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Abstract


A one-pot multicomponent reaction for the synthesis of 3-sulfenylimidazo[1,2-a]pyridines from readily available 2-aminopyridines, ketones, and sulfonyl hydrazides, mediated by molecular iodine, has been developed. The transformations proceed smoothly with high efficiency and a broad substrate scope, affording the desired heterocyclic products in moderate to excellent yields.

        

      


        
[bookmark: N116F1]
Key words

metal-free synthesis - 
        multicomponent reaction - 
        C–S bond formation - 
        imidazopyridines - 
        N-heterocyclic compounds
      



      
[bookmark: N11D84]
Supporting Information



Supporting information for this article is available online at https://doi.org/10.1055/s-0037-1612082.	
Supporting Information



    





 

[bookmark: ]

[bookmark: N11D9B]
	
References and Notes



[bookmark: RL000-1]
	
[bookmark: JR000-1001]1a 
            
              Dömling A. 
            
          Chem. Rev. 2006; 106: 17 





CrossrefPubMed





	
[bookmark: JR000-1002]1b 
            
              Wipf P, 
            
            
              Stephenson CR. J, 
            
            
              Okumura K. 
            
          J. Am. Chem. Soc. 2003; 125: 14694 





CrossrefPubMed





	
[bookmark: JR000-1003]1c 
            
              Nair V, 
            
            
              Rajesh C, 
            
            
              Vinod AU, 
            
            
              Bindu S, 
            
            
              Sreekenth AR, 
            
            
              Balagopal L. 
            
          Acc. Chem. Res. 2003; 36: 899 





CrossrefPubMed





	
[bookmark: JR000-1004]1d 
            
              Dömling A, 
            
            
              Wang W, 
            
            
              Wang K. 
            
          Chem. Rev. 2012; 112: 3083 





CrossrefPubMed





	
[bookmark: JR000-1005]1e 
            
              Chen Z, 
            
            
              Liu Z, 
            
            
              Cao G, 
            
            
              Li H, 
            
            
              Ren H. 
            
          Adv. Synth. Catal. 2017; 359: 202 





Crossref








[bookmark: RL000-2]
	
[bookmark: JR000-2001]2a 
            
              Küpper FC, 
            
            
              Feiters MC, 
            
            
              Olofsson B, 
            
            
              Kaiho T, 
            
            
              Yanagida S, 
            
            
              Zimmermann MB, 
            
            
              Carpenter LJ. III, 
            
            
              Luther GW, 
            
            
              Lu ZL, 
            
            
              Jonsson M, 
            
            
              Kloo L. 
            
          Angew. Chem., Int. Ed. 2011; 50: 11598 





CrossrefPubMed





	
[bookmark: JR000-2002]2b 
            
              He Z, 
            
            
              Li H, 
            
            
              Li Z. 
            
          J. Org. Chem. 2010; 75: 4636 





CrossrefPubMed





	
[bookmark: JR000-2003]2c 
            
              Yang F.-L, 
            
            
              Tian S.-K. 
            
          Angew. Chem., Int. Ed. 2013; 52: 4929 





CrossrefPubMed





	
[bookmark: JR000-2004]2d 
            
              Yan Y, 
            
            
              Zhang Y, 
            
            
              Feng C, 
            
            
              Zha Z, 
            
            
              Wang Z. 
            
          Angew. Chem., Int. Ed. 2012; 51: 8077 





CrossrefPubMed





	
[bookmark: JR000-2005]2e 
            
              Liu D, 
            
            
              Lei A. 
            
          Chem. Asian J. 2015; 10: 806 





CrossrefPubMed








[bookmark: RL000-3]
	
[bookmark: JR000-3001]3a 
            
              Lhassani M, 
            
            
              Chavignon O, 
            
            
              Chezal J.-M, 
            
            
              Teulade J.-C, 
            
            
              Chapat J.-P, 
            
            
              Snoeck R, 
            
            
              Andrei G, 
            
            
              Balzarini J, 
            
            
              De Clercq E, 
            
            
              Gueiffier A. 
            
          Eur. J. Med. Chem. 1999; 34: 271 





Crossref





	
[bookmark: JR000-3002]3b 
            
              Enguehard-Gueiffier C, 
            
            
              Gueiffier A. 
            
