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The invention is also directed to an in vitro assay to determine the in „vii)o 
/ 	. 

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

a) introducing a test compound into an in vitro sampleofwhole.filOod or 

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

form a test sample; 

b).determining the level :of thrinnl?in activity in the test sample by monitoring 

the cleavage of the detectably-labeled thrombin substrate in the test sample as a 

function of time;: 

c) determining the level of thrombin activity in a control sample by 
- 	, 

monitoring the cleavage of the detectably41theled thrombin substrate in the control 

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

plasma comprising tissue factor (TO and/idetectably-labeled thrombin substrate; 

d) comparing the level of threnfibin activityinthe test sample and the control 

sample, wherein a lower level of tly‘mbin activity in the test sample is an indication 

that the test compound has in vZ antithrombotic activity. 

The blood and pla 	maybe anticOagtilated Or nonanticoagulated. 

In certain embod. 	ents of the invention, the deteetably-labeled thrombin 

substrate is a Z-Gly-Gly-Arp,  MC, 
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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 

5 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; 

c) determining the level of thrombin activity in a control sample by 

10 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 

15 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 

20 FIG. IA shows the correlation 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. 

25 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-Dca units were 

measured by COATEST LMW assay according to the manufacturer's instructions. Groups 

were compared by Student's t-test. 

30 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 witp 

1. 	A method of inhibiting coagulation in a human patient in need thereof, 

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

inhibitor compound ofthe Formula 1: 

5 A-Q-D-E-G-J-X 
ff 

 

wherein: 

A is selected from: 

(a) 	C, -C6-alkyl; 

10 	(b) 	C3-C8-cycloallcyl; 

(c) -N(R1,R2), N(R',R2)-C(=NR3)-, N(R1,R2).C(=NR:1)-N(R4)-, R1-C(=NR3)-, 

R1 -C(=NR1)-N(R4)-; 
/ 

(d) phenyl, which is independently sub
/
stituted with 0-2 R substituents; 

(e) naphthyl, which is independently/substituted with 0-2 R substituents; and 

15 	 a monocyclic or fused bicycli 	eterocyclic ring system having from 5 to 10 

ring atoms, wherein 1-4 ring'atoms of the ring system are selected from N, 0 

and S, and wherein the ig system may be substituted with 0-2 R 

substituents; 

R is selected from: 

20 	H, halo, -CN, -CO2R1, -r (=0)N(R1, R2), -(CH2)m-CO2R1, -(CH2)m- 

C(=0)-N(RI , R2), -N 2, -S02N(RI, R2), -SO2R1, -(CH2).NR1 R2, -(CH2).-C(=NR3)- 

R1, -(CH2).-C(=N • -)-N(R1,R2), -(CH2).-N(R4)-C(=NR3)-N(R1,R2), -(CH2).NR1- 

group appende• 	• a 3 to 6 membered heterocyclic ring containing from 1-4 

heteroatoms 	lected from N, 0 and S, -Ci4alkyl, -C2_6alkenyl, -C2.6alkynyl, -C3_ 

25 	scycloalk , -Ctmalkylene-C34cycloalkyl, -CF3, -0R2, and a 5-6 membered 

heteroc; die system containing from 1-4 heteroatoms selected from N, 0 and S, 

when in from 1-4 hydrogen atoms on the heterocyclic system may be independently 

re aced with a member selected from the group consisting of halo, -CI-C4-alkyl, 

-Cmalkyl-CN, -C2.6alkenyl, -C2.6alkynyl, -C3.$cycloalkyl, -004alkylene- 

30 	C3.8cycloalkyl and -NO2; 

is an integer of 0-2; 

the numbers 1 to 33. 
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le, R2, R3  and R4  are independently selected from the group consisting of: 
/ 

H, -OR', -N(-R5, -R6), -C.f4alkyl, -C3.6alkenyl, •C2_6alkynyl, -Cmcycloalkyt, / 

-CoAalkylene-Q;_ktcycloalkyl, -Co4alkylphenyl and-Co.olkylnaphthyl, wheliin from. 

1-4 hydrogen atoms on the ring atoms of the phenyl. and naphthyl moietiis may be 

5 independently replaced with a member selected froth the group consisfirig-of halo, 

-C1.4alkyl, -C2.6alkenyl, -C2 _6allcyriyl, -C3_8cyCloalkyl, -Co_aalkylene-C3.8cycloalkyl, 

-CN, and -NO2; or R' and R2, or R2  and 413  taken together can form a 3-8.iftemberect 

cycloalkyl or a heterocyclic ring system, wherein the hetero6Yclic ring system may 

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

10 from 1-4 heteroatoms selected from N, 0 and S, wh 	'n from 1-4 hydrogen atoms 

on the heterocyclic ring system may be independ,  tly-replaced with a member 

selected from the group consisting of halo, Ci 	4-alkyl, -CN, -C2.6alkenyl, -C2- 

6alky.nyl, -C3.scycloalkyl, -C6.4alkylene-C3 	ycloalkyl .and -NO2; 

RS and R6  are independently selected from the y ettp consisting of:: 

15 • • 

20 

K.-p-414Y4 mC2-6alkenyl, -C2_6alky. 	.-C:i_Scycloalkyl, -Cd4alkylene-C3-_ 

scycloallcyl,. -CoAalkylene-phenyl . nd -00.4 alkylene-naphthyl, wherein from 1-4 

hydrogen atoms oil the ring at fns of the phenyl and naphthyl, Moieties may be 

independentlyr0lAced Wit a member selected from the group consisting of halo, 

-C4.441101, ,C20,1ketiy 	‘2.6alkynyl, -C3.8cycloalkyl, -00.4alkylene-.C34Cycloalkyl, 

