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Photoinduced transfer of single electrons has been investigated intensively over the past few decades, but 

the transfer of multiple electrons is yet a significant challenge. Artificial photosynthesis will likely have to rely 

on multi-electron transfer, and consequently it seems desirable to explore the basic concepts of light-driven 

accumulation of redox equivalents.1 

This talk will begin with a few recent case studies of somewhat unusual single electron transfer reactions.i,ii,iii 

In the second part of the talk, the importance of proton-coupled electron transfer (PCET) will be discussed,iv 

and in the third part some recently discovered multi-electron transfer systems will be presented.v Lastly, a 

case study of multi-electron photoredox catalysis will be shown.vi 
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Light is a fascinating reagent for chemistry as it provides 

energy to drive kinetically hindered or endothermic reactions, 

but leaves no trace even if used in large excess. The Italian 

chemist Giacomo Ciamician promoted the use of visible light 

in chemistry already more than 100 years ago,i but only in the 

last decade, photoredox catalysis has regained enormous 

interest.ii Colored, redox active dyes, metal complexes or 

semiconductors convert visible light into redox energy 

allowing photoinduced electron transfer.iii The resulting 

reactive intermediates are then utilized in chemical reactions.iv 

Specific advantages of photocatalysis in synthesis are the 

typically rather mild reaction conditions under which highly 

reactive species are generated. This allows the late stage 

functionalization of complex and sensitive molecules and 

enables hitherto unknown transformations. Particular fruitful 

is the combination of photocatalysis with metal- or 

organocatalysis, as dual catalysis, allowing stereoselective 

reactions or the activation of CO2 for synthesis.v The lecture 

will provide a brief overview of the key principles and discuss 

several recent synthetic applications.2 
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Epigenetic information is for example stored in the form of modified bases in the genome. The positions and 

the kind of the base modifications is one factor that determines the identity of the corresponding cell. Setting 

and erasing of epigenetic imprints is one factor that controls the development process from a zygote over an 

omnipotent stem cells to finally an adult specialized cell. The underlying biochemical mechanism are largely 

unknown. I am going to discuss results related to the function and distribution of the new epigenetic bases 

5-hydroxymethylcytosine (hmC), 5-formylcytosine (fC), 5-carboxycytosine (caC), and 5-hydroxymethyluracil.i 

These nucleobases seem to control epigenetic programming of cells. Synthetic routes to these new bases 

and to isotope derivatives will be discussed that enable the preparation of oligonucleotides. These 

oligonucleotides allow high end mass spectrometry studies for deciphering the biological functions of the 

new bases.ii In particular, results from quantitative mass spectrometry, new covalent-capture proteomics 

mass spectrometry and isotope tracing techniques will be reported.iii Finally I am dicussing potential präbiotic 

origins of modified bases.iv3 
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1、a rare example of molecular spin catalysis in copper-catalyzed aziridination performed by a 

copper complex bearing two redox-active iminosemiquinone ligands was found.i4 
 

 
2、A new chiral redox active ligand was designed ans synthesized.  Then a series of copper 
complexes were synthesized and characterized.ii 
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Allenes are very resourceful molecular scaffolds. They find their applications in a wide range of fields 
such as organic chemistry, organometallic chemistry or in medicinal chemistryi. Recently, it has been 
shown that when substituted with a pyridine moiety (1) they can undergo in some cases a cyclisation 
process through electrophilic activationii. In this respect, exploring the different possibilities of pyridyl 
allene cyclisation reaction seems particularly promising.  
 
 
 

 
 
 
 

 

Scheme 1 : Synthesis of gold complexes 2 and X-ray structure 3. 

 

Our research highlights how this process can be extended to afford a broad family of new gold NHC 

complexes 2. A wide range of these ligands has been developed since 1991, exploring electronic and 

chiral properties on different metal centers including goldiii. Designing new NHC ligands in order to 

introduce innovative properties seems particularly exciting. Diastereoselective synthesis and chiral 

preparative HPLC have been accomplished to access enantiopure complexes on the way to asymmetric 

catalysis. Structures have been characterized by X-ray diffraction and their electronic properties are 

evaluated.    
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Elementometalation reactionsi of alkynes, i.e. addition of element-metal bonds across C≡C bonds, are 

currently envisaged as promising “sustainable tools” since they allow the simultaneous creation of carbon-

element (Si, B, Ge…) and carbon-metal (Mg, Zn, Al…) bonds that can then be engaged in the successive 

construction of two new carbon-carbon bonds with step economy.  

In this regard, we have recently developed an original radical approach of elementometalation reactions 

taking advantage of the chemistry of organozinc reagents and we have disclosed a range of protocols for 

the silylzincation of α-heteroatom-substituted alkynes that give access to tri-substituted vinylsilanes with 

excellent control of the double-bond geometry.ii  

In the context of this doctoral project, we have considered the application of this radical approach to 

develop germylzincation reactions of alkynes for the preparation of vinylgermanes. These interesting 

synthetic building blocks offer characteristics that make them useful to overcome some limitations met 

with other more common group 14 homologues such as vinylsilanes and vinylstannanes but have remained 

so far largely underexploited mostly because of the lack of general synthetic methods.iii Here we report the 

regio- and stereoselective germylzincation of both terminal and internal nitrogen-, sulfur- and 

