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Synthesis and selected properties of heterohelicenes: 
A new twist on our chemistry 

Stefano Menichetti and Caterina Viglianisi 

Department of Chemistry ‘Ugo Schiff’, University of Florence,  
Via Della Lastruccia 3-13, 50019, Sesto Fiorentino, Firenze, Italy 

stefano.menichetti@unifi.it 

Helicenes and heterohelicenes are challenging chiral structures that continuously 
stimulate new interest and find new applications. From just a chemical curiosity related with 
their inherent chirality, these compounds are now commonly used in asymmetric synthesis, 
medicinal chemistry and, above all, material science.1 In the last years we became interested in 
the chemistry of heterohelicenes and we described new approaches for their synthesis. For 
example, we demonstrated that with the proper design of the reagents, the Povarov reaction can 
be exploited for the synthesis of [4], [5] and [6]azahelicenes.2 

 
At the same time we showed that thia-bridged triarylamine[4]helicenes can be prepared 

using consecutive regioselective electrophilic sulfur insertions on triarylamines or  
N-arylphenothiazines.3 Due to the length of the four carbon-sulfur bonds, these peculiar systems 
belong to the valuable family of stereochemically stable [4]helicenes with racemization barriers 
as high as 31-32 Kcal/mol. 

 
In this communication, scope and limitation of the above procedures as well as 

preliminary investigations of the properties of these heterohelicenes will be discussed. 
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[1] a) Y. Shen, C-F. Chen Chem. Rev. 2012, 112, 1463–1535; b) M. Gingras Chem. Soc. Rev. 

2013, 42, 968-1006. 
[2] C. Viglianisi, C. Biagioli, M. Lippi, M. Pedicini, C. Villani, R. Franzini, S. Menichetti, Eur. 

J. Org. Chem. 2018, DOI: 10.1002/ejoc.201801489. 
[3] a) G. Lamanna, C. Faggi, F. Gasparrini, A. Ciogli, C. Villani, J. P. Stephens, J. F. Devlin,; 

S. Menichetti, Chem-Eur. J., 2008, 14, 5747-5750. b) S. Menichetti, C. Faggi, M. Onori, S. 
Piantini, M. Ferreira, S. Rocchi, M. Lupi, I. Marin, M. Maggini, C. Viglianisi, Eur. J. Org. 
Chem. 2018, DOI: 10.1002/ejoc.201801493. 
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Microwave irradiation and catalysis in organophosphorus 
chemistry – green synthesis of organophosphorus compounds 

Dedicated to Prof. Marian Mikołajczyk on the occasion of his 80th Birthday 

György Keglevich 
Department of Organic Chemistry and Technology, Budapest University of Technology and 

Economics, H-1521 Budapest, Hungary 
gkeglevich@mail.bme.hu 

The microwave (MW) technique has become an important tool in organophosphorus 
chemistry [1–3]. In this paper, the advantages of MWs in different catalytic reactions are 
surveyed. The first case is, when the MW-assisted direct esterification of phosphinic acids 
becomes more efficient in the presence of an ionic liquid catalyst (A) [4]. The second instance 
is, when catalytic reactions, such as the phase transfer catalyzed (PTC) O-alkylation of 
phosphinic acids (B), or the Arbuzov reaction of aryl bromides (C) are promoted further by 
MW irradiation. It is also an option that MWs may substitute catalysts, such as in the PTC 
alkylation of active methylene containing P-derivatives (D) [5], in Kabachnik–Fields 
condensations (E) [6], and in reluctant P=O deoxygenations (F) [7]. Another valuable finding 
of ours is that in the Hirao P–C coupling applying Pd(OAc)2 as the catalyst, the slight excess of 
the >P(O)H reagent may substitute the usual P-ligands (G) [8]. 
 

 
 

It is also the purpose of this paper to elucidate the scope and limitations of the MW tool 
[2,3], to interpret the special MW effects, and to model the distribution and effect of the local 
overheatings [9,10]. All these considerations were possible on the basis of the results of our 
quantum chemical calculations, and utilizing the pseudo first order kinetic equation and the 
Arrhenius equation. 
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[4] N. Z. Kiss, G. Keglevich, Tetrahedron Lett., 2016, 57, 971. 
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[6] G. Keglevich, E. Bálint, Molecules, 2012, 17, 12821. 
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[7] T. Kovács, G. Keglevich, Curr. Org. Chem., 2017, 21, 569. 
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[10] G. Keglevich, N. Z. Kiss, Z. Mucsi, Milestones in microwave-assisted organophosphorus 
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Total Synthesis of Diterpene Natural Products 
Peter Metz 

Faculty of Chemistry and Food Chemistry - Organic Chemistry I,  
Technische Universität Dresden, Bergstrasse 66, 01069 Dresden (Germany) 

peter.metz@chemie.tu-dresden.de 

A concise total synthesis of the neoclerodane diterpene salvinorin A, isolated from the 
leaves of the Mexican medicinal plant Salvia divinorum, was achieved commencing with  
3-furaldehyde (Scheme 1). Two highly diastereoselective intramolecular Diels–Alder reactions 
(IMDA) were used as the key transformations.[1] 

 
Scheme 1. 

 
The first total synthesis of the diterpene 3-hydroxy-7-kemp-8(9)-en-6-one, isolated 

from the soldier defense secretion of higher termites, has been accomplished starting from the 
Wieland-Miescher ketone (Scheme 2). A diastereoselective sulfa-Michael addition enabled the 
generation of the delicate ,-unsaturated ketone moiety, while the tetracyclic kempane 
skeleton was readily constructed through domino metathesis.[2] 

 
Scheme 2. 
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Organoselenium Compounds in Catalytic Reactions 
Santi Claudio 

Department of Pharmaceutical Sciences, UNIVERSITY of PERUGIA Italy 
claudio.santi@unipg.it 

 
One of the most interesting aspect of organoselenium chemistry is the possibility to 

perform functional group conversions or selenofunctionalization under catalytic conditions. 
Electrophilic selenation-deselantion (A), oxygen transfer reactions (B) and iodine catalysed 
selenofunctionalization (C) will be here discussed focusing the attention on the most recent 
results using non-conventional conditions and the first examples of selenium catalysed 
processes under flow conditions.[1]  
 

 
Scheme 1. 
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Expansion of Aromaticity: 
From π-Aromaticity to σ+π-Double Aromaticity 

Masaichi Saito 

Department of Chemistry, Graduate School of Science and Engineering, Saitama University,  
Shimo-okubo, Sakura-ku, Saitama-city, Saitama, 338-8570, Japan 

masaichi@chem.saitama-u.ac.jp 

Since the discovery of benzene, aromaticity has been utilized to explain unique 
properties of benzene and its derivatives. The aromaticity arises from delocalized π-orbitals 
composed of (4 n + 2) π-electrons and is found to be retained even in lead-bearing cyclic 
compounds.[1, 2] However, aromaticity is not limited to that derived from π-electrons, which 
is denoted as π-aromaticity. Nowadays, σ- and δ-aromaticity arising from (4 n + 2) σ- and δ-
electrons, respectively, have already been discovered by theoretical predictions and 
experimental studies.[3] From a fundamental curiosity to expand the aromaticity, we decided 
to elucidate whether different types of aromaticity coexisted in a single molecule. Since 
theoretical prediction on a hypothetical molecule possessing σ- and π-double aromaticity was 
reported by Schleyer in 1979,[4] experimental evaluation based on bench-stable σ- and π-
double aromatic compounds has remained targeted.[5] Inspired by the previous report on the 
synthesis of a hexaiodobenzene dication,[6] though, which is still controversial,[7] we 
independently designed a hexaselanylbenzene dication as a possible σ- and π-double aromatic 
compound. Our previous quantum-chemical calculations of a model compound predicted its σ- 
and π-double aromatic character.[8] Based on this molecular design, we herein report the 
synthesis of dication salt of hexakis(phenylselenyl)benzene 1 and its X-ray characterization.[9] 
The σ- and π-double aromatic character of 1 is also discussed. 

1

SePh
SePh

SePh
Se
Ph

PhSe

PhSe

2+

(SbF6
-)2
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An Organoselenium Catalyzed Strategy for Oxidation Reactions 
Luca Sancineto1,3, Jacek Scianowsky2, Francesca Mangiavacchi3, Claudio Santi3 
1Section of Organic Chemistry, Centre of Molecular and Macromolecular Studies of the Polish 

Academy of Science  
2Department of Organic Chemistry, Faculty of Chemistry, Nicolaus Copernicus University in Torun 

3Department of Pharmaceutical Sciences, University of Perugia 
sancineto.luca@gmail.com 

 
As a result of our efforts to develop new sustainable and eco-friendly oxidative 

procedures [1,2] here we report some examples of selenium-catalyzed transformations. The talk 
will be about the conversion of aldehydes into carboxylic acids and esters using a highly 
efficient and ecofriendly procedure [1]. Furthermore, the first general method for the 
benzenseleninic acid–catalyzed cyclofunctionalization of alkenoic acids and alkenols will be 
detailed. The procedure is efficient in “on water” conditions [3] using stoichiometric amounts 
of hydrogen peroxide as a green oxidant giving the products in very good yields and 
diastereoselectivities, which however depend on the nature of the substrate. Finally, preliminary 
results on a heterogeneously catalyzed approach will be presented.  

 
Scheme 1. General concept of selenium-catalyzed for oxidation reactions. 
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Influence of Lewis-acid catalyst on the molecular mechanism  

of thermal decomposition of nitroalkyl carboxylates 
Agnieszka Kącka-Zych1, Luis R. Domingo2, Radomir Jasiński1 

1Institute of Organic Chemistry and Technology, Cracow University of Technology, Cracow, Poland 
2Department of Organic Chemistry, University of Valencia, Valencia, Spain 

akacka@chemia.pk.edu.pl 

 

The molecular mechanisms of the decomposition reactions of nitroethyl carboxylates 
catalyzed by Lewis Acids (LAs) based on boron element – borane (BH3) and boron trifluoride (BF3) 
– was studied using Density Functional Theory (DFT) methods.[1] Our quantum chemical study 
proved that the LA – BH3 catalyzed decomposition reactions of nitroethyl benzoates proceed via a 
polar one-step mechanism. However, the presence of fluorinated Lewis acids has a unique influence 
on the molecular mechanism. In the case of decomposition reactions catalyzed by BF3, a change from 
a one-step mechanism to a two-step one involving a zwitterionic intermediate is observed. These 
decomposition reactions, catalyzed by LAs – BH3 and BF3 – take place much faster than the same 
reactions process without the catalyst.[2,3] 

 
Scheme 1. Decomposition reaction of nitroethyl benzoates catalyzed by the LA. 

 
 
 
 
 
 
References 
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Regioselectivity of [3+2] cycloaddition between  
benzonitrile N-oxide and 3-nitroprop-1-ene 

Barbara Mirosław1, Dmytro Babyuk2, Agnieszka Łapczuk-Krygier3,   
Agnieszka Kącka-Zych3, Oleg M. Demchuk4,  Radomir Jasiński3 

lDepartment of Crystallography, Maria Curie-Sklodowska University, Maria Curie-Sklodowska St 3,  
20-031 Lublin,Poland 

2Institute of Biology, Chemistry and Bioresources, Chernivtsi National University,  
2 Kotsyubynski Str., Chernivtsi 58012, Ukraine 

3Institute of Organic Chemistry and Technology, Cracow University of Technology,  
Warszawska St. 24,31-155 Kraków, Poland 

4Pharmaceutical Research Institute, 
Rydygiera St. 8, 01-793 Warsaw 

radomir@chemia.pk.edu.pl 
 

4,5-Dihydroisoxazoles (∆2-isoxazolines) are heterocycles with many important practical 
applications in veterinary medicine, has anti-cancer activity and in organic synthesis.[1,2] There are 
many efficient methods for preparation of nitrosubstituted 4,5-dihydroisoxazoles; the most universal 
one is [3+2] cycloaddition (32CA) between nitrile N-oxides as three atom components (TACs) and  
conjugated nitroalkenes (CNA). At the same time, nitromethyl-substituted 4,5-dihydroisoxazole is 
very poorly studied. 

5-(Nitromethyl)-3-phenyl-4,5-dihydroisoxazole was obtained as a product of a high-yielding 
[3+2] cycloaddition reaction of in situ-generated benzonitrile N-oxide and 3-nitroprop-1-ene. For the 
first time, the regiochemistry of this reaction was unambiguously proven by X-ray structural analysis 
(Fig 1). The quantum-chemical calculation performed at the M06-2X/6-31G(d) (PCM) theoretical 
level affords a basis for explaining the course of reaction as well as the nature of transition states. The 
results obtained provide a valuable background for understanding of the chemistry of nitromethyl-
4,5-dihydroisoxazoles. They are also useful for better understanding of other 32CA processes 
involving nitroallylic systems.[3] 

  
Fig.1 Molecular structure of 5-(nitromethyl)-3-phenyl-4,5-dihydroisoxazole. 
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Regio- and stereoselectivity of [3+2] cycloadditions between  
3-nitroisoxazoline N-oxide and monosubstituted ethenes 

Przemysław Woliński, Agnieszka Kącka-Zych 

Institute of Organic Chemistry and Technology Cracow University of Technology,  
Warszawska 24, 31-155 Cracow, Poland 

akacka@chemia.pk.edu.pl 

 
Studied 3-nitroisoxazoline N-oxide is a example of five-membered cyclic nitronate, which has 

been first synthesized in 1964 [1]. Thanks to its TAC [2] nature it can undergo [3+2] cycloaddition 
to monosubstituted ethenes yielding regio- and stereosomeric 3(4)-R-5-nitro-1-aza-2,8-
dioxabicyclo[3.3.0]octanes. [3] At time of first synthesis of these compounds its stereoselectivity 
could not be determined due to apparatus restrictions. In our work we isolated and full characterized 
synthesized cycloadducts by CHN elemental analysis, IR spectroscopy as well as also H1 and C13 
NMR spectroscopy. Stereoisomerism has been determined in detail using 2D NMR techniques such 
as COSY and NOESY. We also conducted prediction of biological activity by PASS software 
analysis. 
 

 
Scheme 1. Possible products of 3-nitroisoxazoline N-oxide [3+2] cycloaddition to monosubstituted ethenes. 
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A DFT computational study about [3+2] cycloadditions between 
sterically crowded diazocompounds and selected 2-R-nitroethenes 
Karolina Kula, Agnieszka Fryźlewicz, Agnieszka Łapczuk-Krygier, Radomir Jasiński 

Institute of Organic Chemistry and Technology Cracow University of Technology,  
Warszawska 24, 31-155, Cracow, Poland 

kkula@chemia.pk.edu.pl 

 
Reaction between diazocompounds and alkenes is actually one of the popular method of 

synthesis ∆1-pyrazolines. The processes generally are realized under mild conditions and with full 
atomic economy [1]. Application of conjugated nitroalkenes as 2-components in these type reactions 
give the possibility of preparation of nitrosubstituted ∆1-pyrazolines.  

In present work, mechanistic aspects of reactions between (E)-3,3,3-trichloro-1-nitroprop-1-ene and 
homogeneous series of diaryldiazomethanes has been examined using DFT computational methods. This 
work is a continuation of our comprehensive study on the participation of allenyl-type three atom 
components (TACs) in cycloaddition reactions with electrophilic dipolarophiles.  
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Scheme 1. Theoretically possible paths of reaction between diaryldiazomethanes  

and (E)-3,3,3-trichloro-1-nitroprop-1-ene. 
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Parent thionitrone in [3+2] cycloaddition with conjugated nitroalkenes 
Karolina Kula, Agnieszka Łapczuk-Krygier 

Institute of Organic Chemistry and Technology Cracow University of Technology,  
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Five-membered heterocycles are widely used as biologically active compounds.[1] 

Heterocyclic compounds with two different heteroatoms particularly are the object of growing 
research interest of chemists. In particular, compounds bearing the thiazole ring in the molecular 
structure, such as isothiazolidines or isothiazolines, have antitumor, anti-allergic, anti-diabetic, anti-
inflammatory, anthelmintic and anti-HIV activity [2-4]. 

Nitroisothiazolidines can be prepared via [3+2] cycloaddition reaction involving thionitrones 
and conjugated nitroalkenes as addents. A molecular mechanism of these type [3+2] cycloaddition 
has been explored using various DFT theoretical levels. It was found that the reaction proceeds via 
transition states with different synchronicity, but no intervention of the theoretical possible 
zwitterionic intermediates.  
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Scheme 1. Theoretically possible paths of [3+2] cycloaddition reactions of parent thionitrone  
with nitroethene and their substituted analogs. 
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Conversion of metal contaminated biomass into polymetallic catalysts 
and their application in the synthesis of heteroorganic compounds 
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Catalysis established as the 9th of the twelve Principles of Green Chemistry is sometimes 

referred to as the ‘‘foundational pillar’’ of Green Chemistry [1]. The use of catalytic reagents is a 
means of achieving lower energy requirements, reduced waste, and improved atom economy, and 
thereby, catalysis touches on several of the other Principles of Green Chemistry. While it is common 
for catalysts to be optimized for turnover rates and selectivity, additional Green Chemistry 
considerations would include toxicity, hazard [2], and relative abundance of metals used [3]. 
Recently, the term “metal criticality” was established to evaluate metals beyond their relative 
abundance to include environmental implications of mining operations and supply risk [4]. In line 
with those new trends in catalysis and in Green Chemistry, new solutions are sought to provide metals 
resources in an environmentally benign fashion. 

We show that metal contaminated biomass from plants used in phytoremediation of metal 
contaminated sites or rhizofiltration of metal contaminated water can serve as alternative source of 
metals. This biomass can be used for production of polymetallic catalysts suitable for application in 
organic synthesis and preparation of a variety of heteroorganic compounds with high added value 
[5,6]. 
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Sulphide ion is commonly found in nature. It is present in water, soil, air, rocks and organic 

matter. It is used in many branches of industry and agriculture. Compounds containing sulphide ion 
are used, among others, in tanneries, for the production of sulfuric acid (VI), dyes and cosmetics. 

The aim of the research was to develop a method based on the determination of sulphide ions 
using the salt of pyridyl tetrafluoroborate 2,4,6-triphenylpyril (L1) in samples of sulphide water 
originating from the health resorts of Busko Zdrój and Uniejów. The technique, which was carried 
out experiments, was high performance liquid chromatography (HPLC) with a UV-VIS detector. The 
developed method was subjected to the validation process on the basis of which it can be stated that 
it is simple, sensitive, repeatable and precise [1-3]. 

 

 
Scheme 1. Proposed scheme for derivatisation reactions sulphide ion using L1. 
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In the last few years, the organochalcogen compounds have emerged as important reagents in 

modern organic syntheses, in particular, has been demonstrated that various functional groups can be 
selectively introduced into complex molecules under very mild reaction conditions by using 
nucleophilic selenium reagents [1].  

Among these, PhSeZnCl (Santi's reagent) emerged as the first bench-stable selenium 
nucleophilic agent showing the great versatility of use [2]. 

Therefore the aim of this work has been focused on its reactivity on different steroids 
analogues with at least an electrophilic center. In this respect, several synthetic attempts have been 
done employing different reaction conditions. The best results have been obtained with the "one pot 
reaction" in which the PhSeZnCl, is formed in situ, immediately react with the appropriate starting 
material. 

 
Figure 1. Reaction of 3β-hydroxy-5,6-epoxycholestanes (1a and 1b) with PhSeZnCl. 
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The project presented here aimed at the preparation of a series of the C-substituted derivatives 

of N-phosphonomethylleucine, namely: dialkyl N-(1-methoxycarbonyl-3-methylbutyl)amino(aryl)-
methylophosphonates [1,2]. These compounds are C,C’-disubstituted derivatives of 
phosphonomethylglycine, which is much better known as glyphosate. 

Glyphosate is a herbicidal agent killing terrestrial higher plants by inhibiting 
5-enolpyruvylshikimate-3-phosphate (EPSP) synthase, and is efficient when applied as the herbicidal 
preparation (Roundup®). Recent reports on harmful impact of glyphosate itself as well as its 
commercial preparation [3], prompted us to look for new compounds having herbicidal properties. 
Derivatization of glyphosate seemed to us the most convenient point to start with. That is why we 
performed the preparation of title compounds. 
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Scheme 1. The method for synthesis of phosphonic derivatives of leucine. 
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Synthesis of about 150 compounds (or even more), their purification to obtain the degree 
of purity suitable for biological studies, carrying out phytotoxicological tests, which must be 
conducted precisely following the prescribed procedures, testing the selectivity towards one 
type of plants, performing ecotoxicological evaluation of each compound – are all these actions 
sufficient to lead the scientific project to the successful end? Is the lack of a spectacular success 
a defeat? Is publishing the grant results in a form of 10 scientific articles [1,2] a sufficient 
achievement, or is it a disaster not to find a 100% proper candidate for a herbicide? 
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Figure 1. General formulas of investigated compounds. 
 

Although, it is not easy to summarize the three-years project in a B1 poster, I will try to 
answer all the questions, which were asked above. 
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Anthracene derivatives are widely used as luminescent probes in biology.[1] We report 

the synthesis of luminescent anthracene-thymine conjugates 1 and 2 (Fig. 1). 

 
Figure 1. luminescent anthracene-thymine conjugates 1 and 2. 

We have used compounds 1 and 2 as luminescent probes for confocal microscopy bioimaging 
studies in living HeLa cells. Dyes showed photo stability and lack of photo toxicity which are 
both required for molecules to be a luminescent bioimaging probes. Furthermore, we have 
found that structural alternations of the linker group enable us to control accumulation of the 
dye in the selected cellular compartments. Accordingly, compound 1 predominantly stains 
nucleus and nucleoli of the HeLa cells (Fig. 2) while 2 accumulates in mitochondria and 
plasmatic membranes (Fig. 3).  

      
                               Figure 2. Confocal microscopy    Figure 3. Confocal microscopy 
                                view on 1 in living HeLa cells     view on 2 in living HeLa cells 

 
 
 

References 
[1] R. Martinez-Máñez, F.Sancenón, Chem. Rev., 2003, 103, 4419-4476. 



