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Welcome

Benvenuti a Bologna,

 The 14th International Symposium on Organic Free Radicals 
(ISOFR-14) will serve as a global forum for scientific exchange, bringing 
together experienced researchers, early-career scientists, and industrial 
chemists with a shared interest in radical reactivity. The program will 
feature two distinguished talks, five plenary lectures, 25 invited 
presentations, 14 contributed oral communications, and two poster 
sessions – all designed to foster discussion, inspire collaboration, and 
highlight cutting-edge research.

 ISOFR was first launched in Italy in 1974; by hosting the 14th edition 
in Bologna, this international symposium returns to its roots, and will 
showcase the latest advances in the field of organic free radical 
chemistry.

 We look forward to welcoming you to Bologna for four days of 
engaging science and meaningful connections across the radical 
chemistry community.

Prof. Paolo Melchiorre
Chair



Venues

Plesso di via Belmeloro

Chiostro

Aula Absidale Santa Lucia

Salotto Boschi

https://tinyurl.com/ISOFR14MAP

We have created a Google Map of the venues, alongside some 
local landmarks, to help guide you. Please either click the QR 
code or visit the link below:

https://www.google.com/maps/d/edit?mid=1ZL1s_FmzjmBra7l4tHW0_a2YkAfHQb4&ll=44.494310809066576%2C11.349604000000024&z=15
https://tinyurl.com/ISOFR14MAP


Sponsors
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Chiesi is a research-oriented international biopharmaceutical group that develops 
and markets innovative therapeutic solutions in respiratory health, rare diseases, 
and specialty care. The company’s mission is to improve people’s quality of life and 
act responsibly towards both the community and the environment. 

By changing its legal status to a Benefit Corporation in Italy, the US, France and 
Colombia, Chiesi’s commitment to creating shared value for society as a whole is 
legally binding and central to company-wide decision-making. As a certified B Corp 
since 2019, Chiesi is part of a global community of businesses that meet high 
standards of social and environmental impact. The company aims to reach Net-
Zero greenhouse gases (GHG) emissions by 2035. 

With 90 years of experience, Chiesi is headquartered in Parma (Italy), with 31 
affiliates worldwide, and counts more than 7,900 employees. The Group’s research 
and development centre in Parma works alongside 6 other important R&D hubs in 
France, the US, Canada, China, the UK, and Sweden. 

For further information please visit https://www.chiesi.com/en/home 

https://www.chiesi.com/en/home


Sponsors

THINK CDMO  THINK PROCOS

www.procos.it

PROCOS S.p.A. is an Italian CDMO specialized in the development and GMP 
manufacturing of Drug Substances, supporting pharma and biotech companies 
from early development to industrial scale.

Its R&D team drives innovation and process development, combining strong 
scientific expertise with advanced technologies to support Business 
Development, optimize processes, and enable fast and robust scale-up.

Through tools such as robotics, Flow Chemistry, and advanced analytical and 
safety platforms, R&D ensures efficient translation of science into industrial 
solutions.



Sponsors

The Royal Society of Chemistry publishes over 50
world-leading journals that span the core chemical
sciences and related fields. Known for rigorous, fair
peer review and fast publication times, our journals
publish the best science, from original research
articles to authoritative reviews. http://www.rsc.org/

Chemical Science is our flagship general chemistry journal, publishing free-to-read
research including the latest developments in organic and synthetic chemistry. Organic
Chemistry Frontiers and Organic & Biomolecular Chemistry offer a venue for sharing your
latest findings with researchers in the area of organic chemistry while ChemComm
welcomes high impact, urgent Communication-format manuscripts.

http://www.rsc.org/
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Alfatech is selling equipment for Flow Chemistry and
purification through flash and Prep HPLC. Flow chemistry
allows improved control of reactions, enhanced operational
safety, and optimization of synthesis times and conditions.
while flash and Prep HPLC enable rapid and efficient
separations, achieving high levels of purity even for complex
compounds.

LINEV Systems® is a global high-technology company
specializing in X-ray technologies for security inspection, NDT,
and analytical instrumentation. With extensive expertise in
instrument engineering, the company develops compact yet
advanced XRD and EPR systems for studying crystal and
chemical structures, supporting scientific research and
industrial applications worldwide.

We believe health is everything. Patients inform and inspire our
science-based innovations, which continue to change and safe
lives. With rigorous science and compassion, we confidently
address the most complex diseases of our time and unlock the
medicines of tomorrow.

Angewandte Chemie and Angewandte Chemie Novit, journals
of the German Chemical Society, showcase outstanding
chemical research. Angewandte Chemie publishes high-impact
studies across disciplines, while Angewandte Chemie
Novit features exceptional, manuscripts selected via a unique
Up-Transfer process, offering global visibility and recognition for
themost distinguished contributions.

In BASF, we create chemistry for a sustainable future. We aim to
enable customers’ sustainable transformation, combining
economic success with environmental protection and social
responsibility. With about 108,000 employees, we operate
worldwide, delivering chemical, materials, industrial,
agricultural, and technology solutions across industries.
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Programme



17.15 - 20.30   Welcome Cocktail & Dinner

From Radical Foundations to Modern Reactivity Design
Session supported by Chiesi
              Chairperson: Mukund Sibi

15.20 - 15.50    Bernd Giese
     University of
                 Fribourg, Switzerland

50 years of the Giese reaction 
(Distinguished speaker)

15.50 - 16.20     Chrys Chatgilialoglu
     ISOF-CNR Bologna, Italy    
          Adam Mickiewicz University,
    Poznan, Poland

Designing Radical Reactivity: Catalysis and Reaction Control
Session supported by Procos
                    Chairperson: Bartholomäus Pieber

SUNDAY,  June 7th 2026 - Aula Absidale Santa Lucia

MONDAY,  June 8th 2026

14.00 - 15.00   Registration
15.00 - 15.10   Opening
15.10 - 15.20   Ned Porter - ISOFR: Origins, Evolution, and Scientific Legacy

16.20 - 17.05    PL 1
    Armido Studer
     University of Münster, Germany

09.00 - 09.45  PL 2
     Abigail Doyle 
     University of California, Los Angeles

09.45 - 10.10    IL 1
     Luca Dell’Amico
     University of Padova, Italy

Fifty Years of Free Radicals: it's been an 
incredible journey
(Distinguished speaker)

Regioselective Pyridine C-H 
Functionalization and Skeletal Editing

Phosphine and Photoredox Catalysis

Mechanistic investigations in light-driven 
synthetic chemistry: from direct 
photochemistry to organophotoredox catalysis



10.25 - 10.40   OC 2 - Giacomo E. M. Crisenza
    University of Manchester, UK

10.10 - 10.25   OC 1 - Fabio Juliá
      Universidad de Murcia, Spain 

13.00 - 14.00   Lunch and Posters 1 

12.20 - 12.35    OC 3 - Christoph K. Winkler 
     University of Graz, Austria

From Radical Reactivity to Complex Functional Systems and Materials
Session supported by Angewandte Chemie

Chairperson: Kirsten Zeitler

15.15 - 15.30   OC 4 - Dmytro M. Volochnyuk
    Enamine LTD, Kiev, Ukraine 

15.30 - 15.55   Coffee break

Modern Radical Methods in Synthesis and Industry
Session supported by Johnson & Johnson

Chairperson: Ciro Romano

10.40 - 11.05     IL 2
     David Nicewicz
     University of North Carolina Chapel Hill,  
     USA

11.30 - 11.55      IL 3
     Garret Miyake 
     Colorado State University, USA 

11.55 - 12.20     IL 4
     Yang  Yang
     University of California Santa Barbara, USA

11.05 - 11.30   Coffee break

12.35 - 13.00    IL 5
     Athina Anastasakis
    ETH Zurich, Switzerland

14.00 - 14.25    IL 6
     Giulia Bergonzini
     AstraZeneca, Mölndal, Sweden

14.25 - 14.50    IL 7
     Shunsuke Chiba
    Nanyang Technological University,   
    Singapore

 14.50 - 15.15    IL 8
     Pier Giorgio Cozzi
     Department of Chemistry ‘Giacomo   
     Ciamician’, University of Bologna, Italy

Excited State Acridyl Radical Chemistry

Ferrioxalate Photocatalysis

Radicals Under Enzymatic Control:
The Photoenzyme CvFAP as a Platform for 
New-to-Nature Biocatalysis

Shono-type electrochemical synthesis of cyclic 
Encarbamates

Electroreductive Strategies for the 
Ring-Opening of Heterocycles

ChemSocRev Pioneering Investigator 
Lectureship
Super-Reducing Organic Photoredox 
Catalysts

New Strategies for Stereoselective
Radical Biocatalysis

Monomers from Polymers:
Reversing Radical Polymerization

Chemistry at the Forefront:  
Technology-Enabled Drug Discovery

Skeletal and peripheral remodeling of 
azaheteroarenes via SET-driven 
dearomatization

Supramolecular Photoactive Titanium 
Complexes for HAT Reactions



17.05 - 18.50    Posters 1 and wine tasting/beers
20.00    Speakers’ dinner

 15.55 - 16.20       IL 9 - lecture supported by Thieme
          Xin-Yuan Liu 
          Department of Chemistry, Southern   
         University of Science and Technology   
         (SUSTech), Shenzhen, China

16.20 - 17.05        PL 3
          Christina White
         University of Illinois, Urbana-Champaign,  
         USA

09.00 - 09.45  PL 4
     Daniele Leonori
    RWTH Aachen University, Germany

09.45 - 10.10    IL 10
     Rob Paton
    Colorado State University, USA

10.10 - 10.35      IL 11
     Massimo Bietti 
     Università di Roma
     “Tor Vergata”, Roma, Italy

10.35 - 11.00      IL 12
     Oliver Wenger
    University of Basel, Switzerland

11.45 - 12.10       IL 13
    Sungwoo Hong
      Department of Chemistry, KAIST, Daejeon,  
     Korea

11.00 - 11.30   Coffee break

11.30 - 11.45    OC 5 - Paola Ceroni
     University of Bologna, Italy

Designing Radical Reactivity: From Methodology to Catalytic Strategy
Session supported by Linev System Chairperson: Patricia Z. Musacchio

12.10 - 12.25    OC 6 - Daniele Mazzarella
     University of Rome Tor Vergata, Roma,  
     Italy

12.25 - 12.40    OC 7 - Huan-Ming Huang
      ShanghaiTech University, China

Cu/Chiral Anionic Ligand-Catalyzed 
Enantioselective Radical Reactions

Site-Selective C—H Oxidations

Novel Synthetic Methods in Photochemistry 
and Photocatalysis

Computational Strategies for Predicting 
Triplet-State Reactivities and Selectivities

Role of Structural and Medium Effects in 
Chemoselective HAT-based C(sp3)-H Bond 
Functionalizations

Organic Radical Reactivity in Photoredox 
Catalysis

A Photocatalytic Platform for Atom Transfer 
and Diversification via Reversible Triplet 
Activation of Pyridinium Ylides

Thermally Activated Delayed Fluorescence and 
photocatalysis: generation of radical anion from 
S1 and T1 excited states

Wired for Stereoselectivity: The Merger of 
Electrochemistry and Aminocatalysis for SOMO 
Applications

Radical Based Divergent Synthesis

Decoding Radical Reactivity: Physical Organic, Theory and Excited-State Control
Session supported by RSC

Chairperson: Joshua Barham 

TUESDAY,  June 9th 2026



12.40 - 13.05    IL 14
    Franziska Schoenebeck
    RWTH Aachen University, Germany

13.05 - 14.10  Lunch and Posters 2

Advanced Radical Methodology: Catalysis, Selectivity and Reaction Design
Session supported by Alfatech Chairperson: Sara Cuadros

Radically New Pathways
in Metal Catalysis & Beyond

14.10 - 14.35      IL 15
     David Nagib
     The Ohio State University

16.00        Guided tours of Bologna

20.00      Gala Dinner (Salotto Boschi)

14.35 - 14.50     OC 8 - Yoonsu Park
     KAIST, Daejeon, South Korea

14.50 - 15.05     OC 9 - Dmitry Katayev
     University of Bern, Switzerland

15.05 - 15.30     IL 16
     Kirsten Zeitler
     Leipzig University, Germany

09.45 - 10.10    IL 17
     Olivier Ouari
     Aix Marseille University / CNRS, Marseille,  
     France

10.10 - 10.35    IL 18
     Derek Pratt
     University of Ottawa, Canada

   

10.35 - 11.00    IL 19
     Rebecca Melen
     School of Chemistry, Cardiff University, UK

11.00 - 11.30    Coffee break

09.00 - 09.45  PL 5
     Takashi Ooi
     Institute of Transformative Bio-Molecules  
     (ITbM), Nagoya University, Japan

Radical Polarity (2.0)

Development of Organic Radical Catalysts

The Many Lives of Radicals: Powering Energy 
Storage and Transforming NMR 
Spectroscopy

Suppressing Chain Reactions in Subcellular 
Spaces to Treat Disease

Single or Double? A Radical Approach to 
Frustrated Lewis Pairs

PCET beyond Simple pKa-Related
Base Effects

Photocatalytic Furan-to-Pyrrole Conversion

Radical Ligand Transfer Catalysis for Molecular 
Design
Radical Ligand Transfer Catalysis for Molecular 
Design

Fundamental Radical Chemistry: Mechanism, Structure and Reactivity
in Complex Environments
Session supported by BASF

Chairperson: Luca Valgimigli

WEDNESDAY,  June 10th 2026



13.05 - 14.00    Lunch and Posters 2

12.15 - 12.40    IL 20
     Jesus Alcazar 
     Johnson & Johnson, Toledo, Spain

12.40 - 13.05    IL 21
     Cristina Nevado 
     University of Zurich, Switzerland

Applications of photochemistry to enable 
chemical space in Drug Discovery

Asymmetric Remote Functionalization of 
Alkenes

Radical Reactivity: Mechanism, Design and Molecular Complexity
Session supported by the Italian Chemical Society SCI Chairperson: Giorgio Bencivenni

14.00 - 14.25    IL 22
     David J. Procter
     University of Manchester, UK

14.25 - 14.50    IL 23
     Sami Lakhdar
     CNRS / Université de Toulouse, France

Sulfonium salts and light

Mechanistically Guided Strategies for the 
Design and Synthesis of Organophosphorus 
Compounds

15.35 - 16.00    IL 24
     Corey Stephenson
    University of British Columbia, Vancouver,  
    Canada

14.50 - 15.05    OC 13 - John A. Murphy
     University of Strathclyde, Glasgow,   
     Scotland

15.05- 15.20    OC 14 - Javier Mateos
     University of Vienna, Austria

16.00 - 16.30   Closing remarks & poster prizes

Radical Ideas: The Origins and Evolution of 
Visible-Light Photocatalysis

How KOtBu and Other Alkoxides Initiate Radical 
Reactions

Bench-stable Selenium Salts – From Stable 
Radicals to Red-Light Absorbing Photocatalysts

15.20 - 15.35    OC 15 - Bartholomäus Pieber
    Institute of Science and Technology   
    Austria, Vienna, Austria

Photoredox control of SN2 reactivity via 
synchronized nucleophile and electrophile 
generation

Translational Radical Chemistry: From Discovery to Application
Chairperson: Fabrice Dénès

12.00 - 12.15    OC 12 - Anastasios Polyzos
     University of Melbourne, Australia

11.30 - 11.45    OC 10 - Patricia Z. Musacchio   
     University of Buffalo, USA

11.45 - 12.00    OC 11 - Joshua P. Barham
      University of Strathclyde, Glasgow, UK

A Redesigned Approach to Accessing Cationic 
Intermediates

Auto-Photoredox Catalysis

The Photocatalytic Generation of Carbanion 
Equivalents



Distinguished Speakers



 
14th International Symposium on Organic Free Radicals (ISOFR-14)  
7–10 June 2026, Bologna, Italy 

 

Bernd Giese 
 

Professor of Chemistry 
Guest Professor of Chemistry at the University of Fribourg, Switzerland  
E-mail: bernd.giese@unifr.ch 
  
Academic Positions & Education 
Since 2011   Guest Professor, University of Fribourg (Switzerland) 
1989-2010   Professor, University of Basel (Switzerland) 
1978-1988  Professor, Technical University of Darmstadt (Germany) 
1972-1978   Habilitation, Universities of Münster and Freiburg (Germany)  
1969-1971   Research Chemist at the BASF, Ludwigshafen (Germany) 
1965-1969                 MSc and PhD at the University of Munich (Germany)  
1959-1964             Studies at the Universities of Heidelberg and Hamburg (Germany)  
 
Research Interests.  
How chemistry fulfills the needs of biology; redox reactions in microorganisms; electron 
transfer through DNA, peptides and living cells; physical, synthetic and biochemical radical 
chemistry; stereochemistry; photochemistry; carbene chemistry; nanoparticles; total synthesis, 
enthalpy-entropy compensation. 
 
Honors & Awards 
Karl-Winnacker Award (1976), Carl-Duisberg Award (1977), Gottfried Wilhelm Leibniz Prize  
(1987), Merck-Schuchardt Award (1988), Member of the German Academy of Sciences, Leo- 
poldina (1999), Foreign Honorary Member of the American Academy of Arts and Sciences  
(2003) Tetrahedron Prize for Creativity in Organic Chemistry & Bio-Medicinal Chemistry  
(2005), Emil Fischer Medal of the Gesellschaft Deutscher Chemiker (2006), Norris Award in 
Physical Organic Chemistry of the American Chemical Society (2009), Paracelsus Prize of  
the Swiss Chemical Society (2012) 

 

Selected Publications 
1. Spichty, M.; Zipse, H.; Majouri, M.; Fromm, K. M.; Giese, B, 50 Years of Giese Reaction – a Personal View, 

Angew. Chem. Int. Ed. 2026, e24825. 
2. Kharamash, M.; Stumpe, M.; Dengjel, J.; Salgueiro, C. A.; Giese, B.; Fromm, K. M., Fe2+/Hemes Regulate 

Electron Flux in Geobacter sulfurreducens, Front. Microbiol. 2022,13:90919.  
3. Kracht, S.; Messerer, M.; Lang, M.; Eckhardt, S.; Lauz, M.; Groberty, M.; Fromm, K. M.; Giese, B. On the 

Formation of Silver Nanoparticles: Electron Transfer in Peptides, Angew. Chem. Int. Ed. 2015, 54, 2912. 
4. Giese, B.; Amaudrut, Köhler, A. K.; Spormann, M.; Wessely, S., Direct observation of hole transfer through 

DNA by hopping between adenine bases and tunneling, Nature 2001, 412, 318 
5. Giese, B.; Wettstein, P.; Stähelin, C.; Barbosa, F.; Neuburger, M.; Zehnder, M.; Wessig, P., Memory of Chirality 

in Photochemistry, Angew. Chem. Int. Ed. 1999, 38, 2586. 
6. Meggers, E.; Michel-Beyerle, M. E.; Giese, B., Hole Transport in DNA, J. Am. Chem. Soc. 1998, 120, 12950. 
7. Lenz, R.; Giese, B., Mechanism of Ribonucleotide Reductase, J. Am. Chem. Soc. 1997, 119, 2784. 
8. Curran, D. P.; Porter, N. A.; Giese, B., Stereochemistry of Radical Reactions, VCH, Weinheim 1996. 
9. Abel, S.; Faber, D.; Hüter, O.; Giese, B., Total Synthesis of Soraphen, Angew. Chem. Int. Ed. 1994, 33, 2466. 
10. Giese, B., Radicals in Organic Synthesis, Pergamon Press, Oxford, 1986. 
11. Giese, B., The Isoselective Relationship, Acc. Chem. Res. 1984, 17, 438. 
12. Giese, B., Formation of CC-Bonds by Addition of Radicals to Alkenes, Angew. Chem. Int. Ed. 1983, 22, 753. 
13. Giese, B.; Meister, J., Addition of Alkanes to Olefins, Chem. Ber. 1977, 110, 2588. 
14. Giese, B., Temperature Dependence of the Selectivity of Radicals, Angew. Chem.int. Ed. 1976, 15, 173. 
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50 Years of the Giese-Reaction 

Bernd Giese 

Department of Chemistry, University of Fribourg (Switzerland) 

bernd.giese@unifr.ch 

 

 
Keywords: Three component syntheses ● long-distance ET ● chemical lab versus biological cell reactions 

 

 

 

50 years ago, we discovered a synthetic method in which alkyl radical precursors, alkenes and 
hydrogen atom donors selectively yield 1:1:1-addition products in a cyclic radical chain 
reaction. This paved the way for many superb three-component syntheses with C,C-bond 
formation as the central step. For successful syntheses the different chain carrying radicals 
have to follow reactivity and selectivity rules. This requires knowledge of the substituent 
influence on rates as well as on substrate-, regio- and stereoselectivity. Their rules were 
experimentally elucidated, and the synthetic method was coined “Giese- Reaction”. 20 years 
after its discovery in the chemical laboratory, biologists observed that microorganisms use a 
similar synthetic strategy, which triggered our studies of living cells. Although inherent chemical 
rules in laboratory vessels and biological cells are the same, the different set-ups lead to very 
different features. Syntheses between mobile educts in homogeneous solution of a laboratory 
vessel is driven by kinetic effects: a successful synthesis solves a kinetic problem. In contrast, 
most reactions in biological cells, which occur at protein/water interfaces, are driven by 
thermodynamic effects: interactions between enzymatic amino acids and educts immobilize 
the reactants and place them in close contact to each other. This paves the way for product 
formation, and both reactivity as well as selectivity conditions are switched off. In addition, 
biochemical radical and redox processes often start with metallo-cofactors that are far away 
from the interface where the synthetic reactions occur, and electron transfer through the 
enzyme (protein) generates the reactive intermediates at the interface. Such long-distance ET 
occurs in a hopping mechanism, which uses aromatic and sulfur-containing amino acids as 
well as metal complexes as stepping stones.[1] 

Reference 
[1] Spichty, M.; Zipse, H.; Majouri, S., Fromm, K. M.; Giese, B. Angew. Chem. Int. Ed. 2026, e24825. 
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Chryssostomos Chatgilialoglu 
 

Visiting Professor  
Center for Advanced Technologies, Adam Mickiewicz University,  
61-614 Poznań, Poland  

E-mail: chachr@amu.edu.pl  or  chrys@isof.cnr.it       
Homepage: https://chatgilialoglu-group.com  
Wikipedia: https://en.wikipedia.org/wiki/Chryssostomos_Chatgilialoglu      
 
Career 
Since 2019   Visiting Professor, Adam Mickiewicz University, Poznań (Poland) 
2020-2024   Senior Research Associate at ISOF-CNR, Bologna (Italy) 
2016-2019   Research Director at ISOF-CNR, Bologna (Italy) 
2014-2016   Director of INN at NCSR “Demokritos”, Athens (Greece)  
1991-2014   Research Director at ISOF-CNR, Bologna (Italy) 
1983-1991   Researcher at ICoCEA-CNR, Bologna (Italy) 
1980-1982   Research Associate at NRCC, Ottawa (Canada) 
1977-1979   Postdoctoral Fellow at York University (United Kingdom) 
 
Research Interests 
Radical chemistry and biology, reaction mechanism, kinetics, silicon-centered radicals, sulfur-
centered radicals, oxidative stress, reactive oxygen species, biomimetic models, ionizing 
radiation, hydroxyl radical, DNA damage and repair, and trans-lipids  
 
Selected Honors & Awards 
Director, NATO Advanced Study Institute on Sulfur-Centered Reactive Intermediates in 
Chemistry and Biology (1989); Fluka Prize: Reagent of the Year (1990); NATO Senior 
Fellowship (1991); Director, NATO Advanced Study Institute on Chemical Synthesis: Gnosis 
to Prognosis (May 1994); Chair, COST Action CM0603: Free Radical in Chemical Biology 
(2007–2011); The Cheves Walling Lecture (2009); Chairman, EUCHEM Conference on 
Organic Free Radicals (2010); Chair, COST Action CM01201: Biomimetic Radical Chemistry 
(2012–2016). IOCF Yoshida Lectureship, Kyoto/Osaka (2017). Maria Skłodowska-Curie 
Medal, Kraków (2025). 
Visiting Scientist/Professor at NRCC Ottawa (1986), University of Basel (1990), University of 
Melbourne (1999), Université Pierre et Marie Curie (2000), Ludwig-Maximilians-Universität 
München (2008), Université Pierre et Marie Curie (2009), Adam Mickiewicz University (2019). 
Co-Founder and President of the spin-off company Lipinutragen (2005-2023).  

 
Publications in Chemical Reviews 
1. Chatgilialoglu, C. Structural and chemical properties of silyl radicals. Chem. Rev. 1995 95, 1229. 
2. Chatgilialoglu, C.; Crich, D.; Komatsu, M.; Ryu, I. Chemistry of acyl radicals. Chem. Rev. 1999, 99, 1991. 
3. Chatgilialoglu, C.; Ferreri, C.; Melchiorre, M.; Sansone, A.; Torreggiani, A. Lipid geometrical isomerism: from 

chemistry to biology and diagnostics. Chem. Rev. 2014, 114, 255. 
4. Chatgilialoglu, C.; Ferreri, C.; Landais, Y.; Timokhin, V.I. Thirty years of (TMS)3SiH: a milestone in radical-ba

sed synthetic chemistry. Chem. Rev. 2018, 118, 6516.  
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Fifty Years of Free Radicals: It's been an incredible journey 

Chryssostomos Chatgilialoglua,b  

a Center for Advanced Technologies, Adam Mickiewicz University, 61-614 Poznań, Poland 
b Istituto per la Sintesi Organica e la Fotoreattività, Consiglio Nazionale delle Ricerche, 40129 Bologna, Italy 

chachr@amu.edu.pl or chrys@isof.cnr.it 
 

Keywords: free radical ● silane ● thiol ● DNA damage ● trans lipid

This retrospective provides a comprehensive overview of a five-decade research journey at 
the forefront of free radical chemistry.  

Our early work redefined the role of Group 14 elements—specifically silyl radicals—leading to 
the discovery of transformative reagents for synthetic organic chemistry and the development 
of innovative materials. 

Transitioning from pure synthesis to the biological frontier, we pioneered biomimetic radical 
chemistry to decode radical behavior within the complex aqueous and lipid environments of 
living cells. A cornerstone of this research is the discovery of radical-based cis-trans 
isomerization in phospholipids, a mechanism that effectively bridges fundamental chemical 
kinetics with clinical diagnostics. 
 
By leveraging ionizing radiation as a tool for fundamental discovery, we identified specific 
chemical signatures of oxidative stress and established robust analytical protocols for damage 
assessment. Notable breakthroughs include the characterization of unique DNA lesions, such 
as 5',8-cyclopurines, and the elucidation of sulfur-centered radical chemistry in peptide and 
protein modifications.  
 
Collectively, these contributions underscore the indispensable role of free radicals as a 
multidisciplinary bridge linking Chemistry, Biology, and Medicine. 
 

Selected Books 
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Pyridines belong to the most abundant heteroarenes in medicinal chemistry and in 
agrochemical industry. In the lecture, highly regioselective pyridine C-H functionalization 
through a dearomatization/rearomatization sequence will be discussed. The dearomatized 
oxazino pyridines can be easily prepared on a large scale, and meta-functionalization becomes 
achievable through light-initiated radical alkylation and ionic transformations.[1] As example, 
using such an approach meta-fluorinated pyridines are readily accessible.[2] The same 
intermediates upon protonation to give the corresponding pyridinium salts also allow the highly 
regioselective radical Minisci para-alkylation.[3,4] In addition, Cu-catalyzed meta-arylation[5] and 
switchable radical para/meta-difluoromethylation[6] through such intermediates will be 
presented. Radical meta-nitration[7] and ionic meta-hydroxylation[8] work equally well through 
such intermediates. Finally, it will be shown that this dearomatization concept is also applicable 
to pyridine skeletal editing.[9] Further, it will be discussed that an alternative radical 
dearomatization process can be used for C to N mutation in indoles and benzofurans.[10]  
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Phosphines serve foundational and diverse roles in organic synthesis, ranging from 
stoichiometric reagents and versatile ligands to powerful main group catalysts. Our group has 
focused on expanding the utility of phosphorus beyond its traditional closed-shell reactivity by 
investigating the chemistry of odd-electron phosphorus species known as phosphoranyl 
radicals. We envisioned that these high-energy intermediates could be accessed under mild 
conditions by merging phosphines with visible-light photoredox catalysis in the presence of a 
nucleophile. This talk will describe our exploration of the synthetic opportunities afforded by 
these intermediates to promote a variety of transformations, including catalytic deoxygenation 
and hydroamination reactions. By leveraging phosphorus as a redox mediator, we have 
developed methods that facilitate challenging bond-forming events from simple and abundant 
precursors. Furthermore, we will discuss our detailed mechanistic studies directed at 
understanding the structure-reactivity relationships that govern these systems. Through a 
combination of experimental and computational analysis, we have elucidated how the 
phosphine structure and reaction parameters dictate reactivity and selectivity. Ultimately, these 
findings provide a predictive framework for the continued development of phosphorus-
mediated radical catalysis in modern synthetic chemistry. 
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Aromatic compounds are among the most important structural motifs in high-value materials, 
including pharmaceuticals, agrochemicals, and functional materials. Their synthesis 
traditionally relies on the stepwise installation of substituents onto an aromatic core, following 
well-established reactivity rules that dictate regioselectivity and functional group compatibility. 
While powerful, this approach inherently constrains access to diverse substitution patterns and 
often requires lengthy synthetic sequences. 
 
In this presentation, I will discuss our recent work demonstrating how amine-ligated boryl 
radicals can be harnessed to directly target and borylate a broad range of aromatic 
compounds, including azines, azoles, and benzenes.[1] This reactivity provides a fundamentally 
different, metal-free approach to aromatic C–H borylation that bypasses the need for traditional 
transition-metal-mediated C–H activation strategies. Particular emphasis will be placed on the 
factors governing reactivity and site selectivity, including the electronic and structural features 
that control borylation at specific positions within aromatic frameworks. Mechanistic studies 
revealing how radical polarity, aromatic substitution patterns, and intermediate stability 
influence the outcome of these transformations will also be discussed.  
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Radical reactions constitute one of the most basic tools for molecular transformations with 
characteristics distinctly different from ionic reactions due to the intrinsic property of a radical 
as an open-shell species with an unpaired electron. The unique reactivity of organic radical 
intermediates allows for otherwise inaccessible forms of bond construction, yet selectivity 
issues that determine the product bond connectivity and stereochemistry must be addressed 
for taking full advantage of the radical reactions in assembling organic molecules. We have 
tackled this challenge by simply merging the organic ion-pair catalysis with single-electron 
oxidation and reduction processes with visible-light photosensitizers and have demonstrated 
the effectiveness of this approach.1 At the same time, we have been pursuing the development 
and application of organic radical catalysts capable of facilitating radical generation and 
subsequent bond formations. One direction is the design of photocatalysts, specifically 
zwitterionic acridinium amidates (1)2 and diarylboryl halothiophenols (2)3, considering the lack 
of diversity in the structure and function of catalysts that act harnessing the energy of visible 
light. These catalysts exert multiple functions via the generation of excited-state radical pairs. 
Another direction is to devise modular thiazole-2-thiones (3)4 that form excited-state triplet 
biradicals effective for radical covalent catalysis. In this presentation, I would like to share 
recent advancements in these research streams, with a focus on the latter attempt. 
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Figure 1. Representative structures of organic radical catalysts 
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In this presentation, I will focus on two different topics from my research group, moving from 
the design of new photosensitizers to the development of powerful redox catalysts 

 
1. Based on experimental evidence and mechanistic information, we have identified and 
structurally optimized a new family of photosensitiser.1 This class of molecules is characterized 
by a short S1-T1 gap. We observed and increased selectivity in the strain-release 
functionalization of azabyclic scaffolds. This new reaction manifold grants access to highly 
functionalized azetidine scaffolds. 

