
    
    

    
    

    

    
    
    
      
    
    synlett


    
    
    
    



    

      

  
    	
          
            DE
          
        
	
          EN
        
	
        
          Home
        
      
	
        Products
        	
            
              Journals
            
          
	
            
              Books
            
          
	
            
              Book Series
            
          


        

      
	
        Service
        	
            
              Library Service
            
          


        

      
	
        Help
      
	
        
          Contact
        
      
	
        
          Portal
        
      


  

  
    
    
      
        SYNLETT
      
    

    

  
    
    
      
        
          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 SYNLETT Clusters/Specials
            
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
        	
                Upcoming Clusters
              
	
                Functional Dyes
              
	
                Special Issue dedicated to Prof. Hisashi Yamamoto
              
	
                60 Years of the Matteson Reaction: Modern Boronate Rearrangements
              
	
                Special Section: 13th EuCheMS Organic Division Young Investigator Workshop
              
	
                Special Issue Honoring Masahiro Murakami’s Contributions to Science
              
	
                Dispersion Effects
              
	
                Chemical Synthesis and Catalysis in India – Part II
              
	
                Chemical Synthesis and Catalysis in India – Part I
              
	
                Thieme Chemistry Journals Awardees 2022
              
	
                Development and Applications of Novel Ligands/Catalysts and Mechanistic Studies on Catalysis
              
	
                Organic Chemistry in Thailand
              
	
                Organic Photoredox Catalysis in Synthesis – Honoring Prof. Shunichi Fukuzumi’s 70th Birthday
              
	
                Special Section: 12th EuCheMS Organic Division Young Investigator Workshop
              
	
                Mechanochemistry
              
	
                Modern Nickel-Catalyzed Reactions – Part I
              
	
                Modern Nickel-Catalyzed Reactions – Part II
              
	
                Perspectives on Organoheteroatom and Organometallic Chemistry
              
	
                11th Singapore International Chemistry Conference (SICC-11)
              
	
                Organic Chemistry Under Visible Light: Photolytic and Photocatalytic Organic Transformations
              


      
	
        
        
        
          
        
          
            Virtual Issues
            
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
          
        
        	
                20 most-cited SYNLETT articles published in 2021/2022
              
	
                Nobel Prize 2021 Collection – Ben List and David MacMillan
              
	
                Editorial Board Collection published in 2020/2021
              
	
                Virtual India Collection
              
	
                Editor's choice
              
	
                Virtual Pearl Anniversary Issue – 30 Years SYNLETT
              
	
                Late-Stage Functionalization
              
	
                Machine Learning and Artificial Intelligence in Chemical Synthesis and Catalysis
              
	
                Virtual Collection: Jhillu S. Yadav
              
	
                Design and Chemical Synthesis of Antivirals
              
	
                Thieme Chemistry Journals Awardees 2022
              
	
                Open Access Articles
              


      





    	
        
        
        
        
        
        
          
          
            
              Not Logged In
            
             
              Login
            
            
              	
                  
                    
                      
                      
                      
                      
                        Username or e-mail address: 
                        
                      

                      
                        Password:
                        
                      

                      
                        
                      

                      Forgot Access Data?
                      
                        Register Now
                      
                      
                        OpenAthens/Shibboleth Login
                      
                    

                  
                


            

          
        
        

        

      
	
        
        
          Shopping Cart
        
        









        
        
      


  

  
    
      
    

    
    
      
    
    
    
    
    
    
    
    
    
      
        
          
        

      
    
  




      

      

      
        




  



  

  
    
    
      [image: ]
      
    

    
    
      
        
          
          
          
          
            Year (Archive)
            
              
                
                  2022
                

              

              	
                      
                      
                      
                      
                        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
                      
                    


            

          

          
          
          
            Issues
            

          

        


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


      
    

    
    
      

  
  
    
      
      
    
    
      
        
        
      

    
  



    
    
    

    

    

    
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
          
            
          
          
          
        
      
    
      
    
      
        
          
  
          
            
          
  
          
            
              
