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REPORT ON THE DISSERTATION ENTITLED
“EFFICIENT CHELATING AGENTS FOR Zr(IV) IONS:
DESIGN, SYNTHESIS AND THERMODYNAMIC PROPERTIES”

The basis for issuing the opinion on the doctoral dissertation of MSc. Yuliva Toporivska is
the letter of Prof. Dr. Hab. Marcin Stepien, Chairman of the Scientific Council of the
Chemical Sciences Discipline of the University of Wroctaw on July 14, 2021
(DWCh.412.8.2021.4AK)

A dissertation submitted by MSec. Yuliya Toporivska consists a basis for awarding the
Doctoral degree. The thesis has been conducted under the supervision of Prof. Elzbieta
Gumienna-Kontecka at the Faculty of Chemistry, University of Wroclaw, and it is a creative
extension of the research topics in this team. Due to the multidisciplinary character of the
research work presented in this thesis as well as considerable number of experiments
performed, the report will be divided into separate sections describing the various aspects of

the thesis.

1) Thesis content and contribution to the field

This dissertation is focused on developing a novel chelators for **Zr(IV) radiometal and
understanding of the in vivo speciation and differences in biological activity of proposed
chelators. The thesis contains very extensive research program that concerns generation of a
series of Zr(IV) complexes with tri- and tetra-hydroxamic (or mixed donor) of ten ligands
with linear, cyclic and pendant arrangements and their full characterization and
thermodynamic solution studies. The excellent reputation of the PhD student's supervisor,
Prof. Elzbieta Gumienna-Kontecka and the research team in which the work was performed
let me to expect high quality of the results presented in the dissertation, which is indeed
confirmed by a closer look at the results. Based on the fact that in recent years we have
observed a steadily growing interest of chemists and representatives of medical sciences in the
search for the most effective chelators for non-invasive in vivo imaging agents, I believe that

the scope of work presented in the dissertation is extremely important and useful not only
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from a purely scientific point of view, but also due to the high application potential of the
presented results.

The work is written in a standard layout. It begins with the List of contents, followed by
the List of symbols and abbreviations, Abstract, Introduction, Main aims of the work,
Experimental part, Results, Discussion, Conclusions and perspectives, List of publications,
Scientific activity. List of Tables, List of figures, Literature and ends with Appendix.

The thesis consists of five chapters:

1) illustrates the isotopes and properties of ¥Zr and its extensive application as a
radiotracer for immuno-position emission tomography with monoclonal antibody;

2) contains the main goals of the work based on the search for the most promising
candidates among chelators for non-invasive in vivo imaging agents;

3) describes the methods of preparation in multi-step syntheses of ligands and their
analysis and the thermodynamic solution studies;

4) contains the results of the conducted research presented in the form of detailed
descriptions of experiments, spectra, tables, graphs and, as it can be concluded, it is the most
extensive part of the dissertation (45 pages);

5) reports a discussion of the results obtained, generally a comparative evaluation of the
ability of hydroxamate ligands to chelate zirconium ions.

The introduction is divided into three sub-chapters. The first subchapter describe detailed
characteristics of zirconium isotope production and its aqueous chemistry. The second focuses
on the most important ¥Zr chelators such as desferrioxamine B (DFOB) and its derivatives:
linear, cyclic, tetrapodal and various alternative ligands: DOTA, tetrahydroxypyridione ligand
and its derivatives (THPN or catechol-based version of HOPO ligand). The literature section
is written using ‘scientific, concise language and provides an ideal introduction for the reader
of this dissertation.

It is noteworthy that the PhD student used various analytical techniques such as ESI-MS
spectrometry, potentiometry, UV-Vis spectroscopy and ITC - Isothermal Titration
Calorimetry to perform and analyze all experiments. It is noteworthy that these techniques are

typically used in various scientific settings, which demonstrates the high commitment of the
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PhD student to highly research projects as well as undoubted high experimental and analytical
skills.
The dissertation ends with conclusions and perspectives indicating the key role of the

performed studies in the co-ordination chemistry for Zr(IV) complexes in solution.

