
    
    

    
    

    

    
    
    
      
    
    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)
            
              
                
                  2018
                

              

              	
                      
                      
                      
                      
                        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 2018; 29(06): 810-814
DOI: 10.1055/s-0036-1591875


letter



© Georg Thieme Verlag Stuttgart · New York
Use of Phenacyl Thiosalicylates for the Preparation of 3-Hydroxybenzo[b]thiophene Derivatives


Patricia Trapani


a
           
        Department of Organic Chemistry, Faculty of Science, Palacký University, 17. Listopadu 12, 771 46 Olomouc, Czech Republic

, 


Lubomír Kvapil


a
           
        Department of Organic Chemistry, Faculty of Science, Palacký University, 17. Listopadu 12, 771 46 Olomouc, Czech Republic

, 


Pavel Hradil


a
           
        Department of Organic Chemistry, Faculty of Science, Palacký University, 17. Listopadu 12, 771 46 Olomouc, Czech Republic

, 



Miroslav Soural 
      *


b
           
        Institute of Molecular and Translation Medicine, Faculty of Medicine and Dentistry, Palacký University, Hněvotínská 5, 779 00, Olomouc, Czech Republic   Email: Miroslav.soural@upol.cz


› Author AffiliationsThe authors are grateful to project CZ.1.07/2.3.00/20.0009 from the European Social Fund and internal grants from Palacký University (IGA_PrF_2017_009 and IGA_LF_2017_028). The infrastructure of this project (Institute of Molecular and Translation Medicine) was supported by the National Program of Sustainability (project LO1304).


Further Information


Publication History

Received: 03 October 2017


Accepted after revision: 27 November 2017


Publication Date:
06 February 2018 (online)












	
Abstract

	
Full Text

	
References

	
Supplementary Material




 

[image: SFX Search]

 Buy Article Permissions and Reprints All articles of this category





[image: ]


[image: ]


        
        

          
[bookmark: N1170A]

Abstract


In this work, we attempted to synthesize thioflavonols using rearrangement of phenacyl thiosalicylates prepared by two different approaches and subjected to cyclization under acidic conditions. Contrary to our expectations, the isolated products were identified as (3-hydroxybenzo[b]thiophen-2-yl)(phenyl)methanones. The detailed reaction mechanism was elucidated by characterization of all reaction intermediates with HPLC and NMR spectroscopy. The applicability of the reaction using different phenacyl esters was tested.

        

      


        
[bookmark: N11718]
Key words

rearrangement - 
        heterocycles - 
        benzo[b]thiophene - 
        thiosalicylates - 
        bromoketones
      



      
[bookmark: N11983]
Supporting Information



Supporting information contains details of experimental, synthetic and analytical procedures along with spectroscopic data for synthesized compounds.Supporting information for this article is available online at https://doi.org/10.1055/s-0036-1591875.	
Supporting Information



    





 

[bookmark: ]

[bookmark: N1199A]
	
References and Notes


	
[bookmark: JR000-1]1 
          
            Soural M. 
          
        
          
            Hradil Křupková S. 
          
        
          
            Hlaváč J. 
          
        Mini-Rev. Org. Chem. 2012; 9: 426 









	
[bookmark: JR000-2]2 
          
            Hradil P. 
          
        
          
            Jirman J. 
          
        Collect. Czech. Chem. Commun. 1995; 60: 1357 





Crossref





	
[bookmark: JR000-3]3 
          
            Hradil P. 
          
        
          
            Hlaváč J. 
          
        
          
            Soural M. 
          
        
          
            Hajdúch M. 
          
        
          
            Kolář M. 
          
        
          
            Večeřová R. 
          
        Mini-Rev. Med. Chem. 2009; 9: 696 





CrossrefPubMed





	
[bookmark: JR000-4]4 
          
            Soural M. 
          
        
          
            Hlaváč J. 
          
        
          
            Hradil P. 
          
        
          
            Fryšová I. 
          
        
          
            Hajdúch M. 
          
        
          
            Bertolasi V. 
          
        
          
            Maloň M. 
          
        Eur. J. Med. Chem. 2006; 41: 467 





CrossrefPubMed





	
[bookmark: JR000-5]5 
          
            Kubesova K. 
          
        
          
            Doricakova A. 
          
        
          
            Travnicek Z. 
          
        
          
            Dvorak Z. 
          
        Toxicol. Lett. 2016; 255: 24 





CrossrefPubMed





	
[bookmark: JR000-6]6 
          
            Funk P. 
          
        
          
            Motyka K. 
          
        
          
            Džubák P. 
          
