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Abstract—Several P4 domain derivatives of the general p-phenylglycinamide-based scaffold (2) were synthesized and evaluated for
their ability to bind to the serine protease factor Xa. Some of the more potent compounds were evaluated for their anticoagulant
effects in vitro. A select subset containing various P1 indole constructs was further evaluated for their pharmacokinetic properties

after oral administration to rats.
© 2007 Elsevier Ltd. All rights reserved.

Factor Xa (fXa) is a serine protease that plays a crucial
role in the blood coagulation cascade.! FXa occupies a
common point in both the intrinsic and extrinsic path-
ways and is responsible for the production of thrombin.
Thrombin, another serine protease, converts fibrinogen
to fibrin, and fibrin cross-links with platelets eventually
leading to blood clot formation. Because fXa is essential
to this pathway, it has been hypothesized that the design
of a small molecule inhibitor of factor Xa would be use-
ful in treating patients with thromboembolic diseases.?

Previously, our laboratories reported the discovery of
D-phenylglycine-based inhibitors of fXa (compound
1).3 SAR studies carried out in the P1 portion of these
inhibitors led to the discovery that fused bicyclic ele-
ments enhanced binding affinity in vitro.* Compound
1, which contains a 6-indolyl ring system, is a potent
inhibitor of factor Xa (K,). In addition to having po-
tent binding affinity for fXa, compound 1 also displays
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reasonable anticoagulant activity as measured by dou-
bling prothrombin time in vitro (2x PT).>
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Kass" =450 x 10° L/mol
2x PT°= 1.5 uM
 Kass represents the apparent association constant, as measured by the

methods of Smith’ et al.
®2x PT is defined as the concentration of compound required to double
the time to clot formation in the prothrombin time assay.

A crystal structure of 1 (Fig. 1) indicates the 6-indolyl
ring binds in the S1 pocket and the N-methylbispiperi-
dine domain binds in the S4 region of this protease.
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Figure 1. Factor Xa complex with compound 1. X-ray crystal
structure (1.90 A resolution).

In this paper, we present the synthesis and terminal P4
domain SAR for a select set of compounds of formula
2 in which hydrogen bonding motifs are incorporated.
The effect on anticoagulant activity in vitro of com-
pounds displaying the highest binding affinity is pre-
sented. Additionally, a select subset of derivatives
containing specific P1 fused bicyclic constructs and their
binding affinity to fXa, anticoagulant potency, and oral
exposure properties are reported.

The synthetic approach utilized for compounds 3a-31 is
shown in Scheme 1. The commercially available CBZ
protected D-phenylglycine is coupled with 4-piperidine-
methanol to afford 4 in high yield with minimal epimer-
ization. Removal of the CBZ group proceeds smoothly
to provide the free amine 5, and coupling with indole-
6-carboxylic acid affords 6 in modest yield. Mesylation
of 6 followed by displacement with a variety of amines
results in the final compounds.
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Scheme 1. Reagents and conditions: (a) EDCI, HOAt, DCM/DMF
(1:1), 94%, >95% ee; (b) 10% Pd/C, H,, EtOACc/EtOH (1:1), 94%; (c)
DCC, HOBt, DMF, indole-6-carboxylic acid, 54%; (d) DCM, MsCl,
NEts, 83%; (¢) THF, Nal, K,CO3, NR'R?, 60 °C, 25-55% yield.

The factor Xa binding affinity and anticoagulant po-
tency for compounds 3a-3l are listed in Table 1. Com-
pounds 3b and 3¢ with a tertiary amine have a higher
binding affinity than the secondary amine 3a. The pyr-
rolidine derivatives that contain a hydrophilic hydroxyl
group (3d-3g) are less active than the unsubstituted pyr-
rolidine 3¢. Similarly, the piperidine derivatives contain-
ing a hydroxyl group 3i and 3j have lower binding
affinity than the unsubstituted piperidine 3h. The bind-
ing affinity for fXa is increased 2-fold when the ring size
is expanded from 5 to 6 atoms (3¢ vs 3h). Incorporation
of a second nitrogen atom into the piperidine ring re-

Table 1. Human factor Xa binding affinity and anticoagulant activity

of select inhibitors 3a-3l
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Compound R Kass® (x10° L/mol)  2x PT® (uM)
1 — 450 1.5
3a N-< 78 —
3b N 28 23
W
3¢ Q 2 22
3d Q\ 18 22
OH
3e Zp\ 9.7 —
OH
OH
3f Z—S 5.0 —
(rac) N
OH
3g S 4.0 _
N
3h m 48 1.2
N
OH
3 h 10 _
N
OH
3i (% 0.7 —
N
H
3k [N] 3.9 —
N
|
3 [N] 15 _
N

# K, Tepresents the apparent association constant, as measured by the
methods of Smith et al.’

®2% PT is defined as the concentration of compound required to
double the time for clot formation in the prothrombin time assay.
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sults in decreased affinity for fXa as shown in com-
pounds 3k and 31

A few compounds were evaluated for their anticoagu-
lant potency in human plasma. The compounds with
PT data show that as the binding affinity for fXa in-
creases, the concentration of compound required to
double the time for clot formation in plasma decreases.
Compounds 3¢ and 3h are representative of this trend.
In contrast, although 3h displays an order of magnitude
weaker binding affinity for fXa than 1, a slightly lower
concentration is required to double the clot formation
time in plasma.

