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Metal-Containing Nanoparticles: Design and Reactivity 

Sophie Carenco* 
Sorbonne Université, CNRS, Collège de France Laboratoire Chimie de la Matière Condensée de 

Paris, 4 Place Jussieu, 75005 Paris, France 
sophie.carenco@sorbonne-universite.fr 

 

Nanochemistry is at the cross-road of solid-state and molecular chemistry. Moreover, 

nanotechnology relies both on the core and surface properties of metal-containing nanoparticles. 

There is a need to design and study these objects with both aspects in mind, especially 

considering the high capability of matter to reorganize at this scale and the dynamics observed 

both for the inorganic part of the nanoparticles (the core, such as Cu(0),[1] FeP, or Gd2O2S[2]) and 

for their shell of organic ligands (oleates,[3] alkylphosphines,[4] N-heterocyclic carbenes,[5] etc.).  

It is with this “inside and out” mindset that I will discuss the recent developments on four 

families of nanoparticles: metal and alloys,[6] metal carbides (using KC8 as a carbon source),[7] 

metal phosphides (using P4 or a cyclophosphane)[8] and metal oxysulfides. I will propose principles 

for a rationale design of new synthetic routes, in which the role of all reactants and their 

stoichiometry is controlled. I will emphasize how surface reactivity (eg. in the context of catalysis 

and electrocatalysis) influences the overall behavior of the nanoparticles.  

 
Figure 1 Van Arkel-Ketelaar triangle with the bonding situation of metal phosphides, carbides and 
oxysulfides. Lanthanide oxysulfide nanoplates and their crystalline structure.[2] Titanium carbide 
nanoparticles supported on acetylene black, prepared in one step.[7] 

[1] X. Frogneux, F. Borondics, S. Lefrançois, F. D’Accriscio, C. Sanchez, S. Carenco, Catal. Sci. Technol. 2018, 8, 5073. 
[2] C. Larquet, A.-M. Nguyen, M. Ávila-Gutiérrez, L. Tinat, B. Lassalle-Kaiser, J.-J. Gallet, F. Bournel, A. Gauzzi, C. 

Sanchez, S. Carenco, Inorg. Chem. 2017, 56, 14227. 
[3] C. Larquet, D. Hourlier, A.-M. Nguyen, A. Torres‐ Pardo, A. Gauzzi, C. Sanchez, S. Carenco, ChemNanoMat 2019, 

5, 539. 
[4] X. Frogneux, F. Borondics, S. Lefrançois, F. D’Accriscio, C. Sanchez, S. Carenco, Catal. Sci. Technol. 2018, 8, 5073. 
[5] X. Frogneux, L. Hippolyte, D. Mercier, D. Portehault, C. Chanéac, C. Sanchez, P. Marcus, F. Ribot, L. Fensterbank, 

S. Carenco, Chem. – A Eur. J. 2019, 25, 11481. 
[6] C. S. Bonifacio, S. Carenco, C. H. Wu, S. D. House, H. Bluhm, J. C. Yang, Chem. Mater. 2015, 27, 6960. 
[7] D. Ressnig, S. Moldovan, O. Ersen, P. Beaunier, D. Portehault, C. Sanchez, S. Carenco, Chem. Commun. 2016, 52, 

9546. 
[8] A.-M. Nguyen, M. Bahri, S. Dreyfuss, S. Moldovan, A. Miche, C. Méthivier, O. Ersen, N. Mézailles, S. Carenco, 

Chem. Mater. 2019, 31, 6124. 
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Molecular upconversion with lanthanide complexes 
 

Loïc J. Charbonnière 

Equipe de Synthèse Pour l'Analyse (SynPA), Institut Pluridisciplinaire Hubert Curien (IPHC), UMR 
7178 CNRS/UdS, ECPM, 25 rue Becquerel, 67087 Strasbourg, France 

L.Charbonn@unistra.fr 
 

Upconversion (UC) is a process which consists in piling up the energy of multiple photons in a 

material to obtain luminescence at a higher energy than the excitation source.1 Applications of UC 

can be found in numerous fields such as anti-counterfeiting inks, photovoltaics or bioimaging.  

Since the first observations of UC in the 1960s, this phenomenon has been mainly restricted to solid 

state materials and nanoparticles,2 but the last decade has seen the emergence of discrete 

molecular entities exhibiting UC in solution, and few examples are now displaying compelling 

efficiencies, even in pure water.3  

 

Principle of molecular UC in a heteropolynuclear [(YbL)2Tb] complex3 

 

After a brief recall of the basic principles of UC and of the challenges associated to molecular UC, 

we will examine the way the problem of molecular UC has been tackled in our team using 

coordination chemistry of luminescent lanthanide ions assembled by a supramolecular approach. 

 

Equipe de Synthèse Pour l'Analyse (SynPA) 
http://www.iphc.cnrs.fr/SynPA 

 
 
1 Auzel, F. Chem. Rev. 2004, 104, 139.  
2 Nonat, A.M.; Charbonnière, L.J. Coord. Chem. Rev. 2020, 409, 213192.  
3 Nonat, A.M.; Bahamyrou, S.; Lecointre, A.; Przybilla, F.; Mély, Y.; Platas-Iglesias, C.; Camerel, F.; Jeannin, O.; 
Charbonnière, L.J. J. Am. Chem. Soc. 2019, 141, 1568.  
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Towards Electron-triggered Coordination-induced Spin State 
Switching in Viologen-based Metal Complexes 

 
S. Al Shehimy, E. Dumont, D. Frath, F. Chevallier and C. Bucher 

 
Univ Lyon, ENS de Lyon, CNRS UMR 5182, Univ Claude Bernard Lyon 1, Laboratoire de Chimie, 

F-69342 Lyon, France 
christophe.bucher@ens-lyon.fr 

 
 
The control of magnetic properties by external stimuli has attracted much interest over the past few 

decades and tremendous work has been achieved thereafter.1 Our contribution to this field is 

based on the coordination-induced spin state switching approach (CiSSS)2 which, as its name 

implies, aims at changing the spin state of a metal center by modifying its coordination sphere. 

Therefore, based on our expertise in supramolecular chemistry and with the help of theoretical 

calculations, a well-suited model system was designed and eventually synthesized. In this 

presentation, the targeted tweezer-like molecule features a redox-responsive viologen-based hinge 

tethering a high affinity ligand to a magnetically active metal center. In agreement with the concept 

depicted below, the electrical stimulation of the hinge is expected to trigger a large amplitude 

molecular motion driven by the reversible intramolecular π-dimerization of the electrochemically-

generated viologen cation radicals.3,4 This fully reversible back and forth self-locking process will 

enable to control the coordination/dissociation of the ligand to/from the metal center and, 

consequently, its spin state. The spin-state switching process will be discussed on the grounds of 

spectroscopic, electrochemical and spectro-electrochemical data supported by quantum 

calculations. 

 
 

 
 
 

 
 

 

 

Figure 1 Electron-triggered self-locking behaviour for reversible CiSSS. 

 
1 O. Sato, J. Tao, Y.-Z. Zhang Angew. Chem. Int. Ed. 2007, 46, 2152.  
2 B. Doistau, L. Benda, B. Hasenknopf, V. Marvaud, G. Vives Magnetochemistry, 2018, 4, 5. 
3 C. Kahlfuss, S. Denis-Quanquin, N. Calin, E. Dumont, M. Garavelli, G. Royal, S. Cobo, E.Saint-Aman, C.   
   Bucher J. Am. Chem. Soc. 2016, 138, 15234.  
4 C. Kahlfuss, T. Gibaud, S. Denis-Quanquin, S. Chowdhury, G. Royal, F. Chevallier, E. Saint-Aman, C. Bucher  
   Chem. Eur. J. 2018, 24, 13009. 
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Synthesis and characterization of chiral and chromophores 
based DTEs for the optical control of luminescence properties  

Marie Barale,a Julien Boixel,a 
a Univ Rennes, CNRS, ISCR − UMR6226, F-35000 Rennes, France 

marie.barale@univ-rennes1.fr, julien.boixel@univ-rennes1.fr 

 

Luminescent molecules are present in a variety of domains, such as biology (bio-imaging), 

optoelectronics (data processing, molecular storage) or electroluminescent devices that are now 

part of our daily lives (OLED screens). In this highly competitive field, our approach aims to bring 

two additional dimensions. The first one is to control the luminescence by an external stimulus, 

here, light.  Indeed, our research group has an expertise in the synthesis and study of the optical 

properties of photochromic luminescent molecules. [1] The second dimension is to introduce chirality 

in these photochromic units in order to access light-switchable circularly polarized luminescence. [2] 

This will pave the way for particularly promising multifunctional optical systems.  

The introduction of chirality in dithienylethenes via atropoisomerism strategy was reached by 

blocking the interconversion between the two antiparallel forms and opens an opportunity for 

studying their chiroptical properties after separation of enantiomers. [3] The introduction of a 

chromophore allowed the photocontrol of the circularly polarized luminescence property. 

 

 

 

 

Figure 1 Design of the chiral DTEs 

 

      

 
Figure 2 Blocked interconversion by atropoisomerism 

The design strategy and the synthetic pathways, along with the optical properties of the 

synthetized molecules will be presented. The results of the following of the photochromism by 1H 

and 19F NMR and UV-Visible absorption will be discussed. The dynamic of the system was also 

studied via variable temperature experiments. 
 
