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Abstract


The aldol reaction is one of the most predominantly used reactions for the formation of C–C bonds in synthetic organic chemistry. The vinylogous extension of this fundamental C–C bond-forming reaction to nucleophilic components, such as the vinylogous aldol reaction is significant because it provides rapid access to polyketide derivatives such as δ-hydroxy-β-keto esters and α,β-unsaturated δ-hydroxy carbonyl compounds. Further transformation of these compounds can be accomplished with good diastereoselectivity and leads the way to polyol units, a motif common to many pharmaceutically important natural products. Details of recent advances in the organocatalytic vinylogous aldol reaction and its applications are discussed in this review. 

        

      


        
[bookmark: N115F5]
Key words

vinylogy - 
        organocatalysis - 
        enantioselective - 
        aldol reactions - 
        vinylogous aldol reactions - 
        vinylogous Mukaiyama aldol reactions - 
        butenolides - 
        polyketides
      


 

[bookmark: ]

[bookmark: N11C2B]
	
References


	
[bookmark: JR000-1]1 For a recent review, see:  Staunton J, Weissman KJ. Nat. Prod. Rep. 2001; 18: 380 





CrossrefPubMed






[bookmark: RL000-2]
	
[bookmark: BR000-2001]2a Carreira EM In  
            Modern Carbonyl Chemistry
          . Otera J. Wiley-VCH; Weinheim: 2000. Chap. 8 





Google Scholar





	
[bookmark: BR000-2002]2b Carreira EM In  
            Comprehensive Asymmetric Catalysis
          . Vol. III. Jacobsen EN, Pfaltz A, Yamamoto H. Springer; Heidelberg: 1999. Chap. 29 





Google Scholar





	
[bookmark: BR000-2003]2c Paterson I, Cowden CJ, Wallace DJ In  
            Modern Carbonyl Chemistry
          . Otera I. Wiley-VCH; Weinheim: 2000. Chap. 9 





Google Scholar





	
[bookmark: BR000-2004]2d Carreira EM In  
            Catalytic Asymmetric Synthesis
          . 2nd ed.; Ojima I. Wiley-VCH; Weinheim: 2000: Chap. 8B2 





Google Scholar





	
[bookmark: BR000-2005]2e Braun M, McCallum JS, Liebeskind LS In  
            Methods of Organic Chemistry (Houben-Weyl)
          . Vol. E21. Helmchen G, Hoffman RW, Mulzer J, Schaumann E. Georg Thieme; Stuttgart: 1996: 1603-1735 





Google Scholar





	
[bookmark: JR000-2006]2f Nelson SG. Tetrahedron: Asymmetry 1998; 9: 357 





Crossref





	
[bookmark: JR000-2007]2g Norcross RD, Paterson I. Chem. Rev. 1995; 95: 2041 





Crossref





	
[bookmark: JR000-2008]2h Mukaiyama T, Kobayashi S. Org. React. 1994; 46: 1 












For organocatalytic direct aldol reactions, see:
        
	
[bookmark: JR000-2009]2i Raj M, Vishnumaya Ginotra SK, Singh VK. Org. Lett. 2006; 8: 4097 





Crossref





	
[bookmark: JR000-2010]2j Maya V, Raj M, Singh VK. Org. Lett. 2007; 9: 2593 





CrossrefPubMed





	
[bookmark: JR000-2011]2k Raj M, Maya V, Singh VK. J. Org. Chem. 2009; 74: 4289 





Crossref








For recent reviews on organocatalytic direct aldol reactions, see:
        
	
[bookmark: JR000-2012]2l Mukherjee S, Yang JW, Hoffmann S, List B. Chem. Rev. 2007; 107: 5471 





CrossrefPubMed





	
[bookmark: JR000-2013]2m Doyle AG, Jacobsen EN. Chem. Rev. 2007; 107: 5713 





CrossrefPubMed





	
[bookmark: JR000-2014]2n Dondoni A, Massi A. Angew. Chem. Int. Ed. 2008; 47: 4638 





CrossrefPubMed





	
[bookmark: JR000-2015]2o Raj M, Singh VK. Chem. Commun. 2009; 6687 ; and references cited therein 












[bookmark: RL000-3]
	
