
Supporting Information for 
 
 

Computational Design and Synthesis of Phthalimide Derivatives as 
TGF-β Pathway Inhibitors for Cancer Therapeutics 

 
Héctor M. Heras-Martínez1, Blanca Sánchez-Ramírez1, Linda Landeros-Martínez1, Víctor H. Ramos-Sánchez2,  

Alejandro A. Camacho-Dávila1, Kostiantyn O. Marichev3, Alejandro Bugarin4*, David Chávez-Flores1* 

 
1 Facultad de Ciencias Químicas, Universidad Autónoma de Chihuahua, Circuito Universitario S/N. CP 31125, Chih. 
México; p288343@uach.mx (H.M.H.-M.); bsanche@uach.mx (B.S.-R.); lilanderos@uach.mx (L.L.-M.); 
acamach@uach.mx (A.A.C.-D.) 

2 Department of Chemistry & Physics, Florida Gulf Coast University, 10501 FGCU, Boulevard South,  
Fort Myers, FL 33965, USA 

3 Department of Chemistry and Biochemistry, Northern Arizona University, 700 South Osborne Dr. PO Box: 5698 
Flagstaff, AZ 86011-5698 USA; Victor.Ramos-Sanchez@nau.edu  

4 Department of Chemistry, Georgia State University, P.O. Box 3965, Atlanta, GA 30302, USA; kmarichev@gsu.edu 

 Correspondence: abugarin@fgcu.edu (A.B.); dchavezf@uach.mx (D.C.-F.) 

 

 

Figure S1. Interaction of the ligand P1 1-(E)-2-(3-(3,4-dihydroxyphenyl)acryloyl)isoindolin-1,3-dione with 
the TGF-β receptor kinase I. 



 

Figure S2. Interaction of the ligand P2 2-acetyl isoindolin-1,3-dione with the protein TGF-β kinase I. 

 

Figure S3. Interaction of ligand P3 N,N'-thiocarbonylbis(4-(1,3-dioxoisoindolin-2-carbonyl)benzamide) with 
the protein TGF-β kinase I. 



 

Figure S4. Interaction of the ligand P4 2,2'-terephthaloyl bis(isoindolin-1,3-dione) with the protein TGF-β 
kinase I. 

 

Figure S5. Interaction of the ligand P5 5-N-(benzo[d]thiazol-2-yl)-2-(1,3-dioxoisoindolin-2-yl)acetamide 
with the TGF-β receptor kinase I. 



 

Figure S6. Interaction of the ligand P6 2-(1,3-dioxoisoindolin-2-yl)-N-(thiazol-2-yl)acetamide with the TGF-
β receptor kinase I. 

 

Figure S7. Interaction of ligand P7 5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl 2-(1,3-dioxoisoindolin-2-
yl)acetate with TGF-β kinase I protein. 



 

Figure S8. Interaction of the ligand P8 2-(benzo[d]thiazol-2-yl)isoindolin-1,3-dione with the protein TGF-β 
kinase I. 

 

Figure S9. Interaction of the ligand P9 2-(thiazol-2-yl)isoindolin-1,3-dione with the protein TGF-β kinase I. 



 

Figure S10. Interaction of the ligand P10 2-(3,4,5-trimethoxybenzoyl)isoindolin-1,3-dione with the protein 
TGF-β kinase I. 

 

Figure S11. Interaction of the ligand P11 (E)-2-(3,7-dimethylocta-2,6-dien-1-yl)isoindolin-1,3-dione with 
the protein TGF-β kinase I. 



 

Figure S12. Interaction of the ligand P12 (E)-2-(3-(3,4-dimethoxyphenyl)acryloyl)isoindolin-1,3-dione with 
the protein TGF-β kinase I. 

 

Figure S13. Interaction of the ligand P13 3-(1,3 –dioxo isoindolin-3-yl)propyl (E)-3-(3, 4-
dihydroxyphenyl)acrylate with the protein TGF-β kinase I. 



 

Figure S14. Interaction of the ligand P14 3-(1,3-dioxo isoindolin-2-yl)propyl 3,4,5-trihydroxybenzoate with 
the protein TGF-β kinase I. 

 

Figure S15. Interaction of the control Capecitabine with the protein TGF-β kinase I. 

Elucidation analysis 



 

Figure S16. Chromatogram and UV-Vis spectrum of P2 2-acetyl isoindoline-1,3-dione. 

 

Figure S17. FT-IR spectrum of P2 2-acetyl isoindoline-1,3-dione. 



 

Figure S18. 1H NMR spectrum of P2 2-acetyl isoindoline-1,3-dione. 

 

Figure S19. 13C NMR spectrum of P2 2-acetyl isoindoline-1,3-dione. 



 

Figure S20. Chromatogram and UV-Vis spectrum of P4 2,2'-terephthaloyl bis(isoindolin-1,3-dione). 

 

Figure S21. FT-IR spectrum of P4 2,2'-terephthaloyl bis(isoindolin-1,3-dione). 



 

Figure S22. 1H NMR spectrum of P4 2,2'-terephthaloyl bis(isoindolin-1,3-dione). 

 

Figure S23. Chromatogram and UV-Vis spectrum of P7 5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl 2-
(1,3-dioxoisoindolin-2-yl)acetate. 



 

Figure S24. FT-IR spectrum of P7 5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl 2-(1,3-dioxoisoindolin-2-
yl)acetate. 

 

Figure S25. 1H NMR spectrum of P7 5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl 2-(1,3-dioxoisoindolin-2-
yl)acetate. 



 

Figure S26. 13C NMR spectrum of P7 5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yl 2-(1,3-dioxoisoindolin-
2-yl)acetate. 

 

Figure S27. Chromatogram and UV-Vis spectrum of P10 2-(3,4,5-trimethoxybenzoyl)isoindolin-1,3-dione. 



 

Figure S28. FT-IR spectrum of P10 2-(3,4,5-trimethoxybenzoyl)isoindolin-1,3-dione. 

 

Figure S29. 1H NMR spectrum of P10 2-(3,4,5-trimethoxybenzoyl)isoindolin-1,3-dione. 



 

Figure S30. 13C NMR spectrum of P10 2-(3,4,5-trimethoxybenzoyl)isoindolin-1,3-dione. 

 

Figure S31. Chromatogram and UV-Vis spectrum of P11 (E)-2-(3,7-dimethylocta-2,6-dien-1-yl)isoindolin-
1,3-dione. 



 

Figure S32. FT-IR spectrum of P11 (E)-2-(3,7-dimethylocta-2,6-dien-1-yl)isoindolin-1,3-dione. 

 

Figure S33. 1H NMR spectrum of P11 (E)-2-(3,7-dimethylocta-2,6-dien-1-yl)isoindolin-1,3-dione. 



 

Figure S34. 13C NMR spectrum of P11 (E)-2-(3,7-dimethylocta-2,6-dien-1-yl)isoindolin-1,3-dione. 


