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1. Experimental Section 

1a. General Information 

All the reactions were performed in open air using dry glassware. 1H (400 MHz) and 13C (100 

MHz) NMR spectra were recorded by using Bruker advance III-400 spectrometer. Mass 

spectrometry data of the corresponding thioamide derivatives were collected on ESI-HRMS 

mass spectrometer (Model: 1260 Infinity II, make: Agilent) and ESI-LCMS mass spectrometer. 

The NMR solvent CDCl3 and all other reagents were purchased from Sigma Aldrich and were 

used without any further purification. 

1b. General procedure for synthesis of DES 

DES was prepared according to the previously reported procedure in the literature.[1] In a dry 

50 mL round bottom flask, Choline chloride (ChCl) (0.028 mol, 4 g) and urea (0.057 mol, 3.4 

g) were mixed in a 1:2 ratio and then heated at 80 °C for 30 min. A colorless liquid was 

produced. This liquid eutectic mixture is used for catalytic experiments without any kind of 

purification. The DES is characterized by 1H and 13C NMR spectroscopy. 

1c. General procedure for thioamidation reaction. 

In a 25 mL dry sealed tube, the corresponding aldehyde or ketone (1.56 mmol), secondary 

amine (1.56 mmol), elemental sulfur powder (0.195 mmol) and 25 mol% of DES [Choline 

chloride:urea (1:2)] (0.4 mmol, 101 mg) were added. Then this whole reaction mixture was 

heated at 45 °C for five hours in an oil bath. After completion of the reaction as monitored by 

TLC plate, the reaction mixture was cooled to room temperature, diluted with water (10 mL), 

and then extracted with ethyl acetate (3 x 5 mL). The reaction mixture was then quenched with 

saturated NaHCO3 solution (2 x 5 mL) and dried over anhydrous sodium sulfate. The organic 

layer collected was evaporated under reduced pressure and the resulted crude was purified 

using silica gel column chromatography with hexane: EtOAc (100:5). The corresponding 

thioamide derivatives obtained were characterised by 1H, 13C NMR spectroscopy, and mass-

spectrometry analysis. The aqueous layer was utilized for the recovery of DES. 
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1d. Recyclability Test  

The reusability test was performed using the reaction between p-tolulaldehyde, diethylamine, 

and the elemental sulfur powder in DES (25 mol%) in 1:1:0.125 molar ratio under optimized 

conditions (at 45 °C temperature for five hours) as the multicomponent model reaction. After 

completion of the reaction, DES was recovered from water phase by evaporation at 85 °C under 

reduced pressure.  The remainder of the viscous DES was further dried at 70 °C for three hours 

under reduced pressure to remove any traces of water and then subjected to the next run with 

the same reactants without further addition of DES in the cycle.  

1e. Gram scale Thioamidation reaction. 

In a 50 mL dry Schlenk tube, diethylamine amine (0.03 mol, 2.3 g), elemental sulfur powder 

(0.004 mol, 1 g), p-tolulaldehyde (0.03 mol, 3.7 g), and 25 mol% of DES (7.8 mmol, 2 g) were 

added. Then this whole reaction mixture was heated at 45 °C for five hours in an oil bath. After 

completion of the reaction as monitored by TLC plate, the reaction mixture was cooled to room 

temperature, diluted with water (30 mL) and extracted with ethylacetate (3 x 15 mL). The 

combined ethyl acetate extracts were washed with saturated aq. sodium bicarbonate solution 

(2 x 5 mL) and dried over anhydrous sodium sulfate. The combined ethyl acetate extracts were 

concentrated in vacuo and the resulting product was directly charged on a small silica gel 

column and eluted with a mixture of hexane: ethyl acetate (EtOAc) (3:2) to afford the pure 

thioamide derivative in each case. Each derivative was characterised by 1H, 13C NMR 

spectroscopy (and by MS analysis wherever required). 

Characterization data of DES[1] 

1H NMR (600 MHz, D2O, 25 ºC): δH 5.94 (s, 1H), 4.79 (s, 8H), 4.15 - 4.10 (m, 2H), 3.63 - 3.58 

(m, 2H), 3.28 (s, 9H) ppm. 13C{1H} NMR (150 MHz, D2O, 25 ºC): δC 162.42, 67.56, 55.79, 

54.04 ppm. 

Characterisation data of thioamides (3a-3n) from aliphatic secondary amine: 

N,N-diethylbenzothioamide (3a).[2] Yield: 272 mg, 90%. 1H NMR (400 MHz, 

CDCl3, 25 °C): δH 7.38 - 7.19 (m, 5H, ArH), 4.12 (q, J = 7.1 Hz, 2H, CH2CH3), 

3.43 (q, J = 7.1 Hz, 2H, CH2CH3), 1.38 (t, J = 7.1 Hz, 3H, CH2CH3), 1.13 (t, J = 

7.1 Hz, 3H, CH2CH3) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 °C): δC 200.2, 

143.8, 128.3, 128.0, 124.9, 47.8, 46.1, 13.8, 11.3 ppm. 
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N,N-diethyl-4-methylbenzothioamide (3b).[2] Yield: 301 mg, 93%. 1H 

NMR (400 MHz, CDCl3, 25 °C): δH 7.16 - 7.10 (m, 4H, ArH), 4.12 (q, J = 

7.1Hz, 2H, CH2CH3), 3.46 (q, J = 7.1 Hz, 2H, CH2CH3) 2.34 (s, 3H, CH3), 

1.39 (t, J = 7.1 Hz, 3H, CH2CH3), 1.15 (t, J = 7.2 Hz, 3H, CH2CH3,) ppm. 
13C{1H} NMR (100 MHz, CDCl3, 25 °C): δC 200.8, 141.3, 138.1, 129.1, 125.1, 47.9, 46.2, 21.3, 14.0, 

11.4 ppm. 

 

 

4-chloro-N,N-diethylbenzothioamide (3c).[2] Yield: 323 mg, 91%. 1H 

NMR (600 MHz, CDCl3, 25 °C): δH 7.34 - 7.29 (m, 2H, ArH), 7.21 - 7.15 

(m, 2H, ArH), 4.10 (q, J = 7.1 Hz, 2H, CH2CH3), 3.43 (q, J = 7.2 Hz, 2H, 

CH2CH3), 1.37 (t, J = 7.1 Hz, 3H, CH2CH3), 1.14 (t, J = 7.2 Hz, 3H, 

CH2CH3) ppm. 13C{1H} NMR (150 MHz, CDCl3, 25 °C): δC 198.6, 142.1, 133.8, 128.5, 126.4, 47.8, 

46.1, 13.8, 11.2 ppm. 