[bookmark: JR000-3001]3a Fuson RC. Chem. Rev. 1935; 16: 1 





Crossref





	
[bookmark: JR000-3002]3b Krishnamurthy S. J. Chem. Educ. 1982; 59: 543 





Crossref





	
[bookmark: JR000-3003]3c Bruneau P, Taylor PJ, Wilkinson AJ. J. Chem. Soc., Perkin Trans. 2 1996; 2263 












[bookmark: RL000-4]



For reviews, see:
        
	
[bookmark: JR000-4001]4a Hoveyda AM, Evans DA, Fu GC. Chem. Rev. 1993; 93: 1307 





Crossref





	
[bookmark: JR000-4002]4b Denmark SE, Heemstra JR. Jr, Beutner GL. Angew. Chem. Int. Ed. 2005; 44: 4682 





Crossref








[bookmark: RL000-5]
	
[bookmark: JR000-5001]5a Casiraghi G, Zanardi F, Appendino G, Rassu G. Chem. Rev. 2000;  100: 1929 





CrossrefPubMed





	
[bookmark: JR000-5002]5b Rassu G, Zanardi F, Battistini L, Casiraghi G. Chem. Soc. Rev. 2000; 29: 109 





Crossref








	
[bookmark: BR000-6]6 Cordell GA In  
          Introduction to Alkaloids
        . Wiley-VCH; New York: 1981. 826-828 





Google Scholar





	
[bookmark: JR000-7]7 Appendino G, Jakupovic S, Tron GC, Jakupovic J, Milon V, Ballero M. J. Nat. Prod. 1998; 61: 749 ; and references cited therein 





Crossref






[bookmark: RL000-8]



For vinylogous retro aldol reactions, see:
        
	
[bookmark: JR000-8001]8a Appendino G, Fenoglio I. J. Nat. Prod. 1997; 60: 464 





Crossref





	
[bookmark: JR000-8002]8b van Rozendaal EL. M, Veldhuis H, van Veldhuizen B, van Beek TA, de Groot A, Beusker PH, Scheeren HW. J. Nat. Prod. 2000; 63: 179 





Crossref








[bookmark: RL000-9]



For recent reviews of vinylogous aldol reactions, see:
        
	
[bookmark: JR000-9001]9a Casiraghi G, Battistini L, Curti C, Rassu G, Zanardi F. Chem. Rev. 2011; 111: 3076 ; and references cited therein 





Crossref





	
[bookmark: OR000-9002]9b See also reference 4b 









	
[bookmark: JR000-9003]9c Kalesse M. Top. Curr. Chem. 2005; 244: 43 












[bookmark: RL000-10]



For enantioselective catalysis of vinylogous aldol reaction of 2-(silyloxy)furans, see:
        
	
[bookmark: JR000-10001]10a Evans DA, Kozlowski MC, Murry JA, Burgey CS, Campos KR, Connell BT, Staples RJ. J. Am. Chem. Soc. 1999; 121: 669 





Crossref





	
[bookmark: JR000-10002]10b Szlosek M, Figadre B. Angew. Chem. Int. Ed. 2000; 39: 1799 





Crossref





	
[bookmark: JR000-10003]10c Matsuoka Y, Irie R, Katsuki T. Chem. Lett. 2003; 32: 584 





Crossref





	
[bookmark: JR000-10004]10d Onitsuka S, Matsuoka Y, Irie R, Katsuki T. Chem. Lett. 2003; 32: 974 





Crossref





	
[bookmark: JR000-10005]10e Nagao H, Yamane Y, Mukaiyama T. Chem. Lett. 2007; 36: 8 





Crossref





	
[bookmark: JR000-10006]10f Palombi L, Acocella MR, Celenta N, Massa A, Villano R, Scettri A. Tetrahedron: Asymmetry 2006; 17: 3300 





Crossref





	
[bookmark: JR000-10007]10g Sedelmeier J, Hammerer T, Bolm C. Org. Lett. 2008; 10: 917 





Crossref








[bookmark: RL000-11]
	
[bookmark: JR000-11001]11a Gondi VB, Gravel M, Rawal VH. Org. Lett. 2005; 7: 5657 





Crossref





	
[bookmark: JR000-11002]11b For a recent review, see:  Pansare SV, Paul EK. Chem.–Eur. J. 2011; 17: 8770 












