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About Us  

Concern-Energomash was founded in September 1996. Since 2005, the company has been engaged in the 

import of medical equipment. Over the past years, the company has expanded its scope of activity and has also 

started to import and sell analytical, educational, and cosmetological equipment. The company presents a wide 

range of medical and laboratory equipment of the modern generation, such as Roche Diagnostics, Roche 

Diabetes Care, bioMerieux, Dornier Medtech, Lifilchem, Steris, Sysmex, Hamilton Medical, Randox, Lumenis and 

more. As a result of our long -term cooperation, strong bridges were built between ñConcern-Energomashò CJSC 

and partners from Armenia.  

¶ ñConcern-Energomashò also implements installation, commissioning and overall personnel trainings for 

customer companies, as well as warrantee and post-warrantee service. 

¶ Members of our staff, including trade managers, medical representatives, engineers attend annual 

training courses at manufacturers centers and receive corresponding certification. 

¶ By choosing ñConcern-Energomashò CJSC as your comprehensive supplier, you can be confident in the 

quality of the supplied products, compliance with deadlines and other agreements.  Over the years, our 

company has proven itself to be a reliable and conscientious importer. 

Our goal  

The main direction of our activity is the i ncorporation of scientific and research equipment into everyday clinical 

practice, which is realized through the use of the latest equipment  and providing appropriate technical, 

intellectual, and systematic service.  

Our Achie vements  

In 2015, by the decision of the Chamber of Commerce and Industry of the Republic of Armenia, Concern -

Energomash was awarded the Mercury Award as a leading company importing medical, laboratory and analytical 

equipment. 

 

At the conference the company will present twoo speakers. 

Gayane Khachvankyan will speak about the company, its history, growth and future prospects.  

Roman Gerasimov, a special guest from Frontier Lab, will give a scientific lecture entitled ñDecoding the 

Structure of Organic Synthetic Polymers Using Pyrolytic Chromato-Mass Spectrometryò 

  



 
 

 

 

 

 

 

 

 

 

AZAD Pharma AG was founded in 2000 in Switzerland by entrepreneur and philanthropist 

Mihran Baronian. The mission of the company is dedicated to develop and offer generic APIs and Finished 

Products with unique processes and formulations as to provide customers with the opportunity for an 

early market entry and, subsequently, a beneficial position in the market. Teams of experienced chemists, 

formulators and regulatory experts are responsible for assuring the products and the documentation are 

of the highest standards, and that the requirements of all regulators are met. The head office located in 

Switzerland as well as the offices in Armenia, Canada and China ensure the companyôs presence in all 

markets around the world.  

AZAD Pharmaceuticals LLC was founded in 2004 in Armenia. The company introduces generic 

APIs and FDs in the CIS countries, Georgia, Ukraine and Iran and is a good platform to present European 

products in the region. AZAD Pharmaceuticals LLC is engaged in the registration and marketing, as well 

as the import and sales of high-quality cost-effective medicinal products in Armenia and Georgia. 

In 2015 an R&D lab was established within AZAD Pharmaceuticals LLC in order to strengthen 

the companyôs own capabilities in the field of API R&D. The main goal of the laboratory is the 

development of non-infringing pathways for the commercial scale synthesis of generic oncological, 

ophthalmological, antiviral and antibacterial APIs as well as iron deficiency medicines, highly demanded 

on the global pharmaceutical market. Based on the results obtained, a number of international patents 

were filed and several APIs are produced based on the technologies developed in the laboratory. 

AZAD is continuously investing in its product portfolio and its future and has therefore recently 

established a finished dosage formulation development laboratory, which is going to be accredited 

according to international GLP standards in the near future.   

 

  



 
 

 

IMMUNOFARM   LLC 

Str. H. Nersisyan 10- 3/1, Yerevan, Armenia 

TEL +374 10 240 840,  +374 230 840,   

director@immunofarm.net 

_______________________________________________________________________________________________ 

With the emblem of quality and high technology, IMMUNOFARM LLC  has been a leader in the field 

of Laboratory Scientific Equipment since its establishment in 2009, having as a key activity, but also 

as a strong incentive, the complete and reliable provision of sound technical and economic 

proposals for scientific equipment throughout Armenia. The suggested solutions can range from a 

single pH meter to the study & supply of the entire Turn-Key Solution equipment of a laboratory or 

group of laboratories. 

Our main international partners 

                

 

Our strategy and advantages 

ω .Ŝ ǘƘŜ ǇŀǊǘƴŜǊ ƻŦ ŎƘƻƛŎŜ ŦƻǊ ƻǳǊ ŎǳǎǘƻƳŜǊǎ ŀƴŘ ǎǳǇǇƭƛŜǊǎ 

ω tǊƻǾƛŘŜ ƻǳǊ ǇŀǊǘƴŜǊǎ ǘƘŜ ƘƛƎƘŜǎǘ ƭŜǾŜƭ ƻŦ ǇǊƻŦŜǎǎƛƻƴŀƭ ǎŜǊǾƛŎŜǎ ŀƴŘ ŎƻƳƳƛǘƳŜƴǘΦ  

ω /ƻƴǘƛƴǳƻǳǎƭȅ ŜȄǇŜƴŘ ƳŀǊƪŜǘ ǇǊŜǎŜƴŎŜ ŀƴŘ ƭŜŀŘŜǊǎƘƛǇ Ǉƻǎƛǘƛƻƴ ƛƴ our markets 

ω 9ǎǘŀōƭƛǎƘŜŘ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǿƛǘƘ Yh[ǎΣ ǊŜƎǳƭŀǘƻǊǎ ŀƴŘ ǎǘŀƪŜƘƻƭŘŜǊǎΦ 

ω {ǳǇǇƭȅ ƘƛƎƘ ǉǳŀƭƛǘȅ ǇǊƻŘǳŎǘǎ ŀƴŘ ŀŦǘŜǊ ǎŀƭŜ ǎŜǊǾƛŎŜ 

ω Keep stock for chemicals and reference materials 

ω tǊƻǾƛŘŜ ǘƻ  ƻǳǊ ǇŀǊǘƴŜǊǎ ŀǇǇƭƛŎŀǘƛƻƴ ǎǳǇǇƻǊǘ 

ω hǳǊ ŜƳǇƭƻȅŜŜǎΣ ǇǊƻŦŜǎǎionals with top service standards 

  

mailto:diector@immunofarm.net


 
 

Labtech Group  LLC  

Str. NERSISYAN 10 3/2, YEREVAN, ARMENIA 

TEL.: 00374 41 20 280 

director@labtechgroup.am 

Web site: www.labtechgroup.am 

 

Labtechgroup, LLC is a dynamically developing company, which successfully cooperates 
with many enterprises and organizations, both in the Armenia , the CIS countries and EU 
countries. 

Our company focus is complex equipment supplying analytical laboratories specialized in 
following fields. 
¶     Environmental Monitoring Laboratory 
¶     Pharmaceutical testing Lab  
¶    Petrochemical plant test lab 
¶   Polymers and rubber testing lab. 
¶   Potable and Wastewater Testing Lab 
¶   Dairy Products Testing Lab 
¶  Processed Food Testing Lab 
¶  Forensic Testing Lab food 
¶ Soil and Seed Testing Lab 
¶ Microbiological Testing Laboratory 

Such equipment engineering includes not only the supply of equipment, but also the 
engineering design of utility systems and facilities according ISO 17025 and GMP 
requirements 
 
We have accumulated a great deal of experience by the present moment. A wide range of 
products supplied by us includes chromatography equipment, mass spectrometers and 
other analytical  equipments. 

 

 OUR MAIN PARTNERS ARE  
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Making chemistry an exact science. Reproducibility and integrity 

Ananikov V.P.  

Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences 
Moscow; Russia.  

AnanikovLab.ru 

In recent years, it has become increasingly clear that chemistry as a science has reached a point where further 

progress is impossible without a shift toward precision, reproducibility, and digital processing. Despite the complexity 

of the objects being studied, modern chemistry still often relies on qualitative methodology, abstract schemes, and 

fragmentary descriptions of reactions. The yields of chemical processes reported in scientific publications often turn out 

to be unstable. Moreover, poor reproducibility of published chemical reactions is perceived by the scientific community 

as practically ñnormalò, which should not be the case in the natural sciences. When scaling reactions to production 

volumes, the reproducibility of results causes serious difficulties and often requires additional experiments. This not 

only slows down scientific progress, but also reduces the efficiency of industrial implementation in obtaining new 

materials and technologies. 

Chemistry must become an exact science - with highly 

reproducible results, verifiable outputs, and digital 

algorithms that can be integrated into real-world 

technological processes. To achieve this, we must openly 

acknowledge existing problems, develop a more accurate 

scientific infrastructure, and unite the efforts of the entire 

community. Only then can we move on to effective 

laboratory and industrial solutions. 

These issues are discussed in the report and illustrated 

with specific examples of the influence of impurities and 

contaminants, phantom catalysis, spectral identification of 

substances, and errors in the description of the experiment 

[1-4]. An analysis of the factors affecting the 

reproducibility of chemical reactions is carried out, and 

ways to remedy the situation are considered. 

 
References 

[1] ñThe stirring truth: how a trusted lab tool may be misleading chemistsò, Chemistry World, 2025, [link]. 

[2] Cherepanova, V. A.; Gordeev, E. G.; Ananikov, V. P. ñMagnetic Stirring May Cause Irreproducible Results in Chemical Reactionsò, JACS 

Au, 2025, 5, 3789. [DOI]  

[3] Pentsak E.O., Eremin D.B., Gordeev E.G., Ananikov V.P., "Phantom Reactivity in Organic and Catalytic Reactions as a Consequence of 

Microscale Destruction and Contamination-Trapping Effects of Magnetic Stir Bars", ACS Catal., 2019, 9, 3070-3081. [DOI] 

[4] Fakhrutdinov A.N., Karlinskii B.Ya., Minyaev M.E., Ananikov V. P. "Unusual Effect of Impurities on the Spectral Characterization of 1,2,3-

Triazoles Synthesized by the Cu-Catalyzed AzideïAlkyne Click Reaction", J. Org. Chem., 2021, 86, 17, 11456-11463. [DOI]  

  

https://www.chemistryworld.com/news/how-to-find-out-if-your-magnetic-stirrer-is-affecting-your-results-and-how-to-fix-it/4021725.article
https://doi.org/10.1021/jacsau.5c00412
http://dx.doi.org/10.1021/acscatal.9b00294
https://doi.org/10.1021/acs.joc.1c00943
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Hydrazone-Based Adaptive Materials 

Aprahamian I . 

Department of Chemistry, Dartmouth College, 6128 Burke Laboratory 

Hanover, NH 03755 

www.AprahamianGroup.com; @aprahamian.bsky.social 

e-mail: ivan.aprahamian@dartmouth.edu;  

 For the past few years, we have been developing structurally simple, easy-to-synthesize, modular, and tunable 

hydrazone-based functional materials.ĭ This talk will focus on the design and coupling of synthetic negative feedback 

loops (NFLs), and how these systems exhibit interspecific competition behavior, reminiscent of phenomena observed 

in nature (see figure below).Į The coupling of such NFLs represents a significant step toward programmable synthesis. 

Time permitting, I will also briefly discuss the photochromic hydrazones developed in our group,į which have been 

applied in photo-tunable liquid crystal displays,  hand-held 3D volumetric displays,  and anion pumping. 

 

 

 
References: 

[1] B. Shao, I. Aprahamian Chem 2020, 6, 2161ï2173. 

[2] D. Kom§romy, A. N. Bismillah, V. A. Puranik, H. Fu, A. S. Y. Wong, I. Aprahamian, Chem 2025, DOI:10.1016/j.chempr.2025.102692 

[3] H. Qian, S. Pramanik, I. Aprahamian J. Am. Chem. Soc.  2017, 139, 9140ī9143 

[4] I. Bala, J. T. Plank, B. Balamut, D. Henry, A. R. Lippert, I. Aprahamian, Nature Chem. 2024, 16, 2084ï2090 

[5] Q. Qi, J. T. Plank, A. R. Lippert, I. Aprahamian, Chem 2024, 10, 3575ï3581 

[6] B. Shao, H. Fu, I. Aprahamian, Science 2024, 385, 544ï549 
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Development of Novel Synthetic Methodologies 

Gevorgyan V. 

University of Texas at Dallas, USA 

e-mail: vlad@utdallas.edu 

We have developed a set of new visible light-induced, transition metal-catalyzed transformations that significantly 

broaden the scope of radical-based synthetic methodologies. These include both oxidative radical addition reactions and 

diverse CïH functionalizations, unified by the key involvement of palladium-radical hybrid intermediates. Such 

intermediates can be accessed through two distinct mechanistic platforms: the first-generation Pd(0/I/II) manifold and 

the second-generation Pd(II/I/0) pathway. 

The reactivity of these systems arises from a synergistic interplay of single electron transfer (SET), halogen atom 

transfer (XAT), and radical-polar crossover (RPC) steps. This mechanistic diversity has enabled the realization of a 

variety of synthetically valuable transformations. Importantly, preliminary studies have also established that nickel can 

serve as an effective catalyst in selected cases, extending the utility of these approaches beyond palladium catalysis. 

Together, these advances provide a robust framework for developing both intra- and intermolecular radical 

processes under exceptionally mild, visible lightïdriven conditions. The resulting methods open new opportunities for 

the construction of structurally complex and functionally rich molecular architectures, that were previously inaccessible 

through traditional transition metal catalysis. 

 

The scope of these transformations will be demonstrated and the mechanisms will be discussed. 
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Using High Throughput Experimentation to Gain New Insights 

Kozlowski M.C. 

Department of Chemistry, Univ. of Pennsylvania, Philadelphia, Pennsylvania 19104 USA. 

e-mail: marisa@sas.upenn.edu 

The use of parallel microscale screening to identify optimal reaction conditions is well-appreciated. An example in 

the development of conditions for photochemical oxidative amination and SNAr reactions of phenols highlights the 

power of the approach. The use of high throughput experimentation (HTE) with a broader hypothesis of metal oxidation 

potentials and O2 reoxidation capability led to the discovery of chromium oxidation catalysts for phenol cross-coupling 

that could not be anticipated from literature reports of these compounds. In spite of these strengths, numerous 

technological hurdles limit  the types of data sets that can be generated and their fidelity.  The use of isotopic labelling 

to rapidly analyze regiochemical outcomes in C-H insertion chemistry by mass spectrometry is presented as a means to 

generate thousands of datapoints with minimal analytical time. 
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Atomically Precise Heterogeneous Catalysis (APCat)  

via Single-Atom Catalysts and Single-Cluster Catalysts 

Li  J.  

Theoretical Chemistry Center, Department of Chemistry, Tsinghua University, Beijing, China 

e-mail: junli@tsinghua.edu.cn 

Catalysis science has played a key role in chemical industries. Conventionally, catalysts are experimentally 

discovered based on trial-and-error serendipity, which calls for rational understanding of microscopic mechanisms of 

catalytic reactions. In recent years, heterogeneous single-atom catalysts (SACs) and single-cluster catalysts (SCCs) have 

aroused significant interest in the catalysis community[1-3]. These new types of catalysts offer well-defined atomically 

precise active sites that enable molecular-level manipulation of heterogeneous catalysis[4]. In this talk, we will provide 

an overview and perspective of atomically precise heterogeneous catalysis (APCat) via SACs and SCCs. Possible 

applications in thermo-, electro-, and photo-catalysis will be highlighted.  

 

References 

[1] (a) B. Qiao, A. Wang, X. Yang, L. F. Allard, Z. Jiang, Y. Cui, J. Liu, J. Li, T. Zhang, "Single-Atom Catalysis of CO Oxidation Using Pt1/FeOx", 

Nat. Chem. 2011, 3, 634ī641. (b) X. Yang, A. Wang, B. Qiao, J. Li, J. Liu, T. Zhang, "Single-Atom Catalysts: A New Frontier in Heterogeneous 

Catalysis", Acc. Chem. Res. 2013, 46, 1740-1748. (c) A. Wang, J. Li, T. Zhang, ñHeterogeneous Single-Atom Catalysisò, Nat. Rev. Chem. 2018, 

2, 65-81.  

[2] (a) J.-C. Liu, Y.-G. Wang, J. Li, ñToward Rational Design of Oxide-Supported Single Atom Catalysts: Atomic Dispersion of Gold on Ceriaò, 

J. Am. Chem. Soc. 2017, 139, 6190-6199. (b) J.-C. Liu, Y. Tang, Y.-G. Wang, T. Zhang, J. Li, ñTheoretical Understanding of the Stability of 

Single-Atom Catalystsò, Natl. Sci. Rev. 2018, 5, 638-641. (c) J. Ding, H. B. Yang, X.-L. Ma, S. Liu, W. Liu, Q. Mao, Y. Huang, J. Li, T. Zhang, 

B. Liu, ñA tin-based tandem electrocatalyst for CO2 reduction to ethanol with 80% selectivityò, Nat. Energy 2023, 8 1386-1394.  

[3] (a) X.-L. Ma, J.-C. Liu, H. Xiao, J. Li, "Surface Single-Cluster Catalyst for N2-to-NH3 Thermal Conversion", J. Am. Chem. Soc. 2018, 140, 

46-49. (b) J.-C. Liu, X.-L. Ma, Y. Li, Y.-G. Wang, H. Xiao, J. Li, "Heterogeneous Fe3 Single-Cluster Catalyst for Ammonia Synthesis via an 

Associative Mechanism", Nat. Commun. 2018, 9, 1610. (c) L. Zhou, X.-P. Fu, R. Wang, C.-X. Wang, F. Luo, H. Yan, Y. He, C.-J. Jia, J. Li, J.-C. 

Liu, "Dynamic phase transitions dictate the size effect and activity of supported gold catalysts", Sci. Adv. 2024, 10, eadr4145. 

[4] (a) X. Li, S. Mitchell, Y. Fang, J. Li, J. Perez-Ramirez, J. Lu, ñRecent Advances in Heterogeneous Single-Cluster Catalysisò, Nat. Rev. Chem. 

2023, 7, 754-767. (b) X. Hai, Y. Zheng, Q. Yu, N. Guo, S. Xi, X. Zhao, S. Mitchell, X. Luo, V. Tulus, M. Wang, X. Sheng, L. Ren, X. Long, J. 

Li, P. He, H. Lin, Y. Cui, X. Peng, J. Shi, J. Wu, C. Zhang, R. Zou, G. Guill®n-Gos§lbez, J. P®rez-Ram²rez, M. J. Koh, Y. Zhu, J. Li, J. Lu, 

"Geminal-atom catalysis for cross-coupling", Nature 2023, 622, 754-760. (c) Y. Guo, J.-X. Liang, Y. Huang, J. Yang, Q. Zhang, A. Wang, B. 

Qiao, J. Li, T. Zhang, "Covalent and strong metalïsupport interactions for robust single-atom catalysts", Acc. Chem. Res. 2025, 58, DOI: 

10.1021/acs.accounts.5c00305. 
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Investigation on stoichiometric and catalytic  

asymmetric synthesis of Ŭ-amino acids 

Tovmasyan A.S.1, Khachatryan E.A. 2, Saghyan A.S.1,2 

1SPC ñArmbiotechnologyò NAS RA 
2Yerevan State University 

Some aspects of catalytic and stoichiometric asymmetric synthesis of (S)-Ŭ-amino acids were investigated with the 

use of new modified transition metal ion complexes. The research was conducted in the following two areas. 

1. Salen catalysis. New modified salen complexes of Cu(II), Zn(II) and Ni(II) ions containing Schiff bases of 

chiral cyclohexyldiamine and substituted salicylaldehydes were synthesized and studied in CŬ-alkylation reactions of 

amino acids as phase-transfer catalyst for the asymmetric synthesis of Ŭ-amino acids. As Ŭ-amino acid substrates, Schiff 

bases of amino acid isopropyl esters and substituted benzaldehydes were synthesized and studied. The research revealed 

the following: 

Å The strongest influence on the stereodifferentiating ability of salen complexes is exerted by substituents in 

position 3 of the salicylaldehyde moiety of the complexes. It has been found that the introduction of an allyl 

group in this position reduces the catalytic activity of the complex. However, the introduction of a methoxy 

group in the same position of the salicylaldehyde moiety sharply increases the catalytic activity. The most 

effective complex was the 3-methoxy-substituted salen complex of Zn(II) ion, which on average provides 

more than 90% conversion and enantioselectivity.  

Å DFT calculations show that in the transition state of the alkylation reaction, the dimeric binuclear complex-

catalyst takes part in the form of propeller-like and cross-like conformational isomers. It has been found that 

the cross-like structure promotes asymmetric catalysis, while the propeller-like structure, on the contrary, 

inhibits catalysis. These data clearly correlate with experimental data.   

Å Michael nucleophilic addition reactions to the amino acid substrate, contained dehydro alanine moiety were 

studied, and an enantioselective synthesis of (2S,4S)-4-aminoglutamic acid with high ee (>80%) was 

developed.  

2. Stoichiometric asymmetric synthesis. A combined approach to the asymmetric synthesis of Ŭ-amino acids has 

been developed, based on the introduction of unsaturated alkene and alkyne groups into the side chain of the amino acid 

moiety of square-planar Ni(II) complexes. This approach enabled the synthesis of novel unnatural Ŭ-amino acids, 

including derivatives of (S)-Ŭ-alanine bearing a 1,2,3-thiazole moiety at the ɓ-position, as well as (S)-Ser and (S)-allo-

Thr analogues. In addition, (S)-O-methylSer derivatives containing benzyl, allyl, and propargyl substituents at the Ŭ-

position were successfully obtained. 
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London Dispersion in Molecular Catalysis 

 Schreiner P.R. 

Institute of Organic Chemistry, Justus Liebig University,  

Heinrich-Buff-Ring 17, 35392 Giessen Germany; 

e-mail: prs@uni-giessen.de; www.uni-giessen.de/schreiner 

The Gecko can walk up a glass window because of the adhesion in hydrophobic setae on its 

toes that convey van der Waals (vdW) interactions with the surface.[2] The attractive part of vdW-

interactions is an electron correlation effect referred to as London dispersion. Its role in the 

formation of condensed matter has been known since van der Waals[3] and London[4] who related 

dispersion to polarizability. London dispersion has been underappreciated in molecular chemistry 

as a key element of structural stability, chemical reactivity, and catalysis. This negligence is due 

to the notion that dispersion is considered weak, which is only true for one pair of interacting atoms. For increasingly 

larger structures, the overall dispersion contribution grows rapidly and can amount to tens of kcal molï1. This 

presentation shows selected examples that emphasize the importance of inter- and intramolecular dispersion for 

molecules consisting mostly of first row atoms.[5] We note the synergy of experiment and theory that now has reached 

a stage where dispersion effects can be examined in fine detail. This forces us to re-consider our perception of steric 

hindrance and stereoelectronic effects, and even the transferability of chemical bond parameters from one molecule to 

another, both in structural chemistry[6] and, in particular, in catalysis.[7] We will also shed light on the possibilities to 

use machine learning approaches to improve catalytic reactions[8] and highlight the importance of optimizing for 

differences in activation free energies (vs. enantiomeric excess).[9]  

This work was supported by the Deutsche Forschungsgemeinschaft. 
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Peroxyl, N-oxyl, alkyl and sulphonyl radicals  

in oxidative coupling reactions 

Terentôev A.O., Krylov I.B., Vilô.V.A., Paveliev S.A., Budnikov A.S., Mulina O.M. 

