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WELCOME TO THE 3RD FRENCH SUPRAMOLECULAR CHEMISTRY 

CONGRESS – SUPR@PARIS 2024! 

 

On behalf of the organizing committee of Supr@Paris, I am delighted to warmly welcome you 

all in Paris for this major event for the French Supramolecular chemistry community held under 

the auspices of the Supramolecular chem group of the French Chemical Society.  

Supr@Paris is the third in this series, which began in Lyon in 2018, then in Strasbourg in 2021. 

More than 250 participants from France, Europe, and around the world are now gathered at 

Sorbonne University, in the heart of Paris, from 15 to 17 May 2024. We will have 4 plenary 

lectures, 10 keynote lectures, 22 oral communications and 21 short communications and many 

posters giving the opportunity to a maximum of people at different stages of their career to 

show their science. 

We have built a program encompassing various fields of supramolecular chemistry: catalysis, 

machines, assemblies, surfaces, nanotechnology, intertwined molecules, polymers… 

Everyone should find something to their taste! 

We hope that you will enjoy this exciting and unique moment of supramolecular science in 

Paris! 

Matthieu Sollogoub 

Chairman of the Organizing committee of Supr@Paris 2024 
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VENUE 
 
The Supr@Paris conference will take place at the Farabeuf amphitheatre and in the cloister 
galleries of the Cordeliers campus, 15 rue de l'Ecole de Médecine, Paris, 6th arrondissement.  
 
A map of the site and details for public transports are given below: 
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Wednesday 15th 

8:00  Registration  

9:00  Opening remarks 

Session 1  Chair: M. Sollogoub 

9:15  Hanadi Sleiman PL-1 
DNA Nanostructures: From Design to Function 

10:00  Jonathon Beves  SC-1 
Switchable catalysis within molecular cages 

10:05  Lisa Gourdon-Grünewald SC-2 
DNA mimic foldamers: Tools for Targeting Protein-DNA Interactions 

10:10  Yannick Geiger SC-3 
Competitive exclusion in self-replicating fibres 

10:15  Interchim  exhibitor 

10:20  Magritek exhibitor 

10:25 Alexandre Martinez KN-1 
Recent developments in the chemistry of hemicryptophane cages: from recognition to 
confined catalysis. 

10:50  coffee break 

Session 2   Chair: C. Fave 

11:20  Fabien Cougnon OC-1 
Foldaknots 

11:35  Emmanuelle Dubost SC-4 
Design and synthesis of molecular hosts cryptophanes- application in imaging 

11:40  Igor Koshevoy SC-5 
Aggregation of platinum luminophores: from stimuli-responsive emission to through 
space sensitization 

11:45  Karen De La Vega Hernández SC-6 
Investing in Entropy: The Strategy of Cucurbit[n]urils to Accelerate the Intramolecular 
Diels-Alder Cycloaddition Reaction of Tertiary Furfuryl Amines 

11:50  Pablo Msellem SC-7 
Molecular tweezers for multifunctional switchable organogels 

11:55  Noël Pairault SC-8 
Design of Rotaxane-based Molecular Machines for Regulation of Dynamic Photon Up-
conversion 

12:00 Amparo Ruiz Carretero KN-2 
Small, chiral and self-assembled molecules: the new recipe for supramolecular electronics 

12:25  lunch break & posters session (odd numbers) 
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Wednesday 15th 

Session 3   Chair: G. Izzet 

14:15 Steve Goldup KN-3 
Mechanically Chiral Molecules: Synthesis and Applications 

14:40  Charlie Mcternan  OC-2 
Metal-Peptidic Cages - Helical Oligoprolines Generate Highly Anisotropic Nanospaces 
with Emergent Isomer Control 

14:55  Stéphane Le Gac OC-3 
Parallel Chirality Inductions in Möbius Zn(II) Hexaphyrin Transformation Networks 

15:10  Hennie Valkenier-Van Dijk OC-4 
Synthetic transmembrane transporters for phosphates 

15:25  Henri-Pierre Jacquot De Rouville OC-5 
Multi-Responsive Acridinium Supramolecular Systems: An Increasing Complexity 

15:40  Helena Roithmeyer OC-6 
Multifunctional macrocyclic host-modified electrodes for electrocatalysis over a wide pH 
range 

15:55 coffee break 

Session 4   Chair: B. Colasson 

16:20  Claire Kammerer KN-4 
Design and synthesis of molecular cogwheels for on-surface intermolecular gearing 

16:45  Titouan Chetot SC-9 
Switching dynamic covalent reactions of CO2 capture using host-guest chemistry 

16:50  Greta Fogar SC-10 
Bis-porphyrin metallacycles: the role of the metal fragment 

16:55  Maxime Roger SC-11 
Self-Assembly and Mixed-Valence Species of Pentannulated BisAzaCoronene Diimide 

17:00  Laura Bickerton SC-12 
Mechanistic Insights into High Activity Cage Catalysis 

17:05  Geoffrey Groslambert SC-13 
In search of elusive species: the paramagnetic pimers of viologens 

17:10  Sébastien Berruée SC-14 
Tuning self-assembly of hydrophilic polymers in water through an aromatic 
supramolecular structure directing unit (SSDU) 

17:15  Leonard Prins KN-5 
Towards active matter: chemical energy to assemble high-energy molecular structures 

17:40  end of the session 
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Thursday 16th 
Session 5   Chair: L. Sosa Vargas 

9:00  Paolo Samori PL-2 
Chemical and physical sensing with low-dimensional nanostructures: the disruptive power 
of supramolecular chemistry 

9:45 Charalampos Pappas OC-7 
Phosphate-Driven Systems Chemistry 

10:00  Shaymaa Al Shehimy SC-15 
Endergonic adaptive behavior upon fueling of dynamic covalent networks 

10:05  Ben Pilgrim SC-16 
Structural transformations of metal-organic cages through tetrazine-alkene reactivity 

10:10  Véolia exhibitor 
10:15  Serlabo  exhibitor 
10:20  Elicityl  exhibitor 

10:25 Sophie Beeren  KN-6 
Enzyme-Mediated Dynamic Combinatorial Chemistry  

10:50  coffee break 

Session 6  Chair: M. Ménand 

11:20  Patrice Woisel OC-8 
Thermoresponsive polymers and host-guest chemistry: a win-win combination 

11:35  Sercan Akbaba SC-17 
Controlled Activation of Supramolecular Catalysts via Chemical and Electrochemical 
Redox-Switching 

11:40  Hasnaa El Said El Sayed  SC-18 
Light-responsive self-assembly of semi-conducting nanoplatelets 

11:45  Emilien Husson SC-19 
Tuning the spectroscopic properties of merocyanines through hybridization of foldamers 

11:50  Rajaa Benchouaia SC-20 
Toward new cryptophane analogs: synthesis and encapsulation properties of an 
unprecedented water-soluble azacryptophane 

11:55  Kevin Mall Haidaraly SC-21 
Self-organized mesomorph Donor-Acceptor Hybrid material: from molecular design to 
device performances 

12:00  Emmanuel Cadot KN-7 
Chaotropic effect as an assembly motif in polyoxometalate supramolecular chemistry 

12:25  lunch break & posters (even numbers) 
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Thursday 16th 
Session 7   Chair: S. Vidal 

14:15 Ghislaine Vantomme  KN-8 
Synthesis and assembly of light-responsive supramolecular nanostructures: A step toward 
adaptive materials 

14:40  Rebecca Churamani  OC-9 
Architecture modulation by structural modification of cyclodextrins co-assembling with 
DNA 

14:55  David Leboeuf OC-10 
Macrolactonization Enabled by Supramolecular Interactions 

15:10  Jessica Groppi OC-11 
Orthogonal Stimuli Responsive Tri-stable Rotaxanes 

15:25 Sander Wezenberg OC-12 
Control of Transmembrane Transport by Photoswitchable Molecular Tweezers 

15:40 Payel Khanra  OC-13 
Pathway complexity in supramolecular polymerization: significance in block co-
polymerization and enzyme inhibition 

15:55  coffee break 

Session 8  Chair: B. Hasenknopf 

16:20  Yann Trolez  OC-14 
Threading a linear molecule through a macrocycle thanks to boron: an access to highly 
emissive compounds 

16:35  Fahmi Himo  OC-15 
Modeling Amine Methylation in Methyl Ester Cavitand 

16:50  Jennifer Bou Zeid OC-16 
Cage to cage conversion controlled by redox stimulation 

17:05 Luisa De Cola  PL-3 
TBA 

17:50  end of the session 
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Friday 17th 
Session 9  Chair: M. Raynal 

9:00 Dean Toste PL-4 
Supramolecular Hosts as Enzyme Mimics 

9:45  Anthony Kermagoret OC-17 
Internal dynamics in responsive 3:2 cb[n] complexes 

10:00  Lydia Sosa Vargas OC-18 
Functional patterning of graphene via an all-supramolecular strategy 

10:15  Vicente Martí-Centelles OC-19 
A molecular trojan horse: encapsulating drugs within cages for targeted delivery in 
cancer 

10:30  Reiko Oda  KN-9 
Nanometric inorganic helices for chiral induction, crystallization, amplification and 
recognition 

10:55  coffee break 

Session 10 Chair: G. Vives 

11:20  David Gonzalez Rodriguez OC-20 
Molecular encapsulation within tubular supramolecular polymers 

11:35  Ran Chen  OC-21 
Switchable supramolecular helices for asymmetric stereodivergent catalysis 

11:50  Iwona Nierengarten OC-22 
Solution and solvent-free stopper exchange reactions for the preparation of 
pillar[5]arene-containing [2] and [3]rotaxanes 

12:05  Guido Clever KN-10 
From Heteroleptic Coordination Cages to Complex Molecular Systems 

12:30  Prizes and closing remarks 
Short comm. awards sponsored by Activation 
Posters awards sponsored by Chemical Reviews 

12:50  end of the congress 
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DNA SELF-ASSEMBLY: FROM PATHWAY COMPLEXITY TO DRUG 
DELIVERY 

Hanadi Sleiman 

Department of Chemistry, McGill University, 801 Sherbrooke St. W., Montreal, QC H3A0B8, 
Canada 

Email: hanadi.sleiman@mcgill.ca 

DNA nanotechnology can assemble materials on the nanoscale with exceptional predictability 
and programmability. In a sense, this field has reduced the self-assembly space into a simple 
‘alphabet’ composed of four letters (A, T, G, C). Nature, on the other hand, relies on many more 
interactions to build its functional structures, and supramolecular chemistry has taken 
advantage of these interactions to assemble materials with diverse structures and functions.  

This talk will describe our efforts to merge the field of supramolecular chemistry with DNA 
nanotechnology. This approach results in new motifs and functionalities that are unavailable 
with base pairing alone. Starting from a minimum number of DNA components and combining 
them with organic molecules and polymers, we create 3D-DNA host structures, such as cages, 
nanotubes, and spherical, cylindrical, or lamellar nucleic acids. These nanostructures are 
fascinating in their self-assembly behaviour and promising for targeted drug delivery. They can 
encapsulate and selectively release drugs and nucleic acid therapeutics. We find that they resist 
nuclease degradation, and silence gene expression in vitro and in vivo, in tissues and cell types 
that are difficult to access with other constructs. We will also discuss the ability of small 
molecules to reprogram the assembly of DNA, away from Watson-Crick base-pairing into new 
motifs. This is a fundamental shift in the field, as it expands the DNA ‘alphabet’ without complex 
synthesis. The resulting DNA structures can be applied to gene delivery, tissue regeneration and 
materials science.  

References 
1. N. Seeman, H. Sleiman, DNA Nanotechnology, Nat. Rev. Mat., 2017, 17068.
2. F. Rizzuto, C. Platnich, X. Luo, M. Dore, C. Lachance-Brais, G. Cosa, H. Sleiman, A

dissipative pathway for the structural evolution of DNA fibers, Nat. Chem., 2021, 13,
843–849.

3. M. Dore, T. Trinh, D. de Rochambeau, P. Xu, J. Li, H. F. Sleiman, Thermosetting
supramolecular polymerization of compartmentalized DNA fibers with stereo
sequence and length control, Chem, 2021, 7, 2395-2414.

4. K. E. Bujold, J. C. C. Hsu and H. F. Sleiman; Optimized DNA “Nanosuitcases” for
Encapsulation and Conditional Release of siRNA, J. Am. Chem. Soc. 2016, 138, 14030–
14038.
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Chemical and physical sensing with low-dimensional 
nanostructures: the disruptive power of supramolecular 

chemistry 
Paolo Samorì 

ISIS, University of Strasbourg & CNRS, 67000 Strasbourg, France. 

Email: samori@unistra.fr 

Low-dimensional nanostructures exhibit a high surface-to-volume ratio which makes their 
physical and chemical properties highly sensitive to environmental changes. While such a 
unique sensitivity can be used for the realization of chemical sensors, the unspecific nature of 
the interactions with the environment drastically limits the selectivity in the sensing events. On 
the other hand, supramolecular (multi)functional materials are held together by reversible and 
highly specific interactions between suitably designed building blocks. The use of non-covalent 
interactions to build sophisticated supramolecular architectures makes it possible to transduce 
the modifications of their environment into precise modulation of their self-assembly 
behaviour. The changes of properties upon small environmental variations can be enhanced or 
amplified by integrating the assemblies into working devices.  
Low-dimensional nanostructures chemically functionalized with supramolecular receptors of 
the analyte of interest can therefore be the key active components for the development of the 
next generation of sensors exhibiting detection limits down to sub-ppb level combined with 
fast response speed and unprecedented selectivity. Such a strategy can enable the future 
fabrication of ultrasensitive and ultraselective sensors for food safety, environmental and 
biohealth monitoring, as well as for chemical- and biodefense, thus providing a decisive 
contribution to the improvement of people’s quality of life. 
In my lecture, I will review our recent endeavour on the tailoring of low-dimensional 
nanostructures chemically functionalized with the receptors of the target analytes and on the 
use of these hybrid assemblies to fabricate chemical sensors with an electrical or optical read 
our, which combine high sensitivity, selectivity, response time and reversibility. In particular, 
we will focus on chemically functionalized 0D (network of metallic nanoparticles), 1D 
(supramolecular fibers) and 2D (graphene and other layered materials) for humidity, heavy 
metal and polyaromatic sensing as well as for the generation of pressure sensors for the 
diagnosis of cardiovascular diseases. 

Figure (a) ion-sensing with networks of 0D nanostructures; (b) humidity sensing with 1D supramolecular 
fibers; (c) pressure sensing with 2D based hybrids. 

References 
1. Review on supramolecular interactions in chemical sensing: Mater. Horiz., 2021, 8, 2685–2708.
2. Review on 0D nanostructures for chemical sensing: Chem. Soc. Rev. 2021, 50, 1269–1304
3. For review on 2D nanostructures for chemical sensing: Chem. Soc. Rev. 2018, 47, 4860-4908.

a b c 
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Supramolecular Hosts as Enzyme Mimics 
F. Dean Toste,1  

 

1Department of Chemistry: University of California, Berkeley, USA; 2Chemical Science Division: Lawrence 
Berkeley National Laboratory, Berkeley, USA. 

Email: fdtoste@berkeley.edu 
 
 
 

Modern organic synthesis relies heavily on selective reactions to enable sustainable access to 
fine chemicals and pharmaceuticals. In enzymatic catalysis, nature employs various mechanisms 
to achieve the desired selectivity and activity. Similarly, we have explored organic and 
organometallic reactions catalyzed by self-assembled water-soluble supramolecular clusters. 
These supramolecular hosts offer a confined environment that can enhance selectivity and 
accelerate reaction rates, as well as enable new product formation not achievable by 
uncatalyzed processes. The lecture will focus on the research in the field of supramolecular 
catalysis, discussing the reactions promoted by encapsulation, the underlying interactions 
enabling catalysis, and the mechanisms involved 
 

 

Figure. Calculated Transition state structure of supramolecular-catalyzed Nazarov cyclization. 

Acknowledgements 
This research was supported by the Director, Office of Science, Office of Basic Energy Sciences, 
and the Division of Chemical Sciences, Geosciences, and Bioscience of the U.S. Department of 
Energy at Lawrence Berkeley National Laboratory 
 
References 
[1] M. Morimoto, S. M. Bierschenk, K. Y. Xia, R. G. Bergman, K. N. Raymond, F. D. Toste,  Nature Catal. 
2020, 3, 969-984. 
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Recent developments in the chemistry of hemicryptophane 
cages: from recognition to confined catalysis.  

Alexandre Martinez,1 

1 Aix Marseille Univ, CNRS, Centrale Marseille, iSm2, Marseille, France. 

Email: alexandre.martinez@centrale-marseille.fr 

Hemicryptophanes are host molecules, combining a cyclotribenzylene (or cyclotriveratrylene 
CTV) unit with another different C3-symmetrical moiety.1  Although the synthesis of the first 
hemicryptophane was described in 1982 by J.-M. Lehn and A. Collet, this class of host received 
very little attention during the 20 years following this first promising result.2 Nevertheless, since 
2005, hemicryptophanes have aroused growing interest, and new aspects have been developed 
(Figure 1).1 Hemicryptophanes revealed able to complex various guests, including charged and 
neutral species like neurotransmitters or carbohydrates. They can also act as molecular switches 
leading to stimuli-responsive supramolecular systems. Furthermore, they can lead to 
supramolecular catalysts: the endohedral functionalization of their cavity providing 
nanoreactors with improved stability, selectivity or reaction rates compared to their model 
parents, lacking cavity. Here, recent developments will be described and we will focus in 
particular on their properties as confined catalysts.  

Figure 1. three different applications of hemicryptophane cages. 

References 
[1] D. Zhang, A. Martinez, J.-P. Dutasta, Chem. Rev. 2017, 117, 4900–4942. A
[2] Canceill J, Collet A, Gabard J, Kotzyba-Hibert F, Lehn J. Helvetica Chimica Acta. 1982, 65, 1894-1897.

recognition

Molecular switch

Supramolecularcatalysis

Recognitions

Supramolecular
Catalysts

Molecular 
Switches
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Small, chiral and self-assembled molecules: the new recipe for 
supramolecular electronics 

Amparo Ruiz-Carretero,1 Gabriel Martinez,1 Kyeong-Im Hong,1 Shu Seki,2 Subrata Majumder,3 
Rocio Ponce4 

1University of Strasbourg, Institute Charles Sadron (CNRS), Strasbourg, France; 2University of Kyoto, 
Department of Molecular Engineering, Graduate School of Engineering laboratory, Kyoto, Japan. 

3National Institute of Technology, Department of Physics, Patna, India. 4University of Málaga, 
Department of Physical Chemistry, Málaga, Spain. 

Email: amparo.ruiz@ics-cnrs.unistra.fr 

Providing global energy supply in a sustainable manner is one of the main challenges of our 
generation. We are therefore, in the urge to find alternative resources and materials. In this 
sense, organic materials are the best candidates to fabricate electronic devices since we can 
tailor their properties by molecular design. They have other advantages such as flexibility, light 
weight, portability and scalability. Still, the efficiency of organic devices is far from the one of 
inorganic materials or perovskites. Despite the progress made in the field, the race for achieving 
efficiency records, has hampered research focused on solving other fundamental issues, such as 
device morphology and charge recombination. In this seminar, I will show different strategies to 
demonstrate how noncovalent interactions can enhance charge transport and device efficiency 
in organic photovoltaic devices (Figure 1a).1 In our group we incorporate hydrogen bonds to 
extraordinarily small semiconductors to enhance charge carrier mobility and lifetime, 2,3 and 
introduce chiral centers to explore the Chiral Induced Spin Selectivity (CISS) effect to decrease 
charge recombination.4 The synthesis, self-assembly and optical properties will be shown and 
correlated to the charge transport results obtained by using electrodeless techniques and full 
devices. The spin selectivity results explored by scanning tunnel microscopy (STM) on 
spectroscopy mode (STS), show how it is possible to guide charge carriers through opposite 
chirality supramolecular structures (Figure 1b).4 

Figure 1. Strategy to enhance charge transport in small molecules. b) Study of the CISS effect using STM 
on STS mode 

Acknowledgements: The authors thank the Agence Nationale de la Recherche (ANR), the 
University of Strasbourg Institute for Advanced Science (USIAS) and the Complex Systems 
Chemistry Graduate school for funding. 

References 
[1] T. Aytun, L. Barreda, A. Ruiz-Carretero, J. A. Lehrman, S. I. Stupp. Chem. Mater. 2015, 27, 1201 
[2] N. R. Avila-Rovelo, G. Martinez, W. Matsuda, S. Sinn, P. Leveque, D. Schwaller, P. Mesini, S. Seki, A. Ruiz-Carretero.
J. Phys. Chem. C, 2022, 126, 10932 
[3] S. Militzer, N. Nishimura, N. A. Avila-Rovelo, W. Matsuda, D. Schwaller, P. J. Mesini, S. Seki. A. Ruiz-Carretero. 
Chem. Eur. J. 2020, 26, 9998. A. M. Garcia, A. Ruiz-Carretero. Chem. Commun. 2022, 4, 529
[4] K. Hong, A. Kumar, A. M. Garcia, S. Majumder, A. Ruiz-Carretero. J. Chem. Phys. 2023, 159, 114903 
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Mechanically Chiral Molecules: Synthesis and Applications 

S. M. Goldup 
 

School of Chemistry, University of Birmingham, Birmingham, UK 

Email: s.m.goldup@bham.ac.uk 
 

Interlocked molecules can display forms of stereochemistry that do not rely on classical 
covalent stereogenic units, including many examples that have yet to be realised in chemical 
form.[1] We have pioneered the use of a “small” macrocycle[2,3] mediated active template[4] 
reaction in in combination with covalent chiral auxiliaries in order to allow the synthesis of 
mechanically planar chiral rotaxanes[5,6,7,8] and catenanes (Figure 1),[9,10,11] as well as 
discovering new forms of mechanical stereochemistry.[12,13,14] and their applications in 
enantioselective sensing and catalysis.[15] 

 
 

Figure 1. Schematic of our auxiliary approach to a mechanically planar chiral catenane 

 

References 
[1]  E. M. G. Jamieson, F. Modicom, S. M. Goldup, Chem. Soc. Rev. 2018, 47, 5266. 
[2]  H. Lahlali, K. Jobe, M. Watkinson, S. M. Goldup, Angew. Chem. Int. Ed. 2011, 50, 4151. 
[3]  J. E. M. Lewis, R. J. Bordoli, M. Denis, C. J. Fletcher, M. Galli, E. A. Neal, E. M. Rochette, S. M. 

Goldup, Chem. Sci. 2016, 7, 3154. 
[4]  M. Denis, S. M. Goldup, Nat. Rev. Chem. 2017, 1, 0061. 
[5]  R. J. Bordoli, S. M. Goldup, J. Am. Chem. Soc. 2014, 136, 4817. 
[6]  M. A. Jinks, A. de Juan, M. Denis, C. J. Fletcher, M. Galli, E. M. G. Jamieson, F. Modicom, Z. Zhang, 

S. M. Goldup, Angew. Chem. Int. Ed. 2018, 57, 14806. 
[7]  A. de Juan, D. Lozano, A. W. Heard, M. A. Jinks, J. M. Suarez, G. J. Tizzard, S. M. Goldup, Nat. 

Chem. 2022, 14, 179. 
[8]  S. Zhang, A. Rodríguez-Rubio, A. Saady, G. J. Tizzard, S. M. Goldup, Chem 2023, 9, 1195. 
[9]  M. Denis, J. E. M. Lewis, F. Modicom, S. M. Goldup, Chem 2019, 5, 1512. 
[10]  A. Rodriguez-Rubio, A. Savoini, F. Modicom, P. Butler, S. M. Goldup, J. Am. Chem. Soc. 2022, 144, 

11927. 
[11]  N. Pairault, F. Rizzi, D. Lozano, E. M. G. Jamieson, G. J. Tizzard, S. M. Goldup, Nat. Chem. 2023, 15, 

781. 
[12]  J. R. J. Maynard, P. Gallagher, D. Lozano, P. Butler, S. M. Goldup, Nat. Chem. 2022, 14, 1038. 
[13]  P. R. Gallagher, A. Savoini, A. Saady, J. R. J. Maynard, P. W. V. Butler, G. J. Tizzard, S. M. Goldup, J. 

Am. Chem. Soc. 2024, 146, 9134. 
[14]  A. Savoini, P. R. Gallagher, A. Saady, S. M. Goldup, J. Am. Chem. Soc. 2024, 146, 8472. 
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DESIGN AND SYNTHESIS OF MOLECULAR COGWHEELS  
FOR ON-SURFACE INTERMOLECULAR GEARING 

Claire Kammerer1 
 

1 Université Toulouse III - Paul Sabatier, CEMES-CNRS UPR 8011, Toulouse, France. 

Email: claire.kammerer@cemes.fr 
 

 
In a context of ultimate miniaturization, obtaining nanometer-
sized devices and mastering their controlled motion triggered 
by an external stimulus is highly desirable.  
Following a bottom-up approach, our group has designed and 
synthesized various molecular machines to be studied on 
surface at the single-molecule scale by Scanning Tunneling 
Microscopy (STM). Among these, an electron-fueled 
ruthenium-based organometallic motor, featuring a 
dissymmetric rotating subunit, has been shown to undergo 
unidirectional rotary motion upon excitation, with a direction 
of rotation governed by the location of the STM tip.[1] 
 
The next milestone is now to master the assembly of several individual molecular machines into 
complex functional nanoscale machineries. In this regard, gear systems appear as essential 
elementary units to propagate the motive power delivered by a motor,[2] and our current aim is 
thus to investigate the mechanical transfer of rotary motion between neighboring molecules.  

 
Figure 1. Principle of on-surface molecular gearing (left) and structures of molecular cogwheels (right).  

Our efforts towards on-surface molecular gearing will be presented, with a special emphasis on 
the design and synthesis of star-shaped molecules, geometrically analogous to cogwheels, 
displaying diameters up to 5 nm.[3] 
 

References 
[1] U. G. E. Perera, F. Ample, H. Kersell, Y. Zhang, G. Vives, J. Echeverria, M. Grisolia, G. Rapenne, C. 
Joachim, S.-W. Hla, Nat. Nanotechnol. 2013, 8, 46-51. 
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The development of synthetic active matter requires the ability to rationally design materials 
capable of harnessing energy from a source to carry out work.[1,2] Nature achieves this using 
metabolic cycles in which energy released from an exergonic chemical reaction, e.g. ATP 
hydrolysis, is used to drive endergonic biochemical processes. Extensive theoretical and 
experimental studies on synthetic molecular machinery have demonstrated that energy and 
information ratchet mechanisms play an essential role in transferring energy from the energy 
source to the system.[3, 4] Recently, it has been understood that these mechanisms can also 
be exploited for the development of active matter [5, 6]. Here, we report our progress made 
on the use of energy and information ratchet mechanisms for the synthesis of high-energy 
molecular structures [8, 9]. 
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Biomolecular templates define the outcomes of enzymatic reactions in some of the most 
fundamental of biological processes, such as DNA replication, transcription and translation. In 
synthetic chemistry, molecular templates have enabled the synthesis of highly complex 
molecular architectures and interlocked structures. With Enzyme-Mediated Dynamic 
Combinatorial Chemistry we explore the possibility of using synthetic templates to direct 
enzymatic reactions and obtain alternative products to those generated in Nature.  

a-, b- and g-cyclodextrin are industrially important macrocyclic hosts formed from 6, 7, 
and 8 a-1,4-linked glucopyranose units. While cyclodextrins are usually considered as stable, 
static molecules, we generate dynamic mixtures of interconverting cyclodextrins by the action 
of cyclodextrin glucanotransferase (CGTase). As the system is dynamic, the product distribution 
can be manipulated via supramolecular interactions with template molecules. We use templates 
to direct the selective synthesis of ‘natural’ cyclodextrins as well as modified cyclodextrins, and 
employ stimuli-responsive templates to control the system using light and redox chemistry.1 

Large-ring cyclodextrins, formed from more than 8 glucose units have received very little 
attention due to synthetic inaccessibility. Using the approach of template-directed enzymatic 
synthesis, we can now obtain d-CD (formed from 9 glucose units) in unprecedented yields2 and 
on a multi-gram scale.3 Investigations are ongoing to explore the molecular recognition 
capabilities of this newly accessible macrocyclic host. 

 
Figure 1. Template-directed enzymatic synthesis of d-cyclodextrin. 
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Abstract. The ability of biochemical substances such as phospholipids, glycans, or proteins to 
interact with discrete inorganic species is essential for some biological functions.[1] Then, 
designing supramolecular hybrid architectures including dynamics and responsive behavior 
requires a fine balance between the conglomerate of weak forces such as electrostatic, ion-
dipole, dipole-dipole, hydrogen-bonding, dispersion, etc., that drives the aggregation processes. 
Recent reports highlight the intriguing properties of certain inorganic polynuclear anions, such 
as polyoxometalates (POMs) or polynuclear clusters for their extremely high propensity to 
interact strongly in aqueous solution with non-ionic organic components such as macrocycles or 
surfactants.[2,3,4] This striking driving force has been identified as a strong solvent effect arising 
from the chaotropic nature of polyoxometalates in aqueous solution. In this communication, we 
will highlight the origin of this effect by proposing a classification of the chaotropic character of 
a large series of polyoxometalates, ranging from the Keggin type ions to the large nanoscopic 
ring-shaped molybdenum blue. Furthermore, we will give some relevant examples showing how 
the chaotropic effect can be used to monitor supramolecular hybrid assemblies such as core-
shell type assemblies, CD-MOFs, redox responsive supramolecular polymers or POM-containing 
bilayer type membrane.[5]   
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The need for functional supramolecular systems is growing, driven by interest in device 
miniaturization, the emergence of smart materials, and efforts to mimic biological processes. 
Mastering the non-covalent synthesis of these supramolecular architectures requires control 
over their structure, dynamics, and function at all length scales. In particular, the precise 
positional arrangement of molecules facilitates the control of supramolecular interactions and 
the design of materials with unconventional responses. However, the construction of these 
systems is challenging due to their inherent complexity resulting from their sensitivity to small 
perturbations, the large number of interacting components, and the multiple aggregation 
pathways by which the systems can evolve.1 In the lecture, we will illustrate our approach to 
functional supramolecular materials.2 The focus is on the synthesis of highly ordered 
morphologies that will change their properties upon exposure to light, coupling cooperative 
molecular events to macroscopic function.  
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Chiral nanoparticles (NP) show very promising properties in many fields such as enantioselective 
recognition, catalysis and spin selectivity [1]. Among the various routes to induce chiroptical properties to 
these NPs which are in majority dominated by molecular chirality in interaction with gold surface, and/or 
chiral arrangement of achiral gold NPs [2], morphology-based “helical” NPs are of particular interest 
however quite difficult to obtain. We successfully created helical perovskite Nanocrystals [3] and 
plasmonic helical gold nanohelices within a confined chiral nano space in a colloidal suspension. Such 
helices exhibited remarkable chiroptical activity across a broad spectrum ranging from visible to infrared 
regime with high dissymmetry factors (~0.2). They are also capable of enantioselective recognition with 
small molecules in spite of the absence of any chiral molecules on their surface. Our approach, which 
relies on soft chemistry and molecular self-assembly offers a simple and scalable method for producing 
gold nanosystems which also holds the potential for extending this strategy to other metals or composite 
materials.  

