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Abstract

            
            

               




               
A 1,6-conjugate addition reaction of β,β-disubstituted N-tert-butanesulfinyl metalloenamines, generated via stereospecific α-deprotonation of enantioenriched α,α-disubstituted ketimines or deprotonation of the NH in geometry-defined enesulfinamides, with isatin-derived para-quinone methides is developed to build vicinal quaternary stereocenters with high stereocontrol. The resulting 3,3-disubstituted oxindoles contain a less-accessible acyclic quaternary stereogenic carbon substituted with two sterically and electronically similar groups at the α-position of the imino group. This protocol constitutes a rare example of the stereoselective construction of vicinal quaternary stereocenters via the conjugate addition of acyclic enolates/aza-enolates bearing two similar β-substituents.

            

         


            

Key words

            
               
N-sulfinyl metalloenamines - 
            conjugate addition - 
            deprotonation - 
            quaternary stereocenter - 
            stereoselectivity
         



         

Supporting Information

         

Supporting information for this article is available online at https://doi.org/10.1055/a-2223-3803.	
Supporting Information



      









Publication History

Received: 13 November 2023


Accepted after revision: 06 December 2023


Accepted Manuscript online:
06 December 2023


Article published online:
16 January 2024



© 2023. Thieme. All rights reserved

Georg Thieme Verlag KG
Rüdigerstraße 14, 70469 Stuttgart, Germany


 




	
References




	
1a 
                  
                     Newman DJ, 
                  
                  
                     Cragg GM. 
                  
               J. Nat. Prod. 2016; 79: 629 







	
1b 
                  
                     Ling T, 
                  
                  
                     Rivas F. 
                  
               Tetrahedron 2016; 72: 6729 









         




For reviews on the construction of quaternary stereocenters, see:
            
	
2a 
                  
                     Süsse L, 
                  
                  
                     Stoltz BM. 
                  
               Chem. Rev. 2021; 121: 4084 







	
2b 
                  
                     Li C, 
                  
                  
                     Ragab SS, 
                  
                  
                     Liu G, 
                  
                  
                     Tang W. 
                  
               Nat. Prod. Rep. 2020; 37: 276 







	
2c 
                  
                     Büschleb M, 
                  
                  
                     Dorich S, 
                  
                  
                     Hanessian S, 
                  
                  
                     Tao D, 
                  
                  
                     Schenthal KB, 
                  
                  
                     Overman LE. 
                  
               Angew. Chem. Int. Ed. 2016; 55: 4156 







	
2d 
                  
                     Quasdorf K, 
                  
                  
                     Overman L. 
                  
               Nature 2014; 516: 181 









         
	
3 For a recent review on vicinal quaternary–quaternary carbon stereogenic centers, see: 
               
                  Zhou F, 
               
               
                  Zhu L, 
               
               
                  Pan B.-W, 
               
               
                  Shi Y, 
               
               
                  Liu Y.-L, 
               
               
                  Zhou J. 
               
            Chem. Sci. 2020; 11: 9341 









	
4a 
                  
                     Pierrot D, 
                  
                  
                     Marek I. 
                  
               Angew. Chem. Int. Ed. 2020; 5: 36 







	
4b 
                  
                     Feng J, 
                  
                  
                     Holmes M, 
                  
                  
                     Krische MJ. 
                  
               Chem. Rev. 2017; 117: 12564 







	
4c 
                  
                     Das JP, 
                  
                  
                     Marek I. 
                  
               Chem. Commun. 2011; 47: 4593 









         
	
5 For a review, see: 
               
                  Minko Y, 
               
               
                  Marek I. 
               
            Chem. Commun. 2014; 50: 12597 









	
6a 
                  
                     Qin Y.-C, 
                  
                  
                     Stivala CE, 
                  
                  
                     Zakarian A. 
                  
               Angew. Chem. Int. Ed. 2007; 46: 7466 







	
6b 
                  
                     Araoz R, 
                  
                  
                     Servent D, 
                  
                  
                     Molgo J, 
                  
                  
                     Iorga BI, 
                  
                  
                     Fruchart-Gaillard C, 
                  
                  
                     Benoit E, 
                  
                  
                     Gu Z, 
                  
                  
                     Stivala C, 
                  
                  
                     Zakarian A. 
                  
