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Spectral data for synthesized compounds 
4-(3,4-dimethoxyphenyl)butan-2-one (1a). Yield: 0.887 g (85 %). IR (KBr): 2937m, 2835w, 1713s, 1590m, 1514s, 1464m, 1418m, 1362m, 1257s, 1234s, 1155s, 1139s, 1027s, 803m, 764m cm-1. 1H NMR (200 MHz, CDCl3, δ / ppm): 6.69-6.81 (m, 3H, H-6, H-9, H-10), 3.87 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 2.71-2.89 (m, 4H, CH2-3, CH2-4), 2.14 (s, 3H, CH3-1). 13C NMR (50 MHz, CDCl3, δ / ppm): 207.91, 148.81, 147.30, 133.54, 119.97, 111.69, 111.30, 58.82, 55.72, 45.28, 29.97, 29.27. 
4-(4-ethoxy-3-methoxyphenyl)butan-2-one (1b). Yield: 1.032 g (93 %). IR (KBr): 3345w, 2979m, 2937w, 1711s, 1588w, 1515s, 1443w, 1424w, 1395w, 1351w, 1249s, 1235s, 1159m, 1140s, 1051m, 1037s, 920w, 874w, 801m, 782w, 546w cm-1. 1H NMR (200 MHz, CDCl3, δ / ppm): 6.79 (d, 1H, J = 7.8 Hz, H-9), 6.71 (s, 1H, H-6), 6,69 (d, 1H, J = 8.0 Hz, H-10), 4.06 (q, 2H, J = 7 Hz, CH2-12), 3.86 (s, 3H, CH3-11), 2.84 (t, 2H, J = 5.4 Hz, CH2-3), 2.74 (t, 2H, J = 5.1 Hz,CH2-4), 2.14 (s, 3H, CH3-1), 1.44 (t, 3H, J = 7.0 Hz, CH3-13). 13C NMR (50 MHz, CDCl3, δ / ppm): 208.03, 149.08, 146.51, 133.50, 119.95, 112.78, 111.86, 64.24, 55.76, 45.30, 30.01, 29.28, 14.74. 
4-(3-methoxy-4-propoxyphenyl)butan-2-one (1c). Yield: 0.947 g (80 %). IR (KBr): 2963m, 2877m, 1714s, 1589w, 1514s, 1465m, 1419m, 1363m, 1258s, 1231s, 1158m, 1138s, 1036m, 978m, 800m cm-1. 1H NMR (200 MHz, CDCl3, δ / ppm): 6.74 (d, 1H, J = 8.0, H-9), 6.71 (s, 1H, H-6), 6.69 (d, 1H, J = 8.2 Hz, H-10), 3.94 (t, 2H, J = 6.8 Hz, CH2-12), 3.84 (s, 3H, CH3-11), 2.83 (t, 2H, J = 5.5 Hz, CH2-3), 2.74 (t, 2H, J = 5.4 Hz, CH2-4), 2.13 (s, 3H, CH3-1), 1.84 (sext, 2H, J = 7.2 Hz, CH2-13), 1.02 (t, 3H, J = 7.5 Hz, CH3-14). 13C NMR (50 MHz, CDCl3, δ / ppm): 208.01, 149.14, 146.71, 133.44, 119.94, 112.99, 112.02, 70.42, 55.78, 45.24, 29.94, 29.20, 22.34, 10.28. 
4-(4-isopropoxy-3-methoxyphenyl)butan-2-one (1d). Yield: 0.926 g (78 %). IR (KBr): 2975m, 2933m, 1714s, 1587w, 1510s, 1465m, 1451m, 1419m, 1369m, 1259s, 1229m, 1157m, 1138m, 1110m, 1035m, 955w, 806w cm-1. 1H NMR (200 MHz, CDCl3, δ / ppm): 6.65-6.83 (m, 3H, H-6, H-9, H-10), 4.46 (sept, 1H, J = 6.0 Hz, CH-12), 3.83 (s, 3H, CH3-11), 2.82 (t, 2H, J = 6.3 Hz, CH2-3), 2.73 (t, 2H, J = 5.3 Hz, CH2-4), 2.14 (s, 3H, CH3-1), 1.33 (d, 6H, J = 6.2 Hz, CH3-13, CH3-14). 13C NMR (50 MHz, CDCl3, δ / ppm): 208.24, 150.24, 145.44, 134.02, 119.98, 116.01, 112.28, 71.45, 55.8, 45.31, 30.04, 29.30, 22.02.
4-(4-butoxy-3-methoxyphenyl)butan-2-one (1e). Yield: 1.088 g (87 %). IR (KBr): 2957m, 2935m, 2872w, 1715s, 1589m, 1514s, 1465m, 1419m, 1362m, 1257s, 1233s, 1158s, 1139s, 1034s, 972, 800m cm-1. 1H NMR (200 MHz, CDCl3, δ / ppm): 6.79 (d, 1H, J = 7.8 Hz, H-9), 6.71 (s, 1H, H-6), 6.69 (d, 1H, J = 8.0 Hz, H-10), 3.98 (t, 2H, J = 6.8 Hz, CH2-12), 3.84 (s, 3H, CH3-11), 2.83 (t, 2H, J = 5.3 Hz, CH2-3), 2.74 (t, 2H, J = 5.2 Hz, CH2-4), 2.13 (s, 3H, CH3-1), 1.81 (quint, 2H, J = 3.6 Hz, CH2-13), 1.48 (sext, 2H, J = 3.7 Hz, CH2-14), 0.96 (t, 3H, J = 7.3 Hz, CH3-15). 13C NMR (50 MHz, CDCl3, δ / ppm): 208.03, 149.17, 146.78, 133.44, 119.96, 112.97, 112.04, 68.65, 55.81, 45.28, 31.14, 29.98, 29.24, 19.07, 13.74. 
4-(4-(benzyloxy)-3-methoxyphenyl)butan-2-one (1f). Yield: 1.243 g (87 %). IR (KBr): 2937m, 2870w, 1710s, 1591m, 1516s, 1467m, 1455m, 1419m, 1386m, 1257s, 1224s, 1157s, 1135s, 1035m, 1015s, 853w, 804m, 745m, 698m cm-1. 1H NMR (200 MHz, CDCl3, δ / ppm): 7.25-7.45 (m, 5H, H-14, H-15, H-16, H-17, H-18), 6.79 (d, 1H, J = 8.2 Hz H-9), 6.72 (s, 1H, H-6), 6.64 (d, 1H, J = 8.0 Hz, H-10), 5.10 (s, 2H, CH2-12), 3.86 (s, 3H, CH3-11), 2.82 (t, 2H, J = 5.3 Hz, CH2-3), 2.71 (t, 2H, J = 5.4 Hz, CH2-4), 2.12 (s, 3H, CH3-1). 13C NMR (50 MHz, CDCl3, δ / ppm): 207.88, 149.56, 146.49, 137.26, 134.24, 128.37, 127.64, 127.17, 120.01, 114.37, 112.33, 71.14, 55.90, 45.22, 29.96, 29.29. 
