WD 03/ 033501 PCT/ US02/ 32936 5 HI MBACI NE ANALOGUES AS THROWVBI N RECEPTOR
ANTAGONI STS 10 BACKGROUND OF THE | NVENTI ON 15 Thrombin is known to have a
vari ety oWoacwsisities in different cell types and thronbPQTIES0BEI966 S ar e
known to be present in such cell types as human platelets, vascular snpoth
nmuscle cells, endothelial cells and fibroblasts. It is therefore expected
that thronbin receptor antagonists will be useful in the treatnent of
thronbotic, inflammtory, atherosclerotic and fibroproliferative disorders,
as-well as 20 other disorders in which thronbin and its receptor play a

pat hol ogical role. Thronmbin receptor antagoni st peptides have been
identified based on structure-activity studies involving substitutions of
am no acids on thronbin receptors. |In Bernatowicz et al, J. Med. Chem, 39
(19@%), p. 4879-4887, tetra- and pentapeptides are disclosed as being
potent thrombin recgpholkre i 380MkHS s [ RRoAPHEXATEVTOR ANTAGONISTS

N-trans- ci nnanoyl - p- f | uor oPhe- p- guani di noPhe- Leu- Arg- NH2 and N-trans-

ci nnanoyl - p- f | uor oPhe- p- guani di noPhe- Leu- Ar g- Arg- NH2. Pepti de thromnbin
receptor anatgonists are also disclosed in WO 94/ 03479, published February
17, 1994. Cannabinoid receptors belong to the superfamly of Gprotein
coud ed receptors. They are classified into the predom nantly neuronal CB1
receptors and the 30 predom nantly peripheral CB2 receptors. These
receptors exert their biological actions by nodul ati ng adenyl ate cycl ase
and Ca+2 and K* currents. Wiile the effects of CBl receptors are

princi pdAgKeReNINpLOf ™It INVENTIEeN ral nervous system CB2 receptors are
beli eved 10 have peripheral effects related to bronchial constriction,
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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 Bernatowicz et al, J. Med. Chem., 39 (1996), p. 4879-4887, tetra- and
pentapeptides are disclosed as being potent thrombin receptor antagonists, for

25 éxample N-trans-cinnamoyl-p-fluoroPhe-p-guanidinoPhe-Leu-Arg-NH2 and N-tfrans-
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 CB, receptors and the
30  predominantly peripheral CB,receptors. These receptors exert their biological
actions by modulating adenylate cyclase and Ca*? and K* currents. While the effects
of CB, receptors are principally associated with the central nervous system, CB,
receptors are believed to have peripheral effects related to bronchial constriction,
immunomodulation and inflammation. As such, a selective CB, receptor binding
35  agentis 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,



H nbaci ne, a piperidine alkaloid of the forrula O HHO CHs HH H3C-
~~\H 5 H3CQ\" has been identified as a nuscarinic receptor antagonist. The
total symwbasiosssof (+)- hinbacine is disclosed in Chackal acarusot/3mse at, J.
Am Chem Soc., 118 (1996), p. 9812-9813. 10 SUMVARY OF THE | NVENTI ON The
present invention relates to thronbin_peceptor antagonists represented by
the formula | o R3 RI0O xe CH2)nl .R (r) RR2 Rl 8 (CH2)n2 R2- Het | or a
pharmaceutically acceptable salt thereof, wherein: 15 Ris | to 3
substituents independently selected fromthe group consisting of H Cl1-C6
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d|fluor 1- C6)al kyl rifl kyl, C3 C6 cycloal kyl,
aryI(C M&%@tﬁ%%ﬁ%ﬁés no- (Cl- 20 C6)-al kyl, aryl and
t hi o( Cl1- C6) ahlhydacu%l aaﬂseﬁ@neraekalaféemnée&tnhmsel ected fromthe group
consisting of H Cl1-C6 al kyl, fluoro(Cl-C6)alkyl, difluoro(Cl-C6)alkyl,
trifluoro-( Cl-C6)alkyl, C3 C6 cchDo&l kyPH WD 03/ 033501 PCT/ US02/ 32936 - 3
C2-C 6 al kenyl, aryl (Cl1-C6)al kyl , I , Cl- C6) al kyl, ami no(Cl1-Cs)al kyl,
aryl and thio(Cl-C6)alkyl; or R Oand et her forman =0 group; R3 is
H, hydroxy, Cl-C6al koxy, . aryI oxy, &ry yal>€h) al kyl oxy, heteroaryl oxy,
het er oar yl (C1- C6) al kyl oxy, (C3 C@Hsyé‘l aql kyl oxy, -SOR16, -S02R17,
- S02NR18R19, 5 -SR -SMBH, - (O ORLf,c- CL@HNRLBR19, - OC( O R32,
- OC( O) NR33R34, N

5 HaC\

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.

10 SUMMARY OF THE INVENTION

The present invention relates to thrombin receptor antagonists represented by

the formula |

or a pharmaceutically acceptable salt thereof, wherein:

15 R is 1 to 3 substituents independently selected from the group consisting of H,
C.-C, alkyi, halogen, hydroxy, amino, (C,-C,)alkyl-amino, (C,-C,)-dialkylamino, (C.,-
C,)alkoxy, -COR'" , -COOR’, -SOR’®, -SO2R", -SO,NR"R", -NR"SO,R",
-NR™COR™, -NR"®COOR"'®, -NR'®*CONR*R®, fluoro-(C,-C,)alkyl, difluoro(C -C,)alkyl,
trifluoro(C,-C )alkyl, C-C; cycloalkyl, aryl(C -C )alkyl, hydroxy(C -C )alkyl, amino-(C -

20 C,)-alkyl, aryl and thio(C -C )alkyl;

R" and R? are independently selected from the group consisting of H, C,-C,
alkyl, fluoro(C,-C,)alkyl, difluoro(C,-C,)alkyl, trifluoro-( C.-C )alkyl, C,-C, cycloalkyl,



- (CR33R34) nOR32, -NR4R5, -NR 33C0OCR32, -NR 33COR 32, -NR 33S (0)2R 32, -NR
33CONR33R34, -NR 33S(0O 2NR33R34, -(CR33R34) NR4R5, -(CR33R34) nNR33000R32,

- (CR33R34WONBRB3BOR32, - ( CR33R34) nNR33S(0) 2R32, - ( CR33R34) mNRABEIBHIBER34,

- (CR33R34) ~NR33S(0) 2NR33R34, (C1-C6)al kyl, (hal ogen, C3 C6 cycl oal kyl, 02
C6 al kenyl, 10 -CN, aryl, heteroaryl,_heterocycloal kyl, -P(0)(0R7)2 or
(Cl1-Co)al kyl substituted by 1 to 3 substituents independently selected
fromthe group consisting of halogen, -OH -NH2, aryl, -COOH, -SQBH, thio
and (Cl-C6)al kylthio; nis 1, 2, 3 or 4; nl and n2 are independently O0-3,

provi ded 4o re & i lkyblamins(Q +¢ 95kl enfiendr oar onati c
group gcgi%lge@’ %@@%%el%ﬁﬁﬁ%%ﬁﬁ%?mgalg cranrlbo(n1ategrrsyand l1to4

het er ogjgne CIARRENGER! Lia RIS A (P tpg@ipyp consi sting of N 0 and

S, whe 'nf'trogen can“forman N oxi or a quaternary group with

a Cl-C4 al kyds ig P Hydradye Ceid afiteky | aryrixypaahd(€, 1@, )Bkylpxy, hetardssyWory.om ri ng
menber, and V\/nlereiqﬁ/ tc#gel—ét 6grou)p/) i&rg substituted b
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subst i hesrbaryll@,-C dkkpleu¢,e(|®3+Q6)s3eilQﬂik3§dXY,r-SI@R1ﬁe' R '§9a§1852%1ng of Cl1-C6
al kyl; -NR4R5; -N 6; - NHSO2R 6: s ar vl @ n adj acent carbons
f 0Bm a -BRKg -80:H, LIRORT eRb@INRY n?éé(gé%%j"@é{ém%oar yl ;J 25 R4 and R5
are ind 32S §| ed b 2 VP CTOR SINGEP 24 Cl-C6 al kyl,
phenyl ,'&ggﬁ%/eﬂ”%%d’wsfﬁ\g:@cﬁ?a IEyl?Nigr@FM a’n([j\mRS o)ggt heg are -( CHZ%IS
- ( CH2) ANR®CONBPIRY -NRHHD)RRER, qmséR%{‘mRﬁf’m(gRﬁH%g)nNRﬁ@Q@B mi t rogen

per) Usotr B NRECRRIER RPN S Rrass el S oM &8 T rom ¢ ne
group Q@fs%;)%? g@%@?ﬂ@ﬂ&@%@ﬁ%ﬁﬁyu RalbgeC -%B?B@a@ﬂ,@%é kldepyl, hal ogen

or halo - ( - or cis or trdans -(

2)4pf CRIZRCRIAI2 hSH2dasI, heberbeycloalByl, sPOOKQRMor & dhdalkgl substituiee pyrldent | y
0-2, and RI2 and R123 are indePendentIy sel ected fromthe p%roup onsi sting
of H, Glsistaldyts imtepandeoty selertes! finan theaodp sonsabpe REBAIBENseY et ed from

the gropp, cons! 2488, BoH R and ( -c,alkyithio;
nis1, 2, 3 or4;
n1 and n2 are independently 0-3, provided both are not O;

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, O 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. '

20  substituents, W, independently selected from the group consisting of
C,-C; alkyl;

NR‘R®; -NHCOR™; -NHSO2R";
R21-aryl; aryl wherein adjacent carbons form a ring with a methylenedioxy group; and
R¥-heteroaryl;

25 R and R’ are independently selected from the group consisting of H, C,-C,
alkyl, phenyl, benzyl and C_-C, cycloalkyl, or R and R° together are -(CH,).-,
-(CH2),-, -(CH2),- or -(CH2)2NR7-(CH2)2- and form a ring with the nitrogen to which
they are attached;

R'is H or (C.-C,)alkyl;



al kyl, phenyl and benzyl; R', R6 and R 9 are independently selected from
the group consisting of H 10 Cl-Co6al kyl, phenyl and benzyl; R21 is | to 3
substi t uewD3j0sasependent | y sel ected fromthe group consi sPCA@S0t/32984 - CF31
- OCF3, hal ogen, -NO2, -CN, Cl-C6 al kyl, Cl1-C6 al koxy, -NH2, (Cl-C6)-alkyl -
am no, di-((C 1-C6)al kyl)am no, am no(£1-C6) al kyl,

(C1-C6) - al kyl am no(C1-C6)al kyl, di-(( Cl-C6)al kyl)-am no(C1-C6)al kyl,

hydr oxy- ( Cl1-C6)al kyl, -COOR1l7, -COR', 15 - CONR24R25, -NHCOR16, -NHSO2R 6,
- NHSQ2CH2CF3, - S02NR24R25, -NR 29C( O NR24R25, -S02R30, -P(O (OR29)2, aryl,

aryl (C1- C6) gl h roaryl het er ocycl oal.kyl ,, and - 9= 1, 21s
_ COR23, -S(%Rglﬁf an )Q%‘%?é?%g%@@%@%a ffc@ﬂ?z??o”ﬁ%siﬁmm and®

hal o( C1-(C8).al kyl ; C2_ C6 al kenyl ; hal o(C2- C6) al kenyl ; C2-C6 al kynyl; 20 C3
C7-cycloal'kyl ; (C3 C7)cycl oal kyl (C1-C6)al kyl; (C3 C7)cycl oal kyl substituted
by 1 to 3 t i tyant 1 ngy sfilpg of hal o,
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al kenyl, halo(C2 C6)al kyl, Ca C6 al kynyl, aryl, aryll WD 03/033501
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or1( C1-6gadikyl| phém;and tedizyl;s Cl- C6al kyl, phenyl, benzyl,

( C1- 3) al kdxy(Cl- C3)-al kyl, " (C3-C7)-cycl oal kyl, carboxy(Cl- C8) al kyl ,
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amino, di~(( C.-C,)alkyl)amino, amino(C,-C)alkyl, (C,-C,)-alkylamino(C -C,)alkyl,
di-(( C.-C,)alkyl)-amino(C-C,)alkyl, hydroxy-( C,-C )alkyl, -COOR'"", -COR",

156 -CONRZR?, -NHCOR®, -NHSO,R®, -NHSO,CH,CF,, -SO,NR*R?,
—NR#®C(O)NR*R?, -SO,R¥, -P(O)(OR?),, aryl, aryl(C,-Ce)alkyl, heteroaryl,
heterocycloalkyl, and —-CR*(=NOR?*) ;

2

R*is —~COR™, -S(0)R*, -S(0),R*, -SO,NR**R% or -COOR?’;

R is halo(C,-C,)alkyl; C,-C, alkenyl; halo(C,-C )alkenyl; C,-C; alkynyl;

20  C4-C;-cycloalkyl; (C5-C;)cycloalkyl(C -C,)alkyl; (C4-C,)cycloalky! substituted by 1 to 3
substituents selected from the group consisting of halo, (C,-C;)alkoxy(C,-C;)alkyl,
hydroxy and C,-C, alkoxy; aryl; aryl(C,-C )alkyl; heteroaryl; heterocycloalkyl;
(C,-C,lalkyl substituted by 1-3 substituents independently selected from —-COOH and

- _é_R35
|

-SO,H; or R¥  wherein R* and R® are independently selected from the group
25  consisting of H, alkyl, or R¥-substituted C,-C; alkyl, wherein R¥ is selected from the
group consisting of HO-, HS-, CH,S-, -NH,, phenyl, p-hydroxyphenyl and indoly};
R* and R* are independently selected form the group consisting of H,
C,-C, alkyl, halo(C ,~Cpalkyl, C,-C, alkenyl, han(CZ-C6)aIkyl, C,-C, alkynyi, aryl, aryl-



R29 and R30 are independently selected fromthe group consisting of H and
10 C1-C6 alkyl; R31 is (Ci1-Co6)al kyl; halo(Cl-C6)al kyl; Ca C6 al kenyl;

hal o( Cz O8paBkydspr C2 -C6 al kynyl; C3 C; cycloal kyl; (C3- @Crassot/seaBky|
substituted by 1 to 3 substituents selected fromthe group consisting of
hal o, (Cl1-C3)al koxy(Cl-C3)al kyl, hydroxy and Cl-C6 al koxy; aryl;

aryl (C1-C6) al kyl ; heteroaryl; heterocycloal kyl; (Cl-C6)al kyl substituted by
15 1-3 substituents independently selected from-COOH and- S031-1; or
(d-0Ce)al koxy, R32 is R35-(Cl-C6)al kyl, R35-(C3-C7)cycloal kyl, R35-(C2

C6) al keqy Bﬁ@r (@C%}cloakgﬁwﬂﬁio oL C%?c@éudyl 3%%5%@ -C3)- élk9

substi tuent% ndependent [y sel ecte fromt oup consi $t1 ng of H -

- NH2, B@nya@dmdcgwgi and R33 and R34 are |ndependently sel ected from

th H, C6) a d C | oal kyl Thi
i n\e/e%[ iOch)P\ gloégé lgéﬂ(géqulgalgyl,,z@[yﬁ, bﬁ‘e dé \ﬁllﬁyg?‘@@fﬁéwﬁ%&%}‘ r‘rﬁl a l | ;Sn t he
treat ne 16‘2:)3&& Irr&gg(;;a?‘kgfmf\gscl erosi s, rest enos! s, plat e! et aggregation,

coagul a oty dlseases or resplratory di seases,
comri si ng 2R7Ad 0t WG] «ocféﬁ%gmgé 81k cydlodlRgd of
such treatnent. ‘baﬁlé:}gellﬁl t he ésé ht |‘°’>L F@n@ra) (t:yo a net hod

of usi ngarboxm@omr)dlkw stifo(@1-@, )alkyl, or ((heCt)eﬂql ﬁ@bﬁtlt@tfedtttyr RREES? and
at heroscl erosi s, Testenosis, hyperten5| on, angi na pectoris, arrhythm a,
heart fedrbaxy, nyocardial i nf arction, glonerul onephritis, thr onbotic

L oker (N oBBOERRRLIE! B3] 9K, BECALS CL I R0 hemf osus,
St okb, nephi (15 R 57 uaaie BeRPRRAST D0 LR Foub TSR oF ARG e o

of 10he Cpﬁgsalla/rhd gast r oi nt estl naI tract rever 5| bI e ai rway obst ruction,
chronic asthnp bronch con terrp at hat a corrpound of this

Id nventi on msﬁ U@ Gs@f iﬁlk)ﬂnh%lpfﬁqr@@\ﬁ@%hgzspst?‘EQ@YlnbalﬁﬂPzefg)ﬁlM &}ecpf t he
phar Rl E LB oS suPSRE By 138 S HBuRrts sPiseter
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invention relates to the novel conpounds “represente the structural
f or nul aadlkoxy; aryl; aryl(C -C )alkyl; heteroaryl heterocycloalkyl (C,-C )alkyl substituted by

15 1-3 substituents independently selected from -COOH and —SO,H; or (C,-C,)alkoxy;
R*is R*-(C,-C,)alkyl, R*-(C4-C,)cycloalkyl, R*-(C-C,)alkenyl, R®-(C -Cq)-
alkynyl or R®-aryl, wherein R® is 1 or 2 substituents independently selected from the
group consisting of H, -COOH, -NH,, -SO,;H, =O and =NOR?; and
R* and R* are independently selected from the group consisting of H,
20 (C,-C,alkyl and C;-C,-cycloalkyl.

This invention also relates to a method of using a compound of formula | in the
treatment of thrombosis, atherosclerosis, restenosis, platelet aggregation,
coagulation, cancer, inflammatory diseases or respiratory diseases, comprising

25  administering a compound of formula | to a mammal in need of such treatment.. In
particular, the present invention relates to a method of using a compound of formula !
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,



OHHOHZ H3CHN 10 Wwherein Wand Z are as defined in the follow ng
table: WZzZ -S- CF3 -S(O- CF3 O S CF3 CF3 -OF WO 03/033501
PCT/ US02/\8P936335677- -0 F I/ F O 6¢l " -O ci -O ci cl PCr@sb2/3293¢ CF3

-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 | in a pharmaceutically acceptable
carrier.

In yet another aspect, the invention relates to the novel compounds

represented by the structural formula

10
wherein W and Z are as defined in the following table:
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DETAILED DESCRIPTION:

The present invention relates to substituted tricyclic himbacine derivatives

having one or more of anti-thrombotic, anti-platelet aggregation, antiatherosclerotic,

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.



R3 is preferably H hydroxy, Cl-C6al koxy, hal ogen, C3-C6 cycl oal kyl, -CN,
(C1-Co)al kyl, -000R' or -NR4R5, nore preferably H hydroxy or (Cl- 06) al kyl .
Het is prwbe)mkﬂsyl pyridyl or quinolyl attached to B by a e®emrhisn2/zem ri ng
20 nenber, and substituted by 1 to 4 substituents selected fromW Wis
preferably selected from-NRARS, -NHCORR6, -NHSC2R16, R21-aryl and
heteroaryl. R4 and R5 are preferably independently selected fromthe group
consisting of H, Cl1-C6 alkyl and C3 -C 6 cycloal kyl, or R4 and R5 together
are -(CH2)3 , -(CH2)4 or 25 -(CH2)5 and forma ring with the nitrogen to

whi ch t bey igy eceptcr a paﬁ%ﬁ)l (gl:@l Nl ﬁlrjen%lﬁ r@é@étéf %ﬁt’a@oﬁls% a(ecél’s@) al kyI

RO is preferably H, I's prefera trans -
i s pref ér\@wnyamm@a%a agtlvataon mmag@msngse -10 R21 |s

onsi st i ny of 1 CoBpaide AL TpERTASS Blod aeiabinia (CER) (bR RS AR - ooz
and - CBR9(1sBKRABIhe FBAmicht BY ﬁ‘fﬂ%hﬂhéwrg gidaades oSfé@p?rB@éryQﬁse&%ﬂ:h as R23

is preferably C3 C7-cycloal kyl; (C3-C7)cyclo-alk subsfituted by 1 to 3
sub$t i t @BRIQY NBereet BgUMageir dthrigs osysteditkiupus egyt emaémws multiple sclerosis,

&7) oyl QR &R el e el b el Sefore e it

R23 is lﬁff]aﬁ?melt(m'y@bédr?érs c(f(ﬂ|3e Wﬁgsy@ﬂ\d)?éktyélﬁ@bgﬁgl)t@édtyén%ge%fs?dt@ tre@% al k%:

especi a opro clo me and benz is prefera

ClpC6aI gﬁ/ g%r h 5)% {,e?/ ble(%yv%% g&@pcq rgg)c_%sftéma anf bronchmsIo y
C3- C7) - cycl eg K bl

(S5 G0 vl 9btes Efinon U @Rk Rin Ly Kyl Bl L A EABLRELY

(C‘IOCG) al kyI Tine sumg lof @1%@)&2 leypreferaplyc-a| mpr@ 6reféfab)|5aBk)Espameblgnzyl 15

Unl ess ot herw se defined,

or * br aREHBHEHAg1COBPRRLNGS 6 1o/ VB BiSch e ARG e RoRJ"S Biand agly”

refers tp3zal koxy groups having | to 6 carbon atons.
R is preferably 1 substituent selected from the group consisting of H, C,-C,
alkyl, halogen, hydroxy, amino and (C -C,)alkoxy.
15 R' and R? are preferably independently selected from the group consisting of H
and C -C_ alkyl; more preferably, R"is C -C_alkyl and R? is H.
R®is preferably H, hydroxy, C -C,alkoxy, halogen, C_-C_ cycloalkyl, -CN,
(C,-C,)alkyl, -COOR" or -NR*R®, more preferably H, hydroxy or (C,-C,)alkyl.
‘ Het is preferably pyridyl or quinolyl attached to B by a carbon atom ring
20  member, and substituted by 1 to 4 substituents selected from W.
W is preferably selected from -NR*R?, -NHCOR™, -NHSO,R", R*-aryl and
heteroaryl. |
R*and R’ are preferably independently selected from the group consisting of
H, C,-C, alkyl and C-C, cycloalkyl, or R and R’ together are -(CH,) -, -(CH,) - or
25  ~(CH,),- and form a ring With the nitrogen to which they are attached.
R,R"andR" are preferably H or (C.-C )alkyl.

