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Protein tyrosine kinase (PTK) is one of the main signaling enzymes in 

the process of cell signal transduction, which catalyzes the transfer of ATP-
γ-phosphate to the tyrosine residues of the substrate protein, phosphor- 
rylating it, regulating cell growth, differentiation, death, the development  
of pathological processes, as well as a number of other physiological and 
biochemical processes [1]. 

PTK dysfunction can cause several diseases in a living organism. It is 
known that more than 50% of metabolic products containing protooncogenes 
and oncogenes have PTK activity, and their abnormal expression leads to 
dysregulation of cell proliferation, causing tumorigenesis [2]. Also, abnor- 
mal PTK elevations are associated with tumor invasion and metastasis, 
tumor neovascularization, and resistance to tumor chemotherapy [3]. 
Currently, more than 300 PTK inhibitors are used by clinicians in various 
therapies [4, 5], but a number of side effects and economic factors limit  
their practical use. Therefore, the development and research of new PTK 
inhibitors remain an urgent task. 

Taking into account that among the 9,10-anthracenedione derivatives 
only some representatives of PTK inhibitors have been identified [6-9]. 
Hence, the study of newly synthesized derivatives of 9,10-dioxoanthracene 
as protein tyrosine kinase inhibitors is promising. 

The tyrosine kinase activity of 9,10-anthracenedione compounds with 
thioureid [10], amino acid [11], azole [12, 13], dithiocarbamate [14] and 
hydrazone [15] fragments was studied regarding the effect of these 
derivatives on TPK receptors capable of uncontrolled activation with 
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oncogenesis. Testing was carried out on the fraction of membrane proteins 
of muscle tissue cells of healthy nonlinear rats exposed to the test 
compounds at a concentration of 100 μm [16]. Experimental testing has 
established that all the studied derivatives in various range exhibit an 
inhibitory effect on the tyrosine kinases activity. 

Among the derivatives of 9,10-anthracenedione with thioureid, amino 
acid, thiazole and 1,2,4-triazole substituents, the greatest inhibitory effect on 
the membrane-bound tyrosine protein kinase activity was caused by 
compounds 1-4, for which inhibition is 75%, 82%, 77% and 76%, 
respectively (Fig. 1). 

 

 
Fig. 1. Inhibitors of PTK among derivatives of 9,10-anthracenedione 

with thioureid, amino acid, thiazole and 1,2,4-triazole substituents 
 
Among the derivatives of 9,10-anthracenediones with 1,2,3-triazole, 

dithiocarbamate and hydrazone fragments, two dithiocarbamates 5, 6 and 
1,2,3-triazole 9 have been found with a pronounced inhibitory effect on 
membrane tyrosine protein kinases in the range of 17-22% (Fig. 2), while for 
other studied compounds this effect has not observed under the experimental 
conditions. 

The effect of the above-mentioned compounds on the activity of 
cytosolic PTKs was also investigated, and compound 9 among the triazole 
derivatives with the best inhibitory effect of 28% has been identified  
(Fig. 2). 

Dithiocarbamates 6-8 showed a slightly weaker effect with regard to 
inhibition of the cytosolic PTK activity at the level of 12-20%, while 
hydrazone derivatives [15] practically did not show the effect. 
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Fig. 2. Compounds with an inhibitory effect on the activity of membrane 

and cytosolic tyrosine protein kinases among derivatives of  
9,10-anthracenedione with 1,2,3-triazole and dithiocarbamate fragments 

 
Thus, the study of 9,10-anthracenedione compounds with thioureid, 

amino acid, azole, dithiocarbamate and hydrazone fragments has been 
carried in order to search for new potential inhibitors of protein tyrosine 
kinases to establish the effect of the structure of the test substance on the 
manifestation of protein tyrosine kinase action and to identify promising hit-
compounds for in-depth studies for further structural modifications. 
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