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Dear Participants, 

the Organizing committee welcomes you to the Adriatic NMR conference in Mali Ston 

at the Pelješac peninsula, 15 to 17 June 2018. 

The Conference will provide an interactive forum for presenting various aspects of 

using NMR spectroscopy, from theory to practical applications encouraging the 

exchange of ideas and facilitating collaboration among people interested in NMR. It 

is our goal to gather researchers, application scientists, instrumentation developers 

and students from universities, research institutes and industry to discuss the topics on 

the frontiers of NMR spectrosopy. 

Bearing in mind the charming ambient of Pelješac peninsula, and the unique 

environment of Ston and Mali Ston, situated 50 km northwest of Dubrovnik, the Adriatic 

NMR conference will surely be an inspirational scientific event. Furthermore, Pelješac 

has an ancient maritime tradition and is well know for the fine vineyards (the excellent 

sorts of wine, "Dingač" and "Postup", are famous all over the world) which will create a 

memorable personal experience. 

Organizing Committee  
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In memory of Professor Zlatko Mei} 

 

This conference is dedicated to late professor Zlatko Mei} who was one of the 

pioneers of NMR in Croatia. He was a distinguished scientist with remarkable 

achievements in the field of spectroscopy. He published more than 100 papers and 

book chapters in esteemed international journals and gave many inspiring lectures at 

scientific conferences and academic institutions worldwide. He was a great teacher, 

unselfishly trying to help his students but also encouraging their autonomy and self-

direction in solving problems. 

We will remember him by his outstanding erudition, subtle humour and open 

mindedness and we will always keep a good memory of him in our minds. 

Predrag Novak 
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NMR REVEALS ORDER IN DISORDERED PROTEINS 

Robert Konrat 

Department of Structural and Computational Biology, Max F. Perutz Laboratories, University of Vienna, 
Vienna Biocenter Campus 5, A-1030 Vienna, Austria 
E-mail: robert.konrat@univie.ac.at 
 

Despite the accepted belief that protein function is encoded in the three dimensional 

(3D) structure of a protein Intrinsically Disordered (IDPs) have attracted a lot of attention 

over the last decade due to both their fascinating structural properties and their 

involvement in important physiological and pathological processes. The inherent 

structural flexibility of IDPs requires the application of appropriate experimental 

methods since X-Ray crystallography cannot access the distribution of conformational 

states of these proteins. Over the last decade an NMR based methodological framework 

has emerged to characterize the structural dynamics of IDPs. In particular, paramagnetic 

relaxation enhancement (PRE) has matured into a well-established technique to probe 

residual structures and local compaction of the polypeptide chain as well as long-range 

transient contacts, although the existence of concerted motions and cooperatively 

folded segments cannot be detected. To circumvent this problem we recently proposed 

a novel technique coined paramagnetic relaxation interference (PRI) based on cross-

correlation effects between pairs of spin labels in doubly-labelled protein systems. 

Additionally, cross-correlated NMR relaxation (CCR) has been established as a useful 

tool to study structure and dynamics of proteins in solution. These effects have been 

shown to be a valuable source of information about structure and dynamics of proteins, 

since their concerted effect is related to their relative geometry. Although the situation 

is more complex in IDPs it will be demonstrated that this approach is also feasible in 

conformationally flexible proteins. Given the sensitivity of CCR experiments to subtle 

structural changes, it can be expected that CCR will be able to make a substantial 

contribution to the study of the dynamic nature of IDPs in solution. 
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UN-STRUCTURAL BIOLOGY BY NMR SPECTROSCOPY 

Roberta Pierattelli 

Department of Chemistry Ugo Schiff & Magnetic Resonance Center, University of Florence, 
Via Luigi Sacconi 6, 50019 Sesto Fiorentino (Florence), Italy 
E-mail: roberta.pierattelli@unifi.it 
 

The importance of local flexibility in determining the function of proteins has been 

recognized long ago and also widely scrutinized. If the extent of local flexibility is taken 

to its extreme conditions it leads to completely random coil behaviour of a polypeptide 

chain, indicated as intrinsic disorder, through a wide variety of intermediate cases both 

in terms of extent of mobility or in terms of protein stretches involved.  

In recent years many examples of intrinsically disordered proteins (IDPs) appeared in 

the literature showing how their structural plasticity and intrinsic flexibility can be key 

features to enable them to interact with a variety of different partners and to adapt to 

different conditions. These properties provide functional advantages to IDPs enabling 

them to play key roles in many regulatory processes and their function has also been 

related to several diseases.  

The general properties of IDPs cannot be captured in ordered crystals, preventing them 

to be suitable targets for crystallographic studies. Thus, nuclear magnetic resonance 

(NMR) spectroscopy plays a crucial role in their investigation, being the only method 

that allows a high resolution description of their structural and dynamic features in 

solution. The high flexibility has several consequences on the NMR spectroscopic 

parameters that, if properly handled, can give precious information.  

We will illustrate how NMR can help in describing the importance of intrinsic disorder 

to encode in a relatively short polypeptide many functional modules. 

 

[1] P. E. Wright, H. J. Dyson. Nat. Rev. Mol. Cell Biol. 2015, 16, 18. 
[2] V. Csizmok, A. V. Follis, R. W. Kriwacki, J. D. Forman-Kay. Chem. Rev. 2016, 116, 6424. 
[3] I. C. Felli, R. Pierattelli (Eds.) Intrinsically disordered proteins studied by NMR spectroscopy, 

Springer, Switzerland, 2015. 
[4] A. Piai, E. O. Calçada, T. Tarenzi, A. del Grande, M. Varadi, P. Tompa, I. C. Felli, R. Pierattelli. 

Biophys. J. 2016, 110, 372. 
[5] L. Baronti, T. Hošek, S. Gil-Caballero, H. Raveh-Amit, E. O. Calçada, I. Ayala, A. Dinnyés, I. C. 

Felli, R. Pierattelli, B. Brutscher. Biophys. J. 2017, 112, 1366. 
[6] S. Contreras-Martos, A. Piai, S. Kosol, M. Varadi, A. Bekesi, P. Lebrun, A. Volkov, K. Gevaert, 

R. Pierattelli, I. C. Felli, P. Tompa. Sci. Rep. 2017, 7, 4676. 
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EXPLORATION OF STRUCTURES OF G-RICH  

DNA REGIONS BY NMR 

Janez Plavec,a,b,c 

a Slovenian NMR center, National Institute of Chemistry, Hajdrihova 19, Ljubljana, Slovenia 
b University of Ljubljana, Faculty of Chemistry and Chemical Technology, Ljubljana, Slovenia 
c EN-FIST Centre of Excellence, Trg OF 13, Ljubljana, Slovenia 
 E-mail: janez.plavec@ki.si 
 

DNA can adopt various secondary structures including duplexes, triplexes, quadruplexes 

and i-motifs as well as other branched architectures. The canonical Watson-Crick paired 

duplexes play major roles in genetic inheritance and gene expression. Other structures 

have been associated with many different biological functions of DNA. The most well 

studied alternative DNA structures are G-quadruplexes. They are formed by G-rich 

sequences and consist of four-stranded columnar structures. G-quadruplexes are 

stabilized by the stacking of multiple Hoogsteen-hydrogen-bonded G-quartets. Notably, 

cations residing in the center of G-quartets contribute additional stabilizing factor 

through electrostatic interactions. The G-rich sequences have been identified in 

numerous regions of human genome including chromosomal telomeres and many gene 

promoters, which play important roles in DNA recombination, replication, transcription, 

translation, and many other critical biological processes. Discoveries of these sequences 

have led to significant interest in finding ways to control or modulate formation of G-

quadruplexes. Our laboratory has been using NMR extensively to uncover structural 

details of G-quadruplexes in relation to sequence details [1-4], presence of cosolutes [5] 

interaction with ligands [6] and even expand the structure and sequence complexity of 

DNA four-stranded architectures by discovering AGCGA-quadruplexes [7]. 

 

[1] M. Marušič, J. Plavec, Angew. Chem. Int. Ed. 2015, 54, 11716–11719. 
[2] M. Gajarský, M. Lenarčič Živković, P. Stadlbauer, B. Pagano, R. Fiala, J. Amato, L. Tomáška, J. 

Šponer, J. Plavec and L. Trantírek, J. Am. Chem. Soc. 2017, 139, 3591–3594. 
[3] M. L. Greco, A. Kotar, R. Rigo, C. Cristofari, J. Plavec, C. Sissi, Nucleic Acids Res. 2017, 45, 

10132. 
[4] P. Galer, B. Wang, P. Šket, J. Plavec, Angew. Chem. Int. Ed. 2016, 55, 1993–1997. 
[5] M. Trajkovski, T. Endoh, H. Tateishi-Karimata, T. Ohyama, S. Tanaka, J. Plavec, N. Sugimoto, 

Nucleic Acids Res. 2018, 46, 4301. 
[6] A. Kotar, B. Wang, A. Shivalingam, J. Gonzalez-Garcia, R. Vilar, J. Plavec, Angew. Chem. Int. 

Ed. 2016, 55, 12508–12511. 
[7] V. Kocman, J. Plavec, Nat. Commun. 2017, 8, 15355. 
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NMR PATHWAY TO STRUCTURAL COMPARABILITY ASSESSMENT 

OF BIOSIMILAR COMPOUNDS 

Gregor Ilc,a,b and Janez Plaveca,b 

a Slovenian NMR centre, National Institute of Chemistry, Hajdrihova 19, 1000 Ljubljana, Slovenia 
b EN-FIST Centre of Excellence, Trg Osvobodilne fronte 13, 1000 Ljubljana,  
 

The patents for the first generation of approved biological drugs have either already 

expired or are about to expire in the near future, providing an open market for 

biosimilars that are expected to reduce costs of treatments and thus allow greater 

accessibility for biologic therapies. Biosimilar compounds are defined as complex 

proteins and nucleic acids that are highly similar to already approved reference product 

by Food and Drug Administration. They must contain no clinically meaningful differences 

from the reference products and only minor differences in inactive components are 

allowed. In order to evaluate and compare reference products and their biosimilars, an 

array of analytical and biophysical methods are required with high accuracy, precision 

and robustness. 

We are extensively trying to advance the application of NMR methods to the structural 

characterization of protein biologics. Our results have demonstrated that advanced 2D-

NMR can yield a precise and unique “fingerprint” of the higher-order structure among 

biosimilars. 2D-NMR spectroscopy is one of the few approaches that can yield complete 

assignment of 3D structure across the entire molecule at atomic-level resolution. The 

final goal is to translate complex NMR spectral data into similarity scores that are used 

to estimate the degree of similarity between the biosimilar and reference product. 

