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Abstract


Functionalized indolizines were prepared by a one-pot cascade reaction from bispyridinium salts. This mild experimental procedure allowed the isolation of the product in very good yield. Combination of the indolizine derivative with electrophiles confirmed the reactivity of the C3 ring carbon and allowed the bromination, formylation, hydroxymethylation, and dimerization of the indolizine scaffold.

        

      


        
[bookmark: N11674]
Key words

pyridinium salt - 
        bispyridinium salt - 
        intramolecular cyclization - 
        indolizines - 
        electrophilic aromatic substitution
      



      
[bookmark: N11A9B]
Supporting Information

    

for this article is available online at http://www.thieme-connect.com/ejournals/toc/synlett.	
Supporting Information



    





 

[bookmark: ]

[bookmark: N11AB2]
	
References and Notes


	
[bookmark: JR000-1]1 Uchida T, Matsumoto K. Synthesis 1976; 209 





Article in Thieme Connect





	
[bookmark: JR000-2]2 Scholtz M. Ber. Dtsch. Chem. Ges. 1912; 734 









	
[bookmark: JR000-3]3 Michael JP. Nat. Prod. Rep. 1989; 139 










[bookmark: RL000-4]
	
[bookmark: JR000-4001]4a El-Sharief M, Moussa Z, El-Sharief A. Arch. Pharm. 2013; 542 









	
[bookmark: JR000-4002]4b Shen Y, Lv P, Chen W, Liu P, Zhang M, Zhu H. Eur. J. Med. Chem. 2010; 3184 









	
[bookmark: JR000-4003]4c James D, Koya K, Li H, Liang G, Xia Z, Ying W, Wu Y, Sun L. Bioorg. Med. Chem. Lett. 2008; 1784 









	
[bookmark: JR000-4004]4d Bols M, Lillelund V, Jensen H, Liang X. Chem. Rev. 2002; 515 









	
[bookmark: JR000-4005]4e Asano N, Nash R, Molyneux R, Fleet GJ. Tetrahedron: Asymmetry 2000; 1645 












[bookmark: RL000-5]
	
[bookmark: JR000-5001]5a Malonne H, Hanuise J, Fontaine J. Pharm. Pharmacol. Commun. 1998; 241 









	
[bookmark: JR000-5002]5b Kitadokoro K, Hagishita S, Sato T, Ohtani M, Miki K. J. Biochem. 1998; 619 












[bookmark: RL000-6]
	
[bookmark: JR000-6001]6a Gundersen L, Charnock C, Negussie A, Rise F, Teklu S. Eur. J. Pharm. Sci. 2007; 26 









	
[bookmark: JR000-6002]6b Gundersen L, Negussie A, Rise F, Østby O. Arch. Pharm. (Weinheim, Ger.) 2003; 191 












[bookmark: RL000-7]
	
[bookmark: JR000-7001]7a Huang W, Zuo T, Jin H, Liu Z, Yang Z, Yu X, Zhang L, Zhang L. Mol. Diversity 2013; 221 









	
[bookmark: JR000-7002]7b Bolle L, Andrei G, Snoeck R, Zhang Y, Lommel A, Otto M, Bousseau A, Roy C, De Clercq E, Naesens L. Biochem. Pharmacol. 2004; 325 












	
[bookmark: JR000-8]8 Medda S, Jaisankar P, Manna R, Pal B, Giri V, Basu M. J. Drug Target. 2003; 11: 123 





Crossref





	
[bookmark: JR000-9]9 Gupta S, Mathur A, Nagappa A, Kumar D, Kumaran S. Eur. J. Med. Chem. 2003; 867 









	
[bookmark: JR000-10]10 Teklu S, Gundersen L, Larsen T, Malterud K, Rise F. Bioorg. Med. Chem. 2005; 3127 









	
[bookmark: OR000-11]11 Cuny G. EP 780443, 1997 ; Chem. Abstr. 1997, 127, 110293w. 









	
[bookmark: JR000-12]12 Danac R, Leontie L, Carlescu A, Rusu G. Mater. Chem. Phys. 2012; 1042 









	
[bookmark: JR000-13]13 Wan J, Zheng C, Fung M, Liu X, Lee C, Zhang X. J. Mater. Chem. 2012; 4502 










[bookmark: RL000-14]
	
[bookmark: JR000-14001]14a For a review, see:  Singh GS, Mmatli EE. Eur. J. Med. Chem. 2011; 5237 









	
[bookmark: BR000-14002]14b For a book, see:  Katritzky AR, Rees CW, Scriven EF. V. In 
            Comprehensive Heterocyclic Chemistry II
          . Vol. 8. Pergamon Press; Oxford: 1996: 237 





Google Scholar








	
[bookmark: JR000-15]15 Proença F, Costa M. Tetrahedron 2011; 1071 









	
[bookmark: OR000-16]16 
          Synthesis of 1,1′-(2-Amino-1-cyanoprop-1-ene-1,3-diyl)bis(4-methylpyridin-1-ium) Chloride (2b)
This dimer was synthesized according to previously reported procedures15 and isolated as a brown solid in 77% yield. 









