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NMR of RNA- From methodological advances to the elucidation of functional 

RNA dynamic 

 

Christoph Kreutz 

University of Innsbruck and Center for Molecular Biosciences Innsbruck, Innrain 

80/82, 6020 Innsbruck, Austria. 

 

Abstract 

 

I will introduce our recent additions to advance the stable isotope (SI) labelling 

procedures for nucleic acids and how we use these tailor-made SI labelled RNAs and 

DNAs in NMR spectroscopic applications. 

As a recent example the 19F-13C-aromatic labelling of RNA nucleobases to unlock the 

TROSY effect in RNA will be presented. 

Further, synthetic routes will be presented, which give access to chemical building 

blocks of naturally occurring RNA modifiers, such as, 6-methyl adenosine (m6A). 

These modified building blocks were further labelled with nuclear magnetic resonance 

(NMR) active 13C or 15N stable isotopes. 

Thereby, detailed NMR investigations on the effects of the modifiers on structural and 

dynamic features of RNA were possible. In detail, the effect of the m6A modification 

on the annealing properties of RNA will be presented. 

  

Text

Text
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Chiral Ammonium Salt Ion Pairing Organocatalysis 

 
Mario Waser 

 

Institute of Organic Chemistry, Johannes Kepler University Linz, 4040 Linz, Austria 

 

Over the last years our group had a major interest in the use of chiral quaternary 

ammonium salt catalysts for asymmetric transformations. We hereby focus on the 

development of novel chiral catalysts as well as on the introduction of new synthesis 

methods using chiral ammonium salt catalysts.  

In this talk I will give an overview about our efforts on the design and development of a 

versatile class of chiral bifunctional ammonium salts and our ongoing work focusing on 

the use of chiral ammonium salt catalysts to access novel chiral β-amino acids.  
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Conformational selection of vasopressin upon V1a receptor binding  
 
Kateryna Che, Gregory L. Olsen, Markus Muttenthaler, Dennis Kurzbach 

 
Faculty of Chemistry, Institute of Biological Chemistry, University Vienna, Währinger 
Straße 38, 1090 Vienna, Austria. Email: kateryna.che@univie.ac.at. 

Figure 1. VP-V1aR complexes computed for: extended trans (left), compact trans (center) and extended cis (right). The 
transmembrane helix (TMH) numbering is indicated. Note how VP residue Arg8 varied its position (between TMHs 4 to 6), while 
Tyr2 and Phe3 always bound to TMH 3 and 4. b) Representation of KD for the complexes with the best scores in our docking 
experiments computed for the extended trans (left), compact trans (center) and extended cis (right) sub-ensembles for three 
independent MD runs. 

Vasopressin (VP) is a small regulatory neuropeptide that plays multiple essential roles 
in the body. Special attention is received by VPs influence on the cardiovascular 
system.1 VP and its ligand-receptor systems have thus been the subject of longstanding 
research and drug design.2 However, despite these extensive efforts, important structural 
and dynamic details of its receptor interactions remain unclear.  
We employed virtual screening strategies to reveal features of conformational 
selectivity upon VP-V1aR complex formation. We dissected the VP conformational 
space into three sub-ensembles, each containing distinct structural sets for VP’s three-
residue C-terminal tail. We observed that Proline trans-configured tail conformations 
bound to the receptor with three-fold enhanced affinities compared to compacted or cis-
configured conformations.  
This method enabled identification and characterization of a conformational selection-
type complex formation mechanism that confers novel perspectives on targeting the VP-
V1aR interaction at the level of peptide-receptor encounter, and input for ligand design 
strategies provide more potent and selective VP analogs. 
 
1. Mondritzki, T. et al. Cardiac output improvement by pecavaptan: a novel dual-acting 

vasopressin V1a/V2 receptor antagonist in experimental heart failure. European Journal of 

Heart Failure 23, 743–750 (2021). 
2. Schnider, P. et al. Discovery of Balovaptan, a Vasopressin 1a Receptor Antagonist for the 

Treatment of Autism Spectrum Disorder. J. Med. Chem. 63, 1511–1525 (2020). 
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Influence of the Ligand Bite Angle on Rare-Earth Metal 

Hydroamination Catalysis 
 

L. H. Polak, K. C. Hultzsch* 

 
 *Institute of Chemical Catalysis, University of Vienna 

 Email: lara.polak@univie.ac.at 

 

A long-standing challenge in synthetic organic chemistry is the efficient formation of 

carbon-nitrogen bonds, which are omnipresent in natural products, pharmaceuticals and 

functional materials [1]. One method to achieve this, is via the direct addition of N-H 

bonds to carbon-carbon unsaturated bonds, the so-called hydroamination reaction, 

which can occur in both inter- and intramolecular fashion.  

 

To improve on already existing hydroamination catalysts [2,3], we examined the effect 

of the ligand bite-angle on the activity of Yttrium-based hydroamination catalysts. Two 

different ligands with similar electronic properties were obtained and their respective 

catalysts 1-Y and 2-Y were tested in intramolecular hydroamination reactions.  
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In preliminary catalytic experiments, 2-Y seemed to be superior over 1-Y as full 

conversion was obtained at shorter reaction times and with lower catalyst loadings, even 

for less activated substrates such as the gem-dimethylaminopentene.  

 

Current studies focus on examining the effects of the steric demand of the SiR3 groups 

on the catalytic activity with both ligand backbones. Moreover, the precise structures of 

the yttrium complexes using both ligands as well as the aptitude of the catalysts in the 

more challenging intermolecular hydroamination reaction are still under investigation.  

 

[1]  Müller, T. E.; Hultzsch, K. C.; Yus, M.; Foubelo, F.; Tada, M. Chem. Rev. 2008, 

3795. 

[2]  Nguyen, H. N.; Lee, H.; Audörsch, S.; Reznichenko, A. L.; Nawara-Hultzsch, A. J.; 

Schmidt, B.; Hultzsch, K.C. Organometallics 2018, 37, 4358.  

[3]  Reznichenko, A. L.; Nguyen, H. N.; Hultzsch, K. C. Angew. Chem. Int. Ed. 2010, 

49, 8984.  
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Targeting bacterial effector proteins with activity-based probes 

Nathalie Christine Wörz*, Thomas Böttcher* 

*Faculty of Chemistry, Institute of Biological Chemistry & Center for Microbiology 

and Environmental Systems Science, Department of Ecosystem Science, University of 

Vienna, Vienna Austria. 

E-mail: thomas.boettcher@univie.ac.at  

The ongoing antibiotic resistance crisis is a major threat for public health and 

characterized by rising mortality rates caused by multi-resistant bacteria [1]. 

Consequently, there is an urgent need for new therapeutic methods [2]. Along with the 

development of novel antibiotic classes, alternative strategies, such as virulence inhibition, 

are of particular importance [3]. Attenuated virulence helps the host immune system to 

clear the infection and is achieved by treatment with anti-virulence drugs. Many bacteria 

utilize so-called effector proteins to invade the host and start the infection process. Thus, 

inhibitors of bacterial effector proteins are promising anti-virulence drug candidates and 

therefore are of potentially high interest for the development of new antimicrobial drugs. 

[4-6] 

In this study, effector proteins that interfere with human ubiquitin (Ub) and ubiquitin-like 

(Ubl) signaling were selected. These effector proteins all feature a nucleophilic active site 

cysteine and have either a deubiquitinase (DUB), E3 ligase, or glutamine deamidase 

activity [7]. The selected effector proteins were heterologously overexpressed in 

Escherichia coli and a small library of activity-based probes (ABPs) was tested for 

labeling selectivity and specificity. Within the last two years, we successfully developed 

several small molecule probes that enable labeling of some of the selected effector 

proteins in live cells. These labeled effector proteins include virulence factors from the 

human pathogens Chlamydia trachomatis, Escherichia coli (EHEC), Burkholderia 

pseudomallei, Shigella flexneri, and Salmonella typhimurium. Further, we developed a 

screening method for cell permeable inhibitors of the labeled enzymes as potential anti-

virulence drugs. This method is based on the principle of competitive ABPP. Next, we 

plan to optimize the conditions of the competitive ABPP and start screening for highly 

selective cell permeable inhibitors, starting by the investigation of metabolites of 

commensal or probiotic bacteria. 
 

1. Ventola, C.L.: a peer-reviewed journal for formulary management, 2015. 40(4): 277-283. 

2. Tacconelli, E., et al., The Lancet Infectious Diseases, 2018. 18(3): 318-327. 

3. Ventola, C.L., P t, 2015. 40(5): 344-52. 

4. Rasko, D.A. and V. Sperandio, Nat Rev Drug Discov, 2010. 9(2): 117-28. 

5. Mühlen, S. and P. Dersch, Curr Top Microbiol Immunol, 2016. 398: 147-183. 

6. Clatworthy, A.E., E. Pierson, and D.T. Hung, Nat Chem Biol, 2007. 3(9): 541-8. 

7. Ashida, H., and C. Sasakawa, Nature Reviews Microbiology, 2014. 12(6): 399-413. 
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Novel latonduine derived proligands and their copper(II) complexes show cytotoxicity 

in the nanomolar range in human colon adenocarcinoma cells and in vitro cancer 

selectivity 

Felix Bacher,*a Christopher Wittmann,*a Márta Nové,b Gabriella Spengler,b Małgorzata A. 
Marć,c Eva A. Enyedy,c Denisa Darvasiova,d Peter Rapta,d and Vladimir B. Arion*a 

aInstitute of Inorganic Chemistry of the University of Vienna, Währinger Strasse 42, A1090 

Vienna, Austria 
bDepartment of Medical Microbiology and Immunobiology, University of Szeged, 

Dóm tér 10, H-6720 Szeged, Hungary 
cDepartment of Inorganic and Analytical Chemistry, Interdisciplinary Excellence Centre, 

University of Szeged, Dóm tér 7, H-6720 Szeged, Hungary 
dInstitute of Physical Chemistry and Chemical Physics, Slovak University of Technology in 

Bratislava, Radlinského 9, 81237 Bratislava, Slovak Republic 

 

Our group of Prof. Dr. Vladimir Arion has studied the 

scaffold of Paullones thoroughly.1 However, lacking 

feasible pharmacological profile turned the focus to the 

stereoisomer of Latonduine derivatives, which were 

recently published.2 Even though increased cytotoxicity 

was observed, a lack in bioavailability was present.  

By carefully tuning the skeleton to create a binding 

motif for copper(II) the pharmacological profile of the drugs were sought to be enhanced, as 

it was the case for Paullones.1 These modifications lead not only to enhanced cytotoxicity 

but also to a sharply improved selectivity pattern towards malign cell lines.  

The drugs were fully characterized be standard spectroscopic methods and X-ray diffraction. 

A comparison with the respective Paullone derived proligands and copper(II) complexes 

revealed the superiority of Latonduine derived molecules. 

(1)  Primik, M. F.; Filak, L. K.; Arion, V. B. METAL-BASED 

INDOLOBENZAZEPINES AND INDOLOQUINOLINES: FROM MODERATE 

Cdk INHIBITORS TO POTENTIAL ANTITUMOR DRUGS. In Advances in 

Organometallic Chemistry and Catalysis: The Silver/Gold Jubilee International 

Conference on Organometallic Chemistry Celebratory Book; Pombeiro, A. J. L., Ed.; 

John Wiley & Sons, Inc., 2014; pp 605–617. 

(2)  Putey, A.; Popowycz, F.; Do, Q. T.; Bernard, P.; Talapatra, S. K.; Kozielski, F.; 

Galmarini, C. M.; Joseph, B. Indolobenzazepin-7-Ones and 6-, 8-, and 9-Membered 

Ring Derivatives as Tubulin Polymerization Inhibitors: Synthesis and Structure-

Activity Relationship Studies. Journal of Medicinal Chemistry 2009, 52 (19), 5916–
5925. https://doi.org/10.1021/jm900476c. 
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Photoredox intramolecular coupling catalysed by PXX 
Davide Zanetti*, Oliwia Matuszewska**, Giuliana Giorgianni***, Davide Bonifazi* 

 
* Institute of Organic Chemistry, Faculty of Chemistry, University ofVienna, Währinger 
Strasse 38, 1090, Vienna, Austria. 
** School of Chemistry, Cardiff University, Park Place, Cardiff CF10 3AT United 
Kingdom. 
*** Department of Physical and Chemical Sciences, Università degli Studi dell’Aquila, 
Via Vetoio, 67100 L’Aquila, Italy. 
 
The revival of radical chemistry in organic synthesis over the past decade has also 
initiated resurgence in the interest in photochemistry. 
In the field of photoredox catalysis, Ru(II)- and Ir(III)-based complexes are still the 
work-horses in terms of photocatalysts. However, the high cost of transition metals, 
especially iridium, resulting from their low abundance as well as high environmental 
impact of mining them encourages researchers to look also at fully organic 
derivatives.1,2 
Exploiting the unique and interesting properties of peri-xanthenoxanthene (PXX) as 
fully organic powerful photoreductant (λmax = 439 nm; E*

1/2ox = -2V vs SCE), we 
hereafter presenting a new method to obtain electron poor poly aromatic hydrocarbons 
(PAHs), which are important materials although often difficult to achieve synthetically, 
starting from aryl chlorides. The method developed, raised up from positive results on 
PXX catalysed intermolecular couplings, exploits a proximity to the electron neutral or 
electron rich ring to the poor one with chlorine atom, leading to the final cyclisation and 
extension of the system.3,4 

 

  
 

We thus envisaged the possibility to offer to the community a new, versatile and cheap 
way to get new extended systems. Through the incorporation of the shown above 
system, is indeed possible to get extended PAH increasingly important for 
optoelectronic applications requiring a tuneable semiconducting material. 
 