 
2. We have designed and developed two new classes of photoredox catalysts (PCs) 
capable of activating diverse types of redox inert substrates. To do so, we have used i) a 
catalytic proton-coupled electron-transfer (PCET) manifold;2 and ii) an unconventional 
regenerative photocatalytic mechanism.3 
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Acridinium salts have been employed as excited state oxidation catalysts for numerous 
synthetic transformations as they readily access excited state reduction potentials in excess 
of +2.0 V vs. SCE.[1] Recently, our laboratory has discovered that the one-electron reduced 
species, the neutral acridyl radical, can also undergo photoexcitation to access a twisted 
intramolecular charge transfer (TICT) excited state (Figure 1), which is a potent single electron 
reductant (E1/2 = –3.36 V vs. SCE).[2] While the TICT was characterized by transient absorption 
spectroscopy, the mechanism of reduction it is capable of was unknown. This lecture will 
present transient absorption, electrochemical and EPR spectroscopic data that has elucidated 
the mechanism of the reductive chemistry of this TICT state along with the organic 
transformations that are possible utilizing this potent excited state reductant. 

 

   
 

Figure 1. Acridyl Radical Excited State Electronic Transition 
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This presentation will discuss the design of organic photoredox catalysts and their employment 
in polymer and small molecule synthesis.[1]  
 

 

 
 

Figure 1. Reduction of arenes to cyclohexadienes using an organic photoredox catalyst. 
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Radical reactions have enjoyed widespread applications in both small molecule and 
macromolecule synthesis. However, it remains challenging to control the stereochemistry of 
radical transformations and to discover novel modes of radical catalysis which are not known 
in either organic chemistry or biochemistry. Combining synthetic chemistry, enzymology and 
protein engineering, our group advanced two new biocatalytic strategies for stereoselective 
free radical processes. First, by capitalizing on the innate redox properties of first-row 
transition-metal cofactors, we repurposed and evolved natural metalloproteins to catalyze 
unnatural radical reactions in a stereocontrolled fashion. Through a metalloenzyme-catalyzed 
(pseudo)halogen transfer mechanism (XAT, X = F, Cl, Br, I, N3, SCN and OCN), a range of 
radical C–C, C–F and other C–X bond forming reactions proceeded with excellent total 
turnover numbers (up to 20,000) and outstanding stereocontrol. Second, by merging visible 
light photoredox catalysis and biocatalysis, we advanced a novel mode of pyridoxal radical 
biocatalysis which is new to both chemistry and biology. Cooperative photobiocatalysis allowed 
us to repurpose structurally and functionally diverse pyridoxal phosphate (PLP)-dependent 
enzymes as radical enzymes, leading to novel radical PLP enzymology. Pyridoxal radical 
biocatalysis provides stereoselective and protecting-group-free access to numerous useful 
non-canonical amino acids, including those bearing a stereochemical triad and/or 
tetrasubstituted stereocenters which remained difficult to prepare by other chemical and 
biocatalytic means. The ability to perform diversity-oriented synthesis combinatorially through 
previously elusive biocatalytic C–C bond formation marks a synthetically valuable advance, 
paving the way for broader adaptation and application of biocatalysis in medicinal chemistry. 
Furthermore, we demonstrate that the exploitation of biocatalyst-photocatalyst synergy affords 
a new paradigm to design and develop a range of stereoselective intermolecular radical 
reactions using new mechanisms. 
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The accumulation of plastic waste presents one of the most significant environmental 
challenges of the 21st century, necessitating a transition from a linear to a circular polymer 
economy. While traditional recycling methods often result in "downcycling" and loss of material 
properties, chemical depolymerization offers a pathway to recover high-purity monomers which 
can then be used to make new virgin grade materials.1 For some vinyl polymers, 
depolymerization is thermodynamically favorable at relatively low temperatures (e.g. below 
200°C). However, the primary kinetic barrier lies in the "reactivation" of an inert polymer chain 
into a reactive macroradical capable of unzipping. Our group has demonstrated that polymers 
synthesized via reversible deactivation radical polymerization (RDRP) can be effectively 
exploited for low-temperature depolymerization. In these systems, well-defined chain-end 
functionality provides a chemically accessible initiation point, enabling high monomer 
conversion driven thermally, photolytically, or electrochemically. The "control" inherent to 
RDRP can also afford a precisely managed depropagation process, serving as a powerful 
analytical tool for sequencing multiblock copolymers, and enabling the morphological tuning of 
polymeric micelles.2, 3 Despite these successes in "recyclability-by-design," commercial 
materials like Plexiglass (PMMA) lack specialized end groups. To address this, we developed 
a mid-chain activation approach.4 By strategically abstracting hydrogen atoms from the 
polymer backbone, we generate unstable mid-chain radicals that undergo beta-scission and 
subsequent unzipping. This method facilitates the low-temperature chemical recycling of 
commercial-grade PMMA, bridging the gap between sophisticated synthetic polymers and the 
bulk materials currently found in the waste stream. 
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Drug discovery is constantly evolving to be able to generate differentiated candidate drugs 
towards unmet medical needs. Synthetic chemistry plays a key role towards this goal, and by 
applying emerging technologies, the pharmaceutical industry is undergoing a dramatic 
transformation journey. Advances in chemistry automation, robotics, AI and novel synthetic 
methods have the potential to accelerate the Design-Make-Test-Analysis (DMTA) cycle while 
saving resources. Novel synthetic methods that use abundant starting materials for the 
synthesis of chemically diverse building blocks and/or high-quality library molecules with 
desired properties and improved sustainability are highly desirable. Visible-light 
photocatalysis, allowing chemistry under mild conditions, broad functional group compatibility 
and site-selectivity, has emerged as one of these technologies and found broad application in 
drug discovery. At the same time, automation and miniaturisation have dramatically 
accelerated SAR exploration. The vast amount of data generated can be used to build AI 
models for predicting chemistry feasibility and optimal reaction conditions to enhance the 
success rate of chemical synthesis and advance synthesis planning. Finally, the 
convergence of these technologies and robotics into end-to-end synthesis platforms has the 
potential to dramatically increase scale, efficiency and pace of chemical space exploration. 
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This talk will present our recent efforts on molecular transformations and functionalization of 
azaheteroarenes such as quinolines and pyridines via SET-driven dearomatization under 
photoredox catalysis.  The resulting 1,4-dihydroquinoline/pyridine radicals, having an electron-
rich enamine character, could be manipulated through subsequent redox events, resulting in 
unique skeletal rearrangement1 and peripheral functional group transposition.2 

 
 

 
 

Figure 1. Peripheral aryl group transposition on pyridines 
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Photoactive Cp titanium complexes operate via LMCT states, producing active Ti(III) 
complexes by fragmentation.¹ Unfortunately, this pathway also decomposes the titanium 
complex via Cp radical formation.1 In order to bypass this detrimental pathway and utilize a 
HAT mediator in Ti(III)-promoted radical addition, we discovered a new active supramolecular 
adduct formed by an inexpensive and readily available Cp titanium complex and a HAT 
mediator.2 This new complex can promote the addition of C-formed radicals to aromatic 
aldehydes without the need for a sacrificial agent. 

The titanium complex and the HAT mediator are both employed in catalytic amounts under 
green light irradiation, opening the door to new studies and applications in photoredox titanium 
chemistry. 

 
Figure 1. Supramolecolar Titanium-HAT photoredox catalysis 
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Radical reactions have emerged as one of the most powerful and efficient tools for the 
construction of carbon–carbon and carbon–heteroatom bonds in organic synthesis. However, 
the development of catalytic asymmetric radical reactions to realize the stereochemical control 
of open-shell intermediates still remains a formidable challenge owing to the high reactivity of 
such free radical species. To solve this problem, our group has developed copper(I)/chiral 
anionic ligand catalyst to achieve a number of enantioselective radical transformations: such 
as the C–H functionalization, alkene difunctionalization and cross-coupling of alkyl halides, etc. 
The role of chiral anionic ligand is dual: it not only tunes the reducing capability of copper for 
the reaction initiation but also provides excellent stereocontrol induction of the reactive radical 
species through multiple models. 
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Photochemical and radical reactions have transformed modern synthesis, enabling bond 
disconnections and selectivities that are difficult to achieve through closed-shell, two-electron 
pathways. Yet the open-shell intermediates and excited states that drive these reactions 
remain notoriously hard to characterize, and harder still to predict. This talk will describe how 
computational chemistry, combined with machine learning, can illuminate the mechanisms of 
triplet-state and radical reactions and provide synthetic chemists with predictive tools for 
reaction design. 
 
I will first describe machine learning approaches that predict homolytic bond dissociation 
enthalpies with near-DFT accuracy in milliseconds.1 ALFABET has found applications in 
radical site-selectivity prediction, hydrogen-atom-transfer catalysis, and reagent design. We 
have also developed models for radical reactivity,2 and for oxidation and reduction potentials, 
that have enabled us to think about the computer-aided design of persistent organic radicals.3 
 
I will then turn to triplet excited states, where standard computational protocols often fail in 
subtle but consequential ways. Dynamic vertical triplet energies, obtained from quasi-classical 
dynamics rather than single equilibrium structures, provide a predictive metric for triplet energy 
transfer that enables quantitative prediction of catalyst–substrate compatibility.4 We have also 
characterized the pitfalls of incorrect SCF convergence to higher triplet states in DFT 
calculations, that can result in incorrect predictions of triplet energies and reactivities.5  
 
These tools enable mechanistic dissection of photocatalytic reactions, including 
enantioselective cycloadditions and a recently uncovered concerted photoeliminative 
cyclization.6 Together, these examples illustrate how predictive computation can guide the 
rational design of photochemical and radical reactions in synthesis. 
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Site-selective C(sp3)−H bond functionalization represents an important goal of modern 
synthetic chemistry. Among the available methodologies, those based on hydrogen atom 
transfer (HAT) to radical and radical-like species have attracted considerable interest and 
accordingly, the factors that govern reactivity and site-selectivity in these processes have been 
discussed in detail.1 These include bond strengths, electronic, steric and stereoelectronic 
effects, conjugation and hyperconjugation, and, with cyclohexane derivatives, torsional effects. 
Medium effects have also emerged as a powerful tool that has been successfully employed to 
alter reactivity and site-selectivity in HAT based C(sp3)−H functionalization procedures.2 

Within this framework, we have been interested in the study of HAT reactions from C(sp3)−H 
bonds, with the main objective of obtaining quantitative information on the role of structural 
and medium effects on reactivity, chemoselectivity and stereoselectivity. This goal has been 
achieved through time-resolved kinetic studies on the reactions of a prototypical alkoxyl radical 
such as cumyloxyl (PhC(CH3)2O, CumO•) with a wide variety of substrates, accompanied by 
studies on C(sp3)−H oxygenation of selected substrates with dioxiranes and with hydrogen 
peroxide catalyzed by manganese complexes. Some results of these studies will be discussed, 
accompanied by recent examples on the application of these concepts to synthetically useful 
C(sp3)−H functionalization procedures, with particular attention being devoted to the role of 
solvent effects on the reaction chemoselectivity. 
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The first part of this presentation focuses on the role of cage escape of geminate radical pairs 
formed in photoredox catalysis and on how this elementary step influences the overall quantum 
yields of photochemical reactions.[1]  
The second part addresses excited organic radicals and their function in photoredox catalysis. 
Using time resolved laser spectroscopy, we directly observe photoinduced electron transfer 
from excited organic radicals to substrate molecules and identify preaggregation of the organic 
radicals with the substrates as a prerequisite for this reactivity, owing to the picosecond excited 
state lifetimes of the radicals.[2] 
Furthermore, we provide direct evidence for photoreactions originating from higher 
electronically excited states of organic radicals (Figure 1),[3] thereby bypassing a long-standing 
principle rooted in photophysics, which implies that only the lowest electronically excited state 
of a given spin multiplicity exhibits appreciable photoreactivity. 

 

 
 

Figure 1. Bypassing Kasha’s rule with electronically excited organic radicals.  
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Here I will present pyridinium ylides as a new class of photocatalytic atom-transfer reagents 
that enable oxygen- and nitrogen-group transfer with high chemoselectivity and broad 
functional-group tolerance. The fundamental principle of this platform originates from our 
discovery that N–N pyridinium ylides undergo reversible triplet–triplet energy transfer under 
visible-light irradiation to generate highly reactive triplet diradicals. This controllable open-shell 
intermediate enabled stepwise radical [3+2] cycloadditions with activated and unactivated 
alkenes, delivering diastereoselective pyridyl lactams. Upon photocatalytic excitation, 
pyridinium ylides function as programmable oxene and imino surrogates, enabling aziridination, 
epoxidation, and oxo- and imino-transfer reactions. Furthermore, this atom-transfer logic 
extends to strain-release reactivity. In bicyclo[1.1.0]butanes, selective C–C bond cleavage 
followed by photoinduced ring reclosure provides oxygenated bicyclic architectures with new 
exit vectors, expanding access to saturated benzene bioisosteres. By positioning pyridinium 
ylides as photocatalytic atom-transfer reagents grounded in reversible triplet diradical 
activation, this work establishes a unified and programmable platform for single-atom 
incorporation, diversification, and heterocycle construction under mild photochemical 
conditions. 

 
 

Figure 1. Programmed ring opening and reclosing of BCBs under visible-light photocatalysis  
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This lecture will highlight case studies that reveal alternative elementary steps involving one-
electron processes in widely employed metal-catalyzed reactions, rationalize their occurrence 
and demonstrate how such pathways can be predicted. 
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Radical chemistry is often considered primarily in terms of thermodynamic factors (e.g. BDE). 
However, kinetic aspects (e.g. radical polarity) are similarly important in predicting and 
troubleshooting radical reactivity. We have recently reported a database with experimentally 
validated DFT calculations of >500 radicals that are commonly invoked in organic synthesis.1 
Enabled by machine learning (ML) tools, we have now expanded this database to >10 million 
radicals whose polarity can be instantly predicted, including through a new web application. 
With this larger dataset, we then conducted a meta-analysis on hundreds of rates for each 
radical reaction class – quantifying the relative impacts of various thermodynamic and kinetic 
factors (BDE, polarity, sterics). We are excited to share these preliminary findings with our 
fellow radical enthusiasts. 
 
 

 
 

Figure 1. Radical Polarity (v2.0): A significantly larger database and meta-analysis enabled by machine learning 
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Oxidative multisite proton-coupled electron transfer (MS-PCET) reactions, particularly those 
occurring under metal-free pho¬to¬catalytic conditions using visible light, have emerged as a 
promising tool for the activation of strong O-H bonds in (cyclo)alkanols. However, these 
methods often require the use of e-rich arene-containing derivatives (para-methoxyphenyl 
(PMP), etc.) – a factor that greatly restricts their broader applicability.  
Herein, we report the successful implementation of targeted modulation of the base partner 
in photocatalytic cascade reactions of cyclic alcohols, unlocking previously rather 
inaccessible, non-activated substrates. This approach successfully circumvents the prevalent 
limitations of ring-opening transformations of cycloalkanols by deliberately promoting base-
alcohol interactions. As a result, we here demonstrate a general, operationally simple and 
widely applicable protocol for the redox-neutral transformations of cycloalkanols into 
terminally C(sp3)-C(sp3)-coupled, functionalized open-chain products.[1] 

 

 
 
In-depth NMR-based H-bond analysis have elucidated the key importance of additional weak 
interactions in promoting a pivotal productive alcohol-base pre-organization were directly put 
into practice to successfully pioneer remote alkylative Giese-type C-C-bond formations of 
previously challenging alkyl-substituted cycloalkanols.  
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Stable and transient free radicals constitute versatile molecular platforms owing to their 
distinctive redox, magnetic, and (photo)chemical properties. Through rational design, radical-
based systems can be tailored de novo to meet the specific requirements of advanced 
applications, including enhanced nuclear magnetic resonance (NMR) spectroscopy and 
energy storage in aqueous organic redox flow batteries (OARFBs). 

In this work, we demonstrate that expanding the chemistry of nitroxide (bi)radicals opens 
new avenues in both spin dynamics and energy storage. Also, we show that transient spin-
correlated radical pairs generated from donor–chromophore–acceptor architectures can 
enhance 1H NMR signals by up to two orders of magnitude. 

The intrinsically low sensitivity of NMR spectroscopy remains a major limitation for probing 
structure and dynamics in solids. Dynamic nuclear polarization (DNP), based on microwave-
driven polarization transfer, has emerged as a powerful strategy to enhance NMR sensitivity 
across a wide range of sample types. Complementarily, optical approaches can generate 1H 
and 13C hyperpolarization in solids at high magnetic fields. Here, we report a photochemically 
induced DNP (photo-CIDNP) mechanism enabled by a donor–chromophore–acceptor 
system, in which the excited-state electron–electron interaction matches the nuclear Larmor 
frequency. This design allows efficient hyperpolarization under high-field conditions. Via 
polarization relay, bulk signal enhancements (ε ≈ 100) were achieved for 1H nuclei at 9.4 and 
21.1 T under magic-angle spinning at 100 K.[1] These results establish a general framework 
for light-driven hyperpolarization strategies in high-field solid-state NMR. 

Beyond spectroscopy, the transition toward renewable energy sources necessitates efficient 
and sustainable energy storage technologies. Aqueous organic redox flow batteries 
represent a promising alternative to current vanadium-based systems, benefiting from the 
use of earth-abundant and tunable organic materials. However, further improvements in 
solubility, redox properties, kinetics, and long-term stability are required. We show that finely 
tuned radical organic molecules (ROMs) provide a powerful platform to address these 
challenges,[2] towards the development of high-performance, cost-effective, and 
environmentally benign OARFB systems. 
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Hydrogen atom transfer between the unsaturated sidechains of membrane phospholipids and 
peroxyl radicals derived therefrom propagates lipid peroxidation, a chain reaction that leads to 
cell death.[1] This form of cell death, termed ferroptosis, contributes to neurodegeneration and 
ischemia-reperfusion injury following organ transplant or stroke. Despite decades of research 
on the inhibition of lipid peroxidation by small molecules, no clinically validated therapies that 
selectively target ferroptosis are available. Phenoxazines are among the most reactive 
compounds to peroxyl radicals identified so far (k > 107 M-1s-1), easily out-competing 
surrounding lipids for propagating radicals, and unlike other similarly reactive scaffolds, are 
remarkably robust in air.[2] These unique attributes translate to biological contexts, where they 
are among the most potent inhibitors of lipid peroxidation and ferroptotic cell death, and – with 
appropriate substitution – resistant to oxidative metabolism.[3] We recently discovered[4] that 
directing phenoxazines to the membranes of lysosomes markedly enhances their activity. A 
similar increase in the potency of phenolic and non-canonical inhibitors of lipid peroxidation 
suggests that lysosome-targeting represents a general strategy for augmenting ferroptosis 
suppression. Molecular dynamics simulations indicate that lysosome-targeted phenoxazines 
accumulate near the membrane–water interface, in proximity to the unique reactive sites of the 
polyunsaturated lipids implicated in ferroptosis. A representative lysosome-targeted 
phenoxazine afforded unprecedented protection from acute kidney failure and death resulting 
from inactivation of ferroptosis suppressor GPX4. These findings identify subcellular 
localization and proximity to the membrane interface as determinants of ferroptosis 
suppression and support a functional role for lysosomes in ferroptotic cell death, while 
providing a widely bioavailable, brain-penetrant scaffold to advance toward the clinic. 
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The donor-acceptor ability of frustrated Lewis pairs (FLPs) has led to widespread 
applications in recent years.[1] Recently, it was shown that single electron transfer (SET) from 
a Lewis base donor to a Lewis acid acceptor can produce a frustrated radical pair (FRP) 
species. This depends on both the substrate and energy required (photochemical or thermal) 
to promote an FLP into an FRP.[2] In this talk, I will discuss C–C[3,4]  (see Figure 1), C–N, and 
C–S[5,6] bond forming reactions using FLPs. The nature of these reaction pathways as well as 
their selectivity has been investigated by extensive electron paramagnetic resonance (EPR) 
studies, kinetic studies, and density functional theory (DFT) calculations to elucidate the 
mechanism of these coupling reactions.  
 

 
 

Figure 1. Cross-coupling reactions using FLPs. 
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Since 2015 we have been implementing Photochemistry in flow at Johnson & Johnson as a 
new tool to access challenging chemical compounds to accelerate our Discovery programs. 
We have achieved important impacts on several programs from different therapeutic areas: 
neuroscience, oncology, infectious diseases and immunology to name a few. We have also 
made photochemistry a common tool for increasing F(sp3) and improving pharmacokinetic 
properties on our molecules by enabling key transformations, such as C(sp3)-C(sp2) bond 
formation. 

In order to maximize these methodologies, we combined flow photochemistry with automation 
to enable the preparation of challenging molecules in library format, optimize novel 
transformations using High Throughput Experimentation (HTE) and combine different 
chemistries to enable multistep synthesis of drug like compounds in an assembly line mode. 

In this presentation we will show how we can harness different photochemical approaches to 
be used in medicinal chemistry and expand the chemical space available for drug discovery. 
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The sulfinyl-Smiles rearrangement has emerged as a powerful platform for stereocontrolled 
aryl migration, enabling the synthesis of enantioenriched architectures under mild photoredox 
conditions. In this talk we will discuss how chiral sulfinylamides and sulfoxides bearing olefinic 
moieties were designed to achieve asymmetric alkene functionalization through radical-
mediated difunctionalization and remote arylation. 

A visible-light-driven remote arylation of alkenes was developed, proceeding via radical 
addition, site-selective 1,n-hydrogen atom transfer (1,n-HAT), and stereocontrolled sulfinyl-
Smiles rearrangement. This cascade furnishes chiral α-arylated amides with excellent 
enantioselectivity (up to >99:1 er). Mechanistic studies indicate that the sulfinamido auxiliary 
dictates stereocontrol, with aryl migration as the rate-determining step. 

In addition, a stereocontrolled 1,5-carbosulfonylation and dicarbofunctionalization of 
vinylcyclopropanes was realized through a radical sequence involving addition, C–C bond 
cleavage, aryl migration, and desulfinylation, affording diverse chiral α-allylic amides with 
broad functional group tolerance. 

Finally, an atom-economical variant employing chiral sulfoxides as radical acceptors enables 
simultaneous formation of one C–S and two C–C bonds while retaining the sulfoxide moiety, 
delivering valuable sulfoxides and sulfones with high enantiocontrol (up to 96:4 er). 

This body of work establishes the sulfinyl-Smiles rearrangement combined with alkene 
difunctionalization as a versatile strategy for accessing complex enantioenriched molecules 
through asymmetric radical chemistry. 
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Sulfonium salts are now established as indispensable partners in cross-coupling.1 For 
example, in photocatalytic and photochemical couplings,2,3 their use can offer advantages over 
processes involving organohalides or other pseudohalides in delivering carbon-centered 
radical intermediates for precision bond formation.  
We have shown that oxygen-centered radicals can also be formed from sulfonium salts.4 
Convenient activation of simple and complex alcohols as alkoxysulfonium salts,5 formed by 
straightforward coupling of alcohols with sulfoxides, allows alkoxy radical generation under 
mild photochemical conditions.4 Exploitation of the alkoxy radicals in efficient intermolecular4  
and intramolecular6 couplings to alkenes delivers complex ethers, while fragmentation and 
rearrangement processes allow alcohols to be repurposed and valorized.7 

 

 
 

Figure 1. Activation of alcohols as sulfonium salts in photocatalytic intermolecular additions to alkenes 

 
Acknowledgements 
The Engineering and Physical Sciences Research Council (EPSRC) (EP/T013419/1), 
University of Manchester, and Pharmaron UK. 
 
References 
[1] (a) Bai, Z.; Ritter, T. Nat. Synth. 2025, 4, 1187. (b) Timmann, S.; Feng, Z.; Alcarazo, M. Chem. A Eur. J. 2024, 
30, e202402768. (c) Wu, X.; Gao, P.; Chen, F. Eur. J. Org. Chem. 2023, 26, e202300864. 
[2] Péter, Á.; Perry, G. J. P.; Procter, D. J. Adv. Synth. Catal. 2020, 362, 2135. 
[3] van Dalsen, L.; Brown, R. E.; Rossi-Ashton, J. A.; Procter, D. J. Angew. Chem. Int. Ed. 2023, 62, e202303104. 
[4] Zhao, H.; Filippini, D.; Chen, Y.; Gallego-Gamo, A.; Natrajan, L. S.; Pantaine, L.; Romano, C.; Procter, D. J. Nat. 
Chem. 2026, 18, 398. 
[5] Brown, R. E.; Kaur, N.; Nassoy, A.-C. M. A.; Romano, C.; Procter, D. J. Angew. Chem. Int. Ed. 2026, 65, e25298. 
[6] Gao, S.; Zhao, H.; Berreur, J.; Procter, D. J. Unpublished results. 
[7] Zhao, H.; Duran, J.; Berreur, J.; Procter, D. J. Unpublished results. 

S

O

• no strong oxidant/no strong base • kg-scale synthesis in industry

photo-flow reactor

OH S

O

O O

 nucleophile

• functional group tolerance • chemodivergent

Tf2O photocatalyst
456 nm LEDs



 
14th International Symposium on Organic Free Radicals (ISOFR-14)  
7–10 June 2026, Bologna, Italy 

 

Sami Lakhdar 
 

CNRS Research Director  
CNRS/Université Toulouse,  
Laboratoire Hetérochimie Fondamentale et Appliquée  
(LHFA, UMR5069), 118 Route de Narbonne, 
31062-Cedex 09 Toulouse, France 
E-mail: sami.lakhdar@utoulouse.fr 
LinkedIn: https://www.linkedin.com/in/sami-lakhdar-10013555/  
 
Academic Positions & Education 
Since 2024 : Professeur Chargé de Cours (PCC) - Ecole Polytechnique (Palaiseau) 
Since 10/2023 : Research director at CNRS (LHFA) 
Since 03/2020 : Group leader at LHFA–Toulouse. 
01/2013–02/2020: CNRS researcher at ENSI–Caen (Normandie Université). 
01/2007-12/2012: Postdoctoral researcher at LMU (group of Prof. Dr. Herbert Mayr). 
11/2006 : Dissertation in Organic Chemistry, Institut Lavoisier Versailles (ILV), France, (Prof. 
François Terrier) 
09/1996 – 03/2001: Studies of chemistry at the University of Monastir, Tunisia. 
 
Research Interests 
Physical Organic Chemistry, Phosphorus Chemistry; Photoredox Catalysis 
 
Honors & Awards 
Alexander von Humboldt Fellowship (2007-2009); Klaus Römer award for postdoctoral 
researchers (2013); Thieme Journal Award (2013); Jean-Pierre Sauvage Award from the 
French Chemical Society (SCF) (2019); Jean-Marie Lehn Award from the French Chemical 
Society (SCF) (2024), and Minafin Prize from the French Academy of Sciences (2024). 
 
Selected Publications 
1. Rammal, F.; Gao, D.; Boujnah, S.; Hussein, A. A.; Lalevée, J.; Gaumont, A.–C.; Morlet-Savary, F.; Lakhdar, S. 

Photochemical C–H Silylation and Hydroxymethylation of Pyridines and Related Structures: Synthetic Scope 
and Mechanisms. ACS Catal. 2020, 10, 13710. 

2. Chérif, S. E.; Ghosh, A.; Chelli, S.; Dixon, I. M.; Kraiem, J.; Lakhdar, S. Merging Grubbs second-generation 
catalyst with photocatalysis enables Z-selective metathesis of olefins: scope, limitations, and mechanism. 
Chem. Sci. 2022, 13, 12065. 

3. Ghosh, A.; Nguyen, T. H. V.; Bellanger, C.; Chelli, S.; Ahmad, M.; Saffon-Merceron, N.; Taillier, C.; Dalla, V.; 
Mayer, R. J.; Dixon, I. M.; Lakhdar, S. Unraveling C–Selective Ring-Opening of Phosphiranes with Carboxylic 
Acids and Other Nucleophiles: A Mechanistically-Driven Approach. Angew. Chem. Int. Ed. 2024, 64, 
e202414172. 

4. Ghosh, A.; Hussein, A. A.; Liu, J.; Wu, H.; Chelli, S.; Saffon-Merceron, N.; Guo, X.; Lakhdar, S. Visible-Light 
Unlocked Carbene Insertion and Radical Release in a Structurally Constrained Pincer Phosphorus 
Compound. Angew. Chem. Int. Ed. 2026, e9531020. 

 

  



 
14th International Symposium on Organic Free Radicals (ISOFR-14)  
7–10 June 2026, Bologna, Italy 

 

Mechanistically Guided Strategies for the Design and 
Synthesis of Organophosphorus Compounds 

Sami Lakhdar 

CNRS/Université de Toulouse, Laboratoire Hetérochimie Fondamentale et Appliquée (LHFA, UMR5069),  
118 Route de Narbonne,31062Cedex 09 Toulouse, France 

 

Sami.lakhdar@utoulouse.fr 
 

Keywords: Main Group chemistry ● Physical Organic Chemistry ● Photochemistry 

In recent years, the field of visible light-mediated organic transformations has undergone a 
significant revival, profoundly influencing the methodologies for synthesizing organic 
molecules.1 

This talk will explore the crucial role of physical organic chemistry in both understanding and 
innovating photoinduced chemical reactions.  

The first part of the talk will focus on the formation of carbon-carbon and carbon-heteroatom 
bonds facilitated by visible light, while the second part will examine how well-designed 
phosphorus molecules can activate inert chemical bonds when exposed to light.2 
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The use of transition-metal catalysis has become an indispensable asset for organic synthesis, 
particularly for the assembly of C–C bonds.[1] Among all possible metals, the use of Earth-
abundant iron for this task would represent a promising and sustainable new tool for 
synthesis.[2] However, the challenging reduction of benchmark iron salts to active species 
represents an important obstacle that hinders the broad development of reductive iron 
catalysis.  
 
Inspired by the classic photochemistry of ferrioxalate, which is known for 130 years[3] and is 
routinely used as standard for quantum yield determination, we have developed the use of 
oxalate salts as photo-activable, traceless 2-electron reductants for iron catalysis. This new 
activation mode, unprecedented within the arena of transition-metal catalysis, enable access 
to versatile reduced Fe species exploiting the innate reactivity of ligand-to-metal charge-
transfer (LMCT) excited states of iron complexes. In this communication it is presented the 
discovery and development of ferrioxalate photocatalysis,[4] a general catalytic platform with 
multiple synthetic applications featuring mild conditions and broad functional group 
compatibility. The multitasking ability of iron complexes to act as photocatalysts, reductants 
and organometallic intermediates enable transformations hitherto inaccessible to previous 
strategies based on iron catalysis or LMCT reactivity, representing a privileged new system to 
discover unprecedented transformations for organic synthesis. 
 

 
Figure 1. Ferrioxalate Photocatalysis 
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Ring-opening reactions provide an effective platform for converting readily accessible, widely 
available chiral hetero- and carbocycles into hard-to-attain stereodefined linear carbon 
chains. While Nature relies on enzymes to build complex enantiopure heterocyclic natural 
products, synthetic chemists can count on an ever-growing, wide-ranging suite of 
transformations to access chiral cyclic scaffolds (including cyclisations, ring-closing cross-
couplings, hydrogenations, pericyclic cycloadditions and cascade reactions; among many 
others), often with excellent control over multiple stereocentres formed in a single step. 
Conversely, the synthesis of linear frameworks featuring multiple stereogenic centres is 
considerably more challenging, especially when the stereochemical information is located 
away from reactive functionalities (e.g. amines or carbonyls). Yet such linear motifs are 
prevalent in lead compounds and blockbuster drugs, embedded in aliphatic chains and 
macrocycles. Our target is to leverage the enhanced complexity-generating ability and 
stereocontrol provided by the formation and functionalisation of cyclic systems to access 
highly decorated, stereodefined linear architectures via electrochemically driven ring-opening 
fragmentation reactions.  
To realise this, we developed a practical, general and selective strategy for the regio- and 
stereoselective functionalisation of C=C bonds, named “sew & cut”.1 This hinges on the 
design of novel reagents − consisting of a 1,3-dipole precursor equipped with a sulfonyl 
redox handle. These can selectively di-functionalise alkenes via “click” 1,3-dipolar 
cycloadditions, and then facilitate the telescoped SET reduction and radical fragmentation of 
the resulting heterocyclic intermediate, furnishing stereodefined building blocks. More 
recently, we extended this concept to more challenging C(sp³)–N bond cleavage reactions in 
saturated N-heterocycles.2 Here, we leveraged electrochemical conditions to facilitate the 
two-electron cathodic reduction of N-carbonyl protecting groups, generating umpoled α-
amino–α-oxy-carbanion species that promote the heterolytic ring-opening of a broad array of 
unstrained cyclic amines (including pyrrolidines, piperidines, azepines, azocanes, and N-
macrocycles), protected as N-amides, thioamides, carbamates or ureas. Our electroreductive 
protocol is readily scalable and amenable to miniaturisation for high-throughput 
experimentation, and it efficiently converts stereochemically rich N-heterocycles into highly 
decorated, stereodefined linear amides. 
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Fatty acid photodecarboxylases (FAPs) are unique light-driven enzymes that catalyze the 
redox-neutral decarboxylation of fatty acids through carbon-centered radical intermediates.[1] 
By systematically redirecting this radical pathway, we have repurposed the 
photodecarboxylase from Chlorella variabilis (CvFAP) to greatly expand its emerging photo-
promiscuous reaction landscape.[2] Specifically, herein we report four new-to-nature radical 
transformations catalyzed by CvFAP variants (Scheme 1): (i) inter-molecular Giese-type 
coupling of fatty acids with cyclic enones, enabling selective radical addition within the enzyme 
active site; (ii) intra-molecular decarboxylative radical cyclization in which nucleophilic radicals 
engage isolated C=C bonds of matching philicity; (iii) cysteine-mediated (Z)→(E) 
photoisomerization of unsaturated fatty acids, revealing an unexpected thiyl-radical-assisted 
mechanism; and (iv) radical carbohydroxylation, demonstrating the enzyme’s capability of 
olefin bis-functionalization. Guided by computational modelling, directed evolution delivered 
variants with enhanced cyclization efficiency, highlighting the evolvability of CvFAP toward 
novel radical reactivities. 
 

