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1. Introduction and two literary examples 

 

I introduce three research topics in my doctoral dissertation. In the first topic I show the 

synthesis, structure and antiproliferative effect of compounds containing ferrocene and 

quinine. During my second topic I would like to investigate a model reaction of the cinchona 

based organocatalysis using a different approach. My third topic is also based on the synthesis 

and investigation of bioactive ferrocene derivatives.  

 

The various derivatives of the organometallic iron compound – ferrocene (1) (unknown for 

the nature) are challenging due to their multiple biological effects. In order to prove this I 

introduce two molecules bearing pharmacological importance; these are the ferrocifen (2) and 

the ferroquin (3). The first figure shows their structures along with the ferrocene skeleton. The 

ferrocifen (2) is a close analogue of the tamoxifen in which the ferrocene ring is attached to 

the styrene moiety instead of the pure benzene ring. Its significance stems from its 

antiproliferative effect against lung cancer cells and the suitable fitting to estrogen receptors. 

The antimalarial effect of the ferroquin (3) is based on its structure mounting the main 

pharamcophores of the quinine. The progress of the research is well illustrated by the 

accomplishment of the extended phase IIb investigations.  

 

 

Figure 1.: Structure of ferrocene (1), hidroxy-ferrocifen (2) and ferroquin (3) 

 



2. Achievements in my first research topic 

During my first research topic I synthesized, modeled and assisted in the structure 

confirmation of seven novel compounds. The ending steps of the syntheses are summarized 

by the second figure. The in vitro investigation of the compounds against four cancer cell 

lines was accomplished by Orbán Erika with the guidance of Bősze Szilvia; their results are 

summarized on the first table.  

 
Figure 2.: Synthesis of the targeted compounds 

Table 1.: In vitro cytotoxicity and cytostatic effect of my compounds on human cancer cell lines 

 

Compound Cytotoxicity (cell line, IC50 / µM) Cytostatic effect (cell line, IC50 / µM) 

 HepG2 SH-SY5Y HL-60 MCF-7 HepG2 SH-SY5Y HL-60 MCF-7 

4 >100 >100 >100 > 100 >100 >100 >100 > 100 

11 17,60±0,25  21,20±3,24  32,20±4,67  >100 65,60±3,40 82,90±6,78 >100 82,90±7,98 

10 3,34±1,02 0,84±0,02  1,80±0,56  5,34±1,78  4,60±0,02 4,20±2,30 10,20±1,65 3,89±1,18 

5 33,10±3,04  29,80±4,24  37,70±3,67  25,32±4,60 65,00±6,70 80,70±5,78 41,90±1,45 56,00±4,56 

7 4,24±1,12 0,82±0,54  0,86±0,02  21,70±3,23  3,40±0,12 1,30±0,54 0,94±0,02 5,10±0,67 

8 >100 >100  6,70±0,02  >100 >100 >100 6,50±3,56 21,80±3,18 

6 0,72±0,01  0,78±0,02  1,70±0,05  0,75±0,02  0,40±0,17 0,99±0,10 0,76±0,01 1,00±0,34 

9 8,90±0,23  1,50±0,02  2,30±0,05  >100 19,60±2,12 17,20±3,45 4,50±0,01 2,36±0,01 



3. Achievements in my second research topic 
 

During my second research topic I investigated an organocatalytic reaction using in silico 

methods. I modeled the addition of nitromethane to diphenyl-propenone directed by novel 

organocatalyst based on quinine structure. In the course of the investigation of seventeen 

various cinchona catalysts I determined a π- π interaction between the aromatic groups of the 

catalyst and the diphenyl-propenone which dramatically decreases the activation energy 

shown on the third figure. 

 

 

Figure 3.: The activation energy and the distance between the (catalyst and substrate) phenyl rings  

Using the acquired knowledge I synthesized and tested a novel catalyst. The compound has 

high enantioselectivity along with low turn over frequency (second table). Moreover a novel 

chiral heptanedion appeared (Y = 9 %) (4. figure), its enantio- and diastereoselective synthesis 

is non accessible in the literature.  

Solvent Reaction time t/ d Isolated yield   Y / % Enantiomer excess   ee / % 

DCM 49 81 93 

Toluene 30 57 94 

Table 2.: Test reactions using the chosen catalyst 

 

Figure 4.: Calculated and projected structure of a conformer of the heptanedion 



4. Achievements in my third research topic 

 

I synthesized and assisted in the structure confirmation of twenty novel derivatives containing 

ferrocene and pyridazinone. The structures of the compounds are diverse: I review mono-

substituted-, 1,1’- and 1,2-disubstituated ferrocenes as well three pyridazinones condensed to 

the ferrocene skeleton. The in vitro investigation of the compounds against four cancer cell 

lines was accomplished by Zupkó János. The figure 5. shows the structure of the two most 

efficient compounds while the third table summarizes their biological effect compared with 

the reference cisplatin. 

 
Figure 5.: Structure of the two most efficient compounds 

Compound c / µM Growth inhibition (%) ± Standard error of mean 

HeLa MCF7 A2780 A431 

12 10 – 22,89 ± 1,75 27,62 ± 1,94 32,17 ± 1,84 

 30 61,73 ± 1,00 65,15 ± 2,54 92,04 ± 0,44 67,52 ± 0,88 

13 10 57,31 ± 0,43 51,19 ± 0,47 26,31 ± 1,17 37,64 ± 1,23 

 30 54,46 ± 0,65 58,18 ± 0,92 27,18 ± 2,12 50,77 ± 0,86 

Cisplatin 10 42,61 ± 2,33 53,03 ± 2,29 83,57 ± 1,21 88,54 ± 0,50 

 30 99,93 ± 0,26 86,90 ± 1,24 95,02 ± 0,28 90,18 ± 1,78 

Table 3.: In vitro growth inhibition values of the two most efficient compounds against human cancer cell 

lines 
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