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Synthesis and anti-tumor activity of ursolic acid-triazole derivatives
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Abstract: Ten ursolic acid derivatives were designed from the lead compound ursolic acid by introducing
1,2, 3-triazole at C-3 and C-28. The target compounds were synthesized and characterized by 'H NMR and
“C NMR. MTT assay was used to study the antitumor activity of these compounds in human cancer cells with high
expression (MCF-7 and SGC-7901). The results showed that the antitumor activity of all compounds on MCF-7
and SGC-7901 tumor cells was significantly higher than that of ursolic acid. The compound II, exhibited
significant antitumor activity which was equivalent to the positive control drug nilotinib, molecular docking
showed that the compound II, have high binding ability with c-Kit, which deserves further research.
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Figure 1 Chemical structure of ursolic acid (UA)
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Figure 2 Design of new ursolic acid derivatives
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Scheme 1  Synthesis route of the target compound I, -1, and II,-II,. Reagents and conditions: (a) appropriate anhydride, DMAP, THF, rt;
(b) propargyl bromide, K,CO,, DMF, 60 °C; (c) R’Br, K,CO,, DMF, rt; (d) 3-butynoic acid, DCC, DMAP, CH,Cl,, rt; (e) aromatic azide,

sodium ascorbate, CuSO,-5H,0, EtOH, rt
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Table 1 Yield, melting point and MS data of the target compounds
Compd. Yield/% Melting/°C ESI-MS m/z [M+H]"
I, 50.4 176.3-177.7 656.29
I, 49.2 175.0-176.3 671.24
I, 55.6 171.4-172.7 684.51
I, 57.5 172.8-174.2 698.62
I 58.1 168.5-170.0 712.52
11, 48.2 169.5-170.4 670.52
II, 50.6 170.2-171.1 684.37
11, 47.2 167.8-168.5 698.79
11, 50.8 165.2-166.3 712.64
11 46.1 162.7-163.8 726.82
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Table 2

Spectral data of the compounds 3-1-3-5, 5-1-5-5, I -1, 11 -1I,

Compd.

'H NMR (600 MHz, CDCL,)

"C NMR (150 MHz, CDCL,)

3-1

3-3

3-4

35

5-1

5-4

5, 5.28 (s, 1H, 12-H), 4.40 (t, /= 7.0 Hz, 1H, 3-H), 2.89 (dd, /= 11.2, 4.2 Hz,
1H, H-18), 2.97(s, 1H), 2.06 (s, 3H), 1.03-2.04 (m, 20H), 0.90-1.07 (m, 2 H),
1.05 (s, 3H), 0.93 (s, 3H), 0.91 (s, 3H), 0.90 (s, 3H), 0.85 (s, 3H), 0.82 (s, 3H),
0.79 (s, 3H)

8, 5.30 (s, 1H, 12-H), 4.45 (t, /= 7.2 Hz, 1H, 3-H), 2.85 (dd, = 12.0, 4.8 Hz,
1H, H-18), 2.95 (s, 1H), 2.27-2.30 (m, 2H), 1.01-2.07 (m, 20H), 0.97-1.09
(m, 2 H), 1.19 (s, 3H), 1.02 (s, 3H), 0.92 (s, 3H), 0.91 (s, 3H), 0.90 (s, 3H),
0.87 (s, 3H), 0.84 (s, 3H), 0.81 (s, 3H)

8,527 (s, 1H, 12-H), 4.42 (t, /= 7.2 Hz, 1H, 3-H), 2.85 (dd, J = 10.6, 4.0 Hz,
1H, H-18), 2.98 (s, 1H), 1.83-2.35 (m, 4H), 1.05-2.02 (m, 20H), 0.95-1.12
(m, 2 H), 1.05 (s, 3H), 1.02 (s, 3H), 1.00 (s, 3H), 0.95 (s, 3H), 0.92 (s, 3H),
0.88 (s, 3H), 0.87 (s, 3H), 0.84 (s, 3H)

8, 5.32 (s, 1H, 12-H), 438 (t,./= 7.0 Hz, 1 H, 3-H), 2.85 (dd, /= 12.2, 4.6 Hz,
1H, H-18), 2.92 (s, 1H), 1.40-2.32 (m, 6H), 1.10-2.13 (m, 20H), 0.97-1.15
(m, 2H), 1.08 (s, 3H), 1.05 (s, 3H), 0.97 (s, 3H), 0.93 (s, 3H), 0.92 (s, 3H),
0.89 (s, 3H), 0.87 (s, 3H), 0.82 (s, 3H)

