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Abstract

Pyrrole-containing compounds play an eminent role in nature. Since the development of the pyrrole synthesis by Knorr and Paal at the end of the 19th century, the synthesis and study of modified pyrroles has become an active field of chemical research spanning from natural product synthesis, through medicinal chemistry, and on to material science. For example, the synthetic availability of porphyrins and their artificial analogues and isomers in the second half of the last century led to important insights into the function of this prominent molecule in nature. In the last few years, synthetic pyrrole-containing biomacromolecules and intelligent materials such as pyrrole-based conducting polymers have come into focus. All this research requires the efficient synthesis of highly functionalized pyrroles. However, even after more than 100 years since the pioneering work by Paal and Knorr, the synthesis of highly functionalized pyrroles remains challenging. Often, the yields are low and the regioselectivity is only modest. We present here an overview of some recent work in this area, including some of our own research. 

1  	Introduction

2  	Monosubstitution of Pyrrole

2.1  	N-Substitution

2.2  	α-Substitution

2.3  	β-Substitution

3  	Disubstitution of Already-Functionalized Pyrroles

3.1  	Temporary Substituents

3.2  	Permanent Substituents

4  	Interconversion of Substituents

4.1  	Transformations Involving Carbonyl Groups

4.2  	Radical α-Halogenation

4.3  	Radical β-Halogenation

4.4  	Regioselective Transesterification

5  	Direct Synthesis of Substituted Pyrroles via Cyclization Reactions

5.1  	Knorr, Paal-Knorr and Hantzsch Reactions

5.2  	Modified Knorr Reactions

5.3  	Other Pyrrole Syntheses

6  	Application of Highly Functionalized Pyrroles in Supramolecular Chemistry

7  	Conclusions


Key words

pyrroles - heterocycles - cyclizations - regioselectivity - radical reactions







References

	[bookmark: RE18707SS-1]1 
             Pozharskii AF. 
             Soldatenkov AT. 
             Katritzky AR. 
             Heterocycles in Life and Society
              
            John Wiley & Sons; 
            Chichester: 
            1997. 
          






Google Scholar





	[bookmark: RE18707SS-2]2 
             
              Science of Synthesis
              
            Vol. 9: 
             Maas G. 
            Thieme; 
            Stuttgart: 
            2001. 
          






Google Scholar





	
[bookmark: RE18707SS-3][bookmark: RE18707SS-3A]3a 
             Gilchrist TL. 
             
              Heterocyclic Chemistry
              
            3rd ed.: 
            Longman Scientific & Technical; 
            Essex: 
            1997. 
          




Google Scholar





	
[bookmark: RE18707SS-3][bookmark: RE18707SS-3B]3b 
             Eicher T. 
             Hauptmann S. 
             
              The Chemistry of Heterocycles
              
            2nd ed.: 
            Wiley-VCH; 
            Weinheim: 
            2003. 
          




Google Scholar





	
[bookmark: RE18707SS-4][bookmark: RE18707SS-4A]4a 
             Jones RA. 
             Bean GP.  In  
              Organic Chemistry
              
            Vol. 34: 
             Blomquist AT. 
             Wassermann HS. 
            Academic Press; 
            London: 
            1977. 
          




Google Scholar





	
[bookmark: RE18707SS-4][bookmark: RE18707SS-4B]4b 
             Jones RA.  In  The Chemistry of Heterocyclic Compounds  
            Part 1: 
             Taylor EC. 
             Weissberger A. 
            John Wiley & Sons; 
            New York: 
            1990. 
          




Google Scholar





	
[bookmark: RE18707SS-4][bookmark: RE18707SS-4C]4c 
             Jones RA.  In  The Chemistry of Heterocyclic Compounds  
            Part 2: 
             Taylor EC. 
             Weissberger A. 
            John Wiley & Sons; 
            New York: 
            1992. 
          