-CN,-4nd:4402; or Rs  and R6  taken together can forin a 3-8ineiribered.tycloalkyl or 

a heterocyclic rin system, wherein the heterocyclic ring system may have from 3 to 

10 ringittonts 	*th 1 to 2 rings being in the ring system and contain from 1-4 

hetcroato I : selected from N, 0 and S, wherein from 1-4 hydrogen atoms on the 

heteroc 	icrfng system may be independently replaced with a member selected 

25 fro 	e.group consisting of halo, -C1-C4-alkyl, -.CN, -C2.6alkenyl.,-C2_6alkynyl, -C2. 

a 	clOalkyl, -00.4alkylene-Ci_scycloalkyl and -NO2; 

Q is : 	ember selected from the group consisting of 

a direct link, -C1-f2-, -Q(-0)-, -0-, -N(117)-, -N(R)CH.2-, -C11214(R7)-, -C(=NR7)-, 

-C(--0)-N(R)-, -N(R)-C(=0)-, -S-, -S0-;, -S02-,.-S02-N(R)- and —N(117)-S02-; 

30 	R' is selected from: 

1 lb 



H, -C1.4alkyl, -C2_6alkenyl, -C2.6alkynyl, -C:1_,scycloalkyl, -Co4alkylenc-Cx. 

5 

/ 
scycloalkyl, -Co4alkylene-phenyl and -Co4alkylene-naphthyl, wherein from 1-4 

hydrogen atoms on the ring atoms of the phenyl and naphthyl moieties may, 

independently replaced 'with a member selected from the group consistin 	f halo, 

-C1.4alkyl, -C2.6alkenyl,•-C246alkYnYl, -C.1.8cycloalkyl, -Co4alkylene-C 	ycloalkyl, 

-CN, and -NO2; 

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

(a) phenyl, which is independently substituted with 0-2 R)4  substituents; 

(b) naphthyl, which is independently substituted with,0-2 R" substitucnts; and 

10 (c) a monocyclic or fused bicyclic heterocyclic ring system having from 5 to 10 
. 	. 

ring atoms, wherein 1-4 ring atoms of the ring system are selected from N, 0 

and S, and wherein the ring system may,be substituted from 0-2 R" 
/ 

substituents; 

R'" is selected from: 

15 IWO, C.i..4alkyl,.-02;.6alkenyl, -C2.45a . 	4 yl, -0i.8Cycloalkyl, -Co4alkylene-C3_ 

scycloalkyl„.0„ -NO2, -(CH2). 	."R 3a., -(61:2)1,CD2R24, .0,...Imitoi4R2aR3a, 

-SO2 	-SO2R2a, -CFA; -0 • 2a, and a 5-4 Membered aromatic heterocyclic 

system containing from 1-4 rcteroatoms selected front N, 0 and Ss, Wherein from 1-4 

hydrogen atoms on the ar matic heterocyclic system may be independently replaced 

20 with a member select 	from the group consisting of halo, -Ct4alkyl, -C24alkenyl, 

-C2-galicYnA -Q i-8 	Gloalkyl, -C04alkylene-C:.scycloalkyl, -CN and -NO2;  

R2" and e are .indepe 	ently selected from the group consisting of 

H, -6-4a1kY -C24alkenyl, -C2.6alkynyl, -C3.4cycloalltyl, •;Co.4alkylene-C3. 

scycloal 	I, -Co4alkylene-phenyl and -Co4a1k3rlene-naphthyl, wherein from 1-4 

25 hydro _en atoms on the ring atoms of the phenyl and naphthyl moieties may be 

in' pendently replaced with a member selected from the group consisting of halo, 

Ci4alkyl, -C2_6alkenyl, -C2.6alkynYI, -Cmcycloalkyl, -004alkylenc-Cmcycloalkyl, 

-CN and -NO2; 

is an integer of 0-2; 

30 	E is a direct link or a member selected from the group consisting of: 

lie 	 , 



pF 

-C1 _2-alkylene-, -0-, -S-, -SO-, -SO2-, -00-1-alkylcne-C(=0), -Co_1 -alkylene- 

C(=0)-N(-R8)- Co..i-alkylene-, -Co_ralkylene-N(-R8)-C(=0)-Co_1-alkylene-, ' 

-N(-R8)-C(=0)-N(-R8)- and -Co_1-alkylene-N(-R8)-; 

R8  is a member selected from the group consisting of: 

5 H; -C1.4-alkyl; -00.4-alkylenc-aryl; -00.4-alkylene-heteroaryl; -C1. 

4-alkylene-C(---.0)-0H, -C14-alkylene-C(=0)-0-Cm-alkyl, and -61 _ 
4-alkylene-C(=0)-N(-112b, -R3b); 

R2b  and R 	are each a member independently selected from the group consisting of: 

H, -Cm-alkyl, -004-alkylene-aryl; -004-alkylene-heterOcyclic group, and R2b  and 

10 R3' together with the N atom to which they are attached can form a 5-8 membered 

heterocyclic ring containing 1-4 heteroatoms selected from. N, 0 and S, wherein the 

heterocyclic ring may be substituted with 0-2ile  groups; 

Ric  is a member selected from the group consistingof: 

Halo; -Cm-alkyl; -CN; -NO2; -C(=0)-*-R2`, -R3.); -c(----0)-oRk; , 
15 	-(CH2)q-N(R2', -Rh; -S02-N(R2e,/A3c); -S02R2`; -CF3; and -(CH2)s-OR2`; 

R2c  and e are each independently a mc ber selected from the group consisting of: 

H; -Cm-alkyl; and -Cm-alkyl 	e-aryl; 

q is an integer of 0-2; 

G is a member selected from th /group consisting of: 