	
[bookmark: JR000-12]12 Mukaiyama T, Ishida A. Chem. Lett. 1975; 319 









	
[bookmark: OR000-13]13 For recent reviews, see references 4b and 5a 










[bookmark: RL000-14]



For example, see:
        
	
[bookmark: JR000-14001]14a Mori Y, Kuhara M, Takeuchi A, Suzuki M. Tetrahedron Lett. 1988; 29: 5419 





Crossref





	
[bookmark: JR000-14002]14b Evans DA, Hoveyda AH. J. Am. Chem. Soc. 1990; 112: 6447 





Crossref








	
[bookmark: JR000-15]15 Villano R, Acocella MR, Massa A, Palombi L, Scettri A. Tetrahedron 2009; 65: 5571 





Crossref





	
[bookmark: JR000-16]16 Singh RP, Foxman BM, Deng L. J. Am. Chem. Soc. 2010; 132: 9558 





Crossref





	
[bookmark: JR000-17]17 Zhu N, Ma B.-C, Zhang Y, Wang W. Adv. Synth. Catal. 2010; 352: 1291 





Crossref






[bookmark: RL000-18]
	
[bookmark: JR000-18001]18a For a racemic ZnCl2-mediated bis-vinylogous aldol addition to acetals, see:  Domagalska BW, Skyper L, Wilk KA. Synthesis 2001; 2463 





Article in Thieme Connect





	
[bookmark: JR000-18002]18b For an asymmetric bis-vinylogous Mukaiyama aldol addition in the context of the total synthesis of (+)-papulacandin, see:  Denmark SE, Kobayashi T, Regens CS. Tetrahedron 2010; 66: 4745 





Crossref





	
[bookmark: JR000-18003]18c For an organocatalytic process, see:  Ratjen L, Garcia-Garcia P, Lay F, Beck ME, List B. Angew. Chem. Int. Ed. 2011; 50: 754 





CrossrefPubMed








	
[bookmark: JR000-19]19 Luo S, Qiao Y, Zhang L, Li J, Li X, Cheng J.-P. J. Org. Chem. 2009;  74: 9521 





Crossref





	
[bookmark: JR000-20]20 Ube H, Shimada N, Terada M. Angew. Chem. Int. Ed. 2010; 49: 1858 





Crossref





	
[bookmark: JR000-21]21 Yang Y, Zheng K, Zhao J, Shi J, Lin L, Liu X, Feng X. J. Org. Chem. 2010; 75: 5382 





CrossrefPubMed






[bookmark: RL000-22]
	
[bookmark: JR000-22001]22a Pansare SV, Paul EK. Chem. Commun. 2011; 47: 1027 





Crossref





	
[bookmark: JR000-22002]22b Zhu Y, Malerich JP, Rawal VH. Angew. Chem. Int. Ed. 2010; 49: 153 





CrossrefPubMed





	
[bookmark: JR000-22003]22c Konishi H, Lam T, Malerich JP, Rawal VH. Org. Lett. 2010; 12: 2028 





Crossref





	
[bookmark: JR000-22004]22d Qian Y, Ma G, Lv A, Zhu H.-L, Zhao J, Rawal VH. Chem. Commun. 2010; 46: 3004 





CrossrefPubMed








	
[bookmark: BR000-23]23 For a recent book, see:  
          Quaternary Stereocenters
        . Christoffers J, Baro A. Wiley-VCH; Weinheim: 2005 





CrossrefGoogle Scholar





	
[bookmark: JR000-24]24 Luo J, Wang H, Han X, Xu L.-W, Kwiatkowski J, Huang K.-W, Lu Y. Angew. Chem. Int. Ed. 2011; 50: 1861 





CrossrefPubMed






[bookmark: RL000-25]
	
[bookmark: JR000-25001]25a For organocatalytic domino reactions, see:  Enders D, Grondal C, Hüttl MM. Angew. Chem. Int. Ed. 2007; 46: 1570 





CrossrefPubMed





	
[bookmark: JR000-25002]25b For organocatalytic conjugate addition reactions, see:  Almasi D, Alonso DA, Najera C. Tetrahedron: Asymmetry 2007; 18: 299 





