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Reactions of 1 with primary alkylamines

5-[(Cyano)(n-propylamino)methylidene]-2,2-dimethyl-1,3-dioxane-4,6-dione 2a. The reaction of compound 1 and n-propylamine for 5 min gave sulfur (40 mg, 82%) and title compound 2a (173 mg, 95%) (Found: C, 55.3; H, 5.9; N, 11.6. C11H14N2O4 requires C, 55.5; H, 5.9; N, 11.8%); (max (KBr)/cm-1 3160, 1718, 1654, 1582, 1450, 1366, 1325, 1296, 1226, 1200, 1157, 1029, 915 and 826; (H (300 MHz) 1.06 (3 H, t, J 7.2, CH3), 1.74 (6 H, s, 2 ( CH3), 1.81 (2 H, sextet, J 7.2, CH2), 3.74 (2 H, q, J 7.2, CH2) and 10.84 (1 H, br s, NH); (C (75 MHz) 11.0 (CH3), 23.2 (CH2), 26.9 (C(CH3)2), 49.4 (CH2), 89.0 (=C(CO)2), 105.1 (C(CH3)2), 109.8 (CN), 141.3 (=C(NH)(CN)), 160.5 (C=O) and 165.7 (C=O, cis to NH).

5-[(Cyano)(n-hexylamino)methylidene]-2,2-dimethyl-1,3-dioxane-4,6-dione 2b. The reaction of compound 1 and n-hexylamine for 5 min gave sulfur (110 mg, 93%) and title compound 2b (433 mg, 83%) (Found: C, 59.9; H, 7.1; N, 9.9. C14H20N2O4 requires C, 60.0; H, 7.2; N, 10.0%); (max (KBr)/cm-1 3184, 1728, 1667, 1574, 1453, 1376, 1339, 1314, 1270, 1235, 1198, 1150 and 910; (H (300 MHz) 0.91 (3 H, m, CH3), 1.30-1.50 (6 H, m, 3 ( CH2), 1.70-1.85 (2 H, m, CH2), 1.73 (6 H, s, 2 ( CH3), 3.75 (2 H, t, J 7.2, CH2) and 10.82 (1 H, br s, NH); (C (75 MHz) 13.9 (CH3), 22.4 (CH2), 26.1 (CH2), 26.9 (C(CH3)2), 29.7 (CH2), 31.1 (CH2), 47.9 (CH2), 89.0 (=C(CO)2), 105.1 (C(CH3)2), 109.8 (CN), 141.3 (=C(NH)(CN)), 160.4 (C=O) and 165.7 (C=O, cis to NH).

5-[(Cyano)(i-propylamino)methylidene]-2,2-dimethyl-1,3-dioxane-4,6-dione 2c. The reaction of compound 1 and i-propylamine for 5 min gave sulfur (88 mg, 93%) and title compound 2c (330 mg, 94%) (Found: C, 55.5; H, 5.9; N, 11.7. C11H14N2O4 requires C, 55.5; H, 5.9; N, 11.8%); (max (KBr)/cm-1 3160, 1715, 1664, 1574, 1434, 1381, 1330, 1288, 1259, 1237, 1200, 1157, 1029, 915 and 808; (H (300 MHz) 1.44 (6 H, d, J 6.5, 2 ( CH3), 1.74 (6 H, s, 2 ( CH3), 4.33 (1 H, heptet, J 6.5, CH) and 10.69 (1 H, br s, NH); (C (75 MHz) 23.1 (CH(CH3)2), 26.9 (C(CH3)2), 50.9 (CH(CH3)2), 88.7 (=C(CO)2), 105.5 (C(CH3)2), 109.8 (CN), 139.9 (=C(NH)(CN)), 160.4 (C=O) and 165.7 (C=O, cis to NH).

