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PROGRAM

08:30 Get together

09:00 - 09:15 Opening Vincent Bizet and Arnaud Spangenberg
Session 1 — Chair: Vincent Bizet

09:15 - 09:45 Morgan Cormier (Prix Jean Normant 2024)
"Development of New Photocatalytic Systems for Organic Synthesis : From Heterogeneous

Catalysis to Near Infrared Chemistry"

09:45 -10:00 Ariana Villarroel Marquez

“Photochemical bricks and understanding towards 3D-Conductive Photopolymers”

10:00 - 10:15 Eliott Jung

“Synthesis of bioinspired complex polycyclic motifs supported by DFT mechanistic Studies”
10:15-11:00 Coffee break + Poster session
Session 2 - Chair: Karine Mougin

11:00 — 11:30 Liva Dzene (Distinguished SCF junior member 2023)

"Synthesis of novel materials inspired by clay mineral structures”

11:30 — 11:45 Loic Groslambert

“Chalcogen Bonds and Telluronium salts: An Emerging Tool for Catalysis”

11:45 -12:00 Paul Covin

“Controlling surface chemistry to influence plasma polymers morphology”
12:00 - 14:00 Lunch + visit of the Mat-Light 4.0 plateforms
Session 3 - Chair: David Leboeuf

14:00 — 14:30 Michael Parmentier (Prix Yves Chauvin 2024)

"From medchem route to multi kg manufacturing— a process development story”



14:30 — 14:45 David-Jérome Pham

“Chiral [2 + 3] Covalent Organic Cages Based on 2,2’-BINOL Units”

14:45 — 15:00 Laurine Tual

“Sulfur ylide-mediated ring expansion to access highly functionalized 1,4-thiazepines®

15:00 — 15:15 Maxime Steinmetz
“Encapsulated Cationic Ruthenium and Rhodium Catalysts: Controlling The Catalytic Outcome

By Confinement”

15:15-15:30 Dorian Schutz
“‘Regio- and stereoselective azidation of activated N-allenamides: an entry to a, B, y and &-

amido-azides”

15:30 — 16:15 Coffee break + Poster session

Session 4 - Chair: Stefan Chassaing

16:15-16:30 David Matchavariani

“Regio- and stereoselective halogenation reactions of SFs-alkynes”

16:30 — 16:45 Ademola Adeniji

“The Role of Porous Carbon Properties for High Performance Sodium-ion capacitors”

16:45-17:15 Valentyn POZHYDAIEV (PhD Prize SCF-Alsace 2024)

"Difunctionalization of Electron-Poor Alkenes: Pushing Limits of Impossible with HFIP"

17:15-17:30 Poster/OC Prizes and closing remarks



Morgan CORMIER began his training in organic
synthesis at the University of Lorraine. He then obtained
a PhD in organic chemistry from the University of Rouen
in the COBRA laboratory, under the supervision of Drs.
Michaél DE PAOLIS and Jacques MADDALUNO.
During his thesis, he was interested in the synthesis of
of a natural product, tridachiapyrone B, and undertook
methodological studies in polar organometallic
chemistry. He then joined the group of Prof. llan MAREK

at the Technion Institute of Technology (Haifa, Israel) for

a first postdoctoral internship before a second
experience at the ISM in Bordeaux in the group of Prof. Eric FOUQUET and Dr. Philippe
HERMANGE. In 2018, Morgan was recruited as a Lecturer at the University of Haute-Alsace
(UHA), where he teach at the Ecole Nationale Supérieure de Chimie de Mulhouse (ENSCMu)
and carried out his research at the Laboratoire d’Innovation Moléculaire et Application (LIMA).
He joined the Radical Chemistry Heterocycles and Interfaces (CRHI) team led by Professor
Jean-Philippe GODDARD and defended his Habilitation a Diriger des Recherche (HDR) in
2024 at the UHA. His research interests are centered around the development of new
photocatalytic systems applied to organic synthesis including homogeneous, heterogeneous,
near-infrared photocatalysis and photoclick. In 2024, he was the laureate of the Jean
NORMANT prize from the Organic Chemistry Division (DCO) of the SCF.

Michael PARMENTIER obtained his master’s degree in
chemistry from the University of NANCY. In 2004, he
began his doctoral studies at the University of
MONTREAL (CANADA) in the laboratory of Prof.
Héléne LEBEL where he completed the total synthesis
of an interleukin inhibitor and developed metal-catalyzed
aziridination reactions using nitrenes. In 2009, he
returned to Europe and joined the group of Prof.
Andreas PFALTZ at the University of BASEL as a
postdoctoral researcher working on C-H activation

reactions applied to hydrogen isotope exchange

reactions in close collaboration with Hoffman-La-Roche
laboratories. Since 2012, he is a process chemist at NOVARTIS (BALE) in chemical and



analytical development. Over the years, he has contributed to the development of several
pharmaceutical compounds at the multi-kilogram scale. In addition to his scientific activities,
Michael has managed exchanges with the academic world for many years, including the
establishment of academic collaborations and the development of internship programs. Since
2018, he is member of the directory board of the School of Chemistry, Polymers and Materials
(ECPM) in STRASBOURG and an active member of the Bureau of the Division of Industrial
Chemistry (DCI) and of the SCF-ALSACE. He co-organizes the French Industrial Chemical
Symposium (FICS) which highlights research and development in industrial chemistry. Michael
recently became a Novartis Leading Scientist and won the Yves CHAUVIN Prize, which is

awarded to an industrial chemist by the Division of Organic Chemistry (DCO).

Liva DZENE is a lecturer at ENSCMu since 2017. Her
career path was built around the desire to discover the
world and the thirst to know what lies beyond the
horizon. This motivated her to pursue international
studies and take an interest in the field of research. She
began her studies in Latvia in chemical engineering at
the Technical University of Riga. Then, she obtained an
Erasmus Mundus excellence scholarship to continue
her studies in the “International Master in Advanced Clay

Science” program between three countries: at the

University of Poitiers in France, at the University of
Aveiro in Portugal and the University of Ottawa in Canada. Passionate about research, she
defended a thesis at the Institute of Chemistry of Environments and Materials in Poitiers on
the reactivity of the surface of clay minerals. Today, her research at the Institute of Materials
Sciences in Mulhouse focuses on the synthesis of lamellar materials inspired by the structures
of natural clay minerals. These are nanosheets that are found everywhere: in the deepest
cracks of the ocean, in soils and on the surface of Mars, in various formulations such as creams
and paints, and in composite materials with cement and polymers. In 2023, she was named a
Junior Distinguished Fellow of the SCF.



Valentyn POZHYDAIEV is originally from Kyiv, Ukraine,
he obtained his BSc and MSc degrees in chemistry at
the Université de Strasbourg. After 1-semester
internship at BASF in Ludwigshafen, he started his PhD
studies under the supervision of Pr. Joseph Moran and
Dr. David Lebceuf. His research focused on the
development of methodologies using
hexafluoroisopropanol as a solvent to unlock the
reactivity of highly electronically deactivated substrates.
His work was rewarded with the SCF-Alsace PhD prize
2024. He is currently working as a postdoctoral

associate with Prof. J. M. Lehn in Strasbourg.
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Photochemical bricks and understanding towards 3D-Conductive Photopolymers
Ariana Villarroel Marquez®, Christian Ley’, Céline Croutxé-Barghorn®, Xavier Allonas®
lUniversity of Haute-Alsace, LPIM, 3b rue Alfred Werner — 68093 Mulhouse, France

ariana.villarroel-marquez@uha.fr

Organic electroactive materials have emerged and grown as a fascinating research and
technological area. Representative examples of their application replacing on some fields
their classical inorganic analogues are on expansion, i.e. on flexible functional materials for
Organic photovoltaics (OPVs), Organic light-emitting diodes (OLEDs) or bioelectronics.*

To go further on applications development, i.e. to target customizable and complex
architectures and materials generation, deeper physico-chemical understanding,
characterization and control of polymerization processes of these materials is required. In this
context, the potential of additive manufacturing is undeniably to produce in a reduced time
and in a more ecological manner conductive organic and/or hybrid materials.?

From a fundamental point of view, knowledge on new strategies of photoinitiating
systems are required to be explored and characterized by photochemical and real-time
spectroscopy techniques. In addition, Confocal Raman Microscopy (CRM) will be presented
for its power to characterize the intrinsic chemical properties of organic materials. Highly
solved spatio-temporal description of chemical composition on the surface and more
importantly along the depth of the material, will allow to correlate the formation and history
of the analyzed coating films and materials.

In brief, a complementary “bricks” toolbox constituted of fundamental chemical,
photochemical, electrochemical and spectroscopic techniques (i.e. RT-FTIR, CRM) will shed
light on fundamental-experimental investigation of active semi-conducting materials. New
pathways on their additive manufacturing will bring advances on a more complex and stricter
environmental and industrial regulations global context.

! a) Groenendaal, L. B.; Jonas, F.; Freitag, D.; Pielartzik, H., Reynolds, J. R. Poly(3,4-ethylenedioxythiophene) and
its derivatives: past, present and future. Adv. Mater., 12(7), 2000, 481- 494. b) Swager, T. M. 50th anniversary
perspective: Conducting/semiconducting conjugated polymers. A personal perspective on the past and the
future. Macromolecules. 50(13), 2017, 4867-4886. 2 a) Loterie, D., Delrot, P., Moser, C. High-resolution
tomographic volumetric additive manufacturing. Nat. Comm., 11(852), 2020; b) Bao, Y., Paunovi¢, N.; Leroux, J.
Challenges and opportunities in 3D printing of biodegradable medical devices by emerging photopolymerization
techniques. Adv. Funct. Mater., 32(15), 2022, 2109864.
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Synthesis of bioinspired complex polycyclic motifs supported by DFT mechanistic
studies

Eliott JUNG, ™ Valérie BENETEAU, * Patrick PALE,* Stefan CHASSAING,”” and Christophe
GOURLAOUEN?®"

lCOSyS, Institut de Chimie de Strasbourg, UMR7177, 4 rue Blaise Pascal, 67000, Strasbourg, FRANCE
’MSM, Institut de Chimie de Strasbourg, UMR7140, 4 rue Blaise Pascal, 67000, Strasbourg, FRANCE
eliott.jung@etu.unistra.fr

Constructing 3D aza-polycyclic architectures remains a big challenge in organic synthesis. In
particular, much synthetic efforts have been devoted to 1-azaspirocyclic and isoquinuclidine
ring systems, due to their presence in many natural products of biological relevance (Scheme
1).%? Our goal is to go further in 3D structural complexity by accessing to unprecedented
architectures merging these two aza-cyclic systems of high relevance.

1-aza-Spirocycles

R4 N
R’ 1 3
\ RN R Rl R s W 2’@
—_— // N
NF H  co,Me
R2

NH X B R?
'k/_ HO “w X (+)-Catharanthine Cannivonine
Erythravine Histrionicotoxins Targets in this work KX 2 Isoquinuclidines
Scheme 1

Herein, we wish to report our synthetic approach towards this complex
azaspiro/isoquinuclidine hybrid skeleton from simple starting materials (Scheme 2). Our
approach starts with a 3-step sequence, including 2 steps under Cu'-zeolite catalysis (i.e., KA®
coupling and enyne cycloisomerization reactions)’, that first furnishes 1-azaspirocyclic systems
featuring a 1,2-dihydropyridine motif. The potential of the resulting 1,2-dihydropyridine motif
as diene is finally exploited to construct the additional isoquinuclidine ring system via a formal
cycloaddition process.? DFT calculations are conducted in parallel to rationalize the reaction
mechanism and energetic pathway of the cycloaddition process. Noteworthy is that this
methodology is highly atom and step economical, with water as sole by-product during the
whole 4-step sequence.

R? R2
R1’NH + % RN // 1) =—CO,Et R1’N Ok oﬁo
2 H Cu'-zeolite 2) Cu-zeolite —
o —_ > _ NF R ——————>
neat X )a tAmOH X\H/' tAmOH
) -H0 .
x=" a-Tertiary
propargylamine > 95 % atom economy over 4 steps
H,O as sole by-product
Scheme 2

Tk Hiesinger et al. J. Med. Chem. 2021, 64, 150 ; F. Lovering et al. J. Med. Chem. 2009, 52, 6752 ; D. F. Veber et
al. J. Med. Chem. 2002, 45, 2615.

?C. Lavaud et al. The Iboga Alkaloids. In: A. Kinghorn et al. Progress in the Chemistry of Organic Natural Products.
Cham : Springer, 2007, 105, 89. ISBN : 978-3-319-49711-2.

’F Schlimpen, PhD Thesis, Université de Strasbourg, 2022 ; F. Schlimpen et al. J. Org. Chem. 2021, 86, 16593.

4T. Wayamaet al.J. Org.Chem.2022,87, 5938 ; P. Ramarajuet al.J. Org. Chem.2019,84, 12408; R. M. Martinet
al.Org. Lett.2013,15, 444 ; N. Satohet al.Angew. Chem. Int. Ed.2007,46, 5734.
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Chalcogen Bonds and Telluronium salts: An Emerging Tool for Catalysis

L. Groslambert!, P. Palel, Y. Cornaton?, J.-P. Djukic?, V. Mamane?

I Institut de chimie de Strasbourg, COSyS, UMR 7177 CNRS-Université de Strasbourg, France
3 Institut de chimie de Strasbourg, LCSOM, UMR 7177 CNRS-Université de Strasbourg, France
4 Institut de chimie de Strasbourg, CLIC, UMR 7177 CNRS-Université de Strasbourg, France
Lgroslambert@unistra.fr; ppale@unistra.fr; cornaton@unistra.fr; djukic@unistra.fr;
mamane@unistra.fr

Interactions based on o-hole on halogen or chalcogen atoms have recently emerged. They have
been recognized as non-covalent interaction (NCI) and rationalized using the concept of o-
hole.! Covalently bonded chalcogens exhibit an area with a positive electrostatic potential along
the o* orbitals allowing them to interact with a Lewis Base. Compared to halogen, chalcogen
atoms like tellurium are able to promote multiple o-holes, favouring o-hole interactions (Figure
1A). Tellurium derivatives proved to be very effective as catalysts due to their strongest Lewis
acidity compared to Selenium and Sulphur, but their use in catalysis is still scarce.
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Figure 1A: Generalities concerning chalcogen bond and o-holes Figure 1B: Examples of Telluroniums salts

Nevertheless, applications based on ChBs have developed rapidly in recent years and significant
progress has been made in the field of crystal engineering? and catalysis.®> However, their
involvement in stereoselective processes remains relatively unexplored.* Furthermore, the
study of these interactions has been very limited in solution due to their weakness of
interaction, and in particular, due to competitive interactions such as solvation. Thus, a better
understanding of these interactions in solution would be of crucial interest, particularly for
developing effective organocatalysts.” Telluronium salts developed in our laboratory (Figure
1B) have shown very interesting catalytic properties and exhibit strong affinities for various
Lewis base systems, allowing their study in solution and deepening the understanding of
chalcogen bond formation.®” A series of telluronium salts was synthesized and evaluated in
various reactions® (Friedel-Crafts reaction, bromolactonization of w-unsaturated carboxylic
acids, and Aza-Diels-Alder reactions such as Povarov-type reaction®).

