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I. General Remarks: 
All reagents were purchased from commercial sources and used without further treatment, unless 
otherwise indicated. All anilide amination reactions were run under air with no precautions taken 
to exclude moisture. 1H NMR spectra were recorded at 25ºC on a Varian 500 MHz, 13C NMR 
spectra were recorded at 25ºC on a Varian 125 MHz or Bruck 100 MBz, and TMS as internal 
standard. IR spectra (KBr) were recorded on a Magna-560 FTIR spectrophotometer in the range of 
400~4000 cm-1. Melting points were obtained with a micro melting point XT4A Beijing Keyi 
electrooptic apparatus and are uncorrected. High resolution mass spectra were recorded on Bruck 
microtof. All reactions were monitored by TLC with Taizhou GF254 silica gel coated plates. Flash 
column chromatography was carried out using 300-400 mesh silica gel at increased pressure. 
 
II. Synthesis procedure 
 
Substrates 1a-1r and 3a-3i were prepared by the reaction of corresponding anilines and acyl 
chlorides in CH2Cl2 at room temperature.[1,2]  
 
General procedure for the synthesis of 2 and 4 (2a as an example). 

 
To a solution of N-(4'-methylbiphenyl-4-yl)acetamide (1a) (112.6 mg, 0.5 mmol) in DCE (5.0 mL) 
was added N-Fluorobenzenesulfonimide (315 mg, 1.0 mmol) and NaHCO3 (84 mg, 1.0 mmol) and 
Pd(OAC)2 (11.2 mg, 0.1 mmol). The mixture was stirred at 80 oC for 2.5 h (monitored by TLC), 
extracted with dichloromethane (5×3 mL), and dried over anhydrous Na2SO4. The solvent was 
removed under reduced pressure, and the residue was purified by a shot flash silica gel column 
chromatography (EtOAc/petro ether=1:6) to give compound 2a as a yellow solid (226.5 mg, 
78%). 
 
III. Synthesis and characterization of bimetallic Pd complex G [3] 

Palladium complex G  

 
In a one-dram vial was added N-(4-methoxyphenyl)acetamide (2m) (49.5 mg, 0.3 mmol), 
Pd(OAc)2 (67.2 mg, 0.3 mmol), and dichloromethane (3 mL). Trifluoroacetic acid (34.2 mg, 0.3 
mmol) was subsequently added into the vial and the resulting solution was heated to 40 °C for 6 h. 
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After cooling to ambient temperature, the reaction mixture was concentrated in vacuo and the 
resulting residue was redissolved in petro ether (6 mL). Then the precipitation of the desired 
complex occurred. The suspension was filtered through Celite and washed with 4 x 2 mL (20% 
ether/petro ether). The residue was evaporated in vacuo to afford the bimetallic palladacycle G as 
a yellow solid (151.4 mg, 71%). 1H NMR (500 MHz; CD3COCD3): δ = 2.09 (s, 3H), 3.89 (s, 3H), 
6.61 (d, J = 8.5 Hz, 1H), 6.82 (d, J = 8.5 Hz, 2H), 9.92 (s, 1H). 13C NMR (125 MHz; CD3COCD3): 
δ = 20.3, 56.3, 108.2, 115.1, 117.4, 117.6, 120.9, 123.5, 125.1, 146.7, 167.8.  
 
 
 
[1]  Xiong, T.; Li, Y.; Lv, Y.; Zhang, Q. Chem. Commun. 2010, 46, 6831. 

[2]  Phipps, R. J.; Gaunt, M. J. Science 2009, 323, 1593.  

[3]  Zhao, X.; Yeung, C. S.; Dong, V. M. J. Am. Chem. Soc. 2010, 132, 5837. 

 

IV. X-Ray Crystallography of 2a and 4b. 
X-Ray Crystallography of 2a  

 
Table 1.  Crystal data and structure refinement for 2a.  

   

   

      Identification code                        2a  
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      Empirical formula                        C27 H24 N2 O5 S2  

   

      Formula weight                           520.60  

   

      Temperature                             293(2) K  

   

      Wavelength                              0.71069 A  

   

      Crystal system, space group                 triclinic,  p -1  

   

      Unit cell dimensions                        a = 9.889(5) A   alpha = 99.648(5) deg.  

                                               b = 11.320(5) A    beta = 105.586(5) deg.  

                                               c = 12.066(5) A   gamma = 100.964(5) deg.  

   

      Volume                                   1242.7(10) A^3  

   

      Z, Calculated density                        2,  1.391 Mg/m^3  

   

      Absorption coefficient                       0.256 mm^-1  

   

      F(000)                                      544  

   

      Crystal size                                 0.50 x 0.20 x 0.07 mm  

   

      Theta range for data collection                1.80 to 26.01 deg.  

   

      Limiting indices                             -12<=h<=12, -13<=k<=9, -14<=l<=14  

   

      Reflections collected / unique                  6780 / 4770 [R(int) = 0.0220]  

   

      Completeness to theta = 25.00                  98.4 %  

   

      Refinement method                           Full-matrix least-squares on F^2  

   

      Data / restraints / parameters                   4770 / 1 / 325  

   

      Goodness-of-fit on F^2                         1.025  

   

      Final R indices [I>2sigma(I)]                    R1 = 0.0748, wR2 = 0.1947  

   

      R indices (all data)                            R1 = 0.1100, wR2 = 0.2208  

   

      Largest diff. peak and hole                     0.798 and -0.520 e.A^-3 
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Table 2.  Bond lengths [A] and angles [deg] for 2a.  

           _____________________________________________________________  

   

            C(1)-C(2)                     1.386(9)  

            C(1)-C(6)                     1.389(7)  

            C(1)-H(1)                     0.9300  

            C(2)-C(3)                     1.358(9)  

            C(2)-H(2)                     0.9300  

            C(3)-C(4)                     1.346(9)  

            C(3)-H(3)                     0.9300  

            C(4)-C(5)                     1.395(8)  

            C(4)-H(4)                     0.9300  

            C(5)-C(6)                     1.374(6)  

            C(5)-H(5)                     0.9300  

            C(6)-S(2)                     1.761(5)  

            C(7)-C(12)                    1.369(7)  

            C(7)-C(8)                     1.374(7)  

            C(7)-S(1)                     1.766(5)  

            C(8)-C(9)                     1.374(8)  

            C(8)-H(8)                     0.9300  

            C(9)-C(10)                    1.366(9)  

            C(9)-H(9)                     0.9300  

            C(10)-C(11)                   1.379(8)  

            C(10)-H(10)                   0.9300  

            C(11)-C(12)                   1.378(7)  

            C(11)-H(11)                   0.9300  

            C(12)-H(12)                   0.9300  

            C(13)-C(14)                   1.505(7)  

            C(13)-H(13A)                  0.9600  

            C(13)-H(13B)                  0.9600  

            C(13)-H(13C)                  0.9600  

            C(14)-C(19)                   1.372(7)  

            C(14)-C(15)                   1.399(7)  

            C(15)-C(16)                   1.368(7)  

            C(15)-H(15)                   0.9300  

            C(16)-C(17)                   1.382(7)  

            C(16)-H(16)                   0.9300  

            C(17)-C(18)                   1.408(6)  

            C(17)-C(20)                   1.480(6)  

            C(18)-C(19)                   1.381(7)  

            C(18)-H(18)                   0.9300  

            C(19)-H(19)                   0.9300  

            C(20)-C(25)                   1.395(6)  
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            C(20)-C(21)                   1.410(6)  

            C(21)-C(22)                   1.370(6)  

            C(21)-H(21)                   0.9300  

            C(22)-C(23)                   1.399(6)  

            C(22)-N(2)                    1.464(5)  

            C(23)-C(24)                   1.396(6)  

            C(23)-N(1)                    1.405(6)  

            C(24)-C(25)                   1.372(6)  

            C(24)-H(24)                   0.9300  

            C(25)-H(25)                   0.9300  

            C(26)-C(27)                   1.261(6)  

            C(26)-N(1)                    1.349(6)  

            C(26)-O(1)                    1.495(7)  

            C(27)-H(27A)                  0.9600  

            C(27)-H(27B)                  0.9600  

            C(27)-H(27C)                  0.9600  

            N(1)-H(1')                    0.8221  

            N(2)-S(1)                     1.676(4)  

            N(2)-S(2)                     1.697(4)  

            O(2)-S(2)                     1.414(4)  

            O(3)-S(2)                     1.424(4)  

            O(4)-S(1)                     1.427(3)  

            O(5)-S(1)                     1.417(3)  

   

            C(2)-C(1)-C(6)              118.4(6)  

            C(2)-C(1)-H(1)              120.8  

            C(6)-C(1)-H(1)              120.8  

            C(3)-C(2)-C(1)              120.6(6)  

            C(3)-C(2)-H(2)              119.7  

            C(1)-C(2)-H(2)              119.7  

            C(4)-C(3)-C(2)              121.1(6)  

            C(4)-C(3)-H(3)              119.5  

            C(2)-C(3)-H(3)              119.5  

            C(3)-C(4)-C(5)              120.3(6)  