 

[1] Boštjan Japelj, Gregor Ilc, Jaka Marušič, Jure Senčar, Drago Kuzman and Janez Plavec, Sci. 
rep. 2016, 32, 6. 
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ENHANCING TIME AND FREQUENCY RESOLUTION BY 

RESTRICTED ACQUISITION 

Simon Glanzer,a N. Helge Meyer,a Gabriel Wagner,a Nina Gubensäk,a 
Sebastian Tassotia, Klaus Zanggera 

a Institute of Chemistry, University of Graz, Heinrichstraße 28, Graz, Austria 
 

Compared to other NMR detectable nuclei, 1H spectra typically suffer from low 

resolution and severe signal overlap, mainly due to extensive scalar coupling between 

protons. Pure shift NMR, which leads to a collapse of 1H signals into singlets vastly 

increases the resolution, which in some cases corresponds to a theoretical signal 

dispersion of NMR spectrometers at several GHz [1]. We reported a volume restricted 

NMR approach to record fully homonuclear decoupled NMR spectra [2]. The elimination 

of homonuclear scalar coupling is achieved by selective decoupling of individual signals 

in different slices of the NMR sample tube. Slice-selective pure shift NMR can be 

achieved during the acquisition by interruption of the FID after individual chunks of ~20 

ms and reversing scalar coupling evolution. Scalar coupling information, which is often 

key in analyzing chemical structures, is of course completely lost in such experiments. In 

contrast to pure shift NMR spectra it is possible to selectively enhance the scalar 

coupling to make its extraction more accurate [3]. By this real-time J-upscaling 

experiment the acquisition is restricted to individual time blocks to allow for additional 

scalar coupling, but not chemical shift evolution. Enhanced resolution in the time 

domain of series of 1D NMR spectra can be achieved by restricting the acquired sample 

volume to narrow slices of the NMR tube [4]. 

 

[1] J. A. Aguilar, S. Faulkner, M. Nilsson, G. A. Morris, Angew. Chem. Int. Ed. 2010, 49, 3901–3903. 
[2] N. H. Meyer, K. Zangger, Angew. Chem. Int. Ed. 2013, 52, 7143–7146. 
[3] S. Glanzer, K. Zangger, J. Am. Chem. Soc. 2015, 137(15), 5163–5169. 
[4] G. Wagner, P. Sakhaii, W. Bermel, K. Zangger, Chem. Commun. 2013, 49(30), 3155–3157. 
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STIMULI-RESPONSIVE SUPRAMOLECULAR SWITCHES BASED ON 

HIGH AFFINITY HOST-GUEST BINDING PAIRS 

Nuno Basílio 

LAQV, REQUIMTE, Departamento de Química, Faculdade de Ciências e Tecnologia, Universidade NOVA 
de Lisboa, 2829-516 Caparica, Portugal 
E-mail: nuno.basilio@fct.unl.pt 
 

Water soluble macrocyclic receptors showing high affinity and selectivity for target 

guest molecules hold great potential to be employed in a wide range of applications 

such as sensing, biochemical assays, separation, self-assembled functional materials, 

functional surfaces, molecular machines and many others. While it is widely recognized 

that stimuli-responsiveness expands the functionality of some target applications based 

on high-affinity host-guest pairs; controlling their association/dissociation with external 

inputs such as pH, light, temperature or electrons becomes more challenging as stability 

increases. In the last years we have been focused on macrocycles such as cucurbiturils, 

cyclodextrins and calixarenes to develop high-affinity host-guest complexes that 

respond to external stimuli. In this lecture I will highlight and discuss some examples 

from our group to illustrate the journey from moderate to ultrastable stimuli-responsive 

host-guest complexes and their applications in pseudo-rotaxanes, self-sorting systems 

and in the complexation and stimulated release of functional molecules such as drugs 

and fragrances.[1–7] 

 

[1] A. Acuña, N. Basilio, M. Parajo, J. C. C. Mejuto, J. Perez-Juste, P. Taladriz-Blanco, L. Garcia 
Rio, Org. Biomol. Chem. 2018, 14, 9105. 

[2] A. Zubillaga, P. Ferreira, A. J. Parola, S. Gago, N. Basílio, Chem. Commun. 2018, 54, 2743. 
[3] M. A. Romero, N. Basílio, A. J. Moro, M. Domingues, J. A. González-Delgado, J. F. Arteaga,  

U. Pischel, Chem. - A Eur. J. 2017, 23, 13105. 
[4] N. Basílio, J. Mendoza, S. Gago, A. J. Parola, Chem. Commun. 2017, 53, 6472. 
[5] N. Basílio, U. Pischel, Chem. - A Eur. J. 2016, 22, 15208. 
[6] N. Basílio, L. Cruz, V. de Freitas, F. Pina, J. Phys. Chem. B 2016, 120, 7053. 
[7] S. Fernández-Abad, M. Pessêgo, N. Basílio, L. García-Río, Chem. - A Eur. J. 2016, 22, 6466. 
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APPLICATION OF NMR METHODS IN SUPRAMOLECULAR 

CHEMISTRY AND MOLECULAR SELF-ASSEMBLIES 

Leo Frkanec 

Laboratory of Supramolecular Chemistry, Division of Organic Chemistry and Biochemistry, 
Ruđer Bošković Institute, Bijenička cesta 54, 10000 Zagreb, Croatia 
E-mail: leo.frkanec@irb.hr 
 

Self-assembly of small organic molecules is one of the most important methods of 

synthesis of organic nano-structured materials. Based on the rules of supramolecular 

chemistry, the bottom-up approach to design functional objects at nanoscale is 

currently producing highly sophisticated materials oriented towards a growing number 

of applications. These structuring features are nowadays well understood and can be 

finely controlled in order to introduce and tune functional properties of self-assembled 

nanomaterials used for a very wide range of applications. Further, such systems exhibit 

a complex array of morphologies and dynamics and have a huge potential for utilization 

in various areas of nanotechnology, in development of new materials, diagnostic or 

"smart" systems for drug delivery, in medicine or in tissue engineering.[1,2] 

In recent years, various chiral bis (amino acid) oxamides and other structural types that 

include amino acid subunits have been investigated as low molecular weight gelators 

with a particular focus on stereochemical effects and solvent influence on gel systems. 

[3–5] The molecular self-assembling and supramolecular interactions in the new 

supramolecular systems were studied by various spectroscopic methods e.g. NMR, FTIR, 

CD, that proved the self-aggregation of molecules. The contribution made by using of 

various NMR methods in the characterization of such systems will be shown through 

several examples.  

 

[1] E. Busseron, Y. Ruff, E. Moulin, N. Giuseppone, Nanoscale 2013, 5, 7098. 
[2] T. Pospišil, L. Ferhatović Hamzić, L. Brkić Ahmed, M. Lovrić, S. Gajović, L. Frkanec, Biomater. 

Sci. 2016, 4, 1412. 
[3] L. Frkanec, M. Žinić, Chem. Commun. 2010, 46, 522.  
[4] S. Miljanić, L. Frkanec, Z. Meić, M. Žinić, Langmuir 2005, 21, 2754. 
[5] L. Frkanec, M. Jokić, J. Makarević, K. Wolsperger, M. Žinić, J. Am. Chem. Soc. 2002, 124, 9718. 
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DEUTERIUM ISOTOPE EFFECTS IN 13C NMR SPECTRA OF 

MONO- AND BINUCLEAR AROMATIC COMPOUNDS 

Vilko Smrečki,a,* Predrag Novak,b Dražen Vikić-Topić,a and  Zlatko Meić b,† 

a NMR Centre, Ruđer Bošković Institute, Bijenička cesta 54, HR-10000 Zagreb, Croatia 
b Department of Chemistry, Faculty of Science, University of Zagreb, Horvatovac 102a,  

HR-10000 Zagreb, Croatia  
* E-mail: smrecki@irb.hr 
† dedicated to the Memory of the late Professor Zlatko Meić 
 

Isotopic substitution produces changes in the reactivity of a molecule and causes a 

redistribution of molecular internal vibrational and rotational energy. In NMR, it causes 

changes in chemical shifts (nuclear shielding), coupling constants and relaxation times. 

The most studied by far are deuterium effects on nuclear shielding owing to the large 

fractional change in mass on isotopic substitution and relative ease of their 

determination from high resolution NMR spectra. 

The focus of this talk will be put to 

unsaturated systems containing one or 

two bridged phenyl groups where 

isotopic perturbation can be transmitted 

many bonds away from the isotope 

substitution site. The sign alternation 

and specific magnitudes of such 

long-range isotope effects will be 

discussed in terms of subtle charge shifts 

throughout the molecule as a 

consequence of bond shortening upon 

isotopic substitution. Moreover, the 

linear correlation between long-range 

isotope effects and molecular torsional 

angle can serve as a conformational 

probe [1] for studied type of molecules. 

 

[1] P. Novak, D. Vikić-Topić, V. Smrečki, and Z. Meić, Isotope Effects in NMR Spectra as a 
Structural Tool for Organic Molecules, in New Advances in Analytical Chemistry (Ed.: 
Atta-ur-Rahman),  Harwood Academic Publishers, Amsterdam, 2000, 135–168. 
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NMR SPECTROSCOPY AND GENERIC PHARMA R&D:  

PAST, PRESENT AND THE FUTURE 

Tomislav Biljan 

PLIVA Hrvatska d.o.o., Teva Pharmaceutical Industries Ltd., R&D, Prilaz baruna Filipovića 29,  
HR-10000 Zagreb, Croatia 
E-mail: tomislav.biljan@pliva.com 
 

Historical overview, current status and future directions for NMR spectroscopy use in 

generic pharma R&D and industry in general will be presented including regulatory 

requirements. Some examples of NMR spectroscopy use in real-life solving of problems 

during development of generic API (active pharmaceutical ingredient) and final dosage 

forms will be given. Examples will include organic synthesis particularly fluorine and 

boron compounds; metal catalysts and also polymorphs and solid dispersions.  
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POSTTRANSLATIONAL MODIFICATIONS IN PROTEINS STUDIED 

BY NMR SPECTROSCOPY  

Luigi Grassi,a,b Christof Regl,a,b Arthur Hinterholzer,a,b Sabrina Wildner,a,b  
Gabriele Gadermaier,a,b Christian G. Huber,a,b Chiara Cabrele,a,b  

Piotr Klukowski,c Mario Schuberta,b,* 

a Department of Biosciences, University of Salzburg, Billrothstraße 11, 5020 Salzburg, Austria 
b Christian Doppler Laboratory for Innovative Tools for Biosimilar Characterization, University of 

Salzburg, Hellbrunner Straße 34, 5020 Salzburg, Austria 
c Department of Computer Science, Wrocław University of Science and Technology, Wybrzeze 

Stanisława Wyspianskiego 27, 50-370 Wrocław, Poland 
* E-mail: mario.schubert@sbg.ac.at 
 

The presence of post-translational modifications (PTMs) and degradation products in 

proteins can be a serious problem, especially in therapeutic proteins. Detecting and 

quantifying them is very important but also challenging.  

