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A novel series of pazopanib derivatives were designed,
synthesized, and evaluated for their inhibitory activity
against a series of kinases including VEGFR-2, EGFR,
AKT1, ALK1, and ABL1. The anti-angiogenic activities
ex vivo of some compounds were also investigated.
Compounds P2d and P2e demonstrated outstanding
inhibitory activity against VEGFR-2 and ABL1 and
higher anti-angiogenic activity compared with Pazopa-
nib, the reference standard. These two compounds
(P2d and P2e) could be used as novel lead com-
pounds for further development of anticancer agents.
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Tumor angiogenesis is a prerequisite for tumor cell prolifer-
ation, invasion, and metastasis. The formation of newly
tumor-induced vessels can not only contribute to nutrient
supply and metabolic waste removal for the tumor tissues
but also facilitate metastasis formation for solid tumors
(1-3). Protein kinases, especially by protein tyrosine kinases
(PTKs) including epidermal growth factor receptor (EGFR)
and vascular endothelial growth factor receptors (VEGFRSs),
play a pivotal role in signal transduction pathways tightly
associating with angiogenesis (4,5). Therefore, the inhibition
of angiogenesis is one of the effective methods for the
treatment of cancer and design of small molecule angio-
genesis inhibitors which has attracted great attention.

So far, many small molecule angiogenesis inhibitors have
been synthesized and approved to be potent anticancer
agents, exemplified by VEGF/VEGFR inhibitors (6,7).
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Among them, Pazopanib, showed good potency against
c-Kit (ICso = 74 nv), PDGFR (ICs0 = 84 nv), and VEGFR-
1, -2, -8 (ICso = 10, 30, and 47 nm, respectively) (8,9).
Pazopanib was also approved to be an efficient drug for
clinical treatment of advanced renal cell carcinoma (RCC)
in 2009 (10,11). Due to the advantage of broad-spectrum
anticancer potency and well tolerated results in clinical
trails (12,13), the optimization of pazopanib is currently of
great interest.

Based on the binding mode of pazopanib with VEGFR-2,
indazole part projects into the back lipophilic pocket of
VEGFR-2, and the pyrimidine N-1 and the C-2 anilino N-H
bind ATP site with hydrogen bonds (9). This study is
focused on the synthesis of new pazopanib derivatives
bearing the same indazole and pyrimidine moieties as paz-
opanib and differing from the parent drug in the aniline or
benzylamine part (Figure 1) which may improve the binding
ability of the compound with the lipophilic residues of
enzyme. For example, the sulfonamide is removed from
the ortho-position to the para-position, and some derivati-
zations were also carried out on the sulfonamide moiety.
To compare with benzenesulfonamide series, we also pre-
pared some benzylamine derivatives without sulfonamido
substituents. In addition, substitution at the amino nitrogen
at C-6 indazole was also considered. The preliminary bio-
logical activity of all the target compounds against VEGFR-
2, EGFR, AKT1, ALK1 and ABL1 were evaluated, and the
anti-angiogenesis activities ex vivo of some compounds
were also investigated. Furthermore, some structure
activity relationships have also been established.

Methods and Materials

Chemistry

All the materials were purchased from commercial vendors
and used without further purification unless otherwise
specified. Solvents were dried over CaCl2 or distilled prior
to use and flash chromatography was performed using
silica gel (200-300 mesh). All reactions were monitored by
thin layer chromatography on 0.25 mm silica gel plates
(60GF-254) and visualized with UV light. Proton NMR
spectra were determined on a Brucker DRX 600/300
spectrometer using TMS as an internal standard in
DMSO-d6 or CDCls solutions. ESI-MS were determined
on an APl 4000 spectrometer. Melting points were
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Figure 1: Structures of pazopanib
and pazopanib derivatives.

Scheme 1: Reagents and
Conditions: (a) 2, 4-dichloro-
pyrimidine, NaHCO3, THF/EtOH,
75 °C (b) iodomethane, Cs,COg,
DMF, rt (c) conc. HCI, isopropanol,
85 °C (d) Cs,COg, dioxane,

105 °C.

conducted on electrothermal melting point apparatus
(uncorrected). The synthetic route was shown in
Scheme 1.