            C(3)-C(4)-H(4)              119.9  

            C(5)-C(4)-H(4)              119.9  

            C(6)-C(5)-C(4)              118.9(6)  

            C(6)-C(5)-H(5)              120.6  

            C(4)-C(5)-H(5)              120.6  

            C(5)-C(6)-C(1)              120.8(5)  

            C(5)-C(6)-S(2)              120.3(4)  

            C(1)-C(6)-S(2)              118.9(4)  

            C(12)-C(7)-C(8)             122.0(5)  

            C(12)-C(7)-S(1)             119.6(4)  
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            C(8)-C(7)-S(1)              118.4(4)  

            C(9)-C(8)-C(7)              118.1(5)  

            C(9)-C(8)-H(8)              120.9  

            C(7)-C(8)-H(8)              120.9  

            C(10)-C(9)-C(8)             121.3(6)  

            C(10)-C(9)-H(9)             119.4  

            C(8)-C(9)-H(9)              119.4  

            C(9)-C(10)-C(11)            119.6(5)  

            C(9)-C(10)-H(10)            120.2  

            C(11)-C(10)-H(10)           120.2  

            C(12)-C(11)-C(10)           120.3(6)  

            C(12)-C(11)-H(11)           119.8  

            C(10)-C(11)-H(11)           119.8  

            C(7)-C(12)-C(11)            118.7(5)  

            C(7)-C(12)-H(12)            120.7  

            C(11)-C(12)-H(12)           120.7  

            C(14)-C(13)-H(13A)          109.5  

            C(14)-C(13)-H(13B)          109.5  

            H(13A)-C(13)-H(13B)         109.5  

            C(14)-C(13)-H(13C)          109.5  

            H(13A)-C(13)-H(13C)         109.5  

            H(13B)-C(13)-H(13C)         109.5  

            C(19)-C(14)-C(15)           117.3(4)  

            C(19)-C(14)-C(13)           121.2(5)  

            C(15)-C(14)-C(13)           121.5(5)  

            C(16)-C(15)-C(14)           121.5(5)  

            C(16)-C(15)-H(15)           119.2  

            C(14)-C(15)-H(15)           119.2  

            C(15)-C(16)-C(17)           121.3(4)  

            C(15)-C(16)-H(16)           119.3  

            C(17)-C(16)-H(16)           119.3  

            C(16)-C(17)-C(18)           117.5(4)  

            C(16)-C(17)-C(20)           122.0(4)  

            C(18)-C(17)-C(20)           120.5(4)  

            C(19)-C(18)-C(17)           120.3(5)  

            C(19)-C(18)-H(18)           119.8  

            C(17)-C(18)-H(18)           119.8  

            C(14)-C(19)-C(18)           121.9(4)  

            C(14)-C(19)-H(19)           119.0  

            C(18)-C(19)-H(19)           119.0  

            C(25)-C(20)-C(21)           116.7(4)  

            C(25)-C(20)-C(17)           122.4(4)  

            C(21)-C(20)-C(17)           120.9(4)  

            C(22)-C(21)-C(20)           120.6(4)  
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            C(22)-C(21)-H(21)           119.7  

            C(20)-C(21)-H(21)           119.7  

            C(21)-C(22)-C(23)           122.5(4)  

            C(21)-C(22)-N(2)            118.5(4)  

            C(23)-C(22)-N(2)            118.9(4)  

            C(24)-C(23)-C(22)           116.7(4)  

            C(24)-C(23)-N(1)            123.1(4)  

            C(22)-C(23)-N(1)            120.1(4)  

            C(25)-C(24)-C(23)           121.2(4)  

            C(25)-C(24)-H(24)           119.4  

            C(23)-C(24)-H(24)           119.4  

            C(24)-C(25)-C(20)           122.3(4)  

            C(24)-C(25)-H(25)           118.9  

            C(20)-C(25)-H(25)           118.9  

            C(27)-C(26)-N(1)            121.0(5)  

            C(27)-C(26)-O(1)            121.9(5)  

            N(1)-C(26)-O(1)             117.1(5)  

            C(26)-C(27)-H(27A)          109.5  

            C(26)-C(27)-H(27B)          109.5  

            H(27A)-C(27)-H(27B)         109.5  

            C(26)-C(27)-H(27C)          109.5  

            H(27A)-C(27)-H(27C)         109.5  

            H(27B)-C(27)-H(27C)         109.5  

            C(26)-N(1)-C(23)            128.4(4)  

            C(26)-N(1)-H(1')            119.8  

            C(23)-N(1)-H(1')            110.5  

            C(22)-N(2)-S(1)             115.6(3)  

            C(22)-N(2)-S(2)             119.0(3)  

            S(1)-N(2)-S(2)              123.8(2)  

            O(5)-S(1)-O(4)              120.8(2)  

            O(5)-S(1)-N(2)              105.16(19)  

            O(4)-S(1)-N(2)              106.4(2)  

            O(5)-S(1)-C(7)              107.9(2)  

            O(4)-S(1)-C(7)              109.7(2)  

            N(2)-S(1)-C(7)              105.90(19)  

            O(2)-S(2)-O(3)              120.7(2)  

            O(2)-S(2)-N(2)              109.1(2)  

            O(3)-S(2)-N(2)              103.5(2)  

            O(2)-S(2)-C(6)              109.7(2)  

            O(3)-S(2)-C(6)              107.9(2)  

            N(2)-S(2)-C(6)              104.6(2) 

 

Table 3.  Torsion angles [deg] for 2a.  

         ________________________________________________________________  
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          C(6)-C(1)-C(2)-C(3)                                   0.7(11)  

          C(1)-C(2)-C(3)-C(4)                                   0.5(12)  

          C(2)-C(3)-C(4)-C(5)                                  -2.2(11)  

          C(3)-C(4)-C(5)-C(6)                                   2.6(9)  

          C(4)-C(5)-C(6)-C(1)                                  -1.4(8)  

          C(4)-C(5)-C(6)-S(2)                                -179.7(4)  

          C(2)-C(1)-C(6)-C(5)                                  -0.2(9)  

          C(2)-C(1)-C(6)-S(2)                                 178.1(5)  

          C(12)-C(7)-C(8)-C(9)                                  1.1(9)  

          S(1)-C(7)-C(8)-C(9)                                -179.5(5)  

          C(7)-C(8)-C(9)-C(10)                                  0.5(10)  

          C(8)-C(9)-C(10)-C(11)                                -1.4(10)  

          C(9)-C(10)-C(11)-C(12)                                0.9(10)  

          C(8)-C(7)-C(12)-C(11)                                -1.6(8)  

          S(1)-C(7)-C(12)-C(11)                               179.0(4)  

          C(10)-C(11)-C(12)-C(7)                                0.6(9)  

          C(19)-C(14)-C(15)-C(16)                              -0.4(9)  

          C(13)-C(14)-C(15)-C(16)                             179.1(6)  

          C(14)-C(15)-C(16)-C(17)                              -0.3(9)  

          C(15)-C(16)-C(17)-C(18)                               0.5(8)  

          C(15)-C(16)-C(17)-C(20)                            -179.9(5)  

          C(16)-C(17)-C(18)-C(19)                               0.0(7)  

          C(20)-C(17)-C(18)-C(19)                            -179.7(4)  

          C(15)-C(14)-C(19)-C(18)                               0.8(8)  

          C(13)-C(14)-C(19)-C(18)                            -178.6(5)  

          C(17)-C(18)-C(19)-C(14)                              -0.6(8)  

          C(16)-C(17)-C(20)-C(25)                             145.4(5)  

          C(18)-C(17)-C(20)-C(25)                             -35.0(7)  

          C(16)-C(17)-C(20)-C(21)                             -33.5(7)  

          C(18)-C(17)-C(20)-C(21)                             146.1(5)  

          C(25)-C(20)-C(21)-C(22)                              -2.1(7)  

          C(17)-C(20)-C(21)-C(22)                             176.8(4)  

          C(20)-C(21)-C(22)-C(23)                               1.5(7)  

          C(20)-C(21)-C(22)-N(2)                             -176.4(4)  

          C(21)-C(22)-C(23)-C(24)                              -0.3(7)  

          N(2)-C(22)-C(23)-C(24)                              177.6(4)  

          C(21)-C(22)-C(23)-N(1)                             -177.7(4)  

          N(2)-C(22)-C(23)-N(1)                                 0.2(6)  

          C(22)-C(23)-C(24)-C(25)                              -0.3(7)  

          N(1)-C(23)-C(24)-C(25)                              177.0(5)  

          C(23)-C(24)-C(25)-C(20)                              -0.4(8)  

          C(21)-C(20)-C(25)-C(24)                               1.6(7)  

          C(17)-C(20)-C(25)-C(24)                            -177.3(4)  
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          C(27)-C(26)-N(1)-C(23)                                4.1(8)  

          O(1)-C(26)-N(1)-C(23)                              -176.4(5)  

          C(24)-C(23)-N(1)-C(26)                               28.7(8)  

