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AVANT-PROPOS 
 
 
 
 
 
 
 
 
 

La Journée des doctorants en chimie en est à sa 16ème édition. 
 
 
 
 
Pour les doctorants déjà engagés dans le cursus doctoral, cette journée leur permet d’exposer 
leurs travaux de recherche. 
 
Pour les doctorants de 1ère année, elle fait office de journée de rentrée et leur donne l’occasion : 
 

- D’avoir un aperçu des recherches menées dans les laboratoires de chimie de l’Université 
de Strasbourg et du CNRS, 

 
- De nouer des contacts avec les doctorants plus anciens, notamment ceux d’autres 

équipes et d’autres campus, 
 

- De poser toutes les questions concernant le déroulement de la formation doctorale en 
chimie ainsi que l’après-thèse. 
 

 
 
Je tiens à remercier toutes les personnes qui ont accepté de présenter leurs travaux de recherche 
lors de cette journée ainsi que celles qui ont fait des Journées précédentes un succès. 
 
Mes remerciements vont tout particulièrement à Nathalie Kostmann pour sa contribution centrale 
dans l’organisation de la JDC 2022. 
 
 
 
 
 

Petra HELLWIG 
 
Directrice de l’EDSC 
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Fused BODIPY: versatile red/NIR fluorophores.

G. Ulrich

ICPEES, UMR7515 CNRS-University of Strasbourg

gulrich@unistra.fr

The interest for the synthesis of organic chromophores with high absorption and/or emission 

in the Red-NIR region remains considerable, motivated by the fundamental studies of these 

dyes but also by their potential applications in fields of optoelectronics, [1] bio-imaging, [2] and

sensing [3] Various structural modifications 

can be used to obtain bathochromic shift of 

the main BODIPYs absorption bands in the 

red/NIR region.[4] For years, we have been 

working on red and near-infrared dyes,

including fused diarylBODIPYs. [5] We will 

present the recent progress in synthesis of 

various π- extended fused BODIPYs (a 

and b fused systems), and their potential 

as absorber in OPV device or red-NIR label for biological applications.

References

[1] A. Bessette, G. S. Hanan Chem. Soc. Rev. 43, (2014), 3342–3405. 

[2] A. M. Courtis, & al. Bioconjug. Chem., 25 (2014), 1043–1051.

[3] Y. Ni, J. Wu,. Org. Biomol. Chem., 12 (2014), 3774–3791

[4] H. Lu, J. Mack, Y. Yang, Z. S. Shen, Chem Soc Rev (2014) 43 4778–4823

[5] G Ulrich, & al. J. Org. Chem. 76 (2011), 4489–4505 ; M. Khelladi & al Tetrahedron Lett. 59, (2018)

878-881. Huaulme, Q. J. Mat. Chem. C: Materials for Optical and Electronic Devices 6, (2018)
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TOWARDS THE SYNTHESIS OF A [2]ROTAXANE INCORPORATING 
A MOLECULAR CAGE WITH ALLOSTERIC BINDING SITES

Sonia ADROUCHE,1 Ryan DJEMILI,1 Stéphanie DUROT,1 Valérie Heitz,1

1 Laboratoire de Synthèse des Assemblages Moléculaires Multifonctionnels, Institut de Chimie (UMR 
7177), CNRS-Université de Strasbourg, 4 rue Blaise Pascal – F-67070 Strasbourg Cedex, France,

E-mail sadrouche@unistra.fr

Rotaxanes are molecular assemblies belonging to the family of mechanically 
interlocked molecules (MIMs).[1] In the case of [2]rotaxanes, they are composed of a
macrocycle threaded by a linear axle with two bulky end groups to prevent the 
dissociation of the subcomponents.[2]

The goal of this project is to synthesize a [2]rotaxane (Fig.1c) in which the traditional 
macrocycle is replaced by a molecular cage described in the laboratory.[3,4] This cage 
is composed of two zinc porphyrins as recognition sites for guest molecules, and 
triazoles as allosteric sites to control the opening/closing of the molecular cage.[5]

This allows the transition from a so-called flattened conformation to an open 
conformation by the addition of four equivalents of silver(I) ions that are coordinated 
to the triazoles (Fig.1a).
The assembly of the pseudo-rotaxane will take advantage of this allosteric control by 
threading a monostoppered axle into the cage only once the cage is in its open
conformation (Fig.1b). This step is followed by the addition of the second stopper to 
form the [2]rotaxane.