P-012 

Synthesis of novel bis-dipyridothiazines 
Wiktoria Sojka1, Beata Morak-Młodawska2, Krystian Pluta2, Małgorzata Jeleń2 

1Students Scientific Group of Department of Organic Chemistry, Pharmacy Phaculty,  
The Medical University of Silesia in Katowice 

2Department of Organic Chemistry, The Medical University of Silesia in Katowice, Jagiellońska 4,  
41-200 Sosnowiec, Poland 

wiktoriasojka.95@interia.pl, bmlodawska@sum.edu.pl 

 
Cancer has now become a global problem and ranked the top leading cause of death 

worldwide after cardiovascular disease, tuberculosis and malaria combined. Chemotherapy has 
been still improved in cancer therapy and the survival has been greatly increased but there is 
need to discover and develope new more potent antitumor agents with better selectivity and 
reduced side effects [1]. Phenothiazines are important class of heterocyclic compounds with 
wide spectrum of biological properties. Recent reports showed promising anticancer, 
antiplasmid, antibacterial, anti-inflammatory and immunosuppressive activities of classical and 
new phenothiazines [2]. Previously synthesized dipyridothiazine derivatives (1,6-, 1,8-, 2,7- 
and 3,6-diazaphenothiazines) were shown to possess interesting antiproliferative, anticancer, 
antioxidant and immunosuppressive activity [3-6]. In continuation of our search we obtained 
new derivatives of dipyridothiazines – bis-dipyridothiazines in the reactions of selected 
dipyridothiazines with `-dichloro-p-xylene.  

 
 

Using 1H and 13C NMR two-dimensional spectroscopy (1H-1H COSY, ROESY, 
HSQC, HMBC), mass spectrometry (HR MS) the right structure of the products were 
determined. 

For those compounds, the anticancer action on selected tumor lines (SNB-19, Caco-2, 
A549, MDA-MB231) will be investigated.  
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Lipophilicity has been long considered as a vital component of drug discovery and 

development. It is crucial physicochemical parameter which is important for in vivo distribution 
of organic compounds by influencing their solubility, cell uptake, blood-brain penetration and 
rationalizing a number of biological events as membrane penetration and permeability [1,2]. A 
review of the literature demonstrates that compounds that display lipophilicity (logP) between 
one and three appear to be optimal for achieving appropriate physicochemical characteristic to 
ensure  downstream drug success [3]. For this reason, a quantitative assessment of lipophilicity 
is an important tool in quantitative structure–activity relationship studies [4,5]. 

In the continuation of the search of bioactive azaphenothiazines, the synthesis, analysis 
of structure and biological activities of new 2,7-diazaphenothiazines with 1,2,3-triazole 
substituents was presented. 

 
 

Some of these compounds exhibit promising and significant in vitro antiproliferative 
acivity. The aim of this project was examination of the lipophilicity of new series of 10-
substituted 2,7-diazaphenothiazines determined experimentally by RP-TLC and calculated with 
computer programs, as well as search for relationships between their lipophilicity, structure and 
biological activity. 
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Cucurbiturils (CB) are a relatively new class of macrocyclic compounds. Their name is 

derived from the latin word cucurbitaceae, because they have a similar shape to a pumpkin. 
They are made from glycoluril residues connected by methylene groups. Inside the macrocycle 
there is  
a cavity capable of hosting smaller molecules - including medicaments. Cucurbiturils can be 
used as  nano-transporter of toxic drugs.  

Metoclopramide is a medication used with anticancer drugs to improve the comfort of 
treatment. Metoclopramide is commonly used to treat nausea and vomiting associated with 
chemotherapy. The use of the drug is limited because of its low stability inside living organism 
and many side effects. 

Cucurbiturils are well tolerated by organism. These oligomers might be used to reduce 
its toxicity and improve bioavailability of many drugs, including metoclopramide. The object 
of this work is to investigate the effects of interactions between cucurbituril Q7 and 
metoclopramide in aqueous environment.  

Results of the equilibrium dialysis experiments show that the molecule of 
metoclopramide forms a guest-host complex with two molecules of cucurbituril Q7. The 
complexation process is reversible and has spontaneous character. 
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Heterocycles bearing 2,3,4,9-tetrahydro-1H-xanthen-1-one scaffold are constituents of 

natural and unnatural products, some of which display pronounced biological activities.[1-3] 
Therefore, the synthetic methods for this class of compounds are highly desirable. In this 
communication a strategically new approach to 9-substituted 2,3,4,9-tetrahydro-1H-xanthen-1-
ones 4 is presented. The protocool includes TMG promoted, conjugate addition of cyclohexane-
1,3-diones 1 to 3-(diethoxyphosphoryl)coumarins 2 and domino transesterification-
cyclodehydration reaction of the adducts obtained 3. Modifications of the substituent at C-9 
position of tetrahydroxanthenone core are reported for the first time. These transformations 
were realized using previously described procedures. [4,5] 
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Electrochemical oxidation of organic compounds plays an increasing role in treating 
wastewater from organic contaminants. These processes are based on in situ generation of 
highly reactive oxidants, such as the electrogenerated OH radicals, which can trigger the 
mineralization of organic compounds to CO2, water and ions. At special inert electrodes 
characterized by low adsorption properties, such as the boron-doped diamond (BDD) electrode, 
the hydroxyl radical generation and incineration of carboxylic acids can proceed via the outer 
sphere mechanism, i.e. without adsorption of intermediates [1,2]. 

Formic acid is one of intermediates of the oxidative degradation of various organic 
substrates. In the poster we present results of our MP2/aug-cc-pVTZ calculations performed for 
the initial steps of the reaction of formic acid with hydroxyl radical in aqueous solution, in 
which first the HCOOH forms with OH a hydrogen-bonded adduct, followed by the carboxylic 
or formyl hydrogen abstraction. The latter yields HCOO+H2O or COOH+H2O, which also form 
hydrogen-bonded complexes. The structures of the prereactive adducts, product complexes and 
the transition states between them are shown along with their relative energies. 

 
Scheme 1. Two possible pathways of a hydrogen abstraction from formic acid by OH radical in water. 
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Non-steroidal anti-inflammatory drugs (NSAIDs) are a very important group of 
medications with anti-inflammatory, analgesic and antipyretic activity. Acetylsalicylic acid 
(aspirin), which is a key NSAIDs family member, shows also a antiplatelet and cancer 
prevention activity. Cyclooxygenases (COX-1 and COX-2) are molecular targets for NSAIDs. 
These enzymes catalyze the transformation of arachidonic acid into prostaglandins which are 
mediators of  inflammation and are also involved in other biological processes such as 
angiogenesis.  Poster presentation shows the synthesis, structure, luminescence and biological 
properties of fac-[Re(CO)3(phen)(L)] complexes with the ancillary ligands L being medicinally 
active NSAIDs: aspirin (A), (S)-(+)-ibuprofen (B), (S)-(+)-naproxen (C) and indomethacin  
(D; Figure 1). 

Figure 1. fac-[Re(CO)3(phen)(NSAID)] complexes. 
 

fac-[Re(CO)3(phen)(aspirin)] complex showed activity profile derived from its 
molecular constituents. Similar to aspirin drug, the Re-aspiryn complex inhibits COX-2 
enzymes. The luminescent fac-[Re(CO)3(phen)]+ unit localize in mitochondria of HeLa cells as 
shown by confocal microscopy studies (Figure 2). Furthermore it elevates ROS concentration, 
disturb cell cycle and induce apoptosis.  

 
Figure 2. Confocal microscopy view on fac-[Re(CO)3(phen)(Aspirin)] complex in living HeLa cells.
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Recently, an increased interest in pyridine N-oxide, due to their use. Pyridine N-oxides 
are components of antifungal, antiviral, anti-inflammatory and bacteriostatic substances, as well 
as being used as drugs for cancer chemotherapy [1-3]. Here, in the continuation of our research, 
we present the results of the synthesis of a new crystal stabilized by halogen bonds, 
pentachloropyridine N-oxide. The title compound, crystallizes in the monoclinic group P21/c 
with one molecule in a general position. In the crystal structure, molecules are linked by C - 
Cl…Cl halogen bonds into infinite ribbons extending along the crystallographic [100] direction. 
These molecular aggregates are further stabilized by very short intermolecular N-oxide – N-
oxide interactions into herringbone motifs [4]. Computations based on quantum chemistry 
methods [5] allowed for a more detailed description of the N-oxide – N-oxide interactions and 
Cl…Cl halogen bonds. For this purpose, the many-body approach to interaction energy were 
applied.  

 
Scheme 1. The scheme of intermolecular interactions of (I), with halogen bonds shown in pink and 

Cl…Cl interactions shown in cyan within a single ribbon of molecules. 
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The Mannich reaction and its further modifications play an important role in organic 
synthesis. β-Amino carbonyl compounds, which are obtained in these reactions, display various 
biological activities. Moreover, these compounds are versatile building blocks that are often 
utilized in the synthesis of nitrogen-containing natural products. [1-3]  

Herein we present a new catalyst-free Mannich-type reaction of 1-(N-acylamino)alkyl-
triphenylphosphonium tetrafluoroborates with silyl enolates as an alternative approach for the 
synthesis of β-amino carbonyl compounds (Scheme 1).  

Scheme 1 
 

The developed method provides ready access to a variety of N-protected β-amino esters 
as well as N-protected β-amino ketones. In addition, our protocol offers many practical 
advantages, such as a simple and efficient reaction procedure, high reaction yield and the 
possibility to effect a significant reduction of reaction time by microwave irradiation. Moreover, 
the starting 1-(N-acylamino)alkyltriphenylphosphonium tetrafluoroborates are readily available 
from N-protected α-amino acids. [4] From this point of view, the reported approach can be 
considered a new strategy for the α-homologation of N-protectedα-amino acids to prepare β-
amino acid derivatives (with silyl ketene acetals as nucleophiles). 
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In 2013, we described a plausible mechanism of the Michaelis-Arbuzov-type reaction  

of 1-(N-acylamino)alkyltriphenylphosphonium salts 1 (Ar = Ph) with phosphorus nucleophiles 
wherein the N-acyliminium cation 2 (or N-acylimine 3) generated from phosphonium salt 1 
reacts with phosphorus nucleophile to form alkoxyphosphonium salt 4 – a characteristic 
intermediate of the Michaelis-Arbuzov reaction. The final step of the reaction is the 
dealkylation of the alkoxyphosphonium salt 4 and may occur directly with triphenylphosphine 
(see Scheme 1). However, we have not been able to isolate or even observe the formation of 
postulated intermediate product 4.[1]  

Recently, we reported the synthetic application of 1-(N-acylamino)-
alkyltriarylphosphonium salts with weakened Cα-P+ bond strength.[2] We synthesized 
triarylphosphonium salts derived from EWG-substituted triarylphosphines 1 (R = m-C6H4Cl or 
p-C6H4CF3) and investigated their reactivity in the Michaelis-Arbuzov-type reaction with 
phosphorus nucleophiles. Detailed NMR (1H and 31P NMR) and HR-MS analysis confirmed 
that alkoxyphosphonium salt 4 was present in the reaction mixture. Moreover, we isolated and 
fully characterized the intermediate product of the Michaelis-Arbuzov reaction 4 (R1 = t-Bu, R2 
= Me, R = Et). 

 
Scheme 1. α-Amidoalkylation of P-nucleophiles by 1-(N-acylamino)alkyltriarylphosphonium salts 1 -  

a plausible mechanism. 
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Recently we described a new method for synthesis of α-phosphonium derivatives 4 of 

α-aminophosphonates (R1 = H, Me, Ph; R2 = Me, Bn) from imidate hydrochlorides 1 readily 
available from nitriles. The starting compounds may be effectively converted into target 
phosphonium salts via a three-step transformation involving acylation of the imidate 
hydrochloride 1 with an acyl chloride, the MichaelisBecker-like addition of diethyl phosphite 
to the N-acylimidate 2 in a PTC system and finally nucleophilic substitution of the ethoxy group 
of the 1-ethoxyphosphonate derivative 3 with triphenylphosphonium tetrafluoroborate.[1] 

Then our efforts were concentrated on further extending the utility of this new, 
promising method for α-phosphonium derivatives 4 of other phosphonates (R1 = Bn, i-Pr, i-Bu) 
possessing an amino group protected with easily removable acyl group, such as e.g. Cbz group. 
In the studies on the reactivity of the obtained compounds it turned out that these practically 
unknown phosphonium salts were in fact convenient materials in some further transformations 
due to increased electrophilicity of their α-carbon. Thus, we have demonstrated the possibility 
of performing the MichaelisArbuzov-like reaction with phosphorus nucleophile, such as 
triethyl phosphite, to give α-aminobisphosphonate derivatives 5, that are used in the treatment 
of osteoporosis and other related bone diseases.[2-4]  
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A square-wave adsorptive stripping voltammetric protocol (employing the bismuth film 

modified glassy carbon electrode – BiF/GCE – as a reusable sensor) was extensively optimized 
allowing the quantitative determination of an unknown anticancer agent, e.g. ethyl [4-oxo-8-
(3-chlorophenyl)-4,6,7,8-tetrahydroimidazo[2,1-c][1,2,4]triazin-3-yl]acetate (ETTA) in its 
pure form and in serum. This novel molecule has been patented previously as useful in the 
treatment of two human multiple myelomas (resistant and susceptible to thalidomide) as well 
as human solid tumours of cervix and breast [1]. Furthermore, ETTA has been shown to evoke 
much higher necrosis rates in human tumour cells in comparison to that detected in normal cells 
[2].  

The developed electroanalytical procedure with a significant innovation proved to be 
particularly suitable for the determination of ETTA in spiked serum samples – at concentration 
ranges typically measured in medicated patients – after removing the interfering components 
by solid phase extraction. This procedure is based on the adsorptive accumulation of this small 
molecule at the surface of the prepared sensor (BiF/GCE) as well as the reductive behaviour of 
this electroactive compound during the analytical stripping step. The electron gain mechanism 
at the developed sensor, characterizing the electrochemical behaviour of ETTA was clarified 
for the first time. Under experimental conditions a well-defined single cathodic peak was 
observed due to a two proton and two electron reduction of the electroactive –N(2)=C(3) double 
bond of azomethine-type in the triazinone ring of test analyte resulting in its dihydro-derivative 
with –NH–CH grouping. This reduction mechanism was confirmed by cyclic voltammetry. 
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Hypercoordinated (λ5-7) organosilicon compounds are intensively studied by many 

research groups due to their interesting structure and synthetic usability.[1]  
The presented research deals with the NMR studies of heptacoordinated organosilicon 

compounds. Goshchava silanates (I) are neutral, soluble in water and DMSO heptacoordinated 
silicon compounds.[2] When dissolved in water, compounds Ia,b hydrolyze to corresponding 
derivatives Ic. That is why the investigations of compounds I were carried on in dry DMSO-
d6. 

 
 
It is shown that for studied heptacoordinated compounds Ia-b the values of the chemical 

shift of silicon are from 169.0 to 174.7 ppm. On the other hand, the difference between chemical 
shifts of Ib and heptacoordinated derivative of ammonium type II is 11.2 ppm. 

 
 

Abnormal 13C chemical shifts reveal 2-furyl groups in compound Ie. For C-4 and C-5 
of the ring the 13C chemical shifts remain practically unchanged as compared to unsubstituted 
furan, while chemical shifts of carbon atoms C-2 and C-3 are considerable moved downfield 
(the carbon atoms deshielding is 17.5 and 19.4 ppm, correspondingly). The nature of these 
specific properties will be discussed. 
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The search for new compounds which can find practical applications in various areas of 

life is an extremely important branch of supramolecular chemistry. Particularly noteworthy are 
the molecules of biological importance: potential drugs, as well as their selective transporters 
(receptors). The latter, by formation of a complex with a drug, can significantly change the 
absorption, distribution and excretion of excess of drugs, as well as their interactions with other 
pharmaceuticals. Drug carriers may be macrocyclic compounds, such as cyclodextrins, 
calixarenes or cucurbiturils. Also crown ethers and azacrown ethers, as well as their derivatives, 
may play this role. In the Faculty of Chemistry, University of Lodz the team of  prof. B. Kryczka 
and dr hab. S. Porwański managed to synthesize new compounds, in which cellobiose groups 
are linked to azacrown ethers through urea bridges. One of these compounds is 1,10-N,N’-Bis-
(β-D-ureidocellobiosyl)-4,7,13-trioxa-1,10-diazacyclopentadecane.[1] 

   
Figure 1. Structure of 1,10-N,N’-Bis-(β-D-ureidocellobiosyl)-4,7,13-trioxa-1,10-

diazacyclopentadecane 
Since no crystallographic data for this molecule is available, to determine its most stable 

structures a thorough conformational analysis has been performed at the Density Functional 
Theory.  

On the poster are presented five lowest energy structures of this compound found from 
the B3LYP-GD2/6-31G(d,p) calculations performed in water described by Polarizable 
Continuum Model, and are analyzed their relative energies. For the most stable conformer the 
IR and NMR spectra are also shown and compared to the experimental data available. 
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It is known that interaction of diethyl esters of 1-acylamino-2,2-
dichloroethenylphosphonic acids (I) with amine alcohols leads to formation of 4-
phosphorylated derivatives of 1,3-oxazole (II) containing aminoalkanol substituents in position 
5 [1] . It turned out that these compounds are promising for further cyclocondensations. In 
particular, we have found treating  oxazols (II) with methanesulphochloride leads mainly to 
compounds (III) in high yields, which in turn are converted into derivatives of new heterocyclic 
system oxazolo[4,5-c][1,5,2]oxazophosphepine-1-oxide (IV) when heated in the presence of 
triethylamine. 

 
 

Compounds (IV) are stable solids. Their structure well correlates with the results of  
elemental analysis, 1H , 13C, 31P NMR spectroscopy and mass spectrometry. 
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The complexes of nickel with salen and it's derivatives under current conditions undergo 

polymerization. Electrodes modified with such polymers find application in the catalysis of 
reactions oxidation or reduction[1,2]. The aim of the presented research is electrosynthesis of a 
polymer (polyNisalhd) derived from the complex Ni(II) with (±)-trans-N,N’-bis(salicylideno)-
1,2-cycloheksanediamine and investigating the kinetics of the processes occurring on electrodes 
modified with films of this polymer. This may allow future use of these electrodes for 
electrocatalysis. 

PolyNisalhd modified electrodes were obtained based on cyclic voltammetry, during 
registration of 1 - 25 cycles on a platinum electrode, immersed in a complex solution in AN, 
against tetraethylammonium perchlorate (TBAP). As a result of this process, yellow polymer 
films were obtained on the surface of the electrodes. Diffusion coefficients are a measure of the 
kinetics of electrode processes. Kinetic studies by cyclic voltammetry showed decreasing 
diffusion coefficients along with the increase in the thickness of polymer films. Only in thin 
films obtained as a result of 1-5 electropolymerization cycles kinetic limitations don't occur. 
Kinetics were also examined by electrochemical quartz crystal microbalance (EQCM). Such 
experiments allow to determine the size of the mass transported into polymeric films. The mass 
of ions and solvent transported into the film begins to increase from the oxidation potential of 
the polymer, which can be seen from the decreasing frequency. During anode processes, it 
decreases with the increase of polymer film, frequency indicates the increase in the mass of 
ions transported into films. For thicker films, obtained as a result of more than 5 polymerization 
cycles, the increase in the mass transported is clearly limited, which confirms the limitations in 
the transport of cargo by these films. The dependence of charge on potential also indicates 
kinetic difficulties in thicker films. The reason for the restrictions in the transport of the load is 
most likely the compact structure of the cross-linked conductive polymer. Optimal kinetics for 
films obtained as a result of 3-5 electro-polymerization cycles predestines these films for 
electrocatalytic applications. 
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The interest in Mn(II) complexes is related to the role of this element in anodic catalysis. 

However, the tendency to undergo the disproportionation process of thermodynamically 
unstable Mn(III) ions in the aqueous environment complicates these processes. Counteracting 
this process can be achieved by using excess Mn(II) ions, maintaining low pH, complexing or 
by partially isolating the catalyst from the aqueous environment by binding it to, for example, 
the polymer. 

The aim of the study was to assess how the binding of the catalyst to a hydrophobic-
hydrophilic polymer film (Nafion) and partial separation from the aqueous environment will 
reduce the tendency to disproportionation process of Mn(III) ion and thus influence the 
stabilization of electrode and electrocatalytic processes. 

A glassy carbon electrode was modified by embedding Nafion with incorporated in its 
structure Mn(II) complexes with 2,2'-bipyridine (2,2’-bpy). The electroactivity was tested by 
multiple recording of cyclic voltammetry curves in the solution of the supporting electrolyte. 
The instability of peak currents in the initial cycles is a consequence of ions movement. 

The characteristic of the anodic process was evaluated on the basis of voltammograms 
recorded at increasing sweep rates. A single anodic peak, moving along with the increase of 
sweep rate towards higher potentials and a wide, complicated cathodic peak, splitting with 
increasing scan rate, as well as value of ipk / ipa <1 indicate that the investigated process proceeds 
according to EC mechanism, with poorly marked disproportionation reaction of anodic product. 

The electrocatalytic properties were analyzed against glycolic acid. The change in the 
area of both catalyst reduction peaks indicates the participation of both products of the 
disproportionation reaction in the electrocatalysis process. On the other hand, the increase in 
the anodic peak potentials in the electrocatalysis reaction is a result of the weakening of the 
interaction of the complex with the sulfone groups of Nafion by a competitive anion such as 
the reducer. This conclusion results from the values of Ef, which in the polymer environment 
are lower than the values determined in the water-alcohol solution of the complex, which results 
from the interaction of the complex with Nafion. 
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8-Hydroxyquinoline (8HQ) is a heteroaromatic compound used in designing a new 
active agents with therapeutic potential. One of the possible methods for derivatization of the 
8HQ scaffold is formation of glycoconjugates. Experimental results indicate that the 
mechanism of anticancer activity of 8HQ derivatives is associated with their abilities to chelate 
of copper(II) ions, that are necessary for cancer growth and angiogenesis. However, the 
presence of a sugar moiety prevents the undesirable systemic chelation of copper(II) ions by 
8HQ and thus reduced toxicity effect of anticancer agents.[1,2] 

In our research group, we design and synthesize glycoconjugates of 8HQ derivatives as 
well as test their anticancer activity. Our research shows that the presence of both: a sugar unit 
as well as a heteroaromatic ring in the glycoconjugates structure improves the antiproliferative 
activity of the test compounds against a wide bunch of cancer cell lines compared to the 
aglycons.[3] 

In this work we present simple and effective approach for the synthesis a series of 
glycoconjugates derivatives of 8HQ. Different sugar derivatives substituted in the anomeric 
position with a substituent containing the azide moiety or triple bond were connected with 
quinoline derivatives by functionalizing their 8-OH moiety. For the synthesis of these 
compounds, we used the copper(I)-catalyzed azide-alkyne 1,3-dipolar cycloaddition as an 
example of the innovative click chemistry concept (Scheme 1). This type of reaction in a simple, 
easy and inexpensive way leads to products with high yield, purity and selectivity.[4] The 
structures of all obtained compounds were confirmed by means of NMR and MS spectra. 
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Scheme 1.  
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Transition metal catalysts are very useful in many reactions performed at laboratory and 

industrial scale. Their use allows to increase efficiency of the reaction, reduce the reaction time 
and lower the cost of processes. Among wide group of catalysts complexes of transition metals 
with phosphine ligands are successfully used in various catalytic transformations, both achiral 
and stereoselective.  

