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General information: 


All the reagents were commercial grade and purified according to the established procedures. Organic extracts were dried over anhydrous sodium sulphate. Solvents were removed in a rotary evaporator under reduced pressure. Silica gel (60-120 mesh size) was used for the column chromatography. Reactions were monitored by TLC on silica gel 60 F254 (0.25mm). NMR spectra were recorded in CDCl3 with tetramethylsilane as the internal standard for 1H NMR (400 MHz) CDCl3 solvent as the internal standard for 13C NMR (100 MHz). 

General procedure for the synthesis of phenyl isothiocyanate

To a stirred and ice cooled suspension of dithiocarbamate (810mg, 3mmol) in ethylacetate (5ml), and water (5ml) was added NaHCO3 (336mg, 4mmol). To this was added TPATB (1.272g 3mmol) pinch wise over a period of 10-15 minutes to yield phenylisothiocyante. During this period, precipitation of elemental sulfur was observed. Completion of the reaction was confirmed by TLC. Ethylacetate (10 mL) was further added to the reaction mixture. The organic layer was washed with water (2-5 mL), dried over anhydrous Na 2SO4, concentrated under reduced pressure, and purified over a short column of silica gel while eluting it with hexane–ethylacetate (97:3) to give the pure product 1a (216 mg, 80%).
General procedure for the synthesis of Phenyl cyanamide