   

Figure 1. Scheme of the targeted [2]rotaxane
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Accurate quantification of trace-level Host Cell Protein impurities in biotherapeutics using 

FAIMS separation and new data independent acquisition approaches 
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Therapeutic mAbs constitute a major biopharmaceutical market with more than a hundred approved products 

today1. However, presence of host cell protein (HCP) impurities in final drug products can jeopardize the drug 

efficacy and threaten patient safety2. Hence, their effective removal during the process is considered as critical 

concern. Recently, liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS) has emerged as a 

promising alternative, orthogonal and complementary to the reference enzyme-linked immunosorbent assay 

(ELISA), to precisely identify and individually quantify trace level HCP impurities in final drug products. Here we 

report the evaluation of a range of acquisition modes, including data-dependent analysis (DDA) coupled or not 

with high-field asymmetric waveform ion mobility spectrometry (FAIMS) separation and data-independent 

analysis (DIA), for their capacity to improve the characterization and quantification of ppm-level host cell proteins 

in the NIST mAb standard and purified final drug products. 

 

LC-MS/MS analyses were performed on an Orbitrap Eclipse™ TribridTM mass spectrometer (Thermo Scientific™). 

The NIST Monoclonal Antibody Reference Material and several commercial drug products were prepared in 

triplicates following a native digestion protocol3. The contribution of employing FAIMS using multiple (here -50V, 

-65V and -85V) compensation voltages (CV) in front of DDA was evaluated. Additionally, DIA methods were 

manually adapted (cycle time, size and number of isolation windows) to enhance HCP impurities characterization. 

A homemade gas-phase fractionation chromatogram library was generated to perform DIA data extraction in a 

peptide-centric manner and its performances were compared to the spectrum-centric approach. 

 

HCP-Profiler standard beads (Anaquant) were spiked into all samples to use internal calibration curves for 

improved quantification combined with a Top 3 strategy4 – based on the MS signal response of the three most 

intense tryptic peptides of a protein. In comparison to DDA, DIA-based quantification demonstrates a 22% higher 

number of detected peptides per protein and a 45% gain in quantified HCP protein groups in the samples, on 

average. Additionally, peptide-centric innovative data analysis using libraries generated from gas-phase 

fractionation experiments enables to rise both the number of peptides and protein groups quantified in NIST 

mAb, including HCP impurities present at trace-level. Furthermore, the implementation of FAIMS separation to 

DDA led to an increase of 130% of the number of HCP impurities quantified, after stringent filtering. The global 

amount of HCP has increased from 520 to 800 ppm. It revealed deeper characterization of final drug product 

impurities, enabling quantification of more than 70 HCP below the ppm level in the NIST mAb standard. All the 

optimized methods were then applied to commercial final drug products, Trastuzumab and Nivolumab, leading 

to the quantifications of tens of trace-level impurities.  

 

References: 
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Spexin for the potential treatment of pain 
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Abstract:    

Chronic pain is a major public health issue, which has a huge impact on society. Approximately 40% 

adults worldwide suffer from chronic pain and its total cost has been estimated at 560-635 billion 

dollars/year in the United States(1). Even if research progresses and new targets appear for treating 

acute and chronic pain, opiates still represent the gold standard analgesics. However, opioid 

treatments induce several adverse side effects among which analgesic tolerance and opioid-induced 

hyperalgesia (OIH) are of major importance. 

 

Hence, there is an urgent need to develop novel analgesics with fewer side effects. In this context, a 

promising neuropeptide, Spexin (SPX), has been discovered using bioinformatic methods(2) and was 

recently deorphanized. Ligand-receptor interaction studies have showed that SPX specifically activates 

two subtypes of the G protein-coupled receptor GalaninR2 and R3 (GALR2/3)(3). Moreover, SPX was 

found to induce a dose-dependent and opioid-independent analgesic response when centrally injected 

in rats(4). To increase the metabolic stability and the in vivo efficacy of biologically active peptides, our 

team has recently developed a new approach named FluoroPEP. This is based on the introduction of a 

perfluorinated carbon chain (F-chain) onto peptides to induce their self-organization as fluoropeptide 

counterparts in aqueous solution, resulting in the protection of the native peptides from enzymatic 

degradation (Figure 1). This strategy was first validated on apelin GPCR peptide(5). In this 

communication, we will present the extension of the FluoroPEP approach to SPX, especially the design, 

the synthesis and the biological evaluations of the first fluorospexins to study the implication of GPCR 

GALR2 in pain modulation and to develop potential novel agents for the treatment of pain. 
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Ultra-bright light-harvesting nanoantenna  

Deep Sekhar Biswas, Nina Melnychuk, Pascal Didier,* Andrey S. Klymchenko* 

UMR 7021 Laboratoire de Biophotonique et Pharmacologie, CNRS Faculté de Pharmacie, 

Université de Strasbourg, 74, Route du Rhin, 67401 Illkirch, France. 

