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Abstract


A novel and practical Cu(OAc)2-catalyzed oxidative synthesis of α-ketoamides from aryl methyl ketones and N-bromobutanimide (NBS) using N,N-dimethylformamide (DMF) as dimethylamine (HNMe2) source and solvent has been developed under mild conditions. DMF was used as a HNMe2 source and can be easily converted into HNMe2 by acid hydrolysis. The mechanistic studies indicate that Cu(OAc)2 plays a dual role in providing both catalyst and oxidant.

        

      


        
[bookmark: N11763]
Key words

dimethylamine - 
        α-ketoamides - 
        
          N-bromobutanimide - 
        aryl methyl ketones - 
        
          N,N-dimethylformamide
      



      
[bookmark: N11F9F]
Supporting Information



Supporting information for this article is available online at https://doi.org/10.1055/s-0039-1691568.	
Supporting Information



    





 

[bookmark: ]

[bookmark: N11FB6]
	
References and Notes


	
[bookmark: OR000-1]1 
          
            Knust H, 
          
          
            Nettekoven M, 
          
          
            Pinard E, 
          
          
            Roche O, 
          
          
            Rogers-Evans M. 
          
        WO 2009016087, 2009 









	
[bookmark: OR000-2]2 
          
            Crowley CA, 
          
          
            Delaet NG. J, 
          
          
            Ernst J, 
          
          
            Grove CG, 
          
          
            Hepburn B, 
          
          
            King B, 
          
          
            Larson CJ, 
          
          
            Miller S, 
          
          
            Pryor K, 
          
          
            Shuster LJ. 
          
        WO 2007146712, 2007 









	
[bookmark: JR000-3]3 
          
            Álvarez S, 
          
          
            Álvarez R, 
          
          
            Khanwalkar H, 
          
          
            Germain P, 
          
          
            Lemaire G, 
          
          
            Rodríguez-Barrios F, 
          
          
            Gronemeyer H, 
          
          
            de Lera AR. 
          
        Bioorg. Med. Chem. 2009; 17: 4345 





CrossrefPubMed





	
[bookmark: JR000-4]4 
          
            Perni RB, 
          
          
            Almquist SJ, 
          
          
            Byrn RA, 
          
          
            Chandorkar G, 
          
          
            Chaturvedi PR, 
          
          
            Courtney LF, 
          
          
            Decker CJ, 
          
          
            Dinehart K, 
          
          
            Gates CA, 
          
          
            Harbeson SL. 
          
        Antimicrob. Agents Chemother. 2006; 50: 899 





CrossrefPubMed





	
[bookmark: JR000-5]5 
          
            Arasappan A, 
          
          
            Bennett F, 
          
          
            Bogen SL, 
          
          
            Venkatraman S, 
          
          
            Blackman M, 
          
          
            Chen KX, 
          
          
            Hendrata S, 
          
          
            Huang Y, 
          
          
            Huelgas RM, 
          
          
            Nair L. 
          
        ACS Med. Chem. Lett. 2010; 1: 64 





CrossrefPubMed





	
[bookmark: JR000-6]6 
          
            Kumar D, 
          
          
            Vemula SR, 
          
          
            Cook GR. 
          
        ACS Catal. 2016; 6: 4920 





Crossref





	
[bookmark: JR000-7]7 
          
            Zhang C, 
          
          
            Xu Z, 
          
          
            Zhang L, 
          
          
            Jiao N. 
          
        Angew. Chem. Int. Ed. 2011; 50: 11088 





CrossrefPubMed





	
[bookmark: JR000-8]8 
          
            Duab FT, 
          
          
            Ji JX. 
          
        Chem. Sci. 2012; 3: 460 





Crossref





	
[bookmark: JR000-9]9 
          
            Zhang J, 
          
          
            Wei Y, 
          
          
            Lin S, 
          
          
            Liang F, 
          
          
            Liu P. 
          
