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Tie-2 is a receptor tyrosine kinase which is involved in angiogenesis and thereby growth of human
tumours. The discovery and SAR of a novel class of imidazole-vinyl-pyrimidine kinase inhibitors, which
inhibit Tie-2 in vitro is reported. Their synthesis was carried out by condensation of imidazole aldehydes
with methyl pyrimidines. These compounds are lead-like, with low molecular weight, good physical
properties and oral bioavailability.

� 2008 Elsevier Ltd. All rights reserved.
There is an ongoing need for novel approaches to treating hu- target, therefore a phospho-Tie-2 cell-based ELISA assay8 was uti-

man tumours and one of the most promising new approaches is
blocking angiogenesis.1 Tumours require blood supply to grow to
a significant size and it is believed that blocking angiogenesis will
prevent the development of this vascular network. The endothelial
cell growth factor VEGF is a potent stimulus for angiogenesis and
recent clinical trials have shown efficacy of the antibody bev-
acizumab,2 which binds to VEGF. There is considerable work
underway directed towards other angiogenesis inhibitors, and
VEGFr inhibitors are the most advanced kinase inhibitors in this
field. Of the other kinases thought to be involved in angiogenesis
in human tumours, Tie-2, an endothelium specific receptor tyro-
sine kinase, promotes tumour angiogenesis through interaction
with the angiopoietins3 and plays an important role in stabilizing
the immature endothelial cell network, attracting pericytes and
maintaining vessel integrity.4 Although the details of Tie-2 recep-
tor biology are still emerging,5 it has attracted considerable inter-
est, although to date only a small number of inhibitors have been
reported outside of patent literature.6 We wish to report here our
work leading to the identification of imidazole vinyl pyrimidines
as a novel class of kinase inhibitors which inhibit Tie-2 in vitro.

A high-throughput screen (HTS) of the AstraZeneca compound
collection identified a singleton hit, 1, an ATP-competitive Tie-2 ki-
nase inhibitor which inhibited the enzyme with an IC50 of 6 lM.7

Tie-2 inhibitors need to be cell permeable to reach the intracellular
ll rights reserved.

.A. Luke).
lized to test the compound’s cellular potency. In this assay, com-
pound 1 was active with an IC50 of 0.33 lM. This pattern of
greater potency in the cell assay was common to most of the hits
from the HTS, covering more than 20 distinct chemical series,
and we suspect that it reflects a lack of sensitivity in the enzyme
assay.9 Compound 1 showed reasonable selectivity in a large panel
of kinase assays, only inhibiting three other enzymes with an IC50

of less than 10 lM (p38, 1.6 lM; Flt-4, 5.5 lM; KDR, 7.0 lM). In
contrast to Tie-2 the compound was inactive in VEGFr and p38 cel-
lular assays suggestive of a greater drop in potency on going from
enzyme to cell assays for these kinases. Compound 1 showed good
oral exposure in a mouse cassette dosing experiment (Cmax =
0.29 lM following a 1 mg/kg dose) and has a low molecular weight
(319) and ClogP (2.8). The novelty of the core structure as well as
its good selectivity profile and lead-like properties motivated us to
initiate hit to lead chemistry to explore the activity of this class of
compounds as Tie-2 inhibitors.

We were aware of structural similarities of 1 and the imidazo-
pyrimidine class of p38 inhibitors (e.g., 2, SB203580),10 but these
compounds were not active in our Tie-2 assays, which presumably
reflects different structural requirements for inhibition of Tie-2
and p38. Our initial assumption, based on docking in a Tie-2
homology model (Fig. 1), was that the pyrimidine N1 and NH2
were likely to form a hydrogen bond pair with the hinge domain
of Tie-2 and that the phenyl ring would be directed towards the
selectivity pocket. We wanted to test these assumptions and
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Figure 1. Proposed binding mode for compounds to Tie-2.
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explore the importance of other structural features such as the imi-
dazothiazole ring and the alkene linker.
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Scheme 1. General synthetic route. Reagents and conditions: (a)

