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that the test: campeund has in v

e
0

The invention is also directed to an in vitro assay to determine the in yivo

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

a) introducing a test compound into an in vitro sample of whol 0’"61006 or
plasma comprising tissue factor (TFyanda dc‘rcctably-fabeled ﬂnombm substrate to
forma test sample; o

b) determining the level of thrombin activity in the tc‘;jsf“:xam‘ple by monitoring
the cleavage of the defectably-labeled thrombin substmtcf,i.ﬁ: the test sample asa
function of time;

¢} determining the level of thrombin aciivifgy%l a control sample by

'monitsfing'the tieavage of the detectably-| abclcd"chrombfiﬁ substrate in the control

hampic asa funcﬁon of time, wherein the c:{mtml Mmplc c:omprxms whole blood or

plasma compmmg tissue factor QTF) and dcteut&biy -labeled thrombin subxtxatc

) Qompdml& rthe level of thfombm activityin the test sample and the control

‘qampie wh@rem a lower level of thmmbm activity in the test s*ampife is an indication

vo antithrombotic activity.
The blood and plasmd may be anticoagulated or nonanticoagulated.

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

substrate is.a Z~G?yﬂGIy~Ax mAMC
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The invention is also directed to an in vitro assay to determine the in vivo

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

a) introducing a test compound into an in vitro sample of whole blood or
plasma comprising tissue factor (TF) and a detectably-labeled thrombin substrate to
form a 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 sample as a
function of time;

¢) determining 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 whole blood or
plasma comprising tissue factor (TF) and a detectably-labeled thrombin substrate;

d) comparing the level of thrombin activity 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 vivo antithrombotic activity.

The blood and plasma may be anticoagulated or nonanticoagulated.

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

substrate is a Z-Gly-Gly-Arg-AMC.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows the corrclation of thrombin generation with the international
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 pértial , :
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 Student’s t-test.

FIG. 1C shows the correlation of thrombin generation with aPTT in
anticoagulated patients treated with unfractionated heparin (UFH). Plasma thrombin
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The present invention also provides any one of the embodiments disclosed below and indicated with’

&
d
e

the numbers 1 to 33.

1. A method of inhibiting coagulation in a human patient in need thcrggsﬁ
comprising administering to the patient a coagulation inhibiting amount of a fac;};(?; Xa
inhibitor compound of the Formula I:

A-Q-D-E-G-J-X
I
wherein:
Ais seleoted from:
(a)  C-Cealkyl;
by  Ci-Cq z,~0ycloalkyl
(©  -NR'R?), NR'R)CENRY- NER R 3» ("*NR »-NRY-, R'-CE=NRY-
R’-C{WNR FNRY
(d)  phenyl, which is independently sasb»;ntutcd with 0-2 R substituents;
(e)  naphthyl, whichis mdupcndemiy wbqtlmted with 0-2 R substituents; and
a monocychc or ﬁmd_;ba,cycl;xgg’fmtczocy¢lic ring system having from 5 to 10
ring atoms, wherein 1 ~45ri:’{g@£toms,0f the ring system are selected from N, O
and §, and wherein the rg,r‘ig; system'may be substituted with 0-2 R

S
7

substitnents;

R is selected from: /f' g

H, halo, -CN, -CO:R’, -ez‘(*—ow(ai R%), CH)m-COR, ~(CHy)-

CE=0)-NR', R, -N@{, -SO:N(RY, R?), -SO:R!, {CH)mNR'R?, {CHy)p-CENRY)-
R, «(CH)m-CENRD-NRLRY), «(CH)m-NRY-C=NRY)-NRRLRY), (CHa)mNR -
group appendedAo a 3 to 6 membered heterocyclic ring containing ) from 1-4
hctemamms;/ﬁ clected from N, O and 8, -C,; aalkyl, {Csgalkenyl, -Cogalkynyl, -Ca
seycloatkyl, -Cosalkylene-Cagcycloalkyl, -CF, -OR?, and a 5-6 membered

}:xeteroc/ci/ic systems containing from 1-4 heteroatoms selected from N, O and S,

wherdin from 1-4 hydrogen atoms on the heferocyclic system may be independently
repflaced with a member selected from the group consisting of halo, ~C-Cy-alkyl,

LCygalkyl-CN, <Cy gatkenyl, -Cogalkynyl, -Cageycloalkyl, -Cosalkylenc-

Cigeycloalkyl and -NO»;

wYis an integer of 0-2;
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RY, R, R? and R* are independently selected from the group consisting of:
H, -OR?, N(-R®, -R%), -Cyalkyl, -Cy.calkenyl, -Ca.calkynyl, -Cs soycloalkyl,
-Cyqalkylene-Cageyeloalkyl, -Coqalkylphenyl and -Cgqalkylnaphthyl, w*hq;:éi:/n, from
1-4 hydrogen atoms-on the ring atoms of the phenyl and naphthyl moictié;; may be
3 independently wp]accd with a member selected from the g group (zcvx'nfws!tmgp 5'of halo,
-Cy.qalkyl, -Coga 3kex§y§ -Cy.galkynyl, -Cagcycloalkyl, -Cg4ai£\’la,né{‘wcycioaikyl
-CN, and -NOs; or R" and R?, or R? and R* taken together can, farm 4 3-8 meémbered
cycloalkyl or a heterocyclic rin g system, wherein the heter gcyclm ring system may
have from 3 to 10 ring atoms, with 1 to 2 rings being in thc: ring system and contain
10 from 1-4 heteroatoms selected from N, O and S, whc:rom fmm 1-4 hydrogen atoms

‘on the heterocyclic ring system may be n*:dcpundemly rcplaccd with a member
‘t-alkyl, -CN, -Caalkenyl, -Ca.