5, 5.26 (s, 1H, 12-H), 4.38 (t, = 7.0 Hz, 1H, 3-H), 2.85 (dd, = 10.4, 4.0 Hz,
1H, H-18), 2.95 (s, 1H), 1.25-2.36 (m, 8H), 1.12-2.21 (m, 20H), 0.94-1.14
(m, 2H), 1.10 (s, 3H), 1.04 (s, 3H), 1.02 (s, 3H), 0.97 (s, 3H), 0.93 (s, 3H),
0.92 (s, 3H), 0.88 (s, 3H), 0.87 (s, 3H)

5,532 (s, 1H, 12-H), 4.45 (1,J = 7.4 Hz, 1H, 3-H), 4.15-4.21 (m, 2H), 2.82
(s, 1H), 2.55 (dd, J = 10.8, 4.0 Hz, 1H, H-18), 1.10-2.11 (m, 20H), 1.23 (s,
3H), 1.10 (s, 3H), 1,02 (s, 3H), 0.90 (s, 3H), 0.89 (s, 3H), 0.88 (s, 3H), 0.85
(s, 3H), 0.82 (s, 3H)

5, 5.28 (s, 1H, 12-H), 4.42 (t,.J = 8.0 Hz, 1H, 3-H), 4.10-4.20 (m, 2H), 2.74
(s, 1H), 2.52 (dd, J= 9.4, 42 Hz, 1H, H-18), 1.06-2.14 (m, 20H), 1.68—1.74
(m, 2H), 1.10 (s, 3H), 1,02 (s, 3H), 0.98 (s, 3H), 0.90 (s, H), 0.88 (s, 3H), 0.86
(s, 3H), 0.85 (s, 3H), 0.83 (s, 3H)

5,521 (s, 1H, 12-H), 4.40 (t, /= 8.2 Hz, 1H, 3-H), 4.05-4.12 (m, 2H), 2.70
(s, 1H), 2.50 (dd, J = 10.8, 4.4 Hz, 1H, H-18), 1.10-2.18 (m, 20H), 1.37-1.55
(m, 4H), 1.07 (s, 3H), 1,03 (s, 3H), 1.01 (s, 3H), 0.92 (s, H), 0.90 (s, 3H), 0.88
(s, 3H), 0.86 (s, 3H), 0.81 (s, 3H)

8, 5.30 (s, 1H, 12-H), 4.42 (t,J = 7.6 Hz, 1H, 3-H), 4.02-4.10 (m, 2H), 2.74
(s, 1H), 2.56 (dd, J = 12.0, 4.4 Hz, 1H, H-18), 1.05-2.13 (m, 20H), 1.39-1.61
(m, 6H), 1.02 (s, 3H), 0.99 (s, 3H), 0.98 (s, 3H), 0.90 (s, H), 0.89 (s, 3H), 0.88
(s, 3H), 0.86 (s, 3H), 0.84 (s, 3H)

8, 5.23 (s, 1H, 12-H), 4.46 (t,.J = 7.0 Hz, 1H, 3-H), 4.02-4.08 (m, 2H), 2.70
(s, 1H), 2.56 (dd, J = 12.2, 4.8 Hz, 1H, H-18), 1.12-2.25 (m, 20H), 1.36-1.65
(m, 8H), 1.04 (s, 3H), 0.98 (s, 3H), 0.97 (s, 3H), 0.89 (s, H), 0.87 (s, 3H), 0.85
(s, 3H), 0.80 (s, 3H), 0.78 (s, 3H)

5.179.5,172.6,143.3, 123.8, 83.1, 81.0, 55.2, 52.0, 47.6,
46.4,46.1,43.0,42.4,40.2, 39.8, 38.2, 37.8, 35.7, 32.4,
31.5,30.4,29.2,27.2, 25.0, 24.3, 23.8, 23.5, 23.4, 22.0,
19.6,17.3,16.7, 16.2

5.179.0, 174.3,143.9, 124.3, 82.4, 80.3, 55.6, 52.4, 47.3,
46.7,46.5,42.7,42.1,39.7, 39.1,37.9, 37.6, 36.2, 32.9,
31.2,29.4,28.3,26.7, 24.7, 24.0, 23.5, 23.4, 23.1, 21.6,
19.0,17.7, 16.9, 16.4, 9.7

5. 179.7,174.0, 140.1, 123.1, 83.5, 81.1, 55.0, 52.1, 47.5,
46.2,43.1,42.3,40.1, 39.2, 38.7, 38.5, 37.2, 37.0, 36.2,
36.0, 33.2,30.8, 28.8, 28.0, 27.2, 24.2, 23.8, 23.5, 23.0,
22.6,21.6, 18.5,18.1, 16.1, 14.0