L politzer, P.; Murray, J. S.; Clark, T., Phys. Chem. Chem. Phys., 2013, 15, 11178.

2 A. Dhaka, I.-R. Jeon, M. Fourmigué, Acc. Chem. Res. 2024, 57, 362-374.

3D. Jovanovic, M. Poliyodath Mohanan, S. M. Huber, Angew. Chem.Int. Ed. 2024, 63, e202404823.

4 Peluso, P.; Mamane, V., Molecules, 2022, 27, 4625.

> Pale, P.; Mamane, V., ChemPhysChem, 2023, 24, e202200481.

6 Groslambert, L.; Mamane, V. and co-workers, Chem. Eur. J., 2024, 30, e202302933.

7 Pale, P.; Mamane, V., Chem. Eur. J., 2023, 29, e202302755.

8 Weiss, R.; Aubert, E.; Pale, P.; Mamane, V., Angew. Chem. Int. Ed., 2021, 60, 19281.,.

9 Groslambert, L.; Padilla-Hernandez, A.; Weiss, R.; Pale, P.; Mamane, V., Chem. Eur. J., 2023, 29, e202203372.
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Controlling surface chemistry to influence plasma polymers morphology

Paul Covin®, Aissam Airoudjl, Cédric Noél®, Florence Bally-Le Gall*, Thierry Belmonte?, Vincent
Roucoules®, Jamerson C. de Oliveira®”
lUniversité de Haute-Alsace, Université de Strasbourg, CNRS, IS2M UMR 7361, 68100,
Mulhouse, France
2Université de Lorraine, CNRS, IJL, F-54000 Nancy, France
*jamerson.carneiro-de-oliveira@uha.fr

Plasma polymerisation is a dry process that uses plasma, an ionised gas composed of
charged particles such as electrons, ions and free radicals. The plasma can be generated
from an organic molecule (precursor) in the vapour phase exposed to an external energy
source, in this case an electromagnetic field. The reactive species generated in the plasma
then react following different mechanisms to finally form a coating on a surface known as a
plasma polymer. In the literature, several studies have shown that the resulting coating can
be nanostructured. However, the origin of this nanostructuration has not yet been clearly
identified. Experimentally, it has been shown that several experimental parameters can have
an impact on the morphology of the coating obtained. These parameters include plasma
deposition conditions (power, duty cycle, frequency)' or the surface chemistry of the
substrate®. By varying these parameters, it is possible to obtain coatings ranging from thin
films to nanostructures on the surface.

In this work, the idea is to focus on the effect of surface chemistry on the morphology of the
plasma polymer obtained. Indeed, a complete understanding of the contribution of surface
chemistry could make it possible to progress towards the origin of nanostructuration. In
order to study that, we selected as strategy the preparation of varied surface chemistries
through the fabrication of reactive self-assembled monolayers (SAMs). It is well known that
SAMs can chemically modify surfaces without significant topographical changes. In addition,
if they are reactive, they can be coupled with simple methods for chemical modification,
such as thiol-ene click chemistry, known for its straightforwardness and simplicity®. Thus, a
combination of SAMs and thiol-ene click chemistry was employed in the current work. Vinyl-
terminated self-assembled monolayers were generated and subsequently post-
functionalised using thiol-ene click chemistry via a maskless lithography system. The
different surface chemistries were then subjected to citronellal plasma polymer deposition.
Finally, the coatings were characterised to establish a link between surface chemistry and
plasma polymer morphology.

(1) Brioude, M. M.; Laborie, M.-P.; Airoudj, A.; Haidara, H.; Roucoules, V. Controlling the Morphogenesis of
Needle-Like and Multibranched Structures in Maleic Anhydride Plasma Polymer Thin Films. Plasma Processes
and Polymers 2014, 11 (10), 943-951. https://doi.org/10.1002/ppap.201400057.

(2) Le, N. H.; Bonne, M.; Airoudj, A.; Fioux, P.; Boubon, R.; Rebiscoul, D.; Bally-Le Gall, F.; Lebeau, B.; Roucoules,
V. When Chemistry of the Substrate Drastically Controls Morphogenesis of Plasma Polymer Thin Films. Plasma
Processes and Polymers 2021, 18 (2), 2000183. https://doi.org/10.1002/ppap.202000183.

(3) Llevot, A.; Steinmdiller, S. O.; Bitterer, B.; Ridder, B.; Berson, J.; Walheim, S.; Schimmel, T.; Brase, S.; Scheiba,
F.; Meier, M. A. R. Sequence-Controlled Molecular Layers on Surfaces by Thiol-Ene Chemistry: Synthesis and
Multitechnique Characterization. Polym. Chem. 2017, 8 (38), 5824-5828. https://doi.org/10.1039/C7PY01515A.
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Chiral [2 + 3] Covalent Organic Cages Based on 2,2’-BINOL Units
David-Jéréme Pham,® Midhun Mohan,° Pierre Mobian®

® UMR 7140, University of Strasbourg-CNRS, 4 rue Blaise Pascal, 67000 Strasbourg, France

david-jerome.pham@etu.unistra.fr

Chiral covalent organic cage is an emerging class of architecture with various applications
such as gas separation, chiral separation, and catalysis.m Combining dynamic covalent
chemistry and chiral building blocks, self-assembly of chiral cages can be achieved.” In this
contribution, a [2+3] enantiopure covalent organic cage (Amine) Was synthesized through the
condensation between a 3,3'-diformyl 2,2’-BINOL unit with a triamino spacer in near
guantitative yields.B] Then, the reduction of the imine bonds of cage Aimine into irreversible
amine bonds was performed to increase cage stability. Binding studies of cage Aamine With
enantiopure phenylethylammonium cations (EH") were preformed using UV-vis spectroscopy
and DOSY NMR and a higher binding constant between (R)-EH" and (R,R,R)-Aamine cOMpared to
(S)-EH" was obtained. This enantiopreference is in agreement with results obtained through
molecular dynamics simulation.

©
. @ BArF
Enantiopreference NHq

(S)-EH" guest

©
@ BArF
NH;

(R\RR)-Apmine Host (R)-EH* guest

Scheme showing an enantiopreference for the binding of (R,R,R)-Aamine With (S)-EH

1. Monta-Gonzdlez, G.; Sancendn, F.; Martinez-Mafez, R.; Marti-Centelles, V. Purely Covalent
Molecular Cages zand Containers for Guest Encapsulation. Chem. Rev. 2022, 122, 13636—
13708

2. Ono, K.; lwasawa, N. Dynamic Behavior of Covalent Organic Cages. Chem. Eur. J. 2018, 24,
17856—-17868

3. Mohan, M.; Pham, D-J.; Fluck, A.; Chapuis, S.; Chaumont, A.; Kauffmann, B.; Barloy, L.;
Mobian, P. Chem. Eur. J. 2024, 23, 202400458
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Sulfur ylide-mediated ring expansion to access highly functionalized 1,4-
thiazepines

Laurine Tual, Romain Pertschi, Gaélle Blond and Mihaela Gulea

Laboratoire d’Innovation Thérapeutique — LIT UMR 7200,
Université de Strasbourg, CNRS — 67000 Strasbourg, France
Email : laurine.tual@etu.unistra.fr

The pharmaceutical industry is currently faced with the need for molecular diversity and
structural originality to discover new drug candidates. Heterocycles play a key role in the
structure of bioactive molecules.’ Among them, mixed sulfur and nitrogen (N,S)-heterocycles,
especially 5- and 6-membered rings, have demonstrated their interest in medicinal chemistry
and pharmaceutical industry.” Medium-sized rings are however under-represented due to the
difficulty of synthesis. In this context, the development of new synthetic routes is crucial to
access complex and original (N,S)-heterocyclic structures efficiently and in a minimum of
steps.

Here we report a ring expansion of 6-membered (N,S)-rings leading to new diversified 7-
membered (N,S)-heterocycles. Starting from 1,3-dihydrothiazine precursors 1 obtained via a
three-component reaction developed by our group,’ the ring expansion proceeds via their
reaction with a metallocarbene to yield 1,4-thiazepines 3. The metallocarbene is generated in
situ by decomposition of the diazo compound 2 in the presence of a rhodium(Il) complex.
After optimisation, the scope of the reaction was investigated by varying both the 1,3-
dihydrothiazine 1 and the diazo partner 2. Finally, the reactivity of the 1,4-thiazepines was
explored and allowed to obtain new (N,S)-heterocycle 4, amidothioether 5 and
aminothioether 6.

CO,Me
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S Ph
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)R —— A
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'R.D. Taylor, M. MacCoss, A. D. G. Lawson, J. Med. Chem. 2014, 57, 5845-5859.

: a) A. Martinez, C. Gil, in Drug Discovery (Ed.: S. Brédse), Royal Society of Chemistry, Cambridge, 2015, pp. 231—
261. b) K. A. Scott, J. T. Njardarson, Top Curr Chem (Z) 2018, 376, 5. ¢) E. A. llardi, E. Vitaku, J. T. Njardarson, J.
Med. Chem. 2014, 57, 2832—-2842.

*F, Peudru, R. Legay, J.-F. Lohier, V. Reboul, M. Gulea, Tetrahedron 2012, 68, 9016—-9022.
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Encapsulated Cationic Ruthenium and Rhodium Catalysts: Controlling The
Catalytic Outcome By Confinement

Maxime Steinmetz, David Sémeril
Laboratoire de Synthese Organométallique et Catalyse, Université de Strasbourg
4 rue Blaise Pascal, 67008 Strasbourg (France)
maxime.steinmetz@etu.unistra.fr

Catalysis with molecular containers is an emerging field due to its similarity with enzymes.* Two
ways of making large assemblies exist: i) the formation of covalent cages or metallo-capsules
but their synthesis require several steps, like in the case of the pallado-trimeric-resorcinarene,
previously reported;? ii) supramolecular assemblies, which are easily achievable like the self-
assembled capsule based on 2,8,14,20-tetra-undecyl-resorcin[4]arene discovered by Atwood.?
By using this hexameric host, two new complexes of ruthenium and rhodium were
encapsulated. The formation of inclusion complexes was deduced from UV/Vis and NMR (*H,
31p and DOSY) spectroscopies in the same way as in our previous example based on a neutral
ruthenium catalyst.* The embedded ruthenium complex was evaluated in the competitive
hydrosilylation of mixtures of aldehydes. With the encapsulated catalyst, the smaller aldehyde
is converted faster than more sterically hindrance aldehydes. On the other hand, the rhodium
complex was used to modify the catalytic outcome of the [2+2+2] cycloaddition. With the
unencapsulated catalyst, we mainly observe the formation of the homocycloaddition product,
while in the presence of the supramolecular assembly the heterocycloaddition product is
favored. These two examples clearly show the benefic role played by the self-assembling
capsule, which is able to select a reagent from a mixture of substrates or to modify the nature
of the formed products.

e
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1 a) Bristi, O.; Reinaud, O. Org. Biomol. Chem. 2015, 13, 2849-2865; b) Xu J.; Cheng H.; Liang Z.; Chunying D. Acc.
Chem. Res. 2019, 52, 100-109; c) Yang J.; Chatelet B.; Hérault D.; Dutasta J.P.; Martinez A. Eur. J. Org. Chem. 2018,
5618-5628.

2 Steinmetz, M.; Schurhammer, R.; Gourlaouen, C.; Sémeril, D. Molecules 2024, 29, 4910-4924.

3 MacGillivray L.R.; Atwood J.L. Nature. 1997, 389, 469-472.

4 Hkiri, S.; Steinmetz, M.; Schurhammer, R.; Sémeril, D. Chem. Eur. J. 2022, 28, e202201887.
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Regio- and stereoselective azidation of activated N-allenamides: an entry to a, B,
y and 6-amido-azides

Dorian Schutz’, Maxime Hourtoule?, Laurence Miesch*

Equipe de Synthése Organique et Phytochimie, Université de Strasbourg, CNRS-UdS UMR
7177, 4 rue Blaise Pascal CS 90032, 67081 Strasbourg, France

dorian.schutz@etu.unistra.fr

Organic azides are versatile synthetic intermediates. Among them, the unique features of vinyl-
azides have turned these compounds into critical building blocks for the construction of N-
heterocycles. The remarkable properties of the azide group connected to an alkene moiety
allow this functional group to act as an electrophile, an enamine-type nucleophile or a radical
acceptor.! The multifaced reactivity of these highly versatile synthons have generated a great
inspiring variety of intermediates such as iminodiazonium ions, nitrilium ions, iminyl radicals
and metal enaminyl radicals upon heating-, metal-or light-induced processes.? Following our
interest in the preparation of nitrogen-containing building blocks, we envisioned that N-
allenamides would be ideal candidates to generate vinyl azides.

A totally controlled regiodivergent azidation of activated N-allenamides is presented. Using
TMSN3/TBAF, b-azidation of N-allenamides occurred exclusively, vyielding vinyl azides.
Conversely, employing a TFA/TMSN3 mixture resulted solely in the formation of g-azides. A
subsequent azide shift of the latter with DBU produced a-amido vinyl azides. Additionally, d-
difluorinated azides featuring an ynamide were selectively synthesized from ene-ynamides.?
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L Fu, J.; Zanoni, G.; Anderson, E. A.; Bi, X. a-Substituted Vinyl Azides: An Emerging Functionalized Alkene. Chem.
Soc. Rev. 2017, 46 (23), 7208-7228.

2 Gholami, F.; Yousefnejad, F.; Larijani, B.; Mahdavi, M. Vinyl Azides in Organic Synthesis: An Overview. RSC
Advances 2023, 13 (2), 990-1018.