5-[(t-Butylamino)(cyano)methylidene]-2,2-dimethyl-1,3-dioxane-4,6-dione 2d. The reaction of compound 1 and t-butylamine for 19 h gave sulfur (62 mg, 59%) and title compound 2d (226 mg, 55%) (Found: C, 57.0; H, 6.4; N, 11.0. C12H16N2O4 requires C, 57.1; H, 6.4; N, 11.1%); (max (KBr)/cm-1 2984, 1717, 1656, 1574, 1437, 1395, 1363, 1282, 1214, 1187, 1154, 1027, 912 and 797; (H (300 MHz) 1.64 (9 H, s, 3 ( CH3), 1.73 (6 H, s, 2 ( CH3) and 10.84 (1 H, br s, NH); (C (75 MHz) 26.9 (C(CH3)2), 29.4 (C(CH3)3), 57.0 (C(CH3)3), 90.0 (=C(CO)2), 104.8 (C(CH3)2), 110.9 (CN), 139.2 (=C(NH)(CN)), 160.3 (C=O) and 165.9 (C=O, cis to NH).

5-[(N,N-Ethane-1,2-diyl)methylidene]-2,2-dimethyl-1,3-dioxane-4,6-dione 3a. The reaction of compound 1 and ethylenediamine for 5 min gave sulfur (24 mg, 50%) and title compound 3a (142 mg, 89%) (Found: C, 50.9; H, 5.7; N, 13.2. C9H12N2O4 requires C, 50.9; H, 5.7; N, 13.2%); (max (KBr)/cm-1 3392, 1690, 1646, 1590, 1398, 1280, 1256, 1186, 1094 and 922; (H (300 MHz) 1.69 (6 H, s, 2 ( CH3), 3.83 (4 H, s, 2 ( CH2), 8.28 (2 H, br s, 2 ( NH); (C (75 MHz) 26.3 (C(CH3)2), 43.3 (2 ( NCH2), 71.2 (=C(CO)2), 103.4 (C(CH3)2), 164.9 and 165.4 (=C(NH)2 and 2 ( C=O).

5-[(Trans-N,N-cyclohexane-1,2-diyl)methylidene]-2,2-dimethyl-1,3-dioxane-4,6-dione 3b. The reaction of compound 1 and trans-1,2-diaminocyclohexane for 5 min gave sulfur (38 mg, 80%) and title compound 3b (170 mg, 86%) (Found: C, 58.6; H, 6.8; N, 10.5. C13H18N2O4 requires C, 58.6; H, 6.8; N, 10.5%); (max (KBr)/cm-1 3312, 1650, 1570, 1402, 1363, 1278, 1253, 1219, 1202, 1182, 1074, 926 and 789; (H (300 MHz) 1.30-1.41 (2 H, m), 1.43-1.62 (2 H, m), 1.69 (6 H, s, 2 ( CH3), 1.83-1.94 (2 H, m), 2.15-2.25 (2 H, m), 3.20-3.29 (2 H, m, 2 ( CH) and 8.48 (2 H, br s, 2 ( NH); (C (75 MHz) 23.9 (2 ( CH2), 26.4 (C(CH3)2), 28.9 (2 ( CH2), 63.2 (2 ( CH), 72.2 (=C(CO)2), 103.4 (C(CH3)2), 165.4 and 166.7 (=C(NH)2 and 2 ( C=O).

5-[(N,N-Methylphenyl-1,3-diyl)methylidene]-2,2-dimethyl-1,3-dioxane-4,6-dione 3c. The reaction of compound 1 and 2-aminobenzylamine for 3 h gave sulfur (49 mg, 100%) and title compound 3c (201 mg, 96%) (Found: C, 61.3; H, 5.1; N, 10.2. C14H14N2O4 requires C, 61.3; H, 5.1; N, 10.2%); (max (KBr)/cm-1 3256, 3136, 1645, 1626, 1552, 1496, 1392, 1310, 1278, 1254, 1187, 1112, 1013, 925, 790 and 739; (H (300 MHz) 1.72 (6 H, s, 2 ( CH3), 4.67 (2 H, s, CH2), 6.92 (1 H, d, J 7.9, ArH), 7.08 (1 H, t, J 7.9, ArH), 7.08 (1 H, d, J 7.9, ArH), 7.25 (1 H, t, J 7.9, ArH), 9.90 (1 H, br s, NH) and 11.44 (1 H, br s, NH); (C (75 MHz) 26.7 (C(CH3)2), 41.8 (NCH2), 72.6 (=C(CO)2), 103.6 (C(CH3)2), 116.7, 117.5, 125.4, 126.6, 129.3, 132.9, 157.8 and 166.6 (=C(NH)2 and 2 ( C=O).

