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(34) Title: THROMBIN RECEPTOR ANTAGONISTS

(57) Abstract

Heterocyclic—substituted tricyclics of formula (I) or a pharmaceutically acceptable salt thereof, wherein: the single dotted line
Tepresents an optional double bond; the double dotted line represents an optional single bond;  is 0-2; Q is optionally substituted cycloalkyl,
heﬁerocycloalkyl aryl or heteroaryl; Het is an optionally substituted mono-, bi- or tricyclic heteroaromatic group; B is ~(CHz)as—, wherein
m is 0-5, ~CH2~0-, ~CH;S—, ~CH2-NRS-, ~C(O)NR5-, -NRSC(0)-, (a), optionally substituted alkenyl or optionally substituted alkynyl;
X is ~O— or -NR% when the double dotted line represents a single bond, or X is ~OH or ~INHR?? when the bond is absent, Y is =0, =§,
(H, H), (H, OH) or (H, C1—-Cs alkoxy) when the double dotted line represents a single bond, or when the bond is absent, Y is =0, (H H),
(EL, OH), (H, SH) or (H, C1~Cs alkoxy); RY is absent when the double dotted line represents 2 single bond and is H, NR“‘R19 or ~ORV7
when the bond js absent; or Y is (&) or (B) and R is H or Cy—Cg alkyl; are disclosed, as well as pharmaceutical compositions containing
them and a method of treating discases associated with thrombosis, atherosclerosis, restenosis, hypertension, angina pectoris, arthythmia,
heart failure, and cancer by administering said compounds.
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identified as a nuscarinic receptor antagonist. The total

-2- has been

synt hesi s

of (+)-hinbacine is disclosed in Chackal amannil et al, J. Chem
Soc., 118 (1998924943 9812-9813. 5 SUMVARY OF THE | NVERTITRuss a3

The present-invention relates to t hronbi i} receptor antagonists

represented by the fornula | [err]

Het or a pharmaceutically acceptable salt thereof, wherein: 10

the single dotted line represents an optional doubl e bond; t he
doubl e dotted |ine represents an optional single bond, nis

0- 2; Qs [err] 15 wherein n[err] and n2 are independently
0-2; or when the double bond is

10
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THROMBIN RECEP ANTAGONIS

BACKGROUND OF THE INVENTION

The present invention relates to substituted tricyclic thrombin
receptor antagonists, pharmaceutical compositions containing them and
their use in the treatment of diseases associated with thrombosis,
atherosclerosis, restenosis, hypertension, angina pectoris, arrhythmia,
heart failure, cerebral ischemia and cancer.

Thrombin is known to have a variety of activities in different cell
types and thrombin receptors are known to be present in such cell types
as human platelets, vascular smooth muscle cells, endothelial cefls and
fibroblasts. It is therefore expected that thrombin receptor antagonists
will be useful in the treatment of thrombotic, inflammatory,
atherosclerotic and fibroprc!iferative disorders, as well as other
disorders in which thrombin and its receptor play a pathological role.

Thrombin receptor antagonists peptides have been identified
based on structure-activity studies involving substututions of amino
acids on thrombin receptors. Ih Bernatowicz et al, J. Med. Chem., 39
(1996}, p. 4B879-4887, tetra- and pentapeptides are disclosed as being
potent thrombin receptor antagonists, for example N-trans-cinnamoyl-p-
fluoroPhe-p-guanidinoPhe-Leu-Arg-NH2 and N-trans-cinnamoyl-p-
fluoroPhe-p-guanidinoPhe-Leu-Arg-Arg-NH. Peptide thrombin
receptor anat'gbn'ists are also disclosed in WO 94/03479, published
February 17, 1994, '

Himbagine, a piperidine alkaloid of the formula




not present, Qis also fused Rsubstituted aryl or R-substituted

het er oaryl ; Ris 1 to 3 substituents independently sel ected
fromthe group consisting of H (err]-C6 al kyl, hal ogen, hydroxy,

am no, (C ewWo922@al kyl - 20 am no, (([err]-06)dial kyl amPEDUS98/24523
(err]-Cerr])al koxy, -COR16, -COOR[err], -SOR16, - SO2R16, |
-NR16COR16a, -NRL6COOR[ err], -NRL6CONRARS2.fluoro-(Cerr]- Co6) al kyl , |
difluoro(Cerr]-C6)al kyl, trifluoro(C[err]-C6)al kyl, C3-C6 cycl oal kyl, :
C2-C6 al kenyl, aryl(Cferr]-C6)alkyl, aryl(C2-Clerr])al kenyl,

heteroaryl (Clerr -Céerr] - al kyl, heteroaryl (C2-Cferr])al kenyl,
hydroxy(Cerr] - &'@? ¢grmideplifiechas Adpuscaurip recaptor antagonistarifie tatal

thi o( C err] - ergntaediy bf (+)-himbacine is diflogsthinFehatkalamanendeat A sel ect ed

f th | S& i f -C6 al kyl,
f[S?ro(?:[g??ﬁc&ﬁé—%ﬁ:@%@%@ﬁ&?@é&ﬁ ']-CG)a?ky?/, trifluoro-(Clerr]-
E

C6) al kyl, C3-C6 cycloal kyl, C2-C6 al kenyl, aryl((err]-Cerr])alkyl,

aryl (C2- 5 0 err]-Co)al kyl,

hgt eroaryl ( C(ZC[ C er r] )Hekpregbnt ihveiﬂ'mnyelazeg[ to thiomé)[in rec]:e)ptclarkar;tagonistls g

- 3- ertls no(Cerr]-Cerr])al kyl, aryl an
thio(Jerr]- er{ %ﬁ%‘ﬁ%g’%ﬁe%éwl?magg R err] together forma =0

group; R3 is H hydr

-S2R[err], -C(OOR err], -
hal ogen, fluoro(Cferr]-Cerr])alk

-6 al koxy, -SOR16,
Nrerr], CJerr]-Cferr] alkyl,

( rr]- 5 ©C6)alkyl,
trifluoro(Cl-Clerr])alkyl, C3-C6 C @e r]-Ceé al kenyl,
aryl (Cerr]- Co) al kyl, aryl( %1 nyl ,
heteroaryl (CJerr]-Cferr])al kyl, hete’ﬁ%aryg C2- C err])al kenyl,

hydroxy(C err]-Cerr])al kyl, am'no(C[err]\-H%_)aI kyj, aryl or thio((Jerr] -

Cerr])al kyl; . | S NO-, .PL- cOr tricyclic heteroaromatic
group of 5to 14or1%phg%q;&eu8€%$¥rchggta§?e Salt thereof, WheyBIN: at ons and 1 to 4
het er oat ons 10 i ndbp singim doyeds inetapsesentan ohtional depbledmsidst i ng of N, O
and S, wher ei n ths idolBleMddtileddme represkbRtsamaptiinaKsiAgleBord; quat er nary
group with a C[nefsrd_é,Cél al kyl group, wherein Het is attached to B by a
carbon atomring “menber, and wherein the Het group is substituted by
1 to 4 substituents, Qis

9"'2)@2

[
—-R
?CHz)n/a

15 wherein nq and nz are independently 0-2; or when the double bond is
not present, Q is also fused R-substituted aryl or R-substituted
heteroaryl;

R is 1 to 3 substituents independently selected from the group
consisting of H, C1-Cg alkyl, halogen, hydroxy, amino, (C1-Cg)alkyl-

20 amino, (C1-Cg)dialkylamino, (C1-Cg)alkoxy, -COR16, -COOR17, -SOR?16,
-SO2R16, -NR16COR162, -NR16COOR162, -NR16CONR4RS, fluoro-(C1-
Ce)alkyl, difluoro(Cq-Ce)alkyl, trifluoro(C4-Cg)alkyl, C3-Cg cycloalkyl,
C2-Ceg alkenyl, aryl(C1-Ceg)alkyl, aryl(C2-Ceg)alkeny!, heteroaryl(C1-Cg)-
alkyl, heteroaryl(C2-Cg)alkenyl, hydroxy(C1-Cg)alkyl, amino(C1-Cg)-

25 alkyl, aryl and thio(C1-Cg)alkyl;

R and R2 are independently selected from the group consisting
of H, C4-Cg alkyl, fluoro(C1-Cg)alkyl, difluoro(C4-Cg)alky), trifluoro-(C1-
Ce)alkyl, C3-Cg cycloalkyl, Co-Cg alkenyl, aryl(C1-Cg)alkyl, aryl(Co-
Ce)alkenyl, heteroaryl(C1-Ceg)alkyl, heteroaryl{(C2-Cg)alkenyl, hydroxy-




15 W independently selected fromthe group consisting of H Cerr]-C6

al kyl ; fluoro(Cerr]-C6)alkyl; difluoro(Cferr]-Cerr])alkyl;
trifluoro-(Cferr]-0C6)-al kyl; C3-C6 cycl oal kyl ; heterocycl oal kyl ;
het er ocycl oal kwbosndest i tuted by Clerr]-Clerr] alkyl orPCTASERASBKeny| ;

C2-C6 al kenyl; Rerr] -aryl(Cerr]-Cerr])alkyl; Rerr]-aryl-(C2-Cerr])-
al kenyl; heteroaryl (Cerr]-Cerr])al kyl; hetgroaryl (C2-Clerr])-al kenyl; -
hydroxy(Clerr]- 20 Co6) al kyl ; di hydroxy(Cl-C6) al kyl ;
amno(C[err]-Cerr])al kyl; (C[err]-C[err])aIkyIarrino-

(Cerr]-C6)alkyl; di-((Cerr]-C6)al kyl)-am no(C &306 ) al k

thi o(C-d err])al kyl {CCleyalky, ammo(o@e)ralkyl ary éxg thictCCe)aikyl; aD'th?D@)ﬁ?
hal ogen; -NR4AR err] o e@‘\érfom_ err] -COR[err]; -OsQ2CF[err];

reCaizens: (S0 K g nild ) Bt gtrl somy, SEETE B

- OC( R err]) 2C00R7; -@(@)N@TQ )RARalKY, haloge(\dﬂ@r@(]tl1@e)aﬂ<y§, a¥fluora(C1-
Clerr]-C6 al koxyssu dllEth‘ﬁﬂu&iS cm:e)rau @3\@ &yéneawn 09-Cg &lkbnyl, aryl(C{OORL7
- NHCOOR17, - CONR4ARS bst.ut t
mdependent ly sel ecpéig%fl'oﬁ%%Céragéﬁf'yi‘gﬁg?@?&l‘é o(If')‘i)e"kyl he}%su @ﬁu CF3.
Clerr]-derr] al kyl Celekeny), diydooxy(GnGe)alh@brineine(C @sﬁlkyhml@lrﬁ’ﬂetﬁr

adj acent carbons fobtg) 4 ng with a met hyl enedi oxy group, -C(O NR4R5

and heteroaryl; arvyl ; acent carbons aring

ry rein . a
with a net hyl enedléﬁ s@r'ﬁﬁ'ﬂ)‘) bi- oF ”%@Fé"egé{f’?omar\'gtgé?‘@a?&é% stituted
by 1 to 4 subst0uentenseinprised dfidmiBearss atogsend clorkheteraagoros  hal ogen,

Cl- C6 al kox -
Toae ybG)C; | % o*ebeﬁéém& ’sefe@feﬁlrffdm the group @bﬁﬁlgﬁa@&ml 6N,
- 4- Clerr]) ﬂﬂm 2 (G0 ?Q?'E‘F?@n foym aﬁr{\g'%'g{eé’rr@a%‘iﬂtemgr%“’fipé{‘ﬂﬁ Pacent
car bon at ons BEHMC4 alyhgroupt wherelraHey is artacheddp B hit acnachay aipnanng
met hyl enedi oxy medhBdtPand wherein the Het gﬁﬂ:pag dubRit@es wnﬂ@ﬂﬁ%ﬂ
e et o 38 SLP R ot il e sty b T
ﬂuoro(C1 Ca)alkyl difluoro(C+-Cg)alkyt; trifluoro-(C1-Cg)-alkyl; 03-05
cycloalkyl; heterocycloalkyl; heterocycloalkyl substituted by C1-Cg alkyl
or C»-Cg alkenyl; C2-Cg alkenyl; R21-aryl(C1-Cg)alkyl; R21-aryl-(C2-Cg)-
alkenyl; heteroaryl(C4-Cg)alkyl; heteroaryl(C2-Cg)-alkenyl; hydroxy(C1-
20 Cg)alkkyl; dihydroxy(C4-Cg)alkyl; amino(C1-Ceg)alkyl; (C1-Cg)alkylamino-
(C1-Ceg)alkyl; di-((C1-Cg)alkyl}-amino(C+-Cg)alkyl; thio(C1-Ce)alkyl; Cq-
Cg alkoxy; Co-Cg alkenyloxy; halogen; -NR4RS; -CN; -OH; -COOR?17;
-COR16; -0S0,CF3; -CH2OCH,CF3; (C1-Cg)alkylthio; -C(O)NR4RS;
-OCHRS-phenyl; phenoxy-(C1-Cg)alkyl; -NHCOR16; -NHSOoR16;
25 biphenyl; -OC(R6),COOR?; -OC(R8)2C(O)NR4RS5;
(C1-Cg)atkoxy; C4-Cg alkoxy substituted by (C1-Cg)alkyl, amino, -OH,
COOR17, -NHCOOR?17, -CONRA4RS5, aryl, aryl substituted by 1 to 3
substutuents independently setected from the group consisting of
halogen, -CF3, C1-Cg alkyl, C1-Cg alkoxy and -COOR17, aryl wherein
30 adjacent carbons form a ring with a methylenedioxy group, -C(O)NR4R5
and heteroaryl;
R21-aryl; aryl wherein adjacent carbons form a ring with a
methylenedioxy group;
heteroaryl; heteroaryl substituted by 1 to 4 substituents selected from the
35  group consisting of halogen, C4-Cg alkoxy, C4-Cg atkyl, (C1-
Ce)alkylamino, di-({C1-Cg)alkyl)amino, -OCF3, -NO2, hydroxy(C1-




together are -(CH2)4-, -(CH2)[err]- or -(CH2)2NR7-(CH2)2- and forma ring

with the nitrogen to which they are attached, R6 is

i ndependent|ly selected fromthe group consisting of H, Cerr]-C6

al kyl or phavo9926948 R7 is Hor ((err]-C6)al kyl; Ppcrusesnas2s RS,
Rlerr] and R11 are independently selected fromthe group consi sting
of Rlerr] and -ORl, provided that when th(_a4_opt I onal doubl e bond - s
present, R err] is absent, and when ring Qis aromatic, Rerr] and R err]
are absent; 15 ROis H OH ({err]-C6- al koxy, hal ogen or

hal o(C[ err]-C6) al kyl ; Bis -(CH)[err]-, -CH2-O, -CH2S-,

- CH2- NR6-, - C( O IKIgalkyl, -CHO and\pre@ylD) and heterdaryl whereioradjacens carbon
(CHZ)n4CR[err] é}g@b[ y 2)[err]

wherein n3 is -%ﬁ%?ﬁﬁ%‘ﬁ}‘bg{'@%% 'gpsearl el?l? &ar%‘gg@i Mz and
Rlerr]a are i nde#ently selected fromthe group 20 consisting of H,
Cerr]-06 al kyl and h&*andR5 are independently §elested®=on0thegiﬁﬁp coheistibgie doubl e

dotted line regpr I § when the
bond is absents AN @nggk%ﬁenyl benzppé]ﬂi >8yb “&H ?R4 Clerr]-C6

al koxy) when t he RRgiherare -(CHz)anr {Cé%ﬁ.?re(é'ég)al& i 5222 ﬁ"ﬁ’dPEml?d or when
t he bond i s absentith tfeinitragfen to@hightheidare attachad), (H, SH) or (H, C[err] Co6

al koxy) ; I

represents a si nglﬁ Ha[lﬁr{)d]eﬁbﬁd |§?’?e e'ﬂi?e %6% {oq@%&uﬁ%&i%

-OR17 when the b dC@@lkylorpheny bsent: orY is [err] or [err] and R15 |s H
orCferr]-C[efdp] al kyl R7isHor (01-Cs)alkﬂﬂ.6 and Rlerr]a are i ndependent |y

sel ected fromthe gropp ﬁﬁb PRI Sfd @qaﬁéenﬁggggreéﬁ ?ékﬂgd phenyl or

benzyl ; fromthe
group consicgf‘?‘ﬁ'(jf‘%?f '511 @E 85] REeVided yhat Ape °P B pahfouble bond
R20 is H, ( err] {ispresbily R10 jshabseht, andiwhen, ringQ @ ﬁi@matlc B &hd R11 are
absent;
15 R9is H, OH, C4-Cg alkoxy, halogen or halo(C+-Cg)alkyl;

B is -(CHz)na-, -CHz2-O-, -CH3S-, -CH2-NR6-, -C(O)NRE-,
-NREC(0)-, AN , Cis or trans -(CHp)n4CR12=CR122(CHa)n5 or

“(CH2)naC=C(CHa)ns" wherein ng is 0-5, ng and ns are independently
0-2, and R12 and R122 are independently selected from the group
20 consisting of H, C1-Cg alkyl and halogen;
X is -O- or -NRE- when the double dotted line represents a single
bond, or X is -OH or -NHR20 when the bond is absent;
Y is =0, =S, (H, H), (H, OH) or (H, C4-Cg alkoxy) when the double
dotted line represents a single bond, or when the bond is absent, Y is
25 =0, (H, H), (H, OH), (H, SH) or (H, C4-Cg alkoxy);
R15 is absent when the double dotted line represents a single
bond and is H, C4-Cg alkyl, -NR18R19, or -OR17 when the bond is

¥ ),

absent; orYis or 2 and R15 is H or C1-Cg alkyl;
R16 and R162 are independently selected from the group
30 consisting of C1-Cg lower alkyl, phenyl or benzyl;
R17, R18 and R19 are independently selected from the group
consisting of H, C41-Cg alkyl, phenyl, benzyl;
R20 is H, C1-Cg alkyl, phenyl, benzyl, -C(O)RS or -SO2RE;




_R21 is 1 to 3 substutuents mdependently sel ected from

-5- .
t he group conS|st|ng of -CF3, -OCF3, halogen, -NO2, Cerr]-C6
alkyl, C-(err]al koxy, : (derr]-Cerr])al kyl am no,

-((derr]-Cwosdnesdkyl )am no, am no(derr]-C6)al kyl, (C ePCFAUSPA4$2B) -
al kyl am no(C[ err]-C6) al kyl ,

-((derr]-Cerr])alkyl)-am no(C[err]-C6)al kyd, hydroxy- 5
(Cerr]-C6)al kyl, -COORL7, -COR17, -NHCOR16, -NHSO2R16 and
- NHSQ2CH2CF3; Zis -CH-, -O, -S(OfJerr]-, -NRerr]-

-(O-, -C(=NCR[err])- C(R[err R err] wherein R13 and1
Rlerr], together with t heBzéaw i@ Srsyibatyfusmts mdepenc?enmegelaetedémmouw orma

spi rocycl oal kyl gr ou&br@fsnﬁg bﬂ-@309009§,5rial@gerﬁ Nog%1-@elall@n@1ecmy&dwal kyl

3 heteroatom sel oot G FOBRVERE %3{)%8@%‘@ Do amifSCIRBIALTRHER- e

R22 is H derr]- ce%lkydyﬂnlnqéﬁm% atky et rmino(@cR|)alien | mmoxy- 15
One group of prefgerr ur@bcnwtkmaﬂf -Nm@ohrw MNHBA/MR 16 and

[err] Ce/ R, R[err] R2, R8, R9, Rerr], Rerr],
B and Het are as defi 2CF3; above A second group of

preferred conpounds is tlZalB -GHz21 He- F8iQYotza -NB22-, -C(O)-, FRIFNOR)- or
wherein X, Y, R R e-UﬂmFRZ)- Wﬁereﬁﬁh1ﬂand ﬁhertbd;eth&@mtﬂéafar@érﬁoaﬁmsﬁfl ned

? loj(r)\r/nejl alcC they are at{achgd Yohn @ sp? ocyc T rl!?y?l gro o?lér}oss casrbénhsator gf the
10 spiroheterocycloalkyl group of 3 to 6 members, comprised of 2 to 5
carbon atoms and 1 or 2 heteroatoms selected from the group consisting
of 0, Sand N; and
R22 is H, C4-Cg atkyl, phenyl, benzyl, -COR16 or -CONR18R19,

15 One group of preferred compounds is that of the formula 1A
Y R3 Rw
@ )
Rg Rit
\Het IA
wherein X, Y, R, R1, B2, R3, B8, RY, R10, R11, B and Het are as defined
above,
A second group of preferred compounds is that of the formula IB
Y R3 R

G0
R R RS RN
Bs
20 Hel B
wherein X, Y, R, R1, RZ, R3, R8, R9, R11, B and Het are as defined above.

A third group of preferred compounds is that of the formula IC
Y g3

Het |C
wherein X, Y, R, R1, R2, R3, R8, RS, B and Het are as defined above.



[err] wherein X, Y, R Rerr], R2, R3, R8, RO, B and Het are as
defined above. - 6-

R2, R8, R10 and Rferr] are each preferably hydrogen. R3 preferably S
hydr ogen or wooaee94al kyl . The variable n is preferably zer ®cTRR8s29523
preferably H OH or alkoxy. Rlerr] is preferably CJerr]-Cerr] alkyl, nore
preferably nmethyl. The double dotted |ine-referably represents a single 5
bond; X is preferably -O and Y is preferably =Oor (H -OH). Z is
preferably -CHerr]-, -C(O- or -C(=NOR[err])-. The ring Qis preferably R

L e A R R
preferably pyri d}q hydrogen ek lgwer alsyk i the varg@bleois/preferablytzere.t BRésl qui nol yl .
10 Preferred sykwbtaibwelﬂieH(dNalmwa i8prefafably C%—%Sélk;twﬁweﬁb aryl,

h | Het [
oyridyl O ratebinenl fhbubush r@“ﬁ’?&'ﬁeﬁy‘g@%ﬁ'y Fepl it Besgle )
het eroaryl orSal I’@?Fd X is prefeyably -Qy apd lsmf’fawm@cpnm ﬁdiég:gmsmlon b%/ s
al kyl . prefaiablHOHy-[-O{OPLo-CRNGROT)L S Thé ARE QRdsreRFabiji @-Pr esen

h th -
selerotic, ant ?32@’%&@???9%5&’%?Phé%‘@ﬁf"i%‘f gt RO bR A hudtbdFL ¢ e
di seases tr eat edflgrine dyexporlkery foa“E B is pefatabdntranse-GhirGirih odetis
at her oscl erosi s, prefetablyopyriyl, fslabattbﬁﬂ%)y@idyl QLinolR op egbAtited quiridipit hm a,

heart failurgg gbg@ﬁgaabbétnu S W7 Bn 18 E L)L DBBRAL Sy, hltetBkighbF and 20

t hr omboenbol y vascu I'Se

cardi ovascul ar dkyhsMare B@@'&da feumnes whereinHiiis 2ypyaidybor der s and
cancer, as wel | aabstitited initreos-position by anil céubistitutetbary!, dieterotfy) bEARPK OF

pl ay a pat hol ogi Bﬁbcﬂﬁhﬁ substntuteél in thigTébgft%fnocfye r)t”hl s invention al so

relates to the u ng as_an antithronbotic,
anti-pl atel et aggr egal POMDI FRQGPEPJ@HW‘St compounds of the present
15 invention have anti-thrombotic, anti-platelet aggregation, antiathero-

sclerotic, antirestenotic and anti-coagulant activity. Thrombosis-related
diseases treated by the compounds of this invention are thrombosis,
atherosclerosis, restenosis, hypertension, angina pectoris, arrhythmia,
heart failure, myocardial infarction, glomerulonephritis, thrombotic and
20 thromboembolytic stroke, peripheral vascular diseases, other
cardiovascular diseases, cerebral ischemia, inflammatory disorders and
cancer, as well as other disorders in which thrombin and its receptor
play a pathological role.
Therefore, this invention also relates to the use of a compound of
25 formula | as an antithrombotic, anti-platelet aggregation, anticoagulant
or anticancer agent in a mammal in need of such treatment.
In another aspect, the invention relates to a pharmaceutical
composition comprising a compound of formula | in a pharmaceutically

acceptable carrier.
30

DETAILED DESCRIPTION:

Unless otherwise defined, the term "alky!" or "lower alkyl" means
straight or branched alkyl chains of 1 to 6 carbon atoms and "alkoxy"
similarly refers to alkoxy groups having 1 to 6 carbon atoms.

35 Fluoroalkyl, difluoroalkyl and trifluoroalkyl mean alkyl chains
wherein the terminal carbon is substituted by 1, 2 or 3 fluoroatoms, e.g.,




or anticancer agent .in a manmal in need of such treatnent. In

anot her aspect, the invention relates to a pharmaceuti cal conposi tion
conprising a conmpound of fornmula | in a pharmaceutically accept abl e
carrier. 30 WO099/26943 DETAI LED DESCRI PTI ON: BRTASB24iRer wi se
defined, the term"al kyl" or "lower alkyl" neans strai ght or branched
al kyl chains of 1 to 6 carbon atons and "allkoxy" simlarly refers to
al koxy groups having 1 to 6 carbon atonms. 35 o Fl uor oal kyl ,

di fl uoroal kyl and trifluoroal kyl nean al kyl chai ns* wherein the
termnal carbon is substituted by 1, 2 or 3 fluoroatons, e.g.,

-7- - CF[ er r§F3a,~CH2€F3, - -6H2CH2P CHjadealkyt maamis @l Aly! neans an
al kyl chai n sh&iftsubstite@d by 1liotPhao kdrRs.at ons. " Al kenyl "

means strai ght or branc| r chai 1 car t ons

havi ng one or nore doub%&ﬁ&gggﬁ? {i%@iﬁgpﬁ’mca%‘ g%"Bﬂ‘j‘ﬁB%'ﬁg&?g&%

unconj ugat ed. Si ni Fafbop atoras PAVNG onews Meore dobibigrhonds in the chaimanched car bon
Chai 1 Vher e an al o el oo uatletn Sy iy medr! et ep ey " {1
vari abl es and is tﬁéﬂgf‘%ﬁ’ 8a'6’?6{7£%8w,°l¥¥ﬁ§ thggﬁ%n 3*@”@(@9 one or mgﬁenyl ene
and al kynyl ene ar etripielondsgin the chain: @yhers aniakky!, alkenysomalkynyi chaindoinsir bon

ring of 3 to 6 car B@dlother varidtiéBnd thb@fore bivakat kb tifhs dIiIRfléiss to a
correspondi ng biva e points of attachnment to

I @nt L) n% 1 wher ei 0 $1h
ot her groups i ncl ult eaygn% Ef’ﬁ'afﬂxﬁef‘e are Usethd st er eoi soners.
"Het erocycl oal k§I " as a'Gygleaikyl' reeansensatutaterbeatbors Hogioh8 del6carhpn 15 of 4

to 7 atons conpri sathniy, whilb OcytisaltykHe" 3éfRFStoagorfespending Hivila g
selected fromthe bg?% 0oNnsi.st o ,the

rest of the molecu P! ‘5203%83%"8?98}{? 0%55%%?"@5\"5?7'”%%?@ ngﬁ%'ﬁad-
and stereocisomers.
"Heterocycloalkyl" as a substituent on Het means saturated rings

15 of 4 to 7 atoms comprised of 3 to 4 carbon atoms and 1 to 3 heteroatoms
selected from the group consisting of -O-, -S- and -NR7- joined to the
rest of the molecule through a carbon atom. Examples of heterocyclo-
alkyl groups are 2-azetidinyl, 2-pyrrolidinyl, tetrahydrothiophen-2-yl,
tetrahydro-2-furanyl, 4-piperidinyl, 2-piperazinyl, tetrahydro-4-pyranyl,

20 2-morpholinyl and 2-thiomorpholinyl.

"Halogen” refers to fluorine, chlorine, bromine or iodine radicals.

When R4 and RS join to form a ring with the nitrogen to which they
are attached, the rings formed are 1-pyrrolidinyl, 1-piperidinyl and 1-
piperazinyl, wherein the piperazinyi ring may also be substituted at the

25 4-position nitrogen by a group R7.

"Dihydroxy(C+-Cg}alky!" refers to an alky! chain substituted by two
hydroxy groups on two different carbon atoms.

"Aryl' means phenyl, naphthyl, indenyl, tetrahydronaphthyl or
indanyl.

30 "Heteroaryl" means a single ring, bicyclic or benzofused
heteroaromatic group of 5 to 10 atoms comprised of 2 to 9 carbon atoms
and 1 to 4 heteroatoms independently selected from the group
consisting of N, O and S, provided that the rings do not include adjacent
oxygen and/or sulfur atoms. N-oxides of the ring nitrogens are also

35 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-



al kyl groups are 2-azetidinyl, 2-pyrrolidinyl, tetrahydrothiophen-2-yl,
t et rahydro-2-furanyl, 4-piperidinyl, 2-piperazinyl, tetrahydro-4-pyranyl,

20 2-norpholinyl and 2-thi onorpholinyl. "Hal ogen" refers to
fluorine, chivonsmess brom ne or iodine radicals. PCTAE®M8/2#023 and R5
jointo forma ring with the nitrogen to which they are attached, the
rings formed are 1-pyrrolidinyl, 1-piperidigyl and 1- pi per azi nyl,
wherein the piperazinyl ring my al so be substituted at the 25 4-position
nitrogen by a group R7. "Di hydroxy(Cerr]-C6)alkyl" refers to
an al kyl chain substituted by two hydroxy groups on two different
carbon at ons. ring heteroaryl/grpups mnwltheoxpnolyhmaww oxadiazgly|,

t et r ahydr onapht hyfyrasyi, yrrolyl'thith'lmld%Qolyl pyrazolytRétedZon ,thht ins a single

ring, bicyclic or, b nzof S a at ons
conprised of 2 t 0™ ﬁ‘f t?' déﬁﬁ?'y' py?é?éﬂdf)ﬂrﬂ'ﬁ‘[gyf: pﬂ@?ﬁ%"gtﬁ@%”%‘é@pendently
sel ected from t heEgamples of bicyclieieeairyl grespshare @aghthygdyldedy tddot hat t he

ho T g i LT cgeny B By i thoroin &
(Mo ¥ing 11 L1 00eng. kgl el BFbg ool LT A
quaternary ami ne. q@Eiralyp lisasuiroly; p@ha zinyl, benzothienyl (i.e., thionaphthenyt),

ring B&‘iﬁrhih%%iyl Qfeﬁﬂ@ﬁ:réﬂﬁ Eészﬁ'aYiolyl %azuar&bfurawzmnyl

oxad| azol yl, az oJ

Vot razolyl . thi azBpgforal Somdy e panmRutEds o, B0 Ryl 535
pyrimdyl, pyt@ daahd.yvrpyadyi tWisatbstityted heteroarytvefers tossush gsoqu:WhereMEt eroaryl

grou gs gr g napgt hyiibs¥ltatbis rithg: calborﬁrét@hs Rave alsJasmuém aaa@nuéd QMbve o
of benzof used hot BB SHAERrE SRon SR AGTG A ing with ap g oM B i ol y1 -
pht hal azi nyl , benmethylenegioxyi greup. t hi onapht henyl ), . benzi m dazol yl
benzof uranyl, benzoxazpg/termtiebas exEimpRTaIdY the/ingle ring, bicyclic and
15 benzofused heteroaryl groups as defined immediately above, as well as
tricyclic groups such as benzoquinolinyl (e.g., 1,4 or 7,8) or
phenanthrolinyl {e.g., 1,7; 1,10; or 4,7). Het groups are joined to group B
by a carbon ring member, e.g., Het is 2-pyridyl, 3-pyridyl or 2-quinolyl.
Examples of heteroaryl groups wherein adjacent carbon atoms
20 form a ring with an alkylene group are 2,3-cyclopentenopyridine, 2,3-
cyclohexenopyridine and 2,3-cycloheptenopyridine.
The term "optional double bond" refers to the bond shown by the
single dotted line in the middle ring of the structure shown for formula |.
The term "optional single bond" refers to the bond shown by the double
25 dotted line between X and the carbon to which Y and R15 are attached in
the structure of formula I. Compounds wherein the bond is absent are
shown, for example, in Example 6.
The above statements, wherein, for example, R4 and RS are said
to be independently selected from a group of substituents, means that
30 R#%and RS are independently selected, but also that where an R4 or RS
variable occurs more than once in a molecule, those occurrences are
independently selected. Those skilled in the art will recognize that the
size and nature of the substituent(s) will affect the number of substituents
which can be present.
35 Compounds of the invention have at least one asymmetrical
carbon atom and therefore all isomers, including diastereomers and




positional isoners are contenplated, e.g., 1-pyridyl, 2-pyridyl, 3-pyridyl
10 and 4-pyridyl. Wsubstituted heteroaryl refers to such groups wherein
substitutable ring carbon atons have a substituent .as defined abovezsor
wher e adj acenWa®rs®d atons forma ring with an al kyl ene gr® Py

met hyl enedi oxy group. The term "Het" is exenplified by the
single ring, bicyclic and 15 benzof used h€-eroaryl groups as defined

i medi atel y above, as well as tricyclic groups such as

benzoqui nol i nyl (e g., 1,4 o0r 7,8) or phenant hrolinyl (e.g., 1,7,

e O o7 et R iRl U8 Bblgfi Y Bs Boipp part A8 i AHRGR. The
Exanpl es of heteroan\;ﬂﬂtlghmpﬁ-sﬂeﬁﬂe}'e&nﬁl (Ddpemerstin battopredemand®™ forma ring
with an al kyl ene greiixiabe; irolding FdceRRErBRGRY! igtnists can e prepared using

e o DeseRN et %%ﬁ-a'av%“taﬁﬁ%% I3 gtsaly pure or gRREI Gt ¢ cq
line in the ni d& e enrichedstarting matetialsar @Vﬁﬁﬁﬁtlﬂ@lsoﬂtﬂfﬁﬁf & compound of The
term "optional singhgnkgnd” refers to the bond shown by the double 25

dotted line between X agd the c L,ch ached in
the structure of fornul R'calCEfﬁj 6’3@(5’8%%8? ﬁf%ﬁ@rﬁﬁﬁ%?qvfn ghgreérl)gl
shown, for exanplelslarsaﬁxawpll’@gmave the following stagecheinisty'st at enent s,
wherein, for exanple, R4 and Rlerr] arg s (CHa)ny t O be independently
sel ect ed froma group of substituents, /m
i ndependent|y sel ected, but also that %
occurs nore than once in a nol ecul e,aéH SP=GEC(OHRpCES are

i ndependently sel ected. Those skilled”in tBg art will recognize that the
size and nature of the substituent(s) wll atflect the nunber of

substituents 4q v\MH %mmd%amng&ﬁatabs%ﬁne stereochmw Rforé he
i nventi on have at ﬁ 3. én f)e § q 9%51 on atim an therefore
all isomers, incl ucﬁrﬁﬁ"a asVBFREITeY fpmpounds Qighg v et

-9- wherein Q is an aromatic ring have the following stereochemlstry,
wherein Q is exemplified as a phenyi ring:
o)

kn RfFor Rlerr] vari abl e

15  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.

20 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

25  carboxylic acids well known to those in the art. The salt is prepared by
contacting the free base form with a sufficient amount of the desired acid
to produce a sait. The free base form may be regénerated by treating
the salt with a suitable dilute aqueous base solution such as dilute
aqueous sodium bicarbonate. The free base form differs from its



rotational isonmers are contenplated as being part of this invention. The

I nvention includes (+)- and (-)-isoners in both pure formand in

adm xture, including racemc mxtures. |somers can be prepared using
convent i onawvo9eeéndd ques, either by reacting optically pur@cousepussal |y 5
enriched starting materials or by separating isoners of a conpound of

formula 1. Typi cal preferredjgonpounds of the present
i nvention wherein Q is a saturated ring have the follow ng
st ereochem stry: [err] 10 wth conpounds having that absol ute

stereochem stry bei ng_ nore preferred. Typical preferred conpounds of
the present i nveFRsPggtive salt forysomewhatin eertain Bhysieal ipronertigs, Isuole ashe

fol | owi ng st er eostiabiiytinypolar solventsybar thiersa®is theneisd leiglivane o s pheny!

ring: [err] '*Ef‘e’?‘)e@}%%ﬁmmg?°%‘ﬁ%3ts‘§q‘§iﬁ9§§%&” e stereochem stry

bei ng nore . ) } r'ed’I'n the art wll
appreci ate that for sBf#aiB&epReHAds of the investtion @rerapidici(e.gyntose oner wi l |

show great er Hhacompolrais which possesstay caroryl group). Thebe coiTpRURES form20

Conmpounds of thegu | | . . .

phar maceuti cal | ypgccegté%%ﬁ&gwsége ? @a&%ﬁaﬁtg%@ﬁﬁg?@%& ?ﬁ@?&qﬁwccbﬁﬁsds.

