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Sustainable Gold Catalysis in Water Using Cyclodextrin-

tagged NHC-Gold Complexes

Hilya Sak,”” Matthias Mawick,” and Norbert Krause*™

The synthesis of 10 water-soluble B-cyclodextrin-tagged NHC-
gold(l) complexes is described. Key steps are nucleophilic
substitutions, as well as, copper-(CuAAC)- and ruthenium-
(RuAAC)-catalyzed azide alkyne cycloadditions. Whereas the
CuAAC reliably affords 1,4-disubstituted 1,2,3-triazoles, the
regioselectivity of the RUAAC depends on the structure of the
coupling partners. Permethylated cyclodextrin-tagged NHC-

Introduction

Organic solvents continue to be the reaction media of choice
for transformations of organic substrates, notwithstanding the
fact that they are the major source of waste produced by
chemists in industry and academia.? Numerous alternative
solvents with a smaller environmental burden have been
introduced in recent years® and provide an important contribu-
tion to the advancement of Green Chemistry.®! A particularly
attractive approach to Sustainable Chemical Synthesis is the use
of water as reaction medium for catalytic transformations. This
can be achieved by using micelles as nanoreactor for substrates
and catalysts,” or by designing water-soluble catalysts.” In the
area of homogeneous gold catalysis, we have demonstrated
that both strategies®” lead to highly efficient and recyclable
catalysts for various transformations in bulk water. A straightfor-
ward method to render gold catalysts water-soluble is to
decorate them with anionic (carboxylate, sulfonate) or cationic
(ammonium) groups.”” For example, NHC-gold(l) catalysts
tagged with one or two ammonium salt groups (Figure 1)
efficiently catalyze cyclization reactions of various unsaturated
substrates in aqueous medium, even in the absence of a silver
cocatalyst. The latter is required in organic solvents for
generating catalytically active cationic gold species® but often
has a negative impact on the rate of gold-catalyzed
transformations.®”

[a]l Dr. H. Sak, M.Sc. M. Mawick, Prof. Dr. N. Krause
Organic Chemistry
Dortmund University of Technology
Otto-Hahn-Strasse 6
Dortmund D-44227 (Germany)
E-mail: norbert.krause@tu-dortmund.de

Q Supporting information for this article is available on the WWW under

https://doi.org/10.1002/cctc.201901658

= 'm This manuscript is part of the Special Issue on the Sustainable and Afford-
able Chemistry to Meet Future Challenges in the Pharmaceutical Industry.

© © 2019 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA.
This is an open access article under the terms of the Creative Commons
Attribution License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited.

ChemCatChem 2019, 11, 5821-5829 Wiley Online Library

5821

gold(l) complexes are soluble both in water and in organic
solvents. They show excellent catalytic activity and recyclability
in cyclization reactions of functionalized allenes and alkynes in
bulk water. The enantioselective cycloisomerization of y- and 6-
hydroxyallenes could be achieved with up to 38 % ee. Thus, it is
possible to take advantage of the chirality of the cyclodextrin
moiety for enantioselective gold-catalyzed transformations.
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Figure 1. Ammonium salt- and cyclodextrin-tagged NHC-gold(l) catalysts.

A different type of water-soluble catalysts would be
obtained by linking a gold-NHC fragment to a cyclodextrin
(Figure 1). Cyclodextrins (CD) are cyclic oligomers of glucose
which are formed by enzymatic degradation of starch. Due to
their unique truncated cone structure with a hydrophobic cavity
and a hydrophilic shell, they exhibit a high water solubility and
a rich host-guest chemistry."” These properties are strongly
affected by the size of the cyclodextrin (a-CD/B-CD/y-CD) and
its substituent pattern. Moreover, it is possible to take
advantage of the chirality of the cyclodextrin moiety for
enantioselective transformations."" In this paper, we describe
the synthesis of various (-CD-tagged NHC-gold(l) complexes
and their use in gold-catalyzed cyclization reactions in bulk
water. Key steps for linking the metal fragment to the
cyclodextrin are nucleophilic substitutions, as well as, copper-
(CuAAQ)- or ruthenium-(RuAACQ)-catalyzed azide alkyne cyclo-
additions.

Results and Discussion
Synthesis by Nucleophilic Substitution

B-Cyclodextrin possesses 7 primary and 14 secondary hydroxy
groups. As a consequence, each synthetic procedure starting
from the native CD has statistical implications. Our first
approach to a cyclodextrin-tagged NHC-gold(l) complex
(Scheme 1) started with the monotosylation of $-CD 1 which,
besides various multiply tosylated products, afforded the
desired monotosylate 2 with 33% yield."? Subsequent nucleo-
philic substitution with N-methylimidazole and anion exchange
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Scheme 1. Synthesis of 3-CD-tagged NHC-gold(l) complex 6 by nucleophilic substitution.

with Amberlite® IRA-900 Cl ion exchange resin afforded the
corresponding imidazolium chloride. Unfortunately, all attempts
to convert this into the corresponding NHC-gold(l) complex in
the presence of 20 unprotected hydroxy groups either by
Nolan’s transmetalation method" or via the free NHC obtained
by deprotonation with t-BuOK in methanol”'*' failed. A
possible reason is the low acidity of the imidazolium ion (pKa

24),"% compared to OH groups (pKa 15). Therefore, the
monotosylate 2 was peracetylated to afford 3 with 75% vyield,
followed by nucleophilic substitution with N-methylimidazole
(83%) and replacement of the tosylate to chloride using
Amberlite® IRA-900 Cl (89 %).

The peracetyled imidazolium chloride 4 thus obtained was
converted without problem into the desired 3-CD-tagged NHC-
gold(l) complex 5 (64 % yield) via the corresponding silver-NHC
intermediate.”¥ As expected, 5 is soluble in different organic
solvents, but not in water. Due to the sensitivity of NHC-gold(l)
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compounds towards bases and reducing agents, removal of the
acetyl protecting groups is a difficult task. Interestingly, careful
treatment of 5 with dilute sodium methanolate solution at
ambient temperature liberated all secondary hydroxy groups to
afford product 6 in quantitative yield, whereas the six primary
OH groups remained acetylated. Attempts to cleave the latter
as well resulted in decomposition. NHC-gold(l) complex 6
turned out to be water-soluble and was used for gold-catalyzed
cyclization reactions in aqueous medium (see below).

It is well known that partially or fully methylated cyclo-
dextrins can have a remarkably high solubility in water."” This
effect is caused by removal of intramolecular hydrogen bonds.
Therefore, our next approach towards 3-CD-tagged NHC-gold(l)
complexes (Scheme 2) commenced with the permethylation of
tosylate 2 which gave the desired polyether 7 with 88% yield.
The following steps were performed as previously. For the
nucleophilic substitution, three sterically different imidazole
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Scheme 2. Synthesis of permethylated [3-CD-tagged NHC-gold(l) complexes 9a-c by nucleophilic substitution.
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