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Carbene-metal-amide complexes: An emerging class of light emitting materials 

 

Kaspars Traskovskis*,a, Armands Rudussa, Kitija A. Stucereb and Aivars Vembrisb 

aFaculty of Materials Science and Applied Chemistry, Riga Technical University, LV-1048 Riga, Latvia  

bInstitute of Solid State Physics, University of Latvia, LV-1063 Riga, Latvia 

*e-mail: kaspars.traskovskis@rtu.lv 

 

Linear two-coordinate metalloorganic complexes composed of coinage metals (Cu, Ag, Au), electron 

accepting carbene and electron donating amide ligands have recently emerged as a promising emitter class 

for organic light emitting diode (OLED) applications.1 Here structural modifications of carbene-metal-amides 

(CMAs) are explored by introduction of novel thiazoline and imidazole-based carbene ligands (Figure 1). CMAs 

based on thiazoline ligands exhibit dual emission from monomer and excimer excited states allowing single-

emissive-layer white electroluminescence.2 In the case of imidazole ligands the presence of auxiliary electron 

acceptors enables through-space charge transfer process, substantially decreasing the singlet-triplet energy 

gap thus lowering thermal activation barrier for thermally activated delayed emission (TADF) process.  

 

Figure 1. Chemical structures of investigated CMA complexes. 

________ 

1. D. Di, A. S. Romanov, L. Yang, J. M. Richter, J. P. H. Rivett, S. Jones, T. H. Thomas, M. Abdi Jalebi, R. H. Friend, M. Linnolahti, M. 

Bochmann, D. Credgington. Science, 2017, 356, 159−163. 

2. A. Ruduss, B. Turovska, S. Belyakov, K. A. Stucere, A. Vembris, G. Baryshnikov, H. Ågren, J.-C. Lu, W.-H. Lin, C.-H. Chang, K. 

Traskovskis. ACS Appl. Mater. Interfaces, 2022, 14, 15478−15493. 

3. A. Ruduss, B. Turovska, S. Belyakov, K. A. Stucere, A. Vembris, K. Traskovskis. Inorg. Chem., 2022, 61, 2174–2185. 
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Electrocoupling: A catalyst-free alternative for C-C bond formation 

 

Dorian Didier* 

Ludwig-Maximilians Universität, München 

*e-mail: dodich@cup.uni-muenchen.de 

 

Our efforts toward sustainable C-C bond formation have led us to investigate alternative catalyst-free coupling 

reactions. Having previously demonstrated that organoboron reagents can serve as templates in Zweifel 

olefinations1,2 and strained ring functionalization,3,4,5 we set out to develop a conceptual approach for hetero-

coupling reactions. 

As many methods for the formation of hetero-biaryls require expensive and/or environmentally challenging 

transition-metal catalysts as well as inert and dry conditions, we envisioned that bench-stable, hetero-

substituted arylborate salts could undergo formation of (hetero)biaryls, triggering the key 1,2-metallate 

rearrangement step under electrochemical oxidation.6,7,8 

 

 
 

________ 

1. A. Music, C. Hoarau, N. Hilgert, F. Zischka, D. Didier Angew. Chem. Int. Ed. 2019, 58, 1188-1192. 

2. A. N. Baumann, M. Eisold, A. Music, G. Haas, Y. M. Kiw, D. Didier Org. Lett. 2017, 19, 5681-5684. 

3. M. Eisold, D. Didier Angew. Chem. Int. Ed. 2015, 54, 15884-15887. 

4. A. Baumann, A. Music, K. Karaghiosoff, D. Didier Chem. Commun. 2016, 52, 2529-2532. 

5. M. Eisold, D. Didier Org. Lett. 2017, 19, 4046-4049. 

6. D. H. Geske J. Phys. Chem. Soc. 1975, 97, 4264−4268. 

7. S. B. Beil, S. Möhle, P. Enders, S. R. Waldvogel Chem. Commun. 2018, 54, 6128−6131. 

8. C. Gerleve, A. Studer Angew. Chem. Int. Ed. 2020, 59, 15468-15473. 

9. A. Music, A. N. Baumann, P. Spieß, A. Plantefol, T. Jagau, D. Didier J. Am. Chem. Soc. 2020, 142, 4341-4348. 

10. A. N. Baumann, A. Music, J. Dechent, N. Müller, T. C. Jagau, D. Didier Chem. Eur. J. 2020, 26, 8382-8387. 

11. A. Music, C. M. Nuber, Y. Lemke, P. Spieß, D. Didier Org. Lett. 2021, 23, 4179-4184. 
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Photoredox activation of anhydrides towards divergent synthesis of fluorinated compounds 

 

Dmitry Katayev* 

Department of Chemistry, University of Fribourg, Chemin de Musée 9, CH-1700 Fribourg, Switzerland 

*e-mail: dmitry.katayev@unifr.ch 

 

The use of bench-stable and readily available functional group transfer reagents (FGTRs) is a powerful platform 

for increasing the molecular complexity.1-2 Herein we report mild, operationally simple, and switchable 

protocols to access a wide range of fluorinated molecules that employ TFAA and CDFAA as a low cost and 

versatile fluoroalkylating reagents.3-4 Detailed mechanistic investigations using combined experimental, 

spectroscopic and computational tools revealed that electron-transfer photocatalysis triggers a mesolytic 

cleavage of C–O and C–Cl bonds generating trifluoroacethyl, trifluromethyl, and gem-difluoro carboxy radicals, 

respectively. In the presence of alkene molecule and under carefully controlled reaction conditions, these 

radical species deliver various fluorinated organic frameworks with a high level of chemo- and regioselectivity. 

 

 
 

_______ 

1. R. Calvo, K. Zhang, A. Passera, D. Katayev. Nat. Commun. 2019, 10, 3410–3418. 

2. R. Calvo, A. Tellier, T. Nauser, D. Rombach, D. Nater, D. Katayev. Angew. Chem. Int. Ed. 2020, 21, 17162–17168; Angew. Chem. 

2020, 132, 17312–17319. 

3. K. Zhang, D. Rombach, N. Y. Nötel, G. Jeschke, D. Katayev.  Angew. Chem. Int. Ed. 2021, 60, 22487–22495; Angew. Chem. 2021, 

133, 22661–22669. 

4. R. Giri, I. Mosiagin, I. Franzoni, N. Y. Nötel, S. Patra, D. Katayev. ChemRxiv, 2022. 

  



XIII Young Investigator Workshop (YIW 2021/2022) – EuChemS Division of Organic Chemistry 

6 

 

Enzyme-mediated dynamic cyclodextrin systems 

 

Sophie R. Beeren* 

Department of Chemistry, Technical University of Denmark, Kemitorvet Building 207, Kongens Lyngby, DK-

2800, Denmark  

*e-mail: sopbee@kemi.dtu.dk 

 

Dynamic combinatorial chemistry (DCC) is a well-established methodology for the templated synthesis of 

complex molecular architectures, wherein molecular building blocks are linked together using reversible 

covalent reactions to give dynamic mixtures of oligomers under thermodynamic control. While a range of 

reversible covalent reactions have been examined for DCC, enzyme-catalysed reactions have been little 

explored in this context. I will discuss how dynamic mixtures of interconverting cyclodextrins (CDs) can be 

generated by the action of cyclodextrin glucanotransferase (CGTase).1 Templates can then be used to direct 

the selective synthesis of specific CDs, including large-ring CDs and modified CDs.2 By using stimuli-

responsive templates, we can control the outcome of this enzymatic reaction by means of light, pH change 

and redox chemistry.3 

 
 