1 J. Boixel, Y. Zhu, H. Le Bozec, M. M. Benmensour, A. Boucekkine, K. M-C. Wong, A. Colombo, D. Roberto, V. 
Guerchais, D. Jacquemin, Chem. Commun., 2016, 52, 9833. 
2 Y. Hasimoto, T. Nakashima, D. Shimizu, T. Kawai, Chem. Commun., 2016, 52, 5171. 
3 W. Li, C. Jiao, X. Li, K. Nakatani, H. Tian, W. Zhu, Angew. Chem., 2014, 126, 4691. 

mailto:marie.barale@univ-rennes1.fr
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Cu(II)TMPA a colorimetric probe for fast detection of sulfite 
and thiosulfate ions 

L. Berthonnaud,a* C. Esmieu,a S. Mallet-Ladeira, a C. Hureaua 
Laboratoire de Chimie de Coordination, CNRS UPR 8241, 205 route de Narbonne, 31062 

Toulouse Cedex 09, France 
leonie.berthonnaud@lcc-toulouse.fr 

 

Sodium sulfite (Na2SO3) and sodium thiosulfate (Na2S2O3) are food additives with E numbers E221 

and E539 respectively. They are used to preserve food, prevent browning and as anti-oxidant. The 

acceptable daily intake (ADI) is 0.7 mg per kg of body weight per person for both sodium sulfite 

and sodium thiosulfate.1,2 Sodium sulfite in large amount in food can be harmful, and causes 

asthmatic crises and allergic reactions to some people.1 Therefore, it is important to be able to 

detect and estimate sulfite derivatives amount in foods and beverages. 

Cu(II) complexes with Tren (tris(2-aminoethyl)amine) or Tren derivatives ligands already showed 

the ability to coordinate a thiosulfate ion.3,4 In our search for Cu(I)TMPA (TMPA = Tris(2-

pyridylmethyl)amine) reactivity in aqueous medium (reduction of Cu(II)TMPA to Cu(I)TMPA under 

air by sodium dithionite (Na2S2O4)), we obtained TMPA-Cu(II) sulfite species and thus decided to 

fully characterized the interaction between TMPA-Cu(II) thiosulfate and sulfite (Figure 1). 

The characterization of CuTMPA(SO3) and CuTMPA(S2O3) complexes will be presented through 

X-ray crystallographic data, EPR, UV-Vis and electrochemistry signatures. Na2SO3 and Na2S2O3 

titrations would be shown. This technique was applied to sulfite detection in crystal sugar sample. 

 
Figure 1 UV-vis spectra (A) and EPR spectra (B) of Cu(II)TMPA (blue) and Cu(II)TMPA after 
reaction with degradation product from sodium dithionite (orange). Conditions: [TMPA] = 0.22 mM; 
[Cu(II)SO4•5H2O] = 0.2 mM; [dithionite]= 1 mM; [HEPES] = 100 mM in aqueous phase in mixture 
of CH3CN/HEPES pH 6.5 50/50. ORTEP view of the complex Cu(II)TMPA(SO3) (hydrogens 
omitted for clarity). 

1 A. R. Garcia-Fuentes, S. Wirtz, E. Vos, H. Verhagen, EJNFS, 2015, 5, 113 
2 Joint FAO/WHO Expert Committee on Food Additives (JECFA), WHO Technical Report Series, 1998, 891 
3 A. J. Fischmann, A. C. Warden, J. Black, L. Spiccia, Inorg. Chem., 2004, 43, 6568 
4 A. J. Fischmann, C. M. Forsyth, L. Spiccia, Inorg. Chem., 2008, 47, 10565 
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Molecular strategies for C–H activation using Cu(II) salts: 
towards the synthesis of imidazo[1,5-a]pyridines 

Marc Camats, Daniel Pla, Montserrat Gómez 
Laboratoire Hétérochimie Fondamentale et Appliquée, UMR CNRS 5069 

Université Toulouse 3 - Paul Sabatier 
camats@chimie.ups-tlse.fr 

The activation of C–H bonds has been for years a highly attractive topic in catalysis due to its 

convenience from a sustainable point of view, leading to a wide variety of valuable transformations. 

In particular, the functionalization of C(sp3)–H bonds in a selective and efficient manner is 

especially challenging, representing an attractive tool for the synthesis of targets exhibiting 

specially interest in the Fine Chemistry sector. 

Modern C–H activation makes a wide use of 4d transition metals, in particular Pd1, as the key to 

access the functionalization of these robust bonds. But due to the scarcity of these precious 

metals, an increasing interest in the development of new pathways using earth-abundant metals 

has been growing since the beginning of XXI century2. 

In this work, the use of Cu(II) salts in the activation of C(sp3)–H bonds on picolyl imines as 

directing groups is studied, leading to the synthesis of imidazo[1,5-a]pyridines which are interesting 

synthetic targets for their pharmacological3 and photophysical properties4. This copper-catalyzed 

reaction works for a variety of substrates incorporating linear alkyl chains (from 3 to 12 carbon 

atoms) and good functional group tolerance (aryl, ether and ester groups). We have been 

interested in the identification of key intermediates in order to gain a better understanding of the 

reaction mechanism and explore the possibilities that this reactivity can offer. 

This work adds new avenues towards multiple Cu-catalyzed C(sp3)–H and C(sp2)–H activation 

reactions towards the synthesis and functionalization of heterocycles. 

 

 
 
 
 
Figure 1 Synthesis of 
imidazo[1,5-a]pyridines  
via C(sp3)–H and 
C(sp2)–H bond 
functionalization. 

 
 
1 J. He, M. Wasa, K. S. L. Chan, Q. Shao, and J. Yu Chem. Rev. 2017, 117, 13, 8754 
2 X.-X. Guo, D.-W. Gu, Z. Wu, W. Zhang Chem. Rev. 2015, 115, 1622 
3 R. Nirogi et al. Eur J Med Chem. 2015, 103, 289 
4 J. T. Hutt, J. Jo, A. Olasz, C.-H. Chen, D. Lee and Z. D. Aron Org. Lett. 2012 14, 12, 3162 
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Stereoselective synthesis of NHC-Py Iron(II) complexes 
 

Ulises CARRILLOa, Cristina CEBRIAN*a, Philippe C. GROS*a 
aUniversity of Lorraine, CNRS, L2CM F-57000 Metz, France. 

cristina.cebrian-avila@univ-lorraine.fr 
 

Photoactive iron-based compounds as an alternative of expensive, rare and more toxic noble 

metals have received increasing interest in the last years.[1] In fact, the judicious selection of 

ligands combining strong σ-donor and π-acceptor characters such as N-heterocyclic carbenes 

(NHC) mixed with pyridines allows to sufficiently destabilize the low-lying metal-centered excited 

states that typically lead to non-radiative deactivation to the ground state. As a result, complexes 

with relatively long-lived MLCT states have been successfully obtained and applied in fields like 

catalysis [2] and, even more challenging, energy conversion.[3]   

Our research group has recently showed the beneficial effects on the optoelectronic properties of 

bidentate (N^C) over tridentate (C^N^C) coordination for this type of NHC-py complexes.[4,5] 

Competition of the two geometrical isomers fac and mer was also observed, with facial 

coordination being exclusively favored only when a C3-tripodal ligand was selected.[4] However, 

although both isomers are well-known to exhibit distinct photophysical properties,[4,6] a clear and 

selective protocol to get a single isomer with iron complexes was still missing.  

Herein, we report on the influence of factors such as temperature or the nature of the iron source 

on the stereoselectivity of the complexation reaction [Scheme 1]. More importantly, we show the 

remarkably effect of the steric hindrance of the ligand in favoring one over the other isomer, even 

in an exclusive manner in some cases. For all complexes, properties are assessed mainly by 

means of UV-Vis absorption and electrochemistry.  

 

 

 

 

 

Scheme 1 

References:  
 
1. K. Simon, W. Kenneth, Catalysis, 2020, 10(1), 1. 
2. Z. Wen-Jun, W. Xu-Dong, M. Meng, W. Zhe-Hao, C. Liang, S. Si-Yi, C. Guang-Mei, Y. Da-Gang, Chem. Eur.J., 2020, 
26,15052. 
3. R. Annil Reddy, M. Edoardo, D. C. Valentin, A. Roberto, P. Mariachiara, C. Stefano, G. C. Philippe, J. Mater. Chem. 
A., 2021, 9, 3540. 
4. M. Kevin, D. Edoardo, M.-F. Antonio. C. Cristina, B. Marc, D. Mohamed, P. Mariachiara.; A. Xavier, H. Stefan, G. C. 
Philippe, Inorg. Chem., 2019, 58, 8, 5069. 
5. M. Kevin, D. Mohamed, D. Edoardo, F.-M. Antonio, C. Cristina, B. Marc, P. Mariachiara, M. Antonio.; A. Xavier, H. 
Stefan, G. C. Philippe, J. Phys. Chem. C, 2020, 124, 18379. 
6. L. Jaesang, C. Hsiao-Fan, B. Thilini, C. Caleb, D. I. Peter, T. E. Mark, F. R. Stephen, Nat. Mater, 2016, 15, 92. 
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Pd indendiide complex and Lewis acids additives: A double 
cooperative catalytic system applied to C-C bond formation 

 
Arnaud Clerc, Enrico Marelli, Julien Monot, Blanca Martin-Vaca*, Didier Bourissou*  

Laboratoire Hétérochimie Fondamentale et Appliquée UMR 5069, 
Bât. 2R1, Université Toulouse 3 Paul Sabatier, 118 route de Narbonne, 31062 Toulouse 

dbouriss@chimie.ups-tlse.fr, bmv@chimie.ups-tlse.fr. 