          C(22)-C(23)-N(1)-C(26)                             -154.1(5)  

          C(21)-C(22)-N(2)-S(1)                                87.2(4)  

          C(23)-C(22)-N(2)-S(1)                               -90.8(4)  

          C(21)-C(22)-N(2)-S(2)                               -78.6(5)  

          C(23)-C(22)-N(2)-S(2)                               103.4(4)  

          C(22)-N(2)-S(1)-O(5)                                 52.9(3)  

          S(2)-N(2)-S(1)-O(5)                                -142.0(3)  

          C(22)-N(2)-S(1)-O(4)                               -177.8(3)  

          S(2)-N(2)-S(1)-O(4)                                 -12.8(3)  

          C(22)-N(2)-S(1)-C(7)                                -61.2(3)  

          S(2)-N(2)-S(1)-C(7)                                 103.8(3)  

          C(12)-C(7)-S(1)-O(5)                                -10.9(5)  

          C(8)-C(7)-S(1)-O(5)                                 169.7(4)  

          C(12)-C(7)-S(1)-O(4)                               -144.3(4)  

          C(8)-C(7)-S(1)-O(4)                                  36.2(5)  

          C(12)-C(7)-S(1)-N(2)                                101.3(4)  

          C(8)-C(7)-S(1)-N(2)                                 -78.1(4)  

          C(22)-N(2)-S(2)-O(2)                                123.0(3)  

          S(1)-N(2)-S(2)-O(2)                                 -41.6(3)  

          C(22)-N(2)-S(2)-O(3)                                 -6.7(4)  

          S(1)-N(2)-S(2)-O(3)                                -171.3(3)  

          C(22)-N(2)-S(2)-C(6)                               -119.7(3)  

          S(1)-N(2)-S(2)-C(6)                                  75.7(3)  

          C(5)-C(6)-S(2)-O(2)                                  16.7(5)  

          C(1)-C(6)-S(2)-O(2)                                -161.6(4)  

          C(5)-C(6)-S(2)-O(3)                                 150.0(4)  

          C(1)-C(6)-S(2)-O(3)                                 -28.3(5)  

          C(5)-C(6)-S(2)-N(2)                                -100.2(4)  

          C(1)-C(6)-S(2)-N(2)                                  81.5(5) 

 
X -Ray Crystallography of 4b 
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Table 1.  Crystal data and structure refinement for 4b.  
   
   
      Identification code                         4b  
   
      Empirical formula                         C2.94 H3.29 N0.24 O0.71 S0.24  
   
      Formula weight                            60.78  
   
      Temperature                              293(2) K  
   
      Wavelength                               0.71073 A  
   
      Crystal system, space group                 triclinic,  p -1  
   
      Unit cell dimensions                 a = 10.0399(6) A   alpha = 109.146(4) deg.  
                                        b = 10.9768(5) A    beta = 92.134(4) deg.  
                                        c = 13.4457(6) A   gamma = 110.320(5) deg.  
   
      Volume                                 1293.47(11) A^3  
   
      Z, Calculated density              17,  1.326 Mg/m^3  
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      Absorption coefficient             0.248 mm^-1  
    
      F(000)                          544  
   
      Crystal size                      0.40 x 0.30 x 0.06 mm  
   
      Theta range for data collection     3.11 to 29.23 deg.  
   
      Limiting indices                  -12<=h<=13, -14<=k<=13, -12<=l<=18  
   
      Reflections collected / unique       9683 / 5879 [R(int) = 0.0286]  
   
      Completeness to theta = 25.00       99.2 %  
   
      Refinement method               Full-matrix least-squares on F^2  
   
      Data / restraints / parameters       5879 / 0 / 316  
   
      Goodness-of-fit on F^2             0.759  
   
      Final R indices [I>2sigma(I)]        R1 = 0.0429, wR2 = 0.0875  
   
      R indices (all data)                R1 = 0.1075, wR2 = 0.0957  
   
      Largest diff. peak and hole         0.378 and -0.212 e.A^-3 
Table 2.  Bond lengths [A] and angles [deg] for 4b.  
           _____________________________________________________________  
   
            C(1)-C(6)                     1.372(3)  
            C(1)-C(2)                     1.375(3)  
            C(1)-S(2)                     1.759(2)  
            C(2)-C(3)                     1.381(4)  
            C(2)-H(2)                     0.9300  
            C(3)-C(4)                     1.372(4)  
            C(3)-H(3)                     0.9300  
            C(4)-C(5)                     1.356(4)  
            C(4)-H(4)                     0.9300  
            C(5)-C(6)                     1.379(3)  
            C(5)-H(5)                     0.9300  
            C(6)-H(6)                     0.9300  
            C(7)-C(8)                     1.372(3)  
            C(7)-C(12)                    1.378(3)  
            C(7)-S(1)                     1.752(2)  
            C(8)-C(9)                     1.377(4)  
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            C(8)-H(8)                     0.9300  
            C(9)-C(10)                    1.366(4)  
            C(9)-H(9)                     0.9300  
            C(10)-C(11)                   1.339(4)  
            C(10)-H(10)                   0.9300  
            C(11)-C(12)                   1.390(3)  
            C(11)-H(11)                   0.9300  
            C(12)-H(12)                   0.9300  
            C(13)-C(18)                   1.366(3)  
            C(13)-C(14)                   1.380(3)  
            C(13)-N(1)                    1.456(2)  
            C(14)-C(15)                   1.378(3)  
            C(14)-H(14)                   0.9300  
            C(15)-O(5)                    1.369(2)  
            C(15)-C(16)                   1.397(3)  
            C(16)-C(17)                   1.374(3)  
            C(16)-N(2)                    1.414(2)  
            C(17)-C(18)                   1.393(3)  
            C(17)-H(17)                   0.9300  
            C(18)-H(18)                   0.9300  
            C(19)-O(5)                    1.420(3)  
            C(19)-C(20)                   1.450(4)  
            C(19)-H(19A)                  0.9700  
            C(19)-H(19B)                  0.9700  
            C(20)-H(20A)                  0.9600  
            C(20)-H(20B)                  0.9600  
            C(20)-H(20C)                  0.9600  
            C(21)-O(6)                    1.209(3)  
            C(21)-N(2)                    1.349(3)  
            C(21)-C(22)                   1.531(3)  
            C(22)-C(25)                   1.501(3)  
            C(22)-C(24)                   1.513(3)  
            C(22)-C(23)                   1.517(4)  
            C(23)-H(23A)                  0.9600  
            C(23)-H(23B)                  0.9600  
            C(23)-H(23C)                  0.9600  
            C(24)-H(24A)                  0.9600  
            C(24)-H(24B)                  0.9600  
            C(24)-H(24C)                  0.9600  
            C(25)-H(25A)                  0.9600  
            C(25)-H(25B)                  0.9600  
            C(25)-H(25C)                  0.9600  
            N(1)-S(1)                     1.6823(18)  
            N(1)-S(2)                     1.6839(18)  
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            N(2)-H(2')                    0.7582  
            O(1)-S(1)                     1.4291(16)  
            O(2)-S(1)                     1.4168(15)  
            O(3)-S(2)                     1.4246(15)  
            O(4)-S(2)                     1.4231(17)  
   
