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Abstract

The reaction of a bispropargyl bromide enediyne with several bis-NH-sulfonamide nucleophiles permits the easy synthesis of 14- and 19-membered macrocyclic enediynes. The new nitrogen-containing unsaturated macrocycles are fully characterized. The thermal reactivity of the new cyclic enediyne derivatives is investigated by means of differential scanning calorimetry (DSC).
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Colorless solid; mp 157-158 °C. IR (ATR): ν = 2923, 1335, 1157 cm-1. 1H NMR (200 MHz, CDCl3): δ = 2.43 (s, 9  H), 3.65 (d, J = 6.0 Hz, 4 H), 3.75 (d, J = 6.8 Hz, 4 H), 4.14 (s, 4 H), 5.40 (s, 2 H), 5.42-5.60 (m, 2 H), 5.60-5.78 (m, 2 H), 7.26-7.36 (m, 6 H), 7.63 (d, J = 8.6 Hz, 2 H), 7.68 (d, J = 8.6 Hz, 4 H). 13C NMR (50 MHz, CDCl3): δ = 22.2, 37.3, 48.1, 51.7, 84.2, 89.6, 119.8, 127.7, 128.4, 130.1, 130.5, 133.5, 136.0, 136.6, 144.3, 144.4. ESI-MS: m/z = 718 [M + H]+, 740 [M + Na]+, 756 [M + K]+. Anal. Calcd for C37H39N3O6S3·0.57H2O (728.20): C, 61.03; H, 5.56; N, 5.77; S, 13.21. Found: C, 60.58 and 60.69; H, 5.74 and 5.76; N, 5.79 and 5.78; S, 13.20 and 12.88.
[bookmark: RS05806ST-9]9  
            
Analytical Data for (3
            Z
            ,10
            Z
            )-1,6-bis[(4-methyl-phenyl)sulfonyl]-1,6-diazacyclotetradeca-3,10-diene-8,12-diyne (3).
            
              
            Colorless solid; mp 148-149 °C (dec.). IR (ATR): ν = 2900, 1329, 1157 cm-1. 1H NMR (200 MHz, CDCl3): δ = 2.41 (s, 6 H), 3.96 (d, J = 4.0 Hz, 4 H), 4.23 (s, 4 H), 5.53 (s, 2 H), 5.57 (t, J = 4.0 Hz, 2 H), 7.27 (d, J = 8.2 Hz, 4 H), 7.68 (d, J = 8.2 Hz, 4 H). 13C NMR (50 MHz, CDCl3): δ = 22.2, 37.5, 43.3, 84.1, 90.1, 122.0, 128.3, 130.0, 130.2, 136.3, 144.4. ESI-MS: m/z = 495 [M + H]+, 512 [M + NH4]+, 517 [M + Na]+, 533 [M + K]+. Anal. Calcd for C26H26N2O4S2 (494.63): C, 63.13; H, 5.30; N, 5.66; S, 12.97. Found: C, 62.74 and 62.91; H, 5.65 and 5.60; N, 5.64 and 5.70; S, 13.03 and 13.03.

            
(3
            E
            ,10
            Z
            )-1,6-Bis[(4-methylphenyl)sulfonyl]-1,6-diaza-cyclotetradeca-3,10-diene-8,12-diyne (4).
            
              
            Colorless solid; mp 177-178 °C (dec.). IR (ATR): ν = 2927, 1328, 1158 cm-1. 1H NMR (200 MHz, CDCl3): δ = 2.42 (s, 6 H), 3.79-3.83 (m, 4 H), 4.14 (s, 4 H), 5.63 (s, 2 H), 5.80-5.87 (m, 2 H), 7.28 (d, J = 8.0 Hz, 4 H), 7.69 (d, J = 8.0 Hz, 4 H). 13C NMR (50 MHz, CDCl3): δ = 22.2, 39.1, 50.8, 83.2, 91.3, 120.9, 128.3, 129.8, 130.2, 136.6, 144.3. ESI-MS: m/z = 495 [M + H]+, 512 [M + NH4]+, 517 [M + Na]+, 533 [M + K]+. Anal. Calcd for C26H26N2O4S2 (494.63): C, 63.13; H, 5.30; N, 5.66; S, 12.97. Found: C, 62.71; H, 5.50; N, 5.68; S, 13.05.

