
    
    

    
    

    

    
    
    
      
    
    synthesis


    
    
    
    



    

      

  
    	
          
            DE
          
        
	
          EN
        
	
        
          Home
        
      
	
        Products
        	
            
              Journals
            
          
	
            
              Books
            
          
	
            
              Book Series
            
          


        

      
	
        Service
        	
            
              Library Service
            
          


        

      
	
        Help
      
	
        
          Contact
        
      
	
        
          Portal
        
      


  

  
    
    
      
        SYNTHESIS
      
    

    

  
    
    
      
        
          Full-text search
        

      

      	Full-text search
	Author Search
	Title Search
	DOI Search
	Metadata Search


    

    
    
    
    
  




  

  
    


  



  	
	
	
	
	
	
        
          Journal
        
        	
                More About This Journal
              
	
                Editorial Board
              
	
                Advisory Board
              
	
                Editorial Office
              
	
                German National License
              
	
                Brochure
              


      
	
        
          Authors
        
        	
                Instructions for Authors
              
	
                Submit a Manuscript
              


      
	
          
            Subscription
          
          	
                  Subscription Information & Contacts
                
	
                  Institutional Licensing
                


        
	
        
        
        
          
        
          
            Recent Special Topics
            
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
        	
                Upcoming Special Topics
              
	
                Synthetic Development of Key Intermediates and Active Pharmaceutical Ingredients (APIs)
              
	
                Advances in Skeletal Editing and Rearrangement Reactions
              
	
                C–H Bond Functionalization of Heterocycles
              
	
                Electrochemical Organic Synthesis
              
	
                Special Issue dedicated to Prof. David A. Evans 
              
	
                Synthetic Advancements Enabled by Phosphorus Redox Chemistry
              
	
                Special Issue dedicated to Prof. Cristina Nevado, recipient of the 2021 Dr. Margaret Faul Women in Chemistry Award
              
	
                Bürgenstock Special Section 2022 – Future Stars in Organic Chemistry
              
	
                Special Issue dedicated to Prof. Alain Krief
              
	
                Aryne Chemistry in Synthesis
              
	
                Asymmetric C–H Functionalization
              
	
                SYNTHESIS Conference Special Topic ISySyCat21
              
	
                Special Issue in Memory of Prof. Ferenc Fülöp
              
	
                Bürgenstock Special Section 2021 – Future Stars in Organic Chemistry
              
	
                Cycloadditions – Established and Novel Trends – in Celebration of the 70th Anniversary of the Nobel Prize Awarded to Otto Diels and Kurt Alder
              
	
                Special Issue dedicated to Prof. Sarah Reisman, recipient of the 2019 Dr. Margaret Faul Women in Chemistry Award
              
	
                Special Issue Dedicated to Professor Shinji Murai – Part II
              
	
                Special Issue Dedicated to Professor Shinji Murai – Part I
              


      
	
        
        
        
          
        
          
            Virtual Issues
            
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
        	
                Virtual Collection: Dedicated to Prof. Guo-Qiang Lin
              
	
                20 most-cited SYNTHESIS articles published in 2021/2022
              
	
                Virtual Golden Anniversary Issue – 50 Years Synthesis
              
	
                Editor's choice
              
	
                Virtual India Collection
              
	
                Virtual Collection: Jhillu S. Yadav
              
	
                Virtual Collection: Special Issue dedicated to Prof. Alain Krief
              
	
                Open Access Articles
              


      





    	
        
        
        
        
        
        
          
          
            
              Not Logged In
            
             
              Login
            
            
              	
                  
                    
                      
                      
                      
                      
                        Username or e-mail address: 
                        
                      

                      
                        Password:
                        
                      

                      
                        
                      

                      Forgot Access Data?
                      
                        Register Now
                      
                      
                        OpenAthens/Shibboleth Login
                      
                    

                  
                


            

          
        
        

        

      
	
        
        
          Shopping Cart
        
        









        
        
      


  

  
    
      
    

    
    
      
    
    
    
    
    
    
    
    
    
      
        
          
        

      
    
  




      

      

      
        




  



  

  
    
    
      
      
    

    
    
      
        
          
          
          
          
            Year (Archive)
            
              
                
                  2007
                

              

              	
                      
                      
                      
                      
                        2024
                      
                    
	
                      
                      
                      
                      
                        2023
                      
                    
	
                      
                      
                      
                      
                        2022
                      
                    
	
                      
                      
                      
                      
                        2021
                      
                    
	
                      
                      
                      
                      
