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UNIT DOSE FORMULATIONS AND METHODS OF TREATING THROMBUOSIS
WITH AN ORAL FACTOR XA INHIBITOR

CROSS BEFERENCE TO RELATED APPLICATIONS
This application claims the benefit ander 35 US.C § 119{e) of United States
Provisional Patent Application Nos. 60/873,792 filed on December &, 2006 and 60/947.629
filed an July 2, 2007, both of which ure hereby incorporated by reference in their entirety.
BACKGROUND OF THE INVENTION

Fiekd of the Invenlion

This invention is-directed to mothods of inhibiting coagulation using ¢
particular dose of & tactor Xa inhibitor. The invention is alse dirgcted 1o an assay that
measutes thrombin generation in blood to assess the antithrombotic activity of a test
compotnd,

Sinte of the Art

Hemostass, the contrel of bleeding, ovecurs by surgical means, or by the
o P & e

physiological properties of vasoconstriction and coagulation. Although platelets and blood
congulation are both involved in restoring bemostasis and in thrombotic diseases, certain
components of the coagulation cascade are prmarily responsible for the amplification and
acceleration of the processes involved in platelet aggregation and fibrin deposition which
are major events in thrombosis and hemostasis.

Clot formation nvolves the conversion of fibrinogen to fibrin which
polymerizes into a network to restore hermostasis after injury. A stmilar process resulis in
occluded blood vessels m thrombotic diseases. The conversion of fibrinogen to fibrin is
catalvzed by thrombin, the end product of a series of reactions in the blood coagulafion
cascade, Thrombin is also a2 kev plaver in activating platelets, thereby contributing to
thrombosis under conditions of both arterial and venous blood flow. For these reasons, it
has been postulated that officient regulation of thrombin can lead to cfficient reguladon of
thrombosis, Several classes of currently used anficoagulants directly or indirectly affect
thrombin (i.e. unfractionated heparins, low-molecular weight heparins, heparin-like
compounds, pentasaccharide and warfurin). Direct or indirect inkibition of thrombin
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activity has also been the focus of a variety of azz&éc:{}agu%aﬂts in clinical development
{reviewed by Eriksson and Quinlan, Drugs 110 1411-1429, 2006).

Prothrombin, the precursor for thrombin, is converted to the active enzyme
by factor Xa (fXa). Localized activation of tissue factor/factor Vila mediated factor Xa
generation is amplified by the factor IXa/factor Villa complex and leads to prothrombinase
assembly on activated platelets, Factor Xa, as a part of the prothrombinase complex, is the
sole enzyme responsible for sustained thrombin formation m the vasculature. Factor Xa is &
serine protease, the netivated form of its precursor Factor X, and a member of the calctum
ion binding, gamma carboxyglutamic acid (GLA-containing, vitamin K dependent, and
blood coagulation factors. Unlike thrombin, which acts on a variety of protein substrates
including fibrinogen and the PAR receptors (Protease activated receptors, Coughlin, ./
Thrombosis Haemostasis 32 1800-1814, 2005}, factor Xa appears to have a single
physiologic substrate, namely prothrombin. Since one molecule of factor Xa may be able w
generate greater than 1000 molecules of thrombin (Mann, e7 af., J. Thrombesis.
Haemostasis 12 1504-1514, 2003), direet inhibiton of factor Xa as a way of indirectly
inhibiting the formation of thrombin may be an efficient anticoagulant strategy. This
assertion is based on the key role of prothrombinase in thrombin synthesis and on the fact
that inhibition of prothrombinase will have a pronounced effect on the overall platelet
agpregation end clotbing puthways,

Activated proteases such as factor Ve, factor Fa or factor Xa have poor
proteolytic activity on their own. However, their assembly into votuctor-dependent,
membrane-bound complexes significantly enhances their catalytic efficiencies. This effect
is most dramatic for factor Xa, where the efficiency is increased by a factor of 107 (Mann, et
al., Blood 76{1):1-16, 1990). Due to the higher concentration of the zymogens present in
blood (1.4 uM prothrombin versus 150 nM factor Xa) and the kinetics of activation, a
smailer amount of Tactor Xa than thrombin nceds to be mhibited to achieve an anticoagulant
effect. Indirect proof of the hypothesis of superiority of factor Xa as a therapeutic target
compared to thrombin can also be found in clinical trials for the prevention of deep vein
thrombosis. Fondaparinux, an antithrombin 11 dependent factor Xa inhibitor, was proven to
be superior to enoxaparin {a low molecular weight heparin that inhibits both thrombin and

factor Xa) in four trials of orthopedic surgery (Turpic, ot al., drehives barernal Medicine
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162(16): 1833-1840, 2002). Therefore, it has been suggested that compounds which

selectively inhibit factor Xa may be useful as in vitro diagnostic agents, or for therapeutic

administration in certain thrombotic disorders, see e.g, WO 94713693,
SHMIMARY OF THE INVENTION

Comparative modeling of the extent of changes in prothrombinase activity o
levels of antithrombotic efficacy has lead to the discovery of the therapeutic activity
hurmans of factor Xa inhibitors. This fnvention is directed fo a method of inhibiting
coagulation in a human patient using a congulation inhibiting amount of a factor Xa
inhibitor. Specifically, orally available direct inhibitors of factor Xa are effective fo inhibit
coagulation in a human patient when administered to the patient in an aggregate daily
amount of between about 0.01 and about 2.0 milligrams per kilogram based on the total
weight of the patient (‘mg/kg™). 1t is contemplated that this dose will be effective for any
compound which specifically inhibits factor Xa and particularly effective for factor Xa
inhibitors of Formula 1, 11 1L IV or V deseribed below,

The invention is also directed to a method of assessing the coagulation status
of the patient. It is contemplated that this method of assessing the coagulation status may be
used to test a number of different ¢lasses of anticoagulants in addition to factor Xa
inhibitors.

In one aspect of the invention, the method comprises administering to the

patient a coagulation inhibiting amoeunt of a compound of Formula ©:
Al EGed-X
i

whergin:
A s selected from:
() Cy-Lerallovl;
by CoCyecycloatkyt

() -NR'RY, NR RY-CENRD- NRRD-CENRTNR -, R-CENRY-,

RI-CENRDNR Y-
{(dy  phenyl, which is independently substituted with 0-2 R substituents;

ic) naphthyl, which is independently substituted with 0-2 R substituents; and

o
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a monoeycelic or fused bicyelie heterocyelic ring system having from 5 1o 10
ring atoms, wherein 1-4 ring atoms of the ring system are selected from N, O
and S, and wherein the ring systeri may be substituted with 0-2 R
substituents;
5 Rois selected from:

L halo, <ON, <COR', -C=0RNR, RY), ACH - COR, (CHy) -

CEORNR', RY), <NO», -SO;NRY, RY, -SO:R Y, (CHa)wNR'R?, {CHy) - CE=NRY-

R, ACH - CENRNRLRY, «(CH ) NRY-CENRTINR R, ACH)WNR -

group appended fo a 3 1 6 membered heterocyclic ring containing from 1-4

10 heteraatoms selectod from N, O and 8, Oy galkyl, -Cogalkenyt, ~Cogalleyayl, -Ca

geveloalkyl, -CoaalkylCogeyeloalkyl, <CFs, -OR?, and a 5-6 membered heterocyclic

system containing from 1-4 heteroatoms selected from N, Oand 8, wherein from 1-4

hydrogen atoms on the heterocyelic system may be independently replaced with a

member selected from the group consisting of halo, -C-Cyalkyl, -Caalkyl-CN, -Co

i,
A

salkenyl, -Coalkynyl, -Caseyoloalkyl. -Cosalkylene-Cs soyeloalloyl and -NOs;
g an integer of 0-2;
R’ R%, R and R are independently selected from the group consisting of:

H, -OR®, -N(-R", -R", -Cpaalkyl, -Cogalkenyl, ~Cogalkynyl, -Cagoyeloalkyl,

-Coaalkylene-Cs geyeloalkyl, <Cogalkylphenyl and -Cogalkylnaphthyl, wherein from
20 1+4 hydrogen atoms on the ring atoms of the phenyl and naphthyl moieties may be
independently replaced with a member selected from the group consisting of halo,
“Craalleyl, -Coealkenyl, -Cogalkynyl, <Cygeyeloalkyl, -Cogalkylene-Cygeycloalkyl,
LON, and -NOs; or R and R” or % and R taken together can form a 3-8 membered
cyeloalkyl or a heterocyclic ring systern, wherein the heterocyclic ving system may

have from 3 to 10 ring atoms, with 1 to 2 rings being in the ring system and contain

)
L

from 1-4 heterpatoms selected from N, O and 8, wherein from [-4 hydrogen atoms
on the heterocyelic ring system may be independently replaced with a member
selected from the group consisting of halo, Cy-Cy-alkyl, ~-CN, -Cosalkenyl, -Ca.
galkynyl, <Cageveloallyl, -Coaalkyiene-Cugeycloallyl and -NOy;

30 R’and R are independently selected from the group consisting of:



H, ~Cyaalkyl, -Coenlkenyl, -Cogalkynyl, -Cageycloalkyl, -Coqalkylene-Ca.
eveloatkyl, Coqalkylphenyl and -Coaalkylnaphthyl, wherein from -4 hydrogen
atoms on the ring atoms of the phenyl and naphthyl moieties may be independently
replaced with a member selected from the group censisting of halo, -Cyaalkyl, -Cs.

5 satkenyl, -Cygalkynyl, -Caseycloalivl, -Coualkylene-Cygeycloalkyl, -ON, and -NO»;

or R and R® taken together can form a 3-8 membered cyeloalkyl or a heterocyelic
ring system, wherein the heterocyelic ring system may have from 3 to 10 ring atoms,
with 1 to 2 rings being in the ring system and contain from 1-4 heteroatoms selected
from N, O and S, wherein from 1-4 hydrogen atoms on the heterocyclic ring system

10 may be independently replaced with a2 member selected from the group consisting of
halo, -C-Cy-alkyl, <CN, <Co salkenyl, <Cogalkynyl, ~Cageveloalioyl, -Coqalkylene-
Cageyclonlleyl and -NOy;

O isamember :»;f;:iﬁem{;% from the group consisting of:

a direct link, <CHae, -C(=0)-, ~0-, -NR ), -NRICHz-, -CHNR -,  -C=NRY

is CEOYRNR Y- NER-CE=0)-, -S-, -80-, -805-, -S0»-NR)- and -NR)-805-;

R s selected from:
H, -Cyaalkyl, -Cagatkenyl, <Cy salkynyl, -Cageveloalkyl, -Coaalkylene-Ca
seycloallyl, -Coaalkylenepheny! and -Cyqalkylenenaphthyl, wherein from 1-4
hydrogen atoms on the ring atoms of the phenyl and naphthyl moieties may be
20 independently replaced with a member selected from the group consisting of halo,
Cyaalieyl, -Cogalkenyl, -Cogalkoynyl, -Cageveloalkyl, -Cogalkylene-Cageycloalkyl,
SO, and -NOk;
3 is a direct link or is a member selected from the group consisting of:
{a}) phenyl, which is independently substituted with 0-2 R™ substituents;
25 {h naphthvl, which s independently substituted with 0-2 R substituents; and
{} a monoeyelic or fused bicyelic heteroeyclic ring system having from 5 to 10
ring atorns, wherein 1-4 ring atorns of the ring svstem are selected from N, O
and 8, and wherein the ring system may be substituted from 0-2 R
substituents;

30 RYisselected from:
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halo, ~Cyqalkyl, -Cyealkenyl, -Co galkynyl, -Cageyeloalkyl, -Cogalkylene-Cs
Scy::zaaim LON, -NOs, «(CH ) NR¥R™, «(CH,),C0,R™, (CH2),CONRTR™,
SSONRERY, LSO,RY, LCFs, -OR™, and & 5-6 membered aromatic heterocyelic
systern containing from 1-4 heteroatoms selected from N, O and 8, wherein from 1-4
hydrogen atoms on the aromatic heterocyelic syster may be independently replaced
with a member selected from the group consisting of halo, <Caalkyl, -Cogalkenyl,
Lo galkynyl, «Cageyeloalkyl, ~Coaalkylene-Cygeyeloalkyl, «CN and -NO»,

R* and R™ are independently selected from the group consisting of:
H, -Caalkyl, -Cygalkenyl, -Co salloynyl, -Cageyeloalkyl, -Cosalkylene-Ca

qeyeloalkyl, -Cogalkylene-phenyl and -Cyaalkylene-naphthyl, wherein from 1-4

hvdrogen atoms on the ring atoms of the phenyl and naphthyl moieties may be
independently replaced with & member selected from the group consisting of halo,
Craalkyl, «Cpgatkenyl, ~Copalkynyl, ~Cyseycloalkyl, ~-Cogalkylene-Csgeycloalkyl,
O and N0

wigan integer of 0-2;

E is a divect link o a member selected from the growp consisting of!
SOy peallvdene-, <O, <8< -80-, <80~ -Cyy-alkylene-C=0), -Cop-alkylenes
CEORNGRY)- Copralkylone-, -Co.p-alkylene-N(-R*)-C(=0wCy.-alkylen
N{-RH-CO=01N(-R" - and a{j}}”}ﬁ»aiik}f%e;z{i#?ﬁ{wii&}»;

R¥ is a member selected from the group consisting of:
Bl -Cesatlovl <Comalkylenearyl; <Cog-atkylenc-heteroaryl; -Cy.

galkylene-C(=0)-0H, -C 4-alkylene-C=0)-0-Cy-alkyl, and -C;
salkylene-CE=03RNER™, AR

¥ and R™ are each a member mﬁegwﬁﬁ’; selected from the group consisting of
™ 4 : Ty
., -Cpa-alkyl, ~Cog-allylenc-aryl ««ng@;wzﬂkyi@Izc»;,mtczm:y{:hﬂ group, and R and

R together with the N atom to which they are attached can form a 5-8 membered
heterooyclic ring containing 1-4 heteroatoms selected from N, O and 5, wherein the
heterocvelic ring may be substituted with 0-2 Rk | groups:

R is a member selected from the group consisting of:
halo; ~Cpy-alkyl; -ON; -NOy; -C{=0)-NG-R™, -R™); -C(=0)-0R™;
~(CHaz)g-MN( SRR, -S0,-NER™, <R SS0R™; -CFa: and -{f{,‘,E@Aﬁi‘g}qw()Rg“*
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R% and B™ are cach independently 2 member selected from the group consisting of:

H; -Crgealkyl; and -Cyy-alkylene-aryl;

g 1s-an mteger of 0-2;
G is-a member selected Trom the group consisting of:

{a) Ca-alkenyl or Cyg-cycloatkenyl, whergin the alkenyl and cycloalkenyl
attachment points are the alkenyl carbon atoms and wherem the -Co-alkenyl
or -Cag-cyeloalkenyl are substituted with -4 R groups;

{b)  aphenyl group wherein the ring carbon atoms of the phenylenie group are
substituted with 0-4 R' groups;

{c) a 3-8 membered hetercovelio ving system contatming 14 heteroatoms
selected from ™, O and 8, wherein -2 ring atoms of the heterowyelic ring
may be substituted with 0-4 R groups; and,

(@) an §-10 membered fused heteroeyelic bicyclic ring system, containing -4
heteroatoms selected from N, O and S, wherein 0-2 ring atoms of the fused
bicyelic ring system may be substituted with 0-4 R'Y groups;

R' iy & member selected from the group consisting of:
H, halo; Cyg-alkyl, aryl, <CN; -NOy; «{{THQ ;M.:Nfﬁﬁ ﬁ:‘“; mz?“;(‘in?%?%ﬁ"}{{m; -SO,R™
-CFs: «(CHy)g-OR™; ~O-(CH2), gOR™, wO-(CHy) 6-C(=0)-0-R™,;
méﬁ}u{(ffiffh};»a«(’f{»{}}-?‘é{%'2:“" R NRT-(CH; ;n,{,«:m“‘ L NR™(CHy e NR™ R,
SC(=0)NRY R, N (CH) - CEONR ™R N(CH2)6-OR™ )
NR™(CHo)pe-OR™; -NR>)-C=03-R™; NR™)-80,-R™; «(CHy)s.
C=0)-0-R™: ((CHy)o.6-C=0)-NR ™ R ™) (CHylos-CENRMNR RS,
ACH ) e NRTYCENRINR Y RMY; 2 (CHy oo NR s membered

heterocyelic ring containing 1-4 heteroatoms sclected from N, O and 8, and 4
-(CHy.6-5-6 membered heterocyclic ring containing -4 heteroatoms selected from
N, Oand 5
R R™ R and R are cach independently & member selected from the group consisting
of;
?}i: C".,,ﬁ-»aaikvl; Cygeatkylaryl; -ONL MO, carboeyehie aryl, -CNG -NGy, or R and
4 taken together with the N atoms they are independently attached form a 5-7

s P vy 5 oy el ; ) ot w
membered heterocyclic ring: or 7% and R™ taken together with the N atom to

3



which they are attached form a 5-8 membered heteroeyelic ring containing -4
heteroatoms selocted from N, O and 5;
}is a direct link or is & member selected from the group consisting oft
NERY)-CE=0 Y- -C(=0)-NER; -0-; -8 -80-: =800 -CHp-1 ~-N(-R")-; and
5 NERMN-80,-;
®" is « member selected from the group consisting of:
H; ~Cp-alovly <Cog-allyl-carboeyelic arvl «(CHylo.a-5-0 membered heterocyelic
ring containing 1-4 heteroatoms selected from N, O and 8; «(CHz)1.4-C(=0)-0-Cy.
alkyl: and (CHy)e-C=0)-NR ™ R®Y;
10 R™ and R are cach a member independently selected from the group consisting of:
H oand -Cygalkyl;
X is a member selected from the group consisting oft
{a) phenyl substituted with 0-3 R m}um:
)y naphthy! substituted with 0-3 s.,mzz;% and

{c) a G-membered aromuatic heterocychc ring svstem containing 1-3 N atoms and

.
L.y

having 0-3 ring atoms substituted with 0-3 R ' oroups; and
(dy  an 810 membered fused aromatic heterocyclic bicyelic ring system
containing 1-4 heteroatoms selected from N, O and S and 0-3 ring atoms of
the fused heterocyclic bicyelic ring system are substituted with 0-3 R™®
20 QUUPS,
R ' is a member independently selected from the group consisting of:
Halo; CFay -Cyg-alkyl: carbocyelic aryl; -Coo-alkylene-CN; ~{}»§{2“’;
Coamabkvlene-C{=0)-0- R%: .Cyam al leylene- LO(=0-N(R™, } Cyomalkylene-NOs;;
-Conalkylene-N(R™, R™); ~Coo-alikylene-S0m-N( R* R™Y "{t{}.ﬁ‘E§§E‘[}’r§{:ﬁ{f“g(}?”f{is;
trihaloaliyl; “0-Cyo-alkylene-0-R*; -Co-alkylene-0-R>; -0-C_p-alkylene-

R
15

CE=0)-NR™, R™); -0-C,s-alkylene-C(=0)-0- R -Coyo-alkylene-
NR¥)-C=0)-R ™ ~Cya-alkylene-N(-R” j«%(}»} R O} ‘%g»‘;m?‘ﬁ;w{:(z{}}»Rf‘“

A CHNR™-800-R™: A(CHaag-NRPR, wC{=0)-NR™ R™); ~N{-(CHz)y.-OR ™)
NER ' (CH 1 0-OR ™, NRH-Cr=0)-R% -NR)-80,-R™,

30 SCENRTNNER™ R and o -(CH, Jos-5-6 membered heterocyelic ring containing

1-4 heteroatoms selected from N, O and &
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R R™ and R™ are cach independently 2 member selected from the group consisting of
H; ~Crag-alieyl; “{3{},\;3““ifzﬁ\i,}’"i{?l"w*{}“R}gg; LCio-allovtene-
NE-R'8, RO g-alkylene-carbooyelic aryl: -Cs-alkylene-heteroeyelic; and R 1
and R™, or R¥ and R together with the N atom to which they are attached can form
5-% memberad heterocyelic ring containing 1-4 heteroatoms selected from N, O and
S which can be substituted with 0-2 R groups;

R'® and R™ are independently « member selected from the group of:
H: halo; -Cyg-alkevl, a carboeyelic aryl group ; a heterocyclic group: -CN;
C{=0)-NR ¥R, -C(=0)-0R™; N0 (CH,)-NR#R™; -SO,NRPR™; -S0,R

-CFs; and <(CH),0R™;

pis an integerof 0-2; and

R* and R are cach independently sclected from the group consisting of:
Hy Cygeatkyl and Oy palkylene-carboeyelic aryl;
or a pharmaceutically acceptable salt thereof.

in one embodiment, the coagulation inhibiting amount of the factor Xa
inhibitor compound is an aggregate daily dose from between about 0.01 and about 2.0
mgfkg. In another embodiment, the coagulation inhibiting amount of the factor Xa inhibitor
compound is an aggregate daily dose from between (0.1 and 1.5 mg'kg. In yet another
embodiment, the amount is between about 0.4 and about 1.2 mygrke.

In one emboediment, the coagulation inhibiting amount is administered to the
patient once a day. In another embodiment, the coagulation inhibiting amount is
administered to the patient in one day but dosed several times a day, 1.¢., twice ("BID”) or
three times a day T

In one embodirnent, the pharmaceutically acceptable salt of the facror Xa
inhibitor compound is a maleate salt. In another embodiment, the compound of formula Lis

the compound of Formula I

9
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or pharmaceutically acceptable salt thereof. In some embodiments, the salt is

a maleate salt. In onc embodiment, the coagulation inhibiting amount {s an aggregate daily
duose from between about 0.01 and about 2.0 me/fkg orbetween about 0.1 and about 1.5
myg/ky or between about 0.4 and about 1.2 medep

In another embodiment, the factor Xa inhibitor compound is the maleste salt

having the structure of formula 1

‘OC)C’MQQQH

i

This invention is also divected to a unit dose formulation comprising &
pharmacentical composition comprising a pharmaceutically acceptabile carrier and a
congulation inhibiting amount of the factor Xa inhibitor compound of Fermula I, 1L IV, or
YV {as described below) ov & pharmaceutically acceptable salt thereof, or the salt of Formula
I In some embodiments, the coagulation inhibiting amount 15 between about 0,01 and

In other embodiments, the dose is between about 0.1 and about 1.5 myg/ks

about 2.0 mgfky

e

ot between about 0.4 and about 1.2 myfky

i
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The invention s also divected to an in viiro assay to determing the in vive

antithrombotic properties of a compound. The assay comprises the following steps:

a) introducing u test compeund into an in virro sample of whole blood or
plasma comprising tissue factor (TF) and a detectably-labeled thrombin substrate to
form a test samyle;

by determining the level of thrombin activity in the test sample by monitoring
the cleavage of the detectably-labeled thrombin substrate in the testsample as a
function of time;

¢} determining the level of thrombin activity in a contral sample by
monitoring the cleavage of the detectably-labeled thrombin substrate 1 the control
sample as a function of time, wherein the control sample comprises whole blood or
plasma comprising tissue factor {TF) and a detectably-labeled thrombin substrate;

&) comparing the level of thrombin aetivity in the test sample and the control
sample, wherein a lower level of thrombin activity in the test sample is an indication
that the test compound has in vive antithrombotic activity.

The blood and plasma may be anticoagulated or nonanticoagulated.

In certain embodiments of the invention, the detectably-labeled thrombin

substrate 15 a Z-Gly-Gly-Arg-AMC,
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows the correlation of thrombin generation with the interational
normalized ratio (INR) in anticoagulated patients treated with warfarin, Thrombin
generation was measured at 10 minutes in plasma samples from patients receiving stable
warfarin therapy (n = 137, Data from patients receiving warfarin therapy is presented as
quintiles of the INR results. Error bars show standard errors.

FIG. 1B shows the correlation of thrombin generation with activated partial
thromboplastin time (aPTT) in anticoagulated patients treated with enoxaparin, Plasma
thrombin generation was measured in 16 enoxaparin-treated patients. Anti-fXa units were
measured by COATEST LMW assay according to the manufacturer’s instructions. Groups
were compared by Btudent’s f-test,

FIG. 1C shows the correlation of thrombin generation with aPTT in
anticoagulated patients treated with unfractionated heparin (UFH). Plasma thrombin

Il
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generation was measured in 15 patients. Anti-fXa units were measured by COATEST
LMW assay according to the manufacturer’s instructions, Groups were compared by
Student’s t-test,

FIG. 2 shows the dose responsive mhibition of fn wive thrombosis in the
baboon model and provides evidence that the in vitro assay is predictive of in vivo
antithrombotic activity. Indium labeled platelet deposition in the chamber over time
following infusion of vehicle or betrixaban. The number of Tabeled platelets in the chamber
were normalized for pre-infusion platelet counts for individual amimals. Data represent
miean + standard deviation. Platelet deposition at 140 minutes was analyzed by ANOVA
followed by Dunnett’s post-test. Dose 3 (26-38 ng/ml) had a significant decrease compared
to control (P < 0.05) and dose 4 (54-88% ng/m]) had a significant decrease compared to
control (P value < 0,01}

FIG, 3 shows dose responsive inhibition of thrombin generation in whole
blood from healthy human volunteers. Whole blood was treated with the stated
concentration (in nM) of betrixaban prior to nitiation of test. Relative fluorescence units
resulting frant ¢leavage of labeled thrombin substrate s shown.

FIGS. 44 and 4B shows dose responsive inhibition of thrombin generation in
whole blood from healthy human volunteers. Whole blood was treated with the stated
concentration of fondaparinux (in nM) prior to initiation of test. The range of fondaparinux
concentration depicted in FIG. 4B corresponds to levels of therapeutic anticoagulation used
in orthepedic surgery and acute coronary syndrome patients, Relative fluorescence units
resulting from cleavage of labeled thrombin substrate is shown.

FIG. 5 shows data from in vitro assays performed with plasma from healthy
human volunteers orally dosed with betrixaban. This is more thoroughly discussed in
Example &,

FIG. 6 shows the percentage of patients with venous thromboembolism
(VTE) and 95% confidence intervaly for betrixaban and enoxaparin as determined by the
study in Example 9 with unilateral venography between Days 10 and 14 and for enoxaparin
historical controls (B and C) from studies using bilateral venography performed between
Diays 10 and 14 post orthopedic surgery (total knee replacement). This is more thoroughly

discussed in Example 9. The details of the study corresponding to Enox B are reporied in

12
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Blood 102 (11,2003, The details of the study corresponding to Enox € are reported in the
reference by Lassen et al, (/ Thromb Haemostasis 2007, September 15).

FIG. 7 shows the reduction from baseline thrombin generation upon
freatment with varying doses of betrixaban and enoxaparin at day 2, discharge and the
venogram. Mean change from basehine relative fluorescence units (4 standard error of the
mean) in plasma thrombin generation, by visit and treatment is shown, Patients discharged
on Day 2 are also represented in the average value for that study day.

F1G. 8 shows the changes in anti-fXa activity of the varying doses of
betrixaban and enoxaparin at day 2, discharge and the venogram. Mean (& standard error of
the mean) anti-fXa Eii:ﬁi‘ifi‘é}f (UfmL), as measured by Coatest LMW heparin assay, by visit

and treatment is shown, The detectable Hmir for anti £¥a was 0.05 U/ml; values below the

table it were set to 0.025. Patients discharged on Day 2 are also represented in the
2 i

]
b
1]
&y
e
ey

average valne for that study day,

FIG, 9 shows the betrixaban concentration i plasma (ng/mLy of the varying

doses of betrizaban at day 2, discharge and the venogram

DETAILED DESCRIPTION OF THE X TN

Before the compositions and methods are described, it 18 to be understood
that the invention is not limited to the particular methodologies, protocols, cell lines, assays,
and reagents described, as these may vary. It is also to be understood that the ierminology
used herein is intended to describe particular embodiments of the present invention, and 18
in no way intended to limit the scope of the present invention as set forth in the appended
claims,

Unless defined otherwise, all technical and scientific tevms used herein have
the same meanings as commonly understood by one of ordiary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, the preferred
methods, devices, and materials are now described. All technical and patent publications
cited herein are incorporated herein by reference in their entirety. Nothing herein is to be
construed as an admission that the invention 1s not entitled to antedate such disclosure by

virtue of prior invention.
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The practice of the present inventon will employ, unless otherwise

indicated, conventional techniques of tissue culture, immunology, molecular biology,
microbiology, cell biology and recombinant DNA, which are within the skill of the art. See,
¢.z., Sambrook and Russell eds. (2001) Molecular Cloning: A Laboratory Manual, 3 3
edition; the series Ausubel et al. eds. (2007) Current Protocols in Molecnlar Biology, the
series Methods in Enzymology (Academic Press, Inc., N.Y.): MacPherson etal. (1991) PCR
1 A Practical Approach (IRL Press at Oxford University Press): MacPherson et al. (1995)
PCR 2: A Practical Approach; Harlow and Lane eds, (1999) Antibodies, A Laboratory
Manual; Freshney (2003 Culture of Animal Cells: A Manual of Basic Techigue, 57
edition: Gait ed. (1984) Oligonucleotide Synthesis; U.S. Patent No. 4,683,195; Hames and
Higeing eds. (1984) Nucleic Acid Hybridization: Anderson (1999} Nucleic Acid
Hybridization: Hames and Higging eds. (1984) Transeription and Translation; Immobilized
Cells and Enzymes (IRL Press (1986)); Perbal (1984) A Practical Guide to Molecular
Cloning; Miller and Calos eds. (1987) Gene Transfer Vectors for Mammalian Cells (Cold
Spring Harbor Laboratory): Makrides ed. (2003) Gene Transfer and Expression in

Mammalian Cells; Maver and Walker eds. (1987) Immunochemical Methods in Cell and

Molecular Biology (Academic Press, London); Herzenberg et al. eds (1996) Wen's

Handbook of Experimental Immunology: Manipulating the Mouse Embryo: A Laboratory

e

Manual, 3% edition {Cold Spring Harbor Laboratory Press (2002)).
All numerical designations, ez, pil, temperature, time, concentration, and
molecular weight, including ranges, are approximations which are varied ( -+ yor (- ) by
increments of 0.1, Tt is to be undersiooad, although not always explicitly stated that all
numerical designations are preceded by the term “gbout™. It also is o be understood,

although not always explicitly stated, that the reagents described herein are merely

exemplary and that equivalents of such are known in the art.
i. Delinitions

In accordance with the present invention and as used herein, the following
terms are defined with the following meanings, unless explicitly stated otherwise.