phosphorous-substituted alkynes by reaction with a combination of a hydrogermane and Et2Zn. The 

approach provides a modular access to tri- and tetrasubstituted vinylgermanes. We also demonstrate the 

synthetic potential of this construction of orthogonally 1,2-dimetalated alkenes. 
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Evidenced 25-years ago, cell-penetrating peptides (CPPs) represent attractive delivery systems to transport 

drugs into cells. Although significant improvements have been achieved in this direction, several 

technological locks remain, from the efficacy of the drug delivery process to the peptide bio-distribution 

and degradation in the body. Many of these locks could be attributed, at least in part, to the lack of 

selectivity of peptide targeting towards the desired cells or structure. Most CPPs indeed lack specificity of 

cell internalizationi, an observation showing that there is a need to improve this aspect for future peptide-

based drug delivery systems. In this context, a recent example of cell specificity comes from the study of 

homeoproteins, a family of proteins that enter cells and are at the origin of one of the first CPP described, 

Penetratin (RQIKIWFQNRRMKWKK). A long motif within Otx2 homeoprotein, distinct from the Penetratin 

sequence, specifically interact with some sulfated glycosaminoglycans (GAGs) and restrict the 

internalization of the protein to a specific sub-population of cortical neurons, the parvalbumin 

interneuronsii. We have recently extended this observation to another homeoprotein, Engrailed2, into 

which an analogous motif in this protein also interacts with GAGs but with a different selectivityiii. The aim 

of the PhD work (Scheme 1) is to design new chimeric peptides (GAG-recognition motif coupled to cell-

penetration sequence) with selectivity and delivery potency towards cancer cells expressing high-levels of 

AGs, and to characterize at the molecular and cellular levels the fundaments for this selectivity. 

 
 

Acknowledgments: ENS and East China Normal University (ECNU) for the 4-years PhD grant through 
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Scheme 1: chimeric peptides 
containing a GAG-recognition 
motif and a cell-penetration 
sequence designed as new 
drug delivery systems 
targeting specifically cancer 
cells expressing high levels of 
GAGs. 
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Cobalt-catalyzed C−H functionalizations have emerged as an increasingly powerful tool in molecular 

syntheses. Hydroarylations of alkenes by C−H activation have proven atom-economical C−H alkylations.i 

The full control of the enantioselectivities is paramount for the development of synthetically useful C−H 

additions onto unbiased alkenes. Reports on branching hydroarylations of unactivated alkenes are scarce, 

with recent progress being elegantly achieved using precious iridium complexes.ii And enantioselective C-H 

alkylation are still missing.iii 

Herein we described Cobalt(III) Complexes catalyzed regio- and enantioselective between indoles and 

unactivated alkenes yielding the more crowded branched-alkylated indoles. Our strategy, on one hand, we 

try different amino acid derivatives as the chiral ligand to induce the chiral branched-selective C−H 

alkylation. On the other hand, we synthesis chiral cyclopentadienyl CpxCo(III) complexes which was 

expected to have a large application potential in enantioselective transition-metal catalysis.8 
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The demand for a green and sustainable energy source has recently forced several investigators to search 

the feasible conversion of CO2 into gaseous and liquid fuels. The electrochemical conversion of CO2 into 

liquid fuels as a way of renewable energy storage has been investigated in the past a few decades. The 

current scientific bottleneck is the development of effective catalysts for CO2 reduction. Redox enzymes 

that catalyze this reaction in nature provide a unique inspiration to this process (Scheme 1). This research 

project aims to develop new catalytic systems for the reduction of CO2 into energetically more valuable 

products by taking inspiration from naturally occurring systems in enzymes. 

 

Scheme 1: Identified actives sites of [MoCu] CO deshydrogenase (a), [NiFe] CO deshydrogenase (b), Mo 

formate dehydrogenase (c) [4Fe-4S]-siroheme in the active site of sulfite reductase (d) Cytochrome c 

Oxidase 

 
 

Recently, catalysts contain earth abundant metals that are merged in or immobilized on N- doped 

carbon materials have been demonstrated as promising catalysts for CO2 reduction to CO, syngas and 

hydrocarbons with substantial durability. I These well-defined isolated metal-N4 sites are good 

candidate as heterogeneous catalysts for carbon dioxide reduction with reminiscent structure of active 

sites of the redox enzymes. In this PhD project we have been investigating the synthesis, structural and 

morphological characterization characterisation and CO2RR activity of a copper-nitrogen-doped 

carbon material (Cu-N-C), presenting well-defined isolated CuN4 sites integrated in a carbon matrix. 

This material is prepared by a cheap and simple pyrolytic route, affording only site-isolated copper 

species. This material achieves CO2 electroreduction as well as CO electroreduction to C2 products. This 

paves the way for the use of site-isolated catalysts for multi-carbon product generation by CO2 

reduction.9 
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Tuberculosis (TB) is a serious infectious disease usually caused by the bacterium mycobacterium 

tuberculosis (MTB). It is the ninth leading cause of death worldwide ranking above AIDS.i Instead of 
using time-consuming and complicated treatment to heal patients, vaccine is a better solution to fight 
against TB before people's infection.ii However, the most prevailing Bacillus Calmette-Guérin (BCG) 
vaccine is not reliable enough to meet today's need, with effective rate varying from 0 to 80%.iii So a 
novel vaccine is needed urgently. 

