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PhD Thesis Review Report

Candidate: Daria Wojtala

Title: The influence of N-methylphenethylamine moiety on the antibacterial and anticancer activity
in vitro of the phosphino Ir(lll) and Ru(ll) organometallic compounds

Institutions: University of Wroctaw & University of Ferrara

The submitted PhD thesis by Ms. Daria Wojtala which comes from one of the most reliable
laboratories in biological inorganic chemistry represents a comprehensive, well-structured, and
scientifically rigorous body of work in the interdisciplinary field of biological inorganic chemistry.
The candidate has addressed a significant biomedical challenge—the development of dual-action
metal-based compounds with antibacterial and anticancer activities—by synthesizing and
evaluating novel Ir(lll) and Ru(ll) organometallic complexes bearing phosphine—alkaloid ligands. The
research benefited from international collaboration, as evidenced by co-supervision, access to
advanced infrastructure. This speaks to the visibility and validation of the research in the
international community. Collaborations across disciplines—synthetic chemistry, spectroscopy,

pharmacology, and computational chemistry—are increasingly necessary in tackling complex
bioinorganic challenges.

The main concept of this thesis is the development of dual active formulations anticancer
and antimicrobial ones: The concept of combining antibacterial and anticancer activity within a
single organometallic framework is both novel and strategically valuable. This dual functionality
aligns with the increasing need for multitarget therapeutics, especially in settings such as cancer
patients prone to secondary infections or in immunocompromised individuals, where controlling
both malignancy and microbial complications is essential

The candidate’s work has already resulted in three peer-reviewed publications and one
manuscript in preparation, with one of the published articles featured on a journal cover—a
testament to the quality and relevance of the research. These include:
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 D.B. Woijtala, U.K. Komarnicka, A. Kyziot, S. Koziet, M. Szmitka, M. Stowikowski,

J. Kulczyriska, G. Stochel, “Cellular Mechanistic Considerations on Cytotoxic Mode of Action of
Phosphino Ru(ll) and Ir(lll) Complexes”, European Journal of Inorganic Chemistry, 2023, 26, 33,
€202300515. DOI: 10.1002/ejic.202300515; IF: 2.2 Back Cover, DOI: 10.1002/ejic.202300637

e D. Wojtala&, S. Koziet&, M. Szmitka, P. Kedzierski, D. Bieriko, U.K. Komarnicka, “Insights into the
binding of half-sandwich phosphino Ir(lll) and Ru(ll) complexes todeoxyribonucleic acid, albumin
and apo-transferrin: Experimental and theoreticalinvestigation”, Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy,2024, 304, 123289. DOI: 10.1016/j.saa.2023.123289; IF:
4.3; & —first author

» D. Woijtala*, S. Koziet, M. Witwicki, A. Niorettini, K. Guz-Regner, G. Bugla-Ptoskonska, S. Caramori,
U.K. Komarnicka*, “Antibactericidal Ir(lll) and Ru(ll) Complexes with Phosphine-Alkaloid Conjugate
and Their Interactions with Biomolecules: A Case of N-Methylphenethylamine”, Chemistry — A
European Journal, 2023, 29, 62, e202301603. DOI: 10.1002/chem.202301603; IF: 3.9; * -
corresponding author

 D. Wojtala, A. Barzowska-Gogola, B.Pucelik, M. Witwicki, A. Niorettini, A. Kyziot, V. Sebastian, U.K.
Komarnicka, “Organometallic Ir(lll) and Ru(ll) compounds with phosphine derivatives of alkaloids
loaded in magnetic micelles to increase selectivity towards anticancer cells”, ACS Applied Materials,
in preparation.

One of the most compelling strengths of this thesis is the innovative design of phosphine
ligands conjugated with N-methylphenethylamine (NMPEA) and phenylephrine (PF)—ligands not
commonly used in the development of metal-based therapeutics. These alkaloid-like motifs are rare
in coordination chemistry, particularly in the context of organometallic anticancer and antibacterial
agents, but are gaining increasing interest due to their potential biological activity, including B-
adrenergic receptor bind'ing and antiangiogenic properties.

The strategy of replacing conventional alcohol or amine groups on phosphine ligands with
bioactive alkaloids represents a novel structure—activity hybridization approach, aligning with
current methodologies in medicinal organometallic chemistry, as seen in recent advances in metal—
drug conjugates (e.g., ferrocenyl-tamoxifen hybrids, phosphine—chloroquine derivatives). This work
significantly contributes to expanding the chemical toolbox for ligand design in bioorganometallic
chemistry.

The synthesis of air-sensitive phosphine ligands and their Ir(lll) and Ru(ll) complexes under
an inert atmosphere using Schlenk line techniques demonstrates a high level of technical
competence. The thesis details meticulous handling and purification of phosphines—compounds
that are typically prone to oxidation—which is essential for preserving ligand integrity and
reproducibility.