________ 

1. D. Larsen and S. R. Beeren, Chem. Sci., 2019, 10, 9981-9987. 

2. D. Larsen, M. Ferreira, S. Tilloy, E. Monflier, S. R. Beeren, Chem. Commun., 2022 58, 2287–2290 

3. S. Yang, D. Larsen, M. Pellegrini, S. Meier, D. F. Mierke, S. R. Beeren, and I. Aprahamian, Chem., 2021 7, 2190–2200. 
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Building complex molecular architectures through directed C-H functionalization chemistry and 

amide bond formation 

 

Oscar Verho* 

Department of Medicinal Chemistry, Uppsala University. Biomedical Center (BMC), Husargatan 3, 751 23 

Uppsala 

*e-mail: oscar.verho@ilk.uu.se 

 

Since the seminal study by the group of Daugulis in 2005,1 the 8-aminoquinoline auxiliary has emerged as one 

of the most widely used and versatile directing groups for transition metal-catalyzed C-H functionalization 

chemistry.2 This directing group has been shown to enable highly selective activation of inert C(sp2)-H and 

C(sp3)-H bonds in a wide range of substrate scaffolds, which can be exploited for the installation of a wide 

array of functional groups. As a result, 8-aminoquinoline directed C-H functionalization chemistry has found 

extensive applications in areas where its complexity-generating nature are highly appreciated, as for example 

in the fields of total synthesis and small molecule library design.3 

This presentation will describe our group’s work related to the applications of different 8-aminoquinoline 

directed C-H functionalization reactions for the synthesis of complex molecular architectures. Specifically, our 

efforts to access structurally elaborate benzofuran4 and cyclobutane5 derivatives as well as unnatural amino 

acids will be highlighted.6 Furthermore, new methods to cleave the 8-aminoquinoline auxiliary will be 

presented, and it will be demonstrated that this obligatory auxiliary removal step can function as an additional 

diversification point in the creation of diverse compound collections. In this part, a two-step, one-pot protocol 

that allows for the overall transamidation of 8-aminoquinoline amides will be presented.7 Furthermore, our 

preliminary results from an on-going project featuring tropyllium-assisted amide bond formation will be shown. 

 

Acknowledgements: OV would like to thank the FORMAS, Olle Engkvist, Magnus Bergvall and Wenner-Gren Foundations 

for funding of the presented research. Furthermore, OV would like to thank all the co-authors that were involved in these 

studies and the Swedish Chemical Society for a travel grant to attend this workshop. 

________ 

1. Zaitsev, V. G.; Shabashov, D.; Daugulis, O. J. Am. Chem. Soc. 2005, 127, 13154–13155. 

2. Sambiagio, C.; Schönbauer, D.; Blieck, R.; Dao-Huy, T.; Pototschnig, G.; Schaaf, P.; Wiesinger, T.; Farooq Zia, M.; Wencel-Delord, 

J.; Besset, T.; Maes, B. U. W.; Schnürch, M. Chem. Soc. Rev. 2018, 47, 6603–6743. 

3. For representative examples, see: (a) Maetani, M.; Zoller, J.; Melillo, B.; Verho, O.; Kato, N.; Pu, J.; Comer, E.; Schreiber, S. L. J. 

Am. Chem. Soc. 2017, 139, 11300−11306; (b) Liu, Z.; Wang, Y.; Wang, Z.; Zeng, T.; Liu, P.; Engle, K. M. J. Am. Chem. Soc. 2017, 

139, 11261−11270. (c) Chapman, L. M.; Beck, J. C.; Wu, L.; Reisman, S. E. J. Am. Chem. Soc. 2016, 138, 9803−9806. (d) Gutekunst, 

W. R.; Gianatassio, R.; Baran, P. S. Angew. Chem. Int. Ed. 2012, 51, 7507−7510. 

4. Oschmann, M.; Johansson Holm, L.; Pourghasemi Lati, M.; Verho, O. Molecules 2020, 25, 361. 

5. a) Schmitz, A. J.; Ricke, A.; Oschmann, M.; Verho, O. Chem. Eur. J. 2019, 25, 5154–5157; b) Pourghasemi Lati, M.; Ståhle, J.; 

Meyer, M.; Verho, O. J. Org. Chem. 2021, 86, 8527–8537. 

6. Balliu, A.; Strijker, A. R. F.; Oschmann, M.; Pourghasemi Lati, M.; Verho, O. ChemRxiv 2020, DOI: 10.26434/chemrxiv.12034743. 

7. O. Verho, M. Pourghasemi Lati, M. Oschmann, J. Org. Chem. 2018, 83, 4464–4476. 
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Mimicking protein-protein interactions in persistent bacteria 

 

Anna Barnard* 

Department of Chemistry, Imperial College London, 82 Wood Lane, London, UK 

*e-mail: a.barnard@imperial.ac.uk 

 

Bacterial protein-protein interactions (PPIs) are involved in a multitude of cellular functions and are therefore 

being increasingly explored as potential antibiotic targets.1 One family of significantly underexplored bacterial 

PPIs are the type II toxin-antitoxin (TA) modules. These systems consist of toxin and antitoxin proteins that 

form a tight PPI and act as important stress-responsive elements. In Salmonella, the Phd-Doc TA module was 

suggested to be a major driver of persister formation.3 Persisters are cells in a growth-arrested state, which 

can survive antibiotic treatment and hence are recognised as a major cause of recurrent infections. 

I will describe the first detailed characterisation of the S. Typhimurium Phd-Doc PPI and our initial work towards 

the development of Phd antitoxin-mimicking peptides to probe the Phd-Doc PPI as potential anti-persistence 

target. We have developed a novel method for recombinant expression of active Doc toxin and subsequently 

assessed the role of specific residues of the Phd antitoxin on Doc toxin inhibition. Substitution of some residues 

in Phd-based peptides led to poor inhibition of Doc, despite the formation of high-affinity complexes, 

suggesting that toxin neutralisation is achieved by mechanisms beyond high affinity interactions.2 Phd peptides 

showing in vitro activity were able to counteract Doc toxicity when expressed in S. Typhimurium. Finally, we 

have generated a novel family of Doc-inhibitory, stapled Phd peptides with the aim to evaluate their effect on 

persister formation in S. Typhimurium. 

 

________ 

1. R. Kahan, D.J. Worm, G.V. de Castro, C. Ng, A. Barnard. RSC Chem. Bio., 2021, 2,387-409. 

2. G.V. de Castro, D.J. Worm, G.J. Grabe, F.C. Rowan, L. Haggerty, A.L. de las Lastra, O. Popescu, S. Helaine, A. Barnard. ACS 

Chem. Bio. 2022, 17, 1598-1606.  
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Total synthesis of racemic polyclic alkaloids isatindigotindoline C and setigerumine I 

 

Juha H. Siitonen* 

Department of Chemistry and Materials Science, School of Chemical Engineering Aalto University, 

Kemistintie 1, FI-02150 Espoo, Finland 

*e-mail: juha.siitonen@aalto.fi 

 

Polyclic alkaloids offer ample opportunities for strategic and mechanistic discoveries. While most chiral 

alkaloids are isolated as single enantiomers, rare cases of naturally occurring racemic mixtures are also 

known.1 

Our group is particularly fascinated by these structurally complex racemic alkaloids, and their underlying 

mechanistic and biosynthetic implications. Our chemical journeys leading to the syntheses of (±)-

Isatindigotindoline C and (±)-Setigerumine I will be discussed.2,3 

 

 

 

________ 

1. A. J. E. Novak, D. Trauner. Trends Chem., 2020, 2, 1052–1065.  

Example: D. Curran, J. Grimshaw, S. D. Perera. Chem. Soc. Rev., 1991, 20, 391–404. 