 
 

Nanometrical crystalline helical 
nanoparticles as platforms for 
chiral induction, crystallization, 
amplification and recognition 
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Advanced self-assembly strategies enable the targeted synthesis of supramolecular systems and 
materials with increasing structural and functional complexity. We react bis-monodentate 
ligands with transition metal cations to coordination compounds showing a broad range of 
topologies. To combine different functionalities in the same metallosupramolecular structure, 
we develop non-statistical assembly strategies such as “shape complementary assembly” (SCA) 
and “coordination sphere engineering” (CSE).1  
We then implement various functionalities, with a focus on multi-chromophore systems.2 These 
are studied then, e.g., for light-induced charge separation, vectorial excitation transport and as 
potential photo-redox catalysts. By combining chiral with emissive ligands, heteroleptic cages 
showing guest-modulated circularly polarized luminescence (CPL) were obtained.3 We further 
introduce stimuli-responsive behavior in photochromic cages4 allowing to control guest affinity5 
and established a light-fueled dissipative system.6 Cages capable of fullerene encapsulation7 give 
rise to confinement-controlled reactivity, such as long-term C60 radical anion stabilization.8  
Recently, we mastered the non-statistical and robust assembly of dinuclear Pd(II) cages 
containing four chemically different ligands [Pd2ABCD].9 The collected results now set the stage 
for looking into ‘complex systems’ behaviour by following the stimuli-responsive population and 
evolution of co-existing species in mixtures.10 In this direction, we study multi-step cage 
interconversions, guest-binding/release cascades and propagation of chiral information. 
 

 
Figure 1. Non-statistical multicomponent self-assembly (left) and complex systems behavior (right) 
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Synthesizing fully organic, multiply entangled macromolecules without resorting to metal 
templation represents a formidable challenge. [1] In this presentation, I will discuss the efforts 
of our group to develop reliable metal-free methodologies to direct the folding of increasingly 
complex entangled macromolecules. [2] These methodologies allow access to exceptionally 
compact entangled macromolecules, a feature that affects their conformational states, 
chirality, [3] and ability to bind small molecules [4] and anions. [5] 

Figure 1. A Solomon link able to bind sulfate with remarkably high affinity (Kd = 39 nM) in pure water. 
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Advances in metal-organic cage self-assembly have enabled the construction of of increasingly 
complex, discrete three-dimensional architectures reminiscent of proteins from simple building 
blocks.1 The current state-of-the-art, however, is almost exclusively built from rigid and flat 
aromatic panels, limiting binding selectivity and, often, water solubility. 

Herein, we disclose a new class of cages - metal-peptidic cages - which utilise water-soluble, 
chiral and helical oligoproline strands of varying length to generate highly anisotropic 
nanospaces.2,3 We demonstrate the assembly of a range of Pd2L4 cages, with lengths from c. 1 - 
4 nm, and find formation of the cis isomer of the cage is strongly favoured - an emergent 
property of using complex and chiral building blocks in the formation of defined nanospaces. 
Further, the use of biologically relevant components enables targeted binding of therapeutic 
molecules, highlighting the potential of these systems for selective drug delivery. Finally, we 
report recent breakthroughs in self-sorting, hierarchical assembly, and biological applications. 

Figure 1. Metal-Peptidic Cages 
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Networked chemical transformations[1] are key features of biological systems, in which 
complex multi-component interactions enable the emergence of sophisticated functions. Being 
interested in chirality induction phenomena with dynamic Möbius π-systems,[2],[3] we have 
designed a pair of Möbius [28]hexaphyrin ligands in order to investigate mixtures rather than 
isolated molecules.[4] Thus, an hexaphyrin bearing a chiral amino arm was first optimized and 
found to bind a ZnOAc moiety, triggering an impressive quasi-quantitative chirality induction 
over the Möbius π-system. Secondly, this amino-type hexaphyrin was mixed with a second 
hexaphyrin bearing a chiral carboxylate arm, affording at first ill-defined coordination 
assemblies in the presence of zinc. In contrast, a social self-sorting behavior occurred upon 
addition of two exogenous achiral effectors (AcO- and BuNH2), leading to a well-defined 1:1 
mixture of two Möbius complexes featuring a sole Möbius twist configuration (parallel chirality 
inductions). We next successfully achieved a compartmentalized switching, i.e. a single-
component transformation from such a complex mixture. The BuNH2 effector was selectively 
protected with Boc2O, owing to a lower reactivity of the arm’s NH2 function intramolecularly 
bound to zinc, and subsequent addition of BuNH2 restored the initial mixture retaining parallel 
chirality inductions (five cycles). By changing the nature and twist configuration of only one of 
the two complexes, at initial state or by switching, this approach enables a ‘two-channel’ 
tuning of the chiroptical properties of the ensemble. Such multiple dynamic chirality 
inductions, controlled by selective metal-ligand recognition and chemical reactivity, set down 
the basis for Möbius-type stereoselective transformation networks with new functions. 

Figure 1. Multiple chirality inductions in mixtures of Möbius rings. 
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Anion receptors can be used to transport of anions across lipid membranes. This research is 
warranted by the potential biological applications of anion transporters, which range from the 
replacement of defective transport proteins to the disruption of homeostasis. The vast 
majority of the research on anion transport focusses on the transmembrane transport 
of chloride and nitrate,[1] or bicarbonate.[2] 
While chloride is the most abundant anion in organisms, phosphates play crucial roles 
in biology as well, but their transport is hardly explored. The transmembrane transport 
process requires: i) the extraction of the anion from the aqueous phase into the 
lipophilic membrane interior, ii) followed by the diffusion of the complex, and  iii) 
anion release on the other side of the membrane. Because inorganic phosphate and 
phosphate groups are strongly hydrated, this first step is much more challenging as 
compared to chloride. 
Here, I will present our recent breakthroughs in this field. This includes the first 
example of a synthetic transporter for H2PO4

,[3] as well as trends observed in the
transport of phosphate esters by different anion transporters.[4] 

Figure 1. Schematic representation of the transmembrane transport of anions by synthetic transporters. 
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Equilibria involving multiple interacting life components gave rise to complex assemblies 
(double helix of DNA, G-quadruplex secondary structures). In addition, living organisms are 
endowed with numerous remarkable and complex functions (transmission of information, 
chemical transformations, transport, regulation) mediated by physical and chemical stimuli. In 
consequence, understanding and mimicking these functions using switchable artificial 
supramolecular systems is of paramount importance and still remains a current challenge. 
We recently reported bis-acridinium supramolecular receptors able to bind guest molecules 
(Figure 1).1 Surprisingly, acridinium-based receptors are scarcely exploited in supramolecular 
chemistry despite their multi-responsive properties. Indeed, they respond to chemical and 
redox signals by reversibly modifying their shape, their chemical and optical properties.2 This 
class of receptors exhibits i) self-complementary behaviors leading to the formation of 
entwined dimers,1a ii) narcissistic self-sorting,1b iii) -donor/-acceptor host-guest behaviors 
and were also studied as selective phase transfer agents in perfluorocarbons.3 In addition, the 
multi-switching properties of these receptors were investigated to alter their recognition 
events with guests. An increasing complexity has been achieved by the introduction of 
acridinium units in mechanically interlocked molecules.4 The dual-readout of the mechanical 
response of a [2]rotaxane structure was thus probed. 

 
Figure 1. Increasing Complexity in Multi-Responsive Acridinium Supramolecular Systems. 
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Surface-anchored macrocycles enable the immobilisation of catalytically active guest molecules on 
electrodes via host-guest complexation. This heterogenised electrocatalytic approach allows for 
recycling the host functionalised electrode multiple times and the reabsorption of the catalytic active 
guest molecule after electrocatalysis, as reported in our previous work.[1] Previously we anchored a 
bisphosphonated ß-cyclodextrin to an electrode and could achieve high faradaic efficiencies for 
ammonia oxidation in aqueous medium at pH 10.86 with a [Ru(tpada)(bpy-NMe2)(Cl)](PF6) guest 
catalyst.[2] Additionally, we found that with the host-modified meso-porous indium tin oxide (mITO) 
electrode, the exchange of the catalytically active guest molecule is possible, which enables the 
utilisation of the molecular immobilised electrode for a range of catalytic reactions in different media, 
such as ammonia oxidation or alcohol oxidation. The host-modified electrode is stable over a wide pH 
range (2.4 to 10.8) and can be reused multiple times after electrocatalysis by reabsorbing guest 
molecules for different reactions.  

Figure 1. Host-modified electrode with different guest molecules catalysing different reactions in 
aqueous medium (pH 2.4 to 11) 
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Phosphates and phosphate esters underpin biological information transfer, signal transduction 
and contribute to the energetics of life. Biochemical energy carriers, such as triphosphates, 
(ATP, GTP) drive selective processes, by incorporating chemical information (Adenine vs. 
Guanine) in their structure. These recognition elements match with complex machineries 
through a variety of non-covalent interactions, enabling specific functions. We aim to develop 
roles for phosphates outside of biology and capitalize on the idea of providing chemical 
information within abiotic phosphates to control selectivity and reactivity in chemical reaction 
networks.1 The information is provided by chemical functionalization of energy-rich aminoacyl 
phosphate esters (Figure 1), whereby the information encodes structural assembly of 
phosphates prior to their consumption, or transfer large chemical groups onto self-assembling 
species, enabling activation of various pathways. In particular, we explore the ways in which 
phosphate esters give rise to spontaneous and selective peptide oligomerization in water, as a 
result of the construction of autonomous phase changes. Moreover, depending on the 
chemical nature of peptide nucleophiles used in the network, we demonstrated the 
construction of non-equilibrium assemblies. Within these systems, the transfer of energy and 
reactivity from phosphates activates cascade reactions, involving multiple high-energy 
molecules. Incorporating structural elements around non-biological phosphates and coupling 
them to dynamic chemistry represents an unexplored opportunity to impact reaction 
networks, by developing phosphate-driven supramolecular systems chemistry. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Incorporating structural and recognition elements around non-biological phosphates to 
construct phosphate-driven systems chemistry. 
 
Acknowledgements 
We thank for the financial support the Deutsche Forschungsgemeinschaft (DFG, German 
Research Foundation) under Germany’s Excellence Strategy – EXC-2193/1 – 390951807. 
 
References 
[1] K. Dai, M. D. Pol, L. Saile, A. Sharma, B. Liu, R. Thomann, J. L. Trefs, D. Qiu, S. Moser, S. Wiesler, B. N. 
Balzer, T. Hugel, H. J. Jessen, C. G. Pappas, J. Am. Chem. Soc. 2023, 145, 26086-26094. 

OC-7



Study 3

Study 1 Study 2

Polym. Chem. 13;25, 3742-3749 (2022)+ COVER ACS Materials Letters 5;1, 235-242 (2022) 

Chemistry - A European Journal, 2023 (under review)

Thermoresponsive polymers and host-guest chemistry: a win-win 
combination  

Cedric Ribeiro,a Hui Guo,b Lieselot De Smet,a,d Khaled Belal,a Aurélien Vebr,a,d Aurelie 
Malfait,a Gaëlle Le Fer,a Joël Lyskawa,a Jonathan Potier,a Dominique Hourdet,b François 

Stoffelbach,c Alba Marcellan,b Richard Hoogenboom,d Patrice Woisel a,* 
a Univ. Lille, CNRS, Centrale Lille, INRAE, UMR 8207 - UMET - Unité Matériaux Et Transformations 

b Soft Matter Sciences and Engineering, ESPCI Paris, PSL University, Sorbonne University 
c Sorbonne Université, CNRS, Institut Parisien de Chimie Moléculaire, UMR 8232, Equipe Chimie des Polymères 

d Supramolecular Chemistry Group, Centre of Macromolecular Chemistry (CMaC), Ghent University 

* Patrice.woisel@centralelille.fr

Keywords: Thermoresponsive polymers, Host-guest complexation, memory function, synergistic 
control of host reactivity   

Abstract:  
The combination of heat-sensitive polymers and supramolecular chemistry has recently led to the 
development of fascinating adaptive materials. In this context, most studies have focused on exploiting 
host-guest interactions to control the physicochemical properties of polymeric materials.1 This approach
has notably enabled the creation of materials with programmable thermosensitivity and sensor 
properties.2 In contrast, the exploitation of polymer thermoresponsiveness to control the recognition
properties of host-guest systems at the molecular level is much less developed, and a perfect 
understanding of the mechanisms triggering thermo-induced decomplexation or complexation is still 
elusive. 
In this communication, we will illustrate through three studies how the host-guest chemistry and the 
thermo-induced phase separation mechanisms can “talk together” to synergistically tune the 
coil↔globule transition and the complexation state of polymeric systems. The first example3 will
concern a comparative analysis of the behaviour of complexes formed from different naphthalene end-
functionalized LCST or UCST polymers and the electron-deficient cyclobis(paraquat-p-phenylene) 
tetrachloride (CBPQT4+, 4Cl-)3 host when subjected to heat treatment.  This study provided an
understanding of the mechanisms triggering the thermo-induced (de)complexation of such complexes. 
The second study will report a supramolecular approach for developing an intelligent thermoresponsive 

polymeric hydrogel featuring a dual 
temperature and time memory function 
based on a kinetic control of the 
material's (de)complexation and (re) 
swelling behaviours. The last study will 
illustrate how a thermo-induced phase 
separation mechanism can regulate on 
demand the Diels-alder reactivity of a 
synthetic self-complexing host-guest 
molecular switch CBPQT4+-Fu, 
consisting of an electron-rich furan unit 
covalently attached to the electron-
deficient CBPQT4+host, with maleimide 

in water. Thanks to a supramolecular control over the topology of CBPQT4+-Fu combined with a 
thermoresponsive supramolecular regulator, we reported a rare example of decreased reactivity upon 
increasing temperature. 
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Gene therapy is a crucial scientific field we must further develop, and the Covid-19 crisis only 
confirmed it. Viruses are known to be highly effective genetic material vectors. Among them, 
the tobacco mosaic virus (TMV) whose coat proteins can self-assemble in a cooperative 
hierarchical co-assembly with RNA, inspired our group to design a synthetic artificial virus 
based on cyclodextrins (CDs). 
We synthesized adamantyl-functionalized CD 1 and demonstrated its ability to self-assemble 
into a supramolecular polymer. We then showed that CD 1 could induce transfection with 
nucleic acids (NA).[1] To understand its mode of assembly we studied the CD 1/DNA mixture 
by Cryo-EM. We found that very long thin fibers were formed. We further proved that they 
contain many copies of dsDNA 18-mer, which are surrounded by self-assembled CD 1, a 
structure highly reminiscent of TMV. We also proved that identical architectures are observed 
with different sizes of single and double stranded DNA. 
Amazingly, a slight change of structure of CD 1 into CD 2, where the adamantyl group is 
positioned in the center of the cavity, induces a drastic modification of the assembly 
architecture: nanotubes were obtained instead of fibers. (Figure 1) We elucidated the multi-
step mechanism of the nanotubes formation by Cryo-EM. We are currently studying these 
systems and other CDs variations with NA in terms of shape, size and structure to optimize 
transfection of mRNA and we obtained recently very promising preliminary results. 

Figure 1. Control of the hierarchical co-assembly architecture built from CDs 1 or 2 and dsDNA-18mer 
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Macrolactones are present in a large range of fine chemicals and natural products, including 
marine macrolides, pharmaceuticals, cosmetics, and agrochemicals.[1] As an example, 1000 
tons of Exaltolide, a 16-membered ring lactone, are produced in the perfume industry every 
year. Considering the industrial importance of these molecules, numerous efforts have been 
dedicated to the development of new methodologies, which are efficient, user-friendly, and 
simple to operate. One of the most prominent methods is the macrocyclization of seco-acids, 
which typically involves the activation of the carboxylic acid to promote the transformation.[2] 
However, most of them are fraught with different drawbacks that can limit their utility. Highly 
diluted reactions or a slow addition protocol can be required to prevent oligomerizations. 
Several potentially toxic by-products can be generated, making the purification of the target 
product challenging, without mentioning their cost-effectiveness as they must be used in 
stoichiometric amounts. 

In this context, we investigated a new simple and efficient method allowing a straightforward 
access to macrolactones from seco-acids in the presence of pentafluorobenzoyl chloride.[3] The 
reaction can be performed in a one pot fashion and does not require any complex work-
up/treatment. In our case, the formation of lactones is favored by supramolecular interactions 
(lone pair-π),[4] providing the lactone in excellent yields. These conditions were also extended 
to intermolecular reactions to provide macrodiolides. 

Scheme 1. Use of a Supramolecular Template to Favor Macrolactonizations 
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Early prototypes of molecular machines, molecular shuttles, were based on bi-stable 
rotaxanes: structures where the presence of two recognition sites, one responsive to an 
external stimulus, allowed the reversible and controlled movement of a macrocycle along the 
thread.[1] An evolution of such systems are tri-stable rotaxanes potentially including multiple 
rings. We report the synthesis and characterization of rotaxanes comprising a DB24C8 
macrocyclic component and a thread containing three recognition sites: ammonium (AmH+), 
bipyridinium (BPY2+) and triazolium (Trz+) (Figure 1). AmH+ and BPY2+ are responsive to fully 
orthogonal stimuli, pH and electrochemical, which allowed to precisely direct the macrocycle 
translation along the thread and eventually reset the system. Moreover, the determination of 
the thermodynamic parameters gave a complete description of the behaviour of the system. 
Orthogonal stimuli responsive tri-stable rotaxanes represent the starting point for the creation 
of molecular logic gates and they could be introduced in oligomeric structures, to develop 
linear motors, through a careful design of the system kinetics.  

Figure 1. Schematic representation of the stimuli induced motion of the macrocycle along the axle. 
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Many of Nature’s protein receptors and machines operate within the lipid bilayer membrane 
and exploit environmental stimuli, as well as concentration and potential gradients, to operate 
and perform their task. Their malfunctioning has been associated to various diseases. Synthetic 
molecular chemists therefore actively pursue the creation of artificial membrane-embedded 
systems that imitate protein function. Although significant advances have been made in the 
application of synthetic molecular receptors as transmembrane transporters,[1] integration of 
stimuli-responsiveness and machine-like mechanical motions is still a major challenge.[2] 
Our group has developed various tweezer-type anion receptors that can be switched between 
different affinity modes using light.[3] These receptors were used to reversibly control trans-
membrane anion transport and to trigger membrane depolarization.[4] Here, we will share our 
most recent results, which includes insight into the (un)importance of changing binding affinity 
to modulate transport, and the visible-light activation of transport using photosensitizers. 

Figure 1. Photocontrol of anion binding to a stiff-stilbene based bis-urea receptor. 
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Achieving precise microstructural control in multicomponent supramolecular polymers is 
challenging due to the fast dynamics of monomer exchange, unlike their sequence-controlled 
covalent copolymer counterparts. As a result, the majority of reports in this area are based on 
examples of supramolecular copolymers, with only a handful of reports on supramolecular 
block copolymers. "Seed"-induced living supramolecular polymerization (LSP) offers a 
promising strategy for constructing kinetically controlled supramolecular block copolymers and 
complex heterostructural topologies with controlled shapes and dimensions. This study delves 
into the pathway complexities of two amide-functionalized chiral dipolar naphthalene 
monoimide (NMI) building blocks (O-NMI and S-NMI), differing merely by a single heteroatom 
(O-/S-). In O-NMI, pathway complexity leads to the initial formation of kinetically controlled 
metastable nanotapes that transform into thermodynamically controlled helical 1D fibers 
within 24 hours. In contrast, S-NMI reveals distinct supramolecular polymerization features, 
showing a stable spherical structure due to the predominance of stronger amide-amide H-
bonding. This study further demonstrates the synthesis of unprecedented core-multiarmed 
supramolecular star block topologies by surface-catalyzed hetero-seeded supramolecular 
polymerization following the sequential addition of these two monomers through a kinetic 
route. Contrarily, the copolymerization of O-NMI and S-NMI under thermodynamic conditions 
reveals temporally controlled helical supramolecular copolymers. We further investigated the 
scope of this molecular design for temporally controlled supramolecular polymerization in 
water from amide-functionalized NMI building block (O-NMI-2) with hydrophilic oligo-
oxyethylene (OE) wedges. The morphological transformation of O-NMI-2 from collapsed 
spherical particles to organized 2D nanosheets influences the nonspecific adsorption of the 
enzyme α-Chymotrypsin (α-ChT) and temporally controls its activity. This work highlights the 
impact of seed-induced living supramolecular polymerization on enzyme activity control.  

 
Scheme. Schematic presentation of supramolecular polymerization 
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While boron has extensively been used to build complex assemblies like 
macrocycles,cages and helicates,[1] it has never been used to thread a linear molecule through 
a macrocycle. 

In this presentation, we will show it is in fact possible to use boron to thread BODIPYs and 
other species through macrocycles designed on purpose.[2] These new assemblies were 
unambiguously characterized by NMR spectroscopy as well as by X-ray diffraction for some of 
them (figure 1).  

Interestingly, fluorescent threaded species may show higher quantum yields (up to 
91%) than their non-threaded counterparts. We will discuss why these compounds possess 
these peculiar optical properties, with the help of theoretical calculations. 

Figure 1. An example of threaded BODIPY through a macrocycle and its X-ray structure. 
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This talk will present our recent work using a combination of molecular dynamics simulations 
and density functional theory calculations to model the binding and methylation of amines 
inside a resorcinarene-based methyl ester cavitand.1 Methylation of some the amines inside 
the cavitand has experimentally been shown to be accelerated by more than four orders of 
magnitude compared to the solution reactions. We characterize the binding and reactivity of 
eight amine substrates, and good agreement is found with the experiments. In particular, the 
rate enahancement is reproduced and its origins can be analyzed. 
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Coordination driven self-assembly has allowed the preparation of a wide variety of molecular 
rings and cages.[1] The corresponding host cavities offer promising molecular recognition 
properties, some of them being able to modulate their binding abilities through application of 
an external stimulus.[2] On this ground and in order to control the guest binding/release 
process through a redox stimulus, we were interested in our previous work in designing 
electron-rich self-assembled rings/cages incorporating π-donating and S-rich frameworks.[3] 

Some of them are based on the so-called extended-TTF skeleton (exTTF, Fig. 1a). A key feature 
of this unit lies in a drastic change of the molecular shape upon oxidation. The latter evolves 
from a highly bent butterfly-like structure in the neutral state (exTTF) to a fully aromatic 
dicationic species (exTTF2+) in which both1,3-dithiolium rings are linked to a planar anthracene 
moiety. We already exploited these unique properties with molecular cages able to reversibly 
release a guest upon the cage disassembly[4] or through an exchange with counter anions.[5] 
We are currently focused on the preparation of Ruthenium-based molecular cages featuring 
exTTF units, designed to offer an alternative mechanism of the guest release. In this 
communication, we depict our latest findings regarding the metalla-assembly L2Ru4. The latter 
undergoes an important conformational transformation when subjected to a redox stimulus, 
leading to the formation of the L2+

2Ru4 cage, with drastic modification of the shape, volume, 
and charge of the cavity (Fig. 1b).  

Figure 1. a) Geometric changes occurring during the oxidation/reduction of exTTF, b) X-Ray crystal 
structures showing the transformation of L2Ru4 to L2+

2Ru4 upon redox stimulation
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The control of the stoichiometry in oligomeric complexes remains a major issue[1] but 
primordial for construction of efficient molecular machinery.[2] Recently, we showed that 
cucurbit[8]uril (CB[8]) macrocycles combined with linear di-viologens initially form 1:2 
complexes as precursors of unusual 3:2 host:guest complexes, exhibiting remarkable 
responsive dynamic properties, host self-sorting, and external ring-translocation.[3] 
Peripheral host binding appeared to considerably rigidify the whole 3:2 complexes, drastically 
reducing host and guest translational movements, in turn impacting the rotation of the central 
stations. This type of translational-rotational coupling between the host and the guest 
dynamics is unprecedented in large host:guest complexes in water.[3] 

Figure 1. Illustration of the huge diversity of 3:2 CB[n]:di-viologens complexes, presenting various 
responsive properties and internal self-assemblies. 
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Surface-confined, supramolecular self-assembly has been the focus of extensive research in 
the past decade[1]. A number of strategies have been developed and reported for surface 
patterning leading to novel applications in molecular electronics, photonics and nano-
mechanical devices.[2] Despite this, we are still at the early stages of exploiting them in viable, 
practical technologies since we are limited by their inability to form reproducible, ordered, 
integrated systems [3]. More specifically, in the case of graphene, we also have to overcome 
the strong charge-transfer that occurs when electronically-active molecules are adsorbed on 
its surface.  
To address this problem, we have developed a series of molecular dyads that can form ordered 
assemblies on graphene-like substrates and also bear an emissive component located out-of-
the plane of the substrate. These dyads are held together via non-covalent interactions, which 
enable us to easily mix & match the components, resulting in a highly tunable system. 
This relatively simple design allows us to control the orientation and distance of an emissive 
component above a graphene-like substrate through different supramolecular interactions and 
opens up an accessible route to electronically de-couple an optically-active molecule from 
graphene.[4] 

 Figure 1. Different approaches for surface functionalisation; self-assembled monolayers (SAMs), self-
assembled molecular networks (SAMNs), and our proposed strategy: functional SAMNs.  
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Molecular cages with custom-made cavities are an 
emerging type of hosts that have the potential to 
encapsulate guest molecules for a variety of 
applications including molecular recognition, catalysis, 
gas separation, materials science, and emerging 
biomedical drug delivery.[1] Cage synthesis typically 
involves the self-assembly of building blocks with 
accurate shapes and geometries.[1b] Molecular 
modeling can be used to design cage structures to 
obtain any desired cavity size and shape with specific 
functional groups directed into the cavity. [1b] In this communication, we will show the 
molecular modelling and synthetic strategies to obtain both fully organic cages and metal-
organic cages with customized properties cavities for encapsulating and releasing anticancer 
drugs. Then, we will shot the biological properties of the cages, including anticancer drug 
delivery in vitro (Figure 1). 
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Figure 1. Scheme showing the 
encapsulation of a guest molecule by 

a molecular cage. 
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In this communication, we would like to show recent examples in our group in which we 
exploit the confined nanospaces purposedly created in different self-assembled structures to 
selectively host specific molecules. One of them comprises tubular nanostructures with 
custom-tailored pores, which are assembled by coupling two cooperative supramolecular 
processes of different hierarchy and acting in orthogonal directions. Chiral cyclic tetramers are 
first formed from 4 monomeric π-conjugated subunits by H-bonding interactions between 
nucleobase directors. A proper monomer preorganization affords high chelate cooperativities 
in solution.[1] .When these cyclic species are subjected to a supramolecular polymerization 
process, helical self-assembled nanotubes are formed via nucleation-growth cooperative 
mechanisms in organic solvents[2] and in water.[3] Interestingly, the inner pore of these 
nanotubes can be coated with functional groups of opposite solvophilicity to the external 
medium, so as to host molecules that show an affinity for this environment. 

Figure 1. Molecular encapsulation within tubular supramolecular polymers. 
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Despite recent developments on the design of dynamic catalysts, none of them have been 
exploited for the in-situ control of multiple stereogenic centers in a single molecular scaffold. 
To reach this challenge, hydrogen-bonded assemblies between a benzene-1,3,5-
tricarboxamide (BTA) achiral phosphine ligand coordinated to copper and a chiral BTA 
comonomer are engaged in a copper-hydride catalyzed hydrosilylation[1] and hydroamination[2] 
cascade process. The nature of the product stereoisomer is related to the handedness of the 
helices and can thus be directed in a predictable way by changing the nature of the major 
enantiomer of the BTA comonomer present in the assemblies. The strategy allows all 
stereoisomers to be obtained one-pot with similar selectivities by conducting the cascade 
reaction in a concomitant manner, i.e. without inverting the handedness of the helices, or 
sequentially, i.e. by switching the handedness of the supramolecular helices between the 
hydrosilylation and hydroamination steps. Supramolecular helical catalysts appear as a unique 
and versatile platform to control the configuration of molecules or polymers embedding 
several stereogenic centers.[3]  

Scheme 1. Copper-catalyzed asymmetric stereodivergent syntheses of all the possible stereoisomers by 
supramolecular switchable helices. 
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The most classical approach to prepare rotaxanes is based on the grafting of bulky stoppers 
onto a linear building block associated to a macrocyclic moiety in an inclusion complex. This 
strategy is efficient as long as the reaction conditions are compatible with the formation of the 
supramolecular complex. This requirement is however often problematic, in particular when 
weak intermolecular interactions are used to assemble the two components. This is for 
example the case when pillar[5]arene is used as the macrocyclic component for the 
preparation of rotaxanes.[1] The direct preparation of rotaxanes from pillar[5]arene-based 
inclusion complexes is highly dependent on the nature of the reagents even when similar 
reactions are used for their synthesis and yields are often quite moderate.[1] To solve this 
problem, we have developed the preparation of pillar[5]arene-containing [2]rotaxane building 
blocks allowing their efficient post-modification by a stopper exchange reaction.[2] In this 
poster, we will show how this strategy can be used for the direct synthesis of [2]rotaxanes with 
elongated axle moieties and [3]rotaxanes. 

Acknowledgements 
Financial support from the ANR (projects FastGiant ANR-17-CE07-0012-01 and Pillar ANR-19-
CE06-0032) and the Fondation Jean-Marie Lehn is gratefully acknowledged. 

References 
[1] R. Milev, A. Lopez-Pacheco, I. Nierengarten, T. M. N. Trinh, M. Holler, R. Deschenaux, J.-F.
Nierengarten, Eur. J. Org. Chem. 2015, 479-485.
[2] a) I. Nierengarten, E. Meichsner, M. Holler, P. M. Pieper, R. Deschenaux, B. Delavaux-Nicot, J.-F.
Nierengarten, Chem. Eur. J. 2018, 24, 169-177; b) I. Nierengarten, J.-F. Nierengarten, ChemistryOpen
2020, 9, 393-400. c) M. Rémy, I. Nierengarten, B. Park, M. Holler, U. Hahn, J.-F. Nierengarten, Chem. Eur.
J. 2021, 27, 8492-8499. d) N. Becharguia, E. Wasielewski, R. Abidi, I. Nierengarten, J.-F. Nierengarten,
Chem. Eur. J. 2024, 30, e202303501. e) N. Becharguia, I. Nierengarten, J.-M. Strub, S. Cianférani, M.
Rémy, E. Wasielewski, R. Abidi, J.-F. Nierengarten, Chem. Eur. J. 2024, 30, e202304131.

