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Synthesis and biological evaluation of sorafenib thiourea derivatives
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Abstract: Basing on the market multi-target antitumor agent sorafenib, a series of sixteen 4-[4-(2-methyl-
aminoacyl-pyridyl)Joxylphenyl aryl thiourea derivatives were designed and synthesized. Their structures were
identified by the spectra of 'H NMR, MS and elemental analysis. The evaluation of antitumor bioactivities
in vitro was done by MTT method. It was shown that the synthesized compounds had antitumor activities and

compounds 1a, 1d, 1i and 1j showed better or equal antitumor activity on sorafenib.
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Figure 1 Structure of sorafenib
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Scheme 1 Synthetic route of the target compounds 1a—1p

Table 1 Physical properties of compounds 1a—1p

i CcN
salle}
NH, ' NHy

NH, NH» NH, NH,

Elemental analysis/% Calcd. ( Found)

Compd. Formula Yield /% mp /C
C H N
la C,1H,6CIF3N40,S 64.2 193.5-195.6 52.45 (52.31) 3.35(3.32) 11.65 (11.81)
1b CyoH3N4O2S 76.6 165.9-166.6 63.47 (63.56) 4.79 (4.61) 14.80 (14.77)
1c C0H6CIFN,40,S 72.9 190.0-192.7 55.75 (55.54) 3.74 (3.80) 13.00 (13.12)
1d Cy1H17N50,S 59.4 227.5-230.6 62.52 (62.39) 4.25 (4.38) 17.36 (17.61)
le C,1HzoN4O5S 80.6 207.3-209.9 61.75 (61.67) 4.94 (5.09) 13.72 (13.93)
1f Cy0H,7FN4O,S 75.3 207.1-210.7 60.59 (60.77) 4.32(4.32) 14.13 (13.99)
1g Cy0H,;7N505S 60.1 220.0-221.7 56.73 (56.48) 4.05 (4.19) 16.54 (16.71)
1h CaHzN5O5S 69.2 188.9-189.2 58.52 (58.31) 4.69 (4.65) 15.51 (15.69)
1i C1oH;7N50,S 66.8 153.6-155.0 60.14 (60.33) 4.52 (4.26) 18.46 (18.32)
1j C,1H2N504S2 58.9 186.9-190.3 53.49 (53.45) 4.49 (4.63) 14.85 (14.90)
1k CsH4NGO5S8 713 >250 61.46 (61.59) 4.95 (4.88) 17.20 (17.00)
11 C17H5N50,S, 43.5 199.1-203.6 52.97 (52.68) 3.92 (3.97) 18.17 (18.35)
1m C16H14N6O,S, 49.0 231.5-232.8 49.73 (50.01) 3.65 (3.54) 21.75 (21.65)
In Cy1H20N4O2S 70.1 195.0-196.5 64.27 (64.33) 5.14 (5.12) 14.28 (14.27)
1o Cy3H2N4O5S 62.8 222.9-223.6 63.58 (63.71) 5.10 (4.89) 12.89 (12.65)
1p Cy0H9N50,S 55.7 183.4-185.6 61.05 (60.87) 4.87 (4.98) 17.80 (17.99)
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Table 2 Spectral data of compounds 1a—1p. "DMSO-d; for compound 1a
Compd. '"H NMR (CDCls) MS (ESI)
1a” 2.86 (d, J = 4.8 Hz, 3H, NHCH3), 7.06 (m, 1H, aromatic), 7.09 (d, J = 7.5 Hz, 2H, aromatic), 7.38 (m, 1H, aromatic), 7.57-7.58 481.1 [M+H]"

1b

1c

1d

le

1f
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1h

1i

1j

1k

11

Im

In

1o

1p

(m, 4H, aromatic), 7.60 (m, 1H, aromatic), 7.90 (m, 1H, aromatic), 8.22 (br, H, NHCHj;), 8.47 (s, 1H, thiourea), 8.62 (s, 1H,
thiourea)

