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Abstract


An improved synthesis of unsaturated γ-lactams by condensation of various primary amines with 2,5-dimethoxy-2,5-dihydrofuran is described. A modified mechanism for this reaction is suggested. Synthesis of their N-α-methoxylated derivatives, as N-acyliminium ion precursors, is also reported. Finally, a short synthesis of (±)-crispine A is presented as an illustrative application.

        

      


        
[bookmark: N116CA]
Key words

unsaturated γ-lactams - 
        aza-heterocycles - 
        
          N-acyliminium - 
        5-methoxypyrrolidin-2-one - 
        crispine A
      



      
[bookmark: N12646]
Supporting Information

    

Supporting information for this article is available online at https://doi.org/10.1055/s-0040-1707886.	
Supporting Information



    





 

[bookmark: ]

[bookmark: N1265D]
	
References



[bookmark: RL000-1]



Present address:
        
	
[bookmark: OR000-1001]1a Université Paris-Saclay, CNRS, Institut de Chimie Moléculaire et des Matériaux d’Orsay, Laboratoire de Catalyse Moléculaire, Bâtiment 420, 91405 Orsay, France. 









	
[bookmark: OR000-1002]1b NOVECAL, 86 rue de Paris, 91400 Orsay, France. 












	
[bookmark: JR000-2]2 
          
            Baussanne I, 
          
          
            Dudot B, 
          
          
            Perard-Viret J, 
          
          
            Planas L, 
          
          
            Royer J. 
          
        ARKIVOC 2006; (vii): 57 









	
[bookmark: JR000-3]3 
          
            Toffano M, 
          
          
            Dudot B, 
          
          
            Zaparucha A, 
          
          
            Royer J, 
          
          
            Sevrin M, 
          
          
            George P, 
          
          
            Chiaroni A. 
          
        Tetrahedron: Asymmetry 2003; 14: 3365 





Crossref






[bookmark: RL000-4]
	
[bookmark: JR000-4001]4a 
            
              Wu P, 
            
            
              Nielsen TE. 
            
          Chem. Rev. 2017; 117: 7811 





CrossrefPubMed





	
[bookmark: JR000-4002]4b 
            
              Speckamp WN, 
            
            
              Moolenaar MJ. 
            
          Tetrahedron 2000; 56: 3817 





Crossref








[bookmark: RL000-5]
	
[bookmark: JR000-5001]5a 
            
              Planas L, 
            
            
              Pérard-Viret J, 
            
            
              Royer J. 
            
          J. Org. Chem. 2004; 69: 3087 





CrossrefPubMed





	
[bookmark: JR000-5002]5b 
            
              Yoritate M, 
            
            
              Takahashi Y, 
            
            
              Tajima H, 
            
            
              Ogihara C, 
            
            
              Yokoyama T, 
            
            
              Soda Y, 
            
            
              Oishi T, 
            
            
              Sato T, 
            
            
              Chida N. 
            
          J. Am. Chem. Soc. 2017; 139: 18386 





Article in Thieme ConnectPubMed





	
[bookmark: JR000-5003]5c 
            
              Bosque I, 
            
            
              Gonzalez-Gomez JC, 
            
            
              Loza MI, 
            
            
              Brea J. 
            
          J. Org. Chem. 2014; 79: 3982 





CrossrefPubMed





	
[bookmark: JR000-5004]5d 
            
              Toyooka N, 
            
            
              Zhou D, 
            
            
              Nemoto H. 
            
          J. Org. Chem. 2008; 73: 4575 





CrossrefPubMed








	
[bookmark: JR000-6]6 
          
            Pelkey ET, 
          
          
            Pelkey SJ, 
          
          
            Greger JG. 
          
        Adv. Heterocycl. Chem. 2015; 115: 151 









	
[bookmark: JR000-7]7 
          
            Bocchi V, 
          
          
            Chierici L, 
          
          
            Gardini GP, 
          
          
            Mondelli R. 
          
        Tetrahedron 1970; 26: 4073 





Crossref






[bookmark: RL000-8]
	
[bookmark: JR000-8001]8a 
            
              Rio G, 
            
            
              Masure D. 
            
          Bull. Soc. Chim. Fr. 1972; 4598 









	
[bookmark: JR000-8002]8b 
            
              Jebali K, 
            
            
              Planchat A, 
            
            
              Amri H, 
            
            
              Mathé-Allainmat M, 
            
            
              Lebreton J. 
            