1 M. H. Shaw, J. Twilton, D. W. C. MacMillan, J. Org. Chem. 2016, 81 (16), 6898–6926. 
2 D. Ravelli, M. Fagnoni, A. Albini, Chem. Soc. Rev. 2013, 42 (1), 97–113. 
3 A. Sciutto, A. Fermi, A. Folli, T. Battisti, J. M. Beames, D. M. Murphy, D. Bonifazi, Chem. - A Eur. J. 

2018, 24 (17), 4382–4389. 
4 C. Pezzetta, A. Folli, O. Matuszewska, D. Murphy, R. W. M. Davidson, D. Bonifazi, Adv. Synth. Catal. 

2021, 363, 1–15. 
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Radiolabeling of [89Zr]Zr-Atezolizumab for its clinical evaluation in 

patient stratification for PD-L1 immune checkpoint inhibition therapy 

Julia Kronberger1,2, Elisabeth de Vries3, Marie Brandt1,4, Thomas L. Mindt1,2 

1 Ludwig Boltzmann Institute Applied Diagnostics, Vienna, Austria. 2 University of Vienna, Institute of 

Inorganic Chemistry, Vienna, Austria. 3 Department of Medical Oncology, University Medical Center 

Groningen, University of Groningen, Groningen, the Netherlands.  4 Department of Biomedical Imaging 

and Image Guided Therapy, Division of Nuclear Medicine, Medical University of Vienna, Vienna, Austria. 

 

Atezolizumab is a monoclonal antibody designed to target and inhibit the ligand (PD-L1) 

of the programmed cell death receptor 1 (PD-1). The PD1/PD-L1 signaling pathway is 

part of the human immune response and represents one of the so-called immune 

checkpoints. Immune checkpoints have been targeted successfully in cancer therapy to 

prevent tumors of escaping their elimination by the immune system [1]. 

The highly specific antibody is already approved for the treatment of several tumor types 

under the trade name Tecentriq©. Nevertheless, the precise stratification of patients 

suitable for the therapy is still difficult. Therefore, positron emission tomography (PET) 

imaging using zirconium-89 radiolabeled Atezolizumab is currently under investigation 

as a non-invasive method for selecting patients for therapy with Tecentriq©. [2] 

The meanwhile sixth clinical trial involving [89Zr]Zr-Atezolizumab is going to be 

conducted at the Medical University of Vienna (NCT04564482). The primary aim of this 

work was the required production of three “Master Batches”, including their quality 

control according to the patient safety regulations.[3] An established protocol was 

successfully adapted and optimized, including the radiolabeling of Atezolizumab-N-

SucDFO with zirconium-89 (RCP >99% and RCY >65%) and purification of the product. 

The radiotracer was evaluated by size-exclusion chromatography (SE-HPLC), instant thin 

layer chromatography (iTLC) and competitive binding assays using the isolated 

extracellular domain of PD-L1. Upon regulatory review of the sterility of the “Master 

Batches”, the radiotracer will be ready for clinical application at the facility. 

Additionally, the mAb and its DFO conjugate have been characterized by mass 

spectrometry. Furthermore, the immunoreactivity of the radiolabeled antibody has been 

investigated with more advanced methods (Lindmo assays [4]). For further investigation 

of the binding properties of the radiotracer, internalization studies with MDA-MB-231 

(human breast cancer) cells were conducted. 

[1] Pardoll, D. M. (2012). "The blockade of immune checkpoints in cancer immunotherapy." Nat Rev 

Cancer 12(4): 252-264. 

[2] Bensch, F. et. Al. (2018). "(89)Zr-atezolizumab imaging as a non-invasive approach to assess clinical 

response to PD-L1 blockade in cancer." Nat Med 24(12): 1852-1858.   

[3] European Directorate for the Quality of Medicines & HealthCare (EDQM). Guide for the elaboration 

of monographs on RADIOPHARMACEUTICAL PREPARATIONS. European Pharmacopoeia. Edition 

2018. 

[4] Lindmo, T. et. Al. (1984). "Determination of the immunoreactive fraction of radiolabeled monoclonal 

antibodies by linear extrapolation to binding at infinite antigen excess." J Immunol Methods 72(1): 77-89. 
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Stable and easily available sulfide surrogates allow a stereoselective 

activation of alcohols 
 

Jérémy Merad,‡ab Ján Matyašovský,‡a Tobias Stopka,‡a Bogdan R. Brutiu,§a Alexandre 

Pinto,§a Martina Dreschera and Nuno Maulide* 

 
aDepartment of Organic Chemistry, University of Vienna, Währinger Straße 38, 1090 

Vienna, Austria 
bUniv Lyon, Université Lyon, Institute of Chemistry and Biochemistry (ICBMS—UMR 

CNRS 5246), CNRS, INSA, CPE-Lyon, 1 Rue Victor Grignard, 69622, Villeurbanne 

cedex, France 

 

Sulfur is the 5th most abundant element (after C, H, O and N) in pharmaceuticals and 

agrochemicals. More than 20% of recently approved drugs contain at least one sulfur 

atom.1 Thioethers (or sulfides) are traditionally synthesized via a SN2-type strategy 

starting from the corresponding alcohol and thiol. However, thiols are notoriously 

malodorant compounds, susceptible to oxidation and very few are commercially 

available. 

In contrast, isothiouronium salts are odorless, stable and easily accessible compounds, 

which can function as an activator for the hydroxyl group. Kajigaeshi reported a general 

one-pot two-step strategy for preparation of thioethers from primary alcohols and 

isothiouronium salts.2 

We report the use of isothiouronium salts as versatile deoxasulfenylating agents 

enabling a stereoselective, thiol-free protocol for synthesis of thioethers from alcohols.3 

This method is applied to biologically relevant compounds. 

 

 
____ 

‡ and § authors contributed equally 

[1] M. Feng, B. Tang, S. H. Liang, X. Jiang, Curr. Top. Med. Chem. 2016, 16, 1200–
1216. 

[2] S. Fujisaki, I. Fujiwara, Y. Norisue, S. Kajigaeshi, Bull. Chem. Soc. Jpn. 1985, 58, 

2429–2430. 

[3] J. Merad, J. Matyašovský, T. Stopka, B. R. Brutiu, A. Pinto, M. Dreschera, N. 
Maulide, Chem. Sci. 2021, 12, 7770–7774. (DOI: 10.1039/d1sc01602d) 
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Photoactivatable probes to study long-term memory formation 
K. Raabe*, M. Muttenthaler** 

Memory formation is a crucial neurological process that is not only necessary for adaptive 
survival but also determines an individual’s personality, wellbeing and mental health.1 

The mechanisms responsible for memories, however, are not fully understood. A growing 
body of evidence suggests increased synaptic strength based on experience-dependent 
activity patterns, termed long-term potentiation (LTP), as fundamental mechanism for 
long-term memory formation.2 
Different stimuli can trigger a multitude of intracellular signaling cascades that lead to 
occurrence of LTP and ongoing research implicates the necessity of de novo or altered 
protein synthesis for memory to develop.3,4 To understand the intracellular machinery, 
the structural elucidation and identification of memory-proteins is critical and could 
provide invaluable insights into LTP. Considering that memory formation occurs in a 
specific brain area at a specific time5 and considering that over 10,000 proteins regulating 
physiological processes at any given time,6 it is extremely difficult to distinguish between 
the production of memory-proteins and other, memory-unrelated, proteins.4 

We are therefore developing photocontrollable molecular probes7 for light-activated 
bioorthogonal non-canonical amino acid tagging (laBONCAT) that provide the required 
spatiotemporal resolution for the identification of memory proteins.8 In addition to probe 
design and synthesis, the project includes photochemical probe characterization as well 
as in vitro and in vivo evaluation. In collaboration with the research group of A/Prof. 
Sadegh Nabavi at the Danish Research Institute of Translational Neuroscience at Aarhus 
University, Denmark, we will apply these probes in memory-specific in vivo experiments 
(Figure 1). 

Figure 1. Proposed workflow from synthesis to evaluation of first in vivo experiments. 

References 
1. Bisaz, R.; Travaglia, A.; Alberini, C. M., Psychopathology 2014, 47 (6), 347-356. 
2. Kandel, E. R., Science 2001, 294 (5544), 1030-1038. 
3. Asok, A.; Leroy, F.; Rayman, J. B.; Kandel, E. R., Trends Neurosci. 2019, 42 (1), 14-22. 
4. Klann, E.; Sweatt, J. D., Neurobiol. Learn. Mem. 2008, 89 (3), 247-59. 
5. Bocchio, M.; Nabavi, S.; Capogna, M., Neuron 2017, 94 (4), 731-743. 
6. Naumova, O. Y.; Lee, M.; Rychkov, S. Y.; Vlasova, N. V.; Grigorenko, E. L., Child. Dev. 

 2013, 84 (1), 76-88. 
7. Bardhan, A.; Deiters, A., Curr. Opin. Struct. Biol 2019, 57, 164-175. 
8. Adelmund, S. M.; Ruskowitz, E. R.; Farahani, P. E.; Wolfe, J. V.; DeForest, C. A., ACS 

 Chem. Biol. 2018, 13 (3), 573-577. 
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Human polyphenol exposure explored by targeted LC-MS/MS1 

Ian Oesterle†, ‡, Dominik Braun†, Annette Rompel‡, Benedikt Warth† 

†Department of Food Chemistry and Toxicology, University of Vienna 

‡Department of Biophysical Chemistry, University of Vienna 

Polyphenols are bioactive phytochemicals known for their beneficial impact on health, 

due to various properties they exhibit, such as antioxidant, antibacterial and anti-

inflammatory. Therefore, being able to monitor their presence, both short and long-term, 

directly in human samples would be beneficial to both influence health outcomes and to 

aid individualized medicine. However, this proves to be a challenge as polyphenols are 

a highly complex class of molecules which are extensively metabolized, majoritarily 

through conjugation reactions, in the human body yielding numerous 

biotransformation products. Currently, multiple techniques exist for human 

biomonitoring of polyphenol exposure, yet many of these assays are not comprehensive, 

as they tend to only target a limited number of polyphenol metabolites or only focus on a 

few classes of polyphenols. Hence, the aim of this work was to develop a sensitive 

broad multi-analyte method. This innovative method involved using a UHPLC-ESI-

MS/MS to target roughly 100 different polyphenol metabolites that are the main 

representatives of the different polyphenol classes. Furthermore, this method also 

included some sulfated and glucuronidated metabolites, which tend to be omitted in 

currently published methods. The extraction of these polyphenols was optimized and 

validated in-house for several human matrices, which are: urine, serum, and plasma. 

Different analytical parameters, such as limits of detection/quantification, signal 

suppression and enhancement, and extraction efficiency, were determined for this method. 

Finally, a short proof-of-principle was performed to develop a kinetic profile of the different 

polyphenols over 24 hours in urine after the ingestion of a high polyphenol diet in a small 

sample set. 

 

1 Similar abstract was submitted to the DOSChem Student Symposium of 2021 

T9

11 / 4711 / 4813 / 55



Silica encapsulated peptide-antigen conjugates as novel vaccine 

delivery platforms 

 

Daniela Reichinger1, Mirjana Drinic2, Joshua Tobias2, Manuel Reithofer3, Meder 

Kamalov1, Beatrice Jahn-Schmid3, Ursula Wiedermann-Schmidt2 and Christian F. W. 

Becker1* 

 
1University of Vienna, Faculty of Chemistry, Institute of Biological Chemistry, Währinger Straße 38, 1090, Vienna, Austria 

2Medical University of Vienna, Department of Pathophysiology, Infectiology and Immunology, Institute of Specific Prophylaxis and Tropical 
Medicine, Kinderspitalgasse 15, 1090 Vienna, Austria 

3Medical University of Vienna, Department of  Pathophysiology and Allergy Research, Währinger  Gürtel 18-20, 3Q, 1090 Vienna, Austria 

 

 

Peptide-based subunit vaccines provide a good safety profile and are easy to produce as 
well-defined modalities. However, they often elicit a weak immune response which is 
why they require the use of additional stimulants to obtain the desired effects.[1] 
 
Over the past years, increasing focus has been put on biomimetic silica formation for 
biotechnological applications as well as in biomedical research. Peptide-based systems 
based on the RRIL motif derived from silaffin proteins in diatoms are employed for the 
formation of morphologically diverse, nanostructured silica particles in vitro under 
mild, biomimetic conditions.[3,4] 
 
In this work, three different antigens are covalently linked to four different peptides 
containing the RRIL motif via disulfide bonds. These antigen-RRIL conjugates 
effectively precipitate silica and the morphology of the resulting particles can be 
characterized by electron microscopy.  
 
In addition, RRIL-based silica particles induce the formation of neutrophil extracellular 
traps (NETs) at a similar level as the well-established adjuvant alum as determined by a 
NETosis assay.[5] 
 
Overall, the described conjugation approach is the first step towards a versatile vaccine 
adjuvant platform that can be efficiently loaded with a large variety of peptide antigens 
but also other (bio-)molecules that leads to the stimulation of an immune response.  
 