Preparation of N-(2-chloropyrimidin-4-yl)-2,3-
dimethyl-2H-indazole -6-amine (compound 2)

To a stirred solution of 1 (0.18 g, 1 mmol) and NaHCO3
(0.34 g, 4 mmol) in THF (2 mL) and EtOH (8 mL) was
added 2, 4-dichloropyrimidine (0.45 g, 3 mmol) at room
temperature. The reaction was stirred at 75 °C overnight,
and the resulting suspension was filtered and the filtrate
was concentrated under vacuum to leave residue. The
residue was washed thoroughly with Et;O to remove
excess 2,4-dichloropyrimidine to afford compound 2
(0.26 g, 95.2% vyield). mp: 215-216 °C,ESI-MS m/z: 274.2
M + HJ+; "H-NMR (600 MHz, DMSO-d6): 5 10.00 (s, 1H),
8.13 (d, J = 6.0 Hz, 1H), 7.63 (d, J = 9.0 Hz, 1H), 6.98 (d,
J=8.4Hz 1H), 6.77 (d, J = 6.0 Hz, 1H), 4.01 (s, 3H),
2.54 (s, 3H).

Preparation of N-(2-chloropyrimidin-4-yl)-N, 2, 3-
trimethyl-2H-indazol -6-amine (compound 3)
Cs,CO3 (0.276 g, 2 mmol) was added portionwise to a
solution of 2 (0.27 g, 1 mmol) in DMF (10 mL) and the
reaction solution stirred at room temperature for 10 min.
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lodomethane (0.1 mL, 1.5 mmol) was then added and the
mixture was stirred for 24 h. The reaction mixture was
then diluted with water (50 mL) and extracted with EtOAc
(8 x 50 mL). The organic layer was dried over MgSQOy,, fil-
tered, and evaporated to yield a crude product that was
subjected to silica gel chromatography eluting with
CH.Clo/MeOH (60:1 v/v) to give compound 3 (0.09 g,
31% vyield). mp: 172-173 °C, ESI-MS m/z: 288.2
M + H}+;  "H-NMR(©00 MHz, DMSO-d6): 6 7.95 (s,
J=6.0Hz, 1H), 7.80 (d, J =9.0 Hz, 1H), 7.51 (s, 1H),
6.88 (d, J = 9.0 Hz, 1H), 6.24 (d, J = 6.0 Hz, 1H), 4.05 (s,
3H), 38.31 (s, 3H), 2.51 (s, 3H).

Preparation of pazopanib

To a solution of compound 3 (0.20 g, 0.695 mmol) and 5-
amino-2-methylbenzenesulfonamide (0.13 g, 0.695 mmol)
in IPA (6 mL) was added 4 drops of Conc. HCI, and the
mixture was heated to reflux with stirring overnight. The
mixture was allowed to cool to room temperature and the
resulting precipitate was collected via filtration and washed
with Et;O to vyield Pazopanib (0.3 g, 90% vyield). mp:
236-237 °C, ESI-MS m/z: 4385 [M+ H+; 'H-NMR
(600 MHz, DMSO-d6): ¢ 10.39 (s, 1H), 8.60 (s, 1H), 7.82
(d, J=6.0Hz, 1H), 7.76 (d, J=8.4 Hz, 1H), 7.72 (d,
J=8.8Hz, 1H), 7.44 (s, 1H), 7.16 (s, 1H), 7.12 (s, 2H),
5.86 (s, 1H), 6.88 (d, J = 7.2 Hz, 1H), 4.04 (s, 3H), 3.42
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(s, 38H), 3.32 (s, 3H), 2.55 (s, 3H). HRMS (AP-ESI) m/z:
calcd for C21H23N702S [M + H]+ 438.1707, found
438.1708.

The compounds P1b-P1h and P2a-P2g were synthesized
following the general procedure as described above
(preparation of Pazopanib).

