
    
    

    
    

    

    
    
    
      
    
    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)
            
              
                
                  2024
                

              

              	
                      
                      
                      
                      
                        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 2024; 35(06): 684-690
DOI: 10.1055/a-2174-2554


cluster

Special Issue to Celebrate the Centenary Year of Prof. Har Gobind Khorana



Serendipitous Synthesis of 5-Hydroxyuridine from 2′,3′-O-Isopropylidene N4-Acetylcytidine by Hypervalent Iodine(III)-Mediated Reaction


Mary Anne Maverick

, 


Mathieu Noël

, 



Jean-Jacques Vasseur 
      

, 


Carine Baraguey∗






, 



Françoise Debart 
      ∗






, 



Michael Smietana 
      ∗






The GAVO consortium is gratefully acknowledged for 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: ]


        
[bookmark: N1177D]
Abstract

        
        

          
[bookmark: N11785]



          
Whereas BAIB-TEMPO oxidation of 2′,3′-O-TBDMS-N4-acetylcytidine results in the expected 5′-carboxylic acid nucleoside, its 2′,3′-O-isopropylidene analogue reacts in a radically different way. We have demonstrated here that hypervalent iodine(III) in water triggers an unprecedented oxidative cyclization leading to a mixture of C5-substituted O6,5′-cyclo-5,6-dihydrouridines. This mixture of cyclouridines can be opened under basic conditions and, after deprotection, yields 5-hydroxyuridine, an important post-transcriptional modification of uridine at the wobble position (U34) of bacterial tRNA. NMR experimental values and calculations were performed to provide further insight on the specific reactivity of 2′,3′-O-isopropylidene N4-acetylcytidine.

        

      


        
[bookmark: N1179E]
Key words

        hypervalent iodine - 
        nucleosides - 
        cyclouridine - 
        oxidative cyclization - 
        5-hydroxyuridine
      



      
[bookmark: N121DF]
Supporting Information

      

Supporting information for this article is available online at https://doi.org/10.1055/a-2174-2554.	
Supporting Information



    








[bookmark: info]
Publication History

Received: 15 July 2023


Accepted after revision: 12 September 2023


Accepted Manuscript online:
12 September 2023


Article published online:
18 October 2023



© 2023. Thieme. All rights reserved

Georg Thieme Verlag KG
Rüdigerstraße 14, 70469 Stuttgart, Germany


 

[bookmark: ]

[bookmark: N121F6]
	
References and Notes



[bookmark: RL000-1]
	
[bookmark: JR000-1001]1a 
            
              Tanaka M, 
            
            
              Chock PB. 
            
          Front. Mol. Biosci. 2021; 685331 







	
[bookmark: JR000-1002]1b 
            
              Calabretta A, 
            
            
              Kupfer PA, 
            
            
              Leumann CJ. 
            
          Nucleic Acids Res. 2015; 43: 4713 









      
[bookmark: RL000-2]
	
[bookmark: JR000-2001]2a 
            
              Lauhon CT. 
            
          J. Bacteriol. 2019; 201: e00433 







	
[bookmark: JR000-2002]2b 
            
              Ryu H, 
            
            
              Grove TL, 
            
            
              Almo SC, 
            
            
              Kim J. 
            
          Nucleic Acids Res. 2018; 46: 9160 









      
[bookmark: RL000-3]
	
[bookmark: JR000-3001]3a 
            
              Cui S, 
            
            
              Kim YH, 
            
            
              Jin CH, 
            
            
              Kim SK, 
            
            
              Rhee MH, 
            
            
              Kwon OS, 
            
            
              Moon BJ. 
            
          BMB Rep. 2009; 42: 373 







	
[bookmark: JR000-3002]3b 
            
              Paragi G, 
            
            
              Kupihar Z, 
            
            
              Endre G, 
            
            
              Guerra CF, 
            
            
              Kovcas L. 
            
          Org. Biomol. Chem. 2017; 15: 2174 









      
	
[bookmark: JR000-4]4 
          
            Eaton MA. W, 
          
          
            Hutchinson DW. 
          
        Biochim. Biophys. Acta 1973; 319: 281 







	
[bookmark: JR000-5]5 
          
            Mieczkowski A, 
          
          
            Roy V, 
          
          
            Agrofoglio LA. 
          
