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Abstract: Aqueous biphasic catalysis is a convenient approach to convert organic, partially soluble
molecules in water. However, converting more hydrophobic substrates is much more challenging
as their solubility in water is extremely low. During the past ten years, substantial progress has
been made towards improving the contact between hydrophobic substrates and a hydrophilic
transition-metal catalyst. The main cutting-edge approaches developed in the field by using
cyclodextrins as a supramolecular tool will be discussed and compared in this short review.
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1. Introduction
The 21st century has seen the emergence of new organometallic catalytic systems involving
multiple components held together by weak interactions (hydrogen bonding, metal–ligand, π–π
stacking, electrostatic and Van der Waals interactions, and hydrophobic and solvatophobic effects).
A subdiscipline of catalysis thus emerged aiming at tackling the higher complexity of catalyst
design using the tools of supramolecular chemistry. This new disciplinary field is referred to as
“supramolecular catalysis” [1,2]. The two key concepts underlying this discipline are molecular
recognition and self-organization. Molecular recognition deals with the mutual affinity of two or
more components. Enzymes proceed via molecular recognition as they fulfill multiple functions at
the same time through a network of non-covalent interactions spanning from hydrogen bonds to
much weaker Van der Waals forces. Additionally, they surround the substrate to force it to react in the
desired manner in an organic pocket where hydrophobic forces are exerted. The term self-organization
refers to a process in which the internal organization of a system, usually a non-equilibrium system,
increases automatically without being directed by an external source. The spontaneous emergence
of a spatial structure results from the interactions at work between elements of the system under
consideration. The global properties of the obtained system are often very different from those of the
individual elements.
From molecular recognition and self-organization, novel catalytic supramolecular systems have
emerged. For example, the use of “host” receptors capable of supramolecularly recognizing guest
molecules (substrates and/or catalyst) within their cavity showed that benefits could be gained in
terms of catalyst implementation and catalytic performances (turnover, chemo- and stereoselectivities,
product inhibition, etc.) [3]. Concurrently, weak interactions also proved to be effective to access
novel self-assembled catalysts able to adjust their three-dimensional structure to provide good
complementarity to the transition state, thus contributing to the chemo-, regio-, and stereoselectivity of
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the reaction. Most of the strategies developed so far in supramolecular catalysis have been implemented
stereoselectivity of the reaction. Most of the strategies developed so far in supramolecular catalysis
in organic solvents [4,5]. However, aqueous catalytic systems have also been developed. This short
have been implemented in organic solvents [4,5]. However, aqueous catalytic systems have also been
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ligands in aqueous hydrogenation of unsaturated and allylic derivatives [18], and in a domino reaction
implying nitrobenzene derivatives subjected consecutively to Pt-catalyzed reduction, Paal–Knorr
cyclization and Pt-catalyzed hydrogenation [19].
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Figure 2. Supramolecular cyclodextrin (CD)-based phosphorus-nitrogen (PN) and phosphorus-

Figure 2. Supramolecular cyclodextrin (CD)-based phosphorus-nitrogen (PN) and phosphorusnitrogen-nitrogen (PNN) ligands for aqueous catalysis. M: metal; S: substrate; P: Product.
nitrogen-nitrogen (PNN) ligands for aqueous catalysis. M: metal; S: substrate; P: Product.
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supramolecular complex approach was recently developed which consists in a water-insoluble
palladium(II)–dipyrazole complex substituted by an adamantyl moiety [23]. Upon host–guest
inclusion of the adamantyl group into the cavity of heptakis(2,6-di-O-methyl)-β-CD, high catalytic
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activity were measured in Suzuki–Miyaura coupling involving hydrophilic aryl bromides and aryl
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4.1. CD-Based Pickering-Like Emulsions
Another approach involving CD-based polymers relies on a thermoresponsive
poly(N-isopropylacrylamide) (PNIPAM) substituted at its end with RAME-β-CD (Figure 6) [30].
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The multivalency concept was then further extended to CD-grafted polyNAS (degree of polymerization
of 45) functionalized with the water-soluble sulfonated 2-(diphenylphosphino)ethanamine [37].
The remaining succinimide functions reacted with aminoethanol to give trisubstituted water soluble
polymers. Such polymers benefited from both the supramolecular properties of CDs and the
capability of phosphanes to coordinate organometallic species. In comparison with sulfonated
2-(diphenylphosphino)ethanamine, the phosphane-grafted, CD-grafted polyNAS gave better activities
and aldehyde selectivity in rhodium catalyzed HF of 1-hexadecene at 80 ◦ C under 50 bar of CO/H2
pressure. As the CD-included substrate and the catalyst were very close, the reaction took place rapidly.
For example, 1-hexadecene was fully converted within only 1 h using a 2:1 CD-to-phosphane ratio.
5. Conclusions
Cyclodextrin-based, self-assembly-driven processes have provided compelling evidence that
they are powerful tools to improve the catalytic performance of organometallic reactions under
biphasic conditions. Such self-assembly-driven processes open fascinating opportunities in the area of
organometallic catalysis. The art of self-assembling CDs and ligands, substrates, or other components
of the catalytic system promotes both activity and selectivities through molecular recognition and
self-organization. The role of CDs in such systems is manifold. They favor contacts between the
substrate and the catalyst, modify the aqueous/organic interface, or control the second-sphere of the
metal with beneficial effect on the catalytic activity and the selectivities of the reaction. Moreover,
CD-based, self-assembly-driven processes appear to be a relevant approach as a rapid screening of
the catalytic system can be implemented by just mixing the different components. In this context, we
anticipate that CD-based self-assemblies will be used increasingly in the near future to develop more
active and more selective catalytic systems. While we still have a long way to fully define the potential
of CD-based self-assemblies, the authors hoped this review will inspire the reader to imagine novel
approaches involving CD-based, self-assembly-driven processes.
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