5-[(N,O-Ethane-1,2-diyl)methylidene]-2,2-dimethyl-1,3-dioxane-4,6-dione 3d. The reaction of compound 1 and ethanolamine for 5 min gave sulfur (35 mg, 77%) and title compound 3d (140 mg, 93%) (Found: C, 50.8; H, 5.2; N, 6.5. C9H11NO5 requires C, 50.7; H, 5.2; N, 6.6%); (max (KBr)/cm-1 3312, 1715, 1662, 1568, 1483, 1443, 1398, 1314, 1266, 1200, 1075, 931, 918 and 792; (H (300 MHz) 1.70 (6 H, s, 2 ( CH3), 3.97 (2 H, t, J 9.0, CH2), 4.89 (2 H, t, J 9.0, CH2) and 9.65 (1 H, br s, NH); (C (75 MHz) 26.5 (C(CH3)2), 42.6 (NCH2), 70.5 (OCH2), 72.9 (=C(CO)2), 103.4 (C(CH3)2), 161.0 (br, C=O), 167.0 (br, C=O, cis to NH) and 171.6 (=C(NH)(O)).
Reactions of 1 with secondary alkylamines

With diethylamine. The reaction of compound 1 and diethylamine for 1 h gave 7a (2 mg, 1%), mp 186-189 oC (decomp.) (from n-hexane and CH2Cl2) (Found: C, 45.5; H, 5.1; N, 8.9; S, 20.4. C12H16N2O4S2 requires C, 45.6; H, 5.1; N, 8.9; S, 20.3%); (max (KBr)/cm-1 1694, 1645, 1496, 1486, 1448, 1437, 1390, 1291, 1262, 1226, 1197, 1010, 835 and 779; (H (300 MHz) 1.14 (6 H, t, J 7.2, 2 ( CH3), 1.81 (6 H, s, 2 ( CH3) and 3.41 (4 H, q, J 7.2, 2 ( CH2), 8a (46 mg, 22%), mp 152-153 oC (from n-hexane and CH2Cl2) (Found: C, 41.7; H, 3.9; N, 10.8; S, 24.8. C9H10N2O3S2 requires C, 41.9; H, 3.9; N, 10.8; S, 24.8%); (max (KBr)/cm-1 1747, 1587, 1507, 1448, 1435, 1331, 1232,1142, 906 and 819; (H (300 MHz) 1,27 (6 H, br, 2 ( CH3), 3.55 (2 H, br, CH2) and 3.67 (2 H, br, CH2); (C (75 MHz) 12.7 (br, CH3), 14.9 (br, CH3), 41.7 (br, CH2), 43.0 (br, CH2), 110.5 (=C(CO)2), 157.7, 160.7, 161.5 and 164.4, sulfur (5 mg, 10%), and (Et2N)2Sx (7 mg).