 

 

N,N-diethyl-2-fluorobenzothioamide (3d).[3] Yield: 287 mg, 87%. 1H NMR 

(400 MHz, CDCl3, 25 °C): δH 7.35 - 7.27 (m, 2H, ArH), 7.17 - 7.13 (m, 1H, ArH), 

7.07 - 7.03 (m, 1H, ArH), 4.31 (dq, J = 14.2 Hz, 7.1 Hz, 1H, CH2CH3), 3.98 (dq, 

J = 14.2 Hz, 7.1 Hz, 1H, CH2CH3), 3.44 (q, J = 7.2 Hz, 2H, CH2CH3), 1.39 (t, J 

= 7.1 Hz, 3H, CH2CH3), 1.14 (t, J = 7.2 Hz, 3H, CH2CH3) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 

°C): δC 193.2, 155.5 (d, J = 245 Hz), 131.4 (d, J = 17 Hz), 130.0 (d, J = 8 Hz), 128.3 (d, J = 3 Hz) 124.6 

(d, J = 4 Hz), 115.9 (d, J = 21 Hz), 48.1, 46.1, 13.5, 11.3 ppm. 19F{1H} NMR (565 MHz, CDCl3, 25 

°C): δF -116.9 ppm. 

 

 
N,N-diethyl-4-methoxybenzothioamide (3e).[4] Yield: 321 mg, 

92%. 1H NMR (400 MHz, CDCl3, 25 °C): δH 7.23 - 7.17 (m, 2H, ArH), 

6.88 - 6.83 (m, 2H, ArH), 4.11 (q, J = 7.1 Hz, 2H, CH2CH3), 3.80 (s, 3H, 

OCH3), 3.48 (q, J = 7.1 Hz, 2H, CH2CH3), 1.38 (t, J = 7.1 Hz, 3H, 

CH2CH3), 1.15 (t, J = 7.1 Hz, 3H, CH2CH3) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 °C): δC 200.3, 

159.4, 136.5, 126.7, 113.6, 55.3, 47.8, 46.2, 13.9, 11.2 ppm. 
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3-chloro-N,N-diethylbenzothioamide (3f).[5] Yield: 331 mg, 93%.  1H NMR 

(400 MHz, CDCl3, 25 °C): δH 7.23 - 7.17 (m, 2H, ArH), 7.16 - 7.14 (m, 1H, 

ArH), 7.06 - 7.01 (m, 1H, ArH), 4.02 (q, J = 7.1 Hz, 2H, CH2CH3), 3.35 (q, J = 

7.2 Hz, 2H, CH2CH3), 1.30 (t, J = 7.1 Hz, 3H, CH2CH3), 1.07 (t, J = 7.2 Hz, 3H, 

CH2CH3) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 °C): δC 197.9, 145.1, 134.2, 

129.7, 128.1, 125.1, 123.1, 47.9, 46.1, 13.8, 11.2 ppm. 

 

 

N,N-diethyl-2-hydroxybenzothioamide (3g).[6] Yield: 294 mg, 90%. 1H 

NMR (400 MHz, CDCl3, 25 °C): δH 7.46 (s, 1H, OH), 7.20 - 7.15 (m, 1H, 

ArH), 6.99 - 6.91 (m, 2H, ArH), 6.86 (t, J = 7.5 Hz, 1H, ArH), 4.11 (s, 

2H, CH2CH3), 3.51 (s, 2H, CH2CH3), 1.36 (s, 3H, CH2CH3), 1.16 (s, 3H, 

CH2CH3) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 °C): δC 196.0, 152.5, 130.2, 128.8, 125.2, 

119.9, 118.0, 48.5, 46.3, 13.7, 11.4 ppm. 
 

 

N,N-diethyl-3-phenoxybenzothioamide (3h). Yield: 397 mg, 89%. 1H 

NMR (400 MHz, CDCl3, 25 °C): δH 7.38 - 7.24 (m, 3H, ArH), 7.14 - 7.09 

(m, 1H, ArH), 7.05 - 7.00 (m, 2H, ArH), 6.96 - 6.90 (m, 2H, ArH), 6.87 

- 6.84 (m, 1H, ArH), 4.08 (q, J = 7.1 Hz, 2H, CH2CH3), 3.43 (q, J = 7.1 

Hz, 2H, CH2CH3), 1.35 (t, J = 7.1 Hz, 3H, CH2CH3), 1.12 (t, J = 7.2 Hz, 

3H, CH2CH3) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 °C): δC 199.0, 157.3, 156.4, 145.2, 

129.8, 123.7, 119.7, 119.3, 117.8, 115.0, 47.8, 46.0, 13.8, 11.2 ppm. HRMS (ESI) m/z: [(M+H) 

+] calcd for C17H19NOS 286.1187, found 286.1265. 

 

 

4-(dimethylamino)-N,N-diethylbenzothioamide (3i). Yield: 317 

mg, 86%. 1H NMR (400 MHz, CDCl3, 25 °C): δH 7.76 (d, J = 9.0 Hz, 

2H, ArH), 6.63 (d, J = 9.0 Hz, 2H, ArH), 3.87 (q, J = 7.3 Hz, 2H, 

CH2CH3), 3.08 (q, J = 7.3 Hz, 2H, CH2CH3), 3.02 (s, 6H, N(CH3)2), 

1.36 (t, J = 7.3 Hz, 3H, CH2CH3), 1.25 (t, J = 7.4 Hz, 3H, CH2CH3) ppm. 13C{1H} NMR (100 MHz, 

CDCl3, 25 °C): δC 201.6, 190.4, 150.6, 132.1, 127.1, 111.5, 111.1, 47.9, 46.4, 40.4, 40.2, 14.1, 11.5 

ppm. HRMS (ESI) m/z: [(M+H) +] calcd for C13H20N2S 237.1347, found 237.1409. 
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N,N-diethyl-4-(methylthio)benzothioamide (3j). Yield: 329 mg, 

88%. 1H NMR (400 MHz, CDCl3, 25 °C): δH 7.31 - 7.09 (m, 4H, ArH), 

4.11 (q, J = 7.1 Hz, 2H, CH2CH3), 3.46 (q, J = 7.1 Hz, 2H, CH2CH3), 

2.48 (s, 3H, SCH3,), 1.37 (t, J = 7.1 Hz, 3H, CH2CH3), 1.14 (t, J = 7.1 

Hz, 3H, CH2CH3) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 °C): δC 199.7, 140.5, 138.8, 126.0, 125.6, 

47.8, 46.2, 15.6, 13.9, 11.3 ppm. HRMS (ESI) m/z: [(M+H) +] calcd for C12H17NS2 240.0802, 

found 240.0876. 

 

 

N,N-diethylpropanethioamide (3k).[7] Yield: 181 mg, 80%. 1H NMR (400 

MHz, CDCl3, 25 °C): δH 4.02 - 3.98 (m, 2H, Alkyl-CH2), 3.56 (q, J = 7.2 Hz, 

2H, CH2CH3), 2.77 (q, J = 7.5 Hz, 2H, CH2CH3), 1.39 - 1.27 (m, 9H, CH2CH3, 

Alkyl-CH3) ppm. 13C{1H} NMR (100 MHz, CDCl3): δC 127.4, 48.0, 47.9, 

45.9, 44.6, 36.1, 23.9, 15.3, 14.3, 13.8, 11.3, 11.2 ppm. 

