp. Trimers were found to bind larger peptides more effectively than the dimers.

Fig. 2 Cyclodextrin dimers for binding ditopic substrates (clamshell structure). The linker
containing bipyridyl group can form complexes with metal ions and these metal complexes are
effective catalysts in hydrolyzing esters with two hydrophobic moieties
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Fig. 3 Cyclodextrin trimer for tritopic binding substrates, such as trimeric aminoacid
(phenylalanine and/or triptophane) amides to mimic binding of peptides and proteins

Manganese porphyrin carrying four cyclodextrins attached to fluorinated phenyl groups (Fig.
4), Cytochrome P-450 mimic, was used as a catalyst in the hydroxylation of androstane-3,17-
diol. The steroid was converted to diester carrying tert-butyl groups for binding into
cyclodextrins prior to hydroxylation regioselectively at the C-6 position of the steroid using
iodosobenzene as oxidizing agent. Without the tert-butylphenyl binding groups no oxidation of
the steroid occurred under the same conditions.

Fig. 4 Manganese porphyrin carrying four CDs attached to fluorinated phenyl groups
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Prof. Breslow inspired by biology recognized the importance of geometric control imposed by
defined binding to the catalyst and the potential of cyclodextrins in such processes. The
wealth of fundamental knowledge he collected in this field largely contributes to the
development of artificial enzymes as well as cyclodextrin chemistry.
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Cyclodextrin News Retrospective
We wrote 10, 20 and 30 years ago

10 years ago, the editorial of Cyclodextrin News dealt with the application of differently
methylated BCD derivatives (and their cholesterol complexes) in controlled manipulation of
membrane cholesterol content. The reported major findings were the followings:

- Decreasing the degree of methylation resulted in decreased solubilization of cholesterol,

- Comparing different purity grades of DIMEB it was observed that the isomer purity had
hardly any influence on cholesterol solubilization and the effects on cell viability were also
very similar,

- Ionic, “Second generation” CD derivatives obtained by further derivatization of methylated
CDs showed much lower cholesterol solubilizing effect than their parent methylated CDs,
nevertheless higher than the related ionic CD derivatives.

"TUNING CYCLODEXTRINS TO MODIFY THEIR CHOLESTEROL BINDING" Cyclodextrin News,
2007 Vol. 21, No. 12.

20 years ago, the editorial of the December issue of Cyclodextrin News was a cordial invitation
to the 9th International Symposium on Cyclodextrins, University of Santiago de Compostela.

30 years ago, the editiorial was a short report on the Symposium of "Possibllities for
Application of CDs in the Pharmaceutical industry" organized in West-Berlin on 20-22
September 1987 by the Pharmaceutical Institute of the Free University in Berlin. Some topics
represented there are still actively studied research areas, it is surprising how actual questions
were discussed three decades earlier, such as:

K.H. Fromming: "General aspects of CD-applications in the pharmaceutical industry"
J. Szejtli: "Groups of drugs to be complexed by CDs: possibilities and limits"

R. Kupferschmied. R. Schmied: "Examples for Application of Silicabonded CDs in Drug
Analysis"

T. Téth: "Quality control of CDs"

T. Nagai: "Application forms and application ways of drug formulations with CD inclusion
compounds"

E. Smolkova-Keulemansova: "Use of cyclodextrins in chromatography"
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International Journal of Pharmaceutics, 2017, 529, 568-575;
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