TRICYCLIC THROMBIN RECEPTOR ANTAGONISTS 5The present application claims priority under
35 USC section 119(e) of United States Provisionat-application Serial No. 60/373,072, filed April 16,
2002, the complete text, claims and figures of which are incorporated by reference herein as if fully set
forth. BACKGROUND OF THE INVENTION 10The present invention relates to substituted tricyclic
~thrombin receptor antagonists, pharmaceutical compositions containing them and their use in the
treatment of diseases associated with thrombosis, atherosclerosis restenosis, hypertension, angina

pectoris, arrhythmia, heart fallu }I%%%li)ral 'r-?r(a: 1S R%&%E?o# rg&&?@éﬁlsorders,
als

neurodegenerative diseases and cancer The invention ore ates to the combination of novel
compounds of the invention and other cardiovascular agents. Thrombin is known to have a variety
of activities in different cell types and thrombin receptors are known to be present in such cell types as
human platelets, vascular smooth muscle cells, endothelial cells and fibroblasts. It is therefore 20

possiblg that thromiiqer s éﬂﬁ%ﬁ@‘ﬁcﬁ'ﬁ%gﬁ&ﬂ?ﬁM@%W‘@é@ﬂdﬁ%@)(gﬁm

antagonists will be useful in the treatment of thrombotic, Infl ammatoré atherosclerotic and

fibroproliferdiRitesisetatas Previdienal sPRiIcRiBRISRIA| NRBHI BR iRafiledHedbpeorddad.a
pathologicakpele:ohRpnanb i %E CERIRISAARAOMUPES RERVARS RAxarkeapdrsriiiey ReRPERR herein

25structure-actjvity studles involving substitutions of amino acids on thrombinreceptors. In Bernatowicz
et al, J. Me ETHEHIY\RAt 8thy 48704887 (1996), tetra- and pentapeptides are disclosed as being

potent thrombin receptor antagoni IHI?D
N-trans-cinnamoyl-p-fluoroPhe-p- gézr%n(?gﬁne Leu- rT'-I{ﬁﬂlé\l (J\ITION

N-traricinnamoyl- tm@rew@we@mm@mesﬂe@mtwmH@ysbmep@a@mmmoeceptor
antagomsts AeagonisisClsis@tnacM B/ 6P gtidiis ket iapifpbici, AR hSrhsbliiaddricyclic

o g';zfze&goé%ﬁgggg H)SLagig daciesd R BRSO S RRE0aE Tk negis! Nos
ypertension, angina pectoris, arrhythmia, heart failure, cerebral ischemia, stroke,
inflammatory disorders, neurodegenerative diseases and cancer. The invention
15  also relates to the combination of novel compounds of the invention and other
cardiovascular agents.

Thrombin is known to have a variety of activities in different cell types and
thrombin receptors are known to be present in such cell types as human platelets,
vascular smocth muscle cells, endothelial cells and fibroblasts. it is therefore

20  possible that thrombin receptor antagonists, also known as protease activated
receptor (PAR) antagonists will be useful in the treatment of thrombotic,
inflammatory, atherosclerotic and fibroproliferative disorders, as well as other
disorders in which thrombin and its receptor play a pathological role.

Thrombin receptor antagonists peptides have been identified based on
C, 25  structure-activity studies involving substitutions of amino acids on thrombin
receptors. In Bernatowicz et al, J. Med. Chem., vol. 39, pp. 4879-4887 (1996),
tetra- and pentapeptides are disclosed as being potent thrombin receptor
antagonists, for example N-trans-cinnamoyl-p-fluoroPhe-p-guanidinoPhe-Leu-Arg-
NH> and N-trans-cinnamoyl-p-fiuoroPhe-p-guanidinoPhe-Leu-Arg-Arg-NHa.

30 Peptide thrombin receptor antagonists are also disclosed in WO 94/03479,
published February 17, 1994.

Substituted tricyclic thrombin receptor antagonists are disclosed in US
6,063,847, US 6,326,380 and U.S. Serial Nos. 09/880222 (WO 01/96330) and
10/271715.
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SUMMARY OF THE INVENTION The present invention relates to thrombin receptor antagonists
represented by the Formula I: a R11 10-Het or a pharmaceutically acceptable salt or solvate thereof,
wherein: the single dotted line represents an optional single bond; represents an optional double bond;
nis 0-2; 15Q is R13 R14R13 R13R13 13 ..1)e13 14 RR14 / R14 R14R R13 R13 R14 R14 R1 R14

-2-
5
SUMMARY OF THE INVENTION
The present invention relates to thrombin receptor antagonists represented by the
Formula I:
10 I
or a pharmaceutically acceptable salt or solvate thereof, wherein: ( -
the single dotted line represents an optional single bond; )
----- represents an optional doubie bond;
nis 0-2;
15 Qis
R1 RY g R R™ o3 rRRR R 14
g._L_RM R13 v R RR13
~R13 R R or R4
W 13 R™ , 14
R R 14 R R Los R13RM

R1is independently selected from the group consisting of H, (C1-Cg)alkyl,
fluoro(C4-Cg)alkyl-, difluoro(C1-Cg)alkyl-, trifluoro-(C4-Cg)alkyl-, (C3-Cg)cycloaikyl,
(C2-Cg) alkenyl, hydroxy-(C4-Cg)alkyl-, and amino(C4-Cg)alkyl-; -

20 R2 is independently selected from the group consisting of H, (C4-Cg)alkyt, ()
fluoro{C1-Cg)alkyl-, difluoro(C-Cg)alkyl-, trifluoro-(C4-Cg)alkyl-, (C3-Cg)cycloalkyl,
(C2-Cg)lalkenyl, hydroxy-(C4-Cg)alkyl-, and amino(C4-Cg)alkyl-;

R3 is H, hydroxy, (C1-Cg)alkoxy, -SOR'8, .SO,R17, -C{(O)OR17,

-C(O)NR18R19, .(C4-Cg)alkyl-C(O)NR18R19, (C4-Cg)alkyl, halogen, fluoro{C1-

25 Cgalkyl-, difluoro(C4-Cg)alkyl-, trifluoro(C1-Cg)alkyl-, (C3-Cg)cycloalkyl, (C3-Cs)-
cycloalkyl-(C1-Cg)alkyl-, (C2-Cg)alkenyl, aryl(C4-Cg)alkyl-, aryl(C2-Cgalkenyl-,
heteroaryl(C1-Cg)alkyl-, heteroaryl{C>-Cg)alkenyl-, hydroxy(C1-Cg)-alkyl-,
~NRZR®, NR¥ZR?-(C1-Cg)alkyl-, aryl, thio(C1-Cg)alkyl-, (C1-Cg)alkyl-thio(C1-

Cglalkyl-, (C1-Cg)alkoxy(C1-Cg)alkyl-, NR'*R9-C(O)-(C1-Cg)alkyl- or (Cs-

30 Cs)eycloaltkyl-(Cy-Cs)alkyi-;

Het is a mono- or bi-cyclic heteroaryl group of 5 to 10 atoms comprised of 1
to 9 carbon atoms and 1 to 4 heteroatoms independently selected from the group



R1 is independently selected from the group consisting of H, (Ci-C6)alkyl, fluoro(Ci-C6)alkyl-,
difluoro(Ci-C6)alkyl-, trifluoro-(Ci-C6)alkyl-, (C3-C6)cycloalkyl, (C2-C6) alkenyl, hydroxy-(Ci-C6)alkyl-,
and amino(Ci-C6)alkyl-; 20R2 is independently selected from the group consisting of H, (Ci-C6)alkyl,
fluoro(Ci-C6)alkyl-, difluoro(Ci-C6)alkyl-, trifluoro-(Ci-C6)alkyl-, (C3-C6)cycloalkyl, (C2-C6)alkenyl,
hydroxy-(Ci-C6)alkyl-, and amino(C1-C6)alkyl-; R3 is H, hydroxy, (Ci-C6)alkoxy, -SOR16, -S02R17,
-C(0)0R17, -C(0)NR18R19, -(C1-C6)alkyl-O(C)NR18R49, (Ci-C6)alkyl, halogen, fluoro(Cr 25C6)alkyl-,
difluoro(Ci-C6)alkyl-, trifluoro(CrC6)alkyl-, (C3-C6)cycloalkyl, (Cs-C6)- cycloalkyl-(C1-C6)alkyl-,
(C2-C6)alkenyl, aryl(CrC ?alk l-, ary C2-Co6)alkenyl-, heteroaryl(C1-C6)alkyl-,
heteroar?l(C?Qf@)‘éH&Q]ﬂ F&YHFE{?@IE RGDIIRIEN GAD SRIT ?".LNC@SQWPI Aryl,

thio(C1- ce)amwte(f@awaqqmmﬂ(@u 1 %W'r@@poamk@myt@t@awaphed toBbya
NRISR19.C(QufEdnCRphariERLBCRBIRBION (R COUNY is HIBLiRGEORPypY Dicyelc

heteroaryl group of 5 to 10 atoms comprised of 1 to 9 carbon atoms and 1 to 4 hetefoatoms

independently selecfbdSrbi? tﬁéﬂ%ﬂﬂ‘eﬂt%’%‘?ﬁ@ﬁ@gﬁ@e@ﬁfﬁﬁ? QM Eh& SR HRF AR form
an N-oxide oHa (Grafesdalkyl ibugrolfh Lepky-amiflup@ip, wbel ity HdrifusratBedCe)@ky-a carbon

atom ripg mq@@@amw}g@@qlm@d@(gqogg)gwbs@mgw 1-Cg)alkyg 1 to 4 substituents
mdependentl fr H fH ;ﬁzﬁ | flg)grogc -C6 alk}qR 4RS,
difluoro(Ci-C alk r|f C; &&9‘[ ?Osa‘m 816)0 9/'§ roxy Ci- 8%1%”
dihydroxy(Cth@ L7 Nﬁ F&%ﬁ( iC1 @@r%;ﬁl%xﬁfbfblogen
-NR4RS, -C(QRE&n a‘afgb%ﬂaﬁcé@ﬂoﬁ@)@m@'ﬁng’%]fﬁr%ﬁ@’ la methylenedioxy group, and R21

heteroaryl;
15 R4 and R3 are independently selected from the group consisting of H, (C1-

(7 . Cg)alkyt, phenyl, benzyl and (C3-Cg)cycloalkyl, or R4 and RS taken together are -
(CH2)4-, -(CH2)5- or -(CH2)2NR7-(CH>)2- and form a ring with the nitrogen to which

they are attached;
R®is H, (C1-Cg)alkyl or phenyl;
20 R7 is H, (C1-Cg)alkyl, -C(0)-R"®, -C(O)OR" or -SO,R"";
R8, R10 and R11 are independently selected from the group consisting of R!
and -OR, provided that when the optional double bond is present, R s absent;
R® is H, OH or (C1-Cg)alkoxy;
B is -(CH2)n3-, cis or trans -(CH2)naCR™=CR'"#(CHy)ns or
25  -(CH2)nsC=C(CHa)ns-, wherein n3 is 0-5, ng and ns are independently 0-2, and R12
and R122 gre independently selected from the group consisting of H, (C1-Cg)alkyl

and halogen;
C X is -O- or -NR6- when the dotted line represents a single bond, or X is -OH

or -NHR29 when the bond is absent;
30 Y is =0, =8, (H, H), (H, OH) or (H, {C4-Cg)atkoxy) when the dotied line

represents a single bond, or when the bond is absent, Y is =0, (H, H), (H, OH), (H,
SH) or (H, {C1-Cg)alkoxy); _

each R" is independently selected from H, (C1-Cg)alkyl, (Ca-Cg)cycloalkyl,
—~(CHa)nsNHC(O)OR ™, (CHz)n6NHC(O)R'®, —(CH2):eNHC(O)NR'R®,

35  —(CH2)neNHSO,R'®, ~(CH2)neNHSO:NR*R®, and -(CHz) nsC(O)NR*®R? where

neis 0-4, haloalkyl, and halogen; |

each R"™ is independently selected from H, (C1-Cg)alkyl, -OH,
(C1-Cg)alkoxy, R¥-aryl(C+-Cg)alkyl, heteroaryl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, —(CH2)neNHC{O)OR'®, —(CHa)eNHC(O)R'®,



wherein adjacent carbons form a ring comprising a methylenedioxy group, and R21- heteroaryl; 15R4
and R5 are independently selected from the group consisting of H, (Ci- C6)alkyl, phenyl, benzyl and
(C3-C6)cycloalkyl, or R4 and R5 taken together are - (CH2)4-, -(CH2)5- or -(CH2)2NR7-(CH2)2- and

form a ring with the nitrogen to which they are attached; R6 is H, (C1-C6)alkyl or phenyl; 20R7 is H,
(C1-C6)alkyl, -C(0)-R16, -C(0)0OR17 or -SO2R17; R8, R10 and R11 are independently selected from .
the group consisting of R1 and -OW, provided that when the optional double bond is present, R1 is
absent; R9 is H, OH or (C1-C6)alkoxy; =_ B is -(CH2M3-, cis Or trans -(CH2)n4CR1 2cR122(cH2 5 Or
25tel-ilwherein n3 is 0-5, n4 and jgare independently 02, and R12 and R12q aLe independently

selectedfromfElzreHCORINI R of HCIA-HaR Nd HAH6NHSQ:NR Ry, and6- when the

dotted line reprg$ant INGEHREPY SR 1% 190-2r YIB5E? ariee AR IS absent; 30Y is =0, =S,
(H, H), (H, OH) or (H,{ i-C%@Jkoxy) when the dotted line represents a single bond, or when the bond
HNEH,

is absent, Y is =0, (B, oitaken tegstie(fore AepaRS or a kelarespirecyisgtisehdy
selected frong Bdias; C6)alkyl, (C3-C6)cycloalkyl, -(CH2)(164-1C(0)OR16b, _(CH2)n6NFIC(0)R16b,
-(CH2)n6NHC(0)NR4RS, 35 -(CH2)Nn6NHSOZR 16, ;(CH2)Nn6NHSO2NR4R6, and -(CH2)
n6C(0)NR28R29 whd1ersi @tdeast a8sifiRan@Riode SElartekiram thadseHRro & from 1-1,

(C1-Caalkyl.(OH, [eNHERIORITRACAHIBNDIR el CRey|NPE@MRNEE, heterocycly
heterocyclylalkyl, - CHQn&NH{;(O)ORMb, -(CH2)(,6NHC(0)R16D, -4- 5 é H%],l%lHC(O)NR4R5,
NHe Z%GNF@HQW}%O 8&3@%@@?“% MR hBre WE®®-4, halogen

-(CH2)n6NH
and haloalkyki Qs 0-4;

R15 is absent when the dotted line represents a single bond and is H, (C4-

Cg)alkyl, -NR18R 19, or -OR17 when the bond is absent; ( .

15 R18 is independently selected from the group consisting of (C1-Cé)alkyl, -
phenyl and benzyl;

R™ is H, alkoxy, (C1-Cg)alkyl, (C1-Cg)alkoxy(C1-Cg)alkyl-, RZ-0-C(0)-(C-
Ce)alkyl-, (C3-Cs)cycloalkyl, R*'-aryl, R?'-aryl(C4-Cg)alkyl, haloalky!, alkenyl,
halosubstituted alkenyl, alkynyl, halosubstituted alkynyl, R*'-heteroaryl,

20 R*-(C4-Cg)alky! heteroaryl, R*'-(C4-Cg)alky! heterocycloalkyl,
‘R28R29N-(C1-Ce)alkyl, R2RZN-(CO)-(C1-Cg)alkyl, R®R**N-(CO)O-(C1-Cg)alkyl,
RZO(COIN(R*)-(C1-Cg)alkyi, R*2S(0)N(R*®)-(C+-Cg)alkyl,

RZRZN-(CO)-N(R®)- (C1-Cg)alkyl, RPR?*°N-S(0)2N(R?*)-(C1-Cg)alkyl,

RZ.(COIN(R®)-(C1-Cg)alkyl, R’R*N-S{0)-(C1-Cg)alkyl, HOS(0)-(C1-Cg)alkyl,

25  (OH)2P(0)~(C1-Cg)alkyl, R?®-S-(C1-Cg)alkyl, R®-S(0)~(C1-Cg)alky! or )
hydroxy(C+-Ce)aikyl);

R17, R18 and R'? are independently selected from the group consisting of
H, {(C1-Cg)alkyl, phenyl, and benzyl; - '
R20 js H, (C1-Cg)alkyl, phenyl, benzyl, -C{O)RS or -SO2RE;

30 R21is 1 to 3 substituents independently selected from the group consisting
of H, -CM, -CF3, -OCF3, halogen, -NO», (C1-Cg)alkyl, -OH, (C1-Cg)alkoxy,
(C1-Cg)-alkylamino-, di-((C1-Cg)alkyl)amino-, NR®R?*(C4-Cg)alkyl-, hydroxy-(C+-
Cg)alkyl-, -C(O)OR'7, -COR'7, -NHCOR!16, -NHSO2R 16, -NHSO,CH,CF3, -
C(O)NRZR?, -NR®-C(0)-NR*R?, -S(0)R"™, -8(0),R" and -SR";

35 R*is H or {C4-Cg)alkyl;

R® is H, (C1-Cg)alkyl, -C(O)R*, -SO,R?, -CONHR? or —-SO,NHR?,;
R* is (C1-Cg)alkyl, hydroxy (C1-Cg)alkyl or NR®RZ-((C1-Cg)alkyl)-;



R13 and R14 taken together form a spirocyclic or a heterospirocyclic ring of 3- 6 atoms; wherein at
least one of R13 or R14 is selected from the group consisting of 10 -(CH2)n6NHC(0)OR16Db,
-(CF12)neNHC(0)R16b, -(CH2)n6NHC(0)NR4R5, -(CH2)Nn6NHSO2R16, -(CH2)neNHSO2NR4R5, and
-(CH2) n6C(0)NR28R29 where n6 is 0-4; R15 is absent when the dotted line represents a single
bond and is H, (CiC6)alkyl, -NR18R19, or -OR17 when the bond is absent; 15R16 is independently
selected from the group consisting of (Ci-C6)alkyl, phenyl and benzyl; R1 6b isalkoxy, (C1-C6)alkyl,
(C1-C6)alkoxy(Ci-C6)alkyl-, R22_0 c(0)_(c 1_ C6)alkyl-, (C3-C6)cycloalkyl, R21-aryl,
R21-aryl(C1-C6)alkyl,haloalkyl alkenyl, halosubstituted alkenyl, alkynyl, halosubstituted alkynyl,
R21-hetéroaryl, 20KR21anEFC etk Ndepsedpntirsaleciedfspaihe Quopyenasisling of H and

R28R29N-(Cﬁ@@g@ﬁ%R26N-(CO)-(Cl-C6)aIkyI, R28R29N-(C0)0-(01-C6)alkyl,
R280(CO)N(R29)-(C1-C6)alkyl, R28S(0)2N(R29)-(Ci-C6)alkyl, R28R29N4C0)_N(R29)_ (ci_ C6)alkyl,

R28R29N-S(O)zN(RB]@Si@c:hr@@;a&wbstinmtmjmtegg‘;qmﬂmmm goERANG-8(6)2-(C1-C6)alkyl,
HOS(0)2-(C1 I 1 - | = ( I R28- r{Ci-C6)alkyl or
hydroxy(Ci-Cgﬁ)lg#??élkgﬁl%‘%ﬁ%%é%&é%&@%f%é% érﬁ@%@eﬂcif%ﬂdd fr(?;l—ltsh%xggéroup consisting of H,
(C1-C6)alkyl, phenyRErahdeR3Y BiRI0de pEr@antl)atietteddnymitbeaytoup(O)REIsing 62RG;(BAR21 is

os A e A G RS e, > "
NR25R26.(C hyaforii- Oy gy, -(Ciatyidxy©LIERIRy L GeRideydin ORIt ey RRIR 4d
-NHSO2CH2CE3, - . C(0)NR25R26, -NR25-C(0)-NR25R26, -S(0)R13, -S(0)2R13 and -SR13; 35R22
is H or (Ci-CEJAIRAMDT'is H, (C1-C6)alkyl, -C(0)R24, -SO2R24, -CONHR24 or -SO2NHR24: R24 is
(C1-C6)alkyl, hydroxRI4nBR&KeienNBIERa6FHG1 Crboylic or a heterospirocyclic ring of

( I 3.6 atoms.

15 Thrombin receptor antagonist compounds of the present invention can have
anti-thrombotic, anti-platelet aggregation, antiatherosclerotic, antirestenotic and/or
anti-coagulant activity. Thrombosis-related diseases' treated by the compounds of
this invention inciude thrombosis, atherosclerosis, restenosis, hypertension, angina
pectoris, arrhythmia, heart failure, myocardial infarction, glomerulonephritis,

20 thrombotic and thromboembolytic stroke, peripheral vascular diseases, other
cardiovascular diseases, cerebral ischemia, inflammatory disorders and cancer, as
well as other disorders in which thrombin and its receptor play a pathological role.

Certain embodiments of this invention also relate to a method of using at
least one compound of Formula | in combination with one or more additional
C 25 cardiovasular agents for the treatment of thrombosis, platelet aggregation,
coagulation, cancer, inflammatory diseases or respiratory diseases, comprising
administering a combination of at least one compound of formula | and at least one
additional cardiovascular agent to a mammal in need of such treatment. In
particular, the present invention relates to a method of using said combination in

30 the treatment of thrombosis, atherosclerosis, restenosis, hypertension, angina
pectaris, arrhythfnia, heart failure, myocardial infarction, glomerulonephritis,
thrombotic stroke, thromboembolic stroke, peripheral vascular diseases, cerebral
ischemia, cancer, rheumatoid arthritis, systemic lupus erythematosus, multiple
sclerosis, diabetes, osteoporosis, renal ischemia, cerebral stroke, cerebrai

35 ischemia, nephritis, inflammatory disorders of the lungs and gastrointestinal tract,
reversible airway obstruction, chronic asthma or bronchitis. It is contemplated that



-5- 5R25 and R28 are independently selected from the group consisting of H and (Ci-C6)alkyl; R27
is 1, 2 or 3 substituents selected from the group consisting of H, (Ci-C6)alkyl, (C3-C6)cycloalkyl,
(Ci-C6)alkoxy, halogen and -OH; and R28 and R29 are independently selected from the group
consisting of H, (Ci- 10C6)alkyl, (Ci-Ce)alkoxy, R27-aryl(C1-C6)alkyl, heteroaryl, heteroarylalkyl,
hydroxy(CrC6)alkyl, (C.I-C6)alkoxy(Ci-C6)alkyl, heterocyclyl, heterocyclylalkyl, and haloalkyl; or

R28 and R29 taken together form a spirocyclic or a h%é?rospirocyclic ring of 3-6 atoms. 15Thrombin
receptor antagonist compounds of the present inventioh can have anti-thrombotic, anti-platelet
aggregation, antiatherosclerotic, antirestenotic and/or anti-coagulant activity. Thrombosis-related
disease§ tre&&6ampinetictned shisds ntinnmaytehusefudinttreatingsmpeHbasaomeithestenosis,
hypertensioraﬁggg@s%i:é r_is, arrhythmia, heart failure, myocardial infarction, glomerulonephritis, 20
thrombotic and thromboembolytic stroke, peripheral vascular diseases, other cardiovascular diseases,
cerebral ischemia, iffaereabgdinerde of dhe inmerdionsalaie e athbatRargutical APMAABHPAbIN and

s receptor gy RaRIoERSLG CAIPUEERCUHEIIN i BJRBRILAYE ZekinpAaretnod of

using at least o coméJoun ormula I in combination with one or more additional C25 cardiovasular

agents for thearepeueatsfarroriadasdorl ieastear-addibtionad sgitievaserlassagritdmmatory
diseasgg or WWM? SRcepiRpiS iBsragministering a combination of at least one compound of
at |

formula | an east one additional cardiovascular agent to a mammal in need of such treatment. In

particular, the prese?®Me&MMBRIENABtsBTMRdMRNtPDIRIgleda thaitie-00a thrombie feesrient of

thrombosis, aieRsHEr areISEsEERPaISy BYRASISOEX18a7I 8 BeSIwissal (yHIyariRprgdailure,
myocardial infarction, glomerulonephritis, thrombotic stroke, thromboembolic stroke, peripheral

vascular dis@880Zge@ng i10/Min1 eafb &l which-atsilnspinaratedierainiby fetarrnemdibsus,
multiple sclegsishiatietositaBRBISY AsiTeranaltiorae curd enmitialfmien &e R e s3iieshinBit.of

nephritis, infl mmato% disorders of the lungs and gastrointestinal tract, reversible airway obstructioq,

chronid Asth WS km%ﬁ'ﬁgw{@ﬁﬂ%ﬁe&?ﬁgmgﬁp@ac%ﬁ?ﬂnﬁ}m% SRBIPMAY be use‘flﬂ)
in treating mesgphatoppdisédrsiskapanitiag; the present invention relates to a method of

using said combination in the treatment of thrombosis, atherosclerosis, restenosis,

hypertension, angina pectoris, arrhythmia, heart failure, myocardial infarction,
glomerulonephritis, thrombotic stroke, thromboembolic stroke, peripheral vascular

20 diseases, cerebral ischemia, cancer, rheumatoid arthritis, systemic lupus
erythematosus, muitiple sclerosis, diabetes, osteoporosis, renal ischemia, cerebral
stroke, cerebral ischemié, nephritis, inflammatory disorders of the lungs and
gastrointestinal tract, reversible airway obstruction, chronic asthma or bronchitis.

it is further contemplated that the combination of the invention can be

25 provided as a kit comprising in a single package at least one compound of formula _

| in a pharmaceutical composition, and at least one separaie pharmaceutical Qj

composition comprising a cardiovascular agent.