To a stirred and ice cooled suspension of dithiocarbamate 1 (540 mg, 2 mmol) in ethylacetate (5 mL), was added triethylamine (415 ml, 3 mmol). To this was then added TPATB (1.272g, 2 mmol) pinch wise over a period of 10–15 minutes to yield phenylisothiocyanate. During this period precipitation of elemental sulfur and triethylammonium bromide salt was observed. After complete addition of TPATB, 25% aqueous NH3 (2.5 mL) was added drop wise to the stirred reaction mixture to give 1-phenylthiourea. After stirring for 10 minutes at room temperature the excess of NH3 was removed in a rotary evaporator whereby the solvent ethylacetate was also simultaneously removed leaving behind the aqueous layer. To the crude reaction mixture was then further added ethylacetate (5 mL) and triethylamine (553 ml, 4 mmol). To the resultant solution, TPATB (1.272g, 2 mmol) was added in small pinches, during which further precipitation of elemental sulfur was observed. The conversion of 1-phenylthiourea to phenylcyanamide (1a) was observed within 5 minutes of the complete addition of TPATB. Completion of the reaction was confirmed by TLC. The precipitated sulfur was filtered, washed with ethylacetate (2 x 5 mL). The organic layer was washed with water (2 x 5 mL) and dried over anhydrous Na2SO4, concentrated under reduced pressure and purified over a short column of silica gel eluting it with hexane: ethylacetate (97:3) to give the pure product 1a (188 mg, 80%). Oily liquid
 Spectral Data
1-Isothiocyanato-benzene (1a): Oily; 1H NMR (400 MHz, CDCl3): ( 7.21-7.37 (m, 5H, ArH) ppm. 13C NMR (100 MHz, CDCl3): ( 125.8, 127.4, 129.6, 131.3, 135.3 ppm. IR (KBr): 3064, 2164, 2063, 1591, 1489, 1474, 1451, 1070, 927, 905, 749, 684 cm-1. Anal. Calcd for C7H5NS (135.19): C 62.19, H 3.73, N 10.36, S 23.72; Found C 62.22, H 3.71, N 10.35, S 23.73.
1-Isothiocyanato-4-methyl-benzene (2a): Oily; 1H NMR (400 MHz, CDCl3): ( 2.33 (s, 3H, CH3), 7.06-7.13 (m, 4H, ArH) ppm. 13C NMR (100 MHz, CDCl3): ( 21.2, 125.4, 128.2, 130.1, 134.4, 137.4 ppm. IR (KBr): 2920, 2094, 1503, 929, 812, 790, 497 cm-1. Anal. Calcd for C8H7NS (149.15): C 64.36, H 4.73, N 9.39, S 21.51; Found C 64.32, H 4.75, N 9.41, S 21.56.
1-Isothiocyanato-4-methoxy-benzene (3a): Oily; 1H NMR (400 MHz, CDCl3): ( 3.80 (s, 3H, CH3), 6.85 (d, 2H, J = 8.8 Hz, ArH), 7.16 (d, 2H, J = 8.8 Hz, ArH) ppm. 13C NMR (100 MHz, CDCl3): ( 55.4, 114.6, 123.2, 126.8, 133.7, 158.4 ppm. IR (KBr): 3000, 2956, 2835, 2170, 2098, 1580, 1599, 1503, 1459, 1440, 1292, 1251, 1179, 1166, 1028, 927, 824, 614, 513 cm-1. Anal. Calcd for C8H7NOS (165.22): C 58.16, H 4.27, N 8.48, S 19.40; Found C 58.08, H 4.23, N 8.34, S 19.34.
1-Bromo-4-isothiocyanato-benzene (4a): White solid, M.p. 58 oC (Lit1a 58oC), 1H NMR (400 MHz, CDCl3): ( 7.09 (d, 2H, J = 8.8 Hz, ArH), 7.47 (d, 2H, J = 8.8 Hz, ArH) ppm. 13C NMR (100 MHz, CDCl3): ( 120.8, 127.2, 130.5, 132.8, 136.9 ppm. IR (KBr): 3074, 2925, 2171, 2071, 1578, 1478, 1474, 1399, 1067, 1011, 923, 818, 490, 438 cm-1. Anal. Calcd for C7H4BrNS (214.03): C 39.24, H 1.88, N 6.54, S 14.99; Found C 39.21, H 1.93, N 6.50, S 15.04.
4-Isothiocyanato-benzonitrile (5a): White solid; mp 119-120 oC (Lit21121 oC; 1H NMR (CDCl3, 400 MHz) δ 7.31 (d, J = 8.8 Hz, 2H), 7.66 (d, J = 8.8 Hz, 2H) ppm; 13C NMR (CDCl3, 100 MHz) δ 110.6, 117.9, 126.5, 133.6, 135.9, 139.4 ppm; IR (KBr) 3435, 2197, 2124, 2104, 1591, 1492, 1277, 933, 836, 544 cm-1. Anal. Calcd for C8H4N2S (166.13): C 59.95, H 2.51, N 17.49, S 20.03; Found C 59.98, H 2.49, N 17.45, S 19.98.
1-Isothiocyanato-4-trifluoromethyl-benzene (6a): White solid; mp 43 oC (Lit22 bp 205-207 oC); 1H NMR (CDCl3, 400 MHz) δ 7.32 (d, J = 8.4 Hz, 2H, ArH), 7.61 (d, J = 8.4 Hz, 2H, ArH) ppm; 13C NMR (CDCl3, 100 MHz) δ 122.4, 125.1, 126.1, 126.9, 127.0, 129.0, 129.4, 135.15, 138.4 ppm; IR (KBr) 3427, 2081, 1613, 1413, 1325, 1137, 1106, 1066, 839, 590 cm-1. Anal. Calcd for C8H4F3NS (203.12): C 47.26, H 1.98, N 6.89, S 15.79; Found C 47.22, H 1.96, N 6.91, S 15.75.
1-Isothiocyanato-3-nitro-benzene (7a): Oily; 1H NMR (400 MHz, CDCl3): ( 7.54 (s, 2H, ArH), 8.06 (s, 1H, ArH), 8.11-8.14 (m, 1H, ArH) ppm. 13C NMR (100 MHz, CDCl3) ( 120.7, 121.9, 130.6, 131.6, 133.3, 139.6, 148.8 ppm. IR (KBr): 3091, 3074, 2227, 2161, 2106, 1526, 1470, 1348, 1302, 892, 809, 736, 665 cm-1. Anal. Calcd for C7H4N2O2S (180.13): C 46.63, H 2.23, N 15.55, S 17.81; Found C 46.65, H 2.26, N 15.51, S 17.78.
1-Isothiocyanato-2,4-dimethyl-benzene (8a): Oily; 1H NMR (400 MHz, CDCl3): ( 2.30 (s, 3H, CH​3), 2.33 (s, 3H, CH​3), 6.96 (d, 1H, J = 9.2 Hz, ArH), 7.01 (s, 1H, ArH), 7.07 (d, 1H, J = 8.0 Hz, ArH) ppm. 13C NMR (100 MHz, CDCl3): ( 18.2, 21.1, 125.6, 127.4, 131.2, 134.6, 137.4 ppm. IR (KBr): 2920, 2131, 2085, 1490, 1455, 1379, 1229, 1036, 947, 901, 875, 812 cm-1. Anal. Calcd for C9H9NS (163.17): calcd. C 66.19, H 5.55, N 8.58, S 19.66; Found C 66.15, H 5.52, N 8.63, S 19.64.
2-Iodo-1-isothiocyanato-4-methylbenzene (9a): White solid. Mp: 62-65 oC. 1H NMR (400 MHz, CDCl3): δ = 2.30 (s, 3H, CH3), 7.13 (m, 2H, ArH), 7.62 (s, 1H, ArH). 13C NMR (100 MHz, CDCl3): δ = 20.9, 94.2, 126.7, 130.1, 132.3, 136.1, 139.1, 139.9. IR (KBr): 2916, 2134, 1633, 1474, 1042, 929, 811.