Lipoarabinomannan (LAM) is one of the major constituent of M. tuberculosis cell wall.iv It has been 
well-documented that LAM plays an essential role in a number of important immunological events 
related to mycobacterial infection.v However, its structure is too complicated to synthesize using 
current methods. So a series of LAM mimetics (LMs) have been designed and prepared using classical 
chemical method and biological ways by enzyme. Then the synthesized LMs will be used for conjugation 
with MTB protein as the vaccine candidates, and their biological activity will be evaluated. 
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Gold-catalyzed cycloisomerization reactions and domino processes have become in recent years a 

straightforward and atom-economical tool for access to highly functionalized carbo- and 

heterocycles.[1] Despite significant progress in the development of enantioselective gold(I) catalysis,[1,2] 

challenges still remain largely as a result of the high substrate-dependency and the linear geometry 

the chiral gold(I) complexes. Considering our continuous interests on asymmetric gold catalyzed 

cyclizations,[3] and for diversity-oriented synthesis (DOS),[4, 5] we focus on cyclofunctionalization 

reactions on carbonyl-yne[6] or enyne units[7,8] with different chiral gold and silver catalysts based on 

atropisomeric ligands and imidazo[1,5-a]pyridinylidene ligands.  

 
 

The scope and limitations as well as recent results will be presented.11 
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Unlike chemists, nature knows how to master the primary structure of polymers such as proteins or 
DNA. It is this order in the attachment of different monomers that confers them with extremely diverse 
functions. Our aim is to mimic such elaborated tools and build synthetic hierarchical assemblies using 
building blocks of a molecule with the ability to self-assemble: cyclodextrin (CD).  
 
The strategy is based on the synthesis of tri-functionalized cyclodextrinsi :  

 a hydrophobic moiety that will allow the CD monomers to form a supramolecular polymer, 

 a trinucleotide (called codon) who will interact with a DNA-matrix that will control the 
sequence and the size of this polymer, 

 different functions that will, once the polymer if formed, highlight different properties (optical 
for example) 
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The global situation of bacterial diseases has become a concern in the last years due to the lack of new 
drugs and antibiotic resistance. Since 2000, only eight antibacterial molecules have received marketing 
authorization (AMM). Furthermore, despite the discovery over the last twenty years of compounds 
with an interesting antibiotic activity, few of them belong to new chemical classes or have the required 
properties to become drugs or to circumvent resistance problems.i-iii At present, to accelerate drug 
development with relatively low costs and reduced risks, pharmaceutical companies are developing 
new approaches from existing drugs. This methodology known as drug repurposing allows the 

development of new indications for existing drugs with well-known pharmacokinetic profiles.iv 
The antimicrobial activity of bisacodyl, a drug used in therapeutics as a laxative, has already been 
described by our group. Ten original ferrocenyl analogues were synthesized and biological results 

displayed that these compounds to be more bactericides than bacteriostatic.v 
My doctoral project focuses on the synthesis of two new series of bisacodyl analogues and the study 
of their antimicrobial activity. The analogues were synthesized from commercially available reagents 
via a Friedel-Crafts reaction. The first series concerned functionalization with PEG fragments to 
increase solubility. The second series explored the influence of the introduction of amino chains and 
cyclic aromatics. The biological study was performed in polystyrene micro-assay plates, using 
levofloxacine, a broad-spectrum antibiotic, as a control against Gram-positive and Gram-negative 
pathogens.  
 

 

N

OAcAcO

R= PEG ou H,amino chains
or cyclic aromatics

N

ORRO

N

ORAcO

Bisacodyl

Pharmacomodulation

 
Acknowledgments : PHC UTIQUE, Campus France.13 

 
                                                 
i. D. Brown, Nature Review Drug Discovery, 2015, 14, 821. 

ii. E. Oldfield, X. Feng, Trends in Pharmacological Sciences, 2014, 35, 664-674. 

iii. B. D. Brooks, A. E. Brooks Advanced Drug Delivery Reviews 2014, 14-27. 

iv. C. G. Wermuth, Journal of Medicinal Chemistry 2004. 47, 1303-1314. 

v. M. Görmen, M. Sylla-Iyarreta Veitía, F.Trigui, M. Elarbi, C. Ferroud, Journal of Organometallic Chemistry 

2015, 794, 274-281. 

 Antimicrobial activity     



 

 

Journées de Chimie Moléculaire 2018       Gaëtan BASUYAUX 
 

Chiral supramolecular assemblies of metallo-polymers 

gaetan.basuyaux@upmc.fr 

AMOURI Hani, BOUTEILLER Laurent, MOUSSA Jamal, RAYNAL Matthieu 

IPCM : 4 place Jussieu 75005 Paris 

 

In this oral communication, we describe the synthesis of some chiral metallo-polymers. The first 

part of this talk concerns the preparation of platinum(II) bis-urea metallo-polymers (figure 1). The solution 

behavior of the hybrid polymer mainly the sergeant-soldier phenomenon was examined in the presence of 

optically active bis urea polymers which behave as sergeants.i This effect describes the chiral transfer and 

amplification towards achiral molecules using small portion of optically active molecules at the 

supramolecular level.ii 

 
Figure 1: Optically active bis-urea (sergeant) and hybrid metallo-polymers (soldier) 

 

In the second part, we have prepared several new enantiopur benzene-1,3,5-tricarboxamide 

(BTAs) incorporating coordination sites for transition metal binding (figure 2). These BTAs self-

assemble through hydrogen bonds and π-π interactions.iii The coordination chemistry of these 

molecules is currently under investigation. 

