WD 03/ 042197 PCT/ US02/ 36396 1 OLI GOPEPTI DES AND COVPOSI TI ONS CONTAI NI NG
THEM AS CATHEPSIN S I NHI BITORS THE I NVENTION 5 This Application is based
on and clworsopribprity from U. S. Provi sional Application pha/us95638&, 605
filed on Novenmber 14, 2001, which is iincorporated herein by reference.
This application relates to conpounds and conpositions for treating

di seases associated with cysteine protease activity, particularly diseases
associ at ePIAFPIEPAERTSY ANy OMPOSITIENS FOFSPHINC THEYCR OFTRINSEE ST HIERRS
Cysteine proteases represent a class of peptidases characterized by the
presence of 15 a cysteine residue in the catalytic site of the enzyne.
Cystei ne proteases are associ at ed[HBINVANTIOE nor mal degradati on and
processi ng of proteins. The aberrant activity of cysteine proteases, e.g.,
as a result of increase expression or enhanced activation, however, may
have pat hol ogi t sl ot eases
e agsoct at ad iy PRRaRGRRERS op'afs Ll FrRpRY BomUPS Mole K HpNeuhl
muscul ar Ny $0133pJ695 filed dralNowdrileen 14 22000 wbichiininasiporatedhensin by kefarepde. i t i s,
mal ari a, periodontal disease, netachromatic |eukodystrophy and others. An
increase in cathepsin S activity contributes to the pathol ogy and/or
synpt omat ol Ogyrhgg‘ }gqlﬁ,u{mr? rre:l%fes & %Gﬁg&ﬁxds%ﬁﬁocfog{ Giti¥ns E&J t‘?gall‘lh Sided@s 1 nhibit
the activity o epsin proteaSe are use as t rapeu ic agents in
t he tr eatagmiiataalf wishicysteint romassacti2iby, PEioBafly AkBasesESEO6AIBOR WRE ABHvityDf SUMVARY
OF THE | NVENTI O\I This Application relates to conpounds of Forrmula (1):
X2R3 101 rathgpn 8. X R20

DESCRIPTION OF THE FIELD

Cysteine proteases represent a class of peptidases characterized by the presence of

15 acysteine residue in the catalytic site of the enzyme. Cysteine proteases are associated
with the normal degradation and processing of proteins. The aberrant activity of cysteine
proteases, e.g., as a result of increase expression or enhanced activation, however, may

have pathological consequences. In this regard, certain cysteine proteases are associated

with a number of disease states, including arthritis, muscular dystrophy, inflammation,

20  tumor invasion, glomerulonephritis, malaria, periodontal disease, metachromatic
leukodystrophy and others. An increase in cathepsin S activity contributes to the pathology
and/or symptomatology of a number of diseases. Accordingly, molecules that inhibit the
activity of cathepsin S protease are useful as therapeutic agents in the treatment of such

diseases.
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41 RANNX3 HOR23 R4 (1) wherein: X1 and X2 are both nethyl ene or X1
is ethylene and X2 is nethylene or a bond; 10 R3 is - CR5=CHRG,

- CR5( CR63WD,0308R9=NR8, or (C3_12)cycl oal kyl, wherein R5 amdTR&0Z86396

i ndependent|y hydrogen or (Cl-4)al kyl2or R5 and R6 together with the atons
to which R5 and R6 are attached form (C3_12)cycl oal kyl,

hetero( C3_12) cycl oal kyl, ( 12 y ero(C5 12)aryl,

(C9_12) bi cycl oaryl or hetero @@?&*Eﬁ@ﬁ%ﬂh&m R7 and R8 together with
the atons to which R7 and R8 are attached form hetero(C3_12)cycl oal kyl, 15
hetero(C5_12)aryl or hetero(C8_12)bicycloaryl, wherein R3 optionally is
substituted bylhis Applictipmtilates © donpepedsaditormpulsdlect ed from a group
consisting of (Cl-4)al kyl, cyano, halo, halo-substituted (CL.4)alkyl,
nitro, -X4NROR9, -X40R9, -X4SR9, -X4C(O NROR9, -X4C(O OR9, -X4S(O R10,
-X45(0) 2R10 and - X4C(O R10, wherein Xdzgss a bond or (C 1.2)al kylene, R9 at
each occurrence independently is hydrggen, (C 1.3)al kyl or 20

hal o-substituted (Cl-3)al kyl and R10 5&) (C1.3)al kyl or hal o-substituted
(ClL.3)alkyl; and R4 is -C(O)X5R11xm/ %@O) 2X5R11, wherein X5 is a bond,

-0- or -NR12-, wherein R12 is hydhogerRor QCl-6)al kyl, and R11 is (i)
(Cl.6)al kyl optionally substigwuted WO q@l 042197 PCT/ US02/ 36396 3 by -OR13,
-SR13, -S(OR13, -S(O 2R13, - C(\CD) 135 x3, -C(O NR13R14, _NRI3R14,
-NR14C( O) R13, - NR14C(O) OR13, - NRIAC( OINR13R14, or - NR14C( NR14) NR13R14,

wher eisn R13 is (C3_12)cycl oal kyl (CO. & alkyI®

het ero( C5. 12) cycl oal kyl (CQO. 3) al kyl , (&6.12)aryl (CO 3)al kyl, hetero(CS_
12)aryl (CO 3)al kyl, 5 (C9_12)bi cycl oaryl (C0. 3)al kyl or

het er o( C8_12) bi cycl oaryl (CO 3)al kyl and R14 at each occurrence

i ndependently is hydrogen or (Cl.6)al kyl, or (ii)

(C3_12) cyéhesginkyl (CO 3)al kyl, hetero(C5_12)cycl oal kyl (CO 3) al kyl ,
(C6_12)aryl (CO.IS) al)lg%la, het er g( cs_12gilr.y]@gco 3) al ké(l_ ,

(C9_12) bi cycl aardndeorms)bethpethyleng of & o3 etBylens #idc ¢ isgastylenerr bandy|  or

SRRDT R3 is -CRI=CHRO, -CR3(CR03)y, -CR7=NR8, or (C3.12)cycloalkyl, wherein RS
and RO are independently hydrogen or (Cq.4)alkyl or R and RO together with the atoms
to which RS and RO are attached form (C3.17)cycloalkyl, hetero(C3.17)cycloalkyl,
(Ce-12)aryl, hetero(Cs.12)aryl, (Cg.12)bicycloaryl or hetero(Cg.12)bicycloaryl and R7 and
RS together with the atoms to which R7 and R8 are attached form hetero(C3.12)cycloalkyl,

15 hetero(Cs.19)aryl or hetero(Cg.12)bicycloaryl, wherein R3 optionally is substituted by 1

to 5 radicals independently selected from a group consisting of (Cq.4)alkyl, cyano, halo,
halo-substituted (C1.4)alkyl, nitro, -X4NRIRY, -X40RY, - X4SRY, -X4C(O)NRIR?,
-X4C(0)ORY, -x4S(0)R10, -X45(0),R10 and -X4C(O)R 10, wherein X4 is a bond or
(Cq1-2)alkylene, RY at each occurrence independently is hydrogen, (Cjp.3)alkyl or

20  halo-substituted (Cq.3)alkyl and R10 g (C1-3)alky! or halo-substituted (C1.3)alkyl; and
R4 is -C(0)X5R!11 or -S(0),X3R11, wherein X5 is a bond, -O- or -NR12-,

wherein R12 is hydrogen or (Cy-¢)alkyl, and R11 is (i) (C1-6)alkyl optionally substituted



(C3.6)cycl oal kyl (CQO. 3)al kyl, hetero(C5.6)cycl oal kyl (CO. 3) al kyl,
phenyl (CO. 3) al kyl or 10 hetero(C5.6)aryl (CO 3)al kyl substituted by -X60R15,
- X6SR15, waesoRl5, -X6S(0)2R15, -X6C(O R15, -X6C(0O ORLPCTAXGIEGINRLSRLG,
- X6NR15R16, X6NR16C( O R15, -X6NR16C80O) OR15, X6NR16C(O NR15R16,
_X6NR16C( O) OR16, - X6NR16C(NR16) NR15R16, wherein X6 is a bond or nethylene,
R15 is (C3.6)cycloalkyl (CO.3)al kyl, hetero 6) cycl oal kyl (CO. 3) al kyl ,
pheny! ( Cby3) K@I'Sﬁgm&mﬁﬂ(ﬁé)ﬁl EWQ(@glgg:},aIQ( 052% ‘Iﬁ(&)NB?%Bt ,0ogen or
(Cl.6)al kyl; wherein R4 optionally further contains 1 to 5_substituents
whi ch’ wherNBA8RH,i ng-WRIACOMR 3al i cyNRIMCE)ORAS iR HCOINR 3R, emar e
radi cal s i ndependently selected from a oup consisting of (Cl.6)alkyl,
(CL.6)al kmh‘&wlgmb%wh“al o,whereino, RE o- subs(C3-uplexcloathyl&ampalkyl,
- X6NR17R17, -X6NRL7C(O OR17, -X6NR17C(O) NR17R17, -X6NRL7C( NRl?} NR17R17, 20
- X60R17, hetegsRs72)cydedkdy@rRizlkyl, X66( Riatkyl, hetsp@©sargraryika a3 Jalkyl,
- X6P( O (OR18) OR17, -X60P(0O (OR18)OR17, -X6NRL7C(O) R18, _X6S(0O) R18,
- X6S( 0) 2RCY.12)tdcyckaS((Q)gR)8lkghar ttern(Cg cpbicyclgamd(Chizdeliayl aidi Rrfatt eachoi ety
are radicals independently selected froma group consisting of cyano,
hal 0, ni tqco\;nenmm?lmen,dentlyI\iRhW@)n@Rim.6)aﬂmm(ii))(ﬂmzmcrlpalkyl%co-z.)alky,
-NR17C(NR17) NR17R17, -OR17, -SR17, 25 - C%:O) OR17, -C(Q NR1L7R17,

S( O) 2NRIPRIHCs.1 plegylodRi(G @RaikyL igs-03p0  Cog rlbdTh s3@30Bl(Carz)alkyl,

- OP(O) (ORL7)OR17, . -NR17C(Q R18, -S(ORL8, -S(O 2R d. - C(O RIS, ..\ i
R oAl LTI S AR g S AP o R e v WAL

hyd : 1. | kyl |, o- i 1. | kyl 8. i

(1. oy al e soeasnaitoeireteE ae saiud o sitRyo et cRrl om « ne
isti f hyd , (C1.6)al kyl 12 | ky} (CQ. | kyl ,

Pt o6 CHEREpRTHRY BI001 o patapited (o 1XPARTF T COKEY Rl Ryl XaOR S, ™

het c 1 | (CO. 6)al kyl ;: R23 i t f 1 | kyl ,

Al koxy( C TXEERAS, PEIGIORE 3) SIGIOIORI 5 - SBEOBVRLIRAA | PSRRI,

het er o( C5_12) cycl oal kyl (CO. 6) al kyl, (C6_12) aryl (COG(%M%k | 10 and

het er o( C5-XI fl GO)NR]OR MHC( O) R15

NRIIOIRLE) al kyl -KFINRMDOYORINs i t ut ek
or -R15 wherein R15 is as described above; and
_XONR16C(0)OR16, -XONRLIOC(NRIOYNRISRI6, wherein X0 is a bond or methylene,
R15 is (C3.¢)cycloalkyl(C.3)alkyl, hetero(Cs.¢)cycloalkyl(C.3)alkyl, phenyl(Cq.3)alkyl
15 or hetero(Cs.g)aryl(C-3)alkyl and R16 is hydrogen or (C1-6)alkyl; wherein R4 optionally
further contains 1 to 5 substituents which when occurring within an alicyclic or aromatic

ring system are radicals independently selected from a group consisting of (Cq.g)alkyl,
(C1.)alkylidene, cyano, halo, nitro, halo-substituted (Cj.3)alkyl, -XONRI7R17,
-X6NR17C(O)OR17, -XONRI7C(O)NRITR17,  -XONRI7C(NR17)NRI7R17,
20 -X60R17, -X6sR17, -X6C(O)OR!7, -XO6C(O)NRI7R17, -X68(0),NRL7R17,
-X6P(0)(OR18)OR!7, -X60P(O)ORI8OR17, -XONRI7C(O)RI8, -X6S(O)RIS,
-X68(0),R18 and -X6C(O)R18 and when occurring within an aliphatic moiety are
radicals independently selected from a group consisting of cyano, halo, nitro, -NRI7R17
-NR17¢c(0)0R17, -NR17C(O)NR17R17 -NR!7C(NR17)NRI7R17 -OR17, -SR17,
25 -C(O)OR!7, -C(O)NRI7R17, -S(0);NR17R17, -P(O)(OR17)OR17,



R24 is selected fromhydrogen or (C 1.6)al kyl; or R23 and R24 taken
together with the carbon atomto which both R23 and R24 are attached form
(C3_8) cycwoaBkyiiene or (C3_8)heterocycl oal kyl ene; 15 X3 i ®cyalsersads f r om
group (a), (b) or (¢); IVXy /R5 Re5 11\ RR5 Y X N (a) (b) (c) wherein
Xis O0Oand Yis N 20 R25 is selected from hydrogen, (CL.6)alkyl,

(C3_12) cycl oal kyl.(.CO. 6) al k hetero( C3 2)c cIo kyI(C06 I kyl ,

(C6_12) arﬁR(@Qﬁé‘}%?DW@ ﬂ\B{Lkd f%ﬁg@w )aR énnd -C %1\5 erein

- X45(0) 2R26 or -X4C(O)R17NR17C(O)R17 wher ei n R15, R17 and X4 are as

descri beX®izow dpnd26 (Cs.¢38kdatee R If r@tmax:h@cgmmme dindepindantly iphydrpgemgen,
(Cl.6)al kyl, WO 03/042197 PCT/ US02/ 36396 5 (C3_12)cycl oal kyl (CQO. 6) al kyl,
het er o( %Cigaﬂkl}ﬂ |di&iaky&.1(bﬁﬁm&had(afj)alkﬁ/m1_cﬂ.R)1 &y (¢ gig)aﬂc)yalok)hhlo -substituted

het ero(C5_12) aryl (0. 6) al kyl , ~12) bi cycl oaryl 3)al kyl and hetero(C
8. 12) - bi ¢¢¢hypsky] (CO. 3) al kyl ; wherein R25 optionally further contains 1 to
5 substituents which when 5 occurring within an alicyclic or aromatic ring

system are ragi2alis kaetl@RENEQAL ihe Sgbapt eshsisiing Mo BydvEens O(G]_Shikyy of (C
1.6)al kyl, (C 1.6)al kylidene, cyano, halo, nitro, hal o-substi ted

(CL. 3) al kgh1o)cYaDREVIRIT)aticfs NREBAL ) HBIAoalky RENTARA, @ ARDTRUT . ¢)alkyl
- X6NR17C( NRl?) NR17R17, -X60R17, -X6C(O R17, -X60Rl5, -X6SR17, -X6C(O OR17,

- X6C( O Nlaiﬁam(cg@ﬁ(mmmm7 10 - X6P( 0) (OR8) OR17, - X60OP( O) (OR8) OR17,
- X6NR17C(O) R18, -X6S(O) R18, -X6S(0O) 2R18 and -X6C(O) R18 and when occur ri ng

within an al i pPatik @eleae(eﬁysmafﬁrogreadchaé)smyndﬂmy(«iqrp,t)&lxylsﬁblecct afkym a
group consisting of cyano, halo, nitro, -NRL7RLl7 -NRL7C( CRl

- NRL7C( O) (93% 5irdyéloatkidiRT ¢ Glalifz], heRICRY 7)cyelohkyl(Co. Bk, (Ce. Q)@Y@Rb%)alkyl
-C(ONRL7R7, -S(0O 2NR17R17, -P(O) (ORL7)0R17, 15 -OP(O) (ORL7)OR17,

- NR176( Oahd Beterof ) a§1(Cp glaRyRptbnampsubsitileRith aMies, ENHC(O)R1S or -R15
wherein R13 is as described above; and
R24 is selected from hydrogen or (C1-6)alkyl; or

R23 and R?4 taken together with the carbon atom to which both R23 and R24
are attached form (C3.g)cycloalkylene or (C3.g)heterocycloalkylene;

15 X3 is selected from group (a), (b) or (c);
X Y Y
Sl/ )R Sl/ \>—-R25 §4 />—R25
X N
(@ (b) (©
wherein X is O and Y is N;
20 R25 is selected from hydrogen, (Cj.g)alkyl, (C3.12)cycloalkyl(Co.¢)alkyl,

hetero(C3.12)cycloalkyl(Co.g)alkyl, (Ce-12)aryl(Co.)alkyl, hetero(Cs.13)aryl(Co.g)alkyl,
“X4NHR15, -X48(0),R26 or -X4C(O)R17NR17C(O)R!7 whereinR15, R17 and X4
are as described above;

R26 is selected from the group consisting of hydrogen, (Cj.g)alkyl,



R15, R17, R18 and X6 are as described above. A second aspect of the
invention is a pharnmaceutical conposition that contains a conpound of
Formul a (WP oew4tibrei r N-oxi de derivatives, individual i|somecs/usn2/sa3ud ure of

i soners thereof, or pharmaceutically &acceptable salts thereof, in adm xture
with one or 20 nore suitable excipients. A third aspect of the invention

cot o 1C BB OETLHER R 52 B TAED bb bfCuibin”
S et g O CRBIAES, 0 " (B BRIRIAERRT [ st erig, Lo the
N- oxi de %{ﬁ:%(?/@glil&%bi% Ohlg’ftb?s!e%s]%g)lﬂ'tl soner or mxture of isoners thereof, or

a pharnmace acceptab thereof. A fourth aspect of the

invention is the prqgcess for. pr ring c opnds of ... Formul a and the
N oxt de_der vat | ves Hennd g Phiebt BARMDBSCRERBY LAY £ o fagiieple Yol Wi

03/ 042 19&8%%%%@@&3&3&%@& drdlohtiiidhg $RRAPAS ralichldindbpbnaentBf selceRUE! S
thereof; and the pharmaceutically acceptable salts thereof. DETAILED
DESCRI PTIfom: OF ZrdEp| KuERTingNof 5(Meglakkivti ¢hss)alkiyhidenss oydner vidde gitse.ed, the
following terns used in the specification and clains are defined for the
pur poses hafo-dubkttudpl i caf@psakyl] have-KANRAGRIAQwi ng AEANRIGE(OXOR17,
"Alicyclic" neans a noiety characterized by arrangenent of the carbon atons
in cl osektnptar(@yRRIER T ng XSNRITOINRS 7YNRI TRd 7pr og@oR1 €s -nebggohRk1hg: t hose
of aliphatics and may be saturated or partially unsaturated with two or
nor e doubdSaR1Y,r i-}OSRBBNdsXOCE)ORIES | cXOOEANR IARIB) et ¥O(mysMRIER]1Zed by a

straight or branched chain arrangenent of the constituent carbon atons and

may be SatEPROKOIEORAT] | BKEFPORORBGREY SN’ e yRI®r migosiels)] e or
triple bonds. ?(%Iiﬁc))xy" means an al ky{-O group in vﬁlmwgh t he a*%’}? group is

as describggOhRId md EX6TpHRI aldk@kyn gecupsy Wi apidtioxioiRfydargt hoxy.
radicals independently selected from a group consisting of cyano, halo, nitro, -NRI7R17
-NR17c(0)0OR17, -NR17C(O)NRI7R17 -NR17C(NRI)NR17R17 -ORI17 -SR17,
-C(O)OR!7, -C(O)NRI7R17 -S(0),NR17R17, -P(O)(OR17)OR17,
15 -OP(O)ORI7)OR17 -NRI7C(O)R18, -S(O)R18, -S(0),R18 and -C(O)R18, wherein

R15, R17, R18 and X0 are as described above.

A second aspect of the invention is a pharmaceutical composition that contains a
compound of Formula (I) or their N-oxide derivatives, individual isomers or mixture of
isomers thereof, or pharmaceutically acceptable salts thereof, in admixture with one or

20  more suitable excipients.

A third aspect of the invention is a method for treating a disease in an animal in
which inhibition of cathepsin S can prevent, inhibit or ameliorate the pathology and/or
symptomatology of the disease, which method comprises administering to the animal a
therapeutically effective amount of compound of Formula (I) or a N-oxide derivative,

25  individual isomer or mixture of isomers thereof; or a pharmaceutically acceptable salt
thereof.

A fourth aspect of the invention is the processes for preparing compounds of

Formula (I) and the N-oxide derivatives, prodrug derivatives, protected derivatives,



"Alkyl" represented by itself nmeans a straight or branched, saturated or
unsaturated, aliphatic radical having the nunber of carbon atons indicated
(e.g., (Gvogpahiayt includes 20 nethyl, ethyl, propyl, iseorapsy/3ebautyl,
sec-butyl, isobutyl, tert-butyl, vinyb, allyl, 1-propenyl, isopropenyl,
1-butenyl, 2-butenyl, 3-butenyl, 2-nethylallyl, ethynyl, 1-propynyl,

2- propynyl t he Kk ent ed ong Wi th anpther di ca

2 PPy A et b L S St et S B DB Dt
unsaturagg%tﬁ&kgpatlc di val ent radical having the nunber of atons

i ndi cated or when no atons are indicated neans a bond 25 (e.g.,
(C6-10)aryl (CO. 3)al kyl includes phenyl benzyl phenet hyl, 1-phenyl et hyl

3- phenyl propyl, and the like). "“Al k ess_indicated ot herw se,
means a straight or braﬂ%%%%ﬁ Fé?%ﬁ“ﬁ?”mﬁﬂggquﬁted al i phati c,
di val gnt radi cal having the nunber of carbon atons |nd|cated (e.g., (C

1.6)al kyl ene includes nethylene (-CH2-), ethylene (-CH2CH2-), trinethyl ene
30 (-CHZ(Ddﬁ@HZ)n}: tetrarret hyl ene (- CHZCHZCHZCHZ ) 2-butenyl ene WD 03/042197

(P “GDO ChB) Okirsie bjterish el by Pl ing (s 8 sk PR B oot AR I e
AL kyl | ASRRionERNS s Dl m@mpﬁma&%@mr@e floRingiReaat ed,

al i phatic, divalent radical having the nunber of carbon atons i ndi cat ed
(e.g. (Cl.6)alkylidene 5 includes nethylene (=CH2), ethylidene (=CHCH3),

isopr ylldeng H3) 2) ro i deng CHCH2CH3 |yl idene .
(SRR oy Al iy MOl AT Zh BY ehenaenshof the Kpor Bms g
'nd' cat ed)REfdhrdmatit itg SRRRAEHSViRE p m{p@ﬁles Fle‘é@;%h th%?é‘&@dl hitgks @ no
noi eties 1 nclude protect%d derivatives thereof. ab e protecting groups
f or am nmaybeshiuesged mcpanlntﬂlyameatytatedt\emh hmomgmadobb}eyir mplﬁtbonds

benzyloxycarbqn apd the |ike. ni mal i cl udes .human Jman

mammal s (e.g. é[’}]@"élc CREWS 3 ARPEYs Chagagisrizgd hér Ypae ts‘Pfegban Dswi ne,
deer, andy %ﬂeh@th@%sﬂﬁ@nt@mgﬁlaﬁm(semg ma sgt%rat&f'& %Hﬁallk'uﬁé%)curated

"Aromatic" ans a noi ety wherein the constituent ato e up an
unsaﬂﬁrawedunmngnmysﬁmﬁﬂeathnﬁ&bmnbln the ring systen1are sp2 hybridi zed
and the total, H(r(r)‘t))(gr m%ans an alky? (?—l g?‘g&prl(rjlrl’?hléﬁth%%ﬂ(yl group 1sn as described
herein. Exemplary alkoxy groups include methoxy and ethoxy.
"Alkyl" represented by itself means a straight or branched, saturated or unsaturated,
aliphatic radical having the number of carbon atoms indicated (e.g., (C1-g)alkyl includes
20  methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, isobutyl, zert-butyl, vinyl, allyl,
1-propenyl, isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-methylallyl, ethynyl,
1-propynyl, 2-propynyl, and the like). Alkyl represented along with another radical (e.g.,
as in arylalkyl) means a straight or branched, saturated or unsaturated aliphatic divalent
radical having the number of atoms indicated or when no atoms are indicated means a bond
25  (e.g, (Cg-10)aryl(Cp-3)alkyl includes phenyl, benzyl, phenethyl, 1-phenylethyl
3-phenylpropyl, and the like).
"Alkylene", unless indicated otherwise, means a straight or branched, saturated or

unsaturated, aliphatic, divalent radical having the number of carbon atoms indicated (e.g.,

(Ci.g)alkylene includes methylene (-CHjp-), ethylene (-CHoCHp-), trimethylene
30 (-CHpCHpCHj-), tetramethylene (-CHpCHCH,CH2-) 2-butenylene



"Aryl"™ means a nonocyclic or fused bicyclic ring assenbly containing the
total nunber of ring carbon atons indicated, wherein each ring is

conpr i sedwofo3®4xibng carbon atons and is aromatic or whenPpCagasd2/sesbh a
second ring forms an aromatic ring as3enbly. For exanple, optionally
substituted (C6-10)aryl as used in this Application includes, but 20 is not

LT R 3 o STRRIGR A RERT R Ry P 0T
4- car boxg_@%% ééﬁge%bﬂiﬁ chhonrphenyl, 4-chl orophenyl,

3-chloro florocs bonylphenyl 2- chl or o- 4- fl uor ophenyl,

2-chl or o- 6- flu ! henyl ,
2, 6-di brom)phe%y Iagﬁ% Iﬁf%hf%%tg% etﬁo;rt%ramgag h %cfgphhﬁgﬁateg iphk R

3, 4-di chlchNad)themyba,l Iavdigh thearombet lod oprioangtbms 3ndicatednée. by (G alicylidene

2- et hoxycar bonyl phenyl, 2-fluorophenyl, 2-iodophenyl, 4-isopropyl phenyl,
2- met hoxymdtiedeg| methybeneh xGHbE nythylidenme (HYHEHa My lisopBopybidéngl HEGH?S)?2),

4- nethylphen¥ 5- net hyl - 2-ni trophenyl , 4-net hyl sul f onyl phenyl ,

napht h- 2. pyeplidéns CEBSHAZGH). sliiidene i gH-Chia hind Bty

2,3,4,5, 6- pentafluoropheng heEﬁB& tr|fluoronethoxy hen

3.trifl uor onet ABRYYHERARS theadicak dhlessdndipaiedhgtherwise, the Compounds of

:2,) : : : ]]: : 38&8@%1}2 ng}ggﬁly}lhg %{I}%Sr]{lg%%%%?ﬁgﬁ ! USWOZ/A (? %%gtlves thereof. Suitable

2-trifl SR VI gdbbenybioheiml phidied Ilﬂaﬁmtaée@lsulté@wdo@yemd hyl,and the
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i ndi cat ed, ere e rings are linked by a single bond or fused and at
| east one of "Akmmtlcﬁ gsanoamoiety whertih ¢heasmetithént atogmsamakeaipi an, unsatdatzdy
carbocyclic ketone, thioketone or imnoketone derivative thereof (e.g.,
( C9- 10) birmgasystamy all atemisuddhbe tpg Syste gt riypbridized ang thei thial nembgrafipy| |
4- di.oxo 2,3, 4-tetra dronaphthyl, i ndanyl, indenyl,
3,4 FgF%QWVﬁFSng . and the like). "Carbanpyl" means the radi cal

-C(O NH2. Unl eggyii Hfé'aﬁsaﬁ RbriBL Ut e Ted LR cliC AMPAURAIB o Lonkdfing koLl On
cont ai ni ng carbanoyl noieties include protected derivatives
number of ring carbon atoms indicated, wherein each ring is comprised of 6 ring carbon
atoms and is aromatic or when fused with a second ring forms an aromatic ring assembly.
For example, optionally substituted (Cg.1()aryl as used in this Application includes, but
20 is not limited to, biphenyl-2-yl, 2-bromophenyl, 2-bromocarbonylphenyl, 2-bromo-
5-fluorophenyl, 4-tert-butylphenyl, 4-carbamoylphenyl, 4-carboxy-2-nitrophenyl,
2-chlorophenyl, 4-chlorophenyl, 3-chlorocarbonylphenyl, 4-chlorocarbonylphenyl,
2-chloro-4-fluorophenyl, 2-chloro-6-fluorophenyl, 4-chloro-2-nitrophenyl, 6-chloro-
2-nitrophenyl, 2,6-dibromophenyl, 2,3-dichlorophenyl, 2,5-dichlorophenyl,
25  3,4-dichlorophenyl, 2-difluoromethoxyphenyl, 3,5-dimethylphenyl,
2-ethoxycarbonylphenyl, 2-fluorophenyl, 2-iodophenyl, 4-isopropylphenyl,
2-methoxyphenyl, 4-methoxyphenyl, 2-methylphenyl, 3-methylphenyl, 4-methylphenyl,
5-methyl-2-nitrophenyl, 4-methylsulfonylphenyl, naphth-2-yl, 2-nitrophenyl, 3-nitrophenyl,
4-nitrophenyl,  2,3,4,5,6-pentafluorophenyl,  phenyl, 2-trifluoromethoxyphenyl,
30  3-trifluoromethoxyphenyl, 4-trifluoromethoxyphenyl, 2-trifluoromethylphenyl,



thereof. Suitable protecting groups for carbanmoyl nvieties include acetyl,
15 tert-butoxycarbonyl, benzyl oxycarbonyl, and the |ike and both the
unpr ot ectwo oana19pr ot ect ed derivatives fall within the sceps/ush/sdies

i nvention. "Carbocyclic ketone derivasive" nmeans a derivative containing
the moiety -C(O-. "Carboxy" neans the radical C(O) OH. Unl ess indicated
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animal or part thereof and includes an unhealthy condition that may be
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animal, i. de effects" of such therapy. "Hal 0" neans fl uoro,
chloro, blr’%?rﬁ tgﬁrahyg%aphtm; dthpdikek ut ed al kyl ", as an isol ated group or
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at ons, ~as suchter ined I n i on. |"o0-substituted
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t he Ilke hal o- substituted al Kyl 1 ncludes chl oronet hyl
di chl or orthérhyfl , Hufithhier pragedtinlg, groursl dor ornebamydy] Hodtizst nmq‘idd@oraoai}’hw ,
perf llgor Otgr:[t rl])xlllloxycarbonyl benzyloxycarbonyl, and the like and both the unprotected and
protected derivatives fall within the scope of the invention.
“Carbocyclic ketone derivative” means a derivative containing the moiety
—C(O)-.
"Carboxy" means the radical -C(O)OH. Unless indicated otherwise, the
20  compounds of the invention containing carboxy moieties include protected derivatives
thereof. Suitable protecting groups for carboxy moieties include benzyl, ferz-butyl, and the
like. '
"Cycloalkyl" means a saturated or partially unsaturated, monocyclic, fused bicyclic
or bridged polycyclic ring assembly containing the number of ring carbon atoms indicated,
25 and any carbocyclic ketone, thioketone or iminoketone derivative thereof (e.g.,
(C3-10)cycloalkyl includes cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl,
2,5-cyclohexadienyl, bicyclo[2.2.2]octyl, adamantan-1-yl, decahydronaphthyl,
oxocyclohexyl, dioxocyclohexyl, thiocyclohexyl, 2-oxobicyclo[2.2.1]hept-1-yl, and the
like).

30 "Cycloalkylene" means a divalent saturated or partially unsaturated, monocyclic



2,2,2-trifluoro-1, 1-dichloroethyl, and the like). "Heteroaryl" neans aryl,
as defined in this Application, provided that one or nore of the ring

car bon atwomsisxprated are replaced by a heteroat om noi et pcsalisensads f r om
-N=, 15 -NR-, -N+(O )=, -0- or -S-, wherein Ris hydrogen, (Cl.6)alkyl, a
protecting group or represents the free val ence which serves as the point
of attachnent to a.,ri |tro ach rin rised of, 5 or 6
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hydr ogen,ealiCting)ial doytprieed af [ of 6Ctihg@togisoupor example, optionally substituted

hetero(Cs.13)aryl as used in this Application includes, but is not limited to, 4-amino-
2-hydroxypyrimidin-5-yl, benzothiazol-2-yl, 1H-benzoimidazol-2-yl, 2-bromopyrid-5-yl,
20  5-bromopyrid-2-yl, = 4-carbamoylthiazol-2-yl,  3-carboxypyrid-4-yl,  5-carboxy-
2,6-dimethylpyrid-3-yl,  dibenzofuranyl,  3,5-dimethylisoxazol-4-yl,  5-ethoxy-
2,6-dimethylpyrid-3-yl, 5-fluoro-6-hydroxypyrimidin-4-yl, fur-2-yl, fur-3-yl, 5-hydroxy-
4,6-dimethylpyrid-3-yl, 8-hydroxy-5,7-dimethylquinolin-2-yl,
5-hydroxymethylisoxazol-3-yl, 3-hydroxy-6-methylpyrid-2-yl, 3-hydroxypyrid-2-yl,
25  1H-imidazol-2-yl, 1H-imidazol-4-yl, 1H-indol-3-yl, isothiazol-4-yl, isoxazol-4-yl,
2-methylfur-3-yl, 5-methylfur-2-yl, 1-methyl-1H-imidazol-2-yl, 5-methyl-
3H-imidazol-4-yl,  5-methylisoxazol-3-yl, pyrazinyl, 5-methyl-2H-pyrazol-3-yl,
3-methylpyrid-2-yl, 4-methylpyrid-2-yl, S-methylpynd-2-yl, 6-methylpyrid-2-yl,
2-methylpyrid-3-yl,  2-methylthiazol-4-yl,  S-nitropyrid-2-yl, = 2H-pyrazol-3-yl,
30  3H-pyrazol-4-yl, pyridazin-3-yl, pyrid-2-yl, pyrid-3-yl, pyrid-4-yl,



10 "Heterobicycloaryl"” nmeans bicycloaryl, as defined in this Application,

provided that one or nore of the ring carbon atons indicated are repl aced
by a het ewoasomiopi ety selected from-N=, -NR-, -0- or -S8CI/UsEB@P6 R i s

hydr ogen, (Cl-6)alkyl, a protecting gwoup or represents the free val ence
whi ch serves as the point of attachnent to a ring nitrogen, and any
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cycl oal kyl ene, as defined in this Application, provided that one or nore

of the riodgepidaine Ithd:ﬁiéelmﬂbnaé WIﬁEchl seﬁuee as 8@ poirtt of epdchardt 0o)a rifpetigdbgai, om
noi ety selected from-N=, - -S- . or -S(O 2-, wherein R is hydrogen,
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"I m noket ohe rivative" neans erivative containing t noi ety - C(NR) -
heterobicycloaryl as used in this Application includes, for example, benzo[1,3]dioxol-5-yl,

3,4-dihydro-2H-[1,8]naphthyridinyl, 3,4-dihydro-2H-quinolinyl, 2,4-dioxo-3,4-dihydro-
2H-quinazolinyl, 1,2,3,4,5,6-hexahydro[2,2']bipyridinylyl, 3-oxo0-

20  2,3-dihydrobenzo[1,4]oxazinyl, 5,6,7,8-tetrahydroquinolinyl, and the like.
"Heterocycloalkyl" means cycloalkyl, as defined in this Application, provided that
one or more of the ring carbon atoms indicated are replaced by a heteroatom moiety
selected from -N=, -NR-, -O- or -S-, wherein R is hydrogen, (C1.¢)alkyl, a protecting group
or represents the free valence which serves as the point of attachment to a ring nitrogen,
25 and any carbocyclic ketone, thioketone or iminoketone derivative thereof (e.g., the term
hetero(Cs.10)cycloalkyl includes imidazolidinyl, morpholinyl, piperazinyl, piperidyl,
pyrrolidinyl, pyrrolinyl, quinuclidinyl, and the like). Suitable protecting groups include
tert-butoxycarbonyl, benzyloxycarbonyl, benzyl, 4-methoxybenzyl, 2-nitrobenzyl, and the

like. Both the unprotected and protected derivatives fall within the scope of the invention.



wherein R is hydrogen or (Cl.6)al kyl. 10 "Isomers"” nean conpounds of
Formula (1) having identical nolecular fornulae but differ in the nature
or sequerwe oeh4iondi ng of their atoms or in the arrangenemrCTafSor/bsdée at ons
in space. |Isomers that differ in the @rrangenent of their atonms in space
are termed "stereoisoners”. Stereoisoners that are not mrror images of
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conpound that has nore than one chiral center has 2n-1 enantioneric pairs,
where n |(§116Wék)ﬂ@ﬁb@f0t@ﬁmgcgfﬁqpal centers. Corrpounds with nore than one

chi raI center exist as ether an 20 individu di agstereoners or as a
m xt uPe of di aHtY & nReans theadical -OB. ftnlessapdig P@er"‘fﬁekﬁl?rcé?mpo%r?fone
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absol ute confrguration Ira ute confrguration refers
to the pistadtgREaipsifor ppeg méletléseinslubtsbmzybaﬁdsthahkemhed to the chiral
center. Enantioners are characterized by the absolute configuration of
their chiral céﬁmék%to%ﬁléew(‘fﬁl Banhy deryatyersonizping the AR HgNMItes of

Cahn, Ing"ﬁlgﬁﬁﬂqé (gwr \r(/l()%g,ons for stereochenm cal nonencl ature,

met hods for nat| stereochem stry and the separation of

st erggi somers 1
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PCT/ US02/v3833R ombrs" W@té}@ahaﬂ@m 4t %Qﬁzstvinaﬁoﬁmagei 8r Bhe gt hangsid f onyl -

I-[ 1-(5-phenyl - 1, 3, 4] oxadi azol e- 2- car bonyl )- pent yl car banoyl | - et hyl
}-am de i"diastesomets andlsﬂewdsommrtbnttcalm nmasdparanipeablé norracinthges are termed

{S— henyl net hanesul f onyl - - - p
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m Xt ur e, ehagpmeticdornatafieppasge chitdiiey sadrmed a "racemic mixture”". A compound that

has more than one chiral center has 20-1 enantiomeric pairs, where » is the number of
chiral centers. Compounds with more than one chiral center may exist as ether an
20 individual diastereomers or as a mixture of diastereomers, termed a "diastereomeric
mixture". When one chiral center is present a stereoisomer may be characterized by the
absolute configuration of that chiral center. Absolute configuration refers to the
arrangement in space of the substituents attached to the chiral center. Enantiomers are
characterized by the absolute configuration of their chiral centers and described by the R-
25  and S-sequencing rules of Cahn, Ingold and Prelog. Conventions for stereochemical
nomenclature, methods for the determination of stereochemistry and the separation of
stereoisomers are well known in the art (e.g., see "Advanced Organic Chemistry”, 4th
edition, March, Jerry, John Wiley & Sons, New York, 1992). It is understood that the
names and illustration used in this Application to describe compounds of Formula (I) are

30 meant to be encompassed all possible stereoisomers. Thus, for example, the name



"Ketone derivative" nmeans a derivative containing the noiety -C(O-. For
exanpl e, for 2-acetoxy-azetidin-3-yl, the "carbocyclic ketone derivative"
woul d be Wo oapetioxy- 4- oxo-azetidin-3-yl. 10 "Nitro" neansPpChasnastizeal - NO2.
"Optional™ or "optionally" neans thati2t he subsequently described event or
ci rcunstance may or may not occur, and that the description includes
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wherei n qQn f the er of carhon, at indicated i s replaced by an
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preparing a pharnaceuti'cal conposition that is generally safe, non-toxic
and nei t lneetoky-dloagiazetidiy-3rdr ot her w se undesi rabl e and i ncl udes that which
is acceptable for veterinary, u s well as human pharnmaceutical use. 30
" ficaly c
1C * nmeans salts of conpounds of Fornula (1)

" Pharlflaceut i cat\P Jeeans b
WO 03/ 042197 RCT/.USQR/ 3639 ~Whi ch are phar.maceut.i cal | ccept abl e, as
defined above, Shtig i%h "ng%aégfs TS ey Hisq SURaeRHY ofsghe |evé’§_l ity
Such sal tgrchfghitdenddranAddt bR, sakiiad tHeQleBR Htivh iftideg BaMLS wiRed @ig such as
hydrochloric acid, hydrobromc acid, sulfuric acid, nitric acid, phosphoric
aci d, ancvelter cirkanstance wpquns ardgastances i whick ifcleesimota Eet ¢xampdd, the phraspi oni ¢

aci d, hexanoic acid, o o ,
"wherein within R3 and R4 any alicyclic or aromatic ring system may be substituted further

15 by 1-5 radicals...” means that R3 and R4 may or may not be substituted in order to fall
within the scope of the invention.
“Oxoalkyl” means alkyl, as defined above, wherein one of the number of carbon

atoms indicated is replaced by an oxygen group (-O-), e.g., oxo(Cp.g)alkyl includes

methoxymethyl, etc.

20 "N-oxide derivatives" means derivatives of compounds of Formula (I) in which
nitrogens are in an oxidized state (1.e. O-N) and which possess the desired pharmacological
activity.

"Pathology" of a disease means the essential nature, causes and development of the
disease as well as the structural and functional changes that result from the disease

25  processes.

"Pharmaceutically acceptable” means that which is useful in preparing a
pharmaceutical composition that is generally safe, non-toxic and neither biologically nor
otherwise undesirable and includes that which is acceptable for veterinary use as well as
human pharmaceutical use.

30 "Pharmaceutically acceptable salts" means salts of compounds of Formula (I)



5 heptanoi c acid, cycl opentanepropionic acid, glycolic acid, pyruvic acid,
|actic acid, malonic acid, succinic acid, nalic acid, maleic acid, fumaric
acid, tarwersm4meid, citric acid, benzoic acid, PCT/US02/36396

0- (4- hydr oxybenzoyl ) benzoi ¢ acid, cinwdam c acid, nmandelic acid,

nmet hanesul fonic acid, ethanesulfonic acid, 1,2-ethanedisul fonic acid,

2- hydr oxyet.hanesul foni c.acid, benzen | foni c acjd.. .

p- chl or oB’gHgé?fS _é’ﬁf‘mf“én ﬁ?’ a?ceﬁtaﬁ’%p?ﬁ ‘_ﬁeﬁ%ﬂ é@‘b‘fef Bﬁld Whighpgsseggfhe desired
p-tol Ue”%ﬂhﬁ&ﬂld&i(ﬁ? b@ivitgArRBR LA ihOINEE a@8iaddition salts formed with inorganic
4- et hyl bi cycl o[ Z. 2. 2] ocf-2-ene- 1-carboxylic acid, glucoheptonic acid,

4, 4" - et hagidewedh as(18dhycitapicyackl; bydrobropue bodydulfuric aciddhitri@aqdaipkpirooioi oni ¢
acid, trineth cetic acid, tertiary butylacetic acid, layryl sulfuric

ST a ol eion i BBk G itnretnic e e a5 Skt prare id Pelansside. o o
stearkc i . i | -l 15 4P, t1h GRlaki nt abl e
Sateog Hebbinoic S BpAftipBRtniolE) Wikblick ﬁ’dh‘g@ﬁﬁ%?’éﬁ&n@é&&hﬁﬁg@ i dic
prot ons pcEsartinar &id; apdiblacidphaleeacid, ignarictaeid, rotageaéid, atricacigabringolbases.

