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1. SYNTHESIS OF N,N -́DISUBSTITUTED SELENOUREAS  

1.1. Synthesis of the compounds 1a-e  

0.75 mmol (1,5 eq.) of furan-2-ymethylamine were added over a solution of 0.5 mmol of the 

selected isoselenocyanate in 5 mL of DCM., The mixture was stirred for one hour. After one hour 

the solvent was evaporated under vacuum and the resulted oil was precipitated with n-hexane. 

The precipitate was filtered and washed with n-hexane.  

1.2. Synthesis of the compounds 2a-e 

0.84 mmol of thiazol-2-ylmethylamine (1.5 equivalents) were added over a solution of 1 equivalent 

of the corresponding arylisoselenocyanate dissolved in 10 mL of DCM. The mixture was stirred for 

1 hour at RT. After this time the precipitate was filtered and washed with n-hexane. 

1.3. Synthesis of the compounds 3a-e. 

0.6 mmol (1.1 eq) of 6-aminocoumarin were added over a solution of 1 equivalent of the 

corresponding arylisoselenocyanate in 10 mL of THF and the mixture was stirred for four hours. 

After this time the solvent was evaporated in a rotary evaporator. The resulted oil was precipitated 

with a 1:1 mixture of DCM/n-Hexane and washed with the same proportion to obtain the 

selenoureas 4a-e as yellow powder. 
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1.4. Synthesis of the compounds 4a-e 

1.5 mmol of butylamine (1.5 eq) were added to a solution of 1 mmol of the corresponding 

arylisoselenocyanate dissolved in 10 mL of DCM and the mixture was stirred at room temperature 

for 20 min. After 20 min the solvent was evaporated under reduced pressure and the resulted oil 

precipitated with n-hexane. the precipitate was filtered and washed with n-hexane to obtain the 

products as white powder. 

1.5. Synthesis of the compounds 5a-e. 

1.5 mmol of hexylamine (1.5 eq) were added to a solution of 1 mmol of the corresponding 

arylisoselenocyanate dissolved in 10 mL of DCM and the mixture was stirred at room temperature 

for 45 min. After 45 min the solvent was evaporated under reduced pressure and the resulted oil 

precipitated with n-hexane. the precipitate was filtered and washed with n-hexane to obtain the 

product as white-pink powder. 

1.6. Synthesis of the compounds 6a-e. 

 

0.7 mmol adamantylamine were added to a solution of 0.7 mmol of the corresponding 

arylisoselenocyanate in 10 mL of DCM and the mixture was stirred at room temperature for 30 

min. The solvent was evaporated under reduced pressure and the resulted oil was precipitated 

with n-hexane. The precipitate was filtered and washed with n-hexane to obtain the products as 

white powder.  

2. NCI-60 DOSE-RESPONSE REPORT FOR 6c 
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Figure S1. NCI-60 dose-response report for 6c. Page 1 of 4. 
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Figure S2. NCI-60 dose-response report for 6c. Page 2 of 4. 
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Figure S3. NCI-60 dose-response report for 6c. Page 3 of 4. 

 



 6 of 58 

 

 

 

 

Figure S4. NCI-60 dose-response report for 6c. Page 4 of 4. 
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3. GENERAL STRUCTURE USED TO ASSIGN THE CHEMICAL SHIFTS IN NMR SPECTROSCOPY 

 

Figure S5. General structure of the new N,N -́disubstituted selenoureas. 

N -́(furan-2-ylmethyl)-N-phenylselenourea (1a). Yield 80%, mp 109 ºC. IR (KBr) ῡ cm-1: 3262 (N-H, 

3141 (N-H), 2993 (Csp3-H).  1H NMR (400 MHz, CDCl3) δ: 8.34 (br s, 1H, NH), 7.44 (dd, 2H, J3-4 = J5-4 

=7.7 Hz; J3-2 =J5-6 =7.7 Hz; H3+H5), 7.36 – 7.30 (m, 2H, H4+H5  ́ ), 7.21 (d, 2H, H2+H6), 6.51 (br s, 1H, 

N H́), 6.31 (d, 2H, J3 -́5 =́ J4 -́5 =́ 1.3 Hz, H3 +́H4 )́, 4.93 (d, 2H, J6 -́N H́ = 5.1 Hz, H6 )́. 13C NMR (100 MHz, 

CDCl3) δ: 179.3 (C=Se), 149.8 (C2 )́, 142.7 (C5 )́, 135.7 (C1), 130.53 (C3+C5), 128.0 (C4), 125.3 (C2+C6), 

110.64 (C4 )́, 108.59 (C3 )́, 45.35 (C6 )́. 77Se NMR (76 MHz, CDCl3) δ: 222.2 (Se=C). HRMS calcd. For 

C12H12N2OSe [M+H]: 281.0188, found 281.0191 [M+H]. 

N -́(furan-2-ylmethyl)-N-(4-methyl)phenylselenourea (1b). Yield 60%, 157 ºC. IR (KBr) ῡ cm-1: 3282 (N-

H), 3155 (N-H), 3085 (Csp2-H), 2936 (Csp3-H). 1H NMR (400 MHz, CDCl3) δ: δ 8.17 (br s, 1H, NH), 

7.33 (s, 1H, H5 )́, 7.23 (d, 2H, J3-2= J5-6= 8.1 Hz; H3+H5), 7.09 (d, 2H, H2+H6), 6.43 (br s, 1H, N H́), 6.31 

(s, 2H, H3 +́H4 )́, 4.92 (d, 2H, J6 -́N H́ = 5.1 Hz, H6 )́, 2.35 (s, 3H, CH3-Ph). 13C NMR (100 MHz, CDCl3) δ: 

179.1 (C=Se), 150.0 (C2 )́, 142.6 (C5 )́, 138.3 (C1), 132.9 (C4), 131.1 (C3+C5), 125.5 (C2+C6), 110.6 (C4 )́, 

108.5 (C3 )́, 45.5 (C6 )́, 21.2 (CH3-Ph). HRMS calcd. For C13H14N2OSe [M+H]: 295.0344, found 295.0349 

[M+H]. 