sclected from the group consisting of halo, C-
 galkynyl, -Cs scycloalkyl, -Coualkylene- Cs. sycloalkyl and -NOy;
R*and R® are mdcpendently selected from the g g‘mup consisting of:
15 H, -C 1.4&11\331 _de]kuayl -Coﬂ.;,alkymf -Cagoycloalkyl -Cq salkylene-Ca.
seycloalkyl, ~Cmalky$enc—phenyl fnd -C‘Ndlkyicne-ﬁapht hyl, wherein from 1-4
- hydrogen atoms on the ring di()fﬂb of the phenyl and naphthyl moisties may be
mdepcndcnﬁy replaced mﬂ:\ a member selected from the: group consisting of halo,
~Crgalkyl, -Cy. gafkcnyi fff‘o galksmyl, ~Ca geyeloalkyl, -Gy qafkylcr}c%f‘a geycloalkyl,
20 ~CN,. cmd “NO; ot R ,f'and RS taken together can form a 3-8 membered cycloalkyl or
4 heterocyelic xmg %ystem ‘wherein the hetcmcychc ring system may have from 3 fo
10 ring atoms, With 1 t0 2 rings being in the ring system and contain from 1-4
heteroatoms'sclected ﬁ'omNg O and S, wherein from 1-4 hydrogen atoms on the
hctcrocyéc in g system may be independently rep(aced with a member selected
25 _ﬁ'oyhc group COI]%I%HH}D s of halo, -C;-Cy-alkyl, -CN, -Cysatkenyl, -Cygalkynyl, -Ca.
seycloalkyl, -Cyqalkylene-Cs geycloalkyl and —NO;;;

a direct link, <CHp-, -C(=0)-, -O-, -N(R")-, -N(R")CHz-, -CHNR)- -C(:NR7)A
-C(=0)-NR)-, -N(R")-C(=0)-, -§-, -SO-, "SO@* -SO>-N(R7)- and -N(R")-S0,-

3()// R is selected from:

Q’i/s;almcmbcr selected from the group consisting oft
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H, -Cy.qalkyl, -Cygalkenyl, ~Casalkynyl, -Csscycloalkyl, -Coalkylenc-Ca. )
scycloalkyl, -Cpqalkylene-phenyl and -Cy.alkylene-naphthyl, wherein from 1-4
hydrogen atoms on the ring atoms of the phenyl and naphthyl moicties may bc
mdcpendcnt]y wplaccd with a member sclected from-the g g_,roup consi s‘fzng bf halo,
~C; aalkyl, -Cas (alkcnyl ~Cagtlkynyl, -Cs seycloalkyl, ~Cg,aaikylcz}c-c %cyciaa&y
-CN, and -NO»; 4

D is a direct link or is-a member selected from the group consisting of:

R"™ is

(a) - phenyl, which is independently substituted with 0-2 R“‘ substituents;
(b)  naphthyl, which is independently substituted with 0-2 R substituents; and

o) a monocyclic or fused bicyclic heterocyclic zmg by:stcm having from 5 to 10

ring atoms, wherein. 1-4 ring atoms of the rm g system are selected from N, O
and 8, and wherein the ring system majg‘,bc‘ substituted from 0-2 R™
substituents; ‘ - |
sclected from: S S
halo, ~Cialkyl, -Cs. (;ctﬁ\enyl -(‘Mallxyiwl -Ciacycloal Is.yf “Copyalkylene-Ca..
geycloalkyl, -CN, -NO», ~(CHa)nNR2“R (CHv)ﬂCO?RQ“ A(CH2),CONR™R™,
-SO,NR™R™, -80,R™, -CFs, {)R’”“ and a 5-6 membered. ammaﬁc heterocyclic
systern camamum from 1-4 jmfem«xtemx selected from N, O and S, wherein from 1-4
hydrogen atoms on the &wmam hetcrocychc system may be mdcpendcmly replaced
with a member %iccicci from the group C{mmtmg s of halo, ~Craalkyl, ~Crgalkenyl,

<Co galkynyl, -C'{@Q?LZ loalkyl, -Cyqalkylenc-Cagoycloalkyl, -CN and -NO;,

R*™ and R* are mdepeg}{f;m ly selected from the group consisting of:

2

S

/

/

H, ~C;4&.!1{3{}{{(234;:11k’c:ny‘l, »Cz,(,al,kynyl, “Cageycloalkyl, «Coqalkylene-Cy.
gcyc}qaﬂggf{i; -Co.sdlkylene-phenyl and -Coqalkylene-naphthyl, wherein from 1-4
hydrogen atoms on the ring atoms of the phenyl and naphthyl moicties may be
indépendently replaced with a member sclected from the group consisting of halo,
cCyqatkeyl, -Cogulkenyl, -Cy.galkynyl, -Cazcycloalkyl, -Coualkylene-Cageycloalkyl,
-CN and -NOs;

an integer of 0-2;

E is a direct link ora member sclected from the group consisting of?

llc «



-Cy.p-alkyleng-, -O-, -8+, -SO-, -80;-, -Cq.;-alkylene-C(=0), -Cy.-alkylene-
C(=0)-N(-R? }- Co.y-alkylene-, -Co-alkylene-N(-R® )—(?(*«‘O) -Co.1-alkyl ene-
-N(-R )-C(=0)-N(-R*- and -Cy -alkylene-N(-R%)-;

R* is a member selected from the group consisting of:

H: -y 4-alkyl; -C‘g‘yalk}r}ene—aw‘ 1; ~Co.a-alkyléne-heteroaryl; -Cy.