Accept abl e. i nor gani ¢ bases_ i ncl.ude sodi um hydroxi de, sodi um car ponat e,
pot assi ur?‘Fldh%‘rl'g‘)‘(?hiﬂ’é}'beé’F h’?ﬂ?ﬂ‘ﬁ?f‘ﬂ?&?‘&é‘“&ﬁg‘ c’é‘?’&%ﬁ‘ﬁ%?‘d?’& aﬂ%s.“&ﬁ&‘ﬁept abl e

organic %ﬁl‘?setﬁdﬁ%éd!ﬁ)%'c tiaano) ahRisuftoficnana! atiydfoxybihhidsiBRat axidie,
tromet ham ne, N- et yfgl ucam ne and the 20 |1ke.” "Prodrug” neans a
conpound behameswdfoamn\aeid, i plohldrobenzerestljomet adid) i Znaphéindenesulfpnic bacid,

hydrolysis) . to a conpound of Fornula |. For exanpl e .an_ester of_ a conpound
of _Ii8r mér él‘{epﬁsuggﬂlf’ai Hittrg %?"FR%HFSG 9“‘Qro?fﬂ)‘5’na§/' ﬁ@ﬁ%ﬁ?ﬂbﬁ@dﬁie’i‘ﬁ?drol ysi's
In vivo 4 atrlg@(glie%ﬁpglugm%%liceaci&u@Hﬂéﬁ&l\éﬁéﬁfs(@-ﬁﬁy@x%&?—@-é?fe-16102&9 gnd of

Formul a (i% ontainin carboxy 25 °group may be convertible by Hhydrolysis
in vivo tacid),Bephzaylprdpionid @id) tremetBylnrtedio laeidetsttmrgbugflacatiompidulaty] sfifuFor nul a

(I') containjing a hydrox roup,. are for anpl e acetates, .citrates

| act at es oK BCGHE S drg RS, GydroxpRaphtion) Aeig Highic Hridpitermracid,
succi nat ‘?ﬁucoﬁférﬁ%[]daatnﬁsthe ik@l eates, nethyl ene-bi s-b-hydroxynapht hoat es,
gentisates, Isethionates, dip-toluoyltartrates, nethanesul phonates,

et hanésul phon&hesnacketicatip aseepphenatte also 3iclydet ldsel eddis o pdisneaiiesmay be
cycl ohexyl sul phanmat es and qui nates. Suitabl e esters of conpounds of
For mul a (P oHeAPARKPTORTBERY GFABaYE © reacting, vigh SRS PHOSRIGRSEY | bed by
WO 03/ 042297 PG WiSA2E 26396, irkfhdF-shab] BYRBRIde, R \EkRRatcRESmssidk 387, 18,
3
page 379. An especially usetul class o sters
hydroxide, aluminum hydroxide and calcium hydroxide. Acceptable organic bases include

ethanolamine, diethanolamine, triethanolamine, tromethamine, N-methylglucamine and the
20 like.

"Prodrug"” means a compound that is convertible in vivo by metabolic means (e.g.
by hydrolysis) to a compound of Formula I. For example an ester of a compound of
Formula (I) containing a hydroxy group may be convertible by hydrolysis in vivo to the
parent molecule. Alternatively an ester of a compound of Formula (I) containing a carboxy

25  group may be convertible by hydrolysis in vivo to the parent molecule. Suitable esters of
compounds of Formula (I) containing a hydroxy group, are for example acetates, citrates,
lactates, tartrates, malonates, oxalates, salicylates, propionates, succinates, fumarates,
maleates, methylene-bis-b-hydroxynaphthoates, gentisates, isethionates,
di-p-toluoyltartrates, methanesulphonates, ethanesulphonates, benzenesulphonates,

30  p-toluenesulphonates, cyclohexylsulphamates and quinates. Suitable esters of compounds

of Formula (I) containing a carboxy group, are for example those described by



of conpounds of Fornmula (1) containing a hydroxy group, nmay be formed from
acid noieties selected fromthose described by Bundgaard et al., J. Med.
Chem , 1980,038219page 2503-2507, and include substitut edPCT/US02/36396

(am nonet hyl ) - benzoat es, for exanpl e,14di al kyl am no 5 net hyl benzoates in
which the two al kyl groups may be joined together and/or interrupted by an

oxygen atom ar by an optiqnally bstitut nitrogen, ato e.g.. an

al kyl gt ed -%L?‘PW%%‘HE g{lﬁta E; @Ee if% 3%@/%%‘??6?9‘%&%@ eyt 55teist es,

e.g. 3- - JHIRL = :

(4-al kyl %{fﬁéf“%??‘?ﬁ AR Rt Ok oa g%?%g‘i%g %p(g‘-p( 12,5, fommed from acid,

- y|') benz oadieties sdlbctéPframeindse desteibed/ay Bureigaardesals J dded. \Geim,d989f32cpageounds  of
roups. RoBRES0banG s eriabet (iR KR Tp ) A bad Ul i n

t he pkep i - elagegrgg - e active
cat hegsi %%B*lgﬂ}zgi&? S(C)l(rasq;l;}9 bAm(i:l%rrt‘gIr)g L%lld\lfgs ]f]?%tt’@jg%desal}?é abl e &/gf%%eg?ﬁegg gr oups
can be f duyragl okigeh.atdm & lBemaoptiBhalyesubstingedicopes dtom Q. ganiatkyByait diesden, 15

3rd edition, John Wley & Sons, Inc, 1999. "Therapeutically effective
amount " RN RePeANY moRpl ol bse keSS £ 8r ScPr 4-Gramhelinomat by
treating .sease, 1.5 suffiCi . .eff trea nt for the, di sease.
" Thi oket é)%relgd&gérgi vat i E%/ngl' nea(%gdll%gérlg%}gtli @Z&e(r:%drrlh?a ni ngg'gﬁe m)jljet y - E:( S)-.

" Tr eat meni-(4-dkylpipeain Rgl)bemeastss.any adm ni stration of a conpound of the

present 20 invention and includes; ( 1@ preventing the di sease from
occultPing i n aRrodgRterdenatives” mgppredssivatyes b seapeyidsof Eoanwa g i whichgoes not
yet exper,i 0f:+.dl 0, : . i sease,
(3) i B e s by BleRend Bock@l Wi aicpling WIRDETROle0RY, dbvidVen of 2050,
t he pat hebagyunddof Bormaya(l) asasaubgythoprepdration cfeampour{ds o€ Fornaula @pér ing
further devel opnment of the pathol ogy. K and/or synptomatol ogy),. or (3)
amel i or attheipselves ragys ba @atiye cafhensH 1bggrs. | & eapRichestienist o witableayi ng
the pat f i (=T rs) -1 he
pat hol ogy 2e o TRl BERMEN 88" GlbiE, 3 AERRE gk P OFHE Shiith

15  3rd edition, John Wiley & Sons, Inc. 1999.

"Therapeutically effective amount" means that amount which, when administered
to an animal for treating a disease, is sufficient to effect such treatment for the disease.
"Thioketone derivative" means a derivative containing the moiety -C(S)-.
"Treatment" or "treating" means any administration of a compound of the present
20  invention and includes:
(1)  preventing the disease from occurring in an animal which may be predisposed to
the disease but does not yet experience or display the pathology or symptomatology of the
disease,
(2)  inhibiting the disease in an animal that is experiencing or displaying the pathology
25  or symptomatology of the diseased (i.e., arresting further development of the pathology
and/or symptomatology), or
3) ameliorating the disease in an animal that is experiencing or displaying the
pathology or symptomatology of the diseased (i.e., reversing the pathology and/or
symptomatology).
30

Nomenclature:



WO 03/ 042197 PCT/ US02/ 36396 15 The conpounds of Fornmula (1) and the
internmediates and starting materials used in their preparation are naned

i n accor asoos/owivh | UPAC rul es of nonmenclature in which twhe/ushasaed eristic
groups have decreasing priority for cistation as the principle group as
follows: acids, esters, am des, etc. Alternatively, the conpounds are naned

oS mouon o *FaRshERphH PR BT ShEheRcnulf e P BRI °
nor phol i Ng whirGREFRIOh ard3RdndSin RYHr @88OwitRIBPAE fikd 0P asHendiddke in Whithbut yl ,
X1 is nethylene, X2 is nethylene and X3 is

5- pyri di nh&charadterisBic £Fenpsdiasie deergasing priaritaffor tatian ¢s theoprimtimlegiong ashe
foll owi n tructyre:, O S=EQ H - 'J~NNOOHO [/ NN 10 s nanmed
ror phol | HETOS 27 o, EFTS: SRS ol SRV RR: P RRBBP ST haripd by AtoNGm

1- (5- BYT igd) (Beirsihn fdmhtibh BRGhRZRBLS: Fof BXRRMY! a compound of Formula (1) in

- pentyl carbanoyl'| -ethyl } - am"de. Wth reference to fornula (1) above, the
fol I owi ngviRgER aphicsyl] R isackpRéIafees- eabbryT, ®A0i 9 BEdrogeh SR XL isBiiropéd, Ri2éul ar | y
represent methylene when X2 is nmethylene. X1 may al so particularly

r epr esentis eyl s0leiswietiylf, K3 iembthpidne Q1 X3 is Gy yridin-Biydyl ad]oxadiapslesent X |
yor y1l251 \>R25 Rzs 11 N- ~ N X- Y XN wherein Xis 0, Yis N
and R25 ¥ that|ipacompoppdhavios hedellownag segtursy a1 kyl , (CL.6)al kyl, WO

03/ 042197 PCT/ US02/ 36396 16

10
is named morpholine-4-carboxylic acid {2-phenylmethanesulfonyl-1-[1-(5-pyridin-3-yl-
[1.3.4]oxadiazole-2-carbonyl)-pentylcarbamovl]-ethyl}-amide.
With reference to formula (I) above, the following are particular and preferred groupings:
15

X1 may particularly represent methylene when X2 is methylene.

X1 may also particularly represent ethylene when X2 is a bond.

20 X3 may particularly represent X , Y or _Y
| />—R25 | \>—R25 />7R25
N\Y X\N

N\X

wherein X is O, Y is N and R25 is selected from hydrogen, halo(Cq.3)alkyl, (C1-g)alkyl,



(C3-12)cycl oal kyl (C0-6) al kyl , (C6-12)aryl (CO-6)al kyl or

het ero( C5-13) aryl (CO-6)al kyl, wherein R25 optionally further contains 1 to
5 substi twenss4mbi ch when occurring within an alicyclic ecTasenssic ring
system are radical s i ndependently sel®wcted froma group consisting of
(C1-6)al kyl or halo-substituted (Cl-3)alkyl. 5 R3 may particularly

t -CR5= L1z CR63),2, .- CR7=N C3- | oal , . Wher ei
RS and. RECR D NAEEBLHACHONYHy LrobRROB Corotlyapreer Crl SR Hisbet her
with the ator_nsg?g which R5 and R6 are attached form (C3-12)cycl oal kyl,
( C6- 12) arwherein &-aoptiemally furthsy|confping ddo $ sybstisyentsouhigh Whge oeeriaRgwtEINt oget her

with the 10 t i.ch R7 . t (Ch-12)aryl,
wherein Iﬂ% %%S’@%F%l 9%9‘?{518 plél 5ﬁggggu%ﬁ%l%}ngﬁ%%ggy%%%% ﬁg@paec%é tly

sel ect ed cbhéisting @(@T}g)zﬁ@ﬁSd)lﬂia'ldﬂglb@ﬂ’itute(d(@@j@)ﬂk%y| , cyano, halo,

hal o- substituted (Cl.4)al kyl, -X40R9 and -X4C(OOR9, in which X4 is a bond
or (C%-2)al kylene, RO at each occurrence independently is (Cl-3)al kyl or
hal o- substituted (Cl-3)al kyl. 15 R4 pay particularly represent -C(O X5R11
or -S(O) RERmby \pasicelanlyXFepreseat be®RY=CHROpr -CRIKCRO3) whetGR +NRY i
hydrogen or (Cl-6)al kyl, and R11 is (i) (Cl-6)al kyl or (ii)

het er o( C%Cg %)éyabﬂaylkwhéréﬁ-l@) AldIRA is ir{depenti2ntiy hildedgen 3) €!I1K?bh1ky1 or R3 and
het er o( C5- aryl (C0-3)al kyl, (C9-12)bi cycl oaryl (C0-3)al kyl or

het er o( C&6LgLPiney GhitRahy hiobld-t3)vikly R 50ind(R6 e Afhched form (C3 4 zgqycloalk 1,
het er o( C5- 6) cycl oal kyl (C0- 3) al kyl or phenyl (CO-3)al kyl substituted by

- X60R15, ~ X ) - rLek b 7X8. 4 88 t hyl ene,
RIS s RGP Ref o PRl I BT b BT ot il (R
hydrqgen or (C1-6)albkyl . gwherei optional |y, further. tains. 1. to 5
cubstPT LaRES TR i ent Bt s e iR s a by oY R g ordielidis: ng
(1. 6) i eops e B L ISHEEN' bl RNER Gato 8 ! BRuR o ERRRE g
- X6 O R 1y12LyRBCRalOCHAE LEBE e Ptly4bRO Ry dregeno)diiL-if) al kyl
or WO 03}(§Mi%7y Pd‘??‘usgaz%wgé 17 %aﬁ%ﬁ?&&’i it 2 (C 13) gﬂw ’and R18 is
Eecpa-ég)eﬁ!tw | rg ésg aﬁ %c%}dip%?éi&%}%gf%&,l(@ %1' e%?:f?!)gcﬁrénce% f:prerr‘fl en )@ {st( 1_%Bﬁﬁ}lfly

or halo-substituted (Cj.3)alkyl.

15
R4 may particularly represent -C(0)X°R11 or —S(O)2X5R1 1, wherein X? is a bond, -O-
or -NR12-, wherein R12 is hydrogen or (C1-¢)alkyl, and R11 is (i) (Cq-g)alkyl or (i1)
hetero(Cs.12)cycloalkyl(C.3)alkyl, (Cg.12)aryl(Co-3)alkyl, hetero(Cs.12)aryl(Co-3)alkyl,
(Co.12)bicycloaryl(Cp.3)alkyl or hetero(Cg.12)bicycloaryl(Cq.3)alkyl or (iii)

20  hetero(Cs.g)cycloalkyl(Cq.3)alkyl or phenyl(Cq.3)alkyl substituted by -XOORI13,
-X6C(O)RI15 or -XO6NR16C(0)OR16, wherein X6 is a bond or methylene, R15 is
phenyl(C.3)alkyl or hetero(Cs.g)aryl(Cq-3)alkyl and R16 is hydrogen or (Cj.g)alkyl;
wherein R4 optionally further contains 1 to 5 substituents which when occurring within an

alicyclic or aromatic ring system are radicals independently selected from a group
25  consisting of (C.g)alkyl, halo, -X6NR17R17, -X60R17, -X6C(0)OR17, -XONC(O)R16

and —X0C(O)R18, R17 at each occurrence independently is hydrogen, (Cq.g)alkyl or



5 R23 may particularly represent (Cl.6)alkyl or (C6_12)aryl (CO 6)al kyl .
R24 may particularly represent hydrogen or (C 1.6)al kyl. X3 nore preferably
i s sel ectwo oBo@rwt he group consisting of 0 k Res N _-N POTNSoz/368h@r ei n
R25 is selected fromtent-butyl, Rest’/R2Z5 N_ O 01 N cyclopropyl, ethyl,
phenyl, pyrazinyl, pyridazinyl, pyridinyl, thienyl or trifluoromethyl. R3
more preferably is selected froqlphe group consisting of phenyl,
pyri di n- zhajd-substitutadi (§13)30kyl apg R 'Giin (Gr.glalkyl prhalo-substifute ldﬁﬁliéh]oxyphenyl ,
1- oxy-pyridin-2-yl, 15 4-nethoxyphenyl, 4-nmethyl phenyl, 2-nethyl phenyl,
4-chl orophenyl, 3, 5-di nethyl phenyl, 4-trifluoronethyl phenyl,

4-trifluar t hoxyphenyl , 2-brorophen napht hal en- 2-yl ,

3, 4- di chl%frtg‘g%ﬂ icu @%@PF&?F’HW@!H&%@ Qachlf-(f)ﬁ@?'gnet hyl phenyl ,
3-trifluoromethoxyphenyl, 2,3,4,5, 6-pentafluoro-phenyl, 2-fluorophenyl,
2-chl orophenyl , 2-cyano-phenyl, 2-trifluoronethyl phenyl,

4-tert.-buiyd - phenyl -chl or enyl,, .4- bronppheny| -fluoro-3 20

chi o - pHteny e BiraTy Sar R RO Sl oy EETPRIE ki

2, 5-di fl uorophenyl, 3-bromophenyl, 2,5-dichlorophenyl, 2,6-difluorophenyl,
3-cyano- phenyl , 4-cyano-phenyl, 2-trifluoronethoxyphenyl,

2, 3-di fl ygzdop iculdPR t e lyee B & f hayp- phenyl ., 4-fluorophenyl,
3,4-dif|uoropﬁgﬁMP?HZ,ﬁ-gﬁ%bbgﬁopﬁenyﬁéb%éung-trifluorophenyl,
2,4,5-trifluorophenyl, 2,3,4-trifluorophenyl,

2-chl oro-5-trifluoronethyl phenyl, 25 2,4-bis-trifluoronethyl phenyl,
2,5, 61111 | UONOPRRRY brefcta) Wil frirh ihiOE0UR bitisdgray| \ WO P3/ 042197
PCT/ US02/ 36396 18 2-fluoro-4-trifluoromnethyl phenyl, | 25
2-fluoro-5-trifluoronethyl phenyl, 2,3,5-trifluorophenyl, VS
2-fluoro-5-trifluoronethyl phenyl, 5-fluoro-2-trifluoronethyMNhenyl,
4-fluoro-3- trifluoronethyl phenyl, 2-nmethoxyphenyl,
3, 5- hips- t r&F | yer onet hyk phalyl .  4- di f lwigraineRBDXY pR@idd, from tert-butyl,
3-difluoro hg§zghgnyl, , -éichlggophenyl, 4- car boxyphenyl ,
R R
N— O\/

O N

cyclopropyl, ethyl, phenyl, pyrazinyl, pyridazinyl, pyridinyl, thienyl or trifluoromethyl.

R3 more preferably is selected from the group consisting of phenyl, pyridin-2-yl,

pyridin-3-yl, pyridin-4-yl, vinyl, 2-difluoromethoxyphenyl, 1-oxy-pyridin-2-yl,

15  4-methoxyphenyl, 4-methylphenyl, 2-methylphenyl, 4-chlorophenyl, 3,5-dimethylphenyl,
4-trifluoromethylphenyl, 4-trifluoromethoxyphenyl, 2-bromophenyl, naphthalen-2-yl,
3,4-dichlorophenyl, 3-methylphenyl, 3-trifluoromethylphenyl, 3-trifluoromethoxyphenyl,
2,3,4,5,6-pentafluoro-phenyl,  2-fluorophenyl,  2-chlorophenyl,  2-cyano-phenyl,
2-trifluoromethylphenyl, 4-tert-butyl-phenyl, 3-chlorophenyl, 4-bromophenyl, 2-fluoro-3-

20  chloro-phenyl,  2-fluoro-3-methyl-phenyl,  3-fluorophenyl,  2,5-difluorophenyl,
3-bromophenyl, 2,5-dichlorophenyl, 2,6-difluorophenyl, 3-cyano-phenyl, 4-cyano-phenyl,
2-trifluoromethoxyphenyl, 2,3-difluorophenyl, biphenyl, 2-bromo-5-fluoro-phenyl,
4-fluorophenyl,  3,4-difluorophenyl,  2,4-difluorophenyl,  2,4,6-trifluorophenyl,
2.4,5-trifluorophenyl, 2,3 4-trifluorophenyl, 2-chloro-5-trifluoromethylphenyl,

25  2,4-bis-trifluoromethylphenyl, 2,5,6-trifluorophenyl, 2-fluoro-3-trifluoromethylphenyl,



5 cycl ohexyl, cycl opropyl, isopropyl, thiophen-2-yl, 5-chloro-thiophen-2-yl
and 3, 5-dinet hyl -i soxazol -4-yl. Mst preferred R3 groups include

cycl opr opyb,03i0sx1pTr opyl and phenyl. R4 nore preferably ispselusor/sdod romthe
group consi sting of benzoyl, norpholire-4- carbonyl, acetyl,

furan- 3-carbonyl, 2-nethoxy- benzoyl 3- met hoxy- benzoyl, naphthal ene-2- 10

bony| 1
car bony! 2 ARl Ry 2R v RN By b Pbnens
bi pheny! -AfigeroBoimifluordiudtigbhdigt, 2- cgrm@wh,mﬂ%ﬂ@my[mgﬂc ar beRbro-3-

3-acetyl - benzoyl, 4-phenoxy -benzox hydr oxy- benzoy gdroxy benzoyl ,
pyri di ne-teﬂwpmﬁvlphesyl( tert - Bun 9@@hbﬁ@)ﬁ,yl am ndSrias- h@ﬂu)or@eﬁ viphenyl,

4- car bony erazine aci r

+- car bor - ABEPAGCREIES B R Shend R piferaf 4-carboxypheny

4- (f usan-greaéRonYéycldpreigi aZisBﬁrobylcartﬁh@BHén,-Z Ry i slemerodthidpheony |  and

1- oxy- pyridi ne-4-carbonyl, 1-oxy-pyridine-3- carbonyl t hi ophene- 2- car bonyl ,
t hi ophenes, ﬁdmmﬂsdxaz&—ﬂbﬂnm pRERZAWS, grbup¥ehdlvde dyblo@ﬂif)?h &ogropglrdaany|

3-chl oro- _thi ophene-2-carbonyl, 3-brono-thi ophene-2-carbonyl,

4-chl or o-B€Rdoy| , 3-flouro-4- methoxy-benzoyl, 4-nethoxy-benzoyl,

4- trlflouronet xy-benzoyl, 3,4-difl ouro- benzo |, g94 quoro benzoyl

3, 4- di net hoxy- e‘ﬁer&mfefer g’ﬁéﬁ sRacted drompipe growp SPENRing @ g57pyl, morpholine-4-

ﬁe;;g{Lftﬁﬁggigﬁ%@P -carbaﬂ§P9F%%%%PXP%Q%%%Zof@¥&#|opﬁkﬁgq% car%ﬁnyl

benzdfes wafbmayl, benzaplh? Jdalxerees-2arbsn fbmpridm-s ymmlyj/dyl tmnmdhmne-&ﬂmnlyf onyl ,
t hi ophene- 2-sul fonyl, formanyl-meth ester, yl-p ntanoyl

f or many| -PEgraEaronydt et?rf-br'%afeﬁ%mon nBéHhPW %%fﬁ'é?ny ’f e-2a5mhanyhr opy |
RSyt o ST Mg e 0RO BB, ooyl

1H i ndol eqwﬁydr@x)blmermybyl pyridink- Beaﬁbonﬂr Banytthutoxyygarbanylemioaaethgippbnzoyl,
3- hydr oxy- pyri di ne- 2- car bonyl , ri di ne- 3- car bony

2- hydr oxy-EAFPenet-RPeHzingr b <ny116 é‘ﬁidnote‘iﬁgyh“ﬁﬁl e é‘aﬁ’%‘?ﬂ’i‘}’i -piperazine-1-

and Toox DV RS o ARy 4 A SRR A Carndaf BB 28 Y
mor phol i nﬁrb%nylaﬂhﬁlyyﬂyndﬂ@-@%rﬁé@d,%? oﬁ’ﬁﬁrﬁlﬁﬁ&-[iaﬁﬂibﬁyl oplieneQ-daebddl,
understood that this invention covers all ﬁroprlate conmbi nations of the

parti cul dhioakder-eromdd 4ghaapyimsazayds erpehyk biapbees-Fregtrads beMeron se

stated. thiophene-2-carbonyl, 3-bromo-thiophene-2-carbonyl, 4-chloro-benzoyl, 3-flouro-4-

methoxy-benzoyl, 4-methoxy-benzoyl, 4-triflouromethoxy-benzoyl, 3,4-diflouro-benzoyl,
20  4-fluoro-benzoyl, 3,4-dimethoxy-benzoyl, 3-methyl-benzoyl, 4-bromo-benzoyl,
4-triflouromethyl-benzoyl, 3-benzoyl-benzoyl, cyclopentane-carbonyl, benzo[b]thiophene-
2-carbonyl, 3-chloro-benzo[b]thiophene-2-carbonyl, benzenesulfonyl, naphthalene-2-
sulfonyl, 5-methyl-thiophene-2-sulfonyl, thiophene-2-sulfonyl, formamyl-methyl ester,
4-methyl-pentanoyl, formamyl-isobutyl ester, formamyl-monoallyl ester, formamyl-
25  isopropyl ester, N,N-dimethyl-formamyl, N-isopropyl-formamyl, N-pyridin-4-yl-formamyl,
N-pyridin-3-yl-formamyl, 3-phenyl-acryloyl, 1H-indole-5-carbonyl, pyridine-2-carbonyl,
pyrazine-2-carbonyl, 3-hydroxy-pyridine-2-carbonyl, 2-amino-pyridine-3-carbonyl,
2-hydroxy-pyridine-3-carbonyl, 6-amino-pyridine-3-carbonyl, 6-hydroxy-pyridine-3-
carbonyl, pyridazine-4-carbonyl, 3-phenoxy-benzoyl and 1-oxo-1,3-dihydro-isoindole-2-
30 carbonyl. R4 is most preferably morpholine-4-carbonyl.



5 A particular preferred group of conpounds of the invention are conpounds
of Formula (la): R3 S(O2 RROO 104 NO NHOR3R4N/RZs , (la)
10 wher eiwoR3/04R47 R20, R23, R24 and R25 are as herei nbef @ce/utexsapded, and
their correspondi ng N-oxides, and th®ir prodrugs, and their protected
derivatives, individual isonmers and m xtures of isoners thereof, and the
phar maceutically acceptable salts and solvates (e.g. hydrates) of such
conmpounds of Fornula (la) and their N-oxides and their 15 prodrugs, and

their protect geisgepd wiitfets¥ R thdt A iveBn doSERTRI Sp5tBptidté &InbifioRs of HETET S
t hereof . Conpounds of Formula (la) in which R31s -CR5 =CHR6 wherein R5 and

R6 t oget Iparticwlar nd prefereed @reupingswifeuhd Roheaeid uRBsaothermtiscastdted f or m
(C6_12)aryl, optionally substituted by 1 20 to 5 radicals independently
selected froma group consisting of (C 1.4)al kyl, cyano, halo,

hal o- gubst i tm&gar@l%laflbl%kéﬁéd oul OFRSorAPSlind KA EHR) i‘ﬁ%tlohrhré“/@bﬁ odiflisicf @ bond

or (C1.2)alkyl R9" at each occurrence i1 ndependently is (CL.3)al kyl or
hal o- subdborhuladth): (C 1. 3)al kyl, are preferred. Conpounds of Formula (la) in
whi ch R3 represents phenyl or 2-difluoromethoxyphenyl are especially
preferred. WD 03/042197 PCT/ US02/ 36396 20 Conpounds of Formula (la) in
which R3 is -CR5(CR63)2 wherein RS igshydrogen and R6 is (C 1.4)al kyl are
al so preferred. Conpounds of Fornu (la) in which R3 represents -CH(CH3)2
are especially preferred.

(0)2

> R25

(Ia)
10

wherein R3,'R4, RZO, R23, R24 and R25 are as hereinbefore described, and their
corresponding N-oxides, and their prodrugs, and their protected derivatives, individual
isomers and mixtures of isomers thereof, and the pharmaceutically acceptable salts and
solvates (e.g. hydrates) of such compounds of Formula (Ia) and their N-oxides and their
15  prodrugs, and their protected derivatives, individual isomers and mixtures of isomers

thereof.

Compounds of Formula (Ia) in which R3 is -CR3=CHR® wherein R3 and RO together with
the atoms to which R3 and RO are attached form (Ce-12)aryl, optionally substituted by 1

20  to 5 radicals independently selected from a group consisting of (Cj.4)alkyl, cyano, halo,
halo-substituted (C1.4)alkyl, -X4OR9 and -X4C(O)ORY, in which X4 is a bond or
(Cp)alkylene, R9 at each occurrence independently is (C1-3)alkyl or halo-substituted

(C1-3)alkyl, are preferred. Compounds of Formula (Ia) in which R3 represents phenyl or

2-difluoromethoxyphenyl are especially preferred.



5 Conpounds of Fornula (la) in which R3 is (C3_12)cycloal kyl are al so
preferred. Conpounds of Fornula (la) in which R3 represents cycl opropyl
are especwalospsmpeferred. Conpounds of Formula (la) in wercthusRI3d3s6
-C(OX5R1L | wherein X5 is a bond and 11 10 is

het er o( C5- 12) cycl oal kyl (CO-3) al kyl, particularly hetero(C5-12)cycl oal kyl,
are preferred. Conpounds of Fornmula (Ta) in which R4 represents -c (0) -N
o are especially preferred. 15 Conpounds of Forrmula (la) in which R20 is

hydrogen are preferred. ound f. E (Ta) i.n ich R23 i

(Cl-6) al @rch&nés. 0 wvlagﬁgﬁwﬁacﬁ R?a%@ﬂl’#t@ a)a?d”.aﬁef% #‘Sﬁaﬁww PRSI a (1a)
in which R4 is hYdrogen are preferred. 20 Conpounds of _Forrg]rul a (la) in

whi ch R25s(G1-uatey] Bist giso pesferreshr Gpypoundsiaf|Forgpiaria) in wpighyRnA repgesgnts
pyridin-4-yl _thien-3-y| or trif4 uoronet hyl are preferred. 25 A preferred
group of - Badiare s Y PERfesed on are conpounds of Formula (la) in which:
R3 is _-CR5=CHR6 [e.g. phenyl or 2-difluoronethoxyphenyl], -CR5(CR63)2 or
(C3_1§) cycloal kyl [e.g. -CH(CH3)2 or cyclopropyl]; R4 is -C(O X5R11 [e.qQ.

(
WO 03/ 042197 PCT/ USQ2/ 36396 | 21 . ).+ N O ].: i s_hydrogepn: R23 is (C
T 6) al kForpRogEs SFRER e, i phicfhy a2 kg pERY BT e
tent-butyl, cyclop I thyl, . |, ridin-3-yl, ri.dj n-4-yl
{hi en- 3- FOTBRONEY b} LS W@‘ﬁ@%%@ﬁ%&ﬂf%%w% %é%%ajlyc%gf,e%a% t hei r
prodrugs, and their protected derivatives, individual isonmers and m xtures
of isonmers thereof; and the 5 pharnmaceutically acceptable salts and

sol vat es €&mfbunly 8f Pérffila @4) if WARCHCRARMOSX Bt 11 wRerail 3 {slonandd Ri1di r

N-oxi des and their prodrugs, and their protected derivatives, individual
i somdls  anbetaiokt4. Psyadallid@ipes)slkyh partioflarlyhetero(Crer2) pyetaaikolilazg prpfetdr r ed
group of conpounds of the invention are conmpounds 10 of Formula (I1b): R3

3(0 2

Compounds of Formula (Ia) in which R4 represents -C (0) —N O are especially

preferred.
15  Compounds of Formula (Ia) in which R20 is hydrogen are preferred.

Compounds of Formula (Ia) in which R23is (C1-g)alkyl [e.g. ethyl or butyl] are preferred.

Compounds of Formula (Ia) in which R24 is hydrogen are preferred.

20
Compounds of Formula (Ia) in which R23 s tert-butyl, cyclopropyl, ethyl, phenyl, pyridin-
3-yl, pyridin-4-yl, thien-3-yl or trifluoromethyl are preferred.

25 A preferred group of compounds of the invention are compounds of Formula (Ia) in which:
R3 is -CR3=CHR® [e. g. phenyl or 2-difluoromethoxyphenyl], -CR3 (CR63)2 or

(C3.12)cycloalkyl [e.g. -CH(CH3)p or cyclopropyl]; R4 is -C(O)X5R!l [eg.



RO O 1 R4~,, NN HO R23 R2Y41 ~> -Rzs , O (1b) 15 wherein R3, R4,
R20, R23, R24 and R25 are as herei nbefore described, and their

corr espomnsiongodioxi des, and their prodrugs, and their proteTiusd2/36396
derivatives, individual isonmers and 2ti xtures of isoners thereof; and the
pharmaceutically acceptable salts and solvates (e.g. hydrates) of such
conpounds of Forrml a (Ib) and their N-oxides and their prodrugs and their

protected derlv Vi dya rs_an i xture i SQ 20
t her eof . CofBou ds P']Fd{w Féygfps?n’ Oﬁ\?tﬁl(gﬂt 63@{2}]36@6%‘3’1-@%3’ relsn R5 and

R6 together W th e atons to which R5 and R6 are attached form
(C6_12) aryl opt i ona#éy substituted by 1 WO 03/042197 PCT/ US02/ 36396 22 to
5 radi callyd rqg@e §teEp Ul éﬂclmrewlaetgybmbe%nemn-a Lopyridm-4-yk) al ky! ,

cyano, 3y 14 s BShEi] g kBl o SRR SAGKL O

wher ei n ateachoccur

i ndependanéit yrdta:te(dcaehvaﬁx@dskmhn@duam edofrefsLdISIt hixtiireslof 1s6mérsIherkbddy hnd ﬁi’ee
preferred. Conmpounds of Forrmula (Ib) in which R3 represents phrp%
2- di f Puorrhaerasewtiqaha ragrenizhie éélﬁe%ﬁchﬁquatﬁir & e rivdmtespfpych ggmpeu I‘Q’ﬁJl a (| b)

are al so ‘v EkE, ORI B fiRsRh o rlodpl SHALAP driered By

- CH( CH3) Zn@lwmuelslg@ﬁelalah&nﬁf@f@rof@dmeﬂ&h&eapounds of Formula (Ib) in which
R3 is (C3_12)cycl oal kyl are also preferred. Conpounds of Formula (lIb) in

which R3 represents cyclopropyl are especially preferred. Conpounds of

F | | b 4.1 - - 115
o e 5, 5 e bR s S ot BT R S BoRaRTBRRL 15 1
are pmefeﬁﬁeﬁnum@nypounds of Formula (Ib) in mhlch R4 represents -c (0) -N
are especially

O)2

(
R\ /g/ %H/
A \>__R25

(Ib)

15  wherein R3, R4, R20, R23, R24 and R25 are as hereinbefore described, and their
corresponding N-oxides, and their prodrugs, and their protected derivatives, individual
isomers and mixtures of isomers thereof; and the pharmaceutically acceptable salts and
solvates (e.g. hydrates) of such compounds of Formula (Ib) and their N-oxides and their
prodrugs, and their protected derivatives, individual isomers and mixtures of isomers

20  thereof.

Compounds of Formula (Ib) in which R3 is -CR5=CHR® wherein RS and RO together with

the atoms to which R and RO are attached form (Cg-12)aryl, optionally substituted by 1



preferred. Compounds of Fornula (Ib) in which R20 i s hydrogen are
preferred. 20 Conpounds of Fornula (Ib) in which R23 is (Cl-6)al kyl [e.qg.
et hyl or Wwotogloy21are preferred. Conpounds of Fornula (1b) pcm/usio2/sds9i24 i s
hydrogen are preferred. 25 Conpounds 22f Formula (Ib) in which R25 is
tert-butyl, cyclopropyl, ethyl, phenyl, pyridin- 3-yl, pyridin-4-yl,

thien-3-yl or .trifluor are preferred WO 0 42 PCT/ US02/ 36396

23 A preftBPrré%‘cﬂ? Hlﬁlﬁp %ﬁ%@ﬁ? tgﬁ%uﬂ ‘?W‘é’ﬁf‘?%ﬂé& g’%ﬁﬂomﬁs ?> Formul a

(I'b) in which: is - @({) 2-di flug 40rret hoxyphenyl ],

- OR5( CR63Y0- wbsnwgi (L@I)WHQYba‘rX Rp dingXRUUPBY 2 vberiny S D1k oo | &
-C(O X5R11 [e.qg. | -c (0) -No]; R0 is hydrogen; R23 is (Cl-6)al kYl

[e.g. etH{) zoalkjdgmey |l§9 at eRgl o¢irehsadindepandentlydis K2 3)@kyleqrthabmt5b|st;1tuted

cycl opropyl, ethyl, phenyl, pyridin-3-yl, pyridin-4-yl, thien-3-yl or

trifluor c(mqt3balkyl, aedretfdsreédr. @ﬁ[ﬁ@ﬁMﬁﬁdﬂguN—(ﬁ)Qiiﬁiﬁ&ﬁch&tﬁirepMéms phenglt 6rgs, and

their protected derivatives, individual isonmers and m xtures of isoners

t her e6f ; 2adidlubtveetiphaphenytarkieszclally poefepedabl e sal ts and sol vates (e.g.

hydrat es) of such conpounds of 10 Fornmula (lb) and their N-oxides and their

pr odrugs, and their pr otected derivatives, individual isoners and m' xtures

i sonmer ther heul ar, pre group of. ¢a ds_of
| nvent i on(’soi?%oug %%foFlﬂﬁ'a‘Eﬁcg )1 ﬁiﬁh& 19(353(855 %?IE)%Z %ﬁﬂﬁgena?n‘i N N ~N
H O ZS ea R25 . : 3
18 (C1.g)alkyl are also preferred. Compounds of Formula (Ib) in which R represents
-CH(CH3); are especially preferred.
10

Compounds of Formula (Ib) in which R3 is (C3.12)cycloalkyl are also preferred.

Compounds of Formula (Ib) in which R3 represents cyclopropyl are especially preferred.

Compounds of Formula (Ib) in which R4 is -C(0O)X R!1 wherein X is a bond and R11
15 s hetero(Cs_12)cycloalkyl(Cy.3)alkyl, particularly hetero(C5.12)cycloalkyl, are preferred.

Compounds of Formula (Ib) in which R4 represents -C (0) —N O are especially

preferred.
Compounds of Formula (Ib) in which R20 is hydrogen are preferred.

20
Compounds of Formula (Ib) in which R23is (C1.6)alkyl [e.g. ethyl or butyl] are preferred.

Compounds of Formula (Ib) in which R24 s hydrogen are preferred.

25  Compounds of Formula (Ib) in which R25 s tert-butyl, cyclopropyl, ethyl, phenyl, pyridin-
3-yl, pyridin-4-yl, thien-3-yl or trifluoromethyl are preferred.



R R OLN I(c) wherein R3, R4, R20, R23, R24 and R25 are as hereinbefore
descri bed, and their 20 correspondi ng N-oxides, and their prodrugs, and

t heir proweaBmeideri vatives, individual isonmers and m xt eCadgrsot/3d3soner s

t hereof, and the pharnaceutically accBptable salts and solvates (e.g.
hydrates) of such conpounds of Fornmula (Ic) and their N-oxides and their
prodrugs, and their protected derivatives, individual isomers and m xtures
of isomers WO 03/042197 PCT/ US02/ 36396 24 thereof. Conmpounds of Fornul a

(Ic) in m Egéd up %I@@ﬁggﬂ@ﬂhemeﬁéo@m cﬁiﬁrgaagetor%nﬂmagrb ffre atoms to

whi ch R5 ‘and atta orm (C6-12) aryl ptionally subs |tuted by 1

5tosSr 1 R3 {snERPEOHRE g, pREBE bELLdift SCR C
1.4)al kyfahfgsa}ﬁois g?so halﬂg sgbsr'?y?t ut ed %ﬁ%)ﬁgﬂg%&ﬂpx4oémr?dé 01(

 ndependairi Rl fod SCRCASE Fovehbrbydl) R ol ore "o
grgf]elrrg(rjo Corr]rgo o of Formula (1c) 2| n Wn:cch R3 represents phezrlé/l Fgrm“ .
(10) in T EH AR S -&5?82%53?‘98&%?‘3.r?{%‘él-%ﬁﬁ‘jarf%@%g’“n&“%%d RIS

(C1. 4) al kyl are a SO preferred Compounds of Fornula (lc) in whrch R3

DT e o SR 6 BRRF 5 Ahbholt EAL B S EP RIS RI T T
to whi ch tRenagl di&nﬁﬁ&oateﬂ@p fd tHed dbrieSpbnddpqy-ekidas, kma thedirepradrags, Rhef erred.
Conpounds of Formula (lc) in which R3 represents cycl opropyl are especially

pr ef e[) regthelrgmww@qusamml@aé rsegnersmnmwwswrﬁm iisomerg thesephangd ﬂthare: n X5
R1
BRCEEI T e P

R4 1 eqy eskdtnsila (1) a(n@)thelNVQ)x&Iee af® AR prbdnigs, Rh@ iR R6tecte® dpOwIidss, of For mul a

(lc) in which R20 is hydrogen are preferred.
individual isomers and mixtures of isomers thereof.

A particular preferred group of compounds of the invention are compounds of

Formula (Ic):

15

(0)2

R25

TZ

I(c)

wherein R3, R4, R20, R23, R24 and R25 are as hereinbefore described, and their
20  corresponding N-oxides, and their prodrugs, and their protected derivatives, individual
isomers and mixtures of isomers thereof; and the pharmaceutically acceptable salts and
solvates (e.g. hydrates) of such compounds of Formula (Ic) and their N-oxides and their

prodrugs, and their protected derivatives, individual isomers and mixtures of isomers



25 Conpounds of Forrmula (Ic) in which R23 is (Cl-6)alkyl [e.g. ethyl or
butyl] are preferred. WO 03/042197 PCT/ US02/ 36396 25 Conpounds of Fornul a
(Ic) in woob/oRA47i s hydrogen are preferred. Conmpounds of PEwrusut/as30d c) in
which R25 is tert-butyl, cyclopropyl,24ethyl, phenyl, pyridin- 5 3-yl,
pyridin-4-yl, thien-3-yl or trifluoronethyl are preferred. A preferred
group of corrpounds of the invention are conpounds of Formula (Ic) in

whi ch: R3h¢rgof CR5=CHR6 [e.g. phenyl or 2-difluoronethoxyphenyl],
-CR5(CR63)2 or (C3_12)cycloalkyl [e.g. -CH(CH3)2 or cyclopropyl]; R4 is
-C(O X5R11 [e g. 10 -C (o) -No ]; R20 is hydrogen; R23 is (C 1- 6)a|ky|

[e.g. ethy, B o
S op oo LR g diirtb g |

trifl UOVQHPEJ&M{s’to%ﬂﬁchﬁéhﬁd Rérafeemawalfeanlztms i é;%qaﬁmbgmafee%qgs and

their protected derivatives, individual 1so m xt'ures of iSoners

t her eaf , tarsc}aalbﬂs ifRpEnRESY Ed16dd ﬂoxﬂ@c‘gesﬁ;aéurﬁlsﬁﬂg bﬁ((ﬁnﬂal‘kﬁ ¥9dn@shdls; 9

hydr at es) of suc conpounds of 15 Fornmula (Ic) and their oxi des and their

rodr ugs d_<denn9 v oV i i d xt ures
p 9S, ha@fd ereo éfd ggf% ﬂ&/f -R8ORYd ?49 t)fbfk hidfdin P TR, ShdRdorM

of isoners t ar conpound he invention may prepared by

‘o‘r: he s oo o8 37 R sty | &?d@x?#de?r?gﬂgbﬁt%ﬁmf? ‘f‘?"qi@@“ iy A
[ Bl
B84) 'sho -hﬁlféb%lrgp%e St TR RE SRR R S gk, RRTSHILENRY 1 one of

the frag to the acyl carbon atom (C*) of
one of tggﬁgé) ’tﬁ%"yé’%‘)ytl 8”6&6")“%%’6?%?‘38& n Table 3. 25 TABLE 1 WD
03/ 042197 PCT/US02/36396 26 AL 2 1l 3 c¢* _c* ~c* JN H3C of

Compounds of Formula (Ic) in which R3 is -CRS(CR63)2 wherein R is hydrogen and RO

is (C1-4)alkyl are also preferred. Compounds of Formula (Ic) in which R3 represents

-CH(CH3)7 are especially preferred.

15  Compounds of Formula (Ic) in which R3 is -CR5(CR63)2 wherein R3 and RO together
with the atoms to which RS and RO are attached form (C3.12)cycloalkyl are also preferred.

Compounds of Formula (Ic) in which R3 represents cyclopropyl are especially preferred.

Compounds of Formula (Ic) in which R4 is -C(O)X3R1! wherein X3 is a bond and R11
20 s hetero(Cs_12)cycloalkyl(Cq.3)alkyl, particularly hetero(Cs.17)cycloalkyl, are preferred.

Compounds of Formula (Ic) in which R4 represents -C(0) —N O are especially

preferred.

Compounds of Formula (Ic) in which R20 g hydrogen are preferred.
25

Compounds of Formula (Ic) in which R23 s (C1-6)alkyl [e.g. ethyl or butyl] are preferred.
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15

20

25

Compounds of Formula (Ic) in which R24 is hydrogen are preferred.

Compounds of Formula (Ic) in which R25 is tert-butyl, cyclopropyl, ethyl, phenyl, pyridin-
3-yl, pyridin-4-yl, thien-3-yl or trifluoromethy! are preferred.

