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Abstract—The vascular endothelial growth factor (VEGF) tyrosine kinase receptors KDR and Flt-1 are targets of current interest
in anticancer drug research. PTK787/ZK222584 is a potent inhibitor of these enzymes in clinical evaluation as an antiangiogenic
agent. The development of a hypothesis concerning the bioactive conformation of this compound has led to the discovery of a new
class of potent inhibitors of KDR and Flt-1, the anthranilamides. This could be achieved with a limited experimental eﬀort, which
only involved the testing of one archive compound and the synthesis and testing of one appropriate analogue.
# 2003 Elsevier Ltd. All rights reserved.

Introduction

Conformational Analysis of Compound 1

Inhibition of tumor induced angiogenesis is a promising
strategy in anticancer drug research.1,2 Selective inhibition of the tyrosine kinase enzymatic activity of the two
vascular endothelial growth factor (VEGF) receptors
KDR and Flt-1 is an approach37 we are pursuing in
this area.

As 1 was identiﬁed by high-throughput screening and
not by structure-based design or pharmacophore modeling, the structural and conformational determinants of
its kinase inhibitory activity were completely unknown
initially. As part of our eﬀorts to elucidate these, we
undertook a conformational analysis of the inhibitor by
computational methods.11

In this respect, we have previously reported the discovery of the anilinophthalazine compound PTK787/
ZK222584 (1), a potent and selective inhibitor of the
kinase activity of KDR and Flt-1, which is currently
undergoing clinical evaluation.8,9 More recently, we
have disclosed anthranilic acid amide derivatives, which
represent a novel chemical class of inhibitors of these
enzymes, with promising in vivo antitumor eﬀects.10 In
this article, we describe how, following a line of reasoning based on a conformational analysis of 1, this new
class of angiogenesis inhibitors was discovered.
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This analysis provided a set of 24 energy-minimized
conformations that could be classiﬁed in two subsets
corresponding, respectively, to an anti and a syn orientation of the anilino N–H bond with respect to the C1–
N2 bond of the phthalazine nucleus as depicted in Figure 1. anti conformations were on average 3.0 kcal/mol
more stable than the syn conformations reﬂecting the
partial deconjugation of the aniline and phthalazine
moieties occurring in the latter because of steric hindrance between the chlorophenyl ring and the phthalazine benzenoid cycle. This was conﬁrmed by ab initio
calculations on the smaller model compound lacking the
methylpyridyl part which indicated a destabilization of
the syn conformation by 3.1 kcal/mol compared to its
anti counterpart.
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Figure 3. Substructure query used in the database search.
Figure 1. Two possible orientations of the aniline moiety with respect
to the phthalazine nucleus in 1.

tein and desolvating hydrophobic groups for conformational adaptation.

Implication for the active conformation
Database searching. The numerous available X-ray
crystal structures of inhibitor–kinase complexes show
the conservation of a hydrogen bonding interaction
between the inhibitor and the backbone of the protein
in the so called ‘hinge’ region.12,13 The hinge region
corresponds to the amino acid stretch that connects the
N- and C-terminal domains of the kinase whose interface forms the ATP (cofactor) binding site. Inhibitors
often achieve hydrogen bonding to the hinge region by
means of a bidentate donor–acceptor system present in
their structure.1416 One can recognize such a hydrogen
bond donor–acceptor system in 1 (the anilino NH group
and the phthalazine N2 atom) when the inhibitor is
represented in a syn conformation (see Fig. 1). However, as shown by our conformational analysis, the syn
conformations are of high energy. 1 is thus unlikely to
adopt a syn conformation upon binding to an enzyme
pocket. A potent bioactive compound is not expected to
bind to a protein in a conformation that is signiﬁcantly
less stable than its predominant conformation in solution.17 To be highly active, a compound must avoid
wasting a large part of the free energy stabilization
gained by forming favorable interactions with the pro-

