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Sulfur Free RAFT Polymerisation and Polymerisation of  

Acrylamides in Water 
 

David Haddleton * 

Department of Chemistry, University of Warwick, Coventry CV4 7AL, UK 
*D.M.Haddleton@warwick.ac.uk 

 
 
 

Polymer synthesis of vinyl monomers has changed tremendously over the last 30 years with 
developments in controlled and living radical polymerisation. This enables the use of monomers with 
many different functional groups without the requirement of protecting group chemistry. The use of protic 
solvents and even water containing salts and impurities and mixed alcohol/water solvents is now 
commonplace. This allows for block copolymers and terminally functional polymers with great diversity. 
We have used this chemistry for a family of bioconjugates for chemical modification of therapeutic 
proteins and peptides to increase efficacy, to give glycopolymers and sequence controlled polymers 
allowing for the glycocode to be used with synthetic polymers. The talk will describe how the chemistry 
has evolved and the applications we have investigated from stabilization of oxytocin to prevent death 
during childbirth to new viscosity modifiers for automotive and personal care applications.    
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Electron Catalysis 
 

A. Studer 

Westfälische Wilhelms University Münster, Organic Chemistry Institute 

Corrensstrasse 40, 48149 Münster, Germany 

studer@uni-muenster.de 

Radical reactions are routinely considered in synthetic planning, and highly active research 
continues on new ways to make and use radicals. Because the products of radical-molecule 
reactions are again radicals, such processes are perfectly suited to be run as sequential reactions 
(cascades). Likewise, because radicals can be oxidized or reduced, radical-ionic crossover 
reactions can be implemented. Such cascade reactions serve well the goal of step economy in 
organic synthesis. As compared to non-radical processes, most radical reactions are very fast. 
Radical chain reactions require only a small amount of an initiator and addition of a catalyst is 
generally not necessary. Therefore, it is often difficult to catalyze radical transformations since 
background chain reactions are so fast.[1]  
In the lecture the concept of using the electron as a catalyst will be discussed.[1,2] It will be 
shown that the electron is an efficient catalyst for conducting various types of radical cascade 
reactions that proceed via radical and radical ion intermediates. The “electron is a catalyst” 
paradigm unifies mechanistically an assortment of synthetic transformations that otherwise have 
little or no apparent relationship. Some recent examples on the use of the electron as a catalyst 
will be discussed.[3]  
It will be emphasized how a negative charge can significantly weaken the neighbouring C−H 
bond and activate this bond towards H-atom transfer.[3e,j] Moreover, the activation of a C−H 
bond next to a C-radical towards deprotonation is a key point in the field of electron-catalysis. 
This issue will be addressed in the lecture. Extending that concept, the use of a negative charge 
to activate a C−C sigma-bond towards homolysis is also discussed.[3i,k] For example, electron 
catalyzed transition metal-free β-alkenylation-α-perfluoroalkylation of unactivated alkenes via 
radical 1,4 or 1,5-alkenyl migration will be presented. 
It will be further shown, that readily generated vinyl boron ate complexes, generally used as 
substrates in the Suzuki-Miaura coupling, are efficient radical acceptors to conduct electron-
catalyzed modular synthesis comprising a radical polar cross over step.[3h] This approach has 
recently been successfully applied to the development of a novel method for the preparation of 
highly enantioenriched α-chiral ketones.[3l]  
 
Références. [1] A. Studer, D. P. Curran, Angew. Chem. Int. Ed., 55 (2016) 58-102. [2] A. Studer, D. P. Curran, 
Nature Chem. 6 (2014) 765-773. [3] (a) B. Zhang, A. Studer, Org. Lett., 16 (2014) 3990-3993. (b) D. Leifert, A 
Studer, Org. Lett., 17 (2015) 386-389. (c) M. Hartmann, C. G. Daniliuc, A. Studer, Chem. Commun., 51 (2015) 
3121-3123. (d) D. Leifert, D. G. Artiukhin, J. Neugebauer, A. Galstyan, C. A. Strassert, A. Studer, Chem. 
Commun., 52 (2016) 5997-6000. (e) A. Dewanji, C. Mück-Lichtenfeld, A. Studer, Angew. Chem. Int. Ed., 55 
(2016) 6749-6752. (f) J. Xuan, C. G. Daniliuc, A. Studer, Org. Lett., 18 (2016) 6372–6375. (h) M. Kischkewitz, K. 
Okamoto, C. Mück-Lichtenfeld, A. Studer, Science, 355 (2017) 936-938. (i) X. Tang, A. Studer, Chem. Sci., 8 
(2017) 6888-6892. (j) T. Hokamp, A. Dewanji, M. Lübbesmeyer, C. Mück-Lichtenfeld, E.-U. Würthwein, A. 
Studer, Angew. Chem. Int. Ed., 56 (2017) 2017, 13275-13278. (k) X. Tang, A. Studer, Angew. Chem. Int. Ed., 57 
(2018) DOI:10.1002/anie.201710397. (l) C. Gerleve, M. Kischkewitz, A. Studer, Angew. Chem. Int. Ed., 57 (2018) 
DOI:10.1002/anie.201711390. 
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Metalloradical Catalysis for Stereoselective Radical Chemistry  
 

X. Peter Zhang * 

Department of Chemistry, Boston College, Chestnut Hill, MA 02467, USA 
* peter.zhang@bc.edu 

 
Organic synthesis has been dominated by chemical reactions that are based on two-electron ionic 
processes, either stoichiometrically or in catalytic fashion. While one-electron radical chemistry is 
equally rich and has been demonstrated with a number of unique features, its application in organic 
synthesis has been hampered by several enduring challenges. Over the past decade, my laboratory has 
been in the process of formulating “Metalloradical Catalysis” (MRC) as a general concept to guide the 
development of fundamentally new approaches for controlling both reactivity and stereoselectivity of 
radical reactions. In essence, metalloradical catalysis aims for the development of metalloradical-based 
systems for catalytic generation of carbon- and nitrogen-centered radicals from common organic 
compounds without the need of radical initiators or the use of light. The subsequent reactions of the 
resulting organic radical intermediates, which remain covalently bonded to the metal center, can be 
selectively controlled by the catalyst. For achieving enantioselective radical reactions via MRC, we 
have developed a family of unique chiral metalloradical catalysts based on structurally well-defined 
Co(II) complexes of D2-symmetric chiral porphyrins with tunable electronic, steric, and chiral 
environments. These Co(II)-based metalloradical catalysts have been shown to be highly effective for 
a wide range of stereoselective organic reactions, including olefin cyclopropanation, olefin 
aziridination, C–H alkylation and C–H amination. Due to their distinctive radical mechanisms that 
involve unprecedented a-metalloalkyl and a-metalloaminyl radical intermediates, the Co(II)-based 
metalloradical systems enable addressing some long-standing problems in these important organic 
transformations. 
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Structural basis for semiquinone radical reactivity in bioenergetics enzymes:
New insights from EPR spectroscopy, isotopic labeling and DFT calculations

 
B. Guigliarellia

 *, M. Seif-Eddine

aBioénergétique et Ingénierie des Protéines, CNRS and Aix
bLaboratoire de Chimie Bactérienne, CNRS and Aix

 
Isoprenoid quinones are 

most living organisms. They 
and protons between redox enzymes involved in bioenergetic 
membrane-bound enzymes occurs at specific sites and leads to the transient generation of EPR
semiquinone intermediates. The stability of these radical intermediates is strongly dependent on their 
chemical surrounding within binding sites and can have a 
Species production during respiratory processes. Due to their lability, the quinon
during the purification of membrane
are extremely scarce.  

To overcome this issue and decipher 
reactivity, we have developed an approach based on the combination of selective isotope labelling, high 
resolution EPR spectroscopy and DFT calculations.  We 
as a model system. Surprisingly, we shown that thi
function with quinones of low (menaquinone
potential, stabilizing in the three

The analysis of their 14, 15

couplings by multifrequency ESEEM/HYSCORE 
spectroscopy and DFT modeling enable
characterization of the electronic structure of these 
radicals and the identification of a unique common
binding site. Our results point 
asymmetric binding mode of thes
axial Histidine ligand of a heme group
subunit [3, 4]. They also underline the 
the quinone ring substituents in tuning the conformation 
of the isoprenoid side chain within a unique binding site. 

Our study provides the first spectroscopic evidence to adress at the molecular level the question of 
the bacterial adaptation to the transition between anoxygenic to 

 
[1] R. Arias Cartin, P. Lanciano, S. Lyubenova, B. Endeward, T. F. Prisner, A. Magalon 
Grimaldi, J. Am. Chem. Soc. 132
[2]  S. Grimaldi, R. Arias-Cartin, P. 
A. Magalon, J. Biol  Chem., 287
[3] J. Rendon, E. Pilet, Z. Fahs, F. Seduk, L. Sylvi, M. Hajj Chehade, F. Pierrel, B. Guigliarelli, S. Grimaldi, 
Biochim Biophys Acta, 1847 (2015)
[4] Seif Eddine M, Biaso F, Arias
Grimaldi S., Chem. Phys. Chem. 
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Bioénergétique et Ingénierie des Protéines, CNRS and Aix-Marseille University, Marseille, France.
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uinones are small liposoluble molecules present in energy-
most living organisms. They play essential role in energy conversion mechanisms by shuttling
and protons between redox enzymes involved in bioenergetic processes

occurs at specific sites and leads to the transient generation of EPR
The stability of these radical intermediates is strongly dependent on their 

within binding sites and can have a major influence on the Re
Species production during respiratory processes. Due to their lability, the quinon

purification of membrane-bound enzymes and the crystallographic data on their binding site 

overcome this issue and decipher the influence of the protein environment in tuning quinone
reactivity, we have developed an approach based on the combination of selective isotope labelling, high 
resolution EPR spectroscopy and DFT calculations.  We used nitrate reductase A 

. Surprisingly, we shown that this membrane-bound respiratory enzyme is able to 
function with quinones of low (menaquinone, demethylmenaquinone) and high (ubiquinone) redox 

the three cases a semiquinone radical intermediate [1-3]
14, 15N and 1, 2H hyperfine 

ifrequency ESEEM/HYSCORE 
spectroscopy and DFT modeling enabled a detailed 
characterization of the electronic structure of these 

tion of a unique common 
. Our results point clearly to a strongly 

asymmetric binding mode of these semiquinones to the 
axial Histidine ligand of a heme group of the NarI 

. They also underline the peculiar role of 
substituents in tuning the conformation 

of the isoprenoid side chain within a unique binding site.  
provides the first spectroscopic evidence to adress at the molecular level the question of 

the transition between anoxygenic to oxygenic conditions

R. Arias Cartin, P. Lanciano, S. Lyubenova, B. Endeward, T. F. Prisner, A. Magalon 
132 (2010), 5942-43.  

Cartin, P. Lanciano, S. Lyubenova, R.Szenes, B. Endeward, T.F. Prisn
, J. Biol  Chem., 287 (2012), 4662-70. 

[3] J. Rendon, E. Pilet, Z. Fahs, F. Seduk, L. Sylvi, M. Hajj Chehade, F. Pierrel, B. Guigliarelli, S. Grimaldi, 
(2015), 739-47.  

[4] Seif Eddine M, Biaso F, Arias-Cartin R, Pilet E, Rendon J, Lyubenova S, Seduk F, Guigliarelli B, Magalon A, 
hem. 18 (2017), 2704-14. 
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mechanisms by shuttling electrons 

processes. Their interaction with 
occurs at specific sites and leads to the transient generation of EPR-detectable 

The stability of these radical intermediates is strongly dependent on their 
influence on the Reactive Oxygen 

Species production during respiratory processes. Due to their lability, the quinones are generally lost 
bound enzymes and the crystallographic data on their binding site 

e influence of the protein environment in tuning quinone 
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d nitrate reductase A (NarGHI) from E. coli 
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) and high (ubiquinone) redox 
3].  

provides the first spectroscopic evidence to adress at the molecular level the question of 
oxygenic conditions 

R. Arias Cartin, P. Lanciano, S. Lyubenova, B. Endeward, T. F. Prisner, A. Magalon , B. Guigliarelli,  S. 

Lanciano, S. Lyubenova, R.Szenes, B. Endeward, T.F. Prisner, B. Guigliarelli, 

[3] J. Rendon, E. Pilet, Z. Fahs, F. Seduk, L. Sylvi, M. Hajj Chehade, F. Pierrel, B. Guigliarelli, S. Grimaldi, 

Cartin R, Pilet E, Rendon J, Lyubenova S, Seduk F, Guigliarelli B, Magalon A, 

Does a high stability correlate with a high asymmetry? 
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Successful combination of RAFT and emulsion polymerization: from the 
formation of amphiphilic block copolymer particles to the synthesis of 

surfactant-free latexes 

 
M. Lansalota,* 

a Univ Lyon, Université Claude Bernard Lyon 1, CPE Lyon, CNRS, UMR 5265, C2P2, Villeurbanne, France. 