2) Quality of the work

In the dissertation, the candidate showed to possess a good knowledge and
understanding on the basic principles of not trivial part of coordination chemistry. The
discussion of the results is profound. Some parts of the results described in the doctoral thesis
have already been published in very good specialist journals such as Journal of Inorganic
Biochemistry and Inorganic Chemistry, in which the quality of results and their originality is
scrupulously evaluated by external reviewers and editorial board. For this reason, I think that
re-describing and re-evaluating the quality of these data and summarizing them again is
unnecessary. Despite this, I think that the quality of the presented results is very high as they

cover very extensive thermodynamic investigations of new complexes with Zr(I'V).

3) Presentation:

The presentation is very good, in particular in view that the candidate is not a native
speaker. The quality of figures and graphics used for the schematic representation of the
results obtained is very high. Descriptions and the format of the thesis are clear. The
experimental data are presented concisely and clearly. There is a good balance between the

different parts of the dissertation. The references seem to be well matched (160 items).

4) Originality
There are several aspects of the scientific novelty contained in this doctoral thesis,
of which full characterization a series of Zr(IV) complexes with tri-and tetra-hydroxamic (or
mixed donor) ligands and its thermodynamic studies in solution, I found particularly attractive
as guidelines in the strategy for modification of more effective PET chelators. Also, I
appreciate overcoming the difficulties encountered in characterizing Zr(IV) complexes in

solution, since solution studies of such complexes are not trivial due to the strong hydrolysis
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of Zr(IV) over almost the entire pH range, the formation of complexes at very acidic pH, and

the lack of spectral information.

5) Summ

Summing up, | am convinced that the research undertaken by the PhD student and her
supervisor concerns the most current issues in a very active field of modern science -
coordination chemistry. The results, which have already been published in two specialist and
prestigious journals, are an expression of scientific innovation and effectiveness of the
formulated tasks. [ can only assume that another publication covering the results contained in
this dissertation is in preparation. I find the dissertation of MSc. Yuliya Toporivska is a
conceptually very interesting research work on an important issue, which is the possibility of
using Zr(IV) complexes in the extremely important in medicine PET imaging - Position
Emission Tomography. The work was properly conducted and reported with due care and

competence, and the analysis of the experimental results is insightful.

I cannot underestimate the exceptional scientific activity of the Doctoral Student, in
addition to two publications that are part of her doctoral dissertation, she is also a co-author of
3 other publications. Moreover, she took part in three scientific internships. One of them
under Erasmus + Programme and COST Action CA18202, NECTAR: Network for
Equilibria and Chemical Thermodynamics Advanced Research in two laboratories, Prof.
Maurizo Remelli and Prof. Remo Guerrini in Department in Chemistry at Ferrara University.
The second scientific mission from FP7, Maria Sklodowska-Curie Actions International
Research Staff Exchange Scheme, “METALLACROWNS”: Design and elaboration of
novel topological drugs based on cage compounds, was spent in the laboratories of Prof.
Igor Fritsky at Taras Shevchenko National University of Kyiv and Prof. Vincent L. Peccoraro
at Department of Chemistry at University of Michigan. The third internship was spent at the
Princeton Biomolecular Research Labs in Kyiv as part of the Horizon2020, Maria
Sktodowska-Curie Actions, Research and Innovation Staff Exchange Programme,

“CLATHROPROBES”: Chiroptical, optical and magnetic probes for protein sensing
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based on cage metal complexes’. The 18 months spent in other labs is the best

evidence/proof of MSc. Yuliya Toporivska's research curiosity and she is open-minded.

In view of the above, I believe that the dissertation meets all the requirements set forth by
the Ministry of Science and Higher Education and I recommend the Scientific Council of the
Discipline of Chemical Sciences at the University of Wroctaw to award the candidate the PhD
degree. At the same time, due to the high quality of experimental results contained in the
doctoral dissertation, innovative ideas, which will certainly affect the development of the

studied field, I recommend its distinction.
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