R’ is preferably H, OH or C ;-Calkoxy.
B is preferably trans —CH=CH-.
R is preferably C.-C, alkyl.



Fl uoroal kyl, difluoroal kyl and trifluoroal kyl nmean al kyl chains wherein the
20 termnal carbon is substituted by 1, 2 or 3 fluoroatons, e.g., -CF3,

- CH2CF3, wo@Blagide or - CH2CH2F. Hal oal kyl nmeans an al kyl ®kaiusozsdsd it ut ed
by 1 to 3 halo atonms. "Al kenyl" nmeans straight or branched carbon chains
of 1 to 6 carbon atons having one or gpre double bonds in the chain,

conj ugated or unconjugated. 25 Simlarly, "al kynyl" means strai ght or
branched carbon chains of 1 to 6 carbon atonms having one or nore triple
bonds in the chain. Were an al kyl, al kenyl or al kynyl chain joins two

and " al kynyl BueseeBol I SUPrBhyRTR e Aorflaeed iR e BB S0y

| to 3 bahsisting offtl, &F " OCF onblogen, RERNE & sakylf 8l-ed afahyONH), aadof 3 to 6
carbon atons, while "&ycloalkylene" refefs®o a corfesponding” bival ent

ring, wWhERS(ENOR?®poi nts of WD 03/ 033501 PCT/ US02/ 32936 -11 attachnent to
ot her groups ipclude all positjonal and stereoi somers. Hal ocycl oal kyl

means a cylcl &al isﬂreferﬁglys&f& t @YY o -EOBRAal o at ons. . f
at ofe conpr | Searre BBy RGBS Ayt e TR B L B e v om

the 5 gubstifuentsssededted fioin tHe grou@-co&isfbtmbl%f-hdld),i(@%@3?&k©m0§-ﬁgyalbjl, t he
nol ecul e throuag_L on atom _Exanpl es of heterocycl o-al kYI gCrou s are
ryi(C,-C )al

h
t2 ;a? fgﬁli BV%‘SH;)’]C r%ér‘l(églrai I@XMS/I(%'? ?F@ﬁj}ﬁ’l‘(&ﬁ@ﬁhﬂhﬂﬂ'w?ndai dro Y'; anyl
- 2- 24- i.di < zi - A- ,
2 mor phIOTR e a. Rivle RRerofddiin: GEraaumes Rile Eorlb btaRtE > "
hlorine, . c : RS ioin to f .
o et QR bR Fop e R R T80 Lo Lot e ring

1- pgrrol i di nR? islprefereblydd 13 laliam Hbl‘gﬂ'l,ﬂ%rﬁ I, Mgl-C. ydnessi o -G, Paikpl, Ber azi nyl
ring may al so be substi fut'ed’ alﬁmﬁ]e - posi '?i gn1 ni‘t roé?r(] b%g g?oup R7.
"Di hydr §xyCoreya®alkyyl " refers to an al kyl. chain substituted by two hydroxy

aroups, O L WRSEL I SRetySEPENGUGR. 15 LAVl reans phenyl napntiyl,
2 159 carboh atoneraa oy Lo e E G BRI T o The
group cprgesibiyn(C oC, likyPorad|(S, -y deshddidly (01&C, )alkyl or benzyl.
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Unless otherwise defined, the term "alkyl" or "lower alkyl" means straight or
branched alkyl chains of 1 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., -CF,, -CH,CF,,

-CH,CHF, or —-CH,CH,F. Haloalkyl means an alky! chain substituted b‘y 1 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 alkeny! chain substituted by 1 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



rings do not include adjacent oxygen and/or sulfur atoms. N-oxides of the
ring 20 nitrogens are also included, as well as conpounds wherein a ring

ni trogen We 03ssd38t i tuted by a C -C4 al kyl group to form aPqWAtSe?/sea8s am ne.
Exanpl es of single- ring heteroaryl groups are pyridyl, oxazolyl,

i soxazol yl, oxadiazolyl, furanyl, pyrrghyl, thienyl, imdazolyl,
pyrazolyl, tetrazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyrazinyl,
pyrimdyl, pyridazinyl and triazolyl. Exanples of bicyclic heteroaryl
groups are 25 naphthyridyl (e.g., 1, 5 or 1,7), imdazopyridyl,

pyri dof %ﬁg&mmeﬂwcpbmer 8PdefbéijMBb’Hll§5cf§ft'ionaﬁ‘%ﬂd t@@}.mﬂér&' Hﬁ?@f@ééﬁylo‘c

benzof used heteroaryl s are in qui no I'soquin
pht hal ameayis, a bycloaliklyl emy substiteted tiyhi wamajmam¢ ben2| m dazol yl ,

T o HERISS BE I ap B RAR b PeRGRl otRT 7
W subst bidthg doR{drid@HeIrepiovd ch@oflatofd il td B%érd@?&h%'s@i%?rbh“ﬁ@b' e

ring carbon atons have a substituent as defined above re adj acent
car fon gtapsconsisiing of 9, wbt an(é.ﬁNRé'i]O}l‘lﬁEﬂ’l@ f@leo‘ept of the melenyledhealighxg gr oup.

single PREGh A0N) EraTRE SRS Ea-ARUpll ore grieihul el

i mredi atettahyeibomiophsh-26A, Iteﬁéh)tdrorztﬁira@ylm%mmﬁwhzﬁperbgmypwrwdreyl
(e.g., 1,4 or 7,8) or henanthrolln

groups érFé/r?BY‘ngd“@@@"BW;ﬁ@ Wlﬁm@é@fﬂﬁwygl ng nember, e.g., Het i s
2-pyridyl, 3mpyibagh o fgrs‘){ ﬁuoqw n8ﬂ1l¥5hneEél%rﬂ?bﬁsorandlggt@f]gﬁlsyl groups

wher ei n adj acent 2car bor & otma rrng w € group are

2, 3Hcycl openvemnapRe ianidried joih ©-foyra |a0rh$g<wlitﬁﬁblé lrﬂrcﬁ@rﬁfdmvﬁlcﬁ-they are
cyclohepteno ridine. NH2 C R35 When R22 is - and R23 is | R36 ,
this gr8tiach éheéwﬁ foened are a)fpygr@lld@ymzpln@ﬂ@m@l m@ -PIPErFFNYS WRereIn R36

o1 oo HE BRI 08 A0, SEhAaRLERRE Lhatioh HIEn L MRUPRL |
t her oni ne, cVBH‘@deMY(Gy@@)aégyl"aefarytqnan ratky| Thainahidstitided bgrtwnt s draver ei n,
for exanple, R4 and R5 are said to be
groups on two different carbon atoms.
15 "Aryl" means phenyl, naphthyl, indenyl, tetrahydronaphthyl or indanyl.

* "Heteroaryl" means a single ring, bicyclic or benzofused heteroaromatic group
of 5 to 10 atoms comprised of 2 to 9 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

20  nitrogens are also included, as well as compounds wherein a ring nitrogen is
substituted by a C,-C, alkyl group to form a quaternary amine. Examples of single-
ring heteroaryl groups are pyridyl, oxazolyl, isoxazoly!, oxadiazolyl, furanyl, pyrrolyi,
thienyl, imidazolyl, pyrazolyl, tetrazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyrazinyl,
pyrimidyl, pyridazinyl and triazolyl. Examples of bicyclic heteroaryl groups are

25  naphthyridyl (e.g., 1, 5 or 1,7), imidazopyridyl, pyrido[2,3}imidazolyl, pyridopyrimidiny!
and 7-azaindolyl. Examples of benzofused heteroaryl groups are indolyl, quinolyl,
isoquinolyl, phthalazinyl, benzothienyl (i.e., thionaphthenyl), benzimidazolyl,
benzofuranyl, benzoxazolyl and benzofurazanyl. All positional isomers are
contemplated, e.g., 1-pyridyl, 2-pyridyl, 3-pyridyl and 4-pyridyl. W-substituted

30  heteroaryl refers to such groups wherein substitutable ring carbon atoms have a
substituent as defined above, or where adjacent carbon atoms form a ring with an

alkylene group or a methylenedioxy group.



i ndependently selected froma group of substituents, neans that R4 and RS
are 15 independently selected, but also that where an R4 or R5 variable
occurs nowe 084033501 once in a nol ecul e, those occurrences arPeTiusdppdeent |y
sel ected. Those skilled in the art will recognize that the size and nature
of the substituent(s) will affect the _qunber of substituents which can be
present. Conpounds of the invention have at |east one asymetrical carbon
atomand 20 therefore all isoners, including diastereoners and rotational
isoners are contenplated as being part of this invention. The invention

includes (+) -TrRNSrir Heth @é%ﬁplif@d%the@iﬁ@efrm:ggg@glié AndPRhX4iiEed

including racem c mxtures. |somers'can be pr usi ng conventi onal
t echni queteroaryligroupsy as elefined gmoyediatelyl abqver es evell amptricyalid groapsistichdis

Ty cal BreparrRlitudnebyacsot 8 hlS B IR Ristes ST Rolle Ptk gt ng

t 54 Bb6 joF §%5 ! idyQ3-pNid§R 2
TR G BT (Gns \OFer w th conpounds navrHa Piat abadiuce” PMeH

st er@oclE@@¥inglybei ng more preferred. Those skilled in the art will

o eator - phar raesgge SIFEEBABR B e ding BT H Rotn. o853 EGRE fufhe ik Vi

i nvent i aim alkylbne drasp areg (B+pyciaperitonon RitidIEE 8Lbyichlek¥nopdiais ahti@ sal t's

wi th organi ¢ and i norganic acids. Exanples of suitable acids for salt

f or mat i GHCIRPEPIRRAPYERAINS:i ¢, sul furic, phosphoric, acetic, citric, oxalic,
mal onic, salicylic, malic, fumaric, shgcinic, ascorbic, naleic,

met hanesul f oni ¢ and ot her m ner al angglg gpoxylic acids well known to those

inthe art. The salt is prepared by &offfacting the 10 free base formwith a

sufficient aMdben RSt ist-HeORSsan@R*4Hsi d RO pr, dhis@roap énbn acyiradicaéef abase
formmay be regenerat(gd treating the salt with a suitable dilute aqueous
base sol ution such asiidill Gt.e aqueous sodi um bi carbonate. The free base form
differs fromits PE5HeciiVe salt form sonewhat in certain physical

pr ot t iaesno sgith as R* s a naturally occurring amino acid selected from alanine,

glycine, valine, leucine, isoleucine, phenylalanine, trytophan, methionine, serine,
theronine, cysteine, cystine, or tyrosine. .
_ The above statements, wherein, for example, R* and R® are said to be
independently selected from a group of substituents, means that R* and R® are
15  independently selected, but also that where an R* or R® variable occurs more than
once in a molecule, those occurrences are independently selected. Those skilled in
the art will recognize that the size and nature of the substituent(s) will affect the
number of substituents which can be present.
Compounds of the invention have at least one asymmetrical carbon atom and
20  therefore all isomers, including diastereomers and rotational isomers are
contemplated as being part of this invention. The invention includes (+)- and (-)-
isomers in both pure form and in admixture, including racemic mixtures. Isomers can
be prepared using conventional techniques, either by reacting optically pure or
optically enriched starting materials or by separating isomers of a compound of
25  formulal.
Typical preferred compounds of the present invention have the following
stereochemistry: |



solubility in polar solvents, but the salt is otherw se equivalent to its
respective free 15 base forns for purposes of the invention. Certain
conpoundswofo3Basoi nventi on are acidic (e.g., those conpoumd3/usaz/ai936 possess
a carboxyl group). These conpounds form pharmaceutically acceptable salts
w th inorganic and organic bases. Exanptes of such salts are the sodium
potassium calcium alumnum Ilithium gold and silver salts. Al so included
are salts 20 forned with pharmaceutically acceptable am nes such as

ammoni a, al kyl am nes, hydroxyal kyl am nes, N-nethyl gl ucam ne and the |ike.
Compounds of the present inventian ﬁreng@ rally prepared by processes
known in the art, for exanple by Y\ Yot Eé)ék descri bed below. In the
general procedures and exanpl esgpr ed baiR3%, the follow ng
abbreviations are used: Et is 25 ptIwWaWME TS Rrethyl, Bn is benzyl, Ac is
acetyl, AcOH is acetic acid, THE] sH et r e of uran, DVF is

dimethyl formam de, rt is roomtenper LS, Davis reagent is (1
S)-(+)-(10-canphorsul fonyl)-oxaziridine, LHVDS is |lithium

bi s(tri gEhshigduridsaiavitey t SEREM Ib%ﬁ%;?» :

4- di met hyl amhf\popyr I di r\lﬁ_e*@lj SHéS@%%bQ%@%% azabi ?% o[ '?1'06? t%?%rgg?%- ene i s DBU,
1, 3- di cycl ohbsse skiledin tha ad wik apoeciaie thatfoheemel aoimpdundsdifdernglativel .

Co | - i is.- t .Ls. ) tituted

ovrl SSPGE%%&I‘&I@% éﬁ@wﬁs@@P&O@'Cﬁﬁé’hthgﬁ&thé'éﬁv@%gi s methyl . and

R225i s - 5 COBRipoumdshye the épasntidnadthsd busicigross kardgodn phehengesuticad, |

N- CO2Et 1) (tEtO)ZP(O)_CHZCOZEt, NaH 0 HO ' WCOREt 1 2) KOH, THF- MeOH H20 2

1) ( COCR§eePtebly saligmvittopigaticentinorgayic eqids- Exgmplesiefisyitablgracids for soltet

}\t C%zgthbfﬁ{é:t-'éR I%%%&Qﬁo%ﬂ%\l_&cggﬁprlc%gsgh&lg ddetle Scifrc, XhEQnabBRCs Sidhic,
malic, fu,maric, succinic, ascorbic, maleic, methanesulfonic and other mineral and

carboxylic acids well known to those in the art. The salt is prepared by contacting the
10  free base form with a sufficient amount of the desired acid to produce a salt. The free
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
15 base forms for purposes of the invention.

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 organic bases. Examples of such salts are the sodium,
potassium, calcium, aluminum, lithium, gold and silver salts. Also included are salts

20  formed with pharmaceutically acceptable amines such as ammonia, alkyl amines,
hydroxyalkylamines, N-methylglucamine and the like.

Compounds of the present invention are generally prepared by processes
known in the art, for example by the processes described below. In the general
procedures and examples provided below, the following abbreviations are used: Etis

25  ethyl, Me is methyl, Bn is benzyl, Ac is acetyl, AcOH is acetic acid, THF is
tetrahydrofuran, DMF is dimethylformamide, rt is room temperature, Davis reagent is
(18)-(+)-(10-camphorsulfonyl)-oxaziridine, LHMDS is lithium bis(trimethylsilyl)amide,



2) bDBU, rt 2) H2, PtO2 HH) 2, HH6 0 ®Bh O CH7 O HH7 1) (COCl)2 0 H
H NCO2Et 0 H NCO2Et 2) Bu3SnH, O HBuLl, Ti(OPr)4 HHPd cat. HHI-A
O 1113 P(wp(oa@s3eir -r N\ WIIl WThe al dehyde | was comeanisez3ss t he
dienoic acid 2 by a two step transformation. The acid was converted to its
acid chloride using oxalyl chloride, 194which was then coupled with al cohol
3 to provide ester 4. The al kyne was selectively reduced to the cis-al kene
5, which upon thermal cyclization gave product 6. Debenzylation, followed
by doubl e bond reduction, gave the tricyclic acid 7. The acid was

convert ﬂ%ﬁ@t@lﬁﬂ%?nbﬂn@ IK'DMAPS 13516%2951|cgélb 4 \ k- mqul['m@m with

phosphonate |11 to provid I n conpou formula 1-A
et hyl cad@aﬁ@h@xz}c@mdumm)s BC@awd trimetiprsilyl I@dldGhQ EviShe | A1, Whl ch can

be treated f, el ectrogphil orldes

sul f onyl chwp%%émdgsoéééﬂ?gﬁ \’XWFS rb@ n@ie@lgt He? o p?@?ﬁ?g‘g am des

sul fonagy f@d, RURETR®, RIJRE R DMt RS a@é@acﬁﬁyafag@h, R iSeha 3nd‘¢@2 3L 033501
PCT/ USO 3293 -'15- Scheme 2. 0 0 HH OH'H HHOH { N R2 OH

O H522 CQ.Ftean hewpreparad ¢ shownip Scheme 1:-A2 i N WW W
Scheme 1:
O

07 N-CO.Et 1) (Et0),P(0)CH,CO,EL, NaH P
~ HO [ N-COE
2

2) KOH, THF-MeOH-H,0

1)(COCl);, O o)
, _cat. DMF o Y N-COEt g 2 N-COE
2) OH )/j Ho, Lindlar cat. N
uinoline }/j\ .
/\FO 3 O~ 0Bn 4 0% ~OBn
4 5
BnO
. H QH H
5 1) xylene, 185°C o N-CO5Et 1) Hy, Pd-C @ N-CO3Et
2) DBU, rt NE 2)Hy, PO, 4 HIH
g O° OBn O OH 7
QH H
1)coc), QH H N S N-CO,Et
O,E , !
2) BusSnH, O ] 2 BuLf Ti(O'Pr), N
Pd cat. FH S A
O P(O)OEt), AN

W—Q) il
The aldehyde 1 was converted to the dienoic acid 2 by a two step
transformation. The acid was converted to its acid chloride using oxaly! chioride,

10 which was then coupled with alcohol 3 to provide ester 4. The alkyne was selectively
reduced to the cis-alkene 5, which upon thermal cyclization gave product 6.
Debenzylation, followed by double bond reduction, gave the tricyclic acid 7. The acid
was converted to aldehyde 1IB via its acid chloride, which was coupled with
phosphonate Il to provide I-A.

15 In compounds of formula I-A, the ethylcarbamate group can be cleaved to
provide the amine IA-1, which can be treated with a wide range of electrophiles such
as acid chlorides, sulfonyi chlorides, isocyanates, chloroformates etc. to provide

amides, sulfonamides, ureas and carbamates etc. as shown in Scheme 2.



The al dehyde of fornula I1B can al so be coupled with phosphonate 8 to
provide |-A3, which can be transfornmed into carbamate |I-A4 as shown in
Schenme 3.wb 0Bo33501 - A3 and | - A4 can be converted into di vePs#/lsnzabmgs usi ng
met hodol ogi es such as Suzuki coupling, Stille coupling, Buchwal d am nation
etc (Schene 4). Schenme 3: LHMDS, 0 HH4@_.OHHO Ti(OPr)4 NxOMO' 1113
--- OHNCEt 1) TMSl OHP H2) CCR(CH)20M HH -Oet \ NOEt NI-A3 N
|-A4 | 8 Br Br Br Schene 4: OHHOOHNR3 Method 1 1) ArB(OH) 2,
Pd(PPh3)4 H H 2) subsequent transformation Ar N Method 2 ArSnBu3, Pd cat.
Ar | Brgdfethed: 3 amne, Pd cat. R4 1-A3: R23 = C&t |-A4: R23 =

OCH2CH2 ereingr is optionally substituted aryl or heteroaryl 10 The
aryl bromgefdl - canl al so be coRvegtedjto aniline | - ASQ, whi i can_he

treated eadEty access fgophi I es suc NCﬁI ori des,
sul fona X anates etc. Qo i dejt he corresp@ di der vatives
| - A6 as A n Schenerfg WO O PCT/ UBEX/ 3293 = Scheme 5: OH

The aldehyde of formula IIB can also be coupled with phosphonate 8 to
provide |I-A3, which can be transformed into carbamate |1-A4 as shown in Scheme 3.
5 Both 1-A3 and 1-A4 can be converted into diverse analogs using methodologies such

as Suzuki coupling, Stille coupling, Buchwald amination etc (Scheme 4).