* muriel.lansalot@univ-lyon1.fr 

 
Recently, an original strategy combining emulsion polymerization and reversible-deactivation radical 
polymerization (RDRP) has been developed to produce, directly in water, amphiphilic block 
copolymers that self-assemble in situ to form self-stabilized particles.[1] The process, coined 
polymerization-induced self-assembly (PISA), requires the synthesis by RDRP of hydrophilic 
polymer chains followed by their chain extension with a hydrophobic monomer in water leading to 
the formation of amphiphilic block copolymers with predefined and narrowly distributed molar 
masses (Scheme 1, route A).[2] Alternatively, the use of very low amount of these living hydrophilic 
chains can lead to the in situ formation of amphiphilic block copolymers that can further act as 
efficient stabilizers for the particles produced simultaneously by emulsion polymerization, without 
seeking control on the molar mass in the particle core (Scheme 1, route B).[3] This second approach 
consists in an interesting alternative to avoid the use of low molar mass surfactants. Indeed, when 
emulsion polymers undergo film formation, these hydrophilic species are prone to migration and 
segregation at film interfaces, negatively impacting properties such as water sorption, permeability 
and adhesion to a substrate.  The PISA process therefore not only provides a powerful mean for the 
production of amphiphilic block copolymers directly in water, but also a valuable new pathway of 
performing surfactant-free emulsion polymerizations considering the living hydrophilic polymer 
chains as reactive surfactants.  The present paper will cover our latest developments of the PISA 
approach for the production of amphiphilic block copolymer particles and surfactant-free polymer 
latexes using RAFT (reversible addition-fragmentation chain transfer), one of the most versatile 
RDRP processes. 

 
Scheme 1. Particle synthesis using living/reactivatable polymer chains in emulsion polymerization 

 
 

References.  
[1] M. Lansalot, J. Rieger, F. D'Agosto, In Macromolecular Self-assembly, L. Billon, O. Bourisov, Eds., John 
Wiley & Sons, 2016, pp 33-82; S.L. Canning, G.N. Smith, S.P. Armes, Macromolecules, 49 (2016) 1985–2001. 

[2] I. Chaduc, W. Zhang, J. Rieger, M. Lansalot, F. D'Agosto, B. Charleux, Macromol. Rapid Commun., 32 
(2011) 1270-1276; I. Chaduc, A. Crepet, O. Boyron, B. Charleux, F. D'Agosto, M. Lansalot, Macromolecules, 
46 (2013) 6013-6023; M. Chenal, L. Bouteiller, J. Rieger, Polym. Chem., 4 (2013) 752-762; J. Lesage de la 
Haye, X. Zhang, I. Chaduc, F. Brunel, M. Lansalot, F. D'Agosto, Angew. Chem. Int. Ed., 55 (2016) 3739-3743. 

[3] E. González, M. Paulis, M.J. Barandiaran, Eur. Polym. J., 54 (2014) 122-128; E. Velasquez, J. Rieger, F. 
Stoffelbach, F. D'Agosto, M. Lansalot, P.-E. Dufils, J. Vinas, Polymer, 106 (2016) 275-284; J. Lesage de la 
Haye, I. Martin-Fabiani, M. Schulz, J.L. Keddie, F. D’Agosto, M. Lansalot, Macromolecules, 50 (2017) 9315-
9328. 
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The liquid phase aerobic oxidation catalysis by N-hydroxyphthalimide (NHPI) has always been 

performed in polar solvents to guarantee the complete solubilization of the polar catalyst, 
especially at room temperature [1,2]. As a consequence, the reactivity of this organocatalyst in 
apolar mediums was unknown.  
Moreover, economic and environmental sustainability of large-scale oxidations of intermediates 
makes the development of solvent-free processes mandatory [3].  
To overcome this issue, we designed and synthesized a new class of lipophilic NHPI-catalysts 
completely soluble in alkyl aromatics. The design focused on the introduction lipophilic chains 
on the NHPI aromatic ring, via insertion of proper functional groups which, at mean tine,  do not 
interfere with the thermodynamic and the kinetic of the catalytic cycle [4].  
First attempts to conduct the selective oxidation catalyzed by these new derivatives in neat 
cumene afforded poor results in terms of conversion. Indeed, the potentials of new lipophilic 
catalysts were exploited by adding small amounts of acetonitrile. In this way, it was possible to 
prevent the hydrogen-bond (HB) driven aggregation of lipophilic NHPI units in apolar mediums, 
fully promoting the hydrogen atom transfer (HAT) process [5]. 

    
 
[1] F. Recupero and C. Punta, Chem. Rev., 107 (2007) 3800-3842. 
[2] L. Melone and C. Punta, Beilstein J. Org. Chem., 9 (2013) 1296-1310. 
[3] L. Melone, S. Prosperini, G. Ercole, N. Pastori and C. Punta, J. Chem. Technol. Biotechnol. 89 (2014) 1370-
1378. 
[4] M. Petroselli, P. Franchi, M. Lucarini, C. Punta and L. Melone,  ChemSusChem 7 (2014) 2695-2703. 
[5] M. Petroselli, L. Melone, M. Cametti, C. Punta, Chem. Eur. J., 23 (2017) 10616-10625. 
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Radical Polymerization 
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Hyper-branched polymers (HBPs) have attracted significant attention because of their characteristic 
topological structure associated with their unique physical properties compared to linear polymers.1 
Control over the three-dimensional (3D) structure of HBPs, i.e., molecular weight, dispersity, number of 
branching points, branching density, and chain-end functionalities would significantly improve and 
modify polymer properties and contribute to the design and synthesis of new polymer materials. However, 
there is no practical and effective method to synthesize structurally well controlled HBPs.  
 
We report here the controlled synthesis of dendritic HBPs by the copolymerization of vinyltelluride 1 and 
acrylate monomer in the presence of organotellurium chain transfer agent 2 (Scheme 1).2 Vinyl telluride 1 
serves as a branching point after it’s vinyl moiety has reacted, and HBPs with controlled 3D structure are 
formed. The 3D structure was easily controlled by changing the relative amounts of the 1, 2, and acrylate 
monomers.3  
 

 
Figure 1. a) Synthesis of dendritic HPBs by the copolymerization of 1 and acrylate monomer, and b) 
schematic structures of ideal polymer products (X = TeMe).  
 
 
Références 
[1] Yan, D.; Gao, C.; Frey, H. Hyperbranched Polymers: Synthesis, Properties and Applications; John Wiley & 

Sons: Hoboken, 2011, Voit, B. I.; Lederer, A. Chem. Rev. 2009, 109, 5924.  
[2] Yamago, S. Chem. Rev. 2009, 109, 5051. 
[3] Lu, Y.; Nemoto, T.; Tosaka, M.; Yamago, S. Nature Commun. 2017, 8, 1836 (DOI: 10.1038/s41467-017-01838-

0). 
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Hydrogen atom transfer (HAT) reactions are one of the most common chemical transformations, and are 
involved in many different processes such as the radical-induced oxidative damage to biomolecules and 
polymers,1 the mechanism of action of radical scavenging antioxidants,2 enzymatic and biomimetic 
reactions,3 and a large number of synthetically useful C-H bond functionalization procedures.4 Among the 
reactive species that take part in these processes, alkoxyl radicals have gained major attention, and our 
research group has devoted much effort to elucidate the factors underlying HAT reactivity and selectivity 
employing a representative radical such as cumyloxyl (PhC(CH3)2O

•, CumO•).5 CumO• can be easily 
generated by UV photolysis from commercially available dicumyl peroxide, can tolerate a wide range of 
experimental conditions and is characterized by a visible adsorption band and a lifetime in the 
microsecond time regime. Taken together, these features make the direct measurement of rate constants 
for HAT to CumO• by means of the laser flash photolysis technique particularly convenient. Among the 
different aspects studied in our laboratory, recent studies have shown how Lewis acid-base interactions 
can be used to promote  aliphatic C-H bond deactivation of ether, amine and amide substrates towards 
HAT, through the addition of alkali and alkaline earth metal ion salts.5,6 
 
Within this framework, and being hydroxyl functional groups a common structural motif of organic 
substrates, we have carried out a detailed time-resolved kinetic study on the reactions of CumO• with an 
extended series of alcohols and diols. The effect of substrate structure and of added alkali and alkaline 
earth metal ion perchlorates on the HAT reactivity and selectivity  will be discussed, highlighting in 
particular the important role played by electronic, torsional and medium effects on these reactions. 
 
 
 
 
 
 
 
 
 
References  
[1] H. Yin, L. Xu, N. A. Porter, Chem. Rev. 2011, 111, 5944−5972.  
[2] K. U. Ingold, D. A. Pratt, Chem. Rev. 2014, 114, 9022– 9046. 
[3] X. Huang, J. T. Groves, Chem. Rev. 2018, 118, 2491-2553. 
[4] (a) T. Newhouse, P. S. Baran, Angew. Chem. Int. Ed. 2011, 50, 3362– 3374. (b) M. C. White, Science 2012, 335, 
807– 809. (b) C. Le, Y. Liang, R. W. Evans, X. Li, D. W. C. MacMillan, Nature 2017, 547, 79-83. (d) D. Ravelli, 
M. Fagnoni, T. Fukuyama, T. Nishikawa, I. Ryu, ACS Catal. 2018, 8, 701-713. 
[5] M. Salamone, M. Bietti, Acc. Chem. Res. 2015, 48, 2895-2903. 
[6] M. Salamone,  G. Carboni, M. Bietti, J. Org. Chem. 2016, 81 19, 9269–9278. 
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D. A. Nicewicz* 
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Single electron pathways are prevalent in numerous biosynthetic pathways that are crucial to life 
on our planet. As synthetic chemists, we seek to harness the power of these open-shell processes 
to achieve uncommon but valuable chemical reactivity. To this end, my laboratory is interested 
in accessing single electron pathways via the use of organic photoredox catalysis. This seminar 
will highlight the recent synthetic methods developed by my laboratory, including anti-
Markovnikov hydrofunctionalization reactions of olefins,1 C–H functionalization reactions of 
aromatic2 and aliphatic compounds and acceleration of the venerable nucleophilic aromatic 
substitution reaction using, for the first time, methoxyarenes. Where applicable, discussion of 
mechanistic studies will be presented.3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(1)  Margrey, K. A.; Nicewicz, D. A. Acc. Chem. Res. 2016, 49 (9), 1997–2006. 
(2)  Romero, N. A.; Margrey, K. A.; Tay, N. E.; Nicewicz, D. A. Science 2015, 349 (6254), 1326–1330. 
(3)  Romero, N. A.; Nicewicz, D. A. J. Am. Chem. Soc. 2014, 136 (49), 17024–17035. 
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Synthesis of Heterocycles through Electrochemical Dehydrogenative 
Cyclization and Annulation Reactions 
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Heterocyclic structural moieties are prevalent in natural products, pharmaceuticals, agrochemicals 

and organic materials. As a result, the preparation of heterocycles is one of the major focuses of organic 
chemistry. We have been involved in the preparation of heterocycles through electrochemical 
dehydrogenative cyclization and annulation reactions. In the lecture, our recent progress on the 
electrochemical generation of radical intermediates and their synthetic applications in dehydrogenative 
cyclization and annulation reactions will be discussed.[1] The use of electric current as a driving force for 
the conversions obviates the need for oxidizing reagents.  

 

 
 
 
 
 
 
Références: [1] (a) Hou, Z.-W.; Mao, Z.-Y.; Melcamu, Y. Y.; Lu, X.; Xu, H.-C. Angew. Chem. Int. Ed. 2018, 57, 
1636. (b) Zhao, H.-B.; Liu, Z.-J.; Song, J.; Xu, H.-C. Angew. Chem. Int. Ed. 2017, 56, 12732. (c) Unpublished 
results. 
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Photochemical strategies have distinctive advantages in comparison to conventional 
methodologies in terms of mild reaction conditions, low energy requirements and temporal and 
dimensional control.[1] After such benefits have been realized by the synthetic polymer 
community, photochemical reactions have been employed to a wide range of organic reactions, 
functionalization and polymerization processes. Specifically, photochemical radical generation is 
the most commonly applied strategy as the reactive nature of radicals make them useful not only 
for traditional polymerizations[2] but also for controlled/living polymerizations. [3-7] In addition, 
they can be utilized for the simultaneous generation of specific compounds, which can mediate 
various coupling reactions including click processes.[8] This make them applicable to 
modification of polymers and syntheses of complex macromolecular structures such as 
telechelics, block and hyperbranched polymers.[8-10] Below is the schematic representation of 
photoinduced radical generation and its applications to polymer chemistry.  
 

 
Scheme 1. Photoinduced radical generation and its applications to polymer chemistry 
 
Références  
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[2] G. Yilmaz, B. Aydogan, G. Temel,  N. Arsu, N. Moszner, Y. Yagci, Macromolecules, 43 (2010) 4520-4526. 
[3] M. A. Tasdelen, M. Uygun, Y. Yagci, Macromol. Rapid Commun., 32 (2011) 58-62. 
[4] M. Ciftci, M. A. Tasdelen, Y. Yagci, Polym. Chem., 5 (2014) 600-606. 
[5] A. Allushi, S. Jockusch, G. Yilmaz, Y. Yagci, Macromolecules, 49 (2016) 7785-7792. 
[6] C. Kutahya, S. F. Aykac, G. Yilmaz, Y. Yagci, Polym. Chem., 7 (2016) 6094-6098.  
[7] C. Aydogan, C. Kutahya, A. Allushi, G. Yilmaz, Y. Yagci, Polym. Chem., 8 (2017) 2899-2903. 
[8] M. A. Tasdelen, G. Yilmaz, B. Iskin, Y. Yagci, Macromolecules, 45 (2012) 56-61. 
[9] B. Iskin, G. Yilmaz, Y. Yagci, Macromol. Chem. Phys., 214 (2013) 94-98.  
[10] C. Aydogan, G. Yilmaz, Y. Yagci, Macromolecules, 50 (2017) 9115–9120.   
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New radical cyclizations mediated by SmI2 
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New cyclizations and cyclization cascades have been developed that involve reductive electron transfer 
from SmI2

1. The talk will describe the use of ester carbonyl-alkene radical cyclizations2 in conjunction 
with biocatalytic oxidation in an enantioselective approach to medium-sized carbocycles (see Scheme),3 

urea carbonyl-alkene radical cyclizations,4 and the first chiral ligand-controlled enantioselective 
cyclizations mediated by SmI2.