Discovered by Le Perchec and Conia1 in 1975, the eponym Conia-ene reaction has seen multiple 

advances. The early versions required high-temperatures and harsh conditions, decreasing the 

synthetic usefulness and interest for this reaction. The emergence of catalytic versions in the last 

15 years2 brought it back as a powerful tool for C-C bond formation. However, some limitations still 

need to be addressed, one of them being the lack of a unique versatile system with a broad 

substrate scope.  

In this context, we have recently reported an efficient indenediide PdII pincer complex for the 

formation of C-O3 and C-N4 bonds in absence of external base thanks to the chemical non-

innocent character of the indenediide ligand. These results prompted us to go one step-further, 

focusing on the formation of C-C bonds via a Conia-Ene cyclisation. 

Thanks to the addition of MgII salt as Lewis acid, this multi-cooperative system was applied to the 

cycloisomerization of a wide variety of substrates including classical challenging ones. 

Interestingly, with internal alkynes our system promoted the more sterically demanding Z-alkene in 

contrast to reported catalysts in the literature. The robustness of this system was also evaluated 

as catalytic activity was retained with technical grade reagents under air.5 

 

1 - J. M. Conia, P. Le Perchec, Synthesis, 1975, 1 
2 - S. T. Staben, J. J. Kennedy-Smith, F. D. Toste, Angew. Chem. Int. Ed., 2004, 43, 5350 
3 - N. Nebra, J. Monot, R. Shaw, B. Martin-Vaca, D. Bourissou, ACS Catal., 2013, 3, 2930 
4 - N.A Espinosa-Jalapa, D. Ke, N. Nebra, L. Le Goanvic, S. Mallet-Ladeira J. Monot, B. Martin-Vaca, D. Bourissou, 
ACS Catal., 2014, 4, 3605−3611 
5 - A. Clerc, E. Marelli, N. Adet, J. Monot, B. Martin-Vaca, D. Bourissou, Chem. Sci., 2021, 12, 435 
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Ligand-Driven Light Switching of Single Molecule Magnets 

Nour El Beyrouti, a N. Hamon, b S. Rigaut, a R. Tripier, b L. Norel a*  
 

a Université de Rennes1, Institut des Sciences Chimiques de Rennes, UMR CNRS 6226, 35000 
Rennes-France;  

b Université de Bretagne Occidentale, UMR CNRS 6521, 29238 Brest-France 
 

Single Molecule Magnets offer unique features that may allow information to be stored with much 

higher densities, and to be processed at unprecedented speeds. [1] In order to use SMM in 

information storage devices, it would be a great advantage to control the magnetic properties by 

applying external stimuli. Light is fascinating in this purpose due to its easy and contactless 

application, and sustainability. [2] 

 The goal of our project is to create an efficient strategy to switch reversibly the molecular magnetic 

behavior with light, relying on the photochromic abilities of a ligand, and on the recognized influence 

of the coordination environment on the SMM property. For this purpose, two different photochromic 

ligands with different coordinating abilities were chosen. 

 
Figure 1 Designs of two approaches towards photo-switchable single molecule magnets  

In our work, we incorporated photochromic ligands: spiropyrans (1st approach) [3],[4] and 

dithienylethenes (2nd approach) [5] into Dysprosium (III) based complexes in which 

photoisomerization can induce enough changes in the coordination environment and hence affect 

the electronic structure and relaxation behavior. In this presentation, we will present the synthesis 

of several macrocyclic photochromic complexes and DTE based complexes, and discuss the 

influence of different parameters on the stability of isomers. 
1 M. Yamashita, K. Katoh, Molecular Magnetic Materials: concepts and Applications, Wiley VCH, 2017, Ch 4, 79. 
2 Z. Zhu, X. Li, S. Liu, J. Tang., Inorg. Chem. Front, 2020, 7, 3315. 
3 P. Selvanathan, V. Dorcet, T. Roisnel, K. Bernot, G. Huang, B. Le Guennic, L. Norel, S. Rigaut, Dalton Trans. 2018, 47, 
4139. 
4 C. Tu, E. A. Osborne, A. Y. Louie, Tetrahedron, 2009, 65, 1241. 
5 M. Hojorat, H. Al Sabea, L. Norel, K. Bernot, T. Roisnel, F. Gendron, B. Le Guennic, E. Trzop, E. Collet, J. R. Long, S. 
Rigaut, J. Am Chem. Soc. 2020, 142(2), 931. 
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Temperature is a key parameter of many natural and artificial systems. Although several 

readout methods have been developed through time, nowadays technologies increased the 

demand to develop new methods with high precision down to the micro and nano scales. In this 

respect, luminescent thermometers have been emerged in the studies showing high sensitivity, 

spatial resolution, fast response, in addition of being non-invasive. Among this family, Ln3+-based 

luminescent thermometers take a great interest due to the unique photophysical properties of 

lanthanides originated from the shielded f orbitals(1) .  

We will present the first results of our work on the design of ratiometric Ln3+-based 

luminescent thermometers with performance based on following the variation in the intensity ratio 

of two Ln3+ emitting centers (Eu3+ and Tb3+). The transfers of energy in between both emitting 

species were controlled, thanks to the appropriate design of the ligand regarding the different 

excited states involved in the process(2). These thermometers have a simple and easy 

processibility compared to previously 

reported systems, prepared by simply 

mixing complexes of the two Ln3+ 

centers. In addition, these 

thermometers show a promising 

performance as temperature sensors 

in the physiological range (293-323 K) 

making them possible candidates for 

future intracellular mapping of 

temperature, a parameter affecting 

the biological processes.  

 

 

(1) C. D. S. Brites, A. Millan, L. D. Carlos, Handbook on the Physics and Chemistry of Rare Earths, 2016, 49, 339-427. 
(2) A. T. Bui, A. Grichine, A. Duperray, P. Lidon, F. Riobe, C. Andraud, O. Maury, J. Am. Chem. Soc., 2017, 139, 7693-

7696. 

Figure 1 : Color changes (under UV light 365 nm) of Eu3+ 
and Tb3+ complexes mixture upon heating. 
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In the race of miniaturization and evolution of magnetic memories, the single-molecule magnets 

(SMM) are now a convincing alternative in data storage field as they act at the molecule level 

unlike the classical magnets. SMM are usually isolated complexes located elaborated by 

coordination chemistry routes. Their magnetic properties are based on axial magnetic anisotropy 

that creates a potential barrier (Ueff) separating two orientations of the magnetic moment and 

which depends on D (anisotropy) and S (total spin) of the molecular object (Ueff=|D|S²). The first 

SMM, the [Mn12] one, was reported in 1980 [1] and magnetically characterized later in 1993.[2] Ten 

years after, the first lanthanide-based SMM was reported.[3] These 4f-based complexes are 

nowadays the most popular as the amplitude of the magnetic anisotropy (D) of some of the 

lanthanide trivalent cations is much stronger.  

Previous studies [4] at our laboratory have demonstrated that the nuclearity of the complex and the 

number of ligands coordinated to the metal center can be easily controlled by chemical routes and 

have a great impact on SMM’s magnetic properties. As a conclusion, it appears that the simplest 

complex, mononuclear ones, show the most interesting SMM behavior and that the Ueff barrier can 

be finely controlled. Based on these results, our work consists now to design multifunctional SMM 

complex using a controlled manner. The idea is to be able to rationally design SMM molecular 

objects by associating lanthanide complexes with interesting properties using post-modification 

route of their organic moieties (organic chemistry reaction on 4f-based complexes). This strategy 

should allow to improve SMM performances and/or add a further functionality (luminescence, 

redox, …) of the final material. 

 
Figure 1: Principe of the post-modification in order to obtain multifunctional material using a controlled route 

[1] T. Lis, Acta Cryst., 1980, B36, 2042 
[2]  R. Sessoli, D. Gatteschi, A. Caneschi, M. A. Novak, Nature, 1993, 365, 141 
[3]  N. Ishikawa, M. Sugita, T. Ishikawa, S. Koshihara, Y. Kaizu, JACS, 2003, 125, 8694 
[4]  (a) D. Guettas, V. Montigaud, G. Fernandez Garcia, P. Larini, O. Cador, B. Le Guennic, G. Pilet, Eur. J. Inorg. 

Chem., 2018, 3336-3339 ; (b) S. Petit, F. Baril-Robert, G. Pilet, C. Reber, D. Luneau, Dalton Trans., 2009, 
6809-6815 ; D. Guettas, Thesis manuscript, 2017. 
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The selective reduction of carbonyl compounds is of particular importance in organic chemistry at 

both fundamental and industrial levels. Most often, strongly reactive metal hydrides (LiAlH4 or 

NaBH4) are used as stoichiometric reducing agents but catalytic reductions of substrates by direct 

hydrogenation or hydrogen atom transfer reactions from non-H2 hydrogen sources (alcohol, formic 

acid) proved powerful alternative methods. Since the 1960’s, innovative developments in molecular 

chemistry with metal catalysts (groups 8-11 metals in particular Ir, Ru, Rh) induced a craze in 

hydrogen transfer particularly within concepts of green chemistry developed in the 90’s.1 

Nonetheless, high prices, toxicity and scarcity of the catalysts requires the use of more available 

elements of the periodic table. 