 

N -́(furan-2-ylmethyl)-N-(4-methoxy)phenylselenourea (1c). Yield 86%, mp 128 ºC. IR (KBr) ῡ cm-1: 3322 

(N-H), 3171 (N-H), 2963 (Csp3-H). 1H NMR (400 MHz, CDCl3) δ: 8.30 (s, 1H, NH), 7.32 (dd, 1H, J5 -́3 =́ 

1.7 Hz, J5 -́4 =́0.9 Hz, H5 )́, 7.14 (d, 2H, J2-3=J6-5 = 8.8 Hz, H2+H6), 6.92 (d, 2H, H3+H5), 6.41 – 6.24 (m,  3H, 

NH+H3 +́H4 )́, 4.90 (d, 2H, J6 -́N H́= 5.2 Hz, H6 )́, 3.80 (s, 3H, OCH3). 13C NMR (100 MHz, CDCl3) δ: 

179.7 (C=Se), 159.4 (C4), 150.0 (C2 )́, 142.6 (C5 )́, 128.0 (C1), 127.6 (C2+C6), 115.6 (C3+C5), 110.6 (C4 )́, 

108.5 (C3 )́, 55.7 (OCH3), 45.3 (C1 )́.77Se NMR (76 MHz, CDCl3) δ: 206.7 (Se=C). HRMS calcd. For 

C13H14N2O2Se [M+H]: 311.0293, found 311.0284 [M+H]. 

 

N -́(furan-2-ylmethyl)-N-(4-chloro)phenylselenourea (1d). Yield 79%, mp 128 ºC. IR (KBr) ῡ cm-1: 3357 

(N-H), 3152 (N-H), 3033 (Csp2-H). 1H NMR (400 MHz, CDCl3) δ: 8.78 (s, 1H, NH), 7.38 (d, 2H, J3-2=J5-

6= 8.7 Hz, H3+H5), 7.35 – 7.31 (m, 1H, H5 )́, 7.17 (d, 2H, H2+H6), 6.47 (br s, 1H, N H́), 6.31 (d, 2H, 

H3 +́H4 )́, 4.90 (d, 2H, J6 -́N =́ 4.6 Hz, H6 )́. 13C NMR (100 MHz, CDCl3) δ 179.4 (C=Se), 149.6 (C2 )́, 142.8 

(C5 )́, 134.3 (C1), 133.6 (C4), 130.6 (C3+C5), 126.7 (C2+C6), 110.7 (C4 )́, 108.8 (C3 )́, 45.3 (C6 )́. 77Se NMR 

(76 MHz, CDCl3) δ: 229.3 (Se=C). HRMS calcd. For C12H11N2OSeCl [M+H]: 314.9798, found 314.9789 

[M+H]. 
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N -́(furan-2-ylmethyl)-N-(4-cyano)phenylselenourea (1e). Yield 79%, mp 128ºC. IR (KBr) ῡ cm-1: 3353 

(N-H), 3166 (N-H), 3052 (Csp2-H), 2982 (Csp3-H), 2226 (C≡N). 1H NMR (400 MHz, DMSO) δ: 10.33 (br 

s, 1H, NH), 9.03 (br s, 1H, N H́), 7.78 (d, 2H, J3-2=J5-6= 8.8 Hz, H3+H5), 7.68 (d, 2H, H2+H6), 7.65 - 760 

(m, 1H, H5 )́, 6.43 (dd, 1H, J4 -́3  ́= 3.1 Hz, J4 -́5 =́ 1.9 Hz, H4 )́, 6.39 (d, 1H, H3 )́, 4.84 (d, 2H, J6 -́NH= 1.4 Hz, 

H6 )́. 13C NMR (100 MHz, DMSO) δ 180.3 (C=Se), 150.7 (C2 )́, 143.7 (C1), 142.4 (C5 )́, 132.9 (C3+C5), 

122.7 (C2+C6), 118.9 (C4), 110.5 (C4 )́, 107.9 (C3 )́, 105.9 (CN), 43.5 (C6 )́. 77Se NMR (76 MHz, CDCl3) δ: 

251.53 (Se=C). HRMS calcd. For C13H11N3OSe [M+H]: 306.0140, found 306.0153 [M+H]. 

 

N -́(thiazol-2-ylmethyl)-N-phenylselenourea (2a). Yield 65%, mp 149ºC. IR (KBr) ῡ cm-1: 3131 (N-H), 

3048 (Csp2-H), 2969 (Csp3-H).  1H NMR (400 MHz, DMSO) δ: 10.30 (br s, 1H, NH), 8.74 (br s, 1H, 

N H́), 7.74 (d, 1H, J4 -́5 =́ 3.2 Hz, H4 )́, 7.63 (d, 1H, H5 )́, 7.39 (t, 2H, J= 7.7 Hz, H3+H5), 7.33 (d, 2H, J2-

3=J6-5=7.3 Hz, H2+H6), 7.23 (t, 1H, J4-3=J4-5= 7.2 Hz, H4), 5.14 (d, 2H J6 -́N =́ 4.0 Hz, H6 )́. 13C NMR (101 

MHz, DMSO) δ: 178.0 (C=Se), 168.6 (C2 )́, 142.0 (C4 )́, 138.2 (C1), 129.14 (C3+C5), 125.7 (C4), 124.6 

(C2+C6), 119.9 (C5 )́, 48.5 (C6 )́. 77Se NMR (76 MHz, DMSO) δ: 219.4 (C=Se). HRMS calcd. For 

C11H11N3SSe [M+H]: 297.9912, found 297.9915 [M+H]. 

 

N -́(thiazol-2-ylmethyl)-N-(4-methyl)phenylselenourea (2b). Yield 58%, mp 154 ºC. IR (KBr) ῡ cm-1: 3253 

(N-H), 3205 (N-H), 2976 (Csp3-H). 1H NMR (400 MHz, DMSO) δ: 10.20 (br s, 1H, NH), 8.61 (br s, 1H, 

NH), 7.73 (d, 1H, J4 -́5  ́= 3.2 Hz; H4 )́, 7.62 (d, 1H, H5 )́, 7.19 (s, 4H, H2+H3+H5+H6), 5.12 (d, 2H J6 -́N H́ = 

4.5 Hz; 2H), 2.29 (s, 3H, CH3-Ph). 13C NMR (101 MHz, DMSO) δ: 179.8 (C=Se), 168.8 (C2 )́, 142.0 (C4 )́, 

135.4 (C1), 135.2 (C4), 129.6 (C3+C5), 124.8 (C2+C6), 119.8 (C5 )́, 48.5 (C6 )́, 20.5 (CH3-Ph). 77Se NMR (76 

MHz, DMSO) δ: 213.4 (C=Se). HRMS calcd. For C12H13N3SSe [M+H]: 312.0068, found 312.0099 

[M+H]. 