 
 

Scheme 1. New reactions catalyzed by variants of the fatty acid photodecarboxylase CvFAP. 

 
Together, these studies illustrate that photoenzymes can harness and channel radicals to 
enable selective bond formations from abundant carboxylic acid feedstocks and present 
CvFAP as a versatile, evolvable platform for developing novel selective radical 
biotransformations. 
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The well-known electrochemical Shono oxidation of Boc-protected cyclic amines was revised. 
Boc-protected morpholine 1, which in described conditions gives the mixture of products, was 
used as a model compound. The process was optimized for the synthesis of carbamate 3 in 
500g from 1 synthetic run. The optimized procedure was applied to the multigram synthesis of 
carbamates 6-11. Further electrophilic functionalization of the carbamates leads to latent 1,3-
bielectrophilic compounds type 12, which was subjected to classical heterocyclization with 
binucleophilic reagents. In a case of hydrazine, the corresponding pyrazoles 13, decorated in 
an unusual manner, were prepared. The proposed methodology appears to be a 
straightforward tool for the design and synthesis of MedChem-relevant building blocks. For 
example, using commercially available cyclic α-aminoacids type 14, the 5-step synthesis leads 
to the formation of α-aminoacids 15 with different linkers between the aminoacids fragment 
and the pyrazole nuclei. In the report, the scope and limitations of the above-mentioned 
methodology will be discussed. 
. 

 
Figure 1. Project outline. 
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Photocatalysts exhibiting thermally activated delayed fluorescence (TADF) are widely 
employed as photocatalysts. It has been demonstrated that both the lowest singlet (S1) and 
triplet (T1) excited states are photocatalytically active and, in presence of a sacrificial electron 
donor, can form the corresponding radical anion, which has been demonstrated to be able to 
photogenerate solvated electrons.[1]  

These photocatalysts display complex excited-state kinetics that challenge conventional 
kinetic analyses. While several approaches have been proposed to extract radiative and non-
radiative rate constants from experimentally accessible observables, many neglect the intrinsic 
singlet–triplet coupling that defines TADF systems. Here, we present a combined modeling 
and experimental investigation of quenching kinetics in TADF chromophores, focusing on the 
roles of singlet (S1) and triplet (T1) excited states in photocatalytic processes.[2] 

Experimental studies on representative cyanoarene TADF chromophores reveal that reductive 
quenching proceeds significantly faster from S1 than T1 states, while oxidative quenching 
shows comparable rates.[2] Electronic structure calculations suggest that these differences 
arise from distinct spatial distributions of hole–electron density in the excited states. On the 
other hand, T1 quenching is generally more productive than S1 quenching because of different 
cage escape yields. Due to spin-selection rules, cage escape from the triplet-derived radical 
pair is typically more efficient than from its singlet counterpart. As a consequence, we observed 
a counterintuitive result: the product quantum yield reaches a maximum at a specific quencher 
concentration and then decreases upon further increasing the quencher concentration.[3] 

Overall, this work highlights the importance of rigorous kinetic modeling for understanding and 
optimizing the production of organic radicals via TADF-based photocatalytic systems. 
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In the realm of asymmetric organic synthesis, aminocatalysis stands out as a well-
established strategy for the preparation of enantioenriched compounds under mild 
conditions.[1] Beyond its classic utilization, aminocatalysis has emerged as a highly versatile 
mode of molecular activation, as demonstrated by its successful integration with various 
synthetic approaches.[2] While combinations with metal catalysis[3] and photochemistry[4] have 
been extensively explored, the synergy between aminocatalysis and electrochemical 
activation remains largely unexplored. Herein, we present the successful merger of 
electrochemistry and aminocatalysis to perform SOMO-type transformations (Figure 1), 
expanding the toolkit for asymmetric electrochemical synthesis.[5] The methodology 
harnesses electricity to promote the oxidation of catalytically generated enamines, which 
engage in a variety of enantioselective radical processes, to afford α-functionalized 
aldehydes. Mechanistic investigations reveal the crucial role of redox additives in preventing 
catalyst degradation, furnishing the coveted compounds in good yield and high 
enantioselectivity. 
 
 

 
 

Figure 1. Electrochemistry and Aminocatalysis for SOMO Applications 
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Radical chemistry has emerged as an indispensable tool across synthetic, medicinal, and 
materials chemistry.[1] A central challenge, however, remains the precise control over the 
reactivity and selectivity of these highly reactive open-shell intermediates.[2] This presentation 
will highlight our group's recent efforts in radical-based divergent synthesis, a strategy that 
leverages common radical intermediates to access structurally diverse molecular 
architectures. 

We will discuss two key approaches: (1) functional group translocation via energy transfer 
catalysis, where we have discovered a series of photochemically generated diradical 
intermediates. Their rearrangement pathways can be divergently controlled simply by tuning 
the substrate design or the reaction time, leading to distinct molecular scaffolds from a 
common precursor.[3] (2) Divergent assembly via photoexcited palladium catalysis, where the 
choice of ligand dictates the reaction pathway, enabling the selective and programmable 
synthesis of distinct 1-azabicyclo[n.1.1]alkane bioisosteres.[4] These examples demonstrate 
how tailored catalytic platforms can predictably harness radical reactivity to build molecular 
complexity from simple precursors. 

 

Figure 1. Radical based divergent synthesis 
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A single atom in aromatic heterocycles determines the unique properties and 
activity of functional molecules, such as natural products and pharmaceutical drugs. 
However, systematic evaluation of the single-atom effect has posed a synthetic challenge, 
and multi-step procedures have been inevitable based on classical approaches. In this 
talk, I will present single-step, catalytic protocols that directly exchange a single atom in 
an aromatic heterocycle with the isoelectronic congeners under redox-neutral conditions. 
Broad compatibility was observed with various substrates and nucleophiles that contain 
common functional groups encountered in the drug discovery process. The applicability in 
late-stage functionalization was studied, where synthetic short-cuts en route to the 
heterocyclic analogs were demonstrated. Mechanistic analyses suggested that radical-
based ring-opening was initiated by polarity inversion, and further spin delocalization 
kinetically unlocks the underdeveloped pathway of direct atom exchange. 
 
 
 

 
Figure 1. Photocatalytic Furan-to-pyrrole Conversion 
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Inspired by biological rebound processes, radical ligand transfer (RLT), also referred to as 
oxidative ligand transfer (OLT), has emerged as a powerful and versatile strategy for the 
selective functionalization of alkyl radicals [1]. RLT enables direct carbon-halogen or carbon-
heteroatom bond formation via homolytic substitution at a metal-bound ligand/functional 
group (M-FG) and demonstrates broad functional-group tolerance and high catalytic 
potential. A key advantage of this outer-sphere mechanistic event is its versatility in radical-
based transformations and tunable kinetics, enabling catalytic and selective bond formation. 
Despite growing interest and mechanistic understanding, the broader application of RLT 
strategies remains underdeveloped.  
 
In this lecture, I will discuss some of the latest works from my group on how RLT catalysis 
can be boosted to open new frontiers in radical-mediated functional group transfer. By 
combining this mode of reactivity with energy sources such as visible light, electricity, or 
mechanical energy, we have introduced pathways for programmable functionalization of both 
activated and non-activated alkenes [2-5]. In addition, careful selection of organic and 
inorganic reagents enables the execution of modulative transformations that simultaneously 
introduce two distinct functionalities across small, medium, and complex alkene-based 
molecules. Exciting mechanistic studies of radical ligand transfer powered by various energy 
sources will also be highlighted.   
 
 

 
Figure 1. Synergistic catalysis enabling controllable and modulative alkene difunctionalization. 
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Efforts in the Musacchio research group are on the development of enabling chemical 
transformations to accessing valuable cationic intermediates using mild catalysis from 
unconventional starting synthons via radical intermediates. In the past few years, we have 
successfully established a visible-light photoredox catalysis platform to orchestrate the 
generation of carbocations directly from C(sp3)–H bonds to avoid the harsh requirements of 
classical SN1 conditions from organohalides, protected alcohols, etc.[1] In this talk, we will detail 
a recent discovery in our lab that this platform can also be used to generate alkene radical 
cations from homobenzylic C–X motifs (i.e. alkyl halides, protected and unprotected alcohols, 
and alkyl azides).[2]  Computational studies reveal a concerted HAT and spin-center shift (SCS) 
process to access the radical cation intermediate. We leverage this mechanism to establish a 
1,2-difunctionalization of C(sp³)–X motifs. This photocatalytic platform allows us to develop a 
suite of transformations that depart from current conventional synthetic logic for which alkyl C–
X scaffolds are confined to single-site substitutions, now transforming them into nonintuitive 
precursors for building vicinal complexity. Incorporation of the spin-center shift process in the 
platform ultimately allows for transfer of electrophilic reactivity from one carbon to another, 
allowing for the establishment of a new synthetic concept – ‘electrophilic shuttling.’ 
 

 
Figure 1. Development of a 1,2-difunctionalization of alkyl C–X motifs via a radical cation intermediate.  
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Dichotomous thinking Dichotomous thinking dominated synthetic photochemistry; a reaction 
needs a photocatalyst, or not. On one hand, exogeneous photocatalysts harvest light energy 
to induce single electron transfer (SET) events with target substrates.[1] On the other hand, 
light-absorbing target substrates or electron donor-acceptor (EDA) complexes (generally 
between stoichiometric reactants) are required.[2] Unbeknownst to many, ‘auto-photoredox 
catalysis’ (auto-PRC) is a phenomenon possessing intermediary characteristics of the two. A 
reaction intermediate, or product, acts as a photocatalyst for its own formation. Although 
autocatalysis is an important process in biochemistry, supramolecular chemistry and in 
prebiotic chemistry / origins of chirality,[3] it has enjoyed limited attention and practical 
applications in synthetic photochemistry. Elsewhere, sulfonamide and biaryl motifs are 
relevant in medicinal chemistry and ubiquitous in pharmaceuticals. Cyclic biaryl sulfonamides 
(BASNs) are emerging bioactive motifs with anticancer potential.[4] This work discloses a novel 
reductive auto-PRC pathway – applied to BASNs.[5] The power of auto-PRC is demonstrated 
via in situ photocatalyst library construction and screening. This is exemplified by identifying 
potent reductive photocatalysts applied to diverse organoradical precursors (60 synthetic 
transformations). Sulfonamides are showcased as a novel class of organophotocatalyst[5,6] 
with ‘multi-tasking’ potential that are cheap, rapidly diversifiable via auto-PRC, and scalable in 
flow. ‘Hidden’ autocatalysis was unveiled in numerous reports on photocatalysis in recent 
years and another example from our laboratory will be highlighted.[7,8]  
 

 
 

Figure 1. A: Autophotocatalytic synthesis of BASNs. B: Kinetic investigations. C: High throughput screening 
concept. D: Diverse scope of reactivity. 
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Organometallic reagents are routinely used as fundamental building blocks in organic 
chemistry to rapidly diversify molecular fragments via carbanion intermediates. However, the 
catalytic generation of carbanion equivalents, particularly from sp3-hybridized alkyl scaffolds, 
remains an underdeveloped goal in chemical synthesis. Here we disclose an approach for the 
generation of alkyl carbanions via single electron reduction of aryl alkenes, enabled by 
multiphoton photoredox catalysis.[1] We demonstrate that photocatalytically induced alkyl 
carbanions engage in intermolecular C-C bond-forming reactions with carbonyl electrophiles. 
Central to this method is controlled formation of an alkene distonic radical anion 
intermediate[2,3] that undergoes nucleophilic addition, followed by a kinetically favoured 
reductive polar crossover to produce a second carbanion available for further diversification. 
This versatility of this protocol was illustrated by the development of four distinct intermolecular 
C-C bond forming reactions with aromatic alkenes: hydroalkoxylation, hydroamidation, 
aminoalkylation and carboxyaminoalkylation to generate a range of valuable, and complex 
scaffolds.[4] 
 

 
Figure 1. caption 
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Since the 19th century, alkali metal alkoxides have been reported to cause 
hydrodehalogenation of aryl halides, i.e. conversion of aryl halides to arenes. This happens 
when the reactions are conducted in solvents with weak C-H bonds.1 The topic has been 
reviewed.2 More recently, when aryl halides are heated with alkoxides in arene solvents, then 
coupling to arenes occurs to form biaryls.3,4 Both these reaction types are known to involve 
aryl radical intermediates, but the unanswered question relates to the origin of the radicals. 
The consensus has been that alkali metal alkoxides undergo electron transfer to aryl halides 
to form the radicals, but crucial evidence has been missing. 
 

 
Figure 1. Simultaneous formation of benzyne regioisomers. 

 
 
We now show through deuterium isotope studies that deprotonation of the substrates leads to 
benzynes that initiate radical chemistry. Surprisingly, o-, m-, p- and, in appropriate cases, r- 
(remote) benzynes are simultaneously formed. 
During reactions with KOtBu, we observed low-level methylation of arenes for the first time, 
resulting from methyl radicals derived from tert-butoxide. Until now, forming methyl radicals 
from KOtBu has been attributed to electron transfer from tert-butoxide ions, followed by radical 
fragmentation. However, here we show that a different and novel mechanism applies. We will 
show the generality of the findings and suggest other cases where deprotonation of arenes by 
alkoxide bases may be important. 
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This talk will provide an overview of the research carried out in our laboratory at the University 
of Vienna, focused on the design of novel reagents and catalysts that use selenium as an 
enabling element. The presentation will progress from an initial interest in bench-stable Se(III) 
radicals[1] to the development of red-light-absorbing organic photocatalysts that merge 
concepts from transition-metal and organic catalyst design.[2] 
 

 
Figure 1. Selenoxanthylium salts as red-light absorbing photocatalysts 

 
Special emphasis will be on our group’s first work on red-light photocatalysis. We have recently 
proven that selenoxanthylium salts operate as red-light-absorbing organic photocatalysts 
under excitation at 650 nm. Incorporation of selenium into a xanthylium core shifts absorption 
toward the red region relative to lighter chalcogens (O and S). Photophysical studies define 
the excited-state topology, distinguishing locally excited and charge-transfer states. Under red-
light irradiation, the photocatalysts engage in reductive quenching and operate on up to 5.0 
mmol scale. Catalytic activity is demonstrated across multiple transformations, including [4+2] 
and [2+2] cycloadditions, C–H aminations, boronic acid oxidations, aza-Henry reactions, and 
trifluoromethylations. 
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Alcohols are among the most abundant and accessible functional groups in organic synthesis, 
yet their direct use as electrophiles in nucleophilic substitution reactions remains fundamentally 
challenging due to the poor leaving-group ability of hydroxide. Classical solutions to this 
problem—most notably Mitsunobu and Appel reactions—circumvent this limitation by 
converting alcohols into activated oxyphosphonium intermediates that undergo SN2 
displacement. Despite their enduring utility, these methods rely on explosive azo reagents in 
Mitsunobu chemistry and ozone-depleting polyhalogenated reagents (CX₄) in Appel 
halogenations, leading to safety and environmental concerns. 
 
In this talk, I will describe a photoredox-enabled strategy that recreates the core reactivity logic 
of Mitsunobu and Appel reactions without relying on their traditional two-electron activation 
modes. Photoredox catalytic single electron transfer processes are used to transiently access 
a radical manifold that synchronizes the generation of oxyphosphonium intermediates with on-
demand nucleophile generation from benign precursors. This radical–polar crossover enables 
classical SN2 substitution to proceed under mild conditions, with radical chemistry serving as 
an enabling platform rather than the bond-forming pathway itself. 
 
Using cyanation as a lead example, we demonstrate on-demand generation of cyanide from a 
stable heteroarene surrogate that is immediately consumed in substitution, eliminating the 
need for cyanide salts. The same mechanistic framework extends to halogenation reactions, 
providing Appel-type reactivity without the use of ozone-depleting reagents. Together, these 
results illustrate how photoredox catalysis can be used to orchestrate polar substitution 
chemistry, modernizing foundational activation strategies while preserving the predictability 
and stereochemical fidelity of SN2 reactions. 
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Herein, we report an electrochemical method for the equimolar cross-coupling of 
functionalized arenes and azoles, enabled by a galvanostatic alternating current (AC) 
waveform (square wave, 0.2 Hz).1 In contrast to conventional direct current electrolysis, this 
AC regime mitigates electrode passivation and overoxidation by promoting periodic 
reorganization of the electric double layer, resulting in improved mass transport and 
enhanced selectivity under mild conditions.2 The method exhibits broad functional group 
tolerance and enables late-stage amination of complex drug molecules, including gliquidone 
and fenofibrate, while accommodating diverse functionalities such as carbohydrate and 
steroid moieties to access macromolecules with molecular weights up to 910. Notably, 
benzene displays unusual reactivity under these conditions, undergoing sequential fourfold 
C–N bond formation via six single-electron oxidation events to afford 3,3,6,6-tetrapyrazolyl-
1,4-cyclohexadiene. Furthermore, the process is readily scalable through implementation in a 
tubular electro-flow reactor, achieving continuous single-pass operation with productivities of 
up to 300 mmol/day. 
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The last decade has witnessed significant advances in the field of metallaphotoredox catalysis, 
enabling a wealth of novel retrosynthetic disconnections. However, the field has largely been 
dominated by Ru and Ir-based photocatalysts and transition metal complexes. Herein, we 
detail the rich photochemistry of an N,C,N-bismuth pincer complex, which is responsible for 
both light-harvesting and bond breaking/forming steps with substrates, thus merging aspects 
of photoredox and transition-metal catalysis in a single main-group species. 
 
Initial studies revealed that the parent N,C,N-Bi(I) complex, owing to its low HOMO-LUMO gap, 
can undergo oxidative addition into various aryl electrophiles upon irradiation with low-energy 
red light.[1,2] This occurs via a dissociative electron transfer / recombination mechanism, 
resulting in well-defined LBiIII(aryl)(I) complexes. When irradiated with blue light, the latter 
species can release aryl radicals, forming the basis for several light-promoted C‒C coupling 
reactions proceeding via a BiI/II/III catalytic manifold.[3,4] While such couplings can be extended 
to alkyl iodides, these reactions follow a distinct mechanistic pathway, wherein catalytic XAT 
between the alkyl iodide and a photogenerated LBiII intermediate can form C-centered radicals 
in situ. Notably, this represents a rare example of a bona fide catalytic XAT catalyst. These 
insights are leveraged to develop several light-promoted coupling reactions of alkyl iodides 
that employ an air-stable LBiI2 precatalyst. These mechanistically-guided developments 
expand the utility of bismuth in synthetic photocatalysis. 
 

 
 

Figure 1. Conceptual relevance between metallaphotoredox manifolds and bismuth photocatalysis – bismuth 
complexes are able to harvest photons and also mediate downstream reactivity 
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Organic photocatalysts offer a solution to drive chemical transformations that are endergonic 
in the dark. The consecutive photoinduced electron transfer mechanism (ConPET), based on 
isophthalonitrile chromophores (4CzIPN or 4DPAIPN)[1], proposes a mechanism in which the 
photocatalyst (PC) is reduced to a radical anion, PC•-, followed by the absorption of a second 
photon that generates a highly reducing species, *PC•-. 
We report the investigation of the radical anions 4CzIPN•- and 4DPAIPN•-, which do not 
behave as super-reducing agents: they are short-lived (ca. 20 ps), non-emissive, and are not 
quenched by common organic substrates. Instead, the photogeneration of solvated electrons 
is observed through a consecutive two-photon induced mechanism (ConPies). These 
photogenerated solvated electrons are responsible for the exceptional reducing power of 
these photocatalytic systems.[2]  
 
 
 
 

 
 

Figure 1. Two consecutive photon-driven generation of solvated electrons 
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In recent years electrophotocatalysis (ePC) has gained more attention as a new and 
accessible tool for organic synthesis, involving the combination of light and electricity to 
close the catalytic cycle for the synthesis of diverse products [1]. Among the different 
species used in the literature as electrophotocatalysts in this approach, the 9,10-
dicyanoanthracene (DCA) is widely used due to its neutral and reduced species' 
adequate electrochemical and photochemical properties [2]. However, one important 
point to be considered in any catalytic reaction is the stability of the catalyst during the 
whole reaction. Here, we reveal that under electrophotochemical conditions, the DCA 
radical anion (DCA•‾) undergoes a cascade of transformations leading to an 
unconventional dimeric intermediate that acts as the effective photocatalyst in the 
reaction. Using operando UV-Vis spectroelectrochemistry, we tracked the real-time 
evolution of DCA through its radical anion to the formation of 9,10-anthraquinone, which 
then evolves towards the catalytically active hydrogen-bonded dimeric complex in 
presence of trace of water and oxygen. Density functional theory (DFT) and time-
dependent DFT calculations not only corroborate the dimeric structure but also predict 
its facile photoexcited reactivity within the synthetic framework.  

 

Figure 1. A) Classical approaches in electrophotocatalysis and corresponding PCs. B) This work: 
the identification and study of an in-situ electrophotogenerated H-bonding complex derived from 
DCA. 
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Synthetic chemists aspire to control each parameter involved in organic transformations, such 
as efficiency, selectivity (chemo-, regio-, enantio-selectivity), and kinetics. The next level of 
control needed for applications is the reaction's temporal and spatial trigger. This is particularly 
required for biological/pharmaceutical applications such as drug delivery or medical 
diagnostics. [1] Governing the reaction through a simple switcher is appealing, and the photo-
click concept is a wonderful tool for achieving this goal. Thus the click reaction, which has 
many advantages (kinetic, selectivity…), and is triggered by light.  Until now, the photoclick 
concept has been developed from UV to visible light. [2] However, near-infrared light presents 
many advantages, such as light penetration, biocompatibility and low energy. [3] 
 
Based on our previous works on NIR-photocatalysis driven by cyanines and squaraines[4, 5], 
we tackle the challenge of NIR-Photoclick. Herein, the NIR-photooxidation of dihydrotetrazine 
to deliver the clickable tetrazine is presented. This study includes photocatalyst design, 
optimization, and mechanistic discussion. The last point is crucial to reach the best 
photocontrol. Does the reaction proceed through a photoinduced electron transfer, reactive 
species of O2 or both?[6]  

 

 
Scheme 1: Near-Infrared Light triggered click reaction 
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The synthesis of macrocyclic scaffolds poses a provocative challenge in modern drug 
discovery.[1] Conceptuality and practicality aside, the ability to selectively modify structural 
patterns on already existing macrocyclic bioactive compounds as well as drug candidates by 
means of late-stage editing would provide a new gateway to access compounds with utmost 
relevance in drug discovery while significantly reducing the costs for accessing new 
macrocycles with preclinical data (Figure 1, top). 

We thereby report two new methods for the highly efficient construction of C(sp³)–C(sp³)-linked 
macrocycles using visible light, the first via a Pd-catalyzed decarboxylation strategy[2] and the 
second, a DeMayo-type reaction.[3,4] These approaches leverage readily available 
macrolactones and mild reaction conditions to enable direct, modular 2-atom ring expansions 
of macrocycles (Figure 1, bottom). 
 

 
Figure 1. Comparative Approaches to Macrocycle Syntheses (top) and Summary of our Current Work on 

Macrocyclic Ring Expansion (bottom) 
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Organic group-14 compounds (Si, Ge, Sn) are important building blocks in materials science, drug discovery, 
and organic synthesis.[1] While organotin reagents are widely used in cross-coupling reactions, their toxicity 
has driven the development of safer alternatives. Organosilanes and organogermanes offer high stability, 
low toxicity, orthogonal reactivity, and serve as effective radical precursors for C–C bond formation under 
complementary, operationally simple conditions.[2] However, enantioenriched organosilanes and 
organogermanes remain challenging to access, and asymmetric methods for incorporating heavier group-14 
elements lag behind those for carbon analogues.[3]  

Here we report a unified Ni/photoredox dual-catalytic platform for the asymmetric hetero-
difunctionalization of alkenes using readily accessible, bench-stable silanes and germanes. The method 
affords highly enantioenriched β-aryl germanes, β-aryl silanes, and β-vinyl silanes with broad substrate 
scope, excellent functional-group tolerance, and compatibility with late-stage modification of complex 
bioactive scaffolds. The synthetic utility of these products is demonstrated through diverse downstream 
transformations, including the first C–C bond-forming reaction employing a chiral germane as a radical 
precursor. Mechanistic studies support a Ni(0)/Ni(I)/Ni(III) catalytic cycle, establishing a general approach to 
stereodefined organosilicon and organogermanium architectures. 

Broad substrate scope (>60 examples)

Late Stage functionalizations & derivatizations

Practical, bench-stable Ge- and Si-H precursors

Mechanistic studies support Ni(0)/Ni(I)/Ni(III) cycle

High enantioselectivity (up to 98:2 er)

Versatile method (Ge- and Si- incorporation)
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The persistent (2,2,6,6-tetramethylpiperidin-1-yl)oxyl radical (TEMPO) is the quintessential 
example of oxygen-centered persistent radicals (nitroxides or nitroxyl radicals) and has 
inspired the development of numerous analogues for applications spanning synthesis, 
catalysis, chemical biology, and beyond.[1] In contrast, nitrogen-centered persistent radicals 
remain largely underexplored as redox mediators in organic synthesis, despite their stability 
comparable to that of nitroxides, straightforward preparation, and highly tunable redox 
properties. 

Recently, we have demonstrated that electron-rich organic nitrogen-centered persistent 
radicals, specifically Kuhn verdazyls, first discovered over 60 years ago,[2] are efficient and 
tunable ground-state redox catalysts.[3] Their distinct redox properties enable organocatalytic 
redox-neutral bond-forming transformations that are inaccessible with TEMPO, thereby 
overcoming key limitations of nitroxide-based persistent radicals. In this presentation, we will 
describe how this redox tunability and catalytic versatility enable important synthetic 
transformations, including organocatalytic C–H arylation/trifluoromethylation and C–B bond 
formation reactions. Additionally, we present noncatalytic applications through unprecedented, 
conceptually novel metal-free synthetic processes. 

 

Figure 1. Unique applications of Kuhn verdazyls as redox catalysts and mediators. 
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Sulfoximines have recently gained increasing popularity in pharmaceutical and agrochemical 
research as versatile bioisosteric replacement of different functional groups, such as sulfones 
and ketones.[1]  

On the other hand, fluorine-containing molecules are of great interest because of their 
significant pharmacological properties.  

Despite their value, the synthesis and use of cyclic sulfoximines remains largely unexplored, 
as well as their fluorinated variants. [2] 

Building on our previous studies on the photocatalytic difluorosulfoximination of olefins and 
propellanes,[3] we have now investigated a peculiar radical ring-closing process that grants 
selective access to complex seven-membered heterocyclic systems. 

 
Figure 1. Photoredox synthesis of fluorinated seven-membered cyclic sulfoximines. 

 

Here, a wide variety of seven-member cyclic sulfoximines are obtained under mild 
organophotoredox conditions. Using this synthetic strategy, we accessed structurally diverse 
cyclic derivatives 3 (20 examples, up to 80% yield), with high tolerance toward different 
functionalities, including halogens, ester, nitrile, etc. 
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β,β-Difluoroamino motif is frequently encountered in bioactive molecules.[1] The 
difluoromethylene group located adjacent to the nitrogen atom can significantly lower its 
basicity, thereby influencing the physicochemical properties and pharmacokinetic profiles of a 
potential drug molecule. Additionally, as an oxygen atom bioisostere, the difluoromethylene 
group may offer enhanced potency and metabolic stability.[2] 
Current approaches to the synthesis of difluoroalkylated amines usually require the use of 
prefunctionalised amides, imines, or benzotriazole derivatives as starting materials.[3] Herein, 
we present a novel method for the direct α-C–H difluoroalkylation of tertiary amines with 
structurally diverse and readily accessible difluoroalkyl halides (Figure 1). The reaction is 
proposed to operate via thermally and photochemically mediated homolysis of a halogen-
bonding (HB) complex between the amine and difluoroalkyl halide. Halogen-atom transfer 
(XAT) then provides an iminium ion, while the addition of Zn facilitates a reductive radical-polar 
crossover of the polarity-mismatched difluoroalkyl radicals to render a reactive difluoro-
organozinc reagent. Subsequent coupling of the iminium and organozinc reagent leads to the 
formation of diverse difluoroester, -amide and -ketone derivatives of amines. 

 

 
 

Figure 1. Halogen-bond promoted α-C–H difluoroalkylation of amines via in situ generation of iminium ion and 
difluoro-organozinc reagent 
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Because of their ubiquitous nature, alkenes have been the subject of extensive research and 
the olefin metathesis reaction rapidly supplanted the Wittig olefination to become the method 
of choice for preparing them.[1] More recently, metal-catalyzed and photochemical carbonyl-
olefin metathesis reactions, including the formation of the oxetane ring followed by the 
cycloreversion of the strained ring, emerged as reliable alternative strategies.[2-3] 
 
In contrast to oxetanes, fragmentation of thietanes,[4] which are their sulfur analogs, has been 
way less explored to date due to their synthetic access, which remained challenging until 
recently. Indeed, our group newly reported a domino photochemical synthesis of a wide variety 
of thietanes, where unstable thiocarbonyls are generated in situ via a Norrish-type II 
fragmentation of phenacyl[5] or pyrenacyl[6] sulfide precursors, which then participate in a thia-
Paternò_Büchi reaction with diverse alkene partners. 
 
Leveraging the straightforward synthesis to functionalized thietanes, we thoroughly 
investigated the light-induced cycloreversion of these four-membered ring sulfur-containing 
heterocycles and established a metal-free photochemical thiocarbonyl – olefin metathesis.[7] 
In this domino sequence, which provided access to a broad range of tri- and tetra-substituted 
alkenes, light irradiation promotes both the regioselective formation and subsequent 
fragmentation of the thietane intermediate. 
 

 
Figure 1. Metal-free thiocarbonyl - olefin metathesis 
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Oxazolidinone rings are essential structural motifs in organic chemistry, widely present in 
natural products and clinically important drugs, such as antibiotics and antiepileptics. Existing 
methods for synthesizing N-functionalized oxazolidinones often require harsh conditions, toxic 
reagents, or complex catalytic systems. [1] In this context, we recently reported the photoredox-
catalyzed generation of unprecedented N-oxazolidinone radicals and their addition to variously 
functionalized arenes and hetarenes, starting from a novel class of N-radical precursors. [2]  
During the control experiments, we observed that pyridinium ion precursors 1a-b are able to 
form an Electron Donor–Acceptor (EDA) complex both with inorganic bases such as NaHCO3 
(EDA-1) or with the arenes (EDA-2) (Figure 1A). Precursors 1a-b and 1-methylindole were 
selected as model substrates. After a fine tuning of the reaction conditions, we were able to 
obtain regioselectively the desired 3-(1-methyl-1H-indol-2-yl)oxazolidin-2-one in 81% of 
isolated yield under mild metal-free conditions. 
 

 
Figure 1. N-oxazolidinone radical addition to A) (het)arenes via EDA complex and B) aldehydes (enantioselective). 
 