A preferred group of compounds of the invention are compounds of Formula (Ic) in
which: R3 is -CR5=CHR® [e.g. phenyl or 2-difluoromethoxyphenyl], —CRS(CR63)2 or

(C3-12)cycloalkyl [e.g. -CH(CH3)7 or cyclopropyl]; R4 is -C(0)X5R11 [e.g.
-C(0)—N ol; R20 js hydrogen; R23 is (C1-)akkyl [e.g. ethyl or butyl]; R24is

hydrogen; and R23 is tert-butyl, cyclopropyl, ethyl, phenyl, pyridin-3-yl, pyridin-4-yl,
thien-3-yl or trifluoromethyl, and their corresponding N-oxides, and their prodrugs, and
their protected derivatives, individual isomers and mixtures of isomers thereof; and the
pharmaceutically acceptable salts and solvates (e.g. hydrates) of such compounds of
Formula (Ic) and their N-oxides and their prodrugs, and their protected dernivatives,

individual isomers and mixtures of isomers thereof.

Particular compounds of the invention may prepared by joining carbon atom
(C*) of one of the fragments (A1 to A36 or A40 to A71) or the sulfur atom (S*) of one
of the fragments (A37 to A39or A72) shown in Table 1 to the nitrogen atom (*N) of
one of the fragments (B1 to B84) shown in Table 2, and joining the methine carbon
atom (CH*) of one of the fragments (B1 to B84) shown in Table 2 to the acyl carbon
atom (C*) of one of the fragments (C1 to C40) depicted in Table 3.

TABLE 1
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MWoM30421p71 C t ¢ C J I | J Buo N H H3C 0 19 @Cxsh2/26B9d 1
C"CNtBuON) / HO/ O 2350 23 0 24 JN'c* Ay JIJNC* CEt() NI NJ
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1( *HV CH* *HNV CH* CH* *HN 316 sr \ | 17 18 N s(O, S(O2 *HV CH*
S(O), *HN CH* * /CH* WD 03/042197 PCT/US02/36396 30 19 N20 i 21 cl \ \ (
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Thus, for example, the combination A2-B1-C2, that is, the combination of
group A2 in Table 1 and B1 in Table 2 and C2 in Table 3, represents a compound of the

invention, namely morpholine-4-carboxylic acid {2-phenylmethanesulfonyl-1-[1-(5-

+

5  phenyl-[1.3.4]oxadiazole-2-carbonyl)-pentylcarbamovl]-ethyl}-amide:

Further particular compounds of the present invention include:
morpholine-4-carboxylic acid {2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-[1,1-
dimethyl-2-ox0-2-(5-pyridin-3-yl-[ 1,3,4]oxadiazol-2-yl)-ethylcarbamoyl]-ethyl } -amide;

10 morpholine-4-carboxylic acid {2-phenylmethanesulfonyl-1-[1-(5-phenyl-
[1,3,4]oxadiazole-2-carbonyl)-pentylcarbamoyl]-ethyl} -amide (Compound 1; A2, BI,
C2),
morpholine-4-carboxylic acid {2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-[1-(5-
pyridin-3-yl-[1,3,4]oxadiazole-2-carbonyl)-pentylcarbamoyl]-ethyl } -amide (Compound
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morpholine-4-carboxylic acid {(R)-1-[(S)-1-(3-tert-butyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbamoyl]-2-cyclopropylmethanesulfonyl-ethyl} -amide;
morpholine-4-carboxylic acid {(R)-2-(2-methyl-propane-1-sulfonyl)-1-[(S)-1-(5-
trifluoromethyl-1,2,4-oxadiazole-3-carbonyl)-propylcarbamoyl]-ethyl } -amide;
20  morpholine-4-carboxylic acid {(R)-1-[(S)-1-(5-tert-butyl-1,2 4-oxadiazole-3-carbonyl)-
propylcarbamoyl]-2-phenylmethanesulfonyl-ethyl}-amide;
morpholine-4-carboxylic acid {(R)-1-[(S)-1-(5-tert-butyl-1,2,4-oxadiazole-3-carbonyl)-
propylcarbamoyl]-2-phenylmethanesulfonyl-ethyl}-amide;
morpholine-4-carboxylic acid {2-cyclopropylmethanesulfonyl-1-[1-(3-cyclopropyl-
25  1,2,4-oxadiazole-5-carbonyl)-propylcarbamoyl]-ethyl}-amide;
morpholine-4-carboxylic acid {2-cyclopropylmethanesulfonyl-1-[1-(3-ethyl-1,2,4-
oxadiazole-5-carbonyl)-propylcarbamoyl]-ethyl } -amide;
morpholine-4-carboxylic acid {2-cyclopropylmethanesulfonyl-1-[1-(3-phenyl-1,2,4-
oxadiazole-5-carbonyl)-propylcarbamoyl]-ethyl} -amide;
30  morpholine-4-carboxylic acid {2-(2-methyl-propane-1-sulfonyl)-1-[1-(3-phenyl-1,2,4-
oxadiazole-5-carbonyl)-propylcarbamoyl]-ethyl} -amide;
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20  such, are useful for treating diseases in which cathepsin S activity contributes to the
pathology and/or symptomatology of the disease. For example, the compounds of the
invention are useful in treating autoimmune disorders, including, but not limited to,
juvenile onset diabetes, multiple sclerosis, pemphigus vulgaris, Graves' disease,
myasthenia gravis, systemic lupus erythemotasus, rheumatoid arthritis and Hashimoto's

25  thyroiditis, allergic disorders, including, but not limited to, asthma, and allogeneic immune
responses, including, but not limited to, organ transplants or tissue grafts.

Cathepsin S also is implicated in disorders involving excessive elastolysis, such as
chronic obstructive pulmonary disease (€.g., emphysema), bronchiolitis, excessive airway
elastolysis in asthma and bronchitis, pneumonities and cardiovascular disease such as

30 plaque rupture and atheroma. Cathepsin S is implicated in fibril formation and, therefore,

inhibitors of cathepsin S are of use in treatment of systemic amyloidosis.
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inhibitory activities of the conpounds of the invention can be determ ned
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Adni ni st (@sikehperrdiyPyaicatle &am abant Toafkasiayito alout 2O negdgdday.  Thesefprsuads of
Formul a (tllle)raﬁ’guliclzalgleet%%mven glnsl(t.)l?l{t or eimn86 grh%gleallﬁltpiaﬁgrlltl rXay range from about 80
ug/day to about 4.8 g/day, typically from about 80 pg/day to about 1.6 g/day. In general,
one of ordinary skill in the art, acting in reliance upon personal knowledge and the
20  disclosure of this Application, will be able to ascertain a therapeutically effective amount
of a compound of Formula (I) for treating a given disease.

The compounds of Formula (I) can be administered as pharmaceutical
compositions by one of the following routes: oral, systemic (e.g., transdermal, intranasal
or by suppository) or parenteral (e.g., intramuscular, intravenous or subcutaneous).

25  Compositions can take the form of tablets, pills, capsules, semisolids, powders, sustained
release formulations, solutions, suspensions, elixirs, aerosols, or any other appropriate
composition and are comprised of, in general, a compound of Formula (I) in combination
with at least one pharmaceutically acceptable excipient. Acceptable excipients are
non-toxic, aid administration, and do not adversely affect the therapeutic benefit of the

30 active ingredient. Such excipient may be any solid, liquid, semisolid or, in the case of an

aerosol composition, gaseous excipient that is generally available to one of skill in the art.
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about 60 sfikrobd, GERMTh AR, ick R NRHANG ¥il108 g8l nagh Bk Seatd®, s6tiim steapitgal |y
fromabout 1 pg/kg/day to about 20 ng/kg/day. Therefore, a therapeutically

ef f ect | velyseminmorasteacate, sodikg phiprde. piradeskimnmylky andyéher liken dbouid ®d g/ day

b 4.8 gl.day,. ically f b 8 /d b 1. day. |
genor al ; seiial ERpigntBiay Beiofir o Bty Etatel Btgerfl, PRV end efictt bl "
per sopal vkAeW &ittgencditiing AR s<Bf Petpsib@aUaEnAl, veBitablORRIsye@biObrigivi (klg be able

to ascertain a therapeutical Ig effective anount of a conpound of Fornul a
(1) for tpesatioflgsaybgineh ninerehsid. seTinee eibrapdihelske)f Preferrad diqyid)capiams,be

dmi ni st d tical it . b he foll.ow
Fout os. - SPa Ry IPERITE B sfifiops ARUHER Wl TG afaou de P eRLEIRRA  or y)
or parenteral 1 ahount 8t 4 @dﬂfﬁ&mh&ff,lrohﬁﬁraqmﬁ%@c&ﬁp&ﬁnﬁ%weﬁys@idelﬁ
Conpositions can take the formof tablets, pills, capsules, sem solids,

powder s, dspsdaignpdn thedpeaas dorfroratignasizaefsy undtlosageokind ofexsiments anisthar| i xir s,
aerosqls,. or any other a i.at co sition .and are conprised of, in
genendl . Tacters kuRochorb P i e i o marsUERel et I 85 loe

phar maceubinpadition SCLRRRRhEBFSTRIAM for t‘?@a@iﬁgfa%Neﬁ dR%adeRViARbApASEiom _
non-toxic, aid admnistration, and do not adversely affect tﬁe t herapeutic
benef it ®01f4we g% e Hireferably@Béw doni YowsSatsrties tigmdent with thetyemaingerdeingd,
oo SR o i kBt oS LoS oo OMRSS f B0

03/ 042197 RGI USRA363I6m 49 SalihebBNALIAGR Wik @l sifiE LRl @Bbsei B6h ude

starch, cellulose, talc, glucose, |lactose, sucrose, gelatin, malt, rice,
f1oudy chibitkm whdni rebefgdsymptagn esipemficalbareguiegd. Foapresamtstieaplarmaceuéalcer ol

nonost earat e, sodi um chl ori de, dri sKi ilk, and.the like. .Ljiquid and
Com so | Gorgizane b u e AsiongiopBl b or i Natedles B imEramef poch i

propyl ene glycol and 5 various oils, including those of petroleum animal,

vegetabl e or synthetic origin (e.g., peanut oil, soybean oil, mneral oil,
sesanme oil, and the like). Preferred liquid carriers,
Chemistry:
20

Processes for Making Compounds of Formula (I):

Compounds of the invention may be prepared by the application or adaptation of
known methods, by which is meant methods used heretofore or described in the literature,
for example those described by R.C. Larock in Comprehensive Organic Transformations,

25  VCH publishers, 1989.

In the reactions described hereinafter it may be necessary to protect reactive
functional groups, for example hydroxy, amino, imino, thio or carboxy groups, where these
are desired in the final product, to avoid their unwanted participation in the reactions.
Conventional protecting groups may be used in accordance with standard practice, for

30 examples see T.W. Greene and P. G. M. Wuts in "Protective Groups in Organic

Chemistry" John Wiley and Sons, 1991.



particularly for injectable solutions, include water, saline, aqueous
dextrose and glycols. The anount of a conpound of Formula (lI) in the
conposi tiwo osay21yary wi dely dependi ng upon the type of fecmuisal/sas size
of a unit dosage, kind of excipients €nd other 10 factors known to those
of skill in the art of pharmaceutical sciences. In general, a conposition
of a conpound of Fornula (1) for treating a given disease wll conprise
from 0.01%v to 10%wv, preferably 0.3%vto | % of active ingredient with

t he remainder being. th Ci pien . excipi e . Preferabl ¥ the

phar macel ".“&P&““%oﬂﬁ}é%‘i“%“ﬁ%ﬁﬁﬁ s ‘%@ﬁbﬁise% 5’5’8? noqlfgr’?lﬂ% 3F)e(aﬁ rfileﬁnfaic])g]a%’_‘é form
for cont iguuey bf e ideRdond)i.cl EondpouhdgdfForfibla (WD LaYBe prepdredbly grocdetiit um when
relief of synptons is specifically required. Representative pharnaceutica

f or nul at ias isthe dptlaaring Rgactiopdrepemad: of Formula (1) are described in Exanple
29, infra. Chemstry: 20 Processes for Mking Conpounds of Forrmula (I):
Conmpounds of the invention may be prepared by the application or adaptation
of known net hods, by which is nmeant nethods used heretofore or described
inthe literature, for exanple those described by R C Larock in

Conpr ehensive Organic Transformations, 25 VCH publishers, 1989. In the
reactions described hereinafter it may be necessary to protect reactive
functional groups, for exanple hydroxy, am no, imno, thio or carboxy
groups, where these are desired in the final product, to avoid their
unwanted participation in the reactions. Conventional protecting groups
may be used in accordance wth standard practice, for 30 exanples see T.W
Geene and P. G M Wits in "Protective Goups in Organic Chem stry" John
Wl ey and Sons, 1991. WO 03/042197 PCT/ US02/ 36396 41 Conpounds of Fornul a
(1), inwhich X3 is a group of fornmula (a) (as defined in the Sunmary of
the I nvention), i.e. conpounds of Formula (V), can be prepared by
proceeding as in the follow ng Reaction Schene 1: WD 03/ 042197

PCT/ US02/ 36396 42



Reaction Schene 1 X2R3 'DS(O R20 OH X 2 14N X + |1 Rzs RN O Rz3 Rza X- H
NY OH (Il) (i) Step 1 X2R3 OS2 \X1 RROOH Ra_ NX N))r Rzs H zs
za ~ O RWoM3N42191 V) Step 2 X2R3 (0O 2S~-XI R20 O Ram N XpRzaisoiBaed® za O R
RNY (V) in which each X, X1, X2, ¥ R3, R4, R20, R23, R24 and R25 are as
defined for Formula 5 (1) in the Summary of the Invention. Thus, in step

1, an acid of formula (I1) may sed with an am no corrpound of
formula (I1ll1) to give a (3- hydr(t}%?cg%lp%&% dlforrml a (l1V). The condensation

reaction can be effected w tR2ah appr opri ate coupl ing agent (e.g.,

I/S(O)z
X HNW 5
R* R’
~ )Y % N\/>"’

N
H
OH
(ID (1)

Step 1

X’R’
|

CENS

R\ *m %)Y a

Iv)

l Step 2
X’R’

CEN

a )W %k( =

N~y

V)

in which each X, Xl, X2, Y, R3, R4, R20, R23, R24 and R25 are as defined for Formula
5 (D in the Summary of the Invention. Thus, in step 1, an acid of formula (II) may be
condensed with an amino compound of formula (IIT) to give a B-hydroxy amide of formula
(IV). The condensation reaction can be effected with an appropriate coupling agent (e.g.,

benzotriazol-1-yloxytrispyrrolidinophosphonium  hexafluorophosphate  (PyBOP®),



benzotri azol - 1-yl oxytri spyrrolidi nophosphoni um hexaf | uor ophosphat e
(PyBOP(r)), WO 03/042197 PCT/US02/ 36396 43

1- ( 3- di newbyBamiieppr opyl ) - 3- et hyl car bodi i m de hydrochl ori eeT(USDEBG396

O benzotriazol- | -yl-N,N, N, N -tetraet hyl uroni um hexaf | uor ophosphat e
(HBTU), 1, 3-dicycl ohexyl carbodiimde (DCC), or the i ke) and optionally an

. - hyd yh
Py ar oyl oSt tined Soth-3- Ll SneE { 2. oy XodrsabH ol |1 -y P 3, 3,
tetra- mt(ﬁ-‘bleﬁdﬁ%z%m%@fﬂ ﬁﬁhﬁﬂlﬁoﬁ'ﬁ‘ﬁfru) herﬂuorBﬁlfbsbhaK@)

U)
non- nucl eophi lic base (e.g., tr| et hyl am ne, N-nethyl norpholine, and the
li ke, orl bcldwysluh@aﬂﬂadmdumndm@ﬁfﬁh ot therlike) )mmptmnbil}em appeqmlmtat&talgstand

GRS TNEIERE e Dl AN RE e e )
oxi daki O RaLiteRILHTRY- lcﬁﬁlf‘?@ ?@ét}a)lm%gﬁx%rﬁﬁrﬁﬂey@ﬂhoﬁﬁh&ﬁhé@ (PRIEHMRrtin

perlodlnane In an i nert solvent, such as dichl oronet hane, and at a
t enper at uhelikd) randmabnuuieo(pmlmd»aat(elgt tm@hbdmnmﬂ;ié-mmthydmorpﬁolmmoandj&e tike,For nul a

I where X3 i.s of for a as defined in th nmmary of the
nvent o) SN sHizh(E B b 5JFoR & QERRTH SR HE RELEERER SOHEHE But 18
usi ng an I cwhere X3
is a conpcggqﬁ?]&o ?ﬁgﬁgﬁa%('c‘%ﬂffarggfﬁ Qc\j] Stlﬂe%%%%%%ééoﬁépﬁze% vent i on),
can be praspatpednd dbfformde 6EXIThg oaklation feeatdhindy cbaveientl bb oirried owmmsiag am no

conmpound of formula, (M1) RRO OH RO OHHN Y HNY N 25 Res za Rza ~
Rzs RPa / %SM%UF\PCUZ’@W’P&P\W% solyegt, spghcas dichlagomethape, gisint afgmpergtyig and R25

are as dq{c#nQﬁgth%BCft@ﬁl#Bld ?oo&‘uenl n tng}g Sunmary of the Invention. 25

Det ai | ed "descri pti ons fihesis of a conmpound of Formula (1) by the
processes in Reaction Schenme 1 are set forth in the Exanples 1 to 20,
infra. WO 03/042197 PCT/ US02/ 36396

Compounds of Formula (I), where X3 is a group of formula (b) (as defined in the

Summary of the Invention), can be prepared by proceeding as in Reaction Scheme 2 but

15  using an amino compound of formula (VI). Compounds of Formula (I), where X3 is a
compound of formula (c) (as defined in the Summary of the Invention), can be prepared

by proceeding as in Reaction Scheme 2 but using an amino compound of formula (VII),

1Izzo OH
HN HN v
\ R = >——R25
23 24 /)

20 (VD) (VI

in which each X, Y, R20, R23, R24 and R25 are as defined for formula (I) in the Summary

of the Invention.

25  Detailed descriptions for the synthesis of a compound of Formula (I) by the processes in

Reaction Scheme 1 are set forth in the Examples 1 to 20, infra.



44 Additional Processes for Preparing Conmpounds of Fornula (1): A conpound
of Fornmula (1) can be prepared as a pharnmaceutically acceptable acid

addi ti on walos/ok9T eacti ng the free base form of the conpowau/usni/bs3es
pharmaceutically acceptable inorgani4 or organic acid. Alternatively, a
pharmaceutically acceptable base 5 addition salt of a compound of Formul a

bhar nace iRy PEEEY: ot PEerorgs Eafrenah SFgamE Bhse. | norganc and
organi c acids @e&n&ﬁﬁe%fﬁumﬁ@bhfcme ﬂré}%xéﬂrﬁlﬁ?hﬁﬁﬁ&é‘utﬁall? H&eﬁ)table acid

pharmaceutically acceptabl e ts of conpounds of Fornu are set
forth in addigiodehlt thmgéb@ﬁmham fortiof th@’\p(pmp@aldl with amhaenmuw@w t he

It f f.th ds_of | t
of ¢ he SRR RRRERICATe g Har Mianatiedy. et bt e it ase.
forms sof JibRiof QEPONEGMIund OF Fd¥nful4 (1) cdndd g2 aPécﬁBﬁr’é&ngftﬁé)ﬁQetdaﬁi form

correspondi ng base addition salt or acid addition salt form For exanple, a
conpound oftherkompeohzd ¢ith aiphamracadicdllpaeptald e imaganid aongananbdse luorgampt ed to
the correspondi free base.b ting with syi t abl e.bas e . g.,

amroni um 5 QRERICHEI B ISER TURLIe S PO EoGA dhe PRATERE ey RsPbiRe s ompound
of For mulggid bl domhpBuifkS6f #eHhiILOM) aRaldt foRh MhCHE &b@in?t%\ées{ekﬁ% bf thiBe
corresponding free acid by treating with a suitable acid (e.g.

hydr ochl ckpipticatmind Altetnadivelif ige skt dorintbed thefcompomols wd Eomiuls-d)y canlbe p(ej))lred an be
prep red hose of ardinary skill in the art. For

by known to
exa “I‘?gn&?i'“ %&E%ﬁa‘a’é‘gﬁ?aéﬁ'éaﬁ%ﬂ”ﬂff”f‘? 8ng an 20 unoxi di zed form of the

conpou nd of Forafed abilor Web BaRTod $HiRd S RRR oi(If‘orﬁhula (b dah b prcpR@acet ic
acid, permaleic acid, perbenzoic acid, peracetic aci

met a- chl dromp ¢heosorizepasiing base diddsontshk olr|akxd)addm<m sali ﬁoabl eFarre@ampley ganl c

| t d hyd di chl t
2ppr oxi meoEpupEof SRR va) 37 Sl SR HEoRR anebe SHRBTRALS e For mul a
(I') can Q%B%%Haﬂh qié(er% tbl}}etr&hlﬁg'v@tﬁl 2fsufMdble PasARIY. ORhhRhRNS hidrbkiag

mat eri al ounds of Forful a I n unoxi di zed formcan be prepared from
N- oxildes sofution mpmunlmbdr@hdd:andnhedlml)A bympowsitdfgrmilal{l) an p bahecddigiongent

1 T TARL T
sui tabl e ( Beq{dBELERE 9c1§,cgtéé?”t (e.g., acetonitrile, ethanol,

The N-oxides of compounds of Formula (I) can be prepared by methods known to
those of ordinary skill in the art. For example, N-oxides can be prepared by treating an

20  unoxidized form of the compound of Formula (I) with an oxidizing agent (e.g.,
trifluoroperacetic  acid, permaleic acid, perbenzoic acid, peracetic acid,
meta-chloroperoxybenzoic acid, or the like) in a suitable inert organic solvent (e.g., a
halogenated hydrocarbon such as dichloromethane) at approximately 0°C. Alternatively,
the N-oxides of the compounds of Formula (I) can be prepared from the N-oxide of an

25  appropriate starting material.

Compounds of Formula (I) in unoxidized form can be prepared from N-oxides of
compounds of Formula (I) by treating with a reducing agent (e.g., sulfur, sulfur dioxide,
triphenyl phosphine, lithium borohydride, sodium borohydride, phosphorus trichloride,
tribromide, or the like) in an suitable inert organic solvent (e.g., acetonitrile, ethanol,

30  aqueous dioxane, or the like) at 0 to 80°C.



30 aqueous dioxane, or the like) at 0 to 80C. WO 03/042197 PCT/ US02/ 36396
45 Prodrug derivatives of the conpounds of Formula (1) can be prepared by
met hods Wwoman41197 t hose of ordinary skill in the art (e.gPcTfuso2/8a3pé her
details see Saulnier et al.(1994), Bisoorganic and Medicinal Chem stry
Letters, Vol. 4, p. 1985) For exarrple appropriate prodrugs can be

prepared by reactin C ornul a th ab
sui tabl e car bg)aﬁ%fi %V35§%S (ge%e coén pouTgs &VP%W&P Eypﬁegﬁrﬁgﬁ?x%?ﬁ%qdfdat e,
par a- ni tn@@vbﬁwdhosec@rf&mﬂepeklu% tlieraa(bgkﬂ}r furtep Hagh£fde SailhiepbiN e®92f, the
conmpounds of Fornula (1) can be mad neans known to those of ordi nary

ski || i n Bibreganit andMediciial @emGQEiﬂmronioloﬁ I HQSi)e@Qnﬁxmm'le aaplppn@tabl eto
the creatio rotecti roups and their renmova n n T.W 10
G eene.  PROTIRS e@r%@% SR atendr AT At ompund el J TR b oy
Sons, 51 NGyitabl@&Rbarki ﬁf g 1 NEaBy168RMy1daAYERRERISAdB b PEnfRIPUERI ENt | Y

pr epared, or forned durlng t process of the invention, as solvates (e.g.

hydr at es)carbblyatﬂ,actrehebke)conpounds of the present i nvention may be
conveniently re ﬁ?ﬂ %lf’rtr ecr aI | i sat % {} ous/ organi c 15
sol vent mixtu éOt g 'dﬁ%P cﬂ(’%’r‘?f‘g Ty bﬁ ef‘?le yo8fur an or
met hanol g0 §ATH WEESorYrdingfy kiR il the &8N pbaetan@doaéseﬁp@&l Bhaierte& uesdual

an

st ereoi soners by reacting "a racem c mxture of the conpound wit
opt i cal | ypplidabletorths aieetiongofayetettinggroopsmaral their removal dambe éanmdl isdn®t.i c

corrp nd separatin he di astereopgers angdqrecove t|c IIy pure
enant m?re N T ¥eq! o@’fﬂ“{%ff’ fgaé’ﬁ%g"fqt%?‘?@rg @ﬁﬁ‘oﬁeg QW f’nﬁJ I?"ng

coval ent 1369 di asteroneric derivatives of conpounds of Forrml a (1),

di ssoci abl e conplexes are preferred (e.g., crystalline diastereoi soneric
salts). lmmwn@wfﬁhspﬂwmim'iestﬁdnrmay mg@Wcra'bntlypprqqud ioeﬁmmed duringwbet i ng

poi nts, b0|I|ncglE0|nts SO|§&I|I B tﬁVlt Uﬂ% g‘an be readily
Separ at ed gLl vemiar spRalst (a4 Bdsaigs)s SIS of Sorbioundn f GF Biepe comar s
can be  $RRAMGh Gthyde CdHveRRARIPRBI glé/’ reBySh R ARInY fromYan aqueous/organic

separatlon/resolutlon technlques bas 257upon differences in solubility.
The apt i calveyt mixterearsargdrganee sdleenthech nedioway mﬂrahﬂlrofmgaanmethaﬂmé resol vi ng

agent, by any practical ans t hat woul d<no: in, racem zati.on. A nore
det ai | ed (PEYIOMNEY ‘P%“LrP@P Iy ecaP@Eﬂ?Fﬁpa{Fé‘saSg*Eﬁ é%qsué HEFePRAMESOYITEACLBE of

st er eoi SQYRLHiOhixture of the compound \_Jygth an optically active resolving agent to form a pair
of diastereoisomeric compounds, separating the diastereomers and recovering the optically
pure enantiomer. While resolution of enantiomers can be carried out using covalent
20  diasteromeric derivatives of compounds of Formula (I), dissociable complexes are
preferred (e.g., crystalline diastereoisomeric salts). Diastereomers have distinct physical
properties (e.g., melting points, boiling points, solubilities, reactivity, etc.) and can be
readily separated by taking advantage of these dissimilarities. The diastereomers can be
separated by chromatography or, preferably, by separation/resolution techniques based
25  upon differences in solubility. The optically pure enantiomer is then recovered, along with
the resolving agent, by any practical means that would not result in racemization. A more
detailed description of the techniques applicable to the resolution of stereoisomers of
compounds from their racemic mixture can be found in Jean Jacques Andre Collet, Samuel
H. Wilen, Enantiomers, Racemates and Resolutions, John Wiley & Sons, Inc. (1981).
30



conpounds fromtheir racem c m xture can be found in Jean Jacques Andre
Collet, Sanuel H WIlen, Enantioners, Racemates and Resol utions, John
Wley & Swo3/oiner (1981). 30 WD 03/042197 PCT/ US02/ 36396 pc2AIsShn3asmmar y,

t he conpounds of Fornula (I) are madetéby a process which conprises: (A
reacting a conmpound of Formula (I1): X2R3 X ~ S(O2 RamNO HOH 5 (In

with a conpound of the Formula (II1 H 1 -R 25 s Rza
Ny (i) fol | SReHmRAgyhgaEagpPule Ei quch}né’é‘& &_{rﬁje @%ﬁ%fypﬁ’ﬁ?ﬁ t“lcg)z. X2R3
0S)z \)ébmlgglges(_}l Ram N X N Rzs H z3 za
(A)  reacting a compound of Formula (II):
XR’

I

I/S(O)2

oy

5 D

with a compound of the Formula (III):

“%kr :
R’ N—v/ />"R

(D)
followed by oxidation of the resulting B-hydroxy amide (IV):

xR’

CENY

- )\W %Y P

N—
10 Y

av)
in which X, Y, X1, X2, R3, R4, R20, R23, R24 and R25 are as defined in the
Summary of the Invention for Formula (I); or

(B)  reacting a compound of Formula (II) with a compound of the formula (VI):

Ll

R’ N\X

15



10 OR R NY (I1V) inwhich X/ Y, X1, X2, R3, R4, R20, R23, R24 and R25 are
as defined in the Summary of the Invention for Formula (1); or (B)

reacti ng woosnmend of Fornula (l11) with a conpound of thechasmubaod V1) :

15 RO OH | HNY Rza I-Rzs R za N47X WO 03/ 042197 PCT/ US02/ 36396 47
(VI) followed by oxidation of the resulting (3-hydroxy amde (M11): X2R3
(0O2S X RO OHRN\N Res H23 241 ORRNX 5 (VIIl) in which X Y,
R20, R23, R24 and R25 are as defined in the Sunmary of the Invention for
Formula (1); or (C reacting a conpeund of Fornula (Il1) with a conpound of

the formula (MI1): R0 OHI HNY R2s R23 R24 /r
followed by oxidation of the resulting B-hydroxy amide (VIII):

X R
CEN
™ *r %Kr
\ R25
a
5 (VIII)

in which X, Y, R20, R23 R24 and R25 are as defined in the Summary of the
Invention for Formula (I); or

(C)  reacting a compound of Formula (IT) with a compound of the formula (VII):

1|{20 OH
HNWY
25
R
23 24 />/
R R X~

10
(VI
followed by oxidation of the resulting B-hydroxy amide (IX):
)|(2R3
CENY
R )\”/ >(K‘/
X)

15 in which X, Y, R20, R23, R24 and R25 are as defined in the Summary of the

Invention for Formula (I); and
(D)  optionally converting a compound of Formula (I) into a pharmaceutically
acceptable salt;

(E)  optionally converting a salt form of a compound of Formula (I) to non-salt form;



X-N 10 (M 1) followed by oxidation of the resulting P-hydroxy am de (IX):
X2R3 OS2 \XI ROOH RA~-NY NR2s H23 24 r ORRX-N (IX) 15 in

whi ch X, Wo oBA®R19R23, R24 and R25 are as defined in the Seawarsy2/sefot he

I nvention for Fornmula (1); and (D) op#ionally converting a conpound of
Formula (I) into a pharmaceutically acceptable salt; (E) optionally

converti a sal.t_for .a_conpqaund For.mula (1),to-nonrsalt. form WO
031 042108 b PRteps g Brifle 7 RS e lonm Ry Reshvbidd 4FIRUAR M Set  or m
of a conpound pqagnﬁaemdaﬂy@wep{aateqv@xidehar maceuti cal |y acceptabl e N oxi de;
(G optionally converting an N-oxide formof a conpound of Fornmula (1) its
unoxi di z&@) f oroptiomliyigpnegsting amM-axidecloonwf agompoumbiofiammala Dstsmer of a
conmpound of Fornul,a 19% froma mxture of isonmers; (1) optionally
converting a NORXIGES »zed conpound of Fornula (1) into a

phar mgc egHb Pa|o{p}ioxpilll§rdéédﬂlviﬂgﬁﬁ Ul idRfr 093 cORpO AV IFYrAPRBHdE a
prodrug derivative of a conpound of Formula (1) to its 10 non-derivatized
form I nternediatuegobibohorsiul a (11), wherein X1 is nethylene, X2 is

et hyl en%)and op 101%?@ cgﬁverting a non-derivatized compound of Formula (I) into a

pharmaceutically prodrug derivative; and
Q) optionally converting a prodrug derivative of a compound of Formula () to its

10 non-derivatized form.

Intermediates of formula (II), wherein X1 is methylene, X2 is methylene and R3 and R4

are as hereinbefore defined, may be prepared by: (i) alkylation of cysteine with an alkyl
bromide of formula R3CH2Br [the reaction may conveniently be carried out in the
15 presence of an alkali metal hydroxide, such sodium hydroxide, in ethanol and at a
temperature up to about 40°C]; (ii) reaction with a compound of formula R4-Cl (e.g.
morpholine carbonyl chloride) in the presence of a suitable base, such as triethylamine, in
an inert solvent, such as acetonitrile, and at room temperature; (iii) oxidation, for example
with Hy WO, and hydrogen peroxide, in a suitable solvent, such as isopropy! alcohol, and

20  at a temperature at about 15-20°C.

Intermediates of formula (III), wherein X, Y, R20, R23, R24 and R25 are as hereinbefore
defined, may be prepared by: (i) treatment of compounds of formula (X) [wherein X, Y
and R25 are as hereinbefore defined] with butyl lithium in an inert solvent, such as
25  tetrahydrofuran, at a temperature at about -78°C; (ii) treatment of the resulting anion with
magnesium bromide dietherate at a temperature at about -78°C; (iii) reaction of the
resulting Grignard with an aldehyde of formula (XI) [wherein R20, R23 and R24 are as

hereinbefore defined at a temperature at about -45°C.



are as hereinbefore defined, may be prepared by: (i) alkylation of cysteine
with an al kyl brom de of fornmula R3CH2Br [the reaction may conveniently be
carried omoosm4zibe 15 presence of an al kali netal hydroxi ger/tsopks3sodi um
hydr oxi de, in ethanol and at a tenpewature up to about 40C]; (ii) reaction
wi th a conpound of formula R4-Cl (e.g. norpholine carbonyl chloride) in
the presence of a suitable base, such as triethylamne, in an inert

sol vent, such as acetonitrile, and at roomte rature; (iii) oxidation,

for exanmple wth H2WX4 and-Kydrogen per oxi de,r;%n aguhtabl e solvent, such
as isopropyl alcohol, and {{20 R tenperature a bout 15-20C.

I nternmedi ates of formula (WY, wherein X Y, %2 ,!{RQ& R24 and R25 are as
her ei nbefore defined, may be prepared by: (i) treatnment of conpounds of
formula (X) [wherein X ()\() and R25 are as herei nl?gf)ore defined] with butyl
lithiumin an inert solvent, such as 25 tetrahydrofuran, at a tenperature
at about Th@@&pafation of iarmediatesof forneila @H)ky hg camienientdy téarriedraginesh um

brom de dj et herate at t erajure at out -78C, qii') reaction of the
resul ti ngh &PERPQHY Oéﬁé%%h%er%?ct? ™ |far?>§err)pwh8?gmpﬂzo, R23 and
R24 ake as hereinbefore defined at a tenperature at about -45C. WD

03/ 042197 PCT/US02/ 36396 49 R20 X (-R25 R2 /CHO N.Y R23 R24 (X) (XI)
The prep@otdRAdPés bRh@h (R wHeRSn X Y QR REA afe dsIhbreifefdie deivaeRiagBE | Y
carried out wwth the NH of conmpounds of formula (XI) protected, with for
exanpl e grépercddrycesstios o€bydraaomds obforfiplald (X), wherein X, Y and R25 are
as hereinbefore defined, may be pr epar ed by reaction of hydrazones of

formula (XI1) ORS5 H2N-N H o2

H,N—y
H

(XI0)
10 wherein R25 is as hereinbefore defined, with triethylorthoformate, in the presence of an

acid catalyst, such as para-toluenesulfonic acid, and at a temperature up to about 125°C.

Intermediates of formula (VI), wherein X, Y, R20, R23, R24 and R25 are as
hereinbefore defined, may be prepared as in the following reaction scheme 2:

15 Reaction Scheme 2



(XI'1) 10 wherein R25 is as hereinbefore defined, wth
triethylorthoformate, in the presence of an acid catal yst, such as

par a-t ol weoa@suéfioni c acid, and at a tenperature up to abo®CTARBL36396
Internediates of formula (VI), whereid® X, Y, R20, R23, R24 and R25 are as
her ei nbef ore defined, nmay be prepared as in the follow ng reaction schene
2: 15 Reaction Scheng 2 WO 03/042197 PCT/ US02/ 36396 50 R20 OH R20 OH 1
Step 1 1 Rz7iN CN R27, - QdNH2 Rz3 Rea R23 RzalN S (XI11) (XV) Step 2
R0 OH | NH2 Re7i N;O ER3 Rea MieplO J~ R25 (XV) Siep ZuR20 OH R20 OH |
| HN R25 Step 4R¥Z7 TxZ5 VeN RraRra N> RzaR’Rza CO? (V1) (XV)
Thus, in step 1, a-gwdngxy nitriles of fornul apgeXih#) | wherein R20, R23,
R24 and R25 are as herei nbefore defined and R%? is a hjabl e protecting
group, such as tert (X (XV)

Step 2

% oH R® OH

1 |
HN N Step 4 N N

5 S o
R R%

23 24
N\O R R N\O

(VD (XVI)

Thus, in step 1, a-hydroxy nitriles of formula (XIII) [wherein R20 R23 R24 and R25
are as hereinbefore defined and R27 is a suitable protecting group, such as ter-

5  butyloxycarbonyl, may be reacted with hydroxylamine in the presence of an alkali metal
alkoxide, such as sodium methoxide, in methanol and at 0°C. The resulting compounds
of formula (XIV) [wherein R20, R23 R24 R25 and R27 are as hereinbefore defined]
may then be coupled, in step 2, with acids of formula R25-C02H [wherein R25 is as
hereinbefore defined] in the presence of an appropriate coupling agent [e.g.

10  1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI)] and optionally
an appropriate catalyst [e.g. 1-hydroxybenzotriazole (HOBt)] and a non-nucleophilic
base [e.g. triethylamine] at about room temperature. The resulting compounds of

formula (XV) [wherein R20, R23, R24, R25 and R27 are as hereinbefore defined] may



5 butyl oxycarbonyl, may be reacted wth hydroxylam ne in the presence of an
al kali metal al koxi de, such as sodi um net hoxi de, in nmethanol and at OC
The resulwongoenspounds of fornula (XIV) [wherein R20, Re8T/URBA363R25 and
R27 are as hereinbefore defined] maysithen be coupled, in step 2, with
acids of formula R25-CO2H [wherein R25 is as hereinbefore defined] in the

f i, at | i .g. 10 ..
3 ar mib e RGHr By £ LSRRV B35 s FiainyEh B HiEbmea® ( Ep0r) ] and
optional lyyy, &Ftu?é)ﬂ?&ﬂ%bﬁ’tt 1B0°@§Rhvort 26@@? A {RYS RHORAF Otk B9 HsEd ( HOBL) ]
and a non- nEc eophilic base [e.g. triethylam ne] at about room

t enper at WoRpolhlR Jr¥erithila ﬁavngn@;@ﬁﬂﬁ%wﬁ REMEZS 4nf\R2T Bag ei n R20, R23,
R24, R25 and R27 are as hereinbefore defined]’ nay WO 03/ 042197

PCT/ US02/tea38s:fors defiimsih nbey thgndhe deprbtedted, sn stpp 3, tolgyvenisteredjatemoan i nert

sol vent, such as diglyne, at a t7e_rrper ature from about 150C to about 200C
in a A chowe(YRAfrskampinevhep R/ deteri-busmlonyendeonyt the deprorestionasl ) [ wher ei n
R20, R23, R24. 5 an [ are as erei nbefore defined] t hen be

tlopr ot ecieahrcrionig zalit oif By BF Gl HEhRREE g PRl P IR, o

exanpl e when R27 is tert-butyl oxycarbonyl the deprotection is conveniently
carried out by treatnent with trifluoroacetic acid at roomtenperature].

| nt er medilategBedibted of fotthala(VII),)whendie 06 iY) RR0, K23 ¥, anRFE5 £24s and R25 are as
her ei nbef ore defined, nay be prepared as in the follow_ ng reaction schene
3: 10 Redetainhieiose defiredzmay beprepppad s imdpifpllgwing reactipn schemp3n- L 25 R23 R24

O (X¥I1) (XVI11) Step | R0 O NHR . BRZLh( -N R25 Re3 \Rea O

20

| OH NH,
N OH
e + HO /)\
R \ N R®

R2 R24 O
XVID 10:4%11)}

iStepl
1|12° OH NH,
N o //J\
R >8\”/ N RY
23 24
R R" o

(XIX)

jStep 2

l|§ H
HN N
- 25
R
2 2 >’-
o Y,

—N
(vin

Thus, in step 1, a- hydroxy acids of formula (XVII) [wherein R20, R23, R24 and R27

are as hereinbefore defined] may be reacted with N-hydroxy-amidines of formula



(XIX) Step 2 R0 OHI R7-N %R 25 23 24 RRON (XX) Step 3 RROH |
HNN i \ R25 R23 Rear ON (MIIl Thus, in step 1, a- hydroxy acids of
formul a (W@loBp4fiwherei n R20, R23, R24 and R27 are as her ecmhshosadef i ned]
may be reacted with N hydroxy-am dineg of fornmula WO 03/042197

PCT/ US02/ 36396 52 (XVII1) [wherein R25 is as hereinbefore defined] in the
presence of a sui tab:R‘ezlacoupl ing agent, such as

N-cycl ohéxwlﬂhhmmin “dés 3 hm@nWPrepi@ﬁpgd]yn &W@reﬂenc%@f 3 %ﬁletuablegewmt such

compoundSEg “Fh DL aclRPRct fbraRy Fondh s e AR CY, o
her ei nbefsaér?asdﬁémaﬁq}et&hsaéd amrenfpzﬁkdré ﬁﬂabohf‘oqﬁ gife 2esulthgt@pblfsidF a

m crowave reactor in an inert solvent, such as tetrahydrof uran, at a

t enper at ypgndh (R &Zm%hél%ﬁﬁkm_ 23 R34 R21ghdORAMIir3 49 h€BinBEfof Olldhired) ar XX)
[ wherei n R20, R24, R25 and R27 are as herei nbefore define may t hen

be d&pr dhectystised; in ssepch by heatinginvaemicravesvaweticior és ammertsphgntasyolias [ f or
Car T eq SEHA Al ER kB RGTEHRELD B0 BT e PR AT B0 REPEbsol vent
such as %&3' v ggﬁ}ﬁ'ﬂﬂﬁ%?ﬁg{%%r a1d"B27 are as hereinbefore defined] may then be
deprotected, in step 4, to give intermediates of formula (VI) [for example when R27 is
tert-butyloxycarbonyl the deprotection is conveniently carried out by treatment with
10  Silicycle triamine-3 in an inert solvent, such as dichloromethane, and at room

temperature].

Examples:
The present invention is further exemplified, but not limited by, the following
15  examples that illustrate the preparation of compounds of Formula (I) (Examples) and

intermediates (References) according to the invention.

REFERENCE 1
2-Amino-1-(5-phenyl-[1.3.4}oxadiazol-2-y])-1-hexanol

20
A mixture of the benzoylhydrazide (22.5g, 165mmol), triethylorthoformate (150ml)

and p-toluenesulfonic acid (300mg) was heated at 120°C for 12 hours. Excess

triethylorthoformate was removed under vacuum and the residue was subjected to silica

gel column chromatography to produce 2-phenyl-[1,3,4]Joxadiazole (14.5g); H! NMR
25 [(CD3)2S0]: 6 9.34 (1H, s), 8.05-7.98 (2H, m), 7.68-7.55 (3H, m); MS: 147.4 (M+1)



tenperature]. Exanples: The present invention is further exenplified, but

not limted by, the following 15 exanples that illustrate the preparation
of conpouwo3oi2ibormul a (1) (Exanpl es) and internedi ates PREE0EBGEEE)
according to the invention. REFERENGBI 2-Am no- | -(5-phenyl-]

1, 3, 4l oxadi azol - 2-yl)-1-hexanol H H2 NOIl X>-O NN 20 H3C A m xture of
t he benzoyl hydr azi.de 2.50,.,165 Ltriethyl orthoformte and
p-t ol uenesul f diaSHEEd &%ijpw&e@%d%gﬁb@& 8{)””11? H%&%?Q@%ess

triethyl qrjs QQﬁﬁéaﬁ{J?ﬁﬁ (VBM §ARAGH 6VR 8F hakBR)\ AR he Lii€erNeSdr AP Nashes Ubj ect ed
to silica gel columm chromatography to produce 2-phenyl™][1, 3, 4] oxadi azol e

(14.59); 1Houl PELAE39256Iind®) Wastlided khd the redéti8R mix A€ a4 hlloWed td. 68- 7. 55
(3H, m; M 147.4 (ZM'I'l) 03/ 042197 PCT/ US02/ 36396 53 To a stirred

sol uti on vafrmao pAsSQybr | howd, befery deing zrehted (AthdEBoc-Nhiratdkhyder(1 D7E, Spdol}))  was
added n-BuLi (1.6M solution in_6.2nl of hexane) drop-wi se under N2 at -78C.
After5 1imdHE 20pd: . Eroractiommixtumsivas sfirkgg Jom ) dhedr, gvanhsd wikusatyraigd ni xt ur e

L S R Rt
. | ; ' . L

ot hyl “acaiiy MO anfl REARA, | Bt Sths Mificled B QA LN \ P oo

and COﬂC%H}Jn%@%i%phEhél ViRl (Qg_ﬁ.msanﬁﬁ&hqryaﬁﬁyh&yﬁtéipﬁ%yglgi_%ﬁwxumazole

chr omat ogr aphy yield 2 Boc- am no- I'- hydr oXyhexyl ) enyl - [
1, 3, 4] oxd80Gmg) MS:(BOCHEN:1)MS2.B00t D), 3MAIN=382. 6 (M+1), 364.6 (M=23). 10

and WBC12" ( Sy ak e A RO T W ils> et oo Sl e

After and MeCly (5ml) were mixed and TFA (1ml) was added at room temperature. After

stirring for 1 hour, the solvent and excess TFA were removed under vacuum to produce

2-amino-1-(5-phenyl-[ 1.3,4]oxadiazol-2-yl)-1-hexanol.