          Mini-Rev. Med. Chem. 2007; 7: 888 ; and references cited therein 





CrossrefPubMed





	
[bookmark: JR000-3003]3c 
            
              Gudmundsson KS, 
            
            
              Boggs SD, 
            
            
              Catalano JG, 
            
            
              Svolto A, 
            
            
              Spaltenstein A, 
            
            
              Thomson M, 
            
            
              Wheelan P, 
            
            
              Jenkinson S. 
            
          Bioorg. Med. Chem. Lett. 2009; 19: 6399 





CrossrefPubMed





	
[bookmark: JR000-3004]3d 
            
              Moraski GC, 
            
            
              Markley LD, 
            
            
              Cramer J, 
            
            
              Hipskind PA, 
            
            
              Boshoff H, 
            
            
              Bailey MA, 
            
            
              Alling T, 
            
            
              Ollinger J, 
            
            
              Parish T, 
            
            
              Miller MJ. 
            
          ACS Med. Chem. Lett. 2013; 4: 675 





CrossrefPubMed








[bookmark: RL000-4]
	
[bookmark: JR000-4001]4a 
            
              Okubo T, 
            
            
              Yoshikawa R, 
            
            
              Chaki S, 
            
            
              Okuyama S, 
            
            
              Nakazato A. 
            
          Bioorg. Med. Chem. 2004; 12: 423 





CrossrefPubMed





	
[bookmark: JR000-4002]4b 
            
              Langer SZ, 
            
            
              Arbilla S, 
            
            
              Benavides J, 
            
            
              Scatton B. 
            
          Adv. Biochem. Psychopharmacol. 1990; 46: 61 





PubMed





	
[bookmark: OR000-4003]4c 
            
              Depoortere H, 
            
            
              George P. 
            
          US 5064836, 1991 









	
[bookmark: JR000-4004]4d 
            
              Ueda T, 
            
            
              Mizusgige K, 
            
            
              Yukiiri K, 
            
            
              Takahashi T. 
            
          Cerebrovasc. Dis. 2003; 16: 396 





CrossrefPubMed





	
[bookmark: JR000-4005]4e 
            
              Sanger DJ. 
            
          Behav. Pharmacol. 1995; 6: 116 





PubMed





	
[bookmark: JR000-4006]4f 
            
              Belohlavek D, 
            
            
              Malfertheiner P. 
            
          Scand. J. Gastroenterol., Suppl. 1979; 54: 44 









	
[bookmark: JR000-4007]4g 
            
              Boerner RJ, 
            
            
              Möller HJ. 
            
          Psychopharmakother 1997; 4: 145 












[bookmark: RL000-5]
	
[bookmark: JR000-5001]5a 
            
              Bagdi AK, 
            
            
              Santra S, 
            
            
              Monir K, 
            
            
              Hajra A. 
            
          Chem. Commun. 2015; 51: 1555 





CrossrefPubMed





	
[bookmark: JR000-5002]5b 
            
              Koubachi J, 
            
            
              El Kazzouli S, 
            
            
              Bousmina M, 
            
            
              Guillaumet G. 
            
          Eur. J. Org. Chem. 2014; 5119 









	
[bookmark: JR000-5003]5c 
            
              Cao H, 
            
            
              Zhan H, 
            
            
              Lin Y, 
            
            
              Lin X, 
            
            
              Du Z, 
            
            
              Jiang H. 
            
          Org. Lett. 2012; 14: 1688 





CrossrefPubMed





	
[bookmark: JR000-5004]5d 
            
              Fu HY, 
            
            
              Chen L, 
            
            
              Doucet H. 
            
          J. Org. Chem. 2012; 77: 4473 





CrossrefPubMed





	
[bookmark: JR000-5005]5e 
            
              Choy PY, 
            
            
              Luk KC, 
            
            
              Wu Y, 
            
            
              So CM, 
            
            
              Wang L.-l, 
            
            
              Kwong FY. 
            
          J. Org. Chem. 2015; 80: 1457 





CrossrefPubMed





	
[bookmark: JR000-5006]5f 
            
              Koubachi J, 
            
            
              El Kazzouli S, 
            
            
              Berteina-Raboin S, 
            
            
              Mouaddib A, 
            
            
              Guillaumet G. 
            
          Synthesis 2008; 2537 





Article in Thieme Connect





	
[bookmark: JR000-5007]5g 
            
              Zhan H, 
            
            
              Zhao L, 
            
            
              Li N, 
            
            
              Chen L, 
            
            
              Liu J, 
            
            
              Liao J, 
            
            
              Cao H. 
            