        Chem. Rev. 2010; 110: 1828 







	
[bookmark: JR000-6]6 
          
            Gissot A, 
          
          
            Massip S, 
          
          
            Barthelemy P. 
          
        ACS Omega 2020; 5: 24746 







	
[bookmark: JR000-7]7 
          
            Kozak W, 
          
          
            Demkowicz S, 
          
          
            Dasko M, 
          
          
            Rachon J, 
          
          
            Rak J. 
          
        Russ. Chem. Rev. 2020; 89: 281 







	
[bookmark: JR000-8]8 
          
            Nabel CS, 
          
          
            Manning SA, 
          
          
            Kohli RM. 
          
        ACS Chem. Biol. 2012; 7: 20 







	
[bookmark: JR000-9]9 
          
            Kameyama K, 
          
          
            Sako M, 
          
          
            Hirota K, 
          
          
            Maki Y. 
          
        J. Chem. Soc., Chem. Commun. 1984; 1658 







	
[bookmark: JR000-10]10 
          
            Maverick MA, 
          
          
            Gaillard M, 
          
          
            Vasseur JJ, 
          
          
            Debart F, 
          
          
            Smietana M. 
          
        Eur. J. Org. Chem. 2022; e202101061 







	
[bookmark: JR000-11]11 
          
            Clavé G, 
          
          
            Dursun E, 
          
          
            Vasseur J.-J, 
          
          
            Smietana M. 
          
        Org. Lett. 2020; 22: 1914 







	
[bookmark: JR000-12]12 
          
            Epp JB, 
          
          
            Widlanski TS. 
          
        J. Org. Chem. 1999; 64: 293 







	
[bookmark: JR000-13]13 
          
            Dudycz L, 
          
          
            Stolarski R, 
          
          
            Pless R, 
          
          
            Shugar D. 
          
        Z. Naturforsch., C: J. Biosci. 1979; 34: 359 







	
[bookmark: OR000-14]14 
          General Procedure for the Synthesis of 3 and 5: 2′,3′-O-Isopropylidene N4-acetylcytidine (200 mg, 0.615 mmol) and bis(acetoxy)iodobenzene (396 mg, 1.23 mmol) were dissolved in a mixture of CH3CN/water (5:5 v/v, 1.23 mL) and the mixture was stirred for 3 h at room temperature. The solvent was evaporated under vacuum and the crude material was purified by chromatography on silica gel (EtOAc/cyclohexane, 50 to 80%) to afford compound 3 (149 mg, 71%) and compound 5 (22 mg, 11%) as white powders.Compound 3: 1H NMR (CDCl3, 298 K, 500 MHz): δ = 8.03 (bs, 1 H), 6.28 (s, 1 H), 5.50 (d, 1 H), 5.00 (d, 1 H), 4.73 (s, 2 H), 4.51 (d, 1 H), 4.14 (d, 1 H), 3.70 (dd, 1 H), 2.22 (s, 3 H), 1.52 (s, 3 H), 1.32 (s, 3 H). 13C NMR (CDCl3, 298 K, 125 MHz): δ = 169.5, 164.1, 148.6, 113.0, 92.4, 87.7, 87.2, 86.6, 82.6, 75.8, 70.1, 26.4, 24.8, 20.7. HRMS (ESI+): m/z [M + H]+ calcd. for C14H19N2O8: 343.1141; found: 343.1136.Compound 5: 1H NMR (CDCl3, 298 K, 500 MHz): δ = 8.06 (bs, 1 H), 6.29 (s, 1 H), 4.85 (d, 1 H), 4.75 (d, 1 H), 4.71 (d, 1 H), 4.53 (d, 1 H), 4.28 (d, 1 H), 4.24 (d, 1 H), 3.80 (dd, 1 H), 1.52 (s, 3 h), 1.33 (s, 3 H). 13C NMR (CDCl3, 298 K, 150 MHz): δ = 169.0, 148.7, 113.0, 92.3, 89.8, 87.7, 86.5, 82.7, 76.2, 70.5, 26.4, 24.8. HRMS (ESI+): m/z [M + H]+ calcd. for C12H17N2O7: 301.1036; found: 301.1030. 







	
[bookmark: JR000-15]15 
          
            Rupanawar BD, 
          
          
            Mane KD, 
          
          
            Suryavanshi G. 
          
        New J. Chem. 2022; 46: 16832 








[bookmark: RL000-16]
	
[bookmark: JR000-16001]16a 
            
              Yoshimura A, 
            
            
              Zhdankin VV. 
            
