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1. Spectral data of the synthesized new compounds 6a-j and 8a-j
1.1. N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)-2-(p-tolylamino)acetamide (6b)
Pale yellow crystals, yield 89%, mp 136-138 ºC; FT-IR (KBr): ν (cm-1) 3349 (NH), 3194 (NH), 3065 (CH arom.), 2919 (CH aliph.), 1689 (C=O), 1617 (C=N); 1H NMR (DMSO-d6): δ 7.69 (s, 1H, Flu-H), 7.43 (d, J = 10.0 Hz, 2H, Ph-H), 7.39 (s, 1H, Flu-H), 7.27 (s, 1H, Flu-H), 7.24 (d, J = 10.0 Hz, 2H, Ph-H), 7.04 (d, J = 6.5 Hz, 1H, Flu-H), 6.92 (d, J = 6.5 Hz, 1H, Flu-H), 6.54 (s, 1H, thiazolyl-H), 4.20 (s, 1H, NH), 4.00 (s, 2H, CH2), 3.49 (s, 1H, NH), 2.43 (s, 2H, CH2), 2.15 (s, 3H, CH3); 13C NMR (DMSO-d6): δ 170.2 (C=O), 158.2 (C=N), 147.6 (C), 146.7 (C), 146.2 (C), 138.8 (C), 136.9 (C), 132.7 (C), 132.0 (C), 131.6 (C), 130.5 (C), 129.8 (C), 128.9 (CH), 127.6 (CH), 125.8 (CH), 124.6 (CH), 123.2 (CH), 119.5 (CH), 112.7 (CH), 105.6 (CH), 45.2 (CH2), 36.9 (CH2), 20.5 (CH3).
1.2. 2-(4-Chlorophenylamino)-N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)acetamide (6c)
Pale yellow crystals, yield 91%, mp 126-128 ºC; FT-IR (KBr): ν (cm-1) 3363 (NH), 3199 (NH), 3064 (CH arom.), 2926 (CH aliph.), 1689 (C=O), 1600 (C=N); 1H NMR (DMSO-d6): δ 9.61 (s, 1H, NH), 7.69 (s, 1H, Flu-H), 7.64 (d, J = 10.0 Hz, 2H, Ph-H), 7.43 (s, 1H, Flu-H), 7.39 (s, 1H, Flu-H), 7.24 (d, J = 10.0 Hz, 2H, Ph-H), 7.13 (d, J = 9.5 Hz, 1H, Flu-H), 6.63 (d, J = 9.5 Hz, 1H, Flu-H), 6.32 (s, 1H, thiazolyl-H), 4.22 (s, 1H, NH), 4.09 ( s, 2H, CH2), 4.01 (s, 2H, CH2); 13C NMR (DMSO-d6): δ 170.0 (C=O), 162.7 (C=N), 158.2 (C), 147.6 (C), 146.7 (C), 146.2 (C), 145.9 (C), 138.8 (C), 136.9 (C), 132.7 (C), 132.1 (C), 131.6 (C), 129.3 (CH), 128.9 (CH), 127.6 (CH), 125.8 (CH), 124.6 (CH), 122.9 (CH), 114.1 (CH), 112.7 (CH), 46.4 (CH2), 36.9 (CH2).
1.3. 2-(4-Bromophenylamino)-N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)acetamide (6d)
Pale yellow crystals, yield 85%, mp 137-139 ºC; FT-IR (KBr): ν (cm-1) 3355 (NH), 3195 (NH), 3065 (CH arom.), 2923(CH aliph.), 1688 (C=O), 1600 (C=N); 1H NMR (DMSO-d6): δ 7.68 (d, J = 10.0 Hz, 2H, Ph-H), 7.47 (s, 1H, Flu-H), 7.39 (s, 1H, Flu-H), 7.24 (d, J = 10.0 Hz, 2H, Ph-H), 7.13 (d, J = 6.5 Hz, 1H, Flu-H), 6.62 (d, J = 6.5 Hz, 1H, Flu-H), 6.57 (s, 1H, Flu-H), 6.34 (s, 1H, thiazolyl-H), 4.46 (s, 1H, NH), 4.23 (s, 1H, NH), 4.09 ( s, 2H, CH2), 4.01 (s, 2H, CH2); 13C NMR (DMSO-d6): δ 170.3 (C=O), 162.9 (C=N), 158.2 (C), 147.9 (C), 147.6 (C), 146.8 (C), 146.7 (C), 138.8 (C), 137.0 (C), 132.9 (C), 132.5 (C), 131.8 (C), 131.7 (CH), 129.0 (CH), 127.4 (CH), 125.8 (CH), 114.7 (CH), 113.4 (CH), 112.7 (CH), 107.6 (CH), 46.3 (CH2), 36.8 (CH2).
1.4. N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)-2-(4-methoxyphenylamino)acetamide (6e)
Brown crystals, yield 75%, mp 143-145 ºC; FT-IR (KBr): ν (cm-1) 3343 (NH), 3195 (NH), 3067 (CH arom.), 2930 (CH aliph.), 1672 (C=O), 1600 (C=N); 1H NMR (DMSO-d6): δ 7.95 (s, 1H, Flu-H), 7.66 (d, J = 10.0 Hz, 2H, Ph-H), 7.51 (s, 1H, Flu-H), 7.44 (s, 1H, Flu-H), 7.33 (d, J = 10.0 Hz, 2H, Ph-H), 7.23 (d, J = 8.5 Hz, 1H, Flu-H), 7.00 (d, J = 8.5 Hz, 1H, Flu-H), 6.75 (s, 1H, thiazolyl-H), 4.69 (s, 1H, NH), 4.20 (s, 1H, NH), 4.00 (s, 2H, CH2), 3.76 (s, 3H, CH3), 3.64 (s, 2H, CH2); 13C NMR (DMSO-d6): δ 172.03 (C=O), 162.7 (C=N), 158.0 (C), 147.7 (C), 146.7 (C), 146.2 (C), 138.8 (C), 137.0 (C), 134.6 (C), 132.0 (C), 131.6 (C), 128.9 (CH), 127.4 (CH), 126.9 (CH), 125.6 (CH), 121.0 (CH), 115.0 (CH), 112.8 (CH), 105.6 (CH), 55.8 (CH3), 44.2 (CH2), 36.9 (CH2).
1.5. N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)-2-(4-nitrophenylamino)acetamide (6f)