 

 

N,N-diethyl-2-methylpropanethioamide (3l).[8] Yield: 219 mg, 88%. 1H NMR 

(400 MHz, CDCl3, 25 °C): δH 3.97 (q, J = 7.1 Hz, 2H, CH2CH3), 3.56 (q, J = 

7.2 Hz, 2H, CH2CH3), 3.07 (hept, J = 6.5 Hz, 1H, Alkyl-CH), 1.25 - 1.17 (m, 

12H, CH2CH3, Alkyl-CH3) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 °C): 

δC 209.7, 48.2, 45.4, 36.2, 23.5, 14.2, 11.2 ppm. 

 

 

N,N-diethyl-1H-pyrrole-2-carbothioamide (3m). Yield: 248 mg, 87%. 1H 

NMR (400 MHz, CDCl3, 25 °C): δH 10.01 (s, 1H, NH), 6.98 - 6.93 (m, 1H, 

ArH), 6.51 - 6.45 (m, 1H, ArH), 6.30 - 6.24 (m, 1H, ArH), 4.01 (s, 4H, 

CH2CH3), 1.39 (t, J = 6.7 Hz, 6H, CH2CH3) ppm. 13C{1H} NMR (100 MHz, 

CDCl3, 25 °C): δC (100 MHz, CDCl3, 25 °C) 185.5, 129.8, 122.9, 110.7, 110.2, 48.2 ppm. HRMS 

(ESI) m/z: [(M+H) +] calcd for C9H14N2S 183.0878, found 183.0953. 
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N,N-diethylpyridine-2-carbothioamide (3n).[9] Yield: 282 mg, 93%. 1H 

NMR (400 MHz, CDCl3, 25 °C): δH 8.45 - 8.35 (m, 1H, ArH), 7.65 - 

7.63 (m, 1H, ArH), 7.37 - 7.32 (m, 1H, ArH), 7.15 - 7.09 (m, 1H, ArH), 

4.00 (q, J = 7.1 Hz, 2H, CH2CH3), 3.33 (q, J = 7.1 Hz, 2H, CH2CH3), 

1.30 (t, J = 7.1 Hz, 3H, CH2CH3), 1.04 (t, J = 7.1 Hz, 3H, CH2CH3) ppm. 13C{1H} NMR (100 

MHz, CDCl3, 25 °C): δC 196.9, 159.5, 148.0, 136.6, 122.7, 122.0, 47.7, 46.3, 13.6, 11.0 ppm. 

 

Characterisation data of thioamides (4a-4p) from cyclic secondary amines: 

 

Morpholino(phenyl)methanethione (4a).[4] Yield: 294 mg, 91%. 1H 

NMR (400 MHz, CDCl3, 25 ºC): δH 7.40 - 7.26 (m, 5H, ArH), 4.48 - 

4.43 (m, 2H), 3.93 - 3.87 (m, 2H), 3.66 - 3.58 (m, 4H) ppm. 13C{1H} 

NMR (100 MHz, CDCl3, 25 ºC): δC 201.1, 142.6, 129.0, 128.6, 126.0, 

66.8, 66.6, 52.6, 49.6 ppm. 

 

 

(4-methoxyphenyl)(morpholino)methanethione (4b).[10] 

Yield: 356 mg, 96%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 

7.31 - 7.26 (m, 2H, ArH), 6.90 - 6.84 (m, 2H, ArH), 4.43 (s, 

3H, OCH3), 3.88 (s, 2H), 3.82 (s, 2H), 3.65 (s, 4H) ppm. 
13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 201.4, 160.4, 135.0, 128.2, 113.9, 66.9, 66.7, 

55.5, 52.9, 50.1 ppm. 

 

 

(4-chlorophenyl)(morpholino)methanethione (4c).[10] Yield: 351 

mg, 93%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 7.36 - 7.33 (m, 

2H, ArH), 7.27 - 7.22 (m, 2H, ArH), 4.44 - 4.39 (m, 2H), 3.90 - 

3.86 (m, 2H), 3.66 - 3.58 (m, 4H) ppm. 13C{1H} NMR (100 MHz, 

CDCl3, 25 ºC): δC 199.7, 140.8, 135.0, 128.9, 127.5, 66.8, 66.6, 52.7, 49.7 ppm. 
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 (2-fluorophenyl)(morpholino)methanethione (4d).[11] Yield: 302 mg, 

86%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 7.39 - 7.26 (m, 2H, ArH), 

7.16 - 7.11 (m, 1H, ArH), 7.04 - 6.96 (m, 1H, ArH), 4.46 - 4.34 (m, 

2H), 3.86 - 3.80 (m, 2H), 3.72 - 3.58 (m, 2H), 3.57 - 3.43 (m, 2H) ppm. 
13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 193.3, 155.3 (d, J = 246 Hz), 130.7 (d, J = 8 Hz), 

129.9 (d, J = 17 Hz), 129.4 (d, J = 2 Hz), 124.7 (d, J = 4 Hz), 115.5 (d, J = 22 Hz), 66.4, 66.3, 52.1, 

49.2 ppm. 19F{1H} NMR (565 MHz, CDCl3, 25 °C): δF -116.2 ppm. 

 

 
Phenyl(piperidin-1-yl)methanethione (4e).[11] Yield: 295 mg, 92%. 1H 

NMR (400 MHz, CDCl3, 25 ºC): δH 7.36 - 7.23 (m, 5H, ArH), 4.37 - 

4.30 (m, 2H), 3.52 - 3.47 (m, 2H), 1.85 - 1.50 (m, 6H) ppm. 13C{1H} 

NMR (100 MHz, CDCl3, 25 ºC): δC 199.2, 143.3, 128.3, 128.2, 125.3, 

53.0, 50.5, 26.8, 25.4, 24.0 ppm. 

 

 

Piperidin-1-yl(p-tolyl)methanethione (4f).[4] Yield: 322 mg, 

94%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 7.19 - 7.11 (m, 4H, 

ArH), 4.37 - 4.32 (m, 2H), 3.57 - 3.49 (m, 2H), 2.34 (s, 3H, CH3), 

1.84 - 1.71 (m, 4H), 1.58 - 1.54 (m, 2H) ppm. 13C{1H} NMR (100 

MHz, CDCl3, 25 ºC): δC 200.1, 140.7, 138.6, 129.1, 125.7, 53.3, 50.9, 27.0, 25.6, 24.3, 21.4 

ppm. 
 

 

(2-fluorophenyl)(piperidin-1-yl)methanethione (4g).[13] Yield: 314 mg, 

90%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 7.36 - 7.26 (m, 2H, ArH), 

7.17 - 7.12 (m, 1H, ArH), 7.05 - 6.99 (m, 1H, ArH), 4.44 - 4.26 (m, 

2H), 3.54 - 3.44 (m, 2H), 1.80 - 1.50 (m, 6H) ppm. 13C{1H} NMR (100 

MHz, CDCl3, 25 ºC): δC 191.7, 155.2 (d, J = 246 Hz), 130.6 (d, J = 17 Hz), 129.9 (d, J = 8 Hz), 

128.4 (d, J = 2 Hz), 124.3 (d, J = 3 Hz), 115.3 (d, J = 21 Hz), 52.7, 49.9, 26.3, 25.2, 23.7 ppm. 
19F{1H} NMR (565 MHz, CDCl3, 25 ºC): δF -116.5 ppm. 
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Phenyl(pyrrolidin-1-yl)methanethione (4h).[14] Yield: 266 mg, 89%. 
1H NMR (400 MHz, CDCl3, 25 ºC): δH 7.39 - 7.25 (m, 5H, ArH), 

3.98 (t, J = 7.1 Hz, 2H), 3.46 (t, J = 6.8 Hz, 2H), 2.12 - 1.92 (m, 4H) 

ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 197.4, 144.1, 

128.8, 128.4, 125.8, 53.9, 53.5, 26.6, 24.8 ppm. 
 

