







    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



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 10 November 2014



                    Overcoming the limitations of directed C–H functionalizations of heterocycles

                    	Yue-Jin Liu1 na1, 
	Hui Xu1 na1, 
	Wei-Jun Kong1, 
	Ming Shang1, 
	Hui-Xiong Dai1 & 
	…
	Jin-Quan Yu1,2 

Show authors

                    

                    
                        
    Nature

                        volume 515, pages 389–393 (2014)Cite this article
                    

                    
        
            	
                        37k Accesses

                    
	
                        273 Citations

                    
	
                            78 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Organic chemistry


    


                
    
    

    
    

                
            


        
            Abstract
In directed C–H activation reactions, any nitrogen or sulphur atoms present in heterocyclic substrates will coordinate strongly with metal catalysts. This coordination, which can lead to catalyst poisoning or C–H functionalization at an undesired position, limits the application of C–H activation reactions in heterocycle-based drug discovery1,2,3,4,5, in which regard they have attracted much interest from pharmaceutical companies3,4,5. Here we report a robust and synthetically useful method that overcomes the complications associated with performing C–H functionalization reactions on heterocycles. Our approach employs a simple N-methoxy amide group, which serves as both a directing group and an anionic ligand that promotes the in situ generation of the reactive PdX2 (X = ArCONOMe) species from a Pd(0) source using air as the sole oxidant. In this way, the PdX2 species is localized near the target C–H bond, avoiding interference from any nitrogen or sulphur atoms present in the heterocyclic substrates. This reaction overrides the conventional positional selectivity patterns observed with substrates containing strongly coordinating heteroatoms, including nitrogen, sulphur and phosphorus. Thus, this operationally simple aerobic reaction demonstrates that it is possible to bypass a fundamental limitation that has long plagued applications of directed C–H activation in medicinal chemistry.
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                    Figure 1: Development of a catalytic system to overcome fundamental limitations of heterocyclic C–H bond functionalizations.[image: ]


Figure 2: Discovery of an efficient aerobic C–H activation reaction.[image: ]


Figure 3: Scope of the reaction.[image: ]


Figure 4: Overriding the conventional positional selectivity dictated by heterocycles.[image: ]
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        Editorial Summary
Heterocycle poisoning bypassed in C–H activation
Heterocycles containing nitrogen and suphur atoms are commonly found in drug candidates, presenting organic chemists with a problem, as these elements can poison any metal catalysts used for direct activation of C–H bonds to allow the introduction of new functional groups. This paper describes a robust and synthetically useful method that overcomes thisdifficulty. Jin-Quan Yu and colleagues use a simple N-methoxy amide as a directing group and an anionic ligand that promotes the in situ generation of the reactive palladium species PdX2. The N-methoxy amide group acts to localize PdX2 to the target C–H bond. This method of bypassing heterocycle poisoning using a Pd(0) catalyst under aerobic conditions should be broadly applicable in synthesis and pharmaceutical manufacturing.
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