 

N -́(thiazol-2-ylmethyl)-N-(4-methoxy)phenylselenourea (2c). Yield 62%, mp 150 ºC. IR (KBr) ῡ cm-1: 

3191 (N-H), 2957 (Csp3-H). 1H NMR (400 MHz, DMSO) δ: 10.11 (br s, 1H, NH), 8.51 (br s, 1H, N H́), 

7.72 (d, 1H, J4 -́5  ́ = 3.3 Hz, H4 )́, 7.61 (d, 1H,  H5 )́, 7.19 (d, 2H, J3-2=J5-6= 8.9 Hz, H3+H5), 6.96 (d, 2H, 

H2+H6), 5.10 (d, 2H, J6 -́N H́ = 5.1 Hz, H6 )́, 3.75 (s, 3H, OCH3). 13C NMR (101 MHz, DMSO) δ 1780.0 

(C=Se), 169.0 (C2 )́, 157.5 (C1), 142.0 (C4 )́, 130.6 (C4), 126.9 (C3+C5), 119.8 (C5 )́, 114.4 (C2+C6), 55.3 

(OCH3), 48.5 (C6 )́. HRMS calcd. For C12H13N3OSSe [M+H]: 328.0017, found 328.0082 [M+H]. 

 

N -́(thiazol-2-ylmethyl)-N-(4-chloro)phenylselenourea (2d). Yield 76%, mp 165 ºC. IR (KBr) ῡ cm-1: 3266 

(N-H), 3191 (N-H), 3089 (Csp2-H), 2975 (Csp3-H).  1H NMR (400 MHz, DMSO) δ: 10.31 (br s, 1H, NH), 

8.85 (br s, 1H, NH), 7.74 (d, 1H, J4 -́5  ́= 3.2 Hz; H4 )́, 7.63 (d, 1H, H5 )́, 7.44 (d, 2H, J3-2 = J5-6 = 8.7 Hz; 

H3+H5), 7.37 (d, 2H, H2+H6), 5.13 (s, 2H, H6 )́. 13C NMR (101 MHz, DMSO) δ: 180.5 (C=Se), 168.3 

(C2 )́, 142.0 (C4 )́, 137.4 (C1), 129.7 (C4), 128.9 (C3+C5), 126.3 (C2+C6), 120.0 (C5 )́, 48.4 (C6 )́. 77Se NMR 

(76 MHz, DMSO) δ: 224.0 (C=Se). HRMS calcd. For C11H10N3SSeCl [M+H]: 331.9522, found 331.9517 

[M+H]. 

 

N -́(thiazol-2-ylmethyl)-N-(4-cyano)phenylselenourea (2e). Yield 68%, mp 152ºC. IR (KBr) ῡ cm-1: 3199 

(N-H), 2924 (Csp3-H), 2225 (C≡N). 1H NMR (400 MHz, DMSO) δ: 10.44 (br s, 1H, NH), 9.30 (br s, 1H, 

NH), 7.81 (d, 2H, J3-2 = J5-6 = 8.5 Hz; H3+H5), 7.76 (d, 1H, J4 -́5  ́= 3.0 Hz; H4 )́, 7.68 (d, 2H, H2+H6), 7.65 

(d, 1H, H5 )́., 5.17 (s, 2H, H6 )́. 13C NMR (100 MHz, DMSO) δ:  181.4 (C=Se), 167.9 (C2 )́, 143.8 (C1), 

142.5 (C4 )́, 133.6 (C3+C5), 123.6 (C2+C6), 120.7 (C5 )́, 119.4 (C4), 106.8 (CN), 48.7 (C6 )́. 77Se NMR (76 

MHz, DMSO) δ: 255.5 (C=Se). HRMS calcd. For C12H10N4SSe [M+H]: 322.9864, found 322.9867 

[M+H]. 

N -́(6-Coumarin)-N-Phenylselenourea (3a). Yield 78 %, mp 169ºC. IR (KBr) ῡ cm-1: 3273 (N-H), 3153 

(N-H), 1729 (C=O). 1H NMR (400 MHz, DMSO) δ: 10.27 (br s, 1H, NH), 10.21 (br s, 1H, NH), 8.07 (d, 

1H, JH4 -́H3  ́= 9.6 Hz; H4 )́, 7.73 (d, 1H, JH7 -́H8  ́= 2.3 Hz; H7 )́, 7.60 (dd, 1H, JH8 -́H5  ́= 8.8 Hz; JH8 -́H7 =́ 2.3 

Hz; H8 )́, 7.44 – 7.32 (m, 5H, H2+H3+H5+H6+H5 )́, 7.19 (t, 1H, JH4-H3,H5 = 7.2 Hz, H4), 6.50 (d, 1H, H3 )́.13C 
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NMR (100 MHz, DMSO) δ: 179.7 (C=Se), 160.4 (C2 )́, 151.5 (C8 á), 144.5 (C4 )́, 139.9 (C1), 136.7 (C6 )́, 

130.2 (C8 )́, 129.1 (C3+C5), 125.9 (C4), 125.3 (C2+C6), 125.2 (C7 )́, 119.0 (C4 á), 116.8 (C3 +́C5 )́. HRMS 

calcd. For C16H12N2O2Se [M+H]: 345.0137, found 345.0138 [M+H]. 

