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Abstract


A series of ethyl 4-(het)aryl-5,10-dioxo-2-hydroxy-2-(trifluoromethyl)-3,4,5,10-tetrahydro-2H-benzo[g]chromene-3-carboxylates were efficiently synthesized from 2-hydroxynaphthoquinone, aromatic aldehydes, and ethyl 4,4,4-trifluoro-3-oxobutanoate by a one-pot multicomponent reaction catalyzed by the combination of ammonium acetate and acetic acid. The benzochromenes are presumably formed through an initial Knoevenagel condensation followed by a Michael addition and regioselective intramolecular annulation. The dehydration reaction of the hemiketal moiety to the corresponding dehydrated product was also studied.

        

      


        
[bookmark: N1157E]
Key words

multicomponent reactions - 
        quinones - 
        aldehydes - 
        cyclizations - 
        heterocycles - 
        catalysis - 
        fluorine - 
        fused-ring systems
      



      
[bookmark: N128A4]
Supporting Information



for this article is available online at http://www.thieme-connect.com/ejournals/toc/synthesis.	
Supporting Information



    





 

[bookmark: ]

[bookmark: N128BB]
	
References


	
[bookmark: BR000-1]1 Hiyama T, Kanie K, Kusumoto T, Morizawa Y, Shimzu M. 
          Organofluorine Compounds: Chemistry and Applications
        . Yamamoto H. Springer; Berlin: 2000 





CrossrefGoogle Scholar






[bookmark: RL000-2]
	
[bookmark: BR000-2001]2a 
            Fluorine in Bioorganic Chemistry
          . Welch JT, Eswarakrishnan S. Wiley; New York: 1991 





Google Scholar





	
[bookmark: JR000-2002]2b Prabhakaran J, Underwood MD, Parsey RV, Arango V, Majo VJ, Simpson NR, Van Heertum R, Mann JJ, Kumar JS. D. Bioorg. Med. Chem. 2007; 15: 1802 





Crossref








	
[bookmark: BR000-3]3 
          Biomedicinal Aspects of Fluorine Chemistry
        . Filler R, Kobayashi Y. Elsevier Biomedical; Tokyo: 1982 





Google Scholar





	
[bookmark: JR000-4]4 Rivkin A, Biswas K, Chou T, Danishefsky SJ. Org. Lett. 2002; 4: 4081 





Crossref






[bookmark: RL000-5]
	
[bookmark: JR000-5001]5a Moseley JD. Tetrahedron Lett. 2005; 46: 3179 





Crossref





	
[bookmark: JR000-5002]5b Frezza M, Balestrino D, Soulère L, Reverchon S, Queneau Y, Forestier C, Doutheau A. Eur. J. Org. Chem. 2006; 4731 









	
[bookmark: JR000-5003]5c Leroux F, Lefebvre O, Schlosser M. Eur. J. Org. Chem. 2006; 3147 









	
[bookmark: JR000-5004]5d Buscemi S, Pace A, Piccionello A, Macaluso G, Vivona N. J. Org. Chem. 2005; 70: 3288 





Crossref








[bookmark: RL000-6]
	
[bookmark: JR000-6001]6a Wang W, Li J, Zhang L, Song LP, Zhang M, Cao WG, Deng HM, Shao M. Synthesis 2012; 44: 1686 





Article in Thieme Connect





	
[bookmark: JR000-6002]6b Yi H, Song LP, Wang W, Liu JN, Zhu SZ, Deng HM, Shao M. Chem. Commun. 2010; 46: 6941 





Crossref





	
[bookmark: JR000-6003]6c Wang PY, Song LP, Yi H, Zhang M, Deng HM, Shao M. Tetrahedron Lett. 2010; 51: 3975 





Crossref





	
[bookmark: JR000-6004]6d Song LP, Li XF, Xing CH, Li DM, Zhu SZ, Deng HM, Shao M. Synlett 2010; 830 





Article in Thieme Connect





	
[bookmark: JR000-6005]6e Dai BF, Song LP, Wang PY, Yi H, Jin GF, Zhu SZ, Shao M. Synlett 2009; 1842 





Article in Thieme Connect





	
[bookmark: JR000-6006]6f Song SD, Song LP, Dai BF, Yi H, Jin GF, Zhu SZ, Shao M. Tetrahedron 2008; 64: 5728 





Crossref





	
[bookmark: JR000-6007]6g Li DM, Song LP, Li XF, Xing CH, Peng WM, Zhu SZ. Eur. J. Org. Chem. 2007; 3520 









