v GIFC 2024

XI EDIZIONE GIORNATE ITALO-FRANCESI DI CHIMICA
TORINO, 4-5 APRILE 2024

Organized by

the “Piemonte/Valle d’Aosta” and “Liguria” Sections of the

Societa Chimica Italiana

and the Provence-Alpes-Cote d’Azur section of the

French Chemical Society

BOOK OF ABSTRACTS

Organizing partners

Societa
4 Chimica
»- Italiana

Sezione P nte Valle d'Aosta

Se2|one

§ té Chimique de Fr:
Le réseau des chimistes

Y

M'{; ‘I:o_lil_tecmco
" 1 1orino

UNIVERSITA N

DI TORINO -~

é ORDINE DEI
%;, - CHIMICI E FISICI
3 DEL PIEMONTE E

VALLE D'AOSTA

UNIVERSITA DEL PIEMONTE ORIENTALE

Sponsors

ECOSTORE-H2

3 MOLECULAR DISCOVERY

(. 2023 - 2027
DIPARTIMENTO
chlmlca DI ECCELLENZA’

=HST - ==
D?anir?entoddilsécienza X
e Tecnologia del Farmaco

i UNIVERSITA DI TORINO EdlSES

e @




~ GIFC 2024
X! EDIZIONE GIORNATE ITALO-FRANCESI DI CHIMICA
TORINO, 4-5 APRILE 2024

GIFC 2024: WELCOME TO TORINO!

Dear Colleagues,

we would like to thank you for your kind participation to the Xl edition of the French-Italian
Chemistry Days (Giornate Italo-Francesi della Chimica, GIFC 2024), organized by the
Piemonte/Valle d’Aosta and Liguria Sections of the Societa Chimica Italiana (SCI) and the
Provence-Alpes-Cbte d’Azur section of the Société Chimique de France (SCF).

GIFC 2024 just took place in Torino on 4-5 April 2024, hosted in the Chemistry Department of
the University of Turin. We would like to thank the University of Turin, the University of Piemonte
Orientale and Politecnico of Turin for their support.

This eventis organized every two years alternately in the two countries: in 2002 in Juan-les-Pins,
in 2004 in Genoa, in 2006 in Turin, in 2008 in Nice, in 2010 in Genoa, in 2012 in Marseille, and in
2014 in Turin, 2016 in Avignon, 2018 in Genoa and in 2022 in Toulon. Therefore, the French-
Italian Chemistry Days represents a dynamic platform for interdisciplinary collaboration,
fostering lasting connections among researchers in the Piemonte/Valle d’Aosta and Liguria
regions and those in the Provence-Alpes-Cbte dAzur region, under the auspices of either SCI
or SCF. Moreover, this event aims to facilitate enhanced scientific and cultural interaction at
the European level.

Your participation to this event not only contributed to its success, but also aligned your
research with cutting-edge developments in various chemical areas, including organic
chemistry, bio-organic chemistry, physical and inorganic chemistry, chemical engineering,
analytical and pharmaceutical chemistry, environmental chemistry, industrial chemistry, and
materials chemistry.

During these days we have scheduled 4 prestigious plenary lectures, 4 invited speakers by the
GIFC 2024 Organizing Committee, 38 oral presentations highlighting young researchers, and
more than 80 posters.

This congress provided an excellent platform to showcase both advancement and innovation
within the chemical sciences and it has been a great opportunity for all researchers, especially
the PhD students who can live a truly educating and enriching experience, including prominent
visibility throughout the event, and the opportunity to engage with leading researchers and
professionals in the field.

We believe that your participation greatly enhanced the overall experience of the GIFC 2024
and contribute to the success of this collaborative initiative.

The GIFC 2024 organizing committee
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‘L' GIFC 2024

GIFC2024 FINAL PROGRAM

Thursday, 4™ April 2024

Department of Chemistry, via Pietro Giuria 7, Aula Magna

8:00 | 8:30 | Welcome of the Participants
8:30 9:00 | Opening of the Day - Welcome Speech
Chairs Yoann Coquerel, Francesca Spyrakis
Plenary lecture
9:00 9:40 | Fabio Carniato, University of Piemonte Orientale, Italy
“Design and properties of nanoparticles for MRI diagnostic applications”
Plenary lecture: Winner of the SCF Grand Prize
9:40 | 10:20 | Ling Peng, CNRS and Aix Marseille University, France
“Self-assembling supramolecular dendrimers for biomedical applications”
10:20 | 11.15 | Coffee Break and Poster Session 1 (posters 1-41)

Session 1:

Organic and Bio-Organic Chemistry

Session 2: Green Chemistry

Aula Magna

Aula Disegno

Chairs Giorgio Cevasco, Véronique Michelet Giuseppina Cerrato, Gaelle Chouraqui

Antoine Domain
Aix Marseille University, France

11:15 | 11:30 | “Enantioselective domino Michael/O-
alkylation reaction for the control of both axial
and central stereogenic elements”
Paul Guerin Corentin Fournet
Aix Marseille University, France Aix Marseille University, France

11:30 | 11:45 | “Enantioselective Pd(NHC)-catalyzed | “Development of original catalysts without
Kumada-Tamao-Corriu coupling: harnessing | transition metals designed for hydrogenation
axial and planar chirality” reactions”
Silvia Donoso Francesco Maria Raboni

1145 | 12:00 University of Genoa, Italy University of Genoa, Italy
“a-Imino amidines: useful platforms for the | “Glycerol-based oligomers, green building blocks
synthesis of nitrogen heterocycles” for industry and cosmetic”
Alexis Truchon Carlotta Valle
Université Céte d’Azur, France University of Turin, Italy
“Sequential Au- and Pd-catalyzed cyclization | “Towards enological by-product-based

12:00 | 12:15 | process: an efficient entry to polycyclic and | biorefinery: a cascade approach disclosing
polyfunctionalized cyclopropanes via 1,6- | comprehensive biomass valorization towards
Enynes Prins-Type Cyclization/Cyclopropane | value added products”
C-H Activation”
Martina Buccioli Adrien Bonneau
University of Genoa, Italy University of Toulon, France

12:15 | 12:30 | “Study of an industrial reductive amination | “Zinc oxide development for wastewater
reaction: from batch to flow chemistry” treatment by photocatalytic degradation of the

methylene blue dye”
12:30 | 13:45 | Lunch Buffet and Poster Session 1 (posters 1-41)
Session 3: Organic and Bio-Organic Chemistry Session 4: Material Chemistry
Aula Magna Aula Disegno
Chairs Salvatore Baldino, Andrea Basso Maela Manzoli, Silvia Ronchetti

Matilde Arese Margherita Colombo
University of Turin, Italy University Claude Bernard Lyon1, France

13:45 | 14:00 | “Post-industrial recycled polypropylene for | “Multifunctional single-molecule magnets

automotive application: mechanical properties
after thermal aging”

containing S-donor atoms”
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Louis Hospital Enrico Sartoretti
Aix Marseille University, France Politecnico of Turin, Italy

14:00 | 1415 . . . . .
“Protease-activable di-alcoxyamine as | “Mesoporous Pd/ceria-praseodymia catalysts for
contrast agent for MRI applications” enhanced methane”
Sara S. Y. Mohamed Titouan Beauzon

14:15 | 14:30 Politecnico of Turin, Italy University of Toulon, France
“Mesoporous silica microspheres containing | “Synthesis of photocatalytic cerium oxide:
tranexamic for hemostatic application” optimization using design of experiment”
Marion Fillidtre Emmanuela Di Giorgio
Aix Marseille University, France University of Genoa, Italy

14:30 | 14:45 | “Protease-activable prodrugs specific for | “Impactof stoichiometry and size on the persistent
Fibroblast Activation Protein” luminescence in Csy(Nas,Ag)InCls:Mn* double

perovskites”

Sara Gariglio Yassine Elaadssi
University of Genoa, Italy University of Toulon, France

14:45 | 15:00 | “Exploiting spectroscopy and chemometrics | “Cobalt ferrite CosFe;«O4 as photocatalysis under
for bloodstain dating in forensic chemistry” visible light irradiation: experimental and

theoretical approach”

Keyu Mao Vyshnav Kannampalli

15:00 | 15:15 Université Céte d’Azur, France “ Aix Marseille University, France
“Synthesis of azaborine heterocycles through | “Atomic layer deposition of the NiOy using new
ruthenium-catalyzed enyne metathesis ” precursors with different oxygen sources”
Erwan Adriaenssens Neethu K. Varghese
Aix Marseille University, France University of Genoa, Italy

15:15 | 15:30 | “Study of a new mode of activation of | “Electrochemical characterization of NiFe
alkoxyamines by radical addition leading to a | nanoparticles on colloidal CeO, for anion
cascade reaction” exchange membrane electrolysers”
Andrea Messina Julio Cesar Fernandes Pape Brito
University of Genoa, Italy University of Piemonte Orientale, Italy

15:30 | 15:45 | “Smart material: the surface functionalization | “Kinetic study of sustainable preparation of
of nanostructured magnetorheological | organic-inorganic hybrid materials by grafting
electrolytes with the use of click-chemistry” procedure”

15:45 | 16:25 | Coffee Break and Poster Session 1 (posters 1-41)

Chairs Yoann Coquerel, Enrica Gianotti, Paolo Oliveri

16:25 | 16:30 | PhD Thesis Award
Guillaume Leseigneur, Université Céte d’Azur, France

16:30 | 16:45 | “Detection, chirality and origin of extraterrestrial organic molecules in the context of the Rosetta and
ExoMars space missions”
Pierfrancesco Maltoni, University of Genoa, Italy

16:45 | 17:00 . . .
“Design of magnetic ferrite nanostructures”

17:00 | 17:15 Andrea Fasano, Aix Marseille University, France
“Electrochemical investigations of the biodiversity of [FeFe ] and [NiFe]-hydrogenases”
Eleonora Gianquinto, University of Turin, Italy

17:15 | 17:30 . . . . . R . .
“In silico approaches for the design of innovative agents against emerging infectious diseases”

Chairs Enrica Gianotti, Alain Burger

Invited Speaker

17:30 | 18:00 | Chiara Lambruschini, University of Genoa, Italy
“From waste to resource: use of bio-based building blocks in organic synthesis”
Invited Speaker

18:00 | 18:30 | Julie Broggi, Aix-Marseille University, France
“Reductive reactions catalyzed by super electron donors”
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£

Friday, 5" April 2024

8:30 ‘ 9:00 | Welcome of the Participants
Chairs Paolo Oliveri, Yoann Coquerel

Plenary Lecture

9:00 9:40 | Mario Barbatti, Aix-Marseille University, France
“Perspectives in Excited-State Dynamics for Modeling Photoprocesses”
Plenary Lecture

9:40 | 10:20 | Raffaella Boggia, University of Genoa, Italy
“Eco-efficient valorization of fishery side-streams”

10:20 | 11:00 | Coffee Break and Poster Session 2 (posters 42-83)

.\

Session 5: Chemical Biology

la Magna

Session 6: Medicinal Chemistry
Aula Disegno

Chairs Valentina Brunella, Andrea Basso Alessandra Bianco Prevot, Giorgio Cevasco
Daniela Trisciuzzi Marta Falesiedi
University of Bari, Italy University of Genoa, Italy
11:00 | 11:15 | “Anintegrated machine learning model to spot | “Combining repositioning and de novo synthesis of
peptide binding pockets in 3D protein | pyrazolo[3,4-d]pyrimidines to discover potet SIRT-
screening” 2 inhibitors”
Christian Cravotto Chiara Vigato
University of Avignon, France University of Turin, Italy
11:15 | 11:30 “Microwavg-assisted extragtion . of | “Enhancement of the mgtgbolic stability in 2-
phytochemicals from Cannabis sativa L. | hydroxypyrazolo[1,5-a]pyridine  scaffold-based
Inflorescenses with 2-methyloxolane” inhibitors of human dihydroorotate dehydrogenase
(hDHODH)”
Zhenying Mei Carola Grondona
Université Coéte d’Azur, France “ University of Genoa, Italy
11:30 | 11:45 | “Novel chitosan extraction from dung beetle | “Design and synthesis of new coumarin hybrids
and its potential application for the adsorption | with antiproliferative activity against
of cationic and anionic dyes” neuroblastoma cells”
Francesca Cardano Julie Lagouarde
11:45 | 12:00 University of Turin, Italy Université Céte d’Azur, France “
’ ’ “Fluorescent nucleobases for bright PNA” “Development of a magnetic colloid for blood flow
recirculation”
Zhancun Bian Valeria Francesconi
Aix Marseille University, France University of Genoa, Italy
12:00 | 12:15 | “Bola-amphiphilic  glycodendrimers target | “Exploliting the amino dihydrotriazine motif of
carbohydrate-binding proteins” Cycloguanil to develop novel anti-Trypanosoma
brucei agents targeting folate enzymes”
Mohamed El Ouardi Rachele Stefania
1215 | 12:30 Aix Marseille University, France University of Piemonte Orientale, Italy
) ’ “Zinc vanadate photocatalyst for efficient | “A novel PSMA-targeted probe for photodynamic
degradation of Rhodamine B” therapy: synthesis and preclinical validation”
12:30 | 13:30 | Lunch Buffet and Poster Session 2 (posters 42-83)
Chairs Maela Manzoli, Véronique Michelet
Invited Speaker
13:30 | 14:00 | Alain Burger, University Céte d’Azur, France
“Programmable fluorogenic probes for biology”
Invited Speaker: Winner of the SCI Grand Prize
Giuseppina Cerrato, University of Turin, Italy
14:00 | 14:30 . . . L . . .
“New composites from waste materials for circular economy applications: innovative synthetic
approaches and characterisation”
Chair Francesca Spyrakis
14:30 | 14:45 | Poster Awards
14:45 | 15:00 | Closing Ceremony
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INDEX OF CONTRIBUTES

Plenary lectures

Fabio Carniato (Universita del Piemonte Orientale)
Design and properties of nanoparticles for MRl diagnostic applications Page 15

Ling Peng (Aix-Marseille Université, CNRS)
Self-assembling supramolecular dendrimers for biomedical applications 16

Mario Barbatti (Aix Marseille University, CNRS, Institut Universitaire de France, Paris)
Perspectives in Excited-State Dynamics for Modeling Photoprocesses 17

Raffaella Boggia (University of Genoa)
Eco-efficient valorization of fishery side-streams 18

Invited speakers

Chiara Lambruschini (University of Genoa)
From waste to resource: use of bio-based building blocks in organic synthesis Page 19

Julie Broggi (Aix-Marseille Université, CNRS)
Reductive reactions catalyzed by super electron donors 20

Alain Burger (Université Céte d/Azur, CNRS)
Programmable fluorogenic probes for biology 21

Giuseppina Cerrato (University of Turin)

New composites from waste materials for circular economy applications: innovative
synthetic approaches and characterisation 22

PhD Thesis Awards

Guillerme Leseigneur (Université Céte d’Azur)

Detection, chirality and origin of extraterrestrial organic molecules in the context of the
Rosetta and ExoMars space missions Page 23

Pierfrancesco Maltoni (University of Genoa)
Design of Magnetic Ferrite Nanostructures 24

Andrea Fasano (Aix-Marseille Université)
Electrochemical investigations of the biodiversity of [FeFe] and [NiFe]-Hydrogenases 25

Eleonora Gianquinto (University of Turin),
In Silico Approaches for the Design of Innovative Agents against Emerging Infectious Diseases 26
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Oral communications

Session 1: Organic and Bio-Organic Chemistry
Antoine Domain (Aix Marseille University)

Enantioselective domino Michael/O-alkylation reaction for the control of both axial and
central stereogenic elements Page 27

Paul Guerin (Aix Marseille University)

Enantioselective Pd(NHC)-catalyzed Kumada-Tamao-Corriu coupling: harnessing axial and
planar chirality 28

Silvia Donoso (University of Genoa)
a-Imino amidines: useful platforms for the synthesis of nitrogen heterocycles 29

Alexis Truchon (Université Cote d’Azur)

Sequential Au- and Pd-catalyzed cyclization process: an efficient entry to polycyclic and
polyfunctionalized cyclopropanes via 1,6-Enynes Prins-Type Cyclization/Cyclopropane C-H
Activation 30

Martina Buccioli (University of Genoa)
Study of an industrial reductive amination reaction: from batch to flow chemistry 31

Session 2: Green Chemistry

Corentin Fournet (Aix Marseille University)

Development of original catalysts without transition metals designed for hydrogenation
reactions Page 32

Francesco Maria Raboni (University of Genoa)
Glycerol-based oligomers, green building blocks for industry and cosmetic 33

Carlotta Valle (University of Turin)

Towards enological by-product-based biorefinery: a cascade approach disclosing
comprehensive biomass valorization towards value added products 34

Adrien Bonneau (University of Toulon)

Zinc oxide development for wastewater treatment by photocatalytic degradation of the
methylene blue dye 35
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Session 3: Organic and Bio-Organic Chemistry

Matilde Arese (University of Turin)

Post-industrial recycled polypropylene for automotive application: mechanical properties
after thermal aging Page 36

Louis Hospital (Aix Marseille University)
Protease-activable di-alcoxyamine as contrast agent for MRI applications 37

Sara S. Y. Mohamed (Politecnico of Turin)
Mesoporous silica microspheres containing tranexamic for hemostatic application 38

Marion Filliatre (Aix Marseille University)
Protease-activable prodrugs specific for Fibroblast Activation Protein 39

Sara Gariglio (University of Genoa)
Exploiting spectroscopy and chemometrics for bloodstain dating in forensic chemistry 40

Keyu Mao (Université Cbte d’Azur)
Synthesis of azaborine heterocycles through ruthenium-catalyzed enyne metathesis 41

Erwan Adriaenssens (Aix Marseille University)

Study of a new mode of activation of alkoxyamines by radical addition leading to a cascade
reaction 42

Andrea Messina (University of Genoa)

Smart material: the surface functionalization of nanostructured magnetorheological
electrolytes with the use of click-chemistry 43

Session 4: Material Chemistry
Margherita Colombo (University Claude Bernard Lyon1)
Multifunctional single-molecule magnets containing S-donor atoms Page 44

Enrico Sartoretti (Politecnico of Turin)
Mesoporous Pd/ceria-praseodymia catalysts for enhanced methane 45

Titouan Beauzon (University of Toulon)
Synthesis of photocatalytic cerium oxide: optimization using design of experiment 46

Emmanuela Di Giorgio (University of Genoa)

Impact of stoichiometry and size on the persistent luminescence in Cs;(Na1xAg)InCls:Mn?*
double perovskites 47

Yassine Elaadssi (University of Toulon)

Cobalt ferrite CoxFesxO4 as photocatalysis under visible light irradiation: experimental and
theoretical approach 48
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Vyshnav Kannampalli (Aix Marseille University)
Atomic layer deposition of the NiOy using new precursors with different oxygen sources 49

Neethu K. Varghese (University of Genoa)

Electrochemical characterization of NiFe nanoparticles on colloidal CeO; for anion exchange
membrane electrolysers 51

Julio Cesar Fernandes Pape Brito (University of Piemonte Orientale)

Kinetic study of sustainable preparation of organic-inorganic hybrid materials by grafting
procedure 52

Session 5: Chemical Biology
Daniela Trisciuzzi (University of Bari)

An integrated machine learning model to spot peptide binding pockets in 3D protein screening
Page 53

Christian Cravotto (University of Avignon)

Microwave-assisted extraction of phytochemicals from Cannabis sativa L. Inflorescenses with
2-methyloxolane 54

Zhenying Mei (Université Céte d’Azur)

Novel chitosan extraction from dung beetle and its potential application for the adsorption of
cationic and anionic dyes 55

Francesca Cardano (University of Turin)
Fluorescent nucleobases for bright PNA 56

Zhancun Bian (Aix Marseille University)
Bola-amphiphilic glycodendrimers target carbohydrate-binding proteins 57

Mohamed El Ouardi (Aix Marseille University)
Zinc vanadate photocatalyst for efficient degradation of Rhodamine B 58

Session 6: Medicinal Chemistry
Marta Falesiedi (University of Genoa)

Combining repositioning and de novo synthesis of pyrazolo[3,4-d]pyrimidines to discover
potet SIRT-2 inhibitors Page 59

Chiara Vigato University of Turin)

Enhancement of the metabolic stability in 2-hydroxypyrazolo[1,5-a]pyridine scaffold-based
inhibitors of human dihydroorotate dehydrogenase (hDHODH) 60

Carola Grondona (University of Genoa)

Design and synthesis of new coumarin hybrids with antiproliferative activity against
neuroblastoma cells 61

10
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Julie Lagouarde (Université Céte d’Azur)

Development of a magnetic colloid for blood flow recirculation

Valeria Francesconi (University of Genoa)

Page 62

Exploliting the amino dihydrotriazine motif of Cycloguanil to develop novel anti-Trypanosoma

brucei agents targeting folate enzymes

Rachele Stefania (University of Piemonte Orientale)

63

A novel PSMA-targeted probe for photodynamic therapy: synthesis and preclinical validation

64
Posters
N. | Authors Title Page
1 | Agostino A., Labate M., Operti L., Cimino D., Tixier F. Methodological approach in the study of multi- 65
et Descatoire C. material artefacts by the use of portable X-ray
Fluorescence Spectrometry
3 | Ancora G., Morari F., Brito J. C. F. P., Marchese L., Hierarchical zeolites by top-down and bottom-up 66
Bisio C. et Gianotti E. approaches for a variety of applications
4 | AscrizziE. et Ferrari A. M. DFT simulation of FeOx/Au heterostructures: insights 67
and relevance as electrochemical water splitting
heterogeneous catalysts
5 | S. Asgharpour, E. Gianquinto, M. Failla, F. SbnA as a target for the development of new 68
Marchesani, B. Campanini, S. Bettati, L. Lazzarato, F. | antimicrobials towards Staphylococcus aureus
Spyrakis
6 | Emma Baubiat, Sandra Olivero, Romain Melot and An Electrochemical Study of Gold Complexes for 69
Véronique Michelet Catalysis
7 | PalmaD., Antela K., Morales A., Cervera M.L., Fabbri | Online colorimetric measurement and timely dosage 70
D., Bianco Prevot A. of hydrogen peroxide in a photo-Fenton process
8 | Francesca Boccato, Simone Gastaldi, Magali Design and synthesis of INF195, a new NLRP3 71
Giordano, Elisabetta Marini, Francesca Spyrakis, Inflammasome Inhibitor with ex vivo cardioprotective
Pasquale Pagliaro, Claudia Penna and Massimo effect
Bertinaria
9 | Alix Bourhis, Jean Rodriguez and Damien Bonne Enantioselective Synthesis of Benzopyrane 72
Atropisomers
10 | Chiara Bruschetta, Federico Verdini, Silvia Tabasso, MW-assisted Anisole Hydrogenation over 73
Emanuela Calcio Gaudino, Maela Manzoli, Giancarlo | Commercial Supported Catalysts
Cravotto
11 | MariaJose Calandri, Léa Charrier, Valeria Marisa Functionalization of levoglucosenone through 74
Rocca, Con Robert McElroy, Alessandro Pellis Michael's reaction using microwave energy
12 | D. Arnodo, F. De Nardi, S. Parisotto, E. De Nardo, S. Asymmetric reduction of cyclic imines by Imine 75
Canana, F. Salvatico, E. De Marchi, D. Scarpi, M. Reductase enzymes in non-conventional solvents
Blangetti, E.G. Occhiato, C. Prandi
13 | CarreaD., Piccinni M. et Colombara D. Copper electrodeposition from a sustainable 76
alkaline galvanic bath
14 | Castellino L., Eugenio A., Moreau M., Ruckebusch Application of Raman Spectroscopy for Bio-Fluid 77
C., etVitale R. Spots Segmentation and Characterization on Cotton
Supports
15 | Castiglione D., lelo L., Baldino S., Pace V. Lithium Carbenoid Mediated Manipulation of the 78
Iminoisatin Scaffold: an Expeditious and Direct
Access to New Highly Functionalized Indol-type
Compounds
16 | Caviglia D., Russo E., Schito A.M. et Villa C. Development of hydrogels with natural NADES- 79

based extracts for cosmetic and pharmaceutical
applications

11
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N. | Authors Title Page
17 | Ignacio Centeno-Vega, Maela Manzoli, Fabio Microwave-assisted reductive etherification of 80
Bucciol, Silvia Tabasso, Emanuela Calcio Gaudino, vanillin over Pd catalysts for the production of
Giancarlo Cravotto biomass-derived surfactants
18 | Florian Rigoulet, Albert Artigas, Michel Giorgi, Yoann Synthesis and properties of highly contorted 81
Coquerel triphenylene—based multiple helicenes
19 | T. Crovetto, C. Barbieri, L. Moni, C. Scalisi, R. Riva, Synthesis of highly conjugated fluorophores by 82
andT. J. ). Muller coupling the Ugi reaction with a Pd(0)-catalyzed
domino process and a final cyclo-aromatization.
20 | D’Ingiullo S., Verginelli F.,, Stefanucci A., Pieretti S., et | Novel peptides as agonist of the FPR2 for treatment 83
Mollica A. of ulcerative colitis
21 | Dematteis E. M., Mazzucco A., Sgroi M. F., Beltrame Metal hydrides design and applications for energy 84
G., Palumbo M., Garelli F., Rizzi P., Baricco M.
22 | A.ElHalabi, T. Fiorido., A. Lyoussi. et Jc. Valmalette Studies of Photosensitive mixed oxides Thin Films for 85
high energy Radiation Detection
23 | Luigi Fenzi and Beniamino Sciacca Monocrystalline nanowire transparent electrodes for 86
photovoltaics
24 | FornaseriF., Giorgis M., Caliandro |., Ramondetti C., Evaluation of enzymatic activity and physical- 88
Buccina B., Pippione A. C., Lolli M.L., Boschi D. chemical properties of new hydroxypyrazole
inhibitors of Plasmodium falciparum dihydroorotate
dehydrogenase and biochemical characterization of
the recombinant protein
25 | M. Fresia, A. Sanna, F. Cardano, R. Di Salvo et A. Fin DNA detection via emissive naphthalenediimides 89
intercalation
26 | Gambetta Vianna J., Benedetti B., Di Carro M. et Magi | Comparison between SPE and QUEChERS extraction 90
E. of emerging contaminants in Adamussium colbecki
27 | Alberto Gasparotto, Federica Blua, Maria Concetta New non-sulfonylurea NLRP3 inhibitors: discovery 91
Granieri, Eleonora Gianquinto, Valentina Boscaro and selection of INF200, a 1,3,4-oxadiazol-2-one-
and Massimo Bertinaria based NLRP3 inhibitor
28 | Emilie Gentilini, Vincent Davenel, Jean-Marie Exploring New Chemical Space in Drug Libraries via 92
Fourquez and Véronique Michelet Gold Catalysis
29 | Castellini L., Giordana A. et Cerrato G. A sustainable approach for the synthesis of 93
hydroxyapatite from eggshells
30 | R.Gnavi, F. De Nardi, C. Meazzo, S. Ghinato, A. Oxidative anionic homo-fries rearrangement under 94
Maranzana, C. Prandi et M. Blangetti bench-type aerobic conditions
31 | Gorodnichy M., Truchon A., Olivero S. and Michelet V. | Gold-Catalyzed One-Pot 95
Cycloisomerization/Nucleophilic
Addition/Rearrangement of Pyrrole Carbaldehyde
Derivatives
32 | GrassoF., Orlandi V., Méndez-Paz D., Vazquez Exploitation of the whole unsorted tuna side 96
Sobrado R., Turrini F. et Boggia R. streams: extraction of valuable proteins within
EcoeFISHent project
33 | lebole A., Comite A., Banfi L. Investigation on sustainable technologies for Olive 97
Mill Wastewaters
34 | Rigoletto M., Machado de Faria B., Milardi B. et Study of influence of organic matter and inorganic 98
Laurenti E. ions on soybean peroxidase activity: from the lab to
real applications
35 | Matthieu Jorandon, Nadia Patino, Elisabet Dufach, Development of a novel catalytic methodology for 99
Mohamed Mehiri the synthesis of cyclic ethers with potential
anticancer applications
36 | Knauth P. and Di Vona M.L. Hydroxide ion mobility in anion exchange ionomers 100
37 | Kurnosov D., Banfi L. Biocatalytic routes for the synthesis of N-acyl amino 101
acids
38 | Labate M., Agostino A., Operti L., Aceto M., Artoni P, Looks can be deceiving: not just chalk in chalk. 102
Bertelli P., Bottoli M. (3) , Pojana G.(4) et Cimino D. Analysis of the materials of Madonnari art by XRPD
and ATR-FTIR
39 | Lagostina V., laconis P. et Paganini M. C. Synthesis and characterization of TI3C2 MXene 103

heterojunctions for enhanced photocatalytic
properties in hydrogen photoproduction
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40 | Lauria F., Maranzana A., Blangetti M. et Prandi C. Theoretical study of the reaction mechanism and 104
solvent effect in the reaction between LICH2SiMe
and N-benzoylpirrolydine
41 | XilLiu, Dinesh Dhumal, Patricia Santofimia-Castafo, Self-assembling dendrimer nanosystems effectively 105
Juan Liu, Teodora-Adriana Perles-Barbacaru, Tom decrease drug affinity to hERG channel for
Roussel, Nelson Dusetti, Yi Xia, Angéele Viola, Juan overcoming cardiotoxicity
Lucio lovanna, Ling Peng
42 | Giacomo Lombardo, Cicely M. Warne, Sami Chemo-enzymatic routes from levoglucosenone to 106
Fadlallah, Florent Allais, Georg M. Guebitz, Orietta sustainable terpolyesters
Monticelli, Alessandro Pellis
43 | Lusardi M., Basilico N., Parapini S., lervasi E., Diversity-oriented synthesis of pyrazole and 107
Ponassi M. et Spallarossa A. pyrimidine compounds as novel antimalarial agents
44 | Maccarino L., Marchese L., Bisio C. Hybrid materials for the adsorption removal of dyes 108
from water
46 | G. Malano, V. Kannampalli, M. E. Dufond, L. ALD of Ternary Silicides as Efficient Catalysts for 109
Santinacci Water Photooxidation
47 | Margot Manivel, Gérard Audran, Sylvain Marque and Activated alkoxyamine conjugated nanoparticles as 110
Jean-Patrick Joly antibacterial agents for plants
48 | lole Mannella, Stefano Sainas, Paola Circosta, Marta | Scaling up synthesis and in vivo evaluation of 111
Giorgis, Marco Lucio Lolli and Donatella Boschi MEDS433: a promising preclinical candidate
targeting AML
49 | Marafante M., Bertinetti S., Akintola O., Kintzel B., The role of 8-hydroxyquinoline-2-carboxylic acid in 112
Plass W., Gama S., Milea D. et Berto S. coordination and medicinal chemistry: case study in
coordination of vanadium(IV/V)
50 | Andrea Marangon, Geo Paul, Riccardo Zaghi, Physicochemical characterization of chitin extracted 113
Leonardo Marchese, Giorgio Gatti from Black Soldier Fly Larvae at different growth
stages
51 | C. Martini, A. Basso, C. Lambruschini, O. The synthesis of novel organic fluorophores using 114
Ghashghaei, R. Lavilla new isocyanides in the GBB three-component
reaction
52 | Elena Martino, Stefano Sainas, Claudio Garino, Turn on the light in mitochondria with a pyrazolo- 115
Marta Giorgis, Paola Circosta, Donatella Boschi and pyridine-2-ol based probe: rational design of first
Marco Lucio Lolli environmentally sensitive fluorosteric hDHODH
inhibitor
53 | Adridn Matencio, Daniel Mihai Bisericaru, Irene Optimization of Progesterone Encapsulation Using 116
Conesa, Sara Er-Rahmani, Alberto Rubin Pedrazzo, Ball-Milling Kneading with B-Cyclodextrin and
José Manuel Lépez-Nicolds and Francesco Trotta Nanosponges: Characterization, Release Profile, and
Biological Activity Evaluation
54 | Carolina Meazzo, Marco Blangetti et Cristina Prandi Synthesis of chiral amines by a chemoenzymatic 117
one-pot tandem protocol
55 | Miele M., Pace V. Difluoromethyltrimethylsilane (TMSCHF2): a 118
valuable and versatile donor of CHF2 moiety under
nucleophilic regime
56 | D. Mitoli, J. Maul et A. Erba First-Principles Anharmonic IR and Raman Spectra 119
of Materials: Fermi Resonance in Dry Ice
57 | Mkrtchian E., Pagliero M., Slimani S., Peddis D., Highly Active Ni/Al203 based catalysts for RWGS 120
Comite A. reaction
58 | Chiara Molinar, Greta C. Magnano, Chiara An in situ thermogelling injectable formulation for 121
Bastiancich, Anna Scomparin, Roberta Cavalli Glioblastoma treatment
59 | Abdelati Naghim, Gaélle Chouraqui, Olivier Chuzel, Stereocontrol of N-Linked Non-Biaryl Atropisomers 122
and Damien Bonne
60 | Abdoulaye Ndiaye, Mouhamadou Fofana, Arthur Enantioselective Synthesis of Benzothiophenes 123
Gaucherand, Jean Rodriguez and Damien Bonne Atropisomers
61 | Negro P., Cesano F. and Scarano D. In-depth analysis on the structure/properties 124
relationship of g-C3N4 based nanoarchitectures
62 | Nousia M. E., Scaglione F., Pavan C., Turci F., Rizzi P. Design of metallic materials for biocompatible 125
applications
63 | A.Nucera, M.L. Macchia, F. Carniato, L. Tei, M. Synthesis and relaxometric characterization of Fe(lll) 126

Ravera and M. Botta

complexes and their supramolecular adduct
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64 | Stefano Pantaleone, Marta Corno, Albert Rimola, Water reactivity on Schreibersite: a reservoir for 127
Nadia Balucani et Piero Ugliengo prebiotic living phosphorus
65 | Andrei Paraschiv, Katia Martina and Giancarlo Additive free microwave assisted direct C-H 128
Cravotto amination of benzoxazole by supported copper(l)
catalyst
66 | Pasquinil. ION conducting Materials for Electrochemical Energy 129
Technologies (ION-MEET)
67 | Pastorino A., Marcello P., Bruni G., Comite A. Study on pyrolysis kinetics of a commercial 130
polymeric waste mix
68 | Sciscenko Ivan, Pellegrino Simone and Minella Innovative carbon nitride material for CEC removal 131
Marco
69 | Jacopo Pizzorno, Francesco Gambuti et Lisa Moni Synthesis of spiroindolenines through a one-pot 132
multistep process mediated by visible light
70 | Emanuele Priola, Alessia Giordana, Eliano Diana et Chalcogen bond and anion-mt interactions in 133
Antonio Frontera telluronium-dicyanoaurate salts
71 | Riccioni A., Dalle Vacche S., Ronchetti S. M., Nanocrystalline cellulose from different sources as 134
Bongiovanni R. M. et Vitale A. bio-filler for sustainable rubber composites
72 | Gabriele luzzolino, Fulvio Perrella, Photophysics of a nucleic acid-protein interaction 135
Mohammadhassan Valadan, Carlo Altucci, Alessio model depends on solvation dynamics: an
Petrone, Nadia Rega experimental and theoretical study
73 | Lorenzo Risolo, Daniela Lalli and Mauro Botta Multinuclear and multifrequency NMR study of the 136
interactions between Ln(lll) ions complexes and
fluoride anions
74 | Manuel Barday, Jessica Rodrigues, Pierre Bouillac, NHC-catalysed atroposelective desymmetrisation of 137
Jean Rodriguez, Muriel Amatore and Thierry N-aryl maleimides
Constantieux
76 | Elio Sarotto, Federico Cesano Valentina Brunella et Conductive Polymeric Nanocomposite Based On 138
Antonino Veca Carbonaceous Fillers For Integrated Metal-Free
Cabling And Sensing
77 | Riccardo Scoccia, Somayeh Asgharpour, Gioele Exploiting arginase 2 intrinsic dynamics for designing 139
Antonio Tiburtini, Mariacristina Failla, Loretta selective inhibitors endowed with antitumoral
Lazzarato, Federica Sodano, Francesca Spyrakis activity
78 | Serafini M., Twigger S., Hammond E. et Conway S.J. The development of hypoxia-activated PROTACs to 140
selectively degrade BRD4 in hypoxic cancer cells
79 | SerraT., Testa V., Nieddu S., Cavalera S., Di Nardo F., Integration of Lateral Flow nanoMIP Assay with Gold 141
Baggiani C., Anfossi L. Silica Nanoparticles for Enhanced Point-of-Care
Diagnostics
80 | Alfonso Zambon, Andrea Terzi, Gianpiero Di Leva, Initial design of pyrazole-based small molecules 142
Giovanni Marzaro and Peter Goekjian towards CDK20 inhibition
81 | V. Testa, M.C.Bruzzoniti, V.Tumiatti, M.Tumiatti New material Pegda-based as adsorbent for lithium 143
C.Branger, F.lbrahim, L. Rivoira, T. Serra, S.Cavalera, from wastewater LIBs solutions
F.Di Nardo, L.Anfossi, C.Baggiani
82 | Tiburtini G.A., Bertarini L., Bersani M., Dragani T.A., In silico analysis of the potential interaction of legacy 144
Rolando B., Binello A., Barge A., Spyrakis F. and novel per-fluoro alkyl substances (PFAS) with
specific human proteins
83 | Vetro 1., Villella N., Sainas S., Giorgis M., Boschi D., The therapeutic potential of PIN-1 inhibition: new 145

Bertolio R., Rustighi A., Amodeo P., Vitale R.M., Del
Sal G., Lolli M.L., Pippione A. C.

agents and strategic approaches
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Design and properties of nanoparticles for MRI diagnostic applications.

Fabio Carniato®”

(1) Universita del Piemonte Orientale, Dipartimento di Scienze ed Innovazione Tecnologica, V.le Teresa

Michel 11, 15121 — Alessandria.

Magnetic resonance imaging (MRI) is a noninvasive method employed for high-resolution
visualization of internal tissue structures. Contrast in MR images can typically be improved by using
paramagnetic complexes, which influence the longitudinal (71) relaxation times of nearby water
molecules protons. MRI probes commonly used are based on Gd(III)-chelates, though they may have
limitations in enhancing contrast performance, as indicated by their relaxivity parameter, particularly
at clinical magnetic field strengths. Various approaches have been developed to enhance the efficacy
of these probes, including anchoring or incorporating them into inorganic and organic matrices and
this study presents three distinct examples based on i) silica nanoparticles," ii) lanthanide fluorides,”
and iii) paramagnetic nanogels®.

i) In the first case, it was shown that silica nanoparticles with varied porosity and surface
characteristics can influence the relaxometric behaviour of Gd-complexes anchored onto their
surfaces. An optimized configuration was achieved through selective grafting of stable Gd(III)
chelates onto the outer surface, providing direct accessibility to water molecules. A detailed
characterization through specific relaxometric techniques gave information on both the dynamic
mobility of the complex when attached to the silica and the exchange process of coordinated water
molecule with bulk solution.

ii) The second example involves NaGdFs nanoparticles, coated on the surface by different organic
ligands, as effective "positive" contrast agents in magnetic resonance imaging. A meticulous design of
the coating was crucial for adjusting the relaxation properties, maintaining stability in aqueous
suspension, and preserving the chemical integrity of the nanoparticles under physiological conditions.
iii) In the last case, the chemical and relaxometric properties of nanogels derived from chitosan,
covalently modified with Gd(III) and Mn(II) chelates, have been elucidated. These novel nanogels
present several benefits, including: i) higher relaxivity values compared to conventional contrast
agents employed in clinical settings, ii) robust stability of the formulations in biological fluids, and iii)
high biocompatibility.
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Figure 1: Paramagnetic nanoparticles based on silica (a), NaGdF+ (b) and nanogels (c).

[1] F. Carniato, L. Tei, A. Arrais, L. Marchese, M. Botta, Chem. Eur. J., 2013, 19, 1421.

[2] F. Carniato, K. Thangavel, L. Tei, M. Botta, J. Mater. Chem. B, 2013, 1, 2442.

[3] F. Carniato, M. Ricci, L. Tei, F. Garello, C. Furlan, E. Terreno, E. Ravera, G. Parigi, C. Luchinat, M. Botta,
Small, 2023, 19, 2302868.

* contact : fabio.carniato@uniupo.it
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Self-assembling supramolecular dendrimers for biomedical applications

*

Peng L.

Centre Interdisciplinaire de Nanoscience de Marseille, Aix-Marseille Universite, CNRS, France

Dendrimers are ideal precision materials for elaborating nanomedicine by virtue of their well-defined
structure, multivalent cooperativity and nanosize per se. We have pioneered modular and adaptive self-
assembling supramolecular dendrimer nanosystems' for the delivery of anticancer drugs® and nucleic
acid therapeutics® as well as imaging agents® for cancer detection and treatment. Remarkably, these
supramolecular dendrimers are able to exploit the in situ tumor-secreted extracellular vesicles for
effective delivery and deep penetration in tumor tissue, while overcoming tumor heterogeneity and
dynamic evolution.* Also, we have recently developed self-assembling dendrimer nanosystems against
infectious diseases caused by antimicrobial resistant pathogens.” Our findings offer a fresh perspective
for exploiting the advantageous features of supramolecular dendrimers to reach the ultimate goal of
nanomedicine.
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Figure 1 : Self-assembling supramolecular dendrimer nanosystems for the delivery of drugs, nucleic acid
therapeutics and imaging agents.
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* contact : ling.peng@univ-amu.fr
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Perspectives in Excited-State Dynamics for Modeling Photoprocesses

Barbatti M. (-2
(1) Aix Marseille University, CNRS, ICR, Marseille, France

(2) Institut Universitaire de France, Paris, France

www.barbatti.org | mario.barbatti@univ-amu.fr

Molecular excited electronic states are central to diverse fields, including biology, health, and
technology. Upon photoexcitation, molecules are unequilibrated systems with multiple competing
reaction pathways and time evolution from a few picoseconds to microseconds, depending on the
processes involved. Moreover, they present highly complex electronic densities and often visit
geometric conformations with multireference characters.

Mixed quantum-classical nonadiabatic dynamics help characterize these systems by providing insights
into the physical-chemical phenomenon, delivering information for the deconvolution of experimental
time-resolved data, and predicting properties before and after synthesis. However, these methods face
challenges, including developing new functionalities, reliable research protocols, efficient
computational methods, integration with experimental analysis, and a balanced description of the
electronic correlation between states with different characters.

In recent years, my research group has proposed mixed quantum-classical nonadiabatic dynamics
methods for treating open quantum systems, systems excited by incoherent light, and zero-point-
energy leakage. We also created methodologies for propagating dynamics computing nonadiabatic
couplings without wave functions and estimating the temperature of microcanonical quantum systems.
I will overview some of these new approaches in this talk. I will also discuss case studies showing
these methods in action.
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Eco-efficient valorization of fishery side-streams

Boggia R*
Department of Pharmacy, University of Genoa, viale Cembrano 4, 16148 Genova, Italy

Recently, due to increased fish consumption, there has been a rise in the generation of
side-streams within the fish supply chain, significantly contributing to global food waste.
These side-streams, which encompass materials such as “unwanted catches, “by-catches” and
non-edible parts like heads, scales, bones, or skin, represent between 20 to 80% of the original
fish weight [1]. The Food and Agriculture Organization (FAO) estimates that approximately
35% of global fish production is lost or wasted annually, posing a significant economic and
environmental challenges. Over the years, several conventional techniques have been
employed to valorize fishery side-streams. Standard commercial products derived from fish
leftovers involve e.g. the production of fish meal via wet pressing, fish oil through
hydrophobic solvent extraction, and biofuel through esterification. However, most traditional
processes for utilizing discarded fishery feedstocks are notably lacking in energy and resource
efficiency, besides involving the use of various chemicals. The pressing need for transitioning
production systems towards more environmentally friendly alternatives has prompted the EU
Commission to develop and endorse the "Blue Growth," a strategic plan aimed at fostering
sustainable growth in the marine and maritime sectors over the long term. This "blue
transformation" also includes, among its primary objectives, enhancing the entire aquatic food
chain to minimize loss and waste, thereby contributing to the attainment of the UN
Sustainable Development Goals outlined in the Agenda 2030. Many research projects have
been funded at European level, among them EcoeFISHent which is a project funded under the
Horizon 2020 Program - Green Deal (Innovation Action, Grant agreement ID: 101036428)
[2]. This project aims at promoting circular economy practices within the fishing sector with
the peculiarity to revolve around handling and valorizing unsorted fishery biomasses.