2-Bromo-1-isothiocyanato-4-methoxy-benzene (10a): White solid; mp. 77 oC; 1H NMR (400 MHz, CDCl3)  3.80 (s, 3H, CH​3), 6.82 (m, 1H, ArH), 7.11 (m, 1H, ArH), 7.18 (d, 1H, J = 8.0 Hz, ArH) ppm; 13C NMR (100 MHz, CDCl3) 56.0, 114.4, 118.5, 121.6, 124.1, 127.7, 136.7, 158.8 ppm; IR (KBr) 2972, 2125, 1594, 1560, 1483, 1296, 1263, 1220, 1039, 807, 617 cm-1. Anal. Calcd for C8H6BrNOS (244.05): C 39.33, H 2.47, N 5.73, S 3.14; Found C 39.29, H 2.52, N 5.70, S 3.11.
1-Iodo-2-isothiocyanato-4,5-dimethyl-benzene (11a): White solid; mp. 54 oC; 1H NMR (400 MHz, CDCl3) 2.18 (s, 3H, CH​3), 2.22 (s, 3H, CH​3), 6.99 (s, 1H, ArH), 7.30 (s, 1H, ArH) ppm; 13C NMR (100 MHz, CDCl3)19.4, 19.5, 117.2, 124.1, 127.8, 129.3, 133.8, 137.4, 137.9 ppm; IR (KBr) 2922, 2853, 2192, 2118, 1472, 1372, 1273, 1076, 1048, 933, 882, 824, 708 cm-1. Anal. Calcd for C9H8INS: C, 37.39; H, 2.79; N, 4.84; S, 11.09. Found C, 37.42; H, 2.81; N, 4.81; S, 11.06. MS (AP+) Calcd for C9H8INS, 288.94; Found, (M+) 288.97. 

5-(Isothiocyanatomethyl)benzo[d][1,3]dioxole (12a): Reddish oil. 1H NMR (400 MHz, CDCl3): δ =4.59 (s, 2H, CH2), 5.98 (s, 2H, CH2), 6.74-6.80 (m, 3H, ArH). 13C NMR (100 MHz, CDCl3): δ = 48.7, 101.5, 107.7, 108.6, 120.7, 128.0, 132.1, 147.8, 148.2. IR (KBr): 2895, 2087, 1503, 1445, 1369, 1322, 1251, 1101, 1028, 924. 

Isothiocyanato-cyclohexane (13a): 1H NMR (400 MHz, CDCl3): 1.28-1.96 (m, 10H, CH2), 3.67 (m, 1H, CH) ppm. 13C NMR (100 MHz, CDCl3): 23.0, 24.9, 33.0, 55.2, 129.6 ppm. IR (KBr): 2937, 2858, 2175, 2102, 2060, 1450, 1361, 1320, 986, 891, 720, 702 cm-1. Anal. Calcd for C7H11NS (141.23): C 59.53, H 7.85, N 9.92, S 22.70; Found C 59.50, H 7.81, N 9.88, S 22.74.
1-Isothiocyanato-n-butane (14a): Oily liquid. 1H NMR (400 MHz, CDCl3): δ = 0.92 (t, J = 7.4 Hz, 3H, CH3), 1.37-1.47 (m, 2H, CH2), 1.61-1.69 (m, 2H, CH2), 3.42 (t, J = 6.6 Hz, 2H, CH2). 13C NMR (100 MHz, CDCl3): δ = 13.2, 19.7, 31.9, 44.7, 129.4. IR (KBr): 2925, 2088. 1597, 1401, 1218, 1116, 753. 

