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Dear Participants, 

It is our great pleasure to inform you that the organisation of Adriatic NMR conference 
will be continued in 2020. The Adriatic NMR 2020 will this time take place in the 
northern part of Adriatic, in Hotel Villa Letan, Peroj (Istria). 

We kindly welcome colleagues sharing interest in NMR to attend the Adriatic NMR 
2020 which will serve as a platform allowing participants to gain insight in recent 
developments of NMR spectroscopy, get acquainted with diverse applications of 
state of the art NMR techniques, and expand their knowledge of NMR theory. We 
strongly encourage all participants to share their scientific experience with the 
gathered NMR enthusiasts resulting in fruitful dialogues and new collaborations. The 
wide scope of the conference includes but is not limited to topics regarding the 
theoretical basis of NMR, method development, Bio-NMR, spectral data interpretation 
and simulation, metabolomics, NMR characterization of supramolecular systems and 
industrial applications of NMR spectroscopy. A section of the conference will be 
dedicated to solid state NMR, including theory and applications. 

With strong hope that the Adriatic NMR 2020 will foster the exchange of important 
information, serve as an extensive networking opportunity, and with confidence that 
it will be a memorable experience, we cordially invite you to join us in Peroj in 
September 2020. 

Organizing Committee 
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NMR – WHAT ELSE? 
Norbert Mueller 

Johannes Kepler University Linz, Linz, Austria 
norbert.mueller@jku.at 
 
In this motivational lectures an overview of less common aspects of NMR are brought 
up in a narrative and - hopefully - entertaining way.  

Relationships between mainstream applications of NMR in imaging and spectroscopy 
and the “exotic” applications are explained.  

A few, but by no means exhaustive list of key words of topics covered includes:  

“NMR imaging and spectroscopy of food and drinks”, “SAR by NMR”, “NMR-directed 
mutagenesis”, “Functional MRI”, “ex-situ NMR”, “Oilfield NMR”, “NMR of batteries”, 
“Nano-scale NMR”, “NMR in COVID-19 research”, “MR-Imaging and -Spectroscopy of 
bottled wine”,  as well as technical concepts like “Hyperpolisation”, “Spin Noise”, 
“Magnet Technology”, “NV-centres”, “3D structure determination”, “Solid state 
NMR”…. 

  

mailto:norbert.mueller@jku.at
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STRUCTURE CHARACTERISATION OF BIOACTIVE COMPOUNDS 
AND THEIR INTERACTIONS 

Tomislav Jednačak 

Department of Chemistry, Faculty of Science, University of Zagreb, 
Horvatovac 102a, HR-10000 Zagreb, Croatia 
tjednacak@chem.pmf.hr  
 
Biomolecular interactions play essential roles in all cellular processes, such as protein 
synthesis, gene regulation, molecular organisation and recognition events. Determining 
the three-dimensional structure of ligands, their receptors and complexes is crucial for 
understanding molecular mechanisms and dynamics involved in these interactions.[1] 

The first step to achieve this goal is the synthesis of small molecules, which can act as 
ligands for biomolecular receptors and thus regulate their function. In order to obtain 
bioactive ligands with the desired physico-chemical properties and to optimize product 
yields, the syntheses can be monitored in real time by employing in-line techniques.[2] 
Further analysis of complex reaction mixtures is carried out on-line using a hyphenated 
system which combines HPLC and SPE with cryo-NMR detection (HPLC-SPE/cryo-NMR). 
This methodology is applied to monitor the reaction progress, explain the side-reaction 
mechanisms and unambiguously characterize the reaction components.[3] 

In the next stage, binding of the prepared ligands to their biological targets is studied by 
a combined use of cryo-electron microscopy, X-ray diffraction and NMR techniques 
based on saturation transfer difference (STD), paramagnetic relaxation enhancements 
(PREs), transferred nuclear Overhauser effect (trNOESY), translational diffusion (DOSY) 
and chemical shift perturbations (CSP). The results obtained for free and bound ligands 
can provide valuable data on the groups responsible for binding, ligand conformation, 
orientation, immersion depth, binding modes and epitopes.[4] Structural information is 
further complemented with biochemical assays and molecular dynamics simulations to 
assess the structure-activity relationships and design the compounds with enhanced 
biological properties. 
 
