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Supplementary Material

Methyl 2,2-(dimethoxycarbonyl)-4-(anilinocarbonylhydrazono)pentanoate (2b): white powder; IR (nujol) 3381, 3201, 3095, 1743, 1720, 1700, 1603 cm-1; 1H-NMR (DMSO-d6)  1.93 (s, 3 H, CH3), 3.57 (s, 3 H, OCH3), 3.65 (s, 6 H, 2 OCH3), 4.02 (d, 1 H, J = 10.0 Hz, CH), 4.47 (d, 1 H, J = 10.0 Hz, CH), 7.00-7.29 (m, 1 Har), 7.29-7.31 (m, 2 Har), 7.57-7.59 (m, 2 Har), 8.44 (s, 1 H, NH, D2O exch.), 9.82 (s, 1 H, NH, D2O exch.); 13C-NMR (DMSO-d6)  16.8 (q), 51.9 (d), 53.0 (q), 53.2 (q), 53.4 (d), 119.6 (d), 123.1 (d), 129.4 (d), 139.6 (s), 144.5 (s), 153.8 (s), 168.7 (s), 170.4 (s); MS m/e (relative intensity) 379 (M+, 100). Anal. calcd. for C17H21N3O7: C, 53.82; H, 5.58; N, 11.08. Found: C, 53.99; H, 5.39; N, 11.15.


Methyl 4-(tert-butoxycarbonylhydrazono)-3-(ethoxycarbonyl)-2-(methoxy-carbonyl)pentanoate (2c): white powder; IR (nujol) 3233, 3147, 1745, 1734, 1718, 1693, 1637 cm-1; 1H-NMR (DMSO-d6)  1.14 (t, 3 H, J = 7.1 Hz, OCH2CH3), 1.36 (s, 9 H, Ot-Bu), 1.85 (s, 3 H, CH3), 3.60 (s, 3 H, OCH3), 3.64 (s, 3 H, OCH3), 3.84 (d, 1 H, J = 10.0 Hz, CH), 4.05-4.10 (m, 3 H, CH and OCH2CH3), 9.63 (s, 1 H, NH, D2O exch.); 13C-NMR (DMSO-d6)  14.4 (q), 16.5 (q), 28.7 (q), 51.8 (d), 53.2 (q), 53.3 (q), 53.6 (d), 61.8 (t), 80.0 (s), 153.4 (s), 168.0 (s), 168.5 (s), 169.9 (s); MS m/e (relative intensity) 375 (M+, 1), 318 (14), 301 (15), 287 (22), 273 (25), 255 (25), 241 (100). Anal. calcd. for C16H26N2O8: C, 51.33; H, 7.00; N, 7.48. Found: C, 51.21; H, 7.17; N, 7.39.


3,4,4,5-Tetramethyl 2,6-bis[2-(anilinocarbonyl)hydrazono]heptane-3,4,4,5-tetracarboxylate (3a): white powder; IR (nujol) 3356, 3201, 3075, 1746, 1728, 1681 cm-1; 1H-NMR (DMSO-d6)  1.88 and 1.94 (2 s, 6 H, 2 CH3), 3.58, 3.64 and 3.69 (3 s, 12 H, 4 OCH3), 4.18 and 4.36 (2 s, 2 H, 2 CH), 6.97-7.05 (m, 2 Har), 7.27-7.35 (m, 4 Har), 7.59-7.68 (m, 4 Har), 8.07 and 8.27 (2 s, 2 H, 2 NH, D2O exch.), 9.76 and 9.81 (2 s, 2 H, 2 NH, D2O exch.); 13C-NMR (DMSO-d6)  17.0 (q), 18.1 (q), 52.4 (q), 52.7 (q), 53.0 (q), 55.0 (d), 55.6 (d), 60.0 (s), 60.3 (s), 118.4 (d), 118.5 (d), 122.4 (d), 128.8 (d), 139.0 (s), 139.1 (s), 144.6 (s), 145.6 (s), 152.9 (s), 153.3 (s), 169.1 (s), 169.6 (s), 170.0 (s), 170.3 (s); MS m/e (relative intensity) 627 (M+, 2), 476 (60), 416 (100). Anal. calcd. for C29H34N6O10: C, 55.59; H, 5.47; N, 13.41. Found: C, 55.51; H, 5.39; N, 13.35.