        Org. Biomol. Chem. 2012; 10: 9237 





CrossrefPubMed





	
[bookmark: JR000-10]10 
          
            Zhou M, 
          
          
            Song Q. 
          
        Synthesis 2014; 46: 1853 





Article in Thieme Connect





	
[bookmark: JR000-11]11 
          
            Sharma RK, 
          
          
            Sharma S, 
          
          
            Gaba G, 
          
          
            Dutta S. 
          
        J. Mater. Sci. 2016; 51: 2121 





Crossref





	
[bookmark: JR000-12]12 
          
            Sharma N, 
          
          
            Kotha SS, 
          
          
            Lahiri N, 
          
          
            Sekar G. 
          
        Synthesis 2015; 47: 726 





Article in Thieme Connect





	
[bookmark: JR000-13]13 
          
            Zhang C, 
          
          
            Jiao N. 
          
        J. Am. Chem. Soc. 2010; 132: 28 





CrossrefPubMed





	
[bookmark: JR000-14]14 
          
            Kumar M, 
          
          
            Devari S, 
          
          
            Kumar A, 
          
          
            Sultan S, 
          
          
            Ahmed QN, 
          
          
            Rizvi M, 
          
          
            Shah BA. 
          
        Asian J. Org. Chem. 2015; 4: 438 





Crossref





	
[bookmark: JR000-15]15 
          
            Sagadevan A, 
          
          
            Ragupathi A, 
          
          
            Lin CC, 
          
          
            Hwu JR, 
          
          
            Hwang KC. 
          
        Green Chem. 2015; 17: 1113 





Crossref





	
[bookmark: JR000-16]16 
          
            Zhang X, 
          
          
            Wang L. 
          
        Green Chem. 2012; 14: 2141 





Crossref





	
[bookmark: JR000-17]17 
          
            Wei W, 
          
          
            Shao Y, 
          
          
            Hu H, 
          
          
            Zhang F, 
          
          
            Zhang C, 
          
          
            Xu Y, 
          
          
            Wan X. 
          
        J. Org. Chem. 2012; 77: 7157 





CrossrefPubMed





	
[bookmark: JR000-18]18 
          
            Mupparapu N, 
          
          
            Khan S, 
          
          
            Battula S, 
          
          
            Kushwaha M, 
          
          
            Gupta AP, 
          
          
            Ahmed QN, 
          
          
            Vishwakarma RA. 
          
        Org. Lett. 2014; 16: 1152 





CrossrefPubMed





	
[bookmark: JR000-19]19 
          
            Dutta S, 
          
          
            Kotha SS, 
          
          
            Sekar G. 
          
        RSC Adv. 2015; 5: 47265 





Crossref





	
[bookmark: JR000-20]20 
          
            Mai WP, 
          
          
            Wang HH, 
          
          
            Li ZC, 
          
          
            Yuan JW, 
          
          
            Xiao YM, 
          
          
            Yang LR, 
          
          
            Mao P, 
          
          
            Qu LB. 
          
        Chem. Commun. 2012; 48: 10117 





CrossrefPubMed





	
[bookmark: JR000-21]21 
          
            Du B, 
          
          
            Jin B, 
          
          
            Sun P. 
          
        Org. Biomol. Chem. 2014; 12: 4586 





CrossrefPubMed





	
[bookmark: JR000-22]22 
          
            Zhao Q, 
          
          
            Miao T, 
          
          
            Zhang X, 
          
          
            Zhou W, 
          
          
            Wang L. 
          
        Org. Biomol. Chem. 2013; 11: 1867 





CrossrefPubMed





	
[bookmark: JR000-23]23 
          
            Ding ST, 
          
          
            Jiao N. 
          
        Angew. Chem. Int. Ed. 2012; 51: 9226 





CrossrefPubMed





	
[bookmark: JR000-24]24 
          
            Li Y, 
          
          
            Xie Y, 
          
          
            Zhang R, 
          
          
            Jin K, 
          
          
            Wang X, 
          
          
            Duan C. 
          