            
(10
            Z
            )-1,6-Bis[(4-methylphenyl)sulfonyl]-1,6-diaza-cyclotetradeca-10-ene-3,8,12-triyne (5).
            
              
            Colorless solid; mp 173-174 °C (dec.). IR (ATR): ν = 2925, 1343, 1154 cm-1. 1H NMR (200 MHz, CDCl3): δ = 2.43 (s, 6 H), 4.02 (s, 4 H), 4.10 (s, 4 H), 5.68 (s, 2 H), 7.27 (d. J = 8.1 Hz, 4 H), 7.67 (d, J = 8.1 Hz, 4 H). 13C NMR (50 MHz, CDCl3): δ = 22.2, 38.5, 39.0, 79.5, 83.8, 90.4, 121.1, 128.6, 130.1, 135.8, 144.6. ESI-MS: m/z = 493 [M + H]+, 510 [M + NH4]+, 515 [M + Na]+, 531 [M + K]+. Anal. Calcd for C26H24N2O4S2 (492.61): C, 63.39; H, 4.91; N, 5.69; S, 13.02. Found: C, 63.79 and 63.49; H, 5.08 and 5.08; N, 5.62 and 5.58; S, 12.78 and 12.74.
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Crystal Data of 2.
            

C37H35N3O6S3, MW: 713.86, monoclinic, P21/c, a = 14.4270 (6) Å, b = 8.5483 (3) Å, c = 28.3007 (13) Å, α = 97.5210 (10)°, V = 3460.2 (2) Å3, Z = 4, D
            
              x
             = 1.370 mg/m3, µ (MoKα) = 0.266 mm-1, T = 100 (2) K. R
            1 = 0.0442 (0.716), wR
            2 = 0.1172 (0.1815), for 12270 reflections with I > 2σ(I) (for 17267 reflections [R
            int: 0.0393] with a total of 57110 reflections measured), goodness-of-fit on F
            2 = 1.038, largest diff. peak(hole) = 1.320 (-0.504) e Å-3. Data collection Apex2 V. 1.0-22 (Bruker-Nonius 2004), data reduction Saint + Version 6.22 (Bruker-Nonius 2001) and absorption correction SADABS Version 2.10 (2003). Crystal structure solution was achieved using direct methods as implemented in SHELXTL Version 6.10 [Sheldrick, Universität Göttingen (Germany), 2000] and visualized using XP program. Missing atoms were subsequently located from different Fourier syntheses and added to the atom list. Least-squares refinement on F
            2 using all measured intensities was carried out using the program SHELXTL Version 6.10 [Sheldrick, Universtität Göttingen (Germany), 2000]. All non-hydrogen atoms were refined including anisotropic displacement parameters.

            
Crystal Data of 1.
            

C37H39N3O6.57S3, MW: 721.01, triclinic, P-1, a = 11.7195 (12) Å, b = 13.1586 (13) Å, c = 13.7583 (13) Å, α = 70.603 (2)°, β = 86.018 (2)°, γ = 68.282 (2)°, V = 1855.8 (3) Å3, Z = 2, D
            x = 1.301 mg/m3, µ (MoKα) = 0.250 mm-1, T = 300 (2) K, R
            1 = 0.0606 (0.1575), wR
            2 = 0.1229 (0.1597). For 8880 reflections [R
            int = 0.0704] with a total of 29015 reflections measured, goodness-of-fit on F
            2 = 0.949, largest diff. peak(hole) = 0.299 (-0.504) e Å-3. Data collection Smart version 5.625 (Bruker AXS 1997-01), data reduction Saint + Version 6.32A (Bruker AXS 2001) and absorption collection SADABS Version 2.05 (Bruker AXS 2001). Crystal structure solution and refinement was performed using SHELXL Version 6.12 (Bruker AXS 2001). The non-hydrogen atoms were refined including anisotropic displacement parameters. All the H-atoms were placed in geometrically optimized positions and forced to ride on the atom to which they are attached. The hydrogen atoms of the solvent (H2O) could not be placed on the different Fourier map. The asymmetric unit contains one molecule of the macrocycle and partially a molecule of water.