 

N -́(-6-Coumarin)-N-(4-methylphenyl)selenourea (3b). Yield 86 %, mp 145 ºC. IR (KBr) ῡ cm-1: 3278 (N-

H), 3100 (N-H), 1720 (C=O). 1H NMR (400 MHz, DMSO) δ: 10.17 (br s, 1H, NH), 10.07 (br s, 1H, 

N H́),  8.06 (d, 1H, JH4 -́H3  ́= 9.6 Hz; H4 )́, 7.72 (d, 1H, JH7 -́H8  ́= 2.3 Hz; H7 )́, 7.59 (dd, 1H, JH8 -́H5  ́= 8.8 Hz; 

JH8 -́H7 =́ 2.4 Hz; H8 )́, 7.37 (d, 1H, H5 )́, 7.27 (d, 2H, JH3-H2 = JH5-H6 = 8.2 Hz; H3+H5), 7.16 (d, 2H, H2+H6), 

6.49 (d, 1H, H3 )́, 2.29 (s, 3H, CH3-Ph). 13C NMR (100 MHz, DMSO) δ: 179.6 (C=Se), 160.4 (C2 )́, 151.5 

(C8 á), 144.6 (C4 )́, 137.2 (C1), 136.8 (C6 )́, 135.3 (C4), 130.3 (C8 )́, 129.6 (C3+C5), 125.4 (C2+C6), 125.3 (C7 )́, 

119.0 (C4 á), 116.7 (C3 +́C5 )́, 21.0 (CH3-Ph). HRMS calcd. For C17H14N2O2Se [M+H]: 359.0293, found 

359.0293 [M+H]. 

N -́(-6-Coumarin)-N-(4-methoxyphenyl)selenourea (3c). Yield 62 %, mp 159 ºC. IR (KBr) ῡ cm-1: 3264 

(N-H), 3118 (N-H), 1717 (C=O). 1H NMR (400 MHz, DMSO) δ: 10.09 (br s, 1H, NH), 9.99 (br s, 1H, 

N H́), 8.06 (d, 1H, JH4 -́H3  ́= 9.6 Hz; H4 )́, 7.71 (s, 1H, H7 )́, 7.59 (d, 1H, JH8 -́H5  ́= 8.8 Hz, H8 )́, 7.37 (d, 1H, 

H5 )́, 7.27 (d, 2H, JH3-H2 = JH5-H6 = 8.5 Hz; H3+H5), 6.92 (d, 2H, H2+H6), 6.49 (d, 1H, H3 )́, 3.75 (s, 3H, 

OCH3). 13C NMR (100 MHz, DMSO) δ: 179.68 (C=Se), 160.4 (C2 )́, 157.7 (C4), 151.5 (C8 á), 144.6 (C4 )́, 

136.7 (C6 )́, 132.6 (C1), 130.3 (C8 )́, 127.4 (C3+C5), 125.3 (C7 )́, 119.0 (C4 á), 116.7 (C3 +́C5 )́, 114.4 (C2+C6), 

55.7 (OCH3). HRMS calcd. For C17H14N2O3Se [M+H]: 375.0242, found 375.0238 [M+H]. 

 

N -́(-6-Coumarin)-N-(4-chlorophenyl)selenourea (3d). Yield 96 %, mp 156 ºC. IR (KBr) ῡ cm-1: 3280 (N-

H), 3109 (N-H), 1716 (C=O). 1H NMR (400 MHz, DMSO) δ: 10.30 (br s, 1H, NH), 10.26 (br s, 1H, 

N H́), 8.07 (d, 1H, JH4 -́H3  ́= 9.3 Hz; H4 )́, 7.73 (s, 1H, H7 )́, 7.60 (d, 1H, JH8 -́H5  ́= 7.8 Hz, H8 )́, 7.52-7.35 

(m, 5H, H2+H3+H5+H6+H5 )́, 6.50 (d, 1H, H3 )́. 13C NMR (100 MHz, DMSO) δ 180.0 (C=Se), 160.4 (C2 )́, 

151.6 (C8 á), 144.5 (C4 )́, 139.0 (C1), 136.4 (C6 )́, 130.1 (C8 )́, 129.9 (C4), 129.0 (C3+C5), 127.1 (C2+C6), 125.1 

(C7 )́, 119.1 (C4 á), 116.9 (C3 )́, 116.8 (C5 )́. HRMS calcd. For C16H11N2O2SeCl [M+H]: 378.9747, found 

378.9763 [M+H]. 

 

N -́(-6-Coumarin)-N-(4-cyanophenyl)selenourea (3e). Yield 72 %, mp 140 ºC. IR (KBr) ῡ cm-1: 3269 (N-

H), 2223 (C≡N), 1727 (C=O). 1H NMR (400 MHz, DMSO) δ: 10.62 (s, 2H, NH+N H́), 8.08 (d, 1H, JH4 -́

H3  ́= 9.6 Hz; H4 )́, 7.80 (d, 2H, JH3-H2 = JH5-H6 = 8.6 Hz; H3+H5), 7.75 (d, 1H, JH7 -́H8  ́= 2.2 Hz; H7 )́, 7.69 (d, 

2H, H2+H6), 7. (dd, 1H, JH8 -́H5  ́ = 8.8 Hz; JH8 -́H7 =́ 2.3 Hz; H8 )́, 7.41 (d, 1H, H5 )́, 6.51 (d,1H, H3 )́. 13C 

NMR (101 MHz, DMSO) δ: 179.8 (C=Se), 159.8 (C2 )́, 151.2 (C8 á), 144.1 (C1), 144.0 (C4 )́, 135.8 (C6 )́, 

132.7 (C3+C5), 129.3 (C8 )́, 124.4 (C7 )́, 123.9 (C2+C6), 118.9 (C4 á), 118.7 (C4), 116.6 (C5 )́, 116.4 (C3 )́, 

106.4 (CN). HRMS calcd. For C17H11N3O2Se [M+H]: 370.0089, found 370.0103 [M+H]. 

N-butyl-N -́phenylselenourea (4a). Yield 82%, mp 69ºC. IR (KBr) ῡ cm-1: 3356 (N-H), 3123 (N-H), 2962 

(Csp3-H).  1H NMR (400 MHz, CDCl3) δ: 8.33 (br s, 1H, NH), 7.44 (dd, 2H, J3-4 = J5-4 =7.7 Hz; J3-2 =J5-6 

=7.7 Hz; H3+H5), 7.33 (t, 1H, H4), 7.20 (d, 2H, H2+ H6), 6.23 (br s, 1H, NH), 3.69 (dt, 2H, JH1 -́NH =6.3; 

JH1 -́H2  ́=6.5 Hz, H1 )́, 1.55 (quint, 2H, J=7.4 Hz; H2 )́, 1.38 – 1.25 (m, 2H, H3 )́, 0.91 (t, 3H, JH4 -́JH3  ́= 7.3 

Hz; H4 )́. 13C NMR (100 MHz, CDCl3) δ: 179.0 (C=Se), 135.8, 130.5, 127.9, 125.4 (aryl), 48.2 (C1 )́, 31.1 

(C2 )́, 20.1 (C3 )́, 13.8 (C4 )́. 