Exanpl es of sui t GEABPIes; A sush palts,are the spdims RotassiuRy ealsium.caluminumul f uri c,
phosphori c, acet lithiungigald and siwalrisalts. mAlserihcludedhrecsdlts formiat wih f unaric,

succinic, ascorbj I h ' Jnperal and 25
carboxylic aci dsbﬁarl | kﬁgﬁly{%kfﬁgggﬁrﬁﬂtg ﬁ%“g’?g?%ﬂﬁ{’% ?&Y'Sarﬂwgﬁ‘ar ed by
contacting tH: fPﬁo&ﬁi'@/'?mmﬁw“ﬂﬁeﬁymmm%ﬁﬂdéh‘ﬁ)l!#ﬁ- of the desired acid
to produce a salt. Th@ohpeendssithé preseminveationrangsmirany %&pﬁf&ﬁw ng

aqueaus. sodi um bf Larponar IR e Fah RSP A RS deified ' ©
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In Scheme 1, a process is shown for preparing compounds of
15  formula | wherein n is 0, the optional double bond is not present, Q
forms a cyclohexyl ring, the single bond is present between X and the
carbon to which Y is attached, X is -O-, Y is =0, B is -CH=CH-, Het is W-
substitued pyridyl, R2 is methyl, and R1, R3, R8, R9, R10 and R11 are
each hydrogen. However, a similar process may be used to prepare
20 compounds comprising other optionally substituted Het groups. Those
skilled in the art will also recoghize that the process is equally
applicable to preparing optically active or racemic compounds.

Scheme 1
OH O-THP OH
/v. —_— /'\é R /k//cooan
1 1a =
2
R
U/\/COOH Q R Q R
Z i F
, 3 OM@ Hy/Lindlar o%
EDCUDMAP f\cooan THE >/\
CHCl, 4 5 COOBn
O H R 1L.H/POyMeOH S H H R
xylene
- O 2, SOCly/toluene o \
200-210°C; : s h HIH
base H : - (Ph3P)4Pd/ CHO
cO0Bn Bu3SnH

25 6 7




-10- respective salt form sonewhat in certain physical properties,

such as solubility in polar solvents, but the salt is otherw se
equivalent to its respective free base forns for purposes of the
i nventi on. w0 9926843 Certain conpounds of the invention arRETAEPHI4E23(e. g.,

those 5 conpounds whi ch possess a carboxyl group). These conpounds form
pharmaceutically acceptable salts with inorggnic and organic bases. ;
Exanpl es of such salts are the sodium potassium calcium alum num
lithium gold and silver salts. Also included are salts formed with
pharmaceutically acceptabl e am nes such as ammoni a, al kyl am nes, 10

hydr oxyal kyl am nes, N-neth @(DM@E’()@' n d&;@ li ke. Conpounds
of the present invention gener al § ed by processes known in
the art, for exanple by t eNprQ)cesses ed bel ow. In
Scheme 1 a process is_ sh VJor pr egaH agi conpounds of 15 formula |
wherein n is 0, the opil.gna.l—dgub-le bond% not present, Q forms a

cycl ohexyl ring, the sin Ientm:nd is prgs bet ween X and the car bon
to which Y is attached, Xi1%s -0, Yis is -CHCH, Het is W

substitued pyridyl, R2 is nmethyl, and Rlerr]W R3, R8, R9, Rlerr] and Rl11
ar e each hydr ogen. wmmem'auyae\&imlbe(n)-armmmm yOlpeotested asaher epar e

20 d

SRillod Tn the et ictEhPeoBiaR Ao B Reanheht Rk Wby indholPRondaOoe

appl i cabl e to prepaff erjalyiig ?@QP!“? %@ﬁf%@'l@“eﬁ E%\'ﬁ @‘@MU&H@?WWWG Schene
[erg] 1a. Treatment of a solution of 1a in THF with n-BuLi at -78°C followed

by quenching with benzylchloroformate and subsequent deprotection
gives intermediate 2 which is esterified with dienoic acid 3 using
standard conditions to yield the ester 4. Selective reduction of the triple
bond of 4 using Lindlar catalyst under hydrogen gives the intermediate
10 5, which upon thermal cyclization between 200-210°C foliowed by base
freatment gives the tricyclic intermediate 6. The ester 6 is subjected to
hydrogenation in the presence of platinum oxide to generate the
intermediate saturated carboxylic acid, treatment of which with SOClIz
gives the corresponding acid chloride which is converted to the tricyclic
15 aldehyde 7 by reduction using tributyltin hydride in the presence of
Pd(0). Condensation of the anion generated from phosphonate 8 with
aldehyde 7 in THF gives the alkene 9 (final product).
Intermediates of formula 8 wherein W is ary! or R21-aryl can be
prepared by a process similar to that described immediately below for
20 preparing the trifluoromethy-phenyl-substituted compound, 8a.

B(OH)g (E10)20P
=
n-Buli, i-ProNH =
7 2
{\l —_— z X CIPO(OEt)g P‘
Y ngo, Py
OH OTf Suzulo

Commercially available hydroxypyndme derivative is converted to
the corresponding triflate using triflic anhydride, which is then coupled
with commercially available boronic acid in the presence of Pd(0) under

25  Suzuki conditions. The resulting product is converted to the

CCIBn



25 6 Y

-11- [err] Comrercially avail able (R)-3-butyn-2-ol
is Oprotected as the t et rahydropyranyl ether by treatnent with

di hydr opyr awad 9926922 pr esence of catal ytic anpunts ®@CTUS9824523

par a-tol uenesul fonic acid to give internediate 5 la. Treatnment of a
solution of la in THF with n-BuLi at -78[.¢er]C foll owed by quenchi ng
wi th benzyl chl orof ormate and subsequent deprotection gi ves
internediate 2 which is esterified with dienoic acid 3 using

standard conditions to yield the ester 4. Sel ective reduction of the trlple
phosphonate by treatment with tert-butyllithium followed by quenching

with diethylchlorophosphonate. .
Alternatively, compounds of formula 9 wherein W is optionally

substituted aryl can be prepared from compounds of formula 9 wherein
5 Wis-OH using a triflate intermediate. For example, 3-hydroxy-6-

methylpyridine is treated with triisopropylsily! chloride, and the resultant

hydroxy-protected compound is converted to the phosphonate as

described above for preparing intermediate 8. The triisopropylisilyl-

protected intermediate is then reacted with tricyclic intermediate 7 and

10  the protecting group is removed under standard conditions. The
resultant compound of formula 9 wherein W is OH is then treated with
triflic anhydride at room temperature in a solvent such as CHaClo; the
triflate is then reacted with an optionally substituted arylboronic acid,
e.g., optionally substituted phenylboronic acid, in a solvent such as

15 toluene, in the presence of Pd(PPh3z)4 and a base such a KoCOg3 at
elevated temperatures and under an inert atmosphere.

Compounds of formula 9 wherein W is a substituted hydroxy
group (e.g., benzyloxy) can be prepared from compounds of formula 9
wherein W is hydroxy by refluxing in a suitable solvent such as acetone

20  with a halogen-substituted compound such as optionally substituted
benzyl bromide in the presence of a base such as K2COs.

Compounds of formula | wherein Het is substituted by W through
a carbon atom (e.g., wherein W is alkyl, alkenyl or arylalky!) or a nitrogen
atom (i.e., -NR4RS) can be prepared using a compound of formuia )

25 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 1B, wherein the starting material is a compound of formula |
wherein W is altkenyl. The foliowing Schemes 1A and 1B show well-

30 known reaction conditions for preparing various W-substituted
compounds wherein Q is cyclohexyl, X is -O-, Y is =0, R15 is absent, R1
is methyl, R2, R3, R9, R10 and R11 are each H, B is -CH=CH-, and Het is
2-pyridyl.




bond of 4 using Lindlar catal yst under hydrogen gives the internediate 10
5, which upon thermal cyclization between 200-210[err]C fol | owed by base
treatment gives the tricyclic internmediate 6. The ester 6 iS i ed to
hydr ogenat i onwiopskésas pr esence of pl ati num oxi de to gener at e"(ifz@*’f“%

i nternedi ate saturated carboxylic acid, treatnent of which with SOCI 2

gi ves the correspondi ng acid chl oride whicht13-s converted to the tricyclic
15 al dehyde 7 by reduction using tributyltin hydride in the presence of
Pd(0). Condensation of the anion generated from phosphonate 8 with

al dehyde 7 in THF gives the al kene 9 (final product).

| nternedi ates of formula 8 wherein Wis $echdme@tAR21-aryl can be

prepared by a process simlar to that describedd~mediately below for 20
preparing the trifl uoronethy-phenyl st ed gonpound, 8a.

B(OH) 2 (Et O) 20P %@M‘”‘ N rerr]

CF3 CF3 2 3§g rcia ilable

120°C, di
(0] w L correspondl ng

hydr oxypyri di ne derivative is cgnverte
triflate using triflic anhydridg, which is then foupl ed W th
commerci al 'y avail abl e boroni c gai-BuBi(@Hrhe pr es@;of Pd(0) under 25
Suzuki conditions. The resulting produé¢t is con d to the

-12- phosphonate by treatnment with tert-butyllithiumfollowed by
guenchi ng wi t h di et hyl chl gr ophosphonate. ** Al ternatively,
conpounds of forrmula 9 wherein Wi | EYEFEEn 7z Swbstenyiut ed aryl can
be prepared from conpapnds of f @%ﬁ%m%%/ngwmsvinm using a
triflate intermedi at e.O e, 3-hydroxy- 6- W=aliy

%" ad

W=Et W=iBu
Pd(PPhg)4, WZnHal @ W=nPr W =n-Hex
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met hyl pyridine is treated with trilsopropylsilyl chloride, and the

resul t ant hydr oxy- prot ected conpound is converted to the phosphonate
as descri bed above for preparing internmediate 8. The

trii sopr opyWoiwipes4s protected internediate is then r @gTAU8W 24828 h
tricyclic internediate 7 and 10 the protecting group is renoved under
standard conditions. The resul t ant -ppnpound of formula 9 wherein Wis
OHis then treated with triflic anhydride at roomtenperature in a
sol vent such as CH2d 2; the triflateisthen reacted with an
optionally substjtute | bor oni ¢ aci optionally substituted
pﬁenyl borgnl c ach&osq '@‘éﬂlt%ﬁft V\glﬁeﬂprgglaie:;thag 8!"1‘]%(1&53‘1“9"‘% tethesesence of

Pd(PPh3) 4 and a tescdbedihthe atvgegakies may beetaviad edt be ofRsr dopdRnasdf under

an inert at nosphgiRula | as long as subStRHBIAY pe%eﬂf wgggdrﬂgt%egsu‘gegﬁtmlé]to heS> &
substituted hydr%%gorgcondnt?on enzyl oxy) can be priepared Trom

conmpounds of for é'P%dW| s hydroxy by refluxing in a
sui tabl e sol ent suclCempeuraismidordula hivhberain Rrisowerarstiasit) mtdwoﬁ@lnpound

such as opt i onal diygie\Hanbl(fabrEsbnted b meawé? 850l fife) id'abdiite PR ROBRE S, OF 2

base such as K2

substituted by VFlhoGihis H and t'}‘f %@Hgé(?ﬂﬁtﬂ?% age as gptined ﬁqu @ﬁ"al kyI
al kenyl or aryl db&ptepaped by ltneatmmeorrespondnr@tmmﬂourﬂs whe¥eihRhy optibnile

prepared using as,ﬁggﬁ,g gﬁﬁrffeséﬁ’trf(%f’o' Y22 \%Qﬁé ﬁhg] 85%an roal kyl as an
apyas C

I nt er medi ate AR po o group such
as hydr oxy al%ylredH?'W@lgS%%H H. . cooH, di rret hyl ami no and - COH can be
prepared as shown in Compov.&dse:hiorirﬁgla Wadiessim theheptidnal single ardeisi al is a

conpouns of o1 el X o 03N IOMI BB nk iy LALLM SR,

and 1 B show wel - ons f i ous

0
Wsubstituted 2 aﬁgg"'ﬁﬁe?bemf@?@ éithFQﬁ*@SﬂOWGRPP@de} Y is =0,
‘Rerr] is absentqonmtmﬂd}‘ whersin thes optiriay single2orid3s pRsenRe s 0-aWds Bber r] are
| each H B is5 Chpfdhis RibsERL with a reagent@uli asBIBAL. The resultant i

compounds wherein Y is (H, OH) can be converted to the corresponding
compounds wherein Y is (H, alkoxy) by reacting the hydroxy compound
with an appropriate alkanol in the presence of a reagent such as
BF3*OEt2. A compound wherein Y is (H, OH) can also be converted to
20  the corresonding compound wherein Y is (H, H) by treating the hydroxy
compound with BF3*OEt2 and Et3SiH in an inert solvent such as CHsClp
at low temperatures.
Compounds of formula | wherein R® is hydrogen can be
converted to the corresponding compound wherein R® is hydroxy by
25 heating with an oxidizing agent such as SeOs.
In Scheme 2, a process is shown for preparing compounds of
formula | wherein n is 0, the optional double bond is present, Q forms a
cyclohexyl ring, X is -O-, Y is =0, R2, R3, R8, RS and R11 are each
hydrogen, R1 is methyl, R10 is absent, B is -CH=CH-, and Het is W-
30  substitued pyridyl. However, a similar process may be used to prepare
compounds comprising other optionally substituted Het groups.

Scheme 2
MesSi
OH OTBDMS - OTBDMS | H
Me — Me Z Me = =
1 ib 10 Me

1




Schenme 1A Jerr] .
-14- Those skil
reactions to those

on ot her conposnde26943

0
led in the art will appreciate that simlar

described in the above tables may be carried out
formula | as |ong as substituenPSTHSEE4RS woul d

not be susceptible to the reaction conditions described. 5

Conmpounds of fornula |

wherein Qis non-aremgtic, the optional single

bond (represented by the double dotted line) is absent, Xis OH Y
OH Rerr] is Hand the remaining variables are as defined above can
be prepared by treating correspondi ng conpounds wherein the optional

single bond is present, Xis -O,Qry is =0 @nd R

reduci ng agent such asRLAH._co,H N i 7
. I 3 RS ©

ry i's abRsent, W t h

/
11 — z
Me ” Me H:H
12 13 Ill
SiMes SiMes
Q H R 923 0 H R
N3 & b
13 — 2 A 2
0 N M H:H
me H §H 8 WU
15 By (%= PN
halogen) \\w

The alcohol 1 is O-protected as the TBDMS ether by treatment
with TBDMS chloride. The anion generated from 1b is quenched with a
5 solution of iodine to give the corresponding acetylenic iodide, which
upon reduction using di(cyclohexyl)borane gives the cis-vinyl iodide 10.
Coupling of vinyl iodide 10 with trimethylsilylacetylene in the presence
of Cu(l) and Pd(0) gives the intermediate 11 after removal of the
protecting group using trifluoroacetic acid in CH3zOH. Esterification of
10 11 with acid 3 gives the intermediate ester 12, which upon thermal
cyclization at 185-195°C gives the tricyclic precursor 13 after a brief
treatment with DBU. Desilylation of acetylenic derivative 13 followed by
hydrostannylation using tributyltinhydride in the presence of AIBN gives
the vinylstannane derivative 15, which is coupled with halopyridine
15 derivative 16 to give the final product 17.
Scheme 2A offers an alternative procedure:

1 HO
N
OTBDMS CH
P E\'B’ /Pd(0) PN
Me” 4 28w X
1b
2. Hg/Lindlar catalyst 29 \\W

Q R
) =
oo o)\/\@
m X 1. 190-210 °C / toluene 17

29 Me N 2. base

N

i's

a 10



Conpounds of fornula | wherein the optional single bond is _ present, X

iIs -0, Yis (H OH, Rl5 is absent and the remining vari abl es are
as defined above can be prepared by treating correspondi ng conmpounds
wherei n t hewapvizeamnl single bond is present, Xis -0, Y iPeTASSPE523and R15
I's absent, with a reagent such as DI BAL. The resultant conpounds
wherein Y is (H OH can be converted to i4ge corresponding © conmpounds
wherein Y is (H al koxy) by reacting the hydroxy conpound with an

appropriate al kanol in the presence of a reagent such as
BF3[err] OEt 2. A conpound wherein Y is (H, OH can also be converted to 20
t he corresondi ng conp&iatiadwHermpdiated eoynting |9f aggtyleneath withtttaeshy dr oxy

c?n})oun? wi th FFaoéﬁlﬂ/IWuﬁ 2§itbllowsdaby bél@éﬁveS:%Hu@tiHn 6Mﬁbt e%glg 2

a ow t enper at ur Q S

hydr ogen can be geﬁes the '"*%’P?%'S*%d'gﬁﬁg ag&?‘%ég%gﬁﬁém %ﬁ rein RO is

hydroxy by 25 r@mm%gcw-’i te giMe 80 diharmg! @X}‘émﬂ%\ﬁrﬁ%@ 10°C

\lAE Schene 2, g priokceed by base waatntent [Giveizar7. NEiteTaBaRLS 28 |§brepared frofr nul a |
ereinnis

cycl ohexyl ring, (2 h@&hﬁﬂa@@ﬂ@%{ﬁ gg%ﬁ?ﬁ"@%’ﬁﬁﬁz@ %@@E@FF?@E% IBach

hydrogen, Rl err] the presemge of Rralrdiumaiplewed by deproteptiontof thesiyligsoug s W 30

substitued pyri dylsing¥hystideranich 5hdﬁrb§fmé?ﬁ%$ﬂi‘eslsﬂﬁkd)&oblﬁ&dwmptr%@l&ﬁf e

conpounds conpri n y substituted Het groups.
Schene 2 %yr&%dgtfgﬁowgé) By?oda}né [err]

-15- [err] 10 In Scheme 3, a process is shown for preparing compounds of
formula | wherein n is 0, the optional double bond is not present, Q forms
a phenyl ring, X is -O-, Y is =0, R, R2, R3, R8 and R? are each hydrogen,
R10 and R11 are absent, B is -CH=CH-, and Het is methoxy-substitued
quinolyl. However, a similar process may be used to prepare
15 compounds comprising other optionally substituted Het groups.

Scheme 3
OTHP 1. pn-Buli OH

- PTSA,
2. CICO2Bn MeOH
\ 2 \ l\

COLBn CO4Bn
18

R
PhCH=CHCOCI Z 190 °C s
20 NEt;, DMAP, CHgClg o)

COan COan

. QH H R

Hy, (60 psi),- : 7\ 1. (COCl),, DMF : S
22 PO, MeOH @ ; 2. TBTH, Pd(PPhg), |

—_— 2 Z A P

= H =
H CO.H 24 CHO

R
n-Buli, THF, 0°C
24

H3CO.
m,PO(OEt)g ﬁ

25

. OCHg
Commercially available acetylenic derivative 18 is converted to
20 the corresponding ester 19 by treatment with n-BuLi in THF followed by




The al cohol 1 i.s -protected as the TBDMS et her by treatnent W th
TBDVS chl oride. The anion generated from1l b is quenched with a 5
solution of iodine to give the correspondi ng acetyl enic iodide, which

upon reduct i orWQ8¥3884di (cycl ohexyl ) borane gi ves the cis-vi nfEHUSTA¥ 10.
Coupling of vinyl iodide 10 with trimethylsilylacetylene in the presence
of Cu(l) and Pd(0) gives the internediate 1il7after renoval of the
protecting group using trifluoroacetic acid in CH3CH Esterification of 10
11 with acid 3 gives the internediate ester 12, which upon therm

cyclization at 185-195[err] C.gives the fricycldic precurs 3 after a brief
treatment with DBU. qBS'g‘f '@A \g({ﬂ?bﬁwﬂéhgogg_{owé r cé%]@&‘fe@zg? fr\?ce).h'llé ¥R owed by
hydr ost annyl ati on uédllewedryesterfication using drans-ctrnamyl eRjeride upderstandardves
the vinyl stannane dephdifiérs/GivédineVdstar R whieRURdcrtthisinhdl Jyakzmish iatli196°C.5

derivative 16 to give the f1nal pr t 17 . Scheme 2A of fers an
alternative proc egwgﬁ/:esr%he {ncyghc gst%ng‘ i-i%,'drogenatlon of 22 ol%rrg ?‘unum oxide

-16- 5 gives the carboxylic acid 23 which is converted to the corresponding
acid chloride under standard conditions. Reduction of the acid chloride
generated from 23 using Pd(0) and tributyltin hydride gives the
aldehyde 24 which is condensed with the anion generated from the
phosphonate 25 to give the final product, 26.

10 Compounds wherein R3 is alkyl can be prepared from the
corresponding compounds wherein R3 is hydrogen. For example,
treatment of compound 26 with LDA followed by CHal results in the
preparation of the corresponding compound 27 wherein R3 is methyl:

15 Amide, lactam and imide derivatives of compounds of formula |
wherein Q is an aromatic ring can be prepared from compounds
whetein X is -O- and Y is =O using the following procedures showing

partial structural formulas:
0

O H 1
o MeNHs, MeOH Me:gm
b et

r‘;i_,.;

20 The lactone is treated with an amine to form the ring-opened amide.

H W
MeHN” SOCly, CH,Cly Me"’m
HOA —_— 2
H H’H H

The amide is treated with a reagent such as SOCI2 to cyclize the amide
to the lactam. '

I

bs of D)

“’L\":,.:l
”



Pal | adui um nedi ated coupling of acetylene 1b with trans-

i odovi nyl pyridine 28 followed by selective reduction of the trlple bond
gives the internedi ate dienoic al cohol 29 which is esterified with the

di enoi ¢ aci wadonewgi ve 30. Thermal cyclization of 30 at 190T@sesdsmwsr|C 5
foll owed by base treatnent gives 17. Internediate 28 is prepared from
(2-chloro-6-nethyl)pyridine by coupling wygh (trinmethylsilyl)acetylene in
the presence of palladium followed by deprotection of the silyl group
using fluoride anion and treatnent of the isolated product with tributyltin
hydride foillowed by iodine. 10 In Scheme 3, a process is shown
for preparing conmpound formul @ I mhereln nis @ ,the optiona
doubl e bond is na% o ' - , Yis
=0, Rerr],

Rlerr] are absent YCR 0 8Y 0>W_sﬁbst (el

qui nol yl . However, a si mskar process mayooe}néed to prepare _,,1‘5 conmpounds
conpri si ng ot her option |1y substituted Het fgroups. Schene 3

[err] The hydroxy-substituted portion of the amide can be converted to a

carboxylic acid by treatment with a reagent such as Jones Reagent, and
the resultant product is cyclized to form the imide in the same manner as
5 forthe lactam.
In Scheme 4, a process is shown for preparing compounds of

formula | wherein n is 0, the optional double bond is not present, Q is a
cyclohexyl ring substituted in the 6-position by ethylenedioxy (i.e., Z is
-C(R13R14)), X is -O-, Y is =0, R, R3, R8, RY, R10 and R'1 are each

10 hydrogen, R2is methyl, R15 is absent, B is -~CH=CH-, Het is pyridyl and
W is CF3-phenyl. However, a similar process may be used to prepare
compounds comprising other optionally substituted Het groups.

Scheme 4
MeO.C
o) Th0, CHaCly Pd(PPhg)sCla, 2
n, 16 h, 72% NEts, DMF
o 75°C, 10 h, 89%
3 L, B3 e w
28  tBu” N°“tBu 2 Q_J

NaOH (10%) 1928 o~
a0 THF-MeOH, 95% \ o

18




OCH3 . Commercially avail able acetylenic derivative 18 is
converted to 20 the corresponding ester 19 by treatnent with [err]-BuLi
in THF fol |l owed by :

-17-

quenchi ng wi t hwoeszephx hl or of or mat e. Renoval of the THP gr ouCTUS24633| | owed
by esterification using trans-cinnamyl chloride under standard
conditions gives the ester 21 which, upon tf@rmal cyclization at 190[err]C,
gives the tricyclic ester 22. Hydrogenation of 22 over plati num oxi de 5
gi ves the carboxylic acid 23 which is converted to the correspondi ng
acid chl ori de under staRdard_ conditions. Redyction of the acid, chloride
generat ed from 23 usi ngARRIGIon[{d 4-Fydiefisxanedions mangeethyiea kelgh 28, and
al dehyde 24 whi ch iZ6-dbtbspiserhethyigyritiime iatreatedoeittetrifiiceahHydride tdebtain
phosphonate 25 to gj ' wherein
R3 is al kyl can beqﬂ?érlgggpgﬁ&t%{%érh t@%@ﬂ)ﬂﬁﬁd 233%??%%&8& ?ﬁg’?@gﬁ“ﬁ@ﬁﬂﬂ@ wher ei n
R3 is hydrogen. Foftreaimenyvath methyl agrylaterin@olvant surhy HMF2 & Retrresanse
fol |l owed by CH[ 6rr]df artaselsush as BtdNeand a catglystsactats Pd(RPh4)3Cl cand 3G gondi ng
conpound 27 wherei ' . ; "ﬁg , » hagt am and
I m de derivatives %Pﬁg%ﬂ%o{éﬁhg¥é¥re?‘lc?(r?‘%r\baaﬁ'd’ 81, w sﬁ%‘é’?’ed. ne oﬁg, %h' g’?omat I C
ri ng can be pr epar é@&*fﬂ%%%g@ﬁﬂjgl(:h as NaOH. Acid 31 is then reacted with

racemic 2 and cyclized as described in Scheme 1 to obtain the product

36 as a racemic mixture.

i0 A ketal such as compound 36 can be converted to the

corresponding ketone by treatment with an acid such as HCl. The

ketone, in tum, can be reduced to the corresponding hydroxy compound

be treatment with a reagent such as NaBH4 or K-Selectride®,

In Scheme 4A, a process is shown for preparing compounds
15 similar to those in Scheme 4, but wherein Z is ethylenedioxy and is in

the 7-position of the cyclohexy! ring.

Scheme 4A
HO 0 Lindlarcat oOH ©
)-T:_«OBn THF, H )\_}OBn
42 43
(PhgP)oPdCh
DMF, 75°C o o
o P O0— NaOH, CHyOH o
20 R Mo MLl o7
—_ OCHz . 46
44 5
iy DCC, PPY,
CHoClo
43 UH N\ QPACLHe G B oy
ii) Xylene, 215°C  © o i%‘gga Ho o
a6 iii) DBU RYH EtOAc AT
— cOBn ——— CO.H
20 47 43
PONOEY)2 o |y o—>
i) SOCla, . o ‘\1 g o
PhMe, 80 °C Y A
i)BusSnH,  QH H o-> HIA
Pd(PhsP)s o o N 50
HEH Bul, THF
49



wherein Xis -O and Y is =O using the follow ng procedures show ng

partial structural fornulas: [err] 20 The lactone is treated with an
amine to formthe ring-opened am de. [err] The amide is treated
with a reagwoogedh as SOCl 2 to cyclize the am de t BCTAIS982a%528 am

- 18- - [err] The hydroxy-substituted portion of the am de can be
converted to a carboxylic acid by trgginment with a reagent such as
Jones Reagent, and - the resultant product is cyclized to formthe imde
in the same manner as 5 for the lactam In Schene 4, a

process is shown for preparing conpounds of
A solution of the ketal, 44, is treated with methyl acrylate in a

solvent such as DMF, in the presence of a base such as Et3gN and a
catalyst such as Pd(PPh3)2Cla, and the resultant ester, 45, is converted
to the corresponding acid, 46, by standard methods, e.g. by treatment

5 with a base such as NaOH. Acid 46 is then reacted with compound 43
and cyclized to obtain 47, which is then converted to the corresponding
acid by standard methods. The intermediate of 49 is coupled to the
-B-Het group using a procedure as described in Scheme 1 to obtain
compound 50.

10 A ketal such as compound 50 can be converted to the
corresponding ketone by treatment with an acid such as HCl. The
ketone, in turn, can be reduced to the corresponding hydroxy compound
be treatment with a reagent such as NaBH4 or K-Selectride®. The
ketone can be converted to the corresponding 7-hydroxy-7 methyl

15 compound by treatment with a reagent such as CHzMgBr.

In Scheme 5, a process is shown for preparing compounds of
formula | wherein n is 0, the optional double bond is absent, Q forms a
cyclohexyl ring, X is -O-, Y is =0, R1, R3, R8, R9, R10 and R'1 are each H,
R2is -CHg, R15 is absent, B is -CH=CH-, Het is pyridyl, W is CF3-phenyl,

20 and R is hydroxy. However, a similar process may be used to prepare
compounds comprising other optionally substituted Het groups.

Scheme 5
.o o OH o© OH
H Se0, H H =
o) — , 0
HELH Dioxane- N Y H H:H
CO.Bn pyridine CO2Bn CO2Bn
6 37A, 30% 37B, 30%
Separated by chromatography
Hp (balloon), O H HSH on H{Ae
() &
HZEH H&H
COsH COaH
38 39




formula | wherein nis O, the optional double bond is not present, Qis a
cycl ohexyl ring substituted in the 6-position by ethylenedioxy (i.e., Zis
-C(Rerr]Rerr])), Xis -0, Yis =0 Rerr], R3, R3, R9, Rerr] and R11

are each 10 MQRGEEA, R2 is nethyl, R15 is absent, B is - RERAP24E} | s

pyridyl and ° Wis CF3-phenyl. However, a simlar process may be used to
pr epare conpounds conpri sing ot her opt Lonal |y substituted Het groups.
Schene 4 [err]
CF3
Oy pQAc oy nOoH
a NaOH €y
HiH > [HiH
39 5 THF/MeOHM,0 X
| :.N
41A
CFs3

o HE
"8

Intermediate 6 from Scheme 1 is oxidized to give intermediate

alcohols 37A and 37B. Alcohol 37A is hydrogenated to give 38 which

5 is subsequently converted to acetate 39. Acetate 39 is converted to
intermediate 40 in the same fashion as in Scheme 1. Intermediate 40
is hydrolyzed to give 41A. Using a similar procedure, but substituting
37B in the second step, a compound of formula 41B is obtained.

Compounds of formula | wherein B is -C(O)NH- can be prepared

10  from the acid chloride described above (see Scheme 3) by
condensation with the appropriate amine.

Starting materials for the above processes are either
commercially available, known in the art, or prepared by procedures
well known in the art.

15 Reactive groups not involved in the above processes can be
protected during 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:



-19- A solution of 1,4-cyclohexanedi one nono- et hyl ene ketal,
28, and 2,6-di-t-butyl-4-nmethylpyridine is treated with triflic
anhydride to obtain the enol triflate, 29. Compound 29 is converted to
conpound 36vdmerz6043 treatnment with nethyl acrylate in a PENPSHE24823ch as
DMF, in the presence 5 of a base such as Et3N and a catal yst such as

Pd(PPh[err])[err]d 2, and 30 is convepted to the correspondi ng dacid,
31, by standard nethods, e.g. by treatment with a base such as NaCOH.
Acid 31 is then reacted with racem c 2 and cyclized as described in
Schenme 1 to obtain the product 36 as_ a racem c mxture. 10 A
ketal such as conpound 36 can be conver tié@® B t he correspondi ng ket one

by treatment with anG.toduﬁJtcsbem as HCGroujh® be Protéatédard in turn, can be
reduced to the correspmelited) ydr oxy copptattilg Group be treatnment with a
reagent such as NaBl-ivfl--crr—r%-Sla-‘i'e',‘rriqg')ca.'l§31l I+| Scirerre—47A—a process

= I
i s shown for prepari ng@8Rsbuds™¢ ¢ APPERZYInGROPheSEhee 4, but
wherein Z is ethylenedioxy ang is in \ the 7-position of the cycl ohexyl
ring. Scheme 4A Snp > NCOalkyl,, NCObenzyl, = NCOpheny]

N\
/

N
NCH2OCH,CH3Si(CHa)s _NC(0)OC(CH)s,
CH
\ N N
/N-benzyl./NS|(CH3)3. /NSi-C(CH)s

0 CHs
=NHg2 -NQ
o) fHs
—OH —OCH3, —OCH0CHg~ OSi{CH3)3— OSI-C(CH)3
or — OCHophenyt CHs

The present invention also relates to a pharmaceutical
composition comprising a compound of formula | of this invention and a
5 pharmmaceutically acceptable carrier. 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
10 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 | for treatment of a
15 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 1o 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
20 clinician and is dependent on the potency of the compound
administered, the age, weight, condition and response of the patient.




[err] . . - 20- A
solution of the ketal, 44, is treated with nmethyl acrylate in a

sol vent such as DMF, in the presence of a base such as Et3N and a

cat al yst such wesRzpsPh3) 2Cl 2, and the resultant ester, 45, PEHUEERIR?t ed
to the correspondi ng acid, 46, by standard nethods, e.g. by treatnent 5
with a base such as NaOH Acid 46 is then reagted with conmpound 43 '
and cyclized to obtain 47, which is then converted to the correspondi ng
acid by standard nmethods. The intermediate of 49 is coupled to the

-B-Het group using a procedure as described in Scheme 1 to obiain
conpound 50. 10 Foliowing arg fXamples Qi FRRATNISOMPRHNER ot oRRUIE led ¢ o
t he correspondi ng ketone by treat meBEXAMPLE tan aci d such as HC . The

ketone, in turn, can bepsesyeednt h OR A L ARgend
be treatnent with a rea %@?ﬁ@ﬁ g$éN£% %%%Epgg?ée%thw/%e@%ﬁ@ . ket one
can be converted to the BaPhBREsHelWEN-A-Yilrdhenyi-ravaelinyiloxviaceticagibund by
treatment with a reagent such as CH3MyBr.o 4 In Schene 5, a
process is shown for preparing conpounds ¢ formula | wherein n is O,
t he optional double bond is absent, Q foros cycl ohexyl ring, X is
-0, Yis =0 R1, R3, Rerr], R9, R10 and rare each H, R2 is

-CH err], R15 is absent, Bis -CHCH, He . pyridyl, Wis CF3-phenyl,

Step 1: ‘ O

(R)-3-Butyn-2-ol {15 ml, 0.204 mol) and 3,4-dihydro-2H-pyran
(26.1 ml, 1 eq) were stirred at 0°C. p-Toluenesulfonic acid{(hydrate)
(0.38 g, 5 mol %) was added and the mixture stirred for a further 2 h.

10  Ethyl Acetate (EtOAc) (318 ml) and NaHCOg (1.6 g) were added and
after 1 h the mixture was filtered and concentrated. Chromatography
(8i0,, 19:1 hexane/EtOAc gave 31.49 g (100%) of the desired product
as a mixture of diastersomers. 'H NMR major diastereomer (CDCly) &
1.54 (d, J = 7.5 Hz, 3H), 1.55-2.0 (m, 6H), 2.42 (s, 1H), 3.56 (m, 1H), 3.88

15 (m, 1H), 4.60 (br g, J=7.5 Hz, 1H), 5.00 (t, J=5.0 Hz, 1H).

Step 2: o

)\\,("VQ
o)
The product of Step 1 (31.49 ¢, 0.204 mol) was dissolved in THF
(1 L) and cooled to -78°C with stirring. n-Butylithium (97.8 mlofa2.5 M
solution, 1.2 eq) was added dropwise. After stirring for 20 min, benzy!
20 chioroformate (35.1 mi, 1.2 eq) was added and the reaction stirred at
-78°C for 2 h. The mixture was allowed to warm to room temperature

{RT), NH4CI solution (saturated) was added and the mixiture was



20 and R is hydroxy. However, a simlar process nmay be used to prepare
conpounds conprising other optionally substituted Het groups. Schene
5 [err] Di oxane- _ _
-21- WO 99/26943 [err] I nternmedi ate 6 PeLUSBRIsRIE 1 s
oxi di zed to give internediate al cohols 37A and 37B. Al cohol 37A is
hydr ogenated to gi ve 38 which -24- -

extracted with EtOAc. The organic extracts were dried (MgSQO4),
concentrated and then dissolved in CH3zOH (2 L), DOWEX 50WX8-100
ion-exchange resin (60 g, prewashed with CHzOH) was added and the
mixture stirred at RT overnight. The mixture was filtered, concentrated

S and chromatographed (SiO, 9:1-4:1 hexane/EtOAc) to give 29.9 g (71
%) of the desired product. 'H NMR (CDCl) § 1.55 (d, J=7.5 Hz, 3H),
4.70 (q, J=7.5 Hz, 1H), 5.27 (s, 2H), 7.44 (br s, 5H).