ACKNOWLEDGMENTS 
This research was funded by HRZZ, grant number IP-2018-01-8098 ”Macrozones“ and by EMBO 
Short-Term Fellowship, grant number 8451 
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[4] P. Novak, T. Jednačak, NMR Spectroscopy for Studying Interactions of Bioactive Molecules. 
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Publishing: Zagreb, Croatia, 2011, pp. 1–62.  

mailto:tjednacak@chem.pmf.hr


 The Adriatic NMR Conference 2020 

16  September 22–24, 2020, Peroj, Croatia 

NMR CONFORMATIONAL DYNAMICS OF RNA- AND 
NUCLEOTIDE-BINDING PROTEINS  

Georgios A. Spyroulias 

University of Patras, Department of Pharmacy, Patras, Greece 
G.A.Spyroulias@upatras.gr 
 
Lupus antigen protein is a multi-domain RNA binding protein. It was first described as 
an auto-antigen in patients suffering from rheumatic systematic lupus erythematosus 
and Sjogren’s syndrome. La protein plays a key-role in the tRNA biogenesis by binding 
to UUU-3‘-OH terminal motif of nascent RNA polymerase III transcripts. It guides 
accurate 5’end maturation of pre-tRNAs by RNase P, while protects their 3’ends from 
exonucleolytic digestion and prevents their misfolding through its chaperone activity. 
Although La is located in the nucleus, it also facilitates translation of certain cellular and 
viral-encoded mRNAs, involved to subcellular trafficking and antiviral defense. The 
protein cοnsists of four distinct domains, namely La motif (LaM), two RNA recognition 
motifs (RRM1 and RRM2α) and a C-terminus region. So far, the structural data of the La 
and RRM motifs from few eukaryotes (including human) that exist are bound to 
synthetic oligonucleotides providing inadequate information on the possible roles of the 
full-length La protein, in a more dynamic tRNA – dependent cellular network. 

To elucidate the structural phenomena occurring during the interaction of the protein, 
from Dictyostelium discoideum, with RNA substrates, as well as the stability of the 
protein, we initiated an extensive structural and functional characterization of a 
“domain library” of La. Our research focuses on the NMR-driven structure determination 
of each domain, their pairwise combinations and the study of the whole protein in free 
state via 2D/3D NMR. Along with the structural investigation, the dynamical properties 
of the above constructs are studied through 15N-relaxation measurements. The final goal 
is the functional analysis of those domains and the elucidation of the role of each one 
of them in RNA recognition and binding using natural and synthetic RNA substrates. 
Interaction studies are carried out through NMR-driven titration experiments. Results 
will be discussed and compared with the corresponding ones from human La. 
 
ACKNOWLEDGMENTS 
We acknowledge partial support from EU FP7-REGPOT-2011 “SEE-DRUG” (nr. 285950) and  
NSRF 2014–2020 program of National Greek RIs "INSPIRED" (MIS 5002550) co-financed by 
Greece and the EU 
  

mailto:G.A.Spyroulias@upatras.gr


The Adriatic NMR Conference 2020  

September 22–24, 2020, Peroj, Croatia  17 

USE OF 1H-NMR IN INVESTIGATION OF INCLUSION COMPLEXES 
WITH CYCLODEXTRINS 

Mario Gabričević 

Faculty of Pharmacy and Biochemistry, University of Zagreb, A. Kovačića 1, HR-10000 Zagreb, Croatia 
mgabricevic@pharma.hr 
 
The thermodynamics and stoichiometry of zaleplon (ZAL) complexation with different 
cyclodextrin derivatives [β-CD, hydroxypropyl-β-cyclodextrin (HP-β-CD), randomly 
methylated-β-cyclodextrin (RAMEB), sulphobutylether-β-cyclodextrin (SBE-β-CD)] in 
aqueous solution was studied by spectrofluorimetry and 1H NMR spectroscopy in order 
to obtain a more general understanding of the driving forces behind the inclusion 
phenomena. Furthermore, thermodynamic parameters obtained by both techniques 
gave similar and negative values of ΔG for all complexes, indicating spontaneous 
inclusion of drug into CDs. From a thermodynamic point of view, two types of inclusions 
were determined. One is enthalpy driven ZAL complexation with β-CD, HP-β-CD and 
RAMEB, while the other is entropy driven complexation observed in the case of SBE-β-CD.  