4-(3-methoxy-4-((2-methylallyl)oxy)phenyl)butan-2-one (1g). Yield: 0.942 g (76 %). IR (KBr): 2938w, 1714s, 1603w, 1515s, 1452m, 1430m, 1364m, 1268s, 1235m, 1158m, 1140m, 1035m, 906w, 860w, 809w, 630w cm-1. 1H NMR (200 MHz, CDCl3, δ / ppm): 6,83 (d, 1H, J = 7.8 Hz, H-9) 6.77 (s, 1H, H-6) 6.67 (d, 1H, J = 7.2 Hz, H-10), 5.07 (m, 1H, H-14), 4.96 (m, 1H, H-14), 3.86 (s, 3H, CH3-11), 2.83 (t, 2H, J = 5.8 Hz, CH2-3), 2.74 (t, 2H, J = 5.7 Hz, CH2-4), 2.14 (s, 3H, CH3-1), 1.82 (s, 3H, CH3-15). 13C NMR (50 MHz, CDCl3, δ / ppm): 207.85, 148.99, 146.63, 143.89, 133.99, 120.03, 114.02, 112.46, 111.04, 72.95, 56.04, 45.52, 30.08, 29.44, 19.32.
3-((4-(3,4-dimethoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2a). Yield: 0.439 g (68 %). IR (KBr): 3152w, 3079w, 2935m, 1722s, 1638s, 1604s, 1515s, 1452m, 1418m, 1346m, 1257s, 1158m, 1138m, 1035m, 897w, 844w, 799w, 702w, 632w, 516w cm-1. 1H NMR (200 MHz, CDCl3, δ / ppm): 9.98 (bs, NH, exchangeable with D2O), 6.95 (d, 1H, J = 11.6 Hz, H-14), 6.86 (d, 1H, J = 8.4 Hz, H-15), 6.79 (s, 1H, H-11), 3.88 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 3.75 (s, 2H, CH2-5), 2.89 (t, 2H, J = 8.6 Hz, CH2-8), 2.63 (t, 2H, J = 8.8 Hz, CH2-9), 2.03 (s, 3H, CH3-6). 13C NMR (50 MHz, CDCl3, δ / ppm):  173.02, 167.29, 160.76, 149.26, 148.90, 135.70, 127.11, 120.16, 111.49, 55.96, 40.55, 33.04, 31.91, 13.34. (+)LC-HRMS (m/z): calculated for [C15H19O3N3S + H]+ 320.1074, observed 320.1220. Combustion analysis for C15H19O3N3S: Calculated. C 56.06, H 5.96, N 13.07; found C 56.10, H 5.98, N 13.04.
3-((4-(4-ethoxy-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2b). Yield: 0.465 g (69 %). IR (KBr): 3148m, 2983m, 1724s, 1694s, 1636s, 1602s, 1515s, 1449w, 1418w, 1344m, 1255m, 1233m, 1197m, 1154m, 1137m, 1032m, 896w, 792w, 701w, 516w cm-1. 1H NMR (200 MHz, CDCl3, δ / ppm): 9.68 (bs, NH, exchangeable with D2O), 6.70-6.86 (m, 3H, H-11, H-14, H-15), 3.87 (s, 3H, CH3-16), 3.75 (s, 2H, CH2-5), 2.87 (t, 2H, J = 8.2 Hz, CH2-8), 2.63 (t, 2H, J = 7.6 Hz, CH2-9), 2.02 (s, 3H, CH3-6), 1.45 (t, 3H, J = 7.0 Hz, CH3-18). 13C NMR (50 MHz, CDCl3, δ / ppm): 172.95, 167.35, 160.40, 149.32, 143.84, 134.17, 120.94, 114.30, 111.11, 64.55, 56.01, 40.58, 32.99, 32.00, 17.86, 14.94. (+)LC-HRMS (m/z): calculated for [C16H21O3N3S + H]+ 336.1376, observed 336.1378. Combustion analysis for C16H21O3N3S: Calculated. C 57.29, H 6.31, N 12.53; found C 57.33, H 6.33, N 14.49.
3-((4-(3-methoxy-4-propoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2c). Yield: 0.504 g (72 %). IR (KBr): 3142m, 2965m, 2933m, 2876m, 1709s, 1633s, 1598s, 1516s, 1470m, 1454m, 1418m, 1347m, 1256s, 1230s, 1160m, 1135m, 1034m, 1019m, 978w, 897w, 796m, 702w, 516w, 500w cm-1. 1H NMR (200 MHz, CDCl3, δ / ppm): 9.33 (bs, NH, exchangeable with D2O), 6.65-6.85 (m, 3H, H-11, H-14, H-15), 3.95 (t, 2H, J = 6.8 Hz, CH2-17), 3.86 (s, 3H, CH3-16), 3.75 (s, 2H, CH2-5), 2.88 (t, 2H, J = 7.7 Hz, CH2-8), 2.62 (t, 2H, J = 7.8 Hz, CH2-9), 2.02 (s, 3H, CH3-6), 1.86 (sext, 2H, J = 7.2 Hz, CH2-18), 1.03 (t, 3H, J = 7.4 Hz, CH3-19). 13C NMR (50 MHz, CDCl3, δ / ppm): 172.66, 167.40, 159.90, 149.44, 146.94, 134.17, 120.28, 113.53, 112.59, 70.85, 56.13, 40.52, 32.93, 31.67, 22.64, 17.83, 10.48. (+)LC-HRMS (m/z): calculated for [C17H23O3N3S + H]+ 350.1533, observed 350.1532. Combustion analysis for C17H23O3N3S: Calculated. C 58.43, H 6.63, N 12.02; found C 58.40, H 6.30, N 12.06.
3-((4-(4-isopropoxy-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2d). Yield: 0.228 g (33 %). IR (KBr): 2973m, 2931m, 2857w, 1717s, 1639s, 1610s, 1511s, 1465m, 1334m, 1262s, 1157w, 1139m, 1111m, 1037w, 956w, 850w, 809w, 736w, 710w, 514w cm-1. 1H NMR (200 MHz, CDCl3, δ / ppm): 9.39 (bs, NH, exchangeable with D2O), 6.66-6.87 (m, 3H, H-11, H-14, H-15), 4.47 (sept, 1H, J = 6.2 Hz, CH-17), 3.85 (s, 3H, CH3-16), 3.75 (s, 2H, CH2-5), 2.87 (t, 2H, J = 7.6 Hz, CH2-8), 2.63 (t, 2H, J = 8.2 Hz, CH2-9), 2.02 (s, 3H, CH3-6), 1.35 (d, 6H, J = 6.0 Hz, CH3-18, CH3-19). 13C NMR (50 MHz, CDCl3, δ / ppm): 172.82, 167.33, 160.97, 150.54, 145.63, 134.76, 120.28, 116.75, 112.81, 71.83, 56.08, 40.49, 32.97, 32.02, 22.24, 17.84. (+)LC-HRMS (m/z): calculated for [C17H23O3N3S + H]+ 350.1533, observed 350.1533. Combustion analysis for C17H23O3N3S: Calculated. C 58.43, H 6.63, N 12.02; found C 58.45, H 6.36, N 11.98.
