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Abstract


A facile and environmentally benign Pd-catalyzed direct C–H arylation polymerization (DAP) has been developed for the syntheses of homo- and copolymers of anionic-group-functionalized 3,4-ethylenedioxythiophenes with high yields (up to 99%), high molecular weights, and narrow polydispersities. The effects of various Pd catalysts, phosphine ligands, and additives on the properties of the polymers have been examined. The method gives anionic poly(3,4-ethylenedioxythiophenes) with higher molecular weights than those produced by the previously reported chemical or electrochemical methods. The method was also used to synthesize polymers functionalized with carboxylic acid groups without the need for protection/deprotection steps. The resulting polymers can be processed from water or highly polar organic solvents. We also demonstrated a phosphine-free, water-mediated, Pd-catalyzed DAP. The anionic poly(3,4-ethylenedioxythiophenes) were stable in water, and are promising for applications in sensors, drug delivery, and cell engineering.
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[bookmark: OR000-19]19 
          Poly(C2-, C5-, and C12-EDOT-COOH) Polymers; General ProcedureThe polymerization process was similar to that of PEDOTS synthesis by direct C–H arylation polymerization. A N2-filled 50 mL Schlenk flask was charged with the appropriate EDOT-COOH and 2,5-dibromo-substituted EDOT-COOH monomers, Pd(OAc)2 (10 mol%), P(p-tol)3 (10 mol%), Cs2CO3 (4 equiv), and anhyd DMF. The mixture was stirred for 36 h at 90 °C, then cooled. The reaction was then quenched with 1:1 H2O–MeOH, and excess acetone (40 mL) was added. The resulting suspension was centrifuged (5 min, 5000 rpm) and the resulting precipitate was dissolved again in 1:1 H2O–MeOH and precipitated with acetone. This procedure was repeated until a clear solution was obtained. The precipitate was then dried under vacuum and the product was characterized by means of 1H NMR and FTIR spectrometry.In agreement with previous reports, the 1H NMR spectra of the polymers showed broad peaks that were well observed in the zoom mode.Poly(C2-EDOT-COOH)Dark-blue solid; yield: 140 mg (79%). IR (KBr): 3653–3219 (weak br, OH of acid group), 2915 (weak br, C–H of alkyl groups), 1595 (strong, C=O of carbonyl group), 1519 (strong, C=C of thiophene ring), 1371 (strong, C–C stretching of alkyl groups), 1083 and 1039 cm–1 (medium bands; asymmetric and symmetric stretching of C–O–C, respectively).Poly(C5-EDOT-COOH)Blue solid; yield: 145 mg (75%). IR (KBr): 3666–3209 (weak br, OH of acid group), 2930 (weak br, C–H of alkyl groups), 1731 and 1648 (strong, C=O group stretching of ester and acid groups, respectively), 1519 and 1368 (strong, C=C of thiophene ring and alkyl C–C stretching, respectively), 1100 and 1055 cm–1 (medium bands of asymmetric and symmetric stretching of C–O–C, respectively).Poly(C12-EDOT-COOH): Purple solid; yield: 190 mg (89%). IR (KBr): 3652–3223 (weak and broad, OH of acid group), 2923 and 2852 (strong, C–H of alkyl groups), 1738 and 1657 (strong, C=O stretching of ester and acid groups, respectively), 1569 and 1371 (strong, C=C of thiophene ring and C–C of alkyl stretching, respectively), 1101 and 1051 cm–1 (medium bands of asymmetric and symmetric stretching of C–O–C, respectively). 










[bookmark: RL000-20]
	
[bookmark: JR000-20001]20a 
            
              Wang K, 
            
            
              Wang M. 
            
          J. Polym. Sci. Part A: Polym. Chem. 2017; 55: 1040 









	
[bookmark: JR000-20002]20b 
            
              Wakioka M, 
            
            
              Nakamura Y, 
            
            
              Hihara Y, 
            
            
              Ozawa F, 
            
            
              Sakaki S. 
            
          Organometallics 2014; 33: 6247 





Crossref








	
[bookmark: JR000-21]21 
          
            Wang Q, 
          
          
            Takita R, 
          
          
            Kikuzaki Y, 
          
          
            Ozawa F. 
          
        J. Am. Chem. Soc. 2010; 132: 11420 





CrossrefPubMed






[bookmark: RL000-22]
	
[bookmark: JR000-22001]22a 
            
              Wang X, 
            
            
              Wang M. 
            