The crystal structure of compound 3h is shown in
Figure 2. The extended P4 domain is shown to bind in
the S4 pocket as predicted. A possible explanation for
the decrease in activity for 3h may be that overall the
P4 group is positioned in a less favorable arrangement
than the equivalent group in compound 1 (Fig. 1).

Specifically, in 3h the lower piperidine ring is positioned
perpendicular with respect to the face of the Trp215 in-
dole sidechain, instead of laying directly on it as in 1.
This will reduce the hydrophobic contact between the li-
gand and the aromatic residues in this region. Addition-
ally, the potentially charged amino group appears to be
partially buried and less solvent exposed in 3h compared
to 1.

We combined the most potent P4 element in this SAR
with a couple of 3-substituted indole Pl constructs.
Preparation of compounds 7 and 8 was carried out
utilizing the same chemistry as in Scheme 1. The binding
affinity, anticoagulant potency, clog P.® and oral expo-
sure data’ compared to 1 and 3h are shown in Table 2.

Addition of a methyl group or a chlorine atom in the 3
position of the indole results in increased fXa binding

Figure 2. Factor Xa complex with compound 3h. X-ray crystal
structure (2.40 A resolution).

Table 2. Human factor Xa binding affinity, anticoagulant activity,
clog P, and oral exposure properties of various P1 indole constructs

compared to 1
O :

) pAN«gg 'O

Compound X K, clogP 2xPT Cpax AUC (0-7h)
M) (uM)* (g h/ml)*

3h H 48 43 1.3 4.7 23
7 Me 110 4.8 1.5 2.4 14
8 Cl 710 52 1.1 1.7 10
1 — 450 42 1.5 4.0 19

# Ciax and AUC values were pharmacodynamically determined mea-
suring anti-Xa equivalents in rat plasma. Animals were dosed by oral
administration at 20 mpk (n = 3).

affinity of 2.6-fold and 17-fold, respectively. However,
the anticoagulant potencies of 7 and 8 are similar to that
of compound 3h. This reduced anticoagulant activity
could be due to the increased lipophilicity of these mol-
ecules as shown by the calculated clog P values. The oral
exposure of 3h is greater than those for compounds 7
and 8. In addition, the plasma exposure of compound
3h is greater than that of 1 and has a similar clogP
value.

In summary, a series of D-phenylglycine-based inhibitors
modifying the terminal P4 element were synthesized and
identified as fXa inhibitors. The SAR indicates that
extension of the P4 element with or without rings con-
taining hydrogen bonding elements does not increase
factor Xa binding affinity relative to 1. However, the
study results in the identification of 3h, a compound that
displays similar anticoagulant activity to 1 while pos-
sessing an order of magnitude less binding affinity. In-
creased affinity for fXa is achieved by incorporating a
3-substituent on the indole P1 domain of this series.
The oral exposure of 3h is found to be greater than those
of 7 and 8, but similar to 1. Within this series, com-
pounds that display lower exposure tend to be more
lipophilic as determined by clog P values.
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. Pharmacodynamic surrogate of Xa inhibitor oral exposure.
Fisher rats were fasted overnight, followed by a single
administration of test compounds suspended in acacia or
CMC/Tween 80, by oral gavage. Blood was collected at
specified time-points in citrate for generation of plasma at
2000g for 15 min at 10 °C. Compounds were weighed out
to the nearest 0.001 mg, adjusted for salt form and

purity, and dissolved in GC-MS or HPLC grade meth-
anol (OD at 350 nm <.001) with brief sonication in a
water bath. Compounds were serially diluted in methanol
and aliquoted into pooled plasma from vehicle treated
animals in triplicate, for use as calibration standards. A
solution for human factor Xa was prepared by dissolving
18.8 mg of fatty acid-free bovine serum albumin (Sigma
RIA grade A-7888) in 15 ml of 1x TBS. A solution of Xa
substrate, S-2222 (MidWest Bio-Tech, South Bend, IN),
was diluted to 0.5mg/ml in 18.2 MQ purified water.
Water (S5pul) was added to all wells reserved for
standards. Methanol (5 pul of 50%) was added to wells
reserved for samples of unknown compound level. Ex
vivo plasma (25 pl) from animals dosed with compounds
was thawed at 4 °C. Samples and calibration standards
were mixed, incubated in a 37 °C water bath for 15 min,
and diluted into individual wells of a 96-well, polystyrene,
uncoated assay plate containing 50 pul of 3x TBS.
Substrate solution was then added to all wells, the plate
was placed on mixer for 1min, and a pre-read was
collected. Human factor Xa (Enzyme Research Labs
HFXal240, titrated) was thawed at ambient temperature
immediately before use and aliquoted into vehicle at
0.4 U/ml. The factor Xa solution was then aliquoted
(20 pl) using a multi-channel pipette to start the enzyme
reaction. Plates were read on a Spectromax 250 plate
reader (Molecular Devices, Sunnyvale, CA) at 405 nm
kinetically for 10 min at 11 s/cycle, immediately followed
by an end-point read. Slopes of OD/min were plotted
against the known concentrations of calibration standards
and samples of unknown concentration were interpolated
from four parameter logistic fits of standard curves.
Compound concentrations of ex vivo samples from dosed
animals were used in SigmaPlot for the calculation of
AUCs using a SigmaPlot rev 8.1 area algorithm.
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