3Schutz, D.; Hourtoule, M.; Miesch, L. Regio- and Stereoselective Azidation of Activated N-Allenamides: An Entry
to a, B, y and 6-Amido-Azides. Org. Chem. Front. 2024, 12 (1), 185-191.
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Regio- and stereoselective halogenation reactions of SFs-alkynes

David Matchavariani,® Lucas Popek,? Thi-Mo Nguyen,® Jorge Juan Cabrera-Trujillo, Nicolas
Blanchard,? Karinne Migueu,® Dominique Cahard,?” and Vincent Bizet®"

aUniversité de Haute-Alsace, Université de Strasbourg, CNRS, LIMA, UMR 7042, 68000
Mulhouse, France
bCNRS, UMR 6014 COBRA, Normandie Université, 76821 Mont Saint Aignan, France
°CNRS/Université de Pau et des Pays de I’Ardour, E2S-UPPA, IPREM UMR 5254, 64053 Pau,
France

Emails : david.matchavariani@etu.unistra.fr

vbizet@unistra.fr

SFs-Containing haloalkenes are usually obtained by the addition of SFsX gas (X = Cl, Br) onto the
corresponding terminal alkynes but the E-stereoselectivity is usually observed under radical
condition,! or a mixture of E/Z isomers under thermal conditions.? Recently, our group proved
that SF5-alkynes are highly reactive toward the addition of N-, O-, and S-nucleophiles yielding
in all cases a single regio- and stereoisomer.® We then wondered if the SFs-alkynes could react
both as electrophiles or nucleophiles depending on the reaction conditions, so we selected the
hydrohalogenation as benchmark reactions. Herein is presented efficient strategies to perform
hydrohalogenation with all the halogens (I, Br, Cl and F) and methods to access both the E and
the Z-SFs-haloalkenes following two different mechanisms, with relative configuration of all the
stereoisomers confirmed by X-ray diffractions. Dihalogenation reactions with I, ICl and Br; are
also discussed. Moreover, preliminary DFT calculations are presented to confirm the reaction
mechanisms and to explain the high regio- and stereoselectivity.*

X HX NaX X SF;
S R—=——SF; =
R SFy Nucleophilic X = Electrophilic R
athway =F ClLBr | pathway
up to 100% P up to 100%
E-isomer Z-isomer
X2
X X
Cis isomer
mayj.

1s Ait-Mohand, W. R. Dolbier, Org. Lett. 2002, 4, 3013.

2 Popek, T.-M. Nguyen, N. Blanchard, D. Cahard, V. Bizet, Tetrahedron 2022, 117-118, 132814

3L Popek, J. J. Cabrera-Trujillo, V. Debrauwer, N. Blanchard, K. Miqueu, V. Bizet, Angew. Chem. Int. Ed., 2023,
62, €202300685

4D. Matchavariani, L. Popek, J. J. Cabrera-Trujillo, T.-M. Nguyen, N. Blanchard, K. Miqueu, D. Cahard, V. Bizet,
Adv. Synth. Catal. 2024, 366, 3481
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The Role of Porous Carbon Properties for High Performance Sodium-ion
capacitors
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bUniversité de Strasbourg, F-67081 Strasbourg, France.
‘Réseau sur le Stockage Electrochimique de I'Energie, CNRS FR3459, 80039 Amiens, France.
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The potential of sodium ion capacitors exhibiting high energy and power density has seen their
adoption on the rise. They typically consist of negative electrode made of hard carbon (where
Na ion insertion takes place) and a positive electrode composed of activated carbon (involving
adsorption/desorption of the negative electrolytic ions),! Figure la. However, activated
carbons are often limited by their low discharge specific capacity (< 100 mAh/g) in comparison
with the hard carbon anode with a discharge capacity > 300 mAh/g.2 Thus, this has necessitated
the synthesis of new porous materials and the investigation of how the properties of these
materials affect their electrochemical performance. In this work, we described the
development of porous carbon using soft-salt templating method where nitrogen and oxygen
functionalities are incorporated into the carbonaceous structure. This helps in achieving
textural modification consisting of large specific surface area (up to 2650 m?/g), graphitic
domains, and a tuned pore size that satisfies electrolytic ion size requirement of 0.8 nm. The
developed porous carbon achieved a capacity of 189 mAh/g in NaPFs electrolyte. Linear trends
(Figure 1b) showed that the improved specific capacity is as result of the well-developed
textural properties such as the high specific surface area which enhance the electric double
layer capacitance. The SIC full-cell configuration, which comprises a hard carbon anode and the
optimal positive electrode material, achieves a high energy density and power output with an
excellent cycle life.

O = —— B:m o Figurel: (a) Graphical representation
Anode() __ Separator Cathode() ~ 2%%0] | of sodium ion capacitor full cell. (b)
(= ém °° Plot of the specific capacity versus the
% 120, v oor specific surface area highlighting the
o ;90 Q electric double layer capacitive
e ’ . EDLC .../ (EDLC) mechanism.
Hard Porous 900 1200 1500 1800 2100 2400 2700

carbon carbon (PC) Specific surface area (m2 g™

(1) Kuratani, K.; Yao, M.; Senoh, H.; Takeichi, N.; Sakai, T.; Kiyobayashi, T. Na-lon Capacitor Using Sodium Pre-Doped Hard
Carbon and Activated Carbon. Electrochimica Acta 2012, 76, 320-325. https://doi.org/10.1016/j.electacta.2012.05.040.

(2) Wang, B.; Gao, X.; Xu, L.; Zou, K.; Cai, P.; Deng, X.; Yang, L.; Hou, H.; Zou, G.; Ji, X. Advanced Carbon Materials for
Sodium-lon Capacitors. Batteries & Supercaps 2021, 4 (4), 538-553. https://doi.org/10.1002/batt.202000291.
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Synthesis and study at the micro / nano scale of Poly(Diiododiacetylenes):

on the road to carbyne?

Yurii Zubchuk?, Vincent Malesys?, Emmanuel Denys?, Severinne Rigolet?, Ludovic Josien?,
Nicolas Blanchard®, Laurent Simon?
Université de Haute-Alsace, CNRS, LIMA, UMR 70421
Université de Haute-Alsace, CNRS, IS2M, UMR 73612
yurii.zubchuk@uha.fr

After the discovery of fullerenes, carbon-nanotubes and graphene, one carbon
allotrope described as “illusive”? has still not been studied properly: the carbyne.

This allotrope is defined as an infinitely long polyyne molecule (—[C=C=]n)?. It is a major
subject of interest with not well known physical properties: Young's modulus, nature of
conductivity, charge mobility, possibility of a Seebeck effect etc. Also, its stability remains the
major barrier to its large-scale production?, and the definitive evidence of its solid form
synthesis has yet to be obtained.

Taking in account that carbyne has been being try to synthesize from other allotrope
(CNT or graphene)?*, by liquid laser ablation (LAL)® and by chemical assembling® we want to
propose and develop new alternative method of obtaining carbyne from polydiidodiacetylene
or PIDA —a long 1D conjugated polymer, where carbon chain substituted with only single-atom
- iodine.

In this work using host-guest topochemical polymerization strategy following N. S.
Goroff et al.” and L. Luo et al.® we developed and optimized the procedure of obtaining Host-
PIDA co-crystal in gram-scale. We show using FTIR, Raman spectroscopy, as well as XRD, EDX,
and NMR, that it is possible to remove the host molecules and isolate a stable PIDA polymer.
We will show our first tentative of producing a PIDA-based Organic Field Effect Transistor
(OFET) and first results of electrical measuring.

Next step — transformation of PIDA to carbyne, can be made by de-iodination of the
PIDA via several methods: chemically - reaction with bases, physically —thermal, light irradiation
or atom by atom using the STM technique.
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“Host / / / /
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_— N, ———m Vi
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Topochemical polymerization Host-_
é = ~Host "yia host- guest strategy

/
Host™” =z =z
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Figure. Short schema of research project: carbyne synthesis from conjugated polymer

! Casari, C. S. et al., MRS Commun. 2018, 8, 207.

2Yang, G., Mat. Sci. and Eng.: R: Rep., 2022, 151, 100692.
3 Baughman, R. H., Science, 2006, 312, 1009.

4 Ando, Y. et al., Phys. Rev. Lett., 2003, 90, 187401.

5 Peng, L. et al., Phys. Rev. Lett., 2009, 102, 205501.

6 Tykwinski, R. R., Chem. Rec., 2015, 15, 1060.

7 Goroff, N. S. et al., Science, 2006 ,312, 1030.

8 Luo, L. et al., Patent W02023097921A1, 2023.
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Near-Infrared Photooxidation of Dihydrotetrazine

for Applications in Bioconjugate Chemistry
Margaux Walter, Murat Cihan, Mary-Loréne Goddard, Jean-Philippe Goddard*, Morgan
Cormier*
Laboratoire d’Innovation Moléculaire et Applications (LIMA) UMR 7042, Université de Haute-
Alsace, Université de Strasbourg, CNRS, 3bis Rue Alfred Werner, Mulhouse, FRANCE
margaux.walter@uha.fr

Synthetic chemists aspire to control each parameter involved in organic transformations, such
as efficiency, selectivity (chemo-, regio-, enantio-selectivity), and kinetics. The next level of
control needed for applications is the reaction's temporal and spatial trigger. This is particularly
required for biological/pharmaceutical applications such as drug delivery or medical
diagnostics.* Governing the reaction through a simple switcher is appealing, and the photo-
click concept is a wonderful tool for achieving this goal. In this case, the click reaction, which
has many advantages (kinetic, selectivity...), is triggered by light. Until now, the photoclick
concept has been developed from UV to visible light.? However, near-infrared light presents
many advantages, such as light penetration, biocompatibility and low energy.?

Based on our previous works on NIR-photocatalysis driven by cyanines and squaraines*>, we
tackle the challenge of NIR-Photoclick. Herein, the NIR-photooxidation of dihydrotetrazine to
deliver the clickable tetrazine is presented. This study includes photocatalyst design,
optimization, and mechanistic discussion. The last point is crucial to reach the best
photocontrol. Does the reaction proceed through a photoinduced electron transfer, reactive
species of O, or both?

. —
m N\ N\
H g 7
€ N o N
N \ ] .
\ N,N Photo-oxidation N _ _
/N N H PC Click reaction
S
HN &9 >800nm KR
PET or ROS ? Click partner
N3 N3

Scheme 1: Near-Infrared Light triggered click reaction

I Weinstain, R.; Slanina, T.; Kand, D.; Klan, P. Chem. Rev. 2020, 120 (24), 13135-13272.

2Wang, C.; Zhang, H.; Zhang, T.; Zou, X.; Wang, H.; Rosenberger, J. E.; Vannam, R.; Trout, W. S.; Grimm, J. B.; Lavis,
L. D.; Thorpe, C.; Jia, X.; Li, Z.; Fox, J. M. J. Am. Chem. Soc. 2021, 143 (28), 10793-10803

3 Bonardi, A. H.; Dumur, F.; Grant, T. M.; Noirbent, G.; Gigmes, D.; Lessard, B. H.; Fouassier, J.-P.; Lalevée, J.
Macromolecules 2018, 51 (4), 1314-1324.

4Obah Kosso, A. R.; Sellet, N.; Baralle, A.; Cormier, M.; Goddard, J.-P. Chem. Sci. 2021, 12 (20), 6964—-6968.

5> Sellet, N.; Sebbat, M.; Elhabiri, M.; Cormier, M.; Goddard, J.-P. Chem. Commun. 2022, 58 (99), 13759-13762.
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SYNTHESIS AND STUDIES OF OLEOGELS AS SUBSTITUTES FOR STRUCTURAL FATS

Katia PINA CHAGASY", Philippe MESINI*
L University of Strasbourg, CNRS, Institut Charles Sadron,
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‘pinachagas@etu.unistra.fr

Trans-unsaturated fatty acids (TFA) in the diet represent a major public health problem
because they increase the frequency of cardiovascular diseases. TFAs are present in many
solid fats of animal origin or in margarines, resulting from the hydrogenation of vegetable
oils. However, these solid fats are necessary to texture the lipid phases of food. In this
context, many studies are being carried out to replace solid fats in foods. One of the most
promising ways is to solidify cis-unsaturated oils (liquid at room temperature) by
organogelators. These small molecules gel solvents at low concentrations, typically a few
percent by weight Y self-assembling into a solid 3D network in oil. Organogelators capable
of gelling edible oils are called oleogelators. Examples of oil gelators are easily found in the
literature, but for food applications, they must be without adverse effects when taken orally.
In the present work we have synthesized N-acyl-amino acids because this compounds are
endogenous i.e. naturally present in the body. We have studied the thermodynamic
properties of the gels formed with it by micro differential calorimetry (u-DSC), and their
mechanical properties as a function of temperature. From these measurements, we mapped
out the c-T phase diagram. The structures have been investigated by cryo-SEM, WAXS, and
FTIR, and were correlated with thermal and mechanical behaviour.

These gels are also under investigation to understand the impact of gelation on pancreatic
digestion.

[1] R. G. Weiss, J. Am. Chem. Soc. 2014, 136, 7519-7530.
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Development of new methods for the synthesis of nitrogen-containing
heterocycles catalyzed by gold(l)-polyoxometalates complexes

Titien SIMON, Stefan CHASSAING and Aurélien BLANC*.
University of Strasbourg, Laboratoire de Chimie Organométallique, Synthése organique et
Santé : COSyS UMR 7177, 4 rue Blaise Pascal, 67000 Strasbourg.
titien.simon@etu.unistra.fr

Nitrogen-containing heterocycles have always attracted considerable interest in organic synthesis and
medicinal chemistry due to their wide range of biological activities. Currently, approximately 60 % of
drugs are based on nitrogen-containing heterocycles, highlighting their importance in the design of
new drugs.' Among these structures, 1,2-dihydropyridines, although rare, exhibit interesting biological
activities, notably on the nervous system.? These molecules also serve as key intermediates in
synthesizing piperidines and isoquinuclidines, scaffolds found in natural alkaloids.? (Scheme 1).

Perampanel Huperzine A (+)-julifloridine (+)-catharanthine
Scheme 1

Therefore, accessing the 1,2-dihydropyridine framework has been the subject of significant research.
Among the various approaches reported, the cycloisomerization of aza-1,5-enynes has emerged as an
attractive tool due to its excellent atom economy. In our laboratory, we developed a route to highly
functionalized spiro-1,2-dihydropyridines using heterogeneous copper(l)-doped zeolite catalysis (Cu'-
USY Ultra-Stable Y).* To address the limitations of the zeolite-catalyzed version, this project proposes
using gold(l)-based heterogeneous catalysts supported on polyoxometalates (POMs).® In addition to
being generally inexpensive, easy to prepare, and straightforward to recover/recycle, our supported
catalysts have proven highly efficient for various significant organic transformations, allowing access to
key molecular "building blocks" for the chemical and pharmaceutical industries under "green"
conditions.

