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Experimental 
 

General Procedure for the Markovnikov Addition Reaction. To a mixture of an 

amine (5 mmol) and carbon disulfide (6 mmol) in water (10 mL) was added an 

electrophile (6 mmol). The reaction mixture was stirred vigorously at room 

temperature for 16h. Then, the products were extracted with ethyl acetate (2 × 20) and 

the combined organic layers were washed with water and dried over anhydrous 

Na2SO4. The solvent was evaporated under reduced pressure to give the products with 

high purity in most of the cases. If needed, the products were purified by flash column 

chromatography (silica gel, ethyl acetate/ petroleum ether; 2/8). The products were 

characterized by their IR, 1H and 13C NMR spectra and CHN analyses.  

Typical Procedure for Large Scale Synthesis of 1-ethoxyethyldiethylcarbamodithioate: 

In a 500 mL round bottom flask, diethyl amine (35 g, 50 mL, 0.48 mol), water (300 

mL) and CS2 (41.8 g, 33.2 mL, 0.55 mol) were added respectively. To this vigorously 

stirred reaction mixture, ethyl vinyl ether (39.6 g, 52.5 mL, 0.55 mol) was added 

slowly and stirred at room temperature for 16h. In completion, the organic phase was 

decanted and washed three times with water. Then, the organic phase was evaporated 

under reduce pressure to remove excess unreacted materials (CS2: b.p. 46.3 °C; ethyl 

vinyl ether: b.p. 34-36 °C) to prepare 1-ethoxyethyldiethylcarbamodithioate with excellent 

purity and yields (82.7 g, 78%).  

Experimental Procedure for Synthesis of Iodocyclization Product 7. To a stirred 

solution of α-(ethoxyethyl)-diallyl dithiocarbamate 6 (1 mmol) in THF (5 mL) was 

added I2 (2.5 mmol) and the reaction mixture stirred for 48h at room temperature. The 

resulted yellow precipitate was filtered off and washed with THF to give the product 7 

in 65% yields. IR (KBr) v max 2921, 1634, 1578, 1418, 1286, 1209, 1070, 825, 563 cm 
-1. 1H NMR (500 MHz, DMSO-d6) δ 4.84 (m, 2H), 4.24 (dd, J= 8.9, 13.4 Hz, 2H), 

3.97 (dd, J= 3.8, 13.5 Hz, 2H), 3.69 (m, 4H); 13C NMR (500 MHz, DMSO-d6) δ 

192.1, 58.8, 56.6, 10.6; Anal. Calcd for C7H10I3NS2: C, 15.19; H, 1.80; N, 2.53. 

Found: C, 15.33; H, 1.84; N, 2.54. 
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N S

S O

 
Tetrahydrofuran-2-yl piperidine-1-carbodithioate: IR (neat) νmax 2936, 2854, 
1471, 1427, 1229, 1130, 1114, 1056, 743, 654 cm-1; 1H NMR (300 MHz, CDCl3) δ 
6.35 (dd, J= 3.8, 7.2 Hz, 1H), 4.23 (br, 2H), 3.87 (m, 2H), 3.80 (br, 2H), 2.43 (m, 
1H), 2.21 (m, 1H), 1.96 (m, 2H), 1.65 (m, 6H); 13C NMR (300 MHz, CDCl3) δ 
193.7, 90.5, 68.4, 51.8, 51.4, 32.0, 25.9, 25.2, 24.7, 24.1; Anal. Calcd for 
C10H17NOS2: C, 51.95; H, 7.36; N, 6.06. Found: C, 51.77; H, 7.46; N, 6.10. 

 
 

N S

S O

 
Tetrahydrofuran-2-yl pyrrolidine-1-carbodithioate: m.p. 43-45 οC, IR (neat) 
νmax 2970, 2868, 1464, 1436, 1250, 1185, 1161, 1053, 692 cm-1; 1H NMR ( 
300MHz, CDCl3) δ 6.35 (dd, J= 3.9, 7.2 Hz, 1H), 3.83-3.94 (m, 4H), 3.51 -3.83 (m, 
2H), 2.38 (m, 1H), 2.12 (m, 1H), 1.89 -2.02 (m, 6H); 13C NMR (300 MHz, CDCl3) δ 
191.0, 98.6, 68.3, 53.8, 50.6, 31.8, 25.8, 24.4, 24.0; Anal. Calcd for C9H15NOS2: C, 
49.77; H, 6.91; N, 6.45. Found: C, 49.65; H, 6.73; N, 6.48. 

