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Abstract—We have synthesized and evaluated the activity of 3,6-disubstituted pyrazolo[1,5-a]pyrimidines as a new class of KDR
kinase inhibitors. Starting with screening lead 1, potency against isolated KDR was fully optimized with 3-thienyl and 4-methoxy-
phenyl substituents at the 6- and 3-positions (3g, KDR IC50=19 nM), respectively. The synthesis and SAR of these compounds are
described.
# 2002 Elsevier Science Ltd. All rights reserved.

Angiogenesis, the formation of new capillaries from
established blood vessels, contributes to the pathogen-
esis of a number of disease states such as diabetic reti-
nopathy,1 rheumatoid arthritis,2 psoriasis,3 and cancer.4

At an early stage in the development of solid tumors,
angiogenesis is triggered when blood perfusion from the
existing vasculature becomes insufficient for sustaining
tumor cell growth.5 Under hypoxic conditions, the
tumor cells elicit an angiogenic response by expressing a
variety of growth factors, including vascular endothelial
growth factor (VEGF), whose mitogenic signaling is
mediated through the receptor tyrosine kinase VEGFR-
2 (KDR).6 Several lines of evidence indicate that
expression and signaling of VEGF are critical for tumor
angiogenesis. Among these, antibodies against VEGF7

and its receptor KDR8 as well as small molecule inhibi-
tors of the KDR kinase domain9 have been shown to
inhibit angiogenesis in tumor models. Recently, the
therapeutic potential of small molecule inhibitors of
KDR kinase for use as anti-angiogenic agents for the
treatment of cancer has come under much attention.
Clinical trials have been initiated for KDR kinase inhib-
itors derived from a number of different structural
classes, including indolin-2-ones, phthalazines, and

quinazolines.10 This approach to cancer therapy differs
from the traditional use of cytotoxic agents in that the
target tissue is the vasculature encompassing the neo-
plasm, not tumor cells, and relies on ‘starvation’ of the
tumor for growth inhibition rather than direct cell cycle
arrest.

In our efforts to identify small molecule inhibitors of
KDR kinase, we discovered a new class whose central
core is comprised of a pyrazolo[1,5-a]pyrimidine. Herein
we describe the synthesis and initial structure–activity
relationship (SAR) studies of this novel series.

Our chemistry efforts began with the goal of improving
the activity of screening lead 1 (Fig. 1, KDR IC50=224
nM). Toward optimization of the substituents at the 3- and
6-positions of 1, an initial set of 3,6-diarylpyrazolo[1,5-a]
pyrimidines was prepared in combinatorial fashion
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Figure 1.
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through condensation reactions of a 3-amino-4-aryl-
pyrazoles and commercially available 2-arylmalon-
dialdehydes (Scheme 1). The starting 3-amino-4-
arylpyrazoles were prepared in two steps from the
corresponding acetonitriles in 55–75% yield. Heating
solutions of the 3-amino-4-arylpyrazoles and 2-arylma-
londialdehydes in the presence of acetic acid in ethanol
followed by cooling furnished the 3,6-diarylpyr-
azolo[1,5-a]pyrimidines as yellow crystalline solids (40–
60% yield).11 KDR kinase inhibitory activity for a select
set of compounds is presented in Table 1.

The data in Table 1 indicate that substitution at the
para position of the 6-aryl ring enhances inhibitory
activity in the 3-(4-pyridyl) series. In the best case,
potency was optimized 6-fold over lead compound 1 by
the replacement of the 6-pyridyl substituent with a
4-methoxyphenyl group (2c). A number of more subtle
findings are worthy of note. In the 6-methoxyphenyl
series, the 3-(3-pyridyl) moiety provides nearly the same
potency as the 3-(4-pyridyl) group (2d vs 2c), while the
3-(2-pyridyl) arrangement (2e) is detrimental to activity.
In the 3-phenyl series, very little difference in activity
was observed between the 6-(4-methoxyphenyl) and 6-
(4-pyridyl) ligands (2f vs 2g), which is in marked con-
trast to the 3-(4-pyridyl series) as indicated. In addition,
a 2-pyridyl ring at the 6-position of the ring system does
not have the deleterious effect on activity as it did when
placed in the 3-position (compare 2h to 2e).

With the discovery of the 4-methoxy phenyl group as an
advance in the optimization of the 6-position of the
pyrazolo[1,5-a]pyrimidine nucleus, we next examined
the SAR of the 3-position more closely. A convenient
method for varying the substituent at the 3-position,
which avoids repetitious 3-aminopyrazole synthesis, was
employed in the assembly of a second set of analogues
(Scheme 2). 3-Amino-4-bromopyrazole was utilized in
the condensation reaction to provide 3-bromo pyr-
azolo[1,5-a]pyrimidines, which smoothly cross-coupled
with aryl boronic acids under Suzuki conditions to
afford 3,6-diarylpyrazolo[1,5-a]pyrimidines in 40–60%
yield. Biochemical inhibition of KDR kinase activity is
reported in Table 2 for a set of analogues wherein the
3-substituent was varied by this synthetic method.