 

 

 

 

 

 

 

                      ZALEPLON                                                                  β-CD 

mailto:mgabricevic@pharma.hr


 The Adriatic NMR Conference 2020 

18  September 22–24, 2020, Peroj, Croatia 

   



The Adriatic NMR Conference 2020  

September 22–24, 2020, Peroj, Croatia  19 

 

SMART SCALE NMR 
Francesca Benevelli,a Barbara Czarniecki,b Venita Decker,c Benjamin Goerlingc 

a Bruker Italia, via Lancetti 43, Milano, Italy 
b Bruker Switzerland AG, Industriestrasse 26, Fällanden, Switzerland  
c Bruker BioSpin GmbH, Silberstreifen, 76287 Rheinstetten, Germany 
Francesca.Benevelli@bruker.com 
 
Many novel NMR methods have been developed in the last years to allow extending the 
capabilities and the area of application of NMR. One of the main focus is to try to match 
the need of the scientists with a solution and in this direction stays the development of 
benchtop NMR system. 

In this presentation we wish to show how NMR on a smart scale can provide useful 
answers both for traditional and novel application.  
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HIGH DIMENSIONALITY AND HIGH RESOLUTION NMR 
EXPERIMENTS FOR IDPS  

Wiktor Koźmiński 
Faculty of Chemistry, Biological and Chemical Research Centre, University of Warsaw, Warsaw,  
Żwirki i Wigury 101, 02-089 Warsaw, Poland 
kozmin@chem.uw.edu.pl 

Studies of biomolecular structure and dynamics by NMR spectroscopy at atomic resolution require 
acquisition of multidimensional spectra. However, the recording time of sufficiently resolved 
multidimensional spectra is often very long due to the sampling limitations. A variety of different 
methods, mostly based on non-uniform sampling, were proposed to overcome this limitation in 
multidimensional NMR spectroscopy. They could be utilized in two different ways, either to shorten 
the experiment duration without loss of resolution, or to perform experiments that are not 
obtainable conventionally, i.e. with significantly improved resolution and/or of high dimensionality. 
Most often first of these two, so called “Fast NMR” approach, is shown as the example of the utility 
of these methods, as it saves expensive spectrometer time. However, in many cases spectra which 
are not possible to record conventionally, featuring extraordinary resolution and high number of 
dimensions may be more interesting from scientific point of view as they reveal effects that are 
hidden, when spectral lines are broad, or enable resolving spectral ambiguities when peaks are 
overlapped. This second approach we refer to as “Accurate NMR”. Its full potential is manifested 
when the overall experiment time is less important than a new information available from spectra 
of high dimensionality (4-6D) or of high resolution approaching natural line-width. The new methods 
were applied for NMR studies of intrinsically disordered proteins, where the structural disorder in 
combination with highly repetitive amino-acid sequences causes severe peak overlap in the spectra. 
Several novel 4-7D pulse sequences are proposed. The new experiments employ non-uniform 
sampling that enables achieving high resolution in indirectly detected dimensions.  

                   

Figure 1. Resonance assignment of Tau3x (354 aa) 
shown on CON projection from 3D HNCO.[1] 

 Figure 2 Noise median for 5D HN(CA)CONH (left) and 
5D (HACA)CON(CO)CONH (right) SSA-reconstructed 
and nuFT spectra with respect to direct dimension 
δ1H chemical shift.[2] 

ACKNOWLEDGMENTS 
Polish National Science Centre MAESTRO grant 2015/18/A/ST4/00270 is gratefully acknowledged.  
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CARBOHYDRAZIDES AND DIHYDRAZONES: THE ASPECTS OF 
THEIR SOLID-STATE AND SOLUTION CHEMISTRY 

Mirta Rubčić 

Department of Chemistry, Faculty of Science, University of Zagreb,  
Horvatovac 102a, 10000 Zagreb, Croatia 
mirta@chem.pmf.hr 
 
The hydrazone R1R2C=N–NHR3 functional group is a universal building block, 
incorporated in a wide spectrum of organic and metal-organic compounds.[1] Its stability, 
acid-base behaviour, and structural modularity allow hydrazones to act as molecular 
switches, sensors, and/or as anion receptors.[2] On the other hand, the E/Z isomerization 
of hydrazones makes them suitable for the development of metal-organic architectures 
with stimuli-responsive properties.[3] 

Within this large family of compounds especially intriguing are those derived from 
carbohydrazides and dihydrazides, as they allow the development of unsymmetrical or 
symmetrical derivatives. This in return offers a fruitful platform for the manipulation of 
the molecular geometry and conformation (syn or anti) of the material in a controllable way.  