The food chemistry research group of the University of Genoa participates to
EcoeFISHent project focusing its activity on the set up of scalable extraction protocols to
recovery and potentially valorise unsorted dehydrated biomasses coming from canned
Yellowfin tuna processing and aquaculture sea bass and sea bream. The aim is their upcycling
into high value bioactive compounds, such as proteins/peptides (e.g., gelatine, collagen, non-
collageneous proteins and hydrolysed collagen peptides, hydrolysed peptides) fish oils and
other bioactive metabolites to be exploited in the packaging, nutraceutical, and cosmetic
sectors. Cascade flowcharts have been proposed to obtain high value bioactive compounds,
according to the principles of green extraction [3], recovering also the intermediate co-
products which have been evaluated for their potential further exploitation [4].

[1] Alfio VG, Manzo C, Micillo R. Molecules. 2021; 26(4):1002.

[2] https://ecoefishent.eu/

[3] Chemat F, Vian MA, Cravotto G. Green extraction of natural products: concept and principles. Int J Mol Sci.
2012;13(7):8615.

[4] Grasso F, Méndez-Paz D, Vazquez Sobrado R, Orlandi V, Turrini F, De Negri Atanasio G, Grasselli E, Tiso
M, Boggia R. Gels. 2023;9(9):760.

* contact : raffaella.boggia@unige.it
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From waste to resource:

Use of bio-based building blocks in organic synthesis

Lambruschini C.

(1) Department of Chemistry and Industrial Chemistry, University of Genoa, Via Dodecaneso 31, 16146,
Genoa, Italy

Nowadays organic chemistry can no longer ignore the need to be more sustainable and
environmental-friendly. The development of processes that fulfill the principles of green
chemistry might be a solution to the problem, but it is not enough, and it must be combined
with the use of bio-based starting materials. In fact, one of the great challenges that organic
chemists need to face is the shift from petrol-based starting materials to bio-based ones. To
this aim the use of the non-edible biomass fraction is ideal and accomplishes the principles of
bio-economy and circular economy. The processing of biomass provides small molecules,
often highly functionalized, that can be exploited for the synthesis of high-added values
compounds (e.g., active pharmaceutical ingredients, potential new drugs, nutraceuticals,
monomers).[1]

Herein, will be presented results of our lab in the employment of levulinic acid, ferulic acid,
levoglucosenone, and a derivative of 5-hydroxymethylfurfural as bio-based starting materials,
also in combination with biocatalysis and multicomponent reactions.|[2]
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[1] Polym. Chem., 2015, 6, 4497-4559. / Green Chem., 2014, 16, 950-963

[2] Org. Biomol. Chem., 2017, 15, 9331-9351. / Eur. J. Org. Chem., 2018, 5445-5455. / Molecules, 2019, 24,
2636. / ACS Chem. Neurosci., 2019, 10, 4462-4475. / Org. Chem. Front., 2020, 7, 380-398. / Molecules, 2021,
26, 89./ Eur. J. Org. Chem., 2021, 1737-1749.
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Reductive reactions catalyzed by super electron donors

Fall A., Moussounda Koumba T.,Redon S., Vanelle P., Broggi J.*

Aix Marseille Univ, CNRS, Institut de Chimie Radicalaire (ICR), Faculté de Pharmacie, 13005

Marseille, France.

Photocatalyzed reductive methodologies have emerged as a powerful strategy for the
generation of original radical species under mild conditions.' Among the different photocatalysts
explored, organic dyes have been used as an attractive alternative to transition metal complexes.’
However, most of them present modest reduction potentials limiting their reactivity to the generation
of radical intermediates from strong electron-deficient acceptors.

In the quest for innovative and selective reduction methodologies, super organic electron
donors (OEDs) represent ideal eco-compatible and powerful reducing agents for the generation of
radical or anionic species by single or double electrons transfers.’* Nevertheless, OEDs were used in a
stoichiometric amount. Therefore, we developed an OED-photocatalyzed reduction methodology
where the active reducer OED is regenerated by electron transfers to its oxidized form OED*" using a
sacrificial electron donor. This new photoredox catalytic system was applied to the reduction of
functionals groups with low reduction potentials (sulfone, aryl halide and triflate) into radical or
anionic intermediates. This photocatalytic system represents an unprecedented way to catalytically
generate carbanions, including aryl anions.
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[1] Twilton J.; Le C.; Zhang P.; Shaw M. H.; Evans R. W.; Macmillan D. W. C. Nature Review Chemistry, 2017,
1,1-18.

[2] a) Sharma S.; Sharma. A., Org. Biomol. Chem., 2019, 17, 4384-440; b) Romero N. A.; Nicewicz D. A.,
Chem. Rev., 2016, 116, 10075-10166.

[3] a) Broggi J.; Terme T.; Vanelle P. Angew. Chem. Int. Ed., 2014, 53, 384-413. b) Murphy J. A. J. Org. Chem,
2014, 79, 3731-3746.

[4] a) Broggi J.; Rollet M.; Clément J.L.; Canard G.; Terme T.; Gigmes D.; Vanelle P. Angew. Chem. Int. Ed.
2016, 55, 5994-5999. b) Zhao Y.; Rollet M.; Charles L.; Canard G.; Gigmes D.; Vanelle P.; Broggi J. Angew.
Chem. Int. Ed. 2021, 60, 19389-19396.
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Programmable Fluorogenic Probes for Biology

Alain Burger

Universitée Cote d'Azur, CNRS, Institut de Chimie de Nice, UMR 7272, Parc Valrose, 06108, Nice cedex 2,
France

The central role of RNAs in numerous biological functions, such as coding, decoding, gene
regulation, and expression, underscores the critical need to detect and localize them
temporally and spatially within cells. While fluorescence microscopy stands as the preferred
tool for observing living organisms, its application in nucleic acid studies has yet to reach its
full potential. After a succinct review of current methodologies, I will delineate our approach,
which revolves around the design and synthesis of programmable fluorogenic probes. Among
the various solutions considered, we have developed an innovative and highly sensitive
method. Proof of concept was demonstrated in cellulo for detecting oskar mRNA, further
illustrating the compatibility of this approach with super-resolution imaging techniques.
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From wastes to values: examples of different circular economy approaches

Giordana A. (3), Cerrato G.* (-3, Operti L. ("9, Falletta E.>, Bianchi C. L.
(1) Department of Chemistry, University of Turin, Via Pietro Giuria 7, 10125 Turin, Italy (Italy)
(2) Department of Chemistry, University of Milan, via C. Golgi 19, 20133, Milano (Italy)
(3) Cons. Interuniv. Naz. Scienza e Tecnologia dei Materiali (INSTM), via Giusti 9, 50121 Florence (Italy)

The aim of this work is twofold: firstly, the valorization of the residual products of a
transformation chain of organic urban waste, i.e., humic and fulvic acids, extracted from
digestate (HAs and FAs, respectively) will be presented. HAs and FAs present oxygen-based
functional groups allowing versatile adsorption on solid surfaces, thus selecting these it is
possible to obtain multifunctional and nontoxic nanocomposites that could find application in
agriculture, being capable of conducting multiple beneficial actions, including crop nutrition,
plant stimulation and soil amendment [1a]. We used HAs and FAs to formulate nanohybrids
with potential application in agronomy: in order to obtain a synergic co-release of plant-
beneficial agents, we functionalized with HAs and FAs two inorganic matrices,
hydroxyapatite (Caio(PO4)s(OH)2, HAp) and silica (Si0:), in the form of nanoparticles. The
former is a potential controlled-release fertilizer of P, with a still limited use due to its low
solubility in neutral and/or alkaline soils [1b]. The latter contains almost no macronutrients,
but many widespread crops are Si-accumulator and it is demonstrated the beneficial effect of
Si in plant and soil, especially under environmental stress [1c].

Secondly, the abatement of unpleasant odors (the most disturbing pollutants and the main
reason for air quality complaints in urban and industrial areas) will be considered. Odor
emissions consist of various chemical components, some of which can be perceived at very
low threshold levels and significantly harm mental/physical health even in very low amounts
[2a]. Besides, nitrogen oxide (NOx) emissions represent one of the most hazardous air
pollutants, causing both environmental and health problems, contributing to ground-level
ozone, global warming, etc. Nowadays, many technologies are available to abate odors and
NOx emissions : among them, photocatalysis employing TiO; under solar/artificial light has
been thus widely applied [2b] and to overcome TiO; limitation, by extending its photo-
response to the visible region (improving its photocatalytic performance), surface
modification with noble metals nanoparticles (NPs) has been considered [2c]. Nevertheless,
noble metals’ high prices and resource shortage limit their applications : the employ of
multiple noble metals-modified micrometric TiO»-based photocatalysts, prepared by a cheap
and sustainable approach based on the use of metal-enriched wastewaters (Ag, Au, Pt) from
noble metals’ extraction/processing will be presented.

[1] a. G.V. Lowry et al, Nat. Nanotechnol. 2019, 14, 517-522 ; b. H.Y. Yoon et al, ACS Omega 2020, 5, 6598—
661 ; c. F. Guntzer et al, Agron. Sustain. Dev. 2012, 32, 201-213.

[2] a. R. Hu et al, J. Clean. Prod. 2020, 246, 119075-119085; b. S. Nosek et al, J. Environ. Chem. Eng. 2023, 11
109758-109767; c. N. Rozman et at, Int. J. Hydrogen Energy 2021, 46, 32871-32881.
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Detection, chirality and origin of extraterrestrial organic molecules in the

context of the Rosetta and ExoMars space missions

Leseigneur G. (V) et Meierhenrich U*. @
(1) Max Planck Institute for Solar System Research, 37077 Gottingen, Germany
(2) UMR 7272 CNRS, Institut de Chimie de Nice, Université Cote d’Azur, 06108 Nice, France

Rosetta and ExoMars are two of the growing number of space exploration missions that delve into
the molecular origins of life. Rosetta did so by looking at the chemical composition of a comet, one of
the most pristine bodies, largely undisturbed since the birth of our Solar System more than 4.5 billion
years ago. ExoMars will do so by looking for organic molecules on the red planet, a body that shared
with Earth a similar early geological history, particularly during the time when life is supposed to have
appeared on our planet.

One of the common analytical instruments onboard these two missions is a gas chromatograph
coupled to a mass spectrometer (GC-MS), allowing for efficient separation and detection, respectively,
of individual molecules within a sample. We revisit GC-MS data from the past Rosetta mission, and
we bring an updated view of the chemical composition of the comet on which it landed [1,2].

In preparation for the future ExoMars mission, we focus on the detection of chiral molecules that
are omnipresent in biology, such as amino acids and sugars. These molecules, that exist in two
different forms that are mirror images of one another, are found in biology strictly in only one of these
two configurations, which is an extremely useful property when looking to distinguish between
biological and non-biological samples. Using chiral gas chromatography, we show a new, more
indirect way of detecting possible extinct life on Mars using the lesser-known chirality of a few select
hydrocarbons [3]. We then use this same protocol to assess the origin of these chiral hydrocarbons in
meteorite samples.

Figure 1 : Artist views of the Philae (Rosetta) and Rosalind Franklin (ExoMars) spacecrafts on a comet and
Mars, respectively.

[1] Leseigneur et al., Angew. Chem. Int. Ed., 61, €202201925 (2022)
[2] Leseigneur et al., ChemPlusChem 87, ¢202200116 (2022)
[3] Leseigneur et al., Symmetry, 14(2), 326 (2022)
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Design of Magnetic Ferrite Nanostructures
Maltoni P". (1

(1) Dipartimento di Chimica e Chimica Industriale & INSTM ,nM?-Lab, Universita degli Studi di, Genova,
Via Dodecaneso 31, Genova, 1-16146 Italy,

(2) Consiglio Nazionale delle Ricerche, Istituto di Strttura della Materia, nM?-lab, Monterotondo Scalo
(RM), 00015 Italy.

In the domain of magnetic nanomaterials, meticulous design considering both chemical and physical
factors emerges as fundamental, [1]. By tailoring the composition, and crystal structure, researchers
can finely tune the magnetic behavior, coercivity, and anisotropy. For instance, substituting
diamagnetic cations like A" for Fe’™ in ferrites enhances coercivity and tailors magnetic properties.
Furthermore, physical properties such as particle size and shape, significantly influence magnetic
response. Controlled synthesis of uniform and monodisperse nanoparticles is crucial for achieving
desired magnetic functionalities. The interplay between different magnetic phases introduces
complexity but also offers intriguing opportunities. Interface interactions between phases enable the
development of advanced functionalities crucial for various applications including novel permanent
magnets (Fig. 1). This thesis explores the role of magnetic interactions in ferrite nanoparticle systems,
investigating both individual systems and assemblies. It reveals new sources of hysteresis bias
unrelated to traditional exchange bias, highlighting the significance of dipolar interactions and
morphological properties in influencing magnetic behavior. The study extends to assemblies of soft
maghemite particles, demonstrating the possibility to tune interparticle interactions via control over
surface coating, leading to collective behaviors such as superspin glass. Moreover, the research delves
into the magnetic coupling in nanostructured bulk systems, revealing correlations between
morphology and magnetic interactions. Strategies such as chemical doping and control over synthesis
approaches are explored to tailor magnetic properties, showcasing the potential for developing
permanent magnets with large coercivities. In conclusion, this study provides valuable insights into the
intricate realm of magnetic interactions at the nanoscale, offering avenues for designing magnetic
nanosystems with enhanced functionalities. [1]
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Figure 1. Example of magnetic nanoparticle systems comprising two magnetically coupled/decoupled phases.

[1] P. Maltoni Ph.D. Thesis (2023), Acta Universitatis Upsaliensis
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Electrochemical investigations of the biodiversity of [FeFe]| and
[NiFe]-Hydrogenases
Fasano A." (), Fourmond V. ¥ et Léger C. (¥

(1) Laboratoire de Bioénergétique et Ingénierie des Protéines, CNRS, Aix Marseille Université, Marseille,
France.

In Nature, the interconversion between H* and H» is catalysed by hydrogenases, enzymes with an
inorganic active site that contains nickel or iron ions. The metal content of these active sites defines
the [NiFe] and [FeFe]-hydrogenase families. Evolution has generated a large biodiversity within each
of these two families, of which we have only scratched the surface in the last decade.
The biodiversity of hydrogenases is reflected in a wide range of catalytic properties, such as
directionality (the ability to catalyse the reaction in one or both directions), reversibility (related to
how much thermodynamic driving force is required to catalyse the reaction in either direction), and
tolerance to inhibitors. The diversity of catalytic properties within the same family of hydrogenases
indicates that structural features other than the active site control these properties.
We applied Protein Film Electrochemistry to study the catalytic properties of recently discovered
hydrogenases, comparing them with the best-known enzymes. Using Site Directed Mutagenesis we
looked at the effect of specific residues, sometimes very far from the active site, in controlling these
properties.
We have studied the irreversible catalytic response of the [FeFe]-hydrogenase HydS from
Thermoanaerobacter marthranii (Tam HydS) [1], and developed a kinetic model of the catalytic cycle
[2] that allowed the comparison of the catalytic cycle of this enzyme with that of a well-known,
reversible, hydrogenase. This investigation resulted in the identification of different parameters that
influence the reversibility of the catalytic response [3]
The [FeFe]-hydrogenase from Clostridium beijerinckii (CbASH) is the only O tolerant [FeFe]-
hydrogenase known so far. We elucidated the kinetic reasons behind the increased tolerance toward O»
induced by the replacement of a residue 18 A from the active site [4]. Intrigued by the similar catalytic
response between CbASH and the third hydrogenase from Clostridium pasteurianum (Cplll),
belonging to a very poorly studied group of [FeFe]-hydrogenases, we have investigated the oxidative
inactivation of CpllI and discussed it in terms of O» protection [5].
Regarding [NiFe]-hydrogenases, instead, we focused on two enzymes expressed by the same
microorganism (E. coli) that have very different properties. We took advantage of the dimeric
structure of their catalytic core to engineer a catalytically active chimeric complex made of two
subunits, one from each hydrogenase. We could thus determine which subunit is responsible for each
catalytic property, in particular directionality and sensitivity to the inhibitors CO and O> [6].

References

[1] Fasano, A., Land, H., Fourmond, V., Berggren, G., & Léger, C. Journal of the American Chemical Society 2021, 143(48),
20320-20325. 10.1021/jacs.1c09554.

[2] Fasano A., Fourmond V., Léger C., Bioelectrochemistry. 2024, 155. 10.1016/j.bioelechem.2023.108511.

[3] Fasano, A., Baffert, C., Schumann, C., Berggren, G., Birrell, J., Fourmond, V., Léger, C., Journal of the American
Chemical Society 2024 146 (2), 1455-1466. 10.1021/jacs.3c10693.

[4] Rutz A., Das C. K., Fasano A., Jaenecke J., Yadav S., Apfel U., Engelbrecht V., Fourmond V., Léger C., Schifer L. V.,
Happe T., ACS Catalysis 2023 13 (2), 856-865. 10.1021/acscatal.2c04031.
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In Silico Approaches for the Design of Innovative Agents against Emerging
Infectious Diseases

Gianquinto E
AUTHOR ADDRESS:

(1) Department of Drug Science and Technology, University of Turin, Via Giuria, 9, 10125, Turin, Italy.

NB: Author who will be present should be written with bold and underlined characters

In this thesis, several in silico methods were applied to study target proteins for the design of
antimicrobial agents. In the first application, a structure-based virtual screening pipeline was
applied to identify candidates that were purchased and tested against a panel of isolated SBLs
(CTX-M-15, KPC-2, AmpC) and MBLs (VIM-2 and NDM-1), and best inhibitors were
further tested for synergistic activity with imipenem on clinical strains [1]. This pipeline
yielded two MBL inhibitors with a 1,2,4-triazole-3-thione core, that were co-crystallized in
NDM-1 and VIM-2 to determine their binding pose. Furthermore, a compound with a
thiosemicarbazone core was identified as a modest SBL and MBL cross-class inhibitor, and
potentiated imipenem activity when tested in clinical strains. The inhibition profile of 1,2,4-
triazole-3-thione scaffold was further explored in a second publication [2], which reports four
compounds with cross-class micromolar inhibition potency against relevant carbapenemases
including two MBLs (IMP-1 and VIM-1) and a SBL (KPC-2).

A second topic involves the in-silico study of the interaction and the heme transfer process
from human hemoglobin to the staphylococcal hemophore IsdB. A first paper on this project
clarified computationally and experimentally several aspects of the [sdB-human hemoglobin
interaction, among which the lack of selectivity between alpha and beta chain in hemoglobin,
the preference of IsdB for the oxidized form of hemoglobin and the absence of cooperativity
in the heme extraction process [3]. Further work was carried out to study the heme extraction
process, where the heme transfer was simulated via multiple walkers well-tempered
metadynamics. Here, interactions along the extraction process were characterized, and
energetic local minima were identified through the path. Key residues participating in
stabilizing local minima were identified and experimental data were added to confirm the key
role of a specific residue in IsdB, namely Tyr444, in heme extraction from human

hemoglobin.

[1] Spyrakis, F., Santucci, M., Maso, L., Cross, S., Gianquinto, E., Sannio, F., Verdirosa, F. et al. "Virtual screening identifies

broad-spectrum B-lactamase inhibitors with activity on clinically relevant serine-and metallo-carbapenemases." Scientific
Reports 10, no. 1 (2020): 12763.
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Enantioselective Domino Michael/O-alkylation Reaction for the Control of

Both Axial and Central Stereogenic Elements

Antoine Domain (", Jean Rodriguez") and Damien Bonne*"

(1) Aix Marseille Université, CNRS, Centrale Méditerranée, iSm2, Marseille, France

antoine.domain@univ-amu.fr or damien.bonne(@univ-amu.fr

The enantioselective synthesis of chiral compounds containing multiple stereogenic elements
via a single catalytic step from achiral precursors is a challenging process. Recently, some
method emerged recently,! but only a few examples report the simultaneous control of both
axial central stereogenic elements. Previously, we developed an organocatalyzed
enantioselective domino Michael/O-alkylation reaction on various naphthol-derivatives, with
the aim to obtain dioxa[6]helicenoids,”? bearing helical and central chiralities with excellent
diastereo- and enantioselectivity. Following this work, we propose a challenging extension of
this reaction, starting from naphthol derivatives 1, bearing either a C—C or a C-N bond
displaying a low rotation barrier. These substrates underwent enantioselective
dihydrofurannulation providing the desired dihydrofurans 2 bearing two stereogenic carbon
atoms but also a configurationally stable C—C or a C—N bond, thanks to a high increase of the
rotation barrier upon dihydrofurannulation.
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Figure 1: Diastereo- and enantioselective synthesis of biaryl compounds bearing axial and central chirality

[1] Zhang, H.-H.; Li, T.-Z.; Liu, S.-J.; Shi, F. Catalytic Asymmetric Synthesis of Atropisomers Bearing Multiple
Chiral Elements: An Emerging Field. Angew. Chem. Int. Ed. 2024, 63, ¢202311053

[2] Liu, P.; Bao, X.; Naubron, J.-V.; Chentouf, S.; Humbel, S.; Vanthuyne, N.; Jean, M.; Giordano, L.;
Rodriguez, J.; Bonne, D. Simultaneous Control of Central and Helical Chiralities: Expedient Helicoselective
Synthesis of Dioxa[6]helicenes. J. Am. Chem. Soc. 2020, 142, 16199.
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Enantioselective PA(NHC)-catalyzed Kumada-Tamao-Corriu coupling:
harnessing axial and planar chirality

Paul GUERIN" (1), Hervé CLAVIER (¥ and Damien HERAULT. ¥

(1) Aix Marseille Université, CNRS, Centrale Méditerranée, iSm2 UMR 7313, Marseille, France

Palladium- and nickel-catalyzed Kumada-Tamao-Corriu couplings are widely used to
synthetize biaryl compounds. Therefore, the development of chiral catalytic systems has
attracted much attention to obtain enantioenriched biaryls.!

Since our laboratory has recently developed a new concept for the design chiral Pd(NHC)
complexes (NHC = N-hetereocyclic carbene),” their potential was evaluated in the
enantioselective Kumada-Tamao-Corriu coupling affording biaryl compounds containing an
axis of chirality. In a thorough study, results were compared to the enantioselectivities
obtained with other chiral NHC ligands reported in the literature. Moderate enantiomeric

excesses were reached (up to 63% ee).?
This led us to conceive original transformations in which the enantiodetermining step will be

different. Using cyclophanes as substrates,* appropriately designed, the cross-coupling
reaction gives rise to planar chirality. After the optimizations of the reaction conditions and
the structure of the chiral PA(NHC) complex, up to 88% ee was reached. These results will be
detailed, including the key factors such as the configuration stability but also the way to
generate simultaneously an axis and a plan of chirality in a diastereoselective fashion.

AXIAL CHIRALITY
MgX
[Pd], NHC*
+ - Q J up to 63% ee
J
! <

PLANAR CHIRALITY
MgBr
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Figure 1 : Model reactions investigated with chiral PA(NHC) complexes

[1] P. Loxq, E. Manoury, Rinaldo Poli, Eric Deydier, A. Labande, Coord. Chem. Rev. 2016, 308, 131-190?

[2] L. Kong, J. Morvan, D. Pichon, M. Jean, M. Albalat, T. Vives, S. Colombel-Rouen, M. Giorgi, V. Dorcet, T.
Roisnel, C. Crévisy, D. Nuel, P. Nava, S. Humbel, N. Vanthuyne, M. Mauduit, H. Clavier, J. Am. Chem. Soc.
2020, /42, 93-98. L. Kong, Y. Chou, M. Jean, M. Albalat, N. Vanthuyne, P. Nava, S. Humbel, H. Clavier, Adv.
Synth. Catal. 2021, 363, 4229-4238. M. Savchuk, L. Bocquin, M. Albalat, M. Jean, N. Vanthuyne, P. Nava, S.
Humbel, D. Hérault, H. Clavier, Chirality 2022, 33, 13-26. L. Kong, Y. Chou, M. Albalat, M. Jean, N.
Vanthuyne, S. Humbel, P. Nava, H. Clavier, Dalton Trans. 2023, 52, 8728-8736.

[3] P. Guerin, S. Ronziére, D. Hérault, H. Clavier, manuscript in preparation.

[4]. R. Lopez,C. Palomo, Angew. Chem. Int. Ed. 2022, 61, 2021135047
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o-Imino amidines: Useful Platforms for the Synthesis of Nitrogen Heterocycle:

S. Donoso * et L. Moni

Department of Chemistry and Industrial Chemistry, Via Dodecaneso 31, 16146, Genoa. Italy

The synthesis of N-heterocycles is one of the most active areas due to their structures with extensiy
applications in the fields of organic, pharmaceutical and materials chemistry. In fact, the number
novel N-heterocyclic moieties with significant physiological properties and promising applications
medicinal chemistry is ever-growing [1].

Recently, we have studied the Ugi-type 3-component reaction between aldehydes, isocyanides ar
anilines, promotes by Graphene Oxide (GO) [2], to give a-amino amidines 1. GO is not only able «
promoting the multicomponent reaction thanks to its Lewis and Brdnsted acid properties, but also
converting 1 into the corresponding a-imino amidines 2 by oxidation of the C-N bond. The a-imir
amidines 2 had never been reported in literature, though they can be considered useful synthet
intermediates for further elaborations. For instance, we studied the intramolecular SeAr to gi
substituted indolenines 3, interesting structures present in several natural and pharmaceutical compoun«
[3]. All these processes have been optimized, studied and the one-pot protocol for the synthesis
molecules 2 and 3 have been tested obtaining very satisfactory results [4].

Further studies for the transformation of 2 into different types of N-heterocycles are currently
progress.
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Figure 1 : Hightlights of the research

[1] Kerru N, Gummidi L, Maddila S, Gangu KK. Molecules. 2020 Apr 20;25(8):1909.

[2] Brisebois, P. P. & Siaj, M. J. Mater. Chem. C 8, 1517-1547 (2020).

[3] Alkaloids. Medicinal Natural Products 311-420 (2009) doi:https://doi.org/10.1002/9780470742761.ch6.
[4] S. Caputo, S. Donoso , L. Banfi, A. Basso , C. Lambruschini , R. Riva, A. Kovtun, L. Moni , Eur. J.Org.
Chimica. 2024 , €202400070
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Sequential Au- and Pd-catalyzed cyclization process: an efficient entry to
polycyclic and polyfunctionalized cyclopropanes via 1,6-Enynes Prins-Type
Cyclization/Cyclopropane C-H Activation.

Alexis Truchon," Aurélien Dupeux, " Sandra Olivero (' and Véronique Michelet*()

(1) Université Cote d’Azur, Institut de Chimie de Nice, Valrose Park, 06108, Nice Cedex 2, France.

Despite their intrinsic value and the large representation of cyclopropane synthesis in the
literature,!! the direct functionalization of the latter remains an underexplored research area.
In this context, we report a new efficient entry to polysubstituted cyclopropanes through a
sequential process involving an Au-catalyzed Prins-type cyclization and a Pd-catalyzed
cyclopropane C-H activation reactions. Considering our group’s interest in atom-economical
Au-catalyzed processes,'?) we showcased that the polycyclic heterocycles, potent for the C-H
activation, would be obtained from easily accessible 1,6-enynes and ortho-halide
arylaldehydes.”) Under Pd optimized conditions, these intermediates were efficiently
transformed into highly functionalized cyclopropanes in modest to excellent yields. The
scalability of these reactions was notable, and mechanistic studies provided insights into the
reaction pathways. Furthermore, post-functionalization steps underscored the synthetic
versatility of this sequential transformation.!

R' = CO,R, -CH,0C(CH,;)CH,0- e mechanistic & kinetics studies © highly substituted fused-cyclopropanes
R2=Me, H X=Cl,Br,1 olowtemperature C-H activation e up to 96% yield
Figure 1: Sequential Au- and Pd-catalyzed process leading to polyfunctionalized cyclopropanes.

[1] (a) Wu, W.; Lin, Z.; Jiang, H. Org. Biomol. Chem. 2018, 16, 7315-7329. (b) Talele, T. T. J. Med. Chem.
2016, 59, 8712-8756. (c) Shearer, J.; Castro, J. L.; Lawson, A. D. G.; MacCoss, M.; Taylor, R. D. J. Med. Chem.
2022, 65, 8699-8712.

[2] Gold Catalysis: An Homogeneous Approach; Toste, F. D., Michelet, V., Eds.; Catalytic Science Series;
Imperial College Press: London, 2014. The Chemistry of Organogold Compounds. In Patai’s Chemistry of
Functional Groups; Rappoport, Z., Liebman, J. F., Marek, 1., Eds.; John Wiley & Sons, Inc.: Hoboken, NJ, 2014.
Homogeneous Gold Catalysis. In Topics in Current Chemistry; Slaughter, L. M., Ed.; Springer: Berlin, 2015.

[3] Dupeux, A.; Gentilini, E.; Michelet, V. J. Org. Chem. 2023, 88, 13, 9439-9446.

[4] Truchon, A.; Dupeux, A.; Olivero, S.; Michelet, V. unpublished results.
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Study of an industrial reductive amination reaction: from batch to flow

chemistry.

Buccioli M." ('), Farinini E. @, Leardi R. @, Moro A. @, Maes B. @, Basso A. (V).

(1) University of Genoa, Department of Chemistry and Industrial Chemistry, Via Dodecaneso 31, 16146
Genoa, Italy;

(2) University of Genoa, Department of Pharmaceutical and Food Chemistry and Technology, Via Brigata
Salerno (ponte), I-16147 Genoa, Italy;

(3) Professional Chemist — Consultant, Passo dell Osservatorio 1/17, Genoa, Italy,

(4) University of Antwerp, Department of Chemistry, Campus Groenenborger Groenenborgerlaan 171,
2020 Antwerp, Belgium.

Reductive amination reactions play a very important role in pharmaceutical and medicinal
chemistry thanks to the presence of many secondary amines among biologically active
compounds. About a quarter of C—N bond-forming reactions in the pharmaceutical industry are
performed via reductive amination.[1] This reaction is involved in the first step of a major
synthetical route which leads to an important industrial API produced in Bioindustria L.I.M
(AL), so it is significant to achieve high conversion, high yield and low impurities. To do that,
the Design of Experiments (DoE), a solid chemometric and multivariate method, allows to
study and define the interactions between the variables making a small number of experiments
to evaluate many parameters.[2] Flow chemistry is a technique used in green chemistry to carry
out chemical reactions in a more efficient and environmentally friendly manner compared to
traditional batch processes and for these reasons it is the new goal for pharmaceutical
companies.[3] The methodology reported in this contribution explains the use of DoE to
optimize the operating conditions of this reductive amination reaction in batch, to further move
to evaluate the applicability of the same reaction exploiting the in-flow technology (Figurel).

Ry

Figure I : Reductive Amination Reaction scheme

[1]S. D. Roughley, A. M. Jordan, J. Med. Chem. 54 (2011) 3451-347

[2] P. M. Murray, F. Bellany, L. Benhamou, D.-K. Bucar, A. B. Tabor, T. D. Sheppard, Org. Biomol. Chem. 14
(2016) 2373

[3]S. G. Newman, K. F. Jensen, Green Chem. 15 (2013) 1456-1472.
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Session 2: Green Chemistry

Development of original catalysts without transition metals

designed for hydrogenation reactions

Corentin Fournet !, Gaélle Chouraqui', and Olivier Chuzel!
(1)  Aix Marseille Univ, CNRS, Centrale Marseille, iSm2, Marseille, France

To answer the current societal issues, chemistry must imply a responsible approach by
limiting its environmental impact, and by promoting green chemistry. This is one of the
current challenges of chemists, and among the twelve principles of green chemistry; the field
of catalysis holds a major place.

This project involves the development of modern tools for homogeneous catalysis based on
original structures including a Lewis base and a Lewis acid. These platforms will be used in
organic catalysis as Frustrated Lewis Pair (FLP) catalysts and their ability to activate small
molecules.

Herein, we wish to disclose our efforts directed towards the synthesis of small molecules
which will be used for the development, in a few steps, of a library of bifunctional and
ambiphilic chiral main-group catalysts (see Scheme). The design of these structures is based,
on one hand, on a NHC skeleton previously developed in our group! and, on the other hand,
on scaffold known in the literature to split the dihydrogen molecule.??
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Scheme : Design of new original ambiphilic catalysts based on scaffolds known to split the dihydrogen molecule
by a FLP-type process.

I Aupic, C.; Abdou Mohamed, A.; Figliola, C.; Nava, P.; Tuccio, B.; Chouraqui, G.; Parrain, J.-L.; Chuzel, O.
Highly Diastereoselective Preparation of Chiral NHC-Boranes Stereogenic at the Boron Atom. Chem. Sci. 2019,
10, 6524-6530.

2 Sadek, O.; Bouhadir, G.; Bourissou, D. Lewis Pairing and Frustration of Group 13/15 Elements Geometrically
Enforced by (Ace)Naphthalene, Biphenylene and (Thio)Xanthene Backbones. Chem. Soc. Rev. 2021, 50, 5777—
5805.

3 Sumerin, V.; Schulz, F.; Atsumi, M.; Wang, C.; Nieger, M.; Leskela, M.; Repo, T.; Pyykko, P.; Rieger, B.
Molecular Tweezers for Hydrogen: Synthesis, Characterization, and Reactivity. J. Am. Chem. Soc. 2008, 130,
14117-14119.
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Glycerol-based oligomers, green building blocks for industry and cosmetic

Francesco Raboni!, Andrea Galatini', Luca Banfi!, Renata Riva!, Alessandro Pellis'

Universita degli Studi di Genova, Dipartimento di Chimica e Chimica Industriale, via Dodecaneso 31,

16146, Genova, Italy

Glycerol (GLO) is a versatile and useful molecule employed in many different areas, spanning
from the applications as a lubricant in the textile industry to the production of materials that
come in contact with food, pharmaceuticals, cosmetics or even human skin. GLO 1is a very
interesting building block since it also fully incarnates the ideal of circular economy being a
byproduct of biodiesel production.

In this work GLO was coupled with different biobased diacids (adipic, succinic, sebacic) to
obtain small oligomers that could be a valid alternative to the petrol-derived polyethylene glycol
(PEG) oligomers, widely used in the pharmaceutical industry, by being biodegradable and
biocompatibile!.

This work mainly focused on adipic acid containing oligomers, synthetized in neat conditions,
using lipases as biocatalyst and the corresponding di-methyl ester to provide a better driving
force by removal of methanol. Initially we optimized the synthesis: a small excess of GLO and
the use of biocatalysis at very mild temperatures (40-60°C) were crucial to achieve linear
oligomers with a low branching degree (<30%)?. The oligomers were end capped at both ends
with GLO to allow a further functionalization with fatty acids (FA) and/or small peptides. This
second functionalization step was also done enzymatically. The long FA chains were used to
modify the hydrophilic-lipophilic-balance (HLB) of the molecule, therefore enlarging the
possible range of applications (spanning from emulsifying to wetting agents). N-Boc protected
peptides were instead used to synthetize amphiphilic molecules, of interest for cosmetic
applications as potential peptide-delivering vehicles’.

The developed methodology is environmentally friendly and purification via column
chromatography is not necessary. Conversions in the synthesis of the three main molecules,
illustrated in Fig. I, are around 95%, furthermore all the compounds show promising properties,
also highlighted by the HLB calculations.
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Figure 1: The various products synthetized via enzymatic esterification.
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(D) Weiss, V. M., et al. Macromol. Biosci., 2018, DOI: 10.1002/mabi.201700240.
2) Uyama, H., et al. Macromol. Rapid Commun, 1999, Vol. 20, Issue 4, 171-243.
3) Raboni, F., et al. ChemBioChem, 2024, DOI: 10.1002/cbic.202300839.
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Towards enological by-product-based biorefinery: a cascade approach
disclosing comprehensive biomass valorization towards value added

products

Carlotta Valle!”, Giorgio Grillo', Silvia Tabasso!, Emanuela Calcio Gaudino', Giulia

Bonavita!, Pietro Vitale!, Paola Ponsetto?, Emilia Malgorzata Sasal?, Roberto Mazzoli?,

Enrica Pessione?, Emilia Garcia-Moruno?, Antonella Costantini®, Giancarlo Cravotto!
! Department of Drug Science and Technology, University of Turin, Via P. Giuria 9, 10125 Turin, Italy.
2 Department of Life Sciences and Systems Biology, University of Turin, Via Accademia Albertina 13,
10123 Turin, Italy.
3 Council for Agricultural Research and Economics, Research Centre for Viticulture and Enology

CREA-VE, Via P. Micca 35, 14100 Asti, Italy.

One of the fundamental principles of the circular economy is waste minimization, aiming at
transforming end-of-life products into resources for alternative purposes. This has led to an
increased focus on agri-food waste valorisation. In particular, lignocellulosic biomasses have
the potential to generate by-products that possess biological activity (i.e. secondary
metabolites such as polyphenols) as well as biopolymers suitable for further conversion (i.e.
cellulose, hemicellulose, pectins, lignin).

The wine industry is among the pillars of Italian agri-food sector. Still, it produces large
amounts of by-products such as grape stalks, which are mostly disposed for a fee, thus
representing an attractive negative-cost feedstock for biorefinery.

This work proposes a sequential biomass valorisation protocol featured by a multidisciplinary
strategy, exploiting unconventional techniques and subcritical water as green solvent, where
physical/chemical treatments work in synergy with biological ones. The early stage
encompassed the sequential fractionation of grape stalks, achieving several product streams,
enriched in polyphenols, hemicellulose and pectins, lignin and cellulose.

In detail, microwave (MW) heating [1] was exploited for the fractionation protocols to reach
subcritical water conditions or enhance alkaline delignification [2]. Finally, the cellulose-rich
residue from the cascade treatment was exploited as a fermentation substrate for the last step,
producing lactic acid by harnessing suitably engineered Clostridium thermocellum strains
(Figure I). In particular, LL1111 (AadhE, 1dhS'%'), an hyperproducer of lactic acid, [3] and
LL1630, a mixed culture directly evolved from LL1111 characterized by a higher tolerance to
lactic acid (up to 35 g/L) [4], were exploited.

Cascade pretreatments coupled with fermentation based on a cellulolytic microorganism can
be considered a promising example of a biorefinery approach, having the advantage of
allowing the full recovery of all the components contained in the agri-food waste it produces,
aligning with the principles of Green Chemistry and Circular Economy.

Globally, this study represents a proof-of-concept of a 2™ generation biorefining process
based on locally available biomass.

*contact: carlotta.valle@unito.it
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Zinc oxide development for wastewater treatment by photocatalytic

degradation of the methylene blue dye

Adrien BONNEAU ", Patricia MERDY ", Marie-Angéle FREMY & Sylvie VILLAIN "
1. IM2NP, Université de Toulon Bat. R - Campus La Garde CS 60584 83041 TOULON CEDEX 9

Heterogeneous photocatalysis is a recent technique employed in wastewater treatment in order
to mineralize organic pollutants. For this purpose, zinc oxide-based catalysts depict an
interesting and promising way [1] for degradation under sunlight compared to titanium oxide
with a better visible light absorption [2].

Zinc oxide have been prepared according a eco-friendly green method. Metal precursors used
were acetate and nitrate zinc. Plants present in the process allowed the formation and the self-
assembling of ZnO during the crystal growth thanks to the expanded chemical family of
polyphenol which act as reductants [3]. Two synthesis processes were tested: a hydrothermal
method and a hotplate synthesis. Crystalline and organic matter-free compounds obtained
after annealing were characterized with diffractive reflectance spectroscopy (DRS), X-ray
diffraction, Fourier transform infrared spectroscopy (FTIR) and scanning electron microscopy
(SEM). We tested the performance of the material based on its ability to oxidize methylene
blue over time under simulated sunlight. The concentration of this pollutant has been
determined using UV-visible spectroscopy by absorbance measurements.
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Figure 1 : Principle of heterogeneous photodegradation using plant-based ZnO

[1] Alireza Khataee, Reza Darvishi Cheshmeh Soltani, Younes Hanifehpour, Mahdie Safarpour, Habib

Gholipour Ranjbar, and Sang Woo Joo Industrial & Engineering Chemistry Research 2014 53 (5), 1924-

1932, DOI: 10.1021/ie402743u.

[2] K.V. Karthik, A.V. Raghu, Kakarla Raghava Reddy, R. Ravishankar, M. Sangeeta, Nagaraj P. Shetti, Ch
Venkata Reddy, Green synthesis of Cu-doped ZnO nanoparticles and its application for the photocatalytic
degradation of hazardous organic pollutants, Chemosphere, Volume 287, Part 2, 2022, 132081, ISSN 0045-6535,
https://doi.org/10.1016/j.chemosphere.2021.132081.

[3] O.J. Nava, C.A. Soto-Robles, C.M. Gémez-Gutiérrez, A.R. Vilchis-Nestor, A. Castro-Beltran, A.

Olivas, P.A. Luque, Fruit peel extract mediated green synthesis of zinc oxide nanoparticles,

Journal of Molecular Structure, Volume 1147, 2017, Pages 1-6, ISSN 0022-2860,
https://doi.org/10.1016/j.molstruc.2017.06.078.

35



~ GIFC 2024

X| EDIZIONE GIORNATE ITALO-FRANCESI DI CHIMICA
TORINO, 4-5 APRILE 2024

Session 3: Organic and Bio-Organic Chemistry

Post-industrial recycled polypropylene for automotive application:

mechanical properties after thermal aging

Matilde Arese (V- @, Valentina Brunella (U et Ilaria Bolliri (V- @,

(1) Dipartimento di Chimica, Universita degli Studi di Torino, 10125 Torino, Italy
(2) Fiat Research center SCPA (CRF), Stellantis, Corso Settembrini 40, 10135 Turin, Italy

Plastics have several vital functions in the economy and in our daily lives and they offer solutions to
tackle a number of societal challenges. This includes its application as innovative lightweight
materials in cars to save fuel and cut off the CO2 emissions. However, the production, use,
consumption and waste treatment of plastics is associated with several environmental problems and
there is an urgent need to also tackle these issues.

In July 2023 the European Commission proposed a new regulation within the framework of the
automotive industry, which is expected to have substantial environmental benefits, including an annual
reduction of 12.3 millions tons of CO2 emissions by 2035. The cited regulation focuses the attention
on enhancing the circularity of the automotive sector, covering the design, production and end-of-life
treatment of vehicles beyond setting a target about the recycled content: 25% of the plastic used to
build a new vehicle will be required to come from recycling, of which 25% must be recycled from
end-of-life vehicles1. This project arises from the need to build the rate of degradation of a
polypropylene trim used on a vehicle as a result of aging processes due to environmental stress to
which a component is subjected during the vehicle lifetime. Moreover, in this work, recycled materials
are also considered with the aim of comparing their performance with the virgin ones and evaluate the
substitution of the latter to increasingly embrace a green policy of the automotive industry. The
materials selected for the study are PP from post-industrial origin and virgin PP filled with carbon
BMack and talc at different concentrations, both for internal and external applications. The materials
underwent two different types of thermal stress, a dry heat ageing and a thermal cycle ageing,
akcording to the internal or external application of the vehicle. As regards the aging processes, all the
materials tested showed an onset of degradation which did not affect the performance of the samples,
indeed, they were shown to have good resistance to aging, not experiencing any decrease in
mechanical properties or variations from a thermal point of view.

As regards the comparison between virgin and recycled PP, it can be stated that the characteristics are
comparable.

