
Communication par affiche  JCC 2022 

 

Synthesis and Luminescence of Chiral Lanthanide Complexes 
 

Annika Sickinger, François Riobé and Olivier Maury 
 

Laboratoire de Chimie, ENS de Lyon, 46 allée d’Italie 69364 LYON CEDEX 07 

annika.sickinger@ens-lyon.fr, www.ens-lyon.fr/CHIMIE 
 
 

Keywords: Lanthanide complexes; chirality; circularly polarized luminescence 
 
Lanthanide-based metalorganic complexes open up new possibilities in various fields of application, 
profiting from the unique, closely correlated magnetic and luminescent features which are enabled by 
their partially filled 4f valence shells. As the 4f transitions in isolated Ln(III) ions are, however, forbidden 
by symmetry rules, the presence of a coordinating sphere of suitable ligands is required to lift the 
degeneracy of ground and excited electronic states, thereby giving rise to distinct optical properties.1 
Moreover, the underlying crystal field interactions implicate the capacity to generate distinct magnetic 
anisotropies and allow for the application of Ln(III) complexes as single-molecule magnets.2 As both 
optical and magnetic properties of metalorganic complexes are governed by their electronic structure, 
their understanding and tunability require profound knowledge on the corresponding crystal field 
splitting. Reversely, magnetic and luminescence measurements reveal in-depth insight into the 
electronic structure of the respective system.3 
As has been demonstrated, the preparation of chiral Ln(III) complexes by careful ligand design enables 
the emission of circularly polarized light, as each of both enantiomers absorbs or emits photons 
preferentially with one sense of circular polarization.4 Apart from the corresponding potential for 
applications like biosensing or anti-counterfeit devices, these features introduce additional selection 
rules for energetic transitions, thereby improving the discrimination of each contribution in absorption 
and emission spectra. 
Initiated by studies on structurally related helical Yb(III) complexes, chelidamic acid based ligands with 

different conjugated antenna were synthesized.5 The 
attached charge transfer functionalities were primarily 
chosen to ensure an efficient sensitization of the 
Ln(III) ions of interest. Apart from that, their increased 
polarity as compared to a previously investigated 
reference system (Ln = Yb, R = R1) is expected to 
facilitate the preparation of samples in polymer 
matrices required for the envisaged CPL 
measurements. 
Depending on the ligands’ stereochemistry, these 
wrap around the Ln(III) ion in the course of complex 
synthesis and induce either �- or �-type helical 
chirality. As a result, enantiopure complexes featuring 
luminescence in the UV/Vis (Ln = Eu) or in the near 
infra-red wavelength region (Ln = Nd, Yb) were 
obtained. 
For all sets of complex enantiomers, extensive 
investigations by a combination of spectroscopic 
methods are anticipated. These include absorption 
and luminescence measurements as well as studies 
on circular dichroism and circularly polarized 
luminescence. Thus, the optical properties of the 
particular complexes are approached in both solid 

state and in solution, at room- and low temperature. In combination with magnetic studies and ab initio 
calculations, a detailed characterization of the electronic structure and the crystal field splitting of chiral 
Ln(III) complexes is envisaged. 
 
1. Bünzli, J.-C. G. Coord. Chem. Rev. 2015, 293, 19. 
2. Pointillart, F.; Le Guennic, B.; Golhen, S.; Cador, O.; Maury, O.; Ouahab, L. Chem. Commun. 2013, 49, 615. 
3. Pointillart, F.; Le Guennic, B.; Cador, O.; Maury, O.; Ouahab, L. Acc. Chem. Res. 2015, 48, 2834. 
4. Leonard, J. P.; Jensen, P.; McCabe, T.; O’Brien, J. E.; Peacock, R. D.; Kruger, P. E.; Gunnlaugsson, T. J. Am. Chem. Soc. 2007, 129, 10986. 
5. Gendron, F.; Di Pietro, S.; Abad Galán, L.; Riobé, F.; Placide, V.; Guy, L.; Zinna, F.; Di Bari, L.; Bensalah-Ledoux, A.; Guyot, Y.; et al. Inorg. 
Chem. Front. 2021, 8, 914. 