The reaction scope was expanded to 13 different N-arylated oxazolidin-2-ones (20-81% yield) 
including unprotected indoles, thus offering the opportunity for the direct functionalization of 
tryptophan dipeptides and tripeptides. The photochemical reaction can be easily transferred to 
continuous flow conditions, thus greatly improving the reaction productivity. UV-vis absorption 
spectroscopy confirmed the presence of an EDA complex in the reaction solution. [3] After 
exploring the reactivity of these new class of electrophilic amidyl radicals with aromatic 
nucleophiles, we employed in situ formed chiral π-enriched enamines as compatible 
substrates. In a dual catalytic approach, we selected, as model reaction, precursor 1b and 
hydrocinnamaldehyde in the presence of a chiral imidazolidinone as the organocatalyst and 4-
CzIPN as the photocatalyst. After preliminary experiments resulting in moderate e.e., the effect 
of the temperature and of the organocatalyst structure were carefully evaluated and the 
reaction mechanism was investigated. We were then able to isolate (S)-3-(1-hydroxy-3-
phenylpropan-2-yl)oxazolidin-2-one in 60% yield and 85% e.e. under mild metal-free 
conditions. Lastly, flow chemistry was used to enhance the reaction performance, resulting in 
higher productivity and improved enantioselectivity (Figure 1B). [4] 
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In the realm of radical chemistry, halogen-atom transfer (XAT) is re-emerging as a powerful 
activation strategy in synthetic endeavors to engage otherwise recalcitrant organic halides 
(R3C−X, X: halogen).[1] Here, a halogen-abstracting entity is responsible for the formation of a 
C-centered radical by homolytically cleaving the C−X bond. Tin radicals have been in the 
spotlight as halogen abstractors for decades,[2] but more recently photocatalysis has brought 
to light more sustainable options, such as silyl[3a] and α-aminoalkyl radicals.[3b] 
N-heterocyclic carbene (NHC)-ligated boryl radicals, i.e. boron-centered radicals where the 
boron atom is coordinated with a NHC, have been proposed as XAT agents as well. Their use, 
however, has been mainly applied to reductive dehalogenation.[4] 
In this contribution, we present an overview of our research on NHC-ligated boryl radicals for 
C(sp³)–C(sp³) bond formation via XAT through photochemical and electrochemical pathways 
(Figure 1).[5] The mildness of the present approach is demonstrated by the fact that derivatives 
of medicinally-relevant compounds and biologically-active molecules were smoothly 
functionalized. The key role of the NHC-ligated boryl radicals in the operative reaction 
mechanism has been uncovered through a combination of experimental, spectroscopic and 
computational studies. 
 

 
 
Figure 1. NHC-ligated boryl radicals can be generated from the corresponding boranes via photochemical and 
electrochemical manifolds. These intermediates can be leveraged for XAT and disclose efficient synthetic 
methodologies. 
 
 
Acknowledgements 
The authors are grateful to have received generous funding from the Italian Ministry of the 
University and Research (MUR) under the FIS2 funding scheme (XAT2.0, FIS-2023-01733; 
L.C., V.M., E.V., G.G.). 

References 
[1] Juliá, F.; Constantin, T.; Leonori, D. Chem. Rev. 2022, 122, 2292-2352. 
[2] Giese, B.; González‐Gómez, J. A.; Witzel, T. Angew. Chem. Int. Ed. 2003, 23, 69-70. 
[3] (a) Zhang, P.; Le, C. C.; MacMillan, D. W. C. J. Am. Chem. Soc. 2016, 138, 8084-8087. (b) Constantin, T.; 
Zanini, M.; Regni, A.; Sheikh, N. S.; Juliá, F.; Leonori, D. Science 2020, 367, 1021-1026. 
[4] Ueng, S. H.; Fensterbank, L.; Lacote, E.; Malacria, M.; Curran, D. P. Org. Biomol. Chem. 2011, 9, 3415-3420. 
[5] (a) Wan, T.; Capaldo, L.; Ravelli, D.; Vitullo, W.; de Zwart, F. J.; de Bruin, B.; Noël, T. J. Am. Chem. Soc. 2023, 
145, 991. (b) Capaldo, L.; Wan, T.; Mulder, R.; Djossou, J.; Noël, T. Chem. Sci. 2024, 15, 14844-14850. (c) Wan, 
T.; Ciszewski, L. W.; Ravelli, D.; Capaldo, L. Org. Lett. 2024, 26, 5839–5843. (d) V. Morlacci, E. Venturi, G. Gallorini, 
S. Scaringi, D. Merli, A. Cerveri, G. Laudadio, P. Ronchi, L. Capaldo, ChemRxiv 2026, DOI: 
10.26434/chemrxiv.15001053/v1 
 

mailto:luca.capaldo@unipr.it


 
14th International Symposium on Organic Free Radicals (ISOFR-14) 
7–10 June 2026, Bologna, Italy 
 
 

Radical Hydrogenation of Olefins 
 

Stefan I. Chakarov,a Roman Tinkovb and Roopender Kumar a 

aDepartment of Chemistry, UCL, 20 Gordon St. London WC1H 0AJ, UK 
bDepartment of Chemistry and Biochemistry, University of California, 

Santa Barbara, CA, USA  

stefan.chakarov.22@ucl.ac.uk 

Keywords: ● radical hydrogenation ● hydrogen radical ● photoredox catalysis ● formic acid ● hydrogen atom 
transfer  

 
Hydrogenation of alkenes is a cornerstone transformation in organic synthesis, yet its 
implementation remains dominated by transition-metal catalysis and polar hydride transfer 
pathways. In contrast, the direct use of hydrogen radicals for alkene reduction has remained 
elusive, largely due to the harsh conditions typically required for the generation of a hydrogen 
atom. 
Herein, we report the first example of a radical hydrogenation of olefins using formic acid as 
the hydrogen atom source. This organophotoredox catalytic strategy enables the controlled 
generation of hydrogen radicals under mild, metal-free conditions, allowing efficient reduction 
of a broad range of terminal alkenes. The reaction proceeds via an open-shell hydrogen 
radical transfer mechanism that is fundamentally distinct from classical hydrogenation 
approaches. 
Beyond showcasing a new paradigm for olefin hydrogenation, this work establishes single 
hydrogen atoms as practical reagents in organic synthesis, enabling access to previously 
underexplored reactivity of the smallest radical. 
 
 

 
 

Figure 1. Organophotoredox-catalysed radical hydrogenation of terminal alkenes using formic acid as the hydrogen 
atom source, in contrast to conventional transition metal (TM)-catalysed methods. 
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The use of gaseous reagents in the production of active pharmaceutical ingredients 
(APIs) presents a scientific challenge due to safety concerns and efficiency limitations. 
However, the implementation of continuous-flow reactors has rapidly advanced gas-
handling technology, offering several advantages such as increased interfacial area, 
improved mass and heat transfer, and seamless scale-up. These studies introduce a 
photocatalytic platform that facilitates the alkylation of (hetero)arenes using abundant 
gaseous C1-C4 alkanes under continuous-flow conditions, overcoming the typical 
challenges of C−H bond cleavage that generally require high temperatures and 
pressures. By employing hydrogen atom transfer (HAT) catalysis, or a combination of 
HAT and nickel-catalyzed cross-coupling at room temperature, we achieve efficient 
alkylation of pharmaceutically relevant compounds without the need for 
prefunctionalized reagents2-3. This scalable and sustainable method is applicable to 
the functionalization of marketed drugs and natural products. Taken together, the 
results highlight the utility of gaseous feedstocks for late-stage functionalization, offering 
a promising strategy for lead diversification and optimization in drug discovery. 

 

 

 

 

 

 

 
Figure 1. Gaseous Alkanes Functionalization: Design of an Efficient Arylation of Light Hydrocarbon 
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N-Heterocyclic carbenes (NHCs), popular species with applications as ligands or 
organocatalysts,[1] have been given relatively little attention to their explicit redox properties. 
Although electrogeneration of carbenes by reduction of their parent imidazolium salts is well 
known,[2] only 1 example of direct observation of a reduced carbene radical anion species has 
been reported previously.[3] Other efforts have been largely limited to transient methods or 
analysis of decomposition products, due to the instability of the reduced products.[4] 
 
We present an exploration of the intrinsic electronic properties hindering the stabilisation of the 
reduced form of NHCs within progressively more delocalised frameworks and identify several 
potentially isolable radical anion species. These efforts are then crowned with our recent 
success in the isolation and crystallization of the first stable singly reduced carbene radical 
anion. Finally, through reactivity studies, the potential applications of this species are 
investigated. 
 

 
Figure 1. Square scheme highlighting the electrochemical accessibility of a carbene radical anion species, along 

with the crystal structures of the isolated species 
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The development of excited-state palladium-catalyzed alkylative cyclization reactions has 
emerged as a powerful strategy for the construction of complex heterocyclic frameworks, 
including O-cyanoacrylamides and spirocyclic architectures derived from 1,7-enynes. In this 
context, direct alkyl C–H functionalization represents an atom- and step-economical approach, 
circumventing the need for pre-functionalized substrates while enabling the use of readily 
available alkyl radical precursors. Despite significant progress in photoredox-mediated radical 
chemistry, cascade cyclizations of O-cyanoacrylamides and 1,7-enynes involving alkyl radicals 
generated from both activated and unactivated alkyl halides remain largely unexplored. the 
development of a general, broadly applicable protocol for such alkylative cyclizations is highly 
desirable. In the present strategy, a diverse array of primary, secondary, and tertiary alkyl 
halides is employed as radical progenitors under photoredox conditions, enabling the efficient 
generation of alkyl radicals. These radicals undergo addition to the carbon-carbon double bond 
of N-arylacrylamide2,  involves cyano insertion and cyclization, ultimately leading to the 
formation of alkylated phenanthridines derivatives under photoredox conditions3-4. simple 
catalytic system and mild reaction conditions, eliminating the need for harsh oxidants or 
elevated temperatures are the key highlights of this method. Hence this methodology 
significantly expands the synthetic utility of alkyl radical-mediated cascade cyclizations and 
provides a practical and efficient route to structurally complex heterocycles. 
 

 
Figure 1. Cascade cyclization of o-cyano Acrylamide and 1, 7-enynes. 
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The direct transformation of readily available aromatic feedstocks into structurally diverse 
three-dimensional heterocycles makes catalytic asymmetric dearomatization (CADA) 
reactions[1] of broad interest, providing a sustainable and straightforward synthetic route to 
medicinally relevant archetypes. However, the inherent difficulty of the disruption of aromaticity 
demands a large energy input during the dearomatization process, which could be 
incompatible with the typical conditions required by asymmetric catalysis. One promising 
approach to overcome this issue is the investigation of the excited-state reactivity of 
(hetero)arenes that may display different reactivity patterns compared to the original ground-
state ones. 
In this contribution, the successful combination of asymmetric organocatalysis with the direct 
activation of visible light[2] to develop an array of interesting organocatalytic asymmetric [2 + 2] 
dearomative photocycloadditions of the indole core[3] is presented. This methodology[4] relies 
on the excited state reactivity of transiently generated catalytic intermediates, thus enabling 
the construction of optically active polycyclic products in high levels of yield and 
stereoselectivity. The scope of the reaction was explored using a broad range of alkene 
partners, including strained substrates such as bicyclobutanes (BCBs). In addition, the 
catalytic system was successfully translated to flow conditions, demonstrating promising 
improvements in reaction efficiency and scalability. 
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Figure 1. Organocatalytic enantioselective [2+2] photocycloadditions of indole derivatives  
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Trifluoromethylation is a fundamental transformation in pharmaceutical research, contributing 
to the success of numerous marketed drugs. Recent advances in iron ligand-to-metal charge 
transfer (LMCT) catalysis have enabled the use of trifluoroacetates as CF₃ radical sources in 
(hetero)arene trifluoromethylation.[1] However, current approaches often rely on inorganic 
stoichiometric oxidants to regenerate photoactive iron species, thereby restricting functional 
group compatibility and broader applicability. 
In this work, we report a photoelectrocatalytic strategy that uses in situ-formed multifunctional 
iron catalysts to achieve C(sp²)–H trifluoromethylation without external oxidants, producing 
traceless byproducts. [2] Mechanistic investigations reveal catalytically active iron species that 
simultaneously drive trifluoroacetate photodecarboxylation and facilitate redox turnover. The 
method operates under mild, tunable and scalable conditions using visible light and electrical 
current, and demonstrates broad substrate compatibility, including challenging electron-rich 
and easily oxidizable substrates. Overall, this strategy offers a practical and sustainable 
approach for late-stage trifluoromethylation in drug discovery workflows. 
 

 
 

Figure 1. Radical C-H trifluoromethylation of (hetero)arenes with trifluoroacetates by synergistic iron electro- and 
photocatalysis.  
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The Birch reduction enables the partial hydrogenation of otherwise inert aromatic rings and 
remains a cornerstone for arene dearomatization.[1] However, the requirement for pyrophoric 
metals and cryogenic conditions limits its scalability and operational safety, motivating the 
development of milder alternatives. We therefore aimed to develop a mild and practical energy 
transfer catalyzed Birch-type reduction on heteroarenes, such as 2-Pyridones. These 
substrates combine monocyclic aromatic systems amenable to energy-transfer catalysis[2] with 
broad relevance as structural motifs in biologically active and pharmaceutical compounds.[3] In 
this study, we report the partial saturation of 2-pyridones by triplet excitation and subsequent 
hydrogen-atom transfer (HAT) events.  
 

 
Figure 1: Energy-transfer catalyzed Birch-type reduction on 2-Pyridones. 

 
Our methodology shows exceptional regioselectivity, forming the thermodynamically 
disfavored regioisomer. In addition, the developed protocol was discovered to tolerate a vast 
number of functional groups, including reductively sensitive moieties such as nitriles, alkynes, 
alkenes, ketones, and halogens. A mechanistic investigation was performed to gain a greater 
understanding of the propsed EnT-HAT reaction pathway and, in combination with DFT 
computation, the nature of the formation of the thermodynamic unfavored product was 
elucidated. Overall, we believe that this study can provide a platform from which further 
investigations into the partial saturation of monocyclic arenes can be built upon. 
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Triplet energy transfer (EnT) photocatalysis has emerged as a powerful mode of catalysis, 
providing an efficient way for the rapid and facile construction of complex molecules starting 
from simple reactants.[1] However, discovering new, suitable substrates and reactivity modes 
is hindered by the high cost of experimental and computational screening methods and the 
vastness of chemical space. To accelerate the discovery of novel EnT-mediated synthetic 
transformations, we developed an integrated digital platform that guides substrate 
identification, reaction development, and facilitates mechanistic interrogation. By training 
machine learning (ML) models on a large dataset of organic molecules annotated with 
computed triplet-state properties, we enable rapid and accurate prediction of the 
thermodynamic feasibility of EnT processes between a photocatalyst and a quencher.[2] 
Notably, these predictions are generated within milliseconds and require only the molecular 
structure as input. This capability allows for the high-throughput, in silico identification of 
unexplored substrates, which are subsequently evaluated experimentally using parallelized 
and automated screening techniques. 
 

 
Figure 1. Prediction and investigation of EnT catalysis by machine learning and high-throughput experiments 

 
Beyond substrate and reaction discovery, we generate mechanistic insights by coupling  
ML-based predictions with established physical-organic frameworks, such as Marcus and 
Rehm–Weller theory, to account for kinetic barriers associated with Dexter-type energy 
transfer.[3] To validate and translate computational predictions into experimental reality, we 
further develop an automated robotic platform and an associated open-source software suite. 
This system autonomously plans, executes, and analyzes high-throughput spectroscopic 
experiments—such as Stern–Volmer quenching studies,[4] electron donor–acceptor (EDA) 
complex screenings, and spectral scans—thereby enabling rapid feedback between 
prediction, experiment, and mechanistic understanding. 
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The functionalization of nonactivated C(sp3)‒H bonds represent a very powerful reaction, since 
such processes open to the possibility of converting these relatively inert bonds into functional 
groups suitable for further chemical transformations1. In this context, among the available 
strategies for selective C(sp3)‒H bond functionalization, methodologies based on hydrogen 
atom transfer (HAT) have proven to be successful. Factors governing HAT reactivity and site-
selectivity have been discussed in detail.2,3 Control over enantioselectivity remains however a 
challenging goal. Here, we describe a catalytic enantioselective oxidation with H2O2 and a 
chiral manganese catalyst of methylenic C(sp3)−H bonds in spiro[2.5]octane derivatives 
bearing different functional groups (FGs) at position 6. The reaction proceeds through a 
mechanism that involves the formation of a high-valent Mn-oxo species that engages in HAT 
from a substrate C−H bond, followed by a fast and stereoretentive hydroxyl transfer (O−H 
rebound) to the intermediate carbon radical4. 
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Figure 1. Manganese catalyzed methylenic C-H bond oxidation with hydrogen peroxide 
 

Reaction optimization, carried out in MeCN and in the strong hydrogen bond donor solvent 
HFIP, identified Mn1 and Mn2 (Figure 1) as the best performing catalysts. In keeping with the 
hyperconjugative activation of the C−H bonds α- to the cyclopropane ring, highly site-selective 
oxygenation products (alcohols and ketones) at this site are achieved in excellent yield and 
enantioselectivity under mild conditions. Product chemo and diastereoselective hydroxylation 
is obtained when changing the solvent from MeCN to HFIP. The synthetic versatility of these 
newly installed groups, together with the possibility to promote cyclopropane ring-opening, 
enable straightforward elaboration of the obtained chiral products. These follow-up 
transformations provide access to new structural motifs while simultaneously preserving the 
chiral information acquired in the oxidation step. 
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Nitroxide radicals are widely utilized as catalysts for the oxidation of primary alcohols. In this 
work the aerobic catalytic oxidation cycle of nitroxide radicals has been implemented within a 
mechanically interlocked rotaxane architecture. Two examples will be described: in the first 
one the rotaxane consists of a paramagnetic crown ether, which is confined by a molecular 
axle containing a dialkylammonium station and a 1,2,3-triazole unit. In the other example the 
nitroxide paramagnetic unit is incorporated in the axle and the wheel is represented by a 
standard crown ether.  
These rotaxane are engineered to exploit the oxidation of a primary alcohol: the primary 
catalyst is the nitroxide radical capable of altering its oxidation state during the catalytic cycle, 
while the co-oxidant is the Cerium(IV)/O2 couple. The synthesis of the proposed rotaxanes, 
along with their characterization using EPR, HRMS, voltammetry and NMR data, will be 
described. EPR and NMR were further employed to investigate the aerobic catalytic oxidation 
cycle. This study can aid in the design of autonomously driven molecular machines that exploit 
the aerobic catalytic oxidation of nitroxide radicals.[1] 
 
 

 
 
 
 
Figure 1. Catalytic cycle of the oxidation of primary alcohols promoted by nitroxide radicals and structure of one of the 
rotaxane synthetized and investigated in the present study. 
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The photoisomerization of azobenzenes is well established, yet the photoreactivity of 
alkynylazobenzenes has remained largely unexplored. We show that these substrates 
undergo intermolecular alkynyl difunctionalization under visible light, enabling oxoamination, 
sulfenoamination and deamination processes without the need for photocatalysts or 
transition metals.[1] We have also developed a regiodivergent cyclization of 2-
alkynylazobenzenes that provides distinct azapolyaromatic products depending on the 
catalytic system. Under visible-light irradiation with an iridium photocatalyst, a 1,5-
carboamination occurs to give 11H-indolo[1,2-b]indazoles, whereas the addition of AuCl3 
redirects the reaction toward a 1,6-cyclization, affording indazolo[2,3-a]quinolines. Control 
experiments and DFT studies reveal mechanistic divergence: a radical pathway leads to 
indoloindazoles, while a predominantly polar mechanism forms indazoloquinolines.[2]  
Additionally, fine-tuning of reaction conditions enables the regioselective hydroamination 
ofalkyes to access 3-alkenyl-2H-indazoles, either via dual gold/photoredox catalysis[3] or  
copper catalysis.[4] In the gold/ruthenium system, radical and polar pathways operate in 
parallel, whereas the copper-catalyzed reaction proceeds through C-N bond formation, 
followed by a rate-determining 1,2-hydride shift as supported by DFT. 
 

 
 

Figure 1. Visible-light and metal-controlled divergent transformations of 2‑alkynylazobenzenes 
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Radical cross-couplings experienced a renaissance over the past decade in retrosynthetic 
analysis due to the simple, convergent disconnections of challenging C-C bonds. In practice, 
all the widely employed radical precursors require some sort of exogenous redox activation 
mode. Thus, a simpler means to achieve radical cross-coupling without the use of 
exogenous redox methods would be highly attractive. Building on a provocative report 
cyclising in situ derived diazenes from sulfonyl hydrazides by Taber in 1993, we disclosed a 
remarkably general platform for metal-catalysed redox-neutral radical cross-couplings to 
forge a variety of C-C bonds.[1] Sulfonyl hydrazides are stable and crystalline substances that 
can be accessed in a variety of ways, including transiently from hydrazones, to achieve a net 
reductive arylation of carbonyl compounds. We show their utility as versatile radical 
precursors, as exemplified with seven C-C bond-forming, redox-neutral cross-couplings with 
activated olefins, alkyl halides, redox-active esters, (hetero)aryl halides, alkenyl halides, 
alkynyl halides, and a trifluoromethylating reagent, to forge C(sp3)-C(sp3), C(sp2)-C(sp3), and 
C(sp)-C(sp3) bonds. Exogenous redox (chemical, photo/electrochemical) additives are not 
necessary because these functional groups serve the dual role of radical precursor and 
electron donor. The homogeneous, water-compatible reaction conditions are operationally 
simple and contribute to streamlining synthesis and mild late-stage functionalization.  
 

 
Figure 1. Versatility of sulfonyl hydrazides as simultaneous radical and e– donors. 
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Organic radicals—metal-free molecules with unpaired electrons—exhibit unique magnetic 
and reactivity properties, enabling applications ranging from qubit implementations[¹] to 
valuable chemical transformations.[2] However, their reactive nature and the synthetic 
challenges associated with their preparation impose strict structural and electronic 
constraints, limiting broader exploitation. Developing general strategies for radical formation 
under mild conditions, using readily available and inexpensive reagents, and applicable to a 
broad range of molecules, remains a key challenge. 
Here, we present our efforts to establish nitroaromatic compounds as a versatile platform for 
radical formation, enabled by a single-electron transfer (SET) process from a wide range of 
anionic organo bases. Building on proof-of-concept studies of nitrobenzene,[3] and combining 
continuous wave (cw) X-band EPR spectroscopy, quantum chemical calculations, and 
synthesys, we demonstrate that this SET-induced mechanism operates across a broad set of 
commonly used nitroaromatic compounds, including FDA-approved drugs – these findings 
suggest a previously overlooked prevalence of nitroaromatic radical species. We further 
show how this framework resolves contested reaction mechanisms[4] and enables the 
rational exploitation of SET-derived radical pairs to access C-X (X=N, C, S) functionalization 
of nitroaromatic compounds regioselectively and in mild conditions. 
Overall, our work highlights the untapped potential of SET-driven radical formation in 
nitroaromatic compounds and opens the door to extending radical properties to other Lewis 
acids. 
 

 
Figure 1. a) Schematic representation of SET between nitroaromatics and Lewis bases. b) cw X-band EPR 

spectrum of SET generated nitro radical. c) Examples of para-functionalized isolated compounds via SET-driven 
radical cross-coupling reactions. 
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The growing interest in four-membered rings as privileged motifs in drug discovery has driven 
the synthetic chemistry community to adapt and reinvent classical approaches for constructing 
these motifs. Strain-release strategies have drawn notable attention for building complex 
architectures. Yet, while many routes exist for accessing small carbocyclic derivatives, 
azetidine synthesis remains comparatively underdeveloped. Recently, we reported a 
photocatalytic radical approach to densely functionalized azetidines derived from 
azabicyclo[1.1.0]butanes (ABBs)[1] This three-component method employs TBCzTrz as a 
photocatalyst and proceeds via triplet sensitization of an imine to furnish C3-SCF3 
sulfonylazetidines A, with Phth-SCF3 acting as a SOMOphile to incorporate the SCF3 group. 
In an unexpected twist, performing the same reaction under non-anhydrous conditions yielded 
compounds B through, switching from an energy transfer- to a photoredox-pathway.  
 

 
 

Figure 1. Dual photochemical performance for the synthesis of fluorinated azetidines 
 
Our study reveals an unforeseen photochemical reactivity of Phth–SCF3 that is governed by 
light-absorbing organic molecules, enabling fluorine incorporation at distinct positions under 
mild, user-friendly conditions.[2] The successful implementation of this discovery enables the 
direct transformation of strained ABBs and other readily available amines into structurally 
complex thiocarbamoyl fluorides, rejuvenating the chemistry of Phth-SCF3. 
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Visible-light photocatalysis enables radical transformations under mild conditions, but the 
limited energy of one-photon excitation and the narrow redox windows of most 
photocatalysts (PCs) restrict accessible reactivity. Although sequential two-photon excitation 
can expand photoredox chemistry, reported systems generally rely on reductive quenching 
with sacrificial reductants that do not contribute to product formation. Moreover, combining 
opposite redox manifolds with a single reaction remains difficult because of catalyst 
instability, self-quenching, and uncontrolled radical reactivity.[1] Here we introduce bimodal 
multiphoton catalysis, in which a structurally dynamic PC undergoes controlled bond 
cleavage after initial photoactivation to generate intermediates that, upon a second 
photochemical stimulus, mediate complementary reductive and oxidative processes. Radical 
recombination then regenerates the original PC, closing the catalytic cycle. 
 

 
 

Figure 1. Bimodal Multiphoton Catalysis via Structural Regeneration. 
 
The resulting solvated electrons (Ered < −3.3 V vs. SCE) activate inert C–Cl, C–Br, C–B, and 
C–O bonds, while the photoexcited acridinium fragment acts as a strong oxidant (E*red = +2.3 
V vs. SCE) toward silanes, BF3 salts, and boronic esters. The resulting radical partners 
combine to form the products (52 examples, up to 78% yield). Selectivity is governed by 
reversible in-situ radical coupling and by a transient acridine catalytic species, avoiding 
radical sorting agents. This platform merges two thermodynamically opposed redox cycles, 
spans a 5.7 V redox window, and operates under mild conditions, low catalyst loading, and 
without external oxidants or reductants. 
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Carboranes are icosahedral clusters,[1] distinguished by unique electronic and structural 
properties employed as analogues of aromatic moieties in known drugs, or as promising Boron 
Neutron Capture Therapy (BNCT) agents.[2] Currently, the heterolytic activations of B-H sites 
generally require costly transition metal-based catalysts and pre-installed moieties acting as 
directing groups.[3] The closely related chemical environment allow only subtle differences in 
both B-H bond dissociation energies (BDEs),[4] therefore the regioselective discrimination of 
a single B-H vertex among the ten boron sites within a carborane cage remains highly 
challenging. Lately, the photoinduced formation of B-centered closo-carboranyl radicals from 
B-I or B-N2 sites has emerged as a valuable alternative route, although so far only one example 
focuses on the direct B-H activation.[5] In this work, we describe a light mediated site-selective 
B-H functionalization to afford previously unreported xanthyl-closo-carboranes via a nitrogen-
centered radical (NCR)-mediated hydrogen atom transfer (HAT) process. The obtained boryl 
xanthates act as novel bench-stable and versatile synthetic platforms for the functionalization 
of the carborane cage to sulfur-containing functionalities, such as alkyl- and aryl sulfides, thiols, 
thioesters and sulfonyl chlorides. A deep experimental and computational study contributes to 
the mechanism, confirming a radical pathway involving the B(9) site as the most electron-rich 
boron vertex with the lowest B−H BDE.  
 

 
Figure 1. Site-selective B(9)-H xanthylation of closo-carboranes as novel synthetic platforms 
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Nature employs highly selective chemical reactions to construct nitrogen-containing molecules 
through enzymatic processes, such as amino-group transposition catalysed by 2,3-
aminomutase.1 Inspired by these transformations, our group investigates radical 1,2-amino 
migrations that proceed in the absence of enzymes. 
 
This approach enables skeletal reorganization as an alternative to de novo synthesis, offering 
new routes to amines and amino acids, including access to β-amino acids from readily 
available α-amino acid precursors.2 In this project, we explore C–O bond activation strategies 
to access β-amino radical intermediates essential for the rearrangement (Figure 1). 1,2 Amino-
alcohols serve as simple and accessible model systems for studying nitrogen rearrangements, 
with current work focused on identifying general trends in reactivity and structure toward the 
development of new radical approaches for complex amine synthesis. 
 
 

 
 

Figure 1. Our approach: Photochemical 1,2-amino migration 

Acknowledgements 
This work was financially supported by Research Ireland (GOIPG/2025/8614). 

References 
(1) Chen, Y.-H.; Maity, A. N.; Pan, Y.-C.; Frey, P. A.; Ke, S.-C. Radical Stabilization Is Crucial in the Mechanism 

of Action of Lysine 5,6-Aminomutase: Role of Tyrosine-263α As Revealed by Electron Paramagnetic 
Resonance Spectroscopy. J. Am. Chem. Soc. 2011, 133, 17152–17155. https://doi.org/10.1021/ja207766c.` 

(2) Fan, W.; Cui, Y.; Zhan, B.; Chen, Y.; Bao, L.; Liang, Y.; Zhang, X. Biomimetic 1,2-Amino Migration via 
Photoredox Catalysis. Nat. Chem. 2025, 17, 941–951. https://doi.org/10.1038/s41557-025-01775-2. 

 



 
14th International Symposium on Organic Free Radicals (ISOFR-14) 
7–10 June 2026, Bologna, Italy 
 
 

Stereoretentive Norrish–Yang Photocyclization 
through Conformational Gating 

 

Enrico Sfreddoa, Aleksa Durdevica, Andrea Palonea, Tristan von Münchowa, Nunzio Materaa, 
Andrea Mazzantia, and Paolo Melchiorrea* 

a University of Bologna, Department of Industrial Chemistry ‘Toso Montanari’  
Via Piero Gobetti 85 – 40129 Bologna, Italy 

tristan.vonmunchow@unibo.it 

Keywords: Photochemistry ● Stereoselectivity ● Radical Chemistry ● Chirality ● Photocyclization  
 
The Norrish–Yang photocyclization[1] of aryl alkyl ketones is a classical photochemical 
transformation that proceeds through triplet 1,4-diradical intermediates[2] whose conformations 
govern the fate of the reaction[3]. Despite decades of mechanistic understanding[4], directing 
the reactivity of this diradical remains difficult because it can evolve through competing 
pathways, including cyclization and Norrish type II fragmentation[5]. Achieving stereocontrol is 
even more challenging because radicals generated from enantiopure substrates are expected 
to undergo rapid configurational scrambling[6].  
Here we show that hydrogen-bond interactions encoded within chiral substrates impose 
conformational gating on the photogenerated 1,4-diradical, thereby controlling its reactivity. 
This strategy enables stereoretentive Norrish–Yang cyclizations while suppressing competing 
fragmentation pathways, providing access to highly enantioenriched cyclobutanols bearing two 
stereocentres. These results show that conformational gating can preserve stereochemical 
information in photogenerated chiral radicals, enabling a rare memory-of-chirality scenario[7] in 
solution. 
 