20 (a) C2-alkenyl or 	34-cycloalkenyl, wherein the alkenyl and cycloalkenyl 

attachmen points are the alkenyl carbon atoms and wherein the -C2-alkenyl 

or -C3_ 	ycloalkenyl are substituted with 0-4 Rid  groups; 

(b) a ph,  yl group wherein the ring carbon atoms of the phenylene group are 

s tstituted with 0-4 Rid  groups; 

25 (c) a 3-8 membered heterocyclic ring system containing 1-4 heteroatoms 

selected from. N, 0 and S, wherein 0-2 ring atoms of the heterocyclic ring 

may be substituted with 0-4 R" groups; and, 

(d) an 8-10 membered fused heterocyclic bicyclic ring system, containing 1-4 

heteroatoms selected from N, 0 and S, wherein 0-2 ring atoms of the fused 

30 bicyclic ring system may be substituted with 0-4 R id  groups; 

Rid is a member selected from the group consisting of: 

1 ld 



H, halo; C1.6-alkyl, aryl, -CN; -NO2; 4CH2)0,6-NR2dR3d; -SO2NR2dR d; -SO2R2d; 

-CF3; 4 	434a42)1_60R2d; CH2)0.6-0R2d; 	 -0-(CH2)).6-C(4))-0-R2d; 
2d 	3d 	5a 	— 2d 	5a 	 2d  -04CH2)1-6-C(=0)N(R,e); -N(R)-(CH2)1,6_0K;_N(R-(CH2)1.6-N(RAt 	; 

-C(3)714(R2d,R3d); -N(R5a)-(CH2).1.6-C(:))-N(R2d,R3d) -N(4CH2) i .6-ORN 

5 -N(R5a)4CF12)1.6-OR2!`; -Ne)-C(=0)-R d.; -Is(e)-S02-R2d; 4CH2)0. 

6-q=9)-07R2d; 4PB2)o-6-C(<9-N(R2d,Rid); -(CH2)0.6-C(=NR2d)-N(y41,R4d); 

-(CH2)0_6-N(R5a)C(=NR2d)-N(Ted,R"); a 4CH2)0.6-N(R3")Ci.6 membered 

heterocyclic ring containing 1-4 heteroatoms selected from N, 0 and S, and a 

-(CH2)0.6-5-6 membered heterocyclic ring containing 1-4 heteroatoms selected from 

10 N, 0 and S; 

Rya, Red, red  and e arc each independently a member selected from the group consisting 

of: 

H, C1.6-alkyl, C1.6-alkylaryl, -CN; -NO2; carbocyclic aryl, -CN; -NO2; or Red  and Rd  

taken together with the N atoms they are independently attached form a 5-7 

15 

.1 is 

membered heterocyclic ring; or led  and R,1  taken together with the N atom to 

which they are attached form a 5-8 membered heterocyclic ring containing 1-4 , 
heteroatoms selected from N, 0 anc1,4, 

a direct link or is a member selected 'Worn the group consisting of: 

-N(-R9),C(=9)-; -q=0)-X, 	);. -G-; -S-; 7S0-; -SO2-; -CH2-; -N(-119)-; and 

20 7/4(-119)-$02-;. 

R9  is a member selected from. 	group consisting of: 

H; -C1 .4-alkyl; -Co.4- 	-carbocyclic aryl; 4CF12)4.4-576 Membered heteroCyclic 

ring containing 1 	4ieteroatoms selected from N, 0 and S; -(CH2)1.6-C()-0-C1. 

4-alkyl; and 4 	2)i-eq=0)-N(R6a,R6b); 

25 	R6' and le are eac a member independently selected from the group consisting of: 

H and -C .6-alkyl; 

X is a memo 	selected from the group consisting of: 

(a) 	phenyl substituted with 0-3 lea  groups; 

) 	naphthyl substituted with 0-3 R'a groups and 

30 (c) 	a 6-membered aromatic heterocyclic ring system containing 1-3 N atoms and 

having 0-3 ring atoms substituted with 0-3 Rie  groups; and 

lle 



(d) 	an 8-10 membered fused aromatic heterocyclic bicyclic ring system. 	..,, 
containing 1-4 heteroatoms selected from N, 0 and S and 0-3 ring atoriis of 

the fused heterocyclic bicyclic ring system are substituted with 0-3 Ale  

groups; 	
.. 

5 R'' is a member independently selected from the group consisting of: 

Halo; CF3;. .-C14-alkyl; carbocyclic aryl; -00..2-alkylene-CN; -0-e; 

-00:2-alkylerie-C(=0)-0-e; -00.2- alkylene-C(=0)-N(R2', 1139); -00.2-alkylene-NO2; 

-00:2-alkylene-N(11.2e, R3'); -Co..2-alkylene.S01.-N(R2e., R3');, 'Lto.2-allcylene-S02-R2e; 

trihaloalkyl; -0-00.2-alkylcne-O-R2`; -00.2-alkylene-0-1112`; -P-C14-alkylene- 

10 c(---o)=N(K2c, R3e); -0-C1.4-akilene-C(=0):07112"; 7C0.2-a*lene- 
i 

N(e)-C(=0)-12,3; -00_2-alkylene-N(443')-S02-R';:-CH2-N(R2`)-C-R3°  

-CH2-N(R2`)-S02-e; -(CH2)o-6-NR2eR3'; -C(40)44(R2e.,43,;--N(4CHA.6-Olee)2; 

-N(Ri0)-(CE01.6-0R2e; -N(R10)_“=0).,R2.mtro)7SO242e; 

-C(=N(RE4))-N(R2',R3'); and a -(CH06.05-6 membered:heterocyclicring containing 

15 1-4 heteroithmsselected from N, 0 and S; 