5
s-alkylene-C(=0%-0H, -Cy4-alkylene-C(=0)-0-C 4-alkvl, df}d -C;_
42 kyzcne-cc-—{})-N( R™, -R™). s
® and R™ are cach a member mdepcndcntly xelccted from the group consisting of:
H, -C 1ﬁ4~ajl\yl ~Cyqalkylenc-aryl; *Cg)4*&lkylcnc~he’tcrocvcl1c group, and R® and
1’0 | rR*® tog,cther with the N atom to whmh they are att;;;:hcd can form a 5-8 membered
heterocyclic ring containing 1-4 heteroatoms acfccted from N, O and S, wherein the
heterocyclic ring may be substituted with 0-2R1° groups;
R'®is a member selected from the group consiystigg?{éf:
| Halo; -Cps-alkyl; -CN; -NOy; <C(=0)-N(-R, -R¥); -C(=0)-OR™;
15 (C Hv)il-N(-Rz" R -SO2-N(-R*, «R”*“f)ﬂ SOgR’"c -CF; and -(CHa)-OR™;
R* and R are each mdupcndcnﬂy d mcmbcr selected from the group consisting of’
H; -Cealkcyl; and —C‘;,gra]kylmcmdryl |
qis an integer 0f 0-2; /
G is 4 member Se;iected from f@;&:’%mup consisting of
28 (@ Cyp-alkenyl 0; C: s-cycloalkenyl, wherein the al kenyl and cycloalkenyt

attac%xmmt ‘points are the alkenyl carbon atoms and wherein the -Co-alkenyl
or -Chs. §~*’Cyu loalkeny! are substituted with 0-4 R™ groups;
by a phc:f/ yl group wherein the xmg, 3-carbon atoms of the phenylene group are
spbsumtc,d with 0-4 R groups:.
25 (©) / /a 3-8 membered heterocyclic ring system contdmmg 1-4 heteroatoms:
- selected from N, O and S, wherein 0-2 ring atoms of the heterocyclic ring
/ may be substituted with 0-4 R" groups; and,
/ {d)y an§-10 membered fused heterocyclic bicyclic ring system, containing 1-4
heteroatoms selected from N, O and 8, wherein 0-2 ring atoms of the fused
30 bicyclic ring system may be substituted with 0-4 R groups;

R' is a member selected from the group consisting of:
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H, halo; Cy.g-alkyl, aryl, -CN; -NO3; -(CHy)oe-NR™RY; -80,NR¥R*; -SO,R*;
-CF3; ~(CH2)os-OR™; -O-(CH2)1.60R™; ~0-(CHy)).6-C(=0)-0-R*;
0-(CHy)1.6-C(=0)-NRY R™); -NR™)-(CHy)1.6-OR™; -N(R™)-(CHz); (,-N(RE" R“y
{C(=0)-NRH¥R™): N(R™)-(CHz)1.-C(=0) NR ¥ R, N(-{CH%-@R .
NR*)-(CHa)1.6-OR™; NR™)-C(=0)-R™; -NR™)-S0,-R™; -(CHo)y.
6-C(=0)-0-R*; -(CHp)o.c-C(=0)- NR¥R*); (CHy )os-C(ENRY)- N@\“* R*y;
H{(CH2)o.6-N(RCENR)-NRY RY); 2 (CH2o6- NR™)Cssg mcm?:)ered
hctc:mcychc ring containing 1-4 hctcmamms %ciccted from N, () fmd S,and a
~{C Ha)o. 5~5-6 mcmbcmd hstmocychc ring cenfammg 5. 1-4 hctcmamma selected from
N,Oand$; ' o
RS R , R* and R* are cach independently a member selectg;dffmm the group consisting
H, Crg-alkyl, Cg-alkylaryl, -CN; NOs: carhoc;{ééi‘ic aryl, -CN; -NOy; or R* and R™
taken together with the N atoms they are iﬂdcﬁéi}d&nﬁy attached form a 5-7
membered heterocyclic zmg?, or R* and R‘m taken together with the N atom to
-which they ar¢ attached form a 5-8 mumﬁu ed wtmocyc:l ic ring containing -4

heteroatoms selected from N, O and "I

Jis a direct link or is a member s,cicctcé fmm the group consisting of:

«N(—R FC(=0); -C(=0)- N(—Re }- -0 -8+ -SO-; -S0s-; -CHy-; ~N(-R ) and
N(-R*)-502-; )
R? is a member selected from t%xe chup consisting of:
H; -Cygralkoyl; ~C gM@lRyiwarbacyci:c aryl; (CHy )y g-5-6 miombered heteroeycelic
ring contammg, 1»4 ‘heteroatoms selected from N, O and S ~(CH>) M»C(-—O)«»O@ i
¢-alkyl; and ~(g§4~), 5-C(=0)-NR"R™);
R and R® are cach”’a member mdepcndcrlti y %Iccicd from the group consisting of:
H and uCI Q’dlkyi
X is a member’ .sa.lcctcd from the group consisting of:
(2)/ phenyl substituted with 0-3 R* groups;
!(%} naphthy! substituted with 0-3 R groups and
(c) a 6-membered aromatic heterocyclic ring system containing 1-3 N atoms and

having 0-3 ring atoms substituted with 0-3 R'® groups; and

lle



(d)  an 8-10 membered fused aromatic heterocyclic bicyclic ring system
containing 1-4 heteroatoms selected from N, O and S and 0-3 ring atoms of
the fused heterocyclic bicyclic ring system are substituted with 0-3 R““
groups;
5 R'isamember independently sclected from the group consisting of:
Halo; CFa; -C)q-alkyl; carbocyclic aryl; -Cop-alkylene~-CN; -O- Rz‘
Cog-alkylene-C(=0)-0-R%; -Cya- alkylene-C(=0)-NR™, R{,--L ~Co.p-alkylene-NOy;
-Co.p-alkylene-N(R™, R*); Coa-alkylene-SO-N(R™, R*); Co-alkylene-SO-R™;
trihaloalkyl; <0-Coa-alkylene-0-R%; -Cj. a~¢lkyfcnc~0»R' -0-Cys-tlkylen
10 CEOIN(R™ R¥); -0-Cpitlkylene-C(=0)-0-R%; -Coo-alkylene-
ON(R®):C(=0)R™ -c@~axky1,enc-N(uR2“)-sog-g?‘& -CHN(R™-C(=0)-R*
~CHa-N(R™)-805-R™; -(CH:)s6-NR™R™; ~C(%E)}~N(R2“,R.3e}; “N((CH2)1.6-OR®Yz;
NR)-(CH)1.-OR™; -NR')-C(=0)-R>*-NR )-80,-R™; |
C‘('N(Rm‘)) N(R¥RY; and a -(CHa)g - 56 membered heterocyclic ring containing

