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Experimental Section: 

1. Synthesis and characterization of new piperazine derivatives and rhenium 
complexes.

2. Cytotoxic studies of the new compounds in two cancer cell lines: HT-29 and PT-45.
3. Docking studies. 

1. Here we shown the characterization of one family of compounds  (example):

1.1. Synthesis of phenyl piperazine HNC4H8N (C6H5) (1b)

              

Figure 1. 1H NMR (CDCl3) cyclophenyl piperazine (1b). 



             
Figure 2. 13C NMR (CDCl3) cyclophenyl piperazine (1b).

              

Figure 3. ESI (CH3OH) of 1b ligand. 



Figure 4. Elemental Analysis of 1b compound.  

1.2. Synthesis of NC(CH2)4-NC4H8N-(C6H5) (2b)

Figure 5. 1H NMR (CDCl3) phenyl piperazine (2b).



              

Figure 6. 13C NMR (CDCl3) phenyl piperazine (2b).



          

Figure 7. HPLC (CH3CN:H2O) of cyano phenyl piperazine ligand (2b).

             

Figure 8. Elemental Analysis  of 2b compound.



1.3. Synthesis of 2HN-(CH2)5-NC4H8N-(C6H5) (3b)

             

Figure 9. 1H NMR (CDCl3) phenyl piperazine (3b).

              

Figure 10. 13C NMR (CDCl3) phenyl piperazine (3b).



               

Figure 11. ESI (CH3OH) of 3b compound.

              

Figure 12. Elemental Analysis  of 3b compound.



1.4. Synthesis of [(5-C5H4CHNH)-(CH2)5-NC4H8N-1-(C6H5))Re(CO)3] (5b)

              

Figure 13. 1H NMR (CDCl3) 5b.

Figure 14. ESI (CH3OH) of 5b compound.



Figure 15. Elemental Analysis  of 5b compound.

2. Cytotoxic studies 

Figure 16. Biological Evaluation of 2d in HT-29. 



Figure 17. Biological Evaluation of 3d in HT-29. 

Figure 18. Biological Evaluation of 3d in PT-45. 



Figure 19. Biological Evaluation of 5a in HT-29. 

Figure 20. Biological Evaluation of 5b in HT-29. 



Figure 21. Biological Evaluation of 5c in HT-29. 

Figure 22. Biological Evaluation of 5d in HT-29. 



Figure 23. Biological Evaluation of 5d in HT-29. 

3. Docking studies 



3c 3d 3a 3b 

Asp200 
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Compound Binding Energy 
(Kcal/mol) 

IC50 HT29 (µM) IC50 PT45 (µM) 

3a -4.41 n. a. n. a. 
3b -6.09 n. a. n. a. 
3c -5.33 n. a. n. a. 
3d -6.98 18.11 ± 0.05 22.23 ± 0.04 

A) 

B) 

Figure 24. Docking studies of amino arilpiperazine ligands 3a-3d. A) Ligands conformation into the 
binding cavity of GSK-3. B) Results of binding energy related with cytotoxicity. 