During our studies devoted towards the synthesis of bicyclic phosphines we attempted 
the synthesis of new phosphine ligands possessing benzophospholane or benzophosphorinane 
skeleton. Recently the synthesis of benzophospholane and benzophosphorinane oxides has been 
described by our research group [1]. Phosphine oxides were reduced using the literature 
protocol. Benzophosphole oxides were submitted to a reaction with borane dimethylsulfide 
complex affording phospine-boranes with excellent yields and selectivity. In the case of 
benzophosphorinane oxides reduction with phenylsilane was necessary and the formed free 
phosphines were protected as their borane complexes. Phosphine-boranes were next used as a 
precursors of rhodium complexes. 
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Derivatives of s-tetrazine and 1,3,4-oxadiazole are very popular among scientists due to 
the wide range of potential applications. Both systems exhibit excellent optoelectronic 
properties, which allows their use inter alia in the production of OLEDs.[1,2] In addition, the 
compounds of both types often show biological activity.[3,4] That is why it seems to be 
particularly advantageous to combine s-tetrazine system with 1,3,4-oxadiazole derivatives.  

Considering the importance of both systems to different branches we report here the 
efficient path of obtaining s-tetrazine derivatives containing 1,3,4-oxadiazole scaffold. The 
final products were obtained in a six-step reaction sequence, including the synthesis of dimethyl 
1,2,4,5-tetrazine-3,6-dicarboxylate described in literature, conversion of this compound into 
1,2,4,5-tetrazine-3,6-dicarbohydrazide and reaction with triethyl ortoesters. The last step 
required the use of microwave assistance. Fluorescent and spectroscopic properties were 
measured for the desired products. 

 
Scheme 1. Synthesis of the title compounds 
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Poly([R]-3-hydroxybutyrate) (PHB) is a biopolymer produced by microorganisms as a 

carbon and energy source. PHB is a biodegradable and biocompatible aliphatic polyester 
considered as future „green” engineering plastics for biomedical, food package or drug delivery 
applications. Poly(3-hydroxybutyrate) is synthesized by biotechnological processes, applying 
bacterial fermentation of substrates such as sucrose, corn, cane sugar etc. or as a result of a 
chemical reaction, i.e. by the polymerization of β-butyrolactone (4-methyl-2-oxetanone, BL), 
in coordination, cationic or anionic ring-opening polymerization.  

Ring-opening in the anionic polymerization of β-lactones (AROP) strongly depends on 
the structure of the monomer and the initiator used. Ring-opening of the monomer can occur at 
the acyl-oxygen or alkyl-oxygen positions. In the reaction of β-lactones with an initiator which 
is weak nucleophile, e.g. an alkali metal carboxylate, the attack occurs on the C4 carbon 
(Scheme 1. b) of the lactone ring and subsequent alkyl-oxygen bond scission occurs. The 
carboxylate ion formed in this reaction is the center of the chain growth. If a strong nucleophile, 
e.g. an alkali metal alcoholates are used as initiator, the attack occurs at C2 carbon (Scheme 1. 
a) with cleavage of the acyl-oxygen bond and alkoxide anion formation. However, the polymer 
chain growing centers (alcoholate or carboxylate) strongly depends on the β-lactone structure, 
i.e. the presence of hydrogen at C3 carbon. The communication proposes a mechanism of β-
butyrolactone AROP initiated with various sodium phenoxides and reveals the effect of the 
initiator basicity on the position of the attack in the monomer. 

 
Scheme 1.  
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Medical diagnostic is a very fast developing section of science. Numerously research 
groups are looking for a new methods which determine concentration of human blood or tissue 
components. Chemiluminometric methods are interesting in this field, because of cognitive and 
utilitarian nature. As far as it is known chemiluminescence has very wide perspectives of 
application.[1] It can be used in biochemical, chemical and medical analysis to quality and 
quantity determination of concentration of enzymes, hormones, antibiotics and others.[2,3] One 
of the most extensively explored and promising group of compounds showing the ability to 
chemiluminescence are acridinium derivatives. 

Chemiluminescent properties of acridinium derivatives are known since 1970’s.[4] 
High intensity and quantum efficiency of acridinium derivatives initiated investigations of a 
new chemiluminogens with better chemiluminescenct properties. For now one of the most 
examined acridinium derivatives are 10-methyl-9-(phenoxycarbonyl)acridinium derivatives, 
which have limit detection at the level of 10-19 mole of analyte or below. In this communication 
will be present methods of synthesis and structure determination of 10-methyl-9-
(thiophenoxycarbonyl)acridinium derivatives. 
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Acridone/acridine analogs are one of the most studied heterorganic compounds with a 

very wide range of biological activity.  On the other hand acridine derivatives are 
chemiluminogens that independently emits light in the presence of H2O2 and alkaline media [1-
3]. Efficient chemiluminogens are N-substituted acridine derivatives that have been used in 
immunological diagnostics as luminogen fragment of chemiluminescent labels [4]. 

It is extremely important to know the mechanism of reaction leading to the generation 
of light by chemiluminogens. Chemiluminescence of acridinium begins with the nucleophilic 
attack of peroxide ion in the alkaline environment. The main pathway of the chemiluminescence 
reaction (“light pathway”) leads to formation of the electronically excited product – 10-methyl-
9-acridinone. The computational studies present two concurrent pathways (“dark pathway”), 
which do not lead to the formation of electronically excited product: the first is the hydrolysis 
of the 10-methylacridinium molecule and the second one is the formation of socalled 
“pseudobase” and the products its transformation. 

In the communication will be presented mechanism of chemiluminescence of new 
acridine derivatives. 
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The 10-methylacridinium-9-carboxylic acid derivatives are extensively used as reagents 

for chemiluminescence labeling of biological molecules (e.g. antigens, antibodies, 
hormones).[1] They can serve as tracers in the assays of oxidative entities (e.g., hydrogen 
peroxide, peroxide anion) and other nucleophilic individuals in environmental, biological, or 
pharmaceutical samples.[2] Quantitative analyses utilizing aromatic esters of 10-
methylacridinium-9-carboxylic acid (acridinium esters) are regarded as some of the most 
sensitive analytical methodologies available nowadays, enabling analytes to be detected even 
at the subattomole level.[3] The enhancement of their luminogenic properties can be achieved 
through the exchange of the oxygen atom in the carboxylic group with an sulfur atom creating 
esters of acridine-9-carbothioic S-acid (acridinium thioesters). These compounds exhibit higher 
chemiluminescent yield in comparison to acridinium esters , which may contribute to their use 
as biological markers and indicators. 
 Herein we present the crystal structure, intermolecular interactions and Hirshfeld 
Surfaces studies of four acridinium thioesters: (I) 9-((2-methyl)-thiophenoxycarbonyl)acridine, 
(II) 9-((2-methoxy)-thiophenoxycarbonyl)acridine, (III) 9-((2-isopropyl)-
thiophenoxycarbonyl)acridine, and  (IV) 9-((3-chloro)-thiophenoxycarbonyl)acridine 
 

I II III IV 

 
 

Scheme 1. Structure of investigated compounds. 
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An interesting group of acridine derivatives are those capable of chemiluminescence. 

This ability is displayed by acridinium cations alkyl-substituted at the endocyclic nitrogen atom 
and containing electron-attracting substituents at C9; this latter atom is thus susceptible to the 
attack of anionic oxidants [1]. Oxidation gives rise to electronically excited N-alkyl-9-
acridinones. Their relaxation is accompanied by the emission of light, i.e. chemiluminescence 
[1,2]. The efficiency of chemiluminescence, no greater than a few per cent [1], can be affected 
by the presence of various substances in the medium, including nucleophilic species, competing 
with oxidants for substitution at C9 [3,4]. This effect is utilized in the assay of oxidants, 
nucleophiles or other entities, and in such cases acridinium cations serve as chemiluminogenic 
indicators [1,3]. Acridinium chemiluminogens can also be linked via a spacer (e.g. alkyl chain) 
to an active group able to react with appropriate fragments of macromolecules; such 
chemiluminescent labels are widely used in medical, biological and environmental analyses [1]. 

The compounds on which this communication focuses are the chemiluminogenic 
substituted acridinium trifluoromethanesulphonates and their precursors, 9-substituted acridine 
derivatives. The aim of the investigations was to examine the properties of these compounds 
by combining experimental methods with appropriately selected computational ones [2–5]. A 
further aim was to discover whether and to what extent the stability and behaviour of the 
compounds investigated affect their utilitarian potency. 
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Strong antioxidant properties of structurally related imidazolines (1-9), bearing the 

hydazino function and the aromatic phenyl moiety unsubstituted or substituted by electron-
donating (e.g. alkyl, dialkyl or alkoxy) or electron-withdrawing (e.g. chloro or dichloro) groups, 
are disclosed for the first time. The studied heterocyclic compounds have been resynthesized 
for current research needs via successful hydrazinolysis of 1-aryl-2-methylsulfanyl-4,5-
dihydro-1H-imidazoles. Their structures have been confirmed by combined spectroscopic data, 
DEPT, 2D NMR experiments and elemental analyses. In previous investigations the title 
compounds revealed significant antibacterial activities. In addition, these chemically and 
biologically important molecules have been previously utilized as the starting nucleophiles in 
synthesis of important fused azaisocytosine-containing molecules (including inter alia 
anticancer agents and a novel antagonist of A2A adenosine receptors useful as a medicine for 
liver diseases). 

 
DPPH•, GOR, NO and H2O2 scavenging properties of the investigated compounds are 

presented for the first time. For all the tested 5-membered nitrogen heterocycles a particular 
importance of the hydrazino function in an antioxidant effect was confirmed and the most likely 
DPPH• and GOR scavenging mechanisms were proposed. The strongest DPPH• scavengers 
proved to be molecules 2-4 with methyl or dimethyl substitutions at the phenyl moiety 
(revealing the potency superior to that of butylated hydroxyanisole – BHA, butylated 
hydroxytoluene – BHT, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid – Trolox, 
propyl gallate – PG and ascorbic acid – AA). Furthermore, hydrazinoimidazolines 2-4 revealed 
strong NO neutralising potencies – better than that of BHA (2-4), Trolox (2 and 3), BHT (2 and 
3) and AA (3). Compound 5, bearing 2-methoxy group at the phenyl moiety, proved to be an 
excellent scavenger of GOR, NO and H2O2 with the potency superior or comparable to the 
majority of antioxidants used, whereas 9 (with 3,4-dichloro substitution at the phenyl ring) and 
4 were found to be effective in the neutralisation of H2O2 and GOR, respectively. Additionally, 
all the investigated imidazolines revealed the reducing power higher than that of BHT.  

Finally, five hydrazino-containing imidazoline structures (2-5 and 9), revealing 
excellent or good antiradical activities, could be utilized as promising antioxidant candidates.
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Asymmetrical synthesis is currently one of the most important directions in the 

development of research in organic chemistry. Its importance is increased by the fact of 
industrial demand for methods and technologies leading to optically pure organic compounds 
with defined physicochemical (new materials) and biological properties (active substances for 
new drugs, intermediates for the chemical, cosmetics and food industries, etc.). 

The selection of a suitable optically active catalyst, affecting both the stereochemistry 
of the products obtained, as well as chemical performance and optical purity, is a key issue in 
modern asymmetric synthesis. For this reason, further research focusing on the synthesis of 
new, effective catalysts for stereocontrolled synthesis remains of interest to many research 
groups. 

Therefore, the main objective of the work was the synthesis of new catalysts based on 
optically pure aziridine ring containing additionally diphenylphosphinoyl  (A) or 
diphenylphosphino (B) moiety. 
 

 
 

It should be emphasized that such derivatives have not yet gained place in asymmetrical 
synthesis, because they have never been tested in stereocontrolled reactions. 

On the basis of our experience learned as well as preliminary studied we can claim that 
such compounds have potentially more possibilities of playing a significant role in this field. 

Such type of catalysts also allow to extend the scope of the studies with a large group 
of asymmetric reactions in the presence of palladium. 
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In continuation of our persistent search for innovative antimetabolites with much less toxic 

effects in normal cells and better biopharmaceutical properties, a class of title small molecular 
weight compounds (7-12) was synthesized. For this purpose equimolar ratios of 1-aryl-2-
hydrazinylideneimidazolidine hydroiodides (1-6) were subjected to condensation with ethyl 2-
oxobutanoic acid in n-butanol containing a small molar excess of triethylamine to yield the ring-
opened ketimine intermediates (such as 2-[(1-arylimidazolidin-2-ylidene)hydrazinylidene]butanoic 
acids) with a concomitant elimination of water molecule and a simultaneous formation of 
triethylammonium iodide as a by-product of alkylation. Next, all the intermediates (having a 
protonated endo-nitrogen in the imidazolidine centroid) that were formed underwent a successive 
intramolecular cyclization under basic conditions in refluxing primary solvent medium, yielding 
the title compounds (7-12) with a simultaneous loss of water molecule. Structures of all the obtained 
compounds were confirmed by NMR methods and DEPT experiments. Their high purities were 
assessed using the HPLC technique and the retention times were determined for the first time on 

various reversed-phase materials imitating biosystems. 
The title molecules showed strong anticancer effects against human solid tumours of lung, 

cervix, breast and ovary in the assay BrdU-based. Several compounds in the same bioassay were 
found to be less cytotoxic towards non-cancerous cells of the same epithelial origin. The statistically 
significant relationships were found between the experimental log k factors of the majority of 
compounds and their in silico pharmacokinetic descriptors (such as: Pe, jejunum and log BB – in the 
case of all the molecules, Caco-2, fu, brain and log PHSA – in the case of 7, 8, 10, 11, 12, and %F – in 
the case of 7, 8, 10, 11) predicting optimal biopharmaceutical properties in vivo. Noteworthy is that 
all the studied representatives in this series revealed much higher inhibitory effects on the growth 
of epithelial solid tumour cells in comparison with that shown by a commonly used antimetabolite 
– pemetrexed. Primarily, compounds 10 and 12 exhibited the best selectivity indices. However, 
several structures demonstrated better selectivity than pemetrexed in tumour cell lines of lung (7, 
10, 12), cervix and breast (9, 10, 11, 12) after 24-, 48- and 72-h incubation periods. Therefore, they 
may be promising candidates with prospective anticancer utility and therefore should be utilized in 
further more advanced investigations.

1,7: R = C6H5;  2,8: R = 4-MeC6H4;  3,9: R = 2-ClC6H4;  4,10: R = 3-ClC6H4;  5,11: R = 4-ClC6H4; 6,12: R = 3,4-Cl2C6H3
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Adenosine plays important roles in various biological processes. There is also a range 
of adenosine derivatives used in in clinical practice as cardioprotective, anticancer or antiviral 
drugs. In spite of advantages there are also limitations of adenosine drugs such as low stability 
in vivo, low selectivity or low affinity towards protein target. [1] Introduction of cycloalkyl, 
phenyl, boron cluster or other highly lipophilic substituent can improve stability, selectivity and 
bioavailability of drug molecule. [2,3] 

Although UV spectroscopy is not sufficient to determine compound structure it is useful 
for molecule characterisation due to spectrum-structure relationships. Using reference 
nucleosides enables obtaining valuable information on the structural characterisation of 
nucleosides. [4] 

In the present communication we describe an effect of boron cluster modification on 
UV spectra of series of adenosine and deoxyadenosine derivatives substituted at position 2 or 
8 through rigid ethynyl linker. Spectra of unmodified nucleosides and ethynyl- or 
phenylethynyl-modified molecules were studied for comparison. An electronic properties of 
the boron cluster modification relevant for the observed phenomenon are discussed. 

 
Scheme 1. UV spectrum of ethynyl- (1) and boron cluster-modified deoxyadenosine (2). 
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Hydrolysis of substituted silanes is one of the most important class of reactions silicon-

containing molecules can undergo. Leading to many important precursors of polymers, this 
reaction type was extensively studied theoretically.[1] It is a well-known fact, that fluoride anon 
acts as a catalyst for such reaction and the latter issue prompted many researcher teams to 
investigate the impact F(-) possesses on the reaction mechanism and energetics.[2] Yet, in spite 
of researchers’ long-lasting efforts, the exact role of fluoride anion in the process is at best 
elusive and still holds many mysteries to be explained. 

Substituted alkylalkoksysilanes of various number of alkyl, alkoxyl and hydroxyl 
groups in combination with F(-) were investigated in order to explain impact F(-) can exert on 
energetics (and mechanism) of silanes hydrolysis. Two types of junction of such moieties, 
shown in scheme 1, were investigated: loose ion-dipole complexes (left) and pentacoordinated 
transition anions (right). Hydrolysis of substituted silanes without any catalyst was taken as the 
reference frame. 

Compounds taken into account were: 
 Me3Si(OMe) – trimethylmetoxysilane; 
 Me2Si(OMe)2 – dimethyldimetoxysilane; 
 MeSi(OMe)3 – methyltrimethoxysilane; 
 MeSi(OMe)2(OH) – methyldimethoxysilanol; 
 MeSi(OMe)(OH)2 – methylmethoxysilanediol; 
 (MeO)2Si(OH)2 – dimethoxysilanediol; 

 
Scheme 1. Two exemplary types of junction of F(-) with substituted silanes considered – ion-dipole 

complexes and pentacoordinate transition anions. 
R1, R2, R3, R4 ϵ {-Me; -OMe; -OH} 

 Results obtained suggest barrier heights dependence on F(-)–junction form and presence 
of hydroxyl group in compounds investigated. 
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Theoretically possible reaction paths of [3+2] cycloaddition (32CA) between 
homogenous group of (Z)-C-aryl-N-phenylnitrones and 2-methyl-1-nitroprop-1-ene were 
explored in detail using B3LYP/6-31G(d) level of theory. All the considered 32CA processes 
are initiated by attack of the most nucleophilic oxygen atom in nitrone molecule to the most 
electrophilic beta-carbon atom in nitroethylene moiety. These types of interactions favour 
formation of 4-nitro substituted cycloadducts. Additionally, in the light of Molecular Electron 
Density Theory (MEDT), the 32CAs in question should be considered as polar processes with 
asynchronous transition states (TSs). However, the asynchronicity of localised TSs is 
unexpectedly low and evidently insufficient to enforce a stepwise, zwitterionic mechanism. 
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Among the selenoorganic compounds, Ebselen synthesized by Lesser and Weiss1 as early 

as 1924 attracted a considerable interest in pharmacology research field. In 1984 it was found to 
serve as mimic of glutathione peroxidase (GPx), later on, the studies on its biological profile showed 
its antimalarial, antitubercular, and neuroprotective activities2. The second representative of 
benzisoselenazolones, Ethaselen (BBSKE) has shown good antitumor effects in many cancer 
models and currently is in phase I clinical trial for the treatment of TrxRd overexpressing advanced 
nonsmall cell lung cancer3. Diselenides, in turn, were found to be synthetically useful precursors 
for electrophilic, nucleophilic, radical species or precatalysts with a large applicability in organic 
synthesis. Apart from already known antimicrobial and antioxidant properties of diselenides, a 
cytotoxic profile for the examples of this class compounds has been tested in MCF-7 cells, and 
among them, 1,2-bis(chloropyridazinyl) diselenide was found to possess a significant activity 
obtained at low micromolar concentrations4. As there is still a lack of the detailed investigations 
based on a poor knowledge of their antitumor properties we wanted to contribute to the synthesis 
of a set of ebselen-like compounds and a series of diversely functionalized diaryl diselenides, with 
the aim of evaluating their antiproliferative activity.   
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We have recently reported that secondary pyrene-1-carboxamide 1 undergoes 

regioselective directed lithiation at position 2- with n-BuLi/TMEDA, opening a route to 2-
substituted derivatives.[1,2] 

N
H

O

1  
Sterically hindered N,2,7-tri-tert-butylpyrene-1-carboxamide 2 treated with n-BuLi,  

iso-BuLi, sec-BuLi and n-HexLi in THF in the presence of TMEDA and air afforded trans-
N,2,7-tri-tert-butylpyrene-10-alkyl-9-hydroxy-9,10-dihydropyrene-1-carboxamides 3. 
Trifluoroacetic acid promoted dehydration compounds 3 gave 10-alkyl derivatives 4. The minor 
products of this reaction were deaminated compounds 5.[3] 
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Amide bond formation is one of a most frequently occurring reactions in synthesis of 

biological active compounds.[1] Amide bonds play a major role in the elaboration and 
composition of biological systems, representing for example the main chemical bonds that link 
amino acid building blocks together to give proteins. There are not limited to biological systems 
and are indeed present in a huge array of molecules, including major marketed drugs: 
Atorvastatin, Lisinopril, Valsartan.[2] The prevalence of amide functionality sometimes gives 
the incorrect impression that there are no remaining synthetic challenges. 

Naphthalimides are important aromatic heterocycles with immense pharmacological 
significance, as they serve as core scaffold for many antitumor, anti-inflammatory, 
antiprotozoal, antiviral agents. The tricyclic planar ring system of naphthalimide is primarily 
responsible for its intercalation with DNA to perturb the cellular events. Two of them 
mitonafide and amonafide were used in clinical trials.[3] 

In our laboratory we have an on-going project entitled “Molecules binding DNA – 
synthesis and properties of DNA intercalators containing boron clusters”. The goal of the 
research project is to obtain new, modified intercalators like naphthalimides modified with 
carborane cluster in various positions of the planar ring. 

In the poster we will present the preparation of 3-aminonaphthalimide derivatives 
bearing carborane clusters obtained by amide bond formation (Scheme 1). Different methods 
for synthesis of the desired compounds will be discussed.  

 
Scheme 1. Synthesis of boron cluster containing naphthalimide derivatives. 
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Developing efficient catalysts for the conversion of bio-renewable feedstocks to 

selected key chemicals such as lactic acid esters (Figure 1), which would be an alternative to 
the currently used techniques of obtaining them from non-renewable resources, is the main 
issue for scientists working in the field of catalysis. Lactic acid is used in the food industry and 
for the production of other chemicals and polymers; its production is about 2.7 Mton/year [1]. 
The urgent needs for a more sustainable production of chemicals from renewable feedstock, 
like biomass, have caused intensive research efforts in search for novel porous nano-materials 
[2]. 

 
Figure 1. Scheme illustrating the targeted product (lactic acid) from biomass via DHA. 

 
In the present study, we are interested in designing one-pot approach for the production of lactic 

acid (LA)/alkyl lactates from dihydroxyacetone (DHA) over zeolite catalysts (synthetic and natural 
clinoptilolite). Various synthetic BEA zeolites modified with metals (Sn, Cu, Na, Zn and Fe) were 
prepared using ion exchange. The catalysts were tested in liquid phase using one-pot periodic 
autoclave (3 h, 120C). 