5.180.2,173.2,139.5, 123.4, 83.7, 80.6, 55.6, 52.4, 47.1,
46.6,42.8,41.7,41.2,39.9, 38.2, 37.4, 37.0, 36.8, 36.4,
36.2,34.2,31.2,29.3,28.5,26.9, 24.5, 23.8, 23.6, 23.1,
22.3,21.2,18.4,17.7, 16.9, 16.6, 13.5

5. 180.0, 173.5,138.2, 123.0, 84.0, 81.2, 55.2, 52.0, 47.7,
46.2,43.1,42.0, 40.6, 39.7, 39.2, 37.8, 37.5, 37.0, 36.4,
36.0,33.7,31.6, 31.2,29.0, 28.9, 26.3, 24.1, 24.0, 23.8,
23.4,22.1,21.6,18.1,17.2,16.7, 16.0, 14.2
5.177.5,160.2,140.2, 123.3, 84.1, 75.1, 74.6, 61.3, 55.7,
52.8,48.6,47.1, 42.8, 40.5, 39.5, 39.0, 38.9, 37.8, 37.5,
37.0,33.2,30.7, 29.1, 26.5, 24.6, 24.0, 23.8, 23.6, 23.2,
21.4,18.9,17.6,17.0, 16.5, 15.1

5.177.0,155.6,139.1, 123.0, 83.5, 74.9, 73.8, 65.7, 55.7,
53.2,48.6,47.5,42.2,40.2,39.1,38.7, 38.5, 37.6, 37.3,
36.8,33.5, 30.5, 29.4, 26.0, 24.3, 23.9, 23.7, 23.5, 23.0,
21.9,21.4,18.5,17.6,17.2, 16.2, 10.4

0. 177.5,154.0, 138.3, 123.4, 84.3, 74.5, 73.9, 65.3, 55.2,
53.7,48.4,47.2,42.6,40.5,39.4,39.2, 38.5, 37.8, 37.6,
35.9,34.7,32.4,30.2, 28.8, 27.2, 24.5, 24.0, 23.5, 22.6,
22.3,21.6,21.5,18.2,18.1, 17.5, 16.4, 14.0
5.177.2,153.5,138.0, 124.0, 83.8, 74.2, 73.9, 65.8, 55.6,
53.3,49.2,48.5,44.1,41.2,40.2, 39.5,39.2, 37.2, 36.4,
35.3,34.2,30.1, 29.0, 28.4, 27.9, 27.0, 24.3, 23.9, 22.8,
22.5,22.1,21.6,21.4,18.9, 18.8, 18.2, 16.2, 14.2

5. 177.6, 154.0, 138.5, 123.5, 84.2, 74.5, 74.0, 66.0, 56.2,
54.2,50.1,48.3,45.4,42.1, 41.8, 40.5, 39.7, 39.2, 38.2,
36.2,35.1,31.7,29.3,29.2, 28.4, 28.0, 27.5, 24.1, 23.6,
23.4,22.7,22.3,21.5,21.4,19.3,19.2, 18.6, 17.0, 12.7
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Continued
Compd. 'H NMR (600 MHz, CDCl,) "C NMR (150 MHz, CDCL,)
I, 6,779 (s, 1H, triazole-H), 7.05-7.53 (m, 5H), 5.31 (s, 1H, 12-H), 5.20 (d, 0. 179.5,174.2, 144.7,134.4,131.2, 128.4, 128.4, 127.0,

11

1T

11

J=2.0 Hz, 2H), 4.49 (t, J=7.2 Hz, 1 H, 3-H), 2.93 (dd, J = 11.0, 4.6 Hz, 1H,
H-18), 2.06 (s, 3H), 1.07-2.01 (m, 20H), 0.94-1.05 (m, 2H), 1.02 (s, 3H),
0.91 (s, 3H), 0.90 (s, 3H), 0.89 (s, 3H), 0.86 (s, 3H), 0.85 (s, 3H), 0.82 (s, 3H)

8, 7.81 (s, 1H, triazole-H), 7.02-7.50 (m, SH), 5.32 (s, 1H, 12-H), 5.19 (d,
J=3.2Hz, 2H), 4.50 (t, /= 7.9 Hz, 1H, 3-H), 2.89 (dd, /= 9.2, 4.0 Hz, 1H,
H-18), 2.31-2.27 (m, 2H), 1.04-2.05 (m, 20H), 1.22 (s, 3H), 0.94-1.07 (m,
2H), 1.01 (s, 3H), 0.91 (s, 3H), 0.90 (s, 3H), 0.87 (s, 3H), 0.87 (s, 3H), 0.85
(s, 3H), 0.80 (s, 3H)