               J. Am. Chem. Soc. 2011; 133: 10499 









         




For selected examples of α-desulfinylation and their synthetic applications in the construction of α-quaternary stereocenters, see:
            
	
7a 
                  
                     Manthorpe JM, 
                  
                  
                     Gleason JL. 
                  
               J. Am. Chem. Soc. 2001; 123: 2091 







	
7b 
                  
                     Manthorpe JM, 
                  
                  
                     Gleason JL. 
                  
               Angew. Chem. Int. Ed. 2002; 41: 2338 







	
7c 
                  
                     Arpin A, 
                  
                  
                     Manthorpe JM, 
                  
                  
                     Gleason JL. 
                  
               Org. Lett. 2006; 8: 1359 







	
7d 
                  
                     Tiong EA, 
                  
                  
                     Gleason JL. 
                  
               Org. Lett. 2009; 11: 1725 







	
7e 
                  
                     Tiong EA, 
                  
                  
                     Rivalti D, 
                  
                  
                     Williams BM, 
                  
                  
                     Gleason JL. 
                  
               Angew. Chem. Int. Ed. 2013; 52: 3442 







	
7f 
                  
                     Elmehriki AA. H, 
                  
                  
                     Gleason JL. 
                  
               Org. Lett. 2019; 21: 9729 









         




For the α-deprotonation of α,α-disubstituted chiral amides and its synthetic applications in the construction of α-quaternary stereocenters, see:
            
	
8a 
                  
                     Kummer DA, 
                  
                  
                     Chain WJ, 
                  
                  
                     Morales MR, 
                  
                  
                     Quiroga O, 
                  
                  
                     Myers AG. 
                  
               J. Am. Chem. Soc. 2008; 130: 13231 







	
8b 
                  
                     Morales MR, 
                  
                  
                     Mellem KT, 
                  
                  
                     Myers AG. 
                  
               Angew. Chem. Int. Ed. 2012; 51: 4568 









         




For the α-deprotonation of α,α-disubstituted chiral N-sulfinyl ketimines and its synthetic applications in the construction of α-quaternary stereocenters, see:
            
	
9a 
                  
                     Yisimayili N, 
                  
                  
                     Liu H, 
                  
                  
                     Yao Y, 
                  
                  
                     Lu C.-D. 
                  
               Org. Lett. 2021; 23: 7450 







	
9b 
                  
                     Li Z.-F, 
                  
                  
                     Zhu C.-L, 
                  
                  
                     Zhang Y, 
                  
                  
                     Yao Y, 
                  
                  
                     Lu C.-D. 
                  
               Org. Lett. 2022; 24: 2883 







	
9c 
                  
                     Liu T, 
                  
                  
                     Yao Y, 
                  
                  
                     Yisimayili N, 
                  
                  
                     Lu C.-D. 
                  
               Org. Lett. 2022; 24: 7817 







	
9d 
                  
                     Zhu C.-L, 
                  
                  
                     Yao Y, 
                  
                  
                     Lu C.-D. 
                  
               Org. Lett. 2022; 24: 8925 







	
9e 
                  
                     Chu L.-F, 
                  
                  
                     Yao Y, 
                  
                  
                     Lu C.-D. 
                  
               Org. Lett. 2022; 24: 9135 







	
9f 
                  
                     Zhu C.-L, 
                  
                  
                     Lu C.-D. 
                  
               Org. Chem. Front. 2023; 10: 5490 









         
	
10 
               
                  Welle A, 
               
               
                  Petrignet J, 
               
               
                  Tinant B, 
               
               
                  Wouters J, 
               
               
                  Riant O. 
               
            Chem. Eur. J. 2010; 16: 10980 









	
11a 
                  
                     Allais C, 
                  
                  
                     Tsai AS, 
                  
                  
                     Nuhant P, 
                  
                  
                     Roush WR. 
                  
               Angew. Chem. Int. Ed. 2013; 52: 12888 







	
11b 
                  
                     Nagata T, 
                  
                  
                     Tamaki A, 
                  
                  
                     Kiyokawa K, 
                  
                  
                     Tsutsumi R, 
                  
                  
                     Yamanaka M, 
                  
                  
                     Minakata S. 
                  