A spontaneous, nonenzymatic PTM is succinimide (Snn), which can form spontaneously 

in prone primary protein sequences, resulting typically in an equilibrium between Snn 

and its hydrolysis products isoaspartate (isoAsp) and aspartate. We used 2D NMR 

spectroscopy to assign all 1H and 13C chemical shifts of Snn and isoAsp in model peptides 

and found characteristic chemical shift correlations. Chemical shift reference data 

suitable for comparison with data of denatured proteins were obtained in 7 M urea (pH 

2.3). The characteristic 2D NMR fingerprint of Snn was used to detect and quantify this 

PTM in the model protein lysozyme, a biotherapeutic, and the recombinant, non-

glycosylated Fc part of immunoglobulin G1 [1].  

Glycosylation is the most abundant but also most complex PTM, because of the vast 

variability of branches, linkages and extensions. However, functionally relevant are only 

parts of the glycans: glycoepitopes. Identifying the type glycoepitopes in a sample is a 

challenge. A new search algorithm for chemical shifts of an observed spin system will be 

presented that finds matching chemical shifts in a chemical shift database. Since 

carbohydrate chemical shifts are very sensitive to the sugar type, and type of extensions, 

the type of monosaccharide and its environment can be predicted. 

Studying PTMs by NMR spectroscopy is a promising method to analyze proteins and 

peptides from natural sources, recombinant expression, or chemical synthesis. 

 

[1] L. Grassi, C. Regl, S. Wildner, G. Gadermaier, C. G. Huber, C. Cabrele, M. Schubert. Anal. 
Chem. 2017, 89, 11962–11970. 
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TWO NMR-ORIENTED APPROACHES TO THE IDENTIFICATION OF 

NATURAL PRODUCTS DIRECTLY FROM THEIR MIXTURES 

Niko S. Radulović 

Department of Chemistry, Faculty of Sciences and Mathematics, University of Niš, Višegradska 33,  
18000 Niš, Serbia 
E-mail: nikoradulovic@yahoo.com 
 

Nature offers an inexhaustible pool of biologically relevant molecules crafted by 

evolution and working in unison. Extensive analyses of mixtures of naturally occurring 

molecules of plant and microbial origin enable us to locate the possible organisms for 

bioprospecting. However, the classical approaches leave much “unidentified” and 

“unassigned” compounds. Metabolites displaying highly overlapped and higher order 

NMR signals are unattractive targets and require the application and development of 

innovative analytical methodologies. We investigated the potential usefulness of 

lanthanide-induced shift reagents for the resolution and assignment of overlapped 1H 

NMR signals originating from different components of a complex natural mixture (i.e. 

for qualitative analysis). The incremental addition of Eu(fod)3 leads to a simplification of 

NMR spectra in terms of signal overlap and removal of chemical shift degeneracy, 

allowing the mining of crucial data from the shifted NMR spectra. 2D-NMR spectra (1H–
1H-COSY, NOESY, HSQC and HMBC) of the sample mixed with Eu(fod)3 prove to be 

particularly valuable in this respect. This approach was applied in the case of a rare 

bioactive sesquiterpene elema-1,3,11(13)-trien-12-al. Additionally, we have 

demonstrated that combining solvent-induced removal of chemical shift degeneracy 

and theoretical (DFT-GIAO) prediction of NMR spectra with the analysis of 1H NMR 

splitting patterns can facilitate structural elucidation of organic molecules with difficult-

to-interpret NMR data. The approach was developed and its usefulness illustrated in the 

challenging case of a new natural triquinane sesquiterpene, presilphiperfolane-7α,8α-

diol. Thus, herein we report on a new chromatography-free methodology that could be 

of value in structure elucidation of unknown compounds even if they are not available 

in pure state and present an approach that decreases the probability of an erroneous 

identification, and allows an unambiguous stereochemical elucidation and full NMR 

assignment. 
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SMALL-MOLECULE OPTICAL PROBE DAOTA-M2 INTERACTING 

WITH A PARALLEL G-QUADRUPLEX 

Anita Kotar,a and Janez Plaveca,b,c,* 
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G-quadruplexes (G4s) are important nucleic acid secondary structures, formed by 

guanine-rich DNA oligonucleotides.[1] G4s have been associated with regulation of 

diverse biological processes like genomic instability and regulation of gene expression. 

Because of their important regulatory functions, G4s could have a potential as targets 

for antitumor therapies.  

We studied the interactions between a G-quadruplex from promoter region of c-myc 

gene and a small-molecule optical probe DAOTA-M2 (Figure 1). It has a significantly 

longer fluorescence lifetime upon binding to G4s in comparison to double- and single-

stranded nucleic acids [2]. Thus, DAOTA-M2 can be used to monitor G4s in vitro and in 

live cells. NMR structural study revealed that DAOTA-M2 forms a well-defined complex 

with the G-quadruplex at 1:2 binding stoichiometry (PDB ID: 5LIG) [3]. The insights into 

binding characteristics of DAOTA-M2 provide a structural rationale for its unique 

fluorescence behavior upon binding to G4s and stimulate development of novel probes 

with improved selectivity and fluorescence response. 

 

 

Figure 1. The imino region of 1H NMR spectra of G-quadruplex alone and in complex with DAOTA-M2. 

 

[1] T. Tian et al., Chem. 2018, doi: 10.1016/j.chempr.2018.02.014. 
[2] A. Shivalingam et al., Nat. Commun. 2015, 6, 8178. 
[3] A. Kotar et al., Angew. Chem. Int. Ed. Engl. 2016, 55, 12508–12511. 
 

Acknowledgements: The study was done in collaboration with the group of Professor R. Vilar, 

Imperial College London.  
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HIGH RESOLUTION FOR CHEMICAL SHIFTS AND  

SCALAR COUPLING CONSTANTS: THE 2D REAL-TIME  

J-UPSCALED PSYCHE-DIAG  

Sebastian Tassoti,a Predrag Novak,b Klaus Zanggera 

a Institute of Chemistry, University of Graz, Heinrichstraße 28, 8010 Graz, Austria 
b Department of Chemistry, Faculty of Science, University of Zagreb, Horvatovac 102a,  

HR-10000 Zagreb, Croatia 
 

NMR spectra yield two main sources for structural information: resonance frequencies 

and scalar coupling patterns. Two factors often prevent facile determination of the 

coupling patterns and J-values: the limited chemical shift range of proton signals leads 

to overlaps, and small coupling constants are hidden within the linewidth of common 

1D experiments. 

High resolution of chemical shift can be achieved by so-called pure shift experiments, 

but these approaches collapse all coupling patterns to singlets, losing all information 

about couplings. Recently, the DIAG experiment [1] was used to only decouple the 

indirect dimension of a 2D spectrum, generating signals with retained coupling patterns 

along the diagonal. Drastic reduction of the spectral window in the indirect dimension 

allows high resolution of the chemical shift, however the resolution of the traces in the 

direct dimension is limited. 

On the other hand, determination of small coupling constants has been facilitated by 

the proposal of real-time J-upscaling. [2] This method allows the acquisition and 

interpretation of small couplings by allowing for a period of scalar coupling, but not 

chemical shift evolution. Applied to a regular 1D proton spectrum, J-upscaling often is 

limited by signal overlap due to the upscaling of multiplets even in small molecules. It 

can however be applied to the direct dimension of a 2D experiment. 

Combination of the DIAG experiment and J-upscaling yields 2D NMR spectra in which 

the chemical shift is resolved in the indirect dimension with ultrahigh resolution, 

whereas the scalar coupling information can be determined from the direct dimension 

of the spectra in high resolution. 

 

[1] A. Cotte, D. Jeannerat, Angew. Chem. Int. Ed. 2015, 127, 6114–6116. 
[2] S. Glanzer, K. Zangger, J. Am. Chem. Soc. 2015, 137, 5163–5169. 
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APPLICATIONS OF NMR SPECTROSCOPY IN  
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Complex chemical composition and physical properties of oil and oil products make their 

complete characterization very difficult. Components present in oil samples differ in 

structure, size, polarity and functionality. NMR spectroscopy plays a significant role in 

analysis and identification of complex hydrocarbons mixtures of oil samples. 

In this presentation the application of NMR spectroscopy for analyzing gasoline and 

diesel fuels, middle and high fractions, residues and asphaltenes will be described.[1] By 

using NMR spectroscopy it is possible to determine gasoline composition and presence 

of benzene and oxygenates as well as some important physical characteristics of 

gasoline such as the research octane number, for example. An application of different 

NMR techniques made it possible to characterize diesel fuels and middle and higher oil 

distillates from various refineries.[2] Data so obtained can be used in combination with 

statistical methods to predict fuel properties and to monitor production processes in oil 

industry. NMR spectroscopy has proven useful in analysis of biomasses and biofuels. 

Furthermore, techniques such as DOSY for characterization of asphaltenes will be 

discussed as well.[3] 

 

[1] J. Parlov Vuković, V. Srića, P. Novak, Kem. Ind. 2012, 61 (11–12) 513–522. 
[2] J. Parlov Vuković, V. Srića, P. Novak, Acta Chim. Slov. 2015, 62(1), 233–236. 
[3] J. Parlov Vuković, T. Hrenar, P. Novak, J. Plavec, M. Friedrich, Energy & Fuels 2017, 31(8), 

8095–8101. 
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USE OF NMR SPECTROSCOPY IN QUALITY CONTROL OF 

PHARMACEUTICAL PRODUCTS 

Lovorka Pitarević 
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E-mail: lovorka.pitarevic@halmed.hr 
 

Quality control of finished pharmaceutical product in the shelf-life consists of diverse 

analytical methods that are validated by manufacturer and approved by national 

authority. Using system suitability tests the given analytical methods are transferred to 

the laboratories. Laboratories in charge of monitoring the quality of pharmaceutical 

products in shelf life are usually a part of national governments in EU, which is also the 

case in Croatia.  

Nuclear magnetic resonance spectroscopy is not at all common as a method of choice 

during quality control of finished pharmaceutical products for identification of active 

substances or impurities. It is due to different reasons but mainly NMR is not a part of 

analytical procedures for finished product that are part of the drug master file, DMF.  