The Meerwein-Ponndorf-Verley (MPV) reaction is an appealing route whereby aldehydes and 

ketones are reduced into the corresponding alcohols with an alcohol. Since 1925, when MPV 

reduction was first revealed with stoichiometric amounts of aluminum alkoxide as a promoter,2,3 

more efficient agents and catalysts have been reported.4 Among them, strongly oxophilic trivalent f-

elements were found catalytically active despite a high M−oxygen dissociation bond energy (BDE) 

that might have prevented efficient catalytic turnover. With the actinides, a pioneering work in 2000, 

revealed the ability of plutonium(III) isopropoxide (Pu(OiPr)3) to act as a catalyst for the MPV 

reduction of ketones in iPrOH while the U3+ and An4+ (An = U, Th) analogues were found inactive.5 

Recently we reported the first reductive transformation of carbonyl molecules with hydrosilanes 

using the uranyl ion {UO2}2+ as catalyst.6 The reaction was however limited to aldehydes. In this 

study we considered UO2(OTf)2 as a catalyst in the Meerwein-Pondorf-Verley reduction for a number 

of aromatic and aliphatic aldehydes and ketones. 

 
 
1 D.Wang, D.Astruc, Chem.Rev., 2015, 115, 6621. 
2 H.Meerwein, R.Schmidt, Justus Liebigs Ann.Chem., 1925, 444, 221. 
3 W.Z.Ponndorf, Für Angew.Chem., 1926, 39, 138. 
4 J.S.Cha, Org.Process Res.Dev., 2006, 10, 1032. 
5 B.P.Warner, J.A.D’Alessio, A.N.Morgan, C.J.Burns, A.R.Schake, Inorganica Chim.Acta, 2000, 309, 45. 
6 L.Monsigny, P.Thuéry, J.-C.Berthet, T.Cantat, ACS Catal., 2019, 9, 9025. 

GECOM-CONCOORD 2021 - Brest, 1st-2nd July - Oral Communication



Communication Orale – GECOM-CONCOORD 2021 – Brest, le 1er et 2 Juillet 2021 
 

Probing the electrochemical reductive activation of O2 catalyzed 
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Oxidation of hydrocarbons are reactions of great importance for the preparation of various organic 
molecules in an industrial scale. Hazardous chemical agents and/or noble metal catalysts are often 
necessary in these processes because O2, despite its potent oxidizing power, is kinetically inert 
preventing it from reacting in ambient conditions.[1] 
Metalloenzymes such as CytP450 whose active site contains a heme moiety, carry out highly 
efficient and selective oxidations under physiological conditions throughout the reductive activation 
of O2. The latter consists of the partial and controlled reduction of O2 bound at the metal active site 
via sequential e- and H+ transfers to achieve O-O bond cleavage and generate the reactive high 
valent Fe-oxo (FeO) species.[2] Chemically prepared intermediates such as Fe-superoxo (FeOO•―), 
Fe-peroxo (FeOO2―), Fe-hydroperoxo (FeOOH―) as well as Fe-oxo (FeO) of Fe porphyrin 
complexes (models of the enzymes active site) have been characterized and the latter have been 
shown to be able to oxidize substrates.[3] Using the electrochemical approach, which can circumvent 
the need for chemical oxidants because the necessary electrons are provided heterogeneously by 
an electrode, our group has previously evidenced the electrochemical formation of the FeIIIOO2― 
and FeIIIOOH― and FeIVO from a starting FeIII and O2.[4] 
Here we present the first example of using scanning electrochemical microscopy (SECM) to 
quantitatively analyse O2 reductive activation in organic media catalysed by three different Fe 
porphyrins. For each porphyrin, SECM can provide in one single experiment the redox potential of 
various intermediates, and by fitting the obtained curves with simulated ones, the association 
constant of FeII with O2, and the dissociation constant of the FeIIIOO2― (peroxo) complex. The results 
obtained can contribute to a further understanding of the parameters controlling the catalytic 
efficiency of the Fe porphyrin towards O2 activation and reduction.[5]  
 

[1] F. Cavani, J. H. Teles, ChemSusChem 2009, 2, 508-534. 
[2] I. G. Denisov, T. M. Makris, S. G. Sligar, I. Schlichting, Chem. Rev. 2005, 105, 2253-2278. 
[3] X. Huang, J. T. Groves, Chem. Rev. 2018, 118, 2491-2553. 
[4] (a) R. Oliveira, W. Zouari, C. Herrero, F. Banse, B. Schollhorn, C. Fave, E. Anxolabéhère-Mallart, Inorg. Chem. 2016, 55, 12204-

12210. (b) N. , Kostopoulos, C. Achaibou, J.-M. Noël, F. Kanoufi, M.Robert, C. Fave, E/ Anxolabéhère-Mallart Inorg. Chem. 2020, 
59, 11577−11583 

[5] J. M. Noël, N. Kostopoulos, C. Achaibou, C. Fave, E. Anxolabéhère-Mallart, F. Kanoufi, Angew. Chem. Int. Ed. Engl. 2020, 59, 16376-
16380. 

Figure 1. Left: [FeIII(F20TPP)Cl], [FeIII(TPP)Cl], [FeIII((2-CO2H)4TPP)Cl]; Right: Set-up used for a typical SECM–CV investigation for O2 
activation by Fe porphyrins. TPP= tetraphenylporphyrin. 
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Photo/Electro-Induced Irreversible Isomerization of 2,2’-
Azobispyridine Ligand in Arene Ruthenium(II) 

Jonathan Long,a Divyaratan Kumar,a Claire Deo, a Elsa Van Elsande,b Pascal Retailleau,b  Galina 
V. Dubacheva,a,c Guy Royal,c Juan Xie, a and Nicolas Bogliotti a 

a Université Paris-Saclay, ENS Paris-Saclay, CNRS, PPSM, 91190, Gif-sur-Yvette, France  
b Université Paris-Saclay, CNRS, ICSN, UPR 2301, 91198, Gif-sur-Yvette, France 

c DCM, Université Grenoble Alpes, CNRS UMR 5250 38000, Grenoble, France 
jonathan.long@ens-paris-saclay.fr 

Azopyridine is a well-known photochromic organic compound that can act as ligand for metal 

center.1 Linear patterns such as I and II are most common for 4,4’- and 3-3’-azobispyridine while 

bidentate or tridente coordination mode with 5-membered chelate rings such as IIIa or IIIb, are found 

with E-2,2’-azobispyridine (Figure 1, left). A peculiar property of the latter ligand in these systems is 

that it usually does not undergo E-Z photo-isomerization. To the best of our knowledge, metal 

complexes of type IV involving coordination of the two nitrogen atoms of the pyridine rings of Z-2,2’-

azobispyridine, suggested by Baldwin as early as 1969, have never been reported so far.2 

 In this work, we report the synthesis of novel arene Ru(II) complexes derived from 2,2’-

azobispyridine, notably exhibiting an unprecedented Z-configured 7-membered chelate ring with the 

metal center. Their behavior in response to light or electrons will be detailed with absorption 

spectroscopy, electrochemistry, NMR spectroscopy, DFT calculations and X-Ray diffraction studies. 

(Figure 1, right).3 

 
Figure 1 Left: Common coordination pattern exhibited by azobispyridine (I, II, III) and a novel 7-
membered chelate ring described in the present study (IV). Right: Photo/Electro-induced irreversible 
isomerization of Ru complexes bearing 2,2’-azobispyridine ligand with concomitant rearrangement 
of the coordination pattern of the ligand. 

1 A. Bianchi, E. Delgado-Pinar, E. García-España, C. Giorgi, F. Pina, Coord. Chem. Rev. 2014, 260, 156–215.  
2 D. A. Baldwin, A. B. P. Lever, R. V. Parish, Inorg. Chem. 1969, 8, 107–115. 
3 J. Long, D. Kumar, C. Deo, P. Retailleau, G. Dubacheva, G.Royal, J. Xie, N. Bogliotti, Chem. Eur. J., 2021. DOI : 
10.1002/chem.202100142 
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Phosphorescent materials such as cationic Ir(III) complexes have awakened a growing interest since 

their application in OLEDs, promoting the investment of millions of dollars in the development of 

these resources by the consumer electronic industry.1 This is also encouraged by the possibility of 

using these cationic Ir(III) complexes in light-emitting electrochemical cells (LECs).2–4 Most of the 

Ir(III) complexes are phenylpyridine (ppy) based and research is focused on the tuning of the 

emission energy through modification of the ppy ligand.5 However Ir(III) complexes based on 2-

phenylbenzimidazole are stimulating interest as neutral dopants in emitting devices since they offer 

multiple options to be tuned.6 Our group designed and synthetized new substituted 2-

phenybenzimidazole (pbi) ligands for a new family of pbi-based Ir(III) complexes in order to study 

the effect of different kinds of groups over the benzimidazole moiety on the photophysical and 

electrochemical properties. The benchmark complex of this new family displays similar 

photophysical properties in comparison with the model complex [Ir(ppy)2(dmp)]PF6 with ΦPL = 20% 

and 23%5 respectively in degassed MeCN. The benchmark complex displays an improvement in the 

solid-state ΦPL= 40% for the neat solid in contrast with [Ir(ppy)2(dmp)]BF4 that achieve a ΦPL= of 19% 

as neat film,7 among other interesting photophysical properties Figure 1. 