 

Acknowledgements 
We gratefully acknowledge funding from Austria Wirtschaftsservice (aws, project SILAVAX to CFWB) and 
University of Vienna as part of a uni:docs fellowship to DR.  
 
[1]  Purcell, A. W. et al., J. Nat. Rev. Drug Discovery 2007, 6 (5), 404–414. 

[2]  Lechner, C. C.; Becker, C. F. W., Marine Drugs 2015, 13 (8), 5297-5333. 

[3] Kamalov, M.; Becker, C. F. W. et al., ChemNanoMat 2018, 4 (12), 1209-1213. 

[4]  Lechner, C. C.; Becker, C. F. W., Bioorg. Med. Chem. 2013, 21 (12), 3533–3541. 

[5]     Rada, B., Methods Mol Biol. 2019, 1982, 517-528. 
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Auger electron therapy for cancer treatment 
 
Maximilian Anderla, Thomas L. Mindt 

 
Ludwig Boltzmann Institute Applied Diagnostics,  
University of Vienna, Institute of Inorganic Chemistry 
Email: anderlam99@univie.ac 
 
Radiation therapy utilizing Auger electron (AE) emitters is a promising approach for 
cancer treatment based on their cytotoxic potential in close proximity to vulnerable cell 
compartments. AEs have a high linear energy transfer (LET), releasing their energy 
over a few nanometers distance and producing locally dense clusters of ionisations 
around the point of decay.1,2 
 
Several AE-emitting radionuclides are commonly used for diagnostic imaging in 
nuclear medicine (e.g. 111In, 99mTc and 123I) which decay by electron capture and/or 
internal conversion. These transitions cause vacancies in K-shells that are subsequently 
filled by electrons from higher shells, thereby transferring their energy to electrons of 
external layers accompanied by cascades of ejected Auger electrons.3 In particular DNA 
is regarded as a preferred target site for AE particle emitters, hence nuclear localization 
is considered necessary for a distinct therapeutic effect.2 Thus, the short-ranged delivery 
of energy by Auger-emitters permits highly targeted therapies with little collateral 
damage for surrounding tissue.1 
 
Conversely, the subcellular range of AE emitters requires delivery systems capable of 
targeting cancer cells and subsequent translocation to the nuclei of malignant cells.4 To 
address these challenges, novel strategies for this so-called dual-targeting approach 
must be developed. Until today, no AE-based cancer therapies are approved for clinical 
use. In the course of this PhD thesis, new vectors for efficient AE emitter delivery to the 
cell nuclei will be developed and investigated. 
 
 1. Rosenkranz, A. A., Slastnikova, T. A., Georgiev, G. P., Zalutsky, M. R. & Sobolev, 

A. S. Delivery systems exploiting natural cell transport processes of macromolecules 
for intracellular targeting of Auger electron emitters. Nucl. Med. Biol. 80–81, 45–56 
(2020). 

2. Kassis, A. I. Molecular and cellular radiobiological effects of Auger emitting 
radionuclides. Radiat. Prot. Dosimetry 143, 241–247 (2011). 

3. Ku, A., Facca, V. J., Cai, Z. & Reilly, R. M. Auger electrons for cancer therapy – a 
review. EJNMMI Radiopharm. Chem. 4, 27 (2019). 

4. Cornelissen, B. & A Vallis, K. Targeting the Nucleus: An Overview of Auger-
Electron Radionuclide Therapy. Curr. Drug Discov. Technol. 7, 263–279 (2010). 

 

1

13 / 4713 / 4815 / 55



Synthesis of Chiral PN3 Pincer Ligands for Transition Metal Catalysed 
Borrowing Hydrogen Reactions 
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The borrowing hydrogen methodology offers a sustainable alternative for the synthesis 

of amines.1 To catalyse these reactions, pincer complexes have been utilised and proved 

themselves as powerful tools. We hereby report our results on the synthesis of chiral 

pincer ligands. A 5-step reaction pathway was followed for the synthesis of oxazoline 

ligands, featuring good overall yield. Second, we report the synthesis of a novel PN3 

bipyridine phospholane ligand. 

 
Figure 1: The approaches and ligands covered by our research.  

To test the reaction procedure for the synthesis of oxazolines provided by Ochoa,2 an 

inexpensive, symmetric model compound was used. The pathway reported started with 

the synthesis of 1 shown in Figure 1. Subsequent amination with NH3 and Cu powder 

lead to ring cleavage at the oxazoline moiety, hence significantly reducing the yield. 

This was circumvented  by performing the ring-closure after the necessary amination 

step.3 The procedure was successfully adapted to yield the desired oxazoline compound, 

after which a L-valinol moiety could be introduced. The phosphine was attached to the 

NH2 linker to give the final pincer ligands (2a and 2b).  

Additionally, initial NMR-scale experiments were performed to gain a bipy-

phospholane pincer (3) from TMS-protected 2,5-dimethylphospholane. After an 

Umpolung reaction with C2Cl6 the reactive Cl derivate was obtained,4 which could be 

attached to the NH2-linker with standard procedures.  

 

1. (a) Corma, A.; Navas, J.; Sabater, M. J. Chem. Rev. 2018, 118, 1410–1459; (b) 

Irrgang, T.; Kempe, R. Chem. Rev. 2019, 119, 2524–2549. 

2. Aranda, C.; Cornejo, A.; Fraile, J. M.; García-Verdugo, E.; Gil, M. J.; Luis, S. 

V.; Mayoral, J. A.; Martinez-Merino, V.; Ochoa, Z. Green Chemistry 2011, 13, 

983–990. 

3. Chen, T.; He, L.-P.; Gong, D.; Yang, L.; Miao, X.; Eppinger, J.; Huang, K.-W. 

Tetrahedron Lett. 2012, 53, 4409–4412. 

4. Holz, J.; Monsees, A.; Kadyrov, R.; Börner, A. Synlett 2007, 599–602. 

2

14 / 4714 / 4816 / 55

mailto:christoph.bendl@univie.ac.at
mailto:kai.hultzsch@univie.ac.at


Triapine Analogues and Their Copper(II) Complexes: Synthesis, 
Characterization, Solution Speciation, Redox Activity, Cytotoxicity, 
and mR2 RNR Inhibition 
Besleaga I., Stepanenko I., Petrasheuskaya T.V., Darvasiova D., Breza M., Hammerstad 

M., Marć M.A., Roller A., Spengler G., Popović-Bijelić A., Enyedy E.A., Rapta P., 

Shutalev A.D., Arion V.B.  

 

Thiosemicarbazones are known as biologically active compounds with a broad 

spectrum of pharmacological properties, including anticancer activity. 1 

In this work we report on the synthesis of three new thiosemicarbazones (TSCs) 

HL1–HL3 as triapine analogs bearing a redox-active phenolic moiety at the terminal 

nitrogen atom, and of copper(II) complexes Cu(HL1)Cl2 (1), Cu(L2)Cl (2´) and 

Cu(HL3)Cl2 (3). The presence of E- and Z-isomers with predominance of the first one 

in DMSO has been disclosed by 1D and 2D NMR spectroscopy. These data along with 

DFT calculations suggested the mechanism of E/Z isomerization with inversion at the 

nitrogen atom of the imine bond as suggested previously.2 

Solution (equilibrium) studies revealed that the metal-free ligands are stable as 

HL1–HL3 at pH 7.4, while being air sensitive in the basic pH range. The monocationic 

complexes [Cu(L1–3)]+ are the most abundant species in aqueous solutions at pH 7.4. 

Electrochemical and spectroelectrochemical studies of 1, 2´ and 3 confirmed their redox 

activity in both the cathodic and the anodic region of potentials. The one-electron 

reduction was identified as metal-centered by EPR spectroelectrochemistry. 

Electrochemical oxidation pointed out on the ligand centered oxidation, while chemical 

oxidation of HL1 and HL2, as well as 1 and 2´ afforded several two-electron and four-

electron oxidation products, which were isolated and comprehensively characterized.  

The anticancer activity of the obtained products was tested against two human 

cancer cell lines (doxorubicin-sensitive Colo205 and the multidrug resistant Colo320 

human colonic adenocarcinoma) and normal human embryonal lung fibroblast cells 

(MRC-5) along with their mR2 RNR inhibiting ability. Complexes 1 and 2´ showed 

antiproliferative activity with IC50 values in the low micromolar concentration range, 

while 3 with the most closely related ligand to triapine displayed the best selectivity for 

cancer cells vs normal fibroblast cells (MRC-5). HL1 and 1 in the presence of DTT are 

as potent inhibitors of mR2 RNR as triapine. 

[1]  Kalinowski, D. S.; Quach, P.; Richardson, D. R. Future Medicinal Chemistry 

2009, 1 (6), 1143–1151. 

[2] Kowol, C. R.; Eichinger, R.; Jakupec, M. A.; Galanski, M.; Arion, V. B.; 

Keppler, B. K. Journal of Inorganic Biochemistry 2007, 101 (11–12), 1946–1957.  
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The supreme properties that characterize graphene make it a promising candidate in 
nanomaterials and technology. Its electronic band structure, however, prevents the 
application of this exceptional material as semiconductor. One of the most efficient 
approaches to obtain a functional single-layer material with a tunable bandgap consists 
in replacing C=C bonds with isostructural and isoelectronic Boron-Nitrogen (BN) 
couples.  This strategy allows the tailoring of bandgap properties without disrupting the 
honeycomb structure of graphene nor introducing peripheral functional groups.  
 
In this work, we report the results of a one-year synthetic methodology study into the 
preparation of BN-doped molecular graphenes. 
 
We hypothesized the synthesis of such BNC materials happening via borylation of 
polyamino starting materials. Indeed, a high-yielding one-step N-borylation reaction 
was developed on simple “model” substrates, such as 2-aminobiphenyl and 
[1,1':3',1''-terphenyl]-2,2''-diamine, making use of BBr3 as borylating agent. No Lewis 
acid or additive is needed for promoting the reaction.  
 
The photophysical properties of the simple BN-phenanthrene (product of the borylation 
of 2-aminobiphenyl) were investigated. Interestingly, the compound was found to 
produce Thermally Activated Delayed Fluorescence (TADF) in solution, and it is 
currently being analysed for its emission in solid state, thin films and devices at the 
Technical University of Munich (TUM). 
 
In the near future, the developed synthetic methodology will be applied for the 
preparation of BN-doped molecular graphenes. We foresee that more complex and 
extended BN-doped Polycyclic Aromatic Hydrocarbons (PAHs) will have 
photoluminescence features that would make them good candidates for the 
implementation in optoelectronic devices, such as Light-Emitting Electrochemical Cells 
(LECs), Organic Photovoltaics (OPVs) and Electrochromic Devices (ECDs). 
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New substrates to study the biodegradation of P-C compounds 

Tamara Dinhof*, Erika Zangelmi**, Alessio Peracchi**, Katharina Pallitsch*.  
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Sustainability, Parco Area delle Scienze 11/a, 43124 Parma, Italy. 

The high environmental importance of phosphonates as alternative phosphorus source for 

microorganisms, especially in marine ecosystems, has led to an increased scientific 

interest in their degradation.[1] Today, three general degradation pathways are known. 

One of them is the hydrolytic P-C bond cleavage route to which the so-called 

phosphonoacetaldehyde hydrolase belongs.  

This hydrolase uses 2-aminoethylphosphonic acid (AEP) to form acetaldehyde and 

inorganic phosphate in a two-step process catalyzed by PhnW/X over the intermediate 

phosphonoacetaldehyde (PnAA).[2] Recently yet another enzyme belonging to this 

biodegradative cluster, PbfA, was found in several bacterial strains. It was shown to 

catalyze an elimination reaction on (R)-1-hydroxy-2-aminoethylphosphonate [(R)-OH-

AEP)] to form PnAA and thus expand the substrate scope of this pathway.[3] 

 

Figure 1: Potential substrates for PbfB/C/D. 

Now other putative FAD-dependent oxidases were found, namely PbfB/C/D, which are 

also ‘recurrent’ in close proximity to the genes encoding PhnX/W. The presence of these 

genes in the AEP degradation cluster suggests there might be even more possible 

substrates for this pathway. Presumably these are closely related to AEP. Thus, we 

synthesize a set of mono, di and trimethylated analogs to AEP (1-3) and (R)-OH-AEP (4-

6) to test them as substrates for Pbf B/C/D and study the function of these enzymes. 

[1] Pallitsch, K., Kalina, T. & Stanković, T. Synlett, 2019, 30, 770–776. 

[2] Horsman, G. P. & Zechel, D. L. Chem Rev, 2017, 117, 5704–5783. 

[3] Zangelmi, E. et al. Biochemistry, 2021, 60, 1214–1225. 
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Simulated body fluids (SBFs) mimic the ionic concentration of human blood plasma; 
therefore, they are widely employed in biomineralization studies. Despite the popularity 
of SBF, its highly dynamic behavior is still not completely understood. This study 
presents an approach combining real-time 31P NMR, Ca-ISE, Cryo-TEM, and computer 
simulations to characterize modified SBF (mSBF - a variant of SBF).  

Using 31P NMR we could identify some calcium phosphate nanoscale inhomogeneities 
that form 5 hours after mSBF preparation. These inhomogeneities grow from a size of ~2 

nm into prenucleation species (PNS) – considered as precursors of the final CaP 
crystals –, to reach a 
final dimension of 
~200 nm after 24 
hours. (Fig. 1) To 
corroborate the NMR 
data, we also 
generated a theoretical 
model explaining the 
exchange behavior of 

phosphate in 
solution.  