3-((4-(4-butoxy-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2e). Yield: 0.637 g (88 %). IR (KBr): 3145m, 2958m, 2935m, 2871m, 1709s, 1636s, 1604s, 1517s, 1467m, 1419m, 1346m, 1257s, 1234s, 1161m, 1138m, 1034m, 1009w, 972w, 897w, 844w, 795w, 701w, 516w cm-1. 1H NMR (200 MHz, CDCl3, δ / ppm): 9.27 (bs, NH, exchangeable with D2O), 6.65-6.85 (m, 3H, H-11, H-14, H-15), 3.99 (t, 2H, J = 6.8 Hz, CH2-17), 3.86 (s, 3H, CH3-16), 3.75 (s, 2H, CH2-5), 2.88 (t, 2H, J = 7.7 Hz, CH2-8), 2.62 (t, 2H, J = 7.7 Hz, CH2-9), 2.02 (s, 3H, CH3-6), 1.82 (quint, 2H, J = 7.3 Hz, CH2-18), 1.48 (sext, 2H, J = 7.4 Hz, CH2-19), 0.97 (t, 3H, J = 7.2 Hz, CH3-20). 13C NMR (50 MHz, CDCl3, δ / ppm): 172.73, 167.37, 159.97, 149.46, 147.00, 134.15, 120.28, 113.50, 112.60, 69.03, 56.13, 40.51, 32.94, 31.96, 31.41, 19.27, 17.82, 13.88. (+)LC-HRMS (m/z): calculated for [C18H25O3N3S + H]+ 364.1689, observed 364.1689. Combustion analysis for C18H25O3N3S: Calculated. C 59.48, H 6.93, N 11.56; found C 59.44, H 6.95, N 11.51.
3-((4-(4-(benzyloxy)-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2f). Yield: 0.686 g (86 %). IR (KBr): 3152w, 3035w, 3954w, 2870w, 1710s, 1639s, 1605s, 1515s, 1455w, 1418w, 1345m, 1256s, 1227s, 1161m, 1136m, 1034w, 1011w, 857w 806w, 745m, 698m, 515w cm-1. 1H NMR (200 MHz, CDCl3, δ / ppm): 8.97 (bs, NH, exchangeable with D2O), 7.25-7.50 (m, 5H, H-19, H-20, H-21, H22, H-23), 6.65-6.85 (m, 3H, H-11, H-14, H-15), 5.13 (s, 2H, CH2-17), 3.88 (s, 3H, CH3-16), 3.74 (s, 2H, CH2-5), 2.87 (t, 2H, J = 7.6 Hz, CH2-8), 2.61 (t, 2H, J = 7.6 Hz, CH2-9), 2.00 (s, 3H, CH3-6). 13C NMR (50 MHz, CDCl3, δ / ppm): 172.52, 167.34, 160.12, 149.71, 146.58, 137.46, 134.86, 128.43, 127.69, 127.26, 120.28, 114.65, 112.65, 71.41, 56.13, 40.45, 32.90, 31.97, 17.83. (+)LC-HRMS (m/z): calculated for [C21H23O3N3S + H]+ 398.1533, observed 398.1532. Combustion analysis for C21H23O3N3S: Calculated. C 63.45, H 5.83, N 10.57; found C 63.50, H 5.81, N 10.62.
3-((4-(3-methoxy-4-((2-methylallyl)oxy)phenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2g). Yield: 0.441 g (61 %). IR (KBr): 3150m, 3079m, 2934m, 2852w, 1709s, 1634s, 1601s, 1514s, 1452m, 1418m, 1346m, 1256s, 1158m, 1137m, 1034m, 896w, 834w, 798w, 701w, 516w cm-1. 1H NMR (200 MHz, CDCl3, δ / ppm): 9.79 (bs, NH, exchangeable with D2O), 6.65-6.85 (m, 3H, H-11, H-14, H-15), 5.08 (m, 1H, H-19), 4.97 (m, 1H, H-19), 4.49 (s, 2H, CH2-17), 3.87 (s, 3H, CH3-16), 3.75 (s, 2H, CH2-5), 2.88 (t, 2H, J = 7.6 Hz, CH2-8), 2.62 (t, 2H, J = 8.2 Hz, CH2-9), 2.02 (s, 3H, CH3-6), 1.82 (s, 3H, CH3-20). 13C NMR (50 MHz, CDCl3, δ / ppm): 173.02, 167.27, 160.53, 149.50, 146.63, 141.06, 134.54, 120.21, 114.13, 112.64, 112.42, 73.05, 56.11, 40.47, 32.99, 31.94, 19.34, 17.84. (+)LC-HRMS (m/z): calculated for [C18H23O3N3S + H]+ 362.1533, observed 362.1533. Combustion analysis for C18H23O3N3S: Calculated. C 59.81, H 6.41, N 11.63; found C 59.86, H 6.44, N 11.58. 
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Figure S1. 1H NMR spectra of 4-(3,4-dimethoxyphenyl)butan-2-one (1a).
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Figure S2. 13C NMR spectra of 4-(3,4-dimethoxyphenyl)butan-2-one (1a).
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Figure S3. IR spectra of 4-(3,4-dimethoxyphenyl)butan-2-one (1a).
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Figure S4. 1H NMR spectra of 4-(4-ethoxy-3-methoxyphenyl)butan-2-one (1b). 
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Figure S5. 13C NMR spectra of 4-(4-ethoxy-3-methoxyphenyl)butan-2-one (1b). 