4,5 
 

 
 
References 
[1]  (a) D. J. Procter, R. A. Flowers II and T. Skrydstrup. Organic Synthesis using Samarium Diiodide: A Practical 

Guide RSC Publishing, 2009. (c) M. Szostak, N. J. Fazakerley, D. Parmar, and D. J. Procter Chem. Rev. 2014, 
114, 5959. 

[2] X. Just-Baringo and D. J. Procter, Acc. Chem. Res. 2015, 48, 1263. 
[3]  C. Morrill, C. Jensen, X. Just-Baringo, G. Grogan, N. Turner, and D. J. Procter, D. J., Angew. Chem. Int. Ed. 

2018, Accepted Author Manuscript. doi:10.1002/anie.201800121. 
[4]  (a) H-M. Huang and D. J. Procter, J. Am. Chem. Soc. 2017, 139, 1661. (b) H-M. Huang, J. J. W. McDouall and 

D. J. Procter, Unpublished results 2018. 
[5]  N. Kern, M. P. Plesniak, J. J. W. McDouall and D. J. Procter, Nature Chem., 2017, 9, 1198. 
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Trialkyl amines form charge transfer complexes with tetrachloromethane and 
tetrabromomethane.[1-2] We have characterized and studied amine CCl4 complexes 
computationally and crystallographically.[3]  When subjected to visible light these complexes 
form radicals and eventually other reactive species that may be utilized in photo-redox synthetic 
reactions. Advantages of this mode of activation are that no transition metal catalysts are needed 
and the wide range of possible reactions that may be linked to this linchpin. As proof of concept 
we have developed a dealkylative amide forming reaction of trialkyl amines and carboxylic 
acids,[4] a esterification reaction.[5] and a C-H functionalization reaction.[6] While these reaction 
necessarily have widely different mechanisms they are all initiated by the visible light activation 
of an amine-tetrahalomethane charge transfer complex. The mechanistic intricacies of this 
divergent reactivity will be discussed. 
 

 
Références:  
[1] W. J. Lautenberger, E. N. Jones and J. G. Miller, J. Am. Chem. Soc., 90, (1968), 1110-1115. 
[2] S.C. Blackstock, J.P. Lorand, J.K. Kochi, J. Org. Chem. 52, (1987), 1451-1460.  
[3] A. K. Mishra, G. Parvari, I. Cohen, Y. Eichen, A. M. Szpilman J. Coordinat. Chem. (2018) submitted for 
publication. 
[4] I. Cohen, A. K. Mishra, G. Parvari, R. Edrei, M. Dantus, Y. Eichen, A. M. Szpilman Chem. Comm., 53,  (2017) 
10128-10131. 
[5] A. K. Mishra, Y. Eichen, A. M. Szpilman, unpublished results 
[6] S. Santra, Y. Eichen, A. M. Szpilman, unpublished results 
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Development of new strategies to realize site-selective functionalization of C(sp3)-H bonds is at the 
forefront of synthetic organic chemistry.  Oxygen-centered radicals have excellent potentials to abstract 
hydrogen from C(sp3)-H bonds to generate alkyl radicals and we are particularly interested in the 
synergistic control of the SH2 transition states of hydrogen abstraction by polar and steric effects in 
achieving site-selective C(sp3)-H functionalization.   Under decatungstate anion photocatalysis,1,2 the 
applications of the strategy expanded to a wide range of functionalizaed compounds involving 
cyanoalkanes, lactones, cyclic ketones, and pyridylalkanes (eq 1).3  This lecture also focuses on the site-
selective functionalization  of  C(sp3)-H bonds by diferente types of oxygen-centered radicals.  For 
example, the microwave assisted Minisci type reaction of 3,3-dimethylcyclohexanone with 2-
methylquinoline proceeded via site-selective H-abstraction by sulfate radicals to give 4-substituted 2-
methylquinoline (eq 2).  
 
 

 
 
 
 
References 

1. For a perspective, see:  D. Ravelli, M. Fagnoni, T. Fukuyama, T. Nishikawa, I Ryu, ACS. Catal. 2018, 8, 701. 

2. (a) M. Okada, T. Fukuyama, K. Yamada, I.  Ryu, D. Ravelli, M. Fagnoni, Chem. Sci. 2014, 5, 2893. (b) K. 
Yamada, M. Okada, T. Fukuyama, D. Ravelli, M. Fagnoni, I. Ryu, Org. Lett. 2015, 17, 1292. (c) M. C. 
Quattrini, S. Fujii, K. Yamada, T. Fukuyama, D. Ravelli, M. Fagnoni, I. Ryu, Chem. Commun. 2017, 53, 2335. 
(d) K. Yamada, T. Fukuyama, S. Fujii, D. Ravelli, M. Fagnoni, I. Ryu,  Chem. Eur. J. 2017, 23, 8615.  (e) T. 
Fukuyama, T. Nishikawa, K. Yamada, D. Ravelli, M. Fagnoni, I. Ryu, Chem. Lett.2018, 47, 207.   

3. T. Fukuyama, K. Yamada, T. Nishikawa, D. Ravelli, M. Fagnoni, I. Ryu,  Org. Lett. 2017, 19, 6436. 

4. T. Fukuyama, S. Fujii, I. Ryu, manuscript in preparation. 
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Taming CO2 reduction to methane. Fe based molecular complexes as 
catalysts, radicals (ions) as intermediates 
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Recent attention aroused by the reduction of carbon dioxide has as main 
objective the production of useful organic compounds and fuels − the 
“solar fuels” − in which solar energy would be stored.[1] One route to this 
goal consists in first converting sunlight energy into electricity than could 
be further used to reduce CO2 electrochemically.[1-4] Another approach is 
to directly use the visible photons and photocatalyze the reduction of the 
gas in the presence (or not) of an appropriate sensitizer and of a sacrificial 
electron donor. [5-9] In all of these cases, radicals are key intermediates. 
By using Fe based molecular complexes (including substituted tetraphenyl 
porphyrins and quaterpyridine complexes) we have recently found that it 
was possible to selectively and efficiently convert CO2 with 2 electrons 
into CO [2-7], both in organic solvent and in pure water. Recently, we have 
discovered that the carbon dioxide could be reduced with 8 electrons to 
methane with a single molecular porphyrin catalyst. [8,9] Our most recent 
results will be presented and discussed.  
 
Références  
[1] A. Tatin, J. Bonin, M. Robert, ACS Energy Lett., 1 (2016) 1062. 
[2] S. Drouet, C. Costentin, M. Robert, J-M. Savéant, Science, 338 (2012) 90. 
[3] C. Costentin, M. Robert, J-M. Savéant, Acc. Chem. Res., 48 (2015) 2996. 
[4] I. Azcarate, C. Costentin, M. Robert, J-M. Savéant, J. Am. Chem. Soc., 138 (2016), 16639. 
[5] M. Routier, J. Bonin, M. Robert, J. Am. Chem. Soc., 136 (2014) 16768. 
[6] H. Takeda, C. Cometto, O. Ishitani, M. Robert, ACS Catalysis, 7 (2017), 70. 
[7] H. Rao, J. Bonin, M. Robert, ChemSusChem, 10 (2017), 4447. 
[8] H. Rao, J. Bonin, M. Robert, Nature, 548 (2017), 74. 
[9] M. Robert et al., submitted. 
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In the course of our ongoing research on the functionalisation of olefins, we anticipated that the 

introduction of a nitrile onto the olefin backbone in a free-radical manner would lead to useful 
intermediates for the total synthesis of natural products including indole alkaloids. During our efforts 
directed toward the total synthesis of Leucophyllidine, a bis-indole alkaloid, the free-radical carbo-
cyanation of olefins was investigated. With the aim of developing a tin-free version, new alkylsulfonyl 
cyanides were synthesized as radical traps through oxidation of the corresponding thiocyanates. Results 
on this new oxidation reaction and the tin-free carbo-cyanation reaction of olefins will be presented. This 
methodology, where SO2 is the unique by-product, leads to the desired adduct in high yield and is 
compatible with various functional groups.1 

In line with this study and keeping in mind the importance of sulfones in pharmaceutical and 
agrochemical industries,2 the photocatalysed sulfonyl-cyanation of olefins was also envisioned. In this 
case, the mild conditions of photo-redox processes were required to avoid the desufonylation occurring at 
high temperature. Here, we will present the Eosin-mediated sulfonyl-cyanation of olefins occurring at 
room temperature using LEDs as a visible light source. This reaction showed a broad applicability and a 
remarkable compatibility with many functional groups both on the olefinic partner and on the starting 
sulfonyl cyanide. The utility of this methodology was demonstrated by a short synthesis of a 
metalloproteinase inhibitor. Finally, an unprecedented mechanism is proposed.3 
 

 
 
 
[1] H. Hassan, V. Pirenne, M. Wissing, C. Khiar, A. Hussain, F. Robert and Y. Landais, Chem. Eur. J., 23 (2017), 

4651-4658. 
[2] I. Ahmad and Shagufta, Int. J. Pharm. Pharm. Sci., 7 (2015), 19-27. 
[3] V. Pirenne, G. Kurtay, D. Bassani, F. Robert and Y. Landais, submitted. 
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cooperative catalysis with redox-active ligands 
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Increasing concerns regarding sustainability and cost-related issues of noble metals are driving 
chemists to revisit the chemistry of first-row early transition metals (Fe, Co, Ni, Cu). Although 
widely used, these metals tend to be limited by their electronic structure, which makes them 
prone to mono-electronic transfers and can limit their efficiency and selectivity. An emerging 
area in catalysis is the use of redox non-innocent ligands, which can act as a storage and supply 
unit of electrons, allowing the metal to perform reactions once forbidden and broadening the 
scope of their synthetic applications.1  

We have been focusing on redox-active iminosemiquinone ligands in copper and nickel 
complexes in order to foster alternative pathways in conventional reactivities, or unconventional 
behaviors altogether. Progress made in trifluoromethylation,2 formation of C–N bonds through 
the implication of masked high-valent species3 and aziridination4 will be presented. 

 
References. [1] P. J Chirik, K.Wieghardt, Science, 327 (2010) 794–795; [2] a) J. Jacquet, J.; E. Salanouve, M. Orio, 
H. Vezin, S. Blanchard, E. Derat, M. Desage-El Murr, L. Fensterbank, Chem. Commun. 50 (2014), 10394–10397; 
b) J. Jacquet, S. Blanchard, E. Derat, M. Desage-El Murr, L. Fensterbank, Chem. Sci. 7 (2016), 2030–2036; [3] J. 
Jacquet, P. Chaumont, G. Gontard, M. Orio, H. Vezin, S. Blanchard, M. Desage-El Murr, L. Fensterbank, Angew. 
Chem. Int. Ed. 55 (2016), 10712–10716; [4] Y. Ren, K. Cheaib, J. Jacquet, H. Vezin, L. Fensterbank, M. Orio, S. 
Blanchard, M. Desage-El Murr, Chem. Eur. J. (2018), doi: 10.1002/chem.201705649. 
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Sulfoximines, the monoaza analogues of sulfones, are a rather uncommon class of substrates to many 
chemists, although their discovery goes back into the early 1950s.[1] Due to their chemical and 
configurational stability, first applications mainly focused on asymmetric reactions or catalysis where 
they act as chiral auxiliaries or ligands.[2] Only recently, it was realized that the diverse structure of 
sulfoximines has much more to offer, especially in medicinal chemistry and the pharmaceutical industry. 
Recent reports attest sulfoximines to be relevant bioactive structures, which display desirable metabolic 
stability and physicochemical properties in combination with hydrogen-bond acceptor/donor 
functionalities.[3] 

We realized the direct C-H/N-H dehydrogenative cross-coupling of NH-sulfoximines with electron-rich 
arenes by oxidative visible-light photoredox catalysis, applying 9-mesityl-10-methylacridinium 
perchlorate as an organic photocatalyst. Our reaction proceeds without sacrificial oxidant, at room 
temperature and is highly selective for the C-N bond forming reaction. The scope of the reaction includes 
mono- and multi-alkylated and halogenated arenes, which are reacted with aromatic and aliphatic 
electron-rich and electron-poor NH-sulfoximines, giving moderate to excellent yields of the N-arylated 
sulfoximines. In addition, we successfully conducted the developed reaction on a gram scale (1.5 g). 
Mechanistic investigations show that both arene and NH-sulfoximine interact with the excited-state of the 
photocatalyst. We propose a radical-based mechanism, where both the arene and the NH-sulfoximine are 
photo-oxidized to their respective radical intermediates. Radical-radical cross-coupling subsequently 
leads to the N-arylated sulfoximine. Two electrons and two protons are released during the reaction and 
are subsequently converted into H2 by a proton-reducing cobalt-catalyst. 
 

