
18 APRIL 2006 WO 03/033501 PCT/US02/32936 5 HIMBACINE ANALOGUES AS THROMBIN
RECEPTOR ANTAGONISTS 10 BACKGROUND OF THE INVENTION 5 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  expected that thrombin receptor antagonists will be useful
in the treatment of  thrombotic, inflammatory, atherosclerotic and
fibroproliferative disorders, as well as 20 other disorders in which
thrombin and its receptor play a pathological role.  Thrombin receptor
antagonist peptides have been identified based on  structure-activity
studies involving substitutions of amino acids on thrombin receptors.  



In Bematowicz at al, J. Med. Chem., 39 (1996), p. 4879-4887, tetra- and
pentapeptides are disclosed as being potent thrombin receptor antagonists,
for 25 example N-trans-cinnamoyl-p-fluoroPhe-p-guanidinoPhe-Leu-Arg-NH2 and
N-trans- cinnamoyl-p-fluoroPhe-p-guanidinoPhe-Leu-Arg-Arg-NH2. Peptide
thrombin receptor  anatgonists are also disclosed in WO 94/03479, published
February 17, 1994. Cannabinoid receptors belong to the superfamily of
G-protein coupled  receptors. They are classified into the predominantly
neuronal CB1 receptors and the  



30 predominantly peripheral CB2 receptors. These receptors exert their
biological actions by modulating adenylate cyclase and Ca" and K' currents.
While the effects  of CB1 receptors are principally associated with the
central nervous system, CB2  receptors are believed to have peripheral
effects related to bronchial constriction,  immunomodulation and
inflammation. As such, a selective CB2 receptor binding 35 agent is expected
to have therapeutic utility in the control of diseases associated with
rheumatoid arthritis, systemic lupus erythematosus, multiple sclerosis,
diabetes,  



osteoporosis, renal ischemia, cerebral stroke, cerebral ischemia, nephritis,
18 APRIL 2006  WO 03/033501 PCT/USO2/32936 -2 5 inflammatory disorders of
the lungs and gastrointestinal tract, and respiratory tract  disorders such
as reversible airway obstruction, chrQnic asthma and bronchitis (R. G.  



Pertwee, Cur. Med. Chem. 6(8), (1999), 635). Himbacine, a piperidine
alkaloid of the formula  of H H CH3 H ~N  H3C.N \H has been identified as a
muscarinic receptor antagonist. The total synthesis of (+)- himbacine is
disclosed in Chackalamannil et al, J. Am. Chem Soc., 118 (1996), p.  



9812-9813. H3CW 10 SUMMARY OF THE INVENTION The present Invention relates to
thrombin receptor antagonists represented by  the formula I Rio j,,(CH2)m R
V R 22 



H 2)n2  A11  I or a pharmaceutically acceptable salt thereof, wherein: 15 R
is 1 to 3 substituents independently selected from the group consisting of
H,  



C7-C5 alkyl, halogen, hydroxy, amino, (C,-CS)alkyl-amino,
(C,-C6)-dialkylamino, (C;  C5)alkoxy, -COR18, -COOR", -SOR1e, -S02R16,
-SO2NR17 R1e, -NR17S02R1e,  -NR'BCORt58, -NR16COOR1ea, -NR18CONR"R5,
fluoro-(C1-C8)alkyl,~difluoro(C,-C5)alkyl,  trifluoro(C1-C5)alkyl, C3 C5
cycloalkyl, aryl(C,-C5)alkyl, hydroxy(C,-C5)alkyl, amino-(C,- 20 C5)-alkyl,
aryl and thio(C,-C5)alkyl; R1 and R2 are independently selected from the
group consisting of H, C7-C5  alkyl, fluoro(C,-C5)alkyl,
difluoro(C,-C5)alkyl, trifluoro-( C,-C5)atkyl, C3 C5 cycloalkyl, 