[image: ]
Figure S6. IR spectra of 4-(4-ethoxy-3-methoxyphenyl)butan-2-one (1b). 
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Figure S7. 1H NMR spectra of 4-(3-methoxy-4-propoxyphenyl)butan-2-one (1c). 
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Figure S8. 13C NMR spectra of 4-(3-methoxy-4-propoxyphenyl)butan-2-one (1c). 
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Figure S9. IR spectra of 4-(3-methoxy-4-propoxyphenyl)butan-2-one (1c). 
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Figure S10. 1H NMR spectra of 4-(4-isopropoxy-3-methoxyphenyl)butan-2-one (1d).
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Figure S11. 13C NMR spectra of 4-(4-isopropoxy-3-methoxyphenyl)butan-2-one (1d).
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Figure S12. IR spectra of 4-(4-isopropoxy-3-methoxyphenyl)butan-2-one (1d).
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Figure S13. 1H NMR spectra of 4-(4-butoxy-3-methoxyphenyl)butan-2-one (1e).
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Figure S14. 13C NMR spectra of 4-(4-butoxy-3-methoxyphenyl)butan-2-one (1e).
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Figure S15. IR spectra of 4-(4-butoxy-3-methoxyphenyl)butan-2-one (1e).
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Figure S16. 1H NMR spectra of 4-(4-(benzyloxy)-3-methoxyphenyl)butan-2-one (1f).
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Figure S17. 13C NMR spectra of 4-(4-(benzyloxy)-3-methoxyphenyl)butan-2-one (1f). 
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Figure S18. IR spectra of 4-(4-(benzyloxy)-3-methoxyphenyl)butan-2-one (1f).
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Figure S19. 1H NMR spectra of 4-(3-methoxy-4-((2-methylallyl)oxy)phenyl)butan-2-one (1g).
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Figure S20. 13C NMR spectra of 4-(3-methoxy-4-((2-methylallyl)oxy)phenyl)butan-2-one (1g).
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Figure S21. IR spectra of 4-(3-methoxy-4-((2-methylallyl)oxy)phenyl)butan-2-one (1g).
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Figure S22. 1H NMR spectra of 3-((4-(3,4-dimethoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2a).
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Figure S23. 13C NMR spectra of 3-((4-(3,4-dimethoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2a). 
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Figure S24. IR spectra of 3-((4-(3,4-dimethoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2a). 
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Figure S25. 1H NMR spectra of 3-((4-(4-ethoxy-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2b). 
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Figure S26. 13C NMR spectra of 3-((4-(4-ethoxy-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2b). 
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Figure S27. IR spectra of 3-((4-(4-ethoxy-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2b). 
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Figure S28. 1H NMR spectra of 3-((4-(3-methoxy-4-propoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2c).
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Figure S29. 13C NMR spectra of 3-((4-(3-methoxy-4-propoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2c).
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Figure S30. IR spectra of 3-((4-(3-methoxy-4-propoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2c).
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Figure S31. 1H NMR spectra of 3-((4-(4-isopropoxy-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2d).
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Figure S32. 13C NMR spectra of 3-((4-(4-isopropoxy-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2d). 
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Figure S33. IR spectra of 3-((4-(4-isopropoxy-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2d). 
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Figure S34. 1H NMR spectra of 3-((4-(4-butoxy-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2e)
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Figure S35. 13C NMR spectra of 3-((4-(4-butoxy-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2e). 
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Figure S36. IR spectra of 3-((4-(4-butoxy-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2e). 
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Figure S37. 1H NMR spectra of 3-((4-(4-(benzyloxy)-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2f). 
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Figure S38. 13C NMR spectra of 3-((4-(4-(benzyloxy)-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2f). 
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Figure S39. IR spectra of 3-((4-(4-(benzyloxy)-3-methoxyphenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2f). 
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Figure S40. 1H NMR spectra of 3-((4-(3-methoxy-4-((2-methylallyl)oxy)phenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2g).  
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Figure S41. 13C NMR spectra of 3-((4-(3-methoxy-4-((2-methylallyl)oxy)phenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2g).  
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Figure S42.  IR spectra of 3-((4-(3-methoxy-4-((2-methylallyl)oxy)phenyl)butan-2-ylidene)amino)-2-thioxoimidazolidin-4-one (2g).  