 

 

 

 

 

Figure 1. Structure and colour of emission of 2-penylbenzimidazole based Ir(III) complexes in 
CH2Cl2. 

1. J.-F. Temblay, C&EN Glob. Enterp. 2016, 94, 30. 
2. Q. Pei, G. Yu, C. Zhang, Y. Yang, A. J. Heeger, Science. 1995, 269, 1086. 
3. Q. Pei, Y. Yang, G. Yu, C. Zhang, A. J. Heeger, J. Am. Chem. Soc. 1996, 118, 3922.. 
4. S. B. Meier, D. Tordera, A. Pertegás, C.Roldán-Carmona, E. Ortí, H. J. Bolink, Mater. Today, 2014, 17, 217. 
5.          K. P. S. Zanoni,  B. K. Kariyazaki, A. Ito,  M. K. Brennaman,  T. J. Meyer, N. Y. Murakami Iha, Inorg. Chem. 

2014, 53, 4089. 
6. L. Han,  D. Zhang,  Y. Zhou,  Y. Yang,  H. Y. Woo,  F. Bai,  R. Yang, Dye. Pigment. 2013, 99, 1010. 
7. L. Mosca, R. S. Khnayzer, M. S. Lazorski, E. O. Danilov, F. N. Castellano, P. Anzenbacher, Chem. Eur. J. 2015, 

21, 4056. 
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The well-being of modern society leads to an increase of population and consequently to an 

increase of demand for pollutant and contaminant-free tap water. Ironically, with the increase of 

population comes the increase of both the number and the concentration of emerging organic 

pollutants (personal care products, drugs, pesticides...) and performant systems to detect them in 

water samples are required1. In this frame, our goal consists in designing dye doped silica 

nanoparticles luminescent probes (DDSNPs), which could detect the presence of pollutants. 

These luminescent sensors1 are made up of a silica shell which hosts luminescent dyes. These 

nano- objects show high brightness and are essentially benign. Many DDSNPs probes based on 

famous ruthenium complex Ru(bpy)3
2+ have been used. Yet, ruthenium is expensive and toxic and 

would be advantageously replaced by homoleptic Copper (I) complexes of the general formula 

Cu(NN)2
+ (where NN is a phenanthroline ligand bearing bulky groups in positions 2 and 9) (fig 1). 

In this contribution, we report our strategy to synthesize 

the first Cu(NN)2
+ doped silica nanoparticles as 

luminescent probes. This strategy relies on the design of a 

series of phenanthroline dyes with pending alkoxysilane 

functions that will be hydrolyzed with a silica molecular 

precursor (e.g.tetraethoxysilane) yielding the desired DDSNPs. The formation of these 

nanoparticles can be performed by the two main synthesis pathways: normal microemulsion2 (path 

A) and reverse- microemulsion3 (path B). We performed the B syntheses and fully characterized 

the obtained nano-objects from a morphological point of view (TEM, DLS, ICP-AES) and physical 

point of view (optical properties). Compared to the free-molecular dye in water, suspensions of 

DDSNPs show dramatically enhanced stability and photophysical parameters.  

 
 
(1) Mark M. Richter, Chem. Rev. 2004, 104, 3003.� 
(2) Luca Prodi et al, J. Am. Chem. Soc. 2009, 131, 2260.� 
(3) Sagar K., Stefano V. et al, J. Phys. Chem. C 2019, 123, 5686.  
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Vector-driven internal radiotherapy is a rapidly growing field that completes the conventional 

techniques for cancer treatment such as surgery, chemotherapy or external radiotherapy. The 

appropriate radionuclide is coupled with a specific vector (monoclonal antibody, peptide…) in order 

to deliver the radioactivity specifically to the tumor cells. Contrary to the other methods, 

radioimmunotherapy allows the treatment of diffuse or metastatic tumors, limiting damage on the 

healthy tissues. Recent developments in isotope production now provide access to novel 

radionuclides and open new opportunities for theranostics. However, the production of novel 

radiopharmaceuticals is often limited by a short half-life (few days), high specific activities (> 

GBq/g) and high levels of isotopic purity required (> 99.9 %). Therefore, reliable and efficient 

separation and purification processes are needed. Solid phase extraction processes are an 

attractive solution for the purification of radionuclides, as they allow using simple, compact 

equipment, with obvious advantages for radioprotection and handling. Moreover, this type of 

processes produces less waste and effluents compared to solvent-type extraction and are largely 

operated using remote control. 

 

An isotope of ruthenium has been selected for the development of a new radiopharmaceutical, in 

agreement with several criteria established by physicians, radiochemists, and nuclear engineers. 

Ruthenium can be produced from an irradiated metallic target. After dissolution of the irradiated 

material in nitric acid, ruthenium can be extracted and purified by solid phase extraction using a 

series of organic resins, either commercially available or specifically developed for this application. 

Results concerning the performance of the various resins in surrogate solutions will be presented 

and discussed. The present studies pave the way to the development of a novel ruthenium 

separation processes and contribute to a better understanding of the factors influencing the 

extraction properties of ruthenium isotopes. 
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The mapping of biological redox environment has gained increasing interest in recent years[1]. The 

development of bimodal probes that enable detection of redox state using medical imaging 

techniques is a fascinating topic of research. By combining them, it is possible to correlate the high 

sensitivity of luminescence and the high resolution of MRI for biological process. Lanthanide ions in 

medical imaging are well known due to their magnetic and photophysical properties, which have 

been unexploited as redox probes due to their propensity to remain in the +III state. By 

incorporating a redox active unit into the ligand, we targeted the detection of the oxidative stress 

which is involved in diverse pathologies as cancer or neurodegenerative diseases[2-3]. We 

previously reported a series of ligands based on redox active derivatives, which show specific 

responses in the luminescence and magnetic properties of the LnIII upon changes in the oxidation 

status[4] or in the presence of reactive oxygen species[5]. We now report on novel CEST active 

complexes which have been studied by electrochemistry, EPR, fluorescence spectroscopy, 

relaxivity and CEST techniques. Relaxivity and water exchange properties can be modulated by 

redox state and the coordination sphere around the metal 

 

 

 

 

 

 

 

 

Figure 1 EPR and CEST redox switch 

1 P. B. Tsitovich, P. J. Burns, A. M. McKay, J. R. Morrow, J. Inorg. Biochem., 2014, 133, 143–154. 
2 I. I. C. Chio, D. A. Tuveson, Trends Mol. Med., 2017, 23, 411-429. 
3 F. Collin, Int. J. Mol. Sci., 2019, 20, 2407. 
4 J. K. Molloy, O. Jarjayes, C. Philouze, L. Fedele, D. Imbert, F. Thomas, Chem. Commun., 2017, 53, 605. 
5 R. Barré, D. Mouchel dit Leguerrier, L. Fedele, D. Imbert, J. K. Molloy, F. Thomas, Chem.Commun., 2020, 56, 435-438 
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Atomic Layer Deposition (ALD) is a booming technology to deposit thin films and has been applied 

in several fields. This technique is based on surface-chemical reactions, and relies on the gas 

phase transport of metal containing molecules into a reaction chamber. However, not any molecule 

is suitable to be used as precursor, as they must be thermally robust while being sufficiently 

volatile and chemically labile to react with the surface functional groups. Organometallic chemistry 

offers an infinite set of options to design new efficient precursors, though predicting their volatility 

and reactivity in the ALD chamber remains tricky.1 

The target ligands are amidinate, as these are known for their relative ease of synthesis and their 

thermal stability. Amidinate-based complexes of tantalum, titanium and lanthanides have been 

tested as ALD precursors.2 

This communication focuses on the development of new efficient amidinate gallium precursors to 

be used in the ALD of oxygen-free gallium-containing sulphide thin films.3 A series of gallium 

amidinate complexes were synthesized by tuning the substituents on both the endocyclic carbon 

atom of the ligand backbone and the ones on the nitrogen atoms, or by inserting alkyl or halide 

ligands in the coordination sphere of the gallium center, via a procedure similar to the one reported 

by Dagorne et al.4 To assess the thermal stability of the reagents and shed light on their transport 

in ALD, thermogravimetric analysis were realized under N2 and vacuum to mimic transport 

conditions. 

 
Figure 1 Developed procedure to access new amidinate gallium complex precursors (R1, R2 = Et, 
iPr, tBu; R3 = Me, tBu, nBu, sBu; R4 = Me) 

1 S. E. Koponen, P. G. Gordon, S. T. Barry, Polyhedron, 2016, 108, 59. 
2 A. Kurek, P. G. Gordon, S. Karle, A. Devi, S. T. Barry, Aust. J. Chem., 2014, 67, 989. 
3 N. Schneider, M. Frégnaux, M. Bouttemy, F. Donsanti, A. Etcheberry, D. Lincot, Mater. Today Chem., 2018, 10, 142. 
4 S. Dagorne, R. F. Jordan, V. G. Young, Organometallics, 1999, 18, 4619. 
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Nickel Alkoxide Complexes: Synthesis and Reactivity 
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Bât. 2R1, 31062 Toulouse Cedex 9, France 
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     Late transition metal alkoxides are typically reactive species. This is rationalized by a four 

electron-two orbitals interaction between a lone pair at O and a filled orbital at the metal, which raises 

the energy of the molecular orbital mostly developed at the metal center. Among them, Nickel 

alkoxide complexes have shown to promote several reactions, such as copolymerization of CO2 and 

epoxide,[1] and proposed to be intermediates in others.[2] Accordingly, very few examples of nickel 

alkoxide have been reported so far.[3]  It was our goal to develop a straightforward approach to a 

“Ni(OR)2” fragment that would allow simple access to: a) a range of [(L)2Ni(OR)2] or [(L2)Ni(OR)2] 

complexes via ligand substitution/coordination; b) reactive “Ni(OR)+” metal fragment. We therefore 

selected and developed a synthesis of nickel complex 1 (fig. 1). 
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Figure 1 Synthesis of a new nickel alkoxide family. RF=C(CF3)3. 

