WD 03/ 024924 PCT/ US02/ 29323 -1 NOVEL COVPOUNDS AND COWPCSI TI ONS AS
CATHEPSI N I NHI BI TORS THE | NVENTI ON This application is based on and cl ai ns
priority woasiokdost Provi sional Application 5 S. N 60/ 322p8Tash2/®sd3 on

Sept enber 14, 2001, incorporated herein by reference. This Application
relates to conmpounds and conpositions for treating di seases associated

W th cysteine protease activity, particularly di seases associated with
activity of cathepsin S. 10 DESCRI PTI{ON OF THE FI ELD Cystei ne proteases
represent a class of peptidases characterized by the presence of a
cysteine residue in the catalytic site of the enzyne. Cysteine proteases
are associated 15 with the normal degradation and processing of proteins.
The aberrant activity of cysteine proteases, e.g., as a result of increase
expr essi on MOVERATORIPCGIINDE ANDCOMPOSTEIONSAS CARHEPSHEY MSHIRITEHR S
consequences. In this regard, certain cysteine proteases are associ ated
with a nunber of disease states, including arthritis, nuscular dystrophy,

i nfl ammati on, tunor invasion, glonmerulonephritis, malaria, periodontal

di sease, netachromatic 20 Ieukody?%E others. An increase in
cathepsin S activity contributes e pathol ogy and/or synptomatol ogy of

a nunber of diseases. Accordingly, nolecules that__inhibit tgg activity of
cathepsin S pr bkisasplicafien ﬁé)é?et‘ilone?éldlcﬁgp%ﬁé‘?ﬁt}’ grogld S ErqvisieabAPPICHifR nt ~ of

such Ai\glpsg A 80/3 2&@1?%{1&12 thgge‘btgngér 950%0%9&'%3 oreﬁ dﬁ%ﬁ‘gg &?ére-ﬁkg I NVENTI ON

Thi s ‘catron conpounds” of

This Application relates to compounds and compositions for treating diseases
associated with cysteine protease activity, particularly diseases associated with activity of
cathepsin S.

10

DESCRIPTION OF THE FIELD

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

a cysteine residue in the catalytic site of the enzyme. Cysteine proteases are associated

15  with the normal degradation and processing of proteins. The aberrant activity of cysteine
proteases, €.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,
tumor invasion, glomerulonephritis, malaria, periodontal disease, metachromatic

20  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.



(0)2 xI R&A X3 NH 50 inwich: X1 and X2 are both nethylene or X1 is
ethylene and X2 is a bond; R3 is -CRS=CHR6, -CR5(CR63)2 or -CR7=NR8,
wher ei n RyOi0s/obpes ogen and R6 is 10 hydrogen or (Cl-4)al lpgit/uso2/B828nd R6
together with the atons to which R5 a R6 are attached form

(C3-12)cycl oal kenyl, hetero(C5-12) cycl©Oal kenyl, (C6-12)aryl,
hetero(C6_12)aryl, (C9_12)bicycloaryl or hetero(C38-12)bicycloaryl and R7
and R8 together with the atonms to which R7 and R8 are attached form

het er o( C5_12) cycl oal kenyl, heter het er o( C8- 12) bi cycl oaryl ,
wherein R3 optionally is subs%ﬁ%&%ﬁ% C)rNadi cal s 15 i ndependently
sel ected froma group consisting of (d-4)al kyl, cyano, hal o,

hal o-substituted (Cl-4)alkyl, nitro, -X4NROR9, -X40R9, -X4SR9,

- X4C(O) NROR9, -X4C(O OR9, -X4S(O R10, -X4S(0O 2R10 and - X4C(O R10, wherein
X4 is a bond orThisApRjcatiky tedates toROmgpousdsadf Fopwslardr ence i ndependently is
hydr ogen, (Cl_3)al kyl or hal o-substituted (Cl.3)alkyl and RO is

(C1l.3)al kyl or hal o-substituted (C _3)al kyl; and WD 03/ 024924

PCT/ US02/ 29323 -3 R4 is -C(O X5R11 or -S(0O) 2X5R11, wherein X5 is a bond,
-0- or -NR12-, wherein R12 is hydrogen or (&1 6)alkyl, and R1" is (i)
(C1-6)al kyl optionally substituted by -OR13, -SR13, -S(OR13, -S(0)2R13,
-C(OR13, -C(OOR 13, -C(O NR13R14, -NR13R14, -NR14C(O R13,

-NR14C( O OR13, - NR14C( O NR13R14 or - NR14C(,NIQ@9 NR13R14, wherein R13 is 5
(C3-12) cycl oal kyl (C0-3)al kyl, hetero(C¥%'12)cycl oal kyl (C0-3) al kyl ,

(CG 12)aryl (CO-3)al kyl, hetero(C5-12)afyl (C0_3)al kyl,

(C9-1z) bi cycl oaryl (C0- 3) al kyl q{4\ ' 3

N
H

in which:
X! and X2 are both methylene or xtis ethylene and X2 is a bond;
R’ is -CR’=CHR®, -CR¥(CR%), or -CR’=NR®, wherein R’ is hydrogen and R® is
10  hydrogen or (Ci.g)alkyl or R® and R® together with the atoms to which R’ and R® are
attached form (Cj.12)cycloalkenyl, hetero(Cs.io)cycloalkenyl, (Cs.12)aryl, hetero(Cs.12)aryl,
(Co.12)bicycloaryl or hetero(Cg_12)bicycloaryl and R’ and R® together with the atoms to
which R” and R® are attached form hetero(Cs.ip)cycloalkenyl, hetero(Cs.i2)aryl or
hetero(Cs.1p)bicycloaryl, wherein R? optionally is substituted by 1 to 5 radicals
15  independently selected from a group consisting of (Ci.4)alkyl, cyano, halo, halo-substituted
(Cro)alkyl, nitro, -X*NR’R’, -X'OR’, -X*SR’, -X*C(O)NR’R’, -X*C(0)OR’, -X"S(O)R ",
X*S(0),R® and —X*C(O)R', wherein X* is a bond or (Cip)alkylene, R’ at each
occurrence independently is hydrogen, (Ci.3)alkyl or halo-substituted (Cy-3)alkyl and R'°

is (C1.3)alkyl or halo-substituted (Ci.3)alkyl; and



het er o( C8- 12) bi cycl oaryl (C0-3) al kyl and R14 at each occurrence

i ndependently is hydrogen or (Cl-6)alkyl, or (ii)

( C3- 12) cywbhaalokdpb{ CO- 3) al kyl , hetero( C5-12)cycl oal kyl ( Co- @ralusy?/29323
(C6-12)aryl (C0-3)al kyl hetero(CS 12)aryl (CO 3) al kyl ,

(C9-12) bi cycl oaryl ( CO- 3) al kyl or 10 het-er 0o(C8_12) bi cycl oaryl (C0_3) al kyl or
(ii1) (C3-6)cycloal kyl (C0-3)al kyl, hetero(C5-6)cycl oal kyl (C0-3) al kyl,
phenyl (CO 3) al kyl or hetero(C5_6) aryI (C0-3)al kyl substituted by - X6CR15

XENRI5R167 - X6 KBGO REa, ERESE Drchetth X isighd s@(mﬁiasﬁiv?%”RlSR”

- X6NR16C( O) OR16, -X6NR16C( NR16) NR15R16 wherein X6 is a 15 bongd or

met hyl enejs IRidBoges of (-shjlloytcindd 'kisl ()04 @yl kaptionally substituted by -OR ™, -SR™

het er o( C5- 6) cycl oal kyl (CO- 3) al kyl,  phenyl (CO- 3) al kyl or

het er o( C5-§)BRYA, (S)A'3) Lci)REICRIDRE, KyOHNRER br NICiR’é) afkyCowmigr ei n

R4 optionally further contains 1 to 5 substituents which when occurring

Wi thin an rﬁég B3 _RIRIGH ¥ g smtl qN@asg:@eal Shé ﬂepﬁndeﬂt |y

sel ected fro foup cons I ng of (Cl 6)a dene, cyano,

PRI e R e R

- X6C( O CR17 X6C(O NRL7R17, - XGS( o) 2NR17R17 - X6P( 0O (ORrR18) OR17,
- X60P( O ( @s@s;(@m?axyl(%mmq O R18, mo@)bscyc osBECe)aiyl and - X6 C®R' and
when occurring within an aliphatic noiety are radicals independently

sel ect ed thee(@s gibeyelomd (G 3dlkylgnd R tatanch odvatrencerihdependenNRiTIRAFogen
-NR17C(O) OR17, - NRL7C(O NRL7R17, WO 03/ 024924 PCT/ US02/ 29323 -4 - NR

?Z,E%)NF&) N R ) B e G CELon 5 P g A SRl and
| ndepondeTFy V?%IQ(WWW%G%{@%S AR SRR e S S AR
R18 is (O -6)al kyl or halo-substituted 5 (d-3)al kél C)é?oallksl% ra?ku of
For rrulla ( én)aterc((ﬁ«‘; ;z)we})cloa(rﬂXCo Pakyl (f)or (g) or Giih) :  (Cagley yi(Co3)alkyl,
hetero(Cs.g)cycloalkyl(Cog)alkyl, phenyl(Cos)alkyl or  betero(Cs.g)aryl(Cos)alkyl
substituted by -X°0OR'®, -X%SR", -X’S(O)RY, -X°S(0),R”, -X°C(O)R", -X°C(O)OR",
-X6C(O)NR15R16, ~X6NR15R16, —XGNRMC(O)RIS, ’ -XGNRIGC(O)ORIS,
X NRC(OINR¥RY |, -X*NR¥C(0)OR', -XNRC(NR')NRR'®, wherein X’ is a

15 bond or methylene, R" is (Cs6)cycloalkyl(Cos)alkyl, hetero(Cs.g)cycloalkyl(Co.s)alkyl,
phenyl(Coy3)alkyl or hetero(Cs.g)aryl(Co.s)alkyl and RYis hydrogen or (Cy.¢)alkyl; wherein
R* 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
(Cr.¢)alkyl, (Cr.¢)alkylidene, cyano, halo, nitro, halo-substituted (Cys)alkyl, -X°NRR",

20  XNRUC(0)ORY, -XNRVC(O)NRVRY, —XﬁNR”C(NR”)NR”Rﬁ, ~X60R17, _XSSRY,
X°C(OORY,  -X°C(O)NRVRY,  -X’S(OLNRR",  -X°P(O}OR™)OR”,
-X°OP(O)(OR™®)ORY, -XNRC(O)R'®, -X°S(O)R"®, -X°S(0),R"® and —X°C(O)R"® and
when occurring within an aliphatic moiety are radicals independently selected from a group

consisting of cyano, halo, nitro, -NR7RY, -NR"C(O)ORY, -NRC(O)NR'R",



R20 R20 O RR0 R20 R20 ~*~ 1 I "yN R2Z N NNNR25 N~R25 O ~R21 R23 R20 R23
(a) (b) (c¢) RO OR0OR20 O t~ "tti NX~~No N20 Res R2s OR O (d)
(e) (fI W2OM3M4a2AR20 O N N-_'R21 R28 O 10 (g) (h) ----PpCaprseyeses a
singl e bond, or a double bond; X7 represents aryl, heteroaryl or NR20R25;
nis 0, 1or 2; RO is selected fromt#e group consi sting of hydrogen,
(C1-6)al kyl, WO 03/024924 PCT/ US02/ 29323 -5 (C3_12)cycl oal kyl (C0_6) al kyl
het er o( C5_12) cycl oal kyl (CO_6) al kyl, (C6_12)aryl (CO_6)al kyl and

het er o( ﬁ__}\alaé%ﬁﬁlwﬁb[(x'(jRn, SRV, -C(O)OR”, -C(O)NR'RY, -S(O),NRVR”,
-P(O)OR")OR", -OP(O)(OR)ORY, -NRC(O)R™, -S(O)R™®, -S(O),R"® and -C(O)R™,
wherein X® is a bond or (C1.9alkylene, R' at each occutrence independently is hydrogen,
(Clig)alkyl 01.' halo-substituted (C;.3)alkyl and R® is (Cig)alkyl or halo-substituted
5  (Cis)alkyl;

X’isa group of Formula (a), (b), (c), (d), (&), (f), (g) or (h):

20
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z=== represents a single bond, or a double bond;
X7 represehts aryl, heteroaryl or NR*R%;
nis0, 1 or2;

R is selected from the group consisting of hydrogen, (Cig)alkyl,



R21 is selected fromthe group consisting of hydrogen, (Cl_9)alkyl,
(C3_12) cycl oal kyl (CO_6) al kyl , hetero(C5_12)cycl oal kyl (CO_6) al kyl ,
(C6_12) arwb(@026824al kyl, 5 hetero(C5_12)aryl (C0_6)al kyl, PCT/US02/29323
(C9_12) bi cycl oaryl (C0_3) al kyl, hetero(C8_12)-bicycl oaryl (C0O_3) al kyl,
-C(O R26, -C(S)R26, -S(0O) 2R26, -C(O) O26, -C(ONR26)R27, -C(S)N(R26)R27
and -S(O 2N(R27) R26; R23 is selected fromH, (d _6)alkyl, (C4_6)al kenyl,
(C3_12)cycl oal kyl (CO. 6)al kyl, hetero(C5_12)cycl oal kyl (CO_6) al kyl
(C6_12)aryl (CO_6)al kyl or_hetero(C5 12)aryl (C0-6 1 pti.onal l.y
subst i t ut é@a-wcb’ﬁo%l}?ﬂ%@q-@alwg? §5-@?CY9]IQ1%Y @t?)éﬁ(gf’ %SIZ?QSQO-GAQQE&@SM
above; R25 is selected from hydrogen, (Cl-6)alkyl,

(C3_12) cybttomd(€y{ o (Gedlkylt , hetero(C5_12) cycl oal kyl ( CO- 6) al kyl ,
(C6-12)aryl (CO_6)al kyl, hetero(C5_13)aryl (CO_6)al kyl, -X4NHRL5,

- X4S(0) 2R2G or R2XAG( QuREENRIELSGh OHRL 7gehis T ebkkidkha, dRL hyaRteXd @;6)aBs1,

descri bed above; 15 R26 is selected fromthe group consisting of hydrogen,
C _6) al kyk, cl Kyl al

het or o( co Py TP ARTFOBBYE) e Tt ool ofGpeiCooution

het ero(C5_12) aryl ( CO | kyl, (C9_12)bi cycl oaryl - 3) al kyl

het er o% CST_T‘?ct?%Q(S{@i”éYIB&s@FéO. 3§ al kyl ) R2¥ is hgdﬁ @e‘ : lc(yé%-@’;@gﬁwlfyl’
(C3_12)cycl oal kyl (CO_6) al kyl, 20 het ero&CS_&Zg @ 6cI oal kyl (CO_6) a)%%/z[ﬁ,
( C6_12) ar hkiegCa)nbioytloarylFet tkyl.C5-AD)Bry | ¢ _)B?al k§(9)RR28 -CEORK or
-0 C(=0-R29; R29 is (Cl_6)al kyl, (C3-12)cycl oal kyl (C0_3) al kyl,

