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Abstract—Selective inhibition of coagulation factor VIIa has recently gained attraction as interesting approach towards antith-
rombotic treatment. Using parallel synthesis supported by structure-based design and X-ray crystallography, we were able to
identify a novel series of amidinophenylurea derivatives with remarkable affinity for factor VIIa. The most potent compound dis-
plays a Ki value of 23 nM for factor VIIa.
# 2003 Elsevier Science Ltd. All rights reserved.
Activated factor VII (fVIIa) plays a pivotal role in the
initiation of blood coagulation. Tissue factor (TF), a
cofactor and allosteric regulator of fVIIa which is loca-
lized on the surface of subendothelial cells, is another
important protein in the early steps of the coagulation
cascade.1�4 The fVIIa/TF complex efficiently hydrolyzes
the zymogen coagulation factors (fX, fIX and fVII) to
the corresponding active serine protease forms, culmi-
nating in the conversion of prothrombin to thrombin
which eventually transforms fibrinogen to fibrin in the
final stage of clotting.5,6

The pathophysiological role of an excessively active
coagulation cascade and subsequent inappropriate
thrombus formation in blood vessels has been well
recognized. Currently available anticoagulants show
undesirable properties and side effects, like bleeding,
that limit their usefulness in the treatment of thrombotic
disorders and encourage efforts to discover new low
molecular weight compounds which inhibit the enzymes
of the blood coagulation cascade.7,8 Several reports
point out that inhibiting the early blood coagulation
stages cause significantly fewer bleeding events.9 There-
fore, the fVIIa/TF complex is seen as promising target
for developing novel therapeutic anticoagulants.10�17 In
this publication, we describe the identification and
structure activity relationship studies of a novel series of
amidinophenylurea derivatives as potent inhibitors of
the fVIIa/TF complex.18

The initial representatives of the amidinophenylurea ser-
ies, compounds 1 and 2, were discovered from focused
screening of serine protease directed compounds from our
internal collection.19 The selection of the screening set was
guided by the identification of relevant protein–ligand
interactions from the public X-ray structure of the fVIIa/
TF complex with a covalent inhibitor (1DAN).20
Consistent manual and automated docking results
based on this structure plus structural experience from
other serine proteases led us to postulate that the ben-
zamidine is situated in the fVIIa catalytic domain S1
pocket, interacting with the carboxylate side chain of
Asp189 at the bottom of this pocket, the Og atom of
Ser190 and to the carbonyl oxygen of Gly219 by
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Figure 1. Chemical structures of initial amidinophenylureas.
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0.97 14.5 10.1
additional hydrogen bonds.21�24 Those studies also led
to the hypothesis that both urea NH protons interact
with the active triad residue Ser195. The second aro-
matic ring was postulated to occupy the more hydro-
phobic, shallow binding site area bridging the S2 and S4
pockets above the Trp215-Gly216 beta-sheet region. This
binding site hypothesis prompted for a rational design
using the amidinophenylurea scaffold as privileged tem-
plate for exploring the both the S2 and S4 pockets.

Compounds 1–19, 21, and 24–27 were readily prepared
according to methods outlined in Scheme 1. Reaction of
aminobenzonitrile derivatives with various isocyanates
in DMF yielded nitrile intermediates 3. Of the different
procedures for amidine formation utilized, the two step
Pinner reaction proved to be the most convenient
method.25 Thus, intermediates 3 were sequentially trea-
ted with HCl/ethanol and NH3/ethanol to afford the
benzamidines 4, which were converted to the key inter-
mediates 5. The final step in the synthesis sequence was
partly carried out by automated parallel synthesis cou-
pling the acids 5 (TOTU/DMF)26 with amino building
blocks H2N-R4. Protection of the amidino groups was
not necessary. The amino building blocks were com-
mercially available or prepared from ketone precursors
by reductive amination.
Scheme 1. Synthesis of compounds 1–19, 21, 24–27. Reagents and
conditions: (a) ethoxycarbonyl-CHR3 isocyanate, DMF; (b) HCl,
EtOH; (c) NH3, EtOH; (d) NaOH, H2O; (e) H2N-R4, TOTU, DMF,
N-ethylmorpholine.
Scheme 2. Synthesis of compounds 20, 22 and 23. Reagents and
conditions: (a) carbonyldiimidazole, DMF, 80 �C; (b) HCl, EtOH;
(c) NH3, EtOH; (d) NaOH, H2O; (e) H2N-R4, TOTU, DMF,
N-ethylmorpholine.
Table 1. In vitro activity for compounds 8–19

K (mM)
i
Compd
 R4
 fVIIa
 fXa
 Thrombin
8

9
 0.73
 nd
 nd
10
 7.62
 >10
 >50
11
 0.43
 >10
 50.7
12
 20.2
 >10
 >50
13
 0.027
 >10
 15.9
14
 31.0
 nd
 nd
15
 1.51
 7.8
 >50
16
 0.023
 >10
 16.4
17
 0.027
 >10
 >100
18
 0.035
 >10
 18.2
19
 0.067
 >10
 11.2
nd: Not determined.
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For synthesis of compounds 20, 22 and 23, an alter-
native route depicted in Scheme 2 proved more efficient.
Reaction of aminobenzonitrile with carbonyldiimida-
zole at 80 �C provided the intermediate 6 in situ, which
was converted to the urea building blocks 7 by addition
of amino acid derivatives. The final reaction steps were
conducted as described in Scheme 1.