3,5-Dibenzyl 4,4-dimethyl-2,6-bis[2-(aminocarbonyl)hydrazono]heptane-3,4,4,5-tetracarboxylate (3c): white powder; IR (nujol) 3459, 3379, 3211, 1742, 1732, 1700 cm-1; 1H-NMR (CDCl3)  1.85 (s, 6 H, 2 CH3), 3.40, 3.51 and 3.55 (3 s, 6 H, 2 OCH3), 4.07 and 4.29 (2 s, 2 H, 2 CH), 5.08-5.15 (m, 4 H, 2 OCH2Ph), 5.75 (brs, 4 H, 2 NH2, D2O exch.), 7.32 (s, 10 Har), 8.52 and 9.18 (2 s, 2 H, 2 NH, D2O exch.); 13C-NMR (DMSO-d6)  16.7 (q), 17.3 (q), 52.6 (q), 52.7 (q), 55.8 (d), 56.4 (d), 60.4 (s), 61.0 (s), 67.4 (t), 67.6 (t), 126.5 (d), 126.6 (d), 134.9 (s), 135.0 (s), 144.3 (s), 145.1 (s), 156.1 (s), 166.8 (s), 169.3 (s), 169.9 (s), 170.0 (s), 170.4 (s); MS m/e (relative intensity) 626 (M+, 1), 582 (4), 551 (38), 523 (8), 507 (18), 397 (6), relative intensity) 589 (100). Anal. calcd. for C29H34N6O10: C, 55.59; H, 5.47; N, 13.41. Found: C, 55.56; H, 5.41; N, 13.51.


3,4,4,5-Tetramethyl 2,6-bis[2-(tert-butoxycarbonyl)hydrazono]heptane-3,4,4,5-tetracarboxylate (3d): white powder; IR (nujol) 3318, 3239, 3150, 1756, 1704 cm-1; 1H-NMR (CDCl3)  1.47 and 1.48 (2 s, 18 H, 2 Ot-Bu), 1.83 and 1.87 (2 s, 6 H, 2 CH3), 3.69, 3.70, 3.77 and 3.80 (4 s, 12 H, 4 OCH3), 4.10 and 4.26 (2 s, 2 H, 2 CH), 7.56 and 7.63 (2 s, 2 H, 2 NH, D2O exch.); 13C-NMR (DMSO-d6)  15.8 (q), 16.0 (q), 26.2 (q), 52.3 (q), 52.5 (q), 52.7 (q), 53.0 (q), 55.7 (d), 57.0 (d), 60.5 (s), 62.3 (s), 80.9 (s), 91.2 (s), 145.8 (s), 147.2 (s), 152.1 (s), 152.2 (s), 168.3 (s), 169.7 (s), 169.9 (s), 170.1 (s), 170.7 (s); MS m/e (relative intensity) 589 (M+, 1), 515 (1), 457 (17), 445 (5), 413 (6), 397 (100). Anal. calcd. for C25H40N4O12: C, 51.01; H, 6.58; N, 9.52. Found: C, 51.16; H, 6.61; N, 9.41.


3-Ethyl-4,4,5-trimethyl 2-(tert-butoxycarbonyl)hydrazono)-6-(anilino-carbonyl)hydrazono-heptane-3,4,4,5-tetracarboxylate (3f): white powder; IR (nujol) 3346, 3239, 1756, 1747, 1695 cm-1; 1H-NMR (DMSO-d6)  1.05-1.19 (m, 3 H, OCH2CH3), 1.43 and 1.45 (2 s, 9 H, Ot-Bu), 1.75, 1.76, 1.81 and 1.93 (4 s, 6 H, 2 CH3), 3.59, 3.62, 3.64, 3.66 and 3.69 (5 s, 9 H, 3 OCH3), 3.87, 4.14, 4.15 and 4.24 (4 s, 2 H, 2 CH), 4.00-4.12 (m, 2 H, OCH2CH3), 6.97-7.04 (m, 1 Har), 7.26-7.33 (m, 2 Har), 7.59-7.65 (m, 2 Har), 7.92 and 8.20 (2 s, 1 H, NH, D2O exch.), 9.50, 9.62, 9.72 and 9.82 (4 s, 2 H, 2 NH, D2O exch.); 13C-NMR (DMSO-d6)  13.7 (q), 13.8 (q), 15.8 (q), 17.6 (q), 17.7 (q), 18.1 (q), 28.0 (q), 28.1 (q), 52.4 (q), 52.6 (q), 52.8 (q), 55.5 (d), 55.8 (d), 56.2 (d), 59.7 (s), 59.8 (s), 60.8 (t), 61.0 (t), 79.2 (s), 79.7 (s), 116.4 (d), 118.5 (d), 122.3 (d), 122.4 (d), 128.7 (d), 128.8 (d), 138.9 (s), 139.0 (s), 145.5 (s), 145.7 (s), 146.9 (s), 147.5 (s), 152.7 (s), 152.8 (s), 153.0 (s), 153.2 (s), 166.3 (s), 168.3 (s), 168.8 (s), 169.0 (s), 169.3 (s), 169.5 (s), 171.4 (s); MS m/e (relative intensity) 621 (M+, 1), 529 (3), 502 (2), 471 (21), 430 (100). Anal. calcd. for C28H39N5O11: C, 54.10; H, 6.32; N, 11.27. Found: C, 54.26; H, 6.21; N, 11.31.