18 APRIL 2006 WO 03/033501 PCTIUS02/32936 -3 C2 CB alkenyl,
aryl(C,-CB)alkyl, hydroxy-( C1-CB)alkyl, amino(C,-CB)alkyl, aryl and
thio(C,-CB)alkyl; or R' and R2 together form an =0 group; R3 is H, hydroxy,
C1-C5alkoxy,,aryloxy, aryl(C1-CB)alkyloxy, heteroaryloxy,  



heteroaryl(C,-CB)alkyloxy, (C3 CB)cycloalkyloxy, -SOR18, -S02R11,
-SO2NR18R79, 5 -SR78, -SO3H, -C(O)OR17, -C(O)NR'BR1B, -OC(O)R32,
-OC(O)NR33R34  -(CR33R34),OR32, -NR4R5, -NR33COOR32, -NR33COR32,
-NR33S(O)2R32  -NR33CONR33R34, -NR93S(O)2NR33R34, _(CR33R34),NRR5,
-(CR33R34),NR3000R32  -(CR33R34),NR93COR32, -(CR33R34),NR33S(O)2R32
-(CR33R34),NR33CONR33R34  (CR33R34)nNR33S(O)2NR33R34, (C1-CB)alkyl, halogen,
C9 CB cycloalkyl, C2 CB alkenyl, 10 -CN, aryl, heteroaryl, heterocycloalkyl,
-P(O)(OR')2 or (C1-CB)alkyl substituted by 1 to  



3 substituents independently selected from the group consisting of halogen,
-OH,  -NH2, aryl, -COOH, -SO3H, thio and (C1-CB)alkylthio; nis1,2,3or4;  n1
and n2 are independently 0-3, provided both are not 0; 15 Het is a mono-,
bi- or tricyclic heteroaromatic group of 5 to 14 atoms  comprised of 1 to 13
carbon atoms and 1 to 4 heteroatoms independently selected  from the group
consisting of N, 0 and S, wherein a ring nitrogen can form an N-oxide  



or a quaternary group with a C1-C4 alkyl group, wherein Het is attached to B
by a  carbon atom ring member, and wherein the Het group is substituted by 1
to 4  substituents, W, independently selected from the group consisting of
C1-CB alkyl; -NR4R5; -NHCOR28; -NHS02R76; 21  R -aryl; aryl wherein adjacent
carbons form a ring with a methylenedioxy group; and 



R21-heteroaryl;  25 R4 and R5 are independently selected from the group
consisting of H, CI-CB alkyl, phenyl, benzyl and Cc CB cycloalkyl, or R4 and
R5 together are -(CH2)3 ,  -(CH2)4 , -(CH2)5 or-(CH2)2NR7-(CH2)Z and form a
ring with the nitrogen to which  they are attached; R' is H or (C1-CB)alkyl;
18 APRIL 2006  



WO 03/033501 PCT1US02132936 -4 R8, R10 and R" are independently selected
from the group consisting of R' and  -OR R9 is H, OH, -NR4R5, C1-Cealkoxy,
halogen or halo(C1-CB)alkyl; B is -(CH2)n,- or cis or trans
-(CH2)n4CRt2=CR72e(CH2)n5, wherein n3 is 0-5, n4  5 and n5 are independently
0-2, and R12 and R'20 are independently selected from the  



group consisting of H, C1-CB alkyl and halogen; R1B and R788 are
independently selected from the group consisting of C1-CB  alkyl, phenyl and
benzyl; R17, R16 and R19 are independently selected from the group
consisting of H,  10 C,-C6alkyl, phenyl and benzyl; R21 is 1 to 3
substituents independently selected from the group consisting of  H, -CF3,
-OCF3, halogen, -NO2, -CN, C1-CB alkyl, C, -C. alkoxy, -NH2, (C,-CB)-alkyl- 