N.D. Zelinsky Institute of Organic Chemistry Russian Academy of Sciences, Moscow, Russia  

e-mail: terentev@ioc.ac.ru 

 

The development of methods for oxidative functionalisation and oxidative coupling is one of the main areas of 

development in modern organic synthesis. These processes allow the introduction of a target functional group or organic 

fragment in place of a hydrogen atom in a single step. This eliminates the need to introduce special functional groups 

used in traditional coupling methods (Hal, OTf, BR2, SnR3, MgHal, ZnHal, SiR3) and minimises the number of stages 

and synthesis waste.  

One of the new trends in oxidative functionalisation is the use of free radicals, which until recently were considered 

to be poorly selective intermediates. Due to the fundamental difference in the mechanisms of ionic and radical reactions, 

free radicals open up new possibilities in organic synthesis [1-5]. 

 

 

 

This work was supported by the Russian Science Foundation (project No 24-13-00310). 

 

References 

[1] Bityukov O.V., Skokova K.V., Vilô V.A., Nikishin G.I., Terent'ev A.O. Org. Lett. 2024, 26, 1, 166 ï 171. 

[2] Budnikov A.S., Lopatôeva E.R., Krylov I.B., Segida O.O., Lastovko A.V., Ilovaisky A.I., Nikishin G.I., Glinushkin A.P., Terent'ev A.O. J. 

Agric. Food Chem., 2022, 70, 15, 4572 ï 4581. 

[3] Vilô V.A., Barsegyan Y.A., B.K. Chabuka, Ilovaisky A.I., Alabugin I.V., Terent'ev A.O. ACS Catalysis 2025, 15, 5, 3636 ï 3646. 

[4] Mulina O.M., Bokova E.D., Doronin M.M., Terent'ev A.O. ACS Agric. Sci. Technol. 2023, 3, 9, 720ï 724. 

[5] Lopat'eva E.R., Krylov I.B., Terent'ev A.O. Chem. Eur. J., 2025, e202404687. 

 

 



Plenary lectures 

19 
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This lecture will present our recent advances in biomolecule functionalization, focusing on the development and 

optimization of oxaziridine reagents for highly selective modification of amino acid side chains. These reagents, 

developed through physical organic driven optimization,[1] expand the scope of bioconjugation, enabling precise and 

controllable labeling of methionine,[2] tryptophan[3] and other residues.[4] The discussion will delve into novel redox-

based strategies for selective tryptophan and methionine labeling, which have significantly advanced antibody-drug 

conjugates (ADCs)[5] and methionine and tryptophan-directed Activity-Based Protein Profiling (ABPP)[6] platforms. 

These advancements have illuminated the impact of chiral regulation at methionine oxidation sites across proteomes on 

protein function, particularly in models of oxidative stress. Ultimately, this work offers unprecedented tools for drug 

discovery, diagnostics, and fundamental biological research,[7] including the identification of previously "undruggable" 

protein targets. 
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Developing New Synthetic Methodologies  

of Dearomatization Reactions 
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Dearomatization reactions are widely recognized as powerful methods for the synthesis of highly functionalized 

three-dimensional structures from simple planar aromatic compounds. Among those, catalytic asymmetric 

dearomatization (CADA) reactions are very attractive due to the abundance and ready availability of aromatic 

compounds and the direct access to enantiopure polycycles and spirocycles offered by them. That latter are frequently 

the key motifs in biologically active natural products and pharmaceuticals. However, due to the extra stability of 

ñaromaticityò of the arenes, their dearomatization reactions with good enantioselective control has been a great 

challenge. In this talk, we present our recent results toward the development of new dearomatization reactions. The 

dearomatization reactions of indoles, pyrroles, phenols, naphthols, and pyridines have been achieved, affording various 

highly functionalized heterocycles bearing all-carbon quaternary chiral centers in most of the cases. These results 

provide not only the efficient synthesis of highly enantioenriched spiro- or polycycles, but also a novel concept in 

synthetic methodology development. 
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Chemistry of layered cathode materials for metal-ion batteries 

ɸbakumov ɸ.ʄ. 

Skolkovo Inctitute of Science and Technology 

e-mail: a.abakumov@skoltech.ru 

 

Complex oxides based on the rock-salt structure with layer-by-layer ordering of lithium cations and transition metals 

are one of the three main types of industrial cathode materials for lithium-ion batteries (LIBs). Due to the record practical 

energy density, the Li(Ni xMnyCoz)O2 (NMC) layered oxides with a high nickel content (x Ó 0.6) are considered for the 

production of LIBs with high specific energy. The functional properties of the cathode material based on layered oxides 

(specific capacity and energy, rate capability) depend on their chemical composition, the nature of the chemical bond, 

and the crystal and electronic structure. In this report, based on the comparison of complex oxides and chalcogenides, 

the crystal chemistry and solid state chemistry aspects of the (de)intercalation of lithium cations and charge 

compensation due to redox processes in the cationic and anionic sublattices, the problems of stabilization of oxidized 

anionic forms, the effect of metal-anion bond covalence on the reversibility of oxidation of the anion sublattice will be 

discussed. Parallels will be drawn between layered cathode materials and their analogues with disordered rock salt 

structure and tunnel structures, and possible causes of such electrochemical phenomena as discharge voltage decay and 

voltage hysteresis, and their relationship to the evolution of crystal and electronic structure will be shown.  

 

The work is performed with the support of RSF 23-73-30003. 
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Controlling cell mechanics with ionic liquids: An elastic and viscoelastic  

atomic force microscopy study of the effect of imidazolium ionic liquids  
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Ionic liquids (ILs) are complex organic electrolytes with room temperature melting points, low vapour pressure, and 

tunable properties. In the last 20 years, several studies have shown moderate-to-high toxicity towards live cells for 

several ILs, breaking the dream of their green character. Toxicity, however, is synonymous with affinity, which can lead 

to IL-based approaches in drug delivery, biomedicine, pharmacology, material science, and bio-nanotechnology 

broadly. In this context, the lipophilicity of the alkyl chains in imidazolium-based ILs enables them to insert into cell 

membranes. In this keynote talk I will present the preliminary results of our extensive atomic force microscopy (AFM) 

study carried out to examine how the mechanics of normal (MCF10A), low-invasive (MCF7) and high-invasive (MDA-

MB-231) breast cancer cells changes after treatment with the two imidazolium-based ionic liquids [C2mim][Cl] (short-

tail) and [C12mim][Cl] (long-tail). Our focus is on the effect of sub-toxic concentrations of ILs, for which cell viability 

is (almost) unaffected. We collected force-distance-time curves from which the Youngôs elastic modulus, relaxation 

time, and frequency-dependent complex shear modulus were computed (Fig. 1). The results indicate that the short-tail 

IL increases the elasticity in the two cancer cell lines but decreases it in normal cells, where it also strongly decreases 

the viscosity. The long-tail IL increases the viscosity only in MCF7 cells, and the MDA-MB-231 cells are less affected 

by the ILs. Overall, our study reveals the ability of ILs to control cell mechanics in a cell-dependent manner, which 

might be exploited in diagnostic and therapeutic applications. 

 

 

Fig. 1 ï An overview of our atomic force microscopy (AFM) experiments on live cells showing the overlay of 

optical microscopy and AFM images, the rheology settings, and the complex shear moduli for the normal cell line 

MCF10A in control buffer and after incubation with a short-tail ionic liquid.  
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Asking Ligands to Lend a Hand 

Bera J.K. 
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 Kanpur 208016 India 

 

Synergic participation of two or more chemical functionalities in a catalyst has been credited to facilitate a difficult 

chemical process. Synthetic catalysts are designed where a cooperating-ligand actively participates in bondïactivation 

process and undergoes reversible chemical transformation to make the catalytic process efficient and selective. Carefully 

designed ligand scaffolds, which hold a metal ion and simultaneously offer a proton-responsive unit, have been devised 

for water activation, hydrogenation and dehydrogenation reactions. This talk would focus on the scope of cooperative 

catalysis in addressing sustainable processes and products.  
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N-Heterocyclic carbenes (NHCs) are widely employed as strong-binding ligands in transition-metal catalysis. 

However, metal/NHC systems can undergo dynamic transformations involving cleavage and reformation of the metalï

NHC bond [1-3]. These processes generate metal species of varying nuclearity (complexes, clusters, and nanoparticles), 

which may collectively participate in catalysis ð a phenomenon termed the ñcocktailò of catalysts [4]. 

This report highlights the pivotal roles of NHC ligands in palladium-based ñcocktailò-type systems (Figure 1A) for 

cross-coupling reactions [1, 2]. We examine the correlation between NHC ligand structure and catalytic activity [1], as 

well as recently developed functionalized NHC ligands [5ï7] that enhance the efficiency of Pd/NHC systems in 

reactions involving challenging, low-activity electrophiles (Figure 1B). 

 

 

 

Fig. 1. NHC ligands in Pd/NHC ñcocktailò-type systems (A) and structural types  

of new functionalized NHC ligands (B). 

 

This work was supported by the Russian Science Foundation, project No. 23-73-00088. 
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Lessons from ionic liquids 

Egorova K.S., Kolesnikov A.E., Tikhomirov  A.D., Ananikov V.P. 

N.D. Zelinsky Institute of Organic Chemistry,  

Russian Academy of Sciences, Moscow 119991, Russia 

e-mail: egorova-ks@ioc.ac.ru 

 
Cytotoxicity tests, being widespread and essential instruments in chemical and biological research, are commonly 

used to evaluate cellular responses to chemicals. However, in spite of their apparent ease of application, the 

interpretation of the results of these tests can encounter considerable difficulties, which are related to the sensitivity of 

common cytotoxicity assays to numerous factors such as the exact exposure time, cell type, and content of a test 

chemical. In addition, the response of a given cell to a given substance often involves multiple intracellular processes 

that can intersect thus obscuring the interpretation further. 

In this work, using ionic liquids (ILs) as exemplary compounds, we show the significance of meticulously choosing 

the experimental parameters in cytotoxicity studies by demonstrating their effects on the outcome. By the example of 

three common ILs - 1-ethyl-3-methylimidazolium chloride (C2MIm Cl), 1-butyl-3-methylimidazolium chloride 

(C4MIm Cl), and 1-hexadecyl-3-methylimidazolium chloride (C16MIm Cl), - which differ only in their side alkyl chain 

length, we highlight the dependence of the most studied cytotoxicity-related processes, such as apoptosis, oxidative 

stress, and DNA damage, on the cell type and exposure time used. 

 

This work was supported by the Russian Science Foundation grant #24-63-00002. 
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Synthesis and biological properties  

of 1,3-diazaadamantane derivatives 

Gasparyan S.P. 

The Scientific and Tecnological Centre of Organic and Pharmaceutical Chemistry NAS RA, 

26, Azatutyan str., 0014, Yerevan, Armenia 

e-mail: g_sahak@yahoo.com 

 

In the chemistry of adamantanes, azadamantanes occupy a special place, in the structures of which the presence of 

nitrogen atoms additionally gives them good solubility in water, the possibility of complex formation and other 

properties [1]. 

In the azaadamantane series, biological properties are demonstrated in diphenyldiazaadamantanol and its 

derivatives, which havʝ anticonvulsant activity [2]. Some trimethylazaadamʘntane derivatives containing aryl, pyridyl, 

naphthyl and other fragments exhibit antiarrhythmic activity and are used to treat cardiovascular diseases. 

The biological activity of azaadamantanes is not fully investigated. At present, in Armenia such compounds are 

synthesized in Laboratory of Synthesis Antibiotics of the STCOPC NAS. The aim of our research were synthesis of 1,3-

diaza- and 1,3,5-triazaademantanes with various functional groups at different positions of adamantane cycle and study 

of their biological properties. 

 

For many years, available methods for synthesis of various derivatives of 1,3-diazaadamantanʝ has been developed 

and their biological activity were investigated [3-7]. The study of antibacterial, antitumor, psychotropic and antioxidant 

properties of 1,3-diazadamantanʝ derivatives allowed revealing highly active compounds. 
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Carbonic anhydrases (CAs, EC 4.2.1.1) catalyze the essential reaction of CO2 hydration in all living organisms, 

being actively involved in the regulation of a plethora of patho-/physiological conditions. A series of chromene-based 

sulfonamides were synthesized and tested as possible CA inhibitors. On the other hand, in microorganisms, the ɓ- and 

ɔ- classes are expressed in addition to the Ŭ- class, showing substantial structural differences to the human isoforms. In 

this scenario, not only human but also bacterial CAs are of particular interest as new antibacterial agents with an 

alternative mechanism of action for fighting the emerging problem of extensive drug resistance afflicting most countries 

worldwide. Pyrazolo[4,3-c]pyridine sulfonamides were synthesized using methods of organic chemistry. Their 

inhibitory activity, assessed against the cytosolic human isoforms hCA I and hCA II, the transmembrane hCA IX and 

XII, and ɓ- and ɔ-CAs from three different bacterial strains, was evaluated by a stopped-flow CO2 hydrase assay. Several 

of the investigated derivatives showed interesting inhibition activity towards the cytosolic associate isoforms hCA I and 

hCA II, as well as the 3ɓ- and 3ɔ-CAs. Furthermore, computational procedures were used to investigate the binding 

mode of this class of compounds within the active site of hCA IX. Four compounds (1f, 1g, 1h, and 1k) were more 

potent than AAZ against hCA I. Furthermore, compound 1f also showed better activity than AAZ against the hCA II 

isoform. Moreover, ten compounds out of eleven appeared to be very potent against the ɔ-CA from E.coli, with a Ki 

much lower than that of the reference drug. Most of the compounds showed better activity than AAZ against hCA I as 

well as the ɔ-CA from E.coli and the ɓ-CA from Burkholderia pseudomallei (BpsCAɓ). Compounds 1f and 1k showed 

a good selectivity index against hCA I and hCA XII, while 1b was selective against all 3ɓ-CA isoforms from E.coli, 

BpsCA, and VhCA and all 3ɔ-CA isoforms from E.coli, BpsCA, and PgiCA. 
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Design and synthesis of phenanthrolinediamides  

for separation of f-elements 
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e-mail: nenajdenko@gmail.com 

 

Highly selective ligands for separation of f-elements are needed in the production of high-purity rare earth elements 

(REE), without which the existence and development of innovative technologies in energy, electronics, transport, 

communication systems and many other important areas of modern technology are impossible. The use of such ligands 

underlies extraction technologies for processing spent nuclear fuel (SNF) in nuclear power engineering. Diamides of 

1,10-phenanthroline-2,9-dicarboxylic acid are one of the most promising classes of ligands for solving such problems. 

The synthesis, coordination chemistry and extraction characteristics of such ligands are diacussed. 
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Heteroatom units, such as carbonyls, alcohols, and amines, are prevalent motifs in many medicinally important 

compounds. Methods to incorporate these important functional groups at the expense of hydrocarbons rely on the use 

of non-commercial heteroatom transfer agents, precious transition metals, and/or costly engineered enzymes. Also, these 

methods often require exogenous oxidants to promote the Cïheteroatom bonding event, which greatly limits substrate 

scope. Our laboratory focuses on the employment of economical 1,3-dipoles as versatile reagents that can serve as the 

hydrocarbon activator and the atom source for the heteroatom incorporation of aliphatic systems under benign visible-

light irradiation. Our contributions involve the cleavage of alkenes leading to valuable carbonyl derivatives and the 

direct CïH oxidation of hydrocarbons via anaerobic oxygen-atom transfer from photoexcited nitroarenes. Using 

photoexcited azoxys, an anaerobic nitrogen atom transfer event can occur, leading to the aziridination of 

alkenes.  Mechanistic studies reveal that the 1,3-dipoles are the sole photoabsorbing species, which leads to the 

formation of diradical intermediates that are responsible for heteroatom transfer events. 
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Readily available rhodium catalysts  

for regio- and stereoselective activation of C-H bonds 
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Rhodium catalyst are widely used for activation of aromatic C-H bonds and construction of various heterocycles. 

We found that such catalyst with various cyclopentadienyl ligands can be obtained in 1-2 steps by unusual cyclizations 

of several alkyne molecules.1ī4 The resulting planar-chiral complexes can be used to convert aromatic hydroxamic acids 

into dihydro-isoquinolones with high regio- and stereoselectivity. 

 

 
 

The work was supported by the Russian Science Foundation (grant # 23-13-00345). 
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The art of organic synthesis and reaction discovery relies on logic-guided thought processes that often involve 

hypovalent carbon reactive species and their corresponding stabilized equivalent forms. However, not all of the possible 

carbon reactive intermediates and their reactivity rules have attracted the same attention by the synthetic community. 

This is mainly because of the perception of the lack of synthetic utility and importantly, because of the challenges 

associated with controlling its extreme reactivity and lack of efficient sources. In this presentation, I will show how the 

catalytic generation of conceptually-novel carbyne equivalents, enabled the discovery of new carbon reactivity towards 

CïH and CïC bonds. The metal or photocatalytic activation of tailored sources revealed new reactivity rules at carbon 

that have been under-appreciated, not only in the design and discovery of new chemical reactions, but also in their use 

to build molecular complexity through unexplored disconnection approaches via skeletal editing and late-stage 

functionalizations of medically relevant agents and biomacromolecules. 
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Application of New Silicone Composite Containing Organic Molecules (SCOM) 

Technology in Organic Synthesis.  

 Composites Containing Unsaturated 5(4H)-Oxazolones 

Topuzyan V.O.1, Hovhannisyan A.A. 1, Hakobyan E.A. 1, 

 Makichyan A.T.  1, Khachatryan K.P.2 

1 Center of organic and pharmaceutical chemistry NAS RA 

Yerevan, Armenia 
2 Laboratory of Nanomaterials and Nanotechnology, University of Agriculture 

Krakow, Poland 

 

Composites containing oxazolone were synthesised via blending unsaturated 5(4H)-oxazolone, 

polydimethylsiloxane bearing terminal hydroxyl groups, and tetraethoxysilane. These flexible polymeric composites are 

readily processable (Fig. 1). The study investigated composite swellability, the release of unsaturated 5(4H)-oxazolone 

into various solvent media, and the stability and longevity of the oxazolone within the composite. The reactivity of the 

incorporated 5(4H)-oxazolone was demonstrated using the synthesis of an unsaturated amino acid benzylamide as an 

exemplar. The reaction between benzylamine and 5(4H)-oxazolone was shown to proceed either within the composite 

or externally, depending on the solvent, and was also feasible under solvent-

free conditions. Exploiting the potential for reactions of the embedded 5(4H)-

oxazolone enabled a series of multi-step and simultaneous conversions. For 

the latter, it proved feasible to synthesise two or more Ŭ,ɓ-unsaturated amino 

acid residue-containing benzylamides from different composites within a 

single reaction flask. The 5(4H)-oxazolone-containing composite serves as 

an excellent starting material for small-scale syntheses. Using SCOM 

technology, small-scale syntheses (10-20 mg) were accomplished for the 

following compounds: N-substituted Ŭ,ɓ-dehydroamino acid benzylamides, 

2-ethanolamides, 3-propanolamides, 2-phenylethylamides, and 

piperidinemethyl-amides; Ŭ,ɓ-unsaturated dipeptides; 5-arylidene-4-

imidazolones; and both saturated and unsaturated 4-substituted pyrido[1,2-

a]pyrazinones. The results provide a comprehensive overview of the 

advantages and future prospects of SCOM technology. 

 

 

The authors acknowledge for the funding from the Ministry of Education, Science, Culture and Sports of the 

Republic of Armenia (grant 25RG-1D021). 

 

 

 

 
Figure 1Λ Silicone composite 

containing 4-(4-methoxybenzy-liden-

2-phenyl-5(4H)-oxazolone. 



Invited lectures 

34 
 

 

  



Invited lectures 

35 
 

New transformations involving aliphatic nitro compounds 

Aksenov A.V., Arutiunov N.A., Aksenova A.A., Aksenov D.A. 

North-Caucasus Federal University, 

Department of Chemistry, Stavropol, Russia. 

e-mail: aaksenov@ncfu.ru 

Unsaturated nitro compounds are universal synthetic building blocks in organic chemistry. A literature search for 

examples of reactions of benzofurans and benzothiophenes with unsaturated nitro compounds revealed no such 

precedents. The Michael reaction was realized exclusively using Lewis acid catalysis. In the course of preliminary 

studies, we found conditions that allow the addition of unsaturated nitro compounds to these substrates, which makes it 

possible to implement the subsequent transformations shown in the scheme. Protonated products of the Michael addition 

of nitro compounds to indoles 3a and 3b have one electrophilic and several nucleophilic centers. Consequently, several 

directions of intramolecular reactions are possible. In addition, reactions with external nucleophiles, such as hydrolysis, 

can also be realized.  

 

 

Study was supported by grant of the Russian Science Foundation. ˉ 25-73-20003, https://rscf.ru/project/25-73-

20003/ 
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4-ketonitriles - a universal system for cascade transformations. 

 Latest achievements and prospects for development of the direction 

Aksenov N.A., Aksenov A.V., Aksenov D.A. 

North Caucasus Federal University, 355017,  

Stavropol, Pushkin st., 1, 355017, Russian Federation; 

 e-mail: radioanimation@rambler.ru 

For the past 5 years, the main direction of the department's development has been the chemistry of 4-ketonitriles ï 

compounds combining 2 reactive groups ï ketone and nitrile, which allowed them to be used as a basis for a wide range 

of cascade transformations, leading to the formation of important heterocyclic systems, often found in various 

biologically active compounds, as well as quite rare analogues of natural compounds ï azatropone, previously described 

in the literature only in the form of benzocondensed analogues. The report will compile the main achievements in this 

area and possible further growth points. (Scheme 1). 

Scheme 1 

 

 

The study was supported by the grant of the Russian Science Foundation No. 24-73-10027, 

https://rscf.ru/project/24-73-10027/è 
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High-entropy materials for multifunctional applications 

Aydinyan S. 1,2, Rodriguez M.A. 3, Hussainova I. 2, Kharatyan S. 1 

1 Laboratory of Macrokinetics of Solid State Reactions,  

Institute of Chemical Physics NAS of Armenia, Yerevan 0014, Armenia 
2 Department of Mechanical and Industrial Engineering, 

 Tallinn University of Technology, Ehitajate 5, 19086 Tallinn, Estonia 
3 Instituto de Cer§mica y Vidrio. CSIC, C. Kelsen 5, Madrid, 28049, 

e-mail: sofiya.aydinyan@ichph.sci.am 

High-entropy materials (HEMs) (high-entropy oxides (HEOs), high-entropy ceramics, high-entropy MAX phases), 

are promising candidates for multifunctional applications due to their unique physicochemical characteristics derived 

from configurational entropy stabilization. These materials consist of five or more principal elements in near-equiatomic 

proportions, leading to the formation of single-phase structures with enhanced stability and tunable properties [1]. 

To synthesize these advanced materials, solution combustion synthesis (SCS) and self-propagating high-

temperature synthesis (SHS) have been employed as efficient, energy-saving, and scalable routes. SCS utilizes aqueous 

solutions of metal precursors and fuels to initiate an exothermic combustion reaction, producing nanostructured high-

entropy phases. SHS, driven by a self-sustaining exothermic reaction, allows the rapid formation of single-phase 

materials at elevated temperatures. Kinetic studies using high-speed temperature scanning (HSTS) provided valuable 

insights into the reaction mechanisms and phase evolution during synthesis, enabling optimization of processing 

conditions. Thermal analysis techniques have revealed the oxidation resistance and high-temperature stability of HEMs, 

crucial for applications in extreme environments. Spark plasma sintering (SPS) has been adopted to consolidate HEM 

powders, preserving their nanostructures while achieving high density and mechanical integrity. The resulting materials 

exhibit outstanding mechanical properties, such as hardness and fracture toughness, alongside functional properties like 

ferromagnetism, and electrocatalytic activity. These characteristics make high-entropy materials strong contenders for 

applications in structural components, fuel cells, electromagnetic shielding, and water splitting. 