This led us to assume that the KDR/Flt-1 inhibitory
conformation of 1 is of the anti type with the consequence that the anilino NH group and the phthalazine
N2 atom do not correspond to the hydrogen bond
donor–acceptor system interacting with the hinge region
present in many kinase inhibitors. This hypothesis
prompted us to further investigate the role played by the
diﬀerent parts of the inhibitor in its KDR/Flt-1 inhibitory activity. We were particularly interested to investigate the importance of the phthalazine nitrogen atoms.
To this end, we conducted a series of substructure searches in the Novartis collection of compounds with the
aim of retrieving analogues or mimetics of 1 lacking one
or two of the phthalazine nitrogen atoms for subsequent
KDR/Flt-1 testing. In one of these searches, we reasoned that an anthranilic acid amide moiety presenting
a strong intramolecular hydrogen bond between the
amine and keto functionalities18 could mimic the
phthtalazine ring of 1 by formation of a pseudo sixmembered ring. As illustrated in Figure 2 by van der
Waals surface/electrostatic potential representations,19
such a moiety can mimic the phthalazine ring in all
respects but the possibility of potential N3 hydrogen
bonding. Thus, with this mimic we could probe the
importance of the phthalazine N3 atom for KDR/Flt-1
inhibitory activity. The Novartis compound collection
was consequently searched using the substructure query
shown in Figure 3. The search returned a single compound available for testing: 2. Interestingly, this compound turned out to inhibit KDR and Flt-1 with IC50
values of 3.7 and 23 mM, respectively, as reported in
Table 1.20
Table 1. IC50 (mM) valuesa of compounds 1–3 in kinase assays

Figure 2. Van der Waals surface/molecular electrostatic potential
representations of the phthalazine moiety of 1 (left) and its anthranilic
acid amide mimetic (right). The potential isovalue contour lines
appear in red for positive values and in blue for negative ones.

Kinase

1b

2

3

KDR
Flt-1
c-Kit
EGF-R
CDK-1
c-Met
IGF-1R
c-Src
PKA

0.037
0.077
0.73
>10
>10
>10
>10
>10
>10

3.7
23
—
—
—
—
—
—
—

0.020
0.18
0.24
7.3
>10
>10
>10
7.0
>10

a

The data represent averages of at least three determinations.
Data from ref 9.

b
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When tested, 3 showed a dramatic increase in KDR/Flt1 inhibitory activity relative to 2, resulting in a compound with the same level of potency and selectivity22 as
1 (Table 1), thus validating the mimetism concept. With
3, we had an entry in a new class of potent inhibitors of
KDR and Flt-1. The high activity of this compound
also shed some light on the structural determinants of
the potency of 1. As discussed above, it meant that the
phthalazine N3 atom is probably not engaged in
hydrogen bonding with KDR or Flt-1 and therefore a
polar atom at this position might not be required for
activity. Moreover, it gave support to the hypothesis
that the active conformation of 1 is of the anti type. An
active syn conformation for 1 would imply an active
conformation of 3 in which the amide group adopts an
improbable high energy cis conformation. An overlay of
the calculated lowest energy conformational minima of
1 and 3 is shown in Figure 4.

Figure 4. Superposition of the calculated lowest-energy conformations
of 1 and 3.

Chemistry
The synthesis of compound 3 is summarized in Scheme
1.23 Anthranilic acid was converted to its BOC-protected derivative 4,24 which upon HBTU activation was
reacted with p-chloro aniline to provide anilide 5.25
Following removal of the BOC-protecting group with
4 N HCl/dioxane, reductive amination of the resulting
amine 626 with pyridine-4-carbaldehyde in the presence
of NaCNBH3 gave the desired compound 327 as white
crystals in 33% yield.

Conclusion

Scheme 1. (i) BOC2O, NEt3, DMF, rt, 16 h, 59%; (ii) 4-chloro aniline,
HBTU, NMM, DMF, rt, 16 h, 35%; (iii) 4 N HCl/dioxane/MeOH
7.5/1, rt, 3.5 h, 98%; (iv) pyridine-4-carbaldehyde, NaCNBH3,
MeOH/AcOH 100/1, rt, 2 h, 33%.

Synthesis of a potent mimetic. The ﬁnding that 2 possessed signiﬁcant KDR and Flt-1 inhibitory activity
prompted us to synthesize 3, the exact anthranilic amide
mimetic of 1 in which the para-ﬂuoro and ortho-ﬂuoro
substituted phenyl rings of 2 are replaced by a 4-pyridyl
moiety and a para-chloro substituted phenyl, respectively. In the series of 1, a para-chloro substituent on the
phenyl ring of the aniline moiety is clearly beneﬁcial.21

As the result of an investigation aimed at understanding
the conformational and structural basis of the KDR/
Flt-1 inhibitory activity of 1, we identiﬁed a new class of
inhibitors of these enzymes that possess potent antiangiogenic and antitumor properties.10 In the era of
high throughput approaches to drug discovery, where it
is believed that the screening or synthesis of very large
numbers of compounds are required, the work reported
here illustrates that large scale experimental eﬀort is not
the only way to tackle the diﬃcult problem of identifying active compounds of pharmacological interest. With
a structure-based reasoning that led to the testing of one
archive compound and the synthesis of only one analogue, we were able to discover a novel inhibitor chemotype for important target enzymes in anticancer drug
research.
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