        
          
            Znojek P. 
          
        
          
            Gurská S. 
          
        
          
            Kusz J. 
          
        
          
            McMaster C. 
          
        
          
            Hajdúch M. 
          
        
          
            Soural M. 
          
        RSC Adv. 2015; 5: 48861 





Crossref





	
[bookmark: JR000-7]7 
          
            Bilokin MD. 
          
        
          
            Shvadchak VV. 
          
        
          
            Yushchenko DA. 
          
        
          
            Klymchenko AS. 
          
        
          
            Duportail G. 
          
        
          
            Mely Y. 
          
        
          
            Pivovarenko VG. 
          
        Tetrahedron Lett. 2009; 50: 4714 





Crossref





	
[bookmark: JR000-8]8 
          
            Yushchenko DA. 
          
        
          
            Shvadchak VV. 
          
        
          
            Klymchenko AS. 
          
        
          
            Duportail G. 
          
        
          
            Mely Y. 
          
        
          
            Pivovarenko VG. 
          
        New J. Chem. 2006; 30: 774 





Crossref





	
[bookmark: JR000-9]9 
          
            Yushchenko DA. 
          
        
          
            Bilokin MD. 
          
        
          
            Pyvovarenko OV. 
          
        
          
            Duportail G. 
          
        
          
            Mely Y. 
          
        
          
            Pivovarenko VG. 
          
        Tetrahedron Lett. 2006; 47: 905 





Crossref





	
[bookmark: JR000-10]10 
          
            Kadric J. 
          
        
          
            Motyka K. 
          
        
          
            Džubák P. 
          
        
          
            Hajdúch M. 
          
        
          
            Soural M. 
          
        Tetrahedron Lett. 2014; 55: 3592 





Crossref





	
[bookmark: JR000-11]11 
          
            Soural M. 
          
        
          
            Hlavac J. 
          
        
          
            Hradil P. 
          
        
          
            Hajduch M. 
          
        Eur. J. Org. Chem. 2009; 3867 









	
[bookmark: JR000-12]12 
          
            Hradil P. 
          
        
          
            Grepl M. 
          
        
          
            Hlavac J. 
          
        
          
            Soural M. 
          
        
          
            Malon M. 
          
        
          
            Bertolasi V. 
          
        J. Org. Chem. 2006; 71: 819 





CrossrefPubMed





	
[bookmark: JR000-13]13 
          
            Fulopova V. 
          
        
          
            Krchnak V. 
          
        J. Org. Chem. 2015; 80: 1795 





CrossrefPubMed





	
[bookmark: JR000-14]14 
          
            Eistert B. 
          
        
          
            Selzer H. 
          
        Chem. Ber. 1963; 96: 1234 





Crossref





	
[bookmark: JR000-15]15 
          
            Majumdar KC. 
          
        
          
            Roy B. 
          
        Synth.  Comm. 2003; 33: 133 





Crossref





	
[bookmark: JR000-16]16 
          
            Varedian MV. 
          
        
          
            Langer V. 
          
        
          
            Bergquist J. 
          
        
          
            Gogoll A. 
          
        Tetrahedron Lett. 2008; 49: 6033 





Crossref





	
[bookmark: OR000-17]17 Phenacyl ester 3a (2.5 g, 8 mmol) was dissolved in NMP (10 mL), and aqueous ammonia (7.5 mL) was added dropwise. The temperature spontaneously increased to 30 °C. After stirring for 10 min, the reaction mixture was diluted with water (50 mL) and acidified with dil. hydrochloric acid to pH 1–2. The precipitated solid was removed by suction, washed with water, and dried. The crude product 6a was crystallized from 2-methoxyethanol to give the product in a yield of 50%. 1H NMR (500 MHz, CDCl3): δ = 8.22–8.16 (m, 1 H), 8.01–7.91 (m, 2 H), 7.66–7.59 (m, 1 H), 7.54–7.47 (m, 2 H), 7.38–7.30 (m, 2 H), 7.20 (m, 1 H), 5.59 (s, 2 H), 4.73 (s, 1 H) ppm.13C NMR (126 MHz, CDCl3): δ = 191.98, 166.20, 138.82, 134.31, 134.12, 132.98, 132.31, 131.00, 129.06, 127.97, 125.34, 124.92, 66.65 ppm. HRMS (ESI-TOF): m/z calcd for C15H12O3S [M – H]–: 271.0433; found: 271.0435. 