Table S1. LC-HRMS analysis for compounds 2a-g. 
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Figure S43. The effects of zingerone-thiohydantoin derivatives on MDA-MB-231 cell viability.
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Fig. S44. The effects of zingerone-thiohydantoin derivatives on MRC-5 cell viability. 
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Figure S45. Amino acid environment and interactions of 2e in BS2 of HSA.

Bcl-2 (Table S2, entry 1) is an anti-apoptotic protein and its primary function is the prevention of programmed cell death (apoptosis). It is an important marker for clinical breast cancer prognosis and its up-regulation is linked to breast cancer survival and progression.1 Published research shows that targeting Bcl-2 and its down-regulation effectively induces cell death in breast cancer cells.2 
Vascular endothelial growth factor, VEGF (Table S2, entry 2), promotes the growth and metastasis of MDA-MB-231 triple-negative breast cancer cells by inducing angiogenesis, increasing cell adhesion and reducing apoptosis through Bcl-2 expression. It acts as a survival factor and facilitates the penetration of these cells across endothelial monolayers.3 
Topoisomerase II alpha, Top2A (Table S2, entry 3), is a critical enzyme for DNA replication and a target for chemotherapy. TOP2A is essential in MDA-MB-231 triple-negative breast cancer cells for resolving DNA topological constraints, enabling rapid proliferation and facilitating mitosis by managing chromosome condensation and segregation. It is a critical biomarker for therapy in triple-negative breast cancer models.4 
Thymidylate synthase, TS (Table S2, entry 4), is a critical enzyme for DNA synthesis and repair in triple-negative breast cancer cells, converting dUMP to dTMP for cell proliferation. Overexpressed in these cells, TS supports a highly proliferative, metastatic phenotype and is associated with poor prognosis and chemoresistance.5 
Janus kinase 2, JAK2 (Table S2, entry 5), acts as a critical mediator of proliferation, survival, and migration in triple-negative breast cancer cells, primarily through activation of the JAK2/STAT3 pathway. Inhibiting JAK2 reduces tumor growth, induces apoptosis and suppresses metastasis by decreasing phosphorylation of STAT3 and related, downstream oncogenic signals.6 
Nuclear factor kappa B, NF-κB (Table S2, entries 6-8), is heavily activated in MDA-MB-231 triple-negative breast cancer cells, promoting tumor aggressiveness, metastasis and survival. It drives cancer progression by regulating epithelial-mesenchymal transition transcription factors (such as SLUG, TWIST1), inducing chemoresistance and facilitating angiogenesis.7 
Topoisomerase I, Top1 (Table S2, entry 9), plays a critical role in triple-negative breast cancer cells by relieving DNA torsional strain during rapid replication and transcription. Due to the high proliferation rate of these cells, they express high levels of Top1, making them highly sensitive to inhibiting agents like topotecan.8 
Cyclooxygenase-2, COX-2 (Table S2, entry 10), is heavily overexpressed in highly aggressive, triple-negative breast cancer cells, playing a key role in driving malignant phenotypes, including rapid tumor growth, increased invasion, migration, angiogenesis and radioresistance. Inhibiting COX-2 (through siRNA or drugs like celecoxib) reverses these processes, making it a critical target for reducing cancer progression.9 
Poly [ADP-ribose] polymerase 1, PARP-1 (Table S2, entry 11), promotes DNA damage repair, cell survival and resistance to chemotherapy in triple-negative breast cancer cells, notably by facilitating the epithelial-mesenchymal transition. Inhibition of PARP-1 induces apoptosis, reduces cell growth, increases oxidative stress and acts as a chemosensitizer.10 
Tumor necrosis factor alpha receptors, TNF-α (Table S2, entries 12-14), primarily drive tumor progression by promoting growth, migration and invasion. TNF-α activate these receptors to induce matrix metalloproteinases, enhancing metastatic potential. They also contribute to chemotherapy resistance.11 
Dihydroorotate dehydrogenase, DHODH (Table S2, entry 15) is a critical enzyme for de novo pyrimidine synthesis and mitochondrial respiration, making it a key survival factor in triple-negative breast cancer cells. It is overexpressed in these cells and its inhibition induces significant ATP depletion, S-phase cell cycle arrest, increased ROS production and apoptosis.12 
Bromodomain-containing protein 2, BRD2 (Table S2, entries 16-17), acts as an epigenetic reader that promotes the proliferation and survival of triple-negative breast cancer cells by regulating the expression of oncogenes. It interprets acetylated histone residues, driving expression of genes involved in cell cycle progression. Inhibiting BRD2 proteins induces apoptosis and cell cycle arrest.13 
Human Kinesin-5, Eg5 (Table S2, entry 18), is essential for mitosis, primarily driving bipolar spindle formation by separating centrosomes. Overexpression of Eg5 in triple negative breast cancer cells supports rapid cancer proliferation, while its inhibition induces mitotic catastrophe, monoastral spindle formation and apoptosis.14 