5-Ethyl-3,4,4-trimethyl 2-(anilinocarbonyl)hydrazono 6-(aminocarbonyl)-hydrazono-heptane-3,4,4,5-tetracarboxylate (3g): white powder; IR (nujol) 3487, 3370, 3201, 1756, 1728, 1700, 1686 cm-1; 1H-NMR (DMSO-d6)  1.05-1.21 (m, 3 H, OCH2CH3), 1.77, 1.88, 1.90 and 1.97 (4 s, 6 H, 2 CH3), 3.60-3.85 (m, 9 H, 3 OCH3), 3.97-4.25 (m, 4 H, OCH2CH3 and 2 CH), 6.14 (brs, 2 H, NH2, D2O exch.), 6.97-7.04 (m, 1 Har), 7.26-7.33 (m, 2 Har), 7.58-7.66 (m, 2 Har), 8.10 and 8.16 (2 s, 1 H, NH, D2O exch.), 9.26, 9.77 and 9.81 (3 s, 2 H, 2 NH, D2O exch.); 13C-NMR (DMSO-d6)  13.8 (q), 14.1 (q), 16.7 (q), 17.2 (q), 17.6 (q), 17.9 (q), 52.4 (q), 52.7 (q), 55.3 (d), 55.4 (d), 55.8 (d), 59.7 (s), 59.9 (s), 60.3 (t), 60.9 (t), 118.4 (d), 122.4 (d), 128.7 (d), 138.9 (s), 139.1 (s), 143.0 (s), 143.2 (s), 144.6 (s), 144.9 (s), 152.9 (s), 153.0 (s), 156.7 (s), 157.2 (s), 166.7 (s), 168.1 (s), 168.7 (s), 169.1 (s), 169.4 (s), 170.3 (s); MS m/e (relative intensity) 564 (M+, 1), 444 (7), 430 (100). Anal. calcd. for C24H32N6O10: C, 51.06; H, 5.71; N, 14.89. Found: C, 51.16; H, 5.81; N, 14.91.


3,5-Diethyl-4,4-dimethyl 2-(tert-butoxycarbonyl)hydrazono 6-(amino-carbonyl)hydrazono-heptane-3,4,4,5-tetracarboxylate (3h): white powder; IR (nujol) 3463, 3337, 3220, 3108, 1760, 1746, 1695, 1681 cm-1; 1H-NMR (DMSO-d6)  1.07-1.19 (m, 6 H, 2 OCH2CH3), 1.44 and 1.45 (2 s, 9 H, Ot-Bu), 1.73, 1.75, 1.83 and 1.85 (4 s, 6 H, 2 CH3), 3.58, 3.61, 3.65 and 3.68 (4 s, 6 H 2 OCH3), 3.75 and 3.87 (2 s, 1 H, CH), 3.97-4.12 (m, 5 H, 2 OCH2CH3 and CH), 6.01 (brs, 2 H, NH2, D2O exch.), 9.16, 9.21, 9.57 and 9.66 (4 s, 2 H, 2 NH, D2O exch.); 13C-NMR (DMSO-d6)  13.8 (q), 13.9 (q), 15.9 (q), 16.9 (q), 17.0 (q), 18.3 (q), 28.0 (q), 28.2 (q), 52.2 (q), 52.4 (q), 55.5 (d), 55.8 (d), 56.1 (d), 59.7 (s), 60.1 (s), 60.7 (t), 60.9 (t), 61.1 (t), 61.3 (t), 79.6 (s), 79.8 (s), 143.4 (s), 144.1 (s), 152.8 (s), 153.6 (s), 157.0 (s), 157.4 (s), 168.5 (s), 168.9 (s), 169.4 (s), 170.2 (s), 170.3 (s), 170.6 (s), 171.4 (s); MS m/e (relative intensity) 559 (M+, 1), 485 (38), 458 (17), 439 (18), 411 (100). Anal. calcd. for C23H37N5O11: C, 49.35; H, 6.67; N, 12.52. Found: C, 49.26; H, 6.81; N, 12.61.