15 REFERENCE 2
2-Amino-1-(5-pyridin-3-y1-[1,3.4]oxadiazol-2-yl)-hexan-1-ol
OH

/)
W

N

H,C

To a stirred solution of 2-(3-pyridyl)-[ 1,3,4]oxadiazole (500mg, 3.4mmol), in THF
(20m1) was added n-BuLi (1.6M solution in 2.1ml of hexane) drop-wise under N> at -78°C.

20  After 1 hour, MgBr.EtyO (808.6g, 3.4mmol) was added and the reaction mixture was

allowed to warm to —45°C for 1 hour before being treated with 2-Boc-Nlu-aldehyde (511g,
2.38mmol) in THF (10ml). The reaction mixture was stirred for 1 hour, quenched with

saturated NH4Cl, and extracted with ethyl acetate. The organic layer was washed with
brine, dried with MgSO4 and concentrated. The residue was subjected to silica gel column

25  chromatography to yield 2-(2-Boc-amino-1-hydroxyhexyl)-5-(3-pyridyl)-[1,3,4]oxadiazole



stirring for 1 hour, the solvent and excess TFA were renoved under vacuum
to produce 2-amno- | -(5-phenyl-[ 1,3, 4]oxadiazol -2-yl)-1-hexanol. 15
REFERENCEV® 03/4210N0- | - (5-pyridin-3-LI-[ 1,3, 4] oxadi azol PeTyispz/bess@an- |

-ol OHH2 NON NH3CN--NTo astirred solution of

2-(3-pyridyl)-[1, 3, 4] oxadi azol e (500ny, 3.4mmol), in THE (20ml) was added
n- BuLi ( ol put i i ' xane) drop-w se under N2 at -78C. 20
After 1 a{%%mgs)l\/&g%?édﬂ{"gbég%a%qimml) was added and the reaction

m xture was alj. s dr&x kaqn- a8iab6leng t 1 with

2- Boc- Nl u- al dghg\é\%&(%@lln\ﬁg{m ghé)'i’ﬁ ql rﬁ?k@{[ig?ﬂg The react ?(gdnlﬁgrin xture
was st i r r02fnirool) andivie]H (cjuéhwﬁemlmd de%‘t(Jh‘a]t) ads hitdeCat roendterperatice.ed wit h
et hyl acetate. The organic |ayer was washed with brine, dried with MgSO4
and conceAftmastgdng Torel hewsi a@@om@,t mdb?@éQSeBFonm rereeyed amderoyagHnmats

chro g)ra(ﬁy§to : h r5-(3-pyridyl)-|

1, 3, 4Yox A A2 1S IST2 T 365 A=2L200My); MS: 361.4 (M 1),
363.2 (M+l). 2-(2- Boc am no- I-hydroxyhexyl) 5- (3 pyridyl)-[1, 3, 4] oxadi azol e
(100mg, 0.27mol) and MeCl2 (5nl) were mxed and TFA (Im) was added at
roomtenperature. After stl rei n@E‘F@REN(BEQr the solvent and excess TFA
vere removed under,vacuu 1
2-ami no- | - (5- pyr i dfFfBYPRART PR ERS : X aH P20l . REFERENCE 3
2-Amino- | -(5-(4-pyridyl)-[ 1 3 (41]10xad| azol 2 yI) 1- hexanol OH H2N O C~/ N
N.N 10 A m xture of the isoni cot| iC hydra2| de (13.7g, 100mmol),

triethyl orthof ormat e H,N =

N\\N N

10 A mixture of the isonicotinic hydrazide (13.7g, 100mmol), triethylorthoformate
(60ml) and p-toluenesulfonic acid (30mg) was heated at 130°C for 12 hours. Excess
triethylorthoformate was removed under vacuum. The residue was crystallized from ethyl
acetate to give 2-(4-pyridyl)-[1,3,4]oxadiazole (14.8g); HI NMR [(CD3)2S0]: & 9.46
(1H, s), 8.8 (2H, dd), 7.9 (2H, dd).

15 To a stirred solution of 2-(4-pyridyl)-[1,3,4]oxadiazole (2.94g, 20mmol) in THF
(80ml) was added n-BuLi (1.6M solution in 12.5ml of hexane) drop-wise under N7 at
-78°C. After 1 hour, MgBr.EtO (5.16g, 20mmol) was added and the reaction mixture was

allowed to warm to —45°C for 1 hour before being treated with 2-Boc-Nlu-aldehyde (2.58g,

12mmol) in THF (20ml). The reaction mixture was stirred for 1 hour, quenched with

20  saturated NH4Cl, and extracted with ethyl acetate. The organic layer was washed with

brine, dried with MgSO4 and concentrated. The residue was subjected to silica gel column

chromatography to yield 2-(2-Boc-amino-1-hydroxyhexyl)-5-(4-pyridyl)-1,3,4-oxadiazole
(950mg); MS: 361.4 (M-1),363.4 (M+1).

2-(2-Boc-amino-1-hydroxyhexyl)-5-(4-pyridyl)-1,3,4-oxadiazole (950mg,

25  2.62mmol) and MeCly (5ml) were mixed and TFA (1ml) was added at room temperature.



(60nl) and p-toluenesul fonic acid (30ng) was heated at 130C for 12 hours.
Excess triethylorthofornmate was renoved under vacuum The residue was
crystal | iwedsbsxpr et hyl acetate to give 2-(4-pyridyl)-[ 1p8TAjsoxadv@zol e
(14.89); HL NMR[(CD3)2SO: b 9.46 (sH, s), 8.8 (2H, dd), 7.9 (2H, dd). 15
To a stirred solution of 2-(4- pyridyl) [1, 3, 4]oxadiazole (2.94g, 20mml) in

THE (80 s .ad | uti o n 12. 5ml exane rop-w se
under N2 e}Nat g%d][ g?urih}?os&ilv e’i‘::? ﬂz‘g B re39 r@e%ascuﬁlﬁg% and
the r eaCt;Jr@dhc@bMﬁ@-l‘l@SM dOME 0,3 0o M@TRbIL 2 yH4RfextaRb] m@@mr;glg?f e being
treated with 2-Boc-N u-al dehyde (2.58g, IZmol) 1n

reacti on 2BXx@Me)was stirred for 1 hour, quenched with 20 saturat ed NH4C1,
and extracted with ethyl acetate. The organi c layer was washed with brine,
dried with MJSO4 and concentrated. The resi due was subjected to silica gel
col umg chronatography to yield REFERENCE

2- (2- Boc- ami no- | - hydr oxyhexyl ) - 5- (4- pyri dyI) 1, 3, 4- oxadi azol e (950ng); MS:
361. 4 (M 13:Cgbdrdpylkthinesulfonyl-2-[(morpholine-4- carbonyl)-aminol-propionic acid

2- (2- Boc- am no- | - hydr oxyhexyl )-5-(4-pyridyl)-1, 3, 4-oxadi azol e (950ng, 25
2.62mmol ) and MeCl2 (5ml) were m xed and TFA ¢I\m ) was added at room
tenperature. WO 03/042197 PCT/ US02/ 36396 er stirring for 1 hour, the
sol vent and excess TFA were renoved unde _pacuumto produce

2-am no-1-(5-(4-pyridyl)-[ 1,3, 4]oxadi azgtS==G/l) - 1- hexanol TFA salt (19);
M5: 263.0 (Mrl). 5 REFERENCE 4  Q

3- Cycl opropyl net hanesul f onyl - {ne- 4gcar bonyl ) - am no] - pr opi oni c
acid SSOOOH HQ O Steprl Tova sNSpensl on of L-cysteine (100 g) in

et hanol (850 nL) under nitraq WS allded lover 10 40 min a solution of
sodi um hydr oxi de (2. Ceq., 64 in ethanol (650nmL) (the sodium

Step 1
To a suspension of L-cysteine (100 g) in ethanol (850 mL) under nitrogen was added over
10 40 min a solution of sodium hydroxide (2.0eq., 64.6 g) in ethanol (650mL) (the sodium
hydroxide solution was maintained below 40°C during its preparation, 3 hours for
complete dissolution). After the addition, cyclopropylmethyl bromide (1.1eq., 122.5g) was
added over 20 minutes while maintaining the temperature at 25-30°C with a cold bath.
The resulting white slurry was stirred for another 18 hours and then quenched by adding
15 2N HCI (0.73eq., 300mL) over 20 minutes. The thick suspension was concentrated
(100mbars, 52°C bath) to about 400mL (1.5L ethanol/water distilled) and then water
(750mL) was added. The pH (9.6) was adjusted to pH 6.5 with 2N HCI and the mixture
was stirred at 4°C for 2 hours and then filtered. The cake was washed five times with
water (100mL) and then dried in vacuum to afford S-cyclopropylmethyl-L-cysteine
20 (128.2g, 88.6% yield).
Step2
Triethylamine (2.2eq., 176mL) was added over 15 minutes to a suspension of
S-cyclopropylmethyl-L-cysteine (100g) in acetonitrile (1.5L) and water (150mL) under
nitrogen. Morpholine carbonyl chloride (1.15eq., 100g) was added to the suspension over

25  4hours at room temperature. The resulting solution was stirred for another 18hours at room



hydr oxi de sol uti on was mai ntai ned bel ow 40C during its preparation, 3 hours
for conplete dissolution). After the addition, cyclopropyl nethyl brom de
(1. 1eq., WDd3pBgiomas added over 20 mi nutes whil e nai nt ai RCEMYISVAE6396
tenperature at 25-30C with a cold bat#%. The resulting white slurry was
stirred for another 18 hours and then quenched by adding 15 2N HC
(0.73eqg., 300n.) over 20 mnutes. The thick susaensi on was concentrated

( 100mbar sempspatuieAng)the BudtBes v asnenrntigedde apow A98miyd Pembys I8 E1baHyY- and t hen

water ( . : | j 2N Hd
and the @Q{H&%Q\P@\%ﬁgqg |9r‘%;glev§?@4@%? I?,‘?‘) g@%gﬁeﬂgﬁﬁgﬁv#g%@ﬁt% g)r ié!é iﬂéI"he cake
was was haddih'F 8! dodivms hydrokide (@1 €., ¢ 1aIyl )Tharduédis misturedas Wasted uhiet 0
afford S-cycl opropyl nethyl -L-cysteine. 20 (128.2g, 88.6%vyield). Step2

Tri et hyl énmqaewzlmeléqrp,meﬂ%ﬁﬂo - d¥latipnsl, dichlpsomethaned309mBLywagadsedsi on of

S-cyclopr I = k.- el )l i hpl ter
C1onts Bt T s bined LoD 4 399 ka e P HRTI ] 00d, Ia Sl  mhedBlenllS ™"
added t 0 J4yeewasiSRRREAWiR@WEh Ebhldivanstisana (10006, (THeREMBINdd acidichtraesul ting
solution was stirred for another 18hours at room WD 03/ 042197

PCT/ US02 MEe39&shed with #yains ( Hi0me apdhepncemiraiad,te abeut dRGmle o Rewmixtye 8@s thenabout
400nL (100n 50C bat h)., i Xt i Luted with wat 250nL d
Che pH ( Sreh dodet e dfarteresa (0 Tl S GerEch it aillnd B Tt a1 g
616n) . Thestaf B?Q%n%}s?hfb‘p?l momb%%t PhERixthic RS M dbofaabh ororet hane

(500mL). Additional | of onet hane OnL) was added 5 and the pH was
adj ugbed and hWQ, B.QR¢s., R 9gdeanad @il bildbwddl bOS§% Bpsngdn paheidagakbos | ayer

was extr ed i i.t h di chl oromet hane.(,100nL). The conbi ned idic
AR TR E T T A A R S R ey
The m Xt yr st kl r = a =50C
while metnt g@m‘?ﬁt&g@ﬁ%“ %?%ﬁééﬁggg '?glh@ E‘f/%a d§1§8”‘?2§%“?§'p3‘ﬂe PR §(42)0rrL).

The m xt ekeactaisvithehylaoethtedl.6D), filen 20ice &ith amalix 2/ E¥etlfyd aB2a € and iRoRopyl was
added fol |l owed by 30% hydrogen peroxi de sol ution 130nL The

m xt ure EehelEOFrE. Yie¥ Kl ghie cambinsg ergastmlay e Hice rizFérzpevngﬁzé@n(%gdgé; 5C and
ot A Plon BAGERd0p B8 2581 P Resl dhal R Slo{l 43} nal RS il X U e

extracte acetate( wce Wt a m xture of
et hyl acehaiuen,&Repihg @iy eglyine constant by adding ethyl acetate (250mL). The resulting

slurry was stirred at room temperature for another hour and then filtered. The solid was
washed twice with ethyl acetate (50mL) and then dried in vacuum to afford the cyclopropyl
sulfone (182.6 g, 64.8 % yield). The filtrate was concentrated in vacuum, more product
20  wasisolated from ethyl acetate (150mL), washed twice with ethyl acetate (SOmL) and then
dried to afford another 27.2g of acid (14.9%). 'H NMR (DMSO-d6): 12.9 (bs, 1H), 7.16
(d, 1H), 4.5 (m, 1H), 3.6-3.42 (m, 5H), 3.35-3.2 (m, 5H), 3.15-3.0 (m, 2H), 1.0 (m, 1H),
0.6 (m, 2H), 0.3 (m, 2H).
MS: 321 (MH").
25
REFERENCE 5

3-(2-Methyl-propane-1-sulfonyl)-2-[(morpholine-4-carbonyl)-amino]-propionic acid




al cohol (500nm., 7/3, v/v). The conbined organic |ayers were dried over
Na2SO4 (300g) 15 and then concentrated to about 250nl. Residual isopropyl

al cohol wwe odiost1pt | ed under vacuum keeping the vol une ceastsnt/3dzye addi ng
ethyl acetate (250nL). The resulting 57slurry was stirred at room
tenperature for another hour and then filtered. The solid was washed tw ce
with ethyl acetate (50nmL) and then dried in vacuumto afford the

cycl opropyl sulfone (182.6 g, 64.8 %yield).| The filtrate was concentr at ed
in vacuum nore product 20 was isolated fro thyl acetate (150niL), washed
twice with ethyl acetate (50nL) and therb ried to afford anot her 27.2g of
acid (14.999. "H NWVR (DVMBO-d6): 12.9 (bs;XdHg 7.16 (d, 1H), 4.5 (m 1H),
3.6-3.42 (m 5H), 3.35-3.2 (m 5H),03.1 .0 (m 2H, 1.0 (m 1H), 0.6 (m

2H), 0.3 (m 2H). M5 321 (MH). 2% REFERENCE 5

3- (2- Met hyl - propane- | -sul fon L 4-carbons -am nol - propionic
acid WD 03/042197 PCT/ US02/ 3%/??;3\%’ 57 OH HQ OBy proceeding in a
simlar manner to Reference &{V/FLJJI e 4 above but using isobutyl brom de

i nstead of cycl opropyl net hyl brom de, and 10 N sodi um hydroxi de sol ution

nstead ofy Skhagld & QHHPWMHLS Rererdale BGRpE 4 BV URSRESBAULES

1-sul f 0n)Urémﬁfeflﬁﬁ&f(pbpbym@rébyﬁﬂéﬂﬂ9hbﬂohn&éﬂalﬁd]1-OpN0§©tiﬁlm bydokide sbhitidiyR
(CDC13): 10.0 (bs, 1H), 6. (m 1H), 3. 5-3.6gm 6H)
3.5-3.3 vﬁteadrcof cthanalicggdipgn yglm)mdez lre‘éep { ﬁlieremys prepareq 2r(2-g1gth 3 (MH).

REFERENCEI s%lfgogyls %zr(t%of%'ﬁ'oﬂ?e car(b:()in\h? ';afnupoqtp\f&j’ll&mg aé]igloxﬁ%ﬁﬁ%ﬁclbl 30 gutan-|
(bs, 1H), 6.1 (d, 1H), 4.8 (m, 1H), 3.75-3.6 (m, 6H), 3.5-3.3 (m, 4H), 3-2.85 (d, 2H), 2.35
(m, 1H), 1.1 (d, 6H). MS: 323 (MH").

REFERENCE 6

10 -2-Amino-1-(3-tert-butyl-[1,2,4]oxadiazol-5-y])-butan-1-ol

microwave irradiation

[

OH

H,N \/K(N 1. TEAICH,CI, \)\(
; =
: o )’A 2. Silicycle Triamine : >7/\
~ = CH,Cl,

A solution of (S)-3-tert-butoxycarbonylamino-2-hydroxy-pentanoic acid (1.63g, 7mmol)
and N-hydroxy-2,2-dimethyl-propionamidine (0.9g, 7.75mmol) in dichloromethane
(40mL) was stirred at 0°C. N-cyclohexylcarbodiimide-N’-methyl polystyrene (1.92mmol/g,
15  5.1g, 9.8mmol) was added in portions. The reaction mixture was stirred under nitrogen for
one hour. The reaction mixture was filtered, the resin washed with dichloromethane and
the filtrate evaporated under vacuum to dryness. The residue was dissolved in THF

(20mL), the solution split into five equal parts, which were filled into microwave reactor



OHN-N OHNHZ ONOHONO YNHZOOHONCHZCIZ OO0 mcrowave
irradiation OHHOHC2 O'NN H2N N 1:i:i:2mne 0 OO NCHZCIZ N A

sol uti on wb 088)2187 t ert - but oxycar bonyl am no- 2- hydr oxy- pent 200iUsoas39 (1. 639,
7mol )  and N-hydroxy- 2, 2-di net hyl - prs8pi onam dine (0.9g, 7.75mmol) in

di chl oronet hane (40nmL) was stirred at OC

N-cycl ohexyl car bodi j i de: N - met hyl pol 1.92 , 15 5.1 g,
0 ol ) el SHUTERE] DI PUAG ietel RDUY Y roR B LS BBV Ger
nitrogen &,8fq 8" o&%&g drEH]t?%;tﬁg%m%n@céﬁlen%d%ﬁ Jilé giii %@'a drfi€d Lifigdn washed

wi t h di chl oronet hane a iltrate evaporated under cuum to ér yness.
The resi dueuunasThdiresidiewed siiyjedibtEto ﬂazﬁnm)omatdgmp&ptelumngwslph igtadient foorhi ve

equal parts, which were fiJled into m crowave_ reactor 03/ 04
S e I P o FECTR b SIS RS 36 MENA B4 o

threeg m gf«._ J&g reactors were cooled to roomtenperature, the solutions
conbi ned an t% HE evaporated under vacuum The residue was subjected to

fl ash chriherbgeadilywisalissblved indithlomngtiage e4smif)aadtrithidréaehbaddcmll) acet at e
i n hept ane) tgﬁgl ve a colorless oil [LCM nmlz=336 (M-Na), 214 5
( MrH+- Bocyds addeb Adisr bwp Bgurs dhe r%%oruwg%%wave@tqdnandpwcw@nt@tqués (Wsnt) and

ri f1uor Qageld GaaGk ilBIE) inERAddadonohRinah O ANGE HilBideonsiion vas

evaporate under vacuum tO YNEesSsS. resi aue wa SSO

of di chl apesrintA)®as a3déd mhemﬁ)rtmam’tnma}aﬁ r¢oin ffgperatiird ovanighl. Thevmsxtadded and
the mxture stirred_at roomtenperature overnight. The m xture 10 was

filtdPed vasdilpehend washed .Wéqm @Pblﬁamﬁala@e Th@ flirate reaseconesntedert 8pdarat ed
‘{“gez] Oxa %:'%{IZH(B F %1% ' -butan-1-ol
Obt ai ned (6BSnig, a8 @ve@dll) e 13 aS\t}ﬁ!lfeESOHE F(Bbtalned as mixture of diastereomers.
'H NMR (CDCl;, 300MHZz): [4.87 (d, J=4.5Hz) 4.69 (d, J=3.5Hz), 1H], [3.18 (ddd, J=8Hz,
5.5Hz, 4Hz) 3.09 (ddd, J=9Hz, 2x 4.5Hz), 1H], 1.71-1.21 (m, 2H), 1.40 (s, 9H), [1.04 (t,

15 J=7.5Hz) 1.00 (t, J=7.5Hz), 3H].

[LC/MS m/z=214 (M+H)]

ite solid.

REFERENCE 7
(S)-2-Amino-1-(3-thiophen-2-vy1-[1.2.4loxadiazol-5-yl)-butan-1-ol

“=N{> OH NH,
Q H
o_ _N O~
A
NH, X o : /H?
Ho A~ CHClo 0 S
I/

l microwave irradiation

OH
H
>(O\H/N\/kH/OH
o S 0

/

H OH
v‘\( /}’G 1. TEAICH,Cl, XO\[]/N \)\(/ N >¢¢@
: - 2. Silicycle Triamine : /

A solution of (S)-3-tert-Butoxycarbonylamino-2-hydroxy-pentanoic acid (2g, 8.6mmol)
and N-Hydroxy-thiophene-2-carboxamidine (1.35g, 9.5mmol) in dichloromethane (40 mL)



"H NVR (CDC13, 300MHz): [4.87 (d, J=4.5Hz) 4.69 (d, J=3.5Hz), 1H], [3.18
(ddd, J=8Hz, 5.5Hz, 4Hz) 3.09 (ddd, J=9Hz, 2x 4.5Hz), 1H, 1.71-1.21 (m
2H), 1.40w03/082b7 [1.04 (t, 15 J=7.5Hz) 1.00 (t, J=7.5HpPrrI/U3bl/363pdC/ VS
m z=214 (MtH)] REFERENCE 7 59

(S)-2-Am no- I-(3 t hi ophen 2-yl-[1, 2, 4]oxadi azol -5-yl)-butan-1-ol OH N-N-O

OH NHZ ON OH Fi.2 O CIZ S m. crowa L rradiation
oHOHQaX %Wed ‘ﬂlﬂ\p lNrCi"”\L’hexé'maWé’d@n%? %ys[(yr %QHNIOX@%P%&’. on of
(S)-3-tent- and
N- Hydr ox;}tl tsﬁ%%ﬁﬁggédgi@%@c%}% Fglliér?eég&%?g%]% @%Oétﬁe?%&rdl C Flgfogrret hane (40
n) WO 030 alo’T £AThénH21 36386t rs&nmaapmmrer @He sebctDd@. mixture was filtered,

N-cycl ohexyl carbodi i m de- N -net hyl pol ystyrene (1.90 g 6. 05¢g

11. 5ol Yhéuesimwaghed; with dighigpge ap dhg fi Brﬁtqri%mf%rg egtwwga Ander

ni trogen 4t Qosd ‘?’ﬂ% resﬂﬁ'érv?as QIQe@i(gl%tfraﬁﬁgrofﬁfan &fl)\l\n’g@ge s\%ﬁ?ﬁﬁ’%ﬁ I‘IRH'RR/%at ure.

The reaction M xture was filter resi r omet hane
and the fejiidlpatts, \eMapareaé ﬁtledjmﬁemmtawuwndaaoﬁvﬂrsyaiﬂsl&atei[he areistoiavenas

di ssolved in tetrahydrofuran (20ni), the solution split into five equal
parts, whigasHwIasd 80?3 forefgus mimtes d) hmw@rfs a%Ee epoled B oantempsratwg, thg a

B T e
vacuum Tiash €186meiegrapBs (ddsted withd gyddeent from 5% to 60% ethyl acetate in heptane) to
10  givea colorless oil. [LC/MS m/z=362 (M+Na"), 240 (M+H"-Boc)].
The colorless oil was dissolved in dichloromethane (45 mL) and trifluoroacetic acid (5 mL)
was added. After two hours the reaction mixture was evaporated under vacuum to dryness.
The residue was re dissolved in 50 mL of dichloromethane. Silicycle triamine-3 (3.47g,
13.65mmol) was added and the mixture stirred at room temperature overnight. The mixture
15 was filtered and washed with dichloromethane. The filtrate was concentrated under
vacuum to give (S)-2-Amino-1-(3-thiophen-2-yl-[1.2.4]oxadiazol-5-yl)-butan-1-0l, a
mixture of diastereomers, (560mg, 27% overall) as off- white solid. '"H NMR (CDCls,
300MHz): [7.84 (d, J=1Hz) 7.82 (d, J=1Hz), 1H], [7.53 (dd, J=5Hz, 1Hz) 7.52 m, 1H],
[7.18 (d, J=5Hz) 7.17 (d, J=5Hz), 1H], [4.94 (d, J=5Hz) 4.76 (d, J=4Hz), 1H], [3.26 (ddd,
20 J=8Hz, 5.5Hz, 3.5Hz) 3.13 (ddd, J=9Hz, 2x4.5Hz), 1H], 1.79-1.21 (m, 2H), [1.07 (t,
J=7.5Hz) 1.04 (t, ]=7.5Hz), 3H]. LC/MS m/z=240 (M+H).

REFERENCE 8
{(S)-1-[(5-tert-Butyl-1.2 4-oxadiazol-3-yl)-hydroxy-methyl]-propyl}-carbamic acid tert

25 butyl ester

TW>7<

A suspension of {(S)-1-[Hydroxy-(N-hydroxycarbamimidoyl)-methyl]-propyl}-carbamic




flash chromat ography (eluted with a gradient from5%to 60% ethyl acetate
in heptane) to 10 give a colorless oil. [LCM mz=362 (MtNa), 240

( MtH+- Boowp.03/8da9Tol orl ess oil was di ssol ved i n dichl or onetChaise2/§a% nL) and
trifluoroacetic acid (5 nL) was adde®. After two hours the reaction

m xture was evaporated under vacuumto dryness. The residue was re

‘i“ss oe %ﬁgﬁafl%é%gﬁh 853‘1?%%% lﬂg'rl %"E’%n ?%ler‘S”lfelt(Z%xﬁltW%F é;ﬁ?({n‘gﬂﬁ g‘%ﬁ%ﬁi‘lg%i?er ni ght .
The m xt Yngydriehas (B bbig! ed 1aadnifesiied Mdt h dighyI AR AAGMIdORIiLM! trate

was concentrated under vacuumto give o
(S) - 2- AnihesafluarGphopla @332, L 8mmoh anfl theadixtime heded/at)2001{E amra micopdwava

S g ST g 20 BB e g i e S
1Hz) 5. 5Z¢difue il subjebtbd wﬂﬁsﬂ,chﬁ%%a&lyjefutﬁ%’wiHWMe%th [ 4bebfe 4. J=5HZ)
4.76 (d, 3Z4rE) . TH. [3.26 (ddd, TNz, Oh bz 3. 5Hz) 3. 13 (ddd. J=9Hz,
2x4. 5Hz) ,heptdhe to. g8el{(B)-1¢€[(3-tet-Butyl-1,207oXddiazoJ 3 F1)edyoxly-1Ddthgk].prdpyT}-5Hz ) |

3H . LC M5 ml z=24 Mr-H) . REFERENCE 8 . . .
{ I(_“ S)-1-] (@M@@ﬂﬁ—sﬂ Bk aBroRgl @ 13 §).(mixturepfdiastereqipgmess)o sy - car bani ¢

acid tertt ) ) 151
{(S)-1-[ I—Iil-lm{(%l%} ﬁi%%zfy?;r%gn}yhmgg?i - nétlﬁ?’flﬁ?%%g’f’ j??lgéirléasrﬁc o

03/ 04219 2RCYHYISD23 &6BIB(2x8PH: DA9t8e P1O6H Rk ty I=HSHHz 3 H)3 M@ 14BH2nmol ) in
toluene (25nml) was treated with trinethyl acetic anhydride (2.93m,

14. 44fnol ) and 1-ethyl-3-nmethyl-1 Himdazolium hexafl uorophosphate
(0.38g, 1.48mmol) and the m xtur pgai@dcaly 200C in a microwave (Smth
Creator, S00219) for 20 m nutes. “Sol'veni evaporated under reduced pressure.
The 5 residue was (SubjAanined -tSeteftitasyl- lch#-oxadieryl Spyly-betantliolg Wi th a m xture
of ethyl acetate and heptane to gi
{(S)-1-[(5-tert-Butyl-1, 2, 4- oxadi az
carbam c acid tert butyl esterNas
di ast er eoi soners). :

ﬁ- 3-y1l)-hydroxy nethyll-propel}-
rowg oil /(2.73 g) (m xture of

S N
A solution of {(S)-1-[(5-tert-Butyl-1,2,4-oxadiazol-3-yl)-hydroxy-methyl]-propyl}-
15  carbamic acid tert butyl ester (2.11g, 6.72mmol) in methylene chloride (20ml) was treated
with trifluoroacetic acid (5.18ml, 67.25mmol) and stirred at room temperature for 3hours.
The solvent was evaporated under reduced pressure. The residue was dissolved in
methylene chloride (100ml) and treated with PS-trisamine from Argonaut Technologies
(5.38g, 20.18mmol, 3.75mmol/g loading) and the reaction stirred at room temperature for

20  4h, filtered and the filtrate evaporated to give (S)-2-amino-1-(5-tert-butyl-1.2 4-oxadiazol-

3-yl)-butan-1-ol as an orange oil (975 mg) (mixture of diastereoisomers). 'H NMR
(CDCl3): 4.73 & 4.58 (2xd, J=5Hz, 1H), 3.12-3.00 (m, 1H), 2.64-2.31 (bs, 3H), 1.69-1.44
(m, 2H), 1.43 (s, 9H), 0.99 & 0.97 (2xt, J=7.5Hz, 3H). MS: 214 (MH").

25 REFERENCE 10
(S)-2-Amino-1-(3-cyclopropyl-1.2.4-oxadiazol-5-yl)-butan-1-ol




"H NVMR (CDC13): 4.92-4.69 (m 2H), 4.05-3.85 (m 1H), 1.73-1.48 (m 2H),
1.45 & 1.44 (2xs, 9H), 1.43 & 1.39 (2xs, 9H), 0.99 & 0.96 (2xt, J=7.5Hz,
3H). MS: 8043087 10 REFERENCE 9 (S)-2- Ami no- | PCT/US02/36396
-(5-tert-butyl-1, 2, 4- oxadi azol -3-yl)-ddutan- I -ol OHHZNN J---f \ O A
sol ution of
{(S)-1-[(5-tert-Butyl-1, Zy4- oxadi azol - 3-yl ) - hydr oy met hyl] - propyl } 15

S

t

carbam c acid tert _ butlyl t (2.11q, 6.72(5rm)) in t hyl €ne chloride

(20ml) was trea;ﬂo\nﬁw\lﬁfﬁﬁuomﬁic mquﬁ/l%]ﬁr?\ 7%5mol ) and

stirred at room t'enper atur® for 3hours. he csolvenb was evaporated under

reduced pressure. The residue was dissolved in nethylene chloride (100m)

and treated with PS-trisam ne from Argonaut Technol ogi es (5. 38g,

20. 18mmol , 3. 75mvol /g | oadi ng) and the reaction 511 rred at roomtenperature

for 20 4h, filtered and the filtrate evaporated td give

(S)-2-am no-1-(5-terpmbutyl -1, 2, 4- oxadi azol - 3-yl)osutan-1-ol as an orange
dHﬁl (GPC13): 4.73 & 4.58

3

oil (975 ng) (ni,.m%gf,\, di agt er eoi soner s)..
2 %\ﬂ/(bs, —%9-1.44 (m

(2xd, J=5Hz, 1H); 3. 12F3,) m ITH, 2.6
2H), 1.43 (s, 9H),70.99-& 0.97 (2xt, J=7.5Hz, O3HY. MB-N214 (MH+). 25
REFERENCE 10 (S)-2-Am no- | -(3-cyclopropyl -1, 2, 4-oxadi azol -5-yl)-butan- |
-ol WD 03/042197 PCT/US02/36396 61 HOHHOHA N2 ~ O,N,,,,)-YCH
+OUN - O’AN~soll(i)ti6]n Oot[ I(-g)-|39t’er2t-B-I;ltc()))lycgl_)lorl;lylaOm_linoI-_IZZ-hgldrg)/(}Il\-'{)en%inlnl\c'{icl\| ac?)(fN (2906g,0 N
8.57mmol) and N-hydroxy-cyclopropanecarboxamidine (1.03g, 10.29mmol) in
5 dichloromethane (20mL) was stirred at 0°C and 1.25 -equivalents of
N-cyclohexylcarbodiimide-N’-methyl polystyrene (1.70mmol/g, 6.30g, 10.72mmol) was
added in portions. The reaction mixture stirred under nitrogen for three hours while
warming to 15°C. The reaction mixture was filtered, the resin washed with
dichloromethane and the filtrate evaporated under vacuum to dryness. [LC/MS m/z=338
10 (M+H+Na)].
The residue was dissolved in tetrahydrofuran (20mL) and heated in a microwave reactor
(Smith Creator) at 160°C for three minutes, cooled to room temperature and evaporated
under vacuum to dryness. [LC/MS m/z=320 (M+H+Na)]. The residue was dissolved in
dichloromethane (S0mL) and stirred at room temperature as a S0mL solution of 50%
15  trifluoroacetic acid in dichloromethane was added dropwise. After three hours the reaction
was evaporated under vacuum to dryness and dissolved in SOmL of dichloromethane again.
Three equivalents of Silicycle triamine-3 was added and the mixture stirred at room
temperature overnight. The mixture was filtered and washed with dichloromethane.
Evaporate under vacuum to give 1.04g (61% overall). [LC/MS m/z=198 (M+H)]
20
REFERENCE 11

(S)-2-Amino-1-(3-phenyl-1,2.4-oxadiazol-5-yl)-butan-1-ol




| A solution of (S)-3-tert-Butoxycarbonyl am no-2-hydroxy-pentanoic acid
(2.00g, 8.57mmol) and N-hydroxy-cycl opr opanecar boxam di ne (1.03g,

10. 29nmol woios/489™i chl or onet hane (20mL) was stirred at O0Cramdish2/24396

equi val ents of N-cycl ohexyl carbodii m&e-N -net hyl polystyrene (1.70mmmol /g,
6. 30g, 10.72mmol) was added in portions. The reaction mxture stirred
under nitrogen for three hours whil ey warnmng to 15C. The reaction mxture
was filtered, the resin washed with| dichl oronethane and the filtrate
evapor at ed under vacuumto dr¥i C.B5 mz=338 10 (MrHtNa)]. The
residue was dissolved in tetrahydtofurfn (gQOnlL) and heated in a m crowave
reactor (Smith Creator) at 160C for tqrefg mnutes, cooled to room
tenperature and evaporated ublger vacuum o dryness. [LC M5 m z=320
(MtH+Na)]. The resi due was dissolved in ¢jeRl oronethane (50m) and stirred
at roomtenperature as a 50nL sol ution of O\15 trifluoroacetic acid in

di chl or onet hane was added dropw se. After ce hours the reaction was
evapor at ed under vacuumto dryness and dissofved in 50nL of dichloronethane
again. Thr i yal gt f | A m xt ure
stirred a'£ rgcggﬁn&yt éﬁp é’tststgﬁeBlg{)/i rc%%ﬁéhﬁgﬁ%iﬁ"#?@rp 8 ? ?‘fl g%lbgﬁd washed
w t h di cl8.3manel) kedN-hydsgpenaintiding (eB g, \Gasemition) ixodlghlmmﬂeﬂ&ﬁg (4oadl%pvenger al | ') .
[LCMS mz2=198 (MtH)] 20 REFERENCE 11 ($S)-2- Ami no- -(3

- phenyl ftlgedt Bx Y- @{c@exsﬂpqrbmnr@de "-meghyl v@ygtsre@azﬁl@ﬂnp@/ggs@m/ 36396

(%) - 5 eri-tallyeRptiin b The Baflon misene snpirdapgeroinessy ©r s 7ol )
and N-hyGioax Yrhe@eaaich ehikeird &aﬁﬂltered,EnarmSDn wakhed GithQ@ie&bhRtané 4@k was
filtrate evaporated under vacuum to dryness. [LC/MS m/z=352 (M+H"), 296(M+H-

isobutene)]. The residue was dissolved in tetrahydrofuran (20mL) and heated in a
microwave reactor (Smith Creator) at 180°C for three minutes, cooled to room temperature
10 and evaporated under vacuum to dryness. The residue was purified via flash
chromatography (eluted with a gradient from 5% to 65% ethyl acetate in heptane) to give
the product as a white solid [LC/MS m/z=356 (M+Na"), 234 (M+H"'-Boc)].
It was dissolved in dichloromethane (45mL) and trifluoroacetic acid (SmL) was added.
After two hours the reaction was evaporated under vacuum to dryness. The residue was
15 redissolved in 50mL of dichloromethane. Silicycle triamine-3 (9.9g, 39mmol) was added
and the mixture stirred at room temperature overnight. The mixture was filtered and
washed with dichloromethane. The filtrate was concentrated under vacuum to give 775mg
(38% overall) product as a white solid. [LC/MS m/z=234 (M+H)]. "HNMR (CDCls) 8.12-
8.06 (m, 2H), 7.54-7.45 (m, 3H), 4.93 & 4.75 (2xd, J= 5Hz & 3.5Hz, 1H), 3.25 &3.11
20  (2xm, 1H), 1.78-1.42 (2xm, 2H), 1.04 & 1.01 (2x t, J=7.5Hz, 3H).

REFERENCE 12
(S)-2-Amino-1-(5-phenyl-[1.2.4]oxadiazol-3-yl)-butan-1-ol




stirred at OC. N-cycl ohexyl carbodii m de-N -nethyl polystyrene (1.90nmmol /g,
6g, 5 11.4mmol) was added in portions. The reaction m xture was stirred
under ni twoge4f19T one hour. The reaction m xture was fi IPCaresd2/3d3be resin
washed with dichloronethane and the d@iltrate evaporated under vacuumto
dryness. [LC M5 nml z=352 (M+H+), 296( MtH+- i sobutene)]. The residue was

di ssol ved in tetrahydrofuran (20n1dH and heated in a mcrowave reactor
(Smth Creator) at 180C for three nutes, cooled to roomtenperature 10
and evapor at ed under vacuumH,N. dr Ss. The residue was purified via flash
chromat ography (eluted with a gradi ept m5%to 65% ethyl acetate in
heptane) to give the product as a itedsolid [LC M5 m z=356 ( MtNa+), 234
(MrH+-Boc)]. It was dissolved”in dichlQrong @ (45nL) and trifluoroacetic
acid (5nm) was added. After two hours the | i on was evapor at ed under
vacuumto dryness. The residue was 15 redi sset'ved in 50nL of

di chl oronethane. Silicycle triamne-3 (9.9g, 39mvl) was added and the

m xture stirred at Syntbesizedrasaesoribed irothe follaying reBhtomsckemee was filtered and
washed wi th di chl oromethane. The filtrate was concentrated under vacuumto
give 775ng (38% over al product as a white solid. gH.C/ M5 ml z=234 (M+H)].
" HNMR (CDC13) 8odnH._ 8. (M 2HNg0fu0d- 7. 45 gopg3H) L 4. Qg & 4. 75 (2xd, J=
5Hz & 3.5Hz, 1H), 3.25 &3CN1 —26+2xm—3H), 1.78-Y 42Y(2xmM 211), 1.04 &
1.01 (2x t, J= 7.5Hz: 3H). REFBERENCECH2 (S)-2-Am Ao- hy-(5-phenyl -]

1, 2, 4] oxadi azol - 3-yt") -butan- | -ol WO 03/ 042197 -PCT/ USO2$186396 63 OH H2N
N N Synthesi zed as described in the follow ng reaction schene: OH CH
BocN-H NH2OH. HCI BocNH) NH2 CN NaOwve, McOH = N, oH (@

Benzoic acid

EDCI
OH
BocNH NH2
: l )ﬂ)\
4 N
-~ >0~ ph

Microwave, 150 ,C

diglyme
OH OH
HN
2 ; | | : TFA BocNH N
z DCM : |

) ()
{(S)-1-[Hydroxy-(N-hydroxycarbamimidoyl)-methyl]-propyl}-carbamic acid tert-butyl

5 ester (2)
A solution of (2-cyano-1-ethyl-2-hydroxy-ethyl)-carbamic acid tert-butyl ester

(9.53g, 44mmol) in methanol (80ml) was cooled to 0°C and treated successively with

hydroxylamine hydrochloride (3.05g, 44mmol) in methanol (80ml) and 25% sodium



(~) (2) Benzoic acid EDCI OH BocNH NI I I ONI Ok Ph (3) Mcrowave,
150 oC diglyrne OH OH H2N N TFA BocNH N DCMI O Ph NI QA Ph (5) (4)
| (S[H d~ywONsfMieth || -prop |}-carbamc acid tert-but PCT/US02/36396

| d~y- (N- h~ycar bam m doyl -nethyl-propagr}-carbanmc acid tert-butte 5 ester
(2) A solution of (2-cyano-I|-ethyl-2-hydroxy-ethyl)-carbamc acid

-b | ) 9.53q, .44 [ h | led to 00C d
L reat od THEERNE pUtFR Hirtag T D 2R ARE Y AT Fr dEnpe g s TR0l ) § 1
met hanol rﬁ&gﬂgltlﬁ&ﬁ?t?r(@%ﬂast%qngé)&mum&%/ e S tlﬁg/eug%%fftgc@?’?ﬁe rlfuBRia0xi de

solution in nethano After stirring at or 5 mnutes the
react i on partitionad detstcen retityl acetateoand wafeer falpwaher lagerhwas separated, kierd

evapor at e he resi due was . partitioned between eth cetate and water.
The or gar(g’lrgs-lf-)ag/é‘i‘de fhed applptsd atfderyreducrd pIgRES) T aesionah éf‘blayo?l 88 under
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ycar bam rfhythyty} Nviegdngstvearbampyiddylg arethatiipeomdi-chrbanic abiditert-betgk ester (335g)g) as
white solid. Ms: MH+) 248. {

1- [ Hydr oxag whielselnd oS OISy B8ni i doyl ) - met hyl | -propyl } -carbanic 10 acid
tert-butyl ester (3)

{1-[Hydroxy-(N-benzovloxycarbamimidovyl)-methvl]-propyl} -carbamic

10 acid tert-butyl ester (3)

A solution of {1-[hydroxy-(N-hydroxycarbamimidoyl)-methyl]-propyl}-carbamic acid
tert-butyl ester (2) (2.5g, 10mmol) in dichloromethyl (125ml) was treated with benzoic
acid (1.36g, 11mmol), EDCI (2.14 g, 1 1mmol), HOBT (1.37g, 10mmol) and
triethylamine (1.35mL, 11mmol) and stirred at room temperature overnight. The

15  reaction mixture was washed with saturated sodium bicarbonate solution, then water,
then dried over Na;SO4 and then evaporated under reduced pressure. The residue was
subjected to mplc eluting with 1% triethylamine in 2:3 v/v ethyl acetate and heptane
mixture to give {1-[hydroxy-(N-benzoyloxycarbamimidoyl)-methyl]-propyl}-carbamic
acid tert-butyl ester (850mg) as a yellow solid. MS: MH* 352.

