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Abstract

        
        

          




          
Multiply substituted pyrroles are found in medicines, natural products, and functional materials. A general method for introducing functionality on the pyrrole ring is thus required. Herein, a regiocontrolled halogen dance reaction and an in situ transmetalation of α-functionalized bromopyrroles are reported. Selective generation of the isomeric pyrrolylmetal species was achieved by using an ethyl ester or a phenyl group at the α-position of the pyrrole and by switching between the halogen dance reaction and in situ transmetalation. These reactions proceeded smoothly when an N,N-dimethylsulfamoyl group was attached to the pyrrole nitrogen atom, providing the corresponding products in 68% to quantitative yields on 1-mmol scale. This method was applicable to the formal synthesis of Kendine 91.
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           = 0.49 (hexane/CH2Cl2, 7:3); mp 56–57 °C. IR (ATR): 2972, 2922, 1728, 1453, 1390, 1227, 1183, 1155, 1046, 978, 725, 650 cm–1. 1H NMR (400 MHz, CDCl3): δ = 6.44 (s, 1 H), 4.38 (q, 2 H, J = 7.0 Hz), 3.07 (s, 6 H), 1.39 (t, 3 H, J = 7.0 Hz). 13C{1H} NMR (100 MHz, CDCl3): δ = 161.3, 133.4, 123.3, 105.0, 68.6, 62.6, 38.6, 14.1. HRMS (DART/TOF): m/z [M + H]+ calcd for C9H13
          79BrIN2O4S: 450.8824; found: 450.8827. 
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        Chem. Sci. 2013; 4: 4465 







	
18 
          Synthesis of 23b: Bromopyrrole 23b was synthesized from 2-bromo-N,N-dimethyl-5-phenyl-1H-pyrrole-1-sulfonamide (22b; 325.0 mg, 0.987 mmol) according to the procedure for the halogen dance reaction. The yield of bromopyrrole 23b was determined to be quantitative by 1H NMR spectroscopic analysis by using 1,1,2,2-tetrachloroethane (65.6 mg, 0.391 mmol) as an internal standard and comparing the relative values of integration for the peak observed at 2.43 ppm (six protons for 23b) with that of 1,1,2,2-tetrachloroethane observed at 5.96 ppm. Bromopyrrole 23b was obtained as a colorless solid (244.6 mg, 0.743 mmol, 75%); Rf
           = 0.49 (hexane/CH2Cl2, 1:1); mp 61–62 °C. IR (ATR): 1389, 1377, 1168, 1133, 1059, 986, 765, 730, 699 cm–1. 1H NMR (400 MHz, CDCl3): δ = 7.51–7.44 (m, 2 H), 7.41–7.36 (m, 3 H), 7.29 (d, 1 H, J = 2.2 Hz), 6.26 (d, 1 H, J = 2.2 Hz), 2.43 (s, 6 H). 13C{1H} NMR (100 MHz, CDCl3): δ = 135.5, 131.0, 130.8, 128.9, 128.0, 123.7, 117.0, 98.8, 37.5. HRMS (DART/TOF): m/z [M + H]+ calcd for C12H14
          79BrN2O2S: 328.9959; found: 328.9960. 







	
19 
          Synthesis of 24b: Iodopyrrole 24b was synthesized from 2-bromo-N,N-dimethyl-5-phenyl-1H-pyrrole-1-sulfonamide (22b; 328.1 mg, 0.997 mmol) according to the procedure for in situ transmetalation. The yield of iodopyrrole 24b was determined to be 68% by 1H NMR spectroscopic analysis by using 1,1,2,2-tetrachloroethane (51.0 mg, 0.304 mmol) as an internal standard and comparing the relative values of integration for the peak observed at 6.32 ppm (one proton for 24b) with that of 1,1,2,2-tetrachloroethane observed at 5.96 ppm. Iodopyrrole 24b was obtained as a colorless solid (249.5 mg, 0.548 mmol, 55%); Rf
           = 0.44 (hexane/CH2Cl2, 1:1); mp 97–98 °C. IR (ATR): 1394, 1174, 763, 738, 727, 651, 637 cm–1. 1H NMR (400 MHz, CDCl3): δ = 7.41–7.33 (m, 5 H), 6.32 (s, 1 H), 2.72 (s, 6 H). 13C{1H} NMR (100 MHz, CDCl3): δ = 140.8, 132.5, 130.0, 128.5, 127.6, 121.3, 109.3, 76.7, 38.1. HRMS (DART/TOF): m/z [M + H]+ calcd for C12H13
          79BrIN2O2S: 454.8926; found: 454.8903. 
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