Table 1
Results for variation of the phenyl position

R
N

NS

Compound R Ratio E:Z T

1 Ph– >95:5 6
6 p-Fluoro-Ph >95:5 1
7 Me– >95:5 >
8 Cl– >95:5 >

nd, not determined.
a Values are geometric means of two or more experiments with a standard deviation

Table 2
Results for variation of the amino position

N

NS

Compound R Ratio E:Z T

1 NH2 >95:5 6
9 NHMe 7:1 1

10 NHCHMePh 3:1 >
11 NHPh >95:5 6
12 NHAc 7:3 1
13 NHCOtBu 3:2 4
14 Cl >95:5 5
15 H >95:5 2

a Values are geometric means of two or more experiments with a standard deviation
A range of imidazole vinyl pyrimidines were synthesized according
to the sequence outlined in Scheme 1. 11 Treatment of the methyl

pyrimidine 3 with the commercially available aldehyde 4 under
either basic or acidic conditions gave the imidazole vinyl pyrimi-
dine 5. In some cases, additional functionality was introduced using
known chemical transformations (vide infra). The compounds were
difficult to separate into the geometric isomers but were predomi-
nantly assigned as the E-isomers by 1H NMR studies.

First, we examined the role of the phenyl ring by replacing it
with Me or Cl. In both cases a significant drop in potency was ob-
served. However, simple substituents such as para-fluoro were
well tolerated (Table 1). These results are consistent with the pro-
posed binding mode. Next, we modified the amino substituent of
the pyrimidine ring. Small substituents such as NHMe or NHAc
are well tolerated, but larger substituents or groups lacking an
NH donor were not (Table 2). Results for isomers of the pyrimidine
showed good potency for the two isomers with a nitrogen para to
the point of attachment of the alkene linker but much reduced
activity for the compound without a nitrogen there (Table 3). Again
all these results are consistent with the proposed binding mode.

Next, we turned our attention to the imidazothiazole ring.
Groups with good H-bond acceptors in a position equivalent to
the N of the imidazothiazole were well tolerated but groups lack-
ing this were not (Table 4). These results are consistent with this
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N

N

S

N
N

NH2

5

a

(LDA or nBuLi, 0 �C, then TFA) or (H2SO4, AcOH, 50–100 �C).

N
N

NH2

ie-2 IC50
a (lM) Flt-1 IC50

a (lM) KDR IC50
a (lM)

.0 30 7.0
3 nd nd
100 >100 70
100 >100 31

of <±0.3 log units.

N
N

R

ie-2 IC50
a (lM) Flt-1 IC50

a (lM) KDR IC50
a (lM)

.0 77 8
4 84 17
100 >100 >100
8 >100 >100
1 100 4.5
1 96 13
5 66 >100
7 >100 77

of <±0.3 log units.



Table 3
Results for variation of the pyrimidine ring

X2

X3 X1

NH2
N

NS

Compound X1/X2/X3 Ratio E:Z Tie-2 IC50
a (lM) Flt-1 IC50

a (lM) KDR IC50
a (lM)

1 N/N/CH >95:5 6.0 77 8
16 CH/N/N 3:2 >100 >100 >100
17 N/CH/N 2:1 5.2 >100 35

nd, not determined.
a Values are geometric means of two or more experiments with a standard deviation of <±0.3 log units.

Table 4
Results for variation of the imidazothiazole ring

N
Me

N N S

N

N

N

NS

S N

N
H

N
N

NH2

18 19 20 21 22 23 24

Het Het = 

Compound Ratio E:Z Tie-2 IC50
a (lM) Flt-1 IC50

a (lM) KDR IC50
a (lM) Tie-2 cell IC50

a (lM)