This study highlights the synthesis-structure-property relationships in high-entropy materials and demonstrates their 

multifunctional potential across diverse advanced technological fields. 

 
Reference 

[1] X. Wang, Q. Liu, X. Wang, Advanced Functional Materials (2025) 2504275. 
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Emerging trends for joining of alumina ceramics  

with spark plasma sintering and laser melting 

Blugan G. *, Manukyan Kh. 2, Ramlow H. 1 

1Laboratory for High Performance Ceramics, Empa, Swiss Federal Laboratories for Materials Science & 

Technology, CH-8600 D¿bendorf, Switzerland 
2Department of Physics and Astronomy, University of Notre Dame,  

210C Nieuwland Science Hall Notre Dame, IN 46556, USA 

e-mail: gurdial.blugan@empa.ch  

Joining of alumina to other ceramics or to metals is of critical economic importance in many fields including energy 

storage and medical implants. Joining allows the production of complex shapes which is not always directly possible 

with hard ceramic materials which requires expensive diamond machining.  We share our latest results where alumina 

ceramics were joined by spark plasma sintering technology using zirconium and titanium metals as interlayers. Bonding 

with Zr was achieved at 800 and 900 ÁC with an applied force of 4.2 kN, and then at 900 ÁC with a force of 3 kN. It was 

found that Ti bonded to alumina at 700, 800, and 900 ÁC with an applied force of 3 kN. The influence of temperature 

and pressure on the bonding properties was measured for both interlayers. Scanning electron microscopy was used to 

examine the quality of the bonded ceramics and energy dispersive X-ray spectroscopy was used to gain insights into the 

bonding mechanism. The best joints were obtained at 900 ÁC for Zr and 800 ÁC for Ti. Oxygen diffusion via the 

formation of oxygen defects/vacancies and the formation of reaction products such as ZrO2 (and some Ti-Al or TiO2 

reaction products) could underpin the possible bonding mechanisms. 

In addition, we include our results where we investigate the laser joining of alumina ceramic to nickel alloy 

components for molten-salt batteries. Discs of Ŭ-alumina 95% purity and nickel-iron alloy were tested for joining using 

an infrared laser equipment. An active interlayer was applied between the two materials. Microscopical analysis of the 

joined samples shows that an energy density of 125 kWĿsĿmmĖĭ joined both components. SEM and EDX of samples 

showed a homogeneous and smooth joining between ceramic and metal. This work demonstrates that precise energy 

distribution of the laser on the metal alloy is crucial to minimize deformation from heat conduction during interlayer 

melting. This approach can reduce the energy consumption area of facility in manufacturing compared to conventional 

furnace brazing. 
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High resolution mass-spectrometry for investigation of organic reactions 

Burykina Ju.V., Ananikov V.P. 

N. D. Zelinsky Institute of Organic Chemistry RAS,  

119991, Leninsky Prospect, 47, Moscow 

e-mail: ivanova@ioc.ac.ru 

The study of reaction mechanisms is one of the dynamically developing areas of organic chemistry.1-4 Despite a 

wide range of different analytical methods, the study of in situ reactions is still a complex, versatile task. The developing 

of catalytic transformations in complex cocktail-type systems is impossible without the use of a combination of different 

structural analytical methods.  

Electrospray ionization mass spectrometry currently occupies one of the leading positions among modern structural 

methods of analysis. High sensitivity, speed and resolution are undoubted advantages of the method, which finds its 

application not only in chemistry. The study of reaction mechanisms is carried out using various approaches, the most 

common of which is offline monitoring - sequential sampling at intervals and recording of mass spectra. In addition to 

this approach is possible direct continuous detection from the reaction mixture in real time, in this case it is possible to 

observe the behavior of key intermediates of the reaction, this approach is called online monitoring. 

In addition to transition metal catalyzed organic reactions, photocatalyzed reactions have recently become 

widespread. The study of photochemical transformations using high-resolution mass spectrometry is worth mentioning 

separately. The developed approach allows reactions to be carried out in close proximity to the ionization source and 

inside the ionization chamber of the mass spectrometer. By combining the results obtained it is possible to draw 

conclusions about the reaction mechanism. 

 

This work was supported by the Russian Science Foundation (grant ˉ 24-13-00099). 
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Novel Tools for Chemical Data Validation  

and Automated Spectral Analysis 

Chusov D., Afanasyev O.I. 

The Institute of Organoelement Compounds of the Russian Academy of Sciences (INEOS),  

Russia, Moscow, 119334, Vavilova St., 28, bld. 1 

e-mail: denis.chusov@gmail.com 

 

How to select an optimal experimental protocol for the synthesis of target compounds? 

How to prevent common pitfalls in research manuscript writing? 

How to determine reaction mixture composition without isolating individual compounds? 

Can artificial intelligence assist in NMR analysis of previously unknown compounds?  
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Study and history of various nucleophilic transformations  

of pyrimidine systems  

Danagulyan G.G.1,2 

1 Russian-Armenian University, Hovsep Emin 123, Yerevan 0051, Armenia; 
2 Scientific and Technological Center of Organic and Pharmaceutical Chemistry of the National Academy of Sciences 

of the Republic of Armenia, Azatutyan Ave. 26, Yerevan 0014, Armenia 

e-mail: gdanag@email.com 

 

The reactions of alkyl-substituted pyrimidines and azolopyrimidines under the action of various O-, N- and C-

nucleophiles will be presented. The report provides an analysis of the history of studying such transformations. 

The transformations of alkyl-substituted pyrimidines and azolopyrimidines will be presented, occurring under the 

action of various nucleophiles ï alcoholates, including deuterated ones, substituted amines, hydrazines, carboxylic acid 

hydrazides and Ŭ-aminoazoles. They lead to unusual transformations that are often initially difficult to predict. 

 

 
 

In some cases, when reactions are carried out under the action of deuterium-containing nucleophiles, along with the 

H/D exchange, rearrangement is also observed. 
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Thieno[2,3-b]pyridines as promising scaffolds  

for medicinal chemistry and agrochemistry 

Dotsenko V.V.1,2, Lukina D.Yu. 1, Bespalov A.V.1, Popov Ph.A.1, Buryi D.S.1,  

Kindop V.K. 1, Russkikh A.A.1, Kindop Vl.K. 1, Korsunov A.V.1, Rudenko S.V.1, Aksenov N.A.2 

aKuban State University, 149 Stavropolskaya St., Krasnodar, 350040, Russia 

e-mail: victor_dotsenko_@mail.ru 
bNorth-Caucasus Federal University, 1 Pushkina St., Stavropol, 355017, Russia 

 

Thieno[2,3-b]pyridines have a history spanning more than a century and are generally a well-studied class of 

compounds. Despite this, the potential of these compounds is far from exhausted, both in terms of their transformations 

and in the context of their practical applications. This presentation introduces new methods for constructing the 

thienopyridine system and novel modification techniques. The authors' results on investigations into the biological 

activity of thienopyridines as plant growth regulators and 2,4-D herbicide safeners are presented. 

 

 

 

 

The study was carried out with the financial support of the Kuban Scientific Foundation (project No. N-24.1/30) 
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Synthesis and investigation of polymers with analogous to pani structure 

Vardanyan Sh., Minasyan P., Durgaryan N. 

Department of Organic chemistry,  

Faculty of Chemistry, Yerevan State University, Yerevan, RA 

e-mail: svetlana.sargsyan@ysu.am 

 

Conductive polymers, with their conjugated structures, offer a unique combination of enhanced electrical, magnetic, 

and optical properties, comparable to conventional metals, along with the satisfactory mechanical properties and 

processability of traditional polymers. This makes them remarkably attractive across chemistry, physics, material 

engineering, and various industries. 

Among these, polyaniline (PANI) has garnered considerable attention due to its unique complex of properties. It 

was also one of the first conducting polymers to find practical application in diverse fields [1]. 

We propose several methods to improve PANI's solubility and, consequently, its processability. One approach 

involves synthesizing polymers with varying ratios of unsubstituted quinonediiminic and o-methoxy group-substituted 

PANI structural units. This is achieved through the oxidative copolymerization of aniline and o-anisidine with aromatic 

diamines under the same conditions used for the homopolymerization of the corresponding monomers [2]. This method 

has also been successfully applied to the polymerization of o-anisidine, resulting in a polymer with high solubility and 

conductivity. 

Our next method focuses on synthesizing polymers with oligoaniline branches and an azo group-containing core. 

We've already established optimal conditions for synthesizing this copolymer, leading to high solubility and 

conductivity. 
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Dielectric relaxation and vibrational spectra analysis  

of sulfolane containing solutions 

Gabrielyan L.  

Department of Physical and Colloids Chemistry, Yerevan State University 

 

Sulfones represent a promising class of dipolar aprotic solvents, characterized by their high dielectric constants, low 

vapor pressures, and strong chemical and electrochemical stability. Tetramethylene sulfone, commonly known as 

sulfolane, is important sulfones representative, which is used in oil industry mainly for solvent extractions, to produce 

high-purity aromatic extracts from catalytic reformates. Sulfolane, a dipolar aprotic solvent with a high dielectric 

constant and high dipole moment values, has found broad application both as solvent for electrochemical processes of 

various kinds (Li-ion batteries, hybrid electrolytes) and as a media to carry out many reactions. The hybrid solvent used 

in the system can significantly alter battery performance. Therefore, an efficient strategy for ñtuningò the properties of 

hybrid electrolytes is to understand the intermolecular interactions that occur in a system over a wide concentration 

range. 

Although the physicochemical properties of sulfolane and its solutions have been studied extensively, 
surprisingly there are no detailed studies on the dielectric relaxation behavior and vibrational analysis of 
sulfolane-water mixtures over the entire range of compositions. 

This work summarizes the results of our own comprehensive research on the dielectric relaxation behavior of 

sulfolane-water, as well as sulfolane-propylene carbonate mixtures over a broad frequency spectrum. The permittivity 

spectra in these mixtures reveal a single relaxation process, which can be described by the Cole-Davidson relaxation 

function. The dielectric parameters, such as static dielectric constant, relaxation time and relaxation strength, as well as 

excess dielectric constant and excess inverse relaxation time of the binary mixtures have been determined.  

In addition, detailed vibrational analysis (FTIR and Raman) of sulfolane-water solutions as well as quantum 

chemical calculations (with various density functional theory methods and expanded basis sets) were performed to gain 

deeper insights into the structural peculiarities of the system under study.  

The results are discussed in terms of the concept of ñstructure-propertyò relationships. 

 
This work was supported by the Higher Education and Science Committee of Armenia, in the frames of the Research 

project 25RG-1D053. 
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Drug Discovery:  

Long, Expensive, but Rewarding  

Gomtsyan A. 

Synventa LLC, Tucson, Arizona, USA  

 

Contemporary drug discovery continues to evolve through the integration of diverse strategies and modalities, with 

chemistry playing a foundational and increasingly indispensable role. This presentation will highlight recent advances 

in chemistry-enabled therapeutic developments, including, among others, targeted protein degradation, antibody-drug 

conjugates, and DNA-encoded libraries (DELs) for high-throughput screening. Additionally, chemistry is central to 

progress in structure-based and fragment-based drug design, now accelerated by powerful computational and 

biophysical methods. While gene and cell therapies hold remarkable promise and biologics have already transformed 

treatment paradigms, small molecules designed by medicinal chemists continue to offer key strategic advantages. These 

include oral bioavailability, chemical versatility, lower risk of immunogenicity, and more cost-effective manufacturing 

and treatment. Collectively, these strengths underscore the essential and evolving role of chemistry in driving the future 

of drug discovery.   
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Bio-mimicry as a key challenge in modern materials science 

Hussainova I. 

Talinn University of Technology, Estonia 

 

Nature has evolved highly efficient materials and structures through millions of years of adaptation and 

optimization. Bio-mimicry, the practice of drawing inspiration from biological systems to solve complex human 

challenges, has emerged as a transformative approach in modern materials science. This presentation explores how 

natural designs ð from the architecture to the functional benefits ð are inspiring the development of novel materials 

with enhanced performance, sustainability, and adaptability. We will highlight recent advances in bio-inspired materials, 

including hierarchical composites, smart surfaces, and energy-efficient structures, and examine the interdisciplinary 

challenges in replicating biological complexity at scale. The talk will also address the critical role of bio-mimicry in 

driving innovation across sectors such as aerospace, biomedical engineering, and environmental technology. Ultimately, 

we aim to position bio-mimicry not only as a design strategy but as a paradigm shift in how materials are conceived, 

engineered, and integrated into the modern world. 
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Achieving sustainable catalysts in a short timeframe:  

employing Bacteria for Accelerated Palladium Nanoparticle Generation 

Kamanina O.A., Rybochkin P.V., Soromotin V.N. 

Tula state university, Pr. Lenina 92, Tula 300012, Russia 

e-mail: o.a.kamanina@gmail.com 

 

Currently, palladium nanoparticles (NPs) are among the most widely used and effective catalysts for carbonïcarbon 

and carbonïheteroatom bond formation, as well as hydrogenation reactions [1]. Typically, chemical methods are 

employed to deposit metal NPs onto various substrates. However, the increasing interest in developing ógreenô synthesis 

routes for nanocatalysts has drawn attention to biotransformation as a promising approach for the controlled formation 

of nanostructures. Biological synthesis of NPs is scalable and allows for control over particle size and morphology. 

Bioremediation pathways exploit the ability of certain bacterial cells to reduce metal precursors via electron donors, 

typically resulting in the formation of metal NPs on the cell surface. The advantages of using microorganisms as 

nanofactories are numerous: the process is environmentally friendly and often more cost-effective than traditional 

chemical methods. Moreover, nanoparticles synthesized by bacteria have demonstrated catalytic activities comparable 

to or even exceeding those of chemically produced NPs across a wide range of reactions [2, 3]. 

In this work, we present a rapid method for the synthesis of palladium nanoparticles using Paracoccus yeei VKM 

B-3302. This involves bubbling hydrogen through a suspension of bacterial cells and palladium acetate for two minutes. 

Enzymes play a key role in the formation of palladium NPs, and only viable bacterial cells are capable of producing 

nanoparticles with high catalytic activity in the MizorokiïHeck reaction. Thus, aerobic bacteria can be used to rapidly 

generate a catalyst whose activity is comparable to that of commercial Pd/C catalysts. 

 

Acknowledgment. This research was funded by grants from the Russian Science Foundation, RSF ˉ 24-73-10013 

https://rscf.ru/en/project/24-73-10013/. 
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Advancing liquid-phase chemistry with electron microscopy: 

 seeing, understanding, and directing transformations 

Kashin A.S. 

N.D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 

 Leninsky Prospect 47, Moscow 119991, Russian Federation,  

e-mail: a.kashin@ioc.ac.ru 

Understanding how liquid-phase systems function is crucial for optimizing chemical transformations, preparing 

materials with specific properties and tuning processes in living matter. Electron microscopy is an excellent technique 

for directly observing and analyzing various types of samples at multiple scales. However, the harsh conditions in the 

electron microscope specimen chamber make observations in a liquid environment challenging. Over the last few 

decades, a number of hardware solutions and sample preparation techniques have been introduced to electron 

microscopy to overcome limitations relating to high vacuum conditions and electron beam action. Furthermore, new 

hardware offers the opportunity to precisely control the impact of accelerated electrons on the liquid sample, making 

electron microscopy an active tool for adjusting sample morphology and triggering chemical transformations in real 

time with simultaneous micro- and nano-scale observation [1]. Among all types of liquid media, ionic liquids have 

demonstrated great potential for electron microscopy observations, as windowless measurements can be carried out on 

the liquid surface or in a free-standing liquid film. 

 

 

In our studies, we used scanning and transmission electron microscopy to analyze samples based on ionic liquids. 

This allowed us to observe the formation of soft microdomains in the liquid phase and to examine their local properties 

by applying mechanical, electrical [2], thermal [3] and ultrasonic [4] impacts to specific areas of the samples. In the 

field of catalysis, electron microscopy has provided insight into the interplay between different types of particles in 

palladium- and copper-based catalytic systems. It has also enabled localized chemical control through the use of an 

electron beam. Based on structural and mechanistic findings, efficient catalytic approaches for carbon-carbon [5] and 

carbon-sulfur [6] bond construction in fine organic synthesis were proposed.       

This work was supported by the Russian Science Foundation (RSF grant No 25-13-00433).      
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 New Insight from FTIR Spectroscopic Imaging 

Kazarian S.G. 

Imperial College London, Department of Chemical Engineering,  

London, United Kingdom 

 

FTIR spectroscopic imaging is label-free, non-destructive techniques, which in our hands have been advanced by 

pioneering studies, into powerful tools for the analysis of biological protein samples, has emerged as a powerful tool for 

characterisation of polymeric, pharmaceutical and biomedical systems. This talk will outline the research we are 

developing in this area with focus on FTIR spectroscopic imaging in both ATR (Attenuated Total Reflection) and 

transmission modes. Emerging biomedical applications of these methods will be discussed. Chemical visualisation with 

enhanced spatial resolution in micro ATR imaging mode broadens the range of biomedical samples (cross-sections of 

blood vessels or hair, prostate tissue, colon biopsies, single cells, etc.) amenable to study with FTIR imaging, which 

were previously ruled out by the inadequate spatial resolution. Increasing numbers of monoclonal antibodies (mAbs) 

are entering the biotherapeutics market, offering new and highly effective treatments for chronic and life threatening 

diseases including rheumatoid arthritis and cancer. ATR-FTIR spectroscopic imaging was applied for the first time to 

study proteins aggregation at the air-liquid interface of air bubble. Chemical images were used for the analysis for the 

specific are as within the flow channel and revealed that protein accumulated in high concentrations around the injected 

air bubble heating at heating at 45 C.    

Thus, ATR-FTIR imaging in small-scale flow devices shows how biopharmaceuticals could be analyzed and 

monitored under flow and under realistic bioprocessing conditions.  
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Asymmetric Lewis base catalysis in natural product synthesis 

Malkov A.V. 

Department of Chemistry, School of Science, Loughborough University, 

 Loughborough, Leicestershire, LE11 3TU, UK 

Asymmetric crotylation and homopropargylation represent highly efficient and stereocontrolled strategies for CïC 

bond formation [1]. Previously, we reported the synthesis of erogorgiane 1, which demonstrated potent activity 

against Mycobacterium tuberculosis (MTB) by inhibiting the formation of persister cells capable of withstanding 

antibiotic treatment [2]. To expand this series of bioactive lead compounds, we have now employed the enantioselective 

addition of crotyl- and allenyltrichlorosilanes under Lewis base catalysis as key steps in the stereoselective synthesis of 

other analogues 2-4, all of which feature densely populated stereochemical arrays. Details of the total synthesis of seco-

Pseudopterosin 2 and Cubebenone 4 will be presented. 
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On-Surface and Matrix-Isolation Strategies for Accessing  

Elusive PhosphorusïNitrogen Species 

Mardyukov  A., Schreiner P.R.  

Institute of Organic Chemistry, Justus Liebig University Giessen, 35392 Giessen, Germany. 

e-mail: artur.mardyukov@org.chemie.uni-giessen.de 

The isolation and characterization of exotic main group species continue to deepen our understanding of chemical 

bonding, with broad implications ranging from materials science to astrochemistry. In this talk, we present the formation 

of an elusive o-benzoquinoneïPN complex, generated by UV irradiation (ɚ = 254 nm) of (o-phenyldioxyl) 

phosphinoazide. Upon subsequent irradiation with light at ɚ = 523 nm, the complex recombines to form (o-

phenyldioxyl)-ɚ-phosphinonitrile,demonstrating, for the first time, the reactivity of PN with an organic molecule 

(Figure 1A).[1] We also report the on-surface synthesis of cyclotriphosphazene (P N ), an inorganic aromatic analogue 

of benzene, via voltage pulse-induced dechlorination of P N Cl  on a Cu(111) surface at 5.2 K. Real-space imaging 

confirms its planar D h-symmetric structure, which is further corroborated by matrix isolation spectroscopy following 

photolytic conversion of a hexaazide precursor (P N ) (Figure 1B).[2]  Additionaly, we showcase the synthesis of hitherto 

unpreported neutral hexanitrogen (N ), a long-sought allotrope of nitrogen, achieved via room temperature gas-phase 

halogenation of silver azide and subsequent cryogenic isolation.  Spectroscopic analyses and high-level computations 

confirm its identity and reveal its surprising kinetic stability, even at the temperature of liquid nitrogen (Figure 1C).[3] 

 

Figure 1. Reaction sequences employed in the studies. 
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Synthesis of Enantimerically Enriched Chiral Ŭ-Amino Acid Derivatives via Aį- 

 and Glaser-Type Coupling Reactions 

Mkrtchyan  A. 

Institute of Pharmacy of the Yerevan State University 

SPC ñArmbiotechnologyò NAS RA 

A novel hybrid strategy was developed for the enantioselective synthesis of non-proteinogenic Ŭ-amino acids by 

combining chiral square-planar Ni(II) Schiff base complexes with Aį-coupling (Mannich-type) and Glaser-type cross-

coupling reactions. The methodology enabled the preparation of structurally diverse Ŭ-amino acid derivatives with 

excellent enantiomeric purity (Ó99% ee) and high chemical yields (Scheme). Optimization of reaction conditions, 

including CuI/FeCl  or Ni(II)-based catalysis in inert environments, was critical in overcoming challenges such as 

competing homocoupling and poor selectivity. Mechanistic studies, including DFT calculations, highlighted the role of 

intermediate stability and reaction customization in driving product selectivity and stereochemical retention. The 

synthesized compounds were characterized by NMR, X-ray crystallography, chiral HPLC, and CD spectroscopy. These 

results establish a robust platform for synthesizing chiral, biologically active Ŭ-amino acids with potential applications 

in drug discovery and enzymatic inhibition. 
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Harnessing Computational Chemistry to Predict Structure  

and Reactivity in Transition Metal Systems 

Polynski M.V. 

National University of Singapore, 4 Engineering Drive 4, 

 Singapore 117585, Singapore; 

e-mail: polynskimikhail@gmail.com, e-mail:mvp@nus.edu.sg 

Transition metals are present in a wide array of compounds and materials, with applications spanning heterogeneous 

catalysis of large-scale industrial processes, fine organic synthesis of specialty chemicals, agrochemicals, and medicines, 

as well as materials for electronics and even biomedical applications such as cancer treatment by Pt complexes. 

Computational research and discovery of such transition metal systems is complicated, however, by complex reaction 

networks, nanostructuring effects necessitating realistic models [1], sparse data for machine learning, and other 

challenges. 

In this talk, we will discuss how we can streamline computational modeling of transition metal systems using density 

functional theory methods and machine learning techniques. We address these challenges by integrating data-efficient 

ML modelsðusing quantum chemical features and structural descriptors [2]ðwith robust algorithms (KRR, CatBoost, 

or neural network-based) and semi-automated potential energy surface explorations combining (semi-)empirical and 

DFT methods. This synergy elucidates molecular property trends and catalytic reactivity at a reduced computational 

cost. 