 

Pyrrolidin-1-yl(p-tolyl)methanethione (4i).[12] Yield: 292 mg, 

91%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 7.18 - 7.13 (m, 2H, 

ArH), 7.02 (d, J = 7.2 Hz, 2H, ArH), 3.82 (t, J = 6.7 Hz, 2H), 

3.36 (t, J = 6.4 Hz, 2H), 2.22 (s, 3H), 1.95 - 1.78 (m, 4H) ppm. 
13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 196.6, 140.7, 138.2, 128.3, 125.3, 53.4, 53.0, 

26.0, 24.2, 20.8 ppm. 

 

 

(4-chlorophenyl)(pyrrolidin-1-yl)methanethione (4j).[12] Yield: 

310 mg, 88%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 7.23 (s, 4H, 

ArH), 3.85 (t, J = 7.1 Hz, 2H), 3.37 (t, J = 6.7 Hz, 2H), 2.03 - 1.85 

(m, 4H) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 195.4, 

142.1, 134.4, 128.3, 127.1, 53.7, 53.4, 26.4, 24.5 ppm. 

 

 

(2-fluorophenyl)(pyrrolidin-1-yl)methanethione (4k). Yield: 278 mg, 

85%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 7.33 - 7.17 (m, 2H), 7.10 

- 6.90 (m, 2H), 3.84 (s, 2H), 3.33 (t, J = 7.2 Hz, 2H), 2.05 - 1.83 (m, 

4H) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 190.0, 155.5 (d, 

J = 245 Hz), 131.3 (d, J = 16 Hz), 130.1 (d, J = 7 Hz), 128.5 (d, J = 2 Hz), 124.2 (d, J = 4 Hz), 115.4 

(d, J = 21 Hz), 52.8, 52.3, 25.9, 24.3 ppm. 19F{1H} NMR (565 MHz, CDCl3, 25 ºC): δF -116.4 

ppm. HRMS (ESI) m/z: [(M+H) +] calcd for C11H12FNS 210.0674, found 210.0748. 
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Morpholino(pyridin-2-yl)methanethione (4l).[10] Yield: 296 mg, 91%. 
1H NMR (400 MHz, CDCl3, 25 ºC): δH 8.50 (d, J = 4.8 Hz, 1H, ArH), 

7.76 - 7.70 (m, 1H, ArH), 7.59 (d, J = 7.9 Hz, 1H, ArH), 7.25 - 7.22 

(m, 1H, ArH), 4.44 - 4.41 (m, 2H), 3.91 - 3.88 (m, 2H), 3.72 - 3.68 (m, 

2H), 3.60 - 3.57 (m, 2H) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 197.7, 158.8, 148.3, 

137.1, 123.9, 123.6, 66.8, 66.5, 52.5, 49.6 ppm. 

 

 

Piperidin-1-yl(pyridin-2-yl)methanethione (4m).[9] Yield: 287 mg, 

89%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 8.51 (d, J = 4.8 Hz, 1H, 

ArH), 7.77 - 7.70 (m, 1H, ArH), 7.48 (d, J = 7.9 Hz, 1H, ArH), 7.27 - 

7.23 (m, 1H, ArH), 4.37 - 4.31 (m, 2H), 3.50 - 3.43 (m, 2H), 1.85 - 

1.73 (m, 4H), 1.65 - 1.59 (m, 2H) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 195.5, 

159.0, 147.8, 136.5, 122.5, 121.9, 52.6, 49.8, 26.2, 24.9, 23.5 ppm. 

 

 

Pyridin-2-yl(pyrrolidin-1-yl)methanethione (4n).[9] Yield: 282 mg, 

94%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 8.36 (d, J = 0.7 Hz, 1H, 

ArH), 7.65 - 7.53 (m, 2H, ArH), 7.17 - 7.11 (m, 1H, ArH), 3.87 - 3.80 

(m, 2H), 3.52 - 3.45 (m, 2H), 1.95 - 1.83 (m, 4H) ppm. 13C{1H} NMR 

(100 MHz, CDCl3, 25 ºC): δC 193.2, 159.3, 147.5, 136.6, 123.3, 123.0, 53.4, 52.9, 26.3, 24.0 

ppm. 

 

 
2-fluoro-N-phenylbenzothioamide (4o).[11] Yield: 282 mg, 78%. 1H 

NMR (400 MHz, CDCl3, 25 ºC): δH 8.81 (s, 1H, NH), 7.97 - 7.93 

(m, 2H, ArH), 7.87 - 7.83 (m, 2H, ArH), 7.44 - 7.39 (m, 2H, ArH), 

7.35 - 7.30 (m, 3H, ArH) ppm. 13C{1H} NMR (100 MHz, CDCl3, 

25 ºC): δC 192.7, 157.3 (d, J = 247 Hz), 138.8, 133.4, 132.60 (d, J = 8 Hz), 129.2 (d, J = 10 Hz), 

128.0 (d, J = 4 Hz), 127.3, 124.8 (d, J = 4 Hz), 124.1, 116.1 (d, J = 24 Hz) ppm. 19F{1H} NMR 

(565 MHz, CDCl3, 25 ºC): δF -116.2 ppm. 
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N-benzyl-2-fluorobenzothioamide (4p).[11] Yield: 291 mg, 76%. 
1H NMR (400 MHz, CDCl3, 25 ºC): δH 7.91 (s, 1H, NH), 7.69 - 

7.64 (m, 2H, ArH), 7.35 - 7.25 (m, 7H, ArH), 4.90 (d, J = 5.3 Hz, 

2H, CH2NH) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 

193.4, 157.8 (d, J = 248 Hz), 136.0, 133.5, 132.5 (d, J = 9 Hz), 129.1, 128.3 (d, J = 5 Hz), 

128.1 (d, J = 11 Hz), 124.7 (d, J = 3 Hz), 116.0 (d, J = 24 Hz), 51.32 ppm. 19F{1H} NMR (565 

MHz, CDCl3, 25 ºC): δF -116.4 ppm. 

 

 

4-(morpholine-4-carbonothioyl)benzonitrile (4q).[14] Yield: 311 

mg, 86%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 7.65 (d, J = 

8.5 Hz, 2H, ArH), 7.36 (d, J = 8.5 Hz, 2H, ArH), 4.41 - 4.37 (m, 

2H), 3.89 - 3.84 (m, 2H), 3.66 - 3.61 (m, 2H), 3.55 - 3.50 (m, 

2H) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 197.9, 146.3, 132.6, 126.5, 118.2, 112.4, 

66.6, 66.5, 52.6, 49.3 ppm. 

