WO 01/ 96330 PCT/ US01/19025 5 THROVBI N RECEPTOR ANTAGONI STS 10 BACKGROUND OF
THE | NVENTI ON The present invention relates to nor-seco hinbacine

derivati we@ous@Bul as thronbin receptor antagoni sts in tphPeTUSEzONENt Of

di seases associated with thronbosis, atherosclerosis, restenosis,
hypertensi on, angi na pectoris, arrhythma, 15 heart failure, cerebral

I schem a, stroke, neurodegenerative di seases and cancer. Thronbin receptor
ant agoni sts are al so known as protease activated receptor (PAR

ant agoni sts. The conpounds of the invention also bind to cannabi noid (CB2)
receptors and are useful in the treatnent of rheumatoid arthritis, systemc
| upus erythematosus, nultiple sclerosis, diabetes, osteoporosis, renal

i schem a, cerebral 20 stroke, cerebral ischem a, nephritis, inflamuatory

di sorders of the lungs and gastrointestinal tract, and respiratory tract

di sorders such as reversible airway obstruction, chronic asthma and
bronchitis. The invention also relates to pharmaceutical conpositions
cont ai ni ng said conmpounds. Thrombin is known to have a variety of
activities in different cell types and 25 thronbin receptors are known to

be present in such cell types as human platelets, vascular snooth nuscle
cells, endothelial cells éﬂBQ!M!BH}!;[BE,@E_ETOB ANTAGONI®EDe expect ed t hat
throqli n receptor antagonl sts will be useful in the treatnent of

thronbotl I nfl Y gryI g Eg{aiflﬁrotic and fibroproliferative disorders,
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gastromtestmal tract, and respiratory tract disorders such as reversible airway
obstruction, chronic asthma and bronchitis. The invention also relates to
pharmaceutical compositions containing said compounds.
Thrombin is known to have a variety of activities in different cell types and
25  thrombin receptors are known to be present in such cell types as human platelets,
vascular smooth muscle celis, endothelial cells and fibroblasts. It is therefore
expected that thrombin receptof antagonists will be useful in the treatment of
thrombotic, inflammatory, atherosclerotic and fibroproliferative disorders, as well as
other disorders in which thrombin and its receptor play a pathological role.
30 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
example N-trans-cinnamoyl-p-fluoroPhe-p-guanidinoPhe-Leu-Arg-NHz and N-trans-
35 cinnamoyl-p-fluoroPhe-p-guanidinoPhe-Leu-Arg-Arg-NHo. 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
predominantly peripheral CB, receptors. These receptors exert their biological




of CBl receptors are principally associated wth the central nervous
system CB2 receptors are believed to have peripheral effects related to
br onchi alw@en%d3sé cti on, i mmunonodul ati on and i nfl anmat i oRCT/BS01$19015, a

sel ective CB2 receptor binding 5 agent is expected to have therapeutic
utility in the control of diseases assocpated with rheumatoid arthritis,
system ¢ |l upus erythematosus, nultiple sclerosis, diabetes, osteoporosis,
renal ischem a, cerebral stroke, cerebral ischem a, nephritis,

i nfl ammatory di sorders of the lungs and gastrointestinal tract, and
respirat @cyiohs %gtmo@ulﬁﬁﬂégsaén;ﬂa@bﬁaéeeaﬁa SCHParl Kvayromst \WRlé amb eﬁédst@m c

ast hma and bron ert wee,
635). HOkbR ﬁ%ep@fﬁ@%%Pr'm'H@“Ya@%%ﬁ%@’f&ddYQhW@ Q%S%PQWOQSW&% GJBC(} 2 has
been i demgtépiers afe iellBv@aas ihave w@aptmrefmtsa@cmedtm bitrecHialtadnssiotihesi s of

(1006, M orsaqBadsh SR ydtyialont AT, . Fledhe Lo (ERRIENA0 boon

di scl bsecgent isexpanted to bawt@rrapmntagmmtys trsthercdn@oda pbdise8ags asspmiairY With THE
| NVENTI %gﬂmﬁe&g ﬁ&ﬂ%ﬁ%@ﬂ*ﬁ@éﬁ%& L UM RelFGSR! apat¥sadoni sts
ar C

represente eut | ca y accepf abl e
sal t therCéF(tﬁOmeéiSerQﬂal R@nengaﬂebra S rekﬁ)q'ﬁre rgl ischetyig) nephriis, | ;

(CH2) n- - ynfladhmat & the lé\:bg@ahd rstralinteémal whet, ahd r%pltaoqbﬁv

01/ 96330 PCT/ USO 9025 - Hé 8 b ne re esent an o tg:gng
doubl o b&ligederm UGS Feveiy DIV RY, EBR i iete St AR ARH Lo "
is 048; Mertwde RRugs KednGaprn&edit (1083, 885rd from the group con3| sting of

.t Bl Y B o a9 T

"
H3C\N
HaCW
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.
15  9812-9813.

Tricyclic himbacine-related compounds have been disclosed as thrombin
receptor antagonists in US 6,063,847.

SUMMARY OF THE INVENTION
20 The present invention relates to thrombin receptor antagonists represented by
the formula 1

or a pharmaceutically acceptable salt thereof, wherein:

2 <0H2>n—{\ s (CH2>n—4 L5

Zis —(CH,) -; , wherein R" is absent; or
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25 _wherein R’ is absent;



C2-C6 al kenyl, aryl (Cl-C6)al kyl, aryl (C2-C6)al kenyl ,

het eroaryl (Cl- C6) al kyl, heteroaryl (C2-C6) al kenyl, hydroxy-(Cl-C6) al kyl
(Cl1- C6) alwonry9a3ie C6) al kyl , am no- (Cl-C6)al kyi, aryl and péTmf@1HCs) al kyl ;
or RL and R2 together forma =0 group; R3 is H hydroxy, Cl-C6 al koxy,
-NR18R19, -SOR16, -SO02R17, -C(O OR17, 103-C(O) NR18R19, Cl-C6 al kyl,

hal ogen, fluoro(Cl-C6)al kyl, difluoro(Cl-C6)alkyl, trifluoro(Cl-C6)alkyl,
C3-C7 cycl oal kyl, C2-C6 al kenyl, aryl (Cl-C6)al kyl, aryl (C2- C6)al kenyl
het er oaryl (Cl- C6) al kyl , heteroaryl (C2-C6)al kenyl, hydroxy(Cl-C6)al kyl,

C1- C6) alikyls Cl- Co6) al kyl
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substituents, W, independently selected from the group consisting of H; C4-Cg alkyl;
fluoro(C1-Cg)alkyl; difluoro(C4-Cg)alkyl; trifluoro-(C1-Cg)-alkyl; C3-C7 cycloalkyl;
heterocycloalkyl; heterocycloalkyl substituted by C1-Cg alkyl, Co-Cg alkenyl, OH-(C1-

25 Cg)alkyl, or =O; C»-Cg alkenyl; R21-aryl(C4-Cg)alkyl; R21-aryl-(C2-Cg)-alkenyl; R21-
aryloxy; R21-aryl-NH-; heteroaryl(C1-Cg)alkyl; heteroaryl(C2-Cg)-alkenyt;
heteroaryloxy; heteroaryl-NH-; hydroxy(C1-Cg)alkyl; dihydroxy(C1-Cg)alkyl; amino(C4-
Ce)alkyl; (C1-Cg)alkylamino-~(C1-Cg)alkyl; di-((C1-Cg)alkyl)-amino(C1-Cg)alkyl; thio(C1-
Ce)alkyl; C4-Cg alkoxy; Co-Cg alkenyloxy; halogen; -NR4R5; -CN; -OH; -COOR17;

30 -COR!16; -OSO,CFj3; -CHoOCHoCF3; (C1-Cg)alkylthio; -C(O)NR4R5; -OCHRS6-phenyl;
phenoxy-(C1-Cg)alkyl; -NHCOR18; -NHSO5R18; biphenyl; -OC(R6)2COOR;
-OC(R®)2C(O)NR4R5; (C1-Cg)alkoxy; -C(=NOR")R™;

C1-Cg alkoxy substituted by (C1-Cg)alkyl, amino, -OH, COOR17, -NHCOOR7,
-CONR4RS3, aryl, aryl substituted by 1 to 3 substutuents independently selected from
35 the group consisting of halogen, -CF3, C1-Cg alkyl, C1-Cg alkoxy and -COOR17, aryl



5 C3-C5 al kyl ene group or a nethyl enedi oxy group; R4 and RS are

I ndependently selected fromthe group consisting of H Cl1-C6 alkyl,

phenyl , beaaybedand C3- C7 cycl oal kyl, or R4 and R5 toget hePCEUSIHIOTR) 4-,
-(CH2)5- or -(CH2)2NR7-(CH2)2- and forma ring with the nitrogen to which
they are attached; 10 R6 is independent)jy selected fromthe group
consisting of H Cl1-C6 al kyl, phenyl, (C3-C7)cycloal kyl,

(C3-C7) cycl oal kyl (C1-C6) al kyl, (Cl-C6)al koxy(Cl-C6) al kyl,

hydr oxy( Cl1- C6) al kyl and am no(Cl-C6)al kyl; R7 is H or (Cl-C6)alkyl; R8, R10
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when the g) f‘?“%%ﬁﬂm% and YorHh /a nﬁé"wﬂﬁ)theﬁr%dén {dHhichihey E}e (H

Cl- C6 al kox 5 1I's absent™when the ubl e dotted i ne
representélstt §ﬂng| e bond; RI5is H 0O 1 Cl1-C6 alkyl, -NR18R19 or -ORl7
when 1phe bond Rglsahaépéndémly\ée!éctetﬂ E)rdm:thelgaauprcmsnsrmg of Hyr@y-Bgaalkyd, h or

V1- U6 ai K r benz 0] and
Mo ar o ISk G D ar, B Pr Bl ot o ieyaltku e Calin
al kyl , pHgayoxy(BerZs)alkyRaod amitd(Cgicealkylkyl , phenyl, benzyl, -C(OR6 or
-SO2R6; WO 01/ % g('E/ l@ﬁ]&'&%‘%% -5 R1is 1to 3 substut uents

ecte

i ndependent |y se €& group consisting of
R8, R10 and R!1 are independently selected from the group consisting of R1

15 and -OR!, provided that when the optional double bond is present, R10 is absent;
R9 is H, OH, C1-Cg alkoxy, halogen or halo(C1-Cg)alkyl;
B is -(CH2)p3-, -CH2-O-, -CH35S-, -CHao-NRE-, -C(O)NRS-, -NR6C(0)-,

AN , cis or trans -(CH2)n4aCR12=CR12a(CHy)n5 or '(CH2)n4CEC(CH2)n5',
wherein ng is 0-5, ns and ns are independently 0-2, and R12 and R'22 are
20 independently selected from the group consisting of H, C1-Cg alkyl and halogen;
X is -O- or -NRS- when the double dotted line represents a single bond, or X is
H, -OH or -NHR20 when the bond is absent;
Y is =0, =S, (H, H), (H, OH) or (H, C1-Cg alkoxy) when the double dotted line
represents a single bond, or when the bond is absent, Y is =O, =NOR", (H, H),
25  (H, OH), (H, SH), (H, C1-Cg alkoxy) or (H, -NHR*);
R15 is absent when the double dotted line represents a single bond; R” is H,

),

C1-Cg alkyl, -NR18R19 or -OR'7 when the bond is absent; orYis ~© or

S/\(>
|
-8 )1'2 and R15 is H or C1-Cg alkyt;
R16 is C1-Cg lower alkyl, phenyl or benzy!;

30 R17, R18 and R19 are independently selected from the group consisting of H,
C1-Cg alkyl, phenyl, benzyl;
R20 js H, C1-Cg alkyl, phenyl, benzyl, -C(O)R8 or -SO2R8;



hydr ogen, -CF3, -OCF3, hal ogen, -NO2, Cl-C6 al kyl, Ci1-C6al koxy,

(C1-Co6) al kyl am no, di-((C1l-C6)al kyl)am no, am no(Cl-C6) al kyl,

(C1- Co6) - avaryi/gassino( C1- C6) al kyl, di-((Cl- ©6)al kyl) -am no( BUF/CB)1z19k35 |

hydr oxy- (Cl- C6) al kyl, -COOR17, -COR17, -NHCOR16, 5 -NHSO2R16, - NHSO2CH2CF3,
heteroaryl or -(( NCRl?) R18; R22 and R23_are independently selected from
the group consisting of hydrogen, R24- (é’ Cl10) al kyl , R24-(CzZ C10) al kenyl ,
R24- (C2 C10) al kynyl, R27-hetero-cycl oal kyl, R25-aryl,

R25-aryl (C1- C6) al kyl , R29-(C3 C7)cycl oal kyI R29- (C3- C7) cycl oal kenyl , -OH,

O R30, -C(Q 0) R30, R30 R3 .. 10,.-NR
383(( O NR31R32, R g}ﬂa@bm&bg@%fﬂ%%@ﬁ 9@& SF@P@?E& tiaéﬁogéé)&”?'éﬂ”@:%)
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ring of 3 or a R4 stibst i t uted heterocycllc ring of 4- 10 atons

wherein 1-3 rlﬁg anshiBé ege m@neﬁdéﬁﬂ)‘lééﬁﬂ%d amdbe aowp sansiging pbhydrogen,
consi sti ng=qt lkyN'FF“ )§ﬁ2@n§| RR(ONC yggatﬁ%/ﬁéférmcmd(ymws feyim a
, the_,.optidhal bsti t'uent
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C7) cgé oal C((é@q% %@él ga )Q{F\'F?%%@@oew Aé:l(y‘éjy&% (é C%“)O R30,
-0 NRBCﬂBenylomﬂﬁg{B@ emmﬂmﬁégc Qnasmﬂgkkyloxy,
O NR3§ )
RZO;:( heteroir(‘:qqél3 iﬁ fogél %@ﬁ(ﬂg%) %}’E'Pégﬁ m&gm%cgmmaﬁhoxy
C7) cycl o- =% 5 R29- ( C3- C7) cycl oal kyl - - NHSO02NHR16 and

- CH(=NOR17) ; &ﬁ”'eﬁwd]R‘;?ogéth& withsheé buﬂjlﬁrﬁtlol wmenenw,eaté sitaeheel; oe RS %m\nldn t he
group, consistin rogen cl oa
O O T e L BT LS ORS P o
(C3- C7) cysmhmﬁmdfﬁ,rb@)chd: kipg of GE10 @ﬁ)ra$ kqm q B@-@b)suwe@aemcm@ ringeiA-ky| |
hal o( C1- ) (C1-
C5) al Kox ﬁ@%&@%% i CA A lere =% r@é&hd?ﬁ%ﬁ%m%&ﬁ)tﬁé i5¥bup acem
ring car b@@l@lsﬂrm@(ﬁ-apf,u%lb'd anelt-H3P en el oasdpdghahwhﬂz@ | @an 2f0“61ra gng,
subst i tueaﬁﬁoﬁg%ggwd ¥ S8lepet ed fromthe group consisting 35 of
hydr oz%en hal o%g, Se%n og 3 su%@tn?uen?s lndevggn%%/n 3613 %gl%c e%T rclJJnswot /elggrggg c_or613|st|ng
of hydrogen, halogen, -OH, (C,-C,)alkoxy, R*-aryl, (C,-C,,)-alkyl-C(O)-, (C,-C,,)-
alkenyl-C(O)-, (C,-C,,)alkynyl-C(O)-, heterocycloalkyl, R*-(C,-C,)cycloalkyl, R*-
(C,-C,)cycloalkenyl, -OC(O)R™, -C(O)OR®, -C(O)R®, -C(O)NR®R®, -NR®R"",
NR®C(O)R", -NR*C(O)NR"R®, -NHSO,R®, -OC(O)NR*R"', R**-(C,-C,,)-alkenyloxy,
25 R*-(C,-C,)alkynyloxy, R-heterocycloalkyloxy, R*-(C,-C,)-cycloalkyloxy, R*-(C,-
C,)cyclo-alkenyloxy, R*-(C,-C,)cycloalkyl-NH-, -NHSO,NHR" and
_CH(=NOR");
R* is 1, 2 or 3 substituents independently selected from the group consisting
of hydrogen, heterocycloalkyl, halogen, -COOR®, -CN, -C(O)NR¥R®, -NR*C(O)R",
30 -OR¥ (C,-C,)cycloalkyl, (C,-C,)cycloalkyl-C,-C,)alkyl, (C,-C)alkyl(C,-C,)cycloalkyl-(C,-
C,)alkyl, halo(C,-C,)alkyl(C,-C,)cycloalkyl(C,-C,)alkyl, hydroxy(C,-C)alkyl, (C,-
C,)alkoxy(C,-C,)alkyl, and R"'-heteroaryl; or two R* groups on adjacent ring carbons
form a fused methylenedioxy group
R* is 1, 2, or 3 substituents independently selected from the group consisting
35 of hydrogen, halogen and (C,-C )alkoxy;



R27 is 1, 2 or 3 substituents independently selected fromthe group
consisting of hydrogen, R28-(C, -Cl0)al kyl, R28-(C2-C, 0)al kenyl, R28-(C2
C10) al kyrwo 01/48380 i s hydrogen, -OH or (C, -C6)al koxy; R29 iBCI/US®/190253
substituents independently selected fromthe group consisting 5 of

hydr ogen, (C,-C6)al kyl, -OH (C, -C6)al koxy and hal ogen; R30, R31 and R32
are independently selected fromthe grou'é’ consi sting of hydrogen,

(C, -Cl0)-al kyl, (C, -C6)al koxy(C, -C10)-al kyl, R25-aryl(C, -C6)-al kyl, R33-(C3
C7)cycl oal kyl, R34"(C3 C7)cycl oal kyl (C, -C6) al kyl, R25-aryl,
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3 sub%r &%% ) @ﬁg @\*Iy sel ected fromthe group consisting of 30
hydr ogen, y % and (C, -C6)al koxy; R43 is -NR30R31,
- NR30C( O) R31, R F‘QGSB@'@QNWQ%@s)alWHMQ}Qz}alkN-dIM(C -CRaelkyl or tiflugio(Cs-
al koxy, %@ -S02R17, -C(O OR17, -C(O NR18R19, Cl-C6 alkyl, hal ogen
quoro(Cl fla(] dgafluoro(Cl CG}alké trlfluor Cl- C6) al .k C’a%
cycl oal kyl, C2RGAM Rémye Indang ol from R (@oUR SR RERG P! hydrogen,
heteroary Ctl 51@ abkwo @%Ihﬁt ph@ﬁj‘/lyd OC%@)S C&f@(a%w JoIEW? ano{mfglairwrlayé,
am n ry 39 a or
(Cl- aI X @%'né@@ (kﬂ-\y_,f I&é i ? aXd ‘foﬁn a rlng) withs R f&rog(é\ﬁ ) leJ:h
they are attached;

R* and R® are independently selected from the group consisting of hydrogen,
(C,-C,)alkyl, aryl(C,-C,)alkyl, phenyl and (C,-C,)-cycloalkyl, or R* and R" in the group
-NR*C(O)R", together with the carbon and nitrogen atoms to which they are

25 attached, form a cyclic lactam having 5-8 ring members;

R" is 1 to 4 substituents independently selected from the group consisting of
hydrogen, (C,-C,)alkyl, (C,-C,)alkoxy, (C,-C,)alkylamino, di((C,-C,)alkyl)amino, -OCF,,
OH-(C,-C,)alkyl, -CHO and phenyl;

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

30 hydrogen, -OH, (C,-C,)alkyl and (C,-C,)alkoxy;

R43 iS 'NRSORm, 'NRSOC(O)R31, _NRSOC(O)NR31R32’ _NHSOZRin or _NHCOOR17;

R* is H, C4-Cg alkoxy, -SOR16, -S0-R17, -C(O)OR'7, -C(O)NR18R19, C1-Cg
alkyl, halogen, fluoro(C1-Cg)alkyl, difluoro(C4-Cg)alkyl, trifluoro(C4-Cg)alkyl, C3-C7
cycloalkyi, Co-Cg alkenyl, aryl(C4-Cg)alkyl, aryl(C2-Cg)alkenyi, heteroaryl(C1-Cs)alkyl,

35 heteroaryl(Co-Cg)alkenyl, hydroxy(C1-Cg)alkyl, amino(C1-Cg)alkyl, aryl, thio(C1-
Cs)alkyl, (C1-Cg)alkoxy(C4-Cg)alkyl or (C4-Cg)alkylamino(C1-Cg)alkyl; and



WO 01/ 96330 PCT/ US01/19025 -7 R45 is H, Cl1-C6 al kyl, -COOR16 or -SQ2. R2,
R8, R10 and Rl11 are each preferably hydrogen. R3 preferably is hydrogen,
OH, Cl-Cavabkessg) - NHRL8 or Cl-C6 al kyl. The variable n iBCpUStEeds y zero.
RO is 5 preferably H OH or alkoxy. Rl is preferably Cl-C6 al kyl, nore
preferably methyl. The double dotted |I9€ preferably represents a single
bond; X is preferably -0- and Y is preferably =0 or (H -OH). Bis
preferabl y trans -CH=CH. Het is preferably pyridyl, substituted pyridyl,
qui nolyl or substituted quinolyl. Preferred substituents (W on Het are

R21-aryl, Rot-Ret Y, | eqpy eferred are conpounds wherein Het
Is 2 10 pyri dyﬁ i%%lgﬁﬁ g‘g‘yﬁn%@qwﬁo?% on by R21-aryl, RA41l-heteroaryl

or alkyl, or 2-pyridyl substituted in the 6-position by al kyl. R34 is
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aggr egat i coagulaaagdtisity. omhrarahosis;relatéd diseases {re8ediby Hesesmpoumndssoi thég or y
di seases, j\GBARSH St 'GrERBbEIsS hffdrB%I8rdsTPOUBHALSE, hisdRERidn, angina pectoris,
arrhythmia, heart failure, myocardial infarction, glomerulonephritis, thrombotic and
thromboembolytic stroke, peripheral vascular diseases, other cardiovascular
25 diseases, cerebral ischemia, inflammatory disorders and cancer, as well as other
disorders in which thrombin and its receptor play a pathological role.
The compounds of the invention which bind to cannabinoid (CB2) receptors
are useful in the treatment of rheumatoid arthritis, systemic lupus erythematosus,
multiple sclerosis, diabetes, osteoporosis, renal ischemia, cerebral stroke, cerebral
30 ischemia, nephritis, inflammatory disorders of the lungs and gastrointestinal tract, and
respiratory tract disorders such as reversible airway obstruction, chronic asthma and
bronchitis. ' ‘
This invention also relates to a method of using a compound of formula | in the
treatment of thrombosis, platelet aggregation, coagulation, cancer, inflammatory
35 diseases or respiratory diseases, comprising administering a compound of formula |
to a mammal in need of such treatment. In particular, the present invention relates to




to a mammal in need of such treatnent. In particular, the present invention
relates to WO 01/96330 PCT/US01/ 19025 -8 a nethod of using a conpound of
fornmul a W@n1/9d380 t r eat nent of thronbosis, atherosclerosi BCTUSSIWNZISI S,
hypertensi on, angi na pectoris, arrhythma, heart failure, nyocardi al
infarction, glonerulonephritis, thronbotigc stroke, thronboenbolytic stroke,
peri pheral vascul ar di seases, cerebral ischem a, cancer, rheumatoid
arthritis, 5 system c |lupus erythenmatosus, nultiple sclerosis, diabetes,

osteoporosis, renal ischema, cerebral stroke, cerebral ischem a,
nephri L1 Sq hathb@ BIBSRIcYa EbRBOUALD WIS | if #iRoReARfbriRE thonHce, | nal tract,
reversi bl e alrway obstructiqgn, chronic asth ronc
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to 6 carbon atoris and’ <oXy" Stm lar _ [ koxy “groups havi ng
to 6 carbhmgatangsgastioiiestnalyiractdeveisdo ainvay ehsdructiph| elsPBi A8fIMALIn al ky!

chai ns WhefRicRitishet ist&fnrf@rﬂ%ﬁté@&mra ESMBORE bt HigmvRYtidn nPayobe 8seful in
fl uor oat ons, CF3, - CF 2CHF2 or - CH2CH2F. "Hal oal kyl neans

.e.g., - , , 20
an al kyl HRaiing 8[?6%1”?%’?19@% %@qgtsgasge% F8% at oms. "Al kenyl " means strai ght
or bremched cafrbamothbaassedtf theainbenticant @igteh dv angharoraeeaticalmoepbsitidre bonds
in the chgj .conj_u ' L4 | " al "I ., reans
trai ght oy BRI oot SRR AL Bt L s b8l UK R MBS N
tripl e bophamiaceaiticalyhaceeptablerearder.al kyl, al kenyl or al kynyl chain joins
two other variables and is therefore bivalent, the terns al kyl ene,
al kenyl en E%‘MLEB'&E@EFQ? IBRE used. Unl ess otherw se defined, alkenyl and
al kynyl ¢ ) 6 carbon atons. Substitution on alkyl
al ken}® and al kylegs athanwise defiardstherietnéalkingr flowreraliy!” BeaBnaITAIGNARE t he
size and B?értx:ﬂh%d%lgll ReaHsastty {6 BhrboH@dmsSdid taRkoxy" ditRardy Feféds!tb alkoxy

a

appreci ate that whi'l e I ognger chains can accommodat € nul ti pl e substituents,
shorter &IPS I}qugpggjog_%}r,[)opr@?wp. or ethyl, can have multiple
substi tution bylusadaig@ndifiisiroalkylemdifieomatkyl mcanyalkyl dhavres wheneimthe or two

substitue . lmgclii rated ai a.,
et hen%/I Oﬁgrgllrﬁl’%(l%%rrt,)érg%gs ﬁengljr}gﬁlrby 10%%%?P?ut ea grétg G‘F@ CRCFs,
0 CH»oCHFs or -CHoCHoF. Haloalkyl means an alkyl chain substituted by 1 to 3 halo

atoms.