Fig. 1 Complexes of different lanthanide ions, 
coordinated by multidentate ligands with variable 
antenna function in a helicoidal fashion. 
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Plastics are ubiquitous in our modern society and their world annual production now reaches 368 Mt 
and is expected to double in the next 20 years. Most household wastes accumulates in landfills or are 
burnt due to the absence of efficient and economical recycling and valorization processes.1 Such a 
situation causes severe damage to the environment and emissions of large amount of CO2.2

The implementation of a circular economy of plastics lies on three main axes: drastic reduction of
the leakage of wastes in the nature, the decoupling of plastic production from fossil resources and up-
taking efficient recycling processes.

Today, while mechanical recycling is the most useful method to valorized plastic, the matter is 
however degraded by melting and most of the recycled polymer must be combined with virgin resins to 
retain the desired physical properties. Chemical recycling, which is the depolymerization of materials 
into valuable monomers useful for the production of recycled virgin quality plastics or chemicals for 
industry, now emerged as a long-term strategy complementary to mechanical recycling.3 Some well-
known catalytic methods have been developed for depolymerizing oxygen and nitrogen containing 
polymers such as the solvolysis processes (hydrolysis, aminolysis, alcoholysis). They offer the recovery 
of pure monomers useful for the production of new virgin plastics.

Recently, reductive depolymerization methods appeared as alternative approaches to access new 
value added products from plastics.4 The goal is to develop catalytic systems able to selectively split
and reduce polarized bonds of oxygenated (polyesters, polycarbonates and polyethers) and nitrogened 
(polyamides, polyurethanes) polymers to obtain the corresponding monomers or some valuable 
derivatives (alcohols, amines or hydrocarbons).

Such ways are scarce. Hydrogenolysis methods require noble metals (Ru, Ir) and high pressure and 
temperature.5 In contrast, the hydrosilylation of polyesters and polycarbonates took place under milder 
conditions with metal-based catalysts (Ir(III), Zn(II), Mo(VI)) or boron-based organocatalysts.4

Surprisingly, hydroboranes reductants that could offer distinct reactivity and selectivity due to their higher 
hydride donor ability and additional pronounced Lewis acidity have never been tested.

Inspired by the work of T. J. Marks et al.6 on the reduction of esters, we successfully used
hydroboranes and the 4f-catalyst La[N(SiMe3)2]3 to successfully depolymerize a wide range of 
polyesters and polycarbonates into their corresponding borylated alcohols (Fig.1).7

Fig. 1 Depolymerization of oxygenated plastics with the catalytic system La(III)/HBpin

                                                
1 a) Plastic -The Facts, PlasticsEurope, 2020. https://plasticseurope.org/knowledge-hub/plastics-the-facts-2020/ 
(on 2022/02/03); b)The New Plastics Economy - Rethinking the future of plastics, Ellen MacArthur Foundation & 
McKinsey Company, 2016; https://ellenmacarthurfoundation.org/publications (on 2022/02/03).
2 Atlas du plastique 2020, https://fr.boell.org/sites/default/files/2020-03/Atlas%20du%20Plastique%20VF_0.pdf
3 Jehanno C., Pérez-Madrigal M. M., Demarteau J., Sardon H., Dove A. P. Polym. Chem., 2019, 10, 172.
4 Fernandes A. C., Green Chem. 2021, 23, 7330 ; b) Monsigny L., Berthet J.-C., Cantat T. ACS Sustainable 
Chem. Eng. 2018, 6, 10481.
5 Kumar A., Milstein D. et al, J. Am. Chem. Soc. 2020, 142, 14267.
6 Barger C. J., Motta A., Weidner V. L., Lohr T. L., Marks T. J., ACS Catal. 2019, 9, 9015.
7 Kobylarski M., Berthet J.-C., Cantat T., Chem. Commun. 2022, https://doi.org/10.1039/D2CC00184E
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Organometallic gold(III) complexes have attracted a large attention as potential anticancer agents in the 
last decades. The main advantage of organometallic complexes is their high redox stability in 
physiological media due to the presence of Au-C bounds. In this respect, bis-cyclometalated 
[(C^N^C)AuL]+ and [(C^N^N^C)Au]+ complexes have demontrated great potential.1,2 However, their 
main limitations are the large number of coordination site occupied by the pincer ligands leaving only 
one or no coordination sites for available for other ligands. Moreover, the amount of substitution tolerated 
on the pincer ligands are quite narrow meaning the possibility of variation of these scaffolds are quite 
limited. To enlarge the the scope of structures that can be tested and potentially explore new modes of 
actions while preserving the high redox stability of bis-cyclometalated complexes, a reorganization of 
their coordination sphere appeared as a promising potential. Using a biphenyl ligand giving two Au-C 
bounds would preserve the high redox stability of bis-cyclometalated complexes while offering two 
coordination sites available for various ligands to optimize the anticancer properties of the complexes. 
Our results on the synthesis and anticancer activity of biphenyl-Au(III) complexes presenting N- and P-
donor ligands as anticancer agents will be presented.3 
 