Step 3: o
OJ\//\O
/\(

trans-3-(1-Cyclohexenyl)acrylic acid (4.13 g, 0.0273 mol) and 4-

10  pyrrolidinopyridine (0.4 g, 10 mol %) in CHoCla (100 ml) were stirred at
0°C. 1,3 Dicyclohexylcarbodiimide (5.63 g, 1 eq) was added and the
mixture stirred for 10 min. A solution of the product of Step 2 (5.58 g,
0.0273 mol) in CH2Clz (40 ml) was added dropwise. The resulting
mixture was stirred for 2 hs, filtered, concentrated and chromatographed

15 (SiO,, 97:3 hexane/EtOAc) to give 5.82 g (63 %) of the desired product.
"H NMR (CDCly) 8 1.61 (d, J= 7.0 Hz, 3H), 1.66 (m, 2H), 1.74 (m, 2H),
2.18 (m, 2H), 2.27 (m, 2H), 5.25 (s, 2H), 5.67 (m, 1H), 5.80 (d, J= 15.0
Hz, 1H), 6.26 (br s, 1H), 7.37 (d, J= 15.0 Hz, 1H), 7.42 (s, 5H).

Step 4: Qw
O
(o)

20 The product of Step 3 (5.82 g, 0.017 mol) and triethylamine (EtaN)
| (0.112 mL) were dissolved in THF (32 mL). Lindlar catalyst (0.58 g) was
added and the mixture stirred under 1 atm. of hydrogen for 16h. The
mixture was filtered, concentrated, dissolved in o-xylene, and degassed
under a stream of No. The degassed mixture was sealed in a pressure
25  tube and heated at 210°C for 6 h. After cooling to RT, the xylene was




5 is subsequently converted to acetate 39. Acetate 39 is converted to
internmedi ate 40 in the sanme fashion as in Scheme 1. Internediate 40

is hydrolyzed to give 41A Using a simlar procedure, but substituting
37B in the secwP®R®ED, a conpound of fornmula 41 B is obt ai rREG/USI824523
Compounds of fornula | wherein Bis -C(O N+ can be prepared 10 fromthe

acid chloride described above (see Schene 3)_, condensation with the
appropri ate am ne. o Starting rraterl aI s for the above processes
are either commercially available, known in the art, or prepared by
procedur es well known in the art. 15 Reacti ve groups not

i nvol ved in the aboveenmvededsiesrastinedpressure anskipegesulinglmiiturg t he reactions
wi th conventional prgqefiatdifagHedUBi0,, 19:1-9 mﬁshéiemmté gve\®el §yestgndard
procedures after the ﬁﬁg@%&?&b prdfifet. H NMR (EDEY §8.053R!, T, SHPNE L2O7B

typi cal protecting g?
- 22- Hz, 3H), 1.31 (m, 1H), 1.50 (m, 1H);ThB2 éma2H), 2.00 (m, 1H), ZPOUP. t 0 be
Group to be Protegtefypddg (brd, J=15.0 HEAM)EEESH, 1H), 2.62 (m, 1H) B P8 @Rl I Ng
G oup 1H), 3.35 (m, 1H), 4.53 (m ,1H), 5.22 (AB quartet, J= 12.5 Hz, 2H), 5.34
(br s, 1H), 7.42 (br s, 5H).

Step 5:

The product of Step 4 (3.81 g, 0.011 mol) was dissolved in
10 CH3OH (100 mi). Platinum (IV) oxide (0.38 g) was added and the
mixture shaken for 16 h under an atmosphere of hydrogen (60 psi). The
mixture was filtered, concentrated and recrystallized (CH2Clz/ hexanes)
to give 2.12 g (75 %) of the desired product. 'H NMR (CDCl,) § 0.90-1.0
(m, 1H), 1.05-1.20 (m, 2H), 2.21-1.55 (m, 7H), 1.75-1.92 (m, 4H), 1.92-
15 2.00 (m, 1H), 2.52-2.64 (m, 2H), 2.74 (m, 1H), 4.76 (m, 1H).

Step 6: Uy

B

(o)

The product of Step 5 (2.3 g, 9.66 mmol) was suspended in
toluene (20 ml), SOClz (4 ml) was added and the mixture heated at
80°C for 16 h. After cooling to RT, the volatiles were removed under

20 reduced pressure and the resulting gum dissolved in fresh toluene (23
ml). Tetrakistriphenylphosphinepatladium(0) (800 mg, 8 mol %) was
added and the mixture was cooled to 0°C. Tributyitin hydride (BuaSnH)
(3.24 ml, 1.2 eq) was added dropwise and the mixture stirred for 30 min,
after which time TLC showed approximately 66 % conversion. BugSnH

25 (1.35 mL, 0.5 eq) was added and the mixture stirred for a further hour.
The mixture was then chromatographed (SiO,, 4:1 hexanes/EtOAc) to
give 1.9 g (88 %) of the desired product. ‘H NMR (CDCls) & 0.88-1.05
(m, 1H), 1.10-1.20 (m, 2H), 1.22-1.50 {m, 5H), 1.55-1.70 (m, 2H), 1.75-



[err] The present invention also relates to,a pharmaceuti cal
conposition conprising a conpound of formula | of this invention and a

5 pharmaceutically acceptable carrier. The conpounds of fornmula | can

be adm ni stweo eghedds any conventional oral dosage form sucHPCTEIS5 es,
tabl ets, "powders, cachets, suspensions or solutions. The formul ations

and pharnmaceutical conpositions can be ptgpared using conventional
pharmaceutically acceptabl e excipients and additives and 10
conventional techniques. Such pharnaceutically acceptabl e excipients

and additives include non-toxic con{)ati ble fillers, binders, disintegrants,
buffers, preservh8Pms4Hh98 (9d, dant35, 7.0biz EHhRS3 (M, AHr3.63 §m, T, ckener s,

col ori ng agent s, 2g@insHA,A173 FACHHY10.801 (8= 5.0 Hz, 1H). The daily dose of
a conpound of fognulg_l or treatnment of a 15 | sease or condition
cited above is aB¥R 70.001 to about 10 ng/ kg of body wei ght per
day, preferably about 0.001 to about | /[ kg. For an aver age body
wei ght of 70kg, the dosage level is fore from about 0.1to
about 700 ng of drug per day, given a single dose or 2-4 di vi ded

doses. The exact dose, however, is defer % ned by the attending 20

clinician and is dependent on the pote f the conpound

atzjgi ni stered, the age, weight, condi tj,e‘n nd response of the patient.
6-Hydroxyquinaldine (1.97 g, 0.0123 mol) and imidazole (0.85 g,

5 0.0124 mol) were dissolved in DMF (20 ml) and cooled to 0°C with
stirring. Triisopropyisilyl chloride (2.7 ml, 1.05 eq) was added and the
mixture stirred for 30 min. NH4Cl solution (saturated) was added and
the mixture extracted with EtOAc. The organic extracts were dried
(MgS0Qy4), concentrated and chromatographed (SiOz, 4:1-1:1 hexane/

10 EtOAc) to give 3.39 g (88 %) of the desired compound. ‘H NMR (CDCls)
8 1.12(d, J=8.5 Hz, 18H), 1.30(heptet. J= 8.5 Hz, 3H), 2.05 (s, 3H), 7.13

(brs, 1H), 7.22 (d, J= 9.0 Hz, 1H), 7.31 (d, J= 11.0 Hz), 7.89 (m, 2H).

Step 8: | o [

11
PTO

The product of Step 6 (3.39 g, 0.0108 mol) and diisopropylamine
15 (1.66 ml, 1 eq) were dissolved in THF (54 mL) and cooled to -78°C with
stirring. n-Butyllithium (9 ml of a 2.5 M solution in hexanes, 2.1 eq) was
added dropwise and after 20 min diethylchlorophosphate (1.7 ml, 1.1
eq) was added. After a further 20 min, the mixture was allowed to warm
to RT. NH4Cl solution (saturated) was added and the mixture extracted
20 with EtOAc. The organic extracts were dried (MgSQ4), concentrated and
chromatographed (SiOz, 1:1 hexane/EtOAc-100 % EtOAc) to give 4 g
(82 %) of the desired compound. 'H NMR (CDCls) & 1.12 (d, J = 8.0 Hz,
18H), 1.25 (t, J= 7.5 Hz, 6H), 1.3 (heptet, J= 8.0 Hz, 3H), 3.55 (d, J=22




Fol |l owi ng are exanpl es of preparing conpounds of formula I.

EXAMPLE 1 [[2-](E)-2-(3R, 3aS, 4S, 8aS,

9aR- Dodecahydr o- 3- net hyl - 1- oxo-

napht ho[ 2, 3- c] M®%a6%43 y| ) et henyl ] - 6- qui nol i nyl ] oxy] aceti c ackUPEP4EP

Step 1: (R -3-Butyn-2-o0l (15 m, 0.204 nol) and

3, 4-di hydr o- 2H pyran (26.1 mM, 1 eq)-2®ere stirred at O[err]C

p- Tol uenesul foni ¢ aci d( hydr at e) (0.38 g, 5 mol %9 was added and the
m xture stirred for a further 10 Ethyl Acetate (EtQAc) (319 m)

?lntjt sﬁsﬁnglcgngént ?éﬁdg(éﬁr(‘am& 35‘”%}‘&7')% f(s 1“'&'# Si(énlé:qgﬁ'&wi%é/ Et OAc

gave 31.49 g (100% n#4{the/=ediHadHrbeRild, J=7.4 Hz, 16y 7051dx S5 biz, 1H).

di astereoners. [err]H NVR nmj or di astereo R CDEI[err]) [err] 1.54
(d, J = 7.5 Hz, 3H),StBp53-2.0 (m 6H), 2.424b , 3.56 (m 1 H, 3.88
15- (m 1H), 4.60 (br g, J = 7.5 Hz, 1 H,b5%5, : :
Step 2: hiplerr] The
product of Step 1 (31.49 g, 0.204 nol) was di s& Ived in THF (1L
and cooled to -78[err]Cwth stirring. n-Buty\lithium (97.8 nl of a 2.5 M
solution, 1.2 eq) was added dropw se. After stlrrlng for 20 mn, benzyl

20 chloroformate (35.1 m, 1.2 eq) was a and the reaction stirred at
-78[err]C for 2 h. The m xture was all owed warmto roomtenperature

%
A solution of the product of Step 8 (4 g, 8.86 mmol) in THF (20 ml)
5 was cooled to 0°C with stirring. n-Butyllithium (3.5 mi of a 2.5M solution
in hexanes, 1 eq) was added dropwise. The resulting solution was
stirred for a further 10 min and added to a solution of the product of Step
6 (1.9 g, 8.05 mmol) in THF (20 mi) at 0°C. After 1 hr, NH4Cl solution
(saturated) was added and the mixture extracted with EtOAc. The
10  organic extracts were dried {(MgSQOy), concentrated and
chromatographed (SiO», 1:5-1:3 hexane/EtOAc) to give 2.8 g (65 %) of
the title compound. 'H NMR (CDCly) & 1.12 (d, J = 8.0 Hz, 18H), 1.0-1.5
(m, 11H}), 1.43 (d, J=6.0 Hz, 8H), 1.73 (br d, J= 9.5 Hz, 2H), 1.84 (m,
1H), 1.92 (dd, J=9.2, 7.0 Hz, 1H), 2.40 (m, 2H), 2.71 (g, J= 6.0 Hz, 1H),
15  4.77 (m, 1H), 6.46 (dd, J= 15.8, 9.6 Hz, 1H), 6.69 (d, J=15.8 Hz, 1H),
7.13 (s, 1H),7.31 (d, J=6.5 Hz, 1H), 7.43 (d, J=8.5 Hz, 1H), 7.90 (d, J=
9.0 Hz, 1H), 7.94 (d, J=8.5 Hz, 1H).

Step 10: LY

A solution of the product of Step 9 (2.8 g, 5.25 mmol) was stirred
20 in THF (72 ml) at 0°C. Tetrabutylammonium flouride (5.3 m! of a 1M



(RT), NH4Cl solution (saturated) was added and the m xture was .

- extracted with Et OAc. The organic extracts were dried (MgSO4),
concentrated and then dissolved in CHerr]OH (2 L), DOAEX 50Wk8-1 00
I on- exchanggo 6gsbgd (60 g, prewashed with CH err] OH) was amufamsosmusd2y he
m xture stirred at RT overnight. The m xture was filtered, concentrated 5
and chromat ographed (Si @2, 9:1-4:1 hexanepgt OAc) to give 29.9 g (71
%9 of the desired product. [err]H NVR (CDCli[err]) [err] 1.55 (d, J =7.5 Hz,
3H), 4.70 (q, J= 7.5 Hz, 1 H), 5.27 (s, 2H), 7.44 (br s, 5H).
Step 3: ]
trans- 3- (1- Cycl oselitiay in ZWFy I ieq) wes @ddad dopyise TV.L76 rmb))shaweu 10
pyrrolidinopyri dicBgmpldle £obverdionINHAO! solutiohi&tdratdd)Qvad Adde endthe red at

0 C 1,3 D th
mxture stirred THRCRoORARDRIN EDRE, The Srheic pufitls WER ARPMRG 3"
0.0273 ol ) in Ceeusentraded and chrpsnategragh %#b%@esaﬂ-m@ex@aejﬁtcgh@ to

m xture was ssi rrgméf%gng%)dflﬂhéweacbmpnuweﬁww BACDCl)t.0nB4 ¢gf aphed 15

5 ¥ e BTN 249 £ Sl S i 00
2H) , 2.18 (r?.ﬂ aq)J-'zGQﬁ ), A58 (s, 14, 650 (Qm)-l 45@79GHz1THY) . 5.80 (d,
J=15.0 Hz, el#d (d, 0=25.9 BIzs 1HY, )17 (&, BH), (7tB4 @7 U ED.OHEZIH)LIS3 (d; 42 (s,
5H). Step 4, g5 Hz, 1H), 8.01 (m, 2H); MS m/z 378 (M*), 332, 264, 236: HRMS
10 calcd for C24H2gNO3 (MH*) 378.2069, found 378.2060. Anal. Calcd for

C24H27NO3HCI*0.5H50: C, 68.16: H, 6.91: N, 3.31. Found: C, 68.21: H,

7.64: N, 3.36.

Step 11: S uw H

HEH

NZ
N

(o)
oL
OMe

NaH (33 mg of a 60 % dispersion in mineral oil, 0.825 mmol) was

15 added to a solution of the product of Step 10 (75 mg, 0.2 mmol) in DMF
(1 ml). After stirring for 10 min, methyl bromoacetate (166 mi, 8 eq) was
added and after a further 10 min, TLC indicated complete reaction.
NH4C! solution (saturated) was added and the mixture extracted with
EtOAc. The organic extracts were dried (MgSQy), concentrated and

20 chromatographed (SiOg, 1:4-1:2 hexane/EtOAc) to give 60 mg (68 %) of
the title compound. *H NMR (CDClg) § 0.8-1.4 (m, 8H), 1.48 (d, J=6.0
Hz, 3H), 1.79 (br d, J=9.0 Hz, 2H), 1.89 (d, J= 10.5 Hz, 1H), 1.98 (dd, J
= 13.5, 6.0 Hz, 1H), 2.46 (m, 2H), 2.75 (q, J= 6.5 Hz, 1H), 3.89 (s, 3H),
4.82 (br s, 3H), 6.55 (dd, J= 15.7, 9.5 Hz, 1H), 6.58 (d, J= 9.5 Hz, 1H),

25 7.06 (s, 1H), 7.48 (d, J=6.5 Hz, 1H), 7.51 (d, J=8.5 Hz, 1H), 8.03 (t, J=
9.0 Hz, 2H), HRMS calcd for Co7H3aNOs (MHY) 450.2280, found
450.2282.




[err] 20 . The product of Step 3 (5.82 g, 0.017 nol) and
triethylamne (Et3N) (0.112 nm.) were dissolved in THF (32 nl).

Li ndl ar catal yst (0.58 g) was added and the mi xture stirred under 1
atm of hydrogawo9o2694i6h. The . mxture was filtered, coPCRUSBAI52Y,

di ssol ved i n o-xyl ene, and degassed under a stream of N2. The
degassed m xture was sealed in a pressure 25-2¢.ube and heated at 21 0OC for
6 h. After cooling to RT, the xylene was

- 25- removed under reduced pressure and the resulting m xture
chr omat ogr aphed (Si errl 19:1-9:1 hexane/EtOAc) to give 3.81 g (66 %

of the desired produetepP ?—I NVR (CDCl[err]) [err] 0.94 (m 1H), 1.20 (d, J=

z H;) 220 ( Hz, 3H) 1. 31Tr(érproﬂibbt,of3t§;ﬂ1( 60 g, 136 nitdol) mas AWgsoivad@d 4(1m
5 62 (m 1 m , ?i‘lstﬂ-llwgte?’% é2155mlo?_fl)|¥1 tloan ?i]%tér"g é& ( AB
quartet, J= 12 Hz Wzﬂfddﬁd gnd the mixture Rild % or2 hg, Watex wagdded aggjthe

Ste 8 5! f mixture extracted with EtOAc. The aqueoliglayker was acidified and The
s o nﬁafﬁ. ok Ao i i s oG 10,
for 16 h under an at fSRERIedde OivpdiCIna Rt theditigcompowRd (50 %). "W NMR

(CD30D) 8 0.9-1.5 (m, 8H), 1.42 (d, J=6.0 Hz, 3H), 1.80 (m, 3H), 1.92

(m, 1H), 2.50 (m, 1H), 2.64 (m, 1H), 2.83 (q, J=6.5 Hz, 1H), 4.95 (m, 38H),

10  6.89 (d, J=15.8 Hz, 1H), 7.16 (dd, J= 15.8, 10.0 Hz, 1H), 7.56 (d, J=2.5
Hz, 1H), 7.76 (dd, J=9.5, 2.5 Hz, 1H), 8.08 (d, J=9.5 Hz, 1H), 8.16 (d, J
=9.0 Hz, 1H), 8.71 (d, J= 9.0 Hz, 1H); MS m/z420 (18), 392 (100), 302
(2), 117 (8); Anal. Calc'd for CogHzgNO5*HCIe2 H20O: C, 61.47: H, 6.75:

N, 2.76. Found: C, 61.02; H, 6.45; N, 2.91.

15 Using the procedure of Example 1, empioying starting materials
known in the art or prepared according to procedures similar to those
described below in the following examples, the compounds shown in
the following Table 1 are prepated, wherein the variables are as defined
in the table:



m xture was filtered,

to give 2.12 g (75 %9 of the desired product.
1.05-1.20 (m 2H),
2.52-2.64 (m 2H),

0.90-1 0 (m 1 H,

(m 4H), 1.9®9%972¢%% 2.00 (m 1 H),
(m 1 H. Step 6: [err]

(2.3 g, 9.66 nmol) was suspended in

concentrated and recrystallized (CH2Cl 2/ hexanes)
[err]H NMR (CDO 3) [err]

2.21-1.55 (m 7H),
2. PETARYS2AS2b) |

1.75-1.92
4.76

The product of Step 5

-304 ol uene (20 m),

SCa 2

(4 m)

was added and the m xture heated at 80C for 16 h. After cooling to
RT, the volatiles were renoved under 20 reduced pressure and the
resulting gumdissolved in fresh toluene (23 m).
Tet raki st ri phenyl phosphi nepal | adi um(0) (800 ng, 8 nol % was added
and the mxture was cooled to O[err]C. Tributyltin hydride (Bu[err]SnH)
(3.24 M, 1.2 eq) was addgqddropw 5 and (e M xtgre strrr T, 1o B0 min,
after which time TLC sho Ql,a,p.prox @L.elJﬁ %cg?tsignf B;J,%SnH 25
(.35 m., 0.5 eq) was add a-Ed__tv-ha ng,xt rq%two& ,,E'br:da% urgh hour .
The mi xture was then chro @@ﬁn PSi GQN?_}E' xabes# Dg: Pto
give 1.9 g (88 % of the d.é_%imeglcp t. Eefr tH .II\E@( Pl Lerr
0.88-1.05 (m 1H),|2.20° & 2@,§:n 2 2Z3- :5@15(31 Eg 1.55-1.70
(m 2H), 1.75- £ T ne |o= Selos Beln=26
1.90 (m 4H), 1.98 (dd, Jq 12.5, 7|@Hz, 1B 2.53|=* 1H), 263 (M 1H),
2.73 (m 1H), 4.73 (m 1H{[9-80 ({I, J= o} U HZ, Ify- Step V-
B 8L z{ | Z=
5460 | 485 |55 |2 |48
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[err] _ 6- Hydr oxyqui nal di ne (1.97 g, 0.0123 nol) and im dazole
(0.85 g, 5 0.0124 nol) were dissolved in DM (20 mM) and cooled to

Oferr]Cwth stirring. Triisopropylsilyl chloride (2.7 m, 1.05 eq)
was added and wW@e99/26943 i xture stirred for 30 nmin. NH4C sBETUIBRESLI
(saturated) was added and the m xture extracted with Et CAc. The
organic extracts were dried (MgSAH) , .;qoncentrat ed and :
chromat ographed (Siderr], 4:1-1:1 hexane/ 10 Et.OAc) to give 3.39 g (88
% of the desired compound. [err]H NVR (CDd 3) ~ [err] 1.12(d, J= 8.5
Hz, 18H), 1.30(heptet. J= 8.5 Hz, 3H), 2.05 (s, 3H), 7.13 (brs, 1H),
7.22 (d, J= 9.0 Hz, 1H), 7.31 (d, J=11.0 Hz), 7.89 (m 2H). Step
8: [err] The product of
Step 6 (3.39 g, O 6 nol )] ang difi soprogylamne 15 {(1.66 , 1 €q) were
di ssolved in THF (B4 Ol and @epddnto -18E withh= ~stirf&ng-.

n-Butyl i thi um (9of MXef @ QB MSqlDten i hedaiese 1.3 o) [ wed

added dr opwi se anga@ter? %ﬂ'%&li ERLchidtpheSPag 4 2B 7 pE S1.

eq) was added. Af E[;’é flur tier 228 | 1 ot hen @ stjune3 wag @l3 @wed o yvarm

to RT. NH4Q sol uf Ban7y( @t@é \§§'%dq %I"’aﬁq Eﬁ‘eﬁn’ &mg e®tEac{ed 20
with Et OAc. The o %Ec Were drifeml (MJS®4), ¢ancentye@t nd

chr omat ogr aphed ([St Et OAc- 100 % Bt OAc) tlo give| £ g (82
% of the desired : (CDCT3) ferr] .12 (d, J=38}]0 Hz,
18H), 1.25 (t, J4 7. : (hept#t, J §.0 Hz, |3H), 3 55 (dj J= 22
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- 27- Hz, 2H), 4.08 (q, J= 7.5 Hz, 4H), 7.14 (s, 1H), 7.32 (d, J=

9.5 Hz, 1H), 7.44 (d, J= 7.4 Hz, 1H), 7.90 (d, J= 7.4 Hz, 1H), 7.95
(d J =9.5 Hz, 1H), HH - Step
WO 99/26943 [ err ] PCT/US98/24523

A solution of the product of Step 8 (4 g, 8.86 mmol) in THF (20 M) 5 was
cooled to O[err]Cwith stirring. n-Butyl-B2thium (3.5 m of a 2.5M sol-ution
i n hexanes, 1 eq) was added dropw se. The resulting solution was

stirred for a further 10 mn and added to a solution of the product of Step
6 (1.9 g, 805 mol) in THF (20 mM) at O[err]C. After 1 hr, NH4C solution
(saturated) was added and the m xture extracted with Et OAc. The 10 organic

extracts were dried (MySerr]), concentrated and chr omat ogr aphed
(Sid, 1:5-1:3 hexahe/ ELOAE) to of ves 2.]8g (6pef) off @ Hltrhetl l e
conmpound. [er ]IE;_ (Cﬁ:l )%grr L2 o J;?B@O IJIch—\&B mgo- .

(m 11 H), B:e,?ﬁst wssw RH[I&R] 1B d 5= 4 8 &, 1.84 (m
1H, 192(d” S SNINRS 1 24, 3€ (nl 28, 2§ﬁ(1, = 4.0 Hz, 1
H, 15 4.77 é».a £ e g Soc6 HE 1 HE s 6)§.¢, 14 15.8 1o,
1H), 7. 23BN 2= @,;E eI 7.@$d, ©I8.5)Hz, 1H),
7.90 (d, J= | 28f0 | @ 7| BN F 8 &, [ln ws  $tep 10

nT L) ™ 2 = = =

[err]
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A solution of the product of Step 9 (2.8 g,

5.25 Mol ) was stirred 20

I n
THF (72 m) at OC. Tetrabutylamoniumflouride (5.3 mM of a1 M
- 28- solution in THF, 1 eq) was added dropw se, &)5 m n) showed
conpl ete convewoispze4NHACI sol ution (saturated) was added am@T{Ufe24523
m xture extracted with EtOQAc. The organic extracts were dried (MgSH),
concentrated and chromat ographed (Si G2, 1:2-33<1 hexane/EtOAc) to 5 give
1.96 g (99 %9 of the title conpound. [err]H NVR (CDO13) [err] 1.0-1.4 (m
8H), 1.45 (d, J=6 Hz, 3H), 1.7-1.9 (m 3H), 1.97 (m 1H), 2.43 (m 2H),
2.72 (q, = 6.5 Hz, 1H), 4.78 (m 1H), 6.50 (dd, J= 15.9, 9.5 Hz, 1H),
6.78 (d, = 15.9 Hz, 1H), 7.17 (s,1 H), 7.34 (d, J =9.0 Hz, 1H), 7.53 (d,
J =85 Hz, 1H), 8.01 (m 2H); Ms mz 378 (Merr]), 332, 264, 236:
HRVS 1 0 calcd fdreClerr IﬁLererfKB (M ees]) J48.2069, found 378. 2060.
Anal . Calcd for ";§24H2tmqerr]$1%05r@3{; C, %&. 16: H 6.91: N, 3.31.
Found: C, 68.21: H &5 1.685 N| 8%36. | 1S Stjep €11
[err] g2 E° X £° | g°
si |82 |8f |&i |&:
&) =
~= ~2 = ~= ~ =
< n< n<= n= |o*-
g = = = b=
(-z'
J 2=
o [
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NaH (33 ng of a 60 % dispersion in mneral oil, 0.825 mmol,) was. 15 added
to a solution of the product of Step 10 (75 ng, 0.2 mml) in DW - (1
m). After stirring for 10 mn, nmethyl bronoacetate (166 nm, 8 eq) was
added and aWwobe®pzedd urther 10 min, TLC indicated conpl et e PEEUSIBE4523

NHACI sol'ution (saturated) was added and the m xture extracted with

Et CAc. The organic extracts were dried (MgpO4), concentrated and 20
chromat ographed (Si O2, 1: 4-1: 2 hexane/ Et OAc) to give 60 ng (68 % of

the title conmpound. [err]H NVR (CDCl 3) [err] 0.8-1.4 (m 8H), 1.48 (d, J=
6.0 Hz, 3H), 1.79 (br d, J= 9.0 Hz, 2H), 1.89 (d, J= 10.5 Hz,1 H),
1.98 (dd, J = 13.5, 6.0 Hz, 1H), 2.46 (m 2H), 2.75 (q, J= 6.5 Hz,
1H), 3.89 (s, 3H), 4.82 (br s, 3H), 6.55 (dd, J= 15.7, 9.5 , 1 H,
6.58 (d, J=9.5 7-09 (5, IWg 7.23P< 0, g 1 1H), 7.51 (d,
J= 8.5 Hz, 1H)}.8.03 (t, -9.0 —<H) |.cdof e C27H32NJ err]
(Mierr]) 450. 2880, of ourfdf o 450. aog2n & s 08 ,‘;‘,%
2 20- TR |S8N |Ztha pw@ict|aSstepaB Poelmy, 0.136
mol ) was disspy@Rin 4% 33 Hviater [EF m)ETi @025 i of a1
M solution in erg 2 o%“‘g E/asg;lc@i angd Ze oo ylirred for 2
hs. Water was ed and ftlie 5 m:xture'dgﬁra:wéw'tﬁtﬂ@, The aqueous
| ayer was acidijfied and eftracted i th FEAc (Kk3), thegde extracts
were dried (MpFHAT and CoTjcentraged to grve 39 mg of e title
conmpound (50 %9. 1H NWR (¢D30D) [ferr] M]9-1.5(m 8H), |1.42 (d, J=
6.0 Hz, 3H), 1{80,4Lm 3H 92 |, (m 1%, 2500 (m 1 H| 2.64 (m 1
H, 2.83 (q, J|=€. 13 . 3H) 10 680 (2 J=|15.8 Hz, 1H),
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= 9.0 Hz, 1H), 8.71 (d, J= 9.0 Hz, 1H); M5 m z420 (18), 392 (100), 302
(2), 117 (8); Anal. Calc'd for JerrJHerr]NJerr]HCI[err]2 HO C, 61.47

H, 6.75: N, 2.76. Found: C, 61.02: H, 6.45: N, 2.91. 15 Usi ng
the procedure ®oBrRe#pl e 1, enploying starting materials PCRGRIHRASEN t he
art or prepared according to procedures simlar to those descri bed
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g, 24.6 mmol) in THF

sol uti on of n-BulLi

stirring at O wesw26®3f or 40 m n,

Step 1:

5
(1.6

(15 ),

a

cooled to O C under
M i n cycl ohexane,

To a solution of conmpound 1b (4.532

17 m,

ar gon,
27 mmol

was added a

. g. Af ter
sol ution of I[err PCVESBRIF 24.6

reaction mxture was stirred

mml) in THF (10 ) was added and the

for an additional 15 mn. The reaction was
water (25 m) and diluted with hexane (50 m).
extracted with hexane (3 x 50 m). The
washed with 5% sodi um thiosul fate
MySO4 and evaporated in vacuo to give

qguenched by addition of

10 . The aqueous phase was

conbi ned organi ¢ phase was

solution (2 x 50 m), dried over
the acetylenic iodide 1c as an

orange oil (7.281 g—95%~ HerrHHerr28—48—8<cr+23—CHG [err]);
IR (CH2C1 2) 2200 cperr]; 1 W NVR (400 15 WHzf €DCL3) [p&;] 0.11 s, 3
H, 0.12 (s, 3 H), g.gée(s, 9y, @(m[em]gs)::- 180 &d, | <J=6.5 Hz, 3
H CH3), 4.63 (g, PE6, B He, | H, BHOTBEYS IBEINKR, S (300 Mz CDCl 3)
[err] -4.65 -0.3U@p 21, 29.88% 25 765F0. 50,2/dHE98. |, 3 tep P To
a solution of cycl|ddexgne (6./8nlx 67 Hgbl%ong W™ I anhyBrows pent ane (50
m) stirred at O Cégndéi argcmomag,addp Eﬁq;ﬁ?e-é?thy %?ul i de conpl ex
(2 Min THF, 16.7 , 33.4 nTﬁi). The soljuti on was| war ned to}j room
tenperature and stf++ed—fot —to—gtvie—a
Tig
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cl oudy suspension to which was added the acetyl enic iodide 1c

(8.446 g, 27.2 mol ). The resulting clear solution was stirred at room
tenperature for 80 mn, and glacial acetic acid (5 m, 87.3 muol) was
added. Aft gyosiidebasi Ng the reaction mxture for 20 mn, etACAASHIIIFRe (5.2 5
m, 86.2 mmovl) was added and stirring was continued for an additi onal
15 mn. The mxture was diluted with Et OAc (300 nml), washed with water
(2 x 100 m), and brine (100 m). The orgggi c phase was dried over
anhydrous MgSO4 and concentrated in vacuo to yield the crude product
as a yellow oil. Purification by colum chromatography on silica gel 1 0
(hexane) gave cis-vinyl iodide 10 as a colorless oil (7.167 g, 84%.
[[err] (D23 +68. 1 (c .0 79 CHC ) | R (KB ; NVR (400
Miz, CDA3) 8 .13 (s, I H), 0.16/ (s, 3 H), )3),
1.27 (d, J:§.4,~_3 H +CHerr])t 4,56 (d Ca::) 6.18
(d, J=7.6 Hz, 1S g@H }—é.gg- ), pS28 *dd, ); 13C
NVR (100 MHz, 15— £0(l 3)| [eEm - 5. 15, 5<4. 95, 1. 63,
78.25, 145.09. |L2298tep| 22Q To| E8Gutio .1 |g, 0.15
mrol ) and CEI 8.8y, 0.3 molY in ded a
sol ution of the + ci s} nyl i opiftde 10 (3 ) i n anhydr ous
THF (3 I’ﬂ) Thils wak followe h\JI additton of (fl"l Cety| ene
(0.35 m, 2.48 ymol) 20 | which wap acconpanjed by a col pr change frjom dark
green to pale greegn and theh to bl ackjover 5 mn.|The solutiogn was
stirred at roont ﬁ%nperatur under bn for_ 18 h. {The sol vent|s were
renoved i n vacu ahd thaogfxture S purz oby flash chro ogr aphy
on silica gel ane, I\ pwed 94 BINOAC iﬁ, (a hvie t he
product 11 as g @5 iq@%i @E}?ﬂ%_ Z/[E‘%Q 8.7 (c
0. 745, CHCI 3); |RYLH2CTP 51, 1p mMerr]; 1H NV&® 400 M|,
CDCl[err]) [errfTO.IZ (S} 3 H, 0I5 (s, 3 B, 0.25(S,19 H
Si(CHerr])[err]), 0.9%(5, 9 Ho(CHp)[ert]]), 1}29 (d, J=6.p Hz, 3
H CH3), 4.89 ([dq.r,3=8.5| 6no- +H~1 H G~ 5.46{(dp,a=1 1.0 Hz, 1
H CH=C), 5.97 (ddy J= 8] 30 11.0 HMO30 1 H="C=CH); 13C"MR (100 MHz,
CDCi[err]) 8-4.88, -4.58] 1.08, 1B. 21,
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23.61, 25.91, 67.03, 99.53,101.13, 107.40,148.86.; M5 (Cl/CH4) 283

(M), 267, 225. Step 4. To a solution of the protected enyne 11
(1.744 g, 10.38 mmol) in CHerr]OH (30 mM) was added TFA (0.6 nl).

The reaction nwoteReB5 was stirred at rt for 2 h. The sol PSAUSH4Benpyed
in vacuo and the residue was diluted with Et20 (40 m) and water (40
m ). The aqueous -58- -67-

phase was extracted with Et20 (3 x 40 nl), the conbi ned organi c phase
was washed with brine (50 m), dried over MgpSO4, and concentrat ed.