Thus, we show 
that mSBF can be 

considered as a stable or metastable solution only after ~24 hours from preparation. 
Moreover, our approach can help tracking Pi to PPNS conversion in other biological 
solutions, shedding light on the still unclear process of biomineral prenucleation.  

References 

1. Ludovica M. Epasto, Tristan Georges, Albina Selimović, Jean-Michel Guigner, Thierry Azaïs, and Dennis 
Kurzbach (2021). Formation and Evolution of Nanoscale Calcium Phosphate Precursors under Biomimetic 
Conditions. Anal Chem 93(29): 10204-10211.  

Figure 1: a) 31P NMR signals detected for mSBF over a period of 24 h (black) and corresponding fits 

to two Lorentzian functions (red). b) Time-dependence of the fractional contribution  of the two 

lines to the overall spectrum. The contribution of free phosphate is shown in blue and that of PNS-

bound phosphate in red. The dotted lines indicate the experimental data, while the solids lines 

represent the fit of the experimental data.  

a) 

b) 
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With the approval of imatinib (Gleevec®) in 2001, the substance class of tyrosine kinase 
inhibitors (TKIs) debuted in clinical application and two decades later marks an 
indispensable contribution to the treatment of various cancers. Other than traditional 
chemotherapy, TKIs are directed towards molecular targets involved in specific signal 
transduction pathways and therefore are referred to as targeted therapeutics.1 

As of 2021, there are 55 protein kinase inhibitors approved for anticancer therapy, 
targeting transmembrane receptors like the epidermal, vascular endothelial and fibroblast 
growth factor receptors (EGFR, VEGFR, FGFR), but also downstream signaling proteins 
like Bcr-Abl, MEK and ALK.2 Yet despite their success, TKIs frequently entail major 
adverse effects.3 The explanation is that protein kinases are also expressed in various 
healthy organs and are not solely confined to malignant cells. This, causes off-target 
effects, which often even lead to dose reduction.4  

Consequently, the impact of TKIs with increased selectivity for malignant over healthy 
tissue, would greatly improve drug tolerance and treatment response. One possibility to 
achieve an increased on- to off-target ratio is the conversion of a drug into a prodrug, 
which by definition is a pharmacologically inactive compound that has to be converted 
into its active form via specific activation mechanisms in vivo. Hereby certain 
characteristics in cancerous tissue like lower pH-levels, hypoxia or overexpressed 
proteases can be exploited.5  

In the course of this PhD thesis, one strategy is the development of prodrug analogues to 
reduce side effects with the aim to increase the selectivity for cancerous cells and 
minimize off-target effects.  
 
 
1. Hanahan, D. & Weinberg, R. A. Cell 144, 646–674 (2011). 
2. Roskoski, R. Pharmacol. Res. 165, 105463 (2021). 
3. Hartmann, J., Haap, M., Kopp, H.-G. & Lipp, H.-P. Curr. Drug Metab. 10, 470–

481 (2009). 
4. Shah, D. R., Shah, R. R. & Morganroth, J. Drug Saf. 36, 413–426 (2013). 
5. Giang, I., Boland, E. L. & Poon, G. M. K. AAPS J. 16, 899–913 (2014). 
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MULTIFUNCTIONAL ELECTROCHROMIC COVALENT 
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Covalent organic frameworks (COFs) are three-dimensional organic solids with 
extended structures that are constructed from molecular organic building blocks 
composed of light elements (H, B, C, N, and O) joined by covalent bonds.[1] 
 
Through careful consideration of the choice of linkage and precise control of the 
reaction conditions, it is possible to balance the thermodynamic and kinetic control of 
COF formation, yielding crystalline solids with permanent porosity.[2] 
 
In this project, a library of precursor molecules bearing two (linker) and three (knot) 
functional groups was synthesized. Initially the incorporation of amino and aldehyde 
groups was pursued in order to later on synthesize COFs using the well-known imine 
condensation reaction. 
 
Molecules with electrochromic behaviour were target, as well as molecules with other 
desirable properties (i.e. oxygen sensing). The goal is to combine these properties in a 
well organize structure (i.e. COF) that not only adds up the individual properties of each 
precursor molecule but also increases their performance and stability. 
 
Several strategies were already implemented for the COF synthesis: a) hydrothermal; b) 
solid-liquid interfacial; c) liquid-air interfacial; d) liquid-liquid interfacial; and e) 
colloidal nanoparticle assembly. From these, the liquid-liquid interface approach seems 
to be the best to directly obtain COF thick films that can be deposited in conductive 
substrates for use in optoelectronic devices. 
 
The future directions in this research are going to focus on the further development of 
the liquid-liquid interface COF synthesis and in the colloidal COF nanoparticles given 
their potential for high processability. 
 
[1]  K. Geng et al., Chem. Rev., 2020, 120 (16), 8814–8933.  
[2]  R. K. Sharma et al., Mater. Horizons, 2020, 7 (2), 411–454. 
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Bacteriophages have been found to play an important role in growth and function of 

microbial populations, ultimately influencing human health and disease. (1) However, the 

complex chemical interactions between microbe and phage still remain scarcely 

investigated, particularly regarding bacterial pathogenicity. (2)  Serine hydrolases, such 

as SOS-response activated proteases LexA and CI as well as assemblin-like or ClpP-like 

prohead proteases, are important enzymes involved in phage induction and maturation. 

(3) (4) Thus, the development of phage-selective probes and inhibitors for these enzymes 

represents a promising approach to monitor and control lysogney-lytic decisions and 

hence formation processes of the virus particle. 

 

In this study, a diverse set of activity-based probes equipped with serine reactive 

electrophilic warheads was designed to covalently label the active-site residue of LexA/cI 

proteins as well as prohead proteases of bacterial and phage homologues from 

Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa. Ligand selection 

activity-based protein profiling (LS-ABPP) was performed to assess site selective and 

target specific probe binding. (5) Despite high sequence similarities of SOS-response 

related proteins in bacteria and respective bacteriophages, preliminary results strongly 

point towards mutually exclusive labelling preferences. In the future, LS-ABPP probes 

will be further optimized to guide the development of potent covalent inhibitors by live 

cell competitive inhibitor profiling. These inhibitors will provide novel tools for silencing 

SOS-response based induction mechanisms, prevent phage maturation, and reduce the 

release of toxins and virulence factors. 

 

References 

1. Manrique, P.; Dills, M.; Young, M. J. The Human Gut Phage Community and Its 

Implications for Health and Disease. Viruses 2017, 9 (6), 141. DOI: 

10.3390/v9060141. 

2. Smith, M. H.; Cavenagh, M. M.; Little, J. W. Mutant LexA proteins with an increased 

rate of in vivo cleavage. Proceedings of the National Academy of Sciences 1991, 88 

(16), 7356–7360. DOI: 10.1073/pnas.88.16.7356. 
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Malaria is still one of the most menacing diseases in the world, especially in the developing 
countries. The parasite Plasmodium (transmission by Anopheles mosquitos) is responsible 
for this disease. With increasing resistances against various established drugs (chloroquine 
and artemisinin-based combination therapies) new anti-malarials are required. [1] Marine 
natural diterpene isocyanides may represent a novel potential class of drugs, since 
anti-plasmodial activity by binding to heme (key-step of many current drugs) could already 
be demonstrated. [2] 
 
Therefore, in this work, the aim was the preparation of smaller isocyanides based on cyclic 
monoterpenoid and carbohydrate scaffolds as well as the spectroscopic investigation of 
possible anti-malarial activity. In case of the monoterpenoids two steps were necessary to 
obtain the desired products. Starting with ketones, a Leuckart reaction led to the 
corresponding formamides, which were then further converted into isonitriles by 
dehydration. The functionalization of carbohydrates required several protection and 
deprotection steps first.  
 
Initial binding studies of some selected compounds were already conducted via mass 
spectrometry. Monoterpenoid isonitriles based on norbornane scaffolds do not seem to be 
ideal binding partners for heme, since no complexes were observed so far. However, 1:1 and 
2:1 complexes (compound : heme) could be identified using functionalized glucose. Future 
UV-vis binding studies and in vitro assays are planned to gain further insight of its potential 
activity.  
 
[1]  Coronado, L. M. et al. Malarial hemozoin: From target to tool Biochim Biophys Acta 

2014, 1840, 2032-2041. 
[2]  Wright, A. D. et al. Inhibition of heme detoxification processes underlies the 

antimalarial activity of terpene isonitrile compounds from marine sponges J. Med. 

Chem. 2001, 44 (6), 873-885. 
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Deciphering the impact of posttranslational modification on function and 
structure of Heat shock protein 90 
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**School of Biomedical Sciences, University of Queensland, Brisbane, Australia 

Heat shock proteins (HSPs) play a pivotal role in retaining cellular function by assisting in the 

folding, transport and maintenance of proteins under stress and normal conditions [1]. The 

ubiquitous heat shock protein 90 (Hsp90) is highly regulated by PTMs including phosphorylation, 

acetylation, SUMOylation, ubiquitination and S-nitrosylation [2]. To examine the regulatory 

function of specific N- and C-terminally located PTMs on essential properties of Hsp90 including 

its ATPase activity, drug affinity and protein-protein interactions, we aim to generate homogenous 

site-selective modified variants of human Hsp90α by utilizing a semi-synthesis strategy (Figure). 

Synthetic peptide segments are ligated to recombinantly expressed protein domains utilizing 

chemoselective ligation techniques, including native chemical ligation (NCL) [3]. We report the 

successful synthesis of several modified peptide variants of the N- and C-terminal domain of 

Hsp90. We report preliminary data for the recombinant expression of the complementary N-

terminal domain (NTD) as well as successful ligations of a modified N-terminal peptide to 

generate a first posttranslationally modified NTD variants. Currently we are optimizing the 

generation of Hsp90 NTD bearing site-selective modifications while preparing the recombinant 

segment for the ligation to modified C-terminal peptides in order to generate full-length Hsp90. 

 

 

 

 

 

 

 

 

Figure. Overview of the semi-synthesis strategy for elucidating the impact of PTMs on Hsp90.  

[1] Schopf, F. H., Biebl, M. M. & Buchner, J. Nat. Rev. Mol. Cell Biol. 2017, 18, 345–360. 

[2] Backe, S. J., Sager, R. A., Woodford, M. R., Makedon, A. M. & Mollapour, M. J. Biol. 

Chem. jbc. 2020, 295, 11099–11117.  

[3] Dawson, P. E., Muir, T. W., Clark-Lewis, I. & Kent, S. B. Science 1994, 266, 776–779. 
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Gastrointestinal disorders (GI), including inflammatory bowel diseases (IBD) and irritable bowel 

syndrome (IBS), affect 10–15% of the Western population and represent a substantial socio-

economic burden to our society.1,2 IBD and IBS are progressive diseases related to our lifestyle 

and the improper and overuse of antibiotics.  

Biofilm-forming bacteria are an adherent prokaryotic community embedded in a protective 

layer of extracellular substances and prone to develop antibiotic resistance.3 Recently, it was 

reported that GI biofilms occur in ~60% of IBS patients and ~28% of IBD patients, yet little is 

known about their function and disease relevance.4  

Antimicrobial peptides (AMPs) of natural origin represent valuable alternatives for treating 

bacterial infections since they have retained and optimized their activity throughout evolution 

and triggered little or no resistance.5 However, their full potential against biofilms has not been 

revealed yet.  

We want to report our key results of the first year of the PhD project to develop biofilm-specific 

tools and therapeutic agents for the study and treatment of mucosal biofilms in patients with GI 

disorders. Our approach and results include (i) synthesis and screening of AMPs from various 

natural sources for biofilm-specific activity, (ii) chemical strategies to optimize lead compounds 

as molecular probes and therapeutic candidates, and (iii) characterization of bacterial biofilm 

isolated from IBD and IBS patients. 

 

1. Brown, M. R.; Gilbert, P., Sensitivity of biofilms to antimicrobial agents. J Appl Bacteriol 1993, 

74 Suppl, 87s-97s. 

2. Lang, M.;  Baumgartner, M.;  Rożalska, A.;  Frick, A.;  Riva, A.;  Jarek, M.;  Berry, D.; Gasche, C., 
Crypt residing bacteria and proximal colonic carcinogenesis in a mouse model of lynch syndrome. Int 

J Cancer 2020, 147 (8), 2316-2326. 

3. Flemming, H.-C.;  Wingender, J.;  Szewzyk, U.;  Steinberg, P.;  Rice, S. A.; Kjelleberg, S., 

Biofilms: An emergent form of bacterial life. Nature Reviews Microbiology 2016, 14 (9), 563-575. 

4. Baumgartner, M.;  Lang, M.;  Holley, H.;  Crepaz, D.;  Hausmann, B.;  Pjevac, P.;  Moser, D.;  

Haller, F.;  Hof, F.;  Beer, A.;  Orgler, E.;  Frick, A.;  Khare, V.;  Evstatiev, R.;  Strohmaier, S.;  Primas, C.;  

Dolak, W.;  Köcher, T.;  Kristaps, K.;  Rath, T.;  Neurath, M. F.;  Berry, D.;  Makristathis, A.;  

Muttenthaler, M.; Gasche, C., Mucosal biofilms are an endoscopic feature of irritable bowel 

syndrome and ulcerative colitis. Gastroenterology. 