 

 
Fig. 1: Reorganization of the coordination of previously reported cyclometalated Au(III) complexes leading to the 
[(C^C)Au(N^N)]+ scaffolds. 
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Texte:  
 

 Metallo-supramolecular polymeric assemblies are a new class of materials that has emerged in 
the last few decades.1 These materials have a large range of properties depending on the nature of the 
metal centers and their ditopics ligands. The reversibility of their linkages can be used to do a 
supramolecular chiral recognition between enantiomeric molecules. This ability can lead to self-
discrimination or self-recognition and generate pairs of enantiomers that are homochiral or heterochiral 
complexes.2 

 Our recent advances in this field will be presented.3 We will describe how the CuI/CuII redox 
transition shows a chiral self-recognition or a self-discrimination through electrochemical studies. This 
phenomenon is also observed with the metallo-supramolecular copolymers, based on the ditopic version 
of these chiral ligands.  
 

 
 

Figure 1 Principle of the electrochemically-induced control of the metallo-polymer arrangement: generation of 

block or alternating metallopolymers through the selective formation  

of homoleptic (top) or heteroleptic complexes (down).  
 
 
 
 
 
 
 
 
 
1.  a) Whittell G. R.; Hager M. D.; Schubert U. S.; Manners I. Nat. Mater. 2011, 10, 176. 

     b) Wojtecki R. J.; Meador M. A.; Rowan S. J. Nat. Mater. 2011, 10, 14. 

2. Yang Y.; Liang J.; Wei Z., Nat. Commun. 2018, 9, 3808. 
3. Marinova M. ; Bonnefont. A. ; Bellemin-Laponnaz S. Chem. Commun. 2020, 56, 8703. 
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Texte: We present the synthesis and use of new hybrid polyoxometalates (POMs) as photoinitiating 
systems when associated to N-methyldiethanolamine (MDEA, an electron donor) for the free-radical 
photopolymerization of acrylate derivatives. Three original organoimido derivatives 
(TBA)2[O18Mo6(NC6H4C(O)C6H5)] (POM-AB), (TBA)2[O18Mo6(NC14H9)] (POM-AC) and 
(TBA)2[O18Mo6(NC14H7O2)] (POM-AQ) which consist on the covalent grafting of benzophenone, 
anthracene or anthraquinone moiety respectively on the POM platform have been synthesized and fully 
characterized. Notably, these compounds were optimally obtained in a very short reaction time (1h) in 
comparison to previously reported POM imido derivatives.1 As expected, the strong electronic 
interactions between the hexamolybdate core and the organic part through Mo-N triple bond lead to a 
strong red shift of the absorption bands in the UV-Vis spectra along with higher � values compared to 
the organic precursors. As a consequence, these POM-based systems interestingly appear as efficient 
photoinitiators working under visible light irradiation. 

 

 

Figure:  Top: synthetic pathway of the organoimido POM derivatives (POM-AB, POM-AC and POM-AQ). Down: 
molecular structures of POM-AB (left) and POM-AC (right). TBA cations and H atoms were omitted for clarity. 
Turquoise spheres: Mo, red spheres: O, blue spheres: N, grey spheres: C. 