 
 
 

N
H

S

S O

 
Tetrahydrofuran-2-yl-1-phenylethylcarbamodithioate:IR (neat) νmax 3274, 2977, 
1516, 1494, 1435, 1377, 1136, 1094, 735, 692 cm-1; 1H NMR (300 MHz, CDCl3) δ 
8.79 (br, 1H, NH), 7.26-7.39 (m, 5H), 5.95-6.04 (m, 1H), 5.75 (m, 1H), 3.94 (m, 
2H), 2.29 (m, 1H), 2.04 (m, 1H), 1.87-1.95 (m, 2H), 1.60 (dd, J= 2.5, 6.8 Hz, 3H); 

13C NMR (300 MHz, CDCl3) δ 195.2, 141.5, 128.7, 127.5,125.8, 86.6, 67.9, 54.9, 
31.1, 24.3, 20.9; Anal. Calcd for C13H17NOS2: C, 58.43; H, 6.37; N, 5.24. Found:  
C, 58.55; H, 6.43; N, 5.36. 

 
 

N
H

S

S O

 
Tetrahydrofuran-2-yl cyclohexanecarbamodithioate: m.p. 40-42 οC, IR (neat) 
νmax 3242, 2930, 2855, 1515, 1447, 1387, 1246, 1151, 1041, 986, 932, 886, 675 cm-

1; 1H NMR (300 MHz, CDCl3) δ 8.45 (br, 1H, NH), 5.94 (dd, J= 3.2, 7.2 Hz, 1H), 
4.39 (m, 1H), 4.01 (m, 2H), 2.28 (m,1H), 1.90-2.08 (m, 5H), 1.66-1.69 (m, 2H), 
1.31-1.41 (m, 6H);  13C NMR (300 MHz, CDCl3): δ194.6, 86.4, 68.3, 54.4, 33.1, 
32.5, 32.4, 25.3, 24.3; Anal. Calcd for C11H19NOS2: C, 53.88; H, 7.76; N, 5.71. 
Found: C, 54.04; H, 8.04; N 5.79. 
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N S

S O

  
Tetrahydrofuran-2-yl diethylcarbamodithioate:IR (neat) νmax 2975, 2933, 1486, 
1410, 1141, 1268, 1056, 918, 831 cm-1; 1H NMR (300 MHz, CDCl3) δ 6.36 (dd, , J= 
3.9, 7.3 Hz, 1H), 3.90-4.03 (m, 4H), 3.65 (m, 2H), 2.42 (m, 1H), 2.21 (m, 1H), 1.96 
(m, 2H), 1.23 (t, J= 7.1 Hz, 6H); 13C NMR (300 MHz, CDCl3) δ 194.0, 99.5, 68.4, 
48.6, 46.8, 32.0, 24.8, 12.4, 11.4; Anal. Calcd for C9H17NOS2: C, 49.32; H, 7.76; N, 
6.39. Found: C, 49.41; H, 8.04; N, 6.81. 

 
 

N
H

S

S O

 
Tetrahydrofuran-2-yl butylcarbamodithioate:1H NMR (300 MHz, CDCl3) δ 8.54 
(br, 1H, NH), 5.94 (m, 1H), 3.98-4.03 (m, 2H), 3.61 (m, 2H), 2.33 (m, 1H), 1.76-2.1 
(m, 3H), 1.66 (m, 2H), 0.92 (m, 3H). 13C NMR(300 MHz, CDCl3) δ 196.0, 86.2, 
67.8, 47.9, 30.9, 23.9, 21.3,11.2.  