            
Crystal Data of 3.
            

C26H26N2O4S2, MW: 494.61, triclinic, P-1, a = 10.368 (5) Å, b = 11.995 (5) Å, c = 11.998 (5) Å, α = 119.912 (7)°, β = 91.482 (8)°, γ = 105.676 (8)°, V = 1221.9 (9) Å3, Z = 2, D
            x = 1.344 mg/m3, µ (MoKα) = 0.253 mm-1, T = 100 (2) K, R
            1 = 0.0454 (0.0672), wR
            2 = 0.1161 (0.1236). For 5845 reflections [R
            int = 0.0530] with a total of 18749 reflections measured, goodness-of-fit on F
            2 = 1.039, largest diff. peak(hole) = 0.354 (-0.407) e Å-3. Data collection Smart Version 5.631 (Bruker AXS 1997-02), data reduction Saint + Version 6.32A (Bruker AXS 2001) and absorption collection SADABS Version 2.10 (Bruker AXS 2001). Crystal structure solution and refinement was performed using SHELXL Version 6.14 (Bruker AXS 2000-2003). The non-hydrogen atoms were refined including anisotropic displacement parameters. The H-atoms were placed in geometrically optimized positions and refined without constraints.

            
Crystal Data of 4.
            

C26H26N2O4S2, MW: 494.61, monoclinic, P21/n, a = 6.098 (4) Å, b = 38.47 (2) Å, c = 10.457 (6) Å, α = 101.769°, V = 2402 (3) Å3, Z = 4, D
            x = 1.368 mg/m3, µ (Mo Kα) = 0.258 mm-1, T = 100 (2) K, R
            1 = 0.0995 (0.1736), wR
            2 = 0.2383 (0.2720). For 5935 reflections [R
            int = 0.1912] with a total of 34600 reflections measured, goodness-of-fit on F
            2 = 0.987, largest diff. peak(hole) = 0.963 (-1.075) 
e Å-3. Data collection Smart version 5.631 (Bruker AXS 1997-02), data reduction Saint + Version 6.36A (Bruker AXS 2001) and absorption collection SADABS Version 2.10 (Bruker AXS 2001). Crystal structure solution and refinement was performed using SHELXL Version 6.14 (Bruker AXS 2000-2003). The non-hydrogen atoms were refined including anisotropic displacement parameters. All the H-atoms were placed in geometrically optimized positions and forced to ride on the atom to which they are attached.

            
Crystal Data of 5.
            

C26H24N2O4S2, MW: 492.59, triclinic, P-1, a = 8.545 (4) Å, b = 14.333 (6) Å, c = 20.383 (8) Å, α = 76.470 (7)°, β = 81.169 (7)°, γ = 86.531°, V = 2397.6 (17) Å3, Z = 4, D
            x = 1.365 mg/m3, µ (MoKα) = 0.258 mm-1, T = 100 (2) K, R
            1 = 0.0592 (0.1196), wR
            2 = 0.1426 (0.1651). For 11618 reflections [R
            int = 0.0706] with a total of 36894 reflections measured, goodness-of-fit on F
            2 = 1.042, largest diff. peak(hole) = 1.683 (-0.491) e Å-3. Data collection Smart Version 5.631 (Bruker AXS 1997-02), data reduction Saint + Version 6.36A (Bruker AXS 2001) and absorption collection SADABS Version 2.10 (Bruker AXS 2001). Crystal structure solution and refinement was performed using SHELXL Version 6.14 (Bruker AXS 2000-2003). The non-hydrogen atoms were refined including anisotropic displacement parameters. All the H-atoms were placed in geometrically optimized positions and forced to ride on the atom to which they are attached. Crystallographic data (excluding structure factors) for the five structures in this paper have been deposited with the Cambridge Crystallographic Data Centre as supplementary publication number CCDC 603826 (2), CCDC 606863 (1), CCDC 606864 (3), CCDC 606866 (4), CCDC 606865 (5). Copies of the data can be obtained, free of charge, on application to CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK [fax: +44 (1223)336033; or e-mail: deposit@ccdc.cam.ac.uk].
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