15 14 hdcmamms selected from N, O and S;
R, R* and R* are cach independently. 4, mcmbcr selected from the group con slstmg, rof:
H; -Cyg-alkyl;, -Coz alkylenc 0- R e a~a3kylene*
N(- R’g -R);- -Cypg-al kylenencarbocyc lic aryl; ~C;,4~dlkylmavhcta,rocychcﬁ and R'
and R%, or R“@' and R* togethcr with the N atom to which they are attached can form
24 3-8 membered hciezocychc ring contdining 1-4 heteroatoms selected from N, O'and
S which can be su}mzmtad with 0-2 R"¢ groups;
R'® and R are indcpycpif;m} y a member selected from the group of:
H; halo; «C‘iggﬁglkyi, a carbocyelic aryl group ; a heterocyclic group; <CN;
C(=0)-NR R, -C(=0)-OR*; -NO3; (CH2)- NR®R™; -SO;NR**R™; -SO,R™;
25 -CF3; afd ~(CHy),0R™;
pisan nﬁc;gcr of 0-2; and
R dndﬁ“” are cach independently selected from the group consisting of:
p f{fH; Cr.4-alkyl and -Cy.a-alkylene-carbocyclic aryl;
/ or a pharmaceutically acceptable salt thereof] |
30 / wherein the coagulation inhibiting amount of the factor Xa inhibitor compound is an

/ .
/ aggregate daily dose from between about 0.01 and about 2.0 mg/kg.
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2, The method of claim 1, wherein the coagulation inhibiting amount of the

factor Xa inhibitor compound is an aggregate daily dose from between about 0.1 dﬂd about

1.5 mg/kg.

3. The method of claim 1, wherein the coagulation m%nbitma ammmt of the

factor Xa inhibitor compound is an aggregate daily cIosc: from hctwesn &h{}ut 0.4 and about

1.2 myg/kg.

4, The mcthed of claim 1, wherein the pharmamuncai}y acwpt&ble Ch t of the

factar Xa miﬂb:tor compound is a maleate salt.

,.

5. The method of c}azm 1, whurcm the fac;or Xainhibitor cempmmd 18

administered to the patient once daily.

6. The method of elaim 1, whcmm thc factor Xa inhibitor compotnd is

administered to the pcment twice daily or thk Ce times daily,

e
&
7

Ly
&
&

7. The method of claim J,A,,f"’imlttez'c:i11 the factor Xa inhibitor compound is of

formula IV: e

J‘/
ffg
y‘i}f
Jf/!/
‘j
e
/
!’lf
rd
7 v
// e
J wherein:
/’ Z" and 2 are each independently a Ci-Ce alkyl which is optionally

substituted with a hydroxyl, carboxylic acid or carboxylic acid ester

group;

I1g
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R is selected from the group consisting of:
H, -F, -Cl, and Br;
R and R™ are cach H; )
R'Y"and R"* are cach independently a member selected from ﬂ{e group
congisting of:
H, -Cl, -F, -Br, -OH and —OCHz; and
R i5.a member selected from the group consisting Gf "
'F, -Cl, -Br, -OH, <CHs, and ~OCH,

or a pharmaceutically acceptable salt thereof.

&, The method of claim 1, wherein the compound is selected from the group

consisting of;

jﬂ ~ fi
. 3

)
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or a pharaceutically acceptable salt thercof,

7

, 9. The method of claim 1, wherein the factor Xa inhibitor compound is of
5  FormulaV: “ | |

Jﬁf
/VP{
e/
/ !
'
7
/£
/ .
/ wherein:
/ A-Q s a member selected from the group consisting of:
v
¢
/
:)}/

11
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R is sclected from the group consist

10.

consisting of:

Ny

N
b
§
=

where 7 is a Cy . atkyl which is optionalllyl sibstituted with & hydroxyl,

carboxylic acid or carboxylic acid cster group;

H, -F, -Cl, and Br:
R and R are each H;

R and R' are each independently a member selected from the group

consisting of:

H, -Cl, -F, -Bf, -OH and —OCHj; and

R¥isa men’xbe:r;;;”éécied from the group consisting of:
-F, -Cl-Br, -OH, -CHa, and ~OCH;,
e ~
or a pharméceutically acceptable salf thercof.

The corfpound of claim 9, wherein the compound is selecied from the group
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,-and

o or a pharmaceutically acceptable salt thercof.
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11. A method of inhibiting coagulation in a human paticnt in need t‘hgf&)f,

comprising administering to the patient a coagulation inhibiting amount of a fattor Xa

inhibitor compound of the Formula I1 ;

LN
77 CHy

HyC

herein the aoégu]ation inhibiting

amount of the factor Xa inhibitor compound is an aggregate daily dose from between about

0.01 and about 2.0 mg/kg.

12.  The method of claim 11, wherein the coagulation inhibiting amount of the
A . ’ :
factor Xa inhibitor compound is an aggregate daily dose from between about 0.1 and about
;o ) . .

1.5 mg/kg, f'
/

13.  The method of, Claim 12, wherein the coagulation inhibiting amount of the

£ | .

factor Xa inhibitor compourid is an aggregate daily dose from between about 0.4 and about

7/ .

1.2 mg/kg, /
é/f‘

14, Thw‘flcthod of claim 12, wherein the pharmaceutically aceeptable salt of the
J/K *
factor Xa inhibitor compound is a maleate salt,
/s : .