Scheme 3:
LHMDS,
oy QH H Oy H 9
TI(O‘PI")4 /U\ Jk /\/O\
B o [ N""OEt 1)Tm™MSI . e | NN )
R om 4 HH 2) CICOy(CHz)0Me 4 H [H
“OEt 1-A3 I-Ad
N “ N N
J 8 A X
Br Br Br
Scheme 4:
/‘
Method 1 1) ArB(OH)zy Pd(PPh3)4 M\lm‘
2) subsequent transformation Ar
Method 2 < ArSnBuj;, Pd cat. /I\r
Method 3 amine, Pd cat. ,f‘\L
R* RS
I-A3: R® = OFt
I-A4: R = OCH,CH,OCH, wherein Ar is optionally substituted

\_ aryl or heteroaryl
10 _
The arylbromide |-A3 can also be converted to aniline 1-A5, which can be

treated with many readily accessible electrophiles such as acid chlorides,
sulfonamides, isocyanates etc. to provide the corresponding derivatives |-A6 as

shown in Scheme 5.



OHNOE O HNJ-"Oet 1) Pd cat. Ph Ph I-A3B HHHHZ2) ag. HCI N 1-A5 N
|-A6 NH2 NHR4 The a-position of the |actone portion can be

functi onaWwpDaam33shor exanpl e conpounds of formula |-A wher @Ca/URB2/8230ydr ogen
can be converted to the 5 correspondi ng conpounds wherein R3 is CH by
treatment with Davis reagent ((1S)- (+hg(10-canphorsulfonyl)-oxaziridine)
and LHVDS. Simlar processés known to those skilled in the, art can be used
to prepare conpounds conprising other optionally substituted Het groups
and other "R' wvariables. Those skilled in the art will also recognize that
the progrpeese 8r € equal Iy 10 applicable to preparing optically active or
racem ¢ conpounds. Conpounds of fornula | wherein RO is hydrogen can be
converted to the correspond n,g cnpoujg wherein R i hyldrox by heat i ng

wi th an oxidi zi ng ageNH Suck ggsphonate . wherein
Wis aryl or I‘%ll can c1:3] p 3 15 pr @ges| m'Ir that
descrlb n'n)e Y b8 ow Foppt rlngthe_t_ufl 7

phenyl - su stlfufed corrpound .K B(C]—|)2 (Et O 20P N* - BuLi , |-Pr2NH N N
Tt O P N 6CF3)gq. 1y OH -~ 07 Suzuki CIPQCCEt)2 Ilia CF3

CF3 rcially
| N:or roggggndi ng

triflate using triflic anhydrideXxwhich is then coupl ed wth comercial l y
20 avail abl e boronic acid in the Rigsence of Pd(0) under NSgZuki conditions.
The resulting product is converted'to the phosphonate by treatnent with
n-butyl it hi dine d-pokitiordfltye tam@bogiow den e eirfeyibadlird phoseimple. WO

03/ 033501 PCT/US02/ 32936 -17 Star % materials for the above processes
are eit RRMRGMRE A ifmyja infawhergin R |s ydrogen can be converted to the =~ .

5  corresponding compounds wherein R® is OH by treatment with Davis reagent ((1S)-
(+)-(10-camphorsulfonyl)-oxaziridine) and LHMDS.

avai l abl e hydr oxypyridi ne derivafrve i onverted to the

Similar processes known to those skilled in the art can be used to prepare
compounds comprising other optionally substituted Het groups and other “R”
variables. Those skilled in the art will also recognize that the processes are equally

10  applicable to preparing optically active or racemic compounds.

Compounds of formula | wherein R® is hydrogen can be converted to the
corresponding compound wherein R® is hydroxy by heating with an oxidizing agent
such as SeO..

Phosphonates of formula Ill wherein W is aryl or R¥'-aryl can be prepared by a

15 process similar to that described immediately below for preparing the trifluoromethyi-
phenyl-substituted compound, llia.

B(OH)2 (EtO),0OP
= N n-Bulli,
=
N Z N |Pr2NH
Tf 0, Py’
CIPO(OEt illa

OTf Suzu kl

Commercially available hydroxypyridine derivative is converted to the
corresponding triflate using triflic anhydride, which is then coupled with commercially
20  available boronic acid in the presence of Pd(0) under Suzuki conditions. The
resulting product is converted to the phosphonate by treatment with n-butyllithium
followed by quenching with diethylchlorophosphate.



known in the art, or prepared by procedures well known in the art. Reactive
groups not involved in the above processes can be protected during the
react i onswaioioszsonventi onal protecting groups which can b@Crarsozdiby
standard 5 procedures after the reaction. The followi ng Table A shows sone
typi cal protecting groups: Table A Gr_ﬂ;l_p to be Goup to be Protected and
Protected Protecting Goup -000H - COCa , -CObenzyl, -COOphenyl NH j
NCQal kyl NCObenzyl NCOphenyl, I NCH 20CH 2CH 2Si (CH 3)3 NC(O) OC(CH 3) 3, CH3
\ 1" ~N-benzyl, /NSi(CH 3)3, NSi-C(CH 3 0CH -NH2 -NO CH3 -OH -OCH
3, --OOH 2008in ét@Ha%)férfhe dBlVe frobblses a@eﬁ%ﬁﬂﬁ@%ﬂlal ali8ble,
Fol |l ow ng are exa es of preparing starting materials and conpounds’ of

f or mul aknowiire free attj onprepatd-byip@c@ddres-@Etl knbwd in$heprtl: O 0 O lveo |

N 10t O~ 11 _oEt . 15 WO 03/,033501, PCT/ US02/ 32936 -18 To st tdoo

5, 6- di hydr o- PR2GYYS EreHPs1nCs I alGd By e; oa{@.%roeze%%war&%@ro © “””9

the reactions with conventional protecting groups which can be removed by standard

5  procedures after the reaction. The following Table A shows some typical protecting

groups:
Table A
Group to be Group to be Protected and
Protected Protecting Group
—COOH —~COOalkyl, —~COObenzyl, ~COOpheny!
\ .
> NH > NCOalkylyNCObenzyl, — NCOphenyl,
\ N
_NCHZ0CH 2CH3Si(CH3)3 /NC(O)OC(CH 3)3,
\ \ ‘ N CHs
/N-benZyL /NSi(CH 3)3, /NSi-C(CH) 3
0 CH3s
—NH; -Ng
O (|3H3
—OH —OCH 3, —OCH ,0CH 5~ OSi(CH 3)37— 0Si-C(CH) 3
~ or —~OCHgphenyl CH3
10 Following are examples of preparing starting materials and compounds of
formula I. |
Preparation 1
e} O
R
O G
H [ A
0
Step 1:
o] 0



met hyl ester (35.4 g, 166 mml) in CH2CI2 (600 mM) at -78 C was slowy
added a solution of 1 MDIBAL (365 m, 365 nmmol, 2.2 eq.) in CHC 2, and
the m xtuwe ostsysred for 1.5 hr. The reacti on was quenche@Cayusntiz29aeidi ti on
of I liter of saturated aq. 5 Rochelle's salt and the organic | ayer was
separated. The aqueous |ayer was extrggted with 2x250 nl of CH2CI 2 and the
conbi ned organic | ayer was washed with 500 ml brine, dried over MgSO4,
filtered, concentrated and the resultant crude was chronat ographed with
40% Et OAc-hex to provide 17 g (55% of alcohol as an oil. To a solution of

above al COhO'TdéZsoﬁ’:tBn o?% @Wm B d QHclﬁsﬂld?ﬁe Qf3 Gzt ox ﬁ% dcld Y‘%ﬁjfyl %@tﬁ'@w

NaHCO3 (15.4 g, Dess-Martin re
mol , 1n2etby|l e)stan@‘&,ﬁg éﬁérmmnsl (uerha@Izs(ﬁﬂﬂmld at e|784’5) wamslo"v'\dy deed\aas added

300, 8uth 73 ATSBAToHS "l ARETERe SRl R, T m%tu\v%én@@qirred

Vi gor ousdy1 Bl ITHeRdcren vs}a%ycﬁfécﬁéé%g‘ihé'a%{"tlonmﬂ ﬁtregé%étu\*ﬁt)éﬁra

separated and the aqueous |l ayer was extracted wth 2x1 50 Et 20.
The &onfRosbellesgaltiand theeorganis lagartvees agparaad The aqaehusfayaqwas

NaZSZCB/ filt d d
gi ve 15. g%&?él‘%‘gg?ﬁ%@ﬁ“ Qe A %‘g%é’oa?}ﬁﬁl? orgai 8V v iBehed Mot 20
To a suspemsi mngyfdridloveriMg30 3 Silteredl @I nBB®trated. é’ncﬁ%e)rebﬂlté‘?’fﬂ'%ré@é’@za@) at

0 C was added dropwi se trieth hosphonoacet ate , 109 nmol .3 eq)
and 1 hehiAMaIgGEERRes with 40% EXAD-NexfioPragdnif, g %hpéak@gbol@ﬁj@d oa

tirred for 36 aeouagHes oRbveRBnb (i g 92 el TROm B HET BN, of
G000 atided NHEG, (1.4, TIBB miml Zooey aparTaéssiianth HdsgiomusEIAY, SHOI [y vas

extract ed n‘}i of Et20. The .conbined organic |ayer was washed
with zomfﬁ? 8f 691 @@d BiSEPBEIPD NPSHrTed for dPemin. o iie MasAdsd3RP mi

() S o528 8 S e 0SSO D5 252 mleh oy o 15 4G 254

183 mmol, 2 eq.) in 600 ml H,O. The mixture was stirred vigorously until the two
layers became clear. The organic layer was separated and the aqueous layer was

15 extracted with 2x150 m! of Et,0. The combined organic layer was washed with 300
ml each of aq. Na,S,0,/NaHCO, and brine, dried over MgSQ,, filtered and
evaporated to give 15.3 g (91%) of oil. HRMS: 184.0966 (MH").
_8@0_2:
Et0” >y NJ\OEt

20 To a suspension of 60% NaH (4.35 g, 109 mmol, 1.3 eq.) in THF (300 ml) at
0 °C was added dropwise triethyl phosphonoacetate (20 mi, 109 mmol, 1.3 eq) and
the mixture was stirred at 0 °C for 30 min. To this was added a solution of the
product of Step 1 (15.3 g, 83.5 mmol) and the mixture was stirred for 30 min. at 0 °C.
The reaction was quenched by the addition of 600 mi of aq. NH,C!, the THF was

25  evaporated and the aqueous slurry was extracted with 3x200 ml of Et,0. The
combined organic layer was washed with 200 ml of brine, dried over MgSO,, filtered,
concentrated and chromatographed with 15% EtOAc-hex to provide 19.9 g (94%) of
oil. MS: 254 (MH")

Step 3:
o)

o}
HOJ\/\OJ\OE'{
30



-19 To a solution of the product of Step 2 (19.9 g, 79 mmol) in 100 m each
of CH3OH, THE and H20 was added KOH (13.3 g, 237 mol, 3 eq.) and the

m xture we93msisnred at rt for 2 h. The m xture was dil ut @dTWSON3R280 m of

H20, acidified with 1 N HCl to -pH 2 and extracted with 3x200 m of EtOAc.
The conbi ned organic |ayer 5 was washeggwi th 200 mi each of H2O and bri ne,

dried over MgSH4, filtered and evaporated to give 17.0 g (96% of

pal e-yel l ow solid. HRVS: 226.1083 (MH#) Step 4: o0 0 O "kCet CO2Bn To a
solution of dienoic acid (17.0 g, 76 mol) in 400 M CH2ClI2 at rt was 10

added oxal yl Teh epiudien(ck3he %duo%%is't@ﬂ)iz ig@Q%WQ%%IPM:ﬂﬁG%@ehch b6 mol ,

2 nmol9%. The m xture was stirred concentrated and evapor at ed vmth

100 M GhyQd B anel ldgéh@yaSOacﬁﬁaﬁ/K@él ¢1I3€B gc237 annot, i3deq.) Faddhs olixitireon of

e e i %@rﬁ%ﬁﬁ%ﬁha@ﬂﬁ?&@m‘*%@%&c‘w@r“?’ @E
mml 1.HCletg-~pH 2 akli éﬁtra@té’d?{/\ahf@dzbowﬁlobftmo&t@ Nﬂﬁé%oﬁ\lﬂﬁed gﬂga'?ﬁm)lb%e
The m xture was stirred fo .5 hr at 0 C, then diluted with 600 nl

of %é'z 20 . wawashed with 200/t eael ﬁéuz@@@@etwe«ér@dmeh Ma®Oxpifilteps] ank200 n 1

N HCl, 0 [ ydr ous
I\/gSO4, ]?e?’%f’g?raé R gﬁ?entrﬁ@%@%dgé%%fﬁgair%pm% ?gfgé)%élv%ﬁ@ hex to
provi deS&@gg:(78% of resin. HRVS: 20 412.1764 (M#). Step 5. 0 0
O-rlf'~N 1ZOEt 8028n A suspension of the product of Step 4 (10 g, 29
mmol), q¥inaolinej(700 1, 5.9 mol, 0.2 eq.) and Lindlar catalyst (1.0 g,
10 w9 n~l QR4 was stirred under 1 25 atm H2 for 2.5 h. Another
bat ch of g the product of Step 4 was simlarly reduced with Lindlar
catal yst. TBhe.®at ches were conbi ned, filter ed thr ough celite, evaporated

and the residue was re-dissolved in_600 ni was washed with WO
03/ 033501 PCTPEBoILEen o dienoic acid (17.0 g, 76 mmol) ln 400 ml CH,Cl, at rt was

10 added oxalyl chloride (13.2 ml, 151 mmol, 2 eq.) and DMF (120 pi, 1.6 mmol, 2
mol%). The mixture was stirred for 1 h, concentrated and evaporated with 100 m}
anhydrous toluene to provide the acid chloride.

To a solution of the above acid chloride in 200 ml CH,CI, at 0 °C was added
DMAP (925 mg, 7.6 mmol, 0.1 eq.), a solution of the product of Step 3 (15.4 g, 75

15 mmol, 1.0 eq.) in 15 ml CH,CI, followed by Et;N (12.7 ml, 91 mmol, 1.2 eq.). The
mixture was stirred for 1.5 hr at 0 °C, then diluted with 600 mli of Et,0. The solution
was washed successively with 200 ml H,0, 2x200 m! 1N HCI, 200 ml ag. NaHCO,
and 200 ml brine. It was dried over anhydrous MgSO,, filtered, concentrated and
chromatographed with 20% EtOAc-hex to provide 20 g (78%) of fesin. HRMS:

20 4121764 (MH").

Step 5:
o}

;N/\U:)N‘”\ost

r\coan
A suspension of the product of Step 4 (10 g, 29 mmol), quinoline (700 pl, 5.9
mmol, 0.2 eq.) and Lindlar catalyst (1.0 g, 10 wt%) in 150 ml THF was stirred under 1

25  atm. H,for 2.5 h. Another batch of 10 g of the product of Step 4 was similarly
reduced with Lindlar catalyst. The batches were combined, filtered through celite,
evalporated and the residue was re-dissolved in 600 ml EtOAc. It was washed with



-20 3x200 M of 1 N HC and 200 mM of brine, dried over MgSOH4, filtered and
evaporated to give 20 g of resin which was used i medi ately for the

Di el s- Al gwp B@aasbi on in Step 6. HRVS: 414.1919 (MH). St@pTAISOIBI3O O H
Nlul OBt H5 O OBn A solution of the product of Step 5 (20.0 g) in 500 m
tol uene was heated in a pressure vessgig.at 185 C for 6 h. It was cooled to
rt, treated with DBU (1.8 m, 12 mmol, 0.2 eq.) for 1 h, concentrated and
chromat ographed with 25% Et OAc-hex to provide 11.3 g (56% of the cyclized
exo product. HRMVS: 414.1923 (M#). 10 Step 7 OHHO OHN~CEt HOOA

suspensi3x200fmitdfel N HTlugid 260 Bl &P bAiné 1dne’d @verﬁ\ﬂgm, filteréf %riddeapotatéddo 10

w% in 200 M EtOQAc was stirred under atm unti|l the reaction was
conpl et &ive 20 gRfgesin which vasuerd rmm@matt@y ferdhedpietsaf\lsier seaction-idiSieplBved in

200 nl qiRfAd3 ggi 91@4"1&}}: s was added 900 ng of Pt02 and the suspensi on was
shaken under in a parr vessel. The m xture was filtered

t hr ough Stepict e and concentrated to provide 8.5 g of resin: HRVS: 326. 100
(M+). Step 8: To,a solution of the product of Step 7 (415 ng, 1.28 nmol)
in 10 m QcH2CI 2 a 20 it was added oxalyl chloride (2251, 2.58 mml, 2
eq.) foldo bW'1 C8top of DMF. The solution was stirred at it for 1 h, at
whi ch ti was no evolution of gas. It was concentrated and

azeaqt r opédHt %{u anhydrous toluene to give the acid chloride. The acid

chl otide wds di"ssolved in 6 m of anhydr ous tol uene, cooled to O C and

Pd( PPh3) 4 (74 s@umﬁh aﬁth ucﬁonste%cs YER0 @Wﬁgoofnqltb%@ \bé{s ﬁé&t’éﬂ"h 20 I,
25 1.93 mol eq ure was stirred

concent P&?WF%HQSSQ!W(J@@ ggf%{@hléd hwanhcoged @ CbAtfeﬁ@d Wdh FDB)Ul(ﬁé rB6d2my (91
% of thembl 0lfeq.) for 1 h, concentrated and chromatographed with 25% EtOAc-hex to

provide 11.3 g (56%') of the cyclized exo product. HRMS: 414.1923 (MH").

10 Step7:
0
O?:H@T:)\IJ\OH
e
0" ~OH
A suspension of the product of Step 6 (11.2 g, 27 mmol), 10% Pd-C (1.2 g, 10

wt%) in 200 ml EtOAc was stirred under 1 atm. H, until the reaction was complete. It

was filtered through celite, concentrated and re-dissolved in 200 ml of CH,OH. To
15 this was added 900 mg of PtO, and the suspension was shaken under 50 atm. of H,

in a parr vessel. The mixture was filtered through celite and concentrated to provide

8.5 g of resin. HRMS: 326.100 (MH").

Step 8: |

To a solution of the product of Step 7 (415 mg, 1.28 mmol) in 10 ml CH,CI, at

20 rtwas added oxalyl chloride (225 ul, 2.58 mmol, 2 eq.) followed by 1 drop of DMF-.

The solution was stirred at rt for 1 h, at which time there was no evolution of gas. It

was concentrated and azeotroped with anhydrous toluene to give the acid chloride.

The acid chloride was dissolved in 6 ml of anhydrous toluene, cooled to 0 °C and

Pd(PPh,), (74 mg, 0.064 mmol, 5 mol%) was added, followed by Bu,SnH (520 ul,
25 1.93 mmol, 1.5 eq.). The mixture was stirred at 0 °C for 3 hr, concentrated and

chromatographed with 50% EtOAc-hex to provide 360 mg (91%) of the title

compound as a resin. MS: 310.1 (MH*).



conpound as a resin. Ms: 310.1 (MH). WO 03/033501 PCT/ US02/ 32936 -21
Preparation 2 OHHOHO HH O 3-Fornyl-5,6-di hydro-2H pyran was
convert edwD®3wbasot ri cycl i ¢ al dehyde using simlar proceduPeTdssrsiohed above
for the corresponding am ne analogs. 5 Preparation 3 OHHOHNOEt HHN
Br Reaction Schene: Prep. 1 LHMDS, Ti(&Pr)4 Prep. . 0 P\ C&t OEt N Br
To a solution of the phosphonate (3.49 g, 11.3 nmol, 2 eq.) in THE (50 nl)
at 10 0 C was added a 1 Msolution of LHVDS in THE (11.3 m, 11.3 nmol,
2eq.). After stirring for 10 min., Ti(OPr)4 (3.4 m, 11.3 mol, 2 eq.) was

added, followed by a solution of BFé‘@ﬁr@%ﬁ%n 1 (1.75 9, 5.7 mol, 1 eq.)
in THE (10 mM), and the mxture was stirred for |I h under N2. The reaction

m xture was poured into 5% aqueous Qtw@rtwric acid solution (100 m) and
extracted with EtOAc (3x100 m). T ied 15 organic | ayers were washed
with brine (150 m), dried with My red and evaporated to dryness.