DETAILED DESCRIPTION:
30 For compounds of Formula |, preferred definitions of the variables are as -
follows: |
The variable n is preferably 0-2, and more preferably 0. The optional double
bond is preferably absent (/.e., the bond is a single bond).
Q is preferably:



Some embodiments of the invention relate to a pharmaceutical composition comprising a
therapeutically effective amount of a combination of at least one compound of formula | and at least
one additional cardiovascular agent in a 10pharmaceutically acceptable carrier. Some embodiments of
the invention relate to the use of a thrombin receptor antagonist disclosed in any of US 6,063,847, US
6,326,380, U.S. Serial Nos. 09/880222 and 10/271715, all of which are incorporated herein by
reference, in combination with one or more additional cgrdiovascular agents, for the treatment of 15
thrombosis, platelet aggregation, coagulation, cancer, ihflammatory diseases or respiratory diseases. In
particular, the present invention relates to a method of using said combination in the treatment of
thrombosls, atherosclerosis, restenosis, hypertension, angina pectoris, arrhythmia, heart failure,
myocardial infarction, glomerulonephyitis, thrombotic stthkeRthromboembolic stroke, peripheral
vascular 20 diseases, cerebral ischgmn id arthritis, systemic lupus erythematosus,
multiple sclerosis, diabetes, osteopotosi | stroke, cerebral ischemia, nephritis,
inflammatory disorders of the lung d 4das®oinigstin versible airway obstruction, chronic
asthma or bronchitis. It is further contefiglated that the cofbi ag%n of the invention can be 25 provided
as a kit comprising in a single packa@e at least one corﬁﬂfo ¢t formula 1 in a pharmaceutical

mposition, ar I ical itj mprisi o)} lar nt.
DETAILED DR S A e o R R R S Gty ) s ave as
follows:  The iBREMRrALY baerdblys0-E orte-dtvrrprimbarsd 6) Ting dprefasablynnemeivd is
preferably abgieat twe, R ehR 16 subistitedmsdredinarefieiablydrbgen. For the six-membered
10  Qrring, preferably no more than four R'® and R substituents are other than
hydrogen, more preferably no more than two R and R substituents are other

( . than hydrogen.
' Especially preferred Q rings are:;

‘HyC. CHs
g R HsC. CHs
R R
A Y H  preferably shown as ;‘ij/ and ,
H
15 respectively.

In the preferred Q rings above, R is preferably —{(CH,)ssNHC(O)OR'™®, —
(CH)nsNHC(O)R'®, ~(CH2):sNHC(O)NR*R®, —(CHa)asNHSO,R™ or
—(CH2)nsNHSONR*R® wherein ng is 0-2, and R'®, R and R* are (C;-Cs)alkyl and
C 20 R%is H. More preferred are compounds of Formula | wherein R is -NHC(O)OR™®,
-NHC(O)R™®, -NHC(O)NR*R®, -NHSO,R"® or -NHSO,NR*R® wherein R"®, R"®
and R* are (C1-Cg)alkyl and R”is H. Even more preferred are compounds of
Formula | wherein R is -NHC(O)OR'®, -NHC(O)R'® or -NHC(O)NR*R?®, wherein
R and R* are (C1-Ce)alky! and R® is H.

25 R' and R? are preferably independently selected from the group consisting
of H and (C4-Cg)alkyl; more preferably, R' is (C1-Cg)alky! and R? is H; especially
preferred are compounds wherein R' is -CHs and R%is H.

R® is preferably H, -OH, (C;-Cs)alkyl, (C1-Cs)alkoxy, halogen,
(Ca-Cs)cycloalkyl, -C(O)OR' or -NR¥ZR?:; more preferably, R? is H or (C4-Ce)alkyl.

30 Het is preferably pyridyl attached to B by a carbon ring member, and is
preferably substituted by 1 or 2 substituents selected from W, more preferably 1
substituent. W is preferably R**-aryl or R¥'-heteroaryl. Aryl is preferably phenyl.



with the six-membered Q ring being more preferred. R13 is preferably H or -CH3. -14 is preferably H or
-CHa3. For the five-membered Q ring, preferably no more than two R13 and R14 substituents are other
than hydrogen. For the six-membered 10 Q ring, preferably no more than four R13 and R14
substituents are other than hydrogen, more preferably no more than two R13 and R14 substituents are
other than hydrogen. Especially preferred Q rings are: , preferably shown asand 15respectively.

In the preferred Q rings above, R is preferably --(CH2)n6NHC(0)0OR16b, - (CH2)n6NHC(0)R16b,
-(CH2)6NHC(0)NR4R5, -(CH2)6eNHS02R16 or -(Cl-T?Z),-,GNHSOZNR4R5 wherein n6 is 0-2, and
R161), R16 and R4 are (C1-C6)alkyl and 20 R5 is H. More preferred are compounds of Formula |
whereinR is HetergeypHs goefaiabioprdgb, RVHE @pierably, H\ Hak2Rb®O~BNID2TRERS5 wherein

R16b, Ris a%@ﬁ};@@@kx@fg R5 is H. Even more preferred are compounds of Formula |
herein R is -NHC 813, . NHC(O)R1g6b.or,-NHC(O)NR4RS, ip el'’ and R4 C1-C6)alkyl
and RS 5 1 251 £ha B2 ARG oA AEE T AACRREIE TN LG G SO and

and R5 is H. 25R1
(C1-C6)alkylprefecablyith ainly Okl e spacily-prgfaredRara ¢orappuoidsopReemuthdreerairoRids
wherein R1 IRICH{PRY Rédheh H. R3 is preferably H, -OH, (C1-C6)alkyl, (C1-C6)alkoxy, halogen,

preforal) pyric! =TS e bR TGP Bt PURIRIBR S Bl e by 1.0 2

substituents selecteld feopreferapdyccisordrapy { GhbakiBn =GR ‘PG rhitywbereainnams, R'

R21-heteroapmd RyFisapeciey abiindlarabbveS-more preferably, R' and R'® are each H, and n,
and ns are each zero, Particularly preferred are compounds wherein B is trans-
alkenyl, especially ~-CH=CH-. '

15 Cne group of preferred compounds is that wherein the optional single bond
is present, X is ~O-, Y is =0, and R'® is absent. Another preferred group of (d
compounds is that wherein the optional single bond is absent, X is —OH, Y is
(H,0H) and R" is H. Compounds wherein the optional single bond is present, X is
—0-, Y is =0, and R" is absent are more preferred.

20 Especially preferred are compounds of Formula | wherein R is —HC(O)OR16b
wherein R'® is (C;-Cg)alkyl. R'® is preferably methyl or ethyl. Also preferred are
compounds wherein the R group is attached to the C-7 position of the Q ring, as
shown in Formula IA below.

A preferred embodiment of the invention is a compound of Formula |A:
0O Rr® R0

1 =
: Rz B R Q)
25 Het IA
wherein R', R%, R%, R%, R™®, R"!, B, and Het are defined as preferred above. At
least one of ring carbon atoms 5-8 is preferably substituted with.
—(CH2)neNHC{O)OR'®, (CH2),sNHCOR'™®, —~(CH,).sNHCONR'R®,
~(CH2)ssNHSO2R™® or —(CH2)sNHSO;NR*R® wherein ns is 0-2, and R'®, R and
30 R*are (Ci-Cg)alkyl and R®is H. :
A more preferred embodiment of the invention is a compound'of Formula
iB:



5 Heteroaryl is preferably pyridyl. R21 is preferably H, halogen or -CN, or -CF3, especially F, -CN or
-CF3. R5, R19 and R11 are each independently preferably H or (C1-C6)alkyl, more preferably H or
-CH3; especially preferred are compounds of Formula | wherein R5, R19 and Ru are each H. 10R9 is
preferably H, OH or (Ci-C6)alkoxy; more preferably, R9 is H. B is preferably cis or trans
(CH2)n4CR12.c (url2)ns- wherein na, ns, R12 and R12a are as defined above; more preferably, R12
and R12a are each H, and na and n5 are each zero. P_%r_ticularly preferred are compounds wherein B is
transalkenyl, especially -CH=CH-. 150ne group of preferred compounds is that wherein the optional
single bond is present, X is -0-, Y is =0, and R15 is absent. Another preferred group ofLU compounds
is that wherein the optional single bond is absenf X! -OH, Y is (H20OH) and RH. Compounds wherein
the optional single bond is present, X is -0-, Y is R16NE absent are more preferred.
20Especially preferred are compounds of Form T hese Ris -HC(0)OR16b wherein R1 6b is "al_
C6)alkyl. RThb is preferably methyl or ethyl. AA@(ﬂerf@:rrd are compounds wherein the R group is
attached to the C-7 position of the Q ring, as shdwn in mula IA below. A preferred embodiment of

the invengion is a compound of Formula IA: 0 R3 Rio 0 TRR11 &2 25"%?HetlA wherein R1, R2, R3,
RS, R10, R1 ; ar ' arefar \"{:] I ' al 8is
pretrably subREh ﬂ%%?@@%‘)@%ﬁﬁﬁé‘e%%R@%ﬁ%CHz R R RN ars,
-(CH2)n6NHM1\8_hﬁT9(‘0 i Rigtarahirh s v@m’éﬁein né is 0-2, and Rmb, R16 and 30 R4 are
(C1-C6)alkyl and RigsgdchIBRAREISAUBRAETIAY 8F FSHRURIIRBISIBIIRRMNIQEEgmula
one of ring carbon atoms 5-8 is -NHC(O)OR'® wherein R is (C,-Cg)alkyl. R™ is

10  preferably methyl or ethyl.

( : As used above, and throughout the specification, the following terms, unless
otherwise indicated, shall be understood to have the foliowing meanings:
"Subject" inciudes both mammals and non-mammalian animals.
“Mammal” includes humans and other mammalian animals.

15 The term “optionally substituted” means optional substitution with the
specified groups, radicals or moieties. It should be noted that any atom with
unsatisfied valences in the text, schemes, examples and tables herein is assumed
to have the hydrogen atom(s) to satisfy the valences.

’ The following definitions apply regardless of whether a term is used by itself

20 orin combination with other terms, unless otherwise indicated. Therefore, the
definition of “alkyl” applies to “alkyl” as well as the “alkyl” portions of "hydroxyalkyl”,

C ' “haloalkyl”, “alkoxy”, etc.
’ As used herein, the term "alkyl" means an aliphatic hydrocarbon group that
can be straight or branched and comprises 1 1o about 20 carbon atoms in the

25 chain. Preferred alkyl groups comprise 1 to about 12 carbon atoms in the chain.
More preferred alkyl groups comprise 1 to about 6 carbon atoms in the chain.
“Branched” means that one or more lower alkyl groups such as methyl, ethyl or
propyl, are attached to a linear alkyl chiain. The alkyl can be substituted by one or .
more substituents independently selected from the group consisting of halo, aryl,

30 cycloalkyl, cyano, hydroxy, alkoxy, alkyithio, amino, -NH(alkyl), -NH(cycloalkyl), -
N(alkyl), (which alkyls can be the same or different), carboxy and —C(O)O-alkyl.
Non-limiting examples of suitabie alkyl groups include methyl, ethyl, n-propyl,



-9- OH 0 L.,H = = H H 5Hetig wherein Het is pyridyl substituted by an R21-aryl group, preferably an
R21-phenyl group wherein R21 is preferably F or -CF3. Especially preferred are compounds of
Formula IA or 1B wherein at least one of ring carbon atoms 5-8 is -NHC(0)OR16b wherein R16b is
(CI-C6)alkyl. Rieb is 10 preferably methyl or ethyl. As used above, and throughout the specification, the
following terms, unless otherwise indicated, shall be understood to have the following meanings:
"Subject" includes both mammals and non-mammaliap.animals. "Mammal" includes humans and other
mammalian animals. 15The term "optionally substitufed” means optional substitution with the specified
groups, radicals or moieties. It should be noted that any atom with unsatisfied valences in the text,

scheme8, exaAiprRRYANRH Aty stirbih nspesivinbentyhaeniedarito dovmaratbyko satisfy the
valences. Tr“ﬁﬁﬂ%&ﬁ'&ﬁ@%@?@&ﬁ%ﬂf}%ﬂﬁ?s of whether a term is used by itself 20 or in
the [

combination with other terms, unless otherwise indicated. Therefore, the definition of "alkyl" applies to

"alkyl" as well as theAkeRYI poveans an alplteligdmgdrocashanigioup @rsightier Asanghederein, the
term ekt mamEh ANl SR AHEIN IRO B AR HBHERMRMAKHP LRI SIRAATK T amRfRes 1O

about 20 carbon atoms in"the 25 chain. Preferred alkyl groups comprise 1 to about 12 carbon atoms in

the chain. MeRAjwgatebarmagebgrad el @ ikeridiareprsHaBERBRISRIRabosl dSched
meansqihat QRRHYMABNS RSP YRS R4EBIFD NS Hyb LRI QA BP¥GHR FAEefhAmMa 4Raar alkyl

chain. The alkyl can be substituted by one or more substituents mdepende%tulil selected from the group

consisting of AET8, RiSieRPlY R RYOW A sarhonraigmain the Aaimio Thmmbengemym can be
-NH(cycloalkaiibstilieeyby dwBieh mikshsse i éhtsSRepRndERIG Sbleafe@noM drl- i kyl.

Non-limiting examples of suitable alkyl groups include methyl, ethyl, n-propyl, -10-
consisting of halo, alkyl, aryl, cycloalkyl, cyano and aYkox . I\Pon-hmltmg examples
of suitable alkenyl groups include ethenyl, propenyl, n-butenyl, 3-methylbut-enyl
156  and n-pentenyil. (\)
Where an alkyl or alkenyl chain joins two other variables and is therefore
bivalent, the terms alkylene and alkenylene, respectively, are used.
"Alkoxy" means an alkyl-O- group in which the alkyl group is as previously
described. Useful alkoxy groups can comprise 1 to about 12 carbon atoms,
20 preferably 1 to about 6 carbon atoms. Non-limiting examples of suitable alkoxy
groups include methoxy, ethoxy and isopropoxy. The alkyl group of the alkoxy is
linked to an adjacent moiety through the ether oxygen.
"Alkynyl" means an aliphatic hydrocarbon group comprising at least one
carbon-carbon triple bond and which may be straight or branched and comprising
25 about 2 10 about 15 carbon atoms in the chain. Preferred alkynyl groups have
about 2 to about 12 carbon atoms in the chain; and more preferably about 2 to & )
about 4 carbon atoms in the chain. Branched means that one or more lower alkyl
groups such as methyl, ethyl or propyl, are attached to a linear alkynyl chain. Non-
limiting examples of suitable alkynyl groups include ethynyl, propynyl, 2-butynyl, 3-
30 methylbutynyl, n-pentynyl, and decynyl. The alkynyl group may be substituted by
one or more substituents which may be the same or different, each substituent
being independently selected from the group consisting of alkyl, aryl and cycloalkyl.
"Aryl” means an aromatic monocyclic or multicyclic ring system comprising
about 5 to about 14 carbon atoms, preferably about 6 to about 10 carbon atoms.
35 The aryl can be substituted with one or more substituents, as defined above, which
may be the same or different. Non-limiting examples of suitable aryl groups



5isopropyl, n-butyl, t-butyl, n-pentyl, heptyl, nonyl, decyl, fluoromethyl, trifluoromethyl and
cyclopropylmethyl.  "Alkenyl" means an aliphatic hydrocarbon group (straight or branched carbon
chain) comprising one or more double bonds in the chain and which can be conjugated or
unconjugated. Useful alkenyl groups can comprise 2 to about 15 10 carbon atoms in the chain,
preferably 2 to about 12 carbon atoms in the chain, and more preferably 2 to about 6 carbon atoms in
the chain. The alkenyl group can be substituted by one or more substituents independently selected
from the group consisting of halo, alkyl, aryl, cycloalkyljgyano and alkoxy. Non-limiting examples of
suitable alkenyl groups include ethenyl, propenyl, n-butenyl, 3-methylbut-enyl 15 and n-pentenyl.

Where an. alkyl lkenyl chain_joi o ather variableg and is therefore bivalent, the terms alkylene
and alke%ylerﬁlg?fgéé(&tlvgn: aﬁlﬁhqsﬁé’ p 10 eﬂ?ﬁb)?ytr q‘@éﬁ%@ﬁ%{ﬁy/[apgH&@ﬁﬂﬁmhgﬂ’{ﬁ@%lkw group is
as previously nesmibaddivalefill plieonxyl groupsinahudingitiecioratte @ikl marbsnmétitatioR0 preferably 1

to about 6 carbon at <Non-limitin les,of suitable alko roups include methoxy, ethoxy and
g tor E&)E Ee%r%@zﬁﬁé%&s&}?&%caac%éx Oiety through the ether oxygen.

isopropoxy. The alkyl group of theé alkoxy 1s oana
"Alkynyl" means an dfiprehtial kyll weahoa gankacongitsingra- essnaitegaibsimg aystertiiple bond and

which may be 'r L%ié)é ?%&t omm@r&%fgo%S%@&%t é@%&ﬁga{@% agg%st iJi10the chain.

Preferred alkynyl fo about™12 carbon at ain; and more preferably
about 2 18 absaractmatomatoRreiared exalaalkntrgsdomriais ahaudfeiorabout Torirg allrngroups

h thyd, gt | ' ;Jimqiti itabl
Sl sroups R B S B e R e

alkynyl group whigtb@syihstitie saye s difiersstsiieutisitogmxampigsnS sidtebisaneniyalist, each
substituent bei Hé‘iiﬁ A gm ISH f yl.

"Aryl" meansqgggzlar(_)mqtgi??na(?r@)éc?gﬁac%%gﬂggyclic rigr}gesfggt%gné %%%;P gk é%%%%&?g%é ﬁ%?}&t@ 14 carbon
atoé'rs, prefer&isNiiputing ﬁ?‘ﬁﬁ'&ﬂi@i@fc&#ﬂ@hlﬁtﬂ?ﬁﬁ!%‘%@ﬁ@ﬁﬂﬁfﬁ‘-‘bé@Uﬁ@tﬁu@&ﬁﬂiﬂybne or more
sutst

itugnts, ABARIMGH aRakeaniNEhdie ke evmB Ak birie periiad R LpRrEmoieR Of suitable

aryl groups S5include phenyl, naphthyl, indenyl, tetrahydronaphthyl and indanyl. "Arylene" means a
bivalent phenw‘gﬁ&m,fmewn@%htg?-rﬁ@tatﬁm pHAckmk iR eherRiRs iBsidRRItPRsitional
N-tert-butoxyGagpesnd. "Cycloalkyl" means a non-aromatic mono- or multicyclic ring system
comprising about 3 to about 10 carbon atoms, preferably about 5 to about 10 10 carbon atoms.

Preferred cycloalkyl rRBYEMsG wlSclakyh Zetsre 19iaf alkyhshainsystituter Ly, o sliaxYed with
one or more Wgﬁwﬂﬁg‘:@q 28RVEnm Whirhsmay be the same or different. Non-limiting examples

of suitable monhocyclic cycloalkyls include cyclopropyl, cyclobutyl cyclopent?/l, cyclohexyl and the like.

Non-limafhg exampleElbpsoative. ndiftusiariteiciaamkytsive kj’ﬂa@é@ﬁﬁyﬂi,lﬂ)ﬁ floaksyhe@iinanty
and the like. "(ecleaiiHaNEa tsder i taub SRURSP BYHN 2 iV 3l aiorpatoNhe B JBBt RIS allaghynent to
other groups include all positional isomers.
-CH2CF3, -CH2CHF2 or -CH>CHaF.
- "Halogen” or "halo” refers to fluorine, chlorine, bromine or iodine radicals.
Preferred are ﬂudro, chloro or bromo, and more preferred are fluoro and chloro.
— 25 "Heteroaryl" means a single ring, bicyclic or benzofused heteroaryl group of
C 5 to 14 ring atoms, preferably about 5 to 10 ring atoms, comprised of 110 13
carbon atoms and 1 to 4 heteroatoms independently selected from the group
consisting of N, O and S, provided that the rings do not include adjacent oxygen
and/or sulfur atoms. N-oxides of the ring nitrogens are also included, as well as
30 compounds wherein a ring nitrogen is substituted by a (C4-C4)alkyl group to form a
quaternary amine. Examples of single-ring heteroaryl groups are pyridyl, oxazolyl,
isoxazolyl, oxadiazolyl, furanyl, pyrrolyl, thienyl, imidazolyl, pyrazolyl, tetrazolyl,
thiazolyl, isothiazolyl, thiadiazolyl, pyrazinyl, pyrimidyl, pyridazinyl and triazolyl.
Examples of bicyclic heteroaryl groups are naphthyridyl (e.g., 1, 5 or 1,7),
35 imidazopyridyl, pyrido{2,3Jimidazolyl, pyridopyrimidinyl and 7-azaindolyl. Examples



"Dihydroxy(Ci-C6)alkyr refers to an alkyl chain substituted by two hydroxy groups on two different
carbon atoms. 20"Fluoroalkyr, "difluoroalkyr and "trifluoroalkyr mean alkyl chains wherein the terminal
carbon is substituted by 1,2 or 3 fluoroatoms, respectively, e.g., -CF3, -CH2CF3, -CH2CHF2 or
-CH2CHZ2F. "Halogen" or "halo" refers to fluorine, chlorine, bromine or iodine radicals. Preferred are
fluoro, chloro or bromo, and more preferred are fluoro and chloro. ¢ 25"Heteroaryl" means a single ring,
bicyclic or benzofused heteroaryl group of 5 to 14 ring atoms, preferably about 5 to 10 ring atoms,
comprised of 1 to 13 carbon atoms and 1 to 4 heteroatdms independently selected from the group
consisting of N, 0 and S, provided that the rings do not include adjacent oxygen and/or sulfur atoms.