&

/

¢

'ps\ - & . - e > e
15,/ A unit dose formulation comprising a pharmaceutical composition

.. <‘i » 3 M . * - . wa
comprisifg a pharmaceutically acceptable carrier and a coagulation inhibiting amount of the
a inhibitor compound of Formula I:

factor”

11r



S

10

13

30

A-Q-D-E-G-J-X
I

wherein:
A is selected from:
@) C-Cealkyl;
(by  CaCy-cycloalkyl; E
(©  -NR'RY) NR'R- C(=NR%)-, N(R* Pﬁ) C(=NRY- N(R ) R'-C(=NRY-,
R‘-C(mNR FNERY- /
(d)  phenyl, which is uldcpmdcnﬁy subistituted w vith 0 2 ,R %nbe:tzmcm S
(). naphthvl which is mdcpcndcntly substituted mth 0-2 R substituents; and
~a'monocyclic or fused bzcychc hetcrocychc rmg sysiem having from 5% 10
rmg amms ~wherein 1-4 ring atoms of th e ring system are selected from N, O
and S, emd wherein the ring system may hc substituted with-0-2 R
substituents; /
R is selected from: y
H, halo, ~CN, -CO:R", -C(=0)-N(R Ri"), -{CH *}m~ R A(CH -
, C(~0}-}\5(R‘ RY, -NO,, -fgozw{}z‘ R R?), -SOR!, (CH)uNR'R?, (CHy)i-C(=NR%)-
R!, (CH3)p-C(=NR’ )ﬂN‘{R’ R? ) ~(CH3)mN(R4) -C(=NRY)- N(R* R, «(CH)NRL-
group <1}:\g}eﬁd<.,d toaltob mgmbc:md heterocyclic ring containing from 1-4
heteroatoms scicctcd fmmﬁN, O and 8, -Cmalkyl, -Cygalkenyl, -Chgalkynyl, -Ca.
geycloalkyl, -Cy. 4a}L)f§cnc§iCa geycloalkyl, <CFa, -OR?, and & 5-6 membered
hctcmeychc system c@ntmnl% ﬁom 1-4 heteroatoms selected from N, O'and S,
wherein from 1-4 hydz%cn atorns on the heterocyclic system may be independently
replaced with d ;‘hn,mbcr sclected from the g group consisting of halo, ~C-Cy-alkyl,
- Aﬁlk:}"l"C/N ~Cg (,ei!konyl ~Ca oaliiynyl -Chseycloalkyl, ~Coualkylene-
Cageyel c},]}x}’l and -NOg;
mis an integm;(f% -2
R', R? R? apéPRd are independently sclected from the group consisting of:
zyiBRS N(-R?, -R%), -C4alkyl, -Cagalkenyl, -Cagalkynyl, -Cageycloalkyl,
/-C sqalkylene-Cs.geycloalkyl, -Co.aalkylphenyl and -Co.qalkylnaphthyl, wherein from

/ 1-4 hydrogen atoms on the ring atoms of the phenyl and naphthyl moicties may be

/
/

/
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independently replaced with a member selected from the group consisting of hai/c/:
-Cy 4a1§<y1 -Cy galkenyl, -Cygalkynyl, -Cageycloalkyl, -Cyaalkylene-Cy xcycicd&yl
-CN, and -NQO3; or R' and R” or R and R* taken together can form-a 3- %s mcmbcrcd
cycloalkyl or a hcrcmcychc ring system, wherein the heterocyclic rmg_,,@,ystcm may
have from 3 to 10 ring atoms, with 1 to 2 rings being in t’hc‘ring fsystcm and contain
from 1-4 heteroatoms selected from N, O and S, wherein from ] ;f,:%’fi'aydrogen atoms
on the heterocyclic ring system may be independently z’@piasgé@ith a mermbet
selected ﬁ'pm the group consisting of halo, C;-Cy-alkyl, -C§3§£~Cg,531kcnyl, s,
Gélkynyl -Cyseyeloalkyl, -Coqal ky ene-Ca.geycloalkyl Ei[l(.‘i;wNOz;

R¥and R® are mcl{:pcmdcntfy selected from the group conmstm& fof:

H, “Ciaalkyl, ~Cg4;dlkcnyl ‘Co.{,alk}myl -C mcyc!oafkvi ~Cp.aalkylene-Cs.
gcyciaaikyi -(,g,4<i§i\y§cnc*phcny¥ and “Calkyl cnc—mp}:sthyi wherein from 1-4
hydrogen atonis on the ring atoms of the pheﬁvl and naphthyl moicties may be
independently mplaccd with a member scie:med from the group consisting of halo,
-Cialkyl, -Crn i.cnyi -Cz sdlkynyl —Cg gCyCiO&lk}?l -Cma[kylgne(,;.gﬁ:ycionukyl
-CN, and ~N03? or R¥ and R® taken iqgeﬂnr can form'd 3-8 membcm& cycloalkylor
a heterocyclic ring system, whezem ihc hctemcyci;c ring system may have from 3 o
10 ring atoms, with 1 to'2 nn;,s bcmg in the ring system and contain from 1-4
heteroatoms selected from N O and S, wh»mm from 1-4 hydrogen atoms on the
heterocyclic ring system mav be independently replaced with a member selected
from the group comustmg:, r of halo, -C 1-C4~ai§\vl »CN -Cagalkenyl, -Coqalkynyl, -Ca.
seycloalkyl, *C(;,,f;&}}xj}%{?ﬂC*Cg.gﬁ}’d()&ikyi and “NOg;

Q is a member selected from the group consisting of:

a direct link, -CHa-, -C(=0)-, -0, -N(R)-, -N(R)CHz-, -CH;NR)-, -C(=NR)-,
-C(=O)~N(R7§~, N(R)-C(=0)-, -S-, -80-, -804-, -S03-N(R")- and ~N(R")-803-~;

R” is sclected me

~C§qdﬂ(}l ~Cypgalkenyl, -Cy G&Ikynyi -Cageycloalkyl, -Cyqalkylene-Ca.
xcyciaa kyl, -Coqal kyiwe-phwyl and -Cyqalleylene-naphthyl, wherein from 1-4
]yydxowrn atoms on the ring atoms of the phenyl and naphthyl moieties may be