We proposed a novel ansatz for constructing catalytic reaction networks that systematically identifies crucial 

elementary steps [3]. Applied to CO  hydrogenation into C  and C  oxygenates on Cu nanoparticles, our approachð

merging fast semi-empirical PES scans with DFT geometry optimizationsðaccounts for surface diffusion of 

intermediates, revealing key hydrogenation, protonation, CïC bond formation, and CïO cleavage steps. It highlights 

copper's preference for multicarbon products over methane due to its unique CïC coupling properties. New Brßnsted-

Evans-Polanyi relationships tailored specifically for reaction networks were proposed. The reaction network for CO  

hydrogenation into C  and C  oxygenates was extended to the cases of Co, Ni, Rh, Pd, Pt, and Au catalysts [4] via a 

developed neural network model predicting activation barriers. 
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Diaryliodonium Salts: Novel Trends  

and Opportunities in Organic Synthesis 

Postnikov P.S.1,2, Soldatova N.S.1, Yusubov M.S.1 
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e-mail: postnikov@tpu.ru 

 

Diaryliodonium salts can be considered as unique reagents for aryl group transfer, halogen bond catalysts or tectons 

for supramolecular chemistry [1]. The proposed report will be dedicated to recent trends in the utilization of iodonium 

salts in emerging areas of chemistry.  

The first part of the report will be dedicated to the preparation of iodonium salts and their implementation in 

supramolecular assemblies as donors of halogen bonds resulting in the preparation of stable porous materials [2]. The 

second part of the report will describe the implementation of diaryliodonium salts in the arylation of various nucleophilic 

species, including low nucleophilic N-heterocycles and isonitriles [3].   

 

 

 

 

 

This work was financially supported by the Russian Science Foundation (project No 21-73-20031-P). 
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Materials Research: Basic science or reality? 

Rodr²guez M.A. 

Institute of Ceramic and Glass. 

 Spanish Council for Scientific Research (ICV-CSIC). SPAIN 

This talk will attempt to demonstrate how basic science and industrial reality can be closely connected if the 

development/research teams have the will to do so. 

Through own results shown in both directions these connections in the two directions in research and development 

will be demonstrated.  

On the one hand, how basic studies in the field of ceramic materials have led to practical applications that are being 

exploited industrially. 

Basic studies on combustion synthesis (SHS) of nitrides, carbides and sulfides have been carried out, leading to 

interesting results with different morphologies and material characteristics. These studies have led to the creation of a 

company and the implementation of a manufacturing line in another company. 

Basic studies on Solution Combustion Synthesis can lead to materials with improved performance in the field of 

catalysis as shown in the results obtained. 

On the other hand, the knowledge in such traditional industrial sectors as refractory materials can lead to advances 

in the field of nanomaterials, which can also be applied in other industrial sectors. 

The field of refractory materials is considered a "traditional" area in the ceramics industry. Within this field, the use 

of phosphate bonds has been used since the middle of the last century. This understanding of phosphate behavior has 

allowed for further development of self-healing materials, both scientifically and technologically, and for their industrial 

use. 

Finally, the body of knowledge in the preparation and characterization of ceramic materials can lead to new 

applications, such as the production of materials for security, such as additives for paper money. As mentioned, examples 

will be seen related to the synthesis of materials by different routes, as well as the processing of ceramic materials and/or 

composite materials. 

What would be the summary of the presentation? We, the people in the field of basic science and/or technology, 

must try to connect the worlds of research and industry, both to achieve improvements for the society we live in and to 

advance different sectors fostered by the knowledge and experience of others. 
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New axially chiral bipyridines as chiral inductor in asymmetric catalysis 

Rubtsov A.E. 

Perm State University, Russia, Perm,  

e-mail: rubtsov@psu.ru 

Complexes of chiral bipyridines with transition metals have a very rich chemistry including catalytic asymmetric 

transformations[1]. Additionally, related bypiridine N-oxides have made a considerable impact in enantioselective 

nucleophilic catalysis[2]. Despite these successes, synthesis and application of axially chiral bipyridine derivatives has 

not reached the level of maturity, which in part is due to the lack of good coupling methods for joining the pyridine units 

together in a stereoselective fashion. 

 

Herein, we present an expedient mild procedure for coupling of two chiral pyridine-N-oxide units, where the central 

chirality of the terpene fragment efficiently controls formation of the chiral axis[3]. The synthesised bipyridine-N-oxides 

can be reduced to the respective chiral bipyridines with a complete retention of the axial chirality. Several applications 

of both bis-N-oxides and bipyridines in asymmetric transformations will be presented[5-8]  

 

The work was supported by the Ministry of Science and Higher Education of the Russian Federation (#0750-

2025-0010) 

 
References 

[1] A.V. Malkov, A.E. Rubtsov, Synthesis (Germany), 2021, 53, 2559. 

[2] A.V. Malkov, A.E. Rubtsov, Synlett, 2021, 32, 1397. 

[3] Y. Fukazawa, V.Y. Vaganov, S.A. Shipilovskikh, A.E. Rubtsov, A.V. Malkov Organic Letters. 2019. ˉ 12. P. 4798. 

[4] Y. Fukazawa, A.E. Rubtsov, A.V. Malkov. European Journal of Organic Chemistry. 2020. P. 3317.  

[6] P.S. O'Hora, C.A. Incerti-Pradillos, M.A. Kabeshov, S.A. Shipilovskikh, A.E.Rubtsov, M.R.J. Elsegood, A.V. Malkov Chemistry-a 

European Journal. 2015. ˉ 12. P. 4551. 

[7] V.Y. Vaganov, Y. Fukazawa, N.S. Kondratyev, S.A. Shipilovskikh, S.E. Wheeler, A.E. Rubtsov, A.V. Malkov Advanced Synthesis and 

Catalysis. ï 2020. 362, 5467. 

[8] Y. Fukazawa, V.Y. Vaganov, J.V. Burykina, A.N. Fakhrutdinov, R.I. Safiullin, F. Plasser, A.E. Rubtsov, V.P. Ananikov A.V. Malkov, 

Advanced Synthesis & Catalysis, 2024, 366, 121. 

 

 

  



Invited lectures 

57 
 

Integrating LED Irradiation into the NMR  

 Spectroscopy Laboratory: First Steps and Applications 

Shahkhatuni A.A. 

Scientific Technological Center of Organic and Pharmaceutical Chemistry NAS RA,  

Azatutyan 26, Yerevan, 0014, Armenia 

 

The use of LED-based irradiation within NMR spectroscopy provides a promising tool for studying photochemical 

processes in real time, under controlled and reproducible conditions.  

We continue to explore the capabilities of a LED-NMR setup for investigating light-induced chemical reactions, 

focusing on initial applications in reaction monitoring and mechanistic studies. Moreover, the convenient setup proves 

to be suitable not only for in situ studies, but ex situ, allowing to save valuable time and resources. 

We present preliminary results obtained in our lab demonstrating the feasibility of this approach through model 

reactions such as photoisomerization of various known and new photo switchable compounds and several other known 

and new light-driven reactions. We also demonstrate the use of variable-temperature LED-NMR experiments to estimate 

activation energies of selected photoreactions. This approach allows kinetic parameters to be extracted under controlled 

illumination, providing deeper insight into light-induced mechanisms and energy barriers. 

We aim to apply and also contribute to the growing toolbox of NMR methods available for photochemistry research 

and encourage broader adoption of LED-NMR spectroscopy tandem in chemical studies. 

 

The study is supported by Higher Education and Science Committee of Armenia in frames of 24WS-1D029 research 

project. 
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Study of cyanoarene photocatalysts transformations  

under operational conditions 

Shlapakov N.S., Kobelev A.D., Chadin A.A., Burykina J.V., Ananikov V.P. 

Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 

 Leninsky Prospect, 47, Moscow 119991, Russia. 

 e-mail: nish@ioc.ac.ru, val@ioc.ac.ru 

 

In recent years, there has been growing evidence that photocatalysts (PCs) cannot be considered constant and often 

transform into a çcocktailè of catalytically active species. This raises a critical need to develop suitable approaches for 

studying photocatalyst transformations under operational conditions (Fig. 1). Among the available and rapid methods, 

the TLC-HRMS screening technique developed in our laboratory stands out as a promising tool for time-resolved 

analysis of complex photocatalytic systems [1]. This method enables rapid assessment of the photocatalyst cocktail 

composition, facilitating subsequent in-depth investigation of isolated and fully characterized components. 

 

 
 

Fig.1. Evolution of the PC transformation concept and TLC-HRMS study of PC-çcocktailè 

 

This work was supported by the Russian Science Foundation (RSF grant ˉ 24-13-00099) 
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Wood, Light and Electricity ï Three Flavors of Synthetic Chemistry 
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At present, synthetic organic chemistry largely relies on fossil carbon sources. The seminar will highlight the 

alternative use of wood-based renewable chemical feedstocks and of photo- and electrochemical transformations in the 

synthesis of organic molecules, including biologically active natural products such as morphinan, ergot or curare 

alkaloids.1 

 

 

Figure 1. Examples of compounds synthesized using xylo-, photo- and electrochemistry 
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Organocatalysts Labeled with Radical  

and Luminophore ñReporter Groupsò 

Vatsadze S.Z. 

Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences 

47, Leninsky Prospect, Moscow 119991, Russia 

e-mail: vatsadze@ioc.ac.ru  

Operando monitoring of catalytic reactions plays significant role in understanding the reaction mechanisms (see, 

for example, our recent review on cocktail-type catalysis [1]). And this could be done in different ways ï in general, 

this is performed using the labels on reagents. The labels include any group or atom whose changes during the reaction 

could be detected by any of physical methods, e.g., spectroscopically. In our approach, the labels (which we also call 

Reporter Group, RG) are attached not only to the reagents but also to the catalysts. 

For example, we studied the Michael reaction (addition of diethylmalonate to beta-nitrostyrene) using spin-labeled 

bispidine organocatalyst (RG = TEMPO) [2] and compared the results to those described in the original paper [3]: 

 

 
 

In this report, current results of the application of our approach to the Michael and Henry reactions will be presented, 

including those where RG = luminophore. 

 

This work is supported by Russian Science Foundation, grant 23-73-00122. 
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Transition-metal-catalyzed asymmetric TsujiïTrost reactions are among the most widely used name reactions in 

organic synthesis.1 However, it remains still challenging in preparing chiral Z-olefins via this type of reactions. The 

reason lies in the thermodynamic instability of the key intermediate in such reactions, anti- -́allyl transition-metals, 

which are readily transformed into the counterparts in the syn configuration prior to the capture of external nucleophiles.2 

Recently, we realized the Z-retentive asymmetric allylic substitution reactions under Ir- or Pd-catalysis by capturing the 

transient anti- -́allyl transition-metals with highly reactive nucleophiles.3 Combined computational and experimental 

investigations into the reaction mechanism were carried out, including kinetic measurement on anti-to-syn 

isomerization, isolation and characterization of key intermediates, asymmetric induction model, etc. Such mechanistic 

insights laid the foundation for rational designs of novel asymmetric allylic substitution reactions towards advanced 

chiral Z-olefins. 
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Macrocyclic terpenoid derivatives: synthesis,  

supramolecular self-assembly and in vitro activity  

Akhmedov A.A., Gamirov R.R., Panina Yu.V.,  

Makarova S.M., Shurpik D.N., Stoikov I.I. 

Kazan Federal University, 18 Kremlevskaya Street, 420008 Kazan, Russia, 

e-mail: naive2294@gmail.com 

In recent years, the development of drugs based on natural sources has been at the peak of research. In the long 

term, this may make it possible to find antimicrobial agents with a new mechanism of action and improve the 

effectiveness of treatment. One of the largest and structurally diverse groups of natural compounds are terpenoids, they 

have antibacterial, antimycotic, antitumour, antiviral action and promote transdermal absorption. Therefore, the creation 

of therapeutic agents based on natural terpenoids with biological activity represents a promising direction in modern 

organic and medicinal chemistry. 

 

Figure 1. The systems developed in this study 

In this research, a number of biomimetic systems have been developed by directed functionalisation of natural 

terpenoids (Fig. 1). These systems are capable of therapeutic drug encapsulation and controlled release [1]; it has high 

antifungal and antimicrobial activity against opportunistic fungi and bacteria [2]. Systems based on macrocyclic 

derivatives of terpenoids have also been developed that are capable of bioimaging [3] or targeting delivery of antifungal 

drugs [4]. 
 

This work was financially supported by RSF, project No. 24-73-00236 (https://rscf.ru/en/project/24-73-00236/) 
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3,5-diarylfuran -2-amines in a ppa medium as a direct method for producing  

3,9,10b-triaryl -10,10b-dihydrobenzo[e]pyrrol[3,2-g]indol-2(1h)-ones derivatives 

Aksenov D.ɸ., Aksenov ɸ.V., Aksenov N.ɸ., Galushko ʊ.S. 

North Caucasus Federal University, 355017, Stavropol, Pushkin str., 1. 

e-mail: daksenovncfu@gmail.com 

In our laboratory, an original approach to the generation of 3,5-arylaminofurans in a polyphosphoric acid medium 

was demonstrated. Compared to previously demonstrated methods for the synthesis of these heterocyclic systems, our 

method does not require the presence of acceptor substituents in position 4 of the furan, which significantly increases 

the possibilities for further transformations. At the same time, despite the high stability of aminofurans in the PPA, they 

decompose quite easily when attempting to isolate them, so the main emphasis is placed on one-pot and cascade 

transformations. One such approach involves modification of the PPA medium by adding reducing agents, which 

facilitates the production of 2,4-diaryl-substituted pyrrole derivatives, which are important building blocks in the 

synthesis of more complex structures with various biological activities, as well as in the synthesis of organic 

fluorophores. Such compounds include derivatives of 3,9,10b-triaryl-10,10b-dihydrobenzo[e]pyrrolo[3,2-g]indol-

2(1H)-ones, which can be obtained by including 5-hydroxy-3,5-diaryl-1,5-dihydro-2H-pyrrol-2-ones in the reaction 

mixture. 
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The development of regenerative materials for biomedicine is experiencing rapid advancements, fueled by the need 

for improved treatments for tissue damage. Some of the promising biopolymers in this area are chitosan and collagen. 

The wide application of chitosan is due to a number of its unique properties: antioxidant, fiber-, film-forming properties, 

biodegradability. Collagen is the main structural protein of most types of connective tissues of the body, the main 

advantages of which are structure-forming and framework properties. 

The aim of the work is to obtain biocompatible film compositions based on chitosan and collagen and to study their 

physicochemical properties. Collagen obtained from Atlantic cod skins with a molecular weight of 220 kDa and chitosan 

with a molecular weight of 330 kDa were used in the work. The compositions were obtained by mixing solutions of 

homopolymers in their various mass ratios. 

Block copolymers were synthesized by ultrasonic dispersion of mixtures of initial biopolymers at different 

processing times - 5 and 30 minutes. Films were formed by casting. To assess the suitability of materials for tissue 

engineering, a study of the strength characteristics of films based on the corresponding compositions was conducted in 

the stretching mode. It was shown that a decrease in the collagen content in the mixture leads to an increase in the 

magnitude of the breaking stress and reaches a maximum value of 120 MPa for a mixture of 2:1 composition. For a 

block copolymer of 1:1 composition, the maximum breaking stress was 110 MPa. Further increase in the protein content 

in the block copolymer leads to a decrease in strength and an increase in elasticity. The samples with the best strength 

properties were modified with formaldehyde as a cross-linking agent and glycerol. It was shown that the strength of 

such films when added separately almost does not change the value of the breaking stress and slightly increases the 

deformation. But when they are added together, the strength of the block copolymer reaches an amazing value of 170 

MPa. Film compositions of all compositions were tested for gas permeability with respect to oxygen, nitrogen and 

carbon dioxide. It was shown that an increase in the chitosan content in the film significantly increases its permeability 

for all gases studied compared to the 1:1 composition. Gas diffusion through the block copolymer sample exceeds the 

values of the upper layers of human skin. The biocompatibility of the compositions was studied in experiments on 

adhesion and proliferation of human fibroblasts on the surface of their films. Better adhesion and growth of fibroblasts 

is observed on the surface of the block copolymer sample after 30 min of ultrasound exposure compared to the sample 

based on a mixture of the same composition. The introduction of crosslinking does not change the biocompatibility of 

the films. 

These studies show the potential of using films based on chitosan-collagen mixtures and their block copolymers in 

biomedicine for the regeneration of damaged tissues, as a basis for nanofibers, membranes, and matrices for drug 

delivery. 

 

This work was supported by the Russian Science Foundation, Grant No. 23-13-00342. 
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Ionic liquids (ILs) are organic salts characterized by low melting points and a wide range of prominent 

physicochemical and biochemical properties. Due to their high thermal stability, negligible vapor pressure, and low 

flammability, certain ILs have been labeled as "green" solvents by researchers. Another appealing feature of ILs is their 

structural versatility, which enables the design and synthesis of compounds with specific properties. However, despite 

being termed "green," not all ILs are safe for the environment or human health, as some of these compounds exhibit 

significant toxicity [1]. Therefore, understanding the toxicity of ILs is essential for their responsible application and for 

the development of reliable toxicity prediction models. 

The biological activity of ILs is partly due to their ability to dissolve in both water and lipid membranes, a trait 

influenced by the structure of their alkyl side chains. Because ILs have diverse structures, reliable methods are needed 

to assess their toxicity. Since experimental testing is often slow and expensive, computational approaches like QSAR 

offer an efficient way to predict toxicity, especially when experimental data are limited. [2,3] 

This study presents a comprehensive dataset on the cytotoxicity of 1,227 ionic liquids (ILs), compiled from 151 

research papers and comprising 3,837 data entries. For each entry, the following information is provided: substance 

name; empirical formula; CAS number; SMILES; molecular weight; cytotoxicity value; details of the experimental 

setup (e.g. incubation time, cell line and assay used); and a reference to the original publication. The dataset can be used 

to derive structureïactivity relationships and establish the major structural elements that govern the cytotoxic effects of 

ILs on eukaryotic cells. The dataset is freely available to all researchers. 

This study aims to construct a comprehensive database on IL cytotoxicity and identify molecular descriptors 

reflecting how specific structural features influence biological activity. 

 

This work was supported by the Ministry of Science and Higher Education of the Russian Federation (agreement 

no. 075-15-2024-531). 
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Morphology ï molecular structure relationship remains a fundamental challenge in materials science [1]. 

Microstructure critically determines material properties [2]. However, visual data remains significantly underutilized. 

A state-of-the-art approach using machine learning (ML), particularly computer vision techniques, provides 

powerful tools for automated morphology analysis and holds promise for molecular structure prediction [3]. However, 

developing these tools requires large-scale, standardized, and labeled datasets [4]. Experimental databases unlock new 

perspectives in chemistry for discovering morphology ï structure trends, accelerating the discovery of novel task-

specific compounds. Furthermore, a balanced high-quality dataset is essential for developing and testing AI models and 

novel ML approaches. 

Here, we present a micrograph database of crystal structure of quaternary phosphonium salts collected using 

scanning electron and optical microscopy. A versatile range of microcrystal structures within this homologous series of 

phosphonium salts was discovered. These unique morphological patterns are distinctly related to specific molecular 

structures. The binary mixtures of phosphonium salts further supplements the current dataset enhancing its practical 

value. This resource is valuable for both chemists and data scientists. 

 

This research was supported by the Russian Science Foundation (RSF grant Nę 24-73-10177). 
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Pyrazole derivatives have great interest in agrochemical, medicinal chemistry, pharmaceutical and chemical 

industries. Pyrazoles and their derivatives are generally of synthetic origin building blocks most of which are 

biologically active, and rendering this class of compounds worthy of deeper investigations1,2. 

This study concentrates on the iodination of pyrazole derivatives mediated by cadmium (II) acetate. The substrates 

were pyrazole rings substituted by N-propargyl, C, N-alkyl groups. Depending on the molar ratios of the applied reagents 

reasonable synthesis methods of mono- and triiodo-substituted products with the participation of the propargyl fragment 

in DMSO were revealed. 

 The iodination of N-propargyl pyrazole with 1/1/1 quantitative ratio of substrate/iodine/cadmium (II) acetate 

proceeded efficiently leading to monoiodo N-propargyl pyrazole. However, the iodination of the same substrate with a 

molar ratio of substrate/iodine/cadmium (II) acetate 1/2/1, occurred triiodosubstituted pyrazole derivative. 

 

 Sources of electrophilic iodine were both the intermediate acetyl hypoiodite (IOAc)3 and polarized by cadmium 

(II) acetate molecular iodine. Principles of electrophilic iodination of the C-4 position of pyrazole rings were detected. 

Methyl and propargyl substituents of the pyrazole ring promoted to process of competitive iodination reactions due to 

the increasing of pyrazole ring nucleophilicity. In the case of N, C-alkyl substituted and unsubstituted pyrazoles, only 

the C-4 position of the ring was the target of the iodination reaction initiated by cadmium (II) acetate. However, 

iodination of propargyl substituted pyrazole ring produced versatile products-mono-, triiodosubstituted pyrazole 

derivatives. 
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Most organic molecules are flexible and exist in multiple conformations, which influence their chemical and 

physical properties, making conformational search essential for accurate modeling in docking, reaction mechanisms, 

and property estimation. Current conformational search methodsðsuch as grid search, Monte Carlo, enhanced MD, and 

knowledge-based approachesðhave limitations, either being computationally impractical for large molecules or failing 

to guarantee all low-energy conformations are found. So, approaches for augmenting conformational ensembles 

generated by the methods above with some low-energy conformers missing are required. 

Recently it was shown that Bayesian optimization, an optimization technique that efficiently balances exploration 

(diversity) and exploitation (energy minimization), could be successfully used for conformational sampling.1 Physics-

informed approaches can enhance machine learning-based method by incorporating known laws, improving accuracy 

where traditional data-driven methods fall short. Recent studies have begun integrating physical insights into Bayesian 

optimization for conformational search, demonstrating improved performance and highlighting its potential for 

advancing molecular modeling. Taking this into account, we devised a Bayesian optimization algorithm for 

conformational ensemble augmentation, i.e. locating missing conformations in an existing ensemble, which employs 

Bayesian optimization with physics-informed torsion-potential-based kernel function and novel acquisition function that 

prioritizes potential energy surface exploration for increased conformer diversity.2 

The proposed approach was evaluated by augmenting CREST conformational ensembles (built with the tightest 

ensemble completeness level --v4) on a test set of 60 molecules. As a result, for more than a third of test molecules, we 

found missing conformations within 2 kcal/mol from the lowest one found by CREST. Furthermore, for four test 

molecules containing an amide fragment we have found that CREST entirely missed conformers with alternative E-

configuration of amide despite their lower GFN2-xTB energies compared to the best conformer located by CREST. For 

these molecules our augmentation approach has located 3-27 new low-energy conformations with energies 0.5 ï 0.8 

kcal/mol below the best conformer from CREST. 

While our method does not guarantee that all the conformations were found, it combines information about torsion 

potentials and all the already located conformers to seek the missed ones, significantly reducing the odds of missing an 

important conformation.  

The devised method is compatible with any level of theory, providing the user with flexibility to balance between 

speed and accuracy. Our results demonstrate that conformational ensemble augmentation using intelligent algorithms, 

such as Bayesian optimization, can be helpful in ensuring ensemble completeness and enhancing the reliability of results, 

particularly when comprehensive conformational sampling is critical.  
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For many years, ionic liquids (ILs) have captured the interest of scientists because of their remarkable thermal and 

electrochemical stability, excellent solvation ability, and electrical conductivity. ILs generally consist of an 

asymmetrical organic cation paired with an anion, which may be organic or inorganic. Of the different kinds of ILs, 

task-specific ILs stand out due to their customizable properties, achieved by modifying the cation-anion combinations. 