5. Bechinger, B.; Gorr, S. U., Antimicrobial peptides: Mechanisms of action and resistance. J 

Dent Res 2017, 96 (3), 254-260. 
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The human pathogen Staphylococcus aureus uses the agr quorum sensing system to 

coordinate the production of a broad spectrum of virulence factors to facilitate infection 

of its host. Hereby, the enzyme AgrB, a cysteine endopeptidase, possesses a central role 

in this quorum sensing system since it catalyses the biosynthesis of the autoinducing 

peptide (AIP) the agr QS signal.1 We hypothesize that an inhibition of the protease 

AgrB of S. aureus would be feasible to block AIP maturation and secretion. In absence 

of the signal molecule, the agr response system would not be activated and the pathogen 

will not be able to produce virulence factors. Further on we hypothesize that this 

interference in QS systems can also be achieved in a variety of different pathogens. We 

will use activity-based probes to label the target AgrB and establish a suitable 

competitive assay to screen for potential inhibitors. The probes will be developed based 

on recent findings of α-chloroacetamide warheads and ligand selection strategy for 

rapid probe scaffold tailoring. Electrophilic inhibitor libraries targeting cysteine will be 

developed based on the steric and electronic demands of AgrB.2–4 As a future 

perspective the developed toolbox will subsequently be applied towards other 

pathogens. Agr-like or similar QS signalling systems controlling the virulence have 

been discovered in various species of Staphylococcus, Clostridium, Bacillus, 

Enterococcus, and Streptococcus and also play a role as a phage encoded infection 

sensing system.5 

 

(1)  Thoendel, M. et al. Identification of Staphylococcus Aureus AgrD Residues 

Required for Autoinducing Peptide Biosynthesis *. J. Biol. Chem. 2009, 284, 

21828–21838. 

(2)  Prothiwa, M. et al. Chemical Probes for Competitive Profiling of the Quorum 

Sensing Signal Synthase PqsD of Pseudomonas Aeruginosa. Beilstein J. Org. 

Chem. 2016, 12, 2784–2792. 

(3)  Prothiwa, M. et al. Competitive Live-Cell Profiling Strategy for Discovering 

Inhibitors of the Quinolone Biosynthesis of Pseudomonas Aeruginosa. J. Am. 

Chem. Soc. 2018, 140, 14019–14023. 

(4)  Peñalver, L. et al. A Ligand Selection Strategy Identifies Chemical Probes 

Targeting the Proteases of SARS-CoV-2. Angew. Chemie Int. Ed. 2021, 60, 

6799–6806.. 

(5)  Gray, B. et al. Targeting Agr- and Agr-Like Quorum Sensing Systems for 

Development of Common Therapeutics to Treat Multiple Gram-Positive 

Bacterial Infections. Sensors. 2013, 13, 5130–5166. 
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The programmed death receptor1 (PD-1) and its ligand PD-L1 are an immune 

checkpoint that are involved in many important disease pathways. The interaction 

between PD-1 and PD-L1 leads to the deactivation of T-cells and the shut-down of an 

immune response. Inhibitors of different classes of biomolecules have been developed 

to block either PD-1 or PD-L1. Among the developed inhibitors, antibodies have found 

immense success and are currently used as diagnostics and therapeutics. However, 

peptides are more advantageous when it comes to developing the next-generation PD-

L1 radiotracers and have been thoroughly investigated in the past years. [1]   

 

We present a general overview on the recently developed peptide-based radiotracers 

that target PD-L1. PD-L1 is an important receptor that is overexpressed on many tumor 

cells and currently difficult to quantify with the standard methods (i.e. 

immunohistochemistry of biopsy samples). [2] Predicting the type of therapy or 

response is a crucial clinical step for the management of diseases. Therefore, peptide-

based, non-invasive PET imaging of PD-1/PD-L1 is a successful alternative and 

currently an expanding field. Different peptide conjugates under investigations will be 

discussed for their physicochemical and biological properties that makes them 

promising candidates for PD-L1 imaging. Furthermore, the outcome of some promising 

candidates will be discussed based on their current preclinical and clinical trials 

outcomes.  

 

 

 

[1]  Chatterjee, S.; Lesniak, W. G.; Miller, M. S.; Lisok, A.; Sikorska, E.; Wharram, B.; 

Kumar, D.; Gabrielson, M.; Pomper, M. G.; Gabelli, S. B.; Nimmagadda, S. Rapid 

PD-L1 Detection in Tumors with PET Using a Highly Specific Peptide. Biochem. 

Biophys. Res. Commun. 2017, 483 (1), 258–263. 

 

[2] 

  

  Hegde, P. S.; Karanikas, V.; Evers, S. The Where, the When, and the How of 

Immune Monitoring for Cancer Immunotherapies in the Era of Checkpoint 

Inhibition. Clin. Cancer Res. 2016, 22 (8), 1865–1874. 
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Silaffine peptides gained interest by their ability to precipitate silica in different 
morphologies from silicic acid under mild, biomimetic conditions, paving the road to 
facilitating design of tailored bone graft substitutes. One of the first peptides to be 
derived from Silaffine 1A, isolated from diatom species Cylindrotheca fusiformis, is the 
peptide R5.[1] Herein we report extensive dynamic and structural analyses to further 
elucidate the processes that lead to the ordered precipitation of silica by R5 in phosphate 
buffer. Through the integration of state of the art liquid state NMR techniques and 
molecular dynamic simulations, a multidimensional picture of the processes leading to 
precipitation can be drawn. Simulations show significant changes in secondary 
structure, which can be confirmed by HSQC as well as T1, T2, 

1H-15N heteronuclear 
NOE and DOSY measurements. These results additionally demonstrate assembly of R5 
molecules [2,3] upon the addition of phosphate buffer prior to precipitation to be 
necessary for controlled silica formation. After all residues have been assigned and 
those most affected identified, the precipitation was followed by real-time SOFAST-
HMQC measurements, and the kinetics assessed at residue resolution. Indeed, different 
crosspeak intensity behaviour, depending on the nanoscale environment of the residues 
involved was detected. Thus enabled the monitoring of the precipitation event and 
provides a new perspective on biomineral prenucleation species in liquid phases. 
[1] Lechner CC, Becker CFW. Silaffins in silica biomineralization and biomimetic 

silica precipitation. Mar Drugs 2015;13:5297–333.  
[2] Senior L, Crump MP, Williams C, Booth PJ, Mann S, Perriman AW, et al.Structure 

and function of the silicifying peptide R5. J Mater Chem B 2015;3:2607–14 
[3] Gascoigne L, Magana JR, Atkins DL, Sproncken CCM, Gumi-Audenis B, 

Schoenmakers SMC, et al. Fractal-like R5 assembly promote the condensation of 
silicic acid into silica particles. J Colloid Interface Sci 2021;598:206–12.  

Figure 1. A) Residue resolved correlation time τc of R5 with PBS Buffer, residues without bars are not 
accessible due to aggregation and low signal amplitudes. B) SEM measurement of silica particles yielded 
by silica precipitation with R5 peptide.  C) Residue resolved, real-time intensity traces during silica 

precipitation by R5 followed by SOFAST. 
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Over the last decades, hundreds of scientific publications have employed the Morita-Balyis-Hillman 

(MBH) reaction as a powerful method to forge C–C bonds.1 Traditionally, MBH reactions couple 

Michael acceptors with aldehydes, taking advantage of a Lewis basic catalyst – recently, however, 

Nguyen and coworkers have shown that a similar reaction, in which the aldehydes are exchanged with 

tropylium halides, yields -functionalized products without the need for a catalyst.2 Intrigued, we 

sought to develop a method using an iminium iodide (specifically Eschenmoser’s salt) as the 
electrophile. Notably, we found that the counteranion and the highly polar solvent 

hexafluoroisopropanol (HFIP) are crucial for the reaction and allow smooth conversion without any 

additional catalyst. We investigated the reaction scope, explored the application of the produced 

aminocarbonyls and examined the mechanism using NMR experiments, isotopic labeling and quantum 

chemical calculations.3 

 

 

Scheme 1: An aza-Morita-Baylis-Hillman reaction without added Lewis base catalyst. 

 

Acknowledgements: We thank the University of Vienna for an Uni:docs fellowship to M.L. and for 

their continued support of our research projects. 
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With the term drug delivery system, we refer to formulation and system for transport a 
pharmaceutical compound in the body to archive the desired therapeutic effect. Drug delivery 
systems modify drug release profile: absorption, distribution metabolism, and elimination 
(ADME) for improving efficacy and safety as well as patient convenience and compliance.[1] 

Current efforts in the area of drug delivery include the development of targeted delivery, where 
the drug is only active in an area of the body or is active only to a particular tissue (for example, 
in cancer cells) where the drug is released over a period of time controlled by the formulation 
itself. In the last year, different types of formulations were developed including the peptide-based 
formulation].[2] Peptides based delivery systems have significant advantages over others as they 
are relatively low cost and their synthesis is easily scalable and does not encounter potential 
immunogenicity compared to proteins [3]. 

Today, there is no clinically approved peptide-drug or peptide-conjugated drug delivery system. 
There will be a great need to develop well-characterized and reproducible peptide-based carriers. 
The project focus is to develop novel peptide-based drug delivery systems for anti-rheumatic and 
anti-inflammatory drugs, with the aim to improve drug efficacy and safety as well as patient 
convenience and compliance. The system will be characterized using multinuclear NMR 
spectroscopy and HR-MS while release profiles will be evaluated using HPLC-MS. Further 
detailed biological studies will be carried out using appropriate in-vitro conditions. 

 [1] Tiwari G, Tiwari R, Sriwastawa B, et al. Drug delivery systems: An updated review. Int J 

Pharm Investig.  

[2] Patra, J.K., Das, G., Fraceto, L.F. et al. Nano based drug delivery systems: recent 

developments and future prospects. J Nanobiotechnol 

[3] Tesauro D, Accardo A, Diaferia C, et al. Peptide-Based Drug-Delivery Systems in 

Biotechnological Applications: Recent Advances and Perspectives. Molecules.  
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During the synthesis of a Pt(II) complex according to standard literature methods1, we 

observed the formation of an unexpected by-product (Scheme 1) featuring a metal 

carbon bond. 

 

 

 

 
Scheme 1: The planned reaction pathway, the unexpected side reaction and the general structure of the 

new complexes 

 

 

To the best of our knowledge, there is only one report dealing with this substance class 

in the literature.2 Starting from either maleic or fumaric acid, the inventor was able to 

produce either a mixture of  the RR and SS or of the SR and RS carboxylato ligand. 

Based on these findings, we report on the synthesis of new complexes, where R equals 

different alkyl moieties and R’ equals H or OMe, respectively. Additionally, the 

complexes were characterized via multinuclear NMR spectroscopy, elemental analysis 

and HR-MS. Crystallographic analyses, stability assassments via NMR and HPLC, and 

determination of cytotoxic properties is still ongoing as of now. 

 

(1)  Wilson, J. J.; Lippard, S. J. Synthetic Methods for the Preparation of Platinum 

Anticancer Complexes. Chem. Rev. 2014, 114 (8), 4470–4495. 

(2)  Forgacs, P. New Coordination Compounds of Platinum, Processes for Producing 

Them and Their Use as Medicinal Products. FR2558469, July 26, 1985. 
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Yeasts are known as a microbial factory that can produce recombinant proteins as 
pharmaceuticals, so-called biopharmaceuticals. Yeast is a single eukaryotic 
microorganism and its mating reaction is very important for cell-cell communication 
studies.2 The fission yeast S. pombe possesses two haploid mating cells P and M cells, 
that can be differentiated under nitrogen starvation. The M type cells express the Mam2 
receptor, which recognizes the p-factor released from P cells.1,2 

Constructing multicellular assemblies to form a tissue or aggregate with controlled cell-
cell interaction is remaining a great challenge. To create the irreversible controlled cell-
cell assembly there has been some techniques as modifying the surfaces with single-
stranded DNA molecules that are complementary to each other, or using highly specific 
biotin-streptavidin interaction6. Lately, the focus has been moved to create reversible 
cell-cell interaction. For this purpose, the supramolecular interaction has been used as 
photo-switchable azobenzene with β-cyclodextrin.3-5 

In our project we are focusing on Mam2 receptor and p-factor interaction. We are using 
only one-type of yeast that are genetically modified to express the Mam2 receptor 
independently of the external conditions. Our idea is to modify the p-factor, that is 23 
amino acid peptide, and by this modification to attach there a motive that can trigger 
self-assembly or function by external stimuli. The modified p-factor-like-peptide has to 
have similar interaction behaviour to the Mam2 receptor as the natural p-factor, 
therefore most of the work is currently focused on this topic.  

 

[1]  Ferrer-Miralles, N., Domingo-Espín, J., Corchero, J., Vázquez, E. & Villaverde, A. 

Microbial Cell Factories vol. 8 17, 2009. 

[2]  Kitamura, K. & Shimoda, C., EMBO J. 10, 3743–3751, 1991. 

[3]  Gartner, Z. J. & Bertozzi, C. R., Proc. Natl. Acad. Sci. U. S. A. 106, 4606–4610, 2009. 

[4]  Sarkar, D. et al. Engineered cell homing. Blood 118, 184–191, 2011. 