Light Harvesting is one of the most fundamental and common natural phenomenon and display a wide 

range of applications in various fields1,2 including Light Harvesting Antenna (LHA). Among the synthetic 

LHA systems that can be used to harvest the energy of light, fluorescent dyes assembled within 

nanoparticles displaying high brightness, appeared as promising candidates. However, their 

fluorescence quantum yield (QY) is limited by aggregation-caused quenching (ACQ) upon 

incorporation into LHA3,4. In this respect, a simple platform to build LHA is dye-loaded polymeric 

nanoparticles5. Cationic dyes, such as rhodamines and cyanines can be effectively encapsulated inside 

polymer NPs with minimized ACQ using bulky hydrophobic counterions (e.g., tetrakis 

(pentafluorophenyl) borate, F5-TPB)5–7. In the present work, to further increase the dye loading while 

minimizing ACQ and therefore enhancing the antenna effect, we developed an approach of 

“hydrophobic” ion pairs (HIP), which decreases the presence of small hydrophobic counterions inside 

NPs. We synthesized a number of hydrophobic cations, composed of the same bulky hydrophobic 

counterion (F5-TPB) paired with optically-inactive hydrophobic cation. This allowed preparation of NPs 

with extremely high dye loading, yielding NPs with unprecedented brightness per volume (10400±100 

M-1.cm-1.nm-3). The obtained nanoparticles of ~70 nm in size loaded with 40000 donor dyes undergo 

efficient FRET to a single acceptor, giving rise to antenna effect of 4800±300, which is by far the highest 

value achieved to date for LHA. 

 

 

 

References: [1] Zhang,D. et al., J. Am. Chem. Soc. 2021, 143 (3), 1313–1317. [2] Holzmeister, P., et al. 

Chem. Soc. Rev. 2014, 43 (4), 1014–1028 [3] Dexter, D. L., et al. Chem. Soc. Rev. 2014, 43 (4), 1014–

1028. [4] Chen, R. F., et al. Anal. Biochem. 1988, 172 (1), 61–77. [5] Andreiuk, B., et al. Small 2017, 13 

(38), 1701582.[6] Reisch, A., et al. Nat. Commun. 2014, 5 (1), 4089. [7] Andreiuk, B., et al. Chem. – 

Asian J. 2019, 14 (6), 836–846. 

 



New metal organic frameworks based on alloxazine 

core as anode material for ionic batteries 

Jaison Casas, Abdelaziz Jouaiti and Sylvie Ferlay 

Jaison.casas@etu.unistra.fr 

Regarding the increase of the energy demand’s and in order to develop new efficient batteries, we 

propose new types of electrode material based on porous coordination polymers, Metal Organic 

Frameworks (MOFs). Moreover, we intend to use redox active bio-inspired organic molecules as 

organic building blocks inside the network, displaying an alloxazine core. Containing a pteridine moiety, 

this family of molecules presents 3 stable oxidation states. 

For now, we have successfully synthesized a family of 8 new redox active ligands towards transition 

metals (Figure 1) displaying different coordination sites, in order to obtain new coordination polymers. 

To form these coordination polymers, we combined the organic part with cheap and low toxic metal 

salts, derived from 3d metals. 

      
Figure 1. Family of new redox organic ligands. 

We obtained different 1D, 2D and 3D networks (Figure 2), some of them are presenting cavities and 

channels. The presence of channels is primordial to ensure the capture/release of alcali ions such as 

lithium or sodium ions, as observed in ion-batteries.  

           

                   

Figure 2. X-ray structures of coordination polymers by combination of a) L3 + Co(No3)2, b) L7 + Zn(NO3)2, c) L3 + Co(SCN)2 and L3 + M(NO3)2 

(M = Ni, Cu).  

Finally, electrode based on these coordination compounds will be obtained and their potential 

application as anode material inside ionic batteries by electrochemical studies in the solid state will be 

studied. 

a) b) 

c) d) 



CuI-USY as green catalyst for coupling reactions

Xiaohui DI, Patrick PALE, Stefan CHASSAING, Valérie BENETEAU

Laboratoire de Synthèse, Réactivité Organiques & Catalyse (LASYROC), Institut de Chimie, CNRS- 

UMR7177, Université de Strasbourg, 4 rue Blaise Pascal, 67070 Strasbourg, FRANCE

xiaohui.di@etu.unistra.fr

Within the 'Green Chemistry' context, the replacement of standard homogeneous catalysts by 

heterogeneous versions has become a major challenge in the last decade, especially in industry.[1] 

Zeolites are among the most common and the most applied heterogeneous catalysts in industry due 

to their simple preparation, high catalytic activity and selectivity.[2] However, the application of 

zeolites, especially transition metal-doped zeolites, in organic synthesis surprisingly remains 

underestimated. As a representative and efficient heterogeneous catalyst, CuI-USY (Ultra-Stable Y 

zeolite) has been widely applied in various organic transformations.[3] 

In this communication, we wish to present the catalytic potential of CuI-USY to synthesize biaryl 

compounds and phenols via homocoupling/Chan-Lam-type coupling reactions. With aryl boronic 

acids as relevant coupling partners, our reusable/recyclable CuI-zeolite could form C-C and C-O 

bonds in the absence of any base or ligand, resulting in more attractive and simple conditions 

compared with other copper-based catalytic systems. Noteworthy is that a wide range of functional 

groups are tolerated in both reactions.