20

2-Amino-1-(5-phenyl-[1,2.4]oxadiazol-3-yh)-butan-1-0l (5)

A solution of (3) (1.5g, 4.3mmol) in diglyme was heated at 150°C in a microwave
reactor (Smith Creator, S00219) for 40 minutes. Solvent evaporated under vacuum in
Genevac Evaporator at 80°C for 3hours to give a brown solid. This was taken in

25  dichloromethane (40ml) and treated with trifluoroacetic acid at room temperature for 2
hours. Solvent evaporated to dryness under reduced pressure, crude taken in water, washed
with DCM, aqueous layer basified with 1M NaOH solution and extracted with
dichloromethane. Organic layer dried over Na,SO, and evaporated under reduced pressure

to give 2-amino-1-(5-phenyl-[1.2.4]Joxadiazol-3-yl)-butan-1-ol (300mg) as a pale brown

30  solid. lHNMR (CDCl3) 8.14-8.10 (m, 2H), 7.59-7.47 (m, 3H), 4.83 & 4.65 (d, J= 5Hz,



A solution of {I -[hydroxy-(N hydroxycarbam m doyl)-nethyl]-propyll
-carbamc acid tert-butyl ester (2) (2.5g, 10mvol) in dichloronethyl
(125nl) wwe oBoeadred with benzoic acid (1.36g, | Imol), BOCIUSOZ36Bde g, |

| ol ), HOBT (1.37g, |Omol) and tri&thylamne (1.35nL, | Immol) and
stirred at roomtenperature overnight. The 15 reaction m xture was washed
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subjected to nplc eluting with 1%triethylamne in 2:3 v/v ethyl acetate
and heptane mxture to give

{1-[ hydr oxy- (N-benzoyl oxycar bam m doyl ) -net hyl ] - propyl }-carbam c acid
tert-butyl ester (850ng) as a yellqg qoiﬁc . M+ 352. 20

2- Am no-| - (5- phenyl _[1, 2, 4] oxadi az ek .,ﬁ]gmrﬂn | -ol (5) A solution of (3)
(1.595 4. 3IYHLAmidd- w(gkaﬂ@orméthbﬁﬁbadoﬁhla%épﬁvnrbu@anm-sr QYRYEund wRE t OF
(Smth Creator, S00Z19) for 40 mnutes. Solvent evaporated under vacuumin
Genevac Evaporator at 80C for 3tmflucso-fcetgiaeel a brown solid. This was taken
in 25 dichl oronet hane (40nl) and treat with trifluoroacetic acid at room
tenperature for 2 hours. Sol vent evap ted toHryness under reduced
pressure, crude taken in VRO H . waephed Wt Ry aqueous | ayer basified
with 1M NaOH sol ution and extrfacted t h Ydi oy dnhet hane. Organic | ayer
dried over Na2SO4 and evaporated undér reguced pfessure to give

2- ami no- | - (5- phenyl -[ 1, 2, 41oxadi azet~3-yl )-butan-1-ol (300nmy) as a pale
brown 30 solid. 1HNWR (CDC13) 8.14-8.10 (m 2H), 7.59-7.47 (m 3H), 4.83 &
4. 65 (d Al solGtkdm of (B PB[HIARk9AINHGFTt iSO b BBt doyl Bimethid)];préhylBedbadic @didy 1H),

2 = RENCE_13 5
(1 S)712 Anit %'g\)pty F)gst@r {425?{5]& Z ér@(qtli @Oﬁm&t&&?@l%s tgeas%ql:: WHEI tﬁﬂu?roeﬁwccorrpound
Wi th ot righhiR- @339k, 24YEn nd ﬂ:%%HIOOOUZiN Nmicrowh¥e rdde@r (Smith

Creator, S00219) for 7 minutes. Solvent evaporated under reduced pressure and the crude

was subjected to flash chromatography eluting with a mixture of ethyl acetate and heptane

to give  {(S)-1-[hydroxy-(5-trifluoromethyl-1.2.4-oxadiazol-3-yl)-methyl]-propyl}-

carbamic acid tert-butyl ester as a brown solid (476mg) (mixture of diastereoisomers).

15 IHNMR (CDCI3) : 5.00 (d, J=4Hz, 1H), 4.82, 4.65 (bd, J=7Hz, 1H), 4.00, 3.85 (broad m,
1H), 1.78-1.52 (m, 1H), 1.52-1.32 (m, 1H), 1.44, 1.37 (2xs, 9H), 1.02 (2xt, J=7THz & 4Hz,
3H). MS: 348 (M+Na)

A solution of {(S)-1-[hydroxy-(5-trifluoromethyl-1,2,4-oxadiazol-3-yl)-methyl}-propyl}-
carbamic acid tert-butyl ester (3.6g, 0.011 mol) in methylene chloride (15mL) was treated

20  with trifluoroacetic acid (8.53mL, 0.111 mol) and stirred at room temperature for 3hours.

Solvent evaporated under reduced pressure to give (S)-2-amino-1-(5-trifluoromethyl-1,2.4-

oxadiazol-3-yl)-butan-1-ol; compound with trifluoro-acetic acid as a brown oil (4.42 g)

(mixture of diastereoisomers). [H NMR (CDCl3): 8.22 (bs, 2H), 7.04 (bs, 1H), 5.14, 4.90

(d, J=4Hz & 7Hz, 1H), 3.40-3.28 (m, 1H), 1.64-1.37 (m, 2H), 0.80 (2xt, J=7Hz, 3H).
25  MS: 226 (MHY)



A sol ution of

{(S)-1-[ hydroxy- (N hydroxycar bam m doyl ) -net hyl ] - propyl }-carbam c acid
tert - but Wwoeshex9( 452ng, 1.83nmol) in di oxane (5nL) was t PeatUusd2/3d3ph
trifluoroacetic 10 anhydride (0.349mle6 2. 47nmol ) and heated at 100C in a

m crowave reactor (Smth Creator, S00219) for 7 m nutes. Sol vent

evapor at ed under reduced pressurggggﬁ%@ ﬁ ude was subjected to flash
chromat ography eluting with a m yl acetate and heptane to give
{(S)-1-[h ¢8)-2-Amino-1-(5-ethyl-1,2.4-oxadiazol-3-yl)-butan-1-ol; compound with trifluoro-
roxy--(5-trifluoronethvl-1, 2 4- oxadi azol - 3-yl) - rrethyl | - propyl }- carbam c
acid tert-butyl ester as a br own sé@ﬂ_’&_a@éllmrrg) (m xture of

di astereoi soners). 15 1H NMR (CDC13) : 00 (d, J=4Hz, 1H), 4.82, 4.65 (bd,
J=7Hz, 1H), 4.00, 3.85 (broad in, 1H),[ 1.78-1.52 (m 1H), 1.52-1.32 (m
1H), 1.44, 1.37 (2xs, 9H)CF,COQ2. H2% N& 4Hz, 3H). MsS: 348 (M+Na) A
sol ution of : \ %/\
{(S)-1-[hydroxy-(5-trifluoronethyl 2 4- gxadi azoN- 3-yl ) -net hyl | - pr opyl } -
carbam c acid tert-butyl ester (3. Gﬁr 0.011 ) in methyl ene chloride
(15rrL% was treated 20 with trifluoroacetic acid (8.53nL, 0.111 nol) and
stirred at roomtenperature for 3hours. Solvent evaporated under reduced

pressure orn h

oxadi azol'AE 8019[:1(3{1 f&@a? lzp@ﬁ%owéﬁnﬁ/ﬁ! 3&& [ h t?@ﬂ% %1 imﬁ) }}ccag():ﬁmcggsl a brown
oi | (4. 42ergputy( estetli(a5engD. lelma&ﬂ)andmxm*(énﬁ)) waihied\slbd%v(tl@ﬁi@ﬂ:ﬁ))m aBhyRidebs, 2H),
7.04 (bs, 1&3, 5.14, 4.90 (d, J=4Hz & 1H), 3.40-3.28 (m 15%2
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(9)- 2- Anitic Tt TR Eilialdd upder requcsd pressure gud ths oryde was subjectod o,
trifhaor Q}aslaelﬁbmto@mpﬂy EHitihg wilh3GaKithre oFlethyMNicdtate andrheplafe t(5gv¢e s u t-l On of

S) - 1- [ hydr oxy- ( N- ro carbammdo I met h opyl }-carbam c acid
{S)-1-10 ?/5 ethyl-1 54 oxgdlazo -yl)- hydroxv—me%fl ?-propvl ca:rbapmlc@c/ld}tert-butvl ester as

—

a yellow solid (406 mg) (mixture of diastereoisomers). |H NMR (CDCl3): 4.98-4.72 (m,

2H), 4.00, 3.88 (m, 1H), 3.64, 3.45 (bs, 1H), 2.89 (2xq, J=7.6 Hz, 2H), 1.69 (m, 1H), 1.47

(m, 1H), 1.45, 1.39 (2xs, 9H), 1.44-1.36 (m, 3H), 0.98 (2xt, J=9Hz & 7Hz, 3H). MS: 308
15 (M+Na)

A solution of {(S)-1-[(5-ethyl-1, 2,4-oxadiazol-3-yl)-hydroxy-methyl]-propyl}-carbamic

acid tert-butyl ester (214mg, 0.751mmol) in methylene chloride (SmL) was treated with

trifluoroacetic acid (0.578mL, 7.504mmol) and stirred at room temperature for 3hours.

Solvent evaporated under reduced pressure to give (S)-2-amino-1-(5-ethyl-1.2.4-oxadiazol-

20  3-yl)-butan-1-ol trifluoroacetate, a mixture of diastereoisomers, (224mg) as a brown oil.

MS: 186 (MH™). IH NMR (CDCly): 8.10-7.33 (2xbs, 3H), 5.24, 5.07 (d, J=3.5Hz &

5.5Hz, 1H), 3.77, 3.62 (bs, 1H), 2.91 (2xq, =7 Hz, 2H), 1.78 (m, 1H), 1.76-1.40 (m, 1H),
1.39 (2xt, J=7Hz, 3H), 1.02 (2xt, J=7.5 Hz, 3H).

25 REFERENCE 15

~carbamic acid

tert-butyl ester



tert-butyl ester (525ng, 2.13mmol) in dioxane (5nlL) was treated with

propi oni ¢ anhydride (0.300m, 2.34mmol) and heated at 150C in a m crowave
react or (WoioBh4@9eat or, 500219) for 35 m nutes. Sol vent ecasnaiEgs under
reduced pressure and the crude was sulijjected to 10 flash chromat ogr aphy
eluting with a mxture of ethyl acetate and heptane to give {(S)-1-
1(5-ethyl -1, 2, 4- oxadi azol - 3-yl ) - hydr oxy- net hyl ] - propel }-carbam ¢ acid
tert-butyl ester as a yel solid of06 nmg) (m xture of diastereoisoners).

1H NMR (CDC13): 4.98-4.72/1 2H), 4. 00, 3.88 m 1H), 3.64, 3.45 (bs,
1H), 2.89 (2xq, J=7.6 Hz, N (m 1H), 1.45, 1.39
(2xs, 9H), 1.44-1.36 (m 3H), [|0.98: (2xt}| RS \@{7 , 3H). Ms: 308 15

(MtNa) A sol ution of {(S)-l-[()5e yl - IN—

2, 4- oxadi azol - 3-yl ) - hydr oxy-met hyl | - pr opyI?-car bam c acid tert-butyl ester
(214ng, 0.751mmol) in nmethylene chloride (5nm) was treated with
trifluoroacetic acid (0.578nm., 7.504mmol) and stirred at roomtenperature
for 3hourgsys &%hdfﬂm{(9)1W@@gdwﬁﬁﬁbxy&mamlwyg%%ﬂl]Ipeo}g/n}\z@rbamlc

(S)- 2amnof 5-ethyl -1, 2, 4- oxadi azol 20 3-yl)-butan-

tr| f | uor ceigidertbetyl @ten{zdg; QQMOMMQ@ne&SgdWa%&ea(eﬂmﬁwnwbm carbenxl oi | .

5. 81z nprgte (aA5gy Vgt iticfh e e B amg e Rlage e 7= Py
1 76 1. 401 50T id Ehnicrowaw Sadht Gredtor] 5802 Bhffor 13 midutes. Solvedtdvaporited udddr- 25

REFERENCE 15
{(S) - 1- [ Hydhicos prassure hTbp kesidu@- s qubjectedotoallishzadiroBgiopranby Ieluting prigpy } car ba

Mo ach d mBh oPULK) E8hE o GRRE e TR AR iR en Hh S & | O

{ (S) - 1- [ hkadiaxol=3cPh-edtyOx e pyip aatiahAOY laddMeleRlutylPr @4y } acahikaift C ofaci d
tert-butyl ester (2.4g, 9. /7/mol) 1 n dioxane (15nl) was treated with

t hi ogbenelisardnyers, {140 bdeblodvnkbid. SHNWIRI (CDH1E): 8r2il ghd) YHR M.68and, 1. 36,
9.8mml ) and the m xture heated at 150 Cin a mcrowave (Smth Creator,
S00219) fldt), 185 (rhniH)ed.92-308NM@n 2H) yad2rd 80 ¢oh, 2HY &r10-3.85 (2xm, 1H), 1.80-1.45

(m, 2H), 1.46 & 1.38 (2xs, 9H), 1.01 & 0.99 (2xt, J=7.5Hz, 3H). MS : 340 (MH™).

REFERENCE 16
15 (S)-2-Amino-1-(5-thiophen-3-vyl-1.2 4-oxadiazol-3-y1)-butan-1-ol

OH
L

N—q

H,N

z

\

By proceeding in a similar manner to that described for Reference Example 9 above, but

using there was prepared (S)-2-amino-1-(5-thiophen-3-yl-1,2.4-oxadiazol-3-yl)-butan-1-ol.

IH NMR (CDCl3): 8.24-8.18 (2xdd, J=1Hz & 3Hz, 1H), 7.69-7.62 (2xdd, J=1Hz &

20  J=5Hz, 1H), 7.43 (dd, J=3.0Hz & J=5.0Hz), 4.88 & 4.70 (2xd, J=4.4Hz, 1H), 3.27-3.11
(m, 1H), 3.05-2.45 (bs, 3H), 1.74-1.21 (m, 2H), 1.02 & 0.99 (2xt, J=7.5Hz, 3H). MS: 240

(MH™).

REFERENCE 17



reduced pressure. The residue was subjected to flash chromat ography el uting
wth a mxture of ethyl acetate and heptane to give

{(S) - 1- [ hyOroesy2195- t hi ophen-3-yl -1, 2, 4- PCT/US02/36396

oxadi azol - 3-yl)-nmethyl ] -propyl }-carbai$ic acid tert-butyl ester, a mxture
of 10 di astereoi soners, (144 ny) as a browmn solid. 1H NWR (CDC13): 8.21 (m

1H), 7.66 .02-4.80 (m 2H),
4.10- 3. 85 - hoxadiazol-prul)-hyd atdyld-propyib} -garbamicaghd toH- 07 2 0. 99
(2xt, J=7.5Hz, 3H). N5 : 340 (|vH+) Eg ENCE 16 15 (S)-2- Anino- |

- (5-thi ophen- 3 yl -1, 2, 4- oxadi azol - y utan- | -ol OH H2ZN NS N O By
proceeding in a sinilar manner to that described for Reference Exanple 9
above, but using there was prepared

(S) - 2-ami no- 1- (5-t hi ophen-3-yl -1, 2, 4- oX@H azol -3-yl )-butan-1-ol . 1H NMVR
(CDC13): 8.24-8.18 (2xd Hz & Hz, 7.69-7.62 (2xdd, J=IHz & 20
J=5Hz, 1H), 7.43 (dd, J= . & 4.70 (2xd, J=4.4Hz, 1H)
3.27-3.11 (m 1H), 3.05% 2H), 1.02 & 0.99
(2xt, J=7.5Hz, 311). Ms: 240 ( ). 5 03/ 042197

PCT/ US02/ 36396 68 ~

{(S)-1-[(3-Ethyl-1, 2, 4- oxadi azol -5-yl ) -hydroxy-net hyl | -propyl |-carbamc
acid Pert- butyl ester O(H HNN OY OON 5 A solution of

(S)-3-terf sol?lﬂ}o%)(&f @r? %beu?oryy bonyﬁ]a¥n h Q%Xfyﬁ)r%%' nﬁ%r(fmca .'lelcid (4((%g010792mm I)2mTDI )

and N-hydroxy-propionamidine (1.87g, 21.5mmol) in dichloromethane (50mL) was stirred

at 0°C and N-cyclohexylcarbodiimide-N’-methyl polystyrene (1.90mmol/g, 10g, 19mmol)
was added in portions. The reaction mixture was stirred under nitrogen for three hours
.10 while warming to 15°C and stirred at room temperature for 48 hours. The reaction mixture
was filtered, the resin washed three times with dichloromethane (50mL), the filtrate
evaporated under vacuum to dryness and subjected to flash column chromatography eluting
with 10% MeOH in dichloromethane to give a foam (3.51g). A portion (340mg) of this
material was dissolved in .tetrahydroﬁlran (1.5SmL) and the solution was heated in a
15  microwave reactor (Smith Creator) at 150°C for three minutes, cooled to room temperature
then evaporated under vacuum to dryness. The residue was subjected to flash column

chromatography eluting with 5% methanol in dichloromethane to give {(S)-1-[(3-ethyl-

1.2.4-oxadiazol-5-y1)-hydroxy-methyl]-propyl}-carbamic acid tert-butyl ester as viscous

oil (236mg). MS: 308 (M+Na™).
20
REFERENCE 18
(S)-2-Amino-1-(3-ethyl-1,2.4-oxadiazol-5-yl)-butan-1-ol




and N-hydr oxy- propi onam di ne (1.87g, 21.5mol) in dichl oronethane (50ni)
was stirred at OC and N-cycl ohexyl carbodii m de-N -nethyl pol ystyrene
(1. 90mMmmolIwgQ,03k0397 19mmol ) was added in portions. The reaeCrasonsesbar e was
stirred under nitrogen for three hour® .10 while warmng to 15C and stirred
at roomtenperature for 48 hours. The reaction m xture was filtered, the
resin Washedthreetlrre |chloro e (5 he filtrate
evapor at é’ﬁsc{l‘l‘fé%‘r‘)fv%@lﬁ Bthéiﬁlgéls%xagﬁﬁ gmigacytrggtbyligfppé' Fum
chromato e a foam
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t et r ahy dtiehted &nth(tﬁﬂﬁ@ﬂo}xcemndclﬁr(wmh) arid the miRirdvead @otradrat eoohd i cr owave
reactor (Smth Creator) at 150C for, three mnutes, cooled to room

t enper at tFrBPETEtHEfoRY bﬁ‘éfr dihs deagtign miyegivas dilterd yh luenpithen avapergied s

ai oht or oSubVabRHD R, THOLATRE Sk AR I yDoMch et FRAT R 1 "
1) - hyydr ebeysolmionw ds-tiearg it M@ Oabotata(d. thlinet/g d:@glemsnﬁxtuaswas scous oil

(236ny). MS: 308 (M+Na+). 20 REFERENCE 18 (S)-2-A (3 -ethyl -
1, 2, 4- ox aHired # rogm_temperpiyrepverightothen @lteﬁé;\rhpn Wﬁsqudmﬂbg) 4’942197

PCT/ US02/

{(9)-1- [(jgc (%%gmft%%n@“% (%1)3:(% gfg%pogat q?n%y(‘jﬂ‘rl%l%ilnt l‘f"le S])2p opyl} “carbamic
acid ter 1’e_tH@ru11)2J4 egddedzol- &y@?@tarﬂ?—oiﬂarmﬁkﬂre bﬂdﬁsteitbmmmr@)elﬂam was
treated with trifluoroacetic acid (1O1l) and the m xture was stirred at

roomlOt effSPBREOE FH61 andrbd¢ (d, TrreSHaddbi DRO mxtH) 8- M4, ki®Hat dd). kit h t ol uene
t hen eva t ed aguu 0 s dissolved in
di chl or oﬁrg{ﬁﬁﬂlez%%gg%e&’afr/ldgﬁﬁr?eé)sgg I oﬁﬁ\)\al\/&te?]/ea W th MP- Car bonat e

(3.3mol /g, 6.0 g). This mxture was stirred at roomtenperature
overnight, then filtered, then washed with 10% di chl or onet hane net hanol
and evapor at ed under vacuumto gi BEAMFPLBlani no- 1- (3-

(et2 h32/ |6 g)l 2 ]ﬁ Km l?%lonle-éca)fbc}xvlﬁlél tac?ig {%-p%ehvlmema)r(lésu fgnﬂt 1 —Pli-{aSs-tt)l%rnng mers,

15 [1.3.4loxadiazole-2-carbonyl)-pentylcarbamovyl]-ethyl}-amide

(Compound 1)

e

O

HC

To a stirred mixture of 2-[(morpholine-4-carbonyl)-amino]-3-phenylmethane-
sulfonyl-propionic acid (135mg, 0.37mmol), 2-amino-1-(5-phenyl-[1,3,4]oxadiazol-2-yl)-

20  1-hexanol TFA salt (135mg, 0.36mmol), prepared as in Reference 1, and HOBt (66mg,
0.43mmol) in MeClp (5ml), was added EDC (103.6mg, 0.54mmol) and

N-methylmorpholine (0.4ml) at room temperature. After stirring for 14 hours, the reaction

mixture was extracted with ethyl acetate. The organic layer was washed with saturated



10 [(CD3)2SO: S 4.61 and 4.54 (d, J = 5Hz, 1H), 2.86 (m 1H), 2.71 (q,
J=MHz, 2H), 1.6- 1.0 (2xm 2H), 1.22 (t, J = 8Hz, 3H), 0.88 (m 3H). MB m z
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1, 3, 4] oxdetnpgrafure @ﬁe)r.stlmng for 1 hour, 5ml o saturate a2S703-NaH 03 were added

met hyl ] - pent yl car banp - 2- hene/l nmet hane- sul f onyl - et hy] ) - am de (150ng,
0. 25mml YAfterjarfugherits QW)themef 1o BFREF Was $¥tiaeisd Wiy ¢thyl aselrteotrtisde

cat gt od RETEBclr R PR CIRGR AL Thetosfil et Pl @l yh PR g™ ©
reacti on i idRodASerathy 8 GleRPmWiphbiRl N¥ArbSGEE atif {2 WRsh@Hethanesulfonyl-
1-[1-(5-phenyl-[1,3.4]oxadiazole-2-carbonyl)-pentylcarbamoyl]-ethyl} -amide (84mg); H1
NMR(DMSO-d): 8.71 (1H, d, J=6.6Hz, NH), 8.12-8.05 (2H, m), 7.75-7.59 (3H, m), 7.38-
7.36 (5H, m), 7.04 (1H, d, J=8.1Hz, NH), 5.12-5.01 (1H, m), 4.8-4.65 (1H, m), 4.47 (2H,
15 ), 3.58-3.46 (4H, m), 3.35-3.2 (6H, m), 2.05-1.85 (1H, m), 1.8-1.65 (1H, m), 1.5-1.2 (4H,
m), 0.87 (3H, t, J=6.9Hz, CH3); MS: 596.8 9M-1), 598.6 (M+1).

EXAMPLE 2

Morpholine-4-carboxvlic acid {2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-[1-(5-

20 pyridin-3-yl-[1.3.4Joxadiazole-2-carbonyl)-pentylcarbamovyl]-ethyl}-amide

(Compound 2)

OYF
F

,0
IO
N 0 —
H,C



10 with brine, dried wwth MgSO4 and concentrated. The residue was purified
with silica gel colum chromatography to yield norpholine-4-carboxylic
aci d {2- pwenglosmabhanesul fonyl - 1-[1-(5-phenyl -[ PCT/US02/36396

1, 3, 41loxadi azol e- 2- car bonyl ) - pent yl cattbanoyl ] -ethyl }-anmi d e (84ng); H1
NVR(DVSO-d): 8.71 (1H, d, J=6.6Hz, NH), 8.12-8.05 (2H, m, 7.75-7.59 (3H,
m, 7.38- 7.36 (5H m, 7.04 (1H, d, J=8.1Hz, NH), 5.12-5.01 (1H, m,
4.8-4.65 (1H, m, 4.47 (2H, 15 s), 3.58-3.46 (4H, m, 3.35-3.2 (6H m,
2.05-1.85 (1HToM ,al. 8tikedS Mmbtturem ,ofl. 52 -n?orgﬂxé';\ﬂine-marb&ly@7mﬁiﬁbﬂ-3lor
J=6.9Hz, CH3); MsS: 596.8 9M 1), 598.6 (MHI). MPLE 2 ]

Mor phol i dglupranasthasyphenylragthane-sulfonyl-propionic acid (105.5mg, 0.25mmol), 2-amino-1-

(2 O PO BT A ARE TR PARRIIA A sl v S0} Bisiadins 5,
yoyF s5F a0inlRefekeied D @nt HOB(46khghb. SinbholNnWett, 351V \Wa92d R4 FBYT (73mg,
PCT/ US02/ 36396 71 To a stirred m xture of

2-[ (mor p@@8hﬂﬁol¥aﬂcﬁNhﬁBt}’lkl)ncﬁtﬁﬁd]ﬁ]e {@261) at room temperature. After stirring for 14
di f I uor onet hoxyphenyl net hane-sul f onyl - propi oni c acid (105.5ng, 0.25mmol),

2- ami no- hours Bheieactiinymiztuse whs extractad with@thay enetage. yihe. orgapicayer yas weshed o t
101. 61y, .0. 2 | . as i { 0. 3mol
i Noca 3 vBr PR N REGEHBE Gt NERCEL SRF Coren PR, TR rebidhllias 7, ST

0. 2ml : t e [0 . ction
it ur e SoubaaTa RGP fin fldhostiatyi S bk tabod A ERs) 3
wi t h18at Y1 dhpdtoNatSc@pyrindyl A, 3, 4lok eliazol -2y MuSHY1 | grdtyblaarieentytja2-ed. The
residue was subjected to silica_gel colum chronat og_r aghX to yield
mor phol i &lupremet whpgylg@h&nq—gulfonyl-ethyl)-am1de (56mg); MS: 665.4 (M-1); 667.0

(M+1).
Morpholine-4-carboxylic acid (1-{1-[hydroxy-(5-(3-pyridyl)-[1,3,4]oxadiazol-2-

yl)-methyl]-pentylcarbamoyl}-2-o-difluoromethoxyphenylmethane-sulfonyl-ethyl)-amide
15  (56mg, 0.084mmol), in MeCly (5ml), was treated with Dess-Martin periodinane (53.4mg,
0.12mmol) at room temperature. After stirring for 1 hour, 5ml of saturated NapS,03-
NaHCO3 were added. After a further 0.5 hours, the reaction mixture was extracted with

ethyl acetate, washed with brine, dried with MgSOy4 and concentrated. The residue was

purified with silica gel column chromatography to yield morpholine-4-carboxylic acid {2-

20  (2-difluoromethoxy-phenylmethanesulfonyl)-1-[1-(5-pyridin-3-yl-[1,3.4]oxadiazole-2-

carbonyl)-pentylcarbamoyl]-ethyl}-amide (45mg); Hl NMR(DMSO-d): 9.247 (1H, d,

J=2.2Hz, NH), 8.86 (1H, dd, J=1.7Hz, J=4.9Hz), 8.79 (1H, t, J=5.9Hz), 8.5-8.45(1H, m),

7.73-7.68(1H, m), 7.5-7.4(2H, m), 7.3-7.2(2H, m), 7.1(1H, t, J=73.9Hz), 7.05-6.9(1H, m),

5.12-5.02(1H, m), 4.78-4.66(1H, m), 4.53(2H, s), 3.55-3.45(5H, m), 3.32-3.26(5H, m),
25  2.05-1.85(1H, m), 1.8-1.6(1H, m), 1.45-1.2(6H, m), 0.87 (3H, t, J=6.9Hz, CH3);

MS: 663.4M-1), 665.4(M+1).

EXAMPLE 3

Morpholine-4-carboxylic acid {2-o-difluoromethoxyphenylmethanesulfonyl-1-[1-(5-(4-

30 pydridyl)-[1.3,4]oxadiazole-2-carbonyl)-pentylcarbamovyl]-ethyl}-amide




10 {1-[hydroxy-(5-(3-pyridyl)-[ 1,3,4]

oxadi azol - 2-yl ) -net hyl ] - pentyl car banoyl }-2-0
di f1 uor orwohexyzabeny| met hane- sul f onyl - et hyl ) - am de (56ng) PCVRISOE&EBIS (M 1),
667.0 (M+l). Morpholine-4-carboxylic2acid

(1-{21-[ hydroxy-(5-(3-pyridyl)-[1, 3, 4] oxadi azol - 2-

yl)-met hyl ] - pentyl car banoyl }

-2-0-di fl uor omret hoxyphenyl net hane(-csolﬁl?I?O(l)lﬁglI32 ethyl)-am de 15 (56nyg,
0.084mml ), in MeCl2 (5 s tFeated with Dess-Martin periodi nane

(53.4ny, 0.12mmol) at oo enpgrature. After stirring for 1 hour, 5m of
saturated Na2S203- Na hdded. After a further 0.5 hours, the
reaction mxture was e acte ith ethyl acetate, washed with brine,
dried with MpSO4 and concentraglcbd The residue was purified with silica
gel col um chronmat ography to S$<€l d rph%llne 4-carboxylic acid {2 20

(2-di fluoronet hoxy- phenyl han sul ffonyl y+ 1-[ 1- (5-pyridin-3-yl-[
1, 3, 41oxadi azol e- 2- bon am de (45ng); Hl

NVR(DVBO- d) : 9. 247 (TH, £5 OV, =1. 7Hz, J=4.9Hz),
8.79 (1H, t, J 59 58'45(1 m )| 7.03-77680H, /N, 7.5-7.4(2H, ),
7372(2Hrr) 3 9 . 5.12-5.02(1H ),
4.78-4.66(1H, ), 453(2H s) 3.55-3.45(|5H, ), 3.32-3.26(5H, ), 25

2.05-1.85(1H, , 1.8-1.6(1H, m, 1.45-1. , nm), 0.87 (3H, t, J=6.9Hz,
CH3); MS: 663. 4M 1), 665.4(Mtl). EXAMPLE 3 Morpholine-4-carboxylic acid

{2- 0-di f1 uorongf hoxyphgryl mhﬁ%ﬁ‘eﬁulépnyhi tmd ﬁol(xéx(éarb&%d) -amino).3-o-
pydridyl)-11, 3, 4] oxadi azol e- 2- car bonyl ) - penty IPcar bamoyl | -"et hyl } am de WO

03/ 04219ﬁ1ﬂ1(§f¢>1tﬂ8tb@x%319)6mefh2n€( smprmlﬂprdp@)uc ay@(W&ng,G 66BIh@), 2anG-IN 0 N

5  (5-(4-pyridyl)-[1,3,4]oxadiazol-2-yl)-1-hexanole TFA salt (248mg, 0.66mmol), prepared

as above, and HOBt (121mg, 0.79mmol) in MeCly (5ml), was added EDC (190mg,

0.99mmol) and N-methylmorpholine (0.4ml) at room temperature. After stirring for 14

hours, the reaction mixture was extracted with ethyl acetate. The organic layer was washed

with saturated NaHCO3, brine, dried with MgSO4 and concentrated. The residue was

10  subjected to silica gel column chromatography to yield morpholine-4-carboxylic acid (1-

{1-[hydroxy-(5-(4-pyridyl)-[1,3,4]oxadiazol-2-yl)-methyl]-pentylcarbamoyl } -2-o-difluoro-

methoxyphenylmethane-sulfonyl-ethyl)-amide (430mg); MS: 665.4 (M-1), 667.2 (M+1).

Morpholine-4-carboxylic acid (1-{1-[hydroxy-(5-(4-pyridyl)-[1,3,4]oxadiazol-2-yl)-
methyl]-pentylcarbamoyl}-2-o-difluoromethoxyphenylmethane-sulfonyl-ethyl)-amide

15  (400mg, 0.6mmol), in MeCly (5ml), was treated with Dess-Martin periodinane (330mg,

0.78mmol) at room temperature. After stirring for 1 hour, Sml of saturated NayS,03-

NaHCO3 were added. After a further 0.5 hours, the reaction mixture was extracted with

ethyl acetate, washed with brine, dried with MgSO4 and concentrated. The residue was

purified with silica gel column chromatography to yield morpholine-4-carboxylic acid {2-
20  o-difluoromeythoxyphenylmethanesulfonyl-1-[1-(5-(4-pyridyl)-[1.3.4]oxadiazole-2-

carbonyl)-pentylcarbamoyl]-ethyl}-amide (148mg); H! NMR(DMSO-d): 8.88-8.82

(2H+1H, m), 8.02-7.97 (2H, m), 7.48-7.45 (2H, m), 7.27-7.24 (2H, m), 7.1 (1H, t,




NI Nar O HONON To a stirred m xture of

2-[ (nor phol i ne- 4-car bonyl ) -am no] - 3- o-

di f1 uor orwohexybenyl met hane- sul f onyl - propi oni ¢ aci d (273mg T/ GoHsas® ),
2-amno-1- 5 (5-(4-pyridyl)-[1, 3, 4] ox&gdi azol -2-yl ) - 1- hexanol e TFA salt
(248ng, 0.66mml ), prepared as above, and HOBt (121ng, 0.79mmol) in MCl2

Foom i eme7ae 7k, TAR S ILE Py 78 D iy gk R A O By b efe s

ext ract eds 44 @b, 8HM/45-30¢6E1 M), 210361 .95 @A LD, 1.8M 5 (MESmYAsNEed (41 th)) 0%t ur at ed
NaHCQG3, brIA% g?led mn? Ng) A and gonggntrateé m%are5|éue mgs

subj ect ed3Hot, 3+6.0Hza, GHp); MSu6es.4 Mehpbt @tY).t o yi el d
nor phol i ne- 4-carboxylic acid (1- { 1-[hydroxy-(5-(4-pyridyl)-][
1, 3, 4] oxadi azol - 2-yl) - nethyl] pentylcarbannyl} -2-0-di fluoro-

rmt hO)gyphep%Loniﬁl Orif?“?%}a{. b O%O-US&JU(V ame}?f:g‘i OXyIYE%dS6§§SCHb£(l(;/;E%%1: [ 667. 2

(M+1) Mo I'C acl pyri

1, 3, 4] oxagempRiieaove- met hyl ] -pentyl car bam)yl -2-o0-d

quoronethoxyphen | met hane-sul fonyl -eth I)-anlde 15 (400 , 0.6mmol), in
MeC12 (5nTL) olagrearbpxytic eidst2NBrdi mprp@ﬁth@umbwlr(lgh@wgulforwl)718mrm|) at

NarCos val %ﬁé@al Baba St T3 16iabeor PR U RO TR e

extractedmﬂu&h et hyl acetate, washed with brine, drled mnth MySO4 and
concentrated. The residue was purified with silica gel colum
chr ot ogr aphy to yi el d nor phol i ne-4-carboxylic acid {2 20

o-di f I uor oneyt hoxyphenyl et hanesu%%l (5-(4-p ridyl)-[

1, 3, 4] oxadi azol e-2- carbonyl)-pen yl]-ethyl }-amde (148ng); H
NVR( DVSO- d)Moph8Bnd34 arbok Akdrakhdl [ 19D1-(3&v0RpropIK 1 0 A-bx dllazoié-S8arBori®)-( 2H, M),
7.27-7.24 (2H, m, 7.1 (IH t, WO 03/042197 PCI/US02/ 36396 73 J=73.9Hz),
7.2-6.97 (1H, n) propyicartrnoyl]2t(-mathyl-progane- ksulfanyl)-ethyl|-amsle (2H, s), 3.58-
3.46 (4H, m), 3.35-3.2 (6H, m), 2.05-1.85 (1H, m, 1.8-1.65 (1H m,
1.5-1.2 (4H, m, 0.87 (3H t, J=6.9Hz, CH3); MS. 663.4 (M1), 665.4 (M1).
5 The follow ng conpounds were prepa by the nethods descri bed and

exenplified above: norpholine-4-carpoxylic acid
{2-(2-difluoronet hoxy-phenyl net hane onyl)-1-

15 Step 1
A mixture of 3-(2-methylpropane-1-sulfonyl)-2-[(morpholin-4-carbonyl)amino]-propionic
acid (163mg, 0.507mmol, Reference Example 5), 1-hydroxybenzotriazole hydrate (75mg,
0.558mmol), N-cyclohexylcarbodiimide-N’-methyl polystyrene (1.93mmol/g, 289mg,
0.558mmol) and of dichloromethane (5.0 mL) was stirred under nitrogen at room

20  temperature for 10 minutes. A solution of (S)-2-amino-1-(3-cyclopropyl-1,2,4-oxadiazol-
5-yl)-butan-1-ol (0.507mmol, Reference Example 10) in of dichloromethane (2mL) was
added and the reaction mixture stirred at room temperature under nitrogen for four hours.
Tris-(2-aminoethyl)amine polystyrene (3.40mmol/g, 447mg, 1.521mmol) and an additional
3.0mL of dichloromethane were added and the reaction mixture stirred at room temperature

25  under nitrogen overnight. The reaction mixture was filtered and the resin washed with



[ 1, 1-di met hyl -2-o0x0-2-(5-pyridin-3-yl -]
1, 3, 4] oxadi azol - 2-yl ) -et hyl carbanoyl ]-ethyl} - am de. 10 EXAMPLE 4

Mor phol i nee43paxpoxylic acid [ 1-] PCT/US02/36396
1- (3-cycl opropyl -1, 2, 4- oxadi azol e- 5- car bonyl ) -
propyl car banoyl | - 2- (2- et hyl - propane- | -sulfonyl)-ethyll-amde SAO OIlI O

NN NN t ' f 3 - : -1

-sul fonyl &iéio??r?o%]ﬁl%#alp %gﬁe%clg@%r(])vr@ @la)rfﬁ; ﬁ@’?esﬁgﬁ? glﬁ %’ﬁ?@ﬁ&g&g AEE%?%

0. 507 mmolacidRes (@ c[apdrex F=Gaolaprapyl)-[1;:24]0x ey L D A0t heta #idpeopicdrvatpyl} 75Ny,

0. 558mml ), N—cyclohexylcarbodiinide-N'-nethyI ponstyrene@&l.QSnnDI/g,
289ny, onstixdprepane-Areylionylgthyhiapda@ttrmaeas@aty yellyw fdn. dLEAME an/grdidr
nitrogen(ﬁﬁ}p?on120 tenperature for 10 m nutes. A solution of

(S)-2-amno-1"2'(3-cycl opropyl -1, 2, 4- oxadi azol - 5-yl)-butan-1-ol (0.507mmol,
Ref er gncgtdpganpl e 10) in of dichloronethane (2n) was added and the
reaction mxture stirred at roomtenperature under nitrogen for four hours.