2. J. H. Siitonen, S. Lira, M. Yousufuddin, L. Kürti. Org. Biomol. Chem., 2020, 18, 2051–2053. 

3. A. V. Serna, L. Kürti, J. H. Siitonen. Angew. Chem. Int. Ed. 2021, 60, 27236–27240. 
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Natural product protulactone A: synthesis and biological evaluation 

 

Jovana M. Francuz*,a and Sanja M. Djokić 

Department of Chemistry, Biochemistry and Environmental Protection, Faculty of Sciences, University of 

Novi Sad, Trg Dositeja Obradovića 3, 21000 Novi Sad, Serbia 

*e-mail: jovana.francuz@dh.uns.ac.rs 

 

Protulactone A, a naturally occurring bicyclic lactone, has been isolated from EtOAc extract of the marine-

derived fungus Aspergillus sp. SF-5044.1 The first total synthesis of this natural product was achieved by the 

Gracza group.2 Herein, we report the total synthesis of (+)-protulactone A (PLA, Figure 1.), its C-7 epimer, 

and new analogues starting from D-galactose, as well as their preliminary antimicrobial and antiproliferative 

activities. We also report the first crystal structure of protulactone A, which confirms the assumed 

stereochemistry of this natural product. 

 

Figure 1. Chemical and crystal structure of protulactone A (PLA). 

 

 

________ 

1. J. H. Sohn, H. Oh. Bull. Korean Chem. Soc., 2010, 31, 1695–1698. 

2. M. Markovič, P. Kooš, T. Čarny, S. Sokoliova, N. Bohačikova, J. Moncol, T. Gracza. J. Nat. Prod., 2017, 80, 1631–1638. 
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Ring expansion approaches for the synthesis of functionalised macrocycles 

 

William P. Unsworth* 

University of York, York, YO10 5DD, United Kingdom 

*e-mail: william.unsworth@york.ac.uk 

 

This talk concerns the development of new methods to construct functionalised macrocycles (12+ membered 

rings) and medium-sized rings (8–11-membered). These ring systems are usually difficult to make, with one 

of the key challenges being the effective control of intra- and intermolecular reaction during end-to-end 

cyclisation.1,2 The approaches I will discuss in this talk are based on strategies by which the difficult end-to-

end cyclisation step can be completely avoided. First, I will describe an iterative ring enlargement approach 

known as ‘Successive Ring Expansion’ (SuRE).3-9 SuRE works be enabling the controlled insertion of amino 

acid and hydroxy acid fragments into ring enlarged products via a telescoped acylation/rearrangement 

reaction sequence. Background, methods development, substrate scope/limitations, the synthesis of 

compound libraries for biological evaluation,4 cascade variants7,9 and DFT calculations8 will all be covered. A 

new ring expansion cascade strategy10,11 will also be introduced, that enables the atroposelective synthesis of 

medium sized rings directly from linear precursors.12 

 
 

________ 

1. Ring Enlargement in Organic Chemistry, M. Hesse, 1991, VCH. 

2. W. P. Unsworth, J. R. Donald, Chem. Eur. J. 2017, 23, 8780–8799. 

3. C. Kitsiou, J. J. Hindes, P. I’Anson, P. Jackson, T. C. Wilson, E. K. Daly, H. R. Felstead, P. Hearnshaw, W. P. Unsworth, Angew. 

Chem. Int. Ed. 2015, 54, 15794–15798. 

4. L. G. Baud, M. A. Manning, H. L. Arkless, T. C. Stephens, W. P. Unsworth, Chem. Eur. J. 2017, 23, 2225–2230. 

5. T. C. Stephens, M. Lodi, A. Steer, Y. Lin, M. Gill, W. P. Unsworth, Chem. Eur. J. 2017, 23, 13314–13318. 

6. T. C. Stephens, A. Lawer, T. French, W. P. Unsworth, Chem. Eur. J. 2018, 24, 13947–13953. 

7. K. Y. Palate, R. G Epton, A. C. Whitwood, J. M. Lynam, W. P. Unsworth Org. Biomol. Chem. 2021, 19, 1404–1411. 

8. A. Lawer, R. G. Epton, T. C. Stephens, K. Y. Palate, M. Lodi, E. Marotte, K. J. Lamb, J. K. Sangha, J. Lynam, W. P. Unsworth, Chem. 

Eur. J. 2020, 26, 12674–12683. 

9. K. Y. Palate, Z. Yang, A. C. Whitwood, W. P. Unsworth RSC Chem. Biol. 2022, 3, 334–340 

10. T. C. Stephens, W. P. Unsworth, Synlett 2020, 31, 133–146. 

11. A. K. Clarke, W. P. Unsworth, Chem. Sci. 2020, 11, 2876–2881. 

12. A. Lawer, J. A. Rossi-Ashton, T. C. Stephens, B. J. Challis, R. G. Epton, J. M Lynam, W. P. Unsworth, Angew. Chem., Int. Ed. 

2019, 58, 13942–13947. 
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Novel class of fentanyl derivatives: Synthesis and in vivo analgesic activity 

 

Ivana I. Jevtić*, a, Sonja Vučkovićb, and Milovan D. Ivanovićc 

aUniversity of Belgrade-Institute of Chemistry, Technology and Metallurgy, Department of Chemistry, 

Njegoševa 12, 11000 Belgrade, Serbia 

bUniversity of Belgrade-Faculty of Medicine, Department of Pharmacology, Clinical Pharmacology and 

Toxicology, 11000 Belgrade, Serbia 

c University of Belgrade-Faculty of Chemistry, Studentski trg 12-16, 11000 Belgrade, Serbia 

*e-mail: ivana.jevtic@ihtm.bg.ac.rs 

 

As a part of our ongoing research on the preparation and pharmacological evaluation of novel functionalized 

piperidines, 15 compounds were synthesized as analogues of potent -opioid agonist and clinical analgesic, 

fentanyl.1,2 Compounds were prepared by the novel and/or optimized synthetic routes and represent the first 

known fentanyl analogues possessing any nitrogen substituent at C3 position of the piperidine ring.  

The analgesic activity of synthesized compounds was tested in vivo.2 Only four compounds showed analgesic 

activity. The most potent of them was 1.8 times less potent analgesic than fentanyl, with fast onset and short 

duration of analgesic effect, which makes this compound potentially suitable for different pharmacological 

formulation in the pain treatment. 

 

 

________ 

1. I. I. Jevtić, L. Došen-Mićović, E. R. Ivanović, N. M. Todorović, M. D. Ivanović. Synthesis of Orthogonally Protected (±) 3-Amino 4-

Anilidopiperidines and (±) 3-N-Carbomethoxy Fentanyl, Synthesis 2017; 49(14): 3126. 

2. I. I. Jevtić, K. Savić Vujović, D. Srebro, S. Vučković, M. D. Ivanović, S. V. Kostić-Rajačić, Synthesis and Pharmacological Evaluation 

of Novel cis and trans 3-Supstitued Anilidopiperidines, Pharmacol. Rep. 2020, 72(4), 1069-1075. 
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Squaramides: From receptors to antimicrobials 

 

Robert B. P. Elmes* 

Department of Chemistry, Maynooth University, National University of Ireland, Maynooth, Co. Kildare, 

Ireland. 

*e-mail: robert.elmes@mu.ie 

 

Squaramides, a family of conformationally rigid cyclobutene ring derivatives, are rapidly gaining research 

interest across diverse areas of the chemical and biological sciences.1 Composed of two carbonyl hydrogen-

bond acceptors in close proximity to two NH hydrogen-bond donors, this small molecular scaffold benefits 

from unique physical and chemical properties that render it extremely useful as a tool in areas as diverse as 

catalysis, molecular recognition, bioconjugation, and self-assembly. 

Our work has focused on utilising squaramides for the design of anion receptors, sensors and transporters. 