As used in the specification and claims, the simgular form an’” and “the”
include plural references unless the context clearly dictates otherwise, For example, the
term “a cell” includes a plurality of cells. including mixtures thereof.

14
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As used herein, the term “comprising” or “comprises” is intended to mean
that the compositions and methods include the recited elements, but not excluding others.
“Consisting essentially of” when used to define compositions and methods, shall mean
excluding other elements of any cssential significance to the combination for the stated

purpose. Thus, a composition consisting essentially of the clements as defined herein would

not exclude trace contaminants from the isolation and purification method and
pharmaceutically acceptable carriers, such as phosphate buffered saline, preservatives and
the like, “Consisting of" shall mean excluding more than trace elements of other
ingredients and substantial method steps for administering the compositions of this
invention or process steps to produce a composition or achieve an intended result
Embodiments defined by cach of these transition terms are within the scope of this

veniion.

The term “aggregate daily dose” refers to the amount of drug or compound
administered ina 24 hour period.

The term “test sample” or “assay solution™ comprises whole blood or blood
plasma (either antivoagulated or nonantico z‘aguiate(i}; tissue factor (TF™), u detectably-
labeled thrombin substrate, and a test compound. The solution may also contain a number
of suitable solvents, such as dimethylsulfoxide (DMSO). Inone embodment, the blood or
plasma in the test sample or assay solution is not treated or fitrated with enzymes, including
reptile venom enzymes, such as Repiilase®. In another embodiment, the blood or plasma is
not platelet-rich.

The term “tissue facior” or TF is present in subendothelial tissue, platelets,
and leukocytes and is necessary for the initiation of thrombin formation from the zymogen
prothrombin. TF is also referred to as thromboplastin, factor 1, or CD142, The TF used in
the methods of this invention are preferably human recombinant human TF which s
commercially available from Dade Behring Pharmaceuticals or American Diagnostica, Inc.
The TF used m the assays may also be endogenous or a combination of endogenous and
CXOECROUE,

The term “test compound™ as used herein refers to a non-peptidic compound
having a molecular weight of less than 1300 Daltons. This term also refers to small

heparinoid and saccharide moieties having of molecular weight of less than 5000 Daltons.

o
(4]
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The term “control sample” refers to the test sample or assay solution with the
where the tost compound is absent.

The term “nonanticoagulated whole blood” refers to bleod collected from a
patient which has not received anticoagulation therapy by an antithrombotic agent. This
also refers to blood from a patient that may have received anticoagulation therapy but any
benefit or effect is no longer realized.

The term “anticoagulated whole blood” or “anticoagulated plasma’™ refers 10

blood or plasma taken from patients who recently or are currently undergoing anticoagulant

therapy. This also refers to blood from human donors which is obtained by venipuncture
and collected in a medium containing exogenously added anticoagulant such as citrate,
EDTA, or heparin.

The term “detectably=labeled thrombin substrate™ refers to a thrombin
substrate that is labeled by any number of well-known detectable labels. These labels
inctude, but are not limited to, fluorescent labels, phosphorescent labels, chemiluminescent
labels, electrochemiluminecent labels, and radioactive labels. In one embodiment of the
mvention, the labeled substrate is Z-Gly-Gly-Arg-AMC, commercially available from
Bachem.

The term “antithrombotic activity” refers to the compounds ability to inhibit
thrombus formation with acceptable effects on classical measures of coagulation
parameters, platelets, and platelet function. Conditions characterized by undesired
thrombosis include those invelving the arterial and venous vasculature, With respect to the
coronary arterial vasculature, abnormal thrombus formation characterizes the rupture of an
established atherosclerotic plaque which is the major cause of acute myocardial infarction
and unstable angina, as well as also characterizing the ccclusive coronary thrombus
formation resulting from cither thrombolytic therapy or percutancous transluminal coronary
angioplasty (PTCA).

With respect to the venous vasculature, abnormal thrombus formation
characterizes the condition observed in patients undergoing major surgery in the lower

- fromn thrornbus formation m the venous

o

extremities or the abdominal area who often suff
vascatlature resulting in reduced blood flow to the affected extremity and a predisposition to

pulmonary embolism. Abnormal thrombus formation further characterizes disseminated

16
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intravascular coagulopathy which commonly oeeurs within both vascular systems during
septic shock, cerfain viral infections and cancer, a condition wherein there is vapid
consumption of coagulation factors and systemic coagulation which results in the formation
of life-threatening thrombi oceurring throughout the microvasculature leading to widespread
organ failure

Evidence of antithrombotic activity will lend to usefulness in anticoagulant
therapy for preventing coagulation of stored whole blood and to prevent coagulation in
other biclegical samples for testing or storage.

The term "alkenyl” refors to a trivalent straight chain or branched chain
unsaturated aliphatic radical, The term "alkinyl” (or "alkyny!") refers to a straight or
branched chain aliphatic radical that includes at least two carbons joined by a triple bond. If
no number of carbons is specified alkeny! and alkinyl cach refer to radicals having from 2-
12 carbon atoms.

The term "alkyl™ refers to saturated alipbatic groups including straight-chain,
branched-chain and cvelic groups having the number of carbon atoms specified, or it no
number is specified, having up te 12 carbon atoms. The term “cycloalkyl” as used hevein
refers to @ mono-, bi-, or tricyclic aliphatic ring having 3 to 14 carbon atoms and preferably
310 7 carbon atoms. The e “alkyvione” refors to an alkyl group which is divalent, Le.,
“CHye,

As used herein, the terms "carbocyelic ring structure” and "Cae carbocyelic
mono, bicyelic or tricyelic ring structure™ ov the like are cach intended to mean stable ring
structures having only carbon atoms as ring atoms wherein the ring structure 1s a substituted
or unsubstituted member selected from the group consisting of & stable monocyclic ring
which is aromatic ring ("aryl™) having six ring atoms; a stable monocyclic non-aromatic
ring having from 3 to 7 ring atoms in the ring: a stable bicyclic ring structure having a total

of from 7 to 12 ring atoms in the two tings wherein the bicyelic ring structure is selected

from the group consisting of ring structures in which both of the rings are aromatic, ring

structures in which bothof the rings

structures in which one of the vings is arematic and ring

are non-aromatic; and a stable tricyelic ring structure having a total of from 10 to 16 atoms
in the three rings wherein the tricyelic ring structure is selected from the group consisting

S ring structures in which three of the rings are aromatic, ring structures in which two of



the rings are aromatic and ring structures in which three of the rings are non-aromatic. In

ch case, the non-aromatic rings when present in the monocyelic, bicyclic or tricyelic ring
structure may independently be saturated, partially saturated or fully saturated. Examples of
such carboeyelic ring structures include, but are not limited to, cyclopropyl, cyclobutyl,

5 cyclopentyl, eyclohexyl, adamantyl, cyclooctyl, [3.3.0]bicyclooctane, [4.3.0]bicyclononane,
[4.4.0 bicyclodecane (decalin), [2.2.2]bicyelooctane, fluorenyl, phenyl, naphthyl, mdanyl,
adamantyl, or tetrahydronaphthyl (tetralin). Moreover. the ring structures described herein
may be attached to one or more indicated pendant groups via any catbon atom which results
in a stable structure. The term "substituted” as used in conjunction with carbocyclic ring

10 structures means that hydrogen atoms attached to the ring carbon atoms of ring structures
described herein may be substituted by one ormore of the substituents indicated for that
structure if such substitution(s) would result in a stable compound.

The term "aryl” which is included with the term "earbocyclic ring structure”
refers to an unsubstituted or substituted aromatic ring, substituted with one, two or three

substituents selected from loweralkoxy (O-C g alkyly, lowerallivl (-Crs alkyl),

M
(oL

loweralkylamino (-NRR, where | or 2 of R is loweralkyl), hydroxy, halogen, cyano,

hydroxyl, mercapto, nitro, thioalkoxy (-S-alkyly, carboxaldehyde (-OC(O)-H), carboxyl

(-CHOYOHY, carboalkoxy (-C(0)-O-alkyly and carboxamide (-C{O)-NH,), including but not

timited to carbocyelic aryl, heterocyelic arvl, and biaryl groups and the like, all of which
20 may be optionally substituted. Preferved aryl groups include phenyl, halophenyl,

loweralkylphenyl, napthyl. biphenyl, phenanthrenyl and naphthacenyl.

The term "arvialkyl” which is included with the term "carboeyclic aryl”

refers to one, two, or three aryl groups having the number of carbon atoms designated,

appended to an allyl group having the number of carbon atoms designated. Suitable

]
L%

~vialkyl groups include, but are not limited to, beozyl, picolyl, naphthylmethyl, phenethyl,
‘imnzy%;}fﬁryh frityl, and the like, all of which may be optionally substituted.
s ~ﬁ~5{§ };., ey i% T . “i ey E {Y ; PR S—— ,r’§ vy ey owusiormn '
As used herein, the werm "heterocyelic ning” or "heterocyclic ving system” 18
intended to mean a substituted or unsubstituted member selected from the group consisting
of stable monocyclic ring having from 527 members in the ring ttself and having from 1 to 4
30 hetero ring atoms selected from the group consisting of N, O and S: a stable bicyelic ring

structure having a total of from 7 to 12 atoms in the two rings wherein at least one of the

%
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two tings has from 1 to 4 hetero atoms selected from N, O and 8, including bicyclic ring
structures wherein any of the deseribed stable monocyelic heteroeyelic rings is fused to a

hexane or benzene ring; and a stable tricyelic heterocvelic ring structare having o total of

from 1010 16 atems in the three rings wherein at least one of the three rings has from 1 to 4

hetero atoms selected from the group consisting of N, O and S, Any nitrogen and sulfur

atoms present in a heterocyelic ring of such a heterocyclic ring structure may be oxidized.
Unless indicated otherwise the terms "heteroeyclic ring” or "heterocyclic ring system”
inctude aromatic rings, as well as non-aromatic rings which can be saturated, partially
saturated or fully saturated non-aromatic rings. Also, unless indicated otherwise the term
"heterocyelic ring system” includes ring structures wherein all of the rings contain at least
one hetero atom as well as structures having less than all of the rings i the ring structure
containing at least one heteroatom, for example bicyelic ring structures wherein one ring 18
a benzene ring and one of the rings has one or more hetero atoms are included within the
term "heterocyclic ring systems” as well as bicyelic ring structures wherein each of the two
vings has at least one hetero atom. Moreover, the ring structures described herein may be
attached to one or more indicated pendant groups via any hetero atom or carbon atom which
results in a stable structure. Further, the term "substituted” means that one or more of the
hydrogen atoms on the ring carbon atom(s) or nitrogen atom(s) of the cach of the rings in
the ring structures described herein may be replaced by one or more of the indicated
substituents if such replacement(s) would result in a stable compound. Nitrogen atoms in a
ring structure may be quaternized, but such compounds are specifically indicated or are

included within the term "a pharmaceutically acceptable salt™ for a particular compound,

When the total number of O and 8 atoms in 2 single heterc ic ring is greater than 1,4t s
pwfez‘mé that such atoms not be adjacent to one another. Preferably, there are no more that
I O or S ring atoms in the same ring of a given heterocyelic ring structure
Examples of monocylic and bicyelic heterocyelic ring systems, in
alphabetical order, ave acridinyl, azocinyl, benzimidazolyl, benzofuranyl. benzothiofuranyl,
benzothiophenyl, benzoxazolyl, benzthiazolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl,
henzisothiazolyl, benzimidazalinyl, carbazolyl, 4aH-carbazolyl, carbolinyl, chromanyl,

chromenyl, cinnolinyl, decahydroquinolinyl, 2H,6H-1,3 2-dithiazinyl, diliydrofure[2,3-

Bitetrahydrofuran, furanyl, furazanyl, imidazolidinyl, imidazolinyl, imidazolyl

19
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[ H-indazolyl, indolinyl, indelizinyl, indolyl, 3H-indolyl, isobenzofuranyl, isochromanyl,
isoindazolyl, isoindolinyl, isoindolyl, isoquinoliny! (benzimidazolyl), isothiazolyl,
isoxazolyl, morpholingl, naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl,
1,2, 3-oxadiazolyl, 1,2, 4-oxadiazolyl, 1,2, 5-oxadiazolyl, 1.3, 4-oxadiazolyl, oxazolidingl,
ywazolyl, oxazolidingl, pyrimidinyl, phenanthridinyl, phenanthrolinyl, phenazinvl,
g}i‘iﬁtn{}‘f}!iaxinj&, phenoxathiinyl, phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl,
pteridinyl, purinyl, pyranyl, pyrazinyl, pyroazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl,
prvidoosazole, pyridoimidazole, pyridothiazole, pyridinyl, pyridyl, pyrimidinyl,
pyrrolidinyl, pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl, quinelinyl, 4H-quinolizinyl,
quinoxalinyl, quinuclidinyl, tetrahydrofuranyl, tetrahydroisoquinolinyl,
ak:“:msiﬁys"zqu;%m}lmyi., 11-1,2, 5-thiadazinyl, 1,2 3-hiadiazolyl, 1,2, 4-thiadiazolyv],

2, 5-thiadiazolvl, 1 3. dthiadiazolyl, thianthrenyi, thiszol yi thienvl, thicnothiazolyl,
thienooxazolyl, thienoimidazolyl, thiophenyl, triazinyl, 1,2 3-triazelyl, 1.2, 4-trinzolyl,
1,2,5-triazolyl, 1,5,4<triazolyl and xanthenyl. Preferred heterocyelic ring structures include,
but are not limited to, pyridinyl, furanyl, thienyl, pymolyl, pyrazolyl, pyrrolidinyl,
imidazolyl, indolvl, benzimidazolyl, 1H-indazolyl, oxazolingl, or isatinoyl. Also meluded
are fused ring and spiro compounds containing, for example, the above heterocylic ring

structures

Asused herein the term "aromatic heterocyclic ring system” has essentially
the same definition as for the monooyelic und bicyelic ring systems except that af least one
ring of the ring system is an aromatic heteroevelie ring or the bicyelic ring has an aromatic
or non-aromatic heterocyelic ring fused to an aromatic carboeyelic ring structure.