N{7-[(anilinocarbonyl)amino]3,8-dimethyl-4,9-dimethoxycarbonyl-1,6-dioxo-2,7-diazaspiro[4,4]nona-3,8-dien-2-yl}N'-phenylurea (4a): white powder; IR (nujol) 3365, 3206, 3117, 1779, 1756, 1711, 1686 cm-1; 1H-NMR (DMSO-d6)  2.42 and 2.43 (2 s, 6 H, 2 CH3), 3.64 and 3.68 (2 s, 6 H, 2 OCH3), 6.97-7.05 (m, 2 Har), 7.25-7.33 (m, 4 Har), 7.44-7.54 (m, 4 Har), 8.94 and 9.04 (2 s, 2 H, 2 NH, D2O exch.), 9.33 (brs, 2 H, 2 NH, D2O exch.); 13C-NMR (DMSO-d6)  11.7 (q), 11.8 (q), 51.4 (q), 51.5 (q), 59.7 (s), 103.7 (s), 104.4 (s), 118.6 (d), 118.9 (d), 122.6 (d), 128.7 (d), 138.1 (s), 153.4 (s), 153.6 (s), 158.7 (s), 158.9 (s), 162.9 (s), 163.1 (s), 169.9 (s), 170.0 (s); MS m/e (relative intensity) 562 (M+, 6), 546 (3), 443 (48), 411 (35), 324 (100). Anal. calcd. for C27H26N6O8: C, 57.65; H, 4.66; N, 14.94. Found: C, 57.61; H, 4.79; N, 14.75.


N{7-[(aminocarbonyl)amino]3,8-dimethyl-4,9-dibenzylcarbonyl-1,6-dioxo-2,7-diazaspiro[4,4]nona-3,8-dien-2-yl}urea (4c): white powder; IR (nujol) 3463, 3337, 3187, 1760, 1746, 1709, 1690, 1648 cm-1; 1H-NMR (CDCl3)  2.31 and 2.35 (2 s, 6 H, 2 CH3), 4.86-5.27 (m, 4 H, 2 OCH2Ph), 6.22 (brs, 4 H, 2 NH2, D2O exch.), 7.28 and 7.30 (2 s, 10 Har), 8.97 and 8.99 (2 s, 2 H, 2 NH, D2O exch.); 13C-NMR (DMSO-d6)  11.6 (q), 12.1 (q), 64.9 (t), 65.3 (t), 62.3 (s), 102.9 (s), 103.5 (s), 127.8 (d), 128.3 (d), 128.5 (d), 135.9 (s), 136.2 (s), 156.6 (s), 159.0 (s), 159.4 (s), 161.6 (s), 162.1 (s), 163.5 (s), 169.7 (s), 169.9 (s); MS m/e (relative intensity) 562 (M+, 9), 519 (32), 476 (75), 426 (12), 385 (26), 341 (100). Anal. calcd. for C27H26N6O8: C, 57.65; H, 4.66; N, 14.94. Found: C, 57.57; H, 4.45; N, 14.81.


tert-butyl{7-[(tert-butoxycarbonyl)amino]3,8-dimethyl-4,9-dimethoxycarbo-nyl-1,6-dioxo-2,7-diazaspiro[4,4]nona-3,8-dien-2-yl}carbamate (4d): white powder; IR (nujol) 3257, 1784, 1742, 1718, 1653 cm-1; 1H-NMR (CDCl3)  1.42 and 1.44 (2 s, 18 H, 2 Ot-Bu), 2.32 and 2.34 (2 s, 6 H, 2 CH3), 3.57 and 3.59 (2 s, 6 H, 2 OCH3), 9.93 and 10.10 (2 s, 2 H, 2 NH, D2O exch.); 13C-NMR (DMSO-d6)  11.1 (q), 11.4 (q), 27.7 (q), 50.9 (q), 51.2 (q), 59.7 (s), 61.0 (s), 103.1 (s), 103.6 (s), 153.6 (s), 153.7 (s), 157.7 (s), 158.0 (s), 162.3 (s), 169.0 (s), 169.3 (s); MS m/e (relative intensity) 524 (M+, 10), 424 (17), 336 (84), 292 (100). Anal. calcd. for C23H32N4O10: C, 52.65; H, 6.15; N, 10.69. Found: C, 52.56; H, 6.31; N, 10.42.