     As expected, in light of the poor coordinating capability of (DME)NaORF, the simple addition of 

monodentate or bidentate ligands yielded the desired complexes in excellent yields under very mild 

conditions.  

     In a second stage, the abstraction of one RFO- ligand from the coordination sphere was studied, 

in order to favor reactivity at the Ni center. Extensive DFT studies have allowed us to identify the 

(SiPr2)Al(ORF)3 Lewis acid 3 as the optimal abstractor.  
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Figure 2 Cationization of 2 with (iPr2S)Al(ORF)3. RF=C(CF3)3. 
 

     Our results combining experimental and theoretical studies will be presented. 
 

References: 
1. Huang L.-S., Tsai, C.Y., Chuang H.-J., Ko B.T., Inorg. Chem., 2017, 56, 6141. 
2. Ma C., Zhao C.-Q., Xu X.-T., Li Z.-M., Wang X.-Y., Zhang K., Mei T.-S., Org. Lett., 2019, 21, 2464. 
3. Zheng B., Miranda M. O., DiPasquale A. G., Golen J. A., Rheingold A. L., Doerrer L. H., Inorg. Chem., 2009, 48, 4274. 
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Radiometals are of great interest in the field of nuclear medicine particularly for PET imaging 

(Positron Emission Tomography) of numerous pathologies. Copper-64, as a + emitter, is widely 

studied thanks to its half-life (t=12.7h) which is suitable for biological applications. In addition, this 

metal forms a theranostic pair with the - emitter 67Cu, useful for cancer therapy. N-functionalized 

cyclam derivatives are very efficient chelating agents for Cu(II) complexation. Our group has 

developed a picolinate-cyclam, TE1PA, which forms a particularly stable and inert complex with 

Cu(II), avoiding the risks of dissociation or reduction in biological media.1 In collaboration with the 

South African company NECSA specialized in the production of radioisotopes, we have 

synthesized a series of trifunctional cyclam-based chelating agents for 64Cu-PET imaging of 

cancers called GluCAB for Glucose-Chelator-Albumin Bioconjugate.2,3 The pro-conjugate currently 

under investigations is composed of i) a TE1PA-based chelating agent for copper coordination, 

ii) a maleimide group for an in vivo albumin-binding that generates a passive targeting via the EPR 

(Enhanced Permeability and Retention) effect,4 and iii) a glucose unit for an active targeting to 

refine selectivity for a better accumulation of the radiopharmaceutical in tumor cells (Figure 1).  

 

 

Figure 1 General structure of the TE1PA-based pro-conjugate (left) and radiopharmaceutical 

(right) 

 

 

1. T. Le Bihan, A-S. Navarro, N. Le Bris, P. Le Saëc, S. Gouard, F. Haddad, J-F. Gesting, M. Chérel, A. Faivre-Chauvet, 
R. Tripier, Org. Biomol. Chem., 2018, 16(23), 4261 

2.  CHS. Driver, T. Ebenhan, Z. Szucs, MI. Parker, JR. Zeevaart, R. Hunter, Nucl Med Biol., 2021, 94-95, 53 

3. T. Le Bihan, CHS. Driver, T. Ebenhan, N. Le Bris, JR. Zeevaart, R. Tripier, ChemMedChem, 2021, 16(5), 809 

4.  Liu, Z; Chen, X, Chem. Soc. Rev., 2016, 45(5), 1432 
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Gold(III) cationic porphyrins to target G-quadruplex structures 
of HIV-1   
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G-quadruplexes (G4s) are nucleic acid “knots” formed by guanine-rich sequences. These 

unusual structures are involved in key biological processes. They can be found in 

telomeres, oncogene promoters, RNAs, but also in viral genomes. For instance, HIV-1 

genome contains 10 evolutionary conserved G4-forming sequences. Due to their unique 

structural features, very distinct from the known nucleic acids, G4s represent promising 

pharmacological targets for small molecules, namely G4-ligands. Indeed, gold(III) penta-

cationic porphyrins, as specific G4 ligands, are able to inhibit HIV-1 infectivity and their 

antiviral activity correlated with their affinity for G4s [1]. Besides, porphyrin 1 was shown to 

prevent initiation of reverse transcription of HIV-1 in infected human cells [2]. This novel 

inhibition mechanism suggests that G4s play a crucial role in the very early steps of the 

HIV-1 replication cycle and that targeting viral G4s represents a promising antiviral 

avenue. 

 

Fig 1. meso-5,10,15,20-tetrakis[4-(N-methyl-pyridinium-2-yl)phenyl]porphyrinato gold(III) pentachloride (1) 

To better understand the molecular mechanism of action of the gold(III) porphyrins against 

HIV-1 replication we will present the design and preparation of a series of gold(III)-

porphyrin and their affinity for G4 DNA.  
 
1. S. Amrane, M.-A. Andreola, G. Pratviel, J.-L. Mergny, Derivatives of Porphyrins, Their Process of Preparation and 
Their Use for Treating Viral Infections, US20200223858A1, July 16, 2020 
2. S. Amrane, C. Jaubert, A. Bedrat, A. Guédin, A. De Rache, L. Bartolucci, I. Diene, F. Lemoine, O. Gascuel, G. 
Pratviel, J.L. Mergny, M.L. Andreola. Submitted 
3. T. Rundstadler, E. Mothes, S. Amrane, J.-L. Stigliani, P. Verhaeghe, G. Pratviel. Submitted 
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Cobalt catalysis has become more and more attractive,[1] because of its earth abundance,[2] low 

cost and relatively low toxicity. For example, cobalt complexes are known to be efficient catalysts 

in hydride transfer reactions.[3] These reactions are involved in a wide range of organic 

transformations leading to various useful chemicals and synthetic building blocks. A very attractive 

reaction is hydrosilylation, allowing the simultaneous formation of C-H and Si-X (X=   O    …) 

bonds under mild conditions and with an efficient atom economy.[4] If cobalt-catalyzed 

hydrosilylation of alkenes and alkynes by complexes has been well investigated,[5] that of  ketones 

remains underdeveloped.[6] Therefore, in this communication we wish to present the synthesis of 

unprecedented cobalt complexes bearing 8-phosphinoquinoline ligands, their characterization and 

their catalytic activity toward the hydrosilylation of ketones. Catalysis was efficient at low catalyst 

loading (1 mol%) under mild conditions. The efficiency differences depending on the ligand will be 

discussed.  

 

 
Figure 1 top: CobaltII complexes; bottom: Hydrosilylation reaction catalyzed by Co complex 

 

1. a) A. Moncomble, J-M. Bégouin, C. Gosmini, Chem. Commun. 2008, 3221; b) G. Cahiez, M. Moyeux, Chem. Rev. 
2010, 110, 1435. 
2. B. Su, Z-C. Cao, Z-J. Shi, Acc. Chem. Res. 2015, 48, 886. 
3. W. Ai, R. Zhong, X. Liu, Q. Liu, Chem. Rev. 2019, 119, 2876. 
4. A.     -     , P. O  -Burgos, I.          , ACS Catal. 2019, 9, 5400. 
5. J. Sun, L. Deng, ACS Catal. 2016, 6, 290. 
6. a) B. Royo, Adv. Organomet. Chem. 2019, 72, 59; b) M. Bhunia, P. Sreejyothi, S. K. Mandal, Coord. Chem. Rev. 
2020, 405, 213110. 
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The coordination-driven self-assembly strategy is remarkably efficient for building sophisticated 

discrete polygons and cages by association under thermodynic control of polytopic ligands and 

complementary metal complexes.1 Those systems inherently feature a cavity, prone to be used for 

host-guest purposes.2-5 Topologically more complex assemblies have appeared very recently in the 

literature: interlocked cages. Similarly, to the class of [2]-catenanes, interlocked cages are based on 

interpenetrated systems. While the first examples were essentially produced by serendipity as by-

products along the metal-driven self-assembly process of discrete cages, the rationalization of their 

formation is subject to an intense attention.6-8 In this context, we have shown that a simple 

modification of a truxene-based ligand allows for contolling its self-assembly with a dinuclear 

complex toward a cage (Figure 1a)9 or two interlocked cages (Figure 1b)10. 

 
Figure 1. Reaction of truxene-based ligands (blue) with a bis-ruthenium complex (orange) affording a cage (a, X-Ray 

structure) or two interlocked cages (b, X-Ray structure); c) Extended bis-metallic complex. 

 

These results will be discussed with a focus on i) the conditions that allows for controlling the cage 

interlocking and ii) the ability of this system to dissociate upon addition of a guest. Our last 

achievements with an extension of this approach to larger systems using an extended bis-metallic 

complex (Figure 1c) will also be presented.10 

 
1. Y. Sun, C. Chen, J. Liu and P. J. Stang, Chem. Soc. Rev., 2020, 49, 3889. 
2. S. Goeb and M. Sallé, Acc. Chem. Res., 2021, 2021. 
3. S. Krykun, M. Dekhtiarenko, D. Canevet, V. Carré, F. Aubriet, E. Levillain, M. Allain, Z. Voitenko, M. Sallé and S. 