Squaramides are particularly useful in this regard due to their strong H-bond donating ability, planar structure 

and the observed increase in aromaticity upon guest binding. Moreover, their synthetic versatility renders 

squaramides practical for incorporation in a wide range of supramolecular scaffolds. 

This lecture will summarise some of our efforts to design easily accessible, and functionally rich squaramides 

for use as anion receptors and transporters. It will also detail our recent progress towards the application of 

anions transporters as a new class of anti-microbial agents. 

 

 
 

 

________ 

1. L. A. Marchetti, L. K. Kumawat, N. Mao, J. C. Stephens, R. B. P. Elmes, Chem 2019, 5, 1398-1485. 

  



XIII Young Investigator Workshop (YIW 2021/2022) – EuChemS Division of Organic Chemistry 

14 

 

Chemical cartography - Mapping chemical reaction space using high-throughput experimentation 

 

David Leitch* 

Department of Chemistry, University of Victoria, Canada 

*e-mail: dcleitch@uvic.ca 

 

Predicting the outcome of chemical reactions is the cornerstone of synthetic chemistry. While every organic 

chemist learns to make qualitative predictions about the expected reaction products, making quantitative 

predictions about outcomes – rate, selectivity, yield – is considerably more challenging. To realize advances 

in computer-assisted synthetic planning/design, accurate quantitative predictions based on 

reactants/conditions are necessary. 

The Leitch lab is taking a bottom-up approach to developing data sets and predictive models for key organic 

transformations relevant to pharmaceutical and agrochemical synthesis. Our approach is to leverage high-

throughput experimentation to rapidly assemble libraries of reaction data, and then combine these data with 

simple, calculable molecular descriptors. This presentation will cover our recent efforts in this area, including 

the development of new precatalysts to enable high-throughput experimentation1 and predictive models for 

Pd-catalyzed cross coupling2 and SNAr3. 

 

 

________ 

1. Jingjun Huang, Matthew Isaac, Ryan Watt, Joseph Becica, Emma Dennis, Makhsud I. Saidaminov, William A. Sabbers, David C. 

Leitch, ACS Catal. 2021, 11, 5636–5646 

2. Jingru Lu, Sofia Donnecke, Irina Paci, David C. Leitch, Chem. Sci. 2022, 13, 3477-3488 

3. Jingru Lu, Irina Paci, David C. Leitch, ChemRxiv 2022, DOI: 10.26434/chemrxiv-2022-71bzc 
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Shedding new light on Boron-centered radical chemistry 

 

Serena Pillitteri,a Prabhat Ranjan,a Monica Oliva,a Laura Y. Vázquez Amaya,a Erik V. Van der Eycken,a,b 

Upendra K. Sharmaa,* 

aLaboratory for Organic & Microwave-Assisted Chemistry (LOMAC), Department of Chemistry, University of 

Leuven (KULeuven), Celestijnenlaan 200F, B-3001 Leuven, Belgium. 
bPeoples’ Friendship University of Russia (RUDN University), Miklukho-Maklaya street 6, RU-117198 

Moscow, Russia. 

*e-mail: upendrakumar.sharma@kuleuven.be 

 

Since its recognition as an enabling tool to form challenging C-C and C-heteroatom bonds under mild 

and sustainable conditions, photoredox catalysis has been in the spotlight within the synthetic community. As 

a consequence, the interest in developing novel synthetic strategies has spiked together with the need to 

define suitable radical sources under ambient conditions with high selectivity, unprecedented functional group 

tolerance and broad applicability. In the alkyl radical precursor landscape, boron-based species have also 

begun to play a predominant role.[1] Though the reactivity of trifluoroborates has been deeply investigated, yet, 

the interest in using other boron species as radical precursors in photocatalyzed reactions has recently been 

arisen.[1b] This late exploration lies in the fact that the high oxidation potential of boronic acids (BAs) and esters 

hinders their possible applications. Nevertheless, to circumvent this issue, a diverse array of activation modes 

has been developed,[2] exploiting in most of the cases the inherent Lewis acidity of boronic acid (derivatives). 

The aim of this presentation is to highlight our recent contribution in this vibrant field with the focus on broad 

applicability and selectivity, besides scalability via continuous-flow methodology (Figure 1).[3] 

 

________ 

1. (a) Ravelli, D.; Protti, S.; Fagnoni, M. Chem. Rev. 2016, 116, 9850–9913. (b) Matsui, J. K.; Lang, S. B.; Heitz, D. R.; Molander, G. 

ACS Catal. 2017, 7, 2563–2575. 

2. (a) Duret, G.; Quinlan, R.; Bisseret, P.; Blanchard, N. Chem. Sci. 2015, 6, 5366–5382. (b) Duan, K.; Yan, X.; Liu, Y.; Li, Z. Adv. 

Synth. Catal. 2018, 360, 2781–2795. (c) Pillitteri, S.; Ranjan, P.; Van der Eycken, E. V.; Sharma U. K. Adv. Synth. & Catal. 2022, 364, 

1643-1665. 

3. (a) Lima, F.; Sharma, U. K.; Grunenberg, L.; Saha, D.; Johannsen, S.; Sedelmeier, J.; Van der Eycken, E. V.; Ley, S. V. Angew. 

Chem. Int. Ed. 2017, 56, 15136–15140; (b) Ranjan, P.; Pillitteri, S.; Coppola, G.; Oliva, M.; Van der Eycken, E. V.; Sharma, U. K. ACS 

Catal. 2021, 11, 10862–10870; (c) Oliva, M.; Ranjan, P.; Pillitteri, S.; Coppola, G.; Messina, M.; Van der Eycken, E. V.; Sharma, U. K. 

iScience 2021, 24, 103134. 
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Novel synthetic methodologies via direct irradiation of aryl ketones under microfluidic conditions 

Xavier Companyó* 

Section of Organic Chemistry – Department of Inorganic and Organic Chemistry, University of Barcelona. 

Carrer Martí i Franquès 1, 08028 Barcelona 

*e-mail: x.companyo@ub.edu 

 

Photochemistry is emerging as a key enabling tool for the construction of molecular architectures using light 

as a renewable energy source. By exploiting the unprecedented reactivity of excited organic molecules, 

photochemistry has tremendously increased the toolbox of chemists for the development of novel synthetic 

transformations. Photochemical methodologies in batch, however, suffer from some common drawbacks, 

such as irreproducibility, reactivity and selectivity issues related to over-irradiation and light-promoted side-

reactions together with difficult reaction up-scaling. Some of these fundamental drawbacks can be address 

by implementing the photochemical reactions under microfluidic conditions. Microfluidic photoreactors (MFPs) 

present enhanced surface-to-volume ratio, a uniform irradiation and increased light penetration depth, short 

diffusion distances for efficient mass and photon transfer, as well as simple synthetic up-scaling in continuous 

flow for large-scale synthesis. 