Crossref





	
[bookmark: JR000-25003]25c The use of salicylaldehyde in domino oxa-Michael reactions for the synthesis of chromenes, coumarins, and related heterocycles has already been reviewed:  Shi Y.-L, Shi M. Org. Biomol. Chem. 2007; 5: 1499 





Crossref








[bookmark: RL000-26]
	
[bookmark: JR000-26001]26a Rein C, Demel P, Outten RA, Netscher T, Breit B. Angew. Chem. Int. Ed. 2007; 46: 8670 





Crossref





	
[bookmark: JR000-26002]26b Cheng SC, Burton GW, Ingold KU, Foster DO. Lipids 1987; 22: 469 





Crossref





	
[bookmark: JR000-26003]26c Packer JE, Slater TF, Willson RL. Nature 1979; 278: 737 





Crossref








	
[bookmark: JR000-27]27 Liu K, Chugnet A, Woggon WD. Angew. Chem. Int. Ed. 2008; 47: 5827 





Crossref






[bookmark: RL000-28]
	
[bookmark: JR000-28001]28a Kashiwada Y, Yamazaki K, Ikeshiro Y, Yamagishi T, Fujioka T, Mihashi K, Mizuki K, Cosentino LM, Fowke K, Morris-Natschke SL, Lee K.-H. Tetrahedron 2001; 57: 1559 





Crossref





	
[bookmark: JR000-28002]28b Liu K, Woggon WD. Eur. J. Org. Chem. 2010; 1033 












[bookmark: RL000-29]
	
[bookmark: JR000-29001]29a Kraft F. Arch. Pharm. (Weinheim, Ger.) 1906; 244: 336 





Crossref





	
[bookmark: JR000-29002]29b Kurobane I, Iwahashi S, Fukuda A. Drugs Exp. Clin. Res. 1987; 13: 339 









	
[bookmark: JR000-29003]29c McPhee F, Caldera PS, Bemis GW, McDonagh AF, Kuntz ID. Biochem. J. 1996; 320: 681 









	
[bookmark: JR000-29004]29d Kurobane I, Vining LC, McInnes AG. Tetrahedron Lett. 1978; 19: 4633 





Crossref





	
[bookmark: JR000-29005]29e Howard CC, Johnstone RA. W, King TJ, Lessinger L. J. Chem. Soc., Perkin Trans. 1 1976; 1820 









	
[bookmark: JR000-29006]29f Holker JS. E, O’Brien E, Simpson TJ. J. Chem. Soc., Perkin Trans. 1 1978; 1621 












[bookmark: RL000-30]
	
[bookmark: JR000-30001]30a Lesch B, Toräng J, Vanderheiden S, Bräse S. Adv. Synth. Catal. 2005; 347: 555 





Crossref





	
[bookmark: JR000-30002]30b Gérard EM. C, Sahin H, Encinas A, Bräse S. Synlett 2008; 2702 





Article in Thieme Connect





	
[bookmark: JR000-30003]30c Rao TV, Rele DN, Trivedi GK. J. Chem. Res. 1987; 196 









	
[bookmark: JR000-30004]30d Lesch B, Toräng J, Nieger M, Bräse S. Synthesis 2005; 1888 





Article in Thieme Connect








[bookmark: RL000-31]
	
[bookmark: JR000-31001]31a Volz M, Brohmer MC, Nieger M, Bräse S. Synlett 2009; 550 





Article in Thieme Connect





	
[bookmark: JR000-31002]31b For a review, see:  Nising CF, Bräse S. Chem. Soc. Rev. 2008; 37: 1218 





CrossrefPubMed








[bookmark: RL000-32]



For related synthesis, see:
        
	
[bookmark: JR000-32001]32a Tietze LF, Spiegl DA, Stecker F, Major J, Raith C, Große C. Chem.–Eur. J. 2008; 14: 8956 









	
[bookmark: JR000-32002]32b Trost BM, Shen HC, Dong L, Surivet J.-P. J. Am. Chem. Soc. 2003; 125: 9276 







	
[bookmark: JR000-32003]32c Trost BM, Shen HC, Dong L, Surivet J.-P, Sylvain C. J. Am. Chem. Soc. 2004; 126: 11966 









    




 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 44.200.197.145
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  