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Review report on the Ph.D. thesis by Daria Wojtala entitled

The influence of N-methylphenethylamine moiety on the antibacterial and anticancer activity

in vitro of the phosphino Ir(111) and Ru(ll) organometallic compounds

According to forecasts recently published in a prestigious journal, The Lancet, diseases
caused by pathogens resistant to available drugs may cause death of over 39 million people
worldwide within the next 25 years. These alarming forecasts are related to the resistance
of pathogenic cells (bacteria, viruses, fungi, cancer cells) to antibiotics and cytostatic drugs. Drug
resistance inhibits an effective therapy, and with an increasing number of bacteria and cancer cells
resistant to standard treatment methods, it poses a serious threat. From this point of view, it is
necessary to intensify research on new drugs and therapy methods. Therefore, the challenge
scientists have to face is to develop new antibiotics and cytostatics as well as methods of therapy
that will be effective in the treatment of bacterial infections and cancers resistant to traditional
therapeutic means. This area of research also inspired the PhD student who decided to design
innovative organometallic compounds of Ir(I11) and Ru(ll) with N-methyl-2-phenylethanamine
as a tool in combat against cancer and bacteria.

The doctoral dissertation by Daria Wojtala, MSc which serves as the basis for
the procedure aimed at obtaining a doctoral degree in the field of exact and natural sciences,
in the discipline of chemical sciences, was prepared and written in an international scientific team
supervised by Urszula Komarnicka D.Sc., Sandra Koziol, PhD (auxiliary supervisor)
from the Faculty of Chemistry, University of Wroctaw (Poland)and Professor Stefano Caramori
from the Department of Chemical, Pharmaceutical and Agricultural Sciences, University
of Ferrara (Italy).

The doctoral dissertation takes the form of a thematically coherent collection of three

articles published in 2023-24 in European Journal of Inorganic Chemistry (D1), Spectrochimica
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Acta Part A: Molecular and Biomolecular Spectroscopy (D2), Chemistry — A European Journal
(D3) and one article in preparation for ACS Applied Materials (D4). Results of scientific studies
have been published in prestigious journals with global reach, finding recognition among
reviewers and editors who set high standards at the stage of their publication. The PhD student
is the first author in all of these multi-author works with an XIF of ~10. Her contribution
to scientific research is significant, which is confirmed by the co-authors of the works in their
statements attached to the doctoral dissertation.
The thematic coherence of the original articles constituting the doctoral dissertation is built upon
a rational plan for designing Ir(I11) and Ru(ll) compounds with N-methyl-2-phenylethanamine
as a solution in combat against cancer and bacteria. In her research study, the PhD student
considers and applies various structural modifications and examines their effect on antibacterial
and anticancer activities, which contributes to finding combinations of structural features that
allow optimizing the desired therapeutic effects.
The original articles resulting from her research, together with extensive supplementary materials
attached to the work confirm the reliability and completeness of all the experiments. The data
presented in both the publications as well as the self-report are presented clearly in the form
of NMR, UV-Vis, MS spectra, voltammograms, tables, and schemes. The applied research
workshop and the manner in which the results are presented indicate very good substantive
preparation of the PhD student combined with great experimental proficiency and the ability
to draw logical conclusions.
From the formal point of view, the doctoral dissertation, which is a guide to the published articles,
is a 98 pages long typescript which includes the table of contents, list of abbreviations, summary
in both Polish and English (3 pages), literature review, objectives of the work, experimental part,
results and discussion, resume, and a list of 138 literature positions. In addition, at the end of the
doctoral dissertation, the updated Curriculum Vitae of the PhD student presenting her scientific
activity was enclosed.

The study begins with an Introduction, in which the Author presents the current state
of research on Ir(111) and Ru(ll) complexes based on literature data. In the following part, she
briefly describes phosphine ligands, demonstrating their key role in the formation of the Au(l)

complex with a drug status (including Auranofin —a drug used in rheumatoid arthritis containing
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triethyl phosphine in its structure). She then cites literature examples of Ru(ll) and Ir(Ill)
phosphine complexes, indicating their cytotoxic and antibacterial potential determined in vitro.
At the same time, she points to the poor resources of experimental reports on the mechanism of
action of Ir(111) and Ru(Il) complexes, which inspired and motivated the PhD student to make her
own research credible. It is worth noting that in-depth literature studies allowed the PhD student
to formulate very ambitious research goals. In her doctoral thesis, Daria Wojtala, MSc focused on
the design and synthesis of innovative Ir(111) and Ru(ll) coordination compounds with a modified
phosphine ligand and the determination of their application potential.

The most extensive chapter, Results and Discussion, presents very extensive research
material (D1-D3), which constitutes the basis for discussion and formulating conclusions,
and also for the PhD student to outline research perspectives as part of the future completion of
the presented topic (D4). To achieve the goals outlined in the dissertation, the PhD student
synthesized an alkaloid derivative (N-methyl-2-phenylethanamine (PhoPCH2N(CHz3)(CH>)2Ph,
PNMPEA). Then, the Ir(lll) and Ru(ll) containing the alkaloid complexes
((Ir(>-Cp*)CI2Ph2PCH2N(CH3)(CH2)2Ph, (IrPNMPEA) where n5- Cp* is pentamethyl-
cyclopentadienyl, and Ru(ll) (Ru(n®-p-cymene) Cl.Ph,PCH,N(CH3)(CH2)2Ph, (RUPNMPEA)),
(D3), have been obtained. Anyone who had the opportunity to conduct research on the synthesis
of iridium and ruthenium compounds will appreciate the time the PhD student had to devote
to obtaining the results presented in the original manuscripts. I would like to emphasize the PhD
student's enormous skills in the preparation of the compounds. Today, this has already become
a rare skill, especially among young researchers. Moreover, having analyzed the studies
of the complexes produced, | can describe them as versatile. A wide range of methods was used
to determine the composition of the coordination sphere, which I mentioned earlier in the review.

