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Abstract

A     novel    silica-anchored    proline-copper(I)    organic-inorganic hybrid material as an efficient catalyst for the Sonogashira reaction was developed. Terminal alkynes were reacted with aryl iodides and bromides smoothly in the presence of a proline-functionalized silica-anchored copper(I) catalyst in DMF to afford the corresponding cross-coupling products in good to excellent yields. Furthermore, silica-anchored proline-copper(I) catalyst was recovered and recycled by a simple filtration of the reaction solution and reused for six times without significant decreases in activity.


Key words

Sonogashira coupling reaction - organic-inorganic hybrid material - silica-anchored proline-copper(I) catalyst - heterogeneous catalysis - terminal alkynes - aryl iodides - aryl bromides







References

	[bookmark: RF22707SS-1]1 
             Stephens RD. 
             Castro CE. 
            J. Org. Chem. 
            1963, 
            38: 
            3313 
          






Google Scholar





	[bookmark: RF22707SS-2]2 
             Cassar L. 
            J. Organomet. Chem. 
            1975, 
            93: 
            253 
          






CrossrefGoogle Scholar





	[bookmark: RF22707SS-3]3 
             Sonogashira K. 
             Tohda Y. 
             Hagihara N. 
            Tetrahedron Lett. 
            1975, 
            4467 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-4][bookmark: RF22707SS-4A]4a 
             Brandsma L. 
             
              Synthesis of Acetylenes, Allenes and Cumulenes: Methods and Techniques
              
            Elsevier; 
            Oxford: 
            2004. 
             p.293 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-4][bookmark: RF22707SS-4B]4b 
             Sonogashira K.  In  
              Metal-Catalyzed Cross-Coupling Reactions
              
            Vol. 1: 
             Diederich F. 
             de Meijere A. 
            Wiley-VCH; 
            Weinheim: 
            2004. 
             p.319 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-4][bookmark: RF22707SS-4C]4c 
             Tykwinski RR. 
            Angew. Chem. Int. Ed. 
            2003, 
            42: 
            1566 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-4][bookmark: RF22707SS-4D]4d 
             Negishi E. 
             Anastasia L. 
            Chem. Rev. 
            2003, 
            103: 
            1979 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-4][bookmark: RF22707SS-4E]4e 
             Sonogashira K.  In  
              Handbook of Organopalladium Chemistry for Organic Synthesis
              
             Negishi E. 
             de Meijere A. 
            Wiley-Interscience; 
            New York: 
            2002. 
             p.493 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-4][bookmark: RF22707SS-4F]4f 
             Sonogashira K. 
            
            J. Organomet. Chem. 
            2002, 
            653: 
            46 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-4][bookmark: RF22707SS-4G]4g 
             Rossi R. 
             Carpita A. 
             Belling F. 
            Org. Prep. Proceed. Int. 
            1995, 
            27: 
            127 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-4][bookmark: RF22707SS-4H]4h 
             Sonogashira K.  In  
              Comprehensive Organic Synthesis
              
            Vol. 3: 
             Trost BM. 
             Fleming I. 
            Pergamon; 
            Oxford: 
            1991. 
             p.521 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-5][bookmark: RF22707SS-5A]5a 
             González-Arellano C. 
             Abad A. 
             Corma A. 
             García H. 
             Iglesias M. 
             Sánchez F. 
            Angew. Chem. Int. Ed. 
            2007, 
            46: 
            1536 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RF22707SS-5][bookmark: RF22707SS-5B]5b 
             Li P. 
             Wang L. 
            Synlett 
            2006, 
            2261 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RF22707SS-5][bookmark: RF22707SS-5C]5c 
             Wang L. 
             Li P. 
             Zhang Y. 
            Chem. Commun. 
            2004, 
            514 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RF22707SS-5][bookmark: RF22707SS-5D]5d 
             Beletskaya IP. 
             Latyshev GV. 
             Tsvetkov AV. 
             Lukashev NV. 
            Tetrahedron Lett. 
            2003, 
            44: 
            5011 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RF22707SS-5][bookmark: RF22707SS-5E]5e 
             Borah HN. 
             Prajapati D. 
             Boruah RC. 
            Synlett 
            2005, 
            2823 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RF22707SS-5][bookmark: RF22707SS-5F]5f 
             Park S. 
             Kim M. 
             Koo DH. 
            Adv. Synth. Catal. 
            2004, 
            346: 
            1638 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RF22707SS-5][bookmark: RF22707SS-5G]5g 
             Ma DW. 
             Liu F. 
            Chem. Commun. 
            2004, 
            1934 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RF22707SS-5][bookmark: RF22707SS-5H]5h 
             Li JH. 
             Li JL. 
             Wang DP. 
             Pi SF. 
             Xie YX. 
             Zhang MB. 
             Hu XC. 
            J. Org. Chem. 
            2007, 
            72: 
            2053 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RF22707SS-6]6 
             Wang YF. 
             Deng W. 
             Liu L. 
             Guo QX. 
            Chin. J. Org. Chem. 
            2005, 
            25: 
            8 ; Chem. Abstr. 2005, 143, 285781