Google Scholar





	[bookmark: RE18707SS-5]5 
             Patterson JM. 
            Synthesis 
            1976, 
            281 
          






Article in Thieme ConnectGoogle Scholar





	[bookmark: RE18707SS-6]6 
             Drew MGB. 
             George AV. 
             Isaacs NS. 
            J. Chem. Soc., Perkin Trans. 1 
            1985, 
            1277 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-7]7 
             Guida WC. 
             Mathre DJ. 
            J. Org. Chem. 
            1980, 
            45: 
            3172 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-8]8 
             Silverstein RM. 
             Ryskiewicz EE. 
             Willard C. 
             Koehler RC. 
            J. Org. Chem. 
            1955, 
            20: 
            668 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-9]9 
             Alonso Garrido DO. 
             Buldain G. 
             Frydman B. 
            J. Org. Chem. 
            1984, 
            49: 
            2619 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-10]10 
             Ciamician GL. 
             Dennstedt M. 
            Chem. Ber. 
            1883, 
            16: 
            2348 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-11]11 
             Hess K. 
            Chem. Ber. 
            1915, 
            48: 
            1969 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-12]12 
             Yadav JS. 
             Reddy BVS. 
             Kondaji G. 
             Srinivasa Rao R. 
             Pravee Kumar S. 
            Tetrahedron Lett. 
            2002, 
            43: 
            8133 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-13]13 
             Wallace DM. 
             Leung SH. 
             Senge MO. 
             Smith KM. 
            J. Org. Chem. 
            1993, 
            58: 
            7245 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-14]14 
             Schmuck C. 
            Chem. Commun. 
            1999, 
            843 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-15]15 
             Dennstedt M. 
            Chem. Ber. 
            1891, 
            24: 
            2559 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-16]16 
             Firouzabadi H. 
             Iranpoor N. 
             Nowrouzi F. 
            Tetrahedron 
            2004, 
            60: 
            10843 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-17]17 
             Speranza M. 
            J. Chem. Soc., Chem. Commun. 
            1981, 
            1177 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-18]18 
             Carson JR. 
             Davis NM. 
            J. Org. Chem. 
            1981, 
            46: 
            839 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-19]19 
             Chadwick DJ. 
             Hodgson ST. 
            J. Chem. Soc., Perkin Trans. 1 
            1983, 
            93 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-20][bookmark: RE18707SS-20A]20a 
             Purkarthofer T. 
             Gruber K. 
             Fechter MH. 
             Griengl H. 
            Tetrahedron 
            2005, 
            61: 
            7661 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-20][bookmark: RE18707SS-20B]20b 
             Muchowski JM. 
             Solas DR. 
            Tetrahedron Lett. 
            1983, 
            24: 
            3455 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-21]21 
             Stefan K.-P. 
             Schuhmann W. 
             Parlar H. 
             Korte F. 
            Chem. Ber. 
            1989, 
            122: 
            169 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-22]22 
             Gilow HM. 
             Burton DE. 
            J. Org. Chem. 
            1981, 
            46: 
            2221 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-23]23 
             Muchowski JM. 
             Naef R. 
            Helv. Chim. Acta 
            1984, 
            67: 
            1168 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-24]24 
             Minato A. 
             Tamao K. 
             Hayashi T. 
             Suzuki K. 
             Kumada M. 
            Tetrahedron Lett. 
            1981, 
            22: 
            5319 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-25]25 
             Yamano K. 
             Shirahama H. 
            Tetrahedron 
            1992, 
            48: 
            1457 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-26]26 
             Chakraborty TK. 
             Udavant SP. 
             Roy S. 
             Mohan BK. 
             Rao KS. 
             Dutta SK. 
             Kunwar AC. 
            Tetrahedron Lett. 
            2006, 
            47: 
            4631 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-27]27 
             Schmuck C. 
            Tetrahedron 
            2001, 
            57: 
            3063 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-28]28 
             Murakami Y. 
             Tani M. 
             Ariyasu T. 
             Nishiyama C. 
             Watanabe T. 
             Yokoyama Y. 
            Heterocycles 
            1988, 
            27: 
            1855 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-29][bookmark: RE18707SS-29A]29a 
             Sonnet PEJ. 
            Heterocycl. Chem. 
            1970, 
            7: 
            399 
          