Reference

[1] https://ec.europa.cu/commission/presscorner/detail/en/mex_23 3847
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Protease-activable di-alcoxyamine as contrast agent for MRI applications

Louis Hospital'", Sylvain Marque'", Gérard Audran'"), Philippe Mellet®, Eric Thiaudiere®.
(1) Institut de Chimie Radicalaire, Aix-Marseille Université, FRANCE

(2) Centre de Résonance Magnétique des Systeme Biologiques, Université de Bordeaux, France

Inflammatory diseases are a major burden in advanced countries. For instance, Chronic
Obstructive Pulmonary Disease is the third cause of death in the world according to the World
Health Organization.! Such diseases display overexpressed proteases carrying out extensive
tissue damages, that can also be used as biomarkers for clinical diagnosis using molecular
imaging. In order to lay anatomical images with improved contrast required for molecular
imaging of proteolysis, Overhauser-enhanced Magnetic Resonance Imaging (OMRI) has been
developed recently.>* The aim is to benefit from this technology using nitroxydes released
locally by protease-activated alcoxyamine as contrast agents to increase MRI contrast.

Therefore, using the specificity of those enzymes, the point is to design and synthesise a
di-alcoxyamine that can undergo spontaneous homolysis in an inflammatory environment,
and assess its ability to release nitroxides. The synthesis of such alcoxyamines has been
carried out and its homolysis properties are currently assessed.
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Figure 1 : organization of the steps to achieve OMRI contrast improvement

(1) Chronic obstructive pulmonary disease (COPD). https://www.who.int/news-room/fact-
sheets/detail/chronic-obstructive-pulmonary-disease-(copd) (accessed 2023-06-27).

(2) Massot, P.; Parzy, E.; Pourtau, L.; Mellet, P.; Madelin, G.; Marque, S.; Franconi, J.-M.; Thiaudiere, E. In
Vivo High-Resolution 3D Overhauser-Enhanced MRI in Mice at 0.2T. Contrast media & molecular
imaging 2012, 7, 45-50. https://doi.org/10.1002/cmmi.464.

(3) Rivot, A.; Jugniot, N.; Jacoutot, S.; Vanthuyne, N.; Massot, P.; Mellet, P.; Marque, S. R. A.; Audran, G.;
Voisin, P.; Delles, M.; Devouassoux, G.; Thiaudiere, E.; Bentaher, A.; Parzy, E. Magnetic Resonance
Imaging of Protease-Mediated Lung Tissue Inflammation and Injury. ACS Omega 2021, 6 (23), 15012—
15016. https://doi.org/10.1021/acsomega.1c01150.
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MESOPOROUS SILICA MICROSPHERES CONTAINING
TRANEXAMIC FOR HEMOSTATIC APPLICATION.

Mohamed S. S. Y.!, Banchero M.!, Ronchetti S.!, Manna L.!, Cavalli R.? and Onida B.!

(1) Department of Applied Science and Technology, Politecnico di Torino, Torino, Italy
(2) Department of Drug Science and Technology, University of Turin, Torino, Italy

Uncontrolled bleeding is considered one of the most common causes of potentially
preventable death either in the military or the civilian field. Early bleeding management is
considered vital to decrease the risk of mortality. For this purpose, a novel hemostatic
material based on mesoporous silica microspheres (MSM) and loaded with tranexamic acid
(TXA), an antifibrinolytic drug widely used to manage the excessive blood, was developed to
be used during first-aid procedures. The main goal was to achieve a material with large pores
(>15 nm) as they present better hemostatic performances, and able to release TXA within an
hour, according to the CRASH-2 (Clinical Randomization of an Antifibrinolytic in Significant
Hemorrhages-2) trial to achieve maximum efficiency.

MSM were synthesized under acidic conditions using Pluronic P123 as a template agent,
TEOS as a silica precursor and mesitylene as a swelling agent. The obtained material was
characterized by particles size ranging from 1.5 pm to 5 pm and average pore diameter of 25
nm. TXA was loaded (with a final content of 4.7 %w/w) through the incipient wetness
impregnation method using water as a solvent. The XRD analysis revealed that TXA was
distributed inside MSM in a non-crystalline form. The FT-IR analysis showed that TXA
molecules were dispersed on the mesopore silica surface in the zwitterionic form.

A blood clotting time (BCT) test was performed to evaluate the hemostatic efficiency of the
unimpregnated and impregnated sample. The results of the test showed that the clotting time
was significantly shortened by both samples with respect to control. A hemolysis assay was
carried out to evaluate the hemolytic activity of MSM. The result of the assay indicated that
the sample presents good hemocompatibility.

Finally, a preliminary in vitro release test was performed to verify the possibility of a fast
release of TXA from the microspheres. The test showed that the material was able to deliver
TXA to the release medium within one hour, which makes this carrier suitable to control
hemorrhages during emergencies as requested by the CRASH-2) trial.

In conclusion, the achieved results evidence that the proposed system is promising for the
development of new topical hemostats suitable for bleeding control in emergency situations.

[1] Mohamed, S.S.Y. et al. Mater. Today Commun. 2023, 34, 105198.
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Protease-activable prodrugs specific for Fibroblast Activation Protein

Fillidtre Marion. ', Audran Gérard. ), Marque Sylvain. () and Mellet Philippe.
(1) Institut de Chimie Radicalaire, Aix-Marseille Université, FRANCE

(2) Centre de Résonance Magnétique des Systéme Biologiques, Université de Bordeaux, FRANCE

Cancer is still a main cause of death worldwide, leading to one in six deaths which is nearly
ten million per year, according to the World Health Organization (WHO). Many treatments
are being developed to try to reduce the number of patients. With this in mind, we report a
protease-activable alkoxyamine synthesis. As previously carried out, alkoxyamines are known
to be molecules that spontaneously homolyse into two free radicals: a nitroxide and a highly
reactive cytotoxic alkyl radical [1][2]. Four substrates were designed and synthesized to check
spontaneous homolysis of dipeptidyl alkoxyamines, verified by EPR-kinetic experiments.
Results showed an activity for cancer cells but no specificity. This led to the synthesis of the
same molecule with two more amino acids, targeting Fibroblast Activation Protein (FAP),
present in most of carcinomas. Enzymatic tests are currently under investigation for the

biological part.
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Figure 1: Target molecule synthesized and its mode of action

[1] Audran, G.; Brémond, P.; Franconi, H.M.; Marque, S.R.A.; Massot, P.; Mellet, P.; Parzy, E.; Thiaudiére, E.
Alkoxyamines: a new family of pro-drugs against cancer. Concept for theranostics. Org. Biomol. Chem., 2014,

12,719-723, DOI: 10.1039/c30b42076

[2] Seren, S.; Joly, J.P.; Voisin, P.; Bouchaud, V.; Audran, G.; Marque, S.R.A.; Mellet, P. Journal of Medicinal
Chemistry, 2022, 65,13, 9253-9266, DOI: 10.1021/acs.jmedchem.2c00455
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Exploiting spectroscopy and chemometrics for bloodstain dating in forensic
chemistry

Sara Gariglio*1? Alicja Menzyk®?, Cristina Malegori"), Grzegorz Zadora®*, Marco
Vincenti®, Monica Casale(”), Paolo Oliveri(!

(1) DIFAR Department of Pharmacy, University of Genova, Viale Cembrano 4, Genova (Italy)
(2) DCCI Department of Chemistry, University of Genova, Via Dodecaneso 31, Genova (Italy)
(3) Institute of Chemistry, University of Silesia in Katowice, Szkolna 9, Katowice (Poland)

(4) Institute of Forensic Research in Krakow, Westerplatte 9, Krakow (Poland)

(5) Department of Chemistry, University of Turin, Via Pietro Giuria 7, Torino (Italy)

In a forensic context, non-destructive techniques are most desirable, due to the importance of
preserving the specimens and to enable repeated analysis by all parts involved. For this
reason, spectroscopies appear to be particularly attractive. By the way, the complex signals
produced by those analytical techniques make it necessary to use chemometrics to extract
useful information from the data.

An interesting topic in which spectroscopy and chemometrics can be exploited in forensic
chemistry is the determination of time since deposition of bloodstains. Bloodstains dating
may, indeed, represent a crucial evidence in resolving many cases of forensic interest. Even
though this topic has been investigated with limited success since the 1960s, most studies
focused on ultraviolet-visible (UV-Vis) spectroscopy, while few were conducted in the
infrared spectral region, with only a handful concerning near-infrared (NIR) spectroscopy.
The final goal of the present work is to compare the performances of NIR spectroscopy for
bloodstains dating with those of UV-Vis in the prospect of real-casework implementation. In
pursuit of this goal, capillary blood was sampled and subjected to a 16-day aging, during
which it was repeatedly analysed using both spectroscopic methods. Subsequently,
chemometrics was applied to process the spectral data and independently assess the methods'
performance. Classical preprocessing methods were used together with more targeted
techniques (class centering) whose benefit was highlighted by principal component analysis
(PCA). Lastly, partial least squares (PLS) regression models were computed to evaluate the
effectiveness of both spectral methods in estimating the time elapsed since blood trace
deposition. Comparable root mean square errors in prediction (RMSEP) were observed for
both techniques, featuring an improvement with respect to the existing literature for NIR
spectroscopy. Data fusion strategies for a multi-instrumental platform were also explored.
Subsequently, the effects of environmental conditions, light exposure and substrate on sample
ageing were studied. Controlled ageing was carried out with the use of a climatic chamber and
the ageing of samples deposited on cotton, polyblend fabric, metal and glass was followed for
two weeks through NIR and Raman spectroscopies. Feasibility studies were also performed
applying hyperspectral imaging for a contemporary identification and dating of bloodstains.
The results indicated that NIR spectroscopy integrated with adequate chemometric strategies
deserves increased appreciation in forensic bloodstain dating.
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Synthesis of Azaborine Heterocycles Through Ruthenium-Catalyzed Enyne
Metathesis

Keyu Mao, Romain Melot* and Véronique Michelet*
Universitée Cote d’Azur, Institut de Chimie de Nice, Valrose Park, 06108, Nice Cedex 2, France.

Azaborine heterocyclic compounds have attracted widespread attention in material science and
biomedical research." The enyne metathesis reaction has become an important tool for organic
synthesis of multifunctional natural products and preparation of pharmaceuticals.” Although Schreiber
and coworkers developed an effective boronic ester annulation using enyne metathesis,” this concept
has never been extended to nitrogenated analogues. Therefore, a novel and green synthetic route for
the preparation of functionalized polycyclic azaborine skeletons via a ruthenium-mediated ring-closing
enyne metathesis transformation of alkynyl B-anthranilamide (aam) has been developed. In this
context, B(aam) tethered enynes were engaged with Grubb catalyst to affordes the corresponding exo-
cyclic compounds in good yields (25 examples, ylelds up to 89%).” This methodology was efficiently
optimized and was performed in dimethyl carbonate® as green solvent: it provided a direct access to
functionalized azaborine scaffolds displaying dienes, that may be useful for further functionalization
such as Diels-Alder reaction. Preliminary results will be presented, scope and limitations as well as
reaction on gram scale.
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Figure 1: Ru-catalyzed enyne metathesis reaction
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Study of a new mode of activation of alkoxyamines by radical addition

leading to a cascade reaction.

Erwan ADRIAENSSENS, Gérard AUDRAN, Sylvain MARQUE
Aix Marseille Univ, CNRS, ICR, UMR 7273, Avenue Escadrille Normandie-Niemen, Marseille, France

For the past few decades, alkoxyamines, as well as their activation and homolysis
mechanisms were investigated. In fact, their activation and usefulness in polymer chemistry,
in biology and in materials science depend on the fragility of the C-ON bond, the type of
formed radical and formed nitroxide. It is therefore necessary to adapt the activation
mechanism according to the application in which we want to use alkoxyamines.

There are 3 main activation mechanism for alkoxyamines:
- Physical: Thermal activation, ultrasound, light activation, electrochemical
activation, or electrostatic activation;
- Biological: By proteolysis (protonation, hydrolysis, solvent);
- Chemical: Protonation/deprotonation, chemical modification, non-covalent
interactions, chemical oxidation, or radical activation.

In 2022, Chechik and al.[2] reported a new method for trapping short-lived radicals, based on
a homolytic substitution reaction SH2'. This cascade reaction between radicals and
alkoxyamines can be seen as a chemical activation mechanism. The presence of these
molecules can reduce the rate of polymerization reaction. Using this methodology, different
alkoxyamines were prepared in high yield. An investigation of homolysis kinetics as well as
the efficiency of trapping radical was realized as a function of several parameters
(temperature, concentration, type of radical and group on the allyl function).

Ryg, P
Nitroxide E -
A\ 3y Ri., R2
I E ’"ll’l\ o |
A - — Risy -z Ry, Fs
L Radical activatio . g spontaneou: .
R -~ : g,
. : i ¥
3 J\ detectable by EPR i
Activable par | R
X=0,N,5§ polymerisation inhibitor

Figure 1: Principle of alkoxyamine activation by radical addition to an allyl.
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of Activation of the C—ON Bond in Alkoxyamines. Progress in polymer science. (144). p.101726

[2] Peter J. H. Williams, Graham A. Boustead, Dwayne E. Heard, Paul W. Seakins, Andrew R.
Rickard, and Victor Chechik (2022), New Approach to the Detection of Short-Lived Radical Intermediates. J.
Am. Chem. Soc. 2022, 144, 35, 15969-15976
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Smart Material: The Surface Functionalization Of Nanostructured

Magnetorheological Electrolytes With The Use Of Click-Chemistry
Messina A*.(D, Miranda Murillo J.P. ®, Bentahar Y. @, Delsante S. (), Kuzhir P. @, Peddis
D. M, Colombara D. (¥ et Lambruschini C. ("

(1) Dipartimento di Chimica e Chimica Industriale, Universita degli studi di Genova, Via Dodecaneso 31,
Genova, 16146, Italia
(2) CNRS UMR 7010, Institut de Physique de Nice, Université Cote d’Azur, Nice, France

Today, more than ever, the interest in the reduction of pollution and waste, and in the
displacement of fossil fuels is high. REMAP (Reusable Mask Patterning) [1] is a project
funded by the European Union that wants to revolutionize the microfabrication sector (e.g. for
advanced photovoltaic applications) by developing a greener surface patterning technique.
REMAP’s basic idea is to design so-called magnetorheological electrolytes (MREs) [2], fluids
based on magnetic nanoparticles (NPs) and electrolytes that modify their apparent viscosity
upon modulation of microstructured magnetic field gradients onto a substrate. Specifically,
we are crafting the MRE properties to form infinitely reusable masks that would represent a
huge step forward in the field of microfabrication with respect to standard lithography.

For the intended application we decided to create organic custom-made ligands that can be
covalently bound to the surface of NPs using click-chemistry, to be able to drastically change
the surface properties of NPs (figure 1). The synthetized ligand must fulfil the following key
factors: 1) high masking efficiency, ii) colloidal stability in aqueous media, and iii) fast
redispersion of NPs in the absence of a magnetic field gradients.
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O) EtO —~0 thiol alkene thioether
N_N,Ar N\N,Ar
. = Ar—
FG = functional group R = custom made ligand Ar—</N=’!‘ + §__ —_
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Figure 1 : Possible strategies and click reactions that can be used for the surface functionalization
Herein, we present the design and the synthesis of the organic ligands, and their application in
the surface functionalization of NPs.

[1] https://re-map.eu
[2] K. Shu., C. Wang, W. Li, T. Bussell, J. Ding, Current Opinion in Electrochemistry, 2020, 21, 297-302
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Multifunctional single-molecule magnets containing S-donor atoms

Colombo M.*!Y Maury O. ®, Cador O. ™, Le Guennic B. ¥, Gueyrard D.?, and Pilet G.
(1) Laboratoire des Multimatériaux et Interfaces (LMI), UMR 5615 CNRS-UCBLI, Bdtiment Chevreul,
avenue du 11 novembre 1918, 69622 Villeurbanne CEDEX, France
(2) Laboratoire Chimie Organique 2 Glycochimie, ICBMS UMR 5246 CNRS-UCBLI, Université de Lyon,
69622 Villeurbanne, France

(3) Laboratoire de Chimie, UMR 5182 ENS-CNRS-UCBLI, ENS Lyon, 46 allée d’Italie, 69364 Lyon cedex
7, France

(4) Univ Rennes, CNRS, ISCR (Institut des Sciences Chimiques de Rennes), UMR 6226, F-35000 Rennes,
France

The field of molecular magnetism has witnessed remarkable progress in the last decades,
fuelled by the discovery of single-molecule magnets (SMMs).['%3] Research into SMMs saw
the introduction of lanthanide ions into these complexes thanks to their high spin and strong
intrinsic magnetic anisotropy.*>) Some lanthanide ions also have very specific optical
properties, since f-f transitions are forbidden by Laporte's rule. Among the diverse elements
employed as ligands, sulphur stands out as a particularly intriguing coordinating atom due to
its soft-donor character and its potential to impact both the magnetic and luminescent
properties of metal complexes.®! The aim of this work is to develop new SMMs based on
Ln*" ions and B-thioketonate ligands, and the study of the correlation between their structures
and properties.”) A new family of Ln*" mononuclear complexes based on B-thioketonate
ligands has been isolated as single crystals. Magnetic and photophysical properties of a
complex have been studied and rationalized by ab initio calculations (Figure 1).
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Figure 1: Cristal structure of (EtsNH)[Ln(L)4] (L = 1,3-diphenyl-3-thioxopropan-1-one). H-atoms removed for
clarity (a). Room and low temperature solid-state emission spectra of (Et;NH)[Yb(L)4] (D).

[1] A. Caneschi, D. Gatteschi, R. Sessoli, A. L. Barra, L. C. Brunel, M. Guillot, J. Am. Chem. Soc. 1991, 113
(15), 5873-5874.

[2] R. Sessoli, D. Gatteschi, A. Caneschi, M. A. Novak, Nature 1993, 365 (6442), 141-143.

[3] R. Sessoli, H. L. Tsai, A. R. Schake, S. Wang, J. B. Vincent, K. Folting, D. Gatteschi, G. Christou, D. N.
Hendrickson, J. Am. Chem. Soc. 1993, 115 (5), 1804-1816.

[4] N.Ishikawa, M. Sugita, T. Ishikawa, S. Koshihara, Y. Kaizu, J. Am. Chem. Soc. 2003, 125 (29), 8694—8695.
[5] R.J. Blagg, L. Ungur, F. Tuna, J. Speak, P. Comar, D. Collison, W. Wernsdorfer, E. J. L. McInnes, L. F.
Chibotaru, R. E. P. Winpenny, Nat. Chem. 2013, 5 (8), 673—678.

[6] K. R. Vignesh, D. I. Alexandropoulos, B. S. Dolinar, K. R. Dunbar, Dalton Trans. 2019, 48 (9), 2872-2876.
[7] D. Guettas, F. Gendron, G. Fernandez Garcia, F. Riobé, T. Roisnel, O. Maury, G. Pilet, O. Cador, B. Le
Guennic, Chem. Eur. J. 2020, 26 (19), 4389-4395.
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Mesoporous Pd/ceria-praseodymia catalysts for enhanced methane

oxidation in dry and wet conditions
Sartoretti E.” ("), Ballauri S. (", Castellino M. ), Armandi M. ), Piumetti M. (", Fino D. (",

Russo N. ¥, Bensaid S. ¥

(1) Department of Applied Science and Technology, Politecnico di Torino, Corso Duca degli Abruzzi 24,
10129 Turin (Italy)

Natural gas is currently considered a strategic fuel for Europe's energy transition, as a bridge solution
in the path towards complete decarbonization. Nevertheless, unburned methane emissions associated
with the use of this resource represent a critical issue, due to the high global warming potential of CHa.
In recent years, Pd/CeO, materials have proven to be effective catalysts for the abatement of methane
through its total oxidation, thanks to the synergistic interactions between the noble metal and the redox
support. Although these materials have already been extensively studied, further efforts are needed to
limit the loss of activity at high temperature due to the PdO-Pd transition and the detrimental effects of
water. In this perspective, recent studies proved that the introduction of a limited amount of Pr in the
ceria support (10 at%) allows to obtain more active catalysts [1]. In the present work [2], three
different synthesis routes were used to prepare high specific surface area mesoporous supports,
consisting of pure CeO, and 10 at% Pr-doped ceria (Ce90Pr10). Nano-structured spheres were
obtained with a microwave-assisted synthesis, dumbbell-like particles were produced through a urea-
based hydrothermal method, and ordered mesoporous oxides were prepared by using SBA-15 as hard-
template. The six materials were then impregnated with 2 wt% Pd and calcined at 500 °C. All the
samples retained their high surface area after impregnation (75 — 110 m? g'), allowing a good
dispersion of palladium. No significant structural or morphological differences were observed upon Pr
doping, but a higher Pd oxidation state was induced by Pr-doped supports. All these catalysts
exhibited similar activity in dry conditions, achieving almost complete CH4 oxidation at 400 °C, with
a really remarkable improvement with respect to analogous low surface area materials. A promoting
role of Pr was instead noticed in wet conditions, thanks to its ability to counteract water-induced
deactivation phenomena.
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Figure 1 : FESEM image of a dumbbell-like structure in Pd/Ce90Pr10, with a scheme of the reaction;
conversion curves illustrating the role of surface area and Pr doping on dry and wet CHy oxidation activity.

[1] S. Ballauri, E. Sartoretti et al., Applied Catalysis B: Environmental 320, 121898 (2023)
[2] S. Ballauri, E. Sartoretti et al., ChamCatChem 202301359 (2024)

* contact : enrico.sartoretti@polito.it

45



~ GIFC 2024

X| EDIZIONE GIORNATE ITALO-FRANCESI DI CHIMICA
TORINO, 4-5 APRILE 2024

Synthesis of photocatalytic cerium oxide: optimization using design of experiment

BEAUZON Titouan, VILLAIN Sylvie, MERDY Patricia

Rapid progress in industrialization in recent years has led to an increase in the release of
pollutants into the environment. This pollution mainly arises from the discharge of industrial
waste and urban effluents into water bodies, posing a threat to both aquatic ecosystems and
human beings.!?> Advanced oxidation through heterogeneous photocatalysis is one of the
proven methods for the mineralization of refractory organic pollutants such as dyes,
pharmaceutical residues, and pesticides.> ¢ The objective of this work is to synthesize
innovative photosensitive composite materials based on metal oxides capable of achieving the
complete mineralization of these compounds rapidly.

Modern developments in nanotechnology have allowed to improve the performance of
photocatalytic and solar energy absorption processes owing to higher surface areas and
efficient charge separation in semiconductor nanomaterials. Among the semiconductor
studied, cerium oxides remain underexplored even though they could provide efficient
visible-light absorbing photocatalysts. In our case, we want to synthesize a composite formed
by two semiconductors, one of type p and one of type n, to create a p-n heterojunction and
thus achieve superior photodegradation performance compared to the semiconductors taken
separately. Cerium oxide is a good candidate as a n-type semiconductor, notably due to its
stability at room temperature.

Currently, the key factors that could impact the synthesis of cerium oxide are still poorly
understood. Therefore, we created a design of experiment to optimize the synthesis of cerium
oxide, identify key factors influencing the synthesis, and understand the underlying
mechanisms. Four factors will be studied: precursor concentration, surfactant concentration,
surfactant nature, and the pH of the reaction medium. The aim is to comprehend the impact of
these factors on the crystallinity, morphology, gap energy, and photodegradation performance
of the synthesized oxides.

1. Varjani, S. J. & Upasani, V. N. Critical review on biosurfactant analysis, purification and characterization
using rhamnolipid as a model biosurfactant. Bioresour. Technol. 232, 389-397 (2017).

2. Lakshmi, S. ef al. Hexavalent chromium sequestration from electronic waste by biomass of Aspergillus
carbonarius. Bioengineered 11, 708-717.

3. Shindhal, T. ef al. A critical review on advances in the practices and perspectives for the treatment of dye
industry wastewater. Bioengineered 12, 70-87 (2021).

4. Saeed, M., Muneer, M., Haq, A. U. & Akram, N. Photocatalysis: an effective tool for photodegradation of
dyes—a review. Environ. Sci. Pollut. Res. 29, 293-311 (2022).

5. Nabi, I. et al. Complete Photocatalytic Mineralization of Microplastic on TiO2 Nanoparticle Film. iScience
23, 101326 (2020).

6. Ahmadi, M. et al. Enhanced photocatalytic degradation of tetracycline and real pharmaceutical wastewater
using MWCNT/TiO2 nano-composite. J. Environ. Manage. 186, 55-63 (2017).
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Impact of stoichiometry and size on the persistent luminescence in

Cs2(Na1xAgy)InCle:Mn>" double perovskites

Emmanuela Di Giorgio™('), Marta Campolucci(!2 @), Sophia Victoria Ochoa Meza(l),

Francesca Cova®), Mauro Fasoli®? et Federico LocardiV.

(1) Department of Chemistry and Industrial Chemistry, Universita degli Studi di Genova, Via

Dodecaneso 31, 16146 Genova, Italy.

(2) Nanochemistry Department, Istituto Italiano di Tecnologia, Via Morego 30, 16163 Genova, Italy.

(3) Department of Materials Science, University of Milano Bicocca, Via Cozzi 55, 20125 Milano, Italy
Persistent Luminescence (Pel) is a peculiar type of luminescence where a material, after a
proper activation (by X-rays, electrons, or ultraviolet/visible light), continues to emit radiation
even for several hours once the excitation has ceased. PeL occurs due to the existence of
metastable trap levels that can temporarily store the excitation energy. Most of the PeL
materials (> 75%) are oxides; recently, PeL has been discovered in bulk halide double
perovskites (HDPs) too. In particular, after UV activation, Csx(NaixAgx)InCls:Mn?*, in form
of single crystals (SCs) have a red emission (~ 620 nm) that lasts for more than 1 hour [1-3].
Here, we explored the influence of stoichiometry and size on the PeL behaviour in HDPs. We
synthesized different compositions of SCs pertaining to the Cs(Naj«xAgx)InCls:Mn?* system.
Then, we prepared the homologues in forms of micrometric and nanometric crystals
(nanocubes - NCs and nanoplates - NPs). To gain inside this behaviour we carried different
optical  analyses:  photoluminescence excitation, photoluminescence, PeL and
thermoluminescence (10K to 300K; 300K to 450K). Our results showed how the PeL is
strongly influenced by the materials size, i.e. PeL disappears from bulk to nano-structured
samples (Figure 1). We hypothesise that this phenomenon is due to a different trap depth of

bulk and nano samples.
LOM Under 254 nm lamp 254 nm lamp off

Under 264 nm lamp 254 nm lamp off

“" r‘ “ -
NPs >

Figure 1. Different size impact PeL of Csz(Na 1xAg)InCls: M?™ : microscopies show morphologies (left), samples
under 254 nm lamp (centre), samples when the 254 nm lamp is off (right).

[1] W. Zheng, et al., Angew. Chemie - Int. Ed., 2021 60 2445024455
[2] X. Chen, et al., J. Phys. Chem. Lett., 2022 13 8163—-8168
[31Y. Shi, et al., Chem. Commun., 2022 58 10048—10051
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Cobalt ferrite CoxFes.xO4 as photocatalysis under visible light irradiation:
experimental and theoretical approach.

Yassine Elaadssi!, Véronique Madigou!, Madjid Arab'.
(1) ! Université de Toulon, Aix-Marseille Université, CNRS, IM2NP, Toulon, France

The precursors and the methods of CoxFe;xOs particles synthesis have strongly
influenced several parameters like particle size, crystallinity, morphology, and homogeneity
[1]. Cobalt ferrite nanoparticles have been synthesized by a hydrothermal method using
nitrates as precursors and characterized using X-ray diffraction (XRD), transmission electron
microscopy (TEM), Mott-Schottky analysis, UV-visible diffuse reflectance spectroscopy and
BET technique. The photocatalytic performance of the synthesized CoxFe;xO4 nanoparticles
was evaluated for the removal of Rhodamine B from water under visible light irradiation. The
response surface methodology (RSM) based on the central composite design (CCD) model
was used to evaluate the following set parameters: pH, dye concentration and catalyst weight
and to optimize the RhB removal. The XRD and TEM analyses showed that the nanoparticles
produced are single-phased with a nano-octahedral shape and a size less than 10 nm. UV-Vis
spectrophotometry revealed distinct optical band gap values for CoFe2O4 and Co1,s5Fe1,504 of
2.32 eV and 2.01 eV, respectively. In addition, the developed CoxFes;xO4 powders showed
remarkable efficiency in the photodegradation of an aqueous Rhodamine B (RhB) solution.
The results showed that the pH of the solution was the most effective parameter for the
photocatalytic removal of RhB by CoxFesxO4. The optimum condition to achieve the highest
photocatalytic degradation with minimum catalyst weight is obtained for a 6-ppm initial dye
concentration, at pH 9. The predicted efficiency at the optimum condition is closed to 100%
according to the experimental results. The experimental photodegradation efficiency of
CoxFes.xOs has been investigated and the RSM methodology allowed to optimize the

photocatalytic RhB removal (100%) for a set of three experimental parameters.

REFERENCES
[1] Fernandes de Medeiros, I.A., Madigou, V., Lopes-Moriyama, A.L. et al. Morphology and composition

tailoring of Co x Fe3 —x04 nanoparticles. J Nanopart Res 20, 3 (2018).
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Atomic Layer Deposition of the NiOx using new precursors with different

oxygen sources
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"4ix Marseille University, CNRS, CINaM UMR 7325, 13288 Marseille, France

’Ruhr University Bochum, Inorganic Material Chemistry, Universititsstrafe 150, D-44801 Bochum, Germany
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NiOx thin films have attracted tremendous attention owing to their outstanding chemical
stability, good magnetic and catalytic properties'. Furthermore, the tuning resistance state of
the NiOy films with external electric field makes this as a potential candidate for memristor
devices?.

NiOy thin films have been prepared by different deposition techniques, such as
including physical vapor deposition (PVD), chemical vapor deposition (CVD), and atomic
layer deposition (ALD). Among these, ALD is a more precise technique to grow thin
conformal films with fine-tuning of both composition and thickness. However, ALD of NiOx
is not well developed yet. The commonly used nickel precursors for ALD process are
Ni(Cp)2, Ni(MeCp)2, Ni(EtCp)2, Ni(dmamp)z, Ni(dmamb),, Ni(acac),, Ni(apo)2, Ni(dmg),
Ni(thd)2, and Ni(amd); in combination with ozone, water, hydrogen peroxide, or oxygen
plasma'. The major disadvantages associated with these precursors are low volatility, thermal
instability, and poor reactivity or narrow ALD window. Some of these precursors are
expensive or highly difficult to synthesize. The aforementioned difficulties indicate that
developing an ALD recipe for the NiOx using new precursors is pertinent. Our current work
explores the possibilities of such a recipe.

In this work, we have investigated different Ni-precursors such as Ni-ketoiminates,
specifically, [Ni(ipki)2],> and heterolyptic amidinate-based Nickel complex [(Ni(amd)X]. The
[(Ni(amd)X] was provided by Air Liquide. These different precursors combined with
different oxygen sources (H20 and O3) resulted in high-quality NiOy thin films. The prepared
thin films were subjected to morphological (SEM, TEM) and chemical investigations (XPS).
The SEM and cross-sectional TEM studies indicate that the NiOx films are uniform and
exhibit a columnar morphology. The XPS analyses confirm the stoichiometry of NiOy films.
From the growth characteristics, it is found that the Ni precursors have a strong effect on the
GPC. Similarly, the oxygen source affects GPC but it also influences the morphology of the
layer leading to significant roughness variations (observed by X-ray Reflectivity and AFM).
The use of H>O can also result in a nucleation delay. After comprehensive optimization of the
ALD process with [(Ni(amd)X] precursor, it has been possible to reach one of the highest
growth rates of 1.3 A/cy, with a wide temperature window (100 to 175 °C) with ozone. In this
process, when the reaction temperature reaches 125°C, the films begin to exhibit
polycrystallinity, and the crystallinity is enhanced with increasing deposition temperature
(Fig.1). The same [(Ni(amd)X] precursor also reacted well with water, giving a GPC of 0.8 A
with a temperature window from 100 to 150 °C. With the use of Ni-ketoiminates, the growth
rate could be enhanced considerably with a GPC of 0.48 A in combination with Os at a higher
temperature.
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After the comprehensive study on the optimization of the NiOx with three new
precursor combinations, we further studied the optical and electrical properties of these films.
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Fig 1. (a) XRD and (b) cross-sectional TEM of the NiOx made by [(Ni(amd)X] and O3 precursor combinations
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Electrochemical characterization of NiFe nanoparticles on colloidal
CeO: for Anion Exchange Membrane Electrolysers

Neethu Kochukunnel Varghese!, Massimiliano Boccia?, Vincenza Marzocchi?, Antonio Comite'
(1) Department of Chemistry and Industrial Chemistry, University of Genoa, Genoa, Italy
(2) H2 Energy SRL, Pizzighettone, Cremona, Italy

Hydrogen is gaining momentum as a fuel of the future because it significantly reduces CO»
emissions, has high energy density and versatility, and can be integrated easily with
renewable energy'). Anion exchange membrane (AEM) electrolysis is an emerging
technology which can produce hydrogen using non-expensive transition metal catalysts at
high energy efficiency. NiFe class of catalysts have garnered significant attention due to their
promising catalytic performances, cost-effectiveness, and relative abundance. These
bimetallic catalysts, leveraging the synergistic properties of nickel and iron, have showcased
their prowess, particularly in the oxygen evolution reaction (OER) segment of water splitting.
In this study we evaluate Nickel and Iron nanoparticles dispersed on colloidal CeO; for their
catalytic activity and performance for applications in AEM water electrolysis for water
splitting reactions.

We synthesized catalysts with multiple Ni:Fe ratios on 30 weight percent commercial
colloidal CeO through chemical reduction method using NaBH4. Morphological and
structural properties of the catalysts are studied by using Scanning Electron Microscopy
(SEM), Transmission Electron Microscopy (TEM) and XRD. N» Physisorption studies show a
BET surface area in the range of 20-80 m?g. For electrochemical characterization, we
conducted Cyclic Voltammetry (CV) for Oxygen Evolution Reaction (OER) in a rotating disc
electrode setup using 1 M KOH electrolyte.
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Figure I : The Linear Sweep Voltammetry measurements of NiFe/CeO: catalysts

Our results indicate that NigoFe1o/CeO; has the highest catalytic activity among the catalysts
with an overpotential of 329 mV at 10 mA/cm? current density. Tafel slope analysis shows
lowest Tafel slope for NigoFei1o/CeO: catalyst which suggests faster reaction kinetics and
lower overpotentials higher current densities. Chronopotentiometry studies were conducted
for 2 hours and all the catalysts were found to be stable. Nyquist plots and equivalent circuits
show NigoFe1o/CeO> catalyst has the lowest charge transfer resistance and higher efficiency
compared to other compositions. These findings highlight the importance of Fe addition to
improve the catalytic activity of Ni catalysts as well as the stability improvement provided by
a catalyst support like colloidal CeOo.

References:

UDy et al., Anion-exchange membrane water electrolyzers. Chemical Reviews, 122(13):11830-11895,2022.
2ICossar et al., Highly active nickel-iron nanoparticles with and without ceria for the oxygen evolution reaction.
Electrocatalysis, 12(5):605-618, 2021.
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Kinetic study of sustainable preparation of organic-inorganic hybrid

materials by grafting procedure

Fernandes P. Brito J. C.! *, Travagin F.2, Miletto 1.2 , Giovenzana G. B.> et Gianotti E.!
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Piemonte Orientale, P.zza Sant 'Eusebio 5, 13100, Vercelli, Italy

(2) Dipartimento di Scienze del Farmaco (DSF), Universita del Piemonte Orientale, L.go Donegani 2,
28100, Novara, Italy

Organic-inorganic hybrid materials find many and important applications in different fields,
such as catalysis, nanomedicine, electronics and many others. Generally, the synthetic approach
used to prepare organic-inorganic hybrids is the grafting method, which allows the inorganic
support to be functionalized with organic functionalities (Figure 1). The grafting procedure is
usually performed in toluene, a toxic and non-renewable solvent !>, In this work, we explored
the use of renewable, cheap and non-toxic compounds, i.e. a-pinene, B-pinene, dimethyl
carbonate, (+)-limonene and 2- methyltetrahydrofuran as solvents for a green grafting method.
The kinetic of the grafting reaction between mesoporous ordered silica (MCM-41) and
aminopropyltriethoxysilane (APTS) with pendant amino groups was followed by 1! NMR
spectroscopy at increasing time. This reaction is widely studied ! and used to prepare hybrid
heterogeneous catalysts with basic sites for many types of catalyzed reactions such as
hydroformylation, Knoevenagel condensation, heterocyclic chemistry, cross-coupling
reactions and many others.

Finally, the hybrids synthesized with the
different solvents were characterized by
FTIR spectroscopy and thermogravimetric
analysis and compared to the same hybrid
obtained using toluene as a solvent. Among
all solvents, 2-methyltetrahydrofuran has

.. . : ! NH; b

revealed promising features for its use as oo ! ( ‘. .
solvent in grafting reactions both in terms of ~ vB-pinene \ { e

. . . . . . ~*dimethyl carbonate ‘ EE—E Ii (;
rapid kinetic of the grafting reaction and in  _ (+)-limonene \ g ¥ Lalic,)
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terms of properties of the obtalr}ed hybr.ld i \9\__,/
with respect the hybrid obtained with
toluene. Figure 1. Green grafting procedure and characterization

[1]J. C. Fernandes. P. Brito, F. Travagin, I. Miletto, G. B. Giovenzana, E. Gianotti, J. of Phys. Chem. 2022.
[2] P. Grandjean, P. J. Landrigan, The Lancet Neurology 2014, 13, 330-338.

[3] M. J. O’Neil, Ed. , The Merck Index: An Encyclopedia of Chemicals, Drugs, and Biologicals, Royal Society
Of Chemistry, Cambridge, UK, 2013.

[4] W. A. Talavera-Pech, A. Esparza-Ruiz, P. Quintana-Owen, A. R. Vilchis-Nestor, C. Carrera-Figueiras, A.
AVila-Onega, J Sol-Gel Sci Technol 2016, 80, 697-708.
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Session 5: Chemical Biology

AN INTEGRATED MACHINE LEARNING MODEL TO SPOT
PEPTIDE BINDING POCKETS IN 3D PROTEIN SCREENING

Trisciuzzi D.” "2, Siragusa, L. >¥, Baroni, M. ®, Cruciani, G. ®, Nicolotti, O. (V

(1) Department of Pharmacy - Pharmaceutical Sciences, Universita degli Studi di Bari “Aldo Moro”,
70125 Bari, Italy.

(2) Molecular Discovery LTD, Kinetic Business Centre, Theobald Street, Elstree, Borehamwood,
Hertfordshire WD6 4PJ, UK.

(3) Molecular Horizon s.r.l. Via Montelino, 30, 06084 Bettona (PG), Italy.

(4) Department of Chemistry, Biology and Biotechnology, Universita degli Studi di Perugia via Elce di
Sotto, 8 - 06123 Perugia (PG), Italy.

Peptide-protein interaction systems play a pivotal role to tackle the onset of several
pathologies such as cancer and neurodegenerative diseases. The spread of machine learning
and artificial intelligence likely changed the perspectives into peptide-protein molecular
recognition although the identification and characterization of putative druggable peptide
interacting cavities is still an open challenge. In this work, we present an innovative machine
learning model based on Linear Discriminant Analysis (LDA) demonstrating to be highly
predictive in detecting putative oligopeptide-binding regions [1].

Starting from a collection of 439 high-quality pockets derived from an in house dataset of
peptide-protein crystallographic complexes previously investigated in terms of structural and
energetic properties [2], three sets of well-established peptide-binding regions were selected
through a Partitioning Around Medoids (PAM) clustering algorithm based on morphological
and energetic 3D GRID-MIFs molecular descriptors. Next, LDA-based protocol implemented
in BioGPS [3] automatically detected the best GRID-MIFs combination able to discriminate
peptide binding cavities with respect to the empty ones. This classification model proved
successfully to discern actual interacting peptide binding cavities from the rest of the protein
partner returning AUC = 0.86 and early ROC enrichment at first 5% equal to 0.48.
Noteworthy, LDA-based model has been successfully challenged on two external datasets of
crystallographic peptide-protein complexes proving to be effective to the peptide drug
discovery, including 3D protein virtual screening campaigns.

[1] Trisciuzzi D., Siragusa L., Baroni M., Cruciani G., Nicolotti O. J. Chem. Inf. Model. 2022, 62, 6812—6824.
[2] Trisciuzzi D., Siragusa L., Baroni M., Autiero I., Cruciani G., Nicolotti O. J. Chem. Inf. Model. 2022, 62,
1113-1125.

[3] Siragusa L., Cross S., Baroni M., Goracci L., Cruciani G. Proteins 2015, 83, 517-532.

* contact : daniela.trisciuzzi@uniba.it

53



X| EDIZIONE GIORNATE ITALO-FRANCESI DI CHIMICA
TORINO, 4-5 APRILE 2024

‘L‘ GIFC 2024

Microwave-assisted Extraction of Phytochemicals from Cannabis sativa L.

Inflorescences with 2-methyloxolane
Cravotto C.” Y Grillo G. ®, Boffa L. @, Fabiano-Tixier A-S. (", Bartier M. ), and Tabasso S. ®

(1) GREEN Extraction Team, INRAE, UMR 408, Avignon Université, F-84000 Avignon, France
(2) Department of Drug Science and Technology, University of Turin, Via P. Giuria 9, 10125 Turin, Italy
(3) Pennakem Europa (EcoXtract ®), 224 avenue de la Dordogne, F-59944 Dunkerque, France

Abstract: In this study, 2-methyltetrahydrofuran, also known as 2-methyloxolane (2-MeOx) [1], was
studied for phytochemicals extraction from Cannabis sativa L. inflorescences. Conventional dynamic
maceration showed that 2-MeOx extracted a similar quantity of CBD (75.45 mg CBD/g matrix)
compared to ethanol (77.71 mg) and hexane (75.09 mg). Additionally, using water-saturated solvent
(2-MeOx 4.5% water) resulted in the highest recovery of CBD (81.30 mg CBD/g matrix) and
polyphenols. Furthermore, 2-MeOx exhibited excellent recovery of hemp terpenes. We intensified the
extraction process using microwave irradiation, which enhanced extraction efficiency and reduced
extraction times. Response surface methodology was used to optimize microwave-assisted extraction
(MAE) in batch by varying extraction time, microwave power, and solvent water content. Two
optimized conditions yielded higher CBD compared to dynamic maceration: 86.76 mg CBD/g matrix
(water 1.72%, power 1000 W, time 20 min) and 84.18 mg CBD/g matrix (water 3.65%, power 300 W,
time 2 min). The feasibility of extraction and decarboxylation of dried inflorescences directly in the
microwave reactor was also studied. However, microwave-assisted decarboxylation-extraction
(MADE) with 2-MeOx resulted in less efficient decarboxylation of CBDA compared to ethanol.
Finally, a new single-mode microwave reactor for flow extraction was tested. Approximately 75.48
mg CBD/g DM were extracted in flow with 2-MeOx (3.65% water) at 60 °C in 10 minutes. Further
optimisation is required for flow-through MAE with 2-MeOx.
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Figure 1: Graphical abstract

[1] Rapinel, V.; Claux, O.; Abert-Vian, M.; McAlinden, C.; Bartier, M.; Patouillard, N.; Jacques, L.; Chemat, F. 2-Methyloxolane (2-MeOx)
as Sustainable Lipophilic Solvent to Substitute Hexane for Green Extraction of Natural Products. Properties, Applications, and Perspectives.
Molecules 2020, 25 (15), 3417. https://doi.org/10.3390/molecules25153417.
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Novel chitosan extraction from dung beetle and its potential application for

the adsorption of cationic and anionic dyes

Zhenying Mei * (12, Pavel Kuzhir " et Guilhem Godeau (-

(1) Université Cote d’Azur, CNRS UMR 7010 INPHYNI, France
(2) Université Cote d’Azur, IMREDD, France

The widespread use of organic dyes in various industrial sectors, including textiles, leather
goods, and printing, has raised significant environmental concerns due to their persistence and
potential toxicity [1]. Conventional methods of dye removal often fall short in efficiently and
sustainably addressing this issue. There is a growing need for innovative solutions that not
only remove dyes from wastewater but also align with the principles of sustainability and
environmental responsibility. In this context, chitosan, a natural polysaccharide derived from
chitin, has shown potential in dye removal [2]. The valorization of new sources of chitosan
derived from insects, one of the most diverse and abundant groups of organisms on the planet,
for dye removal offers an environmentally friendly and highly efficient alternative. Among
them, dung beetles, produce chitin-rich exoskeletons as a part of their natural life cycle. In the
current study, the focus is on evaluating the potential of chitosan from dung beetle,
Heteronitis castelnaui, as an adsorbent for both cationic and anionic dyes. The research
involves the extraction and characterization of chitosan from dung beetle sources using
various analytical techniques, including FTIR, SEM, NMR, ash content, and deacetylation
degree. The obtained chitosan was used to form hydrogels and then evaluated for its
adsorption capacity through batch adsorption experiments using cationic dyes (methylene
blue) and anionic dyes (methyl orange) as model pollutants. Furthermore, the kinetics of the
adsorption process were analyzed using pseudo-first-order and pseudo-second-order models
to understand the rate of adsorption. The maximum adsorption capacities were determined
using Langmuir and Freundlich isotherm models, providing insights into the adsorption
behavior.