1-Isothiocyanato-octadecane (15a). Gummy, 1H NMR (CDCl3, 400 MHz) δ 0.879 (t, J = 6.8 Hz, 3H, CH3), 1.25 (m, 28H, CH2), 1.71-1.72 (m, 4H, CH2), 3.50 (t, J = 6.4 Hz, 2H, CH2) ppm; 13C NMR (CDCl3, 100 MHz) δ 14.3, 22.8, 26.7, 29.0, 29.5, 29.7, 29.8, 30.1, 32.1, 45.2 ppm; IR (KBr) 2923, 2853, 2185, 2096, 1463, 1455, 1346, 721 cm-1. Anal. Calcd for C19H37NS: C, 73.24; H, 11.97; N, 4.50; S, 10.29. Found C, 73.27; H, 12.01; N, 4.48; S, 10.25. MS (ES-) Calcd for C19H37NS, 311.26; Found, (M+) 311.19.
Phenyl cyanamide (1b) : Gummy; H (400 MHz, CDCl3): δ 7.02-7.07 (m, 3H, ArH), 7.28-7.33 (m, 2H, ArH), 7.64 (brs, 1H, NH). C (100 MHz, CDCl3): 112.2, 115.5, 123.6, 129.8, 137.4.  max (KBr): 3175, 2919, 2227, 1600, 1501, 1249, 748, 689 cm-1. C7H6N2 (118.13): calcd. C 71.17, H 5.12, N 23.71; found C 71.27, H 5.09, N 23.67.
2-Fluoro-phenyl cyanamide (16b) : White solid; M.p. 95 oC; H (400 MHz, CDCl3): 6.87 (brs, 1H, NH), 6.90-7.45 (m, 4H, ArH). C (100 MHz, CDCl3): 110.9, 115.7, 115.9, 116.8, 124.1, 124.1 125.09, 125.12, 125.6, 125.8, 150.1, 152.5.  max (KBr): 3068, 2037, 1606, 1587, 1495, 1265, 1212, 1104, 941, 808, 752 cm-1. C7H5FN2 (136.13): calcd. C 61.76, H 3.70.12, N 20.58; found C 61.80, H 3.73, N 23.53 
2-Chloro-phenyl cyanamide (17b) : White Solid; M.p. 101-103 oC; H (400 MHz, CDCl3): 6.56 (brs,1H, NH), 7.05 (m, 1H, ArH), 7.31 (m, 2H, ArH), 7.35 (m, 1H, ArH). C (100 MHz, CDCl3): 110.0, 116.2, 120.4, 124.5, 128.6, 129.9, 134.3.  max (KBr): 3163, 2921, 2243, 1598, 1500, 1426, 1295, 1049 cm-1. C7H5ClN2 (152.58): calcd. C 55.10, H 3.30, N 18.36; found C 55.11, H 3.32, N 18.29.

3-Chloro-phenyl cyanamide (18b): White Solid; M.p. 93-95 oC; H (400 MHz, CDCl3) 6.92 (m, 1H, ArH), 7.03 (m, 2H, ArH), 7.26 (t, J = 8.0 Hz, 1H, ArH). C (100 MHz, CDCl3) δ 111.1, 113.8, 115.9, 124.0, 130.9, 135.7, 138.7.  max (KBr): 3154, 2910, 2237, 1602, 1513, 1423, 1256 cm-1. C7H5ClN2 (152.58): calcd. C 55.10, H 3.30, N 18.36; found C 55.10, H 3.29, N 18.29. MS (ESI): 152 (M+).

3-Nitro-phenyl cyanamide (7b): Yellow Solid; M.p. 133-135 oC; H (400 MHz, CDCl3 + DMSO): 7.38 (d, J = 8.4 Hz, 1H, ArH), 7.52 (t, J = 8.4 Hz, 1H, ArH), 7.85 (m, 2H, ArH). C (100 MHz, CDCl3 + DMSO): δ 109.6, 110.7, 116.8, 120.8, 130.1, 139.9, 148.4.  max (KBr): 3147, 2919, 2241, 1621, 1531, 1354, 1260, 1071, 937, 871 cm-1. C7H5N3O2 (163.14): calcd. C 51.54, H 3.09, N 25.76; found C 51.58, H 3.12, N 25.71; MS (ESI): 163 (M+).