Google Scholar





	
[bookmark: RF22707SS-7][bookmark: RF22707SS-7A]7a 
             Clark JH. 
             
              Chemistry of Waste Minimization
              
            Chapman & Hall; 
            Glasgow: 
            1995. 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-7][bookmark: RF22707SS-7B]7b 
             Clark JH. 
             Macquarie DJ. 
            Chem. Commun. 
            1998, 
            853 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-7][bookmark: RF22707SS-7C]7c 
             Price PM. 
             Clark JH. 
             Macquarie DJ. 
            J. Chem. Soc., Dalton Trans. 
            2000, 
            101 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-7][bookmark: RF22707SS-7D]7d 
             Djakovitch L. 
             Rollet P. 
            Tetrahedron Lett. 
            2004, 
            45: 
            1367 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-7][bookmark: RF22707SS-7E]7e 
             Djakovitch L. 
             Rollet P. 
            Adv. Synth. Catal. 
            2004, 
            346: 
            1782 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-7]For recent applications of transition metals immobilized on mesoporous MCM-41 or silica in organic reactions, see:

	
[bookmark: RF22707SS-7][bookmark: RF22707SS-7F]7f 
             Breynaert E. 
             Hermans I. 
             Lambie B. 
             Maes G. 
             Peeters J. 
             Maes A. 
             Jacobs P. 
            Angew. Chem. Int. Ed. 
            2006, 
            45: 
            7584 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-7][bookmark: RF22707SS-7G]7g 
             Karimi B. 
             Ghoreishi-Nezhad M. 
             Clark JH. 
            Org. Lett. 
            2005, 
            7: 
            625 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-7][bookmark: RF22707SS-7H]7h 
             Hamza K. 
             
                

Abu-Reziq R. 
             Avnir D. 
             Blum J. 
            Org. Lett. 
            2004, 
            6: 
            925 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-7][bookmark: RF22707SS-7I]7i 
             Heckel A. 
             Seebach D. 
            Angew. Chem. Int. Ed. 
            2000, 
            39: 
            163 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-7][bookmark: RF22707SS-7J]7j 
             Gelman F. 
             Blum J. 
             Avnir D. 
            J. Am. Chem. Soc. 
            2000, 
            122: 
            11999 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-7][bookmark: RF22707SS-7K]7k 
             Crudden CM. 
             Sateesh M. 
             Lewis R. 
            J. Am. Chem. Soc. 
            2005, 
            127: 
            10045 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-7][bookmark: RF22707SS-7L]7l 
             Baleizão C. 
             Corma A. 
             García H. 
             Leyva A. 
            Chem. Commun. 
            2003, 
            606 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-7][bookmark: RF22707SS-7M]7m 
             Mehnert CP. 
             Ying JY. 
            Chem. Commun. 
            1997, 
            2215 
          