 
Figure 2: New chiral BTAs motifs prepared 
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Cyclodextrins (CDs) are water-soluble concave molecules possessing a hydrophobic cavity. The 
most common CDs are α, β, and γ-CDs, bearing 6, 7, and 8 glucose units, respectively. Our group 
developed a CD functionalization strategy based on a debenzylation reaction induced by DIBAL-H.i The 
selective functionalization so far occured on the primary rim of the CD, but the functionalisation of the 
secondary rim of CDs remains tedious and much less scrutinized.ii Anyhow, the ability to access 
regioselectively functionalized CDs led to the synthesis of NHC-capped CDs and their metal 
complexes.iiibBased on these results, my work has the following objectives: 

 
1) Selective functionalization of both rims 

 
Based on the previous studies, we hope that the positions 3 and 6 can be connected through a linker 
to operate the selective functionalization of the secondary rim. The obtained highly functionalized CD 
pattern will be of great value for further applications. 
 

2) Modification of the NHC-CD Catalysts: 

 
In order to study the effect of different protecting groups on the properties of the introverted NHC-
CD-Metal complex, we synthesized a water-soluble CD-based ligand protected with methyl groups. We 
also investigated the effect of the pattern of functionalisation on the secondary rim on the metal 
complexes, and synthesized a CD with both methyl and benzyl groups on the secondary rim. We then 
studied their behaviors in catalysis. 15 
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 Bismuth is an eco-friendly element with many advantages: it is abundant, inexpensive and 
biocompatible. The synthesis of bismuth nanoparticles (Bi NPs) has been poorly described in the 
literature. Although these nanoparticles have probably significant potential in the medical field as a 
therapeutic and/or diagnostic agent thanks to a high X-ray absorption especially due to their high 
atomic number (Z= 83).i Different known methods to synthesize Bi NPs have been recently reported in 
a book chapter “Inorganic frameworks as smart nanocariers for drug delivery”. The potential of these 
syntheses have been highlighted from the point of green chemistry view.ii,iii Among described 
syntheses, we were interested to the formation of metallic Bi nanoparticles from the reduction of 
bismuth nitrate with borane morpholine at 80°C by classical heating. The D-glucose produced from 
renewable feedstock is used as a coating agent and the 1, 2-propanediol as a nontoxic solvent.iv This 
synthesis which requires a short reaction time (60 seconds) is difficult to control and to reproduce on 
a large scale. 16 

 In this work, we tried to optimize the synthesis by modifying the thermal activation mode, the 
quantities of D-glucose and the reaction time. The Bi NPs synthesized by using ultrasound method at 
40 °C.  
 

Bi0Bi(NO3)3  +  glucose

1,2-propanediol, ultrasound probe

borane morpholine

Bi0

 
 In a second time, these previous batch conditions are transferred to continuous flow. To our 
knowledge this is the first reduction of bismuth nitrate by borane morpholine in a continuous flow 
process. All the reagents are introduced via a HPLC pump and the solution is actived under classical 
heating or sonication.  
 

 
 Several comparisons are done between thermal and ultrasound activation in batch and via the 
flow continuous process. The productivity of nanoparticles is discussed and their characterization 
performed by infrared spectrum and TEM XRD and characteristics of the nanoparticles are discussed. 
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The objective of this project is to realize the hydroxylation reaction of phenolic derivatives catalyzed by a 

flavin dependent monooxygenase HpaB (4-hydroxyphenylacetate 3-monooxygenase). As most of the 

reported production methods are in vivoi, here we want to achieve an in vitro production, so we establish 

a system described by the following scheme: 

  

The reduced FAD provided by a flavin reductase that uses NADH as reducing agent will transfer to HpaB, 

and then the hydroxylation will occur on the substrate with presence of O2. Hydroxyphenylacetic acid is the 

nature substrate of HpaB, but our target molecules are derivative of this compound, like Hydroxybenzoic 

acid, Hydroxymandelic acid etc. It has been demonstrated that HpaB has a broad substrate rangeii, but the 

activity on these non-natural substrates are relative low, so the mutagenesis can be applied to enhance the 

activity of HpaB. 

For industrial production, the production cost of using NADH as reducing agent is too high. The advantage 

of our system that separate FAD reduction and oxidation is that it provides the possibility to replace the 

reduction of FAD by other methods like electrochemistryiii, inorganic complexesiv etc.17 
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Benzene rings are ubiquitous frameworks in marketed drugs.i However, such a moiety comes with 

disadvantages like solubility, toxicity as well as bioavailability problems.ii Some studies demonstrated that 

a compound increases its chance to advance from the discovery phase to a marketed drug if it possesses 

an important numbers of saturated carbons, allowing a more complex 3D structure.iii This means that a 

compound needs to escape from flatland in order to become a better drug candidate. A strategic way would 

be to replace a benzene ring for its bioisosteres such as strained carbocyclic rings (Scheme 1).iv 

 

 
Scheme 1 

 
The challenge lies within the incorporation of these bioisosteres on pharmaceutically relevant scaffolds in 

an easy fashion. Over the past decades metal-catalyzed cross-couplings emerged as powerful tools for the 

formation of C-C bonds. Notably, several Kumada-Corriu type reactions using cheap and abundant cobalt 

catalysis have already been developed in the lab for sp2-sp3 type reactions.v Based on this knowledge, we 

envisioned to use cobalt-catalyzed cross-couplings to introduce strained cycles on alkyl halides, which 

would enhance the complexicity of the 3D structure of a molecule. Here, we report the reaction between 

various Grignard reagents including cyclopropylmagnesium bromide and cyclobutylmagnesium bromide 

with primary and secondary iodides using simple and cost-effective conditions. The reaction is efficient, 

chemoselective and allowed the formation of a range of strained cycles containing molecules (Scheme 2). 
 