          Synthesis 2016; 48: 1502 





Article in Thieme Connect





	
[bookmark: JR000-8003]8c 
            
              del Corte X, 
            
            
              de Marigorta EM, 
            
            
              Palacios F, 
            
            
              Vicario J. 
            
          Molecules 2019; 24: 2951 





CrossrefPubMed








[bookmark: RL000-9]
	
[bookmark: JR000-9001]9a 
            
              Santaniello E, 
            
            
              Casati R, 
            
            
              Manzocchi A. 
            
          J. Chem. Soc., Perkin Trans. 1 1985; 2389 





Crossref





	
[bookmark: JR000-9002]9b 
            
              Curti C, 
            
            
              Ranieri B, 
            
            
              Battistini L, 
            
            
              Rassu G, 
            
            
              Zambrano V, 
            
            
              Pelosi G, 
            
            
              Casiraghi G, 
            
            
              Zanardi F. 
            
          Adv. Synth. Catal. 2010; 352: 2011 





Crossref








	
[bookmark: JR000-10]10 
          
            Zhukovsky D, 
          
          
            Dar’in D, 
          
          
            Kantin G, 
          
          
            Krasavin M. 
          
        Eur. J. Org. Chem. 2019; 2397 










[bookmark: RL000-11]
	
[bookmark: JR000-11001]11a 
            
              Baussanne I, 
            
            
              Chiaroni A, 
            
            
              Husson HP, 
            
            
              Riche C, 
            
            
              Royer J. 
            
          Tetrahedron Lett. 1994; 35: 3931 





Crossref





	
[bookmark: JR000-11002]11b 
            
              Poli G, 
            
            
              Baffoni SC, 
            
            
              Giambastiani G, 
            
            
              Reginato G. 
            
          Tetrahedron 1998; 54: 10403 





Crossref





	
[bookmark: JR000-11003]11c 
            
              Katritzky AR, 
            
            
              Mehta S, 
            
            
              He HY, 
            
            
              Cui X. 
            
          J. Org. Chem. 2000; 65: 4364 





CrossrefPubMed





	
[bookmark: JR000-11004]11d 
            
              Saygili N, 
            
            
              Altunbas A, 
            
            
              Yesilada A. 
            
          Turkish J. Chem. 2006; 30: 125 









	
[bookmark: JR000-11005]11e 
            
              Halie D, 
            
            
              Pérard-Viret J, 
            
            
              Royer J. 
            
          Heterocycles 2006; 68: 2471 





Crossref





	
[bookmark: JR000-11006]11f 
            
              Alves JC. F. 
            
          J. Braz. Chem. Soc. 2007; 18: 855 





Crossref








[bookmark: RL000-12]
	
[bookmark: JR000-12001]12a 
            
              Petersen MT, 
            
            
              Nielsen TE. 
            
          Org. Lett. 2013; 15: 1986 





CrossrefPubMed





	
[bookmark: JR000-12002]12b 
            
              Gratais A, 
            
            
              Pannecoucke X, 
            
            
              Bouzbouz S. 
            
          Synlett 2014; 25: 1555 





Article in Thieme Connect





	
[bookmark: JR000-12003]12c 
            
              Ye LW, 
            
            
              Shu C, 
            
            
              Gagosz F. 
            
          Org. Biomol. Chem. 2014; 12: 1833 





CrossrefPubMed








	
[bookmark: OR000-13]13 Integration area at 5.7 and 6.0 ppm accounts for 3.6 protons instead of 4, as reaction took place in D2O and some deuterium was incorporated. A HSQC spectrum (see Supporting Information) confirmed the structure. 









	
[bookmark: JR000-14]14 
          
            Pelkey ET, 
          
          
            Pelkey SJ, 
          
          
            Greger JG. 
          
        Adv. Heterocycl. Chem. 2019; 128: 433 









	
[bookmark: JR000-15]15 
          
            Zaragoza-Galicia I, 
          
          
            Santos-Sánchez ZA, 
          
          
            Hidalgo-Mercado YI, 
          
          
            Olivo HF, 
          
          
            Romero-Ortega M. 
          
        Synthesis 2019; 51: 4650 





Article in Thieme Connect






[bookmark: RL000-16]
	
[bookmark: JR000-16001]16a 
            
              Hubert JC, 
            
            
              Steege W, 
            
            
              Speckamp WN, 
            
            
              Huisman HO. 
            
          Synth. Commun. 1971; 1: 103 





Crossref





	
[bookmark: JR000-16002]16b 
            
              Berthet M, 
            
            
              Beauseigneur A, 
            
            
              Moine C, 
            
            
              Taillier C, 
            
            
              Othman M, 
            
            
              Dalla V. 
            