The terms "hale” or "halogen” as used herein vefer to CL Br, Forl
substituents, The term "haloalkyl”, and the lke, refor to an aliphatic carborn vadicals having
at least one hydrogen atom replaced by a CL, Br, F or T atom, including mixtures of different
halo atoms. Trihaloalkyl includes triflucromethyl and the like, for example.

The term “methylene” refers (o -CHy-

The term “pharmaceuticallv acceptable salts™ includes salts of compounds
derived from the combination of a compound and an organic or morganic acid. These

compounds are useful in both free base and salt form. In practice, the use of the salt form



R

—
R £

30

amounts to use of the base form; both acid and base addition salts are within the scope of
the present invention.

“Pharmaceutically &iﬁmg&z%ii‘ acid addition salts™ refers to salts retaining the
bivlogical effectiveness and properties of the free bases and which are not biologically or

otherwise undesirable, formed with inorganic acids such as hydrochloric acid, i'zydzmbye’smic
acid, sulfuric acid, nitric acid, phosphoric acid and the like, and organic acids such as acetic
acid, propionic acid, glyeolic acid, pyruvic acid, oxalic acid, maleic acid, malonic acid,
succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic
acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicyclic acid and
he like.

“Pharmaceutically acceptable base addition salts” include those derived from
inorganic bases such as sodium, potassium, lithium, ammonium, calcium, magnesium, ron,
zine, copper, manganese, aluminum salts and the like. Particularly preferred are the
apmoniunm, potassium, sodium, calcium and magnesiunt salts. Balts derived from
pharmaceutically acceptable organic nontoxic bases include salts of primary, secondary, and
tertiary amings, substituted amines including naturally oceurring substituted amines, cyche
amines and basic lon exchange resins, such as isopropylamine, trimethylamine,
diethylamine, triethylamine, tripropylamine, cthanolamine, 2-diethylaminoethanol,
trimethaming, dicyclohexylamine, lysine, arginine, histiding, caffeine, procaing,
hydrabamine, choline, betaine, ethylenediamine, glucosamine, methylglucamine,
theabromine, purines, piperizine, piperidine, N-ethylpiperidine, polvamine resins and the
like. Particularty preferred organic nontoxic bases are isopropylamine, diethylamine,

ethanolamine, trimethamine, dicvelohexylamine, choline, and caffeine.

"Biological property” for the purposes herein means an i vive effector or
antigenic function or activity that is directly or indirectly performed by a compound of this
nvention that are eften shown by in vitre assays. Bffector functions inclode receptor or
Hegand binding, any enzyme activity or enzyme modulatory activity, any carrier binding
activity, any hormonal activity, any activity in promoting or inhibiting adhesiop of cells to
an extracellular matrix or cell surface molecules, or any structural role. Antigenic functions
include possession of an epitope or antigenic site that is capable of reacting with antibodics

raised against it

e



In the compounds of this invention, carbon atoms bonded to four non-
identical substituents are asymmetric. Accordingly, the compounds may exist as
diasterevisomers, enantiomers or mixtures thereol. The syntheses described herein may
employ racemates, enantiomers or diastercomers as starting materials or intermediates.

5 Diastercomeric products resulting from such syntheses may be separated by
chromatographic or erystallization methods, or by other methods known in the art.
Likewise, enantiomeric praduct mixtures may be separated using the same technigques or by
other methods known in theart. BEach of the asymumetric carbon atoms, when present in the
compounds of this invention, may be in one of two configurations (R or 5} and both are

10 within the scope of the present invention.
2. Methods of Inhibiting Blood Coagulation and Unit Dose Formulations

One aspect of the invention provides methods of inhibiling blood coagulation
in a human patient by administering to the patient a coagulation inhibiting amount of a

factor Xa inhibitor compound. This aspect relates to the surprising discovery that the unit

W
Ly

dose of the factor Xa inhibitor compounds disclosed herein required to mhibit coagulation

in a primate is lower than the dose unit required to obtain similar levels of coagulation

inhibition in other animal models, such as rodents. As described further i the Examples

and Figures, this species specificity was demonstrated in in vivo assays and by in vitro

extensions of prothrombin time (FT) in rat, rabbit, baboon and human plasma. A two-fold

20 increase of PT was attained at concentrations of 8.9 puM inrvat and 1.6 uM in rabbit as
compared to the primates where the two-fold change in PT was observed at 1 1M in baboon
and 0.4 yh in humans.

The factor Xa inhibitor compounds are useful in treating disease states in

mammals which have disorders of coagulation such as in the treatment or prevention of

25 unstable angina, refractory angina, myocardial infarction, transient ischemic attacks,
thrombotic stroke, embolic stroke, disseminated intravascular coagulation including the
wreatment of septic shock, deep venous thrombosis in the prevention of pulmenary
embolism or the treatment of reocclusion or restenosis of reperfused coronary arteries.
Further, these compounds are uscful for the treatment or prophylaxis of those discases

30 which involve the production and/or action of factor Xa/prothrombinase complex. This

includes a number of thrombotic and prothrombotic states in which the coagulation cascade

e
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is activated which include but are not Hmited to, deep venous thrombosis, pulmonary
embolism, myocardial infarction, stroke, thromboembeolic complications of surgery and
peripheral arterial occlusion. Other discases treatable or preventuble by the administration
of compounds of this invention include, without limitation, occlusive coronary thrombus
formation resulting from either thrombolytic therapy or percutaneous transluminal coronary
angioplasty, thrombus formation in the venous vasculature, disseminated intravascular
coagulopathy, a condition wherein there is rapid consumption of coagulation factors and
systemnic coagulation which results in the formation of life-threatening thrombi occurring
throughout the microvasculature leading to widespread organ failure, hemorrhagic stroke,
renal dialysis, blood oxygenation, and cardiac catheterization.

Accordingly, one aspect of the invention provides for a method of inhibiting
coagulation i a human patient in need thereof, comprising administering to the patient a
cos gui ation inhibiting amount of a factor Xa inhibitor compound or pharmaceutically

acceptable salt thereof, wherein the coagulation inhibiting amount of the factor Xa inhibitor

compound is an aggregate daily dose from between 0,01 and 2.0 mg/kg. Specific
embodiments of factor Xa inkibitor compounds are shown in Formula L U, 1Y, V and salts
thereof (such as Formula 1T1) as set forth below. Further embediments provide for methods
of inhibiting coagulation in a human patient in need thereof, comprising administering to
the patient a coagulation inhibiting amount of a fuctor Xa inhibitor compound, or
pharmaceutically acceptable salt thereof, wherein the coagulation inhibiting amount of the
factor Xa inhibitor compound 18 an aggregate daily dose from between 0,05 and 2.0 mg/ke;
alternatively, the coagulation inhibiting amount of the factor Xa inhibitor compound is an
aggregate daily dose from between 0.1 and 2.0 mgrkg; or alternatively, the coagulation
inthibiting amount of the factor Xa inhibitor compound is an aggregate daily dose from
between 0.1 or 0.2 and 1.5 me/ke: or alternatively, the coagulation inhibiting amount of the
factor Xa inhibitor compound is an aggregate daily dose from between 04 and 1.2 mgkg:
or alternatively, the coagulation inhibiting amount of the factor Xa inhibitor compound is an

. orabternatively, the coagulation

ageregate daily dose from between 0,43 and 115 m
inhibiting amount of the factor Xa inhibitor compound is an aggregate daily dose from

£oe ey

between 0.45 and 0.55 me/kg. In still another embodiment of the imvention, the amount of

()
L
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the factor Xa inhibitor compound administered to a human is such that the serum level is
about 1 pM or less.

Another aspect of the invention provides for the unit dose formulations
comprising a pharmaceutical composition comprising @ pharmaceutically acceptable carrier
and a coagulation inhibition amount of the factor Xa inhibiter compound, or
pharmaceutically acceptable salt thereof, wherein the coagulation inhibiting amount of the
factor Xa inhibitor compound is an aggregate daily dose between 0.01 to 2.0 mg/kg;
alternatively, the coagulation inhibiting amount of the factor Xa inhibitor compound 15 an
apgregate daily dose from between 0.05 and 2.0 myg/kg alternatively, the coagulation

t

inhibiting ameunt of the factor Xa inhibitor compound is an aggregate daily dose from

between (.1 and 2.0 my/kg; or alternatively, the eoagulation inhibiting amount of the factor

gate daily dose from between 0.2 and 1.5 mgfg; or

fe

Xa inhibitor compound is an aggre
alternatively, the coagulation inhibiting amount of the factor Xu inhibitor compound is an
aggregate daily dose from between 0.4 and 1.2 mg/kg, or alternatively, the coagulation
inhibiting amount of the factor Xa inhibitor compound is an aggregate daily dose from
between 0.43 and 1.15 me/ky; or alternatively, the coagulation inhibiting amount of the
factor Xa inhibitor compound 1s an aggregate daily dose from between about 0.45 and about
(.55 mg/lig.

The formulations are further described tn the section titled “formulations.”

3 Thrombin Generition Assay

Current measures for monitoring coagulation status (activated partiad
thromboplastin time (aPTT), prothrombin time (PT), international normalized ratio (INR),
activated elotting time (ACTY, dnti £Xa units) have been developed for existing
anticoagulants (i.e., heparins and warfarin). The available tests are not sensitive enough to
evaluate therapeutic concentrations of direct fXa fnhibitors.

Since the true target of fXa inhibitors 1s the membrane associated
prothrombinase complex, an assay measuring thrombin generation would be a superior
measure of the level of anticoagulation achieved in patients dosed with direct fXa mhibitors.
Betrixaban, an orally bicavailable fXa inhibitor in advanced stages of clinical development
(Phiase 113, was used to validate this hypothesis. Betrixaban is an active site direeted,
competitive inhibitor of human {Xa (Ki=117 pM ) and exhibits a greater than 86,000 fold

24
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specificity against related proteases such as thrombin, factor Vila, factor IXa, activated
protein C, tissue plasminogen activator, plasmin and trypsin. Betrixaban is & potent inhibitor

of the prothrombinase complex (Ki=801 pM).

says known in the art, such as those described in Sinha et al., ATVE 2003,
23: 1098-1104, incorporated by reference in its entirety herein, are distinguishable from

those described herein in that extra steps, such as treating the blood with snake venom or

materials are required or different measurements are being taken. For example, the assé

deseribed in Sinha et al, required that the blood plasma be treated with Reptilase® to
remaove fibrinogen or that platelet-rich plasma be used or that thrombin be measured
indirectly with markers such ag thrombin sntithrombin I complexes,

An aspect of the nvention provides in vitro assays that are predictive of
whether a compound has in vive antithrombetic activity. The antithrombotic activity can be
determined using whole blood measuring the thrombin activity. The amount of thrombin is
correlated with anticoagulation activity in FIG. 1A, 1B, and 1C. This assay is further
correlated with i vive anticoagulation activity and discussed more thoroughly in FIG. 2 and
the Examples.

The assays involve determining thrombin activity in the presence and
absence of a test compound. I one embodiment, an assay solution is prepared. The assay

solution is comprised of nonanticoagulated whole blood, tissue Tactor (TF), and &
detectably-labeled thrombin substrate, such as Z-Gly-Gly-Arg AMC. A test compound of
interest is added to the assay solution and the cleavage of the detectably-labeled thrombin
substrate is measured as a function of time. The order of introduction of the components
inie the assay solotion can be varied.

A control assay is also performed with the assay solution in the absence of 2
test compound, A reduction in thrombin activity, as indicated by a decrease in thrombin
substrate cleavage, in the assay with the test compound relative to the control assay
indicatzs that the test compound has antithrombotic activity in vivo.

In an alternative embodiment. the assay does not include exogenously added
TF. Instead the assay solution is stirred to activate the TF endogenously present in the cells

in whole blood.
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in other embodiments of the assay, the assay solution is comprised of
anticoagulated whole blood or anticoagulated plasma instead of nonanticoagulated whole
blood.

Accordingly, one aspect of the invention provides for an ir vitro assay to

deternmine whether a compound has in vive antithrombotic activity comprising:

al introducing a test compound into an i virre sample of
nonanticoagulated whole blood comprising tissue factor (TF) and a detectably-
tabeled thronibin substrate to form g test sample;

b) determining the level of thrombin activity in the test sample by
monitoring the cleavage of the detectably-labeled thrombin substrate in the test
sumple as o function of tine;

¢y determming the level of thrombin activity in a control sample by

monitoring the cleavage of the detectably-labeled thrombin substrate in the control

sample as a function of time, wherein the control sample comprises
nonanticoagulated whole blood comprising tissue factor (TF) and a detectably-
tabeled thrombin substrate;

d3 comparing the level of thrombin detivity in the test sample and the
control sample, wherein a lower level of thrombin activity in the test sample is an
indication that the test compound has in vive antithrombotic activity,

In other specific embodiments, the anticoagulated whole blood of a) is

replaced with either nonanticoagulated whole blood, anticoagulated plasma, or

nenanticoagulated plasma.
Z. Factor Xa Inhibiter Compounds

Several factor Xa inhibitors have been reported as polypeptides derived from
hematophagous organisms, as well as compounds which are not large polypeptide-type
inhibitors. Additional factor Xa inhibitors melude small molecule organic compounds, such
as nitrogen containing heterocyelic compounds which have amidino substituent groups,
wherein two functional groups of the compounds can bind to factor Xa at two of its active
sites, For example, WO 9828269 describes pyrazole compounds having a terminal
amiding (<CENH-NH) groups WO 97721437 deseribes benzimidazole compounds
substituted by a basic radical which are connected to a naphthyl group via a straight or

26
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branched chain alkylene, -C(=0)- or -5(=0),~ bridging group; WO 99/10316 describes
compounds having a 4-phenyl-Nealkylamidino-piperidine and 4-phenoxy-N-alkylamidino-
piperidine group connected to a I-amidinophenyl group via a carboxamidealkyleneamine
bridge; and EP 798295 describes compounds having a 4-phenoxy-N-alkylamidino-

5 piperidine group connected to an amidinonaphthyl group via a substituted or unsubstituted
sulfonamide or carboxamide bridging group. Additional reported factor Xa inhibitors
include those having a structure comprising a phenvl-amidine, phenvl, and halo-phenyi
connected via amide linkages (U5, Patent No. and 6,376,513 and 6,844,367), Other fuctor
Ka inhibitors have replaced the halo-phenyl with a halo-pyeidyl (see ULS. Patent Nos.