Google Scholar





	
[bookmark: RE18707SS-29][bookmark: RE18707SS-29B]29b 
             Morgan KJ. 
             Morrey DP. 
            Tetrahedron 
            1971, 
            27: 
            245 
          






Google Scholar





	
[bookmark: RE18707SS-29][bookmark: RE18707SS-29C]29c 
             Morgan KJ. 
             Morrey DP. 
            Tetrahedron 
            1966, 
            22: 
            57 
          






Google Scholar





	[bookmark: RE18707SS-30]30 
             Schmuck C. 
             Dudaczek J. 
            Tetrahedron Lett. 
            2005, 
            46: 
            7101 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-31]31 
             Treibs A. 
             Kolm HG. 
            Justus Liebigs Ann. Chem. 
            1958, 
            614: 
            180 
          






Google Scholar





	[bookmark: RE18707SS-32]32 
             Anderson HG. 
            Can. J. Chem. 
            1957, 
            35: 
            21 
          






Google Scholar





	[bookmark: RE18707SS-33]33 
             Alonso Garrido DO. 
             Buldain G. 
             Ojea MI. 
             Frydman B. 
            J. Org. Chem. 
            1988, 
            53: 
            403 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-34]34 
             Schmuck C. 
            Eur. J. Org. Chem. 
            1999, 
            2397 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-35][bookmark: RE18707SS-35A]35a 
             Chakraborty TK. 
             Mohan BK. 
             Kumar SK. 
             Kunwar AC. 
            Tetrahedron Lett. 
            2002, 
            43: 
            2589 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-35][bookmark: RE18707SS-35B]35b 
             Martyn DC. 
             Abell AD. 
            Aust. J. Chem. 
            2004, 
            57: 
            1073 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-36]36 
             Schmuck C. 
             Graupner S. 
            Tetrahedron Lett. 
            2005, 
            46: 
            1295 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-38]38 
             Harbuck JW. 
             Rapoport H. 
            J. Org. Chem. 
            1972, 
            37: 
            3618 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-39]39 
             Noss L. 
             Liddell PA. 
             Moore AL. 
             Moore TA. 
             Gust D. 
            J. Phys. Chem. B 
            1997, 
            101: 
            458 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-40]40 
             Schmuck C. 
             Schwegmann M. 
            J. Am. Chem. Soc. 
            2005, 
            127: 
            3373 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RE18707SS-41][bookmark: RE18707SS-41A]41a 
             Feichtinger K. 
             Sings HL. 
             Baker TJ. 
             Matthews K. 
             Goodman M. 
            J. Org. Chem. 
            1998, 
            63: 
            8432 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RE18707SS-41][bookmark: RE18707SS-41B]41b 
             Schmuck C. 
             Rehm T. 
             Gröhn F. 
             Klein K. 
             Reinhold F. 
            J. Am. Chem. Soc. 
            2006, 
            128: 
            1430 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RE18707SS-42]42 
             Schmuck C. 
             Geiger L. 
            Chem. Commun. 
            2005, 
            772 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-43]43 
             Tabushi I. 
             Kitagushi H.  In  
              Synthetic Reagents
              
            Vol. 4: 
             Pizey JS. 
            Wiley; 
            New York: 
            1981. 
             p.336-396  
          