The final trace of solvent was renoved under high vacuum To a
solution of the deprot ect ed enyne from above in anhydrous 5 CH2CA 2 (30
m) was added 1-(3qdtmethytamymopropytTS- etrytTan T de
hydrochl ori de (4.4 Lg, 23.01 qn*_t:ml), di yret hyl am_;nop ri % ( DVAP)
(2.836 g, 23.2 rrrml):; T&MPO ( L3O o and} @ enoijcxac %414 g, 15.9
nmmol ). The reactio ure waég& sTtSXr”fed ﬁ.’-‘rod@g g_:re under
argon for 18 h. The sd¥ents Ng{gg‘}o rFeglg/ed gpg %? Swag diluted
with Et OAc (300 mi g orgah2 S &Se WE—nasiE %; B owat dr (150
M), 0.5 N HO sol §on°(2 x |80 ), afd brindE(100 ol ) Suld dri ed
over anhydrous MyS Evapor af i on under | reducdd presj re ylelded t he
ester 12 as a br owp—eot+—2-661—0; B9 —TATamgtyt cat—sanptie was
prepared by furtheg chromatogfaphy o S5 silica gg (5%{Et OAc ijn hexane).
[[err]] D25 +190.7 {c 1.04, CHbI[err]) IR (CHRCI 2) 2151, 14715 cnflerr];
[err]H NWR (400 MHz, CDL13) [err]f 0.20 (s, 9 H, C(CH 3)3), 1.40 (d, _
J=6.4 Hz, 3 H CHerr]), 1.58-1.66 (m P H CHlerr]), 1.66-{1.73 (m 2
H CH2), 2.10-2.18f( H CRR)., | 2.23- 2. 39_(m- , rrf]), 5.57
(dd, 9211.0, 1.1 HEea ¥ CRHSE e P05 9. | 54 .16l [158 ) , 5. 86
(dq, J=6.44, 7.56 WHZ, H CHEC), 5.97 dd, J97.8 11.0 Hz ) 1 H,
CH=C), 6.22 (t (broad), J=4.0{Hz, CH=C)} 7.31
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(s, 1 H CH=C); 13C NMR (100 MHz, CDCI3) [err] -0.203, 19.81, 21.98,

22.01, 24.07, 26.40, 69.02, 100.20, 101.51, 110.35, 114.55, 134.85,

138. 77, 143.55, 148.21, 166.65; HRMS (FAB): Calcd for CJerr]H27( err]Si 25
(M+) m e 30®0b$A&43 f ound nle 302. 1695. Step 5: Tecwuswshuss on of
internediate 12 (2.125 g, 7.03 mml) in anhydr ous, degassed tol uene
(25 mM) was added TEMPO (1 ng). The solution was heated in a seal ed
tube at 185 [err]C for 2.5 h. The reacti omQ- m xture was cooled to room
tenperature, added DBU (1 m) and stirred 30 for 30 mn. The m xture was
diluted with EtOAc (300 ml) and washed with water (100 m), 0.5 N HC
solution (2 x 100 m), and brine (100 m). The organi c phase was dried
over anhydrous MFSS4&—H- ev-aporat-ed—{-o—giwe—the crude
product as a ye [ Pugificatiofp py chropatography on
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e
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silica gel (8%FnNOAGRI N pé&kan®) gpye 3% thevtrkeyc|ise derivative 13b as a
pale yellow oi || El,B1 9| 738. | €_,8 E_8 'Eﬁg
- 68- [ 2wl O P 1115 C.1.015% FRTCH2(2) 2170, 1768
cnierr]; 1H NVR @g% (pBD , cgcg [ef 1] ¥ 8] YofH, Bi (CH3)3), 0.98
(dddd, J=12.0, f855 |0 3.5 |@53r, | [&r])] 0.92-1.04 (m
1 H CH, 1.23-0736 (m [L=H), 1.740-13 | <H) ,~1.66 (d, J=6.1 Hz,
3 H CH3), 1. 78- pr94—A—P—tH——-51—3—36—2—4-5—( b—2-31-P.44 (m 2 H),
2.54-2.68 (m 2| H), 3.23}3.29 (m 2P| H H), 4.52-4.62 (m 1 H,
OCH(CH3), 5.35 [d, J=2.2|Hz, 1 H, @+CH) NVR (100{ MHz, CDCl 3)
[err]-0.10, 21.P9, 25.80| 26.29, B2.94, x B,
34.87,38. 16, 43. §19, 44. 73| 77, 6% 88} 22, 107595, 113. 2| 142. 13, z 175. 75;
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Al kyne 14 (1 g)., generated by desilylation of 13b using K2ZCJ err] in
CH3OH, was dissolved in toluene (20 m) in the presence of tributyltin 15
hydride (1.75 m) and AIBN (100 ng), and the m xture heated at 120 [err]C
for 2 h. The swowrems was poured onto a colum of silica gelPCTAIS#R/2453
desired product eluted with Et OAc- hexane (5:95). [err] HNWR (CDCl 3):
[err] 0.8-0.9 (m 9H); 1.2-1.6 (M 3.2 (m-€); 4.5 (m 1H: 5.3
(s 1H); 5.75 (dd, J = 8.3, 18 Hz, 1H); 6.05 (d, J =18 Hz, 1H. 20 Step
A solution of 15 (224 ng), 6-bronopicoline (356 ng), and
Pd(PPh3)4 (50 ng) in toluene (4 m) was heated overnight in pressure
tube at 120 [err]C. The resulting solution was poured onto a coI umm of
silica gel and the fttte—e ettt OAc—hexatre \v 95 to 25

10: 90) m xtures. o _JerflsH-NVMR ({CCl 3): [lenr] L.35¢(d, 6 Hz{ 3H); 2.46
(s, 3H; 3.2 (m 1HY 485 ( R gl—i)§5.5 s,¥H {6.5%(m |2H); 6.9 (d,
1H; 7.1 (d, 1H; 1548 1HE .8 g’\%o By & affipidar procedure,
conmpounds of the fqi®@@Wng pfFacturd 7 30. ar|dso Epar édscovmerel n t-he
vari abl es are as defir‘n’eﬁ in E—_h%j_‘ﬁol ||dithg &@{abl bupY & - 69-
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EXAMPLE 2
R o QR I
me~F Me/\/, 98%
\ 72% °
1 R=R'=H 10 R=TBDMS
1tb R=TBDMS,R'=H
ic R=TBDMS,R' =1
Q
O/\/COQ" >\/\©
3 0) —_—
——r i s N
83% Me I
13a B = p-H SiMeg
12 SiMes 13b R = o-H (73%)
Step 1: To a solution of compound 1b (4.532 g, 24.6 mmol} in THF

10

16

20

{15 ml), cooled to 0 °C under argon, was added a solution of n~Buli (1.6
M in cyclohexane, 17 ml, 27 mmol). After stirring at 0 °C for 40 min, a
solution of Iz (6.24 g, 24.6 mmol) in THF (10 ml) was added and the
reaction mixture was stirred for an additional 15 min. The reaction was
quenched by addition of water (25 mi) and diluted with hexane (50 ml).
The aqueous phase was extracted with hexane (3 x 50 ml). The
combined organic phase was washed with §% sodium thiosulfate
solution (2 x 50 mi), dried over MgSO4 and evaporated in vacuo to give
the acetylenic iodide 1¢ as an orange oil (7.281 g, 95%).

[o]p23 -48.8 (¢ 1.23, CHCI3); IR (CH2Cl3) 2200 cm-1; 1H NMR (400
MHz, CDClg) § 0.11 (s, 3 H), 0.12 (s, 3 H), 0.90 (s, 9 H, C(CHa)g), 1.40 (d,
J=6.5 Hz, 3 H, CH3), 4.63 (q, J=6.4 Hz, 1 H, CH(OTBS)); 13C NMR

(100 MHz, CDCl3) § -4.65, -0.31, 18.21, 25,35, 25.76, 60.50, 96.98.

Step 2: To a solution of cyclohexene (6.8 ml, 67 mmol) in
anhydrous pentane (50 ml) stirred at 0 °C under argon was added
borane-methyi suifide compiex (2 M in THF, 16.7 ml, 33.4 mmol). The
solution was warmed to room temperature and stirred for 1 h to give a
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cloudy suspension to which was added the acetylenic iodide 1¢ (8.446
0, 27.2 mmol). The resulting clear solution was stirred at room
temperature for 80 min, and glacial acetic acid (5 ml, 87.3 mmol) was
added. After stirring the reaction mixture for 20 min, ethanolamine (5.2
mi, 86.2 mmol) was added and stirring was continued for an additional
15 min. The mixture was diluted with EtOAc (300 ml), washed with water
(2 x 100 ml), and brine (100 ml). The organic phase was dried over
anhydrous MgSO4 and concentrated in vacuo to yield the crude product
as a yellow oil. Purification by column chromatography on silica gel
(hexane) gave cis-vinyl iodide 10 as a colorless oil (7.167 g, 84%).
[a]p?3 +68.1 (¢ 0.79, CHCI3); IR (KBr pellet) 1610 cm-1; 1H NMR (400
MHz, CDCI3) 8 0.13 (s, 3 H), 0.16 (s, 3 H), 0.95 (s, 9 H, C(CHg)3), 1.27 (d,
J=6.4, 3 H, CHa3), 4.56 (dqg, J=6.4, 6.2 Hz, 1 H, OCH), 6.18 (d, J=7.6 Hz, 1
H, HC=CHlI), 6.28 (dd, J=7.6, 7.6 Hz, 1 H, CH=CHI); 13C NMR (100 MHz,
CDCl3) & -5.15, -4.95, 17.80, 22.37, 25.29, 71.63, 78.25, 145.09.

Step 3: To a solution of PdCIx(PhCN)2 (58.1 mg, 0.15 mmol) and
Cul (58.8 mg, 0.31 mmol) in piperidine (3 ml) was added a solution of the
cis-vinyl iodide 10 (303 mg, 0.97 mmol) in anhydrous THF (3 ml). This
was followed by addition of (trimethyisilyl)acetylene (0.35 ml, 2.48 mmol)
which was accompanied by a color change from dark green to pale
green and then to black over 5 min. The solution was stirred at room
temperature under argon for 18 h. The solvents were removed in vacuo
and the mixture was purified by flash chromatography on silica gel
(hexane, followed by 5% EtOAc in hexane) to give the product 11 as a
yellow oil (267 mg, 98%).

[o]p2S +128.7 (c 0.745, CHCIg); IR {CH2Cl2) 2151, 1252 cm-t; 1TH NMR
(400 MHz, CDCl3) 8 0.12 (s, 3 H), 0.15 (s, 3 H), 0.25 (s, 9 H, Si(CHa)3),
0.95 (s, 9 H, C(CHg)3), 1.29 (d, J=6.2 Hz, 3 H, CH3), 4.89 (dq, J=8.5, 6.3
Hz, 1 H, OCH), 5.46 (d, J=11.0 Hz, 1 H, CH=C), 5.97 (dd, J=8.5, 11.0 Hz,
1 H, C=CH); 13C NMR (100 MHz, CDCl3) 3 -4.88, -4.58, 1.08, 18.21,
23.61, 25.91, 67.03, 99.53, 101.13, 107.40, 148.86.; MS (Cl/CH,) 283
(MH+), 267, 225.

Step 4: To a solution of the protected enyne 11 (1.744 g, 10.38
mmol) in CH3zOH (30 ml) was added TFA (0.6 mi). The reaction mixture
was stirred at rt for 2 h. The solvent was removed in vacuo and the
residue was diluted with Et20 (40 ml) and water (40 mi). The agueous
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phase was extracted with Et20 (3 x 40 mi), the combined organic phase
was washed with brine (50 mi), dried over MgSO4, and concentrated.
The final trace of solvent was removed under high vacuum.

To a solution of the deprotected enyne from above in anhydrous
CH2Cl2 (30 ml) was added 1-(3-dimethylaminopropyl)-3-
ethylicarbodiimide hydrochloride (4.412 g, 23.01 mmol),
dimethylaminopyridine (DMAP) (2.836 g, 23.2 mmol), TEMPO (1 mg),
and dienoic acid 3 (2.414 g, 15.9 mmol). The reaction mixture was
stirred at room temperature under argon for 18 h. The solvents were
removed and the mixture was dituted with EtOAc (300 mi). The organic
phase was washed with water (150 ml), 0.5 N HCI solution (2 x 100 mi),
and brine (100 mi) and dried over anhydrous MgSQ4. Evaporation
under reduced pressure yielded the ester 12 as a brown oil (2.601 g,
83%). An analytical sample was prepared by further chromatography on
silica gel (5% EtOAc in hexane).

[o]p25 +190.7 (¢ 1.04, CHCIg); IR {CH2Clz) 2151, 1715 cm-1; 1H NMR
(400 MHz, CDCl3) § 0.20 (s, 9 M, C(CHag)3), 1.40 (d, J=6.4 Hz, 3 H, CH3),
1.58-1.66 (m, 2 H, CHy), 1.66-1.73 (m, 2 H, CHy), 2.10-2.18 (m, 2 H,
CHy), 2.23-2.30 (m, 2 H, CHy), 5.57 (dd, J=11.0, 1.1 Hz, 1 H, C=CH), 5.76
(d, J=15.6 Hz, 1 H, CH=C), 5.86 (dq, J=6.44, 7.56 Hz, 1 H, CH=C), 5.97
(dd, J=7.8, 11.0 Hz, 1 H, CH=0), 6.22 (t (broad), J=4.0 Hz, CH=C}, 7.31
(s, 1 H, CH=C); 13C NMR (100 MHz, CDCl3) & -0.203, 19.81, 21.98,
22.01, 24.07, 26.40, 69.02, 100.20, 101.51, 110.35, 114,55, 134.85,
138.77, 143.55, 148.21, 166.65; HRMS (FAB): Calcd for C1gH2702Si
(M) m/e 302.1702, found m/e 302.1695,

Step 5: To a solution of intermediate 12 (2.125 g, 7.03 mmol) in
anhydrous, degassed toluene (25 ml) was added TEMPO (1 mg). The
solution was heated in a sealed tube at 185 °C for 2.5 h. The reaction
mixture was cooled to room temperature, added DBU (1 ml) and stirred
for 30 min. The mixture was diluted with EtOAc (300 m!) and washed
with water (100 ml), 0.5 N HCI solution (2 x 100 ml), and brine (100 ml).
The organic phase was dried over anhydrous MgSOQy, filtered and
evaporated to give the crude product as a yellow oil (2.290 g).
Purification by chromatography on silica gel (8% EtOAc in hexane) gave
the tricyclic derivative 13b as a pale yellow oil (1.541 g, 73%).
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[a]p2? +115.6 (¢ 1.01, CHCI3); IR (CH2Clp) 2170, 1768 cm-1; 1H NMR
(400 MHz, CDClg) 8 0.21 (s, 9 H, Si(CH3)3), 0.98 (dddd, J=12.0, 10.5,
10.5, 3.5 Hz, 1 H, CsHay), 0.92-1.04 (m, 1 H, CH), 1.23-1.36 (m, 1 H),
1.40-1.54 (m, 1 H), 1.66 (d, J=6.1 Hz, 3 H, CH3), 1.78-1.94 (m, 2 H),
1.96-2.15 (m, 2 H), 2.31-2.44 (m, 2 H), 2.54-2.68 (m, 2 H), 3.23-3.29 (m,
1 H, C(O)CH), 4.52-4.62 (m, 1 H, OCH(CHg), 5.35 (d, J=2.2 Hz, 1 H,
C=CH); 13C NMR (100 MHz, CDCl3) & -0.10, 21.29, 25.80, 26.79, 32.94,
33.18, 34.87, 38.16, 43.49, 44.73, 77.67, 88.22, 107.05, 113.12, 142.13,
175.75, HRMS (FAB) Calcd for C1gH2702Si (MH*) m/e 303.1780,
found m/e 303.1775.

Step 6:

14 H 15 SnBus

Alkyne 14 (1 g), generated by desilylation of 13b using KoCOg3 in
CH30H, was dissolved in toluene (20 ml) in the presence of tributyitin
hydride (1.75 ml) and AIBN (100 mg), and the mixture heated at 120 °C
for 2 h. The solution was poured onto a column of silica gel, and the
desired product eluted with EtOAc-hexane (5:95).

TH-NMR (CDCl3): 8 0.8-0.9 (m, 9H); 1.2-1.6 (m); 3.2 (m, 1H); 4.5 (m, 1H);
5.3 (s, 1H); 5.75 (dd, J = 8.3, 18 Hz, 1H); 6.05 (d, J = 18 Hz, 1H).
Step 7:

A solution of 15 (224 mg), 6-bromopicoline (356 mg), and
Pd{PPh3)4 (50 mg) in toluene (4 ml) was heated overnight in pressure
tube at 120 °C. The resulting solution was poured onto a column of
silica ge! and the title compound eluted with EtOAc-hexane (5:95 to
10:90) mixtures.

'H-NMR (CDCl3): 5 1.35 (d, 6 Hz, 3H); 2.46 (s, 3H); 3.2 (m, 1H); 4.5 (m,
1H); 5.3 (s, 1H); 6.5 (m, 2H); 6.9 (d, 1H); 7.1 (d, 1H); 7.5 (t, 1H).

Using a similar procedure, compounds of the following structure
are prepared, wherein the variables are as defined in the following
Table 2:




PCT/US98/24523

WO 99/26943

|
HO
(+H+N) /.,__\,U No
¥ee ‘SN e \J Hume— Hioseer Hiuse- H WIO_._...
N
(+H+W)
ee ‘SN - i m— Hume Hue H EHO W
10
N
¥¥E ‘S wyr / \se.. Htriee H o Him— H mIO':
19 |
0]
(+H+W) @ ..n.m
ave ‘SN W ¥ Hmwe 1 s H EHO -
N J
(+HH) @ "3
8.¢ ‘SN w Y H p—— it Hume- H EHD e
Bleq jeoisAud 19H g g1- ed gd zd td
«WI/m Nm
ud | o | 1Y
Oy
™"
g O




[err] -82-

[err]

WO 99/26943 PCT/US98/24523
-70-
[ R i = RS = e~ © ~ O ~ - QO < o~
- 4+ - 4 -+ - 4+ Al * -3 O + 0+
™I oI ® T oI O [T oI ®T
st |83 |a2 |83 |83 |42 g3 |g3
=< IS 2= 2= 2= 2= 2= ==
SOIRVAE: & '2(’2] & KD | o & ®
=z % \_7 Z § \_4 <
X X X ju g I ju g
IO~ TO~| IO~ IO | o’ | IO xO- |
-Q -0 -0 -0 -0 -0
N A A A | A L |
T I I T T I I I
T T T T T |z T T
. T T T T T T T
[32] <) [s2] (2] [ o o [3]
I I T o I I I X
o o o Q o o o o
L I — 1
o k(% o N o ﬁ o g




-83-
- 84-
OCH3

correspond

n crj

+

+

EXAMPLE 3
The conpound nunbers used in the:follow ng ste

[err]

[err]

S
WO 99/2694% hose shown in reaction Schene 3, abové’.CT""SEW24523

-71-
s |81 8 |83t St Xz N
NI mg co% cv;:‘cf co;+ ®I m:+:
@ o ns DS ns Ns ns
=€ |22 |52 |22 =2 (22 |82
.é' z o
— - \/ - -
\ 2 é{_b 8 -2-(’1@ S ELAY 2K,
o ’é\/
T T T T T T
! 0~ T, O~ THO- 0~ IO~ 0~
- - -“O -“Q -O -0

~am}

‘H

-‘H

|

~enenti [

e

el [

T T I I T T T
T T T |z T |z T

T ot T T I - o
o [} (324 [y o o o
g I I I I I X
O 0 S O S 0 S

=z n | o

o 8 (3 V) g 5 [aY] FN-




5 Step 1: A solution of THP-ether 18 (2.8 g, 20 mmol) in dry THF (100 m)
was cooled to -78 [err]C and n-BulLi

added dropwi se.

Af ter

(25 nmol ,
15 min at that tenperature,

10

(3.75 m, 3bovosbss 95% pure) was added dropw se.

m )
benzyl

chl or of or

2. 5N in hexanes) was

mat e

The r esUrQI/YRY8/24523

solution was stirred at -78 [err]C for 2 h and the reaction quenched by 10
addition of NH4ClI (sat. sol). After reaching roomtenperature, "the :
reaction mxture was-diluted with Et20 (§8.m ) and washed with brine.
The organi c phase was dried (MJSO) and sol vents renoved in
rotavapor, yielding 7.0 g of crude ester 19. [err]H NVR (CDClI 3) [err]
1.3-2.0 (m 6H), 3.6-3.9 (m 2H), 4.45 (s, 2H), 5.27 (s, 2H), 7.40
(m 5H). 15 Step 2: Crude THP-ether 19 (7.0 g) was dissolved in CH3OH
(15 m) SHRE—a—Gatey - e—aH D 7 pom
t enper at ur e. Affter 15 m n, 20 and
brine, and the 3~ cgqani CIppas and
bri ne, and driq(ﬁ:: @Y SOd) T Solevant s} wexe r r,
yielding 4.6 g Q‘fjiruc&‘fséno & Loholés 15 (s,
2H), 5.27 (s, AFE=7.4& 2- 5 4.6 Q)
was di ssol ved ifn CH2CI{2 (50 M) anount s)
and Et 3N (3 m )lat—6—fer+i-C 4 e 264 Mol ) was
added and the mixture|stirref at Oj[err]Q¢ for 30|m n. The fesulting
suspensi on was |di luted with Ft20 agd 25 {water,| and th¢ organi c phase
successi vel y wgs Wi | -8, NexCH N 59~ my) , 2Nz /\ and
brine, dried (N’g‘%‘end el s t@ma ?ﬁ-} I or | yi el di ng
crude ester 21|(7.2 Qg). r ( 1 B) rrj] '5-0 (4, 2H), 5.27
(s, 2H), 6.50 ({d, J =1{16 Hz,{1 H), {7.40-7{70 (m]| 10H), T71.80 (d, J{=
16 Hz, 1H). : - 85-
Step 4: A solutfion of |cinnanmjc estgr 21 (V.2 g) |in o-xyllene (50 mf) was
degassed with Ar ang Heategd ht 190j[errd Clin pregssurg tube for 18th. The
m xture was codl egdz@evin, zapd| t AIROSGl vy~ [ ermved | B,Pot Avaped~— Af fler
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chromat ographi ¢ purification, |actone 22 (3.0g, 44%y| eld from ether 18) 5

was obtained. [err]H NVMR (CDCI3) [err] 3.62 (m 1 H, 3.78 )d, J = 15.2 Hz,
1H, 408 (t, J =88Hz, 1 H, 468 (t, J =88H, 1H, 534 (d, J =
12.0 Hz, woldpresds 42 (d, J = 12 Hz, 1H), 7.2- 7 5 (m 10HCT/US9824523St ep

5: Lactone 22 (0.9 g) was dissolved in CH3CH (40 m

) and

hydr ogenat ed

under 60 psi of total pressure in the presei¥@ of PtO2 10 (150 ngy) for "14
h. The catal yst was filtered off through a celite .bed, and t he
solvent renoved in rotavapor. Acid 23 (270 ng, 41% crystallizes from
Et OAc and hexanes. [err]H NWR (CDClI 3) [err] 2.93 (dd, 3.2; 15.3 Hz, 1 H),
352(dd J=7.8 153Hz, 1 H, 33223(m 1H, 3.55(m 1H, 3.61 (d, J
= 3.2 Hz, 1H), 3.7 (dd, J =5.5; 9.5 Hz, 1 H), 444(tJ9.2Hz,1
H, 7.1-7.2 1 5 (p—4H) St-ep—6-—CarberH--e—aei-f—23—-0T+8—g was
suspended in CH2CI R ( ) cont aifni ng ( 1)2 (O 15 m ) junder jan N2
at nosphere at room gogper ) cdmp of | BV wap cadded d~tre
resul ting mxture b T Sérperal @ & fof Th. Iabiends were
removed in rotavap asgld obpidned| vk Wa‘hég%tw ce
with toluene, reno verjt2i~ r ot av&por. | B whit g4 2ot d
results, which was solutiop of toluene (4 m) and
tributyltin hydrid 4 ey E—areuhs—oef
Pd(PPh3)4 at 0 [erf]C. After 2 h, the fixture was dilutdd with Et20
and the organi c phpse hed wi {h bri nq. 25 Chjomat ogfaphic gurifigation
af forded al dehyde p4 yb&l &) $ a_s .zlers] H WR
(CDCI 3) [err] 2.75% ;@ 184 5 K>y - §T é@»o 20 |= 2.3:
15.5 Hz, 1H), 3.5 (d; " J 3138 Hz, {1H~ 3{78 (m 4
3.83 (dd, J =4.7;}9.2 4.55 (Jt, J = 941 Hz, L H), 742-7.4](m
4H) ; 9.56 (s :t ep 7: |A soluti¢n of phosphondte 25{(125
ng, 0.45 nmol) in Ary T (I0 M), at O JefrJ]C wap treatdd W th n-BuLi
(0.2 M, 0.5 mol, | 2. 'n hexangs). Aftey 15 mp, agsoljuti of
al dehyde 24 (95 ng) igrood yII,ﬁE -, O0-Wgs ggoed. | Theu~epultirg [setwiiion was
stirred at that teppmeratjum® for 3'(9 - n, and* @il uf e wt =g 20|and
brine. The organic phas was washed 35| with brifne and|dried |ng04)
Sol vents are renovee—+r IULavalJrJI—, atreh ctromratogtaphrc—uor+figat i on
affords the title fonpoungd (50 pg, 32%|.¢ T T T
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- 86- [err]H—NNR (CDCI3) [err] 8.35 (d, J = 8.5 Hz,
= 9.4 Hz, 1H); 7.54 (d, J =8.6 Hz, 1 H; 7.42 (dd, J =
7.28-7.36 (m 4H); 7.11 (d, J =2.8 Hz, 1 H); 6.94(d
Hz, 1H); 6.W8eéshoas) = 15.9 Hz, 1 H); 4.56 (dd, J = S@w
4.18 (dd,” J = 4.4; 9.4 Hz, 1H); 4.0 (s, 3H; 5 3.6 (t J =

[err] G NWR (CDCI
133.9; 133.6;

3):

71.5: 55.4: 45.6; 39.0; 38.4; 28.7.

conmpounds of the follow ng structural

the variables are as defined in the

10

1H);
2.9;
J =

Ds/d45ti

7.3

O(dJ
21H)
7.6: 15.9
1H;
Hz. 1 H).

179.4; 157.6; 152.5; 143.9; 137.3; 135.2; 135.1,
130.5; 128.3; 127.5; 127.3;74126.9; 122.3; 119.3; 105.0;

Using a simlar procedure,

formul as were prepared, wherein
t abl e:

[err] Ex. Q Het Physi cal Data
3A NSz : [err]
[err] 430 18), 4q3( 28) , J
402(100), 401(1P)y O~ <+ OCH3 |~ © —~ JBr
clerr) HE ﬁ@smﬁ)% i |BE |8E I5%
ound: : & 0] %] 0 o 8H legs"
3C gz |22 42 |3 2P |=< |2 -3
[err] [err] foung: 466. 1625
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R ( ,\,H[err] )

F 3C . 3D . OCH err]
found: 402.1709 OCHS3
-87- 3E CH3 HRVGS ( VHH+)
[err]  found: W99926884 F3C 3F AGTEFSP§/24523
[err] HRVS (MH err]) found: 370.1799
CH3 3G [err] HRVS ( MH+)-75- CH err]
found: 386, 1750 OCH [err] 3H H [err] mp.
173-176[err] C
5 s = ? *
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Flerr]C 31 [err]
found: 454.1427
(MAerr])

F[ err] C 3Kwo 9926943
[err] found: 436.1533
HRVE ( M)
- 88-

pr epar ed:

[err]
Flerr]C 3J

[err]

[err]
Using a simlar procedure,

HRVS (MH err])

[err]
f ound: 454. 1423

-76-

HRVE ( VHH+)

F3C 3L

found: 472.1332
the foll owi ng conmpound, 3M
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[err] ) HRVE (MH) found: 346. 1445. 5

EXAMPLE 4 (+)- (3R, 3aS, 4S, 4aR, 8aSs, 9aR) - Decahydro-4-[(E)-2-[5-] 3-
(trifluoromethyl)phenyl]-2-pyridinyl]ethenyl]-3-Mthyl napht ho-
[ 2, 3-c] furan- 1wo3blpsane [err] Step 1: PCT/US98/24523
[err] ' Triflic anhydride (46 m, 0.275 nol) was added dropw se
to a stirred solution of 3-hydroxy-6-nethylpyridine (10 g, 0.092 nol)
in pyridine (200 M) at O [err]C and stirrf&d at O [err]C to room
tenperature for 16 h. The m xture was poured into ice-water (300 m)
and extracted with 15 Et20 The Et20 | ayer was washed with water (2 x 150
m ) and brine, dried (MgSOX4), and concentrated in vacuo to give the
desi red product (18.7 g, 83% as a brown oil. 1H NVR (400 MHz, CDCl 3)
[err] 2.67 (s, 3H), 32~ H—pg—t+r—F 5 ed—t—+t—3 = 8.6,
2.8 Hz), 8.53 (d, 17 TJ= 2. B5Ti) gs gsg) n1224£( MH+) | 0@ Anal .
calc'd for 20 cmeﬁé.u,cgs: % 4. Ba .8 o) .52 81| Foufld: £ 3 b4; H,
2. 48; N, 5.54| 28§ |Z8%2 |ZBLIE2EBL|288 (2Bx (28§
was |wde |wac|wagdlwasd N 3O N3O
=3 1278 278278127 % 2°% =3
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T T T X T I T
| 581 K5 | 460 |5 50 30
SNo I T T T T T
5 0= | T,O~| TO~| 10— O~ T, O~
V 4 - -“O -0 -0 -0 -

et |
-‘H
et
‘H
i
-‘H
ez

T T T T T T T
I T T I < L <
H H H H ¥ H g
T T T T T T I
[} -n,,,N (2] 2] o]
T I T T T
%) T lz Q 10 3 [$)
3 I H S ]
H O z H ¥

B
EZ
2BH
2BI
2BJ
2BK




- 89-

Step 2:

CF3

To a solution of the product of Step 1 (8.5 g, 34.5 nmol) and 3-

trifluoronethyl phenyl boronic acid (10 g,
Klerr] CO3 (14.3

was added

oqp M),
0.345 mol ).

5 Pd(PPh3)4 (400 nyg,
pressure tube under Ar at 120 [err]C for.7Z h. The m xture was diluted with
dried (MgSOM),

g,

55 nmmol )
104 mol )

and

in toluene (100 m)
i n poenwsds@eg230 ) and
The m xture was heated in a cl osed

concentrat ed

Et OAc, washed with 5% NaOH and bri ne,
i n vacuo. Flash chronmatography of the residue on a silica gel colum
wi th Et OAc: hexane (10:90, then 20:80) as eluent gave the 10 desired
product (6,7 g, 82% as yellow solids. 1 H NVR (400 WHz, CDCl 3) [err]
2.68 (s, 3H, 7.32 (d, 1 H J =8 Hz), 7.62-7.90 (m 5H), 8.79 (d,
1H, J= 2 Hz). Anal calc d for CQerrlHerr]Elerr]lNerr]lQ 1. 0H0O: C 65.32;
H, 4.30; b 5.8 Found:| s 6%:27; H 424, N 5] Step 3:
[err] 15 | % . 3| SBing a Fr'@qgagur:!'g sicm | grkt oy hat (Es.p i bpd i n Exanpl e
1, Step 8, g‘grlg §1ng£ pr i n|tB s} red product
(8.84 g, 85% @3 3a|wm gn ol 2 h s [err] 1.36 (t,
6H, J= 7Hz), 3|3(B| =28 L VGV, 7 H),
7.58-7.96 (m tﬁg, 8 (d, 1|HE & ' z3f4 (MHerr],
100%9; Anal. c ' lor 20 Clarrl Kl g 0. _C.154.04; H,
5.20; N, 3.71. }Found] C, . 22;
5 r
3 S, Y
© 5 —
2=
'2@ : f./ ° \}l"'
.- T o x T o
IO~ O O O O~ 3
- - , - O -0 yd
P ] ] i
x T
- T T T T T
b} [ Lad 2 o o
T T T I T T
ot S p-a o o ]
2 I B & % &




Step 4: Treat the product of Step 3 in a manner simlar to that described

in Exanple 1, Step 9, to obtain the title conpound. [err] H NVWR (400
MHz, CDClI3) [err] 0.83-2.03 (m 12H), 1.49 (d, 3H, J=6 Hz), 25 2.38-2.51
(m 2H), 2.72-wobréas 1 H), 4.79-4.88 (m 1 H), 6.57-6.73 (FRT/USIS24SZH)

7.30-7.95 (m 6H), 8.85 (d, 1 H J=2 Hz); M5 (FAB) mlz 456 ( M+,

1009%9. HCl salt: off-white solids; [[err]]22D +1 7.0[err] (c 0.33, MOH);

Anal . calc'd for C7H err] FANO2*HCI [ er47p0. 50 H20: C, 64.73; H, 6.04;
N, 2.80. Found: C, 64.57; H, 6.32; N, 2.94.
- 90- The product of Exanple 4 is treated as descri bed bel ow
to obtain t he conmpounds of Exanples 4A, 4B and 4C. [err]
4A 4B 5 4A. The product of Exanple 4 (21 ng, 0.050
mmol ) was stirred ynder H2 e p—Re -~ 30—rg—+p—~CH3eH,( 10 nl)
at room t enper at ur ¢ sfor 8 h. The nixtlhfe was fijlfered pfd the
filtrate was conceptfat®d in ¥ac o ~to|ghrn 44 ¥5230| B8R és
seni-solids. [a] 22[lg&Pa= -35§,g§rr] %&0 6% E Q K, MEERAB)| nz
458 (MH+, 100%. 1Q, & Td @ 26 utfi gy Df | et odudten B oExpopBes4 [(20 nm,
0.044 mmol) in SCRA2 (21 \Xba§added§ﬁ‘@BA qg"ng, )g)ﬁ@mnl) at
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t enper at ur e.

(MSH4) ,

The m xture was stirred at
m xture was diluted wwth CH2Cl 2, washed with NaHCO err] (sat.),

and concentrated in vacuo. Preparative TLC separation of the

roomtenperature for

resi due wi twWo ésdgéds2: CH3OH (95:5) as el uent gave 4B (19 npcTibog4as
[a] 24D = +23.3[err] (c 0.43, CHerr]OH; M (ESI) mz 472
4C. The product of Exanpgg- 4 (21 ngy, 0.050 mmol) was

off-white solids.
(M, 100% .
heated wth
for 40 m n.
separation of

(17 ny, 80%

Se® (0.2 ng,
20 The m xture was concentrated in vacuo.

0.

23 mmol)

in 1 ,4-dioxane (2

m.) at

16 h. The
dri ed

15

refl ux

Preparative TLC

the residue with Et OAc: hexane (40:60) as eluent gave 4C

as white solids.

[[err]]20[err]

+42.8[err] (c 0.65,

CH3OH); M5 (FAB) miz 472 (M, 100% . The product of
Exanple 4 is treated as escribpd eaniw)rﬂnaln 25 _the conmpounds of
Exanpl e 4D and 4 ~ —~91 -
[err] : lbLN(‘F_{/S) (O EgL:‘“O 50 @yol) wa :I"gd tHEaceol ution
of the momjggﬁEx 4(2 gy, D S5Gdl) iIE T g ml]) at
-78 [err]C agg rreJ;' - 8§ O:ng mn. |3/ t gpgl
tenmperature for 1 "Ehb Et on 3@0 ca sul f 7E‘rc¢ nd (137
ng, 0.60 nmol) inp%’ n:TH (2 was pdded at -7 g err %ﬁd stijrred
Q mn

at -78 [err]C for

and at
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roomtenperature for 2 h. The m xture was neutralized wth saturated
NHACl solution and extracted with Et OAc. The organic | ayer was washed
with brine, dried, and concentrated in vacua. Flash 10 chromatography of
the resi due orwas9middisca gel colum with Et OAc: hexane PEDUSH 2483
eluent gave 4D (1 00 ng). MS: 472 (MH). 4E: LIN(TM5)2 (0.6 niL, 0.60
nmol .) was added to a solution of the product of Exanple 4 (227 ny,
0.50 mmol ) in dry THF (5 nL) at -78 [err]C .g4- and stirred at -78 [err]C
for 30 mn. and at roomtenperature for 1 h. A 15 m xture of

par af or mal dehyde (225 ng, 2.5 mmol) in dry THF (2 nL) was added at -78
[err]C and stirred at -78 [err]C for 30 mn and at room t enperat ure
for 2 days. The m xture was neutralized with saturated NH4ACl sol ution
and extracted w t h EQAc—The-organri-c—l-ayer—nas W ' —he,
dried, and concentfgted in vgcua. Flash 20 chr omat ogr aphy the r¢sidue
on a silica gel col Gim_w'th DAC:diexane [40a6Q) Jas wluent gave |[4E (30
my). MS: 486 (MA e|ZE ?3 & LE?E:
[err] - -92-%% (}Ejgep) 1:
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To a solution of 1,4-cycl ohexanedi one nono- et hyl ene ket al
64 mmol ) and 2,6-di-tert-butyl-4-methyl pyridine (21 g, 102
nol ) in 5 CH2Cl 2 (350 nL) at roomtenperature was added triflic
anhydri de (wd®99résa3 nL, 96 mmol) and the m xture was sti rRGF@SPHI5B6 h. The
m xture was washed with NaHCO3 (sat.). The organic |ayer was dried
(MS™) and concentrated in vacuo. -8-ash chromat ography of the-
residue on a silica gel colum w th Et QAc: hexane (5:95 then 10:90) as

el uent gave the

10 desired product (13.4 g,

Step 2: [err] To a solution of the product of Step 1 (13 g,
46 mmol) in DW (150 m.) was added nethyl acrylate (8.4 nL, 92 mmol),
Et3N (19 ni, 15 138 nmol), and Pd(PPh[err])ZCIZ (1 62 g, 2.3 mol). The
m xt ure was St e—at—rb St~ Hre—-ctrte—wesdi | uted with
NH4Cl (sat.) anh extract ed &h et her.] ¥he or ¢g&lic | ajer was washed
with brine, dripd e~ | (&gsderr] T al® corﬁnt[&nt%&i.n,‘:vacuo. Fl ash
chr omat ogr aphy pf ¥he v:re5| dupDB R silliSEBe |[RB&n Gith
Et OAc: hexane (15:%)‘§*a5 nt 20 3\/5 t hd WSt ed eprdouct] (9.15 g, 89%
as a clear oil. == Bteg = O & sel=fiBn df the pr oduct
of Step 2 (9.15/ g, 40 pnol) |n THF I CH (4503, 1:13) was added
NaOH (225 nl, 1p34g—rHhrp—rr-ctH-e—2b—nas—stHr-et—at—t-eom-tefperature for 3
h. The m xture pas d|| ited with wat er ,| washed jwith CH4Cl 2, acidified
with 10% HCl, apd extract ed with Et OAq. The ornfgani c | dyer was washed
with brine, dripd ( and concentfrated i vac tlo give the
desi red conpounfl (8 | =5t - yellovvés{% 30 Step 4:
The product of St2 3% \V n 3 mlr t kgt
described in EX%M‘Q st eps® - and: bt ai n f:gfetltle
I X X X X
O~ | P O O T O
-0 - ) -0 -0

729% as a clear oil.