"Alkenyl" means straight or branched carbon chains of carbon atoms having
one or more double bonds in the chain, conjugated or unconjugated. Similarly,
"alkynyl" means straight or branched carbon chains of carbon atoms having one or

25 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. Unless otherwise defined, alkenyt and atkynyl chains comprise
1 to 6 carbon atoms.

Substitution on alkyl, alkenyl and alkynyl chains depends on the length of the

30 chain, and the size and nature of the substituent. Those skilled in the art will
appreciate that while longer chains can accommodate multiple substituents, shorter
alkyl chains, e.g., methyl or ethyl, can have muitiple substitution by halogen, but
otherwise are likely to have only one or two substituents other than hydrogen.
Shorter unsaturated chains, e.g., ethenyl or ethynyl, are generally unsubstituted or

35 substitution is limited to one or two groups, depending on the number of available
carbon bonds.



35 substitution is limted to one or two groups, depending on the nunber of
avai l abl e carbon bonds. WO 01/96330 PCT/US01/ 19025 -9 "Cycl oal kyl" neans a
saturateava@ar/doss ring of 3 to 7 carbon atons, while "cycPORURY/®NES' refers
to a corresponding bivalent ring, wherein the points of attachnent to
other groups include all positional and_gtereoisoners. "Cycloal kenyl"
refers to a carbon ring of 3 to 7 atons and havi ng one or nore unsaturated
bonds, 5 but not having an aromatic nature. "Heterocycl oal kyl" neans
saturated rings of 5 or 6 atons conprised of 4 to 5 carbon atons and 1 or

2 het eroat oms . bn%et@t* ﬁqteanyatseatg.fawﬂcgml d 89%% 7-drbon §tonsz@ctm|&f<7-
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means phenyl , I nden drona
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20 1Qoat guFary®Ppipeeidirsd, mer&lﬁﬂrtetmh@dmm @indnyl, 2endrphetieyl aad@ys
|ndepend il ct ed f'romt he group consisting of N, O and S, provided
t hat the ﬁ%‘%‘pEB i ncl ude adj acent oxygen and/or sul fur atons.
N- oxi des of th'Hatdg@"rrlefe'regceﬂeodm@ clllarine, ibmemiredr, iodinensidicadss conpounds
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quat ernary am ne |ng e-ri et er oar gr oups are pyr.idyl,
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(i.e., ttgrcuppbhhmydh)ferémnarbnrdammszl benzof ur anyl , benzoxazolyl and

benzof urazan I.. 0s]

2-pyridyl, y é)ad}?dé%r %@W@Q%g‘t ?‘e%aﬁﬁ@ﬁﬁﬁ?dero ryI ers to
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group or selected from the group consisting of N, O and S, provided that the rings do not

include adjacent oxygen and/or sulfur atoms. N-oxides of the ring nitrogens are also
included, as well as compounds wherein a ring nitrogen is substituted by a C1-C4
alkyl group to form a quaternary amine. Examples of single-ring heteroaryl groups

25 are pyridyl, oxazolyl, isoxazolyl, oxadiazolyl, furanyl, pyrrolyl, thienyl, imidazolyl,
pyrazolyl, tetrazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyrazinyl, pyrimidyl, pyridazinyl
and triazolyl. Examples of benzofused heteroaryl groups are indolyl, quinolyl,
isoquinolyl, phthalazinyl, benzothienyl (i.e., thionaphthenyl), benzimidazolyl,
benzofuranyl, benzoxazolyl and benzofurazanyl. All positional isomers are

30 contemplated, e.g., 2-pyridyl, 3-pyridyl and 4-pyridyl. W-substituted heteroary! 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, or where a nitrogen in the Het ring can be substituted with
R*-aryl or an optionally substituted alkyl substituent as defined in W.

35 The term "Het" is exemplified by the single ring and benzofused heteroaryl
groups as defined immediately above, as well as tricyclic groups such as



met hyl enedi oxy group, or where a nitrogen in the Het ring can be
substituted with R21-aryl or an optionally substituted al kyl substituent
as defi nadonn9edso 35 The term "Het" is exenplified by the BCHgR&/19D15g and
benzof used heteroaryl groups as defined i nmedi ately above, as well as
tricyclic groups such as WO 01/96330 PCT US01/ 19025 -10 benzoqui nol i nyl
(e.g., 1,4 or 7,8) or phenanthrolinyl (€. g 1,7; 1,10; or 4,7). Het
groups are joined to group B by a carbon rlng menber, e.g., Het is
2-pyridyl, 3-pyridyl or 2-quinolyl. Exanples of heteroaryl groups wherein
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number of substituents which can be present.

Compounds of the invention have at least one asymmetrical carbon atom and
therefore all isomers, including diastereomers and rotational isomers are
contemplated as being part of this invention. The invention includes (+)- and (-)-

20 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
formula I.

Typical preferred compounds of the present invention have the following

25 stereochemistry:

0!
~ =" R%
=y
HeG M BL
Het

’

with compounds having that absolute stereochemistry being more preferred.
Those skilled in the art will appreciate that for some compounds of formula |,
one isomer will show greater pharmacological activity than other isomers.

30 Compounds of the invention with a basic group can form pharmaceutically
acceptable salts with organic and inorganic acids. Examples of suitable acids for salt
formation are hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic, malonic, salicylic,
malic, fumaric, succinic, ascorbic, maleic, methanesulfonic and other mineral and



W th conpounds having that absolute stereochem stry being nore preferred.
Those skilled in the art wll appreciate that for some conpounds of fornula
|, one i3oow1/96sB0 | show greater pharnmacol ogical activity rPORUS@/19625

i somers. 30 Conpounds of the invention with a basic group can form
pharmaceutically acceptable salts with_grganic and inorganic acids.
Exanpl es of suitable acids for salt fdﬁﬁﬁtion are hydrochloric, sulfuric,
phosphoric, acetic, citric, oxalic, malonic, salicylic, malic, fumaric,
succi nic, ascorbic, maleic, methanesulfonic and other mneral and WO
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al b
is pr eseﬂydb@fm‘ﬁ'ﬁ'%dﬁ?‘w@twwHWir@ A attached, X is -0-, Yis
=0, B is -CH=-@bmpblahds of Wespresént ineentiort arkygendially PlaparSd bRPocesbeR1l are

conddRor MR me 00T A BB MP S1OLR RS P RBeG BT, O o as def i ned
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X is -O-, Y is =0, B is -CH=CH-, Het is W-substitued pyridyl, R3, R8, R9, R10 and R
are each hydrogen, and R' and R? are as defined above can be prepared by
20 condensing an aldehyde of formula Ii, wherein the variables are as defined above,

with a phosphonate of formula Ill, wherein W is as defined above:
o H W
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Similar processes may be used to prepare compounds comprising other
optionally substituted Het groups. Those skilled in the art will also recognize that the
25 processes are equally applicable to preparing optically active or racemic compounds.
Compounds of formula IA can be converted to the corresponding compounds
wherein R® is OH by treatment with Davis reagent ((1S)-(+)-(10-camphorsulfonyl)-
oxaziridine) and LHMDS (Lithium bis(trimethylsilyl)amide).
Aldehydes of formula Il can be prepared from dienoic acids, for example
30 compounds of formula lla, wherein R' is H and R? is methyl can be prepared
according to the following reaction scheme.



N. I iJ23 N WIII L\l TAWSimlar processes may be used to prepare
conpounds conprising other optionally substituted Het groups. Those
skilled iwobhes3art will also recognize that the 25 procesBewrussderfual |y
applicable to preparing optically active or racem c conpounds. Conpounds
of formula I A can be converted to the cp'?_espondi ng conpounds wherein R3
Is OH by treatnment with Davis reagent ((I S)-(+)-(10-canphorsulfonyl)-
oxaziridine) and LHVDS (Lithiumbis(trinmethylsilyl)am de). Al dehydes of
formula Il can be prepared fromdi enoic acids, for exanple 30 conpounds of
formula | wherein RL is Hand R2 is nethyl can be prepared according to
the foll (%@%D—?—gaction schenme. WO 01/96330 PCT/ US01/19025 -12 Schene 1: R22
1 R23 KOH 0 ( 5z®) 2PCHECOREt _THF- Me H20 ‘%Q@H, THF 0 0 R22 Et0 n2l R23 HO
/| RR2 3 3 Li FIPRPCEAIOE Hag tol i ne, THF R23
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R2Z  2)Pd cat, BusSnH
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The alkyne of formula 4, prepared by known methods, is esterified with the
5 dienoic acid of formula 3 using standard conditions to yield the ester 5. Selective
reduction of the triple bond of 5 using Lindlar catalyst under hydrogen gives the
intermediate 6, which upon thermal cyclization at about 185°C, followed by base
treatment, gives the intermediate 7. The ester 7 is subjected to hydrogenation in the
presence of platinum oxide to generate the intermediate saturated carboxylic acid,
10 treatment of which with oxalyl chioride gives the corresponding acid chloride which is
converted to the aldehyde lla by reduction using tributyltin hydride in the presence of
Palladium catalyst.
Dienoic acids of formula 3 are commercially available or are readily prepared.
Aldehydes of formula 1l also can be prepared by a thiopyran ring opening, for
15 example compounds of formula lla as defined above can be prepared according to
the following reaction scheme.

Scheme 2:
OEt OI
/(')'\Et/\ aaNas B0y S
OEt 8 10

(EtO ¥ i i
Et0),PCH,CO.Me 7 KOH

MeO | S HO = | S
NaHMDS, THF 11 THF-MeOH-H20 12



6 CO2Bn 1) Pd-C, H2 O1,Y,RR2 Q1) (COCl)2, DCM 2) OH O, 4 Et3N OBn 1)
Toluene, 185 C 0 2) DBU, rt 1) (COCl)2, DCM KOH 22 2) Pt02, H2 H R23 2) Pd
cat., Bu¥Bnbi/sad3 COH 8 Ila The al kyne of forrmula 4, prepar@doioisnown

met hods, is esterified with the 5 dienoic acid of fornmula 3 using standard
conditions to yield the ester 5. Sel ect|1 g reduction of the triple bond of
5 using Lindlar catal yst under hydrogen 'gives the internediate 6, which
upon thermal cyclization at about 185C, followed by base treatnent, gives
the intermediate 7. The ester 7 is subjected to hydrogenation in the

presence of pLatinum oxide. Lo generate | nt e te ur at ed

car boxyl i _&:5’\ é eaff_ae-ng_of_-vm %gf]a gi ves the
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openi ng, Por r’rpi)@BQpﬁpounds S LUl a |l a as defined above can be
prepared a CO}‘ |ng to ‘the following redchion schene. Scheme 2: CEt O
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The alkyne of formula 4, is reduced to the alkene 13 using Lindlar catalyst
under hydrogen. The alkene 13 is esterified with the dienoic acid of formula 12 using
5 standard conditions to yield the ester 14, Thermal cyclization at about 185°C,
followed by base treatment, gives the intermediate 15. The ester 15 is converted to
the intermediate carboxylic acid, and the double bond is reduced by hydrogenation in
the presence of a platinum catalyst. The acid is then treated with oxalyl chioride to
obtain the corresponding acid chloride, which is converted to the aldehyde 18 by
10  reduction using tributyltin hydride in the presence of Palladium catalyst. The
aldehyde moiety on 18 is treated with a reducing agent such as NaBH,, and the
sulfur-containing ring is then opened by treatment with a reagent such as Raney
nickel to obtain the alcohol 19. The alcohol is then oxidized to the aldehyde, lla,
using tetrapropylammonium perruthenate (TPAP) in the presence of 4~
15  methylmorpholine N-oxide (NMO).
Phosphonates of formula !l wherein W is aryl or R21-aryl can be prepared by a
process similar to that described immediately below for preparing the trifluoromethy-
phenyl-substituted compound, llla.

OH)2 (EtO).0OR
N n-BuLi,
=
N |Pr2NH - ,N
o1 Suzak CIPO( OEt)2 llia
CF3



OEt Na2S EtO-~S INHCI I S EtOC 150 CDOY) THF-H20 0 n

(Et O 2PCH2CO2Me MeO NaHWVDS, THF O OBt 8 0 10 0 HO B THF- McOH H20 12 WO

01/ 96330 WAT#1/4380/ 19025 - 13 HO-( C2Bn 4 H2, Lindlar capCT/ES0U/#R5 Pt 02, O
1) (COCl)2, DCM MeOH AcCH = 2) Pd cat., Bu3SnH 1) rvar3r-14 _TT TPAP, NMO O
H- Ila 2) Ra-Ni 18 O CH IV The al kyne formula 4, is reduced to the

al kene 13 using Lindlar catalyst under'ﬁ{/’drogen. The al kene 13 is
esterified with the dienoic acid of formula 12 using 5 standard conditions
to yield the ester 14. Thermal cyclization at about 185C, followed by base

e O EPabr Y SRR B Sl b OB ke 1
hydr ogenatoroesgandirighiiflptecggingdritit amhytdde,nuhicbas tierscouplae vaibi apmmerdially
treated vl oxah¥lonft'hQb'iehd Bresence of Pd(0) under Suzuki conditions. The
resulting product is converted to the phosphonate by treatment with n-butyllithium
5 followed by quenching with diethylchlorophosphonate.

Alternatively, compounds of formula | wherein W is optionally substituted aryl
can be prepared from compounds of formula | wherein W is -OH using a triflate
intermediate. For example, 3-hydroxy-6-methylpyridine is treated with triisopropylsilyl
chloride, and the resuitant hydroxy-protected compound is converted to the

10  phosphonate as described above for preparing intermediate llla. The triisopropylsilyl-
protected intermediate is then reacted with intermediate i and the protecting group is
removed under standard conditions. The resultant compound of formula | wherein W
is OH is then treated with triflic anhydride at room temperature in a solvent such as
CHoClo; the triflate is then reacted with an optionally substituted arylboronic acid,

15 e.g., optionally substituted phenylboronic acid, in a solvent such as toluene, in the
presence of Pd(PPhg)4 and a base such a KoCOg3 at elevated temperatures and
under an inert atmosphere.

Compounds of formula | wherein W is a substituted hydroxy group (e.g.,
benzyloxy) can be prepared from compounds of formula | wherein W is hydroxy by

20 refluxing in a suitable solvent such as acetone with a halogen-substituted compound
such as optionally substituted benzyl bromide in the presence of a base such as
KoCOs.

Compounds of formula | wherein Het is substituted by W through a carbon
atom (e.g., wherein W is alkyl, alkenyl or arylalkyl) or a nitrogen atom (i.e., -NR*R5)

25 can be prepared as shown in Scheme 3 using a compound of formula | wherein W is
chloroalkyl as an intermediate. Compounds of formula | wherein W is a polar group
such as hydroxy alkyl, dihydroxyalkyl, -COOH, dimethylamino and -COH can be
prepared as shown in Scheme 4, wherein the starting material is a compound of
formula | wherein W is alkenyl. The following Schemes 3 and 4 show well-known

30 reaction conditions for preparing various W-substituted compounds wherein X is -O-,
Y is =0, R15 is absent, R? is methyl, R2, R3, R?, R10 and R11 are each H, B is
-CH=CH-, and Het is 2-pyridyl.



obtain the corresponding acid chloride, which is converted to the al dehyde
18 by 10 reduction using tributyltin hydride in the presence of Pall adium
cat al yst waheve3ad dehyde noiety on 18 is treated with a reBOTURY/A@EBNt such
as NaBH4, and the sulfur-containing ring is then opened by treatment with
a reagent such as Raney nickel to obtaij the alcohol 19. The al cohol is

t hen oxidi zed to the al dehyde, Ila, wusiHg tetrapropyl amoni um perruthenate
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Those skilled in the art will appreciate that similar reactions to those described
in the above schemes may be carried out on other compounds of formula | as long as
5 substituents present would not be susceptible to the reaction conditions described.



Is OHis then treated with triflic anhydride at roomtenperature in a

sol vent such as CH2ClI2; the triflate is then reacted with an optionally
substi t utved oaveaBdor oni ¢ acid, 15 e.g., optionally substitpeteds@hwms boroni c
acid, in a solvent such as toluene, in the presence of Pd(PPh3)4 and a
base such a K2CO3 at el evated tenperatures and wunder an inert atnosphere.
Conmpounds of fornula I wherein Wis a suBst it ut ed hydr oxy group (e.g.,
benzyl oxy) can be prepared from conpounds of formula |I wherein Wis hydroxy
by 20 refluxing in a suitable sol vent such as acetone with a
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Schene 4
compounds wherein Y is (H, alkoxy) by reacting the hydroxy compound with an

appropriate alkanol in the presence of a reagent such as BF3*OEtp. A compound

wherein Y is (H, OH) can also be converted to the corresonding compound wherein Y
is (H, H) by treating the hydroxy compound with BF3*OEts and Et3SiH in an inert
15 solvent such as CH2Clo at low températures.

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 SeOo.

Compounds of formula IB, wherein R® is H, R®is H or OH, and W' is R*'-aryl,

20 R"-heteroaryl, amino or hydroxylamino derivatives, are prepared from compounds of
formula 1A wherein W is 5-bromo (compounds of formula 23 or 24) using a variety of
standard chemical transformations, e.g. the Suzuki reaction, Stille coupling, and
Buchwald amination. Reaction Scheme 5 shows the process from the 2,5-
dibromopyridine:

25 Scheme 5:
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100% OH CO2H ,,,,, NaCNBH3 W= phenyl W= vinyl WW=ally) W= Et W=
I-Bu W= n-Pr W= n-Hex W= i-Pr W= benzyl WW= n-Bu H02 HCO H 500
Me2NH, 3400 bi/@36- ~ L OH NMe2 Those skilled in the art w PCT/apprmeisat e t hat
simlar reactions to those described in the above schenmes may be carried
out on other conpounds of fornula | as leng as 5 substituents present woul d
not be susceptible to the reaction condit'ions described. WD 01/ 96330

PCT/ US01/ 19025 -16 Conpounds of fornula | wherein the optional single bond
(represented by the double dotted Iine) is absent, Xis OH Y is OH R15
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absent, th a reagent such as”DIBAL. The 10 resul tant conpounds wherein Y
Is (H, Ov-\é—c—r@ﬂ@—@e converted to the correspondi ng conpounds wherein Y is
(H, al koxy) by reacting the hydroxy conpound with an apwrfopriate al kanol
in the presence of a reagent sueh as BF3. CEt2. A conpound

| es
S

Method 1 1) ArB(OH)z, Pd(PPhg), ~ e
2) subsequent transformation Ar
Method 2 ArSnBug, Pd(PPhg)4 |
Ar
ArZnCl, Pd(PPhg)s e
Method 3 A
1) HNR*R®, Pd cat. N
Method 4 R4’N‘R5

2) subsequent transformation

1) CHp,=CHOPr, Pd cat., i
Method 5 then HCI /KN
2) subsequent transformation OR
|
(CuOTH),.PhH, Imidazoles (N\ 41
230r24  Method 6 -/
1) Zn(CN),, Pd cat.
Method 7 > N7 “NH

\ 2) NaN3z, NH4Cl N=N

A shown in Scheme 6, the bromide (23 or 24) can be coupled with boronic

acids under palladium catalysis condition (method 1). If the boronic acid possesses a
10  functional group, it can be subsequently transformed. Similarly, aryl-tin compounds

(method 2), aryl-zinc compounds (method 3) and amines (method 4) can be coupled.

Heck reaction with vinyl ethers can introduce a keto-group, which can be '

subsequently functionalized (method 5). Imidazoles can be coupled using Copper(l)

triflate as catalyst (method 6). The bromide can also be converted to a cyanide which
15  can be subsequently transformed, for example to a tetrazole (method 7).



wherein Y is (H, OH can also be converted to the corresondi ng conpound
wherein Y is (H H) by treating the hydroxy conmpound with BF3. OEt 2 and

Et 3SiH i wan1/94380t 15 sol vent such as CH2CI 2 at | ow t enpeprar/ws@sL90Bonpounds
of fornmula | wherein RO is hydrogen can be converted to the corresponding
conpound wherein R9 is hydroxy by heati%_with an oxidi zi ng agent such as
Se02. Conpounds of fornula IB, wherein is H R3is Hor OH and W is
R21-aryl, 20 R41-heteroaryl, am no or hydroxylam no derivatives, are
prepared from conpounds of fornula 1A wherein Wis 5-brono (conpounds of

formula 23 or 24) uspn i 1 L, C . f ' ,

e g the suzurboiPac DR A el oI b ERET H A Vgt erie e
React i on Bcaeive dushetsithralcqra @5sand therestere28 candissubietigd telthrsmal 25
Schene 5: . Ry : i 3N ROEt 1) BuLi, Ti(OPr)4 0 N
1) MAC: )C@'Zﬁﬁfﬁﬂ%%%A%r%ﬁ%tﬁl LJ | 2) aldehyde Ila HH Br |
1VQLll 20 $gheme/Br 22 OOHH 1) LHVDS O 2) Davis reagent | H1 HR2 Br
Suzuki, Stil®e coupling, Buchwald am nation etc.. 0 R3 HIB Br WD 01/ 96330
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provide the mesyl argd whiMdP is O ) xylene,
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or Xy TR® 2)DBU, 1t
N\ __ Acid, Alcohol, e
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5 25
Alcohol 25 is prepared as follows:
TBDPSO :
OH  TBDPSCI 1)Buli  TBDPSO 1) Hy, Lindlar cat.
X EtsN, DMAP X 2 (CHO)n X 2) Dess-Martin reagent
28
on 2 29 OH
1) HetCH,P(O)(OEt),, BuLi =
| ) HetCH,P(O)(OEY),, Bu HO{\%
l 2) TBAF o5 Het
1 30

Alcohol 25 is prepared from the readily available (R)-(+)-3-butyn-2-ol 27. The
10  alcohol is protected as its TBDPS ether, the alkyne is deprotonated and quenched
with paraformaldehyde to provide alcohol 29. The alkyne is reduced to cis-alkene
using Lindlar catalyst in presence of quinoline and the allylic alcohol was oxidized to
provide the aldehyde 30, which is converted to the alcohol 25.
Compounds of formula ID wherein R* is -CH,0C(O)CH, or a derivative
15  thereof, R* is ethyl, R is H and the remaining variables are as defined for IA can be
prepared from the corresponding tetrahydropyran analog by opening the ring. The
compounds of formula ID can be converted to other compounds of formula 1, e.g.
compounds of formula |IE wherein R* is —CH,OH, by well known methods. The
reaction is shown in Scheme 8:
20 Scheme 8:




t hen di spl aced wi th sodi um di et hyl phosphite to provide 22. Internediate 23
can al so be (x-hydroxyl ated using Davis reagent to provide al cohol 24.
Bot h 23 av@of%3s@an be 5 converted into diverse anal ogs asPehoss/i9msSchene
6: Schenme 6: W Method 1 1) ArB(OH) 2, Pd(PPh3)4 2) subsequent
transformation ArSnBu3, Pd(PPh3)4 Met hoo Met hod 3 22 Method 4 ArznCl,
Pd(PPh3)4 1) HNRARS, Pd cat. OT HL ) ) “subsequent transformation R23 H
2) subsequent transformation (CuOTf)2. PhH, |m dazoles 1) Zn(CN)2, Pd cat.
2) NaN3, NH4Cl Ar Ar Ar R4, N, R5 OR N=N R41 A shown in Schene 6, the
brom de (23 or 24) can be coupl ed h@ boronic acids under pglladium
catal ysis condition (nmethod{)H e boronic acid ssesss a 10

functional group, it can be hsad ently rmed. ) af |y, aryl-tin
i Roq. A
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| m dazol es can be coupled using Cdpper(l) triflate as catglyst (nethod 6).
' ' \é‘e subsequent |y

transforned, for exanple to a tet zole (et hod 7).

Tetrahydropyran analog 31 can be prepared starting from 3-formyl-5,6-dihydro-
2H-pyran (known compound) and using the similar procedure used in Scheme 1. The
ring can opened regioselectively using BBr, and the alcohol can be protected to give

5 the acetate ID. Bromide reduction with NaCNBH,, followed by acetate deprotection,
furnishes alcohol IE.

Starting materials for the above processes are either commercially available,
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

10 the reactions with conventional protecting groups which can be removed by standard
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, —COOphenyl
AN
SNH > NCOalkyl, NCObenzyl, > NCOphenyl,
\ N
/NCH 20CH 5CH2Si(CH 3)3 /NC(O)OC(CH 3)3,
CH
\ \ N
/N-benzyl, /NSI(CH 3)3, /NSi-C(CH) 3
o) CH3
—NHz —N;:'
0O (IDH 3
—OH —OCH 3, —OCH 50CH 3~ OSI(CH 3)3— 0Si-C(CH) 3
or —OCHzphenyl CH3
15 The present invention also relates to a pharmaceutical composition comprising

a compound of formula | of this invention and a pharmaceutically acceptable carrier.



1) CH2=CHOPr, Pd cat., Method 5 1 then HCI WO 01/96330 -18 PCT/ USO1/ 19025
Using a Diels-Alder strategy as shown in Schene 7, a variety of dienoic
acids 3wanvps3coupl ed with al cohol 25 and the ester 26 PE@WURE/®0LH ect ed
to thermal cyclization to provide the Diels-A der product IC Schene 7:
HO14- RR2 1 3 "R3 5 HO-( =1 ~ Het _22'%_28 TBDPSO 1) Het CH2P( O ( CEt) 2,
BuLi HO O 30 2) TBAF 25 Het Et3N, DMAP ~CH 27 1) Acid, (COCl)2 2)
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as follows: OH TBDPSO 1) BuLi TBDPSCI 1) H2, Lindlar cat. 2) Dess-Martin
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Et 3N, DMAP or Acid, Alcohol, DCC, DVAP Al cohol 25 is prepared

The compounds of formula | can be administered in any conventional oral dosage
form such as capsules, tablets, powders, cachets, suspensions or solutions. The
formulations and 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.