On the other hand, NMR as a method for identification of active substances used in 

production of the finished product is a main part of DMF. So, in the process of approval 

of complete drug documentation qualified persons evaluate very complex NMR spectra 

to be sure that suitable substances are used in the production process.  

Further on, analysis of counterfeit drugs is a very particular and challenging task, NMR 

among other analytical methods and techniques found its place in it, especially in the 

qualitative analytical part. 
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NMR SPECTROSCOPY AND THERMODYNAMICS OF 

SUPRAMOLECULAR HOST-GUEST REACTIONS;  

CALIXARENES AND CYCLODEXTRINS 

Josip Požar 
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Horvatovac 102a, HR-10000 Zagreb, Croatia  
E-mail: pozar@chem.pmf.hr  
 

The lecture will be dedicated to the role of NMR spectroscopy in the physico-chemical 

investigations of host-guest complexation reactions, namely the complexation of alkali-

metal cations with calix[4]arenes, and the inclusion of lipophilic moieties within 

hydrophobic cavity of cyclodextrins.  

In the first part of the lecture, comprehensive investigations of calix[4]arene 

complexation reactions in several solvents will be described. The thermodynamic data 

(complex stability constants and derived standard reaction Gibbs energies, reaction 

enthalpies and entropies) determined by various experimental methods will be 

correlated with the results of structural investigations. The solvation effects on the 

equilibria of binding reactions will be discussed in detail. For that purpose, 

thermodynamic cycles involving the reactant and the complex transfers will be prepared 

and explained. The role of NMR spectroscopy in revealing specific solvation effects, 

which can influence the complexation equilibria remarkably, will be addressed. 

In the second part of the lecture, the thermodynamics of various guest inclusion within 

the nonpolar cavity of cyclodextrins in several strongly hydrogen-bonding solvents will 

be reviewed. The influence of the guest structure, size, and conformational freedom on 

the complex stability will be discussed. The effect of temperature and solvent on the 

complexation reactions will be analysed in detail. The importance of NMR investigations 

for the rationalization of the corresponding thermodynamic complexation parameters 

will be revealed. Finally, the thermodynamics of solvophobically driven complexation 

involving non-polar solutes and cyclodextrins in organic solvents and water will be 

addressed.  

 
Acknowledgements: This work has been supported by Croatian Science Foundation under the 

project IP-2014- 09-7309 (SupraCAR), and by European Regional Development Fund and Croatian 

Ministry of Science and Education under the project Met4Pharm (RC.2.2.08-0024). 
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Nikola Cindro,a,* Josip Požar, a Dajana Barišić,a Nikola Bregović,a Katarina Pičuljan,a 
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Calixarenes are a class of supramolecular cavitands that can be easily functionalized to 

give receptors for ionic and neutral species. Structural evolution of these compounds 

has led to more selective receptors with improved physico-chemical properties. Most of 

the synthesized calixarene ionic receptors are not sufficiently soluble in water which 

makes their use quite limited [1]. Water-soluble calixarenes usually own this property 

to the introduced easily-ionized sulfonic groups. In the scope of this work novel neutral 

and water-soluble ligands 1–3 (Figure 1) were designed and prepared, and their 

complexation with alkali-metal cations was investigated. Glucose was embedded in the 

structure as hydrophilic domain whereas secondary and tertiary amides served as 

cation-binding sites. The latter motifs were used since the calixarene derivatives 

comprising such groups were previously proven to form highly stable complexes [2]. 

Complexation reactions with alkali-metal cations were studied in water, methanol, and 

formamide thus giving insight into the solvation as well as intra- and intermolecular 

hydrogen bonds effects. Several techniques were used, such as UV spectrophotometry, 

isothermal titration calorimetry and NMR spectroscopy. 

     

Figure 1. Structure of L1-3 

 

[1] N. Cindro, J. Požar, D. Barišić, N. Bregović, K. Pičuljan, R. Tomaš, L. Frkanec, V.Tomišić, Org. 
Biomol. Chem. 2018, 16, 904. 

[2] G. Horvat, V. Stilinović, B. Kaitner, L. Frkanec, V. Tomišić, Inorg. Chem. 2013, 21, 12702. 
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THE STERN-GERLACH EXPERIMENT – NEARBY 100 YEARS AGO 

Thomas Zellhofer 
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The basic development for NMR have be done at the Institute of Physics at the Johann 

Wolfgang Goethe University in Frankfurt (Main). Max von Laue was the head of this 

institute from 1914 – 1919 and he brought pioneers to his group with Max Born and 

Alfred Landé, as they created the basics in quantum physics. The outstanding 

contributions came from Otto Stern (1914 – 1921 the Inst. of Physics) and his co-worker 

Walter Gerlach; they followed the hypothesis of Niels Bohr, that the rotating impulse of 

electrons follows quantum rules. The proof was performed with a simple microscope 

and a high vacuum pump in 1919. This was the start-up for NMR, which has today so 

many applications in chemistry, pharmacy and material science with more than 10 000 

scientists working with this method worldwide. 

 

[1] Horst Schmidt-Böcking, Karin Reich, Otto Stern – Physiker, Querdenker, Nobelpreisträger, 
Societäts-Verlag, Frankfurt (Main) 2011. 
  

mailto:zellhofer-consulting@t-online.de


 The Adriatic NMR Conference 2018 

36  June 15–17, 2018, Mali Ston, Croatia  

DIMERIZATION OF AROMATIC C-NITROSO COMPOUNDS: 

INSIGHTS FROM NMR SPECTROSCOPY 

Ivana Biljan,* Petar Bibulić, Igor Rončević, Hrvoj Vančik 

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

* E-mail: ibiljan@chem.pmf.hr  
 

Aromatic C-nitroso compounds can dimerize by forming Z- or E-azodioxides. In the solid 

state, aromatic C-nitroso compounds are usually present as dimers, and in solution 

monomer-dimer equilibrium is established. At room temperature the equilibrium is 

usually shifted towards the nitroso monomers, while Z- and/or E-azodioxides can be 

observed only at low temperatures. 

Our studies revealed that aromatic C-nitroso compounds are also able to form 

asymmetrical dimers or heterodimers. The selectivity in formation of heterodimers was 

examined by investigating cross-dimerization of several p- and m-substituted 

nitrosobenzene derivatives with the parent nitrosobenzene in solution by one- and two-

dimensional variable temperature 1H NMR, and in solid state by 13C CP-MAS NMR and 

IR spectroscopy. It was found that in solution and in solid state the selectivity is different. 

The selectivity is in both media affected by the electron-donating ability of the 

substituent, and the differences can be explained by the influence of molecular 

arrangements in the crystal lattice. 

Recently, we investigated solution-state monomer-azodioxide equilibria and 

conformational freedom of several new aromatic dinitroso derivatives by using one- and 

two-dimensional variable temperature 1H NMR spectroscopy and quantum chemical 

calculations. Compounds with multiple aromatic nitroso groups are interesting because 

they can form oligomeric and polymeric structures through azodioxide bonds, which 

makes them promising candidates for design of new supramolecular systems. Inspection 

of NMR spectra revealed that the studied compounds dimerize by lowering the solution 

temperature yielding the mixture of monomers and Z- and/or E-azodioxides. 

Experimental NMR results were validated by DFT calculations enabling assignments of 

proton chemical shifts of azodioxy species. The DFT was used to predict the geometric 

(Z/E) preference of the azodioxy dimers revealing higher stability of the Z-form.  

 

Acknowledgement: This work was supported by the Croatian Science Foundation, grant no. 

7444, ORGMOL.  
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19F and 1H NMR experiments were performed to study the mechanism of selected 

chemical reactions. In the case of the acylation (ferrocenoylation) of purine and 

pyrimidine nucleobases, the attention has been focused on the regioselectivity/ 

regiospecificity of the respective reaction. It has been shown that the reaction centre 

and the product isomers ratio cannot be determined from the isolated weights alone, 

but the analysis of ”in situ” NMR spectra is required. 

In the case of chlorination of the 5-fluorouracil, “in situ” NMR data has been generated 

under actual reaction condition [2]. The existence of the presumed chlorinated 

intermediates has been confirmed spectrophotometrically, which is necessary to 

scheme out the full reaction profile. 

The two cases demonstrate that the information obtained by “in situ” NMR approach 

may provide the answers to challenging mechanistic or kinetic studies, or may 

contribute to the optimization of synthetic routes. 

 

Acknowledgement: This work is sponsored by the Croatian Science Foundation (IP-2016-06-1137). 

 

[1] J. Lapić, V. Havaić, D. Šakić, K. Sanković, S. Djaković, V. Vrček, Eur. J. Org. Chem. 2015, 24, 
5424. 

[2] L. Hok, L. Ulm, T. Tandarić, A. Krivohlavek, D. Šakić, V. Vrček, Chemosphere 2018, accepted. 
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DETERMINATION OF CHLOROGENIC ACID STRUCTURE USING 
COMBINED EXPERIMENTAL AND THEORETICAL NMR STUDY  
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Chlorogenic acid (5-O-caffeoylquinic acid, 5CQA) is an ester of the caffeic and quinic acids 
which can be isolated from natural plants such as coffee, pears, plums, potatoes, tomatoes, 
carrots and oilseeds [1]. This compound proved to exhibit anticarcinogenic, antimutagenic 
and glucose lowering effects [2], antioxidative activity for human low-density lipoprotein 
[3], as well as anti-obesity properties and ability to improve lipid metabolism [4]. To 
determine the most stable conformer of chlorogenic acid in DMSO solution a detailed 
conformational analysis was performed. The lowest-energy conformers were further used 
for simulation of 1H-NMR and 13C-NMR at B3LYP-D2/, B3LYP-D3/, and M06-2X/6-311+G(d,p) 
levels of theory in combination with the CPCM solvation model. Very good agreement 
between experimental and simulated NMR spectra was achieved in the case of all three 
applied methods [5,6]. This finding indicates correct arrangement of the atoms in the 5CQA. 
It was found that the structure is characterized with five intramolecular hydrogen bonds, 
where four of them are located on the quinic moiety and one is located on the benzene ring 
(Figure 1). A very interesting finding is that carboxylic hydrogen is not directed towards 
carboxylic oxygen, but towards the oxygen of the proximate hydroxyl group. Our results are 
in excellent agreement with the experimentally obtained NMR studies from Forino et al. [7] 
(Figure 1), indicating that all three applied theoretical models are capable of quantifying 
subtle differences among conformers.  
 
Acknowledgement: This work was supported by the Ministry of Science and Technological 

Development of the Republic of Serbia (project no. 172016). 