               Chem. Eur. J. 2018; 24: 17027 









         
	
12 
               
                  Yisimayili N, 
               
               
                  Zhu C.-L, 
               
               
                  Liu T, 
               
               
                  Yao Y, 
               
               
                  Lu C.-D. 
               
            Org. Lett. 2023; 25: 5536 









	
13a 
                  
                     Minko Y, 
                  
                  
                     Pasco M, 
                  
                  
                     Lercher L, 
                  
                  
                     Botoshansky M, 
                  
                  
                     Marek I. 
                  
               Nature 2012; 490: 522 







	
13b 
                  
                     Nairoukh Z, 
                  
                  
                     Narayana Kumar GG. K. S, 
                  
                  
                     Minko Y, 
                  
                  
                     Marek I. 
                  
               Chem. Sci. 2017; 8: 627 







	
13c 
                  
                     Nairoukh Z, 
                  
                  
                     Marek I. 
                  
               Angew. Chem. Int. Ed. 2015; 54: 14393 









         




For rare examples of the catalytic asymmetric construction of less-accessible α-quaternary stereocenters, see:
            
	
14a 
                  
                     Doyle AG, 
                  
                  
                     Jacobsen EN. 
                  
               Angew. Chem. Int. Ed. 2007; 46: 3701 







	
14b 
                  
                     Starkov P, 
                  
                  
                     Moore JT, 
                  
                  
                     Duquette DC, 
                  
                  
                     Stoltz BM, 
                  
                  
                     Marek I. 
                  
               J. Am. Chem. Soc. 2017; 139: 9615 









         




For recent reviews, see:
            
	
15a 
                  
                     Wang J.-Y, 
                  
                  
                     Hao W.-J, 
                  
                  
                     Tu S.-J, 
                  
                  
                     Jiang B. 
                  
               Org. Chem. Front. 2020; 7: 1743 







	
15b 
                  
                     Lima CG. S, 
                  
                  
                     Pauli FP, 
                  
                  
                     Costa DC. S, 
                  
                  
                     de Souza AS, 
                  
                  
                     Forezi LS. M, 
                  
                  
                     Ferreira VF, 
                  
                  
                     de Carvalho da Silva F. 
                  
               Eur. J. Org. Chem. 2020; 2650 









         




For a recent review on the bioactivity of oxindoles, see:
            
	
16a 
                  
                     Khetmalis YM, 
                  
                  
                     Shivani M, 
                  
                  
                     Murugesan S, 
                  
                  
                     Sekhar KV. G. C. 
                  
               Biomed. Pharmacother. 2021; 141: 111842 










For recent reviews on the asymmetric synthesis of 3,3-disubstituted oxindoles, see:
            
	
16b 
                  
                     Dalpozzo R. 
                  
               Adv. Synth. Catal. 2017; 359: 1772 







	
16c 
                  
                     Cao Z.-Y, 
                  
                  
                     Zhou F, 
                  
                  
                     Zhou J. 
                  
               Acc. Chem. Res. 2018; 51: 1443 







	
16d 
                  
                     Boddy AJ, 
                  
                  
                     Bull JA. 
                  
               Org. Chem. Front. 2021; 8: 1026 










For recent examples of the asymmetric synthesis of 3,3-disubstituted oxindole derivatives, see:
            
	
16e 
                  
                     Liu X, 
                  
                  
                     Wang P, 
                  
                  
                     Bai L, 
                  
                  
                     Li D, 
                  
                  
                     Wang L, 
                  
                  
                     Yang D, 
                  
                  
                     Wang R. 
                  
               ACS Catal. 2018; 8: 10888 







	
16f 
                  
                     Xu J, 
                  
                  
                     Zhong Z, 
                  
                  
                     Jiang M, 
                  
                  
                     Zhou Y, 
                  
                  
                     Liu X, 
                  
                  
                     Feng X. 
                  
               CCS Chem. 2020; 2: 1894 







	
16g 
                  
                     Fan T, 
                  
                  
                     Song J, 
                  
                  
                     Gong L.-Z. 
                  