[5]  Shi, P. et al., Nat. Commun. 71 7, 1–9, 2016. 
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During this last decade the interest on in the obtention of semiconductive graphene 
considerably increased in the scientific community. Due to its properties, such as a high 
carrier mobility and flexibility, graphene is one of the most attractive organic material 
for electronic application.[1] However, the lack of a bandgap makes graphene unsuitable 
for many applications. One of the possible approaches for the obtention of 
semiconductive graphene is the heteroatom doping.[2] One of the most promising doping 
consists in the inclusion of borazine (B3N3) units in the honeycomb lattice of graphene. 
In fact, borazine is known to be isoelectronic and isostructural to benzene, but its bonds 
are way more polarized.[3] This makes borazine one of the most attractive building 
blocks for the production of semiconducting graphene. In this work we report a one-
year study on the synthesis of borazine-doped PAHs, and our future plans for the 
obtention of a borazine-doped graphene layer.  
 
 
References: 
 
[1]  L. E. F. Foa Torres, S. Roche, J. C. Charlier; Graphene-based nanomaterials: from 

electronic structure to quantum transport (2nd edition); 2020 Cambridge university 
press. 

 
[2]  X. Wang, G. Sun, P. Routh, D.-H. Kim, W. Huangb, P. Chen; Chem. Soc. Rev., 

2014, 43, 7067-7098. 
 
 [3]  RM. -L. Lorenzo-García, D. Bonifazi; CHIMIA Int. J. C., 2017, 71, 550-557. 
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Isotope labelling is a powerful tool that enables the precise monitoring of specific atoms and as such, 

constitutes a common strategy to study and elucidate reaction mechanisms.[1] Importantly, the 

introduction of isotopic labels is also employed for the investigation of behavior and metabolic pathways 

of drug candidates.[2] Due to the kinetic isotope effect, deuterium incorporation in specific sites of drug 

molecules can slow down cytochrome P450 metabolism, optimize pharmacokinetic properties or reduce 

toxicity.[3] Expanding the synthetic toolbox to enable convenient and mild deuterium incorporation in 

organic molecules is, therefore, highly desirable.  

Here, we present two recent methodologies developed in our team for the synthesis of deuterated amides 

and imides.[4,5] In both cases, the transformations hinge on transient keteniminium ions, formed either 

by electrophilic amide activation or by treatment of ynamides with a (deuterio)-Brønsted acid. As will 

be shown, the deuterated products were obtained in good yields with high degrees of deuterium 

incorporation.  
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The androgen receptor (AR) displays a key therapeutic target and diagnostic biomarker 

in prostate cancer. This in vitro study aimed at the characterization of the AR in prostate 

cancer progression using (i) 16β-[18F]fluoro-5α-dihydrotestosterone ([18F]FDHT), a 

radiotracer for positron emission tomography targeting the AR [1], as well as (ii) 

specific antibodies for immunofluorescence (IF) and Western blot (WB).  

[18F]FDHT uptake was investigated in androgen-sensitive (LNCaP [2]) and androgen-

independent (PC-3 [3]) human prostate cancer cell lines by means of collecting 

membrane-bound, internalized and nuclear cell fractions. WB analyses as well as IF 

were employed to determine target expression and receptor localization in support to 

obtained data.  

Results showed significantly higher specific [18F]FDHT membrane binding and uptake 

in LNCaP cells than in PC-3 cells, suggesting androgen-dependence as the driving force 

for higher expression of androgen-binding membrane proteins. Moreover, significantly 

higher specific nuclear uptake was detected in LNCaP cells, in contrast to PC-3 cells. 

This meets the expectation that androgen-sensitive cells quickly translocate the tracer-

receptor complex to the nucleus in order to initiate gene transcription and consequent 

tumor growth. In contrast, androgen-independent cells are suggested not to require 

androgens for gene transcription. In this cause, WB analyses and IF confirmed the 

presence of ARs of different isoforms in both investigated cell lines. Furthermore, 

localization of the AR was demonstrated in cytoplasm and nucleus, utilizing IF.  

 

[1] A. Liu, K. E. Carlson, J. A. Katzenellenbogen, “Synthesis of High Affinity Fluorine-

Substituted Ligands for the Androgen Receptor. Potential Agents for Imaging 

Prostatic Cancer by Positron Emission Tomography” J. Med. Chem., vol. 35, no. 

11, pp. 2113–2129, 1992 

[2] T. M. Chu, G. P. Murphy, E. Kawinski, and E. A. Mirand, “Lncap model of human 
prostatic carcinoma” Cancer Res., vol. 43, no. 4, pp. 1809–1818, 1983 

[3] M. E. Kaighn, K. S. Narayan, Y. Ohnuki, J. F. Lechner, and L. W. Jones, 

“Establishment and characterization of a human prostatic carcinoma cell line (PC-

3)” Invest Urol., vol. 17, no. 1, pp. 16–23, 1979 

22

34 / 4734 / 4836 / 55



Introduction of bioactive ligand scaffolds to tridentate 
organoruthenium complexes. 
 
Alexander Rosner 
 
Geisler, H.; Westermayr, J.; Cseh, K.; Wenisch, D.; Fuchs, V.; Harringer, S.; Plutzar, 
S.; Gajic, N.; Hejl, M.; Jakupec, M. A.; Marquetand, P.; Kandioller, W., Keppler, B. K. 
 
 
The use of bioactive ligands for development of novel metal-based anticancer agents 
has certain advantages. Known molecular targets, familiar pharmacokinetics and 
pharmacodynamics, as well as already investigated adverse effects feature evaluation as 
bioactive moieties. Moreover, synergistic effects have been observed for certain 
candidates, which might overcome side effects of established drugs.  
 
Recently, an unexpectedly in situ formed tridentate ligand architecture of piano stool 
ruthenium (and osmium) complexes has been established. This novel compound class 
differs from most literature known organometallic anticancer agents. The tridentate 
complexes show interesting properties and unexpected selectivity towards certain 
human cancer cells in vitro. Stable derivatives were shown to exert extraordinary 
cytotoxic impact towards certain cell lines over others.1 Though being based on 
bioactive moieties and their literature known properties, the mode of action for cancer 
cell growth inhibition still remains unresolved. Investigations on the interaction with 
“classical targets” in chemotherapy (e.g. DNA) or considerations of the ligands’ 
anticancer properties have already been carried out. Solution chemistry of these 
metallodrugs has been examined, aside from interaction studies.2 However, the exact 
mode of action of this promising compound class is unknown.  
 
Overall, this project offers a lot of research potential, involving fine tuning of chemical 
properties and cytotoxic impact. Still, investigations on cellular behaviour, molecular 
targets and in vivo results are critical for further predictions.  
 
(1)  Geisler, H.; Wernitznig, D.; Hejl, M.; Gajic, N.; Jakupec, M. A.; Kandioller, W.; 

Keppler, B. K. Novel Phthiocol-Based Organometallics with Tridentate 
Coordination Motif and Their Unexpected Cytotoxic Behaviour. Dalton Trans. 
2020, 49 (5), 1393–1397. https://doi.org/10.1039/C9DT04462K. 

 
(2)  Geisler, H.; Westermayr, J.; Cseh, K.; Wenisch, D.; Fuchs, V.; Harringer, S.; 

Plutzar, S.; Gajic, N.; Hejl, M.; Jakupec, M. A.; Marquetand, P.; Kandioller, W. 
Tridentate 3-Substituted Naphthoquinone Ruthenium Arene Complexes: 
Synthesis, Characterization, Aqueous Behavior, and Theoretical and Biological 
Studies. Inorg. Chem. 2021, acs.inorgchem.1c01083. 
https://doi.org/10.1021/acs.inorgchem.1c01083. 
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We report the first synthesis of 4-deoxy-4-fluoro-D-sedoheptulose (4DFS) from 

commercially available methyl 4,6-O-benzylidene-α-D-gluco-pyranoside (1). 4DFS is 

of great interest because fluorination of position 4 in D-sedoheptulose-7-phosphate is 

expected to halt the enzymatic degradation of the sugar phosphate in the pentose-

phosphate-pathway. After uptake and phosphorylation in cells[1], 4DFS would thereby 

be metabolically trapped within cells and could serve as a promising starting point for 

further development into a positron-emission-tomography (PET) probe to image tissue 

types with high proliferation rates (e.g. tumor tissue). 

 

 
Figure 1: Synthesis of 4DFS. 

 

The nine-step sequence takes advantage of a combination of two approaches [2], [3]. 

Key transformations involve a one-step generation of an epoxide from 1 which was then 

opened in a trans-diaxial fashion by potassium bifluoride and tetrabutylammonium 

fluoride trihydrate to generate the desired fluorinated altrose core. Subsequently, a 

series of protecting group manipulations and an oxidation step led to 2,4,6-tri-O-benzyl-

3-deoxy-3-fluoro-D-altrono-1,5-lactone. The lactone was then methenylated using 

Petasis’ reagent [4] giving the elongated C7 enol ether which was dihydroxylated to 

yield the protected heptulose. Final deprotection of the benzyl ethers yielded 4DFS in a 

total yield of 8% after nine steps. 

 

Future enzymatic stability and cell-based uptake assays will assess the ability of 4DFS 

to be metabolically trapped within cells. 

 

[1]  Haschemi et al. Cell Metab. 2012, 15, 813-826. 

[2]  Yan et al. Chin Chem Lett 2017, 28, 467-470. 

[3]  Waschke et al. Eur. J. Org. Chem. 2012, 5, 948-959. 

[4]  Petasis et al. J. Am. Chem. Soc. 1990, 112, 17, 6392-6394. 
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Native chemical ligation (NCL) is an incredibly valuable tool for peptide chemists to join 

two unprotected peptide chains under mild conditions, leaving no ligation scar. 

Historically, two requirements must be fulfilled to use NCL: The respective peptides need 

to be equipped with a C-terminal thioester on one and an N-terminal cysteine on the other 

peptide segment. [1] 

For NCL reactions where these requirements cannot be met, multiple strategies have been 

developed to sidestep them, including the use of radical desulfurization, thiolated amino 

acid analogues or cleavable ligation auxiliaries.[2-3] 

Lately, the use of N-terminal selenocysteine residues in combination with C-terminal 

selenoesters in diselenide-selenoester ligations (DSL) led to improved reactions kinetics 

and higher yields, even at very low peptide concentrations.[4] 

Here we present the combination of two of these concepts, namely a photocleavable 

selenium based ligation auxiliary to provide a highly versatile solution for DSL at almost 

any ligation site. Starting from the three-component Petasis reaction, synthesis of this 

auxiliary could be realized with satisfactory yields in 5 steps.  

Employing standard SPPS coupling and deprotection reagents, the auxiliary could be 

attached to a peptide, ready for ligation. Preliminary results show the ligation of two test 

peptides and further photocleavage indicates the successful removal of the auxiliary. 

 

In summary, we developed a concise route for the synthesis of a selenium-based, 

photocleavable ligation auxiliary for native chemical ligation. Initial experiments show 

promising results, and warrant further investigation concerning ligation sites, additives 

and concentrations used. 

 

[1] P. E. Dawson, T. W. Muir, I. Clark-Lewis, et al., Science 1994, 266, 776-779. 

[2] A. C. Conibear, E. E. Watson, R. J. Payne, et al., Chem. Soc. Rev. 2018, 47, 9046-

9068. 

[3] C. Bello, S. Wang, L. Meng, et al., Angew. Chem. Int. Ed. 2015, 54, 7711-7715. 

[4] T. S. Chisholm, S. S. Kulkarni, K. R. Hossain, et al., J. Am. Chem. Soc. 2020, 

142, 1090-1100. 
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One of the oldest pharmaceutical compounds still in use today is the century-old 
analgesic paracetamol (para-acetylaminophenol), the synthesis of which can be 
achieved through different routes. Nevertheless, synthetic approaches to para-
aminophenols generally suffer from low regioselectivity, high step count or harsh 
conditions, limiting the chemical space accessible for this family of compounds.[1] 
Recently, interest in more selective reactions to form the title compounds has grown and 
led to interesting novel synthetic approaches.[2-4]  
 
Earlier this year, our group disclosed a selenium-catalysed rearrangement of 
hydroxamic acids into para-aminphenols. This reaction is carried out under mild 
conditions and affords a broad scope of para-aminophenols in good yields and with 
perfect regioselectivity through an intriguing double [2,3]-sigmatropic rearrangement 
process (Fig. 1).[5] The proposed reaction mechanism is supported by quantum chemical 
calculations as well as 18O-labeling experiments. Different para-aminophenols with 
applications in the treatment of heart disease and infection, as well as paracetamol itself 
can be readily synthesized by this novel methodology. 
 

 
Figure 1: an organoselenium-catalysed regioselective rearrangement to form para-aminophenols. 

 
[1]  a) E. Bamberger, Chem. Ber. 1894, 27, 1548, b) E. Bamberger, Chem. Ber. 1894, 27, 1347, c) R. Joncour, N. Duguet, E. 