 4-Chloro-phenyl cyanamide (19b): White Solid; M.p. 95 oC; H (400 MHz, CDCl3): 6.91 (d, J = 8.0 Hz, 2H, ArH), 7.28 (d, J = 8.0 Hz, 2H, ArH). C (100 MHz, CDCl3): 111.4, 116.9, 128.9, 129.9, 136.2.  max (KBr): 3166, 2954, 2234, 1600, 1494, 1251, 1091 cm-1. C7H5ClN2 (152.58): calcd. C 55.10, H 3.30, N 18.36; found C 55.09, H 3.33, N 18.32.
4-Methoxy-phenyl cyanamide (20b): White Solid; M.p. 86-89 oC; H (400 MHz, CDCl3): 3.78 (s, 3H, CH3), 6.87 (d, J = 8.8 Hz, 2H, ArH), 6.95 (d, J = 8.8 Hz, 2H, ArH). C (100 MHz, CDCl3): 55.8, 112.8, 115.2, 117.0, 130.6, 156.1.  max (KBr): 3180, 2926, 2218, 1456, 1295, 1238, 1105, 1037, 826 cm-1. C7H6N2O (148.17): calcd. C 64.85, H 5.44, N 18.91; found C 64.91, H 5.40, N 18.93.
4-Hydroxy-phenyl cyanamide (21b): White Solid; M.p. 259-261 oC; H (400 MHz, CDCl3 + DMSO): 5.67 (brs, 1H, NH), 6.77 (d, J = 8.8 Hz, 2H, ArH), 6.83 (d, J = 8.8 Hz, 2H, ArH), 8.98 (brs, 1H, OH). C (100 MHz, CDCl3 + DMSO): 112.8, 115.6, 115.8, 129.5, 152.2.  max (KBr): 3213, 2992, 2230, 1613, 1519, 1444, 1258, 1224 cm-1. C7H6N2O (134.14): calcd. C 62.68, H 4.51, N 20.88; found C 62.72, H 4.55, N 20.83.
4-Acetyl-phenylcyanamide (22b): White Solid; M.p. 153-157 oC; H (400 MHz, CDCl3 + DMSO): 2.56 (s, 3H, CH3), 7.08 (d, J = 8.8 Hz, 2H, ArH), 7.91 (d, J = 8.8 Hz, 2H, ArH). C (100 MHz, CDCl3 + DMSO): 25.9, 110.9, 114.5, 129.8, 131.2, 142.9, 196.2.  max (KBr): 3188, 2966, 2228, 1666, 1599, 1585, 1411, 1362, 1278, 1176, 962 cm-1. C9H8N2O (160.18): calcd. C 67.49, H 5.03, N 17.48; found C 67.53, H 5.08, N 17.44. MS (ESI): 160 (M+).
2-Iodo-4-methyl-phenyl cyanamide (9b): White Solid; M.p. 144 oC; H (400 MHz, CDCl3): 2.29 (s, 3H, CH3), 6.17 (brs, 1H, NH), 7.17 (dd, J = 8.2 Hz, 2H, ArH), 7.56 (s, 1H, ArH). C (100 MHz, CDCl3): δ 20.4, 84.2, 110.7, 115.4, 130.9, 135.4, 139.6.  max (KBr): 3229, 2919, 2217, 1603, 1573, 1502, 1420, 1383, 1283, 1032, 866, 805 cm-1. C8H7N2 (258.06): calcd. C 37.23, H 2.73, N 10.86; found C 37.27, H 2.75, N 10.84. 
n-Butyl-cyanamide (14b): Gummy; H (400 MHz, CDCl3): δ 0.94 (t, J = 7.6 Hz, 3H, CH3), 1.40 (m, 2H, CH2), 1.58 (m, 2H, CH2), 3.06 (m, 2H, CH2), 4.61 (brs, 1H). C (100 MHz, CDCl3): 13.6, 19.5, 31.7, 45.7, 117.2.  max (KBr): 3207, 2961, 2875, 2221, 1614, 1463, 1373, 1171 cm-1. C5H10N2 (98.15): calcd. C 61.19, H 10.27, N 28.54; found C 61.22, H 10.23, N 28.48.

