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Abstract—Starting from the achiral and potent factor Xa inhibitor 1, a new and flexible solid-phase optimisation strategy is
described to reduce its cationic character. By replacing one positively charged side chain by a lipophilic substituent, a novel series of
highly potent and selective achiral factor Xa inhibitors was discovered. The identified lipophilic replacements in the S4 pocket might
be valuable for other approaches towards fXa inhibitors. © 2001 Elsevier Science Ltd. All rights reserved.

The blood coagulation serine protease factor Xa (fXa)
plays a crucial role in the coagulation pathway by acti-
vating prothrombin to generate thrombin. Thrombin
converts fibrinogen to fibrin for clot formation and indu-
ces platelet aggregation. Both incidents lead to serious
pathological situations. The inhibition of fXa compared
to thrombin inhibition may allow the effective control of
thrombogenesis with a minimal effect upon bleeding.!—3
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The growing interest in fXa inhibitors is reflected by the
increasing number of publications in this field.*!3 Several
pharmaceutical companies are currently searching for
intravenously and especially orally active fXa inhibitors.*
During our own work the hydroxyindole-2-carboxamide
1 was identified as a potent and selective fXa inhibitor.'*
The advantage of this compound compared to many of
the known fXa inhibitors is the simplicity of its struc-
ture (no chiral centre, no E/Z double bond isomers) and
as a result thereof, the case of its synthesis (building
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blocks are easily synthesised by standard methods or
commercially available, no isomer separation).*!3

Although both cationic sites (amidine and ammonium) are
clearly favourable for affinity they seemed to be detri-
mental to oral bioavailability and other pharmacokinetic
properties. Therefore, a solid-phase optimisation strategy
was envisaged to reduce the cationic character of 1. The
flexibility of this approach is shown in Figure 1. R1, R2
and X are variable allowing a fully combinatorial
approach. This indole core structure represents an inter-
esting scaffold giving access to a variety of different library
approaches.

In this first investigation we concentrated on variations
at R1 and X keeping R2 constant, since first derivatives
from single compound synthesis suggested that the m-
benzamidine substituent at R2 is highly favourable for
affinity in this series.

Design
After validation of the solid-phase reaction, adequate

building blocks were extracted from ACD!> using sub-
structure searching, filtered by a list of preferred suppliers

Figure 1.
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and appropriate physicochemical property thresholds.!®
Reactants with multiple occurrences of the reactive func-
tionality or undesirable functionalities were rejected.!” An
optimised set of building blocks was obtained by flex-
ibly docking a virtual library of all possible products into
the fXa ligand binding site and optimising the binding
geometry by energy minimisation.'®!° In general the m-
substituted benzamidine was proposed to fit into the Sl
pocket and considered essential for affinity towards fXa
in this series. In order to reduce the overall basic char-
acter of the proposed inhibitors, mainly hydrophobic
substituents directed towards the S4 pocket were included.
All final protein-ligand complexes were subsequently
scored using a 3D-QSAR model (CoMFA)?° built from
a previous set of indole fXa inhibitors. Acceptable
commercially available building blocks were utilised for
subsequent solid-phase synthesis.

Synthesis

The reaction sequence is shown in Scheme 1.2! The
amino- or hydroxyindole ester 2 was coupled to a poly-
styrene resin with a 2-chlorotritylchloride linker 3. The
coupled indole 4 was N-alkylated with 3-cyano-benzyl
bromide (5) in the presence of the strong base 2-tert-
butylimino-2-diethylamino-1,3-dimethylperhydro-1,3,2-
diazaphosphorine (BEMP) (6).2> The replacement of
the diazaphosphorine by the weaker base N,N-diiso-
propylethylamine (DIEA) did not lead to any alkylation
product. Saponification of indole ester 7 by lithium
hydroxide in a mixture of THF and water (70:30) was
not successful. In contrast, benzyltrimethylammonium
hydroxide in a mixture of methanol (MeOH) and N,N-
dimethylformamide (DMF) gave a clean conversion to
the acid, that was coupled with the respective amine in
the presence of N,N'-diisopropylcarbodiimide (DIC) and
1-hydroxybenzotriazole hydrate (HOBt) to yield the
amide 8. Using H,S, pyridine (py), and triethylamine
(TEA) the nitrile functionality was converted to the
thioamide that was treated with methyl iodide (Mel) in
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Scheme 1.

acetone followed by ammonium acetate in a mixture of
MeOH and acetic acid to yield the amidine 9.2 The resin
bound compound was cleaved by a mixture of dichloro-
methane (DCM), trifluoro acetic acid (TFA), and water to
give the final product 10. The purity of the crude material
was determined by HPLC. Pure compounds were
obtained by preparative HPLC purification. The pro-
ducts were characterised by HPLC, MS, and 'H NMR.

So far about 50 compounds have been synthesised by
means of parallel synthesis in syringes. The HPLC pur-
ity of most of the crude products was in the range of 65—
85% detected at 254 nm. After preparative HPLC pur-
ification the amount of purified product was in the
range of 5-25mg.

Results and Discussion

All compounds were assayed for their inhibitory activity
against fXa.>* In many cases the purity of the crude
material was sufficient for biological testing. For selec-
ted compounds their activity against thrombin was also
determined.?* The results for a representative set of
compounds are shown in Table 1.

Two compounds, 10f and 10h, show very good affinity
to fXa with K; values of 5 and 11 nM, respectively. For
10f the selectivity towards thrombin is greater than two
orders of magnitude.

The most active indoles identified so far have a hydroxy
group in the 4-position. As best trimethylphenylammo-
nium replacements, 3,5-disubstituted phenyl derivatives
were discovered, possessing one methylene bridge
between the amide nitrogen and the phenyl ring (10f and
10h). If the phenyl ring is either directly linked to the
nitrogen (10e) or via an ethylene group (10d) the activity
against fXa is reduced. The presence of the second sub-
stituent in the 5-position of the side-chain ring (R1)
increased the activity against fXa (10c¢ versus 10f, 10g
versus 10h).
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Table 1.
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Cl cl
10g 4-0 é\ 131 nD
10h 4-0 /é\ 11 620

The discovery of 3,5-dichloro and 3,5-dimethylphenyl as
replacements for trimethylphenylammonium or benza-
midine is an important step towards orally available fXa
inhibitors within this indole series. They might also
represent valuable building blocks in the S4 position for
other approaches towards fXa inhibitors.*'3 Interest-
ingly, chlorophenyl derivatives were also identified as
potent lipophilic replacements for cationic groups in the
S1 pocket of thrombin.?

In conclusion, the achiral indoles 10f and 10h show nano-
molar activity against fXa and maintain high selectivity
over thrombin. The positive character in these compounds
compared to 1, 10a and 10b was reduced by replacing the
trimethylphenylammonium or benzamidine moiety
against 3,5-dichloro and 3,5-dimethylphenyl moieties.
The compounds were synthesised via a newly developed
solid-phase optimisation strategy allowing variations at
three different sites.
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