 
 
Figure 1. Design principle of this study: intramolecular hydrogen bonding enabled by an H bonding unit (X) within an 
enantiopure ketone substrate imposes conformational gating on the triplet 1,4-diradical, favoring syn conformers and 
slowing syn/anti equilibration, thus enabling stereoretentive Yang photocyclization. 
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Carbon monoxide is an important C1 synthon that can be used in valuable carbonylation 
reactions. Due to the hazard in handling CO, scientists adopted its in situ (photo)release 
starting from safer and stable compounds dubbed as CORMs (CO Releasing Molecules).[1]  A 
drawback of this approach is that the remaining part of the CORM (after CO loss) is wasted 
thus impacting the atom economy of the reaction. Recently, we successfully tested some 
aldehydes where the formyl group was dubbed as “HAcTive group“ having the role to direct 
the photocatalyzed hydrogen atom abstraction in the substrate.[2] In such a way, an acyl radical 
resulted that upon CO loss easily gave access to various substituted carbon-based radicals 
(e.g. tertbutyl, benzyl, α-oxy etc).[2]  We then envisaged a two-chambers apparatus (Figure 1, 
left) where in Chamber A an aldehyde underwent a HAT process upon light irradiation in the 
presence of the tetrabutylammonium salt of the decatungstate anion (TBADT). The carbon 
radical released in Chamber A then engaged a Giese reaction to forge a C-C bond via 
conjugate addition onto Michael acceptors. Meanwhile, the CO photogenerated is free to reach 
Chamber B and used in Palladium catalyzed aminocarbonylations (Figure 1, right). As a result, 
both in situ and ex-situ reactions were performed in two distinct chambers assuring a 100% 
product incorporation of the CORM structure.[3] 
 

           
 
Figure 1. Two chambers reactor for the in-situ Giese reaction and ex situ Palladium catalyzed aminocarbonylations 
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Ubiquitous and bench-stable carboxylic acids stand out as adaptive functional groups for 
accessing open-shell intermediates via light-mediated radical decarboxylation.[1,2] Indeed, 
while decarboxylative functionalization strategies often rely on preactivated derivatives-in the 
form of redox-active esters or as ligands for hypervalent iodine reagents-the direct use of 
native carboxylic acids is highly desirable. In this scenario, we recently described the use of 
naturally occurring and readily available α-hydroxy carboxylic acids (AHAs) as platforms for 
visible light-mediated oxidative CO₂ extrusion, generating α-hydroxy radicals that serve as 
versatile C₁ to Cₙ hydroxyalkylating agents.[3] Similarly, we have developed a mild strategy 
for the monofluoroalkylation of a broad range of Giese acceptors using α-
monofluorocarboxylic acids.[4] These approaches are operationally simple and enable 
molecular connectivity typically inaccessible through conventional polar chemistry. In this 
communication, we report our efforts to take a step forward in this field by describing visible-
light-mediated CO₂ extrusion from organic molecules bearing other photoredox-sensitive 
functional handles. The judicious choice of reaction parameters allows the controlled excision 
of carbon dioxide, generating carbon-centered radicals that can be intercepted by Giese 
acceptors while preserving these valuable functional groups for subsequent synthetic 
elaboration. The use of flow technology further enhances scalability and improves the green 
credentials of this methodology. 
 

 
 

Figure. Chemoselective visible-light-mediated CO₂ extrusion toward increased molecular complexity. 
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Machine learning (ML) has emerged as a powerful approach for reaction design, but its 
reliance on large datasets continues to limit its practical use for many experimental chemists. 
In this work, we redirect attention from model architecture to the often underappreciated step 
of data preprocessing. Specifically, we introduce two strategies—kinetics-driven data 
augmentation and virtual reaction generation—to improve model performance under data-
scarce conditions. 
First, we established an ML framework capable of predicting reaction profiles for geminal 
bromofluoroolefination using a minimal dataset.[1] Sparse experimental data were fitted to 
sigmoidal kinetic models, enabling the generation of augmented datasets based on easily 
obtainable descriptors, such as 13C NMR chemical shifts at reactive sites and Verloop’s 
Sterimol parameters. Importantly, integrating this augmentation approach with a conditional 
tabular generative adversarial network (CTGAN) led to a synergistic improvement in 
predictive performance. 
Second, to address the constraints of conventional SMILES-based enumeration in 
retrosynthetic analysis, we developed a cluster-based method combined with a reaction site-
centered buffer zone strategy.[2] These concepts were implemented in modules for atom 
substitution, deletion, and molecular graph recombination, allowing the generation of diverse 
and chemically meaningful artificial reactions beyond conservative transformations. 
Because both strategies operate at the preprocessing stage, they can be readily 
incorporated into a wide range of existing and future ML models. Overall, this study highlights 
the importance of thoughtful data preprocessing in enabling more effective integration of ML 
into synthetic chemistry, particularly in settings where data availability is limited. 
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Phosphorus-centered radicals are pivotal in diverse fields, yet their transient nature has 
hindered direct observation and mechanistic understanding in photocatalysis. Here, we 
employ advanced ultrawide single-sideband phase-sensitive detection time-resolved electron 
paramagnetic resonance (U-PSD TREPR) spectroscopy [1] to directly interrogate phosphorus 
radical intermediates within a photocatalytic alkene hydrogenation system. Our findings unveil 
an unprecedented pathway that revises the traditional Ar₃P–OH• radical model.[2] Rate 
constant comparisons reveal that Ar₃P•⁺ adds preferentially to alkenes rather than to water, as 
evidenced by the direct observation of the resulting carbon-centered radical adducts. 
Subsequent HAT yields quaternary phosphonium salts, which, upon complexation with sulfur-
centered anions, undergo intramolecular electron transfer to generate phosphorane radicals. 
α-Scission of the phosphorane radicals subsequently furnishes carbon radicals, which undergo 
HAT to produce the final hydrogenated products, thereby completing and elucidating the 
photocatalytic cycle. Anchored by direct spectroscopic evidence, this mechanistic pathway not 
only rationalizes the observed reactivity but also provides a predictive foundation for the 
rational design of next-generation photocatalytic systems. 
 

 
 
Figure 1. The Mechanism of Phosphine-Mediated Photocatalytic Hydrogenation of Alkenes: (A). The reaction and the 
proposed mechanism; (B). The transient EPR signals and equilibrium constants for the mono- and di-phosphorus 
radicals. (C). The transient EPR signal corresponding to the carbon-centered radical formed via addition of Ar₃P•⁺to 
the Alkene, and rate comparison: alkene vs water. (D) α-Cleavage generates the carbon radical signal. 
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Radical-mediated defluorination of polyfluoroarenes has emerged as a powerful strategy 
for C–F functionalization, yet the radical chain mechanisms governing these reactions remain 
poorly understood due to the transient nature of key intermediates.  

Here we investigate a boryl-radical-mediated defluorination reaction using ultrawide 
single-sideband phase-sensitive detection time-resolved electron paramagnetic resonance 
(U-PSD TREPR).[1] Three key radical intermediates involved in the reaction were directly 
detected and spectroscopically characterized, including the initiating pyridine-boryl radical 
and two downstream carbon-centered radicals formed during C–F activation and subsequent 
transformations. Well-resolved hyperfine structures enable clear identification of these 
transient species.  

Quantitative calibration using TEMPO further enables determination of transient radical 
concentrations on the micromolar scale, allowing the evolution of the radical pool to be 
monitored across different time regimes. Comparison of the transient kinetic profiles reveals 
that these intermediates participate in a dynamic radical chain equilibrium rather than a 
simple sequential process. Furthermore, systematic variation of water content, trapping 
alkenes and polyfluoroarene substrates demonstrates that these components regulate the 
radical pool and modulate the chain equilibrium.  

These results provide direct spectroscopic insight into radical transformations and 
regulation in a boryl-radical-mediated defluorination process. 

 

Figure 1. Direct Visualization of Radical Transformations and Regulation in a Complex Radical Chain Reaction. 
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Cyclopropanes are privileged structural motifs in medicinal chemistry, frequently serving as 
bioisosteric replacements for arenes, alkenes, and small alkyl groups.[1] Despite their 
significance, traditional synthesis methods often rely on toxic and hard-to-handle reagents, 
such as iodomethylzinc or diazo compounds, and frequently require transition-metal 
catalysts.[2] Herein, we report a novel, transition-metal-free, photoredox-catalyzed 
cyclopropanation of diverse alkenes. This method exploits a halogen atom transfer (XAT) 
process between dichloromethane, which serves as an abundant and cost-effective C1 
synthon, and amine-ligated boryl radicals generated from amine carboxyborane. The 
reaction proceeds under exceptionally mild conditions, exhibits a broad substrate scope, and 
demonstrates excellent scalability. 
Furthermore, the synthetic utility of this protocol is highlighted by its modularity. The use of 
deuterated dichloromethane enables the synthesis of deuterated cyclopropanes, whereas 
substitution with chloroform or deuterated chloroform affords valuable chlorocyclopropanes 
and their isotopically labeled derivatives. This advancement is expected to offer a valuable 
strategy for the late-stage incorporation of cyclopropyl groups into pharmaceutically relevant 
molecules, while potentially expanding the synthetic utility of amine carboxyboranes and 
ligated boryl radicals. 
 
 

 
Figure 1. Strategy for cyclopropanation 
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Excited radical ions have frequently been proposed as key species in photoredox catalysis, 
yet their role as active photocatalysts remains debated due to their picosecond lifetimes, which 
are typically considered too short for diffusion-controlled photoinduced electron transfer 
(PET).[1] Here, we present direct spectroscopic evidence identifying the excited 
trisaminocyclopropenium radical dication (*TAC•2+) as the catalytically active species. 
Mechanistic studies revealed preassociation between photocatalyst and substrate, enabling 
productive electron transfer on timescales beyond the diffusion limit.[2] 
 
Based on these insights, we employed a consecutive photoinduced electron transfer (ConPET) 
strategy to generate *TAC•2+. This approach complements photoelectrochemical methods for 
radical ion generation and enables oxidative functionalization of arenes such as mesitylene 
and benzene under aerobic conditions.[3]  
 
These results help resolving the ongoing controversy surrounding radical ion photocatalysis 
and expand the conceptual scope of multiphoton photoredox strategies. 
 

 
 

 
Figure 1. Oxidative ConPET using TAC+ and [Ir]+ as photocatalysts for arene functionalization along with 

mechanistic insights. 
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The activation of dinitrogen (N2) and direct incorporation into organic molecules is considered 
an attractive strategy in modern synthetic chemistry, yet it remains challenging when 
particularly aiming for mild and sustainable conditions. Previous studies have primarily focused 
on transition metal complexes for N2-splitting and functionalization.[1] However, the 
development of an operationally simple, fast, and mild protocol with general applicability 
remains underdeveloped. Here, we report a novel mechanochemical strategy that enables 
metal-mediated N2 reduction under ambient conditions in a remarkably short time (within 2 
min). The reaction proceeds regardless of the grinding material, pressure, and temperature. 
Through this reaction, the reduced form of N2 is generated as a single product, which can be 
used as an efficient N-atom transfer reagent for the synthesis of various N-heterocycles. We 
have developed two series of O-to-N transmutation reactions, including photoredox catalysis, 
with this specific nucleophile to produce various pyrroles and pyridines. The reactions display 
broad compatibility and easy access to 15N-labeling.  
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Redox processes underpin energy transfer in charge transport in electronic materials, 
biological systems, and the synthesis of complex chemical compounds.1 The redox potential 
of the reactants fundamentally determine the thermodynamic spontaneity of electron flow. 
Inspired by natural photosystems, single-molecule sensitizers capable of harnessing the 
reactivity of electron- or hole-primed radical states have been studied for driving challenging 
chemical reactions, and the strategy is especially recognized in the field of photoredox 
catalysis.2,3 Enabling access to extremely negative and positive redox potentials within a 
singular molecular architecture is a longstanding goal yet to be fully realized. Herein, we report 
a organoboryl compound capable of being preparatively isolated as electron-primed radical 
anions and hole-primed counterparts, displaying exceptionally wide photoredox window under 
irradiation. Comprehensive structural and spectroscopic analyses provided detailed insights 
into the excited-state dynamics of isolated radical species. Broad and tunable redox potentials 
were measured, enabling previously inaccessible catalytic transformations under mild 
conditions. This work provides a principle for designing stable radical species with controlled 
excited-state reactivity, expanding the potential and versatility of photoredox catalysis. 
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Cyclic amine scaffolds are of considerable importance in drug design and lead discovery 
because of their conformational restriction and pronounced three-dimensional structural 
features1,2. From a synthetic perspective, however, the efficient preparation of cyclic amine 
frameworks remains challenging. On the one hand, cyclization must proceed under mild 
conditions; on the other hand, skeletal diversification should ideally be achieved within a unified 
strategic framework. More importantly, selective control in cyclic amine synthesis is often 
difficult to achieve under traditional thermochemical conditions. To address these limitations, 
this work employs photo-driven radical methods as a central platform and develops reaction 
systems directed toward cyclic amine scaffolds of different structural dimensions, thereby 
enabling both efficient formation and diversity-oriented synthesis of cyclic amines. 
By integrating proton-coupled electron transfer with radical–polar crossover cycloaddition  
strategy into the synthesis of unstrained saturated cyclic amines, the longstanding problems 
of low ring-closing efficiency and poor regioselective control in previous methods were 
addressed, enabling the divergent construction of unstrained saturated cyclic amines3. 
Increasing three-dimensional structural complexity represents another important dimension in 
the diversity-oriented synthesis of nitrogen-containing heterocycles. As bioisosteric motifs that 
have attracted substantial attention in recent years, 1-azabicyclo[n.1.1] frameworks are 
typically accessed through lengthy synthetic sequences and are often limited by narrow 
substrate scope. In this context, single-electron-transfer-induced radical generation and 
transition-metal-mediated cross-coupling act cooperatively, enabling a precise one-step 
transformation of simple ABB precursors into three-dimensionally complex azabicyclic 
scaffolds4. This dual-catalytic system exhibits remarkable chemoselectivity, and the 
structurally diverse bicyclic products show high compatibility with the construction and 
subsequent derivatization of DNA-encoded libraries.  

 
Figure 1  Divergent Synthesis of Nitrogen-Containing Scaffolds 
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The strategic replacement of aromatic rings with saturated bioisosteres has become a pivotal 
strategy in medicinal chemistry, offering a proven path to improve the metabolic stability and 
safety profiles of drug candidates.1 Conventional access to these valuable saturated scaffolds, 
however, heavily relies on strain-release strategies that mandate the use of highly strained, 
synthetically challenging precursors.2 Herein, we report a general platform based on a visible-
light-induced radical–polar crossover manifold. 3This method employs readily available, bench-
stable γ- and δ-keto acids as radical precursors, which, upon activation, engage in cross-
coupling with a diverse array of π-systems. This straightforward approach provides direct and 
efficient access to a wide range of synthetically elusive saturated bicyclic alcohol bioisosteres. 
By circumventing the need for pre-strained intermediates, our strategy delivers the target 
architectures in high yields with excellent functional group tolerance.  
 

 
 

Figure 1. Radical-Polar Crossover for Modular Bioisostere Synthesis 
 

Furthermore, successful product derivatizations underscore the synthetic utility of this method, 
while mechanistic investigations corroborate the proposed radical-polar crossover pathway. 
Together, these findings establish our platform as a practical and robust alternative to current 
paradigms. 
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The widespread application of novel organophosphorus compounds in synthetic chemistry, 
agrochemicals, pharmaceutical development, and materials science has established their 
construction as a central focus in chemical research. The resurgence of radical chemistry 
has introduced diverse radical pathways in this field, primarily through phosphorus radical 
cation intermediates[1] and phosphoranyl radical intermediates[2]. In recent years, radical 
rearrangement has emerged as a powerful and selective strategy for efficiently constructing 
complex molecular architectures. A notable example was demonstrated by Han and his team, 
who achieved fluoroalkylphosphorylation of unactivated alkenes via visible-light-induced 
electron transfer through the radical rearrangement of alkoxyphosphines[3].   
Despite these advances, energy transfer-mediated photochemical rearrangements involving 
organophosphorus compounds remain largely unexplored. Here we show an unprecedented 
photochemical diradical rearrangement driven by energy transfer catalysis, which enables 
the direct and efficient synthesis of phosphorylated cyclopropanes from readily accessible 
homoallylic alcohols and P(III) reagents. This method operates under mild conditions, 
exhibits broad functional group tolerance, and provides access to a valuable class of strained 
organophosphorus frameworks. We anticipate that this strategy will inspire further 
exploration into leveraging excited-state reactivity for constructing challenging molecular 
targets through novel photochemical mechanisms. 
 

 
Figure 1.  Background and rational design 
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Luminescent molecular complexes have been extensively explored in applications such as 
dye-sensitized solar cells and photoinduced electron or energy transfer catalysis, due to their 
distinctive photochemical and photophysical properties. To date, molecular luminophores 
based on precious metals such as platinum (Pt), iridium (Ir), and ruthenium (Ru) have 
dominated this field. Their strong spin–orbit coupling (SOC) enables efficient intersystem 
crossing (ISC), leading to long-lived excited states at room temperature and excellent 
performance in light-driven processes. Despite their robust performance, the use of noble 
metal-based luminophores poses sustainability concerns due to their high cost and limited 
natural abundance. In light of these concerns, first-row transition metals have emerged as 
promising alternatives, given their substantially higher abundance in the Earth’s crust.[1-4] 
Herein, we present a novel tridentate ligand design that induces strong room temperature 
photoluminescence upon coordination with 3d transition metals. This study highlights a new 
class of first-row transition metal-based luminophores and provides insight into their 
photophysical behavior and excited-state dynamics. 
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The identity of a heteroatom within an aromatic ring influences the chemical properties of 
that heterocyclic compound. Systematically evaluating the effect of a single atom, however, 
poses synthetic challenges, primarily as a result of thermodynamic mismatches in atomic 
exchange processes. We present a photocatalytic strategy that swaps an oxygen atom of 
furan with a nitrogen group, directly converting the furan into a pyrrole analog in a single 
intermolecular reaction.  

High compatibility was observed with various furan derivatives with various furan 
derivatives and nitrogen nucleophiles commonly used in drug discovery, and the late-stage 
functionalization furnished otherwise difficult-to-access pyrroles from naturally occurring 
furans of high molecular complexity. Mechanistic analysis suggested that polarity inversion 
through single-electron transfer initiates the redox-neutral atom exchange processes at room 
temperature.  
 

 
 

Figure 1. Direct conversion of furan into pyrrole analog 
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Polycyclic aromatic compounds (PAC) are of key importance in the field of materials science 
and bioimaging.[1] However, their lengthy and demanding synthesis impede the full extent of 
their abilities. In order to modify and tune their properties on demand, a straightforward access 
to complex scaffolds is required. Sulfonium salt chemistry is mainly employed in aromatic 
C(sp2)–H functionalization reactions,[2] and has recently been extended to alkenyl 
derivatives.[3] This provides a powerful approach for the late-stage modification of complex 
arenes, by exploiting robust and well-known organometallic cross coupling reactions. In 
comparison, its use under photocatalytic conditions remains largely underexplored.[4] 
In this context, we investigated the use of sulfonium salts in the formation of new C(sp2)–C(sp2) 
bonds through a photochemical process to construct extended π-conjugated systems. Our 
strategy involves using the less-explored styryl feedstock [5] to access PAC via the formation 
of the corresponding thianthrenium salts (figure 1). This two-step one-pot process offers 
access to a variety of planar and non-planar PAC in a short reaction time. 
 

   
 

Figure 1. photoinduced annulative π extension of PAC 
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Photoredox catalysis driven by visible light has become a powerful and established strategy in 
organic synthesis to allow the precise formation of radical intermediates under very mild 
conditions.[1] One of the most noteworthy reaction models enabled by this methodology is the 
radical-polar crossover (RPC) pathway, in which these radical species undergo single-electron 
transfer (SET) to yield ionic intermediates, employing the complementary properties of both 
radical and polar chemistry.[2] 

In this context, an interesting class of versatile building blocks for the synthesis of 
functionalized heterocycles through photocatalysis are the ring-strained α-ketoaziridines. 
These substrates have been studied for the possibility of photocatalytic ring opening and ketyl 
radical-anion formation, followed by radical trapping. [3] Along this line, our group has recently 
reported the first intramolecular photocatalytic ring-expansion of N-arylsulfonyl α-
ketoaziridines into -sultams.[4] 

In this work, we present our latest studies on the preparation of amino-2,3-dihydrofurans by a 
photoredox-catalyzed radical–polar crossover intermolecular approach, implying a visible light 
photo-induced ring opening of α-ketoaziridines, followed by radical trapping with alkenes and 
final polar cyclization. 
 

 
 

Figure 1. RPC ring expansion to amino- 2,3 dihydrofurans. 
 
The generality of the reaction was explored across a broad range of substrates, showing a 
good functional group tolerance as well as a ten-fold upscaling robustness, opening new 
possibilities for the construction of functionalized heterocycles by photoredox-mediated RPC 
ring expansion reactions. 
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Amino acids are essential to life, and their modification can significantly impact on the 
physicochemical and biological properties of peptides and proteins. In the last decades, the 
introduction of fluorine atoms into the structure of organic compounds has gained attention for 
its ability to enhance metabolic stability, alter structure, and increase lipophilicity. [1] This has 
stimulated the use of fluorinated amino acids in fields such as medicine, enzymology, and 
agricultural chemistry, where they are valuable for modulating biological activity.[2] In the past 
years photocatalysis is being imposed as one of the most efficient and convenient synthetic 
approaches for fluoroalkylations of organic compounds. Many photocatalytic methods have 
been developed for inserting perfluoroalkyl groups on aromatic and heteroaromatic rings.[3] 5-
Carboxy-1,3-azoles are heterocyclic amino acid derivatives that found applications in 
medicinal chemistry.[4] Few examples of fluoroalkylations of such scaffolds have been reported 
in literature. All of them involve introduction of trifluoromethyl or sulfonyldifluoromethyl groups, 
substrates devoid of aromatic substituents (that poses problems of regioselectivity), and use 
synthetically demanding fluoroalkyl radical’s sources.[5] 
Herein we present a light-driven method, using silver salts as additives, with a wide scope of 
substrates and perfluoroalkyl groups. Aromatic groups at  C-2 are tolerated. Furthermore, 
mechanistic studies are described in this communication. 

 

 
 
 

Figure 1. Current approach for photoredox-catalyzed perfluoroalkylation reaction 
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Lactones are a particularly important class of compounds due to their broad range of biological 
activities, making their selective synthesis a key goal in organic chemistry. Among the available 
strategies, the direct lactonization of carboxylic acids via C(sp³)–H oxidation is especially 
appealing, although still challenging. Iron- and manganese-based biomimetic complexes 
bearing tetraazadentate nitrogen ligands have shown promise in promoting the 
enantioselective oxidation of secondary C(sp³)–H bonds using hydrogen peroxide under mild 
conditions. [1] 
However, important limitations remain, including the low intrinsic reactivity of C(sp³)–H bonds, 
difficulties in achieving high chemo- and stereoselectivity in substrates with multiple 
nonequivalent sites, and the risk of overoxidation leading to loss of enantiopurity. [2] 
 
In this work, we introduce conceptual a supramolecular approach that incorporates substrate 
recognition into the catalyst design. Specifically, our system takes advantage of the interaction 
between the protonated amine of α,ω-amino acids and a crown ether receptor located remotely 
on the ligand, while the carboxylic acid group activates hydrogen peroxide at the metal center. 
This combination helps organize the substrate in space, enabling improved control over both 
site- and enantioselectivity during lactonization. [3] 
In addition, the use of simple linear α,ω-amino acids allows us to probe how the distance 
between the recognition site and the catalytic center influences selectivity, providing insight 
into distance-dependent effects in these transformations. (Figure 1c.) 
 

 
Figure 1 

Acknowledgements 
This work was financially supported by European Research Council, AdvG 883922 (M.C.), 
Spain Ministry of Science, and Generalitat de Catalunya (ICREA Academia to M.C. and 
2021SGR00475)   

References 
[1] A. Call, G. Capocasa, A.Palone, L.Vicens, E. Aparicio, N. Choukairi Afailal, N. Siakavaras, M. López Saló, M. 
Bietti, M. Costas, J. Am. Chem. Soc. 2023, 145, 32, 18094 

[2] M. Cianfanelli, G. Olivo, M. Milan, R. J. M. Klein Gebbink, X. Ribas, M. Bietti, M. Costas, J. Am. Chem. Soc. 
2020, 142, 3, 1584 

[3] L. Vicens, G. Olivo, M. Costas, ACS Catal. 2020, 10, 15, 8611 



 
14th International Symposium on Organic Free Radicals (ISOFR-14) 
7–10 June 2026, Bologna, Italy 
 
 

Electron poor acridones for HAT-type engagement of 
carboxylic acids in a photoelectrochemical approach 

 
Luigi Dolcini,a Jakub Krištof,b Michał Domański,a Soňa Boháčová,b Tomáš Slaninab and 

Joshua P. Barhama,c 

a Institüt für Organische Chemie, Universität Regensburg, Universitätstraße 31, 93053, Regensburg DE 
b Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech Republic, Flemingovo nám. 

2, 16000, Prague 6 CZ 
c Department of Pure & Applied Chemistry, University of Strathclyde, 295 Cathedral Street, Glasgow G1 1XL, UK 

luigi.dolcini@ur.de 

Keywords: photoelectrochemistry ● HAT ● carboxylic acids 
 
Carboxylic acids are naturally abundant feedstocks, predominantly present as esters in lipids. 
They have been extensively employed as starting materials in radical chemistry, where the 
driving force is the release of gaseous CO₂ following the formation of a carboxyl radical. The 
generation of this radical directly from the unfunctionalized acid, however, remains the main 
challenge. It can be achieved using stoichiometric reagents (e.g., external oxidants or 
activation as redox-active esters) or through catalytic approaches, such as photocatalysis and 
electrocatalysis. In particular, photocatalysis has enabled the single-electron oxidation of 
carboxylates, leading to a rapid expansion in the use of these compounds as radical 
precursors.[1] In the past year, several reports have demonstrated that unfunctionalized 
carboxylic acids can be activated directly through a simpler hydrogen atom transfer (HAT) 
strategy, employing catalysts such as xanthone or azaanthraquinones.[²] The formation of a 
hydrogen bond between the photocatalyst and the carboxylic acid enables a HAT process that 
would otherwise be thermodynamically unfavorable, given the high bond dissociation energy 
of the C(O)–O–H bond (BDE for AcO-H = 112 kcal/mol). Building on our group’s expertise in 
synthetic photoelectrochemistry (PEC)[3] and the use of electron-poor acridone catalysts,[4] we 
sought to extend this concept to transformations involving the synergistic use of light and 
electricity. Herein, we report a photoelectrochemical strategy in which a photochemically 
generated alkyl radical adds to the heteroaromatic, and anodic oxidation of the intermediate 
delivers the alkylated product. This complements previous PEC methods using trifluoroborate 
radical precursors[5] or strongly acidic conditions.[6] 
 

 

Figure 1. Photoelectrochemical HAT activation of carboxylic acids followed by coupling with heteroarenes  
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The choice of solvents in organic chemistry plays an essential role in the development of new 
reactions, as they are not only responsible for dissolving the species in the reaction medium 
but also exert a significant influence on reactivity,[1] chemoselectivity[2] and synthetic ideality[3]. 
However, their use as key agents in achieving more ideal reactions remains underappreciated. 
Due to noteworthy properties such as high polarity, low nucleophilicity and strong hydrogen 
bond donating ability,[4] fluorinated solvents such as 2,2,2-trifluoroethanol (TFE) and 
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) became widespread. In the oxidation of C—H bonds 
in hydroxyl-containing substrates, HFIP and TFE have shown to mitigate overoxidation 
products by reversing the polarity of the substrate. 
These effects enabled us to achieve a second-generation synthesis of metabolite 3, as well as 
the first synthesis of natural products 6 and 7. 
 

 
Scheme 1. Synthesis of natural products 3, 6 and 7 employing fluorinated solvents. 
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The C-O bond cleavage for activation of alcohols is synthetically useful and practically 
challenging.[1] In this context carbazates have recently emerged as alcohol-derived alkylating 
agents, activated through electrochemical oxidation.[2, 3] Carbazates are easily prepared, 
bench stable derivatives, oxidized under mild electrochemical conditions, releasing CO2 and 
N2 as sole byproducts. 
In this work, we studied the applicability of carbazates in the Minisci-type alkylation of 
unactivated aza-arenes. Electrochemical reactions have been performed in a simple 
homemade cell reported in Figure 1B. The setup allowed control of electrode immersed area, 
as well as inert atmosphere. First, reaction conditions were optimized. We discovered that 
coordination of heteroaromatics with Lewis acids was beneficial for the formation of the desired 
product in good yields. Best conditions were then employed in the alkylation of functionalized 
quinoline and isoquinoline substrates (Figure 1A), achieving yields up to 49% with alkyl- and 
aryl-substituted quinoline derivatives. Quinolines bearing heteroatoms were also tolerated 
under cell conditions, although lower yields were achieved. 
 

 
 

Figure 1. (A) Substrate scope of Minisci type reaction. a 3.1:1 mixture of 2- and 4-alkylated products separated via 
FCC. b 3:1 mixture of 2 and 4 alkylation products separated via FCC. (B) Homemade setup for the electrochemical 

transformations 
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Skeletal-editing protocols have emerged as powerful tools for the rapid and modular 
construction of molecular libraries while maintaining precise control over atomic composition[1]. 
In particular, methods that enable formal single-atom exchange have attracted paramount 
interest, as they allow practitioners to promptly assess single-atom effects on the 
pharmacokinetic properties of medicinal compounds. Among the various privileged 
heterocycles explored for such editing strategies, pyrroles stand out, as they constitute a 
plethora of medicinal libraries[2]. To address the growing demand for diverse pyrrole scaffolds 
in pharmacology[3], we previously developed a photocatalytic furan-to-pyrrole transmutation 
that employs alkylamines or ammonia surrogates as nitrogen sources[4]. Herein, we report a 
visible-light-driven single-atom skeletal editing platform that converts readily available furans 
into N-(hetero)aryl pyrroles via a dearomative ring-opening/closure sequence. Building on our 
earlier oxidative furan ring-opening, we now identify and characterize key intermediates, 
including the long-sought ring-opened Zincke-type resting states and ring-closed intermediates, 
thereby providing direct experimental support for an ANRORC-type pathway adapted to five-
membered heterocycles. Guided by these mechanistic insights, we overcome the intrinsically 
low nucleophilicity and challenging oxidation profiles of (hetero)arylamines through judicious 
photocatalyst and additive selection, enabling mild, modular access to N-(hetero)aryl pyrroles 
that previously required harsh Lewis-acid conditions and suffered from poor functional group 
tolerance[5]. This strategy expands the scope of skeletal editing from six-membered to five-
membered heteroaromatics and offers a general blueprint for late-stage, single-atom editing 
of pharmaceutically relevant heterocycles. 
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Photochemical activation enables new strategies for transforming aromatic heterocycles into 
structurally complex and biologically relevant scaffolds. Herein, we developed a visible-light-
driven dearomative dimerization of quinolines mediated by polysulfide anions photocatalysis 
to generate sp³-rich polyheterocyclic scaffold through radical anion intermediates. Reductive 
single electron transfer (SET) induces umpolung reactivity of quinolines, promoting 
intermolecular C–C bond formation followed by divergent reaction pathways controlled by the 
reaction conditions. Under reductive conditions, this process culminates in quinoline dimer 
formation via radical coupling.[1] Importantly, the dearomatized quinoline dimers exhibit potent 
radical-trapping antioxidant activity and effectively suppress lipid peroxidation, inhibiting 
ferroptotic cell death.[2] This work demonstrates how SET-driven dearomatization can 
simultaneously expand synthetic chemical space and deliver functional small molecules, 
establishing quinoline dimerization as a platform for the rapid discovery of antiferroptotic 
agents. 

 
 

Figure 1. Dearomative dimerization of quinoline mediated by polysulfide anions and formate to yield unique scaffold 
identified as potent antiferroptotic agent.  
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The strained geometry of 2-azabicyclo[2.2.0]hex-5-enes makes them an attractive scaffold  in  
medicinal chemistry (Figure 1A).[1] Their synthesis is achieved via the light-induced 
electrocyclization of N-carboxy-1,2-dihydropyridine derivatives, which are in turn obtained by 
hydride reduction of pyridines in the presence of a chloroformate.[2] Reported batch procedures 
are characterized by long reaction times (up to 7 days) and generally low yields, likely as a 
result of inefficient light penetration and poor irradiation homogeneity.  
Continuous-flow technology overcomes these limitations by improving light penetration, 
ensuring more uniform irradiation, and enabling the straightforward scale-up of photochemical 
transformations.[3] In this context, we developed a continuous flow methodology for the 
synthesis of 2-azabicyclo[2.2.0]-hex-5-enes that significantly reduced reaction times and 
increased productivity. Reaction conditions were optimized on model substrate 1a by tuning 
residence time, concentration, and solvent. Under the optimized conditions (30 min residence 
time, 0.1 M in MTBE upon 304 nm light irradiation), the desired product 2a was obtained in 
93% yield, with a productivity exceeding 31 mmol/day. Compared with the corresponding batch 
protocol, the flow procedure delivered a 93-fold increase in productivity and a 64-fold increase 
in space-time yield. 
 