                        2020
                      
                    
	
                      
                      
                      
                      
                        2019
                      
                    
	
                      
                      
                      
                      
                        2018
                      
                    
	
                      
                      
                      
                      
                        2017
                      
                    
	
                      
                      
                      
                      
                        2016
                      
                    
	
                      
                      
                      
                      
                        2015
                      
                    
	
                      
                      
                      
                      
                        2014
                      
                    
	
                      
                      
                      
                      
                        2013
                      
                    
	
                      
                      
                      
                      
                        2012
                      
                    
	
                      
                      
                      
                      
                        2011
                      
                    
	
                      
                      
                      
                      
                        2010
                      
                    
	
                      
                      
                      
                      
                        2009
                      
                    
	
                      
                      
                      
                      
                        2008
                      
                    
	
                      
                      
                      
                      
                        2007
                      
                    
	
                      
                      
                      
                      
                        2006
                      
                    
	
                      
                      
                      
                      
                        2005
                      
                    
	
                      
                      
                      
                      
                        2004
                      
                    
	
                      
                      
                      
                      
                        2003
                      
                    
	
                      
                      
                      
                      
                        2002
                      
                    
	
                      
                      
                      
                      
                        2001
                      
                    
	
                      
                      
                      
                      
                        2000
                      
                    
	
                      
                      
                      
                      
                        1999
                      
                    
	
                      
                      
                      
                      
                        1998
                      
                    
	
                      
                      
                      
                      
                        1997
                      
                    
	
                      
                      
                      
                      
                        1996
                      
                    
	
                      
                      
                      
                      
                        1995
                      
                    
	
                      
                      
                      
                      
                        1994
                      
                    
	
                      
                      
                      
                      
                        1993
                      
                    
	
                      
                      
                      
                      
                        1992
                      
                    
	
                      
                      
                      
                      
                        1991
                      
                    
	
                      
                      
                      
                      
                        1990
                      
                    
	
                      
                      
                      
                      
                        1989
                      
                    
	
                      
                      
                      
                      
                        1988
                      
                    
	
                      
                      
                      
                      
                        1987
                      
                    
	
                      
                      
                      
                      
                        1986
                      
                    
	
                      
                      
                      
                      
                        1985
                      
                    
	
                      
                      
                      
                      
                        1984
                      
                    
	
                      
                      
                      
                      
                        1983
                      
                    
	
                      
                      
                      
                      
                        1982
                      
                    
	
                      
                      
                      
                      
                        1981
                      
                    
	
                      
                      
                      
                      
                        1980
                      
                    
	
                      
                      
                      
                      
                        1979
                      
                    
	
                      
                      
                      
                      
                        1978
                      
                    
	
                      
                      
                      
                      
                        1977
                      
                    
	
                      
                      
                      
                      
                        1976
                      
                    
	
                      
                      
                      
                      
                        1975
                      
                    
	
                      
                      
                      
                      
                        1974
                      
                    
	
                      
                      
                      
                      
                        1973
                      
                    
	
                      
                      
                      
                      
                        1972
                      
                    
	
                      
                      
                      
                      
                        1971
                      
                    
	
                      
                      
                      
                      
                        1970
                      
                    
	
                      
                      
                      
                      
                        1969
                      
                    


            

          

          
          
          
            Issues
            

          

        


        	
                Table of Contents
              
	
            
              
                Current Issue
              
            
          
	
                Articles by Category
              
	
              
                Free Sample Issue (01/2024)
              
            


      
    

    
    
      

  
  
    
      
      
    
    
      
        
        
      

    
  



    
    
    

    

    

    
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
          
            
          
          
          
        
      
    
      
    
      
        
          
  
          
            
          
  
          
            
              
              
                Related E-Products
              
            

            
              	
                      
                        

                        
                          Science of Synthesis
                        

                       
                      
                    
	
                      
                        

                        
                          Pharmaceutical Substances
                        

                       
                      
                    


            

          

        
      
    
      
        
          
            
              Related Journals
            

            
              	
                      
                        

                        
                          SYNLETT
                        

                      
                    
	
                      
                        

                        
                          SYNFACTS
                        

                      
                    
	
                      
                        

                        
                          SynOpen
                        

                      
                    
	
                      
                        

                        
                          Organic Materials
                        

                      
                    
	
                      
                        

                        
                          Planta Medica
                        

                      
                    
	
                      
                        

                        
                          Planta Medica International Open 
                        

                      
                    
	
                      
                        

                        
                          Drug Research 
                        

                      
                    