With di-n-propylamine. The reaction of compound 1 and di-n-propylamine for 1 h gave 7b (8 mg, 3%), mp 165-168 oC (decomp.) (from n-hexane and CH2Cl2) (Found: C, 48.9; H, 5.9; N, 8.1; S, 18.55. C14H20N2O4S2 requires C, 48.8; H, 5.9; N, 8.1; S, 18.6%); (max (KBr)/cm-1 1683, 1632, 1488, 1427, 1387, 1358, 1290, 1264, 1221, 1202, 1013, 934, 837 and 778; (H (300 MHz) 0.86 (6 H, t, J 7.4, 2 ( CH3), 1.58 (4 H, sextet, J 7.4, 2 ( CH2), 1.82 (6 H, s, 2 ( CH3) and 3.33 (4 H, t, J 7.4, 2 ( CH2), 8b (51 mg, 22%), mp 85-86 oC (from n-hexane and CH2Cl2) (Found: C, 46.1; H, 4.95; N, 9.8; S, 22.4. C11H14N2O3S2 requires C, 46.1; H, 4.9; N, 9.8; S, 22.4%); (max (KBr)/cm-1 1797, 1574, 1504, 1435, 1368, 1320, 1218, 1144, 832, 750, 693 and 629; (H (300 MHz) 0.93 (6 H, t, J 7.6, 2 ( CH3), 1.67 (4 H, sextet, J 7.6, 2 ( CH2), 3.42 (2 H, br, CH2) and 3.62 (2 H, br, CH2); (C (75 MHz) 10.9 (br, CH3), 11.4 (br, CH3), 20.7 (br, CH2), 22.8 (br, CH2), 49.2 (br, CH2), 50.2 (br, CH2), 110.8 (=C(CO)2), 157.7, 161.1, 161.5 and 164.3, sulfur (4 mg, 8%), and (n-Pr2N)2Sx (10 mg).

With di-i-propylamine. The reaction of compound 1 and di-i-propylamine for 5 days gave 8c (43 mg, 19%), mp 186-188 oC (from n-hexane and CH2Cl2) (Found: C, 46.1; H, 5.0; N, 9.8; S, 22.3. C11H14N2O3S2 requires C, 46.1; H, 4.9; N, 9.8; S, 22.4%); (max (KBr)/cm-1 1738, 1584, 1506, 1435, 1365, 1339, 1240, 1152, 1128, 1069, 1030, 914, 794 and 765; (H (300 MHz) 1.40 (12 H, br, 4 ( CH3), 3.67 (1 H, br, CH) and 4.34 (1 H, br, CH); (C (75 MHz) 21.0 (br, 4CH3), 47.6 (br,. CH), 50.0 (br, CH), 111.9 (=C(CO)2), 157.9, 160.3 (two carbons overlapped) and 164.8, and sulfur (5 mg, 10%).

With di-n-butylamine. The reaction of compound 1 and di-n-butylamine for 80 min gave 7c (10 mg, 4%), mp 154-158 oC (decomp.) (from n-hexane and CH2Cl2) (Found: C, 51.6; H, 6.5; N, 7.6; S, 17.15. C16H24N2O4S2 requires C, 51.6; H, 6.5; N, 7.5; S, 17.2%); (max (KBr)/cm-1 1699, 1642, 1486, 1434, 1395, 1363, 1341, 1288, 1259, 1202, 1006, 832 and 778; (H (300 MHz) 0.88 (6 H, t, J 7.2, 2 ( CH3), 1.26 (4 H, sextet, J 7.2, 2 ( CH2), 1.53 (4 H, quintet, J 7.2, 2 ( CH2), 1.81 (6 H, s, 2 ( CH3) and 3.36 (4 H, t, J 7.2, 2 ( CH2), 8d (52 mg, 24%), mp 44-46 oC (from n-hexane and CH2Cl2) (Found: C, 49.6; H, 5.8; N, 8.9; S, 20.4. C13H18N2O3S2 requires C, 49.7; H, 5.8; N, 8.9; S, 20.4%); (max (KBr)/cm-1 1773, 1586, 1496, 1448, 1365, 1330, 1205, 1142, 910 and 819; (H (300 MHz) 0.95 (6 H, t, J 7.2, 2 ( CH3), 1.36 (4 H, br, 2 ( CH2), 1.61 (4 H, quintet, J 7.2, 2 ( CH2), 3.45 (2 H, br, CH2) and 3.65 (2 H, br, CH2); (C (75 MHz) 14.3 (2 ( CH3), 20.3 (br, CH2), 21.0 (br, CH2), 30.0 (br, CH2), 32.1 (br, CH2), 47.7 (br, CH2), 48.9 (br, CH2), 111.2 (=C(CO)2), 158.1, 161.4, 161.8 and 164.7, sulfur (5 mg, 11%), and (n-Bu2N)2Sx (9 mg).