4-((4-((2,3-dimethyl-2H-indazole-6-yl)Jamino)
pyrimidin-2-yl)amino)benzenesulfonamide (P1b)

A white solid, yield: 88%, mp: 239-240 °C, ESI-MS m/z:
410.5 [M + HJ+; "H-NMR (600 MHz, DMSO-d6): & 10.25
(s, 1H), 10.18 (s, 1H), 8.06 (d, J = 6.3 Hz, 1H), 7.97 (s,
1H), 7.89 (d, J =8.7 Hz, 2H), 7.72 (d, J = 8.7 Hz, 2H),
7.64 (d, 1H), 7.25 (s, 2H), 7.09 (d, 1H), 6.45 (d, 1H), 4.04
(s, 8H), 2.60 (s, 3H).

4-((4-((2,3-dimethyl-2H-indazole-6-yl)Jamino)
pyrimidin-2-ylJamino)-N-(pyrimidin-2-yl)
benzenesulfonamide (P1c)

A white solid, yield: 92%, mp: 206-208 °C, ESI-MS m/z:
488.5 [M + HJ+; "H-NMR (300 MHz, DMSO-d6): & 11.23
(s, 1H), 10.19 (s, 1H), 8.48 (d, J = 4.8 Hz, 2H), 8.07 (d,
J =6.9 Hz, 1H), 7.68-7.91 (m, 6H), 7.12 (d, J = 8.7 Hz,
1H), 7.04 (t, 1H), 6.61 (d, J = 7.2 Hz, 1H), 4.09 (s, 3H),
2.64 (s, 3H).

4-((4-((2,3-dimethyl-2H-indazole-6-yl)Jamino)
pyrimidin-2-ylJamino)-N-(4-methylpyrimidin-2-yl)
benzenesulfonamide (P1d)

A white solid, yield: 96%, mp: 212-214 °C, ESI-MS m/z:
502.5 [M + H]+; "H-NMR (300 MHz, DMSO-d6): 6 11.47
(s, 1H), 11.37 (s, 1H), 8.29 (d, J = 5.1 Hz, 1H), 8.09 (d,
J=72Hz 1H), 7.91 (d, J =8.7 Hz, 2H), 7.84 (s, 1H),
7.67-7.78 (m, 4H), 7.21 (d, J=8.7 Hz, 1H), 6.89 (d,
J=5.1Hz 1H), 6.67 (d, J =6.9 Hz, 1H), 4.11 (s, 3H),
2.66 (s, 3H), 2.25 (s, 6H).

4-((4-((2,3-dimethyl-2H-indazole-6-yl)Jamino)
pyrimidin-2-ylJamino)-N-(4,6-dimethylpyrimidin-2-
yl)benzenesulfonamide (P1e)

A white solid, yield: 86%, mp: 224-225 °C, ESI-MS m/z:
516.6 [M + HJ*; "H-NMR (300 MHz, DMSO-dg): & 11.09
(s, 1H), 11.04 (s, 1H), 8.05 (d, J=7.2 Hz, 1H), 7.90
(d, J =8.7 Hz, 2H), 7.83 (s, 1H), 7.69-7.76 (m, 4H), 7.11
(d, J =8.7 Hz, 1H), 6.74 (s, 1H), 6.56 (d, J = 7.2 Hz, 1H),
4.08 (s, 3H), 2.64 (s, 3H), 2.19 (s, 6H).

4-((4-((2,3-dimethyl-2H-indazole-6-yl)Jamino)
pyrimidin-2-ylJamino)-N-(5-methylisoxazol-3-yl)
benzenesulfonamide (P1f)

A white solid, yield: 92%, mp: 216-217 °C, ESI-MS m/z:
4915 [M + HI*; "H-NMR (300 MHz, DMSO-dg): 6 11.44
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(s, 1H), 11.22 (s, 1H), 8.07 (d, J = 6.9 Hz, 1H), 7.86 (s,
1H), 7.80 (m, 4H), 7.72 (d, J=9.0 Hz, 1H), 7.14 (d,
J=90Hz, 1H), 661 (d, J=72Hz 1H), 6.13 (d
J = 9.0 Hz, 1H), 4.08 (s, 3H), 2.65 (s, 3H), 2.24 (s, 3H).