The daily dose of a compound of formula 1 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 70kg, the
dosage level is therefore from about 0.1 to about 700 mg of drug per day, given in a
single dose or 2-4 divided doses. The exact dose, however, is determined by the
attending clinician and is dependent on the potency of the compound administered,
the age, weight, condition and response of the patient.

Following are examples of preparing starting materials and compounds of
formula |. In the procedures, the following abbreviations are used : room
temperature (rt), tetrahydrofuran (THF), ethyl ether (Et,0O), methyl (Me), ethyl (Et),
ethyl acetate (EtOAc), dimethylformamide (DMF), 4-dimethylaminopyridine (DMAP),
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU), 1,3-dicyclohexylicarbodiimide

Preparation 1
QAH H

Step 1:

See J. Org. Chem., 59 (17) (1994), p. 4789.
Step 2:

To a suspension of 60% NaH (7.42 g, 185.5 mmol, 1.3 eq) in 300 mi THF at
0°C was added dropwise triethylphosphono acetate (37 ml, 186.5 mmol, 1.3 eq) and
the mixture was stirred at 0°C for 30 min. The product of Step 1 (14.0 g, 142.7 mmol)
was added and the mixture was stirred at 0°C for 30 min. The reaction was quenched
by the addition of aq. NH,Cl (500 ml), the THF was evaporated and the aqueous

0



Al cohol 25 is prepared fromthe readily available (R)-(+)-3-butyn-2-o0l 27.
The 10 alcohol is protected as its TBDPS ether, the al kyne is deprotonated
and quenohed1/ed3sdh par af or nal dehyde to provi de al cohol 29.pPThesaltyse is
reduced to cis-al kene wusing Lindlar catalyst in presence of quinoline and
the allylic alcohol was oxidized to gﬁlde t he al dehyde 30, which is
converted to the al cohol 25. Conpounds formula I D wherein R22 is
-CH2OC(O CH3 or a derivative 15 thereof, R23 is ethyl, R2 is H and the
remai ni ng variables are as defined for 1A can be prepared fromthe
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whi cﬂacaﬁhge@gmb by standard procedures after the reaction. The
f ol | owi ngSteRs'e A shows some typi cal %rot ecting groups: Goup to be

To a solution of the product of Step 2 (6.4 g, 38 mmol) in THF and MeOH (40

ml each) was added a solution of KOH (6.4 g, 114 mmol, 3 eq) in H,O (40 ml). The
15  mixture was stirred at rt for 2 h, cooled to 0°C and H,0 (100 ml) and 1N HCI (150 ml)

were added. The mixture was extracted with EtOAc (3x100 ml), the combined

organic layer was washed with H,O (150 ml) and brine (150 ml), dried over MgSO,,

filtered and evaporated to give 5.26 g (99% yield) of crystalline solid.

'H NMR (400 MHz, CDCI,) 7.40 (d, 1H, J=16),5.95 (t, 1H, J=7.2),5.79 (d, 1H, J =
20  16), 2.26-2.19 (m, 2H), 1.78 (s, 3H), 1.04 (t, 3H, J = 7.6)

Step 4:
9 1) (COCl)z, CHCly
HO% 2) oH g < |
/\fo X
EtsN OBn CO.Bn

To a solution of the product of Step 3 (2.0 g, 14.3 mmol) in CH,CI, (70 ml) was
added oxalyl chloride (2.5 ml, 28.7 mmol, 2 eq.) followed by DMF (33 pl, 3 mol%.).
25  The mixture was stirred at rt for 1 h, then the solvent was evaporated to give the
crude acid chloride which was dissolved in CH,Cl, (70 ml) and cooled to 0°C. To this
was added DMAP (175 mg, 1.43 mmol, 0.1 eq.) and a solution of alcohol 4 (2.62 g,
12.8 mmol, 0.9 eq.)in CH,Cl, (5 ml) followed by Et,N (4 ml, 28.7 mmol, 2 eq.). The
mixture was stirred at 0°C for 2 h, diluted with Et,O (200 ml), washed with aq. '
30 NaHCO, and brine (200 ml each), and dried over MgSO,. The solution was filtered,



Protected -COOH NH -NH2 -OH Table A G oup to be Protected and Protecting
G oup -COCal kyl, -COObenzyl, -COOphenyl NCCal kyl, NCObenzyl, NCOphenyl, N
eNCH 20CwaeHasi (CH 3) NC(O OC(CH CH3 N-benzyl, ONSi (CPCBPS01/19035 0 ~ Si
C(CH 3 0CH3 3)3, 0CH3 -0OCH3, -OCH 20CH 3- OSi(CH 3)3, Gsi- C(CH 3 or
- OCH2phenyl CH 3 15 The present inventi%l so relates to a pharmaceuti cal
conposition conprising a conpound of f la | of this invention and a
pharmaceutically acceptable carrier. WO 01/96330 PCT/ US01/ 19025 -20 The
conpounds of formula | can be adm nistered in any conventional oral dosage

The " for A GENOAE AR B arELat RN as ST ReSARRGRRY 225 ER0ACHIdkabee:
convent i cogirovigked. ﬁ@ge(&ﬁ?/&)ajflgalageé(pwamle exci pients and additives and

convent | RPN fUY fes ciCENE.3slnaBIREBHY 6351 AFCFOYN, & s@t RipNts and

additives iIn blnders

!
buffers, Ph.6her.6afavts, Jarﬁ?%@xn&ﬁt&' 212@b2 184t 2H)f 1l effoid, Bk J = ‘ﬁktlﬁgrs,
col origng y— i(ersg4 a like. The dail y dose of a compound of
for rru:Sa I(%?g!# tgr eg?zeﬁphéfg_ldﬁeﬁaﬁ or condition cited above is about

0.001 to @¥®E: 100 ny/ kg of body wei
to about 10 ny/kg. For an average bo
therefore fromabout 0.1 to about 70
singl e dose or 2-4 divided doses. Tﬁ’j/egac

ht per day, 10 preferably about 0.001
wei ght of 70kg, the dosage level is
drug per day, given in a

dose, however, is determ ned by
t he
COsBn

To a solution of the product of Step 4 (3.19 g, 9.8 mmol) in THF (50 ml) was
added Lindlar catalyst (320 mg, 10 wt%) and quinoline (230 i, 2.0 mmol, 0.2 eq.).

10  The suspension was stirred under 1 atm. H, until the starting material was consumed.
The solution was filtered through celite and evaporated. The resin was dissolved in
EtOAc (250 ml) and washed with 1N HCI (3x100 ml) and brine (100 ml). The solution
was dried over MgSO,, filtered and evaporated to give 3.17 g of crude alkene which
was used directly in the next step.

15 Step 6:

H CO‘;Bn

A solution of the product of Step 5 (3.15 g, 9.6 mmol) in m-xylene (100 mi) was

heated at 185°C for 10 h. The solution was cooled to rt and stirred for 1 h with DBU
(290 pl, 1.94 mmol, 0.2 eq.). The solvent was evaporated and the crude was

20 chromatographed with 10% EtOAc-hexane to provide 1.1 g (35%) of exo product.
'H NMR (400 MHz, CDCl,) 7.38-7.34 (m, 5H), 5.45 (br s, 1H), 5.14 (ABq, J = 12.0,
22.8, 2H), 4.52 (dg, J = 6.1, 8.1, 1H), 3.26-3.23 (m, 1H), 2.87 (dd, J = 9.4, 4.6, 1H),
2.62 (dt, J = 8.1, 4.5, 1H), 2.54 (br s, 1H), 1.71 (t, J = 1.2, 3H), 1.69-1.60 (m, 1H),
1.50-1.44 (m, 1H), 1.20 (d, J = 6.4, 3H), 0.77 (t, J = 7.4, 3H)

25  C NMR (100 MHz, CDCl,) 175.25, 173.04, 137.86, 135.00, 128.38, 128.34, 128.30,
116.54, 76.64, 66.70, 42.85, 42.14, 41.40, 37.27, 22.52, 21.65, 20.44, 8.98
[o]*, =-64.4 (¢ 1, CH,Cl,)
HRMS: 329.1754, calculated 329.1753

30



attending clinician and is dependent on the potency of the conpound

adm ni stered, the age, weight, condition and response of the patient. 15
Fol | owi ngvapreIss@npl es of preparing starting material s anBCTORpaozFs of
formula I. In the procedures, the foll ow ng abbreviations are used : room
tenperature (rt), tetrahydrofuran (THF),_%thyI ether (Et20), methyl (M),
ethyl (Et), ethyl acetate (EtQAc), di me% yl f or mam de (DVF),

4-di net hyl am nopyri dine (DVAP), 1, 8-diazabicycl o[5.4.0]undec-7-ene (DBU),
1, 3-di cycl ohexyl carbodiimde 20 Preparation 1 QQHH Step 1: O~G See J.
O g. Cher’r§te 59, (17) (1994), p. 4789. 25 Step 2: 0 30 EtO -1~1 To a
suspensi o 60% NaH (7.42 g, 185.5.mol, 1.3 eq) in 300 M THE at O0OC was
added dropwi se triethyl phosphono ace 7 m, 186.5 mol, 1.3 eq) and
the m xture was stirred at 0OC for 3 e product of Step 1 (14.0 g,
142.7 mmol) was added and the m xt ~stirred at OC for 30 mn. The
reacti on was quenched by the additig¢gnofl gg. NH4CI (500 m), the THE was
evapor at ed and the aqueous WD 01/ 96330 P@@/Z'%SOU 19025 -21 phase was

1 ted with ; \ i i
R b oo™ Soae e Blulon 81 iret giuubler SepE f1egs fﬁ?ﬁ"ﬁ‘&ﬂ?wﬁ@ﬂwﬁ”}?@aﬁ’ he
Crude i REGP® 1A BH-GAIAQ Mt iR BER LRI ING BetRensmn was sbiredaingey B Balleen
(77% y5 el fbr . Thiequikelire valdiltdYBd tHRUghtdliteCaX 8pnderitfatéd, Thetdrude méltsrid) ,

> 22- 2. 15 Ve gt eByl (il fin), PGy (g ¥ aqded Bnbithe Siduls b O |

3H, J = 7shakersio ARRr(VESSeMi50 EBCH3jor Bodaye, THelmigere w46, fifiered twoagh

_13;3% 68:18 ardeviporatht 18 Givel §88 ¥ng (FdBPofifeeid A80aMt) Step 31 0 Ho
" "H NMR (400 MHz, CDCl,) 4.73-4.66 (m, 1H), 2.71 (dd, J = 11.8, 5.4, 1H), 2.68-2.62

10 (m, 1H), 2.53 (dt, J = 10.0, 6.4, 1H), 1.92, ddd, J = 13.4, 6.0, 2.6, 1H), 1.63-1.57 (m,
1H), 1.52-1.20 (unresolved m, 3H), 1.30(d, J = 5.9, 3H), 0.96 (d, J = 6.6, 3H), 0.93-
0.89 (m, 1H), 0.80 (t, J = 7.5, 3H)

MS: 319.1 (MH".DMSO)
Step 8:

15 To a solution of the product of Step 7 (490 mg, 2.04 mmol) in CH,CI, (20 ml)
was added oxalyl chloride (360 wl, 4.13 mmol, 2 eq.) followed by 1 drop of DMF. The
solution was stirred at rt for 1 h and the solvent was removed to provide the crude
acid chloride, which was dissolved in toluene (20 ml) and cooled to 0°C. To this was
added Pd(PPh,), (236 mg, 0.20 mmol, 0.1 eq.) followed by Bu,SnH (825 pl, 3.07

20 mmol, 1.5 eq.). The mixture was stirred for 3 h at 0°C, concentrated and
chromatographed with 25% EtOAc-hexane to provide the title compound 220 mg
(48%) as a resin.

"H NMR (400 MHz, CDCL,) 9.72 (d, J = 3.6, 1H), 4.70 (dq, J = 5.7, 9.5, 1H), 2.71-2.64
(m, 2H), 2.56-2.51 (m, 1H), 1.98 (ddd, J = 13.5, 6.1, 2.9, 1H), 1.68-1.59 (m, 3H), 1.52-
25 1.37 (m, 1H), 1.36 (d, J = 5.9, 3H), 1.32-1.20 (m, 1H), 1.00 (d, J = 6.2, 3H), 0.80 (d, J

=7.3, 3H)
Preparation 2
QH H
O -
=
OH
Step 1:

30



To a solution of the product of Step 2 (6.4 g, 38 nmol) in THE and MeOH (40
m each) was added a solution of KOH (6.4 g, 114 mol, 3 eq) in H20 (40
m). ThewQB1/sd33d ure was stirred at rt for 2 h, cool ed toPOTU&NAIMBO (100
m) and 1 N HCl (150 m) were added. The m xture was extracted with Et OAc
(3x1 00 m), the conbined organic Iayer(gﬂas washed with H20 (150 m) and
brine (150 m ), dried over MgSO™4, filt d and evaporated to give 5.26 ¢
(99% vyield) of crystalline solid. 1H NWVR (400 MHz, CDCI3) 7.40 (d, 1 H J =
16), 5.95 (t, 1 H J=7.2), 5,79 (d, 1 H J = 20 16), 2.26-2.19 (m 2H)

1.78 (s, 3H), 1.04. = 7. -

Et 3N 5Bn cozsnfﬁ%#&ééyé?ﬁﬁ“&i“’@fs qrgéa'??gfgqgé{d'gﬁ%{ Bg)‘%)f'” oFE/le.@PQa’n
CH2Cl 2 ( Bobihjomat Cheide8oox a0 (1841)od0de (2.5 nl, 28.7 rrm)l 2 eq.)

fol |l oned DVF (33 [A, 3 ml%). 25 The m'xture was stirred at rt for 1
h, then t jl vent was evaporated to give the crude acid chloride which
was dissolved in CH2CI2 (70 mM) and capled to OC. To this was added DVAP
(175 ng, 1.43 mol, 0.1 eq.) and amsO 20 o Sal cohol 4 (2.62 g, 12.8
mml, 0.9 eq.)in CH2CI2 (5 m) foll owed by (4 M, 28.7 mol, 2 eq.).
The mxture was stirred at 0C for 2 h, dlluted W th Et20 200 n1) washed
with &. 30 NaHDasuspensionre 60%6Nati (GAgh) 58anaotiri.3@doviarTH &80 mb

sol ution yas,bi gﬁ%@@%eﬁ?f@eth @h&%‘%ae&@t@&é@ﬁﬁ%f ﬁ;ﬂ:ﬁ&s‘i)l?/ éc?gaﬁd R

concentrated an resul t ant esid omat o

Et OAc- hex@hdurewappiivedat 8°Gdog30 54ny ThHe sok @ny\@a? E@Pﬁferreﬁ twap@czluw
MHz, CDCl @)thé. p38dJot3>?» giep 16¢15.6 §; 922 (imollirHTHEF ($00.r)) anB. stifreddat 0CHor J

15 6) _5 ﬁQﬁ ‘e(ldftlgg wWas gﬁerﬁsc\m}d g;g m%aé@tloq%gq(lt\lﬁsgﬁéﬁ &mfmijww%tﬁ—bﬁ g/agd
10 evaporated. The agueous 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
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 (1, J = 4.4 Hz, 1H), 5.78 (dd, J = 15.9, 0.6 Hz, 1H), 3.75 (s,
15 3H), 38.25-3.23 (m, 2H), 2.71 (t, J = 5.8 Hz, 2H), 2.57-2.53 (m, 2H).

Step 3:
O

Ho)k/\o

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,O (50 ml).

20 The mixture was stirred at rt for 1 h, diluted 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
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

25 =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).
Step 4.

— Ho, Lindlar cat. —
HO‘<_\0025” Y HO—(\COZB”
4
To a solution of 4 (5.2 g)‘ in EtOAc (120 ml) was added Lindlar catalyst (520
mg) and the suspension was stirred under 1 atm. H,. Another portion of catalyst (500
30 mg) was added after 45 min. and the mixture stirred for further 30 min. The mixture
was filtered through a celite pad and evaporated to provide 5.2 g (99%) of the desired




C02Bn To a solution of the product of Step 4 (3.19 g, 9.8 nmol) in THE (50
m) was added Lindlar catalyst (320 ng, 10 wt% and quinoline (2301, 2.0
mmol , 0. v@q19ae330 The suspensi on was stirred under 1 at nPCHPSuwrionis t he
starting material was consuned. The solution was filtered through celite
and evaporated. The resin was dissol ved_é'FE Et OAc (250 m) and washed with
1 NHC (3x1 00 mM) and brine (100 m). e solution was dried over MgSHA,
filtered and evaporated to give 3.17 g of crude al kene which was used
directly in the next step. 15 Step 6: (C02Bn A solution of the product of

Step 5 (3 d I

h. The sof t'i th™ 1.94
tehenHNF DR NS, B 8er 20 0 pEI 8 o2 AR, FSHp Bt TH

nmol , 0. 25.86.(), J Ehi2.8diz; eil), Bel8 (ey apdrad 2eb.@Adm; AEl) c3.20dbnasitn 1.34 (d, J =

chromato qji%wm 10% Et OAC hexane to provide 1.1 g (35% of exo

product . ? (400 MHz, CDCI3) 7.38-7.34 (m 5H), 5.45 (br s, 1 H), 5.14

(ABq, J =StEp %1, 22.8, 2|—|) 452(d J=6.1, 8.1, 1 H, 3.26-3.23 (m 1

H, 2.87 (dd, J = 9.4, 4.6, %362(dt 8.1, 4.5, 1 H)y, 2.54 (br

s, 1 H, 1.71 (t, J = 1.2, 3H) 169»%@1&, 1.50-1.44 (m 1 H),
1.20 (d. J = 6.4, 3H), 0.77 (t. J =O7.4, 38 25 13C NMR (100 MHz, CDCl 3)
175. 25, 173.04. 137.86, 135.00. 128 §§4§128 4, 128.30, 116.54, 76.64,

66. 70,55_150732) 42.14, 41.40, 37.27, 22.5208h 65, 20.44, 8.98 [a] 22p = -64.4
cl cu

bCT Usot, 100050 0 Sl 9‘7‘?“9(&{?34”%‘00*?‘%8 TE4G God 4% '%B}\%dﬁlcfﬁﬁ &0, mheat
(1.35 g @QwasmEddadDECUE2T 801585 meawl, hilder) lowed by DYWE (E52 mo, A6H
and the SERGNGLAS, VARl The eird ST HRcAlce9, Soffin, STdynT Bty ves

filtered t concentrat he crude materi a ?solved
in MeOH (gﬂu’i*ﬁ’f) of PF20 (15.88manohdst g8 thpalaohe! af Ktap & AL m'@rﬁ%ﬁ: in a
Parr Messghd e Riktlird w3 stifed2at@mG for Bier ahck bt'fidorasirf Thé ebetlon Waeugiuted
with 350 miof Et,0 and washed with 2x200 ml of ag. citric acid, 200 ml of aq. NaHCO,
and 200 m! of brine. The solution was dried over MgSO,, filtered, concentrated and
the resultant residue was chromatographed with 6% EtOAc-hex to provide 2.1 g
(41%) of resin. 'H NMR (400 MHz, CDCl,) 7.38-7.32 (m, 5H), 7.45 (d, J = 16.0 Hz,
15 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), 38.24 (d, J = 2.0 Hz, 2H), 2.71 (1, 2H, J = 5.6 Hz, 2H), 2.56-2.52 (m, 2H),
1.41 (d, J = 6.4 Hz, 3H)

Step 6:

H
20 H COan

A solution of the product of Step 5 (2.1 g, 5.85 mmol) in m-xylene (50 ml) was

heated at 200°C for 6 h in sealed tube. The solution was cooled to rt and stirred with
DBU (178 ul, 1.19 mmol, 0.2 eq.) for 1 h, concentrated and chromatographed with
15% EtOAc-hexane to provide 1.44 g (69%) of the desired exo product. 'H NMR

25 (400 MHz, CDCl,) 7.39-7.35 (m, 5H), 5.46 (br s, 1H), 5.16 (ABq, J=21.6, 12.0 Hz,
2H), 4.42 (dg, J = 9.2, 6.0 Hz, 1H), 3.36-3.33 (m 2H), 3.08 (dd, J = 14.4, 2.4 Hz, 1H),
2.85 (ddd, J = 13.9, 12.4, 2.5 Hz, 1H), 2.72-2.57 (m, 4H), 2.27-2.21 (m, 1H), 1.47-
1.25 (m, 1H), 1.12 (d, J = 6.4 Hz, 3H)
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celite and evaporated to give 980 ng (99% of the acid as foam 'H NWVR (400
MHz, CDClI3) 4.73-4.66 (m 1 H), 2.71 (dd, J = 11.8, 5.4, 1 H, 2.68-2.62
10 (m 1wdpryesss8 (dt, J = 10.0, 6.4, 1 H, 1.92, ddd, J eC1/BSel196250, 2.6,
1H, 1.63-1.57 (m 1 H, 1.52-1.20 (unresol ved m 3H), 1.30(d, J = 5.9,
3H), 0.96 (d, J = 6.6, 3H), 0.93- 0.89 ( 0.80 (t, J =7.5, 3H M=
319.1 (M. DMSO) Step 8: 15 To a soluttl of the product of Step 7 (490
ng, 2.04 nmmol) in CHRCI2 (20 mM) was added oxalyl chloride (360 I, 4.13
mmol, 2 eq.) followed by 1 drop of DM. The solution was stirred at rt for
1h and the solvent was renoved to provide the crude acid chloride, which
was di ss in toluene (20 M) and.cooled to OC. To this was added
Pd(PPh3)4 (236 ng, 0.20 nmml, 0.1 eoP)HfoIIowed by Bu3SnH (825 |, 3.07 20
mmol, 1.5 eq.). The m xture was stirsreq I sh at 0C, concentrated and
chr omat ogr aphed vvith 25% Et OAc- hexalle pkovilde the title conmpound 220 ny
(48% as a resin. 'HNWR (400 Mz, CPC3] ®.72 (d, J 36 1 H, 4.70 (dq,
J 5.7, 9.5, 1 H, 2.71-2.64 (m 2H), QOBﬁ251(m1 , 1.98 (ddd, J =
13 5 6.1, 2 5 J

5.9, 3H), 195% 1&%‘6“ ﬁq%r@%dW%%p 61(7%66“@ 2539%@8836(@0'23(%%9%
3H) Pr epaf7&f Comapaddes rstrta@ 1G1, 652 v af 1/ saktiopLT A s ojution Meas stirrechat -
thi opy an w#or%'smm N &b @@q&r@g Hﬁhttﬁeh u@é&ﬁﬂslaglgexo@ow@mm )s Y
Robi nson, Chem Soc. (2 }Ilg;& er gg 'lﬁgn oft %0%
NaH (6.3 Hiomss PhAse washeRuith ELO W B (e2ro30i laie HanBack Brkgrte
di et hyljphwmplaqna(g@ %)é&@ R 9T comﬁﬂleaimhueohsaar&ise)waﬂdctdﬁ@d wiithx t Mr}éCV\aBd
stirre tion
of the. pr s EDAL (R4 %%?Vgﬁ%hﬁﬁ{f? ol ﬁ*'fed at
0C for 1 tiried over Mgs€.i blrtemdarqimame@ledyotﬂﬁ@wele(ﬁm o BB%é@f arid4
m) t t eo I h
£ 20 Tix ZQ‘?O#EZ“@?@% FH0LE B orgaﬁ‘”l Eit %“%E%‘*@ze%‘m@ Eggg%g
brine (208-36i(deden}5-61ie Yo §E1Q)W sl 4 28 TR VB S3a2-83dAY St {d
the resul ANt HY, es7olued, Was 10k, aN2HRYN AY2E9-2.63 (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).
Step 8:

15 H CO'ZH
To a solution of the product of Step 7 (500 mg, 1.86 mmot) in MeOH (30 mt)

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-

20 CH,CI, mixture (0.5:2:97.5 v/v/v/) and filtered through a short SiO, column to provide
400 mg (79%) of the reduced product as a resin which solidified on standing. '"H NMR
(400 MHz, CDCl,) 4.68 (dq, J = 9.4, 5.9 Hz, 1H), 2.76-2.69 (m, 2H), 2.60-2.55 (m,
3H), 2.49 (d, J = 11.6 Hz, 1H), 2.10 (br s, 1H), 1.93 (ddd, J = 13.5, 6.0, 2.7 Hz, 1H),
1.60-1.48 (m, 2H), 1.45-1.19 (m, 3H), 1.33 (d, J = 5.6 Hz, 3H).