 
 
[1] H. R. Bentley, E. E. McDermott, J. Pace, J. K. Whitehead and T. Moran, Nature, 165 (1950), 150-151. 
[2] a) S. Otocka, M. Kwiatkowska, L. Madalinska and P. Kielbasinski, Chem. Rev., 117 (2017), 4147-4181 ; b) M. 
Reggelin and C. Zur, Synthesis, 1 (2000), 1-64; c) C. R. Johnson, Acc. Chem. Res., 6 (10) (1973), 341-347. 
[3] a) M. Frings, C. Bolm, A. Blum and C. Gnamm, Eur. J. Med. Chem., 126 (2016), 225-245, b) U. Lücking, 
Angew. Chem. Int. Ed., 52 (36) (2013), 9399-9408. 
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Dynamic Nuclear Polarization (DNP) is one of the most promising approaches to overcome the 
sensitivity limitations of solid-state NMR, opening new possibilities and applications in materials and life 
sciences. The recent advances result from significant developments in DNP instrumentation, in the 
introduction of new methodological concepts and in the design of ever more efficient polarization 
sources. In a DNP experiment, the larger polarization of unpaired electrons (usually from a stable free 
radicals) is transferred to surrounding nuclei by microwave irradiation at or close to the EPR Larmor 
frequency, providing maximum theoretical signal enhancements of a factor 658 for 1H and 2620 for 13C. 
The improvement in the understanding of the polarization mechanisms and the rational design of 
polarizing agents by optimizing their structural and magnetic properties have contributed to the success of 
the technique. Signal enhancements (ε) of 50-200 are routinely obtained today at 9.4 T and 100 K, 
allowing the investigation (not feasible without DNP) of an ever broader range of molecular and 
macromolecular systems including biomolecules, hybrid materials, mesoporous silica, metal oxides, 
polymers, nanoparticles and microcrystals. However, the enhancement factors are still far from the 
predicted maximum values, notably at high-field. Indeed, the development of ideal polarizing agents is 
not trivial due to the multidimensional optimization problem. We will report our recent efforts on the 
design, synthesis and characterization of improved dinitroxide polarizing agents, notably by discussing 
the role of parameters such as the magnetic dipolar interaction, the electron relaxation and the glassy 
matrix.[1-3] 
 
 
 
 
 
 
 
[1] D. J. Kubicki, G.Casano, M. Schwarzwalder, S. Abel, C. Sauvée, K. Ganesan, M. Yulikov, A. J. Rossini, G. 
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N-heterocyclic carbenes (NHC) allow for the catalytic umpolung of α,β-unsaturated aldehydes, through 

the formation of enaminols I•H , so-called Breslow intermediates. The scope of this chemistry can be 
extended further with oxidative conditions, not only through the formation of acylium intermediates I+, 
but also by enabling radical pathways through one-electron oxidations, as in recently reported 

enantioselective oxidative NHC-catalyzed transformations of enals into β-hydroxyester,[1-2] 

cyclopentanones[3]  and spirocyclic-γ-lactones.[4] For these reactions, a SET from I•H  to a mild one-

electron oxidant is usually proposed as the key step of the catalytic cycle. However, the genuine 
mechanism is unclear, due to the lack of experimental data on the radical intermediates. Taking advantage 
of our previous experience in the study on stable capto-dative radicals,[5-8] we attempted to assess the key 
intermediates in the oxidative NHC-catalyzed radical reactions of enals. In particular, we show that the 
usually hypothesized direct SET from I•H  is unlikely, and propose isolable models for more relevant 
radical intermediates. 
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The redox activity of nitroxides and their derivatives
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Nitroxides are highly versatile EPR probes, powerful antioxidants 
and very efficient scavengers of free radicals. They are also 
remarkable in that they can be both oxidised (to the oxoammonium 
ion) or reduced (to the hydroxylamine). 
polymers, nitroxides provide important electroactive components 
in organic radical batteries (ORB).
nitroxides also forms the basis of new deve
batteries,2,3 as new fluorescent probes for 
antioxidants in biological systems.
 

    
 
 

Herein we discuss the synthesis and electrochemical properties of 
as some related analogues and derivatives. 
catechol-based nitroxide and the 
biological antioxidant, or as a charge carrier 
materials.  
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Nitroxides are highly versatile EPR probes, powerful antioxidants 
and very efficient scavengers of free radicals. They are also 
remarkable in that they can be both oxidised (to the oxoammonium 
ion) or reduced (to the hydroxylamine). When incorporated within 
polymers, nitroxides provide important electroactive components 
in organic radical batteries (ORB).1 The redox chemistry of 

forms the basis of new developments in redox flow 
fluorescent probes for radicals and as catalytic 

antioxidants in biological systems.4  
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Chemists appreciate that the rate of redox reactions can be manipulated by means of an electrical 
potential gradient. However, it was only in 2016 that it was shown that an external electric field can also 
be used to catalyse non-redox reactions, thereby opening up a new dimension to chemical catalysis [1]. 
So-called electrostatic catalysis arises because most chemical species have some degree of polarity and 
so can be stabilized by an appropriately aligned electric field; when this occurs to a greater extent in 
transition states compared with reactants, reactions are catalyzed [2]. However, by their nature such 
effects are highly directional and so implementing them in practical chemical systems is problematic. We 
have been using a combination of theory and experiment to explore various solutions to this problem. 
The first is using surface chemistry techniques, in conjunction with the break-junction technique in 
scanning tunnelling microscopy [1]. This allows us to detect chemical reaction events at the single 
molecule level, whilst delivering an oriented electrical field-stimulus across the approaching reactants. 
The second is making use of the electric fields within the double layers of electrochemical cells to 
manipulate both redox and non-redox unimolecular reactions. Here we find that molecules actually self-
align and interact with electrolyte ions to facilitate catalysis [3]. Finally, in an approach that is truly 
scalable, we have instead addressed problem of orientation of the electric field by making use of 
appropriately placed charged functional groups to provide the electrostatic stabilization for solution-
phase reactions [4]. In this way, the direction of the local field experienced by the reaction centre is fixed, 
and by associating the stabilization or destabilization with the protonation state of an acid or base group, 
it has the advantage of providing a convenient pH switch. In this talk our experimental and theoretical 
results will be presented and the prospects for electrostatic catalysis discussed. Our particular emphasis 
will be on prospects for radical chemistry, where we have been harnessing both external fields and 
charged groups for low temperature alkoxyamine cleavage [3d,4b] and harnessing the electrostatic effects 
of Lewis acids for propagation catalysis of radical polymerization [5]. 
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The basic scheme for autoxidation of polymers was originally developed by Bolland, Gee and co-

workers for rubbers and lipids.1 These days, it has come to be the accepted scheme for all polymeric 
materials. Yet, for this process to be autocatalytic, the propagation reaction must occur as hydrogen 
abstraction from the next substrate by the peroxyl radical (ROO⋅ + RH → ROOH + R⋅).2 Unless the 
hydrogen transfer process forms highly stabilized R• radicals (e.g. with allylic double bonds), this 
reaction is highly thermodynamically disfavored.  

In attempting to elucidate the scheme for autoxidation of polymers when highly stabilized R• 
radicals are not formed by hydrogen abstraction (unlike rubbers and lipids) a number of questions must be 
answered: Is the transfer step still driven kinetically? If not, what is the fate of the peroxyl radical?3 What 
is the role of oxygen? What is the role of defect structures in the polymer? What other species contribute 
to polymer degredation?4  

This presentation will outline our progress towards solving these questions using a combination 
of quantum chemical calculations and kinetic modelling, with a view towards improved polymer and 
antioxidant design.  
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In this work, we explore the possibility of generating superoxide ion via the reduction of molecular 
oxygen (O2) using several biologically-relevant compounds, which can act as precursors to electron 
donors. In order to do so, we tested and compared various superoxide ion detectors from which 3-
methylbenzothiazolium iodide 1 was both the most selective and sensitive for our studies.1,2 1 in the 
presence of a superoxide ion source such as potassium superoxide (KO2) forms products 2-5. Using this, 
an array of biologically-relevant compounds (in the presence of O2) were probed. 
 

 

Scheme 1 3-Methylbenzothiazolium iodide as a superoxide ion detector.1,2 
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Pulmonary inflammatory diseases like cystic fibrosis (CF), chronic obstructive pulmonary disorder 
(COPD) are a major health concern worldwide. Those inflammations result in an influx of neutrophils 
leading to the overexpression of elastases. Neutrophile elastases are responsible of the degradation of 
lung’s structure via elastin fragmentation. Development of new methods for the early detection of those 
inflammations by monitoring the protease-inhibitor balance would be an efficient diagnostic tool. 

Herein, we present the synthesis of a 
nitroxide probe MeO-Suc-(Ala)2-
Val-Pro-Nitroxide.[1]  As shown in 
the scheme, this probe is selective 
for neutrophile elastases and is 
suitable for EPR imaging and 
OMRI. Efficacy and selectivity of 
substrates were assessed with 
broncho alveolar lavages derived 
from a mouse model of pneumonia. 

Moreover, selective irradiation and 
quantification of one of the nitroxide is possible owing the difference in respective EPR signatures of 
peptide locked nitroxide and the free nitroxide. Monitoring the product formation (free nitroxide) allows 
to direct access to the protease-inhibitor balance.  
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Further development along these results can lead to the development of selective probes for proteases, 
using their natural selectivity for specific peptide sequences. Similar probes are being designed with 
enhanced water solubility in order to provide new preclinical in vivo OMRI diagnostic methods. 

Acknowledgments: This study was achieved within the context of the ANR PULMOZYMAGE (ANR-
15-CE18-0012-01). 
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Nanoconfinement Effect on Phenoxyl Radical Lifetime

Cyrielle Dol,

a

Organic radicals and materials have already a long common history. Organic radical precursors 
have been adsorbed in zeolites, grafted onto silicas and onto 
previous studies the organic radical precursor was introduced in the material by simple 
adsorption or by post-grafting, in other words with no means to control the distribution of the 
radical precursor in the inorganic mate
Recently, our group focused his attention on the effect of nano
radical. [1],[2] 

In this study, we report the effect of nanoconfinement on phenoxyl radical properties when a radical 
precursor was wittingly located in the wall or in the pores of a nanostructured silica. Seve
radical precursors[3] were considered as well as various substitution.

This nanoconfinement enables to a transient phenoxyl radical to become persistent and thus facilitates th
determination of spectroscopic properties. The influence of the radical precursor and the substitution on 
the radical lifetime will be presented.

 

Figure 1
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Organic radicals and materials have already a long common history. Organic radical precursors 
have been adsorbed in zeolites, grafted onto silicas and onto nanostructured silicas.
previous studies the organic radical precursor was introduced in the material by simple 

grafting, in other words with no means to control the distribution of the 
radical precursor in the inorganic material. 
Recently, our group focused his attention on the effect of nano-structuration on the behavior of transient 

In this study, we report the effect of nanoconfinement on phenoxyl radical properties when a radical 
ocated in the wall or in the pores of a nanostructured silica. Seve

were considered as well as various substitution. 

This nanoconfinement enables to a transient phenoxyl radical to become persistent and thus facilitates th
determination of spectroscopic properties. The influence of the radical precursor and the substitution on 
the radical lifetime will be presented.  

Figure 1 : Influence of nanoconfinement on radical lifetime
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Photopolymerization under near infrared (NIR) light is challenging due to the low energy of the absorbed 
photon, but if successful, presents significant advantages. For example, this lower energy wavelength is 
safer than UV-light that is currently the standard photocuring light source [1]. Also, NIR allows for a 
deeper light penetration within the material and therefore resulting in a more complete curing of thicker 
materials containing fillers for access to composites. In this study, we report the use of three-component 
systems for the NIR photopolymerization of methacrylates. 1) a dye used as a photosensitizer in the NIR 
range, 2) a iodonium salt as a photoinitiator for the free radical polymerization of the (meth)acrylates and 
3) a phosphine to prevent polymerization inhibition due to the oxygen and to regenerate the dye upon 
irradiation [2]. Several NIR absorbing dyes such as a cyanine borate and a silicon-phthalocyanine are 
presented and studied. Systems using borate dyes resulted in methacrylate monomer conversion over 80% 
in air. We report three types of irradiation system: low power LED @660 nm and @780 nm as well as a 
higher power laser diode @785 nm. The excellent performance reported in this work is due to the crucial 
role of the added phosphine.  

 
Figure 1 – Photopolymerization of methacrylate under air with different fillers contents (up to 75w%) 
upon irradiation to NIR light @785nm (A) profiles (methacrylate functions conversion vs. irradiation 
time) (B) and (C) Example of composite produced under NIR light with 75w% fillers  
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Previously, we described alkoxyamines R1R2NO–R3 as new pro-drugs with low 
molecular weights and theranostic activity. Alkoxyamines, upon chemical stimulus, can be 
activated to release free radicals: i) a nitroxide R1R2NO• which can, reportedly, enhance 
magnetic resonance imaging and ii) an alkyl radical •R3 able to trigger cancer cell death.  

We recently investigated the synthesis and the anti-cancer activity of novel alkoxyamines 
containing an imidazole ring. Activation of the homolysis was conducted by protonation and/or 
methylation. These new molecules displayed cytotoxic activities towards human glioblastoma 
cell lines, including in U251-MG cells that are highly resistant to the conventional 
chemotherapeutic agent Temozolomide.  

We further highlighted that the biological activities of the alkoxyamines were not only 
related to their half-life times of homolysis. However, their favorable logD7.4 and pKa values as 
well as a strong probability of not being a substrate for efflux transporters makes them robust 
candidates for blood-brain barrier penetrating therapeutics against brain neoplasia. 
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Marque, S. R. A.; Brémond, P.; Mellet, P. Mol. Pharmaceutics 2014, 11, 2412-2419. [2] Audran, G.; Brémond, P.; 
Marque, S. R. A. Chem. Commun. 2014, 50, 7921-7928. [3] Audran, G.; Brémond, P.; Marque, S. R. A.; Yamasaki, 
T. J. Org. Chem. 2016, 81, 1981-1988. 
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Organic electron donors (OEDs) with exceptionally negative redox potentials showed their potency and 
chemoselectivity in the reduction of challenging substrates.[1-3] They promote the formation of radical or 
anionic intermediates by single- or double-electron transfers. These strong reducing agents are now 
attracting more and more the interest for original applications in diverse domains (coupling partners, 
redox switches, greenhouse gas reduction). 