 
Figure 1. The most stable conformer of 5CQA in DMSO obtained at the B3LYP-D3/6-311+G(d,p) 
level of theory (left) and structure obtained experimentally by Forino et al. [7] (right). 

[1] X. Wang, J. Wang, N. Yang, Food Chemistry 2007, 102, 422.  
[2] L. U. Thompson, J. H. Yoon, D. J. Jenkins, T. M. Wolever, A. L. Jenkins, Am. J. Clin. Nutr. 1983, 39, 745. 
[3] C. A. Rice-Evans, N. J. Miller, G. Paganga, Free Radical Biol. Med. 1996, 20, 933. 
[4] A. S. Cho, S. M. Jeon, M. J. Kim, J. Yeo, K. I. Seo, M. S. Choi, M. K. Lee, Food Chem. Toxicol. 

2010, 48, 937. 
[5] S. Marković, J. Tošović, Spectrochim. Acta, Part A 2016, 164, 67. 
[6] S. Marković, J. Tošović, Food Chem. 2016, 210, 585.  
[7] M. Forino, G. C. Tenore, L. Tartaglione, C. Dell’Aversano, N. Novellino, P. Ciminiello, Food 

Chem. 2015, 178, 306.  
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It is a textbook knowledge that charges of 

the same polarity repel each other. For two 

monovalent ions in the gas phase at a close 

contact this repulsive interaction amounts to 

hundreds of kilojoules per mole. In aqueous 

solutions, however, this Coulomb repulsion 

is strongly attenuated by a factor equal to 

the dielectric constant of the medium. The 

residual repulsion, which now amounts only 

to units of kJ/mol, may be in principle offset by attractive interactions. Probably the 

smallest like-charge pair, where a combination of dispersion and cavitation forces 

overwhelms the Coulomb repulsion, consists of two guanidinium cations in water. 

Indeed, by a combination of molecular dynamics and electronic structure calculations 

and electrophoretic as well as spectroscopic experiments we have demonstrated that 

aqueous guanidinium cations form thermodynamically stable like-charge ion pairs.  

The importance of pairing of guanidinium cations in aqueous solutions goes beyond a 

mere physical curiosity and has significant biochemical implications. For example, 

arginine-arginine pairing has been frequently found in structural protein databases. In 

particular, when strengthened by a presence of negatively charged glutamate, 

aspartate, or C terminal carboxylic groups, this binding motif helps to stabilize peptide 

or protein dimers and is also found in or near active sites of several enzymes, as 

suggested by molecular dynamics simulations, SAXS and NMR experiments. 

The like-charge pairing of the guanidinium side chain groups may also hold the key to 

the understanding of the arginine “magic”, i.e., the extraordinary ability of arginine-rich 

polypeptides to passively penetrate across cellular membranes. Unlike polylysines, 

which are also highly cationic but lack the ease in crossing membranes, polyarginines do 

not exhibit mutual repulsion. Instead, they accumulate at the membrane, weaken it, and 

may eventually cross in a concerted, “train-like” manner. This behavior of arginine-rich 

cell penetrating peptides can be exploited when devising smart strategies how to deliver 

in a targeted way molecular cargos into the cell.  
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NMR experiments involving multiple receivers provide a unique way of increasing the 

sensitivity and information content of data recorded in a given period of time [1–4].  

AVANCE NEO represents the latest generation in the AVANCE series product line. The 

electronics is based on a ‘transceive’ principle, meaning each NMR channel has both 

transmitter and receiver capabilities. Thus, each channel is its own independent 

spectrometer with the full RF generation, transmission and receive infrastructure. 

This architecture provides high flexibility and allows the implementation of multi-

receive experiments in a straight-forward manner. Examples of multiple receiver 

operation are shown in routine analysis of small molecules and structure elucidation of 

biomolecular systems. The design of the experiments and the optimal applications for 

multiple receivers are discussed. 

 

  

 

 

 

 

Figure 1. 2D H-H COSY and F-H COSY spectra of a mixture of three 19F-labelled aromatic 
compounds recorded in parallel using the pulse sequence shown. 

 

[1] R. Freeman, Ē. Kupče, in Modern NMR Approaches To The Structure Elucidation of Natural 
Products (Eds.: A. J. Williams, G. E. Martin, D. Rovnyak), Royal Soc. Chem. 2016, 1, 117–145. 

[2] Ē. Kupče, NMR with Multiple Receivers, eMag. Res. 2015, 4, 721–732. 
[3] H. Kovacs, Ē. Kupče, Parallel NMR Spectroscopy with Simultaneous Detection of 1H and 19F 

Nuclei, Magn. Reson. Chem. 2016, 54, 544–560 () 
[4] A. Viegas, T. Viennet, T.-Y. Yu, F. Schumann, W. Bermel, G. Wagner, M. Etzkorn, UTOPIA 

NMR: activating unexploited magnetization using interleaved low-gamma detection, J. 
Biomol. NMR 64 2016, 9–15.  



The compact AVANCE NEO NanoBay extends the successful line of NEO consoles with dual-channel trans-
mit & dual receive capabilities to routine 300 and 400 MHz NMR.  With the novel NEO ‘transceiver’ archi-
tecture, each NMR channel in the AVANCE NEO is a functional spectrometer, enabling a new generation of 
multi-receive experiments.  The small footprint NEO NanoBay supports a wide range of applications, includ-
ing chemistry research and analysis, high-throughput screening for applied markets and quality control, and 
to structure verification in drug discovery.

For more information please visit: www.bruker.com/neo

Innovation with Integrity
NMR
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Solid-state nuclear magnetic resonance (NMR) is a versatile technique to get atomic 

level information of nonsoluble and noncrystalline samples of any shape and size. 

Nevertheless, solid-state NMR spectra, in general, are broad due to the presence of 

orientation-dependent anisotropic interactions. Such spatial anisotropy can be removed 

by spinning the sample at the magic angle. However, the extent to resolution and 

sensitivity of the NMR spectrum relies on the sample spinning rate. In the recent past, 

with the invent of ultrafast sample spinning (~120 kHz) technology the solid-state NMR 

community has witnessed a rapid growth in the structural and dynamics studies of 

chemical, biological, materials, pharmaceutical samples, etc.[1–3] In the presentation, I 

will discuss the technological development of ultrafast spinning technology and its 

applications towards the structural characterization of various pharmaceutical samples 

at natural abundance.  

 

[1] Y. Nishiyama, Solid-state NMR under ultrafast MAS rate of 40 – 120 kHz, in Experimental 
Approaches of NMR Spectroscopy ‐ Methodology and Application to Life Science and 
Materials Science (Ed.: Akira Naito), Springer, 2018. 

[2] T. Kobayashi, Y. Nishiyama, M. Pruski, Heteronuclear correlation spectroscopy with inverse 
detection, in Modern Methods in Solid-State NMR: A Practitioner's Guide (Ed.: Paul 
Hodgkinson), RSC Publishing, Cambridge (UK), 2018. 

[3] Y. Nishiyama, Fast Magic-Angle Sample Spinning Solid-State NMR at 60 – 100 kHz for Natural 
Abundance Samples, Solid State Nucl. Magn. Reson. 2016, 78, 24–36. 

 DOI: 10.1016/j.ssnmr.2016.06.002  



■ Specifications

Magnetic field 400 MHz~600 MHz

Observation range 1H,19F,31P~15N*

Spectrometer
 JNM-ECZ400S

 JNM-ECZR series

Software Delta.V.5.2 or later

＊ include 39K and 109Ag at 400 MHz and 500 MHz

Fluticasone propionate /DMSO-d6 128scans Measured by 500MHz ROYALPROBE HFX and JNM-ECZR

Fluticasone propionate

■ The ROYALPROBE HFX is the world's first liquid NMR probe with the 

capability to switch between single tune and dual tune modes on the 

high frequency (1H, 19F) coil without compromising performance. The HFX 

probe is the best probe to fluorine compounds. Operating in single tune 

mode, the ROYALPROBE HFX has the same high performance for 

sens i t i v i t y  and pu lse  w id ths  as  the  cur ren t  s tandard  JEOL 

ROYALPROBE. Operating the HFX probe in dual tune mode allows for a 

wide variety of advanced 1H and 19F NMR experiments including 1H{19F}, 
19F{1H}, X{1H,19F}, and many unique X{1H, 19F} correlation experiments to 

simplify spectral assignments of modern complex fluorine containing 

compounds for the pharmaceutical and polymer industries.

Automatic switching NMR probe 
between double and triple resonance

ROYALPROBE HFX

No. 2101J748C(Bn)
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TRAD – A COUPLING PROTEIN INVOLVED IN THE R1 / F PLASMID 

TRANSFER MECHANISM  
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Bacterial conjugation is one of the primary mechanisms by which the genetic 

information is transferred among bacteria. In the current project, we are working with 

gram negative bacteria which use Type IV Secretion System (T4SS) for the gene transfer 

leading to a rapid dissemination of antibiotic resistance and virulence factors among the 

bacterial community. The DNA transfer is assisted by complex macromolecular 

machineries known as Relaxosome, Transferosome and Coupling protein.  

Relaxosomal complex consists of all the enzymes which are directly or indirectly involved 

in the nicking, unwinding and processing of the conjugative plasmid in the cytoplasm. 

Whereas, Transferosomal complex consists of membrane bound and periplasmic 

proteins which are involved in conjugative pore formation, T4SS pilus formation and 

retraction. For a successful recruitment of the conjugative plasmid to the randomly 

formed conjugative pore, there must be a direct interaction between the Relaxosome, 

which resides in the bacterial cell’s center or quarter center and the membrane bound 

components. This recruitment mechanism is the least well-understood aspect. 

The third complex known as coupling protein, are membrane bound and assist the 

‘coupling’ of the Relaxosome to the membrane bound components. Our results show a 

novel mechanism by which the hexameric ATPase coupling protein, TraD interacts with 

the relaxosomal nucleoprotein complex, TraM - dsDNA. These are the only results which 

structurally confirm an interaction between the relaxosomal nucleoprotein complex  

and the membrane bound coupling protein in F-Like plasmid systems. One of our  

main objectives is to structurally characterize the multimeric nucleoprotein complex,  

TraD-(TraM-dsDNA).[1–4] I will present some of our findings which reveal mechanistic 

details in the substrate translocation during bacterial conjugation. 