Purification by silica gel chromatogriaplty eluting with 5% CH3OH - CH2Cl 2
yielded 1.80 g (70% of the title conmpoudd as a pale yellow foam 'H NWR

(400 Mz, COGI i B 538 alrfre-2oF1-fydiwastcdhverted ® thiricybic iy dtiitg 1 -

similar procedure described above for the corresponding amine analogs.
5 Preparation 3

Reaction Scheme:

LHMDS, Ti(O'Pr),

Prep. 1 Prep. 3

Q
_OFEt
P‘OEt

)
. Br
To a solution of the phosphonate (3.49 g, 11.3 mmol, 2 eq.) in THF (50 ml) at

10 0 °C was added a 1M solution of LHMDS in THF (11.3 ml, 11.3 mmol, 2eq.). After

stirring for 10 min., Ti(O'Pr), (3.4 ml, 11.3 mmol, 2 eq.) was added, followed by a

solution of Preparation 1 (1.75 g, 5.7 mmol, 1 eq.) in THF (10 ml), and the mixture

was stirred for 1 h under N,. The reaction mixture was poured into 5% aqueous

tartaric acid solution (100 ml) and extracted with EtOAc (3x100 mi). The Combined
15 organic layers were washed with brine (150 ml), dried with MgSO,, filtered and

evaporated to dryness. Purification by silica gel chromatography eluting with 5%

CH,0H - CH,Cl, yielded 1.80 g (70%) of the title compound as a pale yellow foam.

'"H NMR (400 MHz, CDCl,): 8.59 (d, J = 4.8Hz, 1H), 7.76 (dd, J = 3Hz, 8.4Hz, 1H),

7.06 (d, J = 8.4Hz, 1H), 6.56 (dd, J = 9.6Hz, 15.2Hz, 1H), 6.45 (d, J = 15.2Hz, 1H),
20 473 (m, 1H), 4.35-4.05 (m, 2H), 4.12 (q, J = 6.8Hz, 2H), 2.73-2.69 (m, 2H), 2.47-



7.06 (d, J =8.4Hz, 1 H), 6.56 (dd, J = 9.6Hz, 15.2Hz, 1 H), 6.45 (d, J =
15.2Hz, 1 H, 20 4.73 (m 1 H), 4.35-4.05 (m 2H), 4.12 (q, J = 6.8Hz, 2H),
2.73-2. 69W0rms/023p1 2. 47 WD 03/ 033501 PCT/ US02/ 32936 -22 PCIH(S02/38B§, 1.96
(g, 6.0Hz, 1 H, 1.74 (d, J = 12.8Hz, 1 H, 1.41 (d, J = 6.0Hz, 3H),
1.35-1.18 (m 7H), 1.10- 0.98 (m lH)_ Preparation 4 OHHMNO O'O O
HHHN Br 5 To a solution of Preparatlon 3 (0.270 g, 0.58 nmol ) in CH2Cl 2
(15 mM) was added TWVSI (624 |, 4.4 mol, 7.5 eq.), and the m xture was
heated to reflux. After 6 h, the m'xture was poured onto aqueous NaHCGO3

(30 m) a | I ((Ax1% The e [ ayers
wer e vvag}aimgm\?\n)sm ﬁ gg%yngg‘a@l ‘?'74I\$§ fﬂ?lﬁztg d anéaegagjglgtge jt’o

dr yness1r3&stl18i ngTH) 209- OPD{marthe (92% 10 To the above product in
CH2Cl2 (15 m) at 0 C was added Et3N (97.1, 0.69 mol, 1.3 eq.) and

chl oroformic acid 2-met hoxyet hyl eé@&—gi?—@—% 5.9 mol, 1.1 eq.); the

m xture was allowed to slowy wgmto rtowhile stirring under N2. After |

h, the mxture was poured onto g@b A )0.and extracted with CH2Cl 2
(3x1 5 m). The conbined organPg egs were washed with brine (30 m),
dried with MgSH, filtered 15 a viaporated to dryness. Purification by
silica gel chromatography, eluting th 3% CH3COH - CH2Cl 2, yielded 183 ny
of the title conmpound as a white sofi (69% . 1H NVR (400 MHz, CDCI3): 8. 59
(d,J:2.4Hz,1H),776(dd J = 2Y4, 8.2Hz, 1 H), 7.06(dJ 8.3Hz, 1
H 6.56 (dd, J = 9.6, 15.4Hz, 1 H), %45(d J = 15. 4Hz, H, 472 (m 1
H),s54.1-4.28 2d 2.68 (m
2H)5 50 o 32T @s&?"ﬂon 3\?_&%5&@’[1& géé ng%'_'ézé) s 1@3@%@%0 "I%mliﬂa%d 3.

12. 5Hz, addéd TMSI4624 g, 414 remd§Hz5 e8t) and 187 milxtQfe (e heded By ryfanatifen 66 O
H * HHH

h,othg mixture was poured onto aqueous NaHCO; (30 ml) and extracted with CH,CI,

(3x15 ml). The combined organic layers were washed with brine, dried with MgSO,,

filtered and evaporated to dryness resulting in 209 mg of amine (92%).

10 To the above product in CH,CI, (15 mi) at 0 °C was added Et;N (97 ul, 0.69
mmol, 1.3 eq.) and chloroformic acid 2-methoxyethyl ester (68 1, 5.9 mmol, 1.1 eq.);
the mixture was allowed to slowly warm to rt while stirring under N,. After 1 h, the
mixture was poured onto water (30 ml) and extracted with CH,CI, (3x15 ml). The
combined organic layers were washed with brine (30 mi), dried with MgSQ,, filtered

15 and evaporated to dryness. Purification by silica gel chromatography, eluting with 3%
CH,OH - CH,Cl,, yielded 183 mg of the title compound as a white solid (69%).

'H NMR (400 MHz, CDCL,): 8.59 (d, J = 2.4Hz, 1H), 7.76 (dd, J = 2.4, 8.2Hz, 1H),
7.06 (d, J = 8.3Hz, 1H) 6.56 (dd, J = 9.6, 15.4Hz, 1H), 6.45 (d, J = 15.4Hz, 1H), 4.72
(m, 1H), 4.1-4.28 (m, 4H), 3.59 (t, J = 4.49Hz, 2H), 3.38 (s, 3H), 2,75-2.68 (m, 2H),

20  2.32-2.51 (m, 3H), 1.96 (dd, J = 6.3, 12.8Hz, 1H), 1.73 (d, J = 12.5Hz, 1H), 1.41(d, J

= 5.95Hz, 3H), 1.37-1.00 (m, 4H).

Preparation 5
QH H




WD 03/ 033501 PCT/ US02/32936 -23- Step 1: 0 O The thiopyran enal was
prepared according to the procedure of McG nnis and Robinson, J. Chem
Soc., 404wE194313501407. 5 Step 2: 0 Mo | S To a suspensi eaTafSoseNaH (6. 3
g, 158 mml, 1.3 eq.) in THE (200 mM) at OC was added net hyl
di et hyl phosphonoacetate (29 m, 158 n, 1.3 eq.) and the mixture was
stirred at OC for 30 mn. The solution was then transferred to a solution
10 of the product of Step 1 (15.6 g, 122 mmmol) in THE (100 nl) and stirred
at OCfor I h. The reaction was quenched by the addition of ag. NH4Cl (500
m ) andgfRe;-THE was evaporated. The aqueous phase was extracted with Et20
(3x200 and the conbined organic | ayer was washed with H20 and brine
(200 M Lg ). The solution was dried over MgSO4, concentrated and the
resul tant] rgsi due was chromat ographed 15 with 5% Et OAc-hexane to provi de
13.0 g (58%_of qil. '"H NWR (400 MHz, (d,
6.26 (t, J =T thippyrap enpl wes pgepargd %Ccorcieééot@ %rqq?,dure 96'\1ﬂ0§'r1@3(8§d 3H)
3253 7d.kt 8 2H), 2.57-2.53 (m 2H). Step 3: O
S BbihSbn 2E)ohdm/Bodt 404 ( T%‘r51 Gd0 ok ep 2 (13.0 g, 70.6 mmol) in THE
anoBNE Ghtep (&0 m each) was added a solution of KOH (11.9 g, 212 nmmol, 3.0
eq.) in H2O (50 m). The m xture w&s stirred at rt for 1 h, diluted with
H20(100 m) and acidified with IN | ._Jhe.aqueous phase was extracted
with EtOAc (3x200 m) and the co®?ned ofgafic | ayer was washed with H2O
and brine (300 m each). The solution was fed 25 over MpSO4, filtered and

evapor at ed tpp @i é@_éﬂ»s@ﬁ 0660927%61!-0(6 @g' ﬂ58¢hﬂn@W1S®bqq in THIF (iM@ e MHz, _
CDCI 3) 7.34 (d, 7P 6 Hz, 1 H), (t 1H, 5.78 (d, J =
15. 6 HA Ciwgg, actgiegeﬂ(sth\yl diethylphwsphonoggetate (729 ., 1533 mr@lm £eq.bapd the
2.59-2. rﬁ&tér@ wgygtlrrgpa%’!@ el THE M AR Was then transferred to a solution
10  of the product of Step 1 (15.6 g, 122 mmol) in THF (100 ml) and stirred at 0°C for 1 h.
The reaction was quenched by the addition of ag. NH,CI (500 ml) and the THF was
evaporated. The aqueous phase was extracted with Et,0 (3x200 ml) and the _
combined organic layer was washed with H,O and brine (200 ml each). The solution
was dried over MgSO,, concentrated and the resultant residue was chromatographed
15 with 5% EtOAc-hexane to provide 13.0 g (58%) of oil. 'H NMR (400 MHz, CDCl,) 7.26
(d, J =15.9 Hz, 1H), 6.26 (t, J = 4.4 Hz, 1H), 5.78 (dd, J = 15.9, 0.6 Hz, 1H), 3.75 (s,
3H), 3.25-3.23 (m, 2H), 2.71 (t, J = 5.8 Hz, 2H), 2.57-2.53 (m, 2H).

Step 3:
O

HO)J\/\@S

20 To a solution of the product of Step 2 (13.0 g, 70.6 mmol) in THF and MeOH

” (50 ml each) was added a solution of KOH (11.9 g, 212 mmol, 3.0 eq.) in H,0 (50 mi).
The mixture was stirred at rt for 1 h, di‘Iuted with H,O (100 ml) and acidified with 1N
HCI. The aqueous phase was extracted with EtOAc (3x200 ml) and the combined
organic layer was washed with H,O and brine (300 ml each). The solution was dried

25  over MgSO,, filtered and evaporated to give 11.66 g (97%) of pale-yellow solid. *H
NMR (400 MHz, CDCl;) 7.34 (d, J = 15.6 Hz, 1H),6.32 (t, J =4.4 Hz, 1H),5.78 (d, J
= 15.6 Hz, 1H), 3.26 (d, J = 1.6 Hz, 2H), 2.72 (t, J = 5.8 Hz, 2H), 2.59-2.55 (m, 2H).



-24- Step 4: /'-'" H2, Lindlar cat. /~ HO{ CO2Bn EtOAc HO-{ CO2Bn 4 To a
solution of 4 (5.2 g) in EtQAc (120 m) was added Lindlar catalyst (520
ng) and twe osw3ysensi on was stirred under 1 atm H2. Anot h@CTamsn/82986 of
catalyst (500 5 ng) was added after 45 mn. and the m xture stirred for
further 30 mn. The mxture was filtergg through a celite pad and
evaporated to provide 5.2 g (99% of the desired alkene. 1H NVR (400 MHz,
cCDCl3) 7.38-7.26 (m 5H), 6.32 (dd, J = 11.9, 6.6 Hz, 1 H), 5.86 (d, J =
12.0 Hz, 1 H), 5.18 (s, 2H), 5.12-5.07 (m 1 H), 3.20 (br s, 1 H), 1.34 (d,
J = 6.8td#4q:- 3H). 10 Step 01 S O- COBn To a solution of the product of

14 39 Mglar £, CH2CA1 2 LBO i) at  O0C was added DCC (3.27 g,
(3%d,p8, 2.88 nmmol, 0.2 eq.) and the

m Xt ure was stlrr‘zed at OG@Ar 30 mn.Mo this was added a 15 sol ution of
3.27 g (15.854mol, 1.. 1 eq.) of the alcohol of Step 4 in 10 nl of CH2CI2
and the m xt To@ selatisn of 4€8.223) i0 EIOfP@r(‘IQOhnI avas added Lmdrarltaterlyst'l(ﬁéo

oo ¢t ol SisPensih Watrhils Uiy D aBR o i periorloR S egidltstSRof

dried ongy) wdtSsdded bitée4® thin LAY Mmpd&@d @ffbd folﬁ‘?urﬂﬂe'?‘ﬂd M. Tﬁé'rﬁi%ﬁ.lré’as
chromat ogr aphed wi th 6% Et OAc-hex to provide 2.1 410 resin. 1H

NVR ( 4002anfiieresitbraygly azglite 3ad ang eypporated o pcpwge 8. 21@ of the-jiesired

6.38-6.3 4 d,

6 19 CokahE! H niths BoS R cOGTLE BBfi%6 (. By, iy, 11%% Sty )
= 16.0 '5'86 @, = 1501182(11-1) 5’F8 sl 2B)H8.12251D7 (mh, 214142(320J(br321|9) HZ34%dﬂ)J =2.71
(t, 2H, J = 5.6 Hz, 2H), .52°(m 2H), 3H 25
Step 6: -GCHH M s

10  Step &:

0
=z
I
CO,Bn
To a solution of the product of Step 3 (2.45 g, 14.39 mmol) in CH,Cl, (60 ml) at
0°C was added DCC (3.27 g, 15.85 mmol, 1.1 eq.) followed by DMAP (352 mg, 2.88
mmol, 0.2 eq.) and the mixture was stirred at 0°C for 30 min. To this was added a
15 solution of 3.27 g (15.85 mmol, 1.1 eq.) of the alcohol of Step 4 in 10 ml of CH,CI,
and the mixture was stirred at 0 °C for 5 hr and at rt for 1 hr. The solution was diluted
with 350 miof Et,0 and washed with 2x200 ml of ag. citric acid, 200 m! of ag. NaHCO,
and 200 mi of brine. The solution was dried over MgSQO,, filtered, concentrated and

the resultant residue was chromatographed with 6% EtOAc-hex to provide 2.1 g

20  (41%) of resin. "H NMR (400 MHz, CDCl,) 7.38-7.32 (m, 5H), 7.45 (d, J = 16.0 Hz,
1H), 6.38-6.34 (m, 1H), 6.26 (t, J = 4.6 Hz, 1H), 6.21 (d, J = 11.6 Hz, 1H), 6.19 (d, J =
11.2 Hz, 1H), 5.85 (dd, J = 11.6, 1.2 Hz, 1H), 5.76 (d, J = 16.0 Hz, 1H), 5.18 (d, J =
1.2 Hz, 2H), 3.24 (d, J = 2.0 Hz, 2H), 2.71 (t, 2H, J = 5.6 Hz, 2H), 2.56-2.52 (m, 2H),
1.41 (d, J = 6.4 Hz, 3H)

25 Step 6:
Q H



H Co2Bn WD 03/ 033501 PCT/ US02/ 32936 -25 A solution of the product of Step
5(2.1 g, 5.85 mmol) in mxylene (50 mM) was heated at 200C for 6 h in
seal ed t WWe.03Bas0s0l uti on was cooled to rt and stirred w PoT/USBBY9I48 1,
1.19 mol, 0.2 eq.) for 1 h, concentrated and chromat ographed with 15%

Et OAc- hexane to provide 1.44 g (69% % t he desi red exo product. "H NWVR 5
(400 MHz, CDCI3) 7.39-7.35 (m 5H), g (br s, 5.16 (ABq, J = 21.6,
12.0 Hz, 2H), 442(dq,J-92 60Hz 1H, 336333(m2|—|) 3.08 (dd,
J = 14.4, 2.4 Hz, 2. 85 (ddd, J=139 12.4, 2.5 Hz, H),272257

4 2.2 Y/
Step 0 H S Z\o%%‘ ﬁ*a%zé?%&?‘fs%tﬁéﬁ@n‘@} s metelt (opehdich gl
2. 09 mmbeateidnat@BICC2fof Boh il $eaded tulws CThe sokdidadvaBedoled t@lﬁ%ﬁlcﬁsﬁjrﬂedozméhf of I
M sol ut |yt t - 78 or
30 ni . CHRH Foabet Simdohd2 edode’ { hoBonramiratae Snsccheomatodiashalined i« n
Et 20 (245‘% E*@Aéﬂ‘féxbﬂ@ t8rp96\ﬂd€ 1'1-%’@ (6993 opﬁf%(dééffécﬁékﬁﬁr&cﬁxcw ih R K208

(50 m). The conbi ned aqueous phase was acidified wt and
ext Pact 400WMHE, BRBL) ?33595?1351 )n 5H)eb BEdhe S| AlierS. ﬂ\ﬁs‘.ABasthﬁlZMﬁt h2Brtine (50

aC| d. d?“ﬁu\?r@ﬁﬁﬁo %2 égd'{ ﬁg) gg’dﬁ fr’nﬁﬁﬁsto%@ %fa.g& 50248(3%’(%%/() of

1 H) 324% @d# JEN 3o, Hp.4, 2353@ 691% 2172 2157%4421}—1)12!2)7,2 @1%& @Fl? Nﬁ' 14.0,
2.4 Hz, 1 2.91-2. 84

10. 6, 4125Hm, tHM). 1%(@&2%@%@& H) , 2 57 2 52 (rn 1 H, 2.34- 2 29 (m

1 H, 18159‘42““1'_') 1.34 (d, J =6.0 Hz, 3H. Step 8 OHHS OHH
CO2H To ution of the product of Step 7 (500 ng, 1.86 nmol) in MeOH (30
)

(3]

10 COZH
To a solution of the product of Step 6 (750 mg, 2.09 mmol) in CH2CI (10 mi) at

-78°C was added BBr, in CH,CI, (4.2 ml of 1M solution). The solutlon was stirred at -
78°C for 30 min. and at 0 °C for 30 min, then poured into aqg. K, CO (100 ml). The
aqueous phase washed with Et,0 (2x50 ml) and the organic layer was back extracted

15  with ag. K,CO; (50 ml). The combined aqueous phase was acidified with 1N HCI and
extracted with EtOAc (3x50 ml). The EtOAc layer was washed with brine (50 ml),
dried over MgSOQ,, filtered and evaporated to provide 500 mg (89%) of acid. 'H NMR
(400 MHz, CDCl;) 5.50 (br s, 1H), 4.47 (dqg, J = 9.6, 6.0 Hz, 1H), 3.43-3.39 (m, 1H),
3.36 (d, J = 15.6 Hz, 1H), 3.10 (dd, J= 14.0, 2.4 Hz, 1H), 2.91-2.84 (m, 1H), 2.82-2.77

20 (m, 1H), 2.70 (dd, J = 10.6, 4.2 Hz, 1H), 2.69-2.63 (m, 1H), 2.57-2.52 (m, 1H), 2.34-
2.29 (m, 1H), 1.53-1.42 (m, 1H), 1.34 (d, J = 6.0 Hz, 3H).