Orange crystals, yield 87%, mp 136-138 ºC; FT-IR (KBr): ν (cm-1) 3368 (NH), 3203 (NH), 3076 (CH arom.), 2948 (CH aliph.), 1689 (C=O), 1600 (C=N); 1H NMR (DMSO-d6): δ 7.94 (d, J = 10 Hz, 1H, Flu-H), 7.71 (s, 1H, Flu-H), 7.66 ( d, J = 10.0 Hz, 2H, Ph-H), 7.51 (s, 1H, Flu-H), 7.45 (d, J = 10.0 Hz, 1H, Flu-H), 7.40 (s, 1H, Flu-H), 7.23 (t, J = 10.0 Hz, 2H, Ph-H), 6.75 (s, 1H, thiazolyl-H), 4.45 (s, 1H, NH), 4.31 (s, 1H, NH), 4.02 (s, 2H, CH2), 3.62 (s, 2H, CH2); 13C NMR (DMSO-d6): δ 171.9 (C=O), 165.7 (C=N), 158.0 (C), 156.2 (C), 147.8 (C), 147.0 (C), 146.2 (C), 138.8 (C), 137.0 (C), 132.4 (C), 132.1 (C), 129.0 (CH), 127.1 (CH), 126.8 (CH), 125.6 (CH), 125.5 (CH), 124.6 (CH), 113.3 (CH), 112.8 (CH), 42.7 (CH2), 36.9 (CH2).
1.6. 4-(2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-2-oxoethylamino)benzoic acid (6g)
Orange crystals, yield 82%, mp 240-242 ºC; FT-IR (KBr): ν (cm-1) 3376 (br, OH, NH), 3191 (NH), 3061 (CH arom.), 2928 (CH aliph.), 1690 (C=O), 1682 (C=O), 1602 (C=N); 1H NMR (DMSO-d6): δ 10.04 (s, 1H, OH), 7.67 (s, 1H, Flu-H), 7.61 (s, 1H, Flu-H), 7.38 (s, 2H, Flu-H), 7.25-7.22 (m, 3H, Flu-H, Ph-H), 6.62 (d, 2H, J = 8.0 Hz, Ph-H), 6.13 (s, 1H, thiazolyl-H), 4.93 (s, 1H, NH), 4.37 (s, 1H, NH), 3.98 (s, 2H, CH2), 2.90 (s, 2H, CH2); 13C NMR (DMSO-d6): δ 165.8 (C=O), 162.7 (C=O), 160.2 (C=N), 157.9 (C), 146.7 (C), 146.2 (C), 138.8 (C), 134.3 (C), 131.7 (C), 131.6 (CH), 128.9 (CH), 128.9 (CH), 127.0 (CH), 125.4 (CH), 124.6 (CH), 114.5 (CH), 111.7 (CH), 42.6 (CH2), 36.8 (CH2).
1.7. Ethyl 4-(2-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-2-oxoethylamino)-benzoate (6h)
Pale yellow crystals, yield 77%, mp 140-142 ºC; FT-IR (KBr): ν (cm-1) 3361 (NH), 3195 (NH), 3116 (CH arom.), 2980 (CH aliph.), 1744 (C=O), 1688 (C=O), 1603 (C=N); 1H NMR (DMSO-d6): δ 7.87 (s, 1H, Flu-H), 7.69 (s, 1H, Flu-H), 7.62 (d, J = 5.0 Hz, 2H, Ph-H), 7.49 (d, J = 5.0 Hz, 1H, Flu-H), 7.44 (d, J = 5.0 Hz, 1H, Ph-H), 7.30 (d, J = 5.0 Hz, 2H, Ph-H), 7.16 (s, 1H, Flu-H), 6.76 (s, 1H, thiazolyl-H), 6.58 (s, 1H, NH), 5.96 (s, 1H, NH), 4.19 (q, 2H, J = 10.0 Hz, CH2O), 3.98 (s, 2H, CH2), 3.44 (s, 2H, CH2), 1.23 (t, J = 10.0 Hz, 3H, CH3); 13C NMR (DMSO-d6): δ 168.7 (C=O), 165.4 (C=O), 153.88 (C=N), 149.1 (C), 146.7 (C), 146.2 (C), 139.1 (C), 136.9 (C), 133.5 (C), 131.9 (C), 131.5 (C), 128.5 (CH), 126.9 (CH), 125.4 (CH), 125.1 (CH), 122.7 (CH), 121.7 (CH), 113.1 (CH), 105.7 (CH), 60.0 (CH2), 54.0 (CH2),  37.4 (CH2), 14.8 (CH3).
1.8. N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)-2-(naphthalen-1-ylamino)acetamide (6i)
Scarlet crystals, yield 69%, mp 99-101 ºC; FT-IR (KBr): ν (cm-1) 3350 (NH), 3194 (NH), 3062 (CH arom.), 2974 (CH aliph.), 1683 (C=O), 1616 (C=N); 1H NMR (DMSO-d6): δ 8.26 (s, 1H, Flu-H), 8.07 (d, J = 10.0 Hz, 1H, naphthyl-H), 7.71 (d, J = 10.0 Hz, 1H, naphthyl-H), 7.67 (s, 1H, Flu-H),7.60 (m, 1H, naphthyl-H), 7.52 (d, J = 10.0 Hz, 1H, Flu-H), 7.39-7.35 (m, 2H, naphthyl-H), 7.29 (d, J = 10.0 Hz, 1H, Flu-H), 7.20 (s, 1H, Flu-H), 7.07 (d, J = 10.0 Hz, 1H, naphthyl-H), 6.75 (s, 1H, thiazolyl-H), 6.69 (d, J = 10.0 Hz, 1H, naphthyl-H), 5.71 (s, 1H, NH), 4.31 (s, 1H, NH), 3.96 (s, 2H, CH2), 3.46 (s, 2H, CH2); 13C NMR (DMSO-d6): δ 168.9 (C=O), 158.3 (C=N), 148.7 (C), 146.6 (C), 146.1 (C), 145.1 (C), 139.8 (C), 136.9 (C), 134.6 (C), 131.9 (C), 131.5 (C), 128.5 (CH), 127.6 (CH), 127.0 (CH), 126.9 (CH), 125.9 (CH), 125.4 (CH), 125.1 (CH), 124.7 (CH), 124.0 (C), 122.8 (CH), 115.8 (CH), 112.7 (CH), 107.9 (CH), 105.6 (CH), 46.8 (CH2), 36.8 (CH2).
1.9. N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)-2-(naphthalen-2-ylamino)acetamide (6j)
Pale pink crystals, yield 67%, mp 110-112 ºC; FT-IR (KBr): ν (cm-1) 3369 (NH), 3194 (NH), 3053 (CH arom.), 2974 (CH aliph.), 1682 (C=O), 1632 (C=N); 1H NMR (DMSO-d6): δ 7.70 (s, 1H, naphthyl-H), 7.63 (d, J = 5.0 Hz, 2H, naphthyl-H), 7.51 (d, J = 5.0 Hz, 1H, naphthyl-H), 7.42 (d, J = 10.0 Hz, 1H, Flu-H),  7.40 (s, 1H, Flu-H), 7.30-7.23 (m, 2H, naphthyl-H), 7.18 (s, 1H, Flu-H), 7.09-7.06 (m, 1H, naphthyl-H), 6.94 (d, J = 10.0 Hz, 1H, Flu-H), 6.82 (s, 1H, naphthyl-H), 6.76 (s, 1H, thiazolyl-H), 5.38 (s, 1H, NH), 4.21 (s, 1H, NH), 3.98 (s, 2H, CH2), 3.52 (s, 2H, CH2); 13C NMR (DMSO-d6): δ 168.9 (C=O), 158.4 (C=N), 148.7 (C), 147.1 (C), 146.6 (C), 146.1 (C), 139.1 (C), 136.9 (C), 135.4 (C), 133.5 (C), 131.9 (C), 131.4 (C), 128.9 (CH), 127.9 (CH), 126.8 (CH), 126.3 (CH), 125.9 (CH), 125.1 (CH), 124.9 (CH), 124.6 (CH), 121.9 (CH), 118.8 (CH), 112.7 (CH), 106.2 (CH), 105.6 (CH), 46.5 (CH2), 36.8 (CH2).