)
het er o( C5_¢@ RPORY Kya (S BIESYRPkatld, -S(OFBIRZ)RY | ( CO- 3) al kyl ,
hetero(C5_1 ))g(ylﬁg%)_S)(a kyl ,) (C9- 12)(b| cglcclz%argl (C0-3)al kyl or hetero(C38_

12) bi cycl oaryl - / 0 i X3
opt fondi 1y 1 ur Fhol sl om 1 CORRE A et GRS AL,

el ected MERH a6 RRIRURaRElho G B epaid & PSS s A TR ey ano,
hal o, nitro, hal o-substituted 5 s s, '

10  optionally substituted with amino, -NHC(O)R™ or —-R ™ wherein R™ is as described above;

R* is selected from hydrogen, (Cig)alkyl, (Cs.iz)cycloalkyl(Co)alkyl,
hetero(Cs.jp)cycloalkyl(Cog)alkyl, (Cg.i2)aryl(Cog)alkyl, hetero(Cs.i3)aryl(Co.g)alkyl,
XANHRY, -X*S(0)R* or -X*C(O)RNRC(O)RY  wherein R", R" and X* are as
described above;

15 R is selected from the group consisting of hydrogen, (Cr.g)alkyl,
(Cs.p)cycloalkyl(Cog)alkyl, hetero(Cs.iz)cycloalkyl(Coglalkyl, (Cg.12)aryl(Co.g)alkyl,
hetero(Cs.1p)aryl(Cy.¢)alkyl, (Cy.12)bicycloaryl(Cy.3)alkyl and
hetero(Cs.12)-bicycloaryl(Cy.3)alkyl;

RY is hydrogen, (Crg)alkyl, (Cs.12)cycloalkyl(Co.galkyl,

20  hetero(Cs.12)cycloalkyl(Co.g)alkyl, (Ce.12)aryl(Co.s)alkyl or hetero(Cs.iz)aryl(Co.q)alkyl;

R is R? or -0-C(=0)-R”;

R? is (C1.g)alkyl, (Cs.;2)cycloalkyl(Cos)alkyl, hetero(Cs.12)cycloalkyl(Co.3)alkyl,
(Ce.12)aryl(Coz)alkyl,  hetero(Cs.jp)aryl(Cos)alkyl, (Co.ip)bicycloaryl(Cos)alkyl —or

hetero(Cg_12)bicycloaryl(Co.3)alkyl;



(Cl.3)al kyl, -X6NR1L7R17, -X6NRL7C(O) OR17, -X6NRL7C(O) NR17R17, 5 -X
6NR17C( NR17) NR1L7R17 X60R17, -X6C(O R17, -X60Rl5, -X6SR1l7, -X6C(O OR17,

- X6C( O) NRYOR1/1249286S( O 2NR17R17, - X6P(0O) (OR8) OR17, - X60P( BrT@R8y/BR1Y,

- X6NR17C( O R18, -X6S(O) R18, -X6S(0O 2R18 and - X6C(O R18 and when occurring
within an aliphatic noiety are radi cdl's | ndependently selected froma
group consisting of cyano, halo, nitro, -NRL7R17, -NR17C(O OR17,

-NR17C( O NR17R17, -NR17C(NR1) NR17R17, -OR17, 10 -SR17, -C(O OR17,

-C(ONR17R17, -S(O 2NR17R1%, -. ( 7)ORL7, - OP( R17) ORL7.

-NR1L7C(O R18, - S(O) hgrem @%Rég?yaﬁﬁ%fﬁtﬂ%}m%@%ﬁ%ﬁﬂ% WhERs and
X6 are as described above. A second aspect of the invention is a

phar nac eubeaating withimsint lisyclichertaraoaticaingssystenmcaersitits bhepeadentlygelecst t heir
N-oxi de derivatives, individual isoners or mxture of 15 isoners thereof,

or phar mageut i &alp YorrGaap baT 888/, 1S, Hilkylaiehe, chmoablaid xditro chald-tubstitnedor
nore suitable excipients. A third aspect of the invention is a nethod for

treating a~di se in_ migral i n X\iﬁﬁp Tedo)brbi ti on ofSNgATdensRA'RS can
prevent, ?(r:l]tﬁ)%lﬁ? or ane lﬁgr at é the pat hol o@ and/ or synpt o(?r(atol ogy of the

ther apsut LTy COVRQONEY B arduRE of "k Supgbria BIORor rih ok 1+ 67 BHOR de

[ pi xture of i§omal?,sthr

derivative, . indiyjdyal isomer of p greof; of ai,
phar maceutXSHMYRad apt aBlHBAR Rt her soP(OUORMAR h asPe e (DLORROK nvent i on

is the processes for preparing conpounds of Formula | and the N-oxide
deri vat i vexNRYo(D)IRI® da’S @RI'Y €%°S ()& batde X AE6DIR/ tnd eben YOUEBIDRUBIAA
PCT/ US02/ 29323 -7 individual isoners and m xtures of isoners thereof; and

} R@wa&%ﬁ %H{aﬂa@i@ b K eGCHERERRISndepa defitly RO frolPa HAbIFEdnBEBRb ek OF THE
halo, nitro, -NRRY, -NRC(0)ORY, -NRC(O)NRRY, -NRC(NR')NR"R", -OR",
10  -SRY,-C(0)ORY, -C(O)NR'RY, -S(0),NR'"R", -P(0)(OR")OR", -OP(O)(OR")OR",
NRVC(O)RE, -S(O)R™S, -S(O);R'® and -C(O)R'®, wherein R"®, R", R'® and X° 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

15  isomers thereof, or pharmaceutically acceptable salts thereof, in admixture with one or
more suitable excipie;nts.

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

20 therapeutically effective amount of compound of Formula I or a N-oxide derivative,
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,



Definitions: Unless otherwi se stated, the following terns used in the
specification and clains are defined for the purposes of this Application
and have wbasfoiskow ng neani ngs. 10 "Alicyclic" means a nmpPCEFS802/29323
characterized by arrangenent of the caﬁgon atons in closed non-aromatic
ring structures having properties resenbling those of aliphatics and may
be saturated or partially unsaturated with two or nore double or triple
bonds. "Aliphatic" nmeans a noiety characterized by a straight or branched

RERRA - MR R T

represented by itself nmeans a straight or branched, saturated or
unsat ur at eglts thgteophat i ¢ radi cal havi ng the number of carbon atons indicated
(e.g., (Cl-6)al kyl includes nethyl, ethyl, propyl, isopropyl, butyl,
sec-butyl, isobutyl, tert-butyl, vinyl, allyl, 1-propenyl, ‘i sopropenyl,
1-butenyl, 2-butenyl, 3-butenyl, 2-nethylallyl, ethynyl, 20 1-propynyl,

2-propynyl, and the |ike)ppAlikid DESESSNELEFINRETONt h anot her radi cal
(e.g., as in arylalkyl) neans a straight or branched, saturated or

unsatur.ated aliphatic divalent radical having the nunber of atons

i ndi catSed or when no atons are indicated neans a bond (e.g.,

(C6-10)aryl (C0-3)al kyl includes phenyl, benzyl, phenethyl, 1-phenyl ethyl

3- pheny! pridgf{pitionshd t he |ike). WD 037024924 PCT/ US02/ 29323 -8 "Al kyl ene”
unl ess indicated otherw se, neans a straight or branched, saturated or
unsat ur at ed, alUbstatlesrwikewstdieh therfatlowalg teransi usgd irhihe spetiifiratiof agdclons at ons
indicated (e.g., (Cl-6)alkylene includes nethylene (-CH2-), ethylene

(- CH2CH2- )are Héﬁrféﬁ&@b@h%@%go@es@‘ﬂ%ﬁb‘@%ﬁcz)tiontaﬁﬂ haveihB YIedeing nieakiakl. CH2CH2- )
2- but enyl ene (-CH2CH= -), 5 2-nmethyltetranethyl ene

(- CH2CH( CH3) CH2CH2-), pentanet hyl ene (-CH2CH2CH2CH2CH2-) and the i ke).
"Al kyl i dene" means a straight or branched saturated or unsaturated,

al phaitOi ¢ "Alicyclic" means a moiety characterized by arrangement of the carbon atoms in
closed non-aromatic ring structures having properties resembling those of aliphatics and
may be saturated or partially unsaturated with two or more double or triple bonds.

"Aliphatic" means a moiety characterized by a straight or branched chain
arrangement of the constituent carbon atoms and may be saturated or partially unsaturated
15  with two or more double or triple bonds.

"Alkyl" represented by itself means a straight or branched, saturated or unsaturated,
aliphatic radical having the number of carbon atoms indicated (e.g., (Ci.¢)alkyl includes
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, isobutyl, ferz-butyl, vinyl, allyl,
1-propenyl, isopropenyl, 1-butenyl, 2-butenyl, 3-butenyl, 2-methylallyl, ethynyl,

20 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
(e.g., (Csa0)aryl(Cos)alkyl includes phenyl, benzyl, phenethyl, I1-phenylethyl

3-phenylpropyl, and the like).



di val ent radi cal having the nunber of carbon atons indicated (e.qg.

(C1_6)al kylidene includes nethylene (=CH2), ethylidene (=CHCH3),

i sopropylwoan@492L( CH3) 2), 10 propylidene (=CHCH2CH3), alpricyriisdeedes23

(=CH CH=CH2), and the like). "Am no" nmeans the radical -NH2. Unless

i ndi cated ot herw se, the conpounds of 8t he invention cont ai ni ng am no

noi eties include protected derivatives thereof. Suitable protecting groups

for am no noi eti es i ncl ude acetyl, tert-butoxycarbonyl, benzyl oxycar bonyl ,
and the |ike. " Ani nmal umans, non-hu my dogs,
cats, rabbits, é&lﬁl?’ée ngqsgggcat g FWigsoleans as“i}iﬁa?l:%t Oglgré eans%wtrﬁsd Pt ke)
and non- mam"ral s (e.g., birds, and the like). "Aromatic" rreans a noiety

wher ei n t hasgontad dlimhatic.ativent raskeal bayiegithe ll‘ig@bgrr@ftcétboﬂlaﬁgnwﬁcéfﬁﬂ (&g} atons

in the ring systemare sp2 hybridized and the total nunmber of pi electrons

i s equal t(g,#amZlen20 indidds’ MEBiSnEA (OPROYCtholend {-CIBATHICY edrhethyleng
assenbly containing the total nunber of ring carbon atom; i ndi cat ed,

wher ei n egféﬂ%rcgﬁm;) it re%t@g&feqfcﬁzdm@ﬂm%wbuta& ﬁ:@H@iIEI)i, c or

when fuse sedon orns an aromatic ri asse

exanpl ¢, stituted ( dlnthls ation
i ncl udes, 028 &YEetr%B‘?tHY W ted to, g@ﬁ%ﬁ pﬁg brormphgﬂﬁ)’gethﬁene
2-br onocar bonylﬁhenyl 2-brono WO 03/ 024924 PCT/ Us02/ 29323 -9

5-f | uor opHePHCHAHATH(Bt \angdribadike). 4- car banoy! phenyl

4- car boxy- 2-ni trophenyl, 2-chl orophenyl, 4- chlorophenyl,

3-chl orocar bo nyMﬂhﬁmehe" fheald @ rsﬂa:ighﬂ)omyﬂapbieﬂydaxura@d ahlumsatadetdd, ubiplepicenyl |
2-chl oro-6-fl uorophenyl, 4-chloro-2-nitrophenyl, 6-chloro- 2-nitrophenyl,

2, 6-di br Orﬂ?pﬂ&ﬁ%lathcgl’ ﬁaﬁh? hhOLeRBENYH cm%m? a@drﬁf‘ lnﬁﬁ&i?&? '(B’% A. 6)a1kyl1dene
3, 4- dlchloropheny uor oret hoxyphenyl , 3, 5-di net hyl phenyl ,

2. ot hoxy QRO plﬁeefﬁilfﬂ%i%ﬁiﬁ Ahg e hééplﬁéﬁ%he”%' e RTBhenpICRST

4- et hyl phenyl 5-neth ni trophenyl met hyl sul f onyl phenyl ,
ot HOoP Shrodysicans (et BRIy By CHACH). and the ().

"Amino" means the radical -NH,. Unless indicated otherwise, the compounds of
the invention containing amino moieties include protected derivatives thereof. Suitable
protecting groups for amino moieties include acetyl, fert-butoxycarbonyl,
benzyloxycarbonyl, and the like.

15 "Animal" includes humans, non-human mammals (e.g., dogs, cats, rabbits, cattle,
horses, sheep, goats, swine, deer, and the like) and non-mammals (e.g., birds, and the like).

"Aromatic” means a moiety wherein the constituent atoms make up an unsaturated
ring system, all atoms in the ring system are sp> hybridized and the total number of pi
electrons is equal to 4n+2.

20 "Aryl" means a monocyclic or fused bicyclic ring assembly containing the total
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 (Ce.10)aryl as used in this Application includes, but is

not limited to, biphenyl-2-yl, 2-bromophenyl, 2-bromocarbonylphenyl, 2-bromo-



4-ni trophenyl, 2,3, 4,5, 6-pentafluorophenyl, phenyl,
2-trifluoronethoxyphenyl, 10 3-trifl uoronethoxyphenyl,

4-trifl uowormbkozyphenyl, 2-trifl uoronethyl phenyl, PCT/US02/29323
3-trifluoronethyl phenyl, 4-trifluoronethyl phenyl,
2-trifluoromethyl sul fanyl phenyl, 4-tr?1 uoronet hyl sul fanyl phenyl, and the
like. Optionally substituted (C6_lo)aryl as used in this Application

i ncl udes 3- acetylphenyl 3-tert- butoxycarbonylaninonethylphenyl,

bi phenyl - 4- hydroxyph ny 4- hydrox phen en

napht h- 2- yr Huor%hegybh EW@{ Pnylphérﬁ%r ép%?ﬁzl |,’T§ :éﬁﬁ-w%@whv means
a bicyclic ring assenbly contai ning the nunber of ring carbon atons

i ndi cat ed,2-etienophenyl,hed-chlngphand, | 3+cklododarboaykphemyile Hhohlbrenartonyipbenynd at

| east one of the rings conprising the assenbly is aromatic, and any

car bocycl ixcHglonfuortop t QNI @H-6- ﬂmragm ypNe- dﬂﬁfrbmahtruﬁmbpr eehldé- J. .
(C9_10) bi cycl oaryl i ncI udes cycl ohexyl phen 20 1, 2-di hydr onapht hyl ,

2, 4- di oxo fetr ﬂﬁ\gm l, i yl,

1, 2,3, 4- té%?éﬁgh Hap h?RM&%Pan Eﬁ% I|k§€QQ¥%%0@ﬂ%§p " %é%%gmfﬁghﬁgﬁica
CXC»h&Q dlcated oth ounds of i aventi gn

cont ai Ri n& BM Woi et i es ' B&B’f@g’{s‘gﬁ deri vat?’%éﬁm tgp{]é)ﬂ@&{?