To a solution of the product of Step 7 (500 mg, 1.86 mmol) in MeOH (30 mi)
25  was added AcOH (3 ml) and PtO, (250 mg) and the suspension was shaken under 40
Psi H, in a Parr vessel for 1.5 days. The catalyst was filtered off with a celite pad, the
solution was concentrated and the resultant residue was dissolved in AcOH-MeOH-
CH,CI, mixture (0.5:2:97.5 v/v/v/) and filtered through a short SiO, column to provide



25 was added AcOH (3 m) and PtO2 (250 ng) and the suspensi on was shaken
under 40 Psi H2 in a Parr vessel for 1.5 days. The catalyst was filtered
of f wi th woaelosise1 pad, the solution was concentrated andPChaS0B3298¢ ant
resi due was di ssolved in AcOH MeOH CH2Cl 2 m xture (0.5:2:97.5 v/v/v/) and
filtered through a shortS 02 colum toyg@rovide WO 03/033501 PCT/ US02/ 32936
-26 400 ng (79% of the reduced product as a resin which solidified on
standing. 'H NVMR (400 MHz, CDCI3) 4.68 (dg, J = 9.4, 5.9 Hz, 1 H,
276269(m 2H), 2.60-2.55 (m 3H), 2.49 (d, J = 11.6 Hz, 1H) 2.10 (br

TR i%%‘?%f (ggslof th 79?’3‘3@‘3 p%cg’cégsza 'lé%i% which, S%'@éi@%‘%ﬂ“ gt%gg{ﬁgt TR he

product (490 Mt—lsszDng)m 68,(d§, 36 9wpd.p Hx 1(El-)22l7,5 265NN, 2td} 2.60626H (oxal v

lor o 3 sslechr B or, 2034@%@5/@[]%%@@%” A S

di SSO' V%otmsé wene 1 (45-b @ndrpogladdt g HE6 ﬁQ( 13)4 (42 ng, 0.04 mmol,
0 was added, 10fo||ovved by Bu3SnH (94 pi) e mxture was stirred

ai 5 C Iitﬂp_% h, concentrated and chromatogr aphed vvlth 25% Et OAc- hexane to

b 78, ?3 7S o B0 S of SIS, o1 g9l g R LTy R %)
2H) Q@d% éﬁalsfmzhléme (Q4 2 fbnbwéd Ey? d%ob@fmm;) 1Q’r{éjéiﬂut(|e]n waé%n&ed f@r 4

= 13.
3 00 Hz1 hids rlLaH)i conceﬁtratedao(mpwde ltl)e cmdezamd zbldride 8hich \llasad!(saplved tn 6. 4

b Val o BlusTie s VB sSeifd da O FI4E°Phe (47 5ol S04 508l B b8 Fes arldst
(28044 fHiowddbyel esﬁnf SM gg' tHeRixk Ut VPR ERPad WRB° added Nrdaagéﬁtﬁatea%d

m xture was stirr mn, then ethyl chlioroformate (6
eq) \AB.SCfHddEﬁOQH&}thHGNIthTQﬁ?/dJEEOA¢-h6MUB topmvide ¥3 mg (8084 of aldabyd&ided and

the oroapl ¢ LAY REIR UOEHHY 'Ebel) 9.75 (d, J = 2.8 Hz, 1H), 4.62 (dq, J = 9.7, 6.0
Hz, 1H), 2.8-2.70 (m, 2H), 2.65-2.55 (m, 3H), 2.50 (d, J = 7.2 Hz), 2.10 (ddd, J = 13.2,
6.4, 3.0 Hz, 1H), 1.94 (ddd, J = 13.6, 6.0, 3.0, 1H), 1.69 (dg, J = 10.9 Hz, 3.00 Hz,
15 1H), 1.58-1.48 (m, 1H), 1.42-1.20 (m, 3H), 1.33(d, J = 6.4 Hz, 3H).

Preparation 6

o OYOEt
HO™ N N
Step 1:
OYOEt
O
20 d-Valerolactam was dissolved in THF (250 ml) and cooled to -78°C. n-BulLi

(28.44 ml, 1.1 eq, 2.5 M solution in hexanes) was added dropwise. The mixture was
stirred for 30 min, then ethyl chloroformate (6.49 ml; 1.05 eq) was added and the
mixture allowed to warm to rt. Water was added and the organic layer extracted with
EtOAc. The combined organic layers were dried and concentrated to give 11.57 g of

25  oil. "H NMR (400 MHz, CDCl,) 4.29 (2 H, q, J=7.2 Hz), 3.71 (2 H, brt, J=5.6 Hz),
2.50 (2 H, brt, J=6.8 Hz), 1.83 (4 H, brs), 1.33 (3 H, t, J=7.2 Hz).



Et OAc. The conbi ned organic | ayers were dried and concentrated to give
11.57 g of 25 oil. "H NWMR (400 MHz, CDCI3) 4.29 (2 H, q, J=7.2 Hz), 3.71 (2
H br t, Wo93@8333), 2.50 (2 H, br t, J=6.8 Hz), 1.83 (4 HCTHrS0%3¥293d.33 (3
H t, J=7.2 Hz). WO 03/033501 PCT/US02/32936 -27- ,Step 2: Oy.OCEt TfON
The product of step | was dissolved in,JHF (250 m) and the sol ution cool ed
to -78C. LHWDS (65 mM, 1 eq, 1 M sol ugl on in THF) was added dropw se and
the 5 resulting mxture stirred for 30 mn. A solution of

2-[ N, N-bi s(trifluoronethylsulfonyl)- am no]-5-chloropyridine in THF (73 m)
was addeg opw se. The resulting mxture was stirred for 10 mn and

al | oned armto . ter was added and the organic |ayer extracted
with Et OAc. The conbryied organic | ayers were dried and concentrat ed.

Chr omat ogr aphy ( 3%#d.0 Et OAc in Hexane) gave 12.0 g of oil. 10 1H NWR (400
MHz, CDCl 3) 5.32 (%\gﬂj, J=3.6 Hz), 4.24 (2 H q, J=7.2 Hz), 3.66 (2 H,
m, 2.27 (2H, m, 1. 2 H m, 1.30 (3H, J=7.2 Hz). Step 3: O (EtO2B
OEt Bor ane diThetgrydset dfis@@ donml d%sblﬁe@ﬂw THF (225@5nf)(b)ndvme sbilstiel ooeted to THF

and 15 coool ed 1o 0O |nene 22.56 m , 32 eq) was added
dr opwi se’® @eLHM%é (Cﬁ%gvva% egtﬂrMée fen deTHén waaqa%ﬁﬁﬂ diopyise gpdshey. The
m Xtzur e added
dr o oS QirctPlor ST Mol RGBRIZ M fLbR i Brorie AR NG
Acet al dahyine]-§-¢Blondpyridise BT (78 dnl) hvasraddiedr dropivisd. ethatregiOtinblm&ture
over ni ght he voI |Ie 0 i C nponents caref |1y 2Q renoved under
educed wisetBerdor 30 b amsg e i o tor Vet s adied 478 NEORANR
(1:2.3 j for the
br oduct Hel cgact e TR, JHe.dribinsl o SR Here PRI 0 12y 4. 12
(2 H, qponcenzraZed-szhrGrnemg(raphy (5T1Of/cEt@Nazm H&m)gav@ 1@.@gtof ot O N

10 "H NMR (400 MHz, CDCl,) 5.32 (1 H, t, J=3.6 Hz), 4.24 (2 H, q, J= 7.2 Hz), 3.66 (2 H,

m), 2.27 (2H, m), 1.78 (2 H, m), 1.30 (3H, J=7.2 Hz).

Step 3:
O

(EtO)zBﬂ OEt
Borane dimethylsulfide complex (5.82 ml, 1.05 eq) was dissolved in THF and
15 cooled to 0°C. (1R)-(+)-a-pinene (22.56 ml, 2.32 eq) was added dropwise, the
mixture was stirred at 0°C for 1 h and at rt for 2 h. The mixture was cooled to -35°C
and ethy! propiolate (6.2 ml, 1 eq) was added dropwise; the mixture was stirred at
-35°C for 45 min and rt for 3 h. Acetaldehyde (48 ml) was added and the mixture
heated at 40-41°C overnight. The volatile organic components were carefully
20  removed under reduced pressure to give 29g of a mixture of the product and
a-pinene (1:2.3 by NMR). "H NMR (400 MHz, CDCI,) characteristic peaks for the
product include, 6.95 (1 H, d, J=18.0 Hz), 6.48 (1 H, d, J=18.0 Hz), 4.12 (2 H, q,
J=7.2 Hz), 3.60 (4 H, q, J=7.2 Hz).
Step 4:
o o\\I,OEt
E0” N

25
Pd(OAc), (592 mg, 10 %) and 2-(di-t-butylphosphino)biphenyl (1.57 g, 20 %)

were dissolved in THF (100 ml). The mixture was stirred for 10 min under N,, then a
mixture of the product from step 2 (8 g) and the product from step 3 (20 g, 1.5 eq) in



25 Pd(QOAc)2 (592 ng, 10 %9 and 2-(di-t-butyl phosphi no)bi phenyl (1.57 g, 20
%9 were dissolved in THF (100 m ). The m xture was stirred for 10 mn
under N2IwDhea/33501 mi xture of the product fromstep 2 (8 gPpcanwor/bm3eroduct
fromstep 3 (20 g, 1.5 eq) in WO 03/033501 PCT/US02/ 32936 -28 THE (32 m)
were added. KF (4.6 g) was then added_ggid the m xture heated at 55C
overnight. The m xture was allowed to cool to rt and diluted with Et OAc.
The m xture was washed with NaHCO3(sat), NH4Cl (sat), water, and finally
dried over MJSH. Renoval of solvents under reduced pressure foll owed by

col um, PAFAERYRA R BcRRHl KA B4 b fiekanelbaonkefinbagnatica seete ess

J=15. 6 bizgrnight6 Thedmidure wa]s:aucﬁwedi}q cdollé r(alnd-Idllutn)i wnth BfOAL. éﬁherml,xttﬂ’e%

7 o o1 g ispep it Nar G Gl ik Clsat igter cua HanT A et SIS 8 or - N

NaOH (SRefovalefs@daned upRier réudBdbrassurel foll6\eed b?rco?urﬁn *&hwsﬁnai gﬁ@phﬁt arting

material remained. The m xture was acidified to pH

ext bact ED%iEIR AR iDhexambegaexbg 489% ) wé pecolriigss diwi HnNMIRlGlOQ b’&izy Cl¥ekked,

(400 ME-2adney. S50 T BEl G M 8¢ g1 1y A fus )T
i ;g (ém"ﬁ 3!519(244 lrﬂ) (2226 (2191 m§ ﬁ@z&ZHHm)nidzsﬁeﬂr@ ?. Prem5 BﬁLi82E§<21H E{T)O,
OEt CFS_jDE@ N\ 20 To a sol ution of phosphonate (156 Irorg 0.42 rmbl, 2.0

€q.) | nTﬁylr:ircg&uépf on‘?gtep 4 was dissolved in a 1:1 mixture of MeOH and THF (66 ml). A
10  solution of 1N NaOH (52 ml) was added and the mixture stirred for 2.5 h until no
starting material remained.

The mixture was acidified to pH1 with 2 N HCI and extracted with EtOAc. The
extracts were washed with NH,Cl (sat), dried, and concentrated under reduced
pressure to give 5 g of a solid. '"H NMR (400 MHz, CDCl,) 7.30 (1 H, d, J=15.2 Hz),

15  5.87 (1H,d, J=15.2 Hz), 5.73 (1 H, m), 4.14 (2H, m), 3.60 (2 H, m), 2.70 (2 H, m),
1.82 (2 H, m), 1.23 (3 H, m).

BuLi _ Ex. 1
Prep. 5 EtQ_ OEt CFs

N/
20 | -G
To a solution of phosphonate (156 mg, 0.42 mmol, 2.0 eq.) in THF (1 ml) at
0 °C was added a 2.5 M solution of BuLi in hexanes (170 ul, 0.42 mmol, 2.0 eq.) and
the mixture was stirred for 30 min. To this was added a solution of Preparation 5 (53
m, 0.21 mmol) in THF (1.5 ml) and the mixture was stirred at 0 °C for 1 h. The
25  reaction was quehched by the addition of aq. NH,CI (20 ml), the THF was evaporated

and the aqueous phase was extracted with CH,Cl, (3x10 ml). The combined organic



0 C was added a 2.5 Msolution of BuLi in hexanes (170 |, 0.42 mmol, 2.0
eq.) and the mxture was stirred for 30 min. To this was added a sol ution
of PreparwDiosf3so(53 m 0.21 nmmol) in THE (1.5 m ) and t IRE€TRiSAL/82986 Was
stirred at 0O Cfor 1 h. The 25 reaction was quenched by the addition of ag.
NHACI (20 ml), the THE was evaporated_o@nd the aqueous phase was extracted
with CH2CI 2 (3x10 nml). The conbi ned organi ¢c WO 03/ 033501 PCT/ US02/ 32936
-29 layer was washed with ag. NaHC®3 (15 ml) and brine (15 m), dried over
MySO4, filtered, concentrated and chromat ographed with 40% Et OAc- hex to
provi dela?@r Wais Vi&shed) witth agss‘ﬁlhm-ccbg%: mf) &haldriie (1Tm|5)t BriQ@bwaﬂw%@mgund of
Exanpl e can be converted to the correspondin 5 sulfoxide (ITA) and

sul f onéefiitered) coicartieatéd andwhrematogearhatewitd 42 %ELOAch e e provide 99 g0 H a0
-HHH 1B . Py solution of Exanple 1A (70 ng, 0.15 mmol)
in Acawfgﬁ%%%\?ék Q%%%%%H (50 1, 5 eq.) and NaB03.4H20 (30 mg, 0.19
nmol , 1.3 edqThe tieibgyidhcconibound 6f BRempld T E8A bRV@NTEaBH tatths borrébso@daﬁ%loc
aci d was e\;ﬁ;orat ed and the resultant 10 residue was taken in ag. Na 3

i

Na2Bo3 slfexide (1A5and sulteng (@18) oadhe doNawing erpeadurey 3x15 m ). The conbi ned
organi ¢ layer was ymashed with brined20
concentrated and er 2d by preparapiyegthin | ayer chromatography to

| dg i somer 1¢, 4 Wy off Sul f oxi de i somer 2, and 36 ny
e i soner 1: 55 490. 1661 (MH+); Sul f oxi de isomer

¢l 3): 8.80 (d, 2.4 Hz, 1 H, 7.87 (dd, J = 8.0,

, 7.76(d, J=7. 6Hz , 7.67(d,J=7.6Hz,1H),7.61 (t, J
J§9.6 Hz, 1 Kb 6.6B6.55 (m 2H), 4.78-4.71 (m

). odried over MSO41 filtered,

: "H NWR (400 MHz
.0 Hz, I H, 7.81 |
7.8 Hz, 1 H, 7.27 (d, A
H, 3.44-3.40 (m 1]H), 3.35 (dt, J =]12.1, 2.8 Hz, 1 H), 2.78-2.71 (m
H, 2.64-2.57 (m n@ H), 2.52-2.36 3H), 2.26-2.21 (m 1 H, 2.04
ddd, J = 13.5, 6.5, 27ad#z, 1 H), 1.45 GFsJ = 6.0 Hz, 3H), 1.60-1.25 (m
H) Sul fone:_HRVS: 506. 1612 (M—I+/2\. )
To a solution of Example 1A (70 mg, 0.15 mmol) in AcOH (2 ml) was added

CHSO;H (50 pl, 5 eq.) and NaBO3.I4HZO (30 mg, 0.19 mmol, 1.3 eq.), and the . .

mixture was stirred overnight at rt. The acetic acid was evaporated and the resultant
10 residue was taken in aq. NaHCO;-Na,SO, mixture (25 ml) and extracted with CH,Cl,

(3x15 ml). The combined organic layer was washed with brine (20 ml), dried over

O™ FFEIDNDN

MgSO,, filtered, concentrated and purified by preparative thin layer chromatography
to provide 11 mg of sulfoxide isomer 1, 4 mg of sulfoxide isomer 2, and 36 mg of
. sulfone.

15  Sulfoxide isomer 1: HRMS: 490.1661 (MH+); ,
Sulfoxide isomer 2: 'H NMR (400 MHz, CDCl,): 8.80 (d, J = 2.4 Hz, 1H), 7.87 (dd, J =
8.0, 2.0 Hz, 1H), 7.81 (s, 1H), 7.76 (d, J = 7.6 Hz, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.61
(t, J =7.8 Hz, 1H), 7.27 (d, J = 9.6 Hz, 1H), 6.67-6.55 (m, 2H), 4.78-4.71 (m, 1H),
3.44-3.40 (m, 1H), 3.35 (dt, J = 12.1, 2.8 Hz, 1H), 2.78-2.71 (m, 1H), 2.64-2.57 (m,

20  1H), 2.52-2.36 (m, 3H), 2.26-2.21 (m, 1H), 2.04 (ddd, J = 13.5, 6.5, 2.7 Hz, 1H), 1.45
(d, J = 6.0 Hz, 3H), 1.60-1.25 (m, 6H)
Sulfone: HRMS: 506.1612 (MH").

25



*HA BuLi, Ti(dPr)4 OHZ Op PoEt HH-NN Z = -0- or -N(CQ2Et)- O Z 0
or - N(CO2ED)03/0B35p1 N W W To a sol ution of phosphonate (2PeqjuSon3ibBiE a
is added 2.5M BuLi in 5 hexanes (2.0 eq.). After stirring for about 2 h,
Ti(OPr)4 (2.0 eq) is added, followed_By. a solution of aldehyde in THE
(1.0 eq.). The mxture is stirred at rt for 30 mn, diluted wth aq.
sodi um potassiumtartrate and extracted with Et OAc. The conbi ned organic
| ayer is washed with brine, dried over MgSO41 filtered, concentrated and
purified by colum chromat ography Egga,m?;ygde the product. 10 Conpounds of
the fol @%vm' n F;orna\‘l,'a.were pr epar ed by I'S general procedure: OHHOHZ
HH N 'W%rerpﬁe nd Z are as defined in the table: Analytical Data Ex.
WZ HRVB (M)  -dN (COREt)- 529.2313 2A IR5GF 3H

BuLi, Ti(O'Pr)s

25 WO 03/033501 PCT/ US02/ 32936 -30 Exanple 2 GCeneral Procedure: O~ HH
t

0C

Z = -O- or -N(CO,Et)-

To a solution of phosphonate (2 eq) in THF at 0 °C is added 2.5M Buli in
5  hexanes (2.0 eq.). After stirring for about 2 h, Ti(O'Pr), (2.0 eq) is added, followed by
a solution of aldehyde in THF (1.0 eq.). The mixture is stirred at rt for 30 min, diluted
with aq. sodium potassium tartrate and extracted with EtOAc. The combined organic
layer is washed with brine, dried over MgSQ,, filtered, concentrated and purified by
‘ column chromatography to provide the product.
10 Compounds of the following formula were prepared by this general procedure:

wherein W and Z are as defined in the table:

Analytical Data
Ex. W Z HRMS (MH")

2A M“I -N(CO,Et)- 529.2313
CF

2B le -O- 458.1941
CF

2C “"Wl -O- 408.1982
F




2B -O 458.1941 6CF3 2C -O 408.1982 ~ F WD 03/033501 PCT/US02/ 32936 -31
2D - N(CO2Et) - 479.2348 2E N(CO2Et)- 479.2339 F 2F -O 426.1881 F F 2G
-0- 424. WB®3/083502H - N(CO2Et ) - 497.2246 21 -O 424.1684 PCI/udd2/32936 - O-
458.1299 C C Exanple 3 OOHHOOHNOEt HIF To a solution of
Exanple 2D (380 ng, 0.79 mol) in THE @17 n1) at -78 Cwas 5 added 1 M
solution of LHVDS in THE (0.95 m, 0.9 1.2 eq.); the mxture was
stirred for 30 mn at -78 C, 30 m'n at 0 C, then cool ed back to -78 C. To
this was added a solution of (1S)-(+)-(10-canphorsul fonyl)oxaziridine (275

my, 1.1 mmol [ Ipp @qw~1n THE (Z N SOl ut i Of iTred overni ght
whil e al | owi ng to war ptort. Ith(\/gglz i1 ut ed wit Mlg%?’%rle—MCI (100 m),
t he THE was evapor atje d the aquelous 10 phase extract ed with Et QAc (3x30
m ). The conti ned origag#t l4ayer was| washed wi th WO[{03/ 033501 PCT/ WS02/ 32936
2E Ml -N(CO,Et)- 479.2339
F
2F W‘r - -O- 426.1881
F
2G “’W] -O- 424.1686
, Cl
2H Ml . -N(CO,Et)- 497.2246
F
2l - -O- 424.1684
2J - -O- 458.1299
o
Ci

To a solution of Example 2D (380 mg, 0.79 mmol) in THF (7 ml) at =78 °C was
5 added 1M solution of LHMDS in THF (0.95 ml, 0.95 mmol, 1.2 eq.); the mixture was
stirred for 30 min at —78 °C, 30 min at 0 °C, then cooled back to —78 °C. To this was
added a solution of (1S)-(+)-(10-camphorsulfonyl)oxaziridine (275 mg, 1.1 mmol, 1.5
eq.) in THF (2 ml). The solution was stirred overnight while allowing to warm up to rt.
It was diluted with ag. NH,CI (100 ml), the THF was evaporated and the aqueous
10  phase extracted with EtOAc (3x30 ml). The combined organic layer was washed with



-32 brine (30 mM), dried over MpSO4, filtered, concentrated and

chromat ographed with 2%CH30H CH2Cl2 to provide 94 ng of resin. HRVES:

495. 2291 ybHsp3Baanpl e 4 General procedure: OH H O O H IHCRUS02/529BI0Et O H
Nw 1) TMSI N 1:1jT) H\ 2) RR2X H5 WWA solution of carbamte and
trimethylsilyl iodide (5 eq.) was refluyed for about 5 hr then diluted
with aq. NaHCO3. The aqueous | ayer was extrated with CH2CI 2 and the

conbi ned organic |ayers was washed with brine, dried over MgSO™4, filtered
and concentrated to give the amne. 10 A solution of the am ne from above

in mZC'b?méﬁ@Otrﬁl?*adl% @N/ér’fMES@\' filfer&d,. dorRfitrafdd Qn@ EhRfrhéit%g eﬁh%@)wﬁr’ﬂd the

reaction was fol thin I'ayer chromat ography tert reacti on was
conpl et é’&)CHﬁobie@Hsﬁibjt@ﬁf@ddQS%U@nﬂmsm ahltﬁh\tbﬁs49\fm229mmf\/ﬁ-ﬁaj the crude
product was purified by preparatlve thin Iiyer chr omat ography or col um
chromat ography to afford the am de. —:‘.gn—*ﬂli%—am ne can simlarly be treated
w t h mBengrgiadroeediilees such as sul fonyl chl ori des, isocyanates,

chl orof ormat es and al dehydes etc. to provide the appropriate derivatives.
Conpounds of the fol howyng formul a were preparedi by ghis route: 0 HH R22

OHN HHN W2 0 Wand R22 are ndd in the table: WO
03/ 033501 PCT/ USO 5_)33 Anayijepal Dapay-
HlH 2) RE2X ' X
—d
<) $)
5 W w

A solution of carbamate and trimethylsilyl iodide (5 eq.) was refluxed for about
5 hr then diluted with aq. NaHCO,. The aqueous layer was extrated with CH,Cl, and
the combined organic layers was washed with brine, dried over MgSO,, filtered and
concentrated to give the amine.