 
 

Figure 1. A): 2-azabicyclo[2.2.0]-hex-5-enes relevance; B): Optimized process for the synthesis of compound 2a 
and reaction scope  

 
The scope of the reaction was subsequently expanded to a variety of chloroformates and 
substituted pyridines (Figure 1B). While the nature of the chloroformate has a minimal 
influence on the cyclization efficiency, substitution on the pyridine ring had a pronounced 
impact on the reaction outcome. Electron-rich substrates afforded the desired products in good 
yields, whereas electron-poor substrates proved to be more challenging. In particular, 3-halo-
substituted derivatives were obtained in low yields. Further investigations are currently ongoing 
in our laboratories. 
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The introduction of a carbonyl group enables smooth access to a wide plethora of bulk 
chemicals such as ketones, amides and esters[1]. The use of carbon monoxide (CO) is ideal 
for large-scale carbonylation in industry, where infrastructure allows its safe and efficient 
handling[2]. However, most academic laboratories lack the expertise and equipment required 
to safely manage even small amounts of this lethal gas, thus inhibiting methodological 
development. 
A controlled release of carbon monoxide on a lab scale is possible thanks to CO surrogates[3], 
which however often implies harsh conditions (strong acids or bases, expensive transition-
metal catalysts, prohibitively high temperatures). 
Herein, we propose aliphatic aldehydes as a new class of CO photosurrogates. 
Photocatalyzed decarbonylative Hydrogen Atom Transfer (HAT) [4] is leveraged to cleave the 
formyl C(sp2)−H bond of these chemicals to generate an acyl radical [5]. The latter species 
rapidly undergoes decarbonylation to provide carbon monoxide. We demonstrate how this 
simple but effective concept can be exploited to smoothly carry out benchmark 
aminocarbonylation, carbonylative Suzuki, cyclocarbonylation, and photochemical 
alkoxycarbonylation reactions. Our approach shows several advantages over the state of the 
art: i) it is atom-economical, ii) it does not involve the use of expensive or toxic reagents and 
iii) it can be controlled literally with the flip of a switch. 
 

 
 

Figure 1. Aliphatic aldehydes as CO photosurrogates via photocatalyzed Hydrogen Atom Transfer (HAT) and 
some applications 
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Two visible-light-mediated, catalyst-free strategies for the synthesis of α-C-glycoside 
conjugates are reported. The methods exploit electron donor–acceptor (EDA) complex 
activation and in situ generated photocatalytically active species to trigger Giese-like radical 
additions from glycosyl iodides to electron-poor olefins under mild conditions. Iodide-derived 
glycosyl donors participate, enabling the formation of C-glycosidic linkages across a broad 
range of mono- and disaccharide substrates, dehydroalanine derivatives, and bisphosphonate 
acceptors. Mechanistic studies indicate that distinct activation pathways operate depending on 
the reaction conditions: deprotonated Hantzsch ester–halogen EDA complexes in the 
presence of a base, and autocatalytic photoredox processes involving transient 
streptocyanine-type dyes generated from tertiary amines under irradiation. These findings 
demonstrate that selective C–C bond formation at the anomeric position can be achieved 
without exogenous photocatalysts, while highlighting the non-innocent role of amines in visible 
light-driven radical transformations. 
 

 
Figure 1. Graphical Abstract 
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Cyclobutanes are prominent motifs in medicinal chemistry due to their conformational rigidity 
and ability to access three-dimensional chemical space. Photochemical [2+2]-cycloadditions 
represent a powerful strategy for their construction under mild conditions.1 

Despite the synthetic potential of alkoxyallenes in photochemical transformations, 
intermolecular [2+2]-photocycloadditions remain largely underexplored, with only few 
examples reported to date. Most studies instead rely on intramolecular systems, in which the 
allene and the alkene are tethered within the same molecular framework.2 

Herein, we report our studies on the [2+2]-photocycloaddition between a series of 
alkoxyallenes and N-methylmaleimide, performed under irradiation at 370 nm. The reaction 
provides efficient access to functionalized cyclobutane derivatives bearing both imide and 
alkoxy functionalities. 
A range of alkoxyallenes was successfully employed, demonstrating the generality of the 
transformation. Notably, the reaction proceeds with moderate to good regioselectivity, 
affording two regioisomeric cyclobutanes, favoring the product featuring an exocyclic double 
bond. This selectivity suggests a preferential orientation during the cycloaddition step, 
potentially governed by electronic factors of the allene substituents.3 

Ongoing work is focused on expanding the substrate scope, improving regioselectivity, and 
gaining deeper mechanistic insight into the reaction pathway. 
 

 
Figure 1. [2+2]-cycloaddition of alkoxyallenes with N-methylmaleimide. 
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Nitrogen-containing heterocycles constitute the core of the majority of small-molecule 
pharmaceuticals, with oxindoles and indolines representing particularly important privileged 
scaffolds found in numerous drugs, natural products, and bioactive molecules. Their structural 
diversity and broad biological activity have made them key targets in medicinal chemistry and 
synthetic methodology development. [1-3] 
Herein, we report a unified visible-light-driven photoredox strategy that enables the divergent 
intramolecular assembly of both scaffolds from closely related precursors. By tuning the 
oxidative cleavable group, the reaction pathway can be selectively directed toward carbamoyl 
radical formation, affording oxindoles, or alkyl radical generation, yielding indolines. The 
transformation proceeds via a Giese-type addition to activated alkenes followed by 
intramolecular cyclization under mild visible-light irradiation. The protocol employs inexpensive 
organic photocatalysts and operates under operationally simple conditions, demonstrating 
broad functional group tolerance and good efficiency across a diverse substrate scope. 
Notably, the embedded electron-withdrawing group not only facilitates the initial transformation 
but also enables access to other pharmaceutically relevant bicyclic heterocyclic compounds. 
Mechanistic studies, including radical trapping, deuterium labeling, and light on/off 
experiments, support a photocatalytic radical pathway requiring continuous light activation. In 
addition, a target-made 3D-printed photoreactor ensures reproducible irradiation and enables 
efficient parallel reaction screening. This unified and switchable approach provides a versatile 
platform for accessing structurally related heterocycles and highlights the potential of 
combining modular substrate design with visible-light photoredox catalysis for divergent 
synthesis. 
 

 
Figure 1. Synthesis approach. 
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The combination of photoredox and metal catalysis has demonstrated to have huge potential 
for the development of more sustainable and wider scope synthetic methodologies.[1] 
Titanium catalysis is particularly appealing because of the high abundance and low toxicity of 
this metal.[2] Combining photoredox catalysis enabling substrate activation by HAT and 
Ti(III/IV) catalysis, we can generate matched radical couples toward aromatic aldehyde 
alkylation, without the need of any stoichiometric reductant and pre-functionalized substrates 
(Figure 1), unlike previously methodologies developed by our group.[3]  

 

 
Figure 1. Conceptual mechanism of titanium-photoredox catalyzed HAT activation of unfunctionalized 

substrates in radical-radical coupling reactions. 
 
The method proved to have wide functional group tolerance affording products in moderate 
to good yields. Careful photophysical studies were also conducted. This demonstrates the 
potential of combining HAT chemistry with titanium catalysis. 
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Lipids are the main constituents of the Stratum Corneum, mainly including cholesterol, free 
fatty acids and ceramides. Each of these undergoes lipidic autoxidation (peroxidation) [1], an 
autocatalytic free-radical chain reaction responsible for the oxidative destruction of organic 
molecules and related to oxidative stress, aging, cancer. To counteract this process, 
antioxidants are necessary. Their development and study are, therefore, key to the design of 
skin protecting products, along with understanding the skin lipids peroxidation kinetics. 
Surprisingly, little is known in this regard and current knowledge is only limited to some 
prototypical models. This work is focused on filling this gap and unrevealing the kinetic 
aspects governing the autoxidation of such complex system determining the pertinent kinetic 
parameters (kp, kt and oxidizability) [2]. Selected ceramides like Ceramide NP (or Ceramide 
3) and Ceramide EOP (Ceramide 1) alone and combined with other lipid components have 
been studied using reference heterogeneous biomimetic systems such as micelles and 
liposomes, monitoring the oxygen uptake during controlled autoxidation in the presence of 
well know antioxidants used as references, to determine the kinetic constants. Additional 
DLS measures have been carried out to characterize the particle’s geometry. Autoxidation 
kinetics data are then used to build multicomponent skin-lipid models so to set up a 
reference mimic to be used in rational antioxidants research. 
 

 
 

Figure 1. simplified scheme of Ceramide NP autoxidation reaction steps in micelle model 
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Enantiomerically enriched α-amino acids (α-AAs) and their derivatives are essential building 
blocks, widely used in the pharmaceutical industry, drug discovery, catalysis, and materials 
science.[1] Consequently, the development of straightforward and versatile synthetic methods 
remains highly desirable.[2] Herein, we report a photochemical enantioselective addition of alkyl 
radicals, generated from dihydropyridines, to prochiral α-imino esters, mediated by bifunctional 
rhodium(III) catalysts, under continuous-flow conditions.[3] This approach enables rapid and 
direct access to enantioenriched derivatives of both natural and unnatural α-amino acids, 
delivering yields of up to 75% and enantiomeric ratios of up to 1:99. Notably, this strategy 
expands the scope of asymmetric photocatalysis in flow and provides a streamlined platform 
for the synthesis of biologically active molecules and pharmaceutical intermediates. 
 

 
 

Figure 1. Enantioselective RhS-catalyzed photochemical Giese-type alkylation of α-imino esters in continuous flow. 
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The functionalization of non-activated C-H bonds represents a significant challenge due to 
their low intrinsic reactivity that makes control of selectivity particularly difficult. Classical 
methodologies rely on intermolecular reactions that occur on the most reactive substrate site 
or intramolecular radical processes that are typically limited to  position of the chain.[1] 
However, in both cases, C-H bonds remote from functional groups remain largely 
indistinguishable and cannot be selectively functionalized. Moreover, the reaction site is often 
difficult to predict, especially when there are minimal differences in the electronic and steric 
properties of the substrate C-H bonds. 
 

 
Figure 1. Functionalization of remote C-H bonds using dynamic covalent chemistry. 

Seeking to overcome these limitations, we designed a C-H functionalization catalyst 
equipped with a boronic acid receptor capable of reversibly interacting with alcohols and 
diols through dynamic covalent chemistry (Figure 1).[2] Such binding places remote, non-
intrinsically activated positions of the substrate in the range of the catalytic site, thus enabling 
a geometrical control of the reaction selectivity.[3] By exploiting proximity, we aim to use 
radical processes such as HAT or others to introduce different functional groups at well-
defined positions on the substrate, predictable based on their distance from the binding 
group. Herein, we will report the application of this strategy to the selective functionalization 
of alcohols using radical and/or radical-like reactants. 
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Fluorinated organic compounds show unique properties, including high metabolic stability, 
enhanced lipophilicity, and strong carbon-fluorine bonds, making them indispensable in 
pharmaceuticals, agrochemicals, and functional materials. Esprciallu, perfluoroalkylated 
amides represent an especially valuable structural motif because of their hydrogen-bonding 
ability and chemical robustness. Accordingly, the development of efficient and sustainable 
synthetic methods for accessing such compounds remains an important challenge. 
 
Conventional synthetic approaches for fluorinated amides typically depends on unstable acid 
derivatives, such as acyl halides and acid anhydrides, as well as in situ-generated activated 
acid derivatives, and metal-mediated cross-coupling strategies, which may involve toxic 
reagents or multi-step protocols. In addition, direct oxidative conversion of amines into 
perfluoroalkylated amides remains underdeveloped in comparison to other 
perfluoroalkylation strategies. 
 
Herein, we report a complete metal-free, visible-light-induced perfluoroalkylation of amines 
that directly affords perfluoroalkylated amides using perfluoroalkyl iodides as fluorine sources 
and an organic photocatalyst. Under irradiation with a 2.4 W white LED in the presence of 
fluorescein and DBU under air, pyrrolidine reacted smoothly with perfluoroalkyl iodide to give 
the corresponding perfluoroalkylated amide in up to 96% yield. The reaction proceeds under 
ambient atmosphere without the need for transition-metal catalysts. 
 
 
 

 

 
Figure 1. This work. 
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Chemical processes involving the formation of free-radical species have found numerous 
applications in organic synthesis. The high reactivity of radicals is an attractive feature from a 
synthetic standpoint, but it also represents a limitation, as in most cases it requires the in situ 
generation of these open-shell species. In contrast, bench-stable salts are compounds that 
can be safely stored and handled without decomposition or unwanted reactivity. Their ease 
of use, affordability, and versatility make them central to chemical practice. 
 

 
Figure 1. New class of organoselenium compounds: cationic selenuranes 

 
We have recently developed cationic selenuranes as bench-stable reservoirs of selenium 
radical cations,[1] a class of species that remains scarcely explored in organic chemistry.[2,3] 
These compounds can be prepared, isolated, and characterized on multigram scale and 
exhibit remarkable stability under ambient conditions for more than one month, without 
requiring an inert atmosphere. A distinctive feature is their reversible head-to-head 
dimerization, which allows controlled Se(III) radical release in solution due to the unusually 
weak Se–Se σ bond. Their reactivity spans oxidation and substitution chemistry with 
hydrazines, alcohols, sulfinates, borates, silanes, and stannanes, including applications to 
structurally complex substrates and further transformations of selenonium salt products. 
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Alkenes are one of the most versatile functional groups in organic synthesis due to the 
π-character of the double bond. Over the years, synthetic chemists have developed numerous 
strategies to transform alkenes into a variety of products, such as nucleophile addition, 
epoxidation, and reduction. However, the use of strong acids and harsh conditions is often 
necessary, resulting in lower selectivity and yields, as well as the formation of by-products.  
Radical chemistry is an interesting alternative for obtaining compounds with higher structural 
complexity using alkenes as precursors (e.g., the Mukaiyama-Aldol reaction). Over the past 
decade, photoredox catalysis has emerged as a powerful tool for functionalizing alkenes via 
radical intermediates using milder conditions. However, it often necessitates the use of 
photocatalysts with strong oxidizing potential or the addition of additives in stoichiometric 
amounts. Remarkably, the developed methods are limited to alkenes with an oxidation 
potential of less than 2 V, which excludes most unconjugated alkenes.[1]   
In this context, fluorinated alcohols (RfOH) are used as 'magic solvents' in synthesis thanks to 
fluorine's exceptional physicochemical properties.[2] Additionally, they can modulate the 
physical properties of photocatalysts due to their strong hydrogen-bonding affinity. Recently, 
our group observed the disproportionation of Eosin Y (EY) to EH. and EH3

. in the presence of 
fluorinated solvents during photocatalytic polyene cyclizations. This clearly demonstrates the 
indispensable nature of the interaction between EY and RfOH, since direct oxidation of the 
alkene (Eox ≈ 2 V vs SCE) by excited EY (ERed (3EH2*/EH2

.- = 0.83 V vs SCE)) is chemically 
impossible.[3] Herein, we present our work on developing mild and selective 
hydrofunctionalization beyond the limits of alkenes' photooxidation. 
 

 
 

Figure 1. Eosin Y Disproportionation Promoted Alkene Hydrofunctionalization in Fluorinated Assemblies. 
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The photochemistry of Aryl carbonyl compounds underpins a wide range of modern synthetic 
transformations [1]. However, photoinduced rearrangements, despite their unique potential for 
skeletal reorganization, remain conspicuously underexplored. In this study, we demonstrate 
that vinyl acetophenones undergo photoinduced isomerization to generate carbonyl ylides. 
Mechanistic studies confirm initial cyclization via oxygen-centered radical addition to the 
alkene [2], followed by skeletal rearrangement through a spirocyclic cyclopropane intermediate. 
The corresponding carbonyl ylides are prone to undergo isomerization and cycloaddition [3] 
reactions depending on the specific conditions.  

 
 

Figure 1. Photochemical rearrangement of Styrenyl Ketones 
 

References 
[1] Mateos, J.; Cuadros, S.; Vega-Peñaloza, A.; Dell’Amico, L. Unlocking the Synthetic Potential of Light-Excited 
Aryl Ketones – Applications in Direct Photochemistry and Photoredox Catalysis. Synlett 2022, 33, 116– 128. 
[2] Hartung, J.; Gottwald, T.; Špehar, K. Selectivity in the Chemistry of Oxygen-Centered Radicals - The Formation 
of Carbon-Oxygen Bonds. Synthesis 2002, 1469– 1498. 
[3] Huisgen, R. 1,3-Dipolar Cycloadditions. Past and Future. Angew. Chem., Int. Ed. Engl. 1963, 2, 10, 565– 598. 
 

mailto:apedada@uni-mainz.de


 
14th International Symposium on Organic Free Radicals (ISOFR-14) 
7–10 June 2026, Bologna, Italy 
 
 

Monitoring the Fate of Low- and High-Molecular-Weight 
Nitroxides in Polyolefins by ESR Spectroscopy 

 
Marco Lucarini,a Paola Franchi,a Gloria Galbiatib  Manuele Vitalib 

a Dept. of Chemistry “Giacomo Ciamician” University of Bologna, via P. Gobetti 85, 4019 Bologna 
b BASF Italia SpA, Plastic Additives Division, via Pila 6/3, 40037 

Pontecchio Marconi (BO), Italy manuele.vitali@basf.com 

Keywords: HALS ● Nitroxides ● Polymer ● ESR ● Light stabilizers 
 
Hindered Amine Light Stabilizers (HALS) are the most effective thermal and photo-oxidative 
stabilizers for polymers, particularly polyolefins. Their stabilization mechanism involves the 
formation of persistent nitroxyl radicals derived from the tetramethylpiperidine ring. These 
nitroxide species can be directly detected and quantitatively analyzed by Electron Spin 
Resonance (ESR) spectroscopy, making ESR a powerful tool for monitoring HALS activity.[1] 
In many applications, such as polymer tapes, the final article is stabilized using a combination 
of high-molecular-weight (HMW) and low-molecular-weight (LMW) HALS.[2] This dual-stabilizer 
strategy balances two functional requirements: a) surface protection, achieved by LMW HALS, 
which can migrate toward the polymer surface to protect the most exposed regions from light- 
and heat-induced degradation; b) long-term stability, ensured by HMW HALS, which exhibit 
lower volatility and reduced migration, thereby maintaining stabilizing performance over 
extended service lifetimes. 
Monitoring the fate and relative contribution of each stabilizer type throughout the lifecycle of 
the polymer article is essential for optimizing formulation design and tailoring performance to 
specific application requirements. However, when different HALS are used in combination, 
their ESR signals largely overlap because both generate nitroxide radicals with the same 
paramagnetic moiety. 
Here, we demonstrate that deconvolution of the ESR spectra enables discrimination between 
low- and high-molecular-weight nitroxides. Specifically, overlapping nitroxide signals can be 
resolved based on differences in their effective rotational correlation times, allowing 
differentiation between freely mobile LMW and HMW nitroxides. This level of spectral 
resolution is essential for elucidating stabilizer migration behavior, long-term persistence, and 
overall stabilization performance. Moreover, it enables independent tracking of the temporal 
evolution and relative contribution of each stabilizer component throughout the service life of 
the polymer article.  
 
 

 
 
 
Figure 1. ESR spectra of polyolefin films containing a HMW HALS, a LMW HALS, and their mixture. The theoretical 

simulation of the spectra related to the mixture is shown in red. 
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Synthetic electrochemistry holds the promise to enable milder and novel chemical 
approaches, thereby expanding the toolbox of synthetic chemists.[1] As it is inherently 
heterogeneous, electrochemistry benefits from a translation to continuous flow to improve 
selectivity and scalability.[2] Thus, optimizing a flow electrochemical reaction not only 
depends on “traditional” chemical variables (e.g reagents, equivalents) but also 
electrochemical (e.g electrode materials, current density, coulombs) and flow parameters 
(e.g residence time, reactor geometry). Here, eRoboChem (Figure 1) is presented as an 
autonomous platform for optimizing electrochemical reactions in flow and batch. 
 

 
Figure 1. eRoboChem’s workflow for closed-loop optimization of electrochemical reactions in batch and flow. 

 

To highlight the capabilities and versatility of the platform, optimization of paired, reductive 
and oxidative flow electrochemistries were conducted.[3-5] A comparison between one 
variable at a time and Bayesian optimization strategies was conducted to benchmark the 
performance of the machine learning against traditional approaches. Finally, eRobochem 
autonomously optimized a novel electrosynthetic cyclopropanation. As screening electrode 
materials and handling slow reactions is a particularly challenging in flow, batch high-
throughput experimentation was used in a closed-loop system. Through these campaigns, 
eRoboChem demonstrates its ability to navigate complex (electro)chemical spaces, identify 
scalable reaction conditions, work with multiple analytic readouts, handle challenging 
reaction parameters such as gas evolution and perform make use of the strengths of both 
batch and flow systems. 
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Radicals are widely recognized as key intermediates in diverse chemical transformations, 
exhibiting distinctive and versatile reactivity. Although traditionally regarded as transient 
species, the recent development of stable organic radicals has enabled their utilization as 
functional materials.[1] In particular, sulfide radical cations play crucial roles in organic 
chemistry, biochemistry, and polymer and materials science. However, the development of 
air- and water-stable sulfide radical cations has remained a significant challenge. In this 
study, highly stable sulfide radical cations supported by two cyclic (alkyl)(amino)carbene 
(CAAC) moieties have been synthesized.[2] In addition to demonstrating high air- and water 
stability, these radical cations can withstand harsh conditions, including exposure to reactive 
chemicals such as sulfuric acid and hydrogen peroxide, as well as elevated temperatures. 
Combined experimental and computational studies reveal that the sulfur-centered unpaired 
electron is stabilized through electronic delocalization and steric protection provided by the 
CAAC substituents. These findings establish a new class of exceptionally stable sulfur-based 
radicals and pave the way for their potential applications as functional materials. 
 

 
Figure 1. CAAC-derived stable sulfide radical cations. 
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Formate salts, a sustainable non-gaseous and cost-effective C-1 building blocks. Recently, 
they use under photoredox catalysis attracted attentions due its distinct character to produce 
carbon dioxide radical anion (CO2

•−), a reactive incipient and short-lived transient radical 
intermediate with very high (negative) reduction potential (ECO2 = −2.22 V vs SCE).[1] The 
nucleophilic character of CO2

•− show an intrinsic property to undergo a Giese-type addition to 
alkenes. Followed by Wickens,[2] CO2

•− has been installed at the terminal position to produce 
mainly a linear product. Our successful combination of the MHAT strategy by Co/Brønsted 
acid/photocatalysis switched the regioselectivity to the Markovnikov type carboxylation yielding 
branched products. The key to creating the kinetic match between formate activation and 
MHAT was to introduce a diprotonated DABCO salt as a novel bench and air-stable dual 
precatalyst (BAT) for both the cycles (Figure 1). [3] 
 
Upon successful carboxylation, we targeted to employ the extremely low reduction potential of 
CO2

•− in presence of CO2 gas, where the latter would act as C-1 source and the methodology 
was further expanded to difunctionalisation of aryl oxyallenes. Therefore, we developed a 
tunable photocatalytic platform that strategically bridges carbon dioxide radical anion CO2

•−-
mediated reduction and consecutive photoinduced electron transfer (ConPET) to access super 
reducing regimes. The kinetic study revealed that relative rate of the reaction o-chloro 
phenoxyallenes are 120 times slower than o-bromo substrates. Thus, to drive the reduction of 
chloro substrates, we have introduced ConPET where formate act as essential electron donor 
to the photocatalyst, contrasting to the trivial ConPET where amines are generally required. 
While CO2

•− or ConPET generate aryl radical from the haloarenes and successive ring 
annulation, the final carboxylation takes place via reductive radical-polar crossover (RRPCO) 
and successive CO2 capture. [4] 
 

Figure 1. Dual nature of formates: As carboxylation source (left) & exploiting its reducing nature (right). 
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Unnatural amino acids are key building blocks in modern organic chemistry, with broad 
applications in drug discovery, chemical biology, protein engineering, and materials 
science.[1] In particular, a-quaternary amino acids represent highly valuable structural 
motifs, as they can enhance chemical stability and enforce defined peptide 
conformations.[1] Despite significant advances in the synthesis of unnatural a-amino 
acids,[2] methods enabling access to their a,a-disubstituted counterparts remain 
comparatively limited as the steric congestion around the a-carbon poses a considerable 
synthetic challenge.[3] 

 
Figure 1. (A) Conventional polar reactivity of azlactones as nucleophiles. (B) This work – Electrochemical polarity 

inversion of azlactones enables radical functionalisation with electron-rich species. 

In this context, a well-established strategy to access a-quaternary amino acids relies on the 
use of azlactones as nucleophiles. Upon enolization, the nucleophilic nature of the C4 
enables a wide range of functionalisations with electrophilic coupling partners (Figure 1A).[4] 
Herein we show that the electrochemical oxidation of the azlactone enolate allows to form a 
radical species with electrophilic character that can engage with various electron-rich 
SOMOphiles, thereby reversing its natural polarity (Figure 1B).[5] This electrochemical 
methodology allows to forge both Csp3–Csp2 and Csp3–Csp3 bonds, providing access to a 
new array of a-quaternary amino acid derivatives with electron-rich coupling partners. The 
method can be successfully scaled up and enables the incorporation of biologically relevant 
natural products into the amino acid core. 
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Photosensitizers are light-sensitive molecules that can generate reactive species such as 
radicals, cations, or anions, upon excitation by a light stimulus. Light-induced processes 
continue to evolve rapidly and are increasingly integrated into industrial applications. 
Nowadays, the development of high-performance photosensitizers that are efficient, 
environmentally friendly, non-toxic, and responsive to visible light is a major research focus. 
Most conventional photosensitizers are highly sensitive to UV light.[1] Consequently, the limited 
number of visible-light photosensitizers highlights the need for the development of new 
structures specifically designed to exhibit controlled reactivity. 
 

 
Figure 1 Thiol-ene “click” reaction using [2.2]paracyclophane derivative as photosensitizer 

 
In our research, we focused on the design of novel photosensitizers by using the unique 
properties of [2.2]paracyclophane frameworks. Recent advances in radical chemistry have 
demonstrated that through-space electron delocalization within such scaffolds can significantly 
enhance the stability of carbon-centered radicals.[2] Building on this concept, we synthesized 
a trifluoromethylketone-substituted [2.2]paracyclophane derivative. This molecule exhibits 
absorption in the visible region, specifically at 405 nm. This new compound acts as an efficient 
photocatalyst for thiol-ene “click” reaction under green conditions, including the use of green 
solvent, low catalyst loading, ambient temperature and sun-light compatible.[3]  
 
Acknowledgements 
This work was financially supported by “la Fondation de la Maison de la Chimie », the CNRS, 
AMU and the Ministère de l’Enseignement Supérieur, de la Recherche et de l’Innovation. 

References 
[1] Dietliker, K. A Compilation of Photoinitiators Commercially Available for UV Today, Sita Technology Ltd, London, 
2002. 
[2] Fauvel, E.; Moussounda Moussounda Koumba, T.; El Kadiry, F.; Maria, S.; Rollet, M.; Maresca, M.; Siri, D.; 
Clément, J.; Gigmes, D.; Nechab, M. Angew. Chem. Int. Ed. 2025, e202422253. 
[3] Archer, G.; Lécuyer, S.; Clément, J.; Nechab, M.; Manick, A. Green Chem. 2026, DOI: 10.1039/D5GC06810J  . 

 
 



 
14th International Symposium on Organic Free Radicals (ISOFR-14) 
7–10 June 2026, Bologna, Italy 
 
 

Fe-promoted Amination with Hydroxylamine-Derived 
reactants: from free radical to metal-based reactivity 

 
Matteo Daino, Dario Possenti, Michela D’Orazio, Andrea Giacomo Marrani, Alessandro 

Motta, Giorgio Olivo and Roberta Marino 

 
Dipartimento di Chimica, Sapienza Università di Roma, p.le A. Moro 5, I-00185 Rome, Italy 

Email: roberta.marino@uniroma1.it 
 

Keywords: amination ● iron ● aminyl radicals ● nitrenoid ● arene functionalization 
 
The relevance of amine functions in biologically active compounds calls for the design of 
amination reactions with improved efficiency, selectivity, and sustainability. Fe-mediated 
amination with hydroxylamine-derived reactants has gained significant attention in recent 
years[1], as it relies on non-toxic, cheap, and abundant iron salts or complexes and bench-
stable reactants. This reaction enables NH2 insertion on arenes in a single step, making this 
chemistry remarkably attractive. Over the years, different types of hydroxylammonium-derived 
reactants featuring electron-withdrawing O-substituents have been designed. 
 

 
 
 
 
 
 
 
 
 
 

Figure 1: Radical vs metal-based pathways in Fe-promoted amination with hydroxylammonium reactants  
 

 
Two distinct aminating species, either radical cation NH3⁺• or an iron-coordinated aminyl radical 
can be involved. We investigated how the structure of the hydroxylammonium reactant controls 
the operating mechanism, i.e. which aminating species is formed.[2] O-sulfonyl 
hydroxylammonium (MsONH3⁺) are associated with a free radical pathway, competent for 
effective yet poorly selective amination of arenes as well as organic materials like graphene[3]. 
In contrast, O-acyl hydroxylammonium salts are connected to a metal-based mechanism, that 
produces an iron-aminyl radical[4] competent for selective and controllable amination of arenes.  
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Visible-light photoredox catalysis has expanded synthetic methodologies enabling access to 
reactive radical intermediates under mild conditions.[1] Among these, radical-polar crossover 
(RPC) strategies have emerged as powerful tools for constructing cyclic frameworks through 
the merger of radical and ionic reactivity.[2] Within this context, ring-strained α-ketoaziridines 
have garnered increasing attention due to their ability to undergo photocatalytic ring opening, 
generating ketyl radical anions that can participate in downstream functionalization 
processes.[3] In this work, we report two novel photocatalytic ring-expansion methodologies 
of α-ketoaziridines, providing efficient access to valuable heterocyclic scaffolds. 
 
First, we discovered an intramolecular reactivity of N-sulfonyl-protected α-ketoaziridines that 
proceeds via an iridium-photoredox-catalyzed RPC ring-expansion, affording δ-sultams with 
an unprecedented 2,3-disubstitution pattern.[4] The method exhibits a broad substrate scope 
and scalability. Mechanistic investigations support a pathway involving single-electron 
transfer (SET) reduction to a ketyl radical anion, followed by aziridine ring opening, 
intramolecular radical cyclization, SET oxidation and final rearomatization. 
 

 
 

Figure 1.  Versatility of α-ketoaziridines as synthetic platforms for heterocycle synthesis through photocatalysis. 
 

Second, a complementary intermolecular strategy was developed in presence of olefins, an 
iridium photocatalyst and an organic base under visible-light irradiation. This robust approach 
enables the chemoselective synthesis of amino-2,3-dihydrofurans in good yields, with broad 
substrate generality and scalability. Overall, these findings establish α-ketoaziridines as 
versatile platforms for photoredox RPC reactions, offering efficient and sustainable access to 
structurally diverse heterocyclic frameworks. 
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The [3+2] cycloaddition of nitrile oxides onto unsaturated bond systems is widely 
recognized as an efficient and versatile approach for constructing nitrogen-containing 
heterocycles, including dioxazoles, isoxazoles, and oxadiazoles.1 Nitrile oxide itself can 
be generated from various precursors, involving the use of oxidizing agents.2 However, 
conventional oxidizing processes come with some challenges, including the significant use 
of stoichiometric reagents, potential safety considerations, and the formation of by-
products that may require additional purification steps, affecting overall efficiency.3 We 
describe here a metal-free photocatalyzed oxidation of oximes using 4-DPAIPN as a 
photocatalyst under blue light irradiation and atmospheric air as the oxidant, leading to 
heterocycles mentioned above in generally high and reproducible yields. Mechanistic 
investigations using EPR, fluorescence quenching and transient absorption 
spectroscopy suggest the formation of an iminoxyl radical as a key intermediate, 
generated through the oxidation of the oxime bound to the photocatalyst through hydrogen 
bonding. Subsequent oxidation of the iminoxyl radical into a nitrile oxide, followed by 
[3+2] cycloaddition with ketones, nitriles, or alkynes, affords streamlined access to the 
corresponding heterocycles. This strategy provides a green alternative to conventional 
methods, minimizing wastes, while delivering valuable nitrogen–oxygen atoms 
containing heterocycles with potential applications in pharmaceutical and materials 
chemistry. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Photocatalyzed oxidation of oximes using 4-DPAIPN under blue light irradiation. 
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The oral presentation will highlight stereoretentive radical cross-coupling as a new paradigm 
for constructing chiral C(sp³)–C(sp³) and C(sp³)–C(sp²) bonds from readily available building 
blocks. Central to this strategy is a nickel-mediated, diazene-enabled radical generation 
process in which rapid, in-cage radical rebound to the metal outcompetes picosecond 
racemization of free radicals,[1] enabling direct chirality transfer from enantioenriched 
precursors. Two interconnected projects from my postdoctoral research at Scripps Research 
will be presented. First, a stereoretentive radical–polar cross-coupling that enables 
enantiospecific alkyl–aryl bond formation using an achiral nickel catalyst.[2] This mechanistic 
framework is then translated to stereoretentive radical–radical cross-coupling, where careful 
kinetic control permits selective C(sp³)–C(sp³) bond formation between two unstabilized alkyl 
fragments.[3] Together, these studies show how managing radical capture at nickel can 
unlock new retrosynthetic disconnections for the efficient synthesis of complex, medicinally 
relevant chiral scaffolds. 