            C(6)-C(1)-C(2)              121.5(2)  
            C(6)-C(1)-S(2)              119.51(17)  
            C(2)-C(1)-S(2)              119.0(2)  
            C(1)-C(2)-C(3)              119.0(3)  
            C(1)-C(2)-H(2)              120.5  
            C(3)-C(2)-H(2)              120.5  
            C(4)-C(3)-C(2)              119.5(3)  
            C(4)-C(3)-H(3)              120.3  
            C(2)-C(3)-H(3)              120.3  
            C(5)-C(4)-C(3)              121.0(3)  
            C(5)-C(4)-H(4)              119.5  
            C(3)-C(4)-H(4)              119.5  
            C(4)-C(5)-C(6)              120.4(3)  
            C(4)-C(5)-H(5)              119.8  
            C(6)-C(5)-H(5)              119.8  
            C(1)-C(6)-C(5)              118.6(2)  
            C(1)-C(6)-H(6)              120.7  
            C(5)-C(6)-H(6)              120.7  
            C(8)-C(7)-C(12)             120.6(2)  
            C(8)-C(7)-S(1)              119.70(18)  
            C(12)-C(7)-S(1)             119.74(18)  
            C(7)-C(8)-C(9)              119.3(3)  
            C(7)-C(8)-H(8)              120.4  
            C(9)-C(8)-H(8)              120.4  
            C(10)-C(9)-C(8)             120.3(3)  
            C(10)-C(9)-H(9)             119.8  
            C(8)-C(9)-H(9)              119.8  
            C(11)-C(10)-C(9)            120.3(3)  
            C(11)-C(10)-H(10)           119.8  
            C(9)-C(10)-H(10)            119.8  
            C(10)-C(11)-C(12)           121.2(3)  
            C(10)-C(11)-H(11)           119.4  
            C(12)-C(11)-H(11)           119.4  
            C(7)-C(12)-C(11)            118.3(2)  
            C(7)-C(12)-H(12)            120.8  
            C(11)-C(12)-H(12)           120.8  
            C(18)-C(13)-C(14)           121.57(19)  
            C(18)-C(13)-N(1)            119.89(19)  
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            C(14)-C(13)-N(1)            118.53(19)  
            C(15)-C(14)-C(13)           119.0(2)  
            C(15)-C(14)-H(14)           120.5  
            C(13)-C(14)-H(14)           120.5  
            O(5)-C(15)-C(14)            125.47(19)  
            O(5)-C(15)-C(16)            114.31(17)  
            C(14)-C(15)-C(16)           120.2(2)  
            C(17)-C(16)-C(15)           119.93(18)  
            C(17)-C(16)-N(2)            124.32(19)  
            C(15)-C(16)-N(2)            115.73(19)  
            C(16)-C(17)-C(18)           119.7(2)  
            C(16)-C(17)-H(17)           120.1  
            C(18)-C(17)-H(17)           120.1  
            C(13)-C(18)-C(17)           119.6(2)  
            C(13)-C(18)-H(18)           120.2  
            C(17)-C(18)-H(18)           120.2  
            O(5)-C(19)-C(20)            112.5(3)  
            O(5)-C(19)-H(19A)           109.1  
            C(20)-C(19)-H(19A)          109.1  
            O(5)-C(19)-H(19B)           109.1  
            C(20)-C(19)-H(19B)          109.1  
            H(19A)-C(19)-H(19B)         107.8  
            C(19)-C(20)-H(20A)          109.5  
            C(19)-C(20)-H(20B)          109.5  
            H(20A)-C(20)-H(20B)         109.5  
            C(19)-C(20)-H(20C)          109.5  
            H(20A)-C(20)-H(20C)         109.5  
            H(20B)-C(20)-H(20C)         109.5  
            O(6)-C(21)-N(2)             122.0(2)  
            O(6)-C(21)-C(22)            121.8(2)  
            N(2)-C(21)-C(22)            116.2(2)  
            C(25)-C(22)-C(24)           110.4(3)  
            C(25)-C(22)-C(23)           108.7(2)  
            C(24)-C(22)-C(23)           108.7(3)  
            C(25)-C(22)-C(21)           107.8(2)  
            C(24)-C(22)-C(21)           113.21(18)  
            C(23)-C(22)-C(21)           108.0(2)  
            C(22)-C(23)-H(23A)          109.5  
            C(22)-C(23)-H(23B)          109.5  
            H(23A)-C(23)-H(23B)         109.5  
            C(22)-C(23)-H(23C)          109.5  
            H(23A)-C(23)-H(23C)         109.5  
            H(23B)-C(23)-H(23C)         109.5  
            C(22)-C(24)-H(24A)          109.5  
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            C(22)-C(24)-H(24B)          109.5  
            H(24A)-C(24)-H(24B)         109.5  
            C(22)-C(24)-H(24C)          109.5  
            H(24A)-C(24)-H(24C)         109.5  
            H(24B)-C(24)-H(24C)         109.5  
            C(22)-C(25)-H(25A)          109.5  
            C(22)-C(25)-H(25B)          109.5  
            H(25A)-C(25)-H(25B)         109.5  
            C(22)-C(25)-H(25C)          109.5  
            H(25A)-C(25)-H(25C)         109.5  
            H(25B)-C(25)-H(25C)         109.5  
            C(13)-N(1)-S(1)             117.37(13)  
            C(13)-N(1)-S(2)             118.17(14)  
            S(1)-N(1)-S(2)              124.43(9)  
            C(21)-N(2)-C(16)            128.37(19)  
            C(21)-N(2)-H(2')            118.6  
            C(16)-N(2)-H(2')            112.5  
            C(15)-O(5)-C(19)            120.55(17)  
            O(2)-S(1)-O(1)              120.17(11)  
            O(2)-S(1)-N(1)              107.62(9)  
            O(1)-S(1)-N(1)              104.91(9)  
            O(2)-S(1)-C(7)              109.20(10)  
            O(1)-S(1)-C(7)              108.99(10)  
            N(1)-S(1)-C(7)              104.82(10)  
            O(4)-S(2)-O(3)              120.08(10)  
            O(4)-S(2)-N(1)              105.83(9)  
            O(3)-S(2)-N(1)              107.20(9)  
            O(4)-S(2)-C(1)              108.80(11)  
            O(3)-S(2)-C(1)              108.90(10)  
            N(1)-S(2)-C(1)              104.99(10) 
Table 3.  Torsion angles [deg] for 4b.  
         ________________________________________________________________  
   
          C(6)-C(1)-C(2)-C(3)                                   0.7(4)  
          S(2)-C(1)-C(2)-C(3)                                -177.16(19)  
          C(1)-C(2)-C(3)-C(4)                                  -0.8(4)  
          C(2)-C(3)-C(4)-C(5)                                  -0.1(5)  
          C(3)-C(4)-C(5)-C(6)                                   1.1(5)  
          C(2)-C(1)-C(6)-C(5)                                   0.3(4)  
          S(2)-C(1)-C(6)-C(5)                                 178.12(19)  
          C(4)-C(5)-C(6)-C(1)                                  -1.2(4)  
          C(12)-C(7)-C(8)-C(9)                                  0.7(4)  
          S(1)-C(7)-C(8)-C(9)                                -179.2(2)  
          C(7)-C(8)-C(9)-C(10)                                 -1.5(5)  
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          C(8)-C(9)-C(10)-C(11)                                 0.6(5)  
          C(9)-C(10)-C(11)-C(12)                                1.0(5)  
          C(8)-C(7)-C(12)-C(11)                                 0.9(3)  
          S(1)-C(7)-C(12)-C(11)                              -179.27(19)  
          C(10)-C(11)-C(12)-C(7)                               -1.7(4)  
          C(18)-C(13)-C(14)-C(15)                              -0.1(3)  
          N(1)-C(13)-C(14)-C(15)                             -178.5(2)  
          C(13)-C(14)-C(15)-O(5)                              179.1(2)  
          C(13)-C(14)-C(15)-C(16)                               1.8(3)  
          O(5)-C(15)-C(16)-C(17)                             -179.7(2)  
          C(14)-C(15)-C(16)-C(17)                              -2.1(4)  
          O(5)-C(15)-C(16)-N(2)                                 1.7(3)  
          C(14)-C(15)-C(16)-N(2)                              179.3(2)  
          C(15)-C(16)-C(17)-C(18)                               0.8(3)  
          N(2)-C(16)-C(17)-C(18)                              179.3(2)  
          C(14)-C(13)-C(18)-C(17)                              -1.2(4)  
          N(1)-C(13)-C(18)-C(17)                              177.22(19)  
          C(16)-C(17)-C(18)-C(13)                               0.8(3)  
          O(6)-C(21)-C(22)-C(25)                              -22.6(4)  
          N(2)-C(21)-C(22)-C(25)                              156.4(3)  
          O(6)-C(21)-C(22)-C(24)                             -145.0(3)  
          N(2)-C(21)-C(22)-C(24)                               34.0(3)  
          O(6)-C(21)-C(22)-C(23)                               94.7(3)  
          N(2)-C(21)-C(22)-C(23)                              -86.4(3)  
          C(18)-C(13)-N(1)-S(1)                               -85.3(2)  
          C(14)-C(13)-N(1)-S(1)                                93.2(2)  
          C(18)-C(13)-N(1)-S(2)                                92.5(2)  
          C(14)-C(13)-N(1)-S(2)                               -89.0(2)  
          O(6)-C(21)-N(2)-C(16)                                -4.0(4)  
          C(22)-C(21)-N(2)-C(16)                              177.0(2)  
          C(17)-C(16)-N(2)-C(21)                               20.0(4)  
          C(15)-C(16)-N(2)-C(21)                             -161.4(2)  
          C(14)-C(15)-O(5)-C(19)                               10.2(4)  
          C(16)-C(15)-O(5)-C(19)                             -172.4(2)  
          C(20)-C(19)-O(5)-C(15)                               76.5(3)  
          C(13)-N(1)-S(1)-O(2)                               -152.39(16)  
          S(2)-N(1)-S(1)-O(2)                                  29.97(16)  
          C(13)-N(1)-S(1)-O(1)                                -23.32(18)  
          S(2)-N(1)-S(1)-O(1)                                 159.04(12)  
          C(13)-N(1)-S(1)-C(7)                                 91.44(17)  
          S(2)-N(1)-S(1)-C(7)                                 -86.20(14)  
          C(8)-C(7)-S(1)-O(2)                                 -32.4(2)  
          C(12)-C(7)-S(1)-O(2)                                147.81(18)  
          C(8)-C(7)-S(1)-O(1)                                -165.41(19)  
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          C(12)-C(7)-S(1)-O(1)                                 14.8(2)  
          C(8)-C(7)-S(1)-N(1)                                  82.7(2)  
          C(12)-C(7)-S(1)-N(1)                                -97.12(19)  
          C(13)-N(1)-S(2)-O(4)                                -27.89(18)  
          S(1)-N(1)-S(2)-O(4)                                 149.73(12)  
          C(13)-N(1)-S(2)-O(3)                               -157.18(16)  
          S(1)-N(1)-S(2)-O(3)                                  20.44(16)  
          C(13)-N(1)-S(2)-C(1)                                 87.11(18)  
          S(1)-N(1)-S(2)-C(1)                                 -95.27(14)  
          C(6)-C(1)-S(2)-O(4)                                -163.26(18)  
          C(2)-C(1)-S(2)-O(4)                                  14.6(2)  
          C(6)-C(1)-S(2)-O(3)                                 -30.7(2)  
          C(2)-C(1)-S(2)-O(3)                                 147.17(19)  
          C(6)-C(1)-S(2)-N(1)                                  83.82(19)  
          C(2)-C(1)-S(2)-N(1)                                 -98.29(19) 
 