1.10. 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-p-tolylacetamide (8b)
White crystals, yield 92%, mp 165-167 ºC; FT-IR (KBr): ν (cm-1) 3276 (NH), 3204 (NH), 3090 (CH arom.), 2955 (CH aliph.), 1672 (C=O), 1634 (C=N); 1H NMR (DMSO-d6): δ 10.28 (s, 1H, NH), 8.26 (s, 1H, NH), 7.64 (d, J = 10.0 Hz, 2H, Ph-H), 7.52-7.47 (m, 2H, Flu-H), 7.35 (s, 1H, Flu-H), 7.18 (s, 2H, Flu-H), 7.13 (d, J = 10.0 Hz, 2H, Ph-H), 6.76 (s, 1H, thiazolyl-H), 4.24 (s, 2H, CH2), 3.99 (s, 2H, CH2), 2.25 (s, 3H, CH3); 13C NMR (DMSO-d6): δ 168.9 (C=O), 164.8 (C=N), 148.6 (C), 146.6 (C), 146.1 (C), 139.1 (C), 136.9 (C), 136.4 (C), 133.5 (C), 133.2 (C), 131.9 (C), 131.4 (C), 129.6 (CH), 128.5 (CH), 127.6 (CH), 126.9 (CH), 125.8 (CH), 122.0 (CH), 119.8 (CH), 105.6 (CH), 44.0 (CH2), 36.8 (CH2), 20.9 (CH3).
1.11. N-(4-chlorophenyl)-2-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)acetamide (8c)
White crystals, yield 89%, mp 175-177 ºC; FT-IR (KBr): ν (cm-1) 3273 (NH), 3141 (NH), 3099 (CH arom.), 2925 (CH aliph.), 1672 (C=O), 1634 (C=N); 1H NMR (DMSO-d6): δ 7.64 (m, 3H, Flu-H, Ph-H), 7.51 (d, J = 10.0 Hz, 1H, Flu-H), 7.35-7.32 (m, 3H, Flu-H, Ph-H), 7.18 (s, 2H, Flu-H), 6.76 (s, 1H, thiazolyl-H), 4.27 (s, 2H, CH2), 4.05 (s, 1H, NH), 3.99 (s, 2H, CH2), 3.52 (s, 1H, NH); 13C NMR (DMSO- d6) δ 168.9 (C=O), 165.0 (C=N), 148.6 (C), 146.6 (C), 146.1 (C), 139.1 (C), 136.9 (C), 136.4 (C), 133.5 (C), 133.2 (C), 131.9 (C), 131.4 (C), 129.3 (CH), 128.5 (CH), 126.9 (CH), 125.3 (CH), 124.9 (CH), 124.2 (CH), 119.8 (CH), 105.6 (CH), 44.05 (CH2), 36.89 (CH2).
1.12. N-(4-bromophenyl)-2-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)acetamide (8d)
Pale yellow crystals, yield 82%, mp 186-190 ºC; IR FT-IR (KBr): ν (cm-1) 3268 (NH), 3194 (NH), 3096 (CH arom.), 2926 (CH aliph.), 1672 (C=O), 1634 (C=N); 1H NMR (DMSO-d6): δ 8.26 (s, 1H, NH), 7.64 (d, J = 10.0 Hz, 2H, Ph-H), 7.57 (s, 1H, Flu-H), 7.51 (d, J = 10.0 Hz, 2H, Ph-H), 7.35 (s, 1H, Flu-H), 7.31 (d, J = 10.0 Hz, 1H, Flu-H), 7.17 (m, 2H, Flu-H), 6.76 (s, 1H, thiazolyl-H), 4.27 (s, 2H, CH2), 3.99 (s, 2H, CH2), 3.52 (s, 1H, NH); 13C NMR (DMSO-d6): δ 168.9 (C=O), 165.2 (C=N), 148.7 (C), 146.6 (C), 146.1 (C), 139.1 (C), 138.3 (C), 136.9 (C), 136.4 (C), 133.5 (C), 132.1 (CH), 131.9 (C), 131.4 (C), 128.5 (CH), 126.9 (CH), 125.3 (CH), 124.9 (CH), 121.7 (CH), 115.9 (CH), 105.6 (CH), 43.9 (CH2), 36.8 (CH2).
1.13. 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(4-methoxyphenyl)acetamide (8e)
White crystals, yield 86%, mp 160-162 ºC; FT-IR (KBr): ν (cm-1) 3295 (NH), 3133 (NH), 3095 (CH arom.), 2958 (CH aliph.), 1665 (C=O), 1635 (C=N); 1H NMR (DMSO-d6): δ 10.36 (s, 1H, NH), 7.63 (d, J = 10.0 Hz, 2H, Ph-H), 7.54-7.50 ( m, 2H, Flu-H), 7.35 (s, 1H, Flu-H), 7.30 ( d, J = 10.0 Hz, 2H, Ph-H), 7.20 (s, 1H, Flu-H), 6.91 (s, 1H, Flu-H), 6.76 (s, 1H, thiazolyl-H), 4.25 (s, 2H, CH2), 3.98 (s, 2H, CH2), 3.72 (s, 3H, CH3), 3.50 (s, 1H, NH); 13C NMR (DMSO- d6): δ 168.9 (C=O), 164.6 (C=N), 156.0 (C), 148.6 (C), 146.6 (C), 146.1 (C), 139.1 (C), 138.3 (C), 136.9 (C), 133.5 (C), 131.9 (C), 131.4 (C), 128.5 (CH), 127.3 (CH), 126.9 (CH), 125.1 (CH), 124.3 (CH), 121.3 (CH), 114.3 (CH), 105.6 (CH), 55.6 (CH3), 43.9 (CH2), 36.8 (CH2).
1.14. 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(4-nitrophenyl)acetamide (8f)
Pale yellow crystals, yield 87%, mp 170-172 ºC; FT-IR (KBr): ν (cm-1) 3282 (NH), 3162 (NH), 3090 (CH arom.), 2943 (CH aliph.), 1685 (C=O), 1624 (C=N); 1H NMR (DMSO-d6): δ 8.23 ( d, J = 10.0 Hz, 2H, Ph-H), 7.87 (d, J = 10.0 Hz,  1H, Flu-H), 7.62 (d, J = 10.0 Hz,  2H, Ph-H), 7.51 (d, J = 10.0 Hz, 1H, Flu-H), 7.34 (s, 1H, Flu-H), 7.29 (s, 1H, Flu-H), 7.19 (s, 2H, Flu-H, NH), 6.76 (s, 1H, thiazolyl-H), 4.38 (s, 1H, NH), 4.06 (s, 2H, CH2), 3.98 (s, 2H, CH2); 13C NMR (DMSO-d6): δ 168.9 (C=O), 166.1 (C=N), 148.6 (C), 146.6 (C), 146.1 (C), 143.0 (C), 139.1 (C), 138.3 (C), 136.9 (C), 133.5 (C), 131.9 (C), 131.4 (C), 128.5 (CH), 127.4 (CH), 126.9 (CH), 125.4 (CH), 124.3 (CH), 121.3 (CH), 119.5 (CH), 105.6 (CH), 44.0 (CH2), 36.8 (CH2).