In this talk main synthetic approaches towards symmetrical and unsymmetrical 
carbohydrazides and dihydrazones will be considered. Selected examples of 
symmetrical and unsymmetrical carbohydrazides as well as dihydrazones will be given 
and discussed in terms of their solid-state and solution behaviour.[4,5] 
 
ACKNOWLEDGMENTS 
This work has been supported in part by the Croatian Science Foundation under the project IP-
2016-06-4221.  
 
REFERENCES 
[1] L. A. Tatum, X. Su, I. Aprahamian, Accounts Chem. Res. 2014, 47, 2141. 
[2] X. Su, I. Aprahamian, Chem. Soc. Rev. 2014, 43, 1963. 
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MELTING DOWN THE ICEBERG MODEL:  
HYDROPHOBIC CAVITIES AND (SWEETENED) ALCOHOLS 

Andrea Usenik,a,* Katarina Leko,a Marko Hanževački,b,c Zlatko Brkljača,b  
Katarina Pičuljan,a Vesna Petrović Peroković,a Željka Car,a Rosana Ribić,a,d Josip Požara 

a Department of Chemistry, Faculty of Science, University of Zagreb, Horvatovac 102a, 10000 Zagreb, 
Croatia 

b Division of Physical Chemistry, Ruđer Bošković Institute, Bijenička cesta 54, 10000 Zagreb, Croatia 
c Department of Chemical and Environmental Engineering, The University of Nottingham, University 

Park, Nottingham, NG7 2RD, United Kingdom 

d University Center Varaždin, University North, Varaždin, Jurja Križanića 31b, 42000 Varaždin, Croatia 
* ausenik@chem.pmf.hr 
 
The temperature and solvent effect on the complexation of various guests (Figure 1) with 
α-, β- and γ-cyclodextrin and cucurbit[7]uril was explored experimentally and by means of 
molecular dynamics simulations. The stability constants of all investigated complexes were 
by far the highest with cucurbit[7]uril in water. A pronounced temperature dependence of 
ΔrH° and ΔrS°, resulting in almost complete enthalpy-entropy compensation was observed 
solely in water. The complexation thermodynamics was in line with classical rationale of the 
hydrophobic effect at lower temperatures, and the non-classical explanation at higher ones. 
Unlike in water, the hosting in formamide and ethylene glycol could be attributed to non-
classical solvophobic effect. The optimized inclusion complex structures corresponded to 
those deduced by means of NMR spectroscopy and the experimentally obtained and 
calculated ΔrG° were in very good agreement. The carried out research bridged the gap 
between the classical and non-classical rationale of hydrophobic effect and demonstrated 
that solvophobically driven formation of inclusion complexes is not a water-limited 
phenomenon.[1,2] However, among explored structured solvents, water stood out as unique 
solvation and complexation medium. 

 

Figure 1. Schematic representation of the complexation process and guest structures 
 
ACKNOWLEDGEMENTS 
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SOLID-STATE NMR: FROM MAIN CONCEPTS TO APPLICATIONS 
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In this lecture the main concepts allowing to understand the applications of NMR to solid 
phases will be first presented. In particular, the anisotropic nature of all the internal 
nuclear interactions will be introduced, clarifying why they cause severe linebroadening 
in the spectra of solid powders. Inhomogeneous and homogeneous linebroadening 
mechanisms will be discussed with particular attention to the information that they 
potentially contain and the techniques that can be used to remove them. The different 
theoretical approaches used to describe solid state and solution state NMR, as well as 
the different effects of nuclear interactions on the spectra of solids and solutions will be 
discussed in detail. 

Afterwards, the complementary approaches used to study solids by NMR will be 
presented: low- and high-resolution 1D techniques, and 2D experiments. Particular 
attention will be dedicated to the high-resolution solid state NMR techniques (Magic 
Angle Spinning, Cross Polarization, High Power Decoupling) and to their implementation 
on NMR spectrometers, discussing the state of the art of the instrumentation dedicated 
to solids. 

Nuclear relaxation properties peculiar of solids and the important phenomenon of spin 
diffusion will be also dealt with. 

Examples of applications of solid state NMR spectroscopy to different classes of 
materials, ranging from pharmaceuticals to polymers, will be shown, highlighting the 
main structural and dynamic information that can be derived. 
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Metabolomics approach has as objective a comprehensive analysis of the set of 
metabolites, which are the final products of biochemical processes and a result of 
environmental and genetic interactions in a given biological system. It allows detailed 
investigation of qualitative and quantitative characteristics of complex chemical and 
biological samples.[1] The resulting NMR data provide a wealth of information about the 
samples.  