In the next stage of fulfilment of the objectives included in the doctoral dissertation,
D. Wojtala, MSc focused on in-depth biological studies of her Ir(l11l) and Ru(ll) complexes
with N-methyl-2-phenylethanamine which involved the study of i) interactions with biomolecules
(e.g. B-nicotinamide adenine dinucleotide, glutathione, ascorbic acid, DNA; ii) in vitro cytotoxic
and antibacterial activity; iii) proposing the mechanism of bacterial and cancer cell death induced
by the tested compounds (D1-D4). It is worth noting that the PhD student simultaneously studied
analogous complexes without the alkaloid motif (Ir(n5-Cp*)Cl.Pho,PCH.OH (IrPOH)
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and Ru(n®-p-cymene)CI.Ph,PCH,OH (RuPOH)), to demonstrate the influence of this fragment
on the creation of biological parameters. The above-mentioned comparative Ru(ll) and Ir(I1l)
complexes were also independently synthesized based on literature data.

The undoubted achievements among the rich experimental material presented in the doctoral
dissertation include i) the presentation of the physicochemical characteristics of new
organometallic complexes of Ir(I1l) and Ru(ll); ii) demonstration of the synergistic effect
of the N-methylphenethylamine fragment on the antibacterial activity and the rate of generation
of reactive oxygen species responsible for bacterial and cancer cells death; iii) proposal
of an intracellular mechanism of in vitro cytotoxic action of the tested Ru(ll) and Ir(Ill)
compounds.

The concept of the work is scientifically mature and well-thought-out. The diligence visible both
in the experimental work and in the editorial development of the dissertation deserves recognition.
| have no fundamental reservations about the reviewed doctoral dissertation, which was a great
pleasure to read. While reading this part of the doctoral dissertation, | formulated some questions
that require clarification:

1. What was the purpose of performing thermogravimetric studies on compounds with potential
biological activity?

2. Were any attempts made to obtain the coordination compounds of Ru(ll) and Ir(I1l) with an
alkaloid derivative (N-methyl-2-phenylethanamine) in a crystalline form?

To sum up my review, | would like to state that Daria Wojtala, MSc demonstrated the
ability to use modern spectroscopic and analytical techniques and biological experiments, the
appropriate selection of which allowed her to attempt to explain the mechanism of cytotoxic
activity of the tested organometallic Ir(111) and Ru(ll) compounds with a phosphine derivative
of the alkaloid (N-methyl-2-phenylethanamine). In the implementation of this interdisciplinary
research at the world scientific level, the key role was played by the financial support granted
by the National Science Centre as part of the Preludium project and the possibility of co-financing
scientific research from external financial resources guaranteed by the supervisor, Urszula
Komarnicka, DSc and an auxiliary supervisor (Sandra Koziet, PhD). While building her position
as a modern young researcher, the PhD student was open to acquiring new competencies and skills

during short-term internships abroad (Department of Chemistry at the Colorado State University;
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Department of Pharmaceutical Pharmacological Sciences at the University of Padova;
Department of Chemical, Pharmaceutical and Agricultural Science at the University of Ferrara),
and domestically (Institute of Genetics and Microbiology, Department of Microbiology,
University of Wroctaw; Inorganic Chemistry Department, Faculty of Chemistry, Jagiellonian
University in Krakéw; Laboratory of Environmental Research Civil-law partnership).

It is worth emphasizing here that Daria Wojtala, MSc actively participated in scientific
research that went beyond the subject of her doctoral dissertation, obtaining valuable results
published in multi-author scientific publications (9 published; IF ~29). The PhD student also
successfully presented the results of her research at 12 national and international conferences.
In addition, for her above-average scientific activity, she received i.a. the P.L. Sosobowski
scholarship, the Jan Mozrzymas scholarship for interdisciplinary researchers, and was also twice
the laureate of the "Young Researcher" competition organized by the University of Wroctaw
as part of the Research University Excellence Initiative project, and received an award for young
scientists from the Social of Biological Inorganic Chemistry (SBIC).

In conclusion, | state that the doctoral dissertation by Daria Wojtala, MSc presented
for evaluation constitutes an original solution to a scientific problem, confirming her knowledge
and ability to use modern spectroscopic and analytical techniques as well as biological
experiments to solve scientific problems on the border of chemistry and biology. The dissertation
fully meets the requirements set out for doctoral dissertations and defined in the Law on Higher
Education and Science Act of 20 July 2018, and | would like to place my positive recommendation
to the Chemical Sciences Discipline Council of the University of Wroctaw concerning Daria
Woijtala’s admission to further stages of the doctoral degree procedures. Moreover, taking into
account the high substantive value of the dissertation and its significant contribution
to the development of coordination and bioinorganic chemistry presented in detail in the review,
| appeal to the High Scientific Chemical Sciences Discipline Council at the University of Wroctaw

for its distinction.
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