            

          

        
      
    
      
        
          
            
              Related Books
            

            
              	
                      
                        

                        
                          SoS C-1 Building Blocks in Organic Synthesis
                        

                      
                    
	
                      
                        

                        
                          SoS Multicomponent Reactions
                        

                      
                    
	
                      
                        

                        
                          SoS Cross Coupling and Heck-Type Reactions
                        

                      
                    
	
                      
                        

                        
                          SoS Asymmetric Organocatalysis
                        

                      
                    
	
                      
                        

                        
                          SoS Water in Organic Synthesis
                        

                      
                    
	
                      
                        

                        
                          SoS Stereoselective Synthesis
                        

                      
                    
	
                      
                        

                        
                          Protecting Groups
                        

                      
                    
	
                      
                        

                        
                          Spectroscopic Methods in Organic Chemistry
                        

                      
                    
	
                      
                        

                        
                          More from Thieme Chemistry
                        

                      
                    


            

          

        
      
    
      
    
      
    
      
    
      
    
      
    
      
    
  

    
  

  
  
  






  
  

  
    

  
  
    
      
      
    
    
      
      
    
  



    


  

    

    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    

    
    
    

    
      
        
          Subscribe to RSS

          Please copy the URL and add it into your RSS Feed Reader.

          
          https://www.thieme-connect.de/rss/thieme/en/10.1055-s-00000084.xml
        

      

    

    

    

    
      
        
      
    

    
      
        
      

      
        
      

      
        
          Share / Bookmark

          Facebook
          X
          Linkedin
          Weibo
        

      

    

    

    

    
      
          
              
          
      
    

    

    

    
      
        
        
          
          
          
        
      
    
  


  
    
      
        
          
            
              Download PDF
            
          
        
      

      
        
          
            
          
        
      

    

  

  

  
  
    
  
  




    
    
Synthesis  2007(11): 1733-1737  
DOI: 10.1055/s-2007-965965

PSP

© Georg Thieme Verlag Stuttgart · New York
Preparation of Cyclopenta-Fused N-, O-, and S-Heterocycles by Lewis Acid Catalyzed Nazarov Reaction

Laura  Bartali, Paolo  Larini, Antonio  Guarna, Ernesto G.  Occhiato*
Department of Organic Chemistry ‘U. Schiff’ and Laboratory of Design, Synthesis and Study of Biologically Active Heterocycles (HeteroBioLab), Università di Firenze, Via della Lastruccia 13, 50019 Sesto Fiorentino, Italy
Fax: +39(055)4573531; e-Mail: ernesto.occhiato@unifi.it; 



Further Information


Publication History


	
        Received
      7 February 2007


Publication Date:
28 February 2007 (online)












	
Abstract

	
Full Text

	
References




 



 Buy Article Permissions and Reprints All articles of this category






Abstract

The products of carbonylative coupling between lactam-, lactone- and thiolactone-derived vinyl triflates and alkenylboronic acids are suitable substrates for the Lewis acid catalyzed Nazarov reaction. The most efficient Lewis acids for the Nazarov reaction are scandium(III) and indium(III) triflates (3-15 mol%) in 1,2-dichloroethane, which provide the Nazarov products in moderate to excellent yield (53-86%). The electrocyclization rate depends also on the heteroatom (N, O, S) and the N-protecting group. On the whole, the entire procedure is an expeditious synthesis of hexahydro[1]pyrindenes, -cyclopenta[b]pyrans, and -cyclopenta[b]thiopyrans of noteworthy interest as they form the structural core of several natural molecules.


Key words

carbonylative couplings - electrocyclic reactions - Nazarov reaction - Lewis acids - bicyclic compounds







References

	
1a 
             Nazarov IN. 
             Torgov IB. 
             Terekhova LN. 
            Izv. Akad. Nauk SSSR Otd. Khim. Nauk 
            1942, 
            200 
          






Google Scholar





	
1b 
             Habermas KL. 
             Denmark SE. 
             Jones TD. 
            Org. React. 
            1994, 
            45: 
            1 
          






Google Scholar





	
For the most recent reviews, see:

	
2a 
             Tius MA. 
            Eur. J. Org. Chem. 
            2005, 
            2193 
          






CrossrefGoogle Scholar





	
2b 
             Pellissier H. 
            Tetrahedron 
            2005, 
            61: 
            6479 
          






CrossrefGoogle Scholar





	
2c 
             Frontier AJ. 
             Collison C. 
            Tetrahedron 
            2005, 
            61: 
            7577 
          