Sui tabl e protecting groups for car bam)yl noi eties include acetyl, WO

03/ 024924 2ReiwAysaborgiphanyl, 10 2-Bearophengl y c aPtiodsphentienz yA-tseproayivbenyl, and

the like and both the unprotected and protected derivatives fall within
t he scope ofnethibgyphRyENdirtEthox ﬁaémczﬁﬁiettglﬂiﬁhﬂne—mlﬂhylpﬁényvef mbiaphey],
derivative containing the noiety - -. 5 "Carboxy" nmeans the radical

9% Uhesy ) igass 4%&%%“@%%&%@1 i L

cont ai ni ng car oxy I’'es I Nnc ect

and the. PrpoherscTEsRS o BepufioRbally SphiSir "raPIRer et m s od,
rmnocycl ! C3 trfﬂlljlgl?o%lelﬂlggy%lhéncyl 4-trifluoromethoxyphenyl, 2-trifluoromethylphenyl,
3-trifluoromethylphenyl, 4-triflucromethylphenyl, 2-trifluoromethylsulfanylphenyl,
4-trifluoromethylsulfanylphenyl, and the like. Optionally substituted (Ce.10)aryl as used
in this Application includes 3-acetylphenyl, 3-tert-butoxycarbonylaminomethylphenyl,
biphenyl-4-yl, 3-hydroxyphenyl, 4-hydroxyphenyl, 3-methoxyphenyl, naphth-2-yl,
15  3-phenoxyphenyl, phenyl, and the like.

"Bicycloaryl" means a bicyclic ring assembly containing the number of ring carbon
atoms indicated, wherein the rings are linked by a single bond or fused and at least one of
the rings comprising the assembly is aromatic, and any carbocyclic ketone, thioketone or
iminoketone derivative thereof (e.g., (Co.jo)bicycloaryl includes cyclohexylphenyl,

20  1,2-dihydronaphthyl, 2,4-dioxo-1,2,3,4-tetrahydronaphthyl, indanyl, indenyl,
1,2,3 4-tetrahydronaphthyl, and the like).
"Carbamoyl" means the radical -C(O)NH,. Unless indicated otherwise, the

compounds of the invention containing carbamoyl moieties include protected derivatives

thereof.  Suitable protecting groups for carbamoyl moieties include acetyl,



10 or bridged polycyclic ring assenbly containing the nunber of ring carbon
atons indicated, and any carbocyclic ketone, thioketone or im noketone
derivati vwotodeesef (e.g., (C3_10)cycloal kyl includes cyclrepruspy9323

cycl obutyl, cyclopentyl, cyclohexyl, cycl ohexenyl, 2,5-cyclohexadienyl,

bi cycl o[ 2. 2. 2] octyl , adamantan-1-yl, d8cahydronaphthyl, oxocycl ohexyi,

di oxocycl ohexyl, thiocycl ohexyl, 2-oxobicyclo[2.2.1]hept-1-yl, and the 15
| i ke). "Cycl oal kyl ene” neans a dival ent saturated or partially unsaturated,

nmonocyclic ing or_ bridged polycyclic ri ssenpl y cqgntai ni ng the nunber
of ring cé‘?”B‘éHtogé’%ﬂ%onyll’ng‘?"Eéiﬁ’é A ia?W g‘%r@%ﬁ%ibé’ﬂk eoH’éI,’mfteﬂ’ieE}kzé"tdone or
i m noketone derivative thereof. For exanple, the instance wherein "Rl and
R2 t oget h@rotpgtedhderivativey fall rwithim thetsoopehdiche lsgentidRl 20 and R2 are attached

form (C3_8)cycl oal kyl ene” includes, but is not Iimted to, the follow ng:

L~~ WO 03/ 02492¢af¥otidic0atod@ I3 vativk? mebhs L aa/atis edithingal thy moftgy udes any
unhealthy condition of an animal or part thereof and includes an unhealthy
condi tion q@__may be caused by, or incident to, nedical or veterinary

therapy applied to that animal, i.e., the "side effects" of such therapy. 5
"Hal 0" _.neans fluoro, ¢hloro, bro r "Hal o-substjtuted al kyl.", as an
i sol at 8d group OFTOREYt BN 'ihﬁrﬁ‘gfcagr'ggg)@%’ea@lessd aEdsﬁ%f‘?”f’%t by one
or nore "hal o" atons, as such terns are defined in this Application.

Hal o- subscPmppeRils0ikthe invieationl eent#iaingaakiaxy meRipEGsIarRge pratediqrbdestiaiiyes,

per hal oal kyl and the like (e.g. halo-substituted (Cl-3)al kyl includes

chl or onet hiydreof 1 Quitatddrproteativg Srplips fdi Edrbaxyandétivg linclidel tehxo ety land the
2,2,2-trifluoroethyl, perfluoroethyl, 2,2,2-trifluoro- 1, 1

-di chl orogfhyl, and the like). "Heteroatom noiety" includes -N=, -NR-,
-N+(O')=, -0-, -S or -S(0O2-, wherein R is hydrogen, (Cl_6)alkyl. or a

protect i ng. 9r OUpyci Rl LRGHE) SRLYA 8P Sars T ARSaGELORbA 8RS rudBulghined 1n
10 orbridged polycyclic ring assembly containing the number of ring carbon atoms indicated,
and any carbocyclic ketone, thioketone or iminoketone derivative thereof (e.g.,
(Cs.p)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
15  like).
"Cycloalkylene" means a divalent saturated or partially unsaturated, monocyclic
ring or bridged polycyclic ring assembly containing the number of ring carbon atoms
indicated, and any carbocyclic ketone, thioketone or iminoketone derivative thereof. For

example, the instance wherein "R and R? together with the carbon atom to which both R!

20  and R? are attached form (Csg)cycloalkylene” includes, but is not limited to, the following:



15 provided that one or nore of the ring nenber carbon atons indicated, is
repl aced by hteroatomnoiety selected from-N=, -NR-, -0-, -S- or -5(0)2-,
wher ei n RvD3lgdevgen or (CL_6)al kyl . For exanpl e, the imsTarsom29sherei n R1L
and R2 together with the carbon atom LQ which both RlL and R2 are attached
form het er o( C3- 8) cycl oal kyl ene" includes, but is not linmted to, the
following: 20 NO R O 0 WD 03/024924 PCT/ US02/ 29323 -12 in which Ris
hydrogen, (Cl_6)alkyl, or a protecting group. "Heteroaryl" neans aryl, as
defined in this Application, provided that one or nore of the ring carbon
atons indicated are replaced by a heteroaton1nDiety sel ected from - N=,
-NR-, -N+(OT) =, - or wherein R is hydrogen, (Cl_6)alkyl, a

prot ecti ng grouPlﬁﬁas% SP%@%%W@%@W?@@I@IC@%@W apnyeylpeparatheret poi nt
of attachment to a ring nitrogen, and each ring is conprised of 5 or 6

ri ng at onsandRoeludesaampidhealtipt caonitidnythstuingy be chesdd byebeino{deht 63 hasddal as used
inthis Application includes, but is not limted to, 4-am no-

2- hydr oxy pystdrifiagli tﬁe Fy bppliﬂdh@ﬂ?a@faﬁihﬁﬂ‘ﬁ'ez tﬁherkz&té?fe@%obf ﬁlc}ilthelapy
1H benzoi m dazol - 2- bronopyrid-5-y 5- br ormpyrl -2-yl,

4- car banoyl t hi azfl -« r

5-car b?xy 2, 6- d?ﬁ Zm%{mfﬁgﬁg H@M%}[@hgmmﬁﬂyl i soxazol -4-yl, 5-ethoxy-
2, 6d|rrethylpyr 3- oro hydr oxypyri m di n-4-yl , fur-2- yl,
fur- 3- yl, 5- hydt%"}@sgbﬁhﬁlt y]h,yqlspw isgl a@dzgroup or part of a larger group, means

8- hydroxy-5 7- dlnethquU|noI|n 2-yl, 5-hydroxynet hyl i soxazol - 3-yl,
3- hydr oxy- "ellevt supsiipedddby -ope or Inbredthaloy patoing - & yich tefirsk iand defimdd- 2 §H1s
1H i m dazol -4-yl, 1Hindol-3-yl, isothiazol-4-yl, isoxazol-4-yl, 15

2- et hy!| fu{ppﬂtcyﬂlon 5- mmydbtsufme& yilkeyl 1m61@ﬂ€l§/|haﬂddﬂéym @%Maﬂ%dy'tnha%d'fﬁﬁhw
3H i m dazol -4-yl, 5-nethylisoxazol-3-yl, 5-nethyl-2H pyrazol-3-yl,

g x% Eg: Biﬁ:{el d:lc?a‘llyl and4'rtrl‘1i£[3:1]1y L{%)r/ dlﬁjagg %(l&stmﬁembhy)laﬁw ifagadd! thloromethyl,

10  dichloromethyl, difluoromethyl, trifluoromethyl, 2,2,2-trifluoroethyl, perfluoroethyl,
2,2,2-trifluoro-1,1-dichloroethyl, and the like).
"Heteroatom moiety" includes -N=, -NR-, -N*(O")=, -O-, -S- or -S(0),-, wherein
R is hydrogen, (Cy.)alkyl or a protecting group.
"Heterocycloalkylene" means cycloalkylene, as defined in this Application,
15 provided that one or more of the ring member carbon atoms indicated, is replaced by
heteroatom moiety selected from -N=, -NR-, -O-, -S- or -S(O),-, wherein R is hydrogen or
(Ci.¢)alkyl. For example, the instance wherein R' and R? together with the carbon atom
to which both R' and R are attached form hetero(Cs.g)cycloalkylene” includes, but is not
limited to, the following:

20



2-nmet hyl t hi azol -4-yl, 5-nitropyrid-2-yl, 2H pyrazol-3-yl, 3H pyrazol-4-yl,
pyridazin-3-yl, pyrid-2-yl, pyrid-3-yl, pyrid-4-yl,

5- pyrid- 3wglo3@apsopd, 2, 4] triazol -3-yl, pyrimdin-4-yl, 20 pycCirnisd2/en32s yl ,

1H pyrrol -3-yl, quinolin-2-yl, 1Htetrazol-5-yl, thiazol-2-yl,

thiazol -5-yl,  thien-2-yl, thien-3-yl 71 H[1, 2,4]triazol -3-yl,
3H[1,2,3]triazol-4-yl, 5-trifluoronethylpyrid-2-yl, and the |ike.

Sui tabl e protecting groups include tert-butoxycarbonyl, benzyl oxycarbonyl,
benzyl, 4-peth benzyl . 2-nitrobenzyl nd the like. Optionally

substi t ut é%lWﬁ?éc?‘é?'/%?(el@@{%)“a@}]iésa;@'?lgé’d’rf)tt‘?&ﬂﬁ Zplication to define R4 WO
03/ 024924 PCT/ US02/ 29323 -13 includes benzofur-2-yl, fur-2-yl, fur-3-yl,
pyrid-3-yl, pyrgteaeayl" megnswpl os gafined in thin Appligation, pravidedghstione phingfe 3- y |
and the |ike. "Heterobicycloaryl” neans bicycloaryl, as defined in this
Appl i cat i eftheping\arbed atdnirahdicaed are repiaed bl athberaatong nexdath esiecaddofvmm i-Ndj cat ed
are replaced by a heteroatomnoiety 5 selected from-N=, -NR-, -0- or -S-,

wher ei n R_NR-hye{ogen.-of 61 -$) rkin RaisRIyakREeh] @Y. BSHPa BfotéRRE &36H & t he

free val ence which serves as the point of attachnent to a ring nitrogen,

o0 2 RSB0 P e TP g 1

this Application includes, hut is not limted to, ) )

2- ami no- 4-S8%b 1182 45 FORYPEISEHOEN OF 5 BLg|atomnd Homexpmple, opfiopdlierdistitegse ¢ er m
10 heterobicycloaryl as used in this Application includes, for exanple,
benzol[ 1, 3lhdieox6k.1s%aryl as upd,id-thlis yphlicat2id [nclnded | bua phhbiylimitedyd,, 4-amino-

3, 4-di hydr o- 2H qui nol i nyl , 2, 4-di oxo- 3, 4-di hydro- 2H qui nazolinyl,

1,2, 3,4, 528mf yehinadin-52y1) Riitearo iyl Y benz8th@as@t-2-y1, 1H-benzoimidazol-2-yl,
2, 3-di hydrobenzo[ 1, 4] oxazi nyl, 5,6,7,8-tetrahydroquinolinyl, and the |iKke.

et erocyelaehiyl 35anS usbRaldcrly S HelORln 015 ARRlLpTRISTy

provi ded that nor e ing ca ar’e
repl aced hy het er oat om noi.ety  selected fram-N=, -NR-, -0- or -S-,
wher eﬁﬁ Rl?l’r“':‘?I Fog Hl}etg]ﬂﬂ%‘?'ér}ﬂyl . a protigetvlgogeeldylor repredeRYs the
free val ence which serves as the point of attachnment to a ring nitrogen,
and any casthéieyethylpyrided-oh&fhudrb Skletdoorey pyrimidin oy efuoReyl duri3vys 5-hpdioher eof
(e.g., the term

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,

1H-imidazol-2-yl, 1H-imidazol-4-yl, 1H-indol-3-yl, isothiazol-4-yl, isoxazol-4-yl,

15  2-methylfur-3-yl, S5-methylfur-2-yl, 1-methyl-1H-imidazol-2-yl, 5-methyl-
3H-imidazol-4-yl, 5-methylisoxazol-3-yl, 5-methyl-2H-pyrazol-3-yl, 3-methylpyrid-2-yl,
4-methylpyrid-2-yl,  5-methylpyrid-2-yl, 6-methylpyrid-2-yl, 2-methylpyrid-3-yl,
2-methylthiazol-4-yl, 5-nitropyrid-2-yl, 2H-pyrazol-3-yl, 3H-pyrazol-4-yl, pyridazin-3-yl,
pyrid-2-yl, pyrid-3-yl, pyrid-4-yl, 5-pyrid-3-yl-2H-[1,2,4]triazol-3-yl, pyrimidin-4-yl,

20  pyrimidin-5-yl, 1H-pyrrol-3-yl, quinolin-2-yl, 1 H-tetrazol-5-yl, thiazol-2-yl, thiazol-5-yl,
thien-2-yl, thien-3-yl, 2H-[1,2 4]triazol-3-yl, 3H-[1,2,3]triazol-4-yl,
5-trifluoromethylpyrid-2-yl, and the like.  Suitable protecting groups include

terg-butoxycarbonyl, benzyloxycarbonyl, benzyl, 4-methoxybenzyl, 2-nitrobenzyl, and the

like. Optionally substituted hetero(Cs.jp)aryl as used in this Application to define R*



het ero( C5_I o) cycl oal kyl includes im dazolidinyl, norpholinyl, piperazinyl,
pi peridyl, 20 pyrrolidinyl, pyrrolinyl, quinuclidinyl, and the |ike).