Initial variations of the R4 phenyl group did not sig-
nificantly improve fVIIa affinity (Fig. 1, 1, 2, Table 1, 8,
15). Subsequently, a branching point was introduced at
the a-position of the R4 substituent. Incorporation of a
second phenyl ring yielded in compound 9 with
enhanced affinity (Ki=0.73 mM).

For compound 9 we solved its complex with human
fVIIa/TF by X-ray structure analysis at 2.2 Å (Fig. 2),
thus validating our initial model about favorable pro-
tein–ligand interactions for biological affinity.27 In
addition to the expected amidinophenyl binding to S1,
one urea NH interacts directly with the active triad
Ser195-Og (3.1 Å), the other via a structurally con-
served water moleule (3.2 Å). Especially remarkable
were the interactions of one distal phenyl ring with the
protease S2 pocket. This ring is stacked on top of the
imidazole ring from the active triad His57 (�3.3 Å), its
para-carbon atom is in close distance to the active triad
Asp102 carboxylate (3.2 Å) and the hydrophobic por-
tion of Thr99 (3.5 Å to Ca), which itself separates S2
from the open S4 pocket. The other phenyl ring is situ-
ated �3.5 Å on top of the Gly216 carbonyl oxygen in
the hydrophobic binding site area next to S4.

The replacement of the S2 directed phenyl substituent
by a smaller, hydrophobic methyl group led to a sig-
nificant increase in binding affinity (11, Ki=0.43 mM).
This was supported by modeling studies, suggesting an
improved complementarity of hydrophobic protein–
ligand interactions in this area, if the remaining phenyl
ring comes closer to the protein surface region. There-
fore our further optimization was based on the X-ray
crystal structure of compound 9. In contrast, introduc-
tion of a second methyl group in a-position of com-
pound 10 resulted in a decreased affinity. Among the
mono-a-methyl substituted derivatives, compounds 13
and 16–18 exhibited particularly high biological activity
(Ki=0.023–0.035 mM). The most active fVIIa inhibitors
were found to be highly selective against related pro-
teases like factor Xa and thrombin, as summarized in
Table 1. Several enantiomeric pairs of R/S analogues
were prepared to investigate the stereochemical orienta-
tion of the methyl group at the a-position of R4. For
example, the S-phenyl(methyl) analogue 11 is 50-fold
more potent than its R-phenyl(methyl) counterpart 12,
and S-3-bromophenyl(methyl) inhibitor 13 is 1150-fold
more potent than its R-3-bromophenyl-(methyl) enan-
tiomer 14. This suggests in accord with our binding site
model the importance of filling the S2 pocket with small
hydrophobic substituents.

To determine how variations at the central unit of the
urea scaffold would affect activity, the glycyl moiety was
replaced by several amino acids, as shown in Table 2.
Incorporation of alanine generated compound 20 which
is about 50-fold less potent than the corresponding gly-
cine derivate 8 (Table 1). Compound 21 with phenyl-
alanine moiety is 10-fold less potent than glycine
derivative 2. Affinity is also decreased by a phenylgly-
cine at the central core. The glycine derivative 13 (Table
1) is 120-fold more potent than the phenylglycine ana-
logue 23. Glutamic acid derivative 22 was the most
active compound within this series, but also showed a
20-fold decrease in potency relative to compound 13.
Thus, within this series the glycyl residue proved to be
the most preferred residue at this position. Obviously,
none of the introduced substituents led to favorable
interactions to fVIIa, as both Gly Ca protons are
directed towards the solvent exposed area of the binding
site.

Finally, our interest was to discern electronic effects of a
substituent in the benzamidine core moiety, as a lower
basicity of this fragment is generally accepted to pro-
duce a more favorable oral bioavailability.29 Hence,
Figure 2b. Schematic interactions of 9 with key residues of human
factor VIIa.
Figure 2a. Comparison of X-ray structure (white carbon atoms) to
proposed binding mode (magenta) for compound 9 in factor VIIa. The
protein is displayed with a MOLCAD surface indicating local curva-
ture. The conformational model for 9 was generated using flexible
docking with QXP.
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45.8

3.2
halogen atoms were introduced into the ortho-position
to the amidino group, resulting in compounds 24–27.
The modifications, which included incorporation of a
chlorine, afforded analogues 24 and 26 with 140-fold
and 60-fold loss of activity relative to the parent deri-
vatives 13 and 19. The effect of a fluorine substituent is
less marked. However, compounds 25 and 27 are 4-fold
and 7-fold less active than the unsubstituted analogues
13 and 16. According to modeling studies, this reduced
biological affinity by substitution in the S1 pocket was
3.76

0.47
attributed to unfavorable steric interactions between
one amidinophenyl NH2 group and the ortho-halogen
atoms, as compared to the less bulky hydrogen.
Obviously, the favorable dihedral angle of �30� for the
amidine plane relative to the phenyl ring could not be
maintained in these derivatives. As expected, the
experimental pKa values decrease from 11.2 to 11.3 of
compounds 13, 16 and 19 to 10.7 to 10.9 of compounds
24, 25, 26 and 27 (Table 3).28

In summary, we have described the SAR of a series of
factor VIIa inhibitors with various modifications
around an amidinophenylurea template. The incor-
poration of branched amines attached to the core tem-
plate led to a significant improvement of biological
activity and high selectivity against related proteases.
The best compounds (13 and 16–18) have Ki values
between 23 and 35 nM against fVIIa without significant
inhibition of factor Xa or thrombin. Hence, this series
constitutes a promising area for further studies sup-
ported by structure-based design.
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