 
1.  Zhu, Y.; Xiao, Z.; Wang, L.; Yin, P.; Hao, J.; Wei, Y.; Wang, Y. Dalton Trans. 2011, 40, 7304. 
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Since the pioneering work of Wrighton,1 redox-active ligands have been used to alter a catalyst reactivity 
(redox-switchable catalysis).2 Most examples rely on ferrocene, the redox behaviour of which is well-
known and which offers a wide range of possibilities for functionalization. Dirhodium(II) complexes 
bearing ferrocenyl ligands have been reported as early as 1982 and since then, various ferrocene-based 
ligands have been introduced.3 However, surprisingly, the redox-active character of ferrocene has never 
been exploited in this chemistry. 
We describe here the synthesis of several ferrocene-based carboxylic acids and of the corresponding 
heteroleptic [Rh2(OAc)3(L)] complexes, where L is the ferrocenyl-functionalised ligand. Their 
electrochemical properties have been investigated and a few selected dirhodium(II) complexes have 
been used in the catalysed intramolecular decomposition of a diazo substrate. 
We showed that the oxidation of the ferrocenecarboxylate ligand has an effect on the chemoselectivity 
of the dirhodium-catalysed diazo decomposition, and thus that the electronic properties of a complex 
can be tuned without exchanging ligands.4 
 

   
 
 
Fig. 1 Rh(II)-catalysed decomposition of a diazo compound: effect of ferrocenyl ligand oxidation on the I:II ratio. 
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2. Selected reviews : a) Allgeier, A. M. ; Mirkin, C. A. Angew. Chem. Int. Ed. 1998, 37, 894. b) Luca, O. R. ; 

Crabtree, R. H. Chem. Soc. Rev. 2013, 42, 1440. c) Choudhury, J. Tetrahedron Lett. 2018, 59, 487. d) Maity, 
R. ; Birenheide, B. S. ; Breher, F. ; Sarkar, B. ChemCatChem 2021, 13, 2337. 

3. a) Noels, A. F. ; Demonceau, A. ; Petiniot, N. ; Hubert, A. J. ; Teyssié, P. Tetrahedron 1982, 38, 2733. b)  
Estevan, F. ; Lahuerta, P. ; Latorre, J. ; Peris, E. ; García-Granda, S. ; Gómez-Beltrán, F. ; Aguirre, A. ; Salvadó, 
M. A. J. Chem. Soc., Dalton Trans. 1993, 1681. c) Sawamura, M. ; Sasaki, H. ; Nakata, T. ; Ito, Y. 
Bull. Chem. Soc. Jpn 1993, 66, 2725. d) Xue, W.-M. ; Kühn, F. E. ; Herdtweck, E. ; Li, Q. Eur. J. Inorg. Chem. 
2001, 2001, 213. e) Vosáhlo, P. ; Harmach, P. ; Císa�ová, I. ; Št�pni�ka, P. J. Organomet. Chem. 2021, 953, 
122065. 
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Texte: The organometallic chemistry of lanthanides has long been dominated by the use of the classical 
5-membered monoanionic cyclopentadienyl (Cp) ligand and its derivatives.1 Another major impetus 
in the organolanthanide chemistry was brought by the introduction of the larger and dianionic 
cyclooctatetraene (COT) ligand, which led to the synthesis and characterisation of numerous examples 
of lanthanide complexes.2 With the exception of the COT ligand, organolanthanide complexes 
containing large aromatic ligands (7 or more atoms in the ring system) are relatively scarce.3 

Over the past few years, we have been interested in the development of novel lanthanide 
complexes featuring large carbon-based ligands, especially the monoanionic 9-membered 
cyclononatetraenyl (Cnt) ligand (Figure 1).4 Such ligands may confer promising magnetic properties 
to the corresponding Ln complexes,5-6 as well as provide modular coordination modes.7 For example, 
using the Cnt ligand, linear4 and propeller-like8 complexes were obtained using divalent and trivalent 
lanthanides, respectively (Figure 1). 
 Current research ongoing in our laboratory is directed to the design of novel organolanthanide 
complexes containing larger and more expanded aromatic ligands in order to tune their magnetic 
and structural properties. 

 
Fig. 1 Organolanthanide complexes containing large (8- and 9-membered) aromatic ligands developed by our 
group.  
 
1.  Wilkinson, G.; Birmingham, J. M. J. Am. Chem. Soc. 1954, 76, 6210 
2.  Hodgson, K. O.; Mares, F.; Starks, D. F.; Streitwieser, A. J. Am. Chem. Soc. 1973, 95, 8650 
3.  Stetsiuk, O.; Cemortan, V.; Simler, T.; Nocton, G. Larger Aromatic Complexes of the Group 3 Metals and 

Lanthanides. In Comprehensive Organometallic Chemistry IV; Elsevier, 2021 
4.  Xemard, M.; Zimmer, S.; Cordier, M.; Goudy, V.; Ricard, L.; Clavaguera, C.; Nocton, G. J. Am. Chem. Soc. 