N-oxide$of tioé biegzetusgerizetescand graupedrasndelyhspinatyhisaquinalybrehthatazinyirogen is

substituted b j | gr amj i -[] roary!
aroups are pa o e I R A B, R e ey
tetrazolyl, thikengbfistanaybly Alpasitiooigl ipgragnsyareatmicpnpisiedh zny), £ yridybIBrrridyiples of
tricyclic hete(;gﬁEf/hﬁsdgyajLare naphthyridyl (e.g., 1, 5 or 1,7), 35imidazopyridyl, pyrido[2,3]imidazolyl,
pyridopyrimidinyl a -azaindolyl. Examples -12- 50f benzofused heteroaryl groups are indolyl,

quinolyl, isoquinolyl, Theterazinyethémexeepliied by theaghenengl) bisyshinaind gz efusesturanyl,
b lyl iti i s2=-hyaidyl 3-nyridyl and
enzoxggolyliand BepadiBaRANs tfélfﬂ%?/ |ﬁgﬂ@§%§ﬁ@§9ﬂ%%@%% ég iy g?bﬂéj ylan

4-pyridyl. The term "Het™ is exemplified by the sing g, bicyclic an | 10 heteroaryl groups
as defined imPiciRAERPRBRGMesbbesupLarbiglisedRyHevlL B PBjdy carbawinglimefberely., Het is

2 pyrichl, 3-pyeEpb s BMIhuIP SIELHY CAIRRS: %&Pﬂg@;@ Jale 1igg£q¢pon by a

group W; 1 to 4'W substituents can be preSent on a Het fing. "Hete loalkyl® means a 4 to 6

membered s&WPSHHENMg cantam s SRt Oh RdAebHRGtoms and 1 or 2 heteroatoms selected from the

group consisting of N, &&ad\hiPAmfaH daAsReRIY HURBR RIS SahAdIREERh ARG S 1o
heteroclcloalkyl rings are pyirolidinyl, piperidinyl, piperazinyl, morphofinyl, thiomorpholinyl; thlazolldﬁzlj

1,3-dioX@lany? 221t aamstendnl afcfuretsToginrs arbeeissHEam e asaup\Raasisipgr oA, 20The
term "heterospi@eyChovRfestHa AR INEMIIRRITHS HFE ABD UM Rt OEkaRipRIsYPms and 1 or 2

heteroatoms selected from the group consisting of N, S and 0, provided that the heteroatoms are not .
adjacent. Th@pfPeysirmkyLTinge Bsnayralicing tipsoainkhairerIZiRY daesaRinFkiween X and

the carbon toriieiarhRaIh A LERIZMERRNCY TLARSSIEHFLIE ARSXERYN WAk i tafaRpl double bond

represented by - means that at least a single bond must be present, but that a’ double bond can be

present; whetFiraysreiRiopheny sreddatrabydigiBiopyranylywhen R4 and R5 join to form a ring with

tlhe_nitr%en lto whichy ieheaieABRshRGIHGS ENESTETERS that & pireidyrelidisi dnire diaTha3 to
-piperazinyl,
PIP Y 5 carbon atoms and 1 or 2 heteroatoms selected from the group consisting of N, S
and O, provided that the heteroatoms are not adjacent.

The term "optional single bond" refers to the bond shown by the dotted line

between X and the carbon to which Y and R15 are attached in the structure of

25 Formula l. The optional double bond represented by ===-- means that at least a .
single bond must be present, but that a double bond can be present; when the ()
double bond is present, R' is absent.

When R4 and RS join to form a ring with the nitrogen to which they are
attached, the rings formed are 1-pyrrolidinyl, 1-piperidinyl and 1-piperaziny},

30 wherein the piperazinyl ring may also be substituted at the 4-position nitrogen by a
group R7.

The above statements, wherein, for example, R4 and R5 are said to be
independently selected from a group of substituents, means that R4 and RS are
independently selected when attached to the same nitrogen, but also that where

35 an R4 or RS variable occurs more than once in a molecule, those occurrences are
independently selected. Similarly, each occurrence of R™ or R is independent of



30 wherein the piperazinyl ring may also be substituted at the 4-position nitrogen by a group R7.

The above statements, wherein, for example, R4 and R5 are said to be independently selected from a
group of substituents, means that R4 and R5 are independently selected when attached to the same
nitrogen, but also that where 35 an R4 or R5 variable occurs more than once in a molecule, those
occurrences are independently selected. Similarly, each occurrence of R13 or R14 is independent of
-13- 5 any other R13 or R14 in the same Q ring. Those skilled in the art will recognize that the size and
-nature of the substituent(s) will affect the number of sufdSrituents which can be present. Compounds of
the invention have at least one asymmetrical carbon atom and therefore all isomers, including
enantiomsrs, ateyetiranirsordidfrierthelSaraet@ming. aﬂmmae&m&m iof the agrapprestgpizeomala (1)
(where they eyist) are conte Iat?z? bel art The inventi des dand |
isomers in boﬁu1 %ef@ﬂa zﬂ%& nﬁlﬁ %‘i& i@]%l ﬁrgg Irb F Eﬁ %‘éeﬁjgpared using
conventional wbﬁuhqubeltpmsbﬁteactmg optically pure or optlcally enriched starting materials or by
separating isomers a.compc 15 Forn?ula Isom Sanay also inc lud metric is ers e.g.,
when a double bond is prggenfij fot %r'BH {495 H ave ﬁe C mpouﬁagrBFEEF%?fg?f ARE

crystalline or amdthlecefrel sl wemememplathdgathgrperBo‘steremmmﬁﬁm fidtapeeskjlled in the art
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pharmacologlca activity an 0 Isomers pre arred prese
invention haveshésfoliated) MW@MSWIWMNMMt With iovepimmidschmesgithatddbsolute

stereochemls‘%R_'eéFLgIﬂﬂl%etrpbq%r%qnggﬁ?qﬁeaam tmecm'& O%%E%%ﬁ fﬁ@ for I

compounds of Formula I, one isomer will'show grea er p )armaco an other Isomers.

Comp_ound; afanebmpeaperednmsmgmo\gﬂntnmrtefdnmmm&whnlmmmmeawtpwﬁor
organic and i | ?ﬁaﬁ r uric,
phgSphoric, a tlc c rlgcﬁl?néa%a< mal ﬁ%%%% tﬁ%’lgy J?égt)% &'ﬁﬂ%gzﬁéf%s%ngn&%@c

me -anééu|foﬁwmweolhésmsamw%s@bmwd&mmﬁnqummtmge whae adoabiehend
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embodiments ighlde s ol anlih dIerShSH FRAGHBOGRALGH PR i i PRfR AR wih 2

sufficient amou e desi to produce a salt
crystalline or amorphous, also are contemplated as being part of this invention.

Those skilled in the art will appreciate that for some of the compounds of
Formuta |, one isomer will show greater pharmacological activity than other
20 isomers.
- Typical preferred compounds of the present invention have the following
stereochemistry:

O
I
I

3

o

C CH, H t
' Het

with compounds having that absolute stereochemistry being more preferred.

25 Those skilled in the art will appreciate that for some compounds of Formula
[, one isomer will show greater pharmacological activity than other isomers.

Compounds of the invention with a basic group can form pharmaceutically

acceptable salts with organic and inorganic acids. Examples of suitable acids for
salt formation are hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic, malonic,

30 salicylic, malic, fumaric, succinic, ascorbic, maleic, methanesulfonic and other
mineral and carboxylic acids well known to those in the art. Preferred
embodiments include bisulfate salts. The salt is prepared by contacting the free
base form with a sufficient amount of the desired acid to produce a salt. The free



-'14- 5 base form may be regenerated by treating the salt with a suitable dilute aqueous base solution
such as dilute aqueous sodium bicarbonate. The free base form differs from its respective salt form
somewhat in certain physical properties, such as solubility in polar solvents, but the salt is otherwise
equivalent to its respective free base forms for purposes of the invention. Compounds of the invention
can 10 also form pharmaceutically acceptable solvates, including hydrates. Certain compounds of the
invention are acidic (e.g., those compounds which possess a carboxyl group). These compounds form
pharmaceutically acceptable salts with inorganic and rganic bases. Examples of such salts are the
sodium, potassium, calcium, aluminum, lithium, gold and silver salts. Also included 15 are salts formed

with phérmabastdaitnaneypbhebiegemeraseslibly treating théss allkwlithnairsestablerdity tdlatpremes,
N-methylglu In like. . ."Solvate" means. ical ciafi fa compeund of this
invention wi&%cg%eggﬁirﬁj%igg&%&ﬁ ‘FHH%C?J%%‘?%?SSB 3'/%%%%&%@?%?1 ?ﬁ@gl\%/)re%ev ?ﬁﬁggég%rees of
ionic and codiffens fromndiitg respedtive lsaltdgen bomindahinaestaimptaysicalthropetielsasuehill be
capable of isglafi mpl 0 r lye olecules are, ingarpqrated in crystal
athce of oo IR oS Ok AER 0 8 S TS S e dter
Non-limiting feearhpsss formsitios puploasssoh thedineendioolatSompaiiads lafdbezdnsehtidikeaMydrate” is

can bel Crep e BB B e e in Us.
6,063,847, incorpo@&ftahe@mpguec_@r@ﬁc;bednmiqmqmmaekﬁeieagwﬂmﬂed:bmwunds |
accordance St SSRGS S EIBR U, e bR B e Tl B R R o 0
provide vinyRégeptabie gails Withringreanic aad wiganisohases & xaowlesasiupesaltstaraldehyde is
reduced to tag Al Pot ML VALRIHCAGHM AN AT SYRIF aRE LIGLPR A A Rcluded
16  are salts formed with pharmaceutically acceptable amines such as ammonia, alkyl C\k,)
amines, hydroxyalkylamines, N-methylglucamine and the like.
"Solvate” means a physical association of a compound of this invention with
one or more solvent molecules. This physical association involves varying degrees
of ionic and covalent bonding, including hydrogen boﬁding. In certain instances the
20 solvate will be capable of isolation, for example when one or more solvent
molecuies are incorporated in the crystal lattice of the crystalline solid. "Solvate"
encompasses both solution-phase and isolatable solvates. Non-limiting examples
of suitable solvates include ethanolates, methanolétes, and the like. "Hydrate" is a
solvate wherein the solvent molecule is H>0.

25 Compounds of the present invention in which ng is O can be prepared by -
processes known in the art, for example by the processes described in US. {
6,063,847, incorporated herein by reference, and by the processes exemplified

below.
Compounds of the present invention in which ng is 1 or 2 are generally

30 prepared by processes in accordance with the following general scheme:



10 group with Me? provides the amine 9 which is treated with different electrophiles to provide diverse
analogs. -16- 5Following are examples of preparing compounds of Formula I. In the examples, the
following abbreviations are used: Et (ethyl); Me (methyl); Pr (propyl); Ac (acetyl); rt (room temperature);
PTLC (preparative thin layer chromatography); THF (tetrahydrofuran); TBAF (tetra-n-butylammonium
fluoride); Tips (triisopropylsilyl); and Tf (trifluoromethanesulfonyl). 10 Example 1  cF,cF,cp, _
151a-2p-2 Compound 1, described in US 6,063,847, (1.95 g, 4.2 mmol) was dissolved in EtOH (40
ml) and CH2CI2 (10 ml). Then, NH3 (g) was bubbled i'rﬂé'the solution for 5 min. The reaction mixture
was C(0)01led to 0 C, and Ti(Oer)4 (1.89 ml, 6.3 mmol) was added. After stirring at OC for 1 h, 1M
T1Cl4 (6.3 ml, 6.3 m I)HNasI-QO added. The reaction dditiopal 45

min
and concentrated to dymEsSdriderfSduced pressure., 4BO 0

reaction mixture was gouled §§ I N NaOH.(100 ml) angl eptr with Et0Ac (3x 10Q .
layer was 25 combined and ¥tied withsRZ2&OMeREmoval of Selvent aﬁdﬂé&ﬁs&duct 2 (1.2g, 62%).

Further separation by PTLC (5% 2 M Nigir CH30OH/ CH2CI2) affordeddﬁ-a’é'é(spot 1) and a42 (spot 2)
in a 1:2 ratio. 13-2: 1HNMR(C[TCI3): 80.81-1.15 (m, 2H), 1 A~
1.82-2.01 (m, 3H), 2.37 (m,*®d); 2.45 (br m, 1H), 2.65 (m, 1Ky

Ketone 4 is subjected to a Wittig reaction to provide vinyl ether § which is
hydrolyzed under acidic condition to provide aldehyde 6. The aldehyde is reduced
to the alcohol 7 and converted to azide 8 via its mesylate. Reduction of the azido

10 group with Me3P provides the amine 9 which is treated with different electrophiles
to provide diverse analogs.



Compound a-2 (110 mg), ethyl chloroformate (0.4 ml) and Et3N (0.5 ml) in CH2CI2 (6 ml) were stirred
for 2 h. The reaction mixture was directly separated by 10 PTLC (EtOAdhexane, 1:1) to afford the title
compound (100 mg, 79%). MS m/z 543 (M+1). HRMS Calcd for C301-134N204F3 (M+1): 543.2471,
found 543.2467. Example 1A N-Methyl compound for comparison CH3 OH HI "ANCO2CH2CH3 I-I=
CF3 15Step 1: Compound 1 (646 mg, 1.38 mmol) was dissolved in 2.0 M CH3NH2 in CH30OH (15
ml, 30 mmol) and stirred at rt for 5 min followed by adoigon of NaCNBH3 (173 mg, 2.75 mmol). The
reaction mixture was stirred at rt overnight 20 and concéntrated to dryness under reduced pressure.
Removal of the solvent followed by PTLC separation (7% 1 M NH3 in CH30H/ CH2CI2) afforded 13-4
(spot 1, P6 mg, 11od7@iieming aissexamplemef H?B%Prm&qnmmeccﬂfcfmlﬁ 15111 dem, 5H), 1.42
Ed JlHE; szs jé*)arhﬁlésl ﬁk(mu@hihglddbﬂg%tﬁﬁnégbgwédmzﬁ F||§955M§, it EFQm)lg)7 72(213
m m m =
2.0 Hz, 1H). ﬁbgﬂﬂﬂﬁ‘ﬁ%@fgﬂﬁgf@g g'%ég @5‘%& (£§ @ gﬁ' c?‘j‘gf%y&E 3H), 1.82-1.95
(m, 5H), 2.38%M0D3S ngaplw)eﬂjFz(@rahyqrpiylranr)g'fﬁﬁf §et§65-ﬂ-blﬁyleﬂ1mmlm’zﬁt(ﬁﬂct&i)
7.75-7.85 (M) (Bitdofteopysiy)Hand X (bifudr&ientkisempomyl a-4 (50 mg), ethyl chloroformate
(0.15 )Oand Et3N (0.3 ml) in CH2CI2 (5 ml) were stirred for 2 h. The reaction mixture was directly
separated by PTLC (EtOAc/ hexane, 1:1) to afford the title compound (48 mg, 84%). MS m/z 557 10
(M+1). HRMS Calcd for C31 H36N204F3 (M+1): dexemple tound 557.2620. Example 2

OH H
WWNHCO,CHZCH,
0 o
HZ A
=N N
R ( T
. )
Step_1:
oH H OH H OH H
d o} TI(OIPF)4 o AN H, g NHy
=2 Tlch. NHg -1 E— = ;_
HRH EIOH, CH,Cl; H\H HRH
————————
: N NaBH;CN : N + : N
MeOH
CFy CFs CF3
15 1 o2 P2

Compound 1, described in US 6,063,847, (1.95 g, 4.2 mmol) was dissolved
in EtOH (40 mt)} and CH:Cl> (10 ml). Then, NH;3 (g) was bubbled into the solution
for 5 min. The reaction mixture was C(O)Oled to 0 °C, and Ti(OiPr), (1.89 ml, 6.3
mmol) was added. After stirring at 0 °C for 1 h, 1M TiCl4 (6.3 ml, 6.3 mmol} was ,
20 added. The reaction mixture was stirred at rt for an additional 45 min and (__)
concentrated to dryness under reduced pressure. The residue was dissolved in
CH3O0H (10 m!) and NaBHaCN (510 mg, 8 mmol) was added. The resulting
suspension was stirred overnight at rt. The reaction mixture was pouredto 1 N
NaOH (100 ml) and extracted with EtOAc (3x 100 ml). The organic layer was
25 combined and dried with Na,S04. Removal of solvent afforded product 2 (1.2 g,
62% ). Further separation by PTLC (5% 2 M NH3; in CH3;OH/ CH,Cl;) afforded p-2
(spot 1) and o2 (spot 2) in a 1:2 ratio. p~2: 'HNMR (CDCl3): 5 0.81-1.15 (m, 2H),
1.11-1.38 (m, 4H), 1.42 (d, J= 6 Hz, 3H), 1.82-2.01 (m, 3H), 2.37 {m, 2H), 2.45 (br
m, 1H), 2.65 (m, 1H), 2.81 (m, 1H), 4.75 (m, 1H), 6.61 (m, 2H), 7.26 (m, 2H), 7.75-
30 7.85(m, 4H), 8.77 (d, J= 1.6 Hz, 1H). a-2: 'HNMR (CDCla): & 0.95 (m, 1H), 1.10-
1.40 (m, 5H), 1.41 (d, J= 6 Hz, 3H), 1.52-1.65 (m, 2H}), 1.75 (m, 1H), 1.84-2.0 {m,



15Step 1: n-BuLi THF, OC E 1:1PO3Et2 F1*-% 6 OTipsTips Phosphonate 7, described in US
6,063,847, (3.27 g, 8.1 mmol) was dissolved in THF (12 ml) and C(0)01ed to O C, followed by addition
of 2.5 M n- BuLi (3.2 ml, 8.1 mmol). The reaction mixture was stirred at 0 C for 10 min and) 20 warmed
up to rt. A solution of aldehyde 6, described in US 6,063,847, in TI-IF (12 ml) was added to the reaction
mixture. The reaction mixture was stirred for 30 min. Standard aqueous work-up, followed by column
chromatography (30-50% EtOAc in hexane) afforded product 8. IHNMR (CDCI3): 8 0.92-1.38 (m, 31H),
1.41 (d, J= 6 Hz, 3H), 1.40-1.55 (m, 2H), 1.70-1.80 (nT, ZH) 1.81-1.90 (m, 2H), 2.36 (m, 214), 252.69
(m, 1H), 3.89 (m, 4H), 4.75 (m, 1H), 6.28-6.41 (m, 2H), 7.05-7.15 (m, 2H), 8.19 (br s, 1H). 5 Step 2:

OH CompourzHy,(2.84 ¢y B-ipr2ofovias disypR68 m IR 4B 48! Y bFise tédcdon0 (m, 1H), 6.61
(m, 2H), 7.26 (m, 2H), 7.75-7.85 (m, 4H), 8.77 (d, J= 1.6 Hz, 1H).
Step 2:
Compound o-2 (110 mg), ethyl chioroformate (0.4 ml) and Et;N (0.5 ml) in
CH2Clz (6 ml) were stirred for 2 h. The reaction mixture was directly separated by
10  PTLC (EtOAc/hexane, 1:1) to afford the title compound (100 mg, 79%). MS m/z
543 (M+1). HRMS Calcd for CaoH34N2O4F 3 (M+1):; 543.2471, found 543.2467.

Example 1A

N-Methyl compound for comparison
CHy

~MNCO,CH>CH3

o

CF,

15 Step 1:
OH H OH H
\\\NHCH;; NHCH3
o] o
NHoCHg -4 Iz
1 HGH H 3 H
NGBHQCN
o~ =~ "N
CH40H C N + g
a4 CF3 CF3 B_‘4

Compound 1 (646 mg, 1.38 mmol) was dissolved in 2.0 M CH3NH; in
. CH30H (15 mi, 30 mmol) and stirred at rt for 5 min followed by addition of
C ' NaCNBHj3; (173 mg, 2.75 mmol). The reaction mixture was stirred at rt overnight

20 and concentrated to dryness under reduced pressure. Removal of the solvent
followed by PTLC separation (7% 1 M NH; in CH30OH/ CHCl,) afforded p—4 (spot
1, 76 mg, 11%) and a—4 (spot 2, 100 mg, 15%). p—4: 'HNMR (CDCls): & 1.15-1.24
(m, 5H), 1.42 (d, J= 6 Hz, 3H), 1.42-1.61 (m, 2H), 1.71-1.95 (m, 4H), 2.21 (m, 1H),
2.38 (s, 3H), 2.45 (m, 1H), 2.71 (m, 1H), 2.84 (m, 1H), 4.75 (m, 1H), 6.51-6.63 (m,

25  2H), 7.26 (m, 2H), 7.75-7.85 (m, 4H), 8.77 (d, J= 2.0 Hz, 1H). a—4: "HNMR
(éDCIa)Z 6 0.95 (m, 2H), 1.10-1.40 (m, 5H), 1.41 (d, J= 6 Hz, 3H), 1.82-1.95 (m,
5H), 2.38 (m, 2H), 2.42 (s, 3H), 2.65 (m, 1H), 4.79 (m, 1H), 6.51-6.63 (m, 2H), 7.26
(m, 2H), 7.75-7.85 (m, 4H), 8.77 (d, J= 2.0 Hz, 1H).



mixture was C(0)0led to O C followed by addition of 1 M TBAF (4.8 ml). The reaction mixture was
stirred for 5 min followed by standard aqueous work-up. 10 Column chromatography (50%
EtOAc/hexane) afforded product 9 (1.9 g, 100%). 1FINMR (CDC13): S 1.15-1.55(m, 6H), 1.41 (d, J=6
Hz, 3H), 1.70-1.82(m, 3H), 1.85-1.90 (m, 1H), 2.36 (m, 21-0, 2.69 (m, 1H), 3.91 (m, 4)1), 4.75 (m, 1H),
6.18- 6.45 (m, 2H), 7.19 (bus, 2H), 8.19 (br s, 1H). Step 3: 15CM To a solution of compound 9
(250 mg, 0.65 mmol) in pyridine (5 ml) C(0)0led to 0 C was added Tf20 (295 4, 2.1 mmol). The
reaction mixture was stirred overnight at rt. Standard eous work-up followed by column
chromatography afforded product 10 (270 mg, 80%). 11-1INMR (CDC13): 5 1.15-1.55 20 (m, 6H), 1.41
(d, J= 66Hz, 8té€p 2:70-1.82 (m, 3H), 1.85-1.90 (m, 1H), 2.36 (m, 2H), 2.69 (m, 1H), 3.91 (m, 4H), 4.75
(m, 1H), 6.42-6.68 (m, 2H), 7.25 (m, 1H), 7.55 (m, 1H), 8.49 (d, J= 2.8 Hz, 1H). Step 4: -20- '
5Compound 10 (560 mg, 1.1 mmol), 3-fluorophenyl boronic amgﬁlSO mg, 1.3 mmoliand K2CO3 (500
mg, 3.6 me?WQRPHq)éé'(f’m B eﬁéhéd ahlenoforwie O Frdang W(Q’ng mikisdafdeGhne.