 

[1] Jun Lu et. al., Mol. Microbiol. 2008, 70(1), 89–99. 
[2] J. J. Wong et.al., Mol. Microbiol. 2012, 85(4), 602–17. 
[3] J. J. Wong et. al., Nucleic Acid Res. 2011, 39(15), 6775–88. 
[4] F. X. Gomis-Rüth, M. Coll, Int. J. Biochem. Cell Biol. 2001, 33(9), 839–43. 
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ANALYSIS OF FUNCTIONALIZED PEPTIDOMIMETICS 
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Multicomponent reaction (MCR) chemistry is among the most prominent 

methodologies for creating diverse compounds in an economical, efficient and 

environmentally friendly way.[1] The efficiency of MCR chemistry has already been 

proven in terms of natural product synthesis[2] and drug discovery processes. Among 

various MCR reactions, the Ugi reaction is especially attractive since it gives rise to 

complex peptide-like structures in one easy synthetic step.[3] Despite having been 

known for its medicinal and biological importance,[4] the β-lactam moiety harbours 

other excellent qualities. In particular, the β-lactam ring can provide amino acid building 

blocks or can be expanded into macrocyclic skeletons.[5] This excellent feature makes 

the β-lactam moiety compatible with the MCR chemistry, thus allowing the increase in 

final product complexity.  

Here we present a multicomponent Ugi reaction using amino-β-lactam synthon 1 as 

basis for diastereoselective synthesis of functionalized peptidomimetics and give an 

insight in their structural characteristics using NMR analysis, Scheme 1. 

 

Scheme 1. Ugi reaction on amino-β-lactam 1 

 

[1] A. Domling, W. Wang and K. Wang, Chem. Rev. 2012, 112, 3083. 
[2] R. Echemendía, A. F. De La Torre, J. L. Monteiro, M. Pila, A. G. Corrêa, B. Westermann, D. G. 

Rivera and M. W. Paixão, Angew. Chem. Int. Ed. 2015, 54, 7621. 
[3] J. Zhang, C. Proulx, A. Tomberg and W. D. Lubell, Org. Lett. 2014, 16, 298. 
[4] J. D. Buynak, Curr. Med. Chem. 2004, 11, 1951. 
[5] B. Alcaide, P. Almendros and C. Aragoncillo, Chem. Rev. 2007, 107, 4437.  
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NMR DETERMINATION OF ENANTIOMERIC PURITY OF  
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a Department of Chemistry, Faculty of Sciences and Mathematics, University of Niš, Višegradska 33, 
18000 Niš, Serbia 

b Faculty of Medicine, University of Niš, Dr Zoran Ðinđić Boulevard 81, 18000 Niš, Serbia 
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5-Phenyl-1,3-oxazolidine-2-thione (5-POAT), a known goitrogen, was isolated from the 

autolyzate of the flowers of Reseda lutea L. (Resedaceae). This compound naturally 

predominantly occurs as the R-enantiomer; however, recently S-enantiomer was found 

to be dominant in some samples of watercress [1]. This motivated us to investigate the 

enantiomeric nature of the sample at hand. We were drawn by the easiness of an NMR 

titration with chiral lanthanide shift reagents (CSR). There are no previous literature 

reports on chiral 1,3-oxazolidine-2-one resolution by such reagents. We supposed that 

a CSR (such as Eu(hfc)3) would bind reversibly to 5-POAT and form two diastereomeric 

complexes with proton signals appearing at different shifts. Incremental addition of 

Eu(hfc)3 to racemic 5-POAT ((±)5-POAT) resulted in a complete separation of H-4 proton 

signals of the two enantiomers. Enantiomeric excess could be calculated from the ratio 

of signal integral of H-4a(S) or H-4b(S) (from (+)5-POAT) and one half of the integral of 

H-4a+b(R) (from (-)5-POAT) from 1H shifted spectra. These results clearly proved the 

validity of the method, i.e. that CSR can be used to successfully separate signals of (-) 

and (+)5-POAT. Enantiomeric purity of compound isolated from the autolyzate of R. 

luteola was studied by utilizing the same CSR, where upon close inspection only one set 

of signals could be observed. We concluded that 5-POAT isolated from R. luteola indeed 

consisted of only one enantiomer, (-)5-POAT. In this way, for the first time, we 

demonstrated that Eu(hfc)3 forms distinct diastereomeric complexes with enantiomers 

of 5-POAT that are suitable for NMR-based determination of enantiomeric excess of this 

compound and probably of related ones.  

 

 

[1] N. Agerbirk, C. Olsen, D. Cipollini, M. Ørgaard, I. Linde-Laursen, F. Chew, J. Agric. Food Chem. 
2014, 62, 9586. 
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c School of Medicine, University of Zagreb, Šalata 3, 10000 Zagreb, Croatia 
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The growing interest in utilization of gold nanoparticles (AuNPs) for diagnostics and 

treatment of various diseases [1] generates the need to examine their interactions with 

biological systems. Upon contact with biological media, NPs are immediately coated 

with a layer of adsorbed biomolecules called “corona” [2]. However, detailed knowledge 

still lacks about the nature and mechanisms behind the nano-bio interactions. One of 

the possible binding mechanisms is through the thiol groups, considering the high 

affinity of sulphur for metals. Endogenous biothiols such as cysteine and glutathione are 

therefore useful as models for studying the mechanism of nano-bio interactions [3]. 

In this study, 1H NMR was employed to study the interactions of AuNPs with cysteine 

and glutathione. Nanoparticles were synthesized by reduction of tetrachloroauric acid 

with sodium borohydride in the presence of cysteine or glutathione as stabilizing agents. 

1H NMR spectra were recorded immediately after mixing the reagents, and 

subsequently every 20 minutes until AuNPs formation finished. Process of interaction 

between CYS and GSH with the AuNPs surface was observed by recording chemical shifts 

of signals corresponding to protons close to the thiol group, along with the loss of 

resolution and peak broadening. Furthermore, the intermediate spectra were captured, 

with distinct peaks corresponding to both bound and unbound biothiols. The results 

suggest the thiol group of CYS and GSH is the most responsible for biothiols-nanoparticle 

binding. In addition, AuNPs stabilized with CYS and GSH were characterized by means of 

size distribution, surface charge and visualized by transmission electron microscopy. 

Acknowledgment: This study was financially supported by the HRZZ-IP-2016_06_2436 grant. 
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Calixarenes are well known as efficient cation receptors. Affinity of calixarene 

derivatives towards cations in different solvents has been extensively studied. However, 

the major drawback in their wide application as cation receptors is their insolubility or 

low solubility in water. In order to overcome this obstacle, calix[4]arenes with 

carbohydrate units attached to the lower rim, that are soluble in water, were recently 

synthetized [1]. In order to gain better insight in molecular basis of their affinity and 

selectivity towards cation complexation, conformational analyses of several such ligands 

that are soluble in water were performed. Their conformational space was studied in 

water and in methanol. Conformational searches were conducted using Monte Carlo 

Multiple Minimum (MCMM) algorithm available within MacroModel software [2]. 

Solvent effects were modelled using continuum solvent models. In some cases, explicit 

solvent molecules, water or methanol, were present during the simulation in order to 

model the competition between sodium cation and solvent molecule for complexation. 

Cluster analyses of obtained results, as well as detailed analyses of intramolecular 

hydrogen bonds were performed. Computational results were compared and validated 

with available experimental data which consisted of different titration methods and 

NMR data. 

 

[1] N. Cindro, J. Požar, D. Barišić, N. Bregović, K. Pičuljan, R. Tomaš, L. Frkanec, V. Tomišić,  
Org. Biomol. Chem. 2018, 16, 904.  

[2] MacroModel, Schrödinger, LLC, New York, NY, 2017. 
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The human PLEKHG3 gene is expressed in many areas of the brain and represents a 

potential candidate contributing to the risk of autism. In the regulatory region of this 

gene there are multiple GGG-tracts separated by AGCGA-repeats. These types of 

oligonucleotides are predicted to form G-quadruplexes. Contrary to expectations, we 

show that no G-quadruplexes are formed by such AGCGA-rich oligonucleotides. Instead, 

they adopt tetrahelical folds very different from G-quadruplexes [1]. The folds adopted 

by AGCGA-rich oligonucleotides can be further subdivided into two groups [2]. One 

structural group is characterized by a core comprised out of four GC base pairs and 

contains GA base pairs in N1-N7, carbonyl-amino geometry on each side of the GCGC-

core. The other structural group is characterized by an opposite arrangement where the 

core contains two GAGA-quartets and two GC base pairs on each side of the GAGA-core. 

Both structural groups contain GG base pairs in N1-carbonyl symmetric geometry.  

 

Figure 1: Two structural groups of AGCGA-rich folds. Two high-resolution structures containing a 
(a) GCGC-core and (b) GAGA-core.  

 

[1] V. Kocman, J. Plavec, Nat. Commun. 2014, 5, 5831. 
[2] V. Kocman, J. Plavec, Nat. Commun. 2017, 8, 15355. 
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Calixarenes are macrocyclic oligomers consisted of four or more phenolic residues linked 

by methylene bridges in the ortho position and can be easily functionalized to give 

receptors for various ionic or neutral species. Calixarenes bearing fluorescent moieties 

can be considered as potentially very sensitive fluorimetric ion sensors due to the high 

sensitivity of fluorescence spectroscopy and high affinity of these macrocyclic ligands 

towards cations.[1–3] In the scope of this work, novel fluorescent phenathridine-based 

calix[4]arene derivatives L1 and L2 were designed and prepared (Figure 1) and their 

complexation properties towards metal cations in several solvents were investigated. 

Phenanthridine moities were introduced at a lower calixarene rim and served both as 

fluorescent probes and parts of cation-binding site. Stability constants of the 

corresponding complexes were determined by means of fluorimetry, UV spectro-

photometry, NMR spectroscopy and isothermal titration calorimetry. 

Acknowledgement: This work has been fully supported by Croatian Science Foundation under 

the project IP-2014-09-7309 (SupraCAR). 

 

Figure 2. Structures of calix[4]arene derivatives L1 and L2. 

 

[1] J. S Kim, D. T. Quang, Chem. Rev., 2007, 107, 3780–3799. 
[2] M. Tranfić Bakić, D. Jadreško, T. Hrenar, G. Horvat, J. Požar, N. Galić, V. Sokol, R. Tomaš, S. 

Alihodžić, M. Žinić, L. Frkanec, V. Tomišić, RSC Adv., 2015, 5, 23900–23914. 
[3] N. Galić, N. Burić, R.Tomaš, L. Frkanec, V. Tomišić, Supramol. Chem., 2011, 23, 389–397. 
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Chronic wasting disease (CWD) is the most efficiently transmitted prion disease of free-

ranging wildlife, including elk, mule deer, white-tailed deer, red deer, reindeer and 

moose[1]. The ability of prion proteins to selectively infect some mammalian species 

rather than others is known as species barriers, which are impacted by the existence of 

different prion strains. For instance, in deer and elk the presence of conformational PrPSc 

strains was confirmed based on different disease progression in species[2]. 