1.15. 4-(2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)acetamido)benzoic acid (8g)
White crystals, yield 76%, mp 185-187 ºC; FT-IR (KBr): ν (cm-1) 3460 (OH), 3317 (NH), 3185 (NH), 3099 (CH arom.), 2927 (CH aliph.), 1690 (C=O), 1683 (C=O), 1603 (C=N); 1H NMR (DMSO-d6): δ 10.01 (s, 1H, OH), 7.91 (s, 1H, Flu-H), 7.72 (d, J = 10.0 Hz, 1H, Flu-H), 7.64 (d, J = 5.0 Hz, 2H, Ph-H), 7.51 (d, J = 10.0 Hz, 1H, Flu-H), 7.35-7.30 (m, 3H, Flu-H, Ph-H), 7.17 (s, 2H, Flu-H, NH), 6.77 (s, 1H, thiazolyl-H), 4.32 (s, 1H, NH), 4.06 ( s, 2H, CH2), 3.99 (s, 2H, CH2); 13C NMR (DMSO-d6): δ 168.9 (C=O), 167.0 (C=O), 165.0 (C=N), 149.8 (C), 146.6 (C), 146.1 (C), 142.9 (C), 139.1 (C), 136.9 (C), 133.5 (C), 131.9 (C), 131.4 (C), 131.1 (C), 130.9 (CH), 128.5 (CH), 126.9 (CH), 125.3 (CH), 125.1 (CH), 125.0 (CH), 122.1 (CH), 105.6 (CH), 44.0 (CH2), 36.8 (CH2).
1.16. Ethyl 4-(2-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)acetamido)benzoate (8h)
Pale yellow crystals, yield 81%, mp 132-134 ºC; FT-IR (KBr): ν (cm-1) 3287 (NH), 3174 (NH), 3036 (CH arom.), 2925 (CH aliph.), 1694, 1683 (C=O), 1633 (C=N); 1H NMR (DMSO-d6): δ 8.17 (s, 1H, Flu-H), 7.62-7.60 (m, 3H, 1 Flu-H, 2 Ph-H), 7.34 (s, 1H, Flu-H), 7.32-7.28 (m, 4H, 2 Flu-H, 2 Ph-H), 6.75 (s, 1H, thiazolyl-H), 6.12 (s, 1H,NH), 4.67 (q, J = 15.0 Hz, 2H, CH2O), 4.31 (s, 1H, NH), 3.98 (s, 2H, CH2),  3.83 (s, 2H, CH2), 2.90 (t, J = 15.0 Hz, 3H, CH3); 13C NMR (DMSO-d6): δ 171.6 (C=O), 168.9 (C=O), 155.9 (C=N), 148.7 (C), 147.8 (C), 146.7 (C), 146.2 (C), 139.1 (C), 138.4 (C), 136.9 (C), 133.5 (C), 131.9 (C), 129.2 (CH), 128.8 (CH), 127.7 (CH), 125.9 (CH), 125.4 (CH), 124.6 (CH), 113.7 (CH), 105.6 (CH), 54.4 (CH2), 45.0 (CH2), 36.92 (CH2), 14.6 (CH3).
1.17. 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(naphthalen-1-yl)acetamide (8i)
White crystals, yield 72%, mp 155-157 ºC; FT-IR (KBr): ν (cm-1) 3270 (NH), 3119 (NH), 3095 (CH arom.), 2957,2857 (CH aliph.), 1665 (C=O), 1638 (C=N); 1H NMR (DMSO-d6): δ 8.30 (s, 1H, NH), 7.90-7.84 (m, 4H, 1 Flu-H, 3 naphthyl-H), 7.65-760 (m, 3H, 1 Flu-H, 2 naphthyl-H), 7.51 (d, J = 10.0 Hz, 2H, naphthyl-H), 7.35 (s, 1H, Flu-H), 7.31 (d, J = 10.0 Hz, 1H, Flu-H), 7.20 (s, 1H, Flu-H), 6.77 (s, 1H, thiazolyl-H), 4.34 (s, 2H, CH2), 3.99 (s, 2H, CH2), 3.57 (s, 1H, NH); 13C NMR (DMSO-d6): δ 168.9 (C=O), 165.3 (C=N), 150.1 (C), 146.6 (C), 146.1 (C), 139.1 (C), 136.9 (C), 136.5 (C), 133.7 (C), 133.4 (C), 131.9 (C), 131.4 (C), 130.4 (C), 129.0 (CH), 128.5 (CH), 127.9 (CH), 127.8 (CH), 127.0 (CH), 126.9 (CH), 125.3 (CH), 125.1 (CH), 125.0 (CH), 120.3 (CH), 116.1 (CH), 105.6 (CH), 44.8 (CH2), 36.8 (CH2).
1.18. 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(naphthalen-2-yl)acetamide (8j)
White crystals, yield 72%, mp 160-162 ºC; FT-IR (KBr): ν (cm-1) 3257 (NH), 3119 (NH), 3089 (CH arom.), 2960 (CH aliph.), 1667 (C=O), 1637 (C=N); 1H NMR (DMSO-d6): δ 8.04 (d, J = 10.0 Hz, 1H, naphthyl-H), 7.94 (d, J = 5.0 Hz, 1H, Flu-H), 7.81 (d, J = 10.0 Hz, 1H, naphthyl-H), 7.69 (d, J = 10.0 Hz, 1H, naphthyl-H), 7.63 (d, J = 5.0 Hz, 2H, naphthyl-H), 7.58-7.51 (m, 3H, naphthyl-H, NH), 7.35 (s, 1H, Flu-H), 7.31 (d, J = 5.0 Hz, 1H, Flu-H), 7.19 (s, 2H, Flu-H), 6.77 (s, 1H, thiazolyl-H), 4.47 (s, 2H, CH2), 3.98 (s, 2H, CH2), 3.62 (s, 1H, NH); 13C NMR (DMSO-d6): δ 168.9 (C=O), 166.0 (C=N), 148.7 (C), 146.6 (C), 146.1 (C), 139.1 (C), 136.9 (C), 134.1 (C), 133.5 (C), 133.3 (C), 131.9 (C), 131.4 (C), 128.6 (CH), 128.5 (CH), 127.8 (CH), 126.9 (CH), 126.5 (CH), 126.0 (CH), 125.3 (CH), 125.1 (CH), 124.9 (CH), 120.3 (CH), 105.6 (CH), 43.8 (CH2), 36.8 (CH2).






