The investigated catalysts trends in following byproduct formation: lactic acid, ethyl 
lactate, ethyl acetate, acetic acid or acetaldehyde. The best selectivity towards lactic acid was 
achieved using the Cu-modified natural clinoptilolite (only 16%). The best yield towards ethyl 
lactate was obtained using Na-BEA zeolite (50%). 
 
Acknowledgment 

This project has received funding from the European Union’s Horizon 2020 research 
and innovation programme under the Marie Skłodowska-Curie grant agreement No. 665778 
(Polonez-1 no. 2015/19/P/ST4/02482 of National Science Centre, Poland). 

 
References 
[1] I. Czekaj, N. Sobuś, Technical Transactions, 2018, 8, 35–58. 
[2] A. Corma, S. Iborra, A. Velty, Chem. Rev., 2007, 107, 2411-2502..



P-046 

A new method for synthesis and synthetic applications of ethyl 
1-(N-acetylamino)-1-ethoxyalkylphosphinates 

Karolina Janota1, Anna Kuźnik1,2 
1Department of Organic Chemistry, Bioorganic Chemistry and Biotechnology, Silesian University of 

Technology, B. Krzywoustego 4, 44-100 Gliwice, Poland 
2Biotechnology Center of Silesian University of Technology, B. Krzywoustego 8, 44-100 Gliwice, 

Poland 
karolina.donner@gmail.com 

In 2015, we published a few-stage transformation of N-acyl-α-amino acid derivatives 
into phosphonate derivatives α-functionalised with nucleofugal methoxy group, that was 
introduced by electrochemical alkoxylation.[1] However, one of the drawback of this method 
was the inability to undergo electrochemical oxidation of phosphinate analogues of the starting 
α-amino acids.  

Recently we described a completely new approach for synthesis of α-alkoxy derivatives 
of α-aminophosphonates from imidate hydrochlorides 1. The starting compounds were 
effectively transformed into α-ethoxyphosphonates via acylation of their amino group with an 
acyl chloride followed by the MichaelisBecker-like addition of diethyl phosphite to N-
acylimidates 2 in a PTC system.[2] Therefore, to overcome the above-mentioned problem of 
the lack of ability to electrochemically oxidize phosphinate analogues of α-amino acids, in 
further studies we have attempted to perform an analogous MichaelisBecker-like reaction 
involving ethyl phenylphosphinate. As a result of these investigations we have isolated the 
expected α-ethoxyphosphinates 3 in the form of separated diastereoisomers. In the further 
studies on the reactivity of the obtained compounds, it was shown that subsequent displacement 
of the ethoxy group by the triphenylphosphonium group provided unknown phosphonium 
derivatives 4 of α-aminophosphinates, that were successfully converted into biologically active 
α-aminobisphosphoric compounds 5 via the MichaelisArbuzov-like reaction with triethyl 
phosphite. It was also possible to subject the α-ethoxyphosphinates 3 to a β-elimination reaction 
in the presence of a base, which resulted in the formation of α,β-dehydro-α-aminophosphinate 
derivatives 6 used for the asymmetric hydrogenation.[3] 
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Carboxylic acid amides known to be functionally active with respect to phosphorus (III) 
halides [1-4]. N-acylated 2-aminothiophene derivatives 1, containing an exocyclic O-
nucleophilic atom in its structure, are phosphorylated with phosphorus(III) bromide to form a 
bicyclic system containing phosphorus atom, namely, dihydrothieno[2,4,1]oxazaphosphine 3. 
The reaction proceeds with the participation of two centers, namely, the endocyclic thiophene 
C3-atom and the exocyclic oxygen atom of amide group (Scheme 1).  
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Scheme 1. Phosphorylation of N-acylated 2-aminothiophene derivatives with phosphorus(III)  
bromide. 

 
 Due to the higher nucleophilic reactivity of O-atom of the exogroup compared to the 
sp2-hybridized С-center, perhaps, phosphorylation of compound 1 begins from the O-center of 
the amide group. As a result, an intermediate acyclic structure 2 is formed. The subsequent 
intramolecular interaction between functional group PBr2  and C nucleophilic center in the third 
position of the thiophene ring proceeds to form an energetically favorable  six-membered cyclic 
structure, containing endocyclic P atom, namely, [2,4,1] oxazaphosphine. Three- and four-
coordinated phosphorus derivatives 4, 5 were synthesized on the basis of bromoanhydride 3 
formed. 
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In the past few years, a steadily increasing interest in α-hydroxyalkylphosphorus 

compounds as substrates for transformations of organophosphorus compounds is observed.[1] 
Recently, α-hydroxyalkylphosphonates were applied in palladium-catalyzed phosphonation of 
C(Sp2)-H bonds[2] and in direct arene phosphorylation vis C-H activation using rhodium(III) 
catalyst.[3] Simultaneously, Hayashi and coworkers presented palladium-catalyzed P-C 
coupling reaction using (hydroxymethyl)diphenylphosphine sulphide as an equivalent of 
Ph2P(S)H.[4] 

Rapid progress in reduction of P=O bond opened an access to α-hydroxyphosphine–
boranes.[5] Very recently, it was shown that α-hydroxyalkyl moiety could be used as a masking 
group for P-H bond in an alkylation of phosphine–boranes with both high yields and 
enatioselectivity.[6] 

Herein, we wish to present our results concerning an alkylation of  
(α-hydroxyalkyl)phosphinous and phosphonous acid-borane derivatives available via 
chemoselective P=O bond reduction in α-hydroxyalkylphosphonates and phosphinates 
(Scheme 1).[7] 
 

 
Scheme 1 
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The chemistry of derivatives of 5-alkylamino-4-cyanooxazoles 4 is quite diverse 

[1],[2],[3], moreover, many biologically active substances have been found. With the aim of 
developing a synthesis of new derivatives of 5-alkylamino-4-cyanooxazoles 4, we proposed to 
use the approach previously described by Matsumura [4], through acylation of 2-amino-3,3-
dichloracrylonitrile 1, which leads to 2. Previously, the authors of the article were limited to 
using only acetic anhydride. We showed that 2-amino-3,3-dichloroacrylonitrile 1 is able to react 
with various acid chlorides, with formation 3, which in turn makes it possible to obtain the 
corresponding derivatives of 5-alkylamino-4-cyanooxazoles via reactions with aliphatic 
amines. 
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Synthesis of fluorinated heterocyclic compounds is current problem of modern organic 

synthesis [1,2]. Particular interest is focused on compounds containing small fluoroalkyl groups 
e.g. CF3. Diazo ketones are interesting building blocks for preparation of many heterocycles 
e.g. β-lactams, thiazoles, oxazoles. [1,3]-Thiazole or[1,3]-oxazole scaffolds are structural 
motifs present in many biologically active compunds [3]. 

The goal of studies was to applied 3,3,3-trifluoro-1-diazopropanone (1) as fluorinated 
building block for the synthesis of selected heterocycles such as thiazoles and oxazoles. 
Synthesis of 1 via reaction of trifluoroacetic anhydride with diazomethane were described in 
few papers [4], but to the best of our knowledge application of 1 for preparation of heterocyclic 
products was not described in the literature.  

Reactions of thioamides with 1 performed in the presence of BF3 or Cu(OTf)2 led to 
formation of thiazoles 2 (R = Ar) and hydrated heterocycles 3. Reaction of thiourea with 1 gave 
thiazole (R = NH2) as sole product. Amides were not reactive in this reactions. Heterocycles 3 
are intermediates in mechanism that explains formation of thiazoles 2. Derivatives 3 upon 
treatment with dehydrating agents MsCl/Et3N or P2O5 were converted in thiazoles 2. Direct 
preparation of thiazoles 2 from thioamides and 1 performed in the presence of BF3 was achieved 
under microwave conditions.  
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It was shown that β-dicarbonyl compounds that do not contain protons in the methylene 

group 1 react with silicon chlorides with deprotonation of the methyl group of the acetyl 
fragment. The reaction takes place in the presence of a base [1]. Depending on the silicon 
chlorides used, one or both acetyl groups (in the case of acetylacetone derivatives) can be 
involved in the reaction with the formation of linear 2 or cyclic products 3. 
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O-silyl-substituted enols 2 were successfully used as starting reagents for introducing 
substituent into the acetyl group of β-dicarbonyl compounds. 
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In organic chemistry, the synthetic methodology plays a crucial role as it allows the 

preparation of the specified molecules in an efficient way using the optimized pathway. 
Therefore, the development of new synthetic methodologies leading to new but also known 
compounds is constantly growing area in synthetic organic chemistry.  

It is well known, that a treatment of methyl or alkyl-substituted arenes with a strong 
base affords the corresponding benzyl carbanion, which may undergo a reaction with an 
electrophile yielding the corresponding modified products. Another way, surprisingly little 
explored in organic synthesis, is based on the homocoupling of benzyl carbanions. In this case 
the reaction proceeds with the formation of compounds possessing C2 symmetry. 

Herein, results concerning homodimerization of functionalized benzyl carbanions will 
be presented along with attempted synthesis of non-symmetrical double functionalized 
bibenzyls. 
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The presence of weak phosphorus-boron bond frequently rises the problem of the 
complete analysis of phosphineboranes especially when the data are collected during the 
preparation of the manuscript for publication. Contrary to NMR which is regarded as non-
destructive analytical method, the MS analysis, and especially the coupled LCMS or GCMS 
techniques, cause predominantly the cleavage of PB bond leading to the corresponding free 
phosphines during measurement. The latter may undergo oxidation affording the completely 
different compound which enters the mass analysis. As a consequence, additional statement 
should be included and the presence of other molecular ions should be pointed out. 

Herein, we would like to discuss the results concerning the HRMS analysis of a set of 
structurally different phosphineboranes using RPHPLCHRMS technique along with some 
interesting consequences associated with the discussed observations. 

 

Ph
P

Me
Ph

BH3

Ph
P

MePh

BH2

B
H2

H
B
H2

P P
Me

PhPh

Me

Ph
Ph

B
H

BP
P

Me

Ph
Ph Me

Ph
PhH

H
B

H
BP P

Me

Ph
Ph

Me

Ph
Ph

B BP P
Me

Ph
Ph

Me

Ph
Ph

2

ESI-TOF

[M-H]+

[2M-H]+

[2M-3H]+[2M-5H]+

[2M-6H]2+

 
Scheme 1 

 



P-054 

New method of synthesis vinyl disulfanes 
Bartosz Jędrzejewski, Mateusz Musiejuk, Dariusz Witt 

Gdansk University of Technology, Faculty of Chemistry, Department of Organic Chemistry, 
 Gabriela Narutowicza 11/12, 80-233 Gdansk, Poland 

barjedrz@student.pg.edu.pl 

 

Disulfanes have a wide range of applications in the industry, in organic synthesis, 
biotechnology or nanotechnology [1]. Unsymmetrical vinyl disulfanes can make this group 
more interesting with strong bioactivity against bacteria, fungus and viruses [2]. Naturally vinyl 
disulfanes are present in garlic and onion. The most known vinyl disulfane is Ajoene, firstly 
isolated by E. Block in 1984 [3]. Z-Ajoene is more active than its E-isomer as an anti-thrombotic 
agent, and some studies on anticancer treatments have focused primarily on the Z-isomer 
[4].We developed new method of unsymmetrical vinyl disulfanes synthesis and are planning to 
show its pros and cons. 
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Scheme 1. Method of unsymmetrical vinyl disulfanes synthesis . 
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Bioorthogonal reactions refer to chemical reactions that can be carried out in complex 

biological settings without interfering with native biochemical processes. Recently 
bioorthogonal methods have been widely applied to protein modification / labeling via reaction 
of non-natural aminoacids [1]. In the past decade, a variety of reactions has been identified to 
be suitable for the conjugation of biomolecules using different ligation concepts. One of them 
is the inverse electron demand Diels-Alder reaction (iEDDA) between 1,2,4,5-tetrazines and 
olefins or strained alkynes [2].  
 

 
 

The aim of this study was to synthesize half-sandwich metallocarbonyl complexes 
containing a norbornene handle [3]. These complexes display unique spectroscopic properties 
since they absorb in the mid-IR spectral region allowing them to be detected by IR 
spectroscopy. iEDDA reactions between metallocarbonyl norbornenes and model 3,6-dipyridyl 
tetrazine (scheme) as well as tetrazine incorporated in Bovine Serum Albumin were extensively 
investigated .  
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Human kinesin Eg5 plays an essential role in mitosis by establishing the bipolar 
spindle.[1] Inhibition of Eg5 prevents centrosomal separation and mitotic spindle assembly, 
thus leading to the formation of monopolar spindles. Inhibitors of Eg5 arrest only mitotic cells 
(cancer cells) and are not expected to affect non-proliferating cells (normal cells). Because of 
this, inhibitors of Eg5 may not have the severe side effects associated with traditional 
antimitotic agents. Human kinesin, HsEg5, a member of the kinesin-5 family, is currently under 
investigation as a prospective cancer drug target. It is worth noticing that Eg5 is overexpressed 
in many neoplastic tissues (cancer cells), including leukemia, breast, lung, ovarian, bladder and 
pancreatic cancers,[2] while in non-proliferative tissues Eg5 is almost undetectable.[3] We will 
present out achievement in a synthesis and study of biological properties of metallocenyl 
bioconjugates of the first low-molecular-mass inhibitor of kinesin-5, monastrol (Figure 1). 
 

 
Figure 1. Monastrol 
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Gemcitabine (2'-2'-difluorodeoxycytidine, dFdC) is widely used for the treatment of 
solid tumours. It is for instance used to treat metastatic cancer of the pancreas. However, the 
basic mechanisms of gemcitabine resistance include intracellular transport as well as 
biochemical processes occurring in the intracellular space which are controlled by kinases [1]. 
Therefore, gemcitabine pronucleotides seem to be interesting derivatives, as in the form of 
masked 5'-O-phosphate they allow the improvement of the pharmacodynamic and 
pharmacokinetic parameters. Herein, we report interesting dFdC prodrugs which are the 
phosphoramidates of gemcitabine. Their masking groups are 4-chlorophenyl and aminoalkyl 
moieties. Moreover, in the synthesis we applied a protecting group for 3’ and 4-N position of 
gemcitabine. In our statement we present the results of cytotoxic activity assessment depending 
on the group used. We used benzoyl (Bz), tert-butoxycarbonyl (Boc) and benzyloxycarbonyl 
(Cbz) group. The synthesis of our target compounds is based on the modified Reese method 
[3]. Our phosphorylating agent was 4-chlorophenyl phosphoroditriazolide. It was prepared by 
reaction of 4-chlorophenyl phosphorodichloridate with 1,2,4-triazole in the presence of 
triethylamine in acetonitrile [2]. The new 5’-phosphoramidates of dFdC were tested for their 
cytotoxic activity in six human cancer cell lines: cervical (HeLa), nasopharyngeal (KB), liver 
(HepG2), lungs (A-549), glioblastoma (U87), and normal human dermal fibroblast cell line 
(HDF). 

 
Figure 1. An example of gemcitabine 5’-phosphoramidate. 
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In our previous studies, we synthesized and characterized properties for different proton 
conducting composites based on microcrystalline and nanocrystalline cellulose with different 
concentration of imidazole as a dopant. [1-3] The aim of present study was the synthesis and 
characterize physico-chemical properties of a new composite based on cellulose fibers (CMF) 
doped with imidazole molecules (Im). The combination of a natural polymer such as cellulose 
with heterocyclic molecules containing nitrogen atoms is the strategy, which allows to find 
new, biodegradable proton conducting polymeric materials, which can be used in the 
temperature range above 100 OC. [1-4] Materials such as polymeric proton conductors can be 
used, e.g., in fuel cells – electrochemical devices, which convert the energy from chemical 
reactions into electricity and do not produce contamination.  

The newly synthesized polymeric composite containing imidazole molecules (3.5CMF-
Im) and pure, non-functionalized cellulose polymer matrix were comprehensively studied in 
terms of structural, thermal, and electrical properties. The composite was examined with 
elemental analysis to determine its chemical composition. The crystallinity index for pure 
cellulose fibers and the obtained composite were checked with X-ray diffraction (XRD). 
Utilizing differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) tests 
were carried out to examine the stability and thermal decomposition of studied materials. In 
order to determine the temperature dependences of electrical conductivity, the impedance 
spectroscopy was used.  

The obtained results have shown the differences between properties of polymer matrix 
– pure cellulose fibers, and 3.5CMF-Im composite. The resulting composite reveals close to 
four orders of magnitude higher value of conductivity in the temperature range above the 
boiling point of water. Newly synthesized polymeric composite 3.5CMF-Im is inexpensive to 
obtain, non-hazardous, environmentally friendly and can be considered as a solid electrolyte 
for application in electrochemical devices.  
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Our research aims to create new, organic, highly conductive proton conductor. Kreuer 

et al. have proposed materials composed of amphoteric nitrogen-containing heterocyclic 
molecules as existing alternatives to polymer membrane electrolyte fuel cells (PEMFCs) [1]. 
To design proton conductors with the desired conductive values, it is important to study the 
hydrogen bond network and to analyze its influence on the conductivity properties [2]. The 
object of our research is the new proton conductor, 1H-1,2,4-triazol-4-ium hydrogen oxalate 
(C2H4N3+, C2HO4-), which is based on the 1,2,4-triazole and oxalic acid molecules. 

          
Figure 1. Molecular structure of 1H-1,2,4-triazol-4-ium hydrogen oxalate (a) hydrogen bonds 

on (0-11) plane (b) parallel layers 
 
We present the thermal properties (DSC and TGA) and conductivity studies of 

1H-1,2,4-triazol-4-ium hydrogen oxalate. The crystal is thermally stable to the temperature of 
450 K. The value of the conductivity equals 5.3 Sm-1 at 450 K. The activation energy of proton 
conductivity obtained from dielectric spectroscopy is 1.94 eV. We compare this value with the 
results of quantum mechanical DFT calculations of proton motion in the hydrogen bond 
network to fully explain the transport mechanism occurred in the studied system. In the solid 
proton conductors, the way of proton transport is described by Grotthuss mechanism. Transport 
is provided by rotating the molecules and transfer the proton through the hydrogen bridges 
between the molecules. We calculated the possible pathways of protons in the system using 
Potential Energy Scans (PES) analysis. The energy needed to rotate the triazole is rather small 
compared to the energy necessary to transport the proton through the oxygen atoms between 
the oxalic acid molecules. 
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Aziridines, the smallest nitrogen-containing heterocycles, are important building blocks 
in organic synthesis. The efficient synthesis of aziridines is of importance as a result of their 
extensive biological activities as well as their potential as chiral ligands for the asymmetric 
synthesis [1].  

The main goal of our research was the synthesis of optically pure 2-
(aminomethyl)aziridine derivatives. Reactions of chiral ester of aziridinyl-2-carboxylic acid 
with corresponding amines provided the secondary and tertiary amides. Prepared compounds 
were reduced to the corresponding optically pure amines. Desired optically active 2-
(aminomethyl)aziridine derivatives were obtained in good chemical yields. We proved that all 
the newly synthesized aziridine derivatives are versatile catalysts, exhibiting high catalytic 
activity in asymmetric reactions (in the presence of zinc ions) like asymmetric arylation, 
addition of diethylzinc to benzaldehyde or asymmetric epoxidation of chalcone [2]. 
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Scheme 1. Synthesis of 2-(aminomethyl)aziridine derivatives. 
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Aminoalkylphosphonic acids (AAP, R-AAP, R2-AAP, ω-AAP) due to remarkable 

biological potential and have found numerous applications  in industry, pharmacology and 
biomedical sciences, and also in agro-chemistry.[2] Due to their importance the study of the 
synthesis of aminoalkylphosphonic acids and derivatives,[3] and their reactivity (e.g. [4]) 
constitute an important topic in chemistry and biochemistry.[2] 
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Scheme 1. Recommended aminophosphonic acids abbreviations [5] 
 

Recently we have published on the hydrolytic stability of N-acylaminoalkylphosphonic 
acids. [6,7] In this communication we present the results on the hydrolytic stability of selected 
types of aminoalkylphosphonic acids supported by quantum chemical calculations. 
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Induction of the liquid crystalline smectic A phase is an example of non-additive 
behavior in mixtures of nematic liquid crystals. [1] This work concerns establishing the 
dependence of polar terminal group of four-ring nematics (Fig. 1) on induction of the smectic 
A phase. [2] Each compound I-II.X.4 was mixed with compound A.5.5 and the temperatures of 
phase transitions were measured using polarizing optical microscope to construct phase 
diagrams for investigated systems. The lengths of molecules and dipole moment were 
calculated using Scigress. The strongest induction was observed in systems with compounds 
containing terminal trifluoromethoxy group. The presence of isothiocyanate group in the 
terminal position causes weaker induction. The weakest induction was in the case of compounds 
terminated with a fluorine atom.  

 
Figure 1. The structure of investigated compounds, where X=OCF3, NCS, F; n=4. 
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Hydrophobicity of the twelve 3-carboxyalkylrhodanine acids derivatives was 

determined experimentally by TLC and predicted by means of commercially available 
programmers. RM values were determined by RP-TLC with using water and organic modifier 
(methanol, acetonitrile, acetone, propan-2-ol, 1,4-dioxane) mixtures. The physicochemical 
parameters including octanol partition coefficients (miLogP), molecular mass (MW), number 
of hydrogen bonds donors (NOHBD) and number of hydrogen bond acceptors (NOHBA) were 
calculated with the use of Molinspiration Software using molinspiration server. These results 
were used to assess the drug-likeness of the studied compounds using the Lipinski’s rule of 
five. On this basis, preliminary conclusions have been drawn as to whether they have a 
biological effect and therefore whether they can be used as e.g. potential medicines. 

 

 
Scheme 1. Structural formulas of the tested 3-carboxyalkylrhodanine acids derivatives;  

n = 3, 4, 5 or 10. 
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We have recently reported that the reaction of 1-acetylpyrene phenylhydrazone (1) with 

Vilsmeier-Haack reagent afforded 1-phenyl-3-(pyren-1-yl)-1H-pyrazole-4-carbaldehyde (2) in 
good yield [1]. 

N
H
N NN

CHODMF/ POCl3

1 2  
 

Compound 2 underwent triflic acid-promoted cyclization yielding two strongly 
fluorescent compounds 3 and 4. 

 
 

The structures of compounds 3 and 4 were determined by spectroscopic methods and 
X-ray crystallography. Their luminescence properties were also studied. The results of this 
study will be presented and discussed. 
 
 
 
 
 
References 
[1]  R. Flamholc, A. Wrona-Piotrowicz, A. Makal, J. Zakrzewski, Dyes and Pigments, 2018, 

154, 52-61.