25 Step9:

To a solution of the product of Step 8 (97 mg, 0.36 mmol) in CH,Cl, (4 m!) was
added oxalyl chloride (94 ul) followed by 1 drop of DMF. The solution was stirred for



w th 5% Et OAc- hexane to provide 13.0 g (58% of oil. '"H NVR (400 MHz,

cbCl3) 7.26 (d, J =15.9 Hz, 1 H), 6.26 (t, J =4.4 H, 1 H, 578 (dd, J
= 15.9, Wweome33dH), 3. 75(s, 15 3H), 3.25-3.23 (m 2H), 2P@L/UCe1/19025= 5.8
Hz, 2H), 2.57-2.53 (m 2H). Step 3: 0 Ho J S To a solution of the product
of Step 2 (13.0 g, 70.6 mol ) in THE an% OH (50 m each) was added a
solution of KOH (11.9 g, 212 mol, 3.0 €9.) in H2O (50 m). 20 The nixture
was stirred at rt for 1 h, diluted with H20(100 m) and acidified with 1 N
HCl . The aqueous phase was extracted with Et QAc (3x200 m ) and the conbi ned

icla b

o e oS B RNt SRS AP El Bpia ir es
pal e-yel ItokuesneI(Bdnl) ard dddied #100° QvHP d(RIBIT).3(4 27m340(0(4 mpok QL$961 Hvas adepd,
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di l uted eeriden®atedritoproviddOharmusaatostiohi Arsolutitmoofithesficatw! it MeQH-Tat 65,
200 n]15 Ofmﬂql'ﬂ WQ@S added to a flask containing excess Raney nickel which was washed
with dioxane and THF. The suspension was heated at reflux for 3 h, cooled, filtered,
concentrated and chromatographed with 25% EtOAc-hex to provide 54 mg (67%) of
title compound as a resin. 'H NMR (400 MHz, CDCl,) 4.70 (dq, J = 9.7, 5.9 Hz, 1H),
3.73 (dd, J = 10.5, 8.4 Hz, 1H), 3.62 (dd, J = 10.5, 7.6 Hz, 1H), 2.60-2.53 (m, 1H),
20 2.46(ddd, J =9.6, 7.2, 5.2 Hz, 1H), 1.90 (ddd, J = 13.5, 6.1, 3.1 Hz, 1H), 1.87-1.81
(m, 1H), 1.77 (br s, 1H), 1.66-1.59 (m, 1H), 1.50 (d, J = 6.0 Hz, 3H), 1.48-1.36 (m,
2H), 1.25-1.14 (m, 2H), 0.93 (d, J = 6.6 Hz, 3H), 0.78 (d, J = 7.5 Hz, 3H)
*C NMR (100 MHz, CDCI,) 178.58, 77.63, 61.79, 45.10, 42.49, 39.37, 38.65, 33.44,
31.96, 21.39, 19.91, 19.74, 7.26.
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25 Preparation 3
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”<OEt
OEt
[N
P
Br
Step 1:

ES H
Br

Prepared according to the procedure described in Wang et. al. Tet. Lett, 41,
30 (2000), p. 4335-4338.



and 200 m of brine. The solution was dried over MgSOH4, filtered,
concentrated and the resultant residue was chromatographed with 6%

Et OAc- hewoolrpssvide 2.1 g (41% of resin. 'H NVR (400 MET/USDODRS)S
7.38-7.32 (m 5H), 7.45 (d, J = 16.0 Hz, 15 1 H), 6.38-6.34 (m 1 H), 6.26

(t, J =4.6 Hz, 1 H), 6.21(d,J:1162 H, 6.19 (d, J = 11.2 Hz, 1
H, 5.85 (dd, J =11.6, 1.2 Hz, 1 H), 6 d J =16.0 Hz, 1 H), 5.18 (d,
J= 1.2 Hz, 2H), 3.24 (d, J = 2.0 Hz, 271(t 2H, J = 5.6 Hz, 2H),
2.56-2.52 (m 2H), 1.41 (d, J =6.4 Hz 3H) Step 6: 20 .. CO2Bn A

sol ution he product of Step 5 (2.1 g, 5.85 mmol) in mxylene (50 m)
was hea 200C for 6 h in sealed tube. The solution was cooled to it

and stirred wTidha sbitlopis?8hé praducd ofrBten 1422 ged 0P riumol) and, EigN{¢ €@ mbt &8 and
h t d

ﬁeéf’fgdog‘i@%?'o g5, %W%"?ﬂ%%amw CEREY pRAu, gfilod SHESU, Lo ”ﬁha (br

s, 1 H), ¥8rermohsh] en. = Bhe gluryawas stirred $ey) 1 hmm!@ it wqrmgdﬂpsamzo

H) , 353ST§a@t§>n( Mivétie WﬁsQlﬂu{e@lleth]a NéH@O 2(560 ggaﬁd%e or@arﬁ@ le(yéﬁldvasl

o Eposo) s o,

(m 1 - sépaiagegld he aq%oysl_l@yerms Sgtn)\’r@eéj‘.’)”gbg
7. COZHoT @ic 3@y art iwes wéshérbwﬂhcadeaHEO (24300 ralf 2hdrigine2(309 mitypThei n

The sol 8#35@%@%9(@593@’?@9%39@@@ '389%&%# o vt brytredhefiidld 7L
pour ed i nhickyasKmesasg $OCh fﬁr)themﬁ&t St&qerus phase washed with Et20 (2x50
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conbi ned agueous e was acl d| N HCI and ’‘extracted with Et OAc
(3x50 m )l Tﬁ@%so&!sm%ﬂ@rsmﬂé washed with brine (50 ni), dried over

MySH4, fidipgred and evaporated to provi de 500 ng (89% of acid. "H NWR 10
(400 MHz, C%fl
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Step 2in THF (125 ml) and the mixture was stirred at for 1 h. The reaction was
quenched by the addition of H,O (500 ml), the THF was evaporated and the ag. layer
was extracted with EtOAc (4x150 ml). The combined organic layers were washed
with ag. K,CO, (2x300 mil), brine (300 ml), dried over MgSO,, filtered, evaporated and

20 the crude product was chromatographed with 5:95 CH,OH-CH,CI, to give 31.7 g
(97%) of oil.
'H NMR: 8.59 (d, J = 2.0 Hz, 1H), 7.76 (dd, J = 8.2, 2.1 Hz, 1H), 7.29 (dd, J = 8.2, 2.2
Hz, 1H), 4.12-4.05 (m, 4 H), 3.36 (d, J = 22.0 Hz, 2H), 1.27 (, J = 7.0 Hz, 6H)
Preparation 4

25
To a solution of the product of Preparation 3 (15 g, 49 mmol, 1.5 eq.) in THF

(100 ml) at 0 °C was added 1M LHMDS in THF (49 ml, 49 mmol, 1.5 eq.) and the
solution was stirred for 30 min. To this was added Ti(O'Pr), (14.4 ml, 49 mmol, 1.5
eq.) followed by a solution of the product of Preparation 1 (7.3 g, 32 mmol) in THF (30
30 ml) and the mixture was stirred at rt for 45 min. The solution was diluted with aqg.
potassium sodium tartrate (300 ml) and the THF was evaporated. The slurry was
extracted with EtOAc (4x100 ml) and the combined organic layer washed with brine



H 15 - .. CO2H To a solution of the product of Step 7 (500 ng, 1.86 mmuol)
in MOH (30 mM) was added AcOH (3 m) and Pt02 (250 ng) and the suspension
was shakewouongksso 40 Psi H2 in a Parr vessel for 1.5 daysPCTsoicavz yst was
filtered off with a celite pad, the solution was concentrated and the
resul tant residue was dissolved in AcOHMOH 20 CH2CI 2 m xture (0.5:2:97.5
viv/iv/) and filtered through a short Si “colum to provide 400 ng (79%
of the reduced product as a resin which soli difi ed on standing. 'H NWR
(400 MHz, CDCI3)468(dq,J 9.4, 5.9 Hz, ,276269(m2H)

(dog, 3 4198 ep Sugtipo,yigyed: bl e vipyestiaeohaiprofuchy

1.33 (d, WagcﬁrcﬁnaEQraijﬁpd With $685 BtOAc-haxaoné b provide 1ﬂJ$eg (Paséuof foefm.St ep 8

97 ny, Q d | 9
ol | owe EQW 80 e e e 1,700, 2060, 2 UV oSt e,
PCT/ USOl/1l|§D2£55;. ak=15.6arl@. Qbiﬁcéhit),r@fléddt d>=p*r(i>0|H¥e et 7Beti88461, d H),
chl or sdeozvgg%wﬁm 5@@2%6’[ U= 159l \een 81 9ar(adGOpLe|@ 4.055.8% gAdf PPh3) 4

(42 o, 4 ‘ol Wwas f oLl The
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25% Et OAceH Cngthem/Hdesmi 0183 (8% 7 Ha| Bllelhyde as 5 white solid. 1H
NMR (400 13) 9.75 (d, J = 2.Bebsatibi)s 4.62 (dg, J = 9.7, 6.0 Hz,
1 H, 2 8-2. 70 (m 2H), 2.65-2.55 (m 3H) 2.50 (d, J =7.2 H), 2.10 (ddd,
J =13.2, 6.4, 3.0 Hz, 1 H, 1.94 ( = 13.6, 6.0, 3.0, 1 H, 1.69
(dg, J = 10.9 Hz, 3.00 Hz, 1 H), 1.58 Sf(m 1 H, 1.42-1.20 (m 3H),
1.33(d, J =6.4 Hz, 3H. Step 10: 10\ He S0l ution of the product of Step
9 (90 ny, 0.35 mml) in MeOH (10 M) {41 Hv/Vv) at 0 C, excess NaBH4 was
added and the m xture stirred for 15 m n % OC. The reaction was guenched
with ag. NHACl (50 m) and extracted wt §OAc (3x20 m ). The conbi ned
organi c | ayer was washed with brine (50 Y, dried over MgSO4 and
concentrated to provide the crude al cohol .BrA solution of the al cohol in
MeOHTHF (6 15 nl, 1:1 v/v) was added to a flask containing excess Rane
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(400 MHz, Sty t9y 30 M qigey 8 L. _3(gmyn a509 q_érlug {ggﬂ%g%cﬂ —-/8° o this was
added a solution of (1S)-(+)-(10-camphorsulfonyl)oxaziridine (6.0 g, 26 mmol, 1.4 eq.)
in THF (50 ml) and the mixture was stirred for 1 h at-78 °C and 1.5 h at 0°C. To the

15  solution was added ag. NH,Cl (300 ml), THF was evaporated and the agueous layer
was extracted with EtOAc (4x100 ml). The combined organic layer was washed with
brine (100 ml), dried over MgSQO,, filtered, concentrated and the crude product was
chromatographed with 15:20:65 EtOAc-CH,Cl,-hex to provide 6.4 g (85%) of foam.
'H NMR: 8.56 (d, J = 2.0 Hz, 1H), 7.72 (dd, J = 8.4 Hz, 1H), 7.07 (d, J = 8.4 Hz, 1H),

20 6.56 (dd, J=15.6,9.8 Hz, 1H), 6.48 (d, J = 15.6 Hz, 1H), 4.62-4.55 (m, 1H), 3.72 (br
s, 1H), 2.80-2.74 (m, 1H), 2.28 (dd, J = 9.6, 5.6 Hz, 1H), 1.81-1.78 (m, 2H), 1.63-1.58
(m, 1H), 1.44-1.27 (m, 3H), 1.37 (d, J = 6.0 Hz, 3H), 0.94 (d, J = 6.4 Hz, 3H), 0.73 (1,

J =7.5 Hz, 3H)
Preparation 6
OTBDPS
X
25 OH
Step 1:

To a solution of (R)-(+)-3-butyn-2-ol (5 ml, 64 mmol) in CH,CI, (100 ml) at rt
was added DMAP (780 mg, 6.4 mmol, 0.1 eq.), tert-butylchlorodiphenylsilane (17.4
ml, 67 mmol, 1.05 eq.) and Et,N (9.8 ml, 70 mmol, 1.1 eq.). The mixture was stirred



3.73 (dd, J = 10.5, 3.4 Hz, 1 H), 3.62 (dd, J = 10.5, 7.6 Hz, 1 H,
2.60-2.53 (m 1 H), 20 2.46 (ddd, J =9.6, 7.2, 5.2 Hz, 1 H, 1.90 (ddd, J
= 13.5, QO/H3I0Hz, 1 H), 1.87-1.81 (m 1 H), 1.77 (br BCT/USH)190%. 66- 1. 59
(m 1 H, 1.50 (d, J =6.0 Hz, 3H), 1.48-1.36 (m 2H), 1.25-1.14 (m 2H),
0.93 (d, J = 6.6 Hz, 3H), 0.78 (d, J =7 Hz, 3H) 13C NMR (100 MHz, CDCl 3)
178.58, 77.63, 61.79, 45.10, 42.49, 39.37, 38.65, 33.44, 31.96, 21.39,
19.91, 19.74, 7.26. 25 Preparation 3 0 p\Cet CEt Br Step 1: Br CH Br Br
Prepared according to the procedure described in Wang et. al. Tet. Lett,
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with 10% EtOAc-hex to provide 16.5 g (71%) of resin.
'H NMR: 7.77-7.74 (m, 2H), 7.71-7.68 (m, 2H), 7.46-7.36 (m, 6H), 4.53 (iq, J =

1.8, 6.5 Hz, 1H), 4.08 (dd, J = 6.2, 1.8 Hz), 2.82 (d, J = 6.4 Hz, 3H), 1.07 (s, 9H)
15

Preparation 1+ Ex. 1

F
To a solution of the phosphonate (650 mg, 2.01 mmol, 2 eq.) in THF (8 ml) at

20 0°C was added Buli in hexanes (790 ul of 2.5M solution, 2.0 mmol, 2 eq.), the
mixture was stirred for 10 min, then Ti(O'Pr), (590 ul, 2.0 mmol, 2 eq.) was added and
the solution was stirred at rt for 10 min. To this was added a solution of the product
of Preparation 1 (220 mg, 0.98 mmol) in THF (3 ml) and the mixture was stirred at rt
for 1.5 h. To the solution was added aq. Rochelles’s salt (100 ml) and THF was

25 evaporated. The aqueous phase was extracted with EtOAc (3x30 ml) and the
combined organic layer was washed with brine (50 ml). The solution was dried over
MgSO,, concentrated and the resultant residue was chromatographed with 20%
EtOAc-hexane to provide the title compound (240 mg, 62%) as a resin.



guenched by the addition of H20 (500 m ), the THE was evaporated and the
aq. layer was extracted with Et OAc (4x150 ml ). The conbi ned organic | ayers
wer e washveado01/9d38hh aq. K2C03 (2x300 m ), brine (300 m), dpCERUSavEN2SMgSOH4,
filtered, evaporated and 20 the crude product was chromat ographed with 5:95
CH3OH CH2Cl 2 to give 31.7 g (97°/c) of og "HNWR 8.59 (d, J =2.0 Hz, 1
, 7.76 (dd, J =8.2, 2.1 Hz, 1 é(de 8.2, 2.2 Hz, 1 H),

4.12-4.05 (m 4 H), 336(d J:220Hz 2H), 1.27 (t, J = 7.0 Hz, 6H)
Preparation 4 OHH25 Br To a solution of the product of Preparatlon 3
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475468\1(3n191|—|) 5 2.69-2.56 (m 2H), 2.32 (dt, J = 10.1, 6.5 Hz, 1 H),
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37 (d, 1.20
3H) 0. 73:qmpomd=1/’i“@wepmd Preparation 5 O OH H Br 10 To a solution of
the product of Preparation 4 (7.2 "‘ HL9 wrol ), in THE (100 M) at -78 C
was added 1 MLHVDS in THE (23 m, 23 m$l, 1.2 eq.). The solution was
stirred for 30 min at -78 C, 30 mY and cool ed back to -78 C. To
this was added a solution of (1 S 0- canphor sul f onyl ) oxazi ri di ne
(6.0 g, 26 mol, 1.4 eq.) in THE (50 M and the m xture was stirred for 1
h at -78 Cand 1.5 h at 0C. To the 15 sgluti on was added aq. NH4Cl (300
m ), THE was evaporated and the aqueousl| ayer was extracted with Et OAc
(4x100 m). The conbi ned organic | ayer wAs pvashed with

1A
"H NMR (400 MHz, CDC,) 8.73 (bs, 1H), 7.84 (dt, J = 2.0, 8.0, 1H), 7.44 (dt, J = 1.7,
7.7, 1H), 7.40-7.34 (m, 1H), 7.30 (d, J = 8.0, 1H), 7.25 (dt, J = 7.6, 1.1, 1H), 7.18

15 (ddd, J =10.6, 8.4, 1.2, 1H), 6.62 (dd, J = 15.1, 8.6, 1H), 6.56 (d, J = 15.1, 1H), 4.79-
4.72 (m, 1H), 2.71-2.61 (m, 2H), 2.36 (dt, J = 10.0, 6.5, 1H), 1.99 (ddd, J = 13.5, 6.1,
2.9, 1H), 1.70-1.57 (m, 1H), 1.51-1.44 (m, 2H), 1.42 (d, J = 5.9, 3H), 1.39-1.22 (m,
2H), 0.99 (d, J = 6.6, 3H), 0.76 (1, J = 7.3, 3H)

FAB HRMS: 394.2184, calculated: 394.2182.
20

Example 2

Preparation2 +

FaC 0 OEt



brine (100 m ), dried over MgSH, filtered, concentrated and the crude

product was chromatographed with 15:20: 65 Et QAc- CH2C12-hex to provide 6.4
g (85% o¥oboewsso 'H NVR 8.56 (d, J = 2.0 Hz, 1 H), 7.72pCUusou9es8. 4 Hz,
1H, 7.07 (d, J =84 Hz, 1H, 20 6.56 (dd, J = 15.6, 9.8 Hz, 1 H), 6.48
(d, J =15.6 Hz, 1 H), 4. 62- 4. 55 (m 1 ? 3.72 (br s, 1 H, 2.80-2.74 (m
1 H, 2.28 (dd, J = 9.6, 5.6 Hz, 281178(m 2H), 1.63-1.58 (m 1
H, 1.44-1.27 (m 3H), 1.37 (d, J = 6 0 Hz, 3H), 0.94 (d, J = 6.4 Hz, 3H,
0.73 (t, J =7.5 Hz, 3H) Preparation 6 OTBDPS 25 OH Step To a solution of
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par af or mealdehyde (4.15 g, 138 mml, 2.0 eq.) was added. The m xture was
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Pr epar ati BYF 1
EtOAc-hexane to provide 9 mg of the title compound. 'H NMR (400 MHz, CDCl,)

15  8.79(d,J =2.4 Hz, 1H), 7.85 (dd, J=8.4,2.6 Hz, 1H), 7.81 brs, 1H), 7.76 (d, J = 7.2
Hz, 1H), 7.67-7.58 (m, 2H), 7.31 (d, J = 7.6 Hz, 1H), 6.63 (dd, J = 15.6, 9.2 Hz, 1H),
6.57 (d, J = 15.6 Hz, 1H), 4.79-4.72 (m, 1H), 2.71-2.61 (m, 2H), 2.37 (dt, J = 10.0, 6.4
Hz, 1H), 2.00 (ddd, J = 13.5, 6.3, 2.7 Hz, 1H), 1.64-1.56 (m, 1H), 1.51-1.23 (m 4H),
1.42 (d, J = 6.2 Hz, 3H), 1.00 (d, J = 6.6 Hz, 3H), 0.77 (1, = 7.5 Hz, 3H)
20 FABHRMS: 446.2306 (MH"), Calculated 446.2280.
Using similar procedures, the following compounds were also prepared:

Example 3
'H NMR (400 MHz, CDCL,) 8.62 (d, J = 2.0 Hz, 1H), 7.76 (dd, J = 8.0, 2.4 Hz, 1H),
7.51-7.48 (m, 1H), 7.37-7.26 (m, 4H), 6.65-6.55 (m, 2H), 4.78-4.71 (m, 1H), 2.71-2.61
25 (m, 2H), 2.36 (dt, J = 10.0, 6.4 Hz, 1H), 1.99 (ddd, J = 13.7, 6.3, 2.9 Hz, 1H), 1.68-
1.61 (m, 1H), 1.560-1.45 (m, 2H), 1.43 (d, J = 5.6 Hz, 3H), 1.33-1.25 (m, 2H), 0.99 (d,
J=6.4 Hz, 3H), 0.76 (t, J = 7.4 Hz, 3H)
[off°, = +13.2 °(c 0.5, MeOH);
FAB HRMS: 410.1891 (MH"), Calculated 410.1887



EtO CEt To a solution of the phosphonate (650 ng, 2.01 mmol, 2 eq.) in THE
(8 M) at 20 O0C was added BuLi in hexanes (790 gl of 2.5M solution, 2.0
mrol , 2 &g0P1/943Be m xture was stirred for 10 min, then TiPA/BS)MISI0 |,
2.0 mol, 2 eq.) was added and the solution was stirred at rt for 10 mn.
To this was added a solution of the produyct of Preparation 1 (220 ng, 0.98
nmmol) in THE (3 mM) and the m xture was Stirred at rt for 1.5 h. To the
sol ution was added ag. Rochelles's salt (100 nl) and THE was 25 evapor at ed.
The aqueous phase was extracted with EtQAc (3x30 nl) and the conbined
organic Iaé(er was washed with brine (50 m). The solution was dried over

MySO4, congeRtrated and the resultant residue was chronmat ographed with 20%
Et OAc- hexe provide the title conpound (240 ng, 62% as a resin. WO
01/ 96330 - CAUSOL/ 19025 1H NWR (400 MHz, CDCI3) 8.78 (d, J = 2.0, 1 H),
7.82 (dd, H, 8.0, 1 H, 7.44 (dt, J =5.7, 81, 1 H, 7.36 (dt, J =
1.2, 7.7, .30-7.25 (m 2H), 7.09(ddt J =25 1.0, 8.4, 1 H),
6.61 (dd,

.|\8, 8.6, 1 H, 6.56 (d, J = 15. 3, 1H) 4.78-4.71 (m 1 H),
RH), 2.36 (dt, J = 10.0, 6.4, 1 H, 1.99 ( (ddd, J = 13.5,
.685161(m 1 H, 1.51-1.44 (m 2H) 1.42 (d, J = 5.9,
3H), 1.39-1.22 'Qﬁ) 4(d, J = 6.6, 3H, 0.76 (t, J = 7.5 3H FAB
HRVS: 394. 2184, caI cu a? 394 2182 Anal. calc'd for C25H28FNC2. HCl : C,
69. 84; H, 'HNBIR (400 B2 .CBGUNE.750d, 3 20,HA, 1H), 60 (dd, J3= 82, ZTQLBIZU$th a

| h t et Aeqfakl d

TA wan J’Z‘S’%?%éé’ T TR a@@o@fmﬁ%@%ﬁ”?@ﬁ@ 3E)! Q81 @, 95 1813, SURGun

2.0, 8.0, 1H),H.567d4ad ¢dk5. SJSZ—, 1)z 4.78-4771 imH)1 H)7: 47(5i -2, 6@H2r‘(ln?Hi 1 (ﬁ’f,sé) <d,
= 8- , 10*1*) 6. 57H,2_51H It1.08 @dd; §= 135, 64, lzl)g HE, 481)1%.71ddd4 @n "1H)01649 8.48

J
%I 2, ) a4 Jéfé?hﬁm% 3 312, (i ﬁ@(%&%we}?&m% 875 tua.
J
3

2.71- 2.61 (m
6.1, 2.9, 1 H),

13 5 J6:7.L4H22391) 3:76504-D97Q°\1-l5172/§:m 1 H, 1.51-1.44 (m 2H), 1.42 (d,

0.99 (d, J =6.6 3H, 0.76 (t. J = 7.3
H) Php Sg%zg(gi)z%ﬁe L Lo 304 2183, 20 Preparation 2 + Ex. 2
" FAB HRMS: 410.1887 (MH"), Caiculated 410.1887

10 Cl Example 5
'H NMR (400 MHz, CDCl,) 8.58 (d, J = 2.0 Hz, 1H), 7.72 (dd, J = 8.0, 2.0 Hz, 1H),
7.50 (dd, J = 8.0, 1.6 Hz, 1H), 7.31-7.21 (m, 3H), 6.63 (dd, J = 15.5, 8.8 Hz, 1H), 6.57
(d, J = 15.5 Hz, 1H), 4.78-4.71 (m, 1H), 2.71-2.61 (m, 2H), 2.36 (dt, J = 10.0, 6.4 Hz,
1H), 1.99 (ddd, J = 13.8, 6.4, 2.8 Hz, 1H), 1.68-1.61 (m, 1H), 1.50-1.45 (m, 2H), 1.43
15  (d, J =6.0 Hz, 3H), 1.35-1.22 (m, 2H), 0.99 (d, J = 6.4 Hz, 3H), 0.76 (t, J=7.4 Hz, 3H)
[0, = +5.8 °(c 0.4, MeQOH)
FAB HRMS: 444.1491 (MH"), Calculated 444.1497.