10 A solution of the amine from above in CH,Cl, was treated with Et,N (5 eq.) and
acid chloride (3 eq) and the reaction was followed by thin layer chromatography.
After the reaction was completed, it was subjected to standard aqueous work-up and
the crude product was purified by preparative thin layer chromatography or column
chromatography to afford the amide.

15 The amine can similarly be treated with many electrophiles such as
sulfonylchlorides, isocyanates, chloroformates and aldehydes etc. to provide the
appropriate derivatives. Compounds of the following formula were prepared by this
route:

20  wherein W and R# are as defined in the table:



Ex. WR22 HRM5(MH) 4A 0 499.2209 CF3 4B 0 525.2372 CF3 4C 0 535.1873
CF3 4D 0 549.2031 1S, O CF3 4E 0 563.2191 VI -r CF3 4F 0 528.2470 VI -
N CF3 4Gv0 0342358631 H CF3 4H """ 0 542.2610 CF3 41 0 Pe0/UBA8693CF3 4J O
557.2625 CF3 4K H 457.2093 CF3: WD 03/033501 PCT/US02/32936 -34 4L O

513.2347 CF3 4M 0 527.2523 CF3 -33-
Analytical Data
Ex. W R?2 HRMS(MH"
4A A~ o) 43898.2209
@ PN
CF,4
4B i 0 525.2372
CF3
4C i C 535.1873
QL i
CF3
4D i O 549.2031
Qy, | ¥
. CFy
4E N C 563.2191
QL. i
CF4
4F i 0 528.2470
N
O, | ¥
CF,
4G i o) L 542.2631
Q,, | ¥
H
CF3
2F e 0 542.2610
»! TN
CF,
41 i 0 /l< 556.2786
»! A
H
CF,
4J i ‘ 0 557.2625
@ xL"/U\OJ<
CF,4
4K A H 457.2093
i “CFs.




4N 0 591.2464 CF3 40 0 591.2021 S, O,, LI( CF3 4P 0 561.2375 CF3 4Q Q
539.2530 CF3 4R 0 527.2517 (t:~CF3 4S 0 475.2406 ||l~v F 4T 0 478.2515 N
H F 4U OWo8501B01 LVI|I F 4V 0 475.2411 F 4W" 0l 478P25AG02/R936 N H WO
03/ 033501 PCT/ US02/ 32936 -35 4X 0 485.1906 \ F v/ O 4Y 0 513.2227 6F 4Z
"ol O | 561.2214 | _34-

L 0 513.2347

4M O 527.2523

4N 0 501.2464

40 e 0 591.2021
Wi
©\CF 3 O\©

4P 0 561.2375

4Q

(O] 539.2530
H)k/l

0 527.2517

4R

4S8 o 475.2406

AT 0 478.2515

U - C 485.1901
o, | ¢
' F

4V 475.2411

4W 478.2520




Vil F O 4AA 0 450.2187 KNH2 4AB jOr | 525.2554 6F 4AG 0 539.2716 ©6F
4AD 0 493.2297 F F 4AE """ 0 496.2403 FI1 / H FF 4AF "°~ 0 503.1819
F O F A4A80M3/083801 2255 6CF3 WD 03/ 033501 PCT/ US02/ 32936 PC3I@SExapbe 5 O
HHO NJ~- R3a OHHR23a = CEt, OCH2CH2Ov N W Ceneral procedure: A
solution of a product of Preparation 3zmr 4 and WB(OH) 2, wherein Wis

4X 485.1906

W“"] 513.2227
e O\/@ 561.2214
i1
&, |
4AA ~n 0 450.2187
@ % NH
. . F

4Y

4z

4B )?\/@ 525.2554
o

4AC O 539.2716
H/k/\(j
F
4AD 0 493.2297
F
H)J\7
F’
4AE - O 496.2403
F.'
L | v
H
F
4AF i 0 503.1819
cC | % '
F

4AG | nI'I/Me 471.2255
CF4




5 optionally substituted phenyl or heteroaryl, K2CO3 (4 eq.) and Pd(PPh3)4
( 5to 10 ml% in PhMe-EtOH H20 (4:2:1 v/v/v) was heated at 100 C until
t he reactworn3massol conpl ete. The reaction m xture was di | utr€a/uso2/beb O,
extracted with Et OAc, the organic |ayer was washed with brine, dried over
MySO41 filtered, concentrated and puriggied by chromat ography to provide

t he desired conpounds. The conpounds can 10 be further derivatized. Using
this method, conpounds of the following fornula were prepared OHHO
NAR23 O HHHN Wwherein R23 and Ware as defined in the table:

Anal ytical Data Ex. WR23 HRMS (Wag’%ﬁ%@ﬂ 486.2399 CN 5B OEt 467.1998
s 5C Cet 518.2655 61T N.OH WO 03/0 / US02/ 32936 -37 5D | NA~ CEt
546.2964 1 / N OEt 65E OEt 450. 2238 O0HF OEt 462.2390 5G CEt 461. 2438
5H OEt 475.2604 M 51 OCHZCHZO ~R54R2sa

R?32 = OEt, OCH,CH,OMe

General procedure:

A solution of a product of Preparation 3 or 4 and W-B(OH),, wherein W is
5  optionally substituted phenyl or heteroaryl, K,CO, (4 eq.) and Pd(PPh,), ( 5 to 10
mol%) in PhMe-EtOH-H,0O (4:2:1 v/v/v) was heated at 100 °C until the reaction was
complete. The reaction mixture was diluted with H,0, extracted with EtOAc, the
organic layer was washed with brine, dried over MgSO,, filtered, concentrated and
purified by chromatography to provide the desired compounds. The compounds can
10 be further derivatized.
Using this method, compounds of the following formula were prepared

0] O
. H H N’U\R23
H i H
™
Z N
\l
W

wherein R and W are as defined in the table:

Analytical Data
Ex. W R* HRMS (MH*)

S5A “"W[ OEt 486.2399
CN
5B é OEt 467.1998
N
\ S

5C ~ OEt 518.2655




5J OCH2CH2OWe 509.2448 F Exanple 6 OHHO O HNU CEt
solution of Preparation 3 (100 ng, 0.22 mmmol) in toluene (5

H Fi

N N To a
m) was 5 added

Pd( QAc) 2 Wb 8133501 022 nmol, 0.1 eq.), (S)-(-)-2,2' -bis(di pgrmsopbashiphi no) -
1,1 -bi naphthyl (13 ng, 0.022 mmol, 0.1 eq.) and 2-tri butyl stannyl pyridine
(119 ng, 0.32 mol, 1.5 eq.). The m'>_<%1u_re was bubbled wwth N2 for 5 mn.,
then heated to 100 Cin a pressure tube. After 16 h, the m xture was
poured onto aqueous NH4ClI (15 nml), and extracted with EtOAc (3x15 m ). The
conbi ned organic |layers were 10 washed with brine, dried with MgSOH,
filtergdgmd Evaporated to dn S. Purlritwvom)l
PCT/ USD2/ 3293p 38 by silica gel chromatogriaphy, eluting with 2% CH3CH -
CH2C12, follo y sildga gel  chromatography el uting w th|60% Et OAc- hex,
yi el ded 30 ng| (887N produ¢t. HRVS: 462. 2401 (M+) Using|a simlar
procedure, the foll gw ng conpound 6A was prepared: O HHO/ OHNOCEt HHN
N S 5 Exagpre %Nb: 2468 (Mitggt EXanpte 7 ¢ I o538 HNTIJOEt HRN N
N
\ O
5F ™ OEt 462.2390
)
=
5G é OEt 461.2438
5H - OEt 475.2604
©/Me
51 E’j OCH,CH,OMe 491.2542
5J “"’”f OCH,CH,OMe 509.2448
F

To a solution of Preparation 3 (100 mg, 0.22 mmol) in toluene (5 ml) was
added Pd(OAc), (56 mg, 0.022 mmol, 0.1 eq.), (S)-(-)-2,2"-bis(diphenylphoshphino)-
1,1’-binaphthyl (13 mg, 0.022 mmol, 0.1 eq.) and 2-tributylstannyl pyridine (119 mg,
0.32 mmol, 1.5 eq.). The mixture was bubbled with N, for 5 min., then heated to
100 °C in a pressure tube. After 16 h, the mixture was poured onto aqueous NH,CI
(15 mi), and extracted with EtOAc (3x15 ml). The combined organic layers were

10 washed with brine, dried with MgSO,, filtered and evaporated to dryness. Purification



To a solution of Preparation 3 (100 ng, 0.22 nml) in dry toluene (5 m)
was added pyrrolidine (36 1, 0.43 mol, 2 eq.), potassium phosphate (13-7
ng, 0.65 wOomedsp15 eq.), Pd(OAc)2 (3 ng, 0.014 mmol, 0. 0®ETAIR0)/32936d

2- (di cycl ohexyl - phosphi no) bi phenyl (10 ng, 0.028 mmol, 0.13 eq.). The

m xture was bubbled with N2 for 5 mimg then heated to 100 Cin a pressure
tube. After 16 h, the mxture was poured onto water (15 m ) and extracted
with Et OAc (3x15 nml). The conbined organic |ayers were washed with brine
(15 m), dried with MySO4, filtered and 15 evaporated to dryness.

P f %

L) B8R B BEERRIGbi Bk AT e ATDETCTRY, abilng b Bk
pr oceduclﬁomdn@gﬁa@hywmm Wi B0%h Et@As-hexe pisfdsdt 30\@1@@@835ﬁm09@¢7 US02/ 32936
-39- O HH H N Exanpl e 7A: HRVB: 440.2558 (MH+) Exanple 8 O

HH Od"ﬁM@lﬁ*G@ﬂNqEWHN NH2 5 To a solution of Preparation 3 (1.0 g,

2.18 I t b h
e (550 1 0SB R A R e 6. 6 ol 3

eq.), tris(dibenzylidengacetjpone)di palladium0) (200 ng, 0.22 nmol, 0.1
eq.) and 2-(dicycly p®WiEho) bi phenyl (153 ng, 0.44 mol, 0.2 eq.).
The m xture was bu : hN2for 5 mn., then heated to 100 Cin a 10
pressure tube for H. \Tﬁhe m xture was then filtered t hrough celite and
evaporated to dryness.jTo this residue in CH2CI2 (25 m) was added
concentrat ed aqueous H N (545 t-, 6.6 mmol, 3 eq.) and the m xture was
stirred at it After 16 t he mxture was diluted with CH2CI 2 (25 m),
poured onto aqueous 1 OH (50 mM) and extracted with CH2ClI 2 (3x50 m).

To a solution of Preparation 3 (100 mg, 0.22 mmol) in dry toluene (5 ml) was
added pyrrolidine (36 pl, 0.43 mmol, 2 eq.), potassium phosphate (137 mg, 0.65
10  mmol, 5 eq.), Pd(OAc), (3 mg, 0.014 mmol, 0.065 eq.), and 2-(dicyclohexyl-
phosphino)biphenyl (10 mg, 0.028 mnﬁol, 0.13 eq.). The mixture was bubbled with N,
for 5 min., then heated to 100 °C in a pressure tube. After 16 h, the mixture was
poured onto water (15 ml) and extracted with EtOAc (3x15 ml). The combined
organic layers were washed with brine (15 ml), dried with MgSQO,, filtered and
15  evaporated to dryness. Purification by preparative thin layer chromatography, eluting
with 5% CH,OH — CH,CI,, yielded 10 mg of solid HRMS: 454.2696 (MH")
Using a similar procedure, the following compound was prepared:



15 brine, dried with MgSH, filtered and evaporated to dryness.
Purification by silica gel chromatography, eluting with 2% CH3OH CH2Cl 2

yi el ded 580 93356899 of the title conpound. MS: 400 ( MHPCThsowseypeound of
Exanple 8 was treated with el ectrophiles such as acid chlorides, sulfonyl
chlorides, isocyanates etc. to providegghe follow ng conpounds. WO

03/ 033501 PCT/ US02/32936 -40 OHHO 8 HNu Ot HHN i NHR4 wherein
-NHC(O R26 is as defined in the table: Analytical Data Ex. -NHR4 HRMS M+
8A N 468.2505 0 8B H S 510.2058 N O 8C H 518.2621 Ol ~ 8D ~H S
524.2209 Y o B8E 7 504.2498 g1 O 8F H o 478.2019 ~NS 11 O 8GHO

492. 2160 M H

o]

N
O Example 7A: HRMS: 440.2558 (MH")

Example 8

NH,

5 To a solution of Preparation 3 (1.0 g, 2.18 mmol) in ethylene glycol dimethyl
ether (25 ml) was added benzophenone imine (550 pl, 3.27 mmol, 1.5eq.), potassium
phosphate (1.51 g, 6.6 mmol, 3 eq.), tris(dibenzylideneacetone)dipalladium(0) (200
mg, 0.22 mmol, 0.1 eq.) and 2-(dicyclohexylphosphino)biphenyl (153 mg, 0.44 mmol,
0.2 eq.). The mixture was bubbled with N, for 5 min., then heated to 100 °C in a

10 pressure tube for 4 h. The mixture was then filtered through celite and evaporated to
dryness. To this residue in CH,CI, (25 ml) was added concentrated aqueous HCI
(545 pL, 6.6 mmol, 3 eq.) and the mixture was stirred at rt. After 16 h, the mixture
was diluted with CH,Cl, (25 ml), poured onto aqueous 1N NaOH (50 mi) and
extrécted with CH,Cl, (3x50 ml). The combined organic layers were washed with

15 brine, dried with MgSO,, filtered and evaporated to dryness. Purification by silica gel
chromatography, eluting with 2% CH,OH-CH,Cl, yielded 550 mg (63%) of the title
compound. MS: 400 (MH")

The compound of Example 8 was treated with electrophiles such as acid

chlorides, sulfonyl chlorides, isocyanates etc. to provide the following compounds.



s 0 8HH H471.2600 Il O 81 HO- 506.2318 NJ , 1, O Example 9 5 Using
the product of Preparation 6 and the general procedures of Preparation 1,
Pr epar at i wo 03/0z3%01 Exanpl e 5, conpounds of the foll ow ng sPCIAiS02/329%€r e
prepared WO 03/033501 PCT/US02/32936 -41 OOt OHHY OHHHN W
wherein Wis as defined in the follow ng.table: Ex WAnalytical Data HRMS
M+ 9A 479.2350 JF 9B 479.2350 9C 486.2399 i \ CN The present invention
also relates to a pharmaceutical conposition conprising 5 at |east one
compound of formula I of this invention and a pharmaceutically acceptable
carrier. Preferably, one or two cg oup_,ds af formula | are present in the
conposition, nore preferably one danpaigns ot %torrml a |. The conpounds of
formul al can be administered in a Nti 8Ral oral dosage form such as
capsul es,

NHR*
wherein —=NHC(OQ)R® is as defined in the table:

Analytical Data

Ex. -NHR* HRMS (MH"L
8A H 468.2505
E/“YA
O
8B H S\\ 510.2058
¥
O

8C H 518.2621

8D 524.2209

8E H 504.2498
i{N

0
8F }:} 9/ 478.2019
S
o)
8G Kli 0 492.2160
Lo
0
8H . H H\/ 471.2600
15 \n/
o)
8l H O/k 506.2318
/N\H
%
@)
Example 9
5 Using the product of Preparation 6 and-the general procedures of Preparation

1, Preparation 3 and Example 5, compounds of the following structure were prepared



tabl ets, powders, cachets, suspensions or solutions. The formulations and
10 pharmaceutical conpositions can be prepared using conventional

phar macewD®als3s01 accept abl e exci pi ents and addi ti ves andPcorosensissnal
techni ques. Such pharmaceutically acceptabl e excipients and additives
include non-toxic conpatible fillers.,qhinders, disintegrants, buffers,
preservatives, anti-oxidants, lubricants, flavorings, thickeners, coloring
agents, emulsifiers and the like. 15 The daily dose of a conpound of
formulal for treatnment of a disease or condition cited above is about
0.001 to about 100 ng/ kg of body wei ghtopeoeday, preferably about 0.001 to
about 10 ng/kg. For an average body weight of 70 kg, the dosage level is
therefore fromabout 0.1 to about WQJ0O~Y drug per day, given in a WO
03/033501 PCT/ US02/ 32936 -42 singl se qr 2-4 divided doses. The exact
dose, however, is determ ned by thel atterdi ng clinician and i s dependent
on the potency of the conmpound adfi fl 4 %red the age, weight, condition
and response of the patient. The foll owi ng for mul at i ons exenplify sone of
the dosage forns of this 5 invention. #iteach, the term"active conpound”
designates a conpound of forrmula I. XAMPLE A - Tablets No. Ingredient
ng/tablet ng/tablet | Active ConmpoundwlO00 500 2 Lactose USP 122 113 3

Corn Stg E&:‘énn g eslagiatiesd msthe 180AIAQ table: paste in Purified Water 4 Corn
Starch, Food Grade 45 40 5 Magnesium Stearate—3-—+ 300 700 Met hod

of Manufacture Mx [tefXNos.|1 andV2 in sng&tlgalnﬁ)ﬁ'@r f)r 10- 15 ni nut es.
Granulate the mixture with | | HRMES (4 anul es through a
coarse screen (e.g.| 1BA", ne@é%%%ﬁl@ Dry the danp

granul es. Screen the dried g cessary and mx|with [tem No. 4
and m x for 10-15 minutes. A and mx for 1{3 m nutes.

Conpress the mxture to appr and weight on ai suitable tablet
nmachi ne. oB 479.2350

9C 486.2399

The present invention also relates to a pharmaceutical composition comprising
5  atleast one compound of formula | of this invention and a pharmaceutically
acceptable carrier. Preferably, one or two compounds of formula | are present in the
composition, more preferably one compound of formula . The compounds of
formulal can be administered in any conventional oral dosage form such as capsules,
tablets, powders, cachets, suspensions or solutions. The formulations and

10  pharmaceutical compositions can be prepared using conventional pharmaceutically
acceptable excipients and additives and conventional techniques. Such
pharmaceutically acceptable excipients and additives include non-toxic compatible
fillers, binders, disintegrants, buffers, preservatives, anti-oxidants, lubricants,
flavorings, thickeners, coloring agents, emulsifiers and the like.