 
The ability of 2-methyl benzophenone to generate the reactive photoenol intermediate upon UV-light irradiation 

is known since the 1960s. However, its potential as a versatile synthetic intermediate has only been recognized 

recently. In this scenario, we demonstrated how a microfluidic photoreactor setup (MFP) improves both the 

selectivity and the synthetic performance of several reported transformations of 2-methyl benzophenones, 

such as cycloadditions, trifluoromethylations and carboxylations.1 The MFP setup also allowed to develop an 

unprecedented Michael addition of the photoenol intermediate to 3-substituted coumarins for the synthesis of 

4-benzylated cromanones.1 Furthermore, the microfluidic photoreactor enables the direct assembly of highly 

functionalized tetracyclic architectures, such as naphthocromene and benzoxanthene scaffolds, through a 

lightpromoted [4+2] cycloaddition reaction.2 Using this photochemical cycloaddition, we identify and design a 

new family of organic photocatalysts based on the naphthochromenone core. These photocatalysts absorb 

across the UV/Vis region, conferring high-energy excited states and extremely wide redox windows with the 

use of simple visible light. Hence, the naphthochromenone photocatalysts can engage in both oxidative and 

reductive quenching processes with strong thermodynamic requirements.3 Finally, we have also developed an 

unconventional asymmetric allylic alkylation of Morita-Baylis-Hillman adducts4 with the photoenol intermediate 

as non-stabilised, photogenerated carbon-nucleophile. The simultaneous activation of the electrophile via 

chiral Lewis-base catalysis and the nucleophile under light irradiation enables the stereoselective construction 

of tertiary and quaternary benzylated stereocenters at allylic positions.5 

________ 
1. J. Mateos, A. Cherubini-Celli, T. Carofiglio, M. Bonchio, N. Marino, X. Companyó, L. Dell’Amico. Chem. Commun. 2018, 54, 6820-

6823 

2. J. Mateos, N. Meneghini, M. Bonchio, N. Marino, T. Carofiglio, X. Companyó, L. Dell’Amico. Beilstein J. Org. Chem. 2018, 14, 2418-

2424. 

3. (a) J. Mateos, A. Vega-Peñaloza, A. Sartorel, M. Natali, T. Bortolano, G. Pelosi, X. Companyó, M. Bonchio and L. Dell’Amico. Angew. 

Chem. Int. Ed. 2020, 59, 1302-1312; (b) A. Vega-Peñaloza, J. Mateos, X. Companyó, M. Escudero-Casao, L. Dell’Amico. Angew. 

Chem. Int. Ed. 2021, 60, 1082-1097.  

4. A. Calcatelli, A. Cherubini-Celli, E. Carletti, X. Companyó. Synthesis 2020, 52, 2922-2932. 

5. S. Paria, E. Carletti, M. Macron, A. Cherubini-Celli, A. Mazzanti, M. Rancan, L. Dell’Amico, M. Bonchio, X. Companyó. J. Org. 

Chem. 2020, 85, 4463-4474.  
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Electrochemical alkene functionalization 

 

Zachary K. Wickens* 

Department of Chemistry, University of Wisconsin–Madison, 1101 University Rd. Madison, WI, USA 

*e-mail: wickens@wisc.edu 

 

Alkene functionalization reactions are fundamental to organic synthesis. This seminar will introduce new 

approaches to promote deceptively simple alkene transformations that have remained elusive using modern 

synthetic tools. As a representative example, we will describe a new approach to oxidatively functionalize 

alkenes via an electrogenerated dielectrophilic intermediate derived from reaction of alkenes with thianthrene 

radical cation. Subsequent substitution by polar nucleophiles after generation of this synthetic intermediate 

enables construction of diverse, synthetically attractive products. This strategy has enabled new synthetic 

methods to construct high value products by coupling abundant nucleophiles and feedstock hydrocarbons. 
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Circumventing scaling relationships in CO2 electroreduction with hybrid catalysts 

 

Alonso Rosas-Hernández* 

Carbon Dioxide Activation Center, Interdisciplinary Nanoscience Center, Department of Chemistry, Aarhus 

University, Langelandsgade 140, 8000 Aarhus C, Denmark 

*e-mail: arosas@chem.au.dk 

 

Developing high-performing catalysts for sustainable and economically viable transformations remains a 

central goal of the chemical industry.1 The performance of catalytic materials for the electroconversion of 

carbon dioxide into value-added products is governed by linear free energy and scaling relationships.2 

Knowledge of these limits offers a shortcut for designing strategies to alter reaction mechanisms for improved 

performance. With the help of high-throughput experimentation on bulk copper bimetallic alloys, we have 

identified scaling relationships between the production rates of methane and multicarbon products.3 This strict 

dependence represents an intrinsic limit toward the selective production of commercially-relevant products 

such as ethylene and ethanol. Selectivity analysis highlights the impact of integrating high-throughput 

experimentation and data science to discover such a power-law scaling relationship that is broken upon 

coating the electrode surface with an organic additive (N,N′-ethylene-phenanthrolinium), demonstrating a 

fundamental limitation of CO2 electroreduction Cu-based materials and a strategy to overcome it through 

hybrid inorganic−organic interfaces.  

 

 

 

________ 

1. Z. W. Seh, J. Kibsgaard, C. F. Dickens, I. Chorkendorff, J. K. Nørskov, T. F. Jaramillo, Science 2017, 355, eaad4998. 

2. A. Vojvodic, J. K. Nørskov, Natl. Sci. Rev. 2015, 2, 140–149. 

3. Y. Lai, N. B. Watkins, A. Rosas-Hernández, A. Thevenon, G. P. Heim, L. Zhou, Y. Wu, J. C. Peters, J. M. Gregoire, T. Agapie, ACS 

Cent. Sci. 2021, 7, 1756–1762. 
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Active nanomaterials for bioapplications 

 

Beatriz Pelaz* 

Centro Singular de Investigación en Química Biolóxica e Materiais Moleculares (CiQUS), Departamento de 

Química Inorgánica, Universidade de Santiago de Compostela, 15782 Santiago de Compostela, Spain 

*e-mail: beatriz.pelaz@usc.es 

 

Nanotechnology allows the creation of a myriad of materials by producing composite self-assembled 

architectures, e.g., inorganic and/or organic nanoparticles (NPs), biomolecules, therapeutics, etc. The fine 

tuning of their properties provides with novel, multifunctional tools for drug-delivery applications. 

Between nanotechnology and achieving advanced medicinal products stand entangled challenges such as 

understanding and controlling the biomolecule−NP (biomolecular corona) in vivo; avoiding intracellular 

degradation of the nano-formulations due to lysosomal/phagolysosome storage; and highly specific targeting 

of cells and/or tissues. 

When designing a nanomedicine some characteristics should be fulfilled in order to ensure its in vivo success. 

This includes avoiding sequestration by the mononuclear phagocytic system (MPS); and major accumulation 

in the liver and spleen; presenting prolonged circulation; targeting abilities to recognize specific cells and 

tissues; and the ability to perform an action. 

This last point can be achieved by developing stimuli-responsive controlled delivery systems triggered by 

stimuli such as light, ultrasound, magnetic fields, pH, enzymatic catalysis, competitive guests, etc. The 

interaction of light or alternating magnetic fields with inorganic NPs is orders of magnitude stronger than with 

organic molecules due to their larger absorption cross-sections. Therefore, inorganic NPs (or hybrid 

composites) offer a convenient platform to produce remotely controlled colloidal nanosystems. These 

interactions can be applied to develop nanoheaters, nanoreactors, or to induce a controlled drug release that 

will offer novel and personalized tools for therapy and imaging. 
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Design, synthesis and application of hybrid chiral organic-inorganic materials 

 

Anna Poryvai, Michal Šmahel, Jiří Tůma, Michal Kohout* 

University of Chemistry and Technology Prague, Technická 5, 16628 Prague, Czech Republic 

*e-mail: michal.kohout@vscht.cz 

 

Chiral compounds are ubiquitous in nature and chirality plays a crucial role in various natural processes 

because biological properties of individual enantiomers of a chiral compound may differ in vivo, despite their 

almost identical physico-chemical properties. Utilization of chiral compounds in materials chemistry gives rise 

to smart materials that can serve for various purposes, such as multifunctional dopants to liquid crystal 

matrixes and chiral sorbents for resolution of racemic mixtures. Recently, we have presented the first example 

of a multifunctional dopant, which upon mixing with an achiral liquid crystal gives rise to the photosensitive and 

magnetic nanocomposite exhibiting chiral mesophases (Figure 1 - left).1 Controlling chirality puts us in front of 

a challenge to separate the enantiomers prior using them, e.g., as dopants or even pharmaceuticals. To 

address this need, we have developed several chiral stationary phases (Figure 1 - right) that enable chiral 

resolution of various racemic mixtures using liquid chromatography.2,3 

 

 

Figure 1. Schematic representation of a nanocomposite (left) and chiral separation (right). 