Goeb, Angew. Chem. Int. Ed., 2020, 59, 716. 
4. G. Szalóki, V. Croué, V. Carré, F. Aubriet, O. Alévêque, E. Levillain, M. Allain, J. Arago, E. Orti, S. Goeb and M. 

Sallé, Angew. Chem. Int. Ed., 2017, 56, 16272. 
5. V. Croué, S. Goeb, G. Szalóki, M. Allain and M. Sallé, Angew. Chem. Int. Ed., 2016, 55, 1746. 
6. Y. Lu, H.-N. Zhang and G.-X. Jin, Acc. Chem. Res., 2018, 51, 2148. 
7. S.-L. Huang, T. S. A. Hor and G.-X. Jin, Coord. Chem. Rev., 2017, 333, 1. 
8. M. Frank, M. D. Johnstone and G. H. Clever, Chem. Eur. J., 2016, 22, 14104. 
9. S. Séjourné, A. Labrunie, C. Dalinot, A. Benchohra, V. Carré, F. Aubriet, M. Allain, M. Sallé and S. Goeb, Chiral, 

Inorganics, 2020, 8, 1. 
10. Unpublished results, manuscript in preparation. 
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The design of functional molecular materials has attracted a great deal of attention in recent years. 

Owing to their molecular nature, they are associated with numerous advantages such as soft 

chemistry routes, light density, optical transparency or tuneable physical properties. Among these, 

our interest is focused upon hetero-poly-metallic complexes that have the potential of 

featuring luminescent, magnetic or photo-switching properties. 

To obtain these hetero-poly-metallic complexes that combine up to four different metallic ions, we 

adopt a supramolecular approach that consists of using “polynuclear complexes as ligands”. In 

other words, polynuclear complexes are employed as precursors to obtain larger molecular 

architectures. This method is advantageous since it affords many variations in synthetic 

parameters, and the properties of the precursors are well established. 

Our strategy of stepwise assembling the polynuclear precursors into supramolecular and dendritic 

assemblies essentially relies on cyanide- and oxalate-based coordination chemistry. The key 

building blocks are trinuclear complexes that feature High-Spin Molecule (HSM) and Single-

Molecule Magnet (SMM) properties. 

Employing dinuclear complexes and octacyanometallates as precursors, we have developed 

hetero-tri-metallic decanuclear squares and hetero-tetra-metallic species, that constitute a new 

class of SMMs.[1,2] Here, we report the synthesis of several families of hetero-poly-metallic 

assemblies. The magnetic as well as the photophysical properties are also investigated. 

 

        
 

Figure 1 X-ray structure of the decanuclear square and the hetero-tetra-metallic assembly. 
 

References: 
1.  Long, J.; Chamoreau, L-M.; Marvaud, V.; Dalton Trans., 2010, 39, 2188-2190. 
2.  Bridonneau, N.; Chamoreau, L-M.; Lainé, P.P.; Wernsdorfer, W.; Marvaud, V.; Chem. Commun., 2013, 49, 9476-
9478 
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The fixation of catalytic metal complexes is a very active field 

in heterogeneous catalysis as it combines selectivity of 

homogeneous catalysis with higher robustness, easier separation 

and possibility of recycling. The growing interest for the very 

specific catalytic activity of gold in cyclization and oxidation 

reactions involving Au (III) and Au(I) ions prompted us to 

investigate this metal. However, the interfacial chemistry of ionic 

gold is not yet developed as it readily reduces to Au (0) atoms that 

migrates and aggregates irreversibly. The idea is to stabilize 

single Au (III) ions on a surface to avoid the formation of Au(I) pairs 

during the catalytic cycles. These pairs of ions indeed dismutate into Au (III) and Au (0) pairs opening 

the irreversible route of metallic gold at room temperature. 

We propose to investigate stabilization of single Au (III) ions in mesoporous silica based materials 

having a particularly large surface areas (1000 g/nm2) and appropriate pores (> 3 nm) for efficient 

molecular internal diffusion and useful catalytic application. The stabilization is obtained by selective 

adsorption on TinOx oxohydroxotitanium subnano islands,1 n =3, size a 0.7 nm – themselves fixed 

on the siliceous internal pores of the mesoporous silica support by grafting titanium alkoxides in the 

presence of a molecular pattern.  

Then AuCl4- ions are selectively adorbed from a water solution by TiOH2
+ groups in the pH range 

2 to 6, between the ZPC SiO2 and TiO2. Washing with water confirms that without TinOx islands gold 

retention drops from 90 to 0.5%.  

To further investigate the elimination of chloride around supported gold, we revisited the 

successive equilibria of AuCl4- with [AuClx(OH)y]- (x+y = 4) in solution for future quantitative analysis 

of the UV-visible spectra. We were surprized by some contradictions concerning the intermediate 

[AuCl3(OH)]-, [AuCl2(OH)2]- and [AuCl(OH)3]- species compering reported UV and Raman 

spectroscopic studies. This prompted us to investigate the UV range 250 to 400 nm not yet reported.2 

We discovered new bands, 3 isosbestic points and a more precise value of the molar extinction 

coefficient for [AuCl4]-.                                                       
 
1 L. Fang, B. Albela, B. Yang, Y. Zheng, P. Wu, M. He, L. Bonneviot, Langmuir, 2018, 34, 12713. 
2 I. V. Mironova, V. Yu. Kharlamovaa, Russian Journal of Inorganic Chemistry, 2020, 65, 391. 

Figure 1: Heterogeneous catalyst 
Au/TiO2/SiO2. 
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Chemistry can contribute to the sustainable society with solutions for environmental issues 

providing efficient chemical processes and catalysis. Increasingly complex processes and systems 

need designing highly effective advanced catalytic systems. In the past, homogeneous and 

heterogeneous catalysis were learned and studied as distinct disciplines. Different synthetic 

approaches, different characterization techniques, and so on. In the past years, these differences 

have dissolved to give a plethora of intermediary concepts; colloidal nanoparticles decorated with 

ligands typically devoted to modulate metallic centers for homogeneous catalysts, atomically 

defined metallic species in supports, are examples of the precision in the design of efficient 

catalyst that are reached nowadays. Our contribution in this field tries to do a transition towards 

earth-abundant, cheap, non-toxic and renewable materials for catalysis, for now producing 

bimetallic Ni and Cu based catalysts. We have gathered now some knowledge about the 

interaction of ligands towards the metallic nanoparticle surface, and the effect on catalysis, using a 

combination of experimental and theoretical tools, which we would like to extrapolate to earth-

abundant metallic surfaces. 

Here we would like to 

present our last results in the 

synthesis of RuNi and RuCu 

bimetallic catalysts to 

upgrade biomass derivatives, 

how ligands interact with 

RuNi bimetallic surfaces, 

doing the link with the results 

we obtained in the past using 

Ru-based catalysts. 

 

1 Y. Min, H. Nasrallah, D. Poinsot, P. Lecante, Y. Tison, H. Martinez, P. Roblin, A. Falqui, R. Poteau, I. del Rosal, I. C. 
Gerber, J.-C. Hierso, M. R. Axet and P. Serp, Chem. Mater. 2020, 32, 2365. 2 M. R. Axet, S. Conejero, I. C. Gerber. ACS 
Appl. Nano Mater. 2018, 1, 5885. 3 M. Cardona, P. Lecante, J. Esvan, C. Dinoi, I. del Rosal, R Poteau, K. Philippot, M. R. 
Axet, in preparation. 
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Supramolecular receptors are systems having recognition properties that lead to the formation of 

supramolecular complexes in the presence of guest molecules. The recognition properties are 

defined by the nature of the cavity, shape, size, and electronics properties of the receptors. The 

acridinium core is a building block with a great potential in supramolecular chemistry. Indeed, it is 

an electron-deficient polyaromatic unit (presence of a positive charge) and it can interact with 

electron rich polyaromatic guests through S-donor/S-acceptor interactions.1-2 In addition, acridinium 

units have chemiochromic, electrochromic and photochromic properties making them multi-

responses units.3-4-5 

A bis-acridinium cyclophane incorporating switchable acridinium moieties incorporating a 3,5-

dipyridylanisole spacer was successfully synthesized (Figure 1).6 Once obtained, it was studied as 

a multi-responsive host for polycyclic aromatic hydrocarbon guests. Complexation of perylene was 

shown to be the most effective among anthracene and naphthalene. Interestingly, effective catch 

and release of the guest was triggered by both chemical (proton/hydroxide) and redox stimuli. 

Moreover, the dicationic host was also easily switched between organic and perfluorocarbon phases 

for applications related to the enrichment of perylene from a mixture of polycyclic aromatic 

hydrocarbons. 