[1] Crabtree, R.H.; Anastas, P.T. Handbook of Green Chemistry – Green Catalysis, Volume 2: Heterogeneous Catalysis, 

Eds.; Wiley-vch: Weinheim, 2009.

[2] Van Bekkum, H.; Flanigen, E.M.; Jacobs, P.A.; Jansen, J.C. Introduction to Zeolite Science and Practice, 3rd Ed. 

(Stud. Surf. Sci. Catal.); Elsevier: Amsterdam, 2007.

[3] Chassaing, S. et. al. Org. Lett. 2007, 9, 883; Chassaing, S. et al. Chem. Eur. J. 2008, 14, 6713; Kuhn, P. et al. Eur. J. 

Org. Chem. 2009, 423; Magné, V. et al. Org. Lett. 2015, 17, 4494; Garnier, T. et al. Synthesis 2017, 49, 1223; Garnier, 

T. et al. J. Org. Chem. 2018, 83, 6408; Clerc, A. et al. ChemCatChem. 2020, 12, 2060; Schlimpen, F. et al. J. Org. 

Chem. 2021, 86, 16593; Schlimpen, F. et al. Green Chem. 2022, 24, 6467.
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Prussian blue nanoparticles (PBNPs) are a metal–organic framework with the theoretical

formula of FeIII
4[FeII(CN)6]3·nH2O.[1] The cyano bridged-ligand in the structure endows 

PBNPs a strong near-infrared absorption, as an intervalent electron can transfer from FeII to

FeIII to generate absorption band near 700 nm.[2] With these unique properties, PBNPs have 

drawn much attention in the biomedical field for photothermal therapy.[3] 

In this work, we investigated different protocols to synthesize polyethylene glycol (PEG)-

coated PBNPs with variations in size and crystallinity. Their cytotoxicity, photothermal effect 

and biodegradation were systematically evaluated. In vitro studies showed that the PEG-

PBNPs possessed low cytotoxicity and notable effect for cancer therapy. Besides, we found 

that PEG-PB NPs were degraded over time in simulated biological fluids. Moreover, the surface 

free amino groups from the PEG chains were explored to conjugate folic acid for tumor 

targeting.

Figure 1. (a) TEM images, (b) UV/vis/NIR absorption spectra and (c) time-dependent 

photothermal curves of PEG-PB NPs. 
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Organofluorine compounds play a pivotal role in life science and agrochemistry. The 

introduction of fluorine atoms into organic molecules has become a fast and growing research 

field. Gem-difluorinated alkenes are bioisostere of carbonyl compounds1 whereas 

monofluorinated alkenes serve as peptides or enol mimics.2  

 

N-allenamides can be seen are privileged building blocks due to their interesting balance 

between stability and reactivity.3 In particular, trifluoromethylated N-allenamides could be 

obtained through copper-catalyzed addition of diazo compounds on terminal Ynamides.4  

The first synthesis of gem-difluorinated ene-ynamides will be presented via deprotonation of 

trifluoromethylated N-allenamides and d extrusion of fluorine. These highly reactive species, 

owing to their dual functional groups, offer a unique entry to difluorinated dienes and to 

stereodefined mono-fluoro-substituted dienes. Stereoselective addition on the ynamide 

moiety led to functionalized difluorinated dienes, whereas addition of in situ generated 

alkoxides, generated mono-fluorinated ene-ynamides through domino d elimination followed 

by an addition/elimination sequence. The design of custom monofluorinated dienes could be 

achieved through hydrocarboxylation and hydrochlorination reactions.5 
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Abstract

Stimuli-responsive gels, which change their volumes and properties in response to external stimuli, are attracting 

attention as unique materials for chemical sensors and actuators. One strategy for constructing these materials is to 

incorporate functional molecules into the gel as components, so that the microscopic properties of the molecules are 

reflected in the macroscopic properties of the materials. In particular, materials which respond to light irradiation or 

specific molecules have been developed by introducing reversible bonds or interactions into the gel as a stimuli-

responsive cross-linkage. As a new cross-linker of gel, we have focused on the interaction between heme and heme 

pocket in hemoproteins. Heme, an iron porphyrin, binds to a protein matrix as a cofactor via reversible interaction. 

The strength of this interaction depends on the redox state or amino acid residues surrounding heme. Therefore, we 

hypothesize that the gel containing hemoprotein as a cross-linking unit shows unique mechanical properties 

modulated by the changes of these factors.

In this study, we employed hexameric tyrosine coordinated heme protein (HTHP) as a cross-linking unit (Figure 

1).1 First, the heme-dependent stabilities of HTHP in each redox state were investigated by titration of denaturants. 

DG values for heme dissociation in Fe2+ and Fe3+ states were determined to be 25 ± 2 and 57 ± 6 kJ/mol, respectively. 