 
 

N
H

S

S O

 
Tetrahydrofuran-2-yl sec-butylcarbamodithioate:1H NMR (300 MHz, CDCl3) δ 
8.63 (br, 1H, NH), 5.94 (dd, J= 3.0, 7.4 Hz, 1H), 4.00 (m, 2H), 3.49 (m, 2H), 2.25 (m, 
1H), 1.88-1.97 (m, 4H), 0.94-1.00 (m, 6H); 13C NMR (300 MHz, CDCl3) δ 196.1, 
86.2, 68.2, 53.5, 31.0, 28.1, 25.2, 20.0, 19.5. 

 
 

N
H

S

S O

 
Tetrahydrofuran-2-yl ethylcarbamodithioate:1H NMR (300 MHz, CDCl3) δ 8.42 
(br, 1H, NH), 5.97 (dd, dd, J= 3.2, 7.2 Hz, 1H), 4.01 (dd, J= 6.2, 7.2 Hz, 2H), 3.37-
3.76 (m, 2H), 2.31 (m, 1H), 1.87-2.05 (m, 3H), 1.25-1.30 (t,  J=7.3 Hz, 3H);  13C 
NMR (300 MHz, CDCl3) δ 196.2, 86.4, 67.9, 41.3, 31.1, 24.6, 13.3. 

 
 

 

N
H

S

S O

 
Tetrahydrofuran-2-yl allylcarbamodithioate:1H NMR (300 MHz, CDCl3) δ 8.56 
(br, 1H, NH), 5.96 (dd, J=3.2, 7.2 Hz, 1H), 5.75 (m, 1H), 5.17 (m, 2H),  4.29 (m, 2H), 
3.97 (m, 2H), 2.20 (m, 1H), 1.81 (m, 3H); 13C NMR (300MHz, CDCl3) δ 196.3, 
134.0, 117.6, 90.0, 68.2, 48.4, 31.9, 24.8. 
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N S

S O

 
Tetrahydro-2H-pyran-2-yl pyrrolidine-1-carbodithioate: m.p. 60-63 οC, 1H NMR 
(500 MHz CDCl3) δ 6.15-6.17 (dd, J=3.7, 6.6 Hz, 1H), 3.94-3.99 (m, 3H), 3.75 (m, 
2H),  3.65 (m, 1H), 2,11-1.97 (m, 6H), 1.65-1.80 (m, 4H); 13C NMR (500 MHz, 
CDCl3) δ 190.8, 87.6, 66.9, 55.2, 51.3, 31.5, 26.3, 25.7, 24.6, 22.9; Anal. Calcd for 
C10H17NOS2: C, 51.95; H, 7.36; N, 6.06. Found:  C, 52.45, H, 7.64, N 6..33 

 

N
H

S

S O

O 
Tetrahydrofuran-2-yl (furan-2-yl)methylcarbamodithioate:IR (neat) v max 3279, 
2979, 1504, 1376, 1321, 1192, 1047, 932, 742, 599 cm-1; 1H NMR (500 MHz, 
CDCl3) δ 8.69(br, 1H, NH), 7.34 (1H, s, CH), 6.29-6.30 (m, 2H), 5.96 ( dd, J= 3.2, 
7.2 Hz, 1H), 4.78-4.90 (m, 2H), 3.94 (m, 2H), 2.24 (m, 1H), 1.97 (m, 1H), 1.82-
1.88(m, 2H); 13C NMR (500 MHz, CDCl3): δ 197.1, 149.6, 143.0, 111.0, 109.0, 
87.1, 68.5, 43.5, 31.6, 24.7. 

 
 

N S

S O

 
Tetrahydrofuran-2-yl diisopropylcarbamodithioate:1H NMR (300 MHz, CDCl3) δ 
6.45-6.46 (br, 1H), 4.85 (br, 1H), 3.91-3.99 (m,3H), 2.45-2.50 (m, 1H), 2.41 (m, 1H), 
1.94-2.02 (m, 2H), 1.25-1.42 (m, 12H); 13C NMR (300 MHz, CDCl3) δ 196.4, 89.9, 
68.4, 55.1 (2C), 31.9, 24.9, 19.6 (4C). 