Afer adsorption Dyes soluton Beads formation
Figure 1 : Graphic
References

[1] R. Kishor, D. Purchase, G. D. Saratale, et al, J Environ Chem Eng 2021, 9, 105012.
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Fluorescent nucleobases for bright PNA
Cardano F."®, Di Salvo R. (", Bonino P. (", Scatigna M. S. (), Sanna A. (", Stefania R.® et
Fin A.

(1) Department of Chemistry, University of Torino, Torino, Via P. Giuria 7, Italy.
(2) Department of Science and Technological Innovation, University of Piemonte Orientale, Alessandria,
Viale T. Michel 11, Italy

Peptide nucleic acids (PNA) play a pivotal role in chemical biology, easily interacting with
DNA and RNA thanks for sharing the same nucleobase alphabet.!> They have been already
evaluated in antisense and antigene therapies, gene editing but also nucleic acid sensing and
imaging.>® The replacing of natural occurring nucleobases with emissive isomorphic
analogues into PNA represents a unique strategy to impart intrinsic fluorescence while
maintaining efficient paring aiming to overcome limitations of fluorophores’ tagging.*

o (¥ c
FX‘.___ A NH o | NM; T
s
o NS0 N Ny ° D o
\ o 2
4 S N \ L
s " oo | M-
NH v o
u Ay A
—~l | N Gige G
X ° Y /ul HN =i T i
. NH, - [} HN_ ~l_
HAN N —~ -
e ——— ] o

Figure 1: Emissive PNA.

Herein we present the complete studies of emissive thieno[3,4-d[pyrimidine nucleobases
along with the successful synthesis of PNA short sequences incorporating a fluorescent base
(Figure 1). Our studies confirm how the herein synthesized base is compatible for insertion
into PNA sequences. Moreover, PNA optical properties have been analyzed varying the short
sequences’ composition to deeply understand the emissive traits in relation to the neighboring
bases. These preliminary results highlight that a fluorescent analogue of Uracil can be easily
used for PNA synthesis while conferring significant modular luminescence.

[1] P.E. Nielsen, Acc. Chem. Res., 1999, 32, 624 — 630.

[2] J. Saarbach, P.M. Sabale, N. Winssinger, Curr. Opin. Chem. Biol., 2019, 52, 112 — 124.
[3] R. Brazil, ACS, Cent. Sci., 2023, 9,3 - 6.

[4] R.W. Sinkeldam, N. Greco, Y. Tor, Chem. Rev., 2010, 110, 2579 — 2619.
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Bola-amphiphilic glycodendrimers target carbohydrate-binding proteins

Zhancun Bian (:?), Wenzheng Zhang -3, Dinesh Dhumal ", Aleksandra Ellert-
Miklaszewska,® Xiaoxuan Liu ®, Yi Xia,® Bozena Kaminska, @ Ling Peng” (1

(1) Aix Marseille University, CNRS, Center Interdisciplinaire de Nanoscience de Marseille, UMR 7325,
«Equipe Labellisée Ligue Contre le Cancer», Marseille 13288, France

(2) State Key Laboratory of Natural Medicines, Jiangsu Key Laboratory of Drug Discovery for Metabolic
Diseases, Center of Drug Discovery, Center of Advanced Pharmaceuticals and Biomaterials, China
Pharmaceutical University, Nanjing 211198, P. R. China

(3) Chongqing Key Laboratory of Natural Product Synthesis and Drug Research, Innovative Drug
Research Center, School of Pharmaceutical Sciences Chongqing University Chongqing 401331, China

(4) Laboratory of Molecular Neurobiology, Neurobiology Center, Nencki Institute of Experimental Biology
of the Polish Academy of Sciences, Warsaw 02-093, Poland

Carbohydrates are the most abundant macromolecules in living organisms and play important
roles in energy production, as structural materials and as signaling moieties.l] Dendrimers are
appealing scaffolds for creating carbohydrate mimics with unique multivalent
cooperativity.23l We report here bola-amphiphilic glycodendrimers bearing mannose and
glucose terminals, and a hydrophobic thioacetal core responsive to reactive oxygen species.!
They were synthesized using click chemistry, and their properties with regards to binding and
targeting specific carbohydrate-binding proteins were studied. The peculiar bola-amphiphilic
feature enabled stronger binding to lectin compared to the conventional amphiphile. In
addition, these dendrimers were able to target mannose receptors and glucose transporters
expressed on cell surface, facilitating their effective cellular uptake in microglia and
astrocytes, respectively, as well as in cancer cells.[¥! These bola-amphiphilic dendrimers
therefore hold great promise for targeting carbohydrate-binding proteins and targeted drug
delivery.

[1] A. Varki, R. D. Cummings, J. D. Esko, P. Stanley, G. W. Hart, M. Aebi, D. Mohnen, T. Kinoshita, N. H.
Packer, J. H. Prestegard, R. L. Schnaar, P. H. Seeberger, Essentials of Glycobiology, 4th ed., Cold Spring Harbor
Laboratory Press, New York, 2022.

[2] C. Miiller, G. Despras, T. K. Lindhorst, Chem. Soc. Rev. 2016, 45, 3275-3302.

[3]1L. Su, Y. Feng, K. Wei, X. Xu, R. Liu, G. Chen, Chem. Rev. 2021, 121, 10950-11029.

[4] Zhang W, Dhumal D, Zhu X, et al. Bola-Amphiphilic Glycodendrimers: New Carbohydrate-Mimicking
Scaffolds to Target Carbohydrate-Binding Proteins[J]. Chemistry—A European Journal, 2022, 28(58):
€202201400.
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Zinc vanadate photocatalyst for efficient degradation of
Rhodamine B:

M. EL OUARDI 2 H. Ait Ahsaine?, M. Arab!, M. Saadi?
' Aix Marseille Univ, Univ Toulon, CNRS, IM2NP, CS 60584, CEDEX 9, F-
83041 Toulon, France

2 Materials Applied Chemistry Laboratory (LCAM), Faculty of Sciences, University
Mohammed-V Rabat 10000, Morocco.
*Corresponding authors: elouardi570@gmail.com

The increase in industrial discharges into nature leads to pollution of the environment.
Among these releases, those from the textile industry, loaded with dyes, are responsible for
nuisances since most of them are toxic and not biodegradable. The use of synthetic dyes
products (Rhodamine B as example) in our lives is getting more and more in progress,
which became an issue and getting a considerable interest in the research area of
organic pollutant removal for environmentalremediation.

In this context, via a soft chemistry method we succeeded in synthesizing zinc vanadate
(ZnV), which is subsequently employed as an active photocatalyst for decomposing a
model dye (RhB). The synthesized phase is characterized by X-ray diffraction, scanning
electron microscopy, transmission electron microscopy coupled with energy dispersive
spectrometry, Ultraviolet— Visible Diffuse Reflectance Spectroscopy and X-ray
fluorescence spectroscopy. X-ray diffraction patterns showed characteristic peaks of zinc
vanadate phase. Morphologically, ZnV was found to consist mainly of nanosheets, and in
the point view of optical properties, the bandgap energy has been found to be 2.3eV.

The degradation was followed by UV-Visible spectrophotometry. RhB degradation
efficiency of 97% was achieved for the optimal conditions of pH, photocatalyst mass, RhB
concentration and irradiation time.

Keywords: Zinc vanadate, Photocatalyst, Rhodamine B, photodegradation.
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Combining repositioning and de novo synthesis of
pyrazolo[3,4-d]pyrimidines to discover potent SIRT-2 inhibitors

Falesiedi M*. (¥, Scarano N. (U, Grossi G. (), Carbone A. @, Brullo C. V), Musumeci F. (¥,

Bruzzone S. ®, Cichero E. ", Schenone S. ("

(1) Department of Pharmacy, University of Genoa, Viale Benedetto XV, 3, Genoa
(2) Department of Experimental Medicine, University of Genoa, Via Leon Battista Alberti, 2, Genoa

Sirtuins (SIRTs) are a class of enzymes labelled as III histone deacetylases. In mammals,
seven isoforms (SIRT-1 to SIRT-7) are known, and they seem to act as oncopromoters or
oncosuppressors, depending on the sirtuin and the cancer type.! The discovery of sirtuins
inhibitors (SIRTIs) has earned consideration not only for their possible application for cancer
but also for diabetes, immune system clutters, and neurological illnesses. Recently, we
applied a repurposing approach to our in-house library of pyrazolo[3,4-d]pyrimidines
originally developed as Src and/or Abl kinase inhibitors. Two rounds of modelling studies and
biological assay led us to the identification of a few SIRT-2 inhibitors.? In parallel, starting
from the X-ray crystal structure of some of these ligands (e.g., compounds 1, Figure 1)° with
SIRT-2, we carried out further in silico studies and individuated a family of derivatives
potentially active as SIRTIs. The compounds have been synthesized and submitted to
biological assays. Overall, we discovered a hit compound endowed with nanomolar activity
towards SIRT-2. Biological data and structure-activity relationship evaluation will be
discussed.
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Figure 1: Structure, inhibitory activity towards SIRT-2 and docking pose of 1, and general structure of the new
generation of SIRT-2 pyrazolo[3,4-d]pyrimidine inhibitors.

[1] Bosch-Presegué L., Vaquero A., The dual role of sirtuins in cancer. Genes Cancer. 2011, 2, 648-62.

[2] Scarano N., Abbotto E., Musumeci F., Salis A., Brullo C., Fossa P., Schenone S., Bruzzone S., Cichero
E. Virtual Screening Combined with Enzymatic Assays to Guide the Discovery of Novel SIRT2
Inhibitors. Int. J. Mol. Sci. 2023, 24, 9363.

[3] Abbotto E., Scarano N., Piacente F., Millo E., Cichero E., Bruzzone S. Virtual Screening in the
Identification of Sirtuins’ Activity Modulators. Molecules. 2022, 27, 5641.
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Enhancement of the metabolic stability in 2-hydroxypyrazolo[1,5-
a]pyridine scaffold-based inhibitors of human dihydroorotate
dehydrogenase (:DHODH)

Chiara Vigato™", Stefano Sainas'"), Marta Giorgis'"), Agnese C. PippioneV, Alice
Passoni®®, Renzo Bagnati‘®, Paola Circosta®, Riccardo Miggiano®, Marta Alberti ¥,

Donatella Boschi"), and Marco L. LollitV
(1) Department of Science and Drug Technology, University of Torino (Italy).

(2) Department of Environmental Health Sciences, Istituto di Ricerche Farmacologiche Mario Negri
IRCCS, Milano (Italy).
(3) Molecular Biotechnology Center, University of Torino (Italy).

(4) Department of Pharmaceutical Sciences, University of Piemonte Orientale, Novara (Italy).

Human dihydroorotate dehydrogenase (ADHODH), a pivotal enzyme in the de novo
pyrimidine biosynthesis, stands as a validated target for the treatment of autoimmune
diseases, solid tumors, and, more recently, acute myeloid leukemia (AML). By using a
non-classic bioisosteric approach supported by structure-based drug design, we recently
discovered MEDS613, a molecule 15-fold superior to brequinar, a known Z/DHODH
inhibitor, in its cell-based in vitro potency. Unfortunately, MEDS613 suffered from poor
in vitro metabolic stability, thus limiting further preclinical studies.[1] This work
discloses the process of identification of MEDS613’s propoxy chain metabolic soft spot,
which allowed the design of the new /ead structure MEDS700, a metabolically stable
candidate (whose Z/DHODH binding mode has been elucidated by x-ray crystallography)
with comparable, or even better, performance than MEDS613 in terms of enzymatic
inhibition, pro-apoptotic and pro-differentiating effects on AML cell lines (Figure I).
MEDS700 represents a promising candidate for further steps into the drug development
process, thus, before future in vivo toxicity/efficacy studies, the pharmacokinetics profile
has been also outlined and here fully discussed.

MEDS700 /lllw o)
hDHODH ICxy: 1.48 nM (4
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] } | ‘ /N 100 x
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Differentiation THP1: EC5o= 17 nM T0 T120
Apoptosis THP1: EC5y= 20 nM 2 T
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Microsomal half-life: t;»,< 15 min

Figure 1: Optimization of MEDS613 metabolic soft spots with the design of MEDS700.

[1] Sainas, S. et al. J. Med. Chem. 2021, 64, 5404—5428.
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Design and synthesis of new coumarin hybrids with antiproliferative
activity against neuroblastoma cells

Grondona C*.(), Valenti G. E.® Marengo B.®® Russo E.(), Domenicotti C.?, et Tasso B.(1

(1) Department of Pharmacy, University of Genoa, Viale Benedetto XV 3, I-16132 Genoa, Italy
(2) Department of Experimental Medicine, University of Genoa, Via Leon Battista Alberti 2, I-16132
Genoa, Italy

In order to identify new agents with anticancer activity, our research project is aimed at the design and
synthesis of new hybrid molecules using the fragment-based strategy.

For this purpose, two naturally occurring scaffolds with antiproliferative and antioxidant properties,
respectively, were combined. We synthesized new hydrazones of coumarin-3-carboxylic acid with
aryloxy-substituted vanillin or isovanillin, obtaining a small library (16 compounds, Figure 1)
throughout multistep synthesis.

The antioxidant properties of the compounds, were evaluated on the basis of their chemical structure by
using in vitro DPPH colorimetric assay !. Furthermore, their anticancer activity was tested by MTT
assay in a neuroblastoma (NB) cell line (HTLA-230) and in an etoposide-resistant one (HTLA-ER),
selected by HTLA-230 2. Both the NB cell lines were treated for 48 h with increasing concentrations
(2.5-30 uM) of the compounds. Most of the ICsy values showed an anticancer effect at low micromolar
range (8-25 uM) with a similar trend in both NB cell populations.

Based on these results, it is possible to highlight some structure-activity-relationships useful for
designing new compounds with better antiproliferative activity.

At the same time, further biological studies will be undertaken to identify the mechanisms of action of
these new promising anticancer compounds.
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Figure 1: General chemical structure of the compounds 1-16

(1) Brand-Williams, W.; Cuvelier, M. E.; Berset, C. Use of a Free Radical Method to Evaluate Antioxidant
Activity. LWT - Food Sci. Technol. 1995, 28 (1), 25-30. https://doi.org/10.1016/S0023-6438(95)80008-5.
(2) Colla, R.; Izzotti, A.; De Ciucis, C.; Fenoglio, D.; Ravera, S.; Speciale, A.; Ricciarelli, R.; Furfaro, A. L.;
Pulliero, A.; Passalacqua, M.; Traverso, N.; Pronzato, M. A.; Domenicotti, C.; Marengo, B. Glutathione-
Mediated Antioxidant Response and Aerobic Metabolism: Two Crucial Factors Involved in Determining the
Multi-Drug Resistance of High-Risk Neuroblastoma. Oncotarget 2016, 7 (43), 70715-70737.
https://doi.org/10.18632/oncotarget.12209.
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Development of a magnetic colloid for blood flow recirculation
J. Lagouarde” )| G. Verger-Dubois ¥, G. Godeau Vet P. Kuzhir )

(1) Université Cote d’Azur, CNRS UMR 7010, Institute of Physics of Nice, 17 rue Julien Lauprétre, 06200

Nice, France

(2) Axlepios Biomedical, 1ere Avenue Seme rue, 06510 Carros, France

During a brain stroke, blood clots in the vessels block the flow of blood and prevent

oxygen supply to the brain. The success of the therapeutic treatment in the first few hours
after stroke depends on the efficacy of the drug delivery to dissolve clots as fast as possible.
Intravenous administration does not lead to rapid diffusion of the active substance to the clot
due to the blood stagnation near to it.
Magnetic iron oxide nanoparticles (IONPs) can be highly effective to accelerate the
transportation of drugs in blocked vessels. Our idea is to generate a collective rotation of the
elongated IONPs aggregates using an oscillating magnetic field applied via external electric
coils to generate a recirculation flow.

To achieve our therapeutic target, the first step was to develop non-toxic [ONPs stable
in physiological conditions. They were synthesized by co-precipitation and functionalized
using PEGsilane. Characterization was carried out by dynamic light scattering, Fourier
transform infrared spectroscopy, vibrating sample magnetometry, thermal gravimetric
analysis and in vitro cytotoxicity assays confirming their biocompatibility.

The second step focuses on the behavior of the developed colloid under magnetic fields. First
reversible aggregation results have been obtained, enabling micro-flow formation studies in
an artificial vessel.

—» Blood flow
- Biocompatible IONPs
Active substance
"7 Field-induced rotation
— Recirculation flow

Figure 1 : Illustration of blood flow recirculation principle using biocompatible IONPs under field conditions to
help the drug reach its target
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Exploiting the amino dihydrotriazine motif of Cycloguanil to develop novel
anti-Trypanosoma brucei agents targeting folate enzymes
Francesconi, V." (1, Pozzi C.®, Tagliazucchi L. ®, Santarém N. @, Cordeiro-da-Silva A. @,

Costi M.P. @ et Tonelli M. (V
(1) University of Genoa, Department of Pharmacy, viale Benedetto XV n.3, 16132 Genoa, Italy.

(2) Department of Biotechnology, Chemistry and Pharmacy, University of Siena, via Aldo Moro 2, 53100
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(3) Department of Life Science, University of Modena and Reggio Emilia, via Campi 103, 41125 Modena,
Italy.

(4) Instituto de Investigagao e Inovagao em Sauide, Universidade do Porto and Institute for Molecular and

Cell Biology, 4150-180 Porto, Portugal

Human African trypanosomiasis (HAT, also known as sleeping sickness) is a vector-borne
parasitic infection caused by Trypanosoma brucei (T.b.). Despite the progress made to reduce
its spread, to fully achieve the goal of eradicating the disease by 2030, there remains a critical
requirement for enhanced disease tracking, intensified control efforts, and the development of
innovative, safer, and more effective drugs.

A promising approach for the treatment of HAT aims to target the enzymes of folate
metabolism, such as dihydrofolate reductase (DHFR) and pteridine reductase-1 (PTR1). Folates
and pterins are essential cofactors for nucleic acid and protein biosynthesis. The antimalarial
drug cycloguanil (Cyc) was found to target 7hPTR1 besides Plasmodial and Trypanosoma
DHFR [1,2]. In the present study, we synthesized two novel series of compounds: (2-
aminotriazino)benzimidazoles, where the amino triazino motif of Cyc is fused with a
benzimidazole ring, and 2-guanidino benzimidazoles, as their open-ring and more flexible
analogues.

The inhibitory activity of these compounds against 7hPTR1 and 7bDHFR, as well as against
human DHFR, has been investigated to assess their selectivity for the protozoan enzymes.
Furthermore, their cytotoxicity and antiparasitic effects were evaluated in cell-based assays.
The crystal structures of both enzymes in complex with selected compounds have been solved,
to elucidate the structural-activity relationship (SAR) of these two chemotypes that could be
valorized for further drug development.

[1] Landi G. et al. Structural Insights into the Development of Cycloguanil Derivatives as Trypanosoma Brucei
Pteridine-Reductase-1 Inhibitors. ACS Infect. Dis. 2019, 5, 1105-1114.

[2] Tassone G. et al. Evidence of Pyrimethamine and Cycloguanil Analogues as Dual Inhibitors of Trypanosoma
brucei Pteridine Reductase and Dihydrofolate Reductase. Pharmaceuticals. 2021, 14(7), 636.

* contact : valeria.francesconi@edu.unige.it
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A Novel PSMA-Targeted Probe for Photodynamic Therapy: Synthesis and

Preclinical Validation
R. Stefania* ), M. Capozza ®, V. Dinatale ¥, G. Digilio (), L. Tei (), Laura Mezzanotte ),

Roisin McMorrow @), Henriétte de Bruijn @ et Enzo Terreno @

(1) Department of Science and Technological Innovation, Universita del Piemonte Orientale, Italy.
(2) Department of Molecular Biotechnology and Health Sciences, University of Turin, Italy
(3) Erasmus Medical Center, Department of Radiology & Nuclear Medicine, Rotterdam, Netherlands,

(4) Erasmus Medical Center, Center for Optical Diagnostics and Therapy, Rotterdam, Netherlands

Photodynamic therapy (PDT) is a procedure used in the clinic for the treatment of cancer and other
diseases. PDT uses a photosensitiser (Ps) that can be activated by light for the production of reactive
oxygen species (ROS), ultimately leading to cell death through necrosis and apoptosis. Silicon
phthalocyanines (SiPcs) have exceptional physicochemical properties including their high singlet
oxygen ('02) quantum yield [1]. Here, to improve the specificity of SiPc in the treatment of prostate
cancer, a PSMA (prostate specific membrane antigen) targeting ligand has been incorporated into both
axial positions of SiPc, yielding
the first axially bivalent PSMA-

Administration of

s Light Source
Photosensitizer

\ — wwm targeted PDT probe.
. s:‘fmfm , Figure 1: Chemical structure of
Mimbea’ing'(PSMA(‘) (10 nmol) 100,/“,\:} SiPC—PQ(PSMAi)Z and SI'PC—OS?—
ePSMA () PCa o b Per20min Al (PSMAi)2  and  photodynamic
™ PoR PO ke am g 25 f.ff:ﬁ'";fﬂ:ff ool nthezs s therapeutic efficacy in vivo.

s ~ A
e A il The PSMAI ligand (Glutamate-
Pe— SiPe-PQ(PSMIAN, trradlanon\ C ## urea-lysine  based  binding
b - o motif) was attached to the
A o O (pst oadivedi i central Si atom of Pc via an
¢ A alkoxy (Si-O-C) or silyloxy (Si-

® 0O-Si) bond in order to compare
and study their effectiveness, namely SiPcPQ(PSMAI)2 and SiPcOSi(PSMAI): (Figure 1). The UV—
Vis absorption spectra of both conjugates acquired in water, showed an intense, well-defined
absorption peak (Q-band) at 679—683 nm that strictly follows the Beer-Lambert law as a function of
concentration, thereby indicating that the compound is essentially free from aggregation. Aggregation
in water and limited solubility is a factor limiting the in vivo applications of most PCs. We studied the
photophysical properties (singlet oxygen quantum yield ®a, fluorescence quantum yields ®r), the
uptake specificity by PSMA-expressing PCa cells and the in vitro photodynamic-induced toxicity of
the two new systems. The in vivo PDT treatment was performed with SiPc-PQ-(PSMAI)2 that showed
best results in vitro. This new PDT probe showed tumor growth delay and improved median survival
in all PSMA (+) PC3-PIP tumors bearing mice.

*contact: rachele.stefania@uniupo.it

[1] Mitra, K., & Hartman, M. C. (2021). Silicon phthalocyanines: synthesis and resurgent applications. Organic
& Biomolecular Chemistry, 19(6), 1168-1190
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Methodological approach in the study of multi-material artefacts by

the use of portable X-ray Fluorescence Spectrometry

Agostino A.". 2, Maria L. (¥, Operti L. (), Cimino D. @, Tixier F. ® et Descatoire C. )
(1) Dipartimento di Chimica, Universita di Torino, via P.Giuria 7 — 10125 Torino, Italy
(2) Indipendent
(3) CRULH, Université de Lorraine, 23 Boulevard Albert 1er — 54000 Nancy, France
(4) Musée de Cluny, 6 place Paul Painlevé — 75005 Paris, France

Obtaining reliable data through portable and non-invasive techniques is often a necessary condition in
the study of Cultural Heritage. In fact, this study deals with the methodological approach adopted in
the analysis of three reliquaries owned by Musée de Cluny (Paris, France) with which there is a
consolidated collaboration. The main characteristic of these important medieval works lies in the
variety of the materials they are made of: usually gilded metal decorated with glass, enamels, and
gemstones as real pieces of jewellery [1]. Moreover, reliquaries are objects of cult that are sometimes
carried in procession and exposed to the touch of the devout and they are often re-arranged over time
or have been reproduced in copies. Elemental analysis allows the recognition of authentic parts and
remakes and provides very useful information on production techniques and provenance of raw
materials. Among other things, it allows comparisons to be made with other products of the same
period but of different manufacture. The adoption of X-ray Fluorescence Spectrometry has enabled an
accurate characterisation of artefact materials by exclusively non-invasive approach: different
measurement conditions have been optimised over time to achieve data comparable with those
presented in the literature concerning medieval jewellery [2]. The outcomes are of certain relevance
given the lack of systematic diagnostic studies in the scientific literature specifically concerning
materials of European late medieval anthropomorphic reliquaries [3]. The combination with optical
microscopy allowed a characterisation of the appearance and the
colours of the various surfaces investigated. The artefacts are all
made of copper gilded with mercury amalgam, but some parts
that can be attributed to later additions have been identified.
Some elements detected in quantities in the glass are
incompatible with medieval production and suggest they may be
later substituted. Finally, precious stones as rock crystal,
turquoise, zircons, and garnets were identified, in the last case
with possible information about their provenance (India or Sri
Lanka).

Decorative details of reliquary CI.1080

[1] Castronovo S. 2020. Bustes reliquaire en orfévrerie dans le duché de Savoie et dans les territoires voisins
(XIlle-XVe siécles)., Artistes et artisans dans les Etats de Savoie au Moyen Age. De 1’or au bout des doigts,
Silvana Editoriale, Cinisello Balsamo (MI), Italy.

[2] Biron I., Dandridge P., Wypyski M.1., 1996, Techniques and materials in Limoges enamels, Enamels of
Limoges 1100-1350, Metropolitan Museum of Art, NY

[3] Labate M., Aceto M., Castronovo S., Operti L. Agostino A., 2022. Non-invasive analysis of late mediaeval
goldsmith’s materials:piedmontese reliquary busts in comparison, Book of Abstracts, JFIC2022, Toulon, France

* contact : angelo.agostino@unito.it
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Hierarchical zeolites by top-down and bottom-up approaches for a variety of

applications

Ancora G. "), Morari F. (), Brito J. C. F. P. @, Marchese L. (V, Bisio C. ¥ et Gianotti E.* ?®
(1) Dipartimento di Scienze e Innovazione Tecnologica, Universita del Piemonte Orientale, Viale Teresa
Michel 11, 15121, Alessandria (AL), Italy;
(2) Dipartimento per lo Sviluppo Sostenibile e la Transizione Ecologica, Universita del Piemonte
Orientale, P.zza Sant’Eusebio 5, 13100, Vercelli (Italy).
(3) CNR-SCITEC Istituto di Scienze e Tecnologie Chimiche “Giulio Natta”, Via C. Golgi 19, 20133,
Milano (M), Italy;

Hierarchical zeolites, which exhibit a distinctive structure characterized by interconnected
micropores and mesopores, are versatile materials that can overcome the typical issues related
to microporous materials, including poor mass transfer, hindered diffusion, and strict selectivity
of resulting products (Fig. 1). Typically, hierarchical porous materials can be obtained through
bottom-up or top-down approaches. The former introduces dual porosity during synthesis, while
the latter employs a post-synthetic step on a pre-existing microporous matrix. [}

In this contribution, both approaches were applied to synthesize hierarchical porous materials
with different properties. In detail: two commercial zeolites, HZSM-5 and Y (both with
Si02/A1203 = 80) with a MFI and FAU structure respectively, and a natural clinoptilolite (HEU)
were desilicated through a top-down approach using NaOH solutions at varying concentrations,
to evaluate the treatment efficiency. In parallel, two different hierarchical SAPO-34 (CHA)
were obtained through a bottom-up approach, using either non calcined MCM-41 or SBA-15,
which serve as both Si source and mesoporogen. The synthesized hierarchical architectures
were characterized by multi-technique approach
using XRD, N2 physisorption at 77K, TGA and
FTIR spectroscopy of adsorbed probe molecules, to
assess the nature, strength and accessibility of the
acid sites.

The generated hierarchical zeolites hold potential
applications in various fields, such as heterogeneous
catalysis and as adsorbents toward cationic species
in solution (i.e. metal ions), either individually or in
combination, depending on the quantity of captured
metal and its coordination state.

Figure 1: Graphical representation of a
hierarchical zeolite.

[1] M. Hartmann, Angew. Chem. Int. Ed. 2004, 43, 5880-5882.
[2] S. Mitchell, B. Pinar, J. Kenvin, P. Crivelli, J. Kérger, J. Pérez-Ramirez, Nat. Commun. 2015, 6, 8633-8647.

* contact : enrica.gianotti@uniupo.it
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DFT simulation of FeOx/Au heterostructures: insights and relevance as

electrochemical water splitting heterogeneous catalysts
Ascrizzi E.* (1 et Ferrari A. M. ()

(1) Dipartimento di Chimica, Universita di Torino, via Giuria 5, 10125 Torino, Italy

Nowadays there is a urge to transit from fossil fuels to clean energy sources: a crucial role in
this process can be played by the oxygen evolution reaction (OER), hydrogen evolution
reaction (HER) and oxygen reduction reaction (ORR) [1]. The main problem in the
worldwide diffusion of the catalysts for these reactions is their high costs. The most efficient
catalysts are in fact made of noble metals [2,3]. An alternative based on earth abundant metals
would be needed and for this we propose and study FeOx /Au systems. The structure of
supported FeOx layers is nonetheless still to be determined since a wide range of structures
can be formed depending on the operating conditions (mainly the applied potential and the pH
of the solution) [4,5].

In such framework, computational chemistry can play a relevant role in identifying
conceivable structures based on Fe oxides and hydroxides with different oxidation numbers.
Relevant structures have been fully analysed by considering their electron/magnetic properties
and their relative stability at the operating conditions. The major interest is to establish the
relationships between structure and properties in order to identify the active species taking
part to the catalytic reactions.

The VASP code [6] has been used for calculations in combination with the DFT+U approach
and PBEsol as functional since this computational set up guarantees a proper description of
the transition metals centers and related (electro)chemical processes.

[1] X. Zhou et al., Carbon, 166: 284-90, Sept 2020

[2] G. Zhao et al., Adv. Funct. Mater., 28(43):1803291, Oct 2018
[3] L. An et al., Energy Environ. Sci., 14(5):2620-2638, Jan 2021
[4] S. Yang et al., Phys. Rev. Mater., 4(7): 074004, Jul 2020

[STL. Yuetal., J. Phys. Chem. C, 119(29): 16614-16622, Jul 2015
[6] G. Kresse et al., Comput. Mater. Sci., 6, 15 Jul (1996)
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SbnA as a target for the development of new antimicrobials towards

Staphylococcus aureus
S. Asgharpour!, E. Gianquinto, M. Failla, F. Marchesani, B. Campanini, S. Bettati, L. Lazzarato, F. Spyrakis

1) Dipartimento di Scienza e Tecnologia del Farmaco
2) Deb of Food and Drug, University of Parma, Parma

Antimicrobial resistance (AMR) is the ability of bacteria to withstand treatments. In these
conditions antibiotics can no longer inhibit the growth of bacteria. A high-priority bacterium
to study is Staphylococcus aureus, which is resistant to many antibiotics and has developed
different pathways to resist the majority of the known drugs [1].

Iron is a crucial nutrient for S. aureus to invade the host and cause infections. Human body
can develop a mechanism called nutritional immunity (NI) to limit iron availability to
bacteria. However, bacterial pathogens can counteract this by producing siderophores or by
heme uptaking via hemophores. Siderophores can chelate iron with a high affinity and
transport it to bacterial cells. Iron in hemoglobin is bound to heme and hemophores can
scavenge heme groups from hemoglobin through the blood. The underlying mechanism of
siderophore production is very complex and investigating the process in molecular scale is of
particular interest [2].

We focus on SbnA enzyme which is a PLP-dependent protein involved in the biosynthesis of
Staphyloferrin B (siderophore) by production of N-(1-amino-1-carboxy-2-ethyl)-glutamic
acid (ACEGA). In this reaction O-Phospho-L-serine (OPS) and L-glutamate substrate enter
the SbnA active site leading to conformational changes and the closure of the binding site and
production of ACEGA [3]. We performed structure-based investigations to identify SbnA
inhibitors as novel antimicrobials. In a first run of virtual screening (VS) we found phenyl
maleic acid to be effective in the inhibition in the low micromolar range of SbnA. Then, using
a modified version of phenyl maleic acid and ACEGA as templates, we performed additional
VS using the Glide Virtual Screening Workflow (VSW) exploring many libraries including
Enamine, Molport and Chembridge with a number of filters and pharmacophore restraints.
This was followed by an induced-fit docking on top hits. The final selection resulted in almost
20 compounds. This will be followed by Molecular Dynamics simulations to check the
stability of the compounds. Most promising molecules will be purchased and tested in vitro on
the isolated proteln and if effectwe on S. aureus cultures

/2] Choby J.E., et al, J Mol Biol, 2016, https://doi.org/10.1016/j.jmb.2016.03.018.

[3] Kobylarz M.J., et al, Chem Biol, 2014, https.//doi.org/10.1016/j.chembiol.2013.12.011.
[4] Kobylarz M.J., et al, Biochemistry, 2016, https://doi.org/10.1021/acs.biochem.5b01045.
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An Electrochemical Study of Gold Complexes for Catalysis

Emma Baubiat, Sandra Olivero*, Romain Melot* and Véronique Michelet*
Université Cote d’Azur, Institut de Chimie de Nice, Nice 06108 CEDEX 2, France

While the majority of gold-catalysed reactions underlines the carbophilic Lewis acid

of gold(I),!- several studies have shown these last twenty years the feasibility of Au(I)/Au(II)
catalytic systems through the use of external oxidants.> This step opens up new prospects in
the field of gold-based catalysis. Simultaneously, electrosynthesis is experiencing a major
upsurge in interest among the scientific community: the direct use of electricity offers an
economical, sustainable and safer alternative to conventional oxidising/reducing agents.6
These methods are independently two powerful synthesis tools, both of which are undergoing
a revival, and their combination could lead to new methodologies and new reactivities.?
In this context, a preliminary cyclic voltammetry study has been carried out on a range of
gold complexes and ligands to determine their oxidation potentials. On the one hand, these
data will potentially allow the in sifu generation, the isolation and the characterisation of gold
(ITI) complexes. On the other hand, it will also enable the development of new catalytic
processes under electrochemical conditions.

ANALYZE THE
OXIDATION 0

NEW ELECTROCHEMICAL DATA
FOR GOLD COMPLEXES

o SET-LP COLLECT VOLTAMMOGRAMS o

Figure 1: The different steps of the electrochemical study of gold complexes

[1] Rappoport, Z.; Marek, 1.; Liebman, J. F. The Chemistry of Organogold Compounds; Patai’s chemistry of
functional groups; Wiley: Chichester, 2014.

[2] Toste, F. D.; Michelet, V. Gold Catalysis: An Homogeneous Approach; Catalytic Science Series; Imperial
College Press, 2014; Vol. 13.

[3] Slaughter, L.M. Homogeneous Gold Catalysis; Topics in current chemistry; Springer: Cham Heidelberg,
2015.

[4] Campeau, D.; Leon Rayo, D. F.; Mansour, A.; Muratov, K.; Gagosz, F. Chem. Rev. 2021, 121 (14), 8756—
8867.

[5] Bhoyare, V. W.; Tathe, A. G.; Das, A.; Chintawar, C. C.; Patil, N. T. Chem. Soc. Rev. 2021, 50, 10422—-10450.

[6] Kingston, C.; Palkowitz, M. D.; Takahira, Y.; Vantourout, J. C.; Peters, B. K.; Kawamata, Y.; Baran, P. S.
Acc. Chem. Res. 2020, 53, 72-83.

[7] Melot, R.; Olivero, S.; Michelet, V. Adv. Synth. Catal. 2023, 365, 496-501.
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Online colorimetric measurement and timely dosage of hydrogen peroxide

in a photo-Fenton process.
Palma D. 2, Antela K. 2, Morales A.®, Cervera M.L. @, Fabbri D. (1, Bianco

Prevot A. (1

(1) Department of Chemistry, University of Turin, Via P. Giuria 5, Torino, 10125, Italy.
(2) Department of Analytical Chemistry, University of Valencia, Dr. Moliner 50, 46100 Burjassot,

Valencia, Spain.

The scale-up of a photocatalytic process for the removal of pollutants from water encompasses

several relevant aspects, among them, the timely analytical control and the optimization of
operational parameters, to maximize efficiency and minimize reagent consumption. Indeed, when
running Advanced Oxidation Processes, reagents consumption represents one of the main costs; in

the specific case of photo-Fenton processes, that rely on the generation of hydroxyl radicals through
the reaction between hydrogen peroxide and Fe(Il) ions, an excess of H202 could even hinder the
pollutant degradation kinetics, making therefore its proper dosage a key issue.

The automation of H202 concentration control and dosage is therefore worth to be implemented,
seeking for reliable, fast and cheap devices.

In this work the role of H202 dosage on the photo-Fenton degradation of paracetamol and caffeine
(taken as model contaminants of emerging concern) was studied. A self-developed Arduino

controlled automated device was employed for the online colorimetric measurement of H202 and for
its dosage.

The kinetics of substrate degradation, organic carbon mineralization and H202 consumption were
compared to define the most suitable H202 dosage procedure to maximize process efficiency.

The developed Arduino device also carried out the inline dissolved oxygen measurement, to verify any
possible relationship between H202 consumption and the concentration of dissolved oxygen.

The development of an automated device for the online measurement and dosage of H20: provides

a powerful tool for deepening the knowledge on the effect of H202 content on the efficiency of a
photo-Fenton process, contributing to optimize the actual H202 concentration avoiding its depletion or
excessive dosing.

The results obtained in the present work evidence two opposite trends for kinetics and overall H20:
consumption when moving from single, stoichiometric H2O2 dosing approach to a fractioned dosing
one. In fact, both substrate and DOC removal rates were higher when a single and stoichiometric H202
dose was added at the beginning of the process, while H202 consumption took advantage from small
successive H202 addition as long as the previously added H202 was consumed before the following
dose was added.

[1] E. Yamal-Turbay, E. Jaén, M. Graells, M. Pérez-Moya, Journal of Photochemistry and Photobiology A:
Chemistry 267 (2013) 11-16.

[2] L. Santos-Juanes, J.L.G. Sanchez, J.L.C. Lopez, 1. Oller, S. Malato, J.A. Sanchez Pérez, Applied
Catalysis B: Environmental 104 (2011) 316-323.
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Design and synthesis of INF195, a new NLRP3 Inflammasome Inhibitor

with ex vivo cardioprotective effect

Francesca Boccato'* (V, Simone Gastaldi (), Magali Giordano ®), Elisabetta Marini ("),

Francesca Spyrakis (1, Pasquale Pagliaro ¥, Claudia Penna® and Massimo Bertinaria (!
(1) Department of Drug Science and Technology, University of Turin, Via P. Giuria 9, 10125 Torino, Italy.
(2) Department of Clinical and Biological Sciences, University of Turin, Regione Gonzole 10, Orbassano,

10043 Torino, Italy.

The NLRP3 inflammasome, a cytosolic multi protein complex involved in inflammatory
processes, is emerging in the myocardial ischemia-reperfusion injury (IRI) framework, being
engaged in both cell survival and damage [1-3].

In the search for novel NLRP3 inhibitors, we designed a series of compounds with the help of
molecular docking techniques. The activity of the compounds was evaluated in vitro in human
macrophages. One compound, INF195, was selected to investigate the cardioprotective
properties [4]. We measured infarct size (IS) in isolated mouse hearts exposed to 30-minute
global ischemia and then one-hour reperfusion, either in the absence or presence of different
doses of INF195 (5, 10 or 20 uM). We also evaluated the production of the markers of NLRP3
activation, caspase-1 and IL-1p, measuring their concentrations in cardiac tissue homogenates.
The results infer that heart pre-treatment with low doses of INF195, 5 and 10 uM, considerably
reduce IS and IL-1p production, suggesting therefore that the activation of NLRP3 expressed
in myocardial cells plays a role in IRI. Moreover, INF195 at low doses significantly reduced
the infarcted area (the infusion at SuM reduced IS from 64.8+£1.9% to 38.1+£1.3%). Overall,
INF195 showed a promising cardioprotective effect worth of further studies.
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[1] Toldo S., Abbate A. Nat Rev Cardiol (2023). doi: 10.1038/s41569-023-00946-3

[2] Pellegrini, C. et al. Med Res Rev (2021), 41 (4): 1890-1926. doi: 10.1002/med.21781
[3] Sandanger, 9. et al. Cardiovasc Res (2013), 99 (1): 164-174. doi: 10.1093/cvr/cvt091
[4] Sharma, A. et al. Front Physiol (2018), 9: 114. doi: 10.3389/fphys
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Enantioselective Synthesis of Benzopyrane Atropisomers

Alix Bourhis,' Jean Rodriguez,' and Damien Bonne™

T4ix Marseille Université, CNRS, Centrale Marseille, iSm2, Marseille, France
alix.bourhis@univ-amu.fi or damien.bonne@univ-amu.fr

Atropisomers are of utmost interest due to their prevalence in natural products,' but also for
their biological relevance? and their numerous applications as chiral materials,’ ligands* and
organocatalysts.”> Among them, biaryl and heterobiaryl atropisomers are the most common
ones and many synthetic approaches are available.® Non-biaryl atropisomers constitutes
another family of these axially chiral molecules with less synthetic approaches and
consequently are less represented in the literature.” Within this family, the highly challenging
enantioselective construction benzopyrane atropisomers still constitutes a daunting challenge
of modern organic synthesis.®

Enantioselective halogenation reaction is a useful reaction for the production of atropisomers
in enantioenriched form, via a dynamic kinetic resolution (DKR) of substrates presenting low
enantiomerization barriers. ° Therefore, we propose to exploit this approach for the
atroposelective synthesis of axially chiral benzopyranes. While non-catalyzed version of the
reaction has allowed to produce several examples of chiral benzopyranes in racemic form,
encouraging enantiomeric excesses have been obtained with the use of a chiral phosphoric
acid derivative and further investigations are currently undergoing in our laboratory.

R R
O Z (2eq)) O

> -
COox CCL
R' R’
High rotational barrier Low rotational barrier
R = Br, CO,Me, CN, OMe, 32 -78 % yield
NMe, NO, Me 8 Examples
R'=H or Br

Figure I : Bromination reaction scheme

['] Bringmann, G.; Menche, Acc. Chem. Res. 2022, 55, 2370.

[?] Basilaia, M. ; Chen, M. H.; Secka, J.; Gustafson, J. L. Acc. Chem. Res. 2022, 55, 2904.

[*] Collins, B. S. L.; Kistemaker, J. C. M.; Otten, E.; Feringa, B. L. Nat. Chem. 2016, 8, 860.

[4] Tang, W.; Zhang, X. Chem. Rev. 2003, 103, 3029.

[*]JAkiyama, T.; Mori, K. Chem. Rev. 2015, 115, 9277.

[°] Cheng, J. K.; Mori, K. Chem. Rev. 2021, 121, 4805.

[7] Kumarasamy, E.; Raghunathan, R.; Sibi, M. P.; Sivaguru, J. Chem. Rev. 2015, 115, 11239.

[*] Gou, B.-B.; Tang, Y.; Lin, Y.-H.; Yu, L.; Jian, Q.-S.; Sun, H.-R.; Chen, J.; Zhou, L. Angew. Chem. Int.
Ed. 2022, 61, €202208174.