WO 01/ 96330 PCT/ US01/ 19025 -32 To a solution of the product of Preparation
2 (50 ng, 0.22 mol) in CH 2C12 (3 m) was added NMO (78 ng, 0.67 nmol, 3
eq.) and wioAumsBecul ar si eves (about 50 ng). After stirrpPayuSawioes mn. ,
TPAP (8 ng, 0.02 mml, 0.1 eq.) was added and the stirring was continued
for another 40 mn. The m xture was dil d wth Et20 (20 M), 5 filtered
through celite and concentrated to provite a residue. The resi due was
filtered through a short Si02 plug, eluting with 30% Et OAc- hexane to
provide 38 ng of aldehyde. In another flask containing the phosphonate
(210 ng, 0.56 nmmol, 3.3 eq.) in THE £1. at 0C was added a 2. M
solution of BuLi in hexanes (224 1|, &2%3%@9 10 3.3 eg.) and the m xture
was stirred for 20 mn. A solution o ove al dehyde in 1.5 m of THE
was added and the m xture was stirr for 1 h. The solution was
diluted with EtOAc (20 m), washed w 2x20 m) and brine (20 m),
dried over MSO4, filtered, concentdate and purified by preparative TLC
usi ng 25% Et QAc-hexane to provide 9 ng ofjthe title corrpound 1H NMR (400

MHz, CDCI3) 15 8.79 (d, J = 2.4 Hz, 1 H),~785 (dd, J =8.4, 2.6 Hz, 1 H),
7.81 br s, 1 H, 7.76 (d, J = 7.2 Hz, 1 767758(m2H)71(dJ
= 7.6 Hz, 1 H, 6.63 (dd, J = 15.6, 9.2 1H, 6.57 (d, J =15.6 Hz, 1
H, 4.79-4.72 (m 1 H), 2.71-2.61 (m 2H) 37 (dt, J = 10.0, 6.4 Hz, 1
H. 2.00 (ddd, J = 13.5, 6.3, 2.7 Hz, 1 H> T.64-1.56 (m 1 H), 1.51-1.23
(m4H), 1.42 Tda sblatidh af e, pratiict of Banfple 1(5406m6, 87 nhbl) ir0THF (Btml)ht=
7.5 Hz 3 i

finilar o 18, 2 S AERe 1B sotlidnin TRIEC().B8 i, £88.1708 1.5 ok The
Exanp 3sq1u¢|¢nma@zsmmrmt (D] 39r 1® rtsuzn (@nd at G-°Q for $Q mlr1 wasrcche@ @@ckJ =
8-0’ {77 nd a? séﬂman%ﬁ( +3-(D-cam %‘rgul?cﬁ\ Bkaﬁf“éhne 495 5251()”1
2H),4784781 I—%H (gjL Cﬁ?ﬂ“ﬁ 3’6% 3%@1 Hz,
1 H, 1.99Midh: Qﬂ):'nl ﬂ"fd"&waf h 'X’fff%‘é'as "'Erfd(% 78 g for 15

1. g - 1. 45Nﬁnﬂth8ﬂﬁhllo¢/e630(vdamﬂu sfowdy tdzit. 31d)t.he1rni3<$urév%sémlec2&m NBL,C100, J

HRVE: 410’@%&’? t“teEaﬂ’%’&Fget‘é‘ﬂkﬁRﬁ%éé%@&@%‘a‘%ﬁ@&%’%é@%’?'&@??%""-’%%

Exanpl® 4washed with 30 ml brine, dried over MgSO,, concentrated and chromatographed with
15:20:65 EtOAc-CH,Cl,-hexanes to provide 390 mg (69%) of resin.
'H NMR: 8.78 (d, J = 2.4 Hz, 1H), 7.82 (dd, J = 8.2, 2.6 Hz, 1H), 7.44 (dt, J = 6.0, 8.0
Hz, 1H), 7.37-7.35 (m, 1H), 7.29-7.25 (m, 2H), 7.09 (ddt, J = 1.0, 2.4, 8.3 Hz, 1H),
6.67-6.58 (m, 2H), 4.67-4.60 (m, 1H), 2.85-2.79 (m, 2H), 2.32 (dg, J = 1.5, 5.7 Hz,
15  1H), 1.89-1.82 (m, 1H), 1.79-1.75 (m, 1H), 1.70-1.61 (m, 2H), 1.54-1.46 (m, 1H), 1.45
(d, J=6.0 Hz, 3H), 1.43-1.32 (m, 1H), 0.99 (d, J = 6.6 Hz, 3H), 0.78 (t, J = 7.5 Hz, 3H).

The Suzuki coupling procedure is exemplified by heating a solution of a
bromide of Preparation 4 or 5 with boronic acid (1.0 to 2.0 eq.), K,CO, (4 eq.) and
20 Pd(PPh,), (5 to 10 mol%) in toluene:EtOH:H,O (4:2:1, v/v/v) at 100°C until the
reaction is complete. The reaction mixture is diluted with H,0, extracted with EtOAc,
and the organic layer is washed with brine, dried over MgSQ,, filtered, concentrated
and purified by chromatography to provide the desired compounds.
Using the Suzuki coupling procedure described above, the following
25 compounds were prepared:



'HNIVR(4OO Mz, CDCl) 8.75 (d, J = 2.0 Hz, 1 H), 7.80 (dd, J = 8.2, 2.0
Hz, 1H, 7.54brs, 1H, 7.46-7.34 (m 3H), 7.29 (d, J = 8.0 Hz, 1 H),
6.61 (ddwOom9eB50 3, 9.0 Hz, 1H), 6.56 (d, J = 15.3 Hz, RCHUSOMLOTB 4. 71
(mlH),270260(m2H),2 (dtJ 5101 6.5 Hz, 1 H), 1.98 (ddd,
J =13.5 6.4, 2.9 Hz, 1 H), 1. 1.49-1.43 (m 2H), 1.40
(d, J =6.0 H, 3H), 1.33-1. 21(m 2H) 99 d J =6.4 H, 3H, 0.75 (t,
J = 7.4 Hz, 3H) <76504-097-A-H in 2A> [a] 20p —+23 1 (c 0.5 MOH FAB HRVE:
410.1887 (MHO), Cal cul ated 410.1887 g HH 10 v -Cl Exanple 5 ' H NVR (400
Mz, CDCI3) 8.58 (d, J = 2.0 Hz, 1 H), l%7(dd J=8.0 20H, 1H,
7.50 (dd, J =8.0, 1.6 Hz, 1 H), 7.3E% 3H), 6.63 (dd, J = 15.5 8.8
Hz, 1 H, 6.57 (d, J = 15.5 Hz, 1 8-4.71 (m 1 H), 2.71-2.61 (m
2H), 2.36 (dt, J = 10.0, 64Hz, 1 9 (ddd, J = 13.6, 6.4, 2.8 Hz, 1
H, 1.68-1.61 (m 1 H), 1.50-1.45 ( A3 15 (d, J = 6.0 Hz, 3H),
1.35-1.22 (m 2H), 0.99 (d, J = 6.4 0.76 (t, J=7.4 Hz, 3H) [a]20p

= +5.8 (c 0.4, MeOH) FAB HRMVS: 444. 1491 VH+) , Cal cul ated 444.1497. WO
01/ 96330 PCT/ USO1/ 19025 -34 F To a solutign, of the product of Example 1
(540 ng, 1.37 mml ) in THE (8 m) at -78[Ciwas added 1 M LHVDS solution in
THE (1.65 m, 1.65 mmol, 1.2 eq.). The 5 0l ution was stirred at -78 C for
15 mn. and at 0 Cfor 30 mn. It was coptad Pack to -78 C and a sol ution
of (1 S)-(+)-(10-canphorsul fonyl)oxaziri & e (475 mg, 2.10 mol, 1.5 eq.)

L oved ¢ 5 MG ERW 5 T8 TR e ldd DE a8, 22 R nip T iy (oo "
n) and |4H)4\/5522-I7€20 (amﬂbl);tbeSw&&Gw(rEttM)séi(@%%BQT{m 1Hh .20 i hedoPefithi ¢
| ayer gnasy é@éh\@%mﬂd Vﬁigjdgpﬂugﬁ'@er 1CHH%d1P|z92 3HUSAH), qaneenty gh egHpnd

chr omat og exanes o pro 9

(69% of T@Bﬂn64 (., N 1657848dm, 3@%@ (Fz J =16.Q)Hz. B85 (Q?deg (@, ﬁ'é) 2.6
i, 1 H).08844, 416,50, 5HE. O79%, 0 = 115 H2 IM) 7. 37 7.35 (m 1H, 7.29-7.25
(m 2H), 7.09 (ddt, J 1.0, .,8 Hz 6.67-6.58 (m 2H),
467460(m1H) 2852.79(m2,x dg, J = 1.5, 5.7 Hz, 15 1 H),
1.89-1.82 (m 1 H, 1.79-1.75 (m 1K) Of-tL 0-1.61 (m 2H), 1.54- 1. 46 (m 1
H, 1.45 (d, J=6.0 Hz, 3H), 1.43-1. 1 H, 0.99 (d, J = 6.6 Hz, 3H),
0.78 (t, J 7.5 Hz, 3H). The SuzukiA\ce Lng-procedure is exerrpllfled by
heating a solution of a bronide of Prepargtion 4 or 5 with boronic acid
(1.0 to 2.0 eq.), K2C03 (4 eq.) and

10 'H NMR: 8.80 (d, J = 2.0 Hz, 1H), 7.84 (dd, J = 8.2, 2.2 Hz, 1H), 7.58 (d, J = 7.6 Hz,
2H), 7.47 (t, J = 7.4 Hz, 2H), 7.39 (1, J = 7.2 Hz, 1H), 7.29 (d, J = 8.0 Hz, 1H), 6.65-
6.55 (m, 2H), 4.67-4.60 (m, 1H), 3.56 (br s, 1H), 2.87-2.81 (m, 1H), 2.34 (dd, J = 9.6,
5.6 Hz, 1H), 1.87-1.80 (m, 2H), 1.70-1.63 (m, 1H), 1.53-1.33 (m, 3H), 1.44 (d, J =6.0
Hz, 3H), 0.98 (d, J = 6.5 Hz, 3H), 0.79 (t, J = 7.4 Hz, 3H).
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Also using the Suzuki coupling procedure with the appropriate reagents,

compounds of the following structures were prepared:




20 Pd(PPh3)4 (5 to 10 nmol % in toluene: Et OH H20(4:2: 1, v/v/v) at 100C
until the reaction is conplete. The reaction mxture is diluted with H20
extract eowont/ds3Bt OAc, and the organic |layer is washed w parsém®p2sdri ed
over MgSH4, filtered, concentrated and purified by chromatography to
provi de the desired conpounds. Using th uzuki coupling procedure

descri bed above, the following 25 conpdlhds were prepared: WO 01/ 96330
PCT/USOl/19025 35 "HNWR 8.54 (dd, J = 2.2, 0.6 Hz, 1 H), 7.62 (dd, J =
8.0, 2.2 Hz, 731725m4H) 722720m1H) 6.65-6.56 (m 1

9. R e S0 4855* el iy o Ty o 1 £5°

J

(m 1 H) ethyl%adPh&s(omen?IM) 1.45 (d, J =6.0 Hz, 3H), 1.39-1.25 (m 1 H),
0.98 (d, = x. 3HR® O 79;2"(t J #’7.5 Hz, 3My Exanpl érfalytiGalGH H 10 'H
NVR: 8. 80 (d J:2.0Hz 1 H, 7.84 (dd,|J = 8.2, 2.2 HzpataH),| 7.58 (d, J
= 7.6 Hz, 2H),[ 747t 9 = 774z, _2A), [ 7- (T, J:/.ﬁ H, 7.29
(d, J = 8.0 Hz,| 3BH)| 1. 65- Mg 55 (mEbH) .| 4. 6¥-4. 60 () 1'3&,@3.56 (br s, 1
H, 2.87-2.81 (m 1 H, 234 (dd,| J = 9.6, Hz, 1 H),(MH§7-1. 80 (m
2H), 1.70-1.63 1 , [1.53-1.33 3H), d, J = 6, ., 3H), 0.98
(5? 1565 re, 3k AR (t 3 - 7(2]#',2 3&9..1‘@&%5 usf%‘:%?i% ki
coupl i ng procedusé W tHh theM&)propriEte reagents, conpoudBMSf | he

foll owi ng structures|were| preparegd: H OR3 @\ 23 w 33/96330 - 36
PCT/ USO01/ 19025 wherejn R3] R22, R23 and War defined 'n t'he foll ow ng
table (Me is nmefhyl,[Et is ethyl land Ph ik hen | F_Ex. R80218Wanal yti cal

HRMS
(MH’)
394.2184

8E | H Me Et e o HRMS
Ej (MH)
410.1891

8Dh H Me Et

8F | H Me Et HRMS
(MH’)
cl 410.1887

8G | H Me Et ' o HRMS
sl
‘ ci 444.1491

8H H H Ph HRMS
(MH")
F 428.2026

sl |H | H Ph “”'””f HRMS

(MH)
428.2027

8J | H Me Et HRMS
(MH?)

418.2381

(MH")
433.2490

O
8K | H Me Et Wf HRMS
N




Dat a 86HVEEt HRVS (MH+) CF3444.2165 8CHVEEt HRVE (MH+) F394. 2184

8DH. MeEt FHRVS \ (M H+) 394. 2184 8EHMVEEtcl FIRVB (MH ) 410. 1891 8FHVEEt HRVB
(MH+) Cl 240018830 8GHVEEL ¢l FI RVE (MH ) Cl 444. 1491 8HHHPhHRREI/LEMAY25
F428. 2026 81HHPhFHRMB (VH+) 428.2027 8JHVEEt HRVB (MH+) 418.2381 0
8KHVEEL HRMS (MHt) Y433.2490 N OH WO 01/ 96330 - 37

sL | H Me Et T HRMS
(MH")
447 2648

N

OMe
sM | H Me Et T HRMS
SRPN
N/c”)\/ 483.2319
8N | H Me Et 6'\% HRMS
(MH")
390.2441
80 | H Me Et T HRMS
@ (MH")
Me 390.2437
8P | H Me Et T o HRMS
| | (MH")
cl 444.1490
8Q | Me Me Et N HRMS
@ (MH")
F 408.2346
S8R | OH Me Et g o HRMS
@ (MH")
406.2380
8S |OH | Me Et N HRMS
@ (MH")
Me 406.2376
8T |OH Me Et T HRMS
és (MH)
B 398.1788
8U |OH Me Et T HRMS
G (MH")
TN 432.1392
8V |OH | Me Et g HRMS
393.2181




PCT/ USO1/ 19025 SLHMBEt HRMS b(MH) y447.2648 N i OVe SMHVEEt HRVB o MH)

NS, ,,,-483.2319 H 0 8NHVEEt\ MeHRVS (MH ) 390. 2441 S8OHVEEt HRVS ( MH )

Me390. 24370 8PMSBEL ¢l HRVS (MH ) Cl 444. 1490 8QVEMEEt HRVS ( MPET/URMIOBOZ346
8ROHMBEt\ MeHRMB (MH ) 406. 2380 8SOHMEEt HRVE ( MH+) Me406. 2376 8TOHMEEt HRVB
(MH+) 398.1788 8UOCHVEEt HRVB (MVH-) ~1 432 492

HRMS
(MH’)
417.2178
HRMS
(MH’)
CN 417.2178
HRMS
(MH’)
434.2330

0)
8AA |OH | Me Et T HRMS
h (MH")
449.2440
N
: OH
N

8W |OH Me Et

8X |OH Me Et

8Z |OH Me Et

8AB |OH | Me Et HRMS
(MH’)

463.2599

8AC |OH | Me Et HRMS
(MH’)

435.2275

8AD | OH Me Et HRMS

(MH’)
449.2446

8AE | OH Me Et HRMS
~N +

@A Neow | (MHY)

435.2279

8AF { OH Me Et HRMS
~ -+

@” Neome | (MHY)

449.2442




8VOHWEEt HRVS (M) N393. 2181 WD 01/ 96330 -38 PCT/ US01/ 19025 8WOHVEEt CNHRVS
(MH) 417.2178 8XOHMeEt HRVB (MH) CN417.2178 8ZOHMEEt HRVS \ (M) 434.2330 0O
8AACHVE EWHRMBI3BMH) 449. 2440 N OH 8ABOHVEEt HRMS b( M)  y4BGT/ES@%19he5\\e
8ACOHMEEt HRVS (M) 435. 2275 N 6H 8ADOHVEEt HRVS ( MH+) 449. 2446 N Owe

-30-

8AG | OH Me Et "y HRMS
(MH")
422.2332

8AH | OH Me Et et HRMS
(iTAbH (MH)
422 2332

8AI | H H Et HRMS
(MH")
380.2028

8AJ | H Ph Me T MS (MH")
©\ 442 1

8AK | H Ph Me MS (MH")
458.1

8AL | OH Me Et ' HRMS
(MH")
, 463.2589

8AM | OH Me Et HRMS
~ +
[ij/\wba (MH)
463.2593

8AN | OH Me Et " HRMS
(MH")
477.2750
N

8AO | OH Me Et Y HRMS

392.0207

8AP |OH | Me Et ' HRMS
(MH")

434.2695




8AEOHVEEt HRVB N, OH(MH¥) 435.2279 S8AFCHVEEt HRVB N, OVB( MH+) 449. 2442 WO

01/ 96330 -39 PCT/US01/ 19025 8AGOHMBEt HRVB (MH+) 422.2332 OH 8AHOHMBEt HRVB
OH( MH+)  49Q@ 029320 8Al HHEt FHRVS ( MH+) 380. 2028 SAJHPhMENS ( RES/ISEMRZS
8AKHPhMEMS (MH+) 458.1 Cl 8ALOHMBEt HRVB (MH+) 463. 2589 N OEt SAMOHMEEt HRVB
N' CEt (MH) 463. 2593 SANCHVBEL HRVS (MHF) 4/7. 2750

8AQ |OH | Me Et HRMS
(MH")
398.1788
HRMS
(MH")
382.2020
8AS | OH Me Et ' HRMS
(MH")
435.2282

O
8AT | OH Me Et e HRMS
(MH")
Me 424.,0945
F

8AU |OMe Me Et

8AR | OH Me Et

MS (MH")
O 450.1

o 436.1

8AW |OMe | Me Et ' MS (MH")
@A OH 436.1
8AX | OH Me Et g HRMS

8AV | OH Me Et ”Wf MS (MH")

480.2752
O\
8AY [OH | Me Et e HRMS
©Y (MH")
436.2489
OH
8AZ |OH | Me Et - HRMS
©/k (MH")
434.2325
8BA |OH | Me Et v~ OH HRMS
@A (MH")

436.2489




N OEt S8ACOHVEEt HRVB (MH+) 392. 2227 S8APCHMVEEt HRVB (MH+) 434. 2695 WO 01/ 96330
- 40 PCT/ US01/ 19025 SAQOHVEEt HRVB ( MH+) 398. 1788 SAROHVEEt HRVB ( MH+)

382. 2020 VBABOWIBEL HRVS (M H+) NH2435. 2282 0 S8ATOHVEEt HRVEPCVHS)1/1982524. 0945
F S8AUOMEMEEt MBS (MH+) O450. 1 S8AVOHVEEt M5 (MH+) 436.1 SAVOVEMEEt M5 (MH+) OH
436.1 i BAXOHVBEt HRVE O(MH+) 480.2752 ..

8BB | OH H Et é/Me MS (MH")
392.2
8BC | OH H Et e MS (MH")
@\ 396.3

_ F
8BD | OH H Et e MS (MH")
6 368.4

O
8BE |OH | Me Et g HRMS
(MH")
408.2169

. OH
8BF | OH Me Et T o HRMS
| (MH")
cl 456.1941
8BG | OH H Me T HRMS
@ (MH)
| F 382.1813
8BH | OH H Me T HRMS
@ (MH")
CN 389.1863
8Bl | OH H Me T HRMS
|?N (MH?)
. 365.1871
8BJ |OH | Me Et e o HRMS
l | (MH")
F 440.2243
8BK | OH H Me 6'\/'9 HRMS
' (MH")
378.2064
8BL | OH H Me T HRMS
(MH")
. 364.1919
8BM |OH | Me Et T HRMS
©/LN\OH (MH")
449.2435




0", SAYOHVEEt HRVB (MH+) 436.2489 OH 8AZOHMBEt OHRVS (MH+) 434. 2325

8BACHMWeEt OHHRVS (M) 436. 2489 WD 01/ 96330 -41= PCT/ US01/ 19025 8BBOHHEt MeMS

(MH+) 393vQ0B8BBBHHEL MS ( MH+) 396.3 8BDOHHEt MS ( MH+) 368. BCBBEOHYRE HRVS
(MH+) 408.2169 OH 8BFOHMEEt OHRVB \ (MH+) Cl 456. 1941 8BGOHHMEHRVE ( MH+)
F382. 1813 8BHOHHMEHRMG (IMH+) CN389. 1863 ,8BLOHHVEHRVE C( MH+)

10

15

20

8BN | OH Me Et ~ HRMS
Noome | (MHY)

463.2604

8BO | OH Me Et 7~ HRMS
N~okt (MH")

477.2751

VWA

8BP | OH Me Et HRMS
(MH")
450.2640
OH
Example 9

To the product of Preparation 5 (0.127 mmol) in dry toluene (5 mi) was added
aniline (0.254 mmol, 2 eq.), potassium phosphate (0.380 mmol, 3 eq.), palladium
acetate (6.5 mol%) and 2-(dicyclohexylphosphino)biphenyl (13 mol%). The mixture
was bubbled with N, for 2 min. then heated to 120 °C in a sealed tube. After 16 h, the
reaction was cooled to rt, poured into water and extracted with Et,0 (3x). The
combined extracts were washed with brine, dried with MgSQ,, filtered and evaporated
to dryness. Purification by flash chromatography (2-5% CH,OH in CH,Cl,) yielded the
desired product in a 66% vield
'H NMR: 8.31 (d, J = 2.8 Hz, 1H), 7.40 (dd, J = 2.8, 8.5 Hz, 1H), 7.30-7.26 (m, 2H),
7.15(d, J = 8.5 Hz, 1H), 7.07 (dd, J = 0.9, 8.5 Hz, 1H), 6.97 (t, J = 7.4 Hz, 1H), 6.50
(d, J = 15.6 Hz, 1H), 6.25 (dd, J = 10.4, 15.6 Hz, 1H), 6.14 (s, 1H), 4.60-4.56 (m, 1H),
4.43 (br s, 1H), 2.79-2.76 (m, 1H), 2.31 (dd, J = 5.6, 9.2 Hz, 1H), 1.91-1.79 (m, 2H),
1.65-1.58 (m, 1H), 1.41-1.35 (m, 2H), 1.39 (d, J = 6.0 Hz, 3H), 1.31-1.25 (m, 1H),
0.95 (d, J = 6.4 Hz, 3H), 0.77 (t, J = 7.4 Hz, 3H)



N365. 1871 8BJOHMeEt HRVS &( M) F440. 2243 8BKOHHMEMEHRMS ( MH) 378. 2064
8BLOHHVEHRMS ( MH+) 364. 1919 8BMOHMeEt HRVS &N, OH( MH+) 449. 2435 WD 01/ 96330
-42 PCT/ vB001/963605 HRMS 8BNOHMWEEt &N, We( M) 463. 2604 813PCHWBEIHWLIERMS 5
(MH) NOEt 477.2751 813POHMEEt HRVS (MH+) 450. 2640 OH To the product of
Preparation 5 (0.127 mmol) in dry tolueng (5 m) was added 5 aniline
(0.254 mmol, 2 eq.), potassium phosphate (0.380 mmol, 3 eq.), palladium
acetate (6.5 nol % and 2-(dicycl ohexyl phosphi no) bi phenyl (13 nol% . The

m xture was bubbled with N2 for 2 min. then heated to 120 Cin a seal ed
tube. After 1 t . J red into water and
extracted w tﬁt)%pgé?@)&l%?ﬁ%dg@ﬂé%\%ngg @%téfggétsforv@gg washed with brine,
dried with MgSOA, filtered and evaport O to dryness. Purification by
flash chromat ography (2-5% CH3OH i n §H2 ) yielded the desired product in

a 66%yield
W
were prepared, wherein W is as defined in the table:
Ex. W Analytical
Data
9A o HRMS
S ) (MH")
385.2490
9B o HRMS
C 7 o | (WH)
415.2601
9C T HRMS
N ,.\\\\ +
{ /" ToH (MH’)
414.2593
9D i HRMS
Ne_o )
Cr (MH")
399.2278
Steps 1-3:
TBDPSO._ -~y
>
Z N
. [




IHNWR 8.31 (d, J =2.8 Hz, 1 H, 7.40 (dd, J = 2.8, 8.5 Hz, 1 H),
7.30-7.26 (m 2H), 7.15(d, J =85 Hz, 1 H, 7.07 (dd, J = 0.9, 8.5 Hz, 1
H, 6.97W0p193307.4 Hz, 1 H, 6.50 (d, J = 15.6 Hz, 1 HPCT/ES@B90Td, J =
10.4, 15.6 Hz, 1 H), 6.14 (s, 1 H), 4.60-4.56 (m 1 H), 15 4.43 (br s, 1
H, 2.79-2.76 (m 1 H, 2.31 (dd, J =5.6, 9.2 Hz, 1 H, 1.91-1.79 (m 2H),
1.65-1.58 (m 1 H), 1.41-1.35 (m 2H), 1789 (d, J = 6.0 Hz, 3H), 1.31-1.25
(m 1H, 0.95(d J=26.4H, 3H), 0.77 (t, J = 7.4 Hz, 3H 20 WD

01/ 96330 PCT/US01/19025 -43 Using a sinlar procedure, conpounds of the
Ex. wanal SISt ArusiERRigRE e %&w@@?ﬂsﬁaﬁt@@%\%ﬁaﬁgb»2@@?@@%1&15
9CNHRMS  (IMOHi(BVIRI0140.£ @5 ) BralNAENds cal( st 13 999, 2078t %) ixEiphe (BOMNOvES St eps
o kyne o “yankidrt b EotatbShRg i biehiRg IS, BT 0.2
eq.), andragotianayasce@rapletad, iByas fiierecothigugh a geffeqyd, veshad) willyd N "T@Tﬁ'ﬁ%d
under sl apfhe HiiddP drang3Oanfhctd® ahBasiabermts@so GRI 1 DagflotiesMRhichfwas t he
used as such for the next step.
Step 2: Dess-Martin reagent (4.28 g, 10.1 mmol, 1.1 eq.) was added to a mixture of
the product of Step 1 and NaHCO,(1.54 g, 18.3 mmol, 2 eq.) in CH,Cl, (30 ml) at rt
and stirred for 1 hr. The mixture was diluted with Et,O (60 ml) and a solution of
10  Na,S,0,.5H,0 (4.55 g, 18.3 mmol, 2 eq.) and NaHCO, (1.54 g, 18.3 mmol, 2 eq.) in
H,O (100 mi) and stirred vigorously untif the two layers became clear. The organic
layer was separated and the aq. layer was extracted with Et,0 (2x50 ml). The
combined organic layers were washed with ag. Na,S,0,/NaHCO, solution (100 ml),
brine (100 ml), dried over MgSO,, filtered and evaporated to give ~3.5 g of aldehyde,
15  which was used as such for the next step.