Sui t abl e woaB®ezng groups include tert-butoxycarbonyl, Perawovysesnr bonyl
benzyl, 4-methoxybenzyl, 2-nitrobenzyl, and the |I|ike. Both the unprotected
and protected derivatives fall wi t hi n-he scope of the invention. "Hydroxy"
means the radical -OH Unless indicated otherw se, the conpounds of the

i nvention containing hydroxy radicals include protected derivatives

Py oxy PR ASePHERD GRSl T Rar et it Ab BB e P e

means a derivative containing the noiety -C(NR)-, wherein Ris hydrogen or
( C1- 6) al kythien*2-glotheens3-yhwad thedijsounds of Fornul a | having identi cal
nol ecul ar fornulae but 5 differ in the nature or sequence of bondi ng of

their atons or 'Hetdrbicpisandenens bifyclolsl,ras dafiedbin thiss@plzatids pi@vided hat
differ in the arrangenent of their atons in space are terned

" st er eoi ng,togl;é or TicFé Spﬂhéfmﬁgrcn éatoﬁ Alond fdfRkd q}erlﬁgac&r@gfﬁetafoaﬁﬁﬁm% her

are terne astereoners” “a stereol soners t t ar nonsuper | nposabl e

mrror _i mges are t "enantj oners" _ar.sonmetinpes "optical isomers". A
Tt bon Sat GERESAGEM N5 T8 Dot Tent i RiphEdaE {enS Aprper teEis i ¢ al

center". A conpound with one chiral center has two enantioneric forns of
opposi t e chireresenis the free vateaceavhich sesfescasrha peinkor atiaclwserns de AdingmarogeRas nor e
than one chiral center has 2'x"1 enantioneric pairs, where n is the nunber
of chiral andent eirbocycliofetonezhivketoneror ignihbl@torenieriehti veaheeehtkyr ermyiplexi st as
ether an individual diastereoners or as a m xture of diastereomers, terned

a " di ast er epuRLilyCsulhathidl feter(OE ) Hicy Ry 1GE iuéeﬁ: in@lﬁ@k?gﬁ&a'iioﬁri&ﬁﬁ&%, Bht is

stereoi somer may be characterized by the absol ute nfiguration of that
of 1 he Subte FPERRS HPaanGon D Qi Datur i o Grbra: dorms ™ °
characterized by the absolute configuration of their chiral centers and
descrilfed he{eretigyclraryd ggussdde fueApplisgtion inrludess for eammple) hegaold . 3adiexdrieylog.
Conventions for stereochem cal nonencl ature, nethods
3,4-dihydro-2H-[1,8]naphthyridinyl, 3,4-dihydro-2H-quinolinyl, 2,4-dioxc-3,4-dihydro-
2H-quinazolinyl, 1,2,3,4,5,6-hexahydro[2,2Tbipyridinylyl, 3-0x0-
2,3-dihydrobenzo(1,4]Joxazinyl, 5,6,7,8-tetrahydroquinolinyl, and the like.
"Heterocycloalkyl" means cycloalkyl, as defined in this Application, provided that
15  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, (C;.¢)alkyl, a protecting group
or represents the free valence which serves as the point of attachment to a ring nitrogen,
and any carbocyclic ketone, thioketone or iminoketone derivative thereof (e.g., the term
hetero(Cs.jp)cycloalkyl includes imidazolidinyl, morpholinyl, piperazinyl, piperidyl,
20  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.

"Hydroxy" means the radical -OH. Unless indicated otherwise, the compounds of

the invention containing hydroxy radicals include protected derivatives thereof. Suitable



20 for the determ nation of stereochem stry and the separation of

stereoi soners are well known in the art (e.g., see "Advanced Organic
Chem st rywp odiobwoedi ti on, March, Jerry, John WIley & SonspPChawoyerk3 1992).
It is understood that the nanmes and illustration used in this Application

to describe conpounds of Formula | ard4meant to be enconpassed all
possi bl e stereoi soners. Thus, for exanple, the nane norpholine-4-carboxylic
acid [1-(1 WD 03/024924 PCT/ US02/ 29323 -15

benzoyl - 4- oxo- pyrrolidj n-3-yl car banoyl ) - 2- phenyl net hanesul f onyl - et hyl ] -am d
eis rreantPl'OtP‘EP‘i)ér%P%éoﬁ@fdﬁ mREhgs ’é‘é‘?“%?%zﬂcgfé’g‘;ﬁ k.

[ S-1-(1-benzoyl - 4-oxo-pyrrolidin-3-ylcarbanmoyl)-
2- pheny! met hanébuinbbetphe detiydtiveamiades andbrivetiysh obntaiging- harmoiep FEMNRFd
[ R-1-(1-benzoyl -

4- 0X0- pyr rvitlekeédh R-i8 hyd©geban@y s)aiidi.phenyl met hanesul f onyl - et hyl | - am de and
any mxture, 5 racem c or otherw se, thereof. "Ketone derivative" neans a

derivative contwgini_ng [ - - :

2- acet oxy-azeti gglofry-e - 3}‘? %Aﬁtcﬁ%b&%}grs gﬁ%ql%fﬁéfﬁé%ﬁgie?@gfomHBlﬁlP%b%te 2-
acet oxy-4-oxo-azetidin-3-yl. "Nifro" neans.the radical -NO2. 10 "Qptional"
or "optio ?fyﬁ%ff?e‘}fﬁ‘éfetoﬁé A9CHE® JW&Q@@&%E‘P‘%}I Yews Of Hethe @prapgerymt of their
circunstance may or may not occur, and that the description includes

i nst ances aitheyia spire. lsarens thet digfer nuhe raangemeaicelitheinatdms iig space axs temeghi ch it

does not. For exanple, the phrase "wherein within R3 and R4 any alicyclic

or aronmat i"stefebof}gnBHS! eStelBomersShixsSdre ot Barbiiniddes of bile indthéagte cainged. . "
means that R3 and R4 may or may not be substituted in order to fall 15

W thin thedﬁg@ﬁ%nfe];s”taﬂﬁ éef%?s% .e?éqth ta%(ﬂ S ¥énm G hjéy 1ma §al%%.
t|§| er O? n atlgern?s | I’Illg Og%

above, whereln one of e nu carbo _ Icated 1s replaced by
"N o) do. deROBRE o@tsopBifies dEFRURIES. oY cubputn B R BRREPRIFRCH whi ch
20 nitrogens are in an oxidized state (i.e., ON) and which possess the
desi r 88  substituents is termed a "chiral center". A compound with one chiral center has two
enantiomeric forms of opposite chirality is termed a "racemic mixture". A compound that
has more than one chiral center has 2" enantiomeric pairs, where 7 is the number of chiral
centers. Compounds with more than one chiral center may exist as ether an individual
diastereomers or as a mixture of diastereomers, termed a "diastereomeric mixture". When
15 one chirai 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- and S-sequencing
rules of Cahn, Ingold and Prelog. Conventions for stereochemical nomenclature, methods
20  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 illustratié)n used in

this Application to describe compounds of Formula I are meant to be encompassed all

possible stereoisomers. Thus, for example, the name morpholine-4-carboxylic acid [1-(1-



phar macol ogi cal activity. "Pathology" of a disease neans the essenti al

nat ure, causes and devel opnent of the disease as well as the structural
and functwomalnzebanges that result fromthe di sease proc®ETas02/M323

03/ 024924 PCT/ US02/ 29323 -16 "Pharnmaceutically acceptabl e” neans that
which is useful in preparing a pharmé&eutical conposition that is
generally safe, non-toxic and neither biologically nor otherw se

undesi rabl e and includes that which is acceptable for veterinary use as
wel | as human pharmaceutical use. 5 "Pharmaceutically acceptable salts”
neans sal P@ZSYI“E%BHF@@W‘WWOXI)TZ'WMW“W%QYW@@h@P@QIl? fpeant
accept abl e, as defined above, and whi ch possess the desired

phar macol tgndade motphulited-c8bokylisatildSi1Ad Fhedeoyheiakogrdiotidior3-gedrbanéyd)-med
with inorganic acids such as hydrochloric acid, hydrobrom c acid, sulfuric
aci d, nitpisfeRlhsthaRR@RRREMS]-afftdehnd AHpRIMRe ULdsfBoxhic Mid [R-QI(YBBAGLYRCI dS
such as aceti ¢ acid, propionic acid, hexanoic acid, 10 heptanoic acid,
cycl opent r ORI QR C, aC] l.ysol i j i Gl G..aci d,
marone SRRR SR BEL dar Ok E Rl At esO b At WAEY SRR
tartatic acid, citric_acid, benzoic acid, o-(4-hydroxybenzoyl)benzoic
aci d, i nFSAE FAthervisgd@ereelaci d, net hanesul fonic acid, ethanesul fonic
acid, 1,2-ethanedi sulfonic acid, 2-hydroxyethanesul fonic acid,

benzenesul f oni &Ketonel depvathied ro¢res zae desvative rdontasming , the -meiptyt HAO3nedHdrf oni ¢
acid, 15 p-toluenesul fonic acid, canphorsulfonic acid,

4- et hy| begangh10] for 2-RbRKY-aZet@lie3-1 - hartakytychic deidhe dtive@REPIONE GeaX-i d,

4, 4" - met hyl enebi s( 3- hydr oxy- 2-ene-| -carboxylic acid), 3-phenyl propionic
acid, tri | acet | cl d,.qtertiary butylacetic acid, lauryl sulfuric
aci d, qu%%%?%ngg%?gaﬁﬁﬁgﬁ?b aci d, hydroxynaphthoic acid, salicylic acid,
stearic acid, ,lmcqnic agﬁg &ng e like. 20 Pharmaceutically acceptable
salts al so i nclUd® BaR28s HRJPYFYS41 ts which may be fornmed when acidic

protons present are capable of reacting with inorganic or organic bases.
10 "Optional" or "optionally" means that the subsequently described event or

circumstance may or may not occur, and that the description includes instances where the
event or circumstance occurs and instances in which it does not. For example, the phrase
 "wherein within R® and R* any alicyclic or aromatic ring system may be substituted further
by 1-5 radicals...” means that R®> and R* may or may not be substituted in order to fall
15  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., 0x0(Csye)alkyl includes
methoxymethyl, etc.

"N-oxide derivatives" means derivatives of compounds of Formula I in which

20 nitrogens are in an oxidized state (i.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

Processes.



Accept abl e i norgani c bases include sodi um hydroxi de, sodi um carbonat e,

pot assi um hydroxi de, alum num hydroxi de and cal ci um hydroxi de. Acceptabl e
or gani ¢ baeas/op4sed ude et hanol am ne, di et hanol am ne, tri etPhanshardne,
tromet ham ne, N-nethyl gl ucam ne and pﬂ% WO 03/ 024924 PCT/ US02/ 29323 -17-
i ke. "Prodrug" neans a conpound whi cht”is convertible in vivo by netabolic
nmeans (e.g. by hydrolysis) to a conmpound of Fornula I. For exanple an
ester of a conmpound of Fornmula I containing a hydroxy group may be
converti bl e by, drol%ﬁisnin vi¥%ﬂnp t he % arent nol ec ie. Al ternatively
an ester of a c RASPIDEPRTAMEPYY - @A Thitn g PAChC &F B5WM 18 BEBZME %e
convertible by hydrolysis in vivo to the parent nolecule. Suitable esters
of conpoBhsiaseutical sampesitionghatds ganstplly spipankipxiy Sdmeitherdiplogicablianen e
acetates, citrates, |l|actates, tartrates, malonates, oxal ates, salicyl ates,
pr opi onat ethersise andwsiresle ahd irehalee that wihinhdabesptable for veterinary use as well as

net hyl ene- bi s- b- hydr oxynapht hoat es, gentisates, isethionates, 10

di - p- t ol uyihabhidlesutidiBhdeanesul phonat es, et hanesul phonat es,
benzenesul phonat es, p-tol uenesul phonates, cycl ohexyl sul phamat es and

Group, o e for DY GERbCEoRITHIEGma s st SRl T el "Rel

1987, 18, page 379. An_especially useful class of esters of conpounds of
For nul a | 2oRbamaceriicallnagrepiapleyr supefingdyalipyes gperahieh diossses dhsrdedtsdes 15
selected fromthose described by Bundgaard et al., J. Med. Chem, 1989, 32,
page 2503h250i¢ologivdl aativitydSushibats inclndel adid raddivivetshlid Jortmed it mergahwmr

exanpl e, dial kyl am no- net hyl benzoates in which the two al kyl groups nay be

j oi ned t ogeil sdichedRdfyafochMriRrac i hedlobdynid AeiB XM URfic ALRIMPHc Ryidashodpdenal |y
substituted nitrogen atom e.g. an alkylated nitrogen atom nore

especial |l y_. 1.00- e 2 4 - i hyl) 20
P o TR 0 R DM ALy e i, i TP
al kyl pi per azi n- 11¥kQQenzoate§.,"Prolecte . derjvatives" neans,der{vatives
of cotBou ha%targpc 20, SviFlQPantangPrRRiORIS aggd, glycolic acid, pyruvic acid, lagtlc acid, malonic

acid, succinic acid, malic acid, maleic acid, fumaric acid, tartatic acid, citric acid, benzoic

acid, o-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, madelic acid, methanesulfonic

acid, ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic acid,

benzenesulfonic acid, p-thorobenzenesulfonic acid, 2-naphthalenesulfonic acid,

} 15  p-toluenesulfonic acid, camphorsulfonic acid, 4-methylbicyclo[2.2.2]oct-2-ene-

1-carboxylic acid, glucoheptonic acid, 4,4-methylenebis(3-hydroxy-2-ene-1-carboxylic

acid), 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric

acid, gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid,
muconic acid and the like.

20 Pharmaceutically acceptable salts also include base addition salts which may be

formed when acidic protons present are capable of reacting with inorganic or organic bases.