 
Figure 1. Stereoretentive Ni-catalyzed radical cross-coupling of enantioenriched alkyl sulfonyl hydrazides with 

(hetero)aryl or alkyl halides, enabling C(sp²)–C(sp³) and C(sp³)–C(sp³) bond formation with up to 96% 
stereoretention under mild, redox-neutral conditions. 
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1,n-Bis(boronic) esters are valuable building blocks for modular synthesis, yet controlling their 
reactivity and selectivity remains a significant challenge, limiting their application in late-stage 
functionalization. (1) Regiodivergent Alkynylation: We achieved the first controllable 
regiodivergent alkynylation of 1,3-bis(boronic) esters. The selectivity is governed by the unique 
chelation patterns of different organometallic reagents. This method overcomes the inherent 
low reactivity of these substrates and provides access to non-classical products beyond the 
scope of traditional radical chemistry. (2) Selective Radical B–X Exchange: We developed an 
operationally simple protocol for selective functional group exchange in diverse 1,n-diborons. 
This reaction proceeds through unprecedented primary radical intermediates, overcoming 
unfavorable electronic effects. Mechanistic studies reveal a radical chain process where a key 
sulfonyl radical selectively activates one boronic ester over the other, ensuring high fidelity. 

 
Figure 1. 1,n-Bis(boronic) Esters: alkynylation and B–X exchange reaction 

 

Both strategies effectively tackle the longstanding issues of reactivity and selectivity in poly-
boronic ester chemistry. The alkynylation method enables regiodivergent C–C bond formation, 
while the B–X exchange offers a versatile handle for downstream diversification. Together, they 
provide powerful and complementary toolkits for the programmable synthesis of complex, 
bioactive molecules from readily accessible boronic ester precursors. 
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Chiral amines are omnipresent among natural products and APIs.[1] Despite the continued 

interest, methods for their asymmetric synthesis are still lacking.[2] Herein, we report a dual 

catalytic system, which allows the synthesis of chiral amines via hydrogen atom transfer (HAT). 

A photocatalyst works in tandem with catalytic P-H* donors, opening the possibility of 

enantioselective HAT between a pro-chiral radical and chiral H-atom source (Scheme 1). To 

date, only reagents derived from Sn, S, and Si have been used for the asymmetric HAT 

reaction, but they are far from providing a general solution. [3] 

 

Scheme 1: Project Design 
 

Phosphorus is an excellent and yet unexplored alternative. Organophosphorus compounds 

have weak P-H bonds, P-centered radicals are well studied[4], and asymmetric chemistry of P-

compounds is well-established, with many chiral scaffolds available.   

We have successfully developed a model system, and we discovered an unprecedented 

catalysis with a P-H donor, facilitated by previously elusive reduction of P-centered radical to 

P-centered anion. The preliminary screening has been performed across > 20 substrates, with 

yields > 92%. Currently, we are optimizing the enantioselective variant of the reaction.  
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Dual Ni/photoredox catalysis has emerged as a powerful platform for chlorine radical (Cl•)-
mediated transformations.1 We report an efficient protocol for the regioselective 
chlorocarbonylation of unactivated alkenes to access β-keto primary chlorides.2a, 2b The key 
mechanistic step involves photoinduced Ni(III)–Cl bond homolysis,3a, 3b generating chlorine 
radical (Cl•) that undergoes selective addition to olefins followed by Ni-catalysed cross-
coupling reaction. A wide range of acid chlorides act as both chlorine source and coupling 
partner, enabling broad substrate scope, excellent functional group tolerance, and scalability. 
Detailed mechanistic experiments and DFT studies support the proposed catalytic pathway. 
This work demonstrates the potential of Ni/photoredox catalysed chlorine radical chemistry 
for olefin functionalisation under mild condition. 
 

 
 

Figure 1. Ni/photoredox catalysed synthesis of β-keto primary alkyl chlorides 
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Vinyl Cyclopropanes (VCPs) are versatile and highly reactive building blocks, owing to the 
significant strain of the three-membered ring, combined with the presence of a vinyl group. 
These features allow VCPs to participate in a wide range of chemical transformations. 
Traditionally, transition-metal catalysis, such as palladium, rhodium or iron, have been used to 
promote cycloaddition and rearrangement reactions, while more recent radical and 
photocatalytic strategies have further broadened their synthetic utility. In contrast, reactions 
between VCPs and aldehydes remain comparatively underdeveloped. Herein, we report a new 
light-driven protocol, employing TBADT that enables site-selective coupling of VCPs with 
aldehydes or alkanes, affording allyl ketones and alkenes in high efficiency and with excellent 
selectivity. The transformation proceeds under mild photochemical conditions and is readily 
adaptable to continuous-flow operation, enhancing its practicality and scalability.[1] 

 

 
Scheme 1. Photochemical allylation of alkanes or aldehydes using VCPs. 
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Understanding radical mechanisms requires direct observation of transient open-shell
intermediates which is a long-standing challenge in photocatalysis and radical chemistry.
Using our newly developed ultrawide single-sideband phase-sensitive detection time-
resolved electron paramagnetic resonance (U-PSD TREPR) technique, we achieved
simultaneous in situ monitoring and kinetic interrogation of all transient radical species in the
photocatalytic addition of pempidine to tert-butyl acrylate.[1] For the first time, the complete
photocatalytic cycle was visualized through the fine structures, kinetic profiles, and spin
dynamics of all open-shell intermediates, including amine radical cations, α -aminoalkyl
radicals, and radical adducts.[2] Furthermore, we extended this methodology to quantify
elementary step kinetics, enabling direct measurement of halogen atom transfer (XAT) rate
constants for α-aminoalkyl radicals.[3] This quantitative approach led to a significant revision
of their previously reported reactivity, establishing an authentic XAT reactivity scale that is 3–
5 orders of magnitude lower than tin radicals. Our work establishes a new paradigm for
radical chemistry, where transient species are not merely detected but precisely
characterized and quantified.

Figure 1. (A) Direct observation of a photocatalytic cycle with the U-PSD TREPR. (B) Direct observation of the XAT
process of α-aminoalkyl radicals by U-PSD TREPR.
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We describe a photoinduced Pd-catalyzed interceptive decarboxylative allylation of allyl 
esters.[1] The combination of Pd and photoredox catalysis overcomes the inherent pKa-
limitations of existing metal catalysed interceptive decarboxylative allylation methods whilst 
also broadening the scope of olefins.[2,3] Our protocol provides a new gateway to enable atom 
pair swaps or a series of contractions and elongations, thus offering unconventional 
disconnections and a modular, yet broadly applicable, tool for rapidly and reliably accessing 
C(sp3) rich architectures. 
 

 
 

Figure 1. Pd-Catalyzed Photoinduced Interceptive Decarboxylative Allylation. 
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Visible light-induced photocatalysis is fundamental in organic chemistry, garnering significant 
attention from the synthetic community. In this context, we have developed a XAT strategy 
utilizing -aminoalkyl radicals[1] for the generation of aryl radicals at room temperature, which 
is applied for intramolecular cyclization reactions en route to biologically relevant alkaloids. 
Starting from simple halogen-substituted benzamides under visible light irradiation in the 
presence of an organophotocatalyst (4CzIPN) and nBu3N allows the modular construction of 
the phenanthridinone core, offering facile access to drug analogs and alkaloids from the 
Amaryllidaceae family. The reaction pathway most likely involves a quantum mechanical 
tunneling-enabled transfer event to achieve aromatization-halogen atom transfer.[2] 
Meanwhile a photocatalyst-free visible-light-induced EDA-based[3] radical cascade reaction of 
N-allylbromodifluoroacetamides and N-alkylacrylsulfonamide, featuring a radical Truce-
Smiles arrangement, is identified for the modular construction of the difluoroamid pyrolidone 
core.[4] The details of these findings will be presented as a poster during the conference. 
 
 

 
 
              Figure 1:  Carbon-centered radical-mediated cascade process via XAT and SET events 
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Efficiently activating inert C(sp3)−H bonds for organic synthesis is a topic of great interest, 
however, the elusive oxidative potential associated with unactivated alkanes renders their 
activation by single electron transfer (SET) highly challenging. Instead, direct hydrogen atom 
transfer (HAT) by photoexcited species can surmount the high bond dissociation energies 
(BDEs) of inert C(sp3)−H bonds and has become a widely employed strategy to transform 
them into alkyl radicals.[1] 

 
 

Figure 1. Overview of photoelectrochemical carboamidation of styrenes via HAT, radical addition, oxidative radical 
polar crossover and Ritter-type amidation. 

 
Herein, we present a mild carboamidative difunctionalization of electronically different 
styrenes with diverse hydrocarbons developed by merging photocatalysis and 
electrochemistry without using external oxidants.[2] The reaction proceeds through a tandem 
photocatalytic hydrogen atom transfer (HAT), radical addition to styrenes, radical polar 
crossover, and subsequent Ritter-type amidation. Key to engaging unactivated alkanes was 
the use of tetrabutylammonium decatungstate (TBADT) as a HAT photocatalyst, which was 
regenerated from its reduced form by anodic oxidation. A diverse set of C(sp3)−H precursors, 
including unactivated alkanes was successfully utilized. Styrenes bearing different 
functionalities in their arene rings were selectively difunctionalized and several nitriles were 
employed as nucleophiles. Overall, we demonstrated how photoelectrochemistry forges 
unconventional reactivity by merging photocatalyzed HAT with an oxidative radical polar 
crossover. 
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Over the past years, isoxazolones received increasing attention by synthetic chemists because 
of their versatile sides of reactivity and appearance in natural products.[1] In this context, it was 
shown, by using iridium catalysis under thermal conditions, that 2H-azirines as well as their 
fully substituted counterparts could be generated by CO2 release in a ring contraction 
reaction.[2]  
       Herein, we report for the first time the formation of highly substituted N-heterocycles via 
cascade energy transfer, starting from isoxazolones. Mechanistic investigations suggest the 
formation of highly substituted azirines as key intermediates, undergoing selective carbon–
carbon bond cleavage and further formal [3+2] cycloaddition with olefins, whereas a 
combination of CO2- and strain-release appear to be the crucial driving forces. The reaction 
proceeds with high regio- and diastereoselectivities to form complex nitrogen-containing 
heterocycles. Besides olefins, also unsaturated molecules like alkynes could be employed in 
this protocol, giving access to valuable pyrrole-type moieties. 
 

 
Figure 1. General reaction overview. Isoxazolones as photolabile precursors of 2H-azirines. Photoexcited 2H-

azirines as a novel class of C,C-bifunctional linkers.  
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Visible-light photocatalysis has transformed organic synthesis by enabling radical processes 
under mild and more sustainable conditions. Recently, new reactivities were observed through 
light-excited metal entities such palladium complexes giving access to high-energy species 
leading to unique radical and metal-based redox sequences.[1] For instance, Gevorgyan 
pioneered Pd(0) photocatalyzed single-electron transfer (SET) to vinyl iodide precursors.[2] 
This type of formal homolytic Csp²–X bond cleavage was applied to aryl iodide derivatives by 
Lautens allowing a domino intramolecular carbo-iodation reaction to an alkene pendant.[3] In 
parallel, Glorius and Chen investigated domino intramolecular carbo-Heck sequences under 
mild conditions.[4] 
 
Based on these backgrounds, we report herein a strategy for the intramolecular domino 
carbofunctionalization of alkenes based on mild photocatalytic palladium conditions, relying on 
the generation of putative vinylic hybrid Pd(I)–radical intermediates for the construction of 
cyclic frameworks (Figure 1). 
 

 
 

Figure 1. carbofunctionalization of Csp2 bonds using photocatalytic palladium conditions 
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The trifluoromethyl groups (CF3) are key components in pharmaceuticals and 
agrochemicals.[1] 
Many strategies and reagents design have been developed to introduce these fluoroalkyl 
groups into organic molecules. Yet, most of them rely on reagents with poor atom economy 
and limited scalability.[1] In another hand, trifluoroacetates are the most abundant and 
accessible sources of CF3 groups through decarboxylation, which makes them very attractive 
candidates as trifluoromethylating reagents. However, their very high oxidation potential 
constitutes a major obstacle. 
In the recent years, alongside other groups with various metals [2][3], we developed a 
methodology to enable the direct decarboxylation of trifluoroacetates with iron photocatalysts 
for the trifluoromethylation of (hetero)arenes.[4] Under visible light irradiation, the 
decarboxylation is triggered through an inner-sphere electron transfer (LMCT), which operates 
independently of redox potentials. 
In this communication, we show the decarboxylation step thanks to copper salts to broaden 
the scope of this reactivity to the versatile difunctionalisation of alkenes, introducing both a 
CF3 group and a range of nucleophiles across the double bond. The reaction conditions are 
very simple and practical, requiring only a readily available copper salt [5] that serves a dual 
role: triggering photoinduced decarboxylation and acting as an oxidant to facilitate the radical-
polar crossover (RPC). Taken together, our protocol enables rapid access to a diverse array 
of densely functionalized products bearing industrially relevant fluoroalkyl groups, starting from 
available and inexpensive chemical feedstocks. 
 
 

 
 

Figure 1. Copper LMCT trifluoromethylation 
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Cyclobutanes are valuable molecular scaffolds due to their high density of sp³-hybridized 
carbon atoms and rigidity.1 Despite their promise, the selective functionalization of these 
strained, saturated frameworks remains challenging and continues to attract significant 
interest, particularly in light of their increasing importance in medicinal chemistry.2 
Bicyclobutanes (BCB’s), in particular, are highly susceptible to radical-induced ring opening, 
offering opportunities for the construction of complex architectures.3  We employed Cu-based 
photocatalytic atom transfer radical addition (ATRA)4 to construct functionally rich 
cyclobutanes from diverse class of BCBs. This mild conditioned methodology encompasses 
four different class of ATRA reagents. The compatibility of multiple BCBs, with multiple ATRA 
reagents is what makes this work stand-out as a general di-functional strategy in the highly 
competitive field of photo-induced strain-release functionalization.  

 
Figure 1. Fuctionalisation of bicyclobutanes using Copper photocatalysis. 
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Photocyclization reactions remain as some of the most powerful transformations in the 
synthetic toolbox for the construction of complex and highly strained molecular scaffolds poorly 
accessible through closed shell reactivity. In addition to more established direct excitation, 
which often relies on harsh conditions and highly energetic photons in the ultraviolet region, 
photocatalytic energy transfer (EnT) has seen a surge in popularity in recent years.[1] By 
transferring the triplet state of a suitable photocatalyst in Dexter EnT mechanistic fashion, 
comparatively long-lived triplet states of common organic molecules may be accessed through 
the usage of the milder visible light region, which often circumvents expected reactivity.[2] 

 
Figure 1. General reaction overview. Upon triplet excitation, a suitable energy transfer acceptor reacts with an 
activated alkene in intermolecular fashion. Extended lifetimes of the biradical T1 state, compared to its S1 state, are 
presumed to be integral to allow for interception by a third reaction partner, in this case nitrosoarenes, prior to ISC and 
[2+2] ring closure. 
 
Whereas recent efforts have focused on two-component reactivity, we reasoned that through 
careful reaction design, in accordance with established guidelines regarding radical-stability 
and -philicity,[3] the usual limitations of biradical intermediates towards non-canonical reactivity 
beyond intramolecular recombination and fragmentation, which originate from their relatively 
short lifetimes, may be overcome. We identified nitrosoarenes, known to be superior spin 
traps,[4] as ideal reaction partners to enable biradical interception prior to intersystem crossing 
(ISC) and [2+2] ring closure of EnT acceptors and activated alkenes. We were accordingly 
able to mimic a hypothetical three-component collision complex which enables the formal 
[2+2+2] construction of saturated, sp3-rich systems in intermolecular fashion. The products 
thus formed contain rare N–O heteroatomic bonds in multifused ring systems and are 
otherwise difficult to access. 
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Nitrogen-centered radicals (NCRs) have emerged as versatile synthetic intermediates for the 
construction of functional nitrogen-containing molecules[1]. Owing to their unique electronic 
properties and high reactivity, NCRs enable diverse bond-forming transformations under mild 
conditions, often providing complementary reactivity to ionic pathways. Recent advances in 
radical generation strategies, including photoredox[2] and electrochemical methods, have 
significantly expanded their synthetic utility. As a result, NCR-based approaches have 
become powerful tools for assembling complex amines, amides, and heterocycles with broad 
relevance to pharmaceuticals and materials science. 
 
Herein, we report a highly efficient visible-light-induced, regio- and stereoselective β-
Sulfonylamination of terminal alkynes. In this protocol, 2-oxypyridines are employed to 
generate nitrogen-centered radicals via S–O bond cleavage, followed by a dearomative 
migratory rearrangement[3] to form NCRs, enabling a straightforward route to N-substituted 2-
pyridones. Mechanistic investigations indicate a base-accelerated energy-transfer (EnT) 
photocatalytic pathway involving NCR formation, radical addition to alkynes, and subsequent 
sulfonylation processes. 
 

 
 

Figure 1. β-Sulfonylamination of Alkynes vie Dearomative Migratory Rearrangement of 2-Oxypyridines 
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Aryl phosphonates are important structural motifs in a variety of fields, including 

pharmaceuticals and functional materials. While methods for the phosphonylation of aryl 
iodides and bromides have been widely developed, the corresponding transformation of aryl 
chlorides remains relatively unexplored due to the high energy barrier associated with the 
activation of C(sp2)−Cl bonds. In particular, bis-phosphonylation of aryl chlorides remains 
largely unexplored.1 Recently, we have designed and synthesized organophotoredox 
catalysts and developed visible-light-induced various photochemical transformations.2 Here, 
we report the mono- and bis-phosphonylation of aryl chlorides using a strongly reducing 
helical phenothiazine organophotoredox catalyst (PTHS).3 The reaction is applicable to 
various mono- and bis-chlorinated benzenes to obtain the corresponding aryl phosphonates. 
This method offers versatile access to functionalized aryl phosphonates, thus rendering it a 
promising tool for the synthesis of pharmaceuticals and functional materials. 
 

  
Figure 1. Phenothiazine Organophotoredox Catalyzed Mono- and Bis-Phosphonylation of Aryl Chlorides 
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Abstract: Radical hydrogenation via Hydrogen Atom Transfer (HAT)/ Transfer 
Hydrogenation to alkenes is an increasingly important transformation for the formation of 
thermodynamically more stable alkane isomers. Current single-catalyst-based hydrogenation 
methods require a stoichiometric oxidant in addition to a hydride (H−) source[1]. 
Hydrogenation based on radical, metal-catalysed hydrogen atom transfer (mHAT), transfer 
hydrogenation mechanisms offer an outstanding opportunity to overcome these difficulties, 
enabling the mild reduction of these challenging olefins with selectivity that is complementary 
to traditional hydrogenations with H2.  

 
Figure: Metalloradical(MRC) catalysed radical hydrogenation of olefines  
Furthermore, it provides an opportunity for asymmetric induction through transfer 
hydrogenation using two different hydrogen sources.[2] [3] Herein, we disclose the first report 
on metalloradical (MRC) catalysed radical hydrogenation of olefins using two distinct 
hydrogen sources (NaBH4 & Et3N.3HF). Control reaction confirms the generation of the H2 
molecule, which is further activated and subsequently donated to olefins via MRC-catalysed 
HAT. The bimetallic nature of MRC makes it even oxidant free. The mechanistic insights 
suggest the radical hydrogenation pathway. Together, this catalytic system allows us to 
hydrogenate different classes of molecules and introduces a new approach to radical 
hydrogenation. 
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The development of new pharmaceuticals, agrochemicals and materials hinges on the use of 
palladium-catalysed cross-coupling reactions and, in particular, the coupling between aryl 
halides and organoborons (known as Suzuki-type coupling) has historically held a prominent 
position as the main tool to assemble new Csp2-Csp2 bonds in academic and industrial 
settings.[1] However, in view of the high cost and the volatile availability of palladium, chemists 
are facing the challenge of replacing reactions catalysed by this and other precious metals with 
more abundant and sustainable ones.[2] Among the various existing alternatives, iron has 
emerged as one of the most attractive and promising ones in view of its low toxicity and large 
abundance, among other desirable properties.[3] Although some advances in recent years have 
led to the development of iron-catalysed Suzuki-type couplings, existing methodologies are 
limited by the general use of strong bases such as LDA and Grignard or the requirement of 
directing groups, limiting their general applicability.[4] 
 

In this work, we present the use of light as an unprecedented approach to overcome these 
limitations. To achieve this, we have made use of ferrioxalate photocatalysis[5] to access highly-
reducing low-valent iron species that enable the reduction of aryl halides to aryl radicals.  Using 
this catalytic system we have carried out Suzuki-type couplings, following a non-canonical 
radical pathway that offers an orthogonal approach to traditional strategies based on 
transmetalation. Thus, this new method constitutes a sustainable and fast method in the 
absence of strong bases, with reaction conditions that show exceptional tolerance to functional 
groups and a wide structural diversity in the coupling between aryl halides and alkenyl 
organoboron compounds inaccessible under iron-catalysed methodologies (Figure 1). 
 

 
Figure 1. Suzuki-type reaction via Ferrioxalate Photocatalysis. 
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Ketones and alkenes are ubiquitous in feedstock chemicals or bioactive compounds. These 
two functional groups are archetypal textbook examples of reactivity handles for organic 
synthesis,[1] however, the direct coupling between them to obtain tertiary alcohols remains 
limited. Some of the most successful strategies rely on radical chemistry to assembly new C–
C bonds, are mediated by SmI2, metal hydrides or photoredox catalysis.[2] Nevertheless, 
reported strategies are mainly focused on intramolecular couplings or require the use of 
activated substrates. In this context, the intermolecular coupling between unactivated alkenes 
and ketones with broad scope remains a longstanding ambition.[3] 
 
Recently, our group introduced the use of ferrioxalate photocatalysis in diverse reductive 
transformations based on the effective generation of catalytic species with unexplored 
synthetic potential.[4] In this work we present how ferrioxalate catalysis can enable ketone-
olefin coupling reactions. Photoactivation of iron catalysts allows to perform this challenging 
transformation under exceptionally mild reaction conditions (visible light, room temperature), 
without the use of strong bases or stoichiometric metal reductants, and present a broad scope 
in both coupling partners. The implementation of this blueprint has unlocked the use of ketones 
and alkenes as building blocks for intermolecular C–C bond formation in presence of multiple 
functionalities, opening new opportunities for fragment coupling strategies. 
 

 
 

Figure 1. Ferrioxalate photocatalysis mediated ketone-olefin cross coupling 
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N-substituted phenothiazines are widely recognized as highly effective organic photoredox 
catalysts due to their strong reducing properties.2,3 Recently, their radical cations have also 
been examined as photocatalysts for oxidations.4,5 In contrast, phenothiazine sulfoxides—
easily formed via oxidation—have remained largely unexplored in photocatalysis. Here, we 
report the discovery and application of N-phenylphenothiazine sulfoxide as a novel 
photocatalyst for the reductive activation of cyclic malonyl peroxides, enabling the direct 
synthesis of complex -lactones from simple olefins. Comprehensive mechanistic studies were 
conducted to elucidate the in situ formation of the active catalyst from N-phenothiazine via its 
radical cation as well as the overall photocatalytic mechanism via a radical cascade. Our 
approach employed a combination of time-resolved spectroscopy, transient UV–vis absorption 
spectroscopy, spectroelectrochemistry, cyclic voltammetry, isotopic labeling, radical trapping, 
NMR spectroscopy, and DFT calculations. The synthetic utility of this protocol was 
demonstrated through a broad substrate scope, providing efficient access to biologically 
relevant spirocyclic -lactones. 
 

 
Figure 1. Elucidated mechanism of the interconversion of photocatalytic species and the formation of γ-Lactones. 
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Catalytic C(sp3)-H functionalization at the α position to nitrogen in saturated azacycles is 
a broad and extremely challenging field in organic chemistry. In recent years, numerous 
successful examples based on transition metals catalysis combined with directing group 
strategies1. In parallel, photocatalytic protocols have emerged over the past few decades as 
powerful alternatives for promoting this kind of reactions and others. Within the field of sp3 C-
H activation, the transformation of C-H bonds at the α-position to the nitrogen atom in saturated 
cyclic amines is of particular importance, since such heterocyclic motifs can be found in an 
impressive number of natural products and marketed drugs. 
Photocatalytic C(sp3)-H alkylation and arylation of azacycles are well described, and 
numerous examples of halogenation, sulfonylation, oxidation, and amination have also been 
reported, employing metal-based or metal-free photoredox catalysts. 
In this field, Tetrabutylammonium decatungstate (TBADT) has demonstrated an outstanding 
photochemical activity, that motivates its use as a competent photocatalyst in organic 
chemistry2. 
Here we proposed the first application of decatungstate anion in a Giese-type reaction on N-
Boc-4-piperidone, a foundamental substrate in the total synthesis of drug molecules, such as 
fentanyl derivatives or spiropiperidines. 
Using various acrylates (linear, branched and cyclic), it was possible to site-selective mono-
functionalized the α position to nitrogen, leading to a new wide range of compounds, which 
can be applied as building blocks for the synthesis, for example, of bicyclic 6+5 member 
rings. 

 
 

 
Figure 1. Synthetic pathway for C(sp3)-h functionalization of N-Boc-4-Piperidone catalyzed by TABDT. 
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A photoinduced radical-polar pathway was established, in which Aggregation Induced 
Emission (AIE) triggers the anti-Markovnikov hydroarylation reaction and it also serves as an 
eco-friendly, real-time indicator for monitoring the progress of the reaction. The need of 
auxiliary fluorescent probe or waste-generating analytical tool can be removed by this 
methodology, making this a sustainable photochemical process. This method not only offers a 
greener and more economical alternative, but also utilizes AIE as an in-situ indicator for 
determining reaction efficiency. This methodology also follows several principles of green 
chemistry by avoiding non-toxic reagent, transition metal catalyst, using acetonitrile and water 
as green solvent. This process has impressive eco-scale and E-factor value. This method 
exhibits broad substrate scope and it can be easily scaled up, showing its practical 
applicability. Mechanistic insights from deuterium labelling, spectroscopic studies, and DFT 
calculations confirm the involvement of both radical and anionic intermediate and highlight a 
radical-polar crossover pathway as the primary mechanistic route. The study highlights that 
AIE could be effectively utilized to monitor organic transformations and providing direct insight 
into reaction progress. By correlating emission intensity with product formation, this approach 
offers a practical framework for rapidly identifying optimal conditions and systematically 
improving reaction yields. 
 

 
 

Figure 1. Photochemical anti-Markovnikov hydroarylation reaction 
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A metal- and reagent-free, visible-light-mediated [5 + 1] annulation of vinyl cyclopropanes 
with iminoiodinanes has been successfully developed, providing a sustainable and 
operationally simple strategy for the construction of valuable nitrogen-containing 
heterocycles. This transformation enables efficient access to a wide range of 1,2,3,6-
tetrahydropyridines under mild conditions without the need for transition-metal catalysts or 
additional chemical reagents. Notably, the protocol exhibits broad substrate generality, 
accommodating aryl-, alkyl-, and heteroaryl-substituted vinyl cyclopropanes, thereby 
demonstrating excellent functional group tolerance and synthetic versatility. 
The resulting tetrahydropyridine scaffolds serve as highly useful intermediates, as they can 
undergo base-promoted aromatization to furnish 2,5-diarylpyridines, which are important 
structural motifs frequently encountered in medicinal chemistry, agrochemicals, and 
functional materials. Furthermore, these products can be subjected to diverse downstream 
derivatizations, highlighting the potential of this methodology for late-stage functionalization 
and the rapid generation of structurally diverse pyridine-based frameworks. 
 

 
Figure 1. [5 + 1] Annulation of Vinyl Cyclopropane with Nitrene  
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Photocatalytic transformation has drawn significant attention due to its ability to generate high-
energy key intermediates under mild conditions while affording wide functional group tolerance 
and new opportunities for organic synthesis. Regarding the Truce-Smiles rearrangement, 
radical pathways facilitated the transfer of various aryl groups, which was often limited to 
electron-deficient aryl groups in ionic pathways.[1] Several methods of radical Truce-Smiles 
rearrangement has been developed to synthesize β-arylethylamine derivatives,[2] a valuable 
scaffold for pharmaceuticals and bioactive compounds.[3] Among them, the decarboxylative 
sequence of activated β-amino esters by Greaney and co-workers is noteworthy.[4] 
 
In this context, we propose the synthetic approach of β-arylethylamine derivatives by an 
intramolecular radical Truce-Smiles rearrangement induced by a decarboxylative 
photocatalyzed approach, starting from N-protected β-amino acid compounds (Figure 1). 
 

 
 

Figure 1. Photocatalyzed intramolecular Truce-Smiles rearrangement of β-amino acid 
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While traditional oxidation methods often rely on stoichiometric oxidants such as CrO₄²⁻ and 
MnO₄⁻, molecular oxygen represents an ideal alternative; however, its application remains 
relatively limited. In recent years, the rapid advancement of photochemistry has enabled the 
development of photocatalytic aerobic oxidation protocols as powerful tools for activating 
atmospheric oxygen.[1] Among the various photocatalytic semiconductors, graphitic carbon nitride 
(g-C₃N₄) stands out due to its metal-free nature, low cost, and strong redox potential under visible-
light irradiation, offering an environmentally benign approach to selective photocatalytic 
oxidations using O₂ under mild conditions.[2] Herein, we report a systematic study of 
chemoselective transformations under blue and green light irradiation, focusing on the oxidation 
of sulfides to sulfoxides and boronic acids to the corresponding hydroxy derivatives.[3],[4] 

 

 
Figure 1. g-C3N4-mediated aerobic oxidation of sulfides and boronic acids under visible-light irradiation. 
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Incorporating main-group elements into the backbone of helicenes can significantly modulate 
their electronic and optical properties, making the asymmetric synthesis of heterohelicenes 
an attractive research direction. Based on this, the present study employs a key Povarov 
reaction catalyzed by chiral phosphoric acids to achieve the divergent asymmetric synthesis 
of two distinct types of heterohelicenes from the same starting material. Specifically, via a 
one-pot asymmetric Povarov reaction/oxidative aromatization, C1 ortho-phenol-substituted 
[5]/[6] pyridohelicenes were synthesized; further Pd(II)/base-mediated furan ring formation 
yielded longer [7]/[8] heterohelicenes containing both furan and pyridine units. The 
successful derivatization of the resulting chiral helicenes, coupled with their excellent 
photophysical and chiroptical properties, further demonstrates the significant value of this 
synthetic method 
 

 
Figure 1. Divergent asymmetric synthesis of heterohelicenes via a CPA-catalyzed Povarov reaction, followed by 

either oxidative aromatization or Pd(II)-induced intramolecular cyclization. 
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Enamides are stable electron rich double bonds that are commonly used in organic synthesis 
for incorporation of nitrogen functionality.[1] The stability of these units, related to their 
diminished enaminic reactivity, as the result of the presence of electron-withdrawing group on 
the nitrogen atom, is well demonstrated by their occurrence in various bioactive natural 
products.[2] During the course of our investigation on the reactivity of ynamides in radical 
chemistry,[3] we found out a strategy for accessing these powerful and versatile building blocks 
from ynamides in a simple, clean, and atom economical manner. The process occurs with high 
yield and high regio- and stereoselectivity leading to complex alkenes bearing no less than 
three heteroatoms. 
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Dithiocarbamates have been exploited for facilitating radical-mediated bond formations by 
leveraging their general reactivity arising from the weak carbon-sulfur bonds.[1] In particular, 
the C–S bond homolysis induced by irradiating with UV light or the generation of 
dithiocarbamate radical cations by using photoredox catalysts have expanded the reactivity 
modes of dithiocarbamates and their utility in radical addition-fragmentation chain transfer 
(RAFT)/cationic polymerization[2] as well as C–C bond formations.[3] Despite the significant 
advances in the utilization of these modes of reactivity relying on C–S bond cleavage for 
selective chemical synthesis, the potential of dithiocarbamates as molecular catalysts that 
exert reactivity and selectivity originating from their distinct structural and electronic attributes 
remains unexplored. 