          RSC Adv. 2014; 4: 32013 





Crossref





	
[bookmark: JR000-5008]5h 
            
              Fukuyama T, 
            
            
              Chatani N, 
            
            
              Tatsumi J, 
            
            
              Kakiuchi F, 
            
            
              Murai S. 
            
          J. Am. Chem. Soc. 1998; 120: 11522 





Crossref





	
[bookmark: JR000-5009]5i 
            
              Hiebel M.-A, 
            
            
              Berteina-Raboin S. 
            
          Green Chem. 2015; 17: 937 





Crossref





	
[bookmark: JR000-5010]5j 
            
              Wen Q, 
            
            
              Lu P, 
            
            
              Wang Y. 
            
          Chem. Commun. 2015; 51: 15378 





CrossrefPubMed





	
[bookmark: JR000-5011]5k 
            
              Mitra S, 
            
            
              Ghosh M, 
            
            
              Mishra S, 
            
            
              Hajra A. 
            
          J. Org. Chem. 2015; 80: 8275 





CrossrefPubMed





	
[bookmark: JR000-5012]5l 
            
              Zhu M, 
            
            
              Han X, 
            
            
              Fu W, 
            
            
              Wang Z, 
            
            
              Ji B, 
            
            
              Hao X.-Q, 
            
            
              Song M.-P, 
            
            
              Xu C. 
            
          J. Org. Chem. 2016; 81: 7282 





CrossrefPubMed








[bookmark: RL000-6]
	
[bookmark: JR000-6001]6a 
            
              Tudge M, 
            
            
              Tamiya M, 
            
            
              Savarin C, 
            
            
              Humphrey GR. 
            
          Org. Lett. 2006; 8: 565 





CrossrefPubMed





	
[bookmark: JR000-6002]6b 
            
              Saidi O, 
            
            
              Marafie J, 
            
            
              Ledger AE. W, 
            
            
              Liu PM, 
            
            
              Mahon MF, 
            
            
              Kociok-Köhn G, 
            
            
              Whittlesey MK, 
            
            
              Frost CG. 
            
          J. Am. Chem. Soc. 2011; 133: 19298 





CrossrefPubMed





	
[bookmark: JR000-6003]6c 
            
              Huang D, 
            
            
              Chen J, 
            
            
              Dan W, 
            
            
              Ding J, 
            
            
              Liu M, 
            
            
              Wu H. 
            
          Adv. Synth. Catal. 2012; 354: 2123 





Crossref








[bookmark: RL000-7]
	
[bookmark: JR000-7001]7a 
            
              Li Z, 
            
            
              Hong J, 
            
            
              Zhou X. 
            
          Tetrahedron 2011; 67: 3690 





Crossref





	
[bookmark: JR000-7002]7b 
            
              Gao Z, 
            
            
              Zhu X, 
            
            
              Zhang R. 
            
          RSC Adv. 2014; 4: 19891 





Crossref





	
[bookmark: JR000-7003]7c 
            
              Ravi C, 
            
            
              Mohan DC, 
            
            
              Adimurthy S. 
            
          Org. Lett. 2014; 16: 2978 





CrossrefPubMed





	
[bookmark: JR000-7004]7d 
            
              Huang X, 
            
            
              Wang S, 
            
            
              Li B, 
            
            
              Wang X, 
            
            
              Ge Z, 
            
            
              Li R. 
            
          RSC Adv. 2015; 5: 22654 





Crossref





	
[bookmark: JR000-7005]7e 
            
              Ding Y, 
            
            
              Wu W, 
            
            
              Zhao W, 
            
            
              Li Y, 
            
            
              Xie P, 
            
            
              Huang Y, 
            
            
              Liu Y, 
            
            
              Zhou A. 
            
          Org. Biomol. Chem. 2016; 14: 1428 





CrossrefPubMed





	
[bookmark: JR000-7006]7f 
            
              Guo Y.-J, 
            
            
              Lu S, 
            
            
              Tian L.-L, 
            
            
              Huang E.-L, 
            
            
              Hao X.-Q, 
            
            
              Zhu X, 
            
            
              Shao T, 
            
            
              Song M.-P. 
            
          J. Org. Chem. 2018; 83: 338 





CrossrefPubMed





	
[bookmark: JR000-7007]7g 
            
              Ravi C, 
            
            
              Mohan DC, 
            
            
              Adimurthy S. 
            
          Org. Biomol. Chem. 2016; 14: 2282 





CrossrefPubMed





	
[bookmark: JR000-7008]7h 
            
              Bagdi AK, 
            
            
              Mitra S, 
            
            
              Ghosh M, 
            
            
              Hajra A. 
            