With di-i-butylamine. The reaction of compound 1 and di-i-butylamine for 5 h gave 7d (166 mg, 60%), mp 173-176 oC (decomp.) (from n-hexane and CH2Cl2) (Found: C, 51.6; H, 6.4; N, 7.5; S, 17.3. C16H24N2O4S2 requires C, 51.6; H, 6.5; N, 7.5; S, 17.2%); (max (KBr)/cm-1 1693, 1638, 1485, 1427, 1387, 1286, 1221, 1198, 1008 and 838; (H (300 MHz) 0.84 (12 H, d, J 6.6, 4 ( CH3), 1.83 (6 H, s, 2 ( CH3), 2.00 (2 H, nonet, J 6.6, 2 ( CH) and 3.24 (4 H, d, J 6.6, 2 ( CH2); (C (75 MHz) 20.5 (4 ( CH3), 26.7 and 26.8 (2 ( CH and C(CH3)2), 59.5 (2 ( CH2), 97.2 (=C(CO)2), 103.6 (C(CH3)2), 162.4 and 165.0 (Two absorptions are not observed.), 8e (5 mg, 2%), mp 108-109 oC (from n-hexane and CH2Cl2) (Found: C, 49.6; H, 5.8; N, 9.0; S, 20.4. C13H18N2O3S2 requires C, 49.7; H, 5.8; N, 8.9; S, 20.4%); (max (KBr)/cm-1 1781, 1590, 1523, 1453, 1434, 1307, 1216, 1138, 1096, 1002, 912, 886, 848, 694 and 624; (H (300 MHz) 0.86 (6 H, d, J 6.6, 2 ( CH3), 0.94 (6 H, d, J 6.6, 2 ( CH3), 1.91 (1 H, nonet, J 6.6, CH), 2.07 (1 H, nonet, J 6.6, CH), 3.32 (2 H, d, J 6.6, CH2) and 3.58 (2 H, d, J 6.6, CH2); (C (75 MHz) 19.7 (2 ( CH3), 20.1 (2 ( CH3), 26.5 (CH), 27.8 (CH), 54.5 (CH2), 56.0 (CH2), 110.9 (=C(CO)2), 157.8 160.8, 161.8 and 164.5, sulfur (3 mg, 6%), and (i-Bu2N)2Sx (5 mg).

With di-n-pentylamine. The reaction of compound 1 and di-n-pentylamine for 1 h gave 8f (75 mg, 28%) as a liquid (Found: C, 52.7; H, 6.45; N, 8.15; S, 18.7. C15H22N2O3S2 requires C, 52.6; H, 6.5; N, 8.2; S, 18.7%); (max (neat)/cm-1 1779, 1582, 1506, 1446, 1365, 1322, 1192, 1142, 909, 843, 760, 725, 693 and 626; (H (300 MHz) 0.90 (6 H, t, J 6.6, 2 ( CH3), 1.32 (8 H, br, 4 ( CH2), 1.57-1.68 (4 H, m, 2 ( CH2), 3.44 (2 H, br, CH2) and 3.64 (2 H, br, CH2); (C (75 MHz) 14.0 (2 ( CH3), 22.5 (2 ( CH2), 27.2 (2 ( CH2), 29.0 (CH2), 29.2 (CH2), 47.5 (CH2), 48.7 (CH2), 110.8 (=C(CO)2), 157.7, 161.0, 161.4 and 164.3, sulfur (3 mg, 6%), and ((n-pentyl)2N)2Sx (8 mg).