2018, 140, 14433 
5.  Moutet, J.; Schleinitz, J.; La Droitte, L.; Tricoire, M.; Pointillart, F.; Gendron, F.; Simler, T.; Clavaguéra, C.; Le 

Guennic, B.; Cador, O.; Nocton, G. Angew. Chem., Int. Ed. 2021, 60, 6042 
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Rinehart, J. D.; Ruben, M.; Le Guennic, B.; Cador, O.; Roesky, P. W.; Nocton, G. Chem. Eur. J. 2021, 27, 13558 
8.  Stetsiuk, O.; La Droitte, L.; Goudy, V.; Le Guennic, B.; Cador, O.; Nocton, G. Organometallics 2022, 41, 133 
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Texte: We report the first example of ratiometric luminescent thermometers based on lanthanide 
molecular species encapsulated in a lanthanide metal–organic framework (MOF). In EuW10@Tb-
TATB, the [EuW10O36]9− polyoxometalate (POM) is incorporated into the cavities of the mesoporous 
terbium MOF Tb-TATB with two different POM loadings (9.1 and 19.5 wt%). Eu3+ and Tb3+ ions of the 
POM and MOF, respectively, act as emitters. Noticeably, optical measurements evidence efficient 
Tb3+-to-Eu3+ energy transfer, suggesting that the EuW10 units are close to terbium centers. These 
observations are supported by computational investigations whereby a favored localisation of the POM 
in the MOF's pores evidences hydrogen bonding between terminal oxygen atoms of the POM and Tb-
coordinated water molecules. Importantly, the reported materials act as a temperature sensor in the 
physiological domain, exhibiting high relative thermal sensitivities of 2.68% K−1 and 2.37% K−1 at 300 
K for the 9.1 POM wt% and 19.5 POM wt% composites, respectively, with a thermal uncertainty of 
0.09 K.1 

 

 
 
Fig. 1 Representation of the two components of the EuW10@Tb-TATB composites, images of crystals of Tb-TATB 

and EuW10@Tb-TATB under 365 nm irradiation and the relative thermal sensitivity of the two composites. 

 
1. Viravaux, C. et al. Temperature sensors based on europium polyoxometalate and mesoporous terbium 

metal–organic framework. J. Mater. Chem. C, 2021, 9 (26), 8323-8328. 
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Chain shuttling copolymerization (CSP), is a powerful tool allowing the access to multiblock / segmented 
copolymers with original microstructures in a one-pot one-step route.1 In CSP, initially developed for 
ethylene / 1-alkene systems,1 the growing macromolecular chain is allowed to “shuttle” by 
transmetallation via an organometallic chain transfer agent (CTA) between two catalysts presenting a 
difference in comonomers reactivity ratios, and thus leading to statistical copolymeric blocks of different 
composition. If chain shuttling homopolymerization systems, where only one monomer is involved, have 
been well explored,2 it appears that since the seminal work on ethylene/1-alkene comonomers, the 
synthesis of original multiblock microstructures by chain shuttling copolymerization was extended to only 
one other comonomers combination, i.e styrene / conjugated diene, by rare earth based catalysts.3 
 
In the present work, the unprecedented CSP of two polar monomers, L-lactide and ε-caprolactone, has 
been achieved by Ring Opening Polymerization (ROP) monitored by two aluminum catalysts presenting 
different selectivities and benzyl alcohol as the chain transfer agent. A newly synthesized 
aminobisphenolate-supported aluminum complex affords the formation of lactone rich poly(L-lactide-co-
lactone) statistical copolymeric blocks, while Al(OiPr)3 produces semi-crystalline poly(L-lactide) rich 
blocks.4  

 
Fig. 1 Lactide-lactone chain shuttling copolymerization involving two aluminum-based catalysts and a 
chain transfer agent (CTA, BnOH in the present work) 
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2. For example see: (a) Phuphuak, Y.; Bonnet, F.; Stoclet, G.; Bria, M.; Zinck, P. Chem. Commun. 2017, 53, 5330-

5333. (b) Liu, B.; Cui, D. Macromolecules 2016, 49, 6226–6231. 
3. (a) Pan, L.; Zhang, K.; Nishiura, M.; Hou, Z. Angew. Chem. Int. Ed. 2011, 50, 12012-12015. (b) Valente, A.; 
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Herein we disclose simple and efficient experimental protocols for the synthesis of new amidinium-2-
dithiocarboxylate betaines derived from caffeine and theophylline via the intermediacy of N-heterocyclic 
carbenes (NHCs). The NHC·CS2 zwitterions obtained will serve as ancillary ligands to prepare a wide 
range of transition metal complexes, whose biological activities and catalytic properties will be 
evaluated. Preliminary results achieved for the synthesis of ruthenium complexes are described. 
 