R'°, It" and eird.each independently a/Member selected from the group consisting of: 

H; -C 1 4  -alkyl; -00.2-alkylene-041g; -C6.2-alkylene- 
r 

N(-R is, -R2g);-C14-alkylene76arbocyclic aryl; -C14-alkylene-heterocyclic; and R1°  
/ 

and Rte, or Rte and lee together with the N atom to which they are attached can form 

20 5-8 membered hetero 	clic ring containing 1-4 heteroatoms selected from N, 0 and 

S which can be substituted with 0-2 g'g groups; 

let and R24  are independ'wily a metaber selected from the group of: 

H; halo; -C3 -alkyl, a carbocyclic aryl .group ; a heterocyclic group; -CN; 

-C(,--0)- 	)114g; -C(=0)-00; -NO2;.-(CHz)p-NR3gR4g; -SO2NR350; -SO2R3g; . 
25 -CF3; 	d -(CH2 ,OR3g; 

p is an int 	er of 0-2; and 

Rag and 	48  are each independently selected from the group consisting of: 

H; C14-alkyl and -004-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 mWk.g. 

llf 



2. The method of claim 1, wherein the coagulation inhibiting amount of 	e 

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

1.5 m.g/kg. 

3. The method of claim 1, wherein the coagulation inhibiting amount of the 

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

1:2 mg/kg. 

4. The method of claim. I, wherein the pharmaceutically acceptable salt of the 

factor Xa inhibitor compound is a maleate salt. 

5. The method of claim 1, wherein the factor Xa inhibitor compound is 

10 administered to the patient once daily. 

6. The method of claim I, wherei the. factor Xa inhibitor compound is 

administered to the patieht twice daily or 	eetimes daily. 

/ 

7. The method of claim I wherein the factor Xa inhibitor compound is of 

formula IV: 

Rla 	Ridi 	R1d2  

7" 	
0 

Z' 	
R1d3 

N  44 N e 
H 

R164  HN 
HN 

O 

15 Rte 

IV 

wherein: 

Z' and Z" are each independently a CI A alkyl which is optionally : 

substituted with a hydroxyl, carboxylic acid or carboxylic acid ester 

20 group; 

11g 



Rta is selected from the group consisting of: 

Ride 

H, -F, -Cl, and Br, 
and RI" are each H; 

Ridgy and RId:z are each independently a member selected from the group 

5 consisting of: 

RI' 

H, -Cl, -F, -Br, -OH and-00-h; and 

is a member selected from the group consisting of: 

or a 

-F, -Cl, -Br, -OH, -CH3,:and-0013, 

pharmaceutically acceptable salt thereof. 

10 

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

consisting of: 

in: 'p ii 
H 	/ 	1  

EI~ 4 	0 	1.....„-., 

N/1 	 N.11 

t •—......... 

CI CI 	 3 

Oh: IIN 

•',..ki , . • 	 f•S 40 	LI 

0 	....../..........
ci 

NI1 

CI 
0 , 	 3 

1 1 h 
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11,1" f IN 

1 	il 	I/ 

: 11111 

07 	 Or= 	
OR 

0 MI 

SCI

/ 
 

CI 

au 

, and 

k
'... ....„

1 
 

I 1  

t...; 
Cr--- 

C1 or . a ph 	aceuticallyacceptable salt thereof. 

9. 
	. 

The method of claim- , wherein the factor Xa inhibitor compound is of 

5 	Formula V: 

D18 	
R

1, 	R182 

	

. s 	• 

	

ft 	

N 
 . R1'3 

H 	Rid4 

HN 
0 

Rld  

V 
/ 

/ , 	wherein: - 

/ 	A-Q is a member selected from the group consisting of: 
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C 	
NTI 	 NIT 

K

N 

. / 
N 	. c  
1 . . / 
t 

	

. 	.' (> 	 NEI 	 .. 

/ \ ,k, 
 

HO 	 N 	lin.d 	 ,. 
, 	• 

,e .  
f> 	 NU 	 ., 

1 	
.. ' . 

	

....P*N., 	 , 

/ 	

. 

where Z' is a C1.4 alkyl which is optionally substituted with a hydroxyl, 
. 	, 

carboxylic acid or carboxylic act 'ester group; 

R'' is selected from the group consi 'figof: 

H, -F, -Cl, and Br; 

R142  and 11.1" are each H; 
.-. Idl x 

/ 
and Rid/  are each inde.endently a member selected from the group 

consisting of: 

H, -Cl, -F, -: , -OH and -OCH3; and 

RI' is a member- . lected from the group consisting of: 

-F,--C 	-Br, -OH,-CH3, and .--OCHi,.. 

or a pha 	0 % eutiedly acceptable salt thereof . 	. 
10. 	The • pound of claim 9, wherein the compound is selected from the group 

consisting of: 
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; 	1.111  a 
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11. A method of inhibiting coagulation in a human patient in need thereof, 

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

inhibitor compound of the Formula 11 : 

Ci 
 

H3CO 

is 

	
H 

NH 

5 

Nom
, H3G, 

or pharmaceutically acceptable salt thereoc/Wherein the coagulation inhibiting 

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

0.01 and about 2.0 mg/kg. 

12. The method of claim 11 	herein the coagulation inhibiting amount of the 

factor Xa inhibitor compound is an a r 	egate daily dose from between about 0.1 and about 

JO 1.5 mg/kg. 

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

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

1.2 mg/kg. 

14. The 	ethod of claim 12, wherein the pharmaceutically acceptable salt of the 

15 factor Xa inhibi r compound is a maleate salt. 