’

N-carbamimidoyl-4-((4-((2,3-dimethyl-2H-indazole-
6-yl)amino)pyrimidin-2-yl)amino)
benzenesulfonamide (P1g)

A white solid, yield: 90%, mp: 182-183 °C, ESI-MS m/z:
4525 [M + HJ*; "H-NMR (300 MHz, DMSO-dg): 6 11.45
(s, 1H), 11.21 (s, 1H), 8.07 (d, J=7.2 Hz, 1H), 7.89
(s, 1H), 7.66-7.99 (m, 5H), 7.26 (d, J =8.4 Hz, 1H),
6.94 (s, 4H), 6.67 (d, J = 6.6 Hz, 1H), 4.09 (s, 3H), 2.65
(s, 3H).

N*-(2,3-dimethyl-2H-indazole-6-yl)-N>-(4-
fluorophenyl)pyrimidine-2,4-diamine (P1h)

A white solid, yield: 95%, mp: 219-220 °C, ESI-MS m/z:
349.4 [M + HJ*; "H-NMR (300 MHz, DMSO-dg): 6 11.06
(s, 1H), 10.76 (s, 1H), 7.97 (d, J = 7.2 Hz, 1H), 7.90 (s,
1H), 7.69 (d, J = 7.5 Hz, 1H), 7.56-7.60 (m, 2H), 7.23 (d,
2H), 7.14 (d, J = 8.7 Hz, 1H), 6.55 (d, J = 6.9 Hz, 1H),
4.04 (s, 3H), 2.61 (s, 3H).

4-((4-((2,3-dimethyl-2H-indazole-6-yl)(methyl)
amino)pyrimidin-2-yl)Jamino) benzenesulfonamide
(P2b)

A white solid, vyield: 89%, mp: >270 °C, ESI-MS m/z:
4245 [M + HJI*; "H-NMR (300 MHz, DMSO-dg): 6 10.20
(s, 1H), 7.92 (d, J = 6.6 Hz, 1H), 7.82 (d, J = 9.0 Hz, 1H),
7.79 (s, 1H), 7.76 (s, 1H), 7.63 (d, J = 6.9 Hz, 1H), 7.563
(s, 1H), 7.22 (s, 2H), 6.92 (d, J=9.0 Hz, 1H), 4.08
(s, 3H), 3.53 (s, 3H), 2.65 (s, 3H).

4-((4-((2,3-dimethyl-2H-indazole-6-yl)(methyl)
amino)pyrimidin-2-yl)Jamino)-N-(pyrimidin-2-yl)
benzenesulfonamide (P2c)

A white solid, yield: 84%, mp: 244-245 °C, ESI-MS m/z:
502.4 [M + HJ*; "H-NMR (300 MHz, DMSO-dg): 6 11.08
(s, 1H), 850 (d, J = 4.8 Hz, 2H), 7.97 (s, 1H), 7.88 (d,
J =9.0 Hz, 1H), 7.60-7.73 (m, 4H), 7.06 (t, 1H), 6.94 (d,
J=8.7 Hz, 1H), 6.12 (s, 1H), 4.09 (s, 3H), 3.57(s, 3H),
264 (s, 3H). HRMS (AP-ESl) m/z: calcd for
C24H23N902S [M + HJ]+ 502.1768, found 502.1768.

4-((4-((2,3-dimethyl-2H-indazole-6-yl)(methyl)
amino)pyrimidin-2-yl)amino)-N-(4-methylpyrimidin-
2-yl)benzenesulfonamide (P2d)

A white solid, vyield: 80%, mp: >270 °C, ESI-MS m/z:
516.6 [M + HJ"; "H-NMR (300 MHz, DMSO-dg): 6 10.75
(s, 1H), 8.31 (d, J = 5.4 Hz, 1H), 7.94 (d, J = 7.2 Hz, 1H),
7.86 (d, J=8.7 Hz, 1H), 7.58-7.71 (m, 4H), 6.92 (d,
J =8.7 Hz, 2H), 6.14 (s, 1H), 4.10 (s, 3H), 3.56 (s, 3H),
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3.67 (s, 3H), 2.31 (s, 3H). HRMS (AP-ESI) m/z: calcd for
C25H25N902S [M + HJ+ 516.1925, found 516.1926.