P-065 

Ionic liquid crystals based on the [closo-B10H10]2- cluster 
Edyta Rzeszotarska1 and Piotr Kaszyński1,2,3 

1Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences, 90-363 Łódź, Poland 
2Faculty of Chemistry, University of Łódź, 91-403 Łódź, Poland 

3 Department of Chemistry, Middle Tennessee State University, Murfreesboro, TN, 37130, USA 
rzeszote@cbmm.lodz.pl 

 
Ionic liquid crystals (ILC) are of interest for applications in contemporary technologies, 

such as electrolytes for batteries and photovoltaic cells [1]. Materials for the latter occasionally 
involve photoinduced intermolecular charge transfer.  In this context we focused on photoactive 
ionic liquid crystalline derivatives of [closo-B10H10]2- anion. Initially, we developed  
a convenient and efficient synthetic access to iodo derivatives, [closo-B10H9-1-I]2- and [closo-
B10H8-1,10-2I]2- [2], which allowed further functionalization of the {closo-B10} cage and 
opened entry to 1-aryl and 1,10-diaryl derivatives 1 and 2. A judicious choice of the aryl group 
Ar and the counterion Q+ leads to induction of lamellar phases in these derivatives and 
appearance of intermolecular charge-transfer bands.  
 

 
 

Figure 1. New derivatives of {closo-B10} cage. 
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To investigate regulation of gene expression, phosphoromonothioate incorporated DNA-
oligomers (S-oligomers) are extensively employed as antisense DNA-oligomers.1 Employing S-
oligomers and phosphoromonothioate model compound, diisopropyl phosphorothioate, and using 
ESR spectroscopy, for the first time we showed that a phosphorothioate (PO3S¯) substitute for a 
phosphate in the DNA backbone is an effective hole trap for the study of the sequence dependence 
and of the rates of hole transfer from backbone-to-base (scheme 1).2 Therefore, combining our 

approach of synthesis and ESR spectroscopy, we 
have determined whether phosphorodithioates and 
phosphoroselenoates (scheme 2) could be 
employed to study backbone-to-base hole transfer 
process. In order to obtain model compounds, 3'-
acyl-protected nuclesosides were combined with 
chlorodithiaphospholane or 
chlorooxathiaphospholane. The oxidation of 
tricoordinate phosphorus intermediates to the 
corresponding 2-thio-1,3,2-dithiaphospholanes or 
2-seleno-1,3,2-oxathiaphospholanes was 

accomplished with the use of elemental sulfur or selenium. 
Key intermediates reacted with methanol in the presence of 
a base, following by deprotection. The resulting 
phosphorodithioates or phosphoroselenoates were 
converted into their sodium salts illustrated in scheme 2. As 
outlined in scheme 1, employing phosphoroselenoate 
model compound (scheme 2), formation of the two-center 

three-electron σ2-σ*1-bonded adduct radical (-P-Se∸Cl) via addition of Cl2•– to phosphoroselenoate 
was observed for the first time. However, -P-Se∸Cl could not oxidize G in contrast to our 
observation of one-electron oxidation of G by -P-S∸Cl 2. Therefore, we predict that backbone-to-
base hole transfer process by ESR is not possible in Se-oligomers. However, employing synthesized 
phosphorodithioate containing G as the base (G-2S, scheme 2) and ESR spectroscopy, we have 
observed one-electron oxidation of G by -P-2S∸Cl at low concentration of G-2S (0.5 mg/mL). 
Whereas, formation of the dimer anion radical [-P-2S∸2S-P-]– is found at high concentration of G-
2S (6 mg/mL). Supported by: NIH NCI (Grant R01CA045424), Research Excellence Fund (REF), Center for 
Biomedical Research, and Statutory Funds of CMMS PAS. 
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The self-disproportionation of enantiomers (SDE) is a ubiquitous phenomenon observed 
for non-racemic samples of chiral compounds when subjected to standard purification via 
achiral column chromatography as well as during other physicochemical transformations such 
as sublimation or distillation. Indeed, the SDE under chromatographic conditions has been 
found to be a useful and convenient method for the enantiopurification of organic compounds 
[1]. 

Aminophosphonic acids possess unique biological properties, for example, they can 
mimic the transition state in peptide bond cleavage, they can act as hydrogen bond acceptors, 
etc. Moreover, 2-amino-1,1-difluoroethylphosphonic acid (1) with two fluorine atoms in the α 
position is known to be a potent phosphoglycerate kinase (PGK) inhibitor [2]. 

In our poster we will present the SDE results via chromatography obtained for amide 
derivatives 2 and 3, model compounds derived from β-amino-α,α-difluorophosphonic acid. 
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Scheme 1. The structures of the model compounds. 
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Mycobacterium tuberculosis (Mtb) is a gram-positive bacterium causing tuberculosis 
(TB) in human. Tuberculosis is one of the most widespread infectious diseases on Earth. 
Despite the availability of therapy, it is estimated that around 9 million people suffer from 
tuberculosis every year and 1.5 million die. Multidrug resistant TB (MDR TB) (MDR: resistant 
at least to isoniazid (INH) and rifampicin (RMP)) is increasing in prevalence, and threatens the 
ability of standard control measures to contain the global TB epidemic.[1] 

Isoniazid, also called isonicotinic acid hydrazide, is a synthetic compound first prepared 
in 1912, that anti-TB activity was first reported in 1952. INH is a prodrug. In order for INH to 
be effective against MtB it needs to be activated by the multifunctional catalase-peroxidase 
enzyme KatG into a range of activate species such as an isonicotinoyl radical, that can acylate 
numerous compounds.[2] The main mechanism of resistance to isoniazid resides in the presence 
of mutations in its activator, KatG, product of the katG gene.[3] 

The disturbing emergence of MDR-TB has been driving the scientific community to 
urgently search for new and efficient anti-tubercular drugs. Despite the various drugs currently 
under evaluation, INH is still the key and most effective component in all multi-therapeutic 
regiments recommended by WHO.  
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The focal point of our research was to 
recognize the potential of boron clusters 
(dicarba-closo-dodecaboranes (C2B10H12), as 
prospective building blocks in the design of anti-
tuberculosis agents, derived from INH core 
structure. In the poster we will present the 
synthesis and in vitro 
anti-mycobacterial activity studies of carborane 

Fig. 1. Structure of INH 
derivatives  containing carborane 
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The abnormal activity of Rab geranylgeranyl transferase (RGGT) –  an enzyme 

responsible for the post-translational modification of Rab GTPases, is related to many medical 
disorders. These observations ignited the search for selective inhibitors of RGGT. The α-
phosphonocarboxylates containing imidazo[1,2-a]pyridine ring (IP) turned out to be one of the 
most potent RGGT inhibitors of this class. The Heck reaction was applied to modify the IP ring 
with a carbon chain equipped with a group ready for further functionalization. A range of 
conditions, such as time, solvents, bases etc., were tested leading to the optimized synthetic 
route.  
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 Even though HIV/AIDS was identified almost forty years ago, neither effective therapy 
nor protective vaccine that efficiently controls or eliminates the spread of HIV virus, have been 
developed despite all the efforts of the scientific community. Therefore, the development of 
novel compounds to prevent HIV-1 infection is of superior significance. On the other hand the 
quickly growing number of newly synthesized macromolecular compounds, including 
dendrimers is not necessarily followed by the information about their properties and possible 
applications. In particular, the biological and pharmaceutical aspects need to be explored 
sufficiently. The aim of this study was to examine the potential antiviral activity together with 
cytotoxicity of medium-sized, water-soluble, phosphorus-based dendrimers with carboxylate 
functions on the surfaces. We have found that polyanionic, thiophosphate dendrimer 
(generation 3, theoretical Mw 5283.7) exhibited very strong activity against HIV-1 virus, even 
in picomolar concentration, a way below its cytotoxicity. 

 
 
In this communication, a simple and efficient synthesis leading to the title dendrimer as 

well as some antiviral testing results will be presented.
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The aim of the study was the synthesis of organic compounds, derivatives of carboxylic 

acid hydrazides, having the ability to produce polycrystalline layers with fluorescent properties.  
The main concept was to find such chemical compounds, whose chemical structure would allow 
to obtain a strong fluorescence effect, as well as to produce thin films of appropriate thickness.  
A series of reactions were carried out using the carbohydrazides as the main substrates.  
The corresponding hydrazide hydrazones derivatives of salicylaldehyde having a branched, 
aliphatic substituent were obtained (Scheme 1). Hydrazide hydrazones were characterized by 
different properties, e.g. the ability to form polycrystalline layers or the effect of fluorescence, 
observed under the microscope. Thanks to the cooperation with the Laboratory of Biosensors 
and Organic Electronics, photos were taken using a metallographic microscope. Photographs 
taken with different techniques, that is: in a dark field, in polarized light or in UV light, they 
facilitated the analysis of the properties of the thin films made by the spin-coating technique. 
Despite the diverse nature of the products obtained and the different emission of light, some of 
them can be used not only as the main emission layer in the construction of OLEDs, but also as 
other layers necessary to produce an organic light-emitting diode.  

acetone
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Scheme 1. 
 
 

R 



P-072 

Synthesis of 2-substituted 1-acyl-3-diethoxyphosphoryl-2,3-
dihydroquinolin-4(1H)-ones 

Agata Jaskulska, Milena Pietraszczyk, Jacek F. Koszuk, Tomasz Janecki 

Institute of Organic Chemistry, Lodz University of Technology, 90-924 Łódź,Żeromskiego 116, Poland 
jaskulska.agata@gmail.com 

3-Alkylidenequinolin-4-ones are very important class of azaheterocycles which are 
widely used in medicinal and synthetic chemistry. For example 1-carboxymethyl-3-arylidene-
2,3-dihydroquinolin-4-ones 1 are glutathione S-transferase P1-1 inhibitors [1], whereas 
alkylidenequinolinones 2 and 3 possess high cytotoxic activity [2], [3]. 

 

 
 

In this communication, we present synthesis of various 1-acyl-3-diethoxyphosphoryl 
dihydroquinolinones 6 which can be a convenient precursors for the synthesis 3-alkilidene-2,3-
dihydroquinolin-4(1H)-ones, via Horner-Wadsworth-Emmons olefination. 

 

 
 

The title compounds were synthesized in a three step reaction sequence which started 
with acylation of β-ketophosphonate 4 with various anhydrides. The obtained N-acyl--
ketophosphonates 5 were next treated with aldehydes and underwent Knoevenagel 
condensation followed by intramolecular Michael addition. 
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While working on our recent research project, we selected the Boc–protecting 

group as the most efficient for the U (uracil), T (thymine), and 6–MU (6-methyluracil) 
intermediates, as it was stable in comparison to most nucleophiles and bases [1] and 
could be removed under neutral conditions in a clean and selective manner.[2] 
Due to the incomplete and inconsistent data concerning the Boc protection of U, T and 
6–MU, we have decided to validate the hypothesis of different chemical reactivity of 
these structurally similar nucleobases with this acylation reagent. As a continuation of 
this investigation, we have also tested the course of the alkylation reaction with EtI by 
comprehensively analyzing the separated products. 
We have studied the following parameters, which may control regioselectivity: the molar 
concentration ratio of the substrate and alkylation agent, the presence/absence of the 
catalyst (in this case DMAP), the temperature of the reaction (ambient, elevated). 
We have isolated different acylation/alkylation products of three pyrimidine bases: U, 
6–MU and T and discovered a new product containing the N–Boc–pyridinium moiety at 
the C5–position of 6–MU. 
All the obtained compounds were isolated and fully characterized by various NMR and 
HRMS techniques. Numerous quantum mechanical calculations within the density 
functional theory (DFT/B3LYP) were performed to support the experimental results and 
discuss product structures. 
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The β-lactam antibiotics are widely use antibacterial agents with a broad spectrum of 
activity against Gram negative and Gram positive pathogens. The β-lactams antibiotics inhibit 
Penicillin Binding Proteins (PBPs), a enzymes involved in bacterial cell wall synthesis. Main 
bacterial resistance mechanisms against β-lactam antibiotics involves PBP structure 
alternations and hydrolysis by β-lactamases [1]. In an attempt to overcome bacterial resistance 
novel metallocene 7-aminodesacetoksycephalosporanic (7-ADCA) compounds 1-6 have been 
obtained (Fig. 1) [2]. In this poster presenatation we show the synthesis, antibacterial and 
structural properties of ferrocenyl and ruthenocenyl 7-ADCA conjugates. 
 

 

 

 
 

Scheme 1. Structures 1-6 and X-ray crystal structure of Rc-β-lactam 2 binds to bacterial CTX-M  
β-lactamase in its active site [2]. 
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The 3-methylidenetetrahydropyran-4-one skeleton occurs in many compounds, which 

are common in nature and display many valuable biological properties. For example, 
norperovskatone 1 has anti-HBV activity, whereas (+)–Okilactomycin 2 and Chrolactomycin 
3 have anticancer properties. [1-3] 

 
 In this report, we present the results of research on the synthesis and biological 

properties of 6,6-disubstututed 3-methylidenetetrahydropyran-4-ones 8. Title compounds were 

obtained in a four-step reaction sequence comprising addition of dianion formed from diethyl 

2-oxopropylphosphonate 5 to symmetrical ketones, cyclization leading to 6,6-disubstituted 3-

diethoxyphosphoryldihydropyran-4-ones 6, addition of Grignard reagents to 6 and Horner-

Wadsworth-Emmons olefination of the obtained adducts. Final 6,6-disubstututed 3-

methylidenetetrahydropyran-4-ones 8 were tested for cytotoxic activity against HL-60, NALM-

6 and MCF-7 cancer cell lines.  
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During last decades a large number of organofluorine compounds have been 

demonstrated as an attractive products for practical applications e.g. in the field of 
pharmaceutical and materials industry. In this context, (3+2)-cycloaddition reactions (so-called 
Huisgen reactions) of appropriate fluorinated components are considered extremely useful 
strategy towards five-membered, polyfunctionalized heterocyclic compounds. We paid special 
attention to the chemistry of trifluoroactonitrile imines of type A, recognized as readily 
available class of fluorinated 1,3-dipoles, generated in situ by base-induced 
dehydrohalogenation of the respective hydrazonoyl bromides. The title nitrile imines opened 
up straightforward access to CF3-heterocyclic systems including polycyclic derivatives.[1]   
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Scheme 1. Application of nitrile imines A in the synthesis of fluorinated heterocyclic compounds.  
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2,3-Disubstituted acrylonitriles have attracted considerable attention for many years in 
the development of compounds with pharmacologically useful properties including 
spasmolytic, hypotensive, antioxidative, tuberculostatic, insecticidal and anticancer activities.  

Recently, we have reported that 3-arylacrylonitrile with either triazole (Structure A) 
or benzimidazole (Structure B) substituents in position 2 of the acrylonitrile have pronounced 
cytotoxic activity on human cancer cells. The exceptionally high activity of 2-benzimidazole B 
prompted us to further modify their structure, including replacement of the benzimidazole ring 
for indole ring (Structure C). 

 

 
The target acrylonitriles of type C were prepared by Knoevenagel condensation reaction 

of the 2-(1H-indol-2-yl)acetonitrile with either aryl- or heteroaryl aldehydes. Structures of 
the newly prepared compounds were confirmed by IR, NMR spectroscopy and mass 
spectrometry (MS). The Z-configuration of these heteroarylacrylonitriles was confirmed by X-
ray crystal analysis (Fig. 1).  

 

 

 

 

 
 

Figure 1. X-ray structure of (Z)-3-[4-(dimethylamino)phenyl]-2-(1H-indol-2-yl)acrylonitrile 

All the compounds prepared were screened for antimicrobial and cytotoxic activities on 
a panel of the 60 tumour cell lines. Additionally, the compounds depicted as C were 
investigated for their fluorescent properties.  
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Carbasugars are a wide group of carbohydrate mimetics in which the ring oxygen had 
been replaced by methylene group [1]. High importance of these compound is related to theirs 
interesting biological and pharmacological properties which are the matter of current studies. 

N-alkyl derivatives of β-valienamine such as N-octyl-β-(+)-valienamine or N-octyl-β- 
(-)-valienamine are potent inhibitor of lysosomal enzymes and find application in the treatment 
of Gaucher disease [2]. 

Due to the fact of increasing application of carbasugars is not surprisingly that much 
effors has been put in the synthesis of these highly functionalized cyclohexene derivatives. 

In our work a concise, six-step synthesis of carbasugar from naturally occurring D-
xylose is presented. The one-pot seleno-Michael reaction connected with intramolecular aldol 
reaction is a key step of the carbasugar core asymmetric synthesis. Further transformation of 
obtained carbasugar moiety led to β-(+)-valienamine. 
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Figure 1. Synthesis of β-(+)-valienamine. 
 

Tandem seleno-Michael reaction conjugated with oxidation/elimination step of in situ 
generated nucleophile have been described few years ago in intermolecular variant [3]. In our 
work, we present the first example of this reaction in intramolecular way which leads to 
previously inaccessible cyclic product of Morita-Baylis-Hillman reaction [4]. Conducted 
experiments allowed to receive cyclic products with high yields and good diasteroisomeric 
excess. 
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Hydroxy fatty acids (HFAs) occupy a significant position among lipids, however, their 

industrial use is limited principally by their poor availability. (R)-ricinoleic acid (RA) [(R,Z)-
12-hydroxyoctadec-9-enoic acid] is the only one available in sufficient quantities representative 
of this group of compounds. It is an important feedstock commonly used in different fields of 
industry and its most important source is castor oil, in which it represents about 80–90% of all 
fatty acids. RA is characterised by the presence of hydroxy group in the homoallilic position 
and one double bond in the cis configuration making it a great raw material for chemical and 
biochemical syntheses [1]. Transformations of RA lead to different compounds and many of 
them show interesting biological activity. For instance, amides of ricinoleic acid exhibited 
significant anticancer and antimicrobial activity [2–5].  

Two hydroxy fatty acids, i.e. ricinoleic acid and 3-hydroxynonanoic acid were the 
objects of our interests. In the form of chiral methyl esters they constituted starting materials 
for the preparation of amide derivatives. Having at disposal both forms of ricinoleic acid methyl 
esters, we decided to obtain analogous esters of (R)- and (S)-3-hydroxynonanoic acid by a 
multistage process involving ozonolysis and oxidation of castor oil and methyl (S)-ricinoleate, 
respectively. Then, all of the obtained compounds were transformed into corresponding chiral 
derivatives, i.e. amides and hydroxamic acids. Different methods for their preparation were 
developed during our study, including chemical and biochemical processes. We drew our 
attention to fatty acid amides and hydroxamic acids because they have recently raised special 
interest as biologically active compounds.   

Then, the obtained amide derivatives of (R)- and (S)-ricinoleic acids and (R)- and (S)-3-
hydroxynonanoic acids were tested in terms of antimicrobial activity. The minimal inhibitory 
concentration (MIC) against 13 different microorganisms was determined using microdilution 
method. The results were very interesting. Some of the tested derivatives showed significant 
antimicrobial potential and they may be considered as compounds of potential pharmacological 
significance. Moreover, in some cases differences in the activity of enantiomers were observed.  
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Stereoselective synthesis of complex heterocyclic compounds constitute an important 
target in organic chemistry. [1] Herein we present the highly stereoselective synthesis of 
tetrahydrothiophene derivatives 3. In this approach mercaptoacetophenones 2 and furanones 1 
were used as starting materials and the reaction was carried out using cinchona-alkaloid-derived 
bifunctional catalyst. Polyheterocyclic products 3 were efficiently obtained with great 
stereoselectivity in a cascade involving: thia-Michael addition followed by aldol and oxa-
Michael addition. 

 

 
 
 
 

Scheme 1. Organocatalytic synthesis of tetrahydrothiophene derivatives. 
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One of the most useful reactions to modify the molecule are coupling reactions. Owing 

to them, we can create a new C-C or C-N bond. The introduction of conjugated aromatic or 
aminoaromatic substituents into the backbone of the azines can significantly affect the 
absorption, solubility or the ability to organize molecules in a thin layer of a solid. In order to 
modify was use a Suzuki coupling reaction. A corresponding salicylaldehyde derivative 
containing the bromine substituent was reacted with a substituted boronic acids esters or 
boronic acids (Scheme 1). In this way, large aromatic systems were introduced into the 
backbone of the azines. Buchwald's coupling reaction allowed the introduction of 
aminoaromatic substituents (Scheme 2) [1] [2]. In conclusion, owing to the use of coupling 
reactions in the synthesis, were obtained a number of new organic compounds with interesting 
physicochemical properties. 

 
Scheme 1  

 
Scheme 2  
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Plant protection products play a very important role in agriculture. The use of fungicides 

is necessary, where high humidity and favorable temperature cause rapid development of many 
species of plants. In most cases these fungicides are sparingly soluble in water. It is often an 
auxiliary substance, which in combination with cyclodextrin further improves the desired 
physicochemical, chemical and transport properties of a given fungicide [1]. Among them, the 
most common are α, β- and γ-cyclodextrin, which consist of 6, 7 and 8 glucose units 
respectively. The shortened conical cyclodextrin have a hollow, conical cavity with a depth of 
0.79 nm, while both the upper and lower diameters increase with the number of glucose units. 
The main goal of our research was to investigate the effect of α - cyclodextrin on increasing the 
solubility of 4-Phenylphenol and 2-Phenyleneol in water. To determine the increase in 
solubility of fungicides in water caused by the presence of α-cyclodextrin, aqueous solutions of 
the cyclic oligosaccharide were prepared in a concentration range from 2 mM (α-CD) to 90 mM 
(α-CD) to which an excess of solid fungicides. The concentration of fungicides (ligand) caused 
by the increase in the concentration of α-cyclodextrin (receptor) indicate an increase in the 
solubility of the fungicide. The solubility of 4-Phenylphenol and 2-Phenylphenol in the aqueous 
solution of α-cyclodextrin increased 4 and 2.5 times for the concentration of α-cyclodextrin 
receptor (α-CD) 30 mM and 90 mM. 
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Bisphosphonates are organic compounds with a structure similar to inorganic 
pyrophosphates. They are of great importance due to their significant biological activity, i.e. 
bactericidal or regulating bone mineralization properties. Bisphosphonates are used as 
medicines in a treatment of several bone diseases, e.g. in osteoporosis, congenital 
malformations of the skeletal system, Paget's disease. These organophosphorus compounds 
inhibit hydroxyapatites dissolution and also inhibit bone resorption by selective adsorption to 
mineral surfaces and further internalization by osteoclasts. Nitrogen bisphosphonates, i.e. 
alendronate, pamidronate, risedronate, more strongly inhibit the action of osteoclasts than 
bisphosphonates that do not contain a nitrogen atom in their structure, e.g. ethidronate, 
clodronate. [1] This work will present the results of studies on the preparation of diversely 
functionalized nitrogen bisphosphonates (Scheme 1) based on the bisphosphonylation of 
secondary amides using trifluoromethanesulfonic anhydride (Tf2O). [2] 
 

 
Scheme 1.  
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The simplicity of synthesis process, which consists of a polycondesation reaction, 

together with the simple purification of the obtained product make polyazomethines a potential 
counterpart for currently utilised conjugated polymers in optoelectronic systems. Even though 
a considerable quantity of polyazomethines has been already reported and described, there is 
only a brief investigations of the relationship between chemical structure of the azomethine 
molecule and its optical and thermal properties.  