              
                Related E-Products
              
            

            
              	
                      
                        

                        
                          Science of Synthesis
                        

                       
                      
                    
	
                      
                        

                        
                          Pharmaceutical Substances
                        

                       
                      
                    


            

          

        
      
    
      
        
          
            
              Related Journals
            

            
              	
                      
                        

                        
                          SYNTHESIS
                        

                      
                    
	
                      
                        

                        
                          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-00000083.xml
        

      

    

    

    

    
      
        [bookmark: saveLink]
      
    

    
      
        
      

      
        
      

      
        
          Share / Bookmark

          Facebook
          X
          Linkedin
          Weibo
        

      

    

    

    

    
      
          
              
          
      
    

    

    

    
      
        
        
          
          
          
        
      
    
  


  
    
      
        
          
            
              Download PDF
            
          
        
      

      
        
          
            
          
        
      

    

  

  

  
  
    
  
  




    
    
Synlett 2022; 33(12): 1180-1183
DOI: 10.1055/s-0040-1720349


cluster

Organic Photoredox Catalysis in Synthesis – Honoring Prof. Shunichi Fukuzumi’s 70th Birthday



The Versatility of the Aryne–Imine–Aryne Coupling for the Synthesis of Acridinium Photocatalysts


Valeriia Hutskalova

, 



Christof Sparr 
      ∗


We acknowledge the Alfred Werner Fund and the University of Basel for generous financial support.



      › Further Information



	
Abstract

	
Full Text

	
References

	
Supplementary Material




 

[image: SFX Search]

 Buy Article Permissions and Reprints All articles of this category





[image: ]


[image: ]


      
Dedicated to Prof. Shunichi Fukuzumi on the occasion of his 70th Birthday

    
        
[bookmark: N11678]
Abstract

        
        

          
[bookmark: N11680]



          
The increasing use of acridinium photocatalysts as sustainable alternative to precious metal-based counterparts encourages the design and efficient synthesis of distinct catalyst structures. Herein, we report our exploration of the scope of the aryne–imine–aryne coupling reaction combined with a subsequent acridane oxidation for a short two-step approach towards various acridinium salts. The photophysical properties of the novel photocatalysts were investigated and the practical value was demonstrated by a cation-radical accelerated nucleophilic aromatic substitution reaction.

        

      


        
[bookmark: N1168A]
Key words

        acridinium salts - 
        aryne - 
        organocatalysis - 
        photoredox catalysis - 
        synthesis
      



      
[bookmark: N11A4F]
Supporting Information

      

Supporting information for this article is available online at https://doi.org/10.1055/s-0040-1720349.	
Supporting Information



    








[bookmark: info]
Publication History

Received: 10 June 2021


Accepted: 25 June 2021


Article published online:
19 July 2021



© 2021. Thieme. All rights reserved

Georg Thieme Verlag KG
Rüdigerstraße 14, 70469 Stuttgart, Germany


 

[bookmark: ]

[bookmark: N11A66]
	
References and Notes


	
[bookmark: JR000-1]1 
          
            Vega-Peñaloza A, 
          
          
            Mateos J, 
          
          
            Companyó X, 
          
          
            Escudero-Casao M, 
          
          
            Dell’Amico L. 
          
        Angew. Chem. Int. Ed. 2020; 60: 1082 





CrossrefPubMed





	
[bookmark: JR000-2]2 
          
            Mcatee RC, 
          
          
            Mcclain EJ, 
          
          
            Stephenson CR. J. 
          
        Trends Chem. 2019; 1: 111 





CrossrefPubMed





	
[bookmark: JR000-3]3 
          
            Romero NA, 
          
          
            Nicewicz DA. 
          
        Chem. Rev. 2016; 116: 10075 





CrossrefPubMed





	
[bookmark: JR000-4]4 
          
            Shaw MH, 
          
          
            Twilton J, 
          
          
            MacMillan DW. C. 
          
        J. Org. Chem. 2016; 81: 6898 





CrossrefPubMed





	
[bookmark: JR000-5]5 
          
            Prier CK, 
          
          
            Rankic DA, 
          
          
            MacMillan DW. C. 
          