4-((4-((2,3-dimethyl-2H-indazole-6-yl)(methyl)
amino)pyrimidin-2-yl)Jamino)-N-(4,6-
dimethylpyrimidin-2-yl)benzenesulfonamide (P2e)
A white solid, yield: 90%, mp: 226-228 °C, ESI-MS m/z:
530.3 [M + H]"; "TH-NMR (300 MHz, DMSO-dg): 6 11.50
(s, 1H), 11.04 (s, 1H), 7.92 (d, J = 6.6 Hz, 1H), 7.77-
7.81 (m, 4H), 7.50 (s, 1H), 6.90(d, J = 6.9 Hz, 1H), 6.76
(s, 1H), 5.98 (d, J = 6.0 Hz, 1H), 4.08 (s, 3H), 3.50 (s,
3H), 2.65 (s, 3H), 2.25 (s, 6H). HRMS (AP-ESI) m/z:
calcd for C26H27N902S [M + HJ+ 530.2081, found
530.2082.

4-((4-((2,3-dimethyl-2H-indazole-6-yl)(methyl)
amino)pyrimidin-2-yl)Jamino)-N-(5-methylisoxazol-
3-yl)benzenesulfonamide (P2f)

A white solid, yield: 87%, mp: 230-231 °C, ESI-MS m/z:
505.3 [M + HJ*; "TH-NMR (300 MHz, DMSO-dg): § 11.32
(s,1H), 10.62 (s, 1H), 7.95 (d, J = 6.9 Hz, 1H), 7.85 (s,
1H), 7.64-7.82 (m, 4H), 7.55 (s, 1H), 6.11 (s, 1H), 6.07 (s,
1H), 4.09 (s, 3H), 3.55 (s, 3H), 2.66 (s, 3H), 2.31 (s, 3H).
HRMS (AP-ESI) m/z: calcd for C24H24N80O3S [M + H]+
505.1765, found 505.1765.

N-carbamimidoyl-4-((4-((2,3-dimethyl-2H-indazole-
6-yl)(methyl)amino)pyrimidin-2-ylJamino)
benzenesulfonamide (P2g)

A white solid, yield: 86%, mp: 244-246 °C, ESI-MS m/z:
466.5 [M + H]*; "H-NMR (300 MHz, DMSO-dj): & 11.13(s,
1H), 11.01 (s, 1H), 8.08 (d, J = 7.2 Hz, 1H), 7.90 (s, 1H),
7.70-7.72 (m, 5H), 7.13 (d, J = 8.4 Hz, 1H), 6.78 (s, 4H),
6.57 (d, J = 6.9 Hz, 1H), 4.07 (s, 3H), 2.63 (s, 3H).

Preparation of N2-benzyl-N*-(2,3-dimethyl-2H-
indazole-6-yl)pyrimidine-2, 4- diamine (P1i)

To a solution of compound 2 (0.082 g, 0.3 mmol) and
Cs,C0O3 (0.14 g, 1 mmol) in dioxane (10 mL) was added
dropwise of benzylamine, and the mixture was heated at
105 °C overnight. The mixture was allowed to cool to
room temperature, filtered, and evaporated to vyield a
crude product that was subjected to silica gel chromatog-
raphy eluting with CH,Clo/MeOH (60:1 v/v) to give com-
pound P1i (0.052 g, 50% vyield). mp: 131-132 °C, ESI-MS
m/z: 345.4 [M + HJ"; 'H-NMR (300 MHz, DMSO-dg): 4
10.59 (s, 1H), 863 (s, 1H), 8.02 (s, 1H), 7.85 (d,
J=6.9 Hz, 1H), 7.60 (d, J = 9.0 Hz, 1H), 7.23-7.41 (m,
5H), 7.06 (d, 1H), 6.32 (s, 1H), 4.59 (d, J = 5.4 Hz, 2H),
4.02 (s, 3H), 2.58 (s, 3H).