N-butyl-N -́(4-methyl)selenourea (4b). Yield 81%, mp 46ºC. IR (KBr) ῡ cm-1: 3256 (N-H), 3194 (N-H), 

2961(Csp3-H). 1H NMR (400 MHz, CDCl3) δ: 8.16 (br s, 1H, NH), 7.23 (d, 2H, J3-2 = J5-6 = 8.1 Hz, 

H3+H5), 7.08 (d, 2H, H2+H6), 6.15 (br s, 1H, NH), 3.68 (dt, JH1 -́NH =6.3; JH1 -́H2  ́=6.5 Hz, H1 )́, 2.35 (s, 3H, 

CH3-Ph), 1.54 (quint, 2H, J=7.4 Hz; H2 )́, 1.37 – 1.25 (m, 2H, H3 )́, 0.90 (t, 3H, JH4 -́JH3  ́ = 7.3 Hz, H4 )́. 
13C NMR (100 MHz, CDCl3) δ: 178.8 (C=Se), 138.1, 133.0, 131.0, 125.6 (Aryl), 48.2 (C1 )́, 31.2 (C2 )́, 21.2 

(CH3-Ph), 20.1 (C3 )́, 13.86 (C4 )́.  
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N-butyl-N -́(4-methoxyphenyl)selenourea (4c). Yield 87%, mp 89ºC. IR (KBr) ῡ cm-1: 3319 (N-H), 3203 

(N-H), 3053 (Csp2-H), 2955 (Csp3-H). 1H NMR (400 MHz, CDCl3) δ: 8.07 (br s, 1H, NH), 7.13 (d, 2H, J3-

2 = J5-6 = 8.8 Hz, H3+H5), 6.94 (d, H2+H6), 6.01 (br s, 1H, NH), 3.81 (s, 3H, OCH3), 3.67 (dt, 2H, JH1 -́NH 

=6.3; JH1 -́H2  ́=6.5 Hz, H1 )́, 1.53 (quint, 2H, J=7.4; H2 )́, 1.36 – 1.22 (m, 2H, H3 )́, 0.90 (t, 3H, JH4 -́H3  ́= 7.3 

Hz, H4 )́. 13C NMR (100 MHz, CDCl3) δ: 179.2 (C=Se), 159.4, 128.1, 127.8, 115.6 (Aryl), 55.7 (OCH3), 

48.1 (C1 )́, 31.2 (C2 )́, 20.1 (C3 )́, 13.9 (C4 )́.  

 

N-butyl-N -́(4-chlorophenyl)selenourea (4d). Yield 60%, mp 116ºC. IR (KBr) ῡ cm-1: 3229 (N-H), 3127 

(N-H), 3051 (Csp2-H), 2954 (Csp3-H). 1H NMR (400 MHz, CDCl3) δ: 8.47 (br s, 1H, NH), 7.41 (d, 2H, J3-

2 = J5-6  = 8.6 Hz, H3+H5), 7.16 (d, 2H, H2+H6), 6.15 (br s, 1H, NH), 3.69 (d, 2H, JH1 -́H2  ́= 5.3 Hz, H1 )́, 

1.55 (quint, 2H, J=7.4; H2 )́, 1.47 – 1.14 (m, 2H, H3 )́, 0.92 (t, 3H, JH4 -́H3  ́ = 7.3 Hz, H4 )́. 13C NMR (100 

MHz, CDCl3) δ: 179.0 (C=Se), 134.3, 133.6, 130.7, 126.8 (Aryl), 48.2 (C1 )́, 31.1 (C2 )́, 20.1 (C3 )́, 13.9 

(C4 )́. HRMS calcd. For C11H15N2SeCl [M+H]: 291.0162, found 291.0158 [M+H]. 

 

N-butyl-N -́(4-cyanophenyl)selenourea (4e). Yield 70%, mp 145 ºC. IR (KBr) ῡ cm-1: 3316 (N-H), 

3136 (N-H), 2953 (Csp3-H), 2229 (C≡N). 1H NMR (400 MHz, CDCl3) δ 8.52 (br s, 1H, NH), 7.72 (d, 

2H, J3-2 = J5-6 = 8.3 Hz, H3+H5), 7.33 (br s, 2H, H2+H6), 6.46 (br s, 1H, NH), 3.73 (br s, 2H, H1 )́, 1.63 

(quint, 2H, J=7.4; H2 )́, 1.38 (m, 2H, H3 )́, 0.95 (t, 3H, JH4 -́H3  ́  = 7.3 Hz, H4 )́. 13C NMR (101 MHz, 

DMSO) δ 179.3 (C=Se), 143.7 (C1), 133.1 (C3+C5), 122.3 (C2+C6), 119.0 (C4), 105.4 (CN), 46.5 (C1 )́, 30.2 

(C2 )́, 19.6 (C3 )́, 13.7 (C4 )́. 77Se NMR (76 MHz, DMSO) δ: 249.4 (C=Se). HRMS calcd. For C11H15N3Se 

[M+H]: 282.0504, found 282.0507 [M+H]. 

N-hexyl-N -́phenylselenourea (5a). Yield 80%, mp 59ºC. IR (KBr) ῡ cm-1: 3203 (N-H), 3047 (Csp2-H), 

2956 (Csp3-H). 1H NMR (400 MHz, CDCl3) δ: 8.24 (br s, 1H, NH), 7.44 (dd, 2H, J3-4 = J5-4 =7.7 Hz; J3-2 

=J5-6 =7.7 Hz; H3+H5), 7.33 (t, 1H, H4), 7.21 (d, 2H, H2+ H6), 6.23 (br s, 1H, NH), 3.68 (dt, 2H, JH1 -́NH 

=6.5; JH1 -́H2  ́=6.5 Hz; H1 )́, 1.59-1.54 (m, 2H, H2 )́, 1.32 – 1.22 (m, 6H, H3 +́H4 +́H5 )́, 0.86 (t, 3H, JH6 -́H5  ́= 

6.8 Hz; H6 )́. 13C NMR (100 MHz, CDCl3) δ: 178.8 (C=Se), 135.8, 130.5, 128.0, 125.5 (Aryl), 48.5 (C1 )́, 

31.47 (C2 )́, 29.0 (C3 )́, 26.6 (C4 )́, 22.6 (C5 )́, 14.0 (C6 )́. 