5, 7.84 (s, 1H, triazole-H), 7.05-7.58 (m, 5H), 5.32 (s, 1H, 12-H), 5.23 (d,
J=3.0 Hz, 2H), 4.52 (t, J = 7.2 Hz, 1H, 3-H), 2.85 (dd, J = 8.0, 4.0 Hz, 1H,
H-18), 2.35-2.29 (m, 2H), 1.06-2.01 (m, 20H), 1.61-1.68 (m, 2H), 1.60 (m,
2H), 1.23 (s, 3H), 1.15 (s, 3H), 0.95-1.07 (m, 2H), 0.94 (s, 3H), 0.89 (s, 3H),
0.87 (s, 3H), 0.85 (s, 3H), 0.84 (s, 3H), 0.78 (s, 3H)

5, 7.82 (s, 1H, triazole-H), 7.01~7.50 (m, 5H), 5.32 (s, 1H, 12-H), 5.21 (d,
J=3.4Hz 2H), 451 (t,J=7.5 Hz, | H, 3-H), 2.83 (dd, J = 8.0, 4.0 Hz, 1H,
H-18), 2.33-2.25 (m, 2H), 1.01-2.05 (m, 20H), 1.35-1.80 (m, 4H), 1.25 (s,
3H), 1.16 (s, 3H), 0.92-1.04 (m, 2 H), 1.02 (s, 3H), 0.92 (s, 3H), 0.89 (s, 3H),
0.87 (s, 3H), 0.86 (s, 3H), 0.79 (s, 3H)

5, 7.87 (s, 1H, triazole-H), 7.03-7.55 (m, 5H), 5.29 (s, 1H, 12-H), 5.19 (d,
J=3.2Hz,2H), 449 (t,J=7.2 Hz, | H, 3-H), 2.82 (dd, /= 8.4, 43 Hz, 1H,
H-18), 2.34-2.26 (m, 2H), 1.04-2.08 (m, 20H), 1.26-1.78 (m, 6H), 1.21 (s,
3H), 1.18 (s, 3H), 0.90-1.06 (m, 2 H), 0.96 (s, 3H), 0.93 (s, 3H), 0.89 (s, 3H),
0.86 (s, 3H), 0.85(s, 3H), 0.76 (s, 3H)

5, 7.88 (s, 1H, triazole-H), 7.10-7.55 (m, 5H), 5.43 (s, 1H, 12-H), 4.41 (t,
J=8.0 Hz, 1H, 3-H), 4.25-4.19 (m, 2H), 3.63 (t, J = 7.2 Hz, 2H), 2.58 (dd,
J=12.0,4.0 Hz, 1H, H-18), 1.01-2.02 (m, 20H), 1.20 (s, 3H), 1.15 (s, 3H),
0.92-1.08 (m, 2H), 0.98 (s, 3H), 0.91 (s, 3H), 0.89 (s, 3H), 0.84 (s, 3H), 0.80
(s, 3H), 0.71 (s, 3H)

5, 7.83 (s, 1H, triazole-H), 7.03-7.53 (m, 5H), 5.21 (s, 1H, 12-H), 4.29 (t,
J=82Hz, 1H, 3-H), 4.24-4.17 (m, 2H), 3.60 (t, J = 7.0 Hz, 2H), 2.55 (dd,
J=12.4,3.5 Hz, 1H, H-18), 1.03-2.06 (m, 20H), 1.72 (m, 2 H), 1.19 (s, 3H),
1.14 (s, 3H), 0.90-1.10 (m, 2H), 0.98 (s, 3H), 0.93 (s, 3H), 0.91 (s, 3H), 0.89
(s, 3H), 0.87 (s, 3H), 0.85 (s, 3H)

5, 7.86 (s, 1H, triazole-H), 7.09~7.45 (m, SH), 5.24 (s, 1H, 12-H), 4.23 (t,
J=8.2Hz, | H,3-H), 4.20-4.10 (m, 2H), 3.58 (t, /= 7.2 Hz, 2H), 2.52 (dd,
J=12.0, 4.5 Hz, 1H, H-18), 1.05-2.10 (m, 20H), 1.32-1.59 (m, 4H), 1.15 (s,
3H), 1.10 (s, 3H), 0.91-1.07 (m, 2H), 0.95 (s, 3H), 0.93 (s, 3H), 0.90 (s, 3H),
0.89 (s, 3H), 0.87 (s, 3H), 0.83 (s, 3H)

5, 7.84 (s, 1H, triazole-H), 7.13-7.50 (m, SH), 5.31 (s, 1H, 12-H), 4.26 (t,
J=8.0 Hz, 1H, 3-H), 4.23-4.12 (m, 2H), 3.55 (t, J = 7.2 Hz, 2H), 2.50 (dd,
J=12.0, 4.0 Hz, 1H, H-18), 1.02-2.14 (m, 20H), 1.35-1.69 (m, 6H),1.12 (s,
3H), 0.95-1.05 (m, 2H), 0.99 (s, 3H), 0.98 (s, 3H), 0.94 (s, 3H), 0.91 (s, 3H),
0.89 (s, 3H), 0.79 (s, 3H), 0.77 (s, 3H)

