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Referee’s report on the PhD thesis of Jakub Srein with the title
»Phenolate-bridged dimeric macrocyclic ligands*

The thesis deals with the synthesis of novel bis(macrocyclic) ligands containing p-cresol
or p-nitrophenol moiety connecting two cyclam units and investigation of their mono-and
dinuclear Cu(II) complexes in terms of their preparation, stability, molecular structure in solid
state, behaviour in solution as well as electrochemical behaviour.

The thesis is designed as a full thesis, and thus, it contains all appropriate chapters. The
Introduction part deals with the role of copper in living organisms especially focusing on
selected examples of complexes mimicking some biological functions with respect to the
description of the coordination sphere and the mechanism of action. Macrocyclic and
bis(macrocyclic) ligands based on aliphatic polyamines and their complexes are also
introduced. This part is written clearly but sometimes the selection of particular examples is not
sufficiently justified.

The aims of the thesis are introduced in the next chapter, which describes mostly the
motivation why the topic was selected, but the real plan and description of the particular
structures (HL1 and HL2) are given only in the last short paragraph. Here, it is not clear if there
was another reason for the synthesis of this system except for the preparation of missing cyclam
analogues of tacn/cyclen derivatives shown in the Introduction part (ref. 44-48) — should this
system have any particular enzymatic activity (which one?), should they provide similar DNA
cleavage as observed for tacn/cyclen derivatives or are they potentially suitable as contrast
agents in medical diagnostics? Or was the aim to test any of this property/activity? This should
be clearly stated in this part.

The next chapter describes the obtained results and their discussion. It is clear the
ligands’ synthesis was a long-term process, it was tricky with many obstacles which were
finally successfully overcome. The numbering of the substances is difficult to follow, it is not
logical (synthesis on page 27 starts with compound 8, why not 1?), it should follow the order
of their presence in the text or some overall scheme. It should be done in the same way as it is
in the published paper of the author (Eur. J. Inorg. Chem. 2024, 27, €202400288). Then the
protonation constants of both ligands were determined by potentiometry and UV-VIS titration.
Cu(Il) complexes with both ligands were prepared and purified by chromatography or HPLC
and their solution behaviour in the pH range 2-12 was investigated by UV-VIS and
electrochemical measurements (cyclic voltammetry). All these results indicated that there are
multiple isomers in solutions (observed behaviour is complicated and complex) and the
phenolate oxygen atom does not serve as a bridging ligand between the two Cu(Il) ions
complexed by the cyclam subunits.

In the fourth chapter, summarized results and conclusions are clearly provided. The last
chapter describes experimental procedures and synthetic protocols. At the end, a list of
references is included as well.
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Here are some remarks which should be addressed by the author during the oral defence
of the thesis or in a new version of the thesis:

1) According to the text on pages 29-30, it is not clear if the deprotection of BOC
groups was performed also with HC1 or not (only for L1 or for both L1 and L2?). It
is written afterwards in the experimental part that deprotection using HCI is an
alternative procedure to TFA/DCM (only for HL1). Unfortunately, this is not clear
from the discussion.

2) A description of the synthesis of HL3 and compound 7 is missing in chapter 3.1. It
should be added and put into context earlier in the text.

3) The product of cyclotrimerization 2b was obtained by the action of SOCl,. What
was the temperature of the reaction? Was this trimer formed even at room or at lower
temperatures (like 0 °C?)

4) The caption of Fig. 3.24 is not correct.

Altogether, the thesis is written in an acceptable way despite it has some drawbacks
including some atypical English phrases and English mistakes, some parts not following logical
structure and a larger number of misprints or formal errors (e.g. p.7 — haemoglobin, p. 10 —
transportat, Fig. 1.7 — NCH3C as coordinated MeCN, p. 14 — definition of macrocyclic ligand
— “some heteroatoms” should be min. 3, p. 14 Fig. 1.8 — term “particles” is the used context is
not common, Fig. 1.13 — only two bonds for Zn ?, Fig. 1.14 — plerixafor is the same as p-XBC,
why it is not labelled in this figure?, p. 21 — term “bridging ligand” is not accurate, Fig. 2.1 —
“Ligand” — missing “s”, p. 27 - thrice protected, p. 64 — structural formula of HL2 is not correct,
Table 3.1 — missing references for cyclam and p-XBC, etc.). Otherwise, the thesis is rather
clear, the text is accompanied by appropriate figures, graphs and tables. The topic is finally
interesting, despite a low stability and decomposition of the prepared systems, but the
motivation should be described in a more specific way.

What is more serious, at least in my opinion, is that the amount of results presented in
the thesis is not sufficient. Based on the presented results, one paper has been published (Eur.
J. Inorg. Chem. 2024, 27, €202400288) and the thesis does not contain any other results
(including, for example, unsuccessful or incomplete results). Thus, the thesis contains results
for preparation of one publication only, which is below the standard for similar PhD theses in
chemistry, which usually contain results for preparing at least 2-3 publications. Therefore,
mainly because of this reason, the overall quality of the thesis can be evaluated as insufficient.

Altogether, the quality of the experimental work is good, but the quantity of the
presented scientific results is below the standard and thus, the thesis does not fulfil the
criteria for PhD theses and I do not recommend it for a public defence. Therefore, I do not
suggest awarding Jakub Srein with the title of Ph.D. N
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