1 >95:5 6.0 77 8 0.33
18 >95:5 83 nd nd nd
19 >95:5 64 >100 >100 nd
20 19:1 >100 >100 >100 nd
21 4:1 5.6 79 13 nd
22 24:1 2.9 23 3.2 nd
23 >95:5 >100 >100 >100 nd
24 >95:5 8.4 68 9.8 0.37

nd, not determined.
a Values are geometric means of two or more experiments with a standard deviation of <±0.3 log units.
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nitrogen forming an important H-bond with the kinase as has been
seen with the related p38 inhibitors10 and was predicted to be pos-
sible from our Tie-2 homology model. The good potency of the sim-
ple imidazole analogue 24 was intriguing and we decided to
explore this more thoroughly as it offered the advantage of re-
duced molecular weight and lipophilicity with no loss in potency.
Table 5
Results for variation of the imidazole ring

N

N
R1

R2

Compound R1 R2 Ratio E:Z Tie-2 IC50

24 H — >95:5 8.4
25 — Me >95:5 >100
26 Me — >95:5 3.8
27 CH2CO2H — >95:5 68
28 CH2CH2-1-pyrollidine — >95:5 21
29 CH2Ph — >95:5 2.8

nd, not determined.
a Values are geometric means of two or more experiments with a standard deviation
First, we varied substituents on the imidazole ring nitrogens
(Table 5). Methylation of the nitrogen distal to the alkene linkage
25 led to reduced potency, consistent with our proposal that this
nitrogen forms an important H-bond acceptor. The other nitrogen
was reasonably tolerant of substitution with the NMe compound
26 being of particular interest.
N
N

NH2

a (lM) Flt-1 IC50
a (lM) KDR IC50

a (lM) Tie-2 cell IC50
a (lM)

68 9.8 0.37
>100 7.8 nd
34 3.2 0.34
nd nd nd
>100 32 nd
31 7.0 nd

of <±0.3 log units.



Table 6
Results for variation of the linker group

N

N

N
N

NH2

L

Compound L Tie-2 IC50
a (lM) Flt-1 IC50

a (lM) KDR IC50
a (lM)

26 –CH@CH– 3.4 68 9.8
30 –NH– >100 >100 >100
31 –CONH– >100 >100 98
32 –NHCO– >100 >100 >100
33 –CH2NH– >100 >100 >100
34 NHCH2CH2– >100 >100 >100
35 –

Cyclopropyl–
>100 >100 >100

36 –C–C– 6.4 36 2.9

a Values are means of two or more experiments with a standard deviation of
<±0.3 log units.
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Replacements for the alkene linker were poorly tolerated with
the exception of alkyne 36 (Table 6). However no oral exposure
was seen with this compound.

Compound 26 had a particularly attractive overall balance of
properties. In the phospho Tie-2 cell assay it was reasonably potent
(IC50 340 nM). Selectivity was maintained or improved with the
greatest potency being against p38 (IC50 12 lM) and a clean profile
in an extended panel of 45 kinases (all <50% inhibition at 10 lM).
In contrast to its Tie-2 cell potency, it was inactive (IC50 > 10 lM)
in a HUVEC proliferation assay12 in response to VEGF indicating
no inhibition of VEGFRs in cells and it was also inactive in a p38
cell assay.13 It had good physical properties: solubility 280 lM at
pH 7.4, 12.5% free in mouse, 9.9% free in rat. It did not inhibit
CyP450’s significantly (IC50’s > 5 lM) and showed only moderate
turnover in in vitro rat and mouse microsome metabolism studies.
The stability in microsomes was in stark contrast to the initial hit
(1), which had shown high turnover. In a cassette dosed mouse PK
experiment a 2 mg/kg dose gave a Cmax of 0.46 lM and an AUC of
0.58 lM h. However this compound and many of these compounds
suffered from photo instability with respect to cis–trans isomeriza-
tion and also reacted with glutathione in the presence of glutathi-
one S-transferase. Due to these stability issues we sought more
stable analogues and this work will be described in a future paper.

In conclusion, imidazole alkene pyrimidines such as 26 are a
new class of kinase inhibitors with good potency in a Tie-2 cellular
assay and oral bioavailability.
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