Acceptable inorganic bases include sodium hydroxide, sodium carbonate, potassium

hydroxide, aluminum hydroxide and calcium hydroxide. Acceptable organic bases include

ethanolamine, diethanolamine, triethanolamine, tromethamine, N-methylglucamine and the



reactive site or sites are blocked with protecting groups. Protected
derivatives of conpounds of Fornula | are useful in the preparation of
conpoundswofosoreul a | or in WO 03/024924 PCT/ US02/ 29323 PCT&ISOIhease®l ves
may be active cathepsin S inhibitors. A conprehensive list of suitable
protecting groups can be found in T. WG eene, Protecti ng Goups in Organic
Synthesis, 3rd edition, John Wley & Sons, Inc. 1999. "Therapeutically
effective amount” neans that anount which, when administered 5 to an

ani mal i‘ treating a disease, is sufficient to effect such treatnment for
the di seadke " Thi oket one deri vati ve" means a derivative containing the
moiety -C(S)-. "Treatnent" or "treating" neans any administration of a

conpound of t héPjordurgs moeans awemppurd whithitneonigaible (myivprheveeiehelly mepasdi sease
fromoccurring in an ani mal which nmay be predi sposed to 10 the disease but

does not yet WXIardlwiY e Atodpsyiday Fohirulpdt Bod ex@nply ansastpbbaadmpagy odf t he
di sease, (2) inhibiting the disease in an animal that is experiencing or

di spl ayi ng; piila H%BQQ{,@?% &ro%% gﬁhﬁgﬁ&ft@ 9(?11\@{1:151@ By ?l&&x%?}%fécﬁ(\‘w@to the

arresting nt pat ho or synpt onat ol ogy) , or

15 (3).aneliorat t I sepse 1N a ani mal r.encin

i spl & naa&eﬂ*emfﬁa@ﬁo&gww st e 8?%wn8fo??ﬂgn@fl'28§§%lam@ac OXY
reversing the pathol ogy and/ or synptonmatol ogy). Nonencl ature: 20 T
conpounds SEPEBHRA @nyertihle byt diohysisr oo dae Rasent Srpq e gS%bl@reﬁt&msof us ed in
their preparation are naned in accordance wth | UPAC rul es of nonencl ature
in which tbepowiiandEoanulalicontgimngxshytavey gleop.eas forgxpmpleractiatel oritrated,at i on
as the principle group as follows: acids, esters, amdes, etc.

Al ternati yetes tH8aRS, rﬁﬁ%ﬂg@s %ﬁla’%”@ﬂw@lﬁw@ub@ﬂ%ﬂa&sOsuc(:ﬁﬁtéssflﬁﬁdiates _
| nformation Systens, Inc.). For exanple, a compound of For nul a i n which

R3 maleates, methylene-bis-b-hydroxynaphthoates, gentisates, isethionates,

10  di-p-toluoyltartrates, methanesulphonates, ethanesulphonates, benzenesulphonates,
p-toluenesulphonates, cyclohexylsulphamates and quinates. Suitable esters of compounds
of Formula I containing a carboxy group, are for example those described by
F.J Leinweber, Drug Metab. Res., 1987, 18, page 379. An especially useful class of esters
of compounds of Formula I containing a hydroxy group, may be formed from acid moieties

15  selected from those described by Bundgaard et al., J. Med. Chem., 1989, 32, page
2503-2507, and include substituted (aminomethyl)-benzoates, for example, dialkylamino-
methylbenzoates in which the two alkyl groups may ‘ee joined together and/or interrupted
by an oxygen atom or by an optionally substituted nitrogen atom, e.g. an alkylated nitrogen
atom, more especially (morpholino-methyl)benzoates, e.g. 3- or 4-(morpholinomethyl)-

20  benzoates, and (4-alkylpiperazin-1-yl)benzoates, e.g. 3- or
4-(4-alkylpiperazin-1-yl)benzoates.

"Protected derivatives" means derivatives of compounds of Formula I in which a
reactive site or sites are blocked with protecting groups. Protected derivatives of

compounds of Formula T are useful in the preparation of compounds of Formula I or in



WO 03/ 024924 PCT/ US02/ 29323 -19 is phenyl, R4 is norpholine-4-carbonyl and
X3 is 1-benzoyl - 4-oxo-pyrrolidin-3-ylamno; that is, a conpound having the
fol | ow ngwetmseetdes e: 04z: =0 /~, O N I NN O0,,) HO ECWUsee/}9333i s
named nor phol i ne-4-carboxylic acid

[ 1- (1- benzoyl - 4- oxo- pyrrolidin- 3- yIca#BanDyI) 2-

phenyl met hanesul fonyl -ethyl]-am de. Presently Preferred Enbodi nents: Wile
t he broadest definition of the invention is set forth in the Sunmmary of the

10 I nventi,on ertaln aspects of the .inyvention are b eferr anple,
for a comioalet Tsobaapava cafopsis ARREOtn A aPERGT T oy riaBior 1
is ethylene and X2 is a bond; R3 is -CR5=CHR6, -CR5(CR63)2 or --CR7=NRB,
wher ei n RBratesting groge Aambeiforad isT . drsgen Praecting Graypy ioy0rsgricisnikags: R
together with the atons to which R5 and R6 are attached form

(C3_12) cycsidadifienybhn Wity 182 paiisy Inc. h@3%r o( C6_12) aryl or (C9_12) bi cycl oaryl
and R7 and R5 15 together with the atons to which R7 and R8 are attached

form hetero(Cs "icﬁér ki JJ GRBiYe ﬁﬁounb%@alﬁ(t@aﬁl%hﬁwmch WRhelimifiered
optionally is subst tute by 1 to 5 radicals independ ently selected froma

hal b | kyl
7 xaoro® antb Bt S it Y Gen st B R TSR kB it St

occurrence i ndeﬁendent ly is (Cl_3)alkyl or hal o-substituted § Cl. 3) al kyl ;
R4 i s -C(O) xSRiThigketope d&sivafiyXsraans ag§ey v crutanngthgapricty-6(Sor - NR12-
wherein R12 is hydrogen or (Cl_6)alkyl, and R11 is (i) (Cl1_6) aI kyl or ( i)
het er o( C5_12) cyTteamhday'| ¢rCRed)ja)" laydans any administration of a compound of the present
invention and includes:
(1)  preventing the disease from occurring in an animal which may be predisposed to
10  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
or symptomatology of the diseased (i.e., arresting further development of the pathology
and/or symptomatology), or
15 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).

Nomenclature:

20 The compounds of Formula I and the intermediates and starting materials used in
their preparation are named in accordance with IUPAC rules of nomenclature in which the
characteristic groups have decreasing priority for citation as the principle group as follows:
acids, esters, amides, etc. Alternatively, the compounds are named by AutoNom 4.0

(Beilstein Information Systems, Inc.). For example, a compound of Formula I in which R



WD 03/ 024924 PCT/ US02/ 29323 -20 (C6-12)aryl (C0-3)al kyl,

het ero( C5-12) aryl (CO-3) al kyl, (C9-12)bicycl oaryl (C0_3)al kyl or

het er o( CBw02pBhe4g€| oaryl (CO- 3) al kyl or (iii) PCT/US02/29323

het er o( C5- 6) cycl oal kyl (C0- 3) al kyl or éssg)henyl (C0-3)al kyl substituted by

- X60R15, -X6C(O R15 or -X6NR16C(O) ORI&;- Wherein X6 is a bond or nethylene,
R15 is phenyl (CO-3)al kyl or hetero(C5-6)aryl (CO-3)al kyl and R16 is 5
hydrogen or (Cl-6)al kyl; wherein R4 optionally further contains 1 to 5
substi tuent ich when occurring within an alicyclic or_ar tic ring
system ar®@ ﬁgﬂﬂc}gl ’§W%@‘H€Wa‘§?ﬁ4’?ﬂ’g}’l é’éqagcfse]dg?nrzt%ﬂ‘ "%P'@MH"E@‘H%’T@?M’M
(Cl-6)al kyl, halo, -X6NR17R17, -X60R17, -X6C(0O OR17, -X6NC(O) R16 and

- X6C( O) R1that iR1Fcempaadihaviogihy howingrmptmelent [y is hydrogen, (Cl-6)alkyl
or hal o-substituted (C-3)alkyl and R18 is (Cl_6)al kyl or 10

hal o- substituted (Cl-3)al kyl. In particul X3 is a group of Formula (a),
(b) or (c¢) in which: nis 0, 1 or 2; R20._i sel ected fromthe group
consi sting of hydrogen and (Cl-6)al kyl ;osR21 is selected fromthe group

consi sting of (Cl_9)alkyl, (CG-lZ)arj\I( -B)al kyl, -C(OR2G -S(0O) 2R26,

-C(O OR26 and -C(O N(R26) R27; Re3™i SN d from (Cl-6)al kyl optionally

substituted with am no, 15 NHC( SHOro- wherein R15 is as descri bed

above; R25 is selected from (C -6)al kyl, (C@»@ yl (CO- 6) al kyl ,

-X4S(0) 2R26 or -X4C(O) R17NR 17C(O) R17 whereit and X4 are as described

above and R26 is as described below, R26 is selected fromthe group

consisting of (Cl-6)alkyl, hetero(CS-12)cycl oal kyl (CO-6) al kyl,

(C6-12)aryl (C0-6)al kyl, hetero(C5-12)aryl (C0-6)al kyl and

(CO- 123 bi gAY Sl B84 | S0k Bt o RBIGH 8 AR o9Rt onal |y

further contains 0 €n occurring w n-an

alicyclic or . aromat il% rin yst.em are radi cals i ndependently selected from

a group c%@#@ﬂﬁ%ﬁmlgi@éﬁ?ﬁ@y cyano, halo, -X60Rl7, --X6C(O Rl7 and

-X60R15. R3 nore preferably is selected fromthe group consisting of

phenyl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, vinyl,

2-di fl uor onet hoxyphenyl, 1-oxy-pyridin-2-yl, 4 WO 03/024924 PCT/ US02/ 29323
Presently Preferred Embodiments:

While the broadest definition of the invention is set forth in the Summary of the

10 Invention, certain aspects of the invention are preferred. For example, for a compound of
Formula I, in which X' and X* are both methylene or X' is ethylene and X* is a bond; R’

is -CR’ =CHRS, —CRS(CR63)2 or wCR7=NR8, wherein R’ is hydrogen and R%is hydrogen

or (Cr.)alkyl or R® and R® together with the atoms to which R® and R° are attached form
(Cs.p)eycloalkenyl, (Cgip)aryl, hetero(Ce.io)aryl or (Co.p)bicycloaryl and R’ and R®

15  together with the atoms to which R’ and R® are attached form hetero(Cs._i2)cycloalkenyl or
hetero(Ce.12)aryl, wherein R® optionally is substituted by 1 to 5 radicals independently
selected from a group consisting of (C;4)alkyl, cyano, halo, halo-substituted (Cy.4)alkyl,
-X*OR’ and ~X4C(O)OR9, wherein X* is a bond or (Crp)alkylene, R’ at each occurrence
independently is (Cij)alkyl or halo-substituted (Cis)alkyl; R* is -C(O)X°RY or

20 —S(O)ZXSR”, wherein X is a bond, -O- or —NRIZ-, wherein R is hydrogen or

(Crg)alkyl, and RY s (1) (Cireyalkyl or (ii) hetero(Cs.ix)cycloalkyl(Cos)alkyl,



-21 nmet hoxyphenyl, 4-nmethyl phenyl, 2-nmethyl phenyl, 4-chlorophenyl,
3, 5-di net hyl phenyl, 4- trifluoronethyl phenyl, 4-trifluoronmethoxyphenyl,
2- br onophwoyBjo24apht hal en- 2-yl, 3, 4- di chl orophenyl, 3-nerayliysazmab3
3-trifluoromethyl phenyl, 3-trifluoronethoxyphenyl,
2,3, 4,5, 6-pentaf | uor o- phenyl, 2-fl uorofhenyl, 2-chlorophenyl,
2-cyano- phenyl, 2 5 trifluoronethyl phenyl, 4-tent-butyl-phenyl,
3-chl orophenyl, 4-bronophenyl, 2-fluoro-3- chloro-phenyl,
2-f 1 uoro- 3- hy] - phenyl , 3-fl ugrophenyl, 2,5-difluorophenyl, 3-
bronnphen%pg%%?ét@?ﬁﬁ%8¥opﬁ%ﬁ?ﬁ%4@?§iﬁ%ﬁ¥@6@opN@ﬁyﬁwﬁ@ﬁﬁﬁﬂégwﬁﬁﬁﬂyIPf
4- cyano- phenyl, 2-trifl uoronet hoxyphenyl, 2,3-difl uorophenyl, biphenyl,
2- br ono- 5-Hetane(Ca-1pbisnsibarydCo HRlkyr ophenyKiji) 3, htedd (s woydphibplyCo.s)alkyl or
2, 4-di fl uorophenyl, 2,4,6-trifluorophenyl, 2,4,5 10 trifl uorophenyl,

3, 4- t ri fpheaylanhRmy suh%tiﬁi%djdw:ﬁ(ﬂllp,fim(@?[éﬁ by bgtedSt(0)8RA, Bhérein X°
i fluoronet hyl phenyl, 2,5,6-trifl uorophenyl,
-fluoro- 3zt k| | pts I - bk | t p k.
1 tor o & by HERBERIGR, B0 heny STy S Pof ferbibl o B RETHRK DR €1
r :c }c Lg L? y%i?(%/glpﬁ Bg%g&lﬁx}r %ﬁgt%& 1%(%1;%{_0];}'@1#]0 O%B%@%aghyl r?se{]%/ol 5 substituents which
5-bis-trifluoromethyl phenyl, 4-difl uoronmethoxyphenyl, 3 15
i f1 uor omevhenxgasheimg| witkip@ndilichélor epiremptic riag sty hastvdly indgpdndbmtiky | |
cycl opropyl, isopropyl, thiophen-2-yl, 5-chloro-thiophen-2-yl and
3, 5- di et hygleciedox@a0| x derplp RhsORE F gCepalkkl halosel XNERART omxtde!’gr oup
consi sting of benzoyl, norpholine-4- carbonyl, acetyl, furan-3-carbonyl,

2- met hoxy- 3- i P .
met hoxy- | Oxg?/dél_{w gg?ig@#" RZo¥o O%‘g’% f’&g g&g}l o%cvr?é{cQQMelpendenﬂy is

benzo[ 1, 3] 5: -pyridi ryl oy

benzof uran-2-carbaonyl, .20 furan-2-carbonyl, tent-butaxy-carho

bi phenyl - yﬁ%}gﬁ%niaé)&uﬁyﬁo?ri rhé"T §‘{?§?'B‘Eﬁﬁlyl(,cl-3)&ﬁﬁyi10ﬂ‘qdn§§ 3- é%rwik,yl or
3-acetyl -benzoyl, 4-phenoxy-benzoyl, 3-hydroxy-benzoyl, 4- hydroxy-benzoyl,
pyri dilRe- hateasubstifpted (€16)Xalloyl.- but oxycar bonyl am no- net hyl ) - benzoyl , 4-

car bonyl - pi perazi ne-|-carboxylic acid tert-butyl ester,

4- car bony| - pirpgraailang X’ i€ achapyfiFormai (&), @) oH (cpmi which: nis 0, 1 or 2; R? is

4- (furan-2-carbonyl) - pi perazi ne-I|-carbonyl, pyridine-4-carbonyl, 1-oxy WO
03/024924 (BfeliWF ﬁl%?ggéup éc%l%isting of hydrogen and (Cj.g)alkyl; R?! is selected from the

group consisting of (Cyg)alkyl, (Cs.10)aryl(Co.g)alkyl, -C(O)RY, -S(0),R%, -C(O)OR and

r

2
t

2
2
t

4
3
d

-C(ONR*)R*"; R® is selected from (Ci.)alkyl optionally substituted with amino, -

15 NHC(O)R15 or —R*® wherein R is as described above; R® is selected from (Cr¢)alkyl,

(Co.12)aryl(Co.g)alkyl, -X*S(0),R* or -X*C(ORNRC(O)R!  wherein RY and X* are

as described above and R is as described below; R? is selected from the group consisting

of (Cig)alkyl, hetero(Cs.12)cycloalkyl(Cy.g)alkyl, (Ce.12)aryl(Co.g)alkyl,

hetero(Cs.12)aryl(Co-)alkyl and (Cy.;2)bicycloaryl(Cos)alkyl; R? is (Cy.)alkyl; herein X°

20  optionally further contains 1 to 5 substituents which when occurring within a‘n alicyclic or

aromatic ring system are radicals independently selected from a group consisting of
(Crg)alkyl, cyano, halo, -X°0ORY, -X®C(O)R" and -X°ORY.