Caffeine and theophylline are two substrates of choice for generating new ligand systems, thanks to 
their wide availability from natural sources, low cost of extraction, and ability to form different types of 
carbenes. However, caffeine is an extremely poor nucleophile and we were only able to methylate its 
N9 position using trimethyloxonium tetrafluoroborate under harsh conditions. Recourse to other 
alkylating agents remained largely unsuccessful. To circumvent this difficulty, we reasoned that longer 
alkyl chains should be first introduced onto theophylline, which is more reactive toward nucleophilic 
substitution than caffeine, followed by a methylation of the intermediate N7 monoalkyl derivative. Indeed, 
this alternate strategy allowed us to synthesize a set of 1,3,9-trimethyl-7-alkylxanthinium salts with 
various chain lengths in moderate to good yields. We then successfully trapped the free carbene 
generated in situ from these imidazolium salts with carbon disulfide to form the corresponding NHC·CS2 
zwitterions. The cleavage of the [RuCl2(p-cymene)]2 dimer with 2 equivalents of the NHC·CS2 betaines 
obtained afforded monometallic ruthenium–arene complexes with the generic formula 
[RuCl(S2C·NHC)(p-cymene)]PF6. We also used 6 equivalents of the dithiocarboxylate ligands to prepare 
dicationic homoleptic [Ru(S2C·NHC)3](PF6)2 complexes. 
 
 
 

 
 
Fig. 1 Synthesis and complexation of dithiocarboxylates zwitterions derived from xanthines 
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Herein, we report the synthesis and the X-ray diffraction analysis of a porous UiO-type thorium-based 
Metal-Organic Framework (MOF) as Th6O4(OH)4(H2O)6(azbdc)6·DMF. It is constructed from the 
hexanuclear secondary building unit (SBU) of {Th6O4(OH)4(H2O)6} type, assembled in a 3D cubic 
network with the ligand 4,4’-azobenzenedicarboxylate (noted azbdc2-), which has been previously 
reported with the zirconium metallic center1. The crystal growth during the solvothermal synthesis was 
monitored by the use of a variety of different monocarboxylic acids as modulators (such as 2-naphtoïc 
acid and formic acid).  
 Full characterization study has been conducted for the different modulators, to optimize the BET 
surface area and the thermal stability of the framework. Indeed, by using a smaller modulator such as 
formic acid instead of the bulkier 2-naphthoic acid, we obtain a BET surface area up to 1195 m2/g (from 
N2 sorption at 77K) for the as-synthesized Th-UiO-azbdc. Moreover, different gas uptake performances 
have been evaluated for Kr, Xe, CH4 and CO2 adsorption at both 273K and 293K, with values of 9.3-
7.1, 35.9-23.6, 7.7-6.1 et 24.9-11.7 cm3/g, respectively.  
 Finally, the accurate location of the backbones of the azbdc2- linker (except the carboxylate arms) 
was not possible from the single-crystal XRD analyzes, due to the occurrence of large statistical 
disorder. In order to get a complete view of the structure and circumvent the positional disorder of the 
linkers resulting from the diffraction analysis, we used dispersion-corrected density functional theory 
(DFT) level calculations to perform geometry optimizations of the periodic crystal structure and propose 
a precise localization and orientation of the azbdc2- linkers.    
 

 
 

Fig. 1 Structural, optical and scanning electronic microscopy images of the Th-UiO-azbdc. 