1H NMR spectrum of N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)-2-(phenylamino)-acetamide (6a)














13C NMR spectrum of N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)-2-(phenylamino)-acetamide (6a)


	












DEPT-135 NMR spectrum of N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)-2-(phenylamino)acetamide (6a)














1H NMR spectrum of N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)-2-(p-tolylamino)-acetamide (6b)















13C NMR spectrum of N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)-2-(p-tolylamino)-acetamide (6b)
















DEPT-135 NMR spectrum of N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)-2-(p-tolylamino)acetamide (6b)
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1H NMR spectrum of 2-(4-chlorophenylamino)-N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)acetamide (6c)















13C NMR spectrum of 2-(4-chlorophenylamino)-N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)acetamide (6c)
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DEPT- NMR spectrum of 2-(4-chlorophenylamino)-N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)acetamide (6c)
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1H NMR spectrum of 2-(4-bromophenylamino)-N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)acetamide (6d)















13C NMR spectrum of 2-(4-bromophenylamino)-N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)acetamide (6d)
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DEPT-135 NMR spectrum of 2-(4-bromophenylamino)-N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)acetamide (6d)
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1H NMR spectrum of N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)-2-(naphthalen-2-ylamino)acetamide (6j)

















13C NMR spectrum of N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)-2-(naphthalen-2-ylamino)acetamide (6j)

















DEPT-135 NMR spectrum of N-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-yl)-2-(naphthalen-2-ylamino)acetamide (6j)
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1H NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-phenylacetamide (8a)

















13C NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-phenylacetamide (8a)


















DEPT-135 NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-phenylacetamide (8a)


















1H NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-p-tolylacetamide (8b)

















13C NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-p-tolylacetamide (8b)

















DEPT-135 NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-p-tolylacetamide (8b)


















1H NMR spectrum of N-(4-chlorophenyl)-2-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)acetamide (8c)

















13C NMR spectrum of N-(4-chlorophenyl)-2-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)acetamide (8c)

















DEPT-135 NMR spectrum of N-(4-chlorophenyl)-2-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)acetamide (8c)

















1H NMR spectrum of N-(4-bromophenyl)-2-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)acetamide (8d)


















13C NMR spectrum of N-(4-bromophenyl)-2-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)acetamide (8d)


















DEPT-135 NMR spectrum of N-(4-bromophenyl)-2-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)acetamide (8d)
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1H NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(4-methoxyphenyl)acetamide (8e)


















13C NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(4-methoxyphenyl)acetamide (8e)

















DEPT-135 NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(4-methoxyphenyl)acetamide (8e)

















1H NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(4-nitrophenyl)acetamide (8f)

















13C NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(4-nitrophenyl)acetamide (8f)

















DEPT-135 NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(4-nitrophenyl)acetamide (8f)

















1H NMR spectrum of ethyl 4-(2-(4-(2,7-dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)acetamido)benzoate (8h)

















1H NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(naphthalen-1-yl)acetamide (8i)

















13C NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(naphthalen-1-yl)acetamide (8i)

















DEPT-135 NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(naphthalen-1-yl)acetamide (8i)


















1H NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(naphthalen-2-yl)acetamide (8j)

















13C NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(naphthalen-2-yl)acetamide (8j)

















DEPT-135 NMR spectrum of 2-(4-(2,7-Dichloro-9H-fluoren-4-yl)thiazol-2-ylamino)-N-(naphthalen-2-yl)acetamide (8j)


















2. Biological study
Table S1. In vitro anticancer screening of the synthesized compounds against human lung carcinoma cell line (A-549).
	Comp. No.
	Validity for sample Conc.
	
IC50 a (g/mL)
	IC50 a (M)

	
	500
	250
	125
	62.50
	31.25
	15.60
	7.80
	3.90
	2
	1
	0
	
	

	6a
	34.87
	49.56
	65.43
	78.82
	90.73
	90.73
	98.04
	100
	100
	100
	100
	247
	529.61

	6b
	28.65
	47.28
	68.36
	81.97
	94.62
	99.71
	100
	100
	100
	100
	100
	234
	487.08

	6c
	19.58
	34.85
	47.21
	63.49
	81.32
	92.84
	98.6
	100
	100
	100
	100
	114
	227.63

	6d
	14.31
	25.92
	38.64
	49.76
	65.4
	83.23
	91.48
	98.72
	100
	100
	100
	62
	113.70

	6e
	4.38
	10.21
	18.85
	27.36
	42.89
	57.34
	71.68
	85.02
	93.46
	99.75
	100
	23.5
	47.34

	6f
	1.89
	5.72
	12.68
	19.54
	30.67
	41.85
	53.46
	68.53
	79.48
	85.61
	100
	10.1
	19.75

	6g
	12.93
	26.74
	39.62
	65.19
	84.61
	96.28
	100
	100
	100
	100
	100
	99.6
	195.14

	6h
	2.76
	4.93
	8.52
	16.45
	26.29
	39.18
	47.31
	60.42
	71.67
	85.21
	100
	7
	13.00