To further study the potential of OEDs, we decided to tackle the reduction of uninvestigated functional 
groups and the exploitation of the resulting active species in the initiation of chain-growth 
polymerizations. Organic electron donors revealed to be remarkable polymerization initiators, allowing 
the development of an efficient, simple and room temperature process, responding to energy-friendly, 
cost-efficient and secure technical specifications. Their high group tolerance makes them fully compatible 
with the synthesis of a large range of polymers and bio-polymers of wide industrial importance. Our 
mechanistic considerations support both the initiation through electron transfer and the anionic chain 
propagation.  
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Références  
[1] J. Broggi, T. Terme, and P. Vanelle, Angew. Chem. Int. Ed., 53 (2014) 384-413.  
[2] J. A. Murphy, J. Org. Chem., 79 (2014) 3731-3746. 
[3] E. Doni, J. A. Murphy Chem. Comm., 50 (2014) 6073-6087. 
[4] J. Broggi, M. Rollet, J. L. Clément, G. Canard, T. Terme, D. Gigmes, P. Vanelle, Angew. Chem. Int. Ed., 55 
(2016) 5994-5999. 
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The visible light mediated decarboxylation of carboxylic acids represents an important technique to 
generate organic radicals.[1] Primary, unactivated carboxylic acids can easily be transformed to N-
acyloxyphthalimides, which undergo decarboxylation upon visible light irradiation in the presence of a 
catalyst and a sacrificial electron donor.[2] Upon release of neutral phthalimide and CO2, the generated 
radical can undergo intra- and intermolecular reactions, such as addition to double or triple bonds. 
Glutamic acid is used as an inexpensive starting material, which can be transformed to different amino 
acids, retaining the stereocenter in α-position. Therefore, the α-carboxyl group is adequately protected as 
ester or oxazolidinone[3]. Then, either a propargyl or propiolate group is introduced, allowing for 
intramolecular cyclization, or addition to α-acetoxystyrenes[4] takes place upon decarboxylation of the γ-
carboxyl group (Scheme 1). The intramolecular cyclization leads to pipecolic acid derivatives [5] 
exhibiting an exo-methylene group, which constitutes an excellent site for further functionalization.  
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Scheme 1: Intra- and intermolecular reactions of Glu-derivatives leading to pipecolic acid analoges. 
 
 
 
 
 
[1] a)G. Kachkovskyi, C. Faderl, O. Reiser, Adv. Synth. Catal. 2013, 355, 2240-2248. b) L. Chu, C, Ohta, Z. Zuo,  

D. W. C. MacMillan, J. Am. Chem. Soc. 2014, 136, 10886–10889. c) M. J. Schnermann, L. E. Overman, Angew. 
Chem. Int. Ed. 2012, 51, 9576-9580. 

[2] K. Okada, K. Okamoto, M. Oda, J. Am. Chem. Soc. 1988, 110, 8736-8738.  
[3] D. Seebach, et al., Liebigs Annalen der Chemie 1993, 7, 785-799. 
[4] Q. Song et al., Org. Lett. 2018, 20, 349−352. 
[5] a) L. Shan, P. He, Cell 2018, 173, 286-287. b) C. Kadouri-Puchot, S. Comesse, Amino Acids 2005, 29, 101-130. 
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In recent years many discoveries were made in the field of photochemistry mediated by visible light 
which is inexpensive and readily available, not polluting the environment and able to transfer energy 
under mild reaction conditions. Since most of the organic compounds are not able to absorb light in the 
visible light range, a number of photosensitizers and photocatalysts were discovered absorbing the visible 
light and delivering the absorbed energy for the substrate molecules. Often very costly Ru an Ir 
complexes are employed for this purpose, however, their homogeneous nature makes it difficult to 
recover the catalyst after a reaction.[1, 2] 

The immobilization of transition metal photocatalysts on solid supports, e.g. Nafion®/silica 
nanocomposites, via electrostatic interactions promises a broad range of easy accessible heterogeneous 
photocatalysts. Within only two steps different positive charged transition metal photocatalysts, e.g. 
[Ru(bpy)3]Cl2, can be attached to Nafion® via an ionic exchange (Scheme 1).[3, 4]  
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Scheme 1: Immobilization of [Ru(bpy)3]Cl2 onto Nafion via electrostatic interactions. 

 
The heterogeneous nature of the catalysts enables the recycling by centrifugation and its subsequent 
reusability in visible-light mediated reactions. Depending on the choice of solvents and reaction additives, 
only slight decrease in catalytic efficiency within several runs is observed.  
 
 
 
 
 
 
 
[1] C. K. Prier, D. A. Rankic, D. W. C. MacMillan, Chem. Rev. 2013, 113, 5322-5363. 
[2] M. Benaglia, Recoverable and Recyclable Catalysts, Wiley-VCH, 2009. 
[3] X. Li, Z. Hao, F. Zhang, H. Li, ACS Appl. Mater. Interfaces 2016, 8, 12141-12148. 
[4] G. Zhang, I. Y. Song, T. Park, W. Choi, Green Chem. 2012, 14, 618-621.  
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Due to the inherently high bond-dissociation energy of unactivated C(sp3)−H bond, its selective chemical 
functionalization sets one of the greatest synthetic challenges and has received much research attention 
for decades. Recent successful studies of the functionalization of primary and secondary aliphatic C−H 
sites mostly focus on the use of transition metal catalysis in combination with substrates bearing directing 
groups to overcome selectivity and reactivity issues. [1] 
 
In contrast, the functionalization of tertiary C−H bonds is often enabled by homolytic bond cleavage 
introducing the chemistry of free radicals as a complementary approach. Intramolecular hydrogen atom 
transfer processes have been established to address otherwise mostly unreactive remote C(sp3) −H sites 
with the well-known Barton and Hofmann-Löffler-Freytag reactions being early examples of distal C−H 
functionalization [2-4]. This concept was widely adapted by many groups recently, yet not addressing the 
remote arylation reaction of aliphatic carbon chains mediated by free radicals.  
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Herein we present a novel approach for the γ-arylation of aliphatic alcohols introducing designed “radical 
translocating arylating groups” [5, 6]. These functional groups offer both the source of a remotely 
generated radical and a migrating aryl moiety. Moderate to good yields are obtained, remote C−H 
arylation occurs with excellent regioselectivity and for secondary C(sp3) −H bonds good to excellent 
stereoselectivity is achieved. The experimental findings let to a mechanistic proposal that is broadly 
supported by detailed DFT studies. 
 
Literature: 
[1] T. G. Saint-Denis, R.-Y. Zhu, G. Chen, Q.-F. Wu, J.-Q. Yu, Science 359 (2018) eaao4798. 
[2] A. W. Hofmann, Chem. Ber. 16 (1883) 558–560. 
[3] K. Löffler and C. Freytag Chem. Ber. 42 (1909) 3427–3431. 
[4] D. H. R. Barton, J. M. Beaton, L. E. Geller, and M. M. Pechet J. Am. Chem. Soc. 83 (1961) 4076–4083. 
[5] D. P. Curran, D. Kim, H. T. Liu and W. Shen, J. Am. Chem. Soc. 110 (1988) 5900–5902. 
[6] A. Studer and M. Bossart, Chem. Commun. (1998) 2127–2128. 
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 Nowadays, roughly 45 wt% of the polymers are produced thanks to free radical 
polymerization (FRP) processes. At room temperature, under air (oxygen inhibition), without 
energetic consumptions (thermal or radiatives) and without distillation of the vinylic monomers, 
FRP initiating systems have to be outsandingly efficients. We propose in the present 
communication the “Metal Acetylacetonate –Bidentate Ligand Interaction” (MABLI1) as a new 
two-component FRP initiating strategy for (meth)acrylates polymerization. Elegantly, MABLI 
initiating systems avoid the use of hazardous peroxides (or other O-O or S-S weak bond 
containing compounds) or carcinogenic amines that are currently proposed in redox initiating 
systems. Indeed, in a MABLI approach (Scheme 1), bidentate ligand chelate metal 
acetylacetonates with simultaneous: i) change of oxidation degree for the metal (n to n-1) and ii) 
release of acetylacetonate-like radicals. These latter can find use for the initiation of FRP; doing 
so they are competitive with redox FRP references such as 4-N,N trimethylaniline/dibenzoyl 
peroxide systems. The chemical mechanisms involved will be studied exhaustively thanks to 
ESR, ESR spin trapping, HR-ESI-MS, NMR, UV-vis spectrometry, molecular modeling, cyclic 
voltammetry, FRP followed by optical pyrometry and Raman confocal microscopy.  
 
 
 
 
 
 
 
 
Scheme 1. Metal Acetylacetonates – Bidentate Ligand Interaction (MABLI) for free radicals 
initiating systems1. 
 As a perspective for the present communication, we will also demonstrate: i) near 
infrared (NIR) photoactivation of MABLI processes and ii) possible grafting from 
polymerization using stable copper methacryloyloxyethylacetoacetate (Cu(AAEMA)2 under 
mild conditions. 
 
[1] P. Garra, F. Morlet-Savary, B. Graff, F. Dumur, V. Monnier, C. Dietlin, D. Gigmes, J.-P. Fouassier and J. 

Lalevée, Polym. Chem., 2018, DOI:10.1039/C8PY00238J. 
[2] A. S. Sarac, Prog. Polym. Sci., 1999, 24, 1149–1204. 
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Vinyl boronic esters and their corresponding ate complexes are highly valuable substrates in organic 
synthesis. Besides their use in Suzuki Miyaura couplings[1] they are known to undergo 1,2-migration 
promoted by electrophilic halogenation[2] or palladation.[3] As recently demonstrated, vinyl boron ate 
complexes also act as efficient radical acceptors and the corresponding radical anions undergo a radical-
polar cross over reaction allowing the synthesis of secondary and tertiary alkyl boronic esters.[4] 

 
Along these lines, we will show that chiral vinyl boron ate complexes of enantioenriched secondary alkyl 
boronic esters undergo a stereospecific radical-induced 1,2-migration in a radical-polar cross over 
reaction. Various alkyl iodides can be used as radical precursors in this light initiated chain process. 
Subsequent oxidation of the intermediate boronic esters offers a new route to α-chiral ketones and β-
fluorinated enones, while protodeborylation provides chiral alkanes. The products are isolated in 
moderate to good overall yields and excellent stereospecificity.[5] 

 
In addition, the strategy was applied to the synthesis of synthetically useful allylic boronic esters. To this 
end dienyl boronic esters were used as starting materials and radical addition occurred at the vinylogous 
position. The following 1,2-migration provided the desired products in good yields.[6]  

Notably, both protocols presented proceed without the need of a transition metal and allow facile modular 
construction of versatile, valuable compounds via formation of two C̠C bonds using three 
components - pinacolboronic esters, lithium reagents and commercial iodides as radical precursors. 
 

 
 

 
 
[1] N. Miyaura, K. Yamada, A. Suzuki, Tetrahedron Lett. 1979, 20, 3437. [2] G. Zweifel, H. Arzoumanian, C. C. 
Whitney, J. Am. Chem. Soc. 1967, 89, 3652. [3] L. Zhang, G. J. Lovinger, E. K. Edelstein, A. A. Szymaniak, M. P. 
Chierchia, J. P. Morken, Science 2016, 351, 70. [4] M. Kischkewitz, K. Okamoto, C. Mück-Lichtenfeld, A. Studer, 
Science 2017, 355, 936. [5] C. Gerleve, M. Kischkewitz, A. Studer, Angew. Chem. Int. Ed. 2018, 57, 2441. [6] M. 
Kischkewitz, C. Gerleve, A. Studer, manuscript in preparation. 
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Arylated nucleobases were synthesized by visible light photocatalysis using rhodamine 6G as photoredox 
catalyst and N,N-diisopropylethylamine as sacrificial electron donor. The high redox potential of this 
catalyst system is achieved by a consecutive photoinduced electron transfer process (conPET)[1] and 
allows the room temperature conversion of brominated and chlorinated nucleobases or nucleobase 
precursors as starting materials. In contrast to many transition-metal-based syntheses, a direct C−H 
arylation of nitrogen-containing halogenated heterocycles is possible without protection of the N−H 
groups.[2] The method provides a simple, metal-free alternative for the synthesis of biologically 
interesting arylated heterocycles under mild conditions. 

 
 
 
 
 
[1] I. Ghosh and B. Koenig, Angew. Chem. Int. Ed., 55 (2016) 7676-7679 
[2] M. Čerňová, I. Cerna, R. Pohl and M. Hocek, J. Org. Chem. 76 (2011) 5309-5319 
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Helicenes are chiral polyaromatic compounds of great potential in many fields, such as 

asymmetric catalysis, optoelectronics, or material sciences1. The most commonly used methods 
of preparation of helicenes – photocyclization and [2+2+2] cycloaddition – can be both 
successfully used for incorporation of different functional groups into the helicene structure, 
however the scope of functional groups can be limited and/or requires time consuming multistep 
procedures2. This obstacle can be overcome by derivatization of simple helicene derivatives. 
Several articles discussing late-stage derivatization of helicenes were published in the last few 
years3-4. 

This work is focused on the use of simple helicene derivatives as substrates for modern 
photochemical methods. Halogen containing substrates are transformed in the reductive pathway 
to helicenyl radicals, before being trapped by different radical traps. In the oxidative pathway, 
activated alkoxyhelicenes undergo photoredox catalyzed reactions, yielding various carbon-
carbon, as well as carbon-heteroatom containing compounds.  

 
 

 
 
Scheme 1: Derivatization of helicenes. 
 