	
[bookmark: OR000-17]17 
          General Experimental Procedure for the Synthesis of N-(1-Cyanoindolizin-2-yl)acetamide (10)
Acetic anhydride (5.30 mmol, 500 μL) was added to dipyridinium salt 2 (0.29 mmol), followed by Et3N (0.60 mmol, 83 μL). A beige suspension was obtained, and the reaction mixture was heated at 50 °C for 21 h. H2O (5 mL) was added to the suspension. The solid was filtered and washed with H2O, leading to the pure product 10. 









	
[bookmark: OR000-18]18 
          Experimental Procedure for the Synthesis of N-(1-Cyano-3-formylindolizin-2-yl)acetamide (11)
A solution of POCl3 (268 mg, 1.75 mmol, 160 μL) and DMF (1 mL) was stirred in an ice bath for 1 h. Then, 400 μL of this solution was added to a solution of N-(1-cyanoindolizin-2-yl)acetamide (10a, 106 mg, 0.530 mmol) in CH2Cl2 (4 mL), and the reaction mixture was stirred in an ice bath for 75 min and then at r.t. for 35 min. The remaining and previously prepared solution of POCl3 and DMF was added, and stirring at r.t. was continued for 19 h. A sat. solution of NaHCO3 (4 mL) was added to the reaction mixture, kept stirring in an ice bath, followed by addition of CH2Cl2 (4 mL) and H2O (4 mL). The grey suspension was stirred for 20 min, and then the grey solid was filtered and washed with H2O, leading to a pure product identified as N-(1-cyano-3-formylindolizin-2-yl)acetamide (11; 86.0 mg, 0.379 mmol; 72%). 









	
[bookmark: OR000-19]19 
          Experimental Procedure for the Synthesis of N-(3-Bromo-1-cyanoindolizin-2-yl)acetamide (12)
N-(1-cyanoindolizin-2-yl)acetamide 10a (101 mg, 0.508 mmol) was added to a solution of NBS (139 mg, 0.781 mmol) in CH2Cl2 (3 mL) leading to a red solution. The reaction mixture was stirred at r.t. for 30 min, and the solvent was evaporated using the rotary evaporator. H2O (2 mL) was added to the red solid, and the reaction mixture was stirred for 10 min at r.t. The brown solid was filtered and washed with H2O, leading to a pure product identified as N-(3-bromo-1-cyanoindolizin-2-yl)acetamide (12; 99.3 mg, 0.357 mmol; 70%). 









	
[bookmark: OR000-20]20 
          Experimental Procedure for the Synthesis of N,N′-[methylenebis(1-cyanoindolizine-3,2-diyl)]diacet-amide (13)
N-(1-Cyanoindolizin-2-yl)acetamide 10a (91.7 mg, 0.461 mmol) was added to formaldehyde (37% aq solution, 112 mg, 1.38 mmol, 103 μL) in H2O (0.2 mL) and MeCN (0.2 mL). The brown suspension was stirred in a H2O bath at 40 °C for 20 h. The beige solid was filtered and washed with H2O, leading to a pure product identified as N,N′-[methyl-enebis(1-cyanoindolizine-3,2-diyl)]diacetamide (13; 85.4 mg, 0.208 mmol; 90%). 









	
[bookmark: OR000-21]21 
          Experimental Procedure for the Synthesis of N-[1-Cyano-3-(hydroxymethyl)indolizin-2-yl]acetamide (14)
N-(1-cyanoindolizin-2-yl)acetamide 10a (90.8 mg, 0.456 mmol) was added to formaldehyde (37% aqueous solution, 0.114 g; 1.41 mmol; 105 μL) in an aqueous solution of Na2CO3 (0.05 M, 0.2 mL) and acetonitrile (0.2 mL). The brown suspension was stirred in a water bath at 40 °C for 2 h. The beige solid was filtered and washed with water, leading to a pure product identified as N-[1-cyano-3-(hydroxymethyl)indolizin-2-yl]acetamide (14; 70.2 mg, 0.306 mmol; 67%). 














 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 3.81.187.95
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  