Cyclohexyl-cyanamide (13b): Gummy; H (400 MHz, CDCl3): 1.31 (m, 5H, CH2), 1.61 (m, 1H, CH2), 1.78 (m, 2H, CH2), 1.95 (m, 2H, CH2), 3.09 (m, 1H, CH2), 3.91 (brs, 1H, NH). C (100 MHz, CDCl3) 24.3, 25.1, 32.6, 54.3, 115.9.  max (KBr): 3196, 2933, 2857, 2217, 1453, 1367, 1167 cm-1. C7H12N2 (124.19): calcd. C 67.70, H 9.74, N 22.56; found C 67.67, H 9.70, N 22.50.
Benzyl cyanamide (23b): Gummy; H (400 MHz, CDCl3): δ 4.11 (d, J = 5.2 Hz, 2H, CH2, CH2), 4.66 (brs, 1H, NH), 7.27-7.37 (m, 5H, ArH). C (100 MHz, CDCl3): 49.9, 116.7, 127.9, 128.4, 128.9, 136.4.  max (KBr): 3207, 2925, 2220, 1455, 1359, 1155, 1014 cm-1. C8H8N2 (132.17): calcd. C 72.70, H 6.10, N 21.19; found C 72.66, H 6.13, N 21.11.
Benzo[1,3]dioxol-5-ylmethyl-cyanamide (24b): White Solid; M.p. 82-84 oC; H (400 MHz, CDCl3): 4.05 (d, J = 5.2 Hz, 2H, CH2), 4.57 (brs, 1H, NH), 5.94 (s, 2H, OCH2), 6.77 (m, 3H). C (100 MHz, CDCl3): δ 49.9, 101.4, 108.46, 108.54, 116.5, 121.7, 130.1, 147.8, 148.2.  max (KBr): 3233, 2952, 2897, 2220, 1500, 1445, 1038, 925, 809 cm-1. C9H8N2O2 (176.18): calcd. C 61.36, H 4.58, N 15.90; found C 61.41, H 4.61, N 15.85.
3,4-dimethoxyphenylethylcyanamide (12b): Gummy; H (400 MHz, CDCl3): δ 2.84 (t, 2H, CH2), 3.28 (q, J = 7.2 Hz, 2H, CH2), 3.83 (s, 3H, CH3), 3.84 (s, 3H, CH3), 4.37 (brs, 1H, NH), 6.76 (m, 3H, ArH). C (100 MHz, CDCl3): δ 35.5, 47.5, 55.92, 55.95, 111.4, 111.9, 116.5, 120.9, 130.0, 147.8, 148.9.  max (KBr): 3274, 2937, 2219, 1592, 1517, 1464, 1262, 1236, 1156, 1142, 1026, 913 cm-1. C11H14N2O2(206.24): calcd. C 64.06, H 6.84, N 13.58; found C 64.12, H 6.80, N 13.54.