The compounds P1j-P1k and P2j were synthesized
following the general procedure as described above
(preparation of P1i).
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N“-(2,3-dimethyl-2H-indazole-6-yl)-N>-(4-
fluorobenzyl)pyrimidine-2,4-diamine (P1j)

A white solid, yield: 42%, mp: 198-200 °C, ESI-MS m/z:
363.4 M + HJ*; "TH-NMR (300 MHz, DMSO-dp): d 9.84 (s,
1H), 8.10 (s, 1H), 7.84 (d, J =6.3 Hz, 1H), 7.55 (d,
J=8.7Hz, 1H), 7.42 (m, 2H), 7.15 (m, 2H), 6.01 (s,
J=9.0Hz 1H), 6.15 (d, J=6.0Hz, 2H), 451 (d,
J = 6.0 Hz, 2H), 4.00 (s, 3H), 2.56 (s, 3H).

N“-(2,3-dimethyl-2H-indazole-6-yl)-N>-(4-
methoxybenzyl)pyrimidine-2,4-diamine (P1k)

A white solid, yield: 48%, mp: 195-196 °C, ESI-MS m/z:
375.5 M + HJ*; "TH-NMR (600 MHz, DMSO-dp): d 9.09 (s,
1H), 8.19 (s, 1H), 7.82 (d, J=6.0 Hz, 1H), 7.50 (d,
J = 8.4 Hz, 1H), 7.28-7.51 (m, 4H), 7.28 (s, 1H), 6.98 (d,
J=9.6 Hz, 1H), 6.02 (d, 1H), 4.43 (d, 2H), 3.98 (s, 3H),
3.71 (s, 3H), 2.50 (s, 3H).

N“-(2,3-dimethyl-2H-indazole-6-yl)-N>-(4-
fluorobenzyl)-N*-methylpyrimi dine-2,4-diamine
(P2j)

A white solid, yield: 39%, mp: 219-220 °C, ESI-MS m/z:
377.5 M + HJ*; "TH-NMR (300 MHz, DMSO-dp): é 8.60 (s,
1H), 7.82 (s, J =8.7 Hz, 1H), 7.70 (d, J = 7.2 Hz, 1H),
7.54 (s, 1H), 7.37-7.42 (m, 2H), 7.14-7.20 (m, 2H), 6.90
(d, J=8.7Hz, 1H), 5.77 (d, J =6.6 Hz, 1H), 4.55 (d,
J =5.7 Hz, 2H), 4.07 (s, 3H), 3.48 (s, 3H), 2.63 (s, 3H).

In vitro kinase inhibition assay

ICs0o values against kinases were determined using the Z-
LYTE™ biochemical assay which employed a FRET-based,
coupled-enzyme format and was based on the differential
sensitivity of phosphorylated and non-phosphorylated pep-
tides to proteolytic cleavage. The kinase inhibitory activity
of compounds was profiled by screening: 2.5 pL of differ-
ent concentrate of the test compounds, Pazopanib or
water (control) were added to the kit and incubated for
1 h at room temperature followed by the addition of 5 uL
development reagent A. One h later, the reaction was
stopped by adding 5 uL stop reagent. The fluorescence
intensity at 445 and 520 nm were monitored through an
EnVision multilabel plate reader. The standard inhibitory
reference compound was Staurosporine. The experiment
was performed in duplicate.

Rat thoracic aorta rings (TARs) assay

The artery was isolated from from 8 to 10-week-old male
Sprague Dawley rats (250 g) and was washed in PBS.
After careful removal of fibroadipose tissues, it was cut
into 1-mm-thick aortic rings and embedded in BD Matrigel
(BD Biosciences, San Jose, CA, USA) in a 96-well plate.
The rings were incubated at 37 °C and 5% CO, for half
an hour and 100 pL of different concentrate of inhibitors
in medium was added. Aortic rings were treated every
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other day with either RPMI1640 medium, Pazopanib, or
synthesized compounds for 6 days and photographed on
the 7th day at x 4 magnification. Experiments were
repeated three times using artery from three different male
rats.

Results and Discussion

Synthesis

The target compounds were synthesized efficiently as out-
lined in Scheme 1. The intermediate 2 was prepared from
2, 3-dimethyl-6-amino-2H-indazole 1, which was treated
with excess 2, 4-dichloropyrimidine to generate substituted
compound 2. Then methyl intermediate 3 was obtained by
treating 2 with iodomethane, and was treated with corre-
sponding amine (substituted aniline and benzylamine) to
generate target compounds P1b-P1h, P2b-P2g and tar-
get compounds P1i-P1k, P2j. All the title compounds
were confirmed by '"H NMR and MS.