RUNH; + =—R? 1 =—CO,R3 1 3 1 3
Rl 2 Rl X COR R! COsR
o Cu'-USY (10 mol%) NH (1,05 eq.) N e -POM (5 mol%) N2
— > _— =
neat, 80 °C Q\ E{OH, 100 °C Q\ MeCN, 60 °C R?
) n R? n R? n

KA2 aza-Michael Cycloisomerization
POM : Dawson HsP,W;g0¢,

Scheme 2

M. M. Heravi et al. RSC Adv. 2020, 10, 44247.

2(a) C.J. McElhinny et al. Synthesis 2012, 44, 57.(b) N. Ghassab-Abdollahi et al. Phytother. Res. 2021, 35, 4971.

3(a) A. Lemire et al. Org. Lett. 2005, 13, 2747. (b) Mizoguchi H. et al. Nat. Chem. 2014, 6, 57.

“E Schlimpen, Thése de doctorat, Université de Strasbourg, 2022.

3 (@) A. Blanc et al. Chem. Eur. J. 2019, 25, 9553. (b) F. Sirindil et al. Chem. Eur. J. 2018, 24, 12630. (c) D. Hueber et al.
Organometallics 2015, 34, 4784.
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Ultrafast sunlight-induced polymerization: Unveiling 2-phenylnaphtho[2,3-d]thiazole-4,9-
dione as a unique scaffold for high-speed and precision 3D printing

Ji Feng @b, Fabrice Morlet-Savary *°, Michael Schmitt #°, and Jacques Lalevée 2°*
@ Université de Haute-Alsace, CNRS, 1IS2M UMR7361, F-68100 Mulhouse, France.
b Université de Strasbourg, France.

E-mail address: jacques.lalevee@uha.fr (J. L.); ji.feng@uha.fr (J. F.)

Abstract:

In my study, A series of 15 novel dyes based on the 2-phenylnaphtho[2,3-d]thiazole-4,9-
dione scaffold and 1 compound based on the 2,3-diphenyl-1,2,3,4-
tetrahydrobenzo[g]lquinoxaline-5,10-dione scaffold are synthesized and studied as
photoinitiators. These compounds are used in two- and three-component high-performance
photoinitiating systems for the free radical polymerization of trimethylolpropane triacrylate
(TMPTA) and polyethylene glycol diacrylate (PEGDA) under natural sunlight conditions.
Remarkably, the conversion of TMPTA can reach ~60% within a mere 20 seconds, while PEGDA
attains a 96% conversion within 90 seconds. To delve into the intricate chemical mechanisms
governing free radical polymerization, an array of analytical techniques is employed.
Specifically, UV-visible absorption and fluorescence emission spectra, steady-state photolysis
experiments, stability experiments, fluorescence quenching experiments and electron spin
resonance spin trapping (ESR-ST) experiments, collectively contribute to a comprehensive
understanding of the photochemical mechanisms. Of particular interest is the revelation that,
owing to the superior initiation ability of the various dyes, high-resolution 3D patterns can be
successfully manufactured by direct laser write (DLW) technology and 3D printing. This
underscores the efficient initiation of free radical polymerization processes by the newly
developed dyes under both artificial and natural light sources, presenting an avenue for
energy-saving and environmentally friendly polymerization conditions.

T S

iddre 1. Digital and SEM photos of 3D printed objects.
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Novel High-Performance Glyoxylate Derivative-based Photoinitiators for Free
Radical Photopolymerization and 3D Printing with Visible LED

Tong Gao *°, Fabrice Morlet-Savary “°, Michael Schmitt °, Frédéric Dumur*, and Jacques
Lalevée “P*
“Université de Haute-Alsace, CNRS, IS2M, UMR7361, F-68100 Mulhouse, France.
® Université de Strasbourg, France.
Aix Marseille Univ, CNRS, ICR, UMR7273, F-13397 Marseille, France.

E-mail address: jacques.lalevee@uha.fr

Investigations concerning the glyoxylate moiety as a photocleavable functional group for
visible light photoinitiator, particularly in the initiation of free radical photopolymerization,
remains limited. This study introduces innovative carbazole-based ethyl glyoxylate derivative
(CEG), synthesized and found to exhibit excellent photoinitiation abilities as monocomponent
photoinitiating systems. * Notably, the structure demonstrates robust absorption in the near-
UV/visible range, surpassing the commercial photoinitiator. Moreover, the newly developed
glyoxylate derivative showed higher acrylate function conversions compared to a benchmark
photoinitiator (MBF) in free radical photopolymerization. Elucidation of the photoinitiation
mechanism of CEG was achieved through comprehensive analysis involving the
decarboxylation reaction and electron spin resonance spin trapping. Furthermore, their
practical utility was confirmed during 3D printing processes, enabling the successful
fabrication of 3D printed object. This study introduces pioneering concepts and effective
strategies in molecular design of novel photoinitiators, showcasing their potential for highly

advantageous applications in 3D printing.
Photoinitiator studied

i C
( C,)K[(Oﬂ AICl; N
3
DCM - NO,
NO, RT overnight EtO 0o

CEG (91% yield)

3D printing

Scheme. Chemical structure, synthetic route, and 3D printing application of the ethyl glyoxylate derivative (CEG).

1. Tong Gao, Jacques Lalevée et al. Novel High-Performance Glyoxylate Derivative-Based Photoinitiators for Free
Radical Photopolymerization and 3D Printing with Visible LED. Small. 2024, 20, 15.
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Quantification of functional groups and active sites of activated carbons by TPD-
MS and their role in the performance of aqueous supercapacitors
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Activated carbons have been widely used in aqueous supercapacitors thanks to their high
specific surface area. Their surface groups and active surface area (ASA), which are carbon edge
planes and defects, are quantified by means of thermodesorption coupled with mass
spectrometry (TPD-MS). New correlations with capacitance have been established in acidic,
neutral and basic electrolytes. ASA analysis has been developed for graphitic materials (Laine
et al.}) but leads to material burn-off and ASA overestimation, when applied to activated
carbons. The measurement of burn-off gases shows that oxygen chemisorption temperature
should be lowered to 150°C for activated carbons (Figure 1, left). The quantification of
oxygenated surface groups, by means of the deconvolution of TPD-MS desorption rate profiles,
highlights for the first time, a linear improvement in capacitance with increasing carboxylic acid
and phenol-ether groups. On the contrary, carbonyl-quinones are detrimental to capacitance.
A new approach consisting in the deconvolution of the ASA profiles is proposed and highlights
the correlations between the ASA groups, like carbonyls-quinones, and an enhanced
capacitance (Figure 1, right). The energy storage mechanism is mainly governed by capacitive
phenomena but pseudo-capacitive reactions, due to the oxygenated surface groups and active
sites, also contribute to the capacitance depending on the electrolyte.
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Figure 1: Active surface area and burn-off gases for ASA oxygen chemisorption at 300°C and 150°C
(left) and correlations between capacitance and ASA anhydride and carbonyl groups (right)?

IN. R. Laine, F. J. Vastola, and P. L. Walker, “The importance of active surface area in the carbon-oxygen reaction
1,2,” J. Phys. Chem., 1963,

2B. Réty, H.-Y. Yiin, and C. Matei Ghimbeu, “Quantification of activated carbon functional groups and active
surface area by TPD-MS and their impact on supercapacitor performance,” Energy Storage Materials, 2025
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Study of the adsorption properties of radon and xenon in zeolites, a Grand
Canonical Monte Carlo simulation study.

E.B. Zerifi*®, T. Ors*®, P. Sonnet®® J.-L. Paillaud *°, I. Déroche "

® Université de Haute-Alsace, CNRS, IS2M UMR7361, F-68100 Mulhouse, France
® Université de Strasbourg, France
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The detection of rare events, such as dark matter and/or neutrino-less double beta
decay, in the field of subatomic physics, employs ultra-sensitive detectors, usually based on
a target of liquefied noble gases, such as xenon. Nevertheless, radon, a radioactive noble gas
present within the target in trace amounts constitutes the main source of background and
therefore needs to be removed. Microporous materials, such as zeolites or MOFs, has shown
an interesting potential in separation of noble gases binary mixtures [1]. However,
separating radon from xenon appears as particularly challenging, due to their similar atomic
dimensions, in addition to their extremely limited reactivity.

For that purpose, we have applied the Grand Canonical Monte Carlo (GCMC)
technigue to simulate radon and xenon adsorption properties, such as room temperature
adsorption isotherms, the Henry constants and the adsorption heat evolution with loading,
in order to optimize parameters of zeolites to selectively adsorb radon. This systematic study
explored the influence of the Si/Al ratio, the chemical nature of the extra-framework cations,
as well as their crystallographic positions. Moreover, to investigate the effect of the
framework topology, three zeolites with differing largest pore openings were considered:
FAU (12MR), FER (10MR), and LTA (8MR).

The observations revealed that although the Rn/Xe adsorption properties are
influenced by the zeolite topology, the primary factors driving adsorption selectivity are the
chemical nature of the cations, their concentration and accessibility. Consequently, as
illustrated in Table 1, the adsorption properties of LTA zeolite are consistently superior to
those of FAU structure. Nevertheless, as shown in Figure 1, increasing the amount of Ag® in
accessible crystallographic sites, significantly enhances the adsorption properties, compared
to Na* cations.

Table 1: Rn/Xe adsorption selectivity of FAU- Figure 1: Evolution of Rn/Xe adsorption selectivity in
(Na*/Ag’) and LTA-(Na*/Ag") with Si/Al ratio = Ag-FAU and Na-FAU as a function of the number of

1. cations per unit cell.
Si /Al FAU LTA e
=1 14 i
12
Ag" | Na* | Ag" | Na' 10 .
a 8 —8— FAU-Ag
Rn/Xe 14,8 3,2 | 22,2 4,3 o, g cduna
g
d 2
0
0 20 40 60 80 100

Number of cations per unit cell

References: [1] Parkes M.V. et al.; Phys. Chem. Chem. Phys., 2013, 15, 9093
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Organic Light Emitting Diodes (OLEDs) are widely used in organic electronics due to their
advantage over traditional liquid crystal displays, in particular the high-quality of displays going
from rigid to flexible types. However, there are a number of critical issues that need to be
addressed before the use of OLEDs can be expanded, the most important of which are
performance and cost. Recent OLED material development has therefore focused on the design,
synthesis, and application of highly efficient, low-cost and long-lived materials. Nowadays, iridium
complexes (2" generation OLEDs based on metal complexes) are the commercially available dyes
that are used in these displays. To circumvent those rare and expensive metals, Thermally
Activated Delayed Fluorescence (TADF) is being increasingly studied (as it is the 3" generation of
OLED technology) and has emerged as a highly promising technology for enhancing the efficiency
of OLED (Organic Light-Emitting Diode) devices by using 100 % internal quantum efficiency (IQE).
Following the group's preliminary work showing that the curcuminoid boron difluoride complexes
can be used as near infrared TADF emitters, we plan to develop new boron difluoride emitters
that emit in the visible part of the spectrum.

O OH
+ HO*B'OH Coupling reaction
—_—
Br Br A~

[
UMY

F:B:F
o” "o

<DD : Donor groups

Here, we report on the synthesis of substituted dibenzoylmethane boron difluoride derivatives
that are appended with electrodonor groups. The synthesis and the photophysical properties will
be described and the pre-requirement for TADF application of those dyes will be discussed.
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Harvesting triplet excited states is crucial to obtain an efficient Organic Light-Emitting Diodes
(OLEDs).! Hence, Thermally Activated Delayed Fluorescence (TADF) has gained much interest
as a replacement for conventional phosphorescence using expensive and rare noble metals.? It
is admitted TADF occurs through a small energy difference between the first singlet and triplet
excited states (AEst). Researchers have mostly been focused on reducing this gap, mainly
through intramolecular charge transfer (CT) and twisting the donor and acceptor (i.e. a
disconnection between the HOMO and LUMO).2 However, it has been shown that Spin-Orbit
Coupling (SOC) also plays a role in reverse intersystem crossing.3 Nevertheless, curcuminoid
borondifluoride derivatives (CurcBF;) exhibit TADF properties even if the structure is planar,
inducing a rather large AEst*. Theoretical calculations coupled with experimental
measurements have shown that TADF results from a high SOC between the electronic
configurations of singlet and triplet excited states* or from the formation of an intermolecular
CT state yielding a system with a small AEst®. Therefore, CurcBF2 TADF mechanism represents a
different way to efficiently harvest triplet excited states. Within CurcBF; derivatives, it has been
shown that the nature of the excited state can be tuned between CT excited state and m-n*
polymethine.® In consequence, CurcBF; design can be achieved to select the nature of its lowest
excited state. While CT emitters have been shown to be TADF, to date, these properties haven’t
been explored yet in CurcBF; polymethine. This work is devoted to the development of new
CurcBF; and the rationalization of the structure-TADF properties relationship.
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Abstract

This study highlights the potential of anaerobically treated sewage sludge, a by-product of
anaerobic digestion (AD) produced in large quantities by wastewater treatment plants
(WWTPs), which is further thermally activated to yield biochar. This biochar serves as a
template for nitric acid modification, enabling efficient pollutant remediation. Herein, we
investigated the removal efficiency of methylene blue (MB) using modified biochars under
different acid nitric concentrations. The results demonstrated that BC-HN9 exhibited the best
MB sorption performance and was therefore selected for further analyses, including
characterization, the evaluation of adsorption parameter effects, and investigations of kinetic
and isotherm models. It was determined that both chemical and physical interactions
contribute to MB sorption, with the maximum adsorption capacity, obtained using the
Langmuir isotherm model at 25°C, being 176.05 mg-g'. Additionally, thermodynamic
investigations confirmed that the process is endothermic and occurs spontaneously. The
mechanism underlying the adsorption of MB dye was analyzed using a suite of advanced
techniques, including assessments of pH impact, point of zero charge (pHPZC), FTIR
spectroscopy, BET surface area analysis, and XPS. This method demonstrates a scalable
approach to producing activated biochars, providing both an effective pathway for fabricating
high-value carbon materials and a practical means of mitigating environmental pollution

associated with biomass waste.

Key-words: Digestate, Biochar activation, Surface functionalization, Optimization,
Mechanisms.
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Abstract

This study investigates a g-C3N4/BiOCI/AgoMo0O, nanocomposite for photocatalytic
degradation of Ciprofloxacin. The synthesized composite and its individual components were
characterized using XRD, FTIR, SEM, TEM, and EDX, confirming the formation of highly
crystalline nanoparticles. The ternary nanocomposite achieved a 90% reduction in
Ciprofloxacin within 100 minutes, driven by solar-powered redox reactions. Its enhanced
performance is due to the synergistic effect in the heterojunction, improving charge carrier
separation and it is supported by UV-vis, DRS and active species capture, which propose a
detailed photocatalytic mechanism. The nanocomposite also demonstrates sustained
photocatalytic efficacy and recyclability over four cycles. This research presents a sustainable
and cost-effective solution for water pollutant degradation with potential for environmental

remediation.