Tri s- ( 2- Membeling4-ramprdicp arids {1 bbleydraxwuGrenslopsopyDald syt 1oxadigzpddnil)- and an

addi ti onal f.di ne _wer e d d 1) r Lon. m xture
oo T ea" Beth ey Rt 1o SERRARBHES SuARRASURROE " GRGREED s
m xt ure \§@sofved 1E6L8cRIBEb IRk &3 SL)ARA 86rr¥d b0 NR0BS Q4RI AéntE 6T D2/ 36396

74 di chl or onet hane. Evaporated under vacuumto déﬁgess to yield

mor phol | Adartin peridstnent (363l pE (52 Salutionid M) 3s added. optirossiinyiey nitrogen
L2 SDOBLATAL & M R BSR EARNAE. g, s (L
m z=502 g{MtdhhethBnedrdRZssolved the residue in ethyl acetate. Washed with NaS,0; solution,

NaHCOs; solution, then brine. The organic phase was dried (Na;SQOy), filtered and

evaporated under vacuum to dryness. The residue was subjected to flash chromatography

on silica eluting with a gradient from 5% ethyl acetate in dichloromethane to 95% ethyl

15  acetate in dichloromethane to give morpholine-4-carboxylic acid [1-[1-(3-cyclopropyl-

1,2.4-oxadiazole-5-carbonyl)-propylcarbamoyl]-2-(2-methyl-propane-1-sulfonyl)-ethvyl]-

amide, a mixture of diastereomers, (60mg, 24% overall) as a white solid. 'H NMR (CDCl3,
300MHz): & [7.87 (d, J=6Hz), 7.79 (d, J=7Hz), 1H], [6.10 (d, J=6.5Hz), 6.06 (d, J=6.2Hz),
1H], 5.27-5.23 (m, 1H), 4.91-4.85 (m, 1H), 3.72-3.66 (m, 5H), 3.48-3.34 (m, 5H), 3.17-

20  3.05 (m, 2H), 2.42-2.38 (m, 1H), 2.24-2.19 (m, 1H), 2.15-2.07 (m, 1H), 1.90-1.81 (m, 1H),
1.17-1.15 (m, 10H), 1.01 (t, J=7Hz, 3H). LC/MS m/z=500 (M+H)

EXAMPLE 5

Morpholine-4-carboxylic acid {2-(2-methyl-propane-1-sulfonyl)-1-[1-(3-thiophen-2-vl-

25 1.2.4-oxadiazole-5-carbonyl)-propylcarbamovyl]-ethyl} -amide




Mor phol i ne- 4-carboxylic acid (1-{1-[ hydroxy-(3-cyclopropyl)-]|

1, 2, 4] oxadi azol - 2-yl ) -

met hyl | - pwopgloeapbanoyl } - 2- et hyl - propane- | - sul f onyl - et hylPrTarsng&s30240n)
was dissolved in of dichloronmethane 757.5nm) and stirred at 0OC as 2.5

equi val ents of Dess- Martin periodinane (2.63nL of a 15% solution in DCM
was added. Stirred under nitrogen 10 overnight as the reaction warns to
roomtenperature. Evaporated nost of [the dichloromethane and di ssol ved the
residue in ethyl acetate. Washed w NaS203 sol ution, NaHC03 sol ution,
then brine. The organic phase was fried (Na2SO), filtered and evaporated
under vacuumto dryness. The residgeQvwas subjected to flash chromatography
on silica eluting with a gr@adient” irom 5%et hyl acetate in dichloronethane
to 95% et hyl 15 acetate in [dichl or@rrélt han hol i ne- 4- car boxylic

-sulfonyl) et hyl]- a m xtur@ of Adi ast (60ny, 24% overall)
as a white solid. CDC13, 300MHz): S [7.87 d J=6Hz), 779(d

J=7Hz) ,

111) | ) y S %’dﬁ% {ndf"—bsgmgar?‘?%"eég ?%t(‘%ﬁﬁ&beg ﬁgg%mé"i&w abog'ﬁb%tgl 50 3. 05

(m 2H), (3) 21-31112[103&(14&1101:1&&)12)?1 [243 qoww(zm 53/a|)buta21-n5}<z<ew&er(amxmp1e7j) 90- 1. 81
1H) -1.15 Mt

(E)r?AIVPLE snwmm %réma;nq:éw(%rsxgmrepﬂch %4ﬁx2dle@lﬁeYlh9Pt%Tldﬂdﬁ§tepI1 Hnére

-sul f gnyl _ 1.1

1,2, 2Sox ")cﬁsgipr%‘fa}e‘fsﬁlog‘g}g’%m%gbr&é 3§rab{a2 2 pthal-propane Lsutfonyd 155642197
PCT/ USO 2 tRiGRtan-2-¥I51 ,2,SAQaﬂ)akd»le@-c@ﬁdnﬁ)—p%ﬁyldﬂrﬂﬂnfoyl]letl@]} -@infdel\a Myxtpreadeedi ng
in a simlar manner to that described in Exanple 4 above but using

('S) - 2- anidimsteteofiBrs, ki I9ptEs A0 -oybrall yield) ad h ovite isalzd | LS NMB (GDCHn 300MHz):
(Reference Exanpl e 7% i nst ead of

(S) - 2- am[A87 Kd, (136 S¥z).0p% sl 1=4.52)4 1 B ald? laido 1=58Kk), 1Bu i 2A(- 55 Hzn1Elep 1
there ;95721 (m, 1H), 6.11-6.05 (m, 1H), 5.35-5.32 (m, 1H), 4.93-4.87 (m, 1H), 3.76-3.60 (m,
10 5H), 3.54-3.35 (m, 5H), 3.18-3.04 (m, 2H), 2.43-2.36 (m, 1H), 2.21-2.15 (m, 1H), 2.00-
1.93 (m, 1H), 1.29-1.14 (m, 6H), 1.08 (t, J=7.5Hz, 3H). LC/MS m/z=542 (M+H)

acid fl-[1-(3- cyclopro’malN

1, 2, 4- oxadi azol e- 5- clar bonyl ) - Hropyl carb m)yl | | - propane- |
zﬂndlgj,
1H N

EXAMPLE 6

Morpholine-4-carboxylic acid {1-[1-(3-tert-butyl-1.2.4-oxadiazole-5-carbonyl)-

15 propylcarbamoyl]-2-(2-methyl-propane-1-sulfonyl)-ethyl]-amide

Step 1
N-Cyclohexylcarbodiimide-N’-methylpolystyrene (0.526g, 1mmol, loading 1.9mmol/g)
was suspended in dichloromethane (20mL). 3-(2-methyl-propane-1-sulfonyl)-2-



5 was prepared norpholine-4-carboxylic acid

{2-(2-nmet hyl - propane-1|-sul fonyl)-1-[1-(3-

t hi ophen-weoywB/42127 4- oxadi azol e- 5- car bonyl ) - pr opyl car banoyP{Taishysdsam de, a
m xture of diastereoners, (110ny, 408 overall yield) as a white solid. 1H
NVR (CDC13, 300MHz): [7.97 (d, J=6.5Hz), 7.87 (d, J=6.5Hz), 1H], 7. 91 (d
J=3.8Hz),, 1H, 7.59
5

. 35- 5. 33(mgPhofipgyt- éa?ib%’é‘sz’“%%*}o (?I%Q’p‘ﬂlff acé (é 8§%¥ @@Wﬁ) Téggfl%% Eg)‘é‘%gf(f‘g] 35 (m

SH), 3. 1&n@ H¥B(1135) 0.8 Zmhd1)2wete alded ddd) the 2%%31012 nﬁﬁtuféﬂvaébﬂrreﬁfo@@@ 1.93
(m 1H), 1.29-1.14 (m 6H), 1.08 (t, J=7.5Hz, 3H). LG/ MS m z=542 ( MH)

EXAMPLE &lmphol(ﬂﬁb2Mm%@te@%r [d,24] QXE[dlazol -5-yl)-butan-1-0ol  (0.107g,

1-(3-t 1.2, 4- di | 5-
S f I} ResFance Rl G S SR Mrbne fontiopsel for S e Slveen 0 0 1
N N N NTdanfh1QA, sahi) Jvai\laé&éﬁ|aﬁ@%¥é’ﬂnﬁ@ﬁ@%ﬁh‘emf&eﬂ\%ﬂ?§tmlr%ﬁsﬁt yrene

(0. 5269, Innnl oading 1.9mmol/g) was suspended in di chl or onet hane
(20m) . ml(@rmm ﬁlltemdopwdnesuotlsu Iafl(brtﬂ}d ﬁu@tmr@@n@a@n@?glmmm@s% 76

[ (nor phol i car bon i.oni.c 0, 6nmol ef erence
Exanpl e 5§10 ﬁﬁ& HCBt‘%% 1144 P?%[gé lﬁé?é a&gﬁﬁggg)PWQUF%QEW} N mixture
was stir fcfafba%gltﬁ bfeehyl- -1-sulfonyl)-ethyl]-amide (0.271g), [LC/MS m/z=

(2S) - 2- A%%i)y e}rtméutyy Frlop%ne4 Sﬁaodye%zeoy%m e-(but agr)l [I -ol (0.107g,

0. 5nmol ﬁgm@;gﬁge Exanpl e 6) was added and stirring continued for 5 hours.
S|I|cycle 5 Triamne (1.27g, 5mmol) was added and the m xture stirred for

15 hdOrsStephe reaction mixture was filtered under suction and the filtrate
concentrg&ed t.0

[1-{1-[( ‘E‘B’P‘?h"ﬁg‘fiﬂ?b%‘yggic‘higg o460 é’“@’m 2hy%’?a ;?%"1&%?’9 ypfiroxy-methyl]-
FrL 8}3?\//}5 C ﬁ?gh}?ﬁ%}b}am%y(}z,? (Ehietlyl-propraa e-shiHsa E @pyll-hmeded1912l71 gy shalidsved 19)
in dichloromethane (10mL) and the Dess-Martin periodinane (0.424g, 1mmol) was added.
The reaction mixture was stirred for two hours and then poured into a mixture of saturated
15  sodium bicarbonate and saturated sodium thiosulfate solution (1/1, 50mL). The phases
were separated and the aqueous phase extracted with dichloromethane. The combined
organic phases were washed with sodium bicarbonate solution and brine. The solution was
dried with magnesium sulfate and then concentrated under vacuum. The residue was

subjected to flash chromatography (gradient from 5% ethyl acetate in heptane to 75% ethyl

20 acetate in heptane) to give morpholine-4-carboxylic acid [1-[1-(3-tert-butyl-1.2.4-

oxadiazole-5-carbonyl)-propylcarbamoyl]-2-(2-methyl-propane-1-sulfonyl)-ethyl]-amide,

a mixture of diastereomers. 1H NMR (CDCl3, 300MHz): [7.87 (d, J=6.5Hz) 7.79 (d,
J=THz), 1H], [6.11 (d, J=6.5Hz) 6.06 (d, J=6.5Hz), 1H], 5.38-5.30 (m, 1H), 4.92-4.13 (m,
1H), 3.78-3.68 (m, SH), 3.49-3.33 (m, SH), 3.24-3.04 (m, 2H), 2.47-2.37 (m, 1H), 2.20-
25  2.07 (m, 1H), 1.95-1.85 (m, 1H), 1.45 (s, 9H), 1.17 (d, J=6.5Hz, 6H), [1.04 (t, J=7.5Hz)

1.03 (t, J=7.5Hz), 3H]. [LC/MS m/z=516(M+H™")]

EXAMPLE 7

Morpholine-4-carboxylic acid {2-cyclopropylmethanesulfonyl-1-[1-(5-phenyl-1,2.4-

30 oxadiazole-3-carbonyl)-propylcarbamovyl]-ethyl}-amide




518(M+H+)]. 10 Step 2 Morpholine-4-carboxylic acid

[1-{1-[(3-tert-butyl-1, 2, 4- oxadi azol -5-yl)-hydroxy-net hyl ] -

propyl carwermph3192- ( 2- et hyl - propane-| - sul f onyl ) - et hyl | - amcadarS02383%d g) was
di ssolved in dichloronmethane (1O1) @nd the Dess-Martin peri odi nane
(0.424g, Immol) was added. The reaction mxture was stirred for two hours
and then poured into a m xture of satyrated 15 sodi um bi carbonate and
saturated sodiumthiosul fate sol ut igﬁ( 1/1, 50nL). The phases were
separated and t he aqueous phase ext[tacted wi th di chl oronet hane. The

conbi ned organic phases were was oW toh sodi um bi car bonate sol ution and
brine. The solution was drie nﬁb sium sul fate and then concentrated
under vacuum The residu $ fash chromat ography (gradient
from5%ethyl acetate inoheptand t® 7 /oethyI| 20 _acetate in heptane) to

gi ve norphol i ne-4-carboxylic acid [1-T1-3-t®€rt- | -1, 2, 4-

oxadi azol e- 5- car bonyl ) - propyl car banoyl | - 2- (2-ne - pr opane-

| - propane-|-sul fonyl -ethyl -amd a m xture of diastereomers. |1l NWR

(CDC13, ¥épvHz): [7.87 (d J= 6 5Hz) 7.79 (d J=THz), 1H, [6.11 (d,
J=6. 5Hz 06 (d, J=6.5 5.38-5 4,92-4.13
3. 78- 3. 238" Wpelgmn oféR)ré cycl@Br aﬂm@wesﬁfozul ér"%wrekgﬁlmzrﬁb-carbow aznr?afr (2 1H),

2120 25 Sl g i i gydnd o ot skl 5
EXAMPE E KNaMmeab@{vlth PSdhooad N@oyy]ohﬁxymarhd)dmmde (HL 200-400 mesh cross linked with
{2-cycl opropyl et hanesul fonyl -l -

oxadi azol%& BV franNovabipehsm @a?toﬂ'%;réﬁllg Sr(rlyll &%Igﬁéﬁw%l ﬁ)oa@g@)@i“b%ﬂaﬁ?at
PCT/ US02/, ?(91? % e?azurelfgr {9 rQrH te 6?@?(3 rrrt% O%l@ﬁmlolf‘wﬁé’écﬁ%ﬁ ?(?lgﬁ'&/eﬁfbx Cﬁ)

(R -3-cyclopro met hanesu phol’I ne-4-car

pr opi oni Q-akind-1¢(Githenyl- Qz,’#m;rmﬁniol Rel)-duancieolEX203mg,e 048)l 3mmadie Refdrane

chloride (1Or , : . .
xample 12) and the reaction mixture was stirred at room temperature overnight. PS-

10  trisamine from Argonaut Technologies (413mg, 1.549mmol, 3.75mmol/g loading) was
added and the reaction was stirred for another 3hours. The mixture was filtered and the

filtrate was evaporated under reduced pressure to give morpholine-4-carboxylic acid (2-

cyclopropylmethanesulfonyl-1-{1-[hydroxy-(5-phenyl-1.2.4-oxadiazol-3-yl)-methyl]-

propylcarbamoyl}-ethyl)-amide as an orange solid (183mg). MS: 536 (MH™)
15 Step2

To a solution of morpholine-4-carboxylic acid (2-cyclopropylmethanesulfonyl-1-{1-
[hydroxy-(5-phenyl-1,2,4-oxadiazol-3-yl)-methyl]-propylcarbamoyl} -ethyl)-amide (183mg,
0.34mmol) in methylene chloride (10mL), Dess-Martin Periodinane (200mg, 0.47mmol)
was added and stirred at room temperature for 2hours. The reaction mixture was washed
20  with a solution of Na;S,0; in water (0.26M), saturated bicarbonate, and water, dried over
Na;SO4 and concentrated under reduced pressure. The residue was subjected to flash
chromatography eluting with a mixture of ethyl acetate and heptane to give morpholine-4-

carboxvlic acid _ {2-cyclopropylmethanesulfonyl-1-[1-(5-phenyl-1.2.4-oxadiazole-3-

carbonyl)-propylcarbamoyl]-ethyl}-amide, a mixture of diastereomers, (45mg) as an off

25  white solid. 1H NMR (CDCl3): 8.22 (d, J = 7Hz, 2H), 7.83, 7.75 (2xd, ] = 7Hz, 1H), 7.65
(m, 1H), 7.60-7.51 (m, 2H), 6.10-6.07 (2xd, J = 7Hz, 1H), 5.36 (m, 1H), 5.00-4.86 (m,



5 was treated with PS-bound N-cycl ohexyl carbodiimde (HL 200-400 nesh cross
| inked with 2% DvB) from Novabi ochem (320ng, 0.618mmvl, 1.93nmmol /g | oadi ng)
and stirrwooam421p00m t enperature for 10 m nutes. HOBt (43pag/usoz/3xB%mol )
was added foll owed by (S)- 78

2-am no-1-(5-phenyl -1, 2, 4- oxadi azol - 3-yl )-butan-1-ol (73ng, 0.313mmol,

Ref er enc I 2 e i A i tr

termer at QP ookt i > BROEy AHE I @1 1 S ETRR Al P68 Bk 1
1. 549D 2,2432 65 (@P1 g 2l00ad8 nan, MBS 1.2adae tHRND 1t (g =+ P 3DN0.8a%.68t (nf,r ed for
anot her 3hours. The m xture was filtered and the filtrate was evaporated
under re@H)eel 5E0S8ur, eH) oM$ vES4n@MIghpl i ne- 4- car boxylic acid (2-

cycl opr oRyl met hanesul f onyl - 1- {

1- [ hydr ox- (5- phenyl -1, 2, 4- oxadi azol - 3-yl ) -net hyl ] -

propykcar banoyl } - et hyl ) -am de as [ solid (183ng). Ms: 536 (M) 15
Step To a solution of m)rpholinﬁ-&- ?ﬂ%ylic acid

(2- cycl opr opybrpablinanesatbboni¢lacld {(R)-2-cyclopropylmethanesulfonyl-1-[(S)-1-(5-

[ hydr oxy- (5- phenyl - 1, 2, 4- oxadi azogl - 3-yl ) - et hyl | - pr opyl car bampyl } - et hyl ) - am
i de (183ny, tiluokomeihyl-1. 54 exadiszale:d-cathonyl) peonvicashamoyhatt 1 ramide

Peri odi nane (200ng, 0.47mmol) was added and stirred at roomtenperature
for 2hours. The reaction m xture was hed 20 with a solution of Na2S2C3
in water (0.26M, saturated bicarbopdte, and water, dried over Na2SO4 and
concentrat ed under reduced pressur /,Ol'he resi due was subjected to flash
chromat ography eluting with a m x of hyl acetate and heptane to give

nor phol i ne- 4- carboxylic ac)iﬁj\
| -

&)
-2 N4

{2-cycl opropyl met hanes oA - | -1, 2, 4- oxadi azol e- 3-

car bonyl ) - pr opyl carba{ﬁLDl;ILN-et Mdr - 3fri dey of di astereoners, (45ng)
as an off 25 white sq@hid. JIH NOR ( . 8. d J :F7Hz, 2H), 7.83, 7.75
(2xd, J = 7THz, 1H), 7. (m 1H), 7.60-7.51 twy” 2™« 6. 10-6. 07 (2xd, J =

7THz, 1H), 5.36 (m 1H), 5.00-4.86 (m WD 03/04219% RCT/ US02/ 36396 78 1H),
3.79 (m | H), 3.74-3.66 (m 4H), 3.48 (m | H), 3.%¥7-3.37 (m 4H),
3.20-3.07 (m 2H), 2.24-2.06 (m 1H), 2.00-1.82 (m 1H, 1.22 (m 1H),
1.01 (t, S%pl 7Hz, 3H), 0.80-0.68 (m 2H), 0.56-0.38 (m 2H). MS : 534

E ?/I;;?lg_ g ﬁé@‘%@'&)gy%ﬂg-?gg%?gﬂﬁ%%’%b%%g%rﬁi)rpholine—4-carbony1)—amino]-
trifluor peslityit adid 226bney 8dBamm LR Feracdbrunple p) aplyhethyfamyide @0hy) }

-am de was treated successively with (S)-2-amino-1-(5-trifluoromethyl-1,2,4-oxadiazol-3-yl)-

butan-1-ol trifluoroacetate (282mg, 0.83mmol, Reference Example 13), O-(7-

azabenzotriazol-1-y1)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (316mg,

15 0.83mmol) and diisopropylethylamine (0.289mL, 1.66mmol). Reaction stirred at room

temperature overnight. Solvent evaporated under reduced pressure. Residue taken up in

ethyl acetate and washed with IN hydrochloric acid, saturated aqueous bicarbonate

solution and water, dried over Na,SO4 and solvent evaporated under reduced pressure to

give morpholine-4-carboxylic acid ((R)-2-cyclopropylmethanesulfonyl-1-{(S)-1-[hydroxy-

20  (5-trifluoromethyl-1.2 4-oxadiazol-3-yl)-methyll-propylcarbamoyl}-ethyl)-amide as a

brown oil (370 mg). MS : 528 (MH™).

Step 2

A solution of morpholine-4-carboxylic acid ((R)-2-cyclopropylmethanesulfonyl-1-{(S)-1-
[hydroxy-(5-trifluoromethyl-1,2,4-oxadiazol-3-yl)-methyl]-propylcarbamoyl} -ethyl)-amide



~OOSAOHO ~NNN(N QO ONI F OFF Step 1 10 A solution of

(R) - 3-cycl opr opyl net hanesul f onyl - 2-[ ( nor phol i ne- 4- car bonyl ) - am no] -

pr opi oni cweasm41266ny, 0. 83mml, Reference Exanple 4) in dacmatsaybdes mam de
(1Om) was treated successively wth79

(S)-2-am no-1-(5- trifluororrethyl 1, 2, 4- oxadi azol - 3-yl ) - but an-1-ol

L ot B 6 kATl R uf LA T it D0 Mot o

(316nD, }erifdiATRdImany oirhSIP AR @ o R e Ee&@u@ﬁ@ Bthourk: BRERtbn

Reaction stirred at room tenperature overni Sol vent evapor at ed under
reduced pmigssemes vRsbidduih taalaqmequp sblutior fiN azsazékt(aﬂél\@ns:htwa@ﬂ edugdush 1N

hydrochl oric_acid, saturated a us b on | ution and er, dried
over N SSPRGTAESS SEL R AT QIO GuAEb e RSt FEPhogH e ot

mor phgl ' Q&iﬁe&ﬂ{a@m‘é’ IThé cR8é @a;( {dBjected to flash chromato aphy eluting with a mixture
-2-cycl opropyl net hanesul fonyl - { (S)-1-[hydoxy_ %Op

(5-trifl wdretybhdpite Bn@ hdptaneadiu \aas)ﬂheﬁ-fgdtl)er isebjbeted tqapmpga‘anw HEhOy(upingt hy

ror ot 1 Reingn 243 By et g Nprtsomyionissoess; I ebimme SRopady 10428 1

[ hydr oxy g5 Métééﬁeﬁa;)o @iﬁhﬂg With: ZmfkceQreast 2&Bhitrdte hd véaeérh%élh% @Iroﬁpyé%% bamoyl }
-ethyl)-am de WO 03 042197 PCT/ US02/ 36396 79 (370

net hyl end00% oadetienilfil® i) wass ttoeagied mdnbhdhasst ddﬂmdmzhc pexdi odiRdéhe
(298 A
m Xt rTEe o Y RITE Ve ‘“ y t A

aqueous bl cqrbonal SEALRE S0 S @rwg)edu?mzwﬁé% 318 5. ol ven

evapor at

6Hz, 1H), 5.99 (d, J = 6Hz, 1H), 5.16 (m, 1H), 4.87 (m, 1H), 3.74-3.66 (m, 5H), 3.44-3.36
(m, SH), 3.14 (d, J = 7THz, 2H), 2.20-2.02 (m, 1H), 1.98-1.78 (m, 1H), 1.21 (m, 1H), 1.02
(t, T = 7Hz, 3H), 0.82-0.70 (m, 2H), 0.57-0.40 (m, 2H). MS : 526 (MH™")
15
EXAMPLE 9
Morpholine-4-carboxylic acid [(1-[(1-(5-ethyl-1.2.4-oxadiazole-3-carbonyl)-

propvlcarbamovl]-2-(2-methyl-propane-1-sulfonyl)-ethyl]-amide

20 By proceeding in a similar manner to Example 8 above but using (R)-3-(2-methyl-propane-
1-sulfonyl)-2-[(morpholine-4-carbonyl)-amino]-propionic acid (Reference Example 5)
mmstead of (R)-3-cyclopropylmethanesulfonyl-2-[(morpholine-4-carbonyl)-amino]-
propionic acid and (S)-2-amino-1-(5-ethyl-1,2,4-oxadiazol-3-yl)-butan-1-ol (Reference
Example 14) instead of (S)-2-amino-1-(5-trifluoromethyl-1,2,4-oxadiazol-3-yl)-butan-1-ol

25  trifluoroacetate, in Step 1, there was prepared morpholine-4-carboxylic acid [1-[1-(5-ethyl-




5 reduced pressure. The crude was subjected to flash chromatography el uting
wth a mxture of ethyl acetate and heptane. It was then further subjected
to preparwDios@4HPLC (using G lson 215 Iiquid handl er, anecWhrsofZba3een 1
Omicrons C 8 colum - PNO504 -100x218% from MetaChem), eluting with a
m xture of acetonitrile and water, gm ng from 10%to 100% acetonitrile in

e-1:s fo 1]~

zoIeSC

(cocry)’ -m{?ﬁﬁ% Bﬁ‘fr%m%%%&%' lif&@%@@%? We’ﬁ% 44 8?%)11 Ly
4.87 1 - ¥ 7HZ 2 ,
-f8 (2.mo . ogﬁ)&ﬁ P= g@fl(znl%ﬁ?)zx (o, $4, %9';5?4§£(H111?ﬁ)13 78 3_36% ((’dj?Hﬂ 334l . H)
3H), 0.83 3(2 (YrQSHm3 m@n,m) 51}1((qAD= (715H221L])I) 2M5-2.3(526 1 {yH:) 7- 254E)§AI\HP),E 9

Mor phol boxyl t hyl | e- 3- b l) -
br opyPoantnbyt matlel flnyT 7 sFspats ] 18 G ¢ 3R DERE PEiskie B "0 0
O N NN NITO 20 B di | to Ex le 8
above butty 4%&9(%% 3 (2. methyl Cpropane | St iar manner to Bxamle

1- sul fonyl ) - 2-[ (nor phol i ne-4-car bonyl ) -am no] - propi oni c acid (Reference

Ex le 5 i nst ead of

(R?[rg- gycl) oplr(r;psjyfaﬁet ﬁanesul f onyl EXAMPBFOHDI i ne- 4- car bonyl ) - ami no] -

pr opi oni C,{?ﬁ{:glwagﬁmropanﬁdnaﬂﬁ%nvﬁ e[t(gl)Y -(5'L 'thlbtﬁlen)g Ilaf aloxadlgzgle utan-1-ol

(Ref erence

(S)-3qpam no-| -(5 trifl UQ{a%bmﬂro&ylc%rﬂan%ﬁpétﬁémanﬁdé/| ) -butan-1-ol 25

trifluoroacetate, in Step I, there was prepared norpholine-4-carboxylic
acid rl-[I-(5-ethyl WO 03/042197 PCT/ ESOZ/ 36396 80

1, 2, 4- oxadi azol e- 3- car bonyl ) - pr opyl| anoyl | - 2- (2- net hyl - pr opane- |
-sul fonyl)-ethyl]- amde, a m xt urecpf di astereoners. 1H NMR (CDC13): 7.81,
7.72 (2xd, J = 6.5Hz, 1H),

By proceeding in a similar manner to Example 8 above but using (R)-3-(2-methyl-propane-
1-sulfonyl)-2-[(morpholine-4-carbonyl)-amino]-propionic acid (Reference Example 5)
instead of (R)-3-cyclopropylmethanesulfonyl-2-[(morpholine-4-carbonyl)-amino]-
15 propionic acid and (S)-2-amino-1-(5-thiophen-3-yl-1,2,4-oxadiazol-3-yl)-butan-1-ol
(Reference Example 16) instead of (S)-2-amino-1-(5-trifluoromethyl-1,2,4-oxadiazol-3-yl)-

butan-1-ol trifluoroacetate, there was prepared morpholine-4-carboxylic acid {(R)-2-(2-

methyl-propane-1-sulfonyD)-1-[(S)-1-(5-thiophen-3-vyl-1.2.4-oxadiazole-3-carbonyl)-

propylcarbamoyl]-ethyl}-amide. 1H NMR (CDCl3): 8.33 (dd, J=3 and 1.1 Hz, 1H), 7.83

20 (d,J=6.5Hz, 1H), 7.73 (dd, J=5.1 and 1.1 Hz, 1H), 7.48 (dd, J=5.0 and 3.0 Hz, 1H), 6.04
(d, J = 6.5Hz, 1H), 5.33 (m, 1H), 4.86 (m, 1H), 3.78-3.66 (m, SH), 3.49-3.35 (m, SH),
3.22-3.05 (m, 2H), 2.46-2.32 (m, 1H), 2.22-2.07 (m, 1H), 1.98-1.82 (m, 1H), 1.14 (d,J =
7Hz, 6H), 1.01 (t, J = 7.5Hz, 3 H). MS : 542 (MH™).



6.14-6.01 (2xd, J = 6.5Hz, 1H), 5.28 (m 1H), 4.95-4.81 (m 1H), 3.75-3.65
(m 5H), 3.54- 3.32 (m 5H), 3.12(m 2H), 3.01 (q, J = 7.5Hz, 2H)

2. 45- 2. 30wOrop/0d24y7 2. 17-2.04 (m 1H), 5 1.93-1.78 (m 1H) pCT/b42/6d396 J =
7.5Hz, 3H), 1.13 (d, J = 6.5Hz, 6H), €©.98 (t, J = 7.5Hz, 3H). Ms: 488
(M#). EXAWMPLE 10 (R)-2-(2-Methyl - propane-
-sulfonvl)-1-[(S)-1-(5-thiophen-3-yl -1, 2, 4- oxadi azol e-3- 10

car bonyl ) - propyl carbanoyl ]-ethyl } -amde O OOHO ~N NNN Oj HOO
By proceeding in a simlar mannergxamMp{anp] e 8 above but using

(R -3-(2- nethyl propane- ' )
1- sul f onyd irfe X Ylieeo (RoHelf§)-1-(3rtd drexadiazalet HcatRuybr ence
Exanple 5) instead
(R) - 3-cycl opr opy! ek
propionic acid and

(S)-2-am no-I-(5-thiophen-3-yl-1, 2, 4- dlazol-3-yl)-butan-l-ol (Ref erence
Exanpl e 16) instead of

Myt - ami no] 15

(S)-2-am no-1-(5-trifluoromnethyl - Ch oxadi azol - 3-yl)- butan-|-ol
trifluoroacetate, there was rep @Drp | i ne-4-carboxylic acid
{(R-2-(2- nethyll-propane-

-sul fonvl)-1-[(S)-1- ( I N.Z xadi azol e- 3- car bonyl ) -

propyl car banoyl ] - ethy de. |1H (€DC13]—8-B83 (dd, J= 3 and 1.1 Hz,
1H), 7.83 20 (d, J = .5 , 1HY, 7(73 d Jg5.1L.and 1.1 Hz, 1H), 7.48 (dd,
J=5.0 and 3.0 Hz, 1FD .04 (d J = 1Fm{ 5. (m 1H), 4.86 (m

1H), 3.78-3.66 (m 5H), 3.49-3.35 (m 5H) 3.22-3.05 (m 2H), 2.46-2.32
(m 1f), 2.22-2.07 (m 1H)), 1.98-1.82 (m 1H), 1.14 (d, J = 7Hz, 6H), 1.01

(t, J =18 eee@inF')in a Mmilar 2dedinbMo-Bxample © b B4DL0 vsiRE(S)USAANB6BB6tertS 1
EXAMPLE 11 Morpholi ne-4-carboxylic acid
{ (R) - | - Fbsiyl-1,2(Roxadagoluy-butend -of (Rsdagnee st ample @dngendyaf (S)-2-amino-1-(5-

trifluoromethyl-1,2,4-oxadiazol-3-yl)-butan-1-ol trifluoroacetate there was prepared

morpholine-4-carboxvlic acid {(R)-1-[(S)-1-(3-tert-butyl-1,2.4-oxadiazole-5-carbonyl)-

10  propylcarbamoyl]-2-cyclopropylmethanesulfonyl-ethyl}-amide. 1H NMR (CDCl3) : 7.80
(d, J=6.5Hz, 1H), 6.02 (d, J=6.5Hz, 1H), 5.31 (m, 1H), 4.88 (m, 1H), 3.82-3.66 (m, 5H),
3.50-3.36 (m, SH), 3.15 (d, J = 7Hz, 2H), 2.20-2.04 (m, 1H), 1.95-1.80 (m, 1H), 1.42 (s,
9H), 1.26-1.15 (m, 1H), 1.00 (t, J=7.5Hz, 3H), 0.79-0.72 (m, 2H), 0.56-0.41 (m, 2H).
MS : 514 (MH™).

15

EXAMPLE 12
Morpholine-4-carboxylic acid {(R)-2-(2-methyl-propane-1-sulfonyl)-1-[(S)-1-(5-

trifluoromethyl-1,2.4-oxadiazole-3-carbonvyl)-propylcarbamovl]-ethyl}-amide




propyl car banoyl ] - 2- cycl opr opyl net hanesul fonyl -ethyl } -amde O O0S.Zz~, OO
NNNN Q HOO1 N 5 By proceeding in a simlar manner to Exanple 8
above butwoBng10B) - 2- am no- 1-(3-tert- PCT/US02/36396
butyl -1, 2, 4- oxadi azol -5-yl ) -butan-1-0d82 (Ref erence Exanple 6) instead of
(S)-2-am no-1-(5- trifluoronethyl-1, 2, 4-oxadi azol -3-yl)-butan-I-ol
trifluoroacetate there was prepared r phol i ne- 4-carboxylic acid
f(R-1-[(S)-1-(3-tert-butyl -1, 2, 4-oxaif azol e-5-carbonyl) 10
propyl car banmoyl ] - 2- cycl opr opyl net h sul fonyl -et hyl }-am de. 1H NWVR ( CDC13)
: 7.80 (d, J=6.5Hz, 1H), 6.02 (d, |}%6.5Hz, 1H), 5.31 (m 1H), 4.88 (m
1H), 3.82-3.66 (m 5H), 3.50-3.3 S(Qn& 5 3.15 (d, J = 7Hz, 2H),
2.20-2.04 (m 1H), 1.95-1.8G (m f1H),-H42|((s, 9H), 1.26-1.15 (m 1H),
1.00 (t, J=7.5Hz, 3H), 79:Q, 7 .56-0.41 (m 2H). M5 : 514
(MH) . 15 EXAMPLE 12 ;ﬂbli@-ll- rboxylic rdN{ (R) - 2- ( 2- net hyl - pr opane-
(5-

| -sulfonyl)-1-[(S)- H 0 z

trifluoronmethyl-1, 2, io adi azol e- 3-car/b6nyl )NDT y Fbam)yl ]-ethyl }

-am de WO 03/042197 PCT/US02/36396 82 OOS- OHONNNN Q OF ON
FF F

By proceeding in a similar manner to Example 8 above but using (R)-3-(2-methyl-propane-
1-sulfonyl)-2-[(morpholine-4-carbonyl)-amino]-propionic acid (Reference Example 5)
instead of (R)-3-cyclopropylmethanesulfonyl-2-[(morpholine-4-carbonyl)-amino]-

5 propionic acid there was prepared morpholine-4-carboxylic acid {(R)-2-(2-methyl-

propane-1-sulfonyl)-1-[(S)-1-(5-trifluoromethyl-1.2.4-oxadiazole-3-carbonyl)-

propylcarbamoyl]-ethyl}-amide. 1H NMR (CDCl3) : 7.90 (d, J=6Hz, 1H), 6.00 (d, J=6Hz,

1H), 5.17(m, 1H), 4.83 (m, 1H), 3.73-3.62 (m, SH), 3.45-3.36 (m, SH), 3.13 (m, 2H), 2.45-
2.32 (m, 1H), 2.18-2.04 (m, 1H), 1.96-1.80 (m, 1H), 1.14 (d, J=7Hz, 6H), 1.03 (t, J=7.5Hz,

10 3H). MS: 528 (MH™).

EXAMPLE 13
Morpholine-4-carboxylic acid {(R)-1-[(S)-1-(5-tert-butyl-1.2.4-oxadiazole-3-carbonyl)-

propylcarbamoyl]-2-phenylmethanesulfonyl-ethyl}-amide

15

By proceeding in a similar manner to Example 8 above but using (R)-3-(2-methyl-propane-
1-sulfonyl)-2-[(morpholine-4-carbonyl)-amino]-propionic acid (Reference Example 5)

instead of (R)-3-cyclopropylmethanesulfonyl-2-[(morpholine-4-carbonyl)-amino]-



By proceeding in a simlar manner to Exanpl e 8 above but using
(R) - 3-(2-net hyl - propane-

1- sul f onyWp-02/04A10r phol i ne- 4- car bonyl ) - am no] - propi oni ¢ aeca/USRessence
Exarrpl e 5) instead of 83

(R) - 3-cycl opropyl met hanesul f onyl - 2- [ (nor phol i ne- 4- car bonyl ) -ami no] 5
E)rR;) plzo?lzc ﬁ%ﬁ' d ;[J.CI?(? (\;ﬁ% a%flg(p "ilr(g%l{@lli&lhf)& Iél%?(ac[i]iazcoq cB(let!cng-l 0 tlgeference
-sul f onylE)xaﬁm{e(gi)lnslea(d%ﬂsyiJaﬂm@m &yﬂuoior;ietﬂylomdtoa@@ﬂa@ol% ya;tbbl@ﬁm Loi-

propyl carbano. |l-ethyl -am de. 1H NWR (CDCl ) 6Hz, 1H), 6.00
(d, J= 6|—|jnﬂqugceta5e ghp(quaq_p{)epanq:d porphelinerdy-carBoxaa ' ) teth- 3. 36
(m ST) 1“?)l filgis & gayly-propylcaiba ’Vﬁ é&mVB“e‘&'o.eséM 1E§<2\I\/I(3E]E
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5= Cargaﬁyflm %‘q@%‘f‘?eﬁcﬂi‘%?ﬁ oS3 YD, %ﬂﬁﬁ%?p 2529 Thove

but usi ngm({ R),3-9521 Bﬁi(ﬂnylalrloc‘FSa(rs;eQH) 1.14 (d, J=6.5Hz, 6H), 0.99 (t, J=7.5Hz. 3H).
1-sul fonyl)-2-[ (nmorphol i ne-4-carbonyl)-am no]-propionic acid (Reference
Exanpl e S : bt (MHT).of

(R) - 3-cycl opropyl net hanesul f onyl - 2-[ (nor phol i ne- 4- car bonyl ) - am no] WO
03/ 042197 PCT/ US02/ 36396 83 propionic acid and

(S)-3pam no-1-(5-tert-butyl-1,2, ppxafiigzy - 3-yl)-butan-1-ol (Reference
Exanpl e 9) |nstead of

trlfluoroacetatethere1 S _prepared rgl)hollleil aboxllc aC|d
{(R-1-[(S)-1-(5- t@ﬂﬂwﬁgﬁ%&%ﬁ@éﬁ%-pmpyl car banoyl |
- 2- phenyl met hanesul fonyl -ethyl 5 am de,1H NVR (CDC13) : 7.78 (d, J=7Hz,
1H), 6.04 (d, J=6.5Hz, 1H), 5.30 (m 9, .85 (m 1H), 3.76-3.64 (m 5H),
3.48-3.34 (m 5H), 3.13 (m 2H), 2.47- (m 1H), 2.19-2.02 (m 1H),
1.95-1.80 (m 1H), 1.48 (s, 9H), 1.4 =6. 5Hz, 6H), 0.99 (t, J=7.5Hz.
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By proceeding in a similar manner to Example 8 above but using (R)-2-[(morpholine-4-
15  carbonyl)-amino]-3-phenylmethanesulfonyl-propionic acid instead of
(R)-3-cyclopropylmethanesulfonyl-2-[ (morpholine-4-carbonyl)-amino]-propionic acid and
(S)-2-amino-1-(5-tert-butyl-1,2,4-oxadiazol-3-yl)-butan-1-ol (Reference Example 9)
instead of (S)-2-amino-1-(5-trifluoromethyl-1,2,4-oxadiazol-3-yl)-butan-1-ol
trifluoroacetate there was prepared morpholine-4-carboxylic acid {(R)-1-[(S)-1-(5-tert-

20  butyl-1,2 4-oxadiazole-3-carbonyl)-propylcarbamoyl]-2-phenylmethanesulfonyl-ethyl} -

amide. 'H NMR (CDCls): 7.67 (d, J=THz, 1H), 7.50-7.34 (m, 5H), 6.01 (d, J=7Hz, 1H),

5.31 (m, 1H), 4.93 (m, 1H), 4.52 & 4.40 (2xd, J=14Hz, 2H), 3.76-3.64 (m, SH), 3.46-3.26
(m, 5H), 2.20-2.06 (m, 1H), 1.94-1.78 (m, 1H), 1.48 (s, 9H), 0.98 (t, J=7.5Hz, 3H).

MS : 550 (MHY).



M5 : 516 (MH). 10 EXAMPLE 14 Morphol i ne-4-carboxylic acid
{(R-1-[(S)-1-(5-tert-butyl-1, 2, 4- oxadi azol e- 3-car bonyl ) -

propyl carwamwsygiio2- phenyl net hanesul fonvl - et hyl} -am de O, Pe®USR36O H N
NNHYY, \ Q ONOBy proceeding i8 a simlar manner to Exanple 8 above
but using (R -2-[(norpholine-4- 15

car bonyl ) - am no] - 3- phenyl net hanesul f onyl - propi oni ¢ acid i nstead of

(R) - 3-cycl opropyl et hanesul f onyl - 2-[ ( mor phol i ne- 4- car bonyl ) - am no] - pr opi oni
c acid and (S)-2-amno-1-(5-tert-butyl-1, 2, 4-oxadi azol -3-yl)-butan-1I-ol
(Reference Exanple 9) instead of

(S)-2-amino-I|-(5-trifluoronethyl iMﬂe&éili azol - 3-yl)-butan-1I-ol

Lr | wor 0aRL 8t Snt NSl B3ROk ARG PRIV L5185

butyl 51, 2, 4- oxadi 4@4 gxgm%qgag_rgxﬂbbnm ggbbgwﬁmml&h@;_ggwl met hanesul f onvl
_ethyl- amide. 1H NVR (CDCI3): 7.67 (4, . 1IF), 7.50-7.34 (m 5H), 6.01

(d, J=7Hz, 1H), 531(m 1H) 4,3 (m 1H) 452&440(2xd J=14Hz, 2H),
(f&@

3.76-3.64 (m 5H), 3.46-3.26 , 2.20-2.06 (m 1H), 1.94-1.78 (m
1H), 1.48 (s, 9H), 0.98 (t, J=7.5Hz, 3. M5 : 550 (MH+). WO 03/042197
PCT/ US02/ 36396 84 EXAMPLE 15 Mor phol /ne 4-carboxylic acid

{2- cycl opr opyl met hanesul f onyl OI (14 -%(ycl oRK opyyl - 5
1 2, 4- oxadi azol e- 5-car bonyl ) - opyI car tmrmyl - et hyI -amde /O S~ OO0OO

SARERS¢
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By proceeding in a similar manner to Example 8 above but using (S)-2-amino-1-(3-
cyclopropyl-1,2,4-oxadiazol-5-yl)-butan-1-0l (Reference Example 10) instead of
(S)-2-amino-1-(5-trifluoromethyl-1,2,4-oxadiazol-3-yl)-butan-1-ol trifluoroacetate there

10  was prepared morpholine-4-carboxylic acid {2-cyclopropylmethanesulfonyl-1-[1-(3-

cyclopropyl-1.2.4-oxadiazole-5-carbonyl)-propylcarbamoyl]-ethyl} -amide, a mixture of

diastereomers, as a white solid. 1H NMR (CDCl3) 6 7.83,7.74 (d, ] = THz, 1H), 6.02 (d,
J =7Hz, 1H), 5.22 (m, 1H), 4.87 (m, 1H), 3.72 (m, 5H), 3.41 (m, SH), 3.16 (d, 2H), 2.21
(m, 1H), 2.15 (m, 1H), 1.86 (m, 1H), 1.03-1.24 (m, 5H), 0.99 (t, J = 7Hz, 3H), 0.76 (m,

15 2H), 0.48 (m, 2H). MS (M/Z) =498 (M+H). LC Kromasil KR 100-10 Sil, 250 4.6mm
ID (90% (heptane / THF / ACN//(220/60/14,v/v/v) retention time = 24.1 minutes, flow rate
1.5mL / min.

EXAMPLE 16
20 Morpholine-4-carboxylic acid {2-cyclopropylmethanesulfonyl-1-[1-(3-ethyl-1,2.4-

oxadiazole-5-carbonyl)-propylcarbamoyl]-ethyl}-amide




NO NHNOON/I By proceeding in a simlar manner to Exanple 8 above
but using (S)-2-am no-I|-(3- cycl opropyl -1, 2, 4-oxadi azol -5-yl)-butan-1-ol

( Ref er encwolsamabe 10) instead of (S)-2-am no- | PCT/US02/36396
-(5-trifluoronethyl-1, 2, 4-oxadi azol - 35yl )-butan- | -ol trifluoroacetate
there 10 was prepared norpholine-4-carboxylic acid

{2-cycl opropyl net hanesul fonyl -1-f |-(3- cycl opropyl -

1, 2, 4- oxadi azol e- 5-car bonyl ) - propyNcar bamoyl | -ethyl }-amid e, a m xture of

di astereoners, as a white solid. (CDhC13) 6 7.83, 7.74 (d, J = 7THz,
1H), 6.02 (d, J = 7Hz, 1H), 5.22 (m [LOH), 4.87 (m 1H), 3.72 (m 5H),
3.41 (m 5H), 3.16 (d, 2H), 2.21 (m.si), 2.15 (m 1H), 1.86 (m 1H),

1.03-1.24 (m 5H), 0.99 (t, J 9 7Hz{ 3H©O 0.7 (m 15 2H), 0.48 (m 2H). M5

(M2Z2) = 498 (MtH). LC Kropasil JIKR 100-1G5Si |, 250(§. 6mm | D (90% (heptane /
THE / ACN//(220/60/14,V1/(;%)NI’et ionrti = “1T"\minutes, flowrate
1.5mL / nin. EXAVPLE 16! 20 I}/Frph(ﬁine - cafboxyllj ¢ Atid

{2-cycl opropyl nmet hanesu? - -[1-(3-Oet -1, 2Ng=

oxadi azol e- 5- car bonyl ) - propyl car banoyl ] -ethyl } -amyde WO 03/ 042197

PCT/ US02/ 36396 85 ~-) // O00O0 H NO'J~NNMHI Q 0 N By proceedi ng
in a simlar manner to Exanple 8 above but using (S)-2-am no-I|-(3-ethyl-

il,n gi g;gx ?fy #8Qeaing Y4 A sitlla? Riahn@'to B irhp M 888688 R LSING RS- £afiifR1 -ExXaiple 14)
(S) - 2- amilgi4oxfdbazol-iSF)butend tdlytrifiipadetat ad ederace3Eyanplbut A ninktead of

o111 uor gacetate Ler end voas D By o0 or phol e 4 CRLERNIL Sul S

5  was prepared morpholine-4-carboxylic acid {2-cyclopropylmethanesulfonyl-1-[1-(3-ethyl-

1,2.4-oxadiazole-5-carbonyl)-propylcarbamovl]-ethyl}-amide, as a 1:1 mixture of

diastereomers. IHNMR (CDCl3) & 7.85 and 7.75 (2xd, J = 6Hz, 1H), 6.07 (m, 1H), 5.28

(m, 1H), 4.92 (m, 1H), 3.8-3.6 (m, 5H), 3.42 (m, 5H), 3.2-3.1 (m, 2H), 2.88 (q, ] = 7Hz,

2H), 2.13 (m, 1H), 1.87 (m, 1H), 1.39 (t, ] = 7THz, 3H), 1.22 (m, 1H), 1.02 (t, J = 7Hz, 3H),
10 0.75 (m, 2H), 0.48 (m, 2H). MS m/z 486 (M+H)

EXAMPLE 17

Morpholine-4-carboxvlic acid {2-cyclopropylmethanesulfonyl-1-[1-(3-phenyl-1.2.4-

oxadiazole-5-carbonyl)-propylcarbamovyl]-ethyl}-amide

15
Step 1
To a solution of (R)-3-cyclopropylmethanesulfonyl-2-[(morpholine-4-carbonyl)-amino]-
propionic acid (130.5mg, 0.41mmol) and di-isopropylethylamine (0.41mmol, 53.0mg,



1, 2, 4- oxadi azol e- 5-car bonyl ) - propyl car banoyl | -ethyl | -am de, as a 1:1

m xture of diastereoners. 1HNVR (CDC13) 8 7.85 and 7.75 (2xd, J = 6Hz,

1H), 6. 0WOmwpH04Hd7 5.28 (m 1H), 4.92 (m 1H), 3.8-3.6 (PCTAYP2/3639612 (m
5H), 3.2-3.1 (m 2H), 2.88 (g, J = 7, 2H), 2.13 (m 1H, 1.87 (m 1H),
139(tJ=7Hz 3H), 1.22 (m 1H), 1.02 (t, J = 7Hz, 3H), 10 0.75 (m

200 0049 (Mndtlin o8 (iioRR e b X AVRUE T BRGNS Bt SRIdRR 1 © 2 d

oxadi azolcgrb'@dﬁﬁﬁcteogybéq ,P08Rintd Rapmy) folkiwed by HEBi GtonoBydrae=Q.7¢4.,0 N O
NHN Q ON 15 1 To a solution of

(R -3-cyd Emm@ly94x%mghrﬂa@mnmﬁ§/wagst{r(qd@ﬁ fste61 ﬁememt%%ﬁwdﬁwmutmhm]he

r opi oni D/ n | 0, 41mol ,

B B, oS b idtor ey o Rt sl s TR i SRR hane
(6mL) swasTRé gagubo was tfitRa SfoP QUbthef %4 | KUeX Yen ﬁﬂézbwlmdmrmnﬁ% Gesbq,

0. 82mml, 432ng) foll owed by HOBt nonohydrate é_l 7eq., 0.70mol, §4 2ny) .
The ni xt @r(tﬁnm@ 8G9 @n@dvaatadd@b rﬁhp@ms@lreawasr@nt@ or pBothr s wbzeﬁltctrma

2S) - 2- an. 1,2, 4 oxadl ,
G5my) - wao BBl SR ER e B hEE N PRk 8¢ hERS el rute Y REn
silica- bQMBlﬁlré bf e&ﬁﬂ‘a@&at@@n@ﬁ&atanet% 10RBAP0) toofiford TR m%ﬁ%%WﬁMe dddiedm xture

was stirred for another 2 hours en filtered. The |trate was

concent r atcobiol. ALCAISURMOUNM+pSBDY.i ed over 12g silica gel, eluted with a

m xt Eée §f e%hyl acetate and heptane (2:1 then 1:0) to afford 182 ng (83%
of the d&i§h al cohol . (LC/ M5 100% M+l 536). 10 Step 2

To a solution of alcohol (170mg, 0.32mmol) in 5 mL of dry dichloromethane was added

a solution of Dess-Martin reagent (15%wt. Sol., 2eq., 0.63mmol, 1.80g). The mixture was
stirred at room temperature for 2 hours then quenched by adding a solution of Na,S,0;
(4.0eq., 1.28mmol, 202.4mg) in saturated sodium bicarbonate (30 mL). The aqueous layer
15 was extracted twice with dichloromethane (20mL). The organic layers were dried
(MgSOq) and concentrated in vacuum. The residue was purified over 12g silica gel,
eluting with a mixture of ethyl acetate and heptane (1.5:1 then 2:1) to afford morpholine-4-

carboxvlic acid  {2-cyclopropylmethanesulfonyl-1-[1-(3-phenyl-1.2.4-oxadiazole-5-

carbonyl)-propylcarbamoyl]-ethyl }-amide, a 3:1 mixture of diastereomers, (139mg, 82%).