 

 

(1)  Gao, W. Y.; Thiounn, T.; Wojtas, L.; Chen, Y. S.; Ma, S. Two Highly Porous Single-Crystalline Zirconium-
Based Metal-Organic Frameworks. Sci. China Chem. 2016, 598, 59 (8), 980–983.  
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Over the last years, the combination of N-Heterocyclic Carbenes (NHCs) and helicenic moieties in ligand 
structures has gained great attention with significant developments mainly focused on chiral helicenic 
NHC-complexes with intriguing emission properties.[1] Conversely, the implementation of chiral helicenic 
NHC-complexes in asymmetric catalysis is still in its infancy with only two examples reported up to 
now.[2]  
 
In this communication, we will present the new helicenic NHC A, in which the fluorenyl-derived [5] and 
[7]-HelFlu helicenes are grafted on the IPy core. An improved synthetic access toward the [5]-and [7]-
HelFlu helicenes,[3] their coupling with the imidazopyridinium core by a SNAr-type reaction, as well as 
the generation and coordination chemistry of NHC A and its derivatives will be described. The activity 
of the prepared gold(I) complexes in enantioselective gold-catalyzed reaction will be also presented.[4] 
 

 
 
 
 
 
 
1.  Gauthier, E. S.; Abella, L.; Hellou, N.; Darquié, B.; Caytan, E.; Roisnel, T.; Vanthuyne, N.; Favereau, L.; Srebro-

Hooper, M.; Williams, J. A. G.; Autschbach, J.; Crassous, J., Angew. Chem. Int. Ed. 2020, 59, 8394-8400. 
2. a) Sanchez, I. G.; Samal, M.; Nejedly, J.; Karras, M.; Klivar, J.; Rybacek, J.; Budesinsky, M.; Bednarova, L.; 

Seidlerova, B.; Stara, I. G.; Stary, I., Chem. Commun. 2017, 53, 4370-4373; b) Karras, M.; D�browski, M.; Pohl, 
R.; Rybá�ek, J.; Vacek, J.; Bednárová, L.; Grela, K.; Starý, I.; Stará, I. G.; Schmidt, B., Chem. Eur. J. 2018, 24, 
10994-10998. 

3. Pallova, L.; Gauthier, E. S.; Abella, L.; Jean, M.; Vanthuyne, N.; Dorcet, V.; Vendier, L.; Autschbach, J.; 
Crassous, J.; Bastin, S.; César, V., Chem. Eur. J. 2021, 27, 7722–7730. 

4. Pallova, L.; Abella, L.; Jean, M.; Vanthuyne, N.; Barthes, C.; Vendier, L.; Autschbach, J.; Crassous, J.; Bastin, 
S.; César, V., Chem. Eur. J. 2022, n/a, e202200166. 
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Abstract: 

 
Due to the CBRN (Chemical, Biological, Radiological and Nuclear) threats, the development of 

efficient personal protective equipment (PPE) has been highly investigated. Recently, Metal-Organic 
Framework (MOF), a crystalline and highly porous hybrid material family, have appeared as a new 
promising candidate for the adsorption and/or degradation of chemical threats, like chemical warfare 
agents (CWAs).1  

 
In this study, we present an innovative synthesis method of MOF-textile composite by 

microwave irradiation, which allows a direct anchoring of the MOFs on fibers (Fig. 1). Research has 
been focused on two Zr-based MOFs, UiO-66 and UiO-66-NH2, which are known for their efficiency in 
CWA detoxification. To enhance the amount of MOF deposited and therefore the detoxification capacity, 
multilayers of MOFs have been synthetized. Due to the importance of mechanical strength for PPE, 
normed abrasion tests have been performed. Stable composites were obtained with polyamide (PA) 
fibers, while cotton fibers were fragilized by the microwave synthesis.  

 
The protective efficiency of the MOF/textile composite have then been tested against a chemical 

threat, i.e dimethyl n-nitrophenylphosphate DMNP, a common CWA simulant. The best composite for 
DMNP degradation was found for a 10 layered UiO-66-NH2/polyamide composite, showing a short half-
life, i.e. the time to detoxify 50 % of DMNP, of 30 min.2  
 

 
Fig. 1 Schema and SEM images of polyamide fiber functionalized by UiO-66-NH2 particles with microwave-

assisted synthesis. 
 
