







    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: 20 June 2018



                    Decarboxylative sp3 C–N coupling via dual copper and photoredox catalysis

                    	Yufan Liang1 na1, 
	Xiaheng Zhang1 na1 & 
	David W. C. MacMillan1 



                    

                    
                        
    Nature

                        volume 559, pages 83–88 (2018)Cite this article
                    

                    
        
            	
                        46k Accesses

                    
	
                        298 Citations

                    
	
                            30 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Synthetic chemistry methodology
	Photocatalysis


    


                
    
    

    
    

                
            


        
            Abstract
Over the past three decades, considerable progress has been made in the development of methods to construct sp2 carbon–nitrogen (C–N) bonds using palladium, copper or nickel catalysis1,2. However, the incorporation of alkyl substrates to form sp3 C–N bonds remains one of the major challenges in the field of cross-coupling chemistry. Here we demonstrate that the synergistic combination of copper catalysis and photoredox catalysis can provide a general platform from which to address this challenge. This cross-coupling system uses naturally abundant alkyl carboxylic acids and commercially available nitrogen nucleophiles as coupling partners. It is applicable to a wide variety of primary, secondary and tertiary alkyl carboxylic acids (through iodonium activation), as well as a vast array of nitrogen nucleophiles: nitrogen heterocycles, amides, sulfonamides and anilines can undergo C–N coupling to provide N-alkyl products in good to excellent efficiency, at room temperature and on short timescales (five minutes to one hour). We demonstrate that this C–N coupling protocol proceeds with high regioselectivity using substrates that contain several amine groups, and can also be applied to complex drug molecules, enabling the rapid construction of molecular complexity and the late-stage functionalization of bioactive pharmaceuticals.
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                    Fig. 1: Decarboxylative nitrogen-nucleophile fragment coupling.[image: ]


Fig. 2: Catalytic cycles and control experiments.[image: ]


Fig. 3: Decarboxylative C–N couplings of 3-chloroindazole with a range of alkyl carboxylic acids.[image: ]


Fig. 4: Decarboxylative C–N couplings of cyclohexyl carboxylic acid with various nitrogen nucleophiles.[image: ]


Fig. 5: Sequential C–N couplings and comparisons with nucleophilic substitutions.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Decarboxylative sp3 C–N couplings with a series of secondary alkyl acids.
An array of secondary alkyl carboxylic acids can be cross-coupled with 3-chloroindazole. The protocol provides the product as a single regioisomer in all cases. All yields are isolated. All reactions were replicated at least twice for consistency. See Supplementary Information for full experimental details. d.r., diastereomeric ratio. #d.r. was determined by 1H NMR.


Extended Data Fig. 2 Decarboxylative sp3 C–N couplings with a series of nitrogen heterocycles.
Various nitrogen heterocycles, including indazoles, azaindoles, indoles and pyrazoles, can cross-couple with carboxylic acids with good efficiency. All yields are isolated. All reactions were replicated at least twice for consistency. See Supplementary Information for full experimental details. *Single regioisomer.


Extended Data Fig. 3 Decarboxylative sp3 C–N couplings with a series of nitrogen nucleophiles.
Various nitrogen nucleophiles, including nitrogen heterocycles, anilines, sulfonamides and amides, can cross-couple with carboxylic acids with good efficiency. All yields are isolated unless otherwise noted. All reactions were replicated at least twice for consistency. See Supplementary Information for full experimental details. #Yield was determined by 19F NMR with an internal standard. &Yield was determined by gas-chromatography analysis with an internal standard. *Single regioisomer.


Extended Data Fig. 4 Decarboxylative sp3 C–N couplings with a series of pharmaceutical compounds.
Several drug molecules can cross-couple with carboxylic acids with good efficiency. All yields are isolated. All reactions were replicated at least twice for consistency. See Supplementary Information for full experimental details. *Single regioisomer.
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