10 6,376,515 B2 and 6,835,739), In specific embodiments of this invention, the factor Xa

inhibitors are compounds of the Formula §described above, Compounds of Formula I are

5.

Patent Mo, 6,844,367 and 6,376,515, incorporated by reference n iis

disclosed m U

entirety herein.
n some embodiments of the invention. the factor Xa inhibitor is a compound

15 ofFormula IV:

R;d e f‘i &2
P P e
P )
D2 U \”””};\
Hl‘i? [ R
H;{\I’J\\G
udﬁé\\
[
/
gj:{?ﬁ
Iy

wherein:
77 and 277 are cach independently a €-Cy alkyl which is optionally substituted with
20 a hydroxyl, carboxylic acid.or carboxylic acid ester group:
1" s selected from the group consisting of:
H, -F, -Cl, and Br;
R'? and R'" are cach H;
R¥ and ' are each independently a member selected from the group consisting

ot
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H, -1, <F, -Br, -0 and ~OCH;; and

R is a member selected from the group consisting of:
L SCL B, SO, -CHs, and ~OCH;,

or a pharmaceutically aceeptable salt thereof,

Exemplary compounds of Formula IV are selected from the following:

it

I g
7 ”“ﬁ.,»;-‘/gwr %




I another embodiment of the inventon, the factor Xa inhibitoris a

compound of formula V-

N
i
-
[ x

wherein:

A~ 15 o menber selected from the group consisting of:

29



where 7 is a T alkyl which is optionally substituted with a hydroxyl, carboxyvlic
acid or carboxylic acid ester group;
R"™ is selected from the group consisting of’
H, -F, -Cl, and Br;
R and R™ are each H:
R and 8 are each independently a meraber selected from the group consisting
of:
H, -, -F, -Br, ~OF and ~OCH;;
R is a member selected from the group consisting of:
-F, -Cl, -Br, -OH, «CHa, and ~OCH;,
ora pharmaceutically acceptable salt thereof,

Exemplary compounds of Formula V include, but are not limited to:
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in further embodiments of the nvention, the factor Xa inhibitors are

compounds of Formula Ik

as well as all pharmauceutically acceptable isomers, salts, bydrates, solvates and prodrug
derivatives thereof. Compounds of Formula 1T are disclosed as Example 206 in 15, Patent

Nos. 6,376,515 and 6,835,739, both of which are incorporated by reference in their entirety



herein, The compound of formulda 11 bas the generie name of betrixaban and is sometimes
veferred to this iroughout,

Ina specific embodirnent, the salt of a compound of Formula IT is a maleate
suli. The maleate salt be formed by protonating one or more nitrogen atoms of the
compound of Formula 11, In one embodiment, the amidino nitrogen (=NH) of Formuda I is
protonated (=NH, ") to form the salt

In one embodiment, the maleate salt of the compound of Formula 1T is

represented by Formuola 111

o v WC'

FC O, fﬁ\ /i \’“W

Iy
% i
\vw"y e H
N v
o s
I

N \fg,s\m H OO COOH

N.
HaC™ CH.
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This is also referred to herein a4 betrixaban maleate,

tn another embodiment, the present invention provides a salt of Formula 111
having a erystalline polvmorph form. In preferred embodiments, the crystalline polymorph
form exhibits o powder Xeray diffracton pattern having at least four and more preferably
wight of the following approximate characteristio peak locations: 4.9, 9.7, 13.8, 1.1, 15.2,
17.6, 18,5, 208, 216, 22.7. 24 1. 26,5, 26.8 degrees 200 In still another embediment, the
poweder Xeray diffraction pattern has approximate characteristic peak locations 0f 4.9, 9
G, 138, 140, 152, 176, 18,5, 199, 208, 21,6, 22.7, 24.1, 25,0, 263, 26.8 degrees 20,
The invention contemplates that the approximate characteristic peaks will have s deviation
ofup to abouwt + 0.2 degrees 28, See POT/UB2006/436335, filed November 7, 2006,
incarpordted by reference in its entivety herein, for further disclosure of salts and

polymorphs of salts of the compound of Forraula I1.
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i, Formulations

One embodiment of this invention is direct to a unit dose formulation. The
unif dose Tormulation comprises a pharmaceutical composition comprising a factor Xa
inhibitor as described above and & pharmaccutically acceptable carrier. The factor Xa
inhibitor is presentin an effective coagulation-inhibition amount which is typieally between
about 0.1 mg/kg and about 2.0 mg/kg. In certain embodiments, the dose is formulated to
administered once or twice daily, such that the total amount per day is the coagulation-
effective amount, In some embodiments, the unit dose formulation is for oral deliv

In the management of thrombotic disorders the compounds and/or salts of

s orelixirs

this invention may be utilized in compositions such as tablets, capsules, lozeng
for oral administration, suppositories, sterile solutions or suspensions or injectable
administration, and the like, or incorporated into shaped articles. The method of
administration will vary from subject to subject and be dependent upon such factors as the
type of mammal being treated, its sex, weight, diet, concurrent medication, overall clinical

condition, the particular compounds and/or salts employed. the specific use for which these

)

compounds and/or salts are employed, and other factors which those skilled in the medica
arts will recogmize,
Capsules useful in the present invention can be prepared um’ng, conventional

2. Patent Wo.

and known encapsulation technigues, such as that described in Stroud et al, U
5,735,105, The capsule is typically a hollow shell of generally cylindrical shape having a
diameter and length sufficient so that the pharmaceutical solution compositions containing
the appropriate dose of the active agent fits inside the capsule. The exterior of the capsules
can include plasticizer, water, gelatin, modified starches, gums. carrageenans, and mixtures
thereof, Those skilled in the art will appreciate what compositions are suitable.

In addition to the active agent, tablets uscful in the present invention can
comprise fillers, binders, compression agents, lubricants, disintegrants, colorants, water, tale
and other elements recognized by one of skill in the art. The tablets can be homogencous
with a single laver atthe core, or have multiple layers in order o realize preferred release
profiles. In some instances, the tablets of the instant invention may be coated, such as with
an enteric coating, One of skill in the art will appreciate that other excipients are useful i

the tablets of the present invention.



Lozenges useful in the present invention include an appropriate amount of
the active agent as well as any fillers, binders, disintegrants, solvents, solubilizing agents,
sweeteners, coloring agents and any other ingredients that one of skill i the art would
appreciate is necessary. Lozenges of the present invention are designed to dissolve and
release the active agent on contact with the mouth of the patient. One of skill in the-art will
appreciate that other delivery methods are useful in the present invention.

Formulations of the compounds and/or salts of this invention are prepared
for storage or administration by mixing the salt having a desired degree of purity with

physiologically acceptable carriers, excipients, stabilizers etc., and may be provided in

il

sustained release or timed release formulations. Acceptable carriers or diluents for

therapeutic use are well known in the pharmaceutical field, and are deseribed, for example,
in Remington’s Pharmaceutical Sciences, Mack Publishing Co., (AR, Gennare Ed. 1985}
Such materials are nonfoxic to the recipients at the dosages and concentrations employed,
and include buffers such as phosphate, citrate, acetate and other organic acid compounds
and/or salts, antioxidants such as ascorbic acid, low molecular weight (less than about ten
residues) peptides such as polyarginine, proteins, such as serum albumin, gelatin, or
inmmunoglobulins, hydrophilic polymers such as polyvinylpyrrolidinone, amino acids such
as glyeine, glutamic acid, aspartic acid, or argining, monesaccharides, disaccharides, and
other carbohydrates including cellulose or its derivatives, glucose, mannose or dexirins,

chelating agents such as EDTA, sugar alcohols such as mannitol or sorbitol, counterions
such as sodium, and/or nonionic surfactants such as Tween, Pluronics or
polyethyleneglyeol.

Dosage formulations of the compounds and/or salts of this invention to be
used for therapeutic administration must be sterile. Sterility is readily accomplished by
filtration through sterile membranes such as 0.2 micron membranes, or by othe
conventional methods. Formulations typically will be stoved in lyophilized form or as an
agueous solution. The pH of the preparations of this mvention t }f;‘;i{:zﬁ!éy will be between 3
and 11, more preferably from 5 to 9 and most preferably from 7 1o 8. It will be understood
that use of certain of the foregoing excipients, carviers, or stabilizers will result in the
formation of cyclic polypeptide compounds and/or salts. While the preferved route of

administration is by injection, other methods of administration are also anticipated such as
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intravenously (bolus and/or infusion), subcutaneously, intramuscularly, colomcally, rectally,
nasally or intraperitoneally, emploving a variety of dosage forms such as suppositories,
implanted pellets or small eylinders, aerosols, oral dosage formulations (such as tablets,
capsules and lozenges) and topical formulations such as oiniments, draps and dermal
patches. The sterile membranes of this invention are desirably incorporated into shaped
articles such as implants which may employ inert materials such as biodegradable polymoers
or gynthetic silicones, Tor example, Siiﬂ&tm silicone rubber or other polymers commercially
available.

The compounds and/or salts of the invention may also be administered in the
form of liposome delivery systems, such as small unilamellar vesicles, large unilamellar
vesicles and multilamellar vesicles. Liposomes can be formed from a varicty of lipids, such
as cholesterol, stearviamine or phosphatidyicholines.

The compounds and/or salts of this invention may also be delivered by the
use of antibodies, antibody fragments, growth factors, hormones, or other targeting
moieties, to which the salt molecules are coupled. The compounds and/or salis of this
invention may also be coupled with suitable polymers as targetable drug carriers. Such
polymers can include polyvinylpyrrolidinone, pyran copolymer, polyhydroxy-propyl-
methacrylamide-phenol, polyhydroxyethyl-aspartamide-phenol, or polyethylensoxide-
polylysine substituted with palmitoyl residues. Furthermore, compounds and/or salts of the
invention may be coupled to a class of biodegradable polymers useful in achieving
controlled release of a drug, for example polvlactic acid, polyglyeolic acid, copolymers of
polylactic and polyglycolic acid, polyepsilon caprolactone, polyhydroxy butyric acid,
polyorthoesiers, polyacetals, polydihydropyrans, polyeyanoacrylates and cross linked or
amphipathic block copolymers of hydrogels. Polymers and semipermeable polymer
matrices may be formed into shaped articles, such as valves, stents, tubing, prostheses and

the like.

A, Compound Preparvation
a Salts of the Compound of Formula 11

The compound of Formule 11 can be converted to salts of various inorganic
and organic acids including, but not limited to, HCI salt. lactate, maleate, phenoxyacetate,

propionate, succinate, adipate, ascorbate, camphorate, gluconate, phosphate, tartrate, citvate,

41
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mesylate, fumarate, glycolate, naphthalene-1,5-disulfonate, gentisate and benzene sulfonate.
One of skill in the art will recognize that other acids can be used to make salts comprising
the compound of Formula | that are useful in the present invention. It 1s also contemplated
that salts of the invention can be readily converted to other salts of the nvention.

A number of methods are useful for the preparation of the salis described
above and are known to those skilled in the art. For example, reaction of the compound of
Formula 11 with one or more molar equivalents of the desired acid in a solvent or solvent
mixture in which the salt is insoluble, or in a solvent like water after which the solvent is
removed by cvaporation, distillation or freeze drying. Altematively, the compound of
Formula I may be passed over an ion exchange resin to form the desired salt or one salt
form of the product may be converted to another using the same general process.

The compound of Formula 11 was prepared according to the procedure set
forth below. The maleate salt of the compound of Formula 11 was chosen for its excellent

erystallinity, thermal and hydrolytic stability, and high purity.
b Betrixaban

The compound of Formula I or betrixaban can be prepared according to any
of several different methodologies, either on a gram scale (< | kg or a kilogram scale (> |
kg) A gram-scale method is set forth below in Example 2. Another gram-scale method 15
get forth i ULS, Patent Mo, 6,844,36781, sec Exaraple 266, which is hereby tncorporated by
reference in is entirety.

Alternatively, the compound of Formula Il can be prepared on a kilogram
scale using the procedure set forth in Example 2. The formation of the dimethyl amidine of
Formula 1 involves nucleophilic attack on a cyano group by a deprotonated amine, with the
deprotonated amine formed from a secondary amine and an alkyl lithivm. As used herein,
the term “alkyl” refers to a hydrocarbyl radical of from | to 8 carbon atoms. One of skill in
the art will recognize that the deprotonated amine can be formed via other methods, and
formation of the amidine functionality of Formula 1 can be prepared by a variety of other
methods.