15. A unit dose formulation comprising a pharmaceutical composition 

compridg a pharmaceutically acceptable carrier and a coagulation inhibiting amount of the 

facto Oa inhibitor compound of Formula I : 

11r 



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

I 

wherein: 

A is selected from: 

5 (a) QI,C6,alkyl; 

(b) C3-.,C$cydloalkyl; 

(c) -N(R1,R2),.N(R1.,R2)-C(=NR3)-, N(RI,R2)-C(=NR3)-N(R4)-, R'-C(=NR3)-, 

R1-C(=NR3)-N(R4)-; 

(d) phenyl, which is independently substituted with 0-2 R substituents; 

10 (c). 	naphthyl, which is independently substituted with 0-2 R substituents; and 

a vionocyclic or fused bicyclic heterocyclic ring system having from 5 to 10 

ring atoms, wherein 1-4 ring atoms of the14ng system are selected from N, 0 

and S, and wherein the ring system 	be substituted with 0-2 R 

substituents; 

15 R is selected from: 

H, halo, -CN; -0O21e; -CKO-N(12, , 	, 4CH2In-0O2e, 4CHAD- 

C(=0)-N(RI, R2), 7NO2,.-SOzN(RI 	2): 7502R1, -(CHADNRile, 4CH2)ig-C(=NR3)- 

1k1, ,(04i);;I-C(=.NR3)7N(RI,R2% 	ckii)m-NOO K(413)-Mi l,R,2) -(CH2),,,NRI-

grottp appended to a 3 to 6 in,  bered heterocyclic ring containing from 1-4 

20 

25 

heteroatOms selected from +, 0 and S, -Ci4alkyl, -C2.6alkenyl, -C2 6alkynyl, -C3_ 

scycloalkyl, -Co.4alkyl 	Cmcycloalkyl, -CF3, -0R2, and a 5-6 membered 

heterocyclic system e,,ntaining from 1-4 hetcroatoms selected from N, 0 and S, 

wherein from 1-4 	drogen atoms on the heterocyclic system may be independently 

replaced with a 	ember selected from the group consisting of halo, -Cl-C4-alkyl, 

-CiAalkyl 	, -C2,salkenyl, -C2.6alkynyl, -C3_8cycloalkyl, -C.0.4alkylcrie- 

C3.seyelo 	1 and -NO2; 

m is an integer • f 0-2; 

R', R2, R3  : i i le are independently selected from the group consisting of: 

30 

H -0R5, -N(-R5, -Re), -Ci_olkYl, -C2.6alkenyl, -Czzalkynyl, -Cgcycloalkyl, 

-00.4alkylene-C3.8cycloalkyl, -Cualkylphenyl and -Co4alkylnaphthyl, wherein from 

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

1 1 s 



independently replaced with a member selected from the group consisting of halb, 

-C1.4alkyl, -C2.6alkenyt -C2. .6alkynyt, -Cmcycloalkyl, -Coalkylene-C34cycloalkyl, 

-CN, and -NO2; or RI  and R2, or R2  and R3  taken together can form a 3-8Membercd 

cycloalkyl or a heterocyclic ring system, wherein the heterocyclic ring,‘stem may 

5 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, 0 and S, wherein from 14 hydrogen atoms 

on the heterocyclic ring system may be independently repla 	with a member 

selected from the group consisting of halo, -CrC4-alkyl; 	, -Ci6alkenyl, -c2- 

6alkytyl, -C3.8cycloalkyl, -C-0,1allcylene-C3.8cycloalkyl :and -Nth; 	. 

10 	R5  

15 

and. R6  are independently selected from the group consistitiOi:,  

H, -Ci4alkyl, -C2_6a.lkenyl, -C2-641kynyl, -Cmcycloalkyl; Co..4alkylene-C3_ 

8cycloalkyl, -00.4alkylene-phenyl and -00.4alkylene-naphthyl, wherein from 1-4 

hydrogen atoms on the ring atoms of the phenil and naphthyl moieties may be 

independently replaced with a member sel 't
/ 
 ed from the group consisting of halo, 

-C1-4alkyl, -22.6alkenYI, -C24alkynyl,.-C4ccycloalkyl, -Cmalkylene-C3_8cycloalkyl, 

-C14,' and -NO2; or R5  and R6  taken to 	Cher can form a 3-8 membered cyclOalkylor 
/ 

a heterocyclic ring system, wherein/the heterocyclic ring system may have from 3 to 

10 ring atoms, with 1 to 2 ringsbeing in the ring system and contain from 1-4 

heteroatoms selected from N1b and S, wherein from 1-4 hydrogen atoms on the 
/ 

20 heterocyclic ring system' 	ay be independently replaced with a member selected 

from the group consisti .g of halo, -C L-C4-alkyl, -CN, -C2.6alkenyl, -C2_6alkynyl, -C3_ 

8cycloalkyl; -C64alk 1ene-C3.8eyeloalkyland -NO2; 

Q is 

25 

a member selected mm the group, consisting of 	. . 	. 
a direct link, 	2-, -C(=0.)-, -0', -Me)-, -N(R7)CH2-, -012N(R)-,.-C(=NR7)-, 

-C(=0)-N ' 	-,.-N(R7)-C(=0), -S-, -SO-, -SO2-,. 	-S02-N(R.7)- and —N(R7)-501-; 

R7  is selected fro 	• 

H, -C1  alkyl, -C2 _6alkenyl, -C2_6alkynyl, -C3.8cycloalkyl, -00.4alkylene-C:%. 