	6i
	6.23
	14.05
	21.74
	30.91
	42.88
	58.39
	74.13
	86.57
	98.24
	100
	100
	24
	46.47

	6j
	1.65
	3.49
	7.86
	13.91
	21.08
	31.75
	38.63
	49.74
	62.37
	75.18
	100
	3.96
	7.67

	8a
	1.74
	5.17
	9.32
	16.56
	25.81
	32.89
	40.96
	56.24
	67.36
	81.59
	100
	5.49
	11.43

	8b
	2.89
	6.46
	11.73
	18.51
	26.78
	35.4
	45.36
	61.29
	74.81
	83.24
	100
	6.66
	13.30

	8c
	5.34
	11.68
	19.23
	30.67
	38.53
	46.95
	55.38
	69.41
	80.72
	88.63
	100
	12.8
	23.47

	8d
	14.76
	30.92
	42.35
	56.13
	69.4
	81.83
	92.74
	99.62
	100
	100
	100
	90.3
	181.91

	8e
	3.95
	8.13
	15.48
	26.35
	40.97
	51.86
	68.43
	78.02
	90.64
	98.23
	100
	18.3
	35.79

	8f
	71.34
	89.56
	98.42
	100
	100
	100
	100
	100
	100
	100
	100
	> 500
	1036.53

	8g
	28.93
	42.86
	61.34
	79.89
	93.4
	99.76
	100
	100
	100
	100
	100
	202
	375.16

	8h
	5.38
	11.89
	20.13
	27.42
	36.75
	48.56
	65.49
	80.63
	88.74
	96.32
	100
	14.9
	28.85

	8i
	8.32
	15.49
	21.87
	30.41
	39.86
	47.23
	61.48
	73.25
	90.67
	95.46
	100
	14.1
	27.30

	8j
	37.68
	61.49
	82.31
	92.04
	99.76
	100
	100
	100
	100
	100
	100
	371
	772.26

	5-FU
	10.28
	19.45
	25.39
	39.48
	57.21
	70.82
	86.19
	94.36
	99.25
	100
	100
	43.9
	337.48 


IC50 value: concentration causing 50% inhibition of cell viability.
a Mean of three results obtained from three experiments.






Table S2. In vitro anticancer screening of the synthesized compounds against human breast carcinoma cell line (MCF-7).
	Comp. No.
	Validity for sample Conc.
	
IC50 a (g/mL)
	IC50 a (M)

	
	500
	250
	125
	62.50
	31.25
	15.60
	7.80
	3.90
	2
	1
	0
	
	

	6a
	32.96
	46.31
	68.04
	80.47
	91.82
	97.6
	100
	100
	100
	100
	100
	229
	491.02

	6b
	30.46
	43.81
	79.02
	94.16
	99.34
	100
	100
	100
	100
	100
	100
	228
	474.59

	6c
	26.83
	40.97
	59.13
	74.26
	89.41
	98.24
	100
	100
	100
	100
	100
	188
	375.38

	6d
	19.72
	31.46
	45.23
	61.82
	76.48
	88.64
	97.15
	100
	100
	100
	100
	107
	196.23

	6e
	6.29
	13.41
	24.03
	34.59
	51.23
	67.42
	88.7
	98.24
	100
	100
	100
	33.6
	67.69

	6f
	3.96
	8.23
	16.47
	29.72
	38.04
	54.87
	69.52
	88.71
	95.23
	99.72
	100
	20.1
	39.31

	6g
	10.86
	19.42
	30.71
	59.03
	74.18
	90.63
	97.4
	100
	100
	100
	100
	82.4
	161.45

	6h
	3.48
	6.75
	11.38
	21.84
	36.13
	48.07
	67.25
	85.14
	93.2
	97.98
	100
	14.8
	27.49

	6i
	9.85
	17.23
	24.86
	36.25
	47.69
	67.2
	89.41
	97.64
	100
	100
	100
	29.4
	56.93

	6j
	1.89
	4.21
	6.98
	12.32
	19.48
	30.95
	41.83
	52.91
	67.82
	80.97
	100
	4.92
	9.53

	8a
	1.98
	5.29
	10.42
	18.95
	26.34
	34.06
	43.97
	60.88
	73.21
	89.54
	100
	6.41
	13.34

	8b
	3.75
	7.18
	14.89
	20.63
	29.46
	37.51
	48.82
	65.43
	80.97
	91.42
	100
	7.52
	15.02

	8c
	4.98
	10.23
	17.41
	26.38
	34.95
	42.37
	53.49
	71.82
	86.34
	95.2
	100
	10.2
	18.71

	8d
	11.95
	24.13
	37.04
	49.17
	68.23
	87.52
	96.81
	100
	100
	100
	100
	61.1
	123.08

	8e
	4.57
	9.74
	18.63
	30.97
	43.08
	69.41
	89.6
	97.28
	100
	100
	100
	27.1
	52.99

	8f
	80.94
	95.23
	99.74
	100
	100
	100
	100
	100
	100
	100
	100
	> 500
	1036.53

	8g
	31.84
	46.23
	75.92
	91.48
	97.21
	100
	100
	100
	100
	100
	100
	234
	434.59

	8h
	6.72
	15.67
	23.95
	29.78
	42.96
	61.34
	79.51
	93.06
	99.46
	100
	100
	25.2
	48.80

	8i
	10.89
	17.24
	25.43
	36.25
	48.19
	68.06
	86.37
	95.46
	98.79
	100
	100
	29.8
	57.70

	8j
	54.83
	80.97
	92.36
	98.7
	100
	100
	100
	100
	100
	100
	100
	> 500
	1040.78

	5-FU
	9.18
	17.84
	28.01
	35.39
	47.13
	60.35
	71.82
	86.97
	95.23
	98.12
	100
	27.80
	213.71 


IC50 value: concentration causing 50% inhibition of cell viability.
a Mean of three results obtained from three experiments.