Key-words: Nanocomposite, Photocatalytic degradation, Heterojunction, Solar-powered redox
reactions, Mechanisms.
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Abstract

This study presents the design and the characterization of a novel ternary photocatalyst,
AgsP0,4/g-C3N4/CuO, synthesized via a co-precipitation process. Structural and optical
analyses (XRD, FTIR, XPS, SEM, TEM, BET, UV-Vis DRS) were carried out and confirmed its
unique properties. This composite was found to exhibit remarkable efficiency in the
degradation of Orange G dye and the reduction of Cr(VI) under solar light, with EDTA acting as
an electron donor. Moreover, compared to its individual components (AgsPOa, g-CsN4, and
Cu0), it demonstrates the occurrence of a synergistic effect, leading to an enhanced
photocatalytic activity. The influence of various parameters (photocatalyst dosage, initial
Cr(VI) concentration, EDTA amount, and pH) was investigated. Furthermore, the designed
Ag3P04/g-C3N4/CuO nanocomposite was found to maintain good stability over four cycles. The
trapping experiments reveal that electrons (e~) and superoxide radicals (¢O,") play the key
role in the Cr(VI) reduction. In overall, the improved solar-driven photocatalytic performance
of AgsP04/g-C3N4/CuO nanocomposite was attributed to a better electron-hole pair
separation and to the formation of a double Z-scheme heterojunction, highlighting its

potential for wastewater treatment.

Key-words: Ternary photocatalyst, Photocatalytic degradation, Z-scheme Heterojunction,
Solar-powered redox reactions, Mechanisms.
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Among the systems that have most intrigued scientists in recent years, monoelemental
honeycomb lattices single layers, called xenes, occupies an important place. Their predicted
electronic properties hold out the promise of fantastic breakthroughs. Arrived later than
graphene, their best-known representative, the germanene, a Ge-based cousin, is still being
studied.

As it is difficult, not to say impossible, to obtained a germanene layer in a freestanding phase,
severable experimental research groups tried to first grow it on different substrates prior to
peeling’. Our works on two of them, namely Al(111)? 3 and Ag(111)* let appear that a wide
range of investigation techniques is required to completely grasp the complexity of those
systems. The various structures obtained on those surfaces, and their chemical composition,
could only be fully described thanks to the additional contribution of DFT (Density Functionnal
Theory). In this poster, we focus on this contribution.

! Minissale, M. et al., The renaissance and golden age of epitaxial dry germanene. Crystals 2023, 13(2), 221.

2 Zhang, K. et al., Structure of Germanene/Al(111): A Two-Layer Surface Alloy. J. Phys. Chem. C 2021, 125 (44),
24702-247009.

3 Zhang, K. et al., Combined Surface X-Ray Diffraction and Density Functional Theory Study of the
Germanene/Al(111)- (V7 x V7) R 19. 1° Structure. Phys. Rev. B 2022, 106 (4), No. 045412.

4 Zhang, K. et al. The ground state of epitaxial germanene on Ag (111). ACS nano 2023, 17(16), 15687-15695.
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Photochemical S-N bond cleavage of N-(8-quinolinyl)sulfoximines; generation of
nitrenes for the synthesis of 7,8-diaminoquinolines and derivatives
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Sulfoximines have emerged as important scaffolds in many fields of organic and
pharmaceutical chemistry. Their stability and the possibility to form hydrogen bonding, make
them suitable target molecules in drug discovery’. Their easy access in a wide structural
variety and the presence of a stereogenic center at the sulfur atom, made sulfoximines
promising chiral ligands in metal catalyzed reactions’. Recent investigations of the
photochemical degradation of N-phenyl dibenzothiophene sulfoximines showed the
formation of reactive nitrene species>.

Herein, we report the synthesis of novel N-(8-quinolinyl)sulfoximines and their use as efficient
and safe sources of nitrenes for organic synthesis. Placed under photochemical conditions,
these sulfoximines lead to the formation of nitrene species able to react in situ with
nucleophilic secondary or primary amines. The transformation occurs with the concomitant
release of a sulfoxide and leads to various 7,8-diaminoquinoline derivatives in moderate to
high yields. The obtained products belong to the interesting class of 8-aminoquinolines,
compounds that are used in the therapy of latent malaria®.
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'p. Mader, L. Kattner, J. Med. Chem. 2020, 63, 14243.

2 a) H. Okamura, C. Bolm, Chemistry Letters 2004, 33, 482. b) H. A. E. Adam, Sihan Zhou, Q. Zeng, Chem.
Commun. 2025, 61, 1934.

oy Isor, R. Hommelsheim, G. W. Cone, M. Frings, J. T. Petroff I, C. Bolm, R. D. McCulla, Photochemistry and
Photobiology, 2021, 97, 1322.
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Gold nanoparticles (GNPs) have attracted considerable interest in nanoscience and
nanotechnology due to their unique electronic, chemical, and optical properties, particularly
their plasmonic behavior’. In this study, we introduce a novel and scalable photochemical
method for synthesizing small-sized AuNPs in alcoholic solvents, utilizing a photolatent base
(photobase) as a reducing agent for the first time. Our approach employs an oil-soluble
amidine-based photobase (PLB1193), which, upon UV irradiation, undergoes Norrish type |
cleavage, generating primary radicals and releasing a strong base **. These reactive species
play a crucial role in reducing gold ions to their atomic state, facilitating nanoparticle
formation and growth.

We systematically investigated the influence of different solvents, stabilizers, and irradiation
parameters under batch conditions and successfully adapted this method to a commercially
available photochemical reactor. Furthermore, we demonstrated the efficacy of PLB1193 as a
reducing agent for synthesizing AuNPs in acrylate resins, highlighting its potential for
nanocomposite applications. This work paves the way for the use of photobases and
photoacids in the controlled synthesis of gold and other noble metal nanocomposites,
offering new perspectives for future developments in this field.
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PLB1193 GNPs

Schemes: Photochemical cleavage of the amidine derivative PLB-1193 to release of DBN and
simultaneous preparation of GNPs
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Photoallergic contact dermatitis (PACD) is a common disease caused by the activation of the
immune system after repeated contact of the skin with xenobiotics that are activated under
sunlight exposure. The first key step leading to skin photo-sensitization and further clinical
expression of PACD is the binding of the chemical activated by irradiation to a skin protein,
forming an antigenic complex that triggers the immune system [} There is no treatment for
PACD other than symptomatic. This is why risk assessment of chemicals present in consumer
goods continues to be essential to prevent PACD. In this context, understanding the chemical
mechanism(s) of action of skin photo-sensitizers is necessary.

Ketoprofen (KP) is a non-steroidal anti-inflammatory drug that can be delivered as a tablet or
cream for topical use. It is also one of the most common photo-allergens, with numerous
clinical cases reported . KP presents a benzophenone (BP) unit with a side chain attached.
Moreover, KP can be at the origin of PACD to other common molecules containing BP units,
such as octocrylene and oxybenzone, both used as UV-filters in sun tanning creams.
Understanding how KP reacts in the skin may give insights to understand those cross-
reactivities.

BP derivatives as KP are thought to become photo-reactive by formation of radical
intermediates able to react with skin proteins through radical mechanisms (1+1 electron
transfer) ¥lalthough this has never been proved in the skin. To deepen our knowledge and thus
help risk assessment procedures, electron paramagnetic resonance studies are carried out to
investigate, from the test tube to further use of reconstructed human epidermis 3D models, if
radicals are formed from these compounds in the skin [

However, the generated radicals are often too short-lived (nanoseconds to milliseconds),
making their direct detection with a simple EPR experiment unfeasible. To overcome this
limitation, indirect approaches are suitable: (i) EPR spin-trapping (ST), which allows the
identification of the nature of the radical species, and (ii) EPR spin-scavenging (SC), which

provides kinetic insights.

(1) Kimber, |.; Basketter, D. A.; Gerberick, G. F.; Dearman, R. J. Allergic Contact Dermatitis. Int.
Immunopharmacol. 2002, 2 (2), 201-211. https://doi.org/10.1016/51567-5769(01)00173-4.

(2) Askin, O.; Cesur, S. K.; Engin, B.; Tuiziin, Y. Photoallergic Contact Dermatitis. Curr. Dermatol. Rep. 2019, 8 (4),
157-163. https://doi.org/10.1007/s13671-019-00271-4.

(3) Nakajima, A.; Tahara, M.; Yoshimura, Y.; Nakazawa, H. Determination of Free Radicals Generated from Light
Exposed Ketoprofen. J. Photochem. Photobiol. Chem. 2005, 174 (2), 89-97.
https://doi.org/10.1016/j.jphotochem.2005.03.015.

(4) Port-Lougarre, Y.; Voegeli, G.; Vileno, B.; Giménez-Arnau, E. Probing Skin Photoallergens in Reconstructed
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Carbon-based materials are increasingly gaining attention for various applications, particularly
in energy storage, due to their low cost, excellent electrical conductivity, and high specific
surface area. However, most of the carbons produced are in powder form, which complicates
their shaping and requires the use of binders that can alter their performance. This challenge
can be overcome by combining additive manufacturing and heat treatment. * This project
focuses on the development of photosensitive resins, composed of photosensitive polymers
and bio-based resins that can be shaped by Digital Light Processing (DLP) or by volumetric
printing, enabling the rapid shaping of complex and varied structures (Figure 1). Volumetric
printing is a relatively new technique in which a dose of light is received by a volume of
photoresist, enabling the rapid formation of layer less objects on the order of a centimetre.
Numerous factors such as structure, composition, and porosity play a crucial role in
determining the performance of printed objects.® Particular attention is being paid to
controlling porosity (micro-, meso-, or macro-porosity) using physicochemical activation
methods or the development of multi-phase inks to enhance performance, with the aim of
exploiting these structures in energy storage devices (batteries, supercapacitors) or for water
remediation.
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Figure 1 Global outline of the subject
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Nowadays, increased efforts are deployed to broaden the access to pentafluorosulfanyl (SFs)
compounds. * SFs-aromatics are usually prepared by oxidative fluorination of thiols or sulfur
derivatives under very harsh reaction conditions which are poorly compatible with most of
functional groups. Therefore, linear multi-step syntheses are then required to install
subsequently functional groups. In contrast, SFs-alkynes are easily accessible building blocks
that demonstrate wide applicability for the synthesis of functionalized SFs-products.? Herein,
we capitalize on the polarization of SFs-alkynes to develop a convergent and highly
regioselective synthesis of SFs-phenols and SFs-aminophenols, performed in a single step of
Diels-Alder cycloaddition. A counter-intuitive regioselectivity is observed, which is rationalized
by experimental and computational experiments. Further post-functionalizations are also
proposed, making this strategy very appealing to access multi-functionalized SFs-compounds.3

R [4+2] Diels-Alder
cycloaddition \Z R
,44 or Z | | [ |
0] S
Y=/ o SFs ho ~ SFs

e Access to highly functionalized SFs-aromatics

e Convergent synthesis ¢ Neutral conditions e Several post-functionalizations

L Abd El Sater, M.; Popek, L.; Blanchard, N.; Bizet, V., Recent advances in the chemistry and the application of SFs-
compounds. Synthesis 2024, DOI:10.1055/a-2383-6620.

2 a) René, F.; Clément—Comoy, L.; Blanchard, N.; Bizet, V., Recent achievements in the synthesis and reactivity of
pentafluorosulfanyl-alkynes. C. R. Chim. 2024, 27, 227-240; b) Popek, L.; Nguyen, T. M.; Blanchard, N.; Cahard, D.;
Bizet, V., Synthesis and further use of SFs-alkynes as platforms for the design of more complex SFs-containing
products. Tetrahedron 2022, 117-118, 132814.

3 Unpublished results.
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Azobenzene Isomerism and Kinetic Asymmetry in Chemical Reaction Network
T. Sangchai,® S. Mitrovic,® M. Curcio,” C. Taticchi,” M. Baroncini,” and G. Ragazzon®*
“Institut de Science et d’Ingégnierie Supramoléculaires (ISIS), University of Strasbourg, CNRS,
8 allée Gaspard Monge, 67000 Strasbourg, France
bCenter for Light-Activated Nanostructures (CLAN), Universita di Bologna, CNR,
via Gobetti 101, 40129 Bologna, ltaly
sangchai@unistra.fr, ragazzon@unistra.fr

As a highly tunable, controllable, clean, and renewable energy source, light presents
significant potential to power molecular motors.“** However, the efficient operation of light-
driven molecular motors remains a considerable challenge, requiring the precise integration
of thermal and photoinduced reactions to achieve controlled motion. This work presents a
family of axially chiral molecular rotors incorporating an azobenzene photoswitch, designed
to couple photoinduced and thermal processes within a chemical reaction network.
The photoisomerization of azobenzene induces kinetic asymmetry, biasing thermal
interconversion between anti and syn conformations of trans and cis rotors. Using in-situ light
irradiation NMR, the temporal evolution of the four species within the reaction network was
tracked, providing insights into the dynamic behavior of rotor interconversion. Furthermore,
kinetic asymmetry enables directional light-driven ratcheting®” evolution of the chemical
reaction network. This new family of molecules contributes to the development and
understanding of minimal chemical reaction networks operated away from equilibrium.
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! Pooler, D. R. S.; Lubbe, A. S.; Crespi, S.; Feringa, B. L. Designing Light-Driven Rotary Molecular Motors. Chem.
Sci. 2021, 12, 14964-14986.

: Sheng, J.; Pooler, D. R. S.; Feringa, B. L. Enlightening Dynamic Functions in Molecular Systems by Intrinsically
Chiral Light-Driven Molecular Motors. Chem. Soc. Rev. 2023, 52, 5875-5891.

3 Corra, S.; Curcio, M.; Credi, A. Photoactivated Artificial Molecular Motors. JACS Au 2023, 3, 1301-1313.

4 Sangchai T.; Shehimy, S.; Penocchio, E.; Ragazzon, G. Artificial Molecular Ratchets: Tools Enabling Endergonic
Processes. Angew. Chem. Int. Ed. 2023, 62, No. e202309501.

> Borsley, S.; Leigh, D. A.; Roberts, B. M. W. Molecular Ratchets and Kinetic Asymmetry: Giving Chemistry
Direction. Angew. Chem. Int. Ed. 2024, 63, No. e202400495.



P21

Journée SCF Alsace 2025 — March 13" 2025 — Mulhouse

Synthetic lipopeptides to fight against multiresistant fungal infections
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Graffenstaden.
(2) Hopitaux Universitaires de Strasbourg, 67000 Strasbourg.
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As invasive fungal infections (IFl) are increasingly common in the nosocomial setting (>1.6
million patients die annually of IFI*), the WHO published in 2022 a fungal priority pathogen
list, counting as a first step to prioritize fungal pathogens and promote a research that until
then was somehow left behind.