 
 
 
 
 
[1] M. Gingras, Chem. Soc. Rev.,42, (2013), 968-1006. 
[2] M. Gingras, Chem. Soc. Rev.,42, (2013), 1051-1095. 
[3] J. Žádný, P. Velíšek, M. Jakubec, J. Sýkora, V. Církva, J. Storch, Tetrahedron, 69, (2013), 6213-6218. 
[4] M. Jakubec, T. Beránek, P. Jakubík, J. Sýkora, J. Žádný, V. Církva, J. Storch, J. Org. Chem.,  83, (2018), 3607-                                      
sad3616 
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 Three-dimensional (3D) printing is an additive manufacturing technology that allows fabrication 
of 3D objects by adding successive layers of materials (e.g. photopolymers) on top of each other.  In the 
last few years, this promising technology has developed rapidly and has found numerous applications in 
various fields (e.g. electrical components, dentistry, food industry, surgery and biomaterials implants). 
This project is a collaboration between an industrial partner and an academic laboratory aims to develop 
new photosensitive resins outside usual acrylate and epoxy systems for our study. With this approach, the 
production of new polymer products that can be designed in a short time and for a low price in industrial 
3D additive manufacturing will be presented. These photosensitive resins consist of bio-based polymers. 
Today, faced with the growing scarcity of non-renewable raw materials, the development of bio-based 
products is a priority for the industry. This chemistry has a very important advantage in particular by 
limiting greenhouse gas emissions and all environmental impacts (toxicity, waste). All the components of 
the resin (photoinitiators and monomers/oligomers) have been developed for a specification towards the 
use of: visible light irradiation ‘light-emitting diode LED’, low intensity, low viscosity and writing fast 
speed. 
 
 
 
 
 
 
 
 
 
[1] H. Zhou,Y. Huang,Y. Zhang,D. Song,H. Huang,C. Zhong,G. Ye, The Royal Society of Chemistry, 6 (2016) 
68952–68959 
[2] A. Luo, X. Jiang,H. Lin, J. Yin, J.Mater.Chem., 21 (2011) 12753–12760  
[3] S. Uemura,T. Nakahira, N. Kobayashi, J. Mater. Chem., 11 (2001) 1585–1589 
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Silyl glyoxylates (e.g., DKSi, Et-DKSi and Bn-DKSi in Scheme 1) are proposed as a new class 
of high performance photoinitiators for the free radical polymerization of methacrylates upon near-UV or 
blue light emitting diodes (LEDs).  

Three silyl glyoxylates (Scheme 1) have been synthesized and checked as novel photoinitiating 
systems for the radical polymerization of thick samples of a urethane dimethacrylate (UDMA) upon 
exposure to a blue LED (477 nm) under air. The modification of the ester group has been investigated in 
order to check the relationship between the nature of the substituent and the reactivity of the derivative. 
Remarkably, silyl glyoxylates can operate alone due to their Type I character or they can be used in 
presence of an amine (Type II behavior). Thick samples (1.4 mm), tack-free polymers as well as the 
access to composites can be easily obtained.  

The silyl glyoxylates-based photoinitiating systems exhibit excellent polymerization performance 
under blue LED (477nm) with exceptional bleaching properties compared to CQ systems.  
   

 

 
 

Scheme 1. Structures of DKSi, Et-DKSi and Bn-DKSi. 
 
 
 
 
Références  
[1] C. Bolm, A. Kasyan, P. Heider, S. Saladin, K. Drauz, K. Günther, C. Wagner, Org. Lett., 4 (2002) 2265-2267. 
[2] D.A. Nicewicz, G. Brétéché, J.S. Johnson, Org Synth., 85 (2008) 278. 
[3] M. Bouzrati-Zerelli, J. Kirschner, C. P. Fik, M. Maier, C. Dietlin, F. Morlet-Savary, J. P. Fouassier, J.-M. Becht, 
J. E. Klee, J. Lalevée, Macromolecules, 50 (2017) 6911-6923. 
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Photosensitive alkoxyamines are comprised of a chromophore covalently linked to an alkoxyamine 
moiety, which, under electromagnetic irradiation, cleave to generate alkyl and nitroxide radicals. This 
process provides special and temporal control over the release of nitroxides, which underscores their 
interest in nitroxide-mediated photopolymerization. 
The quintessential feature of photosensitive alkoxyamines is the translation of electromagnetic energy 
into chemical energy to facilitate alkoxyamine bond homolysis. Despite the importance of this process, 
the mechanism of energy transfer from the excited state chromophore to the pendant alkoxyamine moiety 
has not been established. Recently however, Rotllant et al. used quantum mechanical calculations to 
propose that under UV irradiation, alkoxyamine bond homolysis proceeds through photoinduced electron 
transfer- (PET) type processes. 1  
To investigate the potential role of PET processes in the photo-dissociation of photosensitive 
alkoxyamines, novel fluorenone-, benzophenone- and anthraquinone-based photosensitive alkoxyamines 
were examined. Photochemical investigation of the examined photosensitive alkoxyamines demonstrated 
that the photo-dissociation efficiencies followed a trend predicted by the excited state reduction potential 
of the chromophore (fluorenone < benzophenone < anthraquinone), supporting the involvement of PET 
processes in the photo-dissociation of alkoxyamines. 
 

                     

 
 
References 
1. Huix-Rotllant, M. & Ferré, N. Theoretical Study of the Photochemical Initiation in Nitroxide-Mediated 
Photopolymerization. J. Phys. Chem. A 118, 4464–4470 (2014). 
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The efficient synthesis of phenanthridines via electrochemically initiated trifluoromethylation of 
biaryl isonitriles is presented.1 The catalytic amount of electric charge verifies the electron’s 
catalytic character, which was proposed previously for this reaction.2 Turnover numbers up to 49 
are reached. Considering the background current, turnover numbers up to 300 are reasonable. 
The trifluoromethylation proceeds via cathodic reduction of the employed Togni reagent 2, 
generating a trifluoromethyl radical that can add to the isonitrile functionality of substrate 1a. 
The formed imidoyl radical A undergoes an intramolecular cyclization forming a highly acidic 
cyclohexadienyl radical B. Deprotonation is facilitated by the ortho-iodobenzoate that is formed 
as a byproduct during the reduction. The resulting radical anion C can sustain the catalytic cycle 
by transferring an electron to another Togni reagent molecule, yielding the desired 6-
(trifluoromethyl)phenanthridine. 

 
After initiation with an electric charge of 0.075 faraday/mol, yields between 63% and 80% were 
obtained for 13 further substrates. The applicability of the reaction in 4 mmol scale was shown. 
Cyclic voltammetry experiments support the suggested mechanism. 
 
Références. [1] M Lübbesmeyer, D. Leifert, H. Schäfer and A. Studer, Chem. Commun., 54 (2018) 2240-2243. [2] 
B. Zhang, C. Mück-Lichtenfeld, C. G. Daniliuc and A. Studer, Angew. Chem. Int. Ed., 52 (2013) 10792-3993. 
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In the last decades, cyclodextrins (CDs) and their derivatives have widely investigated due to their ability 
to encapsulate biomolecules in their internal cavity and being potential nanocarriers. Hence, an intense 
research to modify their structure and modulate their properties through chemical transformations has 
developed, being the radical method practically unknown in these macromolecules.[1] 
In previous papers we have described an novel intramolecular 1,8-hydrogen atom transfer (1,8-HAT) 
reaction between the two pyranose units in Hexp(1→4)-Hexp disaccharides systems (e.g., D-(+)-
maltose),[2] promoted by alkoxyl radicals, that allows a remote C-H functionalization in the vicinal units. 
Herein, we will present our most recent work by extension of this methodology to more complex 
carbohydrates such as CDs.[3] The well-suited disposition of the glucose units in these macrostructures 
favors that 6I-O-yl radical can get involved into a radical cascade process: the initial 1,8-abstraction of the 
H5 of the contigous sugar generate a C5-radical which can move through the saccharide skeleton and 
reach the anomeric hydrogen three sugar units ahead. Moreover, the cascade can selectively stop at 
different carbons, simply by choosing the proper reagent, to produce interesting cyclic and acyclic 
saccharides with different terminal residues. 
 

 
 
References  
[1] a) S. Guieu, M. Sollogoub in Modern Synthetic Methods in Carbohydrate Chemistry: From Monosaccharides to 
Complex Glycoconjugates (Eds.: D. B. Werz, S. Vidal), Wiley-VCH, Weinheim, 2013, pp. 241–283; b) K. Hattori, 
H. Ikeda in Cyclodextrins and Their Complexes (Ed.: H. Dodziuk), Wiley-VCH, Weinheim, 2006, pp. 31–64. 
[2] a) C. G. Francisco, A. J. Herrera, A. R. Kennedy, A. Martín, D. Melián, I. Pérez-Martín, L. M. Quintanal, E. 
Suárez, Chem. Eur. J. 2008, 14, 10369–10381; b) A. Martín, I. Pérez-Martín, L. M. Quintanal, E. Suárez J. Org. 
Chem. 2008, 73, 7710−7720; c) A. Martín, I. Pérez-Martín, L. M. Quintanal, E. Suárez, Org. Lett. 2007, 9, 1785–
1788. 
[3] a) D. Alvarez-Dorta, E. I. León, A. R. Kennedy, A. Martín, I. Pérez-Martín, E. Suárez, J. Org. Chem. 2016, 81, 
11766–11787; b) D. Alvarez-Dorta, E. I. León, A. R. Kennedy, A. Martín, I. Pérez-Martín, E. Suárez, Angew. 
Chem. Int. Ed. 2015, 54, 3674–3678. 
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A novel photoinitiating system operating under LEDs for the radiation curing market is proposed. 

It is usable in industrial processes for coating applications (cationic polymerization of epoxide based 
resins), the manufacture of Interpenetrating Polymer Networks (IPNs) (polymerization of acrylate/epoxy 
blends) and the production of thick epoxy/glass fibres composites. Our approach relates to the use of a 
photoredox catalyst as no photoredox catalyst is commercially available yet. Here, the promising copper 
complex called G1, disclosed in [1], is investigated as a high performance photoinitiator PI upon 
irradiation with near UV or visible Light Emitting Diodes (LEDs) exposure. It allows the design of very 
efficient photoinitiating systems (G1/iodonium salt [Iod]/N-vinylcarbazole [NVK] (Scheme 1)). The 
effects of resin, light source (LED at 375, 395, 405 nm, halogen lamp), G1 concentration, coating 
thickness (25µm, 1.4 mm), water content, formulation stability and the hydrolytic stability of the cured 
coatings were investigated. Remarkably, in the different studied applications, the G1/Iod/NVK system is 
much better than BAPO/Iod/NVK used as a reference system, which is already characterized by a good 
reactivity in the 365-420 nm range. Owing to the excellent catalytic behaviour of G1, very low loadings 
of G1 are required compared to BAPO. The use of G1 based system in photocurable cationic 
formulations for LED projector 3D printing is particularly outlined. The development of photoredox 
catalysts such as G1 is the new means of creating photoinitiating systems with an unprecedented 
reactivity. 
   

 
 

Scheme 1. Photoredox catalytic cycle for the three-component G1/Iod/NVK system. 
 
 
References  
[1] a) P. Xiao, F. Dumur, J. Zhang, J-P. Fouassier, D. Gigmes and J. Lalevée, Macromolecules., 47 (2014) 3837-
3844. b) Patent application WO2015132295, J. Lalevée, P. Xiao, D. Gigmes, F. Dumur. 
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Alkoxyamine as probe to quantify the efficiency of the photochemical or 
thermal homolysis of C
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Development of new materials with unusual functional groups, such as radicals, is of topical 

interest to enable new advances in spin sciences. Properties related to the presence of unpaired electrons, 
such as conductivity or magnetism, have been studied in

Recently, our group focused his 
transient radical. Therefore it has been shown that confinment of organic radicals in porous material 
allows a great increase of radical lifetime

 
In this study, we report the design of 

which can led to a stable nitroxide
of the nitroxide radical can be quantify and enables to evaluate the efficiency of the C
in a mesoporous material.  

 

 
Figure 1
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Development of new materials with unusual functional groups, such as radicals, is of topical 
interest to enable new advances in spin sciences. Properties related to the presence of unpaired electrons, 
such as conductivity or magnetism, have been studied in order to develop smart devices. 

Recently, our group focused his attention on the effect of nanostructuration on the behavior of 
Therefore it has been shown that confinment of organic radicals in porous material 

of radical lifetime. 1-6 

In this study, we report the design of a nanostructured silica functionalized with 
a stable nitroxide radical upon either light irradiation or thermal heating.

radical can be quantify and enables to evaluate the efficiency of the C

1:  Formation of nitroxide radical on mesoporous silica

F. Vibert, S. R. A. Marque, E. Bloch, S. Queyroy, M. P. Bertrand, S. Gastaldi, E. Besson, 
F. Vibert, S. R. A. Marque, E. Bloch, S. Queyroy, M. P. Bertrand, S. Gastaldi, E. Besson, 

5439. [3]  F. Vibert, E. Bloch, M. P. Bertrand, S. Queyroy, S.
[4] F. Vibert, E. Bloch, M. P. Bertrand, S. Gastaldi, E. Besson, 
Vibert, M. P. Bertrand, J. Lalevée, S. Gastaldi, E. Besson 

Bertrand, S. Gastaldi, E. Besson, Tetrahedron 2016, 72, 7744
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Development of new materials with unusual functional groups, such as radicals, is of topical 
interest to enable new advances in spin sciences. Properties related to the presence of unpaired electrons, 

order to develop smart devices.  
structuration on the behavior of 

Therefore it has been shown that confinment of organic radicals in porous material 

a nanostructured silica functionalized with an alkoxyamine 
light irradiation or thermal heating. The formation 

radical can be quantify and enables to evaluate the efficiency of the C-O bond homolysis 

Formation of nitroxide radical on mesoporous silica 
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Barton-McCombie reaction is a radical-
mediated deoxygenation reaction, which 
frequently plays a key role in total 
synthesis [1]. However, the typical 
conditions involve highly toxic organotin 
hydride and heating in the presence of 
explosive radical initiator such as 
azoisobutyronitrile, and therefore 
unsuitable for industrial application (Fig. 
1). Even though photoredox conditions 
have also been reported, it required 
relatively high-energy light irradiation 
[2,3].  
Recently, Xu and Boyer reported a radical polymerization conditions using thiocarbonyl compound as a 
reversible radical initiator, chlorophyll as a photoredox catalyst and low-energy red light as an energy 
source [4]. Considering the similarity of reaction mechanism between the Xu-Boyer conditions and the 
Barton-McCombie reaction, we decided to develop a mild and environment-friendly radical 
deoxygenation reaction. 
The xanthate 1 was irradiated with red LED in the presence of various reducing agents and readily 
available chlorophyll. We found two optimum conditions: <1> tris(trimethylsilyl)silane as the reducing 
agent and mild warming with LED-derived heat, which gave excellent yield, and <2> Hantzsch ester as 
the reducing agent with continuous cooling to room temperature (Scheme 1). Purification procedure is 
also simple, thus rendering Barton-McCombie reaction even more practical. The details of the reaction 
optimization, the substrate scope as well as reaction mechanism will be discussed. 
 