8c 	°alkyl, -00.4alkylene-phenyl and -Co4alkylene-naphthyl, wherein from 1-4 

drogen atoms on the ring atoms of the phenyl and naphthyl moieties may be 

30 independently replaced. with a member selected from the group consisting of halo, 

1 lt 



/ 

-C1.4alkyl, -C2.6alIcenyl, -C2.6a114ny1, -C3.8cycloalkyli  -Co.alkylette-C34cycloalkyl, 

-CN, and -NO2; 

D is a dire& link or is a member selected from the group consisting of: 

(a) :pheriyi, Which is independently substituted with 0-2 RI' substituents; 

5 (b) naphthyl, which is independently substituted with 0-2 R I' substituents; and 

(c) a monocyclic or fused bicyclic heterocyclic ring system having from 5 to 10 

ring atoms, wherein 1-4 ring atoms of the ring system are selected from N, 0 

and S, and wherein the ring system may be substituted from 0-2 Ris 

substituents; 

10 	R I ft is selected limit: 

halo, -CI-Alkyl, -C2_6allcenyl, -C2.6alkynyL, -C3.8eyeloalkyl, -Co_alkylene-C3_ 

scycloalkyl, -CN, -NO2, -(CH2),,NR2qt.3", -(CH2),,CO2R2', -(CH2),!CONR2'0, 

-SO2NR2aR3a, -SO2R2', -CFI, -0R2a, and a.5-6 membered aromatic heterocyclic 

system containing from 1-4 heteroatorns selected from N, 0 and S, wherein from 1-4 

15 hydrogen atoms on the aromatic heteroCyclic system may be independently replaced 

with a member selected from the group consisting of halo, -C1-Alkyl, -C 6alkenyl, 

-02.6alkynyl, -C3.8cycloallcyl, -0_4alkylene,8cycloalkyl, -CN and -NO2;  

R2' and R 	are independently selected from the group consisting of: 

H, -Ci.4alkyl, -C2.6alkettyr, 7C2.6111q113t!,C3.8cycloalkyl,  -Co_4alkylene-C3_ 

20 scycloalkyl, -00.4alky ene-phenyl and -Co.01kYlene-naphthyl, wherein from 1-4 

hydrogen atoms my 9 ring atoms of the phenyl and naphthyl moieties may be 

independently tlaced with a member selected from the group consisting of halo, 

-C1.4alky1, 	2.6alkenyl, -C2,6allsynyl, -C3-scycloalkyl, -00.4alkylene-C2_8cycloalkyl, 

-CN and 	02; 

25 	n is an intege 	f 0-2; 

E is a dir 	link or a member selected from the group consisting of: 

7 14-alkylene-, -0-, -S-, -SO-, -SO2-, -C6.1-alkylene-C(=O), -C44-alkylene- 

C(=0)N(-R8)- Co.,1  -alkyl en e-, -Co. 1  -al kyl ene-N(-R8)-C(=0)-Co.i -alky len e-, 

-N(-1t8)-C(=0)-N(-12.1 )- and -Co.ralkylene-N(-R8)-; 

30 	RR  is a member selected from the group consisting oe 
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H; -C1.4-alkyl; -00.4-alkylene-aryl; -00.4-alkylene-heteroaryl; -C1. 

4-alkylene-C(=0)-0H. -Ci..4-alkylene-C(-0)-0-Ci..4-alkyl, and -C1. 

4-alkylene-C(=0)-N(-R2b, -R:45); 

R2b  and Rib  are each a member independently selected from the group consisting of: 

5 H, -C14-alkyl, -Co4-alkylene-aryl; -Co..4-alkylene-heterocyclic grourvand R2" and 

R3b  together with the N atom to which they are attached can form a 5-8 membered 

heterocyclic ring containing 1-4 heteroatoms selected from N, 0 and S, wherein the 

heterocyclic ring may be substituted with 0-2 R I` groups; 

RI' is a member selected from the group consisting of: 

10 Halo; -C1.4-alkyl; ; -NO2;  -C(=0)-N(-R2G, -R3"); -C(=0)-0e; 

-(CH2)q-N(-112`, -R3c); -S02-N(R2`, -R3c); -SO2R2`;.,‘CA; and -(CHA-011.2a; 
i 

R2c  and e are each independently a member selected OM the group consistingof 

H; -C1.4-alkyl; and -C1.4-alkylene-aryl; 

q is an integer of 0-2; 

15 G is a member selected from the group consisting of: 

(a) C2-alkenyl or C3.s-cycloalkeny wherein the alkenyl and cycloalkenyl 
r 

attachment points are the alkenyl carbon atoms and wherein the -C2-alkenyl 

or -C3.8-cycloalkenyl are' substituted with 0-4 Rld  groups; 

20 

(b) a phenyl group wherein the ring carbon atoms of the phenylene group are , 

substituted with 0-74 Rld  groups; 

(c) a 3-8 membererneterocyclie ring system containing 1-4 heteroatoms 

selected fro 	, 0 and S, wherein 0-2 ring atoms of the heterocyclic ring 

may be 	stituted with 0-4 RI d  groups; and, 

(d) an -8-1 	membered fused heterocyclic bicyclic ring system, containing 1-4 
i' 

25 heterbatoms selected from N, 0 and S, wherein 0-2 ring atoms of the fused 

li }relic ring system may be substituted with 0-4 Rld  groups; 

Rld  is a mem er selected from the group consisting oe 

11, 	o; Ci.6-alkyl, aryl, -CN; -NO2; -(CH2)0.6-NR2dR3d; -SO2NR2dR3d; -SO2R24; 
CP3; -(CH2)0.6-0R2d; -0-(CHA-60R2d; -04CH2)1.6-C(K))_o_R2d; 

30.  -0-(CH2)1.6-C(=0)-N(R2d,R3d); -N (Rs
")-( 	-N(e)-(CH01-6-N(R2d,R3d); 

-C{=0)-N(R2d,R3d); -N(R5n)-(CH2)1.6-C)- N 	./ R2d
,R

3as;  _ N(-(CH2)1.6-0R24)2; 
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' 
6-q=0)-0-R2d; -(CH2)o4-C(=0)-N(R2a,R3d); -(CH2)0.6•C(=NR24)-N(R3d, 

-(cH2)04,-N(R5H
m.NR2)..N(R3d,-Ads; tc: 	a -(CH2)04-N(R3d)C54  membered ) 

heterocyclic ring containing 1-4 heteroatoms selected from N, 0 and,S, and a 

5 	-(CH2)04-5-6 membered heterocyclic ring containing 1-4 heteroatgfiis selected from.  