	
[bookmark: OR000-18]18 Bisphenacyl ester 5b (681 mg, 1.3 mmol) was dissolved in degassed THF (10 mL), then PPh3(511 mg, 1.95 mmol), 2-mercaptoethanol (95 μL, 1.3 mmol), and water (235 μL) were added. The reaction mixture was then stirred at 50 °C for 24 h. After completion of the reaction, the THF was evaporated, the yellow oily residue was diluted with brine (100 mL) and then extracted with DCM (3 × 90 mL). The combined organic layers were dried over Na2SO4, filtered, and evaporated. The oily residue was purified by column chromatography (SiO2, hexane/EtOAc = 2:1) to obtain pure phenacyl ester 6b in a yield of 35%. 1H NMR (500 MHz, CDCl3): δ = 8.22–8.15 (m, 1 H), 7.99–7.89 (m, 2 H), 7.36–7.31 (m, 2 H), 7.23–7.16 (m, 1 H), 7.00–6.91 (m, 2 H), 5.58–5.50 (s, 2 H), 4.75 (s, 1 H), 3.88 (s, 3 H) ppm. 13C NMR (126 MHz, CDCl3): δ = 190.43, 166.28, 164.24, 138.75, 132.91, 132.32, 130.97, 130.28, 127.33, 125.45, 124.90, 114.24, 66.41, 55.68 ppm. HRMS (ESI-TOF): m/z calcd for C16H14O4S [M – H]–: 301.0529; found: 301.0539. 









	
[bookmark: JR000-19]19 
          
            Soural M. 
          
        
          
            Krchnak V. 
          
        J. Comb. Chem. 2007; 5: 793 









	
[bookmark: OR000-20]20 Phenacyl ester 6a or 6b (0.48 mmol) was dissolved in neat TFA (1.5 mL), and the reaction mixture was heated to reflux for 3.5 h in a sealed vessel. After completion of reaction, the TFA was evaporated under a stream of nitrogen, and the yellow oily residue was purified by semipreparative HPLC to obtain the corresponding benzothiophene.
Compound 7a: yield 80%. 1H NMR (500 MHz, CDCl3): δ = 13.45 (s, 1 H), 8.10–8.01 (m, 3 H), 7.74 (d, J = 8.2 Hz, 1 H), 7.65–7.59 (m, 1 H), 7.58–7.51 (m, 3 H), 7.44 (t, J = 7.5 Hz, 1 H) ppm.13C NMR (126 MHz, CDCl3): δ = 191.95, 165.50, 140.93, 138.37, 132.78, 130.41, 130.31, 128.86, 128.54, 124.88, 124.14, 123.11, 109.75 ppm.* HRMS (ESI-TOF): m/z calcd for C15H10O2S [M – H]–: 253.0318; found: 253.0323.
Compound 7b: yield 27 %. 1H NMR (500 MHz, CDCl3): δ = 13.75–13.59 (br s, 1 H), 8.13–8.08 (m, 2 H), 8.07–8.04 (m, 1 H), 7.77–7.72 (m, 1 H), 7.57–7.52 (m, 1 H), 7.46–7.40 (m, 1 H), 7.05–7.00 (m, 2 H), 3.97–3.83 (s, 3 H) ppm. 13C NMR (126 MHz, CDCl3): δ = 190.47, 165.41, 163.48, 140.58, 130.99, 130.84, 130.51, 130.11, 124.83, 124.03, 123.05, 114.17, 109.35, 55.69 ppm. HRMS (ESI-TOF): m/z calcd for C16H12O3S [M – H]–: 283.0423; found: 283.0431. 









	
[bookmark: JR000-21]21 
          
            Chan SL.-F. 
          
        
          
            Low K.-H. 
          
        
          
            Yang C. 
          
        
          
            Cheung SH.-F. 
          
        
          
            Che C.-M. 
          
        Chem. Eur. J. 2011; 17: 4709 





CrossrefPubMed





	
[bookmark: JR000-22]22 
          
            Pan B. 
          
        
          
            Ren P. 
          
        
          
            Song H. 
          
        
          
            Wang Z. 
          
        Synth. Comm. 2013; 43: 1337 





Crossref





	
[bookmark: JR000-23]23 
          
            Xiong R. 
          
        
          
            Zhao J. 
          
        
          
            Gutgesell LM. 
          
        
          
            Wang Y. 
          
        
          
            Lee S. 
          
        
          
            Karumudi B. 
          
        
          
            Zhao H. 
          
        
          
            Lu Y. 
          
        
          
            Tonetti DA. 
          
        
          
            Thatcher GR. J. 
          
        J. Med. Chem. 2017; 60: 1325 





CrossrefPubMed










 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 34.205.172.146
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  