 
 
References [1] F.-T. Hong and L. A. Paquette, Chemtracts, 11 (1998) 67-72. [2] I. Saito, H. Ikehira, R. Kasatani, 
M. Watanabe and T. Matsuura, J. Am. Chem. Soc., 108, (1986) 3115-3117. [3] L. Chenneberg, A. Baralle, M. 
Daniel, L. Fensterbank, J.-P. Goddard, C. Ollivier, Adv. Synth. Catal., 356, (2014) 2756-2762. [4] S. Shanmugam, 
J. Xu and C. Boyer, Chem. Sci., 6 (2015) 1341-1349. 
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Radical processes in organic chemistry allow the production of new synthetic building blocks, but control 
of radicals is difficult due to their high reactivity. Moreover, the use of green solvents (i.e., water) is still 
far from extensive in this field [1]. The water-soluble cavitand host 1 is able to act as a template for 
macrocyclisations of several guests [2], and the binding of α-iodo carbonyl compounds having a terminal 
alkene was studied.  The reactivity of the host−guest complex was explored in aqueous medium, using 
free radical initiators. The macrolactones (nC > 10) were obtained in good yield (> 70%) under 
thermodynamic conditions (t > 40°C). The products were detected and confirmed by 1H-NMR and LCMS 
analyses. The new synthetic procedure for macrolactones may also be applicable to macroketones and 
macroalkanes to provide access to product selectivities differing from those of conventional reaction 
systems. The same process was studied using cavitand 2, that captures guests to form stable capsules in 
aqueous medium [3]. The encapsulation guarantees stability towards free radicals in solution and promises 
the use of cavitands as protecting groups for chemical processes.   
 

 
General scheme of the reactivity in water-soluble cavitands 

 
[1] V. T. Perchyonok, (2009), Radical Reactions in Aqueous Media, The Royal Society of Chemistry, T. Graham 
House, Cambridge, UK.  
[2] D. Masseroni, S. Mosca, M. P. Mower, D. G. Blackmond and J. Rebek Jr., Angew. Chem., Int. Ed., 2016, 55, 
8290-8293. 
[3] K. Zhang, J. Rebek Jr., Tetrahedron Lett., 2015, 3117-3119. 
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When we apply ARF1 to carbohydrates, an alkoxy radical in anomeric position is formed, β-
fragmentation takes place and generates a formate group at the anomeric carbon and a C2-radical. 
Substituent located in the C2-radical play a decisive role. When G is an electron withdrawing group, 
decrease the electron-density, the oxidation is more difficult and the radical can be trapped by iodine atom 
(A). When G is an electron donating group, C2 radical is always oxidized by an excess of the reagent to 
give an oxocarbenium ion through a radical polar crossover mechanism. This ion may be trapped inter or 
intramolecularly by nucleophiles (B). 
 

 
 

1-Phospha-sugars have a phosphorus atom in place of the anomeric carbon. They have attracted some 
synthetic interest due to their potential activity as glycosidase inhibitors and anticancer agents. We design 
a new approach to obtain P-sugars (also called phostones2 and phostines) in few steps and good yields 
starting from carbohydrates using ARF (A or B) as key step and Arbuzov3 reaction to introduce 
phosphorus. 
 

 
 

References: [1]. Suárez, E.; Rodríguez, M. S. β-Fragmentation of Alkoxyl Radicals: Synthetic Applications; 
Renaud, P.; Sibi, M. P., Eds.; Radicals in Organic Synthesis; Wiley-VCH: Weinheim, 2001. 
[2]. Thiem, J.; Günther, M.; Paulsen, H.; Kopf, J. Chem. Ber. 1977, 110, 3190. [3]. Bhattacharya, A. K.; 
Thyagarajan, G. Chem. Rev. 1981, 81, 415. 
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Organic electron donors are interesting from a sustainability and cost point of view and because 
they complement the reactivity of metal-based reducing agents. Accordingly, their study received 
much attention.[1] Strong organic or metallic reducing agents are usually used in stoichiometric 
amounts and they require elaborate techniques for manipulation due to their air-sensitivity. We 
found inspiration in the work of Giri,[2] Chikashita[3] and Tanner[4] to address these points. 
In a first step we present how the reactivity of an organic super electron donor (SED) can be 
exploited in radical chain reactions starting from an easy-to-handle precursor 1. Hydrogen 
abstraction from aminal 1 in the chain transfer step gives the single electron donor species 2. The 
reactivity of the aminal 1 has been put to test with several model substrates. 
In a second step aminal 1 was generated in situ from a catalytic amount of the salt 3 and a 
stoichiometric amount of a hydridic reducing agent. Similar reactivity was observed with the 
catalytic conditions for several model substrates. Overall, the catalytic protocol represents the 
conversion  of  an economical  and  mild hydridic reducing agent into a potent single electron  
donor species. 
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2014, 79 (9), 3731. c) Doni, E.; Murphy, J. A. Chem. Commun. 2014, 50 (46), 6073. 
[2]  Reddy, G. N.; Giri, S. Phys. Chem. Chem. Phys. 2016, 18 (35), 24356. 
[3]  Chikashita, H.; Ide, H.; Itoh, K. J. Org. Chem. 1986, 51 (26), 5400. 
[4]  Tanner, D. D.; Chen, J. J. J. Org. Chem. 1989, 54 (16), 3842. 
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Forming C-C bonds has always been a ubiquitous challenge in synthetic organic chemistry to build up complex 
molecules from cheap and available starting materials. Photoredox catalysis emerged to an attractive tool and 
permits bond forming reactions under remarkably mild conditions. Widely used photocatalysts are, among others, 
the positively charged acridinium or triarylpyrylium-based dyes, which are known to act as powerful oxidants from 
their excited states.[1] However, contrary to those cationic representatives only little is known about anionic organic 
dyes in photoredox catalysis. 
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We found 9-anthrolate 2, which can easily be generated in presence of a weak base like carbonate, to act as a strong 
reductant (����~ � 2.1 V vs. SCE) from its photoexcited state. Moreover, unlike the neutral 9-anthrone 1, 9-
anthrolate shows distinct absorption bands in the visible range and can therefore be excited with visible light. The 
excited state lifetime ��� � 19 ns� determined for the anionic dye in DMSO was found to be remarkably long. The 
catalytic ability of 9-anthrolate 2 was examined in several C-C and C-Het bond-forming reactions which provide 
access to the corresponding coupling products in moderate to good yields. A reaction mechanism is proposed based 
on spectroscopic investigations. 
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The interest in the production of biodegradable polymeric materials is continuously increasing in 
the last decade, with the scope to reduce the environmental impact caused by the large use of 
petroleum-based plastics. At the same time, a possible approach to a circular economy foresees 
the employment of derivatives from renewable sources. With this aim we are studying the 
possibility to produce polymers starting from fatty acids deriving from plant oils, eventually 
arising from waste materials. For this reason, we started considering oleic acid as a 
representative starting material which, in order to allow the production of the corresponding 
polymers, has been functionalized with metacrilic units as shown in the Scheme: 
 

 
 

In such a study, different approaches have been evaluated, and the Free Radical Polymerization 
initiated by the AIBN thermal decomposition in the absence of any control agent has been taken 
as a reference. In the other approaches the reaction mixtures have been added with proper 
amounts of DPAIO nitroxide, [1] BlocBuilder® [2] and NMMA, [3] and the corresponding 
results have been compared considering the conversion yields, as well as the molecular weight 
of the obtained polymers. In addition, the retention level of the -C=C- double bond from the 
oleic acid moiety has been taken into account, in order to allow possible post polymerization 
modifications. Our preliminary results indicated that the use of NMMA as control agent 
produced the best results in terms of conversion yields as well as polymerization degree, 
although with a slight increase in polydispersity with respect to those recorded using 
BlocBuilder®. However, in all cases up to the 93% of -C=C- of oleic acid double bond retention 
has been found. 
 
References: [1] P. Astolfi, L. Greci, P. Stipa, C. Rizzoli, C. Ysacco, M. Rollet, L. Autissier, A. Tardy, Y. 
Guillaneuf and D. Gigmes, Polym. Chem., 4, (2013), 3694-3704. [2] P. E. Dufils, N. Chagneux, D. Gigmes, T. 
Trimaille, S. R.A. Marque, D. Bertin and P. Tordo, Polymer, 48, (2007) 5219-5225. [3] C. Detrembleur, C. Jerome, 
J. De Winter, P. Gerbaux, J.-L. Clement, Y. Guillaneuf and D. Gigmes, Polym. Chem., 5 (2014), 335-340. 
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Text Identifying the mechanism of a catalytic reaction is paramount for designing new and 
improved catalysts. Several alternative catalytic cycles for the copper
oxidation of alcohols to the corresponding aldehydes or ketones were examined in their entirety 
using density functional theory at the SMD(CH3CN)
PBED3BJ/def2-SVP level of theory.
coordinated to copper throughout, was identified as the most likely mechanism.
electron oxidation involves single electron changes in oxidation state for both copper and 
TEMPO.   There are three
alkoxy ligand to coordinated TEMPO (2) oxygen activation with formation of a peroxo complex, 
and (3) alcohol activation with transfer of the O
takes place via a six-membered intramolecular hydrogen transfer transition state. Importantly, 
this is not the rate determining step. Instead, the rate determining step involves oxygen activation 
and/or the initial alcohol activation

 
 
 
 
 
 
 
 
[1] M. A. Iron, A. M. Szpilman* Chem. Eur. J., 23, (2017) 1368
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Identifying the mechanism of a catalytic reaction is paramount for designing new and 
improved catalysts. Several alternative catalytic cycles for the copper-T
oxidation of alcohols to the corresponding aldehydes or ketones were examined in their entirety 
using density functional theory at the SMD(CH3CN)-RIJCOSX-DSD-PBEB95/def2

SVP level of theory.[1] A novel catalytic cycle in which TEMPO remains 
coordinated to copper throughout, was identified as the most likely mechanism.
electron oxidation involves single electron changes in oxidation state for both copper and 

There are three components to the catalytic cycle: (1) hydrogen transfer from the 
alkoxy ligand to coordinated TEMPO (2) oxygen activation with formation of a peroxo complex, 
and (3) alcohol activation with transfer of the O–H proton to the peroxo ligand. The oxidation 

membered intramolecular hydrogen transfer transition state. Importantly, 
this is not the rate determining step. Instead, the rate determining step involves oxygen activation 
and/or the initial alcohol activation. 
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Nitroxide radicals have been used as radical trapping reagents as well as catalysts for oxidation 
of alcohols into carbonyl compounds and allylic transposition reactions.[1] One of the most 
efficient and widely used nitroxides is TEMPO. However, it has limited reactivity do to its 
highly hindered structure. A logical way to diminish the steric congestion is to replace an α-alkyl 
substituent with a hydrogen. Recently, we developed a new concept for designing stable α-
hydrogen nitroxyl radicals.[2,[3] We now report a study of their activity as catalysts in anaerobic[4] 
and aerobic[5] oxidations of alcohols. In each case the catalytic cycle and the reactive species are 
different. For instance, in aerobic oxidation the use of a copper-bipyridine co-catalyst is 
essential. In contrast, in anaerobic (two electron) oxidation the nitroxide alone functions as the 
catalyst.  

 
 
 
[1] L. Tebben, A. Studer, Angew. Chem. Int. Ed. 50, (2011) 5034-5068. 

[2] M. Amar, S. Bar, M. A. Iron, H. Toledo, B. Tumanskii, L. J. W. Shimon, M. Botoshansky, N. Fridman, A. 
M. Szpilman, Nat Commun 6. (2015), 6070 
[3] H. Toledo, M. Amar, S. Bar, M. A. Iron, N. Fridman, B. Tumanskii, L. J. W. Shimon, M. Botoshansky, A. 
M. Szpilman, Org. Biomol. Chem. 13, (2015) 10726-10733. 
[5] H. Toledo, A. M. Szpilman, Unpublished results 
[4] S. Bar, J. N. Kumar, M. Amar, H. Toledo, R. J. Batrice, A. M. Szpilman, ChemCatChem 7, (2015) 1129-
1134.  
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Organic electron donors (OEDs) with exceptionally negative redox potentials have been shown to be 
potent and chemoselective in the reduction of challenging substrates. [1] They promote the formation of 
radical or anionic intermediates by single- or double-electron transfers. These strong reducing agents are 
now attracting more and more the interest for original applications in diverse domains (coupling partners, 
polymerization initiators, redox switches, greenhouse gas reduction). [2] Nonetheless, their stability issues 
in atmospheric oxygen or over time complicate their manipulation and storage.  