Under an at(ﬁonﬂ}mm@hNied’ﬂéPﬁ&P)ll' (ﬂalfbatg;dm Mixture Wasdirddity s&éparatadtion RkiGre was
heated at 1 to EtOAc (30
Q%S@K’g wit water ( ﬁ‘@‘&éﬁ \/82?5? éﬁ gd wit s %%

10 ml) and wa Om e Et AcC so utlo NaH 3 and concentrated

at redd€ed dMé‘.’gL)reHBMg’e%!‘é‘glfﬁfe PM@@\?@ prétieheds IRSsRRE 2889 EtoAC in

hexane) afforded product 11 (445 mg, 89%). IHNMR (CDC13). 8 1.15-1.59 (m, 6H), 1.43 (d, J= 6 Hz,
3H), 1.70-1.79 (m, 15 7.81 (m, 1H), 8.77 (d, J= 1@,@%&&% Step 5: 11 IN HCI

OH H

,.\\\NHCO:CHcha_
O
&

\ ()

Y

15 Step 1:
OH H o

OH H O Bl _)

S e o 0
B — bz H
HEH POE N
/'\ [ 3B )
. ()7 g

) 8
OTips OTips
Phosphonate 7, described in US 6,063,847, (3.27 g, 8.1 mmol) was
dissolved in THF (12 ml) and C(O)Oled to 0 °C, foliowed by addition of 2.5 M n- ( )
J

BuLi (3.2 mi, 8.1 mmol). The reaction mixture was stirred at 0 °C for 10 min and

20 warmed up to rt. A solution of aldehyde 6, described in US 6,063,847, in THF (12
mi) was added to the reaction mixture. The reaction mixture was stirred for 30 min.
Standard aqueous work-up, followed by column chromatography-(30-50% EtOAc
in hexane) afforded product 8. "HNMR (CDCls): & 0.92-1.38 (m, 31H), 1.41 (d, J=
6 Hz, 3H), 1.40-1.55 (m, 2H), 1.70-1.80 (m, 2H), 1.81-1.90 (m, 2H), 2.36 (m, 2H),

25  2.69(m, 1H), 3.89 (m, 4H), 4.75 (m, 1H), 6.28-6.41 (m, 2H), 7.05-7.15 (m, 2H),
8.19 (br s, 1H).

30



Acetone, 50C Compound 11 (445 mg, 0.96 mmol) was dissolved in a mixture of acetone 20 (10 ml)
and 1 N HC1 (10 ml). The reaction mixture was heated at 50 C for 1h. Standard aqueous work-up
followed by preparative TLC separation (50% EtOAc in hexane) afforded product 12 (356 mg, 89%).
1HNMR (CDCI3): 8 1.21-1.45 (m, 211), 1.47 (d, J= 5.6 Hz, 3H), 1.58-1.65 (m, 2H), 2.15 (m, 111),
2.18-2.28 (m, 211), 2.35- 2.51 (m, 5H), 2.71 (m, 111), 4.79 (m, 114 6.52-6.68 (m, 2H), 7.15 (m, 1H),
7.22 (m, 252H), 7.35 (m, 1H),.7.44 (m, 1H), 7.81 (m, 1H§, 8.77 (d, J= 1.2 Hz, 1H). Step 6: Compound
12 (500 mg, 4.2 mmol) was dissolved in EtOH (40 mI)'& d CH2C12 (15 ml) NH3 (g) was bubbled into
the solution for 5 min. The reaction 30 mixture was C(0)01ed to OC followed by addition of Ti(0/1304
(1.89 mi56.3 BiamwB: After stirring at OC for 1 h, 1M TiC14 (6.3 ml, 6.3 mmol) was added. The reaction
-21- 5 mixture was stirred at it for 45 min and concentrate?i fo gr r@ess under reduced pressure. The
residue was dissolved in CH3OH (10 ml) and NaBH3CN 8’mmol) was added. The reaction
mixture was stirred overnight at it. The reactionmasikture wWlg pagred to 1 N NaOH (100 ml) and
extracted with EtOAc (3x 100 m1). The or%anﬁ:""la_e—rWas compined and dried with NaHCO3. Removal
of solvent and 10 separation by PTLC (5% 2 M 13 in CH3 NCHZ2C12) afforded p-13 (spot 1,30 mg,
6%) and a-13 (spot 2, 98 mg, 20%). p-13: IHNMR (CDCI3): 8Y1.50-1.38 (m, 5H), 1.42 (d, J= 6 Hz, 3H),
1.51-1.75 (m, 5H), 1.84 (m, 2H), 2.38 (m, 1H), 2.45 (m, 1H), 338 (br s, 1H), 4.78 (m, 1H), 6.59 (M, 2H),
7.15 (m, 1H), 7.26 (QoRippuhdd((2,.641y, 2 L2ntmolHyag. SR solvet inSTHF (48mB HTheHpaetldn

(240, 269 A S CRICIER WY b TIPSty Rl LA TAREG Wi TR o
1H), 7.80 (mreastignmpdure was siirredfogp min followed by standard aqueous work-up.
10  Column chromatography (50% EtOAc/hexane) afforded product 9 (1.9 g, 100%).
: "HNMR (CDCls): & 1.15-1.55 (m, 6H), 1.41 (d, J= 6 Hz, 3H), 1.70-1.82 (m, 3H),
( | 1.85-1.90 (m, 1H), 2.36 (m, 2H), 2.69 (m, 1H), 3.81 (m, 4H), 4.75 (m, 1H), 6.18-
6.45 (m, 2H), 7.19 (brs, 2H), 8.19 (br s, 1H).

Step 3:
o H O’>
0] o)
9 L HE\T-E
Pyridine
: N 10
15 OTf

To a solution of compound 9 (250 mg, 0.65 mmol)} in pyridine (5 ml)
C(0)Oled to 0 °C was added TH0 (295 pL, 2.1 mmol). The reaction mixture was
stirred overnight at rt. Standard aqueous work-up followed by column
= chromatography afforded product 10 (270 mg, 80%). 'HNMR (CDCl3): § 1.15-1.55
C 20 (m, 6H), 1.41 (d, J= 6 Hz, 3H), 1.70-1.82 (m, 3H), 1.85-1.80 (m, 1H), 2.36 {m, 2H),
2.69 (m, 1H), 3.91 (m, 4H), 4.75 (m, 1H), 6.42-6.68 (m, 2H), 7.25 (m, 1H), 7.55 (m,
1H), 8.49 (d, J= 2.8 Hz, 1H).

Step 4:
oH H O

KCOg, PAPhsPl, o
10 — - 2

PhiMe, HyO, EIOH H M

B(OH), 2N .
.
E 11

25



Compound a-13 (300 mg, 0.71 mmol) was dissolved in CH2CI2 (10 ml) 20 followed by addition of Et3N
(0.9 m1). The reaction mixture was C(0)0led to O C and ethyl chloroformate (0.5 ml) was added. The
reaction mixture was stirred at it for 1 h. The reaction mixture was directly separated by preparative
TLC (EtOAc/ hexane, 1:1) to give the title compound (14) (300 mg, 86%). MS m/z 493 (M+1). HRMS
Calcd for C291-134N204F (M+1): 493.2503, found 493.2509. 25 Example 2A N-Methyl compound for
comparison 0 H H?Fla .1ANCO2CH2CH3 -22- 5Step 1: H HO 0 .113NHCH3 0 NH2CH3 12 --.-
NaBH3CN CH30H F a-15F 13-15  Compound 12 480 mg, 0.31 mmol) was dissolved in 2. oM
CH3NH2 in CH30H (5 ml, 10 mmol). After stirring at rt for 5 min, NaCNSH3 (40 mg, 0.62 mmol) was
added. T&e(reactmnMpﬁ@N@W 560l ﬁfglt OVERIEDE), Faem@rabhbwltbar@@h@abfollcvww I?Tzi_zc2
separation (7 r 1 t 5
mg, 19%). (3- @]'%W@g%%u%gigﬁ%' ﬁiﬁi iﬁ"?m&ﬂl’ %é)'ﬁ%gﬁe P90 (m,
3H), 2.25-2.48'hansh B OHAD.& mikin 2 ssalediub der fﬂ)amma?ﬁm 6*15,196’ h@B)QH) 7.11
(m, 1H), 7.23¢T1 RY iy, GHB mdfolwdsiadddd. (Théeaéttth(midine Wad Hedtbdat2a0+C 1bt) 2a-15:

(m, 21, ‘zcé’g Sty Doty gzl 8 (PR aomtio AR L SR g "1,
7.26 (m! 11N)§Mrﬁv§ﬁl)e¢ withwater (%@wﬂnnbeﬁ@ﬁ& splutionwasidried withoNeHC
and concentrated at reduced pressure to give a residue. Preparative TLC
separation of the residue (50% EtOAc in hexane) afforded product 11 (445 mag,
89%). 'HNMR (CDCls): & 1.15-1.59 (m, 6H), 1.43 (d, J= 6 Hz, 3H), 1.70-1.79 (m,
2H), 1.82 (m, 1H), 1.91 (m, 2H), 2.41 (m, 2H), 2.69 (m, 1H), 3.91 (m, 4H), 4.75 (m,
15 1H), 6.52-6.68 (m, 2H), 7.15 (m, 1H), 7.22 (m, 2H), 7.35 (m, 1H), 7.44 (m, 1H),

7.81 (m, 1H), 8.77 (d, J= 1.2 Hz, 1H). | C\ 2
Step 5:
oH H
8]
1N HCI % 2
11— THRWM
Acetone, 50 °C N

12

Compound 11 (445 mg, 0.96 mmol} was dissolved in a mixture of acetone
20 (10 mband 1 N HCI (10 mi). The reaction mixture was heated at 50 °C for 1h.
Standard aqueous work-up followed by preparative TLC separation (50% EtOAc in
hexane) afforded product 12 (356 mg, 89%). HNMR (CDClz): 8 1.21-1.45 (m, 2H),
1.47 (d, J= 5.6 Hz, 3H), 1.58-1.65 (m, 2H), 2.15 (m, 1H), 2.18-2.28 (m, 2H), 2.35- ( }
2.51 (m, 5H), 2.71 (m, 1H), 4.79 (m, 1H), 6.52-6.68 (m, 2H), 7.15 (m, 1H), 7.22 (m, —
25 2H),7.35 (m, 1H), 7.44 (m, 1H), 7.81 (m, 1H), 8.77 (d, J= 1.2 Hz, 1H).

Step 6:

oH H oH H

TI(OfPI’h o "‘\NHZ g NH2
TiClg, NH; (8) w2 -
" EtOH, CH,Cl, H uH HEH
MNaBHICN N * ZN
CHaOH N \
o—13 B-13
F F

Compound 12 (500 mg, 4.2 mmol) was dissolved in EtOH (40 ml) and
CH,ClI> (15 ml) NH3 {g) was bubbied into the solution for 5 min. The reaction
30 mixture was C(O)Oled to 0 °C followed by addition of Ti(OiPr)s (1.89 mi, 6.3 mmol).
After stirring at 0 °C for 1 h, 1M TiCl, (6.3 ml, 6.3 mmol) was added. The reaction



Compound a-15 (25 mg, 0.06 mmol) was dissolved in CH2CI2 (5 ml) followed by addition of Et3N (0.2
ml). The reaction mixture was C(0)0led to O C and ethyl chlorofornnate (0.1 m) was added. The
reaction mixture was stirred at rt for 1 h. The reaction mixture was directly separated by preparative
TLC 25 (EtOAcitiexane, 1:1) to give the title compound (25 mg, 85%). MS miz 507 (M+1). HRMS Calcd
for C301-136N204F (M+1): 507.2659, found 507.2652. Example 330 -23-5 Compound a-13 (10
mg, 0.02 mmol) was dissolved in CH2C12 (3 ml) followed by addition of Et3N (0.5 m1). The reaction
mixture was C(0)0led to 0 C and CH3S02C1 (0.2 mI)_\Q@_s added. The reaction mixture was stirred at rt
for 1 h. The reaction mixture was directly separated by preparative TLC (EtOAc/hexane, 101:1) to give
the title compound (10 mg, 84%). MS m/z 499 (M+1). HRMS Calcd for C27H32N204FS (M+1):
499.20673 foulRiKiYe M(AA stiseeeh Alerisfor A coim BBG-RPRCED(EISA o vRRSs HRdeTdRAusRd in
CH2C12 (5 mpresdsmed DhieddiioneoiasidNes62bm el OHg t€astipardiNaBHyaENsti1edag rigfor 1

e compountl L3 hles 43454 saﬁ!”’é%%aé@ﬁ%ém b @Vj‘@s vt e o el e
(M+1): 478.2908t6aWaseosed toh (100 ml) and extracted with EtOAc (3x 100 mi).
The organic layer was combined and dried with NaHCO;. Removal of solvent and

10  separation by PTLC (6% 2 M NHj3 in CH;0H/ CH2CI;) afforded g—13 (spot 1, 30
mg, 6%) and a-13 (spot 2, 88 mg, 20%). p-—13: THNMR (CDCl3): 6 1.50-1.38 (m,
5H), 1.42 (d, J= 6 Hz, 3H), 1.61-1.75 (m, 5H), 1.84 (m, 2H), 2.38 (m, 1H), 2.45 (m,
1H), 3.38 (br s, 1H), 4.78 (m, 1H), 6.59 (m, 2H), 7.15 (m, 1H), 7.26 (m, 2H), 7.36
(m, 1H), 7.42 (m, 1H), 7.82 (m, 1H), 8.77 (d, J= 2 Hz, 1H). a—13: "THNMR (CDCls):
~ 15 80.95(m, 2H), 1.02-1.35 (m, 6H), 1.41 (d, J= 6 Hz, 3H), 1.82-1.95 (m, 4H), 2.37

( : (m, 2H), 2.69 (m, 2H), 4.71 (m, 1H}, 6.71 (m, 2H), 7.11 (m, 1H), 7.25 (m, 2H), 7.38
(m, 1H), 7.42 (m, 1H), 7.80 (m, 1H), 8.76 (d, J= 1.6 Hz, 1H).
Step 7:

Compound a—13 (300 mg, 0.71 mmol) was dissolved in CH2Clz (10 mi)

20 followed by addition of Ef3N (0.9 ml). The reaction mixture was C(O)Oled to 0 °C
and ethyl chioroformate (0.5 ml) was added. The reaction mixiure was stirred at rt
for 1 h. The reaction mixture was directly separated by preparative TLC (EtOAc/
hexane, 1:1) to give the title compound (14) (300 mg, 86%). MS m/z 493 (M+1).
HRMS Calcd for CogH3aN2OsF (M+1): 493.2503, found 493.2509.

25

Example 2A
N-Methyl compound for comparison

i oH H ?Ha
. AJNCO,CHLCH4
H “H‘
N

-
D

-n

30 -



HN 25Compound a-13 (50 mg, 0.1 mmol) was dissolved in CH2C12 (3 mL) followed by addition of

Et3N (0.5 mL). The reaction mixture was C(0)0led to O C and acetic anhydride (0.2 mL) was added.
The reaction mixture was stirred at rt overnight. The reaction mixture was directly separated by
preparative TLC (CH30OH/ CH2C12, 8%) to give the title compound (52 mg, 94%). MS m/z 463 (M+1).
30 HRMS Calcd for C28H32N203F (M+1): 463.2397, found 463.2399. -24- 5Using the methods
described above, compounds of the following structure were prepared,

R2' wherein R21 and R are as defined in Table 1: 10€&ble 1 Ex. R21 R Physical data 6 -CF3
-NHCO2-t-butyl MS (M+1): observed: 571 7 -CF3

5

10

15

20

25

30

Step 1:
0 H H 0 H H
ﬁd:).n\mcm %NHCH:;
s} | o, |
NH,CH : = ==
2 =T H\H HJH
NEBH;CN 2N + N
CH30H Ny S
F a-15 F B—ls_

Compound 12 (130 mg, 0.31 mmol) was dissolved in 2.0 M CH3NH:z in
CH3OH (5 ml, 10 mmol). After stirring at rt for 5 min, NaCNBHj; (40 mg, 0.62
mmol) was added. The reaction mixture was stirred at rt overnight. Removal of
the solvent foliowed by PTLC separation (7% 1 M NH; in CH3;0H/ CH,Cl,) afforded
B-15 (spot 1, 20 mg, 15%) and a—15 (spot 2, 25 mg, 19%). p-15: "HNMR
(CDCla): & 1.15-1.25 {m, 5H), 1.42 (m, 3H), 1.42-1.61 (m, 2H), 1.75-1.90 (m, 3H),
2.25-2.45 (m, 2H), 2.41 (s, 3H), 2.70 (m, 1H), 2.85 (m, 1H), 4.75 (m, 1H), 6.51-6.61
(m, 2H), 7.11 (m, 1H), 7.23-7.27 (m, 2H), 7.35 (m, 1H), 7.45 (m, 1H), 7.80 (m, 1R),
8.76 (d, J= 2.4 Hz, 1H). a-15; "HNMR (CDCls): 5 0.90 (m, 2H), 1.10-1.35 (m, 5H),
1.41 {d, J= 5.6 Hz, 3H), 1.82-2.01 (m, 4H), 2.36 (m, 2H), 2.39 (s, 3H), 2.565-2.65 (br
s, 1H), 2.71 {m, 1H), 4.79 (m, 1H), 6.51-6.63 (m, 2H), 7.08 (m, 1H), 7.26 (m, 2H),
7.34 (m 1H), 7.42 (m, 1H), 7.81 (m, 1H), 8.76 (d, J= 2.0 Hz, 1H).

Step 2:
Compound a—15 (25 mg, 0.06 mmol) was dissolved in CH2Cl> (5 mi)

followed by addition of Et;N (0.2 ml). The reaction mixture was C(QO)Oled to 0 °C
and ethyl chioroformate (0.1 m) was added. The reaction mixture was stirred at rt
for 1 h. The reaction mixture was directly separated by preparative TLC
(EtOAc/hexane, 1:1) to give the title compound (25 mg, 85%). MS m/z 507 (M+1).
HRMS Calcd for CspHasN204F (M+1): 507.2659, found 507.2652.

Example 3

oH H

WNHSO,CH,
O

H =y

ly

1]

I

-
S

=Z

)

R



-NHCO2CH3 HRMS (M+1): observed:529.2323 -CF3 -NHCO2CH2CH3 HRMS (M+1):
observed:543.2467 9 -CF3 -NHCO2CH2CH20OCH3 HRMS (M+1): observed:573.2569 10 H
-NHCO2CH2CH3 HRMS (M+1): observed:475.2592 11 F -IINHCO2CH2CH3 HRMS (M+1):
observed:493.2509 12* -CF3 -N(n-POCO2CH2CH3 HRMS (M+1): observed:585.2951 13*
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Compound a-13 (10 mg, 0.02 mmol) was dissolved in CH,Cl, (3 ml)
followed by addition of Et3N (0.5 ml). The reaction mixture was C(O)Oled to 0 °C
and CH3S0,Cl (0.2 ml) was added. The reaction mixture was stirred at rt for 1 h.
The reaction mixture was directly separated by preparative TLC (EtOAc/hexane,
1:1) to give the title compound (10 mg, 84%). MS m/z 499 (M+1). HRMS Calcd for
CorH32N204FS (M+1): 499.2067, found 499.2071.

Example 4

oH H

g:b.‘\\NHCONHCHa
o

H )

"
AW

I

=Z

<
Foo ‘
Compound a—13 (50 mg, 0.1 mmol) was dissolved in CH,Cl (5 ml) followed
by addition of CHsNCO (250 mg). The reaction mixture was stirred at rt for 1 h.
The reaction mixture was directly separated by preparative TLC (CH30H/ CH2Cly,

7%) to give the title compound (60 mg as HCl salt, 98%). MS m/z 478 (M+1).
HRMS Calcd for Cagt3sNaO3F (M+1): 478.2506, found 478.2516.

Example §

oH H
AMNHCOCH,

Compound a—-13 (50 mg, 0.1 mmol) was dissolved in CHzCl> (3 mL)
followed by addition of Et;N (0.5 mL). The reaction mixture was C(O)Oled to 0 °C
and acetic anhydride (0.2 mL) was added. The reaction mixture was stirred at rt
overnight. The reaction mixture was directly separated by preparative TLC
(CH3;0H/ CHCl2, 8%) to give the title compound (52 mg, 94%). MS m/z 463 (M+1).
HRMS Caled for CasH3aN2O3F (M+1): 463.2397, found 463.2399.



observed:513.2362 15 -CF3 -4NHCOCH3 HRMS (M+1): observed:513.2367 16 F .iilINHCOCH2CH3

HRMS (M+1): observed:477:2560 17 F ...t1INHCI)1C- HRMS (M+1): observed:489.2557 18 F

-NINFICOCH3 HRMS (M+1): observed:463.2401

24.-

5 Using the methods described above, compounds of the following structure
were prepared,
ol H
R
o -
HE\T’-I
~ N
R21
wherein R®' and R are as defined in Table 1:
10 Table 1
Ex. R%! R Physical data
6 -CF -NHCOx-t-buty! MS (M+1):
3 Zouy observed: 571
HRMS (M+1):
7 -CF -NHCO,CH
2 O:LH observed:529.2323
-CF -NHCO,CH,CH HRMS (M+1):
8 CFs NHCO-CHCH, observed:543.2467
) -CF -NHCO,CH,CH,OCH; | HRMS (M+1):
3 COLHLHOCH; | ) cerved:573.2569
- H HRMS (M+1):
10 H NHCO,CH,CHs observed:475.2592
11 F <aNHCO,CH,CH; | HRMS (M+1):
observed:493.2509
* - -N(n-PrnCO.CH-CH HRMS (M+1):
12 CFs (n-PICOLCHCHs | | erved:585.2051
* . -N(n-Pr)CO.CH,CH; | HRMS (M+1):
13 CFs (n-PrICOCHCH, | | cerved:585.2951
1 CF MINHCOCH HRMS (M+1):
4 CFs 3 observed:513.2362
- -« NHCOCH HRMS (M+1):
15 CFs 3 observed:513.2367
16 F - 1INHCOCH,CH, HRMS (M+1):
, observed:477.2560
17 F Cﬁ HRMS (M+1}):
iiNHC——<] observed:489.2557
18 F ~«NHCOCH; HRMS (M+1):
observed:463.2401
- ) HRMS (M+1):
19 CFs NHCOCHZOCH, observed:543.2465
- - HRMS (M+1):
20 CFs NHCOCH:0C(O)CHs | | cerved:571.2416
) R HRMS (M+1):
21 CFs NHCONHCH,CHs observed:542.2636

O



19 -CF3 -NHCOCH20OCH3 HRMS (M+1): observed:543.2465 20 -CF3 -NHCOCH20C(0)CH3 HRMS
(M+1): observed:571.2416 21 -CF3 -NHCONHCH2CH3 HRMS (M+1): observed:542.2636 -25- 22
-CF3 -NHCONHCH3 HRMS (M+1): observed:556.2795 23 F -OINHCONHCH3 HRMS (M+1):

observed:478.2511 24

25

22 -CF -NHCONHCH HRMS (M+1):
s 3 observed:556.2795

23 F ~aNHCONHCH; HRMS (M+1):
observed:478.2511

24 F -NHCONHCH,CH; | HRMS (M+1):
observed:492.2669

25 F ~«NHCONHCH,CH; | HRMS (M+1):
observed:492.2668

26 -CF5 -NHSO,CH; HRMS (M+1):
observed:563.2198

27 -CF -NHSO,CH,CH HRMS (M+1):
. 2T observed:549.2024

28 -CF -NHSO,CH-CH,CH; | HRMS (M+1):
: #wT2TIZYTE ) observed:577.2352

(/ , 29 H -NHSO,CHj3 HRMS (M+1):
cobserved:481.2164

30 -CF HNHSO,CH HRMS (M+1):
8 2R observed:549.2026

31 - F -1lINHSQ,CH,CH HRMS (M+1):
ZER observed:513.2217

5 * Comparative example

10  compounds of the following structure were prepared,

c

wherein R and Ar are as defined in Table 2:

15

20

:.Replacing the pyridine group of compound 1 with a quinoline group,




F -NHCONHCH2CH3 HRMS (M+1): observed:492.2669 25 F -NNHCONHCH2CH3 HRMS (M+1):
observed:492.2668 26 -CF3 -NHSO2CH3 HRMS (M+1): observed:563.2198 27 -CF3 -NHSO2CH2CH3
HRMS (M+1): observed:549.2024 28 -CF3 -NHSO2CH2CH2CH3 HRMS (M+1): observed:577.2352 29
H -NHSO2CH3 HRMS (M+1): observed:481.2164

-26-
5 Table?2
Ex. Ar R Physical data
32 NS wINHAG MS m/z 453 (MH*)
T,
33 lN\ wMNHCONHEL MS m/z 482 (MHY)
OO
34 NS WINHCO,Et MS m/z 483 (MH*
35 N ~aNHCO,Et MS m/z 483 (MH*) .
OOW
36 m NHCO,Et MS m/z 483 (MH+)
37 m‘“ INHCO,Et MS miz 483 (MH+)
38 mc‘  .INHAG MS miz 453 (MH+)
Cl
40 1 N, ; SNINHAG MS m/z 453 (MH+) ( j
41 \(% “INHCONHE{ MS m/z 482 (MH+)
|
N
42 " ¢ “INHCO,Et MS miz 483 (MH+)
[ 1)
Py
43 \[% ~=NHCO,Et 'MS m/z 483 (MH+)
|
/.