        J. Org. Chem. 2011; 76: 5444 





CrossrefPubMed





	
[bookmark: JR000-25]25 
          
            Yang L, 
          
          
            Lin J, 
          
          
            Kang L, 
          
          
            Zhou W, 
          
          
            Ma D.-Y. 
          
        Adv. Synth. Catal. 2018; 360: 485 





Crossref





	
[bookmark: JR000-26]26 
          
            Li C.-J. 
          
        Acc. Chem. Res. 2009; 42: 335 





CrossrefPubMed





	
[bookmark: JR000-27]27 
          
            Zhao L, 
          
          
            Li C.-J. 
          
        Angew. Chem. Int. Ed. 2008; 47: 7075 





CrossrefPubMed





	
[bookmark: OR000-28]28 
          General Procedure for the Preparation of α-Ketoamides 2 – Synthesis of Compound 2a
To a solution of acetophenone (0.12 mL, 1.0 mmol) and Cu(OAc)2 (218 mg, 1.2 mmol) in DMF (2 mL). NBS (213 mg, 1.2 mmol) was then added to the flask in succession. The reaction mixture was stirred at 80 °C for 12 h. After the starting material 1a was consumed as indicated by TLC, the reaction mixture was poured into water and then extracted with CH2Cl2 (3 × 10 mL). The combined organic phase was washed with water (3 × 10 mL), dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure. The crude product was purified by flash chromatography (silica gel, petroleum ether/ethyl acetate = 2:1) to give 2a (148 mg, 84%) as a white solid.

            N,N-Dimethyl-2-oxo-2-phenylacetamide (2a)
Yellow solid-liquid mixtures (148 mg, 84%). 1H NMR (500 MHz, CDCl3): δ = 2.96 (s, 3 H), 3.12 (s, 3 H), 7.50–7.53 (t, J = 7.5 Hz, 2 H), 7.63–7.66 (t, J = 7.5 Hz, 1 H), 7.94–7.95 (t, J = 7.5 Hz, 2 H). 13C NMR (125 MHz, CDCl3): δ = 33.9, 37.0, 128.9, 129.6, 132.9, 134.7, 166.9, 191.7. MS: m/z calcd: 177.0; found: 178.1 [M + 1]+. Anal. Calcd for C10H11NO2: C, 67.78; H, 6.26; N, 7.90. Found: C, 67.69; H, 6.27; N, 7.89.
2-(4-Methoxyphenyl)-N,N-dimethyl-2-oxoacetamide (2b)
Colourless oil (180 mg, 87%). 1H NMR (500 MHz, CDCl3): δ = 2.95 (s, 3 H), 3.11 (s, 3 H), 3.89 (s, 3 H), 6.96–6.98 (m, 2 H), 7.90–7.92 (m, 2H). 13C NMR (125 MHz, CDCl3): δ = 33.8, 37.0, 55.5, 114.2, 126.0, 132.0, 164.7, 167.2, 190.4. MS: m/z calcd: 207.0; found: 208.1 [M + 1]+. Anal. Calcd for C11H13NO3: C, 63.76; H, 6.32; N, 6.76. Found: C, 63.88; H, 6.33; N, 6.77.

            N,N-Dimethyl-2-oxo-2-(p-tolyl)acetamide (2c)
Colourless oil (171 mg, 90%). 1H NMR (500 MHz, CDCl3): δ = 2.43 (s, 3 H), 2.95 (s, 3 H), 3.11 (s, 3 H), 7.30–7.31 (d, J = 8.0 Hz, 2 H), 7.83–7.84 (d, J = 8.5 Hz, 2 H). 13C NMR (125 MHz, CDCl3): δ = 21.8, 33.8, 37.0, 129.6, 129.7, 130.5, 145.9, 167.1, 191.5. MS: m/z calcd: 191.0; found: 192.4 [M + 1]+. Anal. Calcd for C11H13NO2: C, 69.09; H, 6.85; N, 7.32. Found: C, 69.00; H, 6.84; N, 7.31.