A useful solvent for the method of the present invention as deseribed above
is a aprotic solvent such as tetrahydrofuran (THE), diethy! ether, dimethoxymethane

dioxane, hexane, methyl tert-butyl ether. heptane, and cyclohexane. In addition, the
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formation of the deprotonated aminge can be carried at temperatures below 1070, The

o

nucleophilic addition of the amine to form the compound of Formula I can also be carried

out at temperatures befow 10 °C. One of skill in the art will recognize that the methods of

the pr

o)

5 temperatures.

nt invention can be practiced using various other selvents, reagents, and reaction

In additton whilethe method of the present invention for preparing the

compound of Formula Il on a gram-scale is similar to the procedure used on the kilogram

scale, there is an inoredse in the scale of the reaction of more than 3400%. Maoreover, In

several steps increased vields are obtained using reduced amounts of the excess e

10 One of skill in the art will recognize that the compound of Formula | can be prepared via

other chemical methodelogies on both 2 gram and Kilogram scale,

EXAMPLES

Unless stated otherwise, the abbreviations used throughout the specification

have the following meanings:

A% =
wg, =
cm =

d =

BsC
eq,

EtOH =

pid
HPLC =

hr
He
154
j .
I v g e
¥V o=
LOHD =
Moo=
mos
mA =

Me =
Me(d =
?VE o {:} }f 'i s

total poreent are

AGUEOUS

centimeter

doublet

differential scanning calorimetry
ethvlenedigminetetrancetic acid
equivalent

ethanol

pram
high performance Houid chromatography
hour

&

infrared

coupling constant
kilogram
killivolts

liter

limit of detection
motar

mudtiplet
milliampere
methyl

methoxy
methanol
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mg = milligram
min. = minute
mb = milliliter
mm = millimeter
MTBE = methyl tert-butyl ether
N o= normal
s = mnomeolar
NMRE = nuclear magnetic resenance
s = singlet
TDS = total dissolved solids
TGA =  thermal gravimetric analysis
THF = tetrahydrefuran
ukd = micromolar
BID = twice daily

Example 1
Preparation of a crystalline polvmorph salt of Formula HI
a, Grany senle prepavation

Ina 3-necked 1500 mL round bottomed flash equipped with a condenser,

free base compound of Formula 1(25 ¢ | ¢q.) was charged and 9:1 EfOH/ Water (500 mL)

A

was added while stimring, The resulting slurry was heated to 70 °C. Maleic acid (12.77 g, 2
eq.) was added dropwise as a solution (100 mL of 9:1 EtOH/ Water) and afier 30 mL had
been added, the solution became noticeably clearer. On complete addition of the maleic
acid solution the temperature was hicld at 80 *C for 5 minutes. The vessel was allowed to
cool slowly to 435 °C and 400 mlL. of MTBE was then added. The solution was stirred for
another 12 hr. The resulting precipitate was filtered and dried under vacuum. The maleate

salt of the compound of Formula | was recovered in a 45% vield (14.2 g).

b Kilopram seale preparvation
The compound of Formula I (24.6 kg) was charged into a 760 L GLMS
reactor {Reactor A). Maleic acid (12.7 kg, 2.0 eq). cthanol (445 kg, 18.1 parts). and high
purity water (140 kg, 5.7 parts) were added. The reaction mixture was adjusted to 22 °C

3

(19-25 °Cy and agitated at that temperature for ca. | hr, then transferred through a polishing

filter info a conditioned 780 L Hastelloy reactor (Reactor B). The Reactor A pump and
lines were rinsed forward into Reactor B with additional ethanol (ca. 45 kg) via polishing
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fitter. The filtrate was congentrated under vacuum with a maximum temperature of warm
alyeol bath (fo heat reactor jacket) of 45 °C, until ca. 140 L (5.7 parts volume) remained.
The Reactor B contents were sampled for in-process NMR, which showed that the mele
ratic of ethanol ; the maleate salt of the compound of Formula 1 was 26, High purity water
(49 kg, 2.0 parts) was charged to Reactor B and concentration under vacuum resumed until
a pot volume of ca. 140 L (5.7 parts volume) was achieved. In-process NMR indicated that
the mole ratio of cthanol : the maleate salt of the compound of Formula Twas 14, High
purity water (49 kg, 2.0 parts) was again charged and concentration under vacuum resurned
to obtain a pot volume of ca. 140 L. In-process NMR showed that the mole ratio of ethanol

s the maleate salt of the compound of Formula 1 was 5. The temperature of the Reactor B
contents were adjusted to 22 °C (19-25 *C) and formation of a slurry was visually
confirmed. The reaction mixture was agitated at 22 °C (19-25 °C) for ca. 2 hrs, and then
filtered onto a 307 centrifuge fitted with a filter cloth. The Reactor B pump and lines were
rinsed forward to the 307 centrifuge via polishing filter with two portions of high purity
water (ca. 30 kg each), The filter cake was sampled for in-process HPLC, which showed
that the purity of the product was 99,1 A%, the largest impurity was 0.26 A%, and therefore
vecrystallization was unnecessary, The filter cake (33.1 kg) was dried under vacuum with a
maximum temperature of warm glycol bath (to heat dryer jacket) of 40 °C. After ca. 30.5
hrs, in-progess LOD analysis indicated a solvent content of 0%. The dry product was
discharged (26.4 kg) and stored at 2-8 °C. The vield for the final product was slightly
higher than prmmd at 85% (expected 30-80%). Purity of the maleate salt was measured
by the presence of hydrolyzed amidine content as measured by HPLC, and the purity was
found to be »99%.

"H NMR (DMSO-de): 6 3.0 (s, 3H), 3.2 (s, 3H), 3.82 (s, 3H), 7.2 (d, 1H, I =

9.0 Hz), 7.42 (5, 1H), 7.68 (d, 1H, J= 8.0 Hz), 7.95 ~ 8.15 (m, 2H}), §.12 (m), 8.18 (m, 1H),
8,472 (s, THD, 9.0 (s, TH), 110 (s, TH), 112 (s, TFD; TR (K Br, ern™'): 3300, 16835, 1600, 1515,
1380, 1270, 1200, 1100, 1030, 880, 800, 710

L.
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Example 2

Preparation of the compeund of Fermula H

R | . P
o @ HNMes + Hexli i Y
HACO. vﬁww ,@ﬁ,g HalO. i - Ha

Lo H . ;
SN HCI LiNMe; N NH

Oy THE

A Gram seale preparstion

Ly

A sturry of the compound of Formula F (455 ¢, 1.0 eq.) in THF (4.67 kg,

10.3 parts) was prepared and adjusted to <10 #*C. Lithium dimethyl amide was prepared as

followshexyllithium (2.3 Nhexane, 245 L, 5.5 eq.) was added to dimethylamine solution

(3NJTHF, 2.8 L, 5.5 eq.) maintaining <10 °C. The lithium dimethyl amide solution was

o

charged into the slurry containing the compound of Fornmula F keeping the pot temperatare

10 of<10°C. The reaction progress was monitored by in-process HFLC which confirmed that
the amount of Formula F was <1.0 A%. A buffer solution of NaHCO; (490 g, 1.1 parts,
5.7 eq.) and NasCOx (490 g, 1.1 parts, 4.5 eq.) in deionized water (6.6 kg, 14.51 purts) was
prepared, and the above reaction mixture was transferred to this aquecus solution

3fmi,miai§ning <5 °C, The product precipitated out and the resulting slurry was adjusted to

°C over a period of 12 hr, The solid was filtered, aud the resulting wet cake was washed

P
£y

with 3.5 kg (7.7 parts) of deionized water. The solid was filtered off using a coarse frit

H
1

) absolute ethanol (628 g, 1.4

glass beneh filter, and rinsed forwarded with cold (-3
parts). The product was dried at 30-33 °C. Dry product was obtained in 458 g (73% vicld).
b Kilogram scale preparation
20 A slurry of the compound of Formula F (31.5 kg, 1.0 eq.y in THF (251 kg,
8.0 parts) was prepared in a 780 L Hastelloy reactor {Reactor A) and adjusted to 0 °C (-3 io
3°C). 2 M Dimethylamine in THF (161.0 kg, 5.0 eq.) and THF (63 kg, 2 parts) were

charged into a 1900 L GLMS reactor (Reactor B) and adjusted to 0 °C (-3 to 3 “C) with
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maximum agitation. Hexylhithivm (2.3 M, 97.2 kg, 4.5 eq.)was slowly charged to Reactor
B while maintaining 2 max temperature of 10°C. The pump and lines were rinsed forward
to Reactor B with THF (3.2 k), The Reactor B contents were adjusted to 0 °C (-3 to 3 °C),
then transferved to Reactor A while keeping Reactor A temperature < 10 °C. The Reactor B
pump and lines were rinsed forward with THF (31.4 kg, 1.0 part). The Reactor A confents
were adjusted to 0 7C (<3 1w 3 °C), and agitated at this temperature until the reaction was
complete as verified by HPLC (1-2 hrs). After about 1 hr of agitation, in-process HPLC
analysis indicated that 0 A% starting material remained (in-process eriteriar max 1 A%).
Reactor A contents werg adjusted to -5 °C {8 1o -3 °C). Insprocess cleaning of Reactor B

with water was performed. Two previously prepared aqueous solutions (NaHCOy (35.0 kg,
1.1 parts) in water (236 kg, 7.5 parts), and Na;yCO3 (35.0 kg 1.1 parts) in water (236 kg,
3 parts)ywere charged to Reactor B and adjusted 10-3 °C {0 to 6°C). Reactor A conients

ere fransferred to Reactor B through an insulated line, maintaining the temperature of

Reactor B at -8 °C to a maximumoof 5 °C. The Reactor A pump and lines were rinsed

forward with cold [55 “C (-8 1o <3 90 THF (314 kg, L0 part). Reactor B contents were
diusted to 22 °C (19-25 °C) and agitated for ca. 3 hrs. Slurry formation was visually
confirmed, and Reactor B contents were filtered onto a 307 centrifuge fitted with a filte
cloth. The Reactor B pump and lines were rinsed forward onto the 307 centrifuge fitted
with a filter cloth with drinking water (63 kg, 2 parts). The wet filter cake (66.5 kg) was
fransferred back to Reactor B and submitted to a slurry wash. in drinking water (1005
32 partsyat 22 °C (19-25) °C for ca, 1 he. The product was filtered onto the 307 centrifuge
(after in-process cleaning and fitting with & filter cloth), and the Reactor B lines and pump
were rinsed forward with drinking water (63 kg, 2 parts). The water rinse was sampled for
st by TDS, which was found 1o be 0.46%. The Reactor B pump, lines and wet filter cake
were further rinsed with cold [0 %C (-3 to 3 °CY] ethanol (44 kp, 1.39 parts). The wet filter

cake was dried tnder vacuum with & maximum temperature of water bath (to heat dryer

jacket) of 35 °C. In-process LOD was 0% after ca. 24 hrs of drving, and the product was

discharged (24.8 kg) in 76.7% vield. HPLC showed 98 % purity, with dechiorinated

mpity at 1,14 %,
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Exaimple 3
Preparation of the compound of Formula F

Step 1. Synthesis of 2-nitro-MN-(5-chloro-pyridin-2Z-yl)-5~-methoxy-benzamide (C)

2 o
?;ji-i‘” ACH {x 8) O F;/”‘jx
7 Pyriding (3.0 8)  MeO. . A I
/ﬁ' + \%\;}) POCIL (1.2 ﬁﬁ}} \I h
et e )
NG, Ci 88% NO
& 24 o

5-Methoxv-2-nitrobenzoic acid (A) (25 0 kg, 1.0 eq), Zramimo-5-
chloropyridine (B) (16.3 kg, 1.0 eq.), and acetonitrile (87.5 kg, 3.5 parts) were charged to a
380 L GLMS reactor. The reaction mixture was adjusted to 22 °C (19-25 °C) and
anhydrous pyridine (30.0 kg, 3.0 eq.) was added. The pump and lines were rinsed forward
with acetonifrile (22.5 kg, 0.9 purts), and the reactor contents were adjusted to 4 temperature
of 19-22 °C. Phosphorous oxychloride (23.3 kg, 1.20 eq.) was charged to the contents of

the reactor via a metering pump, while maintaining atemperature of 25 °C (22-28 °C). The

kg. 0.

ft e (12.5

metering pump and lines were rinsed forward with acctonitrile

,ﬁ'w

5 partsy, while
keeping the temperature at 25 °C (22-28 °C). The reaction mixture normally wrned from a

slurey to a clear solution after the addition of about 1/3 of the POCL. At the end of the

addition, it became trbid, Alter complete addition, the reaction mixture was agitated af
25 °C (22-28 °C) for ca. 1 hr, at which time HPLC analysis confinmed reaction completion.

The sclution was cooled to 15 2C {12-18 *C) and drinking water (156.3 kg, 6.25 parts) was
charged slowly while keeping reaction temperature of between 12 and 30 °C. The reaction
mixture was then adjusted to 22 °C (19-25 *C)and agitated for ca. 5 hrs until exotherm
ceascd, Formation of o sahzz*ry WA vésa;{:aiiy confirmed and the contents of the reactor were
filtered onto a pressure nutsche fitted with a filter cloth. The reactor, pump, and lines were
washed forward onfo the pressure nutsche with two portions of drinking water (62.5 kg,
2.5 parts cach). The filtrate bad a pH value of 7. The produet (41.8 kg) was dried under
vacuum with a maximum temperature of water bath (to heat dryer jacket) of 50 *C. Adter

a. 12 hrs, in-process LOD analvsis indicated a solvent content of 0.72%. The dry

i"’}

product (€} was discharged (34.4 kg) with 88.2% yield and 99.1 % purity by HPLC.
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Step 2. Syathesis of 2-amine-N-{5-chloro-pyridin-2-yI)-5-methoxy-benzamide (D)

Ho cl
DCM (x 17.5) O I/»j/
PYC i'*«% sulfidad) . i 1.
1 wi% wﬁ){}\]&’ S B %‘E\i
R
NHy
90%
C B

=

To a 780 L Hastelloy reactor, compound C (33 kg, 1.0 eq.), 5% platinum
carbon {sulfided, 0.33 kg, 0.010 parts) and dichloromethane (578 kg, 17.5 parts) were
charged. Agitation was started and reactor contents were adjusted to 22 °C (19-25 °C). The
reactor was pressurized with ca. 30 psi hydrogen and the reaction mixture gently heated to
28 °C (25-31 °C). Hydrogenation of the reactor contents was performed under ca. 30 psi at
28 20 (25 o 31 °C; maximum 31 °C) until the reaction was complete by HPLC, Afier
16.5 hrs, the reaction was deemed complete after confirming the disappearance of starting
material (0.472 A%). The contents of the reactor were circnlated through a conditioned

celite pad (0.2-0.5 kg celite conditioned with 20-55 kg dichlororethane) preparsd in-a
8" sparkler filter to remove the platinum catalyst. The reactor and celite bed were rinsed
forward with two portions of dichloromethane (83 kg, 2.5 parts cach). The filtrate was
trausforred to and concentrated ina 570 L-GLMS reactor under & atmospheric pressarc o
ca. 132 L (4 parts volume), Ethanol (69 kg, 2.1 partsy was charged and concentration
continned under atrnospheric pressure fo ca. 99 L (3 parts volume). In-process WMR
indicated that the dichloromethane content was 39%. Ethanol (69 kg, 2.1 parts) was
charged again and concentration continued again to ca, 99 L (3 parts volume), In-process
NMR indicated that the dichloromethane content was 5%. The reaction mixture was then

adjusted to 3 °C (0o 6 °C), agitated for ca. | br, and the resulting slurry filtered onto &

jacketed pressure nutsche fitted with a filier cloth. The reactor, pump, and lines were ninsed

forward with cold [3 °C (0=6 °C)] ethanol (26 kg, 0.8 parts). The wet filter cake (36.6 kg)
was dried under vacuum at 40-50 “C with a maximum temperature of water bath (to heat

dryer jacket) of 50 °C. LOD analysis after [2.5 hrs indicated solvent content was at §.1%.
The dry product (1) was discharged (26.4 kg) in 89.5% yield. HPLC showed 98.4 A%