In vitro protein kinase assay

As the member of the receptor tyrosine kinase family,
VEGFRs and EGFRs are the most important receptors for
angiogenesis, which can initiate PISK/AKT signaling path-
ways that stimulate angiogenesis (5,14). Activation of the
EGFR pathway increased the production of tumor-derived
VEGF that acted on endothelial cells in a paracrine manner
to promote angiogenesis (15). ALK1 which was required
for angiogenesis was an orphan type | receptor of the
TGF-B1 receptor family (16). TGF-p1 is an extremely
potent stimulator for the production of VEGF (17). ABL1 is
a ubiquitously expressed non-receptor tyrosine kinase
implicated in the regulation of cell proliferation, survival,
and migration (18).

To know about effects of compounds on these kinases,
the preliminary kinase assay of ABL1, AKT1, ALK1, EGFR,
and VEGFR-2 in vitro was carried out to evaluate the
potential inhibitory activities of the target compounds at
the concentration of 10 um. As shown in Table 1, most
compounds possessed potent inhibitory activities towards
VEGFR-2, ABL1, and ALK1 and moderate inhibitory activ-
ity towards EGFR. In contrast, few compounds showed
inhibitory activity against AKT1 that is a serine/threonine
kinase, which might indicate some relative selectivity of
these compounds towards tyrosine kinase, which needed
further investigation.

According to the data listed in Table 1, compounds P1c-g
and P2b-g, of which the percent inhibition were higher
than 80, were chosen to test the ICsy values of ABLT,
VEGFR-2, and EGFR (Table 2), and most of them (except
P2b, P1f and P1g) exhibited comparable inhibitory activity
to Pazopanib against ABL1. Notably, compounds P2d,
P2e (ICso = 0.062 pum and 0.022 v, respectively) demon-
strated more potent inhibitory activity compared with

Chem Biol Drug Des 2014; 83: 306-316
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Table 2: The IC50 values against kinases of some compounds

ICs0™ (j1m)
Compound VEGFR-2 ABLA1 EGFR
Pazopanib 0.043 0.62 5.95
P2b 0.87 1.35 NDP
P1c 0.034 0.46 NDP
P2c 0.029 0.12 NDP
Pid 0.16 0.28 NDP
P2d 0.025 0.062 NDP
Ple 0.12 0.36 NDP
P2e 0.012 0.022 NDP
P1f 1.63 2.18 NDP
P2f 0.65 0.32 NDP
Plig 1.34 0.93 NDP
P2 g 0.72 0.36 1.37

@Values are means of three experiments.
PND, not determined because of low inhibition rates at 10 pm.

Pazopanib (ICso = 0.62 uv). For VEGFR-2 inhibition assay,
compounds P2d (ICs0 = 0.025 ) and P2e
(ICs0 = 0.012 pm) showed comparable inhibitory activity
against VEGFR-2 compared with Pazopanib
(|C5O =0.043 },LM)

The basic structure-activity relationship (SAR) were also
studied: () Most benzenesulfonamido derivatives (P1c-g
and P2b-g) displayed potent enzymic inhibitory activity
against VEGFR-2, ABL1, ALK, whereas the benzylamine-
substitued ones (P1h-k and P2j) showed less enzymic
inhibitory activity, which indicated the importance of sul-
fonamide on the enzymic inhibitory activity. (i) Among the
benzenesulfonamide series, the compounds (P1e, P2c,
P1d, P2d, P1e, and P2e) containing the pyrimidine struc-
ture on the sulfonamide moiety generally showed more
potent enzymatic inhibitory activity when compared with
other compounds without derivatizing the sulfonamide moi-
ety. (i) The methyl-substituted or unsubstituted of 4-amino
made no great difference to the inhibitory activity, but the
methyl-substituted ones showed a little better activity.