 
Some of the challenges, problems, and advantages of extracting quantitative 
information from NMR data by chemometric methods will be presented. Examples of 
NMR spectra of wine, honey and plant extract will be discussed and will illustrate the 
potential of the combination of NMR and chemometrics for chemical profiling and 
biomarker identification. 
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Development of methods for the direct and selective replacement of inert C–H bond by 
C–X, C–N, C–S, C–O, or C–C bonds is of immense importance for organic synthesis.[1a] 
The transition metal-catalyzed direct transformations of inactive C–H bond into other 
functional groups has emerged as a superior approach, which significantly simplifies the 
synthesis and reduces the generation of byproducts.[1b] Currently, these processes still 
rely predominantly on solvent-based protocols. During the past decade, chemical 
transformations in the solid-state have become increasingly popular among chemists 
due to the unique benefits which the solid-state methods provide in terms of 
sustainability, reaction times, yields, solubility, selectivity, and chemical reactivity.[1c]  

As a continuation of our previous comparative mechanistic study of the mechano-
chemical C–H bond activation in an unsymmetrical azobenzene by common Pd(II) 
catalysts,[2] here we present results for palladium-mediated regioselective mechano-
chemical C–H bond halogenation of azobenzene and its substrates containing electron-
donating and electron-withdrawing groups in 4,4’-positions of azobenzene. Careful 
selection of liquid and/or solid additives can direct the reaction towards different 
halogenated products which depend on the electronic properties of substituents, and 
utilization of ex situ 1H NMR spectroscopy provided detailed insight into the monitored 
reactions and revealed possible intermediates. 
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USE OF NMR IN BIODIESEL SYNTHESIS  
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The oil industry is increasingly preoccupied with the topic of biofuels, due to the 
regulatory and general social pressures. In 2016, the share of the transport sector in the 
total emissions of greenhouse gases in the European Union (EU) was 27%, of which 
nearly 72% is from the road transport. To reduce the impact of the transport sector on 
the global warming and climate changes, the EU targets prescribe the reduction of 
greenhouse gas emissions by 30% by 2030 compared to the level in 2005. Therefore, it 
is necessary to use non-fossil fuels and biofuels are currently being considered as the 
most plausible alternative fuel. One of the most commonly used biofuels in the transport 
sector is biodiesel. It can be used as a pure biodiesel (B100) in internal combustion 
engines, but it is commonly used as a blend with diesel fuel (up to 7 vol%). The cost of 
raw materials contributes the most in the total price of biofuels, so the use of waste oils 
and animal fats as a starting material is highly desirable. The main advantage of the 
aforementioned raw materials is that their use reduces waste from one industry and 
turns it into the raw material (profit) for the other, which reduces the expenses. 

In our studies we synthesize alternative biodiesels from different feedstock (fresh and 
used oil) and study the influence of reaction parameters on reaction conversion to 
determine optimal conditions for their synthesis. We employ 1H NMR as a fast and 
versatile technique to determine the conversion and initial purity of synthetized 
biodiesels. In this lecture results form our studies with an emphasis on 1H NMR analysis 
will be presented. 
 
ACKNOWLEDGMENTS 
The research was funded by “Development of functional biofuels and (bio)additives and 
characterization of blends with mineral fuels” (FunBioFA, UIP-2019-04-5242), Croatian Science 
Foundation.  

mailto:ffaragun@fkit.hr


 The Adriatic NMR Conference 2020 

30  September 22–24, 2020, Peroj, Croatia 

NMR METABOLOMICS INSIGHT INTO PHYTOCHEMISTRY 
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Metabolomics has emerged in recent years as an indispensable tool for the analysis of thousands 
of metabolites from crude natural extracts, leading to a paradigm shift in natural products drug 
research. Many of the technologies used in metabolomics have method-specific advantages and 
drawbacks in terms of diversity of metabolites detected, sensitivity, or resolution.  
We will describe the use of metabolomic methods for: 
• Correlation of propolis composition to altitude of collection and revealing its major botanical 

origin. 
• revealing cytotoxic metabolites from Mahonia aquifolium stem-bark 
• application for differentiation of the ambiguous taxonomy of the genus Amphoricarpos Vis. 