 

 

________ 

1. A. Poryvai, M. Šmahel, M. Švecová et al. ACS Nano, 2022, doi:10.1021/acsnano.1c10594. 

2. J. Herciková, D. Spálovská, P. Frühauf, et al. J. Sep. Sci., 2021, 44, 3348-3356. 

3. M. Kohout, S. Wernisch, J. Tůma, et al. J. Sep. Sci., 2018, 41, 1355-1364. 
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Think small: Phosphonic acid monolayers for record-breaking solar cells 

 

Artiom Magomedov*,a, Ernestas Kasparaviciusa, Amran Al-Ashourib, Tadas Malinauskasa, Steve Albrechtb, 

Vytautas Getautisa 

aDepartment of Organic Chemistry, Kaunas University of Technology, Radvilenų pl. 19, LT-50254 Kaunas 

Lithuania 

bDivision Solar Energy, Helmholtz-Zentrum Berlin für Materialien und Energie GmbH, Hahn-Meitner-Platz 1, 

14109 Berlin Germany 

*e-mail: artiom.magomedov@ktu.lt 

 

In the future, our energy production will more and more rely on Solar light. While the current need is met by 

conventional, Si-based technologies presented on market, further progress is strongly dependent on new 

device concepts, such as tandem solar cells. For their successful implementation, new materials need to be 

developed. 

One of the promising technologies is perovskite solar cells (and related tandems). It is a very dynamic and 

highly competitive field of research, where many developments can be achieved leading to fast publications. 

In our work, we have proposed and implemented a new way for the formation of the hole-selective contact 

layer. One of the best results was achieved for the simple carbazole-based phosphonic acid, called 2PACz, 

and this and related materials were used in several efficiency record-breaking tandem devices.1,2 

In my presentation, I will shortly overview the development of the hole-selective monolayers and discuss 

possible future directions. 

 

 

 

________ 

1. A. Al-Ashouri, A. Magomedov, M. Ross et al. EES, 2019, 12, 3356-3369. 

2. A. Al-Ashouri, E. Koehnen, B. Li, A. Magomedov et al. Science, 2020, 370, 1300-1309. 
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Enamine-based organic reducers: from the tool to the applications 

 

Julie Broggi* 

Aix Marseille Univ, CNRS, Institut de Chimie Radicalaire (ICR), Faculté de Pharmacie, Marseille, France 

*e-mail: julie.broggi@univ-amu.fr 

 

Enamine-based organic electron donors (OEDs) are powerful reducing agents recognized for their potential 

in the reduction of challenging substrates.1 They are capable of single- or double-electron transfers to organic 

substrates under mild and homogeneous conditions, promoting bond formations through the generation of 

radical or anionic intermediates. They thus emerge as an attractive novel source of reducing electrons in many 

aspects.  

My research focus on synthesizing new organic electron donors and establishing their fields of applications. 

In this talk, I will give an overview of these achievements, spanning from the development of original 

reactivities2 to the preparation of high value-added polymers.3 

 

 
 

________ 
1. For reviews, see: a) J. Broggi, T. Terme, P. Vanelle. Angew. Chem. Int. Ed., 2014, 53, 384-413. b) J. A. Murphy. J. Org. Chem., 2014, 79, 

3731-3746. c) E. Doni, J. A. Murphy. Chem. Commun. 2014, 50, 6073-6087. 

2. a) G. Tintori, P. Nabokoff, R. Buhaibeh, D. Bergé-Lefranc, S. Redon, J. Broggi, P. Vanelle. Angew. Chem. Int. Ed., 2018, 57, 3148-

3153. b) A. Taponard, T. Jarrosson, L. Khrouz, M. Médebielle, J. Broggi, A. Tlili. Angew. Chem. Int. Ed. 2022, 61, e202204623.  

3. a) J. Broggi, M. Rollet, J. L. Clément, G. Canard, T. Terme, D. Gigmes, P. Vanelle. Angew. Chem. Int. Ed., 2016, 55, 5994-5999. 

b) Y. Zhao, M. Rollet, L. Charles, G. Canard, D. Gigmes, P. Vanelle, J. Broggi. Angew. Chem. Int. Ed., 2021, 60, 19389-19396. 
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Sweet tales from an aldehyde's perspective 

 

Christian Stanetty* 

Faculty of Chemistry, TU Wien, Getreidemarkt 9, A-1060 Vienna, Austria 

*e-mail: christian.stanetty@tuwien.ac.at 

 

Carbohydrates are a fascinating part of Nature’s chiral pool and are provided in renewable fashion in great 

variety and abundance. It is a burden for extensive use by organic chemists, that only a small fraction of 

carbohydrates is readily available and consequently studied in great detail. Synthetic glyco-chemistry is 

challenging due to the structural density of both functional groups and stereochemistry. Adding to this 

complexity, an equilibrium exists between cyclic hemiacetals and the open chain carbonyl form (minor). 

 

 

 

It is this neglected molecular minority, with its intrinsically reactive aldehyde moiety, which is in the focus of 

our research. An operationally simple UV-based assay was developed to efficiently capture this relevant pre-

equilibrium.1 This tool was utilized in the studied elongation of the carbohydrates via indium mediated 

acyloxyallylation (Fig. bottom)2 as well as the organocatalytic anomeric activation of reducing sugars by N-

heterocyclic carbenes towards a controlled dehomologation method (Fig. top).3  

________ 

1. H. Kalaus, C. Stanetty et al. Eur. J. Org. Chem. 2021, 2021, 2589-2593. 

2. M. Draskovits, C. Stanetty et al. J. Org. Chem. 2018, 83, 2647-2659. 

3. M. Draskovits, C. Stanetty et al. Chem. Commun. 2019, 55, 12144-12147. 
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Inspired by nature´s design – exploiting the chemistry of artificial glucosinolates 

 

Philipp Klahn*,a,b 

aUniversity of Gothenburg, Department of Chemistry and Molecular Biology, Division of Organic and 

Medicinal Chemistry, Kemivägen 4, 41296 Göteborg, Sweden 

bTechnische Universität Braunschweig, Institute of Organic Chemistry, Hagenring 30, 38106 Braunschweig, 

Germany 

*e-mail: philipp.klahn@gu.se 

 

Natural glucosinolates (GSLs) are glycosidic thiohydroximates produced by plants of the order Brassicales as 

constituent of the GSL-Myr herbivore defence system. Upon tissue damage of these producer plants, e.g. by 

herbivore feeding, the thioglycosidic bond of GSLs gets cleaved by the thioglucosidase myrosinase (Myr) and 

the released thiohydroxiamate aglycone undergoes a thio-Lossen rearrangement to form isothiocyanates 

(ITCs) displaying feeding deterrent activities and multiple other interesting bioactivities.1 Here, I report on the 

synthesis and biochemical evaluation of first fluorescent artificial glucosinolates2 as well as their recent 

application as tools compounds to monitor GSL-associated processes in plants.3 Furthermore, we introduce 

the concept of totally artificial multi-valent GSLs (mv-GSLs)4 bearing more than one ITC releasing warhead as 

well as pseudo-GSLs (psGSLs)5,6 releasing ITCs in the presence of enzymes different from Myr and 

demonstrate their potential application as tools in chemical biology. 