With diallylamine. The reaction of compound 1 and diallylamine for 22 h gave 7e (10 mg, 4%), mp 123-126 oC (decomp.) (from n-hexane and CH2Cl2) (Found: C, 49.4; H, 4.8; N, 8.2; S, 18.9. C14H16N2O4S2 requires C, 49.4; H, 4.7; N, 8.2; S, 18.8%); (max (KBr)/cm-1 1683, 1637, 1483, 1424, 1381, 1290, 1222 and 1200; (H (300 MHz) 1.81 (6 H, s, 2 ( CH3), 3.95 (4 H, d, J 6.3, 2 ( CH2), 5.19-5.25 (4 H, m, 2 ( CH2=) and 5.77-5.92 (2 H, m, 2 ( CH=), 8g (43 mg, 20%), mp 113-115 oC (from n-hexane and CH2Cl2) (Found: C, 46.8; H, 3.55; N, 9.9; S, 22.7. C11H10N2O3S2 requires C, 46.8; H, 3.6; N, 9.9; S, 22.7%); (max (KBr)/cm-1 1741, 1589, 1507, 1326, 1208, 923 and 910; (H (300 MHz) 4.14 (2 H, br, CH2), 4.23 (2 H, br, CH2), 5.17-5.26 (4 H, m, 2 ( CH2=) and 5.86 (2 H, br, 2 ( CH=); (C (75 MHz) 49.4 (br, CH2), 51.0 (br, CH2), 110.2 (=C(CO)2), 118.5 (2 ( CH2=), 132.5 (br, CH=), 134.1 (br, CH=), 158.1, 161.95, 162.04 and 164.9, sulfur (8 mg, 17%), and ((allyl)2N)2Sx (11 mg).

With pyrrolidine. The reaction of compound 1 and pyrrolidine for 5 min gave 9a (499 mg, 53%), mp 180-181 oC (from n-hexane and CH2Cl2) (Found: C, 57.6; H, 5.6; N, 11.2. C12H14N2O4 requires C, 57.6; H, 5.6; N, 11.2%); (max (KBr)/cm-1 1714, 1682, 1560, 1438, 1374, 1338, 1293, 1266, 1230, 1202, 1152, 1126, 1027, 958, 918, 781 and 720; (H (300 MHz) 1.73 (6 H, s, 2 ( CH3), 2.13 (2 H, quintet, J 6.5, CH2), 2.20 (2 H, quintet, J 6.5, CH2), 3.54 (2 H, t, J 6.5, CH2) and 4.13 (2 H, t, J 6.5, CH2); (C (75 MHz) 24.3 (CH2), 25.9 (CH2), 26.7 (C(CH3)2), 55.9 (CH2), 57.7 (CH2), 89.1 (=C(CO)2), 103.6 (C(CH3)2), 111.8 (CN), 139.1 (=C(N)(CN)) and 161.0 (br, 2 ( C=O), and sulfur (174 mg, 73%).

With piperidine. The reaction of compound 1 and piperidine for 5 min gave 9b (38 mg, 18%), mp 150-151 oC (from n-hexane and CH2Cl2) (Found: C, 59.05; H, 6.1; N, 10.6. C13H16N2O4 requires C, 59.1; H, 6.1; N, 10.6%); (max (KBr)/cm-1 1707, 1669, 1536, 1437, 1418, 1365, 1298, 1253, 1198, 1155, 1126, 1104, 1072, 1008, 957, 923, 854, 774, 722 and 680; (H (300 MHz) 1.72 (6 H, s, 2 ( CH3), 1.76-1.85 (2 H, m, CH2), 1.85-1.95 (4 H, m, 2 ( CH2), 3.55 (2 H, br, CH2) and 4.05 (2 H, br, CH2); (C (75 MHz) 22.8 (CH2), 26.5 and 27.0 (2 ( CH2 and C(CH3)2), 55.0 (br, CH2), 58.0 (br, CH2), 88.7 (=C(CO)2), 103.6 (C(CH3)2), 111.3 (CN), 142.0 (=C(N)(CN)) and 161.2 (br, 2 ( C=O). and sulfur (38 mg, 74%).