Task-specific ILs are utilized in various fields, including synthesis, chiral chromatography, the development of 

switchable-polarity solvents, and energy-related applications. Redox-active ionic liquids (RAILs), a subset of task-

specific ILs capable of reversible oxidation and reduction, are particularly noteworthy. The synthesis of RAILs involves 

incorporating electrochemically active fragments, such as ferrocene, viologen, hydroquinone, anthraquinone, 

phenothiazine and catechol, into their structure. RAILs have found applications in various scientific and engineering 

domains, including redox shuttles for lithium-ion batteries, electrochromic devices, and supercapacitor electrolytes. 

However, the catechol group remains the least studied redox-active component in ionic liquids. To date, only a few 

examples of low molecular weight and polymeric RAILs containing catechol have been reported.  

In this research, we describe the first series of redox-active task-specific ILs incorporating catechol-containing 

hydrazones [1].  

 
 

The obtained compounds were characterized by single-crystal XRD, 1H, 13C{1H} NMR, FTIR spectroscopy, 

elemental analysis, and ESI HRMS. The thermal, electrochemical and complexation properties of the synthesized IL 

and organic salts and their bromide precursors were studied. Copper(II) selective binding (logKb = 4.13ï5.07, 1:1 

stoichiometry) was shown by UVïVis spectroscopy. The melting point (64ï203 ÁC) and high thermal stability (Tonset = 

195ï300 ÁC) of the target IL and organic salts were determined via differential scanning calorimetry and 

thermogravimetry. Voltammetric investigation of the synthesized compounds has shown interfering influence of Br-

anion, while replacement of Br-anion with TFSI-anion allowed good voltammetric signals. The addition of an electron-

accepting amide fragment affected the catechol oxidation, while the structure of the cationic moiety did not affect the 

electrochemical behavior of the synthesized compounds.  
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Diarylethenes (DAE) are widely known for their diverse photochemical transformations, which are of great interest 

for the development of new methods of organic synthesis, materials and technologies for various purposes [1,2]. A key 

condition for the use of DAE in biological and medical research is their good solubility in water. A common method for 

the preparation water-soluble DAE is the introduction charged functional groups or hydrophilic moieties into the 

structure of the molecule [3]. 

This work presents the versatile class of diarylethenes, namely potassium 2,3-diarylmaleates 2 (DAMs), which 

exhibit excellent solubility in water. DAMs 2 that prepared from accessible substrates 1, undergo either irreversible 

reactions (oxidative cyclization or photorearrangement) or reversible photocyclization (switching) depending on the 

aromatic substituents [4]. The versatility and availability of the obtained class pave the way for wider application of 

diarylethenes in photopharmacology and biotechnology requiring aqueous media for photochemical reactions. 

 

 

Scheme 1. Synthesis of the DAM salts and their photochemical reactions in water. 
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The molecules exhibiting aggregation-induced emission (AIE) provide a multitude of benefits as ideal components 

for the constructing of luminescent micro- and nanostructures because of their exceptional fluorescence response and 

variable emission colors.1 Due to their unique properties, AIE molecules can be designed as a novel type of functional 

material with a wide range of applications in fields such as biological imaging, chemical sensors, organic light-emitting 

devices, and pharmaceuticals. Supramolecular interactions are an alternative strategy to promote aggregation and 

assembly-induced emission through non-covalent interactions, such as ionic binding, coordination, host-guest 

interactions, pỄp stacking, or hydrogen bonding. 

 

 

In this work, we present the design and synthesis of tetracationic bichromophoric molecules consisting of two 

donorḯïacceptor units covalently linked by a flexible diamine linker. A detailed investigation of their solvent-

dependent spectroscopic and photophysical properties reveals that the donorḯïacceptor units in an aqueous solution 

can undergo an excited-state association, leading to the formation of aggregated chromophores. It has been shown that 

aggregation is a result of intramolecular Ễ́ˊ stacking interactions caused by the folding of the bichromophore 

molecules. This phenomenon is reflected in the appearance of a slight excimer emission around 600 nm, along with 

monomer emission around 490 nm. To increase the degree of aggregation and, consequently, the intensity of excimer 

emission, a supramolecular strategy was employed. A hostïguest complex was successfully constructed from 

cucurbit[7]uril (CB[7]) and bichromophoric molecules, and characterized by a wide range of techniques. This host-guest 

complex exhibits an AIE nature, resulting in a strong excimer emission in dilute solutions due to stabilization of the 

folded geometry of bichromophoric molecules. The influence of CB[7] concentration, solvents and ionic strength are 

also discussed. 
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Over the past five decades, rapid population growth and increasing global energy demand have led to the quick 

decrease of fossil fuel resources. This urgency highlights the need for sustainable, renewable energy alternatives. On 

the other hand, the global increase in biomass waste presents both an environmental challenge and an opportunity for 

developing circular energy solutions. 

Among biomass-to-energy conversion methods, such as gasification, fermentation, and pyrolysisðliquification 

under mild conditions has emerged as an efficient approach due to its lower energy requirements, higher selectivity, and 

potential to produce liquid fuels and high-value chemicals. However, the resulting bio-oil typically contains up to 30% 

oxygen by weight, making it chemically unstable. Therefore, oxygen removal in the early stagesðprimarily through 

hydrodeoxygenation (HDO)ðis crucial for improving fuel quality. 

Traditionally, HDO processes based on platinum group metal (PGM) catalysts, which, while effective, have several 

limitations: they are costly, scarce, sensitive to poisoning, and may suffer from deactivation under harsh conditions. As 

an alternative, transition metal carbides (TMCs) and transition metal mixed carbides (TMMCs) have emerged as 

promising replacements due to their superior hardness, chemical and wear resistance, thermal stability, and tuning via 

metal doping. 

Traditional synthesis of TMCs and TMMCs typically requires long reaction times and high temperatures. 

Comparably, microwave-assisted (MW) synthesis is considered a greener, more efficient method, allowing rapid 

synthesis (minutes instead of hours), causing a drastic reduction in energy consumption and improved control over 

nanoparticle characteristics such as surface area, defectiveness, and particle size distribution [1]. 

In our laboratory, over the past five years, we have published more than a dozen Q1 research articles focusing on 

MW synthesis of TMCs, borides, phosphides, and related materials. In the last three years alone, we have investigated 

over 50 TMCs and doped carbides as catalysts for model reactions, including hydrodesulfurization, hydrogenation, 

oxidative desulfurization, and hydrodeoxygenation[2]. Our results show that several MW-synthesized carbides exhibit 

similar catalytic activity and selectivity comparable to PGMs, while being capable of enhanced durability and stability. 

Also, some catalysts even surpass PGMs in performance under MW irradiation conditions. 

Additionally, we discovered that microwave irradiation can be used as a tool to control surface purity, morphology, 

and particle dispersion, opening new directions in catalyst structural engineering. We also developed a new class of 

active catalyst supports by doping transition metals[4]. 

This work underlines the potential of microwave-synthesized, transition metal-doped carbides as a next-generation 

solution for bio-oil upgrading and biomass valorization, offering a viable path toward economically and environmentally 

sustainable fuel production. 
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Additive technologies are widely used in science and engineering. The combination of digital design and 3D printing 

enables the production of reactors and volumetric catalysts with specified topology. It is a powerful tool for improving 

efficiency and reducing resource and labor costs in chemical processes [1]. Among additive technologies, the fused 

deposition modeling method holds a special place due to the availability of 3D printers and the wide range of applicable 

thermoplastics. 

This study explores the application potential of extrusion 3D printing in organic synthesis and catalysis. It allows 

enhancing the efficiency, safety, and convenience of synthesis of products based on acetylene hydrocarbons. Reactors 

for generating acetylene from calcium carbide have been developed, enabling its introduction into synthetic processes. 

Their advantage consist in prevention of CaC2 hydrolysis byproducts from entering the target reaction. These reactors 

allow the production of acetylene-based adducts in high yields without requiring specialized equipment for handling 

high-pressure gases. 

Additionally, the feasibility of fabricating catalytic structures via extrusion 3D printing followed by catalytic species 

immobilization was investigated. The resulting catalysts demonstrated high efficiency in [3+2] azide-alkyne 

cycloaddition and other reactions of alkyne functionalization. 
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Terarylenes are a separate group of photoactive diarylethenes containing an aromatic cycle as a central fragment. 

[1] Previously, our groups studied the effect of the structure and reaction conditions on the photoactivity and reactivity 

of derivatives of isoquinoline [2] and annulated sydnones [3]. In the current work, we studied the photochemical 

properties of terarylenes based on various cyclic structures: coumarin, naphthalene, ʩinnoline, quinolysine and 

quinoline. The report will  discuss reversible and irreversible reactions of new terarylenes. 
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The morbidity of fungal infections is increasing at an alarming rate, affecting millions of people around the world. 

Although they are rarely life-threatening, skin diseases caused by fungal infections significantly affect a person's quality 

of life. The development of new drugs carries great risks and involves serious material and time costs. Therefore, drugs 

developed in the middle of the last century continue to be used in clinical practice. Among the classes of antifungal 

drugs, polyene derivatives are particularly notable. A significant disadvantage of polyene fungal agents is their low 

aqueous solubility. And as a consequence, the inability to achieve sufficient concentration of it in blood when taken 

orally and relative toxicity when administered parenterally. Therefore, it looks optimal to implement different medicinal 

chemistry approaches such as liposomal delivery, transdermal delivery, encapsulation, etc to improve activity of polyene 

antifungal drugs.  

Pillar[n]arenes represent a versatile platform for the creation of nanosystems for targeted delivery, due to their 

synthetic availability and the possibility of constructing polytopic host molecules for molecular recognition of the target 

compound. We propose to develop a pillararene-based combination system to enhance the bioavailability of polyene 

antifungals and enable their cellular delivery to target cells. The target pillar[5]arenes should be capable of both non-

covalent binding of the drug and interaction with the cell membrane of the target cell. Only one fragment does not 

significantly change the effective size of the macrocycle cavity and does not interfere with molecular recognition. At 

the same time, replacement of the remaining functional groups with positively charged fragments allows to obtain water-

soluble compounds1.  

Thus, a water-soluble pillar[5]arene containing one sesquiterpene fragment was synthesized. Using 2D 1Hï1H NMR 

NOESY spectroscopy, the spatial structure of the resulting macrocycle was established, and it was shown that the 

farnesyl fragment is located outside the cavity. It was shown by turbidimetry, that pillar[5]arene obtained interacts with 

model DPPC and DPPC/POPG (9:1) membranes. Using UV spectrophotometric titration, the stoichiometry of the 

pillar[5]arene:nystatin molecular self-associate was confirmed to be 1:2. The formation of the molecular self-associate 

was further confirmed by 2D DOSY and 2D 1Hï1H NOESY spectroscopy, and the stoichiometry of the 1:2 molecular 

self-associate was confirmed by molecular dynamics. The self-association of pillar[5]arene and pillar[5]arene/nystatin 

system in water and at a pH of 5.5 was studied by DLS, laser Doppler microelectrophoresis and TEM. It was found that 

pillar[5]arene/nystatin system has more effective antifungal activity against clinical isolates of Candida sp. and 

Saccharomyces cerevisiae fungi. The obtained results allow the use of pillar[5]arene/nystatin molecular self-associate 

as a combined antifungal agent. 
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Luminescent molecular thermometers are valuable tools for non-invasive and accurate temperature monitoring in 

industry, ecology, and medicine. These sensors, characterized by their compact size and high resolution, typically exploit 

temperature-dependent changes in emission parameters such as intensity, spectral profile, or lifetime. Among various 

techniques, the ratiometric approach, which relies on monitoring the ratio of emission intensities at two or more bands 

(LIR) with distinct temperature sensitivities, is recognized as the most reliable and user-friendly method. To realize 

dual-band emission, we propose halochromic D- -́A fluorophores based on quinoxalinones (Scheme 1), whose emission 

is sensitive to the acidity of the environment. 

 

 

Scheme 1. The structures of compounds under study 

 

Conditions were optimized to allow for the simultaneous observation the emission of neutral and protonated forms 

of these compounds of comparable intensities in both solutions and solid-state. Temperature changes induced: 1) distinct 

luminescent responses from each form and 2) shifts in their equilibrium. To stabilize the protonated species, the 

fluorophores were incorporated into polymer matrices, which facilitates their application for temperature monitoring. 

Preservation of the temperature-dependent emission within the polymeric matrix suggests the potential of these 

composites for practical applications. 
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Amino acid-based compounds are attractive due to the structural features and potential applications. In our ongoing 

study, we synthesize and investigate amino acid halogenobismuthates as promising photovoltaic candidates to replace 

organic-inorganic hybrid perovskites [1]. Along with the salts with only halogenobismuthate anion, we were able to 

obtain salts simultaneously including another anion. Here we report the synthesis and characterization of new salts of 

L-ornithine, L-lysine and L-histidine containing both hexaiodobismuthate (BiI6
3 ) and halide (Cl  or I ) anions: (L-

OrnH2)2(BiI 6)(Cl)ĿH2O, (L-LysH2)2(BiI 6)(I)ĿH2O and (L-HisH2)2(BiI 6)(I)Ŀ4H2O. They crystallize in triclinic P1, 

monoclinic P21 and C2 space groups, respectively. All of them were formed with doubly protonated amino acid cations 

and are stabilized by hydrogen bond network. Vibrational spectra were investigated by IR and Raman spectroscopy. 

The electronic structures were constructed using DFT calculations based on the experimental crystal data. The bandgap 

values were estimated from the UV-Vis diffuse reflectance spectra of powdered samples. 

These findings highlight the structural diversity and tunability of amino acid mixed salts, particularly, 

halogenobismuthate salts, offering eco-friendly materials. 

 

The work was supported by the Science Committee of RA, in the frame of the research project # 21AG-1D015. 
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Information about crystal structure is highly important for many research areas in chemistry. The single-crystal X-

ray diffraction allows defining the structure with high accuracy. However, in many cases, it is impossible to obtain a 

suitable single crystal. Therefore, determining the structure from powder X-ray diffraction (PXRD) data is an extremely 

prominent issue. 

In our work we demonstrated a high potential of PXRD for determination of different crystal structures of organic 

and coordination compounds (Fig. 1) [1,2]. In many cases each stage of structure determination (indexing, solving and 

refining) from PXRD data involves certain hurdles. 

In the last years we focused on characterization of active pharmaceutical substances [3] and applied Kurchatov 

source of synchrotron radiation for data collection. The almost complete absence of texture in synchrotron experiment 

with 2D detector increases the probability to find the right structure solution. Moreover, the capability of temperature 

variation makes it possible to study phase transitions in operando [4]. Applying synchrotron irradiation, we successfully 

solved and refined the structure of several drug components, for example, ticagrelor (form III) contained two 

symmetrically independent flexible molecules. This is one of the most complex structures defined from PXRD data. 

 

 

Figure 1. Crystal structures of Ho(pir)3 (left) and Keu(btec)H2O (right) from PXRD data 

This work was supported by the Russian Science Foundation (grant ˉ 23-73-00027). 
 

References 

[1] L.O. Tcelykh, A.S. Goloveshkin, L.S. Rodina et al., Inorg. Chem., 2024, 63(51), 24096. 

[2] V.V. Sentyurin, O.A. Levitskiy, T.S. Yankova et al., J. Am. Chem. Soc., 2024, 146(38), 26261. 
[3] A.S. Goloveshkin, E.S. Kulikova, R.A. Novikov et al., J. Struct Chem. 2024, 65, 585. 

[4] D.S. Yambulatov, Ju.K. Voronina, A.S. Goloveshkin et al., Int. J. Mol. Sci. 2023, 24(1), 215. 

  



Oral Reports  

80 
 

Ligand-Driven Behavior of Au(I) and Cu(I)  

Complexes in Organic Synthesis 

Grudova M.V.1, Galushko A.S.1, Ilyushenkova V.V.1, Skuratovich V.A.1,  

Nakhatova A.O.3, Chernyshev V.M.2, Ananikov V.P. 1 

1 N.D. Zelinsky Institute of Organic Chemistry, RAS, Leninsky Prospekt, 47, building 1, Moscow, 119334, Russia  
2 Skolkovo Institute of Science and Technology, Bolshoi Bul. 30, pp. 1, Moscow, 121205, Russia 

3Lomonosov Moscow State University,119234 Moscow, Kolmogorova St., 1, p.3. 

e-mail:  grudovamv@gmail.com 

 

Gold and copper compounds have been the subject of extensive research in recent decades due to their distinctive 

chemical and catalytic properties.1,2 Either well-defined complexes or metal particles with a well/poorly defined 

structure, each demonstrating unique catalytic behavior uses in this area of catalytic research. 
 

 

Figure 1. Schematic representation of dynamic transformations in MïNHC systems 

(when M = Au, Cu). 

 

The chemical and physical properties of gold and copper complexes were investigated in this research.3,4,5 The 

dynamic transformations occurring in the Au/CuïNHC systems under relevant conditions were elucidated using 

electrospray ionization high resolution mass spectrometry (ESI-HRMS). Furthermore, the mutual transformations of 

metal complexes into micro- and nanoscale particles (metal species) were examined by ESI-HRMS and electron 

microscopy (SEM, DF-STEM). To compare the action of the metal complexes several more characteristic catalytic 

reactions (such as A3-coupling, hydroamination of alkynes, Ullmann-type coupling, etc) were examined.  
 

This work was financially supported by RSF, project 23-13-00171. 
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Zinc oxide (ZnO) thin films are materials of significant interest for various technological fields, including 

optoelectronics, sensors, and protective coatings, owing to their wide bandgap, high transparency, and tunable refractive 

index [1]. To optimize their performance in these applications, a comprehensive understanding of how synthesis 

parameters dictate the materials final characteristics is paramount. This study systematically investigates the process-

property relationships that govern the characteristics of ZnO thin films grown by pulsed laser deposition (PLD) [2]. 

We varied key PLD parametersðincluding substrate temperature, oxygen partial pressure, and laser fluenceðto 

elucidate their impact on the structural, morphological, and optical properties of the deposited films. The results 

demonstrate that subtle changes in deposition conditions profoundly influence crystallographic orientation, grain size, 

and surface roughness. Crucially, these conditions also govern the films optical constants, namely the refractive index 

and extinction coefficient. Specifically, we establish that the optimization of certain PLD parameters can yield films 

with tailored optical properties, leading to significantly reduced reflectance. This characteristic is highly beneficial for 

the fabrication of antireflection coatings [3]. 

 

This work was supported by the Higher Education and Science Committee of MESCS RA (Research project ˉ 
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Raman spectroscopy has become a key scientific tool for studying ancient paintings due to its ability to provide 

detailed molecular and chemical information in a non-destructive manner. Raman spectroscopy enables the 

identification of inorganic and organic pigments directly on paintings without damaging them. For example, pigments 

such as lead white ((PbCO3)2ÅPb(OH)2), cinnabar (HgS), azurite (Cu3(CO3)2(OH)2) and carbon black can be 

distinguished by their characteristic Raman bands. This helps in establishing the authenticity of works of art, studying 

the materials and techniques of artists, and documenting the historical use of pigments [1]. 

Raman spectroscopy enables the detection of organic components such as natural resins, oils and synthetic binders 

used to bind pigments or varnish paintings. This facilitates restoration, as it enables an understanding of the chemical 

nature and ageing characteristics of these materials, the study of their origin and the selection of appropriate restoration 

methods. 

The aim of this study is to analyze pigments from several paintings by Saryan housed at the Martiros Saryan House 

Museum in Yerevan, the capital of Armenia. To our knowledge, only a few of these works have previously been 

examined using scientific methods [2,3]. Due to the lack of scientific equipment at the museum and the impossibility of 

transporting the works, the museumôs curators and restorers carefully collected small fragments from the edges and 

corners of the paintings. These areas were chosen to minimize damage to the works, as they contained pigment without 

compromising the overall integrity of the works. It is important to note that samples were taken only from the surface 

layers of the paintings, although there is a possibility that they may include small amounts of material from the 

underlying ground layers. 

Overall, this study expands our understanding of Saryanôs artistic techniques and materials. The results obtained 

contribute to the conservation and restoration of his works, providing valuable information for art historians, restorers, 

and curators. Further study and analysis of other Saryan paintings will expand our knowledge of his artistic style and 

choice of pigments. 

 

This work was supported by the Science Committee of RA (Research project ˉ 23RL-1D001). 
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Coupling of an sp2-carbon atom with a nucleophile constitutes a pivotal transformation in the modern synthetic 

organic chemistry, widely applicative both on routine laboratory and industrial scales. Much attention nowadays is 

brought to vinylonium compounds of various nature, an emerging type of powerful and handful vinylative reagents, yet 

methods for their synthesis are still challenging and non-general. Meanwhile, transition to essentially unexplored in that 

sense vinyl substitution reactions at Michael acceptors could render a catalytic, facile and flexible entry to this type of 

reactive cationic species. 

Our developed protocol (Scheme 1) for nucleophilic vinyl substitution reactions using DMAP as a nucleophilic 

catalyst allows coupling of readily available chlorinated Michael acceptors and C-, N-, O- and S-nucleophiles of diverse 

steric and electronic structure in high yields. A total of 55 substitution reactions were carried out, including preparation 

of relevant pharmaceutical precursors; for several types of nucleophiles couplings unknown in the non-catalytic version 

were successfully performed. A series of vinylpyridinium salts from corresponding vinylchlorides were also 

synthesized, which proved to be highly reactive, bench-stable, and easy-to-prepare and use substrates for vinyl 

substitution reactions and cascade processes. Quantum chemical calculation methods quantified rate increase of the key 

substitution step of catalytic reaction by approximately 106 times compared to a non-catalyzed reaction and established 

an impact of intermolecular noncovalent interactions on the reaction course. 

 

 

Scheme 1. Developed methodology for organocatalytic nucleophilic vinyl substitution reactions. 
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Plant biomass is an almost limitless source of organic material that can be utilized as an alternative to fossil fuels to 

produce biofuels and base chemicals. Disubstituted furan-based platform chemicals, which are formed during the 

dehydration and aromatization of carbohydrates, are widely used as monomers for the production of various polymeric 

materials with diverse properties.1,2 In addition to their renewable nature, another interesting property of many of these 

materials is their ability to biodegrade under the influence of certain microorganisms.3 This is what distinguishes these 

polymers from their oil-based counterparts and is a significant advantage in the context of the growing problem of plastic 

waste accumulation around the world each year. 

One of the more recent and interesting approaches to producing furan-containing polymers is through click 

polycondensation, which forms polytriazole chains.4 While this method currently has some limitations (such as low 

solubility of the materials and relatively low molecular weight), the potential for biodegradation of the resulting products 

is an incentive for continued research in this area.5 
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The Cr AlC MAX phase, a distinguished member of the ternary carbide family, exhibits an exceptional blend of 

both metallic and ceramic properties. These include high thermal conductivity, superior machinability, and remarkable 

resistance to corrosion and high-temperature oxidation [1]. While pure Cr AlC shows non-magnetic, the introduction of 

Mn dopant imparts magnetic behavior [2], opening up new possibilities for its use in spintronics and magnetic storage 

applications. Moreover, this modification expands its potential applications in energy storage, catalysis, and electronics. 