R’ 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, 4-



pyri di ne- 4-car bonyl, 1-oxy-pyridine-3-carbonyl, thiophene-2-carbonyl,

t hi ophene- 3- carbonyl, 4- benzoyl - benzoyl, 5-nethyl -t hi ophene-2-carbonyl,
3- chl or o-wbiosphere- 2- carbonyl, 3-brono-thi ophene-2- car boirglr[Us02/29323

4- chl oro- benzoyl, 3-flouro-4- nethoxy enzoyl, 4-methoxy-benzoyl,
4-triflouromet hoxy-benzoyl, 3,4-difl o to- benzoyl 4-f| uoro- benzoyl, 5

3, 4- di net hoxy- benzoyl 3-nethy| benzoyl, 4-brono-benzoyl,

4-trifl ouronethyl -benzoyl, 3-benzoy|-benzoy|, cycl opent ane- car bonyl ,
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- 23 one, ﬁlmmr&ﬁetﬁylppf@rymmsTﬁﬁaﬁd}mﬂly@h@@n &, 35 e daybppeh gl e2-fluoro-5-
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trifluoromethylphenyl, 5-fluoro-2-trifluoromethylphenyl, 4-fluoro-3-trifluoromethylphenyl,
2-methoxyphenyl,  3,5-bis-trifluoromethylphenyl,  4-difluoromethoxyphenyl,  3-
15  difluoromethoxyphenyl, 2,6-dichlorophenyl, 4-carboxyphenyl, cyclohexyl, cyclopropyl,
isopropyl, thiophen-2-yl, 5-chloro-thiophen-2-yl and 3,5-dimethyl-isoxazol-4-yl.

R* more preferably is selected from the group consisting of benzoyl, morpholine-4-
carbonyl, acetyl, furan-3-carbonyl, 2-methoxy-benzoyl, 3-methoxy-benzoyl, naphthalene-2-~
carbonyl, benzo[1,3]}dioxole-5-carbonyl, 3-pyridin-3-yl-acryloyl, benzofuran-2-carbonyl,

20  furan-2-carbonyl, fert-butoxy-carbonyl, biphenyl-4-carbonyl, quinoline-2-carbonyl,
quinoline-3-carbonyl, 3-acetyl-benzoyl, 4-phenoxy-benzoyl, 3-hydroxy-benzoyl, 4-
hydroxy-benzoyl, pyridine-3-carbonyl, 3-(tert-butoxycarbonylamino-methyl)-benzoyl, 4~
carbonyl-piperazine-1-carboxylic acid tert-butyl ester, 4-carbonyl-piperazine-1-carboxylic

acid ethyl ester, 4-(furan-2-carbonyl)-piperazine-1-carbonyl, pyridine-4-carbonyl, 1-oxy-



car boxylic-aci d-benzyl am de, 4-am no- 1 -benzyl-azepan-3 -one,

4-am no-| - benzyl - pi peridi n-3-one, 4-am no-I-benzoyl - pi peridin-3-one,

4- am no- | wbaeaaik4 pyrrol i di n-3-one, 4-am no-I-benzyl - pyr PalTionz82dne,
4-anino-I-benzenesulfonyl-pyrrolidin-%-one, 4-amno 5

1- (5- net hyl - hexyl ) - pyrrolidi n-3-one, - 2-

1- et hyl - 2- oxo- 3- (t ol uene-4-sul f onyl am no) - butyl am no,

1- et hyl - 2- oxo- 3- (4- phenoxy- benzenesul f onyl am no) - pr opyl am no, 1-ethyl-2-
oxo0- 3-[ 4- 1.din-3-yl oxy) - benzenesul f onyl amji.nal - pr.o ani nq, .

S Cat ben B E o (R RGeS YL 5 ToRaR BT FARY, hiophene:3-

1- et hyl - 3-[ 4- net hyl - 2- (4- net hyl - _ _

pent anoy| e#Pe)l- peberaaplybenadylio] S-medwbilpeplppe-dranonyb- drahisothipplenged-hoxy 10
phenyl sul f anoyl ) - met hyl ] - pent yl am no,

5- benzyl oxytbanh@pdoars-thiophefd-2-cabind x4-chloro-benzoyl, 3-flouro-4-methoxy-benzoyl,

phenyl sul f anmoyl ) - et hyl | - pent yl am no,

1-[(4-net @@g&% | §ar = =35 epy bR I 1-

[4-(1- hyd?gﬁ/ﬂ}et hyl )% E5’%51}13& nﬁy@%”6?"%@%5?‘?%“r%é?h%”lhe‘??‘%“fg o g%dlympf?lgoﬁ?/ betzo 5

1-[ (4-acetyl z.phenyl sul fa 1) - hyl ].- 3-phenyl - propyl.am no, .1-] (4-
APPSR ik e S A B R T T T B
15 phenyl am no- et hyl sul f anmoyl ) - met hyl ] - propyl am no; and the N-oxide

deri vat i véPengmboerapyl, d eyslopsniapesarionyl ebangalbit@iaphera-2-6atbopyldi Irilge-

i somers and m xtures of isoners thereof; and the pharmaceutically

accept abl berzalti]thiepietnsGloaghionsl, obesasabsudfonylo ungshtleabehet hrenlfdngk i demethyl-
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and i Xt ufiggoiRhe-2IsHRTRIISHIHRERLD culRIbRAARASNS Ayl PLALSK Bshiaredi nent s

set forth above is neant to include a inations of particular an

preferred.groups. rticular co unds the Lnvention may, b r red by
Poining. cotBRRisoBRoh efin Mo RIRERSRaRY SR8 IR PRRLp Aach FB ne
ni tro?(gn atom (*N) of one of the WO 03/024924 PCT/US02/29323 -24 fragments

(Y31 Bdepthdtfetpamyd. Paksaropyl-tormamyl, Y-yt dinet-seformaayk A tordia - ( CHr )

of one of the fragnents (Bl to B80) shown in Table 2 to the acyl carbon

at om ( C*) fmmaonyg 3-phetracfyiigymbHtiadgl&l5-dacbdd3l ) pydieldice-eabbmyl T abtagingd.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 1-0x0-1,3-dihydro-isoindole-2-carbonyl.

15 X3 more preferébly is selected from a group consisting of 4-amino-3-oxo-azepane-1-
carboxylic acid benzyl ester, 4-amino-3-oxo-azepane-1-carboxylic acid isobutyl ester, 4-
amino-1-benzoyl-azepan-3-one, 4-amino-1-benzenesulfonyl-azepan-3-one, 4-amino-1-
(pyridine-2-sulfonyl)-azepan-3-one, 4-amino-1-(1-oxy-pyridine-2-sulfonyl)-azepan-3-one,
4-amino-1-(3,4-dichloro-benzenesulfonyl)-azepan-3-one, 4-amino-1-(2-flouro-~

20  benzenesulfonyl)-azepan-3-one, 4-amino-1-(3,4-dimethoxy-benzenesulfonyl)-azepan-3-
one, 4-amino-1-(2-cyano-benzenesulfonyl)-azepan-3-one, 4-amino-1-(naphthalene-1-
sulfonyl)-azepan-3-one, 4-amino-1-(thiophene-2-sulfonyl)-azepan-3-one, 4-amino-1-
(thiazole-2-sulfonyl)-azepan-3-one, 4—amino-1—(pyrrolidine—1-squonyI)-azepan-3-01;e, 4-

amino-1-methanesulfonyl-azepan-3-one, 4-amino-1-(pyrrolidine-1-carbonyl)-azepan-3-



5 TABLE 1 Al cO* A2 o* A30 11 ~/ H3C Li A4 ~A5 ~ A6 11 C C- c* o ~
aoMe OV A7 ~ASO A0 I VI V' \ ¢c* Nc<Illllr* ALO Il Al Il Al2 0 C*
C- 0 c* WO93024828 ~| Al4 It C C tisuo N Al6 O 11 Al7 PCTAN82/3k31 C* \
Il I ~tBUOHCF3CC O~/ W 03/ 0_%%924 PCT/ US02/ 29323 -25 A19 Il A20
I A21 ||
one, 4-amino-3-oxo-azepane-1-carboxylic-acid-dimethylamide, 4-amino-3-oxo-azepane-1-
carboxylic-acid-benzylamide, 4-amino-1-benzyl-azepan-3-one, 4-amino-1-benzyl-
piperidin-3-one, 4-amino-1-benzoyl-piperidin-3-one, 4-amino- 1-benzoyl-pyrrolidin-3-one,
4-amino-1-benzyl-pyrrolidin-3-one, 4-amino-1-benzenesulfonyl-pyrrolidin-3-one, 4-amino-

5  1-(5-methyl-hexyl)-pyrrolidin-3-one, 1-ethyl-2-0x0-3-(toluene-4-sulfonylamino)-
butylamino, 1-ethyl-2-oxo0-3-(4-phenoxy-benzenesulfonylamino)-propylamino, 1-ethyl-2-
0X0-3-[4-(pyridin-3-yloxy)-benzenesulfonylamino]-propylamino,  3-(dibenzofuran-2-
sulfonylamino)-1-ethyl-2-oxo-butylamino, 1-ethyl-3-[4-methyl-2-(4-methyl-
pentanoylamino)-pentanoylamino]-2-oxo-propylamino, 5-amino-1-[(4-methoxy-

10  phenylsulfamoyl)-methyl]-pentylamino, - 5-benzyloxycarbonylamino-1-[(4-methoxy-
phenylsulfamoyl)-methyl]}-pentylamino,  1-[(4-methoxy-phenylsulfamoyl)-methyl]-3-
phenyl-propylamino, 1-{[4-(1-hydroxy-ethyl)-phenylsulfamoyl]-methyl }-3-phenyl-
propylamino,  1-[(4-acetyl-phenylsulfamoyl)-methyl]-3-phenyl-propylamino,  1-[(4-
hydroxy-phenylsulfamoyl)-methyl]-3-phenyl-propylamino and 3-phenyl-1-[(2-

15  phenylamino-ethylsulfamoyl)-methyl]-propylamino; and the N-oxide derivatives, prodrug
derivatives, protected derivatives, individual isomers and mixtures of isomers thereof; and
the pharmaceutically acceptable salts and solvates of such compounds and the N-oxide
derivatives, prodrug derivatives, protected derivatives, individual isomers and mixtures of
isomers thereof.

20 Reference to the preferred embodiments set forth above is meant to include all

combinations of particular and preferred groups.

Particular compounds of the invention may be prepared by joining C* of one of

the fragments (A1l to A72) shown in Table 1 to the nitrogen atom (*N) of one of the
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fragments (B1 to B80) shown in Table 2, and joining the methine carbon atom (CH*) of
one of the fragments (B1 to B80) shown in Table 2 to the acyl carbon atom (C*) of one

of the fragments (C1 to C37) depicted in Table 3.
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Pharmacology and Utility:

The compounds of the invention are selective inhibitors of cathepsin S and, as
5  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
10 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 (e.g., emphysema), bronchiolitis, excessive airway
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elastolysis in asthma and bronchitis, pneumonities and cardiovascular disease such as
plaque rupture and atheroma. Cathepsin S is implicated in fibril formation énd, therefore,
inhibitors of cathepsins S are of use in treatment of systemic amyloidosis.

The cysteine protease inhibitory activities of the compounds of the invention can

5  be determined by methods known to those of ordinary skill in the art. Suitable in vitro
assays for measuring protease activity and the inhibition thereof by test compounds are
known. Typically, the assay measures protease induced hydrolysis of a peptide based
substrate. Details of assays for measuring protease inhibitory activity are set forth in
Examples 14-17, infra.

10
Administration and Pharmaceutical Compositions:

In general, compounds of Formula I will be administered in therapeutically
effective amounts via any of the usual and acceptable modes known in the art, either singly
or in combination with one or more therapeutic agents. A therapeutically effective amount

15  may vary widely depending on the severity of the disease, the age and relative health of the
subject, the potency of the compound used and other factors. For example, therapeutically
effective amounts of a compound of Formula I may range from about 1 micrograms per
kilogram body weight (ug/kg) per day to about 1 milligram per kilogram body weight
(mg/kg) per day, typically from about 10 pg/kg/day to about 0.1 mg/kg/day. Therefore, a

20  therapeutically effective amount for a 80 kg human patient may range from about 100
ug/day to about 100 mg/day, typically from about 1 pg/day to about 10 mg/day. In general,
one of ordinary skill in the art, acting in reliance upon personal knowledge and the

disclosure of this Application, will be able to ascertain a therapeutically effective amount
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cathepsin S and, as 5 such, are useful for treating diseases in which
cathepsin S activity contributes to tHE- pat hol ogy and/ or synptomat ol ogy of
t he di sease. For exanple, the conpounds of the invention are useful in
treati ng autoi mune disorders, including, but not limted to, juvenile
onset diabetes, multiple sclerosis, penphigus vulgaris, Gaves' disease,
nyast heni QfﬁFﬁpgqnwgDW@I&%tﬁ?“Bgﬁtgﬁp %8%s, rheumatoid.arthritis and
Hashimoto's 10 thyroiditis, allergic disorders, including, but not limted
to, asthma, andbaFempemes et I} capdg pdmsvgered arphadinagsutipal compesitionsi t ed
to, organ transplants or tissue grafts. Cathepsin S also is inplicated in
di sor der sbyrotel of tig elloedsg reuted: askh| ystemic SeghH tBBsdeha NinGadRslt oGl ve
pul monary di sease (e.g., enphysema), bronchiolitis, excessive airway WO

03/ 024924st?ﬂ55éi¥§9)2/ o %%?énte‘rgﬁ (e.g., intramuscular, intravenous or subcutaneous).