 

 
 

4-(piperidine-1-carbonothioyl)benzonitrile (4r).[14] Yield: 323 

mg, 90%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 7.60 (d, J = 8.5 

Hz, 2H, ArH), 7.32 (d, J = 8.5 Hz, 2H, ArH), 4.31 - 4.26 (m, 2H), 

3.44 - 3.40 (m, 2H), 1.80 - 1.70 (m, 4H) ppm. 13C{1H} NMR (100 

MHz, CDCl3, 25 ºC): δC 196.2, 147.1, 132.4, 126.0, 118.3, 111.7, 53.2, 50.3, 26.8, 25.3, 23.9 

ppm. 
 
Characterisation data of thioamides (5a-5g) from ketones and different amines: 
 

2-(4-hydroxyphenyl)-1-morpholinoethane-1-thione (5a).[15] 

Yield: 259 mg, 70%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 

7.12 (d, J = 8.4 Hz, 2H, ArH), 6.77 (d, J = 8.5 Hz, 2H, ArH), 

4.35 - 4.31 (m, 2H), 4.24 (s, 2H, CH2CS), 3.74 - 3.71 (m, 

2H), 3.64 - 3.61 (m, 2H), 3.42 - 3.37 (m, 2H) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): 

δC 200.6, 155.0, 132.8, 129.0, 127.5, 116.2, 116.0, 66.4, 66.2, 50.9, 50.4, 49.7 ppm. 
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2-(4-aminophenyl)-1-morpholinoethane-1-thione (5b).[16] 
Yield: 251 mg, 68%. 1H NMR (400 MHz, CDCl3, 25 ºC): 

δH 7.05 (d, J = 8.3 Hz, 2H, ArH), 6.60 (d, J = 8.2 Hz, 2H, 

ArH), 4.31 – 4.28 (m, 2H), 4.19 (s, 2H, CH2CS), 3.70 - 3.67 

(m, 2H), 3.62 - 3.59 (m, 2H), 3.39 - 3.33 (m, 2H) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 

ºC): δC 200.8, 152.8, 145.4, 132.6, 128.7, 125.3, 115.5, 113.9, 66.5, 66.3, 66.3, 66.2, 50.7, 50.2, 

49.8, 47.1 ppm. 

 

 
1-morpholino-2-(p-tolyl)ethane-1-thione (5c).[17] Yield: 261 

mg, 71%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 7.88 (d, J 

= 8.2 Hz, 1H, ArH), 7.30 - 7.18 (m, 3H), 4.36 - 4.30 (m, 4H), 

3.92 - 3.87 (m, 2H), 3.75 - 3.71 (m, 2H), 2.43 (s, 2H, 

CH2CS), 2.32 (s, 3H, CH3) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 200.4, 145.8, 

136.8, 132.8, 130.1, 129.8, 129.7, 127.7, 126.8, 66.6, 66.2, 52.0, 50.9, 50.3, 50.3, 47.2, 22.0, 

21.2 ppm. 
 

 
2-(2-chlorophenyl)-1-morpholinoethane-1-thione (5d).[17] Yield: 

291 mg, 73%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 7.45 - 7.36 

(m, 2H, ArH), 7.28 - 7.20 (m, 2H, ArH), 4.40 - 4.35 (m, 4H), 3.79 

- 3.75 (m, 2H), 3.57 - 3.53 (m, 2H), 3.49 - 3.45 (m, 2H) ppm. 
13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 199.5, 133.8, 133.2, 129.7, 129.1, 128.6, 127.4, 

66.4, 66.2, 50.8, 50.1, 47.2 ppm. 
 
 

2-(4-aminophenyl)-1-(piperidin-1-yl)ethane-1-thione 

(5e). Yield: 238 mg, 65%. 1H NMR (400 MHz, CDCl3, 25 

ºC): δH 7.12 (d, J = 8.5 Hz, 2H, ArH), 6.65 - 6.60 (m, 2H, 

ArH), 4.27 - 4.21 (m, 4H), 3.64 - 3.53 (m, 3H), 1.64 - 1.55 

(m, 3H), 1.35 - 1.27 (m, 2H) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 199.3, 145.2, 

128.9, 126.1, 115.6, 51.8, 51.6, 50.4, 26.4, 25.4, 24.0 ppm. HRMS (ESI) m/z: [(M+H) +] calcd 

for C13H18N2S 235.1191, found 235.1263. 
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2-(4-hydroxyphenyl)-1-(pyrrolidin-1-yl)ethane-1-thione 

(5f). Yield: 228 mg, 66%. 1H NMR (400 MHz, CDCl3, 25 

ºC): δH 7.13 (d, J = 8.4 Hz, 2H, ArH), 6.78 - 6.74 (m, 2H, 

ArH), 4.07 (s, 2H, CH2CS), 3.83 (t, J = 6.8 Hz, 2H), 3.51 

(m, 3H), 1.97 - 1.91 (m, 3H) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 197.5, 155.0, 

132.9, 129.7, 127.0, 116.2, 115.9, 54.4, 51.2, 50.3, 26.5, 24.4 ppm. HRMS (ESI) m/z: [(M+H) 
+] calcd for C12H15NOS 222.0874, found 222.0948. 

 

 
2-(4-aminophenyl)-1-(pyrrolidin-1-yl)ethane-1-thione (5g). 

Yield: 230 mg, 67%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 

7.80 - 7.76 (m, 2H, ArH), 6.62 - 6.59 (m, 2H, ArH), 4.35 (s, 

2H, CH2CS), 3.94 - 3.88 (m, 3H), 3.86 - 3.82 (m, 1H), 3.54 - 

3.50 (m, 4H) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 194.0, 152.5, 132.9, 129.5, 

115.5, 114.0, 54.3, 51.3, 51.2, 51.0, 50.7, 26.6, 26.2, 24.4, 24.0 ppm. HRMS (ESI) m/z: [(M+H) 
+] calcd for C12H16N2S 221.1034, found 221.1106. 

 

Characterisation data of thioamides (6a-6c) from acid and different amines: 

 

4-methoxy-N-(4-methoxybenzyl)benzothioami- 
de (6a).[18] Yield: 399 mg, 89%. 1H NMR (400 

MHz, CDCl3, 25 ºC):  δH 7.76 - 7.71 (m, 2H, 

ArH), 7.69 (s, 1H, NH), 7.32 - 7.28 (m, 2H, ArH), 

6.91 - 6.87 (m, 2H, ArH), 6.85 - 6.80 (m, 2H, ArH), 4.88 (d, J = 5.1 Hz, 2H, CH2NH), 3.80 (s, 

3H, OCH3), 3.79 (s, 3H, OCH3) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 197.7, 

162.2, 159.5, 133.9, 129.8, 128.6, 128.5, 114.4, 113.7, 55.5, 55.4, 50.6 ppm. 