Despite these advances, key challenges remain, particularly for the optimization of synthesis conditions and 

achieving homogeneous Mn doping without the formation of secondary phases. To find the optimal thermal regimes for 

carrying out the synthesis, a high-speed temperature scanner was utilized, which allows performing experiments with 

high heating rates. Notably, in all cases, the sequence of interactions was uncovered through a comprehensive analysis 

of the intermediates, quenched from characteristic temperatures. 

The results obtained demonstrate that Mn can be successfully incorporated into the Cr AlC lattice, substituting for 

Cr atoms. Magnetic characterization of the (Cr Mn ) AlC samples reveals that Mn doping induces magnetic behavior, 

with the material exhibiting an in-plane antiferromagnetic order as the energetically favorable state. Specifically, for x 

= 0.2, after heating to 1700ÁC at a heating rate of 100ÁC/min, the (Cr . Mn . ) AlC phase displays antiferromagnetic 

properties. In contrast, for x = 0.4, the (Cr . Mn . ) AlC phase exhibits ferromagnetic properties. 

Hence, doping of Cr AlC MAX phase by Mn effectively introduces magnetic properties, enabling transitions 

between antiferromagnetic and ferromagnetic states. This research provides valuable insights into both the reaction 

macrokinetics and the structural-functional properties of the resulting materials, paving the way for the rapid 

optimization of synthesis conditions. 

 

This work was supported by the Committee of High Education and Science Ministry of Education, Science, Culture, 
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Aldehydes are among the most versatile and widely used compounds in organic synthesis.1 Traditionally employed 

as electrophiles, their potential as reductants has remained underexplored.2,3 In this work, we present a ruthenium-

catalyzed one-pot reductive alkylation of ketones and other nucleophiles using aldehydes as both alkylating agents and 

internal reductants. The protocol proceeds under neat conditions, without the need for external hydrogen sources or 

stoichiometric reducing agents (i.e. NaBH4, H2/Pd or CO).4  

 

 

The reaction exhibits broad substrate scope, encompassing aromatic and aliphatic aldehydes and ketones, and 

tolerating functionalities sensitive to classical reducing conditions (alkenes, esters, halides, benzyloxy groups). The 

methodology was applied to the synthesis of pharmaceutically relevant targets, including Nabumetone and a modified 

pregnenolone acetate derivative. Additionally, other C- and N-nucleophiles (i.e. nitriles, amines, amides and 

sulfonamides) were tested with this methodology. Finally, mechanistic studies were performed to elucidate the reaction 

pathway. 

 

This work not only demonstrates the dual role of aldehydes as electrophiles and reductants but also highlights a 

more sustainable strategy for reductive transformations in organic synthesis. 

 

This work was supported by the Russian Science Foundation (Grant ˉ 25-13-00085). 
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Photodynamic therapy (PDT) is an effective minimally invasive method for treating localized cancer tumors or 

bacterial, viral and fungal infections. The method is based on the use of a photosensitive drug, a photosensitizer (PS), 

previously introduced into the treated tissue area. When activated by visible light, it is capable of generating reactive 

oxygen species (ROS), primarily singlet 1O2 oxygen, which destroy cancer cells and pathogenic microorganisms. The 

advantage of PDT over traditional treatment methods (antibiotics and chemotherapy) is the absence of bacterial 

resistance to photosensitizers and the accumulation of PS in tumor cells. In clinical practice, porphyrin compounds are 

used as PS - dimegin, photoditazine, chlorin e6, etc. However, recently, along with them, economically available dyes 

of phenothiazine and xanthene nature - methylene blue (MB) and rose bengal (RB), which have their own bactericidal 

and biological activity and have a fairly high quantum yield of 1O2 generation (ʌȹ~0.65), have been studied as PS. The 

disadvantage of the dyes, like porphyrin PS, is the tendency to aggregation even at low concentrations (Ó10-6 M) in 

solution, which leads to a decrease in their activity in generating ROS. Previously, we showed that amphiphilic polymers 

(AP) in aqueous solutions form complexes with porphyrins, which leads to the deaggregation of PS and an increase in 

their photocatalytic and photodynamic activity [1, 2]. 

In this work, the effect of AP (pluronics, polyvinylpyrrolidone (PVP) and polyethyleneglycol (PEG)) on the 

photosensitizing activity of rose bengal and methylene blue under model conditions (tryptophan photooxidation 

reaction) during photoexposure of tumor cells and pathogen cultures was studied.  

It was shown that the photodynamic activity of RB and MB increases in the presence of AP, which is reflected in 

the growth of the effective tryptophan photooxidation rate constant keff. Moreover, pluronics F108 and F127 have the 

greatest effect on the photosensitizing activity of RB, and PVP and PEG have the greatest effect on the activity of MB. 

In vitro studies have shown that during photoexposure of lung carcinoma cells in the presence of RB, the number of 

surviving cells is 18%, and in the presence of the RBïF108 complex - less than 8%. In addition, the photodynamic effect 

on S. aureus and P. Aeruginosa cells in the presence of the MBïAP complex is 1.8 and 1.5 times more effective, 

respectively, compared to the use of the original dye (a decrease in the number of colonies of these cultures was 

observed). 

Thus, the work for the first time revealed the patterns of the effect of amphiphilic polymers on the photosensitizing 

activity of RB and MB in the process of photogeneration of singlet oxygen under model conditions and established the 

efficiency of photodynamic action when using dye-polymer systems in vitro experiments (on cancer and bacterial cells). 
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Branched allylic esters and carboxylates are fundamental motifs prevalent in natural products and drug molecules. 

The direct allylic CïH oxygenation of internal alkenes represents one of the most straightforward approaches, bypassing 

the requirement for an allylic leaving group as in the classical TsujiïTrost reaction. However, current methods suffer 

from limited scopeƄoften accompanied by selectivity issuesƄthus hampering further development. Herein we report a 

photocatalytic platform as a general solution to these problems, enabling the coupling of diverse internal alkenes with 

carboxylic acids, alcohols, and other O-nucleophiles, typically in a highly regio- and diastereoselective manner. 
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Azolo[1,5-a]pyrimidines are synthetic heterocycles widely used in medicine and the production of luminescent 

materials. Since the first synthesis of such compounds in 1909, the chemistry of azolo[1,5-a]pyrimidines has still not 

been exhausted, while their popularity and prevalence increasing over the years. Most of their synthesis methods in the 

literature are represented by all possible condensations of [3 + 3] type between aminoazoles and various ɓ-

dielectrophiles. However, syntheses involving N,S-acetals have been studied quiet scarce, which is usually due to the 

low prevalence of such substrates. Thus, to obtain new derivatives of azolo[1,5-a]pyrimidines, we synthesized acetals 

2 and 5, and also studied their interaction with 3-aminoazoles 1. 

 

 

  

It was found that the reaction of substrates 1 and 2 upon heating in dimethylformamide in the presence of potassium 

carbonate leads to the formation of exclusively 7-(substituted amino) azolo[1,5-a]pyrimidin-5-ones 3, which were 

subsequently modified in several ways at position 5 to yield products 4. In turn, the reaction of azo derivatives 5 with 

3-aminoazoles 1 under similar conditions also leads to the production of the corresponding azolo[1,5-a]pyrimidin-5-

ones 6. Subsequent reduction of the azo group and heterocyclization allowed to obtain other, extremely poorly studied 

tricyclic heterocycles ï azolo[5,1-b]purines 7. 
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Tyrosine-derived alkaloids isolated from the marine sponge Suberea clavata in 2009 [1] demonstrated potent 

anticancer activity in vitro[2]; therefore, structurally similar molecules, containing spiroisoxazoline moiety represent 

promising candidates for further pharmaceutical optimization.  

The vast majority of syntheses of these compounds involve oxidative dearomatization using external oxidants, 

which can negatively affect substrates containing oxidation-sensitive functional groups.  

 

 

 

In this work, we propose an alternative mild, non-oxidative approach for the synthesis of the spiroisoxazoline ring 

system, utilizing the chemistry of elusive oxoiminium cations A[3], generated in situ from readily available and shelf-

stable precursors, isoxazoline N-oxides 1. 
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A definition for a new class of compounds has been proposed: hydroxylaminosolvates are cocrystals containing 

hydroxylamine as a neutral molecule (regardless of the position of the hydrogen atom within the neutral hydroxylamine 

molecule, i.e., regardless of whether hydroxylamine is in the zwitterionic form NH3
+O- or in the form of NH2OH) and 

another organic or inorganic coformer (neutral molecule or salt). By analogy with peroxosolvates and hydrazinosolvates, 

hydroxylaminosolvates are solid compounds containing hydroxylamine (or hydrogen peroxide, or hydrazine) of 

crystallization component in the same manner as a crystallohydrates contain water of solvation [1,2]. 

Some of the most recent examples of such hydroxylaminosolvates are structures I  and II  [3]. Both of them cocrystals 

of hydroxylammonium chloride with hydroxylamine in 1:1 (NH3OHClẗNH3O, structure I ) and 2:1 (2(NH3OHCl)ẗNH3O, 

structure II ) ratios are prepared and structurally characterized. The structures of both cocrystals are determined by XRD: 

the structures crystallize in the monoclinic crystal system, both in the P21/c space group. It is established that the NH3O 

ammonia oxide zwitter ion forms an exceptionally large number of contacts (11 in I  and 12 in II ). The main differences 

between the structures of I  and II  are manifested in the supramolecular organization of their crystal packings: 

hydroxylamine acts as a hydrogen donor for four hydrogen bonds and a hydrogen acceptor for other four hydrogen 

bonds in I  and as a hydrogen donor for six hydrogen bonds and a hydrogen acceptor for three hydrogen bonds in II . 

 

    

 

Figure 1. Hydrogen bonds and short contacts formed by the NH3O hydroxylamine molecule in the structure  

of I  (left) and II  (right). Displacement ellipsoids are shown at 50% probability level. 

 Hydrogen bonds are drawn by dashed lines. 
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Clean water is an irreplaceable and essential natural resource, playing a vital role in the medical, food and energy 

industries. Water pollution is mainly caused by insufficient treatment of industrial and agricultural effluents, which 

can make the water in rivers and lakes unsuitable for living organisms. Contaminants of greatest concern include 

heavy metals, herbicides, dyes, and pharmaceuticals, which can accumulate in the food chain and adversely affect 

everyone involved. Today, supramolecular encapsulation with macrocyclic compounds (cyclodextrin, calixarene, 

cucurbituril, etc.) has become one of the approaches to remove toxic substances from the environment, which has 

made it possible to significantly reducing undesirable side effects on living systems. Pillar[5]arenes are among the 

most popular paracyclophanes among macrocyclic host molecules since their discovery in 2008. The interest in this 

macrocyclic class of compounds is due to several factors: pillararenes have a symmetrical structure and a rigid 

framework, and the relative ease of platform functionalization with various substituents and the possibility of one-

step synthesis make them attractive objects for the construction of new host molecules with practically useful 

properties. In addition, a number of pillar[5]arene derivatives have low toxicity and good solubility in water, and 

the possibility of regioselective functionalization allows controlled binding to guest molecules of different nature. 

In the course of this study, water-soluble betaine derivatives of pillar[5]arene containing amino acid residues 

(GlyGly, L-Phe, and L-Trp) were synthesized for the first time. The structure of the synthesized compounds has 

been fully characterized by a series of physical methods (1ʅ, 13ʉ NMR and IR spectroscopy, and mass spectrometry). 

This work proposes the use of water-soluble, low-toxicity pillar[5]arene derivatives containing amino acid residues 

to bind a number of herbicides (glyphosate, paraquat, pyridate, glufosinate, and 3-(methylphosphinico)propionic 

acid). The charge influence in the pillar[5]arene substituents and their self-assembly on the toxicity of the 

synthesized macrocycles towards the A549 and LEK cell lines was demonstrated. The selectivity of pillar[5]arene 

betaine derivatives towards pyridate, glyphosate, and paraquat has been demonstrated. An approach using 

pillar[5]arene betaine derivatives to protect nucleic acids (DNA) from glyphosate damage by competitive binding 

to the macrocycle has been proposed and implemented for the first time.  
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Radiation therapy and chemotherapy are currently successful strategies for treating oncology, but the inevitable 

damage to healthy tissues leads to serious side effects, which are the main cause of high mortality of patients. A 

promising direction for solving this problem is the creation of directed transport systems for antitumor drugs.  

One of the most promising platforms for creating such systems are poly(aminoamide) (PAMAM) and 

poly(propyleneimine) (PPI) dendrimers. These two classes of cationic dendrimers have a number of common properties, 

such as high symmetry and regularity of structure, efficiency of binding of high- and low-molecular-weight substrates, 

and the possibility of functionalization of terminal groups with different fragments. Previously, our research group 

proposed the hypothesis of replacing the core and one or more internal ñlayersò of PAMAM dendrimer with macrocyclic 

compounds close in size [1ï3]. The introduction of a macrocyclic core endows dendrimers with a number of advantages 

over their classical analogs: an increase in the size of the pseudo-cavity for binding low-molecular-weight substrates, a 

decrease in the number of generations required to achieve efficient nucleic acid binding, and, as a consequence, a 

decrease in toxicity (due to a smaller number of terminal groups).  

In this work, we developed methods for the synthesis of new first-generation PPI dendrimers with a thiacalixarene 

core in cone, partial cone, and 1,3-alternate conformations. The binding efficiency of low molecular weight antitumor 

drugs (5-fluorouracil, doxorubicin, fludarabine) was studied and the biological activity of the obtained dendrimer-drug 

systems was evaluated. 

 

This work was financially supported by RSF, project No. 24-43-10005 (https://rscf.ru/en/project/24-43-10005/) and 
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Fungal infections pose a serios threat to human health. Moreover, fungal infections have become significantly more 

frequent and severe, leading to high rates of morbidity and mortality and mainly affect immunocompromised patients. 

Many antifungal drugs face the problem of target resistance or toxicity of the compounds to mammalian cells. Besides, 

they have limitations in relation to clinical efficacy connected with low water solubility caused by the hydrophobic 

nature of these compounds. One of the solutions to the problem is to use skin penetration enhancers which accelerating 

penetration of the drugs by reversibly reducing diffusion resistance to the lipid bilayer. Terpenoids and their derivatives 

have strong potential to enhance skin penetration, they are non-toxic and safe adjuvants with relatively low and short-

term irritation. Recently, interest in the possible application of natural alternatives to synthetic drugs intended to 

prevention of the growth and destruction of bacteria and fungi has been markedly increased. Terpene alcohols are natural 

antifungal and antibiofilm agents and may be promising drugs for the inhibition of the Candida biofilms. For example, 

the sesquiterpene alcohol farnesol was used by the fungus Candida albicans as a signaling molecule that allowed 

perceiving the sense of quorum, and thus suppressing filamentation in hyphae and biofilm formation. The availability 

and diversity of natural terpene compounds exhibiting a wide range of biological activity attracts the attention of 

researchers more and more every year.  

In this work, various terpene alcohols were taken as the basis of antifungal drugs and functionalized using the 

Michael reaction with 1-(3-aminopropyl)imidazole, 4-picolylamine, and 2-(dimethylamino)ethanethiol hydrochloride. 

Michael reaction is a reaction of addition of nucleophiles to the Ŭ,ɓ-unsaturated carbonyl systems. Moreover, it is a 

universal method for constructing new CïN or CïS bond and constitutes an important step in the synthesis of 

biologically active natural compounds. We synthesized Michael acceptors by an introducing the Ŭ,ɓ-unsaturated 

fragment into the structure of mono-, sesqui-, and diterpenols by a creation the ester of terpinol and acrylic acid. Special 

conditions for Michael addition of 1-(3-aminopropyl)imidazole, 4-picolylamine, and 2-(dimethylamino)ethanethiol 

hydrochloride to various terpenyl acrylates were developed. The structure and composition of the obtained compounds 

were confirmed by a number of physical methods such as 1H and 13C NMR spectroscopy, IR spectroscopy. The 

membrane activity of the obtained compounds was determined by turbidimetry and the relationship with their 

lipophilicity coefficient logP was established. It has been discovered that the obtained compounds are able to 

successfully reduce the growth rate and show increased activity against opportunistic lines of fungi and bacteria [1, 2]. 

For a number of the obtained meroterpenoids, the absence of direct mutagenic action was demonstrated using the Ames 

test [2]. 
 

The study was carried out with financial support from the Russian Science Foundation (grant ˉ. 24-73-00236). 
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Theranostics is an advanced approach to the oncological diseases treatment by utilizing medications capable of fulfilling 

dual rolesðboth therapeutic and diagnostic within the human body. This research focuses on synthesizing and investigating 

the photophysical and biological characteristics of theranostic conjugates, combining a photosensitizer (PS) with a 

fluorophore (FL) units. The selective excitation of individual components within these conjugates enables seamless 

transitioning between diagnostic and therapeutic modalities. 

 

Fig.1. Glutation-cleavable theranostic working principle 

 

In our earlier works, we showed that in such conjugates, the Forster energy transfer is realized with high efficiency, which 

worsens the fluorescence of the fluorophore unit [1]. Elongation of the spacer between the conjugates leads to a slight decrease 

in the efficiency of PET, but does not block it completely [2]. Therefore, the most promising approach is to connect the 

conjugate components through a linker containing a disulfide bond [3]. The disulfide fragment inside the cells is cleaved by 

the enzyme glutathione, which is excessively expressed by tumor cells. After the cleavage of the spacer, energy transfer is 

impossible and each chromophore can be photoexcited independently (Figure 1). 

 

 

Fig.2. Structures of synthesized compounds 

 

We synthesized and evaluated the optical properties of cleavable conjugates 1 and 2 (Fig.2) based on 1,8-

naphthalimide and BODIPY fluorophores, as well as chlorin and bacteriochlorin type photosensitizers. 

 

This work was supported by RSF project ˉ 24-73-00359. 
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Halogenobismuthates have been proposed as an alternative to halogenoplumbate-based perovskites to overcome 

their shortcomings (insufficient stability and toxic metal content) [1]. We have initiated a systematic search and 

investigation of halogenobismuthate salts of amino acids [2]. 

Recently, we discovered a new class of compounds incorporating different amino acids [3]. In particular, a salt of 

iodide containing L-argininium (+) cation and zwitterionic sarcosine, (L-ArgH)(Sar)I [4], was formed. It seemed 

interesting to study the possibility of obtaining similar salts with a halogenobismuthate anion. In the present work we 

report the preparation of the first such salt: (L-ArgH2)(SarH)(Bi2I9).2H2O, containing L-argininium (2+) and sarcosinium 

cations. 

The crystal and molecular structure was determined by single crystal X-ray diffraction. The obtained sample was 

characterized by infrared and Raman spectra. Its electronic structure was calculated based on the crystal arrangement 

by the DFT method, and the bandgap was experimentally measured using powder diffuse reflectance spectroscopy. 

 

 

 

This work opens up a wide field for searching for new crystals of halogenobismuthate salts containing different 

amino acids as new materials for solar energy conversion and other fields. 
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Linear dichroism, the anisotropic absorption of linearly polarized light resulting in orientation-dependent coloration, 

is an important optical phenomenon. This property enables dichroism to be used in a variety of applications, from 

nanoscale optical devices and high-efficiency polarizers to stimuli-responsive materials, with new applications in 

analytical instrumentation and biomedical imaging. 

Although linear dichroic materials have been widely investigated, this optical phenomenon for organic substances 

has been focused only on closed-shell molecular systems. Meanwhile, nitronyl nitroxide radicals show significant 

promise for optical applications due to their high stability and crystallization properties. The combination of their 

magnetic and redox properties with strong absorption in the visible region presents unprecedented opportunities for 

coupling external stimuli to optical, electrical and magnetic reactions, potentially opening new horizons in science and 

technology. 

 

 

Figure 1. Linear dichroism in nitronyl nitroxide radicals: properties and origin. 

 

We present the first comprehensive analysis of the nature of linear dichroism in nitronyl nitroxide radical crystals. 

Six radicals were synthesized, characterized (Figure 1 as an example of one of them), and investigated using the 

complementary techniques of single-crystal X-ray diffraction (XRD) and polarized absorption spectroscopy. We expect 

that this study will open new avenues for the design of materials for various technological applications requiring 

responsiveness to multiple stimuli. 

 

This work was supported by the Russian Science Foundation (project no. 24-73-10026) https://rscf.ru/en/project/24-

73-10026/. 
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Reductive addition reactions are widely applied for the construction of C-N and C-C bonds in organic molecules. 

Traditionally, molecular hydrogen and complex hydrides are commonly used in these transformations as reductants. 

However, the drawbacks of these typical reducing agents include time- and energy-consuming production processes, 

insufficient selectivity and release of harmful wastes. This work shows that the usage of hypophosphites of alkaline 

metals as reductants allows preparation of wide range of valuable compounds including pharmaceutical substances. In 

particular, sodium hypophosphite is a non-toxic and commercially available compound that serves as an effective 

reductant in the target transformations turning into safe phosphates as wastes. Comprehensive study has demonstrated 

that almost all combinations of carbonyl compounds and amines can be transformed into the products of reductive 

amination with the preparative yields. Control experiments and research of reaction kinetics allowed us to propose 

plausible mechanism. This research illustrated that the mechanistic scheme can depend on the type of starting materials. 

The influence of cation of alkaline metal on the reductive ability of hypophosphites has also been studied in C-N bond 

formation. Formamides turned out to be effective synthetic equivalents of amines in the reductive amination with 

NaH2PO2 as reductant. This was especially beneficial for the synthesis of substances with NMe2 group, when DMF 

replaced gaseous toxic and volatile Me2NH. Finally, tandem reductive addition of CH-acids to carbonyl compounds has 

been successfully carried out furnishing nitriles in one step. 
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Accurate prediction of fluid properties is critical for industrial applications, from nuclear reactor safety to battery 

performance. The development of fluids with industry-defined properties can be both time- and resource-consuming. 

With the increasing availability of computational resources, modeling is becoming more and more accessible. Molecular 

dynamics (MD) modeling is an extremely strong tool that allows one to model materials at the atomic level and obtain 

various properties with the well-developed methods of statistical physics. Applying machine-learned interatomic 

potentials, one can expect an accurate prediction of physico-chemical properties.In this work we use the molecular 

dynamics method for accurate prediction of physicochemical properties of several fluids relevant to industry. In our 

modeling, moment tensor potentials (MTP) [1, 2] are employed to describe interatomic interactions. MTP parameters 

are fitted to reproduce energies, forces, and stresses obtained by the density functional theory.  

The properties of FLiNaK, FLiBe and other similar molten salts are needed to accelerate the molten salt reactor 

development. As it is shown in [3,4] MTP can be used for calculation of properties of such systems. Inspired by this 

success, we investigate the FLiBe molten salt with addition of lanthanide trifluorides (LaF3, CeF3, NdF3). For FLiBe 

molten salts the effect of lanthanide trifluorides addition on the density, viscosity, diffusion coefficients and thermal 

conductivity is studied. Additionally, we study the structure of melt and coordination of fluorine by lanthanides, we 

observe different coordination complexes at different temperatures. Performance of MTP and MACE in the task of 

predicting the properties of molten salt are compared.There are two liquid systems in the calcium production process: 

Ca-Cu liquid metal cathode and CaCl2-KCl molten salt electrolyte. In our work we employ the MTP MD to predict the 

properties of these systems, the data on the properties of these fluids will help to optimize the production technology. 

For the mentioned systems, we calculated the density, structural properties, the heat capacity, and transport coefficients: 

viscosity, diffusion coefficients and ionic electric conductivity (for electrolyte system). Furthermore, for the Ca-Cu melt, 

we prepared the transferable MTP that is applicable in a wide range of compositions and temperatures. The obtained 

properties are in good agreement with the experimental data. 