(1)  Liu, Y.; Howarth, A. J.; Vermeulen, N. A.; Moon, S.-Y.; Hupp, J. T.; Farha, O. K. Coord. Chem. Rev. 2017, 

346, 101–111. https://doi.org/10.1016/j.ccr.2016.11.008. 
(2)     Couzon, N. ; Sauvage, R-M. ; Ferreira, M. ; Campagne, C. ; El-Arachi A. ; Loiseau, T. ; Volkringer, C. 
submitted 
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Copper-catalyzed decarboxylation process of aromatic carboxylic acids has been intensively studied 

thanks to its efficiency in the formation of C-C or C-heteroatom bonds.1 However, limited substrate 

scopes and forcing reaction conditions remains as drawbacks.2,3 Therefore, a mechanistic 

understanding of these processes is of interest to facilitate these complex systems. 

One proposition to exploit these systems is to track the process by dynamic isotope exchange. This 

reversible decarboxylation reaction has been successfully proved, in which 14CO2 (or 13CO2) was 

transferred to a series of aryl carboxylic salts using copper as catalyst.4  

To carried on from this work, and because nitrogen ligand are helpful for this transformation, the aim is 

to isolate potential copper(I) intermediates with the choice of phenanthroline (phen) as ligand. Once 

different copper(I) species are isolated and characterized, the goal is to investigate their reactivity toward 

decarboxylation/carboxylation processes via multiple analysis methods, for instance, NMR 

spectroscopy, cyclic voltammetry and DFT calculation. 

In order to enhance copper(I) aryl complexes stability and to avoid common redistribution of the ligand,5,6 

we focus on the bulky 2,9-ditertbutyl-1,10-phenanthroline ligand (dtbp),7 which was applied for the 

synthesis of aryl carboxylated and aryl copper(I) complexes. 

 

Fig. 1 Copper-catalyzed dynamic isotope exchange of CO2  

 
 
 
 
 
 
1. Goossen, L.J; Rodriguez, N. Chem. Soc. Rev, 2011, 40, 5030. 
2. Ye, W; Peng, H; Min, Z; Weiping, S. Chem. Rev. 2017, 117, 8864. 
3. Goossen, J.L; Rodriguez, N; Goossen, K. Angew. Chem. Int. Ed. 2008, 47, 3100. 
4. Cantat, T; Audisio, D. JACS. 2019, 141, 780. 
5. Do, H.Q; Khan, R.M.K; Daugulis, O. JACS. 2008, 130, 15185. 
6. Baur, A; Bustin, K.A; Aguilera, E; Petersen, J.L; Hoover, J.M. Org. Chem. Front, 2017, 4, 519. 
7. Pallenberg, A.J; Koenig, K.S, Barnhart, D.M. Inorg. Chem. 1995, 34, 2833. 
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Text: 

 
Human energetic paradigm currently implies getting low oxidation state carbon (fossil oil) to upper states 
(as CO2). To move from this linear system to a more sustainable one, renewable carbon sources such 
as biomass or polymer wastes are good candidates but are often highly oxidized. Therefore, to valorize 
such substrate, versatile reductants and related methodologies are required. Hydroboranes present 
suitable electro-redox potential for the carbon-oxygen bonds reduction. A major drawback is the 
synthesis of such reductants, highly energy consuming. The hydroboranes are synthesized from BH3,1 
and end as oxygenated wastes after use. Activation of small molecules such as hydrogen is well-known 
with boron derivative in the Frustrated Lewis Pair (FLP) chemistry2. Herein we report the first example 
of H2 activation and followed by hydrogenolysis of the B-chloroborane bond to form hydroborane 
derivatives in quantitative yields. We also found that in our method the chloroborane can act as surrogate 
for hydroborane given our hydrogenolysis conditions are compatible with hydroboration conditions, 
allowing domino reactions without hydroborane isolation. Thus, this extend the possible applications of 
chloroboranes in synthesis. It also paves the way for hydroboranes synthesis from other B-X 
compounds. 

 

 
 

Fig. 1 : Hydrogenolysis of chloroboranes in boranes with an organic base, applications and context 

 
(1)  Brown, H. C.; Klender, G. J. Inorg. Chem. 1962, 1 (2), 204–214. https://doi.org/10.1021/ic50002a003. 
(2)  Ginovska, B.; Autrey, T.; Parab, K.; Bowden, M. E.; Potter, R. G.; Camaioni, D. M. Chem. – Eur. J. 2015, 21 

(44), 15713–15719. https://doi.org/10.1002/chem.201501899. 

 