          Chem. Eur. J. 2018; 24: 1278 





CrossrefPubMed








	
[bookmark: JR000-17]17 
          
            Bennett DJ, 
          
          
            Blake AJ, 
          
          
            Cooke PA, 
          
          
            Godfrey CR. A, 
          
          
            Pickering PL, 
          
          
            Simpkins NS, 
          
          
            Walker MD, 
          
          
            Wilson C. 
          
        Tetrahedron 2004; 60: 4491 





Crossref





	
[bookmark: JR000-18]18 
          
            Bailey PD, 
          
          
            Baker SR, 
          
          
            Boa AN, 
          
          
            Clayson J, 
          
          
            Rosair GM. 
          
        Tetrahedron Lett. 1998; 39: 7755 





Crossref





	
[bookmark: JR000-19]19 
          
            Polniaszek RP, 
          
          
            Belmont SE, 
          
          
            Alvarez R. 
          
        J. Org. Chem. 1990; 55: 215 





Crossref






[bookmark: RL000-20]
	
[bookmark: JR000-20001]20a 
            
              Holsten M, 
            
            
              Beller M, 
            
            
              Papa V, 
            
            
              Junge K, 
            
            
              Adam R, 
            
            
              Cabrero-Antonino JR. 
            
          Chem. Sci. 2017; 8: 5536 





CrossrefPubMed





	
[bookmark: JR000-20002]20b 
            
              Cabrero-Antonino JR, 
            
            
              Sorribes I, 
            
            
              Junge K, 
            
            
              Beller M. 
            
          Angew. Chem. Int. Ed. 2016; 55: 387 





CrossrefPubMed








	
[bookmark: JR000-21]21 
          
            Ding G, 
          
          
            Lu B, 
          
          
            Li Y, 
          
          
            Wan J, 
          
          
            Zhang Z, 
          
          
            Xie X. 
          
        Adv. Synth. Catal. 2015; 357: 1013 





Crossref





	
[bookmark: OR000-22]22 The reaction with aq 12 M HCl could be done in EtOH to give N-α-ethoxylated derivatives and in MeCN to obtain the N-α-hydroxylated derivatives with less efficiency. 










[bookmark: RL000-23]
	
[bookmark: JR000-23001]23a 
            
              Butters M, 
            
            
              Davies CD, 
            
            
              Elliott MC, 
            
            
              Hill-Cousins J, 
            
            
              Kariuki BM, 
            
            
              Ooi LL, 
            
            
              Wood JL, 
            
            
              Wordingham SV. 
            
          Org. Biomol. Chem. 2009; 7: 5001 





CrossrefPubMed





	
[bookmark: JR000-23002]23b 
            
              Kotha S, 
            
            
              Pulletikurti S. 
            
          Synthesis 2019; 51: 3981 





Article in Thieme Connect








	
[bookmark: JR000-24]24 
          
            Toum V, 
          
          
            Bolley J, 
          
          
            Lalatonne Y, 
          
          
            Barbey C, 
          
          
            Motte L, 
          
          
            Lecouvey M, 
          
          
            Royer J, 
          
          
            Dupont N, 
          
          
            Pérard-Viret J. 
          
        Eur. J. Med. Chem. 2015; 93: 360 





CrossrefPubMed





	
[bookmark: JR000-25]25 
          
            Katritzky AR, 
          
          
            Mehta S, 
          
          
            He HY. 
          
        J. Org. Chem. 2001; 66: 148 





CrossrefPubMed





	
[bookmark: JR000-26]26 
          
            Fontaine H, 
          
          
            Baussanne I, 
          
          
            Royer J. 
          
        Synth. Commun. 1997; 27: 2817 





Crossref






[bookmark: RL000-27]
	
[bookmark: JR000-27001]27a 
            
              Allin SM, 
            
            
              Gaskell SN, 
            
            
              Towler JM. R, 
            
            
              Bulman Page PC, 
            
            
              Saha B, 
            
            
              McKenzie MJ, 
            
            
              Martin WP. 
            
          J. Org. Chem. 2007; 72: 8972 





CrossrefPubMed





	
[bookmark: JR000-27002]27b 
            
              Mons E, 
            
            
              Wanner MJ, 
            
            
              Ingemann S, 
            
            
              van Maarseveen JH, 
            
            
              Hiemstra H. 
            
          J. Org. Chem. 2014; 79: 7380 





CrossrefPubMed







    




 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.81.234.231
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  