Next, we calculate the physico-chemical properties of the molecular solvents used in lithium batteries electrolytes. 

MTP MD was conducted for a number of electrolyte solvents: dimethyl carbonate, ethylene carbonate, propylene 

carbonate, and others. The results of the density and viscosity calculations agree quite well with the experimental values 

[5], as well as with the calculations with more resource-demanding neural network interaction potentials [6].  

Thus, in this study we show that MTP is a promising approach for blind prediction of physicochemical properties 

of metal melts, ionic and molecular liquids. Also, we show that it is possible to create a transferable MTP for atomic 

liquids.  
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Cocktail-type catalytic systems are dynamic ensembles of active forms that arise as a result of transformations of 

the initial complex in the reaction medium [1, 2]. Such systems are complex in nature, since the active center is not a 

fixed molecule, but a balanced mixture of interconvertible species ï molecular complexes, nanoparticles and their 

adsorbed fragments. This phenomenon has been experimentally confirmed in CïN and CïC cross-coupling reactions, 

where it has been established that high activity is due not to a single structure, but to the dynamic rearrangement of the 

catalytic pool. Traditional approaches to studying such systems ï spectroscopy (NMR, XPS), in situ mass spectrometry, 

and high-resolution electron microscopy ï allow only fragmentary recording of individual states. At the same time, the 

temporal and spatial scales of the processes occurring in cocktail systems lead to extremely complex multifactorial 

dependencies that are difficult to interpret directly. Here, machine learning methods are a key tool, enabling the 

identification of hidden correlations in large experimental data sets. These approaches not only deepen our fundamental 

understanding of dynamic catalysis, but also form a new paradigm in the development of sustainable and selective 

catalysts for the synthesis of organic compounds and green chemistry processes. 
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The formation of biofilms is a widespread problem, particularly in healthcare [1]. Biofilms are clusters of microbial 

cells surrounded by a protective polymer matrix that makes bacteria more resistant to antibiotics and disinfectants. This 

complicates the treatment of infections and contributes to the development of chronic diseases. Therefore, identifying 

new substances and materials that can prevent biofilm formation is important. 

Ionic liquids (ILs) are promising compounds for solving this problem. Due to their properties, ILs can penetrate 

various biological structures and demonstrate enhanced effectiveness against bacterial biofilms. In this study, we present 

potential antibiofilm agents on the basis of ILs functionalized with menthol that was chosen as an active pharmaceutical 

ingredient (API) because of its proven efficiency against biofilms [2] and low cost. 

The effect of the alkyl side chain in the cation on the biological activity of menthol-containing API-ILs was studied. 

Increasing the length of the alkyl linker increased the antimicrobial activity. In particular, the antimicrobial activity of 

the API-ILs with longer alkyl side chains against E. faecalis and C. albicans was comparable or even superior to that of 

commercial antibiotics. These results open up new prospects for creating effective antimicrobial coatings and 

disinfectants on the basis of ILs. 
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The phenomena of aromaticity and antiaromaticity are associated with changes in the stability of the -́system due 

to cyclic delocalization of electrons ð compared to acyclic conjugated systems. In this study, we investigate three 

distinct types of aromaticityðH¿ckel, Baird, and Mºbiusðwithin the context of electron-deficient seven-membered 

carbocycles. Notably, classical H¿ckel aromaticity was observed only within a mass-spectrometer while significant 

portion of our work focused on elucidating the H¿ckel antiaromaticity of cycloheptatrienyl-anion derivatives through 

both experimental and computational approaches [1]. Given the challenges in quantifying antiaromatic destabilization 

energies for complex molecules, we employed alternative criteriaðstructural and magneticð to assess the degree of 

antiaromaticity. 

We recognize three fundamental states of chemical matter: ground, transition, and excited states. The aromaticity 

(or antiaromaticity) of excited states is described by Baird's theory, which posits that stabilization, degeneracy, and bond 

alignment occur in cyclic conjugated systems containing 4n electrons. Our research demonstrates that cycloheptatrienyl 

anions in their triplet state exhibit aromatic characteristics, with substitution exerting minimal influence on their 

physicochemical properties [1]. 

Moreover, our investigation into aromatic transition states reveals that Mºbius topology in seven-membered anionic 

electrocyclic reactions is energetically more favorable than H¿ckel topology in five-membered anionic counterparts [2]. 

We also identified Mºbius aromaticity in cycloheptatetraene intermediate during unique antiaromatic nucleophilic 

substitution reactions involving cycloheptatrienide zwitterions that we have developed [3ï4]. In these reactions, the 

driving forces include both the removal of H¿ckel antiaromaticity from the starting materials and the acquisition of 

Mºbius aromaticity in the intermediates. 

 

  
 

The work was supported by the Russian science foundation (grant #23-73-10181). 

 
References 

[1] R.F. Salikov etal. ChemistryïA European Journal 30 (2024) e202401041. 

[2] M.K. Ilyushchenko etal. The Journal of Organic Chemistry 88 (2023) 5661. 

[3] A.D. Sokolova etal. Organic Letters 26 (2024) 5877. 

[4] R.F. Salikov etal. ChemistryïAn Asian Journal 14 (2025) e202500119. 

 

  



Oral Reports  

103 
 

Polymeric nanocomposites TiO 2/Au (Ag, Cu) ï  

highly efficient photocatalyst and their application prospects 

Salomatina E.V., Smirnova L.A. 

Lobachevsky State University of Nizhny Novgorod,  

603022 Russia, Nizhny Novgorod, Gagarin ave 23, bld. 5, 206,  

e-mail: salomatina_ev@mail.ru 

 

Nowadays, TiO2 of the anatase polymorphic modification is one of the most common photocatalysts for water 

purification from organic pollutants and is used in the development of photoinduced self-cleaning coatings. This is 

caused by ability of TiO2 to form reactive oxygen species (ROS) under light irradiation as a result of non- homolytic 

cleavage of the Ti-O bond during the photoinduced single-electron transition Ti4+ + e- Ҏ Ti3+. However, powdered TiO2 

has a low quantum yield ï 17-20% ï of this process due to the limition of its working wavelength range only UV region 

of spectra and strong light scattering by large particles. TiO2 can demonstrate the photocatalytic activity under the 

sunlight if significant increase its specific surface area using it in a nanostructured form and doping with metal 

nanoparticles (NPs), in particular, Au, Ag, Cu. The latest have plasmonic absorption in the visible region of spectra and 

are capable of transferring excitation energy to TiO2. The using of NPs with high surface energy dictates the necessity 

to stabilize them. Effective stabilizers are polymers of various natures - chitosan (CTS) and (meth)acrylic (co)polymers, 

which also open up the possibility of controlling the NPs size. It is important that these polymers are transparent and 

should not reduce the efficiency of TiO2 NPs due to light scattering. 

The aim of the research is studying the photocatalytic activity of TiO2 nanocomposites modified with Au (Ag, Cu) 

NPs in polymer matrices of various natures in the processes of decomposition of organic pollutants in contaminated 

water and purification of natural water from pathogenic bacteria under light irradiation in a wide range of wavelengths. 

Copolymers of hydroxyethyl methacrylate with monomers of the (meth)acrylic series and CTS were used as polymeric 

stabilators of NPs. In the first case, optically transparent organic-inorganic copolymers containing TiO2 NPs were 

synthesized by the polymerization-polycondensation method. For obtaining compositions of TiO2 NPs stabilized with 

CTS, they were preliminarily formed by the sol-gel method from Ti(OPri)4 in a PriOH and then added to CTS solutions. 

Au (Ag, Cu) NPs were synthesized in polymeric stabilizer matrices by UV or chemical reduction of precursors. The 

nanocomposites structure was studied by XRD and SEM methods. TiO2 NPs have a photoactive anatase polymorphic 

modification, the size of Au (Ag, Cu) NPs depends on the polymer stabilizer nature and is on average 5-10, 10-25 and 

28 nm, correspondingly. TiO2 NPs modification by metals NPs leads to a decrease in the its band gap from 3.35 eV to 

~ 1.8 - 2.1 eV. At the same time, the additional impurity absorption bands appear in the nanocomposites with 

characteristic values at 1.88 eV and 1.65 eV for TiO2/Ag, 1.9 eV and 1.49 eV for TiO2/Au and 1.85 eV for TiO2/Cu 

which is in correlation with the absorption of visible light with wavelengths of ~ 650 nm, ~ 800 nm and ~ 670 nm. 

TiO2/Au (Ag, Cu) NPs nanosystems stabilized by both CTS and (meth)acrylic (co)polymers are able to decompose azo-

dyes, phenol and nitrophenol in water. A reduction in the pollutants concentration in water by ~ 90 ï 95% under UV-

light and by 40 ï 90% under visible light irradiation within 2 hours was determined. Using TiO2/Ag nanodispersions 

stabilized by CTS lead to suppression of Pseudomonas aeruginosa in water by 50% under UV-irradiation and by 95% 

under daylight within 30 min. TiO2/Ag NPs nanocomposites in (meth)acrylic (co)polymer matrices cause death of 97 

% and 100% of Escherichia coli and Staphylococcus aureus, respectively, within 5 min. All this is obviously due to the 

ROS formation on TiO2 NPs under light irradiation, which was proven using a chemical sensor sensitive to singlet 

oxygen.  

Thus, the obtained nanocompositions of TiO2/Au (Ag, Cu) stabilized by CTS or (meth)acrylic (co)polymers are 

promising for use in elements of water purification systems from azo-dyes, as well as for water disinfection in crisis 

extreme situations and in remote, hard-to-reach areas where there are no water treatment stations. 
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The selective functionalization of the C(3) positions in five-membered heterocycles such as thiophene, furan, and 

pyrrole is indeed a significant challenge in organic synthesis due to their inherent electronic properties, which typically 

favor reactivity at the more electron-rich C(2) and C(5) positions[1]. However, ruthenium-catalyzed CïH activation has 

emerged as a powerful strategy to achieve selective functionalization at the less reactive C(3) and C(4) positions [1]. 

This study presents innovative ruthenium-catalyzed strategies for the regioselective CïH functionalization of 

thiophene, furan, and pyrrole derivatives at the C(3) position. The developed methods enable arylation, alkylation, 

alkenylation, and acylation, significantly expanding the toolbox for modifying these heterocycles, which are crucial in 

pharmaceuticals, materials science, and agrochemicals [2,3]. (Fig. 1).  

 

Fig 1. Developed catalytic systems 
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Introduction: Mathematical modeling is widely used in the study of arterial hypertension and mechanisms of 

regulation of the cardiovascular system. The problem of finding optimal methods for describing the parameters of the 

cardiovascular system remains relevant today [1].  

The aim of this work was to develop a new mechanical and physiological method for modeling the regulation of 

blood pressure (BP) when testing the depressor function of the arterial baroreflex (BR). 

Methods: A new approach is proposed, in which a change in BP (or any other physiological parameter) is associated 

with the movement of a block with a spring attached to it along a horizontal surface. In the proposed system, the block 

is the adjustable parameter, the spring attached to it is the regulating system, and the block's movement is caused by the 

action of an external force on it. 

Results: Based on the proposed model, the behavior of the BP was described for the first time using the 

pharmacological method (Oxford method) for determining the depressor function of the BR, where the BP was 

associated with a block, the regulatory role of the BR was assigned to a spring with a variable coefficient of elasticity; 

the influence of unaccounted mechanisms of BP regulation was reflected in the friction force of the block on a horizontal 

surface with a controlled coefficient of friction. The function F(t) was adopted as an external force that takes the block 

out of equilibrium, simulating the effect of an exciting stimulus similar to the action of Phenylephrine, which causes a 

sharp increase in BP. The model is implemented by a program in Python 3.11.5. and can operate in two modes: 

describing the behavior of the BP during normal depressor functioning of the BR (mode M-1) and in its absence (mode 

M-2). In this case, the main condition is met [2]: in the M-1 mode, the model reduces the peak deviation of BP by 25-

30% and increases the time to achieve it compared to the M-2 mode.   The adequacy of the proposed model was tested 

by comparing the results of its operation in two modes (M-1 and M-2) with previously obtained data on the hypertensive 

response to the Phenylephrine (15 ɛg/kg, iv) when assessing the depressor function of the BR in laboratory rats using 

the Oxford method. The animals were with intact BR and with BR against the background of two hypotensive drugs ï 

the ganglioplegic Ganglerone (3 mg/kg, iv), which improves the function of BR [3], and the non-selective ɓ-blocker 

Propranolol (2 mg/kg, iv), which inhibits the function of BR upon its single administration [4]. A statistically significant 

coincidence was obtained between the behavior of the model in the M-1 mode with deviations in BP in animals with 

intact BR and against the background of Ganglerone and the model in the M-2 mode with deviations in BP in animals 

against the background of Propranolol. 

Conclusions: A new mechanical and physiological approach to modeling the behavior of a physiological parameter 

has been proposed and applied, allowing the general principle of its functioning to be reflected without detailing the 

process itself. This method has been demonstrated in describing the behavior of BP during the pharmacological method 

of determining the depressor function of BR. 
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One of the emergent trend in organic chemistry is the design of organic porous materials based on noncovalent 

interactions. The main problem in this area is the low predictability of supramolecular assembly of organic compounds. 

In addition, it is necessary to take into account the stability of the porous materials in the operational conditions including 

drying and storage. 

The mitigation of these issues can be achieved through the application of charge-supported noncovalent ů-hole 

interactions. Due to this reasons, iodonium salts are able to be a useful tecton combining predictable assembly and 

structural properties due to formation of two linear charge-supported halogen bonds.[1] 

This report is aimed to deliver the ongoing results in the supramolecular assembly of iodonium cation depending on 

structure of cationic and anionic part [2-4]  
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The unnatural halogen-containing Ŭ-amino acids (AAs) are widely used in medicinal chemistry and the 

pharmaceutical industry.1 The development of new efficient methods for their synthesis is the perspective direction, and 

obtaining enantiopure halogen-containing Ŭ-amino acids is still challenging.2 

We report the method for the asymmetric synthesis of unnatural perfluoroalkylated and halogenated Ŭ-AA 

derivatives via radical coupling of the chiral Belokonôs Ni(II) complex of the dehydroalanine Schiffôs base (S)-BPB-Ni-

ȹAla 1 with different perfluoroalkyl iodides or fully halogenated alkanes 2 catalyzed by a dual 4-cyanopyridine/B2Pin2 

system (Figure).3,4 Diastereomeric perfluoroalkyl-containing Ni(II) complexes (S,S)-3 with a ratio of up to >20:1 dr 

were obtained in 33ï54% yields. Diastereomeric halogene-containing Ni(II) complexes (S,S)-3 with a ratio of up to dr 

>20:1 were isolated in 40ï70% yields. In addition, the Ni(II) complexes (S,S)-3 with bromo- and the chloro-substituted 

alkyl groups were used for the cyclopropane ring formation. The target unnatural Ŭ-AAs 4 were isolated with excellent 

enantioselectivity and yields up to 97%.3,4 

 
 

Figure. Synthetic approach to enantiopure perfluoroalkylated and halogenated Ŭ-amino acids. 
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Aromatic and heteroaromatic compounds containing amide fragments are widely used in organic synthesis, 

medicinal chemistry, materials chemistry, agrochemistry, and catalysis [1]. N-Aryl phenothiazine derivatives find wide 

application in organic light-emitting diodes, photochromic materials, as well as sensitized solar cells and photocatalysts 

[2]. The practically important properties of nitrogen-containing compounds with an amide or phenothiazine fragment 

stimulate the search for new reactions for obtaining this class of compounds, and the search for so-called ñgreenò 

synthesis conditions is especially in demand. 

The work presents methods for obtaining N-arylamides and N-aryl phenothiazines using nitriles and phenothiazines 

(PTZs) as aminating agent under mild electrochemical conditions. (Scheme 1).  

 

Scheme 1. Electrochemical synthesis of N-arylamides and N-aryl phenothiazines. 

 

The proposed approaches allow obtaining products with acetamide, propioamide and phenothiazine fragments with 

yields of up to 90%. Based on the data of physicochemical methods (CVA, EPR), key reaction intermediates were 

identified, and a reaction mechanism was proposed [3]. 

 

This work was supported by the Russian Science Foundation (grant ˉ 25-13-00026). 
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Compounds of the cyclic acetal class are the subject of intensive research, which is due to their wide use in 

petrochemistry and fine organic synthesis. Significant progress in the chemistry of these heterocycles is associated with 

both the development of traditional transformations and the development of new methods for transforming the 

cycloacetal fragment. Various options for modifying cycloacetals with the preservation or opening of the cyclic fragment 

make it possible to obtain a wide range of polyfunctional compounds with a set of valuable properties. 

The report discusses methods for obtaining 1,3-dioxacyclanes based on petroleum products (condensation of 

carbonyl compounds with polyols, olefins (Prince reaction), introduction of a cycloacetal fragment into a molecule that 

does not contain a carbonyl group). 

Individual reactions of O-, N-, C-alkylation of these compounds are given, leading to the formation of heterocycles 

containing a 1,3-dioxolane fragment. Data on homolytic reactions of acetals in the liquid phase, heterolytic cleavage of 

the cycloacetal fragment, ion-radical and carbene reactions are presented. The results of a study of the biological activity 

of polysubstituted cyclic acetals (cytotoxic, antimicrobial, antioxidant, anticoagulant, antiaggregant, etc.) are shown. 

 

The work was financially supported by the state task of the Ministry of Education and Science of the Russian 

Federation "Development and creation of low-tonnage products and reagents (corrosion and scale inhibitors, 

antioxidants, biocides, additives, etc.) for petrochemical processes and purification of aqueous media from pollution, 

replacing imported substances and materials. Theoretical and experimental approaches (FEUR-2023-0006).  
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The allylation of aldehydes with allyltrichlorosilanes has evolved into a powerful and practical synthetic 

methodology, providing straightforward access to enantioenriched homoallylic alcoholsðversatile building blocks 

widely used in agricultural, pharmaceutical, and fine chemical industries [1]. Despite extensive reports on catalytic 

asymmetric aldehyde allylations using simple allyl- and crotyltrichlorosilanes, the utilization of other ɔ-substituted 

allylic derivatives remains limited [2]. This limitation arises from the electron-withdrawing nature of substituent X 

(Scheme 1), which reduces the nucleophilicity of the ɔ-carbon, rendering such reactions difficult. 

 

Scheme 2 

 

We demonstrate that a myrthenal-derived bipyridine-dioxide catalyst effectively promotes the highly 

enantioselective addition of both (Z)- and (E)-ɔ-chloroallyltrichlorosilanes to aldehydes (Scheme 2). The resulting 

chlorohydrins provide direct access to enantiopure vinyl epoxidesðversatile building blocks widely employed in 

organic synthesis[3].  

 

Scheme 2 

 

Catalyst structures and preparation as well as reaction optimization will be disclosed 

 

The work was supported by a grant from the Russian Science Foundation ˉ 25-23-00635, 
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The ability of peroxides to undergo ɓ-scission under the action of transition metals allows the  O-O group to act as 

a "molecular picklock" for the selective cleavage of an adjacent C-C bond, forming C-centered radicals. This unique 

property of peroxides paves the way for the elegant synthesis of lactones, unsaturated and ɤ-functionalized carboxylic 

acids, esters, and amines. However, transition metal promoted cleavage of peroxides often leads to the formation of 

complex product mixtures. 

Previously, we found that bridged ozonides, can be selectively converted into Ŭ-bromo-, Ŭ-chloro-, and Ŭ-iodo-ŭ-

ketoesters under the action of FeBr2, FeCl2, and FeI2 respectively, whereas tricyclic monoperoxides, when treated with 

FeSOϞ,yield Ŭ-hydroxy-ŭ-diketones [1].  

Recently, we discovered the selective reaction of cyclic aminoperoxides with FeClϜ yielding functionalized 

tetrahydrofurans [2]. Depending on the starting aminoperoxide, it is possible to obtain 1,4-disubstituted tetrahydrofurans 

with either an amide and an ester group or an amide and an acetyl group. Remarkably, the aminoperoxide cores, despite 

undergoing multiple bond scissions, retain all atoms from the reactants, resulting in highly atom-economic 

transformations.  This is the first FeĮϕ-mediated peroxide rearrangement that proceeds with retention of the empirical 

formula. Moreover, it is the first demonstrated assembly of a tetrahydrofuran ring from a 1,5-diketone. 
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Ultra-High-Temperature Complex Borides (UHTCBs) typically feature a hexagonal crystal structure and a 

combination of covalent and ionic bonding, benefiting from both high-entropy and ultra-high-temperature material 

properties. Despite their promise, further investigation is required to refine synthesis parameters, densification 

techniques, and to understand how factors such as particle size and microstructure influence final properties. 

The fabrication of these ceramics often relies on forming solid solutions from commercially available diboride 

powders using techniques such as high-energy ball milling, borothermal reduction (~1600 ÁC), or borocarbothermal 

reduction (~1850 ÁC). However, these methods frequently introduce impurities, necessitating additional purification 

steps [1ï2]. 

To overcome current limitations, such as the lack of reliable powder synthesis methods, impurity control, challenges 

in achieving full densification, and unwanted grain growth, innovative strategies are essential. Addressing these issues 

could significantly expand the applicability of UHTCBs in fields such as nuclear fusion and solar energy technologies, 

marking a major advancement in materials science. 

One promising approach involves process modeling under precisely controlled conditions using thermal analysis 

techniques. By adjusting the heating rate, individual reaction steps can be isolated, and quenched intermediates analyzed 

to better understand the systemôs interaction mechanisms. 

This study explores the formation and reaction mechanism of the (Hf,Nb,Ta,Ti,Mo)B2 UHTCB. Experiments 

employed a High-Speed Temperature Scanner (HSTS-3) [3], which enables rapid and controlled heating of compacted 

Me+2B powder mixtures at heating rates up to 10,000 K/min and temperatures reaching 2000 ÁC. Post-reaction analyses 

provided insights into the reaction kinetics and phase transitions. 

At low heating rates (100 ÁC/min), individual diborides form sequentially - starting with hafnium diboride at 800 ÁC 

- followed by other metal diborides. X-ray diffraction confirmed that these phases persist in the final product, preventing 

formation of the desired UHTCB. In contrast, at higher heating rates (Ó1200 ÁC/min), the pure target UHTCB material 

forms directly after the exothermic stage. Remarkably, this transformation occurs at only 1070 ÁC - significantly lower 

than the 1600-2000 ÁC typically reported in the literature. 

These results demonstrate that rapid heating promotes simultaneous multi-element interaction in a single step, 

enabling the synthesis of complex borides at reduced temperatures. 

 

The research was supported by the Higher Education and Science Committee of MESCS RA (Research project ˉ 

24WS-2F013). 
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Catalytic olefin metathesis using HoveydaïGrubbs-type ruthenium complexes is a powerful tool for creating 

complex molecules with a variety of useful properties. This method is also used to obtain modern polymer materials 

from low-demand petroleum products. Of all the ruthenium complexes that contain five-membered chelate rings, the 

most common is the commercially available HG-II catalyst. However, other HoveydaïGrubbs-type complexes that 

include a heteroatom-to-ruthenium (HetïRu) donorïacceptor bond in the chelate ring often exhibit metathesis activity 

that is equal to or superior to that of HG-II.  