amino, di-(( C,-CB)alkyl)amino, amino(C,-CB)alkyl,
(C1-CB)-alkylamino(C,-C8)alkyl,  di-(( C,-C5)alkyl)-amino(C1-CB)alkyl,
hydroxy-( C1-C5)alkyl, -COOR'7, -COR17 , 15 -CONR2R26, -NHCOR10, -NHSO2R78,
-NHSO2CH2CF3, -SO2NR24R25,  -NR2'C(O)NR24Rz, -SOZR30, -P(O)(OR2 )2, aryl,
aryl(C,-C6)alkyl, heteroaryl,  heterocycloalkyl, and -CR2A(=NOR2B) ; is
-CORn, -S(O)R31, -S(O)2R31, -SO2NR24R2 or -COOR27; R23 is halo(C1-C5)alkyl;
CZ C5 alkenyl; halo(CZ C5)alkenyl; CZ CB alkynyl; 



20 C3 C7-cycloalkyl; (C; C7)cycloalkyl(C1-CB)alkyl; (C3 C7)cycloalkyl
substituted by I to 3  substituents selected from the group consisting of
halo, (C1-C3)alkoxy(C,-C3)alkyl,  hydroxy and C1-C5 alkoxy; aryl; aryl(C2
C3)alkyl; heteroaryl; heterocycloalkyl;  (C1-C0)alkyl substituted by 1-3
substituents independently selected from -COOH and NH2 -~-R35  -SO3H; or R36
, wherein e and e are independently selected from the group  



25 consisting of H, alkyl, or R37-substituted C1-CB alkyl, wherein R31 is
selected from the group consisting of HO-, HS-, CH2S-, -NH2, phenyl,
p-hydroxyphenyl and indolyl;  R24 and R' are independently selected form the
group consisting of H, CI-C6 alkyl, halo(C,-C5)alkyl, C2 CB alkenyl,
halo(C2-CB)alkyl, C2 CB alkynyl, aryl, aryl 18 APRIL 2006  WO 03/033501
PCTIUS02/32936 -5 



(C1-C6)alkyl, C; C-rcydoalkyl, halo(C, C7)cycloalkyl,
(C,-C3)alkoxy(C,-C3)-alkyl,  'hydroxy and C1-C6 alkoxy; R26 is
C3-C,-cycloalkyl, aryl, aryl-(C1-C6)alkyl, heteroaryl, heteroaryl-
(Cl-C6)alkyl or (C,-C6)alkylamino; 5 R27 is C,-C6alkyl, phenyl, benzyl,
(C1-C3)alkoxy(C,-C3}alkyl, (C3-C,}cycloalkyl,  carboxy(C,-C6)alkyl,
sulfo(C1-C6)alkyl, or (C1-C6)alkyl substituted by NRtBR1B and  carboxy; 



R26 is H, C1-C6 alkyl, phenyl, benzyl or (C,-C3)alkoxy(C,-C3)alkyl; R29 and
R30 are independently selected from the group consisting of H and  10. CI-C6
alkyl; R31 is (C,-C6)alkyl; halo(C1-C6)alkyl; CZ C6 alkenyl; halo(CZ
C6)alkyl; C2 C6  alkynyl; C3-C,-cycloalkyl; (C3-C7)cycloalkyl substituted by
1 to 3 substituents selected  from the group consisting of halo,
(C,-C3)alkoxy(C,-C3)alkyl, hydroxy and C1-C6  alkoxy; aryl;
aryl(C,-C6)alkyl; heteroaryl; heterocycloalkyl; (C,-C6)alkyl substituted by 



