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Abstract


A convenient synthesis of 1,5-fused 1,2,4-triazoles from readily available N-arylamidines is reported. The reaction is efficiently promoted by chloramine-T to afford the desired products mostly in high yields and in relatively short time, through direct metal-free oxidative N−N bond formation. The mild nature of the synthesis and short reaction time are notable advantages of the developed protocol. This protocol is effective toward various substrates having different functionalities.

        

      


        
[bookmark: N1182C]
Key words


          
N-arylamidine - 
        [1,2,4]triazolo[1,5-a]pyridine - 
        [1,2,4]triazolo[1,5-a]pyrazine - 
        [1,2,4]triazolo[1,5-a]pyrimidine - 
        chloramine-T - 
        ethanol
      



      
[bookmark: N126A6]
Supporting Information

    

Supporting information for this article is available online at https://doi.org/10.1055/s-0037-1611906.	
Supporting Information



    





 

[bookmark: ]

[bookmark: N126BD]
	
References



[bookmark: RL000-1]
	
[bookmark: JR000-1001]1a 
            
              Moulin A, 
            
            
              Bibian M, 
            
            
              Blayo A.-L, 
            
            
              El Habnouni S, 
            
            
              Martinez J, 
            
            
              Fehrentz J.-A. 
            
          Chem. Rev. 2010; 110: 1809 





CrossrefPubMed





	
[bookmark: JR000-1002]1b 
            
              Al-Soud YA, 
            
            
              Heydel M, 
            
            
              Hartmann RW. 
            
          Tetrahedron Lett. 2011; 52: 6372 





Crossref





	
[bookmark: JR000-1003]1c 
            
              Kaur R, 
            
            
              Dwivedi AR, 
            
            
              Kumar B, 
            
            
              Kumar V. 
            
          Anticancer Agents Med. Chem. 2016; 16: 465 





CrossrefPubMed





	
[bookmark: JR000-1004]1d 
            
              Keri RS, 
            
            
              Patil SA, 
            
            
              Budagumpi S, 
            
            
              Nagaraja BM. 
            
          Chem. Biol. Drug Des. 2015; 86: 410 





CrossrefPubMed





	
[bookmark: JR000-1005]1e 
            
              Paprocka R, 
            
            
              Wiese M, 
            
            
              Eljaszewicz A, 
            
            
              Helmin-Basa A, 
            
            
              Gzella A, 
            
            
              Modzelewska-Banachiewicz B, 
            
            
              Michalkiewicz J. 
            
          Bioorg. Med. Chem. Lett. 2015; 25: 2664 





CrossrefPubMed








[bookmark: RL000-2]
	
[bookmark: JR000-2001]2a 
            
              Sebeika MM, 
            
            
              Jones GB. 
            
          Curr. Org. Synth. 2014; 11: 732 





Crossref





	
[bookmark: JR000-2002]2b 
            
              Maddila S, 
            
            
              Pagadala R, 
            
            
              Jonnalagadda SB. 
            
          Lett. Org. Chem. 2013; 10: 693 





Crossref








[bookmark: RL000-3]
	
[bookmark: JR000-3001]3a 
            
              Haycock-Lewandowski SJ, 
            
            
              Wilder A, 
            
            
              Ahman J. 
            
          Org. Process Res. Dev. 2008; 12: 1094 





Crossref





	
[bookmark: JR000-3002]3b 
            
              Turner K. 
            
          Org. Process Res. Dev. 2012; 16: 727 





Crossref





	
[bookmark: JR000-3003]3c 
            
              Siddaiah V, 
            
            
              Basha GM, 
            
            
              Srinuvasarao R, 
            
            
              Yadav SK. 
            
          Catal. Lett. 2011; 141: 1511 





Crossref





	
[bookmark: JR000-3004]3d 
            
              Hansen KB, 
            
            
              Balsells J, 
            
            
              Dreher S, 
            
            
              Hsiao Y, 
            
            
              Kubryk M, 
            
            
              Palucki M, 
            
            
              Rivera N, 
            
            
              Steinhuebel D, 
            
            
              Armstrong JD, 
            
            
              Askin D, 
            
            
              Grabowski EJ. 
            
          Org. Process Res. Dev. 2005; 9: 634 





Crossref








[bookmark: RL000-4]
	
[bookmark: JR000-4001]4a 
            
              Collin X, 
            
            
              Sauleau A, 
            
            
              Coulon J. 
            