 
Scheme 2 
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Summary: 

 

Proteomics is becoming a vast field of investigation and conventional protocols require long off-line 

steps to access protein sequences. 

The goal is to design and implement a new lab-on-a-chip that allows rapid and reliable protein 

characterization. The methodology we are targeting consists of the integration of three steps within a 

microsystem: (1) the isoelectric focusing of proteins, allowing their separation according to their 

isoelectric point; (2) digesting the proteins to provide their corresponding peptides; (3) MS detection 

to access peptide sequences. 

The first step was optimized in a capillary format with UV or MS detectioni,ii,iii and efficiently transposed 

into a NoA chip coupled to a fluorescence detection and eventually MALDI-MS. 

This integrated lab-on-a-chip will pave the way for the characterization of protein mixtures, protein 

modification (substitution, deletion or insertion of a single amino acid) and the quantification of 

proteins for all types of diagnostics.19 
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Biomarkers (tumors associated antigens or auto-antibodies) can be found in human serum 

before any sign or symptom of cancer are showing up. Nevertheless, biomarkers for disease diagnosis 

are still poorly used due to their low level in the blood, urine or body tissues of healthy person, lack of 

reference values and of specificity. Most recent works involving biomarkers have focused on 

immunoassay formats with the draw-back of low sensitivity and single target analysisi. Thus, the fast 

and efficient identification of a set of biomarkers as proteic/immunologic signature for cancer 

diagnosis remains a challenge. 

The miniaturization of analytical system and their integration on chips will permit the 

automation of the sensible multi detection of biomarkers as a signature of one specific cancerii, iii. The 

study aims at developing a lab-on-a-chip (LOAC) to achieve automation and high-thoughput screening 

for cancer prevention and early diagnosis. To have a specific and sensible LOAC, one or several localized 

concentration area(s) based on specific aptamers against interest biomarkers are developed inside 

microchannels to make co-extraction or specific extraction of biomarkers. Two new strategies of 

specific aptamers immobilization in a localized microchannels zone are compared: immobilization on 

a particulate surface and immobilization inside a 3D monolithic structure. 
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Different nanostructures such as spherical micelles, cylindrical micelles and vesicles are accessible by self-

assembly of amphiphilic copolymers. The morphologies depend on the chemical structure of the 

copolymer, hydrophilic/ hydrophobic volume ratio, solvent properties, etc.i However, little attention was 

paid to the stereochemical effect of amphiphilic polymer on self-assembled morphologies. AIEgens show 

(aggregation-induced emission) AIE which contrasts with conventional fluorophores with the ACQ effect. In 

the past decade the AIEgens have emerged as alternative fluorescent materials for organelles imaging and 

drug delivery.ii It will be very interesting to develop fluorescent nanostructures, especially polymersomes, 

composed of luminogens with AIE characteristics.iii Meanwhile, (Z)- and (E)-isomers of 

(tetraphenylethylene) TPE could be prepared from its bi-functionalized products.iv It will be relevant to 

study the influence of spatial configuration in morphology and photoluminescence. And Z/E isomerization 

of the isomer in the polymersomes will offer us opportunities to study the release of drugs and monitor the 

transportation of drugs.  

Here we report on a series of TPE-containing amphiphilic polymers with cholesterol as a hydrophobic block 

and PEG as the hydrophilic part. The results have revealed that (Z)- and (E)- amphiphilic polymers self-

assembled into nanostructures with different morphologies and showed different AIE properties. In 

addition, considering that (Z)-/(E)-isomerization of TPE may occur under light or thermal treatment, the 

construction of smart “re-write” materials are realized. And photo-responsive AIE polymersomes for 

monitoring the release and distribution of drugs are of great interest and will be carried out in the near 

future.21 
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 Understanding and harnessing the mechanical motion in chemical systems is a central 
endeavour of supramolecular chemistry. Recent advances in the field have led to the design and 
synthesis of increasingly complex molecular switches.i Among them, switchable molecular tweezers 
offer the possibility of coupling mechanical properties and chemical activity, thus paving the way 
towards supramolecular sensors and smart catalysts. 
 We have designed switchable molecular tweezers using metal coordination to generate 
mechanical motion.ii These tweezers are composed of two functional units: (i) a central terpyridine 
ligand, and (ii) two M-salen complexes on its 6 and 6" positions. The terpyridine ligand can transition 
reversibly from an open to a closed geometry upon metal coordination. Closure of the tweezers brings 
in close proximity the two salen moieties enabling through space interactions and creating a cavity 
suitable for host-guest interactions. The structure and physical properties of the tweezers can be fine-
tuned depending on the metal used for the closing and in the M-salen complexes.iii  
 Herein we present the synthesis and reversible switching of luminescent Zn-salen tweezers. 
Their catalytic activity was assessed using the acetylation of pyridine-methanol derivatives as a 
benchmark reaction.iv An allosteric regulation with a cooperative catalytic activity in the closed form 
for ortho substrates was observed and will be also described.v 

