







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 13 July 2011



                    Collective synthesis of natural products by means of organocascade catalysis

                    	Spencer B. Jones1, 
	Bryon Simmons1, 
	Anthony Mastracchio1 & 
	â€¦
	David W. C. MacMillan1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 475,Â pages 183â€“188 (2011)Cite this article
                    

                    
        
            	
                        29k Accesses

                    
	
                        629 Citations

                    
	
                            104 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Natural products
	Organocatalysis
	Chemical synthesis


    


                
    
    

    
    

                
            


        
            Abstract
Organic chemists are now able to synthesize small quantities of almost any known natural product, given sufficient time, resources and effort. However, translation of the academic successes in total synthesis to the large-scale construction of complex natural products and the development of large collections of biologically relevant molecules present significant challenges to synthetic chemists. Here we show that the application of two nature-inspired techniques, namely organocascade catalysis and collective natural product synthesis, can facilitate the preparation of useful quantities of a range of structurally diverse natural products from a common molecular scaffold. The power of this concept has been demonstrated through the expedient, asymmetric total syntheses of six well-known alkaloid natural products: strychnine, aspidospermidine, vincadifformine, akuammicine, kopsanone and kopsinine.
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                    Figure 1: 
                        Cascade catalysis in biosynthesis.
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Figure 2: 
                        Collective natural product synthesis: nature-inspired application of cascade catalysis.
                      [image: ]


Figure 3: Proposed mechanism of organocascade cycles for the generation of a common tetracyclic intermediate ( 1). [image: ]


Figure 4: 
                        Twelve-step enantioselective total synthesis of (âˆ’)-strychnine.
                      [image: ]


Figure 5: 
                        Ten-step enantioselective synthesis of (âˆ’)-akuammicine.
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Figure 6: 
                        Enantioselective total syntheses of (+)-aspidospermidine and (+)-vincadifformine.
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Figure 7: 
                        Enantioselective total syntheses of (âˆ’)-kopsinine and (âˆ’)-kopsanone.
                      [image: ]
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        Editorial Summary
A natural approach to natural product synthesis
By combining two biosynthetic principles that have evolved in the natural world, David MacMillan and colleagues at the Merck Center for Catalysis at Princeton University, New Jersey, have developed a powerful strategy for the production of a broad spectrum of natural products. The first technique is organocascade catalysis, in which a continuous catalytic cascade replaces the traditional stop-go method of synthesis. The second is collective synthesis, in which a general synthetic route is used to reach a common molecular scaffold that, with appropriate fine-tuning, serves as a conduit to other members of the same chemical family. The method is demonstrated with the asymmetric total syntheses of six high-profile alkaloids: strychnine, aspidospermidine, vincadifformine, akuammicine, kopsanone and kopsinine.
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