CrossrefGoogle Scholar





	
For example:

	
3a 
             Drautz H. 
             Zähner H. 
             Kupfer E. 
             Keller-Schierlein W. 
            Helv. Chim. Acta 
            1981, 
            64: 
            1752 
          






CrossrefGoogle Scholar





	
3b 
             Grabley S. 
             Kluge H. 
             Hoppe H.-U. 
            Angew. Chem. Int. Ed. 
            1987, 
            26: 
            664 
          






CrossrefGoogle Scholar





	
3c 
             Grabley S. 
             Hammann P. 
             Kluge H. 
             Wink J. 
             Kricke P. 
             Zeek A. 
            J. Antibiot. 
            1991, 
            44: 
            797 
          






CrossrefGoogle Scholar





	
3d 
             Puder C. 
             Krastel P. 
             Zeeck A. 
            J. Nat. Prod. 
            2000, 
            63: 
            1258 
          






CrossrefGoogle Scholar





	
3e 
             Puder C. 
             Loya S. 
             Hizi A. 
             Zeeck A. 
            J. Nat. Prod. 
            2001, 
            64: 
            42 
          






CrossrefGoogle Scholar





	
3f 
             Trost BM. 
             Chung CK. 
             Pinkerton AB. 
            Angew. Chem. Int. Ed. 
            2004, 
            43: 
            4327 
          






CrossrefGoogle Scholar





	
3g 
             Omura S. 
             Tanaka H. 
             Awaya J. 
             Narimatsu Y. 
             Konda Y. 
             Hata T. 
            Agric. Biol. Chem. 
            1974, 
            38: 
            899 
          






CrossrefGoogle Scholar





	
3h 
             Gurevich AI. 
             Kolosov MN. 
             Korobko VG. 
             Onoprienko VV. 
            Tetrahedron Lett. 
            1968, 
            9: 
            2209 
          






CrossrefGoogle Scholar





	
3i 
             Chen C.-W. 
             Lu G. 
             Ho C.-T. 
            J. Agric. Food Chem. 
            1997, 
            45: 
            2996 
          






CrossrefGoogle Scholar





	4 For a review on lactam-derived enol triflates, see:  Occhiato EG. 
            Mini-Rev. Org. Chem. 
            2004, 
            1: 
            149 
          






Google Scholar





	5 
             Larini P. 
             Guarna A. 
             Occhiato EG. 
            Org. Lett. 
            2006, 
            8: 
            781 
          






CrossrefGoogle Scholar





	
6a 
             Milne JE. 
             Jarowicki K. 
             Kocienski PJ. 
            Synlett 
            2002, 
            607 
          






Article in Thieme ConnectGoogle Scholar





	
6b 
             Milne JE. 
             Kocienski PJ. 
            Synthesis 
            2003, 
            584 
          






Article in Thieme ConnectGoogle Scholar





	8 
             Kobayashi S. 
             Ogawa C. 
            Chem. Eur. J. 
            2006, 
            12: 
            5984 
          






Google Scholar





	
The Lewis acid catalyzed Nazarov reaction of 2-alkoxy-1,4-dien-3-ones has been reported:

	
9a 
             Liang G. 
             Gradl SN. 
             Trauner D. 
            Org. Lett. 
            2003, 
            5: 
            4931 
          






CrossrefGoogle Scholar





	
9b 
             He W. 
             Sun X. 
             Frontier AJ. 
            J. Am. Chem. Soc. 
            2003, 
            125: 
            14278 
          






CrossrefGoogle Scholar





	
10a 
             Prandi C. 
             Ferrali A. 
             Guarna A. 
             Venturello P. 
             Occhiato EG. 
            J. Org. Chem. 
            2004, 
            69: 
            7705 
          






CrossrefGoogle Scholar





	
10b 
             Occhiato EG. 
             Prandi C. 
             Ferrali A. 
             Guarna A. 
             Venturello P. 
            J. Org. Chem. 
            2003, 
            68: 
            9728 
          






CrossrefGoogle Scholar





	11 
             Cavalli A. 
             Masetti M. 
             Recanatini M. 
             Prandi C. 
             Guarna A. 
             Occhiato EG. 
            Chem. Eur. J. 
            2006, 
            12: 
            2836 
          






CrossrefGoogle Scholar






7  Enol triflates from thiolactones can be prepared as reported in ref. 5 for N-methoxycarbonyl-protected δ-valerolactam 1a.












    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 50.19.177.14
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  