               Angew. Chem. Int. Ed. 2022; 61: e202201678 







	
16h 
                  
                     Wang W, 
                  
                  
                     Zhang F, 
                  
                  
                     Liu Y, 
                  
                  
                     Feng X. 
                  
               Angew. Chem. Int. Ed. 2022; 61: e202208837 









         
	
17 
               
                  Zheng J, 
               
               
                  Lin L, 
               
               
                  Dai L, 
               
               
                  Tang Q, 
               
               
                  Liu X, 
               
               
                  Feng X. 
               
            Angew. Chem. Int. Ed. 2017; 56: 13107 









	
18a 
                  
                     Liu X, 
                  
                  
                     Zhao C, 
                  
                  
                     Zhu R, 
                  
                  
                     Liu L. 
                  
               Angew. Chem. Int. Ed. 2021; 60: 18499 







	
18b 
                  
                     Zhu Y, 
                  
                  
                     Wang H, 
                  
                  
                     Wang G, 
                  
                  
                     Wang Z, 
                  
                  
                     Liu Z, 
                  
                  
                     Liu L. 
                  
               Org. Lett. 2021; 23: 7248 










For transition-metal-catalyzed annulations of β-keto esters with isatin-derived para-quinone methides, see:
            
	
18c 
                  
                     Jia Z.-L, 
                  
                  
                     An X.-T, 
                  
                  
                     Deng Y.-H, 
                  
                  
                     Pang L.-H, 
                  
                  
                     Liu Ch.-F, 
                  
                  
                     Meng L.-L, 
                  
                  
                     Xue J.-K, 
                  
                  
                     Zhao X.-H, 
                  
                  
                     Fan C.-A. 
                  
               Org. Lett. 2021; 23: 745 










For recent examples for building vicinal quaternary-tertiary stereocenters, see:
            
	
18d 
                  
                     Wang Y.-F, 
                  
                  
                     Wang C.-J, 
                  
                  
                     Feng Q.-Z, 
                  
                  
                     Zhai J.-J, 
                  
                  
                     Qi S.-S, 
                  
                  
                     Zhong A.-G, 
                  
                  
                     Chu M.-M, 
                  
                  
                     Xu D.-Q. 
                  
               Chem. Commun. 2022; 58: 6653 







	
18e 
                  
                     Gärtner CV, 
                  
                  
                     Schneider C. 
                  
               Org. Lett. 2023; 25: 416 









         




For reviews of tert-butanesulfinamide, see:
            
	
19a 
                  
                     Ellman JA, 
                  
                  
                     Owens TD, 
                  
                  
                     Tang TP. 
                  
               Acc. Chem. Res. 2002; 35: 984 







	
19b 
                  
                     Robak MT, 
                  
                  
                     Herbage MA, 
                  
                  
                     Ellman JA. 
                  
               Chem. Rev. 2010; 110: 3600 







	
19c 
                  
                     Foubelo F, 
                  
                  
                     Yus M. 
                  
               Chem. Rec. 2021; 21: 1300 









         
	
20 
               
                  Wang H, 
               
               
                  Wang K, 
               
               
                  Man Y, 
               
               
                  Gao X, 
               
               
                  Yang L, 
               
               
                  Ren Y, 
               
               
                  Li N, 
               
               
                  Tang B, 
               
               
                  Zhao G. 
               
            Adv. Synth. Catal. 2017; 359: 3934 







	
21 
               
                  You Y, 
               
               
                  Quan B.-X, 
               
               
                  Wang Z.-H, 
               
               
                  Zhao J.-Q, 
               
               
                  Yuan W.-C. 
               
            Org. Biomol. Chem. 2020; 18: 4560 







	
22 The crystal structures of 3c and 10 are provided in the Supporting Information. CCDC 2279966 (3c) and 2279967 (10) contain the supplementary crystallographic data for this paper. The data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/structures 








	
23 
               
                  Kochi T, 
               
               
                  Tang TP, 
               
               
                  Ellman JA. 
               
            J. Am. Chem. Soc. 2003; 125: 11276 












 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.81.26.102
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  