H
N

O

O

O O

O

O
O O

O

O

O

O

N
H

CF3

CF3

H
N

O

O

N
H

CF3

F3C

H
N

O

O

O O

O

O
O O

O

O

O

O

N
H

CF3

CF3

O

N
H

H
N

O
O O

O

O

O O
O

O

O

O

CF3

F3CNH2H2N

H
N

O

O

O O

O

O
O O

O

O

O

O

O

CF3

F3C

F F

F

FF

+

OC-22



SHORT
COMM.



3RD FRENCH SUPRAMOLECULAR CHEMISTRY CONGRESS 

Switchable catalysis within molecular cages 
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We have been preparing visible light switchable molecular cages for a few years,[1,2] and our 
latest results of switchable catalysis within molecular cages will be discussed. 

Figure 1. Self-assembled metallosupramolecular that respond to visible light to catalyse non-photo 
reactions. 
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This contribution presents aromatic oligo-amide DNA mimic foldamers. The structural and 
functional fidelity of these DNA mimic foldamers hold significant promise for both 
understanding biological processes and developing potential therapeutics. These DNA mimic 
foldamers, composed of alternating 8-amino-2-quinoline carboxylic acid (Q) and 8 aminomethyl-
2-quinoline carboxylic acid (mQ) building blocks, fold into a single helix in solution.1 The
incorporation of negatively charged side chains enables them to adopt an exo-double helical
topology, mimicking the charge distribution of B-DNA. The resulting purely synthetic DNA
mimics are much more robust – towards enzymatic cleavage and dissociation –than B-DNA.1

Given the essential role of DNA recognition by proteins in various biological processes, DNA
mimics are very promising as "decoys" capable of interfering with therapeutically relevant
proteins. These foldamers demonstrate the ability to inhibit therapeutically relevant enzymes
such as topoisomerase I and HIV-integrase.1 Furthermore, they exhibit perturbation of
chromatin composition and cell cycle progression in vivo.2 The structural investigation of a
complex formed between a DNA mimic and a non-sequence-selective DNA binding protein –
Sac7d – is also presented.3 Moreover, to facilitate binding to sequence-selective proteins, a
foldamer-DNA conjugate will be introduced.

Figure 1. Structures of synthetic DNA mimic foldamer (on the left) and of B-DNA (on the right). 
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Self-replication, i. e. the ability of a chemical or biological entity to promote its own 
production, is one of the key features of life.1 Our group has developed synthetic, purely 
chemical self-replicators which consist of simple building blocks (an aromatic dithiol 
headgroup and a short peptide) that form cyclic oligomers which ultimately assemble into 
fibres. Mechanical stress (i. e. stirring) leads to fibre breakage and thus to more growing fibre 
ends, allowing for exponential growth.2  

In this work,3 we show an example that exhibits competitive exclusion,4 which is an important 
motor for another key feature of life: Darwinian evolution. In a two-building-block system, two 
different replicators – either hexamer or octamer rings – emerge (Fig. 1a). Starting from 
libraries with various hexa-/octamer ratios, placing an aliquot of those into fresh precursors in 
a repetitive way (Fig. 1b) leads ultimately to the extinction of the hexamer replicator (Fig. 1c). 
Mechanistic studies showed that this is not due to the octamer simply growing faster: two 
replicator fibres were found to interact and to influence each other’s access to precursors, 
resulting into different growth behaviours. The occurrence of this phenomenon is highly 
dependent on the reaction conditions, to the point that it can be completely absent with the 
two replicators exhibiting similar, unhindered growth. 

 

 

Fig. 1. a) Scheme of the two building blocks (red and yellow) that assemble to self-replicator fibres, b) 
schematic representation of the serial transfer, c) libraries with different hexa-/octamer proportions 
that evolve towards 100% octamer when subjected to serial transfer. 
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Cryptophanes (Crs) are cage-like host molecules composed of two molecular crowns, 
cyclotriveratrylene (CTV) units usually connected by three ether linkers. These molecular hosts 
are known since decades to be able to encapsulate many different entities, in particular they 
are well suited for xenon. [1] Then, the development of Cr-based biosensors has been 
tremendously studied for applications in hyperpolarized xenon magnetic resonance imaging 
(MRI) in biological systems. Several works have demonstrated their applicability and relevance, 
in particular in cells assays, but to date, no application of such a bioprobe has been reported in 
vivo. [2] Indeed, the complex preparation of Cr-monosubstituted derivatives and the poor 
solubility of these molecules in biocompatible media precludes the obtention of an efficient 
xenon based bioprobe. The synthetic schemes to produce such derivatives have not evolved so 
much, leading to minor modifications of the whole backbone of cryptophanes, then narrowing 
their potential others applications.  
Our group has recently described a new synthetic approach, based on the preparation of C1-
symmetrical CTV using an iterative synthetic strategy, [3] and allowing, among other things, 
the preparation of a CTV with a nitrogen atom in place of the methylene bridges. This new aza-
CTV led to the preparation of the first aza-containing cryptophane, and then a new family of 
compound named cryptophazane [4].  
In this communication, the work of our group on the conception and the evaluation of 
cryptophazane will be detailed. Our recent work on the use of these derivatives in 
hyperpolarized xenon MRI will be also discussed. 

Figure1. Retrosynthesis of cryptophazane. 
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Rich photophysical properties of square planar Pt(II) complexes bearing aromatic ligands 
reflect their tendency for self-assembly, which is driven by intermolecular metal...metal and 
π‒π stacking interactions and results in a drastic decrease of the optical band gap, i.e. lower 
energy of the absorption and emission.[1] Formation of these aggregates is defined by the 
interplay of weak non-covalent contacts and open wide opportunities to attain diverse 
responsive molecular materials, optical characteristics of which are sensitive to external 
perturbation (temperature, mechanical force, organic volatiles etc.) with potential use in 
chemosensing, imaging, and memory devices.[1] 
Combining two or more chromophore motifs in one molecular entity can introduce new 
photophysical features by creating alternative pathways for energy transfer, increase 
intermolecular connectivity and impact the aggregation processes. Recently, we have shown 
that bimetallic compounds composed of two cyanide-bridged cycloplatinated motifs 
demonstrate higher intensity of phosphorescence and enhanced ability for association vs their 
conventional mononuclear relatives; the latter is efficiently regulated by the properties of the 
surrounding medium including solvent polarity.[2] Lately, we investigated the photophysical 
and aggregation behavior of hetero-chromophoric species comprising different metals and 
organic blocks. Notably, linking the platinum(II) and rhenium(I) centres via the cyanide or 
thiocyanate has little detrimental effect on the intensity of photemission, but produces in the 
materials with distinct mechano-, thermo- and vapochromic chromic features. Furthermore, 
tailoring a polyaromatic hydrocarbon fragment to a pincer platinum(II) unit in tweezer-like 
architechture represents a new strategy to realize through space triplet energy transfer and 
induce low energy phosphorescence from organic dyes by using simple organometallic 
fragments. These insights in inter-chromophore interactions broaden the scope of optical 
dynamic behavior and functionalities of molecular materials composed of Pt(II)-based 
components. 

Figure 1. Illustration of Pt(II)-based bichromophore aggregates studied in our work. 
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Cucurbit[n]urils (CB[n]s), renowned for their host-guest chemistry, are becoming versatile 
biomimetic receptors.[1] Herein, we disclose that cucurbit[7]uril (CB[7]) accelerates the 
intramolecular Diels-Alder (IMDA) reaction for previously elusive and unreactive tertiary N-
methyl-N-(homo)allyl-2-furfurylamines up to 4 orders of magnitude under mild conditions. 
Using 1H NMR titrations and ITC experiments, we characterize the dissimilar thermodynamic 
and kinetic properties of the complexes. We also determine the activation parameters (∆G≠, 
∆H≠ and ∆S≠) leading to the transition state of the IMDA reactions, both in the bulk and 
included in CB[7], to shed light on the key role of the receptor on the acceleration observed. 
CB[7] acts as an “entropy trap” utilizing guest binding to primarily pay the entropy penalty for 
reorganizing the substrate in a high-energy reactive conformation that resembles the 
geometry of the highly ordered transition state required for the IMDA reaction. This study 
underscores the potential of cucurbit[n]urils as artificial active sites, emulating specific aspects 
of enzymatic catalysis. 

Figure 1. CB[n]-mediated intramolecular Diels-Alder reaction of tertiary furfuryl amines. 
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Organogels are a special class of gels that result from the self-assembly of low molecular 
weight gelators (LMWGs) into three-dimensional networks that entrap a solvent. This new 
type of soft materials has attracted great interest due to their potential applications as stimuli 
responsive materials.[1] The recent development of molecular machines, including molecular 
switches, has allowed the design of controlled dynamic multi-state molecular systems, which 
we aim to exploit to develop multifunctional switchable organogels.[2] 
In recent years, we have reported stimuli-responsive molecular tweezers composed of a 
terpyridine switching unit and M-salen functional units with properties dependent on the 
complexed metal ion. The coordination-induced closing-opening motion of the system has 
been used to modulate different physico-chemical properties (luminescence, catalysis, 
magnetism, ...) with remarkable versatility.[3-6] This work presents a new class of luminescent 
molecular tweezers functionalised by long alkyl chains capable of acting as LMWGs. In the 
open state, these tweezers self-assemble into a fibrillar supramolecular polymer network and 
form organogels in aromatic solvents. The closing motion results in a drastic conformational 
change, leading to disassembly of the network and loss of organogelation properties. We have 
demonstrated that this system performs a reversible sol-gel transition by modulating the 
intermolecular interactions between the tweezers depending on their conformation (Figure 1). 
We report here the synthesis of these platinum(II) salphen-based molecular tweezers and the 
study of their reversible gelation properties. 

Figure 1. Reversible gelation by mechanical switching of the platinum tweezers in toluene 
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Rotaxanes are mechanically-interlocked molecules (MIMs), where the intrinsic 
mechanical bond assures structural integrity of their architectures and limits amplitude of 
spontaneous motion of their non-covalently interlocked components, especially suited to 
develop molecular machines.[1] Such structurally well-defined multicomponent structures 
represent versatile platforms to study a range of fundamental processes, including light-matter 
interactions and fast intramolecular collisions. In this context, we turn our attention to triplet-
triplet annihilation photon up-conversion (TTA-UC), which is a process where absorption of 
light of long wavelength will ultimately lead to the emission of photons of higher energy.[2] This 
is achieved in three steps: 1) photoexcitation of photosensitizers (PS), followed by 2) energy 
transfer (ET) to dye molecules (annihilators), and 3) encounter of two excited annihilators 
promoting triplet fusion to populate a higher energy emissive state. Using well-defined 
macrocycle trajectories in rotaxanes, we are investigating the intramolecular control of a 
dynamic TTA-UC process within a MIM incorporating sensitizers and annihilators, through 
biasing the kinetics and amplitude of sub-component motion. 

Herein we present the syntheses and preliminary spectroscopic analyses of prototypes 
of rotaxanes integrating 9,10-diphenylanthracene annihilators on the macrocycle and the axle, 
in the presence of an external photosensitizer, to induce the TTA-UC process. Modifications of 
the nature and length of the axle were accomplished to afford information about the 
intramolecular TTA-UC process depending on the dynamic nature of ring movement.  

Scheme. Schematic representation of a [2]rotaxane containing 9,10-diphenylanthracene annihilators 
displaying dynamic TTA-UC (i.e., green-to-blue light conversion) tuned by the mechanical bond. 
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In 2015, the world unanimously decided that humanity must reduce its CO2 emissions for the 
good of all.1 To reduce these emissions, it is possible to capture the CO2 produced by chemical 
plants. The only industrial CO2 capture process is based on the reaction of simple amines with 
flue gas CO2 to generate dynamic combinatorial libraries of a majority of ammonium 
carbamates and a minority of ammonium carbonates adducts.2,3 Over the past decade, our 
laboratory has reported that a new class of cavitands - namely dyn[n]arenes - are exquisite 
receptors for linear poly-ammoniums to form [2]-pseudorotaxanes in water at neutral pH.4,5 
We demonstrate here that this formation of [2]-pseudorotaxanes shifts the equilibrium of CO2 
capture by polyamines in water towards the quasi-exclusive formation of carbonate adducts. 
In addition, this supramolecular approach to CO2 capture exhibits enhanced capture efficiency 
compared to polyamines alone.6 
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(Metallo)porphyrins play a fundamental role in major biochemical enzymatic functions and in 
natural processes for electron and energy transfer, light harvesting and oxygen transport; in 
the artificial realm the metal-mediated assembling approach has afforded a variety of 
spectacular 3D discrete arrays of porphyrins with new functions, ranging from molecular 
recognition to (photo)catalysis.[1] The vast majority of these arrays are homoleptic systems 
built on naked metal ions, while examples containing different type of porphyrins are quite 
rare. We show here how the simple choice of different 90° metal fragments (in terms of type 
of metal and ancillary coordination sphere) allows for the obtainment of bis-porphyrin 
metallacycles with dramatically distinct geometries (two examples are reported in the 
Figure).[2] Solution and solid state X-ray data are in perfect agreement, and exclude the 
presence of interconversion between conformers. Additionally, we illustrate how the 
inert/labile characteristic or the ligand coordination preference of the metal fragments may be 
successfully exploited to produce diverse heteroleptic bis-porphyrin metallacycles.[2] 

Figure. Schematic structures of two homoleptic bis-porphyrin metallacycles obtained with different 90° 
metal fragments in combination with the same porphyrin unit.  
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Carbon-based semiconductors are experiencing a growing interest in the past decades due to 
their unique properties. [1] A particular effort is being made for the synthesis of original 
conjugated systems, such as nanographenes, conjugated polymers, star shaped or curved 
architectures, which display interesting features for applications in organic electronics. [2] 

Additionally, the self-assembly processes of these structures and the resulting molecular 
packing have direct impacts on the properties and performances of devices. [3]

Regarding organic semiconductors, chemists have focused on p-type structures (electron-
rich/hole transporter) at the expense of n-type structures (electron-poor/electron 
transporter). In this context, the exploration of n-type semiconductors with original 
architectures is necessary along with the study of their supramolecular behavior. [4]

This work focuses on the development of electron-deficient bisazacoronene diimide (BACD) 
nanographenes obtained in two steps: a light-mediated benzannulation[5] and an ortho C−H 
activation reaction on a perylene diimide (PDI) core. This synthetic route was used to build 
extended -conjugated structures displaying strong self-assembly properties allowing the 
formation of dimeric supramolecular mixed-valence species with radical anions and neutral 
molecules. This strategy was further employed for the preparation of helically chiral 
compounds. 

Figure 1. Synthetic strategy and structures of pentannulated bisazacoronene diimide. 
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The development of biomimetic cage catalysts that use the principles of supramolecular 
chemistry to encapsulate substrates and promote subsequent product formation is a 
significant academic challenge.1,2,3 Previous research has shown that the simple cage 
presented here is an effective catalyst for Michael Addition (MA), exploiting only weak 
noncovalent interactions to achieve high activity and efficient turnover across a wide substrate 
scope.4 Here, we present an insight into the mechanism of this reaction using kinetic 
modelling, facilitated by the detection of identifiable catalyst intermediates. In conjunction 
with computational investigations and other experimental analysis, we show that the cage can 
achieve remarkable rate enhancements of 108, facilitated by both pronucleophile acidification 
alongside preorganization of the substrates. 

Figure 1. Cage catalysed Michael Addition. 
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The -dimerization or pimerization capabilities of -conjugated organic compounds have been 
the subject of increasing interests over the last decade. -dimers and pimers are commonly 
accepted trivial denominations designating sandwich-like, multicentre-bonded, dimeric entities 
featuring sub-van der Waals intradimer separation distances. In -dimers, the non-covalent 
“chemical bonding” arises from the orbital overlaps occurring between two SOMOs centred on 
two identical radical ions or neutral species, whereas pimers, which are in essence the mixed-
valence analogues of -dimers, involve orbital overlaps between an organic -conjugated 
system with its own radical.[1] Pimers and -dimers complexes are for instance commonly 
observed with NDIs,[2a] TTFs[2b] or oligothiophenes[2c] derivatives. Conversely, viologen-based 
derivatives only form -dimers[3a,b] and the only cases of pimers mentioned so far in the 
literature concern studies carried out in the solid state[3c] or on highly constrained structures.[3d] 

Our project aimed to understand this unique behavior and develop strategies to stabilize mixed-
valence dimers of viologens.[4] We will describe in this presentation a novel synthetic approach 
towards -extended viologens and show that such structural modification has a significant effect 
on their pimerization capabilities. Our presentation will first focus on the photocylization 
reactions used to access the targeted molecules. Then, their pimerization/-dimerisation 
capabilities will be discussed on the ground of electrochemical, spectroelectrochemical and 
spectroscopic (ESR, Abs/Fluo) measurements supported by DFT calculation. 

Figure 1. Schematic representation of pimerization of π-extended viologen molecules. 
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The self-assembly of hydrophilic polymers in water can be driven using different 
strategies, the most common being the introduction of hydrophobic end-groups to the 
polymer chain[1]. Different supramolecular structure directing units (SSDU) have been used in 
the literature to drive the polymeric assembly towards anisotropic structures[2]. Previously, our 
team demonstrated that the incorporation of a bis-urea SSDU into a RAFT agent can trigger 
homopolymer self-assembly in water into nanofibers, via unidirectional hydrogen-bonding[3].  

The objective of our work was to use a simple and direct pathway to obtain anisotropic 
nano-objects in water driven by directional supramolecular π-π interactions of an aromatic 
sticker incorporated at the core of polymer chains. Surprisingly, simple addition of water to the 
polymer powder was sufficient to dissolve all polymers synthesized. For one of the polymers, 
nanoribbons were obtained as results of the combination of two types of aggregates (H- and J-
type). The formation of these 2D assemblies was followed over time by a combination of cryo-
TEM and UV/VIS absorption spectroscopy. These techniques enabled us to identify the 
different types of aggregates present in the assemblies as a result of the characteristic 
absorption bands observed. Finally, a (reversible) transition between ribbons and fibers was 
observed upon temperature increase, due to a change in aggregation of the aromatic SSDU. 

Figure 1. Overview of this work. Direct dissolution in water of hydrophilic polymers bearing an aromatic 
SSDU in their core. Cryo-TEM images realized at 10 g/L in water. 
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In this contribution, I will demonstrate how the principles of molecular machines can be 
exploited for purposes different than motion. Suitably engineered chemical reaction networks 
can, for example, harvest energy to afford the formation of high-energy species.[1],[2] I will 
discuss our recent efforts[3] – in addition to new unpublished results – in driving Diels-Alder 
reactions away from equilibrium by exploiting the exergonic carbodiimide hydration.[4] We 
further leveraged this strategy to accumulate progressively higher amounts of the target 
compounds upon sequential carbodiimide additions correlated in time. Such an adaptive 
behavior is reminiscent of the Venus fly trap carnivorous plant, which can capture its prey only 
if tapped repetitively in a short time frame, as a result of a progressive accumulation of 
charges.  
Mastering endergonic processes has far-reaching implications in energy harvesting, 
transduction, and exploitation. In this particular case, our findings illustrate how endergonic 
processes can contribute to the transition from responsive to adaptive systems.[5] 

Figure 1. A dynamic covalent network shows adaptive response upon sequential chemical fueling which 
affords the accumulation of high-energy Diels-Alder adducts. 
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The assembly of metal-organic cages follows rules based on the coordination preferences of 
metal ions and the geometries of their typically rigid and planar precursor ligands. PdnL2n 
metal-organic cages are amongst the most structurally diverse with subtle differences in the 
metal-ligand coordination vectors giving rise to drastically different assemblies, however 
almost all rely on the rigidity of aromatic linker groups to avoid the formation of intractable 
mixtures of structures. We exploit the inverse electron-demand Diels-Alder (IEDDA) reaction 
between tetrazine linker groups and alkene reagents to trigger structural changes induced by 
post-assembly modification. The structure of the 1,4-dihydropyridazine produced by IEDDA 
(often an afterthought in click chemistry) is crucial, with the presence of two sp3 centers 
leading to a greater degree of flexibility and non-planarity in this ligand. This drastically 
changes the range of accessible metal-ligand coordination vectors, triggering an initial Pd4L8 
tetrahedral cage to transform into different Pd2L4 lantern cages, with both the extent 
(thermodynamics) and rate (kinetics) of this transformation dependent on the alkene 
dienophile selected. With cyclopentene, the unsymmetrical 1,4-dihydropyridazine ligands 
undergo integrative sorting in the solid state, with both head-to-tail orientation selection and 
enantiomer selection, leading to a single lantern isomer from the 39 possible. This preference 
is rationalized through entropy, symmetry, and the extent of hydrogen bonding. Subsequent 
oxidation of the 1,4-dihydropyridazine to the aromatic pyridazine rigidifies the ligands and 
imparts planarity again. The oxidized ligands can no longer fit in the lantern structure, inducing 
further structural transformations into Pd4L8 tetrahedral cages and Pd3L6 double-walled 
triangles. The concept of controllable addition of limited additional flexibility and then its 
removal through well-defined reactivity we envisage being of great interest for those 
interested in structural transformations of any class of supramolecular architecture. 

Figure 1. An initial transformation to Pd2L4 lanterns is driven by the enhanced flexibility in the 1,4-
dihydropyridazine intermediates, with the further transformation to Pd4L8 tetrahedra driven by the 

restoration of aromaticity upon reoxidation to pyridazines. 
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Every year, numerous research efforts are dedicated to exploring the supramolecular Lewis acid 
& base interactions and its subcategories such as halogen (XB) and hydrogen bonding (HB) 
among others. Especially in the field of organocatalysis, HB and XB interactions have been 
employed to catalyze and activate a broad set of organic reactions.[1] Regardless of the 
presumption of a general weak interactivity exhibited by supramolecular bonding, the scope of 
reactions keeps expanding. However, in the case of σ-hole interactions such as non-covalent 
halogen bonding, many aspects are still left unexplored. For instance, the concept of 
redox-switching of halogen bonding has been established and explored by several groups.[2] 
However, so far only for molecular recognition and anion detection.  
In the present work, we exploit this concept for the activation of a Friedel-Crafts Benchmark 
reaction via chemical and electrochemical oxidation of HB and XB donors containing 
redox-active ferrocenyl moieties. The reversibility of the oxidation process and stability of the 
XB and HB donors in the oxidized state were investigated through cyclic voltammetry and 
UV-Vis spectroscopy. The reaction kinetics were monitored via 1H NMR spectroscopy. As a result, 
both catalysts were found to significantly accelerate the Friedel-Crafts reaction upon chemical 
and also electrochemical oxidative activation. Interestingly, clear differences were observed 
between the two oxidation approaches. While the chemical oxidation showed higher conversion 
rates, electrochemical oxidation turned out to be a much milder approach involving the 
possibility of recovering the respective catalysts. 

Scheme 1. Underlying principle for the expected supramolecular activation of the Friedel-Crafts reaction 
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The thickness of CdSe nano-platelets, which are semiconducting nanoparticles, can be 
manipulated with atomic precision. Consequently, any photogenerated excitons are confined 
within the well-defined thickness of these quantum wells, and the light they emit is 
monochromatic. If these nanoplatelets are dispersed in an adequate solvent, they self-
assemble into supra-particular polymers, in which their nanoscale shape anisotropy extends to 
larger structural length scales. [1] However, achieving in-situ and reversible control over the 
supra-particular polymerization has remained elusive to date. Here, we use light to achieve 
control over the self-assembly of semiconducting nanoplatelets, in a dynamic nanoparticulate 
system that integrates light-responsive azobenzene switches as ligands. Upon irradiation with 
ultraviolet light, the ligands undergo E-to-Z photo-isomerization, leading to a modification of 
the dipolar moment of the particles and to the formation of micrometer-sized face-to-face 
stacks. This supraparticular polymerization is reversible. Light-controlled polymerization and 
depolymerization of quantum wells could have broad implications for the design of 
neuromorphic networks and other responsive optical systems. [2] 

Figure. The supra-particular polymerization of CdSe nanoplatelets can be triggered by light, provided 
that artificial molecular photo-switches are incorporated as ligands in the system. 
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Foldamers constitute an interesting class of oligomers that can fold into conformationally 
ordered architectures.[1] Such compact conformations show structural and functional 
similarities with biopolymers, mimicking their highly ordered structures and functions, and 
explaining the intensively growing interest regarding their supramolecular chemistry. A wide 
variety of building blocks (e.g. peptides, ureas,…) have been reported to form foldameric 
structures through weak intramolecular interactions and have displayed remarkable properties 
in the context of chiral materials, molecular recognition or catalysis, for instance. While 
important efforts have been devoted to the study of these dynamic structures and their 
conformational changes, stimuli-responsive -functional helical foldamers remain scarce in the 
literature.[2-3] 

On the other hand, it has been shown that the formation of merocyanine dimers 
modulates their spectroscopics properties, be that in terms of absorption or fluorescence 
emission (Fig. 1a).[4-5] Herein, the helical foldamers of interest involve an oligoarylamide-
based skeleton. This choice appeared relevant, given the predictability and the stability of the 
corresponding folded structures, as well as their straightforward synthetic access,[6] which 
allowed the grafting of merocyanines. In this communication, we aim at showing to which 
extent the single-to-double helix equilibrium can be probed thanks to the unique spectroscopic 
properties of merocyanines (Fig. 1a). In a reciprocal manner, the influence of merocyanine 
units over the hybridization equilibrium of this family of foldamers will be underlined. 

Figure 1. a) Example of synthesized merocyanine, b) Schematic representation of the hybridization 
process of merocyanine-containing helical foldamers. 
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Cryptophanes are hollow molecules, composed of two cyclotribenzylene (CTB) units 
connected together by linkers whose length and nature can be varied.[1] Since the first 
synthesis of cryptophane-A in 1981 by A. Collet et al., considerable progress has been made in 
designing cryptophanes that exhibit selective encapsulation properties toward organic and 
inorganic guests.[2] Despite some progress in this field, the synthesis of cryptophanes, and in 
particular the introduction of heteroatoms into their structure, remains difficult. 

Herein, we report the synthesis of a novel water-soluble cryptophane 1 decorated with 
three aromatic amine groups and three phenol groups. Then, ability of this compound to bind 
cationic species such as Cs+ and Tl+ in aqueous solution has been assessed by 133Cs NMR and 
205Tl NMR. A signal characteristic of the two Cs+@1 and Tl+@1 complexes has been observed at 
low frequencies with respect to the free cation dissolved in the bulk. Then, Isothermal 
Calorimetric Titration experiments enabled us to obtain a complete description of the binding 
process and to determine the association constants and the thermodynamic parameters of 
complexation (H0, S0 and G0). Taken together, our results[3] show that aza-cryptophane 1 
binds very strongly cesium (I) and thallium (I) in aqueous solution under basic conditions. A 
comparison with other water-soluble cryptophanes[4-6]  showing good affinity for cesium (I) and 
thallium (I) will be discussed.

Scheme. Guest encapsulation by the azacryptophane in aqueous media. 
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Mesomorph materials with semiconducting properties are gaining increasin interest in the 
molecular photonic field. 1 Self-organization of electron donor (D) and acceptor (A) moieties into 
highly ordered molecular architecture are promising due to specific charge percolation 
pathways formed by nano-segregated D and A subdomains. Polyoxometalates (POMs) are 
emerging as alternative molecular electron acceptors, offering remarkable electron reservoir 
properties2 for energy conversion/storage and information technology. We're developing hybrid 
systems that combine POM oxoclusters with π-conjugated mesogenic donors (diaryl 
benzothiadiazole and pyrene derivatives) decorated with aliphatic chains. This unique molecular 
architecture results in nanosegregation of both units into layered mesomorphic structures, 
characterized by distinct regularly alternated D and A subdomains (see Figure 1). 3 

During this presentation, we'll outline the synthetic approach for the synthesis of these hybrid 
systems, their structural charcterization in solid state, discuss preliminary photophysical 
investigations, and explore their incorporation into optoelectronic devices. 

Figure 1. POM-based mesomorph hybrids and their multilamellar nanostructured self-assembly. 
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Harnessing non-covalent interactions is one of the focus points of supramolecular chemistry. 
One of the key aspects of this field is molecular recognition, which refers to the selective 
binding of a target molecule by a host molecule.  
Among the numerous existing interactions, our focus is on anion-π interactions. They can be 
defined as the interaction between an anion and an electron deficient π-system, and were first 
described in 2002.[1] Since then, they have garnered growing interest owing to both the crucial 
role of anions in many biological and chemical processes, as well as the involvement of π-
aromatic systems in ions transport and molecular recognition.[2] However, the instability of 
highly electron-deficient surfaces inherently restricts the strength of anion-π interactions 
attainable with individual surfaces.[3] 
To tackle this issue, our strategy is to design and synthesize supramolecular cages combining 
several electron deficient surfaces, to increase their π-acidity through synergy. 
Among the different supramolecular hosts already described, cryptophanes have an 
interesting geometry for our purpose. This class of cages is based on two C3 cyclotriveratrylene 
units connected by linkers. Cryptophanes are already known for their selectivity in the 
molecular recognition of small molecules and ions and exhibit interesting chiral properties, 
which are relevant for our project.[4] 
Hence, we will present the synthesis and characterization of cryptophanes possessing three 
electron deficient linkers. Additionally, the chirality and molecular recognition properties of 
those cages will be discussed, together with DFT calculations. 

 
 
 
 

Figure 1. Schematic representation of an 
encapsulated anion within a cryptophane with 

electron deficient arms such as benzenediimide 
and naphthalenediimide. 
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The rational design of chemical reaction networks (CRN) mimicking biological systems is of 
growing interest in the field of system chemistry.  Fuel-driven CRNs with a transient population 
of a high energy state are one class of particularly relevant CRNs to make autonomous systems 
with programmable lifetimes.1 Along this direction, redox-based CRNs hold great promise for 
their versatility but approaches toward truly autonomous redox-based CRNs remain scarce. 
Here, we target fuel-driven dissipative formation of disulfide bonds using competing oxidative 
activation and reductive deactivation processes, which presents a very versatile avenue for 
autonomous materials design. However, this is challenging to realize because of the direct 
annihilation of oxidizing fuel and deactivating reducing agent. We overcome this challenge by 
introducing a redox-based enzymatic reaction network (ERN), enabling dissipative disulfide 
formation for molecularly dissolved thiols in a fully autonomous manner. Moreover, the ERN 
allows for programming hydrogel lifetimes by utilizing thiol-terminated star polymers (sPEG-SH). 
The ERN can be customized to operate with aliphatic and aromatic thiols and should thus be 
broadly applicable to functional thiols. We further demonstrate how the ERN can be coupled to 
an upstream enzymatic module, which allowed us to photoinitiate the ERN. We envisage this 
photoinitiation step will offer enhanced spatiotemporal control for biomedical and soft robotics 
applications when coupled to materials systems. 
 

 

Scheme 1. Fuel-driven redox-ERN for molecularly dissolved dissipative thiol/disulfide systems. 