——H

e}

*H

——t |-

—mH

u hr o I I
= g g = H
I
Q.
:,E :E; % >||u.... %
¥ 7 d Q i
I
- L - T -
(22 [ o0 (] [}
L X X e i s
S o g S o
3 S 0 3 5
(3] N N o (oY}




- 93- conpound (racemate) as off-white solids; Ms (ESI) mz 514

(MH err], 1 009%. The product of Exanple 5 is treated as
descri bed below to obtain t he conpounds of Exanples 5A, 5B and 5C
[err] WO 9526943 A i xture of the conpound of Exanpl e PCFAE%A#5230 13
mol ) and ' HCl (2 nL, 5% in acetone (2 nL) was stirred at reflux
tenperature for 16 h. The m xture was neutralized with NaHCO3 (sat’.)
and extracted with 10 FEtQAc. The organic F8%er was washed with brine,
dried (MgSO4) and concentrated in vacuo. Preparative TLC separation
of the residue with Et OAc: hexane (40:60) as eluent gave 5A (42 ng, 71
%, the HCl salt, as white solids. M5 (FAB) miz 470 (MH err], 1009 .
5B: To a sol ution of 5A(70 ny, 015 rrm)l) in THF: CH3CH (10 L, 15 1:1)
was added NaBH4 (1] LR u. Lmrun) IIE M Xror e was— Sty rred gt room

tenperature for 10 i xture|@as dil fited with I\I-&@]CI (sat.)
and extracted with 30% Ié]dtganl Gt Lagter |wa¥ mshed A3>h bri ne,
dried (MgS™4) and (%@éﬂtr 2€% n v @ENPr paNaliiq_l ve TL 3eparati on
of the residue witlhoE X D19 as |el wegt gaveinss (EQ ng, 20

o
559, the HO salt| s-mné |ds 5/5%FA) T 472 . 009 .
5C. To a solution ¢fC5A (7¢0mmy, 0.1%Imol) iln dry THF (& Yl)| was
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added K-Selectride[err] (0.23 nm., 0.23 mmol, 1.0 Min THF) at -78 [err]C
The m xture was stirred at -78 [err]C for 1.5 h. The m xture was
diluted with NH err] Cl (sat.) and extracted with Et OAc. The organic

| ayer was washyedoadd W th brine, dried (MgSO4) and concerrOraisesidsis vacuo.
Preparati've TLC separation of the residue with EtQAc: hexane (60:40)
as el uent gave 5C (45 nmg, 63%, thggatdCl salt, as white sotids. M
(FAB) m z472 (MH err], 1 00% .

-94- Compounds 5D, 5E and 5F are prepared in a manner simlar to
t hat described for Exanpl es 5A-5C using enantionerically pure starting

mat eri al s: [err] 5 5D M EXAWRUASB): S5E: MS: 472 (MH):; 5F Ms:
472 (M) From 5D, the foll ogi g conpounds 5G and 5H can be

pr epar ed by conventional nethods those skilled in the art:
[err] ' :
H

L%

Z N
\I

OCH,

The compound numbers used in the following steps correspond
to those shown in reaction Scheme 3, above.

5 Step 1: A solution of THP-ether 18 (2.8 g, 20 mmol) in dry THF (100 ml)
was cooled to -78 °C and n-BuLi (25 mmol, 10 ml, 2.5N in hexanes) was
added dropwise. After 15 min at that temperature, benzyl chloroformate
(3.75 mi, 25 mmol, 85% pure) was added dropwise. The resulting
solution was stirred at -78 °C for 2 h and the reaction quenched by

10 addition of NH4Cl (sat. sol). After reaching room temperature, the
reaction mixture was diluted with EtoO (50 ml) and washed with brine.
The organic phase was dried (MgSO4) and solvents removed in
rotavapor, yielding 7.0 g of crude ester 19. 1TH NMR (CDCl3) § 1.3-2.0
(m, 6H), 3.6-3.9 (m, 2H), 4.45 (s, 2H), 5.27 (s, 2H), 7.40 (m, 5H).

15 Step 2: Crude THP-ether 19 (7.0 g) was dissolved in CH3zOH (15 ml)
and a catalytic amount of PTSA (250 mg) added at room temperature.
After 15 min, the solution was diluted with Et2O and brine, and the
organic phase washed with NaHCO3; (sat. sol.) and brine, and dried
(MgS04). Solvents were removed in rotavapor, yielding 4.6 g of crude

20 alcohol 20. H NMR (CDCls) § 4.45 (s, 2H), 5.27 (s, 2H), 7.40 (m, 5H).
Step 3: Crude alcohol 20 (4.6 g) was dissolved in CH2Cla (50 ml)
containing DMAP (catalytic amounts) and EtzN (3 ml) at 0 °C.
Cinnamoyl chloride (3.3 g, 20 mmol) was added and the mixture stirred
at 0 °C for 30 min. The resulting suspension was diluted with EtoO and

25 water, and the organic phase successively washed with NaOH (10%, 50
mi), HCI (2N, 50 ml) and brine, dried (MgSQO4) and the solvents removed
in rotavapor, yielding crude ester 21 (7.2 g). TH NMR (CDClg) & 5.0 (s,
2H), 5.27 (s, 2H), 6.50 (d, J = 16 Hz, 1H), 7.40-7.70 (m, 10H), 7.80 (d, J =
16 Hz, 1H).




5G Ms: 485 (M#+); 5H Ms: 485 (MHerr]). 10 EXAMPLES

6, 6A, 6B, 6C [err] 6: To a stirred solution of Exanple 1AB
(0.91 g, 2.3 mol) in dry THF (20 nL) at room tenperature was added LAH
(0.18 g, 4.6 nWsI9926%315 portions. The mxture was stirred afC 523
tenperature for 30 nmin. NaOH (10% 0.50 nm) was added dropw se,

foll owed by Et OAc (50 nL) and MpSO4 powdesss. The m xture was stirred
vigorously for 10 mn and - 95-

filtered. The filtrate was concentrated in vacuo to give the title

compound (0.88 g, 96% as white solids. M5 (FAB) mz 396 (INH+ 1
009 . ep 4: A solution of cinnamic ester 21 (7.2 g) in o-xylene (50 ml) was

degassed with Ar and heated at 190 °C in pressure tube for 18 h. The
mixture was cooled down, and the solvent removed in rotavapor. After
chromatographic purification, lactone 22 (3.0g, 44% yield from ether 18)
5 was obtained. 1H NMR (CDClg) § 3.62 (m, 1H), 3.78 )d, J = 15.2 Hz,
1H), 4.08 (t, J = 8.8 Hz, 1H), 4.68 (t, J = 8.8 Hz, 1H), 5.34 (d, J = 12.0 Hz,
1H), 5.42 (d, J = 12 Hz, 1H), 7.2-7.5 (m, 10H).
Step 5: Lactone 22 (0.9 g) was dissolved in CH3OH (40 mi) and
hydrogenated under 60 psi of total pressure in the presence of PtO>

10 (150 mg) for 14 h. The catalyst was filtered off through a celite bed, and
the solvent removed in rotavapor. Acid 23 (270 mg, 41%) crystallizes
from EtOAc and hexanes. "M-NMR (CDCl,) 5 2.93 (dd, 3.2; 15.3 Hz, 1H),
3.52 (dd, J =7.8; 15.3 Hz, 1H), 3.23 (m, 1H), 3.55 (m, 1H), 3.61 (d, J =
3.2 Hz, 1H), 3.7 (dd, J = 5.5; 8.5 Hz, 1H), 4.44 (t, J =9.2 Hz, 1H)}, 7.1-7.2

15 (m, 4H).

Step 6: Carboxylic acid 23 (0.18 g) was suspended in CH2Clz (5 mL)
containing (COCI)2 (0.15 ml) under an N2 atmosphere at room
temperature, A drop of DMF was added and the resulting mixture stirred
at room termperature for 1 h. Solvents were removed in rotavapor, and

20 the crude solid obtained was washed twice with toluene, temoving the
solvent in rotavapor. A white solid resuits, which was treated with a
solution of toluene (5 ml) and tributyitin hydride (0.3 ml) containing
catalytic amounts of Pd(PPhg)4 at 0 °C. After 2 h, the mixture was
diluted with Et20 and the organic phase washed with brine.

25 Chromatographic purification afforded aldehyde 24 (95 mg, 56% yield)
as a solid. 'H-NMR (CDClg) § 2.75 (ddd, 1.0; 7.1; 15.5 Hz, 1H), 3.52 (dd,
J=23; 16,5 Hz, 1H), 3.5 (m, 1H), 3.64 (d, J = 1.8 Hz, 1H), 3.78 (m, 1H),
3.83 (dd, J =4.7; 9.2 Hz, 1H), 4.55 (t, J = 9.1 Hz, 1H), 7.2-7.4 (m, 4H);
9.56 (s, 1H).

30 Step 7. A solution of phosphonate 25 (125 mg, 0.45 mmol) in dry THF
(10 mi) at 0 °C was treated with n-Buli (0.2 ml, 0.5 mmol, 2.5N in
hexanes). After 15 min, a solution of aldehyde 24 (95 mg) in dry THF
was added. The resulting solution was stirred at that temperature for 30
min, and diluted with EtzO and brine. The organic phase was washed

35  with brine and dried (MgSQ4). Solvents are removed in rotavapor, and
chromatographic purification affords the titte compound (50 mg, 32%).



[err] 5 6A: To a solution of Exanple 1AB (0.200 g, 0.511 mmol) in

dry toluene (10 nL.) at -78 [err]C was added DI BAL (0,76 nL, 0.77
mol, 1.0 M in toluene) dropwi se and the m xture was stirred at -78
[err] C f or wio 93/2b943 Et OAc was added and stirred to r ®@CHUSSAIRNSat ure.
Wat er was added and stirred vigorously for 1 h. The organic |ayer was
separated and the 10 aqueous |ayer wagg.extracted with Et OAc. The comnbi ned
organi c | ayers were dried (MgJSO4) and concentrated in vacuo. Flash
chr omat ogr aphy of the residue on a silica gel colum wth

Et OAc: hexane (30:70) as el uent gave the title conpound (0.100 g, 50%

gSB Wf:_i te SO: i ?%I-I-NI@R((EB@!;;):SS.SS (WI:%%HQJ\/‘IJEI)?BKG d, Q094 Hz, 1H); 7.5#r 1] rlrE)
: To a solu 0 anph Yo, ]
at 0 [err]C m@gfdég%gﬂéﬁ?&égggghga ?)H T 'I?E( géqa(ﬂ’d t he
m xture was stdFr8H 18);[ @84 ddl, e ¥ S0P Odiim i1 8178 (d,oh= 359 HHBUH was
concentrated i §56384Q = Bl ol FHE I, ¥AS (Ba'J £uipoedHpetrean B 4KME and 20
NaHCJ err] [(sat,. 'I:’b; [,9q0hC | ayer was dried (MgSO4) 'and concentrat ed
i n vacuo. ep aq'i“'v"e '?Lq'd‘,gs aration of the residue with Et OAc: hexane
(20:80) as el uerE-NjaR CDRS): 179.4 LT oibRe5; (198.S4rd B7.3HEB5 2al 85. 10f f - whi t e
solids. M5 (FAiR33bl 7488; {348, 12809127.5; 127.3; 126.9; 122.3; 119.3; 105.0;

71.5; 65.4; 45.6; 39.0; 38.4; 28.7.

Using a similar procedure, compounds of the following structural

10 formulas were prepared, wherein the variables are as defined in the

table:
QAH
o_1_T9
A
Ex. Q Het Physical Data
3A .‘b "y MS m/z
Y ~#~0CH; Y7y | 430(18), 403(28),
402(100), 401(14)
OCHgj
38 ¢Ha T HRMS (MH+)
'j@ N7 found: 386.1756
"L. N
OCHg
3C fn Y HRMS (MH+)
] .
% OCHj3 X found: 466.1625
FaC
3D | QCHs ~- HRMS (MH*)
N found: 402.1709 |
) i
OCHj3




- 96- [err] . 6C. To a solution of Exanple 6A (50 ng, 0.13

mml) in CH2C 2 (20 m) at -78 [err]C was added BF3[err] OEt2 (31 ni,
0.26 nmml) and Et3Si H (0.24 nL, 1.3 mol). The m xture was stirred at
-78 [err]C to WoM26945 tenperature for 3 h. The nixture wasPFHP}M4Bhed
bet ween CH2CIi 2 and NaHCO3 (sat.). The organic |layer was dried (MgSOH4)
and concentrat ed I n vacuo. Preparatiswgy-TLC separation of the residue
wi t h Et OAc: hexane (20:80) as eluent gave the title conmpound (38 ng).
HCl salt: off-white solids. M5 (FAB) mz 378 (MHerr], 100%. 10
EXAMPLES 7, 7A, 7B lerr] , OH
MeNH2, MeCOH ABE | The | @e$ ond, pr e |m-|[-w| SHBRY similar to
Example 3, (75 nmg, 0.117 Ry wag dis ? % @MS? | uti on of
CH3NH2 in CH3CH (3.0 m.) ,gR@Jdstirired u r 3 (')5 erature for
1 h. At that time, tic| 15 shc}bved no qtarti erlal left, as well as
the presence of a nore}pol gr spot]. E’l& | Ution is dissoljved in Et20
(30 nL) and extracted |Mthibrine 2
3F CHa - HRMS (MH+)
N found: 370.1799
"'z, N

CH3
3G eb - HRMS (MH+)
% ~PCHg N:\E’ ]; found: 386.1750
OCHg

m.p. 173-176°C

3H A OH
;@ N
N

3| e HRMS (MH+)

found: 454.1427

F
0
3J ﬁ‘:@ -~ HRMS (MH)
%

| found: 454.1423

F X

FsC
3K f;@ ~ HRMS (MH*)
> "W} | found: 436.1533
F3C
3L ~ HRMS (MH+)

found; 472.1332

o~
41}
d
4

FaC




(30 m. x 2) dried (Na2SO4) and the solvents renoved in rotary .
evaporator. The title conpound (Exanple 7) was obtained as a white

solid (70 ny, 86% . [err]HNWR (CDCI3) [err] 2.5 (m 1 H; 2.82 (d, J = 4.
Hz, 20 3hyooshety3(dd, J = 5.4; 16.8 Hz, 1 H; 3.07 (m Palysss24s® (dd, J
10.1; 16.8 Hz, 1H); 3.67 (dd, J 5.5; 11.6 Hz, 1H); 3.79 (m 1H);
3.89 (dd, J = 8.0; 11.4, 1H); 3_% (d, J = 15.6 Hz, 1H); 6.49 ('m
1H); 6.95 (dd, J = 7.0; 15.6 Hz, [e r] H; 7.2 (m 4H); 7.25 (d, J =
8.2 Hz, 1 H; 7.64 (t, J =7.6 Hz, 1 H);

-97- 7.70 (d, J =7.9, 1 H; 7.78 (d, J =7.6, 1 . 7.82 (m 2H);
8.73 (d, J = 1.8  Usinga similay procedurq,éhe}odlowivrg ¢RIy, 3WMz%s 93: 154, 80;
147.57; 139. 59;prdgared?; 134.93; 134.79; 134.24; 133.43; 130.81;
130.57; 130.07; 129.58; 129.11; 5 126.74; 126.30; 124.68; 123.50; 121.74;
62.52; 44.54; 42.89; 39.58)3 28.66; 26.40. MS: 467 (M+l). HRVE:
467.1947 (calc.: 467. 1946P ) [err]

7A: The product of Exanpl e % 40°ng) was dissolved in dry CH2Cl 2 (3

m.) under N2 at nosphere d SO¥12 (0.1 nL) was added dropw se via 10
syringe. The solution was stif at roomtenperature for 1 h. The

reacti on was quenched by addi % of NaHCO3 (sat. sol., 15 nL). The
agueous suspensi on was extract W e @\@1()30%0803453445The organic
fractions are conmbi ned and washed with brine, dried (Na2SO4) and

taken to dryness in rotary evaporator. The title conpound (35 ng, 91%
5 EXAMPLE 4

(+)-(3R,3a5,45,4aR,8a85,9aR)-Decahydro-4-[(E)-2-[5-[3-
(trifluoromethyl)phenyl}-2-pyridinyl)ethenyl]}-3-Methylnaphtho-
[2,3~-c]furan-1(3H)-one

0

I o

CF3

Step 1:
X szo NEt,
on 69%

Triflic anhydride (46 ml, 0.275 mol) was added dropwise to a
stirred solution of 3-hydroxy-6-methylpyridine (10 g, 0.092 mol) in
pyridine {200 ml) at 0 °C and stirred at 0 °C to room temperature for 16
h. The mixture was poured into ice-water (300 ml) and extracted with

- 15  Etx0. The Et20 layer was washed with water (2 x 150 ml) and brine,
dried (MgS0O4), and concentrated in vacuo to give the desired product
(18.7 g, 83%) as a brown oil. TH NMR (400 MHz, CDClg3) 3 2.67 (s, 3H),
7.32 (d, 1H, J=8.5 Hz), 7.57 (dd, 1H, J= 8.6, 2.8 Hz), 8.53 (d, 1H,
J=2.8 Hz). MS (ESl) m/z242 (MH*), 100%); Anal. calc'd for
20 C7HgF3NO3S: C, 34.86; H, 2.51; N, 5.81. Found: C, 35.24; H, 2.48;
N, 5.54.

10




15 was obtained as a white solid. 1HNWR (CDCI3): [err] 2.82 (m1 H; 3.0
(d

sol

d, J =6.4;, 14.7 Hz,1 H; 3.04 (s, 3H; 3.23 (m1 H; 3.30 (dd, J =
8.2; 14.7 Hz,1 H); 3.48 (t, 7.9 Hz,1 H); 4.20 (dd, J = 4.4; 9.3 Hz, 1
H, 4.48 (dd, wowm9ne69s 7.8; 9.2 Hz,1 H); 6.70 (d[err] J = FETASP§24323H) ;
7.0 (dd, J ="8.4; 15.6 Hz,1 H); 7.25-7.35 (m 4H); 7.43 (d, J = 7.7
Hz, 1 H,; 7.64 (t, J =7.6 Hz, 1 H; 7.72.89- (d, J =7.6, 1H); 7.83 (d,” J
= 7.4, 1H); 7.88 (s, broad,1 H; 8.73 (dd, J = 2.4; 8.1 Hz, 1H); 8.84
(d, J = 1.8 Hz, 1H). [err]CGNMR (CDCl 3): 167.21; 154.36; 148.03;
138.42; 138.18; 136.28; 135.01; 134.89; 133.77; 132.32; 130.15;
129. 63; 128.26; 124 g?.-‘;. 126.88; 126.56; 124.74; 124.70; 123.72;
123.68; 121. 84; 73.% ;. 45.12; 25 40. 88; .01; 34.18; 30.79. M5: 449

(Mtl). HRVS: 449.1842 (calc.: 449.1841)%
- 98- Terr] 7B: The cn product of Exanple 7 (45 ng) was
di ssolved in acetone (2 nL) at O £4,C under N2 at nosphere. Jones

Feact on ves quenched B3 Suiires bodueersion  dp Sa RPN Fed col or
\e/ftz Of ; In:jy ngt Z ‘r:ha; rg“;;iaﬂ;togr;;jmethylphenylbeuminIcta'niﬁg(‘ng g,eﬁéﬁ {mp;ﬁbﬁnmwgﬂl)utg ed with
(MySOH) and t heS SOA’J(E%E(;: (E;(;Hmfﬂsﬁﬁiﬁ? i%\ixture v}?lqas)hr;at:o?qif : cl:»)s::
pressure tube under Ar at 120 °C for 16 h. The mixture was diluted with
EtOAc, washed with 5% NaOH and brine, dried (MgSOy), and
concentrated in vacuo. Flash chromatography of the residue on a silica
gel column with EtOAc:hexane (10:90, then 20:80) as siuent gave the
10 desired product (6.7 g, 82%) as yellow solids. 1H NMR (400 MHz,
CDCl3) 6 2.68 (s, 3H), 7.32 (d, 1H, J =8 Hz), 7.62-7.80 (m, 5H}, 8.79 (d,
1H, J= 2 Hz). Anal. calc'd for C13H1oF3N*0.10 H20: C, 65.32; H, 4.30;
N, 5.86. Found: C, 65.27; H, 4.44; N, 5.78.
Step 3 (E10)20P.

Z°N
g

CF3

15 Using a procedure similar to that described in Example 1, Step 8,
treat the product of Step 2 to obtain the dasired product (8.84 g, 85%) as
atan oil. TH NMR (400 MHz, CDCl3) & 1.36 {t, 6H, J =7 H2), 3.56 (d, 2H,
J=22 Hz), 4.19 (dq, 4H, J= 7,7 Hz), 7.58-7.96 (m, 6H), 8.84 (d, 1H, J=
2 Hz); MS (FAB) m/z 374 (MH+, 100%); Anal. calc'd for

20 Ci17H19F3NOgP«0.25 H20: C, 54.04; H, 5.20; N, 3.71. Found: C,
54.22; H, 5.54; N, 3.93.
Step 4: Treat the product of Step 3 in a manner similar to that described
in Example 1, Step 9, to obtain the title compound.
1H NMR (400 MHz, CDCl3) § 0.83-2.03 (m, 12H), 1.49 (d, 3H, J = 6 Hz),

25 2.38-2.51 (m, 2H); 2.72-2.81 (m, 1H), 4,79-4.88 (m, 1H), 6.57-6.73 (m,
2H), 7.30-7.95 (m, 6H), 8.85 (d, 1H, J=2 Hz); MS (FAB) m/z 456 (MH+,
100%). HCI salt: off-white solids; [a}?2p= +17.0° (¢ 0.33, MeOH); Anal.
calc'd for Co7HzgFaNO2*HCI1#0.50 HoO: C, 64.73; H, 6.04; N, 2.80.
Found: C, 64.57; H, 6.32; N, 2.94.



removed in rotavapor. The crude acid was dissolved in dry CH2Cl 2 (5
mL) under N2 atnosphere and SOCI2 (0.1 nlL) added dropwi se via 10 syringe.

The solution was stirred at roomtenperature for 1 h. The reaction
was quencho¥OP268ddi ti on of NaHCOB (sat. sol., 15 nl). ThECT/US98/245a3jueous
suspensi on was extracted with Et20 (3 x 30 nL). The organic fractions
wer e conbi ned and washed with brine, drie-(Na2SOX) and taken to
dryness in rotary evaporator. After flash chromatography (30% 15 EtOAc in
hexanes) the desired im' de (35 ng, 779 was obt ai ned. H NVR (CDCl 3):

[err] 2.86 (s, 3H); 58 (dd, J = 1.8;
9.2 Hz, 1H): 4.4 (m ﬁ)Pfggt]J%@%ampgei'ﬂtfeafeéﬁsaiqas"bq#ebw to@blaid, J

5.2; 15.6 Hz, 1Hhe cémpoidnds ohkxarhplps AAGBB(ENd 4C= 7.7 Hz, 1H) 7.72 (d, J =
7.6, 1 H); 78(d J—07H61.|H) 7.8(;$ ;J,H) 8.2 Hz,1 H);
8.86 20 (s, 1H. M . HR 3. 1633)
EXAMPLE 8 o
(+) - (3R 3aS, 4S, 4aR, 8aSf9aR cahydr of 4 -2-(6-¢
pyr| di nyl') et henyl ] - 3- met hy~qapht ho[ 2 NUran- 1 [err]
Step 1: Prepargtjon of ANt O Z
[err] Using a prodgdure simlar {folthat of Exanplie 1, Step 8,
2-chl or o- 6- met hyA pyrildi ne was 4Beat Bd with di4a® hylIChl or ophosphate to

obtain a clear 5 oil.
J=7 Hz), 3.43 (d, 2H, J= CFy, Hz),
(dd, 1 H J=18, 2 Hz), 7.38 (dd, 1 H J

5 4A: The product of Example 4 (21 mg, 0.050 mmol) was stirred under
Hz (1 atm) over Pd/C (30 mg) in CH3OH (10 mL) at room temperature for
8 h. The mixture was filtered and the filtrate was concentrated in vacuo
to obtain 4A (52 mg, 88%) as semi-solids. [0]22p = -35.1° (¢ 0.69,
MeOH); MS (FAB) m/z 458 (MH*+, 100%).

10 4B: To a solution of the product of Example 4 (20 mg, 0.044 mmol) in
CH2zClz (1 mL) was added m-CPBA (11 mg, 0.066 mmol) at room
temperature. The mixture was stirred at room temperature for 16 h. The
mixture was diluted with CH2Clp, washed with NaHCO3 (sat.). dried
(MgSQy4), and concentrated in vacuo. Preparative TLC separation ot the-

15 residue with CH2Cli2:CH30H (95:5) as eluent gave 4B (19 mg, 21%) as
off-white solids. [o]24p = +23.3° (¢ 0.43, CHaOH); MS (ESI) m/z 472
(MH+, 100%).
4C: The product of Exampie 4 {21 mg, 0.050 mmol) was heated with
SeO2 (0.2 mg, 0.23 mmol) in 1,4-dioxane (2 mL) at reflux for 40 min.

20 The mixture was concentrated in vacuo. Preparative TLC separation of
the residue with EtOAc:hexane (40.60) as eluent gave 4C (17 mg, 80%)
as white solids. [0]20p = +42.8° (¢ 0.65, CHzOH); MS (FAB) m/z 472
(MH+, 100%).

The product of Example 4 is treated as described below to obtain

25 the compounds of Example 4D and 4E:




=8, 2 H), 7.66 (t,.1 H J =8 Hz); M5 (FAB) mz 264 (M+, 1009% .
Step 2: Preparation of 10

[err] To a solution of the product of Step 1 (5.24 19.9
mol) in . VOIS ous THF (100 nl) was added Pd(PPh3)4 ("fo’Ség"f?o mol )
and vinyltributyltin (8.72 m., 29.9 mol ). The m xture was heated in
a cl osed pressure tube under Ar at 188-[err]C for 16 h. The aqueous

| ayer 15 was neutralized with 10% NaOH and solid NaHCJ err] and extracted
W th CH err]Cl 2. The organic |layer was dried (MpSO4) and concentrat ed
I n vacuo. Flash chromatogrgphy of the residye on a silica gel colum
wth Et CAc: hexane (40:60 t NetL~g0~20) as Wl gave the desired

pr oduct (3.66 g, 72% as &.cC il. 1 00 MHz, CDCI3) [err]
1.32 (t, 6H J =20 7 Hz), 3.48 P L J= 22 4. 15 (dg, 4H J=7, 7
Hz), 5.52 (d, 1H, J= 11 Hz), 6N26 (d, 1 H, 17 Hz), 6.85 (dd, 1H,
J= 17, 11 Hz), 7.26-7.34 (m , 7.66 (t, 1B, J=8 Hz); M5 (Cl) mz
256 (M, 100% ; Anal. calc'd

r C[err]ﬂgr UINOBP[ err] 0. 50 H2G C,

54.54; H 7.25; N, 5.30; P, 11.22. Found , AR4.80; H, 7.21; N, 5.34,

P, 11.87. 25 Step 3: Preparation of 3err] CFs To a stirred
solution of the praduct _of Step 2 (3.58 0, 14.0 mmol in CHerr] OH
(100 ) was added359 PI(EMS)2 §66 gk, 0BLMmok waagged to a solutign ¢ftBe under H2
(1 atm at room t gupduchbfiERarhple 41@27 mglloes0nKiolrie dnaFHBQS migiak wrgseCwi t h
OBt The| Ao RIS o e Mgl ltor 1, 4 o vashed
-100- 5 solution of (10-camphorsulfonyl)oxaziridine (137 mg, 0.60 mmol) in dry
THF (2 mL) was added at -78 °C and stirred at -78 °C for 30 min. and at
room temperature for 2 h, The mixture was neutralized with saturated
NH4CI solution and extracted with EtOAc. The organic layer was
washed with brine, dried, and concentrated in vacuo. Flash
10 chromatography of the residue on a silica gel column with EtOAc:
hexane (40:60) as eluent gave 4D (100 mg). MS: 472 (MH).
4E:  LiIN(TMS)2 (0.6 mL, 0.60 mmol.) was added to a solution of the
product of Example 4 (227 mg, 0.50 mmol) in dry THF (5 mL}) at -78 °C
and stirred at -78 °C for 30 min. and at room temperature for 1 h. A
15 mixture of paraformaldehyde (225 mg, 2.5 mmol) in dry THF (2 mL) was
added at -78 °C and stirred at -78 °C for 30 min and at room
temperature for 2 days. The mixture was neutralized with saturated
NH4CI solution and extracted with EtOAc. The organic layer was
washed with brine, dried, and concentrated in vacuo. Flash
20 chromatography of the residue on a silica gel column with
EtOAc:hexane (40:60) as eluent gave 4E (30 mg). MS: 486 (MH*).

EXAMPLE 5
Oy H
o)

4
.
b TP



and concentrated in vacuo to give the desired product (3.56 g, 99% as
G D 0N 1)) 26k (g, oW = 7.6 He). 344 (g, 2l Jr 22 be)

) ) = - ) . q; ] = . ) . = )
s i D6 et ol o e bl
: , 7. : , = 7. ; z err], ;
Anal . calc'd for Clerr]H err] NOBP[ 2] 0. 50 H20: C, 54.13; H, 7.95; N,
5.26; P, 11.63. Found: C, 54.19; H, 7.95; N, 5.25; P, 11.65.
Step 4: Using a procedure simlar to that described in Exanple 1, Step
9, conbine the pétggu'(:t of Step 3 with the product of Exanple 1, Step 6, 10 |
to obtain the ti conpound as a white gum 1H NWVR (400 WMHz, CDCl 3)
[err] 0.78-2.01 (m 12H), 1.36 (t, 3Hf .6 Hz), 1.49 (d, 3H, J= 6 Hz), '
R R Ry N s Pt SRS O PR
32 T ey T Yeoa ptiianol 14 ayciphianedioge Tene-etoPO kLIRS s
[[err]]22D = +2168fneol) a2, 6 di-Brebltyl-BHAEHYIpyNGInE ES! 1y, 102 ndddl) (M, 1 009) .
el salc ddoreHpci, (56 73 reofhahpbidiireidd dadhh tficanhyafde B8 8- 25
EXAVPLES 9, 9A 4Rl Ymmol) and the mfx[Lg{a,m]a’s stirred for 16 h. The mixture was oCH3 20 )
Exa{rpl et 9,3 ﬁt Sp \&asﬂéﬁi wm'ngm},ablm?(tat.)? '_Shfb'bfgi!_n_id Iayélhﬁisl dﬁeg&&agﬁ)@) énége St ep :
, treat 3-hydr oy BriRLAY: el r :
Step 2: Using a ep(arhgc'édure,lsF’th&'l' érﬁﬁg%&atﬁ%?é@%f%e% 'éP%% éf‘o&l'reat t he
product of Step delsPlummiwith RPARhexanmE:Imihes 10:90) as eluent gave the o ¢ |

10 desired product (13.4 g, 72%) as a clear oil.

Step 2:
MeO,C 7
[ ],o
J

o]
To a solution of the product of Step 1 (13 g, 46 mmol) in DMF

(150 mL) was added methyl acrylate (8.4 mL, 92 mmol), EtgN (19 mL,
15 138 mmol), and Pd(PPh3)2Cl2 (1.62 g, 2.3 mmol). The mixture was

stirred at 75 °C for 10 h. The mixture was diluted with NH4Cl (sat.) and

extracted with ether. The organic layer was washed with brine, dried

(MgSO0ys), and concentrated in vacuo. Flash chromatography of the

residue on a silica gel column with EtOAc:hexane (15:85) as eluent
20 gave the desired product (9.15 g, 89%) as a clear oil.

Step 3.
o/

To a solution of the product of Step 2 (9.15 g, 40 mmol) in THF:
CH3OH (450 mL, 1:1) was added NaOH (225 mL, 10%). The mixture
25 was stirred at room temperature for 3 h. The mixture was diluted with
water, washed with CHoClp, acidified with 10% HCI, and extracted with
EtOAc. The organic layer was washed with brine, dried (MgSOg), and
concentrated in vacuo to give the desired compound (8.00 g, 95%) as
light-yellow solids.
30 Step4:
The product of Step 3 was treated in a manner similar to that
described in Example 1, steps 3 through 6 and 9 to obtain the title




25 . . -101- Using a
procedure simlar to that of Exanple 1, Step 9, conbine the pr oduct
of Step 3 with the product of Exanple 1, Step 6, to obtain

desired pr oduéYof”ﬁ‘g? is trisopropylsilyl) as white solids; E’%@”f’!‘-‘ﬁ&”m z
484 (MHerr], 100%9. 5 Step 4: By treating the product of Step 3 as

descri bed in Exanple 1, Step 10, the p¥&duct of Exanple 9 was
obtained. HCl salt, off-white solids; M5 (C) mz 342 (M, 1009 .
Exanple 9A, Step 1: [err] 10 To a solution of the product of
Exanple 9 (30 ng, 0.092 | | Etlercl N (64 , ) in
G002 (5 ) ar ¢ SomPRUNtBrbemrte) adfiino St e g AL (G6 o

0.28 mmol) and the 18P%)ure was stirred for 10 min, then washed with

vat er . llhe ﬁr gﬁnl C |aye’fh%\@$oc§|&l @fCEXfmple swg@&@arak)de%a?bm&{m@lb%l n_th
vacuo. ash chrongt ogra e e ue, o0, a silica gel colum w
Et CAc: hexane (40:6 © %mg? tOf@ampEfg\#@"t%ﬁeaWegﬁ?‘r ed triflate (42 ng,
100% . HCl salt, light-§eH ow solids. © ., My (FAB)

Step 2: To a solution HieNoT oduct of MStepd
p- met hoxyphenyl bor oni ¢ “gcil
added EtOH (0.5 nlL), K2£0/

o3

5A: A mixture of the compound of Example 5 (65 mg, 0.13 mmol) and
HCI (2 mL, 5%) in acetone (2 mL) was stirred at reflux temperature for 16
h. The mixture was neutralized with NaHCOg3 (sat.) and extracted with

10 EtOAc. The organic layer was washed with brine, dried (MgSO4) and
concentrated in vacuo. Preparative TLC separation of the residue with
EtOAc:hexane (40:60) as eluent gave 5A (42 mg, 71%), the HCl salt, as
white solids. MS (FAB) m/z 470 (MH*, 100%).
5B: To a solutien of 5A (70 mg, 0.15 mmol) in THF:CH3zOH (10 mL,

15 1:1) was added NaBH4 (11 mg, 0.30 mmol). The mixture was stirred at
room temperature for 10 min. The mixture was diluted with NH4Cl (sat.)
and extracted with EtOAc. The organic layer was washed with brine,
dried (MgSQj4) and concentrated in vacuo. Preparative TLC separation
of the residue with EtOAc:hexane (60:40) as eluent gave 5B (39 mg,

20  55%), the HCI salt, as white solids. MS (FAB) m/z 472 (MH*, 100%).
5C: To a solution of 5A (70 mg, 0.15 mmol) in dry THF (5 mL) was
added K-Selectride® (0.23 mL., 0.23 mmol, 1.0 M in THF) at -78 °C. The
mixture was stirred at -78 °C for 1.5 h. The mixture was diluted with
NH4Cl (sat.) and extracted with EtOAc. The organic layer was washed

25  with brine, dried (MgSQO4) and concentrated in vacuo. Preparative TLC
separation of the residue with EtOAc:hexane (60:40) as eluent gave 5C
(45 mg, 63%), the HCl salt, as white solids. MS (FAB) m/z472 (MH+,
100%).