8, 7.91 (s, 1H, triazole-H), 7.10-7.59 (m, 5H), 5.43 (s, 1H, 12-H), 4.32 (,
J=8.2Hz, 1H, 3-H), 4.30-4.16 (m, 2H), 3.58 (t, J = 7.2 Hz, 2H), 2.55 (dd,
J=12.4,4.2 Hz, 1H, H-18), 1.01-2.07 (m, 20H), 1.28-1.65 (m, 8H),1.10 (s,
3H), 0.94-1.06 (m, 2H), 0.99 (s, 3H), 0.98 (s, 3H), 0.97 (s, 3H), 0.91 (s, 3H),
0.90 (s, 3H), 0.79 (s, 3H), 0.75 (s, 3H)

127.0, 122.9, 80.4, 63.1, 55.1,47.3,46.7,46.4,43.1,42.0,
39.3,38.0,37.7,36.1, 35.8, 34.1, 32.8, 32.7, 32.2, 30.6,
29.8,28.0,27.9,25.6,25.6,23.7,23.5,23.5, 21.1, 18.0,
16.9,16.6, 15.3

0. 178.5,171.0, 144.8,132.3, 132.2, 126.1 126.1, 126.0,
126.0, 122.8, 115.8, 115.6, 80.8, 63.9, 55.1, 53.2, 47 .4,
46.7,46.5,42.1, 42.0, 39.3, 38.8, 38.1, 37.7, 36.7, 34.1,
33.0,32.6,32.2,28.0,27.3,25.7,23.8, 23.6, 23.5, 23.4,
21.3,18.1,16.8,16.6, 15.2

0. 178.4,170.9,144.7,132.7,132.7, 132.7 132.2, 132.1,
127.7,125.7, 125.7, 125.4, 125.4, 80.7, 55.0, 47.3, 46.6,
46.3,42.0,41.9,39.2,38.7,38.0,37.7, 37.5, 36.6, 32.8,
32.5,32.1, 30.6, 27.9, 27.1, 26.8, 25.6, 23.7, 23.4, 23 .4,
23.2,21.2,18.0,16.7,16.5,15.1

0. 178.5,174.3,144.7,138.7, 134.9, 132.7, 131.2, 128.0,
128.0, 127.2, 127.2, 122.9, 80.5, 64.6, 55.1, 47.4, 46.7,
46.4,42.1,42.1,42.0,39.3, 38.6, 38.1, 37.8, 36.8, 34.1,
33.0,32.6,32.2,32.2,30.7, 28.1, 28.0, 27.3, 23.8, 23.8,
23.5,23.4,21.2,18.1,16.8,16.7,15.3
0.179.7,174.4,144.9,134.7,131.4, 128.7, 128.7, 127.2,
127.2,123.1, 80.6, 63.3, 55.3,47.6, 46.9, 46.6,42.2,42.2,
39.5,38.3,37.9,36.3,36.0, 34.3, 33.1, 33.0, 32.4, 32.4,
30.8,30.1, 28.2, 28.1, 27.5, 27.5, 25.8, 25.8, 23.9, 23.7,
23.6,18.3,17.1,16.8,16.8, 15.5,9.5

0. 179.5,174.2,144.7,133.5,131.2, 128.4, 128.4, 127.0,
127.0, 125.9, 125.9, 80.4, 64.4, 55.1,47.4,46.7, 46.4,
42.1,42.0,42.0, 39.3, 38.0,37.7, 36.8, 36.1, 35.8, 32.9,
32.8,32.2,30.6,29.9, 28.0, 27.9, 25.6, 23.7, 23.5, 23.4,
21.3,21.1,18.6,16.9,15.3

0. 178.6,171.2,144.9,132.4,132.4 132.3,132.3, 126.2,
126.2,126.1, 125.9, 121.9, 121.9, 121.8, 80.9, 64.0, 55.2,
47.5,46.9,46.6,42.2,42.1,39.4,39.0,37.8,36.9, 34.2,
33.1,32.7,32.3,30.8, 28.1, 27.3, 26.7, 25.8, 23.9, 23.6,
23.6,23.5,18.2,16.9,15.3,9.33