          Bioorg. Med. Chem. Lett. 2003; 13: 2601 





CrossrefPubMed





	
[bookmark: JR000-4002]4b 
            
              Papakonstantinou-Garoufalias S, 
            
            
              Pouli N, 
            
            
              Marakos P, 
            
            
              Chytyroglou-Ladas A. 
            
          Farmaco 2002; 57: 973 





CrossrefPubMed





	
[bookmark: JR000-4003]4c 
            
              De Clercq E. 
            
          J. Clin. Virol. 2004; 30: 115 





CrossrefPubMed





	
[bookmark: JR000-4004]4d 
            
              Navidpour L, 
            
            
              Shadnia H, 
            
            
              Shafaroodi H, 
            
            
              Amini M, 
            
            
              Dehpour AR, 
            
            
              Shafiee A. 
            
          Bioorg. Med. Chem. 2007; 15: 1976 





CrossrefPubMed





	
[bookmark: JR000-4005]4e 
            
              Naito Y, 
            
            
              Akahoshi F, 
            
            
              Takeda S, 
            
            
              Okada T, 
            
            
              Kajii M, 
            
            
              Nishimura H, 
            
            
              Sugiura M, 
            
            
              Fukaya C, 
            
            
              Kagitani Y. 
            
          J. Med. Chem. 1996; 39: 3019 





CrossrefPubMed





	
[bookmark: JR000-4006]4f 
            
              Saha AK, 
            
            
              Liu L, 
            
            
              Simoneaux R, 
            
            
              Decorte B, 
            
            
              Meyer C, 
            
            
              Skrzat S, 
            
            
              Breslin HJ, 
            
            
              Kukla MJ, 
            
            
              End DW. 
            
          Bioorg. Med. Chem. Lett. 2005; 15: 5407 





CrossrefPubMed





	
[bookmark: JR000-4007]4g 
            
              Hester JB. Jr, 
            
            
              Rudzik AD, 
            
            
              Kamdar BV. 
            
          J. Med. Chem. 1971; 14: 1078 





CrossrefPubMed








	
[bookmark: JR000-5]5 
          
            Hitotsuyanagi Y, 
          
          
            Motegi S, 
          
          
            Fukaya H, 
          
          
            Takeya K. 
          
        J. Org. Chem. 2002; 67: 3266 





CrossrefPubMed






[bookmark: RL000-6]
	
[bookmark: JR000-6001]6a 
            
              Liu K, 
            
            
              Shi W, 
            
            
              Cheng P. 
            
          Dalton Trans. 2011; 8475 





PubMed





	
[bookmark: JR000-6002]6b 
            
              Wu PL, 
            
            
              Feng XJ, 
            
            
              Tam HL, 
            
            
              Wong MS, 
            
            
              Cheah KW. 
            
          J. Am. Chem. Soc. 2009; 131: 886 





CrossrefPubMed





	
[bookmark: JR000-6003]6c 
            
              Zhang J.-P, 
            
            
              Lin Y.-Y, 
            
            
              Huang X.-C, 
            
            
              Chen X.-M. 
            
          J. Am. Chem. Soc. 2005; 127: 5495 





CrossrefPubMed





	
[bookmark: JR000-6004]6d 
            
              Klingele MH, 
            
            
              Brooker S. 
            
          Coord. Chem. Rev. 2003; 241: 119 





Crossref





	
[bookmark: JR000-6005]6e 
            
              Haasnoot JG. 
            
          Coord. Chem. Rev. 2000; 200: 131 









	
[bookmark: JR000-6006]6f 
            
              Tao Y, 
            
            
              Wang Q, 
            
            
              Ao L, 
            
            
              Zhong C, 
            
            
              Yang C, 
            
            
              Qin J, 
            
            
              Ma D. 
            
          J. Phys. Chem. C 2010; 114: 601 





Crossref








	
[bookmark: JR000-7]7 
          
            Holm SC, 
          
          
            Straub BF. 
          
        Org. Prep. Proced. Int. 2011; 43: 319 





Crossref





	
[bookmark: JR000-8]8 
          
            Grenda VJ, 
          
          
            Jones RE, 
          
          
            Gal G, 
          
          
            Sletzinger M. 
          
        J. Org. Chem. 1965; 30: 259 





Crossref





	
[bookmark: JR000-9]9 
          
            Potts KT, 
          
          
            Burton HR, 
          
          
            Bhattacharyya J. 
          