R

purity, with dechlorinated tmpurity at 0.083 %,
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Step 3. Svathesis of N-(5-chloro-pyridin-2-yD-2-(4~cyvano-benzoyi-amino}-5-methoxy-
benramide Hydrochioride ()

0 &f’\vﬁ o O
Me \‘/J ‘ THF (x 21), Pydidine(0.4 eq) ; i o
i"“’\,«' RSN “““iw ”* ~ ?\éﬁﬁuﬁf% ;E\‘gﬁN/
: 76% L H o
s ?@H; o N HEl
4
Lo
E F
5 To a 780 L Hastelloy reactor, was charged d-cyvanobenzoyl chioride (E}
(17.2 kg, 1.1 eq.y and THF (92 kg, 3.5 parts). Reactor contents were agitated at 22 °C (19-
25 %y until all of the solids had dissolved. The resulting solution was tansferred to a lower
receiver and the reactor was vinsed forward with THE (26 kg, | part), Compound 12

(26.4 kg, 1 eq.), THF (396 kg, 15 parts) and pyridine (2.90 kg, 0.4 eq.) were charged to'a
10 elean reactor. The pump and lines were rinsed forward with THF (34 kg, 1.3 parts). Via a
metering pump, the 4-cvanobenzoyl chloride/THF solution was charged to the reactor,
keeping the temperature at < 30 °C and rinsing forward with THF (ca. 10 kg). The resulting
vellow-colored slurry was agitated at 22 °C (19-25 °C) for ca 2 hrs. In-process HPLC tak
after 2 hrs showed a compound of Formula D content of 0%, indicating completion of the
15 reaction. The slurry was filtered onto a pressure nutsche fitted with a filter cloth. The
reactor, pump, lines and wet cake were rinsed with three portions of ethanol (ca. 15 kg
cach), The wet filter cake was discharged (654 kgy and transferred back to the reactor for
sturry wash in ethanol (317 kg, 12 partsyat 22 °C (1925 °C) for ca. | hr. The slurry was
filtered onto the pressure nutsche and the reactor, pump, lines, and wet filter cake were

200 rinsed with two portions of ethanol (ca. 15 kg each) and two portions of THIE (ca. 15 kg

pach). The wet filter cake was dried under vacuum with a maximum temperature of warm
glycol bath (to heat the dryer jacket) of 40 “C. After 14.5 hrs of drying, LOD was 0.75%.

The dried material was milled {sereen 01237 o give 31.8 kg of product, which was dried

&

under vacuum for another 103 hrs, LOD after drying was L%, and the product was

]
LA

discharged {31.5 kg) in 74.8% yield {expected 60-90%). HPLC showed 100 % purity.
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Example 4
Bioassay to Determine Antithrombotic Activity

This example describes an in vitro assay to determine antithrombotic activity
in vivo. The predictive value of the assay has been verified using an established in vivo
baboon model described below. The compound used in the assay corresponds to a
compound of Formula 11, or salt thereaf,

Materinls and Methods

Forthe in vitro studies, a plasma pool was generated from blood vollected
via venipuncture into 3.2 % (1:9 v/v) tri-sodium citrate from a minimum of ten donors. The
specific thrombin substrate used was Z-GGR-AMC (Bachem). Tissue factor {Innovin,
“TI™) was purchased from Dade Behring, Rabbit anti-human TF 1gG and purified
recombinant human TF were from American Disgnostica. COATEST LMW
Heparin/Heparin Kits were from Chomogenix.  Source of anticoagulants tested were s
follows: enoxaparin sedium (Aventis Pharmaceuticals), fondaparinux sodium (Glaxo Smith
Kline), bivalirudin (The Medicines Company), fXa inhibitor C921-78 (Betz, A. etal.
Biochen., 1999; 38-14582- 14591 rivaroxaban and razaxaban.

Thrombin generation in the plasma pool in the absence and presence of
various anticoagulants and in warfarin treated patients was initiated by the addition of
Innovin and caleium, Thrombin gencration was measured by the continuous signal
generated by cleavage of thrombin substrate over & 10 min period in a FlexStation
fluorescence reader (Molecular Probes). The fluorescence signal (Max-Min relative
fluorescence units) is presented as units (RFU) or arbitrary unites (AU) of thrombin
generation and anti-fXa units were measured by Coatest. Quantitation of TF concentration
in Innovin was carried out by immunoblotting with rabbit anti-human TF 1gG, followed by
densitometry and comparison with purified human TF (residues 1-263, expressed in
baculovirus).

For the ex vivo validation of the assay, plasma was collected from 168

;*;aumm», receiving anticoagulation therapy. Subjects comprised medically stable hospital

inpatients or those attending an ouvtpatient’s clinic and who were receiving warfarin (no

change to warfarin dose for approximately 7 days). Blood was only collected if venesection

Ly



and the routine measurement of traditional anti-cosgulations tests (INR, aPTT ete.) was
already intended and ne additional needle-sticks were performed for this study. An
additional 5 ml of blood was collected snd placed in sodium citrate-antivoayulated tubes.
Samples were then twice centrifuged to collect the plasma fraction, and this plasma was

then prompily stored.at -80°C.

Resules
Theassay was sensitive to anticoagulants with varying mechanisms of
action. Addition of unfractionated heparin (UFH) or low molecular weight heparin
{LMWEH) 10 healthy donor plasma produces g dose-dependent inhibition in the assay.
Similarly, direct thrombin or £Xa inhibitors also elicit a dose proportional inhibitory
activity. The effect of specific inhibitors of thrombin or factor Xa on TF-induced plasma

thrombin generation 18 shown in the Table 1

Table 1
Drug | L
Fondaparinux 160 M
Thrombin inhibitor Bivalirudin | 2.4 pglob
Xa imhbitor CO21-78 1T aM
- TXa inhibitor Rivaroxaban 80 uM
iRa whibitor Bazaxaban 125 aM

This assay is also useful for measuring anticoagulation in both acute and
chronically anticoagulated patients. aPTT Measurements from patients treated with UFH or
LMWH correlated with inhibition of thrombin generation. Relative to traditional markers
of thrombin generation (TAT and F1.2 as measured by ELISA}, this bioassay provided a
superior correlation to INR measurements. The results of which is shown in FIGS. 14, 1B
and 1C, The extent of thrombin generation (AU at 10 minutes was measured in plasma

7

samples from {a) warfarin treated patients and plotted against INR values from 137 patients

(F1(G, 1A), (b) Enoxaparin-treated patients plotted against aPT'T values from 16 patients

(FIG. 1By and (¢) unfractionated heparin (UFH -reated patients plotted agaimst aPTT values

from 15 patients (F1G, 10,

pe e
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Example 8
Comparison of Betrizaban fo Fondaparinux
Evaluation in a whole blood prothrombinase assay was carried out to
compare betrixaban to fondaparinux, an indirect inhibitor of £Xa. Like fondaparinux,
betrixaban dose-dependently inhibited platelet mediated prothrombinase activity in this test
system,
Materials and Methods

Amidolytic assays for inhibition of purified human {Xa and related proteases
were cartied out as reported previously (Sinha, U et al. Ewr. /. Pharmacol. 2000; 114:2313
&3, For determination of prothrombinase inhibitory activity, human plasms prethrombin2
was purchased from Haematelogic Technologies and the thrombin substrate Boc-Asp
(OBzl)-Pro-Arg-AMC. HCI was obtained from Bachemn. Data analysis for deriving kinetic
parameters were carried out using the Diynafit software (Biokin), Betrixaban exhibited a Ki
of 0.117 (aM) and a protheombinase Ki of 0.801 (nM)

The assay described in Example 4 was emploved. Betrixaban was tested in a
model of thrombogenic device incorporation in an arteriovenous shunt in baboons (Hanson
SR et al. /. Clin. Invest. 1993; 92:2003-12), The two component thrombogenic device
meagsures thrombuos growth on g dacron graft and an expansion chamber using '1n labeled
platelets and 2 labeled fibrinogen. This model has been previously used to study a wide

variety of anticoagulants (unfractionated and low molecular weight heparins, thrombin and

{Xa inhibitors),
Resnlts

Dose-dependent inhibition of venous thrombosis was observed at four doses
(0.05, 0,12, 0.21 and 0.49 my/ke) of betrixaban. Ex vive measurements of plasma thrombin

M

generation, aPTT, PT, activated clotting time ("ACT™), and anti fXa units were performed
during the time course. In contrast to the observed antithrombotic activity (30 to 89%
inhibition of platelet deposition, 0 to 87% inhibition of fibrin deposition), there were
minimal extension of clotting parameters upon betrixaban treatment, The results of this are

presented in the Table 2 below.

L5y
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Table 2

Fold {‘imisgﬁ frem Control
Mean = 5D
Agent ACT ‘
Control 0.5
betrixaban 0.05 mplkg
betrixaban 012 my 1 L

betrixaban 021 me/kg | 111k {? 04 1.0 "3 03
betrinaban 049 me/ie 1 284 006 ? 0,11

A PT'E"‘

(.09
0,06

=

Anti fs units were below the lindt of quastitation for the three fower doses
and 0.31 Units/ml at the highest dose. Template bleeding times were not perturbed for any
of the betrixaban fréated animals. The ex vive paramcter that correlated to the
antithrombotic activity was the dose proportional inhibition (correlation coefficient

R

(.90 of plasma thrombin generation; which ranged fromy 13% iohibition at the lowest
P

dose to 72% at the highest dose. Thus, this new prothrombinase bioassay predicts in vivo
antithrombotic activity.

Table 3 below provides dose responsive inhibition of in vive thrombosis in
wnmodel. Table 3 alse provides the anti-f¥a activity 1 baboon plasma samples

during infusion of the control or the test compound.

Table 3

Bosed Plasma % Inhibition of % tnhibition of
Group Concentration Range | Platelet Deposition | Fibein Formation
of Betrizxaban (ng/mb)

Control 1 0 .00 000

] T 40 2971 -1.3%
2 13-2 44,20 3750
3 2638 6522 7187
4 548 7 87,12

FIG, 2 provides further evidence that the in vitre assay 1s predictive of in
vive anti-thrombotic activity, Specifically, FIG. 2 shows the dose responsive inhibition of
in vitro thrombosis in the baboon model, Deposition of "'In labeled platelets over time in
the venous chamber during infusion of betrizaban (n=3 at cach dose). Control antmals were

mifused with vehicle (n=dy,
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FIGE. 3, 44, and 4B show the inhibition of tissue Tactor inttiated thrombin
generation in human whole blood by betrizaban compared with fondaparinux, Thrombin
activity was quantitated by cleavage of the fluorogenic substrate. Dose response of
mhibition of thrombin generation was measured by addition of varying amounts of
betrixaban and fondaparinux to whole blood from eleven healihy donors. Relative
fluorescence untt (RFU) measurements of representative donor 18 shown,

This study showed that in vizre and in vivo characteristies of betrixaban as a
potent inhibitor of purified human fXa and the prothrombinase complex. Specifically, there
was greater than 86,000 fold specificity against related human proteases such as thrombin
and activated Protein C. There was also 2 dose-dependent inhibition of tissue factor
nitiated thrombin generation in human whole blood and a dose~dependent inhibition of on-

going thrombosis in a primate model of arteriovenous thrombosis without extending

clotting parameters or bleeding time. Thus, compared to standard measures of coagulation,

this assay was more predictive of in vive efficacy in the animal model,
Esample 6

Iuhibition of Prothrombinase and Not Soluble Factor Xa Predicts Efficacy of {Xa
Inhibitors in aw i vive Model of Dreep Vein Thrombosis (DVT)

This example was designed to test the hypothesis that the potency of £Xa
inhibitors against £Xa incorporated into the prothrombinase complex would predict in vive
antithrombotic efficacy. Eight fXa inhibitors from four structurally distinet chemical series

with a range of activities against £Xa were tested for their ability to inhibit the

prothrombinase enzyme complex in human plasma, Thrombin generation and subsequent
cleavage of 4 specific thrombin substrate was used as a measure of prothrombinase activity,
nhibitory activity being defined by the concentration of inhibitor required to produce a 2-
fold extension in the time to maximal thrombin production (2x lag). fa vitro 1abbit PT times
were alse determined. Jn wirre rabbit prothrombin times (PT) were determined by addition
of thromboplastin to rabbit plasma. Inhibition tn the rabbit DVT model was assessed as
previously described (Hollenbach et al., Thromb. Haemost. 1994, 71:357) and related o

plasma concentrations of drug.

Ly
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Wiaterials aud Methods

Compounds were synthesized (Zhu et al; Curr. Top. Med. Chem. 2001
2:101-119: Betz et al_ Mlochem., 1999 36:14582:91)). The concentration of compoun
required to inhibit the amidolytic activity of purified soluble human fXa (Haematologic
Technologies) by 50 % (JCsg) was measured by following the formation of p-nitroaniline
from the peptide substrate Z-D-Arg-Gly-Arg pNA (Diapharma}) at 405 nm in a Spectramax
plate reader (Molecular Devices) (Sinha ¢t al., Eur. J. Pharmacol. 2000; 395:51-39).
Thrombin formation by prothrombinase was assessed in Reptilase®-ireated pooled human
platelet poor plasma by measuring p-nitroaniline at 405 nm following cleavage of the
;@a’:g}i%d{: thrombin substrate Pelachrome TG (Pentapharm) (Sinha et al, ATVE: 2003;

:1098-1104). The congentration of compound which elicited a two-fold increase in the

time of maximal thrombin generation was recorded as the 2x lag concentration,
Antithrombotic efficacy against rabbit venous thrombosis was determined by measuring the
thrombus accretion on a cotton thread placed in the vena cava by means of a catheter
mserted wito the left femoral vein, The decrease in thrombus weight following & two hour
infusion of compound was expressed relative to vehicle control (Hollenbach et al., Thromb,
Haemeosz, 1994; T1357)

Drrug concentrations in rabbit plasma were measured by LC-MS/MS. Rabbit
prothrombin times were measured using Thromboplastin C Plus (Dade) on an automated
coagulation timer (ACL 3000, Instromentation Laboratory) (Sinha, et al., Ewr. /.