Step 3:
F; N R/ngt
To a solution of a phosphonate of the formula OEt (3.9¢g, 12.1
mmol, 1.3 eq.) in THF (30 ml) at 0 °C was added 60% NaH in mineral oil (480 mg,
12.0 mmol, 1.3 eq.) and the mixture was stirred for 20 min. To this was added a
20  solution of the product of Step 2 in THF (15 ml), and after 1 hr of stirring at 0 °C, it
was diluted with aq. NH,CI (200 ml). The THF was evaporated and the aq. layer was
extracted with EtOAc (3x75 ml). The combined organic layers were washed with
brine (100 ml), dried over MgSO,, filtered, evaporated and the residue was
chromatographed with 5% EtOAc-hex to provide 4.0 g (87%) of resin.
25 'HNMR: 8.75 (d, J = 2.0 Hz, 1H), 7.76 (dd, J = 8.0, 2.4 Hz, 1H), 7.73-7.66 (m, 4H),
7.47-7.26 (m, 9H), 7.19 (d, J = 8.0 Hz, 1H), 7.09 (ddt, J = 1.1, 2.5, 8.4 Hz, 1H), 7.00
(ddd, J = 15.3, 11.5, 1.1 Hz, 1H), 6.52 (d, J = 15.2 Hz, 1H), 6.05-5.99 (m, 1H), 5.74-
5.69 (m, 1H), 4.93-4.86 (m, 1H), 1.28 (d, J = 6.4 Hz, 3H), 1.06 (s, 3H)

Step 4:
OH N

7 N
=z

30 F



reaction was conpleted, it was filtered through a celite pad, washed with 1
N HCI and 5 brine, dried over MgSO4, filtered and evaporated to give -3.4 g
of resi nwdoops3das used as such for the next step. Step PCT/D8&ISHIMSti n
reagent (4.28 g, 10.1 nmmol, 1.1 eq ) was added to a m xture of the product
of Step 1 and NaHCO3 (1.54 g, 18.3 %eq.) in CH2CI2 (30 m) at rt

and stirred for 1 hr. The m xture was dllf ted wwth Et20 (60 m) and a
solution of 10 Na2S2C3.5H20 (4.55 g, 18.3 mmol, 2 eq.) and NaHCO3 (1.54 g,
18.3 nmmol, 2 eq.) in H2 0 (100 m) and stirred vigorously until the two

ext T act oa wi i ni eeowistcel 1B St B BRIAEI B THE AR R Bl

with ag. NelZERGBAMNIHECE 1s®} 108 i, hb)eq.) and the nbaGranwps stiredat sier 6

f
tI\J/gg(?I4 as !shf:ﬁrvﬁ%? 8{\&88.@%5@939 el (é@b‘?ﬁl% tﬁ? %ﬁ%as%\%%%%ﬁjo a sol&{] %of a
phosphonawes @xtranied witEtQAE ( &60 (18). nge CmelnedmamClI&Yeéﬁ]W?rq washed

m) alg Omﬁ @’3§0 ﬂqmg%ﬁln@q%mﬁb" dirrdebU'@lf Mbs@ fl|{64§@ @%porét%cparﬁHTMe, reém@leeq )

and t he 0 sol ution of

the pr oduWﬁS&hr@f‘éﬁ’giaWPdﬂqﬁh(W %taAca}?ﬁi( ‘é’erQY'dmilp 90&45/? 1P at 0 C it
was di | ut a4 NN 80.(INHAQL 04901, 7.8 T, THEB @Ra. £MapoFia| g44ddtihe 184,

washed w LS 8rt Fe (DG4 FoC s B G e 36 e PRUZR0 T SR T

resi due Wa$9 (cloli,ahati dy2aphe8 kit HHE G 6% Oha-+0é6 Ha, piih\a.aé (’Z}JG= 41.2872H 1)

e 03 ﬁ?&%ﬁaﬁ 5%%09% 'i‘?f 559y T85 L e iﬂm_ég
(ddtJ-_LIl,_ZS .4 Hz, .00 (ddd, J = 15.3, 11.5, 1.1 Hz, 1

6.52 (d, J=152szHH) 605599(m1H)
4.93-4.86 (mp 1 H, 1.28 d3J = 6.4 Hz, 3H), 1.
,i1.8 mol, 1.5

01/ 96330 P 119025 -"45 T§® a solution of si
in THE (30" ) aff 0 Cmas adgéq, 1 MCEBAmAPN THE
eq.) and the mxture was stit{ed at—t—for—6> h. diluted with aqg.

NH4Cl (150 m), the THE was aporated and the ag. was extracted
with EtOAc (3x60 nl). The co i

.74- 5.69 (m 1H),

To a solution of the alcohol of Step 4 (110 mg, 0.41 mmol) and the acid (85
mg, 0.61 mmol, 1.5 eq.) in CH,Cl, (2 ml) was added DCC (130 mg, 0.63 mmol, 1.5

15  eq.) and DMAP (10 mg, 0.08 mmol, 0.2 eq.) and stirred at O °C until the reaction was
complete. The mixture was diluted with Et,O (50 ml), washed with ag. NaHCO, (2x20
ml) and brine (20 ml), dried over MgSO,, filtered, concentrated and the residue was
chromatographed with 10% EtOAc-hex to provide 135 mg (84%) of resin.

'H NMR: 8.79 (d, J = 2.4 Hz, 1H), 7.81 (dd, J = 8.0, 2.4 Hz, 1H), 7.67 (ddd, J = 15.8,

20 11.5,1.2 Hz, 1H), 7.47-7.27 (m, 5H), 7.15 (ddt, J = 2.0, 1.0, 8.3 Hz, 1H), 6.71 (d, J =
15.6 Hz, 1H), 6.29 (dt, J = 0.8, 11.4 Hz, 1H), 6.11-6.00 (m, 1H), 5.88 (t, J = 7.6 Hz,
1H), 5.63 (t, J = 10.0 Hz, 1H), 2.24-2.16 (m, 2H), 7.76 (d, J = 0.8 Hz, 3H), 1.43 (d, J =
6.4 Hz, 3H), 1.00 (t, J = 7.6 Hz, 3H)

Step 6:

25 A solution of the tetraene of Step 5 (130 mg) in toluene (10 ml) was stirred in a
sealed tube at 185 °C for 7 h, cooled to rt and stirred with 10 uL. of DBU for 3 hr. The
solution was concentrated and purified by preparative chromatography to afford 63
mg (49%) of resin.

'H NMR: 8.72 (d, J= 2.0 Hz, 1H), 7.77 (dd, J = 8.4, 2.4 Hz, 1H), 7.41 (dt, J = 6.0, 8.0

30 Hz, 1H), 7.36-7.31 (m, 2H), 7.26-7.22 (m, 1H), 7.06 (ddt, J = 1.0, 2.7, 8.3 Hz, 1H),
6.66 (d, J = 16.0 Hz, 1H), 6.47 (dd, J = 15.8, 9.8 Hz, 1H), 5.62-561 (m, 1H), 4.55 (dq,



5 H2O (50 m), brine (50 m), dried over MpSA1 filtered, evaporated and
the residue was chromatographed with 30% Et OAc-hex to provide 2.0 g (94%
of resinwObB/HMBY 8.80 (d, J = 2.0 Hz, 1 H) 7.81 (dd, J EPCBUSOUR02 Hz, 1
H) , 7.64(ddd,J=15.1 11.5, 1.1 Hz, 7.44 (dt, J =5.6, 7.9 Hz, 1
H, 7.38-7.33 (m 2H), 7.30-7. 26(m 1;2 709(ddt J :1.0, 2.5, 8.3
Hle),667(d J = 7.6 Hz, f(thllZHz 1H, 10
5.70-5.65 (m 1 H), 5.07-5.00(m1H),135(d,J:64Hz 3H) Step 5: OH
0 HO~ + NDCC, DVWP F To a solution of the alcohol of Step 4 (110 ng,

0,61, S0 4 I5AET, 6 o Tl g el 3PS, 2000

eq.) and !sQ?r(rredI—E)HfYBC(dudt:tﬂ 5 He, 3tdadteBdh.58a6n, tdnl.2e-d.45T(e, Hﬂ)(ﬂuﬁ#‘e(d'vas
di luted wt ) ag. NaHCO3 (2x20 m) and brine (20
m), dri e'tJJI 26\/%?%\/8%@10@% tt"y\ek??(;Eqi'czc)n‘(‘:-Qntrat ed and the residue was

chr omat ogr aphedsingtensimoly pravesurexcarspeunss efdhefollowingssingctige wessipiepatqd
NVR 8.79 (d, J =2.4H, 1H), 7.80Q(dd, J 5 8.0, 2.4 Hz, 1 H), 7.67 (ddd,

J =153, 20 11.5 1.2 H, 1 H), 7. R(m 5H), 715(ddt J = 2.0,
1.0, 83Hz,1H),6.71(d,J:1506 lH}g629(dtJ 0.8, 11.4 Hz,
1 H, 6.11-6.00 (m 1 H, 5.88 (t, J/= %—iz , 5.63 (t, J = 10.0 Hz,
1 H, 2.24-2.16 (m 2H), 7.76 (d, J H 3H) 1.43 (d, J = 6.4 Hz,
3H), 1.00 (t, J =7.6 Hz, 3H) Step 6 25 solutlon of the tetraene of Step
5 (130 ng) in toluene (10 M) was stirre n a sealed tube at 185 C for 7
h, Q‘erd tort and stirred with 10 L of Ufor 3 hr. The solution was
concen

(a0y of PESTN K EikE @?&Vpre%%‘% i Heeg BB ey 5! ' o

Hz, 1 H),bénzyl):(dt, J 60, 8 30 Hz, 1 H), 7.36-7.31 (m 2H), 7.26-7.22

(m 1H, 7.06 (ddt,E)a_ T 0R2 7,18 R L HR" 6.66 W, J|=HRMS H, 1
H, 6.47 (dd, J = 15.8, 9.8 Hz, 1 H), 5. 62-561 (m 1/ H, 4.53 (ga)O
01/ 96330 PCT/ USO1i7 wu -46 J = 4.0, bH4 Hz H, 3 Z2A3. 24 %@Pg 61&9
2.80-2.75 (m 1 H), ¥h6-2.52Hm 1 1t 2. 0p- 1H97(m L H, |2 115?,J=
1.5 Hz, 3H), 1.69-1 50 (m{ 1 H), 1/50-1.45 (m 1 H), @ (d,
F
10B Me -CH,0Bn o “’“? 484.2299
F
10C Me H -CH,0Bn “”“f 484.2294
; F
10D Me H Et ““’”? 392.2021
F
10E Me - Me H ““’“? 378.1870
F
10F Me H Me ““’“? 378.1870
F
10G Me H H “"'“f 364.1714
F
10H Me -CH,OH H “"’“f 394.1821
F




J =6.4 H, 3H), 0.92 (t, J =7.4 H, 3H) Using a simlar procedure,
conpounds of the follow ng structure were prepared q H22 R23 5 W
wherein WO oRM330 R23 and-Ware as defined in the table (MCT/ESomos , Et

et hyl ,

Bn is benzyl): Ex. RR2R23R'WHRMS M+ 10AHHH350. 1565 F

10BMe- CH20Bn\ 484. 2299 H F 10CveH- CJ—lZGanl%. 2294 F 10DMeHEt ~392. 2021 F ~
10EMeMeHvv, 378.1870 6 ,F 10FMeHWR101378:1870 ~F 10GVeHH364. 1714 F
10HMe- CH20HH\ 394. 1821 |, F WO 01/ 96330 PCT/ US01/ 19025 -47 A solution of
Preparation 4 (100 ng), 2(tri-n-butylstannyl)pyridine (292 ng) and
Pd(PPh3)4 (31 ng) in toluene (5 m) i Yafh ﬁgqhed tube was bubbled with N2

and heat ed

10

15

A solution of Preparation 4 (100 mg), 2(iri-n-butylstannyl)pyridine (292 mg) and
Pd(PPh,), (31 mg) in toluene (5 ml) in a sealed tube was bubbled with N, and heated
at 120 °C overnight. The mixture was diluted with ag. NH,CI, extracted with EtOAc,
dried over MgSQ,, filtered, concentrated and the residue was chromatographed with
2% CH,OH-CH,CI, to provide 83 mg of resin. .

The resin was dissolved in THF (5ml), cooled to —78 °C, a solution of 1M
LHMDS in THF (290 pl) was added, stirred at 0 °C for 1 h, then cooled to —78 °C. To
this was added a solution of (18)-(+)-(10-camphorsulfonyljoxaziridine (76 mg) in THF.
After stirring for about 1.5 h, it was quenched by the addition of aq. NH,Cl and
extracted with EtOAc. The organic layer was washed with brine, dried over MgSO,,
filtered, concentrated and the residue purified by preparative TLC to afford 20 mg of
the title compound. HRMS: 393.2185 (MH"), calculated 393.2178.

Using a similar procedure, the following compounds are also prepared:

wherein W is as defined in the table:

Ex. W HRMS
(MH)
1A "“fN 394.2127
|
N
11B L |899.1750
N\__JS

is



5 at 120 C overnight. The m xture was diluted with ag. NH4Cl, extracted
with EtOAc, dried over MgSH4, filtered, concentrated and the residue was
chromat ogv@phe@d3mi th 2% CH3OH CH2Cl 2 to provi de 83 ny of PERER/19T15e resin
was di ssolved in THE (5ml), cooled to -78 C a solution of 1 M LHVDS in
THE (290 |) was added, stirred at 0 C fof then cooled to -78 C. To 10
this was added a solution of (1 S)-(+)- (PO carrphorsulfonyl)oxazi ridine (76
ng) in THF. After stirring for about 1.5 h, it was quenched by the
addition of ag. NHACI and extracted with Et OAc. The organic | ayer was
washed with brine, dried over MgSHA, xIaH &uyed, concentrated and the
residue purified by preparative TLC 20 mg of the title conpound.
HRVS: 393.2185 (M), calcul ated 39332478 815 Using a simlar procedure,
the foll ow ng conmpounds are al so prepar OH Wwherein Wis as defined in
the table: Ex. WHRVMB M+ 11A394. 2127 N >399.1750 S N WO 01/96330
-48 PCT/ US01/ 19025 O Step 1: To a sofuty nHof oxazole (751, 1.1 nmmol) in
THE (2 ml) at -78 C was added a solutionyof 2.5 MBuLi in hexanes (465 I,
1.2 mol, 2.2 eq.) and the m xture was 5stjrred for 30 mn. To this was
added 0.5 M2zZnd 2in Et20 (4.3 m, 2.2 ., )4 eq.) and the mixture stirred
for 30 mn at -78 Cand 30 min. at 0 C. Step 2: Separately, to a suspension
of Pd(PPh3)2Cl12 (37 nmg, 0.05 nmmol) in THE{_@,‘S 0 C was added 2.5 MBuLi in
hexanes (43 1, 0.11 mmol) and the suspension was I_ﬁzt'rr d.for %8 m n. gls
sol ution Sep Edded @@iuﬂpﬂ@épéamleii’%a 1.7 ryrebird rot\yap dpde

Prepar at i 9BofiticAQ} 215 M Bubi mm@ammu nii. 2 trinel, e e o fdndxtbd mixkireivg .
5 stirred for 30 min. To this was added 0.5 M ZnCl,in Et,0 (4.3 ml, 2.2 mmol, 4 eq.)
and the mixture stirred for 30 min at -78 °C and 30 min. at 0 °C.
Step 2: Separately, to a suspension of Pd(PPh,),Cl, (37 mg, 0.05 mmol) in THF at 0
°C was added 2.5 M BulLi in hexanes (43 ul, 0.11 mmol) and the suspension was
stirred for 20 min. This solution was added to zincate of Step 1, followed by the
10  product of Preparation 4 (200 mg, 0.5 mmol) and the mixiure was refluxed overnight.
It was cooled, diluted with ag. NH,CI (60 mi) and extracted with EtOAc (3x20 ml). The
combined organic layer was washed with brine (20 ml), dried over MgSQO,, filtered,
evaporated and purified by preparative TLC to provide 29 mg of resin.
HRMS: 367.2025 (MH"), calculated 367.2022

15 Example 13

Step 1: A solution of Preparation 5 (60 mg, 0.15 mmol), Et,N (26 ul, 0.19 mmol, 1.2
eq.), bis(diphenylphosphino)propane (3 mg, 7 umol, 5 mol%), Pd(OAc), (1.7 mg, 7.6
umol, 5 mol%) and viny! n-propy! ether (85 pl, 0.76 mmol, 5 eq.) in DMF (1.5 ml) in a
20 sealed tube was heated at 100 °C for 2 h, cooled io rt and stirred with 2N HCI (2 ml)
for 2 h. The mixture was diluted with ag. NaHCO,, extracted with EtOAc, dried over
MgSO0,, filtered, concentrated and the residue was purified by preparative TLC to
provide 25 mg of ketone.
Step 2: A solution of the product of Step 1 (13 mg, 36 umol) and hydroxylamine
25 hydrochloride (8 mg, 0.12 mmol) in pyridine (0.5 ml) was stirred overnight at rt. The



It was cooled, diluted with ag. NH4Cl (60 m) and extracted with Et CAc
(3x20 m ). The conbined organic |ayer was washed with brine (20 m), dried
over MgS®MO of/pd3ser ed, evaporated and purified by preparaPCvY@SHLG0150
provide 29 ng of resin. HRMS: 367.2025 (M#), cal cul ated 367.2022 15
Exanmple 13 O OH H N OCH Step 1: A sol Utlzf% of Preparation 5 (60 ng, 0.15
mml), Et3N (26 |, 0.19 nmmol, 1.2 eq.) i s(di phenyl phosphi no) propane (3
ng, 7 p.nol, 5 m)l%, Pd(OAc)Z (2.7 ng, 7.6 nol, 5 nmol% and vinyl

n-propyl ether (851, 0.76 mmol, 5 eq.) in DV (1.5 mM) in a 20 seal ed tube

for 5°n. i s Ml Ghufy rar9B Giteh tul iR dd Gt MOAACK B AnB)
dried ovemomNgSCM)rgan|Ictlayafd/ya3:waeb<hdMa lrema‘Otmlé gded guer M@§quf*l’t@rﬁed by
pr epar atl &ﬁtgé‘ﬁai&? ?g&% ?é§3é&?e nlﬁﬁ ephARivE TIA &PpividM @imd bEthe

pr oduct e 25 ro oride (8 nyg,
0.12 mmll)tq eprpppuaqi@éa(@sm nHB BE@P F%&M Pﬁ[ég'iﬁte%g¥st21%?h

01/96330 -49 P@I{n Saléln%%@ d@d&fre“ﬂ@emv\ﬁh@ Boepowht e prepaktdC (30 n) and
extracted g , the conbined organic |ayer was washed with
brine (10 ed over NgSCﬂ, filtered, concentrated and the residue
was purifped preparative TLC to provide 13 ng of the title conpound as
aresin. H 2113 (M), calculated 373.2127. 5 Using a simlar

pr ocedur e Hllomnng conpound is prepared: q OHH N J NOCH3 Ex. 13-2:
HRVS: 387. 23004 Example 14 Q OH H N A mxture of Preparation 5 (100
ng, 0.25 nmol ) 4 m dazole (35 ng, 0.51 nmol, 10 2.0 eq.),

copper(l)trlfl ronet hanesul f onat e benzene conplex (13 ng, 0.026 nmmol, 0.1

, 10- phénadhpwmpl 6y di b lid t
(& my, " 0,056 nmol, 0.3 -ad.5 bt Co3enB PRI L) 30 ol 1.5 eq.) i

m xylene (3m) in a sealed tube was th argon and heated at 130 C
overni ght. The mi xture Q OH H
O £
H LA
N
Z N
™ |
N
0
W

A mixture of Preparation 5 (100 mg, 0.25 mmol), imidazole (35 mg, 0.51 mmol,
10 2.0 eq.), copper(l)trifluoromethanesulfonate benzene complex (13 mg, 0.026 mmol,
0.1 eq.), 1,10-phenanthroline (46 mg, 0.26 mmol, 1 eq.), dibenzylideneacetone (6 mg,
0.026 mmol, 0.1 eq.) and Cs,CO, (125 mg, 0.38 mmol, 1.5 eq.) in m-xylene ( 3ml) in a
sealed tube was bubbled with argon and heated at 130 °C overnight. The mixture
was cooled to rt, diluted with ag. NH,Cl (40 ml) and extracted with CH,Cl, (3x10 ml).
15  The combined organic layer was washed with brine (10 mi), dried over MgSQO,,
filtered, concentrated and the residue was purified by preparative. TLC to provide 43
mg (44%) of the title compound. HRMS: 382.2133 (MH"), calculated 382.2131
Using a similar procedure, the following compound was prepared:

Ex. 14-2: HRMS: 396.2286 (MH")



was cooled to rt, diluted with ag. NH4Cl (40 m) and extracted with CH2Cl 2
(3x1 0 mM). 15 The conbi ned organic | ayer was washed with brine (10 m),
dried oveyOMy834) filtered, concentrated and the resi dueP@EES@UINIS ed by
preparative. TLC to provide 43 ng (44% of the title conpound. HRVS:
382.2133 (M), calculated 382.2131 Using, a simlar procedure, the

fol | owi ng conpound was prepared: H3 C NEX. 14-2: HRVS: 396.2286 (M+H) WO
01/ 96330 PCT/ US01/ 19025 -50 J NH N=N A m xture of Preparation 5 (1.0 g,
2.54 mol ), Zn(CN)2 (300 ng, 2.56 mmol, 1 eq.), Pd2(dba)3 (116 ng, 0.13
mmol, 5 nmol % and di phenyl phosphi nofg (170 5 ng, 0.31 mol, 12
nml% in DMF (10 m) and H20 (100 pl——fﬁfﬁéélezf? in a sealed tube was bubbled
wi th argon and heated at 120 C for 5 2 m xture was cooled to rt,
diluted with Et OAc (150 m ) and washg H20 (3x50 m ), brine (50 m),
dried over MSO41 filtered, evapora $ e crude product was

chromat ographed with 30% Et QAc- hex o,.p o,m de 800 ng (93% of aryl cyanide.
10 A mi xture of the arylcyanide (100 %29 mmol ), NaN3 (115 ng, 1.77
mol, 6 eq.) and NFHMC (95 ng, 1.78 mmol ~~Q eq.) in DMF (2 m) in a seal ed
tube was heated overnight at 120 C. It vwaslicooled to rt, diluted with HO
(10 M), extracted with CH2Cl 2, concentrat d and the crude product was
purified by preparative TLC to give 50 My ofH the title conpound as a
solid. HRMS: 384.2033 (MH), cacul ated 384=1036. 15 Exanple 16 0 OAc 0 \\

H HL 9, HHI f gwp)d

3-fl uorophenyl iﬁ'%@gé of-ﬁ?iﬁ‘%r%%th @nor?f %ﬁﬁ(”gﬂ Z%;Cﬁ&é@’?@rl\fgg? ‘l?té:rﬁrr?ocl)f
BBr3 in CHEGH? @a@ba)srrﬁw Mg, D-awrmohk & mol%ehand diphenyibophingferTeding (ke
for 2.5 hmd Besy ﬁ’inwtezinvm%) n@@MMfW) £A@ 91,01 (1004 t1ef10|°@tmrar séwlell aubgbout

SRR b T e ot et G o R

NaHOOB ( 18Mutat WwithDEiQWs (1820miti and erasked oxtbrH @ @RE0 rhi)) bime (Geid), evied@var ed

to give R/f?q‘ascﬂ Fﬁeereal 8\9£}9Arate\60ar9&4t‘?e6§%%e %ﬁbjé%éslgﬁn%%étgéraphed with 30%
EtOAc-hex to provide 800 mg (93%) of arylcyanide.

10 A mixture of the arylcyanide (100 mg, 0.29 mmol), NaN, (115 mg, 1.77 mmol, 6
eq.) and NH,CI (95 mg, 1.78 mmol, 6 eq.) in DMF (2 ml) in a sealed tube was heated
overnight at 120 °C. It was cooled to rt, diluted with H,O (10 ml), extracted with
CH,Cl,, concentrated and the crude product was purified by preparative TLC to give
50 mg of the title compound as a solid. HRMS: 384.2033 (MH"), caculated 384.2036.

15 Example 16

168

Step 1:
To a solution of compound 31a (wherein W is 3-fluorophenyl) (480 mg, 1.2

mmol) in CH,CI, was added 1M solution of BBr, in CH,Cl, (11.7 ml, 11.7 mmol, 10

20  eq.), and the mixture refluxed for 2.5 h, then diluted with ag. NaHCO, (100 ml). After
stirring for about 30 min. the organic layer was isolated and the aqueous layer was
extracted with CH,CI, (2x40 ml). The combined organic layer was washed with ag.
NaHCO, (100 ml), brine (100 ml), dried over MgSO,, filtered and evaporated to give
the crude alcohol.