In order to correlate variability in Populus type propolis composition with the altitude of its 
collection, NMR spectroscopy followed by OPLS was conducted. The botanical origin of propolis 
was established by comparing propolis spectral data to those of buds of various Populus species. 
An O2PLS method was utilized to integrate two blocks of data. The utilization of various NMR 
experiments, in combination with sophisticated multivariate analysis methods, was demonstrated 
to be a powerful tool to correlate propolis composition to altitude of collection and reveal its major 
botanical origin. OPLS methods were used to identify changes in the chemical composition of 
propolis, while O2PLS methods enabled the identification of the botanical origin of propolis.[1] 
A 1H NMR-based metabolomics method was used to reveal cytotoxic metabolites from Mahonia 
aquifolium stem-bark. Primary and secondary metabolites in the Mahonia aquifolium extracts 
were identified by thorough analysis of 1H and 2D NMR spectra, without prior isolation. An OPLS 
multivariate analysis method was used to correlate the chemical composition of the plant extracts 
with the results of cytotoxic activity against Human cervical adenocarcinoma cell line.[2] 
Metabolomic methods were used to get more insight into the ambiguous taxonomy of the genus 
Amphoricarpos Vis. The 1H NMR spectroscopy combined with multivariate data analysis has been 
applied. OPLS-DA has been shown to be the best method for clear discrimination of these samples 
based on the metabolites present in the extracts. 1H NMR fingerprinting in combination with PCA 
and OPLS-DA showed a clear separation between the species resulting in two groups according to 
metabolomic similarities.[3] 
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Polyphthalamides (PPA) are a subgroup of polyamides in which a portion of aliphatic 
segments of the polymer backbone is substituted by aromatic moieties. The substitution 
results in an increase of melting point, glass transition temperature, thermal stability, 
oil and antifreeze resistance, etc., making PPAs very successful as a metal replacement 
for automotive components. Depending on the type and amount of aromatic species 
used, PPAs can be amorphous or semi-crystalline. This research was focused on 
representatives of both categories. An amorphous sample PA66/6I was investigated 
using 13C chemical shift anisotropy, 13C T2, and 1H-13C dipolar coupling measurements 
both in dry and wet state, in order to determine molecular origins of relaxation 
processes. This was of interest due to the extreme sensitivity of the material to moisture, 
i.e., a dramatic decrease of glass transition temperature upon water sorption [1]. On the 
other hand, semi-crystalline sample PA66/6T was investigated in regard to the 
phenomenon of co-crystallization. Traditionally, the ability of two copolymer 
components to co-crystallize is determined via melting point variations with copolymer 
composition [2]. This approach requires an array of samples with varying compositions, 
which is seldom obtainable. Here we show how solid-state NMR can provide several 
approaches to give required answers using a single sample. 
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NATURAL PRODUCTS FROM FLORA, FAUNA AND FUNGI: 
NMR PERSPECTIVE  
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DESIGN, SYNTHESIS AND CHARACTERIZATION OF 
MACROZONES, NEW ANTIMICROBIAL THIOSEMICARBAZONE-

BASED AZITHROMYCIN CONJUGATES 
Mirjana Bukvić 

Fidelta Ltd., Zagreb, Croatia 
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In spite of a numerous existing macrolide antibiotics, such as azithromycin, the emerging 
multi-drug resistant microbial pathogens present serious and challenging problems in 
medical treatment which demand novel and more effective antimicrobial agents to be 
discovered. Unfortunately, the number of newly marketed antibiotics has decreased 
dramatically in recent years. Withdrawal of the macrolide antibiotic telithromycin has 
prompted our efforts to search for new anti-infective macrolide compounds. Design, 
synthesis, structure characterization by 1D and 2D NMR techniques and biological 
evaluation of a novel hybrid class of azithromycin conjugates, the macrozones, are 
presented. Evaluation of prepared compounds against a panel of pathogenic bacteria 
revealed that these molecules showed excellent activities against susceptible S. 
pneumoniae, S. pyogenes and E.faecalis strains, comparable to or better than 
azithromycin. Furthermore, prepared macrozones exhibited excellent activity against 
efflux resistant S.pneumoniae, 32 times better than that of azithromycin, and very good 
activity against efflux resistant S. aureus strain against which azithromycin is inactive. 
The results described here can serve as a good basis to guide further activities directed 
toward the discovery of more potent macrolide anti-infectives.  
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SYNTHESIS AND BINDING OF PERMETHYLATED  
DIAMONDOID AMMONIUM SALTS 
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Supramolecular complexes are stabilized by non-covalent interactions between the host 
and the guest molecule. Molecular recognition studies can give insight into many 
processes occurring in nature and prove useful for technological applications.[1] It was 
recently demonstrated that functionalized adamantane and diamantane ammonium 
salts are suitable guests for cucurbituril hosts. Moreover, some diamantane derivatives 
are capable of extremely tight binding with 
cucurbiturils in water, forming complexes with 
attomolar dissociation constants.[2] Such ultrastable 
complexes rival the strength of binding processes 
acting in biomolecular receptors (e.g., avidin-biotin). 