Acknowledgements 
AS acknowledges funding from the Alexander von Humboldt Foundation. This work was 
supported by the DFG in the framework of the SFB 1552. 
 
References 
[1] Merindol, R.; Walther, A. Materials learning from life: concepts for active, adaptive and autonomous 
molecular systems. Chem. Soc. Rev. 2017, 46, 5588-5619. 
 

P-2



3RD FRENCH SUPRAMOLECULAR CHEMISTRY CONGRESS 

 
 

  

Investigating Self-Constructing Macrocycle Formation via 
Pulsed-Injection Mass Spectrometry Analysis 

Niklas Böcher,a Alexander F. Siegle,b Céline Douat,a Sijbren Otto,c Oliver Trapp,b Ivan Huc.a  
 

aDepartment of Pharmacy and Center for Integrated Protein Science, Ludwig-Maximilians-Universität, 
Munich, Germany, bDepartment of Chemistry, Ludwig-Maximilians-Universität, Munich, Germany, 

cCentre for Systems Chemistry, Stratingh Institute, Groningen, the Netherlands. 

Email: niklas.boecher@cup.lmu.de; ivan.huc@cup.lmu.de 
 
 

Self-assembly has proven to be a valuable approach for creating large molecular 
architectures without major synthetic effort. Previous studies have unveiled a family of 
discrete cyclic macromolecules with stable folded conformations of low symmetry, despite 
originating from single building blocks. One particular building block, 3,5-bismercaptobenzoic 
acid, can be decorated with a variety of side-chains (e.g. amino acids, nucleotides) exhibiting 
strong potential for non-covalent interactions as the main driving force for the emergence of 
remarkably complex macrocyclic foldamers of defined sizes and shapes.[1,2] 

To gain deeper insights into the early stages along with the progression of the dynamic 
combinatorial libraries, we utilized a specially designed experimental setup.[3] A one-pot 
reaction is performed by combining a dithiol monomer, an oxidizer and a reducing agent in a 
syringe. Aliquots of the reaction mixture are subsequently injected into an Orbitrap mass 
spectrometer at specific time intervals. This allows for strikingly precise monitoring of the 
chemical landscape, including the accumulation and consumption of discrete macrocycles as 
well as short-chain linear species. 

This study demonstrates that macrocyclization via disulfide exchange proceeds more 
rapidly compared to chain growth and ring closure through oxidation. Further, it shows that 
each system initially consists of a significant number of macrocycles varying in size, before 
ultimately converging towards distinct thermodynamic products. 

Figure 1. Experimental setup of a one-pot reaction including a 3,5-bismercapto benzoate, oxidizer (H2O2) 
and reductant (TCEP) with pulsed injection setup into an Orbitrap mass spectrometer. 
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The self-assembly of metal-organic cages enables the rapid creation of three-dimensional, 
nanoscale architectures reminiscent of proteins.1 We recently reported the synthesis of a new 
class of cages - metal-peptidic cages - which utilise water-soluble, chiral and helical 
oligoproline strands of varying sizes to rapidly form Pd2L4 cages from 1 to 4 nm in length, and 
see emergent isomer control in the generation of a single cage structural isomer.2,3  

 

Herein, we disclose our latest results, exploring how the the modularity of the oligoproline 
helix can be exploited in the design of metal-peptide cage systems. We show how chirality 
(both point and helical), length, register and pyridine substitution affects the outcome of self-
assembly reactions and utilise these design principles to synthesise novel Pd3L4 metal-peptide 
cages. 
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The direct preparation of rotaxanes from pillar[5]arene-based inclusion complexes is highly 
dependent on the nature of the reagents even when similar reactions are used for their 
synthesis and yields are often quite moderate.[1] To solve this problem, our group has 
developed the preparation of pillar[5]arene-containing [2]rotaxane building blocks allowing 
their efficient post-modification by a stopper exchange reaction.[2] Very recently, we have also 
shown that the reactivity of symmetrical pillar[5]arene-based building block is affected by the 
presence of the macrocyclic subunit.[3] Indeed, the first stopper exchange reaction is fast while 
the second always significantly slower thus allowing selective mono-functionalization of the 
rotaxane building block in high yields. Introduction of a second stopper is then possible to 
generate dissymmetrical rotaxanes or axles in high yields. Moreover, we have also shown that 
the pillar[5]arene moiety can act as a protecting group allowing the efficient synthesis of 
unsymmetrically substituted compounds particularly difficult to prepare from a bifunctional 
starting material lacking the macrocyclic moiety. 
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Heteroleptic coordination cages are self-assembled nano-objects composed of multiple 
organic ligands associating in a discrete assembly through integrative self-sorting. We have 
recently pushed integrative self-sorting of Pd(II) cages to its limit by bringing four distinct 
building blocks in a unique Cs-symmetrical Pd2ABCD architecture. (1) 
However, while the majority of studies on heteroleptic assembly were aimed at producing a 
single discrete species in solution, biological systems are composed of a multitude of complex 
assemblies in mixtures that either act together or perform separate functions. This requires 
multiple non-covalent assemblies to coexist under the same set of conditions and in an 
orthogonal fashion. Mimicking such a level of complexity has proven to be one of the most 
difficult tasks in supramolecular chemistry, in particular in dynamic equilibria. 
We report the first example of “heteromeric completive” self-sorting in coordination cage 
systems. (2) Two heteroleptic assemblies coexist in solution, forming a population, and the 
system can be controlled by means of ligand stoichiometry. Furthermore, it is possible to 
switch between either a Pd2AB2C heteroleptic cage through strict integrative sorting assembly 
or a discrete mixture of two architectures Pd2A2B2 and Pd2A2C2. 
Eventually, using multicomponent systems where several assemblies coexist independently 
can be exploited to transfer specific information from one assembly to another through stimuli 
responsiveness. This allowed us to observe the emergence of system-like functions in cage 
populations. 
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In carbohydrate/protein interactions, the supramolecular multivalent effect is now well 
known. As recently studied and reviewed by Garcia-Fernandez and coll., multivalent effect can 
both improve inhibition of glycosidases and interactions with lectins.[1] Siriwardena et al.[2] 
reported the first examples of nanodiamond particles bearing unmodified monosaccharides as 
efficient inhibitors of glucosidases at low micromolar IC50 (1.3 µM<IC50<22 µM). It was 
demonstrated that even with non-matching natural substrate/enzyme couples, the inhibition 
probably occurred by a mixed inhibition mode. Drawing on this result, we described the first 
strong inhibitors of -glucosidase based on cyclodextrins (CDs) bearing unmodified 
saccharides[3] (32<IC50<132 µM). These triazole-linked conjugates are strong non-competitive 
inhibitors, especially the per-6--D-mannopyranosyl-cyclodextrin and the per-6--D-
glucopyranosyl-cyclodextrin [3]. We synthesized several new CD platforms bearing various 
monosaccharides (Mannose/Glucosamine/Glucuronic acid), di or trisaccharides, and evaluated 
their inhibitory effect on -glucosidase and -amylase. The multivalent effect was clearly 
demonstrated in the selective interaction of glucosidase [4]. 
 
 
 
 
 

Figure 1. Multivalent glycosyl-cyclodextrins. 
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Our team previously showed that it was possible to form fibers from small oligomers of DNA 
and cyclodextrins functionalized with an adamantane and ammonium. Hydrophobic 
interactions initiate small supramolecular polymers, followed by multivalent electrostatic 
interactions that drive the formation of larger co-assemblies.[1] In 2020, during a CRYO-EM 
experiment, we unexpectedly observed a SARS-CoV-2 particle near self-assembled 
cyclodextrins fibers. We thus wondered if we could bring specific interactions between them 
and trigger this assembly on purpose. This surprising observation encouraged us to explore the 
ability of cyclodextrin assemblies to cooperatively interact with viruses such as SARS-CoV-2 and 
use them as anti-adhesive agents to potentially inhibit cell infection. We therefore changed 
non-specific electrostatic interactions into specific ones, using glycan-based ligands. We will 
show here how adamantane and glycan-functionalized cyclodextrins demonstrate promising 
inhibitory activity against SARS-CoV-2 through cooperative interactions.  
 

 
Figure 1. From CDs interactions with DNA to multivalent anti-adhesive agents against SARS-CoV-2 
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Biological systems have complex structures and pathways to execute intricate chemical 
reactions. In attempts to replicate it to study their pathways, chemists have endeavored to 
craft discreate molecular structures featuring precise nanocavities. Over the last twenty years, 
there has been a proliferation of those structures achieved through hydrogen bonding and 
Dynamic covalent chemistry (DCvC). Concurrently, the concept of Supramolecular coordination 
structures (SCCs) emerged as a powerful tool for the synthesis of visually appealing 2D and 3D 
discrete architectures.[1]  
In literature, pyridyl moieties with generally rigid structures have been extensively studied. 
However, my primary objective was to investigate the use of flexible building blocks for 
creating discrete structures through metal-ligand coordination. This approach is anticipated to 
yield unique and nontrivial structures. We explored flexible tetratopic pyridyl donors through 
introducing flexibility via an alkyl spacer. A simple such donor led to the formation of an 
unconventional molecular boat structure. This structure was then utilized for the selective 
separation of physiochemically similar isomers, specifically phenanthrene from a mixture of 
anthracene. [2] Subsequently, by elongating the ligand, we aimed to unveil the complexity it 
could generate, resulting in the creation of an intertwined, unusual A-type cube. The rigid 
analogue of that building block showed regular but rare triangular orthobicupola. [3] 

 
Figure. Molecular boat (MB1) used for selective separation of Phenanthrene from equimolar mixture of 
Phenanthrene and anthracene, (b)Synthesis of Unique water soluble A type Intertwined cube. 
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Intelligent supramolecular nanomaterials capable of self-organization are of the utmost 
interest in the molecular materials community, especially if they can be further endowed with 
switchable elements to exert an external control.[1,2] Here we report supramolecular 
coordination polymers formed between metal ions and polyoxometalate hybrids bearing two 
terpyridine ligands in a linear geometry (Figure 1).[3–5] Upon complexation, the polymeric 
chains self-assemble in fibers, on account of the electrostatic forces between the negatively 
charged polyoxometalate cores and the positively charged metal nodes. Eventually, the fibers 
physically cross-link and confer to the material a gel structure. Through SAXS and TEM 
experiments, supported by molecular dynamics, we were able to infer the molecular-level 
arrangement of the polymers in the fibers. Furthermore, thanks to their intrinsically dynamic 
nature, these gels exhibit mechano- and thermo-responsive properties, such as birefringence 
or spin-crossover, and can self-heal after breaking to restore the hierarchical organization from 
the molecular to the macroscopic level. 
 

 
Figure 1. Self-organization from the molecular to the material level. 
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Extensive research has been conducted on graphene, leading to its widespread use as a 
material renowned for its captivating electronic, optical, and mechanical characteristics.1 
Graphene Nanoribbons (GNRs) or nanographenes are the graphene strips of well-defined size, 
structure and composition.2 There is significant activity in the field of n-type graphene 
nanoribbons (GNRs) and nitrogen-doped acenes. However, rylene diimide ribbons appeared as 
a promising candidate for the elaboration of electron deficient (n-type) materials.3 The 
synthesis of large size rylene imides-based GNRs often involves multi-step processes and use of 
toxic reagents and precious metals, which remain critical issue in the exploration of GNRs. 
With this objective in mind, our group have developed a two steps dynamic covalent synthetic 
approach subsequently “locked” by visible light which is very efficient for the synthesis of 
electron deficient materials for organic electronics (Fig. A).4 Herein, we will be presenting the 
synthesis of BisAzaCoroneneDiimide (BACD)-based linear as well as macrocyclic GNRs by 
utilizing this locked or “frozen” dynamic covalent method (Fig. B). The shape of the GNRs can 
be easily switched by incorporating substituents at appropriate positions of PDIs and by 
varying the corresponding aldehyde linkers. The size of the GNRs can be tune by controlling 
stoichiometry of PDIs and aldehydes. Our targeted GNRs are expected to appear as a 
promising organic semiconductors.  

 
Figure. (A) Dynamic covalent synthetic approach for the synthesizing of (B) GNRs. 
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Over the past years, in the field of organic electronics, conjugated materials have captured 
significant attention due to their potential for flexible, lightweight, and cost-effective electronic 
devices.[1] Current research is concentrated on synthesizing new conjugated materials to 
enhance optoelectronic properties, especially for diversifying n-type organic semiconductors. 
This expansion of possibilities represents a major and crucial challenge in the field of organic 
electronics. The synthesis of conjugated polymers typically involves precious metal-catalyzed 
cross-coupling reactions between halogenated components and toxic stannylated reagents or 
sensitive borylated derivatives, often with additional additives.[2] However, these synthetic 
approaches face various limitations, including batch-to-batch variation and side reactions. 
In this context, we are investigating a novel synthetic methodologies based on dynamic covalent 
chemistry to thermodynamically control the preparation of polyimines.[3,4] These polyimines can 
then be locked using visible-light irradiation through a photocyclization reaction. By varying the 
reactant stoichiometry, the reaction conditions, a certain control on the polymer population 
molecular weight can be obtained.  
 

 
Figure 1: Light-driven polymerization of DiaminoPeryleneDiimide with ditopic aldehydes. 

 
Specifically, we are investigating the one-pot condensation of DiaminoPeryleneDiimide with 
various ditopic aldehyde motifs to synthesize a new library of BisAzacoronenDiimide polymers. 
By varying the nature of the bis-aldehyde, conjugated polymers showing a low LUMO and a 
tuneable strong visible-light absorption were prepared. Such materials have a strong potential 
as active materials of organic solar cells, photodetectors, organic field-effet transistors and 
more. Their study in devices in ongoing. 
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Fluoride ions are important for bone growth, but a higher intake of fluoride leads to dental and 
skeletal fluorosis and nephrolithiasis and inhibits the biosynthesis of neurotransmitters in 
fetuses.[1],[2] Several dry regions in the world contain higher than permissible limits of fluoride 
(1.5 ppm) in groundwater.[3],[4] Thus, it is important to design and synthesize molecular probes 
for the selective detection of fluoride without the aid of sophisticated equipment. 

Lanthanides (Ln3+) are well known for their sharp, line-like emission, large pseudo-Stokes shift, 
and long excited-state lifetimes, allowing the recording of the emission in the time-gated 
mode.[5] Compound 1 is one of the sensitizers for enhancing Tb3+ luminescence in terbium 
cholate hydrogel, which does not need any multi-step synthesis.[6] We developed a strategy of 
fluoride-triggered desilylation of pro-sensitizer 2, releasing sensitizer 1. In the optimized 
assaying conditions, pro-sensitizer 2 exhibited a selective response to fluoride ions even in the 
presence of 7-fold higher concentrations of other interfering anions. The detection be 
completed in 40 min with the limit of detection estimated to be 27 ppb, which is well below the 
permissible limit recommended by WHO. As the protocol is simple, reasonably fast, and 
selective, we developed a paper-based detection protocol and fluoride detection in real-life 
samples (e.g., toothpaste and groundwater).[7] 

Figure 1. Schematic of fluoride detection using the Tb3+ luminescence in the hydrogel matrix. 
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The synthesis of new macrocycles with unusual topologies continues to be a growing and 
interesting field, but also challenging.1,2 We developed a one-pot synthetic methodology 
enabling the synthesis of three distinct allenophanes3 in a single reaction with good overall 
yields. The use of Cs+ as a template significantly improved the yield and altered the 
proportion between the obtained allenophanes, increasing the formation of the smaller 
allenophane 2 while completely inhibiting the formation of the larger 4. Taking advantage 
of their structural differences, allenophanes 2 and 3 have been employed as synthetic 
receptors. Allenophane 2 has proven effective in complexing small, neutral organic 
molecules containing two hydrogen-bond donating groups, with particular selectivity for 
catechol derivatives. On the other hand, allenophane 3 was suitable for hosting 
ammonium cations such as choline, with dependence on their R substituents (NR4)+.  

 
Figure 1. Top) Representation of a one-pot synthesis of 3 allenophanes from the same monomer. 
Bottom) Crystal structure of the complex [2·catechol] and computational model of the complex 
[3·choline]. 
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In recent years, advances in the fields of host–guest chemistry and supramolecular switches 
have highlighted the intrinsic challenge of developing new receptors that implement stimuli-
responsiveness or constitutional dynamism. These new hosts are of particular interest when 
they are capable of recognizing interesting substrates in aqueous media or biological milieu. 
Consequently, synthetic strategies for the preparation of highly functional macrocyclic hosts, 
such as integrative self-sorting, are of great interest. 
In this context, we have prepared a new series of pyridinium-based cyclophanes, the “fun 
boxes”, based on the previously reported red box”1 and “red cage”2. These new receptors 
exhibit high hydrolytic stability and can act as supramolecular hosts by including electron-rich 
polyaromatic guests, such as dihydroxynaphatalene derivatives, in their cavities. Moreover, the 
starting materials with a mismatched number of reactive centers allow the introduction of an 
additional aldehyde or hydrazine group into the structure. We explored the exo-
functionalization of the macrocycles and combined it with their supramolecular host nature for 
the preparation of an intramolecular pseudo[1]rotaxane, which can self-assemble into “daisy 
chain” structures. Interestingly, we also achieved the one-pot synthesis of this new 
pseudo[1]rotaxane from the mismatched starting materials by means of a unique hydrazone-
based self-sorting process.3 

 
Figure 1. Top. Schematic representation of the synthesis of the pseudo[1]rotaxane, achieved both by 
exo-functionalization of a “fun box” receptor and by a one-pot self-sorting process. Bottom. Chemical 

structure of the pseudo[1]rotaxane. 
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Hemicryptophanes are covalent molecular cages based on a cyclotriveratrylene 
(CTV) unit and an additional C3 symmetrical moiety. Such architectures allow for the 
recognition of anions, cations and zwitterions thanks to their ditopic character. [1] In 
order to increase the affinity of hemicryptophanes for negatively charged species 
anion-π interactions are highly promising while still being underrecognized. Benzene 
triimides are aromatic electron deficient units -with a strong positive quadrupolar 
moment- and have a C3 symmetry axis matching the topography of CTVs which makes 
them good candidates to endow hemicryptophanes with strong anion-π interactions. [2]  

 Hereby, we will describe the synthesis and characterization of receptors with either 
electron rich or electron poor linkers between CTV and BTI units, which modulate the 
affinity for charged guests. Finally, the control of the CTV configuration within the 
hemicryptophane is made possible by the use of (achiral) solvents. The 
characterization of the chiral switch as well as calculations will be presented. [3] 

  

 
 
Figure 1. Schematic representation of benzene triimides hemicryptophanes and their ability to recognize 

guests through multiple π-interactions or to switch configuration depending on the solvent. 
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Hexaphyrins offer a versatile platform for aromaticity switching through multiple stimuli (redox, 
coordination, protonation, temperature, polarity and conformational constraints).[1a-c] 

Remarkably, we recently showed that the association of an hexaphyrin to a doubly-linked chiral 
cyclodextrin unit (HCD) provides us with two 28π diastereomeric Möbius systems with opposite 
bridging pattern. Focusing on a dynamic strategy, metalation of these Möbius hexaphyrin  with 
Zn(II) shows chirality transfers between the cyclodextrin, the bridging pattern and the 
hexaphyrin, tuning the P/M twist stereoselectivity up to 60% de.[2] Following a different 
approach, Osuka group achieved metalation with Pd(II) binap salt, resulting in 23% ee and 
further enabling chiral separation.[3] In order to obtain potentially resolvable diastereomers, 
metal coordination with Pd(II) was done on HCD systems which gave us two pseudo 
enantiomeric monometallic complexes (PdHCD) F1 and F2 with highly efficient chiral 
communication from the bridging pattern to the Möbius twist. These conformationally stable 
isomers allow to easily switch between Möbius and Hückel aromatic systems to develop new 
applications using planar chirality for chiral guest recognition and chiral sensing material.  
28π Möbius aromatic PdHCD conjugates showed intense ECD (Electronic Circular Dichroism) 
spectra. The 28π PdHCD F1 and F2 pseudo enantiomers which show the same ECD spectra with 
opposite Cotton effects and large ΔƐ attributed to the strong aromaticity, is interesting in view 
of their potential application as chiral sensors. Redox tuning of chiroptical properties was 
achieved both with chemical and electrochemical oxidation, to form 26π Hückel aromatic PdHCD 
conjugates. The 26PdHCD shows weaker ECD spectra for both F1 and F2. The stability of the 
chiroptical response between Möbius and Hückel aromatic systems allowed us to switch 
between these states up to 25 cycles. These promising results suggest to further investigate 
these systems with the redox process, chiral properties, host guest chemistry within confined 
space and further. 

Figure 1. Circular dichroism of PdHCD F1 and F2. 
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In the past few decades, the development of organic solar cells (OSCs) has been considerably 

growing.[1] A way to obtain remarkably efficient OSCs is to increase their open-circuit voltage 

(Voc), which will, then, improve the power conversion efficiency of the OSCs. The improvement 

of the Voc can be partially linked to the packing of the donor and acceptor materials of the 

photoactive layer of the OSCs. Slip-stacked J-aggregate materials[2] have been found to 

minimize energetic disorder and achieve good energetic alignment between the acceptor and 

donor materials, which enhance the Voc.[3] In this context, the development of strategies 

leading to new π-conjugated molecules showing J-aggregation is of high interest. Here, we 

present the synthesis of a series of thiophene-based ADA π-conjugated compounds, combining 

electron-donating (D) and electron-accepting (A) building-blocks, functionalized with central 

bulky groups of different sizes. The impact of the latter on the supramolecular organization has 

been analyzed by X-ray diffraction and UV-Vis spectroscopy. 

  
Figure 1. Illustration of ADA systems functionalized with central bulky side chains prone to J-

aggregation.  
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In Nature, there is an omnipresent family of molecules (porphyrinoids) involved in most 
(photo)chemical events that transform solar energy into chemical energy, by consuming and 
regenerating O2, H2O, CO2, H2 in a closed cycle.1 Porphyrins are π-conjugated macrocycles 
responsible for executing many of the essential life processes, such as oxygen transport/storage 
(hemoglobin and myoglobin), electron transfer (cytochrome b5), enzymatic 
oxidation/oxygenation (cytochromes P450, peroxidases), and convert sunlight in photosynthetic 
systems (chlorophylls). 
Moreover, porphyrins reactivity and symmetry enable their functionalization in different 
positions which provide high versatility in self-assembly processes. Therefore, numerous 
examples of organic molecular cages based on porphyrins have been published showing their 
exceptional ability to host different kind of molecules as well as their interesting (photo)catalytic 
properties.(2,3) 
Here we show the formation of a molecular cage by means of the connection of two porphyrins 
via four linkers through dynamic imine bonds (Figure 1). According to the organization of these 
imine bonds two conformations are possible for the cage: extended and compact. Furthermore, 
the host-guest chemistry of this system was studied to determine its capability to host a wide 
range of ligands, observing a chelate cooperative effect in most of the guest tested due to a 
mutual conformational adaptation (Figure 1). 

 
Figure 1. Schematic representation of molecular cage self-assembly and host-guest complex formation. 

Acknowledgements 
We are grateful to MICINN, (PID2020-116921GB-I00) and MSCA-IEF action (897507-SuprAlloCat) 
for funding this project. 
 
References 
[1] IPCC Climate Change. The physical science basis. 2013, 1535. 
[2] Guilard, R.;  Kadish, K. M.;  Smith, K. M.; Guilard, R., The porphyrin handbook. Academic Press New 
York: 2003; Vol. 18. 
[3] Durot, S.; Taesch, J.; Heitz, V. J. C. R. Chem. Rev. 2014, 114, (17), 8542. 

Tetratopic Porphyrin Molecular cage

90-30º

120º

Ditopic Linker

Imine bond

Dynamic covalent bonds

N

R

Guest

Guest

Host-guest complex

P-19



3RD FRENCH SUPRAMOLECULAR CHEMISTRY CONGRESS 

 
 

  

Unforeseen Catalytic Reactivity of Nitrostyrene Derivatives via 
Supramolecular Catalysis 

Diana Deaibess, Laurent Bouteiller, Matthieu Raynal*  
 

Sorbonne Université, CNRS, Institut Parisien de Chimie Moléculaire, Equipe Chimie des Polymères, 4 
Place Jussieu, 75005, Paris, France 

diana.deaibess@sorbonne-universite.fr 

Non-covalent interactions have emerged as pivotal tools in the design of ligands for diverse 
asymmetric catalytic systems. Our group is particularly interested on benzene-1,3,5-
tricarboxamides (BTAs)1, disk-like molecules featuring hydrogen bonding groups, which self-
assemble into stable threefold hydrogen-bonded helices. Thanks to efficient chirality induction 
and amplification processes, BTAs appended with intrinsically achiral phosphine copper 
complexes demonstrated good efficacy in asymmetric catalysis, providing good 
enantioselectivities for well-established hydrosilylation and hydroamination reactions2,3. 

Leveraging this supramolecular catalytic copper hydride system, we probed the reactivity of 
nitrostyrene derivatives. While 3-nitrostyrene (3NS) followed the classical expected 
hydroamination pathway, 2- and 4-nitrostyrene (2NS, 4NS) derivatives underwent an 
unexpected diastereo- and enantioselective dimerization reaction leading to 1,2-diaryl-1,2-
dimethyl ethane derivatives in excellent yields (Figure 1). Furthermore, our investigation 
highlights higher chemo, diastereo and enantioselectivity with supramolecular helical catalysts 
relatively to conventional ligands. This underscores the distinct advantages of supramolecular 
catalysis in facilitating unconventional reactivity pathways. 

         

Figure 1. Reactivities of nitrostyrene derivatives with supramolecular helical copper catalysts.  
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During the past thirty years chemists have designed, constructed and investigated a large variety of 
molecular devices and machines by exploiting chemical, photochemical and electrochemical stimuli 
to transform appropriately designed supramolecular systems. This research has led to the design of 
diverse molecular machines inspired by nature or their macroscopic counterparts such as molecular 
motors, switches, cages and tweezers. [1] A significant, yet challenging goal is the development of 
systems whose actuation is triggered by cooperative or coordinated actions. 

We have recently developed switchable molecular tweezers[2] that can be controlled by metal 
coordination. Our system is based on a terpyridine ligand functionalized by metal salphen complexes. 
The open tweezers adopt “W” shaped conformation that can be switched to a closed “U” 
conformation, bridging the two functional salphen complexes into proximity. [3] We aim to combine 
the mechanical conformation switching of our system with a chemical fuel to enable an autonomous 
operation.[4] Herein, we report multicomponent switching cascades based on terpyridine molecular 
tweezers, tren(Zn) complex and carboxylic acids that slowly decompose over time as chemical fuels 
(Figure 1). This system allows transient out of equilibrium closing of the tweezers with a precise 
temporal control depending on the acid and its concentration. We will present the detailed kinetics 
studies of these out-of equilibrium multicomponent systems and their impact on the conformation 
and properties of luminescent tweezers. 

 
Figure 1. Chemical fuel-driven multicomponent cascade switching system. 
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Figure 1 : Quinolines sequence on the left and scheme of the hybridization in water on the right 
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The complex functions of proteins are intimately linked to their three-dimensional structures. 
Inspired by the folding modes of these biomolecules, and seeking to mimic their functions, chemists 
have developed unnatural oligomers that fold into architectures mimicking the secondary structures 
of these biomolecules: foldamers. Our laboratory has been developing the knowledge and tools for 
the design and synthesis of such compounds for several years. Their preparation and characterization 
are now well established, however the construction of more complex architectures resulting from the 
assembly of several secondary elements to obtain tertiary and quaternary structures, necessary for 
the emergence of functions, remains a challenge. Here we describe our strategy to build quaternary 
structures from synthetic oligomers by hybridization in multiple helices.  

Our strategy rely on the particular property of helical fluoroquinoline oligoamide foldamers to form 
stable antiparallel double helices (Fig. 1). Two of these oligomers will be connected through a 
designed linker that will orient the helices with an angle of 90° so that, upon hybridization, four 
subunits will join together to form a square-shaped structure (Fig. 2). Once obtained, side chains of 
the oligomers located towards the interior of the assembly can modified to create interaction zones 
in the centre of the structure. 

 

 

 

 

 

 

Figure 2 : Scheme of the hybridization in square of for subunits 
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Sequence-defined macromolecules, inspired by the sequence control in biopolymers such as 
proteins and DNA, are now accessible through various synthetic pathways.[1] Previous studies 
by our group and collaborators have shown the paramount importance of the sequence order 
in short catalytic oligomers.[2,3] In view of combining the control over monomer sequence and 
supramolecular interactions, a new system was designed (Figure 1). The precision 
macromolecules, oligomer A (Oa) and oligomer B (Ob), are able to bind through complementary 
nucleobase derivatives pairs G-C and T-D (see colored units in Figure 1). The formation of the 
Oa/Ob complex brings all five necessary catalytic subunits (M, 2 P, I, I’) close to each other, a 
mandatory step to enable catalytic activity. The model reaction studied here is the aerobic 
oxidation of benzyl alcohol into benzaldehyde. Molecular dynamics (MD) simulations are 
utilized to decipher the mechanisms of assembly at the atomistic level. Overall, our analyses of 
simulations, including original representations in network and modules, showed the formation 
of a very flexible, compact and globular duplex, in which the interactions between the 
complementary nucleobase derivatives play an important role but are not the only 
contribution to the binding.[4] 

Figure 1. Chemical structure of the Oa/Ob self-assembled catalytic system 

Acknowledgements 
This communication is supported by the French Community of Belgium through a FRIA grant. 
 
References 
[1] S. C. Solleder, R. V. Schneider, K. S. Wetzel, A. C. Boukis, M. A. R. Meier, Macromol. Rapid. Commun. 
2017, 38, 1600711. 
[2] P. Chandra, A. M. Jonas, A. E. Fernandes, J. Am. Chem. Soc. 2018, 140, 5179-5184. 
[3] J. Li, Q. Qin, S. Kardas, M. Fossépré, M. Surin, A. E. Fernandes, K. Glinel, A. M. Jonas, ACS Catal. 2022, 
12, 2126-2131. 
[4] Q. Qin, J. Li, D. Dellemme, M. Fossépré, G. Barozzino-Consiglio, I. Nekkaa, A. Boborodea, A. E. 
Fernandes, K. Glinel, M. Surin, A. M. Jonas, Chem. Sci. 2023, 14, 9283-9292. 