            N,N-Dimethyl-2-oxo-2-(o-tolyl)acetamide (2d)
Solid-liquid mixtures (164 mg, 86%). 1H NMR (500 MHz, CDCl3): δ = 2.65 (s, 3 H), 2.96 (s, 3 H), 3.09 (s, 3 H), 7.25–7.31 (m, 2 H), 7.43–7.46 (t, J = 7.5 Hz, 1 H), 7.66–7.68 (d, J = 7.5 Hz, 1 H). 13C NMR (125 MHz, CDCl3): δ = 21.7, 33.9, 36.9, 126.1, 132.5, 132.6, 133.6, 141.4, 167.7, 193.6. MS: m/z calcd 191.0; found: 192.5 [M + 1]+. Anal. Calcd for C11H13NO2: C, 69.09; H, 6.85; N, 7.32. Found: C, 69.20; H, 6.86; N, 7.31.
2-(4-Bromophenyl)-N,N-dimethyl-2-oxoacetamide (2e)
Solid-liquid mixtures (206 mg, 81%). 1H NMR (500 MHz, CDCl3): δ = 2.96 (s, 3 H), 3.12 (s, 3 H), 7.65–7.66 (d, J = 8.0 Hz, 2 H), 7.81–7.82 (d, J = 8.5 Hz, 2 H). 13C NMR (125 MHz, CDCl3): δ = 34.0, 37.0, 131.0, 131.9, 132.3, 132.6, 166.3, 190.5. MS: m/z calcd: 254.9; found: 256.7 [M + 1]+. Anal. Calcd for C10H10BrNO2: C, 46.90; H, 3.94; N, 5.47. Found: C, 47.00; H, 3.93; N, 5.48.
2-(4-Chlorophenyl)-N,N-dimethyl-2-oxoacetamide (2f)
Solid-liquid mixtures (168 mg, 80%). 1H NMR (500 MHz, CDCl3): δ = 2.97 (s, 3 H), 3.12 (s, 3 H), 7.48–7.50 (d, J = 8.5 Hz, 2 H), 7.89–7.90 (d, J = 8.5 Hz, 2 H). 13C NMR (125 MHz, CDCl3): δ = 34.0, 37.0, 129.3, 130.9, 132.5, 141.2, 166.4, 190.2. MS: m/z calcd: 211.0; found: 212.3 [M + 1]+. Anal. Calcd for C10H10ClNO2: C, 56.75; H, 4.76; N, 6.62. Found: C, 56.82; H, 4.75; N, 6.61.

            N,N-Dimethyl-2-(4-nitrophenyl)-2-oxoacetamide (2g)
Light yellow solid-liquid mixtures (175 mg, 79%). 1H NMR (500 MHz, CDCl3): δ = 3.01 (s, 3 H), 3.15 (s, 3 H), 8.14–8.16 (m, 2 H), 8.34–8.36 (d, J = 8.5 Hz, 2 H). 13C NMR (125 MHz, CDCl3): δ = 34.2, 37.0, 124.0, 130.7, 137.4, 151.0, 165.5, 189.2. MS: m/z calcd: 222.0; found: 223.4 [M + 1]+. Anal. Calcd for C10H10N2O4: C, 54.05; H, 4.54; N, 12.61. Found: C, 54.15; H, 4.55; N, 12.62.

            N,N-Dimethyl-2-(3-nitrophenyl)-2-oxoacetamide (2h)
Light yellow solid-liquid mixtures (168 mg, 76%). 1H NMR (500 MHz, CDCl3): δ = 3.03 (s, 3 H), 3.17 (s, 3 H), 7.73–7.76 (t, J = 7.5 Hz, 1 H), 8.30–8.32 (d, J = 7.5 Hz, 1 H), 8.49–8.50 (d, J = 8.0 Hz, 1 H), 8.78 (m, 1 H). 13C NMR (125 MHz, CDCl3): δ = 34.3, 37.0, 124.4, 128.6, 130.2, 134.4, 135.1, 148.4, 165.3, 188.6. MS: m/z calcd: 222.0; found: 223.2 [M + 1]+. Anal. Calcd for C10H10N2O4: C, 54.05; H, 4.54; N, 12.61. Found: C, 53.93; H, 4.53; N, 12.62.