This communication focuses on second-generation N-heterocyclic ruthenium carbene Hoveyda-Grubbs-type 

complexes containing donor-acceptor bonds, such as O Ÿ Ru, S Ÿ Ru, Se Ÿ Ru and N Ÿ Ru, within a six-membered 

chelate ring. The methods of preparation and analysis of the stability and catalytic activity of these complexes are 

compared, and examples of their application in the synthesis of practical products are provided. 

Report includes data obtained by our group over the last 5 years [1 6]. 
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Polydimethylsiloxanes (PDMS) hold a special place among polyorganosiloxanes due to their unique physico-

chemical properties [1]. These materials are widely used in numerous scientific and industrial fields because of their 

high technological significance. The most common method for producing narrow dispersed PDMS is the anionic ring-

opening polymerization (ROP) of organocyclosiloxanes. The key advantage of this approach is the ability to control the 

molecular weight characteristics and dispersity of the polymers. However, this method does not allow for the synthesis 

of branched structures, which are no less important and interesting research targets than linear PDMS.One such example 

of branched polymer structures with precisely controlled molecular architecture is star-shaped polymers. Due to their 

unique structural features, these compounds exhibit a range of distinctive properties, making them highly promising for 

various applications in science and technology. This study investigated the synthesis of both linear and star-shaped 

polymers via the polymerization of hexamethylcyclotrisiloxane initiated by phenylsilanols of different structures (Fig. 

1). The employed PDMS synthesis method in liquid ammonia was recently developed at the INEOS RAS [2] and 

enabled the production of polymers without additional isolation and purification steps while maintaining high monomer 

conversion. 

 

Figure 1. General scheme of PDMS synthesis via ROP  

of D3 in liquid ammonia using phenylsilanols as initiators. 

 

This work explored not only the feasibility of using phenylsilanol compounds as initiators but also investigated the 

effects of polymerization duration on the MWC of resulting polymers, examined how initiator concentration influences 

the MWC of the compounds and analyzed the activity and progression of competing side reactions.The thermal 

properties of the synthesized compounds were also investigated by Differential Scanning Calorimetry. Optimal 

conditions were identified for producing polymers incapable of crystalline phase formation. The suppression of 

crystallization opens new prospects for using such polymers in developing materials for specialized low-temperature 

applications.However, the prospective development of this scientific field involves not only the synthesis of thermally 

stable materials but also includes exploration of surface modification through cyclosiloxane polymerization, initiated 

by inorganic nanoparticles, and recycling of industrial silicone waste by depolymerization in ammonia medium. 
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Permanent magnets are essential components in a variety of technologies, including electric motors, wind turbines, 

actuators, and data storage devices [1,2]. In energy applications, high-performance magnetsðsuch as neodymium-based 

rare-earth magnetsðare commonly used in wind turbine generators due to their high magnetic strength and efficiency. 

In electric and hybrid vehicles, magnets enable efficient electromechanical energy conversion [3]. However, concerns 

regarding the cost, resource limitations, and environmental impact of rare-earth elements have motivated efforts to 

explore alternative magnetic materials with reduced rare-earth content. This study focuses on the synthesis of FeïNiï

based magnetic materials [4] using self-propagating high-temperature synthesis (SHS). We examined the effect of non-

metallic additions on phase formation and structural evolution. Thermodynamic analysis showed that the adiabatic 

temperature of the FeïNi based system was insufficient to maintain a self-sustaining combustion reaction. To address 

this, thermochemical additives were introduced to promote ignition and enhance reaction exothermicity through the 

formation of transient gaseous species. Experimental results revealed processing conditions conducive to forming a 

solid solution phase, which was subsequently consolidated via field-assisted sintering (FAST/SPS). Magnetic 

measurements indicated promising properties in the synthesized materials, suggesting their potential suitability for 

specific applications where a reduced reliance on rare-earth magnets is desirable.  

 

This work was supported by the Horizon Europe Project BEETHOVEN, which received funding from the European 

Unionôs Horizon Europe research and innovation program under GA No 101129912. 
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Solution combustion synthesis (SCS) has emerged as a rapid, energy-efficient, and innovative method for obtaining 

nanostructured materials. The process is based on an exothermic redox reaction between metal nitrates as oxidizers and 

organic fuels as reductants. This method enables the synthesis of a wide range of materials, primarily oxides and metals, 

but also nitrides, sulfides, and phosphides with versatile applications. Oxides synthesized via SCS are widely used as 

catalysts in gas oxidation and degradation of organic compounds, while other products find applications in energy 

storage and conversion systems such as batteries, sensors, and superconductors [1]. 

Despite the advantages, SCS faces notable limitations related to the structural homogeneity of products, incomplete 

crystallinity, challenges in composition control, and gaseous by-product emissions. The rapid nature of the reaction 

limits precise control over the micro- and nanostructures of the resulting materials. These challenges are largely 

attributed to the insufficient understanding of the reaction kinetics and mechanisms. Therefore, investigating the kinetic 

behavior and mechanism of SCS reactions is crucial for optimizing the synthesis process, predicting reaction dynamics, 

and tailoring the structure, composition, and quality of the final products[1]. 

This work aims to systematically study the mechanism and kinetics of the processes of SCS in selected model 

systems, particularly focusing on producing oxides, metals, alloys, and complex nitrides based on transition metals such 

as Ni, Co, Fe and Cu. Hexamethylenetetramine (HMTA) was used as the organic fuel, serving as a strong nitrogen-

containing reductant due to its molecular structure with four amine groups, which enhance its reducing capacity and 

promote a reductive gaseous environment during combustion.. The key objectives include evaluating how various 

parameters, such as the amount of fuel, the oxidizer-to-fuel ratio, system pressure, and other synthesis conditions, 

influence the reaction mechanism and kinetics; conducting thermodynamic calculations to assess adiabatic combustion 

temperatures and equilibrium product compositions; and developing a kinetic approach based on combustion parameters 

to estimate effective activation energies. Thermal analysis and mass spectrometry were applied to study the evolution 

of gases and the effect of heating rates [2,3]. 

Additionally, the study explores the correlation between reaction pathways and final product properties, using 

structural and compositional characterization methods. The sintering behavior of the as-synthesized nanopowders using 

rapid thermal scanning methods was also investigated, with measurements of physical and mechanical properties such 

as density, nanohardness, elastic modulus, specific surface area, and magnetic characteristics [3]. 

 

This research was supported by the Higher Education and Science Committee of MESCS Armenia (Research Project 

- 24WS-2F013). 
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BACKGROUND: Many of humanity's most vital resources, such as food and medicine, are found in plants.1 One 

of the most prevalent and abundant classes of phenolics found in plants are flavonoids, which have a variety of 

pharmacological and biological effects.2 They are the main components of Helichrysi flos, a popular herbal cure in 

traditional medicine that acts as a choleretic, diuretic, cholagogue, moderate spasmolytic, hepatoprotective, and 

detoxifier. Many helichrysi species have been included in different pharmacopoeias.3 One of the least explored is 

Helichrysum Rubicundum, which is extensively dispersed in Armenian flora. The purpose of this study was to 

investigate Helichrysum rubicundum (C. Koch.) in order to ascertain its flavonoid content and assess the 

hepatoprotective properties of its extract (referred to as FLR). 

MATERIAL AND METHOD: The flavonoid content of Helichrysum rubicundum (C. Koch.) was determined 

using a UHPLC ESI-QToF system. Furthermore, we assessed the hepatoprotective characteristics of its extract by 

looking at the effect on liver histology in an animal model of toxic cirrhosis. CCl  was utilized as a hepatotoxic agent. 

The experiment was conducted on 18 white laboratory rats (3 groups, 6 animals in each group). For standard histological 

examination of tissues, sections were stained with H&E. 

RESULT: According to our research, the dried extract (FLR) of 

Helichrysum rubicundum contains almost all types of flavonoids, with 

the exception of alpha pyrone and chalcone derivatives.  (figure 1) 

Histological examination demonstrated prevention of the adverse 

pathological changes induced by CCl  in the group of animals treated 

with FLR. The liver largely retained its lobular architecture, with only 

mild fibrosis and limited foci of inflammation around the portal tracts. 

CONCLUSION: Helichrysum rubicundum (C.Koch.) specie of 

genus Helichrysum has anti-inflammatory, antifibrotic and strong 

hepatoprotective properties due to its rich flavonoid composition. And 

it can be a raw material for the discovery of new hepatoprotectors, 

which require more in-depth and comprehensive studies. 

Keywords: Helicrhrysum rubicundum, flavonoids, UHPLC ESI-

QToF, hetoprotective activity, herbal medicine 
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Figure 1. Different subclasses of flavonoids 

identified in FLR extracted from H. Rubicundum. 
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BaCuSi O  (Chinese Blue) and BaCuSi O  (Chinese Purple) are ancient pigments still valued for their intense 

coloration and stability (insoluble, thermally and chemically resistant), making them attractive as environmentally 

friendly alternatives to traditional toxic blue pigments [1]. They also attract interest in quantum science, with BaCuSi O  

demonstrating field-induced magnetic ordering and BoseïEinstein condensation of magnons [2]. However, their 

synthesis remains challenging: solid-state methods require high temperatures (~1000 ÁC) and lead-based fluxes [1], 

while hydrothermal routes lower the temperature but require long reaction times (more than 20 h) as well as autoclave 

conditions [3]. In this work, a novel low-temperature method for the synthesis of these pigments is proposed. The 

approach involves 30-minute stirring of a boiling aqueous mixture containing commercial SiO, Ba and Cu chlorides 

(in stoichiometric ratios), and NaOH and/or KOH to capture Cl  ions. DSC analysis was used to determine optimal 

conditions (Fig.). XRPD results show that the BaCuSi O  precursor with NaOH first crystallizes into BaCuSi O  at 

650 ÁC, then transforms into BaCuSi O  at 800 ÁC after a one-hour treatment (Fig.). Target formation of the pure 

BaCuSi O  phase was achieved at 650 ÁC within 30 minutes using a NaOHïKOH mixture, which produces a eutectic 

chloride melt matching the formation temperature, thereby accelerating ion exchange and reducing the formation time 

while improving the crystallinity of the product. 

 

 

Fig. DSC, XRPD patterns with photos and chromatic parameters of BaCuSi4O10 and BaCuSi2O6 

 

The results open a new pathway for the low-temperature and simplified synthesis of a series of BaïCu silicate 

compounds, without toxic lead additives, at about 200-300 ÁC lower temperatures compared to solid-state approaches 

and surpassing complex and long hydrothermal methods. 

 

Acknowledgement. The research was supported by the Higher Education and Science Committee of MESCS RA 

(Research project  ̄24LCG-1D017). 
 

References 

[1] M. Nicola, R. Gobetto, A. Masic. Rendiconti Lincei ï Scienze Fisiche e Naturali 34 (2023) 369ï413.  

[2] S. E. Sebastian, N. Harrison, C. D. Batista et al. Nature 441 (2006) 617ï620.  

[3] C. Zhang, N. Zhang, X. Wang, L. Zhang. Mater. Res. Bull. 101 (2018) 334ï339. 

  

L* = 69.2399      

a* = -3.9881 

b* = -27.4657 

 

L* = 69.1331 

a* = 11.7379 

b* = -33.8221 

650 ÁC ï 1h 

800 ÁC ï 1h 



Oral presentations. Young scientists session. 

120 
 

Creatinine detection with enzyme-modified  

electrolyte-semiconductor-insulator (EISCAP) sensors 

Darbinyan D., Tsokolakyan A., Melkonyan L., Petrosyan D., 

Hayrapetyan V., Yeranosyan M. 

ICNT, A.B. Nalbandyan Institute of Chemical Physics NAS RA,  

5/2 P. Sevak, Yerevan 0014, Armenia 

e-mail: diana.darbinyan1@edu.ysu.am 

 

Biosensors have gained significant attention as point-of-care (POC) devices due to their rapid, reliable results, 

affordability, and user-friendly operation [1]. Among these, electrolyte-insulator-semiconductor capacitive (EISCAP) 

biosensors are particularly promising for detecting variations in hydrogen ion concentration on the surface of a pH-

sensitive gate insulator, such as tantalum pentoxide (Ta O ). When combined with an enzymatic biorecognition layer, 

these sensors enable highly accurate and selective detection of target analyte concentrations by monitoring local pH 

changes resulting from enzymatic reactions [2]. 

Creatinine, a non-protein nitrogenous compound produced by the breakdown of creatine in muscle, is commonly 

found in serum, plasma, and urine. Its excretion through kidney filtration makes it a crucial biomarker for assessing 

kidney function. Elevated creatinine levels can indicate various health conditions, including kidney infection, kidney 

failure, and other renal diseases. Normal urinary creatinine levels range from 2.55 to 20 mM for females and 3.54 to 

24.6 mM for males [3]. Monitoring creatinine levels in urine offers a straightforward and practical method for assessing 

overall physiological health, particularly in at-home settings. 

In this study, creatinine biosensors were developed by functionalization of pH-sensitive EISCAP sensor, with a 

Ta O /SiO /p-Si/Al structure, using a poly(allylamine) hydrochloride/creatinine deiminase biorecognition layer. The 

biosensor was tested for creatinine sensitivity in phosphate buffer solutions of varying buffer strengths (0.33 mM, 10 

mM, and 33 mM).  

Our experiments demonstrated that these modified sensors effectively detect physiologically relevant creatinine 

concentrations ranging from 0.01 mM to 50 mM. The sensitivity values obtained were 64.7 mV/dec, 60.7 mV/dec, and 

77.1 mV/dec for 0.33 mM, 10mM, and 33 mM phosphate buffers, respectively. The linear operating ranges identified 

in these buffers were 0.05 mM-1 mM, 1-10 mM and 0.5 ï 10 mM respectively. This provides us critical insights for 

further optimization of sample preparation and enzyme concentration protocols. The PAH-enzyme-modified sensors 

exhibited enhanced stability, sensitivity, and reusability over several days.  
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Quaternary ammonium compounds (QACs) are a class of antimicrobial agents that have found wide application in 

various fields including healthcare, food industry, agriculture, industrial processes and household use. QACs are mainly 

used as antiseptics and disinfectants for microbial contamination control and biofouling prevention [1]. The mechanism 

of biocidal action of QACs is primarily due to the destruction of bacterial cell membranes by the interaction of positively 

charged quaternary nitrogen with negatively charged phospholipid heads and subsequent incorporation of a lipophilic 

fragment of the molecule, which leads to membrane destabilization and leakage of cellular contents [2]. The described 

motif, due to its non-specificity, is effective against both gram-positive and gram-negative bacterial strains. However, 

many studies have shown the advantage of QAC derivatives with two or more charged nitrogen atoms compared to their 

mono-analogues due to the increased density of positive charge and structural complexity, which can lead to increased 

interaction with microbial membranes [3]. Herein, we present the development of pyridine-based bis-QACs through 

simple two-step synthetic approach to obtain new biocide architectures. The resulting compounds were subjected to 

extensive microbiological analysis on a panel of multi-resistant bacterial strains of the ESKAPE group, as well as fungi 

and biofilms. The lead compounds showed high antibacterial and antibiofilm activity, low hemotoxicity, and a lower 

potential for the development of bacterial resistance compared to the commercial antiseptic Octenidine. Moreover, we 

conducted a more in-depth study to evaluate a different effect of QACs-based formulations components on overall 

antimicrobial activity profiles. The obtained results will serve as a good basis for further studies of bis-QACs as highly 

effective cationic biocides. 
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Pyridine is a fundamental aromatic heterocycle with broad significance in medicinal and synthetic chemistry. Its 

unique propertiesðsuch as basicity, chemical stability, and small molecular sizeðmake it a highly versatile scaffold in 

drug design. [1]. In continuation of the work on the synthesis of biologically active compounds containing a pyridine 

ring, we have synthesizing a new series of 6-N-heterocyclicamino-4-phenyl-2-thioalkylderivatives of pyridine (2) and 

investigated their neurotrophic properties. These compounds (2) were synthesized from 2-amino-substituted 

thiopyridine derivatives (1) [2] via alkylation with various alkyl halides under mildly basic conditions at room 

temperature.  
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The neurotrophic activity of the newly synthesized compounds (2) was evaluated in vivo using internationally 

recognized methods. The results of these studies are presented in Figures 1ï3. 

 

                            
Fig. 1. EPM method                       Fig. 2. Forced Swimming method                  Fig. 3. Open Field method  
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Oripavidine or nororipavine has first been isolated from plant materials in the second part of the 1970s [1]. Currently 

it serves as an important starting material for the synthesis of a large variety of morphinan derivatives and some essential 

opioid drugs [2][3][4] . The latter increases pharmaceutical interest and triggers the screening of more efficient synthetic 

approaches for this opioid compound. 

The main challenge of the synthetic pathway to oripavidine from oripavine is the N-demethylation, as the presence 

of diene moiety causes some side reactions with the demethylating agents. The latter, besides the negative impact on 

the yield, lead to the formation of side products, which makes isolation of the desired product quite problematic. In 

recent decades, several synthetic approaches to oripavidine have been reported, using m-Chloroperbenzoic acid [5] or 

cyanogen bromide [6] as N-demethylating agents, as well as employing protecting groups for the diene moiety. On the 

other hand, the non-protected phenolic OH of oripavine causes formation of unwanted by-products as well.  

Hereby, we report a convenient 3-step synthetic approach for the preparation of oripavidine from oripavine.  

 

 

O-protection was carried out using tosyl and naphthoyl chlorides in the presence of triethylamine with 90% yield. 

The choice of tosyl and naphthoyl groups is determined by the relatively easy cleavage thereof, which does not require 

harsh conditions. N-Demethylation was performed using DIAD, instead of m-chloroperbenzoic acid or cyanogen 

bromide, which is a much less hazardous reagent, and dimedone during the workup. The latter allows to trap 

formaldehyde ï the by-product of the reaction, preventing formation of unwanted impurities and facilitating the isolation 

process, providing 67-70% yield of the desired compound. Finally, O-deprotection occurs under the action of potassium 

hydroxide while heating in tert-butyl alcohol, providing oripavidine with 95% yield.  

According the provided procedure oripavidine is isolated with overall around 60% yield. 
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One of the promising directions in the synthesis of polymer materials is the copper-catalyzed azide-alkyne 

cycloaddition reaction (CuAAC). This approach makes it possible to create complex macromolecular architectures with 

high efficiency and selectivity. The CuAAC reaction promotes the formation of 1,4-disubstituted 1,2,3-triazoles, which 

serve as universal linkers in the construction of various polymer structures, including linear, branched and cyclic 

polymers1,2. The priority of this synthesis method over others is determined by the concept of "green chemistry", created 

in 1990 by Paul Anastas and John Warner. The "click chemistry" of furans meets the following principles: use safer 

reaction conditions, minimize the potential for accidents, use renewable feedstocks, design chemicals and products that 

degrade after use.  

Furan chemistry is a multifaceted approach to solving environmental problems through the development of 

sustainable materials and renewable energy sources. The integration of biopolymers contributes to environmental 

sustainability, as well as paves the way for innovative solutions to various industrial problems, including from the 

medical side. The production of furan polymers is due not only to their often higher solubility compared to other 

analogues, but also to increased thermal stability. Thus, the inclusion of furan rings in polymer structures makes it 

possible to adjust thermal and mechanical properties, which is crucial for the development of materials capable of 

withstanding various conditions3,4. 

Since previously obtained polymeric materials did not have significant potential5, in this work the study was carried 

out using a flexible polyalkylene linker embedded between structural furan fragments. The work shows the synthesis of 

new renewable materials based on furan derivatives, using the CuAAC reaction and condensation. The conditions for 

obtaining were optimized, and the main physicochemical properties were determined. 
 

The work was carried out with the financial support of the Russian Science Foundation and the Government of the 

Tula Region, project No. 25-13-20010 ñUse of renewable plant biomass to obtain biodegradable polymers of the furan 

series and the development of catalytic approaches in organic synthesisò 
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contributing significantly to global climate change and its associated consequences. Primary causes include 

deforestation, fossil fuel combustion, and industrial emissions. In response, various post-emission CO2 capture 

technologies have been developed [1]. Among these, chemical absorption methods have gained significant attention in 

recent years. Amino acids, in particular, have demonstrated promising potential as CO2 absorbents due to their high 

reactivity and environmental compatibility. Aqueous solutions of amino acid salts have attracted interest owing to their 

relatively high absorption rates and low toxicity [2]. In the present study, we investigated the absorption of CO2 using 

aqueous solutions of potassium salts derived from seven different hydrophilic amino acids. The formation of carbamate 

complexes and the presence of free CO2 in solution were analyzed using nuclear magnetic resonance (NMR) 

spectroscopy. The addition of potassium hydroxide (KOH) served to enhance the basicity of the medium, thereby 

improving the overall CO2 absorption efficiency. 

 

 

 

 

 

 

 

Among the tested amino acids, cystine (91% CO2 uptake), histidine (83%), and tyrosine (80%) exhibited the highest 

absorption capacities. Four  optically active compounds ï D-glutamine, D -arginine, L-cystine, and L- histidine ï were 

further studied using an Insmark Digi 1 polarimeter. The  observed changes in optical rotation and evidence of 

interconversion between enantiomeric forms supported the formation of carbamate complexes during CO2 absorption.  

These findings highlight the potential of amino acids as environmentally benign absorbents, aligning with the 

principles of green chemistry. Being naturally occurring, non-toxic compounds, amino acid-based systems offer a  

sustainable alternative for carbon capture applications. Based on the obtained results, aqueous solutions of the studied 

potassium amino acid salts are recommended for use in CO2 absorption and storage technologies that rely on chemical 

adsorption mechanisms.  

 

This work was supported by the Higher Education and Science Committee of RA in frames of  research project 

23LCG-1D019. 
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The Egyptian blue pigment, CaCuSi4O10, is the first synthetic pigment valued for its vivid blue hue, high chemical 

durability, and cost-effectiveness. Besides the ceramic method based on solid-state reaction requiring high temperatures 

(850-1000ÁC) and prolonged processing time (more than 5h), solution combustion synthesis (SCS) and hydrothermal 

approach have been also explored for CaCuSi4O10 producing [1-4]. Though SCS approach takes a few minutes, it also 

requires additional heat treatment at about 800ÁC for 2h [4]. 

In this work, a precipitation method for the synthesis of Egyptian blue is proposed for the first time. Two suspensions 

at near-boiling temperature (about 95 ÁC) were prepared from the SiOïNaOHïCuClïCaClïH O system, using molar 

ratios of SiO :Na O:CuO:CaO = 4:2:1:1 and 3:2:1:1. Each suspension was stirred at boiling temperature and then washed 

with deionized water to remove chlorides. After washing, a NaOH solution of defined concentration was added as a 

fluxing agent, and the resulting mixture was dried. The dried intermediates were subsequently calcined for one hour at 

temperatures between 800 and 1000 ÁC, under varying conditions including flux content, heating/cooling rates, and 

time/temperature ratios to optimize CaCuSi O  formation and improve pigment color. 

The XRPD pattern of the sample prepared from the 4:2:1:1 mixture, stirred for one hour and treated with 1 wt% 

NaOH followed by calcination at 850 ÁC for one hour, confirms the formation of crystalline CaCuSi O  with an 

estimated yield of approximately 90% (Fig.). 

 

 

 

L* = 77.6127 

a* = -1.3557  

b* = -29.9309 

 

 

 

  

Fig. The XRPD pattern and an image of the Egyptian blue pigment and its CIELAB color space coordinates 

  

Based on the obtained results, a more energy-efficient synthesis method is expected to be developed for the future 

large-scale production of CaCuSi O  pigment. 
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