 

N-hexyl-N -́(4-metylphenyl)selenourea (5b). Yield 85%, mp 88 ºC. IR (KBr) ῡ cm-1: 3232 (N-H), 3058 

(Csp2-H), 2925 (Csp3-H). 1H NMR (400 MHz, CDCl3) δ: 8.13 (br s, 1H, NH), 7.23 (d, 2H, J3-2 = J5-6 = 8.1 

Hz; H3+H5), 7.08 (d, 2H, H2+H6), 6.15 (br s, 1H), 3.67 (dt, 2H, JH1 -́NH =6.5; JH1 -́H2  ́=6.5 Hz; H1 )́, 2.36 (s, 

3H, CH3-Ph), 1.58-1.50 (m, 2H, H2 )́, 1.26 (br s, 6H,), 0.86 (t, 3H, JH6 -́H5  ́= 6.8 Hz; H6 )́. )́. 13C NMR (100 

MHz, CDCl3) δ: 178.8 (C=Se), 138.1, 132.9, 131.0, 125.5 (aryl), 48.4 (C1 )́, 31.4 (C2 )́, 28.9 (C3 )́, 26.4 

(C4 )́, 22.5 (C5 )́, 21.1 (CH3-Ph), 13.9 (C6 )́.  

N-hexyl-N -́(4-methoxyphenyl)selenourea (5c). Yield 88%, mp 97ºC. IR (KBr) ῡ cm-1: 3202 (N-H), 3054 

(Csp2-H), 2918 (Csp3-H). 1H NMR (400 MHz, CDCl3) δ: 8.14 (br s, 1H), 7.13 (d, 2H, J3-2 = J5-6 = 8.8 Hz; 

H3+H5), 6.93 (d, 2H, H2+H6),  6.02 (br s, 1H, NH), 3.81 (s, 3H, OCH3), 3.65 (dt, 2H, JH1 -́NH =6.5; JH1 -́H2  ́

=6.7 Hz; H1 )́, 1.60 – 1.49 (m, 2H, H2 )́, 1.25 (br s, 6H, H3 +́H4 +́H5 )́, 0.85 (t, JH6 -́H5  ́= 6.8 Hz; H6 )́. 13C 

NMR (100 MHz, CDCl3) δ: 179.3 (C=Se), 159.4 (C4), 128.3 (C1), 127.8 (C2+C6), 115.6 (C3+C5), 55.7 

(OCH3), 48.4 (C1 )́, 31.5 (C2 )́, 29.1 (C3 )́, 26.5 (C4 )́, 22.6 (C5 )́, 14.0 (C6 )́. 77Se NMR (76 MHz, CDCl3) δ: 

195.6 (C=Se). HRMS calcd. For C14H22N2OSe [M+H]: 315.0970, found 315.0966 [M+H]. 

 

N-hexyl-N -́(4-chlorophenyl)selenourea (5d). Yield 60%, mp 110 ºC. IR (KBr) ῡ cm-1: 3226 (N-H), 3050 

(Csp2-H), 2926 (Csp3-H).  1H NMR (400 MHz, CDCl3) δ: 8.47 (br s, 1H, NH), 7.40 (d, 2H, J3-2 = J5-6 = 8.6 

Hz; H3+H5), 7.16 (d, 2H, H2+H6), 6.15 (br s, 1H, NH), 3.67 (d, 2H JH1 -́NH = 5.2 Hz, H1 )́, 1.62 – 1.51 (m, 

2H, H2  ́ ), 1.27 (br s, 6H, H3 +́H4 +́H5 )́, 0.86 (t, JH6 -́H5  ́ = 6.8 Hz; H6 )́. 13C NMR (100 MHz, CDCl3) δ: 

178.9 (C=Se), 134.2 133.5, 130.6, 126.7 (Aryl), 48.4 (C1 )́, 31.3 (C2 )́, 28.9 (C3 )́, 26.5 (C4 )́, 22.5 (C5 )́, 13.9 

(C6 )́. HRMS calcd. For C13H19N2SeCl [M+H]: 319.0475, found 319.0470 [M+H]. 
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N-hexyl-N -́(4-cyanophenyl)selenourea (5e). Yield 70%, mp 125ºC. IR (KBr) ῡ cm-1: 3312 (N-H), 3137 

(N-H), 2927 (Csp3-H).  1H NMR (400 MHz, CDCl3) δ: 8.95 (br s, 1H, NH), 7.69 (d, 2H, J3-2 = J5-6 = 8.6 

Hz; H3+H5), 7.36 (d, 2H, H2+H6), 6.55 (br s, 1H, NH), 3.70 (s, 2H, H1 )́, 1.70 – 1.54 (m, 2H, H2 )́, 1.31 (s, 

6H, H3 +́H4 +́H5 )́, 0.88 (t, JH6 -́H5  ́ = 6.7 Hz; H6 )́. 13C NMR (100 MHz, CDCl3) δ: 179.0 (C=Se), 140.3, 

134.3, 123.9, 118.0 (Aryl), 109.9 (C≡N), 48.6 (C1 )́, 31.3 (C2 )́, 28.7 (C3 )́, 26.5 (C4 )́, 22.5 (C5 )́, 13.9 (C6 )́. 

HRMS calcd. For C14H19N3Se [M+H]: 310.0817, found 310.0837 [M+H]. 

N -́adamantyl-N-(phenyl)selenourea (6a).Yield 87%, mp 161ºC. IR (KBr) ῡ cm-1: 3355 (N-H), 3152 (Csp2-

H), 2900 (Csp3-H). 1H NMR (400 MHz, DMSO) δ: 9.60 (br s, 1H, NH), 7.49 (br s, 1H, N H́), 7.40 – 7.29 

(m, 4H, H2+H3+H5+H6), 7.18 – 7.11 (m, 1H, H4), 2.28 (s, 6H, H2 )́, 2.06 (s, 3H, H3 )́, 1.64 (s, 6H, H4 )́. 