	
[bookmark: JR000-6008]6h Li DM, Song LP, Song SD, Zhu SZ. J. Fluorine Chem. 2007; 128: 952 





Crossref





	
[bookmark: JR000-6009]6i Li XF, Song LP, Xing CH, Zhao JW, Zhu SZ. Tetrahedron 2006; 62: 2255 





Crossref








	
[bookmark: JR000-7]7 Atkinson RS, Barker E, Edwards PJ, Thomson GA. J. Chem. Soc., Perkin Trans. 1 1995; 1533 










[bookmark: RL000-8]
	
[bookmark: JR000-8001]8a Nilsson BL, Overman LE. J. Org. Chem. 2006; 71: 7706 





Crossref





	
[bookmark: JR000-8002]8b Vugts DJ, Koningstein MM, Schmitz RF, de Kanter FJ, Groen MB, Orru RV. Chem. Eur. J. 2006; 12: 7178 





Crossref








	
[bookmark: JR000-9]9 Xu LW, Xia CG, Li L. J. Org. Chem. 2004; 69: 8482 





Crossref





	
[bookmark: JR000-10]10 Fewell SW, Smith CM, Lyon MA, Dumitrescu TP, Wipf P, Day BW, Brodsky JL. J. Biol. Chem. 2004; 279: 51131 





Crossref






[bookmark: RL000-11]
	
[bookmark: JR000-11001]11a Chebanov VA, Saraev VE, Desenko SM, Chernenko VN, Shishkina SV, Shishkin OV, Kobzar KM, Kappe CO. Org. Lett. 2007; 9: 1691 





Crossref





	
[bookmark: JR000-11002]11b De Silva RA, Santra S, Andreana PR. Org. Lett. 2008; 10: 4541 





Crossref





	
[bookmark: JR000-11003]11c Dondoni A, Massi A, Sabbatini S, Bertolasi V. J. Org. Chem. 2002; 67: 6979 





CrossrefPubMed





	
[bookmark: JR000-11004]11d Glasnov TN, Stadlbauer W, Kappe CO. J. Org. Chem. 2005; 70: 3864 





Crossref





	
[bookmark: JR000-11005]11e Evans CG, Gestwicki JE. Org. Lett. 2009; 11: 2957 





CrossrefPubMed








[bookmark: RL000-12]
	
[bookmark: JR000-12001]12a Okandeji BO, Gordon JR, Sello JK. J. Org. Chem. 2008; 73: 5595 





CrossrefPubMed





	
[bookmark: JR000-12002]12b Isaacson J, Loo M, Kobayashi Y. Org. Lett. 2008; 10: 1461 





CrossrefPubMed





	
[bookmark: JR000-12003]12c Pirali T, Callipari G, Ercolano E, Genazzani AA, Giovenzana GB, Tron GC. Org. Lett. 2008; 10: 4199 





Crossref





	
[bookmark: JR000-12004]12d Scheffelaar R, Paravidino M, Muilwijk D, Lutz M, Spek AL, Ruijter E. Org. Lett. 2009; 11: 125 





Crossref





	
[bookmark: JR000-12005]12e Berlozecki S, Szymanski W, Ostaszewski R. Tetrahedron. 2008; 64: 9780 





Crossref





	
[bookmark: JR000-12006]12f Ilyin A, Kysil V, Krasavin M, Kurashvili I, Ivachtchenko AV. J. Org. Chem. 2006; 71: 9544 





CrossrefPubMed





	
[bookmark: JR000-12007]12g Bonnaterre F, Bois-Choussy M, Zhu JP. Org. Lett. 2006; 8: 4351 





CrossrefPubMed





	
[bookmark: JR000-12008]12h Casabona D, Cativiela C. Tetrahedron 2006; 62: 10000 





Crossref








	
[bookmark: JR000-13]13 Chebanov VA, Muravyova EA, Desenko SM, Musatov VI, Knyazeva IV, Shishkina SV, Shishkin OV, Kappe CO. J. Comb. Chem. 2006; 8: 427 





Crossref






[bookmark: RL000-14]
	
[bookmark: BR000-14001]14a 
            The Chemistry of the Quinonoid Compounds
          . Patai S, Rappoport Z. Wiley; New York: 1988 





Google Scholar





	
[bookmark: JR000-14002]14b O’Brien PJ. Chem.-Biol. Interact. 1991; 80: 1 









	
[bookmark: BR000-14003]14c Thomson RH. 
            Naturally Occurring Quinones
          . Chapman and Hall; London: 1997 