20 IHNMR (CDCl3): 8.15 (d, J = 7.6 Hz, 2H), 8.0 (d, J = 6.6 Hz, 1H, major), 7.9 (d, J =7
Hz, 1H minor), 7.6 (m, 3H), 6.08 (2xd, J = 6.5 Hz, 1H), 5.4 (m, 1H), 4.95 (m, 1H), 3.8-
3.69 (m, SH), 3.53-3.35 (m, 5H), 3.15 (m, 2H), 2.2 (m, 1H), 1.95 (m, 1H), 1.2 (m, 1H),
1.06 (t, ] = 7.5 Hz, 3H), 0.8 (m, 2H), 0.5 (m, 2H). LC/MS shows 35% M-+1 534 as well
as 65% hydrate M+18 552.
25
EXAMPLE 18

Morpholine-4-carboxylic acid {2-(2-methyl-propane-1-sulfonyl)-1-[1-(3-phenyl-1,2.4-

oxadiazole-5-carbonyl)-propylcarbamovl]-ethyl} -amide




To a solution of alcohol (170ng, 0.32mmol) in 5 nL of dry dichl oronethane
was added a solution of Dess-Martin reagent (15%v. Sol., 2eq., 0.63mmol,
1.80g). TWeogioxtiare was stirred at roomtenperature for 2Chaisoz3dben
guenched by adding a solution of Na2SZC3 (4.Ceq., 1.28mml, 202.4ng) in
saturated sodi um bi carbonate (30 nL). The aqueous |ayer 15 was extracted
twce with dichloronmethane (20m.). The organic |ayers were dried (MSOH)
and concentrated in vacuum The resigque was purified over 12g silica gel,

eluting with a m xture of ethyl ac and heptane (.1.5:1 then 2:1) to
af ford norpholine-4- carboxylic acid {2-cycl oprop

| met hanesul fonyl -1 -[1-(3-phenyl -1 52’@- oxadi azol e- 5-

car bonyl ) - propyl car banoyl |Qet hyl de, a 3:1 m xture of diastereoners,

(139mgy, 82% . 20 1H ( 13) 8.0 (d, J = 6.6
Hz, 1H, major), 7.9 (d,N N , : 6.08 (2xd, J =
6.5 Hz, | H, 54 (m | H), Al o5 ( . 769 , 3.53-3.35 (m

5H), 3.15 (m 2H), “»2-({m 1H), 1. 1.06 (t, J =
7.5 Hz, 3H), 0.8 (m 2H), 0.5 (m 2H). L VB shows 35% M1 534as well as
65% hydr ate Mr18 552. 25 EXAVPLE 18 Mor phol i ne- 4- car boxylic

{ 2- ( 2- metHyy ProgeesineniL # SEilar gRgAIEL 1o FIaIPBlepWeﬁ]S’H"elbuZ uging (R)-3-(2° methyl-

gg‘_?bgég}pg%@ggeir%@’3}@1%-2&@%%%%%%%}“&?&%@ (%mégﬁl \ég%%@ge ing in a

simlar rmangle Bpnﬁteadrpalf E{R).'B o@bl@pﬁ)pblmﬁethweﬁlgfdnﬂe-if(rﬁ&phmliﬂa:yéi earbonyl)-
propane-| -sul fonyl)-2-[ (nmor phol i ne-4-carbonyl)-am no] -propionic acid
( Ref eﬁen@glmcﬁxgﬁ@p@c gs:ld, lﬁsstt%ld t]@ﬁre was prepared morpholine-4-carboxylic acid {2-(2-

(R)- 3- cy el OpnaRVIIELANRRVAY 1103 RRQL A0S 5 CaFRANY! ) S

ani no] - propromrc acid, 1

mor phol i nesdn GAsRmL étffyl?l%}n@de{ 21 RAMR (CDCl3): 8.15 (dd, 2H), 7.95-7.85 (2xd, 1H),

7.45 (m, 3H), 6.14-6.0 (2xd, 1H), 5.35 (m, 1H), 4.90 (m, 1H), 3.70 (m, SH), 3.40 (m, SH),
3.2-3.0 (m, 2H), 2.50-2.30 (m, 1H), 2.30-2.10 (m, 1H), 2.05-1.90 (m, 1H), 1.10 (t, 6H),

10 1.05(t, 3H). MS: 536 (MH™).

EXAMPLE 19
Morpholine-4-carboxylic acid [1-[1-(3-ethvyl-1.2.4-oxadiazole-5-carbonyl)-

propylcarbamoyll-2-(2-methyl-propane-1-sulfonyl)-ethyl]-amide

S O
)Lg(ﬁ o.
/N

To a suspension of the (R)-3-(2-methyl-propane-1-sulfonyl)-2-[(morpholine-4-carbony}l)-

15

amino]-propionic acid (113mg, 0.35mmol, Reference Example 5), (S)-2-amino-1-(3-ethyl-
1,2,4-oxadiazol-5-yl)-butan-1-o0l (0.35mmol, 65mg) and di-isopropylethylamine (1.2eq.,
0.073mL) in dry dichloromethane (7mL) was added PyBOP (1.1eq., 200mg). The mixture



met hyl | - propane- | -sulfonyl)-1-f 1-(3-phenyl-1, 2, 4-oxadi azol e-5-car bonyl) -
propyl car banoyl ] -et hyl -am de. 1H NVR (CDC13): 8.15 (dd, 2H), 7.95-7.85
(2xd, 1 Hwo 0304891 m 3H), 6.14-6.0 (2xd, 1H), 5.35 (m 1HpCTAISOD3(3pg 1H),
3.70 (m 5H), 3.40 (m 5H), 3.2-3.08m 2H), 2.50-2.30 (m 1H), 2.30-2.10
(m 1H), 2.05-1.90 (m 1H), 1.10 (t, 6H), 10 1.05 (t, 3H). Ms: 536 (MH).

EXAMPLE 19 | |
T2 4 oAt AD O 2 1 (anra o syl o spPhedvies N Gasoigpa e
- sul fonylvbia%léwelre feioved mQacumﬂf ant he dgubdub miklufe Wasxtrabledin@inyPaddtatd> To a

suspensi on of the
(R) - 3- ( 2- et tmghniprayseneere-dsigd (BnpO)) azld[tbnmmnurated - aannfhy residue

- d 113
(92} AR iy s 28 iR T oy SSSs TR Reg e & bt 65
and di- 'Qﬁﬁlféapa)féo?lbhW@m&ﬁh&ﬂof@%leohopm%Hlehlo'r&néiﬁéhedi'a@ Bhﬂgdoef%thhﬁﬂe (7m)
was added PyBOP (1 00ng). The m xture WD 03/042197 PCT/ US02/ 36396

88 was stofiDreesMaitin magnnt élrﬁﬂ/evtaSQir,@eQW eTlm ghktureiveas stymeshat iewn WingprerdtaneCO3

| ut latil t
nes extr et S0 e ByadiE gl AR Ly e PR Son *and
then congrOlgahid TH MA&ds By el:r\bﬁ's &xeabEd SithiBsh1peefHagél W@érgﬁh& la@ersgel

eluting with ethyl acetate: dICh oronet hane to afford the 5 desired
al cohol . Waye driedb(Mg$0s) aofl corventadtebimotacin Buqzresidm‘wgﬂrwm‘teﬂmamauded a

| V2 15 2 h
:'([)I lrJt IggnﬂutF%@mi‘[S%r%‘ré%‘%?G&g (S‘Fetét r?é%{%‘c}ﬁ eﬁl@%ﬁéﬁeaég ?e/r‘é\n%ﬁégﬂ)réfa—sol ution
of Na2S2@rbofvifefid [1L[1-(SRIN B Ahx3@idh 185 -cRibe AN RERB}Barba NS I BByl ayer was

extracted with di chl oronet hane. The organic layers were aried (MySO4) and
concent r aremine+1 -sodfoupl)-ethyl-anside (A8mgnad%pPuri fi ed over silica gel, 10 eluted

with a mxture of ethyl acetate and di chl oronet hane to afford norpholine-4-
1H NMR (CDCl3) 4:1 mixture of isomers 7.9 (d, ] = 6.4 Hz, 1H, major), 7.8 (d, ] = 6 Hz,

1H, minor), 6.1 (d, J = 6.1 Hz, 1H, minor), 6.0 (d, J = 6.1 Hz, 1H, major), 5.25 (m, 1H),
15 4.95(m, 1H), 3.74-3.67 (m, 5H), 3.4 (m, SH), 3.2 (m, 2H), 2.2 (m, 1H), 2.9 (q, ] =7.5 Hz,
2H), 2.4 (m, 1H), 2.2 (m, 1H), 1.9 (m, 1H), 1.4 (t, ] =7.6 Hz, 3H), 1.2 (d, ] = 6.6 Hz, 6H),
1.0 (t,J =7.4 Hz, 3H). LC/MS shows 52% M+1 588 as well as 37% hydrate M+18 506.

EXAMPLE 20

20 Morpholine-4-carboxvlic acid {2-phenylmethanesulfonyl-1-[1-(3-phenyl-

[1,2.4]oxadiazole-5-carbonyl)-propylcarbamoyl]-ethyl}-amide




carboxylic acid [1-f

1-(3-ethyl-1, 2, 4- oxadi azol e-5- car bonyl ) - propyl car banoyl ] - 2- ( 2- net hyl -

pr opane- IweuwBhayt -ethyl]-am de (98ng, 57% . 1H NVR ( CDCP@Xx/usnd3aspect ur e of
isoners 7.9 (d, J =6.4 Hz, 1H mmjory, 7.8 (d, J =6 Hz, | H wmnor), 6.1
(d, J = 6.1 Hz, | H, mnor), 6.0 (d, J = 6.1 Hz, 1H mjor), 5.25 (m 1H),

15 4.95 (m 1H), 3y44-3.67 (m 5H), 3.4 (m 5H), 32(mH2H) 2.2 (m 1H),

2.9 (q, J Hz, 2. 4 gog, Hog,NMM2 (m | H), ml 1.4 (t, J
= 7.6 Hz, 3@%(:5“ @H:GRH7 6H) 10(tBO§NH-_ N3N C/ VS
shows 52% M| 58/8v asowel | as 37%hydrate M-18 506. LE 20
Mor phol i ne- 4- car boxylic acid {2- yoHret hanesul fonyl -1 -[1 - (3-ph&nyl | - |
1, 2, 4] oxadi azol e- 5- carbonyl ) - pr opyl Gar banoyl ] -ethyl } -am de WO 03/042197
PCT/ US02/ 36396 89 OH OH NHZ BOCNH\ “/ OH EDC, HOBt, NMWM "~ ~ BOCNH --- O O
N O NOH NH2 pyridine 800C OH BOCNH\ ~ 0 11 /N N TFA, 2Cr,;ld%e 1. EDC,
HOBt, NWMa 0 05,0 OH S=0 EooC
OH
BOCNH\_)\(O\
Sy
TFA, CH,CI,

1. EDC, HOBt, NMM

Step 1

3-tert-Butoxycarbonylamino-2-hydroxy-pentanoic acid (500mg, 2.14mmol) was combined
5  with EDC (600mg, 3.14mmol), HOBt (600mg, 3.92mmol), and N-hydroxy-benzamidine

(292mg, 2.14mmol). Dichloromethane (10mL) was added and then 4-methylmorpholine

(ImL). The mixture was stirred at ambient temperature for 16hours. After dilution with

ethyl acetate (200mL), the solution was washed with water (30mL), saturated aqueous

NaHCO; solution and brine, then dried with MgSO, and then evaporated under vacuum.

10
Step 2



O0r", KNOHTFAH2NO N ON QO HO=r"NHvIY~NN Q O N2 DW
Step 1 3-tert-Butoxycarbonyl am no- 2- hydr oxy- pentanoi ¢ acid (500ng,

2. 14mol )weas/oenwbi ned 5 with EDC (600ng, 3.14mmmol), HOBPCTrAG0nE5396
3.92mmol ), and N hydroxy-benzam di ne 90(292ng, 2. 14mmol). Di chl or onet hane
(10nL) was added and then 4-nethyl norpholine (1nL). The m xture was

stirred te ratu | .0n_ W

acetate ( %uCt 1%(?{8 Sgégﬁu‘??so({ﬁssﬁé’gd\}va@%%%{ev&lg) fl“é\g{ld ﬁlle(S %15)‘ ])”Va‘%g? erdgaﬁt
aqueous SWWI%uﬁ I gyl Was evigtedied uheet WcuimMiRCOheamkR6ldhd &s
evapor at ed under vacuum 10 Step 2 03/ 042197 PCT/ US02/ 36396 90 The

product fubjested toflagsh mgmdwg@@hw ewisifien gg) faleingethyl aeatate)dn giveHe-[bytreny-on was

heat ed at OCf d d
tho res: durot i edipaaten30ratn B ERe he enbT argdFPe uant
et hyl 5acg@g§ﬁ)noq give {1-[ hydroxy-

(3-phenyl'-[1, 2, 4] oxadi azol -5-yl ) - rret hyl ] - propyl }-carbam c acid tert-butyl

ester (290n3 5 (0.83mml ). Step

Lo £+ but i B P ?a‘hha%ﬂ%ﬁaz?ﬁﬁgg%%@ bt e BB R SR G TEa
((]I fryrh)es\gfa%s@figa@mg, Oi4 Bimal} Whé URELITES in! (I, (4HE) MK THAG4HAY wAYaR@@t ed to

2-[ ( Mor pthtamMgcfar Bouy,|the s thrs]wB-ephpongtedra damessul f onyl - pr opi oni ¢ aci d
(200 %LSPmmI ), EDC (200ng, 1.05nmmol), HOBt (200ng, 1.30nmmol) and
CH2C p) were added to the product fromstep 3 above.

4- Met hyI ORI HoNBe-UQbamtiBay 1) YRS nSY sl gk 3tk thdiR sulfonyl-propionic acid (200mg,
0.56mmol), EDC (200mg, 1.05mmol), HOBt (200mg, 1.30mmol) and CH,Cl, (4mL) were
added to the product from step 3 above. 4-Methylmorpholine (0.5mL) was added and the

mixture was stirred at ambient temperature for 2hours. After dilution with ethyl acetate
15  (150mL), the solution was washed with water (30mL), saturated aqueous NaHCOj; solution
and brine, then dried with MgSQO, and then evaporated under vacuum. The residue was
dissolved in dry dichloromethane (10mL) and Dess-Martin periodinane (500mg, 1.2mmol)
was added. After stirring at ambient temperature for 1hour the mixture was diluted with
ethyl acetate (150mL) and the mixture was treated with 0.26M Na,S;0; solution in
20  saturated aqueous NaHCO;. The organic phase was washed with saturated aqueous
NaHCOj; and brine, then dried with MgSO4 and then evaporated. The residue was
subjected to flash chromatography on silica gel (hexane/ ethyl acetate 1:2 to ethyl acetate)

to give morpholine-4-carboxylic acid {2-phenylmethanesulfonyl-1-[1-(3-phenyl-

[1.2.4]oxadiazole-5-carbonyl)-propylcarbamoyl]-ethyl} -amide (40mg, 0.07mmol). 1H
25 NMR (DMSO): 8.79 (d, J=6 Hz, 1H), 8.04 (d, J=8Hz, 2H), 7.65-7.53 (m, 3H), 7.41-7.32
(m, 5H), 7.02 (d, J=8Hz, 1H), 4.96-4.90 (m, 1H), 4.73-4.66 (m, 1H), 4.45 (s, 2H), 3.57-

3.19 (m, 10H), 2.04-1.95 (m, 1H), 1.80-1.71 (m, 1H), 0.95 (t, J=7.6 Hz, 3H). MS: M*+1)
570.

30 EXAMPLE 21



m xture was stirred at anbient tenperature for 2hours. After dilution with
ethyl acetate 15 (150nL), the solution was washed with water (30nL),
sat ur at edvagaea@ig7 NaHCO3 sol ution and brine, then dried wcrhisMysdds and

t hen evaporated under vacuum The resildue was dissolved in dry

di chl or onet hane (1 Or) and Dess- Ivartl n periodi nane (500ng, 1.2mmol) was
added. After = f 1

diluted with - ace St

Na2S2G8 sol ution i Rrg 1&%%@116%1@@%%@%%1 eﬂakvﬁ zﬁﬁﬁ@nl c phase was
washed with saturated aqueous NaHCO3 and brine, then dried with MgSO4 and
then evaporated. The residue was subjecktgd to flash chromatography on
silica gel (hexane/ ethyl acetate 1:2 { i
nmor phol i ne-4-car boxylic acid {2-phenylaet he
[1, 2, 4] oxadi azol e-5- car bonyl ) -pro ar bamnoyl | - et hyl }-am de (40ny,
0.07nmol ). 1H 25 NVR (DMSO): 8.79 =6 Hz, 804(d J=8Hz, 2H),
7.65-7.53 (m 3H), 7.41-7.32 o(m 7020(d J8Hz 496490(m

1H), 4.73-4.66 (m 1H), 445/{]} 57- 19(m 1OH) 2.04-1.95(m
1H), 1.80-1.71 (m 1H)d/0’\9ﬁ (Mr+1)  570. 30 EXAMPLE
21 WD 03/042197 PCT/ USQ2/ 36896 H91 rphoi i ne |4 g rboxyl ic acid {

1-11-(3-ethyl -[ 1,2, 4l vazol e- 5- Q@r borfyl ) - N
propyl car banmoyl | - 2- phenyl net hanesul fon 1Y ethyl }-amde OSSO OO H NO%
~N QJ H OI N By proceeding in a simlar manner to that described in

Exanpl e 9%&@% gyahﬁgf némyelh h{h%aeseﬁeéa &nmrg@eezd et Qbing

N-hydroxy nzam di ne 1n ere was
mor phel i Nehidroy-p@sionamidite dns{téad[ af NBhgirdwl- be[dzalﬂldfil]le)XIadi@Z b) thebe @agbonyl ) -

prepared morpholine-4-carboxylic acid {1-[1-(3-ethyl-[1,2.4]oxadiazole-5-carbonyl)-

propylcarbamoyl]-2-phenylmethanesulfonyl-ethyl}-amide. 1H NMR (DMSO): 8.73 (d,

J=6.4Hz, 1H), 7.40-7.33 (m, 5H), 7.01 (d, J=8Hz, 1H), 4.88-4.82 (m, 1H), 4.71-4.65 (m,

1H), 4.47 (s, 2H), 3.57-3.24 (m, 10H), 2.81 (q, J=7.6Hz, 2H), 1.99-1.88 (m, 1H), 1.75-1.64
10  (m, 1H), 1.26 (t, J=7.6Hz, 3H), 0.92 (t, J=7.6 Hz, 3H). MS: (M++1) 522.

EXAMPLE 22
Morpholine-4-carboxvlic acid {1-[1-(5-ethyl-[1,3.4]oxadiazole-2-carbonyl)-

propvlcarbamovl]-2-phenylmethanesulfonyl-ethyl}-amide

~s=o
0
PN ri
SAA PR A

15

By proceeding in a similar manner to that described in Example 1 there was prepared

morpholine-4-carboxylic acid {1-[1-(5-ethyl-[1.3.4]oxadiazole-2-carbonyl)-

propylcarbamoyl]-2-phenylmethanesulfonyl-ethyl}-amide. 1H NMR (DMSO): 8.64 (d,
J=6.8Hz, 1H), 7.42-7.32 (m, 5H), 7.02 (d, J=8.8 Hz, 1H), 5.04-4.96 (m, 1H), 4.62-4.72 (m,




propyl car banoyl | - 2- phenyl net hanesul f onyl - et hyl }-am de. 1H NVR (DMSO): 8. 73
(d, J=6.4Hz, 1H), 7.40-7.33 (m 5H), 7.01 (d, J=8Hz, 1H), 4.88-4.82 (m
1H), 4.7w0.0864211 1H), 4.47 (s, 2H), 3.57-3.24 (m 10H) pc2/uB02/§4396
J=7.6Hz, 2H), 1.99-1.88 (m 1H), 1.7%21.64 10 (m 1H), 1.26 (t, J=7.6Hz,
3H), 0.92 (t J=7.6 Hz, 3H). MS: (M++1l) 522. EXAMPLE 22

Mor phol i gg;) z‘r{’i{ebgé}é%'éﬁ 3%'(91{10111) Bloe(@; Rz bry, 1.89-1.79 (m, 1H), 1.72-1.60

1, 3, 4] ox arbonyl
propyl car amac| L I NO NH
of ( ﬁfﬁigﬁpég ée mgql frz%g%s?n}Wég} J%zzﬁ%o t'hat gg'lsﬁll)bed in
Exarrpl e 1536here was prepar ed nor phol i ne-4-carboxylic acid {1

11-(5-ethyl -1, 3, 41loxadi azol e- 2- car bonyl ) -

propyl car banoyl | - 2- phenyl net hanesul f onyl - et hyl }-am de. 1H NVR (DMSO) : 8. 64
(d, =6.8Hz, 1H), 7.42-7.32 (m Mg 3(d, J=8.8 Hz, 1H), 5.04-4.96 (m
1H), 4.62-4.72 (m WD 03/042197 6396 92 1H), 4.47 (s, 2H),

3. 64- 3. 24 (WMorpHatihe-42aBfox(lic acld 11§ HL5-tettbutylLl[ 1804 bxddiatale-2ddihonil)-72- 1. 60

(m 1H), 1.38-1.16 (m _2H), 129(t J76Hz 3H) 089(t J=7.2 Hz, 3H).
M5 (M++1) 536. 5 Peopxigartanoylx ol 1onylel aded { 1-]
1-(5-tert-butyl-[ 1,3, 4l oxadi azol e- 2 bonyl)-

propyl car banoyl | - 2- phenyl net hanesul f o e

By proceeding in a similar manner to that described in Example 1 there was prepared

10  morpholine-4-carboxylic acid {1-[1-(5-tert-butyl-[1.3.4]oxadiazole-2-carbonyl)-

propylcarbamoyl]-2-phenylmethanesulfonyl-ethyl}-amide. 1H NMR (DMSO): 8.63 (d,
J=5.2Hz, 1H), 7.26-7.46 (m, 5H), 7.02 (d, J=8.8 Hz, 1H), 4.98-5.08 (m, 1H), 4.62-4.72 (m,
1H), 4.48 (s, 2H), 3.24-3.64 (m, 10H), 1.76-1.92 (m, 1H), 1.58-1.74 (m, 1H), 1.39 (s, SH),
1.16-1.38 (m, 2H), 0.89 (t, J=7.6 Hz, 3H). MS: (M*+1) 564.

15
EXAMPLE 24

Morpholine-4-carboxvylic acid {2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-[1.1-

dimethyl-2-0x0-2-(5-pyridin-3-vl-[1,3,4]oxadiazol-2-yl)-ethylcarbamovyl]-ethyl}-amide

g

F



NO NHOQ ONO\ By proceeding in a simlar manner to that described in
Exanple 1 there was prepared 10 norpholine-4-carboxylic acid { 1-[

1- (5-t ertwbuwBmh21d7 1, 3, 41 oxadi azol e- 2- car bonyl ) - PCT/US02/36396

propyl car banoyl | - 2- phenyl met hanesul fosrsyl -ethyl -amde. 1H NVR (DMSO): 8.63
(d, J=5.2Hz, 1H), 7.26-7.46 (m 5H), 02(d J=8.8 Hz, 1H), 4.98-5 08(m
1H), 4.62-4.72

1H)’ 1 5 )’i)reﬁpe%l nifu_logPrm!Lar mérstoé%t deSCilbi%l 3E€a§1p1g? tlﬁ!ﬁl_QV'aBp (ng -
di fmmlngy ph%égl I\ﬁlﬁlgsgz‘??f( QL!L?E?% ?i%ﬁa(ﬁ(ydd C acid

{ (2

di met hyl 82309 c?,t% ldleH-1375Yﬂz- 1=6.7Hz), 742(2H m), 7.3- 72(2H m) 7. 07(1H

1, 3, 41 oxadi azol 8/ ethylcarb I'l'-eth -am de FyF "'S=0 OO H

N O N ObJH7¢ 1Kizyi NLVeB 682 A7 7L @802/43‘&@16 5)93351§y4(ﬂ)H0@éed| ng in a
m

NSO d) %S“oﬁé@%ﬁrﬁ>2§‘5ﬁﬁ§@ﬁgm3§€i#ﬁgfl5§ s eﬂ?ﬁ!@f PR L. 5 as(1n

S

(

d, t)7.68(1H, dd, J=1.75Hz, J=6.7Hz), 7.42(2H, m), 7.3-7.2(2H, m, 7.07(1H
t. J=74.1Hz), 6 76(1H, d, J =8, 6Hz, NH) | 4746(1H m, 4.45(2H, s),
3.5-3.4(4H, n), 5 3.38-3.2(2H, n), 3.2-3.1(4H, n), 1.52(6H, s). M

635. 6( M 1), 637.4(M1).



WO 03/ 042197 PCT/ US02/ 36396 94 EXAMPLE 25 Cathepsin S Assay Sol utions of
test conpounds in varying concentrations were prepared in 10 L of 5

di met hyl woloBoxiige (DMSO and then diluted into assay buf fPem/usdDsdsge
conprising: MES, 50 nM (pH 6.5); EDMA, 2.5 mM and Nad, 100 mV). Hunan
cathepsin S (0.158 pMdoles in 25 L of assay buffer) was added to the
dilutions. The assay sol utions \AE@%AM q%d or 5-10 seconds on a shaker

pl ate, covered and incubated for mnuteés at anbient tenperature.
Z-Val - Val - Arg- AMC (9 nMbl es in ZatHepsih Saassay buffer) was added to the 10
assay sol utions and hydrol ysis was foll owed spectrophotonetrically at (?,
460 nm) for 5 mnutes. Apparent inhibition constants (K) were calcul ated

f h . d
EPLE 26 1 SoBPRERERR catRbUEs S ithelie RS R el I ARk an TRATaTy i ng
conceaqt r atﬂﬁétﬂﬁ sWBEﬁdp I?M@(? dnd ﬂleﬁ Qitlite@finto g&ﬂ? Bﬁ'ﬁfé:r @1 cedntististHPMBfds,and t hen

diluted into assay burf L, conprising

bi s(2- hy 80 M &pHWl9); Iﬂaﬁmmﬁmﬂ\m;amdm dr@DmM@nIdmﬁBEﬁ)hepﬁﬁSr(Mlﬁ&bl\/B)es 20

pol yoxyet hgl enesor bitan nonol aurate, 0.05% and dithjothreitol (DIT), 2.5

m\) . Humith25 ehtofagsay Ruler) wae%@esmth@éhtuﬂm@s Thegpsayselufions Weremixghioradded t o

the dil ”%'HPE ohlie oﬁ‘ssé% gia;.’é 'c%ggret‘teén% ciit?a‘i! d 9 ?o%? @%E%P%r[b%}na shaker
u es n enperature

pl at e, cdver &4 cand I 'nc m nu anbi e

Z- FR- AMCdmferativ). s VanvatAte-AM oleyid 29 me@saﬁstdwﬂ) Wes ddded esmay
solutions and hydrolysis was foll owed spectrophotonetrically at (X 460 25

nm) 10r Bssay sotutens ayddwdenlysis whs fmllpwoﬁ spastrophaiometiically %td?»é‘@am@dbaﬁ ed from
t he enzyne rogress curyes usi standard the tic nodel s

031 04215 Fipeshr BB ST Be Bgtlis E0D FercaTRUBER ToR Re ST RE PG Os of
test conpeHRdSsihdstAdrd RAHANEEN hidHelONs were prepared in 10 L of

EXAMPLE 26
15 Cathepsin B Assay

Solutions of test compounds in varying concentrations were prepared in 10 pL of

dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 pL, comprising: N,N-
bis(2-hydroxyethyl)-2-aminoethanesulfonic acid (BES), 50 mM (pH 6);

20  polyoxyethylenesorbitan monolaurate, 0.05%; and dithiothreitol (DTT), 2.5 mM). Human
cathepsin B (0.025 pMoles in 25 pL of assay buffer) was added to the dilutions. The assay
solutions were mixed for 5-10 seconds on a shaker plate, covered and incubated for 30
minutes at ambient temperature. Z-FR-AMC (20 nMoles in 25 pL of assay buffer) was
added to the assay solutions and hydrolysis was followed spectrophotometrically at (A 460

25 nm) for 5 minutes. Apparent inhibition constants (K;) were calculated from the enzyme

progress curves using standard mathematical models.



5 dinmethyl sulfoxide (DVSO and then diluted into assay buffer (40 L,
conprising: MES, 50 mM (pH 5.5); EDTA, 2.5 nM and DTT, 2.5 mM. Hunman
cat hepsi rwi 030401906 pMles in 25 L of assay buffer) was addasor/ss3vhe
dilutions. The assay solutions were 9% xed for 5-10 seconds on a shaker

pl ate, covered and incubated for 30 m nutes at anbient tenperature.

Z- Phe- Arg- AMC (4 nMbles in 25 L ffer) was added to the assay 10
sol utions and hydrol ysis was fol ﬁ%ﬁ?\%&@ﬁ@& rophotonetrically at (2 460 nm
for 5 mnutes. Apparent inhibiidaRpaaRSASRAYS (K) were calculated fromthe
enzyme progress curves using standard mathéematical nodels. EXAMPLE 28 15
Cat hepsin L Assay Solutions of test conpounds in varying concentrations
were prepared in 10 L_of dinet

(py.l sul f oxi de DI\/BC\)% and t hen 9 | ut ef\d into
assay buffer E2tions ebiihcoTIPARR SI\%ES?W“’@(YOFWDC%PP@. §re PEABHRd ] @um f?nd
DIT, 2.5 i : i L

was. agded Ty HTEE A0SR bl ineh dubisa RIS oy BTG L obip R NAEY 1)

seconds G0 mMS{HEKS5);PERTA, 260MB;echdaDTT] PSubm)e diifin 3AhdPsiK €8.0806 anbi ent
tenperature. Z-Phe-Arg-AMC (1 nMles in 25 pL of assay buffer) was added to

t he assapMdes int25ads obassanbefifes) wes sddeddo s dibwieds.s hbe agsap hajutionstwéreal |y at
(A. 460 n r m nut es. arent _inhibitio stants (K e

ol cul at ke Bhr RG-S Foo PR ot oL b haRalS B ¥ M i cal
model s.  (onpeunds 708hdl A ARCEQALIMAeNRS | I1E5(8¢hy 3G EEN) WalFdded td 18 assa%_ _
above-descri bed assays Tfor protease inhibitioh and observed to exhibit
sel et0i veolaadrizeynd hpdrBlysis lwab ifdllmwed apdctropliotométacallyet éopétenm]) foesS eangeinds  of

the invention were found to inhibit cathepsin S protease activity at
concent r 2APRSFFE friition eonplants (K tyeregalpulatedfrom the eNRERGPIOGIFEHYeA PR S

required RauGe iactive inhibition of cathepsin K protease
act i vi ty.swﬁégggg{ig)arent Ak 0N WO 03/042107 PCT/ US02/ 36396 06 const ant s

(K) for conmpounds of the invention, against Cathepsin S, were in the range
from about 10-1 OMto about 10-7M 5 EXAMPLE 29 Representative
Phar maceut i cal Formul ations Cont FRNFLE Enpound of

15 Cathepsin L Assay

Solutions of test compounds in varying concentrations were prepared in 10 pL of
dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 pL, comprising: MES,
50 mM (pH 5.5); EDTA, 2.5 mM; and DTT, 2.5 mM). Human cathepsin L (0.05 pMoles

20  in 25 pL of assay buffer) was added to the dilutions. The assay solutions were mixed for
5-10 seconds on a shaker plate, covered and incubated for 30 minutes at ambient
temperature. Z-Phe-Arg-AMC (1 nMoles in 25 pL of assay buffer) was added to the assay
solutions and hydrolysis was followed spectrophotometrically at (A 460 nm) for S minutes.
Apparent inhibition constants (K;) were calculated from the enzyme progress curves using

25  standard mathematical models.

Compounds of the invention were tested according to the above-described assays
for protease inhibition and observed to exhibit selective cathepsin S inhibitory activity. For
example, the compounds of the invention were found to inhibit cathepsin S protease
activity at concentrations that are least 50 fold less than those concentrations required to

30  produce an equiactive inhibition of cathepsin K protease activity. The apparent inhibition



Formula I ORAL FORMULATI ON 10 Conpound of Formula | 10-100 mg Citric Acid
Monohydrate 105 ng Sodi um Hydroxide 18 ng Flavoring Water g.s. to 100 nL
15 | NTRAVEN@EIS4ACRMULATI ON Compound of Formula | 0. 1-10 moTDESe/3633€
Monohydrate g.s. to nmake isotonic Ci%%ric Acid Monohydrate 1.05 ng 20
Sodi um Hydroxide 0.18 ng Water for Injection q.s. to 1.0 nL TABLET

FORMULATI ON Conpaound of Fo a.Jl 1% 25 Mcrocrystalline Cellulose 73%
Stoar | o ARG Toutareouafs Sy bxchlon g R nST ST U  o7 v
(I-:lLAI M 1ab6?‘1t(i8%ﬂjt%dab8{c1t f(p-yl\qul a(l): 5 X2R3 ~iS(02 X R0 a1l RANN X3

5 EXAMPLE 29
Representative Pharmaceutical Formulations Containing a Compound of
Formulal
ORAL FORMULATION
10 Compound of Formula I 10-100 mg
Citric Acid Monohydrate 105 mg
Sodium Hydroxide 18 mg
Flavoring
Water g.s. to 100 mL
15
INTRAVENOUS FORMULATION
Compound of Formula I 0.1-10 mg
Dextrose Monohydrate g-s. to make isotonic
Citric Acid Monohydrate 1.05 mg
20 Sodium Hydroxide 0.18 mg
Water for Injection q.s. to 1.0 mL.
TABLET FORMULATION
Compound of Formula I 1%
25 Microcrystalline Cellulose 73%
Stearic Acid 25%

Colloidal Silica 1%.



O R23 Rea (1) wherein: 10 X1 and X2 are both nmethylene or X1 is ethylene
and X2 is nethylene or a bond; R3 is -CR5=CHR6, -CR5(CR63)2 , -CR7=NR8, or
(C3_12) cywlbaalokyb7 wherein R5 and R6 are independently hydcagen2/e639¢ C
1.4)al kyl or R5 and R6 together with 27he atons to which R5 and R6 are
attached form (C3_12)cycl oal kyl, hetero(C3_12)cycloal kyl, (C6_12)aryl,

het ero(C%Vi_: aryl, (C9_12)bicycloaryl or hetero(C8_12)bicycloaryl and R7
and 15 RS r with the atons to which R7 and R8 are attached form
het ero(C3_12) cycl oal kyl, hetero(C5_12)aryl or hetero(C8_12)bicycl oaryl,
wherein R3 optionally is substituted by 1 to 5 radicals independently

sel ect ed fromAcgnpumdedkeitselafh: of (C 1.4)al kyl, cyano, hal o,

hal o- substituted (Cl.4)al kyl, nitro, -X4NROR9, -X40R9, - X4SR9,

- X4C(O) NROR9, -X4C(O OR9, -X4S(O R10, -X4S(0O 2R10 and - X4C(O R10, wherein
X4 isga bond or 20 (C 1.2)al kylene, R9 at each occurrence independently is
hydrogen, (C 1.3)al kyl or halo-substituted (Cl-3)al kyl and R10 is
(Cl-3)al kyl or halo-substituted (Cl.3x&’kyl; and R4 is -C(O) X5R11 or

-S(0O 2X5R11, wherein X5 is a bond, -04 or -NR12-, WO 03/042197

PCT/ US02/ 36396 98 wherein R12 is hyds@gen or (CL.6)alkyl, and R11 is (i)
(Cl.6)al kyl optionally substitutedx"by -©R1 -SR13, -S(O R13, -S(O 2R13,
-C(OR13, -C(OOR13, -C(O NR13R14, -NR14C( O R13,

- NR14C( O) OR13, _NR14C( O) NRL3RIRE or 4)NR13R14, wherein Rl13 is
(C3_12) cycl oal kyl (0. 3) al kyl, 5 Met enjo( cl oal kyl (CO. 3) al kyl,
(C6_12)aryl (C0. 3)al kyl, het ero(C%_lZ)Oar YR 4 3) al kyl ,

(C9_12) bi cycl oaryl (CO. 3)al kyl or hetero(C8_12)bi cycl oaryl (CO. 3)al kyl and
R14 at each occurrence independentlyd)s hydrogen or (CL. 6)alkyl, or (ii)
(C3_12)cycl oal kyl (C0. 3)al kyl, heter o% C5_12) cycl oal kyl (CO. 3) al kyl,
(C6_12)aryl (CO. 3)al kyl, hetero(C5_12)aryl (C0O. 3) al kyl,

(C9_12) bicycl.oaryl (C0. 3)al kyl or hetero(C8_12)bi cycl oaryl (C0. 3) al kyl or
(iii) 10 ‘%é‘?l%) cycl oal kyl (€0. 3)al kyl, hetero(C5. 6)cycl oal kyl (0. 3) al kyl ,

Pasls - xbc ek Al B EREal O K or b S S Rty s,

- X6NR15R16,  R3js CRS=CHRS,-CR5(CRO3); , -CR7=NRS, or (C3.12)cycloalkyl, wherein RS

and RO are independently hydrogen or (Cq.4)alkyl or RS and RO together with the atoms
to which R3 and RO are attached form (C3.12)cycloalkyl, hetero(C3.17)cycloalkyl,
(Cg-12)aryl, hetero(Cs.12)aryl, (Cg.12)bicycloaryl or hetero(Cg.1 2)bicycloaryl and R7 and
15  R8 together with the atoms to which R7 and R8 are attached form hetero(C3.17)cycloalkyl,

hetero(Cs.12)aryl or hetero(Cg.12)bicycloaryl, wherein R3 optionally is substituted by 1

to 5 radicals independently selected from a group consisting of (Cj.4)alkyl, cyano, halo,
halo-substituted (C1.4)alkyl, nitro, -X4NRIRY, - X40OR9, -X4SRY, - X4C(O)NRIRY,
-X4C(0)OR?, -x4S(0)R10, -X45(0),R10 and -X4C(O)R10, wherein X4 is a bond or
20 (Cjp)alkylene, RY at each occurrence independently is hydrogen, (Cjp.3)alkyl or
halo-substituted (Cq.3)alkyl and R10 s (C1-3)alkyl or halo-substituted (C1.3)alkyl; and

R4 is —C(O)XSR11 or —S(O)2X5R1 1 wherein X5 is a bond, -O- or -NR12-,



- X6NR16C( 0) R15, _X6NR16C(O) OR15, - X6NR16C(O NR15R16, _X6NR16C(0O) OR16,

- X6NR16C( NR16) NR15R16, wherein X6 is a bond or nethylene, 15 R15 is

( C3. 6) cycwoakyi1pO. 3) al kyl, hetero(C5. 6) cycl oal kyl (CO. 3) ®chyis02/36396

phenyl (CO. 3)al kyl or hetero(C5.6)ary98( C0. 3) al kyl and R16 is hydrogen or

(Cl.6)al kyl; wherein R4 optionally further contains 1 to 5 substituents

whi ch when occurring within an alicyclic.or aromatic ring systemare

radi cal s vfhmxpgﬁ eerhydyogmoeé%d)aﬂwb@n%g}m@ Eareelsyl apgiondlly sabtitatpd| kyl |

(CL. 6)al kyl i dene, hal o, nitro, hal o-substituted (C1.3)al kyl

- X6NR17Rby,- ROl Y, xsm%lé,?{s(o»nﬁ,lS(O)@NIQ;LFC((O)Mlmm)OR}éstw@NiéHH\m7R 7,

- X60R17, -X6SR17, -X6C(0O OR1l7, -X6C(O NR17R17, _X6S(0O) 2NR17R17,

- X6P( 0) (ORYRIBRIY, - XQRRECIOREES) ORINR 140(6)BRY 8] MRHE OYNRSHORLS or

- X6S(O) 2R18 and - XGC(O) R18 and when occurring wthin an aliphatic noiety

are radi-omBdeRdApmRBIRI4y seliegsied fRIGM aigr o pgaﬁdl@dlkyﬂg:(pj)alkylano

hal o, nitro, -NRL7R1l7, 25 -NRL7C(O) OR17, -NR17C(O NR17R1

- NRL7 §( NREB}I(B 1 Rt cloal R, 3 )aBRL (G WIaBRCH4 RIS, mcéfaﬂ(ﬂsqaba%ﬁe%s)amsl
-C(0)0OR17, -C(O)NR17R17, -S(0)2NR17R17, -P(0)(OR17)0R17, -0OP(0)(OR17)0R17,

- NRL7C( 0)(8%5;2)1)1@6@)184@;0 G SRiSera(Tk. Igﬁ@}&&ﬁyl(@/@?,ya@ W and®R i4sataeabpnd or

(C1-6)al kyl'ene, R17 at each occurrence 1 ndependent i's hydrogen,

(Ci-6)al ontburmhc&ﬁnkiq:e&aaﬁltyni hljzc&dge@@l{@) gakyl, oa(u; (B@Qz)cyclbﬂkylm@j)hﬂtb’l or
hal o-substituted 5 (C 1.3)alkyl; R20 is selected fromthe group consisting

of hydr ogetero(C:13)cHladlkyl(Co.3)eIB3k (23, )iy E kIR alsylary(Co 3)aly
het er o( C5- 12) cycl oal kyl (CQO. 6) al kyl , (C6- 12% yl (0. 6) al ky or

het er o CSCQZ)Z)imgyICKOml(QOQJ)kWM Rp3 hetsralERag b@d'chamiﬁ@wx)ﬁldfgbn or (CL(@)al kyl ,

al koxy(C 1 -3)al k hal o(C 1 -3)al k & 12) cycl oal kyl (CO 6) al kyl ,

het edB( cscaz)qyy@aﬁ/;a (Qnga@s»dﬁ)bﬁtekcgips 6{‘@610@‘)’5 9i30aticyle aemy}(Co-piakyl or

het ero( C5-12) aryl (CO. 6) al kyl optionally sugstl tuted w th am no, HC(O) R15
or -R15 hatver(Eisi)dR46C(.3)alky] deststititet! hovEOORAd, RONOSRIXel R1%

hydrogen or (Cl.6)al kyl; or R23 and R24 taken together with the car bon atom

to whi ch bigg o%aﬁ Sanokm(@)Ris aned CG{OY@R b d - KOCIONIBL W 16y cl ek 3reke or
(C3-8) het erocycl oal kyl ene;
-XONRI6C(O)R1S, -X6NR16C(O)ORI5, -X6NR16C(O)NR15R16,
-X6NR16C(O)OR16, -X6NR16C(NR16)NR15R16, wherein X0 is a bond or methylene,
15 Rl5is (C3.g)cycloalkyl(Cq.3)alkyl, hetero(Cs.g)cycloalkyl(Cq.3)alkyl, phenyl(Cq.3)alkyl
or hetero(Cs.¢)aryl(Cg-3)alkyl and R16 is hydrogen or (C1-¢)alkyl; wherein R#4 optionally
further contéins 1 to 5 substituents which when occurring within an alicyclic or aromatic

ring system are radicals independently selected from a group consisting of (C1.g)alkyl,
(Cq.g)alkylidene, cyano, halo, nitro, halo-substituted (Cj.3)alkyl, -XO6NR17R17,
20 -XO6NR!7C(0)OR!7, -X6NR17C(O)NRITR17, -XONR17C(NRI7T)NR17R17,
-X60R17, -X6SR17, -X6C(O)OR17, -XOC(O)NRI7R17, -X6S(0),NRI7R17,
-X6P(0)(OR18)0OR17, -X60P(O)ORI)OR17, -XONRI7C(O)RIE, -XO6S(O)R!S,
—XGS(O)zR18 and -XO6C(O)R18 and when occurring within an aliphatic moiety are
radicals independently selected from a group consisting of cyano, halo, nitro, -NRI17R17,

25 -NR17c(0)0R!7, -NR17C(O)NR17R17, -NRI7C(NRI7)NR17R17, -OR17, -SR17,



X3 is selected fromgroup (a), (b) or (c¢); ~'xy Y | Res friR2Z5 X /R25 -
Z' XN (a) (b) (c) 20 wherein Xis 0 and Yis N, R25 is selected from
hydr ogen, wp@so@&)1af kyl , (C3-12)cycl oal kyl (CQ. 6) al kyl , PCT/US02/36396

het er o( C3- 12) cycl oal kyl (CO. 6) al kyl, (986-12)aryl (C0-6) al kyl,

het er o( C5-13) aryl (CO-6) al kyl , - X4NHRL15, -X4S(0)2R26 or

- X4C(0) Rl?NRlD%O) R17 wherein %5 R17 and X4 R&ée as descri b@d a?

