
 

 

Prague, December 9th, 2024 
 
 
OPPONENT'S REVIEW for doctoral thesis of Mgr. Jakub Šrein 
 
“Phenolate-bridged dimeric macrocyclic ligands” 
 
“Dimerní macrocyclické ligandy spojené fenolátovým můstkem” 
 

This Ph.D. thesis presents two new ligands consisting of two macrocyclic cyclam units 
linked via a phenolate bridge and investigates in detail their copper(II) complexes. The 
compounds are new and fill the knowledge gap that existed within a series of analogous bis-
macrocyclic compounds. The motivation for this work is that such complexes can mimic the 
active sites found in numerous metalloenzymes and hence have interesting catalytic activity. 
The topic is thus relevant, scientifically interesting and enriching for the field of bio-inspired 
coordination chemistry. The thesis is written in the non-abbreviated format, covering 79 pages 
of the main text, supplemented by an appendix containing experimental data. Importantly, the 
main results of the thesis were published in Eur. J. Inorg. Chem. with the Ph.D. candidate as 
the first author. 

The formal format of the thesis is at a good level. The text in English is easy to read and 
understand, although not free from some mistakes and typos. The introduction part covers all 
the aspects necessary to understand the topic of the thesis. Particularly discussed are copper 
complexes naturally occurring in enzyme active sites and their role in the catalytic activity. 
Then, the focus shifts on bio-inspired synthetic systems designed to serve as catalysts, moving 
towards the macrocyclic and bis-macrocyclic systems that are the major topic of the thesis. 
Some non-catalytic uses of these coordination compounds are also briefly covered. The Aims 
are clearly defined. The main text, figures and tables are well structured and easy to navigate. 
The Results are presented in a clear way, supported by primary data, and discussed 
thoroughly. It is, of course, unfortunate that the studied compounds were found not to behave 
as planned. Namely, the phenolate bridge was found incapable of simultaneous coordination 
to both metal centers, and the compounds were rather unstable. This prevented their use as 
catalysts, which was the primary reason to study them. However, this is the risk undertaken in 
every basic research. These limitations are admitted in the Conclusions, while focusing on the 
bright side – the knowledge that was gained. The references to previous works are relevant 
and up to date, although their number (73) seems on the low side. 

The work describes several new compounds, mainly two new bis-macrocyclic systems, 
detailing various synthetic approaches (including the unsuccessful ones) before delving deep 
into the investigation of their mono- and bis-copper(II) complexes. These are subjected to 
thorough scrutiny with a range of analytical techniques, including high-performance liquid 
chromatography with mass spectrometry (HPLC-MS), X-ray crystallography, potentiometry, 
cyclic voltammetry and polarography. The design of the experiments and the methods used 
seem appropriate. It must be acknowledged that the studied system is inherently complex, 
characterized by a dynamic mixture of coordination isomers. The candidate has addressed 
this challenge effectively. While some gaps remain, these are not due to a lack of effort but 
rather the current limitations of available methods to further elucidate the problem. 
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Some errors and typos that I found in the thesis are not critical and I will be happy to 
share them separately. I have only two questions to which I would like to receive answers from 
the Ph.D. candidate: 

 
1. The Britton-Robinson buffers were used for electrochemistry. The exact composition is not 
specified in the experimental part. To cover the broad range of pH = 2 – 12, these buffers 
typically use a mix of different anions. Some of them can potentially be capable of coordination 
to the copper(II) ions, such as phosphate, acetate or citrate. The crystal structures have shown 
that chloride and even some poorly coordinating anions like sulphate and perchlorate can bind 
to the central copper ion in solid phase. Can thus the choice of the buffer have a significant 
effect on the electrochemical measurements? Was this considered in the study design? 
 
2. For synthesis of Tri-tert-butyl-1,4,8,11-tetraazacyclotetradecane-1,4,8-tricarboxylate (1), 3 
equivalents of Boc2O were used. This should theoretically lead to a statistical mixture of bis- 
(in multiple isomers), tris- and tetra-Boc cyclam. However, separation only of tris- and tetra-
Boc compounds is discussed in the procedure. Were there any bis-Boc byproducts formed, 
and how were they removed? 
 

In conclusion, I approve and recommend the thesis of Mgr. Jakub Šrein for the final 
defense leading to a Ph.D. degree. I also declare that I have no conflict of interests in relation 
to the topic or to the author. 
 
 
 

 
 
 
RNDr. Miloslav Polášek, Ph.D. 
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