The following analogs were prepared employing further variations of W
selected from substituted phenyl and heteroaryl groups:



30 -CF3 filINHS02CH3 HRMS (M+1): observed:549.2026 31 F ..HINHSO2CH2CH3 HRMS (M+1):
observed:513.2217 5 * Comparative example Replacing the pyridine group of compound 1
with a quinoline group, 10 compounds of the following structure were prepared, wherein R and Ar are
as defined in Table 2: 15 -26- 5 Table 2 Ex. Ar -R Physical data 32 O ci

-27-
O
H H R
0 )
Hi A
T
Z N
S |
S Ar
wherein R and Ar are as defined in Table 3:
Table 3
( ’ Ex. Ar -R Physical Data
44 N MINHCO,Et MS mi/z 476 (MH+)
L
45 F «NHCO,Et MS m/z 493 (MH+)
SMe
46 \O “INHCO,Et MS m/z 521 (MH+)
47 | TN . iINHCO,Et MS m/z 506 (MH+)
“OMe
48 - \@N IINHCO,Et MS m/z 477 (MH+)
N
|
49 | :N INHCO,Et MS m/z 476 (MH+)
' CONH
( o [y 2| INHCO,Et MS miz 518(MH+)
51 ; \N INHCO,Et MS miz 476 (MH+)
52 \@ NHCO,Et MS m/z 482 (MH+)
53 Eo INHCO,Et MS m/z 465 (MH+)
54 ON SNHCO,Et MS m/z 500 (MH+)
55 \ON ~=NHCO,Et MS miz 476 (MH+)




ollINHAc MS rn/z 453 (MH*) 33 di 4r a siliNHCONHEt MS m/z 482 (MH*) wc, ..11INHCO2Et MS m/z

483 (MN) 35 0 CI NHCO2Et MS miz 483 (MI-1+) 36 0 a -.NHCO2Et MS m/z 483 (MH+) 37 | <, a

.IINHCO2Et MS m/z 483 (MH+) 38

-28-
56 CfN ~aNHCO,Et MS miz 500 (MH+)
CONH

57 U 2 ~«NHCO,Et MS miz 518(MH+)

58 F% ~aNHCO,Et MS miz 493 (MH+)
Cl

59 \O ~aNHCO,Et MS m/z 509 (MH+)
Cl

60 \0 INHCO,Et MS m/z 509 (MH+)

61 \QF “HNHCO,Et MS miz 511 (MH+)

F
62 \Q/F ~«NHCO,Et MS miz 511 (MH+)
__F

F

63 \@ "HINHCO,CH,CONH, | MS miz 522 (MH+)
F

64 \O ~=NHCO,CH,CONH, | MS miz 522 (MH+)

65 0% Me INHCO,E MS miz 505 (MH+)

66 QMe ~«NHCO,Et MS m/z 505 (MH+)
F

67 \@ stINHCO,CH,COMe | MS miz 537 (MH+)
F

68 \@/ wHNHCO,CH,COH | MS m/z 523 (MH+)




go ¢, ilINHAc MS m/z 453 (MH+) 40 CI N.40 oilINHAc MS m/z 453 (MH+) 41 ci Ns ..,11INHCONHEt MS
m/z 482 (MH+) 42 a N.. ImINFICO2Et MS m/z 483 (MH+) 43 a 110 ?INHCO2Et MS m/z 483 (MH+)
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Example 69
OH H O H H
of
T NHCOzEt N T /NHCO,E
H: H i
N =
A x '
F  Ex 69A F Ex 608
Step 1:
OQH H O H H OH H
o} NH,OAc Q * >
HI R O  NaCNBH H: n NH2 HE R ‘NHz
Y 4 N
) CH30H AN PN
A S t . i
17 18A 18B
F . E

- Compound 17 (100 mg, 0.239 mmol), prepared as described in US
6,063,847 was stirred with ammonium acetate (1.84 g, 23.9 mmol) and NaCNBH3
(24 mg, 0.38 mmol} in CH3OH (7 mi) at rt under N2 for 16 h. The mixture was
treated with NH,OH (10 ml, 28% aqueous), diluted with CH.Cl; (75 ml), and
washed with NaHCOj; (sat.). The organic layer was dried (MgS0O4) and
concentrated in vacuo. PTLC separation of the residue with 2.0 M NH3/CH30H—
CH2Cl; (6-95) as eluent gave 18A (43 mg, 43%, lower Ry), MS (ESI) m/z 421
(MH?Y), and 18B (17 mg, 17%, higher Ry), MS (ESI) m/z 421 (MH*),

Step 2: .

Compound 18A (0.100 g, 0.238 mmol) was stirred with ethyl chloroformate
(0.195 mi, 2.38 mmol) and Et3N (0.5 ml, 3.6 mmol) in CH.Cl; (10 ml} at 0 °C for 10
min and at rt for 1 h. The mixture was diluted with EtOAc (50 ml) and washed with
NaHCO; (sét.). The organic layer was dried (MgS04) and concentrated in vacuo.
Flash chromatography of the residue on a silica gel column with EtOAc-hexane
{50-50) as eluent gave Example 69A (100 mg, 85%). MS (ES!) m/z 493 (MH*).
Compound 32B was similarly prepared from 18B. MS (ESI) n/z 493 (MH*).



Ar wherein R and Ar are as defined in Table 3: Table 3 Ex. Ar -R Physical Data 44 ""-Ni-' lIINFICO2Et
MS m/z 476 (MH+) 45 10 oilINHCO2Et MS m/z 493 (MH+) 46 SMe O .iiimico2Et MS rn/z 521 (MH+) 47
-"AN

-30-

5 Example 70
NHCO,Et

Step 1:

o "
b4 NH,OAc =

o] NaCNBH3 o o \
H:HA H:H H:iH C )

N CH,OH EN X .
“ ZN N
= e, ) - [l
19 20A 20B
F F F

Using the procedure of Exampie 32, Step 1, starting with compound 19 (see
10  US 6,063,847), prepare: 20A (lower Ry), MS (FAB) m/z 421 (MH*), and 20B (higher
' Rp), MS (FAB) m/z 421 (MH*),

Step 2:
Using the procedure of Example 69, Step 2, Example 70A was prepared
from compound 20A: MS (ESI) m/z 493 (MH*). Using the procedure of Example
15 69, Step 2, Exampie 70B was prepared from compound 20B: MS (ESI) m/z 493

(MH*). : J

=2



OMe mIINHCO2Et MS m/z 506 (MH+) 48' --%lji Isl1-r oilINHCO2Et MS m/z 477 (MH+) 49 '-"..%N,
-,..A filNHCO2Et MS m/z 476 (MH+) 50 40 coNH2 "IlINHCO2Et MS m/z 518(MH+) 51 .-.-h.N -_,
LIINHCO2Et MS m/z 476 (MH+) 52

QH O—'> OH o
H:tH H:H

CO,Bn 21 CoBn 22
Lactone 21, described in US 6,063,847 (10 g, 0.0251 mol) was dissolved in
acetone, 1 N HCl was added and the mixture heated at 55 °C for 4 h. The mixture
was allowed to C(O)OlI to rt, neutralized with NaHCO;, and extracted with EtOAc.
10  The extracts were dried and concentrated under reduced pressure to give 22 (7.35
g) as oil. MS m/z 355 (M+1).

C/ - Step 2:
. oH
' o
-2 23
HiH
COan
15 Ketone 22 (7.35 g, 0.0207 mol) was dissolved in THF and C(0)Oled to 0°C.

Potassium tert-butoxide was added (2.55 g, 1.1 eq). After stirring for 10 min, CHjl
(2.58 ml, 2 eq) was added. The mixture was stirred for 2.5 h. Aqueous work-up
with NH4Clay) foliowed by column chromatography (30-50% EtOAc in hexane)
gave 23 (1.63 g). MS m/z 383 (M+1).

20 Step 3:

C N+ Ot N OBt
23 O ° | o}
H:iH
p-24 COBn w24

Ketone 23 (1.634 g, 0.00426 mol) was dissolved in CH30OH, NH4OAc and
NaCNBH; were added. The mixture was stirred for 2 h. The reaction was
quenched with NH,OH and the mixture extracted with CH2Cl.. The organic

25 extracts were dried and concentrated to give an oil. MS m/z 383 (M+1).

The oil was dissolved in CH2Cl,, Et3N was added and the mixture C(O)Oled
to 0°C. Ethyl chloroformate was added and the mixture was stirred overnight.
Aqueous work-up with NH4Clsay followed by column chromatography (30% EtOAc
in hexane) gave 0.797 g of an inseparable 3:1 mixture of a-24 and p-24.

30 MS m/z 456 (M+1).



---s r:ii oilINHCO2Et MS m/z 482 (MH+) 53 ----- Ael - -- -A- . J- "lINHCO2Et MS m/z 465 (MH+) 54 CN
IP 4,1111AHCOZ2Et MS m/z 500 (MH+) 55 tN "Is NHCO2Et MS m/z 476 (MH+) -28- 56 CN a

-4INHCO2Et
-32-
5 Step4:
Oy H OH H H
NTOEt NTOEt
H:H MiH
COzal'! 24 COZH 25

10

15

20

25

| Step 5:

The product mixture from step 3 (330 mg, 0.724 mmol) was dissolved in
EtOAc (14 ml) and Pd(C) (10% by wt) was added. The mixture was stirred under
H2 (1 atm) for 2 h. The mixture was filtered, concentrated, and dissolved in CH3;OH
(15 mi). PtO2 (10% by wt) was added, the mixture was placed under H;
atmosphere (50 psi), and agitated on a parr shaker for 3 days. The mixture was
filtered and concentrated to give 280 mg of acids 25. MS m/z 368 (M+1).

N
O
b

The crude acids 25 (0.724 mmol) were dissolved in CH2Clo. (COCI); (0.1
ml, 1.5 eq) and a drop of DMF were added. The mixture was stirred for 30 min,
when 'H NMR showed complete conversion. The CH:Cl> was replaced with
toluene and the resulting solution was C(O)Oled to 0°C. Pd(Ph3P)s was added,
followed by dropwise addition of BuzSnH. After stirring at 0°C for 30 min, TLC
showed complete reaction. Column chromatography (20-50% EtOAc in hexane)
gave 248 mg of aldehydes 26. MS miz 352 (M+1). Q

Step 6:
P(O)(OEt),
Z~N
- —_—  ~ Ex.TH

F
27

Phosphonate 27 (248 mg, 0.768 mmol, 3 eq), see US 6,063,847, was
dissolved in THF (4 ml) and the mixture was C(Q)Oled to 0°C. LHMDS (0.768 ml, 3
eq of a 1M solution in THF) was added and the resulting mixture stirred for 30 min.
Ti{(i-OPr)4 (0.227 ml, 3 eq.) was added and 5 min later a solution of aldehydes 26
(90 mg, 0.256 mol) in THF (4 ml) was added. The mixture was stirred for 1.5 h



MS m/z 500 (MH+) 57 . coNFI2 -NINHCO2Et MS m/z 518(MH+) 58 a -411NHCO2Et MS m/z 493
(MH+) 59 * a ?INHCOZ2Et MS m/z 509 (MH+) 60 is a WO ..111NHCO2Et MS m/z 509 (MH+) 61 a
iiINHCO2Et MS m/z 511 (MH+) 62

-33-

5 when TLC showed complete conversion. Saturated sodium potassium tartrate was
added and the THF removed under vacuum. The residue was extracted with
EtOAc, dried, concentrated and purified by PTLC (1:1 EtOAc/hexane) to give the
title compound (80 mg). MS m/z 521 (M+1).

10 Example 72
Step 1:
I|300
WNHCO,Et WNCO,Et
( (Boc),0
Et3N

;__fTo a solution of 1.359 (2.75 mmol) of starting material, 0.57 mi of Et;N
15  (4.13.mmol, 1.5 equiv.) and 70 mg of DMAP (0.57 mmol, 0.2 equiv.) in 20 m
CH;CN at 60°C was added 2 equivalents of (Boc),0. Subsequently, 5 equivalents
of (Boc),0 was introduced over a period of 5 hr. The solution was C(O)Oled,
concentrated and chromatographed to provide 0.86 g of product.

( MS: 503.1 (MH")
20
Step 2:
Boc Boc
WNCO,Et ~NCO,Et
1) LHMDS
2)0,




a -llINHCO2Et MS m/z 511 (MH+) 63 0 "llINHCO2CH2CONH2 MS m/z 522 (MH+) 64 0
-0OINHCO2CH2CONH2 MS m/z 522 (MH+) 65 OMe S IINHCOZ2Et MS m/z 505 (MH+) 66 OMe la -or
NHCOZ2Et MS m/z 505 (MH+) 67

-34-

5 To a solution of 280 mg (0.47 mmol) of starting material in 5 m! THF at 0°C
was added 0.85 ml (0.95 mmol, 2 equiv.) of 1M LHMDS in THF. The mixture was
stirred for 30 min. and O, was introduced via a balloon. After stirring for 1 hr, the
reaction was quenched with the addition of 50 ml of aq. Na>;SO; and stirred for 1
hr. The aqueous layer was extracted with 3x25 ml of ethylacetate and the

10 combined organic layer was washed with brine, dried over MgS0O, and
chromatographed with 30% EtOAc-hexanes to afford 125 mg of hydroxylated
product.

MS: 609.1 (MH")

15 Step 3:

TFA-DCM

To a solution of 125 mg of starting material in 1 m! CHzCl2 at room
temperature was added 1 ml of trifluoroacetic acid, stirred for 1 hr and
20  concentrated. To this was added 50 ml of ag. Na2COj3 and extracted with 3x10 ml { )1
CH.Cl.. The combined organic layer was washed with 10 m! brine, dried over
MgS0,, filtered, concentrated and chromatographed with 50% EtOAc-hexanes to
provide 90 mg of product.

25 HRMS: 509.2459 (MH")



5Example 69 2H H9H H Step 1: Compound 17 (100 mg, 0.239 mnnol), prepared as described in US
6,063,847 was stirred with ammonium acetate (1.84 g, 23.9 mmol) and NaCNBH3 (24 mg, 0.38 mmol)
in CH3OH (7 ml) at rt under N2 for 16 h. The mixture was treated with NH4OH (10 ml, 29% aqueous),
diluted with CH2CI2(75 ml), and 15 washed with NaHCO3 (sat.). The organic layer was dried (MgSO4)
and concentrated in vacuo. PTLC separation of the regidue with 2.0 M NH3/CH30OH- CH2C12(5-95) as
eluent gave 18A (43 mg, 43%, lower Rf), MS (ESI) m/Z*421 (MW), and 18B (17 mg, 17%, higher Rf),
MS (ESI) m/z 421 (MW). Step 2: 20Compound 18A (0.100 g, 0.238 mmol) was stirred with ethyl
chlorofofnate (0.195 ml, 2.38 mmol) and Et3N (0Examh@es #8mol) in CH2CI2 (10 ml) at O C for 10 min
and at rt for 1 h. The mixture was diluted with EtOAc (50 ml) and washed with NaHCO3 (sat.). The
organic layer was dried (Mgg04) and concegéeated in vacuo. Flagh cn atography of the residue on a
silica gel column with EtOAcsheXan th 59&@62@ eluent gave Exany

m/z 493 (M11+). Compoung ilarly prepared from 188.
. 1) LHMDS

2) DBAD
3) TFA
4) Zn, AcOH AN Ex. T3
(, E F
10 To a solution of 500 mg (0.84 mmol) of starting material in 8 ml THF was

added 1.7 mi (1.7 mmol, 2 equiv.) of 1M LHMDS in THF. The solution was stirred
for 30 min. and C(O)Oled to -78 °C, and a solution of 380 mg (1.7 mmol, 2 equiv.)
di-fert-butyl azodicarboxylate (DBAD) in 2 ml THF was added. The reaction was
allowed to warm to room temperature over a period of 3 hr, poured into 100 ml aq.
15  NHCl and extracted with 3x30 ml of EtOAc. The combined organic layers were
washed with 30 ml brine, dried over MgSO,, filtered and concentrated to provide
the crude product.
This was stirred with 15 ml of 1:1 TFA-DCM at room temperature for 1 hr,
concentrated and basified with 100 ml of ag. Na;CO3;. The aqueous iayer was
C' 20 extracted with 3x25 ml of DCM, combined organic layers were washed with 25 m}
g brine, dried over MgSQ,, filtered and concentrated to provide the crude hydrazide.
The crude hydrazide was dissolved in 10 ml of glacial acetic acid and 2 g of
Zn powder was added in small portions and stirred for about 1.5 hr. It was filtered
through celite and rinsed with 100 ml of DCM. The DCM solution was washed with
25  2x50 mi Hz0O, 2x50 ml aq. NaHCO;, 50 ml brine, dried over MgSQ,, filtered,
concentrated and chromatographed with 87:10:3 DCM-acetone-MeOH to provide
105 mg of product.

HRMS: 508.2607 (MH")
30



1920A20B Using the procedure of Example 32, Step 1, starting with compound 19 (see 10 US
6,063,847), prepare: 20A (lower Rf), MS (FAB) m/z 421 (MH-F), and 20B (higher Rf), MS (FAB) m/z
421 (MW). Step 2: Using the procedure of Example 69, Step 2, Example 70A was prepared from
compound 20A: MS (ESI) m/z 493 (MW). Using the procedure of Example 15 69, Step 2, Example 70B
was prepared from compound 20B: MS (ESI) ink 493 (MW). Example 71 -31- 5Step 1: OH H E HH FI
C0O2Bn 21C0O2Bn 22 Lactone 21, described in USQE,O63,847 (10 g, 0.0251 mol) was dissolved in
acetone, 1 N HCI was added and the mixture heated 8t'55 C for 4 h. The mixture was allowed to
C(0)O0lto rt, neutralized with NaHCO3, and extracted with EtOAc. 10 The extracts were dried and
concentfated under reduced pressure to give 22 Exampleaddoil. MS m/z 355 (M+1). Step 2: 15Ketone
22 (7.35g, 0.0207 mol) was dissolved in THF ang C(0)0led to OC. Potassium tert-butoxide was added
\ 4 £q) was added. The mixture was stirred for
2.5 h. Aqueous work-up with NH4C1(sai) followgd b} hrofl’m?tography (30-50% EtOAc in

Ex. 74

(U

Step 1:

Ph3P+CH20MeC|'
‘BuOK

10
To a suspension of (methoxymethyl)triphenylphosphonium chloride (3.20 g, { j
9.34 mmol) in 30 mi THF at 0 °C was added 1M 'BUOK in THF (10.3 ml, 10.3 )
mmol) and stirred for 30 min. To this solution was added a solution of ketone (1.95
15 g, 4.65 mmol) in 25 m!l THF and 10 ml DMF. The mixture was stirred at room
temperature for 1 hr, poured into 300 ml aq. NH,Cl and extracted with 3x75 ml
EtOAc. The combined organic layers were washed with 75 ml brine, dried over
MgSQ., filtered, concentrated and chromatographed with 40% EtOAc-hexanes to
provide 1.67 g of product.
20
MS: 448.1 (MH")



0 HHOHH 23 000 EIN"_OEtO0 + 0 00 41".0Et 11 0 =-: H CO2Bn 13-24C0O2Bna-24 Ketone 23-
(1.634 g, 0.00426 mol) was dissolved in CH30H, NH40Ac and NaCNBH3 were added. The mixture
was stirred for 2 h. The reaction was quenched with NH4OH and the mixture extracted with CH2CI2.
The organic 25 extracts were dried and concentrated to give an oil. MS m/z 383 (M+1). The oil was
dissolved in CH2CI2, Et3N was added and the mixture C(0)01led to OC. Ethyl chloroformate was added
and the mixture was stirred overnight. Aqueous work-up with NR4C1(sa() followed by column
chromatography (30% EtOAc in hexane) gave 0.797 g.pf an inseparable 3:1 mixture of a-24 and 13-24.
30 MS rrilz 456 (M+1). 5 Step 4: The product mixture from step 3 (330 mg, 0.724 mmol) was
dissolved in EtOAc (14 ml) and Pd(C) (10% by wt) was added. The -mixture was stirred under H2 (1
atm) for b h. Eiedikture was filtered, concentrated, and dissolved in CH30OH 10 (15 ml). Pt02 (10% by
wt) was added, the mixture was placed under H2 atmosphere (50 psi), and agitated on a parr shaker
for 3 days. The mixture was filtere® apd cqncentrated to give 28§

Step 5: —
p g . OMe

2) NaBH4

10 A solution of 1.67 g of vinyl ether in 15 ml of 4N HCI in dioxane and 1.5 ml
H.O was stirred at room temperature for 1.5 hr, poured into 250 ml of aq. Na,CO3
and extracted with 3x50 ml of DCM. The combined organic layers were washed |
with 50 ml brine, dried over MgSQy, filtered, concentrated and chromatographed
with 40% EtOAc-hexanes to provide 1.36 g of aldehyde.

15 To a solution of this aldehyde in 20 mi MeOH and 10 ml THF at 0 °C was
added 120 mg of NaBH; and stirred for 10 min. It was poured into 150 ml of aq.

NH,Cl, and extracted with 3x50 ml EtOAc. The combined organic layer was
washed with 50 ml brine, dried over MgSOy, filtered and concentrated to provide
1.27 g alcohol as white solid.