 
Principle of switchable catalytic tweezers 
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In the last few years, molecular machinesi have attracted the spotlight due to their ability to 
control motion at the molecular scale. Artificial machines can be defined as an assembly of a distinct 
number of molecules designed to perform machine-like movements in response to an external 
stimulus. Interlocked molecules such as rotaxanes and catenanes are particularly attractive to study 
and control the relative mobility of each component.ii Even if a large variety of small molecular 
machines such as shuttles or pumps have been reported, achieving unidirectional motion remains a 
challenge to obtain effective molecular motors.iii,iv 
 We have designed a chemically powered machine based on cyclodextrin [2] rotaxane.v Our 
objective is to achieve unidirectional motion of the CD on the thread by an active-driven transport 
mechanism where the functional CD would unidirectionally open its pathway. The system is composed 
of a molecular track with a protecting group as cleavable temporary stopper and an α-CD, 
functionalized purposely on the primary rim by a catalytic function.vi Key to the design is the cleavage 
of the protecting group that should occur selectively from the primary rim side ensuring the CD is being 
transported directionally along the track.  
The synthesis and preliminary studies to assess the motion of the CD will be presented. 
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Metals with high supply risks and of economic importance are defined as strategic materialsi. Some of them 

are employed in the electronic industry. Waste Electric and Electronic Equipment (WEEE) are thus becoming 

consequent sources of valorizable materials. Their recycling has become an economical end environmental 

issue. This is why our laboratory is currently conceiving methodologies for their recovery from leach liquor 

derived from WEEE recycling process.ii 

Our purpose is to bring an innovative contribution in the field of precious metal valorization by developing 

a lab-on-a-chip integrating all pretreatment, analysis and recovery of diluted metals in acidic solutions. 

 

A proof of concept is being proposed for quantification and recycling of strategic metals such as Platinum 

and Palladium in acidic leach liquor. First, the choice of the microchip material and the microfabrication 

process have been optimized and prepared in order to be compatible with the leach liquors. A hybrid Glass-

NOA-Glass microchip was designed, in a cross shape format. Innovative micro-electrodes were integrated 

in the micro-channel for both amperometric detection and recovery of the strategic species in a metallic 

form. So as to develop and optimize the separation of the various precious metals from the leach liquor, a 

physico-chemical comprehension of the behavior of these metals in acidic media has been performed. The 

integration of the different steps will be further investigated.24 
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Cell-penetrating peptides (CPP) can cross cell membranes and deliver biologically active 
molecules into cells. Understanding their internalization mechanisms is of first interest for an 
appropriate use in the medical field or for biotechnological applications. Previous work showed that 
CPPs could remodel the actin cytoskeletoni,ii, interacted strongly with negatively charged lipidsiii and 
PIP2 could play a role in Penetratin internalizationiv. This PhD project aims to analyze the role of the 
negatively charged lipid PIP2, a known regulator of actin polymerization, as a binding partner of the 
CPP Penetratin and as a potential effector of Penetratin internalization. Penetratin effect on 
thermotropic phase behavior of PIP2-containing model membranes was studied by Differential 
Scanning Calorimetry (DSC). It showed that Penetratin can interact with polar head groups, inserts in 
fatty acid chains and impacts the lipid bilayer fluidity of PIP2-containing liposomes. It indicated that 
presence of PIP2 in liposomes triggers Penetratin-lipid interaction. Moreover, Penetratin binding 
affinity for PIP2-containing lipid vesicles was estimated using tryptophan fluorescence. It pointed out 
that Penetratin interacts with negatively charged lipids and has a higher affinity for PIP2 than for PS. 25 

Upon irradiation, a Penetratin peptide functionalized with a benzophenone photoprobe can 
be covalently bound to lipid fatty acid chains in its immediate environment. This method allows us to 
identify Penetratin interaction partners using photo-crosslinking coupled to mass spectrometry (MS). 
Using this techniques, we studied the interactions of Penetratin with negatively charged lipids, 
focusing on PIP2-containing liposomes or even more complex lipid mixes. PIP2 was found to be a good 
interaction partner for Penetratin and was preferably labelled in liposomes containing PC, PS and PIP2. 
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A sensor, either electrochemical or biological, is a device which receives and responds to a signal when 
activated.i The biosensors can be differentiated according to the biological elements used as receptor, 
namely enzymes, nucleic acids, aptamers, antibodies, organelles, membranes, cells, tissues, or even 
whole organisms.ii The immobilization of the aptamer to the transducer surface or changes of the 
environment can influence the structure and therefore the interaction with the ligand. The effective 
combination of aptamers with a transducer is still a challenge for the development of a sensor.iii 
 