Pd(PPh[err])4 (9 ng, 0.008 mol ). The m xture was heated in a cl osed
pressure tube under Ar at 120 [err]C for 16 h. The m xture was diluted with
Et OAc, washed with 5% NaOH and brine, dried (MgJSO4) and concentrat ed
in vacuo. PMX243ve TLC separation of the residue with PCTUSPRMAEIhexane
(40:60) as eluent gave 9A (24 ng, 71% . HC salt, white solids. M5
(A) mz418 (M, 1009 . Exanpl e 9B-94- A m xture of the product of
Exanmple 9 (33 ng, 0.10 mmol), 4- (trifluoromethyl)benzyl brom de (36
ng, 0.15 nmmol), and K2CO3 (42 ng, 30 0.30 mmol) in acetone (2 nL) was

stirred at reflux te rat ur r h. The sqlids were filtered and
washed with Et OAc. T@SmppypistéﬂaﬁapﬂgF are prepare8 in a manner similar to

-102- was thah geseiihed fou Examples Hifc-5Cousing enanteunericallyp pure stBrtirgar at i ve
TLC separ at friaferidlis:t he resi due with Et QAc: hexane (40:60) as el uent gave
Exanpl e 9B (41 ngy, 85%o ,HC

(MH, 100%. 5
Al ternatives to couplifg

5 8D: MS: 470 (MH*); 5E: MS: 472 (MH+); 5E: MS: 472 (MH+)
From 5D, the following compounds 5G and 5H can be prepared
by conventional methods known to those skilled in the art:

OH H O H H
5G 3 5H Y
CF3 CF3
5G: MS: 485 (MH*); 5H: MS: 485 (MH+).

10

EXAMPLES 6, 6A, 6B, 6C
HO H H

OMe
6: To a stirred solution of Example 1AB (0.91 g, 2.3 mmol) in dry

THF (20 mL) at room temperature was added LAH (0.18 g, 4.6 mmol) in
15 portions. The mixture was stirred at room temperature for 30 min. NaOH

(10%, 0.50 mL) was added dropwise, followed by EtOAc (50 mL) and

MgSO4 powders. The mixture was stirred vigorously for 10 min and




[err] 10 A nmxture of 10(a) (prepared S|mlarly to Exarrple 9A, step

1, using appropriate starting material, 460 ng, 1.00 nmmol), di boron
pi nacol ester (305 ng, 1.20 mmol), pot assi um acet at e 8294 )

mmol ), 1,1 - wo9926Md3s( di phenyl phosphi no) f errocene (55 nyg, % and
dichloro[ 1,1" - bi s(di phenyl phosphi no) ferrocene] pal I adi um (11)

di chl or onet hane adduct 15 (82 ng, 0.10 %) in 1, 4-dioxane (5 nL) was
heated in a cl osed pressure tube under N2 at 80 [err]C for 2 h. The
m xture was cooled to room tenperature. To this m xture was added

1- br ono- 3- chl or o- benzene 235 P4 (636 ng, 3.00
mol ), dichloro-[f tgredbl'l'g"(edptrat was ‘%ﬁgﬁ‘lﬂﬂﬁﬁ‘i%‘t‘ﬁ%? éi”% -pal | adi um
(1'1) dichl or omet haoenpaddd ¢0.88 41 96%) as mipite Golidd MB1{FAB) ra/zGBQB (Mi'ﬂi.oxane (5
m.). The m xture M@%aogat ed in a cl osed pressure tube under nitrogen
at 80 [err]C for h.” The m xture vvasHO partltloned bet ween NH4ACI
(saturated) and Et QAc. The organic | aye B B was washed with brine, dried

(MgS™), and concentrated in vacuo. o) @ﬁ hr omat ogr aphy of the
residue on a silica gel colum wth :

-103- Et OAc: hexane (20:80, then~ Zg: ) as eluent gave (+)-Exanple
10 (360 ng, 85% as off-white solids.. salt: off-white solids; M
(FAB) m z 422 ( M+, 100). Met hod )& 5 10A: A m xture of 10(a)
(46 ng, 0.10 mmol), 2-tributy|stanny|thiazo| (112 nmg, 0.30 nmol),

and tetrakis(triphenyl phosphi ne) pal | adi um (12548, 0.010 mmol) in

N-met hyl pyrroli d' n%e (r}) asglutton ofq.'-.ex%n%e %RB?O.%&’S%.Sﬁ mmol) in dry

toluene (10 mL) at -78 °C was added DIBAL (0.76 mL, 0.77 mmol, 1.0 M
in toluene) dropwise and the mixture was stirred at -78 °C for 1.5 h.
EtOAc was added and stirred to room temperature. Water was added
and stirred vigorously for 1 h. The organic layer was separated and the

10  aqueous layer was extracted with EtOAc. The combined organic layers
were dried (MgS0Q4) and concentrated in vacuo. Flash chromatography
of the residue on a silica gel column with EtOAc:hexane (30:70) as
eluent gave the title compound (0.100 g, 50%) as white solids. MS (FAB)
m/z 394 (MH+, 100%).

15 _
6B: To a solution of Example 6A (50 mg, 0.13 mmol) in CH3OH (20

mL) at 0 °C was added BF3*OEt2 (31 mL, 0.26 mmol) dropwise and the
mixture was stirred at 0 °C to room temperature for 3 h. CH3zOH was
concentrated in vacuo. The residue was partitioned between EtOAc and

20 NaHCOg3 (sat.). The organic layer was dried (MgSQ04) and concentrated
in vacuo. Preparative TLC separation of the residue with EtOAc:hexane
(20:80) as eluent gave the title compound (30 mg). HCI salt: off-white
solids. MS (FAB) Amvz 408 (MH+, 100%).



pressure tube under nitrogen at 120 [err]C for 20 h. The m xture was
partitioned between H20 and ether. The organic | ayer was washed with 10
brine, dried (MgySO™), and concentrated in vacuo. Preparative TLC of

the residue ¥R926343 i ca gel plate with Et OAc: hexane (30: 70§CHUES8R¥ENt

gave Exanple 10A (17 ng). Ms: 395 (MHerr]). 1 OB: Exanple 1 OB was
prepared using a simlar procedure: gé. 392 (MHerr]). 15 -
EXAMPLE 11 [err] To a solution of Exanple 1 L (20 ng,

0. 058 nmmol ) and phenyl boronic acid (14 ng, 0.12 nmol) in toluene (2
m.) was added EtOH (0.5 nm), K2CJerr] (32 ng, 0.23 mmol) in H20 (1
m.), and 20 Pd(PPh[err])4 (7 ng, 0.006 HnplY. The nmixture was heated in a
cl osed pressure tube under Ar a C for 16 h. The m xture was

diluted with Et OAc, washed with @* d brine, dried (MgSO), and
concentrated in vacuo. Preparative TLCisgppmati on of the residue with
Et CAc: hexane (20:80) as eluent gave t he tithe conpound (10 ng, 71%. 25
HCl salt, off-white solids. M5 (C) nfz 38 iV, 100% .
EXAMPLE 12 [err] \ -104-
Exanple 1L (333 ng, 0.963 nmol) was heated w#h vinyltri-n-
OMe

6C: To a solution of Example 6A (50 mg, 0.13 mmol) in CHoCly (20

mL) at -78 °C was added BF3*OEt> (31 mL, 0.26 mmol) and Et3SiH

(0.24 mL, 1.3 mmol). The mixture was stirred at -78 °C to room

5 temperature for 3 h. The mixture was partitioned between CHoCls and

NaHCOg3 (sat.). The organic layer was dried (MgSO4) and concentrated

in vacuo. Preparative TLC separation of the residue with EtOAc:hexane

(20:80) as eluent gave the title compound (38 mg). HCI salt: off-white

solids. MS (FAB) m/z 378 (MH+, 100%).

10 EXAMPLES 7, 7A, 7B

QI_:@ H3CHNtC©
3

MeNHg, MeOH D
Z N
& [
7
CF3

7. The lactone, prepared in @ manner similar to Example 3, (75 mg,
0.17 mmol) was dissolved in a 2,0M solution of CHzNH3 in CH3OH (3.0
mL) and stirred under N2 at room temperature for 1 h. At that time, tic

15  showed no starting material left, as well as the presence of a more-polar
spot. The solution is dissolved in Et2O (30 mL) and extracted with brine
(30 mL x 2), dried (Na2SO4) and the solvents removed in rotary
evaporator. The title compound (Example 7) was obtained as a white
solid (70 mg, 86%). 'H-NMR (CDClg) § 2.5 (m, 1H); 2.82 (d, J = 4.6 Hz,

20 3H); 3.0 (dd, J = 5.4; 16.8 Hz, 1H); 3.07 (m, 1H); 3.25 (dd, J = 10.1; 16.8
Hz, 1H); 3.67 (dd, J = 5.5; 11.6 Hz, 1H); 3.79 (m, 1H); 3.89 (dd, J = 8.0;
11.4, 1H); 6.33 (d, J = 15.6 Hz, 1H); 6.49 (m, 1H); 6.95 (dd, J = 7.0; 15.6
Hz, 1H); 7.2 (m, 4H); 7.25 (d, J = 8.2 Hz, 1H); 7.64 (t, J = 7.6 Hz, 1H);



butyltin (424 [err]l, 1.44 mol) and Pd(PPh[err])4 (62 ng, 0.05 mmol) in

THF (10 m.) in a closed pressure tube under Ar at 120 [err]C for 16 h.
The m xture was diluted with Et OAc, washed with NHACH pl-$aksesizesdad
brine, 5 d‘P’P@?{"@ﬁgsm) and concentrated in vacuo. Flash chromatography
of the - residue on a silica gel colum_w th Et CAc: hexane (20:80) as

el uent gave the title conpound (281 'ﬁﬁ', 86% as white solids. Ms (d)
m z 338 (MH err], 100%. . EXAMPLE 13
[err] 10 To a solution of zZnCl2 (0.96 nL, 0.5 Min THF) was
added I sobut ness oid @dey LG @3HY17 .82 (if, 2. B.78(BEy - 198 - 78
[err]C. The 7)r’g]d)):’%rde Z\}ggl‘gpiﬁge@' at G’-'%S ’er??& to ,Foom(terrperature for

1 h. Exanple 1 L Hz,1H)(30 ny) and Pd(PPh3)4 (10 ng) were added to the
resul ting m xture.*CISMRTICGDOla) t1T5030AS4.BAt 457,11 38.58; 488@2p134%683r e t ube

under Ar at 120 [ Ri . . T - ne- i w th Et OAc,
washed with NH4C E{%Aéﬁ’)g“'%’ 133'grgi ?ﬁgﬂk@y’nﬁﬁ' ﬁg@iﬁ%%fggé ] vacuo.
Preparative TL® se -H1198-30; 124.68; 123,20, 'r(ﬁugz E”'E& ; a#@ (20: 80)
as el uent gave theg.66;26.40. MS: deTiMutid HRIASIYH7.4947 (oaldH@67sHA46). whi t e
solids. M5 (FAB) mz 368 20 (M+, 100%.4

EXAMPLE 14 [err] m N

Exanple 1L (20 ng, 0.058 mml) was heH#% L pi peridine (0.5 m.) in
a closed pressure tube under Ar at 190 [ert RC for 13 h. The nmixture 25
was diluted with Et OAc, washed w th NaHCO3 .) and brine, dried

(MgS™), and concentrated in vacuo. Preparaty ye TLC separation of the

CF3

7A. The product of Example 7 (40 mg) was dissolved in dry CH2Clz (3
mL) under N2 atmosphere and SOCIz (0.1 mL) was added dropwise via
10  syringe. The solution was stirred at room temperature for 1 h. The
reaction was quenched by addition of NaHCOg (sat. sol., 15 mL). The
aqueous suspension was extracted with Et20 (3 x 30 mL). The organic
fractions are combined and washed with brine, dried (NazS04) and
taken to dryness in rotary evaporator. The title compound (35 mg, 91%)
15  was obtained as a white solid. 'H-NMR (CDCl,): 8 2.82 (m, 1H); 3.0 (dd,
J = 6.4; 14.7 Hz, 1H); 3.04 (s, 3H); 3.23 (m, 1H); 3.30 (dd, J = 8.2; 14.7
Hz, 1H); 3.48 (t, 7.9 Hz, 1H); 4.20 (dd, J =4.4; 9.3 Hz, 1H), 4.48 (dd, J =
7.8; 9.2 Hz, 1H); 6.70 (d, J = 15.6 Hz, 1H); 7.0 (dd, J = 8.4; 15.6 Hz, 1H);
7.25-7.35 (m, 4H); 7.43 (d, J=7.7 Hz, 1H); 7.64 (t, J=7.6 Hz, 1H); 7.72
20 (d,J=7.6, 1H); 7.83 (d, J = 7.4, 1H); 7.88 (s, broad, 1H); 8.73 (dd, J =
2.4; 8.1 Hz, 1H); 8.84 (d, J = 1.8 Hz, 1H).
13C.NMR (CDCly): 167.21; 154.36; 148.03; 138.42; 138.18; 136.28;
135.01; 134.89; 133.77; 132.32; 130.15; 129.63; 128.26; 127.07,;
126.88; 126.56; 124.74; 124.70; 123.72; 123.68; 121.84; 73.17; 45.12;
25 40.88; 39.01, 34.18; 30.79.
MS: 449 (M+1). HRMS: 449,1842 (calc.: 449.1841).



- 105- residue with Et OAc: hexane (30:70) as eluent gave the title

conpound (15 ng, 66% . HClI salt, white solids. Ms (Cl) n12395 ( MH+,
1009 . EXAMPLE 15 [err] To
sol uti on of WRER€%4Y 0. 95 L, 0.44 mol, 0.5 Min THF) was PCT’US%'a'tfé%i
benzyl magnesi um chloride (0.44 nm., 0.44 mmol, 1.0 Min ether) at -78

[err]C. The m xture was stirred at -78 [m—]Cto roomtenperature for 1 h.

The product of Exanple 9A, Step 1 (40 ng, 0.087 mmol) and Pd(PPh[err])4
(10 ng, 0.009 mmol) were added to the resulting m xture. The m xture 10
was heated in a closed pressure tube under Ar at 120 [err]C for 16 h. The
m xture was diluted with EtQAc, Washedovmth brine, dried (MySO4) and
concentrated in vacuo. Preparative # |on of the residue with
Et OAc: hexane (30: 70) as eluent gave the ¢ conpound (34 ng, 97%.
HCl salt, off-white solids, M5 (FAB) nPz (M err], 100%. 15
EXAMPLES 16, 16A, 16B and 16C [err] Z N

!

CF,

7B:  The crude product of Example 7 (45 mg) was dissolved in
acetone (2 mL) at 0 °C under N2 atmosphere. Jones reagent was added
dropwise until its red color persisted. The reaction was quenched by
5 dropwise addition of ethanol until red color was fully discharged. The
resulting green suspension was diluted with EtoO and water, and the
organic phase washed with brine, dried (MgSQOg4) and the solvents
removed in rotavapor. The crude acid was dissolved in dry CHxCls (5
mL) under No atmosphere and SOCl> (0.1 mL) added dropwise via
10 syringe. The solution was stirred at room temperature for 1 h. The
reaction was quenched by addition of NaHCO3 (sat. sol., 15 mL). The
aqueous suspension was extracted with Et20 (3 x 30 mL). The organic
fractions were combined and washed with brine, dried (Na2SQO4) and
taken to dryness in rotary evaporator. After flash chromatography (30%
15 EtOAc in hexanes) the desired imide (35 mg, 77%) was obtained.
TH-NMR (CDClg): 8 2.86 (s, 3H); 3.20 (m, 2H); 3.5 (m, 1H); 3.58 (dd, J =
1.8; 9.2 Hz, 1H); 4.4 (m, 1H); 6.38 (dd, J = 1.2; 15.6 Hz, 1H); 7.10 (dd, J =
5.2; 15.6 Hz, 1H); 7.2-7.4 (m, 5H); 7.65 (t, J=7.7 Hz, 1H); 7.72 (d, J =
7.6, 1H); 7.8 (d,J = 7.6, 1H); 7.86 (s, 1H); 7.92 (d, J = 8.2 Hz, 1H); 8.86
20 (s, TH). MS: 463 (M+1). HRMS: 463.1634 (calc.: 463.1633).
EXAMPLE 8
(+)-(3R,3aS5,4S,4aR,8aS,9aR)-Decahydro-4-[( E)-2-(6-ethyl-2-
pyridinyl)ethenyl}-3-methyinaphtho[2,3-cJfuran-1(3H)-one

a




Step 1: , . A mxture of 6 (3.15 g) and Se® (3.10 g) in
1, 4-di oxane (50 m.) 20 and pyridine (5 nL) was heated in a cl osed

pressure tube_at 100 C for 1 h. The mxture was cool edydo,
tenperature, MIPEFY, and 99834523
- 106- " concentrated in vacuo. Flash chromatography of the residue on
a silica gel colum with EtQAc: hexane‘9@30: 70) as eluent gave 37B (950
ny) and 37A (1.05 g). Step 2:
[err] A mxture of 37A (1.05 g) and PtQ2 (250 ng) in EtOCAc
(70 m) was s&dtred : ydrogen balloon at roomtenperature for
16 h. The m x?il??eﬁvvg}sgagﬁ“togrdgd ancz t@%?” |trate was concentrated in
vacuo to give t he desired product % , 85%. 10 Step 3:
[err] &

Ci

Using a procedure similar to that of Example 1, Step 8, 2-chloro-6-
methylpyridine was treated with diethylchlorophosphate to obtain a clear
5 ol
1H NMR (400 MHz, CDCl3) 8 1.34 (t, 6H, J=7 Hz), 3.43 (d, 2H, J= 22
Hz), 4.15 (dg, 4H, J=7, 7 H2), 7.27 (dd, 1H, J= 8, 2 H2), 7.38 (dd, 1H, J
=8, 2 Hz), 7.66 (t, 1H, J= 8 Hz); MS (FAB) m/z 264 (MH*, 100%).
Step 2: Preparation of
|
Ny~ Poroen,
10
To a solution of the product of Step 1 (5.24 g, 19.9 mmol) in

anhydrous THF (100 mL) was added Pd(PPhs)s (1.2 g, 1.0 mmol) and
vinyltributyltin (8.72 mL, 29.9 mmol). The mixture was heated in a
closed pressure tube under Ar at 120 °C for 16 h. The aqueous layer

15  was neutralized with 10% NaOH and solid NaHCOg and extracted with
CH2Clo. The organic layer was dried (MgSQ4) and concentrated in
vacuo. Flash chromatography of the residue on a silica gel column with
EtOAc:hexane (40:60 then 80:20) as eluent gave the desired product
(3.66 g, 72%) as a clear oil. TH NMR (400 MHz, CDClz) 5 1.32 (i, 6H, J=

20 7Hz),3.48(d, 2H, J=22 Hz), 4.15(dq, 4H, J=7,7 Hz),5.52 (d, 1H, J=
11 Hz), 6.26 (d, 1H, J=17 Hz), 6.85 (dd, 1H, J=17, 11 Hz), 7.26-7.34
(m, 2H), 7.66 {t, 1H, J= 8 Hz); MS (Ci) m/z 256 (MH+, 100%); Anal.
calc'd for C12H18NO3P0.50 H20: C, 54.54; H, 7.25; N, 5.30; P, 11.72.
Found: C, 54.80; H, 7.21; N, 5.34; P, 11.87.

25 Step 3: Preparation of

N y PO(OEN

X
To a stirred solution of the product of Step 2 (3.58 g, 14.0 mmol)
in CH3OH (100 ml) was added 5% Pd/C (0.36 g). The mixture was
stirred under Ha (1 atm) at room temperature for 16 h. The mixture was
30 diluted with EtOAc and extracted with 10% HCL. The solids were filtered
and washed with CH3OH. The filtrate and washings were combined



A m xture of t he product of Step 2 (670 ng) and Ac20 (2 nmL) in

pyridine (5 nL) was stirred at roomtenperature for 16 h. The m xture

was poured into a mxture of dilute HCl solution and ice and stirred for 1
15 h. TheWe¥@¥3ng nixture was extracted with ether. THETOPPRE | ayer
was washed wth brine, dried, and concentrated in vacuo to give the

desired product (700 np). Step 4: -100- 20 Treat the product
of Step 3 in a manner simlar to that described in Exanple 1, Steps 6
and 9, using the appropriate phosphonate to obtain the desired

conpound. uct Step 4 (100
my), NaCH (10%2 '}‘sﬁ‘ﬁ')cenﬁ’%‘ed ’HW&C&M eﬁ’f F’I’Ra“ t% v?e?sj )45 rred at 0

[err]C for 3 h.atlearoil. TH NMR (400 MHz, C Cl3) 1.32 (t, 6H, J 7 Hz), 1684-(t,
m ;<th ur tehwas _T_ﬁUQHQJLWH ), Dies@t BHay edr SIS {s HO{PHOD =2oPIHE) I 3 ugd
\(,:Monceﬁt r:'[ ed in o ‘3a‘23§| 93&?:5%%3%3%5% oggﬁgﬂéfsiﬁjéggqga'?gg& lica
gel col um \a t h1lft OAG-GEZ}MS (B ns 258 {MH*5000%); Amal.glalcihforgave the 5
title product (@pHENONMGD.6/B0D:NEZ5413; 4 M5, N.&d6; P, 11.63. Found: C,
54.19; H, 7.95; N, 5.25; P, 11.65.
Step 4: Using a procedure similar to that described in Example 1, Step
9, combine the product of Step 3 with the product of Example 1, Step 6,
10  to obtain the title compound as a white gum. 'H NMR (400 MHz, CDClg3)
8 0.78-2.01 (m, 12H), 1.36 (t, 3H, J= 7.6 Hz), 1.49 (d, 3H, J= 6 Hz),
2.36-2.43 (m, 2H), 2.70-2.78 (m, 1H), 2.86 (q, 2H, J=7.6 Hz), 4.77-
4.85 (m, 1H), 6.47-6.58 (m, 2H), 7.06 (d, 1H, J=7.6 Hz), 7.11 (d, 1H, J=
7.6 Hz), 7.59 (t, 1H, J= 7.6 Hz). HCl salt: off-white solids; [0]22p = +21.3°
15 (c0.41, CH30OH); MS (ESI) m/z 340 (MH*, 100%). Anal. calc'd for
Ca2oHogNO2eHCIe1.50 H20: C, 65.58; H, 8.25; N, 3.48. Found: C,
65.54; H, 8.40; N, 3.68.
EXAMPLES 9, 9A and 9B

OCH3
20 Example 9, Step 1: Using a procedure similar to that of Example 1, Step
7, treat 3-hydroxy-6-methylpyridine with triisopropylsilyl chloride.
Step 2: Using a procedure similar to that of Example 1, Step 8, treat the
product of Step 1 with diethylchlorophosphate.
Step 3.

25




Usi ng the appropriate phosphonates in the procedure of Exanple 16,
Steps 4-5, the foll ow ng conpounds 16A and 16B were prepared: [err]
16A: (MS (ES[) m z438 (MH, 100). 10 1 6B: M5 (ESI) mz 438 )
Usi ng the proc¥W&943f Exanple 16, Steps 2-5, enpl oying P%W#g‘p

material 37B, the foll ow ng conmpound 16C was prepar ed: [err]

EXAMPLES 17 and 17A J[err] -1Qlones reagent was added to a
solution of the product of Exanple 16 hydrochloride (20 ng) in acetone
(5 nL) at roomtenperature until red col or persisted. The reaction was

quenched wi th Et O,a0d o procedifé LRfiaPth it & Slaiie 178RpY, Rl dyer 1as
product of Step 3 with the product of Example 1, Step 6, to obtain the
desired product (Tips is triisopropylsilyl) as white solids; MS (FAB) m/z
484 (MH*, 100%).
5 Step 4: By treating the product of Step 3 as described in Example 1,
Step 10, the product of Example 9 was obtained. HCI salt, off-white
solids; MS (Cl) m/z 342 (MH+, 100%).
Example 9A, Step 1:
OH

olI

oTf
10 To a solution of the product of Example 9 (30 mg, 0.092 mmol)
and EtsN (64 mL, 0.46 mmol) in CH2Cl2 (5 mL) at room temperature was
added triflic anhydride (46 mL, 0.28 mmol) and the mixture was stirred
for 10 min, then washed with water. The organic layer was dried
(MgS0y4) and concentrated in vacuo. Fiash chromatography of the
15 residue on a silica gel column with EtOAc:hexane (40:60) as eluent
gave the desired triflate (42 mg, 100%). HCI salt, fight-yellow solids.
MS (FAB) m/z 460 (MH*, 100%).
Step 2: To a solution of the product of Step 1 (37 mg, 0.081 mmol) and
p-methoxyphenylboronic acid (24 mg, 0.16 mmol} in toluene (2 mL) was
20 added EtOH (0.5 mL), KoCO3 (44 mg, 0.32 mmol) in H20 (1 mL), and
Pd(PPhg)4 (8 mg, 0.008 mmol). The mixture was heated in a closed
pressure tube under Ar at 120 °C for 16 h. The mixture was diluted with
EtOAc, washed with 5% NaOH and brine, dried (MgSQOy) and
concentrated in vacuo. Preparative TLC separation of the residue with
25 EtOAc:hexane (40:60) as eluent gave 9A (24 mg, 71%). HCI salt, white
solids. MS (Cl) m/z 418 (MH*, 100%).
Example 9B:
A mixture of the product of Example 9 (33 mg, 0.10 mmol), 4-
(trifluoromethyl)benzyl bromide (36 mg, 0.15 mmol), and K2CO3 (42 mg,
30 0.30 mmaol) in acetone (2 mL) was stirred at reflux temperature for 3 h.
The solids were filiered and washed with EtOAc. The filtrate and the



10

15

20

and concentrated in vacuo to give the title . conpound (20 ng).
"M5 (FAB) mz 470 (M+H, 100)..
the foll owi ng compound can

to those skWQ 293694, t he art:
From 17A," the foll ow ng conpound can be prepared by
nmet hods known to those skilled in the ar-102- [err]
EXAMPLES 18, 18A, 18B, 18C, and 18D

From t he conpound of Exanple 17,

be prepared by conventional mnethods known
[err] 17 RCT/US98/24523

conventi onal

[err]

washings were combined and concentrated in vacuo. Preparative TLC

separation of the residue with EtOAc:hexane (40:60) as eluent gave

Example 9B (41 mg, 85%). HCI salt, off-white solids. MS (Cl) m/z 486

(MH+, 100%).

EXAMPLE 10, 10A, 10B
H OB H

Oy y

(same as
1CW)
cl NeJ
Alternatives to coupling procedure of Example 9:
Method A:
QAH_H PdCl(dppf)
9
g PdCl,(dppf) KsPO,.B0°C _
KOAg, dppf Br +)
dioxane, 80 2C

Cl
N

(3

OoTf

A mixture of 10(a) (prepared similarly to Example 9A, step 1,
using approptiate starting material, 460 mg, 1.00 mmol), diboron pinacol
ester (305 mg, 1.20 mmol), potassium acetate (294 mg, 3.00 mmol), 1,1'-
bis(diphenylphosphino)ferrocene (55 mg, 0.10 mmol), and dichloro[1,1'-
bis(diphenylphosphino)ferrocenejpalladium (ll) dichloromethane adduct
(82 mg, 0.10 mmol) in 1,4-dioxane (5 mL) was heated in a closed
pressure tube under Nz at 80 °C for 2 h. The mixture was cooled to room
temperature. To this mixture was added 1-bromo-3-chloro-benzene
(235 uL, 2.00 mmol), K3PO4 (636 mg, 3.00 mmol), dichloro-[1,1'-bis(di-
phenylphosphino)ferrocene]-palladium (ll) dichloromsthane adduct (41
mg, 0.050 mmol), and 1,4-dioxane (5 mL). The mixture was heated in a
closed pressure tube under nitrogen at 80 °C for 16 h. The mixture was
partitioned between NH4ClI (saturated) and EtOAc. The organic layer
was washed with brine, dried (MgSQO4), and concentrated in vacuo.
Flash chromatography of the residue on a silica gel column with




DAST (di et hyl am nosu] furtrifluoride) (2-3 drops) was added to a

solution of the product of Exanple 16 (12 ng) in CH2CI2 (2 nL) at O [err]C
and the m xture was allowed to warmto roomtenperature. Th 1 xtur

was washed wi tWOMNRARL] err] solution (sat'd) and brine, driegcﬁ}fﬁgts%“sg}
concentrated in vacuo. Flash chromatography of the residue on a silica

gel colum with Et OAc: hexane (35:65) as el 43 gave the title product (8

ng). Ms (ESI) mz 474 (M+, 1 00). Usi ng the procedure of Exanple
18, enploying as starting materi al the product of Exanple 16C, the
conmpound 18A was pr, red. 20,sid4 Larly. ousing the appr | at I ng

mat eri al s, comoun(‘fga%c%'g?arlea@‘%’ th%#'l% %@?& %ﬂ"gg“gFgﬁ’QP‘gﬁ &%b

-109-  [err] mg, 85%) abgyi-wiite $0%idB) H@I salsofiwhite sdlids) MS (FABLaBz M5
(ESI') mz440 (MH+, g58QMH+, 100)L 8C: M5 (ESI) mfz 474 (M, 100). 5 18: MS
(ESI) mz 440 (W’MeﬂRQJ 8. EXAMPLE 19

5 10A: A mixture of 10(a) (46 mg, 0.10 mmol), 2-tributylistannylthiazole
(112 mg, 0.30 mmol), and tetrakis(triphenylphesphine)paliadium (12 mg,
0.010 mmol} in N-methylpyrrolidinone (1 mL) was heated in a closed
pressure tube under nitrogen at 120 °C for 20 h. The mixture was
partitioned between H20 and ether. The organic layer was washed with

10 brine, dried (MgSOy4), and concentrated in vacuo. Preparative TLC of
the residue on a silica gel plate with EtOAc:hexane (30:70) as eluent
gave Example 10A (17 mg). MS: 395 {(MH+).
10B: Example 10B was prepared using a similar procedure:

MS: 392 (MHH).
15 EXAMPLE 11

To a solution of Example 1L (20 mg, 0.058 mmol) and

phenylboronic acid (14 mg, 0.12 mmol) in toluene (2 mL) was added
EtOH (0.5 mL), K2CO3 (32 mg, 0.23 mmol) in H20 (1 mL), and

20 Pd(PPhgs)4 (7 mg, 0.006 mmol). The mixture was heated in a closed

' pressure tube under Ar at 120 °C for 16 h. The mixture was diluted with

EtOAc, washed with 5% NaOH and brine, dried (MgSQOy4), and
concentrated in vacuo. Preparative TLC separation of the residue with
EtOAc:hexane (20:80) as sluent gave the title compound (10 mg, 71%).

25 HCI salt, off-white solids. MS (Cl) m/z 388 (MH*+, 100%).

EXAMPLE 12
O H ];;

$0®




[ ('a”r r“]

DAST (250 nL) was added to a solution of the product of 10

Exanple 17 (60 ng) in CHerr]Cl[err] (5 nL) and stirred at roomtenperature

for 3 days. The m xture was washed with saturated NaHCO3 sol ution and
brine, dri®@%283concentrated in vacuo. Flash chronmat ogf&y t he
residue on a silica gel colum wth Et OAc: hexane (35:65) as el uent gave
the title product. M5 (FAB) niz 492 (M+04100). 15 EXAVPLES
20, 20A and 20B [err] Step 1:

-110-

10

15

20

Example 1L (333 mg, 0.963 mmol) was heated with vinyltri-n-
butyltin (424 uL, 1.44 mmol) and Pd(PPha)4 (62 mg, 0.05 mmol) in THF
(10 mL) in a closed pressure tube under Ar at 120 °C for 16 h. The
mixture was diluted with EtOAc, washed with NH4Cl (sat.) and brine,
dried (MgSQ4) and concentrated /in vacuo. Flash chromatography of the
residue on a silica gel column with EtOAc:hexane (20:80) as eluent
gave the title compound (281 mg, 86%) as white solids. MS (Cl) m/z
338 (MH*, 100%).

EXAMPLE 13
SR

To a solution of ZnClz (0.96 mL, 0.5 M in THF) was added
isobutylmagnesium chloride (0.22 mL, 2.0 M in ether) at -78 °C. The
mixture was stirred at -78 °C to room temperature for 1 h. Example 1L
(30 mg) and Pd(PPh3)4 (10 mg) were added to the resulting mixture.
The mixture was heated in a closed pressure tube under Ar at 120 °C for
2.5 h. The mixture was diluted with EtOAc, washed with NH4ClI (sat.),
dried (MgSQOg4) and concentrated in vacuo. Preparative TLC separation
of the residue with EtOAc:hexane (20:80) as eluent gave the title
compound (16 mg) as the HCI salt, white solids. MS (FAB) m/z 368
(MH+, 100%).

EXAMPLE 14

Example 1L (20 mg, 0.058 mmol) was heated with piperidine (0.5
mL) in a closed pressure tube under Ar at 190 °C for 13 h. The mixture

25 was diluted with EtOAc, washed with NaHCOj3; (sat.) and brine, dried

(MgSOy), and concentrated in vacuo. Preparative TLC separation of the




[err] . DAST was added to a solution of conpound 37B (180 ng) in
CH2CI 2 at -78 [err]C and stirred for 15 min. The m xture was washed with
sat urated NaHCO3 sol ution and brine, dried, and concentrated in v :

Fl ash chromat P a8$30f the residue on a silica gel colum \KF{’HS%%#Q:

hexane (10:90) as eluent gave the desired product (100 ny). Step 2:
Treat the product of Step 1 in a manner siTtiOPar to that described I n
Exanpl e 16, Steps 2 and 4, gave the title conmpound. 10 MS (ESI) mz 474
(MHerr], 100). Usi ng the appropriate phosphonate in the above
procedure, 20A I r WS 0, t ound
20B i s prepared fes"?‘#egw{?‘ﬁ)%ﬁg?8§§‘%’1@@b@§ﬁ%ﬁ‘:@ﬂfég"e {nga;;r?‘raco%ogg 5 20A
MB (Cl) mz 440 (MS mpoB§%). HCI saibmhitesolids) MISHED ma @ *, 100%).
EXAMPLE 21 [err] 20 TEraAmPRgUHy of Exanple 16 (30 ny,
0.063 mmol ) was refluxed in SOC12 @l for 3 h. The mxture was
concentrated i n vacua. Preparative R g~ he residue on a silica gel
plate with Et OAc: hexane o) _

5 To a solution of ZnCl3 (0.95 mL, 0.44 mmol, 0.5 M in THF) was

added benzylmagnesium chloride (0.44 mL, 0.44 mmol, 1.0 M in ether)
at -78 °C. The mixture was stirred at -78 °C to room temperature for 1 h.
The product of Example 9A, Step 1 (40 mg, 0.087 mmol) and Pd(PPh3)4
(10 mg, 0.009 mmol) were added to the resuiting mixture. The mixture

10 was heated in a closed pressure tube under Ar at 120 °C for 16 h. The
mixture was diluted with EtOAc, washed with brine, dried (MgSO4) and
concentrated in vacuo. Preparative TLC separation of the residue with
EtOAc:hexane (30:70) as eluent gave the title compound (34 mg, 97%).
HCI salt, off-white solids, MS (FAB) m/z 402 (MH+, 100%).

15 EXAMPLES 16, 16A, 16B and 16C
OH H OH

0]
Hs\H
Z7'N

~ !

CFs

Step 1:
oy oH 0 y OH

oil:l ) oi"ll
HYA H§H

€O,Bn COuBn
a7A 378

A mixture of 6 (3.15 g) and Se0» (3.10 g) in 1,4-dioxane {50 mL)
20 and pyridine (5 mL) was heated in a closed presstre tube at 100 °C for
1 h. The mixture was cooled to room temperature, filtered, and



-111- (30:70) as eluent gave the title product (13 nmp).. VS

(FAB) m z490 (M+, 100). . EXAMPLE 22, 22A
[err] 5 22 MeMgBr (0.1 nm, 1.4 M was added to a solution of the
product of W0992698xanple 17 (50 ng) in dry THF (3 nL) and®Q{i¥24523at room
tenperature for a few mnutes. The m xture was neutralized with
saturated NH4ACI. solution and extrd@6ed with ether. The organic 1ayer
was washed wth ~ brine, dried, and concentrated in vacuo. Flash

chromat ography of the 10 residue on a silica gel colum w th Et OAc: hexane

40: 60) as el uent ave the titl roduct (1 ..M5 (FAB). mz 486
(v 100y < U Conospirateddmi@ouoFlash REmapOmRRI S haresidig o Atlis -
procedure, 22A gelcolumn withrEtQdcdwxan® (30:726) asibinedbdave\3TB (95Wing)
EXAMPLES 23, 234nqg 37K (1.05 g).

Step 2:
OH

O H H
O
;‘ H L H
5 COzH
A mixture of 37A (1.05 g) and PtO2 (250 mg) in EtOAc (70 mL)
was stirred under a hydrogen balloon at room temperature for 16 h. The

mixture was filtered and the filtrate was concentrated in vacuo to give
the desired product (670 mg, 85%).

10 Step 3:
0 N HOAc
o)
3
HiH
COzH

A mixture of the product of Step 2 (670 mg) and Ac2O (2 mL) in
pyridine (5 mL) was stirred at room temperature for 16 h. The mixture
was poured into a mixture of dilute HCI solution and ice and stirred for 1
15 h. The résulting mixture was extracted with ether. The organic layer
was washed with brine, dried, and concentrated in vacuo to give the
desired product (700 mg).