0.179.4,171.0, 144.7,136.4, 134.2, 131.8, 130.7, 130.0,
130.0, 127.4,127.4,122.9, 121.4, 119.7, 80.8, 65.0, 55.2,
47.5,46.7,46.4,42.1,39.4,39.4,38.1,37.7, 36.9, 36.5,
34.1,30.7,29.9, 29.9, 28.0, 27.3, 25.7, 25.7, 24.8, 23.7,
23.6,23.6,21.3,18.2,17.0, 16.7, 15.4
0.179.6,174.3,144.8,134.6, 131.3, 128.5, 128.5, 127.1,
127.1, 123.0, 80.5, 65.2, 55.2,47.5, 46.8,46.5,42.1,42.1,
39.4,39.4,38.1,37.8,36.9,36.2, 35.9, 33.0, 32.9, 30.7,
30.0, 30.0, 28.1, 27.4, 26.8, 25.7, 25.7, 23.8, 23.6, 23.5,
18.2,18.2,17.0,16.7, 15.4,15.4,9.4

6.179.4,171.1, 144.7,136.4, 134.2, 131.8, 130.7, 130.7,
130.0, 130.0, 127.4, 127.4, 122.9, 80.9, 66.2, 55.2, 47.5,
46.7,46.4,42.1,42.1,42.0,39.4,38.1,37.7, 36.9, 36.5,
34.1,33.0,32.9, 32.9, 30.7, 30.0, 28.0, 27.3, 25.7, 24.8,
23.7,21.3,21.3,18.2,17.0,16.7, 15.4,15.4,9.4

BRAETE i K S A BAE R o R EE e-Kit #7171 JE
W BRI AR, R RS E IR MR T Asp810
TR B, B S W L, 3 e S 1 Dy C-28 A B & 11
1,2,3- =ML S5 4, A SCERHIE , o-Kit 411 1] 771 5 5
Asp810 7= A= & B8 1E I, ¥ M 5 2 R 7% & Asp810 /&

c-Kit 8 [ 5 F) 45 & SR LR . Y10 HI W ik
VRS B 5 E A B A MRS EA .
4 iR

PAUA A BHAE, Bt IF& 1 10 B UA AT A, &5
P2 MS FANMR RAE . A4 &M 41 i S 56 3% B, A6 & 4 5%
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Table 3 Antitumor activity of different derivatives on cancer cells MCF-7 and SGC-7901

IC, /umol-L" IC, /umol-L"!
Compd. MCFT SGC-7901 Compd. MCF-7 ’ SGC-7901
1, 4022£0.11 37.020.07 1, 39274019 30.18 £ 0.22
L, 31.48£0.10 20.13£0.13 1, 33.3240.15 21.45+0.08
13 30.15+£0.15 19.21 £0.13 H3 23.13+0.20 20.28 £0.15
14 18.22 +£0.09 12.72 £0.15 "4 1428 +0.14 8.46+0.10
I, 38.65+0.16 25.12 £ 0.08 11, 20.68 % 0.19 19.54 4 0.17
UA > 50 > 50 Nilotinib 15.40 £ 0.10 10.15 £ 0.08

A:670
~
N
e
XN
<

. ©® @
<)

Q <
iy
. A
A
Ul
’ .
% ’
B, Il

Interactions

I Conventional hydrogen bond [_] Pi-donor hydrogen bond
I Pialkyl [ Alkyl

Figure 3 The binding mode of derivative II, with c-Kit protein predicted by molecular docking

Table 4 Docking analysis of ursolic acid derivatives and c-Kit

protein

Compd. Docking score Compd. Docking score
I -154.697 II, -155.338
I, -162.983 II, -160.921
I, -162.793 II, -161.544
I, -167.873 I, -172.941
I -161.868 11 -165.844

Nilotinib -170.459 UA -120.341

J& 41 fl MCF-7 #1 SGC-7901 B A #0 il 1 F , #1285 144
MR RV TR, C-3A05I N 1,2,3- =AM S i &
Wi AR T C-28 i, H 51 Nk 1 K R 2 R fiT AR
Vg v, PR A R H D S B, SE R R AR, 3
HAk A ) T 6F c-Kit (40 3 4 5 BH 0] R 24 JE i
JEAH M, o T L R R Ak A R ) = AR S
i A 1 A T S HE A, BRI S A ISR )
TER, it fb &P I, R e i & Je 355 Asp810 & 7: 1R
R A, BAMEMS AL S . Bk E, UA
R I N Mg K, A R T 5RO
X RE SRR — B e R B — e S %

SCIGER ST
1 EENFESHF

Biichi B-540 % &l %€ {X (Fi |- BUCHI 4 #]);
BrukerARX-600 2 #% i 3% 41 73 #r A (3 1 Bruker 2