/ mdcpendcnﬂy replaced with a member selected from the group consisting of halo

11t
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-Cygalkyl, ~Cogalkenyl, -Caogalkynyl, ~Cascycloalkyl, -Cosulkylene-Cs s‘cycloaiisyl
-CN, and -NO»; L
D is a direct link or is 2 member selected from the group consistingof
(a)  phenyl, which is independently substituted with 0-2 R™ %ulast:tucnts,
(b))  naphthyl, which is independently substituted with 0-2 R™ mbst;tuc:nts, and
( c) a monoeyclic or fused bicyclic heterooyclic riing system h&vmg from 510 10
ring atoms, whetein 1-4 ring atoms of the ring system f{ﬁ“m selected rom N, O
and S, and wherein the ring system may be substim{tea from 0-2 R
substituents; ' ‘
R s selected from: R
halo, -Cjqalkyl, -Coealkenyl, Crgalkynyl, <Cy gc.:ycfiéalkyl -Co.salkylene-Cy.
geyeloalkyl, <CN, -NO», {(CH2).NR*R™, (caa)ncoaw’* -(CH2),CONR™R™,
“SO,NR¥R™, .SO,R*®, -CF, “OR™ and d,;;eé membered aromatic heterocyclic
rl.ecmd from N, O and S, wherein from [-4

hydrogen atoms on the aromatic laﬂtggﬁb}tciic system may be independently replaced

system containing from 1-4 heteroatoms se

with & member selected from the gr‘éup consisting of halo, -Cyalkyl, -Cygalkenyl,
-Cagalkynyl, -Cageyctoalkyl, ~-(‘;},§a1kyiene~(“ z.gc%iclgaikyi -CN and -NO;,
* and R™ are independently sclec:tud from the gr oup con xzmz}g v of:

H, -C;.qalkyl, -»Ca{;alkcnyl »Cq.{;a]kynyl -Cygcycloalkyl, ~Co.salkylene-Ca.
geycloalkyl, ~Co. 4alkyienwpheny] and -Cy4alkylenc-naphthyl, wherein from 1-4
hydmﬂﬁ:n atoms o1 fhe ring atoms of the phenyl and naphthyl mmchc& may be |
independently ;ﬁpiac&ed with a member selected from the group consisting of halo,
«Craloyt, »{Giiﬁa.ikenyi, Cagalkynyl, -Cascycloalkyl, -Coualkylene-Csgeycloalkyl,
-CN and O,

nisan frttcgcn{;f“ 0-2;

Eisa dmmt Yink or a member selected from the g group consisting of:
«Q a-alkylene-, -O-, -8-, -80-, -8§0:-, -Co.i-atkylene-C(=0), -Co.;-alkylene-
/ C(=0)-N(-RH)- Co.r-alkylene-, -Co.s-alkylene-N(-R¥)-C(=0)-Cq.i-alkylene-,
N-RH-C(=0)-N(-R*- and -Cq.;-alkylene-N{-R*)-;

30 /{?" is a member selected from the group consisting of:
&

11lu



10 -

20

25

30

H; -Ciy-alkyl; ~Cag-alkylene-aryl; ~Co.y-alkylene-heteroaryl; -Cj. ‘;

s-alkylene-C(=0)-OH, -C; 4-alkylene-C(=0)-0-Ci4-alkyl, and -C,.

s-alkylene-C(=0)-N(-R?, -R¥); /
R™ and R™ are cach a member independently selected from the group consistipéof:

H, -Cy 4-alkyl, -Co.q-alkylenc-aryl; -Co4-alkylenc-heterocyclic gmup,f’énd R® and

R¥ together wit’h the N atom to which they are attached can form a:? 8 membered

heterocyclic ring containing 1-4 heteroatoms selected from N, 6 and S, wherein the

heterocyclic ring may be substituted with 0-2 R gmupa
R isa mcmbcr selected from the group ccmslgtmg » of: ;
| Halo; -Cy4-alkyl: <CN; -NOy; -C(=0)-N(-R*, R, »C(“O)—OREC
S{CH)N(R, -R*); -80,-N(-R, -R™); -SO,R*; <CF3; and ~(CHz),-OR™;
R* and R* are cach independently a member selected fg&n the group wnsiéﬁng of'
H; -C.4-alkyl; and -C;.4-alkylenc-aryl:
q is an infeger-of 0-2;
G is'a member selected from the group comxs’tmg of
(@) Cy-alkenyl or C,,,g—«cycioalkcqyié wherein the alkenyl and cycloalkenyl
. attachment points-are the al'kényl carbon atoms and wherein the {fﬁg-alkmyi
or -Cyg-cycloalkeny! axjgr’ghbstituteé with 0-4 R' groups;

(b) & phenyl group whcr;;ifi; the ring carbon atoms of the phenylene group are
substituted with GAR’d groups;

{c a 3-8 mc:mberegf’ﬁet@x‘ce‘yciﬁic ring system confaining [-4 heteroatoms
selected ﬁomN O and 8, wherein 0-2 ring atoms of the heterocyclic ring
may be sggﬁ;ﬁmr@d with 0-4 R'® groups; and,

(d)  an8§-1 g)“i;mmbcred fused heterocyclic bicyelic ring system, containing 1-4
hetgr’t;éiems selected from N, O and S, wherein 0-2 ring atoms of the fused
lg‘ié;'clic ring system may be substituted with 0-4 R'® groups;

R¥isa mc:mbé; sciéctéd from the group consisting of:
H, %fd}o, Cig-alkyl, aryl, -CN; -NO2; (CHz)o.s-NR* R, -SO,NR™R™; -SO,R™,
APy {(CHy6-OR™; -0-(CH:)1 cOR™; -0-(CHy)1.6-C(=0)-0-R*;
/" {O«(CH)16-C=0)NR¥ RM); -N(R™)-(CHa)y -OR™; -N(R*)-(CHy)ys-NR™,R);
/CEOINR™RM); -NR™)(CH)16-C=0)-NR ¥ R, -N(-(CHy)1.6-OR )3