In this study, we highlight the importance of PrP structure in prion susceptibility, and 

how a polymorphism in position 226, in which elk PrP contains glutamate and deer PrP 

contains glutamine, might influence prion susceptibility and pathogenesis. We have 

determined the high-resolution structure of the mule deer prion protein (mdPrP) 

(residues 94-233). We then compare the structure to previously published cervids PrPs 

structures (i.e. elk PrP (ePrP) and white-tailed deer PrP (wtdPrP)). Although the overall 

structures of the mammalian prion proteins are similar, we observe several local 

structural variations in the examined structures. The most remarkable differences are 

located in the α2-α3 loop with a different rearrangement of residues together with 

hydrogen-bond formation that create a tighter packing of the α1 helix and α2-α3 loop 

in mdPrP structure in comparison to ePrP and wtdPrP. Additionally, in mdPrP 

hydrophobic interactions of amino acid residues at the end of α3 helix and β2-α2 loop 

lead to a lower solvent accessibility of Ser225 and Gln226 which are related to the CWD 

transmissibility. We found that a single amino acid variation can alter the PrP structure 

and this can have important consequences on the different pathogenesis of CWD prions.  

 

[1] L. Waddell, J. Greig, M. Mascarenhas, A. Otten, T. Corrin, K. Hierlihy, Transbound. Emerg. 
Dis. 2018, 65, 37. 

[2] N. J. Haley, E. A. Hoover, Annu. Rev. Anim. Biosci. 2015, 3, 305. 
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The lipid composition and asymmetry of the outer membrane of Gram-negative bacteria 

plays a crucial role in pathogenesis and intercellular interactions. The establishment and 

maintenance of this complex system is yet poorly understood.  

Recent studies presented a VacJ/Yrb ABC (ATP binding cassette) transport system which 

is conserved among Gram-negative bacteria.[1] The periplasmic protein YrbC is essential 

in this mechanism, since it transports accumulated phospholipids from the outer to the 

inner membrane which is highly important for the maintenance of the membranes 

barrier function. 

The structure of YrbC (2.2Å) from Hämophilus influenza, including a bound phospholipid, 

could be solved using crystallography and molecular replacement. Analysis of the ligand 

via nuclear magnetic resonance NMR and mass spectrometry MS revealed a clear 

preference of YrbC for phosphoglycerol over phospahtidylethanolamin, although these 

lipids are present in equally amounts in the expression system Escherichia coli. Analysis 

of lipid ligands from two YrbC orthologues from Vibrio cholerae and E. coli showed the 

same outcome. 

The structure of YrbC H. influenzae reveals new insights into its binding preferences and 

furthermore the binding cavity and its chemical environment. These findings can be 

useful to understand how the VacJ/Yrb ABC transport system works, which by itself may 

have a pathophysical role in vivo since proper function of the outer membrane is crucial 

for bacterial adaption to harsh environments, like colonization of a new host, as well as 

antiobiotic resistance. 

 

[1] S. Roier, F. G. Zingl, S. Schild et al., Nat. Commun. 2016, 7, 10515. 
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An important part of supramolecular chemistry refers to the coordination-driven self-

assembly. Recently, the design and synthesis of supramolecular coordination complexes 

have attracted significant attention in various fields due to the interesting molecular 

architectures and/or a wide variety of properties, e.g. redox, magnetic, catalytic or 

optical. Although polydentate ligands have played a substantial role in coordination 

chemistry of molybdenum(VI), their use as structural elements in metallosupra-

molecular chemistry has received considerably less attention. Therefore, three 

polydentate aroylhydrazone ligands (H2L1–3) were selected to investigate if they could 

serve as organic linkers for the cis-octahedral complex containing the {MoO2}2+ core.[1] 

Hydrazones were prepared by the reaction of 4-aminobenzhydrazide with 

salicylaldehyde (H2L1), 3-methoxysalicylaldehyde (H2L2) or 4-methoxysalicylaldehyde 

(H2L3). Dinuclear dioxidomolybdenum(VI) complexes of selected hydrazones,    

[MoO2(L1–3)]2, were synthesized by the reaction of [MoO2(acac)2] and the corresponding 

ligand. All isolated complexes were characterized in the solid state by means of 

elemental and thermogravimetric analysis, infrared spectroscopy and X-ray diffraction 

methods (PXRD and SCXRD when suitable). Furthermore, the complexes were explored 

by one- and two-dimensional NMR spectroscopic techniques in dmso-d6. In all 

complexes, the doubly deprotonated form of aroylhydrazone is coordinated to {MoO2}2+ 

core through the O,N,O donor atoms. The sixth coordination site of molybdenum is 

occupied by the amino nitrogen of the neighboring hydrazone.  

 

[1] This work has been fully supported by Croatian Science Foundation under the project  
IP-2016-06-4221. 
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A typical setup for studying photochemical processes with NMR spectroscopy usually 

comprises optical fibers to guide the light from its source to the NMR-active volume, as 

is shown in Figure 1, left [1]. This approach has two main disadvantages: First, the light 

intensity reaching the sample is rather low and non-uniform, causing long conversion 

times (see Figure 2, right [2]). Second, this setup needs to be assembled and carefully 

inserted into the spectrometer for each measurement. We have placed high power 

LEDs, usually applied in industry, directly inside the NMR probe head using custom-made 

devices.  

 

Figure 1. Typical fiber-setup (left). Kinetic profiles of the isomerization of azobenzene benzene-
tricarboxamides (right). Note the necessary illumination time in hours. Graphs taken from 
References 1 and 2.  

We discuss several aspects of our new setup: Its development and implementation, 

sample mixing and illumination homogeneity, determination of light intensity with 

model systems, kinetic investigations of light switchable compounds and suitable pulse 

sequences for measuring chemically induced dynamic polarization (CIDNP). 

 

[1] C. Feldmeier, H. Bartling, E. Riedle and R. M. Gschwind, J. Magn. Reson. 2013, 232, 39–44. 
[2] J. Kind, L. Kaltschnee, M. Leyendecker and C. M. Thiele, Chem. Commun. 2016, 52, 12506–

12509. 
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Asphaltenes are the heaviest, most polar and least reactive molecules in crude oil, 

primarily consisting of carbons and hydrogens, some heteroatoms, such as sulfur, 

nitrogen, oxygen and traces of transition metals [1,2]. They may aggregate during the 

downstream and upstream processes and cause many problems in production, refining 

and transportation. Asphaltene aggregation highly depends on the chemical nature of 

the crude oil, temperature and pressure. 

In this research, concentration dependent diffusion measurements were carried out to 

determine the lowest aggregation concentration of Middle Eastern asphaltenes and to 

study how the addition of V(IV), Fe(III) and Ni(II) affects the aggregation process. 

Asphaltene components were separated by DOSY NMR technique according to their 

diffusion properties. The influence of T1 relaxation on average diffusion coefficients was 

investigated by inversion recovery experiments. Changes in diffusion coefficients 

reflected the formation of different asphaltene types. It is expected that the presented 

results could throw more light into the asphaltene aggregation mechanism. 

 

Figure 1. a) DOSY NMR spectrum of a vacuum residue sample (21,56 g/L) recorded in toluene-d8; 
b) relative diffusivities (DVR/Dtol) as a function of sample concentration. 

 

[1] O. C. Mullins, Annu Rev. Anal. Chem. 2011, 4, 393. 
[2] V. D. Molina, E. Ariza, J. C. Poveda, Energy Fuels 2017, 31, 133.  

mailto:mikulandra.ivana@gmail.com


 The Adriatic NMR Conference 2018 

58  June 15–17, 2018, Mali Ston, Croatia  

IMPURITY PROFILING OF AZITHROMYCIN CONJUGATES BY 

LC-SPE/CRYO NMR METHODOLOGY 

Iva Habinovec,a,* Predrag Novak,a Katarina Pičuljan,a Tomislav Jednačak,a Ivana Rubić,a 
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Azithromycin belongs to an azalide subclass of 15-membered macrolide antibiotics. It 

was synthesized in the early 1980s as a semi-synthetic derivative of erythromycin.[1] 

With a much improved pharmacokinetic properties over erythromycin, azithromycin 

became the most widely used broad-spectrum antibiotic.[2] Thiosemicarbazones belong 

to a large group of thiourea derivatives and are well known as antibacterial, antiviral, 

anti-inflammatory, antifungal and anticancer therapeutics.[3] Furthermore, a new 

multi-functional thiosemicarbazones were designed to treat Alzheimer and malaria.[4,5] 

Conjugation of the azithromycin and thiosemicarbazone derivatives resulted in novel 

compounds which showed good activity against some Gram positive and Gram negative 

bacterial strains. 

Modern approach to the drug impurity profiling is based on the use of hyphenated 

systems, such as LC-NMR and/or LC-MS.[6] One of the most efficient and powerful tools 

for on-line isolation and identification of compounds in complex mixtures in the 

pharmaceutical industry is the LC-SPE-NMR system. In this study, LC-SPE/CRYO NMR 

technique was used for impurity profiling of novel azithromycin conjugates. 

 

[1] G. Kobrehel, G. Radobolja, Z. Tamburasev, S. Djokic, U.S. Patent 4,328,334 1982. 
[2] M. J. Parnham, V. Erakovic Haber, E. J. Giamarellos-Bourboulis, G. Perletti, G. M. Verleden, 

R. Vos, Pharmacol. Therapeut. 2014, 143, 225. 
[3] M.A. Soares, M. a. Almeida, C. Marins-Goulart, O. A. Chaves, A. Echevarria, M. C.C. Oliveira, 

Bioorg. Med. Chem. Lett. 2017, 27, 3546. 
[4] D. Palanimuthu, R. Poon, S. Sahni, R. Anjum, D. Hibbs, H.Y. Lin, P. V. Bernhardt, D. S. 

Kalinowski, D. R. Richardson, Eur. J. Med. Chem. 2017, 139, 612. 
[5] P. Gopal, T. Dick, Int. J. Antimicrob. Agents, 2015, 45, 430. 
[6] S. Singh, T. Handa, M. Narayanam, A. Sahu, M. Junwal, R. P. Shah, J. Pharm. Biomed. Anal. 

2012, 69, 148. 
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Excellent microbicidal properties of silver nanoparticles (AgNPs) instigated their use in 

medicine, cosmetics, textile and food industries. However, detailed information on their 

fate and effects on the human body is so far unknown. [1] When exposed to biological 

media, AgNPs are prone to intimate interactions with different biomolecules and 

biological structures. [2] This study demonstrates possible biotransformation patterns 

of AgNPs after in vivo exposure.  