 

________ 

1. K. G. Ramawat, J.-M. Mérillon, Eds., Glucosinolates, Springer, 2017. 

2. C. P. Glindemann, A. Backenköhler, M. Strieker, U. Wittstock, P. Klahn, ChemBioChem 2019, 19, 1668–1694. 

3. C. Kantrup, C. C. Jimidar, M. Schuler, J. Tomas, A. Tatibouet, P. Klahn, H. H. Nour Eldin Auis, unpublished results 2022. 

4. C. C. Jimidar, C. S. G. Ganskow, H. Zeng, H. Schrey, W. Colisi, M. Stadler, P. Klahn, unpublished results 2022. 

5. C. C. Jimidar, L. Wiese, M. Stirz, U. Beutling, A. Schallmey, M. Brönstrup, P. Klahn, in Poster 34. Irseer Naturstofftage 2022. 

6. C. C. Jimidar, L. Wiese, M. Zollo, M. Seeger, A. Schallmey, U. Beutling, M. Brönstrup, S. Hacker, S. A. Sieber, P. Klahn, unpublished 

results 2022. 

  



XIII Young Investigator Workshop (YIW 2021/2022) – EuChemS Division of Organic Chemistry 

25 

 

Deciphering mechanisms to design better catalytic reactions 

 

Mónica H. Pérez-Temprano* 

Institute of Chemical Research of Catalonia (ICIQ) Av. Països Catalans 16, 43007, Tarragona, Spain  

*e-mail: mperez@iciq.es 

 

Most reactions set-up in the lab fail.1 This is one of the biggest problems chemists face when designing 

transition metal-catalyzed transformations.2 Moreover, the translation of scientifically well-established 

reactions to “real-world” applications often does not lead to the desired products.3 This striking situation 

prompts two key questions: Why do reactions fail? Can failed reactions be used to trigger a paradigm-shift in 

reaction design?  

Our group aims to answer these questions placing fundamental understanding at the center of process design. 

We use mechanistic studies as a powerful tool to facilitate the bottom-up design of more efficient chemical 

processes.4 Our research program is based on simple, yet usually overlooked, concept: chemical reactions 

rely on the performance of the reactive intermediates within the catalytic cycles. By capturing these transient 

species and using them as “knowledge building blocks” (KBBs), we expose the obstacles hindering transition 

metal-catalyzed transformations efficiency and capitalize on the gathered fundamental knowledge to 

streamline more resource-efficient transformations.5 

 

 
________ 

1. Zaragoza Dörwald, F. Side Reaction in Organic Synthesis: A guide to Successful Synthesis Design. Wiley- VCH Verlag GmbH&Co. 

2005. 

2. Collins, K. D.; Glorius, F. Nat. Chem. 2013, 5, 597. 

3. (a) Buitrago Santanilla, A.; Regalado, E. L.; Pereira, T.; Shevlin, M.; Bateman, K.; Campeau, L.-C.; Scheeweis, J.; Berritt, S. Shi, Z.-

C.; Nantermet, P.; Liu, Y.; Helmy, R.; Welch, C. J.; Vachal, P.; Davies, I. W.; Cernak, T.; Dreher, S. D. Science, 2015, 347, 49. (b) 

Dreher, S. D. React. Chem. Eng. 2019, 4, 1530. 

4. Sanjosé-Orduna, J.; Mudarra, A. L.; Martínez de Salinas, S.; Pérez-Temprano, M. H. ChemSusChem 2019, 12, 2882. 

5. (a) Sanjosé-Orduna, J.; Gallego, D.; Garcia-Roca, A.; Martin, E.; Benet-Buchholz, J.; Perez-Temprano, M. H. Angew. Chem. Int. 

Ed. 2017, 56, 12137. (b) Sanjosé-Orduna, J.; Sarria Toro, J. M.; Perez-Temprano, M. H. Angew. Chem. Int. Ed. 2018, 57, 11369. (c) 

Martínez de Salinas, S.; Sanjosé-Orduna, J.; Odena, C.; Barranco, S.; Benet-Buchholz, J.; Perez-Temprano, M. H. Angew. Chem. Int. 

Ed. 2020, 59, 6298. (d) López-Resano, S.; Martínez de Salinas, S.; Garcés-Pineda, F. A.; Moneo-Corcuera, A.; Galán-Mascarós, J. 

R.; Maseras, F.; Pérez-Temprano, M. H. Angew. Chem. Int. Ed. 2021, 60, 11217. 
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Computational chemistry and organic synthesis: Let us build a bridge 

 

Boris Maryasin*,a,b, Leticia Gonzálezb and Nuno Maulidea 

aInstitute of Organic Chemistry, Faculty of Chemistry, University of Vienna,  

Währinger Strasse 38, 1090 Vienna, Austria 

bInstitute of Theoretical Chemistry, Faculty of Chemistry, University of Vienna, Währinger Strasse 17, 1090 

Vienna, Austria 

*e-mail: boris.maryasin@univie.ac.at 

 

Progress in quantum chemistry allows us to understand and predict the outcome of organic reactions. Hereby 

we demonstrate the efficiency of combining experiment and theory on some recent examples.  

Our joint theoretical-experimental study of novel Claisen-type rearrangements1 reveals a diversity of possible 

pathways and products. The calculations investigate the experimental results and predict new reactions.2–4 

The in-depth theoretical analysis of the reaction mechanism clarifies the vast scope for a recently developed 

functionalization of amides via in situ umpolung.5 The calculations describe the key intermediates and analyze 

the main and side pathways. 

An unexpected reaction mechanism is discovered purely via calculations for a new synthesis of imidazoles. 

We show that an atypical sulfonyl migration is responsible for the formation of the final product.6 

 

________ 

1. B. Peng, D. Geerdink, C. Farès, N. Maulide, Angew. Chem. Int. Ed., 2014, 53, 5462–5466. 

2. D. Kaldre, B. Maryasin, D. Kaiser, O. Gajsek, L. González, N. Maulide, Angew. Chem. Int. Ed., 2017, 56, 2212–2215. 

3. B. Maryasin, D. Kaldre, R. Galaverna, I. Klose, S. Ruider, M. Drescher, H. Kählig, L. González, M. N. Eberlin, I. D. Jurberg, N. 

Maulide, Chem. Sci., 2018, 9, 4124–4131. 
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Since the early beginning of organic chemistry, the synthesis of nitrogen-containing heterocycles constantly 

attracted the interest of the chemistry community. Indeed, their ubiquitous presence in natural products lead 

to the development of several strategies to build them.1 Until now, despite many synthetic efforts, many useful 

structures are still unattainable. For instance, phthalazine structures are one of the less explored scaffolds and 

therefore development of new synthetic methods is still desirable. 

In this aim, we focused our research projects on the development of new photoredox strategies to build the 

carbon-nitrogen bond.2 The search of new precursors able to generate efficiently a nitrogen centered radical 

intermediate is thus highly needed. This kind of intermediate is indeed attractive because it can be then added 

on unsaturated derivatives for instance and thus lead to the CN bond formation. 

In our laboratory we tried to develop phosphono- and sulfono-hydrazone precursors in order to build interesting 

heterocyclic scaffolds. Starting from simple ortho-alkynylbenzaldehyde patterns, already well-mastered in our 

group towards silver catalysis,3 we thought to develop a new photoredox cyclization reactions leading in one 

step to phthalazine derivatives.4 Thanks to this new reaction, many useful phthalazine derivatives are now 

accessible. Mechanistic studies, scope and limitations of these methods will be presented. 

 

 
 

________ 

1. a) A. Brancale, R. Silvestri, Med. Res. Rev. 2007, 27, 209. b) G. Zeni, R. Larock, Chem. Rev. 2004, 104, 2285. 