  

N
H

S

S O

 
Tetrahydrofuran-2-yl isopropylcarbamodithioate:1H NMR (300 MHz, CDCl3) δ 
8.30 (1H, b, NH), 5.92 (dd, J= 3.2, 7.4 Hz, 1H), 4.63 (m, 1H), 3.97 (m, 2H), 2.26 (m, 
1H), 1.83-2.00 (m, 3H), 1.23-1.27 (m, 6H);  13C NMR (300 MHz, CDCl3) δ 194.7, 
86.3, 68.6, 47.9, 30.9, 24.2, 22.2, 21.2. 

 
 

N
H

S

S OHN

 
Tetrahydrofuran-2-yl 2-(1H-indol-3-yl)ethylcarbamodithioate:1H NMR (300 
MHz, CDCl3) δ 8.53 (br, 1H, NH), 8.20 (br, 1H, NH), 7.66 (d, J= 7.8 Hz, 1H), 7.39-
7.11 (m, 4H), 5.77 (dd, J= 3.2, 7.4 Hz, 1H), 4.03 (m, 2H), 3.78 (m, 2H), 3.13 (m, 2H), 
2.18 (m, 1H), 1.96-1.70 (m, 3H); 13C NMR (300 MHz, CDCl3) δ196.2, 136.2, 127.1, 
122.4, 122.2, 119.4, 118.3, 112.1, 111.1, 86.2, 67.6, 46.7, 30.9, 24.6, 24.1. 
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N S

S O

O 
Tetrahydrofuran-2-yl morpholine-4-carbdithioate: m.p. 55-57 οC, 1H NMR (300 
MHz, CDCl3) δ 6.40 (dd, J= 3.3, 7.2 Hz, 1H), 4.30 (br, 2H), 3.89-4.00 (m, 4H), 3.74 
(br, 4H), 2.45 (m, 1H), 2.24 (m, 1H), 1.96 (m, 2H); 13C NMR (300 MHz, CDCl3): 
δ195.8, 90.7, 68.6, 66.1 (2C), 50.4 (2C), 32.2, 24.7. 

 

N
H

S

S O

 
Tetrahydrofuran-2-yl benzylcarbamodithioate:IR (neat) v max 3275, 2975, 1516, 
1383, 1336, 1237, 1048, 932, 734, 698 cm-1; 1H NMR (500 MHz, CDCl3) δ 8.71(br, 
1H, NH), 7.35 (m, 5H), 6.02 (br, 1H), 4.87-4.97-4.87 (m, 2H),  3.99 (m, 2H), 2.44 (m, 
1H), 1.97(m, 1H), 1.79 (m, 2H); 13C NMR (500 MHz, CDCl3): δ 197.1, 136.6, 129.3, 
128.3,128.2, 86.9, 68.9, 50.7, 31.6, 24.7. 

 

N S

S O

  
Tetrahydrofuran-2-yl diallylcarbamodithioate:IR (neat) v max 3081, 2978, 1641, 
1467, 1399, 1228, 1172, 1056, 995, 930, 656 cm-1; 1H NMR (500 MHz, CDCl3): δ 
6.34 (dd, J= 3.5, 7 Hz, 1H), 5.80-5.95 (m, 2H), 5.16-5.25 (m, 4H), 4.66 (d, J=5.0 Hz, 
1H), 4.58 (d, J= 5.7, 1H), 4.29 (d, J= 4.6, 1H), 4.23 (d, J= 5.7, 1H),  3.90-3.97 (m, 
2H), 2.44-2.47(m, 1H), 2.22 (m, 1H), 1.94 (m, 2H); 13C NMR (500 MHz, CDCl3) δ 
196.9, 131.4, 130.8, 119.0, 118.9, 91.6, 69.0, 56.0, 54.2, 32.7, 25.2. 
  