Fate of AgNPs was investigated in ultrapure water, cell culture medium, phosphate 

buffer, artificial lysosomal fluid, artificial gastric fluid, and liver homogenates by means 

of agglomeration and dissolution behaviour. For this purpose size distribution, surface 

charge, Ag+ release and interaction with albumin and glutathione were evaluated using 

dynamic and electrophoretic light scattering methods, transmission electron 

microscopy, atomic absorption spectroscopy and proton nuclear magnetic resonance 

spectroscopy (1H NMR). For the first time, this study evidenced in vivo synthesis of 

AgNPs in the liver resulting from the interaction of Ag+ with glutathione. First, the 

binding of glutathione to the surface of AgNPs was investigated on the NPs synthesized 

by sodium borohydride reduction of silver nitrate. The process of NP formation and 

glutathione adsorption was tracked by 1H NMR in 20-minute time intervals. Initial and 

final spectra differ significantly in chemical shifts of C7, indicating the binding through 

the thiol group. In the second part, AgNPs were synthesized using glutathione as both 

the reducing and capping agent. This eliminated the interference from sodium 

borohydride, and demonstrated the potential mechanism of in vivo AgNP formation 

from ionic silver. 

Acknowledgment: This study was financially supported by the HRZZ-IP-2016_06_2436 grant. 

 

[1] S. Ullah Khan, T. A. Saleh, A. Wahab et al., Int. J. Nanomed. 2018, 13, 733. 
[2] R. Podila, R. Chen, P. C. Ke et al., Appl. Phys. Lett. 2012, 101, 263701.  

mailto:ivinkovic@imi.hr


 The Adriatic NMR Conference 2018 

60  June 15–17, 2018, Mali Ston, Croatia  

THE SOLVATION INFLUENCE ON THE COMPLEXATION OF 

ALKALI-METAL CATIONS WITH CALIX[4]ARENE DERIVATIVES  
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The p-tert-butyl calix[4]arenes with carbonyl-containing substituents at the lower rim 

are known to be effective receptors for alkali-metal cations. Apart from the chemical 

nature of the attached functionalities, and the cation size, the complexation 

thermodynamics is strongly influenced by the reactant and the product solvation.[1,2] 

In the first part of the work the thermodynamic parameters of alkali-metal cation 

complexation with a simple calix[4]arene ketone derivative (L) in methanol, ethanol, N-

methylformamide, N,N-dimethylformamide, dimethyl sulfoxide, and acetonitrile were 

determined.[1] The compound L was found to be rather efficient receptor for alkali-

metal cations. The cation binding was enthalpically controlled with the peak affinity for 

Na+. To examine the possible inclusion of the investigated solvent molecules into the 

hydrophobic basket of the receptor and its sodium complex detailed spectro-

photometric, calorimetric and 1H NMR titrations in chloroform were carried out. The 

solvent binding was much more favorable in the case of NaL+ when compared to free 

ligand. The sodium complex exhibited the highest affinity for the acetonitrile, which can, 

at least in part, explain the highest stability of the complexes in this solvent.  

In the second part of the work, the inclusion of acetonitrile molecule in the hydrophobic 

cavity of a more rigid tertiary amide calix[4]arene derivative and the corresponding 

sodium complex was investigated. The obtained data provided an insight into the 

influence of the calixarene flexibility on the thermodynamics of adduct formation.  

Acknowledgements: This work has been fully supported by Croatian Science Foundation under 

the project IP-2014-09-7309 (SupraCAR). 
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Organopalladium compounds, usually containing one palladium center per ligand, are 

one of the most popular transition-metal complexes investigated in organometallic 

chemistry.[1] Their rich chemistry enables easy preparation and wide scope of possible 

transformations in order to achieve desired physical properties that qualify them for 

potential application in organic synthesis and catalysis, supramolecular chemistry and 

as new materials.[1] As introducing the second palladium to investigated compounds 

broadens the scope of their applications and transformations, dicyclopalladated 

azobenzenes, which exhibit strong light absorption and emission in the visible region, 

recently became one of the main research focuses in our group.[2]  

In this work we have investigated exchange of solvent ligands (S = DMSO, DMF or 

pyridine) coordinated to palladium centers in seven dicyclopalladated azobenzenes 

(C1−7, Scheme 1) in DMF and DMSO by means of spectrophotometric and 1H NMR 

titrations. Special consideration was paid to varying substituents in 4,4’-positions of 

azobenzene moiety as their electronic properties significantly influence spectral 

properties of the studied dicyclopalladated complexes. In the case of pyridine as a 

coordinated solvent, corresponding equilibrium constants have been determined. 

Results will be discussed in terms of solvent donor abilities as well as the electron-

donating and electron-withdrawing properties of substituents in the 4,4’-positions of 

the azobenzene. 

 

Scheme 1. Structures of dicyclopalladated complexes C1−7. 

 

[1] J. Dupont, C. S. Consorti, J. Spencer, Chem. Rev. 2005, 105, 2527−2571.  
[2] (a) M. Juribašić Kulcsár et al., Inorg. Chem., 2017, 56, 5342−5351; (b) A. Monas et al., Chem. 

Commun. 2016, 52, 12960−12963.   
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STRUCTURE CHARACTERIZATION OF SELF-ASSEMBLED NOVEL 

AMINO ACID FUMARAMIDES BY NMR 

Tomislav Gregorić and Leo Frkanec 

Laboratory for Supramolecular Chemistry, Division of Organic Chemistry and Biochemistry, 
Ruđer Bošković Institute, Bijenička cesta 54, 10000 Zagreb, Croatia, 
E-mail: tgregor@irb.hr 
 

Synthesis of new materials is one of the very important areas of science that special 

chemistry deals with. High technology has requested for new materials that will be used 

for medical purposes, biomaterials, sensors, liquid crystalline materials and electronic 

materials[1]. Supramolecular chemistry has found interest in the synthesis of new 

materials because it provides a wide range of possibilities for generating new materials 

as self-organized nanomaterials because of non-covalent interactions such as hydrogen 

bonds, π-π stacking or Van der Waals forces. We investigated the possibility of 

polymerization of supramolecular gels[2] from the class of low molecular weight 

gelators, mono(vinyl-amino acid) fumarate with UV light and benzophenone as a 

photoinitiator. These compounds are gelator of various organic solvent but the but 

polymerization occurs only in acetonitrile. Accordingly with this, we investigated this 

system by characterizing it with 1H, 13C, temperature dependent NMR spectroscopy and 

FTIR spectroscopy. 

 

Figure 1. New fumaroyl based low molecular weight gelators 

 

[1] E. Busseron, Y. Ruff, E. Moulin, N. Giuseppone, Nanoscale 2013, 5, 7098. 
[2] L. Frkanec, M. Žinić, Chem. Commun. 2010, 46, 522. 
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Martin Walenta,a Kathrin Buchberger,a Alexander Pöcheim,a Sebastian Tassoti,a  
Olaf Kunert,b and Klaus Zangger,a 

a University of Graz, Institute of Organic and Bioorganic Chemistry, Heinrichstrasse 28, A-8010 Graz, 
Austria 

b University of Graz, Institute of Pharmaceutical Sciences, Heinrichstrasse 28, A-8010 Graz, Austria 
 

The measurement of deuterium isotope effects on 13C-atoms in alcohols, ethers and 

amines is proven to help with an easier assignment without using complex or time 

consuming multidimensional correlations. Here we show that the protonation state of 

oxygen and nitrogen can be determined in a variety of organic solvents when accurate 

isotope effects are used. Two almost identical samples need to be prepared with the 

only difference being the presence of 10 % v/v D2O or H2O. By comparing the two 

independently measured 13C-chemical shifts it is possible to differ between protonated 

heteroatoms (alcohols, primary and secondary amines) and non-protonated ones 

(ethers and tertiary amines) through the differences in isotope shifts (DIS values). DIS 

was selected to be the difference of the chemical shifts in parts per million between the 
13C shift observed in H2O and the upfield shift in D2O (δ13CH2O - δ13CD2O). As an example, 

erythromycin is shown to prove the concept of this approach (Figure 1). 

 

Figure 1. Chemical structure of erythromycin. (DIS values are blue in ppm upfield shift) 
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The development of artificial anion receptors that mimic natural systems in their ability 

to efficiently and selectively bind a target anion has recently become an area of intense 

focus within supramolecular chemistry.[1] Cyclic peptides present promising synthetic 

scaffolds for selective anion binding due to the amide group hydrogen bond properties, 

and also because of the macrocyclic ring flexibility and the variability of the subunits.[2–4] 

By the combination of the thermodynamic and structural characterization of the 

cyclopeptide-anion complexes formed in the solution it is possible to obtain a detailed 

insight into the energetics of complexation and in the relationship of the receptor 

structure and its affinity towards particular anion.  

In this work, two cyclopeptide receptors were studied, L1 that contains five lysine 

subunits with amino groups of the side chains protected by a BOC group (Lys-BOC) and 

L2 that is comprised of six Lys-BOC subunits. These receptors bind anions directly 

through interactions with the peptide backbone or with the carbamate protons of BOC 

groups. Complexation affinities of L1 and L2 ligands toward halogen (Cl–, Br–, I–) and 

structural anions (ClO4
–, HSO4

–, H2PO4
–, NO3

–, NO2
–, SCN–) in acetonitrile were 

investigated by means of mass spectrometry, 1H NMR and isothermal microcalorimetric 

titrations. More information about the structural characteristics of the cyclopeptide 

binding sites and microscopic image of the anion binding processes was gained by 

molecular dynamics simulations with explicit solvent molecules. 

Acknowledgements: This work has been fully supported by Croatian Science Foundation under 

the project IP–2014–09–7309 (SupraCAR). 

 

[1] S. Kubik, Acc. Chem. Res. 2017, 50, 2870–2878. 
[2] D. Mungalpara, A. Valkonen, K. Rissanen, S. Kubik, Chem. Sci. 2017, 8, 6005–6013. 
[3] R. B. P. Elmes, K. A. Jolliffe, Chem. Commun. 2015, 51, 4951–4968. 
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Parlov Vuković, Jelena ............................. 31 
Pavkov-Keller, Tea ................................... 54 
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Tomišić, Vladislav ............. 34, 50, 52, 60, 64 
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Zlatković, Dragan B. ................................. 48 

   



 The Adriatic NMR Conference 2018 

68  June 15–17, 2018, Mali Ston, Croatia  

PARTICIPANTS 
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