This result clearly shows that the reduction of the iron center dramatically decreases the affinity of heme for the 

protein matrix. Next, mutations around heme were conducted to change the strength of the affinity. Especially, we 

focused on two arginine residues around heme. These residues could be related to the heme binding through cation-

interaction. The R25A and R38A mutants were designed and prepared. The DG values of R25A and R38A mutants 

were determined to be 40 ± 5 and 41 ± 2 kJ/mol, respectively.

Heme derivative tethering an acrylamide group as a reaction site was synthesized and inserted into the apo-form 

of HTHP to yield reconstituted HTHP (rHTHP). Then, the polyacrylamide gel containing rHTHP as a cross-linker 

was prepared. A compression test was used to evaluate the redox-responsive mechanical properties of the obtained 

gels, indicating the elastic modulus decreased with the addition of reductants. This behavior is thought to be caused 

by changes in the heme-binding for HTHP as a cross-linker. The Young’s moduli of gels containing rHTHP and 

mutants were evaluated by tensile test, showing that the gels containing rHTHP mutants have decreased the Young’s 

moduli relative to the gel containing wild type rHTHP. These findings indicate that HTHP is a potent cross-linker for 

stimuli-responsive hydrogel.

Figure 1. Schematic representation of polyacrylamide gel cross-linked by rHTHP.

[1] H. Dobbek et al., J. Mol. Biol., 2011, 368, 1122-1131.
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Chronic pain is a major public health issue affecting about 10-50% of the population worldwide (a). 

Despite the progress in understanding pain, therapeutic strategies are still based on analgesics 

targeting the µ opioid receptor. However, opioid analgesics are known for their various side effects 

and are prone to induce tolerance and addiction. There is therefore an urgent need to identify and 

validate novel targets for pain treatment. 

Recently, the neuropeptide Spexin (SPX), discovered using bioinformatics (b), was shown to activate 

GalR2 G protein-coupled receptor involved in pain pathways at the central (brain and spinal cord) and 

peripheral levels (Dorsal Root Ganglia) (c,d).   

In order to study the implication of GalR2 in non-opioid pain pathways and to validate SPX/GalR2 

system as a novel target for pain treatment, one would require chemical biology tools which allow 

for precise spatio-temporal activation of the receptors in cellulo and in vivo. In this context, we aimed 

at developing first light-activable (photochromic) SPX derivatives.  

On one hand, reversibly photoswitchable SPX analogues (Fig 1. left) were designed and synthesized 

by insertion of an azobenzene photoswitch motif. On the other hand, the photocaged analogues (Fig 

1. right) of SPX were designed by caging Tyr9 and Lys11 amino acids, known for thier importance to 

activate the GalR2.  

Among the synthetized compounds, several hits demonstrated activity on GalR2 after their 

photoactivation. 
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Figure 1. Photoswitch (left) and Photocage (right) Spexin derivatives 
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O- and C-aryl glycosides represent important classes of synthetic and natural compounds of therapeutic interest.1 Among 

them, serjanione A2a and menogaril,2b a clinically active antitumor drug derived from the natural product nogalamycin, 

are synthetically attractive. In these unique structures, the sugar residue is joined to the aromatic moiety via both 

glycosidic and C-C bonds to form a benzoxocin ring system. In conjunction with our continuing studies on carbohydrate 

mimetics, we have recently reported a convenient strategy for the synthesis of C,C-glycosides - also referred to as C-

ketosides - from exo-glycals by way of a Metal-mediated Hydrogen Atom Transfer (MHAT).3 The capture of the transient 

tertiary pseudoanomeric radicals by a range of Michael acceptors enables the stereocontrolled C-quaternization of the 

anomeric center. With the objective of developing a convergent, step-economical access to the benzoxocin core found in 

C,O-fused glycosyl hetarenes such as serjanione A or nogalamycin, we envisioned the direct coupling of MHAT-

generated glycosyl radicals with 1,4-quinones. The control in regio- chemo- and diastereo-selectivity in the generation of 

quaternary (pseudo)anomeric centers using such a demanding cross-coupling transformation involving an exo-glycal and 

a quinone was expected to be highly challenging. In this work, we report that quinones can be successfully coupled with 

a variety of exo-glycals to produce phenolic O-ketosides, demonstrating their applicability in demanding cross-coupling 

transformations initiated by iron-catalyzed HAT4. In this process, the key C-O bond-forming event may proceed through 

a radical or a cationic process. Preliminary mechanistic studies suggest the formation of a glycosyl oxocarbenium ion 

intermediate via a charge transfer complex involving the tertiary pseudoanomeric radical and the quinone. In addition, 

for HAT-mediated glycosylation process, we evaluated its potential as a key step in direct C-aryl ketoside synthesis via 

Fries-type rearrangement5.
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The use of fluorinated groups in medicinal and agrochemistry is constantly increasing. In fact, at least one fluorine 

atom is present in 18% of pharmaceuticals1 and 53% of agrochemicals2. Fluorine has indeed demonstrated its 

ability to modify the physico-chemical and biological properties of molecules compared to their hydrogenated 

analogues, leading for example to an increase in metabolic stability. Nevertheless, most of these compounds are 

in fact bearing a single fluorine atom, or a trifluoromethyl group, thus explaining the need for more diversity. To 

this end, the development of new methodologies allowing the introduction of emerging fluorinated groups (CF2H, 

SF5, OCF3, SF3…) has become a major challenge. 