 

 



15 
 

4-methoxy-N-phenethylbenzothioamide (6b).[18] 

Yield: 364 mg, 86%. 1H NMR (400 MHz, CDCl3, 25 

ºC): δH 7.68 - 7.63 (m, 2H, ArH), 7.48 (s, 1H, NH), 

7.37 - 7.25 (m, 5H, ArH), 6.86 - 6.80 (m, 2H, ArH), 

4.13 - 4.07 (m, 2H, CH2CH2NH), 3.82 (s, 3H, OCH3), 3.07 (t, J = 6.9 Hz, 2H, CH2CH2NH) 

ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 198.2, 162.3, 138.5, 134.3, 129.0, 128.9, 

128.5, 127.0, 113.8, 55.6, 47.5, 34.1 ppm. 

 
 

N-(4-methoxybenzyl)-1H-indole-3-carbothioamide 

(6c). Yield: 393 mg, 85%. 1H NMR (400 MHz, 

CDCl3, 25 ºC): δH 7.79 - 7.75 (m, 2H, ArH), 7.56 (s, 

1H, NH), 7.35 - 7.31 (m, 2H, ArH), 6.95 - 6.80 (m, 

5H, ArH), 4.92 (d, J = 4.9 Hz, 2H, CH2NH), 3.83 (s, 

3H, OCH3) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 ºC): δC 197.8, 162.4, 159.7, 130.0, 

128.7, 114.5, 113.8, 55.6, 55.5, 50.8 ppm. LCMS (ESI) m/z: [(M+H) +] calcd for C17H16N2OS 

296.10, found 297.1. 

 

 
Characterisation data of thiazole products (7a-7d) obtained from thioamides: 
 

2,5-diphenyl-1,3,4-thiadiazole (6a).[19] Yield: 113 mg, 92%. 1H 

NMR (400 MHz, CDCl3, 25 ºC): δH 7.71 - 7.65 (m, 4H, ArH), 

7.50 - 7.39 (m, 6H, ArH) ppm. 13C{1H} NMR (100 MHz, 

CDCl3, 25 ºC): δC 148.8, 130.9, 130.2, 129.0, 126.2 ppm. 

 

 
2,5-bis(4-chlorophenyl)-1,3,4-thiadiazole (6b).[19] 

Yield: 119 mg, 88%. 1H NMR (400 MHz, CDCl3, 25 

ºC): δH 7.64 - 7.58 (m, 4H, ArH), 7.44 - 7.36 (m, 4H, 

ArH) ppm. 13C{1H} NMR (100 MHz, CDCl3, 25 

ºC): δC 147.7, 137.1, 129.4, 128.5, 127.4 ppm. 
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2,5-di-p-tolyl-1,3,4-thiadiazole (6c).[19] Yield: 112 

mg, 87%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 

7.57 (d, J = 8.2 Hz, 4H, ArH), 7.24 (d, J = 8.0 Hz, 

4H, ArH), 2.39 (s, 6H, CH3) ppm. 13C{1H} NMR 

(100 MHz, CDCl3, 25 ºC): δC 149.0, 141.2, 129.7, 127.3, 126.1, 21.6 ppm. 

 

 

2,5-di(pyridin-2-yl)-1,3,4-thiadiazole (6d).[20] Yield: 105 mg, 

85%. 1H NMR (400 MHz, CDCl3, 25 ºC): δH 8.58 - 8.55 (m, 

2H, ArH), 8.07 - 8.02 (m, 2H, ArH), 7.78 - 7.71 (m, 2H, ArH), 

7.37 - 7.30 (m, 2H, ArH) ppm. 13C{1H} NMR (100 MHz, 

CDCl3, 25 ºC): δC 148.5, 147.6, 146.8, 136.8, 125.0, 121.4 ppm. 
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NMR spectra of DES: 

Fig S1. 1H NMR spectra of (ChCl-urea) DES (D2O, 600 MHz). 

Fig S2. 13C NMR spectra of (ChCl-urea) DES (D2O, 150 MHz). 
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 NMR spectra of thioamide compounds (3a-3n):                   

Fig S3. 1H NMR spectra of 3a (CDCl3, 400 MHz). 

Fig S4. 13C NMR spectra of 3a (CDCl3, 100 MHz). 
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Fig S5. 1H NMR spectra of 3b (CDCl3, 400 MHz) 

     Fig S6. 13C NMR spectra of 3b (CDCl3, 100 MHz). 
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Fig S7. 1H NMR spectra of 3c (CDCl3, 600 MHz). 

 

     Fig S8. 13C NMR spectra of 3c (CDCl3, 150 MHz). 
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Fig S9. 1H NMR spectra of 3d (CDCl3, 400 MHz). 

Fig S10. 13C NMR spectra of 3d (CDCl3, 100 MHz). 
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Fig S11. 19F{1H} NMR spectra of 3d (CDCl3, 565 MHz). 

Fig S12. 1H NMR spectra of 3e (CDCl3, 400 MHz). 
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     Fig S13. 13C NMR spectra of 3e (CDCl3, 100 MHz). 

Fig S14. 1H NMR spectra of 3f (CDCl3, 400 MHz). 
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Fig S15. 13C NMR spectra of 3f (CDCl3, 100 MHz). 

 

Fig S16. 1H NMR spectra of 3g (CDCl3, 400 MHz). 
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Fig S17. 13C NMR spectra of 3g (CDCl3, 100 MHz). 
 

Fig S18. 1H NMR spectra of 3h (CDCl3, 400 MHz). 
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Fig S19. 13C NMR spectra of 3h (CDCl3, 100 MHz). 

Fig S20. 1H NMR spectra of 3i (CDCl3, 400 MHz). 
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Fig S21. 13C NMR spectra of 3i (CDCl3, 100 MHz). 

Fig S22. 1H NMR spectra of 3j (CDCl3, 400 MHz). 
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Fig S23. 13C NMR spectra of 3j (CDCl3, 100 MHz). 

Fig S24. 1H NMR spectra of 3k (CDCl3, 400 MHz). 
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Fig S25. 13C NMR spectra of 3k (CDCl3, 100 MHz). 

Fig S26. 1H NMR spectra of 3l (CDCl3, 400 MHz). 
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Fig S27. 13C NMR spectra of 3l (CDCl3, 100 MHz). 

Fig S28. 1H NMR spectra of 3m (CDCl3, 400 MHz). 
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Fig S29. 13C NMR spectra of 3m (CDCl3, 100 MHz). 

 

Fig S30. 1H NMR spectra of 3n (CDCl3, 400 MHz). 
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Fig S31. 13C NMR spectra of 3n (CDCl3, 100 MHz) 

 

NMR spectra of thioamides (4a-4p) from cyclic secondary amines:  

Fig S32. 1H NMR spectra of 4a (CDCl3, 400 MHz). 
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Fig S33. 13C NMR spectra of 4a (CDCl3, 100 MHz). 

Fig S34. 1H NMR spectra of 4b (CDCl3, 400 MHz). 
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Fig S35. 13C NMR spectra of 4b (CDCl3, 100 MHz). 

Fig S36. 1H NMR spectra of 4c (CDCl3, 400 MHz). 
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Fig S37. 13C NMR spectra of 4c (CDCl3, 100 MHz). 