To overcome these constraints and enhance OED’s practicality, new air- and moisture-stable azolium 
carboxylate and carbonate precursors were synthesized and thermally activated to in situ generate the 
potent electron donor. [3] Carboxylate adducts proved to be excellent OED-latent systems allowing easy 
and efficient reduction of challenging substrates. 

We will present our comparative study between imidazolium and hitherto unknown aminopyridinium 
carboxy precursors. Their reducing properties are correlated to their structural characteristics by 
thermogravimetric and mechanistic analysis. 
 

 
Figure 1: In situ generation of OEDs 

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

[2] a) M. Rueping, P. Nikolaienko, Y. Lebedev, A. Adams, Green Chem. 2017, 19, 2571-2575; b) F. Cumine, S. 
Zhou, T. Tuttle, J.A. Murphy, Org. Biomol. Chem. 2017, 15, 3324-3336; c) M. Li, S. Berritt, L. Matuszewski, 
G. Deng, A. Pascual-Escudero, G.B. Panetti, M. Poznik, X. Yang, J.J. Chruma, P.J. Walsh, J. Am. Chem. Soc. 
2017, 139, 16327-16333; d) J. Broggi, M. Rollet, J.L. Clément, G. Canard, T. Terme, D. Gigmes, P. Vanelle, 
Angew. Chem. Int. Ed. 2016, 55, 5994-5999; e) R. Rayala, A. Giuglio-Tonolo, J. Broggi, T. Terme, P. Vanelle, 
P. Theard, M. Médebielle, S.F. Wnuk, Tetrahedron 2016, 72, 1969-1977. 

 [3] G. Tintori, P. Nabokoff, R. Buhaibeh, D. Bergé-Lefranc, S. Redon, J. Broggi, P. Vanelle, Angew. Chem. Int.  
      Ed. 2018, 57, 3148-3153. 
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The ability to utilize Csp3-H bonds as latent functional group under mild conditions is of great interest 
in chemistry.[1] While nature accomplishes this by highly evolved enzymes, various approaches using 
1,5-hydrogen atom transfer (HAT) processes employing oxygen and nitrogen radicals have been 
established.[2] Similar to the Hofmann-Loeffler-Freytag reaction, many reactions rely on demanding 
radical precursors such as N-X bonds (X=Halide, O) and harsh reaction conditions to achieve the 
necessary reactivity.[3] In contrast to this, photoredox catalysis was recently used to generate iminyl 
radicals from oximes under mild conditions.[4,5] 

Using α-azidostyrene as a starting material avoids the laborious synthesis of N-oxime or similar 
difficult precursors. A radical, generated by visible light photocatalysis utilizing strongly reducing 
organic photocatalysts,[6] can couple with the unsaturated moiety of α-azidostyrene, subsequently 
releasing nitrogen gas.[7]  The resulting iminyl radical takes part in a 1,5-HAT process with a 
secondary or tertiary Csp3-H in α-position to the initially generated radical. This radical can be 
oxidized, regenerating the catalyst and forming 3,4-dihydro-2H-pyrroles. Alternatively, the radical can 
cyclize with a phenyl ring, forming 3,4-dihydronaphtalenones (Scheme 1). The formation of products 
depends on the substitution pattern of the starting materials and applied reaction conditions. 3,4-
Dihydronaphtalenones are significant as scaffolds in various biologically active compounds. 
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Scheme 1. Proposed mechanism for the formation of 3,4-dihydro-2H-pyrroles and 3,4-dihydronaphtalenones from α-

azidostyrene and a photochemically generated radical. 

 
 
[1] J. Wencel-Delord, T. Dröge, F. Liu and F. Glorius, Chem. Soc. Rev., 2011, 40, 4740–4761. 
[2] H. Chen and S. Chiba, Org. Biomol. Chem., 2014, 12, 4051. 
[3] E. A. Wappes; C. S. Fosu; C. T. Chopko and D. A. Nagib, Angew. Chem. Int. Ed. 2016, 55, 9974. 
[4] J. Davies, T. D. Svejstrup, D. F. Reina, N. S. Sheikh and D. Leonori, J. Am. Chem. Soc., 2016, 138, 8092. 
[5] W. Shu and C. Nevado, Angew. Chem. Int. Ed., 2017, 56, 1881-1884. 
[6] Y. Du, R. M. Pearson, C.-H. Lim, S. M. Sartor, M. D. Ryan, H. Yang, N. H. Damrauer and G. M. Miyake, 
Chem. Eur. J., 2017, 23, 10962-10968. 
[7] W. Shu, A. Lorente, E. Gómez-Bengoa and C. Nevado, Nat. Commun., 2017, 8, 13832. 
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Organic electron donors (OEDs) containing an electron rich olefin have attracted considerable attention in 
organic synthesis because of their abilities to form radical or anionic intermediates by the stepwise 
transfer of one or two electrons to organic substrates.1,2 Recently, we demonstrated that these organic 
reducers are also remarkable polymerization initiators.3 Nonetheless, the structural diversity of OEDs has 
been scarcely studied and the knowledge concerning their reactivity is much less advanced compared to 
metallic reducers. Hence, the development of new series of polyvalent organic electron donors and the 
understanding of their electron transfer mechanisms constitute a very significant challenge. 

In this study, various azolium salts were synthesized and then deprotonated to in-situ generate the OED. 
We show that their redox properties are highly dependent of the nature of the heterocycle and their C- or 
N-substituents. The reactivity of the new azafulvalene derivatives is challenged in the reduction of aryl 
and benzyl halides substrates under thermal- or photo-activation. The diversification of the structures 
allows us to rationalize the factors governing single- or double-electron transfers and to correlate them to 
the reducing powers.  
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1 For reviews, see: a) Broggi, J.; Terme, T.; Vanelle, P. Angew. Chem. Int. Ed. 2014, 53, 384. b) Murphy, J. A. J. 
Org. Chem. 2014, 79, 3731. c) Doni, E.; Murphy, J. A. Chem. Commun. 2014, 50, 6073. 
2 Rayala, R.; Giuglio-Tonolo, A.; Broggi, J.; Terme, T.; Vanelle, P.; Theard, P.; Médebielle, M.; Wnuk, S. F. 
Tetrahedron 2016, 72, 1969. 
3 Broggi, J.; Rollet, M.; Clément, J.L.; Canard, G.; Terme, T.; Gigmes, D.; Vanelle P. Angew. Chem. Int. Ed. 2016, 
55, 5994.  
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In recent years, photopolymerization has witnessed intense research effort due to the constant 
growth of industrial applications associated with the synthesis of new photoinitiators PI and 
monomers. The use of photoinitiated polymerization is continuously growing in industry as 
reflected by the large number of applications in not only conventional areas such as coatings, 
inks, and adhesives but also high-tech domains, optoelectronics, laser imaging, 
stereolithography, and nanotechnology. Photopolymerization offers many stricking advantages 
over traditional thermo-polymerization such as temporal and spatial control of initiation, cost 
efficiency and solvent-free systems. In order to cut cost, use of soft irradiation conditions is 
required and the development of new photoinitiators strongly absorbing in the visible region and 
exhibiting high molar extinction coefficients are actively researched by the academic and 
industrial communities. For industrial applications, minimization of the risk for the operator has 
to be considered and use of light sources emitting beyond the UV region or as expected in the 
following years in the visible range is of crucial importance for the operator safety. Another 
requirement for industry is the possibility to use low-power consumption LEDs to cut cost and 
avoid the use of expensive photochemical equipments. Recently, a new approach based on the 
photoredox catalysis has been proposed for the development of new systems active upon soft 
visible light conditions.   
Here, we present unprecedented works on squaraine derivatives used as photoinitiators of 
polymerization. These results pave the way towards the development of a new generation of 
highly efficient, low cost and non-toxic photoinitiators operating under visible light and soft 
irradiation conditions, what is currently not at disposal in industries.  

 
 
Références 
[1] J. Lalevée, et al., Chem. Eur. J. 17 (2011) 15027-15031. 
[2] P. Xiao, et al., Prog. Polym. Sci. 41 (2015) 32-66. 
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Recently, we investigated the effect of nanoconfinement on the behavior of transient radicals. When 
localized on the pore or in the framework of a SBA-15 type silicas, it was possible (i) to modulate half-
lifetimes of these species [1],[2] and (ii) to study their reactivity by EPR at room temperature.[3],[4]  

We wished to report the high potential of another nanostructure: radical functionalized lamellar materials. 
New polysilsesquioxane-based lamellar materials, functionalized with radical precursors, were 
synthesized. 

They play a double role in the preparation of composite materials: first, as filler homogenously dispersed 
in the monomer after delamination, second as radical initiator in photopolymerization. These 
polysilsesquioxanes enable fast and efficient photopolymerization upon UV light for thick samples. High 
conversions in monomers as well as the formation of hybrid polymers covalently linked to the filler are 
observed.  

 

 

This strategy, based on a double bottom-up approach, avoids the solubility/dispersion problem 
encountered in the classical preparation of composite polymers from pre-formed organic polymers. [5] 

 

[1] F. Vibert, S. R. A. Marque, E. Bloch, S. Queyroy, M. P. Bertrand, S. Gastaldi, E. Besson, Chem. Sci., 2014, 5, 
4716–4723. [2] F. Vibert, S. R. A. Marque, E. Bloch, S. Queyroy, M. P. Bertrand, S. Gastaldi, E. Besson, J. Phys. 
Chem. C, 2015, 119, 5434–5439. [3]  F. Vibert, E. Bloch, M. P. Bertrand, S. Queyroy, S. Gastaldi, E. Besson New J. 
Chem. 2017, 41, 6678-6684. [4] F. Vibert, E. Bloch, M. P. Bertrand, S. Gastaldi, E. Besson, J. Phys. Chem. C. 2018, 
122, 681-686. [5] C. Dol, F. Vibert, M. P. Bertrand, J. Lalevée, S. Gastaldi, E. Besson ACS Macro Lett. 2017, 6, 
117-120. 
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A catalyst/initiator-free radical addition reaction performed in mild conditions (water, 30°C) with high 
yields is reported for the first time1. This reaction implies simple pH-mediated alkoxyamine dissociation 
followed by addition onto olefinic substrate. Due to an off/on process, non-activated alkoxyamine can be 
easily stored and manipulated, in contrast, triggered alkoxyamine could be added on actived olefin at 
temperature nearly room temperature. Based on the work of Marque and al.2 protonation of the pyridinyl 
moiety exhibited a strongly increased C-ON rate bond homolysis. In our case dissociation Ea values of the 
alkoxyamine of 115.2 kJ.mol-1 for the non-protonated and 105.4 kJ.mol-1 for the protonated form. 
 
The versatility and relevance of this selective reaction for macromolecular conjugation and engineering 
was particularly shown through synthesis of (i) block copolymers, through the NMP macro-initiation 
approach (Fig.1, top); (ii) hydrogels containing in situ loaded protein, namely the horseradish peroxidase 
(HRP) (Fig.1, bottom) or more recently peptide ligation. Interestingly, the mild conditions afforded by 
such addition allowed to retain biological activity of the protein, whereas standard thermal radical 
conditions led to complete protein inactivation, highlighting the potential of this new radical-based 
conjugation tool.  

 
 

Figure 1. The pyridinyl-based alkoxyamine radical addition and its use as a macromolecular conjugation tool. 
 
 
[1] L. Autissier, K. Mabrouk, C. Chendo, Y. Guillaneuf, M. Rollet, L. Charles, D. Gigmes* and T. 
Trimaille*, Chem. Eur. J., 24, (2018), 3699 – 3702  
[2] P. Bremond, S.R.A. Marque*, Chem. Commun., 47, (2011), 4291 – 4293 
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Poly(N-Isopropylacrylamide) (PNIPAAm) is one of the most used polymers for in-situ gel forming 
thermosensitive hydrogels [1]. However, its non-degradable character and its poor water retention 
property are limiting its biomedical applications. To address these issues, we synthesized a novel 
amphiphilic copolymer, polylactide-block-P(NIPAAm-co-poly(ethylene glycol) methacrylate) (PLA-b-
P(NIPAAm-co-PEGMA)), expected to form gel through micelle packing/rearrangement upon heating. 
The synthesis was based on the strategies of ring opening polymerization (ROP), intermolecular radical 
addition (IRA) and nitroxide mediated polymerization (NMP). PLA-b-P(NIPAAm-co-PEGMA) was 
prepared in a three-step process starting with ROP. In the presence of stannous octoate catalyst, 2-
hydroxyethyl acrylate (HEA) initiated the ring opening of lactide (LA) to form a PLA-HEA polymer. 
Next, BlocBuilder alkoxyamine was added onto PLA-HEA through IRA leading to a functionalized 
macroalkoxyamine initiator, PLA-SG1, with a nearly 100% functionalization yield. Applying a 
temperature of 100oC resulted in the decomposition of BlocBuilder, thereby breaking the C-O bond and 
releasing the alkyl moiety which was added to the double bond, followed by recombination of SG1. In the 
final step, NIPAAm and PEGMA monomers were polymerized from PLA-SG1 through NMP at 120oC, 
which led to the formation of PLA-b-P(NIPAAm-co-PEGMA).  
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P(NIPAAm-co-PEGMA) and PLA-b-PNIPAAm analogs were characterized by 1H NMR and SEC 
analyses. The NMP of PNIPAAm was shown to be partially controlled. Dynamic light scattering (DLS) 
was used to investigate the thermosensitive behavior of the copolymers in PBS. In conclusion, nitroxide- 
based techniques can be successfully applied in the synthesis of improved PNIPAAm-based materials. 

[1] D. Roy, W.L.A. Brooks, B.S. Sumerlin, New directions in thermoresponsive polymers, Chem. Soc. Rev., 42 
(2013) 7214-7243. 
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