2. E. Brachet, T. Ghosh, I. Ghosh, B. König, Chem. Sci. 2015, 6, 987; D. Menigaux, P. Belmont, E. Brachet, Eur. J. Org. Chem. 2017, 

15, 2008; P. Bellotti, J. Brocus, F. El Orf, M. Selkti, B. König, P. Belmont, E. Brachet J. Org. Chem. 2019, 84, 6278; M. De Abreu, P. 

Belmont, E. Brachet Eur. J. Org. Chem. 2020, 10, 1327. 

3. G. Mariaule, G. Newsome, P.Y. Toullec, P. Belmont, V. Michelet, Org. Lett. 2014, 16, 4570. 

4. E. Brachet, L. Marzo, M. Selkti, B. König and P. Belmont, Chem. Sci. 2016, 7, 5002; M. De Abreu, M. Selkti, P. Belmont, E. Brachet, 

Adv. Synth. Catal. 2020, 362, 2216 VIP article; M. De Abreu, M. Selkti, B. König, P. Belmont, E. Brachet J. Org. Chem., 2021, 86, 5, 

3758. W. Boiledieu, M. De Abreu, C. Cuyamendous, D. Lamaa, P.Belmont, E. Brachet Chem. Commun. 2022, 
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Alcohols constitute a versatile substrate class in organic synthesis for a wide variety of transformations. Using 

catalysis, the hydroxyl group can be substituted for various nucleophiles with water as the only by-product.  

By the integrated use of kinetic analysis, rational optimization of a zirconium-catalyzed protocol was enabled 

for selective formation of unsymmetrical (thio)ethers and Friedel–Crafts alkylation products, including 

lignin-derived examples. In addition, the kinetic studies provided mechanistic insight into the reaction network 

and helped to elucidate the nature of the 

operating catalyst.  
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Very recently, organocatalysis has received a great deal of attention due to the award of the Nobel Prize1 to 

David MacMillan and Benjamin List for their pioneering work in this research area.2,3 Nowadays, 

organocatalysts have wide application in asymmetric reactions, and their recovery is essential for their 

economical application. The immobilization on a polymer support can mean a promising solution. 

During this work, a cinchona squaramide enantioselective organocatalyst was synthesized from quinine (1, 

Figure 1.) using published synthetic methods. Poly(glycidyl methacrylate) (PGMA) was chosen for the part of 

the polymer support in the light of its modifiable reactive epoxide functional groups. The cinchona squaramide 

catalyst was successfully immobilized on this polymer. The activity of the immobilized organocatalyst (2, Figure 

1.) was examined in different solvents (ethyl acetate, dichloromethane) in enantioselective Michael addition of 

1,3-dioxo compounds to β-nitrostyrene. The immobilized catalyst was recovered from the reaction mixture 4 

times by centrifugation, and successfully reused. 

 
Figure 1. Quinine (1) and the immobilized organocatalyst (2) 

 

 
________ 
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Resistance to antimicrobial agents has become a major source of morbidity and mortality worldwide and 

remains a global challenge, with the World Health Organisation launching a global action plan on antimicrobial 

resistance in 2015. One major issue is that resistance occurs on a molecular level, e.g. ribosomal mutation in 

the case of aminoglycosides, or the inhibition of enzymes as with sulfonamide analogues, and bacteria can 

quickly evolve to overcome the effects of antimicrobial agents, while maintaining their aggressiveness. In the 

case of biofilm-forming bacteria such as Pseudomonas aeruginosa, the inherent nature of the biofilm itself 

protects the bacteria from antimicrobial agents, enabling them to persist.1 

In the past decade, work by surface scientists has discovered that nano and micron-scale surface 

topographies can produce antibacterial and antibiofouling effects on materials such as metal, glass, and 

polymers.2,3 With the antibacterial effect, the phenomenon is believed to be due to the physical interaction 

between the cell membrane and sub-micron topographies, such as pillars and needles. These findings have 

led to the idea that materials and surfaces which kill bacteria, without the use of chemical agents where 

resistance is a significant issue, could be a vital tool in the arsenal against bacterial proliferation.  

Our group has studied the topographies present on the wings of cicada insects and showed that the size and 

shape of the pillars on the surface plays a role in the level of antibacterial activity observed.4 Furthermore, we 

use 2-photon polymerisation and both hard and soft lithography techniques to produce nano- and micro- 

structured silicon and soft polymeric materials, with a range of nanoscale sized pillars on the surface with 

excellent control. These surfaces have demonstrated antibacterial activity against Gram-negative and Gram-

positive bacteria when compared to planer substrates5 and have applications for controlled surface-based 

drug delivery. Our work has led to insights into the role bacterial classification and motility play on the 

antibacterial effect of surface structures. 

________ 

1. Reygaert, W.C, AIMS Microbiol. 2018; 4(3): 482. 
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3. Michalska, M.; Laney, et. al. Advanced Materials 2021, 33 (11), 2102175 

4. Kelleher, S.M., Habimana, O., Lawler, J. et. al. ACS Appl. Mater. Interfaces 2016, (24), 14966. 

5. McCormack, J.C, Podhorska, L., Delaney, C., Zhang, F., Rodriguez B/J., and S. M. Kelleher; Macromol. Mater. Eng. 2021, 306, 
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[1.1.1]Propellane (1) is an obscure molecule that was shortly investigated for its interesting structure in the 

end of the last century. Its utility is to produce bicyclo[1.1.1]pentanes(BCP), that gained popularity due to the 

bioisosteric properties to some often-utilized linear pharmaceutical building blocks.1 We are aiming to provide 

easy access to BCPs and new insights to the chemistry of these classes of compounds. 

 

 

 

BCP aldehydes (2) are versatile intermediates. In contrast to earlier 4-6 step multiday procedures, we have 

developed a fast one pot procedure.2 During our attempts a new reactivity of 1 through cyclobutylcarbene 

was discovered. This resulted is a novel synthesis of cyclobutanes (3, 4).3 

We are also aiming to produce shelf-stable reagents (5) to introduce this interesting scaffold via simple 

reactions such as Suzuki coupling. Some interesting technicalities on this latter reaction will also be 

discussed.5 

 

 

________ 
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In 1963, solid-phase peptide synthesis (SPPS), a “simple and ingenious” technique invented by Merrifield, 

Merrifield revolutionized organic chemistry. As it was said for Merrifield's 1984 Nobel Prize in Chemistry, SPPS 

created a paradigm shift in synthetic chemistry and profoundly affected biomedical research.1 Indeed, the easy 

availability of synthetic peptides in high purity, in parallel and on a large scale has transformed research in 

biology, biochemistry, microbiology, medicinal chemistry, and new drug development.2 

A brief overview of different applications of peptides developed by our group will be presented. A special focus 

will be given to peptide/ionic liquid conjugates as potential active pharmaceutical ingredients for topical 

formulations to tackle complicated skin and soft tissue infections.3,4 Promising results were obtained with 

chimeric peptides combining a host-defense sequence5 with a collagenesis-inducing peptide widely used in 

cosmetics.6 The best constructs exhibited: (i) antibacterial and anti-biofilm activity against Gram-positive and 

Gram-negative bacteria, including MDR clinical isolates; (iii) improved action against S. aureus (prevalent 

pathogen in chronically-infected DFU) in simulated wound fluid; and (v) antifungal activity.4 

Relevantly, their ionic liquid-modified conjugates were proven to display equally potent antimicrobial and anti-

biofilm activities, and retain or enhance the collagenesis-inducing action of the cosmeceutical parent 

peptide.4,7 Given the foreseen benefits of IL for diverse pharmaceutical applications, including skin permeation 

enhancers, these promising results will be highlighted. 
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