Hence, the goal of this work is the development of a novel class of grafted polymers, Surface attached 
hydrogel thin films, on conductive transducer as biocompatible matrix for biomolecule immobilization, 
tuned for the conception of biosensors dedicated to molecular recognition of the target in the field of 
health, or in the field of environment. The polymeric network environment will favor the stable 
immobilization of biomolecules and the selective affinity to the target and sensitive electrochemical 
detection based on molecular recognition, by providing the aptamer excellent environments to 
preserve its active and functional structure. From biomolecules, aptamer is selected in this work 
as they can be easily modified by various tags or markers including electrochemical indicators and 
fluorescence probe. In contrast to antibodies, aptamers can be easily regenerated without loss of 
affinity and selectivity.iv 
 
The immobilization of the aptamer onto surface attached hydrogel thin films by covalent attachment 

provides a biodegradable shelter, while allowing the detection of small molecules, using the formation 

of amide bonds via the activation of carboxylic acid groups of the poly (acrylic acid) hydrogel film. For 

improved sensitivity and higher stability of the sensor, a high density of immobilized biomolecule is 

enabled.  The aptamer probe was then bound with the addition of target to form the target/aptamer 

complex on the electrode surface. The surface potential is probed via electrochemical impedance 

spectroscopy. The superior sensing behavior toward the target can be mainly attributed to the sensing 

interface resulting from the hydrogel matrix activity and the affinity of the aptamer to target. 
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Azepanes are in the top 100 ring system present in drugs.i Combined with the importance of fluorine 

in medicinal chemistry, the development of a method for the synthesis of fluorinated azepanes could 

be of interest in drug discovery. 

Previous studies in our laboratory have shown that the presence of a trifluoromethyl group on a 

bicyclic aziridinium allows its regioselective ring-opening. In fact when treated with nucleophiles, A 

and C led respectively to trifluoromethyl pyrrolidines B and piperidines D (Scheme 1).ii 
 

 
Scheme 3: Regioselective ring-opening of bicyclic aziridiniums 

Here, we would like to report a ring expansion of pyrrolidines E to fluorinated azepanes G, resulting 

from a regioselective ring-opening of bicyclic azetidiniums F. This reaction affords a wide scope of 

substituted azepanes, since many different nucleophiles can open the fluorinated azetidiniums F, such 

as oxygen, nitrogen, sulfur and nucleophilic carbons. The reaction can be applied to different 

fluorinated pyrrolidines E e.g. possessing a trifluoromethyl group, a nonafluorobutyl group or a 

difluoromethyl group (Scheme 2). 
 

 
Scheme 4: Synthesis of enantioenriched fluorinated azepanes 

A diversity of fluorinated azepanes G were obtained from pyrrolidines E in modest to excellent yields, 

with a good chirality transfer from l-proline.iii27 
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Bacterial infections are considered as a major public health problem, due to their high morbidity and 

severity. In the case of urinary track infection, most of them are caused by Escherichia coli, a potentially 

very diverse bacterium. The goal of this project is to identify functional diversity within bacteria from the 

same patient. This diversity will be characterized thanks to a millifluidics approach, using droplets to isolate 

single bacterium, in order to compare them. New fluorescent probes based on deprotonation of a phenol 

will be developed to follow bacteria growth or metabolism directly in the droplets. Our tool will be used for 

the fundamental research to improve the physiopathological comprehension of the urinary tract infections. 

We envision also the development of more rapid diagnostic assay for infection. 
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2H-Aziridines are interesting building blocks for the synthesis of a wide variety of nitrogen-containing 

compounds,i in particular nitrogen heterocycles which are of the utmost importance in medicinal 

chemistry.ii Our laboratory is actively involved in the development of synthetic methods toward 

functionalized heterocycles. In this context, a ring-expansion of nitrogen heterocycles A, possessing an 

adjacent leaving group (LG), has been developed to produce substituted heterocycles C via an aziridinium 

intermediate B (Scheme 1).iii 

 
Scheme 1 

 

Herein, we will present a complementary approach to access heterocycles F from bicyclic aziridines E. 

These aziridines were synthesized from 2H-azirines D through a three-step sequence involving a 

diastereoselective indium-mediated allylation,iv nitrogen acylation with acryloyl chloride and 

subsequent ring-closing metathesis using Grubbs second generation catalyst. Bicyclic aziridines E were 

then converted to substituted azepan-2-ones F by nucleophilic ring-opening of the three-membered 

ring (Scheme 2). 

 
Scheme 2 
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In the current energetic transition, one major challenge concerns the development of noble 

metal-free, selective, efficient, and recyclable heterogeneous photo-catalysts. In this respect, the 

design of new multifunctional porous and robust hybrid solids bringing together  i) catalysis, ii) light 

capture and iii) porosity is a particularly attractive alternative to create novel “three-in-one” 

photoactive catalysts. 

 
The sandwich-type polyoxometalate (POM) [(PW9O34)2Co4(H2O)2]10- was immobilized in the 

hexagonal channels of the Zr(IV) porphyrinic MOF-545 hybrid framework. The resulting composite was 
fully characterized by a panel of physicochemical techniques. Calculations allowed identifying the 
localization of the POM in the vicinity of the Zr6 clusters and porphyrin linkers constituting the MOF. 
The material exhibits a high photocatalytic activity and remarkable stability for visible-light-driven 
water oxidation. It thus represents a rare example of an all-in-one fully noble metal-free 
supramolecular heterogeneous photocatalytic system, with the catalyst and the photosensitizer within 
the same porous solid material.i 29 
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Hydrogen is considered to be a great candidate fuel for a future society based on renewable energy 

thanks to its high energy density and clean combustion. Nowadays hydrogen is produced from fossil 

fuel or by water electrolysis using expensive noble metals-based catalysts. A green alternative is 

provided by nature and it relies on Hydrogenases (HydAs): this class of enzymes is, in fact, able to 

catalyze the reversible reaction H2 ↔ 2H++2e-. The reaction takes place at a unique metallic active 

site, which in nature requires a very complex enzymatic machinery (HydE, HydF and HydG) for its 

maturation.  