Phosphoinositide 3-kinase, PI3K (Table S2, entry 19), has a central role in oncogenic signaling. Because triple negative breast cancer cells lack estrogen, progesterone and human epidermal growth factor receptors, they rely heavily on the PI3K/Akt/mTOR pathway and its down-regulation inhibits their survival and progression.15 
Human placental aromatase, CYP19A1 (Table S2, entry 20), plays several unconventional roles in triple negative breast cancer, despite the cells being hormone-independent. Aromatase inhibitors have been shown to inhibit the formation of lung metastases and reduce tumor growth. Estrogen in the microenvironment, produced by local aromatase, can stimulate neighboring cells like astrocytes or fibroblasts. These cells then release factors that promote triple negative breast cancer migration and invasion, which can be blocked by aromatase inhibitors.16 
Maternal embryonic leucine zipper kinase, MELK (Table S2, entry 21) promotes high proliferation, metastasis and cancer stem cell phenotypes, primarily through regulating cell cycle progression (G2/M) arrest) and increasing cell motility. Silencing or inhibiting reduces tumor growth and metastasis in pre-clinical models of triple negative breast cancer.17 
AKT serine-threonine protein kinase (Table S2, entries 22-23) primarily promotes cell proliferation and survival by regulating cell cycle proteins like Cyclin D1. Notably, it can act as a suppressor of metastasis. Its inhibition often leads to increased epithelial-to-mesenchymal transition, enhanced cell migration and increased radioresistance. It is generally associated with promoting migration, invasion, and metastasis.18 
Cyclin-dependent kinases, CDKs (Table S2, entries 24-26), in triple-negative breast cancer are drivers of rapid cell-cycle progression, migration and survival. They are identified as major regulators promoting tumor proliferation. CDK inhibitors induce cell-cycle arrest, apoptosis and inhibit migration, while also enhancing immune checkpoint blockade.19 
Anaplastic Lymphoma Kinase, ALK (Table S2, entry 27), acts as an oncogenic driver that promotes aggressive behavior, including cell survival, migration and invasion. ALK is overexpressed in triple-negative breast cancer and contributes to resistance against TGF-β (transforming growth factor-beta) mediated growth inhibition.20 
Proto-oncogene tyrosine-protein kinase 1, ROS1 (Table S2, entry 28), functions as a potential driver of tumor growth and a target for therapeutic sensitization. ROS1 is a receptor tyrosine kinase involved in signaling pathways that regulate cell growth, survival, and differentiation. Its activation triggers the Akt and ERK pathways, which are critical for processing signals from growth factors, ultimately promoting proliferation, motility and apoptosis resistance.21 
Programmed cell death 1 ligand 1, PD-L1 (Table S2, entry 29), is highly expressed in triple negative breast cancer and plays a crucial role in promoting cancer progression. It acts as an oncogenic driver, fueling cell proliferation, colony formation, migration and invasion via the Akt and ERK signaling pathways.22 
Sirtuin 1, SIRT1 (Table S2, entry 30), acts primarily as an oncogene in triple-negative breast cancer cells, promoting tumor proliferation, metastasis and chemotherapy resistance. Overexpression of SIRT1 enhances cell growth, while its inhibition or knockdown leads to increased apoptosis and reduced migration. However, some studies indicate it may play complex roles, sometimes acting to regulate cell secretome components.23 
Histone deacetylases, HDACs (Table S2, entries 31-32), are overexpressed in triple negative cancer cells, promoting aggressive characteristics like increased proliferation, migration, invasion and metastatic potential. They facilitate these processes by regulating gene expression and promoting the stability of oncogenic proteins.24 
Heat shock protein 90, Hsp90 (Table S2, entry 33), plays a critical role in the survival, metastasis and therapy resistance of triple-negative breast cancer cells. It acts as a molecular chaperone, stabilizing oncoproteins like FAK, Bcl-2 and EGFR. Notably, triple-negative breast cancer cells secrete Hsp90α to survive hypoxia and promote migration and invasion, making it a key therapeutic target.25 
Isocitrate dehydrogenase (Table S2, entry 34) plays a critical role in supporting triple-negative breast cancer viability by promoting tumor cell proliferation, migration and survival. High isocitrate dehydrogenase expression in these cells is linked to poor prognosis, acting partly by inhibiting ferroptosis. Inhibiting isocitrate dehydrogenase results in cell cycle arrest at G0/G1 and increased apoptosis.26 
Beta-2 adrenergic receptor, β2AR (Table S2, entry 35), acts as a key mediator of stress-induced tumor progression, facilitating increased migration, invasion and metastasis. β2AR signaling promotes a mesenchymal-like morphology and activates pathways that increase cellular stiffness and traction forces, such as the βAR-RhoA-ROCK-non-muscle myosin II (NMII) axis. β2AR is a significant promoter of the aggressive, metastatic phenotype in triple-negative breast cancer cells, particularly under stressful conditions. 27 