Métay, A. Ferreirab, M. Lemaire Green Chem. 2014, 16, 2997. 
[2]  a) Y. Kikugawa, M. Shimada, J. Chem. Soc. Chem. Commun. 1989, 1450, b) Y. Kikugawa, K. Mitsui, Chem. Lett. 1993, 22, 

1369. 
[3]  K. N. Hojczyk, P. Feng, C. Zhan, M.-Y. Ngai, Angew. Chem. Int. Ed. 2014, 53, 14559. 
[4]  D. Yan, G. Wang, F. Xiong, W.-Y. Sun, Z. Shi, Y. Lu, S. Li, J. Zhao, Nat. Commun. 2014, 9, 4293. 
[5]  H.-Y. Chuang, M. Schupp, R. Meyrelles, B. Maryasin, N. Maulide, Angew. Chem. Int. Ed. 2021, 60, 13778. 
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Direct Synthesis of Enamides via Electrophilic Activation of Amides 

Philipp Spieß, Martin Berger, Daniel Kaiser, Nuno Maulide* 

Institute of Organic Chemistry, University of Vienna, Währinger Straße 38, 1090 Vienna, Austria 

Enamides are highly versatile synthetic building blocks which can be seen as stable enamine surrogates. As reactants, 

enamides can be applied in a variety of settings, including transition-metal (asymmetric) catalysis or 

photochemistry.[1] However, the preparation of enamides has remained a major challenge, relying to a large extent 

on prefunctionalized starting materials.[2] In order to address this issue, a direct N-dehydrogenation of an amide is a 

highly desirable scenario. However, only a few methods with limitations[3] have been reported to date. 

Informed by our group’s extensive experience in the field of electrophilic amide activation, we speculated whether 

the in-situ generated species I might allow a novel and operationally simple pathway to access enamides.[4] For this, 

we assumed that the proton α to the nitrogen of I is highly acidified (see Scheme) and that combination with a 

suitable strong, non-nucleophilic base would might trigger the desired N-dehydrogenation event. Ultimately, the 

unusual combination of triflic anhydride and LiHMDS proved optimal, and the scope of the transformation was 

explored in depth. In addition, the utility of the synthesized enamides was showcased through a range of 

downstream transformations, and mechanistic studies shed more light on the reaction pathway. 

[1] (a) Carbery, D. R. Org. Biomol. Chem. 2008, 6, 3455–3460. (b) Wang, M.-X. Chem. Commun. 2015, 51, 6039–6049. 

[2] (a) Trost, B. M.; Cregg, J. J.; Quach, N. J. Am. Chem. Soc. 2017, 139, 5133–5139. (b) Bolshan, Y.; Batey, R. A. Angew. Chem., 

Int. Ed. 2008, 47, 2109–2112. 

[3] (a) Shono, T.; Matsumura, Y.; Tsubata, K.; Sugihara, Y.; Yamane, S.; Kanazawa, T.; Aoki, T. J. Am. Chem. Soc. 1982, 104, 6697– 
6703. (b) Pavlik, J. W.; Tantayanon, S.. J. Am. Chem. Soc. 1981, 103, 6755–6757. 

[4] Spieß, P.; Berger, M.; Kaiser, D.; Maulide, N. J. Am. Chem. Soc. 2021, 28, 10524–10529. 
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Although sugars are of considerable biological importance, the elucidation of minor 
metabolic processes, such as the pentose phosphate pathway (PPP) still lags behind in 
comparison to other classes of functional biomolecules. Despite its involvement in a 
large variety of pathologies [1] and its strong link to glycolysis, the latter has been 
studied far more extensively, while the PPP is still poorly explored.  
For a long time, it was believed that the PPP is dominated by a variety of complex 
equilibrium reactions that produce otherwise unimportant reaction intermediates with 
the mere purpose to generate pentoses for DNA/RNA biosynthesis. [2] However, the 
recent discovery of sedoheptulose kinase [3], which allows direct uptake of this 
unconvential carbohydrate by cells, suggests the existence of a variety of specialized 
kinases for other carbohydrates as well, making them available as alternative carbon 
sources that can directly enter the cells and influence the enzymatic equilibria of the 
non-oxPPP [4].  
Fluorinated analogues to the carbohydrate intermediates of the PPP can be used as an 
alternative tool for diagnostic imaging of cancer types with a known upregulation of the 
PPP. Several of these cancer types, such as colorectal carcinoma (CRC) [5] and 
different non-small-cell lung cancer types are known to be difficult to diagnose with 
already established PET tracers [6]. 
Here I present the synthetic strategy to access a suitable precursor for the synthesis of 
the [18F]-radiolabeled analogue of D-xylulose.  
 

 
                   Scheme 1. Synthetic strategy towards 3-deoxy-3-fluoro-D-xylulose. 
 

[1] A. Perl, R. Hanczko, T. Telarico, Z. Oaks, S. Landas, “Oxidative stress, inflammation and carcinogenesis are  

controlled through the pentose phosphate pathway by transaldolase”, Cell, 2011. 
[2] N. H. K. C. Patra, "The pentose phosphate pathway and cancer," Trends Biochem. Sci., 2014. 
[3] Haschemi, A., Kosma, P., Gille, L., Evans, C.R., Burant, C.F., Starkl, P., Knapp, B., Haas, R., Schmid, J.A., 

Jandl, C. et al., “The sedoheptulose kinase CARKL directs macrophage polarization through control of glucose 
metabolism.”, Cell Metab., 2012. 

[4] C. Nagy, A. Haschemi, “Sedoheptulose kinase regulates cellular carbohydrate metabolism by sedoheptulose 7-
phosphate supply”, Biochem. Soc. Trans., 2013. 

[5] N. Shibuya, K.-I. Inoue, G. Tanaka, K. Akimoto and K. Kubota, "Augmented Pentose Phosphate Pathway Plays 
Critical Roles in Colorectal Carcinomas",  Oncology, 2015. 

[6] F. Chao and H. Zhang, "PET/CT in the Staging of the Non-Small-Cell Lung Cancer", J Biomed Biotechnol., 
2012. 
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Self-assembly, a fundamental process in nature, is the spontaneous organization of molecules 
into ordered structures by non-covalent integration.1 We have been interested in the 
development of self-assembling peptides, which can entrap large amounts of water yielding 
hydrogels. 
Typically hydrogels are based on 3D polymer networks that entrap large amounts of water, 
however, hydrogels based on small self-assembling peptides form supramolecular structures 
which function in a similar manner; although the single building blocks are typically below 
1 kDa.2 These peptides can be easily chemically modified and are stable in broad range of 
biological conditions.3 Further through rational design of metal binding sides the self-
assembling properties can be fine-tuned.4  
We would like to report on the synthesis of self-assembling peptides, which are designed to 
specifically bind to biological benign metal salts. However, the project is confidential and as 
such no detailed structures or experimental results can be shared.3 Based on our current 
research, the presence of different metal salts indicates an effect on self-assembly leading in 
significant changes in mechanical properties.  
The future directions in this research are likely to focus on characterization of the 
conformation of the different metal containing peptide hydrogels via a series of studies on 
Circular Dichroism and SEM. Hence, further studies are performed with focus on rheology 
thanks to striking mechanical properties (mechanical stiffness and elasticity) of hydrogels. 
The final goal would be to assess the ability of such hydrogels as primary dressings for partial 
thickness burns.  
 
 
1. Hauser, C. A.; Zhang, S., Designer self-assembling peptide nanofiber biological 
materials. Chem Soc Rev 2010, 39 (8), 2780-90. 
2. Wang, H.; Cheng, Y., All-small-molecule dynamic covalent hydrogels with 
multistimuli responsiveness. Materials Chemistry Frontiers 2019, 3 (3), 472-475. 
3. Mishra, A.;  Loo, Y.;  Deng, R.;  Chuah, Y. J.;  Hee, H. T.;  Ying, J. Y.; Hauser, C. 
A. E., Ultrasmall natural peptides self-assemble to strong temperature-resistant helical 
fibers in scaffolds suitable for tissue engineering. Nano Today 2011, 6 (3), 232-239. 
4. Mishra, A.;  Chan, K.-H.;  Reithofer, M. R.; Hauser, C. A. E., Influence of metal 
salts on the hydrogelation properties of ultrashort aliphatic peptides. RSC Advances 2013, 3 
(25), 9985-9993. 
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As plants cannot run away from herbivores they have developed sophisticated chemical 
defense strategies. The natural products involved therein are evolutionary designed to 
exhibit strong biological activity and are therefore a great source for drug discovery 
candidates. As a matter of fact, many common drugs are derived from natural products 
[1]. 
 
We isolated several interesting new alkaloids from two Tabernaemontana species 
(Apocynaceae), a genus known for its diverse monoterpenoid indole alkaloids. A large 
variety of known alkaloids was isolated from T. divaricata, but also javanisides 
previously unknown in the Apocynaceae family. Furthermore, we were able to isolate 
javanisides from T. peduncularis including a derivative containing uronic acid as 
glycoside. Although glucuronidation of molecules is a relatively common process in 
animals, such glycosides are rarely found in plants. Additionally, we isolated several 
new iboga alkaloids from T. peduncularis. They show molecular dynamics and 
reversible rearrangements to similar structures. Further, some of these substances are 
highly unstable leading to impurities by irreversible rearrangements. Such isolation 
artefacts could not be completely separated in all cases. 
 
[1] Shen, B. Cell 2015, 163, 1297-1300. 

29

42 / 4742 / 4844 / 55



Zooming in on the MTBR of Tau4 by Protein Semisynthesis 

 
Dominik P. Vogl*, Mario Migotti**, Vanessa Thöny*, Robert Konrat**, Anne C. 
Conibear*** & Christian F. W. Becker* 
 
*University of Vienna, Faculty of Chemistry, Institute of Biological Chemistry, 
Währinger Str. 38, 1090 Vienna, Austria 
**Max Perutz Laboratories, Vienna Biocenter Campus 5, 1030 Vienna, Austria 
***The University of Queensland, Faculty of Medicine, School of Biomedical Sciences, 
St Lucia QLD 4027, Australia 
 
The dysfunction of the microtubule associated protein Tau plays a central role in the 
pathogenesis of several neurodegenerative diseases.[1] Among others, specific 
posttranslational modifications (PTMs) located in the microtubule binding region 
(MTBR) of Tau are of very high importance and have been linked to the development 
of Alzheimer’s disease.[1] Whereas the effects of several site-specific PTMs on 
microtubule binding and aggregation have been described quite recently[2,3], their 
impact on structure and dynamics at atomic resolution remains elusive so far. Based on 
previous studies on the longest Tau variant (Tau4) from our group[3], we now focus on 
conformational changes of the Tau4-microtubule protein complex and the impact of 
PTMs on this interaction. This is achieved by assembling different variants of 
posttranslationally modified Tau with specific segmental isotope labelling patterns for 
NMR analysis.[4] Our semisynthesis strategy is based on generating synthetic peptide 
segments with PTMs that comprise the MTBR flanked by two recombinantly expressed 
Tau4 segments.[3] Both, the N-terminal as well as the C-terminal Tau4 fragments, can 
be labelled with the required stable isotopes (15N, 13C) for comprehensive NMR 
experiments.[4] Taken together, these modifications will enable valuable insights into 
molecular determinants of Tau aggregation and binding to microtubules as well as the 
impact of specific posttranslational modifications. 
 
[1]    T. Arendt, Brain Res.Bull. 2016, 126, Part 3,238–292 
[2]    M. Haj-Yahya and H. A. Lashuel, J. Am. Chem. Soc. 2018, 140, 21, 6611-6621 
[3]   D. Ellmer, M. Brehs, M. Haj-Yahya, H. Lashuel, C. F. W. Becker Angew.Chem. 

Int. Ed. 2019,58,1616-1620 
[4]   D. P. Vogl, Anne C. Conibear, C. F. W. Becker, RSC Chemical Biology 2021 
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The dysregulation of the Hippo signalling pathway, a focal point in cell 

proliferation, plays an essential role in promotion of oncogenesis.[1,2] The main cause 

for the dysregulation is the mutation of executor proteins YAP [3] or TAZ/WWTR1 [4] 

and their transcription factors TEAD1-4 (TEADs). The inhibition of this Yap/TAZ-

TEAD interaction is therefore a promising strategy to combat tumorigenesis.[5]  

Our strategy for drugging this challenging pocket is based on Entropy Oriented 

Drug Design (EnODD).[6] The introduction of a fused cyclic system minimizes the 

flexibility of the molecule, leading to a greatly enhanced entropic factor, thus potentially 

attaining superior affinity for the protein target.[7] Based on internal fragment screening 

of over 2500 molecules for the transcription factor TEAD4 at Boehringer Ingelheim, a 

series of rigidified “natural product-like” targets were designed and synthesised. After 
two generations of Structure Activity Relationship (SAR) studies, a promising drug 

target for the YAP/TAZ-TEAD interaction was obtained, featuring nearly two orders of 

magnitude higher potency than the initial hit. 

 

 
Figure 1. Highly rigidified TEAD4 binders based on Entropy Oriented Drug Design (EnODD).  

 
References 
[1] D. Pan, Dev. Cell 2010, 19, 491–505. 

[2] A. A. Steinhardt, M. F. Gayyed, A. P. Klein, J. Dong, A. Maitra, D. Pan, E. A. Montgomery, R. A. Anders, Hum. Pathol. 

2008, 39, 1582–1589. 

[3] M. Overholtzer, J. Zhang, G. A. Smolen, B. Muir, W. Li, D. C. Sgroi, C. X. Deng, J. S. Brugge, D. A. Haber, Proc. Natl. 

Acad. Sci. U. S. A. 2006, 103, 12405–12410. 

