
S1 
 

SUPPLEMENTARY MATERIALS 
 

 

Synthesis and Structure of Novel Hybrid Compounds Containing 

Phthalazin-1(2H)-imine and 4,5-Dihydro-1H-imidazole Cores and their 

Sulfonyl Derivatives with Potential Biological Activities 
 

 

Łukasz Balewski 1,*, Maria Gdaniec 2, Anna Hering 3, Christophe Furman 4, Alina Ghinet 4,5,  

Jakub Kokoszka 1, Anna Ordyszewska 6, and Anita Kornicka 1,* 

1 Department of Chemical Technology of Drugs, Faculty of Pharmacy, Medical University of Gdansk, Gen. J. Hallera 107, 80-

416 Gdańsk, Poland; lukasz.balewski@gumed.edu.pl (Ł.B.); anita.kornicka@gumed.edu.pl (A.K); 

jakub.kokoszka@gumed.edu.pl (J.K.) 
2 Faculty of Chemistry, Adam Mickiewicz University, 61-614 Poznań, Poland; maria.gdaniec@amu.edu.pl (M.G.) 
3 Department of Biology and Pharmaceutical Botany, Faculty of Pharmacy, Medical University of Gdansk, Gen. J. Hallera 107, 

80-416 Gdańsk, Poland; anna.hering@gumed.edu.pl (A.H.) 
4 Univ. Lille, Inserm, CHU Lille, Institut Pasteur de Lille, UMR 1167 – RID-AGE – Risk Factors and Molecular Determinants 

of Aging-Related Diseases, F-59000 Lille, France; christophe.furman@univ-lille2.fr (C.F.) 
5  Junia, Health and Environment, Laboratory of Sustainable Chemistry and Health, F-59000, Lille, France; 

alina.ghinet@junia.com 
6 Department of Inorganic Chemistry, Faculty of Chemistry and Advanced Materials Centers, Gdańsk University of 

Technology, Narutowicza 11/12, 80-233 Gdansk, Poland; anna.ordyszewska@pg.edu.pl (A.O.) 

 

* Correspondence: lukasz.balewski@gumed.edu.pl (Ł.B.); anita.kornicka@gumed.edu.pl (A.K.) 

 

 

TABLE OF CONTENTS 

 

 

1. Spectra of 2-(4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-imine (5) 

Figure S1. IR spectrum of 2-(4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-imine (5). 

Figure S2. 1H NMR (500 MHz, DMSO-d6) of 2-(4,5-dihydro-1H-imidazol-2-yl)phthalazine-

1(2H)-imine (5). 

Figure S3. 13C NMR (125 MHz, DMSO-d6) of 2-(4,5-dihydro-1H-imidazol-2-yl)phthalazin-

1(2H)-imine (5). 

Figure S4. Heteronuclear single quantum coherence (HSQC) of 2-(4,5-dihydro-1H-imidazol-2-

yl)phthalazin-1(2H)-imine (5). 

Figure S5. Heteronuclear multiple bond correlation (HMBC) spectrum of 2-(4,5-dihydro-1H-

imidazol-2-yl)phthalazin-1(2H)-imine (5). 

Figure S6. 1H-1H ROESY - rotating frame Overhauser enhancement spectrum of 

of 2-(4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-imine (5). 

Figure S7. MS spectrum of 2-(4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-imine (5). 

 

2. Spectra of Representative Compounds 6a, 7a, and 7k 

Figure S8. IR spectrum of N-(2-(1-(methylsulfonyl)-4,5-dihydro-1H-imidazol-2-yl)phthalazin-

1(2H)-ylidene)methanesulfonamide (6a). 