Step 4:
OAc

O 0
b= o o
fove

7\ /Ih-

CFa
20 Treat the product of Step 3 in a manner similar to that described
in Example 1, Steps 6 and 9, using the appropriate phosphonate to
obtain the desired compound.
Step 5:
A mixture of the product of Step 4 (100 mg), NaOH (10%, 2 mL),
25 and CH3OH (2 mL) in THF (7 mL) was stirred at 0 °C for 3h. The




15 X _ [err] n- BuLi (0.15 i,
0.22 mmol ) was added to a sol ution of di | sopropyl am ne (0.060 m.,
0.22 mml) in dry THF at -78 [err]C and stirred for lautes. A
sol ution of tWQ%?@d?Jct of Exanple 17 (40 ng, 0.10 n?ﬂﬁrr?dg?ﬂh ry THF
(2 m.) was added at-78 [err]C and stirred for 15 min. A 20 solution of

(10- canphor sul fonyl )oxaziridine (46 ng, 0:®@-mmol) in dry THF (2 nl)
was added at -78 [err]C and stirred to roomtenperature (2 h). The
m xture was neutralized with saturated NH4Cl sol uti on and extracted
with ether. The or h and
concentrated in v %@b ﬁ)ﬁgéﬁ%ﬁﬁﬁm ﬁeag%%mﬁf@nfq}utg an'g:f exr%racted

-112- si | i cavitheathero| Thenorgapin layeOmasiwashad Witbdring, dtemh@ndo: 30) as

$Ihuent gave f E; lRenéerittated inogkiieb, FlEhromatbglabfy bf thezrediiGe Ot silideD0) .
e product o t
descri bed for %Fé&géﬁ W'ﬁ‘ ét&)z?cflﬁe(}ab |(‘Fso§%‘a3§§'5:86 b%%@éluteg é;@l the
23A: MB (FAB) ﬁr/zlﬂsarqme‘slm@)) MS (FABR®/Zz 472 (Mfm)wm 7488 (M—I[err] 100) .
EXAMPLE 24 Using the appropriate phosphonates in the procedure of Example
16, Steps 4-5, the following compounds 16A and 16B were prepared:
oy u o OH
s (o)
" H LF
I N

Cl

7\ /Il

16A

cl
(MS (ESI) m/z 438 (MH, 100);
MS (ESt) m/z 438 (MH+, 100).
Using the procedure of Example 16, Steps 2-5, employing
starting material 37B, the following compound 16C was prepared:

=Y
(o]

10

—
[=2]

CFs MS (FAB) m/z 472 (MH*, 100).

EXAMPLES 17 and 17A
0 o

H H
0,
H &

15 CFa
Jones reagent was added to a solution of the product of Example
16 hydrochloride (20 mg) in acetone (5 mL} at room temperature until
red color persisted. The reaction was quenched with EtOH and
extracted with ether. The organic layer was washed with brine, dried,



H H Stepl: [err] See J. Organonettal l.ic Chem, 521

(1996) pp203-210; J. Og. Chem, 47 (1982), pp2825-2832. 15 Step 2:
[err] The product of Step 1(27.5 g, 0.1255 nol) was dissolved in
DVF (40w09p269d net hyl acrylate (23 m, 0.251 nol), EPGNU$NSRIRE
0.3765 - nol) and Pd(Ph3P)2CI2 (4.37 g, 5 nol % were added successively.

The 20 m xture was heated at 75[err] C f-808-16 h. The reaction m xture was
conbined with NHAClI (sat'd), extracted with ether and dried (MSO4).
The extracts were concentrated in vacuo and the residue

-113- h t (9:1-4:1.h Et OAc) t.0,.gi 20 71 % of
the.  desi rodnedibRRndr Vaciy Tags tecitscomianaded g, 3% 65 o

2H), 2.38 (s, "MS (HAB) ra/z47O(MH*2/90).3. 74 (s, 3H), 4.0 (s, 4H), 5.73 (d, J
=15 Hz, 1 H), 6.17 From th&tdmpdlihd of EREmpe: 17 ThelRiibKinglddmpound caneP 3:

be prepared by conventional methods known to those skilled in the art:

o H NOH
H =\Ce
17A
5 CFs  MS (ESI) m/z 485 (MH*, 100).

From 17A, the following compound can be prepared by

conventional methods known to those skilled in the art:
oH H 0

;lCU

178

CFa MS (FAB) m/z 485 (MH+, 100).
EXAMPLES 18, 18A, 18B, 18C, and 18D

On HE
0

;Hi

N

/Ic

7 \

10 CFa
DAST (diethylaminosulfurtrifluoride) (2-3 drops) was added to a
solution of the product of Example 16 (12 mg) in CH2Cl2 (2 mL) at 0 °C
and the mixture was allowed to warm to room temperature. The mixture
was washed with NaHCOg3 solution (sat'd) and brine, dried and
15 concentrated in vacuo. Flash chromatography of the residue on a silica
gel column with EtOAc:hexane (35:65) as eluent gave the title product (8
mg). MS (ESI) m/z 474 (MH+, 100).
Using the procedure of Example 18, employing as starting
material the product of Example 16C, the compound 18A was prepared;
20 similarly, using the approrpiate starting materials, compounds 18B, 18C
and 18D were also prepared:




[err] . The, product of Step 2 (20 g, 0.089 nol) was dissolved in a

1:1 m xture of THF/ CH3OH (520 nL total). 1 M NaOH solution (260 ni)
was added slowy. The m xture was stirred for 4 h and y&a #93»?553 added.
10 The mi xt uMP W ashed with ether, the aqueous |ayer wa i“fTed to

pH 1 and extracted with Et CAc (x3), the conbined extracts were dried
(MyS™4) and the solution concentrated in vd@%o to give 19 g (99 % of

the desired conmpound. [err]H NVR (CDCI3) [err] 1.79 (t, J= 6.5 Hz, 2H),

2. 40 (s, 2H, 2.46 (m 2H), 4.01 (m 4H), 5.73 (d, J= 15.7 Hz, 1H),
6.23 (s, 1H), 15 %41 (d, J= 15. 7 Hz, . 1H) . Step 4: [err]

The product of Exa ? g, 0.1F4Hnm was o wdissolved in
THF (232 nL) and LR hydr ogefatf ch cat al ¥s3 20 ad 8 g).
ApeSsure of FEe

The mixture was platedfnder 1 at (9) . tirred
for 2.5 h. The m xture s filtered and concentrat®d in vacu N to give
t he desired conpoundsy g, 93 ¢ NVR (CDCI1 Zierr] 1.32 (d2y J=

H

6.5 Hz, 3H), 5.09 (m U 5.17 (B , 5.86 (8" % 11.7 HzJ®PLHKY 6. 30
(dd, J = 11.7, 7.0 Hz, H, 7.38 (s H. 25 Ste@)s: [err] cl
The product of step 3 fg, 0.0856 MOI9 was di ssol V&R in CH2CI 2 (350

m.) and cool ed to §g&r MSQFAB) a/P4by (itHhetgd).car bodi i m de (23.23 ¢

0.112 nol) was addeggh. L aldab di nopyri dine (1.39 g,’9.4 30
mol ). After sti rriga' &@ %ﬁ%/%%?(ﬁwﬂoloph he product of step 4 (22 g,

0.1067 nol) in CH2tBGeMS (ESILT/AFT4 (ME*at®d over 10 min. The mixture
5 18D: MS (ESI) m/z 440 (MH*, 100).

EXAMPLE 19
EF

OH H
o
;Hi

N

NS 1o

CFs
DAST (250 mL) was added to a solution of the product of
10 Example 17 (60 mg) in CH2Clz (5 mL) and stirred at room temperature
for 3 days, The mixture was washed with saturated NaHCO3 sofution
and brine, dried, and concentrated in vacuo. Flash chromatography of
the residue on a silica gel column with EtOAc:hexane (35:65) as eluent
gave the title product. MS (FAB) m/z 492 (MH+, 100).

15 EXAMPLES 20, 20A and 20B
E

OH H
)

H:H
N
7°N

\l

CF3

Step 1:



-114- was stirred at O[err]C for 2 h and at roomtenperature for 1
h. The m xture was then filtered, concentrated in vacuo, and the
resi due col um chromat o- graphed (9:1-4:1 hexane/ EtOAc as eluent) to
obtain 27 §V@726943  an oil. This product was di ssol ved iFETAPP¥HE 300 nl)
and heated at 5 215[err]C for 7 h. Colum chromatography (9:1-4:1-2:1

hexane/ Et OAc) gave 13.2 g of an oil10-The oil was dissolved in THF
(264 nL) and DBU ' (4.9 nL, 0.033 nol) was added. The m xture was
stirred for 1 h, diluted with Et OAc (500 L), washed with NH4CI (sat),
dried (MgSH), concentrated in vacuo filtered through a pad (1 inch)
of S (eluting 10 with EtOAc) andR¢ehcen§rated in vacuo to give the

desi red conpound (13 g, 38 9. (CDhCl[err]) [err] 1.10 (d,

J= 6.0 Hz, 3H), 1.2 (m 1H) 1 B85 m 2H), 1.92 (m 1 H), 2.35
(m 1 H, 2.47 (m 1 H), 2.59 (dd, Jd HiH 10.75 4.0 Hz, 1H), 2.70 (m
1H), (q, J=2.5 Hz, 1H), 3.85-4.0 (m 5H)COBN 4 45 (m 1H), 5 15 (AB
quartet, J= 12.0, 10DASTFavasZdddedioIOsdittich oﬂdtﬂmpolﬁd 37733

Step 6: [err] 30!2 at-78 0(2‘.@1% r%rdqgt'% n'ﬁrﬁ Thé R'HQH geg%sl(w %3 mol ) was

di ssolved in Et I"fadi am™ o ng) was
added and t he 2saturated NeblCR3 soldl mmébmle moenwomqyf\tm&d in yacughe
{n x: ‘ﬁr ef vv?ts gi It I Fl&éﬁdhromatogrtabh?bﬂfhea'eﬁia?eth «silicd gel dBIURN MHZEtCM%c wr:; ?d?ed
othe filtrate atm g
The m xture Wash%%L (If?lslgtog?g&'dgn{(bgvgt és' ggr&rgilf%g1¢b&§gcuo to give 3.81
g (99 %9 of t heStePs?r ed conpound. [err]H NVR (CDCI3) [err] 1.25 (m
2H) , 3&6 352(g (J = 6. 'ﬁ'ehtzthgg)rbduo?if Step Binla Mmanfier Sildilar fo Haf G%S%%)b%i 15Z|) 1.95
1 m
69 (m 1 |_8 n?n!':]xé?p\ %6 dﬁ gavetheﬂﬁe@gm&x%g&product of step 6 (1
3.2 mol} waMSjﬁEeSdbm'&l?‘} jﬂ%e (20
Using the appropnate phosphonate in the above procedure, 20A
is prepared; using the procedure of 4C, the compound 20B is prepared

from the product of Example 18:

(m
4.
g,

Cl
15 20A: MS (Cl) m/z 440 (MH*, 100).
20B: MS (ESI) m/z 490 (MH*, 100).

EXAMPLE 21

CFs
20 The product of Example 16 (30 mg, 0.063 mmol) was refluxed in
SOCIz (1 mL) for 3 h. The mixture was concentrated in vacuo.
Preparative TLC of the residue on a silica gel plate with EtOAc:hexane




30 L), SOCi[err] (1.25 nL) was added and the m xture heated at 80[err]C
for 16 The m xture was concentrated in vacuo, dissolved in fresh
tol uene (16 -115-

and cool ed t o¥0@2K Ph[err]P)4 (186 ng) was added, foll O\Aé’ﬁwssmszs
tributyltinhydride (1.3 nL, 4.8 mmol). The m xture was stirred for 3 h,
t hen chromat ographed (4:1-2.5:1 hexane: Et @43y to give 450 ng (48 % )
of the desired conmpound. [err]H NVMR (CDCl[err]) [err] 1.24 (d, J = 6.5 Hz,
3H), 5 1.0-1.9 (m 1), 248(m1H) 2627(m2H) 3.87 (m 4H),
4.54 (m The product
of Exanple 4, St ngS%‘??)laslélu nt %aVS tﬂ?‘rﬂﬁ'? PW&E"‘ (93 mg)dl ssolved in THF (10 nl)
and cooled to O[erl\ﬂ?p(FAB\)rBdEIAQO((MW 00hf 2.5 M 10 solution in hexanes,

m.)

2.9 mmol) was added and the m xture irred for 10 m n. The sol ution
was then added to a solution of the E %’t‘bp 7 (450 ng, 1.53
mol) in THF (10 nL) at O[err]C ?’ﬁlrem gtirred for 2 h,
then NH4Cl (sat) was added. The nbxt S & t d (Et CAc), dried
(MgS™4), concentrated In vacuo an chro -"oa—;. 15 (60:40

hexane: Et OAc) to give 650 ng (83 % the titl ezonpound. [err]H NMR
(CbC13) [err] 1.12-1.55 (m 6H), &243 J-6 4N3H) 1.78 (m 2H) ,
1.79 (m 1H), 1.96 (dd, J = 6.5, 1 H, (m 2H), 2.70

(quintet, J= 6. 5Hz, 1H), 395(m 4 76(m , 6.55 (d, J =15 5
Hz, 1 H, 6.65 (m ,729 8.0 H, 7.60 J=17.5

Hz, 1 H), 7.665202%d, MPMQBJ (1 ml;,Hy wa§ quied;to a?SOBJt'Pﬁ of the)pro Utzt@f( s,
1H), 7.86 (d, J= EEmeple 17 (8®mgLintlry TIF/@ rhls), ankitirred at room temperattte pr oduct
ATl 24 S HERH higdlSSFhd RBAB U hd fratized witd BhilHteFHRIBY o5 244

solution and extracted with ether. The organic layer was washed with

brine, dried, and concentrated in vacuo. Flash chromatography of the

10 residue on a silica gel column with EtOAc:hexane (40:60) as eluent

gave the title product (10 mg). MS (FAB) m/z 486 (MH+, 100).

22A: Using the product of Example 4 in a similar procedure, 22A was

prepared. MS (FAB) m/z 454 (MH*, 100).

EXAMPLES 23, 23A, 23B

on Hf ot
[\

15 CF3
n-BuLi (0.15 mL, 0.22 mmol) was added to a solution of

diisopropylamine (0.060 mL, 0.22 mmol) in dry THF at -78 °C and stirred
for a few minutes. A solution of the product of Example 17 (40 mg, 0.10
mmol) in dry THF (2 mL) was added at -78 °C and stirred for 15 min. A

20 solution of {10-camphorsulfonyl)oxaziridine (46 mg, 0.20 mmol) in dry
THF (2 mL) was added at -78 °C and stirred to room temperature (2 h).
The mixture was neutralized with saturated NH4Cl solution and
extracted with ether. The organic layer was washed with brine, dried,
and concentrated in vacuo. Flash chromatography of the residue on a



25 24A.  The product of Exanple 24 (650 ng, 1.26 mmol) was_dissol ved
in acetone (7.5 nL) and HCl (7.5 nL of a 1 Msolution) was added. The
m xture was heated at 50[err]C for 16 h. NaHCO3 (sat'd) was added and

the nixture ¥MW2Med with Et OAc. The conbined extracts we B3

-116- ' (MgS™), concentrated in vacuo and chromat ographed (1:1
hexane: Et OAc) to gi ve 590 ng (99 ‘M2of conpound 24A. [err]H NWR
(CDA 3) [err] 1.2-1.5 (m 2H), 1.47 (d, J= 7.0 Hz, 3H), 1.65 (m 2H),
2.08 (m 2H) 2.1 (m 2H), 2.3-2.5 (m 4 H), 274(quintet J—6.5
Hz, 1 H), 7.28
(d, J= 8. alg‘l;) ""ﬁ ﬁd\g’he a’%e &é’wi en?%e? ﬁe"‘%ﬁ $a‘sem 1H),
7.76 (d, J— 7 5 ‘h?t'ﬂelﬂ)'od (319'(19 MS (ES{Hp/z 4860 M 100} 8 0 Hz, 1H), 8.80
(s, |le) 24B-1 azmé;ﬁ_é&a ofﬁxanﬁrwzbl&ttr&ﬁedzwﬁiaﬁnaﬂﬁwﬁlépfb ik dO i}-}3
mo was [ was adde ter
5 10 mn, cg%é%glé‘g‘?%vﬁaéska? 68‘%'32%%&?%0'5‘4"@%?%}% with Et OAc.

The extracts were dried (l\/gSO4) n.oen & | B4 Vacuo.

Purification by preparative TLC® ﬂ 7. 505e Et QAc: CH3OH) gave
the | east polar isoner, 24B-1 ( HIIQL 15 WA T]IH NVR (CDCl 3) [err]
1.15-1.4 (m 4H), 1.43 (d, J= 6.0 3H), 1.5N1.7 (m 3H), 1.75-1.95 (m
15 3H), 2.35-2.5 (m 2H), 2.72a24qu€itet, Hz, 1H), 4.16 (br s, 1 H),
4.75 (m 1 H, 5.46, J= 15.5 B, 1H), 6.85 (m 1H), 7.29 (d, J= 8.0
Hz, 1H), 7.60 (t, J= 8 Hz, 1 7.66 (d,€d=_7.5 Hz, 1H), 7.76 (d, J=
7.5 Hz, 1H), S CFs CFa

23A: MS (FAB) m/z 488 (MH*, 100).
23B: MS (FAB) m/z 488 (MH+, 100).

EXAMPLE 24
Ol H 0—3
o)

T H

\

10 . CF3
Step1:

See J. anomettallic Chem., 521 (1996) pp203-210; J. Org.
Chem., 47 (1982), pp2825-2832.
15 Step 2:

o

o]
Hsco)v\og

The product of Step 1(27.5 g, 0.1255 mol) was dissolved in DMF
(400 mL) and methylacrylate (23 ml, 0.251 mol), EtgN (52.25 mL, 0.3765
mol) and Pd(Ph3P)2Clz (4.37 g, 5 mol %) were added successively. The
20 mixture was heated at 75°C for 16 h. The reaction mixture was
combined with NH,CI (sat'd), extracted with ether and dried (MgSOQy).
The extracts were concentrated in vacuo and the residue



7.80 (s, 1 H, 7.85 (d, J =8.0Hz, 1 H, 879 (s, 1 H,; and the nost polar
i somer, 24B-2 (70 ng, 70 %9: H NWMR (CDCI3) [err]0.93 (m 1 H, 1.06-1.4 20

5H), 1.43 = 6. o Hz, 3H), 1.85-2.05 4H), 2.40 .70
Eg]ui ntH)et, 6’"&9%1“ . 3. 64H%m 1H, 4 7z(5m(mH)1 1 g?rlzlgh‘)zasz?

15. 5Hz, 1 H, 664(m 1 H, 7.29 (d,,J = 80Hz 1 H, 7.60 (t, J=
7.75 Hz, 1 H, 7.65 (d, J= 7.5 Hz, Iilﬂ:?' 7.75 (d, J= 7.5 Hz, 1H), 7.80
(s, 1H), 7.85 (d, J= 8.0 Hz, 1 H, 879 (s, 1 H. 25 24C The
product of Exanple 24A (30 ng, 0.0638 mmol) was di ssol ved in THF (1

%Z g S;?Q?B{:o%ggn @j}] a?épi%dj(gl\f' é@'ﬂé&hﬁé&ﬁ%@ﬁ@% d k4 %) of thed hoved a
extracted with Et %s' cht ?‘g —Ga?n‘az épl) &% e(
concentrated in vagdp2.4/n,2H)j 3ldé (sydl) ptiDi(d,i4et), HY3 [, elsal 2Hzy EH) BQ 730

(30: 70 hexane: Etobm, t [ f de5| red conpound. M5 ( FAB)
mz 486 (100) S ?Hﬂ?‘@%@i‘?]g@II#ng procedures, conpounds of the

fol |l owi ng struc ur Ster & forrrul as were prepared, wherein the variabl es
are as defined in the t abl e: g o—>

-117- [err] HO™ ~# o w Ex. Q
W Physi cal Data 24D VS
(FAB)nz = 418 The product of Step 2 (20 g, 0.089 mol) was dissolved in a 1:1

mixture of THF/CHzOH (520 mL total). 1M NaOH solution (260 mL) was
added slowly. The mixture was stirred for 4 h and water was added.

10  The mixture was washed with ether, the aqueous layer was acidified to
pH 1 and extracted with EtOAc (x3), the combined extracts were dried
(MgS04) and the solution concentrated in vacuo to give 19 g (99 %) of
the desired compound. 'H NMR (CDClg) 5 1.79 (t, /= 6.5 Hz, 2H), 2.40
(s, 2H), 2.46 (m, 2H), 4.01 (m, 4H), 5.73 (d, J= 15.7 Hz, 1H), 6.23 (s, 1H),

15 7.41(d, J=15.7 Hz, 1H).

Step 4:
) 0

The product of Example 1, Step 2 (23.28 g, 0.114 mol) was
dissolved in THF (232 mL) and Lindlar's hydrogenation catalyst was
20 added (3.48 g). The mixture was placed under 1 atm pressure of Hz (g)
and stirred for 2.5 h. The mixture was filtered and concentrated in vacuo
to give the desired compound (22 g, 93 %). 'H NMR (CDCl3) 5 1.32 (d,
J=6.56 Hz, 3H), 5.09 (m, 1H), 5.17 (s, 2H), 5.86 (d, J= 11.7 Hz, 1H), 6.30
(dd, J = 11.7, 7.0 Hz, 1H), 7.38 (s, 5H). "

25 Stepb5:
Q o
Yoo
HIH

CO.Bn
The product of step 3 (18 g, 0.0856 mol) was dissolved in CH2Cl2
(350 mL) and cooled to 0°C. 1,3-Dicyclohexylcarbodiimide (23.23 g,
0.112 mol) was added, followed by 4-pyrollidinopyridine (1.39 g, 9.4
30 mmol). After stirring 5 min, a solution of the product of step 4 (22 g,
0.1067 mol) in CH2Clz (127 mL) was added over 10 min. The mixture



24E [err] [err] M5 (FAB)m z = 418

CH err] 24F [err] [err] I\/B(FAB)niz =418

24G  [err] M5 (FAB)m z = 418

[err] WO099/26943  \5 (FAB)m z = 422 241 '[“e'Wﬁ”ﬂ“”

M5 (FAB)m z = 422 24] [err] [err] (%)
(FABhm z = 422 24K [err] -114- MS (FAB)ml z = 422
[err] 24L ' [err] [err]H NMR (CDCI3) 0.93 (m 1 H),
1. 05- [err] [err] 1.38 (m 5H), 1.43 (d, J= 6.0 Hz,
?2 "1 H), 3.65 s Sﬁ_l"_ﬁd agO%#o? r%r tl _aLn t&mﬁ1 te%np]erétme fgfhl 'h. %‘h%%%rezm 2.68
6.5-6. 65 (m zmasihgvftlgqedx]&er@emrq.qu in vacuo, and the residue column 1H),
7.35-7.5 ( m 3H):hro?naﬁ§- élﬁ%}fﬂg :1-4:1 hexane/EtOAc as eluent) to obtain 27 g6f81 (d, J =
8.0 He, ' ar7| oil. sI"hnslp uct was dissolved in xylene (300 mL) and heated at

5 215°C for 7 h. Column chromatography (9:1-4:1-2:1 hexane/EtOAc)

gave 13.2 g of an oil. The oil was dissolved in THF (264 mL) and DBU
(4.9 mL, 0.033 mol) was added. The mixture was stirred for 1 h, diluted
with EtOAc (500 mL), washed with NH4Cl(sat), dried (MgSOy),
concentrated in vacuo, filtered through a pad (1 inch) of SiO» (eluting

10  with EtOAc) and concentrated in vacuo to give the desired compound
(13 g, 38 %). 'H NMR (CDCl3) 3 1.10 (d, J = 6.0 Hz, 3H), 1.2 (m, 1H),
1.65-1.85 (m, 2H), 1.92 (m, 1H), 2.35 (m, 1H), 2.47 (m, 1H), 2.59 (dd, J =
10.75, 4.0 Hz, 1H), 2.70 (m, 1H), (g, J=2.5 Hz, 1H), 3.85-4.0 (m, 5H),
4.45 (m, 1H), 5.15 (AB quartet, J= 12.0, 10.5 Hz, 2H), 5.36 (br s, 1H),

15 7.35 (s, 5H).
Oy H o—>
H.
HIA

Step 6:
CO:H

The product of step 5 (4.92 g, 0.0123 mol) was dissolved in EtOAc

(250 mL), 10% palladium on carbon (492 mg) was added and the

20  mixture stirred under 1 atm of Ha (g) for 1 h. The mixture was filtered
through a pad of celite, PtO2 (492 mg) was added to the filtrate and the
mixture stirred for 16 h under 1 atm Hs (g). The mixture was then filtered
and concentrated in vacuo to give 3.81 g (99 %) of the desired
compound. TH NMR (CDCl3g) & 1.25 (m, 2H), 1.35 (d, J= 6.5 Hz, 3H),

25 1.3-1.5(m, 3H), 1.6 (m, 1H), 1.7-1.95 (m, 3H), 2.5 (m, 1H), 2.58 (m, 1H),
2.68 (m, 1H), 3.95 (m, 5H), 4.69 (m, 1H)

Step 7:
QH H »
oo

CHO
The product of step 6 (1 g, 3.2 mmol) was dissolved in toluene (20
30 mL), SOCiz (1.25 mL) was added and the mixture heated at 80°C for 16
. The mixture was concentrated in vacuo , dissolved in fresh toluene (16




-118- - The follow ng formnul ations exenplify sone of the

dosage forns of this invention. In each, the term"active conpound"”
designates a conpound of formula 1. 5

EXANPLE A - TaWP &y26943 No. | ngredient ~ FCTUSI824523

ng/ tabl et ng/tabl et 1 Active Conpound 100
500 2 Lact ose USP . -115- 122 113

3 Corn Starch, Food Grade, as a 10% 30 40 paste in
Purified Water 4 Corn Starch, Food G ade 45

40 5 Magnesi,um,St ear o 7
Total i) S B o, Pa(Phamys (186 mg) wha Adfe dojved by

M x Item Nos. 1 an#ributylinhydride 6.2 mb, #& mmel). Threraixiwrewas stirred for 3d,anul at e

the m XE ure wi tl ?4]' tidh Somatoghdphedt(9a -2 BThe}aASEIGAC) !B IghodB BmEQ48C0RT Se

screen (e.g., S L S
IR e i e

Screen the dried granul es i essary a
for 10-15 m nut®s. 1AHH§91(ePNb 248 md H)i % 612¢ (M- 2H)nd 8dt(es 4HEhD és
the mxture to appregrd. a6 fors, 78).and wei ght on a suitable tablet machine.

EXAMPLE B - Capsul %? 8: : I ngr edi ent
ng/tabl et ny/table epe. 1 Active Conpound 100
500 2 Lact ose UBme product of Example 4, Step 3 (1.14 g, 3.0 mpud) was 123

3 Corn Starch, Fepdofd#THF (10 mL) and cooled to 048) n-Buli (1/PmL of 2.5 M
Magnesi um St ea

rate NF. . .
Tot al 18 so'\iuggrb in hexan%,@.g gxm%wﬁg &ég?d %%mea@l)@rg stirred for 10 M X
ltem Nos. 1, 2 andmini fha sslutioiie thaneadiied to @rsohoion®f thehpnoduct of Step Zdd 1t em

No. 4 and m x for J458b @hMESSmél In THMEIOWX] AF®C. e mtiuré a8 stirred for
two-piece hard gel gt f CARALCIRa Wad a%Héé.a‘?Lee rdGARTAY St RICRRS
dried (MgSQ4), concentrated in vacuo and then chromatographed
15 (60:40 hexane:EtOAc) to give 650 mg (83 %) of the title compound.
TH NMR (CDClg) § 1.12-1.55 (m, 8H), 1.43 (d, J = 6 Hz, 3H), 1.78 (m,
2H), 1.79 (m, 1H), 1.96 (dd, J = 6.5, 3.0 Hz, 1H), 2.9 (m, 2H), 2.70
(quintet, J= 6. 5Hz, 1H), 3.95 (m, 4H), 4.76 (m, 1H), 6.55 (d, J= 15 5 Hz,
1H), 6.65 (m, 1H), 7.29 (d, J= 8.0 Hz, 1H), 7.60 (t, J= 7.5 Hz, 1H), 7.66
20 (d, J=7.5Hz 1H),7.75(d, J =7.5Hz, 1H), 7.80 (s, 1H), 7.86 (d, J=8.0
Hz, 1H), 8.79 (s, 1H).

The product of Example 24 is treated as described below to
obtain Examples 24A, 24B-1, 24B-2 and 24C:

o5 CFs CFa CFy CFs
24A: The product of Example 24 (650 mg, 1.26 mmol) was dissolved in
acetone (7.5 mL) and HCI (7.5 mL of a 1M solution) was added. The
mixture was heated at 50°C for 16 h. NaHCO3; (sat'd) was added and
the mixture extracted with EtOAc. The combined extracts were dried



20 The activity of the conpounds of formula I can.be determ ned by
the foll ow ng procedures.

-119- In Vitro Testing Procedure for Thronbin Recept or Antagoni sts:
Pr epar at i onV8PY2¢& | H haTRAP A(pF- F) R(ChA) (T2 2 (1. 03
ng) and 10% Pd/ C (5. 07 np) Cowere sus&ended in DMF (250 [err]l) and-

dii sopropyl ethylamine (10 [err]l). 5 Thtb-vessel was attached to the
tritiumline, frozen in liquid nitrogen and evacuated. Tritium gas
(342 nCi) was then added to the flask, which was stirred at room

e e oy (B8R} congbntrdlEa 79 9,999&% ) 488 offoridioraphed (- ERBIRAD. 1

trit

ot ed w t h- DVEIBACEaNe B30IMa (SDELH GomRAiRE 2ok 1151 MR (GG 8L . Tre
coljl fect ed D(I;/F sql?msqm Qi-l)themn uﬂENHHiISIQ W8S (B, PHY, a:ioa (m, 2H)4vet1fmt wgt er
an reeze rie e | de WwWas
redi ssol ved in &é]tglfi ?r%ﬁﬁl@%gg ﬂ?@h{nh\% 65‘”5112 ﬁQﬂ 4 0 etﬁ)gdp The
tritiated pepti 69 {BrFEfRIHAAHWET2dMsdb) (Ch JE Q,Orﬂz,df‘l) 61t d=1%
aqueous TFA andeHzfﬂe)t;im;s (HPqulegmmieoMLawmmomH)mw 15

colum, Wydac C | e phase, (A) 0.1% TFA in
water, (B) O. 1%]‘%1‘ g7%Eft]lflétar(ﬁl-'ir’n;ﬂd|)tan J from 100/0 to 40/ 60 over

30 min; flow ra4B-tand 2ABid; T'@%P@@MPW Xanpie 24A519ingrR&2184amebheni call
purity of [3H hasARsstheedil%toH rraLyamdNbBHw@@mg)\m@tmeaf Altér 8 nCi

at a specifig aghvivkicel, (& &age(cga@p a5 AR Sl eckd i ERDRL 2L 0 Of

pl atel et ne ranes using a
nodi fi cation of Tlhﬁeextracts weretdited (MaSQa) andjaencentraied (M%Oaj an et al, Int.

J. Peptide Pr OL Fuiifibeton by preparkitivé 42.CLEY . 5:428% heﬁagﬁrﬂtmcmgcmpf pl at el et
& ange, Iy i t FPGEHp (calbolarisombh 240t b o PRPCRONMRIRICILISTS | o
at 4[err] C unddr1pdreydh)ol-684gaf 6.0 Hz, 3H), 1.5-1 7(m 3H), 1.75-1.95 (m,

15  8H), 2.35-2.5 (m, 2H), 2.72 (quintet, J= 6.6 Hz, 1H), 4.16 (br s, 1H), 4.75
(m, 1H), 5.46, J=15.5 Hz, 1H), 6.65 (m, 1H), 7.29 (d, J= 8.0 Hz, 1H),
7.60 (t, J=8 Hz, 1H), 7.66 (d, J=7.5 Hz, 1H), 7.76 (d, J= 7.5 Hz, 1H),
7.80 (s, 1H), 7.85 (d, J= 8.0 Hz, 1H), 8.79 (s, 1H); and the most polar
isomer, 24B-2 (70 mg, 70 %): 'H NMR (CDClg) 8 0.93 (m, 1H), 1.06-1.4

20 (m, 5H), 1.43 (d, J= 6.0 Hz, 3H), 1.85-2.05 (m, 4H), 2.40 (m, 2H), 2.70
(quintet, J = 6.5 Hz, 1H), 3.64 (m, 1H), 4.75 (m, 1H), 6.55 (d, J= 15.5Hz,
1H), 6.64 (m, 1H), 7.29 (d, J= 8.0 Hz, 1H), 7.60 {t, J= 7.75 Hz, 1H), 7.65
(d, J=7.5Hz, 1H), 7.75 (d, J= 7.5 Hz, 1H), 7.80 (s, 1H), 7.85 (d, J= 8.0
Hz, 1H), 8.79 (s, 1H).

25 24C: The product of Example 24A (30 mg, 0.0638 mmol) was dissolved
in THF (1 mL). CH3MgBr (150 pL of a 1M solution) was added. TLC
showed a more polar compound. NH4Cl (sat'd) was added and the
mixture extracted with EtOAc. The extracts were dried (MgSQOg4) and
concentrated in vacuo. The residue was purified by preparative TLC

30 (30:70 hexane:EtOAc) to give 6 mg of the desired compound.

MS (FAB) m/z 486 (100).

Using similar procedures, compounds of the following structural
formulas were prepared, wherein the variables are as defined in the
table:




safety conditions. P
4[err] Cto renove red cells.

resuspended i WAPZMBTri s- HO ,

t ot al

step was repeated two additi onal
pH 7.5, 5 mM EDTA to a fi nal

mM Tris-HCl,

tines.

5 nmME
10 m nutes.
Prit%l ets were resuspended i

m and were honogeni zed with 20 strokes in a Dounce honogeni zer.

Menbr anes were pel |l eted at 41,000 x g, e

,1 mM EDTA, 0.1 mM dithi
were frozen in I|qU|d N2 and stored at
menbr ane preparation,

Tris-HC, pH 7.