Our group therefore focuses on the synthesis of a versatile building-block, namely a ketenimine3, bearing a 

difluoromethoxy group (-OCF2H), for which the direct introduction methods, especially on alkyl chains, are still 

rare.4 

First the synthesis of the oxime, as well as the in situ formation of the key intermediate through a Beckmann 

rearrengement, was optimized. Second, various nucleophiles were successfully added to the ketenimine and the 

influence of the migratory group was studied.  This new methodology allowed us to build a library of molecules 

bearing the -OCF2H motif. 
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Development and optimization of the Low-Field NMR 

device:
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My doctoral work aims towards the optimization of home-built Low-field NMR devices which

helps in monitoring and acquisition of reaction kinetic information by staying close to the 

source of information (Reaction) by dipping developed new NMR probes into the reaction 

vessels or the reactors.

Nuclear Magnetic Resonance is well known for its non-invasive and non-destructive data 

collection method. NMR is widely used in everyday analysis for chemists for example it can be 

used in online reaction monitoring. To monitor the reaction one needs to have the peristalt ic 

pump take the reaction mixture inside the NMR spectrometer for data collection and then back 

to the reaction flask.1 To get accurate information one has to carefully optimise the flow rate of 

the reaction mixture and the data collection method. To apply this method one has to install the 

NMR spectrometer next to the hood or reaction flask. To overcome this problem, we are 

developing an NMR spectrometer which can be dipped directly into the reaction flask or the 

big plant. As shown in the figure

Schematic representation of the Dip-NMR model

The Dip-NMR spectrometer is divided into mainly two units. They are the NMR-micro probe2

and the controller unit. The NMR-micro coil is composed of the Rf coil, tuning capacitors, and 

the small magnet3,4 which produces the static field. The Controller unit has the micro rf field 

generator, amplifier, ADC and other units. The NMR spectra from the Dip-NMR model will be 

very broad and unable to quantify to get valuable information. Hence the mathematical method 

is applied using python to quantify it. 

The concentration of the Starting material before the start of the reaction will be the same as 

the sum of the concentration of the starting material and the product formed at any point of the 

reaction. We took advantage of that condition and used the data points of each spectrum at 

every time interval to obtain the concentration of both the starting material and the product at a 

given time.
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Abstract  

ESIPT is a photophysical process occurring in heterocyclic systems containing a 5- or 6-membered 

intramolecular hydrogen bond in their structure. Upon photoexcitation, the molecules which are in a normal (N) 

or enol (E) form in the ground-state will undergo phototautomerism in the excited state and will emit light 

through a tautomeric (T*) or keto (K*) form. ESIPT fluorophores are characterized by very large stokes shifts (up 

to 10 000 cm-1), strong solid-state fluorescence and environment-dependent emission profile. Applications of 

ESIPT emitters include optoelectronic devices, biomedical imaging, sensing and cryptographic inks.1 

Hydroxyphenylbenzazole (HBX) dyes are organic fluorophores showing ESIPT which have been used as 

model dyes due to a straightforward synthesis, upscalability, stability and possibility to fine-tune their 

photophysical properties by small structural inputs. Just like the majority of ESIPT emitters, HBX dyes are 

quenched in solution due to strong molecular motions but brighten up in the solid-state where these motions 

are restrained. 

Dual-State emitters (DSE) are dyes which fluoresce in both media (solution and solid). These dyes have been 

scarcely studied in the literature and arise from a subtle balance between quasi-planarity, lack of symmetry and 

electronic effects.2  

We recently found out that the incorporation of pyridinium units on the HBX scaffold can lead to such 

desirable properties, owing to a stabilization of the excited-state through resonance (Figure 1).3 Moreover, 

combination of ethynyl moiety, known to induce DSE properties in HBX derivatives,4 and pyridinium can also 

lead to highly fluorescent Hydroxyphenylbenzoxazole (HBO) in solution and in solid state.4 

The synthesis and optical properties of several hydroxybenzazole derivatives will be discussed in this oral 

presentation. 

Figure 1. HBX fluorophores functionalized by a N-alkyl or N-aryl pyridinium. 