CrossrefGoogle Scholar





	
[bookmark: RF22707SS-8][bookmark: RF22707SS-8A]8a 
             Djakovitch L. 
             Rollet P. 
            Tetrahedron Lett. 
            2004, 
            45: 
            1367 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RF22707SS-8][bookmark: RF22707SS-8B]8b A Sonogashira cross-coupling reaction catalyzed by copper-free palladium-zeolites has been reported, see:  Djakovitch L. 
             Rollet P. 
            Adv. Synth. Catal. 
            2004, 
            346: 
            1782 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RF22707SS-8][bookmark: RF22707SS-8C]8c Most recently, a Sonogashira reaction catalyzed by 3-aminopropyl-functionalized, P-ligand-containing, silica gel immobilized palladium catalyst has been reported under copper-free reaction conditions, but this approach is limited by the narrow choice of reactants (only aryl iodides), for details, see:  Tyrrell E. 
             Al-Saardi A. 
             Millet J. 
            Synlett 
            2005, 
            487 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RF22707SS-9][bookmark: RF22707SS-9A]9a 
             Li P. 
             Wang L. 
            Adv. Synth. Catal. 
            2006, 
            348: 
            681 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RF22707SS-9][bookmark: RF22707SS-9B]9b 
             Miao T. 
             Wang L. 
            Tetrahedron Lett. 
            2007, 
            48: 
            95 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RF22707SS-9][bookmark: RF22707SS-9C]9c 
             Zhang L. 
             Li P. 
             Wang L. 
            Lett. Org. Chem. 
            2006, 
            3: 
            282 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RF22707SS-9][bookmark: RF22707SS-9D]9d 
             Li P. 
             Wang L. 
            Tetrahedron 
            2007, 
            63: 
            5455 
          






Article in Thieme ConnectGoogle Scholar





	
[bookmark: RF22707SS-9][bookmark: RF22707SS-9E]9e 
             Li H. 
             Wang L. 
             Li P. 
            Synthesis 
            2007, 
            1635 
          






Article in Thieme ConnectGoogle Scholar





	[bookmark: RF22707SS-10]10 
             Carpino LA. 
             Chen H.-W. 
            J. Am. Chem. Soc. 
            1979, 
            101: 
            390 
          






CrossrefGoogle Scholar





	[bookmark: RF22707SS-11]11 
             Paquette LA. 
             Wittenbrook LS. 
            J. Am. Chem. Soc. 
            1967, 
            89: 
            4483 
          






CrossrefGoogle Scholar





	[bookmark: RF22707SS-12]12 
             Arcadi A. 
             Cacchi S. 
             Fabrizi G. 
             Marinelli F. 
             Pace P. 
            Eur. J. Org. Chem. 
            1999, 
            12: 
            3305 
          






Google Scholar





	[bookmark: RF22707SS-13]13 
             Hunter DH. 
             Cram DJ. 
            J. Am. Chem. Soc. 
            1966, 
            88: 
            5765 
          






CrossrefGoogle Scholar





	[bookmark: RF22707SS-14]14 
             Chow H.-F. 
             Wan C.-W. 
             Low K.-H. 
             Yeung Y.-Y. 
            J. Org. Chem. 
            2001, 
            66: 
            1910 
          






CrossrefGoogle Scholar





	[bookmark: RF22707SS-15]15 
             Sato H. 
             Isono N. 
             Miyoshi I. 
             Mori M. 
            Tetrahedron 
            1996, 
            52: 
            8143 
          






CrossrefGoogle Scholar





	[bookmark: RF22707SS-16]16 
             Masuda Y. 
             Hoshi M. 
             Arase A. 
            Chem. Lett. 
            1980, 
            413 
          






CrossrefGoogle Scholar





	[bookmark: RF22707SS-17]17 
             Huggins JM. 
             Bergman RG. 
            J. Am. Chem. Soc. 
            1981, 
            103: 
            3002 
          






CrossrefGoogle Scholar





	[bookmark: RF22707SS-18]18 
             Yoshida K. 
             Fueno T. 
            J. Org. Chem. 
            1973, 
            38: 
            1045 
          






CrossrefGoogle Scholar





	[bookmark: RF22707SS-19]19 
             Agawa T. 
             Miller SI. 
            J. Am. Chem. Soc. 
            1961, 
            83: 
            449 
          




Google Scholar





	[bookmark: RF22707SS-20]20 
             Gholap AR. 
             Venkatesan K. 
             Pasricha R. 
             Daniel T. 
             Lahoti RJ. 
             Srinivasan KV. 
            J. Org. Chem. 
            2005, 
            70: 
            4869 
          






CrossrefPubMedGoogle Scholar


















    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.84.202.224
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  