15 1-3 substituents independently selected from -COON and-S031-1; or
(Cl-C,)alkoxy;  R32 is R3G-(C1-C6)alkyl, R36-(Cg C,)cycloalkyl, R36-(C2
C6)alkenyl, R35-(CZ C6)- alkynyl or R-aryl, wherein R35 is 1 or 2
substituents independently selected from the  group consisting of H, -COOH,
-NH2, -SO3H, =0 and =NOR'; and R33 and R34 are independently selected from
the group consisting of H,  3 (C1-C6)alkyl and C3-C7-cycoalkyl. This
invention also relates to a method of using a compound of formula I in the  



treatment of thrombosis, atherosclerosis, restenosis, platelet aggregation,
coagulation, cancer, inflammatory diseases or respiratory diseases,
comprising 25 administering a compound of formula Ito a mammal in need of
such treatment. In  particular, the present invention relates to a method of
using a compound of formula I  in the treatment of thrombosis,
atherosclerosis, restenosis, hypertension, angina  pectoris, arrhythmia,
heart failure, myocardial infarction, glomerulonephritis,  thrombotic
stroke, thromboembolytic stroke, peripheral vascular diseases, cerebral 



30 ischemia, cancer, rheumatoid arthritis, systemic lupus erythematosus,
multiple  sclerosis, diabetes, osteoporosis, renal ischemia, cerebral
stroke, nephritis, 18 APRIL 2006  WO 03/033501 PCTIUS02/32936 -6
inflammatory disorders of the lungs and gastrointestinal tract, reversible
airway  obstruction, chronic asthma or bronchitis. It is contemplated that a
compound of this  



invention may be useful in simultaneously treating more than one of the
diseases  listed. 5 In another aspect, the invention relates to a
pharmaceutical composition  comprising at least one compound of formula I in
a pharmaceutically acceptable  carrier. In yet another aspect, the invention
relates to the novel compounds represented by the structural formula 



H 10 w wherein W and Z are as defined in the following table: WZ -S- CF3 



-S(O)- CF3 //O  CF3 -0- CF3 
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F  ci aici -0- I, ~ci 



-0- I ~  ci 0 CF3 



0 CF3H 6QQ NIH~ 1CF3 ~~ 0 



6 1CF3H 6+~.NJLH 1CF3 I\ -NH- 6 



CF3 -4- 0 61 CF3 \ an 



6N CF3 18 APRIL 2006 WO 03/033501 -8 0 CF3 



\0 \N~ CF3 AIN H FH ,j_ 



\ FO /11111H~  IV NH2   FI 



Ft~NxH F -N(CH3} CF3 PCT/US02/32936 DETAILED DESCRIPTION: The present
invention relates to substituted tricyclic himbacine derivatives  



having one or more of anti-thrombotic, anti-platelet aggregation,
antiatherosclerotic, 5 antirestenotic and anti-coagulant activity.
Thrombosis-related diseases treated by the  compounds of this invention
include thrombosis, atherosclerosis, restenosis,  hypertension, angina
pectoris, arrhythmia, heart failure, myocardial infarction,
glomerulonephritis, thrombotic and thromboembolytic stroke, peripheral
vascular  diseases, other cardiovascular diseases, cerebral ischemia,
inflammatory disorders, 10 neurodegenerative diseases and cancer, as well as
other disorders in which thrombin 



18 APRIL 2006  WO 03/033501 PCT/US02/32936 -9 and its receptor play a
pathological role. Thrombin receptor antagonists are also  known as protease
activated receptor (PAR) antagonists. The compounds of the invention also
bind to cannabinoid (CB2) receptors and  are useful in the treatment of
inflammatory diseases or respiratory diseases such as  



5 one or more of rheumatoid arthritis, systemic lupus erythematosus,
multiple sclerosis, diabetes, osteoporosis, renal ischemia, cerebral stroke,
cerebral ischemia, nephritis,  inflammatory disorders of the lungs and
gastrointestinal tract, and respiratory tract  disorders such as reversible
airway obstruction, chronic asthma and bronchitis. Preferred definitions of
the variables in the structure of formula I are as follows:  3 The sum of n1
and n2 is preferably 2-3, more preferably 3. Especially  preferred are
compounds of formula I wherein n1 is 1 and n2 is 2, or n1 is 0 and n2 



is 3. R is preferably 1 substituent selected from the group consisting of H,
C1-Ce  alkyl, halogen, hydroxy, amino and (C,-C5)alkoxy. 15 R' and R2 are
preferably independently selected from the group consisting of H  and C,-Ce
alkyl; more preferably, R' is C1-C5 alkyl and R2 is H. R3 is preferably H,
hydroxy, Cl-Cealkoxy, halogen, C3 C6 cycloalkyl, -CN,  (C,-C6)alkyl, -000R"
or-NR4R5, more preferably H, hydroxy or (C,-C6)alkyl.  