 
 

 
 

 

 
  

 
 

 

 
  

 
 

 

 
 

 

 
 

 

 
  

 
 

 

 
 

  

 

 
  

 
 

 
 

 

 
  

 
 

  

 
 

 

 
 

 
 

 
 

 
 

  

 
  

 

 

 
 

 

 
 

 

 
 

 

  
 

 

  

 

 

 

 

 
 

 

 

 

 
 

  
 

 

 
 

 

 

 
 

  

 
 

 

 
 

  
 

 

 
 

 

 
 

  
 

 

 
 

  
 

 
 

  
 

 

 
 

 
 

 
 

 
  

 

 
 

 

 

 

 

 

 
 

 

  
 

 

 
 

   
 

  
 

 

 
 

 
 

 

 
 

 
 

  

 

 
 

  
 

  

 

C6 G M P TOa

Ob C I’ I P D

C6

C6 C6

P-23



3RD FRENCH SUPRAMOLECULAR CHEMISTRY CONGRESS 

 
 

  

Tuning Supramolecular Units and Block Copolymers 
Organization within Polymer Matrices through Macromolecule 

Functionalization 

Arnaud Y.-G. DELPLANQUE 1, Clément GUIBERT 2, Nathan J. VAN ZEE 1 

1 Chimie Moléculaire, Macromoléculaire, Matériaux, ESPCI Paris, Université PSL, CNRS, 75005 Paris, 
France ; 2 Sorbonne Université, CNRS, Laboratoire de Réactivité de Surface (LRS, UMR 7197), Sorbonne 

Université, 75005 Paris, France. 

Email: arnaud.delplanque@espci.psl.eu 

 
Mixtures of post-consumer plastics are difficult to sort and recycle, thus representing a major 
challenge for achieving a circular plastics economy.1 The utility of such materials is limited 
because of the incompatibility of most commercial polymers, which leads to coarse phase 
separation, weak interfaces, and ultimately poor mechanical properties. Many solutions have 
been reported, such as the use of block copolymers as compatibilizers, but there still remains a 
great demand for innovative strategies for improving the properties of blends of incompatible 
polymers. A promising approach is to develop new (supra)macromolecular tools for finely 
controlling the structure and properties at the interface of incompatible polymers. In this 
context, we have explored the hierarchical assembly of block copolymers and supramolecular 
polymers in a polypropylene matrix with a polystyrene minor phase. A series of increasingly 
complex compositions were targeted, ranging from a simple blend of PS and PP to a blend of 
these polymers compatibilized with a polystyrene-block-poly(ethylethylene)-block-polystyrene 
block copolymer bearing pendant supramolecular motifs.  These materials were prepared in 
the melt by extrusion, and they were studied using a comprehensive set of analytical 
techniques, including variable temperature FTIR spectroscopy, SAXS, WAXS, XRD, DSC, POM, 
TEM, and SEM. We have uncovered intriguing non-orthogonal assembly behavior between the 
supramolecular polymer, the unfunctionalized block copolymer, and grafted derivatives of the 
block copolymer, giving rise to striking consequences to the structure of the final materials. 
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Over the past two decades, considerable efforts have been devoted to the rational design of 
metallocages possessing nanocavities thanks to the emergence of synthetic supramolecular 
chemistry methodologies.[1] These architectures possess tailored cavities which makes them 
attractive for applications, such as gas sorption/separation, catalysis and sensing.[2] Thus ligands 
constitute a powerful tool for the construction of such functional supramolecular assemblies 
with tunable properties. In this context, we have first developed the use of a semi-rigid bidentate 
ligand to construct a variety of appealing structures including nanocages of type M2L4 based on 
Co(II) and Cu(II).[3]  Subsequently, the use of rigid luminescent bis(ethynylpyridine)aniline and 
bis(ethynylpyridine)benzene based ligands has led to the formation of nanocapsules of type 
M2L4 (M = Pd, Pt), [3] whose cavities are able to accommodate neutral organic molecules and/or 
anionic organometallic complexes guests. Finally the use of a new semi-rigid bidentate ligand 
including a chiral 1,1'-biphenyl type unit in its racemic form to coordinate Zn(II) and Co(II) has 
been studied.[4] 

 
Figure 1. a) Co-based metallocages b) Pd-based metallocages c) Zn-based chiral loop 
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The green fluorescent protein provides insights and bio-inspiration towards tuning of 
photophysical properties by the modification of the supramolecular environment around a 
chromophore. The latter emissive moiety embedded in the protein displays emission which 
can be shifted on a 100 nm scale upon solely modification of the surrounding protein 
structure.[1]  
So inspired by nature, we aim to enhance the red emission of a [2,2]paracyclophanyl cyanine 
cationic organic chromophore by its encapsulation in an self-assembled hexameric 
resorcin[4]arene-based capsule known for hosting cations, in particular coordination 
complexes.[2] Harnessing chiral guest in the latter chiral capsule provides chiral bias that 
triggers chirality induction from the [2,2]paracyclophanyl cyanine to the capsule. Such 
interaction opens a route towards encapsulation triggered chiroptic tuning with prospective 
Cotton effect modification and CPL tuning.  
The encapsulation studies and its effect on emission will be presented as well as the first 
chiroptic results.  
 

Figure 1. Encapsulation triggered PCP-cyanine emission enhancement. 
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Selective removal of cesium salts from wastewater remains a significant challenge in industry. 
Calix[4]pyrrole macrocycles are promising extracting agents as they show high binding affinity 
and selectivity towards anions and cesium ion pairs.1 Nevertheless, while very high affinity is 
desired for efficient extraction, it hampers recyclability and recovery of the subbstrate. An 
effective strategy to overcome this issue, 2 recently developed in our group, is to introduce a 
photoresponsive strap such that low-affinity and high-affinity states can be addressed by light.3 
A drawback of the current system is the use of damaging UV light and low photo-stationary 
state ratios, which hamper its efficiency as an extractant. To address these issues, we have 
introduced Z-diazocine as a bridging unit. Here, we present two diazocine-strapped 
calix[4]pyrrole receptors, which can be switched over multiple cycles between high and low 
binding affinity states using visible light irradiation. Both Z-isomers strongly bind chloride and 
bromide anions in 1:1 stoichiometry. Exposure of the host-guest complexes to 405 nm, leading 
to formation of the respective E-isomer, results in anion release. The receptor with a longer 
spacer is shown to function as an effective extractant of cesium bromide. This work opens up a 
new photo-modulable approach to extraction and deposition of cesium salts, which eventually 
will help to reduce the volume of waste streams. 

 

Figure 1. Cesium bromide extraction by Z-diazocine strapped calix[4]pyrrole receptor. 
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Cyclic trinuclear complexes (CTCs) are known for their tunable -basicity and interesting 

optical properties. However, there are limited examples of incorporating these motifs into 

molecular cages.1 In order to construct cages with CTC building blocks, we synthesized 

pyrazole-based ligands with substituents suitable for further reaction. One tetrahedral cage 

and two trigonal prismatic cages were obtained by an imine condensation reaction between 

gold CTCs with peripheral aldehyde groups and commercially available amines. The tetrahedral 

cage can encapsulate C60 (Figure 1a) and C70.2 Furthermore, we synthesized two metalloligands 

with pyridine donor groups: a triotopic ligand and a ditopic ligand. The reaction between the 

first ligand and PdII ions formed a spherical PdII
6FeII

24AuI
24 coordination cage with a diameter of 

~ 4.1 nm and a molecular weight of 21 kDa (Figure 1b), while the second ligand formed a 

PdII
2FeII

8AuI
12 cage in the same conditions. 

 
Figure 1. a) Structure of the host-guest complex of a tetrahedral cage with C60, and b) A PdII

6FeII
24AuI

24 

coordination cage. 
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Anion recognition is a thriving and well-established field within supramolecular chemistry.1 On 
the other hand, anion-induced supramolecular polymers represent a relatively understudied 
class of materials, characterized by the self-assembly of one or more molecular components.2,3 

In both scenarios, hydrogen bonding (HB) has been the most commonly employed non-covalent 
interaction.1 Nevertheless, in the last decade, σ-hole interactions such as halogen (XB) and 
chalcogen bonding (ChB) have also gained significant attention.4 
 
In this work, the comparative study of novel supramolecular structures induced by anions is 
presented, based on receptors bearing one squaramide unit and proto (HB), iodo (XB) or 
tellurium (ChB) bis(triazolium) groups as extra anion binding sites (Figure 1a). The addition of 
increasing amounts of SO4

2- anions in DMSO-d6 and CD3CN solution, did not promote any shifts 
in the 1H NMR spectra of receptor 1, subsequent additions induced significant downfield shifts, 
suggesting the formation of supramolecular polymers. In contrast, the addition of anions in 
CD3OD solution resulted in a classical behavior for an anion-receptor complex (Figure 1b). All of 
these supramolecular structures were also identified by 1H NMR, 125Te NMR, UV-Vis 
spectroscopy, Dynamic Light Scattering and DOSY 1H NMR experiments.  
 
a)                                                            b)                 

 
Figure 1. a) Structure of the receptors, b) 1H NMR titration profiles for the receptor 1 during the 

increasing addition of SO4
2- anions. 
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We present new stimuli-responsive hybrid materials by employing water-soluble 
poly(phenylacetylene)s (PPAs) with primary amines as chiral protecting agents1 for silver 
nanoparticles (AgNPs).2 The selected PPA with ammonium groups in its pendant poly-(S)-1 
enhances solubility in aqueous media and provides specific interaction sites for AgNPs. This 
interaction mechanism was explored through experimental and DFT calculations. 
Moreover, the nanocomposites demonstrate pH-dependent nanostructuration, resulting in 
varied sizes of the hybrid material and distributions of silver nanoparticles (AgNPs). This hybrid 
material exhibits response to the oxidation state of silver in the ECD. The pH modulation 
applied to the final AgNP@poly-(S)-1 produce a switchable system with the ability to aggregate 
and precipitate under alkaline conditions, followed by self-healing properties upon 
acidification. The materials show potential for sensing applications due to their chiroptic and 
optic responses after the addition of various cations. 

 
Figure 1. Schematic representation of the chemical reduction at pH=1 of poly-(S)-1/Ag+ Helical Polymer 

Metal Nanoparticle (HPMC) to AgNP@poly-(S)-1 nanocomposite. 
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If blockbuster cavitands such as cucurbit[n]urils, pillar[n]arenes, cyclodextrins, calix[n]arenes 
are synthetically very accessible and robust, they suffer from limitations: not only their harsh 
assembling conditions generally rules out the use of the famous template effect, but also their 
synthesis procedures generally deliver unfunctionalized architectures that imply further post-
functionalization steps. 

Dyn[n]arenes are the strict polydisulfide-based analogues of pillar[n]arenes.[1] Although less 
famous than their static homologues, these dynamic cavitands are self-assembled in water at 
physiological pH and possess unique stereo-chemical features. Here, we show that the 
covalent assembling process can be guided by supramolecular interactions with or without a 
targeted partner. As a result, not only can the size and functions be chosen on demand, but 
the stereochemical features can be precisely controlled by careful choice on the building 
blocks and the assembling conditions.[2] 
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Ruthenium (Ru) complexes have been developed as photosensitizers due to their light-
responsive property [1,2]. For catalysis, except functioning as the catalytic center directly, Ru 
complexes are widely adopted as the light-triggered stimuli responsive moiety within a 
bimetallic catalyst system [3, 4, 5]. 
Previously our group reported series of catalysts based on NHC-bridged mono-metallic 
cyclodextrins (CD) and verified their stereoselectivity, which derives from the different CD size. 
Furthermore, we prepared bimetallic CD complexes. It is assumed that in these CD-based 
bimetallic complexes, electron communication between two metals (outside & inside the CD 
cavity) that linked together by a conjugated part could influence the catalytic process 
happened on the transition metal situated inside the CD cavity. 
Thus, combining the photosensitivity of Ru complex and the steric selectivity of the CD, several 
bimetallic complexes have been designed and synthesized to verify if the stereoselectivity and 
stimuli controllability can yield a single product in a competitive multi-product generated 
reaction. There are only few reports in this field and none of the synthesized complexes have 
been reported. Through two dimensions (light presence and CD cavity size) of catalytic 
efficiency evaluation and electrochemistry research, the mechanism how the electron 
communication and light-triggered process enable or boost the catalysis could be revealed. 

 
Figure 1. Module of the photosensitive bimetallic complexes. 
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Small molecules self-assembly through non-covalent interactions is ubiquitous and 
central to achieve high charge transport.1-2 Self-assembly (SA) occurring in solution may lead to 
the formation of 1D supramolecular polymers or 2D nanosheets.3 SA may also appear at the 
solid state and has been well-developed since the discovery of liquid crystals (mesogens) for 
display technologies.4 In those fields, organometallic molecules have shown their superiority 
compared to purely organic compounds because introducing a metal into the molecular 
backbone has brought about a wealth of new properties such as (chiral)luminescence,5 
complementary weak metallophilic interactions that have strengthened and guided the 
supramolecular process6 to name a few. We recently reported the preparation of a new RuII 
bis-acetylides complex equipped with a mesogenic ligand,7 which was able to form micrometer 
long ribbons that eventually trapped aromatic solvent molecules to form a gel. Inspired by 
those outcomes, we have explored new scaffolds and investigated their self-assembly 
behaviour. While monometallic compounds lead to 1D objects, bimetallic molecules afford 2D 
nanosheets thanks to an isodesmic process (Figure 1).  

 
Figure 1. 1D (2D) objects formed by self-assembly of mono(bi)metallic species  
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Upon mechanical bond formation, achiral sub-components can be desymmetrised to yield 
chiral and geometric isomers.1 When considering the catenation of oriented and/or facially 
dissymmetric macrocycles (I and II) and rotaxane formation using the same with bilaterally 
symmetric axles (III and IV), seven distinct isomeric motifs can be formed (V-XI).2 Of these, 
only mechanically planar chiral systems (V and VIII) have been studied significantly and axially 
chiral rotaxanes XI were only discovered in 2022.3 Here we report a study of the factors 
controlling the selective synthesis of both of geometric and chiral mechanical isomers and the 
first direct enantioselective synthesis of a mechanically axially chiral rotaxane. All of the 
fundamental mechanical stereoisomers can now be synthesised stereoselectively.4,5 

 

 
Figure 1. Mechanical isomers of [2]catenanes and [2]rotaxanes through combination of oriented or 

facially dissymmetric macrocycles I and II and bilaterally symmetric axles III and IV. 
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In recent times, organic molecular cages based on porphyrins have been widely studied due to 
their exceptional ability to host different kind of molecules into their inner cavities as well as 
their interesting (photo)catalytic properties. [1,2] 

 
In this communication, novel porphyrin cages were attained by employing the self-assembly 
strategy and the bottom-up approach, where dynamic covalent bonds were formed by means 
of the imine condensation reaction in thermodynamic conditions. Two isomeric cages can be 
achieved depending on whether the amine group is placed in the porphyrin or in the linker, 
called N=C and C=N cages, respectively. Furthermore, according to the arrangement of these 
imine bonds, the molecular cage could present two main conformations: extended and 
compact.  
 
Interestingly, the conformational equilibrium can be modified to obtain the less favored 
conformation through the employment of molecules with different sizes to establish host-guest 
complexes. As a result, a flexible inner cavity is obtained, and outscoring values of Ka are 
registered.  
 

 
 

Figure 1. Conformational control in porphyrin cage through host-guest chemistry. 
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The development of new luminescent materials constitutes an active field of research as their 
application can be very diversified. [1] [2]   Among them, we find a lot of luminescent solids made 
of Critical Raw Materials (CRM), like heavy rare earth. Because the sustainability of these 
elements is a problem, the use of d10 coinage metals, such as Cu and Ag, to design new 
materials can be a solution, as these metals exhibit good emission efficiency and various 
luminescent properties. [1] [3] Coordination polymers (CPs), have been reported as a good 
alternative, and more specifically thiolate-based ligand CPs, due to their ability to form stable 
compounds thanks to the strong interaction between the sulfur and the d10 coinage metal. [3]  
 
In this context, four CPs ([Cu(m-SPhCO2H)]n (1), ([Ag(m-SPhCO2H)]n (2), [Cu(m-SPhCO2Me)]n (3) 
and, [Ag(m-SPhCO2Me)]n (4) have been prepared to understand the effect of the carboxylic 
acid and the methyl ester in the meta position of the  thiolate ligands on the dimensionality of 
the materials and their physical properties.(Fig. 1) The four compounds were obtained in 
solvothermal conditions and the structures were determined by single crystal and powder x-
ray diffraction. While (1) and (2) are 2D lamellar materials and non-luminescent at room 
temperature, (3) and (4) have a 1D structure and exhibit intense photoemission. (Fig. 1) 
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(b) (a) (c) 

Fig.1 (a) Projection of the 2D lamellar structure of (2) and (b) projection of the 1D structure of (4). Blue : 
Ag, yellow : S, grey : C, Hydrogen are omitted for clarity. Hydrogen bonds are represented with red 
dashed lines. (c) Photograph of (4)  at RT under ambiant light (top) and under UV light (bottom).  
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Triarylamines are a class of organic compounds renowned for their versatile properties in 
polymer science and organic electronics.1 Previously, our research group reported the first 
triarylamine-based conjugated hexaaza[16]paracyclophane macrocycle, featuring six lateral 
amide functions, which made possible the self-assembly of macrocycles into tubular structures 
with delocalization of charge carriers achieved through bonds in the plane of the macrocycle 
and through space between macrocycles along the supramolecular stacks.2 

In this work, we will describe how the substitution pattern of the core macrocycle allows 
us to tune the properties of the assembled nanotubes. We have expanded our library of 
hexaaza[16]paracyclophane macrocycles by designing and synthesizing a series of substituted 
triarylamine-based conjugated macrocycles bearing a different number of lateral amide 
functions. Density functional theory calculations (DFT) provided us with an insight into the 
geometry of macrocyclic monomer and self-assembled polymer (Figure 1). Using chemical 
oxidation monitored by UV-Vis-NIR spectroscopy, we observed an increase in the radical 
cations’ localization which is strongly dependent on the oxidation level. Further 
characterization by (pulse) EPR spectroscopy provided additional insights into the electronic 
and magnetic properties of these new materials. 

 

Figure 1. DFT-calculated structure of self-assembled hexaaza[16]paracyclophane trisamide. 
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Rotaxanes are mechanically interlocked molecules composed of a bulky-group-stoppered 
linear axle passing through the macrocyclic ring large enough to accommodate molecular 
thread. They have found multiple applications due to their capability to perform various types 
of molecular movements.1-3 Herein we report the synthesis and reactivity of dipyrromethene-
stoppered rotaxanes acting as building blocks for rotaxanes and catenanes. The introduction of 
porphyrinoid moiety within the architecture allows for observing a new type of dynamic 
behaviour of the MIM relying on the macrocycle bending. 
 
 

 

Figure 1. The bending motion observed for porphyrinoid-incorporated [3]rotaxane. 
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The coordination driven self-assembly methodology provides access to discrete three-
dimensional structures with high yields thanks to the reversibility and the high directionality of 
the coordination bond.1 Most of these polyhedra exhibit a cavity that can be used for host-guest 
binding, with possible applications in catalysis or drug delivery for instance. In this context, our 
team has developed molecular hosts which are able to trigger the guest release thanks to a 
redox stimulation.2-4 Similarly to the case of macrocycles which allow the construction of [2]-
catenanes, the 3D cavity of coordination cages allows access to interpenetrated species, namely 
interlocked cages, the latter being characterized by a high compactness.5  
In this context, we have been interested in controlling the self-assembly process of an electron 
rich triazatruxene-based ligand L with an electro-deficient bis-rhodium complex M. This 
association leads, depending on the experimental conditions, to the selective formation of: i) a 
cage (M3L2), ii) two interlocked cages ([M3L2]2) or iii) a host-guest complex (2L⊂M3L2) where the 
relative location of donating and accepting units is perfectly controlled (Figure 1). Details of their 
formation, their structure as well as their electronic properties will be presented. 

 
Figure 1. The three structures which are obtained upon self-assembling ligand L and complex M. 
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As demonstrated more than a century ago by Alfred Werner,[1] molecular chirality in 
coordination compounds may originate not only from the ligands but also from the metal atom 
itself. Quite surprisingly, while several chiral-at-metal complexes have been reported, few cases 
deal with their use as chiral building blocks for the generation of heterometallic coordination 
polymers (CP), also known as mixed-metal-organic frameworks.[2] Indeed, in most of the 
examples employing chiral coordination compounds as metallatectons or metalloligands, the 
chirality is associated with the presence of asymmetric carbon atoms on the metalloligand 
scaffold. Furthermore, whereas tris-chelate octahedral Iridium complexes have been used to 
form luminescent CPs,[3] their intrinsic chirality is usually not exploited and those metalloligands 
are employed as racemates.  

Herein, the synthesis of a family of chiral-at-metal tris-chelate Iridium complexes that 
combine chiral and luminescent information and are equipped with peripheral coordination 
sites will be detailed. Formation of luminescent heterometallic CPs upon self-assembly with Cd 
atoms will be highlighted.[4] 

 
Figure 1. General chemical structure of the iridium metalloligands studied and X-Ray structures of three 

heterometallic CPs obtained upon self-assembly with Cd(II) metal centres. 
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Over the last decades, supramolecular chemistry has allowed major breakthroughs in 
miscellaneous research and applied fields. In this context, and inspired by naturally-occurring 
molecules, chemists have dedicated much effort to design oligomers that fold into well-
defined conformations and are named foldamers.[1] 
In particular, helical foldamers have shown their interest in the fields of catalysis,[2] selective 
host-guest encapsulation[3], or more recently stimuli-responsive materials.[4-5] Among the 
diversity of foldamer skeletons, some are able to hybridize and form multiple helices.[6] The 
latter present different geometrical features and hence, new physicochemical properties, 
which could be of interest to develop original materials with singular optoelectronic 
properties. 
To this end, helical foldamers grafted with luminescent and electroactive units were designed 
and synthesized. These entities can organize into supramolecular associations, directing the 
conformation of foldamers and subsequently impacting their physical and chemical attributes. 
The presented results will cover supramolecular assembly in solution and the impact on the 
optical properties of these foldamers. 
 

Figure 1. Control of the single-to-double helix equilibrium through external stimulation 
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Chemically-fueled chemical reaction networks (CRNs) are key in controlling dissipative self-
assembly. Having catalysts gating fuel consumption for both the activation and deactivation 
chemistry of (assembly-prone) monomers and controlling the catalytic activity with an external 
stimulus would provide better control over where, when, and how long self-assembled 
structures can form.  Here we achieve light control over monomer activation and subsequent 
assembly into supramolecular fibers, and partial light control over deactivation and fiber 
disassembly. Activation proceeds via photoredox catalysis under visible light, whereas 
deactivation is achieved by organometallic catalysis that relies on a photocaged pre-fuel 
activated by ultraviolet light. Overall, we show how supramolecular fibers can be formed by 
visible light and how their destruction is accelerated by ultraviolet light. 

 
 
Figure 1. Towards dual wavelength control over a catalytically-driven CRN, forming transient SachCHO 
fibers. Oxidation of SachOL to SachCHO by using riboflavin tetraacetate (RFTA, Cat1) by 450 nm 
irradiation. Reduction of SachCHO to SachOL by [Cp*Rh(Bpy)(H)]+, which is generated from 
[Cp*Rh(Bpy)(H2O)]2+(Cat2) using formate as hydride source. Photocleavage of p-hydroxyphenacyl 
formate (PC-Formate), releases formate with 305 nm light producing p-hydroxyphenylacetic acid (W1) 
as main by-product. PC-Formate also releases the fuel in the dark at longer times upon hydrolysis, 
producing α-hydroxyketone (W2) as by-product. 
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Despite the importance of carbohydrates for life, as building blocks or for intercellular 
communication, their recognition still proves to be a challenge, whether with natural or artificial 
receptors. The reason for this is that saccharides are isomers including various tautomeric and 
anomeric forms. The competitive interactions of the saccharide with polar solvents, such as H2O, 
and the receptor are also very challenging.[1] Foldamers, a class of artificial receptors for 
carbohydrates, are helically folded artificial receptors. They fall into three distinct categories 
based on the accessibility of their appendices: open-ended helices, capsules and cones (Figure 
1A).[2] 
The aromatic oligoamide capsules demonstrated high selectivity for specific mono- or 
disaccharides, as they completely segregate the saccharides from their environment.[3] While 
capsules are effective up to a certain size of oligosaccharides, their utility diminishes beyond this 
threshold, like for glycoproteins. In these cases, smaller segments could be recognized by cone-
shaped receptors. 
This work discusses four strategies for creating cones from heterocyclic oligoamide sequences: 
self-assembly, head-to-head linker, staple and “unimolecular elongation” (Figure 1B). The 
interactions between these cone structures and different saccharides have been analyzed using 
1D and 2D NMR, CD, and X-ray structural techniques. 

  
Figure 1. A. Schematic representation of the recognition modes of helically folded artificial receptors 
(grey) and guests (yellow). B. Schematic representation of four molecular designs of conical receptors 

from heterocyclic oligoamide sequences.  
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Several molecular assemblies containing one or more boron atoms have been reported in the 
litterature.1 Boron offers indeed a rich chemistry thanks to its ability to form bonds with many 
common atoms (C, O, N, S, …) while the lability of these bonds can be very varied. However, 
the synthesis of interlocked molecules with boron as a gathering atom had never been 
described in the literature except for a very recent work from Schaufelberger’s group.2 We 
describe herein our recent efficient method for the threading of macrocycles using boron from 
BODIPYs and boron diketonates.3 This work eventually led to the synthesis of a new kind of 
rotaxane after stoppering and removal of the boron. 
 

 
Figure 1. Removal of boron in a boron-threaded and stoppered molecule for the synthesis of a rotaxane. 
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In this study, density functional theory was employed to investigate how varying functional 

groups at the rim affect CO2 adsorption on P[5]A. Comparing -OH [1], -OCH3, =O, and -OCOH 

groups, we observed that P[5]A-OCH3 exhibited the highest CO2 adsorption energy due to an 

increase in hydrogen bonds. This increased adsorption energy is attributed to the formation of 

more hydrogen bonds between CO2 and P[5]A-OCH3 than in the P[5]A-OH. The top-in 

configuration exhibits no CO2 adsorption, associated with hydrogen bonds but more robust π-

π interactions with P[5]A. In P[5]A-OCOH, CO2 adsorbed on the top and bottom functional 

groups through weak hydrogen bonds and π-π interactions. A novel configuration involved 

CO2 situated between two P[5]A functional groups, featuring weak hydrogen bonds and 

electrostatic interactions. This study sheds light on the diverse CO2 adsorption behaviors of 

P[5]A based on specific rim functional groups. 
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Janus particles are asymmetric nanoparticles with two faces of different compositions and 
features. This makes them relevant for applications as sensors, in two-color display panels, in 
catalysis or as emulsion stabilizers1. Janus nanorods (JNR) are very difficult to prepare due to 
their nanometric dimensions and anisotropic character, but this simultaneously makes them 
very relevant for applications where high surface areas and high aspect ratios are needed. The 
only two methods reported prior to our work to prepare JNR rely on self-assembly of 
copolymers bearing strongly incompatible arms, which limits the range of polymers which can 
be used on either face of the JNR. Recently, our team reported the first strategy which affords 
the formation of JNR without relying on the polymer arm incompatibility, but on the self-
assembly in solution of two polymers end-functionalized with non-symmetrical and 
complementary hydrogen bonding stickers (Figure 1) 2,3. It was however shown that this 
strategy led to frozen JNR in aqueous medium; which requires to pre-dissolve both polymers in 
an organic common solvent exhibiting a strong hydrogen bond competing ability and then 
adding water. The mechanism of their formation was unknown. 
Here, we report the investigation of the mechanism of formation of the JNR from the initial 
state in pure organic solvent prior to water addition. It was shown that the polymers may be 
either pre-assembled or dissolved as unimers in the organic co-solvent, depending on its 
nature. This affects the final characteristics of the JNR (length, diameter) upon water addition 
and therefore affords a convenient kinetic way to control these characteristics4. Additionally, 
the characteristics of the JNR can be affected by varying the degree of polymerization and 
chemical nature of the polymer arms. This fine degree of control makes the JNR relevant for 
biomedical applications, which is a topic we are currently investigating. 

 
Figure 1. Scheme of supramolecular Janus nanorods co-assembly 
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Transient control over biomolecular components is essential for intracellular reaction 
networks, robust signal transductions, and efficient cell-cell communications.1 Similarly, the 
temporal modulation of enzyme activity makes dynamic control of biological transmission and 
metabolism possible. In this work, I will present synthetic supramolecular systems with 
multivalent non-covalent interactions, termed “molecular glue”, as biomolecular adhesion to 
tailor several natural processes. Given the potential of molecular glues yet unexplored for the 
augmentation and regulation of enzyme catalysis, I would present a vesicular glue system for 
the amplification of biocatalytic processes. The system forms bilayer vesicle structures by 
utilizing guanidinium group-bearing surfactants and adenosine triphosphates (ATP), employing 
ATP's dual role as a structural element and a functional "glue" to anchor enzymes onto the 
vesicle surface through non-covalent interaction with exposed Adenine.2 Unlike covalent 
systems operating at equilibrium, this transient vesicular glue system mimics far-from-
equilibrium biological dynamics, allowing for controllable lifetime and transient regulation via 
ATP concentration oscillation. Modulating the effective concentration of proteins on the 
vesicular glue provides us with an efficient mechanism to gain spatiotemporal control over 
protein activity. Further, the transient upregulation and control of complex cascade reaction 
networks on the vesicles present an adaptable and dynamic system emulating heterogeneous 
cellular processes. 

  

Scheme 1.  Schematic representation of the transient assembly resulting amplified enzymatic activity. 
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The concept of molecular self-assembly plays a pivotal role in supramolecular chemistry. The 
synthetic methodology allows for the construction of various, often topologically complex 
supramolecular architectures, including Mechanically Interlocked Molecules (MIMs). The latter 
constitute a special group of compounds characterized by the existence of a mechanical bond.2 
Prominent instances include catenanes, which consist of two or more interwoven macrocyclic 
rings,3 and molecular knots,4,5 where a single macrocycle is entangled in a manner reflecting 
non-trivial topologies elucidated by mathematical knot theory. Herein we report on the 
synthesis and characterization of a bis-M2-stabilised [2]catenane obtained with the use of 
bipyridine-incorporating diamine and heterocyclic dialdehyde forming a tetradentate 
coordination motif upon the imine condensation. 
 