The data in Table 2 indicate that halogen and methoxyl
substitution of the 3-aryl ring are detrimental to activity
with the exception of the incorporation of a 4-fluorine
atom (3a and 3c). However, replacement of the 3-phenyl
ring with a 3-thienyl group improves activity 3-fold in
both the 6-(4-pyridyl) and 6-(4-methoxyphenyl) series
(3f and 3g, respectively). The data in Table 2 are con-
sistent with docking studies using a KDR homology
model that depicts the 3-substituent occupying the small
and narrow hydrophobic region I of the ATP active
site.14 In addition, modeling and supporting SAR (not
shown) suggest the nitrogen at the 1–position of the
pyrazolo[1,5-a]pyrimidine makes in a key hydrogen
bond with Cys 919 of the hinge region.

Table 1. KDR kinase activity of compounds 2a–h13

Compd Ar00 Ar0 KDR IC50 (nM)

1 224

2a 113

2b 62

2c 37

2d 41

2e 1000

2f 71

2g 71

2h 88

Scheme 1. Synthesis of compounds 2a–h.12
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In subsequent studies, we have found that a number of
modifications to the substitution pattern about the pyr-
azolo[1,5-a]pyrimidine nucleus have deleterious effects
on kinase inhibitory activity. For example, deletion of
the 3- or 6-aryl group from the core leads to complete
loss of activity, as does independently shifting the 6-aryl
group to the 7- or 5-position, or moving the 3-aryl
group to the 2-position. The addition of a methyl group
at the 7- or 2-position of the pyrazolo[1,5-a]pyrimidine
also produces inactive compounds. In addition, sub-
stitution of the 3- or 6-aryl ring at a position ortho to
the carbon appended to the bicyclic core is detrimental
to activity. These latter results suggest a nearly planar
ring system for optimized binding and are consistent
with kinetics studies which indicate that these com-
pounds bind in the narrow ATP binding cleft of the
kinase domain.

We next examined the SAR of fully and partially satu-
rated ring systems at the 6- and 3-positions of the cen-
tral nucleus. Incorporation of a cyclohexyl ring at the
6-position in compound 4 led to a 15-fold loss in activity
(Scheme 3). Activity was mostly maintained, however,
with cyclopentenyl (5) and cyclohexenyl (6) substitution
at the 3-position (Scheme 4). A fully saturated cyclo-
hexyl ring or small alkyl substituents at the 3-position,
such as a 3-ethyl group, were not well-tolerated (KDR
IC50s>5 mM).

The selectivity for KDR kinase inhibition was deter-
mined for 1, 2c, 3f, and 3g via screening against a small
panel of highly homologous receptor tyrosine kinases

Table 2. KDR kinase activity of compounds 3a–g

Compd Ar00 Ar0 KDR IC50 (nM)

2g 71

3a 63

3b 350

3c 265

3d 510

3e 71% inh. @ 2500 nM

3f 24

3g 19

Scheme 2. Synthesis of compounds 3a–g.

Scheme 3. Synthesis and KDR kinase activity of compound 4.
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and SRC kinase (Table 3). The data, expressed as the
biochemical IC50 ratios to KDR kinase, indicate that
this set of inhibitors is relatively non-selective for KDR
versus PDGFRb, FLT-1, and FLT-4 kinases, but mod-
erately KDR selective versus FGFR-1 and SRC kinases.
The data also suggest that the 3-thienyl ring at the
3-position of the pyrazolo[1,5-a]pyrimidine enhances
KDR selectivity in comparison to the 4-pyridyl ligand.

The ability of compounds 1, 2c, 3f, and 3g to inhibit
VEGF-stimulated mitogenesis was determined in
human umbilical vein endothelial cells. The inhibition
constants determined in the biochemical assay are com-
pared to those measured in the endothelial cell mito-
genesis assay (ECMA) in Table 4. Compounds 1, 2c,
and 3f, which bear a solubilizing 4-pyridyl substituent,
demonstrated a lower ratio of cell to biochemical activ-
ity compared to compound 3g, whose activity may be
limited by poor cell penetration due to unfavorable
physical properties.

In conclusion, we have identified a new and syntheti-
cally accessible class of potent KDR kinase inhibitors
comprised of a pyrazolo[1,5-a]pyrimidine core. Within
this series, potent kinase activity is limited to 3,6-dis-
ubstituted analogues that may adopt planar orientations.
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Scheme 4. Synthesis and KDR kinase activity of compounds 5 and 6.

Table 3. KDR kinase selectivity (fold) of compounds 1, 2c, 3f, and 3g

Compd PDGFRb FLT-1 FLT-4 FGFR-1 SRC

1 0.4 4.6 2.7 59 20
2c 0.5 5.7 2.2 54 27
3f 11.4 7.1 9.2 104 146
3g 1.8 10.0 10.0 >100 >100

Table 4. ECMA IC50s for compounds 1, 2c, 3f, and 3g

Compd KDR IC50 (nm) ECMA IC50 (nm) Log P17

1 224 622 2.5
2c 29 150 4.0
3f 24 127 —
3g 19 387 >>4.0
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