[°] Yuuki Wada, Y.; Matsumoto, A.; Asano, K.; Matsubara, S. RSC Adv., 2019, 9,31654-31658
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MW-assisted Anisole Hydrogenation over Commercial Supported Catalysts

Chiara Bruschetta'”, Federico Verdini', Silvia Tabasso', Emanuela Calcio Gaudino', Maela

Manzoli!, Giancarlo Cravotto'

1 Department of Drug Scienze and Technology, University of Turin, Via P. Giuria 9, 10125 Turin, Italy

MW Radiation

Figure 1: Anisole hydrogenation over bifunctional supported catalyst

Hydrogenations are among the best studied reactions as they are fundamental in
petrochemical and coal chemistry, environmental industries, and fine chemicals
production.[1] It is estimated that about 25 % of all chemical transformations involve at least
one hydrogenation step. Starting from the first hydrogenation reaction of lignin-based
chemicals carried out by Harris and Saeman,[2] most of the research aim to transforming
monomers derived from lignin depolymerization through hydrogenation reactions. Currently,
hydrogenations of lignin-based chemicals can be carried out using hydrogen gas or through
the transfer hydrogenation (TH) route, using a H-source solvent (such as formic acid,
isopropyl alcohol, or alkanes).[3] Biomass is constituted by lignocellulosic (LB) or non-
lignocellulosic (non-LB) materials.[4] Considering lignocellulosic biomass, specifically the
three main chemical components (cellulose, hemicellulose and lignin), only lignin has been
rewarded less attention as for the bioconversion to biofuels, due to complex structure of the
polymer,[5] despite it is characterized by a great amount of functional groups that are
important active sites for further chemical modifications.

Among the various transition-metal-based catalysts, ruthenium and rhodium are mainly
employed for hydrogenations of aromatics.[6,7]. This work aims to investigate the MW-
assisted anisole hydrogenation in the presence of Ru or Rh catalysts with molecular H, and
using an opportunely selected solvent. The conditions were optimised by reducing both the
reaction time and temperature and using environmentally friendly and recyclable solvents to
increase the sustainability of the process.

* contact : chiara.bruschetta@unito.it
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Functionalization of levoglucosenone through Michael's reaction using

microwave energy

Maria Jose Calandri!, Léa Charrier!, Valeria Marisa Rocca!, Con Robert McElroy?,

Alessandro Pellis!
(1) Universita degli studi di Genova, Dipartimento di Chimica e Chimica industriale, via Dodecaneso 31,
16146, Genova, Italy.
(2) University of Lincoln, School of Chemistry, LN6 7DL, Lincoln, UK

Biomass-derived chemicals and products are attracting more and more interest thanks to their
renewable nature and the potential to reduce the carbon emissions derived from fossil fuels. In
this work, an innovative synthetic protocol was for the synthesis of high added value bio-
derivatives based on levoglucosenone (LGO) was developed. LGO was used as a Michael
acceptor in conjugate addition reactions with malonates esters having an alkyl chain of
varying length (R = Me, Et and Bu). For the first time the reaction was carried out in a
microwave oven, in solventless conditions and using a heterogeneous inorganic catalyst with
less impact than the usually employed KF/alumina!. The screening of four inorganic base
catalysts: CaO, MgO, NaOH and K>COs showed that the most effective of all is calcium
oxide. Subsequently, the reaction optimization was carried out via a Design of Experiment
(DoE) approach considering three experimental parameters: reaction time (2 min, 8.5 min and
15 min), fixed microwave power (5 W, 13 W and 20 W) and the malonate equivalents (1 eq,
1.5 eq and 2 eq) in the reaction. The combination of microwave power and reaction time (20
W-2 min or 13W-15 min) appears to be the most significant parameter in determining the
reaction rates. Different percentages of CaO were tested in combination with the previous
experimental parameters with the best reaction conditions (conversion > 95%) that were
obtained by using 10% w/w of the inorganic base’. Having found the optimal experimental
conditions, replicates of the best synthesis were carried out and the products were purified by
flash chromatography. The purification of the first adduct, made reacting LGO with dimethyl
malonate (DMM-LGO), was the most challenging given the low ARf between LGO and
DMM-LGO. Thanks to the amphiphilic nature of the LGO Michael adducts, the Hydrophilic-
lipophilic balance (HLB) parameters were calculated using both the Griffin and Davies
methods. The two interpretations agree on the lipophilic nature of diethyl malonate-
levoglucosenone (DEM-LGO) and dibuthyl malonate-levoglucosenone (DBM-LGO) while
values are at the interface for the DMM-LGO adduct. To validate these theoretical
calculations, both water-organic solvent emulsion tests and contact angle analysis were
conducted using different types of solvent (water, CHzl», olive oil and DMSO) and different
solid surfaces (glass, parafilm, tape and PTFE) to evaluate the material’s properties. The
optimization of the experimental conditions allowed a complete conversion of the LGO with
isolated yields ranging from 85% to 91% for the three adducts.

[1]7J. H. Clark, T. J. Farmer and D. J. Macquarrie, ChemSusChem, 2009, 2, 1025-1027.
[2] Léa Charrier et al. submitted
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Asymmetric reduction of cyclic imines by Imine Reductase enzymes in

non-conventional solvents
D. Arnodo', F. De Nardi', S. Parisotto!, E. De Nardo', S. Canana'?, F. Salvatico', E. De

Marchi®, D. Scarpi®, M. Blangetti', E.G. Occhiato®, C. Prandi'.

" Dipartimento di Chimica, Universita degli Studi di Torino, Via P. Giuria 7, 10125 Torino, Italy.

2 Scuola Universitaria Superiore 1.U.S.S. Pavia, Piazza Vittoria 15, 2700 Pavia (Italy).

3 Dipartimento di Chimica 'Ugo Schiff’ Universita degli Studi di Firenze, Via della Lastruccia 13, 50019
Sesto Fiorentino (ltaly).

Biocatalysis became a powerful tool for the synthesis of relevant high-added value molecules
with excellent chemo-, stereo- enantioselectivities but also allow to perform greener chemical
transformations. However, the low solubility of many organic substrates or products in
aqueous solutions, commonly used in enzymatic reactions, often hampered the application of
enzymes in synthesis, mainly because of substrate concentration restrictions. In this context,
non-conventional solvents are acquiring increasingly relevance, and in recent publications,
they were demonstrated to improve the yield and selectivity of enzymatic reactions in an
economical, health-safe, and environmentally friendly manner.! In this field, Deep Eutectic
Solvents (DESs) have rapidly emerged as a promising class of green reaction media.? In this
work we report a successful example of non-conventional solvents used for the synthesis of
cyclic chiral amines by bio-reduction of the starting cyclic imines.® The transformation was
realized by means of a novel class of NADPH-dependant enzymes, namely Imine
Reductases (IREDs). We performed the reduction of cyclic imines in a mixture of phosphate
buffer/glycerol (50% v/v). Pyrrolidines, piperidines, and azepines were produced in good
yields and excellent S-enantioselectivities (up to >99% ee). Also, the use of non-conventional
solvents allows to increase the concentration of the starting material up to 100 mM. It is
worth mentioning that applying a fed-batch strategy, we were able to work at mmol scale with
80% vyield and excellent ee, which formally corresponds to a seven-fold use of the same
enzyme. Our findings in terms of enantioselectivity, substrate scope and scalability will be
presented.

[1] P. Lozano, in Biocatalysis in Green Solvents, Academic Press, 2022.

[2] M. Pani¢, M. C. Bubalo, I. R. Redovnikovi¢, J. Chem. Tech. Biotech. 2021, 96, 14-30.

[3] D. Arnodo, F. De Nardi, S. Parisotto, E. De Nardo, S. Canana, F. Salvatico, E. De Marchi, D. Scarpi, M.
Blangetti, E.G. Occhiato, C. Prandi, ChemSusChem, 2023, ¢202301243.
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Copper electrodeposition from a sustainable alkaline galvanic bath

Carrea D. *. (), Piccinni M.(V et Colombara D. (V)
(1) Dipartimento di Chimica e Chimica Industriale, Universita degli Studi di Genova, Via
Dodecaneso, 31, 16126 Genova, Italy

The deposition of copper is pivotal for the fabrication of integrated circuits and CIGS solar cells [1].
Copper thin films can be electrodeposited by the reduction of Cu®" ions [2]. The state of the art is
constituted by low efficiency acid baths due to hydrogen evolution, while alkaline baths use cyanide as
a complexing agent, rising safety concerns [3]. We formulated and characterized a Cu alkaline bath for
thin films electrodeposition, by exploiting alanine as complexing agent. By means of rotating disk
electrode measurements, kinetic studies were carried out to have a better understanding of the
deposition mechanism. These studies allowed us to acknowledge diffusion coefficients and adsorption
constants at various temperatures, as well as the hydrodynamic radius of the coordination compounds.
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Figure 1 : Title(Times New Roman 10 + Italic)

[1] Research on Copper Indium Gallium Selenide (CIGS) Thin-Film Solar Cells Jixiang Zhou and Changyu Li
E3S Web Conf., 267 (2021) 02031

[2] P. C. Andricacos, C. Uzoh, J. O. Dukovic, J. Horkans and H. Deligianni, "Damascene copper
electroplating for chip interconnections," in IBM Journal of Research and Development, vol. 42, no. 5,
pp. 567-574, Sep. 1998

[3] Yli-Pentti, A. Electroplating and Electroless Plating. In Comprehensive Materials Processing; Elsevier Ltd,
2014; Vol. 4, pp 277-306

* contact : author’s e-mail
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Application of Raman Spectroscopy for Bio-Fluid Spots Segmentation and

Characterization on Cotton Supports
Castellino L. (", Eugenio A. ), Moreau M. @, Ruckebusch C. @), et Vitale R. @
(1) University of Turin, Via Pietro Giuria 7, Turin, 10125, Italy.
(2) Université de Lille, CNRS, LASIRe, F-59000 Lille, France.

Within the domain of forensic sciences, the detailed analysis of bio traces discovered at the
scene of crimes emerges as a key topic[1]. This meticulous examination encompasses the
study of various substances, such as body fluids, and can provide valuable insights into
criminal investigations. By scrutinizing these biological traces, forensic experts can identify
potential suspects, establish links between individuals and crime scenes, and unravel crucial
details to reconstruct events accurately. This process involves employing advanced techniques
like DNA analysis[2], serology, and toxicology to extract vital information that helps in
piecing together the intricate puzzle of criminal cases[3]. Such scrutiny not only plays a
pivotal role in solving crimes but also serves as a cornerstone in ensuring justice is upheld
through scientific rigor and evidence-based conclusions. The analysis of these traces usually
involves a sequence of extraction steps. These techniques can be optimised according to the
unique characteristics of the trace being examined if it is possible in advance to establish its
nature. This is also of particular importance since most of the aforementioned analytical
methods are destructive and hamper the possibility of making counter-analyses or replicated
measurements on samples that have been already analysed. Moreover, conventional
diagnostic approaches to perform such preliminary discrimination do not allow the analyst to
perform a significant profiling on the recovered evidence and evaluate the molecular
composition beneath the sample surface. Therefore, the necessity to deconvolute the mixture
components on the collected evidence is crucial in forensics since a partial, limited,
unrepeatable examination of the traces jeopardizes the comprehensive characterization of
crime evidence. Chemometric tools can aid in providing the two key requirements that must
be fulfilled to allow this. Firstly, by means of a precise spot localization, with the aim of
selecting only regions of the sample that can be associated with a biological residue instead of
the support on which they are found. Secondly, through a correct spot characterization,
differentiating the type of biological residue represented in the segmented spot.

Notably, Raman spectroscopy has emerged as a valuable technique for characterizing both
biological fluids[4], whether in their desiccated or liquid states, on cotton-based supports[5].
Its proven efficacy underscores its significance in the realm of forensic investigations and
with this work we intend to propose and assess its applicability for the preliminary scrutiny of
biological traces on cotton supports. This has been carried out by applying a segmentation
procedure, based on Soft Modelling of Class Analogy (SIMCA)[6] with the intent of selecting
informative pixels that have a different spectral composition from the underlying support.
Moreover, an assessment on the possibility of differentiating four of the most common
biological fluids (i.e., blood, urine, saliva and sperm) has been conducted by comparing the
segmented regions using Principal Component Analysis (PCA).

Author(s) acknowledge(s) support from the Project CH 4.0 under the MUR program "Dipartimenti di Eccellenza
2023-2027" (CUP: D13C22003520001)

R. A. Wickenheiser, Forensic Sci. Int. Synergy 2021, 3, 100153.

K. W. Y. Chong, Z. Thong, C. K. Syn, WIREs Forensic Sci. 2021, 3, e1395.

R. A. Wickenheiser, Forensic Sci. Int. Synergy 2019, 1, 114.

N. George, H. Singh, R. Jotaniya, S. R. Pandya, Forensic Sci. Int. 2022, 340, 111441.

F. Zapata, F. E. Ortega-Ojeda, C. Garcia-Ruiz, Spectrochim. Acta. A. Mol. Biomol. Spectrosc. 2022, 268, 120695.
R.

(1]
[2]
[3]
[4]
[5]
[6] R. Vitale, M. Cocchi, A. Biancolillo, C. Ruckebusch, F. Marini, Anal. Chim. Acta 2023, 1270, 341304.
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Lithium Carbenoid Mediated Manipulation of the Iminoisatin Scaffold: an
Expeditious and Direct Access to New Highly Functionalized Indol-type
Compounds

Castiglione D*.(2, Telo L.(V Baldino S.(, Pace V.(D
(1) University of Turin, Department of Chemistry, Via P. Giuria 7 — 10125 Turin (Italy)

The direct transfer of a reactive nucleophilic CH2X or CHX> unit into an existing linkage enables the

formal introduction of the moiety with the precisely defined degree of functionalization." Upon the
fine tuning of the reaction conditions governing the transformation, the initial homologation event can
serve as the manifold for triggering unusual rearrangement sequences leading to complex architectures
through a unique synthetic operation.

Herein, we report the controlled manipulation of the iminoisatin scaffold via lithium carbenoid
mediated insertion of a C1 unit, directly connected to the condensed ring. By properly selecting the
carbenoid emploied in the protocol, a divergent synthesis of two different highly functionalized indol-
type compounds is obtained.
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Figure 1: Lithium carbenoid mediated divergent synthesis of indol-type compounds

[1] (a) L. Castoldi, S. Monticelli, R. Senatore, L. Ielo, V. Pace, Chem. Commun. 2018, 54, 6692-6704. (b) R.
Senatore, L. Castoldi, L. Ielo, W. Holzer, V. Pace, V. Org. Lett. 2018, 20, 2685-2688.

[2] (a) V. Pace, L. Castoldi, E. Mazzeo, M. Rui, T. Langer, W. Holzer, Angew. Chem. Int. Ed. 2017, 56, 12677-
12682. (b) R. Senatore, M. Malik, T. Langer, W. Holzer, V. Pace, Angew. Chem. Int. Ed. 2021, 60, 24854-
24858.
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Development of hydrogels with natural NADES-based extracts for cosmetic

and pharmaceutical applications
Caviglia D. "), Russo E. (I, Schito A.M. @ et Villa C.*(®

(1) DIFAR, Section of Drug and Cosmetic Chemistry, University of Genova, viale Benedetto XV, 3, 16132
Genoa, Italy;
(2) Department of Integrated Surgical and Diagnostic Sciences, University of Genova, Viale Benedetto XV,
6, 16132 Genoa, Italy;

NADES (Natural Deep Eutectic Solvents) are emerging and promising green solvents for the
extraction of bioactive compounds from botanical matrices. They show a wide polarity range,
high solubilization strength for different compounds and present several advantages over
classical solvents, such as biodegradability, absence of toxicity, sustainability, simple
preparation and low cost. NADES can be easily obtained from solid naturally occurring
molecules, hydrogen bond acceptors (HBAs) coupled with hydrogen bond donors (HBDs),
forming supramolecular structures with very low melting points and high extraction efficiency.
Their safety and intrinsic active properties allow to consider them functional ingredients of
potential interest in the cosmetic and pharmaceutical fields [1].
In the present study, with the aim of developing simple, safe and active formulations, different
NADES-based natural extracts (sage, citrus, and bergamot) were obtained, characterized and
employed as ready-to-use ingredients (consisting of the NADES-based extractive itself) with
antimicrobial and antioxidant properties, in combination with different natural polymeric
systems (sodium ialuronate, xantan gum,carbossimetilcellulose, and hydroxyethylcellulose).
The gelled systems were then investigated in regard to their rheological behavior and stability.
From the results obtained, NADES-based extracts hydrogels could be considered efficient
carriers of bioactive compounds, helpful in developing new natural, safe and bioactive hydrogel

formulations with antimicrobial and antioxidant properties.

[1] Villa, C.; Caviglia, D, et al. NaDES Application in Cosmetic and Pharmaceutical Fields: An Overview. Gels
2024, 10, 107. https://doi.org/10.3390/gels10020107
[2] da Silva, D.T. et al. Food Chem. 2021, 364, 130370

* contact : carla.villa@unige.it"
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Microwave-assisted reductive etherification of vanillin over Pd catalysts for

the production of biomass-derived surfactants
Ignacio Centeno-Vega“ (1), Maela Manzoli ), Fabio Bucciol (V, Silvia Tabasso (), Emanuela

Calcio GaudinoV, Giancarlo Cravotto!

(1) Dipartimento di Scienza e Tecnologia del Farmaco, Universita degli Studi di Torino, Via Pietro Giuria,
9, 10125 Torino, Italy.

Among renewable feedstocks, lignocellulosic biomass is an attractive alternative to oil
due to its abundance, low cost and renewability. Vanillin can be obtained through the
depolymerization of the lignin fraction. The reductive etherification of the aldehyde group
with aliphatic alcohols over heterogeneous Pd catalysts affords the corresponding ethers
which can be further modified into bio-fuels, surfactants or fine chemicals, all relevant
compounds in the chemical industry (Figure 1). A better understanding of the reaction
mechanism is needed, since most of the literature focuses on Pd-based catalysts, and the acids
sites of the support may play a role to promote etherification and hydrolysis [1,2]. Therefore,
a tailored bifunctional catalyst would be required, considering that the acid sites also promote
transesterification reactions and decomposition of the resulting ethers [1,3,4]. In this study Pd
activity has been modulated through the addition of Au and a screening of the supports has
been carried out to investigate catalyst acidity. Microwaves have been employed as
unconventional heating method: as a result, carbon-based supports have shown to be prone to
the formation of hot-spots leading to poor reproducibility of the process. Conversely, the use
of alumina led to replicable and promising results, with conversions as high as 80% achieved
over the Pd/AlLOs3 catalyst (5 wt% Pd).
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Figure 1: Schematic vanillin reductive etherification for the production of non-ionic surfactants.

[1] A. Garcia-Ortiz, K. S. Arias, M. J. Climent, A. Corma, S. Iborra, ChemSusChem 2020, 13, 707.

[2] W. Fang, J. Egebo, L. Schill, H. Chen, A. Riisager, Green Chem., 2022, 24, 7346-7349.

[3]1 D. Wu, W. Y. Hernandez, S. Zhang, E. I. Vovk, X. Zhou, Y. Yang, A. Y. Khodakov, V. V. Ordomsky, ACS
Catalysis 2019 9 (4), 2940-2948.

[4] X. Guo, H. Wu, P. Wu, M. He, Y. Guan, Green Energy & Environment, Volume 8, Issue 2, 2023, 519-529.
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Synthesis and properties of highly contorted triphenylene—based multiple
helicenes

Florian Rigoulet,! Albert Artigas,! Michel Giorgi,> Yoann Coquerel*!
(1) iSm2, Aix Marseille Univ, CNRS, Centrale Mediterranée, Marseille, France
(2) FSCM, Aix Marseille Univ, CNRS, Centrale Mediterranée, Marseille, France

Polycyclic aromatic hydrocarbons (PAH) embedding a single m system are diverse by their
size and shape. They have for long been considered as planar and rigid molecules, with only a
few exceptions, for instance the helicenes, regarded as laboratory curiosities at the time of
their discovery. This paradigm has gradually shifted, and nowadays it is well recognized that
PAH are flexible and stretchable molecules. Thus, thousands of 3D curved PAH have been
described in the last decade. Curvature in PAH can induce chirality! and largely affects their
electronic properties. However, structure—property relationships have sparingly been
examined for these molecules,?-3 in part because the synthesis of series of comparable
contorted PAH is a difficult task.

To tackle this problem, we have designed an original approach to access a series of
tetrabenzotriphenylene—based multiple helicenes using aryne chemistry. Geometric factors
and electronic properties in these molecules were determined and correlated (see illustration).
This work establishes structure—properties relationships in this series of chiral PAH, which is
expected to allow the rational design of other multiple helicenes with predicted properties.

I Rickhaus, M.; Mayor, M.; Juri¢ek, M. Chirality in Curved Polyaromatic Systems. Chem. Soc. Rev. 2017, 46,
1643-1660. https://doi.org/10.1039/C6CS00623)J.

2 Bedi, A.; Gidron, O. The Consequences of Twisting Nanocarbons: Lessons from Tethered Twisted Acenes.
Acc. Chem. Res. 2019, 52, 2482-2490. https://doi.org/10.1021/acs.accounts.9b00271.

3 Mori, T. Chiroptical Properties of Symmetric Double, Triple, and Multiple Helicenes. Chem. Rev. 2021, 121,
2373-2412. https://doi.org/10.1021/acs.chemrev.0c01017.
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Synthesis of highly conjugated fluorophores by coupling the Ugi reaction

with a Pd®-catalyzed domino process and a final cyclo-aromatization.

T. Crovetto*," C. Barbieri, ("’ L. Moni,("’ C. Scalisi,” R. Riva,'"” and T. J. J. Miiller®

(1) Dipartimento di Chimica e Chimica Industriale, University of Genova, Via Dodecaneso 31 16146,
Genova (Italy).

(2) Institut fiir Organische Chemie und Makromolekulare Chemie HHU, Universitatsstr. 2 - 402235,
Diisseldorf (Germany).

The synthesis of a novel class of heterocyclic fluorophores featuring the furo[2,3-cJisoquinoline main
core has been developed. The two key steps of our synthetic strategy consist of an Ugi 4-component
reaction coupled with a subsequent one-pot Pd’-catalyzed domino process named HSCA, which
stands for Heck-Sonogashira-Cyclization-Aromatization. This versatile combination successfully led to
the synthesis of two generations of blue/green-fluorescent compounds-?. Considering the application
potential of fluorescent organic small molecules®, this approach has been recently employed to build
new furoisoquinolines with an extended m-electron conjugation, with the aim to achieve a red-shift both
in the absorption and the fluorescence bands (Fig.1).
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Figure 1 : the synthetic pathway to fused highly conjugated furo[2,3-cJisoquinolines 6.

The structural complexity of the target molecules derives both from the acylation of Ugi product 1 to
give 3, and from the use of electron-rich ethynyl arenes 4 in the HSCA. Indeed, the resulting
compounds 5 are able to increase the overall conjugation through a further cyclo-aromatization, resulting
into fused highly conjugated furoisoquinolines 6. These compounds, under UV excitation, exhibit an
interesting fluorescence in solution and at the solid state ranging from the blue to the red region of the
visible spectrum.

(1) L. Moni, C. F. Gers-Panther, M. Anselmo, T. J. J. Miiller, R. Riva, Chem. Eur. J. 2016, 22, 2020.
(2) L. Moni, F. Merkt-Tasch, B. Mayer, S. Mulone, T. J. J. Miiller, R. Riva, Dyes Pigm. 2023, 214, 111190.
(3) Y. Yang, F. Gao, Y. Wang, H. Li, J. Zhang, Z. Sun, Y. Jiang, Molecules 2022, 27, 8421.
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Novel peptides as agonist of the FPR2 for treatment of ulcerative colitis

D’Ingiullo S. *, Verginelli F.?, Stefanucci A. (), Pieretti S. ), et Mollica A. (V)
(1) Department of Pharmacy, "G.d'Annunzio” University of Chieti-Pescara, 66100 Chieti, Italy.
(2) Center for Advanced Studies and Technology (CAST), "G.d"Annunzio" University of Chieti-Pescara,
66100 Chieti, Italy
(3) Department of Drug Research and Evaluation, Istituto Superiore di Sanita, Roma, Italy.

The inflammatory bowel disease (IBD), Chron's disease and ulcerative colitis are among the
idiopathic colorectal inflammatory disorders. As in other inflammatory processes, neutrophils
migrate into inflamed tissue in response to chemotactic signals, stimulating various
antimicrobial functions including ROS production, phagocytosis, and degranulation. The
interruption of this process or the excessive recruitment of neutrophils can cause a
dysregulation of the inflammatory process which hinders its resolution.

The Formyl Peptide Receptors (FPRs) are human G protein-coupled receptors located on
neutrophils capable of binding specialized pro-resolving mediators and participating in the
resolution process. The human FPR family constitutes FPR1, FPR2/ALX and FPR3.

The synthetic hexapeptide WKYMVm, an agonist of the FPR1 and FPR 2 receptors, showed
a therapeutic effect against ulcerative colitis by blocking the decrease in body weight, colon
shortening and mucosal destruction induced by DSS (in a model mice). In contrast, the FPR2-
receptor was inhibited by the WRWWWW peptide, indicating the crucial role of this receptor
in inflammatory pathology.

The aim of this study is to design and synthesize WKYMVm agonist/antagonist analogues,
testing their binding capacity to the FPR2 receptor and their anti-inflammatory activity at
different concentrations in vitro. Future development comprises their encapsulation in
different liposomal formulations, investigation of their absorption and possible anti-
inflammatory effects in a 2D CaCo2/HT29 and CaCo2/HT29-MTX culture model used in
Crohn's disease study.

The novel synthesized peptides may represent useful therapeutic agents against chronic
intestinal inflammation.

[1] Wen-sheng Yang, Jing-lin Wang, Wei Wu, Guang-fei Wang, Jun Yan, Qing Liu, Xiao-yan Wu, Qing-tong
Zhou, De-hua Yang, Ming-Wei Wang and Zhi-ping Li ; Acta Pharmacologica Sinica (2023) 44:19-31

[2] Sang Doo Kim, Soonil Kwon, Sung Kyun Lee, Minsoo Kook, Ha Young Lee, Ki-Duk Song,

Hak-Kyo Lee, Suk-Hwan Baek, Chan Bae Park and Yoe-Sik Bae ; Experimental & Molecular Medicine (2013)
45, 40
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Metal hydrides design and applications for energy
Dematteis E. M.". (1), Mazzucco A. (2, Sgroi M. F. (), Beltrame G. (12, Palumbo M. (1),
Garelli F. ('}, Rizzi P. 2, Baricco M. (1
(1) University of Turin, department of Chemistry, NIS and INSTM, Via Pietro Giuria 7, 10125 Torino, Italy

The development of sustainable and efficient materials is nowadays the main objective to
pursue a greener and more sustainable energy future.[1]

In the present work many examples of metal hydrides especially designed for different
applications will be presented. The multiple use of hydrides in the energy field demonstrate
how important are pioneer and basic research activities.

Firstly, the development of cheap and optimized alloys as solid-state hydrogen storage
materials in the frame of the HyCARE project will be presented, to show how to tailor and
develop materials from the lab-scale to a final large scale renewable energy storage prototype,
and show how to develop and integrate metal hydrides, phase change materials and the
industrial production of them.[2—4]

Secondly current research project on hydrogen purification will be introduced, where metal
hydrides and hydrogen getters[5] are investigated to capture and release pure hydrogen from a
contaminated stream coming from biomass treatment.

Thirdly, a brief hint will be shown on the EX-MACHINA project in which thermodynamics of
metal hydrides and machine learning technique are studied and integrated to develop a large
database and predict properties of interest.

Finally, a short overview of research activities on complex hydrides for battery materials will
be presented, focusing on the study of solid-state electrolytes by mixing complex hydrides
and metal halides.[6,7]

[1] L. Pasquini,et al., Magnesium- and intermetallic alloys-based hydrides for energy storage: modelling,
synthesis and properties, Prog. Energy. 4 (2022) 032007. https://doi.org/10.1088/2516-1083/ac7190.
[2] E.M. Dematteis, et al., Substitutional effects in TiFe for hydrogen storage: a comprehensive review,

Mater. Adv. 2 (2021) 2524-2560. https://doi.org/10.1039/D1IMAO00101A.

[3] E.M. Dematteis, et al., Fundamental hydrogen storage properties of TiFe-alloy with partial substitution
of Fe by Ti and Mn, J. Alloys Compd. 874 (2021) 159925.
https://doi.org/10.1016/j.jallcom.2021.159925.

[4] J. Barale, E.M. Dematteis, et al., TiFe0.85Mn0.05 alloy produced at industrial level for a hydrogen
storage plant, Int. J. Hydrogen Energy. 47 (2022) 29866—-29880.
https://doi.org/10.1016/j.ijhydene.2022.06.295.

[5] F. Cuevas, M. Latroche, Intermetallic alloys as hydrogen getters, J. Alloys Compd. 905 (2022) 164173.
https://doi.org/10.1016/j.jallcom.2022.164173.

[6] V. Gulino, E.M. Dematteis, et al., Theoretical and Experimental Studies of LiBH4-LiBr Phase Diagram,
ACS Appl. Energy Mater. 4 (2021) acsaem.1c01455. https://doi.org/10.1021/acsaem.1c01455.

[7] V. Gulino, M. Brighi, E.M. Dematteis, et al., Phase Stability and Fast Ion Conductivity in the Hexagonal
LiBH4-LiBr-LiCl Solid Solution, Chem. Mater. 31 (2019) 5133-5144.
https://doi.org/10.1021/acs.chemmater.9b01035.
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Studies of Photosensitive mixed oxides Thin Films for high energy

Radiation Detection.

A. EL HALABI®. O, T. FIORIDO. M, A. LYOUSSI. @ et JC. VALMALETTE. O,

(1) Université de Toulon, Aix Marseille Univ, CNRS, IM2NP, Marseille, France
(2) CEA, Cadarache, France.

The aim of this work is to better understand the behavior of 'solid solution' materials under
photon excitations of different energy ranges, specifically analyzing the exact role of
fabrication conditions on luminescent properties in the visible range under UV, X-ray, and
gamma excitations.

In this presentation, we highlight the significance of doping these MoO4 or WO4 hosts with
small percentages of rare earth elements as it allows for the amplification and spectral control
of emission, making it suitable for a wide range of scintillators, Figure 1. We chose the
system based on oxyanions Cep-x) Smx (WO4)3 due to their activity under photon flux. "These
powders were synthesized using the coprecipitation method, as shown in Figure 2.

Research efforts also focus on the fabrication of thin films deposited through cathodic
sputtering, we found that the chemical composition and microstructure are closely linked to
adjustable sputtering parameters as working pressure, the O2/Ar ratio and sputtering power.
These deposition parameters are the subject of in-depth studies to achieve the desired thin
film based on the following composition x: Cex (WO4)3, Ce1s Smo,s (WO4)3, Cer Smy (WO4)3,
Ceo,s Sm1,5 (WO4)3, Smz (WO4)s.
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Figure 1: Spectrum of emission under UV excitation. Figure 2: Synthesis by coprecipitation of Ce@-x) Smx (WO4)3.
Excitingly, promising results have been obtained from measurements of luminescent
properties under UV and X-ray excitations for the Ce(2-x) Smx (WO4)3 system, which will

also be presented.

* contact : amine.elhalabi@im2np.fr
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Monocrystalline nanowire transparent electrodes for photovoltaics

Luigi Fenzi * ! and Beniamino Sciacca (.
(1) CINaM - UMR 7325, CNRS - Aix Marseille Université, Campus de Luminy — Case 913, 13288
MARSEILLE Cedex 09

Transparent electrodes play a crucial role in various optoelectronic devices such as solar cells,
photodetectors, LEDs, and touch screens.

The efficiency of these devices relies heavily on the transparent electrodes' ability to transport
electrons while maintaining excellent photon transparency with minimal absorption and
reflection.

High-quality transparent electrodes are typically produced using energy-intensive methods,
involving high temperatures and vacuum conditions, often rendering them incompatible with
flexible substrates. Metal nanogrids emerged as a promising alternative to metal oxides such
as indium tin oxide!'l.

The large conductivity of metals allows efficient conduction of electrons, and the holes in the
grid allow transparency.

The optoelectronic properties can be tuned by varying width and periodicity, making it a
highly versatile architecture for transparent electrodes with unsurpassed performance.

Here I will present a new entirely bottom-up approach to making transparent electrodes using
colloidal building blocks with nanometric dimensions. This approach aims to minimize
environmental impact and cost, and enhance compatibility with flexible substrates.

Colloidal metal nanocubes are transferred by contact printing on a transparent substrate and
then arranged in a grid pattern through nanoimprint lithography.

This is achieved by a pre-patterned flexible mold that pushes the nanocubes from their initial
random position to the grid trenches present in the mold'".

In the final step adjacent nanocubes are welded epitaxially to form a continuous
(quasi)monocrystalline material.

Figure 1 shows the assembly of the nanogrids before welding on a 100 pm? area.

Face-to-face nanocubes’ orientation and proper filling of the grids on a larger scale are both
fundamental parameters that still need to be optimized before the welding step, in order to
successfully assemble monocrystalline nanowires.
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Figure 1: Ag nanocubes assembled in a grid structure (pitch=4um, width=210nm) on a glass substrate!"-:
a. Stereo microscope (scale bar = 500um)
b. Optical microscope (scale bar = 4um)
c. SEM (scale bar = lum)
d.  SEM (scale bar = 100nm)

[1] A. Capitaine, B. Sciacca et al., “Nanoparticle Imprint Lithography: From Nanoscale Metrology to Printable
Metallic Grids,” ACS Nano, vol. 17, no. 10. American Chemical Society (ACS), pp. 9361-9373, May 12, 2023.
doi: 10.1021/acsnano.3c01156.

[2] B. Sciacca et al., “Monocrystalline Nanopatterns Made by Nanocube Assembly and Epitaxy,” Advanced
Materials, vol. 29, no. 26. Wiley, May 03, 2017. doi: 10.1002/adma.201701064.
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Evaluation of enzymatic activity and physical-chemical properties of new
hydroxypyrazole inhibitors of Plasmodium falciparum dihydroorotate
dehydrogenase and biochemical characterization of the recombinant protein

Fornaseri F*. ), Giorgis M. ), Caliandro 1. (), Ramondetti C. @, Buccina B.®), Pippione A.
C. ™, Lolli M. L.V, Boschi D. ()
(1) Department of Drug Science and Technology, University of Turin, Turin 10125, Italy.
(2) Department of Oncology, University of Turin, Turin 10125, Italy.

Malaria, caused by Plasmodium falciparum and transmitted by the Anopheles mosquito,
represents one of the biggest infectious disease with a significative mortality and morbidity that
kills millions of people every year. Currently, effective vaccines have not been developed yet
and chemioterapy represents the main treatment. However, drug resistance is very common and
new chemioterapic approaches have been identified. One of the most promising approaches is
the targeting of the Plasmodium falciparum dihydroorotate dehydrogenase (P/DHODH)!!,
DHODH is a ubiquitous flavine mononucleotide enzyme that rapresents the rate limiting step
of de novo pyrimidine synthesis, acting the conversion of dihydroorotate (DHO) to orotate
(ORO). This pathway is crucial to the survival of the parasite. While human cells have the
capacity to employ the salvage pathway for acquiring pyrimidines, the Plasmodium species is
limited to obtain pyrimidines exclusively through de novo synthesis.

The Medsynth group, an academic research team, previously published a work based on
hydroxyazole scaffold-based P/DHODH inhibitors?]. In order to improve their activity, a new
series of hydroxypyrazole inhibitors has been synthetized. Here we present the evaluation of
their physical-chemical properties and the evaluation of their inhibitory activity on the
recombinant P/DHODH. This protein was firstly expressed and purified by the Department of
Oncology and we present its biochemical characterization.

, physical-chemical proprieties
(solubility in PBS pH 7.4 - LogD pH 7.4)

= Enzymatic inhibitory activity

Biochemical characterization of the protein
(Km - Kcat - Specific activity)

Scaffold of the hydroxypyrazole pfDHODH inhibitors series.

[1] A. Singh, M. Magbool, M. Mobashir, N. Hoda, Dihydroorotate dehydrogenase: a drug target for the
development of antimalarials, Eur. J. Med. Chem. 125 (2017) 640-651.

[2] Pippione A.C., Sainas S., Goyal P., Fritzson I., Cassiano G.C., Giraudo A., et al. Hydroxyazole scaffold-
based Plasmodium falciparum dihydroorotate dehydrogenase inhibitors: Synthesis, biological evaluation
and X-ray structural studies. Eur J Med Chem. 163 (2019) 266-280.

* contact : federico.fornaseri@unito.it
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DNA detection via emissive naphthalenediimides intercalation

M. Fresia® D, A. Sanna (U, F. Cardano (, R. Di Salvo ) et A. Fin .
(1) Department of Chemistry, University of Torino, Torino, Via P. Giuria 7, Italy.

In recent years, the use of emissive molecules for imaging has gained increased attention due
to the unique features offered by fluorescence.! 1,4,5,8-Napththalenediimides (NDIs) are
among the most versatile fluorophores explored throughout the last century.? In particular,
this family of dyes has been employed in a large range of disciplines such as supramolecular
chemistry, photovoltaics, ion-channels, catalysis through anion—=n interactions, organic
electronics and biological chemistry.? Bio-applications of NDIs are related to nucleic acids,
lipid bilayer membranes and sensors for cells imaging.>> Since 70s NDIs have been proposed
as DNA intercalators due to their small size and flat profile which make them the suitable
candidates for the accommodation between the base pairs in DNA duplex.’* The combination
of the traditional electron withdrawing imide-substitution with electron donor substituents in
the core gives versatile push-pull chromophores.® The replacement of single group in the
naphthalene moiety allows to modulate the optical and physical properties covering the whole
visible spectra.® Instead, the variation of the imide edges has an effect on biological
interactions and lipophilicity.

v p——
480 520 560 600 640 680 720 760 800
Wavelength (nm)

Figure 1 : Emissive DNA intercalating NDI.

Here we report NDIs decorated with various neutral and polar functionalities which prompt or
facilitate the emissive NDIs intercalation in different commercially available DNA strands.
The fluorescence modulation, signaling an effective intercalation, resulted to be driven by the
crucial amphiphilic balance. A study on diverse substituent nature on the imide edges to fish
out the most suitable candidate for the visualization of the nucleic acids in cells has been
performed.

[1] Q. Shen, S. Wang, N. D. Yang, C. Zhang, Q. Wu, C. J. Yu, J. Lumin, 2020, 225, 117338.

[2] S. V. Bohosale, M. Al Kobaisi, R. W. Jadhav, P. P. Morajkar, Chem. Soc. Rev., 2021, 50, 9845 — 9998.

[3] E. J. Gabbay, R. DeStefano, C. S. Baxter, Biochem. Biophys. Res. Commun., 1973, 51, 1083 — 1089.

[4] D. Alonso Doval, A. Fin, M. Takahashi-Umebayashi, H. Riezman, A. Roux, N. Sakai, S. Matile, S. Org.
Biomol. Chem., 2012, 10, 6087.

[5] G.S. Khan, A. Shah, Zia-Ur-Rehman, D. Barker, J. Photochem. Photobiol. B Biol., 2012, 115,105 — 118.

[6] A. Fin, 1. Petkova, D. Alonso Doval, N. Sakai, E. Vauthey, S. Matile, S. Org. Biomol. Chem., 2011, 9, 8§246.
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Comparison between SPE and QuEChERS extraction of emerging

contaminants in Adamussium colbecki

Gambetta Vianna J*. ("2, Benedetti B. (V, Di Carro M. ) et Magi E. (V

(1) Department of Chemistry and Industrial Chemistry, University of Genoa

(2) Department of Environmental Sciences, Informatics and Statistics, University of Venice

In recent years, research has substantiated the presence of emerging contaminants (ECs), known
or assumed to cause harm to the environment, including in the ecosystem of remote regions,
such as Antarctica. This unique environment, characterised by low temperatures, freezing
water, and prolonged periods of darkness, reduces the degradation processes of contaminants,
thus increasing the persistence of these chemicals [1]. Consequently, their accumulation or
pseudo-persistence in the Antarctic environment may present various issues, such as
mutagenicity, genotoxicity, reproductive and developmental disorders, and immune system
disruption of various species [2]. To monitor marine contamination, bivalves are often utilized
in the scientific literature [3]. These organisms are robust sentinels, due to their characteristics:
they are filter feeders with limited mobility, posses wide spatial distribution, demonstrate
tolerance to diverse environmental conditions, and are easily sampled [4]. Adamussium
colbecki is one of the most common marine organisms on the Antarctic coasts. A. colbecki is a
filter-feeding organism, that consumes phytoplanktonic suspensions, benthic diatoms,
foraminifera, and general detritus and hence can accumulate ECs, especially those which are
persistent, making it a reliable tool for environmental monitoring [3].

In this work, the bioindicator species A. colbecki was utilised to evaluate Antarctic
contamination over the years. Certified reference material (CRM) was spiked with a known
amount of ECs. Subsequently, the samples underwent two distinct pre-treatment procedures:
solid-liquid extraction followed by solid phase extraction (SPE) and QuEChERS (Quick, Easy,
Cheap, Effective, Rugged, and Safe) extraction. The resulting extracts were analysed using
high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). The
objective of the analysis was to evaluate the efficacy of the two different pre-treatment
methodologies by comparing the matrix effect (ME%) and the recovery (R%) achieved by each
technique. Analysis of the extract obtained after the SPE pre-treatment revealed that 5
compounds had acceptable ME (%) and R (%) (69%-79% and 79%-99%, respectively).
Examination of samples subjected to pre-treatment with QuEChERS indicated that 8
compounds exhibited ME (%) and R (%) between 72% and 136% and 78% and 121%,
respectively. These preliminary results indicate the potentialities of the latter procedure,
characterised by higher eco-friendly characteristics and ease of use.

[1] Olalla, A. et al. (2020), Science of the Total Environment, 742, p. 140417.
[2] Bhardwaj, L. et al. (2018), Earth Systems and Environment, 2(1), pp. 35-54.
[3] Pizzini, S. et al. (2017), Chemosphere, 175, pp. 28-35.

[4] Pizzini, S. et al. (2015), Microchemical Journal, 121, pp. 184-191.
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90



~ GIFC 2024

X| EDIZIONE GIORNATE ITALO-FRANCESI DI CHIMICA
TORINO, 4-5 APRILE 2024

New non-sulfonylurea NLRP3 inhibitors: discovery and selection of

INF200, a 1,3,4-oxadiazol-2-one-based NLRP3 inhibitor

Alberto Gasparotto” (), Federica Blua (), Maria Concetta Granieri ¥, Eleonora

Gianquinto (V, Valentina Boscaro, ) and Massimo Bertinaria. (V)

(1) Department of Drug Science and Technology, University of Turin, Turin, Italy
(2) Department of Biology, Ecology and Earth Science (DiBEST), University of Calabria, Rende, Italy

The cytosolic multiprotein complex NLRP3, nucleotide-binding oligomerization domain
leucine rich repeat and pyrin domain containing protein 3 inflammasome, plays an important
role in the initiation and maintenance of the inflammation. Once activated and assembled, the
NLRP3 inflammasome triggers the auto-proteolytic cleavage of pro-caspase-1 into the active
caspase-1, converting the pro-inflammatory cytokines pro-interleukin (IL)-1 and pro-IL-18
into their active forms and causing pyroptotic cell death. An aberrant activation of NLRP3
inflammasome has been detected in chronic inflammatory diseases such as neurodegenerative,
autoimmune, and cardiovascular diseases. The inhibition of the NLRP3 inflammasome
activation represents an interesting new approach for the development of a new class of anti-
inflammatory drugs. To date, the most studied NLRP3 inhibitor is MCC950, a disubstituted
sulfonylurea derivative (figure 1). However, its in vivo use in humans has been limited due to
hepatic toxicity."> Recent research has highlighted the key interactions of sulfonylurea
inhibitors with the NACHT domain of the NLRP3 protein.? Inspired by this discovery, and
through the use of computational techniques, we designed and synthesized a new series of
compounds by replacing the sulfonylurea moiety with different heterocycles. The compounds
were evaluated for in vitro ability to reduce IL-1p release and prevent NLRP3-dependent
pyroptosis in human macrophages. The 1,3,4-oxadiazol-2-one derivative, INF200, showed
the most promising results being able to prevent NLRP3-dependent pyroptosis triggered by
LPS/ATP and LPS/MSU by 66.3 £+ 6.6% and 61.6 £ 11.5% at 10 uM and to reduce IL-1f
release with an ICso of 16.6 = 2.6 pM. INF200 was tested in an in vivo model of high-fat-diet
(HFD)-induced metaflammation in rats to evaluate its cardiometabolic effects. INF200
proved able to reverse the unfavorable cardiometabolic dysfunction associated with obesity
and to reduce systemic inflammation and anthropometric changes in HFD rats.*

Sulfonylurea NLRP3 inhibitor Non-sulfonylurea NLRP3 inhibitor

Al Ner N J
N Drug design RS 3 In vitro analysis NS
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Figure 1. Structures of the investigated scaffolds and of the selected new NLRP3 inhibitor, INF200.