Pharmacol., 2000; 385:51-59),
Results

All compounds inhibited soluble fXa by 530 % at concenfrations less than 10

nM. However, the rank order of potencies for inhibition of soluble fXa differed from that

required to inhibit the prothrombinase complex. The results are shown in Table 4,



£

Table 4

No. Cmpd Class fXa | Prothrombinase | Plasma Thrombosis = Rabbit
s 2x lag {udd) Concentration  Inhibition PT2x
{nhy : m DVT (uM)y (%) change

{uvy

! Ketothiazole i\E {Eée 7

Z 27

a Antlyaniian b7

4 Agthramlamide ﬂé : 1.4

3 Anthranilumide SW“}‘ 41 15

& naphthalcnepvrezole 4.4 52 (11 4.7

7 12-Henzenediaineg 4.6 [ HK

¥ Isoxazole 166 9.2 0 &4

There was also poor correlation between the 2x lag value for prothrombinase
inhibition and the concentration vequired to achieve o 2x change in vabbit PT (R*=0.57).
jeither the activities of fXa inhibition nor the change in rabbit PT predicted activity in the
in vive s:kug} vein thrombosis (DVT) model. In contrast, compounds could be broadly
divided into 3 levels of efficacy for inhibition of in wive thrombus growth depending on

Compound 1 had the lowest 2x lag value

thelr potency in the in vivro prothrombinase ¢
of 0.18 uM and was the most potent inhibitor of in vive thrombosis with 94 % inhibition at
a plasma concentration of 65 oM, The second group of compounds, with 2x lag values i
the prothrombinase assay ranging from 0.22 to 0.34 uM, inhibited /i vivo thrombus
formation by 37 to 47 % at plasma concentrations ranging from 1.04 10 3.39 ;«s,M}
Compounds in the third category were the least potent prothrombinase mhibitors (2x lag
ralues greater than (.92 uM) and were unable to significantly inhibit fn vive thrombosis
even at plasma concentrations of 9.2 pM. These data show that the 2x lag value obtained in
the prothrombinase assay, and not inhibition of soluble fXa or extension of rabbit PT time,
is most predictive of fXa inhibitor efficacy in the in vive rabbit DVT model.

Giiven the limitations of current anti-coagulants, the position of factor Xa
{fXa) at the convergence of both the extrinsic and mtrinsic pathways of blood coagulation
has made it an atiractive target for the development of new therapics. With respect o
investigating the structural-activity-relationship (SAR Y of potential fXa inhibitors, assays
measuring inhibition of solution phase {Xa protease activity are an obvious starting point.
However, the ability of compounds to inhibit soluble, purified fXa is not a true reflection of

57




the interaction between inhibitor and enzyme in vive. This is because the greatest
contribution of fXa to the coagulation process occurs when if is combined with factor Va as
part of the prothrombinase complex whercupon protease activity is increased 300,000 fold

relative to solution-phuse fXa, This increased activity of fXa in the prothrombinase

A

complex is much harder to inhibit, thus any assessment of compound anti-fXa potency
should include an evaluation of prothrombinase inhibition. Prothrombinase activity can be
measured in platelet poor plasma (PPP) and, under these conditions, also takes into account
the effect of plasma protein binding on compound potency. Another more direct way of
assessing the effect of compounds on the anti-coagulation process is through the use of in
10 vitro clotting assays such as prothrombin time (PT) and activated partial thromboplastin
tirne (alPTTy

Example?

Evaluation of Bioassay in Multiple Ascending Dose Study

FIG 5. shows data from in vitro assavs performed with plasma from healthy

human volunteers orally dosed with betrixaban. Nine subjects each received 40, 80 or 120

[
B2

mg drug capsules every 12 hours for ten consécutive days. Control subjects (12) were
wreated with placebo or non-anticoagulant drug contrel. Plasma samples obtained from the
subjects were evaluated in the in vitro biological assay of tissue factor initiated thrombin
generation. Plasma samples were also analyzed for drug concentration using high-

20 performance-liquid-chromatography with tandem mass spectrometry. Results show dose
responsive correlation between plasma drug concentration of betrixaban and inhibition of

ihirombin generation in the biclogical assay.
Example 8

Human Therapeutic Concentrations of Betrixaban

Pt
(¥ 4]

Thrombin generation assays were performed as described in Example 4, with
compounds added ex vivo to human whole blood. PT and aPTT values in various species
determined from compounds added 1o platelet poor plasma. Samples were run onan ACL
3000ptus (Coulter), PT determined using Dade® Thromboplastin C plus and aPTT

determined using Dade® Actin® F5 Activated PTT reagent.
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fre



15y

10

o
b

bd
LA

30

Betrixaban and fondaparinux, an indireet fXa inhibitor, both significantly
inhibited TAT and F1.2 generation in human whole bloed. Compared to a therapeutic level

of fondaparinux (200 nM), betrixaban (200 nM) was more potent in suppressing both

murkers of thrombin generation.
WMaterials and Methods

Multiple doses of betrixaban were evaluated in three animal models, The

frst model, which measured clot aceretion on cetion threads placed in rabbit abdorninal
vena cava, compared nhibition of thrombus mass by betrixaban to that of supratherapeutic
doses of enoxaparin (a LMW heparin).

The second model compared the ability of betrixaban fo maintain vessel
patency under arterial flow conditions in FeCly induced thrombosis in rat carotid artery to
that achieved by enoxaparin or clopidogrel (an antiplatelet agent),

The third model investigated mhibition of ' 'In labeled platelet deposition on
dacron grafts and expansion chambers placed in femoral arteriovenous shunts in baboons.
In 4ll models tested, betrixaban and enoxaparin were administered as IV mfusions and

clopidogrel was dosed orally for three days, Ex vive PT and aPTT were measured in all
models. The models encompass stringent criteria of arterial and venous thrombuosis and
hetrixaban produced dose-responsive antithrombotic activity in cach of the three models.
The efficacy of betrixaban compared favorably to supratherapeutic levels of cnoxaparin and
clopidogrel.

Efficacy in rabbit venous thrombosis was determined by measuring the
thronmibus accretion on cotton threads placed in the vena cava by means of a catheter
inseried info the [6f fomoral vein, as desoribed by Hollenbach ot al., Thromb. Haemuost,

1994; 71:357-362, incorporated by reference in its entirety hevein. The decrease in

» & bwor hour infusion of compound was expressed relative fo

thrombug weight followis
vehicle control, See also Sinha, et al., Eur. J. Pharmacology. 395:51-539 (2000},
wncorporated by reference in its entirety heremn.

Rat FeCly model adapted from Kurz, K.D. et al. Thromb. Res. 1990;
60(4):269-280, incorporated by reference in its entirety herein, utihizing the left carotid
artery. A stenosis of the artery was applied with a silk ligature reducing blood flow by 50%

with a light crush injury followed by application of 50% FeCls for the duration of the
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experiment. Blood flow was monitored via pulsed Doppler flow probe and recorded for 90
minutes post-FeCly application. Enoxaparin and Betrixaban administered 1V, Clopidogrel
administered orally Q0. for 3 days,

The buboon model was performed at Oregon Health & Science University
foliowing procedures described by Hanson, S.R. et al. /. Clin, Invest. 1993, 92:2003-2012,
incorporated by reference in its enfirety herein. Briefly, thrombosis is induced by two
different thrombogenic devices incorporated within an excorporeal femoral artery-vein (A-
V) sHunt. Arterial model utilizes a high shear shress environment to promote thrombus

formation on a dacron graft. Venous model utilizes a low-shear stress environment o

promote thrombus formation in an expansion chamber. Platelets and fibrin are pre-labeled

" . T X R i : 5
with " and "#°1 fibrinogen to measure platelet deposition and fibrin accumulation,

respectively.
Results

Surprisingly, uniike in the rodent models, efficacy in primates was attained at
a mach lower dose with minimal prolongation of PT. Species specificity was also
demonstrated by in virro extensions of PT and aPTT in rat, rabbit, baboon and human
plasma. A 2X change of PT was attained at concentrations of 8.9, 1.6, 1 and 0.4 uM
respectively. The data indicate that doses of betrixaban that inhibit thrombin generation in
hwman blood and that provide anticoagulation similar to baboon dosed at 0.05-049 mp/ky
may be sufficient to prevent venous thrombesis in humans, Comparative modeling of
extents of change in PT to levels of antithrombotic efficacy also leads us 1o predict that
hurnan therapeutic activity for betrixaban may be attained without concurrent changes in ex

vivo clotting parameters. The data is presented in Table 5.

£



Table 8

Muodel of Avpent, Dose Amntithrombotic APTT fold | PT fold
Thrombosis Activily chanpe change
Rabbit Vena betrixaban, 3 T6% inhibition 232 2.34
Cava kg
sxapraring 2.2 6% inhibition 206 1.04
mylkg
Rat Carotid hw waban, 19.] 9% patency 169 220
T0% patency 349 119
Clopidogrel, 3  80% patency 1.03 Lel
mg/kg/day
Baheon betrizaban, 049 | 90% inhibition 29 1.17

Arteriovenons

mgflg

{venous)
- 329% inhibition

{arterial)

Comparison of Betrixaban with Enoxaparin in a2 Randomized T

Example §

e

rial for the Prevention

of Yenous Thromboembolic Events after Total Knee Replacements

This study included 215 patients undergomg total knee
were randomized in a 2:2:1 ratio to cither betrixaban 15 mg or 40 mg dose o

day or enoxaparin (Enox ) 30 mg dosed subcutaneously twice a day

r 100 14

replacerment {TRR)
allviwice a

davs, The

study was blinded to the 15 versus 40 mg dose, but not to betrixaban vs, Enox. The primary

efficacy endpoint was the incidence of venous thromboerbolism ("VTE
asymptomatic deep vein thrombaosis on a mandatory

pulmonary embolism} through Day 10 to

o and clin

unilatera

"y (symptomatic or
SROgTAm oF symptomatic
14, Safety endpoints included the incidence of

nically significant nonmajor bleeds through the day after venography. All

efficacy and bleeding endpoints were adjudicated by a blinded, independent central

adiudi

pation commitice,

Materials and Methods

Bietrixaban in this study was administered in gelatin capsules.

contained betrixaban maleate, dextrose m

&l

onohvdrate, and magnesium stearate,

The capsules
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The nitial dose of befrindban way taken 6 108 hows after surgery and twice

daily (BID) thereafler, Enoxaparin was administered subcutaneously 12 to 24 hours after
surgery and every 12 hours (¢ 12h) thereafter. Treatment continued for 10 to 14 days unless
a protocol-specified stopping criterion had been met. After discharge from the hospital,
patients self-administered study medication. The last dose of study medication was
administered the morning of the scheduled mandatory venography of the operated leg (Day
1010 14}

Blood samples for assessment of plasma drug concentrations and
pharmacodynamic measurements were obtained at screening, 1 to 4 hours after
administration of the moring dose of study medication on Day 2, on the day of discharge
and prior to the mandatory venogram on Day 10 to 14, Plasma samples were analyzed for
betrixaban using high-performance-liquid-chromatography with tandem mass spectrometry.
The method was validated fora range from 0.100-30.0 ng/mL, based on the analysis of
0.2 mL plasma. Quantitation was performed using a calibration standard curve generated
from weighted least square regression analysis,

Anticoagulation was measured by a thrombin generation inhibition assay as
discussed in Example 4 and anti-Xa activity in addition to activated partial thromboplastin
time (aPTT), prothrombin time (PT) and intemational normalized ratio (INR). The anti-Xa
unit assay was adapted from the Coatest LMW heparin kit (Diapharma) and modified to a
96-well plate format. In this assay, standards and patient samples were assayed in duplicate
and the limit of quantification was 0.05 anti-Xa U/mL. Thrombin generation was initiated
by the addition of tissue factor (Innovin, Dade Behring) and calcium to citrate
anticoagulated patient plasma (0.1 mL). Formation of thrombin was measured by cleavage
of a specific thrombin substrate (Z-GGR-AMC, Bachem) over a 10 minute period. Relative
flusresecence units were measured i a FlexStation fluorescence reader (Muolecular Devices)
and used for quantitation of thrombin generation. All patient plasma samples were assayed
in triplicate and inhibition of thrombin generation reported as change from baseline relative

fluorescent unit Tor each individual,
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Hesults
A dose- and concentration-dependent effect of betrixaban on inhibition of
vels was observed. Yoy had an

thrombin generation and anti-fXu le 175 Patients (K1,

efficacy and safety assessment as shown in Table 6.

Table 6

Primary efficacy
and safety
puteomes

betrizaban 15myg
BID

betrizaban 40 my
Bin

Enox 30 mg BID

VTE % (95%Ch)

20 (1232

15 (x27)

10 (3-23)

Major Bleeds % 0 {%}@} 0 (-4 2{0-123
9“(‘3 oD
Clinteal signif. 0 (0 2B 3{1-16)

nonmator bleeds

FIG. 6

enoxaparin as determined in this study wi

and for enoxaparin historic

between Davs |

& shows the VTE rates and 95% confidence tntervals for betrixaban and

ol controls from studies using

the second dose (Day 2, on discharge and at the time of venography.

th unilateral venogranhy between Davs 8 andd 10
vilateral venography performed
0 and 14 post-TKR. FIG. 9 depicts plasma betrixaban concentrations after

As expectod given

the long half-life of betrixaban, mean drug concentrations increased after the first fow doses

and appeared to reach steady-

state by discharge (median Day 4) for both betrixaban dose

groups. Betrixaban exhibited u dose-dependent and concentration-dependent effect on

mhibition of thrombin generation and anti-Xa levels (FIG,

7 and &)

The effect of

betrixaban 15 mg on the inhibition of thrombin generation was similar to that observed with

enoxaparin whereas the

Conversely, the offect

e on anti

enoxaparin and less with betrixaban 15 mg

«Xa activity was stl

arforb

affect other coagulation parameters (Le. aPTT, PT and INR).

effect seen with betrixaban 40 mg was more pronounced.
ctrikaban 40 my and

Treatment with betrixaban did not appreciably

Betrixabun was effective in preventing VTE after TKR and was safe and

well wlerated.

it is to be understood that while the invention

COnjun

ction with the

63

has been described in

abiove embodiments, that the foregoing description and exampbes are




intended to illustrate and not limit the scope of the invention. Other aspects, advantages and
modifications within the scope of the invention will be apparent to those skilled in the art to

which the invention pertains.

Hhe



MCSLLP
CLAIMS

1. A unit dose formulation comprising a pharmaceutically acceptable carrier

and a daily amount of a compound of Formula II:

H5CO P

NH
H3C/ \CH}

or a pharmaceutically acceptable salt thereof, wherein the daily amount of the compound is
between about 30 and 80 mg, and wherein the unit dose formulation is for inhibiting

coagulation in a human patient.

10 2. The unit dose formulation of claim 1, wherein the daily amount of the compound

is 30 mg.

3. The unit dose formulation of claim 1, wherein the daily amount of the compound

is 80 mg.
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