Echinocandins (ECs), as part of the more recent antifungals, are cyclic lipopeptides (LPs) which
non-competitively inhibit the B-(1,3)-D-glucan synthase (GS)? (found exclusively in fungi),
leading to the loss of the fungal cell wall integrity®. Their specificity gives them the advantage
of being well-tolerated, but despite their evident potential only 4 ECs are currently on the
market and some examples of resistant strains have already been identified”.

The aim of the project Fungipep is to identify new drug candidates inhibiting the GS with the
objective of skirting emerging resistance encountered with currently available ECs. Another
important aspect of this project is to elucidate the inhibition mechanisms used by these
original lipopeptides as the recognition site of ECs on the FKS1 catalytic unit of GS has never
been totally confirmed.

To reach these high goals, a first part of the project was focused on the development of a
SPPS methodology (sometimes associated to click-like bioconjugate chemistry), to access
unprecedented EC analogues. For now, around 40 original LPs were generated and all of them
were tested on various strains of fungi, making it possible to quickly evaluate their bioactivity
and adjust their structure accordingly.

The synthetic routes developed during this project were also exploited to synthesize
innovative molecular tools like LPs carrying a fluorophore. These will later be used in
fluorescence microscopy to try to confirm the binding site of ECs by FRET experiments (in
association with a GS fusion protein that we have designed and are currently bioproducing).

' 0dds et al. Lancet. Infect. Dis. 2002, 2,73

2 Yu et al. Nature, 2023, 616, 190; Zhao et al. Sci. Adv. 2023, 9, eadh7820
3 M. Feuilhade et al. Médecine et Maladies Infectieuses, 2003, 33, 183

* Cowen et al. Chem. Rev. 2021, 121, 3390
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Hybrid talc-like materials for light-driven applications: Synthesis for dye
encapsulation and use as specific reagent for 3D Printing
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tristan.dullin@uha.fr, anne-sophie.schuller@uha.fr, jocelyne.brendle@uha.fr, christian.ley@uha.fr

The sol-gel process enables the formation of clay-mimicking compounds having
unique properties [1]. This one-step method is performed at room temperature and involves
the use of an organotrialkoxysilane (OTAS) (RSi(OR’)s, where R stands for an organic moiety
with different functionalities and R’ for a methyl or ethyl group)) as silicon sources, an
aqueous or organic-solvent based solution of magnesium salt, and in some cases, an aqueous
solution of sodium hydroxide [2]. By this way, the organic moieties are covalently bonded to
the silicon of the tetrahedral sheets, pointing in the interlayer space and present at the
surface. Since many OTAS are on the market, tailor made Hybrid Talc-like Materials (HTM) can
be prepared.

The objective of this study is to compare HTM made from one or a mixture of OTAS (
methacryloxypropyltrimethoxysilane  (MAPTMS),  3-aminopropyltrithoxysilane  (APTES),
phenyltriethoxysilane (PTES)), their abilities to encapsulate dyes and participate in a Digital
Light Processing (DLP) radical polymerization through methacrylate functions [3].Different key
parameters governing the formation of HTM were studied among which are the type of
magnesium and silicon sources and the reaction time. Absolute ethanol was chosen as a
solvent and the Si to Mg molar ratio in the mixture was equal to 4/3 as needed in an HTM. In
each case, the pH was adjusted to 9 by addition of and aqueous solution of sodium hydroxide
before being left under stirring for different durations. The solids were then recovered by
centrifugation and dried at 60°C. The samples collected after drying presented different
textures from viscous to grindable solids. X-Ray diffraction patterns displayed all four peaks.
The first one between (4.9 and 7.9) °26 and the others around 22; 35.5; 59 °26, correspond to
(001),(020,110),(130,220)and (06 0) reflections, respectively, characteristic of an
HTM [4]. Based on the (0 0 1) reflection, the calculated basal distances corresponding to the
sum of the layer and interlayer thickness vary from 11.2 to 18.5A depending on the silicon
sources. The position of the (0 6 0) reflection agrees with the formation of a trioctahedral
layer with divalent cations in the octahedral sheet as expected for a talc structure. Chemical
analysis by XRF as well as IRTF and *°Si solid state NMR are underway to gather more
information about the structure of the different samples. HTM containing dyes will be
prepared and deeply characterized to determine their photochemical properties. The last
step will be to introduce HTM in a polymer matrix to prepare 3D samples.

[1] J.C. Gallégo et al. (2008) New J. Chem., 32, 407-412.
[2] S. Badshah, C. Airoldi (2011) Chem. Eng. J., 166, 420-427
[3] A. Gineika et al. (2024) Ceramics International, 50, 48106—48115.

[4] N.T. Whilton et al. (1998) J. Mater. Chem., 8(8), 1927-1932.
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IDENTIFICATION AND CHARACTERIZATION OF CARBON QUANTUM DOTS IN PM1 EMITTED IN
SMOKE FROM DOMESTIC WOOD COMBUSTION
C. Clairotte®?, C. Ak, V. Malesys?, L. Josien?, L. Vidal?, A.Zaarour?, L. Simon?, G. Trouvé! et V.
Tschamber?
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cyril.clairotte@uha.fr

Objective: For the first time in 2006, Carbon Quantum Dots (CQDs) were observed and since,
they have become an attractive material due to their properties. In fact, their biocompatibility,
water solubility and non-toxicity make them interesting in several applications as medical ones.
In parallel, Green nanotechnology has been developing and Green synthesis of CQDs soon
started to appear involving for example, fruit juices or even waste such as diesel soot. Herein,
we decided to investigate CQDs in soot from biomass combustion and, by using Raman
spectroscopy methods developed for the characterization of Graphite/graphene and their
defects, we had developed a methodology able to characterize any CQDs using Raman and X-
ray Photoelectron Spectroscopy (XPS), Energy Dispersive X-ray Spectroscopy (EDX), scanning
and transmission electron microscopy (SEM and TEM).

Method: Combustion tests were carried out on a log-burning insert. Beach woodlogs of 33 cm

length were used with a moisture content of 12%. Samples were made using an Electrical Low-
Pressure Impactor containing 13 impaction stages corresponding to aerodynamic diameters
ranging from 29 nm to 9.9 um. Silicium wafers were scotched on each stage to collet those
soots. Multiple sample sets were created, varying in length of collection and time of start of
sampling.

Results: Raman Spectroscopy on the smallest particles exhibits clear D and G bands
characteristics of nano-crystalline graphitic structures. Furthermore, using Ferrari and
Robertson theoretical model, we estimated the percentage of sp*bonding in our particles which
were between 14 and 17%. We show also that the slope of the Raman signal in the region of
the G and D bands, which reveals a possible photoluminescence contribution, proves to be a
relevant observable for revealing the presence of CQdots. This is corroborated by XPS
measurements where Cls core level peaks exhibited a clear Doniach Sunjic shape which is
characteristic of sp2 bonds. sp* (defected graphitic species) and carbon-oxygen bonding also
spotted with the presence of potassium (revealed by two core level peaks K2p1/2 and K2p3/2)
on some samples were also discussed. SEM images showed aggregates of spherical objects and
TEM images pointed the spherical core shell structures of these particles. Such structures
commonly named nano-onions, are the CQDs that we were looking for.

Conclusion/opening: We efficiently proved that CQDs are present in wood combustion soot
Further photophysical analysis will be done to correlate the fine interpretation of Raman spectra
with the optical properties.

1. Sahu, S.; Behera, B. ; Maiti, T. K. ; Mohapatra, S. Simple one-step synthesis of highly luminescent carbon
dots from orange juice : application as excellent bio-imaging agents. Chemical
Communications 2012, 48 (70), 8835. https://doi.org/10.1039/c2cc33796g.

2. Ferrari, A. C.; Robertson, J. Interpretation of Raman spectra of disordered and amorphous carbon. Physical
Review. B, Condensed Matter 2000, 61 (20), 14095-14107. https://doi.org/10.1103/physrevb.61.14095.
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Volumetric 3D Printing: Principles, Processes, and Challenges
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YInstitut de Science des Matériaux de Mulhouse UMR 7361 CNRS-UHA, 68057 Mulhouse,
France
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Figure 1: Working of a volumetric printer

3D printing changed the manufacturing processes by enabling the creation of
complex, customized objects directly from digital models. Traditionally, 3D printing has relied
on additive processes, where materials are deposited or cured one thin layer at a time.
Unlike conventional methods, volumetric printing creates entire objects simultaneously, using
carefully calibrated light patterns to solidify the desired shape in seconds (Figure 1). In
particular, tomographic volumetric additive manufacturing (VAM) has attracted many
attentions due to its potential to allow ultra-fast fabrication of advanced and functional
constructs.” This technique opens doors to faster production speeds, higher resolution, and
new applications in fields ranging from bioprinting to industrial manufacturing.

Our work aims to provide an in-depth explanation of how volumetric printing operates, with a
particular focus on the process of projection creation, projection modification, development,
and potential challenges®. We will explore how the volumetric printer generates projection
patterns, how these projections are dynamically modified to optimize printing accuracy,
reduce artifacts, and account for variations in material properties. We will address common
pitfalls, such as light scattering, over-curing, and resolution limitations, and propose potential
solutions to overcome these challenges.

! Loterie, D.; Delrot, P.; Moser, C. High-resolution tomographic volumetric additive manufacturing. Nature
Communications 2020, 11, 852. DOI: 10.1038/s41467-020-14630-4.

2 Webber, D.; Zhang, Y.; Picard, M.; Boisvert, J.; Paquet, C.; Orth, A. Versatile Volumetric Additive Manufacturing
with 3D Ray Tracing. Opt. Express 2023, 31 (5), 5531-5546. DOI: 10.1364/0E.478526.
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SYNTHESIS OF SELF-ASSEMBLING VIOLOGENS

Eléanna Nikolopoulos, Cléa Pierron, Jean Weiss, Jennifer A. Wytko
Laboratoire de Coordination, Ligands, Interactions et Catalyse, UMR 7177, Institut de Chimie
de Strasbourg, France
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Structurally controlled self-assembly of redox active building blocks comprising aromatic cores
remains a challenge.? Among redox active ri-conjugated aromatic cores, viologens, with their
low-energy LUMO and unique redox activity, are an interesting class of compounds and may
provide the opportunity of studying electronic conduction in fibrils if adequately
functionalized.> Many examples of H-bond directed self-assembly of fibrils using amide-
functionalized low-weight molecular gelators have been reported in the literature.* The
building blocks designed in this work are represented in Figure 1 and incorporate three
different interaction sites: electrostatic interactions (from the viologen core), hydrogen
bonding (via four amide groups), and van der Waals interactions (using long alkyl chains). This
communication will present the synthesis and characterization of the viologen derivatives by
various methods, including solid state NMR.
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(1) del Mercato, L. L.; Pompa, P. P.; Maruccio, G.; Torre, A. D.; Sabella, S.; Tamburro, A. M.;
Cingolani, R.; Rinaldi, R. Charge Transport and Intrinsic Fluorescence in Amyloid-like Fibrils. Proc.
Natl. Acad. Sci. USA, 2007, 104, 18019-18024. https://doi.org/10.1073/pnas.0702843104

(2) Hamedi, M.; Herland, A.; Karlsson, R. H.; Inganas, O. Electrochemical Devices Made from
Conducting Nanowire Networks Self-Assembled from Amyloid Fibrils and Alkoxysulfonate PEDOT.
Nano Lett. 2008, 8, 1736—1740. https://doi.org/10.1021/n10808233

(3) Andrieux, V.; Gibaud, T.; Bauland, J.; Divoux, T.; Manneville, S.; Guy, S.; Bensalah-Ledoux, A.;
Guy, L.; Chevallier, F.; Frath, D.; Bucher, C. Chiral and Conductive Viologen-Based Supramolecular
Gels Exhibiting Tunable Charge-Transfer Properties. J. Mater. Chem. C, 2023, 11, 12764-12775.
https://doi.org/10.1039/D3TC02076B

(4) Alam, N.; Mondal, S.; Sarma, D. Amide Functional Low Molecular Weight Gelator Based
Metallogel. Coord. Chem. Rev. 2024, 504, 215673. https://doi.org/10.1016/j.ccr.2024.215673
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4D Printing and Stimuli-responsive Liquid Crystals
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In recent decades, 3D printing has undergone remarkable advancements both in technology
and materials. However, a significant limitation of most 3D printable materials is their static
nature, unable to respond or adapt to changes in their environment. This restricts their
applicability in smart technologies requiring dynamic behavior. To address this challenge, the
concept of "4D printing" has emerged, where time is integrated as a fourth dimension into 3D
geometries, enabling new functionalities such as responsiveness and adaptivity to external
stimuli. Among various fabrication methods at the microscopic scale, two-photon
polymerization (TPP) has emerged as a well-established technique for creating intricate micro-
objects with stimuli-responsive surface properties and high resolution?.

In this work, we develop microstructures capable of dynamic movement by leveraging specific
processes and materials. Our focus is on custom programming these structures at the
micrometer scale. Liquid crystals (LCs)?, known for their optical properties and responsiveness
to external stimuli, serve as the ideal material®. We fabricate objects with precisely controlled
orientation, enabling both thermal and photo actuation. To realize this, we introduce a novel
method and tailored LC resins compatible with 3D microfabrication via TPP. This technique
solidifies the nematic phase orientation during fabrication, ensuring precise three-dimensional
control of LC molecular alignment (see Figure 1).

Heating

—
Cooling

Figure 1. SEM images of 3D printed programmable LC clamp structure in A) open form at room temperature and
in B) closed form at 200 °C upon heating. Scale bar: 30 um.

Del Pozo M. et al., Small Structures. 3, 2100158, 2022., 2Dominici S. et al., Micromachines. 14-124, 2023.,
3Del Pozo, M. et al., Advanced Materials. 34, 2104390, 2022.
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Synthesis of a Membrane Induced by Light and Electrospinning for Filtration
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Introduction and objectives:

Liquid filtration relies on the use of high-performance membranes whose porous structure
must be controlled to meet the requirements of a wide range of applications (water
purification, drug delivery through dressings, or macromolecule filtration...) Among
membrane manufacturing processes, electrospinning stands out for its ability to produce non-
woven nanofibers, generally between 100 nm and 1000 nm in diameter, with high porosity.*
The aim of the project is therefore to develop a high-performance membrane using an
innovative, environmentally-friendly approach, by combining electrospinning and
photopolymerization, in order to crosslink urethane acrylate oligomers in situ using a
photoinitiator®. The residence time of the solution from the needle to the collector is inferior
to one second with jet velocity from around 0.5 m/s. Photo-electrospinning will enable faster
polymerization, control over fiber chemical properties and porosity, and the reduction or
elimination of the use of toxic solvents.?