V. Analytical data of compounds 2, 4 and 5  

 

N-(4'-methyl-3-(N-(phenylsulfonyl)phenylsulfonamido)biphenyl-4-yl)acetamide (2a) 
White solid. Mp: 271 oC; 1H NMR (500 MHz; CDCl3): δ = 1.81 (s, 3H), 2.37 (s, 3H), 6.91 (s, 1H), 
7.17-7.19 (m, 4H), 7.45 (s, 1H), 7.60 (t, J= 8.0 Hz, 4H). 7.65 (d, J= 8.5 Hz, 1H), 7.73 (t, J= 8.0 Hz, 
2H), 7.98 (d, J=7.5 Hz, 4H), 8.18 (d, J= 8.5 Hz, 1H). 13C NMR (125 MHz; CDCl3): δ = 21.1, 24.4, 
124.2, 124.6, 126.5, 128.8, 129.3, 129.5, 129.7, 130.5, 134.5, 135.9, 136.1, 137.5, 138.9, 168.1. IR 
(KBr, cm-1): 3399, 1687, 1506, 1383, 1165, 552. HRMS (ESI-TOF) Calcd for C27H25N2O5S2,

 

[M+H]+ 521.1199; Found 521.1191.  

NH

O

N(SO2Ph)2  

N-(3-(N-(phenylsulfonyl)phenylsulfonamido)biphenyl-4-yl)acetamide (2b) 
White solid. Mp: 222 oC; 1H NMR (500 MHz; CDCl3): δ = 1.82 (s, 3H), 6.93 (s, 1H), 7.28-7.40 
(m, 5H), 7.46 (s, 1H), 7.61 (t, J= 8.0 Hz, 4H), 7.68 (d, J= 8.5 Hz, 1H), 7.74 (t, J=7.5 Hz, 2H), 7.99 
(d, J=7.5 Hz, 4H), 8.21 (d, J= 8.5 Hz, 1H). 13C NMR (125 MHz; CDCl3): δ = 24.4, 124.2, 126.7, 
127.7, 128.7, 128.8, 129.3, 130.0, 130.7, 134.5, 136.4, 137.6, 138.8, 168.1. IR (KBr, cm-1): 3399, 
1685, 1506, 1383, 1165, 551. HRMS (ESI-TOF) Calcd for C26H23N2O5S2,

 [M+H]+ 507.1043; 
Found 507.1040. 
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N-(3,4'-dimethyl-5-(N-(phenylsulfonyl)phenylsulfonamido)biphenyl-4-yl)acetamide (2c) 
White solid. Mp: 251 oC; 1H NMR (500 MHz; CDCl3): δ = 1.80 (s, 3H), 2.33 (s, 3H), 2.37 (s, 3H), 
6.76 (s, 1H), 7.17 (m, 4H), 7.55-7.59 (m, 6H), 7.72 (t, J= 7.5 Hz, 2H), 7. 96 (d, J=7.5 Hz, 4H). 13C 
NMR (125 MHz; CDCl3): δ =19.4, 21.1, 23.3, 126.7, 128.7, 128.9, 129.1, 129.5, 130.1, 131.8, 
134.2, 134.4, 136.0, 137.6, 138.7, 138.8, 139.9, 168.0. IR (KBr, cm-1): 3413, 1688, 1489, 1379, 
1170, 922, 560. HRMS (ESI-TOF) Calcd for C28H27N2O5S2,

 [M+H]+ 535.1356; Found 535.1362. 

 

N-(3-fluoro-4'-methyl-5-(N-(phenylsulfonyl)phenylsulfonamido)biphenyl-4-yl)acetamide (2d) 
White solid. Mp: 226 oC; 1H NMR (500 MHz; CDCl3): δ = 1.80 (s, 3H), 2.38 (s, 3H), 6.80 (s, 1H), 
7.17-7.24 (m, 5H), 7.47 (d, J=10.5 Hz, 1H), 7.59 (t, J=8.0 Hz, 4H), 7.73 (t, J=7.5 Hz, 2H), 7.97 (d, 
J=8.0 Hz, 4H). 13C NMR (125 MHz; CDCl3): δ = 21.1, 23.1, 117.1, 117.3, 126.6, 128.8, 129.2, 
129.7, 130.9, 134.4, 135.0, 138.5, 138.8, 140.7, 157.2, 159.7, 167.7. IR (KBr, cm-1): 3368, 1696, 
1504, 1383, 1167, 579. HRMS (ESI-TOF) Calcd for C27H24FN2O5S2,

 [M+H]+ 539.1105; Found 
539.1110. 

 

N-(3-(N-(phenylsulfonyl)phenylsulfonamido)-3'-(trifluoromethyl)biphenyl-4-yl)acetamide 
(2e) 
White solid. Mp: 182 oC; 1H NMR (500 MHz; CDCl3): δ = 1.85 (s, 3H), 6.81 (s, 1H), 7.29 (s, 1H), 
7.51-7.67 (m, 9H), 7.77 (t, J= 7.5 Hz, 2H), 8.00 (d, J=7.0 Hz, 4H), 8.30 (d, J=8.0 Hz, 1H). 13C 
NMR (125 MHz; CDCl3): δ =24.4, 123.4, 123.5, 124.2, 124.3, 124.6, 128.8, 129.3, 129.4, 130.0, 
130.8, 131.0, 134.7, 135.8, 137.2, 138.6, 139.6, 168.2. IR (KBr, cm-1): 3402, 2924, 1704, 1520, 
1334, 1124, 546. HRMS (ESI-TOF) Calcd for C27H22F3N2O5S2,

 [M+H]+ 575.0917; Found 
575.0889. 

 

N-(3'-methoxy-3-(N-(phenylsulfonyl)phenylsulfonamido)biphenyl-4-yl)acetamide (2f) 
White solid. Mp: 234 oC; 1H NMR (500 MHz; CDCl3): δ = 1.82 (s, 3H), 3.83 (s, 3H), 6.81 (s, 1H), 
6.86-6.87 (m, 2H), 6.91 (s, 1H), 7.27-7.30 (m, 1H), 7.48 (s, 1H), 7.60 (t, J= 8.0 Hz, 4H), 7. 
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65-7.67 (m, 1H), 7.73 (t, J=7.5 Hz, 2H), 7.98 (d, J= 7.5 Hz, 4H), 8.20 (d, J= 8.5 Hz, 1H). 13C 
NMR (125 MHz; CDCl3): δ = 24.3, 55.3, 112.6, 113.0, 119.2, 124.1, 124.6, 128.8, 129.3, 129.8, 
130.0, 130.8, 134.5, 136.6, 137.5, 138.9, 140.3, 160.0, 168.1. IR (KBr, cm-1): 3402, 1696, 1519, 
1383, 1168, 926, 722, 564. HRMS (ESI-TOF) Calcd for C27H25N2O6S2,

 [M+H]+ 537.1149; Found 
537.1146. 

 

N-(4'-chloro-3-(N-(phenylsulfonyl)phenylsulfonamido)biphenyl-4-yl)acetamide (2g) 
White solid. Mp: 267 oC; 1H NMR (500 MHz; CDCl3): δ = 1.81 (s, 3H), 6.88 (s, 1H), 7.21 (d, J= 
8.5 Hz, 2H), 7.35 (d, J=8.5 Hz, 2H), 7.45 (s, 1H), 7.59-7.64 (m, 5H), 7.75 (t, J= 7.5 Hz, 2H), 7.98 
(d, J=8.0 Hz, 4H), 8.22 (d, J=8.5 Hz, 1H). 13C NMR (125 MHz; CDCl3): δ =24.4, 124.2, 124.6, 
127.9, 128.8, 129.0, 129.3, 129.7, 130.6, 133.9, 134.5, 136.8, 137.3, 138.9, 168.1. IR (KBr, cm-1): 
3400, 1690, 1383, 1165, 550. HRMS (ESI-TOF) Calcd for C26H22ClN2O5S2,

 [M+K]+ 579.0211; 
Found 579.0206. 
 