Table S2. Binding free energies (ΔG / kcal mol-1) and binding sites of investigated compounds with other potential breast adenocarcinoma targets. 
	
	Target
	Ligand
	Binding sites

	1
	B-cell lymphoma 2 (Bcl-2) 
PDB ID: 4AQ328
	
	Non-inhibiting site (BS1)
	Inhibiting site (BS2)

	
	
	2e
	-7.7
	-7.1

	
	
	2a
	-7.0
	-6.3

	2
	Vascular endothelial growth factor (VEGF) PDB ID: 4ASD29
	
	Inhibiting site (BS1)
	Non-inhibiting site (BS2)
	Non-inhibiting site (BS3)

	
	
	2e
	-7.9
	-7.5
	

	
	
	2a
	-7.5
	
	-7.4

	3
	Topoisomerase II alpha (Top2A) 
PDB ID: 1ZXM30
	
	Catalytic site (BS1)

	
	
	2e
	-8.6

	
	
	2a
	-7.9

	4
	Thymidylate synthase (TS)
PDB ID: 6QXG31
	
	Inhibiting site (BS1)

	
	
	2e
	-9.2

	
	
	2a
	-8.1

	5
	Janus kinase 2 (JAK2)
PDB ID: 3KRR32
	
	Inhibiting site (BS1)
	Non-inhibiting site (BS2)
	Non-inhibiting site (BS3)

	
	
	2e
	-7.7
	-7.5
	-7.5

	
	
	2a
	-7.3
	-6.8
	-6.7

	6
	Nuclear factor kappa B (NF-κB) p50 
PDB ID: 1NFK33
	
	Non-inhibiting site (BS1)

	
	
	2e
	-7.6

	
	
	2a
	-7.1

	7
	Nuclear factor kappa B (NF-κB) p52 
PDB ID: 1A3Q34
	
	Non-inhibiting site (BS1)

	
	
	2e
	-6.9

	
	
	2a
	-6.2

	8
	Nuclear factor kappa B (NF-κB) p65 
PDB ID: 1MY535
	
	Non-inhibiting site (BS1)

	
	
	2e
	-6.9

	
	
	2a
	-6.6

	9
	Topoisomerase I (Top1) 
PDB ID: 1K4T36
	
	Non-inhibiting site (BS1)

	
	
	2e
	-9.9

	
	
	2a
	-8.6

	10
	Cyclooxygenase-2 (COX-2) 
PDB ID: 3LN137
	
	Non-inhibiting site (BS1)
	Non-inhibiting site (BS2)
	Non-inhibiting site (BS3)

	
	
	2e
	-9.0
	-9.0
	-8.8

	
	
	2a
	-8.1
	-8.8
	-8.1

	11
	Poly [ADP-ribose] polymerase 1 (PARP-1) PDB ID: 4R6E38
	
	Inhibiting site (BS1)

	
	
	2e
	-8.9

	
	
	2a
	-8.7

	12
	Tumor necrosis factor alpha receptor (TNF-α) PDB ID: 1TNF39
	
	Binding site (BS1)

	
	
	2e
	-9.3

	
	
	2a
	-8.6

	13
	Tumor necrosis factor alpha receptor mutant (TNF-α) PDB ID: 2TUN40
	
	Binding site (BS1)

	
	
	2e
	-10.0

	
	
	2a
	-9.1

	14
	Tumor necrosis factor alpha receptor mutant (TNF-α) PDB ID: 5TSW41
	
	Binding site (BS1)

	
	
	2e
	-8.6

	
	
	2a
	-8.6

	15
	Dihydroorotate dehydrogenase (DHODH) PDB ID: 6GK042
	
	Allosteric site (BS1)
	Non-inhibiting site (BS2)

	
	
	2e
	-7.7
	-7.3

	
	
	2a
	-7.2
	-7.3

	16
	Bromodomain-containing protein 2 (BRD2) bromodomain 1 (BD1) 
PDB ID: 6K0543
	
	Binding site (BS1)

	
	
	2e
	-7.3

	
	
	2a
	-6.7

	17
	Bromodomain-containing protein 2 (BRD2) bromodomain 2 (BD2) 
PDB ID: 6K0443
	
	Out of binding site (BS1)
	Binding site (BS2)

	
	
	2e
	-6.9
	-6.7

	
	
	2a
	
	-6.8

	18
	Human Kinesin-5 (Eg5) 
PDB ID: 4A5Y44
	
	Inhibiting site (BS1)

	
	
	2e
	-8.0

	
	
	2a
	-7.5

	19
	Phosphoinositide 3-kinase (PI3K) PDB ID: 4XE045
	
	Non-inhibiting site (BS1)
	Non-inhibiting site (BS2)
	Non-inhibiting site (BS3)

	
	
	2e
	-9.6
	-9.1
	

	
	
	2a
	
	-8.2
	-8.4

	20
	Human placental aromatase 
PDB ID: 3EQM46
	
	Non-inhibiting site (BS1)
	Non-inhibiting site (BS2)

	
	
	2e
	-7.0
	

	
	
	2a
	-6.9
	-7.6

	21
	Maternal Embryonic Leucine zipper Kinase (MELK) PDB ID: 4BKY47
	
	Non-inhibiting site (BS1)
	Inhibiting site (BS2)

	
	
	2e
	-8.5
	-8.0

	
	