            N,N-Dimethyl-2-(naphthalen-1-yl)-2-oxoacetamide (2i)
Solid-liquid mixtures (183 mg, 81%). 1H NMR (500 MHz, CDCl3): δ = 3.00 (s, 3 H), 3.18 (s, 3 H), 7.56–7.59 (m, 1 H), 7.63–7.66 (m, 1 H), 7.88–7.90 (d, J = 8.5 Hz, 1 H), 7.93–7.98 (m, 2 H), 8.02–8.04 (m, 1 H), 8.43 (s, 1 H). 13C NMR (125 MHz, CDCl3): δ = 34.0, 37.1, 123.5, 127.0, 127.8, 129.0, 129.3, 129.8, 130.3, 132.3, 132.9, 136.2, 167.1, 191.8. MS: m/z calcd: 227.0; found: 228.3 [M + 1]+. Anal. Calcd for C14H13NO2: C, 73.99; H, 5.77; N, 6.16. Found: C, 73.89; H, 5.78; N, 6.15.

            N,N-Dimethyl-2-oxo-2-(thiophen-2-yl)acetamide (2j)
Light yellow oil (139 mg, 76%). 1H NMR (500 MHz, CDCl3): δ = 3.04 (s, 3 H), 3.10 (s, 3 H), 7.18–7.19 (t, J = 4.5 Hz, 1 H), 7.79–7.82 (m, 2 H). 13C NMR (125 MHz, CDCl3): δ = 34.3, 37.2, 128.5, 136.1, 136.4, 140.2, 165.7, 183.4. MS: m/z calcd: 183.0; found: 184.5 [M + 1]+. Anal. Calcd for C8H9NO2S: C, 52.44; H, 4.95; N, 7.64. Found: C, 52.33; H, 4.94; N, 7.65.
2-(Furan-2-yl)-N,N-dimethyl-2-oxoacetamide (2k)
Light yellow oil (120 mg, 72%). 1H NMR (500 MHz, CDCl3): δ = 3.04 (s, 3 H), 3.09 (s, 3 H), 6.61 (s, 1 H), 7.38 (s, 1 H), 7.72 (s, 1 H). 13C NMR (125 MHz, CDCl3): δ = 34.5, 37.2, 112.8, 122.4, 148.7, 150.1, 165.3, 178.4. MS: m/z calcd: 167.0; found: 168.2 [M + 1]+. Anal. Calcd for C8H9NO3: C, 57.48; H, 5.43; N, 8.38. Found: C, 57.59; H, 5.42; N, 8.37.

            N,N-Diethyl-2-oxo-2-phenylacetamide (2m)
Yellow solid-liquid mixtures (63 mg, 31%). 1H NMR (500 MHz, CDCl3): δ = 1.14–1.17 (m, 3 H), 1.28–1.30 (m, 3 H), 3.22–3.26 (m, 2 H), 3.54–3.59 (m, 2 H),7.49–7.52 (m, 2 H), 7.62–7.65 (m, 1 H), 7.93–7.95 (m, 2 H). 13C NMR (125 MHz, CDCl3): δ = 12.8, 14.0, 38.7, 42.0, 128.9, 129.5, 133.1, 134.5, 166.6, 191.5. MS: m/z calcd: 205.1; found: 206.4 [M + 1]+. Anal. Calcd for C12H15NO2: C, 70.22; H, 7.37; N, 6.82. Found: C, 70.31; H, 7.36; N, 6.83. 
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