 
 

Figure 1.  Graphical representation of bis-M2-stabilised [2]catenane. 
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According to Hückel theory, aromaticity is the stabilization of cyclic molecules 
containing [4n+2] delocalized π electrons.1 The corresponding gain in stability leads to a 
ubiquitous representation of this character in the chemical landscape, giving rise to a wide 
variety of π-type interactions: π•••π stacking,2 cation•••π,3 anion•••π,4 C-H•••π.5 On the 
contrary, antiaromaticity containing [4n] delocalized π electrons destabilize cyclic molecules.1 
Due to their inherent instability, antiaromatic compounds are difficult to synthesize and 
handle. Consequently, there is still little known about antiaromatic π-type interactions. 
However, porphyrinoid macrocycles such as norcorroles6 or hexaphyrins7 are known to 
stabilize antiaromaticity and provided the first evidence of the antiaromaticity within confined 
nanospace8 or molecular junction.9     

Recently, we have developed a family of hybrid molecules composed of cyclodextrin 
(CD) and hexaphyrin (H) subunits able to stabilize aromatic and antiaromatic states.10,11 We are 
now aiming to synthesize hybrid molecules with a sandwich design using two cyclodextrins and 
two hexaphyrins. The targeted sandwich hybrid will be used as a tool to explore π-type 
interactions of antiaromaticity (cation-π, anion-π, π-π) and study through-space aromaticity.   
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Chiral π- functional materials are a core research topic across a multitude of diverse fields, 
spanning materials science, chemistry, medicine, biology and physics.1  Their photophysical 
properties have led to their exploitation in a broad spectrum of applications,2 notably in 
circularly polarized-light emitting diodes (CP-OLEDs) for their ability to emit circularly polarized 
light (CPL).3  
 
The chirality exhibited by some of the most efficient organic CPL emitters, such as helicenes 
and helicenoids, originates from their inherent helical nature.4  This characteristic helical 
structure can also be exhibited by selected foldamers (discrete oligomers that can fold into a 
conformationally ordered state in solution), allowing them to emit circularly polarised light if 
the handedness of the helical structure can be controlled.5  Moreover, the ability of some 
foldamers to hybridise6 generates opportunities to further modulate their emission, facilitated 
by excimer formation through the strategic use of fluorophores like pyrene.7 

 
Here, we present attempts to control the handedness of the supramolecular helical structure 
of a pyrene appended oligopyridine-dicarboxamide foldamer through the incorporation of a 
variety of chiral chains to the foldamer backbone, leading to the control of their spectroscopic 
properties.  
 

 
Figure 1. Molecular structure of chiral fluorescent oligopyridine-dicarboxamide foldamers. 
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Benzene 1,3,5-tricarboxamides (BTAs) comprise three amides attached to a benzene core.[1] It 
generates supramolecular helical rods through a combination of threefold H-bonds and π-π 
stacking interactions. The dynamic properties of BTA supramolecular polymers make it 
necessary to use multifarious analytical techniques to get a multi-scale structure of their 
assemblies.[2] Due to cooperative effects, subtle structural transition in between different types 
of supramolecular assemblies can be detected for BTA and BTA-related supramolecular 
polymers.[3] However, a direct relation between the nature of this transition at the molecular 
level and the related properties at the macromolecular scale is rarely established. 

Supramolecular polymers of BTAPPh2(S),(S) (Figure 1a) were characterized by Variable-
Temperature Fourier-Transform Infrared (VT-FTIR, Figure 1b), Circular Dichroism (VT-CD, Figure 
1c) analyses as well as SAXS, SANS, calorimetry and electron microscopy analyses. All these data 
indicate that an intramolecular structural transition occurs in the supramolecular helices in a 
relatively narrow range of temperature. This structural transition influences both the rheological 
and catalytic properties of the supramolecular assemblies. This transition is driven by a subtle 
solvation/desolvation process and can thus be finely tuned by playing on the nature of the 
solvent.[4] 

 
 
 
 
 
 
 

 
Figure1. a) Molecular structure of BTAPPh2(S),(S); b) VT-FTIR of BTAPPh2(S),(S) upon cooling process;  

c) Self-assembly and VT-CD of BTAPPh2(S),(S). 
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The precise control of transmembrane transport of ions has become a prominent area 
of research due to its fundamental importance in cellular processes and potential 
therapeutical applications.[1] Artificial liposomes and fluorescence spectroscopy have 
emerged as essential tools for observing and analyzing transmembrane transport of ions in an 
affordable way.[2] The presented system offers an unusual approach to tuning the 
transmembrane transport of ions in liposomes. Dynamic covalent chemistry (DCvC) is a well-
developed synthetic strategy using reversible covalent bonds such as imines, acyl-hydrazones, 
esters, boronic esters, disulfides or azines to obtain complex molecular and supramolecular 
systems.[3] DCvC has already found prominent applications in fields like drug delivery and 
gene therapy.[4-5] This contribution presents the use of DCvC based on azine bonds in 
modulating the transmembrane transport of chloride in artificial liposomes.[6] Tuning of the 
transmembrane transport with DCvC requires a reversible bond that can be used in both 
membranes and aqueous conditions. An active chloride transporter is obtained in-situ inside 
the lipid bilayer through the dynamic azine metathesis. The external control of transport is 
achieved through alterations in the structure of the azine building blocks and adjustments of 
the pH of the liposome solution. In the future, this dynamic method may find application in the 
development of drug delivery systems. 
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The controlled synthesis of supramolecular polymers (SPs) with diverse architectures is a 
challenge in supramolecular chemistry. While primary nucleation-driven living supramolecular 
polymerization (LSP)[1] is well-studied, resulting SPs mostly exhibit one-dimensional (1D) 
morphology. Here, we introduce a novel approach using secondary nucleation,[2] akin to 
protein aggregation and small molecule crystallization. We stabilized dormant monomers of 
2EH-PDI and activated them via mechanical stimuli and hetero-seeding with PE-PDI seeds. This 
triggered a secondary nucleation event, forming 3D spherical spherulites and scarf-like SP 
heterostructures. Our study offers a straightforward molecular design for synthesizing well-
defined SP architectures through secondary nucleation. 
 

 
Figure: (a) Chemical structures of 2EH-PDI and PE-PDI. (b) Schematic of dormant monomer formation by 
2EH-PDI and their transformation to thermodynamically stable supramolecular polymers (SPs) via 
seeded living supramolecular polymerization (c) Overview of three noncovalent synthesis approaches: 
activation of dormant monomers of 2EH-PDI leads to formation of 1D SPs via homo-seeding, 3D 
spherical spherulites via shear-induced , and scarf-like SP heterostructures via hetero-seeding. 
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The intricate interplay between self-assembly and phase separation orchestrates biomolecular 
organization inside cells, thereby dictating the formation of vital structures such as protein 
assemblies and membraneless organelles (MLOs). However, in the context of supramolecular 
polymerization, these fundamental processes have traditionally been studied separately. This 
study reevaluates the supramolecular polymerization process to unveil the presence of phase-
separated droplet state. Utilizing the well-studied benzene-1,3,5-tricarboxamide (BTA) 
supramolecular motif, we explore its thermally driven liquid-liquid phase separation (LLPS). 
Thermodynamic and kinetic analysis, employing temperature-dependent spectroscopic and 
microscopic techniques, elucidates the distinct BTA states and their evolution towards the 
thermodynamic fiber state. This research sheds light on the existence of hidden phases of 
supramolecular monomers, emphasizing the delicate balance of non-covalent interactions 
among monomers and with solvents in governing self-assembly vs. phase separation. This is 
particularly important in comprehending phase separation in the biological realm such as in 
MLOs, and for applications such as condensate-modifying therapeutics. 

 
Scheme 1. Chemical structure of BTA and schematic illustration of BTA states: monomer, 

supramolecular polymers, and supra phase separated droplets. 
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Hijacking the chemistry of automated DNA synthesizers, our group has pioneered the creation 
of sequence-defined DNA amphiphiles. These precise block copolymers bear a hydrophobic 
portion conferring them interesting self-assembly properties: controllable morphologies, 
sequence-dependent assembly, … These molecules have found multiple applications in 
biology, especially in gene silencing where they show activity without the need for external 
transfection agents, acting as self-delivering therapeutics. However, because they are held 
together by weak non-covalent interactions, dilution below their critical micellar concentration 
and interaction with serum proteins in vitro can result in their disassembly (Figure 1). Here, we 
describe several approaches to strengthen these self-assembled structures by borrowing tools 
from dynamic covalent chemistry and photochemistry, adding stability via the hydrophobic 
core or the DNA corona, respectively.1 We show that high therapeutic efficiency lies in a 
balance between extracellular stability of self-assembled nanostructures and their intracellular 
dissociation.2 This research brings forward a new generation of gene-silencing drugs paving the 
way for more straightforward translation to in vivo and preclinical applications. 

 
Figure 1. Self-assembled DNA amphiphiles made from different hydrophobic units for post-assembly 

covalent crosslinking. Crosslinked micelles are more resistant to disassembly by interaction with serum 
protein, resulting in higher cellular uptake but can hamper intracellular therapeutic release. 
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Developed in the 1980s, dendrimer chemistry has opened up new perspectives in fields as 
diverse as catalysis, molecular electronics and artificial photosynthesis.[1] Surprisingly, however, 
magnetic dendrimers are not common in the literature due to puzzling difficulties in their 
synthesis and characterization.[2] In this context, the design of such polymetallic and 
monodisperse starburst architectures, endowed with magnetic properties, is therefore a real 
challenge. [3] 
Following a supramolecular “complex as ligand” approach, we succeeded in this challenge by 
carrying out the synthesis, characterization (including X-Ray diffraction) and study of magnetic 
dendrimers. Our synthetic strategy essentially relies on (i) oxalate-based coordination chemistry 
as the core of the architecture and (ii) trinuclear complexes, LnCo2 for the branches (with Ln a 
lanthanide and Co, the Klaui ligand) that feature single-molecule magnet properties. The 
combination of these two building blocks allows us to obtain supramolecular and dendritic 
assemblies. 
The versatility of this approach makes it possible to anticipate the properties according to the 
choice of metal cations involved in the structure (single molecule magnets or giant spin values, 
etc.). Thus, we obtained hetero-tri-metallic magnetic dendrimers, MLn3Co6 and ZrLn4Co8 (with 
M=Co or Cr, and Ln=La, Tb, Dy, Er, …, Figure 1) fully characterized by X-ray diffraction.[4],[5] The 
magnetic properties are in good agreement with the expected theoretical models. This type of 
compound could be of great interest for applications in information storage or magnetic 
refrigeration. 

 
Figure 1. X-ray structures of magnetic dendrimers: CrEu3Co6 and ZrTb4Co8 
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Calixarenes are macrocyclic polyphenolic compounds that have been extensively studied for 
several decades and have found numerous applications in various fields of chemistry.1 Their 
success can be attributed, in large part, to the numerous synthetic methods developed for 
their itero2 - and regioselective modification, both at the small rim and the large rim.3 
 
Few synthetic methodologies yielding tris-functionalized C3v-symmetrical calix[6]arenes are 
reported. In this work, three allyl protecting groups are selectively placed in 1,3,5 alternate 
positions of calix[6]arenes Removal of the protecting allylic groups gives access to 
sophisticated calix[6]arenes that can be further modified. The potential of these new C3v-
symmetrical molecular platforms is notably exemplified through the development of a new 
family of calix[6]arene-based N-ligands (Figure 1). 

 
Figure 1. Synthesis of calix[6]arene-based ligands via “alternate alkylation” strategy. 

 
The derived zinc complexes were investigated in host-guest chemistry, and the results were 
compared with those of previous calixarene-based zinc complexes.4 Interestingly, the presence 
of the phenol units makes them suitable to recognize anions, which was rarely observed in 
previous complexes.5 Moreover, the presence of hindered tert-butyl groups has a strong 
influence on the recognition outcome. 
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An increasing interest is devoted to Cu(I) assemblies as attractive photoluminescent materials 
for lighting and stimuli-sensitive sensor applications, taking advantage of both the various 
photophysical properties and the large flexibility of the coordination sphere exhibited by 
derivatives based on this ion.[1] Using different pre-assembled photoactive {Cu(I)}n precursors 
(n = 3,4) bearing significant conformation flexibility,[2] new polymeric Cu(I) luminescent 
assemblies such as A1-6 will be presented, bearing an original irreversible non-destructive solid-
state thermal transition of their luminescence properties that opens appealing perspectives for 
innovative solid-state temperature sensors’ design.[3] In addition, luminescent Cu(I) 
multimetallic assemblies bearing Cu(I) bimetallic subunits such as B in which very unusual 
bridging aqua ligands are observed will be described.[4] Detailed photophysical properties of 
these derivatives will be discussed together with their stimuli-sensitive behaviors that are 
assigned to the great supramolecular flexibilities of these assemblies. 
 

 
Figure 1. a) examples of the solid-state thermal transitions of the luminescence of the 1D-coordination 

polymers An, b) luminescent metallacycle B bearing a bridging aqua ligand and solid-state thermal 
transition towards the metallacycle C impacting the luminescence properties of these derivatives. 
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β-Cyclodextrins possess a hydrophobic cavity which exhibits a high affinity for 
adamantane moieties.1 Functionalization of β-CD with this moiety generally leads to self-
inclusion of the adamantyl group notably via a tumbling process of one of the sugar units 
resulting in a non-interacting monomeric object.2 Bridging the primary rim of the cyclodextrin 
avoids this process and keeps the adamantyl group out its own cavity. As a result, 
supramolecular polymerization can occur.3  

Here we show that by loosening the bridge both processes can be brought into 
competition leading to a dynamic system, between a self-included “inert” state being 
thermodynamically stable and an outwardly-oriented “active” state able to polymerize but 
thermodynamically unstable. We further show that tuning the pH conditions of this 
equilibrium allows to control interconversion of the species up to a “frozen” state.   

The thermodynamics and kinetics behind this pH-gated phenomenon were deciphered 
allowing programmed depolymerization of the supramolecular polymer but also the release of 
the hydrophobic guest from the self-included form thus reenabling the formation of the 
supramolecular polymer. This allows a selective access to each state of this system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. System behaviour depending of pH and solvent. 
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Non-covalent interactions play a key role in 
supramolecular chemistry, such as chemical reactivity in 
catalysis and molecular detection. Halogen bonding (XB) is an 
attractive non-covalent interaction between a halogen donor 
and a Lewis base, its application in organo-catalysis is still at 
an early stage but has already proven relevant.1 The use of 
electrochemical methods to assist or to drive catalytic 
reactions can be a “green” alternative for the development 
of novel analytic and synthetic applications. In our lab 
previous works have demonstrated electrochemical 
monitoring, activation, and tuning the strength of halogen 
bonding in solution,

2 as well as at the solid/liquid interface.3 
The most recent of these uses electrochemistry as a trigger 
for catalytic activation in homogeneous solutions, under 
electrolytic conditions resulting in the activation and 
strengthening of the XB interaction between catalyst and 
substrate.4  

In this field there is a push to move towards 
heterogeneous catalysis to improve applicability of halogen 
bonding catalytic systems.  Building on previous work done 
on electrochemically deposited monolayers3 a series of 
catalysts featuring 5-iodo 1,2,3-triazoles5 were prepared for 
catalytic reactions: including Ritter6 and Friedel-Crafts 
alkylation7. The catalysts shown in Figure 2 are being 
synthesized. The segments of catalyst are currently 
connected via click chemistry8,9, where the iodinated 1,2,3-
triazole acts as the catalytic site5. The interest in investigating 
the 1,5 regioisomer derives from possible effects of the 
spatial disposition of ferrocene and iodo substituents on the 
monolayer. All molecules are subject to preliminary 
electrochemical studies. 
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Figure 1. Electrochemically 
activated halogen bonding 

Figure 2. monodentate and 
bidentate catalysts with    
1,2-dithiolane graft Fc 
Fc = ferrocene; X = H, I 
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The fabrication of well-defined nanostructures of chromophores via self-assembly is an active 
area of research with diverse applications in materials science. In particular, porphyrin 
derivatives, due to their rigid planar macrocyclic structure and intrinsic optical properties, have 
the necessary features to act as building blocks for functional materials that take advantage of 
these characteristics. It is these desirable optical and electronic properties that have allowed 
application in optical devices, solar cells, and also biochemical systems such artificial 
photosystems and photocatalysis. Herein in this poster, we revealed three different porphyrin 
molecules have been involved in various applications. The self-assembly of Porphyrin 1 has been 
controlled successfully by cytosine into a light-harvesting antenna-like ring system at the ratio 
of 8 molar as shown in figure 1. Secondly, a new design and synthesis of fluorinated porphyrin 
was revealed and being assembled into a micro-rods like structure and revealed a higher 
photocatalytic performance Finally, arginine-induced the assembly of protoporphyrin at 
aqueous solution was reported and show a higher photocatalytic performance under visible 
light. 

 

 

 

 

 

Figure 1. (a)The structure of porphyrin 1 along with the self-assembly with cytosine at 1:8 molar ratio in 
ring-like, (b) fluorinated porphyrin and a Micro-rod self-assembled of fluorinated porphyrin. 
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Coordination-based cages attire a lot of attention of modern chemistry due to the possibility of 
constructing molecular structures of very various nature, geometry and internal space size. 
Typically these are made using late transition metals assuring strong coordination bonding 
with an organic bridging ligand. However, the construction of similar 3d-metal-based 
assemblies is more challenging as their ability to stabilize backbonding is significantly lower.  
Guided by research in the field of novel magnetic switching compounds, our research group 
interested in cyanide-bridged complexes, more particularly, on octametallic assemblies of 
cubic geometry. Those are made with 3d-metal cations in each corner interlinked by cyanide 
anions at the edges. (Fig.°1a) The remaining coordination vacancies at each metal cation are 
blocked by organic ligands. Due to the three-dimensional coordination bonding, such cubes are 
significantly more stable than other examples of cyanide polymetallic structures permitting 
their study in solution.  
The π-electron rich cyanide anions at edges of a cube form an internal cavity that can bind 
cations of appropriate size. In this communication, firstly, we aim to show our findings in host-
guest chemistry of such cubic octametallic cages[1] and influence of such interactions on the 
physical and electrochemical properties of the complexes.[2] Secondly, we will demonstrate 
that design of organic ligands on each metal can be used to promote supramolecular 
interactions between distinct complexes. We have recently focused our attention on the 
development of organized networks of cubes.[3] (Fig.°1b) Such networks feature switching 
magnetic properties, tunable porosity, negatively charged framework and are therefore 
interesting in sensing and ion-conductivity applications. 

 
 

Figure 1. a) an example of a Cs+⸦{[FeII(Tp)(CN)3]4 [CoII/III(pzTp)]4}- complex and  
b) XRD structure of an assembly of cubic complexes carrying peripheral sulfate group. 
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DNA is considered as a key target for medical diagnosis, food safety, and many other fields.[1] 
Providing novel molecular materials for optical detection and imaging of DNA is of great interest. 
In this regard, cationic π-conjugated oligothiophenes have emerged as appealing candidates as 
they combine solubility in aqueous media and tunable design to achieve targeted 
supramolecular recognition.[2,3] Additionally, one of the particularities of conjugated 
oligothiophenes is the sensitivity of their chiroptical properties to minor perturbations that can 
influence their conformation, such as the interactions with a biomacromolecule.[3] 
In order to evaluate their potential as molecular probes for DNA optical sensing and imaging,  
we have studied complexes formed by supramolecular self-assembly between a series of newly 
designed cationic π-conjugated oligothiophenes (Figure 1) and various DNA (different sequences 
and lengths) through chiroptical spectroscopy (absorption UV-Vis, circular dichroism and 
fluorescence) and microscopy techniques (atomic force microscopy and cryogenic transmission 
electron microscopy).  
Our results reveal that the nature, position, and number of cationic substituents strongly 
influence the interactions with DNA and the binding affinities. Remarkably, the binding of T3Im  
(Figure 1) to DNA shows promising fluorescence properties as a result of a preferential 
adsorption along DNA minor grooves. 
 

 
 
 
 
 
 
 
 
 

Figure 1. Left: Chemical structures of the cationic π-conjugated oligothiophenes under study. For each 
compound, supramolecular assembly with DNA is studied in aqueous solution and in solid state.  
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Crownphyrins represent a distinct category of macrocyclic compounds resulting from the 
fusion of porphyrins and crown ethers (Figure 1)1,2. Their structural features render them as 
versatile hosts with the ability to efficiently bind neutral and ionic guests. The unique 
coordination behavior arises from dynamic covalent imine linkages connecting the dipyrrin 
segment with the ether chain, a feature not commonly observed for other porphyrinoids. Our 
investigations have unveiled the potential applications of crownphyrins in supramolecular 
chemistry, where they function as intriguing ligands, forming coordination compounds with 
various metal cations, including but not limited to zinc(II), cadmium(II), mercury(II), and 
lead(II). These metal-crownphyrin complexes exhibit diverse properties, such as the reversible 
expansion and contraction of the macrocycle in response to external stimuli. A notable 
illustration is the figure-eight mercury(II) assembly, transformable into a metal-free 
crownphyrin macrocycle through a selective ring contraction induced by [2.2.2]cryptand. This 
transformation provides a unique avenue to understand the dynamic properties of 
crownphyrins. Beyond their role in supramolecular chemistry as dynamically self-assembled 
architectures, the captivating attributes of crownphyrins position them as promising subjects 
for future exploration in the construction of stimuli-responsive materials, catalysis, artificial 
receptors, molecular machines, and optical sensors. 
 
 

 
 
 
 
 
 
 
 
 

 
Figure 1. Crownphyrin – a hybrid of porphyrin and crown ether. 
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Functions and properties of molecules are intimately related to their shape. This is particularly 
true in Nature where biomolecules functions only arise from the folding of linear oligomeric 
peptides or nucleotides into 3-D architectures. With the objective of mimicking functional 
natural biomolecules, chemists have developed synthetic oligomeric molecules named as 
“foldamers” that are designed to fold into compact architectures. From the beginning of this 
research field, most of research have focus on the development and use of helical shape 
foldamers mimic of -helices of proteins.[1] These predominant folding pattern mostly rely in 
its ability in maximizing intramolecular interactions and reducing their potential for nonspecific 
intermolecular interactions, producing discrete and soluble objects. At the opposite, -sheets 
mimics have much less frequently been observed probably due to their tendency to form 
aggregates and to precipitate which makes them difficult to isolate and characterize. For the 
last decade we have develepped new multistranded sheets structure based on aromatic 
oligoamide β-sheet foldamers stabilized by π−π interactions between short linear segments 
and rigid turn units. This design has allowed the preparation of linear,[2] curved, [3] 
multistranded,  macrocyclic, and self-assembled sheet structures[4] that will be described in 
this presentation.     

 

Figure 1. X-ray structures of -sheet mimic foldamers developed in the group. 
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The current project aims to develop nanocarriers that possess crucial stealth properties but 
which can activate their cell-targeting properties in the presence of specific stimuli. In recent 
decades, functional supramolecular systems have played an important role in the 
development of innovative materials, e.g. for drug delivery. However, such systems encounter 
various obstacles in terms of circulation, targeting efficiency and specificity of drug release. In 
biomedical applications, polyethylene glycol (PEG) functionalization has been an important 
approach to modify nanocarriers such as liposomes, prevent phagocyte-mediated uptake and 
prolong their circulation time in the blood. However, this approach faces its limitations as the 
high stability of stealth liposomes prevents specific uptake by the desired cellular target [1].  
To overcome this dilemma, this study investigates the assembly of light-cleavable PEGylated 
lipids, conventional phospholipids (e.g. POPC) and targeting ligands to develop stimuli-
responsive stealth liposomes. Coumarin derivatives are used as a light-responsive linker 
connected to the hydrophobic lipid via a carbonate bond that can be irreversibly cleaved, 
leading to elimination of a PEG-coumarin fragment and exposure of tumour-targeting ligands 
on the liposome (Figure 1). Previously our group has investigated the self-assembly of stimuli-
responsive amphiphiles to form nanovesicles and giant unilamellar vesicles [2]. Our current 
aims are to explore an irreversible light-responsive approach to overcome the PEG dilemma 
and develop nanocarriers for applications in diagnostics, targeted delivery of therapeutics, as 
well as applications in systems chemistry such as vesicle-vesicle communication. 

Stimuli-responsive
PEG cleavage

Light or pH change

with PEG
STEALTH

without PEG
ACTIVATED

NO YES
 

Figure 1. Self-assembly of amphiphiles for the formation of stimuli-responsive stealth liposomes. 

Acknowledgements 
This research was supported by funding from project THE Spoke 4–Nanotechnologies for 
diagnosis and therapy (CUP B63C22000680007) under Mission 4 Component 2 (M4C2) of the 
National Recovery and Resilience Plan (PNRR) financed by the European Union "Next 
Generation EU".  
References 
[1] He, Q.; Chen, J.; Yan, J.; Cai, S.; Xiong, H.; Liu, Y.; Peng, D.; Mo, M.; Liu, Z. AJPS, 2020, 15, 416–448. 
[2] Albanese, P.; Cataldini, S.; Ren, C. Z. J.; Valletti, N.; Brunetti, J.; Chen, J. L. Y.; Rossi, F. Pharmaceutics, 
2022, 14, 2777. 

P-66



3RD FRENCH SUPRAMOLECULAR CHEMISTRY CONGRESS 

 
 

  

Synthetic Supramolecular Receptors in Perfluorinated Liquids: 
Unlocking Enhanced Recognition. 

Jorge Meijide Suárez,1 Nathan McClenaghan, 1 Valérie Heitz,2 Jean Weiss,2 Henri-Pierre Jacquot 
de Rouville,2 Jean-Marc Vincent1  

 

1Université de Bordeaux, Institut de Sciences Moléculaires UMR 5255, Bordeaux, France;  
2Université de Strasbourg, Institut de Chimie de Strasbourg, CNRS UMR 7177, Strasbourg, France. 

Email: jorge.meijide-suarez@u-bordeaux.fr 
 

Synthetic supramolecular receptors have emerged as powerful tools for molecular recognition 
thanks to the tunability in order to selectivity towards specific molecules.1 Their ability to 
mimic natural binding mechanisms makes them valuable in fields from molecular recognition,2 
separation2 or catalysis.3 However, their traditional use in organic solvents often presents 
limitations due to solvent interference.2 

This work explores the potential of perfluorinated liquids (PFLs) as alternative medium for 
synthetic supramolecular receptors.4 PFLs exhibit exceptional properties, including inertness, 
immiscibility with most common solvents, and minimal interactions with other molecules of 
solvent and solutes. These features unlock exciting possibilities for receptor applications where 
traditional solvents fall short.5 

This research aims to use previously developed fluorophilic counteranions6 to solubilise 
cationic receptors to perform molecular recognition in PFLs and uncover how this shift 
enhances their association constants. This enhanced binding holds significant promise for 
various applications, including selective purification of polyaromatic hydrocarbons and 
cleaning of pollutants. 

 

Scheme 1: Solubilization of cationic receptor in PFL by fluorophilic counteranion strategy. 
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The detection and quantification of anionic species is a relevant area of interest among the 
scientific community, due to the important role of the anions in biological systems and 
contamination of some environmental spaces. A number of new chemosensors have been 
developed in order to detect and quantify those anionic species [1]. 
In the last years, new noncovalent interactions have emerged as strong alternatives to the 
widely known hydrogen bonding, such as the anion–π (or cation), halogen or chalcogen 
bonding interactions [2]. The term halogen [3] or chalcogen bonding is used in analogy with 
the well-known hydrogen bonding (HB) and is the noncovalent bonding interaction between 
halogen atoms that function as electrophilic centers (Lewis acids) and neutral or anionic Lewis 
bases. 
We present here two new receptors based on the hydrogen and halogen bonding interaction, 
with the triazolium (hydrogen or iodine) moiety as the anion binding site and the hydrobenzoin 
as spacer. These receptors have been synthesized by easy and quick reactions and a final 1,3–
dipolar cycloaddition (Huigsen’s reaction). 1H-NMR, UV–Vis and Fluorescence spectroscopies 
studies have been performed in order to do a comparative study in the anion recognition 
abilities of the different receptors. The formation of supramolecular polymers has also been 
studied. 
 

 

 

 

 

 

 

Fig1. Synthetic route of the new receptors 
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The biomolecular compositions of body fluids are a direct reflection of severity and 
progression of diseased states1. We aim to investigate a non-specific serum-based, ‘chemical 
nose’ diagnostic approach that mimics the differential sensing of the human olfactory     
system2-6, thereby generating a unique fingerprint that can be tied back to the serum 
composition.  
We have developed such a sensor array with cross-reactive synthetic receptors based on the 
host- guest interaction of triphenylamine derivatives(TPA) with the macrocycle 
Cucurbit[7]uril(CB[7]). The host-guest inclusion complex of TPA-CB[7] imposes a structural 
confinement on the TPA’s and enhances their fluorescence intensity, while CB[7] provides 
diverse binding modes for generation of distinct fluorescent fingerprints upon interaction with 
biomolecules. This sensing strategy has been extended to a droplet-based microfluidic device 
to evaluate the array with reduction in sample volumes in the nanolitre range. Pre-existing 
cohorts of preeclamptic serum samples have been assessed and the generated fluorescence 
signatures have been processed by suitable statistical approaches such as Linear Discriminant 
Analysis to obtain efficient discrimination of healthy and PE samples.  
We have thus far been able to generate fluorescence fingerprints to discriminate a range of 14 
protein analytes in simple (PBS) and complex media (human serum). The capacity of the 
chemical nose to discriminate between preeclamptic and non-preeclamptic patient samples 
has been evaluated with 17 serum samples to establish a proof of concept with 96% accuracy. 
The system has further been optimized on a dedicated droplet-based microfluidic platform, 
where the detected fluorescence output signal has been correlated with the initial droplet 
composition to provide discrimination of selected proteins analytes. 
Herein, we have developed a ‘chemical nose’ sensor for fingerprinting and pattern recognition 
of biomolecules. This system could provide a new diagnostic methodology for complex 
diseases like preeclampsia7-8 and will enable us to propose a strategy for big data analysis 
based on chemical sensing and machine learning. 
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G-quadruplexes (G4s) are DNA sequences rich in guanine that form a four-stranded 
structure composed of stacked guanine tetrads. These structures are present in various parts 
of the genome and many of them play an important role in controlling the activity of specific 
oncogenes like c-MYC. As a result, this kind of DNA has become a novel target in the quest for 
anti-cancer treatments.[1] 

Our group has developed a hydrazone-based polycationic cyclophane, known as RedBox,[2] 
which contains multiple flat aromatic rings, making it well suited for non-covalent interaction 
with this type of DNA structure. In addition, under physiological conditions, it presents charged 
groups that promote electrostatic interactions with the phosphate groups of the biomolecule, 
thereby enhancing the stability of the DNA-ligand complex. 

We have characterized the interaction between the RedBox and G4 DNA sequences of 
several oncogenes such as c-MYC, c-KIT, and h-TERT, as well as with standard double-stranded 
DNA models using a variety of methods. These include variable temperature circular 
dichroism, isothermal titration calorimetry, and also computational modeling through in silico 
molecular docking, in which we observed selectivity of RedBox binding to the c-MYC 
quadruplex. Interestingly, when we evaluated its toxicity on HEK293T cells and examined its 
impact on gene expression regulation through PCR analysis, the results showed a low toxicity 
to non-cancer cells as well as selectivity for the regulation of the c-MYC quadruplex in vitro.  

 

 
 

Figure 1. Docking structure proposed for the c-MYC-RedBox complex. 
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 Many studies in supramolecular catalysis have been dedicated to the allosteric effect 
since a few decades. The capacity to control the activity of a synthetic catalyst shows great 
promise to understand and mimic the regulation of enzymes activity. To achieve this, a variety 
of systems commutable with different physical (light, electrical potential) or chemical 
(protonation, coordination, etc.) stimuli have been synthesized. However, synthetic allosteric 
systems are still underexplored.  