Figure S9. 1H NMR (400 MHz, DMSO-d6) spectrum of N-(2-(1-(methylsulfonyl)-4,5-dihydro-

1H-imidazol-2-yl)phthalazin-1(2H)-ylidene)methanesulfonamide (6a). 

mailto:lukasz.balewski@gumed.edu.pl
mailto:anita.kornicka@gumed.edu.pl
mailto:jakub.kokoszka@gumed.edu.pl
mailto:maria.gdaniec@amu.edu.pl
mailto:anna.hering@gumed.edu.pl
mailto:christophe.furman@univ-lille2.fr
mailto:anna.ordyszewska@pg.edu.pl
mailto:lukasz.balewski@gumed.edu.pl
mailto:anita.kornicka@gumed.edu.pl


S2 
 

Figure S10. 13C NMR (100 MHz, DMSO-d6) spectrum of N-(2-(1-(methylsulfonyl)-4,5-dihydro-

1H-imidazol-2-yl)phthalazin-1(2H)-ylidene)methanesulfonamide (6a). 

Figure S11. MS spectrum of N-(2-(1-(methylsulfonyl)-4,5-dihydro-1H-imidazol-2-

yl)phthalazin-1(2H)-ylidene)methanesulfonamide (6a). 

Figure S12. IR spectrum of 2-(((1-(methylsulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7a). 

Figure S13. 1H NMR (400 MHz, DMSO-d6) spectrum of 2-(((1-(methylsulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7a). 

Figure S14. 13C NMR (100 MHz, DMSO-d6) spectrum of 2-(((1-(methylsulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7a). 

Figure S15. MS spectrum of 2-(((1-(methylsulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7a). 

Figure S16. IR spectrum of 2-(((1-((4-nitrophenyl)sulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7k). 

Figure S17. 1H NMR (400 MHz, DMSO-d6) spectrum of 2-(((1-((4-

nitrophenyl)sulfonyl)imidazolidin-2-ylidene)hydrazono)methyl)benzonitrile (7k). 

Figure S18. 13C NMR (100 MHz, DMSO-d6) spectrum of 2-(((1-((4-

nitrophenyl)sulfonyl)imidazolidin-2-ylidene)hydrazono)methyl)benzonitrile (7k). 

Figure S19. MS spectrum of 2-(((1-((4-nitrophenyl)sulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7k). 

 

3. X-ray Crystallographic Studies 

Figure S20. CheckCIF/PLATON report for 2-(4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-

imine (5). 

Figure S21. CheckCIF/PLATON report for 4-methyl-N-(2-(1-tosyl-4,5-dihydro-1H-imidazol-2-

yl)phthalazin-1(2H)-ylidene)benzenesulfonamide (6c). 

Figure S22. CheckCIF/PLATON report for 4-methoxy-N-(2-(1-((4-methoxyphenyl)sulfonyl)-

4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-ylidene)benzenesulfonamide (6e). 

Figure S23. CheckCIF/PLATON report for 2-(((1-((4-chlorophenyl)sulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7g). 

Figure S24. CheckCIF/PLATON report for 2-(((1-((4-nitrophenyl)sulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7k). 

Figure S25. Crystal packing in 6e and 6c. 

Figure S26. Centrosymmetric dimer via π-π stacking interactions in 6c. 

Figure S27. Crystal packing in 7g and 7k. 

  



S3 
 

Spectra of 2-(4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-imine (5) 

 

Figure S1. IR spectrum of 2-(4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-imine (5). 
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Figure S2. 1H NMR (500 MHz, DMSO-d6) of 2-(4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-imine 

(5). 
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Figure S3. 13C NMR (125 MHz, DMSO-d6) of 2-(4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-imine 

(5). 
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Figure S4. Heteronuclear single quantum coherence (HSQC) of 2-(4,5-dihydro-1H-imidazol-2-

yl)phthalazin-1(2H)-imine (5). 
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Figure S5. Heteronuclear multiple bond correlation (HMBC) spectrum of 2-(4,5-dihydro-1H-imidazol-

2-yl)phthalazin-1(2H)-imine (5). 
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Figure S6. 1H-1H ROESY (Rotating-Frame Overhauser Enhancement Spectroscopy) 

spectrum of 2-(4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-imine (5). 
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Figure S7. MS spectrum of of 2-(4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-imine (5). 
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Spectra of Representative Compounds 6a, 7a, and 7k 

 

