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Abstract: Dihydroindazolocarbazoles ( DHI-carbazoles) are the potent dual inhibitors to VEGFR2 and
Tie-2. In this work, the mechanism of interaction between VEGFR2/Tie-2 and DHI-carbazoles was per-
formed with Surflex-dock. The results from molecular docking indicated that DHI-carbazoles competitively
bound to the active site, which was the substrate ATP in VEGFR2/Tie-2 with high affinity. The differ-
ences of activity between VEGFR2 and Tie-2 resulted from the minor difference of active pockets. Hydro-
phobic effect played a key role in the formation and stability. Hydrogen bond and electrostatic effect also
contributed to the difference. This work elucidated the antitumor mechanism of the DHI-carbazoles as a
dual potent inhibitor and provided theoretical basis for the design of tyrosine kinase inhibitors.
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Table 1  Molecular structure of dual inhibitors No. 1 ~17 and their biological activities
No R, R, R, A pICyy/ (nmol - L7")
Tie -2 VEGFR2

1 H Me H 6.83 7.74
2 H Et H 6.58 8.40
3 Me Me H 7.15 9.00
4 i—Pr Me H 6.58 8.40
5 i-Pr Et H 7.04 7.64
6 Me i-Pr H 7.55 8.52
7 Me Me Pr 7.52 9.00
8 Me Me i—Pr 7.01 8.40
9 Me Me i —Bu 7.52 8.15
10 Me Me n —Bu 6.97 7.92
11 Me Et i —Bu 7.60 8.40
12 Me i—Pr i —Bu 7.28 7.51
13 Me i —Bu i —Bu 7.64 7.03
14 Me Et i—Pr 7.58 8.40
15 Me i—Pr i—Pr 7.18 7.96
16 Me i—Bu i—Pr 7.34 7.29
17 Me i—Bu Et 7.35 7.62
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Table 2 Molecular structure of dual inhibitors No. 18 ~80 and their biological activities'®’
H
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76~80
No R, R, . plCy/ (nmol + L™")
Tie -2 VEGFR2

18 NH, CH,CH(CH,), 7.32 7.96
19 NH, CH,CH,CH,CH, 6. 64 7.06
20 4 — OMe - phenyl NHCONH CH,CH, 8.40 7.96
21 4 — OMe - phenyl NHCONH CH,CH,CH, 8.70 7.80
22 4 — OMe - phenyl NHCONH CH,CH(CH,;), 8.52 7.74
23 4 — OMe - phenyINHCONH CH,CH,CH,CH, 8.15 7.00
24 4 - SMe - pheny]INHCONH CH, CH, CH, 8.52 7.85
25 4 — NMe2 - phenyINHCONH CH, CH, CH, 8.22 7.62
26 4 — Me - phenyINHCONH CH,CH,CH, 8.52 8.10
27 2 —F -5 - Me — phenyINHCONH CH,CH,CH, 9.00 7.54
28 2 - F -5 - CF; - phenyINHCONH CH,CH,CH, 8.40 6.80
29 PhenyINHCONH CH, CH, CH, 8.30 7.80
30 Phenyl (Me ) NCONH CH, CH, CH, 8.70 8.15
31 3 — OMe - phenyINHCONH CH,CH(CH,), 8.40 7.60
32 2 — OMe — phenyINHCONH CH,CH(CH,), 8.10 7.39
33 4 — F - phenyINHCONH CH,CH,CH, 8.70 7.92
34 3 - F - phenyINHCONH CH,CH,CH, 8.70 7.92
35 2 — F — phenyINHCONH CH, CH, CH, 8.70 8.05
36 4 - Cl — phenyINHCONH CH, CH, CH, 8.22 7.32
37 2 — Cl - phenyINHCONH CH,CH,CH, 8.52 8.05
38 2 — Br — phenyINHCONH CH, CH, CH, 8.40 8.00
39 2 — Thienyl CONH CH, 7.92 8.40
40 2 - ThienylCONH CH,CH(CH, ), 8. 00 8.15
41 2 — Furanyl CONH CH2CH2CH3 7.54 8.52
42 2 - Furanyl CONH CH,CH(CH;), 7.70 8.30
43 4 — OMe - phenylOCONH CH,CH, CH, 8.30 7.92
44 4 — F - phenylOCONH CH,CH, CH, 7.96 7.34
45 i — PrOCONH CH,CH, CH, 7.96 8.30
46 EtOCONH CH,CH,CH, 7.74 8.70
47 PrOCONH CH,CH, CH, 8.15 8.52
48 H H 5.87 7.80
49 H n—Pr 6.87 7.80
50 H i —Bu 6.43 7.77
51 Ac i—Pr 6.14 7.12
52 Ac i —Bu 7.08 7.68
53 2 — Thiophene — CO H 6.87 8.70
54 2 — Thiophene - CO Et 7.37 9.00
55 2 — Thiophene — CO Pr 7.59 8.30
56 2 — Thiophene - CO i-Pr 7.62 7.82
57 2 — Thiophene — CO i—Bu 7.70 8.22
58 3 — Thiophene — CO i —Bu 7.20 7.89
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No R, R, . plCy/ (nmol + L™")
Tie -2 VEGFR2

59 2 — Furan - CO i —Bu 7.14 8.40
60 3 — Cl = Thiophene -2 - CO CH,CH(CH,;), 7.89 8.15
61 3 — Br — Thiophene -2 — CO CH,CH(CH,), 7.82 7.60
62 3 — Me — Thiophene -2 — CO CH,CH(CH,), 8.30 8.00
63 4 — Me — Thiophene —2 — CO CH,CH(CH,), 7.37 7.96
64 3 — Furan - CO i —Bu 7.24 8.10
65 H 7.36 8.30
66 ¢ — Pentyl 7.39 7.26
67 ¢ — Hexyl 6.99 7.36
68 CH, CH, OEt 7.77 7.66
69 (CH,),0H 7.57 8.52
70 (CH,),0H 7.80 7.80
71 Me 7.39 7.82
72 Et 7.85 8.22
73 i —Pr 8.00 7.68
74 ° i - Pent 7.68 7.11
75 n — Pent 7.11 7.28
76 H 6.15 8.10
77 Et 7.06 8.05
78 i—Pr 6.99 7.36
79 ¢ — Pentyl 6.52 7.19
80 (CH,),0H 6.46 8.15
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sites and differences on lipophilic potential
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