[1] Swanson, K.V. et al. Nat Rev Immunol. 2019, 19, 477—-489.
[2] Blevins, H.M. et al. Front Aging Neurosci. 2022, 14, 879021.
[3] Dekker, C. et al. J. Mol. Biol. 2021, 433, 1673009.

[4] Gastaldi, S. et al. Eur. J. Med. Chem. 2023, 257, 115542.
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Exploring New Chemical Space in Drug Libraries via Gold Catalysis

Emilie Gentilini,""’ Vincent Davenel,” Jean-Marie Fourquez,® and Véronique Michelet (V*

(1) Université Cote d’Azur, Institut de Chimie de Nice, Parc Valrose, 06108 Nice Cedex 2

(2) Institut de Recherche et de Développement Servier Paris-Saclay, 22, Route 128 — Rue Francis Perrin,
91190 Gif sur Yvette, France

The great majority of medicinal chemistry-relevant structures tend to have a planar geometry.!
Recently, in an effort to increase the molecular diversity in fragments libraries, a particular attention
has been devoted to the three-dimensionality character of chemical structures.? However, synthesizing
such original building blocks using a fast and efficient methodology remains a key challenge for an
organic chemist. In another hand, driven by growing environmental concerns, the emergence of green
chemistry induces the development of more sustainable synthesis methods. In this context, we focused
on gold catalysis, which is known as a powerful tool for the synthesis of complex core structures
according to atom-economical and green processes.” We developed an efficient and mild synthetic
route for the preparation of functionalized polycyclic derivatives via gold-mediated transformations.
Starting from simple substrates and depending on the reaction conditions, the specific reactivity of
gold led to a divergent synthesis of various carbo- and heterocyclic scaffolds, with a high degree of
molecular complexity.* By playing with and optimizing the conditions, we were able to reach
selectively each structure. These building blocks represent privileged scaffolds in a search for
increased molecular diversity of drug-candidate libraries.
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Figure 1 : Gold-catalyzed divergent synthesis of polycyclic derivatives

[1] Hamilton, D. J.; Dekker, T.; Klein, H. F.; Janssen, G. V.; Wijtmans, M.; O’Brien, P.; de Esch, . J. P. Drug
Discovery Today: Technologies 2020, 38, 77.

[2] (a) Lovering, F.; Bikker, J.; Humblet, C. J. Med. Chem. 2009, 52, 6752. (b) Lovering, F. Med. Chem.
Commun. 2013, 4, 515. (c) Meyers, J.; Carter, M.; Mok, N. Y.; Brown, N. Future Medicinal Chemistry 2016, 8,
1753.

[3] (a) A. S. K. Hashmi, F. D. Toste, Eds.; Modern Gold Catalyzed Synthesis; Wiley VCH, 2012. (b) F. D.
Toste, V. Michelet Eds.; Gold Catalysis: An Homogeneous Approach; Imperial College Press: London, 2014. (¢)
Z. Rappoport, J. F. Liebman, 1. Marek, Eds.; John Wiley & Sons, 2014 (d) L. M. Slaughter, Ed.; Homogeneous
Gold Catalysis. In Topics in Current Chemistry; Springer, 2015.

[4] (a) Gentilini, E.; Davenel, V.; Fourquez, J.-M.; Michelet, V. Unpublished results. (b) Davenel, V.; Nisole, C.;
Fontaine-Vive, F.; Fourquez, J.-M.; Chollet, A.-M.; Michelet, V. J. Org. Chem. 2020, 85, 12657. (c) Davenel,
V.; Puteaux, C.; Nisole, C.; Fontaine-Vive, F.; Fourquez, J.-M.; Michelet, V. Catalysts 2021, 11, 546.
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A sustainable approach for the synthesis of hydroxyapatite from eggshells

Castellini L., Giordana A. * et Cerrato G.

Dipartimento Di Chimica, Universita degli Studi di Torino, Via P. Giuria 7, Torino

Hydroxyapatite (Caio(PO4)s(OH2), HAp) is a biocompatible and biodegradable material,
widely studied for biomedical applications as bioceramic in bone and dental implants and
drug-carriers as well. Beyond these classical biomedical applications, HAp could also have a
role in the ecological transition: its nanoparticles have been proposed as solid fertiliser, to
promote a controlled release of P for more sustainable agronomy.!

Eggshells, which are composed of approximately 94% of CaCOs, are an abundant and
widespread waste and can be converted into different Ca-precursors to obtain HAp. Different
synthetic approaches have been proposed (e.g. hydrothermal, wet precipitation,
mechanochemical), but most of the reported studies involved thermal treatment at T>600°C.?
This step requires high energy expenditure and produces a large amount of CO» from
carbonate decomposition.

To reduce the environmental impact of HAp synthesis we decided to use ascorbic acid, a
nontoxic and cost-effective reagent, to dissolve eggshell and trap the produced CO; as oxalate
ions®. The composition, crystallinity and morphology of the obtained product were compared
to HAp obtained by a classical precipitation method using Ca(OH), or eggshell as Ca sources.
We study the dissolution of the obtained HAp nanoparticles and results indicate that HAp
obtained using eggshells and ascorbic acid is the most promising nanofertilizer, releasing a
higher amount of P.

[1] Maghsoodi, M.R.; Ghodszad, L.; Asgari Lajayer, B. Environ. Technol. Innov. 2020, 19, 100869

[2] Arokiasamy p. et al., Ceram. Int. 2022, 48, 14959-14979

[3] Pastero, L.; Curetti, N.; Ortenzi, M.A.; Schiavoni, M.; Destefanis, E.; Pavese, A. Sci. Total Environ. 2019,
666, 1232—1244
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OXIDATIVE ANIONIC HOMO-FRIES REARRANGEMENT UNDER
BENCH-TYPE AEROBIC CONDITIONS

R. Gnavi®. ¥, F. De Nardi. (U, C. Meazzo. ", S. Ghinato. (¥, A. Maranzana. (), C. Prandi. (¥ et M.
Blangetti ()

(1) Dipartimento di Chimica, Universita degli Studi di Torino, Torino (TO), Via P. Giuria 7, I-10125, Italy

The development of new sustainable protocols which enable the use of aerobic/protic conditions in
alkali-metal-mediated transformations has profoundly reshaped the conceptual chemistry of these
highly polar organometallic reagents.! Our recent findings in this field disclosed that highly reactive
alkyllithiums can efficiently promote chemoselective nucleophilic acyl substitution (SnAc)? and
regioselective metalation®* reactions using deep eutectic solvents (DESs) or cyclopentyl methyl ether
(CPME) as sustainable reaction media, working at room temperature, in the presence of moisture and
air. Furthermore, we recently illustrated the beneficial active role of protic deep eutectic mixtures in
the regioselective metalation/Fries rearrangement of O-aryl carbamates, as the commonly detrimental
competitive protonolysis of the organolithium occurring in these reaction media prevents the
formation of byproducts arising from multiple metalation steps.’

Motivated by our ongoing interest in extending the feasibility of organolithium reagents in
unconventional sustainable solvents, we herein investigate the usefulness of bench-type conditions to
promote the aerobic oxidation of benzylic anions generated from O-tolyl carbamate derivatives upon
a metalation-Fries rearrangement sequence. Kinetic studies and mechanistic insights into the
formation of dianionic species will be also discussed.

(0]
S = LiITMP, 2-MeTHF = RT, 0.5 h OH OH
O™ "N(iPr), = under air ([O] source) N N(Pr),
A metalation conditions '\ y R
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tandem rearrangement-oxidation
sequence via benzylic dianions

i) lateral lithiation
ii) 1,4-O-C Fries Cop ; ;
::u)) o-lthiation OLi Li o OLi OLi
N N(iPr), iv) oxidation [O] N N(iPr),
R —: v) cleavage R —:
¥z 0] P 0]

Figure 1: one-pot oxidative anionic homo-Fries rearrangement.

]

[1] a) F. M. Perna, P. Vitale, V. Capriati, Curr. Opin. Green Sustain. Chem. 2021, 30, 100487, b) S. E. Garcia-Garrido,
A. Presa Soto, E. Hevia, J. Garcia-Alvarez, Eur. J. Inorg. Chem. 2021, 2021, 3116 —3130; ¢) J. Garcia-Alvarez, E. Hevia,
V. Capriati, Chem. Eur. J. 2018, 24, 14854 — 14863.

[2] S. Ghinato, D. Territo, A. Maranzana, V. Capriati, M. Blangetti, C. Prandi, Chem. Eur. J. 2021, 27, 2868 — 2874.

[3] S. Ghinato, G. Dilauro, F. M. Perna, V. Capriati, M. Blangetti, C. Prandi, Chem. Commun. 2019, 55, 7741 — 7744.
[4] D. Arnodo, S. Ghinato, S. Nejrotti, M. Blangetti, C. Prandi, Chem. Commun. 2020, 56, 2391 — 2394.

[5] S. Ghinato, F. De Nardi, P. Bolzoni, A. Antenucci, M. Blangetti, C. Prandi, Chem. Eur. J. 2022, 28, €202201154.
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Gold-Catalyzed One-Pot Cycloisomerization/Nucleophilic

Addition/Rearrangement of Pyrrole Carbaldehyde Derivatives
Gorodnichy M., Truchon A., Olivero S. and Michelet V."

Universite Cote d’Azur, Institut de Chimie de Nice, UMR 7272 CNRS, Parc Valrose, 06100 Nice

The use of gold catalysis as a tool in organic synthesis is a promising approach that has been
emerging in the past decade.l'! Some of the important work in this area includes the gold-
catalyzed addition/cyclization reaction to 3-alkoxy-benzoisochromenes that was developed by
the Grela group.”) Considering our group’s interest in atom-economical Au-catalyzed
processes,?! we have envisioned building on this reactivity, inspired by studies on C—O
rearrangement in presence of a Lewis acid conducted by Harrity’s group.[* Recent studies by
our group, building on these two studies, extended the reactivity to nucleophilic aromatic
derivatives to allow for a gold-catalyzed orthogonal tandem reaction to access carbocyclic
ketones on naphthalene. The present study focuses on extending this cyclization-
rearrangement reactivity to pyrrole derivatives, which have been shown, unlike previous
substrates, to be diastereoselective. Studies have been conducted to optimize the gold-
catalyzed conditions for this type of substrate, followed by scoping using modified substrates
and different nucleophiles.l®) Finally, given the interesting property of diastereospecificity of
the reaction on pyrrole carbaldehyde derivatives, enantioselective versions of the

transformation were also envisioned.

Ar
Ar

®
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Figure 1 : Gold-catalyzed cyclization/rearrangement of pyrrole derivatives.

[1] (a) Gold Catalysis: An Homogeneous Approach; Toste, F. D., Michelet, V., Eds.; Catalytic Science Series;
Imperial College Press: London, 2014. (b) The Chemistry of Organogold Compounds. In Patai’s Chemistry of
Functional Groups; Rappoport, Z., Liebman, J. F., Marek, 1., Eds.; John Wiley & Sons, Inc.: Hoboken, NJ, 2014.
(c) Homogeneous Gold Catalysis. In Topics in Current Chemistry; Slaughter, L. M., Ed.; Springer: Berlin, 2015.
[2] M. Michalska, K. Grudzien, P. Matecki, K. Grela, Org. Lett. 2018, 20, 954-957.

[3] (a) Y. Tang, 1. Benaissa, M. Huynh, L. Vendier, N. Lugan, S. Bastin, P. Belmont, V. César, V.
Michelet Angew. Chem. Int. Ed. 2019, 58, 7977-7981. (b) R. Melot, S. Olivero, V. Michelet Adv. Synth. Catal.
2023, 365, 496-501. (c) Dupeux, A.; Gentilini, E.; Michelet, V. J. Org. Chem. 2023, 88, 13, 9439-9446.

[4] (a) S. J. Meek, J. P. A. Harrity, Tetrahedron 2007, 63, 3081-3092. (b) S. J. Meek, F. Pradaux, E. H. Demont,
J. P. A. Harrity, J. Org. Chem. 2007, 72, 3467-3477. (c) S. J. Meek, F. Pradaux, D. R. Carbery, E. H. Demont, J.
P. A. Harrity, J. Org. Chem. 2005, 70, 10046—-10056. (d) J. O. Zirimwabagabo, J. P. A. Harrity, Chem. Commun.
2014, 50, 2735-2737.

[5] A. Truchon, A. Dupeux, S. Olivero, V. Michelet, Adv. Synth. Catal. 2023, 365, 1907-1907.

[6] A. Truchon, M. Gorodnichy, S. Olivero, V. Michelet, Unpublished results.
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Exploitation of the whole unsorted tuna side streams: extraction of valuable
proteins within EcoeFISHent project

Grasso F." (D Orlandi V. (U, Méndez-Paz D. @, Vazquez Sobrado R. @, Turrini F. (U et
Boggia R. ()

(1) Department of Pharmacy, University of Genova, Viale Cembrano 4, 16148 Genova, Italy
(2) ANFACO-CECOPESCA, Department of Circular Economy, Colexio Universitario, 36310 Vigo, Spain

The fishery production has grown dramatically over the past few years, and as a result,
disposing of the side streams that are produced has become a major environmental and
economic problem to solve [1].

One of the main objectives of EcoeFISHent, a project of the Horizon 2020 Program—Green
Deal (G.A. ID 101036428) [2], consists in the valorization of rejected and underused biomass
coming from the fish supply chain and the sustainable extraction of high-value bioactive
molecules with potential applications in nutraceutical and cosmetic industries, following the
“zero-waste” concept according to the 12" Sustainable Development Goal (SDG) [3].

Many investigations are being conducted on the enzymatic extraction of proteins from fish
biomasses, but almost no research has paid attention to the exploitation of unsorted, non-
separated fishery biomasses.

The authors suggest a scalable method in order to recover valuable proteins starting from
samples of unsorted mixed raw (crude) tuna scraps [4], which had previously been dehydrated
using an industrially patented process [5] that improves the logistics of managing highly
perishable biomass by reducing its volume and stabilizing it microbiologically, while also
avoiding the laborious sorting step of tuna side streams.

All the protein fractions namely, non-collagenous proteins (NCs and ALKs), gelatin (G), and
hydrolyzed gelatin/collagen peptides (HGPs) were recovered in the proposed single cascade
flowchart. After their isolation/purification, the protein extracts have been stabilized by
different dehydrations (lyophilizing, oven-drying and spray-drying). The so obtained products
were characterized in terms of proximate analysis, FTIR/molecular structure, amino acid
composition, and CIELab color. Moreover, as regards G and HGPs, further analyses
concerning rheological properties and antioxidant activity were performed in order to assess
their potential applicability in different fields such as biomaterials, nutraceuticals and
cosmetics.

[1] https://doi.org/10.3390/md 19020116

[2] https://ecoefishent.eu/

[3] https://www.researchgate.net/publication/348919924

[4] https://doi.org/10.3390/gels9090760.

[5] https://patentscope.wipo.int/search/en/detail.jsf?docId=W02015181769
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Investigation on sustainable technologies for Olive Mill Wastewaters

Iebole A." (12, Comite A. (", Banfi L. ()
(1) Department of Chemistry and Industrial Chemistry, University of Genoa, Genoa (GE), Italy

The olive mill wastewaters (OMW) represent a significant by-product of the olive oil
extraction process. These waters are rich in organic compounds, including polyphenols, lipids,
proteins, and carbohydrates, giving them potential value as a resource!. However, the disposal
or management of OMW poses a critical challenge with significant environmental and
agricultural repercussions. Currently, many regions allow the spreading of OMW onto the soil
as a disposal method; nevertheless, this practice presents several problems. OMW has a high
COD and organic matter content, which can increase nutrient loads in soil and groundwater
bodies, leading to contamination issues. Additionally, the presence of phytotoxic and
antimicrobial compounds, such as polyphenols, can harm plants and the surrounding
ecosystem?. Consequently, there is an urgent need to develop sustainable alternatives for the
treatment and utilization of OMW to mitigate the environmental and agricultural risks
associated with its management. This research aims to address this challenge by exploring
innovative methodologies for the extraction, purification, and concentration of compounds of
interest from OMW to produce biopesticides and biofertilizers for use in agriculture.

Among the possible approaches that can be adopted, there is an initial pretreatment, which
involves acidifying the OMW to increase the sedimentation rate of suspended solids, thus
facilitating the removal of these solids and making the water easier to process. Another
possible approach is the filtration of the OMW using membrane separation processes, which
not only removes suspended solids but also purifies the waters from high molecular weight
organic compounds and concentrates compounds of interest such as polyphenols. In this
context, three different nanofiltration membranes and one reverse osmosis membrane have
been tested. The performances of the membranes, in terms of retention of salts and
polyphenols, were studied thanks a lab scale stirred cell. To gain most of the performance of
the two types of membranes, it was decided to couple a dialysis process (nanofiltration
membrane) that promotes the washing of the OMW and therefore the recovery of polyphenols
onto the permeate stream, with a concentration process (reverse osmosis membrane) that
allows the reduction of the volumes of water obtained from dialysis and therefore the
concentration of polyphenols. At the same time, however, part of the salts that dialysis cannot
retain are concentrated, and therefore, to remove them, solvent extraction and a separation
treatment on resin are interesting. Both processes allow the separation of salts from phenolic
compounds, which can then be lyophilized and used as a matrix for subsequent treatments.
One of these is an enzymatic lipophilization, which consents the esterification of polyphenols,
now lipophilic and hence no longer soluble in water but in organic solvents. This process is in
its early stages but is promising as it can be used to create a suitable matrix for the
formulation of a biopesticide composed of an active ingredient consisting of acylated
polyphenol, possibly dissolved in an organic solvent, dispersed and thus diluted in an aqueous
phase.

This research is funded by Agritech Project (PNRR), National Center for Technology in
Agriculture.

[1] Jamrah, A., Al-Zghoul, T. M., Darwish, M. M., Case Studies in Chemical and Environmental Engineering, 8,

2023, 100493.
[2] Bottino, A., Capannelli, G., Comite, A. et al., Membranes, 10, 2020, 334.
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Study of influence of organic matter and inorganic ions on soybean

peroxidase activity: from the lab to real applications

Rigoletto M*. ), Machado de Faria B. (), Milardi B. (V et Laurenti E. ¥
(1) Department of Chemistry, University of Turin, Via Pietro Giuria 7, Turin (Italy)

Bioremediation methods have become very attractive for environmental applications, and
specific enzymes-based treatments offer several advantages as high catalytic capacity with
milder reaction conditions, production of nontoxic compounds, and environmental
friendliness.

Several studies have been published on the use of peroxidases for the remediation of both
synthetic and real aqueous matrices containing organic contaminants. However, a relative
limited number of research are devoted to study the influence of dissolved organic matter on
the activity of these enzymes or to define the influence of inorganic ions and ionic strength.
With the purpose to explore these aspects and to better evaluate the effective possibility to
exploit peroxidases for real application in fresh and sea water, in this work we subjected
soybean peroxidase (SBP) to various activity tests in deionized water and in aqueous matrices
containing humic acids or salts (a mixture of NaCl, NaBr and other salts simulating sea water
according to the ASTM D1141-98 standard procedure). As shown in Figure 1, the enzymatic
activity decreases as function of humic acid concentration (from 25 to 100 ppm) while it
seems enhanced by the increase in the ionic strength of the solution (from 0 to 2M), in
particular by addition of NaBr. These trends are also maintained when studying the reaction
between SBP and target contaminants as dyes (methyl orange) or chlorinated molecules
(2,4,6-trichlorophenol and 2,4-dichlorophenol).

These preliminary results are in agreement with previous studies which hypothesize that the
organic matter could inhibit peroxidases efficiency by acting as competitive substrates [1] and
suggest a possible use of bio-remediation also for contaminated sea water [2].
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Figure 1: SBP activity test results. Left: SBP activity as function of humic acid concentration
(DMAB/MBTH/H20: system), right: SBP activity as function of ionic strength (Guaiacol/H202 system)

[1] Yang et al., Journal of Hazardous Materials 356 (2018) 9-16
[2] Jankowska et al., Process Biochemistry 102 (2021) 10-21
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Development of a novel catalytic methodology for the synthesis of cyclic

ethers with potential anticancer applications

Matthieu Jorandon ("2, Nadia Patino (, Elisabet Dufiach ", Mohamed Mehiri*
(1) Institut de Chimie de Nice, UMR 7272 CNRS, Université Cote d’Azur, Nice France

Sodwanones, triterpenoids isolated from the marine sponge Axinella weltneri, have been
reported to inhibit the hypoxia-inducible factor 1 (HIF-1)!, a target scarcely explored in the
context of therapy-resistant cancers.? They feature a cyclohexane-oxepane subunit, which is
known to exhibit interesting cytotoxic properties®, attached to a variety of eastern fragments.
Despite their promising biological activities*, very few synthetic approaches have been reported
so far, due to their structural complexity. Herein, we report an efficient biomimetic synthetic
methodology, to access a wide range of oxepane derivatives.

Most of the developed strategies to obtain seven membered-ring cyclic ethers rely on the
cyclization via the addition of hydroxy functions on an electrophilic site (epoxides, allenes,
activated olefins,...), mediated by stoichiometric amount of Lewis acids such as boron
trifluoride etherate.> This work focused on the development of a novel Lewis acid based
catalytic methodology, starting from di-epoxidized monoterpene derivatives (i.e. geraniol and
nerol). The use of Lewis superacids such as bismuth (III) triflates, at only 1 mol%, triggers an
epoxide-opening cascade reaction, leading to various cyclic ethers, among them several
oxepane derivatives (Figure 1). Applied to more complex sesquiterpenes, this methodology
would allow access to a wide range of cyclohexane-oxepane derivatives, analogs of the western
fragments of sodwanones, that will be evaluated for their biological properties, notably against
HIF-1.
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Figure 1: General overview of the obtained structures

[1] a) Nagle, D. ; Zhou, Y., Phytochem. Rev. 2009, 8, 415-429. b) Dai, J. ; Fishback, J. A. ; Zhou, Y. ; Nagle, D.
G., J. Nat. Prod. 2006, 69, 1715-1720. c) Li, Y. ; Himaya, S. W. A. ; Kim, S., Molecules 2013, 18, 7886-7909.
d) Manolescu, B. ; Oprea, E. ; Busu, C. ; Cercasov, C., Biochimie 2009, 91, 1347-1358.

[2] Muz, B., de la Puente, P., Azab, F., Azab, A. K., Hypoxia 2015, 3, 89-92.

[3] Barbero, H., Diez-Poza, C., Barbero, A., Mar. Drugs 2017, 15, 361.

[4] Fernandez, J. J., Souto, M. L., Norte, M., Nat. Prod. Rep. 2000, 17, 235-246.

[5] Sinka, V., Martin, V. S., Cruz, D. A., Padrén, J. L., Eur. J. Org. Chem. 2020, 6704-6717.
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Hydroxide ion mobility in anion exchange ionomers

Knauth P."2 and Di Vona M.L.. @

(1) Aix Marseille Univ, CNRS, MADIREL (UMR 7246) and International Laboratory.: lonomer Materials
for Energy, Campus St Jérome, 13013 Marseille, France

(2) Tor Vergata University of Rome, Dep. Industrial Engineering and International Laboratory: lonomer
Materials for Energy,00173 Rome, Italy

The effective hydroxide ion mobility in anion exchange membranes is an important phenomenological
parameter, which is key for electrochemical applications, because it is related to the ion conductivity
of the membrane and thus the Ohmic drop of the device.

The effective hydroxide ion mobility can be calculated from the ionic conductivity and the water
uptake of the membranes. We have compilated many hydroxide ion mobility data from our own
measurements and from available literature data. We show that linear relations can be written between
the ion mobility and the square root of the ion concentration, which have similarities with classical
Kohlrausch laws for dilution of weak electrolytes.

The percolation threshold and tortuosity of the membranes can be deduced from the universal law and
a renormalization equation, respectively; they are discussed from the point of view of membrane
composition and ion mobility-ionomer structure relationships. [1]

[1] P. Knauth, L. Pasquini, R. Narducci, E. Sgreccia, R.-A. Becerra-Arciniegas, M. L. Di Vona, Effective ion
mobility in anion exchange ionomers: relations with hydration, porosity, tortuosity, and percolation, J.
Membrane Sci., 617, 118622 (2021).

* contact : philippe.knauth@univ-amu.fr

100



~ GIFC 2024

X| EDIZIONE GIORNATE ITALO-FRANCESI DI CHIMICA
TORINO, 4-5 APRILE 2024

Biocatalytic routes for the synthesis of N-acyl amino acids

Kurnosov D."®, Banfi L. ¥

a Universita di Genova — Dipartamento di Chimica e Chimica Industriale, Via Dodecaneso, 31, 16146 Genova

Surfactants are chemical compounds that due to hydrophilic and hydrophobic moieties reduce
surface tension after concentration at the interface.

Mainly, the raw materials for their synthesis have petrochemical origin. However, extraction
and using of oil is not environmentally friendly, it causes serious damage to various
ecosystems. Environmental legislation and governmental restrictions as well as low toxicity,
high biodegradability and high efficiency led to increasing of the surfactants production from
renewable raw materials.

Amino acid-based surfactants are mild surfactants, that have aroused strong interest in the last
twenty years because of their properties and possibility to use raw materials of animal or
agricultural origin!.

The most common reaction for mild surfactants production is Schotten-Baumann aminolysis

(Scheme 1), carried out in water at low temperature.

®
o NH, o

NaOH , H ®
R1JJ\CI * RZJ\CO(? R\H/NYCOZ Na
0O R?

Scheme 1: Schotten-Baumann aminolysis
The most significant disadvantage of this process is the not environmentally production of
acyl chlorides. For their formation, toxic reagents are used (SOCl,, COCl,, PCls, POCl3, PCls)
in stoichiometric quantities?.
Catalytic alternatives led to improve atom economy and, also, to minimize environmental
impact. Biocatalytic approaches make it possible to use biodegradable and nontoxic wild-type
and engineered enzymes in different type of chemical reactions’.
Instead of environmentally unfriendly acyl chlorides in enzymatic amide formation (Scheme
2) due to catalytic mechanism fatty acid esters were used as the acyl donor.

[0} o solvent 0 R,
base
R
R1)J\O’ 2 + HZN\HJ\O/R“ catalyst R1)J\N)ﬁ(O\R4
R, T H o

Scheme 2: Enzymatic amide formation

[1]. Danyelle Khadydja F Santos; Raquel D Rufino; Juliana M Luna; Valdemir A Santos; Leonie A Sarubbo.
Biosurfactants: Multifunctional Biomolecules of the 21st Century. International Journal of Molecular Sciences.
2016. 17 (3). 401.

[2]. Christian A. G. N. Montalbetti; Virginie Falque. Amide bond formation and peptide coupling. Tetrahedron.
2005. 61. 10827-10852.

[3]. Roger A. Sheldon; John M. Woodley. Role of Biocatalysis in Sustainable Chemistry. Chemical Reviews.
2018. 118 (2). 801-838.
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Looks can be deceiving: not just chalk in chalk.

Analysis of the materials of Madonnari art by XRPD and ATR-FTIR
Maria L". O, Agostino A. (1, Operti L.(, Aceto M. ), Artoni P. ¥,
Bertelli P.*, Bottoli M. @, Pojana G.* et Cimino D.®®
(1) Dipartimento di Chimica, Universita di Torino, via P.Giuria 7 — 10125 Torino, Italy
(2) DiSSTE, Complesso San Giuseppe, p.zza Sant’Eusebio 5 — 13100, Vercelli
(3) Indipendent

(4) Department of Philosophy and Cultural Heritage, Universita Ca’ Foscari, Malcanton Marcora’ —
Dorsoduro 3484/d — 30123, Venice, Italy

The characterisation of painting materials is a very special aspect aimed at a greater understanding of
the painting technique adopted, the definition of different types of workability and the durability of the
artwork. This last feature is the peculiarity of Madonnara art: a particular ephemeral category of street
art that entails the use of materials not intended to last over time. The study first involved the
professionalism of curators and artists involved in the Arte Madonnara Festival, conceived in 1973 in
Grazie di Curtatone (Mantua, Italy), where a 24-hour international art competition takes place annually
[1]. Usually, these street paintings are realised on the cobbles or asphalt, nevertheless there is an
increasing intention to use mobile substrates, consequently, can be preserved and musealised. Within
this research, for the first time, both home-made materials, reclaimed materials and commercial
‘chalks’ used by some Madonnari artists were investigated. The techniques adopted were X-ray
Powder Diffraction (XRPD) and Attenuated Total Reflection Fourier Transform Infrared Spectroscopy
(ATR-FTIR) (Fig. 1), here combined because providing complementary information. XRPD detected
inorganic components, in which the diffractometric patterns obtained can be traceable to crystalline
phases. ATR-FTIR enabled the identification of organic dyes and pigments together with any other
organic components such as modifiers and stabilisers. The
result was a great heterogeneity observed in commercial
pastels in which several fillers other than chalk were
identified such as barite, kaolinite, calcite, and talc. Also, a
certain variety occurred for the different dyes and pigments
identified. Moreover, the prevailing minerals of the
recovered materials and the composition of the home-made
pastels were defined, which were matched by considerations
of ease of colour application then related to composition [2].

Figure 1 : ATR-FTIR analysis of red chalk.

[1] Artoni P., 2014. I Madonnari a Grazie. Appunti per una storia del primo concorso al mondo di pittura su
asfalto, Curtatone. I segni della storia. Mantova, Editoriale Sometti 71-89

[2] Artoni P., Bertelli P., Bottoli M., Pojana G., Cimino D., Labate M., Aceto M., Agostino A., 2023.
Conservare [’effimero : il colore dei Madonnari, XVIII Color Conference 2023
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Synthesis and characterization of TI:C: MXene heterojunctions for

enhanced photocatalytic properties in hydrogen photoproduction

Lagostina V. () Taconis P. (V et Paganini M. C. (V)
(1) University of Torino, via Pietro Giuria 7, 10125 Torino (IT)

The hydrogen production can be performed in different ways: electrolysis, thermo-splitting,
and photo-splitting. [1] The methods just mentioned use different types of energy to
decompose water into hydrogen and oxygen, even though the efficiencies are really different.
Indeed, the efficiencies of these systems are generally 70% when electricity is used, 40%
when heat is used, and about 0,5% when light is the source of energy. With the idea of
developing efficient green processes to produce hydrogen, among the quoted mechanisms
photolysis results be a very interesting and feasible option since harvesting solar energy
would directly produce H». The efficiency of the technology is still very low, due to several
factors that depend on the reaction itself and for the catalyst used.

The work performed during this master thesis was therefore devoted to producing and
characterizing MXene (Ti3Cz) [2] to use it as a cocatalyst in possible combination with other
synthesized semiconductors for an enhanced photocatalytic heterojunction. This material
shown a 2D structure and is also interesting the presents of many functional groups that can
be tuned by changing the synthesis. It exhibits absorption in the visible spectrum, boasts
conductivity comparable to metals, and maintains an ideal Fermi level for hydrogen
production when interacting with water.

In this study, the synthesis of this compound was always executed starting using Ti3AlC; as
precursor, trying different etching processes. Different semiconductors were also synthesized
paying particular attention to different factors such as energy gap, the position of valence and
conduction band, and sustainability aspects. All the heterojunctions between semiconductors
and MXene were formed with the same calcination method (450°C for 4h in air). All the
synthetize materials were then characterized with XRD, SEM and UV-Vis analyses.

In the end, the photocatalytic performances of the materials were tested for the production H»
by using different LED source (characterize by different wavelengths) to evaluate the
performances.

[1] C. M. Kalamaras and A. M. Efstathiou, “Hydrogen Production Technologies: Current State and Future
Developments,” Conference Papers in Energy, vol. 2013, pp. 1-9, Jun. 2013.

[2] L. Biswal, R. Mohanty, S. Nayak, and K. Parida, “Review on MXene/TiO2 nanohybrids for photocatalytic
hydrogen production and pollutant degradations,” Journal of Environmental Chemical Engineering, vol. 10, no.
2. Elsevier Ltd, Apr. 01, 2022.
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Theoretical study of the reaction mechanism and solvent effect in the

reaction between LiCH:SiMe and N-benzoylpirrolydine

Lauria F*, ©, Maranzana A. ), Blangetti M. ) et Prandi C. (V
(1) Dipartimento di Chimica, Universita di Torino, Via Pietro Giuria 7, I-10125, Torino, Italy

A theoretical side-by-side study with the department’s organic chemistry laboratory was
conducted on the conversion of non-activated amides to o,f-unsaturated ketones using
LiCH,SiMes.! The use of two different solvents, THF and CPME, resulted in the formation of
two distinct products, with high stereoselectivity. The purpose of this study is to elucidate the
unknown reaction mechanism in the two different solvents using DFT calculations. Because
lithium tends to form aggregates in solution?, we tried to perform different model situations
that represent our reagent, from the monomeric to dimeric structures, to take into account the
solvation effect on the complex (Figure 1). The two-layer ONIOM method was used to study
the dimeric structures. In addition to the calculation of the same reaction carried out in the two
aforementioned solvents, studies were also performed in water because the reaction was
experimentally quenched with water. This study provides valuable insights into the reaction
mechanisms of acyl nucleophilic substitution and emphasizes the need for further
investigation to fully understand the role of the solvent and the equilibrium between different
reaction products.

Figure 1 : Dimeric structure of the initial complex. The different visualization choices, tube and ball and sticks,
correspond to the low and high level of calculation using ONIOM method, respectively.

[1] Ghinato, S.; Meazzo, C.; De Nardi, F.; Maranzana, A.; Blangetti, M.; Prandi, C. Organic Letters 2023, 25,
3904-3909
[2] Mulvey, R. E. Chemical Society Reviews 1991, 20, 167-209.
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Self-assembling dendrimer nanosystems effectively decrease drug affinity to

hERG channel for overcoming cardiotoxicity

Xi Liu "), Dinesh Dhumal (), Patricia Santofimia-Castafio ¥, Juan Liu (), Teodora-
Adriana Perles-Barbacaru ¥, Tom Roussel V), Nelson Dusetti @, Yi Xia ©),
Angéle Viola @, Juan Lucio Iovanna @, Ling Peng” (11

(1) Aix Marseille University, CNRS, Centre Interdisciplinaire de Nanoscience de Marseille (UMR 7325),
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(2) Centre de Recherche en Cancérologie de Marseille, INSERM U1068, CNRS, UMR 7258, Institut Paoli-
Calmettes, Aix Marseille Université, 13273 Marseille, France
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Cardiotoxicity is a leading cause of drug failure or drug withdrawal from market, with hERG-related
cardiotoxicity accounting for over 70% of such cases !'l. Overcoming or reducing hERG binding to
mitigate cardiac toxicity is therefore of paramount importance for drug development. Nanotechnology-
based drug delivery has been extensively applied to reduce drug toxicity and promote drug efficacy ..
However, there is little research on nanotechnology-based drug delivery to reduce hERG-related
cardiotoxicity. Here, we report the use of self-assembling dendrimer nanosystems for drug
encapsulation 7! to effectively reduce hERG-binding related cardiotoxicity. Specifically, the self-
assembling amphiphilic dendrimer nanosystems efficiently loaded the antimalarial drug chloroquine,
the anticancer agent doxorubicin, and the NUPR1 inhibitor ZZW-115, all three drug molecules having
high hERG affinity. Indeed, the binding affinities of these molecules to hERG were reduced by 3 to 10
times when they were encapsulated within the dendrimer nanomicelles. Importantly, the drug-loaded
dendrimer nanosystems also reduced the in vivo toxicity of the free drugs while enhancing their in
vivo therapeutic activity through passive targeting of disease lesions via the enhanced permeability
and retention (EPR) effect. This study highlights the potential of the self-assembling dendrimer
nanosystems to overcome and reduce the hERG-binding and related cardiotoxicity, offering a new
perspective in drug development for safe and efficacious treatment.

[1] Frommeyer G, Eckardt L. Drug-induced proarrhythmia: risk factors and electrophysiological mechanisms.
Nat Rev Cardiol. 2016. 13(1):36-47

[2] Mitchell MJ, Billingsley MM, et al. Engineering precision nanoparticles for drug delivery. Nat Rev Drug
Discov. 2021. 20(2):101-124.

[3] Jiang Y, Lyu Z, et al. Dendrimer nanosystems for adaptive tumor-assisted drug delivery via extracellular
vesicle hijacking. Proc Natl Acad Sci U S A. 2023. 120(7): €2215308120.

[4] Wei T, Chen C, et al.Anticancer drug nanomicelles formed by self-assembling amphiphilic dendrimer to
combat cancer drug resistance. Proc Natl Acad Sci U S A. 2015. 112(10):2978-83.

[5] Lyu Z, Ding L, et al. Self-Assembling Supramolecular Dendrimers for Biomedical Applications: Lessons
Learned from Poly(amidoamine) Dendrimers. Acc Chem Res. 2020. 53(12):2936-2949.
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Chemo-enzymatic routes from levoglucosenone to sustainable terpolyesters
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The need to develop more sustainable chemicals and materials for mitigating the effects of
climate change is a pressing challenge for mankind. The research of innovative materials
based on by-products can be a solution to convert waste into value therefore reducing the
impact of industrial processes. For example, the use of the cellulose-derived monomer
levoglucosan (LGA) for the synthesis of terpolymers has recently been reported!!].

In this work, novel terpolyesters based on the levoglucosenone-derived diol HO-LGOL were
developed. HO-LGOL is similar to LGA and it’s difficult to polymerize because of its
secondary hydroxyl groups. In comparison with previous works, in the enzymatic
polycondensation experiments the traditionally used reaction solvent diphenyl ether (DPE)
was substituted with Cygnet 2.0, a green solvent derived from Cyrene (also obtained by
cellulose pyrolysis and subsequent hydrogenation). The family of Cygnets solvents offers
sustainable and safe alternatives to toxic aprotic dipolar organic solvents such as NMP and
DMF2! in applications such as enzymatic polymerizations!*! and membrane castingl*. Cygnet
2.0 is beneficial because it provides a suitable reaction environment for the enzyme and
allows the complete solubilization of the monomers, enhancing the greenness of the synthesis.
Terpolymerizations were conducted using a-® diols of different lengths and dimethyl adipate
as monomers in addition to HO-LGOL using the lipase B from Candida antarctica (CaLLB) as
the biocatalysts. Regarding polymerization, different monomers and various molar ratios were
tested to investigate and find the best possible combination. Between 12-44% HO-LGOL was
incorporated into the polymer chain, indicating a good monomer incorporation. Reaction
yields ranged from 20 to 59%, while the obtained M, values were between 1.3 and 3.1 kDa,
showing the formation of oligomeric polymer chains. Thermal analyses of the materials
exhibited interesting T, values, between -50 and 16 °C, highlighting how the different
incorporation of HO-LGOL can significantly alter the thermal and physical properties of the
polymers.

In conclusion, bio-based monomers have been successfully polymerized to create interesting
terpolyesters with a significant HO-LGOL incorporation and a range of different Ty values,
utilizing enzymes as the catalysts and Cygnet 2.0 as a green reaction solvent.

[1] Bassut, J. et al. ACS Sustainable Chem. Eng. 2022, 10 (50), 16845-16852.

[2] Alves Costa Pacheco, A. et al. ChemSusChem 2016, 9 (24), 3503-3512.

[3] Warne, C. M. et al. Green Chemistry Letters and Reviews 2023, 16 (1), 2154573.
[4] Milescu, R. A et al. ChemSusChem 2021, 14 (16), 3367-3381.
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Diversity-oriented synthesis of pyrazole and pyrimidine compounds as
novel antimalarial agents

Lusardi M". 1), Basilico N. @, Parapini S. ¥, Iervasi E. @), Ponassi M. ) et Spallarossa A. (")
(1) Department of Pharmacy, University of Genova, viale Benedetto XV 3, 16132 Genova, Italy.
(2) Department of Biomedical Sciences for Health and Department of Biomedical, Surgical and Dental
Sciences, University of Milan, Via Pascal 36, 20133 Milano, Italy.
(3) Proteomics and Mass Spectrometry Unit, IRCCS San Martino, L.go R. Benzi 10, 16132 Genova, Italy.

Push-pull alkenes refer to substituted alkenes bearing one or two electron-donating groups at
one end of the double bond and one or two electron-accepting groups at the other end. Due to
their unique electron distribution, push-pull alkenes can react with both electrophilic and
nucleophilic species and therefore represent versatile synthons in organic synthesis [1]. In
particular, ketene N,S- and §,S-acetals are representative classes of push-pull olefins widely
used as for the preparation of heterocycle derivatives [2]. Recently, we reported a stepwise
synthetic procedure for the preparation, through ketene N, S-acetal intermediates, of novel 5-
anilinopyrazoles 1 (Figure 1) endowed with antimalarial activities [3]. To further extend the
structure-activity relationships (SARs) of these compounds, we designed and synthesized the
highly functionalized pyrazoles 2 and pyrimidines 3 (Figure 1). These compounds were
prepared through a versatile synthetic procedure which involved the isolation of ketene S,S-
acetals A, their functionalization to N,S-acetals B, followed by cyclization with hydrazine or
guanidine.
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Figure 1: Structure of previously reported pyrazoles 1 and synthesis of novel heterocyclic compounds 2 and 3.

Selected derivatives 2 and 3 showed significant activity against D10 and chloroquine-resistant
W2 Plasmodium strains without cytotoxic effect on normal fibroblast cells.

[1] Ye, G. et al., Tetrahedron Lett. 2009, 18, 2135-2139.
[2] Zhang, L. et al., Chem. Rev. 2016, 116, 287-322.
[3] Lusardi, M. et al., Molecules 2023, 28, 1712.

* contact : matteo.lusardi@edu.unige.it

107



~ GIFC 2024

X| EDIZIONE GIORNATE ITALO-FRANCESI DI CHIMICA
TORINO, 4-5 APRILE 2024

Hybrid materials for the adsorption removal of dyes from water
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The problem of environmental pollution is well-known by the scientific community. In these last years,
it is estimated that 7 x 10° tons of toxic wastewater containing dyes are produced every year. Dyes are
known for their low biodegradability, high solubility in water and toxicity in the environment. Therefore,
it is necessary to find a strategy for the removal of these pollutants from wastewater. The removal of
organic molecules from water media through adsorption on solid sorbents deserved a lot of attention in
the last years. An ideal adsorbent should remove in a short time high quantities of dyes and should be
inexpensive, regenerable and reusable. Different materials, for instance carbons, zeolite, clays, polymers
are used to this purpose, but the class of hybrid organic-inorganic silica materials is deserving increasing
interest for their peculiar adsorption performances [1].