13C NMR (100 MHz, DMSO) δ: 175.8 (C=Se), 139.2 (C1), 128.6 (C2+C6), 125.0 (C3+C5), 124.7 (C4), 54.4 

(C 1́), 40.8 (C 2́), 35.8 (C 4́), 29.0 (C 3́). 77Se NMR (76 MHz, CDCl3) δ: 275.4 (C=Se). HRMS calcd. For 

C17H22N2Se [M+Na]: 357.0841, found 357.0833 [M+Na]. 

N -́adamantyl-N-(methylphenyl)selenourea (6b). Yield 94%, mp 169ºC. IR (KBr) ῡ cm-1: 3344 (N-H), 

3159 (Csp2-H), 2909 (Csp3-H). 1H NMR (400 MHz, CDCl3) δ: 8.12 (br s, 1H, NH), 7.18 (d, 2H, J = 8.2 

Hz, H3+H5), 7.06 (d, 2H, J = 7.8 Hz, H2+H5), 6.21 (br s, 1H, N H́), 2.31 (s, 3H, Ph-CH3), 2.20 (s, 6H, 

H2 )́, 2.07 (s, 3H, H3 )́, 1.64 (s, 6H, H4 )́. 13C NMR (100 MHz, CDCl3) δ: 174.3 (C=Se), 137.6 (C4), 133.5 

(C1), 130.8 (C3+C5), 125.4 (C2+C6), 55.5 (Ph-CH3), 41.7 (C 2́), 36.2 (C 4́), 29.6 (C 3́), 21.11 (Ph-CH3). 77Se 

NMR (76 MHz, CDCl3) δ: 267.0 (C=Se). HRMS calcd. For C18H24N2Se [M+Na]: 371.0998, found 

371.0990 [M+Na]. 

N -́adamantyl-N-(4-methoxyphenyl)selenourea (6c). Yield 84%, mp 165ºC. IR (KBr) ῡ cm-1: 3202 (N-H), 

3157 (Csp2-H), 2906 (Csp3-H). 1H NMR (400 MHz, DMSO) δ: 9.44 (br s, 1H, NH), 7.20 (d, 2H, J3-2=J5-6 = 

8.8 Hz, H3+H5), 6.90 (d, 2H, H2+H6), 3.74 (s, 3H. OCH3), 2.24 (s, 6H, H2 )́, 2.04 (s, 3H, H3 )́, 1.63 (s, 6H, 

H4 )́. 13C NMR (100 MHz, DMSO) δ: 176.0 (C=Se), 156.9 (C4), 131.9 (C1), 126.9 (C3+C5), 113.9 (C2+C6), 

55.2 (OCH3), 54.2 (C1 )́, 40.9 (C2 )́, 35.8 (C4 )́, 29.0 (C3 )́. 77Se NMR (76 MHz, CDCl3) δ: 259.8 (C=Se). 

HRMS calcd. For C18H24N2OSe [M+H]: 365.1127, found 365.1171 [M+H]. 

 

N -́adamantyl-N-(4-chlorophenyl)selenourea (6d). Yield 76%, mp 177ºC. IR (KBr) ῡ cm-1: 3354 (N-H), 

3109 (Csp2-H), 2912 (Csp3-H). 1H NMR (400 MHz, DMSO) δ: 9.62 (br s, 1H, NH), 7.71 (s, 1H), 7.41 (d, 

2H, J = 8.7 Hz, H2+H6), 7.35 (d, 2H, J = 8.8 Hz, H3+J5), 2.28 (s, 6H, H2 )́, 2.05 (s, 3H, H3 )́, 1.64 (s, 

6H, H4 )́. 13C NMR  (100 MHz, DMSO) δ: 176.35 (C=Se), 138.62 (C1), 128.51 (C4), 128.29 (C3+C5), 

126.07 (C2+C6), 54.54 (C1), 40.74 (C2), 35.83 (C4), 29.03 (C3). 77Se NMR (76 MHz, DMSO) δ: 277.6 

(C=Se). HRMS calcd. HRMS calcd. For C17H21N2ClSe [M+Na]: 391.0449, found 391.0610 [M+Na]. 

 

N -́Adamanty-N-(4-cyanophenyl)selenourea (6e). Yield 50%. IR (KBr) ῡ cm-1: 3359 (N-H), 3134 (Csp2-H), 

2911 (Csp3-H).  1H NMR (400 MHz, DMSO) δ: 9.92 (br s, 1H, NH), 8.17 (br s, 1H, NH), 7.73 (d, 2H, J3-

2=J5-6 = 8.8 Hz, H3+H5), 7.68 (d, 2H, H2+H6), 2.31 (s, 6H, H2 )́, 2.07 (s, 3H, H3 )́, 1.64 (s, 6H, H4 )́. 13C 

NMR (100 MHz, DMSO) δ: 176.1 (C=Se), 144.3 (C1), 132.7 (C3+C5), 122.6 (C2+C6), 120.0 (C4), 105.1 

(CN), 54.9 (C1 )́, 40.5 (C2 )́, 35.8 (C4 )́, 29.0 (C3 )́. 77Se NMR (76 MHz, DMSO) δ: 312.7 (C=Se). HRMS 

calcd. For C18H21N3Se [M+Na]: 382.0793, found 382.0788 [M+Na]. 
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3. NMR SPECTRA (1H, 13C AND 77Se) OF FINAL PRODUCTS 

 

Figure S6. 1H-NMR of compound 1a. 

 

Figure S7. 13C-NMR of compound 1a. 
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Figure S8. 77Se-NMR of compound 1a. 

 

Figure S9. 1H-NMR of compound 1b. 



 14 of 58 

 

 

 

 

Figure S10. 13C-NMR of compound 1b. 

 

Figure S11. 1H-NMR of compound 1c. 
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Figure S12. 13C-NMR of compound 1c. 

 

Figure S13. 77Se-NMR of compound 1c. 
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Figure S14. 1H-NMR of compound 1d. 

 

Figure S15. 13C-NMR of compound 1d. 
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Figure S16. 77Se-NMR of compound 1d. 

 

Figure S17. 1H-NMR of compound 1e. 
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Figure S18. 13C-NMR of compound 1e. 

 

Figure S19. 77Se-NMR of compound 1e. 
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Figure S20. 1H-NMR of compound 2a. 

 

Figure S21. 13C-NMR of compound 2a. 
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Figure S22. 77Se-NMR of compound 2a. 