 

N
H

S

S

O 
1-ethoxyethyldiallylcarbamodithioate: 1H NMR (500 MHz CDCl3) δ 8.13 (br, 1H, 
NH), 5.38 (q, J=  6.5 Hz, 1H), 3.63-3.79 (m, 4H), 1.63-1.69 (m, 5H), 1.38 (m, 2H), 
1.21 ( t, J= 7 Hz, 3H), 0.94 (t, J= 7.3 Hz, 3H); 13C NMR (500 MHz, CDCl3) δ196.4, 
86.8, 63.5, 46.5, 30.7, 22.6, 20.5, 15.3, 14.1. 
 

N S

S

O

O  
1-ethoxyethyl morpholine-4-carbodithioate:IR (neat) v max 2971, 1586, 1460, 1418, 
1276, 1225, 1112, 870, 643 cm-1; 1H NMR (300 MHz, CDCl3) δ 5.89 (q, J= 6.3 Hz, 
1H), 3.92-4.28 (br, 4H), 3.53-3.76 (m, 6H), 1.67 (d, J=6.3 Hz, 3H), 1.13 (t, J= 7 Hz, 
3H); 13C NMR (300 MHz, CDCl3) δ196.4, 90.9, 66.0 (2C), 64.7, 50.3 (2C), 23.5, 
14.7. 
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N S

S

O

 
1-ethoxyethyldiethylcarbamodithioate:IR (neat) v max 2976, 1484, 1415, 3789, 
1268, 1206, 1113, 916, 830, 647 cm-1; 1H  NMR (300 MHz, CDCl3) δ 5.87 (q, J= 6.3 
Hz, 1H), 3.56-4.02 (m, 6H), 1.63 (d, J= 6.3 Hz, 3H), 1.23 (t, J= 6.9 Hz, 6H), 1.15 (t, 
J=7.0 Hz, 3H); 13C NMR (300 MHz, CDCl3) δ194.6, 90.8, 64.5, 48.6, 46.6, 23.3, 
14.8, 12.4, 11.4. 
 

N S

S

O

 
1-ethoxyethyldiallylcarbamodithioate:IR (neat) v max 3083, 2975, 1641, 1469, 1399, 
1226, 1113, 931, 845, 651 cm-1; 1H NMR(500 MHz, CDCl3) δ 5.91-5.95 (q, J= 6.3 
Hz, 1H), 5.85 (m, 2H), 5.18-5.29 (m, 4H), 4.63 (dd, J= 13.8, 5.5 Hz, 2H), 4.32 (dd, J= 
4., 13.2 Hz, 2H),  3.78-3.60 m, 2H), 1.73 (d, J= 6.3 Hz, 3H), 1.20 (t, J= 7 Hz, 3H); 
13C NMR (500 MHz, CDCl3) δ197.0, 149.5, 143.0, 111.0, 109.2, 86.7, 63.6, 43.4 
(2C), 22.4, 15.0. 
 

N S

S

O

 
1-ethoxyethyl pyrrolidine-1-carbodithioate: IR (neat) v max 2979, 1428, 1328, 1250, 
1162, 1112, 955, 845, 647 cm-1; 1H NMR (300 MHz, CDCl3) δ 5.82 (q, J= 6.3 Hz, 
1H), 3.78 (m, 2H), 3.48-3.67 (m, 4H), 1.85-1.99 (m, 4H), 1.59 (t, J= 6.3 Hz, 3H), 1.06 
(t, J= 7.0 Hz, 3H);  13C NMR (300 MHz, CDCl3) δ 191.5, 89.4, 63.8, 53.4, 49.9, 25.5, 
24.5, 23.1, 13.2. 
 

N
H

S

S

O

 
1-ethoxyethyl 1-phenylethylcarbamodithioate:IR (neat) v max 3264, 2986, 1545, 
1493, 1451, 1373, 1117, 953, 766, 698 cm-1; 1H NMR (300 MHz, CDCl3): δ 8.61-8.64 
(br s, 1H, NH), 7.38-7.25 (m, 5H), 5.57 (m, 1H), 5.21-5.34 (m, 2H), 3.57-3.78 (m, 
2H), 1.69 (d,  J= 6.5 Hz, 3H), 1.71-1.58 ( m, 6H), 1.15-1.05 (m, 3H); 13C NMR (300 
MHz, CDCl3) δ 194.9, 141.1, 128.5, 127.5, 125.4, 85.7, 64.6, 54.7, 23.3, 23.1, 14.6. 
 