This synthetic rigor is increasingly critical as many new bioactive metal complexes involve
low-valent metals and reactive phosphines. The reproducibility and scalability of such syntheses are
essential for further biological testing, and this work meets those high standards.

The structural and physicochemical characterization of the synthesized complexes is
exhaustive and well-documented, including:
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NMR ('H, ®'P): Confirming ligand coordination and integrity.
UV-Vis: Providing insight into metal-to-ligand charge transfer (MLCT) and ri-rt* transitions.
Mass spectrometry (MS): Verifying molecular weights and fragmentation patterns.
Thermogravimetric analysis (TGA): Assessing thermal stability.
Cyclic voltammetry (CV): Characterizing redox behavior.
Transmission electron microscopy (TEM): Evaluating morphology at the nanoscale.
DFT calculations: Supporting proposed geometries and electrostatic surface potential (ESP)
distributions.

This integrative use of analytical methods is consistent with best practices in the field and
supports the structure—property relationship claims made throughout the thesis.

The biological studies are impressively comprehensive, combining antibacterial (MIC/MBC),
anticancer (MTT cytotoxicity), and mechanistic assays (apoptosis induction, NADH/GSH interactions,
DNA cleavage). The coordination compounds were screened against:

Gram-positive and Gram-negative bacteria, including S. aureus, E. coli, and P. aeruginosa;
Cancer cell lines, with results indicating selective cytotoxicity;
Molecular targets, to evaluate apoptosis and oxidative stress mechanisms.

Such multimodal testing reflects modern pharmacological evaluation protocols, where
compounds are expected to undergo diverse in vitro assessments before further development. The
use of standard bacterial strains and controls, along with mechanistic exploration of bacterial
membrane permeability and biofilm resistance, places this thesis at the forefront of research on
metal-based dual-action therapeutics.

The thesis successfully identifies key structure—activity relationships (SAR), particularly
showing how alkaloid conjugation:
Improves selectivity toward Gram-positive bacteria,
Enhances bactericidal activity (MBC/MIC < 4 for IlPNMPEA),
Modulates anticancer potency and mechanism of apoptosis.

This SAR analysis is grounded in both empirical data (MIC, MBC, cytotoxicity) and theoretical
modeling (DFT and ESP maps), and is reinforced by statistical validation (e.g., ANOVA tests). These
insights are essential in modern drug development, where rational ligand optimization is central.

In summary thesis illustrates:

Innovative chemical design, introducing phosphine ligands derived from N-methylphenethylamine
and phenylephrine, which are not often used as ligands groups in this type of research.

Excellent synthetic work, handling air-sensitive phosphines under inert atmosphere using Schlenk
techniques.

Broad analytical characterization, including NMR, UV-Vis, MS, TGA, CV, TEM and DFT optimization,
confirming the structural integrity and chemical behavior of the synthesized complexes.

Exhaustive biological investigation, combining antibacterial assays (MIC/MBC), anticancer
cytotoxicity, mechanistic apoptosis studies, and interaction with key biomolecules (DNA, NADH,
GSH, etc.).

Clear demonstration of structure—activity relationships, showing how alkaloid incorporation
enhances both selectivity and activity of the compounds.

Effective collaboration across disciplines and institutions, as evidenced by co-supervision and use of
external facilities.
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Based on the above mentioned, | am glad because | can propose approval of this Thesis.

While the thesis is overall of high quality, the following constructive comments are provided to
enhance future work or publications derived from this research:

In some parts of the text, terms such as "anticancer activity in vitro" and "cytotoxic activity" are
used interchangeably. A clearer distinction between general cytotoxicity and selective anticancer
activity (i.e., versus cancer vs normal cells) would benefit readers less familiar with the field.
Throughout the thesis, there are statements implying that the synthesized compounds are broadly
“anticancer” or “antibacterial” based on in vitro data on a small number of cell lines and bacterial
strains. For example:

“...compounds exhibited high anticancer activity.”

This could be limited toned down to “cytotoxic activity in selected cancer cell lines” unless broader
evidence is provided.

Although the inclusion of phenylephrine or N-methylphenethylamine moieties is innovative, the
biological rationale for their use is underdeveloped. It is unclear:

Whether these moieties improve cell targeting, lipophilicity, or receptor interaction.

Why these specific alkaloids were chosen over others with known bioactivity.

Thus, the structure—function hypothesis is not fully supported by discussion or references.

The encapsulation of compounds in micelles (system D4) is mentioned as an innovative delivery
approach, but: (i) No clear methodology, encapsulation efficiency, or release kinetics are provided.
(i) It is unclear whether biological effects are due to encapsulation or free compound.

The conclusions drawn from micelle-based systems are therefore premature without more data.

It would be more convenient for the reader : (i) if the biological tests (MIC, MBC, ICso, apoptosis
assays) are compared with the corresponding of positive controls (e.g., cisplatin, gentamicin) in all
figures/tables. (ii) if the selectivity index (SI) could be provided (ICso cancer vs normal cells). (iii) if
the statistical analysis, confidence intervals, or p-values in graphs could be added.