15 The daily dose of a compound of formulal for treatment 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



EXAMPLE B - Capsules No. Ingredient ng/tablet ng/tablet 1 Active Conpound
100 500 2 Lactose USP 106 123 3 Corn Starch, Food Grade 40 70 4 Magnesi um
St ear at e Wb 04/03350pt al 250 700 15 Met hod of Manuf acture MpxTIUSer3iMos. 1, 2
and 3 in a suitable blender for 10-15 minutes. Add Item No. 4 and mx for
1-3 mnutes. Fill the mxture into suil4able two-piece hard gelatin
capsul es on a suitable encapsul ating nmachine. The activity of the conpounds
of formula | can be determned by the following 20 procedures. WO
03/ 033501 PCT/ US02/32936 -43 In Vitro Testing Procedure for Thronbin
Recept Orswgll'é @l@@é'o’?t254 dl\}?dé%io@éééé oth&bxadtdda RORever, isd termined by the
A(pF- F) R ChA) (hR) ONFR (103 mg) and 10% Pd/ G (5. 07 ng)  wer &
suspend eﬂdlﬂg\ﬂﬁl caatmapd)ls dﬁ@ermerﬁmrfbsmcéehw afﬁhﬁezo(mmmc)admh‘estemm was
5 attac frozen.in I| d nitrogen and evacuat ed.
Tritium gg S‘b%sﬁ’?'g ’P@?S&’a’&éa Qtféh‘? R@ ask which was stirred at
room t enper afﬂﬂfeefoflmlné f@ﬂﬁﬂl&tloné\bxéﬁ@hfiﬂéﬁméb‘f% Q&séd@fdrﬁ@‘ﬁf'tﬁ@ the
excess tritiumwas renpved and the reacted peptide solution was diluted
wi t P DVINvERtignnily ezgh, thelteem éactive e@nﬂo@mﬂ heesignaipy etcommoenccof fosmutadl. DVF
solution of the crude peptide Vg | g e nat er and freeze 10 dried to
renove the labile tritium The 1 redi ssol ved in water and
the freploe drying proceggyregipant ed. The trit naj/edigiephidgigbldt3H haTRAP) was
di ssol ved1i n ABtivee Gbnfpouldl % aqueous TFA and pyppfied bygdiPLC using the
foll ow ngzcongéétbgé\gsp colum, Vydac C18, 25 cnmyy99.4 nmi3D.; nobile
phase, (Ay O c{?nTgfép%,a P"@éoeé Tdé%)as %)160 % TFA in ga—BCN grgfient, (A/B) from
84

100/0 to 40/6 ] S m 15/mn detection UV at 215

nm The radi OER% [ 3H] haTRAP was 0o yzed by HPLC. A
bat ch of §4 9 activity of 18. 4 Irrrml obt ai ned.
Prepar at i

n oMasﬂﬁ?'HPb§Fe r anes
Total 300 700

Method of Manufacture

Mix ltem Nos. 1 and 2 in suitable mixer for 10-15 minutes. Granulate the
mixture with ltem No. 3. Mill the damp granules through a coarse screen (e.g., 1/4",
10 0.63 cm) if necessary. Dry the damp granules. Screen the dried granules if
necessary and mix with ltem No. 4 and mix for 10-15 minutes. Add Item No. 5 and
mix for 1-3 minutes. Compress the mixture to appropriate size and weight on a
suitable tablet machine.
EXAMPLE B - Capsules

No. Ingredient mg/tablet mg/tablet
1 Active Compound 100 500
2  Lactose USP 106 123
3  Corn Starch, Food Grade 40 70
4  Magnesium Stearate NF 4 7
Total 250 700

15  Method of Manufacture
Mix item Nos. 1, 2 and 3 in a suitable blender for 10-15 minutes. Add ltem No.
4 and mix for 1-3 minutes. Fill the mixture into suitable two-piece hard gelatin

capsules on a suitable encapsulating machine.

The activity of the compounds of formula | can be determined by the following
20 procedures.



Pl atel et nenbranes were prepared using a nodification of the nethod of 20
Nat arajan et al (Natarajan et a(, Int. J. Peptide Protein Res. 45:145-151
(1995)) fwoms/2Bounits of platelet concentrates obtai ned fPcamsohaBiort h
Jersey Blood Center (East Orange, NJ) within 48 hours of collection. All
steps were carried out at 40 C under ggproved biohazard safety conditions.
Platel ets were centrifuged at 100 x g for 20 mnutes at 4" Cto renove red
cells. The supernatants were decanted and centrifuged 25 at 3000 x g for 15
mnutes to pellet platelets. Platelets were resuspended in 10 mM Tris-HC,

PH 7.5, 11 88rd™MeBBY ProcdER AT hibhtin A oﬂtfstszoo m and

centrifuged at 4 peat ed two

addi ti omgbphidi®s-of [PHMLIRAS were resuspended in.5 nM Tr| s-HCl, pH 7.5 5
nmv EDTATO a final volume of approximately 30 ml and were hom)genl zed with

20 strokes mA(aFfﬁb)ﬁ&(eaAG(cmR)dgﬁ@dﬁHzéﬂ .03\egbeaddd %EldC (8107enghwere 41, 000 x

g, resuspended in i s- HCl 7.5 EDTA, 0.1 n1\/|
di t hi ot UEPeRAed bm@l\/fo(%ﬁo ) aai;@s@ompéle@tcyl@@vr@é%ﬁ&ﬂ% VERSS W8G36 - 44

froz§n 'é?tat:hQH'tfﬁ fl‘ﬁin ﬁﬁ ﬂjﬁeﬂtahﬁg% fitrod8n %\%tcgamrﬁﬂﬁ] AEpRAL I on,
iquots were onogen ze strokes of a Dounce

hom)genma@l) wad\ﬂebraﬁm Mhe flask|| wzltneti veasdstivesch atircdm itereperaturedon®hours.

T L Sl

menbr a”‘?ﬁe YBE &ofUtidReRas Bllut'eG%Eh U&Fa{l% gy Qhéqllt@Fed #@nfoveMBBiARGSt ver e
stabl e or at least 3 nont units pl atel et concentrates typically

y| eI ded Tmoco’@ctﬂd laMﬁ)s@Juéorpoﬁti@ wudemﬁa wsamdlgge@l w«ihgmatewaswdcfeaeeaan neﬁ
SS Bi 1 Hi

e Bugh o R iR e Yaleo Pl TBR BN SRR e ROSPVES RPN faept or

ant ago”' n%‘ege%mpf{%&&g@ﬁedéﬁt% T%er‘iﬂg?ﬂ_‘e!df%pg% (‘f@H]thl% FiAﬁBa%@Hf%st/%ﬁ%or

radi ol i gan g assay 'O r maco
51 350- 355 Ml 97 %. aquenuasEYy and pupiied d»lyrmélLCmsiafg i folldiwimg quratiteens( Cat .

31 haTRRbMY YWl C4BeaS D 94 e P cmaoHe Phas (o DsFbctiV g HRti Bl ni ng
but et _ By et kol %ﬁgﬂw%%@m B B8 i Gl %t@sé)ml

St ock sol utions test conpounds wer'e furt her

di | 44 ed /i HOEHNMEOV dHS%‘Fé?m q{hlé | s gan ﬁfﬂrﬁf HéTRTAPWVéng% as .

conpound sdlutions’an concentrat|on 0
nM i n 5%nBly2ey b/;dﬂE‘Lé‘ZMeuatcb oéaém mé)l lat aaapcdac’iﬂmeaotwd;zbf #8.4 Ci/mmol was

obtained.

Preparation of platelet membranes

Platelet membranes were prepared using a modification of the method of
20  Natarajan et al (Natarajan et al, Int. J. Peptide Protein Res. 45:145-151 (1995)) from
20 units of platelet concentrates obtained from the North Jersey Blood Center (East

Orange, NJ) within 48 hours of collection. All steps were carried out at 4° C under

approved biohazard safety conditions. Platelets were centrifuged at 100 x g for 20

minutes at 4~ C to remove red cells. The supernatants were decanted and centrifuged

25  at 3000 x g for 15 minutes to pellet platelets. Platelets were resuspended 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 7.5, 5 mM EDTA to a final volume
of approximately 30 ml and were homogenized with 20 strokes in a Dounce

30  homogenizer. Membranes were pelleted at 41,000 x g, resuspended in 40-50 mi 20
mM Tris-HCI, pH 7.5, 1 mM EDTA, 0.1 mM dithiothreitol, and 10 ml aliquots were



was started by the addition of 100 pl of nmenbranes (40 pg protein/well).
The bi nding 20 was not significantly inhibited by 5% DVSO Conpounds were
test ed atwoOhBmassoconcentrations (0.1, 1 and 10 pM. The plraTasoxe9ss cover ed
and vortex-m xed gently on a Lab-Line Titer Plate Shaker for 1 hour at
roomtenperature. Packard UniFilter Gz filter plates were soaked for at

| east 1 hour in 0.1 % pol yet hyl enei m ne. The incubated nenbranes were
harvest ed using a Packard FilterMate Universal 25 Harvester and were

rapi dly washed four times with 300 pl ice cold 50 mM Tri s-HC, pH 7.5, 10

od S Srozbal N B N Arel g B0° Serme ol meriS e rab A 2B Laliiots
Mcropl% eu%waal it Bn AL RcRenizEABW AR 8 Htfd staf%%g% oﬂstr;bnf‘z%ras the
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total bi |ng m nUs the’ "nonspeci |c br ndi'ng observ gsence of
excess d\B@ﬂan&mW&tmbeltthﬁRAIWasmdanﬁsl inHiOkrintM tmtl’iancﬂamirmabl@hcb}ef? 4,

Eif“a[‘?l?a?ﬁ»@if%%ﬁo@és%ﬁé‘b : r%%oiﬁé‘” 0 T g5REharor & o ez, T "
oi na no- Tneaaay g 08 PSEF Rffudls AR MR g U Ry b ane
Ao ) SR 82y S A0 oS TR  ROSEP e

pur c has edntenimaieedfibbingel BB & ribidradd proteins P%@télrﬁé@&%m@’ﬂ’bhy
| oaded and %ﬁored on an INNUS Systens Inc. Trisorber. McroScint 20

sci nti | MAS eBBH’I@LdaW a\k@wmaﬁ%ﬁm@@wwmahabmgh@mu%a%@% 1P bt ocol

For Ex- Wiy ; hal & Bl 0od  Drug
admi ni sfratio OU &ited>cynonol gus nonkeys
ard0al | owed t"l'dnrenpblrl rdxueatce a‘rmagcﬂﬁsmwere ssreeest asiagtawbdifidatioh o$ ¢ié ed i nto

nser L ed oML Frestiph B QlozrbindiGe asSBHORAUE Siealr{ AwcPt Aeblol sihEreasohod
sanpl i ng4:450- BBQ%%W)B’GTHéYEﬁa%/ whs @rfbhﬁ?émék%hl Né?qagt% fé&tf fgh.orally

only one catheter is’used. A base I ne bl ood sanple 'S col l ected

i N vacupapeeo) at &iral ssayaioNirne o&lZDDWnPla'Peléf‘HiePthr@ﬁeQMﬁd21‘3ﬁ?15(1¢@;QPf ag/ 0.1

m saline) as an anticoaculant. The drug is then infused intravenously
over a péreddutsd tod.Aimg/milaggd 2.2 nM, respectively, in binding buffer (50 mM Tris-

15 HCI, pH 7.5, 10 mM MgCl2, 1 mM EGTA, 0.1% BSA). Stock solutions (10 mM in
100% DMSO) of test compounds were further diluted in 100% DMSO. Unless
otherwise indicated, 10 pl of diluted compound solutions and 90 pl of radioligand (a
final concentration of 10 nM in 5% DMSO) were added to each well, and the reactlon
was started by the addition of 100 pl of membranes (40 ug protein/well). The blndlng

20 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 1 hour in 0.1% polyethyleneimine. The

incubated membranes were harvested using a Packard FilterMate Universal

25 Harvester and were rapidly washed four times with 300 pl ice cold 50 mM Tris-HCl,
pH 7.5, 10 mM MgCl2, 1 mM EGTA. MicroScint 20 scintillation cocktail (25 pi) was
added to each well, and the plates were counted in a Packard TopCount Microplate
Scintillation Counter. The specific binding was defined as the total binding minus the
nonspecific binding observed in the presence of excess (50 uM) unlabeled haTRAP.

30  The % inhibition by a compound of [3H]JhaTRAP binding to thrombin receptors was
calculated from the following relationship:



sanples (1 m) are collected at 5, 10, 20, 30 mn during and 30, 60, 90 mn
after 20 termnation of the drug infusion. In PO experinents the ani mals
are dosedwaioBie3zshe drug using a gavage cannul a. Bl ood sa®plras0a81936
collected at 0, 30, 60, 90, 120, 180, 240, 300, 360 mn after dosing. 0.5
m of the blood is used for whol e bl oog15_aggr egation and the other 0.5 ml
is used for determning the plasma concentration. of the drug or its

nmet abolites. Aggregation is performed i mediately after collection of 25

t he bl ood sanpl e as described bel ow. Wol e Bl ood Aggregation: A 0.5 mnl

bl ood sapphkibitopdded to 0.5 nl of saline and warnmed to 37C in a Chronol og
whol e bl ood aggregoneter. Sinmultaneously, the inpedance el ectrode is

war med in saliotel bindBigeBinding ihltbe gresenecofva tdst @ortpiountax 108 pl ace in the
heating 30 bl ock vvei.l bhe i npedance_ el ectrode is placed in the bl ood

sanpl e and the col | &0ta! bindings pecificbiiding ed. The software is allowed to
run untipafedaidoasel ine is stabilized and WO 03/ 033501 PCT/ US02/ 32936 -46
then a 20 ) calibration check is perforned 20 0 is equal to 4 blocks on

t he Qraphi ¢ APEUIRYENAY(MRY¥ - gpandeh (pfe F) R ) (IRK 224 NiHst, v(dra'bBAtaml s
dded b dj pst | tt 25 pl) dth t

o ecoruBihestitd By AReBpkeunc RN howeaG iy obae Pl ol thess RADAEST ORPow NG

agoni st igsof, eritith Yais" (8 9 dpsb purﬁhégerc?’gg)ﬁnﬁéga% fdihn ﬂ@éﬁ@%ﬁdrggﬁa%ﬁ ure:

Pl at el et aggregati on st udi‘'es were hod o
Bednar @asavas c@eseguentip. Ioacmmmmstdfed oBaar IN/US Systemwneo'lﬁriml’oer T M,
Throm

Res. 77-453-4 199 obt ai ned from heal t hy hurran
subj ect Ml G S 20 SQEH‘?% gg"fv(‘ﬁ‘?s QB%' from agkargy ”?ﬁé‘i’ﬂ“ﬁﬂhé%re usi ng
ACORS Fbickergst E&twvé’lmétele@%gb?egétm Bl @ ?@%@E%ﬁ@ef%g@y
centrlfugatlona 0Xg mnu es a e wer e
pel | et edrs 1 : L ILE: ' buffered saline containing 1 mM
EGTA and 20 to | h| b|t agl atio er.f or med
at room t enpef ar[%; Lﬁdf%llng Agys Ao %Pé%@ﬁ%%g agﬁjb?qﬁggrn??&ﬁﬁ%n
fibri no@eneedl%&iatl@ét@b@lﬁde@é’dilr% atterbehnal V@ihﬁopfn%.{i@#@ﬁie%@ drd "t%sgﬁrﬁ@ﬁlhér
flat- bottog]mﬂglatesfor 60 m nutes. regation was initiated by adding

0.3 pM R&® etpris 'ﬂ%ﬁ?dtlwpdhﬁmh%{rhfaﬁh 6 §apfeenass vein end usedifor e usi ng
L np
s 180 D L fibling. A B Shertnd S the g Sl 808 BRBhis el Tapin or ©

one catheter is used. A baseline blood sample (1-2 ml) is collected in vacutainer

tubes containing a thrombin inhibitor CVS 2139 (100 ug/0.1 mi saline) as an
anticoaculant. The drug is then infused intravenously over a period of 30 min. Biood
samples (1 ml) are collected at 5, 10, 20, 30 min during and 30, 60, 90 min after

20  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 the blood is used for whole biood
aggregation and the other 0.5 ml is used for determining the plasma concentration.of

the drug or its metabolites. Aggregation is performed immediately after collection of
25  the blood sample as described below.
Whole Blood Aggregation:

A 0.5 ml blood sample is added to 0.5 ml of saline and warmed to 37°C in a
Chronolog whole blood aggregometer. Simultaneously, the impedance electrode is
warmed in saline to 37°C. The blood sample with a stir bar is place in the heating
30  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



In vivo Antitunmor Procedure: 20 Tests in the human breast carcinonma nodel

I n nude nouse are conducted according to the procedure reported in S.

Even- RamwD.03aB35p1 Nat ure Medicine, 4, 8 (1988), p. 909- 9PLT/UIS?/BRY3¢ he t est
procedures descri bed above, in the in vitro thronbin receptor antagoni st
assay, conmpounds of the invention weregfgound to have |1 C50 values (i.e., 25
the concentration at which a 50% inhibition of thronbin receptor was
observed) in the range of about 1 to about 2000 nM with preferred
conpounds having I1C50 values in the range of about | to about 100 nM

Uhi 1 e ferh SRR eBHARN AHBcR S pBRSINARS 20 IR dual 40 LIDGRI OF tHé G
speci fi ¢~ enbo s set ort above, many alternatives, nodifications and
vari ati Pﬂmddwr@pfhe Sdmpuder sbﬁwam)aTleelagbmst (ruseRAP) tsraddeairb'y 8Rill in the

t. h al i
TRl i edieable vOBIme PRATE oD ena he Sacegaio sk tedrdes By B8 5501
PCT/ USO24; ﬁ@t%%GMa]Muronv%reb?tlé‘ﬂ §H @ﬁﬂnuﬂes f&l&ﬁlﬁ@ﬁégﬁﬁt%f@ﬁlhé(ﬂe@mbhe

structural fornu R11 (CH2)n2 2 R B~
Hell;) 5‘t3 oiin altmﬁbémebﬂgqr%@fltﬂ_lp_mmm e salt t hereof, wherein: R is 1to3
substituents endent S cted fro Cl1- C6
al kyl, hal oggﬁnt éﬂﬁﬂg'e?ﬁer% zrﬁ ed%ﬁ%ﬁgd'ﬁggk%w%‘%ﬁ Eyl am no,

(C1- OB)aldeary ﬁan B. G66Rira, CS@Ba6id, REP2EnE CorPANRILK. RTBrom NRESO2R18,

-NR 16COR16a, -NR 6000R16a, - NRLBCONRARS, fl uor o- ( Cl- Cb) al kyi
di f1 uor GTEBEEFAIKIF)). Bipad wes obtajro@l_fr@e) aeakhy, hlér@aoz@u ;Rﬂf%mhfewefe

1 o c1 26810 0% o e ForfitiomfEs, PR bACD R aficbuiefy PIskt
congy st irigl pasrita w@s@@pa&é&by ceﬁ’dnmgal(oﬁlat(iﬂ)m(g@dr 15d‘nfriudmr a( A deg)ail kyl ,
trifluoro-( Cl-GC6)al I C6 cycl oal kyl

aryl ( c:1P@t)eéﬂtﬁwere rp,ed:let@dyaf(wﬁpxgz@m \N%he%m"ﬁ% fgﬁugﬁﬁ% 3%1'1“9 canigining

mM EGTA and 20 pg/ml apyrase to inhibit aggregation. Aggregation was performed
at room temperature in buffered saline supplemented with 0.2 mg/ml human
fibrinogen. Test compound and platelets were preincubated in 96-well flat-bottom

15  plates for 60 minutes. Aggregation was initiated by adding 0.3 uM haTRAP or 0.1
U/ml thrombin and rapidly vortexing the mixture using a Lab Line Titer Plate Shaker
(speed 7). Percent aggregation was monitored as increasing light transmittance at
405 nm in a Spectromax Plate}Reader.

In vivo Antitumor Procedure:

20 Tests in the human breast carcinoma model in nude mouse are conducted
according to the procedure reported in S. Even-Ram et. al., Nature Medicine, 4, 8
(1988), p. 909-914.

Using the test procedures described above, in the in vitro thrombin receptor

antagonist assay, compounds of the invention were found to have IC50 values (i.e.,

25  the concentration at which a 50% inhibition of thrombin receptor was observed) in the
range of about 1 to about 2000 nM, with preferred compounds having IC50 values in
the range of about 1 to about 100 nM.

While the present invention has been described in conjunction with the specific
embodiments set forth above, many alternatives, modifications and variations thereof

30  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.