Flavins are common redox cofactors in biological systems that play a pivotal role in electron 
transport and redox catalysis in enzymes. Flavin-dependent enzymes experience a growing 
interest in biocatalysis.1 Using a molecular design based on tweezers featuring a terpyridine 
commutable unit that can switch from an open to a closed form and vice-versa, we have 
introduced alloxazine redox subunits, of which our team has experience, as easily accessed 
flavin isomers, on the tweezer.  

 We will describe the synthetic access, redox and luminescence properties of these 
redox-active tweezers as well as commutation studies with different zinc salts. 

 

Scheme 1. Effects of commutability on alloxazine-based tweezers 
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With recent developments in the field of nanomaterials, research on bottom-up synthesis of 
carbon nanostructures such as carbon nanotubes and graphene nanoribbons has been a 
subject of great scientific interest worldwide.[1] In this context, based on our previous work,[2]  
we designed and successfully synthesized a new family of nanocarbons termed calixcones 
exhibiting exotic structures (Scheme). The synthetic approach involves the use of 
preassembled aromatic units organized on a calixarene scaffold via an iterative cascade Suzuki-
Miyaura cross-coupling. Using calixarenes offers a powerful template for building arbitrarily 
lengthened and diameter-controlled structures in contrast to current methods. Additionally, 
the calixarene rings are directly involved in the conjugated system, significantly increasing the 
rigidity and reinforcing the electronic potential of the resulting calixcones. Photophysical 
studies and DFT calculations of the calixcones CN1 and CN2-N have revealed promising 
electronic and optical behaviors. Moreover, these calixcones architectures open up new 
landscape applications in the area of supramolecular chemistry due to their large cavity. 
 

 
Scheme: Synthetic pathway of the synthesis of CN1 and CN2-N starting from p-(benzyloxy)phenol. 
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Greatly inspired by biological molecular machines, artificial molecular devices such as motors 
or switches have been developed over the years.1 These machines produce mechanical 
movements in response to specific stimuli. Among them, molecular tweezers are a unique 
class of switches that can reversibly shift from an open to a closed state upon application of a 
chemical, electro- or photo-chemical stimulus.2 Over the past decade, our group has 
successfully developed a family of switchable molecular tweezers based on a terpy(M-salen)2 
architecture. A coordination stimulus has been used to modulate luminescent,3 magnetic4 and 
catalytic properties5 depending on the nature of the M-salen moities. As a proof of concept, 
we have shown that a six-level system can be achieved with the combination of three 
orthogonal stimuli for homonuclear tweezers.6 
We aim to reach advanced multifunctional systems by developing dissymmetric molecular 
tweezers. Our objective is to modulate the luminescence properties of heteronuclear tweezers 
by controlling Förster Resonance Energy Transfer between the two metal-salphen units. Zn-
salphen and Pt-salphen were selected due to the overlap between the emission of Zn and the 
absorption of the Pt moiety. Due to the large intramolecular distance in the open form, we 
expect independent luminescence properties. However, the spatial proximity of the closed 
state should allow for efficient transfer energy from the Zn to the Pt-salphen. More 
sophisticated systems incorporating 4f lanthanide ions are investigated to combine 
luminescence and magnetic properties. The synthesis and studies of the heterometallic 
tweezers will be presented. 

 
Acknowledgements 
We would like to thank the ANR MULTIFUN for its financial support. 
 
References 
[1] Erbas-Cakmak, C. T. McTernan, A. L. Nussbaumer, D. A. Leigh, Chem. Rev., 2015, 115, 10081-10206. 
[2] P. Msellem, M. Dekthiarenko, N. Hadj Seyd, G. Vives. Beilstein J. Org. Chem., 2024, 20, 504–539. 
[3] B. Doistau, A. Tron, S. A. Denisov, G. Jonusauskas, N. D. McClenaghan, G. Gontard, V. Marvaud, B. 
Hasenknopf, G. Vives, Chem. Eur. J., 2014, 20, 15799-15807. 
[4] B. Doistau, L. Benda, J.-L. Cantin, O. Cador, F. Pointillart, W. Wernsdorfer, L.-M. Chamoreau, V. 
Marvaud, B. Hasenknopf, G. Vives, Dalton Trans., 2020, 49, 8872-8882. 
[5] L. Benda, B. Doistau, C. Rossi-Gendron, L.-M. Chamoreau, V. Marvaud, B. Hasenknopf, G. Vives, 
Commun Chem., 2019, 2, 144. 
[6] B. Doistau, L. Benda, J.-L. Cantin, L.-M. Chamoreau, E. Ruiz, V. Marvaud, B. Hasenknopf, G. Vives, J. 
Am. Chem. Soc., 2017, 139, 9213-9220. 

Switching

Isolated properties Interacting metal-salphen complexes 

Magnetic properties FRET properties

P-73



3RD FRENCH SUPRAMOLECULAR CHEMISTRY CONGRESS 

 
 

  

DESIGN AND SYNTHESIS OF TRANSMEMBRANE  
TRANSPORTERS FOR PHOSPHATE  

Karolis Norvaisa,1 Alessio Cataldo,1 Lau Halgreen,1 Samantha E. Bodman,2  
Kristin Bartik,1 Stephen J. Butler,2 Hennie Valkenier1 

 

1Université libre de Bruxelles (ULB), Engineering of Molecular NanoSystems (EMNS), Brussels, Belgium; 
2Loughborough University, Department of Chemistry, Loughborough, UK. 

Email: karolis.norvaisa@ulb.be 
 

Inorganic phosphate homeostasis is regulated by the concerted work of different phosphate 
transport proteins, whose malfunction can lead to a variety of diseases.[1] A potential 
treatment for such diseases could be the use of small synthetic molecules that mimic the 
behaviour of transport proteins.[2]  
Achieving selectivity for oxyanions over more simple spherical anions (e.g. chlorides, fluorides) 
is yet a challenging task. Because of the strong hydration energies (which makes extraction 
from the aqueous phase into the apolar interior of the lipid bilayer more difficult) and the 
speciation of inorganic phosphates with multiple negative charges (H2PO4

− and HPO4
2−), 

extraction and transport of phosphorylated compounds are particularly difficult. The key to 
transporting and extracting such highly hydrated anions is the formation of multiple H-bonds 
to the anion.[3] 
Here we report the first examples of inorganic phosphate transport based on strapped 
calix[4]pyrrole supramolecular structure.[4] Volume-specific sites with multivalent interactions 
allowed the extraction of strongly hydrated H2PO4

− into the lipid bilayer while shielding its 
charges from the lipophilic bilayer interior and transferring them through the membrane. 
Phosphate transport was monitored by emission spectroscopy using an encapsulated 
phosphate sensitive europium(III) probe.[5] Furthermore, the 31P-NMR spectroscopy assay was 
used to confirm and identify the transported phosphate species. 
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Dicarboxylic acids and their corresponding anions are involved in several industry processes 

and are omnipresent in nature. Many dicarboxylic acids are, for example, intermediates in the 

biosynthesis of proteins and environmental metabolites.[1,2] Oxalic acid, the simplest 

dicarboxylic acid, may cause a multitude of health problems including kidney stones and liver 

damage.[3-4] Thus, research tackling new receptors for especially oxalate is of great importance. 

Recently, our group published the first version of a charge-neutral metal-based self-assembled 

L2Zn2 helicate with the capability of binding dicarboxylates with astonishing binding affinities in 

competitive media.[5] Inspired by its size selectivity regarding the dicarboxylate length with 

naphthalene-2,6-dicarboxylate as aromatic and pimelate as aliphatic analyte being ideal 

matches for the receptor, the goal of this project is to bind now even shorter dicarboxylates. 

By modulation of the planar backbone with rather rigid bond angles to a more flexible 

backbone based on dipropargyl amine, the host-system increases its degree of freedom. Hence 

the system is capable of binding oxalate.[6]  

 
 

Figure 1: Schematic representation of the new, more flexible system capable of binding oxalate. 
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Molecular cages interest has increase in recent years, due to their internal cavity with high 
potential application, mimicking the catalytic site of the proteins. Molecular cages have been 
used in small molecule adsorption, storage, sensing, catalysis, and transport; there is a limited 
number of reports describing the use of purely organic cages in biological applications, such as 
intelligent drug delivery.1.  
In this communication, we will show the synthesis of molecular cages to address a key issue in 
anticancer drug therapy: mitigating the side effects of high-toxic anticancer drugs by 
encapsulation within an appropriate molecular cage. Encapsulation in the cavity confined 
space will diminish drug toxicity. The functionalization of organic building blocks to achieve 
water solubility for drug delivery presents a synthetic challenge. Our research will show 
progress in this regard. 

 
  

Figure 1. Functionalized molecular cage with water solubilizing groups for the encapsulation of 
anticancer drugs. 
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Abstract 
Carbaporphyrinoids are porphyrin analogs incorporating carbon atoms within their cavities.1 
Representative exampes of this group are naphthiporphyrins.2 The reaction of 28-selena- and 
28-thia-2,7-naphthiporphyrins with diethylamine (DEA) and triethylamine (TEA) lead to the 
formation of three alkylamine-bridged intracavity-extended macrocycles incorporating 
naphthotetrahydropyridine, naphthopyrrolotetrahydro-1H-azepine, and naphthodihydro-2H-
pyran moieties, respectively.3 This peculiar reactivity of carbaporphyrins signifies the need for 
careful assesment of the choice of a base in the various reactions carried out with 
porphyrinoids. 
 
 
 
 

 

Figure 1. The new heterocyclic moieties incorporated in the intracavity-extended porphyrinoids. 
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Supramolecular polymers constituted of non-covalent monomeric units has emerged in the last 
decades in the field of science materials engineering for various applications.[1] Introducing 
stereochemical information in these systems is leading to the formation of homochiral helices, 
mostly through the use of enantiopure monomers embedding a stereochemical center in their 
side chain, also called the sergeants-and-soldier effect (Scheme 1a).[2] Hydrogen-bonded 
supramolecular polymers are inherently sensitive to competitive anions that can be used to 
modulate the length and thus the selectivity of supramolecular helical catalysts based on 
benzene-1,3,5-tricarboxamide (BTA) monomers.[3] We are now interesting in probing chiral ions 
as triggers for the formation of homochiral supramolecular helices. The strategy consists in 
interacting achiral BTA or triarylamine trisamide (TATA) monomers appended with a urea 
function with enantiopure anions (Scheme 1b). Our results reveal that induction of chirality is 
indeed efficient when substituted bi-naphthyl-phosphoric acids, 3,3’-bis(2,4,6-triisopropyl-
phenyl)-1,1’-binaphthyl-2,2’-diyl hydrogenphosphate (TRIP) is used as chiral anion, exclusively 
with the TATA platform. 
 
 

   
 

 

 

 

 

 

 

Scheme 1 : a) Chirality transfer by the use of enantiopure monomers b) Chiral induction by interaction 
of chiral triggers with urea-containing monomers                                                                                                   
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 Rylenes derivatives are a family of aromatic molecules that are widely used in organic 
photovoltaic applications. They have excellent chemical and thermal stability, and are 
recognized for their electron-transport abilities[1–3]. They are easier to modify, and to handle 
than fullerenes, making them a good candidate to replace them, as non-fullerenes acceptors. 
To this end, we prepared seven molecules with a rylene core (naphthalene diimide or perylene 
diimide), as electron acceptors. Then we attached lateral chains composed by electron donor 
groups and weaker electron acceptor groups.  

Moreover, rylene derivatives are known to strongly aggregate via π-π stacking[4,5], which can 
induce intermolecular recombination, that can quench the energy conversion mechanism.  
To overcome this, the design of those molecules was made to give liquid-crystal properties. It 
enables us to control the spontaneous organization of the molecular units, into columnar 
stacks. Thus, defects can be “repaired” via thermal annealing, and columnar structures can be 
aligned parallel to the electrode surface. 

These molecules have a very wide area of absorption (up to 50% of natural light). 
 

 

Figure 1: overview of design strategy for the rylene-based self-assembling nanostructures. 

Key words : Organic photovoltaic, self-assembly, liquid crystal, rylenes, non-fullerene 
acceptors 
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Supramolecular polymers based on triarylamine units represent a new and attractive class of 
organic functional materials with innovative conducting and waveguiding properties.1,2 These 
molecules, when decorated by lateral amide groups, undergo supramolecular polymerization by 
π-π stacking and hydrogen bonding interactions leading to the formation of columnar primary 
stacks. These self-assembled structures can be further involved into higher order aggregation 
processes leading to bundles of fibers and gels.3 In this poster, we describe the design and 
synthesis of a new triarylamine trisamide able to form thermoreversible physical gel in toluene. 
Microscopic investigation including TEM, SEM and AFM experiments demonstrate the formation 
of rigid ribbons made of nanometer-height sheets. We also explore the optical and light emission 
properties of these structures to get insights into possible conducting properties.       
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 1. a) Tube inversion experiment in toluene; b-c) TEM (b) and SEM (c) image of the gel in toluene; 
d) AFM images of a solution in toluene 
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Polymers used as coatings and wrapping agents are ubiquitous in everyday life, providing 
protection from conditions and external stimuli as well as increasing shelf-life and stability. 
This work aims to transpose these desirable benefits to biological objects on the micro- and 
nanoscale, such as bacterial cells and virus-like particles (SV40 viral capsid), for potential 
applications in fields such as targeted drug delivery and vaccine technology. One method to 
achieve this relies on specific molecular recognition events between carbohydrate-decorated 
polymer chains and lectins on the object’s surface. Highly water-soluble synthetic polymers 
were prepared bearing aromatic aldehyde appendages allowing for further functionalization 
with carbohydrate residues via dynamic acylhydrazone bond formation. This dynamic 
combinatorial chemistry (DCC) approach allows the selectivity of lectins for different 
carbohydrates on the polymer to be studied through acylhydrazone exchange followed by 1H 
NMR spectroscopy.1 Glycopolymer-lectin interactions have also been quantified as binding 
constants via fluorescence titrations. The multivalent effect of polymer chains decorated with 
multiple carbohydrate moieties results in greatly improved binding affinities, which is essential 
for the polymer chains to concentrate on the object’s surface. To fully encapsulate the object 
the polymer chains must be cross-linked. Dynamic cross-linkers placed within single polymer 
chains undergo intra- to intermolecular exchange once concentrated, resulting in the 
formation of a continuous polymer film around the object.2          

Figure: a) Structure and TEM image of SV40 viral capsid; b) Wrapping of SV40 in a intermolecularly 
cross-linked polymer film.    
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1D organic micro/nanostructures (OMNSs) based on -conjugated molecules are considered 
ideal and attractive building units for the development of supramolecular structures with 
optical waveguiding behavior.1 These components play a pivotal role in the next generation of 
high-performance electronic and photonic devices. In this work, we report the synthesis, 
aggregate formation and the study of the crystal structure and waveguide properties of a 
series of 1,4-bis(phenylethynyl)benzene derivatives (Figure 1a). In order to obtain broad 
structure/property relationships. These simple molecules constitute a good choice, which is 
important for their real implementation in photonic devices. In addition, they can be easily 
modified to determine the influence of small structural modifications into the supramolecular 
structure and in its optical properties.   

The excellent morphologies of some of the obtained aggregates have made their study feasible 
by X-ray diffraction. An in-depth analysis of crystal structures concluded that the presence of 
internal channels inside the crystal is beneficial for optical waveguiding (Figure 1b).2 This 
important conclusion has been supported by previous X-Ray in structures reported by our 
group.  

a)                                                                    b) 
 

 
 

Figure 1. a) Chemical structure of 1,4-bis(phenylethynyl)benzene derivatives. b) Crystal structure with 
internal channels. 
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The coordination of biomolecules interacting in intricate networks of biological circuitry is one 
of the fascinating aspects of life. These networks are capable of processing enormous numbers 
of parallel signals into particular downstream outputs, incorporating functions like dynamic 
specificity, stimuli responsiveness, and adaptability for precise spatiotemporal control over 
catalysis.1 Biosensing and catalysis can both benefit from the unique biomolecular recognition 
capability that biosupramolecular networks can tap into to simulate such processing capacity 
in artificial systems.1,2 Herein, a biosupramolecular catalytic system based on the co-assembly 
of phosphoesters or sequence-specific oligonucleotide substrates by Zn(II)-metallosurfactant 
and alkaline phosphatase enzyme will be introduced.3 First, it will be demonstrated that Zn(II) 
in the hydrophobic chain and headgroup of a surfactant is required for the interaction of 
phosphoesters and proteins/enzymes. Sequence-specific oligonucleotide perception and 
digestion is the most fascinating feature of this biosupramolecular technique. Extensive 
isothermal titration calorimetry studies for both oligonucleotide-specific binding and catalytic 
activation/inhibition events will be used to demonstrate the enthalpy-entropy imbalance. Due 
to its ability to quantify energy in intricate substrate-mediated supramolecular catalytic 
systems, this data will be extremely valuable. At last findings about supramolecular binding 
and catalysis-driven phoretic drift in a substrate and receptor gradient will be shown. These 
findings may have future implications for the construction of synthetic, spatiotemporally 
controlled catalytic systems, ranging from microsized precision transport vehicles. 
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The coordination of diimine aromatic ligands with copper(I) has been widely used for the 
construction of fascinating metallo-supramolecular nanostructures. Classical examples include 
helicates, cages and molecular grids. In these particular cases, the kinetic instability of the 
copper(I) complexes leading to ligand dissociation in solution is a clear advantage. The dynamic 
character allows actually for correction of possible errors during the self-assembly process and 
the equilibrium is therefore totally driven towards the most stable product.[1] On the other 
hand, this kinetic instability means also that the coordination of different ligands around the 
same copper(I) cation is particularly difficult to control.[2] The pioneering work of Sauvage has 

shown that the heteroleptic coordination of copper(I) can be favored 
by combining a macrocyclic chelating ligand with an acyclic one.[3] 

Another very efficient strategy to control the coordination of two 
different ligands around a copper(I) cation has been developed by 
Schmittel and co-workers.[4] In this case, one of the two chelating 
ligands is decorated with large substituents preventing the formation of 
a stable homoleptic copper(I) complex. As part of this research, we 
became interested in evaluating the potential of a new diaryl-1,10-
phenanthroline ligand for the formation of stable heteroleptic copper(I) 
complexes.[5] In the design of the ligand, the two aryl subunits have 
been only substituted in one ortho position. As a result, their relative 
orientation is either Syn or Anti thus leading to an unprecedented 
isomerism in the resulting copper(I) complexes. The latest 
developments on the preparation of heteroleptic copper(I) complexes 

from this particular ligand will be presented.  
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Inspired by helical molecular nanostructures found in biological systems, designing achiral 
molecules that can self-assemble into higher-order helical structures and unlocking the 
morphological transformation of self-assembly by tuning noncovalent molecular interactions is 
important in biomedical and chemical sciences.1, 2 In this work, we have successfully integrated 
supramolecular dendrimer architectures into an achiral chromophore featuring aggregation-
induced emission (AIE) properties, enabling robust emission in aggregated states. Specifically, 
two dibenzohydrazide-based dendrimers (G0 and G1) were thoughtfully synthesized, both 
demonstrating pronounced AIE characteristics. The pivotal role of hydrogen bonding and π-π 
stacking interactions in the self-assembly of G0 and G1 is revealed as the driving force behind 
the evolution of supramolecular morphology. Notably, the introduction of a polar protic 
solvent prompts a morphological shift from helical to fibrous structures. Comprehensive 
studies underscore the significant influence of hydrogen bonding on the morphological 
evolution of supramolecular architecture in dibenzohydrazide dendrimers. The demonstrated 
AIE characteristics exhibited by G0 and G1 hold immense promise across diverse applications, 
including imaging and optoelectronics. These findings pave the way for designing materials 
with finely tuned fluorescence and unlock avenues for hierarchical structures, presenting 
exciting opportunities in the field. 
 

 
Scheme 1. Schematic representation of the evolution of small molecules into higher-order assemblies 

driven by supramolecular interactions 
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Dynamic covalent chemistry (DCC) has, in recent years, provided valuable tools to synthesize 
molecular architectures of increasing complexity.1 Our group took also advantage of imine DCC 
chemistry to prepare TPMA-based supramolecular cages for molecular recognition 
applications.2 However, the versatility of this approach has as a major drawback: the intrinsic 
hydrolytic lability of imines, which hampers some applications. We present herein a synthetic 
strategy that combines the advantages of a thermodynamic-driven formation of a 
supramolecular structure using imine chemistry, together with the possibility to synthesize 
chiral hydrolytically stable structures through a [3,3]-sigmatropic rearrangement.3 A 
preliminary mechanistic analysis of this one-pot synthesis, the scope of the reaction and the 
supramolecular applications of the newly synthesized structures are also discussed. 
 
 
 

 
  

Figure 1. [3,3] Diaza-Cope rearrangement for chiral hydrolytically stable cage formation. 

 
 
Acknowledgements 
Department of Chemical Sciences of University of Padova (P-DiSC#10 BIRD2020-UNIPD) and 
Fondazione CARIPARO (Chiralspace) are acknowledged for funding. 
 
References 
[1] S. J. Rowan, S. J. Cantrill, G. R. L. Cousins, J. K. M. Sanders, J. F. Stoddard, Angew. Chem. Int. Ed. 2002, 
41, 898-952; H. Wang, Y. Jin, N. Sun, W. Zhang, J. Jiang, Chem. Soc. Rev. 2021, 50, 8874-8886. 
[2] C. Bravin, E. Badetti, F. A. Scaramuzzo, G. Licini, C. Zonta, J. Am. Chem. Soc. 2017, 139, 6456-6460;    
C. Bravin, J. A. Piękoś, G. Licini, C. A. Hunter, C. Zonta, Angew. Chem. Int. Ed. 2021, 60, 23871-23877. 
[3] F. Begato, R. Penasa, K. Wurst, G. Licini, C. Zonta, Angew. Chem. Int. Ed. 2023, 62, e20230449. 

P-86



3RD FRENCH SUPRAMOLECULAR CHEMISTRY CONGRESS 

 
 

  

Ruthenium Peptide Bioconjugates for Photoactivated 
Chemotherapy 

Irene Regeni,1 Marouscha Puister,1 Sylvestre A. Bonnet1  

1 Leiden Institute of Chemistry, Gorlaeus Laboratories, Einsteinweg 55, 2333 CC Leiden, The Netherlands 

Email: i.regeni@lic.leidenuniv.nl 
 

One of the most severe limitations of current anticancer chemotherapy are the serious side 
effects caused by toxic drugs affecting not only tumors but also healthy organs. Local 
activation of drugs by light irradiation of the tumor is a promising approach to control where 
the toxicity is delivered. Metal complexes are well suited for photoactivated chemotherapy 
(PACT), but their ability to enter cancer cells is often tuned by increasing lipophilicity, which 
leads to unselective uptake by passive transport.1 To solve this issue, conjugation of 
metallodrugs to peptides is particularly promising,2 as many receptors exist at the cell 
membrane that take up peptides selectively. Peptide conjugation also opens new possibilities 
to combine the action of the metallodrug to that of the peptide, some of which have cytotoxic 
properties. The applicability of many peptides in drug development, however, is limited by 
nonspecific enzymatic peptidase activity, which can lead to severe toxic reactions. For such 
peptides as well, conjugation to a metallodrug can be beneficial if the metal center in the 
prodrug limits peptide degradation.  
 
In this work, we study the combination of biologically active anticancer peptides and 
photoactivatable Ru(II) complexes to achieve synergistic effects in a family of ruthenium-
peptide bioconjugates for PACT treatment of cancer. By coordination of multiple Ru(II) 
complexes to the methionine residues of the peptide, the components cage each other in the 
dark, thus affording low toxicity, while light-induced cleavage of the ruthenium-thioether 
bonds releases two bioactive components, which kill cancer cells in a very efficient and side 
effect-free manner. 

 
Figure 1. General concept of peptide-Ru(II) bioconjugates composition and action upon red light 

irradiation.   
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Shape-persistent triptycene-based molecules have garnered increasing interest among 
supramolecular chemists and material scientists for the construction of more complex 
architectures such as covalent-organic frameworks (COFs) and organic or metal-organic 
cages.[1] In order to expand the family of functionalized triptycene-based building blocks, we 
developed a new series of triptycene-fused pyridylbenzimidazoles, in which the nitrogen atom 
of the pyridine linked to the benzimidazole moiety is systematically shifted from the ortho to 
the para-position. We have also varied the number of substituted blades bearing the 
functional motif from one to three. Initial coordination studies were therefore made using bis-
(o-pyridil)benzimidazole tripticene as ligand to form self-assembled triple-stranded mesocates 
with Fe(II) and Zn(II) as octahedral metal centres. The rigidity of the molecular skeleton and 
the steric effect of triptycenes prevent the three ligand strands from wrapping around the two 
metal centres, precluding the formation of a helicate structure. The metal-induced self-
assembly blocks the prototropic tautomerization of the benzimidazole protons, stabilizing the 
syn form of the partially adaptive ligand. In addition, NMR studies on the diiron(II) mesocate in 
deuterated methanol showed that the complex is paramagnetic at room temperature, and 
undergoes a thermal-induced one-step spin cross-over (SCO) during solution cooling with a T1/2 
of 243 K (Evans method).[2] 
 

 

Figure 1. Family of triptycene-fused pyridylbenzimidazoles and M2L3 mesocate (M = Fe(II) or Zn(II)). 
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The supramolecular chemistry of polyrotaxanes, using reversible covalent bonds and specific 

polymers, makes it possible to obtain innovative, stimulable materials.1 These supramolecular 

assemblies can be represented as a string of pearls. In this communication, the pearls used are 

cyclic cyclodextrin molecules which are non-cytotoxic and biodegradable, and which can slide 

on a polymer chain to form pseudopolyrotaxanes. The aim of this work was to obtain 

pseudopolyrotaxanes that could be thermally stimulated.2 To achieve this goal, biocompatible 

pseudopolyrotaxanes including either an homopolymer, or a diblock copolymer were 

synthesized from a poly(N-isopropylacrylamide) (PNIPAM), a thermosensitive polymer3, and/or 

an hydrophilic polymer, a poly(ethylene glycol) (POE), known for its biocompatibility with 

cyclodextrins allowing their good threading.4 Several pseudopolyrotoxanes were successfully 

synthesized under different conditions, and their structures (number of threaded cyclic 

molecules as a function of the size of the chain, the starting stoichiometry cyclic 

molecule/polymer) were probed by using various characterization methods (SEC, NMR, XRD). 
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In the search for new target-directed strategies, the use of Dynamic Combinatorial Chemistry 
(DCC) has been expanding over the last few years. Thanks to DCC, large libraries of 
thermodynamically stable constructs can be generated by employing reversible reactions.[1] 
More interestingly, it is possible to explore the self-adaptative potential of such libraries simply 
by the addition of biological targets into the complex mixture, which could lead to the discovery 
of new therapeutics. In this project, we wish to implement DCC in the context of finding peptidic 
inhibitors for Protein-Protein Interactions (PPI). This strategy would allow the simultaneous and 
rapid screening of multiple constructs without facing difficulties related to rational design and 
synthesis. Therefore, we are currently working on a proof of concept that relies on the 
generation of dynamic libraries of stapled peptides for the identification of PPI inhibitors. The 
project focuses on the p53-HDM2/HDMX PPI, known to play a crucial role in cell-cycle regulation 
and apoptosis. 

            
 
Figure 1. Generation of a library of stapled peptides by dynamic combinatorial chemistry and screening 

of the best binders in the presence of the biological target. 
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(P) or (M) single molecule supramolecular fibers can be obtained during the self-assembly of 
axially chiral allenes, which place their four substituents in two perpendicular planes. This 
specific spatial distribution, in combination with the rigidity of the allenes, makes them great 
candidates to create chiral building blocks with potential self-assembling properties. 
Therefore, we designed a chiral allene with two tert-butyl groups in different planes and 
opposite directions to provide stability to the building block. In the other two positions of the 
allene, -extended and planar ethylene phenylene moieties —substituted at the para- 
positions of the aromatic rings with ethylene diamides that bear gallic wedges with paraffinic 
chains— were introduced to favour the self-assembly of the axially chiral allene. Aggregation 
studies in MCH through different spectroscopic techniques such as UV-vis, ECD, IR or NMR, in 
addition to atomic force microscopy (AFM) and computational studies revealed the formation 
of single-molecule chiral fibers formed by the 1-D stack of the allene building blocks through a 
cooperative mechanism. This species evolves towards the formation of larger fibers obtained 
by self-assembly of the single ones. In these aggregates, an axial-to-axial helical induction 
mechanism emerges to generate the chiral fibers, whose handedness depends on the axial 
chirality of the allene: (P)-allene, (M)-aggregate; (M)-allene, (P)-aggregate. 

 
Figure 1. Structure of the allene employed in this work, variation of chiroptical properties and AFM 

images showing the self-assembled helical fibers. 
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We report on a dendronized bis-urea macrocycle 1 self-assembling via a cooperative mechanism 
into two-dimensional (2D) nanosheets formed solely by alternated urea-urea hydrogen bonding 
interactions. The pure macrocycle self-assembles in bulk into one-dimensional liquid-crystalline 
columnar phases. In contrast, its self-assembly mode drastically changes in CHCl3 or 
tetrachloroethane, leading to 2D hydrogen-bonded networks. Theoretical calculations, 
complemented by previously reported crystalline structures, indicate that the 2D assembly is 
formed by a brick-like hydrogen bonding pattern between bis-urea macrocycles. 1 This assembly 
is promoted by the swelling of the trisdodecyloxyphenyl groups upon solvation, which 
frustrates, due to steric effects, the formation of the thermodynamically more stable columnar 
macrocycle stacks. This work proposes a new design strategy to access 2D supramolecular 
polymers by means of a single non-covalent interaction motif, which is of great interest for 
materials development. 

 
Figure 1. Dendronized bis-urea macrocycle forms columnar liquid-crystalline phases, while in solvents it 

self-assembles into two-dimensional (2D) nanosheets with a brick-like organization. 
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The binding pocket of proteins provides a well-defined environment around its guest through 
supramolecular interactions that play a crucial role in the assembly’s properties. For example, 
mutations in the sequence of the Green Fluorescent Protein modify the luminescence 
properties of the embedded chromophore[1]. 
The control of molecular properties with supramolecular chemistry leads us to examine the 
self-assembled hexameric resorcin[4]arene capsules as protein binding pockets’ surrogates. 
Such organic capsules are known to encapsulate cationic species and, more recently, 
coordination complexes[2], modifying their catalytic and photophysical properties. The 
possibility to bias the chirality of this hexameric capsule seems an appealing strategy to get 
chiroptical properties including Circularly Polarized Luminescence.  
This poster will present the synthesis of four new copper(I) bisphenanthroline complexes 
associated with a chiral counteranion, their encapsulation studies as well as the consequences 
of the encapsulation on their absorption and emission properties. 
 