        Chem. Rev. 2013; 113: 5322 





CrossrefPubMed





	
[bookmark: JR000-6]6 
          
            Yoon TP, 
          
          
            Ischay MA, 
          
          
            Du J. 
          
        Nat. Chem. 2010; 2: 527 





CrossrefPubMed





	
[bookmark: JR000-7]7 
          
            Nicewicz DA, 
          
          
            Macmillan DW. C. 
          
        Science 2008; 322: 77 





CrossrefPubMed





	
[bookmark: JR000-8]8 
          
            Ischay MA, 
          
          
            Anzovino ME, 
          
          
            Du J, 
          
          
            Yoon TP. 
          
        J. Am. Chem. Soc. 2008; 130: 12886 





CrossrefPubMed





	
[bookmark: JR000-9]9 
          
            Kotani H, 
          
          
            Ohkubo K, 
          
          
            Fukuzumi S. 
          
        J. Am. Chem. Soc. 2004; 126: 15999 





CrossrefPubMed





	
[bookmark: JR000-10]10 
          
            Onuska NP. R, 
          
          
            Schutzbach-Horton ME, 
          
          
            Rosario CollazoJ. L, 
          
          
            Nicewicz DA. 
          
        Synlett 2020; 31: 55 





Article in Thieme ConnectPubMed





	
[bookmark: JR000-11]11 
          
            Chen W, 
          
          
            Huang Z, 
          
          
            Tay NE. S, 
          
          
            Giglio B, 
          
          
            Wang M, 
          
          
            Wang H, 
          
          
            Wu Z, 
          
          
            Nicewicz DA, 
          
          
            Li Z. 
          
        Science 2019; 364: 1170 





CrossrefPubMed





	
[bookmark: JR000-12]12 
          
            Romero NA, 
          
          
            Margrey KA, 
          
          
            Tay NE, 
          
          
            Nicewicz DA. 
          
        Science 2015; 349: 1326 





CrossrefPubMed





	
[bookmark: JR000-13]13 
          
            Ji T, 
          
          
            Chen X, 
          
          
            Huang L, 
          
          
            Rueping M. 
          
        Org. Lett. 2020; 22: 2579 





CrossrefPubMed





	
[bookmark: JR000-14]14 
          
            Fischer C, 
          
          
            Sparr C. 
          
        Angew. Chem. Int. Ed. 2018; 57: 2436 





CrossrefPubMed





	
[bookmark: JR000-15]15 
          
            Zilate B, 
          
          
            Fischer C, 
          
          
            Schneider L, 
          
          
            Sparr C. 
          
        Synthesis 2019; 51: 4359 





Article in Thieme Connect





	
[bookmark: JR000-16]16 
          
            Fischer C, 
          
          
            Kerzig C, 
          
          
            Zilate B, 
          
          
            Wenger OS, 
          
          
            Sparr C. 
          
        ACS Catal. 2020; 10: 210 





CrossrefPubMed





	
[bookmark: JR000-17]17 
          
            White AR, 
          
          
            Wang L, 
          
          
            Nicewicz DA. 
          
        Synlett 2019; 30: 827 





Article in Thieme ConnectPubMed





	
[bookmark: JR000-18]18 
          
            Dubrovskiy AV, 
          
          
            Larock RC. 
          
        J. Org. Chem. 2012; 77: 11232 





CrossrefPubMed





	
[bookmark: JR000-19]19 
          
            Hutskalova V, 
          
          
            Sparr C. 
          
        Org. Lett. 2021; 23: 5143 





CrossrefPubMed





	
[bookmark: JR000-20]20 
          
            Yoshida H, 
          
          
            Kuriki H, 
          
          
            Fujii S, 
          
          
            Ito Y, 
          
          
            Osaka I, 
          
          
            Takaki K. 
          