This paper presents a complex investigation on the effect of chemical structure of 
building blocks such as diphenylmethane, benzene, biphenyl, diphenyl oxide, naphthalene, 
fluorene and 1-(naphthalen-1-yl)-2-phenyldiazene on thermal and optical properties of 
compounds consisting of such moieties. Each of these units has been used as central unit, to 
which have been attached either phenylene- or thiophene- arms. Use of such synthesised model 
compounds allowed to neglect the impact of polymer chain length. After confirmation of 
chemical structure with 1H-NMR and mass spectroscopy, the thermal properties have been 
investigated using differential scanning calorimetry (DSC). Melting and glass transition 
temperatures have been designated and considered for different structures of model compounds. 
Optical measurements of azomethines’ solutions in chloroform were taken on the UV-Vis 
spectrophotometer. Absorbance spectra of different model compounds were presented and on 
the basis of the position and intensity of the π→π* transition absorption band, the conjugation 
and conformation of investigated molecules were discussed. Herein presented results of thermal 
and optical investigations of azomethine model compounds may be useful for design of suitable 
polyazomethines, with desired properties.
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Vinylogous reactivity of organic compounds constitutes an important and challenging 

area in the contemporary organic chemistry. It allows for a transfer of nucleophilic or 
electrophilic properties of a given position to a remote reaction site through the conjugated 
double bonds system. This is a convenient manner to achieve new reactivities of organic 
compounds.[1] 

Our studies demonstrate that vinylogous nucleophilies can be successfully employed in 
the allylic-allylic alkylation of Morita-Baylis-Hillman carbonates.[2] In such a manner a facile 
access to interesting products 2 and 3 is possible. Both developed approaches are promoted by 
readily available and cheap Lewis basic dimeric Cinchona alkaloid derivatives. Target products 
2 and 3 bearing one stereogenic center are obtained in excellent yields in a highly 
enantioselective manner. 
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Phospinyl chlorides are a key substrate in the synthesis of wide range of other 

phosphinyl derivatives. [1] A few years ago during the measurements of the Vibrational 
Circular Dichroism (VCD) of optically active the secondary oxide of t-butylphenylphosphine, 
its conversion to tert-butylphenylphosphonyl chloride was observed, in experiments using 
carbon tetrachloride as a solvent. [2]  

We will present our preliminary results of the research based on this observation on a 
very convenient procedure for the synthesis of phosphinyl chlorides as describe in general 
equation 1. Synthetic and stereochemical aspects for these reactions carried out in batch and 
under flow conditions will be discussed. [3] 
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Self-organizing fluids, including liquid-crystalline derivatives of the 
benzo[e][1,2,4]triazinyl radical (BT) 1, are used for easier control of magnetic properties of the 
crystalline state.[1,2] Our recent reports showed substituent-dependent magnetic interaction in 
discotic derivatives of type 1,[2] and paramagnetic behaviour of the mesogenic bent-core 
structures.[3] In search for more organized phases, which can affect on more effective magnetic 
interactions, a series of bis- and tris-radical derivatives of the BT were designed and 
synthesized. Results, including synthesis and their mesogenic properties characterized by 
optical (POM) observation, thermal measurements (DSC) and X-ray diffraction (XRD) analysis 
will be presented. 
 

 
Scheme 1. Benzo[e][1,2,4]triazinyl as a building block for polyradical liquid crystals. 
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Inside cells isothiocyanates (ITCs) react with glutathione under the action of 

glutathione-S-transferases to form glutathione conjugates, which are converted to mercapturic 
acids (ITC-NACs) via mercapturic acid pathway. [1] The mercapturic acids and parental 
isothiocyanates exhibit comparable antiproliferative potential. ITC-NACs can be considered as 
convenient prodrugs as under physiological conditions they undergo a reverse reaction to 
parental isothiocyanates. [2]  
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Scheme 1. Synthesis of isothiocyanate-derived mercapturic acids 
 

The aim of this project was to design and obtain a series of 41 phosphorus-containing 
isothiocyanate-derived mercapturic acids (P-ITC-NACs) with unbranched alkyl chains (n = 2–
6), and with alkyl and phenyl substituents on phosphorus atom. Target P-ITC-NACs were 
prepared in 28–92% yields and with high purity (> 97%) in the reaction of the corresponding 
P-ITCs with N-acetyl-L-cysteine (NAC). All P-ITC-NACs were evaluated in vitro on human 
colon adenocarcinoma LoVo line and it’s subline resistant to doxorubicin ‒ LoVo/DX. [3] 
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The purpose of this study was to obtain symmetric oxadiazoles with luminiscent 

properties and ability to form polycrystalline thin layers. During the conducted research two 

symmetric bis-hydrazides were obtained, displaying photoluminescence in solid. Symmetric 

oxadiazoles obtained from bis-hydrazides exibited much stronger luminescence in comparison 

to initial compounds (Scheme 1). All obtained derivatives were characterized by different 

properties, e.g. the ability to form polycrystalline layers or the effect of fluorescence, observed 

under the microscope (thanks to the cooperation with the Laboratory of Biosensors and Organic 

Electronics). Diverse properties of the products obtained and the different emission of light, can 

be used as the emission layer in the construction of an organic light-emitting diode (OLED).  

 
 

Scheme 1. 
.
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Synthesis of new chiral liquid crystalline molecules containing naphthalene in 

molecular core coupled with partially fluorinated or alkiloxy terminal chain (Fig.1) was planned 
and a class of the molecules was synthesized. There are many liquid crystals based on naphthoic 
ester core[1], some of them, with long enough alkiloxy terminal substituents, exhibit smectic 
phases SmA and SmC[2]. Partially fluorinated terminal chain was chosen to stabilize tilted 
smectic phases. Two different synthetic approaches were adopted depending on terminal 
substituent RF. Received compounds were examined to determine phase transition 
temperatures, enthalpies and purity. Influence of terminal fluorinated chain length, bridge 
groups and lateral substituents on phase occurrence and temperature range was determined. 
Some of the compounds exhibit enantiotropic smectic phases SmC* and SmA* although 
compounds without mesophase were also discovered. Results allow to plan further synthesis of 
new molecules considering structural changes. 
 

 
Figure 1. Schematic structure of synthesized compounds 
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Highly polar nematic materials containing long molecular cores and possessing lower 

smectogenity are still highly desired. In our studies, we designed and synthesized new 
compounds containing a strongly polar substituent - a cyano group, which adequate positions 
favor bigger longitudinal dipole moment. Perpendicular polar effects are generated mostly by 
ester bridges but they are relatively small. The general structure of new compounds is shown 
below(Fig. 1). Similar structures were synthesized before but with a different molecular core[1]. 
Use of naphthalene as a part of a rigid core breaks the linearity of the molecule and shortens it. 
Phase sequence and phase transition temperatures were determined for synthesized molecules. 

 

 
Figure 1. Schematic structure of synthesized molecules. 
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 Oxime ethers are group of compounds with diverse biological activity. For example, 
fluvoxamine is an antidepressant, oxiconazole is an antifungal drug [1]. In our earlier studies, 
we synthesized selected O-benzyl ether derivatives of 2-acetylthiophene oxime [2] with 
moderate antifungal activities. We think that the introduction of the imidazole ring should 
significantly increase the biological activity. 
 In this work we prepared the oxime ethers containing the imidazole and thiophene 
rings. The final products were obtained from 2-acetylthiophene 1 in a four-step reactions. In 
the first stage we carried out the Mannich reaction, and into the obtained product 2, we 
introduced the imidazole ring. The resulting aminoketone 3 was converted into the oxime 4 and 
then to the corresponding O-benzyl oxime ethers, on an example 5. The obtained compounds 
are analogs of acetophenone esters derivatives with an imidazole embedded ring with antifungal 
activities [3]. 
 The final products were tested against C. albicans and M. furfur. 
 
 

 
 
 
 
 
 
 
 
 

Scheme 1. Synthesis of the final compound 5. 
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The main purpose of my research was the synthesis of aziridine derivatives using natural 

amino acids. Starting from natural L-valine, I received chiral, optically pure  
(S)-2-isopropylaziridine according to modified Wenker synthesis [1], with high yield (Scheme 
1). I used the previously received NH-aziridine for the synthesis of (aminoalkyl)aziridine 
derivative starting from another amino acid – L-proline (Scheme 2). I obtained the target 
compound through aziridine-amide also with the high yield. The gained aziridine derivative 
will be used as bidentate, chiral catalyst in stereocontrolled  synthesis.  
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The fungicides are type of pesticides, which are used to controls fungal disease by 
specifically inhibiting and killing the fungus causing the disease. Thiabendazole, thiophanate 
methyl and carbendazim are systemic, benzimidazole fungicides, which are very poorly-water 
soluble compounds. For this reason, in commercially available plant protection products the 
harmful organic solvents are used. 

Cyclodextrins are natural, non-toxic, cyclic oligosaccharides. The characteristic 
structure of cyclodextrins allows them to include poorly-water soluble molecules inside the 
hydrophobic cavity. The formation of an inclusion complex can change the properties of the 
ligand e.g. its solubility in water or bioavailability. The formation of host-guest complexes  
between cyclodextrins and  fungicides could make these compounds much better soluble in 
water. 

The aim of this study was to investigate the interactions between benzimidazole 
fungicides and natural α- and β-cyclodextrin by spectrophotometric method. As a result of the 
research, the maximum solubility increase of selected fungicides was determined. The stability 
constants of the formed complexes were compute using the Higuchi-Connors equation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Acknowledgment 

The work  was partially founded by the University of Lodz from the project “Studenckie 
Granty Badawcze  2018” .



P-095 

Structural studies on palladium complexes of new chiral 
polycyclic bisphosphanes derived from NORPHOS 
Oleg M. Demchuk1,2, K. Szwaczko2, B. Miroslaw2, Izabela Dybała3 
1Pharmaceutical Research Institute, 8, Rydygiera Str., 01-793 Warsaw, Poland 

2Department of Chemistry, UMCS, 2, M. Curie-Skłodowska Sq., 20-031 Lublin, Poland 
3Faculty of Pharmacy, Medical University in Lublin, 1, W. Chodźki Str., 20-093, Lublin, Poland 

e-mail: O.Demchuk@IFarm.eu 

The contemporary asymmetric synthesis is often based on the utilisation of well-defined 
transition metal complex catalysts, usually derived from chiral phosphane and bisphosphane 
ligands. Such complexes are used to mediate wide pallet of crucially important asymmetric 
transformations: hydrogenations (Rh, Ru); allylic substitution (Pd); cross-couplings (Pd); 
hydroformylation (Co, Rh, Pt) and many other. The advanced experimental [1] and 
computational [2] studies on structure of the catalysts is crucial for better understanding their 
action and therefore for further design of new more efficient catalysts and conditions of the 
mediated reactions. The crystallographic analysis is an only a direct approach to elucidate the 
3D structure of the catalysts.  

Herein we would like to present the result of our studies concentrated on determination 
of the spatial structure of palladium complex of new rigid polycyclic bisphosphane, derived 
from highly efficient in asymmetric hydrogenation ligand NORPHOS.  

  
Figure 1. Crystallographic structures the palladium complex and oxide of two selected ligands. 

 
The obtained results indicate that, despite a significant difference in structures, the key 

geometric features of palladium complexes and dioxides of ligands, which are belong to studied 
class, are notable common; this allows predicting the geometries, steric and electronic 
properties of other, structurally similar, catalysts, based on a limited crystallographic data and 
fast computer calculations only.  

The details of the preparation, characterisation, comparison and analysis of new 
compounds will be presented.  
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An efficient, metal-free and green method has been developed for efficient synthesis of 
novel dyes with potential pharmacological value. Substituted indenones and indenone merged 
heterocycles are well known as significant biological and medicinal skeleton for 
pharmaceuticals. Furthermore, the indenopyridine is the core structure of many 
pharmacological agents and natural alkaloids and are also useful in a wide range of biological 
applications, e.g. as antiprotozoal agents, fluorescent probes for biomolecular labeling, as well 
as nucleic acids (DNA and RNA) detection, photosensitizers for photodynamic therapy (PDT), 
tumor imaging contrasts and markers for flow cytometry. Despite well developed procedures 
of synthesis polyene dyes based on indenone core [1], a literature surveys indicates that methods 
for the synthesis of fused isatin-indenone based spiro compounds are still limited. In spite of 
several advantages, most of those reported methods have many drawbacks include the reactions 
under challenging conditions and utilisation of expensive and homogeneous catalysts (p-
toluenesulfonic acid, sulfonated polyethylene glycol, acidic ionic liquid N-methyl-2-
pyrrolidonium dihydrogen phosphate, etc) or toxic solvents.  

Herein we would like to present new approach to synthesis of 
spiro(diindenopyridine)indolinnes, realised with utilisation of nano-ordered mesoporous silica 
catalyst, functionalized with SO3H groups (MCM-41-SO3H). The great advantages of our 
catalyst are nontoxicity, ease of preparation, and its recyclability and reusability [2]. The 
prepared spiro(diindenopyridine)indolinnes are red pigments, which could be used as indicator 
of basic pHs. 

 
Scheme 1. Synthesis of the spiro(diindenopyridine)indolinnes. 

The details of the preparation and characterisation our catalyst as well as it utilisation in 
the synthesis of important heteropolycyclic compounds will be presented.  
References 
[1] F. Azamifar, M. R. Naimi-Jamal, Oleg M. Demchuk, Dyes and Pigments, 2019, 161, 438–

447 
[2] E. Ali, M. R. Naimi-Jamal, M. G. Dekamin, Sci. Iran, 2013, 20, 592–597.



P-097 

Synthesis of ulosonic acids via zinc- and-iron promoted 
asymmetric hetero Diels-Alder reaction 

Matylda Stefaniak1, Bartłomiej Bazan1, Jacek Mlynarski1,2 
1Faculty of Chemistry Jagiellonian University, Gronostajowa 2, 30-387 Krakow, Poland; 

2Institute of Organic Chemistry Polish Academy of Sciences. Kasprzaka 44/52,  
01-224 Warsaw, Poland; 
matylda.stef@gmail.com 

 
Ulosonic acids (3-deoxy-aldonic acids) are family of naturally occurring sugar 

derivatives, which are synthesized by stereoselective enzyme catalyzed addition of 
phosphoenolpyruvate (PEP) to the corresponding aldoses. [1] All these acids are involved in 
many biologically important processes and thus they attract attention of many researchers. 

Recently, we have showed that, these type of compounds can be obtained in biomimetic, 
stereocontroled aldol reaction. [2] However, alternative approach to this synthesis is the use of 
hetero Diels-Alder (HDA) reaction between diene and glyoxalates (Figure 1). Based on the 
current state of the art in enantioselective HDA reaction in the synthesis of ulosonic acids, [3] 
we would like to propose an innovative use of chiral zinc and iron complexes, which have not 
yet been widely used in this type of reaction. 
 

 

Figure 1. The hetero-Diels-Alder reaction in the synthesis of ulosonic acids derivatives. 
 

In this work, we present the application of an enantioselective cycloaddition reaction of 
glyoxalate to dienes in stereocontroled construction of the pyranose system (Figure 1). This 
approach is the shortest synthetic route for ulosonic acids skeleton, therefore this reaction 
require enantioselective control by application of suitable catalysts. 

Here, we present our effort towards high stereoselectivity of model reaction. We tested 
zinc and iron complexes with commercially available BOX and PyBOX ligands. Application 
of selected condition resulted in formation of derived pyranose ring with good overall yield  
(39 - 81%) and hight enantiomeric excess (58 up to 91% ee). 
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Alkyl phosphonates can be considered as one of the basic families of organophosphorus 

compounds that have found a broad spectrum of useful applications in the areas of industrial, 
agricultural and medicinal chemistry. Their importance stems from their diverse biological 
activity, as well as their utility as synthetic intermediates especially in the synthesis of other 
organophosphorus esters and amides including also biologically active molecules. The first 
solvent- and catalyst–free procedure for the Michaelis - Arbuzov reaction under flow conditions 
was developed (Scheme 1). [1] A variety of phosphonic esters could be obtained using this 
protocol starting from the corresponding phosphites and even catalytic amounts of alkyl halides 
with very short reaction times and excellent conversions. Thus, it provides a sustainable 
alternative to the existing methods for the preparation of alkylphosphonates. Isolation of the 
reaction products is fast and straightforward due to the lack of solvents and high purity of the 
obtained products. 

 

 
Scheme 1. Continuous flow, solvent-free Michaelis-Arbuzov reaction. 
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Compounds containing nitrate ions(III) occur in food preservatives, fertilizers, corrosion 

inhibitors, detergents and industrial wastewater. Nitrates(III), when reacted with amines, can 
form nitrosamines, which are toxic and carcinogenic. High concentration of nitrates(III) in the 
human body increases the possibility of irreversible oxidation of hemoglobin to 
methemoglobin. For this reason, it seems important to develop new methods of detection and 
quantification of these compounds. Due to the fact that these compounds exhibit redox 
properties, it seems reasonable to apply electrochemical methods with the use of modified 
chemical electrodes, allowing for lower detection limits and higher selectivity. Considering the 
importance of ferrocenyl and heteroaryl fragments to obtain the desired material properties, a 
number of syntheses using Lawesson's reagent have been carried out and they resulted in 
corresponding new thioketone derivatives containing ferrocenyl and heteroaryl substituents that 
have been used as substances for chemical modification of gold electrode surface. 

The aim of the studies was quantitative determination of nitrates(III) on a gold electrode 
modified with a newly obtained ferrocenyl derivative of the methanethione. The results implied 
that obtained monolayer of reduced form of selected ferrocenyl thioketone was an efficient 
electrocatalyst - mediator. The electrochemical and electrocatalytical properties as well as 
quantitative determination of nitrates(III) were studied with cyclic voltammetry and square 
wave voltammetry as well as the uv/vis spectroscopy.  

The results of electrocatalytical activity of selected ferrocenyl thioketone immobilized 
on gold has been compared with those obtained for unmodified Au. The character of 
voltammetric plots is maintained even after 200 cycles. The immobilization of selected 
ferrocenyl thioketone on gold results in an increase of the oxidation peak currents of the 
investigated nitrates(III) in comparison to the same process on unmodified Au. The results point 
to the enhancement of the process efficiency and its selectivity in the presence of ferrocenyl 
thioketones immobilized on gold. The limit of detection and the limit of quantification of 
nitrates(III) on a gold electrode modified with a newly obtained ferrocenyl derivative of the 
methanethione were substantially improved which confirms the meditory activity of ferrocenyl 
thioketones immobilized on gold.  
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Bio-reduction of prochiral carbonyl compounds is mainly carried out using the catalytic 
potential of NADH/NADPH dependent dehydrogenases (1.1.1.x.). Dehydrogenases belong to 
oxidoreductases, catalyzing the reaction of the oxidation of alcohols to the corresponding 
aldehydes or ketones. This protein is very common in cells of bacteria, fungi, animals and 
plants. In the reduction reaction, dehydrogenases transfer the hydride ion (pro-S or pro-R) from 
the cofactor to one of the prochiral sides of the carbonyl group (face re or si) to give pure 
enantiomerically or diastereomerically products. The necessity of employing expensive 
cofactors is one of the main limitations to the use of dehydrogenases. In contrast, the use of 
living organisms in the form of tissue cultures or whole microbial cells is a more effective 
method, because dehydrogenase, cofactor and regenerative system are found in the cell [1].  

Baker’s yeast is the most popular whole-cell biocatalyst for the asymmetric reduction 
of prochiral ketones, due to their unlimited availability, ease of growing, and low costs. For 
asymmetric bio-reduction of ketones, in addition to popular Baker's yeast, most often the cells 
of bacterial, fungal and plant tissue are used [2]. The use of bioreagents provides a whole range 
of chiral alcohols that can be successfully used as intermediates in the synthesis of biologically 
and pharmacologically important compounds. Not without significance is the fact that 
biocatalytic reactions are conducted under moderate conditions in aqueous solutions without 
the use of expensive and often toxic reagents. For this reason, they are environmentally friendly, 
which increases the scope of their applications. 

In this work we presented the microbial biotransformation of unsymmetrical ketones in 
the reduction catalyzed by Boni Protect fungicide containing live cells of Aureobasidium 
pullulans and in the reaction catalyzed by Polyversum fungicide containing live cells of 
Pythium oligandrium. 

The P. oligandrium fungus exhibits enantioselective properties in relation to 
unsymmetrical aryl-methyl ketones (80-99% ee). While the A. pullulans microorganism proved 
to be a more effective bioreagent in the reaction of reducing ketones with bulky substituents 
(96-99% ee) and α-, β-ketoesters (77-99% ee). 
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Thanks to plants, carbohydrates are an inexhaustible source of substrates for the 

synthesis of many chemical compounds. Understanding the role carbohydrates and 
glycoconjugates play in living organisms is the basis for the development of more and more 
effective therapeutic agents.An extremely important element in the construction of glycosides 
and glycoconjugates is the glycosidic bond, which is an essential part of such important 
substances as: antibiotics, antineoplastic drugs and cardiac glycosides. Therefore, research on 
glycosylation reactions is such an important research problem in carbohydrate chemistry. In 
nature, carbohydrate connections are based on O- and N-glycosidic bonds, but studies show that 
they are not stable enough under therapeutic conditions [1]. Replacement of this type of bonds 
with a C-glycosidic bond leads to derivatives with excellent chemical and enzymatic stability 
without negative influence on their biological properties [2]. The statement will present  
a synthesis path of new building blocks, which orginality is based on the use of aziridine as  
a connector with a defined configuration that combines an aminoacid with a saccharide. 

 

 
 
 

Scheme 1.  
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Looking through chemical literature we can observe growing interest in asymmetric 

synthesis. For this reason, an important aspect of this area of chemistry is the search for new, 
effective chiral catalysts that allow to conduct synthesis in an enantioselective manner[1]. 
Currently reaserch on catalysts are carried out. The catalysts are often chiral molecules that are 
capable of inducing asymmetric induction. Such promoters are much more stable than metal 
complexes, therefore they do not require reaction environment protection from oxygen or water. 
Additionally, products are not contaminated with heavy metals, which is important for the 
pharmaceutical industry.  

While conducting research on the functionalization of sugars, we noticed that urea 
derivatives can play an effective role of organocatalysts in asymmetric synthesis giving high 
yields as well as enantiomeric excess[2]. 