Molecular docking
The most famous enzymes used in the improvement of anticancer and antimicrobial activities are thymidylate synthase and dihydrofolate reductase (DHFR). In this work, Molecular Operating Environment (MOE) module was accomplished to prof the cytotoxic potency of the tested compounds. Moreover, study of Molecular docking help in explanation of how compounds act through their reaction with the enzyme active sites
Docking of 5-Fluorouracil (5-FU) into DHFR
The docking studies at the active site showed two H-bond interactions as two (O) atoms acted as H-bond acceptors with Arg 52 and Arg 57 (3.13 Å and 2.96 Å) with binding energies of -2.8 and -6.5 kcal/mol, respectively. Moreover, it indicated that there are two ionic bond interactions that is between (O) atom and Lys 32 and Arg 52 (3.14 Å and 3.05 Å) with binding energies of -3.6 and -4.1 kcal/mol, respectively. Furthermore, it showed an arene-H interaction between the phenyl ring and Lys 32 (3.81 Å) with binding energy of -0.9 kcal/mol. besides, other hydrophobic interactions with; Leu 28, Leu 54, Phe 31 and Pro 55.
[image: C:\Users\Dr. Bashandy\Desktop\docking 4\5fuoo.jpg]


Docking of compound 6a into DHFR
It showed that (N) atom acted as a H-bond acceptor with Arg 52 (3.17 Å) with energy 12.9 kcal/mol. Furthermore, it proved that there are two arene-H interactions between two phenyl rings and amino acid residues Leu 28 (4.19 Å) and Thr 46 (3.9 Å) with energies -0.8 and -0.7 kcal/mol; respectively. In addition, other hydrophobic interactions with: Asp 27, Leu 54, Phe 31, His 45, Ile 50, Glu 17, Met 16, Asn 18, Ser 49, Gly 15, Tyr 100, Ile 94, Ala 6, Ala 7, Ile 5.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\1.jpg]

Docking of compound 6b into DHFR 
It indicated that (S) atom of thiazole moiety acted as a H-bond donor with Met 20 (4.06 Å) with energy -0.8 kcal/mol. While, (O) atom of (C=O) group acted as a H-bond acceptor with Trp 22 (3.00 Å) with energy -1.9 kcal/mol. Furthermore, it showed an arene-H interaction between the phenyl ring and Asn 23 (4.09 Å) with energy -0.9 kcal/mol. there are several hydrophobic interactions with: Leu 24, Pro 25, Asp 27, Leu 28, Ala 19, His 45, Asn 18, Met 16, Glu 17, Thr 46, Ser 49, Gly 15, Tyr 100, Gly 95, Ile 14, Gly 96, Ala 7, Leu 8, Ala 6.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\2.jpg]


Docking of compound 6c into DHFR
It proved that (N) atom of thiazole ring acted as a H-bond acceptor with Met 20 (3.49 Å) with energy -1.9 kcal/mol. Moreover, it showed two arene-H interactions one of them between the (N) atom and Trp 22 (4.83 Å) with energy -1.2 kcal/mol, and the other is between the phenyl ring and Asn 23 (4.12 Å) with energy -1.0 kcal/mol. In addition to, hydrophobic interactions with: Ala 19, Asn 18, His 45, Met 16, Glu 17, thr 46, Ser 49, Gly 15, Tyr 100, Leu 8, Ile 14, Gly 96, Ala 6, Ala 7, Leu 24, Pro 25, Leu 28.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\3.jpg]

Docking of compound 6d into DHFR
It showed that (S) atom of thiazole moiety acted as a H-bond donor with Ser 49 (3.10 Å) with energy 0.8 kcal/mol. While, (N) atom acted as a H-bond acceptor with Arg 52 (3.17 Å) with energy 6.3 kcal/mol. Furthermore, there is an arene-H interaction between the phenyl ring and Leu 28 (3.88 Å) with energy -0.8 kcal/mol. Besides, several hydrophobic interactions with: Ala 29, Lys 32, Phe 31, Ile 50, His 45, Met 16, Glu 17, Asn 18, Thr 46, Gly 15, Ala 19, Ile 5, Ile 94, Ala 6, Ala 7, Tyr 100, Gly 96, Leu 54.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\4.jpg]

Docking of compound 6e into DHFR
It proved that (S) atom of thiazole moiety acted as a H-bond donor with Ser 49 (3.07 Å) with energy 1.1 kcal/mol. Furthermore, there is an arene-H interaction between the phenyl ring and Leu 28 (3.80 Å) with energy -1.0 kcal/mol. In addition, many hydrophobic interactions with: Arg 52, Gly 96, Tyr 100, Ala 6, Ala 7, Ile 94, Ile 5, Gly 15, Ala 19, Thr 46, Asn 18, Glu 17, Met 16, His 45, Ile 50, Phe 31, Leu 54, Lys 32, Ala 29.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\5.jpg]

Docking of compound 6f into DHFR 
It proved that (N) atom acted as a H-bond donor with Ser 49 (3.04 Å) with energy -3.3 kcal/mol. However, there are several hydrophobic interactions with: Leu 54, Arg 57, Phe 31, Ala 6, Arg 52, Leu 28, Lys 32, Ala 7, Leu 8, Tyr 100, Ile 14, Gly 96, Gly 15, Asn 18, Thr 46, Ala 19, Met 16, Glu 17, His 45, Ile 50.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\6.jpg]



Docking of compound 6g into DHFR
It proved that (Cl) and (S) atoms acted as H-bond acceptors with Lys 32 (2.93 Å) and Arg 57 (2.95 Å) having energies -12.9 and -8.4 kcal/mol; respectively. However, there are three ionic bond interactions between (O) atoms and Lys 32, Arg 52 and Arg 57 (2.93 Å, 3.95 Å and 2.95 Å) having energies -4.9, -0.6 and -4.8 kcal/mol, respectively. Besides, several hydrophobic interactions with: Phe 31, Pro 55, Leu 28, Ile 5, Asp 27, Ala 6, Ile 94, Ala 7, Tyr 100, Gly 95, Gly 96, Met 16, Thr 46, Glu 17, Gly 15, Asn 18, His 45, Ile 50, Ala 19, Ser 49, Leu 54.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\8.jpg]

Docking of compound 6h into DHFR 
It proved that (O) atom of (C=O) group acted as a H-bond acceptor with Lys 32 (3.46 Å) with energy -1.2 kcal/mol. Besides, many hydrophobic interactions with: Arg 57, Phe 31, Pro 55, Leu 28, Leu 54, Ser 49, Thr 46, Met 16, Ala 19, Glu 17, Gly 15, Asn 18, His 45, Gly 96, Met 20, Ile 14, Tyr 100, Ala 6, Leu 8, Ala 7, Ile 50, Arg 52.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\9.jpg]

Docking of compound 6i into DHFR 
It showed that (N) atom acted as a H-bond acceptor with Arg 52 (2.97 Å) having energy 32.2 kcal/mol. Moreover, there are two arene-H interactions between the phenyl rings and amino acid residues Leu 28 (3.72 Å) and Thr 46 (3.84 Å) having energies -1.0 and -0.6 kcal/mol; respectively. Additionally,  several hydrophobic interactions with: Ala 29, Asp 27, Lys 32, Ser 49, Phe 31, Ile 50, His 45, Gly 15, Met 16, Ile 94, Ala 7, Ile 5, Ala 6, Tyr 100, Leu 54.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\10.jpg]