        Asian J. Org. Chem. 2017; 6: 973 





Crossref





	
[bookmark: JR000-21]21 
          
            Jiang H, 
          
          
            Zhang Y, 
          
          
            Xiong W, 
          
          
            Cen J, 
          
          
            Wang L, 
          
          
            Cheng R, 
          
          
            Qi C, 
          
          
            Wu W. 
          
        Org. Lett. 2019; 21: 345 





CrossrefPubMed





	
[bookmark: JR000-22]22 
          
            Suga K, 
          
          
            Ohkubo K, 
          
          
            Fukuzumi S. 
          
        J. Phys. Chem. A 2006; 110: 3860 





CrossrefPubMed





	
[bookmark: JR000-23]23 
          
            Tay NE. S, 
          
          
            Nicewicz DA. 
          
        J. Am. Chem. Soc. 2017; 139: 16100 





CrossrefPubMed





	
[bookmark: JR000-24]24 
          
            Tlili A, 
          
          
            Lakhdar S. 
          
        Angew. Chem. Int. Ed. 2021; in press; DOI DOI: 10.1002/anie.202102262. 





CrossrefPubMed





	
[bookmark: OR000-25]25 
          General Procedure A for the Synthesis of Kobayashi Aryne PrecursorsAryne precursors were prepared according to a modified literature procedure.21 To a solution of the corresponding o-bromophenol (1 equiv) in anhydrous THF (0.3 mol L–1) was added HMDS (2 equiv) under an Ar atmosphere. The reaction mixture was stirred at reflux for 2 h. After cooling to room temperature, the crude product was attained by removing the solvent in vacuo and was used for the next step without isolation. The crude material of the first step was dissolved in anhydrous THF (0.3 mol L–1) under an Ar atmosphere and cooled to –78 °C. n-BuLi (1.1 equiv) was added dropwise to the mixture, and the reaction was stirred for 1 h at –78 °C. After that, Tf2O (1.2 equiv) was added dropwise to the mixture at –78 °C, and the reaction was stirred for another hour. The reaction mixture was quenched with cold saturated aqueous NaHCO3 at –78 °C and warmed to room temperature. The aqueous layer was extracted with MTBE three times, the combined organic layers were dried over Na2SO4, and concentrated under reduced pressure. The residue was purified by silica gel column chromatography (from cyclohexane to cyclohexane/EtOAc (100:1)) to afford the aryne precursors.General Procedure B for the Synthesis of IminesThe amine (1.5 equiv or 1 equiv) and the corresponding aldehyde (1 equiv) were dissolved in dry toluene (0.1 mol L–1 aldehyde concentration). p-TsOH·H2O (0.05 equiv) and 4 Å molecular sieves were added to the obtained solution. The reaction mixture was stirred at reflux for 18 h. The solvent was removed under reduced pressure (5 mbar) to yield the desired imine. When aniline was used as a substrate, the excess of aniline was removed afterwards under high vacuum (<0.1 mbar, 60 °C).General Procedure C for the Acridinium Salt SynthesisThe reaction flask charged with CsF (8 equiv) was evacuated at 100 °C for 2 h and cooled to room temperature before imine (1 equiv), dry acetonitrile (0.1 mol L–1 imine concentration) and benzyne precursor (2.2 equiv or 2.5 equiv) were added. The reaction progress was monitored by NMR spectroscopy. After the reaction was completed, the acetonitrile was removed in vacuo. The residue was dissolved in dichloromethane and washed with water. The organic layer was dried over Na2SO4, the solvent was evaporated, and the crude product was subjected to silica gel column chromatography [starting from Et2O/cyclohexane (1:100) to Et2O/cyclohexane (1:10)]. The obtained acridane was then dissolved in CH2Cl2 (0.1 mol L–1), and nitrosonium tetrafluoroborate (2 equiv) was added. The reaction was monitored by NMR spectroscopy and after its completion, the reaction mixture was diluted with CH2Cl2 and washed with water twice. The organic layer was dried over Na2SO4, and the solvent was removed under reduced pressure. The residue was triturated with Et2O (upon sonification), the obtained precipitate collected and washed several times with Et2O 














 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 54.234.231.192
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  