Rat thoracic aorta rings (TARs) assay

TARs assay which was more close to in vivo condition of
angiogenesis was conducted to evaluate the anti-angio-
genic effect of these Pazopanib derivatives. The results are
shown in Tables 3 and 4, Figures 2 and 3. In control
group, the sprouting endothelial cells began to migrate into
the matrix and form capillary network of microvascular out-
growth at the luminal cut edges of the aortic fragments on
day 3 (Figure 2A); the number of microvascular outgrowth
was observed on day 7 (Figure 2B). In drug groups, com-
pounds P2b, P1c, P2c, P1d, P1e, P1f, P1g, and P1h
exhibited the similar anti-angiogenic activity when com-
pared with pazopanib (Table 4). Especially, compounds
P2d, P2e showed excellent anti-angiogenic activity than
that of pazopanib and even could reduce microvascular
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Table 3: The meaning on the tube formation

Picture

Meaning — + + ++

—: Means no cells growth.

+: Means several cells growth, but no tube formation.

+: Means the sprouting endothelial cells began to form acapillary network.
++: Means a lot of capillary network were observed.

Table 4: Effect of series 1 compounds on the tube formation

Compound P2b Pic P2c P1d P2d Ple P2e P1f P2f P1g P2g P1h Pazopanib

0.1 pm - - - - - - - — + - + - -
0.01 um + + + + — + — + ++ + ++ + +
0.001 pm ND ND ND ND + ND + ND ND ND ND ND ND

ND, not determined.

Figure 2: Identification of
angiogenesis ex vivo by aortic ring
sprouting assay.

Compd P2d Pazopanib

0.1

M

0.01

M

0.001

Figure 3: Compound P2d and
P2e inhibit the tube formation in
vitro by rat aortic ring assay.

pM
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outgrowth and inhibit the formation of tube at the concen-
tration of 0.001 pm (Table 4, Figure 3). All the compounds
displayed a dose-dependent inhibitory activity in reducing
microvascular outgrowth.

Angiogenesis involves the differentiation, proliferation and
migration of endothelial cells, leading to tubulogenesis and
the formation of vessels (19). Angiogenesis plays a pivotal
role in the progression of solid tumors as small as 1-2 mm in
diameter. The VEGF family is involved in this process (20).
The ABL kinases including ABL (ABL1) and Arg (ABL2), reg-
ulate cell proliferation, survival, and stress responses (18).
ABL (ABL1) is translocated next to the BCR gene [t(9;22)],
generating a BCR- ABL fusion protein that has constitutively
active tyrosine kinase activity (21). BCR- ABL as Activated
forms of the ABL kinases can induce VEGF expression
(22,23). VEGF binds to the cell surface receptors VEGFR-1,
VEGFR-2, and VEGFR-3, which subsequently leads to the
recruitment of ATP. ATP in turn binds to ATP-binding pocket
of VEGFR, causing activation of the VEGF signaling pathway
which is important for angiogenesis (22).

Compounds P2d and P2e showed both higher kinase
inhibitory activity against VEGFR-2 and ABL1, and higher
anti-angiogenic activity than pazopanib. One reason may
be that Compounds P2d and P2e inhibit VEGFR kinase
activity or molecules of signaling pathways related to VEG-
FR and then inhibit angiogenesis. Another reason may be
that Compounds P2d and P2e inhibit the ABL1 kinase
activity and then inhibit the proliferation, migration of endo-
thelial cells and VEGF expression, and then inhibit the for-
mation of vessels. The exact mechanism remains to be
further studied.

Conclusion

In summary, we report here the synthesis and biological
evaluation of a series of pazopanib derivatives as potential
antitumor agents. Most compounds possess good inhibitory
activities towards VEGFR-2, ABL1, and ALK1 compared
with Pazopanib. Especially, compounds P2d and P2e con-
taining the pyrimidine structure on the sulfonamide moiety
demonstrated outstanding inhibitory activity against VEGFR-
2 and ABL1 when compared with Pazopanib. Furthermore,
the results of TARs assay showed that compounds P2d and
P2e also exhibited excellent anti-angiogenic activity than that
of pazopanib and even could reduce microvascular out-
growth and inhibit the formation of tube at the concentration
of 0.001 pm. Overall, compounds P2d and P2e, with excel-
lent activity both in the enzymatic inhibition assay and the
anti-angiogenic assay, could be used as drug candidates for
development of anticancer agents.
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