03/ 042197- BOYOBIF2/ 3639K0) 6 i s sS(QEMNRL7R!&m t he BEOHOR Ko0B; tlng of
hydrogen, (C 1.6)alkyl, (C3_12) cycl oal kyl (CQ. 6) al kyl

het er of caomwmb%)tmw (CREIGIRRLS, (Sp0)RIB, asy0H RS eymzyo)RlS wherein
hetero(C5_12)aryl (CO. 6)al kyl, (C9_ 12) bi cycl oaryl (C0. 3)al kyl and hetero(C

g_ 12) - bixggd Qaaoﬁh(mc%)@ﬁkmxhe 10l WaesfhbbdereBptih@p@hdsntlyus tyafogemnt ai ns 1

to 5 substituents which when occurring within an alicyclic or aromatic

(c1 Z)VZT R GHSEN Tl TR L DRIRY aRFRTS 10 1 e IR ERIRED "0

(C1. 3)15 k(ﬁ ﬁgNRl?Rl? - X6NRL7C(O) OR17, - X6NRL7C(O) NRL7R17,
- X6NR F%f‘%‘")‘ 17R17, -X60RLl7, -X6C(O)Rl7, 10 - X60R15, - X6SR17,

:§28(p?qo?ééé)' 9 NERER oo S CL DR s GTRUAEE) @By
1 G S R RO 1o

-NR17C( O -NR17C( NR17) NRL7R17, -OR17, -SR17, 15
-0 &;%?a%cﬁﬁga%@m&gimm7m7q - P( og (ORL7) ORL7, -OP(O) (ORL7)ORL7,

-NR17C(O)R18, 23( ) 2 G Ri&nwvithensiko. niib heyvl.R18 and
X6 are as desc$| blg Eﬁ%gtggggﬁ%}%ﬁ&& E@I 6) k‘?) y(’@l S, ?C1§§]a ¥
10 (C3z.12)cycloalkyl(Cp.g)alkyl, hetero(Cs.12)cycloalkyl(Co.g)alkyl, (Ce.12)aryl(Co.)alkyl
and hetero(Cs.12)aryl(Co.g)alkyl optionally substituted with amino, -NHC(O)R15 or -R15
wherein R15 is as described above; and

R24 is selected from hydrogen or (C1.¢)alkyl; or

R23 and R24 taken together with the carbon atom to which both R23 and R24
15  are attached form (C3.g)cycloalkylene or (C3.g)heterocycloalkylene;

X3 is selected from group (a), (b) or (c);
X Y S&Y
§|/ />_R25 §|/ \>_R25 />_R25
() (b) (©)

20 wherein X is O and Y is N;
R25 is selected from hydrogen, (C1-g)alkyl, (C3.12)cycloalkyl(Cq.g)alkyl,
hetero(C3.12)cycloalkyl(Co.)alkyl, (C6.12)aryl(Co-g)alkyl, hetero(Cs.13)aryl(Co.6)alkyl,
X4NHR!15, -X4S(0),R26 or -X4C(O)RI7NR17C(O)R17 wherein R15, R17 and X4

are as described above;



a derivative of said conpound selected fromthe group consisting of N-oxide
derivatives, prodrug derivatives, protected derivatives, isoners, and

m xtures whms@aers 20 of said conpound; or a phar maceut ipcalusy2/aaseept abl e
salt or solvate of said conmpound or 18@id derivative. 2. A conpound of
claim1 wherein: XI and X2 are both nethylene or Xl is ethylene and X2 is a
bond; 25 R3 is -CR5 CHR6, -CR5(CR63)2, -CR7=NR8, or (C3_12)cycl oal kyl,
wherein R5 anB %lsarselepﬁde[ﬁ@mleﬂml )grdw)droogestutg ¢fC hydmgan k (C1 gpalkB, and R6
together with the atons to which R5 and are attached form

( C3_12) cylomiploalkylt6o-532 i Weterﬂ&aawmalm&m galkub (661 papi@p-6)alkyl,

PCT/ US02/ 36396 101 or (C9-12)bicycloaryl and R7 and R? together with the
atons to heerelC Rl Cos)aky, attache@%kiﬂll’m’fé‘?%ﬂé@w Haryl; whthkin

W t hin an ycl.qal k teroaryl or bicycloaryl group nay be
subst i tut]é‘ﬁer&[(fg 2)-higye apé\g}c(zﬁlag(yrndependent |y selected froma group
consisting of 5 (Cl-4)al k%/ cyano, hal o, hal o- substl tuted (Cl14)al kyl,

- X40R$ and - X4C( O) Owbereli pﬂcmlly Gurthep gpriaigs 1(tg S1substitapmty wheh RO at

(L 3y al 101c gk 00T BF AR B iy 1yt Rsterh RGP HRUGBURERLS e
-NR12-, i | yatkyli in 1{5& 6) al kyl
or (ii) %glﬂLg erdf-ﬁ})2 do?%%?gglmkj&r (2{&?136%?@3?4 1(%2&12%%&(;/??(&%)) 31§ al kyl) o

het 3) al 12) hi 1yl ( CO- 17 17,
et CRBRINED. ) g, 12 bt e, (- shialTo0x

P%STR‘;&CS ﬁi@é? ?ﬁ%wﬁ?ﬁ) 4 %ﬂ%&ﬁgﬁ) PR bk e byt ene.
R15 i (? s 6)3)% Q hg@y@p(ﬁ W@Rhﬁlgn@ml kﬁsﬁmhﬂle RIS

hydr ogen or rern Wt 4 "any ali cyclrc™or ar omatic

From a ar oo RO %(@@R@éﬁlﬁ’a?oﬁﬁ? X6 gepeﬁx%@hﬁgse' seted
- X6C( O OR1 1

i ndg_f)e)ndeﬁ I6y gﬁl )“gegg(n ?&% ?Xﬁ%ﬁ x\(ﬁ%gl‘% st Irtu g@&?ﬁ&g E;feand
Ri8 is ( Cr]éd@d% llrlfd%pendent?y se?ec?e%% trr|1 5‘&0%8 cgnmsti%% of c;//ano, halo, nitro, -NR17R17,

-NR17¢(0)0R17, -NR17C(O)NRI7R17 -NR17C(NR17)NR17R17, -OR17, -SR17,

15 -C(O)OR!7, -C(O)NRI7R17 -S(0),NR17R17, -P(O)OR17)OR17,
-OP(O)OR!7YOR17, -NR17C(O)R18, -S(O)R18, -S(0),R18 and - C(O)R!8, wherein

R15, R17, R18 and X6 are as described above; or
a derivative of said compound selected from the group consisting of N-oxide
derivatives, prodrug derivatives, protected derivatives, isomers, and mixtures of isomers
20  of said compound; or a pharmaceutically acceptable salt or solvate of said compound or

said derivative.

2. A compound of claim 1 wherein:
X! and X2 are both methylene or X1 is ethylene and X2 is a bond;
25 R3 is -CR3=CHRY, -CR3(CRY3), -CR7=NR8, or (C3.12)cycloalkyl, wherein R>
and RO are independently hydrogen or (C1.4)alkyl or R and RO together with the atoms

to which R and RO are attached form (C3.12)cycloalkyl, (Cg.12)aryl, hetero(Cs.12)aryl



20 R20 is hydrogen or(C 1-6)al kyl; R23 is (Cl-6)al kyl or

(C6-12)aryl (CO-6)al kyl; R24 is hydrogen or (Cl-6)alkyl; X3 is y or vy
wher ei n XWD930421911 Rzs ( \ RZS RZs N~ N-_ X~~I Y X N YPCI/US0ABDIR25 i s
sel ected from hydrogen, hal o(Cl-3)al kyi, (Cl-6)al kyl, WO 03/042197

PCT/ US02/ 36396 102 (C3- 12)cyc|oalkyI(CI16)aIkyI, (C6-12)aryl (CO-6)al kyl or
het er o( C5- 13) aryl ( C0- 6) al ky| rein wwthin R25 any alicyclic or aromatic
ring syst@rfCBﬁy)ltm’ClmbétahdLR7edld/R§h0gBtheo“5th tha@tomtgwmgle rafdrR? gresel ect ed

from (Cl-agéal kyl and hal o-substituted (Cl-3)alkyl; or a derivative of said
conpound aiarksstfenn hetgi(€he2)8Pbup conpri sing N-oxi de 5 derivatives, prodrug
derivatives, protected derjvatives, isoners, and m xtures of isonmers of
sai d conpound; wberem \phlainri%t%wct}{chjallql acyeheteioheyl gnbicydearybgroap enayfbesai d
conpound o sai.d deriva und o m 2 _wherei n R3 IS

el bot ed TPSIERA: oLl S oHGFS  HEEREPIBRE Fiectedo fiah SR, LRS- 3- 1
pyridin-4-yl, vin di.f 4 |,

2 et ﬁoxﬁaépﬁufw JorinoBiiprele ﬁ{vft”tﬁ%ﬁﬁé{%ﬁg%ea@#%ep?é ¢€<?)E>A€’ywﬁere%

3, 5-di et hy| phen Iuoro hyI hen 4- trlfluo hox

2- brormpr?énwa onﬁabﬁﬁlré?lkﬂe 3a £ %%‘?%E)H’é‘ﬁ@ﬁn e@yrfémﬁﬁwa

3- trlflu yl trlfluoronethoxyphenyl

2,3,4,5, ag% él‘/‘fu%g(@ ﬁ%@t 2-fl uorophenyl 2-chl or ophenyl ,

2- cyano- phenyl , 2- trlfl n'eth 4-tertzbutyl - phenyl,

3-chl or ophenylR4 lfS“Q(QéX Héﬁ§¥o)2¥% uo‘VBerSInc)ﬁ? bgr%g‘ﬁ’rﬁ]e @ or -NRI2-,
2-fluoro-3-nethyl -phenyl , 3 fl uorophenyl, 2,5- difluoro henéy‘IO

3- br omopheheyein R13- i ckmimgg@h@m(m@alsyldwfndu&ldph%n@) (Cg ophér)w

4- cyano- phenyl, 2-trifluoronmet hoxyphenyl, 2 3 di fl uorophenyl ;lokeny ,
bt dfto- Elletem(Gdrm)Cpfﬁéﬂ&fyl(Cms)ﬁll%r(éﬁmé)arwl el eToiaIC0 )2

2-

24d|flu eny i f1uqroph 2,4,5-trifl ophenyl )

2,3, 4-tril s L%wlgc ey r8r5ci’2’€?r?(ﬁ§fll2%?¥ﬁl@m§¢ naligt (iti)

2,4-bis-trifluoronet h}/ E)hen 2,5,6-trifluorophenyl, 2-fluoro:3-
hetero(Cjs.g)cycloalkyl(Cq-3 alkyl ‘or phenyl(Cq.3)alkyl substituted by -X60R15,
—X6C(O)R15 or -X6NR16C(O)OR16, wherein X0 is a bond or methylene, R13 is
phenyl(Cg.3)alkyl or hetero(Cs.¢g)aryl(Cq.-3)alkyl and R16 s hydrogen or (C1.g)alkyl;

15 wherein within R4 any alicyclic or aromatic ring system may be substituted with

1 to 5 radicals independently selected from a group consisting of (Cj.g)alkyl, halo,
-XONRI7R17 -X60R17, -X6C(O)OR17, -XONC(O)R16 and -XO6C(O)R18, wherein
R!7 at each occurrence independently is hydrogen, (C1-g)alkyl or halo-substituted
(C1-3)alkyl and RI8 s (Cq-6)alkyl or halo-substituted (Cj.3)alkyl;
20 R20 is hydrogen or(Cj.g)alkyl;
R23 is (Cy.)alkyl or (Ce.12)aryl(Co.)alkyl;

R24 is hydrogen or (C1.¢)alkyl;
X3 is X , Y or _Y. wherein X is O,
| />~R25 ' \>*R25 />—-R25
N\Y N\X X\N

Y is N and R25 is selected from hydrogen, halo(Cj.3)alkyl, (Cjp.g)alkyl,



r
uoro-5-trifluoronethyl phenyl, 2,3,5-trifluorophenyl,

uor o-wotosioidioor onet hyl phenyl , 5-fl uoro-2-trifl uoronet rgirprsenyd3ge
uoro-3-trifluoronethyl phenyl, 2-m82hoxyphenyl,

, 5-bis-trifluoromethyl phenyl, 4-difl uoronet hoxyphenyl

3-di fl uor.gnet hoxy nyl,. 2, 6-dichlor en arb yphe 5

cycl ohexﬁC33 1%%!&8%?@@@'6)2@9’& )aryf(ﬁ(])&a%kﬂ ot %Fter(gééﬁﬁm(qméﬁﬂ(%n 2-yl
and 3, 5- dlnethyl-ls azol - 4- yI or a derivative of sai d compound sel ect ed
f rom t he YJieEp watd H‘sﬁ{ﬁ( afpligyel NLQS)@F‘HE&UCCIEI& SyslemVBay ep%l@aﬁltugfdd@m Vade Pves,

protecte conpound
o & phatHASD bl SRERN o () Satbt By eﬁﬁ%‘@%?@iah%@&ma or

sai d derivative / f cIa|n13
wherein R4 |s\éb%er{l\zo%?éO%F?ﬂ;jglhoqrﬁé\%{ngs%grc%ony@n acg%T éoﬁgr an- gggglrdgonyl

2- met Box )deh%%;glprod&ugrﬂtﬂmhyei)pmayéd de‘mz]ahvdsaisemer-SZambmbmwé of isomers
benzo[ 1, 3 dloxole 5-carbopyl, 3-pyridin-3-yl-

benzof ur & saz eamB%lﬁyI or # pharmageufically %‘E?ﬁg’/tfibletsélf Pr mv%s*(g?f $2d pyRpqund or

bi phenyl - @R% qui nol i ne- 2-car bonyl, qui noline-3- carbonyl,
3-acetyl - enzoy 4- phenoxy- benzoyl, 3- hydroxy benzoyl, 4- hydroxy benzoyl ,

pyri di nes3- carbamoundof diaht 2 QH@r@ffM@% BaLdPra R %e?@dﬁé&sﬁﬁ@%@ Yhenyl,

4- car bonyl - pi perazi ne- 1l-carboxylic acid tert-b ester
4- car bonylyrigingeylagyriven-B-yd,gryodinyd-yt vayl,@- (hﬂhgrbmeﬁtoeyphenyl 1-oxy-pyridin-2-

1 oy py2bai ndaetko e By | REARHEDH o AgsTRhGily1 - 4-cHoroptens,

t hi ophene: SZdﬁin}BmIéh 1, hlﬂhﬁm}&%ﬁ@r fﬁa{ﬁmmﬂuorcﬂn MénprQ%@ﬁﬁbphenyl
5- net hyl - £ hi ophéne- 2- ¢car bonyl, 3- ch or’o-t hi ophene- 2-carbonyl,

3- br ono- tnhplupdem-y2- cak bdrghllqropﬂbeam] or 8- mﬁhzlplyemyl 3- 13- mﬂuorme’mﬂpimnyL benzoyl ,
e st 4 PPN ST e A 55
4- br ono- henzgy. her@ ptrif &Hfo?&?ﬁétﬁ%lbhgﬁfﬂzoyzi zertlﬁny?»r}hfewpy' 3b&1ﬁkirepfﬁeny1

cycl opent arie- car bonyl ,” benzo[ b] t hi ophéne- 2- car bony
benzapb] t4|cbrombplnmy]2 Qdmohnayhlordaphmryh ésﬂuoi@ﬂththquqhhnﬁﬁ-ﬁnemﬁhmyl 2R y |,

cster. 4 i exﬁn%ﬂ SrPhon o bR 70~ avaPparyf fagie- RO |y

fl uor onet hyl phenyl, 2-fluoro-4-trifluoronethyl phenyl,
I
I
I

tri
2-f
2-f
4-f
3

ester, fqr pﬁ RdorGRERD }Ié'r 3 JTBYY B&I}Jiﬂﬁgih 1, 2 bromo-5-
N-i sopropyl’- 0 rra , N pofrl g@nx%{p %I of msmy%‘ °P eny romo-
fluoro-phenyl, 4-fluorophenyl, 3,4-difluorophenyl, 2,4- d1ﬂuorophenyl,

2,4,6-trifluorophenyl,  2.4,5-trifluorophenyl,  2,3,4-trifluorophenyl,  2-chloro-5-

20  trifluoromethylphenyl, 2,4-bis-trifluoromethylphenyl, 2,5,6-trifluorophenyl, 2-fluoro-3-

trifluoromethylphenyl, 2-fluoro-4-trifluoromethylphenyl, 2-fluoro-5-trifluoromethylphenyl,

2,3,5-trifluorophenyl, 2-fluoro-5-trifluoromethylphenyl, 5-fluoro-2-trifluoromethylphenyl,

4-fluoro-3-trifluoromethylphenyl, 2-methoxyphenyl, 3,5-bis-trifluoromethylphenyl,

4-difluoromethoxyphenyl, 3-difluoromethoxyphenyl, 2,6-dichlorophenyl, 4-carboxyphenyl,

25 cyclohexyl, cyclopropyl, isopropyl, thiophen-2-yl, 5-chloro-thiophen-2-yl and
3,5-dimethyl-isoxazol-4-yl; or

a derivative of said compound selected from the group consisting of N-oxide

derivatives, prodrug derivatives, protected derivatives, isomers, and mixtures of isomers

of said compound; or a pharmaceutically acceptable salt or solvate of said compound or

30  said derivative.



20 formanyl, 3-phenyl-acryloyl, 1H i ndol e-5-carbonyl, pyridine-2-carbonyl,

pyrazi ne-2- carbonyl, 3-hydroxy-pyridine-2-carbonyl,

2- am no- pyoiodioms93- car bonyl , 2-hydroxy- pyridi ne- 3- car bonylCr/US02/36396

6- am no- pyri di ne- 3-car bonyl, 6-hydroxy3 pyri di ne-3-car bonyl ,

pyri dazi ne- 4-car bonyl, 3-phenoxy-benzoyl and

1- oxo- 1, 3-di hydro-i soi ndol e-2-carbonyl; or 25 a derivative of said

conpound sel ected fromthe group consisting of N-oxide derivatives,

prodrug rivatiyve r e ©i: nd

i soner s qgf sg&ﬁc’mgomﬁ Oqtcf?%]g“%%aél?}‘aégﬁﬁ gﬁs%@%‘é@%ﬁi’%lﬁ%&& sol vat e

of said Qﬁfﬁﬁ@JMb(ﬁfyl anethdey- bm*oyues &héxy-$engOyIpP Onupﬂthaienel%ambcﬂa wher ei n

R25 is tert-but cycl oprop et hyl , phenyl, MD 03/ 042197 PCT/ US02/ 36396

104 pyr adiensall 33/;;xqaxqi%rémshonyl§9mymdﬁy$ yl-@wl@ﬁwbemof@nanﬂr%b%tfhw- -or a

derivative.,of s h y t f oxi de
: gt | \?ggbon?sll, ?eatd B\ég)g\}; gargg ﬁ 6%894 051%?}19)2] iFO19 - Sﬁggﬁ)ﬁ (Jbl{qlgohcl)l -3N'

deriv rrva tec errvdtl ves,

M xt ur es cafboh§I0BREStyl-Bnz6 Al dpﬁ@;mguﬁdzow r3- l?'d@dib@r e 6¥] mlgﬂxloxyfe@mm abl e
salt or solvate of said conmpound or 5 said derivative. 6. A compound of
claim 2, mméma3warb9nyls3 (@@a@mm@rm}ammp msﬂlaadpem@yi Goperheayl-pipgrezina-he at ons

L; \i\:h![ gh51R$5aé X gf: sac{%irtglét utrtT)a elr,y Sczérl 815:)&6 gzm i car%B;t 19cn§c1h>ét}%yﬁj%st%| tuted

CONnSi of (C
1. 4) al kyl4-(femanocaridhyl)ai raiiﬂé 0=catbanil, t Lﬁyﬁdm(emcaﬂ"b&iykw 1- oxﬁb@ﬂﬂmaﬂﬁ
-X4C(O)OR9( wher ei n )%qulgea bond or (CL.2)al kyl ene, at each occurrence

i nded@nd@mhopylb s 1¢@y-yidineyd-caboniay othmbgnq -2-gaanyl cﬂmoﬂ)e@rcﬁyqarbonyl A
A compouroarorhih keI Brae R i) S bR, oo o
R6 is (Ch-¥balokihlophéhe-AcsobmAUnd @éhl@ﬂo%dﬁk&flvmerﬁﬂﬂurﬁfﬁ mstho%am%)ﬂz 20
10. A conpound of claim2 wherein R3 is (C3_12)cycl oal kyl .
4-methoxy-benzoyl, 4-triflouromethoxy-benzoyl, 3,4-diflouro-benzoyl, 4- fluoro-benzoyl,
3,4-dimethoxy-benzoyl, 3-methyl-benzoyl, 4-bromo-benzoyl, 4-triflouromethyl-benzoyl,

15  3-benzoyl-benzoyl, cyclopentane-carbonyl, benzo[b]thiophene-2-carbonyl, 3-chloro-
benzo[b]thiophene-2-carbonyl, benzenesulfonyl, naphthalene-2-sulfonyl, 5-methyl-
thiophene-2-sulfonyl, thiophene-2-sulfonyl, formamyl-methyl ester, 4-methyl-pentanoyl,
formamyl-isobutyl ester, formamyl-monoallyl ester, formamyl-isopropyl ester,
N,N-dimethyl-formamyl, N-isopropyl-formamyl, N-pyridin-4-yl-formamyl, N-pyridin-3-yl-

20  formamyl, 3-phenyl-acryloyl, 1H-indole-5-carbonyl, pyridine-2-carbonyl, pyrazine-2-
carbonyl, 3-hydroxy-pyridine-2-carbonyl, 2-amino-pyridine-3-carbonyl, 2-hydroxy-
pyridine-3-carbonyl,  6-amino-pyridine-3-carbonyl,  6-hydroxy-pyridine-3-carbonyl,
pyridazine-4-carbonyl, 3-phenoxy-benzoyl and 1-oxo-1,3-dihydro-isoindole-2-carbonyl,
or

25 a derivative of said compound selected from the group consisting of N-oxide
derivatives, prodrug derivatives, protected derivatives, isomers, and mixtures of isomers

of said compound; or a pharmaceutically acceptable salt or solvate of said compound or

said derivative.

30 S. A compound of claim 4 wherein R25 is fert-butyl, cyclopropyl, ethyl, phenyl,



11. A compound of claim 10 wherein R3 is cyclopropyl. 25 12. A conmpound of
claim5, wherein X3 is X1 N> R25 ~Y W 03/042197 PCT/US02/ 36396 105 13.
A conpourwooB/oediat m 5, wherein X3 is y i \>R 25 N_ X 12CTASowspound of
claim5, wherein X3 is ~y R25 X N 184 15. The conpound of claim 2 wherein
R4 is -C(O X5R11 wherein X5 is a bond and R11 is

het er o( C5- 12) cycl oal k l(mTﬂﬁﬂl kyl. 16.. The c ound of claim 15 wherein R4
is -c (O)PYTN”@’ > Pyridazify, pyaidifylet JURB PSR 2 wherein R20 is
hydrogen, R23 dﬁ ff\gtl ¥ @F 3hitydom d's§le&¥&jrﬁ‘?)91’?fhe &§p 'c§n§1§iﬂltg HUxide

cycl opropyl, enyI, pyridin-3-yl, pyridin-4-yl, thien-3- yl or
trifluor odmtvlatywl'es ﬁrBdru'ghkericativps,lmdtecxbd dém\ralmvds mehmﬁt,enklfrnnmes éisgmersp

consi stin 15 no hoI ne-4-car ci .

{2-(2-di f‘ng BdomtPRs p FIRASEN 2a qea fsaﬁ-omliate of said compound or
dlrret@ylsza1 &%“%ﬁ<§ pyr|d|n 3 -yl-[ 1,3,4] oxadiazol-2-yl)-ethyl carbamyl]
- et hyl -am nor phol i ne- 4-car boxyl ic acid

{2- phenyl met hanesul fonyl -1 -[ 1- (5- phenyl [

1, 3, 4] oxadi azol e- 2- car bonyl ) - pentyl car barm%l -eth yl'} -am de;

mor phol i n&- 4- cArcborgundefabid 2, wherein R3 is -CRO=CHRO wherem R and RO together

{2-(2-difl uoromet hoxy- phen Imei&anesulfon 1)-1-[ 1-(5- 20 Eyl’ldln 3-y

1, 3, 4] ox adlitlathsl atorgs @awlbdm agé @tmbqifi\;ylh](cetm)ﬂlryl} opiipndky substituted

nmor phol i ne- 4- car boxyli ¢ ac

[ 1- [ 1- ( 3-Ryktopradispls- lndepeadeé&ladplﬁﬁtéd @951 %waﬁym)lstl%rqﬁiﬁlg)aélﬁéa%w]
-2-(2- et hyl - propane- -sul fonyl)-et m de; _ norpholine-4-carboxylic

aci d 102- (lmlmlwswmtowarﬁéi 4I’alk)éu+X6(aB$ pad ;[( AQOROn whiptesnX3 iy/a bond or
(Cq1-p)alkylene, R9 at each occurrence independently is (Cq-3)alky! or halo-substituted
(C13)alkyl.

7. A compound of claim 6 wherein R3is phenyl or 2-difluoromethoxyphenyl.
15
8. A compound of claim 2 wherein R3 is -CR5(CR63)2 wherein R is hydrogen and
RO is (Cy.4)alkyl.
9. A compound of claim 8 wherein R3is -CH(CH3)».
20

10. A compound of claim 2 wherein R3is (C3.12)cycloalkyl.

11. A compound of claim 10 wherein R3 is cyclopropyl.

25 12. A compound of claim 5, wherein X3 is S/X

| />—R25
~y



1, 2, 4- oxadi azol e- 5-car bonyl ) - propyl car banoyl] -ethyl} -am de; 25

nor phol i ne- 4- car boxylic acid

[ 1-[ 1- ( 3-wermolbubyl - 1, 2, 4- oxadi azol e- 5- car bonyl ) WD 03/ 042L3S02/36396
PCT/ US02/ 36396 106 propyl car banoyl ] -185 ( 2- net hyl - pr opane-

-sul fonyl)-ethyl]-am de; norpholine-4-carboxylic acid

{2-cycl opropyl net hanesul fonyl - 1-[ 1- (5- phenyl -1, 2, 4-

oxadi azol18: 3- cathapotni-ofchin|5c ahbairoX! is- vy -anide;

nor phol i ne- 4- car boxyl i c acid {(R)-2-cyc|oplop%!neﬁhanesulfonyl-I-[(S)-l-(5-
5
trifIuoronethyl-1,2,4-oxadiazole-3-carbonywyjbropylQarbannyl]-ethyl}-anide;
nor phol i ne-4-carboxylic acid [(1-[(1-(5-ethyl-1, 2, 4-oxadi azol e-3-carbonyl) -
propyl car banoyl | - 2- ( 2- et hyl - propane- | -sul fonyl)-ethyl]-am de;

{(R) - 2- (et - - - :
-sul f onyl *: 1- P”{Lé‘i’gfi"q’?@%?ﬁ}ag“ﬁﬁéﬁh%rebﬁ Xilszﬁc% iazgl e- 3-
carbonyl ) - propyl carbanoyl] -ethyl } -am de; 10/ moRphol i ne-4-carboxylic acid
{(R)-1-[(S)-1-(3-tert-buty|-1,2,4-oxadiazoﬁé= - carbonyl ) - propyl car banoyl ]
-2-cyc | opropyl net hanesul fonyl -ethyl } -am de; norphol i ne-4-carboxylic
acid {(R)-2-(2-nethyl -propane-I|-sulfonyl)-1-[(S)-1-(5-

triflyor thyl-1,2, 4-0 iiazol e- 3-¢C on - yl carb | ]1,- et.hyl .}

_ami dg; ngﬁr p#&eicH@pagrggc?ig%%% 4 ghs}'g}nglip 1S -8(2)))?5}?101 wﬁerelna)g?}/s Jbond a¥1d
{(R-1-[ (X1-:1:.(5:-tert - | 7 1.2, 4 di azol e- 3-car bonyl ) 15

propyl car alrrlts)ly}%t%-o%é%gﬁ%lﬁ%lﬁlgfgigéﬁgﬁhyI -et hyl } - am de;

nmor phol i ne- 4- car boxyl i c acid
{(R-1-1(S)-1-(5-tert-butyl -1, 2, 4- oxadi azol e- 3- car bonyl )~ propyl car banoyl ]
- 2- phenyl et hanesul fonyl -ethyl } -am de; norpholime=¢-carboxylic acid

{ 2- cycl opwopy ITHetcbmpesid éfumyihr [5 WhéreinREpclopn epy! -  ©.

1, 2, 4- oxadi azol e- 5- car bonyl ) - propyl car banoyl ] - et hyl}/- ani de; 20

nor phol i ne- 4- car boxylic acid {2-cycl opropyl net hanesul fonyl -1-[1 -(3 -ethyl -
1, 2, 4- oxadi azol e-5-carbonyl) - propyl carbanmoyl] -ethyl) -am de;

nmor phol i ne- 4- car boxylic acid )

{ 2- cyl61 opopy(Thetchmpesnd olelgim 2 whereisRGAénbydragen, B23 is (C1.g)alkyl, R24 is

oxadi azol e- 5-car bonyl ) - propyl car banoyl ] -ethyl } -am de;

nor phol i nydebgen R3Sy lerebuayl] &clopropyl, ethyl, phenyl, pyridin-3-yl, pyridin-4-yl, thien-3-
{2-(2-net hyl - propane-| -sul fonyl)-1-[1-(3-phenyl-1,2,4- 25

oxadi azolYeOBUERPIEmMAIY.- pr opyl car bamoyl ] - et hyl } - ani de;

nor phol i ne- 4-carboxylic acid [1-[1-(3-ethyl-1, 2, 4-oxadi azol e- 5-car bonyl ) -

18.  The compound of claim 1 selected from the group consisting of:

15  morpholine-4-carboxylic acid {2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-[1,1-
dimethyl-2-0x0-2-(5-pyridin-3-yl-[ 1,3,4]oxadiazol-2-yl)-ethylcarbamoyl]-ethyl } -amide;
morpholine-4-carboxylic acid {2-phenylmethanesulfonyl-1-[1-(5-phenyl-
[1,3,4]oxadiazole-2-carbonyl)-pentylcarbamoyl]-ethyl} -amide;
morpholine-4-carboxylic acid {2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-[1-(5-

20  pyrdin-3-yl-[1,3,4]oxadiazole-2-carbonyl)-pentylcarbamoyl]-ethyl } -amide;
morpholine-4-carboxylic acid [1-[1-(3-cyclopropyl-1,2,4-oxadiazole-5-carbonyl)-
propylcarbamoyl]-2-(2-methyl-propane-1-sulfonyl)-ethyl]-amide;
morpholine-4-carboxylic acid {2-(2-methyl-propane-1-sulfonyl)-1-[1-(3-thiophen-2-yl-
1,2,4-oxadiazole-5-carbonyl)-propylcarbamoyl]-ethyl} -amide;

25  morpholine-4-carboxylic acid [1-[1-(3-tert-butyl-1,2,4-oxadiazole-5-carbonyl)-



propyl car banoyl | - 2- ( 2- et hyl - pr opane- 1- sul fonyl ) - et hyl ] - am de;

nor phol i ne- 4- car boxylic acid {2-phenyl net hanesul fonyl -1 -[ 1-(3-phenyl [
1, 2,4] oxwodicanetie? 5 - carbonyl) - propyl carbanoyl] -ethyl} - ®erdesp2/36396

nor phol i ne- 4-carboxylic acid {1-[1-(3%ethyl-[1], 2, 4] oxadi azol e-5-car bonyl) -
propyl car banoyl ] - 2- phenyl net hanesul fonyl -et hyl } -am de; WO 03/042197
D Bt 5 1 B et il [ 2 (5 et

propyl carpanRYiide: 42c P@%Xllc%fdh?n@%}gpgcgﬁﬁhetﬁﬁéﬁl}bnyﬁm @35 E]henyl 1,2,4-

nmor phol i ne-4-carboxyli ¢ acid tert-but
oxadi azoloxadiapde-Baaghonyl)-propylcarbamoyl]-ethyl}-amide;
%?Bmffﬁggrgo %lzliﬂeifgg@?&? n 1§gpelfﬂlh{%ﬂ?3uclyglgg%lpylmert]l¥ esual‘{:n nyl 1 FS) 1 (5-
éiz m(9 t2 di ft gérgﬁﬁgih?gwyr{)‘ga}(a{zgﬁt?@f}s&wi ¥k arbadyllethyl} -amide;

1, 3, 4] oxaﬁbrg]z@iine%ydrbo)@ﬂlh)abmla{(b[a(rlt(ﬁle}hwaﬂliy4 -pxadiavotke3-carbBnylp deri vati ve
sel ected fromthe group consisting of N oxide gerl vatives, prodrug

deri vat 11 \BEQpY! %FQ%‘WU&)‘?%WFW&PNP@%& TSEEW)set &mr‘r‘i‘extur?as of isoner sI of a
of 5 comoika B B Tokdipgel ARAR TESLIEMopho RSN FReRadlldie 3 7O V4 ©

conposi tlc@iboﬁplbvpfdpslcag)amotyﬂeatl@mauhﬁdbal ly effectl ve anmount of a conpound of
Caim1l1 in conbination with a pharmaceutically acceptable excipient. 15 21.

A nmetlRod mphelie-canporyligiagdadR)-I i (San-Ehnlerrehutylrl  ioxadinzaie-Broartony bt

Cat hep5| %3 [ ﬁgﬁl e pathol ogy and/ or

synpt onol*o %ﬁ&&mﬁ&ﬂf@}g&o ropy] elﬁ%su 159{3@} %Plg(%és adm nistering to the
ani mal  a rhérphaljpeut- tarbd»ﬂyjncatxfde{c(R)-Qe{zmhm{pr@aneaemu‘ouylgtlq’(S)Q @-m1 or a

N- oxi de derivative or individual iso ure of isoners 20 thereof;

or a pharffs@omedyl- l94a%’€?é1§ﬁ28]§r%c%rh?ftyl)o?rogﬂf"\‘fhﬁf@oﬂﬂ ethybrereidapounds and t he
N-oxi de qﬁc%{)l‘{c?ﬁrfe féazrb&é{l’gl £ njgﬁl'l‘{ﬁsgr t’ertg{él?};lel% &9, @E&q‘j@%'c ﬁ)?)axl'[)-”d! vi dual

i soners an m Xt ur es uring a

phar mac e proadartearaytsi- phmlm&hﬂg:sﬂf(ﬁglrpmm&mﬁe 25 CI aim1l for treating a
di sease in an animal _ in (@ ldn S activity contributes to_ the

pat hol ogyn@RkelBe-4caPRY*yhis |a61§y{(8) 1t (Osterduityl-1,2,4-oxadiazole-3-carbonyl)-
propylcarbamoyl]-2-phenylmethanesulfonyl-ethyl}-amide;

morpholine-4-carboxylic acid {2-cyclopropylmethanesulfonyl-1-[1-(3-cyclopropyl-
1,2,4-oxadiazole-5-carbonyl)-propylcarbamoyl]-ethyl} -amide;
20  morpholine-4-carboxylic acid {2-cyclopropylmethanesulfonyl-1-[1-(3-ethyl-1,2,4-
oxadiazole-5-carbonyl)-propylcarbamoyl]-ethyl}-amide;
morpholine-4-carboxylic acid {2-cyclopropylmethanesulfonyl-1-[1-(3-phenyl-1,2,4-
oxadiazole-5-carbonyl)-propylcarbamoyl]-ethyl}-amide;
morpholine-4-carboxylic acid {2-(2-methyl-propane-1-sulfonyl)-1-[1-(3-phenyl-1,2,4-
25  oxadiazole-5-carbonyl)-propylcarbamoyl]-ethyl}-amide;
morpholine-4-carboxylic acid [1-[1-(3-ethyl-1,2,4-0xadiazole-5-carbonyl)-
propylcarbamoyl]-2-(2-methyl-propane-1-sulfonyl)-ethyl]-amide;
morpholine-4-carboxylic acid {2-phenylmethanesulfonyl-1-[1-(3-phenyl-
[1,2,4]oxadiazole-5-carbonyl)-propylcarbamoyl]-ethyl} -amide;
30  morpholine-4-carboxylic acid {1-[1-(3-ethyl-[1,2,4]oxadiazole-5-carbonyl)-
propylcarbamoyl]-2-phenylmethanesulfonyl-ethyl}-amide;



23. A process for preparing a conpound of claim1 by: (A reacting a
WD 03/ 042197 PCT/ US02/ 36396 108 X 2 R 3 X,
~s(0)2 RyvoON3@21B¥ OH with a conmpound of the Fornula (111 )PCTRA02/8496 |

conpound of Formula (11):

HN X

R25 Rzar RNy 5 (i) to afford aof3-hydroxy amde (IV): X2R3 O S z
\ X RROOH I R-NNXHz3rRzs ORY-2"41 Ny (I1V) and then oxidizing
sai d (3-hydr

2 CompouRtPrERS ST D Foh 13N I e el v )| ka0 O 1
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25

propylcarbamoyl]-2-phenylmethanesulfonyl-ethyl} -amide;

morpholine-4-carboxylic acid {1-[1-(5-tert-butyl-[1,3,4]oxadiazole-2-carbonyl)-
propylcarbamoyl]-2-phenylmethanesulfonyl-ethyl} -amide; and

morpholine-4-carboxylic acid {2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-[1,1-
dimethyl-2-oxo0-2-(5-pyridin-3-yl-[1,3,4]oxadiazol-2-yl)-ethylcarbamoyl]-ethyl} -amide.

19. A derivative selected from the group consisting of N-oxide derivatives, prodrug
derivatives, protected derivatives, isomers, and mixtures of isomers, of a compound of
claim 18; or a pharmaceutically acceptable salt or solvate of a compound of claim 18 or

said derivative.

20. A pharmaceutical composition comprising a therapeutically effective amount of a

compound of Claim 1 in combination with a pharmaceutically acceptable excipient.

21. A method for treating a disease in an animal in which inhibition of Cathepsin S can
prevent, inhibit or ameliorate the pathology and/or symptomology of the disease, which
method comprises administering to the animal a therapeutically effective amount of
compound of Claim 1 or a N-oxide derivative or individual isomer or mixture of isomers
thereof; or a pharmaceutically acceptable salt or solvate of such compounds and the
N-oxide derivatives, prodrug derivatives, protected derivatives, individual isomers and

mixtures of isomers thereof.

22. A method of manufacturing a pharmaceutical composition using a compound of
Claim 1 for treating a disease in an animal in which Cathepsin S activity contributes to the

pathology and/or symptomology of the disease.

23. A process for preparing a compound of claim 1 by:

(A) reacting a compound of Formula (I0):



HNy \Rzs Rz3 Rza N-X (VI) 15 to afford a (3-hydroxy amde (VIIl): WO
03/ 042197 PCT/US02/36396 109 X2R3 1 0O2S\X R20 OH RamN Y H))r -~~ 24
R2s H 23wOoR1bF X (VP and then oxidi zing said (3-hydrorgrarsozisssve afford
a conmpound of claim1; or (C) reactitmg a conmpound of Forrmula (I1) with a

conpound of the formula (M1): RROOH | HNy Res R23 Rzar 5 N (VII) to
afford a (3-hydroxy amde (1X): X2R3 O zp\X R0 OH | RN---Y Ni Y Rzs
X
|
X]/S(O)2
RY 0
H
OH
a1y

with a compound of the Formula (III):

HNXKr :
R’ N\ />—'{R

5 Gy
to afford a B-hydroxy amide (IV):
X’R’

(0,5

™ )Wf %\( e

Iv)
and then oxidizing said p-hydroxy amide to afford a compound of claim 1; or

10  (B) reacting a compound of Formula (II) with a compound of the formula (VI):
HN
%\( \>__,-R25
N—y

(VD
15 to afford a B-hydroxy amide (VIII):



H23 2a RR N 10 (I X) and then oxidizing said f3-hydroxy amde to afford a
conpound of claim1; wherein X Y, X1, X2, R3, R4, R0, R23, R24 and R25
are the swowm3ms$21dn Forrmula (1) defined in claim1. 15 PCT/US02/36396
109
)|(2R3
(O)ZS\ 1 20
X Il{ OH
R* N Y
\N/k’r W N R
H 23 24 \
o R R Ny
(VL)
and then oxidizing said B-hydroxy amide to afford a compound of claim 1; or

(C)  reacting a compound of Formula (I) with a compound of the formula (VII):

1l{ZO OH
HN WY
25
R
23 24 />"
R R X\N

5
(VII)
to afford a B-hydroxy amide (IX):

xR’

(0),8

\X] II{20 OH
RY N
\N WY R
H R23 R24 />’-
XN
10 (IX)

and then oxidizing said B-hydroxy amide to afford a compound of claim 1;

wherein X, Y, Xl, X2, R3, R4, R20, R23, R24 and R25 are the same as in Formula
(I) defined in claim 1.

15