 

 
Figure 1 Chemiochromic and electrochromic properties of the bis-acridinium macrocycle 

 
1. S. Claude, J.-M. Lehn, F. Schmidt, J.-P. Vigneron, J. Chem. Soc., Chem. Commun., 1991, 1182. 
2. a) H.-P. Jacquot de Rouville, N. Zorn, E. Leize-Wagner, V. Heitz, Chem. Commun., 2018, 54, 10966.; b) H.-P. Jacquot 
de Rouville, C. Gourlaouen, V. Heitz, Dalton Trans., 2019, 48,  8725. 
3. A. Gosset, Z. Xu, F. Maurel, L.-M. Chamoreau, S. Nowak, G. Vives, C. Perruchot, V. Heitz, H.-P. Jacquot de Rouville, 
New J. Chem., 2018, 42, 4728. 
4. A. J. Ackmann, J. M. J. Fréchet, Chem. Commun., 1996, 15, 605. 
5. N. W. Koper, S. A. Jonker, J. W. Verhoeven, C. V. Dijk, Recl. Trav. Chim. Pays-Bas, 1985, 104, 296. 
6. J. Hu, J. S. Ward, A. Chaumont, K. Rissanen, J.‐M. Vincent, V. Heitz, H.‐P. Jacquot de Rouville, Angew. Chem. Int. 
Ed., 2020, 59, 23206. 
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In recent years, a considerable number of N-Heterocyclic Carbenes (NHCs) and their metal 

complexes have garnered extensive research attention with a broadening of their applications 

[1][2][3][4][5]. However, only few studies focus on the preparation of structures combining both a 

“m     y   ”        “ m   z    m”      f their metal coordination complexes. 

We describe two successful synthesis ways of a new macrocyclic imidazolium salt family with an 

original structure covalently bearing two imidazoliums moieties – as NHC precursors and two bis-

heterocyclic units (bipyridine or bithiazole). We also report the synthesis of new flexible 

compounds, N-bis-imidazole-bis-heterocycles and N-bis-imidazolium-bis-heterocyclic ligands, 

obtained through the preparation of the above-mentioned macrocycles. NMR and mass 

spectroscopy characterizations of each new compound are realized. The molecular structures of 

two of the macrocyclic salts, the N-bis-imidazolium-bis-bipyridine and the N-bis-imidazolium-bis-

bithiazole obtained by single –crystal X-ray diffractions are described. In parallel, biological 

evaluations of the macrocycles L1 to L3 are conducted. The first results obtained from the 

cytotoxicity and anti-bacterial studies are given. 

 

 

 

 

Figure 1 : Scheme of the new macrocyclic imidazolium salt family and the new flexible compounds 
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In addition to their utility as reactive substrates in Suzuki-Miyaura cross coupling reaction, 

alkenyl boronates have received a great deal of attention as versatile building blocks in organic 

synthesis1 due to their efficient conversion into various functional groups. Nevertheless, unlike the 

di2- and trisubstituted3 alkenyl boronates, the synthesis of tetrasubstituted4 alkenyl boronates often 

face regio- and dia-stereoselectivity issues for internal alkynes. Recently, Liu et al. have shown 

that 1,4-azaborine-Senphos Palladium complex (1) catalyzed carboboration of 1,3 enynes with a 

new discovered C-boron enolates family as the reagent to produce tetra-substituted alkenes in 

high regio- and stereoselectivity. In order to have a better insight on this reaction, DFT calculations 

were performed jointly with the experimental approach. We first shed light on the formation of C-

catecholboron enolate 4 from reaction between silylketene acetal 3 and catecholborane 2. Then, 

computational mechanistic investigations have been carried out to describe in detail the privileged 

pathway involved in this carboboration reaction. Three mechanisms have been considered i) 

classical oxidative addition mechanism in which Pd metal center can directly activate the C-B bond 

or ii) outer sphere oxidative addition mechanism; iii) cooperative oxidative addition mechanism, 

going through a stabilized Pd-π-complex resulting from the interaction between enyne and 

catalyst. In this communication, we will describe theoretically the different pathways and discuss in 

detail the privileged one. 

 
 
 

 

 

Scheme 1.  Regio- and Stereoselective 
Synthesis of Tetrasubstituted Alkenyl boronates 

Scheme 2.  Formation of C-Boron Enolates 
without Boron Quaternization 
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In addition to its structural and catalytic role in human organism, zinc(II) is well known as key 

regulator of apoptosis. Many groups reported the ability of various linear chelators possessing high 

affinity for zinc(II), to decrease intracellular zinc(II) level and induce apoptotic cell death in cancer 

cells1,2. 

In our research group, macrocyclic chelators platform have already been described as good zinc(II) 

chelators3. This work aims to explore the relation between the chemical structure and biological 

activity of three chelators which differentiate by the number of coordinating arms (Figure 1A). This 

presentation will focus on the synthesis of the chelators and the study of the thermodynamic 

properties of the zinc(II) complexes. Then, the first biological results obtained by real-time mortality 

analysis of the chelators in various cells lines using Incucyte technology will be discussed (Figure 
1B). 

  

 
Figure 1 Structure-activity relationship of macrocyclic zinc(II) chelators 
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Bis(iminiophosphoranyl)methanediide ligands (BIPM) are exceptionally versatile species to 

coordinate a wide range of metals across the periodic table.1–3 Due to the strength of C-P bonds, 

BIPM are quite robust and essentially act as ancillary ligands. Our group has recently reported on 

the use of valence isoelectronic 

bis(iminophosphoranyl)phosphide 

ligands (BIPP) to stabilize group IV 

metals.4 In this contribution, we show 

that BIPP undergo facile P-P bond 

cleavage at titanium in the presence 

of alkynes (Figure 1).  

Reaction of 2b with ½ [M(cod)Cl]2 leads to the heterobimetallic complexes 4 

where all phosphorus atoms are coordinated to the late transition metal (Figure 

2). Reactivity of complex 4a was investigated and showed activation potential 

towards the C=O bond of ferrocenecarboxaldehyde to give 5 (Figures 3 and 4). 
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2 Cavell, R. G.; Kamalesh Babu, R. P.; Kasani, A.; McDonald, R. J. Am. Chem. Soc. 1999, 121 (24), 5805. 
3 Jones, N. D.; Lin, G.; Gossage, R. A.; McDonald, R.; Cavell, R. G. Organometallics 2003, 22 (14), 2832. 
4 Normand, A. T.; Carrizo, E. D. S.; Magnoux, C.; Lobato, E.; Cattey, H.; Richard, P.; Brandès, S.; Devillers, C. H.; 

Romieu, A.; Gendre, P. L.; Fleurat-Lessard, P. Chem. Sci. 2021, 12 (1), 253. 

Figure 1: Rearrangement complex formation 

Figure 2: Bimetallic 
complexes 

Figure 3: C=O cleavage by 4a 

Figure 4: XRD structure of 5 
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Due to their huge surface areas, topological diversity, and functional tunability, MOFs have 

sparked a high interest for different applications including gas storage/separation, catalysis, 

sensing or biomedicine1. However, these porous hybrid materials are mostly obtained in the form 

of a polycrystalline powder or spherical nanospheres. One of the main challenges for their 

practical application is to control the crystal size, morphology and multiscale porosity of these 

materials while developing adequate shaping methods. For that purpose, one of the strategies 

reported in literature consists to combine MOFs with different carbon-based materials (polymers, 

graphene, carbon nanotubes, ...)2. A recent work investigated the use of GO nanoscrolls as 

structure directing agents to form single crystal aluminum-based MOF nanowires (NWs)3. 

Following this approach, it was possible to obtain hierarchical porous MOF/GO composites with a 

specific microstructure that allowed a homogeneous dispersion of MOF NWs in the GO matrix, 

without any agglomeration of MOF NPs or restacked GO layers (Figure 1). Hence, throughout this 

PhD project, we aim to extend this concept to aluminum-based MOFs with high permanent 

porosity. In this communication, we will present the synthesis optimization of these MOFs/GO 

composites as well as their structural and physico-chemical properties. 

 
Figure 1 Schematic mechanism of the formation of MIL-69(Al) NWs3 

1 Z. Zhang, H. Nguyen, S. Miller, S.Cohen, Angewandte Chemie, 2015, 54, 6152. 
2 L. Feng, K. Wang, J. Powell, H. Zhou, Matter, 2019, 1, 801. 
3 M. Muschi, A. Lalitha, S. Sene, D. Aureau, M. Fregnaux, I. Esteve, L. Rivier, N. Ramsahye, S. Devautour-Vinot, C. 
Sicard, N. Menguy, C. Serre, G. Maurin, N. Steunou, Angewandte Chemie, 2020, 59, 10353. 
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Despite the exhaustive literature on enamines and enamides, tertiary enamides have only 
recently proved their enamidic reactivity toward several classes of electrophiles.1 Thus, we 
have shown that ynamides incorporating an N-imide can be transformed into tertiary 
enamides equipped with a precursor of an N-acyliminium ion (NAI). In acidic medium, the 
tertiary enamide adds to the N-acyliminium species to form diazepine drug substructures.2 

 
 In this context, we focused on enamidyl vinyl ketones to trigger Nazarov reactions 
to access complex polycyclic diazepine motifs. Following the concept of atom economy, 
we have shown that cyclopentenoid-fused diazepines could be obtained 
diastereoselectively using BF3•Et2O in one pot through a domino N-acyliminium ion 
trapping/Nazarov reaction, simultaneously generating three new stereogenic centers.3 The 
particular structural design of the cross-conjugated dienone dictates the torquoselectivity 
observed in this polarized Nazarov reaction. Various N-bridgehead polycyclic scaffolds of 
putative pharmacological interest were obtained.  
 

 
 

Figure 1 Domino reaction : N-Acyliminium Ion trapping and Nazarov cyclization 
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