I1v
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NER™CH)1.-OR™; NR™)-CE0)-R™;, NR™)-S0,-R™; «(CHy)o.
-C(=0)-0-R¥; (CH2)p.6-C(=0)-NR™ R*Y; «(CHy)ys-C(=N R,‘z")-}\é(R‘;"ﬁ}g?’é};
«(CH2)o6-NRZ)CENRM-NR™ RYY; 2 «(CH).6-NR™)Cs6 membergd’x
heterocyclic ring containing 1-4 heteroatoms sc¥,éctcd from N, O andS, and a
-(CH2)o.6-5-6 membered heterocyclic ring containing 1-4 h ettei‘oatgﬁ;s selected from
N,Oand§; | , -
R* R™ R and R™ are cach independently a member selected froi“;;:-*"éle grotip consisting
oft : | ; . ,
H,C ;{,walkyh} Cg-alkylaryl, VMC?\%; ~NO,; carbocyelic ax:yii “CN; -NOs; or R™ and R¥
taken together with the N atoms they are iﬁds:pcnémﬁg; attached forma 5-7
membered heterocyelic ringgor R and R takmgﬁigedmr with the N atom to
which they are attached form a 5-8 membered }}é/t;érocy::‘lia ring containing 1-4
heteroatoms selected from N, O and S;: & : |
1 is a direct link or is a member selected from t!wjg;’i%up consisting of:
AN(R)-C(=0): -C(=0)N(-R%)x; -0=; -8 -80~; -802-; -CHy-; -N-R’)-; and
N(-R)-80-; /
R” is a member selected from the group c?ﬁi?ésting of:
H; +Cy.q-alkeyly -Cog-alkeyl -carbc}ﬁ“gzcﬁc aryl; -(CHzJo4-3-6 membered heterocyclic
ring containing 1-4 hxtematq;zf{;: selected from N, O and S (CH) - CEOY-0-C.
calkyl; and {(CH3)p6-C=0)NR®RY);
R™ and R® are cach a mc:xrnber}:iiidepfmdcmtl v selected from the group consisting of:
H and -C) ¢-alkyl; f;”f
X 1 & member selected ﬁg)fn the group consisting of:
(a)  phenyl }:}:t'g&titutcd with 0-3 R'® groups;
(b) napht!ix‘iil substituted with 0-3 R'® groups and
¢y a 6;?1;’ embered aromatic heterocyclic ring system containing. 1-3 N atoms and
p’ﬁi’ixlg 0-3 ring dtoms substituted with 0-3 R groups; and
(d) ffan 8-10 membered fused aromatic heterocyclic bicyclic ring system

/ containing 1-4 heteroatoms selected from N, O and S and 0-3 ring atoms of

/x" ' the fused heterocyclic bicyelic ring system are substituted with 0-3 R'
/ groups;

/

1w
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R is a member independently selected from the group consisting of: y
/
‘«‘(/

Halo; CFz; -Ciy-alkyl; carbocyclic aryl; -C og-«li«.ylcnc—CN -0-R*;
-Cor-alkylene-C(=0)-0-R™; -Co.p- a)k.ykenc*C{MO)-N(R“e R*); -Cy. 7-311\}’1CHC‘N0”
Coa-alkylene-N(R?, R*); -Co.z-alkylene-SO2-N(R™, R*); -Cy. o-cilkylenc’SOa-R
trihaloalkyl: -0-Coa-alkylene-O-R; -Cy.o-alkylene-O-R* ~0-C;-.;—a}kyif*nc—
CEO)NR?, R*); -0-C,4-alkylene-C(=0)-0-R>; -Cg.p-alkylene- /
N(R™)-C(=0)-R™; -Cor-alkylene-N(-R*)-802-R*; -CHp-N(R*){C(=0)-R*
-CHa-N(R?)-802-R™: (CH)oo-NRZR™: -C(=0)-N(R* | R*); —N(~(Cl~h)1 OR™),;
N(R")-(CHa); -OR™: -N(R™)-C(=0)-R%; N(R"’) 50, R’*

C(“N(Rm)) N(}{2° R*); and a- H{CH)5.6-5-6 mcmbcmci bctcmcychc ring containing

1-4 heteroatoms selected from N, O and S;
R, R and R™ are cach independently a member %clca.ted fmm thu group consisting of:
H; -C, 4-alkyl; <Cop-alkylene-O-R'S -Cyo-alkylone-
N(~ng* -Rzg);uc;%4-aikyicne«carbccycij,c aryi, -Cy.s-alkylene-heterocyclic; and R
and R, or R* and R™ together with the’?il atom to which they are attached can form
5-8 menibéred huc;ocychc rmg comammg 1-4 hctema{oms selcc&d ﬁem N,Oand
S which can be substituted with 0 2R groups;
R'® and LR"“ are independently a membm selected fiom the g group of:
H hale; ~Ciq-alkyl, a carboéychc aryl group; aheterocyelic group: -CN;
-C(=0)-NRBR*: C(jO}»GR’i NO3; (CHy),-NRER*; .SO,NRR*; -SO.R™:
CFs; and -(CHy),0R%;
p Is an integer of 0-2; and/
R* and R* are cach mdcpcndcmly sclocted from the group consz:atmg:, r oft
H: Gy 4-&1!@}1 dﬂ(‘f -Cy4-alkylene-carbocyclic aryl;
ora pharmdcoumcaﬂy acceptable salf thereof;
hera‘m the coagulation inhibiting amount of the factor Xa inhibitor compound is an

aggregatgﬁmly dose from between about 0.01 and about 2.0 mg/kg.

y
/

/16, The unit dose formulation of claim 15, wherein the coagulation inhibiting

/

amoum of the factor Xa inhibitor compound is an aggregate daily dose between about 0.1

30 / and about 1.5 mg/kg.

/*

s

/
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17. The unit dose formulation of claim 15, wherein the coagulation inhibiting,
amount of the factor Xa inhibitor compound is an aggregate daily dose between about (/4

and about 1.2 mg/kg.