The crude al cohol was dissolved in-CH2C12(12 m), cooled to O C, and Ac20
(225 L, 2.4 mmol, 2 eq.) was added foll owed by DMAP (27 ng, 0.24 mml, 0.2
eq.) anowwa@nBd3e®.5 m, 3.6 mMol, 3 eq.). After stirring Por/usationen2s2 h, the
m xture was diluted with EtOQAc (80 m ), washed with ag. NaHCO3 (2x50 m),
and brine. The solution was 5 dried over SH, filtered, evaporated and
the resi due was chronat ographed with 40?0 Et CAc- hex to provide 350 ng
(56% of Exanple 16-A as a white foam HRMVS: 530. 1336, cal cul ated

530. 1342. Step 2: A mxture of Exanple 16-A (53 ng, 0 1 eq.), NaCNBH3 (32

, 0.5 I HVPA, ). ti 8 4 | ed
(o e i ut edTop FRdEtbobdvas sissalntFRCRie R eRethie D et 5%’5
combi ned @2galli, 2.4 ayeol, Resy. Wavab edidedtfbllowed by DMAPKRY,mdy 024 roval, MV

rosi n - TeRIREBRGES Rl mBhch ohd Aty BIRRE BaBy 2 mof kel “ﬁf %’“Pf%’ 7

v/ V) and whe E4OAGt(BOM)\awashad wih as): IKE?\H@@g (2x5. miyhanerbiingr Eh%§|uﬂ9”MQ%t ed
wi th 10 g3y 81/% r\cqsétd aﬁ]&é?@d%&ébcﬁé@ﬁcar(@% RsHue wé@éhﬁd?ﬁa@@rabrre%ﬂwmﬁ gani ¢

| ayers were wa f||t

concent r af@% BIRAC-hex i%PEQi"Q%Eégdﬂg &géf?b r%\éﬁ%?‘%l%‘ %%éd’i”&‘@?r é‘n17 ng (729

of Exanpl grMS B35 1236 asdidulated®dD.1340. 2126, cal cul ated 410. 2131 Using a
simlar pgpcedure, t he conmpounds with the foll ow ng structure were 20

pr epar ed Tein R3, R22, R23 and Ware as defined in the table Me is
methyl, Et is Atrhixtyre oEEXRERIC ARRVERNE), 0k ob) ON2ONEBIS, (3210g20.58mmol, 5

10 011b633 B 17 Ty as LR A © oy Ebled R HIBAVRH1O 0 =58

and extracted with EtOAc (3x15 ml). The combined organic layer was washed with
brine (20 ml), dried over MgSO,, filtered, concentrated and purified by preparative
TLC to provide 27 mg of resin. To this was added K,CO, (32 mg) in CH,OH-H,0
mixture (2 ml of 9:1 v/v) and the solution was stirred at rt for 1 h. The mixture was
15  diluted with H,O (30 ml), extracted with EtOAc (3x10 ml), and the combined organic
layers were washed with brine (10 ml), dried over MgSO,, filtered, concentrated and
filtered through a short SiO, plug to provide 17 mg (72%) of Example 16-B as a resin.
HRMS: 410.2126, calculated 410.2131
Using a similar procedure, the compounds with the following structure were
20 prepared

wherein R®, R®, R® and W are as defined in the table (Me is methyl, Et is ethyl):

Ex. R R R® W HRMS
(MH")
16C H -CH,OH Et Ejp 410.2138
16D H | -CH=N-OH | _ Tép 423.2090
16E H |-CH=N-OMe | . TéfF 437.2235
16F H |-CH=N-OEt | Et ESF 451.2396




426. 2075 The follow ng fornul ati ons exenplify sone of the dosage forns of
this invention. In each, the term"active conpound"” designates a conpound
of formuiveo b1/9B3AMPLE A - Tabl ets No. | ngredi ent ng/t abl et nBCT/AB01E0BACt | ve
Conpound100500 2Lact ose USP122113 3Corn Starch, Food G ade, as a 10% 3040
paste in Purified Water 4Corn Starch, Fc Grade4540 SMagnesi um St ear at e37
Tot al 300700 5 Met hod of Manufacture Mx "‘emNos. 1 and 2 in suitable mxer
for 10-15 mnutes. Ganulate the mxture with ItemNo. 3. MI|I the danp
granul es through a coarse screen (e g., 1/4", 0.63 cm if necessary. Dry

t he danp granul eg—Screenthe drmedgranutgs—f leuﬁhbbdly anmd-Tx (Wi th
ltem No. 4 and nijx fl&G 10-19hh rutééﬁcﬂdd Iit gm0 NQ. 6128514 3

m nutes. 10 Conprless the mixturg to approprliaie giz nd i ght onja
sui tabl e tabl et machine. EXAVWPLE B - Capsules

No. I ngredi ent ng/ t abl et ng/ t abl et 1Acti ve Conpound100500 2Lact ose USP106123
3Corn Starch, Foeelawidg4emiuldidgnesimpliffsearcaokthbfibsagetiatraso7d0s Met hod of

Manuf act u " [

Nt 20t M AR I horf: e Byt iyl BURipcily ot

sui tabl e two-pi ece hard gel ati n EXAMPLE As Tableissui t abl e encapsul ati ng
machi ne. TRg activity of tﬁg ga]gt&punds of formuha/thbledn Re/tEBler m ned by
the foll ovmﬁﬁ_g procedur es 'tro Testing Procedure for ronbi n Recept or
Ant agoni st st AStise SGRIPBOVEH of [ 3H] haTRAP WD 01/ @30 5P

2 Lactose USP 122 113

g3 Corn Starch, Food Grade, as a 10% 30 40
paste in Purified Water

4  Corn Starch, Food Grade 45 40

5  Magnesium Stearate 3 7

Total 300 700

5 Method of Manufacture
Mix Item 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", 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 ltem No. 5 and mix for 1-3 minutes.
10  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

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

The activity of the compounds of formula | can be determined by the following
procedures.
In Vitro Testing Procedure for Thrombin Receptor Antagonists:
20  Preparation of [SHIhaTRAP




PCT/ US01/ 19025 A(pF-F)R(ChA) (hR) (12-Y)-NH2 (1.03 ng) and 10% Pd/ C (5. 07 ng)
were suspended in DMF (250 pl) and diisopropylethylamne (10 pl). The
vessel wawo oH9d3ached to the tritiumline, frozen in |iqui BCHUSIIOYEIS and
evacuated. Tritiumgas (342 nCi) was then added to the flask, which was
stirred at roomtenperature for 2 hours 5 At the conpletion of the
reaction, the excess tritiumwas rem)veé and the reacted peptide sol ution
was diluted with DM (0.5 nl) and filtered to renbve the catalyst. The
coll ected DMF solution of the crude peptide was diluted with water and

f dried {
régfggm v<raltlei %%@Rﬁdﬂ‘)pﬁ@ ‘aﬂ, e@? J(':IIP?%S) %’E@ég?spg{acgggbzgﬁgyme tritiated
pept :c ded(QL&ﬁbEdé’MPDMﬁ@m ﬁédndeﬁlsoprdrtylelhﬂamm@m@uh)%'hqu@@%&i WEsA and

ie o cm
P, 4 o s ot Yo e BBk AR hiddeRand E0ctiHed WilRen (a8 (382 C1
gr adi ent ,mCY/ s fh&m&d_@@i o the faskewhisherastied at roew temperatgrador 2/*%?'-!"(3

det ecty onag {Hy¥ c?afm;ﬂéﬁ’% }]h-@‘Fearcﬂgh QRBRIKCESS trithiinh Wéusq%n{o%b%mh@ maate%% as
anal yzed by HPLC. ctivit

G ol veRPtEl St Bas Sipigstwih o 4 65 %ﬁna@é\defil S eVt cattySt
nenbr anesThetellguted BNE sehition of the drfdecpdptivie whs dilatetewittodatdr ardtreezg an et

20 untt o SicoTeatete tnaats MEERL 0 sopli B Pen SugPred h 1t ant dheom
Cent er ( Haséze20ryDgprpeesslIppeadteti Tiha Bitlated peptide PHHETRAP) was dﬁs@bﬁd\/\!@r e
carrigd oyt 4f efﬁ) q;%u%g@éouéﬁfﬂ%'ﬁ)gp@if%%ﬂﬁﬁ’L@auﬁhé tﬁé’Mlo%hﬁ@%onﬁhéﬁ@' ets

were centFTfug ut'es at % rPDE cellé The
super nat amlsnmeV&dG@@eﬂr&;é’@ ARX D4 mem; iy Ebilgiphasse (A %1? i 'f‘S” PH%EE )
pel | et planel gFa. m@i&@@NeQeadmﬂe(A&/& lfmpremd@/tﬂ) ot Q60 mver 30 insinHEhw ratd, 3. rBl

150 mM NadC 0 i 2 I at
4400 x g foR; deretiom Y. a"%ﬂ?’s”@tg'ﬂ OW‘E‘HB R0 o AT B el g8 4
Pl at el et sanalysed by Hitlehde dateh &f M\B'FmCsatl-aCspe@ﬂc actvitysof\g.£101/mmol wasi nal

vol ung; ogbﬁ%rdom mately 30 ml and were honogeni zed with 20 strokes in a
Dounce” honogeni zer. Menbranes were pelleted at 41,000 x g, resuspended in

40-50 n Preparation okplatelet membranes mM EDTA, 0.1 nMdithiothreitol, and 10
m aliquots vepgidat He%@ﬂ&nb@v&éralﬂr@bé\@dm b ORGaifiaktiorBSF the Methearall et e

Strokes. oRaRrBB0 R AR AR ke aﬁ@xﬁs% 04T (R " °
times in 20 unl of | @I@l@ﬂobmﬂmméﬂbbtaﬁﬁéﬂrém the Md/itEDEeydidod mm;@e(tﬁagﬂ in
2025 0t N DS 1 Ao ey ELA 3 sl
Menbr anesaperioged tidhazaird safty conditioss.rRiataiets veerewgdntdfugedmt é@@l@ for 20
minutes at 4° C to remove red cells. The supernatants were decanted and centrifuged
at 3000 x g for 15 minutes to pellet platelets. Platelets were resuspended in 10 mM
Tris-HCI, pH 7.5, 150 mM NaCl, 5 mM EDTA, to a total volume of 200 ml and
25  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 mi and were homogenized with 20 strokes in a Dounce
homogenizer. Membranes were pelleted at 41,000 x g, resuspended in 40-50 ml 20
mM Tris-HCI, pH 7.5, 1 mM EDTA, 0.1 mM dithiothreitol, and 10 mi aliquots were
30 frozen in liquid N> and stored at -80° C. To complete membrane preparation, aliquots

were thawed, pooled, and homogenized with 5 strokes of a Dounce homogenizer.

Membranes were pelleted and washed 3 times in 10 mM triethanolamine-HCl, pH 7.4,
5 mM EDTA, and resuspended in 20-25 ml 50 mM Tris-HCI, pH 7.5, 10 mM MgClp, 1
mM EGTA, and 1% DMSO. Aliquots of membranes were frozen in liquid N2 and

35 stored at -80° C. Membranes were stable for at least 3 months. 20 units of platelet



WO 01/ 96330 PCT/ US01/ 19025 -54 concentrates typically yielded 250 ng of
menbrane protein. Protein concentration was determ ned by a Lowy assay
(Lowy etw@b1/96330 Bi ol . Chem , 193:265-275 (1951)). Hi gh Far/osghos
Thronbi n Receptor Radioligand Binding Assay Thrombin receptor antagonists
were screened using a nodification of thg 5 thronbin receptor radioligand
bi ndi ng assay of Ahn et al. (Ahn et al, \Mbl. Pharnacol. 51: 350- 356
(1997)). The assay was perforned in 96 well Nunc plates (Cat. No. 269620)
at a final assay volune of 200,ul. Platelet nenbranes and [ 3H haTRAP were

Tri o- v SopgenyaRs el Yo 2o T BEFRGate grleh] Ml ROMIAER, T 1o
mM i n 100%ﬂdeiﬂm®)ed>byadsﬁwwmawﬁldswmeefealfQL@@&@hﬂmutﬁa 265-20DNIVED.
Unl ess otihebwhsg,qhod Fitofibin #%ngtd?fRé&#i&_%gj‘ %@%’%i@' utions and 90 p1l

of radi ol % wer e added to
each wel |, andrhraghieseeeniar aplagorists wete sgreened AgNa # srpdiiicatiop of dhe of

Iﬁﬁm)gg?g&hfd%ﬂm\v\QeEé i&'rﬂé%ﬁ%é}]ddsbﬂimg?\goaﬁﬁt a Ag«t%teth ?IO(Ah"rh @ﬂ%lL (I:mnpha(rlné%csol
O ¥ag a5 (T90R Y. TRe RS Ry e hashmed e Wel RupeAges bantie "on
IL_JﬁPFH {1;269@0) &kt atfma$hek@y vtblomelcéfm&(r plaPlatemmh@nbr:mwswnﬁ [SFiitKERAP were

pol yet hylde"rlljelém{%n@ #ﬁé’“%ﬁ%g%g@}q F?%%%Eg eelg @e@édlhg%%tﬁe% é%b)H{M LTI?'Sq-iéwé)kard
o terMate B0 VY M Clzy i ONSEGT Aa Rl S SAL. 3P0k SOWESRBE1 G BIM M THR% Wit h- 300
pl ig IG[PMs@ dﬁYbI{ Fﬁj dgweizu?‘th@r diligtgfﬂ\fh'\'ﬂ)@]?/@ DMSOMUR{FA othbAtigec! nt

20 tillat t he pl at
wictgunne%aiq%”a%%&&smepbma " pekanesed SiAlERSlowH G iRer . The

speci fi c dyreenirgtivasfdefiMest5esDMSBOYL abal abidaditdgach wel, e theassptieniias

D 19, AL bR A R FoR e 2D A brotBh R Tul B wahle
25 cal cul mtemigmﬁmnttyhehibaibdcmﬁfg DMS& |Gnmpoqmnds’/wermtelsrted ahthregot al

b o 20 Schenolnd 16 105 SHRE 0. Thd PBRoC ROkt hpen gonty
A( pF- F) R(@]A)L@bﬁ)mzﬂt@rﬂm@ Sheéﬁeéf@rukh@m gquﬁ@éernearawe/xﬁ’ag@r@ YriEiltersan
Jose, CA)GF@ﬂn%btés Wbrd @@@@dﬁépbt Rest murwa%/o]awétwre@amnﬁ@ﬁﬁe was

Ponded: anBCURaPaa GmOsANGSEEs Bt dsied afrderd b pre LREAI 20"
scintill alﬂamestmddcﬁwbrey\m)ldmwushed fouolimBa ekt 800 pkite wokh50 M Tris-HCI,
20 pH 7.5, 10 mM MgClo, 1 mM EGTA. MicroScint 20 scintillation cocktail (25 ul) 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 yM) unlabeled haTRAP.
The % inhibition by a compound of [3H]haTRAP binding to thrombin receptors was
25 calculated from the following relationship:
% Inhibition =
Total binding-Binding in the presence of a test compound x 100
Total binding-Nonspecific binding

Materials

30 A(pF-F)R(ChA)(hR)Y-NH2 and A(pF-F)R(ChA)(hR)(i>-Y)-NH2, were custom
synthesized by AnaSpec Inc. (San Jose, CA). The purity of these peptides was
>95%. Tritium gas (97%) was purchased from EG&G Mound, Miamisburg Ohio. The
gas was subsequently loaded and stored on an IN/US Systems inc. Trisorber.
MicroScint 20 scintillation cocktail was obtained from Packard Instrument Co.

35



35 WD 01/96330 PCT/ US01/ 19025 -55 Protocol For Ex-Vivo Pl atel et Aggregation
I n Cynonol gus Whol e Bl ood Drug adm nistration and bl ood col |l ecti on:

Consci ouav@hudged cynonol gus nonkeys are allowed to equil POT/EBSE/f9025 30 m n.
A needl e catheter is inserted into a brachial vein for infusion of test
drugs. Another 5 needle catheter is |ns%r5t ed into the other brachial or
saphenous vein and used for blood sanpli™ng. In those experinents where the
conmpound is adnministered orally only one catheter is used. A baseline

bl ood sanple (1-2 n) is coI lected in vacutainer tubes containing a

t hronbi n F5 Al . Fb%hl coacul ant .

The drug - 111 ' ' § n. Blood 10
sanpl es (Qru raing n:20, 30 m n during and 30, 60, 90 mn

ft t ' R |
dosed wi th t R?éb@&d&‘sué'f“ﬁfég W&‘?ﬁ' %ﬁﬂb“‘iéis o R BRI PR o

0, 30, 6@ ngedlelczajhetﬁms Insgne lrﬁg@ bragbigkivinior #¥fusign;ahdesteiragsd Argthene
bl oodsi s ne%veﬁafhemqgw&mdm@%r@aaﬁ b Eth?d] Gr isBpheh e vainaand ussd fdﬁfed f or

det I trat bol
Agar egat 19409 SAPRIGY eBoRs ERaPRnEne Whel tr@o«vqrae?%acﬁ'scﬁémw%‘ie%p&ré R o
as geg CHdJmtlcéahme is Viotl eA Blaselthapigodgzinpie: (142 Mi)Ss rbllddted dn saa:qﬁb?ers added
to

aggr egomat{"gés C%Pt%nrﬁp Q%dth\?rf\Hﬁqpﬁﬁngﬁggdéa%@Q éﬁmﬁ odeg}l\é/gﬁé% év)\slla%(r?red in

sal i ne t caargizeactlast.bl hmdrugaam@ infusedaingraiveneasly ioyep @esiodrof SRaMine &loed)

b OCHowe'éamﬁxeg (i rm?a?é\eﬂlef&&fgf dﬁo %), @oaﬁ.ﬁ-ﬂdmrhd aﬁdlsboeé 6 Fith f@pd the

col |l ection tarte tware | to run up

basel i ne tegN¥ELgN|qf mdwwquam g %%@eemﬂiﬁ w@ dosespit Erf d 20
52 is equirug tuslr%g e@anhbla Blcuyths&mp mrsowl*ecwuebtsedtdieocmrﬁaﬂ,@o 9abt naoe.
'E'ur

and t o A GOk afie"dcﬁo%m%g%% 4 g B Tab8Le WnBeRinodogr eqat i on
in 6 ninagpefatibmanddhagther&t5 mi is beed ndetervioirgeithe plasmaiconoemiratien et
accorth ng BTSSR feigBoeS BhoRRRHBAT befigThed ARgtRIGN RIS eoBttion.of

R J., andhedieed sgmpie e desqriiashipelrés. | 30 77: 453- 463 (1995)). Bl ood was
obt ai ned \WhelB B%d}&](g[qﬂé@aﬁ@n subj ect s who were aspirin free for at |east 7

O e L R, 55 B W s Skl RS RISH, 12
wer e pel |@hethotdg #00Xbload dggesiedeteni Simuhahediisty,dde fmpedanaoaleatrodads 1
20 warmed in saline to 37°C. The blood sample with a stir bar is place in the heating
block well, the impedance electrode is placed in the blood sample and the collection
software is started. The software is allowed to run until the baseline is stabilized and
then a 20 Q calibration check is performed. 20 Q is equal to 4 blocks on the graphic
produced by the computer software. The agonist (haTRAP) is added by an
25 adjustable volume pipette (5-25 ul) and the aggregation curve is recorded for 10
minutes. Maximum aggregation in 6 minutes following agonist is the value recorded.
In vitro Platelet Aggregation Procedure:
Platelet aggregation studies were performed according to the method of
Bednar et al. (Bednar, B., Condra, C., Gould, R.J., and Connolly, T.M., Throm. Res.,
30 77:453-463 (1995)). Blood was obtained from healthy human subjects who were
aspirin free for at least 7 days by venipuncture using ACD as anticoagulant. Platelet
rich plasma was prepared by centrifugation at 100Xg for 15 minutes at 15 deg C.
. Platelets were pelleted at 3000xg and washed twice in buffered saline containing 1
mM EGTA and 20 ug/ml apyrase to inhibit aggregation. Aggregation was performed
35 atroom temperature in buffered saline supplemented with 0.2 mg/m! human
fibrinogen. Test compound and platelets were preincubated in 96-well flat-bottom




mv EGTA and 20, ug/m apyrase to inhibit aggregation. Aggregation was
performed 35 at roomtenperature in buffered saline supplenented with 0.2
ng/ M huve®01/$43B0r i nogen. Test conpound and pl atel ets wer ePOT/@SoICI9DZS ed | n
96-wel | flat-bottom WD 01/96330 -56= PCT/ USOL/ 19025 pl ates for 60 m nutes.
Aggregation was initiated by adding O. 3_§S\glyl haTRAP or 0.1 Um thronmbin and
rapidly vortexing the mxture using a L Line Titer Plate Shaker (speed
7). Percent aggregation was nonitored as increasing light transmttance at
405 nmin a Spectronax PI ate Reader. 5 In vivo Antitunor Procedure: Tests

to the prdtladpeeD ayBnliss KubtedR e waR i Efed By 88aRGR S S UGTEAR A4 5 M
(1988), [J/nSIGRrcMEIn mmmwmouemg tRe riptuse uBingda hgb AgsaﬂltqroPBrce]&hﬁbelt 0
Showal  orSPEE0T)! PRifhrrdorreiRhliadiiprited 8¢ ifbadii Ngnt PBRoIGREEWD. 0

modi f i cat4@mem ina Sag@mam@rl@ted%@awd out in a final volume of 100 ul.
Test corwﬂpggnwn%rr;e@égd;@,@ded to 10 nMin DMSO, then serially diluted in

50 mi T mM EDTA, 50% Al t 0.ul,) of
oach i | ut i TEesia b lie DUneN DreastiGAIRBPER bedelnaudamorsEAe Safdecr’ ,°
96- el | rasddRdingad tie ptsceduld partesint § oBvén-Ram €B2l.1 Nahsbddedidingid) Ki

cells (Re r Inc) were resuspended in binding buffer (50 nmv
Tris, @99%%? %\9%8%2 1nmM EDTA 0 1 % fatty acid free bovine serum

al buni n),CahBanladnﬂe@BE adeptdri g AssaM i on (-15 ug in 50 ul per assay).
The rgactions %ﬁ\cﬁrzdsf%'ﬁanﬂﬁﬁaﬂ‘béﬁhéﬂﬁo@d{g@'r@&&&&vﬁ&ﬂcaﬁ%&éuﬁﬂé} gl | ut ed

in b| di ng buf ecific activit ucl.ear,
Boston. | NSeyurerpEShoWaler phakASRBndoRiamacsh LAR Tsh B SATa SBb HiBh was
0.48 nM mirdrl RYdiASatidHey Rl aﬁay@twél@oéﬁrhémlt&tallflﬂaf\mlumemmm ulrreTrdstanes

Sroma b arpoupders dstispPRsed 'S (AP RubfSEE hedsgid Syt S0 MC.
Mach 3U %Hs\/qui 7ck13 miviMgéls, drmiVHERTEY) 502 DM36. Rlimuets (% al) \@é@ﬁ@bl dm'ieﬁl mes
in 1 %’Hn@%' \ﬂgrebf;llrxghetFans?éWe& Mo WVB?QF@?@ {)P 408l rrt?érbtlférr?#ate

Radi o ct| quant addition Packar d
Omi sci nt Memkyenas flombumanfGB2 éraa§fevge6éc1-5%/¢§¢9ﬁﬂs ﬁgemat@r Bisiegye Inc) were

Scintil | atdem ?HS’ed LrPHham@O@ﬁfé? (SOWARETTid, karé mMBM @bqem 1 AN EDOR-0.1 mear
E),egr e55| ok t?/gqpn ?rle% b‘%’?/?ne eerrumoglgﬁdmlrl{)s Itrqgn addegnto bl"l Ing rea%fj onS ?IJI 58 gr;en San
go,
50 ul per assay). The reactions were initiated with the addition of ["H] CP-55,940
20 diluted in binding buffer (specific activity = 180 Ci/mmol; New England Nuclear,
Boston, Mass.). The final ligand concentration in the binding reaction was 0.48 nM.
Following incubation at room temperature for 2 hours, membranes were harvested by
filtration through pretreated (0.5% polyethylenimine; Sigma P-3143) GF-C filter plates
(Unifilter-96, Packard) using a TomTec Mach 3U 96-well cell harvester (Hamden, CY).
25  Plates were washed 10 times in 100 ul binding buffer, and the membranes allowed to
air dry. Radioactivity on membranes was quantitated following addition of Packard
Omniscint 20 scintillation fiuid using a TopCount NXT Microplate Scintillation and
Luminescence Counter (Packard, Meriden, Ct). Non-linear regression analysis was
performed using Prism 20b. (GraphPad Software, San Diego, Ca).

30
Using the test procedures described above, representative compounds of
formula | were found to have thrombin receptor IC5q values (i.e., the concentration at
which a 50% inhibition of thrombin receptor was observed) of 1 to 1000 nM,
preferably 1-100 nM, more preferably 1-20 nM. CB2 Ki values range from 1 to 1000
35 nM, preferably 1-200 nM, more preferably 1-100 nM..