Among the class of hybrid silicas, Swellable Organo-Modified Silicas (SOMS) possess the peculiar
ability to swell, thus expanding their volume, when in contact with organic solvents. The swelling
property gives SOMS more enhanced adsorption performances towards organic moieties in water,
including dyes, if compared to inorganic or organic-grafted silicas [2]. SOMS are synthesized by a base-
catalysed sol-gel process of bis(trimethoxysilylethyl)benzene that possesses an aromatic ring linked to
the silicon atom by an ethyl group. SOMS can also be functionalized with a quaternary amino group,
which gives a positive surface charge to the final material (QA-SOMS) [3]. These materials will be used
for the removal of dyes from water by adsorption, considering their promising performances.
Moreover, different mesoporous silicas (SBA-16 type) were synthesized and functionalized with

organic groups to perform a comparison in adsorption performances.
The characterization of the materials was made 100

through a multi-technical investigation (elemental 90 = ggjg M
analysis, XRD, FT-IR, ss-NMR, DLS, Z-Potential) 80 = SBA-16

to obtain morphological, textural, and chemical
information. Finally, the adsorption Kkinetics,
isotherm, pH-effect, and reutilization towards dye
molecules were tested for the materials synthesised,
in particular for SOMS which resulted to be the most
promising adsorbent (Figure 1).
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[2] V. Miglio et al., J. Phys. Chem. C, 2024, 128, 5, Figure 1: Adsorption kinetics of a 100 ppm solution
2179-2189. of crystal violet by SOMS, QA-SOMS and
[3] E.K. Stebel et al., Environ. Sci.: Water Res. Technol., mesoporous silica SBA-16 both organo-
2019, 5, 1854.

functionalized (SBA-16-phCIG and SBA-16-phMeG)
and not (SBA-16).
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ALD of Ternary Silicides as Efficient Catalysts for Water Photooxidation
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Silicon is a well-known semiconductor, whose abundance and stability make it the most
widely used material in the electronics industry. Among all the applications, the position and
the width of its band gap make it also suitable for photoelectrochemical devices, specifically
for the water-splitting reaction. However, due to the poor stability and efficiency of silicon in
aqueous solutions, protective and catalytic layers are necessary. Currently, Pt and IrO; are
considered the best catalysts for HER and OER reactions, but they are rare and critical
materials.! Therefore, research on affordable, abundant and efficient catalytic materials is
crucial. In this context, the research on affordable, abundant, and efficient catalytic materials
has become crucial. Our group recently optimized the Atomic Layer Deposition (ALD) of
TiO; as an efficient protective layer” and tested innovative ALD precursors for the synthesis
of NiOx, which shows good catalytic properties in alkaline media®. From the combination of
these two non-critical materials, we obtained a new class of promising cost-effective co-
catalysts for water photo-oxidation. The Si/TiO2/NiOx system was annealed through rapid
thermal processing in a reductive atmosphere, resulting in the formation of a chemically
stable Si7TisNis alloy, in the shape of nanoparticles (figure 1b). A patent was filed for this
development.* The nanostructured particles enhance the active surface area of the electrode
and reduce the charge recombination rate, leading to a remarkable improvement in the onset
potential of the oxygen evolution reaction (figure Ic).

However, the catalytic mechanism is not yet well understood and a photoelectrochemical
activation of the catalyst is needed to improve the photoanode performance. Therefore, we are
investigating different deposition combinations of the two oxide layers and trying to
understand the correlation between the material structure and the photoelectrochemical
results. The presence of a SiOx interlayer between the substrate and the catalyst might allow
us to obtain a metal-insulator-semiconductor system, which can improve the effective barrier
height and the degree of band bending near the Si surface, and as a result, increase the
photocurrent.’

[1] Kibsgaard, J.; Chorkendorff, 1., Nat. Energy, 2019, 4, 430

[2] M. E. Dufond, J. Chazalviel, L. Santinacci, J. Electrochem. Soc., 2021, 168, 031509

[3] L. Trotochaud, J.K. Ranney, K. N. Williams, and S. W. Boettcher, J. Am. Chem. Soc. 2012, 134, 17253

[4] M. E. Dufond, L. Santinacci, J.-M. Decams, G. Loget Catalyst, electrode and manufacturing methods
International Patent #W02022112556A1, 29/11/2021

[S]11. A. Digdaya, G. W. P. Adhyaksa, B. J. Trze$niewski, E.C. Garnett & W. A. Smith, Nat. Commun. 8, 2017,
15968.
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Activated alkoxyamine conjugated nanoparticles

as antibacterial agents for plants

Margot Manivel”, Gérard Audran, Sylvain Marque and Jean-Patrick Joly

Global trade and climate changes facilitate both, “migration” and colonisation of our
shores by new types of bacteria coming from other continents. The EU has chosen to ban the
use of antibiotics to control plant bacterial diseases with the aim to limit the emergence and
the spreading of antibiotic resistant strains. The curative fight against plant bacteria will allow
the conquering of new territories leading to dramatic changes in economics, cultures,
landscape and ecology.

To circumvent the issues of anti-bacteria drugs, we envision a strategy relying on the
development of a new nano-system based on the controlled in situ generation of Reactive
Oxygen Species (ROS) as weapon. This versatile family of inorganic nanoparticles
conjugated with radical initiators (alkoxyamines) envisioning a controlled generation of ROS
bases on the activation of nanoparticles by external stimuli such as magnetic field (Fig. 7).
We synthetize alkoxyamine linked to gallic acid! and possessing phosphoric acid function.
The gallic acid is the vector for the bacteria and the phosphonic acid will be linked to the
nanoparticles (Fig. 2). X. fastidiosa? (X.f.) have been chosen here as a model bacteria in order
to demonstrate the proof of the concept in vitro and in vivo plants.
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Figure I : The aim idea of the project Figure 2 : Alkoxyamine with bacterium vector

[1]S. A. Lee, et al., PLOS ONE, 2020, 15.
[2] K. Schneider, et al., Proceedings of the National Academy of Sciences, 2020, 117, 9250.
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Scaling up synthesis and in vivo evaluation of MEDS433: a promising

preclinical candidate targeting AML
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Human Dihydroorotate Dehydrogenase (\DHODH) is a validate drug target associated with
the metabolism of cancer cells. It is an important regulator of the de novo biosynthesis of
pyrimidines and it has emerged as a new target able to induce cellular differentiation. In
particular, extensive studies have shown that AML (Acute Myeloid Leukemia) cells are very
sensitive to the inhibition of this enzyme: the cells undergo to a condition of pyrimidine
starvation that leads to the differentiation and then apoptosis of leukemic cells [1].

In recent years, the MedSynth Research group developed a novel class of Z/DHODH inhibitors
based on hydroxypyrazolo[1,5-a]pyridine scaffold and MEDS433 is emerged as a potent pro-
apoptotic agent in AML cells [2]. The MEDS433 high potency on isolated enzyme (ICso
hADHODH 1.2 nM) 1is translated into powerful effects at the cellular level.
Considering the encouraging results obtained, MEDS433 stands out as the most favorable
candidate for advancement into the preclinical development phase.

Since integrate more sustainable approaches in early drug development stages is crucial for
maximizing benefits, one of the objectives of this work is to optimize the synthetic scheme
prior to the clinical trial authorization to prevent the need for future modifications and
avoiding the necessity for GMP reassessment and additional clinical trials in an advanced
phase. As a result, a more practical synthesis of MEDS433 in multi-gram quantities has been
achieved and allowed the obtainment of promising in vivo efficacy, pharmacokinetic and
toxicity data of the drug candidate.
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Figure 1: Key highlights of MEDS433 synthesis optimization and its biological activity.

[1] Sykes et al., 2016, Cell 167, 171-186.
[2] Sainas, S. et al., 2018, J. Med. Chem. 61, 6034-6055.
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The role of 8-hydroxyquinoline-2-carboxylic acid in coordination and
medicinal chemistry: case study in coordination of vanadium(IV/V)
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8-Hydroxyquinolines (8-HQs) belong to an interesting class of heterocyclic compounds
showing moderate metal-binding abilities. In the last decades, 8-hydroxyquinolines and their
derivatives attracted attention since they seem to be useful structures for the design of new
drug candidates [1]. 8-Hydroxyquinoline-2-carboxylic acid (8-HQA) shows interesting
features, such as biological activity and pronounced coordination abilities. The study of the
interaction between 8-HQA and biologically relevant metal ions could be interesting to
understand its role in the body. In recent years the 8-HQA has been studied in combination
with different metal ions, in particular Fe>"3" [2], and MoO4> [3]. Nevertheless, the
interaction between the 8-HQA and the oxovanadium(IV) and oxidovanadium(V) is still
unexplored. The study of the speciation of this system in aqueous solution could expand the
knowledge about the complexing abilities of the 8-HQA ligand and the chemistry of
vanadium(I'V/V) metal complexes. Vanadium ions possess interesting chemical and biological
properties. Vanadium(I'V) and vanadium(V) represents the most relevant oxidation states and
are able to form coordination compounds with ligands such as metabolites, amino acid, and
biomolecules [4]. Anyway, the aspects governing the redox conversion, the stability of
vanadium coordination complexes, their biological activity and bioavailability are not yet
fully understood. The interconversion between the two considered oxidation states and their
different behavior in biological media represent an attractive case of study [5]. Specifically,
the interaction of oxovanadium(IV) and dioxidovanadium(V) with 8-hydroxyquinoline-2-
carboxylic acid (8-HQA) was assessed. A multi-technique approach was adopted to describe
the speciation of the two metal oxo-cations with 8-HQA in aqueous solution. Potentiometric
and UV/Vis spectrophotometric titrations were performed in combination with voltammetric
experiments, EPR and NMR to investigate the system. Considering oxovanadium(IV),
oxidation of the metal ion was observed leading to instability of the complexes at alkaline pH.
Experiments excluding oxygen were conducted to explore the systems in the oxidation
sensitive region. Combining the information obtained from all the different techniques, it was
possible to achieve a good grade of knowledge about the chemistry of the systems. The main
species formed in the solutions at various pH values were identified and the stability constants

of the complexes were estimated.
Acknowledgements: This contribution is based upon work from COST Action CA18202, NECTAR — Network

for Equilibria and Chemical Thermodynamics Advanced Research, supported by COST (European Cooperation
in Science and Technology).
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Physicochemical characterization of chitin extracted from Black Soldier Fly

Larvae at different growth stages
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In recent years, biopolymers have been widely used in many fields. The search for new
sources of biopolymers and biomaterials has led to an increased focus on production and
extraction processes, especially from natural and renewable sources. In this field, chitin is one
of the most widely used biopolymers, and it consists of units of N-acetyl-2amino-2deoxy-D-
glucopyranose and 2-amino-2-deoxy-D-glucose in pyranose form and linked to each other by
1-4 glycosidic bonds with an acetylation degree greater than 60%. [1]

Currently chitin is extracted from different animal and vegetable sources such as crab shells,
mushrooms, and yeasts. These sources are subject to seasonality, moderately long growth
times and maintenance of specific conditions; for these reasons, the potential of insect such as
Hermetia Illucens (Black Soldier Fly or BSF) has been investigated. This insect is able to
grow on a wide variety of organic materials and does not require special environmental
conditions.In addition, BSF can be used as a means of reusing household organic waste,
reducing the environmental impact during the farming phase. [2]In the AIWTUC -
EUROSTAR project: “An innovative way to use Chitin: from Organic Waste to functional
fabrics”, the chitin was obtained from BSF larvac and was characterized by Infrared
Spectroscopy, X-Ray Diffractometry, solid-state Nuclear Magnetic Resonance (!°C
CPMSNMR) and thermogravimetric analysis. These characterizations were conducted to
investigate the molecular parameters of the extracted chitin such as acetylation degree %
(DA%), crystallinity (Crl%), allomorphic form (a, B, y form) and presence of residual
impurities. All these parameters are fundamental for determining the fields of application.

[1]J. Kumirska et al. Mar. Drugs 8 (2010) 1567
[2] G.D.P. Da Silva et al. Neotrop Entomol 49 (2020) 151
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The synthesis of novel organic fluorophores
using new isocyanides in the GBB three-component reaction
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Novel structural modifications of already known fluorescent compounds have been
explored. The introduction of the isocyanide group on 1,8-naphthalimide!!! and coumarin-
based®! cores allowed us to perform a Groebke-Blackburn-Bienaymé reaction (GBB)BM4 in
order to obtain potentially fluorescent complex heterocyclic molecules Sa and Sb (Fig.1)

R'= Allyl, Bn
GBB reaction
R? = H, CI, OAllyl
2ai2b 5a/5b y
CN(

Figure 1: Synthesis of GBBR adducts wzth 1,8—naphthallmide and coumarin-based isocyanides.

1aN

The synthesis of the isocyanides has been deeply investigated, also from the perspective
of fluorescence. This led to a deeper understanding of the structure-photophysical properties
that are related to the nature of the functional group (-NH»2, -NHCOH, -NC). Aware of the
significant relevance of organic fluorophores, we decided to pursue our set goal following the
synthetic pathway above represented. The optimization of the GBB-3CR, also from a green
chemistry perspective, allowed us to synthesize some of our target molecules.

[1]1 L. Zhou, L. Xie, C. Liu, Y. Xiao, Chin. Chem. Lett., 2019, 30, 1799-1808.

[2]M. Wei, P. Yin, Y. Shen, L. Zhang, J. Deng, S. Xue, H. Li, B. Guo, Y. Zhang, S. Yao, Chem. Commun.,
2013, 49, 4640-4642.

[3] A. Boltjes, A. Domling, Eur. Journ. of Org. Chem., 2019, 2019, 7007-7049.

[4] O. Ghashghaei, S. Caputo, M. Sintes, M. Revés, N. Kielland, C. Estarellas, F. J. Luque, A. Avifio, R. Eritja,

A. Serna-Gallego, J. A. Marrugal-Lorenzo, J. Pachén, J. Sanchez-Céspedes, R. Treadwell, F. de Moliner, M.
Vendrell, R. Lavilla, Chem. - Eur. J. 2018, 24, 14513-14521.

* contact: cristina.martini@edu.unige.it

114



X| EDIZIONE GIORNATE ITALO-FRANCESI DI CHIMICA
TORINO, 4-5 APRILE 2024

f GIFC 2024

Turn on the light in mitochondria with a pyrazolo-pyridine-2-ol based
probe: rational design of first environmentally sensitive fluorosteric
hDHODH inhibitor

Elena Martino ('), Stefano Sainas (V, Claudio Garino @, Marta Giorgis (!, Paola
Circosta ®, Donatella Boschi("2 and Marco Lucio Lolli. "

(1) Department of Science and Drug Technology, Universita degli Studi di Torino, via Giuria 9,
10125-Torino, Italy

(2) Department of Chemistry, Universita degli Studi di Torino, via Giuria 7, 10125 — Torino, Italy

(3) Department of Clinical and Biological Sciences and Molecular Biotechnology Center, University
of Turin, Turin 10043, Italy

Receptor target fluorescent probe is an imaging technique used to study and understand
biological processes in live organisms. Typically, the core structure of these probes
involves three key elements: the biological ligand, the linker, and a fluorophore.[1] After
this modulation, however, the change in the pharmacological and physiochemical
properties of the original ligand can be a significant drawback. To avoid these issues, one
potential and innovative strategy involves merging the concepts of biological target and
fluorescent probe, resulting in the design of a biologically active fluorescent ligand. [2]

To develop this concept, we decided to investigate pyrazolo[1,5-a]pyridin-2-ol, a small
heterocycle characterized by strong intrinsic emission in the blue region. With the aim of
achieving a useful fluorescent probe for biological applications, several series of
compounds were developed and studied, with the final goal of shifting the emission
profile from the blue to red region. Here we present a comprehensive analysis of the
explored fluorescence properties of this probe and, as a proof of concept of the designed

technology, a first biological application obtained through the development of the first
ever designed fluorosteric ADHODH inhibitor.

Core scaffold investigation Biological application: targeting hDHODH

Transmitted light Green channel

Aabs = 310
Aem = 405

(®)=021 THP-1 cells +
10 uM M747

Pyrazolo[1,5-a]
P2 pyridin-2-ol

Figure 1: Structure of the investigated pyrazolo[1,5-a]pyridin-2-ol and first biological application of the
developed fluorescence probe.

[1] Xia, T., Li, N., & Fang, X. Annual Review of Physical Chemistry, (2013), 64(1), 459—480.
[2] Joomyung V. Jun, David M. Chenoweth and E. James Petersson, Org. Biomol. Chem., (2020), 18, 57
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Optimization of Progesterone Encapsulation Using Ball-Milling Kneading
with B-Cyclodextrin and Nanosponges: Characterization, Release Profile,

and Biological Activity Evaluation

Adrian MatencioV*, Daniel Mihai Bisericaru("e, Irene Conesa®, Sara Er-Rahmani(!,
Alberto Rubin Pedrazzo(V#, José Manuel Lopez-Nicolas'?, and Francesco Trotta)

(1) Department of Chemistry, Nis Interdepartmental Centre, University of Turin, Via P. Giuria 7, 10125
Turin, Italy.

(2) Departamento de Bioquimica y Biologia Molecular-A, Facultad de Biologia, Universidad de Murcia—
Regional Campus of International Excellence “Campus Mare Nostrum”, E-30100 Murcia, Spain.

¢ Current affiliation: CarboHyde Zrt. Berlini str., 47-49. Budapest, 1045 — Hungary /# Current
affiliation: Anton Paar Italia S.r.l. Via Albenga 78, 10098 Rivoli, Italia

New technologies are being explored to efficiently encapsulate bioactive compounds and drugs
without incurring significant time and yield losses. In this study, we compared the encapsulation of
progesterone, a lipophilic hormone used in hormone replacement therapy, using kneading techniques
with B-cyclodextrin (B-CD) and Nanosponges (specifically, BNS-CDI 1:4 and 1:8). Various ratios of
B-CD, nanosponges, and progesterone were tested, and evidence from FTIR, TGA, DSC, and
encapsulation efficiency analyses revealed complete drug encapsulation even at a 1:1 ratio. These
findings indicate that all the drug was encapsulated within the nanosponges and -CD.

Dialysis studies (using a 1KDa cut-off) demonstrated that the complexes exhibited a faster and more
gradual release profile compared to the free drug, with slight differences among them. Evaluation of
the complexes' efficacy against the MCF-7 cell line, in comparison to physical mixtures, highlighted
the significant influence of proper complexation on effectiveness. This study underscores the
importance of optimizing the encapsulation process depending on the drug and suggests ball-milling
kneading as a promising method for complex formation.

* Contact ; adrian.matencioduran@unito.it
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Synthesis of chiral amines by a chemoenzymatic one-pot tandem protocol

Carolina Meazzo" (), Marco Blangetti (V) et Cristina Prandi"

(1) Department of Chemistry, University of Turin, Turin, Via Pietro Giuria 7, ltaly.

Multistep one-pot synthetic protocols are an emerging and attractive field in organic
chemistry, since the development of these synthetic strategies allows to produce chemicals in
compliance with criteria of more sustainable and green processes.! One-pot and/or tandem
reactions are a strategic tool when it is not possible to isolate highly reactive or transient
species. In this context, the combination of chemical and biocatalytic transformations
represents a valuable alternative to traditional approaches. In this context, our preliminary
investigations revealed the possibility to synthesize chiral amines by means of a
chemoenzymatic tandem protocol which combines the reactivity of organolithium reagents
with the enzymatic asymmetric reduction of cyclic imines, generated in situ in the first step of
the reaction (Figure 1). Compared to the previously reported operating conditions,? promising
results have been obtained performing the addition of PhLi to 5-bromovaleronitrile under
sustainable conditions, using a greener solvent such as cyclopentyl methyl ether (CPME), at
room temperature and under air, within a short reaction time. The bioenzymatic
transformation is then realized by means of a novel class of NADPH-dependant enzymes,
namely Imine Reductases (IREDs), which have been recently employed for the asymmetric
reduction of chiral imines under sustainable conditions.? Preliminary results will be discussed.

Li
[ ij IRED
CN X O
Br/\/\/ N - N
CPME‘ r‘t, airy / \ H

1 min NADPH NADP*

N

D-Glucose - N
GDH-101 D-Glucono-lactone

Figure 1: Chemoenzymatic tandem protocol to synthesize chiral amines.

[11Y. Hayashi, Acc. Chem. Res. 2021, 54, 1385-1398.

[2] E. J. Cochrane, D. Leonori, L. A. Hassall, I. Coldham, Chem. Commun. 2014, 50, 9910-9913.

[3] D. Arnodo, F. De Nardi, S. Parisotto, E. De Nardo, S. Canana, F. Salvatico, E. De Marchi, D. Scarpi,
M. Blangetti, E. G. Occhiato, C. Prandi, ChemSusChem 2023, ¢202301243
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Difluoromethyltrimethylsilane (TMSCHE?): a valuable and versatile donor

of CHF: moiety under nucleophilic regime

Miele M*. (12, Pace V. (12
(1) University of Torino - Department of Chemistry, Via Giuria 7, 10125 Torino, Italy.
(2) University of Vienna - Department of Pharmaceutical Chemistry, Althanstrasse, 14 1090 Vienna,

Austria.

The selective insertion of a difluoromethyl unit into an organic compound profoundly regulates the
chemico-physical properties of the resulting scaffold. The commercially available and experimentally
convenient difluoromethyltrimethylsilane (TMSCHF?) is proposed as a valuable and versatile donor of
the CHF2 moiety under nucleophilic regime to various electrophiles and, nowadays, it represents the
first-choice reagent for difluoromethylation in both academic and industrial research.

We rationalized the possible and convenient develop of a direct, one step, methodology for the
installation of a difluoromethyl motif into an electrophile levered on the use of TMSCHF: proving to
be an effective protocol for synthesizing difluoromethyl ketones via the homologation of variously
functionalized Weinreb amides. Uniformly high-yields, excellent tolerance to sensitive functionalities
and retention of the stereochemical informations are observed.'

Difluoromethyltrimethylsilane (TMSCHF2) proved its versatility also in the case of iso(thio)cyanates,
allowed the access to the unprecedented o,a-difluoromethyl oxo- and thio-amides with high
chemocontrol and substrate scopez, and in the case of non-carbon electrophiles (Sn, Ge, Si, Au, S, Se,
Te) furnishing in high yields the bench-stable analogues.’

initiat
TMSCHF, initiator ®:CF2

E*=Weinreb amide, iso(thio)cyanates,
@ halostannano,Ge,Te,Si, diSelenide(S)

S, Si, S, Se

Figure 1 : Difluoromethylation of a variety of Electrophiles.

[1] M. Miele, A. Citarella, N. Micale, W. Holzer, V. Pace, Org. Lett. 21 (2019) 8261-8265.
[2] M. Miele, R. D’Orsi, V. Sridharan, W. Holzer, V. Pace, Chem. Commun. 55 (2019) 12960-12963.
[3] M. Miele, L. Castoldi, X. Simeone, W. Holzer, V. Pace, Chem. Commun. 58 (2022) 5761-5764.
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First-Principles Anharmonic IR and Raman Spectra of Materials: Fermi

Resonance in Dry Ice

D. Mitoli* (2, J. Maul®® et A. Erba (D
(1) Dipartimento di Chimica, Universita di Torino, 10125 Torino, Italy.

We introduce a computational tool for the quantum-mechanical simulation of anharmonic
infrared and Raman vibrational spectra of materials [1]. The approach, implemented in the

CrysTaL software [2], stems from Taylor’s expansion of the potential energy surface (PES) on

the basis of normal modes up to cubic and quartic terms. The PES can be sampled with four
different numerical schemes at the level of density functional theory (DFT). Anharmonic states

are obtained by solving Shrodinger’s nuclear equation with either the vibrational self-consistent

field (VSCF) or vibrational configuration interaction (VCI) methods. Nuclear quantum effects
are thus fully accounted for [3]. Infrared intensities are computed numerically through a Berry
phase approach or analytically through a coupled-perturbed (CP) approach. Raman intensities
are computed analytically via the CP approach.
A variety of anharmonic features of vibrational spectra of materials can be simulated, including
band shifts, combination bands, overtones, resonances (first-order Fermi, second-order
Darling—Dennison), and hot bands. We showcase the effectiveness of the approach on the
description of a first-order Fermi resonance (FR) in CO2 dry ice: a challenging test-case given

that the FR occurs in the Raman spectrum, requires NQEs, and involves two- and three-mode
couplings [4]. Fundamental mechanistic differences with respect to the well-known FR in
molecular CO2 are addressed. This application represents the first quantum-mechanical,

periodic description of FRin dry ice.

[1] D. Mitoli et al.,J. Phys. Chem. Lett. 2024, 15, 888-894.
1 A. Erba etal., J. Chem. Theory Comput. 2023, 19, 6891-6932.
T. E. Markland et al., Nat. Rev. Chem. 2018, 2, 0109.

[2
[3]
[4] G. Cardini et al,.]. Chem. Phys. 1989, 91, 3869-3876.
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Highly Active Ni/Al.Osz based catalysts for RWGS reaction

Mkrtchian E.!", Pagliero M., Slimani S., Peddis D., Comite A.!?

(1) Department of Chemistry and Industrial Chemistry, University of Genoa, Genoa, Italy
(2) National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, Italy.

The accelerated growth of the world population and industrialization are the problems faced
by humanity which will enhance the demand for energy. This results in the increasing levels
of CH4 and CO: in the atmosphere of the Earth!. To face this problem, it is necessary to
develop more efficient catalysts for the CO> consuming reactions as well as dry reforming of
methane (DRM) and reverse water-gas shift (RWGS) reactions. In the DRM reaction, carbon
dioxide (CO2) and methane (CH4), two of the major greenhouse gases, will react together and
produce a mixture of carbon monoxide (CO) and hydrogen (H»2). These gases (CO and H,)
can be used to produce a variety of valuable chemicals and liquid fuels?. During the RWGS
reaction, CO» reacts with hydrogen and is converted to CO and water. This CO can be further
converted to various versatile products through the syngas routes®. Aluminium oxide is the
most popular support for synthesis metal catalysts. It has a large specific surface area due to a
well-developed powder pore structure. Al,Os exists in various forms such as- a-, B- and y-
AL O3. However, for catalytic applications, a and y-Al,O3 are usually more interesting®.

In this work, we synthesized catalysts based on Al>O3 modified with nickel nanoparticles (Ni
NPs). The synthesis of AlbOs3 is carried out using a facile method based on sol synthesis by
aluminium nitrate precipitation. Ammonium carbonate solution was added dropwise to an
aqueous solution of aluminium nitrate till it reached a pH of 8 at room temperature to obtain a
white precipitate of AI(OH);. Then the solution was heated to obtain a boehmite sol. For
synthesis of the Ni NPs, a green synthetic route was used with the addition of glucose for the
reduction of the Ni NPs. The Ni NPs were mixed with the boehmite sol and dried in the oven
at 100°C in air or by the freeze-drying to retain the initial porosity and to increase their
specific surface area. Ni-NPs/Al,O;3 catalysts with different Ni NPs loadings were prepared,
namely 18.7%, 9.4% and 4.7%.

RWGS and DRM reactions were performed with all the catalysts at 450 °C and 600 °C with
N2, CO, Hy and No, CO,, CHs mixtures, respectively. Products were analyzed with a
gaschromatograph (GC, Agilent 7820A). The catalysts were -characterized by N>
physisoprtion at 77 K (Micromeritics, ASAP 2020 Plus) to calculate the specific surface area,
by powder diffraction to identify the Ni crystalline state. In addition, some magnetic
measurements were done to evaluate further catalyst developments. Both Al,O3 and Ni/Al,O3
catalysts showed a high specific surface area (e.g. 298 m?/g). In RWGS we were able to
obtain a CO; conversion of 30-35% and a H» conversion of 45-55%.

The research fellowship is funded by the project «Network 4 Energy Sustainable Transition — NEST »
under the National Recovery and Resilience Plan (NRRP) by the NextGenerationEU.
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Engineering 40B (2017) 1993-1998
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An in situ thermogelling injectable formulation for Glioblastoma treatment

Chiara Molinar!; Greta C. Magnano', Chiara Bastiancich?, Anna Scomparin!; Roberta

Cavalli'.
(1) Department of Drug Science and Technology, University of Turin, Torino, Italy.

(2) Institute of NeuroPhysiopathology (INP), Faculty of Medical and Paramedical Sciences, University of

Marseille, Marseille Cedex 5, France.

Glioblastoma (GBM) is the most aggressive and frequent brain tumor in adults with a median
survival of only 15 months!. The poor prognosis of GBM lies its infiltrative nature, a strong
cellular heterogenicity and its resistance to current therapies. The standard treatment consists
of a maximum safe surgical resection followed by radiotherapy and concomitant chemotherapy
with oral Temozolomide (TMZ)?. In this contest, a gel-based drug delivery system, applicated
in the tumor resection cavity after surgery, may reduce the incidence of recurrences in the time
gap between surgery and chemoradiation with a controlled drug release. Thermogelling
injectable formulations are liquid solutions before injection, which rapidly form a gel when at
physiological temperature. In the current study, gel-forming systems were developed with a
crosslinking reaction between chitosan, a cationic polysaccharide, and an anionic [3-
cyclodextrin, sulfobutylether-B-cyclodextrin (SBE- B -CD, Captisol®). Chitosan is an appetible
nano-carrier, since it is a natural biopolymer, biodegradable, mucoadhesive, and easily sensible
to chemical modifications. Anti-GBM cancer agents (such as Olaparib, Ibrutinib, Topotecan,
and Bindarit) were complexed in SBE-B-CD (molar ratio of 1:1.2, SBE-B-CD /drugs), and ionic
gelation reactions of chitosan with SBE-B-CD was followed. The ability to gel in situ was
permitted by the addition of Pluronic® F-127, a thermosensitive polymer. All gels were
characterized for their physico-chemical and functional properties. In vitro release studies of
the selected gels in artificial cerebrospinal fluid were also conducted. Finally, this method may
be representing a novel alternative on a challenging field of brain drug delivery.
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Figure 1: Schematic representation of the sol-gel transition of thermogelling injectable formulations.

1.Torp, S. H., Solheim, O. & Skjulsvik, A. J. The WHO 2021 Classification of Central Nervous System tumours:
a practical update on what neurosurgeons need to know-a minireview. Acta Neurochir (Wien) 164, 2453-2464
(2022).

2. Stupp, R. ef al. Radiotherapy plus Concomitant and Adjuvant Temozolomide for Glioblastoma. New England
Journal of Medicine 352, 987-996 (2005).
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Stereocontrol of N-Linked Non-Biaryl Atropisomers

Abdelati Naghim," Gaélle Chouraqui,"’ Olivier Chuzel,'") and Damien Bonne™"
(1) Aix Marseille Université, CNRS, Centrale Marseille, iSm2, Marseille, France

Axially chiral compounds have received considerable interest from the chemical
community due to their great success in the development of chiral ligands or organocatalysts
in asymmetric synthesis.! They have also recently become increasingly prevalent in drug
discovery, with many atropisomers currently undergoing clinical trials.> Among the various
structural motifs encountered in biologically active compounds and pharmaceuticals,
diarylamines and their related structures are particularly widespread,® but their atroposelective
synthesis remains a difficult task. The difficulties in obtaining configurationally stable
diarylamines is mainly due to the fact that in such structures, unlike classical atropisomers,
the rotation is possible around two bonds, which grants low barriers to enantiomerization via
concerted bond rotations.* Herein, we aimed to develop an atroposelective synthesis approach
for axially chiral diarylamines, via an organocatalyzed aza-Michael addition-elimination
between coumarins 1 and sterically hindered aniline 2. The elimination step will afford axially
chiral arylamines 4 with establishment of an intramolecular hydrogen-bond, granting high
barriers to enantiomerization.
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Scheme 1: synthesis of configurationally stable diarylamines.

(1) Cheng, J. K.; Xiang, S.-H.; Li, S.; Ye, L.; Tan, B. Chem. Rev. 2021, 121, 4805-4902.

(2) Basilaia, M.; Chen, M. H.; Secka, J.; Gustafson, J. L. Acc. Chem. Res. 2022, 55, 2904-2919.

(3) Guo, C.-Q.; Lu, C.-]1.; Zhan, L.-W.; Zhang, P.; Xu, Q.; Feng, J.; Liu, R.-R. Angew. Chem. Int. Ed. 2022, 61,
€202212846.

(4) Vaidya, S. D.; Heydari, B. S.; Toenjes, S. T.; Gustafson, J. L. J. Org. Chem. 2022, 87, 6760—-6768.
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Enantioselective Synthesis of Benzothiophenes Atropisomers

Abdoulaye Ndiaye,! Mouhamadou Fofana,?> Arthur Gaucherand,' Jean
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2 Université Cheikh Anta Diop, Dakar, Sénégal
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Nonracemic axially chiral molecules gather significant interest across a broad range of chemists
owing to their myriad applications as chiral ligands, organocatalysts, and materials, as well as
their biological significance. Among these, biaryl atropisomers are the most prevalent, with
numerous synthetic approaches available.! In sharp contrast, the substantially more arduous
enantioselective synthesis of atropisomeric heteroaryl structures remains a formidable
challenge in modern organic synthesis, particularly those featuring a five-membered
heterocycle.? Within this category, the enantioselective synthesis of thiophene atropisomers has
been rarely addressed.® Herein, we present a metal free, C—H activation protocol for the direct
coupling between 2-naphthol derivatives and 2-nitrothiophenes giving rise, in the presence of
a base, to the desired benzothiophene atropisomers, after smooth oxidation of the
dihydrobenzothiophene intermediate under air. Enantioselective version using a chiral
organocatalyst allowed to reach 66% ee.
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In-depth analysis on the structure/properties relationship of g-C3N4based
nanoarchitectures.

Negro P." @, Cesano F. () and Scarano D. (V)

(1) Chemistry Department of Excellence and NIS (Nanomaterials for Industry and Sustainability)
Interdepartmental Centre, University of Torino & INSTM-UdR Torino, Via P. Giuria 7, 10125 Torino, Italy

Graphitic carbon nitride (g-C3N4), a polymeric 2D layered graphene-like metal-free
semiconductor, has emerged as a challenging material due to its exceptional properties like
thermal and chemical stability, non-toxicity, tunable band gap and visible light activity, and,
mostly, due to its environmentally friendly and sustainable properties. For this, many
applications, including degradation of pollutants, photocatalysis for hydrogen production,
carbon dioxide reduction, water splitting, solar light-driven photo-redox catalysis,
photoelectric conversion have been developed [1]. However, some well-known g-C3N4
drawbacks are worthy of mention, including the high recombination rate of the photoinduced
electron—hole pairs, the chemical inertness itself, the poor charge carrier mobility, the low
specific surface area. For these reasons, nowadays, many efforts are devoted to overcome the
aforementioned limitations [2], either by establishing g-C3Na/g-C3Ns or g-Cs3Nas/graphene
metal-free homo/hetero-junctions or g-C3N4 /inorganic semiconductors and/or metals, etc..
hybrid materials. In this contribution, porous g-C3Ns nanoarchitectures are obtained by a
facile and effective in situ synthesis method, that entailed the thermal treatment of different
melamine (M) and urea (U) precursor mass ratios. The role of the precursors on morphology
and structure, was analysed by means of many characterization techniques, including
HRTEM, FESEM, X-ray diffraction, UV-visible and FTIR with Density Functional Theory
(DFT) calculations, using the CRYSTAL code [3]. It will be shown that the complex structure
of g-C3N4 systems can be described as a mixture of highly condensed g-C3;Ns domains
embedded in a less condensed “melon-like” framework [4]. Some more samples obtained
from different melamine (M) and urea (U) precursor mass ratios combine the advantage of
high thermal stability and significant reaction yields, which are due to melamine action and
the greatly improved surface area and short migration paths, which are due to urea action, thus
providing the suitable conditions for charge transfer within the interfaces, which could be
effective for photocatalytic performance.

[1] Thomas, A.; Fischer, A.; Goettmann, F.; Antonietti, M.; Miiller, J.-O.; Schlogl, R.; Carlsson, J. M., Journal
of Materials Chemistry 2008, 18 (41), 4893-4908

[2] Akhundi,A.; Zaker M.,A.; Habibi-Yangjeh,A.; Sillanpad,M,,ACS ES&T Engineering 2022, 2 (4), 564-585.
[3] Erba, A; Desmarais, J.K.; Casassa, S.; Civalleri, B.; Dona, L.; Bush, 1. J.; Searle, V.; Maschio, L.; Daga, L.-
E.; Cossard, A.; Ribaldone, C.; Ascrizzi, E.; Marana, N. L.; Flament, J.-P.; Kirtman, B., J. Chem. Theory
Comput. 2022. https://doi.org/10.1021/acs.jctc.2c00958.
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Design of metallic materials for biocompatible applications

Nousia M. E.". 1, Scaglione F. (¥, Pavan C. ¥, Turci F. ¥, Rizzi P. ()
(1) University of Turin, department of Chemistry, NIS and INSTM, Via Pietro Giuria 7, 10125 Torino, Italy

With the increasing life expectancy the need for biomaterials, and implants in particular, has
risen. Even though the materials used today as hard tissue replacements showcase good short-
term properties, they tend to fail long term because of not sufficient corrosion resistance,
release of cytotoxic elements, difference between the elastic moduli of the implant and the
human bone, and poor resistance in biofilm formation on their surfaces. [1]

Titanium (Ti) has gained great popularity in the field because of its exceptional properties and
bioinerteness. Although promising materials, Ti and its alloys, do not exhibit optimal surface
properties, such as wettability and topography, and they have high Young moduli, compared
to that of the human bone.

Designing new B-Ti alloys and engineering their surfaces is of great importance, as it allows
to achieve the desired interaction with the body eliminating the unwanted side effects, namely
poor osteointegration, reduction of bone mass, biofilm formation and implant related
infections. [2]

In this work, two low Young modulus B-Ti alloys were chosen to be studied, Ti-24Nb-4Zr-
8Sn (%wt) (Ti2448) and Ti-45Nb (%wt) (Ti45Nb). Apart from their low moduli (45GPa and
64GPa respectively), these alloys do not contain toxic elements, in comparison with Ti6Al4V,
the most commercially used alloy in biomedical applications.

The alloys were prepared by arc-melting in argon atmosphere and the ingots were remelted 7
times to ensure all elements were fully melted. The two alloys underwent different
homogenization heat treatments, Ti2448 at 900°C for 30min and was allowed to cool
naturally in ambient air, whereas Ti45Nb at 1000° for 24h and was quenched in water
afterwards. SEM and XRD analysis were carried out to access the microstructure and the
crystallinity of the two alloys.

The surfaces of two the B-Ti alloys were hydrothermally treated to create a nanopatterned
surface. These features are a promising way to achieve the desired implant surface-cell
interaction, as osteoblast adhesion onto the surface. Following the modification treatments,
studies on the hemo- and bio-compatibility of the surfaces were carried out using hemolysis
assays (HA) and simulated body fluids (SBF).

[1] X. Han et al., “Surface modification techniques of titanium and titanium alloys for biomedical orthopaedics
applications: A review,” Colloids and Surfaces B: Biointerfaces, 2023. doi: 10.1016/j.colsurfb.2023.113339.

[2] J. C. M. Souza et al., “Nano-scale modification of titanium implant surfaces to enhance osseointegration,”
Acta Biomaterialia, 2019. doi: 10.1016/j.actbio.2019.05.045.
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Synthesis and relaxometric characterization of Fe(III) complexes and their

supramolecular adducts
A. Nucera“ 2, M.L. Macchia (), F. Carniato”, L. Tei ), M. Ravera V),
and M. Botta .

(1) Dipartimento di Scienze e Innovazione Tecnologica, Universita del Piemonte Orientale, Viale Teresa

Michel 11, 15121 Alessandria (Italy).

All the FDA-approved contrast agents (CAs) are Gd(III)-based complexes (GBCAs) and they
are used in 40% of the tens of millions of Magnetic Resonance Imaging scans performed each
year. Recently, concerns regarding geopolitical, environmental and clinical impacts have
spurred interest in exploring alternative CAs, notably those utilizing endogenous ions like
Fe(III). Initial studies suggest that Fe(III) chelates, administered at higher doses than GBCAs,
exhibit comparable efficacy in typical clinical settings. However, understanding the
mechanisms underlying water proton relaxation enhancement by Fe(III) complexes and their
structural features is still nascent.[1,2] In this study, we investigated Fe(III) complexes with
derivatives of EDTA functionalized on the acetic arms with one (EDTA-BOM) or two
(EDTA-BOM,) benzyloxymethyl groups. The objective is to explore the effects of ligand
modification on the overall efficacy (relaxivity, r;) of these systems for contrast enhancement.
In fact, an increase in the relaxivity of these probes is expected because of the elongation of
the molecular thumbling, provided by the increasing molecular mass. Moreover, the lipophilic
nature of the BOM substituents allows non-covalent interaction with different substrates (j3-
cyclodextrin, poly-B-cyclodextrin and human serum albumin), which can further increase
their efficacy. For these reasons, we present the 'H and 'O NMR relaxometric
characterization of these two novel complexes and their supramolecular adducts, for which we
also investigated their thermodynamic stability, kinetic inertness and redox behavior.

120 MHz, 298K

| '
¢
[Fe(EDTA BOM )] I

-CD
B .Poly-$-CD
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Fig. 1. Schematic representation of some of the mvestzgated systems and their r; values (120 MHz, 298 K).

[1] Z. Baranyai, F. Carniato, A. Nucera, D. Horvath, L. Tei, C. Platas-Iglesias, M. Botta. Chem. Sci. 12, 11138—
11145 (2021)

[2] R. Uzal-Varela, F. Lucio-Martinez, A. Nucera, M. Botta, D. Esteban-Gomez, L. Valencia, A. Rodriguez-
Rodriguez, C. Platas-Iglesias. Inorg. Chem Front. 10, 1633—-1649 (2023).
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Water reactivity on Schreibersite: a reservoir for prebiotic living

phosphorus
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(1) Dipartimento di Chimica and Nanostructured Interfaces and Surfaces (NIS) Centre, Universita degli
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(2) Departament de Quimica, Universitat Autonoma de Barcelona, 08193 Bellaterra, Catalonia, Spain

(3) Dipartimento di Chimica, Biologia e Biotecnologie, Universita degli Studi di Perugia, Via Elce di Sotto
8, I-06123 Perugia, Italy

Phosphorus is an element of primary importance for all living creatures, being present in
many biological activities in the form of phosphate (PO4*-). However, there are still open
questions about the origin of this specific element and on the transformation which allowed it
to be incorporated in biological systems. The most probable source of prebiotic phosphorus is
the intense meteoritic bombardment during the Archean era, few million years after the solar
system formation, which brought tons of iron-phosphide materials (schreibersite) on the early
Earth crust.! It was recently demonstrated that by simple wetting/corrosion processes from
this material various oxygenated phosphorus compounds are produced.? In the present work,
the wetting process of schreibersite (Fe;NiP) was studied by computer simulations using
density functional theory, with the PBE functional supplemented with dispersive interactions
through a posteriori empirical correction (D*0).>*° Therefore, the two stable (110) and (001)
Fe:NiP surfaces were used simulating different water coverages, from which structures, water
binding energies and vibrational spectra have been predicted. The computed (ana-)harmonic
infrared spectra have been compared with the experimental ones, thus confirming the validity
of the adopted methodology and models (see Figure 1).%” Moreover, water reactivity was
inspected in several possible deprotonation reactions, also increasing the number of water
molecules in order to lead to the formation of phosphonic and phosphoric acids and their
corresponding deprotonated forms.

[1] A. Gulick, Am. Sci. 43 (1955) 479.

2] M. A. Pasek and D. S. Lauretta, Astrobiology 5 (2005) 515.

3] S. Pantaleone, M. Corno, A. Rimola, N. Balucani and P. Ugliengo, ACS Earth Space Chem. 5 (2021) 1741.
4] S. Pantaleone, M. Corno, A. Rimola, N. Balucani and P. Ugliengo, J. Phys. Chem. C 126 (2022) 2243.

5] S. Pantaleone, M. Corno, A. Rimola, N. Balucani and P. Ugliengo, ACS Earth Space Chem. 7 (2023) 2050.
6] N. L. La Cruz et al., Phys. Chem. Chem. Phys. 18 (2016) 20160.
7
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[
[7] D. Qasim et al., J. Phys. Chem. C 121 (2017) 13645.
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Additive free microwave assisted direct C-H amination of benzoxazole by

supported copper(I) catalyst

Andrei Paraschiv '}, Katia Martina® () and Giancarlo Cravotto ()

(1) Department of Drug Science and Technology, University of Turin, Via Pietro Giuria 9, 10125, Turin

Among nitrogenous heterocyclic compounds 2-aminoazoles, especially 2-aminobenzoxazoles,
possess high relevance due to their biological and pharmaceutical activities.