The aim of my PhD is to study the HydA enzyme, trying to get further information about its structure 

and reactivity. X-ray diffraction, electrochemistry and spectroscopy are useful techniques for those 

investigations. The work also includes the analysis of some stage of the maturation process which are 

still debated. Particular focus is given to the HydF maturation protein.  

Despite the great biotechnological potential of hydrogenases, they are still fraught with several issues 

that prevent them from being used for applications: mainly their relevant oxygen sensitivity and their 

big size that limits the coverage when used on electrodes. The laboratory is active in trying to solve 

these problems.  

Furthermore big part of the project is dedicated to the design and creation of an artificial hydrogenase, 

which consist in combining a protein scaffold with a synthetic catalyst for generating a cheap, stable 

and active biohybrid system for hydrogen production.  
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Transition-metal-catalyzed cascade reactions are powerful methods for the elaboration of structurally 

complex skeletons from simple acyclic building blocks in an atom-economical way.i Among them, the 

rhodium-catalyzed arylative cyclization, initiated by nontoxic, commercially available and stable 

organoboron compounds, affords an efficient strategy for the construction of heterocycles via multiple C-

C bond formation.ii30 

 

Considering the importance of these scaffolds from biological and industrial interests,iii our group has 

recently developed a new enantioselective rhodium-catalyzed cascade reaction of N-tethered alkyne-

enoates with arylboronic acids providing access to chiral pyrrolidines.iv 

Following this work, our current research is focused on the formation of chiral oxolanes from O-tethered 

alkyne-enoates, in presence of arylboronic acids, which are isolated in good yields and high 

enantioselectivities. 

 

During our studies, we found that the alkyne substituent has a dramatical effect on the course of the 

reaction. Depending on the nature of the substituent, either chiral benzazepinesv and benzoxepanes can be 

obtained via arylative cyclization thanks to an inverse regioselective insertion of the alkyne into the 

arylrhodium species. 
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In aerobic organisms, activation of dioxygen by reduction produces reactive oxygen species (ROS) 

among which superoxide ion. The control of the ROS concentration is ensured by metalloenzymes such as 

superoxide dismutasesi that catalyze the dismutation of O2°- into O2 and H2O2. When the balance between 

O2°- and SOD is broken, oxidative stress occurs, which is known to be involved in many pathologies, such as 

inflammatory bowel diseases. As a consequence, the research of new drug catalysts as SOD mimics is of 

particular interest.ii Such compounds have already been developed including various type of ligands 

(porphyrins, peptides…) and redox active metal ions (copper, manganese, iron…).  

In the following project, we propose an innovative and efficient approach to design and synthesize 

Cu-SOD mimics based on a peptide ligand by using combinatorial chemistryiii. Thanks to a colorimetric read-

out based on SOD activity, a hit has been selected and fully characterized (redox potentials, catalytic 

constant, thermodynamic constant, coordination sphere…). The complex is one of the most performing 

copper-peptide complex regarding literatureiv,v, even showing SOD activity in vivo on activated 

macrophages.31 
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Ubiquinone (coenzyme Q or Q8) is a redox active lipid that plays a crucial role in the mitochondrial electron 

transport chain. The aerobic Q8 biosynthesis pathway in E. coli requires at least twelve ubi genes, most of 

them encode enzymes that decorate the aromatic ring of 4-hydroxybenzoate. The three aerobic 

hydroxylases UbiI, UbiH and UbiF which are involved in C5, C1 and C5 hydroxylation steps, are all O2 and 

FAD-dependant monooxygenases. Thus they are not involved in the aerobic Q8 biosynthesis pathway. In E. 

coli the yhbU gene is located next to yhbV gene, all two being likely to constitute an operon, and they 

appear to be important for the biosynthesis of ubiquinone in the absence of oxygen, as the knock-out of 

their genes abolish the Q8 content in E. coli in anoxic conditions. Here, we reported for the first time the 

detailed biochemical and biophysical properties of E. coli YhbU, YhbV, YhbU-V complex and demonstrate 

the important role of four conserved cysteine residues that each protein possesses. UV-visible absorption 

spectra of aerobically purified YhbV showed the presence of a [2Fe-2S] cluster, whereas the electron 

paramagnetic resonance (EPR) spectra of anaerobically reconstituted protein showed the presence of a 

[4Fe-4S] cluster. Next we showed that YhbU and YhbV formed a heterodimer complex and the EPR spectra 

of anaerobically reconstituted complex showed the presence of two [4Fe-4S] cluster whose environments 

are not identical. Although reconstitution of [4Fe-4S] cluster in YhbU alone was unsuccessful, we were able 

to show that YhbU was the second [4Fe-4S] protein thanks to the YhbU-V complex. 
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