In this research, we uncovered the novel reactivity of dithiocarbamates as radical covalent 
catalysts through the development of modular thiazole-2-thiones for achieving the skeletal 
reorganization of N-sulfonyl vinylaziridines to the corresponding aminocyclopentanes with 
adjacent vinyl appendages under photocatalytic conditions (Figure 1).[4] A series of 
mechanistic investigations underpinned that the predominant pathway involved the triplet 
biradical of an appropriately modified thiazole-2-thiones, formed via energy transfer from an 
iridium-based photocatalyst, as a catalytically active species viable to engage in the covalent 
activation of vinylaziridines for the ensuing radical cascades. 
 

 
 

Figure 1. Skeletal reorganization of vinylaziridines by radical covalent catalysts via excited-state triple biradicals. 
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The development of mild methods for generating halogen radicals from simple halide salts 
remains an important objective in radical chemistry.[1] We report a metal-free, visible-light-
promoted approach that enables direct benzylic C-H bromination using readily available 
simple halide salts. Photoexcitation of nitroarene generates a reactive triplet, enabling 
controlled formation of bromine radicals from bromide anion. The transformation proceeds 
without conventional radical initiators or preactivated halogenating reagents and provides 
efficient access to benzylic bromides in good to excellent yields.  
 
 

 
 

Figure 1. Benzylic C-H Bromination 
 
 
This work highlights a practical strategy for halide utilization in photochemical C-H 
functionalization and thus expands the scope of sustainable radical generation methods and 
the synthetic utility of excited-state nitro chemistry. 
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An organic single-electron donor system based on B2pin2, LiOtBu and 1,10-phenanthroline 
enables a single electron reduction of nitroarenes at room temperature. Trapping of 
intermediary nitrosoarenes with B2pin2 allows full reduction of the nitro group, resulting in the 
bis-borylation of nitrobenzene derivatives. The use of these underexplored aromatic  
N,N-diboranes[1] revealed a highly nucleophilic nitrogen center, as evidenced by their ability 
to promote direct amidation of esters at room temperature. 
 

 
 

Figure 1: Organic single electron donor-initiated amidation of esters via N,N-diboranes. 
 

Moreover, N,N-diboranes react with excellent chemoselectivity as demonstrated by the 
amidation of α,β-unsaturated and propargylic esters. In summary, alkyne esters were 
amidated directly with nitroarenes as nitrogen source in a one pot reaction. Generality and 
high functional group tolerance of this method is demonstrated in a broad reaction scope. 
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The incorporation of fluorinated motifs, particularly CF₃CO- groups, into electron-deficient 
molecular frameworks remains a persistent challenge due to the intrinsic electrophilic 
character. Herein, we report a three-component, mild and efficient protocol that achieves 
both trifluoroacetylation and heteroarylation of broad class of alkenes. Our strategy employs 
a masked trifluoroacetyl precursor to invert the native electrophilicity of the CF3CO unit. 
Mechanistically, the reaction operates via a consecutive photoinduced electron transfer 
(ConPET) pathway involving two-photon excitation process. This protocol is compatible with 
late-stage functionalization of structurally complex unsaturated coupling partner and 
proposed mechanism is corroborated by a detailed mechanistic study. 
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Functional group interconversion, a pivotal synthetic technique for precise editing of 
molecular building blocks, is particularly rare when facilitated by energy transfer catalysis. 
Herein, we showcase two instances of photochemical rearrangement of isonitriles, facilitated 
by energy transfer catalysis under visible light. The di-π-ethane rearrangement and di-π-
propane rearrangement proceed through a six-membered transition state, offering a fresh 
synthetic paradigm for constructing three- and five-membered molecular architectures. 
Notably, these open-shell rearrangements demonstrate a vast substrate scope, compatibility 
with diverse functional groups, and applicability to complex drug and natural product 
derivatives, thereby presenting a complementary strategy for advancing energy transfer-
enabled functional group inter conversion. Furthermore, the photochemical rearrangements 
of isonitriles have been supported by computational studies. 
 

 
Figure 1. Two types of isonitriles photochemical rearrangement. 

 

We successfully demonstrated two types of photochemical rearrangements: di-π-ethane and 
di-π-propane rearrangements of isonitrile functional groups, facilitated by energy transfer 
catalysis under visible light conditions. These rearrangements exhibit a broad substrate 
scope and functional group tolerance, producing three- or five-membered cyclic architectures 
in high to excellent yields [1]. 
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Cytochromes P450 (CYPs) can catalyze the monooxygenation of non-activated aliphatic (sp3) 
and aryl (sp2) C–H bonds utilizing a high-valent Fe(IV)-oxo porphyrin π-cation radical – referred 
to as Compound I (Scheme 1) – as the active intermediate.[1] Upon formation of Compound I, 
which is facilitated by reductive activation of molecular oxygen or by a ferric hydrogen peroxide 
(H2O2) species, homolytic C–H cleavage occurs and the resulting radical is terminated through 
OH rebound, generating the monooxygenated product (Scheme 1).[2] The highly ordered 
environment provided by the protein scaffold ensures that the monooxygenation reaction 
occurs with excellent regio- and stereoselectivity.[3] 
In this work, the H2O2-utilizing cytochrome P450 POSPα (CYP152 family, isolated from 
Sphingomonas paucimobilis[4]) was engineered for the improved synthesis of α-hydroxylated 
medium-chain fatty acids. The best variant (V3-P04) exceeded the parent in terms of hydrogen 
peroxide tolerance, expression yields, and specific activity for the functionalization of octanoic 
acid. V3-P04’s improved performance was underlined in preparative-scale experiments, where 
it reached turnover numbers of up to 48,333. Additionally, the stereoselectivity for the POSPα-
mediated overoxidation of 2-hydroxyoctanoic acid was investigated and found to be 
stereocomplementary to the first oxidation, with a preference for the conversion of the minor 
formed (R)-enantiomer, leading to an improvement of the optical purity of (S)-2-
hydroxyoctanoic acid with increasing overoxidation in a cooperative cascade. 
 

 
Scheme 1: CYP152-Mediated α-hydroxylation of a fatty acid substrate. The substrate’s carboxylate group is bound 
in proximity to the reaction center by a conserved arginine residue. Hydrogen peroxide acts as electron and oxygen 
donor facilitating the formation of the active intermediate (Compound I). Homolytic C–H cleavage and hydrogen 
atom transfer (HAT) lead to the formation of a Cα-radical which is terminated by OH rebound to the α-hydroxy acid. 
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Alcohols are a ubiquitous functional group among organic molecules and frequently serve 
as a reactive handle to generate molecular complexity.[1] Although their reactivity as oxygen-
centered nucleophiles has been extensively exploited, their potential as carbon-centered 
nucleophiles has only recently gained significant momentum.[2] In this context, whereas 
thermal and photochemical strategies exploiting HAT mediators to generate nucleophilic α-
oxy radicals are well established, analogous electrochemical approaches remain 
comparatively underdeveloped.[3] With the aim of expanding the synthetic toolbox towards 
sustainable C(sp3)-H functionalization of alcohols, we developed a complementary 
electrochemical platform for the HAT-driven generation of nucleophilic α-oxy radicals, 
enabling their subsequent engagement in Giese-type additions with electron-poor olefins to 
forge C(sp³)–C(sp³) bonds (Figure 1).  
 

 
 

Figure 1. Electrochemical HAT-driven α-C(sp3)–H alkylation of alcohols. 
 

To identify suitable reaction conditions, we adopted a chemometrics-guided strategy.[4] 

Initially, a D-optimal design was used to circumscribe the relevant chemical space and 
identify influential reaction parameters, followed by a factorial design to evaluate interaction 
effects and determine optimal conditions. Key features of this mild and operationally simple 
method include the use of a tertiary amine as HAT mediator; a hydrogen-bond-acceptor 
fluorinated additive, and porous electrodes under galvanostatic conditions. Scope evaluation 
is underway using structurally diverse alcohols 1.1 in slight excess and phenyl vinyl sulfone 
1.2 as limiting radical acceptor. Preliminary results demonstrate formation of desired 
alkylated alcohols 1.3 in good yields with a broad functional group tolerance and excellent 
selectivity. 
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Photocatalysis has demonstrated its potential as a powerful platform for generating radical 
intermediates, enabling a wide range of synthetic transformations that are inaccessible via 
conventional two-electron pathways. Despite the prevalence of radical mediated processes in 
complex biological systems, enzymatic photochemical transformations remain scarce in 
nature1-3. Merging highly preorganized and tunable enzyme active sites with excited state 
chemistry offers a particularly innovative, sustainable, and highly efficient strategy for the 
synthesis of valuable chiral molecules4. Our group has recently disclosed a cofactor-free 
photoenzymatic platform utilizing direct photoexcitation of enzyme-bound intermediates5. 

Specifically, a class I aldolase (DERA-MA) forms iminium ions with enals via a catalytic lysine 
residue8. Upon irradiation, these intermediates undergo single-electron transfer, enabling 
activation of carboxylic acids to generate radicals. Stereocontrolled radical–radical coupling 
within the enzymatic pocket then affords alkylated products with enantiomeric excesses of up 
to 99% (Figure 1). Building on this pioneering approach, we have implemented high-throughput 
directed evolution workflows to rapidly expand the capabilities of our photoenzymatic platform. 
Engineered enzymes have been developed to process a diverse range of radical precursors, 
including challenging primary aliphatic radicals from abundant fatty acid feedstocks, with 
excellent enantiocontrol (up to 99% ee). Our photoenzymes can also address unmet selectivity 
challenges, demonstrating a memory of chirality effect to enable divergent diastereocontrol 
using enantiopure starting materials (d.r. up to 15:1). Additionally, select enzyme variants can 
begin move beyond traditional point chirality and achieve excellent control (99% ee) when 
forging a novel chiral axis. 
 

 
 

Figure 1. Concept of a novel iminium photodecarboxylase enzyme for stereocontrolled radical-radical couplings. 
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Living cells can be regarded as microscopic factories that perform thousands of chemical 
reactions in a highly regulated manner. However, the synthetic scope of biological systems is 
limited to a range of biochemical transformations required by Nature. This constrain can be 
relieved by interfacing the metabolism with non-enzymatic, new-to-nature synthetic 
processes.[1] Inspired by the significant advances in synthetic reactions involving single-
electron transfer (SET) processes, we envisioned harnessing the cellular metabolism to drive 
non-natural, bond-forming radical reactions. Several precedents have already demonstrated 
that the redox metabolism of bacteria can be used to initiate radical polymerization reactions.[2] 
Here, we demonstrate the use of the natural redox metabolism of bacteria to promote radical 
arylations and radical-based annulations. These reactions may have biomedical applications, 
such as the localized in situ synthesis of drugs promoted by bacteria. 
 

 
Figure 1. Carbon–carbon bond-forming radical reactions driven by the redox metabolism of bacteria. 
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2-Silyloxyfurans 1, one of the most exploited heterocyclic nucleophiles in vinylogous polar 
processes, are herein unlocked as versatile platforms in radical-mediated, vinylogous 
transformations.[1] We have developed a set of photopromoted strategies which unveiled a 
dual, complementary reactivity of 1: i. as electron-rich dienes capable to intercept electrophilic 
α-ketoradicals 2•[2] or suitable benzyl carbocations 3+ selectively at the γ-position; and ii. as 
precursors of easily accessible silyl radical cation intermediates 1•+ capable of engaging a 
radical-radical coupling with nucleophilic, open shell intermediates 3•.[3] 
These pathways provide direct γ-functionalization of the butenolide core, delivering structurally 
diverse chiral products in one step, namely ε-ketobutenolides 4 and γ-benzylbutenolides 5. 
The resulting scaffolds proved their versatility as starting platforms to build fused heterobicyclic 
lactones and bioactive phenyl-γ-valerolactone derivatives 6.[4] 
In this poster presentation the results of our endeavor will be presented, elevating 2-
silyloxyfurans as strategic hubs for expanding the scope of vinylogous transformations. 
 

 
Figure 1. Photochemical γ-functionalization of 2-silyloxyfurans 1 via novel radical reactivity. 
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Depleted uranium is produced in large quantities as uranyl nitrate, an abundant and 
largely underexploited by-product of the nuclear fuel industry. While uranium chemistry is well 
documented in geochemical and environmental contexts, its catalytic reactivity remains far 
less explored despite renewed interest in recent years. Identifying new valorisation routes for 
depleted uranium is therefore highly desirable, particularly in the energy sector, where its 
stakeholders already operate. 

Fossil fuel use remains a major contributor to global warming through CO₂ emissions, 
driving the search for sustainable alternatives. In this context, green hydrocarbons are 
attractive drop-in biofuels, offering both high compatibility with existing infrastructure and 
access from renewable feedstocks. [1] However, conventional production routes often rely on 
harsh thermocatalytic conditions, while current photocatalytic approaches still require 
expensive catalysts, stoichiometric base, or multiple additives. 

Building on pioneering studies by Heckler and co-workers [2] showing that photoexcited 
uranyl species promote the decarboxylation of organic acids in water, we investigate uranyl-
based photocatalysis for renewable-fuel production from abundant biosourced feedstocks, 
including acetic acid and waste lipids. 

We elucidate the mechanistic features of the acetic acid system through luminescence 
studies, kinetic isotope effects, isotopic labelling experiments, and correlations between uranyl 
speciation and catalytic activity. Building on this understanding, this reactivity is extended to 
long-chain fatty acids provides access to gasoline-, kerosene-, and diesel-range 
hydrocarbons. Overall, the system operates under mild conditions, with water as the only 
additive and low photocatalyst loadings, thus offering a potential route for the valorization of 
depleted uranium through visible-light-driven conversion of abundant bio-sourced feedstocks 
in aqueous medium. 

 

Figure 1. Graphical abstract 
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N-heterocyclic carbenes (NHC) have been engaged for decades as organocatalysts. While 
these processes usually follow ionic mechanisms, an increasing number of NHC-
organocatalyzed radical transformations have been reported recently, either in presence of 
aldehyde derivatives (Breslow-type catalysis) or in absence (free-NHC promoted radical 
reactions).[1]  
Our team has undergone electrochemical and mechanistic studies of the underlying redox 
processes[2] and took advantage of the resulting insights for designing catalytic systems for the 
reductive activation of challenging substrates.[3] We will present the latest development of this 
research project. In addition, to the redox chemistry of Breslow intermediates (see Figure 1),, 
we will also discuss the possible observation and relevance of radical ions of free NHC, which 
have been hypothesized, but have remained elusive to date.  
 
 

 
Figure 1. Square schemes for proton/electron transfers of key intermediates in NHC-promoted radical reactions.  
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The direct transformation of simple and abundant feedstocks into structurally complex 
molecules remains a central challenge in modern organic synthesis. Methane, the simplest 
alkane and a potent greenhouse gas, is one of the most abundant carbon-based feedstocks 
on the planet. Thus, its efficient conversion into complex organic molecules would represent 
one of the most transformative avenues in organic synthesis. However, the inertness of C─H 
bonds (BDE∼105 kcal/mol, pKa∼50) in methane makes its functionalization highly challenging. 
Consequently, strategies for efficient methane functionalization remain scarce. Methods to 
directly achieve molecular complexity from methane and other gaseous (C2-C4) alkanes 
remain elusive.  
 
We have recently developed a method for the oxidative cascade cyclization of N-aryl and N-
benzoyl acrylamide derivatives, promoted by methane and other gaseous alkanes.[1] This 
transformation is enabled by a readily available iron catalyst in combination with N-
fluorobenzenesulfonimide (NFSI) as the oxidant, proceeding under mild conditions to afford a 
diverse array of N-heterocyclic frameworks in high yields. Late-stage functionalization studies 
highlight the utility of methane in the synthesis of biologically relevant scaffolds. Moreover, the 
Fe/NFSI system facilitates a radical sampling regime that enables the selective 
functionalization of less reactive primary C─H bonds. Overall, this work establishes a 
sustainable and versatile platform for constructing molecular complexity directly from gaseous 
alkane. 

 

Figure 1. Overview of the work 
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A visible-light-driven photocatalytic method for regioselective C–H alkylation of N1-
substituted pyrimidin-2(1H)-ones at the C4 and C6 positions is presented. Using alkyl 
trifluoroborates, an acridinium-based photocatalyst, and potassium persulfate as the oxidant, 
the protocol enables stepwise introduction of secondary and tertiary alkyl groups via a radical 
pathway. This approach expands the accessible chemical space of substituted pyrimidines in 
a straightforward and efficient manner. The effects of substituents at the N1 and C5 
positions, as well as acid additives, were examined to establish scope and optimize 
conditions. The methodology is operationally simple and demonstrates strong potential for 
parallel synthesis and multigram-scale preparation of densely decorated pyrimidines. 
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Figure 1. Project outline. 
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Photochemistry is a field of chemistry that investigates chemical reactions triggered by the 
absorption of light, which enables transformations that are otherwise inaccessible under 
traditional thermal conditions.[1] Electron donor–acceptor (EDA) complexes play a prominent 
role in light-induced methodologies.[2] Among the catalysts involved in photochemical 
reactions, photoacid generators (PAGs) are particularly important.[3] The study of PAGs is of 
significant interest because, upon irradiation, they release acids through a controlled and 
relatively slow liberation of their acidic component. In this context, the formation of an EDA 
complex between indole derivatives and iminosulfonates results in the gradual release of p-
toluenesulfonic acid (p-TSA), thereby promoting a series of acid-catalyzed reactions. In the 
present work, we report the development of mild and environmentally friendly methods for 
the functionalization of the indole moiety, avoiding the use of metal catalysts and toxic 
solvents.[4] 

 

 

 
Figure 1. Generation of p-TSA through EDA-complex formation. 
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Boronic pinacol esters (Bpin) are widely recognized as versatile reagents and privileged 
synthetic intermediates owing to their facile and modular late-stage transfor-mations. Despite 
long-standing awareness of their potential for alkyl radical generation, the full synthetic utility 
of Bpin moieties, especially alkylboronic esters, has been limited by two inherent challenges: 
the high oxidation potential of alkylboronic pinacol esters (APEs) and their relatively weak 
Lewis acidity. We have developed a simple and air-tolerant method for functionalizing 
alkylboronic esters to form diverse carbon–heteroatom and carbon–carbon bonds. Using 
catechol as the sole activator, this protocol facilitates boronic ester exchange and initiates 
radical formation under thermal conditions or through catechol-mediated pathways. The 
resulting alkyl radicals readily couple with a wide range of PhSO₂X reagents under ambient 
air, enabling efficient C–X bond construction without the need for sensitive organometallics, 
expensive photocatalysts, or transition-metal catalysts. This approach overcomes key 
limitations of traditional methods by offering a straightforward and practical platform for 
converting C–B bonds into various functional groups. Mechanistic studies indicate that boron 
transesterification is the key initiating step, generating an alkyl radical that reacts with PhSO₂X 
to form the product along with a benzenesulfonyl radical. This radical further interacts with 
alkylboronic esters (Bpin or Bcat), sustaining a radical chain process. Given its operational 
simplicity and broad applicability, this methodology holds significant promise for the 
modification of small-molecule pharmaceuticals and bioactive compounds in drug 
development. 

 
Figure 1. Radical chain diversification of alkylborons enabled by catechol 
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The effect of halogen substitution on the inclusion behavior of aromatic nitronyl nitroxide 
radicals in cucurbit[7]uril (CB[7]) was investigated by EPR spectroscopy, a method widely used 
to probe host–guest interactions.[1] In this study there were used fluorinated, chlorinated, and 
brominated aromatic derivatives. The EPR response strongly depended on the halogen atom. 
While the F- and Cl-substituted radicals showed only small spectral changes upon CB[7] 
addition, the Br-substituted derivative displayed pronounced modifications and a distinct signal 
corresponding to the inclusion complex. These findings suggest that bromine substitution 
promotes a more evident host–guest interaction with CB[7], leading to a clearer spectroscopic 
signature of complex formation. The results show that halogen-dependent structural effects 
are important in controlling supramolecular recognition and EPR detectability. 
 
 

 
Figure 1. Structures and EPR spectra (black – water, green – CB[7]) of analyzed spin probes.  
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The inclusion complexation of β-phosphorylated cyclic nitroxide radicals with β-cyclodextrin 
(β-CD) and γ-cyclodextrin (γ-CD) was investigated by EPR spectroscopy[1], with emphasis on 
the effect of radical functionalization. Alongside the previously studied hydroxyl-substituted 
radicals, the corresponding acetate- and adamantane-functionalized derivatives were also 
examined. The results show that both functionalization and stereochemistry influence the 
host–guest interactions. For the hydroxyl-substituted radicals, differences in the ability to form 
an intramolecular hydrogen bond lead to distinct inclusion behavior, with stronger association 
observed for one stereoisomer in γ-CD. In the presence of β-CD, no significant differences 
were found between the hydroxyl- and acetate-substituted radicals. In contrast, the 
adamantane-functionalized derivatives exhibited a different complexation pattern, suggesting 
that inclusion occurs from another side of the molecule compared with the other radicals. 
These findings demonstrate that subtle structural modifications can strongly affect cyclodextrin 
binding and provide useful insight for the design of tunable supramolecular spin systems. 
 

 
Figure 1. Structures and EPR spectra (black – water, blue – β-CD, pink – γ-CD) of analyzed diastereoisomers. 
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Radical cascade reactions are very powerful to achieve the preparation of complex 
molecules from easily assembled starting materials. The incorporation of an intramolecular 
hydrogen atom transfer step (i-HAT) in the cascade enhances the level of complexity that 
can be achieved. Despite the synthetic potential of radical i-HAT for selective activation of 
aliphatic C–H bonds, the development of radical cascades involving multiple intramolecular 
C–H bond functionalization on a single substrate has remained largely underexplored. 
 
Since the pioneering work of Heiba and Dessau in the 1960s,[1] the usefulness of radical 
addition translocation cyclisation (RATC) processes using sources of heteroatom-centered 
radicals including thiols,[2] dialkylphosphites and thiophosphites[3] to access functionalized 5-
membered ring carbo- and heterocycles has been demonstrated. A few years ago, we 
reported a (RATC) process mediated by sulfonyl radicals, in which the last step involved an 
intermolecular HAT from the non-innocent solvent THF to the α-sulfonylated radical resulting 
from the RATC process.[4]   
We report here an efficient radical cascade promoted by sulfonyl-based reagents and that 
involves the activation of two aliphatic C–H bonds in a regioselective, sequential manner.[5] 
This original radical cascade composed of a series of five elementary steps converts 
efficiently terminal alkynes into polyfunctionalized cyclopentylmethyl arylsulfones and 
involves reactive a-sulfonylalkyl radicals.[6]  
 

 
Scheme 1. Selective double C–H activation 
 
The methodology has been applied to the preparation of di- and triquinanes possessing a 
rare trans ring junction.[5] The scope and limitation of the methodology will be discussed. 
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Protease activity involved in numerous diseases can be exploited for the development of 
responsive MRI probes.[1] In this study, we investigated the hydrolysis of MeO-Suc-(Ala)₂-Pro-
Val linked to TEMPO and two β-phosphorylated nitroxide radical diastereoisomers by human 
neutrophil elastase (HNE). The reaction was monitored by EPR spectroscopy in the absence 
and presence of γ-cyclodextrin. 
The TEMPO derivative showed no significant EPR changes upon enzymatic treatment. By 
contrast, the β-phosphorylated nitroxide radicals displayed clear variations in spectral 
parameters under both conditions. Enzymatic hydrolysis led to a change in the hyperfine 
splitting constant of 1.22 G without cyclodextrin and 1.9 G in the presence of γ-cyclodextrin. In 
cyclodextrin-containing samples, the spectra consisted of two components, consistent with the 
coexistence of free and complexed radical species. These findings indicate that γ-cyclodextrin 
improves detection of the enzymatic process. ESI-MS analysis further confirmed the hydrolysis 
products. 

 
Figure 1. EPR spectra of the β-phosphorylated nitroxide in the absence of γ-CD and in the presence of γ-CD; effect 
of HNE. 
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Enamine-derived radicals are key intermediates in singly occupied molecular orbital 

(SOMO) catalysis. The SOMO catalytic reaction has successfully established a series of 
transformations, using primary amine catalysts.[1] Despite remarkable synthetic value of 
these transformations, direct observation of the key SOMO radical intermediate is still quite 
limited. Recently, we developed an advanced time-resolved electron paramagnetic 
resonance technique, named the ultrawide single sideband phase-sensitive detection (U-
PSD EPR).[2] This technique is particularly suitable for detecting weak signals of transient 
radicals under near-synthetic conditions. 

By applying the U-PSD EPR, we were able to directly observe the α-imino radical cation 
and deprotonated radical intermediates involved in the chiral primary amine-catalyzed 
allylation of β-ketoesters for the first time.[3] The acquired EPR spectra and kinetic profiles 
allowed us to confirm the authentic identity of the chiral radicals and quantify their reactivities. 
Furthermore, the U-PSD EPR method enabled the determination of the pKa value of radical 
cation through a titration-type experiment. This direct observation of transient radical species 
in the photoredox catalysis involving enamines grants us deeper mechanistic insights that 
hold immense promise for the rational design of radical-mediated catalysis. 
 

 
Figure 1. spectra and kinetics of α-imino radical intermediates 
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Photocatalytic alkene hydrogenation using ammonia-borane as a hydrogen source has been 
reported as an efficient, metal- and H2-free platform for radical-mediated reduction chemistry.[1] 
In that study, the mechanism was interrogated by computational chemistry, with multiple 
competing pathways systematically examined. Although one candidate channel featured a 
strong quantum-mechanical tunneling contribution, this signature was not experimentally 
observable because alternative pathways were both kinetically and thermodynamically 
preferred under the reported conditions, thereby dominating the overall reactivity.  
 
Here, we aim to identify a new B–N compound platform that steers the reaction toward the 
tunneling-sensitive pathway and away from competing routes that mask the effect. High-level 
calculations are used first to compare the key pathways and to select the most promising 
candidates before experiments. We specifically target systems where the tunneling step is not 
only present but also becomes the preferred route under practical conditions. This should allow 
tunneling to be detected experimentally through clear kinetic signatures, such as temperature 
dependence and isotope effects.  
 

 
 

Figure 1. Tunneling-sensitive HAT pathway and competing isomerization in a B–N radical system 
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We disclose the first example of stainless steel-induced deoxygenative C-2 alkynylation of 
heterocyclic N-oxides under ball milling via a radical-mediated pathway. The current approach 
afforded the corresponding alkynylated quinolines/pyridines through alkynylation and 
deoxygenation in one step. Significant tolerance of structural variations with various electron-
donating (-Me, -OMe, -Et, -nBu, -OEt) and electron-withdrawing substituents (-I, -Br, -Cl, -F, -
CF3, -NO2), both in the quinoline/pyridine N-oxides and in phenylacetylene derivatives, has 
been observed, affording thirty-four products in 61-94% yields. The method has been 
successfully applied to the synthesis of two mGluR5 antagonists1. Detailed mechanistic 
investigations based on extensive control experiments and XPS analysis corroborated the 
significant role of Fe (III) species present in the milling equipment (stainless steel) as well as 
the mechanical impact of the milling equipment (Fe/Zr-jar/balls) in facilitating the reaction via 
a radical pathway. 

Figure 1. Stainless steel-induced deoxygenative C-2 alkynylation of heterocyclic N-oxides under 
ball milling. 
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The growing need for potent and selective biomodulators to address contemporary health 

challenges underscores the importance of innovative synthetic strategies. Divergent synthesis, 

which harnesses common synthetic scaffolds to generate a diverse array of natural product-

like compounds, is emerging as a powerful tool in modern drug discovery.  

By identifying and emulating these common synthetic scaffolds,[1-2] modern total synthesis can 

integrate selective, biosynthetic-like radical reactions,[3] offering a sustainable and efficient 

approach to drug discovery. This presentation will explore cutting-edge approaches to 

developing a unified synthetic strategy, focusing on the radical retrosynthesis and biomimetic 

radical oxidation steps,[4] inspired by nature's two-phase biosynthesis.  

 
 

                          
Figure 1: Building diversity in sesquiterpenoids 
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Indolizine derivatives are a class of important single-nitrogen-containing heterocycles that 
can be found both in drugs and functional organic materials.[1] Over the past two decades 
chemists developed and implemented new and greener processes to prepare and 
functionalize this scaffold. Recently, visible-light photoredox catalysis and 
electrochemical synthesis proved to be suitable tools for the direct access of this scaffold 
and for its late-stage functionalization.[2-4] Herein, optimized conditions for the photoredox 
radical late-stage functionalization of indolizines have been developed. By tuning the redox 
properties of Ru-based bichromophoric photocatalysts it is possible to achieve excellent 
yields and further apply the optimized conditions to a broad variety of substrates. This 
approach enables the efficient generation of a broad spectrum of radicals, including 
trifluoromethyl-, trifluoromethylthio-, and carbon-centered radicals. Combined theoretical and 
spectroscopic findings also have revealed the superiority of the designed complex over 
commonly used photocatalysts. To further highlight the significance of indolizines in 
medicinal chemistry, the functionalized products have been used as scaffold for drugs design 
and analogues of biologically active compounds have been synthesized with excellent 
yields.[5-7] 
 

 
Figure 1. Bichromophoric Ru(II) Complex Photocatalyzed Radical Functionalization of Indolizines. 
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We report a dual catalytic system for decarboxylative reduction of carboxylic acids. A 

photocatalyst works in tandem with organophosphorus catalyst (P-H* donors) to deliver a 

hydrogen atom to a pro-chiral radical. This method opens the possibility of enantioselective 

hydrogen atom transfer (HAT) reaction from a chiral P-H species. 

 

Scheme 1: HAT using catalytic P-H donors 
 

At the moment, only reagents derived from Sn, S, and Si have been used for the asymmetric 

HAT reaction, but they are far from providing a general solution.[1]  

Phosphorus is an excellent and yet unexplored alternative.[2] Organophosphorus compounds 

have weak P-H bonds, P-centered radicals are well studied and asymmetric chemistry of P-

compounds is well-established, with many chiral scaffolds available.[3] Organophosphorus 

species have been used before as H-atom donors (e.g. Barton’s hypohopshorus acids), but 

only in stoichiometric and over-stoichiometric amounts.[4]    

Here we have successfully developed a model system and we discovered unprecedented 

catalysis with a P-H donor, facilitated by the previously elusive reduction of P-centered radical 

to P-centered anion. The preliminary screening has been performed across > 20 substrates, 

with yields > 92%. Currently, we developing the enantioselective variant of the reaction.  
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Carbon-centered C(sp³) radicals are inherently poorly reactive toward traditional trialkyl 
phosphites used in Arbuzov-type chemistry, even under forcing thermal conditions (≈100 °C), 
which has historically limited radical phosphonylation strategies. We report the emergence of 
radical phosphonylation as a general and mild platform for C–P bond formation enabled by 
reagent design and iron photocatalysis.1 

 
An ambiphilic phosphite radical trap, BecaP, enables efficient trapping of alkyl radicals under 
visible-light photoredox conditions, allowing redox-neutral decarboxylative and deboronative 
phosphonylation with broad scope and late-stage applicability.2 Building on this foundation, 
atom-economy limitations associated with prefunctionalised substrates were addressed 
through an iron-catalyzed C(sp³)–H phosphonylation of unactivated alkanes.3  
 
Together, these studies establish radical phosphonylation as a distinct and general strategy 
for accessing phosphonates from both feedstock radical precursors and native hydrocarbons. 
 

 
 

Figure 1. Light-driven alkyl radical phosphonylation using novel phosphite radical traps 
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