5  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

10  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.

Solid pharmaceutical excipients include starch, cellulose, talc, glucose, lactose,

sucrose, gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate, sodium stearate,
glycerol monostearate, sodium chloride, dried skim milk, and the like. Liquid and

15 semisolid excipients may be selected from water, ethanol, glycerol, propylene glycol and
various oils, including those of petroleum, animal, vegetable or synthetic origin (e.g.,
peanut oil, soybean oil, mineral oil, sesame oil, and the like). Preferred liquid carriers,
particularly for injectable solutions, include water, saline, aqueous dextrose and glycols.

The amount of a compound of Formula I in the composition may vary widely

20 depending upon the type of formulation, size of a unit dosage, kind of excipients and other
factors known to those of skill in the art of pharmaceutical sciences. In general, a
composition of a compound of Formula I for treating a given disease will comprise from
0.01%w to 10%w, preferably 0.3%w to 1%w, of active ingredient with the remainder being

the excipient or excipients. Preferably the pharmaceutical composition is administered in
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protease inhibitory activity are set forth in Exanples 14-17, infra. 10
Admi ni st rldifuen wheriTebis b hevowiens sl spenfippdlyirequites: Repregemativl phanoagsoiicads of
Formula | will be adm nistered in therapeutically effective anobunts via
any of t hfermsladbnsarusitzgiag picatipeumbelidorintviure desclibedint Exa@ipld €0, iafragl y  or
in conbination with one or nore therapeutic agents. A therapeutically
effective amount 15 may vary w dely dependi ng on the severity of the

di sease, the age and relative health of the subject, the potency of the
conmpound used and other factors. For exanple, therapeutically effective
anounts of a conpound of Formula | may range from about 1 m crograns per
Ki | ogr am Gloahyistgzi ght (g/ kg) per day to about 1 milligram per kil ogram body
wei ght (ng/kg) per day, typically fromabout 10 tg/ kg/day to about 0.1
ng/ kg/ day. Therefore, a 20 therapeutically effective anmount for a 80 kg
human patient may range from about 100 tg/day to about 100 ny/day,

typi call y,from abo 1l tg/day t.o out .10 ng/day. In general, one of
ordi nary & F‘Tslseslaibr%nzgr(??m%%%dﬁﬁﬁfmué? ‘ance upon personal know edge and
the disclosure of this Application, will be able to ascertain a

t her apeut i cal | §OBPPWEs 0§ ednymton woyds/roseozlb by ppmation goalaptagienof a
conmpound of Forrmula | for treating a given di sease. The conpounds of

For milla lkmosm hethadinbyivhichrietheas npiliodsmsal icrataforcaressived dmhe literature,

for example those described by R.C. Larock in Comprehensive Organic Transformations,
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
15  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
examples see T.W. Greene and P. G. M. Wuts in "Protective. Groups in Organic
Chemistry" John Wiley and Sons, 1991.
Compounds of Formula I, in which X°is a compound of formula (a) (as defined in
20  the Summary of the Invention), can be prepared by proceeding as in the following Reaction
Scheme 1:

Reaction Scheme 1



by one of the follow ng routes: oral, systemc (e.g., transdernal,
intranasal or by suppository) or parenteral (e.g., intramuscular,

i ntravenowe oaf02®abcut aneous). 5 Conpositions can take thePCarusontIseabl et s,
pills, capsules, sem solids, powders, sustained release fornmulations,

sol utions, suspensions, elixirs, aer os8fs, or any other appropriate
conposition and are conprised of, in general, a conpound of Forrmula I in
conbination wth at | east one pharmaceutically acceptabl e excipient.
Acceptabl e excipients are non-toxic,,ajd admnistration, and do not
adversely affect the therapeutic beni??t of the 10 active ingredient. Such
exci pient nmay be any solid, quuid,y @jhsolid or, in the case of an
aerosol conposition, gaseous exci p¥ent that is generally available to one
of skill in the art. Solid pyfar mageut i;cal excipients include starch,
cellul ose, talc, glucose, |acto¥¢, sycrose, gelatin, malt, rice, flour,
chal k, silica gel, nagnesium st &r at sodi um stearate, glycero

nonost earate, sodiumchloride, dried”skimmlk, and the like. Liquid and
15 semisolid excipients may be selecped frgmwater, ethanol, glycerol
propyl ene glycol and various oils, includfig t®ose of petrol eum aninal,

vegetabl e or synthetic origin (e.g.,| pe t |, soybean oil, mneral oil
sesanme oil, and the like). Preferred|liquid +8fS, particularly for

i njectable solutions, include water, |saling, ous dextrose and gl ycols.
The amount of a compound of Fornmula T in the NPORfti on may vary widely

20 dependi ng upon the type ofg2hornul ation, si z? of a unit dosage, kind of
exci pients and other factorg known to those of?skill in the art of

phar maceuti cal sciences. K@) ral,z2oa ~conposition of a conpound of
Formula | for treating a givenidisease Wll conprise from 0.01%v to 10%w,
preferably 0.3%v to 1%, ~ hyeNagredi enf, with the remai nder being the
exci pient or excipients. Pretlerably t ja¥ naceuti cal conposition is
adm ni stered in WO 03/ 0249244PCT/ sog, X3 ,737 a single unit dosage form
for continuous treatment or in a singlg uni R'dosage formad 1ibitum when
relief of synptons is specifically (r)fqui red. Representative pharnmaceuti cal
formul ati ons contai ning a conpound Formula | are described in Exanple
10, infra.

in which each X!, X2, R3, R4, R? and R?! are as defined for Formula I in the Summary of
the Invention.

5 Compounds of Formula I can be prepared by condensing an acid of Formula 2 with
an amino compound of formula (a). The condensation reaction can be effected with an
appropriate coupling agent (e.g., benzotriazol-1-yloxytrispyrrolidinophosphonium
hexafluorophosphate  (PyBOP®), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCI), O-benzotriazol-1-yl-N,N,N’,N -tetramethyluronium

10  hexafluorophosphate (HBTU), 1,3-dicyclohexylcarbodiimide (DCC), or the like) and
optionally an appropriate catalyst (e.g., 1-hydroxybenzotriazole (HOBt), 1-hydroxy-
7-azabenzotriazole (HOAVY), O-(T-azabenzotrizol-1-y1)-1,1,3,3, tetra-
methyluroniumhexafluorophosphate (HATU), or the like) and non-nucleophilic base (e.g.,

triethylamine, N-methylmorpholine, and the like, or any suitable combination thereof) at



5 Chem stry: Processes for Mking Conpounds of Formula I: Conpounds of the
i nvention may be prepared by the application or adaptation of 10 known

met hods, W9 osfedd i s nmeant net hods used heretof ore or des@cirhsd2/29323 he
literature, for exanple those descri b%g by R C. Larock in Conprehensive
Organi ¢ Transformations, VCH publishé 1989. In the reactions described
hereinafter it nay be necessary to protect reactive functional groups, for
exanpl e hydroxy, am no, imno, thio or carboxy groups, where these 15 are

desired i ou v t heir un nted participation in the
reacti onsnanél}g%\lltet%l@?&aa %%%e ul{?snﬁ alog'l?ﬂf?tﬁﬁ %sed in accordance with
st andard practllg for exanples see TW Geene and P. G M Wits in
"Protective % 8§143H°’®Stﬁaﬁif Eequitsensast heycardeshputwitlegn anidizon sgent ¢og.,
Conpounds  of 8r mula I, in which X3 is a conpound of formula (a) (as

defi ned i rOxqm@ Im@a&bmmbembmtahﬂd thedike) @) suitstsde sdleerﬁ(@g)a;h@mam whaceedi ng
as in the follow ng Reaction Schene 1: Reaction Schenme 1 WO 03/ 024924

PCT/ US02/ 28 323jike; 8Ban§%BRablé cohbinhiindnerB) M &blélt%ger%pe ha r'e_y;\lmres 96 to

5 24 hours to complete. Detailed descriptions for the synthesis of a compound of Formula
Iby the processes in Reaction Scheme 1 are set forth in the Examples 1 to 11, infra.

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

the Summary of the Invention), can be prepared by proceeding as in the following Reaction

Scheme 2:

10 Reaction Scheme 2
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n NNR21 X2R3 (0 2S~-X1 RRZ1 O NN R20O O N21 R n | in which each X1, X2,
R3, R4, R20 and R21 are as defined for Formula | in the Summary of the

| nvent i onrwO33@evpounds of Forrmula | can be prepared by comdarnsongp3an acid
of Formula 2 with an am no conpound of fornula (a). The condensation
reaction can be effected with an apprriate coupling agent (e.g.,

benzotri azol - 1-yl oxytri spyrrolidi nophosphoni um hexafl uorophosphat e
(PyBOP(r)), 1-(3-dinethylam nopropyl)-3-ethylcarbodiimde hydrochloride
(EDCl), O-.benzotriazel -1-yl - N5, N -1et ranmet hyl uroni um 10

hexaf | uor &K r?ﬁ‘f}ggz(’IXBzT yR 'Iki?}i i MROW&%I@QP%%’FFMa(E@SUW%e
like) and optionally an appropriate catalyst (e.g., 1-hydroxybenzotriazole

(HOBt ), 1-oh{lwrloxgntion. azabenzotri azol e (HOAt),
O (7-azabenzotrizol-1-yl)-1,1, 3,3, tetra- nethyluroni umhexafl| uor ophosphat e

(HATU), or the ddnRuméd st Foanialeheedfitpared BASRIERING an actd'df FoRMLIA NS,

N- et hyl nor phol i ne, and the like, or any suitable conbination thereof) at

WO 03/ 024%%%8?@ (é : &{n%lgo’%ggrmﬁlg ?Ds)?r’f‘ﬂ.e%i@#ldénﬁgﬁ)o%rl%%%{foﬁ caetﬂ%ere?ﬂwea gv?ith5 I

hours to ¢ n oxi dation ep, require can be carri oa_ﬁlt with
2"sui 1 &bl EPTEPUGR. PBTE sREPhaRer . TAFURIDRG HRBIABOD PG b ¢ |
conbi nati on thereof) at anbient tenperature and requires 16 to 5 24 hours
tF gr ﬁﬁ?ﬁ' ethexafierehosphaties c (RYRQRNs f bi3-dhectbylamhepiapydy3-athgloaybodiinidef
hydrochloride (EDCI), O-benzotriazol-1-yl-N,N,N’,N -tetramethyluronium
hexafluorophosphate (HBTU), 1,3-dicyclohexylcarbodiimide (DCC), or the like) and
optionally an appropriate catalyst (e.g., 1-hydroxybenzotriazole (HOBt), 1-hydroxy-
10  7-azabenzotriazole (HOAY), O-(T-azabenzotrizol-1-yl)-1,1,3,3, tetra-
methyluroniumhexafluorophosphate (HATU), or the like) and non-nucleophilic base (e.g.,
triethylamine, N-methylmorpholine, and the like, or any suitable combination thereof) at
ambient temperature and requires 5 to 10 hours to complete.
An oxidation step, if required, can be carried out with an oxidizing agent (e.g.,
15 Oxone®, metachloroperbenzoic acid or the like) in a suitable solvent (e.g., methanol, water,
or the like, or any suitable combination thereof) at ambient temperature and requires 16 to
24 hours to complete.
Compounds of Formula 1 in which X*is a compound of formula (c) (as defined in
the Summary of the Invention), can be prepared by reacting a compound of Formula 2 with

20  acompound of Formula (c) according to the following reaction scheme:

Reaction Scheme 3



| by the processes in Reaction Schene 1 are set forth in the Exanples 1 to
11, infra. Conpounds of Formula I, where X3 is a conpound of formula (b)
(as defi nwo mi24ke Summary of the Invention), can be prep&cadshy2pedceedi ng
as in the follow ng Reaction Schene %: 10 Reaction Scheme 2 X2R3 | X
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whi ch each X1, 'X2, R3, R4, R20, R23 and R25 are as defined for Formula I
in the Sunmary of the Invention. Cogpounds of Fornula | can be prepared by
condensing an acid of Formula 2 wit an am no conpound of forrmula (b). The
condensation reaction can be effectadoyith an 5 appropriate coupling agent
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in which each Xl, XZ, R, R4, RZO, R* and R are as defined for Formula I in the Summary

of the Invention.

Additional Processes for Preparing Compounds of Formula I:

A compound of Formula I can be prepared as a pharmaceutically acceptable acid
addition salt by reacting the free base form of the compound with a pharmaceutically
acceptable inorganic or organic acid. Alternatively, a pharmaceutically acceptable base

10 addition salt of a compound of Formula I can be prepared by reacting the free acid form
of the compound with a pharmaceutically acceptable inorganic or organic base. Inorganic
and organic acids and bases suitable for the preparation of the pharmaceutically acceptable

salts of compounds of Formula I are set forth in the definitions section of this Application.
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free base by treating with a suitable base (e.g., ammonium hydroxide solution, sodium
hydroxide, and the like). A compound of Formula I in a base addition salt form can be
converted to the corresponding free acid by treating with a suitable acid (e.g., hydrochloric
acid, etc).

10 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
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

15 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
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,

20  triphenyl phosphine, lithium borohydride, sodium borohydride, phosphorus trichloride,
tribromide, or the like) in an suitable inert organic solvent (e.g., acetonitrile, ethanol,
aqueous dioxane, or the like) at 0 to 80°C.