As a continuation of our research, we explored 
complexation of selected adamantane and diamantane ammonium salts with 
cyclodextrin host molecules. The binding strength was assessed as a function of 
diamondoid salt size, functional group position and cyclodextrin cavity size. By changing 
these parameters, a structure-selectivity relationship can be determined and next 
generation of guests proposed. Various NMR spectroscopic techniques and ITC 
measurements were employed to determine the stability constants and explore 
host-guest interactions. Computation methods were used to gain further insight into 
structural features of formed complexes and to better understand the factors governing 
their stabilities. 
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Due to a global problem of growing bacterial resistance, discovery of new antibiotics is 
of an outmost importance and various studies are in progress to overcome the 
resistance mechanisms.[1–3] Macrozones are novel bioactive conjugates of azithromycin 
and thiosemicarbazides that  posses very good in vitro antibacterial activity against 
selected Gram-positive and Gram-negative bacteria.[4] Efficient and rapid purification 
and isolation of newly synthesized bioactive compounds is a crucial step prior to 
biological evaluation. Furthermore, isolation and identification of impurities is very 
important procedure during the drug development in pharmaceutical industry. 
Preparative and semipreparative HPLC techniques are classical purification methods, 
but they can be time and solvent consuming. In this study we have successfully used 
hyphenated LC-SPE/NMR approach for the isolation and structural characterization of 
main components and some impurities in 9a- and 4''-tetrahydrofurfuryl macrozone 
reaction mixtures. Structures of the isolated compounds were proposed on the basis of 
the analysed one- and two-dimensional NMR spectra and MS spectra, respectively.  
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Oxazolidinones belong to an important class of aliphatic heterocycles with interesting 
biological properties, such as antimicrobial, psychotropic, anticoagulant, anticancer, 
fungicidal and antithyroid activities.[1,2] Their solution- and solid-state structures are 
stabilized by intermolecular hydrogen bonds through NH and carboxyl moieties, which 
act as hydrogen bond donors and acceptors, respectively. Obtaining a detailed insight 
into the structure and dynamics of these interactions is a major prerequisite for the 
design of new drugs with enhanced biological properties. 

In this research we applied a combination of 1D and 2D NMR techniques, vibrational 
spectroscopy and quantum chemical calculations to study the structure and hydrogen 
bonding of bioactive oxazolidinones. It has been observed that in low polarity solvents, 
such as chloroform, dimers are formed presumably by intermolecular hydrogen bonds 
between oxazolidinone molecules forming the most stable complexes, which has also 
been found in the solid state (Figure 1a). In more polar solvents, like dimethylsulfoxide 
and methanol, intermolecular interactions with solvent molecules prevail. Changing the 
solution concentration considerably affected oxazolidinone resonances only in 
chloroform, further confirming the dimer formation (Figure 1b). 