Fig S38. 1H NMR spectra of 4d (CDCl3, 400 MHz). 
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Fig S39. 13C NMR spectra of 4d (CDCl3, 100 MHz). 

Fig S40. 19F{1H} NMR spectra of 4d (CDCl3, 565 MHz). 
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 Fig S41. 1H NMR spectra of 4e (CDCl3, 400 MHz). 

Fig S42. 13C NMR spectra of 4e (CDCl3, 100 MHz). 

 

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
Chemical shift(ppm)

6.
26

2.
01

2.
00

4.
79

1.
53

1.
54

1.
56

1.
71

1.
73

1.
74

1.
79

1.
80

3.
48

3.
50

3.
51

4.
33

4.
34

4.
36

7.
24

7.
25

7.
26

7.
27

7.
29

7.
30

7.
31

7.
31

7.
32

7.
33

7.
33

0102030405060708090100110120130140150160170180190200210
Chemical shift(ppm)

23
.9

8
25

.3
7

26
.7

5

50
.4

5
53

.0
4

76
.8

4
77

.1
6

77
.4

8

12
5.

26
12

8.
20

12
8.

25

14
3.

25

19
9.

24



38 
 

 

Fig S43. 1H NMR spectra of 4f (CDCl3, 400 MHz). 

Fig S44. 13C NMR spectra of 4f (CDCl3, 100 MHz). 
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Fig S45. 1H NMR spectra of 4g (CDCl3, 400 MHz). 

Fig S46. 13C NMR spectra of 4g (CDCl3, 100 MHz). 
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Fig S47. 19F{1H} NMR spectra of 4g (CDCl3, 565 MHz). 

Fig S48. 1H NMR spectra of 4h (CDCl3, 400 MHz). 
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Fig S49. 13C NMR spectra of 4h (CDCl3, 100 MHz). 

Fig S50. 1H NMR spectra of 4i (CDCl3, 400 MHz). 
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Fig S51. 13C NMR spectra of 4i (CDCl3, 100 MHz). 

Fig S52. 1H NMR spectra of 4j (CDCl3, 400 MHz). 
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Fig S53. 13C NMR spectra of 4j (CDCl3, 100 MHz). 

Fig S54. 1H NMR spectra of 4k (CDCl3, 400 MHz). 
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Fig S55. 13C NMR spectra of 4k (CDCl3, 100 MHz). 

Fig S56. 19F{1H} NMR spectra of 4k (CDCl3, 565 MHz). 
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Fig S57. 1H NMR spectra of 4l (CDCl3, 400 MHz). 

Fig S58. 13C NMR spectra of 4l (CDCl3, 100 MHz). 
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Fig S59. 1H NMR spectra of 4m (CDCl3, 400 MHz). 

Fig S60. 13C NMR spectra of 4m (CDCl3, 100 MHz). 

 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
Chemical shift(ppm)

2.
00

4.
02

2.
05

2.
02

1.
00

1.
00

1.
00

0.
96

1.
62

1.
63

1.
72

1.
74

1.
75

1.
81

1.
82

3.
44

3.
46

3.
47

4.
32

4.
34

4.
35

7.
23

7.
24

7.
24

7.
25

7.
25

7.
26

7.
47

7.
49

7.
71

7.
71

7.
72

7.
73

7.
74

7.
75

7.
76

8.
50

8.
51

0102030405060708090100110120130140150160170180190200210
Chemical shift(ppm)

23
.5

2
24

.8
7

26
.1

7

49
.8

2
52

.6
1

76
.8

4
77

.1
6

77
.4

8

12
1.

93
12

2.
53

13
6.

46

14
7.

81

15
8.

96

19
5.

52



47 
 

 

Fig S61. 1H NMR spectra of 4n (CDCl3, 400 MHz). 

Fig S62. 13C NMR spectra of 4n (CDCl3, 100 MHz). 
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Fig S63. 1H NMR spectra of 4o (CDCl3, 400 MHz). 

Fig S64. 13C NMR spectra of 4o (CDCl3, 100 MHz). 
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Fig S65. 19F{1H} NMR spectra of 4o (CDCl3, 565 MHz). 

Fig S66. 1H NMR spectra of 4p (CDCl3, 400 MHz). 
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Fig S67. 13C NMR spectra of 4p (CDCl3, 100 MHz). 

Fig S68. 19F{1H} NMR spectra of 4p (CDCl3, 565 MHz). 
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Fig S69. 1H NMR spectra of 4q (CDCl3, 400 MHz). 

Fig S70. 13C NMR spectra of 4q (CDCl3, 100 MHz). 
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Fig S71. 1H NMR spectra of 4r (CDCl3, 400 MHz). 

Fig S72. 13C NMR spectra of 4r (CDCl3, 100 MHz). 
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NMR spectra of thioamide compounds (5a-5g) from ketone and different amine:  
 

Fig S73. 1H NMR spectra of 5a (CDCl3, 400 MHz) 

Fig S74. 13C NMR spectra of 5a (CDCl3, 100 MHz) 

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
Chemical shift (ppm)

2.
07

2.
07

2.
08

2.
00

2.
17

2.
15

2.
15

3.
38

3.
40

3.
41

3.
61

3.
63

3.
64

3.
71

3.
73

3.
74

4.
24

4.
31

4.
33

4.
34

6.
76

6.
78

7.
11

7.
14

7.
26

0102030405060708090100110120130140150160170180190200210
Chemical shift (ppm)

49
.6

6
50

.3
6

50
.8

7

66
.2

3
66

.4
1

76
.8

4
77

.1
6

77
.4

8

11
6.

00
11

6.
16

12
7.

45
12

9.
03

13
2.

76

15
4.

98

20
0.

59



54 
 

Fig S75. 1H NMR spectra of 5b (CDCl3, 400 MHz) 

Fig S76. 13C NMR spectra of 5b (CDCl3, 100 MHz) 
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Fig S77. 1H NMR spectra of 5c (CDCl3, 400 MHz) 

Fig S78. 13C NMR spectra of 5c (CDCl3, 100 MHz) 
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Fig S79. 1H NMR spectra of 5d (CDCl3, 400 MHz) 

Fig S80. 13C NMR spectra of 5d (CDCl3, 100 MHz) 
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Fig S81. 1H NMR spectra of 5e (CDCl3, 400 MHz) 

Fig S82. 13C NMR spectra of 5e (CDCl3, 100 MHz) 
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Fig S83. 1H NMR spectra of 5f (CDCl3, 400 MHz) 

Fig S84. 13C NMR spectra of 5f (CDCl3, 100 MHz) 
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Fig S85. 1H NMR spectra of 5g (CDCl3, 400 MHz) 

Fig S86. 13C NMR spectra of 5g (CDCl3, 100 MHz) 
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NMR spectra of thioamide compounds (6a-6c) from acid and different 
amines: 

Fig S87. 1H NMR spectra of 6a (CDCl3, 400 MHz) 

Fig S88. 13C NMR spectra of 6a (CDCl3, 100 MHz) 
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Fig S89. 1H NMR spectra of 6b (CDCl3, 400 MHz) 