          Polym. Chem. 2014; 5: 5784 









	
[bookmark: JR000-22002]22b 
            
              Zapf A, 
            
            
              Beller M. 
            
          Chem. Eur. J. 2001; 7: 2908 





CrossrefPubMed








	
[bookmark: JR000-23]23 
          
            Grenier F, 
          
          
            Goudreau K, 
          
          
            Leclerc M. 
          
        J. Am. Chem. Soc. 2017; 139: 2816 





CrossrefPubMed






[bookmark: RL000-24]
	
[bookmark: JR000-24001]24a 
            
              Shi Y, 
            
            
              Luo S.-C, 
            
            
              Fang W, 
            
            
              Zhang K, 
            
            
              Ali EM, 
            
            
              Boey FY. C, 
            
            
              Ying JY, 
            
            
              Wang J, 
            
            
              Yu H.-h, 
            
            
              Li L.-J. 
            
          Org. Electron. 2008; 9: 859 





Crossref





	
[bookmark: JR000-24002]24b 
            
              Xie H, 
            
            
              Luo SC, 
            
            
              Yu H.-h. 
            
          Small 2009; 5: 2611 





CrossrefPubMed








	
[bookmark: JR000-25]25 
          
            Luo S.-C, 
          
          
            Xie H, 
          
          
            Chen N, 
          
          
            Yu H.-h. 
          
        ACS Appl. Mater. Interfaces 2009; 1: 1414 





CrossrefPubMed





	
[bookmark: JR000-26]26 
          
            Subramani R, 
          
          
            Elangomannan S, 
          
          
            Louis K, 
          
          
            Kannan S, 
          
          
            Gopi D. 
          
        ACS Appl. Mater. Interfaces 2016; 8: 12404 





CrossrefPubMed





	
[bookmark: JR000-27]27 
          
            Luo S.-C, 
          
          
            Ali EM, 
          
          
            Tansil NC, 
          
          
            Yu H.-h, 
          
          
            Gao S, 
          
          
            Kantchev EA. B, 
          
          
            Ying JY. 
          
        Langmuir 2008; 24: 8071 





CrossrefPubMed





	
[bookmark: JR000-28]28 
          
            Wallow TI, 
          
          
            Novak BM. 
          
        J. Am. Chem. Soc. 1991; 113: 7411 





Crossref





	
[bookmark: JR000-29]29 
          
            Lu B, 
          
          
            Zhen S, 
          
          
            Zhang S, 
          
          
            Xu J, 
          
          
            Zhao G. 
          
        Polym. Chem. 2014; 5: 4896 










[bookmark: RL000-30]
	
[bookmark: JR000-30001]30a 
            
              Wei Y, 
            
            
              Focke WW, 
            
            
              Wnek GE, 
            
            
              Ray A, 
            
            
              MacDiarmid AG. 
            
          J. Phys. Chem. 1989; 93: 495 





Crossref





	
[bookmark: JR000-30002]30b 
            
              Gorman MC. B, 
            
            
              Ginsburg EJ, 
            
            
              Grubbs RH. 
            
          J. Am. Chem. Soc. 1993; 115: 1397 





Crossref








	
[bookmark: BR000-31]31 
          
            Otsuma TH, 
          
          
            Quinn FX. 
          
        2nd ed. 
          Thermal Analysis Fundamentals and Applications to Polymer Science
        . Wiley; Chichester: 1999: 38 





Google Scholar






[bookmark: RL000-32]
	
[bookmark: JR000-32001]32a 
            
              Kiebooms R, 
            
            
              Aleshin A, 
            
            
              Hutchison K, 
            
            
              Wudl F, 
            
            
              Heeger A. 
            
          Synth. Met. 1999; 101: 436 





Crossref





	
[bookmark: JR000-32002]32b 
            
              Zhang S, 
            
            
              Hou J, 
            
            
              Zhang R, 
            
            
              Xu J, 
            
            
              Nie G, 
            
            
              Pu S. 
            
          Eur. Polym. J. 2006; 42: 149 





Crossref








	
[bookmark: JR000-33]33 
          
            Gazotti WA. Jr, 
          
          
            De Paoli M.-A. 
          
        Synth. Met. 1996; 80: 263 





Crossref










 

	
Supplementary Material





	
Supporting Information











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 34.207.100.160
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  