 

Figure S23. 1H-NMR of compound 2b. 
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Figure S24. 13C-NMR of compound 2b. 

 

Figure S25. 77Se-NMR of compound 2b. 
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Figure S26. 1H-NMR of compound 2c. 

 

Figure S27. 13C-NMR of compound 2c. 
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Figure S28. 1H-NMR of compound 2d. 

 

Figure S29. 13C-NMR of compound 2d. 
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Figure S30. 77Se-NMR of compound 2d. 

 

Figure S31. 1H-NMR of compound 2e. 



 25 of 58 

 

 

 

 

Figure S32. 13C-NMR of compound 2e. 

 

Figure S33. 77Se-NMR of compound 2e. 
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Figure S34. 1H-NMR of compound 3a. 

 

Figure S35. 13C-NMR of compound 3a. 
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Figure S36. 1H-NMR of compound 3b. 

 

Figure S37. 13C-NMR of compound 3b. 
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Figure S38. 1H-NMR of compound 3c. 

 

Figure S39. 13C-NMR of compound 3c. 
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Figure S40. 1H-NMR of compound 3d. 

 

Figure S41. 13C-NMR of compound 3d.  
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Figure S42. 1H-NMR of compound 3e. 

 

Figure S43. 13C-NMR of compound 3e. 
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Figure S44. 1H-NMR of compound 4a. 

 

Figure S45. 13C-NMR of compound 4a. 
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Figure S46. 1H-NMR of compound 4b. 

 

Figure S47. 13C-NMR of compound 4b. 
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Figure S48. 1H-NMR of compound 4c. 

 

Figure S49. 13C-NMR of compound 4c. 
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Figure S50. 1H-NMR of compound 4d. 

 

Figure S51. 13C-NMR of compound 4d. 
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Figure S52. 1H-NMR of compound 4e. 

 

Figure S53. 13C-NMR of compound 4e. 
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Figure S54. 77Se-NMR of compound 4e. 

 

Figure S55. 1H-NMR of compound 5a. 
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Figure S56. 13C-NMR of compound 5a. 

 

Figure S57. 1H-NMR of compound 5b. 
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Figure S58. 13C-NMR of compound 5b. 

 

Figure S59. 1H-NMR of compound 5c. 
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Figure S60. 13C-NMR of compound 5c. 

 

Figure S61. 77Se-NMR of compound 5c. 
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Figure S62. 1H-NMR of compound 5d. 

 

Figure S63. 13C-NMR of compound 5d. 
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Figure S64. 1H-NMR of compound 5e. 

 

Figure S65. 13C-NMR of compound 5e. 
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Figure S66. 1H-NMR of compound 6a. 

 

Figure S67. 13C-NMR of compound 6a. 
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Figure S68. 77Se-NMR of compound 6a. 

 

Figure S69. 1H-NMR of compound 6b. 
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Figure S70. 13C-NMR of compound 6b. 

 

Figure S71. 77Se-NMR of compound 6b. 
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Figure S72. 1H-NMR of compound 6c. 

 

Figure S73. 13C-NMR of compound 6c. 
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Figure S74. 77Se-NMR of compound 6c. 

 

Figure S75. 1H-NMR of compound 6d. 
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Figure S76. 13C-NMR of compound 6d. 

 

Figure S77. 77Se-NMR of compound 6d. 
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Figure S78. 1H-NMR of compound 6e. 

 

Figure S79. 13C-NMR of compound 6e. 
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Figure S80. 77Se-NMR of compound 6e. 
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Supplementary data for DPPH and ABTS assays. 
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Figure S81. DPPH Radical scavenging activity at 0.03 mg/mL and after 0 minutes. 
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Figure S82. DPPH Radical scavenging activity at 0.03 mg/mL and after 30 minutes. 
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Figure S83. DPPH Radical scavenging activity at 0.03 mg/mL and after 60 minutes. 
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Figure S84. DPPH Radical scavenging activity at 0.03 mg/mL and after 90 minutes. 
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Figure S85. DPPH Radical scavenging activity at 0.03 mg/mL and after 120 minutes. 
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Figure S86. DPPH Radical scavenging activity at 0.003 mg/mL and after 0 minutes. 
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Figure S87. DPPH Radical scavenging activity at 0.003 mg/mL and after 30 minutes. 
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Figure S88. DPPH Radical scavenging activity at 0.003 mg/mL and after 60 minutes. 
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Figure S89. DPPH Radical scavenging activity at 0.003 mg/mL and after 90 minutes. 
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Figure S90. DPPH Radical scavenging activity at 0.003 mg/mL and after 120 minutes. 
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Figure S91. DPPH Radical scavenging activity at 0.0006 mg/mL and after 0 minutes. 
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Figure S92. DPPH Radical scavenging activity at 0.0006 mg/mL and after 30 minutes. 
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Figure S93. DPPH Radical scavenging activity at 0.0006 mg/mL and after 60 minutes. 
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Figure S94. DPPH Radical scavenging activity at 0.0006 mg/mL and after 90 minutes. 
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Figure S95. DPPH Radical scavenging activity at 0.0006 mg/mL and after 120 minutes. 
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Figure S96. DPPH Radical scavenging activity at 0.0003 mg/mL and after 0 minutes. 
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Figure S97. DPPH Radical scavenging activity at 0.0003 mg/mL and after 30 minutes. 
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Figure S98. DPPH Radical scavenging activity at 0.0003 mg/mL and after 60 minutes. 
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Figure S99. DPPH Radical scavenging activity at 0.0003 mg/mL and after 90 minutes. 
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Figure S100. DPPH Radical scavenging activity at 0.0006 mg/mL and after 120 minutes. 
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Figure S101. ABTS Radical scavenging activity at 0.03 mg/mL and after 0 minutes. 
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Figure S102. ABTS Radical scavenging activity at 0.03 mg/mL and after 6 minutes. 
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Figure S103. ABTS Radical scavenging activity at 0.03 mg/mL and after 60 minutes. 
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Figure S104. ABTS Radical scavenging activity at 0.003 mg/mL and after 0 minutes. 
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Figure S105. ABTS Radical scavenging activity at 0.003 mg/mL and after 6 minutes. 
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Figure S106. ABTS Radical scavenging activity at 0.003 mg/mL and after 60 minutes. 

 