 
Figure 1. a) The most stable complexes of 5-chloromethyl-oxazolidin-2-one and b) concentration 
dependence of its amide proton signal in chloroform-d. 
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Metallic nanoparticles have attracted huge attention in biomedical applications due to 
their unique size-dependent properties, in particular copper nanoparticles because of 
their anti-bacterial, anti-fungal, anti-inflammatory and anti-proliferative properties.[1] 
However, the potential for interactions with non-targeted healthy cells, especially as 
copper nanoparticles may undergo a range of chemical transformations in the body, 
represents a still unresolved issue. In particular, the quantity and rate of copper 
nanoparticle dissolution in bodily fluids and tissue, with release of ionic Cu2+, may 
represent a key step in the pharmacokinetics and potential toxicity of such 
nanomaterials. Thus, we report herein an analysis of the physicochemical properties and 
dissolution kinetics of copper nanoparticles in saline solution in the presence of bovine 
serum albumin as a simplified model for blood plasma. Further, as copper(II) complexes 
with amino acids serve as models for metalloproteins and transport in a wide range of 
important biological processes, we have subsequently investigated the nanoparticle-
released Cu2+ in terms of the dynamical behavior of copper(II) bis-complexes with 
selected chiral amino acids (nonpolar, polar and electrically charged). The complexes 
were studied by electron paramagnetic resonance (EPR) spectroscopy with the presence 
of the cis and trans isomers determined for both L- and D- enantiomers.[2] The influence 
of this chirality on the rotational motion of the Cu(II)-amino acid complexes was also 
examined. These results will help in resolving transformation pathways, behaviour and 
safety of metallic nanoparticles in physiological fluids as their application in biomedicine 
becomes more widespread. 
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Azithromycin belongs to macrolide class of antibiotics which exert its biological activity 
by binding to bacterial ribosome at or near the peptidyl transferase center thus 
inhibiting protein biosynthesis. They are effective in treating infections caused by Gram-
positive and some Gram-negative bacteria. Due to the increased development of 
bacterial resistance much effort is directed towards the discovery of new more potent 
antibiotics. A series of bioactive azithromycin derivatives, the new class of macrozones 
have been prepared by coupling thiosemicarbazones to azithromycin at position 4" 
(Figure 1). Here we present their synthesis, characterization and interactions of 
macrozone precursor, 4"-aminopropyl azithromycin with the ribosome isolated from E. 
Coli. A combination of NMR experiments such as saturation transfer difference (STD) 
and transferred nuclear Overhauser effect spectroscopy (trNOESY) and molecular 
modeling were applied to determine binding epitopes and explore bound 
conformations. 

 
Figure 1. Structure of 4"-aminopropyl azithromycin. 
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Calixarenes are a class of supramolecular hosts consisted of phenolic residues linked by 
methylene bridges in the ortho position.[1] They can be easily functionalized to give 
receptors for various ionic and/or neutral species. Calixarene amide derivatives have 
very high affinities towards alkali metal cations,[2,3] and can be glycosylated to produce 
water-soluble compounds.[4] In the scope of this work, fluorescent, phenanthridine-
based calix[4]arene glycoconjugate (Figure 1) was synthesized. The affinity of this ligand 
towards alkali metal cations was investigated by means of spectrophotometry, 
fluorimetry, microcalorimetry, and 1H NMR spectroscopy. From the obtained results, 
stability constants of the complexes formed, as well as the corresponding standard 
Gibbs energies, enthalpies and entropies were calculated and discussed. 
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Figure 1. Structure of phenanthridine-based calix[4]arene glycoconjugate. 
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Hydrazones serve as a valuable platform for exploring fundamental aspects of soft 
material engineering, owing to their straightforward preparation and chemical 
robustness.[1] Naturally, insight into their behaviour propels the development of novel 
chemosensors, biologically active materials and catalysts.[2] Dihydrazones, while seldom 
explored, offer a plethora of compelling chemical and structural scenarios.[3] 

Within this study, aryl dihydrazones derived from succinic and adipic acid dihydrazide 
were synthesized and thoroughly investigated in the solid-state and solution. The 
potential of the prepared ligands for the development of coordination polymers based 
on molybdenum(VI) species was investigated under various reaction conditions. The 
isolated compounds were characterized in the solid-state and solution by appropriate 
spectroscopic and diffraction methods and compared with the relevant data for neutral 
dihydrazones. The results unveil that while neutral dihydrazones demonstrate 
substantial conformational flexibility in solution, crystallization or chelation effectively 
lodges the dihydrazone framework in a robust anti conformation. 
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Cinchona alkaloids are natural products isolated from the bark of the Cinchona tree 
and alkaloids isolated on industrial scale are quinine, quinidine, cinchonine and 
cinchonidine. They have interesting structure which includes bicyclic aliphatic 
quinuclidine ring and aromatic quinoline ring connected with a chiral carbon atom 
having hydroxyl group.[1] These alkaloids have diverse chemical applications, for 
example they are used as chiral resolving agents or chiral stationary phases for 
chromatographic separations as well as chiral catalysts or chiral ligands in asymmetric 
synthesis. [2,3] In this study, transfer hydrogenation of cinchonidine and cinchonine 
over a palladium on carbon catalyst using formic acid/ammonium formate as hydrogen 
donor was studied and the course of reaction was monitored by 1H NMR spectroscopy. 
Since the peaks of NMR spectra of cinchona alkaloids are found in three distinct regions 
(aromatic, olefinic and aliphatic), monitoring of reaction was convenient to realize 
with 1H NMR spectroscopy. The structure of products of hydrogenation reactions was 
completely verified with 2D NMR spectroscopy techniques such as COSY, HSQC and 
HMBC and compared with unmodified alkaloids. 
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