          Org. Biomol. Chem. 2015; 13: 3314 





CrossrefPubMed





	
[bookmark: JR000-7009]7i 
            
              Patil SM, 
            
            
              Kulkarni S, 
            
            
              Mascarenhas M, 
            
            
              Sharma R, 
            
            
              Roopan SM, 
            
            
              Roychowdhury A. 
            
          Tetrahedron 2013; 69: 8255 





Crossref





	
[bookmark: JR000-7010]7j 
            
              Liu S, 
            
            
              Xi H, 
            
            
              Zhang J, 
            
            
              Wu X, 
            
            
              Gao Q, 
            
            
              Wu A. 
            
          Org. Biomol. Chem. 2015; 13: 8807 





CrossrefPubMed








	
[bookmark: JR000-8]8 
          
            Ge W, 
          
          
            Zhu X, 
          
          
            Wei Y. 
          
        Eur. J. Org. Chem. 2013; 6015 









	
[bookmark: JR000-9]9 
          
            Kundu S, 
          
          
            Basu B. 
          
        RSC Adv. 2015; 5: 50178 





Crossref






[bookmark: RL000-10]
	
[bookmark: JR000-10001]10a 
            
              Ding Y, 
            
            
              Xie P, 
            
            
              Zhu W, 
            
            
              Xu B, 
            
            
              Zhao W, 
            
            
              Zhou A. 
            
          RSC Adv. 2016; 6: 81932 





Crossref





	
[bookmark: JR000-10002]10b 
            
              Wu W, 
            
            
              Ding Y, 
            
            
              Xie P, 
            
            
              Tang Q, 
            
            
              Pittman CU. Jr, 
            
            
              Zhou A. 
            
          Tetrahedron 2017; 73: 2151 





Crossref








	
[bookmark: JR000-11]11 
          
            Ravi C, 
          
          
            Reddy NN. K, 
          
          
            Pappula V, 
          
          
            Samanta S, 
          
          
            Adimurthy S. 
          
        J. Org. Chem. 2016; 81: 9964 





CrossrefPubMed






[bookmark: RL000-12]
	
[bookmark: JR000-12001]12a 
            
              Zhu Y.-p, 
            
            
              Fei Z, 
            
            
              Liu M.-c, 
            
            
              Jia F.-c, 
            
            
              Wu A.-x. 
            
          Org. Lett. 2013; 15: 378 





CrossrefPubMed





	
[bookmark: JR000-12002]12b 
            
              Zhu Y.-p, 
            
            
              Jia F.-c, 
            
            
              Liu M.-c, 
            
            
              Wu A.-x. 
            
          Org. Lett. 2012; 14: 4414 





CrossrefPubMed





	
[bookmark: JR000-12003]12c 
            
              Zhu Y.-p, 
            
            
              Liu M.-c, 
            
            
              Jia F.-c, 
            
            
              Yuan J.-j, 
            
            
              Gao Q.-h, 
            
            
              Lian M, 
            
            
              Wu A.-x. 
            
          Org. Lett. 2012; 14: 3392 





CrossrefPubMed





	
[bookmark: JR000-12004]12d 
            
              Gao Q.-h, 
            
            
              Liu S, 
            
            
              Wu X, 
            
            
              Wu A.-x. 
            
          Org. Lett. 2014; 16: 4582 





CrossrefPubMed





	
[bookmark: JR000-12005]12e 
            
              Chen Z, 
            
            
              Yan Q, 
            
            
              Liu Z, 
            
            
              Zhang Y. 
            
          Chem. Eur. J. 2014; 20: 17635 





CrossrefPubMed





	
[bookmark: JR000-12006]12f 
            
              Wu Y.-D, 
            
            
              Geng X, 
            
            
              Gao Q, 
            
            
              Zhang J, 
            
            
              Wu X, 
            
            
              Wu A.-X. 
            
          Org. Chem. Front. 2016; 3: 1430 





Crossref





	
[bookmark: JR000-12007]12g 
            
              Wu X, 
            
            
              Geng X, 
            
            
              Zhao P, 
            
            
              Zhang J, 
            
            
              Wu Y.-d, 
            
            
              Wu A.-x. 
            
          Chem. Commun. 2017; 53: 3438 





CrossrefPubMed





	
[bookmark: JR000-12008]12h 
            
              Zheng K, 
            
            
              Zhuang S, 
            
            
              Shu W, 
            
            
              Wu Y, 
            
            
              Yang C, 
            
            
              Wu A.-x. 
            