Spectra
1-Isothiocyanato-benzene (1a): 1H NMR (CDCl3, 400 MHz):
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1-Isothiocyanato-benzene (1a): 13C NMR (100 MHz, CDCl3):
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1-Isothiocyanato-benzene (1a): IR (KBr):
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1-Isothiocyanato-4-methyl-benzene (2a): 1H NMR (400 MHz, CDCl3):
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1-Isothiocyanato-4-methyl-benzene (2a): 13C NMR (100 MHz, CDCl3):
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1-Isothiocyanato-4-methyl-benzene (2a): IR (KBr):
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1-Isothiocyanato-4-methoxy-benzene (3a): 1H NMR (400 MHz, CDCl3):
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1-Isothiocyanato-4-methoxy-benzene (3a): 13C NMR (100 MHz, CDCl3):
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1-Isothiocyanato-4-methoxy-benzene (3a): IR (KBr):
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1-Bromo-4-isothiocyanato-benzene (4a): 1H NMR (400 MHz, CDCl3):
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1-Bromo-4-isothiocyanato-benzene (4a): 13C NMR (100 MHz, CDCl3):
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1-Bromo-4-isothiocyanato-benzene (4a): IR(KBr):
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4-Isothiocyanato-benzonitrile (5a): 1H NMR (CDCl3, 400 MHz):
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4-Isothiocyanato-benzonitrile (5a): 13C NMR (100 MHz, CDCl3):
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4-Isothiocyanato-benzonitrile (5a): IR(KBr):
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1-Isothiocyanato-4-trifluoromethyl-benzene (6a): 1H NMR (400 MHz, CDCl3):
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1-Isothiocyanato-4-trifluoromethyl-benzene (6a): 13C NMR (100 MHz, CDCl3):
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1-Isothiocyanato-4-trifluoromethyl-benzene (6a): IR (KBr):
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1-Isothiocyanato-3-nitro-benzene (7a): 1H NMR (400 MHz, CDCl3):
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1-Isothiocyanato-3-nitro-benzene (7a): 13C NMR (100 MHz, CDCl3):
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1-Isothiocyanato -3-nitro-benzene (7a): IR (KBr):
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1-Isothiocyanato-2,4-dimethyl-benzene (8a): 1H NMR (400 MHz, CDCl3):
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1-Isothiocyanato-2,4-dimethyl-benzene (8a): 13C NMR (100 MHz, CDCl3):

[image: image111.emf]N


C


S


N


O


2




NCS

NO

2

[image: image23.png]



1-Isothiocyanato-2, 4-dimethyl-benzene (8a): IR (KBr):
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2-Iodo-1-isothiocyanato-4-methylbenzene (9a): 1H NMR (400 MHz, CDCl3):
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2-Iodo-1-isothiocyanato-4-methylbenzene (9a):  13C NMR (100 MHz, CDCl3):
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2-Iodo-1-isothiocyanato-4-methylbenzene (9a): IR(KBr):
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2-Bromo-1-isothiocyanato-4-methoxy-benzene (10a): 1H NMR (400 MHz, CDCl3):
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2-Bromo-1-isothiocyanato-4-methoxy-benzene (10a): 13C NMR (100 MHz, CDCl3):
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2-Bromo-1-isothiocyanato-4-methoxy-benzene (10a): IR(KBr):
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1-Iodo-2-isothiocyanato-4,5-dimethyl-benzene (11a): 1H NMR (400 MHz, CDCl3):
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1-Iodo-2-isothiocyanato-4,5-dimethyl-benzene (11a): 13C NMR (100 MHz, CDCl3):
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1-Iodo-2-isothiocyanato-4,5-dimethyl-benzene (11a): IR (KBr):
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5-(Isothiocyanatomethyl)benzo[d][1,3]dioxole (12a): 1HNMR. (400MHz, CDCl3):
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5-(Isothiocyanatomethyl)benzo[d][1,3]dioxole (12a): 13C NMR (100 MHz, CDCl3):
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5-(Isothiocyanatomethyl)benzo[d][1,3]dioxole (12a): IR(KBr):

[image: image121.emf]N


C


S


N


C




NCS

NC


[image: image36]
Isothiocyanato-cyclohexane (13a): 1H NMR (400 MHz, CDCl3):
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Isothiocyanato-cyclohexane (13a): 13C NMR (100 MHz, CDCl3):
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Isothiocyanato-cyclohexane (13a): IR (KBr):
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Isothiocyanato-n-butane (14a): 1H NMR (400 MHz, CDCl3):
[image: image40.png]



1-Isothiocyanato-n-butane (14a): 13C NMR (100 MHz, CDCl3):
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1-Isothiocyanato-n-butane (14a): IR(KBr):
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1-Isothiocyanato-octadecane (15a): 1H NMR (400 MHz, CDCl3):
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1-Isothiocyanato-octadecane (15a): 13C NMR (100 MHz, CDCl3):
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1-Isothiocyanato-octadecane (15a): IR (KBr):
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Phenyl cyanamide (1b): 1H NMR (400 MHz, CDCl3):
[image: image128.emf]H
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Phenyl cyanamide (1b):  13C NMR (100 MHz, CDCl3):
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Phenyl cyanamide (1b): IR(KBr):
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2-Fluoro-phenyl cyanamide (16b): 1H NMR (400 MHz, CDCl3):
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2-Fluoro-phenyl cyanamide (16b): 13C NMR (100 MHz, CDCl3):
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2-Fluoro-phenyl cyanamide (16b): IR(KBr):
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2-Chloro-phenyl cyanamide (17b): 1H NMR (400 MHz, CDCl3):