Google Scholar





	
[bookmark: BR000-14004]14d Duke JA. 
            CRC Handbook of Medicinal Herbs
          . CRC; Boca Raton: 1985 





Google Scholar





	
[bookmark: JR000-14005]14e Spyroudis S. Molecules 2000; 5: 1291 





Crossref





	
[bookmark: JR000-14006]14f Ravelo A, Estévez-Braun A, Chávez-Orellana H, Pérez-Sacau E, Mesa-Silverio D. Curr. Top. Med. Chem. 2004; 4: 241 





Crossref





	
[bookmark: JR000-14007]14g Solorio-Alvarado CR, Peña-Cabrera E, García-Solto J, López-Godínez J, González FJ, Alvarez-Hernández A. ARKIVOC 2009; (ii): 239 












	
[bookmark: JR000-15]15 Dweek AC. J. Cosmet. Sci. 2002; 24: 287 





Crossref





	
[bookmark: JR000-16]16 Oliveira MM. D, Linardi MC. F, Sampaio MR. P. J. Pharm. Sci. 1978; 67: 562 





Crossref





	
[bookmark: OR000-17]17 Hideo T. JP 56005480, 1981 ; Chem. Abstr. 1981, 95, 80922 









	
[bookmark: OR000-18]18 Lambert RW, Martin JA, Merrett JH, Parkes KE. B, Thomas GJ. WO 9706178, 1997 ; Chem. Abstr. 1997, 126, 212377 









	
[bookmark: JR000-19]19 Poupelin JP, Saint-Rut G, Foussard-Blanpin O, Narcisse G, Uchida-Ernouf G, Lacroix R. Eur. J. Med. Chem. 1978; 13: 67 









	
[bookmark: JR000-20]20 Van T N, Kesteleyn B, De Kimpe N. Tetrahedron 2001; 57: 4213 





Crossref






[bookmark: RL000-21]
	
[bookmark: JR000-21001]21a Estévez JC, Estévez RJ, Castedo L. Tetrahedron Lett. 1993; 34: 6479 





Crossref





	
[bookmark: JR000-21002]21b Luo YL, Chou TC, Cheng CC. J. Heterocycl. Chem. 1996; 33: 113 





Crossref





	
[bookmark: JR000-21003]21c Knölker HJ, Reddy KR. Chem. Rev. 2002; 102: 4303 





Crossref





	
[bookmark: JR000-21004]21d Cruces J, Estévez JC, Castedo L, Estévez RJ. Tetrahedron Lett. 2001; 42: 4825 





Crossref





	
[bookmark: JR000-21005]21e Cruces J, Martínez E, Treus M, Martínez LA, Estévez JC, Estévez RJ, Castedo L. Tetrahedron 2002; 58: 3015 





Crossref





	
[bookmark: JR000-21006]21f Barcia JC, Cruces J, Estévez JC, Estévez RJ, Castedo L. Tetrahedron Lett. 2002; 43: 5141 





Crossref





	
[bookmark: JR000-21007]21g Fernández M, Barcia C, Estévez JC, Estévez RJ, Castedo L. Synlett 2004; 267 









	
[bookmark: JR000-21008]21h Asche C, Frank W, Albert A, Kucklaender U. Bioorg. Med. Chem. 2005; 13: 819 





Crossref





	
[bookmark: JR000-21009]21i Bernando PH, Chai CL. L, Le Guen M, Smith GD, Waring P. Bioorg. Med. Chem. Lett. 2007; 17: 82 





Crossref





	
[bookmark: JR000-21010]21j Khan QA, Lu J, Hecht SM. J. Nat. Prod. 2009; 72: 438 





CrossrefPubMed








	
[bookmark: JR000-22]22 Bazgir A, Tisseh ZN, Mirzaei P. Tetrahedron Lett. 2008; 49: 5165 





Crossref





	
[bookmark: JR000-23]23 Balasubramanian DB, Kamaraj B, Subbu P. Tetrahedron Lett. 2011; 52: 4562 





Crossref





	
[bookmark: OR000-24]24 Crystallographic data for compound 5c have been deposited with the accession numbers CCDC 922623, and can be obtained free of charge from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: +44(1223)336033; E-mail: deposit@ccdc.cam.ac.uk; Web site: www.ccdc.cam.ac.uk/conts/retrieving.html. 














 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.84.202.224
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  