15 thio(Cl-C6)al kyl; or RL and R2 together forman =0 group; R3 is H,

hydr oxy, Cl-C6al koxy, aryloxy, aryl (Cl-C6)al kyl oxy, heteroaryl oxy,

het er oar yWp@3088)nl kyl oxy, (C3 C6)cycl oal kyl oxy, -SOR16, PEIARD/32936

- S02NR18R19, -SR18, -SMH, -C(OOR', -C(O NR18R19, -0OC(O R32,

-OC(O) NR33R34, -(CR33R34)n0OR32, -NRARPz. - NR33000R32, -NR 33COR 32, -NR 33S
(0)2R 32, 20 -NR 33CONR33R34, -NR 33S(0O 2NR33R34, -(CR33R34)nNR4RS5, ,

- (CR33R34) nNR33COCOR32, - (CR33R34) nNR33COR32, -(CR33R34)nNR33S(0O) 2R32,

- (CR33R34) nNR33CONR33R34, - (CR33R34) nNR33S( 0 2NR33R34, (C1-Co6)al kyl,

hal ogen oal kyl, CZ C6 al kenyl, -CN, aryl, heteroaryl,

heterocY/V gigaﬁcgaﬁxgéP(O)(O?)z or (Ci- CG)aI Kyl substituted by 1 to 3
substituents i ndependently selected fromthe group consisting of hal ogen,

- OH,  251- NH2A @ynboundFepreserié8by théstrueineal (fGAm@a) al kyl t hi o;  nisi, 2, 3or 4;
nl and n2 are independently 0-3, proyi ded both are not 0; WO 03/ 033501

PCT/ US02/ 32936 -48 Het is a nono-, ®i -Ro R’?Q&le C Reteroaromatic group
of 5to 14 atons conprised of 1to Far bormrat o and 1 to 4 heteroatons
i ndependent |y sel ected fromthe grQup ORSI sting oMRN, 0 and S, wher ein a
ring nitrogen can form an N-oxide 3 m
group, wherein Het is attached to \,
wherein the Het group is substituted y 1 ToHed
i ndependently sel ect ed fromth oup |st| ng of Cl1-C6 al kyI - NR4ARS;

- NHEOR2 6f a phirgnaregtical WPQQePEbﬁ l&#&ﬂ WNEraiNadj acent carbons forma ring
wth a et hylf{egetdfooif¥88§tﬂH8ntsarHG’e é]r%éﬁ%g s@%«ﬁé@%ﬁt théﬁro@ﬁ%oﬂ@ns@hg of H,

i ndependent |y Bel ‘ec romthe rou nsi sting

phenyl , Co@zykylahalogénhydroxy, amllnby(C Gg)aﬂwl anutn@s(q@éﬂdwékylawa (%@Hz) 3-, 7
P R TN R AT C S
! ndepenqﬁﬁgacyoﬁﬁl,e-ﬁhqgcéb‘ﬂ“ , ﬂ?R%%‘#ﬂ%%f‘ﬁuéFo-&%-@bafﬁyl, Afloro(C -C,)alky,
10 trifluoro(C.-C,)alkyl, C,-C, cycloalkyl, aryl(C,-C,)alkyl, hydroxy(C,-C,)alkyl, amino-(C -
C,)-alkyl, aryl and thio(C,-C)alkyl;
R' and R? are independently selected from the group consisting of H, C,-C,
alkyl, fluoro(C -C )alkyl, difluoro(C.-C )alkyl, trifluoro~( C,-C,)alkyl, C,-C; cycloalkyl,
C,-C, alkenyl, aryl(C,-C alkyl, hydroxy-( C,-C,)alkyl, amino(C,-C,)alkyl, aryl and

substituents, W

15 thio(C -C,)alkyl; or R'and R’ together form an =O group;

R®is H, hydroxy, C -C_alkoxy, aryloxy, aryl(C,-C,)alkyloxy, heteroaryloxy,
heteroaryl(C,-C,)alkyloxy, (C,-Ce)cycloalkyloxy, -SOR’, -SO,RY, -SO,NR™R",
_SR™, -SO,H, -C(O)OR", -C(O)NR™R', -OC(O)R%, -OC(O)NR¥*R*,
(CR®R*),0R%, -NR‘R?, -NR*COOR®, -NR*COR?, -NR¥S(0),R*,

20 -NR®*CONR®R¥, -NR*S(0),NR*R*, -(CR*R*) NR*R’, -(CR®*R*) NR*COOR¥,
-(CR®R*) NR*COR?%, -(CR¥*R*) NR*S(0),R%, -(CR®R*),NR*¥*CONR*R¥,
-(CR¥R*)NR*S(0),NR*R*, (C,-C,)alkyl, halogen, C_-C, cycloalkyl, C-C, alkenyl,
-CN, aryl, heteroaryl, heterocycloalkyl, -P(O)(OR"), or (C.-C,)alkyl substituted by 1 to
3 substituents independently selected from the group consisting of halogen, -OH,

25  -NH,, aryl, -COOH, -SO,H, thio and (C_-C,)alkylthio;

nis1,2,3ord4;
n1 and n2 are independently 0-3, provided both are not 0;



-OR; ROis H OH -NR4R5, Cl-C6al koxy, hal ogen or hal o(Cl-C6)alkyl;. Bis
-(CH H2)n3 or cis or trans -(CH 2)n4CR12=CR12a(CH2) n5, wherein n3 is 0-5,
n4 20 armion3/0zasel i ndependently 0-2, and R12 and Rl2a ar ePCmdspzsxdent | y
selected fromthe group consisting of H Cl-C6 al kyl and hal ogen; R 6 and
Rl6a are independently selected fromthg group consisting of C1-C6 alkyl,
phenyl and benzyl; R17, R18 and R19 are independently selected fromthe
group consisting of H 25 Cl-C6al kyl, phenyl and benzyl; R21 is 1 to 3
substituents independently selected fromthe group consisting of H -CF3,

- OCF3, haI 09?—(|':ét lstgqﬁ?no Chj- cﬁ:]tn&ﬁ:h@'h@/érg?%&? g*@é{fﬁw’at&% C6) - al kyl -

an no, am no am no
( C1- 08) cah1py1lsad10’id(1@113:6@réaloln>dtom‘$@r@31 mamena@vwsmmammnﬂys@iemec( (

o A O e R TS B0 B Bbhistira NS Non RS ToTAN N-oWIde
29C( O NB?é%ten‘é‘Py?B%p w%@%%ag%@yl %‘E‘M wﬁb}’élﬁ%’c@bﬁb %d tchBtb%/ aryl,

het er ocycl oal kyl, and bUs - -S(0O 2R31

- SOZNRZQR’ZE)noatonCﬁ@ZﬂemBéE} argl vh!@ér@(rﬁlre@@ét@gﬂowlp is @ab@tutéckwylto shal o(Cz

C6) al ken é; . C2- %V\zl_kéngl C3 G cycl ?al ké’l?og C7) cycl oal kyl (C1- C6) al kyl ;

(C3 C7) §§ H8EPRY Wupse %mﬁ%ﬁlywiqd@% rom RupRtsistegiQfct ed from the

group 0@150 Sélkﬂg of hal o, (Cl-C3)al koxy(Cl-C3)al kyl, hydroxy and Cl-C6

al koxy; aryl: aryl (C2-Cs)al kyl; heteroaryl; heter ocycl oal kyl; 10

(C1-Co) aNRyFlas SINISC ORI echy;olZR"a‘ -substituents independently selected from
-COOH and NH2 GR35 -'SO8H; or R36 , wherein R35 and R36 are i ndependent |y

sel eot et agm ArIPWHERH adfERBnt sibBAs Rrmita rMdWith aAhefferfudinly dielsd dntr O

Ey whereln is selected fromthe group consisting of

9§, Riibetepp@imlil , p- hydroxyphenyl and indolyl; R24 and R25 are

mdependentli%zsel ecs ed formthe tlgroup consisting of H 15 Cl1-C6 al kyl,
Y

hal o( C1- 06) aRkyAnd Roaredsdgpradsntly seleciedtromsihe araup eansigingl afyimye,-Car yi |
aryl - (Cl Co) al kZ C3- Cr7- cycl oal kyl , hal q(C3 C{)cycl oal kyl
(Cl- cs)akubmeoy eenzy ad C,-Gyraielerlkvhisd ReandsRalagsiher are - -(CH,)y,
-(CH2),~, -(CH2),- or -(CHZ)ENR -(CH,),- and form a ring with the nitrogen to which
- they are attached;
15 R'is H or (C -C,)alky};

R, R" arid R" are independently selected from the group consisting of R' ahd
-OR;

R”is H, OH, -NR*R®, C,-C,alkoxy, halogen or halo(C -C)alkyl;

B is -(CH,)n,- or cis or trans -(CH,)n 4CR12=CR123(CHz)n5, wherein n_is 0-5, n,

20 and n, are independently 0-2, and R™ and R"™ are independently selected from the

group consisting of H, C_-C, alkyl and halogen;

R™ and R are independently selected from the group consisting of C.-C,
alkyl, phenyl and benzyl;

R, R™ and R" are independently selected from the group consisting of H,
25  C -C.alkyl, phenyl and benzyl;

R™ is 1 to 3 substituents independently selected from the group consisting of

H, -CF,, -OCF, halogen, -NO,, -CN, C -C_ alkyl, C -C_ alkoxy, -NH,, (C,-C,)-alkyl-
amino, di-(( C,-C )alkyl)amino, amino(C_-C )alkyl, (C -Cy)-alkylamino(C -C )alkyl,



R26 is C3-C7-cycloal kyl, aryl, aryl-(Cl-C6)al kyl, heteroaryl, heteroaryl-
(C1-Co6)al kyl or (Cl-0C6)al kyl am no; 20 R27 is Cl-Co6al kyl, phenyl, benzyl,
(Cl- C3) al Wop(08356C3) - al kyl , (C3-C7)-cycl oal kyl, carboxy( ECTATE)abIogs

sul fo(Cl-C6) al kyl, or (Cl-C6)al kyl substituted by NRL8R19 and carboxy; R28
is H Cl1-C6 al kyl, phenyl, benzyl or (CigC3)al koxy(Cl-C3)al kyl; R29 and R30
are independently selected fromthe group consisting of Hand 25 Cl-C6

al kyl; R31 is (Cl-C6)al kyl; halo(Cl-C6)al kyl; C2 C6 al kenyl; hal o(C~

C6) al kyl; C2 C6 al kynyl; C3 C7-cycloal kyl; (C3-C7)cycl oal kyl substituted
by 1 to @i-§@sChblgntammelCcrepikyf, Hydy r. N$GHRY - al o,

(C1- C3) al kgx;égdf- g?al kyl k hyﬁ)réo%y andd%ﬁ(-%sww%@’/ 0%3%?511 ’P%EP S02/ 32936
-50 al koxXGONRSRY, MNHYCORI'E,GBIHB @R, -Ne1SDEHCF., PeOSMRENRES, oal kyl ;

(C1- Co6) al kyhs i e 1-3 s ituents i|ndependently selected from

- 000H anahﬁsﬁsibsﬁgzx'%r%@%ﬁ?,KB%?Z@?‘%@ aryl, eoY(( cs)alkyhihej@roants- ( C3

C7) cycl Oﬁét@ydeycwkﬂgn@ﬁmizk(%mRZgﬁ35- (C2-C6) al kynyl or R35-aryl, wherein

R35 is | or 2 substituents i ndependently selected fromthe 5 group

consbsting of RF is— IR, -NAARSCBIH),RY, 250, NRBR?24; cEOR2R33 and R34 are
i ndependently_sel ected fromthe group consisti :\8 of H ~ (Cl-Cg)al kyl and C3
C, cycl oal kyl R™2s hala{enaldlylo€, &), aikanyltede 6,rC HalesylColC ralkymtt n2 is 3.

10 3. Ago n f claiml rej ., R10_and R' are independent |

sel ect edéa'@%#ncft%ﬁ‘g(_y&r@ﬁ%’r‘?gf’i‘fﬁ@'@jya'#ﬁézgf%ﬂ%’oé‘!Wﬂ/ﬁ@bmutgﬁcpYR‘B¥%3e
i Coal Kesp (S sblbote i e droubofs SRy Ay (Ro il tCBolto or

- NRAR5. hygirdxy And &hpOyalttory; aryhianyl(C vOoakn hBiérdalyl; MstbragBloaflyi; Cl- C6

al kyl, CL-C6 alkoxy or amno. 5. A’conpound of claim1l wherein B is

- CHX@:H- (Gre . )alkylsphstijuted \mys1:8 subsiituedts indepengenttyselecied fany -QDOH and
W substituted qui ni\j l; Wis -NR4R5, -NHCOR26, -NHSO2R16' R21-aryl or.

het eroaryl ; and |Zs351 to 3 substituents independently selected fromthe

group consisting T W -CF3, -OCF3, hal ogen, -CN, Cl-C6 al kyl, C1-C6
al koxy, =9®H;asd ~R*®  wherein R* and R® are independently selected from the group
consisting of H, alkyl, or R¥"-substituted C,-C, alkyl, wherein R¥ is selected from the
group consisting of HO-, HS-, CH,S-, -NH,, phenyl, p-hydroxyphenyl and indoly!;
R* and R are independently selected form the group consisting of H,

15 C-C, alkyl, halo(C.-C,)alkyl, C,-C, alkenyl, halo(C_-C,)alkyl, C,-C, alkynyl, aryl, aryl-
(C,-C,alkyl, C;-C,-cycloalkyl, halo(C3-C7)cycloalkyI, (C,-Cy)alkoxy(C,-C,)-alkyl,
hydroxy and C,-C, alkoxy;

R* is C,-C,-cycloalkyl, aryl, aryl~(C,-C )alkyl, heteroaryl, heteroaryl- |
(C,-C,)alkyl or (C -C )alkylamino; | |

20 R% is C,-C,alkyl, phenyl, benzyl, (C,-C;)alkoxy(C,-C,)-alkyl, (C4-C,)-cycloalkyl,
carboxy(C -Co)alkyl, sulfo(C,-C,)alkyl, or (C,-C,)alkyl substituted by NR'™®R* and
carboxy;

R*is H, C,-C, alkyl, phenyl, benzyl or (C,-C,)alkoxy(C,-Cs)alkyi;
R* and R are independently selected from the group consisting of H and
25 C.-C, alkyl;
R®'is (C,-C,)alkyl; halo(C,-C,)alkyl; C,-C alkenyl; halo(C,-C )alkyl; C,-C,
alkynyl; C4-C,-cycloalkyl; (C4-C,)cycloalkyl substituted by 1 to 3 substituents selected
from the group consisting of halo, (C,-C,)alkoxy(C,-C,)alkyl, hydroxy and C,-C,



-CR29(=NOR28). 25 6. A conpound of claim1l wherein R22 is -COR23, -S(0)2R
31 or -COOR27; R23 is C3 Cr-cycloal kyl; (C3-Cr)cycloal kyl substituted by 1
to 3 subswbptoaestssl sel ected from the group consisting of IRaraS02/32936

(C1- C3) al koxy(C1-C3)al kyl, hydroxy and Cl-C6 al koxy; (C3

C7)cycl oal kyl (C1-C6)al kyl; aryl; or arygp(C2-C6)al kyl; R31 is (Cl-C6)alkyl,
C3 C7 cycloal kyl, aryl or aryl (Cl-C6)al kyl; and R27 is Cl-C6al kyl, phenyl,
benzyl, 30 (Cl-C3)al koxy(Cl-C3)al kyl or (C3 C7)cycloal kyl. WO 03/033501
PCT/ US02/ 32936 -51 7. A compound of claim 1l selected fromthe group

\3\?2?1 11 s@%&; as“%gzﬂl ﬁecf‘?élkyli ﬂgtesﬁ) ehété?ob&ch‘oﬁ%?l (©- UENkyI EUlEéthUte'WWer ein
- C2Et W supefifgentsindepahtiently selé2te@F®nO-CGQOH(andsFSOgH; or (C, C )alkoxy,
R% is R*®-(C -C,)alkyl, R*-(C;-C,)cycloalkyl, R®-(C,-Ce)alkenyl, R*-(C-Co)-
alkynyl or R®-aryl, wherein R¥® is 1 or 2 substituents independently selected from the
5  group consisting of H, -COOH, -NH,, -SO;H, =0 and =NOR?; and
R* and R* are independently selected from the group consisting of H,

(C,-C,)alkyl and C,-C;-cycloalkyl.

2. A compound of claim 1 wherein the sum of n1 and n2 is 3.

10
3. A compound of claim 1 wherein R’, R" and R"" are independently selected
from the group consisting of H and C1-Cg alkyl; R?and R® are each hydrogen; R®is
H, OH or C4-Cg alkoxy; and R®is H, hydroxy, C -C alkoxy, halogen, C,-C, cycloalkyl,
-CN, (C,-C,)alkyl, -COOR" or -NR'R°.

15

4. A compound of claim 1 wherein R is H, halogen, OH, C,-C; alkyl, C,-C, alkoxy

or amino.

5. A compound of claim 1 wherein B is -CH=CH-; Het is pyridyl, W-substituted .
20 pyridyl, quinolyl or W-substituted quinolyl; W is -NR?R®, -NHCOR™, -NHSOR""
Rz‘-aryl or heteroaryl; and R* is 1 to 3 substituents independently selected from the
group consisting of H, -CF_, -OCF_, halogen, -CN, C -C, alkyl, C,-C, alkoxy, -NH, and
_CR®(=NOR?). |

25 6. A compound of claim 1 wherein R% is —COR"", -S(O),R*' or -COOR?; R® is
C,-C,-cycloalkyl; (C,-C,)cycloalkyl substituted by 1 to 3 substituents selected from
the group consisting of halo, (C,-C,)alkoxy(C,-C,)alkyl, hydroxy and C,-C, alkoxy;
(Ca-C)cycloalkyl(C -C )alkyl; aryl; or aryl(C,-C,)alkyl; R* is (C,-C;)alkyl, Cs-C;-
cycloalkyl, aryl or aryl(C,-C,)alkyl; and R¥ is C,-C alkyl, phenyl, benzyl,

30 (C,-C;)alkoxy(C,-Cj)alkyi or (CS-C7)cycIoallkyl. '



O CF3 0 O CFR3 6,CF3 O 6F WO 03/033501 PCT/US02/32936 -52 0 6F O

"Al.. 0 6F 0 -~F OF ~~. -CO2Et OCN -CO2Et -CO2Et dNOH - CO2Et
N. OEt - CORBt03/03$50CO2CH2CH2OMe / F and conpounds of the fecmisa2/6eoeeEt O H
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-51-

7. A compound of claim 1 selected from the group consisting of compounds of
the formula

wherein W and R are as defined in the table:
W R22

i “CF,
F

-CO,Et

F
F




N WWD 03/033501 PCT/ US02/ 32936 -53 wherein Wis as defined in the
followng table: W F F 6CN 8. A pharnmaceutical conposition conprising
an ef f ectwoe3asasont of at | east one conpound of claim 1l ®CW/E502/32936
pharmaceutically acceptable carrier. 5 9. The use of a conmpound of claim!]
for the preparation of a nedicanent forgo_inhibiting thrombin receptors. 10.
The use of a conpound of claim1l for the preparation of a nedi canent for
10 treating thronbosis, atherosclerosis, restenosis, hypertension, angina
pectoris, arrhythma, heart failure, nyocardial infarction,

gl omerul onephritis, tAronbowiC STTOKE,  tnhrqpboempolyti c stroke, peripheral
vascul ar di seases, inflanmatqry di sepses, réspiratary di seases, cerebral
i schem a or cancer. 15 11. ompound sel egfiedt from(the group consisting of
conpounds of the fornula OHHOQH HC Wwherein Wand Z are as

CF3 -S(O)- 6 CF3 .

S| 4
LTS
oYy

defined in the foll ow ng té(?l e:F WO 03/ 0335 PCT/ USQ2/ 32936 -54 wz -S-

F
CN
i‘g -CO,Et
N .
\ S
bt -CO,Et
©\fN'OH
“ -CO,Et
N,OEt
- ’ ‘COzEt
B
=
""’“f -CO,CH,CH,OMe
F

“and compounds of the formula




SO / "O CF3 IN~-CF3 -0- i F-0- F1f F-0--0-ci Ir -0- G O 6CF3 0
Al N 6 CFH IINl 6CF3 ANKNH 0 CF3 Iflr~ WO 03/033501 PCT/ US02/ 32936
-55 NJ< wWB33/33501 H -NH = |~ PCT/US02/32936

-53-

wherein W is as defined in the following table:

8. A pharmaceutical composition comprising an effective amount of at least one

compound of claim 1 and a pharmaceutically acceptable carrier.

9. The use of a compound of claim 1 for the preparation of a medicament for

inhibiting thrombin receptors.

10.  The use of a compound of claim 1 for the preparation of a medicament for

10 treating thrombosis, atherosclerosis, restenosis, hypertension, angina pectoris,
arrhythmia, heart failure, myocardial infarction, glomerulonephritis, thrombotic stroke,
thromboembolytic stroke, peripheral vascular diseases, inflammatory diseases,

respiratory diseases, cerebral ischemia or cancer.

15 11. A compound selected from the group consisting of compounds of the formula

wherein W and Z are as defined in the following tabie:



6 CF3 CF3 OCF3 6CF3 NCF3 FH OFNKN-" O NNH2 NFO FN F
AA" ON(CH3) - CF3

WO 03/033501 PCT/US02/32936
-54-
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