20
C. " HRMS: 436.2275 (MH")

25



15The crude acids 25 (0.724 mmol) were dissolved in CH2CI2. (C0C1)2 (0.1 ml, 1.5 eq) and a drop of
DMF were added. The mixture was stirred for 30 min, when 1H NMR showed complete conversion.
The CH2CI2 was replaced with toluene and the resulting solution was C(0)01ed to 0C. Pd(Ph3P)4 was
added, followed by dropwise addition of Bu3SnH. After stirring at OC for 30 min, TLC 20 showed
complete reaction. Column chromatography (20-50% EtOAc in hexane) gave 248 mg of aldehydes 26.
MS rniz 352 (M+1). Step 6: Phosphonate 27 (248 mg, 0.768 mmol, 3 eq), see US 6,063,847, was 25
dissolved in THF (4 ml) and the mixture was C(0)01éd40 OC. LHMDS (0.768 ml, 3 eq of a 1M solution
in THF) was added and the resulting mixture stirred for 30 min. Ti(i-OPO4 (0.227 ml, 3 eq.) was added
and 5 nbn laBep 8olution of aldehydes 26 (90 mg, 0.256 mol) in THF (4 ml) was added. The mixture
was stirred for 1.5 h -33- 5avhen TLC showed complete converglonySatyrated sodium potassium
tartrate was added and the {H¥' rerfioved under vacuum. The regtele reictqgwith EtOAC, dried,
' t0ARthexane) to give fe ti nd (86 mg). MS m/z 521
CO2E )M O2EL

2) NaNj

3) M93P

Ex. 74

To a solution of alcohol (1.27 g, 2.92 mmol) in 20 ml DCM at ca. -40 °C was C\J
added 0.63 m! of Et;N and 0.27 ml of MeSO,Cl and the solution was allowed to
10  warm up to 0 °C over a period of 1 hr. Then another 0.16 ml of Et;N and 0.07 ml of
MeSO.Cl was added and stirred for another 1 hr at 0 °C. It was diluted with 100 ml
EtOAc and washed with 2x30 ml ag. NaHCQ3, 30 ml brine, dried over MgSQOs,,
filtered and concentrated to provide 1.6 g of mesylate.
A solution of the above mesylate was stirred with 950 mg of NaN; (14.6
15 mmol, 5 equiv.) in 10 ml DMSO at 65 °C for 1.5 hr. It was diluted with 150 mi of
EtOAc, washed with 3x50 ml H>O, 50 ml brine, dried over MgSQ,, filtered and
concentrated to provide 1.3 g of azide.
To a solution of this azide in 15 m! EtOAc and 0.2 ml H,O at 0 °C was
added 1M MesP in THF and stirred at room temperature for 4 hr. It was
20 concentrated and chromatographed with 4% MeOH-DCM to provide 1.06 g of Q j
amine.

HRMS: 435.2445 (MH")



To a solution of 1.35 g (2.75 mmol) of starting material, 0.57 ml of Et3N 15 (4.13 rnmol, 1.5 equiv.) and
70 mg of DMAP (0.57 mmol, 0.2 equiv.) in 20 ml CH3CN at 60C was added 2 equivalents of (Boc)20.
Subsequently, 5 equivalents of (Boc)20 was introduced over a period of 5 hr. The solution was
C(0)01ed, concentrated and chromatographed to provide 0.86 g of product. MS: 593.1 (MW)20 Step 2:
-34- 5To a solution of 280 mg (0.47 mmol) of starting material in 5 ml THF at OC was added 0.95 ml|
(0.95 mmol, 2 equiv.) of 1M LHMDS in THF. The mixttLJé was stirred for 30 min. and 02 was introduced
via a balloon. After stirring for 1 hr, the reaction was queYiched with the addition of 50 ml of ag. Na2S03
and stirred for 1 hr. The aqueous layer was extracted with 3x25 ml of ethylacetate and the 10 combined
organic |&yer was washed with brine, dried oveEiasolea#8-@romatographed with 30%

EtOAc-hexanes to afford 125 mg of hydroxylated product. MS: 609.1 (MW) 15 Step 3: \ NCOZ2Et
TFA-DCM

10 Using the methods described above, the amine was treated with different
electrophiles and compounds of the following structure were prepared,

C

15  wherein R is as defined in Table 4:



To a solution of 125 mg of starting material in 1 ml CH2CI2 at room temperature was added 1 ml of
trifluoroadetic acid, stirred for 1 hr and 20 concentrated. To this was added 50 ml of ag. Na2003 and
extracted with 3x10 ml CH2CI2. The combined organic layer was washed with 10 ml brine, dried over
MgSO4, filtered, concentrated and chromatographed with 50% EtOAc-hexanes to provide 90 mg of
product. 25HRMS: 509.2459 (MI-1+) -35- 5Example 73 10To a solution of 500 mg (0.84 mmol) of
starting material in 8 ml THF was added 1.7 ml (1.7 mypol, 2 equiv.) of 1M LHMDS in THF. The solution

was stirred for 30 min. and C(0)0Oled to -78 C, and a

fution of 390 mg (1.7 mmol, 2 equiv.)

di-tert-butyl azodicarboxylate (DBAD) in 2 ml THF was added. The reaction was allowed to warm to

eriod of 3 hr, poured into 100 ml ag. 15 NH4CI| and extracted with 3x30 ml of

2d Wil dAg YT, dried over MgSO4, filtered and

Vas StIT th I5 miaf 1:1 TFA-DCM at room
ﬁfﬁ%

ae—Na2d03. The aqueous layer was
nic lay&\i2&i84vashed with 25 ml brine, dried over
crude hydrazide. The crude hydrazide was

CM. The DCM solution was

g-over MgSO4, filtered,
DCM-4&ét8p48vie0H ﬁo provide 105 mg of product.

(. "}‘

room tefperk@dle dver a
EtOAc. The ¢combiagd organic layersgvere washe
concentrateﬂj o pr. € crude product. ThiS
temperaturelforl-hr—concentrated i /ith-100
2extracted with 3x2% ml of DCM, cgmbined org
MgSO04, filtered and concentratée to-provide the
dissolved in al acetic a@id and 2 g of Zn pg\ggej\g S addeE in small portions and stirred
for about 1.5 hr. It was filt¢red thrgh cs:elite and rinsed wﬂh? ml of [
washed withF-25-2x56-mH20,2x58-miag—NaHGO3-50-ml-brinedrie
concentrated and éfromatographed With 87:10:3
HRMS: 508.2607 (MI-1+) |-36- Ex&nple 74
Q
78 491.2703
“a)k/
79 2 513.2213
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80 i 527.2388
'1.,1/”\/
OO
81 I 506.2822
ﬁzL,c;\rNHz
82 2 H 532.2970
83 9 506.2822
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H
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OHH Step1: To asuspension of (methoxymethyl)triphenylphosphonium chloride (3.20 g, 9.34
mmol) in 30 ml THF at 0 C was added 1M tBuOK in THF (10.3 ml, 10.3 mmol) and stirred for 30 min.
To this solution was added a solution of ketone (1.95 15 g, 4.65 mmol) in 25 ml THF and 10 ml DMF.
The mixture was stirred at room temperature for 1 hr, poured into 300 ml ag. NH4C1 and extracted with
3x75 ml EtOAc. The combined organic layers were washed with 75 ml brine, dried over MgSat, filtered,
concentrated and chromatographed with 40% EtOAc-hexanes to provide 1.67 g of product. 20 MS:
448.1 (MI-14) -37-5 Step 2: 10A solution of 1.67 g of Vinyl ether in 15 ml of 4N HCI in dioxane and 1.5
ml H20 was stirred at room temperature for 1.5 hr, poured into 250 ml of ag. Na2CO3 and extracted
with 3x5@ml of DCM. The combined organic layE¥amples\@8<Bad with 50 ml brine, dried over MgS04,
filtered, concentrated and chromatographed with 40% EtOAc-hexanes to provide 1.36 g of aldehyde.
15To a solution of this aldehyde in 20 ml MeOH ang 10 ml THF at© C was added 120 mg of NaBH4
ag: a‘nﬂ\extra.cted with 3x50 ml EtOAc. The
combined organic layer was washed with 50 ml bgfe, Mg§6ﬂ, filtered and concentrated to

Step 1:
10

NaClOs,, H20,
NaH2P04

To a solution of aldehyde (2.19 g, 4.53 mmol) in 40 ml CH3;CN and 5 mi
DCM was added a solution of NaH2PO,4 (135 mg, 1.13 mmol, 0.25 equiv.) and 30%
15  aq. H202 (0.51 ml, 4.99 mmol, 1.1 equiv.) in 8 ml H,0. To this was added a
solution of 80% NaClO; (0.72 g, 6.37 mmol, 1.4 equiv.)in 5 mi H2O and the
mixture was stirred at room temperature for 2 hr. It was diluted with 150 ml H,O,
acidified with 1N HCl to ca. pH 3 and extracted with 3x50 mi DCM. The combined
organic layers were washed with 50 ml brine, dried over MgS Oy, filtered,
20 concentrated to provide 2.2 g of carboxylic acid as solid.

HRMS: 450.2077 (MH")



-38- To a solution of alcohol (1.27 g, 2.92 mmol) in 20 ml DCM at ca. -40 C was Ej added 0.63 ml
of Et3N and 0.27 ml of MeS02C1 and the solution was allowed to 10 warm up to O C over a period of 1
hr. Then another 0.16 ml of Et3N and 0.07 ml of MeS02Clwas added and stirred for another 1 hr at 0 C.
It was diluted with 100 ml EtOAc and washed with 2x30 ml ag. NaHCO3, 30 ml brine, dried over
MgSO4, filtered and concentrated to provide 1.6 g of mesylate. A solution of the above mesylate wa
stirred with 950 mg of NaN3 (14.6 15 mmol, 5 equiv.) %10 ml DMSO at 65 C for 1.5 hr. It was diluted
with 150 ml of EtOAc, washed with 3x50 ml H20, 50 ml“brine, dried over MgSO4, filtered and
concentrated to provide 1.3 g of azide. To a solution of this azide in 15 ml EtOAc and 0.2 ml H20 at
0 C wasbadd8tepM:Me3P in THF and stirred at room temperature for 4 hr. It was 20 concentrated and
chromatographed with 4% MeOH-DCM to provide 1.06 g of amine. HRMS: 435.2445 (MW) 10Using
the methods described aboye, the amine was treated with different electr%phlles and compounds of the

following structure were prep ], 15 h‘g\Hgin R is as def e(Hn Teble 4: ”\40 5 Table 4 Ex. R HRMS
(MW) 74 g "~ OH “““NRR'
13
CF3 CF |
3 (\v}
General procedure:
10
To a solution of acid and amine (3 equiv.) in DMF-DCM mixture was added
HATU (2 equiv.) and stirred overnight at room temperature It was diluted with
EtOAc, washed with ag. NaHCQO3, brine, dried over MgSO4, filtered, concentrated
and chromatographed to provide the amide.
15
Using the methods described above, compounds of the following structure
were prepared:
& |
J
20

wherein NRR' is as defined in Table 5.



H 435.2445 75 0 507.2664 76 0 493.2497 77 0 \A 477.2548 78 viOcz 491.2703 79 9 izact,... 513.2213
809 4.--- 527.2388

43-
5 Tableb
EX. NRR’ (MHH)HRMS |
85 ﬁ{ﬁ “ 576.2481
»
= N
86 ION 576.2472
|
=N
87 "{H“‘ 513.2370
88 E’“\/ 527.2517
H
(f 7. 89 Mo 543.2477
- H
90 N 541.2669
.1‘1/ W/
91 L{NQ“‘OH 569.2632
92 ﬁ{N\D"OH 560.2627

For preparing pharmaceutical compositions from the compounds described
by this invention, inert, pharmaceutically acceptable carriers can be either solid or
liquidi=Solid form preparations include powders, tablets, dispersible granules,

10 capsules, cachets and suppositories. The powders and tablets may be comprised
of from about 5 to about 95 percent active ingredient. Suitable solid carriers are

[ known in the art, e.g., magnesium carbonate, magnesium stearate, talc, sugar or

lactose. Tablets, powders, cachets and capsules can be used as solid dosage
forms suitable for oral administration. Exampies of pharmaceutically acceptable

15  carriers and methods of manufacture for various compositions may be found in A.
Gennaro (ed.), The Science and Practice of Pharmacy, 20" Edition, Lippincott
Williams & Wilkins, Baltimore, MD, (2000).

Liquid form preparations include solutions, suspensions and emulsions. As
an example may be mentioned water or water-propylene glycol solutions for

20 parenteral injection or addition of sweeteners and opacifiers for oral solutions,
suspensions and emulsions. Liquid form preparations may also include soiutions

for intranasal administration.
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Aerosol preparations suitable for inhalation may include solutions and solids
in powder form, which may be in combination with a pharmaceutically acceptable
carrier, such as an inert compressed gas, e.g., nitrogen. '

Also included are solid form preparations which are intended to be
converted, shortly before use, to liquid form preparafidns for either oral or
parenteral administration. Such liquid forms include solutions, suspensions and
emulsions.

The compounds of the invention may also be deliverable transdermally.

The transdermal compositions ¢an take the form of creams, lotions, aerosols
and/or emulsions and can be included in a transdermal patch of the matrix or

N

reservoir type as are conventional in the art for this purpose. J

Preferably the compound is administered orally.

Preferably, the pharmaceutical preparation is in a unit dosage form. In such
form, the preparation is subdivided into suitably sized unit doses containing
appropriate quantities of the active component, e.g., an effective amount to
achieve the desired purpose.

The daily dose of a compound of Formula | for treéatment of a disease or
condition cited above is about 0.001 to about 100 mg/kg of body weight per day,
preferably about 0.001 to about 10 mg/kg. For an average body weight of 70 kg,
the dosage level is therefore from about 0.1 to about 700 mg of drug per day,
given in a single dose or 2-4 divided doses.

The amount and frequency of administration of the compounds of the { J
invention and/or the pharmaceutically acceptable salts thereof will be regulated
according to the judgment of the attending clinician considering such factors as
age, condition and size of the patient as well as severity of the symptoms being
treated.

Further embodiments of the invention encompass the administration of
compounds of Formula | afong with at least one additional cardiovascular agent.
The contemplated additional cardiovascular agent is one that differs in either
atomic make up or arrangement from the compounds of Formula |. Additional
cardiovascular agents that can be used in combination with the novel compounds
of this invention include drugs which have anti-thrombotic, anti-platelet



Step 1: To a solution of aldehyde (2.19 g, 4.53 mmol) in 40 ml CH3CN and 5 ml DCM was added a
solution of NaH2PO4 (135 mg, 1.13 mmol, 0.25 equiv.) and 30% 15 aq. H202 (0.51 ml, 4.99 mmol, 1.1
equiv.) in 8 ml H20. To this was added a solution of 80% NaC102 (0.72 g, 6.37 mmol, 1.4 equiv.) in 5
ml H20 and the mixture was stirred at room temperature for 2 hr. It was diluted with 150 ml H20,
acidified with IN HC1to ca. pH 3 and extracted with 3x50 ml DCM. The combined organic layers were
washed with 50 ml brine, dried over MgSO4, filtered, 2Q concentrated to provide 2.2 g of carboxylic
acid as solid. HRMS: 450.2077 (MH+) -42- 5 Step 2: ‘GEneral procedure: To a solution of acid and
amine (3 equiv.) in DMF-DCM mixture was added HATU (2 equiv.) and stirred overnight at room

temperatfre. ROGEERIEE Infinthomsoleistiedaniirestenatic cod a5 anti-apag et anlisity, Siefed,
concentrated gRgheniRMAMeir @Ry WIdmbSsHE ted dﬁé@ﬁ@é@%@ﬁ@ﬁ?ﬁﬂ%ﬁﬁ@%@&awve’

compounds of the following structure wére prepared: wherein NRR is as definéd in 5 -43-5
Table 5 EX. - atherosclerosis, restenosis, hypertension, angina pectoris, arrhythmia, heart

failure, myocardial infarction, glomerulonephritis, thrombotic and thromboembalic
stroke, peripheral vascular diseases, other cardiovascular diseases, cerebral

10  ischemia, inflammatory disorders and cancer, as well as other disorders in which
thrombin and its receptor play a pathological role. Suitable cardiovascular agents
are selected from the group consisting of thromboxane A2 biosynthesis inhibitors
such as aspirin; thromboxane antagonists such as seratrodast, picotamide and

- ramatroban; adenosine diphosphate (ADP) inhibitors such as clopidogrel;

C 15 cyclooxygenase inhibitors such as aspirin, meloxicam, rofecoxib and celecoxib;
angiotensin antagonists such as valsartan, telmisartan, candesartran, irbesartran,
losartan and eprosartan; endothelin antagonists such as tezosentan;
phosphodiesterase inhibitors such as milrinoone and enoximone; angiotensin
converting enzyme {(ACE) inhibitors such as captoprii, enalapril, enaliprilat,

20  spirapril, quinapril, perindopril, ramipril, fosinopril, trandolapril, lisinopril, moexipril
and benazapril; neutral endopeptidase inhibitors such as candoxatril and ecadotril;
anticoagulants such as ximelagatran, fondaparin and enoxaparin; diuretics such
as chlorothiazide, hydrochlorothiazide, ethacrynic acid, furosemide and amiloride;
platelet aggregation inhibitors such as abciximab and eptifibatide; and GP Hb/lila

.. 25 antagonists.

C Preferred types of drugs for use in combination with the novel compounds of
this invention are thromboxane A2 biosynthesis inhibitors, cyclooxygenase
inhibitors and ADP antagonists. Especially preferred for use in the combinations
are aspirin and clopidogrel bisulfate.

30 When the invention comprises a combination of a compound of Formula |
and another cardiovascular agent, the two active components may be co-
administered simultaneously or sequentially, or a single pharmaceutical
composition comprising a compound of Formula | and another cardiovascular
agent in a pharmaceutically acceptable carrier can be administered. The

35 components of the combination can be administered individually or together in any
conventional dosage form such as capsule, tablet, powder, cachet, suspension,
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solution, suppository, nasal spray, etc. The dosage of the cardiovascular agent
can be determined from published material, and may range from 1 to 1000 mg per
dose.
In this specification, the term “at least one compound of Formula |I” means
that one to three different compounds of Formula | may be used in a
pharmaceutical composition or method of treatment. Preferably one compound of
Formula | is used. Similarly, the term “one or more additional cardiovascular
agents” means that one io three additional drugs may be administered in
combination with a compound of Formula |; preferably, one additional compound is
administered in combination with a compound of Formula . The additional -
cardiovascular agents can be administered sequentially or simultaneougly with (\,)
reference to the compound of Formula |,
When separate compounds of Formula | and the other cardiovascular
agents are to be administered as separate compositions, they can be provided in a
kit comprising in a single package, one container comprising a compound of
Formula | in a pharmaceutically acceptable carrier, and a separate container
comprising another cardiovascular agent in a pharmaceutically acceptable carrier,
with the compound of Formula | and the other cardiovascular agent being present
in amounts such that the combination is therapeutically effective. A kit is
advantageous for administering a combination when, for example, the components
must be administered at different time intervals or when they are in different ‘
dosage forms. ' i , )
The activity of the compounds of Formula | can be determined by the
following procedures.
in Vitro Testing Procedure for Thrombin Receptor Antagonists:
Preparation of [3H]haTRAP
A(pF-FIR(ChA)hR)(I2-Y)-NH2 (1.03 mg) and 10% Pd/C (5.07 mg) were

suspended in DMF (250 pl) and diisopropylethylamine (10 pl). The vessel was

attached to the tritium line, frozen in tiquid nitrogen and evacuated. Tritium gas
(342 mCi) was then added to the flask, which was stirred at room temperature for 2
hours. At the completion of the reaction, the excess tritium was removed and the
reacted peptide solution was diluted with DMF (0.5 ml) and filtered to remove the



89 H 1/4%"7--'0H 543.2477 90 H N, It. 541.2669 91 vVN0.%0H 569.2632 92 NO?OH V \ 569.2627
For preparing pharmaceutical compositions from the compounds described by this invention, inert,
pharmaceutically acceptable carriers can be either solid or liquid:r, Solid form preparations include
powders, tablets, dispersible granules, 10 capsules, cachets and suppositories. The powders and
tablets may be comprised of from about 5 to about 95 percent active ingredient. Suitable solid carriers
are known in the art, e.g., magnesium carbonate, magnesium stearate, talc, sugar or lactose. Tablets,
powders, cachets and capsules can be used as solid age forms suitable for oral administration.
Examples of pharmaceutically acceptable 15 carriers and methods of manufacture for various

composit®ns eaiglystiolihe rriecied RMEF (salytivneoSthenvude deptideceas BilstedaeithagateE dition,
Lippincott Willgys& ikiniedPil s, /R (20A0iBHC 1By masions sk e aalulianer
pensions and emulsions. As an example may be mentioned water or water-propylene glyco
solutions for 26pieeaeddhejFeese siraogiponasissvepraied ahdeolitistadpeptital (RiHliaTRAP)
suspensions 3g.eLaRgS i B! HRGR BFRALHIRLE PEASR BLIR0UY BT Elig e
following conditions: column, Vydac C18, 25 cm x 9.4 mm 1.D.; mobile phase, (A)
10 0.1% TFA in water, (B) 0.1% TFA in CH3CN,; gradient, {A/B) from 100/0 to 40/60
over 30 min; flow rate, 5 ml /min; detection, UV at 215 nm. The radiochemical
purity of [SH}haTRAP was 99% as analyzed by HPLC. A batch of 14.9 mCi at a
specific activity of 18.4 Ci/mmol was obtained.
C’ Preparation of platelet membranes

15 Platelet membranes were prepared using a modification of the method of

Natarajan et af (Natarajan et a/, Int. J. Peptide Protein Res., vol. 45, pp.145-151

(1995) from 20 units of platelet concentrates obtained from the North Jersey Blood
Center (East Orange, N.J.) within 48 hours of collection. All steps were carried out
at 4° C under approved biohazard safety conditions. Platelets were centrifuged at

20 100 xg for 20 minutes at 4’ C to remove red cells. The supernatants were
decanted and centrifuged at 3000 x g for 15 minutes to pellet platelets. Platelets
were -Fésuspended in 10 mM Tris-HCI, pH 7.5, 150 mM NaCl, 5 mM EDTA, to a
total volume of 200 ml and centrifuged at 4400 x g for 10 minutes. This step was
repeated two additional times. Platelets were resuspended in 5 mM Tris-HCI, pH

(: 25 7.5, 5 mM EDTA to a final volume of approximately 30 ml and were homogenized

with 20 strokes in 2 Dounce homogenizer. Membranes were pelleted at 41,000 x
g, resuspended in 40-50 ml 20 mM Tris-HCI, pH 7.5, 1 mM EDTA, 0.1 mM
dithiothreitol, and 10 ml aliquots were frozen in liquid N2 and stored at -80° C. To
complete membrane preparation, aliquots were thawed, pooled, and homogenized

30 with 5 strokes of a Dounce homogenizer. Membranes were pelleted and washed 3
times in 10 mM triethanolamine-HCI, pH 7.4, 5 mM EDTA, and resuspended in 20-
25 mi 50 mM Tris-HCI, pH 7.5, 10 mM MgClz, 1 mM EGTA, and 1% DMSO.

Aliquots of membranes were frozen in liquid N2 and stored at -80° C. Membranes

were stable for at least 3 months. 20 units of platelet concentrates typically yielded
35 250 mg of membrane protein. Protein concentration was determined by a Lowry
assay (Lowry ef al, J. Biol. Chem., vol. 193, pp.265-275 (1951).