Method & Results:

The methodology adopted invoves the formulation and characterization of
photopolymerizable solutions, focusing on the selection of commercially available urethane
acrylate oligomers and the optimization of their kinetics and rheological properties.
Polymerization efficiency is monitored by using real time Fourier transform infrared
spectroscopy RT-FTIR, to track acrylate conversion over time, while the gel point and the
evolution of viscoelastic properties under irradiation are assessed by photorheology
measurement. These analyses ensure a suitable behavior of the formulation for fiber
formation. Electrospinning is then used to generate nanofibrous fibers while ensuring their
photo-crosslinking under UV irradiation.

Initial RT-FTIR results, under irradiation of 20 mW/cm?, show an acrylate conversion rate of 70
to 100% within 120 seconds, depending on the oligomer used. This conversion rate is driven
by the photopolymerization process, where light irradiation triggers the oligomers
polymerization. Photorheological studies reveal a gel point ranging from 0.6 to 3 seconds,
ensuring very rapid solidification of the formulations. Futur work will focus on integrating
these formulations into electrospinning, as well as refining the conditions to precisely control
fiber diameter and membrane porosity. Additionally, in-depth characterization of
morphological properties, mechanical performance and filtration efficiency will be conducted.

1. XueJ, Wu T, Dai Y, Xia Y. Xue et al. - 2019 - Electrospinning and Electrospun Nanofibers: Methods, Materials, and
Applications. Chem Rev. 2019;119(8):5298-5415. doi:10.1021/acs.chemrev.8b00593

2. Kianfar P, Nguyen Trieu HQ, Dalle Vacche S, Tsantilis L, Bongiovanni R, Vitale A. Kianfar et al. - 2022 - Solvent-free
electrospinning of liquid polybutadienes and their in-situ photocuring. Eur Polym J. 2022;177:111453.
doi:10.1016/j.eurpolymj.2022.111453

3. He HW, Wang L, Yan X, et al. He et al. - 2016 - Solvent-free electrospinning of UV curable polymer microfibers. RSC
Adv. 2016;6(35):29423-29427. doi:10.1039/C6RA04566A
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Role of Cerium in the performance of a CuO/SBA15

adsorbent for SOx removal in the presence of water vapour
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In the fight against air pollution caused by human activities, Flue Gas Desulfurization (FGD)
processes have been an effective means of reducing the harmful effects, on health and
ecosystems, of SO, for many years. Nevertheless, these technologies suffer from high cost,
energy and water consumption and produce large amount of unusable by-products. One
solution to eliminate SOx from industrial flue gas stream, is the adsorption on a regenerable
porous material. In this context, we have developed an adsorbent composed of a CuO-based
active phase supported on an organized mesoporous SBA-15 silica. This CuO active phase has
the ability (i) to catalyse the oxidation of SO, to SOz and then react with this latter to form
copper sulfate CuSQy; (ii), to be regenerable under a reducing atmosphere and to release SO,
for its valorization into sulfur products. The effectiveness of this CuO/SBA-15 adsorbent in SOx
trapping has been demonstrated in multicycle (desulfurization/regeneration cycles) and
multigas (presence of SO,, CO/CO,, NO/NO,), at a relative high temperature (450°C) L
However, it has been found that the FGD performance of the CuO/SBA-15 decreases
significantly in the presence of water vapor®. One of the reasons of this deactivation is the
migration and coalescence of the CuO active phase. To minimize this phenomenon, the
addition of cerium oxide (Ce0Q,), allows to improve and stabilize the dispersion of CuO phase
on the siliceous support®. The incorporation of cerium has revealed an important increase of
the performance of the CuO-based adsorbent, performance stable along cycling experiments,
due to a synergetic effect between Cu and Ce species, which promotes the oxidation of SO, to
SOs.

For a possible application at industrial level of this new technology, it is now necessary to
replace the SBA-15 silica support which is more expensive, by commercial porous silicas. It is
the aim of this work: the synthesis of copper/cerium based adsorbents using commercial K60
as silica support and the study of their performance in SOx trapping. The characterization of
the materials before and after DeSOx experiments by XRD, N, physisorption, TEM and XPS,
will permit to well understand the mechanisms of SOx trapping and the role of the support,
and to optimize this adsorbent in terms of synthesis and DeSOx/regeneration operational
conditions.

m. Berger et al., Chem. Eng. J., 384, (2020) p 1-9.
’G. Guicheney et al., Catal. Today, 397-399, (2022) p 436-448.
ch Aguila, F. Gracia, P. Araya, Appl. Catal. A, 343, (2008) p. 16.
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Additive Manufacturing of Transparent Fused Silica Glass
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Freiburg, Germany
arnaud.spangenberg@uha.fr

3D printing is experiencing exponential growth and is gaining ground in many sectors, thanks
in particular to the emergence of new materials, including glass 3D printing. This material
stands out for its exceptional chemical, thermal and mechanical stability, making it suitable
for high-precision applications such as optics and biomedical applications.! Since its
introduction in 2017, 3D printing of glass has seen major advances, facilitated by the rise of
innovative technologies such as two-photon printing and volumetric 3D printing."® These
advances open up new prospects for innovative applications, such as micro-optical
components and microfluidic systems.

Stéréolithographie : DLP

e 2017

Figure 1 : 3D glass printing developments.

However, these technologies still have certain limitations, particularly in terms of resolution
and printing speed. Recent research has also focused on controlling glass porosity, with a view
to extending its applications to fields such as catalysis and liquid/gas separation.

In this context, the challenge of our research lies in the development and characterization of
photosensitive resins specifically adapted to these printing technologies, as well as in the
design of an approach combining these two techniques in order to overcome the limitations
associated with the use of a single method. Formulations will be optimized to improve
printing speed, resolution and porosity control, based on in-depth analysis of photo-physical
properties (FTIR, photorheology, etc.). This will be followed by detailed characterization of the
printed structures to assess their mechanical properties and the porosity of the resulting
glass.

'B.E. Rapp & al., Three-dimensional printing of transparent fused silica glass, Nature 544 (2017) 337-339.

*F. Kotz, B.E. Rapp & al., Two-Photon Polymerization of Nanocomposites for the Fabrication of Transparent
Fused Silica Glass Microstructures, Advanced Materials 33 (2021) 2006341.

*J.T. Toombs, B.E. Rapp & al., Volumetric additive manufacturing of silica glass with microscale computed axial
lithography, Science 376 (2022) 308-312.
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Macrocyclic ligands giving access to robust photosensitizers based on copper
complexes

Mucahit Azgunm, Dominique Armspach(l), Jean-Francois Nierengarten{z)
(1) Université de Strasbourg, Institut de Chimie de Strasbourg, UMR 7177, 4 rue
Blaise Pascal, 67000 Strasbourg, France
(2) Ecole Européenne de Chimie, Polyméres et Matériaux, LIMA, UMR 7042, 25
rue Becquerel, 67100 Strasbourg
mucahit.aygun@etu.unistra.fr

A recent study conducted by our two teams has shown that macrocyclic ligands
containing a coordinating unit of the diphosphine or diimine type can be used to stabilize
[Cu(NN)(PP)]" complexes in solution and enhance their luminescent properties." We now aim
at developing even more efficient and robust copper complexes. To achieve this, cyclodextrin
(CD)-based macrocyclic diphosphines will be combined with functionalized diimines (bpy,
phen, etc.) with electron-donating and electron-withdrawing group, which should prevent any
ligand exchange reactions regardless of the metal’s oxidation state. Such a molecular
architecture has the potential to further increase the stability of the targeted complexes and
enhance their photophysical properties. The design of highly robust photosensitizers based
on these principles should ultimately open up new perspectives in photocatalysis, as it will
avoid the use of complexes based on environmentally harmful and expensive second- and
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T.A Phan, N. Armaroli, A. S. Moncada, E. Bandini, B. Delavaux-Nicot, J. F. Nierengarten, D. Armspach, Angew.
Chem. Int. Ed. 2023, 62, €202214638.

). Beaudelot, S. Oger, S. Perusko, T. A. Phan, T. Teunens, C. Moucheron, G. Evano, Chem. Rev. 2022, 122, 16365-
16609.
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Intermediates in the formation of supramolecular grids

Juan Ramirez, Nathalie Gruber, Bruno Vincent, Jean-Marie Lehn, Adrian-Mihail Stadler*
* SIS, UMR 7006, 8 Allée G. Monge, 67000 Strasbourg, France
* mstadler@unistra.fr

Metallo-supramolecular architectures consisting of ligands and metal ions disposed
like in a grid" are investigated with increasing interest. Numerous examples of those
consisting of four ligands and four metal ions and called [2x2]-grids are known. Less abundant
are the studies dealing with the intermediates which may appear in the formation of such

grids.
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Figure 1. Structural formulae and stylized representations of compounds L, [Zn2L3]4+ and [Zn4L4]8+. A simplified
representation of the X-ray structure of complex [anL3]4+ is shown; anions are not shown.

Reaction of ligand L with one equivalent of Zn(ll) triflate produces the grid-like
complex [ZnsLa]®* (Figure 1). Observation through *H 1D and DOSY NMR at Zn**:L molar ratios
between 0.5 and 1, suggested the presence of some unknown compounds together with the
known complexes [ZnLy])** and [ZnaLi]®". Attempts to obtain single crystals were successful
after addition of KPFg or NaSbFg and revealed the new architecture [Zn2L3]4+, that contains
one fully coordinated ligand and two partly coordinated ones, and can be seen as an
intermediate in the formation of the grid-like complex.

We have also shown that the composition of such reaction mixtures can be reversibly
modulated upon addition of controlled amounts of a stronger ligand which encapsulates the
metal ions. The modulation through pH-changes is being investigated.

! (a) Ruben, M.; Rojo, J.; Romero-Salguero, F. J.; Uppadine, L. H.; Lehn, J.-M., Angew. Chem. Int. Ed. 2004, 43,
3644; (b) Hardy, J. G., Chem. Soc. Rev. 2013, 42, 7881; (c) Stadler, A.-M., Eur. J. Inorg. Chem. 2009, 4751; (d)
Dawe, L. N.; Shuvaev, K. V.; Thompson, L. K., Chem. Soc. Rev. 2009, 38, 2334.
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Elaboration of photoinitiator for volumetric 3D printing

Yves-Maél LE GAL LA SALLE?, Arnaud SPANGENBERG, Xavier ALLONAS?

Ynstitut de Science des Matériaux de Mulhouse, UMR 7361 CNRS-Université de Haute Alsace, Mulhouse, France
’Laboratoire de photochimie et ingénierie (macro)moléculaire-Université de Haute Alsace, Mulhouse, France

Yves-mael.le-gal-la-salle@uha.fr

Following the emergence of volumetric 3D printing, the composition of photosensitive resins
must be rethought especially with regard to optical properties (concentration of initiators,...)
and physico-chemical properties (viscosity,...). In particular, we wish to use controlled radical
photopolymerization (CRP) particularly Reversible Deactivation Radical Polymerization
reactions whose advantages in the context of a 3D printing by DLP have only recently been
highlighted (self-repairing properties, more homogeneous mechanical properties, bulk and
reconfigurable surface properties...)." Transposing CRP to volumetric 3D printing is therefore
a major challenge in the field of photopolymerization 3D printing and would allow for the first
time, to combine the advantages of volumetric 3D printing (speed of printing) with those of
CRP.
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Figure 1: Concept diagram of tomographic 3D printing?
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Figure 2: Printing of multi-materials via multi-wavelength printing

! Bagheri, A.; Engel, K. E.; Bainbridge, C. W. A,; Xu, J.; Boyer, C.; Jin, J. 3D Printing of Polymeric Materials Based on
Photo-RAFT Polymerization. Polym. Chem. 2020, 11 (3), 641-647. https://doi.org/10.1039/C9PY01419E.
2Chansoria, P.; Rizzo, R.; RUtsche, D.; Liu, H.; Delrot, P.; Zenobi-Wong, M. Light from Afield: Fast, High-
Resolution, and Layer-Free Deep Vat 3D Printing: Focus Review. Chem. Rev. 2024, 124 (14), 8787-8822.
https://doi.org/10.1021/acs.chemrev.4c00134.
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Photoresponsive bi-functional monomers: synthesis & photolysis

Aissa Id Boualim®?, Héléne Chaumeil'*, Jean Pierre Malval**

Laboratoire d’Innovation Moleculaire et Applications, UMR CNRS 7040, Université de Haute-Alsace, Mulhouse
68057, France.

?Institut de Sciences des Matériaux de Mulhouse, UMR CNRS 7228, Université de Haute-Alsace, Mulhouse
68057, France.
aissa.id-boualim@uha.fr

ABSTRACT:

Two-photon stereolithography (TPS)based on photopolymerization has emerged as one of the most
efficient techniques in realization of three-dimensional (3D) microstructures. The interest in TPS can
be explained by its characteristics as direct microfabrication without masking and achieving high
resolution near to 100 nm.! The introduced of the concept of stimulated emission depletion (STED)?
by Stefan W. Hell has led to an important advance in optical microscopy and found many applications
in biology.? The idea of this concept resides on using a second laser beam in a way to confine the
excitation laser to a smaller volume by deactivating a portion of the excited molecules. Wegner’s group
had translated this concept to optical lithography, except that most of the existing photoinitiators are
not suitable for this process.? In this context, and to circumvent this issue, we suggest using the concept
of self-immolative polymers (SIP) as an alternative strategy.

With this respect, we describe herein firstly, the synthesis of a new series of self-immolative monomers
(SIMs) bearing two different functions. An acrylate as cross-linking group and an o-nitrobenzyl as a
photoclivable group. Secondly, the photolysis of these SIMs followed by UV absorption and *H NMR.

) e 30
o ) o ‘/\\\‘, to A0 e
Ao L, : i
o Ji 0o Ao 0y A @ 0
N N, g
(‘) M3 (m=1)
M1 (n=3) M4 (m = 2)
M2 (n = 5)
0 0 0 0
t:«\.)LO,(}nOJJ\O/\l/\O J\O{’}\nofu‘\;f‘
HNYO
0
M5 (n=3)
M7 (n=5) NO,

) S

{

N %

o=
o) 0 0
0 /'0‘~/\N"H‘o”\ Aoy 0 o
g H | H
T/ 0
M5

Figure 1 : Structures of synthesized monomers.

REFERENCES:

! Laser & Photonics Reviews, 2009, vol. 3, no 1-2, p. 1-11.
2 Optics letters, 1994, vol. 19, no 11, p. 780-782.