Selective C-N bond formation of benzoxazoles is usually performed by reactions as Buchwald
Hartwig or Ullmann and Goldberg couplings but still some disadvantages are needed to be
solved for better agreement with green chemistry criteria. Thus, developing greener and
simpler methodologies, the direct amination of aromatic C—H bonds is regarded as a more
powerful alternative.

Many transition metals had been exploited as catalysts, however Copper use has risen thanks
to its low cost, high functional group tolerance, high environmental abundance and safety, and
low overall toxicity. [1], [2]

Heterogeneous
s Catalysis

Figure 1 : Graphical representation of microwave assisted C-H amination of benzoxazole

Successfully examples of benzoxazole selective C-H amination are reported in literature,
however they usually show limits such as the use of stoichiometric amount of an acid or base
as a promoter, non-greener peroxide oxidants or solvents, pre-functionalised amino-reactants
as well as high temperature.

The aim of the present work is the optimization of a simple, efficient and green direct C-H
amination which avoids the use of any acidic, basic or oxidant additive. The reaction was
proved to take advantage from microwave irradiation and excellent results were achieved in
presence of a silica supported Cu(l) catalyst. The catalyst allowed a convenient isolation of
the final product, and a simple procedure for catalyst regeneration was exploited to reuse the
catalyst up to height times without losing catalytic activity.

[1] Martina, K.; Moran, M. J.; Manzoli, M.; Trukhan, M. V.; Kuhn, S.; Van Gerven, T.; Cravotto, G. Organic
Process Research & Development 2023, https://doi.org/10.1021/acs.oprd.3c00144

[2] Moran, M. J.; Martina, K.; Bieliunas, V.; Baricco, F.; Tagliapietra, S.; Berlier, G.; De Borggraeve, W. M.;
Cravotto, G. Advanced Synthesis & Catalysis 2021, 363 (11), 2850-2860.
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(ION-MEET)
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ry
for Energy, Campus St Jéerome, 13013 Marseille, France

The ION-MEET project objective is to strengthen the collaboration in research and training between
internationally recognized teams in the Mediterranean area to make advances in the field of energy
storage and conversion devices (alkali-ion batteries, fuel cells FC and water electrolyzers WE) based
on solid-state ion conductors (SICs).

Developing all-solid-state batteries is the holy grail of battery research especially for safety, which is
paramount from the customer point of view. The project tackles this problem by:

i) synthesis of solid polymer electrolytes: investigation of various types, mostly single-alkali-ion
conducting polymers, where the counter-anion is grafted on the polymer chain;

ii) high performance electrodes for alkali-ion batteries: study of electrode materials with a reduced
environmental impact based on nickel and the ligand benzenetetramine (BTA), high voltage cathodes,
based on Ni-Mn spinels, mixed with polymer to increase the redox stability and nanostructured anodes
including nano-Si, Si/C or Sn/C nanocomposites with very high insertion capacities;

iii) electrodes compatible with solid polymer electrolytes, containing less critical raw materials (CRM)
and more eco-friendly components based on biochar, an eco-friendly material that can be produced
from renewable sources like protein-rich waste biomass;

iv) post-mortem analysis and recycling to directly produce cathode materials.

Developing of more sustainable MEA (membrane electrode assembly) components for hydrogen FC
and WE, avoiding critical raw materials (CRM) and focusing on renewable green ones, is a clear trend.
The main lines for the development of innovative core components are:

i) stable and highly conducting ionomers (cationic and anionic), including hybrid materials, for
membranes and electrodes, synthesized from biomass exploiting sustainable methods;

ii) exploitation of biomass resources for the preparation of biochar electrodes. Nanostructured catalytic
electrodes with optimized ink formulation using carbonaceous materials doped with different

heteroatoms and ionomers as main components of the catalyst layer;
iii) life-cycle and degradation analysis by accelerated degradation tests and multiscale numerical
analysis based on big data and neuronal network approaches.

* contact : luca.pasquini@univ-amu.fr
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Study on pyrolysis kinetics of a commercial polymeric waste mix

Pastorino A.” -2 Marcello P. 2, Bruni G. @, Comite A. (:?)
(1) Department of Chemistry and Industrial Chemistry, University of Genoa, Genoa, Italy
(2) National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence, Italy
(3) Italiana Coke Srl, Cairo Montenotte (SV), Italy

Pyrolysis is a promising thermochemical process that offers a valuable route to mitigate plastic waste
pollution by converting carbonaceous feed materials into valuable products. The process is well-
known and studied in literature but real waste materials, with high variability and heterogeneity in
composition, are rarely used. The diffusion of bigger scale plants is still very limited because of the
process complexity, therefore gaining knowledge over the influence of feed composition on products
yield and distribution will help to make the process more flexible and predictable, encouraging its
diffusion [1]. The aim of this work has been to gain insight into the mechanisms of pyrolysis of real
waste materials by studying composition and decomposition kinetics of a commercial waste polymer
mix.

To study the mechanisms of pyrolysis different model-free approaches (e.g. Kissinger, Flynn-Wall-
Ozawa and Kissinger-Akahira-Sunose models) were applied to results of Thermogravimetric Analysis
(TGA) [2]. The tests were run at different scanning speed and were also performed on pure
components of the mix, to have a comparison and to obtain information of the influence of additives
and impurities. Composition of the mix was studied with Fourier-Transform Infrared Spectroscopy
(FT-IR) and Differential Scanning Calorimetry (DSC). A commercial polymeric waste mix (Bluair®)
mainly made of polyolefins was used as main subject in this work.

All the tests run lead to identifying the main components of the waste mix studied, TGA studies
provided valuable information on pyrolysis, and they allowed to investigate kinetics, activation
energies and mechanisms of this process. TGA can be useful in a preliminary study of pyrolysis plant
setup or vice versa to evaluate the attitude of a waste mix to be used as feedstock for an already
existing process.

[1] Al-Rumaihi A., Shahbaz M., Mckay G., Mackey H., Al-Ansari T., Renewable and Sustainable Energy
Reviews 2022, Vol. 167
[2] Hujuri U., Ghoshal A.K., Gumma S., Polymer Degradation and Stability 2008, Vol. 93, Pages 1832-1837
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Innovative carbon nitride material for CEC removal
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Figure 1. (4) PhOH degradation and (B) reaction kinetic constants by g-C3N, with different iron content
(expressed as the percentage of Fe m/m in the initial mixture with melamine). Conditions: UVA light and pHy =
7.0.

The removal of contaminants of emerging concern in water represents a challenge for the
sustainable development of societies, where advanced oxidation processes are the main
method for their abatement. In this work focus is concentrated on the synthesis of carbon
nitride (g-C3N4) based materials, added with iron to obtain synergistic effects on degradation.
g-C3Ny is an emerging photocatalyst with a honeycomb structure, where metals can be
complexed between heptazine units through coordinations with 6 nitrogen atoms [1]. In this
way, it is possible to introduce iron metal centers to extend Fenton reactions at neutral pH,
otherwise compromised at pH > 4 for iron precipitation [2]. At the same time, the UVA
irradiation of carbon nitride allows the production of H>O; in situ, which can be used for
Fenton reactions, through the reduction of dissolved oxygen by excited conduction electrons
of the semiconductor.

The synthesis of the photocatalyst was carried out by adding FeCl3*6H>,O to melamine
through a thermal polycondensation reaction carried out under anoxic conditions at a
temperature of 500°C, followed by exfoliation with sonication for 1 h. The quantitative
transfer of iron in the structure was confirmed by determining the content from thermal
decomposition treatments of the materials. The photocatalytic performance was evaluated by
measuring phenol (PhOH) 100 uM degradation under UVA irradiation, with a fixed amount
of photocatalyst of 1.65 g L' at initial pH = 7.0. When needed, H,0> 1.0 — 25 mM was also
employed.

Studies at different iron concentrations, reported in figure 1, have shown that content of
0.28% m/m iron is optimal for the reduction of PhOH in the absence of external H>O> (75%
degradation of PhOH 0.1 mM in 1 h under UVA light irradiation for Fe-g-C3;N4, whereas with
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Synthesis of spiroindolenines through a one-pot multistep process mediated
by visible light
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Diversity-Oriented Synthesis (DOS) plays a key role in organic synthesis, especially in
providing an expansive exploratory space for pharmaceutical lead discovery and creating
biologically active molecules.[' This study highlights the importance of the spiroindolenine
framework, which is commonly found among biologically active compounds. The synthetic
strategy employed involves a one-pot four-step reaction leading to the synthesis of 2-amino
3,3" spiroindolenines 3, using tertiary amines, electron-rich anilines and isocyanides as
starting materials. This process has many advantages, such as simplicity of operations during
the work-up phase, rapid construction of molecular complexity and absence of photocatalyst.
The synthetic pathway begins with the oxidation of tertiary amines, such as N-aryl
tetrahydroisoquinolines, resulting in the formation of iminium ions 1. Subsequently, a three-
component Ugi-type reaction involving an electron-rich aniline, an isocyanide and the
iminium ion takes place. The oxidation of the Ugi-type product 2 induces a spontaneous
cyclization reaction. A crucial aspect of this synthesis is the selective oxidation of the C-N
bond, achieved through blue LEDs (451 nm) irradiation and bromotrichloromethane (BrCCls)
as the oxidizing agent.’l The photochemical approach has been explored and optimized
leading to the creation of a small library of spiroindolenines 3.
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Figure 1: Four step one-pot synthesis of 2-amino 3,3’ spiroindolenines

[1] S. Caputo, S. Donoso, L. Banfi, A. Basso, C. Lambruschini, R. Riva, A. Kovtun, L. Moni; EurJOC 2024,
https://doi.org/10.1002/ejoc.202400070
[2] J. F. Franz, W. B. Kraus, K. Zeitler; Chem. Commun., 2015, 51, 8280
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Chalcogen bond, as the other ¢ and © hole interactions like halogen bond, pnictogen bond etc, has
revolutionized the interpretation of supramolecular chemistry of main group elements and, more
recently, also of transition metals.[1] These weak but directional interactions are opening worlds in
some sense parallel to that of the heavily studied hydrogen bond. In these worlds, these new
instruments of crystal engineering are opening new routes for applications in fields like catalysis or
material properties. [2] Tellurium derivatives, especially in the case of the cationic trisubstituted
telluronium salts (with tellurium(VI) oxidation state) demonstrate a strong tendency to form very
strong chalcogen bond interactions, that have been also used for catalysis and anion recognition.[3] In
this work, we synthesize and characterize two telluronium salt of dicyanoaurate, with the aim of
checking the possibility for Au(l) centres to be chalcogen bond acceptor. The resulting interactions in
the solid state have been studied with a series of computational methods (QTAIM analysis, MEP
surface and NCI plot for example) to access the nature and the strength of each contribution.[4] The
results would be interesting for the comprehension of the nature of charge assisted chalcogen bond and
the possibilities of gold derivatives in the field of supramolecular chemistry.

R\

.m—‘ “ K3 :
Figure 1 : interactions between a telluronium molecule and dicyanoaurate anion

[1] A. Bauza, D. Quifionero, P. M. Deya, A. Frontera, CrystEngComm, 2013, 15, 3137-3144

[2] G. Sekar, V. Venugopalan Nair, J. Zhu, Chem. Soc. Rev., 2024, 53, 586-605

[3] P. Pale, V. Mamane, Chem.Eur. J.2023,29, €2023027- €2023039

[4] S. Ghinato, A. Giordana, E. Diana, R. M. Gomila, E. Priola, A. Frontera, Dalton Trans., 2023, 52, 15688—
15696
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rubber composites
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In the last few decades nanocellulosic materials have received increasing interest due to their
great strength, high surface area and good renewability. The integration of nanocellulose into
polymer matrices has the potential to enhance the performance attributes of the material and
increase its sustainability. [1-2] Furthermore, the surface of cellulose can undergo various
chemical modifications to enhance the interaction between the filler and the matrix. [2]

The final aim of this project is to produce polymer-based composite materials containing
chemically modified nanostructured cellulose, which could enhance the mechanical and
barrier proprieties of the polymeric matrix. In this perspective, different cellulosic materials
(i.e., hemp pulp, microcrystalline cellulose and microfibrillated cellulose) were treated under
different hydrolysis conditions in order to obtain cellulose crystals with nanoscale dimensions
(CNC), as shown in Figure 1. The starting materials and the extraction products were
chemically characterized via Infrared Spectroscopy (FT-IR) and X-ray diffraction analysis
(XRD), while the morphology of the samples was investigated via Transmission Electron
Microscopy (TEM). The extracted material was then oxidized through a TEMPO-mediated
reaction in order to introduce carboxylic groups on the nanocrystals surface, which can serve
as a basis for subsequent functionalization or crosslinking reactions.

This study was carried out within the MadABio project — funded by European Union — Next Generation EU
within the PRIN 2022 PNRR program (D.D.1409 - 14/09/2022 Ministero dell’Universita e della Ricerca).

[1] Poothanari M. A. et al. ACS Sustain. Chem. Eng. 2022, 10, 3131-3149
[2] Shojaeiarani J. et al. Compos. C: Open Access 2021, 100164
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solvation dynamics: an experimental and theoretical study
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(3) Dipartimento di Scienze Biomediche Avanzate, Universita degli Studi di Napoli Federico II, via Pansini
5, 8013, Napoli, Italy.
(4) Istituto Nazionale Di Fisica Nucleare, sezione di Napoli, Napoli, 80126, Italy.

A molecular description of the interplay between nucleic acids (NA) and proteins is vital to understand
the most basic processes of life, from DNA replication to protein expression and synthesis. Isolation of
transient NA-protein complexes in their biological conformation is a challenging task: a promising
technique for this goal is to induce in vivo NA-protein crosslinking (NPCL) by femtosecond-
stimulated UV laser pulses.! The photo-addiction of phenylalanine to thymine results an
exemplificatory reaction of such a class of crosslinking and the photocyclization of 5-benzyluracil
(5BU) to 1,2-indaneuracil has been proposed as a model reaction for studying the mechanism of
NPCL.2 In this context, we present a combined experimental and theoretical study of the ground-state
conformational equilibrium and the photophysics of 5BU in methanol,’ exploiting the framework of
the DFT and TD-DFT.* We performed an ab initio molecular dynamics (AIMD), adopting the ADMP?
method and an hybrid QM/MM ONIOM?® partition scheme enforcing non-periodic boundary
conditions’. We recorded the UV absorption spectrum in methanol solution and simulated the band
shape from TD-DFT analysis of the AIMD trajectory, finding a good agreement between experiments
and simulation. The simulated absorption spectrum, calculated on such ensemble, allowed to give a
molecular interpretation of the experimental UV-Vis lowest energy band, involved also in the induced
photo-reactivity upon irradiation. In particular, the first two excited states both contribute to SBU
lowest energy absorption. Moreover, as main result, the nature and brightness of such electronic
transitions is strongly influenced by SBU conformation and the microsolvation of its heteroatoms.

Our study suggests a dependence of NPCL on the surrounding environment and remarks the
importance of AIMD and an accurate treatment of the solvent to understand the photophysics of this
model system; it also may serve as a starting point for a non-adiabatic treatment of the photoinduced
evolution of the system in the excited state.

Figure 1 : The photocyclization of SBU (left) and A snapshot from the AIMD of SBU in methanol (right).
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[8] M. Micciarelli, et al., J. Phys. Chem. B, 118. (2014). 4983.; M. Micciarelli et al., J. Phys. Chem. A 121.
(2017). 3909.; M. Valadan et al., Phys. Chem. Chem. Phys. 21. (2019). 26301.
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Multinuclear and multifrequency NMR study of the interactions

between Ln'" ions complexes and fluoride anions

Lorenzo Risolo*, Daniela Lalli and Mauro Botta

Dipartimento di Scienze ed Innovazione Tecnologica, Universita degli Studi del Piemonte Orientale

“A. Avogadro”, Viale T. Michel 11, I-15121 Alessandria, Italy.

Contrast-enhanced Magnetic Resonance Imaging (MRI) has revolutionized the modern
radiodiagnostic field, as it significantly improves the accuracy of diseases diagnosis. Most of MRI
contrast agents (CAs) in clinical use are octadentate macrocyclic Gd(III) chelates with one metal-
bound water molecule (g) in fast chemical exchange with the bulk. Such coordination cage grants the
high stability and inertia properties required for in vivo applications, making Gd-based CAs among the
safest drugs on the market. Recently, a new MRI CA has been approved, Gadopiclenol™[1], that is a
heptadentate Gd(IIT)-complex with ¢ = 2 and double efficiency compared to conventional CAs, which
allows to decreasing the administered dose with equal efficacy. However, many bis-hydrate chelates
form ternary complexes with anions (carbonate, phosphate, citrate etc..) following the displacement of
one or both water molecules [2]. Here, we investigate the interaction between the fluoride anion and
two negatively charged Ln(III)-complexes with similar structure but different hydration states (see
Figure 1), with the aim of determining how the nature of the ligand affects the water substitution. For
this purpose, a combination of high- and low-resolution NMR techniques in the frequency and time
domains has been employed, which allows an in-depth characterization of the kinetics and
thermodynamics of the fluoride binding event. In particular, fast-field cycling relaxometry (‘H
longitudinal relaxation rates vs By), '’O transverse relaxation rates vs temperature and high-resolution
NMR measurements ('"°F NMR) were performed on the paramagnetic Gd(IIT) and diamagnetic Y(IIT)
complexes, respectively. This approach allowed us to gain insights into the binding affinity,
thermodynamics and kinetics associated with the chemical exchange of water molecules with fluoride
anions.
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Figure 1: Low-field and high-field NMR techniques used to study the interactions between Ln(Il])-OBETA/EGTA
complexes and fluoride anions.

[1] C. Gendron, P. Bourrinet, A. Dencausse, N. Fretellier. /nvestigative Radiology 2024, 59(2),108-123.
[2] F. Travagin, M.L. Macchia, T. Grell, J. Bodnar, Z. Baranyai, F. Artizzu, M. Botta, G.B. Giovenzana.
Dalton Trans. 2024, 53, 1779-1793.
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NHC-catalysed atroposelective desymmetrisation of N-aryl maleimides

Manuel Barday, Jessica Rodrigues, Pierre Bouillac, Jean Rodriguez, Muriel Amatore, * and

Thierry Constantieux *
(1) Institute Address : Aix Marseille university, iSm2, Stereo, Service 531, 541.

In the field of enantioselective organocatalysis, if the control of central chirality is an area
of increasing expertise, the same cannot be said for axial chirality, found in a large class of
compounds in which a restricted rotation around a single ¢ bond results in the existence of
two enantiomers, called atropisomers.!!! If significant advances have been made in the last
few years for the simultaneous control multiple centers of chirality,”?! or multiple Csp>~Csp?
stereogenic axes;"*! the control of non-adjacent two or more different chirality elements in a
single operation still remains a high synthetic challenge.'! This lock is bigger when central
chirality is combined with configurationally more labile pentatomic axially chiral Csp>~N
frameworks.

In this context, we recently demonstrated under NHC-catalysis the reactivity of chiral
azolium dienolates in (4+2) annulation reactions for the atroposelective desymmetrization of
prochiral N-arylmaleimide derivatives. [*! This one-step atroposelective de novo formation of
6-members ring leads to the formation of 3 C—C bonds and up to 6 elements of chirality,
including two challenging remote-controlled C—N axes in the pentatomic series. Moreover,
the easy base-induced transformation of the chiral bis-succinimide precursors allows to
prepare the initially planned N-aryl phthalimide atropisomers with excellent retention of
enantiopurity.

Figure 1: En route to original C—N atropisomers

!'B. Tan, Ed., Wiley-VCH, Weinheim, 2021.

2Y. Hussain, M. Tamanna, M. Sharma, A. Kumar, P. Chauhan, Org.Chem. Front. 2022, 9, 572-592.

3 X. Bao, J. Rodriguez, D. Bonne, Angew. Chem. Int. Ed. 2020, 59, 12623-12634.

4X.-F. Bai, Y.-M. Cui, J. Cao, L.-W. Xu, Acc. Chem. Res. 2022, 55, 2545-2561.

5> M. Barday, J. Rodrigues, P. Bouillac, J. Rodriguez, M. Amatore, T. Constantieux, Adv. Synth. Catal. 2023, 365, 148—
155.

* contact: author’s e-mail : muriel.amatore@univ-amu.fr ; thierry.constantieux@univ-amu.fr
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Conductive Polymeric Nanocomposite Based On Carbonaceous Fillers For

Integrated Metal-Free Cabling And Sensing

Elio Sarotto” (2, Federico Cesano (" Valentina Brunella () et Antonino Veca®

(1) Department of Chemistry, NIS and INSTM Reference Centres, University of Torino, Via P. Giuria 7,
10125 Torino, Italy
(2) CREF, Stellantis South Europe Technical Center, Strada Torino 50, Orbassano, 10043 Torino, Italy

In recent years, the aim to develop new classes of multi-functional materials to reduce component
complexity and enhance their recyclability has become one of the main driving forces in several
industrial applications. The extraordinary electrical properties of carbonaceous graphene-based fillers,
such as graphene nanoplatelets (GNPs) and carbon nanotubes (CNTs), lead to a big interest in the
production of a new class of nanocomposites with both excellent mechanical properties and innovative
electrical behaviours [1].

In particular, when the graphene-based filler concentration is below a critical value, called the
percolation threshold, the electrical properties of these composites are dominated by the insulating
polymer matrix and the material acts as an insulator. However, if the filler concentration is above the
percolation threshold, the formation of a three-dimensional conductive network leads to a change in
the electrical properties of the nanocomposite, and the material acts as a conductor [2].

Concerning this class of materials, an interesting and promising technology consists in the
functionalization by laser treatment of nanocomposites, in which the filler concentration is below the
percolation threshold. The interaction between the material and the laser beam leads to the formation
of a V-shaped track where the filler concentration is locally above the percolation threshold resulting
in a local electrical conductivity [3]. This innovative type of laser-functionalized nanocomposites
could pave the way for a new technology for the production of metal-free electrical circuits and
sensors. This could revolutionize product design, prototyping and production techniques used
nowadays and will lead to several advantages, as follows: 1. weight loss of complex components for
automotive and other industries; 2. reduction of production steps and production materials; 3. easier
recyclability.

In our research, we used a CO2 laser to obtain conductive tracks on polypropylene-based
nanocomposites. Three different compositions filled with GNPs and graphene oxide (GO) percentages
between 2.5 and 4.0 wt% were tested. Across all compositions, a linear correlation between track
length, electrical resistance and resistivity values lower than 2 ohm/sq, was observed. This promising
result allows us to further optimize this technology by developing new types of nanocomposites using
different polymer matrices, including recycled polymers, and different types of nanocarbons, including
environmentally friendly fillers like biochar.

[1] Mittal G. et al., Journal of Industrial and Engineering Chemistry (2015), 11-25. 10.1016/j.jiec.2014.03.022
[2] Marsden A. J. et al., 2D Materials, issue 3 (2018). 10.1088/2053-1583/aac055
[3] Cesano F. et al., Carbon (2013), 63-71. 10.1016/j.carbon.2013.04.066

* contact : elio.sarotto@unito.it

138



~ GIFC 2024
X! EDIZIONE GIORNATE ITALO-FRANCESI DI CHIMICA
TORINO, 4-5 APRILE 2024

“Exploiting arginase 2 intrinsic dynamics for designing selective inhibitors

endowed with antitumoral activity”

Riccardo. Scoccia ', Somayeh Asgharpour ', Gioele Antonio Tiburtini ',

Mariacristina Failla ', Loretta Lazzarato ', Federica Sodano ?, Francesca Spyrakis '

(1) Department of Drug Science and Technology, University of Turin
(2) Department of Pharmacy, University of Naples Federico I1

Arginase (L-arginine ureahydrolase, or amidinohydrolase; ARG), is a binuclear manganese
metalloenzyme that catalyzes the hydrolysis of L-arginine to form the amino acid L-ornithine
and urea. ARG is an homotrimeric protein present in two different isoforms: ARGI1 and
ARG2. ARGI is localized in the cytoplasm and mainly expressed in the liver and is
responsible for detoxification of ammonia in the urea cycle, whereas ARG2 has been found
predominantly in the mitochondria and is primarily linked to the generation of polyamine [1].
Both enzymes metabolize the amino acid most strongly depleted in tumour microenvironment
(TME), namely free L-arginine [2], which is required by proliferating cells.

Recently, it has been reported that the ARG2 pathway is a means by which Regulatory T cells
(Tregs) regulate inflammation in tissues. Furthermore, ARG2 reduced the survival and
proliferation of CD8" T-cells, impacting anti-tumour immune responses. Thus, arginine
metabolism via ARG2 is an immunoregulatory pathway implemented by Tregs in human
tissues with significance for both autoimmunity and cancer, which makes ARG2 a relevant
pharmacologic target [2].

Despite several inhibitors have been published so far, most of them lack activity and/or
selectivity, likely because of the binding site similarity [1]. The goal of our project is to
design and develop new inhibitors, likely able to specifically target ARG2, exploiting its
different cellular localization, or exploiting the different binding site dynamics. It is indeed
well known that very similar proteins can behave quite differently in terms of intrinsic
dynamics, and, consequently, of ligand binding [3]

Here, we have applied computational methods to analyse in detail, and compare, the dynamics
of ARG1 and ARG2 pockets, looking for possible difference to be exploited in drug design.
We have applied extended standard molecular dynamics (MD) simulations and analysed them
to highlight the binding site behaviour along the trajectories. In particular, we have performed
root mean square fluctuation and essential dynamics analyses to identify the most flexible
residues lining the binding site, we have tracked the pocket volume adjustment and the
behaviour of waters in the pocket.

We found that crucial residues indeed show a different intrinsic dynamic that might be
exploited for the design of more selective inhibitors.

[1] Pudlo et al., 2016, doi.org/10.1002/med.21419
[2] Allocco et al., 2022, doi: 10.3390/cancers14051230.

[3] Gossen et al., 2021, doi.org/10.1021/acsptsci.0c00215
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The development of hypoxia-activated PROTACs

to selectively degrade BRD4 in hypoxic cancer cells

Serafini M "), Twigger S, ¥ Hammond E, ¥ et Conway SJ. (!
(1) Department of Chemistry, University of Oxford, 12 Mansfield Road, Oxford, OX1 3TA, UK;
(2) Department of Oncology, University of Oxford, Old Road Campus Research Building, Oxford OX3
7DQ, UK.

Proteolysis targeting chimeras (PROTACSs) are bifunctional molecules comprising a ligand
for a protein of interest (POI) attached to a ligand for an E3 ligase. They function by inducing
degradation of the POI through the ubiquitin-proteasome system. However, the cellular
effects of degrading a whole protein are profound, making strategies to target protein
degradation to a given location or context essential.! This approach will reduce on-target
dose-limiting toxicity, enhancing the therapeutic window for the use of PROTACs against a
wide range of POIs. Hypoxia (conditions of lower-than-normal oxygen) is a characteristic of
solid tumours that conveys poor patient prognosis, but the chemically reducing conditions
found in hypoxia allow it to be targeted with pro-drugs. We have previously applied this
strategy to HDAC inhibitors, demonstrating selective activation of the pro-drug in a tumour in
vivo.?

To enable context dependent activation of PROTACS, we have developed a series of hypoxia-
activated PROTACs (HAP-TAC:s). To achieve this, we employed a bioreductive group, never
applied before, to mask key features of either a cereblon- or VHL-recruiting PROTAC,
rendering them inactive in normal oxygen concentrations (normoxia, 21% O2). In hypoxia, the
bioreductive group releases the active E3 ligase ligand enabling degradation of the POI
(Figure 1). As a proof-of-principle, we have applied this strategy to the degradation of BRDA4.
Our HAP-TACs are stable in normoxic conditions, but release the active PROTAC in
hypoxia, leading to selective degradation of BRD4 when oxygen levels are reduced below
2%. As the bioreductive group is attached to the cereblon or VHL E3 ligase ligand, this
strategy is applicable to any PROTAC that recruits these E3 ligases. This work, therefore,
provides an exciting avenue for the development of HAP-TACs, for a range of targets,

increasing the likelihood of success in the clinic.
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Figure 1 : The principle of hypoxia-activated PROTACs

[1] Salerno, A.; Seghetti, F.; Caciolla, J.; et al. J. Med. Chem. 2022, 65, 9507-9530.
[2] Skwarska, L.; Calder, E. D. D.; Sneddon, D.; et al. Cell Chem. Biol. 2021, 28, 1258-1270.
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Integration of Lateral Flow nanoMIP Assay with Gold Silica Nanoparticles
for Enhanced Point-of-Care Diagnostics

Serra T. '* (1), Testa V. (1), Nieddu S. ", Cavalera S. (), Di Nardo F. ("), Baggiani C. (1,

Anfossi L. (D
(D Department of Chemistry, University of Turin, Via Pietro Giuria, 7— 10125 Torino

In the ever-evolving panorama of immunodiagnostics, where various strategies aim to improve
versatility, robustness, and cost-effectiveness[1], the advancement of molecular imprinting
technology, particularly through the solid-phase synthesis of nanoparticles (nMIPs), has led to
their emergence as highly efficient mimics of natural receptors [2]. Although the current state-
of-the-art applications predominantly employ nMIPs for tasks such as molecular separation,
sensing, and controlled release, their adoption as primary recognition elements in diagnostics
remains limited.

This study presents a novel approach to lateral flow immunoassay (LFIA) diagnostics, aiming
to reshape point-of-care testing (POCT) by minimizing reliance on biomolecules.

A simple method for fabricating a new composite material is proposed, which combines the
molecular recognition properties of nMIPs with the optical properties of the metallic
nanoparticles for biosensing[3][4]. Gold nanoparticles are well-known for their optical power
and are widely used in LFIA due to their unique properties[3]. A highly selective nMIPs was
prepared to target Bovine Immunoglobulin G and was incorporated in a novel composite
material by conjugating with core-shell Au-SiO2 nanoparticles, using a simple synthetic
approach for optimal integration[6].

The material structure was studied using transmission electron microscopy, UV-visible
spectroscopy, and dynamic light scattering. Then, the hybrid nanomaterial was evaluated as a
new probe candidate to be used in the colorimetric LFIA analytical platform, confirming its
suitability.

1* contact : thea.serra@unito.it
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Initial design of pyrazole-based small molecules towards CDK20 inhibition

Alfonso Zambon"®_ Andrea Terzi®, Gianpiero Di Leva(®, Giovanni Marzaro® and Peter
Goekjian®
a) Department of Chemical and Geological Sciences, University of Modena and Reggio Emilia, Via G.
Campi 103, 41125 Modena, Italy.

b) Université Claude Bernard Lyon 1, CNRS UMR 5246, ICBMS, Laboratoire Chimie Organique
2-Glycosciences, 69622 Villeurbanne, France.
¢) School of Pharmacy and Bioengineering, Keele University, Keele ST5 5BG, UK.

d) Department of Pharmaceutical and Pharmacological Sciences, University of Padova, Padova, Italy.

CDK20 — also known as CCRK — is a serine-threonine protein kinase, expressed in a wide
variety of tissues. Although its biological role is not fully understood, it has been linked to the
rise of different tumors, like HCC and medulloblastoma(. Given that lack of information, no
inhibitors are approved to this date and CDK20 has been recognized as an understudied
target®. Therefore, an in-silico driven approach has been implemented in order to discover
new scaffolds able to interact with CDK20, to provide initial hits for the future development
of inhibitors. With no crystal structure available for the protein, a structure computed by
AlphaFold (already exploited in other studies®) has been used to evaluate several
combinatorial libraries of putative pyrazole-based CDK20 inhibitors. From these initial
guesses, through the use of molecular docking, we narrowed the selection to three different
chemotypes of pyrazole-based small molecules, that were then synthesized and tested in
biological assays. Each step of the process — from the conceptualization to the synthesis — was
continuously updated in an iterative fashion.

~ v'’A
Figure 1: A) Structure of a selected compound; B) and C) Computed interactions (H-bond and r-stacking)
between the molecule and specific peptides found in the catalytic region of the enzyme.
MTT assays performed on the compounds provided a wide variety of results. While the link
between computed docking scores and inhibiting potency was only partially confirmed, the
most promising molecules recorded ICso values in the low micromolar range, showcasing the
potential of these scaffolds to be further optimized towards CDK20 inhibitors.

(1) Mok MT et al, Pharmacol Ther. 2018 Jun;186:138-151.
(2) Essegian D et al., Cell Rep Med. 2020 Oct 20;1(7):100128
(3) Feng Ren et al., Chem. Sci., 2023,14, 1443-1452
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New material Pegda-based as adsorbent for lithium from wastewater LIBs

solutions.

V.Testa"), M.C.BruzzonitiV, V. Tumiatti®, M.Tumiatti® C.Branger®, F.Ibrahim®,L Rivoira", T.
Serra®”,S.Cavalera®V, F.Di Nardo®", L.Anfossi"), C.Baggiani ("

(1) University of Turin, Department of Chemistry, Turin
(2) Sea Marconi Technologies, Collegno (TO)
(3) Universite de Toulon, MAPIEM, Toulon (FR)

During the last few years, the demand for lithium has increased exponentially due to environmental regulation
and technological transition, this high rate of demand has made lithium part of row critical material list and
therefore is considered a limited element. Many methodologies are available for the recovery of lithium but most
of them present disadvantages related to huge amounts of precipitating agent or the large use of organic solvent
for extraction, moreover, they are inefficient when lithium concentration in the leaching solution is too low 1,

In this way, the ionic imprinting technique could be an innovative approach because it could be directly

applicable to the leaching solutions.

This work presents an original approach to obtaining selective adsorbent materials for lithium from diluted
solutions. These ionic imprinted polymers (IIPs) are based on the application of linear bi-functional monomers
as polyethylene glycol diacrylate (PEGDA) that can spontaneously cyclopolymerize and give structures that are
mimics of pseudo crown ethers able to stabilize cations thanks to the so-called macrocyclic effect [?; in this way,

the use of real crown ethers is avoiding.

To evaluate the validity of this strategy the experimental part focused on the effects of different molar ratios of
PEGDA: Li (I), as a result, we obtained at last a capacity of about 0.190 mg/g with the highest selectivity
towards lithium. To improve this capacity different reaction solvents (DMSO and water) and leaching solutions
(basic and acidic ones) are explored and tested. Results show a general increase of binding capacity when the
amount of basic leaching solution is progressively higher this allowed us to obtain an improvement in the

capacity up to 1.70 mg of lithium adsorbed for each g of IIP.

[1] Alessia, A., Alessandro, B., Maria, V. G., Carlos, V. A. & Francesca, B. Challenges for sustainable lithium
supply: A critical review. J Clean Prod 300, 126954 (2021).

[2] Oral, I., Tamm, S., Herrmann, C. & Abetz, V. Lithium selectivity of crown ethers: The effect of heteroatoms
and cavity size. Sep Purif Technol 294, 121142 (2022)

143



~ GIFC 2024

X| EDIZIONE GIORNATE ITALO-FRANCESI DI CHIMICA
TORINO, 4-5 APRILE 2024

In silico analysis of the potential interaction of legacy and
novel per-fluoro alkyl substances (PFAS) with specific human proteins

Tiburtini G.A." (V, Bertarini L. ("», Bersani M.("), Dragani T.A. @, Rolando B. (",
Binello A. (U, Barge A. (), Spyrakis F.(D

(1) Dept. of Drug Sciences and Technologies, University of Turin, Turin, Italy
(2) Dept. of Life Sciences, University of Modena and Reggio Emilia, Modena, Italy
(3) Aspidia sri, 20100 Milan, Italy

Over the last decades the spread of PFAS applicability rapidly
grew, while the research on their side effects on environmental
impact and human health slowly followed [1-2]. Indeed, because
of their little intermolecular interactions with both polar and
apolar substances [3], poly- and perfluorinated compounds
possess high industrial applicability but also high bio-
accumulability potential. This project aim to explore the possible
interaction, by means of in silico methodologies, of a
representative set of PFAS with transporters and receptors known to
be targeted by the most famous PFOA and/or PFOS. We started from a small library of 26
PFAS: 13 carboxylic acids (e.g. PFOA), 6 sulfonic acids (e.g. PFOS), 3 newly formulated
ether carboxylic acids (GenX, ADONA, cC604), 2 fluorotelomer alcohols and 2
perfluorinated alkanes, to include both legacy PFAS widely studied in scientific literature and
new, scarcely reported ones. To further evaluate the effect of chain-protein interaction we
included the last group, perfluorinated alkanes with no functional groups, as a mean to
evaluate the proteophilic nature[4] of these chemicals.

We considered four proteins’ families: organic anion transporters (OATs), expressed mainly
in the kidney, fatty acids binding proteins (FABPs), expressed throughout the body, human
serum albumin (HSA), and other thyroid hormone transporters (e.g. TTR and TBG), which
act as a buffer system for extrathyroidal T4 levels. Protein-PFAS interactions have been
simulated by means of molecular docking, applying an induced fit approach to allow for the
mobility of proteins’ binding sites, especially in the case of FABPs and HSA. Then, specific
complexes were submitted to MD simulations to verify the ligand stability and the reliability
of the predictions. The binding of PFOA and ¢C604 to bovine serum albumin (BSA) has
been experimentally evaluated through dialysis equilibrium experiments showing lower
binding probability of legacy PFAS compared to novel ones. Preliminary results showed
overall higher affinities for medium length, straight molecules (PFOA, PFOS) than shorter
and more branched ones, like novel PFAS, as for instance cC604.

[1]. Styliani F. et al., Critical Reviews in Toxicology, 2021, https://doi.org/10.1080/10408444.2021.1888073
[2]. Pontius F., Water, 2019, https://doi.org/10.3390/w11102003

[3]. Houde M. et al., Environ. Sci. Technol., 2006 https://doi.org/10.1021/es052580b

[4]. Lanza H.A. et al., Environmental Toxicology and Chemistry, 2017, https://doi.org/10.1002/etc.3726
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The therapeutic potential of PIN-1 inhibition:
new agents and strategic approaches

Vetro T." I, Villella N. (), Sainas S. (), Giorgis M. (), Boschi D. (", Bertolio R. @, Rustighi
A. @3 Amodeo P.®), Vitale RM. ®), Del Sal G.®-®-®_Lolli M.L. O, Pippione A. C. ™"

(1) Department of Science and Drug Technology, University of Turin, Turin 10125, Italy.

(2) Department of Life Sciences, University of Trieste, Trieste, 34127, Italy.

(3) International Centre for Genetic Engineering and Biotechnology (ICGEB), Area Science Park-
Padriciano, 34149 Trieste, Italy.

(4) IFOM ETS,the AIRC Institute of Molecular Oncology, Milan, Italy.

(5) Institute of Biomolecular Chemistry, National Research Council (ICB-CNR), Via Campi Flegrei 34,
80078 Pozzuoli (NA), Italy.

The peptidyl-prolyl cis-trans isomerase PIN-1 is an important regulator of cellular processes.
It is known for its unique ability to specifically identify and catalyse the isomerisation of the
phosphorylated serine/threonine-proline motif (pSer/Thr-Pro) in proteins, which affects the
function of the target protein. Overexpression of PIN-1 is observed in various cancers, where
it acts as a modulator of key cancer-promoting signalling pathways. Despite extensive
preclinical studies to identify PIN-1 inhibitors, only all-trans retinoic acid (ATRA) in
combination with arsenic trioxide (ATO) has so far found clinical application [1]. The
authors, that have already contributed to the discovery of one of the most potent and advanced
PIN-1 inhibitors (KPT 6566), [2] here develop new inhibitors using two different approaches:
on the one hand, a bioisosteric approach led to the design of ATRA analogues, resulting in
compounds with potency similar to ATRA; on the other hand, a screening of the MEDSynth
library identified some 3-hydroxy-1H-pyrazole-4-carboxylic acid derivatives as potential
inhibitors, and some of them showed promising inhibition at 10 uM concentration. Further
studies focusing on the binding mode of the most promising derivatives will lead to the design
and synthesis of new compounds for both series. Theoretical design, computational studies,
synthesis, SAR, and biological assays of new compounds are presented and discussed.

0 . __;7""- [ TCseTeprpp—
o ‘
‘ U2 - S F
My 0 Lod l
e o A o £~ ,
o N v
B e K S
e EE S

Bendogh ol eyalsaton

ATRA derniiny) vsde ATRA
Hit to leod
optimization
)
Aligh el evalstne 118 - Y?»
v s p- S
- { . o
A 11 ] - o [
>, ws O
Lidrory - e L
T ¥ oS
¢ | (A =Y "

.- = 14
- xxx . .. 4
N o o . I- '— - s - -~
1t lemt P otion a I I 9] l ‘u 1 v b.
. L |

2 . &
444444

Makevubsr Avhing end dpsemmecs

Figure 1: The two approaches using in hits identification.
[1] Siyu He. et al. J. Med. Chem. 2023, 66, 9251-9277 [2] Campaner, E. et al., Nat Commun. 2017, 8, 15772
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Castiglione
Caviglia
Cecone
Centeno-Vega
Cerrato
Cevasco
Chouraqui

LIST OF PARTICIPANTS

Erwan
Bonneau
Angelo
Gioele
Matilde
Eleonora
Somayeh
Christian
Salvatore
Mario
Andrea
Emma
Titouan
Corentin
Zhancun
Alessandra
Francesca
Raffaella
Alix

Julie
Valentina
Chiara
Martina
Alain
Maria Jose
Stefania
Francesca
Fabio
Davide
Lorenzo
Davide
Debora
Claudio
Ignacio
Pinuccia
Giorgio
Gaélle

Colombo
Coquerel
Cravotto
Crovetto
D'Ingiullo
Dematteis
Di Giorgio
Di Vona
Domain
Donoso

El Halabi
El Ouardi
Elaadssi
Falesiedi
Fasano
Fenzi
Fernandes Pape Brito
Filliatre
Fornaseri
Fournet
Francesconi
Fresia
Gambetta Vianna
Gan
Gariglio
Gasparotto
Gentilini
Gianquinto
Giordana
Gnavi
Gorodnichy
Grasso
Grondona
Guerin
Hospital
lebole
luzzolino

Margherita
Yoann
Christian
Tullio

Sara

Erika Michela
Emmanuela
Maria Luisa
Antoine
Silvia
Amine
Mohamed
Yassine
Marta
Andrea
Luigi

Julio Cesar
Marion
Federico
Corentin
Valeria
Martina
Julia
Waner
Sara
Alberto
Emilie
Eleonora
Alessia
Riccardo
Mila
Federica
Carola
Paul

Louis
Andrea
Gabriele
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Jiang Xingyu Molinar Chiara
Jorandon Matthieu Naghim Abdelati
Kannampalli  Vyshnav Ndiaye Abdoulaye
Knauth Philippe Negro Paolo
Kurnosov Dmitrii Nousia Maria Evanthia
Labate Maria Nucera Alessandro
Lagostina Valeria Oliveri Paolo
Lagouarde Julie Pantaleone Stefano
Lambruschini Chiara Paraschiv Andrei
Laurenti Enzo Pasquini Luca

Lauria Federica Pastorino Andrea

Léger Christophe Pellegrino Simone
Leseigneur Guillaume Peng Ling

Liu Xi Pizzorno Jacopo
Lombardo Giacomo Priola Emanuele
Lusardi Matteo Raboni Francesco Maria
Maccarino Lorenzo Riccioni Andrea
Malano Giorgia Rigoletto Monica
Maltoni Pierfrancesco Risolo Lorenzo
Manivel Margot Rodrigues  Jessica
Mannella lole Ronchetti Silvia

Manzoli Maela Sarotto Elio

Mao Keyu Sartoretti Enrico
Marafante Matteo Scoccia Riccardo
Marangon Andrea Serafini Marta

Martini Cristina Serra Thea

Martino Elena Spyrakis Francesca
Matencio Adrian Stefania Rachele
Meazzo Carolina Terzi Andrea

Mei Zhenying Testa Valentina
Meierhenrich  Uwe Tiburtini Gioele Antonio
Messina Andrea Trisciuzzi Daniela
Michelet Veronique Truchon Alexis

Miele Margherita Valle Carlotta

Mitoli Davide Varghese Neethu Kochukunnel
Mkrtchian Elina Vetrd Tommaso
Mohamed Sara Saber Younes Vigato Chiara
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