Fig S90. 13C NMR spectra of 6b (CDCl3, 100 MHz) 
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Fig S91. 1H NMR spectra of 6c (CDCl3, 400 MHz) 

Fig S92. 13C NMR spectra of 6c (CDCl3, 100 MHz) 
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NMR spectra of 1,3,4 thiadiazole compounds (7a-7d) obtained from 
thioamide:  

Fig S93. 1H NMR spectra of 7a (CDCl3, 400 MHz) 

Fig S94. 13C NMR spectra of 7a (CDCl3, 100 MHz) 
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Fig S95. 1H NMR spectra of 7b (CDCl3, 400 MHz) 

Fig S96. 13C NMR spectra of 7b (CDCl3, 100 MHz) 
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Fig S97. 1H NMR spectra of 7c (CDCl3, 400 MHz) 

Fig S98. 13C NMR spectra of 7c (CDCl3, 100 MHz) 
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Fig S99. 1H NMR spectra of 7d (CDCl3, 400 MHz) 

Fig S100. 13C NMR spectra of 7d (CDCl3, 100 MHz) 
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Calculations of Green chemistry metrics for thioamidation reaction: 

There are different parameters for green chemistry metric like 

1. E-factor or environmental factor  
2. Atom economy (AE)  
3. Atom efficiency 
4. Carbon efficiency 
5. Product mass intensity (PMI) 
6. Reaction mass efficiency (RME) 

Here we have calculated different green chemistry metric parameter[21],[22] for our optimized 
reaction. 

H

O

NH
Et

Et
S N

S
Et

Et

ChCl-Urea DES (25 mol%)

45 °C, 5 h
Me Me

Yield = 93%  

 Name Chemical 
formula 

Molecular 
weight 

millimole mg 

Reactant 
1 

4-
methylbenzaldehyde 

C8H8O 120.15 1.5625 187.7 

Reactant 
2 

Diethylamine C4H11N 73.14 1.5625 114.3 

Reactant 
3 

Sulfur powder S 32 1.5625 50 

Solvent DES (ChCl: Urea = 
1:2) 

- 259.5 0.3906 101 

Product N,N-diethyl-4-
methylbenzothioami

-de  

C12H17NS 207.34 - 301 

 
 

1. E - factor or environmental factor 

𝐄𝐄 𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟 =  
Total mass of the waste

Mass of the product  

E − factor =  
{(120.15 × 1.5625) + (73.14 × 1.5625) + (32 × 1.5625) − 301} mg

301 mg  

 𝐄𝐄 − 𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟𝐟 = 𝟎𝟎. 𝟏𝟏𝟏𝟏  
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2. Atom economy (AE) 

Atom economy =  
MW of product 

Σ (MW of reactants)
 × 100 

                                                         

  =  
207.34

(120.15 + 73.14 + 32)
 × 100 

                                                = 𝟗𝟗𝟗𝟗% 

 

3. Atom efficiency 
 

𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀 𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞 =  
% yield of product × % atom economy

100
 

                                           

=  
93% × 92%

100  

                                               𝐀𝐀𝐀𝐀𝐀𝐀𝐀𝐀 𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞 =  𝟖𝟖𝟖𝟖. 𝟔𝟔% 

 

4. Carbon efficiency (CE) 

 

𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂 𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞 =  
No of carbon atoms in product

Σ (No of carbon atoms in reactants)
 × 100 

Carbon ef�iciency (CE) =
12

(8 + 4) × 100 

                               
𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂 𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞 (𝐂𝐂𝐂𝐂) = 𝟏𝟏𝟏𝟏𝟏𝟏% 

 

5. Product mass intensity (PMI) 

PMI =  
Σ (Mass of reactants including solvent)

Mass of the product  

 

PMI =  
(120.15 × 1.5625) + (73.14 × 1.5625) + (32 × 1.5625)

301  

 

                            = 1.17 (Ideal value of PMI = E – factor + 1) 
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6. Reaction mass efficiency (RME) 

 

                                         

RME =  
Mass of product

Σ (mass of reactants)
 × 100 

    

=  
301

(120.15 × 1.5625) + (73.14 × 1.5625) + (32 × 1.5625)  × 100 

         

𝐑𝐑𝐑𝐑𝐑𝐑 = 𝟖𝟖𝟖𝟖. 𝟓𝟓% 

 

E- factor 0.17 
Atom economy (AE) 92 % 

Atom efficiency 85.6% 
Carbon efficiency 100% 

PMI 1.17 
RME 85.5% 

 

Later we have calculated the green chemistry metrics for another four thioamide compounds. 

 

Example 2: 

H

O

S N

S
ChCl-Urea DES (25 mol%)

60 °C, 5 h
Cl Cl

Yield = 88%

H
N

 

 Name Chemical 
formula 

Molecular 
weight 

millimole mg 

Reactant 
1 

4-chlorobenzaldehyde C7H5ClO 140.57 1.5625 219.6 

Reactant 
2 

pyrrolidine C4H9N 71.11 1.5625 111.1 

Reactant 
3 

Sulfur powder S 32 1.5625 50 

Solvent DES (ChCl: Urea = 
1:2) 

- 259.5 0.3906 101 

Product (4-chlorophenyl) 
(pyrrolidin-1-yl) 
methanethione 

C11H12ClNS 225.73 - 310 
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E- factor 0.23 
Atom economy (AE) 92.6 % 

Atom efficiency 81.5% 
Carbon efficiency 100% 

PMI 1.23 
RME 81.4% 

 
Example 3: 

S
ChCl-Urea DES (25 mol%)

60 °C, 5 h

Yield = 91%

N
H

O O

H
N

N
N

S

O

 
 Name Chemical 

formula 
Molecular 

weight 
millimole mg 

Reactant 
1 

2-Pyridine 
carboxaldehyde 

C6H5NO 107.11 1.5625 167.3 

Reactant 
2 

morpholine C4H9NO 87.12 1.5625 136.1 

Reactant 
3 

Sulfur powder S 32 1.5625 50 

Solvent DES (ChCl: Urea = 
1:2) 

- 259.5 0.3906 101 

Product morpholino(pyridin-2-
yl)methanethione 

C10H12N2OS 208.28 - 296 

 
E- factor 0.19 

Atom economy (AE) 92 % 
Atom efficiency 83.7% 

Carbon efficiency 100% 
PMI 1.19 
RME 83.7% 
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Example 4:  

NH2 S N
H

S
ChCl-Urea DES (25 mol%)

90 °C, 5 hMeO
MeO

Yield = 89%

2

OMe

 
 Name Chemical 

formula 
Molecular 

weight 
millimole mg 

Reactant 
1 

4-
Methoxybenzylamine 

C8H11NO 137.18 1.5625 214.3 

Reactant 
2 

Sulfur powder S 32 1.5625 50 

Solvent DES (ChCl: Urea = 
1:2) 

- 259.5 0.3906 101 

Product 4-methoxy-N-(4-
methoxybenzyl)benzo

thioamide 

C16H17NO2S 287.38 - 399 

 
E- factor 0.20 

Atom economy (AE) 93.8 % 
Atom efficiency 83.5% 

Carbon efficiency 100% 
PMI 1.2 
RME 83.3% 
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