2.79 (d, J=4.9 Hz, 3H, NHCHj3;), 6.98 (m, 1H, aromatic), 7.15 (m, 3H, aromatic), 7.29 (m, 2H, aromatic), 7.39 (m, 1H, aromatic),
7.47 (m, 2H, aromatic), 7.58 (m, 2H, aromatic), 8.50 (br, 1H, NHCHj3), 8.69 (m, 1H, aromatic), 8.75 (s, 1H, thiourea), 8.81 (s,
1H, thiourea)

2.79 (d, J=4.7 Hz, 3H, NHCH3), 7.16 (m, 3H, aromatic), 7.33 (m, 2H, aromatic), 7.39 (m, 1H, aromatic), 7.58 (m, 2H, aromatic),
7.80 (m, 1H, aromatic), 8.50 (m, 1H, aromatic), 8.73 (s, 1H, thiourea), 8.84 (br, |H, NHCHj3), 8.89 (s, H, thiourea)

2.83 (d, J = 4.8 Hz, 3H, NHCH3;), 7.13—7.18 (m, 5H, aromatic), 7.39 (m, 2H, aromatic), 7.58—5.60 (m, 3H, aromatic), 7.60—
7.61 (m, 1H, aromatic), 8.50 (br, 1H, NHCH3;), 8.74 (s, 1H, thiourea), 8.86 (s, 1H, thiourea)

2.79 (d, J=4.9 Hz, 3H, NHCHa), 3.72 (s, 3H, OCH3;), 6.87 (m, 2H, aromatic), 7.14 (m, 3H, aromatic), 7.37 (m, 3H, aromatic),
7.58 (m, 2H, aromatic), 8.49—8.50 (m, 2H, aromatic and CONHCH3;), 8.72 (s, 2H, thiourea)

2.79 (d, J = 4.9 Hz, 3H, NHCH3;), 7.08-7.17 (m, 5H, aromatic), 7.38 (m, 1H, aromatic), 7.48 (m, 2H, aromatic), 7.57 (m, 2H,
aromatic), 8.50 (m, 1H, aromatic), 8.73 (br, 1H, NHCH3), 8.76 (s, 1H, thiourea), 8.80 (s, 1H, thiourea)

2.79 (d, J=4.7 Hz, 3H, NHCH3), 7.16 (m, 3H, aromatic), 7.39 (m, 1H, aromatic), 7.61 (m, 2H, aromatic), 7.71 (m, 2H, aromatic),
8.20 (m, 2H, aromatic), 8.50 (m, 1H, aromatic), 8.74 (br, 1H, NHCHj3), 9.05 (s, 1H, thiourea), 9.47 (s, 1H, thiourea)

1.24 (t, J = 7.4 Hz, 3H, CH,CH3), 2.71-2.78 (m, 5H, CH, and NHCH3), 7.20 (m, 3H, aromatic), 7.40 (m, 1H, aromatic), 7.47
(m, 1H, aromatic), 7.62 (m, 2H, aromatic), 7.85 (m, 1H, aromatic), 8.31 (m, 1H, aromatic), 8.52 (m, 1H, aromatic), 8.72 (br,
1H, NHCHj3), 8.92 (s, 1H, thiourea), 9.36 (br, 1H, thiourea)

2.80 (d, J=4.5 Hz, 3H, NHCHj3), 7.18 (m, 3H, aromatic), 7.33 (m, 1H, aromatic), 7.40 (m, 1H, aromatic), 7.60 (m, 2H, aromatic),
7.95 (m, 1H, aromatic), 8.20 (m, 1H, aromatic), 8.50 (m, 1H, aromatic), 8.63 (br, 1H, NHCH3), 8.75 (s, 1H, aromatic), 8.93 (s,
2H, thiourea)

2.50 (s, 3H, CH3), 2.82 (d, J = 4.7 Hz, 3H, NHCH3), 7.14 (m, 3H, aromatic), 7.26 (m, 1H, aromatic), 7.35 (br, 2H, SO,NH),
7.39 (m, 1H, aromatic), 7.56 (m, 3H, aromatic), 8.04 (m, 1H, aromatic), 8.50 (m, 1H, aromatic), 8.77 (q, J = 4.7 Hz, 1H,
NHCH3), 8.87 (s, 1H, thiourea), 8.95 (s, 1H, thiourea)