N, 0 and S; 

R5a, R2d, e and e are each independently a member selected from'the group consisting 

of: 

H, C1.6-alkyl, Ci_S-alkylaryl, -CN; -NO2; carbocyclic aryl, -CN; -NO2; or R2d  and R3d  

10 taken .together with:the N atoms they are independently attached form a 5-7 

membered heterocyclic ring; or e and R44  taken together with the N atom to 

which they are attached form a 5-8 membered heterocyclic ring:  ontaining 1-4 

heteroatoms selected from N, 0 and S; 

J is a direct link or is a member selected from the /cup consisting of: 

15 -N(-R9)-C(=0)-; -C(=0)-N(-R9)-; -0-; -, -; -S0-;. -S02-; -042-; ,N(.49)-; and 

-N(-R9)-S02-; 	 / 
R9  is a member selected from the group 	.4sisting of: 

H;7C1.4-aikyl; -Ci)..4-alkyl-carbo yclic aryl; 4CF12)o4-5-6 membcitedheteroCyclit 

ring containing 1-4 heteroato s selected from N, 0 and ai-(012)1-6-C(=0)-Q-ct- 

20 4-alkyl; and -(CH2)J4-C(=9)̀-N(R641Roh); 

R6' and Rb  are each a member 'dependently selected from the group consisting of: 

H and -C1 _6-alkYl; 

X is a member selected fi 	the group ponsisting of: 

(a) 	phenyl 	stituted with 0-3 RIO  groups; 

25 (b) naph 	I substituted.with 0-3 Rte groups and 

(c) a.f 	embercd aromatic heterocyclic ring system containing 1-3 N atoms and 

wing 0-3 ring atoms substituted with 0-3 RIO groups; and 

(d) an 8-10 membered fused aromatic heterocyclic bicyclic ring system 

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

30 the fused heterocyclic bicyclic ring system are substituted with 0-3 RIO 

groups; 

11w 



R ic is a member independently selected from the group consisting of: 

Halo; CFI; -CIA-alkyl; carbocyclic aryl; -00.2-alkylene-CN; -0-let 	/ 

-00,2-alkylene-C(=0)-0-e; -Co_2- alkylenc-C(=0)-N(R2e, R3e); -Co-2-alkyle 	NO2; 

-C-0.2-alkylene-N(Tee, R3e); -00.2-alkylene-S02-N(t2e, R3c); -00.2-allcylenc,; 02-R2c; 

5 	trihaloalkyl; -000,.2-alkylene-O-e; -Co.„2-alkylene-O-R2e; -0-C14-alkylene- 

C(F-0)-N(R2e, R3`); -0-C1,4-alkylene-C,(=0)-0-le; -00.2-alkylene/ 

N(R2e)-C(=0)-e; -Co_i-alkylene-W-R1')-S02-le; -CH2-N(R2W(=-0)-113e  

;7CH2-N(R2e)-S02-e; -(CH2)04-NeR3e; -q=0)-N(R2e,R37);-,N(4CH2)1.6-0R2°)2; 

-NeXCE101-6-0R2e; -N(R1°)-C(=)-11'; -MR' 5-S02-e; 

10 	-C,(=N(R1Q))-N(R2e,R3`); and a -(012)o-6-5-6  membered,  heterocyclic ring containing 

1-4 heteroatoms selected from N, 0 and S; 	/ 

R'', R2c and lee are each independently a member selected from the group consisting of: 

H; -C1A-alkyl; -Co..2-alkylene-0-0; -Co.ralkiene- 

N-R1 g, -R28);-C1A-alkylene-carbocyclic aryl; -C1A-alkylene-heterocyclic; and R'' 

15 	and Ru, or R2' and R.3e together with thy 	atom to which they are attached can form 

5-8 membered heterocyclic ring con 	mg 1-4 heteroatoms selected from N, 0 and 

S which can be substituted with°.  - :J2.18  groups; 

R's and R28  are independently a mem* selected from the group of: 
/ 

H; halo; -C1A-alkyl, a carb
/
96yclic aryl group ;'a heterocyclic group; -CN; 

20 	-C())-N(R3g)114t. -C(=-;0)-00; -N0f, -(CH2)1-NR38R4g; -502NOR4g; -SO2R38; 

-CF3; and -(CH0p09.)‘, 

p is an integer of 0-2; any' 

Reg and R48  are each 	 selected from the group consisting of: 
y

rdependently 

H; C1 A-alkyl and -00A-alkylene-carbocyclic aryl; 

25 	or a ph 	t‘ceutically acceptable salt thereof; 

wh 	n the coagulation inhibiting amount of the factor Xa inhibitor compound is an 

aggrega 	aily dose from between about 0.01 and about 2.0 mg/kg. 

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

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

30 /and about 1.5 mg/kg. 
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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 0.4 

and about 1.2 mg/kg. 

18:. 	The unit dose formulation of claim 15, wherein the pharmaceutitally 

5 acceptablt salt of the factor Xa inhibitor compound is a nrialeate salt. 