-44- 5Aerosol preparations suitable for inhalation may include solutions and solids in powder form,
which may be in combination with a pharmaceutically acceptable carrier, such as an inert compressed
gas, e.g., nitrogen. Also included are solid form preparations which are intended to be converted,
shortly before use, to liquid form preparations for either oral or 10parenteral administration. Such liquid
forms include solutions, suspensions and emulsions. The compounds of the invention may also be
deliverable transdermally. The transdermal compositions can take the form of creams, lotions, aerosols
and/or emulsions and can be included in a transderm'élgpatch of the matrix or 15reservoir type as are
conventional in the art for this purpose. Preferably the compound is administered orally. Preferably,
the pharbnacelighal ipreypahaiit TronmbimR dospiyr RadiolimandBiomimgh&gemparation is subdivided into

suitably sized unit es containing appropriate. quantities of the active component, g.d., an, effective
amount o 20 achiow L L RS Th ALLBaC N WalE SrISs b7 LoBR PR altich Vor
treatment of thrisebsereceptufitiadiciigdrabbirdiagbesap 60AHO abalit{E0thregddg ldbhody weight per
day, preferahly about 0,001 to.gbou : an-average body weight of 70 the dosage level
is therefore m. j{?é g%oﬁt%@“%lﬁ gét?épqe.rﬁl Saﬁ%g’d'f\?egngﬁ'ﬁ)g%é 'Bo %Pf—&ucﬂg\ﬁded
doses. The ophatast (@at. NoURE86 20 ealnai fiaabissayf vbkicwrgf R0 ubf Bletzet ntembraties the
pharmagceuticall le_salts thereof will he regulated rding,to the ju ent qof the attending
cIiniciaﬁﬁonﬁaéﬁgﬁ%ﬂ%’gg&?}s@é&ﬁﬂ t%ﬁ‘%gﬁ‘isﬂ@?%‘%?&riéﬁﬁﬁé%gﬁi 5! &)Bf’fw%f the
symptoms besaff&( 56 atdd Tris-ACtheHaHotinmektofChe nmevite G EAc@MIaB SiHg.aBhuickstration of
compounds of Formulg ] along wit e additional cardioyascular agent. The contemplated
aciitonal caRABARR SRR A AR O st oM o e, MR QNS D e
compounds QSO ErIcAdwtiventide audiiatesculppgboilutbalosnpruRgesbintismainaliop pith the
R R A o

15  well, and the reaction was started by the addition of 100 pl of membranes (40 ug

protein/well). The binding was not significantly inhibited by 5% DMSO.
Compounds were tested at three concentrations (0.1, 1 and 10 yM). The plates
were covered and vortex-mixed gently on a Lab-Line Titer Plate Shaker for 1 hour
at room temperature. Packard UniFilter GF/C filter plates were soaked for at least

20 1 hourin 0.1% polyethyleneimine. The incubated membranes were harvested
using a Packard FilterMate Universal Harvester and were rapidly washed four
times with 300 ul ice cold 50 mM Tris-HCI, pH 7.5, 10 mM MgCl2, 1 mM EGTA.
MicroScint 20 scintiliation cocktail (25 ul) was added 1o each well, and the plates
were counted in a Packard TopCount Microplate Scintillation Counter. The specific

25 binding was defined as the total binding minus the nonspecific binding observed in .
the presence of excess (50 pM) unlabeled haTRAP. The % Inhibition by a & 5
compound of [BH]haTRAP binding to thrombin receptors was calculated from the
following relationship:
% Inhibition =

30 Total binding-Binding in the presence of a test compound x 100

Total binding-Nonspecific binding
Affinity values (Kj) were then determined using the following formula:

K.=

! 1+{concentration of radioligand
affinity (Kp) of radioligand

Hence, a lower value of Kj indicates greater binding affinity.




-45- 5 aggregation, antiatherosclerotic, antirestenotic and/or anti-coagulant activity. Such drugs are
useful in treating thrombosis-related diseases including thrombosis, atherosclerosis, restenosis,
hypertension, angina pectoris, arrhythmia, heart failure, myocardial infarction, giomeruionephritis,
thrombotic and thromboembolic stroke, peripheral vascular diseases, other cardiovascular diseases,
cerebral 10 ischemia, inflammatory disorders and cancer, as well as other disorders in which thrombin
and its receptor play a pathological role. Suitable cardigyascular agents are selected from the group
consisting of thromboxane A2 biosynthesis inhibitors such as aspirin; thromboxane antagonists such as
seratrodast, picotamide and ramatroban; adenosine diphosphate (ADP) inhibitors such as clopidogrel; (
15 cycloéxngﬁSé'—%lﬁlibitors such as aspirin, meloxicam, rofecoxib and celecoxib; angiotensin

antagonists such asARIFaFIRYCRIANG RN dAGIIER- FPESHANhROGAAINIY, QRIRS UK

endothelin antagonists such as tezosentan; %hosphodiesterase inhibitors such as milrinoone and

enoximone; SHIBIBSHALENRARARPER G PO EPRMiSd)s ShenPasibapidprpe RepliiRsanasprilat, 20
spirapril, quinzgsiy, perinilanria(IPod) (RakpRréhEaEd Hep EtSNeRbaRRe WRShABE RS RORRP I

neutral endopeptidase inhibitors such as candoxatril and ecadotril; anticoagulants such as

ximelagatran 1» 825aNASHdbseauaniiiogdedRad stered enamihdZRiSysiars isothisadeer.
ethacrypie adigiclaSepmitesuntinatisridecrialplpisestagriioidhipiiad thataanshiimab and

eptifibatide; and GP 11b/llla r 25 antagonists. Preferred_types of drugs for use in combination with
the novel corfBlRRR BRIEXRIKAfIAGIgLA : I CyaemalqusWhola Bloo

inhibitors andNRPsiMAGRNS R SR8 B iRsEgdhor use in the combinations are aspirin and
clopidogrel bisulfate, 30When the invention comprises a combination of a compound of Formula! and

another cardiovascm,stﬁ FHIRLLYNRTPSIHPS MaRRkaYS Abe aliowsditeseauiinsataiianalusly or

seguentially, @i SNEIEcE RERSIHGaiRIEHINGIHEN £ DRIVIRH U Sk FEPARINPI 608t Brdgand another
cdrdiovascular agent in aﬁharm ceuticall acc?gtable carrier csn be administered. The 3

comporients eoRAsHIGI GRS S dsIARRREE R A ARel P AL SaRNERPUS N RR BN
dosage form r?gﬁb ﬁ;ﬁ-m@@uf hIgate,lﬂiﬂgpqwq;lqamsgag)t'mri;‘qt;@is)ggn;ms)@rb ; ' ,eﬂoﬁ&mbggﬁuh@éppositor¥, nagal
spray, etc. The, dosage of the cardigvascular nt.can termine m publis terial, an
may):ange fr@ﬁl{WB'.sL Sqn%f ABgeone qﬂtﬁ%gegb%tfﬁi% ti(?h?\ﬂ%‘%@%[’?gﬂaasﬁ"ﬂﬂ%g% g of
Formula " meahedieal ne=icutaine diffecsntatainingdsieonstsinuthibitay ©@ SIeB ™ (3 40 ug/0.1
pharmaceutical co sition or method of treatment. Preferably gne ¢ ound of Formula | is used.
Similary, the TARARLET AP UCRARH N T AR B LEB SRR L SV S HPPacitona
drugs @y bgedodroé@dauiim. cBlobihahomplath(d ndharewrslietfed aiva 1020530 Ininuddditional
compound is adminisiered.{n combination with.a compound of Formula |. additional 15
cardiovasculgpégiﬁnﬁaﬁ%ren% |%f8Fansaethod1eH€nEﬁ§ éﬁﬁ”ﬁff‘f&%u I ﬁ%@%’?@ﬁ%’(ﬁ ()tl?ﬁe
compound ofdrimaldate dosktevithetbar alteigarsingua dreddocanizul anBlibhedogizenplesiareascular

agents are to_be admjnister rate.c h an.be provided in a kit ¢ ising in a
single packa&gﬁ%ﬁqee co%ﬁ?fn%@'i@?shg@ii? d ggﬁ'ﬁ%ﬂ%@r&zg ornr%'algﬁ?ﬁ cfo %ﬂh@émﬁ%ﬁ%ﬁ ©
acceptable chided sndseddpawielednitzivcagoregatitrnyanttherathelivasoliarusgehfon a

pharmageuti i i npo f la | er IOV, lar
et g SReATRIE SReC MR AR R e il B s e AT
adventageouis fperfamie ienmg diatatytadsiaoldotionof Hxambioied thanpla@psndasciisad sl de.
administered!@ @ﬁe&g&#gg Igéﬂgﬁ!é or when they are in different dosage forms. The activity of
the compou fermined by the following procedures. In Vitro Testing Procedure
for Thrombin ReceptopAvasIaeésample is added to 0.5 ml of saline and warmed to 37°Cin a

Chronolog whole blood aggregometer. Simultaneously, the impédanCe electrode

30 is warmed in saline to 37°C. The blood sample with a stir bar is placed in the
heating block well, the impedance electrode is placed in the blood sample and the
collection software is started. The software is allowed to run until the baseline is
stabilized and then a 20 Q calibration check is performed. 20 Q is equal fo 4
blocks on the graphic produced by the computer software. The agonist (haTRAP)

35 is added by an adjustable volume pipette (5-25 pl) and the aggregation curve is



30 Preparation of f3H1haTRAP A(pF-F)R(ChA)(hR)(12-Y)-NH2 (1.03 mg) and 10% Pd/C (5.07 mg)
were suspended in DMF (250 pl) and diisopropylethylamine (10 pl). The vessel was attached to the
tritium line, frozen in liquid nitrogen and evacuated. Tritium gas (342 mCi) was then added to the flask,
which was stirred at room temperature for 2 35 hours. At the completion of the reaction, the excess
tritium was removed and the reacted peptide solution was diluted with DMF (0.5 ml) and filtered to
remove the -47-5 catalyst. The collected DMF solutigq_of the crude peptide was diluted with water and
freeze dried to remove the labile tritium. The solid peptide was redissolved in water and the freeze
drying process repeated. The tritiated peptide ([3H]JhaTRAP) was dissolved in 0.5 ml of 0.1% aqueous
TFA and puffERMYGIHEL ¢4 SIYIRE: rdYlswnimy dbRaarssatiandmR, e ipdoning:agaiehm 1.D.;
mobile phasgdétioHi® th¥ vHhfe irev@iged8) 0.1% TFA in CH3CN; gradient, (NB) from 100/0 to 40/60
over 30 min; flo , 5 m| /min; detecti t 215 nm. The radiochemical purity of PHlhaTRAP
was 99% as/BA4K SIS MASIOaBHANL IOCRULES at a specific activity of 18.4 Ci/mmol was

obtg@Ped.' Prepfaratipragﬁ@l@fg@égmmhrgm@ﬁe%\lﬁﬁgaéqm ﬁ;ﬁ%d_m‘] v WP %@m t i o'fl 4
modification e met of Natargjan, et targjan etal, Int. J. Peptide Prqtein Res., vol. 45,
pp.145-151 ﬁ@%ﬁﬁfrﬁﬁ%ﬂ%hf 15&9&% n&n%ﬁr@o m@@ﬂ&ﬁ@ﬁglwoﬁh“ﬂem%od Center
(East @pangRel. NolvitTin 84834460 CaEs))orBIbbSiaps whtaised fdmUisaithy hiwemapproved
biohazard safety c ndi&ons. Platelets \ﬁere ﬁﬁntriggefft 20 100 x g for 20 minutes %l% to remove
red cells. The WOR WEE RSPUVA RE] 191 PLIeRS gga%ﬁ %O’@ 'B%?%Wﬁmg Akt
platelets. PlainfizisagetentsPriteluaitnplasmid Whs-prebard iy dsatriilbbiesH 4t 10BXE5A1B a total
volume of 200. ml and ceptrifuged at 4400 x g for 10 mjnutes.. This step was repeated two additional
times. Plateﬂygwg?e%igsci%ﬁ eﬁ?ge?ﬁﬁ ‘?’ﬁgﬁ-ﬂglr ?H@f?a-g&g’fﬂ "%ﬁ‘%%geﬁ %‘ﬁﬁe\/g\ume of
approximatetyifered satingerertamogehizdd EBT20sidoROqymapyrasdtavinbitsitzer. Membrane
were pelleted at 41,000 x% resu%@ended in 40:50 ml Zq mM _Tris-HCI

o ot A S g as peTaac MRer e mper e bereasaling rans
preparation,alppletasvded thithvéd? pogied hamdamofitcpagead Jestitvhpoakesaridpldalets

homogenizer. Membranes were t hed 3 times in-}0 mM triethanolamine-HCL pH 7.4, 5
I EDTA, T R B i B et Tl B R VBRI T . and
1% DMSO. Kitiatetd b addimgah8suverafrBAdn or Dolid/Ni tordrstuiredred rapicly\Wertdxingethwere
stable for at 2 i . C icallyviel 35 250 embrane
protein. Prot'léqlﬁz?éo'%ﬁ(@%@gt%olﬁ%g%ﬁj%?é%nﬁﬂ%%ygg%%%@%zes%@ﬁo&réy%%aﬁlpag%%859 tﬂ,ﬁer&[’.g\%ol. 193,
pp.2632275 (nobitpred &sSndiglagihgmligitdne memittencdaicdPion RadiaiGpedBimiaxPlateay

Thrombin reﬁ%t#%hlantagonists were screened using a modification of the thrombin receptor radioligand
binding assay of Ahn et al. (Ahn et al, Mol. Pharmacol., vol. 51, p.350-356 (1997). The assay was
performed idR&iweAntitnmprtrecediraio. 269620) at a final assay volume of 200 pl. Platelet

membranes 10 an Ihat ' : , ively . indhinding buffer
(50 mh Tre-HE . o138 L0 e R oo
DMSO) of te3teidipguadbevpreqedus wrreethin Bk wniany afe ¢ oNativie Medicisendt 18, pl of

diIutecbgom%%{rybggé\,‘@(@ggtj{ 90 pl of radioligand (a final concentration of 10 nM in 5% DMSO) were
added to ea

Compounds of the present invention are surprisingly active in the ex-vivo ( j
platelet aggregation test model. In these studies, the compound of Example 2 of
this invention, after oral administration at a dose of 0.1 mg/kg, completely inhibited
aggregation of platelets induced by exogenously added thrombin receptor
30 activating peptide for duration of 24 hours. Even after 48 hours, approximately
65% of inhibition of platelet aggregation was sustained. !n contrast, N-alkyl
carbamate analogs, Examples 1A, 2A and 13 of US 6,063,847, were sfudied under
similar conditions using a dose of 0.5 mg/kg, a 5-fold increase over the dose of the
compound of Example 2. Under these conditions, the N-alkyl compounds showed
35 no significant inhibition of platelet aggregation at various time points.



15 well, and the reaction was started by the addition of 100 pl of membranes (40 pg protein/well). The
binding was not significantly inhibited by 5% DMSO. Compounds were tested at three concentrations
(0.1, 1 and 10 pM). The plates were covered and vortex-mixed gently on a Lab-Line Titer Plate Shaker
for 1 hour at room temperature. Packard UniFilter GF/C filter plates were soaked for at least 20 1 hour
in 0.1% polyethyleneimine. The incubated membranes were harvested using a Packard FilterMate
Universal Harvester and were rapidly washed four times with 300 pl ice cold 50 mM Tris-HCI, pH 7.5,
10 mM MgC12, 1 mM EGTA. MicroScint 20 scintillatiorsgocktail (25 pl) was added to each well, and the
plates were counted in a Packard TopCount Microplate Scintillation Counter. The specific 25 binding
was defined as the t inding minus the nqnspecific bindi ryed in the presenc, excess (50
pM) unlargeled haTR%%&gé}g’fﬁhé:%ﬁéﬁ eﬁgocrgﬁapso%%}]og] %@%@Qé‘%‘iﬁ%’i‘%‘?& tw}mhfh receptors
was calculatedpemifitheniblbaiviments|atb fatilpabol)ibitoy alkoMetaldsndiogifitatiogsietde presence of
a test compound x.100 al binding- ific, bindin ni | K1)l.were.thep determined '
using the follo\\fvéljrq)étigprﬁg%r?g&v Q%%B%r?ggﬁr%#&%S;gé?é}lla\éﬁggﬁl‘ n )(he art. &l %H‘ﬁﬁity (KD) of
radioligandi Halematikese madificafighi dicdivanptiate diadnigratixito falbwiMathéaspirit and
A(pF-F)R(Ch gﬁ YO;N éﬁ -FIR(CHA)(hR)(12-Y)-NH2, were custom synthesized by AnaSpec
Inc. (San Jos'(;“e",)[S % hg%xﬁ}%%o ?r&%%ﬁégpﬂides was >95%. Tritium gas (97%) was purchased from
EG&G Mound, Miamisburg Ohio. The gas was subsequently loaded and stored on an IN/US Systems
Inc. Trisbfoer. 10MicroScint 20 scintillation cocktail was obtained from Packard Instrument Co. Protocol
For Ex-Vivo Platelet Aggregation In Cvnomolgus Whole Blood Drug administration and blood
collection: Conscious chaired cynonnolgus monkeys are allowed to equilibrate for 30 min. A
needle catheter is inserted into a brachial vein for infusion of test drugs. 15 Another needle catheter is
inserted into the other brachial or saphenous vein and used for blood sampling. In those experiments
where the compound is administered orally only one catheter is used. A baseline blood sample (1-2 ml)
is é)(lleected in vacutainer tubes containing a thrombin inhibitor CVS 2139 (100 pg/0.1 ml saline) as an
anticoagulant. The drug is then infused intravenously over a 20 period of 30 min. Blood samples (1 ml)
are collected at 5, 10, 20, 30 min during and 30, 60, 90 min after termination of the drug infusion. In PO
experiments the



animals are dosed with the drug using a gavage cannula. Blood samples are collected at 0, 30, 60, 90,
120, 180, 240, 300, 360 min after dosing. 0.5 ml of tgg blood is used for whole blood aggregation and the
other 0.5 ml is used for - 25 determining the plasma concentration of the drug or its metabolites.
Aggregation is performed immediately after collection of the blood sample as described below. Whole
Blood Aggredfigis clamadds ml blood sample is added to 0.5 ml of saline and warmed to 37C in a
Chronolog whole blxod aggjeﬁometer.tscsrgultaneou§l élt e in?gedance electrode 30 is warmed in saline
to 37C. The blood saFr?B? ith ‘&t Baris iﬁlagés'gli'ﬁ e O(rarang block well, the impedance electrode is
placed in the blood sample and the collection sgftware is started. The software is allowed to run until the
baseline is stabilized and then a 20 D caljpratf@ g@eﬁ; ie-Rerfo . 20 0 is equal to 4 blocks on the

X g{\( AP) 35 is added by an adjustable volume

0 minutes. Maximum aggregation in 6

5 recordeg
minutes following agonist addition is tl}?"val & ‘
aggregation studies were performed acoQrdiig
Gould, R.J., and Connolly, T.M., Thronn. A€
healthy human subjects who were aspigy? fre ;
anticoagulant. Platelet rich plasma was preéed by gentr ugation at 100Xg for 15 minutes at 15 deg C.
Platelets were pelleted at 3000xg and washed twice in Duffered saline containing 1 mM EGTA and 20
pg/ml apyrase to inhibit 15 aggregation. Aggregation was per¢ormed at room temperature in buffered
saline supplemented with 0.2 mg/ml human fibrinogen. Test compound and platelets were preincubated
in 96-well flathaRbAMRass Y ST IeRRRe Sl §f Felyat NeTes InIRIRIY by adding 0.3 pM haTRAP or 0.1
Wm! thrombin and rapidly vortexing the mixture using a Lab Line Titer Plate Shaker (speed 7). Percent
aggregation was Zdﬁgéﬂﬁbergatt§§ [% r%e%?ﬁﬁ']}aﬁpt?gﬂ%ﬁﬁm %bgp E{05 nm in a Spectromax Plate Reader.
In vivo Antitumor Proeedyig;esents tptiBrkiadusmaakyeast carcinoma model in nude mouse are
conducted according to the procedure reported in S. Even-Ram et at, Nature Medicine, 4, 8, 25 pp.
909-914 (1988). nG@2pounds of the present invention are surprisingly active in the ex-vivo platelet
aggregation test model. In these studies, the compound of Example 2 of this invention, after oral
administration at a §d8e of 0.1 mg/kg, completely inhibited aggregation of platelets induced by
exogenously added thrombin receptor 30 activating pgptide for duratigp of 24 hours. Even after 48 hours,
approximately 65% of inhjkition of platgiet aggrlé1 tiBn whs sustadied. In ntrast, N-alkyl carbannate

analogs, Examplessl,&,_.z.égand 13 oM re-studie Iffarwconditions using a dose of
0.5 mg/kg, a 5-fold jncrefase over t sse10f the compound ofol;x er these conditions, the
N-alkyl compounds O\ﬁV;Qd‘BSno Kifi inkibig telet-gyregagfon at‘various time points.

R is independently selected from the group consisting of H and (C,-Cg)alkyl,
fluoro(C;-Ce)alkyl-, difluoro(C,-Cg)alkyl-, trifluoro(C,-Cg)alkyl-, (Cs-Ce)cycloalkyl,
(C,-Ce)alkenyl, hydroxy- (C;-Ce)alkyl-, and amino(C;-Ce)alkyl-;

R? is independently selected from the group consisting of H and (C,-Ce)alkyl,
fluoro(C;-Ceg)alkyl-, difluoro(C,-Cg)alkyl-, trifluoro-(C,-Ce)alkyl-, (Cs-Cs)cycloalkyl,
(C»-Ce)alkenyl, hydroxy-(C;-Ce)alkyl-, and amino(C;-Cg)alkyl-;

R%is H, hydroxy, (C;-Cs)alkoxy, (C;-Ce)alkyl, halogen, (Cs-Cg)cycloalkyl, or
-NR?R%, -SOR'® -SO,RY,-C(O)NR™R*® - (C,-Cg)alkyl-C(O)NR*®R*®, fluoro(C,-Cg)alkyl-,

difluoro(C;-Cg)alkyl-, trifluoro(C,-Cg)alkyl-, (C3-Cs)-cycloalkyl-(C;-Cg)alkyl-, (C-Cg)alkenyl,



-51- 5While the present invention has been described in conjunction with the specific embodiments set
forth above, many alternatives, modifications and vagiations thereof will be apparent to those of ordinary
skill in the art. All such alternatives, modifications, and variations are intended to fall within the spirit and
scope of the present invention. 10 52 What is claimed is: A compound represented by the structural

formula Het @rfld(ﬁh%bﬁﬂfdbuﬂdgﬂy gocdsrabidsitasndéivat@itiereof, wherein: the single dotted line

represents an tlon ngle bon resel op 2gl s0-2;Qis Rlis
|ndependentI9e§erl%ege FL iﬁen §rgoo |§t|§1?jaq?yll—|}\é%?§:% 2 é&?%ypﬂﬁ/fro@l -C6)alkyl-,
difluoro(C1- Qﬁ&ﬂ@b@%ﬂ}lﬂr@gf&aﬁ@ﬁdﬂﬁﬁk@ (€3S ealknb (e COMmkEnk hrctexs) (€ 1-CE)alkyl-
and amino(C1-C6)alkyl-; R2 is independently selected from the group consisting of H and
(C1-C6)alkyl Gliatky¢ O (CSYa)kydloaifiiCo@RIBE)alkyl-, trifluoro-(C1-C6)alkyl-, (C3-C6)cycloalkyl,
(C2-C6)alkenyl, hydroxy-(C1-C6)alkyl-, and amino(C1-C6)alkyl-; R3 is H, hydroxy, é{ 1-C6)alkoxy,
(C1-C6)alkyl, halogHﬁt 'W@B?c?fc%&ﬂf RELEfRYDHIY °§%F?1]é) a@@%ﬁ?ﬁ”@%@)ﬁ 1%9:119 -

(C1-Cé)alkylG EAF LB éﬂﬁ&;ﬂgarﬁé{éﬁo Q&h@'mepgﬁaéﬂm;(%%eg& ?f&%"th&rﬁ 9 0&%%.% Qe

(C3-C6)-cycloal Cil-C (C2-Co6)alkenyl,” 53 ary alkyl-, aryl(C lkenyl-,
heteroaryl(CN;® aliys, wherein a ring nitrogen can form an N-oxide or a quarternary group with a (C;-

C,)alkyl group, wherein Het is attached to B by a carbon atom ring member, and wherein
the Het group is substituted by W;

W is 1 to 4 substituents independently selected from the group consisting of H, (C1-
Ce)alkyl, fluoro(C,-Ce)alkyl-, difluoro(C;-Cg)alkyl-, trifluoro(C,-Ce)alkyl-,

(C1-Cg)cycloalkyl, hydroxy(C;-Cg)alkyl-, dihydroxy(C;-Ce)alkyl-, NR®R?®(C,Cg)alkyl-,
thio(C,-Ce)alkyl-, -OH, (C;-Cg)alkoxy, halogen, -NR*R*>-C(O)OR"’, COR™,