Keywords: ESIPT Fluorescence; Dual-State emission; dyes 
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Biomass is considered an alternative to fossil fuel for the production of various value-added chemicals, which has raised 

enormous interest in recent years. Glucose is one of the most abundant biomass compound, and its hydrogenation product, 

sorbitol, has been widely used in industry as humectant, plasticizer, surfactant etc. [1]. Promising catalysts for glucose 

reduction are still required to be developed. Nickel is a potential catalyst for glucose reduction, due to its low price, 

reasonable abundancy, as well as good performance to produce sorbitol at relative low potential [2]. Meanwhile, dynamic 

hydrogen template electrodeposition is a mature procedure to prepare metallic foams that possess large surface area and 

nanometric features, such as dendrites and needles, which enhance the electrochemical activity. 

In this presentation, we describe the use of Ni foam (Figure 1a), produced via dynamic hydrogen template 

electrodeposition, as a catalyst for glucose reduction to sorbitol. Firstly, active Ni foam surface area was characterized by 

integration of α-Ni(OH)2 formation peak (Figure 1b). The active surface area of Ni foam was 260 times larger than Ni 

flat. CVs for both Ni foam and Ni flat were performed in 0.1 M NaOH in the absence and presence of 5, 10, 30 mM 

glucose, with scan rate 20 mV·s-1 (Figure 1c-d). For Ni flat, for increasing glucose concentration, the maximum 

reduction current happens for 5 mM glucose. For Ni foam, the reduction current continues to increase as glucose 

concentration increases, which may attribute to the fact that glucose poisons Ni electrode, and higher surface area of Ni 

foam could prevent this phenomenon.

1(a)                                      1(b)                                           1(c)                                              1(d)  

Figure 1. (a) SEM for Ni foam; (b) CVs for Ni foam and Ni flat in 0.1 M NaOH; (c) CVs for Ni flat for increasing concentration of 

glucose. (d) CVs for Ni foam for increasing concentration of glucose.

Differential electrochemical mass spectrometry (DEMS) was employed as an analytical technique to quantify the relative 

amount of H2 produced during the reduction of glucose. DEMS measurements were performed for Ni flat and Ni foam,

combing 5 cycles of CVs with scan rate 10 mV·s-1, in the solution of 0.1 M NaOH with 0, 5, 10, 30 mM glucose, also 

100 mM glucose for Ni foam (Figure 2a-b).

2(a)                                                                   2(b)                                                             Scheme 1 

                                                                                                                  

Figure 2. (a) DEMS for Ni flat with 0, 5, 10, 

30 mM glucose; (b) DEMS for Ni foam 

with 0, 5, 10, 30, 100 mM glucose.

Scheme 1: Competition reaction between 

HER and glucose reduction

Integration of DEMS data for every CV cycle of all tested glucose concentration was calculated and an average was 

obtained for Ni flat and Ni foam. A ratio between the data in the presence and in the absence of glucose was computed. 

In the case of Ni flat as catalyst, for 0 : 5 : 10 : 30 mM glucose, the ratio is 1 : 0.86 : 0.82 : 0.77 (neglecting spikes), thus,

the relative amount of H2 decreases in the presence of glucose which proves that part of adsorbed protons are used for 

glucose reduction rather than for HER. In the case of Ni foam as catalyst, for 0 : 5 : 10 : 30 : 100 mM glucose, the ratio is 

1 : 1.07 : 1.14 : 1.44 : 1.57 (neglecting spikes), which is on the reverse trend comparing to Ni flat, as the relative amount 

of H2 increases in the presence of glucose. From CVs, the onset potential for glucose reduction for Ni foam is 0.15 V less 

negative than for Ni flat. DEMS measurement assures the glucose could be reduced by Ni flat. Results of DEMS for Ni 

foam are under study.
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Incorporation of trifluoromethyl (CF3) groups in biomolecules is an attractive and valuable goal due 
to the high sensitivity of the 19F nucleus in NMR and allows the modulation of molecular properties.
The lack of physiological conditions (water, pH 7.4, 37 °C) to create C-CF3 bonds in complex 
biomolecules drove us to investigate the use of redox-active ligands, inspired by metalloenzymes 
and able to store and release electrons.1,2 Complex 1 has been developed previously and has shown 
a high efficiency for selective trifluoromethylation of indole.3 The latter is particularly interesting in 
biology as 90% of proteins have at least one Tryptophane (Trp), which is an indolic subunit.4

Within this context, water-soluble complex 2 was developed and its catalytic properties were 
investigated on model peptides. The mild catalytic conditions allowed to transfer CF3 on various 
peptides and residue-specific selectivity studies will be presented.
We will also present the design and application of a trifluoromethylated peptide as a probe to detect 
and quantify Cu2+ in biological samples by 19F NMR.