Using the test procedures described above, representative conpounds of
formula | were found to have thronbin receptor I1C50 values (i.e., the
concentr o omn9aso whi ch a 50% i nhi bition of thronbin receptDUSHaDOIIDSeEr ved)
of 1 to 1000 nM preferably 1-100 nM nore preferably 1-20 nM CB2 Ki

val ues range from1 to 1000 35 nM pref% ny 1-200 nM nore preferably
1-100 nM. WD 01/96330 -57 W claim 1 compound represented by the
structural formula R3 RIO0 Ri 11 '2 B R Het 5 or a pharnaceutically

acceptabl e salt thereof, wherein: Zis -(CH),,-; (CH)n~, R34 (CH)n ,
(CH2)n P U01/19025J "V, wherein R10 is absent; or , wherein R3 is
absent; t Warl e dotted line represents an opti onal doubl e bond; the

doubl e dotted line represents an optional single bond; 10 nis 0-2; Rl and
R2 are i ntlepenfenmpowel reptedriied bytthe sgucupaldomsulat i ng of H, Cl1-C6 al kyl,
fluoro(Cl-C6)al kyl, difluoro(Cl-Gp)algRyl, trif]yoro-(CLl-C6)alkyl, C3-C7
cycl oal kyl, C2-C6 al kenyl, aryl( |, Br yd (C2- C6) al kenyl ,

het er oaryl (C1- C6) al kyl, heteroary), A yﬁ, hydr oxy- ( C1- C6) al kyl ,

(C1- Co) al koxy(C1-C6)al kyl, am noX 1B A C1FE6)Al k;/l , aryl and

thio(Cl-C6)al kyl; or RL and R2 tog EGE) group; R3 is H hydroxy,
Cl- C6 al koxy, -NR BR19, -SOR16, - Cﬁﬁ) OR1l7, -C(O NR18R19, C1-C6

al kyl , hal ogen, fluoro(Cl-C6)alkyT, i fI ubr-@( Cl- CG) al kyl ,

;; Iyr l( gr 064 pRaNALEY tcals atle 5Bl Here S niR @R ENY ! aryl (C1- 06) al kyl ,
?{(CHz)n-{& s 1L/(CHz)n—Q s

Zis —(CH,) -; : , wherein R" is absent; or

, wherein R’ is absent;

the single dotted line represents an optional double bond;

the double dotted line represents an optional single bond;
10 nis 0-2;

R1 and R2 are independently selected from the group consisting of H, C1-Cg
alkyl, fluoro(C4-Cg)alkyl, difluoro(C1-Cg)alkyl, trifluoro-(C1-Cg)alkyl, C3-C7 cycloalkyl,
Co-Cg alkenyl, aryl(C1-Cg)alkyl, aryl(C2-Cg)alkenyl, heteroaryl(C1-Cg)alkyl,
heteroaryl(C2-Cg)alkenyl, hydroxy-(C1-Cg)alkyl, (C1-Cg)alkoxy(C1-Ceg)alkyl, amino-

15 (C1-Cg)alkyl, aryl and thio(C1-Cg)alkyl; or R' and R2 together form a =O group;

R3 is H, hydroxy, C1-Cg alkoxy, -NR"R", -SOR16, -SO,R17, -C(O)OR'7,
-C(O)NR18R19, C1-Cg alkyl, halogen, fluoro(C4-Cg)alkyl, difluoro(C1-Cg)alkyl,
trifluoro(C1-Cg)alkyl, C3-C7 cycloalkyl, Co-Cg alkenyl, aryl(C1-Ceg)alkyl, aryl(Co-
Cs)alkenyl, heteroaryl(C1-Cg)alkyl, heteroaryl(C2-Cg)alkenyl, hydroxy(C1-Cg)alkyl,

20 amino(C4-Cg)alkyl, aryl, thio(C4-Cg)alkyl, (C1-Cg)alkoxy(C1-Cg)alkyl or
(C1-Cg)alkylamino(C1-Cg)alkyl;

R*is (H, R%), (H, R®), =O or =NOR" when the optional double bond is absent;
R* is R* when the double bond is present;

Het is a mono-, bi- or tricyclic heteroaromatic group of 5 to 14 atoms

25  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
substituents, W, independently selected from the group consisting of H; C1-Cg alkyl;
30 fluoro(C1-Cg)alkyl; difluoro(C1-Cg)alkyl; trifluoro-(C4-Cg)-alkyl; C3-C7 cycloalkyl;



C6) al kenyl , heteroaryl (Cl-C6)al kyl, heteroaryl (C2-C6) al kenyl ,

hydr oxy( Cl- C6) al kyl, 20 am no(Cl-C6)al kyl, aryl, thio(Cl-C6)alkyl,

( Cl1- C6) alwony9da3ie C6) al kyl or (Cl-C6)al kyl am no( Cl- C6) al kpCT/URBA19D2 ( H,

R3), (H R43), =0 or =NOR' when the optional doubl e bond is absent; R34 is
R44 when the double bond is present; S a nono-, bi- or tricyclic

het eroaromatic group of 5 to 14 atons 2‘55 onpri sed of 1 to 13 carbon atons
and 1 to 4 heteroatons i ndependently selected fromthe group consisting of
N, O and S, wherein a ring nitrogen can forman N-oxi de or a quaternary
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- COOR17, aésdroa erein adjacent carbons forma ring with a nethyl enedi oxy
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- ( CH2) 2NRaKyCiihedy!, dedz§lcand €3+C-ngycidalkylt beRfianddgfetogetheareh(CHey-ar e

att aCBS d; -(CH>)s- or -(CH2)2NR7-(CHp)2- and form a ring with the nitrogen to which they are
attached,;

R6 is independently selected from the group consisting of H, C1-Cg alkyl,
phenyl, (C3-C7)cycloalkyl, (C3-C7)cycloalkyl(C1-Cg)alkyl, (C1-Cg)alkoxy(C1-Cg)alkyl,
hydroxy(C4-Cg)alkyl and amino(C1-Ceg)alkyl,

25 R7 is H or (C1-Cg)alkyl;

R8, R10 and R11 are independently selected from the group consisting of R?
and -OR, provided that when the optional double bond is present, R10 is absent;

R® is H, OH, C1-Cg alkoxy, halogen or halo(C4-Cg)alkyl;

B is -(CHo)n3-, -CHa2-O-, -CH5S-, -CHo-NRS-, -C(O)NRS-, -NR6C(O)-,

30  —/\_  Gis or trans ~(CHg)ngCR12=CR128(CHy)ns or ~(CH2)naC=C(CHa)ns-
wherein ng is 0-5, N4 and ns are independently 0-2, and R12 and R122 are
independently selected from the group consisting of H, C4-Cg alkyl and halogen;

X is -O- or -NR®- when the double dotted line represents a single bond, or X is
H, -OH or -NHR20 when the bond is absent;



R6 i s independently selected fromthe group consisting of H Cl-C6 al kyl,
phenyl, (C3-C7)cycloal kyl, (C3-C7)cycl oal kyl (C1-C6) al kyl

( Cl1- C6) alwoxry$a3ie C6) al kyl , hydroxy(Cl-C6)al kyl and am noPCLAUSBY®@bIsy| ; 25
R7 is Hor (Cl-C6)al kyl; R8, R10 and R11 are independently selected from
the group consisting of Rl and -OR1, PI %l ded that when the optional

doubl e bond is present, R10 is absent; Is H OH Cl-C6 al koxy, hal ogen
or halo(d-C6)alkyl; Bis -(CH2)n3-, _ cHo- O, -CH2S-, -CH2-NR6-, -C(O NR6-,
-NR6C( O) - 30 d- , Cis or trans -(CH2)n4CR12=CR12a(CH2) n5 or

SN O Rz onhe B D, Gt L AR b FEERLRR ot

Cl-C6 al Wbre%@dteﬁ@bﬁ%ﬂbo%dj or when die bdiB is absamt} Wds debJN{)EBt tHedH),i ne
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Cl- C6 al koxy) Rlrda ablsentiwhibhdhe dioubte daoties hrreempa;s%emts aeﬁlegl@dowdbdﬂqdlsl-d}
when the bond is absent, Y is =0, =NOR17, (H, H), (H, OH), SH), (H,
Cl-C6 al koxy) or (H, -NHR45); R15 is absent when the doubl® ddtied |ine

repr egents,. g siing) NRBre RBRY Wherlthe wmréa%eﬁ@ ak vk, ~RRI8R1Gror
-OR17 when the bond is absent; or Yis -J 1-2 and R15 is H or Cl-C6

al kyl ; Rl 1-C6 | ower al kyI phenyl or benzyl; R17, R18 and R19 are

i ndependedu e 15 %B' consi sting of H Cl-C6 al kyl,
phenyl , benzyl; 1 % fsoﬂ'ér?% %ré G phenyl benzyl, -C(O R6 or

[S02R6: R21 i R Iﬁ&BCSLm&eU@IlKEInPEGFVidﬁ@@ﬁ@ént |y selected fromthe group

t f e
1. o5a L22y° (%?y@gﬁ%ﬁémaﬁo ndegenioRd SeEiag T ne or¥lo Bokisting of 1
(C1-Co) - %T yl -((C1- Co)al kyl)-am no(Cl C6) al kyl ,

hydr axy - (Cl Cpa |ka| ,C1- O@C&WI, ph SOR1TenzyNHCOBIRR o&%@m@,ozma

S B R S Y

Ci(,)al kefmdwgm4cf@2 @TFg) balkgan) -N®&2 T hesalkyl cy ho)(y, (@az@smllwlammo

R25- aryl (& &PLR) i) arfitd; amind(0,<0 5031, Kl -C itk fiamita( DI YCL) amy K eny(c,- - OH
Ce)alkyl)-amino(C1-Cg)alkyl, hydroxy-(C1-Cg)alkyl, -COOR17, -COR17, -NHCORS,

15 -NHSO,R16, -NHSO,CH.CF,, heteroaryl or -C(=NOR")R",

R* and R® are independently selected from the group consisting of hydrogen,
R*-(C,-C,,)alkyl, R*(C,-C,,)alkenyl, R*-(C,-C,,)alkynyl, R¥-hetero-cycloalkyl, R*-aryl,
R®-aryl(C,-C,)alkyl, R*-(C,-C,)cycloalkyl, R*-(C,-C,)cycloalkenyl, -OH,

_OC(0)R®, -C(O)OR™, -C(O)R®, -C(O)NR*R’", -NR®R", -NR*C(O)R",

20 -NR®C(O)NR'R®, -NHSO,R, -OC(O)NR™R", R*~(C,-C,,)alkoxy, R**-(C,-C,,)-
alkenyloxy, R*-(C,-C,,)alkynyloxy, R”-heterocycloalkyloxy, R*-(C,-C,)cycloalkyloxy,
R*-(C,-C,)cyclo-alkenyloxy, R*-(C,-C,)cycloalkyl-NH-, -NHSO,NHR™ and
_CH(=NOR";

or R® and R™ together with the carbon to which they are attached, or R* and

25 R together with the carbon to which they are attached, independently form a R™-
substituted carbocyclic ring of 3-10 atoms, or a R*-substituted heterocyclic ring of 4-
10 atoms wherein 1-3 ring members are independently selected from the group
consisting of ~O-, -NH- and -SO,,-, provided that when R* and R" form a ring, the
optional double bond is absent;

30 R* is 1, 2 or 3 substituents independently selected from the group consisting
of hydrogen, halogen, -OH, (C,-C,)alkoxy, R*-aryl, (C,-C,,)-alkyl-C(O)-, (C,-C,,)-
alkenyl-C(0)-, (C,-C,,)alkynyl-C(O)-, heterocycloalkyl, R**-(C,-C,)cycloalkyl, R*-
(C,-C.)cycloalkenyl, -OC(O)R®, -C(O)OR®, -C(O)R™, -C(O)NR®R®', -NR*R",
-NR¥C(0)R*, -NR*C(O)NR*R¥, -NHSOZRSO, -OC(O)NR*R", R*-(C,-C,,)-alkenyloxy,



-OC(OR30, -C(OOR30, -C(OR30, -C(ONR 30R 31, -NR 3)R 31, -NR31LICOR
31, 20 -NR 30C(O) NR31R32, -NHS02R30, -0OC(O) NR30R31, R24 (Cl-C10)al koxy,
R24_(C2 &yoyr@skenyl oxy, R24-(C2 Cl10)al kynyl oxy, R27-hetreDogelvaiskyl oxy,
R29- (C3 C7) cycl oal kyl oxy, R29-(C3 C7)cyclo-al kenyl oxy, R29-(C3

C7) cycl oal kyl - - NHSO2NHR16 and - I(§ or R22 and Rt O toget her
with the carbon to whi ch they are attac or R23 and 25 R' together with
the carbon to which they are attached, |ndependently forma R42-
substituted carbocyclic ring of 3-10 atons, or a R42-substituted
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C6) al koxy, R35-aryl, (Cl1-Cl10)-alk O
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group corfeimatd fmgedﬁ'ne’ﬂ’\ylw‘@dme/rgmheterocycl oal kyl, hal ogen, -

O 37 R3"pa6- -
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hal o( C1- c®)fdk q@%@g%@ﬂéz@kﬁ @&me) al kyl, hydroxy(Cl-Cs)al kyl, (C, -
C6) al kOXY(C GS?’@é KyQ,or@r@hU%ﬂué?fé Fidepeyitienty sél%tdﬂ%omrtbegmmc@mbim@3' t
ring car orm € , or
subgtltue‘ﬁr}yq ﬁt ﬁ&w)gg ét @’eﬁgﬁf{‘?ﬂxpﬁ ﬁ%‘?z)r%ék@\yﬂng of hydrogen,
hal ogen and (O?R”@hadirtagzeyx -G ri(€,-C,)abkaxny; 3 substituents i ndependently
S {7 O Bt 9094 CAIBRAS p RheRBEABERecREP L eSO
R29 is 1, OfZWMWO@@»dgstGeﬁlléﬁt Qh"n%rﬁ;’)@éﬁw ?ngéla&ﬁ% fromthe group

consi sting of ghydrogRNR™(Hed itdpingkhtly sQécte(d::fro@Gmé'd?@ﬁ c@ﬁ@isﬁr@dj efen; R3O0,

nydr ogen. xzdﬁé%' sy Rk %3?%9%@&,(@ gy Forayfic Eraiyt, P
R25- aryl (C,'Dc@b)alaylkﬂs“ (ORR)dyChalkyl(C,-C,)alkyl, R*-aryl, heterocycloalkyl, heteroaryl,
20 heterocycloalkyl(C,-C,)alkyl and heteroaryl(C,-C)alkyl;
R® is hydrogen, (C,-C,)alkyl, OH-(C,-C,)alkyl or (C,-C;)alkoxy;
R* is 1 to 4 substituents independently selected from the group consisting of
hydrogen, (C,-C,)alkyl, -OH, halogen, -CN, (C,-C,)alkoxy, trihalo(C,-C;)alkoxy, (C,-
C,)alkylamino, di((C,-C,)alkyl)amino, -OCF,, OH-(C,-C,)alkyl, -CHO, -C(0)(C,-C,)-
25  alkylamino, -C(O)di((C,-C.)alkyl)amino, -NH,, -NHC(O)(C,-C.)alkyl and -N((C,-
C,)alkyl)C(O)(C,-C,)alkyl;
R® is hydrogen, (C,-C,)alkyl, halo(C,-C,)alkyl, dihalo(C,-C,)alkyl or trifluoro(C,-
C,alkyl,
R” and R® are independently selected from the group consisting of hydrogen,
30 (C,-C,alkyl, aryl(C,-C,)alkyl, phenyl and (C,-C,;)cycloalkyl, or R and R* together are
—(CH,),-, -(CH,),- or =(CH,),-NR*-(CH,),- and form a ring with the nitrogen to which
they are attached;
R* and R are independently selected from the group consisting of hydrogen,
(C,-Cy)alkyl, aryl(C.-C,)alkyl, phenyl and (C,-C,,)-cycloalkyl, or R* and R* in the group
35 -NR¥C(0)R™, together with the carbon and nitrogen atoms to which they are
attached, form a cyclic lactam having 5-8 ring members;



C7)cycl oal kyl , R34"(C3 C7)cycl oal kyl (C, -C6) al kyl, R25-aryl,

het erocycl oal kyl , heteroaryl, 20 heterocycl oal kyl (Cl1-C6) al kyl and

het er oar W@ €19a38) al kyl ; R33 i s hydrogen, (Cl-C6)alkyl, OHCTUSGBpaLkyl or
(Cl-C6)al koxy; R35 is 1 to 4 substituents independently selected fromthe
group consisting of hydrogen, -(C, -C6)aldqyl , -OH, hal ogen, -CN,

(C1-Co6) al koxy, trihal o(Cl-C6)al koxy, (C,- C6)al kyl am no,

di ((C1-Ce)al kyl ) am no, -OCF3, OH(Cl-C6)alkyl, -CHO -C(O (Cl-C6) 25

al kyl am no, -C(O) di ((Cl CG) al kyl )am no, -NH21 - NHC(O) (C1-C6) al kyl and

-N((C - ©C6)al kyd
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-S02R17, -C( O) OR17, -C( O) NR18R19, Ci1-C6 al kyl, hal ogen,
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2. A conmpound of claim1l wherein nis zero; Rl is Cl-C6 al kyl; R2, R8, R10

o0 R a3, el 3R, P e IR g g

conpound bénd4isnQ- and X ialw€d.ei n t he doubl e dotted |ine represents a single

20
4. A compound of any of claims 1, 2 or 3 wherein B is -CH=CH-; Het is pyridyl,
W-susbtituted pyridyl, quinolyl or W-substituted quinolyl; and W is C1-Cg alkyl,
R21-aryl or R*'-heteroaryl.

25 5. A compound of any of claims 1, 2, 3 or 4 wherein R* and R* are

independently selected from the group consisting of OH, (C,-C, )alkyl, (C,-C,,)-
alkenyl, (C,-C,))alkynyl, trifluoro(C,-C,,)-alkyl, trifluoro(C,-C,)-alkenyl, trifluoro(C,-
C,.)alkynyl, (C.-C )cycloalkyl, R*-aryl, R*-aryl(C,-C,)alkyl, R*-arylhydroxy(C,-C,)alkyl,
R*-arylalkoxy(C.-C,)alkyl, (C,-C,)-cycloalkyl-(C,-Cy)alkyl, (C,-C,,)alkoxy, (C,-

80 C,)cycloalkyloxy, (C,-C,)alkoxy(C,-Cg)alkyl, OH-(C,-C)alkyl, trifluoro(C,-C,,)alkoxy and
R¥-heterocyclo-alkyl(C,-C,)alkyl.

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



bond, Xis -0- and Y is =0. 20 4. A conpound of any of clains 1, 2 or 3
wherein Bis -CH=CH; Het is pyridyl, Wsusbtituted pyridyl, quinolyl or
W subst i w0 ed9&3s0 nol yl ; and Wis Cl-C6 al kyl, R21-aryl oPCRUSemdEr oaryl .
25 5. A compound of any of clainms 1, 2, 3 or 4 wherein R22 and R23 are

i ndependently selected fromthe group cgnsisting of OH (C -Cl0)al kyl, (C2
C10) - al kenyl, (C2 Ci10)al kynyl, trifluoro(C,-C,0)-alkyl, trifluoro(C2

C 0)-al kenyl, trifluoro(Cz Cl0)al kynyl, (C3 C7)cycloal kyl, R25-aryl,
R25-aryl (C, -C6) al kyl , R25-aryl hydroxy(C, - C6) al kyl ,

R25-aryl al koxy(C, - C6) al kyl, (C3 C7)-gyclzoal kyl - (C, - C6) al kyl,

(C -C10) al koxy, (C3 30 Cr7)cycl oal kyl @y, ~(¥,52€6) al koxy(C, - C6) al kyl, OH (C,
06 )alkyl, trifluoro(C -C, (,)al kox?

R27- het er ocycl o-al kyl (C, - C6) al kyl . 6.
t he group consisting of conpounds of
PCT/ US01/ 19025 -62 22 23 w wherein R3, 2,
the following table (Me is nmethyl, Et is ethyl, Ac is acetyl and Ph is
phenyl): R3fl p22R RRBWV V HWeEt~,. CF3 KMEEt6 'F HVeEt F HWVeEt\ Cl 41
HWeEt' C HWeEtCG C HHPh F W

wherein R®, R%, R® and W are as defined in the following table (Me is methyl, Et is
ethyl, Ac is acetyl and Ph is phenyl):
3 22

mul a WO 01/ 96330
R23 and Ware as defined in

R R R= W
H Me Et é
CFs
H Me Et ”“f
; F
H Me Et f F

H Me Et l
Cl

OH Me Et

OH Me - Et Mf
OH Me Et
2




HMVeEt o OHVeEtL Me OHMEEt6 ' Me OHMeEtc s WO 01/ 96330 PCT/ US01/ 19025 -63
OHVeEt C OHWVEEtN OHMeEt1 CN OHMeEt6 , CN OHWeEt 0 OHWVeEt N OH OHMeEt N Owe
OHVEEt Nva@blokseEt Ove COHMEEtN-- OH OHVeEt \ N-Ove WO 01POBBSM™/19025

PCT/ USO01/ 19025 -64 OHWeEt OH OHWeEt CH

_63-
OH Me Et T
( :s
Cl
OH Me Et T
[ X
=N
OH Me Et ""’“i CN
OH Me Et é
4 CN
OH Me Et ""’“T
‘ O
OH Me Et “"’“T
N
. OH
OH Me Et “““’i
N
: OMe
OH Me Et ““""?
|
N
___OH
OH Me Et “"’“f
|
N
' : OMe
OH Me Et s
N\OH
OH Me Et ”’”f
N
OMe




i HHEt F HPhME6F HPhMeci OHMVBEL N, OEt OHMEEt OHMVEBEt OHVBEt OHVEEt OVBMeEt OH
OHMEEt (~y OH OHMeEt 6- O WO 01/ 96330 PCT/ USO1/ 19025 - 65 OHVEEt OH OHHEt Me
OHHEt | ~ WG0CMIE OHVEEt OH OHMVBEtc p, Cl OHHVEGF OHHVE" Al PETNS@HeMS! , N
OHVEEt F OHHVEMe |~ OHHMEI\ . o OHMEEt &N, OH OHMEEE N, OMe WD 01/ 96330

PCT/ US01/ 19025 - 66 o4

OH Me Et

§p_§
O

OH Me Et

-

[iegiedees

OH Me Et
OEt

gz;

OH Me Et @
OH Me Et "’““f
OH Me Et T
\ AN
S
OH Me Et e;
AN
. \ O
OMe Me Et e
S
OH " Me Et “’”“f
OH
OH Me Et

o




OHMeEt &N, Ot OHMeEt OH OHMeEt O _ OHVEEt N OOH OHVeEt OHWVeEt 61- OHMeEt ~N |
NJ OHWeEtJlI N S LJ HWweEt' O N OHVeEt N OHVeEt H3C N OHMEEt' NH N N=N

H CH2- CAOVQ CH2320 Br6 F H CH2- OHEt 6 F H CH2- OHEt F WO 01/ 96BGOURGTHWUS01/ 19025
-67 H CH=N- OHEt c5F H CH=N- OVeEt F OH CH2- OHEt

-65-

OH Me Et ~~ OH
OH H Et ””“i Me

OH H Et “’“f
. F

OH H Et T
O

O

OH Me Et 5
OH

OH Me Et i FoN
Cl
OH H Me ”“f
. F
OH H Me “’“i
4 CN

OH H Me

OH Me Et “"“f O
F .
OH H Me ""’”f Me

OH H Me

OH Me Et "

N\OH
OH Me Et -

N\OMe




and conpounds of the fornmula w wherein R', R22, R23 and Ware as defined
inthe table (Me is nethyl, Et is ethyl, Bn is 5 benzyl): R22R23R'W HHH~. |
, F Me- CWwo@BnodBwxrlrvydp 2 MH CH20Bn MHEt MeMeH VWV BCT/UMBEHYB2S MeHH
Me-CH2OHHI ' F 7. A pharnaceutical conposition conprising an effective
anount of a conpound of claim1l and a _@%@r maceutical ly acceptable carrier.
WO 01/ 96330 PCT/ USO01/ 19025 -68 8. The use of a conmpound of claiml for the
preparation of a nmedicanent for inhibiting thronmbin receptors. 9. The use
of a compound of claiml for the preparation of a nedicanent for 5

i nhi bi ti ng cannabi noi d receptqgrs. 0. " Thle USE Of 34 claim1l for
the preparation of a nedi c@ﬁent fMe trdati thrqg | et
aggregati on, coagul ati on,| cancder, inflarmatory di séd piratory
di seases.
OH Me Et
OH Me Et
OH Me Et
OH Me Et
OH Me Et
OH Me Et
OH Me Et
H Me Et
OH Me Et
OH Me Et
—
OH Me Et
H -CH,-OAc | -(CH,),-Br
H -CH,-OH Et
H -CH,-OH Et




10 11. The use of a conpound of claim1l1 for the preparation of a nedi canent
for treating atherosclerosis, restenosis, hypertension, angina pectoris,
arrhyt hmveQ otieasa fail ure, nmyocardial infarction, glonerpCDUS@MINIS S,

t hronbotic stroke, thronboenbolytic stroke, peripheral vascul ar di seases,
cerebral ischem a, rheunmatoid arthritisL6§ystenic 15 | upus eryt hemat osus,
mul tiple sclerosis, diabetes, osteoporosis, renal ischema, cerebral
stroke, cerebral ischem a, nephritis, inflammtory di sorders of the |ungs
and gastrointestinal tract, reversible airway obstruction, chronic asthm

or bronchitis. -y
H |-CH=N-OH Et 1 F

H |-CH=N-OMe Et ”“f E
OH | -CH,-OH Et E‘jF

and compounds of the formula

wherein R", R®, R® and W are as defined in the table (Me is methyl, Et is ethyl, Bn is

5 Dbenzyl):

RZ R® R W

H H H “&"
E

Me |-CH,OBn ’ &
.

Me H -CH,0Bn E‘i
E

Me H Et @\
E
Me Me H @\
E
Me H Me @
E
Me H H @
E
Me -CH,OH H @
E

7. A pharmaceutical composition comprising an effective amount of a compound
of claim 1 and a pharmaceutically acceptable carrier.
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8. The use of a compound of claim 1 for the preparation of a medicament for
inhibiting thrombin receptors.

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

inhibiting cannabinoid receptors.

10.  The use of a compound of claim 1 for the preparation of a medicament for
treating thrombosis, platelet aggregation, coagulation, cancer, inflammatory diseases
or respiratory diseases.

11.  The use of a compound of claim 1 for the preparation of a medicament for
treating atherosclerosis, restenosis, hypertension, angina pectoris, arrhythmia, heart
failure, myocardial infarction, glomerulonephritis, thrombotic stroke, thromboembolytic
stroke, peripheral vascular diseases, cerebral ischemia, rheumatoid arthritis, systemic
lupus erythematosus, multiple sclerosis, diabetes, osteoporosis, renal ischemia,
cerebral stroke, cerebral ischemia, nephritis, inflammatory disorders of the lungs and
gastrointestinal tract, reversible airway obstruction, chronic asthma or bronchitis.