 

N-(2'-methyl-3-(N-(phenylsulfonyl)phenylsulfonamido)biphenyl-4-yl)acetamide (2h) 
White solid. Mp: 246 oC; 1H NMR (500 MHz; CDCl3): δ = 1.81 (s, 3H), 2.15 (s, 3H), 6.77 (d, J= 
2.0 Hz, 1H), 7.03 (d, J=7.5 Hz, 1H), 7.17-7.24 (m, 3H), 7.40 (dd, J1= 1.5 Hz, J2= 8.0 Hz, 1H), 
7.52 (s, 1H), 7.57 (t, J=8.0 Hz, 4H), 7.70 (t, J=7.5 Hz, 2H), 7.98 (d, J=8.0 Hz, 4H), 8.14 (d, J= 8.5 
Hz, 1H).  13C NMR (125 MHz; CDCl3): δ = 20.3, 24.2, 123.7, 124.0, 125.7, 127.6, 128.6, 129.2, 
129.5, 130.3, 132.1, 133.0, 134.4, 135.3, 136.0, 138.4, 138.9, 139.5, 168.1. IR (KBr, cm-1): 3432, 
1699, 1488, 1382, 919, 550. HRMS (ESI-TOF) Calcd for C27H25N2O5S2,

 [M+H]+ 521.1199; Found 
521.1191. 

  

N-(4'-methyl-3-(N-(phenylsulfonyl)phenylsulfonamido)biphenyl-4-yl)pivalamide (2i) 
White solid. Mp: 227 oC; 1H NMR (500 MHz; CDCl3): δ = 1.12 (s, 9H), 2.36 (s, 3H), 6.79 (s, 1H), 
7.13-7.18 (m, 4H), 7.56 (t, J = 8.5 Hz, 4H), 7.64 (dd, J1 = 2.0 Hz, J2 = 8.5 Hz, 1H), 7.71 (t, J=7.5 
Hz, 2H), 7.93 (m, 4H), 8.09 (s, 1H), 8.37 (d, J=8.5 Hz, 1H). 13C NMR (125 MHz; CDCl3): δ = 
21.0, 27.2, 39.8, 123.4, 124.2, 126.4, 128.9, 129.2, 129.4, 129.6, 130.3, 134.3, 136.0, 136.8, 137.0, 
137.3, 138.7, 176.7. IR (KBr, cm-1): 3403, 1683, 1506, 1170, 550. HRMS (ESI-TOF) Calcd for 
C30H31N2O5S2,

 [M+H]+ 563.1669; Found 563.1666. 
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N-(4'-methyl-3-(N-(phenylsulfonyl)phenylsulfonamido)biphenyl-4-yl)benzamide (2j) 
White solid. Mp: 239 oC; 1H NMR (500 MHz; CDCl3): δ = 2.38 (s, 3H), 6.96 (s, 1H), 7.18-7.22 
(m, 4H), 7.39-7.43 (m, 6H), 7.49-7.54 (m, 3H), 7.64 (d, J = 7.5 Hz, 2H), 7.71 (dd, J1=2.5 Hz, 
J2=8.5 Hz, 1H), 8.39 (s, 1H), 8.42 (d, J=8.5 Hz, 1H).  13C NMR (125 MHz; CDCl3): δ = 21.1, 
123.9, 124.8, 126.5, 127.0, 128.6, 129.1, 129.5, 129.8, 130.7, 132.0, 133.7, 134.3, 136.0, 136.3, 
137.5, 137.6, 138.7, 164.6. IR (KBr, cm-1): 3308, 1672, 1376, 720. HRMS (ESI-TOF) Calcd for 
C32H27N2O5S2,

 [M+H]+ 583.1356; Found 583.1352. 
  

 
N-(4'-methyl-3-(N-(phenylsulfonyl)phenylsulfonamido)biphenyl-4-yl)-2-phenylacetamide 
(2k) 
White solid. Mp: 147 oC; 1H NMR (500 MHz; CDCl3): δ = 2.36 (s, 3H), 3.38 (s, 2H), 6.82 (d, J = 
2.5 Hz, 1H), 7.00 (d, J = 2.0 Hz, 2H), 7.15-7.16 (m, 4H), 7.31-7.33 (m, 3H), 7.57-7.65 (m, 6H), 
7.72 (t, J = 7.5 Hz, 2H), 7.93 (d, J = 7.5 Hz, 4H), 8.11 (d, J = 8.5 Hz, 1H).  13C NMR (125 MHz; 
CDCl3): δ = 21.0, 44.5, 124.7, 125.3, 126.4, 127.5, 128.9, 129.1, 129.2, 129.4, 129.5, 130.5, 133.4, 
134.3, 135.9, 136.0, 137.5, 137.7, 138.9, 169.1. IR (KBr, cm-1): 3380, 3029, 1695, 1505, 1382, 
1172, 917, 725, 548. HRMS (ESI-TOF) Calcd for C33H28N2O5S2,

 [M+Na]+ 619.1331; Found 
619.1338.  
 

NH
O

O

N(SO2Ph)2  
tert-butyl 4'-methyl-3-(N-(phenylsulfonyl)phenylsulfonamido)biphenyl-4-ylcarbamate (2l) 
White solid. Mp: 252 oC; 1H NMR (500 MHz; CDCl3): δ = 1.48 (s, 9H), 2.36 (s, 3H), 6.74 (s, 1H), 
6.80 (d, J = 2.0 Hz, 1H), 7.12-7.17 (m, 4H), 7.56-7.62 (m, 5H), 7.71-7.74 (m, 2H), 8.01 (dd, J1 = 
1.0 Hz, J2 = 7.5 Hz, 4H), 8.17 (d, J = 8.5 Hz, 1H). 13C NMR (125 MHz; CDCl3): δ = 21.1, 28.3, 
80.9, 121.4, 122.9, 126.3, 128.9, 129.2, 129.5, 129.7, 130.3, 134.4, 135.7, 136.0, 137.2, 138.8, 
152.0. IR (KBr, cm-1): 2923, 1729, 1506, 1159, 730. HRMS (ESI-TOF) Calcd for 
C30H30N2NaO6S2,

 [M+Na]+ 601.1437; Found 601.1426. 
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N-(4-methoxy-2-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)acetamide (2m) 
White solid. Mp: 218 oC; 1H NMR (500 MHz; CDCl3): δ = 1.74 (s, 3H), 3.62 (s, 1H), 6.26 (d, J = 
2.5 Hz, 1H), 7.01 (dd, J1 = 2.5 Hz, J2 = 9.0 Hz, 1H), 7.28 (s, 1H), 7.58 (t, J = 9.0 Hz, 4H), 7.71 (t, 
J=9.0 Hz, 2H), 7.91 (d, J = 9.0 Hz, 1H), 7.96 (d, J=8.0 Hz, 4H).  13C NMR (125 MHz; CDCl3): δ 
= 24.0, 55.5, 117.2, 117.3, 125.7, 125.9, 128.7, 129.2, 130.5, 134.4, 138.9, 156.1, 168.0. IR (KBr, 
cm-1): 3410, 1695, 1518, 1372, 902, 547. HRMS (ESI-TOF) Calcd for C21H21N2O6S2,

 [M+H]+ 
461.0835; Found 461.0816. 

 

N-(4-ethoxy-2-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)acetamide (2n) 
Red solid. Mp: 154 oC; 1H NMR (500 MHz; CDCl3): δ = 1.32 (t, J = 6.5 Hz, 3H), 1.73 (s, 3H), 
3.80 (dd, J1 = 6.5 Hz, J2 = 13.5 Hz, 2H), 6.28 (d, J = 2.5 Hz, 1H), 6.99 (dd, J1 = 2.5 Hz, J2 = 9.0 
Hz, 1H), 7.28 (s, 1H) 7.58 (t, J=9.0 Hz, 4H), 7.71 (t, J=9.0 Hz, 2H) 7.88 (d, J = 9.0 Hz, 1H), 7.96 
(d, J = 8.5 Hz, 4H). 13C NMR (125 MHz; CDCl3): δ =14.6, 24.0, 63.9, 117.7, 117.9, 125.8, 125.9, 
128.7, 128.8, 129.2, 129.6, 130.3, 134.3, 139.0, 155.6, 168.0. IR (KBr, cm-1): 2981, 1698, 1515, 
1380, 1171, 909, 548. HRMS (ESI-TOF) Calcd for C22H23N2O6S2,

 [M+H]+ 475.0992; Found 
475.0988. 
                                                                                                

 
N-(4-phenoxy-2-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)acetamide (2o) 
Red solid. Mp: 234 oC; 1H NMR (500 MHz; CDCl3): δ =1.75 (s, 3H), 6.41 (d, J=3.0 Hz, 1H), 6.91 
(d, J=8.5, 2H), 7.10-7.14 (m, 2H), 7.30-7.33 (m, 2H), 7.38 (s, 1H), 7.54 (t, J=8.0 Hz, 4H), 7.68 (t, 
J=7.5 Hz, 2H), 7.93 (d, J=7.5 Hz, 4H), 8.02 (d, J=9.0 Hz, 1H). 13C NMR (125 MHz; CDCl3): 
δ=24.1, 118.8, 121.9, 122.3, 123.7, 125.5, 125.7, 128.6, 129.2, 129.8, 132.9, 134.5, 138.8, 153.4, 
156.5, 168.1. IR (KBr, cm-1): 3413, 1691, 1511, 1376, 1218, 756, 563. HRMS (ESI-TOF) Calcd 
for C26H23N2O6S2,

 [M+H]+ 523.0992; Found 523.0999. 