Chloro-phenyl cyanamide (17b): 1H NMR (400 MHz, CDCl3):
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2-
Chloro-phenyl cyanamide (17b): 13C NMR (100 MHz, CDCl3):
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2-Chloro-phenyl cyanamide (17b): IR(KBr):
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3-Chloro-phenyl cyanamide (18b): 1H NMR (400 MHz, CDCl3):
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3-Chloro-phenyl cyanamide (18b): 13C NMR (100 MHz, CDCl3):
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3-Chloro-phenyl cyanamide (18b): IR(KBr):
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3- Nitrophenylcyanamide (7b): 1HNMR (400MHz,CDCl3+DMSO):
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3-Nitro-phenyl cyanamide (7b): 13C NMR (100 MHz, CDCl3+DMSO):
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3-Nitro-phenyl cyanamide (7b): IR (KBr):
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4-Chloro-phenyl cyanamide (19b): 1H NMR (400 MHz, CDCl3):
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4-Chloro-phenyl cyanamide (19b): 13C NMR (100 MHz, CDCl3):
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4-Chloro-phenyl cyanamide (19b): IR (KBr):
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4-Methoxy-phenyl cyanamide (20b): 1H NMR (400 MHz, CDCl3):
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4-Methoxy-phenyl cyanamide (20b): 13C NMR (100 MHz, CDCl3):
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4-Methoxy-phenyl cyanamide (20b): IR(KBr):
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4-Hydroxy-phenyl cyanamide (21b): 1H NMR (400 MHz, CDCl3+DMSO):
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4-Hydroxy-phenyl cyanamide (21b): 13C NMR (100 MHz, CDCl3+DMSO): [image: image150.emf]HO
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4-Hydroxy-phenyl cyanamide (21b): IR(KBr):
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4-Acetyl-phenylcyanamide (22b): 1H NMR (400 MHz, CDCl3+DMSO):
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4-Acetyl-phenylcyanamide (22b): 13C NMR (100 MHz, CDCl3+DMSO):
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4-Acetyl-phenylcyanamide (22b): IR (KBr):
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2-Iodo-4-methyl-phenyl cyanamide (9b). 1H NMR (400 MHz, CDCl3):
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2-Iodo-4-methyl-phenyl cyanamide (9b).13C NMR (100 MHz, CDCl3):
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2-Iodo-4-methyl-phenyl cyanamide (9b). IR (KBr):
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n-Butyl-cyanamide (14b): 1H NMR (400 MHz, CDCl3):
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n-Butyl-cyanamide (14b): 13C NMR (100 MHz, CDCl3):
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n-Butyl-cyanamide (14b): IR (KBr):
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Cyclohexyl-cyanamide (13b): 1H NMR (400 MHz, CDCl3):

[image: image78.png]


[image: image161.emf]H

N CN


Cyclohexyl-cyanamide (13b): 13C NMR (100 MHz, CDCl3):
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Cyclohexyl-cyanamide (13b): IR(KBr):
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Benzyl cyanamide (23b): 1H NMR (400 MHz, CDCl3):
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Benzyl cyanamide (23b): 13C NMR (100 MHz, CDCl3):
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Benzyl cyanamide (23b): IR (KBr):
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Benzo[1,3]dioxol-5-ylmethyl-cyanamide (24b): 1H NMR (400 MHz, CDCl3):
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Benzo[1,3]dioxol-5-ylmethyl-cyanamide (24b ): 13C NMR (100 MHz, CDCl3):
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Benzo[1,3]dioxol-5-ylmethyl-cyanamide (24b): IR (KBr):
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3,4-Dimethoxyphenylethylcyanamide (12b): 1H NMR (400 MHz, CDCl3):
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3,4-Dimethoxyphenylethylcyanamide (12b): 13C NMR (100 MHz, CDCl3):
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3,4-Dimethoxyphenylethylcyanamide (12b): IR (KBr):
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