3 Nature Photonics, 2009, vol. 3, no 7, p. 381-387.

4 Advanced materials, 2010, vol. 32, no 22, p. 3578-3582.
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Adsorption of Oxygenated Polycyclic Aromatic Compounds (O-PAC) onto zeolites

for the depollution of groundwater
C. Studer 23] S. Dorge *3), G. Trouvé 23, A. Simon-Masseron %3 H. Nouali %3, J. Michel ¥,
E. Harrois¥%3) W. Almouallem'

@ Université de Haute-Alsace (UHA), LGRE ER2334, 3 bis rue Alfred Werner, 68093 Mulhouse/France; ¥ UHA,
CNRS, IS2M UMR 7361, Mulhouse/France; ¥ Université de Strasbourg/France; “ Ineris, Parc Technologique
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Polycyclic Aromatic Hydrocarbons (PAHs) are mainly detected in soils and groundwater near
industrialized sites as the result of incomplete combustion of organic matter such as petroleum,
gas or coal. In addition to be nocuous for the environment, these compounds are known for
their highly carcinogenic, mutagenic and teratogenic potential. Sixteen of them are classified
as priority pollutants by the US Environmental Protection Agency since 1976. A lot of studies
report methods of remediation, especially by chemical processes. However, other molecules
can be produced during these treatments as by-products; it’s notably the case of Oxygenated
Polycyclic Aromatic Compounds (O-PACs)?. The later are not subject to regulations governing
polluted sites and soils but preliminary investigations show a larger potential of pollution
because of their high polarity, solubility and environmental transfer. A solution of this problem
can be the use of physical treatments such as adsorption. This method, especially using carbon
materials, has been examined and has been proven to be efficient in numerous studies.
Zeolite, another material that is competitive in terms of costs and efficiency and also more eco-
friendly thanks to its regenerability, has been identified.

This study focuses on one PAH (Fluorene (FLU)), two O-PACs (Fluorenone (FLUone) and
Dibenzofuran (DBFUR)) and three zeolites (MFI, FAU and *BEA framework types). 100 mL of
aqueous spiked solution (1 mg/L) were stirred with 10 mg of zeolite powder for different
contact times ranging from 15 min. to 24 h. After centrifugation, the supernatant was analyzed
by HPLC to determine the concentration of pollutants remaining in the solution.

First results of this study show high potential of zeolites for the remediation of PAHs and O-
PACs from groundwater. For example, after 1 h, MFI-zeolite adsorbed 90% of DBFUR. FAU-
zeolite adsorbed the three molecules with rates above 70%. The *BEA-zeolite adsorbs 70% of
FLU and 80% of FLUone. Textural properties of the adsorbent, such as its pore size and its
specific surface area, are key parameters. Moreover, the Si/Al ratio plays an important role as
it influences the hydrophobic character of the zeolite and therefore its affinity with the
pollutant. Other characteristics and interactions have to be considered to explain precisely
these adsorption phenomena.

Next steps will be to apply this method with other initial conditions, to determine the
mechanism of adsorption and to study the performance of zeolite after regeneration step.

(1) Mojiri, A.; Zhou, J. L.; Ohashi, A.; Ozaki, N.; Kindaichi, T. Comprehensive Review of Polycyclic Aromatic Hydrocarbons in Water Sources,
Their Effects and Treatments. Sci. Total Environ. 2019, 696, 133971. https://doi.org/10.1016/j.scitotenv.2019.133971.

(2)  Rubio-Clemente, A.; Torres-Palma, R. A.; Pefiuela, G. A. Removal of Polycyclic Aromatic Hydrocarbons in Aqueous Environment by
Chemical Treatments: A Review. Sci. Total Environ. 2014, 478, 201-225. https://doi.org/10.1016/j.scitotenv.2013.12.126.

(3) Yuan, M.; Tong, S.; Zhao, S.; Jia, C. Q. Adsorption of Polycyclic Aromatic Hydrocarbons from Water Using Petroleum Coke-Derived
Porous Carbon. J. Hazard. Mater. 2010, 181 (1-3), 1115-1120. https://doi.org/10.1016/j.jhazmat.2010.05.130.
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Development of a new palladium-catalyzed decarboxylative coupling using
arylsulfonium salts for aryl-aryl bond formations.
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CNRS/UHA, 15 rue Jean Starcky, 68057 Mulhouse
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The formation of new carbon-carbon bonds is a subject of constant development in
organic chemistry. Reactions allowing formation of such bonds represent often crucial steps
in the synthesis of natural products or various organic molecules presenting interesting
applications, like active ingredients for pharmaceuticals, monomer patterns for
polymerizations or many other fields as agrochemicals, or even materials.

Arylsulfonium salts suscite currently huge interest in organic chemistry using either
palladium (Pd) catalysts or a light source especially for various carbon-carbon or carbon-
heteroatom bond formations. During this thesis, we are interested in studying the potential of
these various arylsulfonium salts for the specific creation of aryl-aryl bonds using pallado-
catalysis. Among the numerous synthetic strategies that can be envisaged to achieve the
formation of this aryl-aryl bond, we envisaged a decarboxylative coupling between
arylsulfonium salts and arene carboxylic acids (Scheme 1). Decarboxylative coupling was
previously studied in the group, using either iodoaryl group® or iodonium salts’, but using
arylsulfonium salts for this type of reaction is original and has never been reported in the
literature to date. To this end, a complete methodology was carried out in order to determine
the best reaction conditions and the synthetic potential of this new reaction, by describing
several examples of coupling and changing the type of substitution of the aryl motif in order
to see their influence on the reaction.

Afterwards, since some arylsulfonium salts absorb near UV light, it will be interesting
to study the potential of these salts for aryl-aryl bond formations under mild near UV light
irradiation. This property has recently been used for photopolymerizations, but very little
studied in organic synthesis.
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Scheme 1: Decarboxylative coupling reaction studied in this thesis

! Becht J.-M. et al, Org. Lett. 2007, Vol. 9, No. 9
2 Becht J.-M. et al, Org. Lett. 2008, Vol. 10, No. 14
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Development of photocurable hybrid adhesives
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Cyanoacrylates are a family of molecules with very high adhesive qualities, better known to the
general public by their commercial name “Super Glue”. Applied in a thin layer, they react almost
instantaneously with ambient humidity on contact with the substrates to be bonded. The main
mechanism followed by the curing reaction of cyanoacrylates is an anionic polymerization. The
adhesions obtained, although very strong, have a number of major shortcomings: poor
mechanical performance? (too brittle) and a certain chemical instability?, among others.

One way to overcome these deficiencies is to add a second type of molecule to the formula. By
mixing two components, we obtain hybrid adhesives that perform better, bond more varied
substrates and resist impact better. In addition, they only begin to harden when exposed to a
light source?. This enables the user to reposition the parts to be bonded, clean up any drips,
then fix the bond in a matter of seconds (when a low-intensity LED is switched on).

The second type of monomer used in the formula are acrylates. Acrylates polymerize mainly by
a radical mechanism, and it's the interaction between anionic and radical polymerization that
we are trying to understand. To date, there is no literature describing how these two
mechanisms come together in the same reaction. To this end, hybrids will be analyzed using
methods that enable the curing of the various components to be tracked independently. This
information, coupled with multiple chromatographic, spectroscopic and microscopic
techniques, will enable us to determine the reaction mechanism followed.

Figure 1. Schematic representation of the bonding process  Figure 2. Interaction of the polymerization mechanisms

! Millet, G.H. Cyanoacrylate Adhesives. In: Hartshorn, S.R. (eds) Structural Adhesives. Topics in Applied Chemistry.
Springer, Boston, MA, 1986.

2 Raja P.R. Cyanoacrylates Adhesives : A Critical Review. Rev. Adhesion Adhesives, Vol. 4, No. 4, December 2016.

3 Faggi E.; Gasco C.; Aguilera J.; Guirado G.; Ortego S.; Sdez R.; Pujol F.; Marquet J.; Hernando J.; Sebastian R.M.
Macromolecules, 2019, 52 (15), 5602-5610.
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Study of a New Cascade Reaction from Bifunctional exo-Glycals
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Cascade reactions are a particularly interesting approach for generating complex molecules
rapidly and efficiently in a single synthetic step. Based on the recent discovery of a new bis-
glycopyranoside rearrangement in our group,* we envisioned to use bifunctional exo-glycals,
which possess two reactive "anomeric" centers located on either side of the endocyclic
oxygen to develop a novel cascade reaction enabling the construction of (pseudo) natural
carbohydrate-containing polycyclic skeletons. Diversely protected bifunctionalized exo-glycals
derived from D-glucose, D-mannose and D-galactose has been synthesized according to a
well-known 5-step reaction sequence (Scheme 1A).°> The exo-glycals synthesized were
engaged in a carbocation cascade reaction proceeding through a Friedel-Crafts-type reaction
in the presence of phenolic partners and a carefully chosen catalyst (Brgnsted/Lewis acids). A
multi-parameter study has been carried out to lead to the target molecules as efficiently as
possible (Scheme 1B). Ultimately, we hope to extend this novel cascade reaction to the
synthesis of natural molecules of therapeutic interest, such as serjanione A (Scheme 1C).?
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YHo Liu, A. G. Laporte, D. Génzalez Pinardo, |. Fernandez, D. Hazelard, P. Compain, J. Org. Chem. 2024, 89, 5634.
’D. Tardieu, M. Desnoyers, C. Laye, D. Hazelard, N. Kern, P. Compain, Org. Lett. 2019, 21, 7262.
’s.C. Heredia-Vieira, A. M. Simonet, W. Vilegas, F. A. Macias, J. Nat. Prod. 2015, 78, 77.
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Design of new luminescent hybrid materials based on layered oxides
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The design of hybrid materials to achieve new functionalities constitutes a highly researched
area.! These materials have proved to be very relevant, combining the strengths of the two worlds,
organic and inorganic, while compensating the drawbacks. Especially in the field of luminescent
materials, organic compounds generally exhibit good luminescence quantum vyields, and their
structure can be easily and finely modulated to allow adjustment of optical properties (excitation
and emission wavelengths, or lifetimes of excited states). However, they are often relatively
unstable, either chemically or thermally, and are prone to photo-bleaching.

In this respect, the combination of luminescent organic molecules with inorganic structures
is particularly interesting, as it combines the advantages of organic systems (structural versatility,
property tuning) with those of inorganic compounds (thermal stability, structural rigidity).? It may
also bring improved properties to the hybrid material thus formed, such as better control of
luminescence lifetime.

Here, | will present the first results of chromophore insertion into the Aurivillius Bi,SrTa;0q
phase via its protonated H;Bio.1SrossTa207 (HBST) form, as well as the photophysical properties of
the hybrid compounds obtained. The chosen chromophores are derived from 1,8-naphthalimide
and (2)/(4)-bromo-1,8-naphthalimide, which possess Thermally Activated Delayed Fluorescence
(TADF) properties,® functionalised by different anchoring groups. The insertion of such large
organic molecules into the HBST phase proceeds via a pre-functionalisation step to increase the
interlamellar distance using long amines or alcohols spacers®.

| will describe the structural characterisation of the obtained hybrid compounds. Then | will
discuss their photophysical properties, notably the emission wavelength and quantum yield and
the various parameters that could tune their photophysical properties (insertion rate, co-insertion,
nature of the chromophore). Such approach has been described in the case of Layered Double
Hydroxide-based hybrids,>® but to the best of our knowledge has not been attempted for layered
oxides.

(1) Gomez-Romero, P.; Pokhriyal, A.; Rueda-Garcia, D.; Bengoa, L. N.; Gonzalez-Gil, R. M. Hybrid Materials: A
Metareview. Chem. Mater. 2024, 36 (1), 8-27.

(2) Tong, H.; Li, H.; Zhou, Z.; Cidanpuchi; Wang, F.; Liu, W. Strategies for Optimizing the Luminescence and Stability
of Copper lodide Organic—Inorganic Hybrid Structures. New J. Chem. 2021, 45 (25), 10989-10996.

(3) Wang,Y.-F.; Lu, H.-Y; Chen, C.; Li, M.; Chen, C.-F. 1,8-Naphthalimide-Based Circularly Polarized TADF Enantiomers
as the Emitters for Efficient Orange-Red OLEDs. Organic Electronics 2019, 70, 71-77.

(4) Wang, Y.; Delahaye, E.; Leuvrey, C.; Leroux, F.; Rabu, P.; Rogez, G. Efficient Microwave-Assisted Functionalization
of the Aurivillius-Phase Bi 2 SrTa 2 O 9. Inorg. Chem. 2016, 55 (8), 4039-4046.

(5) Guo, Y.; Boyer, D.; Cisnetti, F.; Barros, A.; Reveret, F.; Feng, Y.; Chadeyron, G.; Leroux, F. Perylene Diimide
Derivative Dispersed in LDH as a New Efficient Red-Emitting Phosphor for LED Applications. J. Mater. Chem. C
2022, 10 (27), 9989-10000.

(6) Zerbib, G.; Roux, A.; Salat, L.; Cisnetti, F.; Boyer, D.; Chadeyron, G.; Leroux, F. A Triazolium-Based Fluorophore
Intercalated in Layered Double Hydroxides: From Simple Syntheses to Bright Solid-State Luminescence. Dalton
Trans. 2024, 53 (22), 9369-9379.
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Autoinductive effects in the zinc-catalyzed alkylation of benzaldehyde
mediated by simple chiral f-amino alcohol ligands
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The design of chiral catalysts presents a fundamental challenge due to the intrinsic complexity
of catalytic systems, which often limits the effectiveness of approaches solely based on
mechanistic and structural principles. Consequently, the development of asymmetric reactions
commonly begins with an empirical exploration of well-known privileged chiral structures,
assuming that the active catalytic species exists as a monomer. However, since Kagan's 1986
identification of catalyst aggregation and “Non-Linear Effects” (NLEs),! it has been shown that
chiral structure alone is not always predictive of the system’s overall behavior, adding further
intricacies to the mechanistic interpretation of asymmetric catalysis.?3

In our study, we investigated in detail the mechanism of the enantioselective diethylzinc
addition of benzaldehyde in the presence of the first chiral B-amino alcohol ligands that had
been used for this reaction, published in 1984 by Oguni and co-workers.* Our work was
achieved through a combination of non-linear effect studies and other related studies such as
the variation of the catalyst loading. It has been demonstrated that these catalytic systems are
in fact considerably more complex than was previously assumed. In particular, the self-
induction phenomena in the reaction demonstrate that the reaction generates higher
enantiomeric excesses with a lower catalyst loading and overall, these enantioselective
reactions are part of Systems Chemistry.>
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Figure 1. General scheme of the catalytic reaction and molecular structure of the chiral ligands used
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