 

N-(2-chloro-4-methoxy-6-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)acetamide (2p) 
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White solid. Mp: 208 oC; 1H NMR (500 MHz; CDCl3): δ =1.74 (s, 3H), 3.64 (s, 3H), 6.27 (d, 
J=2.5 Hz, 1H), 7.12 (d, J=2.5 Hz, 1H), 7.21 (s, 1H), 7.58 (t, J=7.5 Hz, 4H), 7.71 (t, J=7.5 Hz, 
2H)), 7.96 (d, J=8.0, 4H). 13C NMR (125 MHz; CDCl3): δ=23.0, 55.8, 117.5, 118.2, 128.2, 129.0, 
129.1, 132.5, 134.3, 135.4, 138.6, 157.8, 170.0. IR (KBr, cm-1): 3925, 1712, 1362, 1170, 912, 733. 
HRMS (ESI-TOF) Calcd for C21H20N2ClO6S2,

 [M+H]+ 495.0446; Found 495.0445. 

O

H
N

O

(PhO2S)2N

Cl  
N-(5-chloro-4-methoxy-2-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)acetamide (2q) 
White solid. Mp: 228 oC; 1H NMR (500 MHz; CDCl3): δ =1.76 (s, 3H), 3.56 (s, 3H), 6.17 (s, 1H), 
7.26 (s, 1H), 7.60 (t, J=7.5 Hz, 4H), 7.73 (t, J=7.0 Hz, 2H)), 7.97 (d, J=8.0, 4H), 8.14 (s, 1H). 13C 
NMR (125 MHz; CDCl3): δ=24.1, 56.2, 115.1, 123.6, 125.7, 126.0, 128.7, 129.3, 131.0, 134.6, 
138.7, 151.5, 167.9. IR (KBr, cm-1): 2925, 1712, 1382, 1170, 912, 733, 566. HRMS (ESI-TOF) 
Calcd for C21H20ClN2O6S2,

 [M+H]+ 495.0446; Found 495.0445. 

H
N

N
H

O
O

(PhO2S)2N

 

N,N'-(2-(N-(phenylsulfonyl)phenylsulfonamido)-1,4-phenylene)bis(2,2-dimethylpropanamide) 
(2r) 
White solid. Mp: 223 oC; 1H NMR (500 MHz; CDCl3): δ =1.06 (s, 9H), 1.27 (s, 9H), 7.05 (s, 1H), 
7.19 (s, 1H), 7.55-7.58 (m, 5H), 7.70 (t, J=7.0 Hz, 2H), 7.91 (d, J=7.5 Hz, 4H), 7.95 (s, 1H), 8.22 
(d, J=8.0 Hz, 1H). 13C NMR (125 MHz; CDCl3): δ= 27.2, 27.5, 39.5, 39.7, 123.0, 123.7, 123.9, 
124.4, 128.8, 129.2, 134.0, 134.3, 134.4, 138.6, 176.1, 176.7. IR (KBr, cm-1): 3415, 1676, 1511, 
1373, 1166, 720, 548. HRMS (ESI-TOF) Calcd for C28H34N3O6S2,

 [M+H]+ 572.1884; Found 
572.1884. 

 
N-(2-methoxy-4-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)pivalamide (4a) 
White solid. Mp: 196 oC; 1H NMR (500 MHz; CDCl3): δ =1.31 (s, 9H), 3.74 (s, 3H), 6.46 (d, 
J=2.0 Hz, 1H), 6.59 (dd, J1=1.5 Hz, J2=8.5 Hz, 1H), 7.56 (t, J=8.0 Hz, 4H), 7.68 (t, J=7.5 Hz, 2H), 
7.95 (d, J=8.0 Hz, 4H), 8.17 (s, 1H), 8.43 (d, J=9.0 Hz, 1H). 13C NMR (125 MHz; CDCl3): 
δ=27.5, 40.1, 55.9, 112.9, 118.9, 124.5, 128.3, 128.5, 128.9, 129.8, 133.9, 139.2, 147.7, 176.7. IR 
(KBr, cm-1): 3454, 1687, 1525, 1379, 1174, 579. HRMS (ESI-TOF) Calcd for C24H27N2O6S2,

 

[M+H]+ 503.1305; Found 503.1304. 



 

 S24

NH

O

O

(PhO2S)2N

 

N-(2-ethoxy-4-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)pivalamide (4b) 
White solid. Mp: 222 oC; 1H NMR (500 MHz; CDCl3): δ = 1.31 (s, 9H), 1.41 (t, J = 7.0 Hz, 3H), 
3.92 (dd, J1 = 7.0 Hz, J2 = 13.5 Hz, 2H), 6.47 (s, 1H), 6.57 (d, J = 8.5 Hz, 1H), 7.55 (t, J=9.0 Hz, 
4H) 7.67 (t, J=9.0 Hz, 2H), 7.94 (d, J=9.0 Hz, 4H), 8.25 (s, 1H), 8.41 (d, J=8.5Hz, 1H). 13C NMR 
(125 MHz; CDCl3): δ = 14.6, 27.5, 40.1, 64.4, 113.9, 118.8, 124.5, 128.3, 128.6, 129.0, 129.9, 
133.9, 139.4, 147.2, 176.6. IR (KBr, cm-1): 3309, 2966, 1682, 1522, 1381, 1158, 916, 549. HRMS 
(ESI-TOF) Calcd for C25H29N2O6S2,

 [M+H]+ 517.1462; Found 517.1459. 
 

NH

O

O

(PhO2S)2N

 
N-(2-(benzyloxy)-4-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)pivalamide (4c) 
White solid. Mp: 190 oC; 1H NMR (500 MHz; CDCl3): δ = 1.25 (s, 9H), 4.94 (s, 2H), 6.60-6.62 
(m, 2H), 7.36-7.43 (m, 5H), 7.54 (t, J=7.5 Hz, 4H), 7.67 (t, J=7.0 Hz, 2H), 7.92 (d, J = 8.0 Hz, 
4H), 8.25 (s, 1H), 8.43 (d, J = 8.5 Hz, 1H). 13C NMR (125 MHz; CDCl3): δ = 27.4, 40.0, 71.1, 
114.6, 119.1 125.1, 127.4, 128.4, 128.6, 128.9, 129.0, 130.3, 133.9, 135.6, 139.4, 147.1, 176.7. IR 
(KBr, cm-1): 3311, 1677, 1392, 1167, 731. HRMS (ESI-TOF) Calcd for C30H31N2O6S2,

 [M+H]+ 
579.1618; Found 579.1611. 
 

NH

O

O

(PhO2S)2N

 
N-(2-methoxy-5-methyl-4-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)pivalamide (4d) 
White solid. Mp: 211 oC; 1H NMR (500 MHz; CDCl3): δ = 1.31 (s, 9H), 1.78 (s, 3H), 3.67 (s, 3H), 
6.32 (s, 1H), 7.55 (t, J = 8.0 Hz, 4H), 7.64 (t, J = 7.5 Hz, 2H), 7.97 (d, J=8.0 Hz, 4H), 8.13 (s, 1H), 
8.36 (s, 1H). 13C NMR (125 MHz; CDCl3): δ = 17.5, 27.5, 40.1, 113.3, 121.1, 126.8, 128.9, 129.6, 
133.7, 134.0, 139.6, 145.8, 176.8. IR (KBr, cm-1): 3431, 2969, 1687, 1523, 1182, 755, 549. HRMS 
(ESI-TOF) Calcd for C25H29N2O6S2,

 [M+H]+ 517.1462; Found 517.1440. 

NH

O

O

(PhO2S)2N

Cl
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N-(5-chloro-2-methoxy-4-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)pivalamide (4e) 
White solid. Mp: 153 oC; 1H NMR (500 MHz; CDCl3): δ = 1.31 (s, 9H), 3.74 (s, 3H), 6.52 (s, 1H), 
7.55 (t, J =7.5 Hz, 4H), 7.68 (t, J =7.5 Hz, 2H), 8.00 (d, J =7.5 Hz, 4H), 8.15 (s, 1H), 8.62 (s, 1H). 
13C NMR (125 MHz; CDCl3): δ = 27.4, 40.1, 56.2, 114.3, 120.2, 125.4, 128.8, 129.1, 129.3, 130.5, 
134.1, 139.2, 146.2, 176.8.  IR (KBr, cm-1): 3434, 2964, 1152, 1385, 1173, 907, 549. HRMS 
(ESI-TOF) Calcd for C24H26ClN2O6S2,

 [M+H]+ 537.0915; Found 537.0928. 