#]), CDCL, N 7], TMS N A A5 # i -FEJE R LCQ &Y
J5 3% 1% (2% [ San Francisco 2 @]); SPECTRA MAX
plus BB AR AL (35 [E MDC 7 &)); XDS-1B {3 B & 45
(K B MR AT PR A 7]); TGL-16B ik & 5 2.0 4l
(L2 R AR ). BERRR (a4 > 98%) W
T T A R AR TR A F] s AR DN 10%
(PR 53 H0) B 8 — 2 B Y00, 3t PR I B FH 1) RPMI-
1640 15 37 3 (& 10% it 2F M3/, 100 umol L' % % &,
100 pmol L™ %% 2 ) IR AL P 2 e £h (MTT) 18 74
GG EMRHARAT .. FraRkm s Hraisith
2 kEE

2.1 3p-ZEEEE-BHRE-12-15-28- KR (2-1) ME
B 2 BRUREH AT A R T a) kR 46 R R UA
(500 mg, 1.10 mmol) ] THF (50 mL) ¥ ¥ 1 2215 3 hn
LR (0.565 mL, 6.00 mmol), = 54+, il X DMAP
(10 mg, 0.09 mmol), Z i F 4 h, TLC FREFE B 58 %o
P4 A SR AR W (20 mL) BEV, 50 2R 2 BB
(10 mL) ZEHY 3 Ik, A HUAHE I 5 4 To/KBRER T4, 1t
TE, VR ZE BRVE R, 149 B 1 RLPE 2 R R R 2 AT A4k,
Vet (A 288 20 = 1051 (vv)], 14 %] 450 mg
€0 [ 4 2-1, 77 % 82%, m.p. 184.6~185.7 °C.

22 3p-CEEE-SHRE-12-55-28- KRB RTES
G-1) &R KL A9 2-1 (400 mg, 0.80 mmol) fl
A DMF (20 mL) H, F &k i A B 7 R (350 mg,
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2.32 mmol) FIHKEREH (110 mg, 0.80 mmol), 4 60 °C
S N8 hJE [ & = R, B R SR BN TR (20 mL) Bk
%, A &R (10 mL) EH3 R, HHHA RS
TR BRBREA T 15, 1k UE, Uk 28 BR v 711, 159 2 KL= 9
SRERAEE T AL, Ve A B AR L85 = 1001
(vv)], 19 #1] 343 mg 28 [ A [E 44 3-1, 7= % 80%, m.p.
191.6~193.1 °C.
23 3P-RE-BHIER-12-1F-28-FKE 2B 4-1) &
BB 46 R B UA (500 mg, 1.10 mmol). % f2 £
(300 mg, 2.17 mmol) I\ DMF (20 mL) H, 2212 3% b
IR 5% (0.24 mL, 5.02 mmol), = iR $HE 5 h, TLC PR i
SRS 8 o ok s 78 e B 25 ), R MR S B T T
(20 mL) ¥, J5 F /R 4.8 (10 mL) B 3%, &7
A WA, ZToKERRREAT 1, I8, Vil E 2 BRVE 7, 15 2
HIRL = R AT JE AT Al Ak, BEI R (A ik 2R &
§=15:1 ()], 155353 mg [ &[4 4-1, 77 F 66%,
m.p. 177.2~178.7 °C..
24 3B-G-RETEE)-S7 R -12-15-28- K8 OB
G-1) AR K 3- T HR (84 mg, 1.00 mmol) % T —
A BE (10 mL) A, HiEFEINA DCC (206 mg, 1.00 mmol),
10 mn J5 2% 12 il X DMAP (10 mg, 0.09 mmol) f1
W & Wk (20 mL) H AL &4 4-1 (480 mg,
1.00 mmol), iR $HEHE 3 h, TLC BRIEE SN 58 . AL A
FALBAE W (20 mL) ¥k, 5 H & H fE (10 mL) %
B3R, B ARG H 5 4 KB ER A T 18, 1 I8, JE
ARERIE N, 15 2R Y0 4 vk e R J2 A 44k, 1 B T
[ Bk 288 2.0 = 8:2 (vv)], £33 321 mg [ (4 [# {4
5-1, 773 58%, m.p. 173.2~173.9 °C.
25 3-ZHEE-SHRE-12-F-28-B(1-FE=
AM-4-)HE 1) WERK FKibHE3-1 (376 mg,
0.70 mmol) I B TE7K £ (10 mL) 1, FEAK R IDA
B A K (143 mg, 1.20 mmol). ¥t 5 Il B2 44 (36 mg,
0.18 mmol) 1 1 /KA i BR4H (100 mg, 0.40 mmol) = i
P HE 4 h, TLC FRER 56 B 980 28 R B 2338 771,
HIFNSE AR (20 mL) PRk, J5 H 4R 4B (10 mL)
3R, B IEENA, ZTKBREREN T 45, 38, sk
FRBRIE N, 15 B 0K 7= 4 40 1k e 1 J2 M 44k, 3 Bt T
[k 28R 406 = 2001 (vv)], 153 A B AR T,
2.6 3[-AEEE-SHEE-12-F-28-BR(1-FE =R
M-4-)BfE (L) &K 1% RH & 1107, ek
UA (1.10 mmol) 5 R (6.00 mmol) v . #x 2
wh R AR B n Ak, BEML VR [ K LR Ll =
2001 (viv)], 19 B A AEA L.
27 3[-TEHEE-SHER-12-5-28-FR(1-FE=F
Me-4-)EREE (L) BERK  IZBRH& L%, A UA