19. 	The unit dose formulation of claim 15, wherein the fa 	Xa:inhibitor 

compound is of formula IV: 

Rla 	R,,, 	Fed2 

Z" 	 0 

, 4 • 	* Ri" 
N 
H 	Ricia 

HN 
HN 

0 

R1 e  
1 

/ TV r/ 

10 wherein: 

Z' and Z" are each indepeidently aC I -C6  alkyl which is optionally substituted with 

a hydroxyl, carbt ylic acid Or carboxylic acid ester group; 

Ria is selected from , 	group consisting of: 

Ft, -F, -Cl 	d Br; 

15 Rico and  R"4 	each H; 

K.1 d I and •-• K id arc each independently a member selected from the group consisting 

-Cl,

o.  

-F, -Br, -OH and —OCH3; and 

a member selected from thO group consisting of: 

20 -F, -CI, -Br, -OH, -C1-13, and —OCH3, 

or a pharmaceutically acceptable salt thereof. 

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

rom the group consisting of: 

fly 
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N31 0 

NH 

DN 

acceptable salt thereof. 

, and 0 or a pharmaceutically 

21. 	The unit dose formulation of claim 15, wherein the factor Xa inhibitor 

5 compound is of formula V: 

_la 	Ri 1 	1d2 

• 
/ 

RI d3 

 * \ 	H 
R (14  

HN 
0 

Rte 

wherein: 

V 

/ 
A-Q is aitilember selected from the group consisting of: 

/ / 

/ / 
//1  

/ 
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NH 	 Nil 
..--'N 

\ 	/ 

Nti 

H 	 is 	, nr1 

NM 

CI410 	
31.,..„ 

where Z' is a Ct.6 alkyl which is optionally substituted with a hydroxyl, carboxylic 

acid or carboxylic acid ester group; 

litla  is selected from the group consisting of:' 

5 	 H, -F, -C1, and Br; 

R1d2  and RI" are each H; 	/ 
R h" and Rld3  are each independently a member selected from the group consisting 

of: 

H, -Cl, -F, -Br, - 	and --OCH3; and 
r 

10 	RI' is a member selected from the group consisting of: 

-F, -0,- -OH, -0-13, and —0C143, 

or a pha accutically acceptable salt thereof. 

22... 	T it dose formulation of claim 21, wherein the compound is selected 

from the amp 	nsisting of: 
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or a pharmaceutically acceptable salt thereof. 
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23. 	A unit dose formulation comprising a pharmaceutical composition 

comprising a pharmaceutically acceptable carrier and a coagulation inhibiting amount of the 

factor Xa inhibitor compound 11 : 	 , , 
i i 

N
CI 

O 
	

-- 
H3C0 

H 
NH 

O 

NH 

5 
,N., 

H3c 	cH3  
i 

lli 

/ 
or pharmaceutically acceptable salt thereof,pherein the coagulation inhibiting amount of 

the factor Xa inhibitor compound is an aregate daily dose of from between about 0.01 and 

about 2.0 mg/kg. 

10 24: 	The unit dose fo 	lation of claim 23, wherein the coagulation inhibiting 

amount of the factor Xa inhibi r compound is an aggregate daily dose of from between 

about 0.1 and about 1.5 m 

25. 	The me od of claim 10, wherein the pharthaceutically acceptable salt of the 

factor Xa inhibitor 	.rnpound is a maleate salt. 

15. /6. 	in vitro assay to determine whether a compound has in vivo 

antithrombo c activity comprising: 

a) introducing a test compound into an in vitro sample of whole blood or 

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

form a test sample; 

1 1 jj 



b) determining the level of thrombin activity in the test sample by monitoring 

the cleavage of the detectably-labeled thrombin substrate in the test sampl6 as a 

ftinction of time; 

c) determining the level of thrombin activity in a contratample by • 

5 monitoring the cleavage of the detectably-labeled thrombin. subgtrate 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-10eled. thrnmbin substrate; 

d) coinparing the level of throrribin -,activityin the 	sample and thotontrol 

sample, wherein a lower. level of thrombin. aeti ' in the test sample-is anindiCation 

10 that the test compound has in vivo antithromb0 c activity. 

/ 
27. The assay of claim 26, whereine test sample and the control sample 

/ 	. comprise whole blood. 	 / 
/ 

28. The assay of claim 27, 	:herein the wheat:blood is anticoaguiatcd. 

29. ThOassayof cl:ai 	.27, wherein the whole blood is nonanticoagulated. 

15 30. The assay 	claim 26, wherein the test sample and. the control sample 

comprise plasma. 

31. The assay of claim 30, wherein the plaima. is anticoagulated. 

32. The assay of claim 30, wherein the plasma is nonanticoagulated. 

33. The assay of claim 26, wherein detectably-labeled thrombin substrate is a_Z- 

20 	G -Gly-Arg-AMC. 

/ 
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BRIEF DESCRIPTION OF THE DRAWINGS 

20 	 FIG. lA shows the correlation of thronibin 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 fromliatients receiving warfarin therapy is presented as 

quintiles of the INR results. Error-ba rs show standard errors. 

25 	 FIG. 1B shov!,:xthe correlation of thrombin generation with activated partial 

t 	 Ythromboplastin time (aP 	) in anticoagulatcd patients treated with enoxaparin. Plasma 

thrombin generatiop"Was measured in 16 enoxaparin-treated patients. Anti-fXa units were 

measured by OATEST LMW assay according to the manufacturer's instructions. Groups 

were cornpared by Student's t-test. 
,- 

30 	 FIG. IC shows the correlation of thrombin generation with aPTT in 

/
anticoagulated patients treated with unfractionated heparin (UFH). Plasma thrombin 

/ 
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