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REPORT 

External Evaluation of Ph.D. Thesis  

 “Potential contrast agents for MRI based on manganese(II) complexes”, submitted by 

Bohuslav Drahoš to the University Karlova in Prague, Chech Republic, to obtain the PhD degree 

under the supervision of Dr. Eva Jakab Tóth (CNRS, Orléans) and Prof. Dr. Ivan Lukeš (Univ. 

Prague).  

 

 The above Thesis focuses on the evaluation of manganese(II) complexes as an alternative to 

Gd
3+
 chelates as contrast agents in Magnetic Resonance Imaging (MRI). It describes the investigation of  

three structurally different groups of pentadentate ligands for Mn
2+
 complexation. The Mn

2+
 complexes 

obtained had coordination numbers of 6 or 7, as determined in their crystal structures, enabling one or 

two water molecules in the first sphere. The thermodynamic stability of the chelates was found to be 

lower than that of polyaminocarboxylate complexes and their dissociation is very fast in comparison to 

[Mn(nota)] and [Mn(dota)]
2–
. Only Mn

2+
 complexes with 12-membered ligands were found to be 

susceptible to oxidation in air to Mn
3+
 species. The proton relaxivities of the bis-hydrated complexes are 

two times higher than those for monohydrated complexes and are comparable to those of commercial 

contrast agents. Variable-temperature 
17
O NMR data revealed that the water exchange varies from slow 

to intermediate or to extremely fast, depending on the ligand. High-pressure 
17
O NMR measurements 

confirmed the dissociative water exchange mechanism on complexes with CN = 7 and the associative 

mechanism on complexes with CN = 6. Small endogenous bidentate anions are capable of replacing 

only one water molecule in the bis-hydrated complex with the 15-membered pentaaza ligand (L
2
), while 

in other cases the complex is decomposed or no influence is observed. Therefore, the results obtained 

give very useful insights on the future design and applications of Mn
2+
 complexes as MRI contrast 

agents. 

 The Thesis has a non-conventional structure, in which the main part contains several Chapters: 

1) a short and effective introduction to MRI contrast agents and the state of art of the studies Mn
2+
 

complexes for this purpose in the literature; 2) then the objectives of the Thesis are described clearl, 3) 

after this, all the experimental details are described, including the ligand and complex synthesis, and all 

the experimental techniques used (potentiometric measurements, kinetic studies, 
1
H and 

17
O NMR, 

electrochemistry, UV-Vis, X-rays, etc.); 4) The results and discussion section describes and compares 
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each type of experimental results for all the systems studied, based on the various Appendixes: all the 

synthesis, the crystal structures, the equilibrium studies, the dissociation kinetics studies, 

electrochemistry studies, 
1
H NMRD and 

17
O NMR measurements, etc.; 5) finally the general 

conclusions are presented. All this unified part of the Thesis is then complemented by four Appendixes, 

where each type of study is presented in detail in the form of articles: two published articles (Inorg. 

Chem., 2010 and Dalton Trans, 2011), one article in press (Dalton Trans, 2011) and one manuscript in 

preparation.  

The thesis is very well written, the results are presented clearly and in a compact way, so that a 

large amount of information, resulting from a substantial volume of work, is presented in relatively few 

pages. The scientific level of the work is quite high, as shown by the publications in high impact 

international SCI journals, as described above.  

 

I have several questions to put to the candidate, to be discussed in the oral defence: 

1) Page 8. Please describe the first reported use of MnCl2 (Mn
2+
 aqueous ion) as an in vivo MRI CA. 

What potential toxicity mechanisms are expected in this model study? 

2) Page 9. What is the physiological basis for the MEMRI technique? 

3) Pg. 38: The NMR pH titration data revealed that the second protonation process is different for 

ligands L
3
 and L

4
. Please discuss. What might be the role of the nature of the pendant arm functionality? 

4) Taking into account the data from crystal structure determination, stability constants, dissociation 

kinetics and relaxivity, which, of all the studied Mn
2+ 

complexes, would be the best CA? Would 

MnNO2A be better than MnL
5
 and MnL

6
? What about derivatization with higher molecular weight 

carriers? 

5) Please discuss the physical basis for the 
1
H NMRD curve of Mn

2+
(aq), which is quite different from 

that of the Mn
2+
 complexes studied. 

6) Please discuss the zero field splitting for a Mn
2+
 ion (S = 5/2) state). What are the energy levels 

(Kramers doublets) in the absence and presence of an external magnetic field in the case of axial 

symmetry? What are the consequences for the electron spin relaxation of Mn
2+
? 
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