 

Figure 1. Tuning of photophysical properties by encapsulation of a copper(I) complex. 
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Stimuli-responsive foldamers demonstrate controlled switching behaviour upon the 
application of an external stimulus (e.g., light or redox chemistry) and they have excited great 
interest due to their wide-ranging applications in sensing, synthesis, materials chemistry and 
biological chemistry.1,2 To date, the main focus has been placed on the development of 
foldamers that can respond to only one type of stimulus (e.g., only light).1a However, these 
singly stimuli-responsive foldamers can only display limited levels of operational complexity 
and, consequently, multi-stimuli-responsive foldamers have emerged as highly desirable 
targets.3 
      We report on novel, dual stimuli-responsive foldamers that exhibit the ability to  
individually respond to the two distinct stimuli of light and redox chemistry (Figure 1).4 The 
reversible photo-driven conformational switching of these new azobenzene-based foldamers, 
between stable helix and random coil geometries, has been established using both 1H NMR 
and circular dichroism (CD) spectroscopy (Figure 1b). Whilst cyclic voltammetry has been used 
to determine the reversibility of their chemical switching behaviour, between neutral 
ferrocene and charged ferrocenium states, upon regulated changes to the redox chemistry 
(Figure 1c).     
      We anticipate that these novel supramolecular scaffolds will play a key role in the future 
development of multi-addressable foldamers for sophisticated smart functions. 

 
Figure 1. a) Dual stimuli-responsive foldamer 1 composed of light-responsive azobenzene units and a 
redox-active ferrocene unit b) CD spectra of 1 before irradiation (blue line) and at the photostationary 
state (red line) after irradiation with 365 nm for 10 min; inset shows fatigue cycling studies c) Cyclic 
voltammogram of 1 in dichloromethane with decamethylferrocene (dmfc) as an internal reference. 
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The subcomponent self-assembly approach is a powerful tool for constructing large 
architectures from relatively simple precursors. Reactions between aldehydes, amines, and 
metal salts involve formation of coordinative (N→metal) and covalent (N=C) bonds, and as the 
result leads to macrocycles, molecular cages, and mechanically interlocked molecules (MIMs).1 

In the literature there are numerous examples of links and knots that have a diiminopyridine2,3 
motif in their structure while the field of MIMs incorporating diiminopyrrole has been still 
unexplored. 
We have shown that application of 2,5-diformylpyrrole in self-assembly reactions with 
diamines and Zn(II)/ Cd(II) salts allows the preparation of [2]catenane, trefoil knot, and 
Borromean rings. The intrinsically dynamic nature of the diiminopyrrole motif rendered all of 
the formed assemblies intramolecularly flexible.4 
 

 
Figure  1. The X-ray molecular structure of Borromean rings with incorporated PF6

-. 
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Colloidal and microbiological species propelled through various phoretic mechanism, such as – 
diffusiophoresis, osmophoresis, thermophoresis, electrophoresis etc. The surface of the 
colloidal object can sense the concentration or energy gradient surrounding it, resulting a flow 
across solid/liquid interface of the particle, and thus the particle moves in either towards or 
opposite direction of the gradient. In our study we reported the migrational behaviour and 
spatial distribution of biomolecules (i.e., calf thymus DNA & Alkaline phosphatase) in a 
gradient of different physiologically relevant monovalent and divalent cations and in 
macromolecular crowding. In case of DNA, we studied the migrational behaviour under two 
different conditions – (i) microfluidic and (ii) evaporating droplets. We have found migration of 
DNA is mostly towards low to high salt gradient for both mono- and divalent cations. In case of 
Ca2+ and Mg2+ drift is more as compared to other divalent ions like Cu2+ and Zn2+ as well as 
monovalent ions Na+ and K+, under similar experimental condition we observed the Non-
uniform coating in the gradient of metal ions, Cu2+ ions having the ability to suppress the 
coffee ring effect.[1] This process, which was governed by the effective charge and diffusion 
coefficient of the DNA–metal ion complex, can have potential applications in nucleic acid-
based spatiotemporal surface patterning, biosensors, and dynamic bio-colloidal assembly and 
transport. In case of  enzyme (i.e., Alkaline phosphatase), we studied the chemotactic 
behaviour of alkaline phosphatase (ALP) in the gradients of carbohydrates (glucose, fructose 
and sucrose) and metal ions, including cofactors (Zn2+ and Mg2+), under microfluidic conditions. 
We have found that ALP migrates marginally away from the carbohydrate gradient, whereas 
for divalent metal ions, the direction is opposite and more prominent. This differential 
phoresis is due to the Hofmeister effect driven change in the ALP surface zeta potential and 
osmotic pressure imbalance.[3] We have also investigated the migrational behaviour of 
biomolecules in crowded media (i.e., PEG400, PEG4000, PEG9000). Gaining control over the 
chemotactic extent and direction of an enzyme in response to purely non-catalytic conditions 
will have potential application in designing environment-responsive nanomachines. 
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The crucial basis of supramolecular chemistry is the intermolecular forces, such as hydrogen 
bonding, van der Waals forces, coordination bonding or π-π interactions. Over the last two 
decades, anion-π interactions, relying on the bonding of anions on electron-deficient aromatic 
surface, have emerged as a new branch of supramolecular chemistry.1 They have attracted a 
strong interest in various applications related to molecular recognition, membrane transport,2 
crystal engineering,3 and catalysis,4 while their role was demonstrated as relevant also in natural 
systems.5 
In order to increase the association of the electron-rich species with the aromatic system, the 
quadrupole moment (Qzz) must be increased by introducing strong electron-withdrawing 
substituents while maintaining the high polarizability (α‖) of the molecular system. Even though, 
a cooperative effect with hydrogen bonding helps to enhance the formation of the anionic 
complex, the binding by a single π-acidic surface suffers from non-selective recognition of 
anionic species and limited Qzz.  
On this basis, we designed covalent organic cages with C3 symmetry, where 
naphthalenediimides (NDI) are grafted to benzene triimide (BTI).  Hence, we expect that the 
association of multiple π-acidic surfaces will provide binding cavities with high affinity for anionic 
guests and/or suitable for substrate positioning for confined catalysis. 
In this communication, we will discuss the synthesis of tripodal electron-deficient cages and the 
study of their anion recognition properties. 
 

 
Figure 1. Schematic representation of the tripodal electron-deficient cages. 
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Inspired by supramolecular protein architectures in nature, artificial protein assemblies with 
predisposed geometries are of great interest for applications in macromolecular recognition 
and as biocompatible nano-materials.[1] We aim to expand the library of natural 
macromolecular building blocks by fully synthetic, quinoline-based aromatic oligoamide 
foldamers (AOFs). 
The ability of AOFs to bind proteins via non-covalent surface interactions has previously been 
demonstrated. Their chemical versatility through sidechain moieties not available in natural 
peptides, combined with their shape-persistency in water makes AOFs intriguing candidates to 
design robust and chemically diverse hybrid protein-foldamer assemblies.[2,3] 
Starting from a small (~7.5 kDa) protein CloneA with a defined binding interface towards a 
specific pentameric AOF sequence Q5, we target complex three-dimensional networks with 
controlled geometry and stoichiometry. To do so, we employ computational modelling and 
iterate through designs involving the fusion of oligomerization domains to the protein as well 
as symmetrizing the AOF. 
Herein we present the first crystal structures of non-covalent protein-foldamer hybrids utilizing 
two types of C2 symmetrical AOFs carrying the Q5 epitope in complex with CloneA variations. 
The structures show highly symmetrical supramolecular networks in the solid state. 
Our findings provide the basis to develop precise design rules and further establish synthetic 
foldamers as biocompatible building blocks in large well-ordered assemblies.   

 
Figure 1. Crystal structure of the 1:1 complex of protein CloneA and the Q5 foldamer (left). Fusion of the 
protein to a coiled-coil dimerization domain and introduction of C2 symmetry to the AOF leading to a 
large tetragonal (SG: I4122) assembly in the solid state (right).  
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The link between structure and activity is a key concept that led the way for the design 
of molecules aiming at interacting against or on behalf of proteins. In that regard, numerous 
researchers have been inspired by those biopolymers to design artificial architectures with a 
well-defined folding ability, called Foldamers.[1] Their structural diversity does not yet equal 
that of biomolecules. Indeed, the helix is by far the most frequently reported type of 
secondary structure among foldamers and there are comparatively much less examples of 
foldamers forming sheet-like structures.[2] This scarcity of foldamer-based sheet-like 
architectures may be due to their greater tendency to aggregate and precipitate when 
isolated.  

Here we present a rational approach for the construction of synthetic multi-stranded 
β-sheets. Our strategy relies on the iterative coupling of a repetition unit designed to fold 
through intramolecular hydrogen bonds formation between diamine and diacid units (Figure 
1). Short diamine and diacid strands are connected by a turn, named DPro-DADME, that sets 
the linear strands at a distance and orientation allowing β-sheet formation.[3] A convergent 
multi-step synthesis in solution was elaborated to access up to 9-stranded molecules, 
containing both urea and amide junctions. The solubility of these objects in organic solvents 
and the absence of aggregation phenomenon enable conformational studies in solution by 
conventional NMR techniques, and in the solid state by XRD. The possibility to extend the 
number of strands composing these structures to access complex finite multi-stranded systems 
able to cover large surfaces or even to fold into synthetic β-barrel structures are currently 
under investigation. 

 

Figure 1. Chemical structure of our repetition unit and schematic representation of the strategy to 
obtain planar or macrocyclized structures. 
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Catalysis with molecular containers is an emerging field due to its similarity to enzymes.1  
Supramolecular assemblies can provide large, confined spaces, as demonstrated by the self-
assembled capsule discovered by Atwood.2 The neutral complex dichloro-{diethyl[(5-
phenyl1,3,4-oxadiazol-2-ylamino)-(4-trifluoromethyl-phenyl)methyl]phosphonate}(p-cymene)-
ruthenium(II) was encapsulated inside this self-assembled hexameric host obtained upon 
reaction of 2,8,14,20-tetra-undecyl-resorcin[4]arene and water. The formation of an inclusion 
complex was inferred from a combination of spectral measurements (MS, UV/Vis spectroscopy, 
1H and DOSY NMR). The 31P and 19F NMR spectra are consistent with motions of the ruthenium 
complex inside the self-assembled capsule. Molecular dynamics simulations carried out on the 
inclusion complex confirmed these intracavity movements and highlighted possible 
supramolecular interactions between the ruthenium first coordination sphere ligands and the 
inner part (aromatic rings) of the capsule. The embedded ruthenium complex was assessed in 
the catalytic oxidation (using NaIO4 as oxidant) of mixtures of three arylmethyl alcohols into the 
corresponding aldehydes. The reaction kinetics were shown to vary as a function of the 
substrates size, with the oxidation rate varying in the order benzylalcohol >4-phenyl-
benzylalcohol >9-anthracenemethanol. Control experiments realized in the absence of 
hexameric capsule did not allow any discrimination between the substrates. This example 
corresponds to the first example of a neutral complex encapsulated in this self-assembly.3 

 

 
Scheme 1. Picture of encapsulated complex inside the Atwood capsule. 
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Gold complexes have been the subject of an intense research over the past decade.[1] 
The main driving force to this interest is to impart new reactivity to these complexes, that can 
be leveraged in catalysis. In addition to the widely used ligand engineering strategy,[2] the 
concept of confining gold complexes within supramolecular cages has also shown a great 
potential.[3] Toste et coll. have demonstrated, that small cationic gold complexes, generated 
within anionic cages show a markedly different reactivity compared to their non-confined 
analogues. However, the small cavity size of the cage (251 Å3) has not allowed to extend this 
concept to larger complexes and substrates. Indeed, one obstacle to overcome is the synthesis 
of large anionic cages, that is far from being straightforward.  

In order to design and synthesize large anionic cages, we have implemented a rational 
approach combining modellizations and cavity size calculations.[4] As a result, we have recently 
prepared an anionic, cyclotricatechylene based supramolecular cage 1 with a large cavity (558 
Å3). The host-guest chemistry of this cage has been studied, using different cationic guest (e.g. 
gold complexes, Au+@1). Our efforts to demonstrate the confinement-driven reactivity in our 
larger system are currently underway (Figure 1). 

 

 
Figure 1. Concept: Using the confinement effect to alter the reactivity of gold complexes.  
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Building only from a pool of L-amino acids, Nature makes protein capable of remarkable 
discrimination of enantiomers. Following a precise folding scheme, the asymmetric shape of 
the active site is dictated by the 3D-positioning of amino-acids one relative to the others. As 
organic chemists, can we build a similar system using only cyclic D-sugars such as cyclodextrins 
(CDs), and achieve shape-directed enantio-discrimination? 

Previously developed catalytically active (NHC)-bridged CD-metal complexes display 
interesting chemo-, regio-, and stereo- selectivities.1,2,3,4 It was found that a symmetrical 2-
point bridging of α-CDs induce an helicoidal distortion of their cavity into a M-helix, accounting 
for the observed stereoselectivity.2 Yet, no control over the distortion, nor over the 
stereochemical outcome of the catalysed reactions was possible. Pushing the concept forward, 
we want to gain control over the distortion of the cavity and access pseudo-enantiomeric 
shaped-cavities from 3-point bridging patterns using tripodal moieties such as tren groups.  

We achieved the synthesis of two permethylated CD regioisomers with mirror-image 3-
point bridging patterns, that readily complex Cu(II) inside their cavities. Preliminary results 
from circular dichroism spectra indicate that the pair of regioisomers can behave in the 
manner of enantiomers. Host-guest UV-vis-NIR titration in buffered medium, in presence of a 
serie of α-chiral carboxylates, revealed interesting inversion of stereoselectivity when 2-
phenylbutanoate was used as guest (Figure 1). Next steps include exemplification with other 
chiral guests, in addition to molecular modelling to account for the observed preferences, as 
well as exploiting the two regioisomers for catalysis. 

 

 
Figure 1. Scheme of chiral recognition of carboxylates by tren-bridged CD regioisomers, and 

circular dichroism spectra of the corresponding copper acetate complexes.. 
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Among the various technologies aimed at reducing greenhouse gas emissions, post-
combustion carbon capture utilizing industrial amines stands out as one of the most advanced. 
However, its widespread adoption is hindered by high costs. To address this issue, there is a 
need for amine formulations that possess both high capture capacity and rapid kinetics.[1] 

Here, we investigate the potential of bis-guanidinium salts as supramolecular additives to 
facilitate the formation of hydrogenocarbonate while minimizing the formation of carbamates. 
As a result, the cyclic capacity of the amine absorbents is substantially increased while fast 
kinetics is preserved. Beyond the concept of tunable antiparallel covalent chemistry, this study 
underlines the role that supramolecular chemistry may play in environmental challenges such 
as carbon capture. 
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Interest in organic electronics has been increasing during the last decades, leading to the 
production of several devices based on organic semiconductors such as organic light-emitting 
diodes (OLEDs).[1] In parallel to OLEDs, the development of efficient organic lasers is still a 
challenge. Such devices are very interesting because they can generate a monochromatic and 
coherent light. Their structure is composed of a gain material that is responsible for the 
stimulated emission, coupled with a resonator and an energy source. 
 
Organic lasers that use organic gain materials have existed for decades, but only  in solution.[2] 
Now, the development of new solid-state gain materials has opened up the route to develop 
organic laser diodes (OLDs), which are based on the direct conversion of an electric current 
into laser light. The first evidence of an OLD was recently shown by the group of Prof. Adachi, 
using an amorphous material based on a pi-conjugated blue-emitting molecule as gain 
material.[3] However, this result was obtained with only one example of dye so far, with 
limitations such as a short device lifetime, and complex processability. In this context, the 
development of new, more efficient and easily processable gain materials is highly necessary. 
We are also motivated to design new lasing materials that can be compatible with both optical 
and electrical pumping.  
 
To this end, we have developed novel, light-emitting liquid crystalline materials to be used as 
gain media. By using such systems, it is possible to easily tune the emissive properties by 
modification of the chemical structure. In addition, these materials enable donor-acceptor 
construction through FRET between moieties with different emitting wavelengths.  
We will present the first series of liquid crystalline gain materials, their mesogenic and 
electronic properties as single components and also as blends. A special focus will be places on 
the study of the blends and their photophysical properties, especially in their amplified 
spontaneous emission (ASE) performances. 
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While the field of photoactive surfactants has been widely explored, only in recent years these 
materials have been investigated for the  self-assembly of responsive nano-architectures 
(micelles, emulsion, foams).[1] To this end, researchers have extensively explored the 
integration of azobenzene moieties into amphiphiles to modify their aggregation behaviour 
upon light exposure.[2] Within this research field, a new family of minimalistic photo-switchable 
non-ionic amphiphilic molecules, referred as AzoPEGs, were developed[3]. Their structure, 
consisting of a short hydrophilic oligoethylene chain linked to a lipophilic azobenzene 
photoswitchable unit (Figure 1a), allow them to self-organize into monodisperse nanodroplets 
in water, with a size below 400 nm, at millimolar concentrations through a spontaneous 
emulsification process. Indeed, this simple motif enables the reversible self-assembly and 
disassembly of these nanoaggregates upon exposure to light, owing to the abrupt change in 
dipole moment between the different stereoisomeric forms of the Azo group (Figure 1b). The 
difference in polarity between the inner core of the nanoaggregates and the surrounding 
water makes them suitable as photoactivable nanocontainers for small, lipophilic molecules, 
with potential applications in controlled release and nanotechnology. In addition, the 
oligoethylene chain can be functionalised with moieties able to introduce additional 
functionalities in terms of reactivity and/or catalytic activity. 

hν hν’

a)

b)

hν

hν’/ΔE-AzoPEG Z-AzoPEG

 

Figure 1. a) E-AzoPEG photo-isomerization reaction. b) Reversible self-assembly of E-AzoPEG 
nanoaggregates.  
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Cyclodextrins (CDs) have a number of important properties, such as chiral separation or the 
enhancing of water solubility. In our work, we investigated the complexation properties of 
sugammadex analogue CDs, subetadex (SBX) and mono-subetadex (monoSBX). These CDs are 
isomerically pure, persubstituted or monosubstitued with carboxythioether groups on the 
primary side. The structure and properties of these CDs can be determined more easily and 
accurately than in case of randomly substituted CDs. 
Previous studies have demonstrated that SBX has significant solubility-enhancing and 
enantiomer recognition properties, but these features are pH-dependent.1,2 Under acidic 
conditions chiral recognition, while under neutral conditions the non-selective inclusion 
complex formation is dominant. Based on these results, the complexation features are 
investigated at pH 7.4 using citalopram selective serotonin reuptake inhibitor (SSRI) 
antidepressant as a model compound. 
In our research, the stability constants were determined by different methods (from phase-
solubility isoterms, Hummel–Dreyer method by HPLC and capillary electrophoresis) and the 
structure of the complex was determined by NMR. Our aim was to gain a deep understanding 
of the complex structure that forms between SBX or monoSBX and citalopram, and to compare 
the stability constants obtained by these techniques. 
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Sergeants-and-soldiers” effect [1] refers to the ability of a small amount of chiral monomers (the 
“sergeants”) to fully control the main chain helicity of polymers mainly composed of achiral 
monomers (the “soldiers”). This phenomenon is widely known for non-functionalized 
supramolecular polymers and may occur under diluted conditions as long as the coassembly 
process is sufficiently strong. The lookout for the “best” sergeant, the one which would allow to 
form stable stacks (avoiding chain-chapping or sequestration [2]) in several conditions and with 
low loadings, is still a hot topic of research especially when it comes to apply “sergeants-and-
soldiers” mixtures to asymmetric catalysis. In our group, the “sergeants-and-soldiers” effect has 
been widely applied in supramolecular catalysis with helical assemblies of benzene-1,3,5-
tricarboxamide (BTA) monomers.[3]  

Up to now the “sergeant” derived from the dodecyl ester of Leucine (1) was found to efficiently 
intercalate into the stacks of the BTA ligand (3), leading to the highest level of enantioselectivity 
comparatively to other “sergeants”, tested to date. However, the selectivity drops off upon 
dilution, what forces to work with relatively high catalytic loading. Thus, in an attempt to move 
towards a more efficient “sergeant”, we herein demonstrate that a little change in its molecular 
structure (such as the replacement of the ester by an ether function (2)) allows to maintain a 
good selectivity under diluted conditions as a probable consequence of the higher stabilization 
of the coassemblies.[4] 

 

Figure 1. Supramolecular co-assemblies with BTA herein studied. 
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Coordination cages are often seen as purely synthetic mimics of biological receptors enzymes, 
possessing nanoscopic cavities capable of binding guest molecules, and extensive work has 
been published on the catalytic properties of coordination cages.1 However, peptidic receptors 
can often undergo strong refolding and multimerisation upon guest binding, contrary to 
coordination cages, which are generally considered as more static species. 
Here, we present a self-assembled coordination cage based on an azulene ligand, which can 
undergo an efficient and rapid dimerization from a Pd2L4 cage to a Pd4L8 tetrahedron upon 
guest binding. Moreover, the transformation is fully reversible by the addition of a second, 
competitive coordination cage, which can steal the guest away from the newly formed 
tetrahedron, and reform the initial cage.2 
In addition, we present a new system based on a chiral bis-azulene backbone, which can 
undergo chiral self-sorting, depending on the solvent. Moreover, the mechanism of the self-
sorting has been fully elucidated. 
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Driven by curiosity and creativity, chemists have demonstrated that some folding patterns 
found in peptides and proteins can be reproduced in completely abiotic oligomers. Abiotic 
oligomers also have features of their own, such as folding in an organic medium. By connecting 
two well-defined helices formed by aromatic oligoamides of 8-aminoquinoline-2-carboxylic 
acid with well-designed linkers, anti-parallel and parallel helix-turn-helix tertiary structures 
have been investigated. [1, 2] Additional hydroxy groups have been placed on one face of the 
helix-turn-helix structure to create complementary arrays of hydrogen-bond donors and 
acceptors that, we hoped, would promote the formation of dimers of tertiary structures, i.e. 
genuine abiotic quaternary structures (Figure 1c). Whereas the crystal structure of the 
modified foldamer sequence differs from the initial design. Instead, it revealed a novel 
domain-swapped dimer (DSD, Figure 1a) structure which is rarely observed in abiotic 
structures but common in proteins. In the DSD structure, the intramolecular interaction 
interface in the initial design does not form and turns out to be intermolecular interactions and 
promotes dimerization. 
The 1H-NMR spectra and CD spectra of the domain swapping dimer in different proportions of 
DMSO/chloroform show that the molecule undergoes two transitions. We assign the first 
transition to the dissociation of the DSD structure and the sequence folds back to the tertiary 
structure (Figure 1b). Further addition of DMSO resulted in the intramolecular hydrogen bond 
being disrupted and leading to an opened linear monomer. [2] 

 
Figure 1. a) The simplified views of the crystal structure of domain-swapped dimer. b) Modified helix-
turn-helix tertiary structure. [2] Extra hydroxy groups are introduced on one face of the structure to 
create complementary arrays of hydrogen bond interface that could promote the aggregation of two 
tertiary structures. c) The energy-minimized model of two identical helix-turn-helix structures dimerized 
through the hydrogen bond interface that has been introduced. Individual molecules are shown in light 
blue and pink tube representation. Hydroxy protons are shown as yellow balls. Linkers are shown in 
green. For clarity, only the outer rim of the helices is shown. 
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Printing of biologically functional constructs is significant for applications in tissue engineering 
and regenerative medicine. Designing bio-inks remains challenging due to the multifaceted 
requirements such as cytocompatibility, printability and shape fidelity.[1] In order to promote 
matrix and materials stiffness, while not sacrificing stress relaxation mechanisms which 
support cell spreading, migration and differentiation[2], we report a double network bio-ink 
design. Therefore, star-shaped polyethylene glycols short peptides and photoactive end groups 
are synthesized, and used to prepare three-dimensional networks with cucurbit[8]uril (CB[8]) 
through supramolecular host-guest-complexation. The hydrogel obtained shows fast 
relaxation and thus supports the proliferation and differentiation of cells. Upon irradiation, the 
mechanical properties of the hydrogel can be rapidly adapted via selective photochemical 
dimerization of stilbazolium within CB[8][3], leading to double networks with increased form 
stability while retaining the dynamic nature of the hydrogels. This modular approach opens 
new design opportunities for extrudable and cell-friendly dynamic biomaterials for applications 
in 3D-bioprinting. 

 

Figure 1. Schematic representation of double network bio-ink formation based on cucurbit[8]uril host-
guest chemistry. 
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Communication between biocatalytic networks is crucial to cell function, including networks in 
different compartments. This cellular compartmentalisation by membranes permits the 
separation of incompatible catalytic conditions. A similar incompatibility often occurs when 
attempting to link aqueous biocatalysis with chemocatalysis that has been optimised in organic 
solvents. 
Molecular information relays developed in the Webb group could provide an exciting solution 
to this problem. These relays transmit information along multi-nanometre distances, which 
allows them to operate simultaneously in aqueous and hydrophobic environments. At their 
core is an amphiphilic α-aminoisobutyric acid (Aib) foldamer that adopts well-defined helical 
conformations. The use of a chiral controller (green) at the N-terminus induces a change in 
screw-sense of the 310 helix which can be felt at the C-terminus. 
The presented work reports new systems in which helical chirality is induced from a remote 
chiral controller at the C-terminus, producing an enantioselective catalysis output at the N-
terminus of an Aib derived foldamer 

 
 
 

Scheme 1. Aib-foldamer catalyzed enantioselective Friedel Crafts alkylation reaction 
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Diphenylalanine peptide (FF) is well-known to form highly stable β-amyloid fibers. The difficulty 
to disrupt these aggregates is associated with numerous pathologies such as Alzheimer’s 
disease.[1] The mechanical work produced by the rotation of artificial molecular motors has 
already been amplified in our group to 
influence the macroscopic properties 
of soft materials.[2,3] In this work, we 
incorporated light-driven artificial 
molecular motors in carboxybenzyl-
protected-FF (Z-FF) supramolecular 
hydrogels that form β-amyloid-like 
fibers. Interestingly, the mechanical 
work generated during the constant 
rotation of the molecular motor under 
UV light is sufficient to disrupt the 𝜷-
amyloid fibers. This disruption was 
visible macroscopically as a gel-to-sol 
transition. In the absence of light, the 
system fully recovers its original 
microstructure. This unique reversible gel-sol transition phenomenon was studied by several 
techniques (rheology, TEM, AFM, CD, and SAXS) proving that the disruption of the 𝜷-amyloid 
fibers originates solely from the work generated by the out-of-equilibrium rotation of the 
molecular motor.[4] These results highlight the potential of molecular motors to generate 
nanoscale mechanical work that targets biologically relevant structures, with expected 
applications in  nanotechnologies and nanomedecine. 
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Figure 1. Schematic representation of the out-of-equilibrium 
motorized system based on supramolecular hydrogels.[4]  
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Electrode-immobilized molecular catalysts can be challenging to characterize due to their low 
concentrations and incompatibility with standard molecular characterization tools. However, 
surface-sensitive spectroscopic techniques like X-Ray Photoelectron Spectroscopy (XPS) and 
Sum Frequency Generation (SFG) have unlocked new interdisciplinary pursuits to understand 
the molecular environment and properties of attached metal complexes.1 
A particular challenge of synthesizing and characterizing some metal-based catalysts or their 
intermediates is their decomposition in the presence of air and water. This difficulty remains 
when making and studying molecular monolayers of these catalysts on electrode surfaces as 
air and water must be excluded from the synthesis through to the final spectroscopic 
measurement, which is often not an available setup. Moreover, if spectroscopic data indicates 
molecular decomposition, one needs to be able to distinguish whether it is due to 
incompatibility between the attached molecule and the interface, or to the handling, storage, 
or the measurement itself. 
 
This poster will discuss cross-institutional collaborations to design, prepare, and handle 
sensitive covalently attached molecular monolayers on electrode interfaces. We will describe 
air-free functionalization protocols informed by inorganic synthesis, material science, and 
limiting parameters in surface-sensitive spectroscopy measurements. This discussion includes 
instrument accessory, glassware, and electrochemical cell design for specialized 
measurements of sensitive samples, with an emphasis on available materials and ease in 
handling in air-free environments.  
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Room temperature phosphorescence (RTP) from purely organic compounds (i.e. without any 
metal), and related photophysical aspects linked to the management of triplet excited-states 
have become a crucial issue for several areas of research, ranging from optoelectronics, non-
linear optics to photocatalysis, and bioimaging.1 Recently, the possibility to obtain RT circularly 
polarized (CP) phosphorescence with chiral organic emitters has also attracted significant 
interest due to the potential access to different states of CP-light (either left or right).6-12  

In this congress, I would like to present our contributions regarding this area of research, 
notably by illustrating how the enantiopurity of a chiral material offers a unique possibility to 
explore the impact of intermolecular interactions on the efficiency of photophysical properties 
and/or electronic conduction without altering its molecular electronic properties. Our findings 
show that comparing RTP between racemic and enantiopure crystals can bring further 
information on the intermolecular interactions impacting the triplet exciton stabilization and 
migration, which needs to be optimized for designing efficient organic RTP molecular materials. 

Figure 1. Chemical structures of RR-Cy(F2Pht)2 and SS-Cy(F2Pht)2; and comparison of their X-ray 
crystallographic structures at the molecular and supramolecular levels with different views of 
intermolecular interactions between dimers (red for H-type aggregates, and blue for J-ones). 
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N-alkyl-D-galactonamides are simple carbohydrate derivatives (Fig. a) that give supramolecular
hydrogels due to the self-assembly of these molecules in supramolecular fibers (Fig. d) [1].
After tackling with the fragility of these non-covalent hydrogels, we show that these hydrogels
can be used as scaffolds for cell culture for several weeks. By developing methods to observe
the interior of these very soft gels, it was possible to highlight the development of the cells in
clusters within the hydrogel (Fig. b), which is strongly impacted by the fibrillar network.

These molecules are also well adapted to shape the gels by wet spinning or 3D printing (Fig. c) 
[2-3]. The very fast self-assembly of the molecules during the solvent switch involved in the 
process lead to the formation of well-defined self-standing structures, such as gel noodles or 
3D printed gels. An insight into the microstructure of the wet spun fibers or the one of the 3D 
printed gels highlighted the relationship between the solubility of the molecules and the 
microstructure and organization of the self-assembled fibers.  

Finally, N-alkyl-D-galactonamides form complexes with molybdate species. This complexation 
gives rise to a new series of hydrogels with properties very different from the ones of the free 
molecules. The sol-gel transition, the rheology, the structure of the supramolecular fibers (Fig. 
d), the structure of the complex and the arrangement of the molybdate within these fibers 
have been highlighted. It opens new perspectives for these molecules that give metallogels 
and therefore, that can be used for organizing organic-inorganic supramolecular structures. 
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