 
N-(2-methoxy-6-methyl-4-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)pivalamide (4f) 
White solid. Mp: 249 oC; 1H NMR (500 MHz; CDCl3): δ = 1.34 (s, 9H), 2.13 (s, 3H), 3.62 (s, 3H), 
6.29 (s, 1H), 6.49 (s, 1H), 7.12 (s, 1H), 7.56 (t, J =7.5 Hz, 4H), 7.68 (t, J =7.5 Hz, 2H), 7.97 (d, J 
=8.0 Hz, 4H). 13C NMR (125 MHz; CDCl3): δ = 18.6, 27.7, 39.6, 55.9, 113.3, 126.0, 126.9, 128.7, 
128.9, 131.8, 133.9, 137.0, 139.4, 153.3, 178.6. IR (KBr, cm-1): 3265, 2967, 1655, 1520, 1413, 
1177, 916. HRMS (ESI-TOF) Calcd for C25H29N2O6S2,

 [M+H]+ 517.1462; Found 517.1470. 

 
N-(2-methoxy-6-methyl-4-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)acetamide(4g) 
Pink solid. Mp: 204 oC; 1H NMR (500 MHz; CDCl3): δ =2.18 (s, 3H), 2.22 (s, 3H), 3.61 (s, 3H), 
6.27 (s, 1H), 6.53 (s, 1H), 6.87 (s, 1H), 7.56 (t, J=8.0 Hz, 4H), 7.69 (t, J=7.5 Hz, 2H), 7.98 (d, 
J=7.5 Hz, 4H). 13C NMR (100 MHz; CDCl3): δ=18.8, 23.6, 55.8, 111.4, 126.0, 126.6, 128.7, 
128.9, 132.2, 134.0, 137.2, 139.4, 153.3, 168.3. IR (KBr, cm-1): 3260,1676,1379,1171,921,547. 
HRMS (ESI-TOF) Calcd for C22H22N2NaO6S2,

 [M+Na]+ 497.0811; Found 497.0812. 

 
N-(2-methoxy-4-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)acetamide(4h) 
Pink solid. Mp: 231 oC; 1H NMR (500 MHz; CDCl3): δ =2.21 (s, 3H), 3.72 (s, 3H), 6.46 (s, 1H), 
6.59 (dd, J1=2.5 Hz, J2=8.5 Hz, 1H), 7.55 (t, J=8.0 Hz, 4H), 7.68 (t, J=7.5 Hz, 2H), 7.69 (s, 1H), 
7.94 (d, J=8.0 Hz, 4H), 8.37 (d, J=8.5 Hz, 1H). 13C NMR (125 MHz; CDCl3): δ=25.0, 55.9, 113.2, 
119.2, 124.6, 129.0, 129.7, 133.9, 139.4, 168.3. IR (KBr, cm-1): 3423, 2971, 1675, 1526, 1374, 
1171, 605 ,548. HRMS (ESI-TOF) Calcd for C24H27N2O6S2,

 [M+H]+ 461.0836; Found 461.0836. 

 
N-(2-methoxy-5-methyl-4-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)acetamide(4i) 
Pink solid. Mp: 248 oC; 1H NMR (500 MHz; CDCl3): δ =1.79 (s, 3H), 2.21 (s, 3H), 3.65 (s, 3H), 
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6.32 (s, 1H), 7.56 (t, J=8.0 Hz, 4H), 7.68 (t, J=7.5 Hz, 2H), 7.75 (s, 1H), 7.97 (d, J=7.5 Hz, 4H), 
8.29 (s, 1H). 13C NMR (100 MHz; CDCl3): δ=17.6, 25.0, 55.7, 113.4, 121.2, 127.0, 128.2, 128.9, 
129.5, 133.7, 134.0, 139.6, 145.4, 168.2. IR (KBr, cm-1): 3286, 1673, 1530, 1375, 1170, 913, 577. 
HRMS (ESI-TOF) Calcd for C22H22N2NaO6S2,

 [M+ Na]+ 497.0811; Found 497.0818. 
 

 
N-(5-chloro-2-methoxy-4-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)acetamide(4j) 
Pink solid. Mp: 210 oC; 1H NMR (500 MHz; CDCl3): δ =2.22 (s, 3H), 3.71(s, 3H), 6.52 (s, 1H), 
7.55 (t, J=8.0 Hz, 4H), 7.67 (d, J=7.5 Hz, 2H), 7.78 (s, 1H), 8.00 (d, J=8.0 Hz, 4H), 8.55 (s, 1H). 
13C NMR (100 MHz; CDCl3): δ=24.9, 56.1, 114.5, 120.3, 125.7, 128.9, 129.1, 130.4, 134.1, 
139.3,145.9, 168.3. IR (KBr, cm-1): 3265, 1672, 1513, 1380, 1173, 914, 572. HRMS (ESI-TOF) 
Calcd for C21H20ClN2O6S2,

 [M+H]+ 495.0446; Found 495.0442. 

O H
N

O
(PhO2S)2N

 
N-(2-methoxy-5-methyl-4-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)benzamide(4k) 
White solid. Mp: 141 oC; 1H NMR (500 MHz; CDCl3): δ =1.84 (s, 3H), 3.70 (s, 3H), 6.37 (s, 1H), 
7.52-7.59, (m, 7H), 7.70 (t, J=7.5 Hz, 2H), 7.88 (d, J=8.0 Hz, 2H), 8.00 (d, J=7.5 Hz, 4H), 8.48 (s, 
1H), 8.56 (s, 1H). 13C NMR (100 MHz; CDCl3): δ=17.6, 56.0, 113.5, 121.4, 127.0, 127.3,128.9 
129.0,129.6,132.0,133.8,134.0,134.9,139.6,146.0,165.3.IR(KBr,cm-1):3065,1679,1528,1380,1171,
911,549. HRMS (ESI-TOF) Calcd for C27H24N2NaO6S2,

 [M+Na]+ 559.0968; Found 559.0965. 

 
N-(3-methoxy-4-(2-oxopyrrolidin-1-yl)phenyl)-N-(phenylsulfonyl)benzenesulfonamide (4l) 
White solid. Mp: 145 oC; 1H NMR (500 MHz; CDCl3): δ =2.14 (t, J = 7.5 Hz, 2H), 2.50 (t, J = 8.0 
Hz, 2H), 3.72 (t, J = 7.0 Hz, 2H), 3.87 (s, 3H), 6.90 (d, J =8.5 Hz, 1H), 6.96 (d, J =9.0 Hz, 2H), 
7.57 (t, J =7.5 Hz, 4H), 7.68 (t, J =7.5 Hz, 2H), 7.97 (d, J =7.5 Hz, 4H). 13C NMR (125 MHz; 
CDCl3) : δ = 18.9, 31.0, 49.5, 55.8, 111.8, 126.2, 127.6, 128.5, 128.8, 129.1, 131.5, 131.7, 133.9, 
139.3, 156.1, 174.7. IR (KBr, cm-1): 3669, 3338, 1697, 1507, 1378, 1171, 915, 548. HRMS 
(ESI-TOF) Calcd for C23H23N2O6S2,

 [M+H]+ 487.0992; Found 487.0971. 

 
N-(3-chloro-2-methoxy-5-(N-(phenylsulfonyl)phenylsulfonamido)phenyl)acetamide (5q) 
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Pink solid. Mp: 299 oC; 1H NMR (500 MHz; CDCl3): δ =2.19 (s, 3H), 3.96 (s, 3H), 6.75 (s, 1H), 
7.59 (t, J=8.0 Hz, 4H), 7.70 (m, 3H), 7.98 (d, J=7.5 Hz, 4H), 8.09 (s, 1H). 1H NMR (500 MHz; 
DMSO-d6): δ =2.13 (s, 3H), 3.82 (s, 3H), 6.76 (s, 1H), 7.69 (s, 1H), 7.83-7.89 (m, 7H), 9.65 (s, 
1H). 13C NMR (100 MHz; DMSO-d6): δ=23.9, 60.9, 123.5, 126.8, 128.1, 129.3, 129.6, 134.0, 
134.9, 138.2, 147.2, 169.4. IR (KBr, cm-1): 3420, 2918, 1692, 1510, 1372, 1166, 922, 543. HRMS 
(ESI-TOF) Calcd for C21H19ClN2NaO6S2,

 [M+Na]+ 517.0265; Found 517.0277. 
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VI. 1H NMR and 13C NMR spectra copies of compounds 2, 4, 5 and G.  
Compound 2a 
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Compound 2b 
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Compound 2c 
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Compound 2d 

 
 



 

 S32

Compound 2e 
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Compound 2f 
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Compound 2g 
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Compound 2h 
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Compound 2i 
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Compound 2j 
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Compound 2k 
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Compound 2l 
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Compound 2m 
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Compound 2n 
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Compound 2o 
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Compound 2p 
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Compound 2q 
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Compound 2r 
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Compound 4a 
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Compound 4b 
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Compound 4c 
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Compound 4d 
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Compound 4e 
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Compound 4f 
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Compound 4g 
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Compound 4h 
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Compound 4i 
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Compound 4j 
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Compound 4k 
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Compound 4l 
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Compound 5p 
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Compound G 



 

 S60

 

 
 