Google Scholar





	[bookmark: RE18707SS-44]44 
             Fischer H. 
             Rothemund R. 
            Chem. Ber. 
            1930, 
            63: 
            2249 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-45][bookmark: RE18707SS-45A]45a 
             Clezy PS. 
             Fookes CJR. 
             Prashar JK. 
            Aust. J. Chem. 
            1989, 
            42: 
            766 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-45][bookmark: RE18707SS-45B]45b 
             Siedel W. 
             Winkler F. 
            Justus Liebigs Ann. Chem. 
            1943, 
            554: 
            162 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-46]46 
             Karunaratne V. 
             Dolphin D. 
            J. Chem. Soc., Chem. Commun. 
            1995, 
            2105 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-47]47 
             Woodward RB. 
             Ayer WA. 
             Beaton JM. 
             Bickelhaupt F. 
             Bonnett R. 
             Buchschacher P. 
             Closs GL. 
             Dutler H. 
             Hannah J. 
             Hauck FP. 
             Ito S. 
             Langemann A. 
             Le Goff E. 
             Leimgruber W. 
             Lwowski W. 
             Sauer J. 
             Valenta Z. 
             Volz H. 
            Tetrahedron 
            1990, 
            46: 
            7599 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-48][bookmark: RE18707SS-48A]48a 
             Harrison PJ. 
             Sheng Z.-C. 
             Fookes CJR. 
             Battersby AR. 
            J. Chem. Soc., Perkin Trans. 1 
            1987, 
            1667 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-48][bookmark: RE18707SS-48B]48b 
             Bauer VJ. 
             Clive DLJ. 
             Dolphin D. 
             Paine JB. 
             Harris FL. 
             King MM. 
             Loder J. 
             Chien Wang S.-W. 
             Woodward RB. 
            J. Am. Chem. Soc. 
            1983, 
            105: 
            6429 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-49][bookmark: RE18707SS-49A]49a 
             Brittain JM. 
             Jones RA. 
             Jones RO. 
            J. Chem. Soc., Perkin Trans. 1 
            1981, 
            2656 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-49][bookmark: RE18707SS-49B]49b 
             Paine JB. 
             Dolphin D. 
            J. Org. Chem. 
            1988, 
            53: 
            2787 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-50]50 
             Angeles AR. 
             Neagu I. 
             Birzin ET. 
             Thornton ER. 
             Smith AB. 
             Hirschmann R. 
            Org. Lett. 
            2005, 
            7: 
            1121 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RE18707SS-51]51 
             Dupas G. 
             Duflos J. 
             Quèguiner G. 
            J. Heterocycl. Chem. 
            1980, 
            17: 
            93 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-52]52 
             Wijesekera TP. 
             Paine JB. 
             Dolphin D. 
            J. Org. Chem. 
            1985, 
            50: 
            3832 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-53]53 
             Scarsella M. 
             Sleiter G. 
            Gazz. Chim. Ital. 
            1988, 
            118: 
            757 
          






Google Scholar





	[bookmark: RE18707SS-54]54 
             Mackman RL. 
             Micklefield J. 
             Block MH. 
             Leeper FJ. 
             Battersby AR. 
            J. Chem. Soc., Perkin Trans. 1 
            1997, 
            2111 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-55]55 
             Corwin AH. 
             Straughn JL. 
            J. Am. Chem. Soc. 
            1948, 
            70: 
            1416 
          






CrossrefPubMedGoogle Scholar





	
[bookmark: RE18707SS-56][bookmark: RE18707SS-56A]56a 
             Schmuck C. 
             Wienand W. 
            J. Am. Chem. Soc. 
            2003, 
            125: 
            452 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-56][bookmark: RE18707SS-56B]56b 
             Bachiocchi E. 
             Muraglia E. 
             Sleiter G. 
            J. Org. Chem. 
            1992, 
            57: 
            2486 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-57]57 
             Schmuck C. 
             Rupprecht D. 
            Chem. Eur. J. 
            2006, 
            12: 
            9186 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RE18707SS-58]58 
             Walden N. 
             
              PhD Thesis
              
            University of Würzburg; 
            Germany: 
            2007. 
          






Google Scholar





	[bookmark: RE18707SS-59]59 
             Lange UEW. 
             Baucke D. 
             Hornberger W. 
             Mack H. 
             Seitz W. 
             Hoffken HW. 
            Bioorg. Med. Chem. Lett. 
            2003, 
            13: 
            2029 
          






CrossrefPubMedGoogle Scholar





	[bookmark: RE18707SS-60]60 
             Schmuck C. 
             Rupprecht D. 
             Urban C. 
             Walden N. 
            Synthesis 
            2006, 
            89 
          