1.03 (d, J=7.0 Hz, 3H, CH3), 2.17 (m, 1H, COCHa), 2.58 (m, 1H, COCH,), 2.82 (d, J = 4.9 Hz, 3H, NHCH3), 3.27 (q, 1H, CH),
6.49 (m, 2H, aromatic), 6.86 (m, 2H, aromatic), 7.11-7.16 (m, 3H, aromatic), 7.37—7.41 (m, 3H, aromatic), 7.58=7.62 (m, 2H,
aromatic and CONH), 8.50 (m, 1H, NHCH3), 8.79 (s, 2H, thiourea)

2.79 (d, J=4.7 Hz, 3H, NHCHj3;), 7.12 (m, 1H, aromatic), 7.15 (m, 1H, aromatic), 7.21 (m, 2H, aromatic), 7.39 (m, 2H, aromatic),
7.61 (m, 2H, aromatic), 8.51 (m, 1H, aromatic), 8.76 (br, 1H, NHCH3), 9.10 (s, 1H, thiourea), 10.65 (br, 1H, thiourea)

2.80 (d, J=4.9 Hz, 3H, NHCH3;), 7.12-7.15 (m, 2H, aromatic), 7.29 (m, 2H, aromatic), 7.46 (m, 1H, aromatic), 7.59 (m, 1H,
aromatic), 8.37 (m, 1H, aromatic), 8.70 (br, IH, NHCH3), 9.11 (s, 1H, aromatic), 9.20 (s, 1H, thiourea), 10.86 (br, 1H, thiourea)
2.79 (d, J = 4.8 Hz, 3H, NHCH3), 3.25 (s, 3H, NCH3), 6.92-6.99 (m, 3H, aromatic), 7.15 (m, 1H, aromatic), 7.26 (m, 1H,
aromatic), 7.30 (m, 1H, aromatic), 7.39 (m, 1H, aromatic), 7.46 (m, 2H, aromatic), 7.59 (m, 2H, aromatic), 8.51 (m, 1H,
aromatic), 8.54 (br, |H, NHCHj), 8.76 (s, 1H, thiourea)

2.41 (s, 3H, COCH3), 2.79 (d, J = 4.8 Hz, 3H, NHCH3), 3.30 (s, 3H, NCHj3), 7.11 (m, 1H, aromatic), 7.26 (m, 1H, aromatic),
7.45 (m, 2H, aromatic), 7.77 (m, 2H, aromatic), 7.92—7.95 (m, 2H, aromatic), 8.16—8.19 (m, 2H, aromatic), 8.26 (m, 1H,
aromatic), 8.49 (br, IH, CONHCHs), 8.66 (s, 1H, thiourea)

2.79 (d, J=4.7 Hz, 3H, NHCH3), 3.07 (s, 3H, NCH3), 7.15-7.20 (m, 3H, aromatic), 7.28 (m, 1H, aromatic), 7.41-7.48 (m, 2H,
aromatic), 7.59 (m, 1H, aromatic), 7.70 (m, 1H, aromatic), 7.95 (m, 1H, aromatic), 8.29 (m, 1H, aromatic), 8.53 (m, 1H, aromatic),
8.67 (m, 1H, NHCH,), 8.86 (s, 1H, thiourea)
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Table 3 Anti-tumor activities of compounds 1a—1p in vitro

IC50/pm01-L’l

Compd. 760-O HepG2 A549 MD g-;le °  PC3  HT-29
1a 13.2 7.9 8.5 16.9 20.1 12.1
1b 456 498 554 >100 >100 55.9
1c 228 296 354 >100 260 219
1d 159 128 1638 212 527 146
le 656 679  79.0 >100 >100  >100
1f 335 280 259 493 528 386
1g 16.8 85 17.9 16.2 32.1 18.6
1h 400 586 >100 62.7 >100 79.6
1i 10.6 6.3 7.1 21.9 162 153
1j 45 3.1 5.9 11.6 8.7 9.8
1k 356 301 483 413 772 409
1 186 162 157 40.1 297 189
1m 196 250 206 383 355 298
1n >100 782 679 >100 >100  >100
10 >100 825  76.1 96.8 >100  >100
1p >100  >100 >100 >100 >100 >100

Sorafenib  16.7 9.6 106 17.8 332 136
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