          Chem. Commun. 2018; 54: 11897 





CrossrefPubMed








[bookmark: RL000-13]
	
[bookmark: JR000-13001]13a 
            
              Liu Y, 
            
            
              Xiong J, 
            
            
              Wei L. 
            
          Chin. J. Org. Chem. 2017; 37: 1667 





Crossref





	
[bookmark: JR000-13002]13b 
            
              Wan J.-P, 
            
            
              Zhong S, 
            
            
              Xie L, 
            
            
              Cao X, 
            
            
              Liu Y, 
            
            
              Wei L. 
            
          Org. Lett. 2016; 18: 584 





CrossrefPubMed





	
[bookmark: JR000-13003]13c 
            
              Zhong S, 
            
            
              Liu Y, 
            
            
              Cao X, 
            
            
              Wan J.-P. 
            
          ChemCatChem 2017; 9: 465 





Crossref





	
[bookmark: JR000-13004]13d 
            
              Ge W, 
            
            
              Wei Y. 
            
          Green Chem. 2012; 14: 2066 





Crossref








[bookmark: RL000-14]
	
[bookmark: JR000-14001]14a 
            
              Chen Z, 
            
            
              Li H, 
            
            
              Dong W, 
            
            
              Miao M, 
            
            
              Ren H. 
            
          Org. Lett. 2016; 18: 1334 





CrossrefPubMed





	
[bookmark: JR000-14002]14b 
            
              Chen Z, 
            
            
              Cao G, 
            
            
              Zhang F, 
            
            
              Li H, 
            
            
              Xu J, 
            
            
              Miao M, 
            
            
              Ren H. 
            
          Synlett 2017; 28: 1795 





Article in Thieme Connect





	
[bookmark: JR000-14003]14c 
            
              Cao G, 
            
            
              Chen Z, 
            
            
              Song J, 
            
            
              Xu J, 
            
            
              Miao M, 
            
            
              Ren H. 
            
          Adv. Synth. Catal. 2018; 360: 881 





Crossref








	
[bookmark: OR000-15]15 
          2-Phenyl-3-(4-tolylthio)imidazo[1,2-a]pyridine (4a); Typical Procedure
PPh3 (157.4 mg, 0.6 mmol) and I2 (38.1 mg, 0.15 mmol) were added to a solution of amine 1a (0.3 mmol), ketone 2a (0.42 mmol), and sulfonyl hydrazide 3a (0.6 mmol) in DMSO (1 mL), and the mixture was stirred at 100 °C under air for 12 h. When the reaction was complete (TLC), the mixture was cooled to r.t. The reaction was quenched with H2O, and the mixture was extracted with EtOAc (3 × 15 mL). The extracts were washed with 10% aq Na2S2O3 (2 × 15 mL), dried (Na2SO4), and concentrated in vacuo to provide a crude product, that was purified by column chromatography (silica gel, PE–EtOAc) to give a white solid; yield: 77 mg (81%); mp 136–138 °C.
1H NMR (400 MHz, CDCl3): δ = 8.28 (d, J = 6.8 Hz, 1 H), 8.22 (d, J = 7.6 Hz, 2 H), 7.72 (d J = 9.2 Hz, 1 H,), 7.44 (t, J = 7.4 Hz, 2 H), 7.38 (d, J = 7.2 Hz, 1 H), 7.32 (t, J = 8 Hz, 1 H), 7.02 (d, J = 8 Hz, 2 H), 6.91 (d, J = 8 Hz, 2 H), 6.86 (t, J = 6.8 Hz, 1 H), 2.26 (s, 3 H). 13C NMR (100 MHz, CDCl3): δ = 151.2, 147.0, 136.0, 133.4, 131.5, 130.2, 128.5, 128.4, 126.5, 125.9, 124.5, 117.6, 113.0, 106.9, 20.9. HRMS (ES+-TOF): m/z [M + H]+ calcd for C20H17N2S: 317.1107; found: 317.1116. 









	
[bookmark: JR000-16]16 
          
            Zhu X.-T, 
          
          
            Lu Q.-L, 
          
          
            Wang X, 
          
          
            Zhang T.-S, 
          
          
            Hao W.-J, 
          
          
            Tu S.-J, 
          
          
            Jiang B. 
          
        J. Org. Chem. 2018; 83: 9890 





CrossrefPubMed










 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.91.10.104
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  