Figure S8. IR spectrum of N-(2-(1-(methylsulfonyl)-4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-

ylidene)methanesulfonamide (6a). 
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Figure S9. 1H NMR (400 MHz, DMSO-d6) spectrum of N-(2-(1-(methylsulfonyl)-4,5-dihydro-1H-

imidazol-2-yl)phthalazin-1(2H)-ylidene)methanesulfonamide (6a). 
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Figure S10. 13C NMR (100 MHz, DMSO-d6) spectrum of N-(2-(1-(methylsulfonyl)-4,5-dihydro-1H-

imidazol-2-yl)phthalazin-1(2H)-ylidene)methanesulfonamide (6a). 
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Figure S11. MS spectrum of N-(2-(1-(methylsulfonyl)-4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-

ylidene)methanesulfonamide (6a). 

 

 
 

 

  



S14 
 

Figure S12. IR spectrum of 2-(((1-(methylsulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7a). 
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Figure S13. 1H NMR (400 MHz, DMSO-d6) spectrum of 2-(((1-(methylsulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7a). 

 

 
 

 

  



S16 
 

Figure S14. 13C NMR (100 MHz, DMSO-d6) spectrum of 2-(((1-(methylsulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7a). 
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Figure S15. MS spectrum of 2-(((1-(methylsulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7a). 
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Figure S16. IR spectrum of 2-(((1-((4-nitrophenyl)sulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7k). 
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Figure S17. 1H NMR (400 MHz, DMSO-d6) spectrum of 2-(((1-((4-nitrophenyl)sulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7k). 
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Figure S18. 13C NMR (100 MHz, DMSO-d6) spectrum of 2-(((1-((4-nitrophenyl)sulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7k). 
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Figure S19. MS spectrum of 2-(((1-((4-nitrophenyl)sulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7k). 
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X-ray Crystallographic Studies 

 

Figure S20. CheckCIF/PLATON report for 2-(4,5-dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-imine 

(5). 
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Figure S21. CheckCIF/PLATON report for 4-methyl-N-(2-(1-tosyl-4,5-dihydro-1H-imidazol-2-

yl)phthalazin-1(2H)-ylidene)benzenesulfonamide (6c). 
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Figure S22. CheckCIF/PLATON report for 4-methoxy-N-(2-(1-((4-methoxyphenyl)sulfonyl)-4,5-

dihydro-1H-imidazol-2-yl)phthalazin-1(2H)-ylidene)benzenesulfonamide (6e). 

 

 
 

 

  



S25 
 

Figure S23. CheckCIF/PLATON report for 2-(((1-((4-chlorophenyl)sulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7g). 
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Figure S24. CheckCIF/PLATON report for 2-(((1-((4-nitrophenyl)sulfonyl)imidazolidin-2-

ylidene)hydrazono)methyl)benzonitrile (7k). 
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 The crystal packing of molecules in 6e and 6c is shown in Figure S25. In 6e the molecules are 

arranged into centrosymmetric dimers via π-π stacking interactions between phthalazinimine 

fragments. Those dimers are further assembled into 1D chains along [010] via stacking interactions 

between 4-methoxyphenyl groups of the sulfonyl substituent at the imidazolidine ring. Stacking 

interactions between 1-phthalazinimine fragments are absent in 6e where 4-methyl groups are already 

involved in π-π intramolecular stacking. Here intermolecular stacking interactions between one of the  

4-methylphenyl groups and 1-phthalazinimine fragment of inversion center related molecule result in 

compact dimers shown in Figure S26.  

Figure S25. Crystal packing in 6e (left) and 6c (right). 

 

   

 

Figure S26. Centrosymmetric dimer via π-π stacking interactions in 6c. 

 

 

 The crystal packing of molecules in 7g and 7k as shown in Figure S27 is mostly driven by 

weak intermolecular forces. Among specific interactions the main role is played by stacking 
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interactions between aromatic rings, or aromatic ring and extended π-systems, as well as weak N-

H···N (7g) or N-H···O (7k) hydrogen bonds. 

Figure S27. Crystal packing in 7g and 7k. Hydrogen bonds are shown with dashed lines. 

  