N
H

S

S

O 
1-ethoxyethyl sec-butylcarbamodithioate:IR (neat) v max 3252, 2966, 1519, 1454, 
1377, 1150, 1110, 985, 896, 680 cm-1; 1H NMR (500 MHz, CDCl3) δ 8.18 (br s, 1H, 
NH), 5.20 (q, J= 6.5 Hz, 1H), 4.48 (m, 1H), 3.54-3.73(m, 2H), 1.51-1.62 (m, 5H), 
1.12-1.17 (m, 6H), 0.84-0.90 (m, 3H); 13C NMR ( 500 MHz, CDCl3) δ194.7, 85.6, 
62.7, 52.9, 29.2, 21.7, 18.6, 14.5, 10.0. 
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N
H

S

S

O

 
1-ethoxyethylbenzylcarbamodithioate:IR (neat) v max 3267, 2972, 1492, 1452, 
1376, 1054, 955, 698 cm-1; 1H NMR (300 MHz, CDCl3) δ 8.49 (br s, 1H, NH), 7.25-
7.36 (m, 5H), 5.34 (q, J= 6.5 Hz, 1H), 4.88 (d,  J= 5.2 Hz, 2H), 3.75-3.55 (m, 2H), 
1.63 (d, J= 6.5 Hz, 3H), 1.03-1.06 (t, J=7 Hz, 3H); 13C NMR (300 MHz, CDCl3) 
δ196.2, 135.7, 128.5, 127.7, 127.2, 86.0, 62.8, 49.9, 21.7, 14.6 
 
 

N
H

S

S

O

O 
1-ethoxyethyl (furan-2-yl)methylcarbamodithioate:IR (neat) v max 3256, 2974, 
1517, 1504, 1373, 1321, 1190, 1147, 1081, 1081, 1011, 937, 744 cm-1; 1H NMR(500 
MHz, CDCl3) δ 8.55 (br s, 1H, NH), 7.37 (s, 1H), 6.32-6.34 (m, 2H), 5.34 (q, J= 6.5 
Hz, 1H), 4.86 (m, 2H), 3.58-3.77 (m, 2H), 1.65 (d, J= 6.5 Hz, 3H), 1.12-1.15 (t, J= 
7.0 Hz, 3H). 

 
 

N S

S

O

  
1-ethoxyethyl piperidine-1-carbodithioate:IR (neat) ν max 2939, 1473, 1427, 1280, 
1244, 1227, 1131, 1110, 1004, 892, 852, 800, 648 cm-1; 1H NMR(300 MHz, CDCl3) 
δ 5.85 (q, J= 6.2 Hz, 1H), 3.84-4.25 (br s, 4H), 3.49-3.74 (m, 2H), 1.64-1.66 (m, 
9H), 1.11-1.18 (m, 3H); 13C NMR (300 MHz, CDCl3) δ 194.2, 90.6, 64.3, 52.3, 
51.7, 25.7, 25.1, 24.1, 22.7, 14.6 

   Anal. Calcd for C10H19NOS2: C, 51.50; H, 8.15; N, 6.01. Found: C, 51.08; H, 8.17;  
   N, 6.36.    

 
 
 

N
H

S

S

O
 
 

1-ethoxyethyl allylcarbamodithioate:1H NMR (500 MHz, CDCl3) δ 8.31 (br s, 
1H, NH), 5.88 (m, 1H), 5.36 (dd, J= 6.5, 13.0 Hz, 1H), 5.27-5.19 (m, 2H), 4.34 (br, 
2H), 3.76 (m, 1H), 3.59 (m, 1H), 1.65 (d, J= 6.2 Hz, 3H), 1.16 (t, J= 7.0, 3H); 13C 
NMR (500 MHz, CDCl3) δ 197.1, 132.2, 118.6, 86.7, 63.6, 48.9, 22.5, 15.3. 
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