          Chem. Rev. 2016; 116: 3328 







	
[bookmark: JR000-16002]16b 
            
              Lee JH, 
            
            
              Choi S, 
            
            
              Hong KB. 
            
          Molecules 2019; 24: 2634 







	
[bookmark: JR000-16003]16c 
            
              Flores A, 
            
            
              Cots E, 
            
            
              Bergès J, 
            
            
              Muñiz K. 
            
          Adv. Synth. Catal. 2019; 361: 2 









      
	
[bookmark: JR000-17]17 
          
            Soni R, 
          
          
            Sihag M, 
          
          
            Rani N, 
          
          
            Kinger M, 
          
          
            Aneja DK. 
          
        Asian J. Org. Chem. 2022; e202200125 







	
[bookmark: JR000-18]18 
          
            Lakshman MK, 
          
          
            Zajc B. 
          
        ARKIVOC 2018; (ii): 252 








[bookmark: RL000-19]
	
[bookmark: JR000-19001]19a 
            
              Shi L, 
            
            
              Kim Y.-J, 
            
            
              Gin DY. 
            
          J. Am. Chem. Soc. 2001; 123: 6939 







	
[bookmark: JR000-19002]19b 
            
              Yoshimura Y, 
            
            
              Ohta M, 
            
            
              Imahori T, 
            
            
              Imamichi T, 
            
            
              Takahata H. 
            
          Org. Lett. 2008; 10: 3449 









      
	
[bookmark: OR000-20]20 
          Synthesis of 5-OHU: Compound 6 (92 mg, 0.305 mmol) was treated with a formic acid/water solution (9 mL, 1:1, v/v) for 24 h at room temperature. The solvent was evaporated under vacuum and the residue was co-evaporated with EtOH. The crude material was purified on C18-reverse-phase flash chromatography using an isocratic 20 mM TEAAc buffer (pH 7). Pure fractions containing the desired compound were pooled, evaporated and lyophilized from water to afford 5-OHU (71.4 mg, 0.274 mmol, 90%). 







	
[bookmark: OR000-21]21 
          1H NMR (D2O, 298 K, 500 MHz): δ = 7.37 (s, 1 H), 5.83 (d, 1 H), 4.23 (t, 1 H), 4.13 (t, 1 H), 4.02 (m, 1 H), 3.81 (dd, 1 H), 3.70 (dd, 1 H). 13C NMR (D2O, 298 K, 125 MHz): δ = 162.2, 150.4, 132.6, 121.3, 88.6, 84.2, 73.3, 69.5, 60.7. HRMS (ESI–): m/z [M–H]– calcd. for C9H11N2O7: 259.0572; found: 259.0581. 







	
[bookmark: JR000-22]22 
          
            Altona C, 
          
          
            Sundaralingam M. 
          
        J. Am. Chem. Soc. 1973; 95: 2333 







	
[bookmark: JR000-23]23 
          
            Katti SK, 
          
          
            Seshadri TP, 
          
          
            Viswamitra MA. 
          
        Acta Crystallogr., Sect. B: Struct. Sci. 1981; 37: 407 








[bookmark: RL000-24]
	
[bookmark: JR000-24001]24a 
            
              Mande SS, 
            
            
              Seshadri TP, 
            
            
              Viswamitra MA. 
            
          Acta Crystallogr., Sect. C: Cryst. Struct. Commun. 1988; 44: 912 







	
[bookmark: JR000-24002]24b 
            
              Sprang S, 
            
            
              Rohrer DC, 
            
            
              Sundaralingam M. 
            
          Acta Crystallogr., Sect. B: Struct. Sci. 1978; 34: 2803 









      
	
[bookmark: JR000-25]25 
          
            van de Ven FJ. M, 
          
          
            Hilbers CW. 
          
        Eur. J. Biochem. 1988; 178: 1 







	
[bookmark: JR000-26]26 
          
            Haasnoot CA. G, 
          
          
            de Leeuw FA. A. M, 
          
          
            de Leeuw HP. M, 
          
          
            Altona C. 
          
        Org. Magn. Reson. 1981; 15: 43 







	
[bookmark: JR000-27]27 
          
            Haasnoot CA. G, 
          
          
            Deleeuw F, 
          
          
            Altona C. 
          
        Tetrahedron 1980; 36: 2783 












 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.235.186.91
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  