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Abstract—In an effort to identify orally bioavailable factor Xa inhibitors, two isoxazolines libraries were prepared to scan for novel
P1 ligands. From this work, 4-chloro-3-aniline was identified as a novel and potent benzamidine mimic.
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Factor Xa (FXa) is the crucial enzyme at the con-
vergent point of the intrinsic and extrinsic coagulation
pathways.1�3 Together with FVa, calcium and phos-
pholipids, a prothrombinase complex is formed to
convert prothrombin to thrombin. Thrombin, in turn,
converts fibrinogen to fibrin and activates platelets,
eventually leading to the formation of thrombus or
blood clots. Inhibition of FXa has been demonstrated
to result in antithrombosis in both animal models4 and
clinical settings.5 Thus FXa has emerged as a promis-
ing target for the discovery of oral anticoagulants.
While several extremely potent FXa inhibitors con-
taining benzamidine as the P1 residue have been
identified, poor oral absorption and short duration of
action have precluded the development of these com-
pounds as oral agents. The poor pharmacokinetics and
low permeability are the result of the high basicity and
insufficient lipophilicity of the benzamidine (pKa 11.6).
In order to develop orally-bioavailable FXa inhibitors
with improved pharmacokinetics, many research
groups have focused on less basic, or neutral replace-
ments for the benzamidine moiety.6�8 We have
embarked on a comprehensive and rational design of
benzamidine mimics.9 To accompany the rational
approach, we have also undertaken a random library
approach to search for novel benzamidine mimics.
Herein, we would like to report on the discovery of
3-amino-4-chlorophenyl P1 as a novel and potent benz-
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Figure 1. Nonbenzamidine P1 library of isoxazoline FXa inhibitors.
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Figure 2. Solid phase synthesis (SPS) of nonbenzamidine library.
Table 1. First nonbenzamidine P1 library

P1 FXa Ki, mM
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P1 FXa Ki, mM
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amidine mimic that resulted from our solid-phase
library synthesis approach.

We have recently reported the discovery of a potent
series of monobasic isoxazoline FXa inhibitors which
incorporate a benzamidine ligand in the P1 position10 as
represented by 1 (Fig. 1). The benzamidine ligand of 1
interacts via bidentate hydrogen bonding with Asp189
in the S1 pocket of FXa. To facilitate the search for
novel, less basic P1 ligands, a series of benzamidine
mimics was explored in an isoxazoline library, which
was synthesized using solid-phase synthesis (SPS).11

The synthesis12 of the nonbenzamidine library (Fig. 2)
was initiated by condensing acrolyl chloride with Kaiser
oxime resin 313 to provide acryloyl oxime 4.14 A diverse
set of aldehydes 5 was condensed with hydroxylamine
followed by chlorination with N-chlorosuccinimide to
give hydroximoyl chloride 7. 1,3-Dipolar cycloaddition
of the nitrile oxide dipole, generated from 7 by the action
of base, and acryloyl dipolarophile 4 provided isoxazoline
8 regiospecifically.15 Cleavage of the isoxazoline from the
resin with concomitant amidation with biarylaniline 916
was accomplished in 2% acetic acid in dimethylform-
amide at room temperature to yield isoxazoline 2.

From the first diverse nonbenzamidine P1 library (22
members, Table 1), we found that a relatively short
alkyl chain (2d) has better FXa affinity than a long alkyl
chain (2m). 3-Carboxyphenyl 2s is inactive, probably
due to the electrostatic repulsion with Asp189 of FXa.
The 4-halophenylisoxazolines appear to be more active
than 3-halophenylisoxazolines (2a–c vs 2f, h, I, o) and 4-
chlorophenyl 2a is the most potent compound from the
first library. This result directed us to bias our second
library towards 4-substituted analogues.

Methylenedioxyphenyl 11b was found to have better
FXa affinity than the corresponding ethylenedioxy-
phenyl derivative 11q (Table 2). Thiophene 11e is found
to be more potent than phenyl compound 2j (Table 1).
Styryl 11l is equivalent to the corresponding furan ana-
logue 11m. The flexible phenethyl 2q exhibits poor
binding affinity compared with the more con-
formationally rigid styryl 11l. It was interesting to note
that the large 4-biphenyl 11d can be accommodated as
Table 2. Second nonbenzamidine P1 library
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the P1 moiety. In terms of para substituents, p-methoxy
11c has the best FXa Ki (97� weaker than benzamidine
1). The p-methoxy derivative 11c is more potent than
difluoromethyl 11f, methyl 11k and hydroxy 11t. From
the library the most potent P1 ligand was found to be
3-amino-4-chlorophenyl 11a.17 Remarkably, compared
with benzamidine 1, it is only 18-fold weaker in FXa Ki.
This places 3-amino-4-chlorophenyl P1 as one of the
best benzamidine mimics reported.6,7,9

In summary, we have designed a versatile SPS route to
make libraries based on diverse nonbenzamidine P1
substituents and discovered a novel 3-amino-4-chloro-
phenyl P1 as one of the most potent benzamidine
mimics reported (loss of only 18� in FXa Ki).

8 The
optimization of this novel benzamidine mimic will be
described elsewhere.18,19
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