[4] W. C. Siew, J. L. Chun, K. Guo, P. N. Chee, I. Lee, W. Hunziker, Q. Zeng, W. Hong, Cancer Res. 2008, 68, 2592–2598. 

[5] L. Mélin, S. Abdullayev, A. Fnaiche, V. Vu, N. González Suárez, H. Zeng, M. M. Szewczyk, F. Li, G. Senisterra, A. 

Allali-Hassani, et al., ChemMedChem 2021, 1–22. 

[6] E. Freire, Drug Discov. Today 2008, 13, 869–874. 

[7] H. L. Tran, K. W. Lexa, O. Julien, T. S. Young, C. T. Walsh, M. P. Jacobson, J. A. Wells, J. Am. Chem. Soc. 2017, 139, 

2541–2544. 

 

31

44 / 4744 / 4846 / 55

mailto:haoqi.zhang@univie.ac.at


AUTOMATED SYNTHESIS OF TRIAZOLE BEARING PEPTIDES 
X. Guarrochena1,2,3, B. Kaudela1,2,3, M. Mitterhauser1,3, T. L. Mindt1,2,3 

 
1 Ludwig Boltzmann Institute Applied Diagnostics, General Hospital of Vienna, Vienna, Austria; 
2 Department of Inorganic Chemistry, 
Faculty of Chemistry, University of Vienna, Vienna, Austria; 
3 Department of Biomedical Imaging and Image Guided Therapy, Division of 
Nuclear Medicine, Medical University of Vienna, Vienna, Austria. 

 
The medical relevance of peptides is often offset by their low in vivo stability.[1] 
Among the many stabilization strategies, 1,4-disubstituted 1,2,3-triazoles have emerged 
as stable trans amide bond surrogates.[2] The incorporation of triazoles on the peptide 
backbone is usually accomplished by adapting the diazotransfer [3] and the copper-
catalysed azide-alkyne cycloaddition (CuAAC) reactions to the solid phase peptide 
synthesis (SPPS). To the best of our knowledge these reactions have never been 
implemented into an automated setup for the synthesis of triazolopeptides.  
 
We therefore report the development of the first procedure for the fully automated 
synthesis of backbone modified triazolopeptides. To accomplish this, the compatibility 
of the diazotransfer reaction was studied with a microwave assisted automated peptide 
synthesizer (Biotage® Initiator+AlstraTM). The stability of the diazotransfer reagent 
imidazole sulfonyl azide (ISA.HCl) was assessed in different solvent systems. The 
CuAAC reaction was completed under microwave conditions using 
Tetrakis(acetonitrile)copper(I) hexafluorophosphate complex as copper source.  
 
The preliminary experiments showed promising results. The bombesin derivative [4] 
with the triazole between the Histidine and Valine residues (Figure 1) was synthesized 
in 14 hours with purities greater than 90%. This procedure represents a time-saving and 
cost-effective method for the synthesis of metabolically stabilized peptides.  
 
It is our objective to optimize this methodology so it can be used for the facile synthesis 
of a wide range of triazolopeptides. For that, different resins will be tested. The 
synthesis of different clinically relevant triazolopeptides will also be evaluated.  
 

A)                                                                         B)      

           
Figure 1. a) 1,4-disubstituted 1,2,3-triazoles as trans amide bond surrogates. b) The triazole bearing minimal binding motif of 

Bombesin. 

 
[1]       Fani, M.; Maecke, H. R.; Okarvi, S. M.Theranostics 2012, 5, 481-501. 
[2]      Valverde, I. E.; Bauman, S.; Walter, M. A.; Mindt, T. L. Angew. Chemie - Int. Ed. 2013, 59, 8957-8960. 
[3]  Castro, V.; Blanco-Canosa, J. B.; Rodriguez, H.; Albericio, F. ACS Comb. Sci. 2013, 15, 331-334. 
[4]      Valverde, I. E.; Vomstein, S.; Fischer, C. A.; Mascarin, A.; Mindt, T. L. 
          J. Med. Chem. 2015, 58, 7475-7484.  
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The oxytocin receptor (OTR) is a G protein-coupled receptor that mediates various 
physiological functions including reproduction and social behaviour.1, 2 It is an attractive 
target for the exploration and therapy of a number of high-profile disorders including 
cancer, pain, and autism.3, 4 The design of selective ligands to investigate and visualise 
OTR is however challenging as OTR shares >80% extracellular sequence homology with 
the closely related vasopressin receptors.5 There is also a lack of selective probes (e.g., 
OTR-specific antibodies) to study OTR expression at the protein level. In this work, we 
describe the rational design, synthesis, and pharmacological evaluation of a series of 
peptide tracers for the visualization of OTR. By applying solid phase peptide synthesis 
and liquid phase labelling methods, we produced a series of OTR-targeting peptide tracers 
equipped with functional labelling groups such as biotin, fluorophores, near-infrared 
dyes, and positron emission tomography chelators. We determined the binding affinities 
of these tracers at OTR and the three closely related vasopressin receptors via radioligand 
displacement assays and identified a promising lead with a 50-fold selectivity for human 
OTR. Interestingly, we also demonstrated that linker design could be used to tune the 
selectivity for OTR. The results of the first ligand series were then used for the design 
and synthesis of a second series, whose pharmacology is to be determined. These tracers 
hold a powerful application scope for several in vitro and in vivo studies including 
positron emission tomography, near-infrared, and fluorescence based imaging techniques 
that will advance our understanding of the role of OTR in health and disease. 
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Graphene due to its high mechanical, thermal, and chemical stability and excellent 

electronic properties has attracted an enormous amount of interest in the area of 

optoelectronic and composite materials [1]. 

 

Polycyclic Aromatic Hydrocarbons (PAHs) can be considered as fragments of graphene 

with finite size that ranges from 1 to 5 nm. 

 

Having a well-defined structure, PAHs can serve as good model compounds for 

understanding the fundamental electronic properties of graphene and graphene 

nanoribbons. Moreover, the polycyclic aromatic hydrocarbons display higher solubility 

than graphene, providing organic semiconductor solution-processable for OFET 

(Organic Field-Effect Transistors) preparation [2]. 

 

Organic dyes and pigments constitute a large class of industrial products. Recently they 

have been researched for the utilisation in the field of organic electronics [3]. 

 

The aim of this project is to synthetize O-doped nanoribbons. For this purpose, we are 

using modified organic dyes as PXX (Peri-xanthenoxanthene) and ATT (anthanthrone) 

(figure). 

 

 
 

Semiconductor based on peri-xanthenoxanthene (PXX) has been used by Sony in 2011 

for their release of rollable AMOLED display [3]. 

 

[1]  Condens. Matter Mater. Phys. 2010, 81, 1–7 
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Boron-Nitrogen bond (B-N) is isoelectronic and isostructural to Carbon-Carbon bond 

(C-C). By replacing a C-C bond with a B-N bond in an aromatic molecule, we can 

change the optoelectronic properties of the molecule without changing its structure. In 

particular, the polarization of the B-N bond is able to modify the HOMO-LUMO energy 

gap, which, depending on the localization of the B-N bond in the molecule, can be 

opened or closed, causing a blue- or red-shift in the optical properties of the molecule[1]. 

This strategy, known as heteroatom doping, is well known and has been used in the last 

years to synthetize various BN-doped polycyclic aromatic hydrocarbons (BN-PAHs), 

which were implemented in optoelectronic devices such as Light-Emitting 

Electrochemical Cells, Organic Photovoltaics and Electrochromic Devices. Thanks to 

the increased stability and tuned properties of the BN-PAHs, in respect to their all-

carbon congeners, these devices have also shown improved performances[2]. 

While the potential of the doping strategy is now well established, the synthesis of BN-

doped molecules remains a challenge. The standard procedure for the synthesis of a 

Boron-Nitrogen bond is not too different from the AlCl3 catalysed synthesis used by 

Dewar et al. in 1958, for the synthesis of azaboraphenantrene[3]. When synthetizing 

extended BN-doped systems, metal catalysts (or amino bases, which are also widely 

exploited) become an obstacle to a clean and high-yield reaction. 

  

In this first year, we developed an easy borylation reaction which involves only a Boron 

halide (BBr3 or BI3), under mild temperature conditions. In the near future, we plan to 

apply this new methodology to polyaminophenylenes, in order to get extended multi-

BN-doped PAHs with semiconducting properties, ready to be implemented in organic-

based electronic devices. 

[1] Bosdet M., Jaska C., Piers W., Sorensen T., and Parvez M. Org. Lett. 2007, 9, 1395–1398. 

[2] (a) Dosso J., Tasseroul J., Fasano F., Marinelli D., Biot N., Fermi A., Bonifazi D., Angew. Chem. Int. 

Ed. 2017, 56, 4483−4487.; (b) Fresta E., Dosso J., Cabanillas-González J., Bonifazi D., and Costa R. D., 

Adv. Funct. Mater. 2020, 30, 1906830. 

[3] Dewar M. J. S., Kubba V. P., and Pettit R., J. Chem. Soc. 1958, 3073-3076. 
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Synthesis of epoxide-containing triglycerides and evaluation of its 

inflammatory effects after in vitro digestion 

Sergio Armentia Matheu, Anthony Julien Fernandes-Goodall, Yury Lebedev, Matthias 

Strauss, Andreas Gufler, Yifan Bao, Marc Pignitter, Nuno Maulide. 

The content of peroxides in food-derived products such as oils, with known deleterious 

organoleptic and health-related effects,1 is a well-established parameter to evaluate their rancidity 

in early decomposition stages. However, the repercussions to the organism which result from the 

intake of lipid epoxides (also found to be present in the composition of extensively used dietary 

lipids such as canola oil or margarine 2) still remain relatively unknown.  

For this collaborative study, aiming to shed light into the inflammatory response to epoxidised 

lipids, triglyceride-epoxide 1 was synthesized. Starting from oleic acid, five total steps, including 

a convergent epoxidation, were performed to deliver 1 in 13% overall yield. 

After in-vitro digestion, 1 was used to treat intestinal Caco-2 cell cultures in order to trigger an 

inflammatory response. Other similar epoxides (2 and 3) were synthesized to identify structure-

activity relationship. The studies showed an increased release of IL-8 from the cell cultures after 

being exposed to the afore-mentioned epoxides, both before and after the in vitro digestion (after 

which the main compounds appeared to be diols), further accentuated with simultaneous 

treatment with LPS. The results indicate that consumption of epoxidised lipids might lead to 

intestinal inflammation, thus raising concerns of the health effects from processed oils. 

The second part of the investigation, still to be carried out, will be based on an animal study 

assessing the effect on the organism derived from a high-fat diet presenting 1 as part of its 

composition. 
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 We report designing irreversible electrochromic material based on BN-based polycyclic 

aromatic hydrocarbons via 3+1 multi-component reaction.  

 

 
Scheme 1. A new multi-component reaction of Zwitterionic BN based polycyclic aromatic 

hydrocarbon molecule. 

 

 Designed target molecule is zwitterion molecule which will be good condition for redox 

reaction as electrochromic material. Also, this target molecule includes bond between 

negatively charged quaternary boron and nitrogen which is easy to be broken by electrical 

stimulus as an irreversible factor.  

 

 So far, preparation of the BN-based zwitterionic molecule via a new multi-component reaction 

has been developed and its property is exploring to understand this new multi-component 

reaction. On the process, a new possibility of the metal-free ortho-direct borylation via BBr3 

has been discovered which will help to understand the target multi-component reaction. 
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Abstract 

Hydrative Amination of Activated Alkynes using Sulfinamide Reagents 

Roberto Tinelli, Minghao Feng and Nuno Maulide* 

Address; Währinger Straße 38, 1090, Wien 

Although the S–N bond might hardly be regarded as common in organic molecules; several reactions throughout 

the literature shows its involvement in interesting transformations. Unfortunately, the obtaining of high valuable 

compounds generally requires a second step where the S–N bond is cleaved.  

A first example reported the use of sulfur imido compounds as a π-bonds partner in a sequence of two ene-

reactions that led, after the S–N bond cleavage, to a protected amine. Further improvements in S–N bond 

chemistry were achieved when sulphur imido compounds where employed as dienofile in a [4+2]-like 

cycloaddition. Here, the subsequent S–N bond cleavage allowed the formation of a 1,4-difunctionalised 

compound. Finally, a very recent work showed a gold catalysed rearrangement of an α–alkynyl ketimine where 

a consecutive S–O/ S–N bond cleavage led to the formation of an α-azirin carbonyl compound. In spite of the 

gained S–N cleavage within the rearrangement, the presence of the sulphur atom in the final product caused a 

smaller interest toward this reaction.1–3 

As part of our ongoing research into the synthetic utility of electron-rich alkynes and the reactivity of sulfur(IV) 

species, we developed an interest in the union of ynamides and thioalkynes (1) with sulfinamides such as 

Ellman’s auxiliary (2) (Scheme 1).4–6 Initial results suggest that this intriguing combination affords α-aminated 

carbonyl derivatives. Herein, we present the development of this reaction, enabling the direct synthesis of 

valuable α-aminated amides and thioesters (3). Importantly, the use of commercially available chiral 

sulfinamides allows for an enantioselective process, delivering the products in enantioenriched form. 

 

 

Scheme 1: Hydrative amination of ynamides and thioalkynes. 
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(3)  H. Tashiro, M. Terada, and I. Nakamura, Angew. Chem. Int. Ed. 2021, 60, 12248-12252 
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