Docking of compound 6j into DHFR 
It showed that (N) atom acted as a H-bond donor with Ser 49 (3.26 Å) with energy -1.7 kcal/mol. However, there are several hydrophobic interactions with: Phe 31, Leu 28, Leu54, Lys 32, Ile 50, Ala 19, Met 16, His 45, Glu 17, Thr 46, Asn 18, Gly 15, Gly 96, Ala 6, Ile 14, tyr 100, Ala 7, Leu 8, Met 20, Arg 52.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\11.jpg]


Docking of compound 8a into DHFR 
It showed that (O) atom of (C=O) group acted as a H-bond acceptor with Arg 52 (3.14 Å) having energy -1.1 kcal/mol. Furthermore, it showed an arene-H interaction between the phenyl ring and Thr 46 (3.88 Å) having energy -0.6 kcal/mol. Moreover, there are various hydrophobic interactions with; Pro 55, Lys 32, Ile 5, Phe 31, Leu 28, Ala 6, Ala 7, Tyr 100, Ile 94, Gly 15, Ser 49, Met 16, Ile 50, His 45, Asp 27, Leu 54.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\13.jpg]

Docking of compound 8b into DHFR 
It showed several hydrophobic interactions with: Glu 17, Met 20, Ser 49, Ala 19, Asn 18, Trp 22, Asp 27, Leu 28, Phe 31, Ala 7, Tyr 100, Ile 14, Leu 8, Ile 94, Ile 50, Gly 96, Gly 15, Thr 46, Ile 5, Met 16, His 45.
[image: ]

Docking of compound 8c into DHFR 
It revealed several hydrophobic interactions among the following: Gly 15, Thr 46, Asn 18, Met 20, Ser 49, Trp 22, Leu 28, Arg 52, Phe 31, Ala 7, Ile 5, Ile 50, Tyr 100, Leu 54, Ala 6, Gly 96, Ile 94, His 45, Met 16, Ala 19, Glu 17.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\15.jpg]

Docking of compound 8d into DHFR
It proved that (N) and (Br) atoms acted as a H-bond donors with Asp 27 (3.31 Å) and Gly 15 (3.26 Å) having energies -0.8 and -0.2 kcal/mol; respectively. Furthermore, there is an ionic bond interaction between (N) atom and Asp 27 (3.31 Å) having energy -2.7 kcal/mol. Additionally, many hydrophobic interactions with: Leu 24, Ile 5, Leu 28, Pro 25, Asn 23, Phe 31, Ala 6, Tyr 100, Ala 7, Ile 94, Trp 22, Gly 96, Gly 95, Thr 46, Met 20, Ile 14, Ala 19.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\16.jpg]
Docking of compound 8e into DHFR
It proved that (O) atom of (C=O) group acted as a H-bond acceptor with Arg 52 (2.94 Å) having energy -2.6 kcal/mol. In addition to many hydrophobic interactions with: Lys 32, Leu 54, Phe 31, Ile 5, Gly 96, Ala 6, Ala 7, Tyr 100, Ile 94, Met 16, His 45, Glu 17, Asn 18, Gly 15, Thr 46, ser 49, Leu 28, Ile 50, Pro 55.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\17.jpg]

Docking of compound 8f into DHFR 
It proved that almost all atoms make hydrophobic interactions with many amino acid residues: Leu 53, Arg 52, Ile 50, Ser 49, Asn 18, His 45, Glu 17, Thr 46, Met 16, Ala 19, Tyr 100, Gly 15, Ala 6, Gly 96, Leu 8, Ile 14, Ala 7, Met 20, trp 22, Lys 32, Pro 55, Phe 31, Leu 28, Arg 57.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\18.jpg]
Docking of compound 8g into DHFR 
It proved there are three H-bond interactions as (O) atoms acted as H-bond acceptors with: Arg 52, Lys 32 and Arg 57 (3.44 Å, 3.00 Å and 2.96 Å) having energies -0.7, -15.0 and -11.5 kcal/mol, respectively. Moreover, it showed three ionic bond interactions between (O) atoms and Lys 32, Arg 52 and Arg 57 (3.00 Å, 3.44 Å and 2.96 Å) with energies -4.5, -2.1 and -4.8 kcal/mol, respectively. In addition, different hydrophobic interactions with: Leu 28, Phe 31, Pro 55, leu 54, Ile 50, Ala 19, Ile 14, Leu 8, Ala 7, Met 20, tyr 100, His 45, Asn 18, Gly 15, Glu 17, Ala 6, Gly 96, Thr 46, Met 16, Ser 49.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\20.jpg]

Docking of compound 8h into DHFR 
It indicated that (O) atom of (C=O) group acted as a H-bond acceptor with Arg 52 (3.02 Å) having energy -0.8 kcal/mol. Moreover, there are several hydrophobic interactions with: Phe 31, Leu 54, Leu 28, Ser 49, His 45, Ile 50, Glu 17, Thr 46, Gly 15, Asn 18, Gly 96, Tyr 100, Ile 14, Ala 6, Ala 19, Leu  8, Trp 22, Ala 7, Met 20, Met 16, Lys 32, Ala 29, Pro 55.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\21.jpg]

Docking of compound 8i into DHFR 
It proved that (S) and (N) atoms acted as a H-bond donors with: Met 20 (3.97 Å) and Ser 49 (3.22 Å) having energies -0.6 and -1.8 kcal/mol; respectively. However, it showed three arene-H interactions between the phenyl and thiazole rings and amino acid residues: Gly 15, Ala 19 and Met 20 (3.78 Å, 4.71 Å and 4.62 Å) with energies -0.8, -0.8 and -0.7 kcal/mol, respectively. Moreover, there are several hydrophobic interactions with: Arg 52, Ile 50, Met 16, His 45, Thr 46, Ile 94, Ile 5, Gly 95, Gly 96, Ala 7, Tyr 100, Ala 6, Asn 18, Trp 22, Leu 54, Glu 17, Phe 31, Leu 28.
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\22.jpg]


Docking of compound 8j into DHFR 
It proved that (N) atom acted as a H-bond donor with Ile 94 (3.51 Å) having energy -0.8 kcal/mol. Furthermore, there is an ionic bond interaction between (N) atom and Asp 27 (3.84 Å) having energy -0.8 kcal/mol. Additionally, there are different hydrophobic interactions with: Leu 54, Lys 32, Ala 6, Leu 28, Phe 31, Ala 7, Gly 95, Gly 96, Tyr 100, Thr 46, Gly 15, Met 16, Ser 49, Asn 18, Ala 19, Ile 50, Arg 52.  
[image: C:\Users\Dr. Bashandy\Desktop\docking 3\final\mol\pictures\23.jpg]
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