-120-

honogeni zed with 5 strokes of a Dounce wéehi zer . Membr anes wer e
pell eted and washed 3 tines in 10 nMtriethalol am ne-HCl, pH 7.4, 5 nM
EDTA, and resuspended in 20-25 ml 50 nmM Tri l, pH7.5 5 10 mM MyCl 2,
1 mM EGTA, and 1% DVSO. Al i quots of nenbrane were frozen in liquid N2
and stored at -80 C. Menbranes were stable far at least 3 nonths. 20
units of platelet (é;(ncentr tes yplwall yi el ded F;l'ﬁ@ical Datang of men®rane
protei n. Protein gofe |lt|utr —retetnred LM (Lovvry
et al, J. Biol. qn’éﬂD. 195L)). ﬂW)Wﬁ@%ut Thr ¢rbi n
Recept or Radi ol i gand Bi Thronbi n receptor
ant agoni sts were gcregned usi ng odi fication of the thronbin
receptor radioligpand Qi ndi nn aq av G Ahn et _al . (Ahn et al .
Phar macol .. 51: 3502356 assfy was MS (F,qs;rﬁ/grgwfb in 96 yell
Nunc plates (Cat. 'na assay 15 volunme of 200 [efr]l.
Pl at el et menbr anek and h P e filuted to 0.4 ng/M ang 22.2
NnM respectively,iin |nd| ng bu fercHe50| MM Tri s- HCl pH 7.5, 10 nM
MyCl 2, 1 nM EGTA, W‘SM T ORL ggj Tons (MéfpﬂB)m/z=41a
%
24G .ﬁ’j:jﬂﬂ 5,0143 MS (FAB)m/z = 418
%
24H HF:OOH MS (FAB)m/z = 422
K 6\,: |
241 Hb.&” S (FABYm/z = 422
¥ 5\
24J ,r"j::r"“ T MS (FAB)m/z = 422
&g’ @
F
24K ,;jcro"* 5 MS (FABYm/z =422
F
24L JOH 'H NMR (CDCls) 0.93 (m, 1H), 1.05-
@\ 1.38 (m, 5H), 1.43 (d, J= 6.0 Hz, 3H),
ks o | 1.88-2.1 (m, 4H), 2.36 (m, 2H), 2.68
(m, 1H), 3.65 (m, 1H), 5.75 (m, 1H),
6.5-6.65 (m, 2H), 7.27 (d, J= 8.0 Hz,
1H), 7.35-7.5 (m, 3H), 7.55 (s, 1H),
7.81 (d, J=8.0 Hz, 1H), 8.75 (s, 1H).

aliq

t tol, and 10 m

C. To conplete

Platelets were centrifuged at 1 00 x g for 20 m nutes at
The supernatants were decanted and
centrifuged at 3000 x g for 15 mnutes to pellet platelets.
pH 7.5, 150 nM NadCl,
vol une of 200 m and centrlfuged at 4400 x g for

Pl at el ets were
U 3

a

Thi s

ns5

vol une of--approxi nately 30

spended in 40-50 mM 20 35 MM
al i quots

e thawed, pooled, and




in 100% DIVBO) of t est corrpounds were further diluted in 100% DVSO

Unl ess otherwise indicated, 10 [err]| of diluted conpound sol utions and 90
0 [err]l of radioligand (a final concentration of 10 nMin 5% DMSO) were
added to eWOPREM3 | and the reaction was started by the BEBUSISEASZ3f 100
[err]l of menbranes (40 [err]g protein/well). The binding was not

significantly i nhi bited by 5% DMSG118onpounds were tested at three
concentrations (0.1, 1 and 10 [err]M. The plates were covered and
vortex-m xed gently on 25 a Lab-Line Titer Plate Shaker for 1 hour at room
tenperature. Packard UniFilter GF/C filter plates were soaked for at

| east 1 hour in 0.1% pol yet hyl enei'mi ne. The incubated nenbranes were

harvested using a The foﬂbwhgrfuknﬁildtﬁomslﬂxbmpliﬁyimesaithblmegemmsnmf wer e

rapi dly washed i Tris-HC, pH
7.5, 10 mM MyCl t%%“iﬁv rfg;gﬁ th e%;E}ﬁ t%‘%%%}'%fég%bg%ﬁﬁ%ﬂgg“ ondﬂ(\:/loc kt ai | (25

[err]l) was addeiMRPH ormulal. el | and the plates were counted in a
Packard Top®unt M cropl ate Scintillation Counter. The specific
bi ndi ng was defined as the total EX MPLE AditBgiefd NUS the nonspecific
bi ndi ng observeﬂ n the presence excess (50 rr] n| abel ed
haTRAP. The % i ition by a cORRMEN of 35 [3H] thi M@gﬂ' 0
t hrombi n recept orls wastiveaComipauad from t he f ol 1@® ng reb@d i onshi p:
-121- % lpnhi Tot al bi ndi Bi ndi n the
presence of a test c%%%%ﬁ% ﬁd?:%erade as p 10% ﬁ@zr tal ng13

5

ACpF- E?R?&”Z??ﬁkfy. E%é‘g"”@""“ed W Chi (12 2.9 o], vere
g%@é‘ 190 g)g%’gén Jose, ThéS5 4lS’rlty of

cust om synt hesi z&

t hese peptides wds >Hignesivim Btearatas (97% was pur chas@&d Zrom ERG
Mound, M ami sburg Chio. The gas was Jggsequent |y 300 cadedzgimd stored on
an | N US Syster’rﬁ{ risqrher. M croScint 20

hod of Manutacture

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

EXAMPLE B - Capsules

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

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

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




10 scintillation cocktail was obtained from Packard | nstrunment Co.
Prot ocol For Ex- Vivo Pl atel et Aggregation In Cynonol aus Wol e Bl ood

Drug adm ni stration and bl ood col |l ecti on: Consci_o S %722 red
cynonol gus nmonk@9¥263Pe al | owed to equilibrate for 30 r'r’lcﬁ. § %—zzédl e
catheter is-inserted into a brachial vein 15 for infusion of test drugs.
Anot her needl e catheter is inserted into tHd9- ot her brachial or '
saphenous vein and used for blood sanpling. In those experiments
where the conmpound is adm nistered orally only one catheter is used.
A baseline bl ood s3 | pl Le d i) s%i,ner t ubes
containing a thront AT DT T O S 2 I89 (100 1T gro- & saline) as
an anticoacul ant. Puepatatiop ¢fd2HhaRRARf used i nt ravenously over a

peri gd of 30 3126 BI680d;9\ ; FRGPAﬂ(h ()g-ﬁ{-ﬁHtE@.bSﬁ’]gg?@natho P&/Z (5267 mg) 30
m n during an : mn.a ation o rug | Si on.
I n PO experinents Wéé ﬁH?'?ﬁi\dgdé? b‘:‘éﬁ) c?mlm%ﬂdtﬁ%""d?éhgg‘ﬂg‘? % éi;'é ge
cannul a. Bl ood SanJheyesasel was| dtiacheditethedritigo lingJTozen in licdd niggenzand, 25
2007 egat i on and & he B e A

i IS u |
concentration of t H"@scﬁ'ﬂ'ﬁd@ Qo temneigiirg éé.hoﬂﬁsg&%?og'ﬂp’?@'g%ﬁﬁ%r med
i medi atel y after ceddtienttherexoesst tritium|vasdresavet @nddhalmactadmeaptidel ow.
of "sal i e and gar g ion wa diuted witDIIF 0% m dAOUUERAR: PamBueeyy 10 -5 1
aggr egonet er . wF?‘?ﬁYé&JQeﬁ)"?ﬁég oW solution.g Wegﬂéfeg%%gaéﬁss&@gerdrmd in
sal i ne to 37[err] Cwitihtveatbt anstifresvedried to removik the labit tritiupaThe solisd ace in the
heating bl ock wel | pebiif WaD peHIS¥R/eRlif Weltdldhd the freez§ dR)ir Bbcks t he bl ood

T e e e e AP RO s | e
cal i bration check 0sl%eqfieouseTFA 20d [parifi¢d by HRTalsingthe follewikg conditibias:
graphi c 15  column, Vydac C18, 25 cm x 9.4 mm 1.D.; mobile phasd,3A) 0.1% TFA in
produced by the”coputiels Sofd v, The dannlist, Dl A ot 780 Bler
30 min; flow rate, 5 ml /min; detection, UV at 215 nm. The radiochemical
purity of [BHlhaTRAP was 99% as analyzed by HPLC. A batch of 14.9
mCi at a specific activity of 18.4 Ci/mmol was obtained.
20 Preparation of platelet membranes
Platelet membranes were prepared using a modification of the
method of Natarajan et al (Natarajan et al, nt. J. Peptide Protein Res.
45:145-151 (1995)) from 20 units of platelet concentrates obtained from
the North Jersey Biood Center (East Orange, NJ) within 48 hours of
25 collection. All steps were carried out at 4° C under approved biohazard
safety conditions. Platelets were centrifuged at 100 x g for 20 minutes at
4° C to remove red cells. The supernatants were decanted and
centrifuged at 3000 x g for 15 minutes to pellet platelets. Platelets were
resuspended in 10 mM Tris-HClI, pH 7.5, 150 mM NaCl, 5 mM EDTA, to
30 atotal volume of 200 ml and centrifuged at 4400 x g for 10 minutes. This
step was repeated two additional times. Platelets were resuspended in 5
mM Tris-HCI, pH 7.5, 5 mM EDTA to a final volume of approximately 30
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
35 mM Tris-HCI, pH 7.5, 1 mM EDTA, 0.1 mM dithiothreitot, and 10 ml
aliquots were frozen in liquid N2 and stored at -80° C. To complete



an adj ustable voI ume pipette (5-25 [err]l) and the aggregation .curve is
recorded for 10 m nutes. Maxi mum aggregation in 6 mnutes follow ng

agonist is the value recorded. 5 1In vitro Platelet Aggregation Procedure:
Platel et a1 ¥g6MBon studies were performed accordi ng to HOIASI824523 0t hod of
Bednar et al. (Bednar, B., Condra, C., Gould, RJ., and Connol 1y,
T.M, Throm Res,, 77:453-463 (1995)). -BRBod was obt ai ned from heal t hy
human subj ects who were aspirin free for at |east 7 days by 10

veni puncture using ACD as anti coagul ant. Platelet rich plasnma was

prepared by centr| L on_at 15,.m nut es 15 deg C

Platel ets were bé“?'?ﬁj 'ﬁpa%'ﬁa (g"r?gs W&E%g‘(?“f% 88°'e fered sal i ne
containing 1 m\xnmrmﬁ with pest gmfad?gur@sé\wgeniﬂebu Memgepnegat i on.
Aggr egat i on waswBRy pélletdfiand washed 8 ey in 10’ MM fietidnbRinside bl B 15

suppl emented w

pl atel ets were %’?egﬁﬁuﬁ% %’@%@%ﬁ?ﬁégﬂggﬁﬁgﬁ?’rﬂ %@@% p'?’(&rpq'ga% nut es.

Aggr egat i on Svas19 mi MgGzl hipMhEGITAgand 3% PMSQU Aligussrofanerobranes m

tS Er Errbl ? anddr ?gé@ ﬁ‘oz\éhﬁ? fiyliaNg asd abt@wéteaasctnuea\d&a{éstwa% sIarsuarfo.Pl at Ie "
aker (spee £l 6gﬁen aggé g@ gﬂgg\?@% ITB Iﬁgaée as _incr qae#% ig

t tt 8% menthsy 3P I8P ypically'yie

AF]? |ntS le)r ag(r:gcgmrqi :‘membrane protEln Peetein ¢ancenatiomsias deteawineddnca noma nodel

i n nude nouse Qiwehy 2B Cheif. . e reported in S.

Even- Ram et a[&vryassay?l_ gtgﬂJl | e, AFQ a?ggqqg ?) 914pl. 25

Usi ng the t%%t H el ' Al R iv A 0 t hr ombi n

recept or ant agoni st By’gmym @@ﬁp?@nnﬂtag@nlsmwetmﬂenamum@ found to
have 1 (Jerr] vamegicafiorfof thbhﬁrmﬁéﬁebﬁdrlrﬁﬁoﬁéaﬂ%ﬁbmg 2284y of A

2000 nM i oh oo oA S e badRiacer }% )sﬁb’béé;ﬁar@eg%s%&ﬁ’szﬁ;e“OE ’30
about 4 to 100 panformed in 96 well Nunc plates; wasﬁae)earea fing) psegut i on
| nhi bi tion {&Al yolamad 200 1Plammsﬁnbsaheqamwnﬁ\méretandfsa/ﬁ, I Cerr]

Blood PAI, one 02 %s{?ﬁ{ﬁ\défzn%g%sgégé‘ﬂea&%bﬁ@m@g@ﬁ%@m%‘a%k%k%2|
in betahydr oxy pPdFy§:,-1035M MgElao d SHMERTALD. t 6RBBAL Sgcksalutionst(he MM howed
100% aggr egat i oy £30%4 ®MSO) of #eBkedrhpoundsWeteifeitherdilutedinnions% DMSEH
dextrose). Unless otherwise indicated, 10 pi of diluted compound solutions and 90
20 i of radioligand (a final concentration of 10 nM in 5% DMSO) were
added to each well, and the reaction was started by the addition of 100
ul of membranes (40 pug protein/well). The binding was not significantly
inhibited by 5% DMSO. Compounds were tested at three concentrations
(0.1, 1 and 10 uM). The plates were covered and vortex-mixed gently on
25 a Lab-Line Titer Plate Shaker for 1 hour at room temperature. Packard
UniFilter GF/C filter plates were soaked for at least 1 hour in 0.1%
polyethyleneimine. The incubated membranes were harvested using a
Packard FilterMate Universal Harvester and were rapidly washed four
times with 300 ul ice cold 50 mM Tris-HCI, pH 7.5, 10 mM MgClz, 1 mM
30 EGTA. MicroScint 20 scintillation cocktail (25 pl) was added to each
well, and the plates were counted in a Packard TopCount Microplate
Scintillation Counter. The specific binding was defined as the total
binding minus the nonspecific binding observed in the presence of
excess (50 uM) unlabeled haTRAP. The % inhibition by a compound of
35 [3H}haTRAP binding to thrombin receptors was calculated from the
following relationship:




-123- What is clained: 1. A conpound represented by the

structural formula ° [err] 5 or a pharmaceutically acceptable salt
t her eof , wherein: the single dotted line repr o

optional doubM™® BERY3 the double dotted |ine represents an
optional single bond, nis 0-2; Qs

[err] wherein n[ferr] and n2 aré21 ‘ndependently 0-2: or when the
doubl e bond is not priesent, Qis also fused:-R-substituted aryl or
R-substituted het er oaryl ; Ris 1 to 3 substituents

I ndependent |y sel e‘f'tlﬁﬂnbftf p'rnthe group 15 consisting of H (err]-C6

al kyl, hal ogen, 0, _C[err]-C[err])aIk I- am no
(Clerr]- CG)dlaIkyIamn°t 15 g, Presenee p SLERIIRO @

-S2R1[err], -NR err] COR16a, 'FcNEI[lﬁndah@@tﬂﬂbp&c’ﬁ@btnleB1600\lR4R5 fluoro-(d -
C6) al kyl , d| fl uorol(ngeg{ag C[err])al kyl, trifl uoro(C[err] C[err])al kyI
C3- CchcIoaIkyI err alke ryl(d e ‘]:‘l A |
aryl (C2-C[err] )l kenyl , het é\(l!ﬁrF (@bA)(bf‘iY'NH (BF’@ (ChA)(h 12 Y)
heteroaryl (C2-J ermhéaﬂvds@rbdstonﬁlsﬁ‘ﬂwalﬁv%aﬁ@ ing.) (SakYose, CA) The .
L 1oLt L o o e 4R Ru EI0 a8 B
from EG&G Mound, Miamisburg Ohio. The gas was subsequently
loaded and stored on an IN/US Systems inc. Trisorber, MicroScint 20

10 scintillation cocktail was obtained from Packard Instrument Co.

Protocot For £x-Vivo Platelet Aggregation in Cynomolgus Whole Blood
Dru inistration a ollection:

Conscious chaired cynomolgus monkeys are allowed to
equilibrate for 30 min. A needle catheter is inserted into a brachial vein

15  forinfusion of test drugs. Another needie catheter is inserted into the
other brachial or saphenous vein and used for blood sampling. In those
experiments where the compound is administered orally only one
catheter is used. A baseline blood sample (1-2 ml) is collected in
vacutainer tubes containing a thrombin inhibitor CVS 2139 (100 ug/0.1

20 ml saline) as an anticoaculant. The drug is then infused intravenously
over a period of 30 min. Blood samples (1 ml) are collected at 5, 10, 20,
30 min during and 30, 60, 90 min after termination of the drug infusion.
In PO experiments the animals are dosed with the drug using a gavage
cannuia. Blood samples are collected at 0, 30, 60, 90, 120, 180, 240,

25 300, 360 min after dosing. 0.5 mi of the blood is used for whole blood
aggregation and the other 0.5 ml is used for determining the plasma
concentration of the drug or its metabolites. Aggregation is performsd
immediately after collection of the blood sample as described below,
Whole Blood Aggregation:

30 A 0.5 ml blood sample is added to 0.5 m! of saline and warmed to
370C in a Chronolog whole blood aggregometer. Simultaneously, the
impedance electrode is warmed in saline to 37°C. The blood sample
with a stir bar is place in the heating block well, the impedance electrode
is placed in the blood sample and the collection software is started. The

35 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



of H C[err] CGaIkyI quoro(C[err]-C6)aIkyI, _ )
difluoro(Cerr]- C[err])al kyl, trifluoro-(Cerr]- Cerr])al kyl, C3-C6
cycloal kyl, CJerr]-C6 al kenyl, aryl((err]-Clerr])alkyl, aryl(Cerr]- 25
Clerr]) al k0M926442t er oaryl (C[ err]-C6) al kyl, het er oaryl ( CRCTUSI¥234523| keny! ,
hydr oxy- - (derr]-Cerr])al kyl, amno(Clerr]-C6)al kyl, aryl and
thio(Jerr]-CJerr])alkyl; or Rerr] andiB2- together forma =0 -group;
R3 is H hydroxy, Clerr]-Cferr] al koxy, -SOR[err], -SQ®2Rerr], -C(O OR17,
-C(ONR[err]R19, (err]-Cerr] alkyl, halogen, fluoro(CJerr]-Cferr])alkyl,
difluoro((err]- -124-
o6) al kyl, triflRiefeses Y the.computensoftware. The egepis) (RafEAFAisgddeddy s
ﬁl kenyl , ?E)(/:I[ ( Greadjlistable vo|utﬁ{eq11pdtl)ad|5kz& ul) anyllthe2gGifegatidn aliveny | | kemyl
et er oar er . . ; enyl ,
hydr oxy (3(/:[ errl. {e}: (ge?fﬁ *é‘ Xutes hl@l%ﬁfrﬂﬁﬁ %bé{%gﬁﬁ %lqin?mutg%ﬁfog\]riﬁ@ y
thio((err]- %@Hmﬁ'ue@or is a nono-, bi- or tricyclic
het er oar onatg c Mmgm‘t_elétl\gg@atgon Prooaﬁoras conprised of 1 to 13 carbon
atoms and 1 to 4 hetﬁé{égét%ﬁregatuon stdéﬁ’é‘soﬁl Qn%eﬁéﬁahr@%'a%%% {oot‘ﬁ‘et he group

consisting of N, O rlng ni gﬁn C rorman N oxide

or a quatenary ’QPW qfiBegnar et al. (Bednar; By.-Gondsa.& Ggu v ein Het is
attached to B b@omnalig] PO, Theom, Rew 77:453- mbmgs»armou@melomahh@d Het group

~I's substituted Pcyl nlnetaﬁ?ﬂpﬁnlﬁgﬁtshbﬁée ﬁho  yrerg gMn’frBQ?&%‘i'@é&Llyda%' pyeted from

the gro consi s
fl uo?o( quer#q 'c{eémqr)c&;rﬁyqsm%@%ﬁ EPBQ'H'?U RlatelatLickyplasma was
trifluoro-(d erprepiiearty éemlhfklgbﬁon{a WoXgrfbr 15 minutey @t #8ldey!C.

heter ocycl oal kyl”l’até?t?t&%@'g ka)f'al(()EH Ehwf‘éﬁem\? i B]Jﬁ%arsra% 5-@' Ky

or C2-Cferr] alke al kyl ;
R21-aryl-(C2-d %9’]*?'5‘"‘9115’" |‘fy‘P" ﬁ@ﬂ@k@aﬁ%ﬂ'ﬁﬁ f@r'F']"b@PSQFepPHP cyl
het er oar yl ( C2- CAggreghtisryvas peeiommed & mon temperaturdirelsuffered kilirie
?ICP)(;?; ?Xy( grse]r ;;lfqg%ﬁéllt)aalvhw 0.2 %&fb’gﬁbr%g A(yll'e compound and
di-((Cerr]- ce)eiﬁ‘@iﬁrfﬁi%ﬁwm'@&%ﬁd ioféPéPW}lseér kyl ;
Clerr]- CAggriegation war iffitated by ayiting\0.3 v b@j’ﬂhAP -okB4RB/ml- CN; - OH;
M, 20 MRRBRT SR S s T ML
-NHSO2R[ err]: Shaker t(?EF?F‘é’n Pe [FQQQZ{ w WRB? ?é(a@ 'ﬁﬁ@ﬂf'@gr ]:
20  light transmittance at 405 nm in a Spectromax Plate Reader.
In vivo Antitumor Procedure: '
Tests in the human breast carcinoma model in nude mouse are
conducted according to the procedure reported in S. Even-Ram et. al.,
Nature Medicine, 4, 8 (1988), p. 908-914.
25 Using the test procedures described above, in the in vitro
thrombin receptor antagonist assay, compounds of the invention were
found to have ICgp values (i.e., the concentration at which a 50%
inhibition of thrombin receptor was observed) in the range of about 4 to
2000 nM, with preferred compounds having ICsg values in the range of
30 about4 to 100 nM.
In the in vitro Platelet Aggregation Inhibition {PAI) assay,
compounds tested were found to have ICsg values in the range of 67 to
1000 nM. In the ex-vivo C. Monkey Whole Blood PAI, one compound
tested showed 100% aggregation at 3 mpk (oral in betahydroxypropyl-
85 cyclodextrin as cosolvent) and another showed 100% aggregation at 10
mpk (i.v. infusion over 30 min. in 5% dextrose).




(derr]-Cerr])al koxy; Cerr]-C6 al koxy substituted by

(dJerr]-derr])al kyl, am no, -OH, COOR17, -NHCOOR17, -CONR4Rjerr],
aryl, aryl su | t d by 1to 3 subst ut uent.s i ndepenggp %%e(:t ed
fromthe gr ougsé%gé%éti ng of 25 hal ogen, -CF3, Cl-C6 al kyl f,(’ 5§e9>é/rz - C6

al koxy and -COOR[err], aryl wherein @}g acent carbens—tormaring wth

a net hyl enedi oxy group, -C(O NR4R[ err] and heteroayryl . . . o —
R21-aryl; aryl wherein adjacent carbons forma ring wt h“munﬂ umuumj‘“l
met hyl enedi oxy group; 30 heteroaryl; heteroaryl substit c DY 1Tyl Os4 '+
substituents sel ecipgthtfid QlinMde group consisting of halogen, (ferr]-C6
al koxy, Cerr]-C6 alkyl, (C(err]-Cerr])alkyl - am no,

di-((CGderr])al kyl)am no, -0OCF3, -NO2, hydroxy(Cerr]-Cerr])al kyl, -CHO
and phenyl; and hetter oahywompound represtndacbby theasthusturalttormsuitor m a ri ng

with a (ferr]-Cferr] alkylene group oy gsmethyl en%di oxy group; 35 R4
and R err] are independently selectedYr "tzh’g\ Roup consisting of

H Cferr]-C6 al kyl, phenyl, benzyl and | kyl, or R4 and R5

-125- together are -(CHerr] [@rn]- or -(CH2)2NR7-(CH2) 2-
and forma ring wi th the nitroge ' tbey are attached;

R6 i s independently selected fromth& ge®ipl gqghsTsting of H,

Cerr]-C6 al kyl or phenyl; 5 R

S @hg% (ferr]-06)alkyl;
R8, R10 and Rferr] are independently selected fromthe group
consi sting of Rer Pl amharmaruticlyrdcaplablensait thawof, twhereipt i onal doubl e bond
:?[S priasent , Rlerr] bl S ?ﬂh&%ﬁﬂgle a&ﬁed\lﬂfﬁlréphf_l&n@ avo |&f§ﬁHth%ble:BEﬂH{] ﬁnfl
err] are absent; i , rr]- al koxy, hal ogen
or hal o(( err] - 06)al kyl e double d°“ed%%eégﬁ"?s‘?’?é5?) '-°,F'l"-~°d£1@? BoRaY oy ps
-CH2-NR6-, -C(O NR6-. nis0-2;
Qis
?H'e)rpz

[
< o

1 0 (CH2)n2
wherein ny and ng are independently 0-2; or when the double bond is
not present, Q is also fused R-substituted aryl or R-substituted
heteroaryl;

R is 1 to 3 substituents independently selected from the group

15  consisting of H, C4-Cg alkyl, halogen, hydroxy, amino, (C1-Cg)alkyl-
amino, (C1-Cg)dialkylamino, (C1-Cg)alkoxy, -COR'6, -COOR17, -SOR18,
-SO2R16, -NR16COR162, -NR16COOR162, -NR16CONR4RS, fiuoro-(C1-
Cs)alkyl, difluoro(C4-Cg)alky), triflucro(C4-Cg)alkyl, C3-Cg cycloalkyl,
C2-Cg alkenyl, aryl(C1-Cg)alkyl, aryl(C2-Cg)alkenyl, heteroaryl(C4-Cg)-

20  alkyi, heteroaryl(C2-Cg)alkenyl, hydroxy(C4-Cg)alkyl, amino(C4-Cg)-
alkyl, aryl and thio(C+-Cg)alkyl;

R and R2 are independently selected from the group consisting
of H, C4-Cg alkyl, fluoro(C1-Cg)alky!, difluoro(C1-Cg)alkyl, trifluoro-(C4-
Ceg)alkyl, C3-Cg cycloalkyl, C2-Cg alkenyl, aryl{C1-Cg)alkyl, aryl(Cz-

25 Cg)alkenyl, heteroaryl(C1-Cg)alkyl, heteroaryl{(Co-Cg)alkenyl, hydroxy-
(C1-Ce)alkyl, amino{C1-Cg)alky!, aryl and thio(C1-Ce)alkyl; or R1 and R2
together form a =0 group;

R8 is H, hydroxy, C4-Cg alkoxy, -SOR16, -SOsR17, -C(O)OR17,
-C(O)NRT8R19, C4-Cs alkyl, halogen, fiuoro(C1-Cg)alkyl, difluoro(C+-



-NR6C(O)- , cis or trans -(CH2 )anCR[err] =CR[err]a(CH2)[err] or
-(CHerr])[err](err] Hm n3 is 0-5, n4 and n5 are

i ndependent | 0-2, uﬂﬂ ]a are |ndependentl sel ect ed
fromthe gr¥P2M3 consisttndg of H Gierr]|-Clerr] alkyl $ ;

Xis -0 "or -NR6- when the double dotted line represents a single

bond, or X is -OH or -NHR20 when the bori@4ts absent; Y is =0
=S, (H H, (H OH or (H derr]-Cerr] al koxy) when the doubl e

dotted |ine represents a single bond, or when the bond is absent, Y is 20

rg aE)sHen'lt_i) when ?gg'{%&ﬁ*né‘%%‘t ée)(ﬁwiyh%% éﬁr"é@gﬁﬁg}(% ¢$\8‘k8"yl ary'(CBondR[aﬁ(rjr% s
H C[ err]-C6 al Rglajkyl, WW'&BM"@'M: hetmoaryléanCealkyh heteroaryl(Co- absent ;

is [err] ogglafteniyl, hydrad{C ROy, &mifo(C+-CERiK, é?@rmhwo - o
R[err] and R[er?i In ependently sel ected from the group consi sting
a@WEr

of (Jerr]-derr al kyl, phenyl or benzyl; Rl? R err]
and R19 are % ndependdettis @ memecbearfrmﬁhqhﬁe@mmaﬂc group @bh40 3¢i ng of H,

CI[ Er Ir ]- Cﬁ al |ky| atoH&%&hprrééﬂ'HM'to 13 carbon atoms and ¥ & 4 hetdrostbRis' | 1(3{ er g]
a en i's 0
subgt ut 5entg | n& %EEW‘%OER%P'{‘%B%‘?? gREﬂuphCé)napgﬂ%ogbl Q %’h%? ting of
-CF[err], ocrrswha@limgmg nitregen @reform-ag Nraxjdeadrka Huatemary pratpewvitoxy
(derr]- C[ err] )a'dﬁyd:é\%mrddp, whéileiti Hbt ie@takhed I@BIbYG carbon atom rin

am no(d err 3 )l ﬁﬁ%%%%@{%q(@subﬁ%r%i&yq o ftqjgét{tlren )alkyl,

err
(qerr q ]er r]) W, kdependemiyistlecteipar th growCaiisting) of HiNFSCaRflefr ] and
- NHSJ er r] CH2CFﬁuor M—Cs)alkyl difluoro C1-Cs)a| l trrfluoro—( -Cg)- alk)é Csz-Cg -126-

ZCI( SR[ er r] R[ err] 9¥°|° é ré?tﬁ %X‘:ﬁ.’%% F'ilﬂer %i“h’é élf%o?'lkwo whi ch

they are att achedCz{Caratkenyz-6e\atitensl; WI’-agyl@rpCa)‘a"@l.t R2bapdr(GorEs)- or a
15  alkenyl; heteroaryl{(C1-Cg)alkyl; heteroaryl{C2-Cg)-alkenyl; hydroxy(C4-
"~ Cg)alkyl; dihydroxy(C1-Cg)alkyl; amino(C4-Cg)alkyl; (C1-Cg)alkylamino-

(C1-Ceg)alkyl; di-((C1-Cg)alkyl)-amino(C1-Cg)alkyl; thio(C4-Cg)alkyl; C1-
Cs alkoxy; C2-Cg alkenyloxy; halogen; -NR4RS; -CN; -OH; -COOR17;
-COR18; -OS0,CFj3; -CHpOCH2CF3; (C4-Cg)alkylthio; -C(O)NR4RS5;

20 -OCHRSE-phenyl; phenoxy-(C1-Cg)alkyl; -NHCOR16; -NHSO,R16;
biphenyl; -OC(R€)2COOR7; -OC(R8)2C(O)NR4RS5;
(C4-Cg)alkoxy; C4-Cg alkoxy substituted by (C1-Cg)alkyl, amino, -OH,
COOR17, -NHCOOR?7, -CONRARS, aryl, aryl substituted by 1 to 3
substutuents independently selected from the group consisting of

25 halogen, -CF3, C1-Cg alkyl, C1-Cg alkoxy and -COOR17, aryl wherein
adjacent carbons form a ring with a methylenedioxy group, -C(O)NR4R5
and heteroaryl;
R21-aryl; aryl wherein adjacent carbons form a ring with a
methylenedioxy group;

30 heteroaryl; heteroaryl substituted by 1to 4 substituents selected from the
group consisting of halogen, C1-Cg alkoxy, C1-Cg alkyl, (C1-Cg)alkyl-
‘amino, di-((C4-Ceg)alkyl)amino, -OCF3, -NQO2, hydroxy(C1-Cg)alkyl, -CHO
and phenyl; and heteroaryl wherein adjacent carbon atoms form a ring
with a Ca.Cs alkylene group or a methylenedioxy group;

35 R4 and RS are independently selected from the group consisting
of H, C1-Cg alkyl, phenyl, benzyl and C3-Cg cycloalkyl, or R4 and RS




spi rohet erocycl oal kyl grou 3 to 6 menbers, conprised of 2 to 5 5

p_of :
carbon atons and 1 or 2 Twmmmﬂlﬁs “mt ed fromthe group consisting
of O S and N, and L R M - -Cerr] alkyl, phepylcodigizyl,
2> 7 '

-COR16 or - C¥RP¥SPRI err]”. © - ¥ *A conpound of cl ai maf ereinnis
zero. 10 - 3. A compound of any of clainms 1 or 2 wherein the double
dot t ed line represents a single bond2dX is -O and Y is =0 4.

A conpound of any of clainms 1, 2 or 3 wherein R2 and Rlerr] are 15 each
hydrogen; R3 is hydrogen or Cerr]-Cerr] alkyl; and RO is H OH or

wher e Rer 1] stogpter prey(Ha) SERBRLBE (EH BRI 2 dRR thrm Srrind O
any of claims 1, wjth#e nitregemtaybick they@re attached; substituted cycl ohexyl
or R-substituted phenyks is independéntly selectedfronmitie afroumgorasistiogaif ks 1, 2, 3,

4, 5 or 6 whereinRAS_H fluorine, OH derr]-Cerr] alkyl, CG{err]
al koxy or -CCIR[ePF]¢5 alH'/l O%%hgl"%’ A conpound of any of clains 1, 2, 3, 4,
5, 6 or 7 wher®in B isR7isHor(@Eehalkyl 30 9. A conpound of any of clains

1, 2, 3, 4, 5, 6, 7 orp8 RveyrRi M1 1HEb independentlynssldotad fromvthe ghdupt ut ed
pyridyl, quinolyl or.Wsu Itu _%ﬁ:ﬂq ' ; of
claim9 wherein W?%s'%ﬁngrq?deﬁr a héjll%égatp ?1 ‘f"_“‘\*‘:&Y‘-ezla‘%ytﬂ?rmwf:H&%
heteroaryl . 35 is pregdnt, R isabpentnancbwhen dngis aeoraatice /P @pthR Né&'qr oup
consi sting of absent;
10 R9 is H, OH, C1-Cg alkoxy, halogen or halo(C1-Cg)alkyl;
Bis -(CHa)ng-, -CHz-O-, -CHgS-~, -CHp-NRE-, -C(O)NRE-,

-NREC(0O)-, AN , cis of trans -(CH2)naCR12=CR123(CHp)ns or
‘(CH2)n4CEC(CH2)n5', wherein n3 is 0-5, n4 and ng are independently
0-2, and R12 and R122 are independently selected from the group
15  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 -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
20 =0, (H, H), (H, OH), (H, SH) or (H, C1-Cg alkoxy);
R15 is absent when the double dotted line represents a single
bond and is H, C1-Cg alkyl, -NR18R19, or -OR'7 when the bond is

OIX s%
absent; orYis '-0 )1'2 or ' -S )1'2 and R15 is H or C4-Cg alky;
R16 and R162 are independently selected from the group
25 consisting of C1-Cg lower alkyl, phenyl or benzyl;
R17, A18 and R19 are independently selected from the group
consisting of H, C1-Cg alkyl, phenyl, benzyl;
R20 s H, C1-Cs alkyl, phenyi, benzyl, -C(O)R or -SO2RE;
R21 is 1 to 3 substutuents independently selected from the group
30 consisting of -CFg, -OCF3, halogen, -NO2, C1-Cg alkyl, C4-Cgalkoxy,
(C1-Cg)alkylamino, di-((C1-Ce)alkyl)amino, amino(C4-Ceg)alkyl, (C1-Ce)-
alkylamino(C1-Cg)alky!, di~((C1-Ce)alkyl)-amino(C4-Cg)alkyl, hydroxy-
(C1-Cg)alkyl, -COOR17, -COR17, -NHCOR?'6, -NHSO2R 16 and
-NHSO2CH2CF3;
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12. A .pharnmaceuti cal

coris 1 on o < fﬂ!’!@ﬂﬂ&ﬂmnﬁmm of @ compound of claim:

PCT/US98/24523

-126-

Z is -CHa-, -O-, -8(0)g-2-, -NR22-, -C(0)-, -C(=NOR7)- or
-C(R13R14)-, wherein R13 and R'4, together with the carbon to which
they are attached, form a spirocycloalkyl group of 3 to 6 carbons, or a
spiroheterocycloalkyl group of 3 to 6 members, comprised of 2to 5
carbon atoms and 1 or 2 heteroatoms selected from the group consisting
of O, Sand N; and
R22 js H, C4-Cg alkyl, phenyl, benzyl, -COR16 or -CONR18R19,

2. A compound of claim 1 wherein n is zero.

3. A compound of any of claims 1 or 2 wherein the double dotted
line represents a single bond, Xis -O-and Y is =0.

4. A compound of any of claims 1, 2 or 3 wherein R2 and R8 are
each hydrogen; R3 is hydrogen or C1-Cg alkyl; and R®is H, OH or
C1-Cg alkoxy.

5. A compound of any of claims 1, 2, 3 or 4 wherein R1 is C4-Cg

alkyl.

6. A compound of any of claims 1, 2, 3, 4 or 5 wherein Q is R-
substituted cyclohexyl or R-substituted phenyl.

7. A compound of any of claims 1, 2, 3, 4, 5 or 6 wherein Ris H,
fluorine, OH, C4-Cg alkyl, C1-Cg alkoxy or -COOR17.

8. A compound of any of claims 1, 2, 3, 4, 5, 6 or 7 wherein B is
-CH=CH-.

9. A compound of any of claims 1, 2, 3, 4, 5, 6, 7 or 8 wherein Het is
pyridyl, W-susbtituted pyridyl, quinolyl or W-substituted quinolyl.

10. A compound of claim 9 wherein W is C1-Cg alky!, aryl, R21-aryl or
heteroaryl.

11. A compound of claim 1 selected from the group consisting of




13. A nethod of i nhi bi tT—rl—g;—_t hr onmbi n [iﬁmtors conpri sing 10 adm ni stering
Il

to a manmal in need of suﬂ“mnmlﬂmm ffective anmount of a
conpound of claim 1. AR TR SRR 128-
14. A net hodwofsresesat i ng { hriomdosi's, ~ at her oscl erosi s, restPgr{,gss?ss’,z,"m
hypertensi an, angi na pectoris, arrhythma, heart failure, nyocardi al
infarction, glomerul onephritis, thronbotiel2%roke, thronmboenbolytic 5
stroke, peripheral vascul ar diseases, inflammtory di sorders, cerebral
I schemi a and cancer, conprising admnistering to a mammal in need of
such treatnent an effective anount of a con'%ound of claiml.
O W H O n H H H H o

H Y

P
A
0. .0
’,:ll’ CH.CH3  F,C

12. A pharmaceutical composition comptrising an effective amount of
a compound of claim 1 and a pharmaceutically acceptable carrier.

13. A method of inhibiting thrombin receptors comprising
10 administering to a mammal in need of such treatment an effective

amount of a compound of claim 1.
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14. A method of treating thrombosis, atherosclerosis, restenaosis,
hypertension, angina pectoris, arrhythmia, heart failure, myocardial
infarction, glomerulonephritis, thrombotic stroke, thromboembolytic

5  stroke, peripheral vascular diseases, inflammatory disorders, cerebral
ischemia and cancer, comprising administering to a mammal in need of
such treatment an effective amount of a compound of claim 1.