Het Is preferably pyridyl or quinolyl attached to B by a carbon atom ring
90 member, and substituted by I to 4 substituents selected from W. W is
preferably selected from -NRR5, -NHCOR28, -NHSO2R16. R21-aryl and
heteroaryl. R' and R5 are preferably independently selected from the group
consisting of  H, C1-Ce alkyl and C3 Ce cycloalkyl, or Rand R5 together are
-(CH2)3 , -(CH 2)4 or 25 -(CH2)5 and form a ring with the nitrogen to which
they are attached.  



R5, R70 and R" are preferably H or (C1-C6)alkyl. Re is preferably H, OH or
C1-Cealkoxy.  B is preferably trans -CH=CH-. R1 is preferably Cl-C alkyl. 18
APRIL 2006  WO 03/033501 PCT/US02/32936 -10 



R21 is preferably I to 3 substituents independently selected from the group
consisting of H, -CF3, -OCF3, halogen, -CN, C1-CB alkyl, C,Ce alkoxy, -NH2
and  -CRR(=NORM). RR is preferably -CORO, -S(O)2R3' or -COORZ'. 5 R23 is
preferably C3-C7-cycloalkyl; (C3-C7)cyclo-alkyl substituted by I to 3
substituents selected from the group consisting of halo,
(C,-C3)alkoxy(C,-C3)alkyl,  hydroxy and C; CB alkoxy; (C,
C7)cycloalkyl(C,-C3)alkyl; aryl; and aryl(C1 C3)alkyl.  



More preferably, R23 is C3-C7-cydoalkyl; (C, C7)cycloalkyl(C,-C5)alkyl or
aryl-(CZ  CB)alkyl, especially cyclopropyl, cyclopropylmethyl, and benzyl.
10 R27 is preferably Ci-Cealkyl, phenyl, benzyl, (C,-C3)alkoxy(C,-C3)-alkyl,
or  (C3-C7)-cycloalkyl. R28 is preferably H or C,-Ce alkyl. R31 is
preferably (C,-CB)alkyl, C3-C7-cycoalkyl, aryl or aryl(C1-C3)alkyl, more
preferably (C,-CB)alkyl or aryl(C7-CB)alkyl, especially (C,-C3)alkyl or
benzyl. 



15 Unless otherwise defined, the term "alkyl" or "lower alkyl" means
straight or  branched alkyl chains of I to 6 carbon atoms and "alkoxy"
similarly refers to alkoxy  groups having 1 to 6 carbon atoms. Fluoroalkyl,
difluoroalkyl and trifluoroalkyl mean alkyl chains wherein the  20 terminal
carbon is substituted by 1, 2 or 3 fluoroatoms, e.g., -CF3, -CH2CF3,
-CH2CHF2 or -CH2CH2F. Haloalkyl means an alkyl chain substituted by I to 3
halo  



atoms. "Alkenyl" means straight or branched carbon chains of 1 to 6 carbon
atoms  having one or more double bonds in the chain, conjugated or
unconjugated. 25 Similarly, "alkynyl" means straight or branched carbon
chains of 1 to 6 carbon atoms  having one or more triple bonds in the chain.
Where an alkyl, alkenyl or alkynyl chain  joins two other variables and is
therefore bivalent, the terms alkylene, alkenylene and  alkynylene are used.
Haloalkenyl means an alkenyl chain substituted by I to 3 halo  



atoms. 30 "Cycloalkyl" means a saturated carbon ring of 3 to 6 carbon atoms,
while  "cycloalkylene" refers to a corresponding bivalent ring, wherein the
points of 


