1. D.L.J. Broere, R. Plessius, J.I. van der Vlugt, Chem. Soc. Rev., 2015, 44, 6886-6915.
2. P. Chaudhuri, K. Wieghardt, T. Weyhermüller, T.K. Paine, S. Mukherjee, C. Mukherjee, Biol. Chem., 

2005, 386, 1023–1033.
3. J. Jacquet, S. Blanchard, E. Derat, M. Desage-El Murr, L. Fensterbank, Chem. Sci., 2016, 7, 2030-2036.
4. Y. Seki, T. Ishiyama, D. Sasaki, J. Abe, Y. Sohma, K. Oisaki, M. Kanai, J. Am. Chem. Soc., 2016, 138

(34), 10798–10801.
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Résumé:    

Rapid detection and identification of bacterial infections are among the key actions to 

prevent antibiotic misuse and limit the spread of resistant bacteria. An instantaneous mix-

and-read assay for the detection of bacteria in human body fluids and identification of its 

antibiotic susceptibility would be of high value to public health and society. Fluorescent 

probes hold great promise in the field of biomedical express diagnostics.1 However, existing 

fluorescent bacterial probes are poorly suitable for direct and fast detection of bacterial 

infections in complex biological samples, such as blood or urine.2 

Here we propose a new concept of targeted fluorescent turn-on probes for bacteria, based 

on aggregation caused quenching (ACQ).3,4 The probes are composed of bacteria-targeting 

vectors (antibiotics, antimicrobial peptides) and covalent dimers of far-red aromatic dyes, 

which exist in water in the form of non-fluorescent π- stacked H-aggregates (the OFF state). 

In a less polar medium (such as organic solvents or components of the bacterial cell 

envelope), the H-aggregate is disturbed, and the fluorescence of the probes is restored (the 

ON state).  

A set of Cy5.5 and squaraine dimers have been synthesized and coupled to bacteria-

targeting molecular vectors. Fluorescence studies in a series of solvents demonstrated the 

ability of these probes to generate a strong fluorescence turn-on response when passing 

from an aqueous to a less polar medium. The most efficient probes were characterized by 

high selectivity for bacterial vs eukaryotic cells and enabled the detection of living bacteria in 

no-wash conditions by fluorescence spectroscopy and fluorescence microscopy.  

1. Kobayashi, H.; Ogawa, M.; Alford, R.; Choyke, P. L.; Urano, Y. Chem. Rev. 2010, 110, 2620. 

DOI: 10.1021/cr900263j 
2. Mills,B.; Bradley, M.; Dhaliwal,K. Clin Transl Imaging, 2016, 4, 163. DOI: 10.1007/s40336-016-0180-0 
3. Karpenko, I; Collot, M.; Richert, L.; Valencia, C.; Villa, P.; Mély, Y.; Hibert, M.; Bonnet, D.; Klymchenko, A. 

JACS, 2015, 137 (1), 405–412. DOI: 10.1021/ja5111267 
4. Esteoulle, L.; Daubeuf, F.; Collot, M; Riché, S.; Durroux, T.; Brasse, D.; Marchand, P.; Karpenko, J.; 

Klymchenko, A.; Bonnet, D. Chem. Sci., 2020, 11, 6824-6829. DOI: 10.1039/d0sc01018a 
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ABSTRACT  

Copper monitoring in the human body is of high interest to understand the physiological Cu-homeostasis as 

well as pathological changes leading to diseases, such as Wilsons´s disease (WD) and Alzheimer´s disease (AD). 

Only the exchangeable CuII-pool, which mainly consists in human serum albumin (HSA)-bound CuII can be 

detected by Cu-sensors.[1] In our team we aim to develop Cu-responsive MRI agents, which allow the 

detection of the exchangeable CuII in the blood by magnetic resonance imaging (MRI), a widely clinically used 

imaging tool, which offers high spatial and temporal resolution.[2] Therefore, a CuII-binding motive is linked 

to a gadolinium-based MRI-contrast agent (CA). In order to be used as a Cu-sensor, the resulting molecule has 

to fulfil a series of requirements - an appropriate CuII-affinity comparable to the one of HSA, a selectivity for 

CuII over other metal ions and a significant increase of relaxivity upon CuII-binding. In q-based responsive CAs, 

this gain in relaxivity is due to an increase of the number of GdIII-bound water molecules (q) upon CuII-

binding.[1] The q-based responsive CAs developed in our team consist of three parts – a GdIII-complex, a 

switching arm and a CuII-binding site, as shown in figure 1. The switching arm is bound to GdIII in the absence 

of CuII (“off-state”) and to CuII in the “on-state”, allowing a water molecule to bind to GdIII, which leads to an 

increase in relaxivity. The CuII-binding site was developed based on the ATCUN (amino terminal copper and 

nickel) motive, which consists of three amino acids with a histidine at the last position (X1X2H). It is known for 

its high CuII-affinity and selectivity for CuII over ZnII.[1] The synthesis and relaxometric characterisation of a CuII-

responsive MRI agent as well as detailed spectroscopic studies of its CuII binding motive will be presented.  
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FIGURES  

 

Fig. 1. Schematic representation of the principle of a q-based 

Cu-responsive contrast agent. 