“...display multimodal interactions with DNA, but intercalation and minor groove binding were the
dominant ones. Similar results were obtained for RUPNMPEA. Whereas, IrPNMPEA prefers to
intercalate...” intercalation and groove binding are mutually exclusive in terms of molecular
position, so “multimodal” should be justified with methods like CD spectroscopy or viscosity
measurements.

The phrase “electrostatic properties calculations” is unclear. Is this referring to molecular
electrostatic potential (MEP), charge distribution, or something else?

"Better anticancer activity and successful participation in clinical trials" (RAPTA-C). RAPTA-C has not
reached advanced clinical phases. Use more precise phrasing (e.g., "preclinical promise" or "ongoing

investigations").

"Stabilators" Not a standard term. Consider replacing with "stabilizing ligands" or "structural
stabilizers."
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» "Not easily displaced" (for arene ligands) "Inert" is a better and more scientific term; also, aromatic
ligands can be labile under specific conditions.

> SOC (spin-orbit coupling) effects are described as significant only for Ir, but then used for Ru-based
complexes as well. This is contradictory. Ru(ll) has lower SOC effects than Ir(Ill), but not negligible.
The explanation is inconsistent.

» “Practically all received compounds are soluble in methanol... and mixture of mentioned solvent
with water but are insoluble in water alone.” Later biological studies in aqueous or partially agueous
media may contradict this without mentioning solubility-modifying agents (e.g., DMSO stock
dilution).

» “The bands below 350 nm are dominated by the d—d transitions.” Transitions below 350 nm in Ru(ll)
and Ir(Ill) complexes are more likely ligand-centered m—m or LMCT*, not strictly d—d. Especially in
half-sandwich complexes, d—d transitions are typically weak and masked.

» “..the pseudo-molecular ion peak [M + HJ+...” In electrospray ionization (ESI), the term “molecular
ion” is discouraged. The correct term is “protonated molecular species” or “quasi-molecular ion.”

» “IrPOH and RuPOH... are rather inactive against employed bacterial strains.”
But Table 1 shows MIC ~26—30 pM and MBC ~50-60 puM.

» It would be better to compare the values in Table 1 with those of standard antibiotics (e.g.
ciprofloxacin, vancomycin).

Minor typos, Gramma

“Development of compounds with antibacterial and anticancer activity...” change to “The
development of compounds with antibacterial and anticancer activity...”

Instead of “Complex was characterized by NMR and MS.” The correct is “The complex was
characterized by NMR and MS.”

“The data shows a clear trend...” change to “The data show a clear trend...” (since “data” is plural)
“It should be noted that the results obtained clearly indicate...” turn to “The results clearly
indicate...”

Instead of “Due to the fact that...” write “Because...”

Instead of “The complex is synthesized and was characterized...” the correct is “The complex was
synthesized and characterized...”

“After purification the complex was dried.” Please turn to “After purification, the complex was
dried.”

Some abbreviations (e.g., MIC, DMSO, ROS) are used without being defined at first use.

in conclusion this research was facilitated through competitive external grants and
supplemented by institutional financial backing secured by the lead supervisor, Prof. Urszula
Komarnicka. These resources enabled the implementation of a demanding and forward-looking
research plan.
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Ms. Daria Wojtala used international collaborations and demonstrated interdisciplinary
training. She undertook several specialized research at institutions across Europe and the United
States, including Colorado State University, the University of Padova, and the University of Ferrara.

Her commitment extended beyond the immediate objectives of her thesis. She contributed
significantly to a broader spectrum of projects, leading to co-authorship in nine peer-reviewed
publications, which reflects her integrative role in multi-investigator teams. Furthermore, she
actively disseminated her work at twelve national and international conferences, establishing
visibility and academic presence in the field of biological inorganic chemistry.

Ms. Daria Wojtala received two consecutive awards in the “Young Researcher” competition
at the University of Wroctaw. Finaly, she awarded with trave grand by the Society of Biological
Inorganic Chemistry (SBIC).

Thefore, | confirm that the doctoral dissertation submitted by Ms. Daria Wojtala represents an
original and substantive contribution to addressing a complex scientific problem. The work clearly
demonstrates the candidate’s solid expertise and her ability to apply advanced spectroscopic,
analytical, and biological methodologies to tackle interdisciplinary questions at the interface of
chemistry and biology.

The dissertation fully satisfies the formal and academic standards required for a doctoral degree, as
outlined in the Law on Higher Education and Science of July 20, 2018. Therefore, | strongly
recommend that the Chemical Sciences Discipline Council of the University of Wroctaw proceed with
the next stages of the doctoral qualification process.

Furthermore, in view of the high scientific merit of the dissertation and its valuable contribution to
the fields of coordination and biocinorganic chemistry—as thoroughly documented in this review —|
respectfully propose that the Council consider awarding the distinction to Ms. Wojtala's
dissertation.
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Prof Sotiris K Hadjikakou
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