The purpose of my work was synthesis of hydrophilic organocatalysts, urea derivatives 
of sugars. To achieve this goal it was necessary to obtain a series of azide saccharides which 
were then reacted with pyrrolidine derivatives. As a result of these reaction I received new 
organocatalysts with urea bridge. In the next stage I checked their effectiveness in the 
asymmetric aza-Henry reaction. In this reaction I checked also hydrophilic carbohydrate 
derivatives. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References 
[1] (a) P. I. Dalko, L. Moisan; Angew. Chem.; 2004; 43; 5138-5175; (b) P. I. Dalko, L. Moisan; 

Angew. Chem.; 2001; 41; 3726-3748 (c) B. List; Adv. Synth. and Cat.; 2004; 346; 1021   
[2]  (a) S. Porwański; Carbohydr. Res.; 2014; 394; 7-12; (b) J. Robak, B. Kryczka, B. 

Świerczyńska, A. Zawisza, S. Porwański; Carbohydr. Res.; 2015; 404; 83-86.



P-103 

The biological properties of the pyro- and hypophosphates for 
selected cancer and non-cancerous cells 

Roza Pawlowska, Renata Kaczmarek, Justyna Milczarek, Arkadiusz Chworos 

Department of Bioorganic Chemistry, Centre of Molecular and Macromolecular Studies Polish 
Academy of Sciences 

rozapech@cbmm.lodz.pl 

 
Pyrophosphate is a naturally occurring compound present in both the intra- and extra-

cellular environments formed mainly as a product of hydrolytic degradation of nucleotide-5'-
triphosphates and then used during their biosynthesis [1]. Nucleotide triphosphate hydrolysis 
and synthesis are the key processes for cell viability and health. 

Hypophosphate as a pyrophosphate analogue lacking the bridge oxygen atom is an 
interesting research object due to the different interaction with the pyrophosphate recognition 
enzymes. Our studies indicate that the addition of hypophosphate to the extracellular 
environment has a significant effect on the cells survival. Moreover, obtained data shown, that 
pyro- and hypophosphate may differently affect cells, which is reflected in their different 
functioning and viability. The comparison of biological properties of pyro- and hypophosphate 
to cancerous and non-cancerous cells will be presented.  
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The synthesis of fluorinated organic compounds is one of the important tasks of modern 

organic synthesis. The presence of fluorine atoms or fluoroalkyl groups in the structure of 
organic compounds has a huge impact on their biological, physical and chemical properties. 
Compounds containing a trifluoromethyl or difluoromethyl group are of particular interest. [1] 

The aim of research was to study the addition of terminal alkynes 2 to nitrones 1 
derivatives of trifluoroacetic and difluoroacetic aldehyde in the presence of zinc compounds. 
The reactions were carried out using a catalytic amount of zinc triflate with a threefold excess 
of alkynes or diethylzinc with a stoichiometric amount of alkynes 2. [2], [3] Fluorinated 
hydroxylamines 3 and isoxazolines 4 were obtained by the reactions. 
 

 
Scheme 1. Addition of alkynes 2 to nitrones 1. 
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The Appel reaction is the reaction in which the alcohol reacts with methyl iodide or 

iodine in the presence of triphenylphosphine to form the corresponding alkyl iodide. [1] The 
main problem in carrying out this reaction is the formation of triphenylphosphine oxide which 
is difficult to remove. [2] In our method of synthesis of alkyl iodides, bis(2,2,2-trifluoroethyl) 
phosphite at first reacts with alcohol in the presence of pyridine and the formed mixed phosphite 
undergoes a reaction with molecular iodine. This method allows to obtain the appropriate alkyl 
iodides with good yields and also avoids the formation of hard-to-remove side products.  
 

 
Scheme 1. Classical and modified version of Appel reaction 
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Ionic liquid crystals are materials with interesting properties, such as: red-ox, conductive, or 
luminescence, which is important from applications point of view.[1-2] So far, ionic liquid 
crystalline compounds with paramagnetic properties are unknown. Novel materials based on 6-
oxoverdazyl as a paramagnetic unit have synthesized. This communication will present 
synthetic methodology and preliminary investigation of mesogenic properties.  
 
 

 
 

Scheme 1. Ionic liquid crystalline 6-oxoverdazyl derivative. 
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Folic acid 1 is one of the essential vitamins required for biosynthesis of DNA and RNA. 

Folate deficiency or folate replacement by a similar, albeit biologically inactive molecule 
(antifolate, e.g. methotrexate 2) inhibits this crucial process. Fast dividing cancer cells are the 
best target for the antifolate drugs because of their high need for nucleic acid synthesis. On the 
other hand, they are often able to overcome problems related to antifolate exposure due to 
specific resistance mechanisms [1,2]. We are attempting to break through the resistance 
mechanism by synthesizing novel antifolate analogues.  

We are going to present the synthesis of a series of ferrocenyl analogs of folic acid. 
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Figure 1. Structures of folic acid 1 and methotrexate 2 
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Sulfur is less electronegative than oxygen, but similar electronegative as carbon, 
therefore transformation of the carbonyl group into the thiocarbonyl group in the structure of 
benzisosenenazole-3-(2H)-ones changes the nature of the bond and can improve the antioxidant 
activity of the new derivatives. 

This study presents convenient methods for the synthesis of benzisoselenazol-3(2H)-
ones and corresponding thiocarbonyl derivatives. We have obtained N-
alkylbenzisoselenazolthiones by two different two-step procedures. In the first method A we 
synthesized a series of N-alkyl-o-iodobenzamides that were further transformed by the reaction 
with dilithium diselenide to corresponding N-alkylbenzisoselenazolones.[1] Benzisoselenazol-
3(2H)-thiones were prepared by the reaction of N-alkylbenzisoselenazolones with Lawesson's 
reagent in toluene at 120°C. In the second method B N-alkyl-o-iodobenzamides were 
transformed into the corresponding N-alkyl-o-iodobenzthioamides by two alternative methods. 
The first a based on the reaction of N-substituted o-iodobenzamides with Lawesson's reagent 
in xylene at 80°C.[2] The second b used analogous reaction, but without the presence of solvent 
under the influence of microwave radiation.[3] In the last step benzisoselenazol-3(2H)-thiones, 
were prepared by the reaction of N-alkyl-o-iodobenzthioamides with dilithium diselenide.[1] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scheme 1. Synthesis of new thiocarbonyl derivatives of benzisoselenazol-3(2H)-ones 
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Gold compounds are widely used in medicine, mainly to reduce inflammation, and to 

slow down of the rheumatoid arthritis progression. [1]  Thiazolopyridinium derivatives exhibit 
analgesic, anti-inflammatory, and hypoglycemic activity, and are used as surfactants and 
antistatic agents. [2] Furthermore, the compounds with benzothiazole moiety can be used in the 
diagnosis of Alzheimer’s disease and they have many pharmacological applications, e.g. they 
act as immunosuppressive, anticonvulsants, anticancer, antibacterial, antimicrobial, and muscle 
relaxant agents. [3, 4] 

Herein, we present a new methodology for the synthesis of sulfur containing Au (III) 
pyridine complexes and further modifications to benzothiazole derivatives. In the first step we 
have obtained a series of ligands 3 from commercially available 2-bromopyridine 2 and 
corresponding arenethiols 1. The reaction of thioethers 3 with sodium tetrachloroaurate lead to 
complexes 4. (Scheme 1.) In the next step, they were transformed to corresponding Au-salts. 
 

 
 

Scheme 1. Synthesis of gold (III) pyridine complexes. 
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Anthracyclines (doxorubicin and daunorubicin) are widely administered and exhibit 

high effectiveness in treatment cancers of the bladder, breast, stomach, lung, ovaries, prostate, 
thyroid, soft tissue sarcoma, multiple myeloma as well in some leukemias and Hodgkin's 
lymphoma. However, prolonged treatment can lead to multidirectional cytotoxic effects, with 
cardiotoxicity being the most prominent. 

In this work the main purpose is the synthesis of novel type of anthracycline 
nanoconjugates that can be used as effective molecular entities in anticancer therapy and are 
well soluble in water. The conjugates are based on silsesquioxane carriers (POSS – Polyhedral 
OligoSilSesquioxanes) bearing doxorubicin or daunorubicin.  
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11β-Hydroxysteroid dehydrogenase type 1 (11β-HSD1) is an enzyme that catalyzes the 
conversion of inactive cortisone to physiologically active cortisol. Together with the isoform 2 
– (11β-HSD2), it forms a system that regulates the level of cortisol in the body and thus the 
inhibition of its activity can be used in the treatment of diseases such as Cushing's syndrome, 
methabolic syndrome and type 2 diabetes. Therefore, from the therapeutic point of view it is 
important to search new compounds that would be selective 11β-HSD1 inhibitors. 

Carrying out the research into the search for selective 11β-HSD1 inhibitors, we 
synthesized 19 new N-allyl or N-methyl derivatives of 2-aminothiazol-4(5H)–one differing in 
substituents at the 5 position of thiazole ring [1, 2] (Scheme 1) and tested their in vitro activity 
towards inhibition of both of the isoforms enzyme. Despite the higher probability of activity 
suggested by the PASS Online program, we found out that methyl derivatives are weaker 
inhibitors (up to 48%) of 11β-HSD1 in comparison to their allyl analogs (up to 71% at a 
concentration of 10 μM). Due to significant differences in the activity of methyl and allyl 
derivatives, molecular modeling was performed which was aimed at comparing the interaction 
between 11β-HSD1 and ligands differing substituent in the amino group (allyl vs. methyl). 
Modeling has shown that the absence of the allyl group can lead to the rotation of whole ligand 
molecule which can affect its interaction with the enzyme. 
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Scheme 1. Synthesis of N-substituted derivatives of 2-aminothiazol-4(5H)–one. 
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The ever-expanding biomedical and pharmaceutical industry such as tissue engineering, 

controlled drug release and regenerative medicine relies on improvement among advanced 
functional biomaterials. Polycarbonates own special properties like biocompatibility, 
biodegradability and approved appliances in biomedical devices. 

A six-membered carbonates functionalized with propargyl (5-methyl-5-
propargyloxycarbonyl-1,3-dioxan-2-one, MPC [1]), benzyl (5-methyl-5-benzyloxycarbonyl-
1,3-dioxan-2-one, MBC [2]), ethyl (5-methyl-5-ethyloxycarbonyl-1,3-dioxan-2-one, MEC [2]) 
and ketal  group (9,9-dimethyl-2,4,8,10-tetraoxaspiro[5.5]undecan-3-one, CCKP [3]) were 
synthesized, then homo- and copolymerized with L-lactide (LA), trimethylene carbonate 
(TMC) and ε-caprolactone (CL), respectively; using metal-free ring-opening polymerization 
technique. The study comprises application of various catalytic systems: TBD, DBU and (-)-
sparteine/N-3,5-bis(trifluoromethyl)phenyl-N'-cyclohexylamine thiourea (SP/TU). 

 
 

 
Scheme 1. Structure of (co)polymerized functional cyclic carbonates 
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The new polar nematic three and four ring laterally fluorosubstituted cyanodiesters were 

synthesized. The polarity of synthesized nematogens is the result of molecular structure parts 
like ester linking group in rigid core, strongly polar cyano terminal group and fluorine atoms in 
lateral positions in the core of liquid crystalline compound. Presence of terminally substituted 
cyano group affects the presence of large longitudinal dipole moments.  Phase transitions 
temperatures were measured by a polarising optical microscope. Synthesis route and basic 
physical properties of obtained compounds are presented. The general structure of synthesized 
compounds is shown below.  
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Amides are well-known for their reduced reactivity towards nucleophiles. Nevertheless 
it is possible to conduct such reactions by the use of appropriate activating agents. A 
preactivation step increases the electrophilicity of the amide moiety by diminishing the 
resonance effect of the amide nitrogen, e.g. via a transformation to an imide.[1] 

A very interesting method, where zirconocene hydrochloride acts as an amide group 
reducing agent, has been proposed by Ganem.[2] Its uniqueness lies in its exceptional 
chemoselectivity, compared to other commonly used methods. It has been proven that 
Schwartz’s reagent reduces secondary and tertiary amides, leading to formation of imines or 
iminium cations of high purity (Scheme 1).[2] 

 
Scheme 1. An amide reduction with Schwartz’s reagent. 

This methodology is extensively studied in our group and appear to be a very convenient 
and effective tool for synthesis of functionalized amines.[3] Our latest efforts was focused on 
functionalizing sugar-derived lactams via one-pot Schwartz’s reagent-mediated reduction and 
subsequent Azido-Ugi reaction with isocyanide and TMSN3. This stereoselective synthesis 
protocol leads to nojirimycin C-1 tetrazole derivatives (Scheme 2). 
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Scheme 2. The stereoselective synthesis of iminosugar derived tetrazoles. 
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In recent years various publications have shown processing routes for the lab-scale 

production of PHBV using different carbon sources and strains of bacteria (e.g. A. latus., C. 
necator) [1]. However due to its limited mechanical properties, particularly a high brittleness, 
the PHBV polymer has not been used for demanding technical applications yet. In the past 
many publications have reported numerous options to improve the mechanical properties of 
PHBV by adding petrobased plasticizers e.g. dioctyl adipate, dioctyl phthalate, polyadipate, 
tri(ethylene glycol) bis(2-ethylhexanoate) [2, 3]. In order to result in fully biobased PHBV-
formulations the addition of 100% biobased plasticizers is required. In this poster the use of 
modified vegetable oils (fatty acids) as plasticizers is investigated. It describes the modification 
for camelina oil, castor oil or rapeseed oil via chemical processing such as esterification, 
transesterification and epoxidation with the target to generate and provide functional groups 
which ensure the compatibility of the plasticizer with the polymer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References 
[1] G.-Q. Chen, Plastics from Bacteria, Natural Functions and Applications, Springer Berlin 

Heidelberg, 2010. 
[2] R.C. Baltieri, L. H. I. Mei, J. Bartoli, Macromol. Symp., 2003, 197, 33-44. 
[3] R. S. Kurusu, Ch. A. Siliki, É. David, N. R. Demarquette, C. Gauthier, J.-M. Chenal, 

Industrial Crops and Products, 2015, 72, 166-174.



P-116 

Analogs of Sulforaphane – synthesis and biological activity 
Tomasz Cierpiał1, Piotr Kiełbasiński1, Małgorzata Kwiatkowska1,  

Katarzyna Wiktorska2, Małgorzata Milczarek2, Zdzisław Chilmonczyk2 
1Centre of Molecular and Macromolecular Studies Polish Academy of Sciences,  

Sienkiewicza 112, 90-363 Łódź, POLAND  
2National Medicines Institute, Chełmska 30/34, 00-725 Warsaw, Poland 

tomaszcierpial@yahoo.com, tomasz@cbmm.lodz.pl 

 
Sulforaphane is a natural product belonging to the group of organic isothiocyanates. 

Research on the biological activity of this compound and some of its derivatives has been 
devoted to a large number of papers due to the established anti-cancer, anti-inflammatory and 
antioxidant properties. Looking for new analogs of sulforaphane with potentially better anti-
cancer and chemopreventive properties, a number structural modifications was carried out [1-
3]. 

The applied synthesis methods and results of in vitro tests of cytotoxic properties of new 
obtained compounds will be presented. 
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Boron cluster-modified therapeutic nucleic acids with improved properties are of interest in 
gene therapy and in cancer boron neutron capture therapy (BNCT) [1,2]. A post-synthetic Cu 
(I)-assisted “click” conjugation of alkyne-modified DNA-oligonucleotides with a boron cluster 
alkyl azide component have been described for the synthesis of electrochemically detectable 
probes targeted against avian influenza virus (AIV) [3] and boron cluster-loaded antisense 
oligonucleotides (ASOs) targeting epidermal growth factor receptor (EGFR) [4, 5]. Herein, we 
report an alternative and versatile method for the incorporation of various boron clusters into 
the structure of nucleic acids via Huisgen-Meldal-Sharpless azide-alkyne 1,3-dipolar 
cycloaddition (“click reaction”) performed  directly on solid support: 

The corresponding alkyne 
modified oligomer was 
prepared on solid support by 
incorporating commercially 
available 5’-O-dimethoxy-

trityl-2’-propargyluridine 
phosphoramidite monomer in the final coupling step of the automated oligonucleotide 
synthesis. The reactions of alkyl azide derivative of carborane cluster with alkene modified 
oligonucleotide on the solid support was carried out using the CuAAC click reaction conditions.  
The main advantages of this approach is that 1) it allows use of the oligonucleotide directly 
after automated solid phase synthesis without purification and 2) an excess reagents can be 
conveniently removed by simple washing of the solid support. We believe that the improved 
methodology presented here will facilitate application of boron cluster DNA conjugates as 
building blocks for nanoscale construction, in  therapeutic nucleic acids area and in other fields.  
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DNA nanotechnology is a branch of technology that exploits nucleic acids ability to 
self-assembly in order to construct nanostructures with specific properties. There are numerous 
potential applications of DNA nanostructures including those in diagnostics and therapy of 
human disorders.[1] Based on our previous studies on boron clusters as modifying units for 
nucleic acids[2,3] conjugates of the epidermal growth factor receptor (EGFR)-directed 
antisense DNA oligonucleotides modified with boron clusters [o-carborane, C2B10H12; 
dodecacarborane, B12H122-; and metallacarborane, [Fe(C2B9H11)2]-] were obtained and tested as 
potential agents in antisense and  BNCT therapy.[4,5]      

In this communication, we present an application of DNA functionalized boron clusters 
(oligopods) as building blocks for nano-construction of therapeutic nucleic acid systems. Thus, 
tri-substituted o-carborane, bis-functionalized with EGFR-targeted sense or antisense 
oligonucleotides were obtained by solid phase method. The complementary dipods were self-
assembled to nano-structured complexes which were visualized by the non-denaturating 
polyacrylamide gel electrophoresis (PAGE), atomic force microscopy (AFM) and cryo-
transmission electron microscopy (Cryo-TEM). Their silencing activity, stability against  exo- 
and endo-nucleases as well as melting properties were investigated. 

 
Scheme 1. A schematic view of nanostructure formed by two complementary dipods (EGFR-sense 

and antisense oligonucleotides conjugated with boron-cluster) 
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N-heterocyclic carbenes (NHC) are widely used in synthesis of various complex 

substances. Generated from appropriate salt NHC effects on the polarity reverse of carbonyl 
compound. This umpolung process effects in change of carbonyl carbon atom properties. 
Consequently, electrophilic carbon atom is transformed into synthetically appropriable 
nucleophile.[1] Moreover, it exists other way to use Breslow intermediate in organocatalysed 
reactions. It can be oxidized to acylazolium – very useful intermediate in esterification reactions 
and annulation reactions of α,β-unsaturated carbonyl compounds.[2] 

Aza-Claisen rearrangement is example of [3,3]-sigmatropic reaction which can occur 
via NHC-catalysed annulation. In that kind of annulation 6-aminouracils derivatives and 
crotonaldehyde derivatives appears to be an attractive reagents to obtain bicyclic lactams with 
unprotected NH-amide group. This reaction model broadens the applicability of widely known 
thiazolium and triazolium salts and NHC precatalysts obtained in our team.[3-5]  

The developed synthetic methodology leads to expected dihydropyridinones condensed 
with uracil ring for many different N,N’-disubstituted 6-aminouracils and crotonaldehyde 
derivatives.  Moreover, products were obtained with very high yields and purities. 

 
Scheme 1.  
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N-heterocyclic carbenes (NHC) are common used as organocatalysts in various 

umpolung reactions such as benzoin condensation or Stetter reaction. [1,2] NHC-catalysis is 
one of the most developed branch of organocatalysis which has become an important part of 
modern organic chemistry. Consequently, synthesis of chiral NHC catalysts caused 
development of sophisticated approach to synthesis of enantiomerically enriched substances. 
[3-5] 

Aim of this work is synthesis of chromanones with trifluoromethyl group bonded to the 
quartenary stereogenic center. Products of intramolecular Stetter reaction were obtained with 
good yields and excellent enantiomeric excesses. The development of this synthetic approach 
is very interesting because of some chromanone derivatives exhibit a considerable biological 
and pharmacological activities such as antioxidant, antimicrobial, DNA binding, cleavage, 
anticancer, antiallergic, neuroprotective and pesticidal properties. [6] 
 

 
 

Scheme 1. Reaction design 
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Dynamic light scattering (DLS) is a technique that can be used to determine the size 

distribution profile of small particles in suspension or polymers in solution.[1] DLS can also be 
used to determine the behavior of complex fluids such as concentrated polymer solutions. 

In the recent years, “smart” materials such as stimuli-responsive polymers that can 
respond to an external stimulus have attracted considerable attention due to a wide range of 
applications. One of the most common and interesting are thermosensitive polymers, that 
change their physical properties with temperature.[2] Differences in size distribution of poly(N-
isopropylacrylamide) and its block or statistical copolymers with different length of poly(N-ɛ-
vinylcaprolactam) or acetylacetone derivative with complexing properties in PBS pH=7,4 and 
0,9 % NaCl will be presented.  
 

Scheme 1. Behavior of stimuli-responsive block copolymers in solution. CMC-critical micelle 
concentration, LCST-lower critical solution temperature. 
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The development of magnetic resonance imaging (MRI) contrast agents with delicate 
sensitivity and advanced functionalities has recently received extensive interest.  

Nanoparticle MRI contrast agents have been synthesized for various potential 
applications because of their unique properties, such as large surface area, surface modifications 
for multifunction, contrast enhancement, and conjugation with biomolecules for therapeutic and 
diagnostic applications. [1] New generation fluorophores, also termed upconversion 
nanoparticles (UCNPs), have the ability to convert near infrared radiations with lower energy 
into visible radiations with higher energy via a nonlinear optical process. [2] 

Different Gd-based nanoparticles as MRI contrast agents will be presented. 
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A series of bent-core mesogens 1[12,n], derived from planarized analogue1 of 

prototypical Blatter radical2 and possessing two different paraffinic tails, were synthesized and 
characterized by optical and thermal methods. The paraffinic tails were anchored sequentially 
on the functionalized planar Blatter radical by esterification reactions. Compound 1[12,12] 
exhibits two liquid crystalline phases with the clearing temperature of 160 °C. Remarkably, 
compound 1[12,12] easily supercools retaining the birefringent property of the mesophase even 
at room temperature. Different length of the alkyl chains and their partial fluorination are used 
to modulate the structure and stability of mesophases observed in series 1[12,n]. Synthesis, 
thermal, optical, and powder XRD will be presented. 
 