Article in Thieme ConnectGoogle Scholar





	[bookmark: RE18707SS-61]61 
             Fabiano E. 
             Golding BT. 
            J. Chem. Soc., Perkin Trans. 1 
            1991, 
            3371 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-62][bookmark: RE18707SS-62A]62a 
             Agosta WC. 
            J. Org. Chem. 
            1961, 
            26: 
            1724 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-62][bookmark: RE18707SS-62B]62b 
             Roomi MW. 
             MacDonald SF. 
            Can. J. Chem. 
            1970, 
            48: 
            1689 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-62][bookmark: RE18707SS-62C]62c 
             Hantzsch A. 
            Chem. Ber. 
            1890, 
            23: 
            1474 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-63]63 
             Amarnath V. 
             Anthony DC. 
             Amarnath K. 
             Valentine WM. 
             Wetterau LA. 
             Graham DC. 
            J. Org. Chem. 
            1991, 
            56: 
            6924 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-64]64 
             Paine JB. 
             Dolphin D. 
            J. Org. Chem. 
            1985, 
            50: 
            5598 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-65]65 
             Xie M. 
             Lightner DA. 
            Tetrahedron 
            1993, 
            49: 
            2185 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-66]66 
             Harbuck JW. 
             Rapoport H. 
            J. Org. Chem. 
            1971, 
            36: 
            853 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-67]67 
             Merz A. 
             Schropp R. 
             Dötterl E. 
            Synthesis 
            1995, 
            795 
          






Article in Thieme ConnectGoogle Scholar





	[bookmark: RE18707SS-68]68 
             Friedman M. 
            J. Org. Chem. 
            1965, 
            30: 
            859 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-69]69 
             Hansen H.-J.  In   1,3-Dipolar Cycloaddition Chemistry
              
            Vol. 1: 
             Padwa A. 
            John Wiley & Sons; 
            New York: 
            1984. 
             p.177-290  
          






Google Scholar





	[bookmark: RE18707SS-70]70 
             Padwa A. 
             Dharan M. 
             Smolanoff J. 
             Wetmore SI. 
            J. Am. Chem. Soc. 
            1973, 
            95: 
            1945 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-71]71 
             Smith KM. 
             Goff DA. 
            J. Org. Chem. 
            1986, 
            51: 
            657 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-72]Some selected examples:

	
[bookmark: RE18707SS-72][bookmark: RE18707SS-72A]72a 
             Sessler JL. 
             Camiolo S. 
             Gale PA. 
            Coord. Chem. Rev. 
            2003, 
            240: 
            17 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-72][bookmark: RE18707SS-72B]72b 
             Král V. 
             Sessler JL. 
            Tetrahedron 
            1995, 
            51: 
            539 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-72][bookmark: RE18707SS-72C]72c 
             Sessler JL. 
             Andrievsky A. 
             Král V. 
             Lynch V. 
            J. Am. Chem. Soc. 
            1997, 
            119: 
            9385 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-72][bookmark: RE18707SS-72D]72d 
             Sessler JL. 
             Barkey NM. 
             Pantos GD. 
             Lynch VM. 
            New J. Chem. 
            2007, 
            31: 
            646 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-72][bookmark: RE18707SS-72E]72e 
             Sessler JL. 
             Gross DE. 
             Cho W.-S. 
             Lynch VM. 
             Schmidtchen FP. 
             Bates GW. 
             Light ME. 
             Gale PA. 
            J. Am. Chem. Soc. 
            2006, 
            128: 
            12281 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-72][bookmark: RE18707SS-72F]72f 
             Vogel E. 
            J. Heterocycl. Chem. 
            1996, 
            33: 
            1461 
          






CrossrefGoogle Scholar





	
[bookmark: RE18707SS-72][bookmark: RE18707SS-72G]72g 
             Vogel E. 
            Pure Appl. Chem. 
            1996, 
            68: 
            1355 
          






CrossrefGoogle Scholar





	[bookmark: RE18707SS-73]73 
             Rupprecht D. 
             
              PhD Thesis
              
            University of Würzburg; 
            Germany: 
            2006. 
          






Google Scholar






[bookmark: RE18707SS-37]37  Schmuck, C. unpublished results.












    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 54.242.250.80
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  