tert-butyl{7-[(anilinocarbonyl)amino]3,8-dimethyl-4-ethoxycarbonyl-9-methoxycarbonyl-1,6-dioxo-2,7-diazaspiro[4,4]nona-3,8-dien-2-yl}carbamate (4f): white powder; IR (nujol) 3462, 3356, 3202, 1756, 1743, 1726, 1701, 1684 cm-1; 1H-NMR (DMSO-d6)  1.11-1.18 (m, 3 H, OCH2CH3), 1.45 (s, 9 H, Ot-Bu), 2.35 and 2.37 (2 s, 6 H, 2 CH3), 3.60 (s, 3 H, OCH3), 4.00-4.20 (m, 2 H, OCH2CH3), 6.96-7.04 (m, 1 Har), 7.24-7.32 (m, 2 Har), 7.44-7.47 (m, 2 Har), 9.00 and 9.29 (2 s, 2 H, 2 NH, D2O exch.), 9.98 and 10.12 (2 brs, 1 H, NH, D2O exch.); 13C-NMR (DMSO-d6)  11.4 (q), 11.6 (q), 13.9 (q), 27.8 (q), 51.0 (q), 51.2 (q), 59.7 (t), 60.1 (s), 81.0 (s), 103.4 (s), 103.8 (s), 118.6 (d), 118.8 (d), 125.6 (d), 128.7 (d), 138.8 (s), 153.4 (s), 153.7 (s), 158.0 (s), 158.6 (s), 161.8 (s), 162.3 (s), 169.5 (s), 169.9 (s); MS m/e (relative intensity) 557 (M+, 1), 457 (29), 411 (16), 338 (100). Anal. calcd. for C26H31N5O9: C, 55.99; H, 5.61; N, 12.57. Found: C, 55.76; H, 5.71; N, 12.50.


N-{7-[(aminocarbonyl)amino]3,8-dimethyl-4-methoxycarbonyl-9-ethoxycar-bonyl-1,6-dioxo-2,7-diazaspiro[4,4]nona-3,8-dien-2-yl}N'-phenylurea (4g): white powder; IR (nujol) 3477, 3356, 3192, 1775, 1751, 1704, 1681 cm-1; 1H-NMR (DMSO-d6)  1.12-1.25 (m, 3 H, OCH2CH3), 2.38 and 2.40 (2 s, 6 H, 2 CH3), 3.60 and 3.63 (2 s, 3 H, OCH3), 4.00-4.19 (m, 2 H, OCH2CH3), 6.20 (brs, 2 H, NH2, D2O exch.), 6.96-7.04 (m, 1 Har), 7.24-7.32 (m, 2 Har), 7.43-7.51 (m, 2 Har), 8.99, 9.15 and 9.32 (3 brs, 3 H, 3 NH, D2O exch.); 13C-NMR (DMSO-d6)  11.6 (q), 11.7 (q), 13.9 (q), 14.1 (q), 51.3 (q), 51.5 (q), 59.4 (t), 59.7 (t), 60.1 (s), 103.1 (s), 103.7 (s), 118.5 (d), 118.8 (d), 122.6 (d), 128.7 (d), 138.8 (s), 153.3 (s), 153.6 (s), 156.7 (s), 156.8 (s), 161.9 (s), 162.3 (s), 169.7 (s), 170.0 (s); MS m/e (relative intensity) 500 (M+, 5), 381 (41), 363 (8), 338 (100). Anal. calcd. for C22H24N6O8: C, 52.78; H, 4.84; N, 16.80. Found: C, 52.66; H, 4.81; N, 16.91.


tert-butyl{7-[(aminocarbonyl)amino]3,8-dimethyl-4,9-diethoxycarbonyl-1, 6-dioxo-2,7-diazaspiro[4,4]nona-3,8-dien-2-yl}carbamate (4h): white powder; IR (nujol) 3471, 3356, 3200, 1756, 1743, 1720, 1685 cm-1; 1H-NMR (DMSO-d6)  1.17-1.27 (m, 6 H, 2 OCH2CH3), 1.47 (s, 9 H, Ot-Bu), 2.37 and 2.41 (2 s, 6 H, 2 CH3), 4.05-4.20 (m, 4 H, 2 OCH2CH3), 6.20 (brs, 2 H, NH2, D2O exch.), 8.49 and 8.56 (2 brs, 2 H, 2 NH, D2O exch.); 13C-NMR (DMSO-d6)  11.3 (q), 11.5 (q), 11.8 (q), 13.9 (q), 14.1 (q), 27.6 (q), 59.5 (t), 59.7 (t), 60.2 (s), 81.0 (s), 103.4 (s), 103.7 (s), 153.3 (s), 153.8 (s), 158.1 (s), 158.6 (s), 161.6 (s), 162.3 (s), 169.4 (s), 169.6 (s); MS m/e (relative intensity) 495 (M+, 8), 452 (11), 395 (25), 378 (18), 353 (100). Anal. calcd. for C21H29N5O9: C, 50.89; H, 5.90; N, 14.14. Found: C, 50.76; H, 5.81; N, 14.21.