        J. Org. Chem. 1966; 31: 260 





Crossref





	
[bookmark: JR000-10]10 
          
            Raval JP, 
          
          
            Desai KR. 
          
        ARKIVOC 2005; (xiii): 21 









	
[bookmark: JR000-11]11 
          
            Ueda S, 
          
          
            Nagasawa H. 
          
        J. Am. Chem. Soc. 2009; 131: 15080 





CrossrefPubMed





	
[bookmark: JR000-12]12 
          
            Meng X, 
          
          
            Yu C, 
          
          
            Zhao P. 
          
        RSC Adv. 2014; 4: 8612 





Crossref





	
[bookmark: JR000-13]13 
          
            Xia J, 
          
          
            Huang X, 
          
          
            Cai M. 
          
        Synthesis 2019; 51: 2014 





Article in Thieme Connect





	
[bookmark: JR000-14]14 
          
            Zheng Z, 
          
          
            Ma S, 
          
          
            Tang L, 
          
          
            Zhang-Negrerie D, 
          
          
            Du Y, 
          
          
            Zhao K. 
          
        J. Org. Chem. 2014; 79: 4687 





CrossrefPubMed





	
[bookmark: JR000-15]15 
          
            Song L, 
          
          
            Tian X, 
          
          
            Lv Z, 
          
          
            Li E, 
          
          
            Wu J, 
          
          
            Liu Y, 
          
          
            Yu W, 
          
          
            Chang J. 
          
        J. Org. Chem. 2015; 80: 7219 





CrossrefPubMed






[bookmark: RL000-16]
	
[bookmark: JR000-16001]16a 
            
              Yadav LD. S, 
            
            
              Srivasta VP, 
            
            
              Patel R. 
            
          Synlett 2010; 1047 





Article in Thieme Connect





	
[bookmark: JR000-16002]16b 
            
              Murthy AR. V, 
            
            
              Rao BS. 
            
          Proc. Indian Acad. Sci. (Math. Sci.) 1952; 35: 7 





Crossref








	
[bookmark: JR000-17]17 
          
            Dey A, 
          
          
            Singsardar M, 
          
          
            Sarkar R, 
          
          
            Hajra A. 
          
        ACS Omega 2018; 3: 3513 





CrossrefPubMed





	
[bookmark: JR000-18]18 
          
            Prathap KJ, 
          
          
            Himaja M, 
          
          
            Mali SV, 
          
          
            Munirajasekhar D. 
          
        J. Heterocycl. Chem. 2014; 51: 726 





Crossref





	
[bookmark: JR000-19]19 
          
            Ando T, 
          
          
            Minakata S, 
          
          
            Ryu I, 
          
          
            Komatsu M. 
          
        Tetrahedron Lett. 1998; 39: 309 





Crossref






[bookmark: RL000-20]
	
[bookmark: JR000-20001]20a 
            
              Bhuyan R, 
            
            
              Nicholas KM. 
            
          Org. Lett. 2007; 9: 3957 





CrossrefPubMed





	
[bookmark: BR000-20002]20b 
            
              Brenner DH. 
            
          In 
            Synthetic Reagents
          . 
              
                Pizey JS. 
              
            Wiley; New York: 1985: 6 





Google Scholar








[bookmark: RL000-21]
	
[bookmark: JR000-21001]21a 
            
              Khalifaa MM, 
            
            
              Bodnera MJ, 
            
            
              Berglund JA, 
            
            
              Haley MM. 
            
          Tetrahedron Lett. 2015; 56: 4109 





CrossrefPubMed





	
[bookmark: JR000-21002]21b 
            
              Garigipati RS. 
            
          Tetrahedron Lett. 1990; 31: 1969 





Crossref








	
[bookmark: JR000-22]22 
          
            Cin GT, 
          
          
            Verep G, 
          
          
            Topel SD, 
          
          
            Ciger V. 
          
        Chem. Heterocycl. Compd. 2013; 49: 1061 





Crossref






[bookmark: RL000-23]
	
[bookmark: JR000-23001]23a 
            
              Gilchrist TL, 
            
            
              Harris CJ, 
            
            
              Hawkins DG, 
            
            
              Moody CJ, 
            
            
              Rees CW. 
            
          J. Chem. Soc., Perkin Trans. 1 1976; 2116 









	
[bookmark: JR000-23002]23b 
            
              Prasad VS. R, 
            
            
              Reddy KK. 
            
          Synth. Commun. 1990; 17: 2617 











    




 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.237.89.120
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  