18. The unit dase formulation of ¢laim 13, wherein the pharmaccu’;iéﬁl[y

acceptable salt of the factor Xa inhibitor compound is a malcatc salt.

19.  The unitdose formulation of claim 15, wherein the factor Xa inhibitor

compound is of formula IV:

wherein: P
L and 27 are cach:indcpf:};fixénﬁy a C-Cq alkyl which is optionally substituted with
a hydroxyl, caﬂzgfgyﬁc acid or carbbxylic acid ester group;
R is selected from t%ré group consisting of:
H, -F, »'Ciyﬁ’;;d Br;
R'? and R'4 zégzéxeach H;
R' and R‘fj?’”iarc each independently a member selected from the group consisting
of/
f:ffiﬁﬂ -Cl, -F, -Br, -OH and ~OCHz; and
R’;Ab a member sclected from the group consisting of!
/" F,-Cl, -Br, -OH, -CHz, and ~OCH;,

/
,/ or a pharmaceutically acceptable salt thereof.

20.  The unit dosc formulation of claim 19, wherein the compound is selected

/ﬁ'om the group consisting of:
i

Iy



11z



11laa



, and or a pharmaceutically

acceptable salt thercof.

2L : The unit dose formulation of claim 15, wherein the factor Xa inhibitor

5 compound is of formula V:

wherein;

A&Q is
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where Z is a Cy alkyl which is optionally subst?tufed with a hydroxyl, carboxylic

acid or carboxylic acid ester group;

R *is selected from the roup consisting ofy

| group go

5 ' H, -F, -Cl, and Br; ‘
R and R' are cach H;

R'" and R'® are each independestly a member selected from the group consisting

of:
H, -Cl, -F, -Br, -OH and ~OCHx; and
10 R™is a member seier:t;éd from the group consisting of:

-F, -Cl, -Br/-OH, -CHs, and ~OCHs,
ora p?}afgnawut”icaﬂy acceptable salt thercof.
22.. ]‘hcnmt dosc formulation of claim 21, wherein the compound is sclected

from the group,donsisting of;
e

&
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, and

/ & or a pharmaceutically acceptable salt thereof.
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23. A unit dose formulation comprising & pharmacecutical composition
comprising a pharmaceutically acceptable carrier and a coagulation inhibiting amount of the

factor Xa inhibitor compound 1 ;

or pharmaceutically acceptable salt thereof, ; “herein the coagulation inhibiting amount of

the factor Xa inhibitor compound is an agg?mgme daily dose of from between about 0.01 and
PR - . ’ :fi ) g .
about 2.0 mp/kg /

7
7
:(,»9

7
5

10 24 . Theunitdose fongtﬁ{aﬁo:n of claim 23, wherein the coagulation inhibiting
; A‘fj N - » .
amount of the factor Xa inhibitor compound is-an aggregate daily dosce-of from between
. 4 . .
about 0.1 and about 1.3 111%{}53;.

/
25. The method of claim 10, wherein the pharmaceutically acceptable salt of the
- T 'v ; ® 9
factor Xa inhibitor cénipound is a maleate salt,
) / .

M

s
15 26. /An In vitro assay to détermine whether a-compound has in vive
antithrombotic activity comprising:

/ ,
£ bS ‘ . . -
a) introducing a test compound into an in vitre sample of whole blood or

s

/plasma comprising tissue factor (TF) and a detectably-labeled thrombin substrate to

/ form a test sample;

11jj



b) determining the level of thrombin activity in the test sample by mgn“{itarin g
the cleavage of the detectably-labeled thrombin substrate in the test samplé as a
function of time; :

¢) determining the level of thrombin activity in a control §a§ﬁpic by

monitoring the ciéavage of the detectably-labeled thrombin Sub&?ﬁ*ate in thecontrol

b

sample as a function of time, wherein the control sample comprises whole blood or

plasma comprising tissue factor (TF} and a detectabfy-iglﬁéléd thrombin substrate;

d) comparing the level of thrombin activity i the fest sample and the control

sample, wherein a lower level of thrombin activity in the test sample is an indication

10 that the test compound has i vivo antithrombotic activity.

27.  The assay of clain 26, wherein thie test sumple and the control sample
comprise whole blood.

28 The assay of claim 27, whercin the whole blood is anticoagulated.
. . . ff'
; y ; ;
29, Theassay of clai p«{z?, wherein the whole blood 1s nonanticoagulated.

&
&

15 30.  Theassay g}ffﬁcl aim 26, wherein the test sample and the control sample

comprise plasma.

,»-/f
31, T@S assay of claim 30, wherein the plasma is anticoagulated.
/

&

'/f * N + *
32,/ The assay of claim 30, wherein the plasma is nonanticoagulated.

Z

7
s { - " -
/3 The assay of claim 26, wherein detectably-labeled thrombin substrate is a Z-

20 Gl§-Gly-Arg-AMC.
Ve

(o5
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BRIEF DESCRIPTION OF THE YD}i‘AWlNGS

FIG. 1A shows the correlation of thzjgzﬁgfn generation with the international
normalized ratio (INR) in anticoagulated patie;g;tﬂs'%xéated with warfarin, Thrombin
generation was measured at 10 minutes in‘plﬁgma samples from patients receiving stable
x‘vay;*f’arin therapy {n= 137). Data fmm..«gﬁ“éti ents receiving warfarin therapy is presented as
quintiles of the INR results. Enor ars show standard crrors.

FIG. 1B shmwthc correlation of thrombin generation with activated partial
thromboplastin time ('aEI"Ti in anticoagulated patients treated with enoxaparin. Plasma
thrombin gemratig;i was-easured in 16 cnoxaparin-treated patients, Anti-fXa units were
measured by C@%TEST LMW assay according to the manufacturer’s instructions. Groups

wWere com_péii:cd by Student’s t-test.
- FIG. 1C shows the correlation of thrombin generation with aPTT in

#
r

ngﬁc@agulatcd patients treated with unfractionated heparin (UFH). Plasma thrombin

1111