(1.10 mmol) 5 T REF (6.00 mmol) [ N . A M4
R AE T Ak, BRIV [ D LR 4T = 2001
(vv)], B2 A AL,
28 3p-KEE-SHRE-12-%-28-BR(1-FE =R
M4 RS (1) BIE R % MREI % 1 1075, Rk
UA (1.10 mmol) 5 B (6.00 mmol) S % . F A
i 2 Bk R A el Al Ak, BRIV [ D LR LB =
20:1 (viv)], 158 A B E AT,
29 3P-CEHEE-SHRE-12-F-28-BA-FE=F
M4 BRfE (1) BERR % RHI& LW TE, AR UA
(1.10 mmol) 5 SR EF (6.00 mmol) 2N . #x ZHH 4
HeE A (L 2lifh, BRI [ D LR L lE = 200 1
(v/v)], 15 2 E ELE R L.
210 3p-(1-FE=ZFM 4 ) ZEBHEE-BHKRE-12-
15-28-FRER CBE (1) BIE R & MHI & L, 17k, ¥
14 5-1 (385 mg, 0.70 mmol) JIA B, 15 Z1 F kL
MAERER BT A, Pelil (A imEE . LR L8 =
15:1 (vv)], 133 A B BRI,
211 3p-(1-FE=ZFM 4B EE-2 7k 8-12-
15-28-BRERAEE (1) AR &I H] % 4-1 F1 5-1 11
i, UA 5IR N IE IR B3 1 5-2 J5, FR4% B G& 1L 15
1%, B A9 5-2 (0.70 mmol) I S, 15 21 FFL =4
SRR AR E N AL, YRR (AR LR 4B = 1511
(vv)], 152 A [ A I, .
212 3p-(I-FE=ZFM 4 ) 2B EE-S 7 R E-12-
15-28-$ B2 T BE (IL) FOA R F BRI 4% 4-1 AT S-1 19
J7i%, UA SR T B b5 3 5-3 J5, F4 i & 1, 007
%, Bk &4 5-3 (0.70 mmol) BN SN, 15 3 (kL = 4
e AR E T Ak, el (A hEE D 2R 4T = 1511
(v)], 153 [ EE AR L.
213 3p-(1-FRE=FTM4-) B & E- 7 k8 -12-
15-28- 1R ER X BE (1L) BOA R f& I % 4-1 AT S-1 19
J7i5, UA 5 IR KGR MG 2 5-4 J5, 4 IR 4 1, 1007
15, B &9 5-4 (0.70 mmol) I S, 15 21 FFL =4
Zfk AT R M A4k, BRI (A LR 4 = 1511
(CADIIEEEIASRENTTELN |
2.14 3p-(1-FE=ZFTM4-) B EE-Z7HKE-12-
15-28- 1B O BE (1) A RL & I % 4-1 AT S-1 11
J7i%, UA 5iR A ke NS 3 5-5 5, B8 & 1, 1077
2, KA 5-5 (0.70 mmol) A1 S, 15 F Rk =4
ZRE A E T4, eI A 2R 20 = 1511
(v)], 153 [ L E AR T, .
3 EYENRE

SR MTT 72, %o 2504 A 11 4 P 9 240 i P gt 2 1 il
AL, S8 J5 F RPMI-1640 15 77 H il & f = T+ 2.5% 104>
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BT MBI KT BB K I e 40 B T 96 FLEE IR
B, 540 100 L, B+ 37 °CEEH (5% CO,) i
24 h 5, M ANBL B % 0.1.1.10.20.50 pmol-L"
(A, % B 3APATIR, IS WG R FEAR, 77
H 72 h, FEFLIIA 20 uL MTT VAW (5 mg'mL™"), 374 h,
ZBr EIE 5 I DMSO, 3 7% J5 1) 55 € H It i s 14 I
fifto WI3E 490 nm %% EE (OD) 1H, £/ GraphPad 5.0
BAEE IC, [H. %R T R 3K,

{EETTBR: MRER S 5T BT 6, SCitimt e A, SRk
B R BE, SCRRS LABAT, d MO AR B4R S SR
FITMI: AT AR PIAAMFAE R G PR R
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