	2a
	-7.4
	-7.8

	22
	AKT serine-threonine protein kinase 1 PDB ID: 3O9648
	
	Inhibiting site (BS2)

	
	
	2e
	-10.0

	
	
	2a
	-8.8

	23
	AKT serine-threonine protein kinase 2 PDB ID: 3D0E49
	
	Inhibiting site (BS1)
	Non-inhibiting site (BS2)

	
	
	2e
	-7.9
	-7.3

	
	
	2a
	-7.6
	-6.9

	24
	Cyclin-dependent kinase 1 (CDK1) PDB ID: 6GU250
	
	Inhibiting site (BS1)
	Non-inhibiting site (BS2)

	
	
	2e
	-7.8
	-7.4

	
	
	2a
	-7.2
	-6.8

	25
	Cyclin-dependent kinase 2 (CDK2) PDB ID: 8FP051
	
	Inhibiting site (BS1)

	
	
	2e
	-8.5

	
	
	2a
	-8.1

	26
	Cyclin-dependent kinase 6 (CDK6) PDB ID: 5L2T52
	
	Inhibiting site (BS1)
	Non-inhibiting site (BS2)

	
	
	2e
	-7.4
	-6.9

	
	
	2a
	-7.7
	

	27
	Anaplastic lymphoma kinase (ALK) PDB ID: 5FTO53
	
	Inhibiting site (BS1)

	
	
	2e
	-7.4

	
	
	2a
	-8.0

	28
	Proto-oncogene tyrosine-protein kinase (ROS1) PDB ID: 3ZBF54
	
	Inhibiting site (BS1)

	Non-inhibiting site (BS2)

	
	
	2e
	-7.6
	-7.1

	
	
	2a
	-6.4
	-6.9

	29
	Programmed cell death 1 ligand 1 (PD-L1) PDB ID: 5J8955
	
	Inhibiting site (BS1)
	Non-inhibiting site (BS2)
	Non-inhibiting site (BS3)

	
	
	2e
	-7.1
	-6.5
	

	
	
	2a
	-6.6
	
	-6.0

	30
	Sirtuin 1 (SIRT1)
PDB ID: 4I5I56
	
	Non-inhibiting site (BS1)

	
	
	2e
	-8.5

	
	
	2a
	-7.8

	31
	Histone deacetylase 4 (HDAC4) 
PDB ID: 2VQJ57
	
	Active site (BS1)
	Non-inhibiting site (BS2)

	
	
	2e
	-7.5
	-8.1

	
	
	2a
	-7.4
	-7.4

	32
	Histone deacetylase 6 (HDAC6) 
PDB ID: 5EDU58
	
	Non-inhibiting site (BS1)

	
	
	2e
	-8.7

	
	
	2a
	-8.5

	33
	Heat shock protein 90 (Hsp90) 
PDB ID: 3TUH59
	
	Inhibiting site (BS1)
	Non-inhibiting site (BS2)

	
	
	2e
	-7.0
	-6.4

	
	
	2a
	-6.8
	-6.0

	34
	Isocitrate Dehydrogenase 
PBD ID: 4JA860
	
	Non-inhibiting site (BS1)
	Non-inhibiting site (BS2)
	Active site (BS3)

	
	
	2e
	-8.0
	-7.9
	-7.4

	
	
	2a
	-7.3
	-7.4
	-7.3

	35
	Beta-2 adrenergic receptor (β2AR) PDB ID: 3NY861
	
	Binding site (BS1)
	Out of binding site (BS2)

	
	
	2e
	-9.9
	

	
	
	2a
	
	-8.5



	Molecular docking results for the beta-2 adrenergic receptor were promising (Table S2, entry number 35, PDB ID: 3NY8), as the active compound 2e bound within the binding site of the receptor, while the inactive compound 2a bound outside the binding site. However, upon inspection of interactions of the compounds with eight other structures of the receptor, deposited in the Protein Data Bank (Table S3), it was found that there was no difference in the binding of the compounds to the receptor. The compounds mostly bind outside of the binding pocket. Only in the structure deposited under PDB ID 3D4S, in which the seven transmembrane helices of the binding pocket are in an open conformation, did both of the compounds bind inside the binding site of the receptor. Also, within the structure deposited under PDB ID 5D5A, the inactive compound bound within the binding pocket, while the active compound bound outside of the binding pocket. The overall results indicate that the binding modes within the first investigated crystal structure (PDB ID: 3NY8) were due to the specific conformation of the receptor within that structure and that the beta-2 adrenergic receptor is not a likely target responsible for the anticancer activity of the investigated compounds. 

Table S3. Binding free energies (ΔG / kcal mol-1) and binding sites of investigated compounds with other structures of beta-2 adrenergic receptor deposited in the Protein Data Bank. 
	Beta-2 adrenergic receptor (β2AR) 
	Ligand
	Binding site (BS1)
	Out of binding site (BS2)

	PDB ID: 3PDS62
	2e
	
	-9.8

	
	2a
	
	-7.4

	PDB ID: 3D4S63
	2e
	-8.9
	

	
	2a
	-7.8
	

	PDB ID: 2RH164
	2e
	
	-8.8

	
	2a
	
	-8.8

	PDB ID: 6OBA65
	2e
	
	-7.7

	
	2a
	
	-6.5

	PDB ID: 6PRZ66
	2e
	
	-8.2

	
	2a
	
	-7.6

	PDB ID: 5D5A67
	2e
	
	-8.8

	
	2a
	-9.7
	

	PDB ID: 5D6L68
	2e
	
	-9.8

	
	2a
	
	-8.9

	PDB ID: 5X7D69
	2e
	
	-8.5

	
	2a
	
	-8.9
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