 
Figure 1. (a) The structure of bent-core mesogens 1[12,n]; (b) DSC trace of 1[12,12] obtained by 

heating and cooling the sample at 5 K/min; (c) Optical texture of a liquid crystalline phase obtained by 
cooling 1[12,12] from the isotropic phase and observed in polarized light. 
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The Pictet-Spengler reaction is an intramolecular electrophilic aromatic substitution 

reaction that allows for the cyclization of β-arylethylamines. The reaction is most notably used 
in the synthesis of the isoquinoline and indole alkaloid frameworks. These structural scaffolds 
of an immense range of structurally complex synthetic products are key elements of thousands 
naturally occurring isoquinoline and indole alkaloids and several of them being of enormous 
physiological and therapeutic significance.[1] For that reason, the expanding of substrates pool 
for Pictet-Spengler cyclisation is highly relevant and the reaction has undergone continuous 
modifications. 

A new prototype of the Pictet−Spengler reaction based on partial reduction of 
fluoroacetamides to imines by Cp2Zr(H)Cl (Schwartz’s reagent) followed by electrophilic ring 
closure will be presented. The protocol allow to avoid expensive and hardly available aldehydes 
and as a source of fluorinated moiety propose amides easily obtained from fluoroacetic acids, 
esters or anhydrides. The cyclization conditions are milder than in the classical reaction variants 
and the whole transformation provides an alternative for well-known method and allow to 
introduce products inaccessible so far. 
 

 
 

Scheme 1. A new approach to synthesis of fluorinated tetrahydroisoquinolines  
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Adenosine-5'-triphosphate (ATP) is a natural source of energy and signaling molecule 

present both inside the cells and in the surrounding area. The amount of extracellular ATP 
fraction is significantly higher in the tumor microenvironment in comparison with healthy 
tissue, which suggests its importance in the development and/or progression of cancer. 
However, in the extracellular environment nucleotides undergo rapid hydrolysis. The 
catabolism of extracellular ATP leads to the generation of adenosine-5'-diphosphate (ADP), 
adenosine-5'-monophosphate (AMP) and adenosine. To limit the possibility of ATP 
degradation, the modifications within the phosphate groups involving both bridged and non-
bridged oxygen atoms were introduced and the new ATP analogs were used for testing the 
ATP-dependent processes in cancer cells.  

ATP analogs containing ,-non-hydrolyzable hypophosphate P-P bond and a sulfur 
atom instead of one/or both, of the non-bridging oxygen atoms at the -phosphate group were 
synthesized. The syntheses were performed based on the modified oxathiaphospholane method 
[1,2], where hypophosphate salt reacts with 5’-O-(2-thio)-1,3,2-oxathia(or dithia)phospholane 
derivative of adenosine. Two P-diastereomers of the ,-hypo-ATPS were separated using 
RP-HPLC and designated as ‘fast’ and ‘slow’ in respect to their chromatographic mobility.  

The new compounds were tested for their cytotoxicity for different cancer cell lines. 
The cytotoxicity measurements for diastereomerically pure ATP analogs and ATP were 
performed using MTT assay. 

The in vitro biological tests demonstrated the differences between modified ATP 
analogs compared to their natural counterpart. Data obtained for individual diastereomers will 
be shown. 
 
 
 
Acknowledgment 

This project was financially supported by the grant 2017/26/D/ST5/01046 from 
National Science Centre in Poland and state funds of Centre of Molecular and Macromolecular 
Studies of Polish Academy of Sciences. 
 
References 
[1] D. Blaziak, Org. Biomol. Chem., 2010, 8, 5505-5510. 
[2] R. Pawlowska, Bioorg. Chem., 2016, 67, 110-115. 



P-126 

Structural modifications of Blatter radical 
Bindushree Anand1, Paulina Bartos2, and Piotr Kaszyński1,2,3 

1Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences, Sienkiewicza 112, 
90-363 Łódź, Poland. 

2Faculty of Chemistry, University of Łódź, Tamka 12, 91-403 Łódź, Poland. 
3Department of Chemistry, Middle Tennessee State University, Murfreesboro, TN 37132, USA. 

bindu@cbmm.lodz.pl 
 

The Blatter radical and its derivatives are one of the prime scientific interests in recent 
years for their application in material science, due their fascinating properties like exceptional 
stability, spin π-delocalization, narrow electrochemical window and low excitation energies. 
In this context several synthetic methods for accessing this radical system have been recently 
improved and developed. As a contribution to the library of these methods, our group presented 
a one pot synthetic method to obatin the  
1-aryl-3-phenyl-1,4-dihydrobenzo[e]-
[1,2,4]triazin-4-yl radicals by addition of 
aryllithium to the readily available  
3-phenylbenzo[e][1,2,4]triazine followed 
by aerial oxidation (Scheme 1).[1]  
 

The general feature of all 1,4-dihydrobenzo[e][1,2,4]triazin-4-yl derivatives known to 
date is the presence of an aryl substituent at the N(1) position, such as Ph in the Blatter radical, 
which due to steric interactions between the C(8)-H and C(ortho)-H forms a large dihedral angle 

θ (38–82o) with the heterocycle.[2] This high 
torsion angle between the π planes limits spin 
delocalization from N(1) and affects 
molecular packing in the solid state, which in 
turn, impacts magnetic properties of the 
solids. A coplanar π substituent at N(1) 
would provide maximum spin delocalization, 
change in packing of the solid state, and offer 

a new platform for the design of functional materials. In 
this context, we described a simple and potentially wide-
scope method for the preparation of planarized Blatter 
radical, such as in Scheme 2.[3]  

The current work is focused on expanding the 
scope of this method and developing other methods for 
obtaining functionalized planar analogues of the Blatter 
radical in the context of molecular electronics and 
spintronic applications (Scheme 3). 
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Polythiophenes are one of the most important classes of conjugated polymers, with a 

wide range of applications, such as conducting films, electrochromics, and field-effect 
transistors [1, 2]. The literature reveals many references to electrochemical polymerization of 
thiophene. Conducting polymers can be generated both chemically and electrochemically. The 
electropolymerization method seem to be much better. However, the electropolymerization of 
thiophene is much more difficult than for pyrrole or aniline. This is due to the so-called 
„polythiophene paradox” - the oxidation potential of many thiophene monomers is higher than 
the oxidation potential of the resulting polymer. Futhermore, the substituents can significantly 
alter the processes of polymerization [3]. 
 

Electropolymerization is one of the most valuable techniques for obtaining oligomers 
and polymers. Spectroscopic and electrochemical characterizations were performed to highlight 
the structural attributes of the polymers. We would like to report our preliminary results devoted 
to the chemo- and electropolymerizaions of monomeric thiophene derivatives. 
Electropolymerization of monomers was carried out with use of cyclic voltammetry and 
electrochemical measurements were coupled in – situ with spectroscopic methods UV- Vis. 
The electrochemical cell used was the three – electrode type, working electrode for the cyclic 
voltammetric studies was a polycrystalline gold, platinum or glassy carbon. Voltammetric 
scanning of the molecules containing heterocyclic thiophene led to setting of conductive 
polymer layer on the surface of working electrode. 
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Development of stereocontrolled strategies leading to molecules of biological interest is 

of key importance in the contemporary organic chemistry.[1] A xanthone and chromanone ring 
system are key constituents of many natural products exhibiting diverse and useful biological 
properties.[2] 

We have developed novel and straightforward approaches to chromanones 2, 3 and 
dihydroxanthone 4 based on a cascade reactivity of chromone-3-carboxylic acids 1 as key 
starting materials. The synthesis of chromanones 2, 3 has been performed using Cinchona 
alkaloid catalysis to afford target products 2, 3 in good yield with enantioselectivity.[3] The 
synthesis of 4,4a-dihydroxanthone 4 has been realized under aminocatalytic conditions and 
involved the formation of dienamine intermediate that participated in the [4+2]-cycloadditon. 
Subsequent decarboxylative deamination was a key step of the cascade enabling the turnover 
of the aminocatalyst and the formation of the 4,4a-dihydroxanthone 4 derivatives.[4] 
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Macromolecules such as cyclodextrins (CD), cucurbiturils (CB) or calixarenes (CA) and 

their derivatives are tested as drug carriers or chemical sensors [1-4]. Drug molecule transport 
is possible as a result of inclusion complex formation. Organic molecule enters the cavity of 
the carrier ones. 

 
Scheme 1. Cyclodextrins, cucrbiturils and calixarenes (n=5-8). 

 
The competition of hydrophobic molecules for the cyclodextrin or cucurbituril cavities 

is well known in the literature. Much less attention is paid to interaction with inorganic 
molecules. The presence of inorganic molecules or ions may complicate the formation of 
inclusion complexes. 

The aim of the presented poster was to investigate the influence of phosphoric acid and 
its ions on the formation of cyclodextrin complexes. The complexation has been studied by 1H-
NMR titration method in aqueous solutions. The investigations confirmed the interactions of 
phosphate ions or molecules of phosphate acid with β-cyclodextrin. The formation of 
complexes 1:1 was observed. 

Based on results, the conditional stability constants of the inclusion complexes have 
been calculated. 
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The azole derivatives including imidazoles, e.g. econazole 1, miconazole 2, and 
triazoles, e.g. fluconazole 3 inhibit the biosynthesis of fungal sterols through the inhibition of 
CYP51 and are used as first line drugs to treat Candida infections.[1] The main azole drugs 
possess at least two principal pharmacophoric groups: iron coordinating group - consisting of 
imidazole or triazole ring, able to interact with the heme iron, and hydrophobic group - typically 
aromatic, near the iron coordinating group. The aforementioned azole derivatives belong to  
β-amino alcohols which are useful structures in organic and medicinal chemistry. Moreover, 
chiral β-amino alcohols containing heteroaryl moieties are of great importance as a key 
intermediates for the synthesis of physiologically active compounds.[2] Benzofuran is 
considered as an important structure due to its diverse biological profile.[3]  

The aim of this project was the enantioselective synthesis of benzofuryl β-amino 
alcohols 4 possessing the azole skeleton. The asymmetric transfer hydrogenation of the 
corresponding α-amino ketones obtained from the appropriate α-halo ketones led to the chiral 
products 4 in high yields and excellent enantioselectivities (96-99%), as determined by chiral 
HPLC. Further studies are in progress to determine the antifungal activity of compounds 4. 
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γ,γ-Disubstituted butenolides and related γ-lactones represents a common structural 
motif, found in wide variety of natural products relevant form the biological and medicinal 
chemistry point of view [1]. Therefore, much attention has been given to the development of 
synthetic methods allowing for their preparation, in a stereocontrolled manner. Within this 
research area, the asymmetric organocatalysis has proven highly useful, providing valuable 
solutions leading to enantiomerically enriched γ,γ-disubstituted butenolides [2]. 
 

 
Scheme 1 

In this reaserch a new organocatalytic approach to the synthesis of γ,γ‐disubstituted 
butenolides have been designed, employing a fully regioselective functionization of  
5-alkilidenefuran-2(5H)-one [3]. The use of aminocatalytic strategy for the activation of 
α,β,γ,δ-diunsaturated aldehydes,  allowed the reaction to proceed with high enantio- and 
diastereoselectivity. Furthermore, the synthesis benefits from a broad scope (26 examples) and 
the usefulness of the products have been shown in an example intramolecular Stetter reaction. 
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One of the most important goals of modern organic synthesis is the preparation of the 
compounds in optically pure form. In stereocontrolled synthesis, the most popular reactions are 
those catalyzed by transition metals with chiral ligands. 

The aim of the research was the synthesis of chiral pyridine-oxazolines derived from 
(+)-α-pinene, (–)-β-pinene and (1S,2R)-1-amino-2-indanol1. These novel chiral compounds 
may be used as ligands with donor nitrogen atoms used in asymmetric catalysis with transition 
metals. 
 

 
Scheme 1. Synthesis of chiral ligands. 

 
 The first step involved the synthesis of the appropriate terpene amino alcohols from  
(+)-α-pinene and (–)-β-pinene using known procedures.[2] Picolinic, nicotinic and isonicotinic 
acids were applied in the next step converting amino alcohols into amides by condensation 
reaction with DCC. The last step to prepare ligands involved cyclization of amides to 
oxazolines.[3] 
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Nucleophilic heterocylic carbenes (NHC) are considered as an important class of 

reactive species, which changed in recent three decades from laboratory curiosities to 
synthetically useful tools (organic synthesis tools) [1]. In 1991, Arduengo demonstrated, that 
imidazole-2-ylidene 1 bearing two bulky adamantan-1-yl groups at N(1) and N(3) is stable 
enough to be isolated and stored for a longer time at ambient conditions [2]. 

 

 The goal of the current project is the preparation of a series of new imidazole based 
nucleophilic carbenes of type 2 bearing alkoxy substituents attached to the N(3) or both, N(1) 
and N(3) atoms, starting with corresponding 2-unsubstituted imidazole N-oxides [3]. The 
isolated or only in situ generated alkoxyimidazol-2-ylidenes 2, including some enantiopure 
representatives, will be tested in diverse reactions as new catalysts or ligands.   
 In a series of recent experiments we demonstrated that upon treatment with 
triethylamine NEt3 in the pyridine solution, 3-alkoxyimidazolium salts 3a-b can be converted 
into reactive 3-alkoxyimidazol-2-ylidenes 2, which are able to trap the elemental sulfur yielding 
the corresponding 3-alkoxyimidazol-2-thiones 4a-b in high yields.  
Structures of all products were established based on spectroscopic data and elemental analysis.  
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The asymmetric allylic alkylation is an important tool for the synthesis of optically pure 
organic compounds. This reaction is generally promoted by soluble palladium complexes 
generated in situ by adding chiral ligands to a solution of π-allylpalladium chloride. A 
successful ligand design is very important in this process. 

Previously, we reported an entirely new method for the synthesis of bidentate phosphine 
ligands base on the Norphos motif [1]. Norphos is one of the highly efficient chiral biphosphine 
ligand for the rhodium-catalyzed asymmetric hydrogenation and Diels-Alder cycloaddition 
reaction [2].  

In this poster we wish to present Norphos and our Norphos derivatives and investigate 
the effectivness and usefulness of these ligands in the palladium-catalyzed asymmetric allylic 
alkylation reactions. 
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In recent years, benzo[e][1,2,4]triazines are becoming increasingly important building 

blocks for pharmacophores and organic materials. Therefore, new methods for synthesis of this 
heterocyclic skeleton and access to a variety of functional derivatives are continuously being 
developed.[1] For pharmacological applications particularly important is the functional 
substituent at the C(3) position of the benzo[e][1,2,4]triazine which typically is an amine, 
aromatic or aliphatic group. Unfortunately, each class of these compounds requires a separate 
multi-step synthesis. The goal of our project was to develop a general precursor for the synthesis 
of a wide variety of C(3)–functionalized benzo[e][1,2,4]triazines 1 using a common and readily 
available precursor. For this purpose, 3-aminobenzo[e][1,2,3]triazine 2 has been selected and 
transformed into 3-Cl and 3-I derivatives 3. Their reactions with nucleophiles (X = Cl) and Pd-
catalyzed (X = I) reactions give rise to a broad range of C(3)–functionalized 
benzo[e][1,2,4]triazines 1. 
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Chiral catalysts containing both acidic and basic (nucleophilic) structural units are 

gaining importance in the development of asymmetric synthesis [1]. Thiourea derivatives play 
an important role in catalyst design and modification. Recently, bifunctional organocatalysts 
that possess a thiourea moiety and an amino group on a chiral scaffold have been successfully 
applied in different asymmetric transformations, such as aldol reaction, Morita-Baylis-Hillman 
reaction, Mannich reaction, Henry reaction, and Michael addition [2,3].  

We have designed and synthesized thiourea derivatives based on chiral frameworks of 
2-azabicycloalkanes [4] and Cinchona alkaloids.  
 

 
The new compounds were tested as organocatalysts in the asymmetric Michael addition 

reaction of nitromethane to trans-chalcone giving products with good yields and high 
enantioselectivity (up to 90%). 
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Colchicine 1 is a tropolone alkaloid naturally occurring in plants of Liliaceae family 
especially in meadow saffron (Colchicum autumnale). It possesses antimitotic, antifibrotic, 
anti-inflamatory activity and can efficiently relieve the symptoms of gout attack. Moreover, 
colchicine is a potent anti-mitotic agent and shows carcinogenic activity [1]. Synthesis of 
colchicine derivative has been made to decrease its toxicity and increase its therapeutic 
properties [2-4]. Colchiceine 2 and 10-methylthiocolchicine 3 are well known semisynthetic 
derivatives of colchicine. Compound 3 
is less toxic and has good therapeutic index.  
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Scheme 1. Structure of colchicine 1, colchiceine 2 and 10-methylthiocolchicine 3 molecules. 
 

Based on the above, a series of new colchicine derivatives were synthesized. Its 
cytotoxic activity was tested mainly against SKOV-3 ovarian cancer cell culture model. 
Structures of active compounds were also calculated by semiempirical methods DFT/PM5/PM7 
and molecular modeling to be able to explain their biological activity. 
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Photochromic materials have been used in optical information processing for several 

decades. Due to the possibility of modifying the molecular structure, materials containing 
azobenzene group turned out to be particularly interesting. Derivatives of 2-azabicycloalkanes 
are widely used in research on biological activity as well as in stereoselective synthesis [1]. In 
our research, we focused on 2-azabicycloalkanes substituted with thiourea as scaffolds for 
azobenzene derivatives. The final products were synthesized in the coupling reaction of the 
corresponding amine based on a bicyclic skeleton and the azo compound with the 
isothiocyanate moiety. 

The effect of structure and configuration of a rigid bicyclic fragment, the presence of 
thiourea moiety and the azobenzene fragment on physicochemical properties of the obtained 
systems will be discussed. 
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The development of Lewis basic organocatalysts for several types of asymmetric 
reactions has received much attention over the past decade.1 A particular focus has been in the 
development of chiral catalysts based on N-heterocycles. Among others, N-oxides are powerful 
electron donors and, when possessing rigid chiral skeleton, they can provide good efficiency in 
asymmetric reactions. It has been shown, that whilst the amines are generally superior to the  
N-oxides for acylation, the N-oxides are superior for sulfonylation and silylation.2 Several 
chiral pyridine N-oxides have been introduced to effect the desymmetrization of meso-
epoxides.3 

We present the synthesis of new Lewis bases that feature a pyridine N-oxide fragment 
attached to a chiral imidazole functionalyzed backbone. The enantiomeric pure compounds 
were tested in asymmetric reaction of benzaldehyde with allylchlorosilanes or in opening the 
meso-epoxides. 
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The proper level of serotonin is one of the most important factors affecting the state of 
mental health. Too high level of this neurotransmitter is associated with manic behavior, while 
reduced serotonin level leads to depression [1]. Due to this, the search for new drugs for central 
nervous system disorders, including psychiatric disorders largely relies on the search for active 
ligands of serotonin receptors [2]. The group of long-chain arylpiperazines [3] can be included 
among the active ligands of the mentioned receptors. There are reports in the literature about 
the increase in ligand activity by stiffening the flexible carbon chain present in the structure of 
the molecule [4]. 

The aim of the conducted research was the synthesis and evaluation of the activity of 
new long-chain arylpiperazine having a stiffened carbon chain, containing a part of  
1,2,4-triazolo[4,3-a]pyridin-3(2H)-one or salicylamide. Compounds were tested for their 
affinity for selected serotonin and dopamine receptors. Interesting results have been obtained 
describing the dependence of Structure-Activity  (SAR). 
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Our recent investigations were connected with the reduction using silanes in the 

presence of  KOH1. They appeared that results of these reactions strongly depended on the 
relative position of particular substituents. This reaction is for carboxylic acid esters a 
regiospecific method of its desulfinylation2. In our further investigations 1-methyl-4-
methylsulfinyl)methylsulfinylbenzene was employed having in mind that sulfinyl moiety is 
also an EWG substituent.  
 

 
 

The outcome of these studies, including the synthesis of chosen sulfoxide and 
transformations leading to dialkyl sulfoxides will be presented.  
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Aminocyclopropanephosphonic acids, defined as analogues of amino acids in which the 

carboxylic group is replaced by a phosphonic acid moiety acids have attracted considerable 
attention due to their interesting synthetic studies and their useful biological activities.[1] 

As a part of our continuing interest in the synthesis of phosphonic analogues of 
biologically active compounds, we concentrated our studies on aminocyclopropanephosphonic 
acids.  
Our general approach to this type of structure is based on an asymmetric cyclopropanation of 
vinylphosphonates using enantiomerically pure (S)-dimethylsulfonium (p-tolylsulfinyl)- 
methylide.[2] Based on this concept the synthesis of enantiopure 
aminocyclopropanephosphonic acids was developed.[3] The highly stereoselective acylation of 
cyclopropane ring under control of the chiral sulfinyl group provided to substituted 
cyclopropylphosphonate, which are the useful intermediate in the synthesis of precursors of 
aminocyclopropanephosphonic acid. 
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Arene-ruthenium(II) complexes with different ligands has been recognized as chemo 

therapeutics agents  alternatives to cisplatin and its oxaliplatine analogs.  The arene substituent 
is relatively inert towards displacement and is known to stabilize ruthenium in its +2 oxidation 
state under physiological conditions [1]. Both the size and hydrophobicity of the coordinated 
arene substituent as well as the structure of the mono- or bidentate ligands can have an influence 
on cytotoxic activity of arene-ruthenium(II) complexes [2].  As well know,  all substituents 
enhance pharmacological properties of half-sandwich arene-Ru(II) complexes making them 
ideal for preparing multifunctional drugs [3]. It is known that melanoma is the most difficult to 
cure of all skin cancers, due to its high resistance to anticancer drugs. It is already known that 
arene-ruthenium(II) complexes display anti-melanoma activity, which is possibly based on the 
interference with mTOR and independently from EGFR (epidermal growth factor receptors) 
inhibition. So far in  the literature have described  anticancer activity  of  complexes a pyrazole 
derivatives with various metal ions e.g. Cu (II), Zn(II), Co(II) and Ni(II) [4-7]. 

The aim of this study includes the synthesis of newly arene-ruthenium(II) complexes  
with  pyrazole derivatives, also  biological examination was determined (anticancer activity of 
novel compounds on three cell lines HL-60, NALM-6 and WM-115). 
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1,3,5-triaza-7-phosphaadamantane (PTA) has recently received great interest of organic 

chemists and has been a subject of several overviews, eg [1]. As a result of the enzymatic 
acetylation of racemic P-sulfide hydroxymethyl derivative of PTA, performed under kinetic 
resolution conditions, both enantiomers of the product were obtained for the first time, whose 
absolute configurations were determined by crystallographic analysis [2]. The single molecules 
of each enantiomer are present in the asymmetric units. Both structures were deposited at the 
Cambridge Crystallographic Data Center: CCDC 1842806 for R-enantiomer (Figure 1.) and 
CCDC 1842807 for S-enantiomer.  

The results obtained will be presented and discussed. 

 
Figure 1. 
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