(C,-Cg)alkylthio, R*-aryl, R**-heteroaryl, R**-aryl(C,-Cg)alkyl-, aryl wherein adjacent carbons
form a ring comprising a methylenedioxy group;

R* and R® are independently selected from the group consisting of H, (C;-Cg)alkyl,
phenyl, benzyl and (Cs-Cg)cycloalkyl, or R* and R® taken together are -(CH,)4-, -(CH,)s- or -
(CH,),-NR’-(CH,),- and form a ring with the nitrogen to which they are attached;

R®is H, (C;-Ce)alkyl or phenyl;

R”is H, (C-Cq) alkyl, -C(0)-R*®,-C(0O)OR"" or —-SO,R";

R® R and R™ are independently selected from the group consisting of R* and —

R!, provided that when the optional double bond is present, R'® is absent;

R®is H, OH or (C;-Cg)alkoxy;

B is ~(CHy)ss., Cis or trans-(CH2)nsCR¥“=CR™*(CHy)s. 0r -(CH2)naC=ZC(CH,).s.,
wherein n; is 0-5, n4 and n5 are independently 0-2, and R*? and R** are independently
selected from the group consisting of H, (C;-Cg)alkyl and halogen-;

X is NR®;

Y is S, (H,H), (H,OH), or (H,(C1-Cs)alkoxy);



heteroaryl(C2-C6)alkenyl-, hydroxy (C1-C6)alkyl, NR22R23-(C1-C6)alkyl, aryl, thio(C1-C6)alkyl-,
(C1-C6)alkyl-thio(CI-C6)alkyl-, (CI-C6)alkoxy(C1-C6pglkyl-, NR181:119-C(0)-(C1- C6)alkyl- or

(C3-C6)cycloalkyl-(C1-C6)alkyl-; Het is a mono-or bi-cyclic heteroaryl group of 5 to 10 atoms
comprised of 1 to 9 carbon atoms and 1 to 4 heteroatoms independently selected from the group

consisting of N, 0 afacl RitieiedarerirghigeigeirtipmdintGriNadsid CoCaesiaabisnary group with a (C1-
C4)alkyl grou ere| IS @tt dt aca t In g%mber, and wherein the Het group is
substituted bﬁg{%]”‘sm\)%@?é% 4 §§E§WL@§g&¥Rdepg§§g%m@@ed rom the group consisting of H, (C1-
C6)alkyl, fluore(G-Qfatir diBuoro(EbGRiaky adiifllenig(ClcsiRalytwiGe-Cosyeloalkyl,
hydroxy(C1-C6)alkyl-, dihydroxy(C1-C6)alkyl-, NR25R26(C1C6)alkyl-, thio(C1-C6)alkyl-, -OH,
(C1-Cé6)alkoxygltrkygend NRI&B-C(0)0OR17, COR16, (C1-C6)alkylthio, R21-aryl, n21_ heteroaryl,

R21_ary"-i(u C6)alkyl-, aryl wherein adjacent carbons form a ring comprising a methylgnedioxy group;
R4 and R5 are indefshidentR/ LRI 1Y PGB E'OF%R&H@%IF I'—P,'(’C(ﬁél@?&m%}’ pRenyl, benzyl and
(C3-C6)cyclo [ re - T = or - (CH2)2-NR7-(CH2)2- and
form a ring W%%{éé%gc%%ﬁog%é%h t {egyl/% gﬁ%ggkt?ldﬁ%%%%ﬂ’s hHé%_é%l?é&%% L’yl or phenyl; R7 is H, (CI-C6)

alkyl, -C(0)-R16:+5(MIORDIar*SQ2R) ANHC(BR 'R 19yl Rt @mrideépendently selected from the group

consisting of R1 and - OR’, Provided that when the optional double bond is present, R9 is H, OH or

(C1-C6)alkoxyeHo)nd S QER-HO1RH b IS PaNE R HP R L SORFFREMPFE 03 0-4, halogen

-(CH2)n4C-:Cgﬁl1—|ar]g- wherein n3 is 0-5, n4 and n5 are independently 0-2, and R12 and Ri2a are
gt

independentl?/nsel rSMm the group consisting of H, (C1-C6)alkyl and halogen-; Xis NR6; Y is S, (H,H),

(H20H), or (H,(C1-R6)alaxiarsh erEhB I8 gspendeniiy ael SoeHind-ck-5-6alkyl,
(C3-Ce)cycloalkyl, (CH2)116Na1HC(O)OR16br, -(CHz)&gNlHC(O)Rl b, -(CH2'?J%N1HC(0)NR4R5,
(CH2)116NIH8®2R16, -(CH2)116NIHSO2NR4R5, and -(CH2)116C(0)NR25R29 where n6 is 0-4,

haloalkyl, and halogen; = each R14 is independently selected from H, (C1-C6)alkyl, -OH,
(C1-C6)alkoxy, R2MWNGACALIEETAMRA IhEtedfyl I HERGTEHIARNHERIDESRSIF IR Erocyclyalkyl,

(CH,)n6NHC(O)OR™®, -(CH,),6NHC(O)R*®®, -(CH,),sNHC(O)NR*R?®, -(CH,),sNHSO,R®, -
(CH,),sNHSO,NR'R®, where 4 is 0-4;

R™ is absent when the dotted line represents a single bond;

R is independently selected from the group consisting of (C;-Cg)alkyl, phenyl and
benzyl;

R is H, alkoxy, (Ci-Cg)alkyl, (C1-Cg)alkoxy(C;-Ce)alkyl-, R?-O-C(0)-(C;-Cg)alkyl-,
(Cs-Ce)cycloalkyl, R?*-aryl, R*-aryl(C,-Cq)alkyl, haloalkyl, alkenyl, halosubstituted alkenyl,
alkynyl, halosubstituted alkynyl, R*-heteroaryl, R**-(C;-Cg)alkyl heteroaryl, R?*-(C,-Cg)alkyl
heterocycloalkyl, R?R?»’N-(C;-Cg)alkyl, R??R?*’N-(C0)-(C;-Cg)alkyl, R?*R?*’N-(CO)O-(C;-
Ce)alkyl, R2O(CO)N(R?)-(C,-Ce)alkyl, R?®S0O,N(R*)-(C;-Ce)alkyl, R?*R?’N-(CO)-N(R?*)-(C;-
Ce)alkyl, R2R?N-S02,N(R*)-(C;-Cg)alkyl, R”®N-(C0O)-N(R*)-(C;-Cg)alkyl, R®R?*’N-SO,(C;-
Ce)alkyl, HOS(0),-(C;-Cg)alkyl, (OH),P(0),-(C;-Cg)alkyl, R?8-S-(C;-Cg)alkyl, R*-S(0),-(C;-
Ce)alkyl or
hydroxy(C;-Cg)alkyl;

RY, R™ and R™ are independently selected from the group consisting of H,

(Ciu-Co)alkyl, phenyl and benzyl;



(CH2)116N1HC(0)0R16b, -(CH2)116N1HC(0)R16b, -(CH2)116N1HC(0)NR4R5, (CH2)116NIHSO2R16,
-(CH2)116NIHSO2NR4RS, and -(CH2)n6C(0)NR25B29 where n6 is 0-4, halogen and haloalkyl; or R13
and R14 taken together form a spirocyclic or a heterospirocyclic ring of 3 - 6 atoms wherein at least
one of R13 or R14 is selected from the group consisting of - (CH2)n6NHC(0)OR16b,"
(Cr2)n6N1HC(0)R1Bb, $CHRFSHERITICIONI RREREEN(C$£292te 8 PRSP CAEig)aeNHSEENRARS |

where n6 is 0-4; R15 s absent when th ted line represents a single bond: R16 is jndependently
selected from %gé%ﬁ ’c%an% Eﬁngﬁgf’(‘gﬁgg@&y‘, E‘hgﬁyﬁﬁ%&h@‘;&g‘aﬂ% i 'Hc,],'é@gdi(y,
(C1-Co)alkyl, (GanshArlWRLEA26)alkyl)aRAZ2 18 éQ)-(E1cSaIgIkYl-, (C3-C6)cycloalkyl, R21-aryl,
R21-aryl(C1-C6)alkyl, haloalkyl, alkenyl, halosubstituted alkenyl, alkynyl, halosubstituted alkynyl,
R21-heteroaryl;(REFIR(C 100B)R1ky Nt OR Ay HEZLR C 1- BB Rik@Hae fareC (@) bakR’’,
R251:129N-(C1-g%a@|k l, §2g1:129N-lgC0)-é0153C6)alk ,,R251:129N-(C0)0-(C1- C6)alkyl,
R250(CO)N(RI®)-(EQ 6 alky!, REBS 02( bB)-(@f-éé)amyL R251:129N-(C0)-N(R29)-(CIC6)alkyl,
R251:129N-SOZZN%§2§)F(QS]§-&%%I§ (J{I.R25N1-(CO)-N(R29)-(C1-C6)a|ky|, R251:129N-S02(C1C6)alkyl,
HOS(0)2-(C1-C6)alkyl, (OH)2PB(0 2( 1-C6)alkyl, R25-S-(C1-C6)alkyl, R25-S(0)2-(C1- C6)alkyl or
hydroxy(C1-C6)alky? is HR{IJ, & JdkanccRLR s esingepengeyNiyrselected, iarrthe group consisting of H,
(C41-C6)alkyl, phenyl and benzyl; 55 R2'is 1 to 3 substituents independently selected from the group
consisting of H, -CNR*GHE1=003/ Huigey{ CaNwoRlkibar- BB &Rk ((CoFh R)-C6)alkoxy,

(C1-C6)-alkylamino-,di- z C6)alkyamino-, NR251:126-(C1-C6)alkyl-, hyd -(C1-C6)alkyl-,
COIORLY. Oy 7 RNt PRSI, £ S IS S8 R SR
-NR25-C(0)-MR25RA61 -S(0)R13, -S(0)2R13 and -SR13; R22 is H or (C1-C6)alkyl; R23 is H,
(C1-C6)alkyl, -C(0)R24, -S02R24, -C(0)NHR24 or -SO2NHR24; R24 is (C1-C6)alkyl, hydroxy(C1-C6)alky!
or NR25R26-((C1-G8Jaskly B-or 3 suR2fwemts RE6cire findetbe muantlyoseisitie difro (et )gholi@ensisting of H
and (C1-Cé6)alkyl ; R27 is 1, 2 or 3 substituents selected from the group consisting of H, (C1-C6)alkyl,
(C3- C6)cyclSGalkyF @Byt atRIF ARG 8f R28 and R29 are independently selected from

the group ConS'SthR@fa d R® are independently selected from the group consisting of H,

(C1-Cg)alkyl, (C1-Cg)alkoxy, R?"-aryl(C;-Cs)alkyl, heteroaryl, heteroarylalkyl,
hydroxy(C;-Cg)alkyl, (C1-Ce)alkoxy(C,-Ce)alkyl, heterocyclyl, heterocyclyalkyl, and haloalkyl;
or

R?% and R? taken together form a spirocyclic or a heterospirocyclic ring of 3-6 atoms.

2. A compound of claim 1 wherein R* and R? and independently selected from the

group consisting of H and (C;-Cg)alkyl.

3. A compound of claim 1 wherein R3is H, -OH, (C1-Co)alkyl, (C;1-Cg)alkoxy, halogen,

(Cs-Ce)cycloalkyl, -C(O)ORY or NR#R%,
4, A compound of claim 1 wherein B is -CH=CH-.

5. A compound of claim 1 wherein n = 0.



(C1-C6)alkyl, (C1-C6)alkoxy, R27-aryl(C1-C6)alkyl, heteroaryl, heteroarylalkyl, hydroxy(C1-C6)alkyl,
(C1-C6)alkoxy(C1-C6)alkyl, heterocyclyl, heterocyclyglkyl, and haloalkyl; or R28 and R29 taken together
form a spirocyclic or a heterospirocyclic ring of 3-6 atoms. 2. A compound of claim 1 wherein R1 and R2
and independently selected from the group consisting of H and (C1-C6)alkyl. 3. A compound of claim 1
wherein R3 i§H, -OMcqerogs) aflgRMC 180T RAMER\R AN 8oL e Ba0e je yElgiR§ANLC(0)0OR17 or NR22R23.
4. A compound of claim 1 wherein B is -CH=CH-. 5. A compound of claim 1 whereinn =0. 56 6. A
compound of claim 1 wherein the optional double bond is not present. 7. A compound of claim 1 wherein
R1 is (C1-C6Yalkyl AePREoMNFobcIanedrmpeigitRbiieibnt)alershmRBis H or (C1-C6)alkyl. 9. A
compound of claim 1 wherein Het is pyridyl attached to B by a carbon ring member, and is substituted by
1 or 2 substituents selected from W. 10. A compound of claim 9 wherein W is R21-phenyl or R21-pyridyl.
11. A compognd of gladmpbyMbereiRiRE fitfepNR R areeeachuingependently selected from the group
consisting of H and (C1-C6)alkyl and R9 is H. 12. A compound of claim 1 wherein Q is wherein at least
one of R13 and R14 is R, wherein R is -(CH2)n6NIHC(0)OR16b, (CH2)n6NIHC(0)R16b,
_(CH2)116NIHC(0)NRA4RS5, -(CH2?116NIHSOZR18, or -(CH2)n6NIHSO2NR4R5 wherein n6 iS 0-2 and

R161D, R16 @nd RA SP8"AEYNEB) SR 1Nehesen et 15 8YA bATRERR IR P CAPUHEIN Q is FR or

member, and is substituted by 1 or 2 substituents selected from W.
10. A compound of claim 9 wherein W is R*-phenyl or R*-pyridyl.

11. A compound of claim 1 wherein R®, R and R™ are each independently selected

from the group consisting of H and (C;-Cg)alkyl and R®is H.

12. A compound of claim 1 wherein Q is

R13 RM R13
r'3 e R
14
R
14 o R13
1 14
r13 R R13 R“R

wherein at least one of R*® and R is R, wherein R is -(CH,),sNHC(O)OR™®, -
(CH2)sNHC(O)R™, -(CH2)n6NHC(O)NR*R®, -(CH2),sNHSO,R™, or

-(CH,)n6NHSO,NR*R® wherein yis 0-2 and R*®®, R*® and R* are (C;-Cg)alkyl and R® is H.

13. A compound of claim 12 wherein Q is

o 25
5 or 5 .



H35C-,43 Let.. 57 wherein R is -(CH2)n6NHC(0)0R16b, -(CH2)n6NHC(0)R16Db,
-(CH2)n6NHC(0)NR4RYS, - (CH2)Nn6NHSO2R16, or {&H2)n6NHSO2NR4RS5 wherein n6is 0-2 and R16b,
R16 and R4 are (C1- C6)alkyl and R5is H. 14. A compound of claim 12 or 13 wherein R is
-(CH2)n6NHC(0)0OR16b, - (CH2)Nn6NHC(0)R16b, -(CH2)N6NHC(0)NR4R5, -(CH2)n6NHSO2R16, or
-(CH2)n6NHSO2NRARSINFSR (R0 aNH RSB 24 -(QHOe)IRP Y. RE ) MNIREPINRBis 0-4. 15. A
compound of ﬁi herein R is -N 16b, -NHC(0)R16b, -NHE(Q)NRARS, ang 16b and R4
are (Cl-C6)aﬁ§y Z%r@ﬁ ]S-\ééz% Ho' ?é%ﬁ\)rt‘fﬁﬁ%%f?\r% %f (‘:’Yglferhe'féfe\/'\/sh%er%?mﬁis : Hé?é)%Ralrg ?’Ri‘/vherein R16b is
(C1-Co)alkyl.chduh seumpquipd of claim 12 or 13 wherein R2, R3, R8, R9, R19 and R11 are each
hydrogen, R1 is -CH3, B is-CH=CH-, Het is W-pyridyl, W is R21-phenyl or R21-pyridyl, and R21 is-CF3 or
F. 18. A compound of claim 17 wherein R is-NHC(0)OR16b and R16b is-CH3 or -CH2CH3. 19. A
compound of any of claims 1-18, where said salt is a bisulfate. 20. A pharpaceutical composition

comprising aﬁ“effecﬁ&@%ﬂ?ﬂﬂ%f’fflg'ﬁ%ﬁbﬁ%&”ﬂﬁrﬁiﬁﬁdf ci&iRk N HE(ARR a pharmaceutically acceptable
carrier. 21A phay ARRY joaheor ition < ising an, effective amoun poyRekef any of claims
1-18,in com%%aﬁ%n with an ddrg@i%?"ﬁal car iovascfjlfglr azgneﬁnt, W(Ezerein tﬂ(tecf?iz ?ﬁﬁéﬁjﬁalzcar%ﬁdvascular agent
is selected frexii*tire’grauR‘coBsGtiog Dtyihepmhoxanaerbiosysthesis 58 inhibitors, GP llb/llla
antagonists, thromboxane antagonists, adenosine diphosphate inhibitors, cyclooxygenase inhibitors,

angiotensin antagonists, endothelin antagonists, angiotensin converting enzyme inhibitors, neutral
endp.peptldasg).lnhl |tg?rr%,p%%| Q ggll%nlti,w I]grrgrt{ sisa_Rl(a' BI%(S%%@QQ\E%@%]@h|b|tors;and ‘Wherelln the
additional cardiovascufar'agent’is’selected Trom thé group consisting ofaspirin, seratrodast, picotamide,

ramatroban; glgRidegNRIRN elQXisBMyPECRXIR: CelRaiRnYastan, telmisartan, candesartan, irbesartan,
losartan, eprosartan, tezosentan, mitrinone, enoximone, captopril, enalapril, enalaprilat, spirapril,

quinapril, perindopril, ramipril, fosinopril, trandolapril, lisinopril, moexipril, benazepril, candoxatril, ecadotril,
ximelagatran, fondaparin, enoxaparin, chlorothiazide, hydrochlorothiazide, ethacrynic acid, furosemide,
amiloride, abéfkima ,Céﬁlﬂ?ﬂaﬂ@é%% Yoy ﬁsﬁrﬁl&@)%. AWrRiRRdE e uidSh Eotaf¥sition according
to claim 21, wherein the additional cardiovascular agent is aspirin, clopidogrel bisulfate or clopidogrel. 23.
A pharmaceutical composition according to any one of claims 21 or 22, wherein the dosage of the
cardiovascularz agem ¢angesna@ntikite 1060 sngheasitiR3er® 248, RPREraraoRutigalegemposition according to
claim 21, which is in solid form of powders, tablets, dispersible granules, capsules, cachets or
suppositoriedY@B9A pRakmEte BitaCtifhoditsis AeourggNdsoRiir EByLeniRh Ryfifthafdmi of powders

or tablets and comprises from 5 - 95 percent active ingredient.
Is-CF; or F.

18. A compound of claim 17 wherein R is-NHC(O)OR*®" and R*® is-CH; or

-CH,CHa.
19. A compound of any of claims 1-18, where said salt is a bisulfate.

20. A pharmaceutical composition comprising an effective amount of a compound of any

of claims 1-18, and a pharmaceutically acceptable carrier.

21. A pharmaceutical composition comprising an effective amount of a compound of any
of claims 1-18, in combination with an additional cardiovascular agent, wherein the additional

cardiovascular agent is selected from the group consisting of thromboxane A2 biosynthesis



26. A pharmaceutical composition according to claim 23, which is in liquid form of a solution, a
suspension, an emulsion or an aerosol suitable for iggalation. 59 is in the form of creams, lotions,
aerosols and / or emulsions. 28. A pharmaceutical composition according to any one of claims 21, 26 or
27, for administration in a dose of 0.001 to 100 mg/kg body weight per day. 29. A pharmaceutical
composition dEteiein o aimapedRrigeHIMEtbativrtiANRaYe D IBTEINS 10hAEIRgDody weight per day.

30. Use ofac ound fan of clalmsbl -18 for the manufactur ofanhe icament for the treatment of
OI’S C OOX)é ase Inh OI’S ape%otensm antagonists, endo %ta%)nhsts .
thrombosis, at erosc1e 518 Stenosis, hypertension, angirra pectoris, arrhythmra, neart failure,

myocardial Irﬁﬁg%teﬁb.gm%mmﬁ&mmbsmmmm@,mt%r%aoyaﬁaaaa@%mmuﬁs,smé%a@ﬁﬂﬂ@,eral vascular

diseases, inflammatory disorders, cerebral ischemia or cancer. 31Use of a compound of claim 21 for the
manufacture dfiztioedicdpigrtetagdregasantrmbititofsthrombosis, atherosclerosis, restenosis, hypertension,
angina pectoris, arr W}éﬂ?mla heart failure, myocardial infarction, gqomerulonephntls thrombotic stroke,

thromboembolytic 8'”&@?&%‘ ionahearaiayanear &eqh'ﬁé‘rﬁﬁ? BAPHILBR PP CORSHNIGSEhemia or
cancer. 32.U ?pﬂ&o%‘?!f[ﬁ%égs?l%l@%t%nd’ghr%'}ﬁﬁ?rgﬂgrﬁgBﬁ\%@r‘eﬁ?ﬁ%’%@gﬁuL@*e@gﬁﬁ'téﬁl&s&ﬁn clopidogrel

bisulfate, or clopidogre
valsartan, telmisartan, candesartan, irbesartan, losartan, eprosartan, tezosentan, mitrinone,

enoximone, captopril, enalapril, enalaprilat, spirapril, quinapril, perindopril, ramipril, fosinopril,
trandolapril, lisinopril, moexipril, benazepril, candoxatril, ecadotril, ximelagatran, fondaparin,
enoxaparin, chlorothiazide, hydrochlorothiazide, ethacrynic acid, furosemide, amiloride,

abciximab, eptifibatide, and clopidogrel bisulfate.

22. A pharmaceutical composition according to claim 21, wherein the additional

cardiovascular agent is aspirin, clopidogrel bisulfate or clopidogrel.

23. A pharmaceutical composition according to any one of claims 21 or 22, wherein the

dosage of the cardiovascular agent ranges from 1 to 1000 mg per dose.

24, A pharmaceutical composition according to claim 21, which is in solid form of

powders, tablets, dispersible granules, capsules, cachets or suppositories.

25. A pharmaceutical composition according to claim 23, which is in the form of powders

or tablets and comprises from 5 - 95 percent active ingredient.

26. A pharmaceutical composition according to claim 23, which is in liquid form of a

solution, a suspension, an emulsion or an aerosol suitable for inhalation.

27. A pharmaceutical composition according to claim 21, for transdermal delivery, which



59

is in the form of creams, lotions, aerosols and / or emulsions.

28. A pharmaceutical composition according to any one of claims 21, 26 or 27, for

administration in a dose of 0.001 to 100 mg/kg body weight per day.

29. A pharmaceutical composition according to claim 28, for administration in a dose of

0.001 to 10 mg/kg body weight per day.

30. Use of a compound of any of claims 1-18 for the manufacture of a medicament for
the treatment of thrombosis, atherosclerosis, restenosis, hypertension, angina pectoris,
arrhythmia, heart failure, myocardial infarction, glomerulonephritis, thrombotic stroke,
thromboembolic stroke, peripheral vascular diseases, inflammatory disorders, cerebral

ischemia or cancer.

31. Use of a compound of claim 21 for the manufacture of a medicament for the
treatment of thrombosis, atherosclerosis, restenosis, hypertension, angina pectoris,
arrhythmia, heart failure, myocardial infarction, glomerulonephritis, thrombotic stroke,
thromboembolytic stroke, peripheral vascular diseases, inflammatory disorders, cerebral

ischemia or cancer.

32. Use according to claim 31, wherein the additional cardiovascular agent is aspirin,

clopidogrel bisulfate, or clopidogrel.