Prodrug derivatives of the compounds of Formula I can be prepared by methods

known to those of ordinary skill in the art (e.g., for further details see Saulnier et al.(1994),
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prepared using salts of the starting materials or internedi ates. The free:
aci d or free,0ase,hfg)of the conpounds of Fornmula | can be prepared from
the corresponding base addition salt or acid addition salt form For

conver] ed t ot RORGEREERBRaR REr FuBPBReEoHtrbladiceh be RPERDRneuRIZBIE base
(e.g., ammoni um hydroxi de sol ution, sodium hydroxide, and the like). A
conpound ¥ thpesehardinaryiskillinghesat. adl detailohdesatiptignoef e eahigues applieabledd t o t he
corresponding free acid by treating with a suitable acid (e.g.,
hydr ochl otheccreation of protecting groups and their removal can be found in T.W. Greene,
Protecting Groups in Organic Synthesis, 3" edition, John Wiley & Sons, Inc. 1999.
Compounds of the present invention may be conveniently prepared, or formed during the
10 process of the invention, as solvates (e.g. hydrates). Hydrates of compounds of the present
invention may be conveniently prepared by recrystallisation from an aqueous/organic
solvent mixture, using organic-solvents such as dioxin, tetrahydrofuran or methanol.
Compounds of Formula I can be prepared as their individual sterecisomers by reacting a
racemic mixture of the compound with an optically active resolving agent to form a pair
15  of diastereoisomeric compounds, separating the diastereomers and recovering the optically
pure enantiomer. While resolution of enantiomers can be carried out using covalent
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
20  separated by taking advantage of these dissimilarities. The diastereomers can be separated
by chromatography or, preferably, by separation/resolution techniques based 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



acid, etc). 10 The N oxides of compounds of Fornula | can be prepared by
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hydr ocar bon such as di chl oronet hane) at approximately 0C. Alternatively,
the N-oxides of the c ounds of Fornmyla | can be prepared fromthe N oxide
of an apprBpY g Oglttgﬁgg T%WW%W%%@%J@?HJPE@S? Al Golleh Seimssli di zed
formcan be prepared from N-oxides of conpounds of Fornmula | by treating
with a redudYiirp Hgentongass, Racesates and Resolitions,diobx Widsy & 30ns, Mg EIBLI).
phosphi ne, |ithium borohydride, sodi um borohydride, phosphorus trichloride,
tribromde, or the like) in an suitable inert organic solvent (e.g.,
acetonitrile, ethanol, aqueous dioxane, or the like) at 0 to 80C. Prodrug

derivatives of i hguh known
to those of orélriI nary EEI Fle&?%&{nﬁgggrt Eédlgﬁgﬁ?ggbféﬁﬁ%sr%%c}g%%@ﬁg%
Saul ni gr ?!a]al .%%994% VWO 0%/ %492 PCT/ US02/ 29323 -43 Bi oorgani c and
Medi cihal “Chenf®@EYRE ¢ GpRqub: myla 2, 1985). For exanpl e, appropriate
prodrugs can be prepared by reacting a non-derivatized conpound of Formula
| with a suitable carbanylating agent (e.g.,
1, 1- acyl oxyal kyl car bonochl ori date, para-nitrophenyl carbonate, or the
like). 5 Protected derivatives of the coggpétinds of Fornmula | can be nade by
means known to those of ordinary skill iln the art. A detailed description
of the techni ques applicable to the cke'a?@bn of protecting groups and
their removal can be found in T.W, 6 G egne, Protecting Goups in Oganic
Synthesis, 3rd edition, John WI & Q nc. 1999. Conpounds of the
present invention nay be conveniently preéepared, or formed during the

OH

2
with a compound of the formula (a):
R® O
e L
( r N\R21
10 (@

in which X', X%, R?, R*, R and R are as defined in the Summary of the

Invention for Formula I; or

(B)  reacting a compound of Formula 2 with a compound of the formula (b):

15 (b)



10 process of the invention, as solvates (e.g. hydrates). Hydrates of
conpounds of the present invention may be conveniently prepared by

recryst alwogaweeed f rom an aqueous/ organi ¢ sol vent m xt ur @CTUS02EP3R3 gani C
solvents such as dioxin, tetrahydrofuran or nethanol. Conpounds of Fornmula
| can be prepared as their individual %tereoisonmers by reacting a racemc
m xture of the conmpound with an optically active resolving agent to forma
pair 15 of diastereoisoneric conpounds, separating the diastereoners and
recovering the optical ly ure enantjoner, Wile resolution_of enantioners
can be car’Pi"QHC}b t> Esi Y %Qg% aérﬁ]tegnecﬁ ’é‘gﬁ"eﬁ‘éﬁﬁ‘@aﬂé"fd@ frgptionior fermwlapounds

of Formula |, dissociable conplexes are preferred (e.g., crystalline

di ast ereoilswneri c salts). Diastereomers have distinct physical properties
(e.g., nelting points, boiling points, solubilities, reactivity, etc.) and
can be regd) |y @Rtis€pab@peehdf HoxtuR RN arbaAPSuRf oﬁtﬂ@Mlé@?;m larities.
The di astereoners can be separated by chromatography or, preferably, by
separation/resol ution techniques hased upqmo differences in solubility. The
optically pure enantiomer is thenjrecovered, along with the resolving
agent, by any practical neans tHﬁNIﬁpuLd,ﬂ@l;gesult in racem zation. A nore
detail ed description of the techniqlies | iRable to the resol ution of

st er eoi soners of WD 03/ 024924 PCT/ Ust2? 29923 - 44 conmpounds fromtheir
racem c mxture can be found in Jean Jacques Andre Col let, Sanmuel H.

Wl en, Enantioners, Racemates and Resol@tions, John Wley & Sons, Inc.
(1981). In sunmary, the conpounds of Fornula | are made by a process which
conpriSes: 5 (mvhichd¥,iRf) and RE e andefofd FothmBummary X2 B2 Inveibn$60) 2 R ~N
O HOH 2

Formula I, and

(D)  optionally converting a compound of Formula I into a pharmaceutically
acceptable salt;
10 (B) optionally converting a salt form of a compound of Formula I to non-salt form;
(F)  optionally converting an unoxidized form of a compound of Formula I into a
pharmaceutically acceptable N-oxide;
(G)  optionally converting an N-oxide form of a compound of Formula I its
unoxidized form;
15 () optionally resolving an individual isomer of a compound of Formula I from a
mixture of isomers;
@ optionally converting a non-derivatized compound of Formula I into a
pharmaceutically prodrug derivative; and
@ optionally converting a prodrug derivative of a compound of Formula I to its

20 non-derivatized form.



; 1 10 (a)
' nd of the formula (a): RROO NH20 Cn N-R2
%itghaxcl:orr;)(gu R3, R4, R20 and R21 are as defined in the Summary of.tﬂe
| nvent i orwbas/oFsedul a l; or (B) reacting a conmpound of Fommlrgasoﬁlzmv\% a
compound of the formula (b): R21 0O RZZ}%ZN N R25 R23 R2o (b)

03/ 024924

PCT/ US02/ 29323 -45 in which

in

0, R23 and R25 are as defined in

; C) reacting a conpound of
the Summary of the Invention for Formul a I,_or ( P
Forrrula2\>//vithacorrpound of the formula (c): R20 R0 HN, ysR25 ~o

in which R0, R23 and R25 are as defined in the Summary of the Invention

[ [ f Formula |
l; and (D) optionally converting a conpound o
L hhar naetst &Y gacZ:epltoabl e salt; 10 (E) optionally converting a salt

f or m of aco und of Formula Ito non-salt form

a pharnmac

10

15

20

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

intermediates (References) according to the invention.

REFERENCE 1

3~amino-4-hvdroxv—vv1rolidine-1-carboxvh'c acid tert-butyl ester

6-Oxa—3-aza—bicyclo[3.1.0]hexane-3-carboxylic acid tert-butyl ester (12.1g,
65.3mmol) was dissolved in a 8:1 methanol/water mixture (108mL). Ammonium chloride
(15g) and sodium azide (21.4g, 329mmol) was added and the mixture was heated at 60°C
overnight. After dilution with ether (500mL), the mixture was washed with saturated
aqueous NalCO; (200mL) and brine (200mL), dried with MgSO, and evaporated under
vacuum. The crude product was dissolved in methanol (200mL). 10% Palladium on
activated carbon (1.5g) was added and the mixture was stirred at ambient temperature
under a hydrogen atmosphere until TLC analysis showed the disappearance of the starting
material. The mixture was filtered through a pad of Celite and evaporated to dryness under
vacuum. The product was purified by flash chromatography on silica gel. Eluent: 5%
methanol in ethyl acetate to 20% methanol, 3% triethylamine in ethyl acetate. Yield: 4.3g

3-amino-4-hydroxy-pyrrolidine-1-carboxylic acid tert-butyl ester as yellowish solid.

REFERENCE 2

4-Anﬁno—3-hvdroxy—azmne—1-carboxvlic acid benzyl ester

(c) 5

into



i i di d of Formula I
ionally converting an unoxidized formof a conpoun _
|(E% oogtl ghar rrgceuti cally acceptable N-oxide; (G optionally converting an
N- oxi de fwormsob4924 conpound of Fornula | i tsf unoxi d|02ﬁg L?C?(Prsﬁﬁlthﬁl Coma
i i i ndi vi dual isoper of a conpou
optionally resolving an indivi ofer CHori vati sod wamhonnd of
i i soners; (1) optionally converting a non-de _
?o)r(tnljlr: IOfi Intsg a phgr chguti cally prodrug deri ¥a}:| ve,; I anfl E\(]))i 1(:)gtl (ngal Iy
i i i do ormul a
converting a prodrug derivative of a conpoun m Lo its 20
- deri vat i zedddamThyWMAeQ80934 82 RGH, YHP s 1%%?(1 Ao Examl _
B?gsgﬁtl invention is %,urteger exenpl 1 fi eg@?u? no% KESS%HEEWFE?HU%PIM& | owi ng
I es tAal-chibh s e ti of conpou or mul o
?Sgpnp?es)mg}ﬁlghll 5 |"IntEl @?en[{ae ?ﬁtegger (‘Re rgéb(?@g?ﬁé%oﬁddlpﬂgﬂ@m viea atm@gml oln.
REFERENCE 1 3-am no- 4- hydr oxy- pyrrolidi ne-1-carboxylic acid tert-buty
ester 6- &I%E%@tﬁﬁea-ﬂffeﬁﬁag’@?@rﬁ. @T%’é@@aﬁ@@n@émobﬁyé (2}5/ gat?ginmﬁ}il) %aﬁ E{gdéglgg tﬂ? ;

. 10 65. 3mml ) was dissolved in a 8:1 methanol / wat er .
:(A\E-TTZTDﬁIg’iJm Erovisae Sti(fll_r@\)) : y aseavohtisati a]fﬂ)?,a fatel l'ﬁb\(]gﬁ %Cei r?’)‘a%?B ﬁol Qn;]awg_ q\ﬁ%&t gt@lﬂg&tﬂ and
the m xture was heated at 60C overnight. ter diluti Looe (200m) and

ek tHeh aitffond@ B 8de it thyBahbl AliGthie AAYSUS
E)r5logg1_§( ,Zotgﬁsr, dri eg9 Wi tﬁ I\/QJES%%e and gvaporat Sjga%ngtahr e%hféi\%ﬁﬁwasl'&(és@ﬂude

i i ) % Pal | adi um on 15 acti vated
Carbon (1 0y "ane 456 ofle PRl RSO ing” evanoriis dindarbiaemem; by at ur o
car bon : _ : _ f
howed t he di sappearance o
der a hydrogen atnmgsphere until TQC anal ysis s ] (
;J Re start %iHBm%%ﬁaé’ﬁ‘ﬂ?tgy Tl hekane 1 Ra gave altyepent-4-tuydugtvamipadd densg! i t e

orated to dryness under
and evap ester (15.5g). Y

Allyl-pent-4-enyl-carbamic acid benzyl ester (15.5g, 59.8mmol) was dissolved in
10 dichloromethane and bis(tricyclohexylphosphine)benzylidene ruthenium(IV) dichloride
(1g) was added. The mixture was refluxed under a nitrogen atmosphere until TLC analysis
showed complete reaction. The solvent was evaporated under vacuum and the residue was
purified by flash chromatography (ethyl acetate/hexane 1:9) to give 2,3,4,7-Tetrahydro-
azepine-1-carboxylic acid benzyl ester (7.8g).

15 To a solution of 2,3,4,7—tetrahydro—azepine—1—carboxylic acid benzyl ester (4.5g,
19.45mmol) in dichloromethane (50mL) was added m-chloroperbenzoic acid (60mmol).

The mixture was stirred at ambient temperature for 16 hours. Saturated aqueous K,CO;
solution was added and the mixture was extracted with dichloromethane. The combined
organic layers were washed with saturated aqueous NaHHCOj3; and brine, dried with MgSO4

20 and evaporated under vacuum. The crude epoxide was dissolved in an 8:1 methanol/water
mixture (100mL). Ammonium chloride (3.2g, 60mmol) and sodium azide (3.9g, 60mmol)

were added and the mixture was heated at 60°C for 48 hours. Most of the solvent was
removed under vacuum. The residue was extracted with ethyl acetate. “The combined

organic layers were washed with saturated aqueous NaHCO; (200mL) and brine (200mL),



vacuum The product was purified by flash chromatography on silica gel.
Eluent: 5% nethanol in ethyl acetate to 20% nethanol, 3% triethylamne in
et hyl acewetoa/024v2€l d: 4.3g 20 3-am no- 4- hydr oxy- prrol i di n@CTAsar/s2yl i c
acid tert-butyl ester as yellow sh solid. REFERENCE 2

4- Am no- 3- hydr oxy- azepane-| - car boxyl i-¢8aci d benzyl ester WD 03/024924

PCT/ US02/ 29323 -47 Sodi um hydride (60%in mneral oil, 10g, 250mmovl) was
suspended in dry DM. Allyl-carbam c acid benzyl ester (19.1g, 100nmol)

was added .drop. W .se, at ient tenperature ter stirrin r 5 mnutes,
5 br omo. 1956 PERTE B d st B UG T s Hiarkotrape o i e
continued at 50C for 1 hour. The reaction was quenched with 5 water and

t hen par t (hexaneéathy eesiete 3: Dicavedrazide Rerydenra-anenaae-1-chrwxatit a¢id benyat esfers
washed wth water and brine, dried with MgSO4 and evapor ated under vacuum
Fl ash ch(d@t ogr aphy (ethyl acetate/ hexane 1:9) gave

allyl -pent-4-enyl-carbam c acid benzyl ester (15.5g).

Al lyl - pent - 4- efpyl, - : ¥ G 3Ci~Ch_ . 1 . mﬁl

di ssolved in % aé?@ﬁﬁgg%%ﬁt g%epgdr%é%h?zg?%ﬁ %)%%1?8 e&cyqlégihosp |€)r§téc¥\lg§é%%’yl i dene
rutheniu di chl ori de was ded. .The .m e refl uxed.uynder a
ni t rog%en”ii #%@'Hl‘? '8 naﬁliﬁz}qol g’%’%hﬁn‘%?sfga‘édemg%%é@n%%@ﬁ%’%‘iﬂ%ﬁgﬁ‘ﬁe

sol vent was evaporated under vacuum and the residue was purified by flash
chr omat ogfapHyl(mmEyel) adbe Mmisirerantinedgy apbiegt (pmperaung, uptir LEmplysis-

azepi ne- 1-carboxylic acid benzyl ester (7.8g). 15 To a solution of

2, 3, 4, 7- t ddavadydmplaae eqisn@ption af the xtytting maaerdhl b anwlyite @atipitaté 4uabgmoved

19. 45mmol ) in dichl oronet hane (50nL) was added m chl or oper benzoi ¢ acid

(60ml ) . by fikeih XA R MBteMdshashrabd gg%jgﬁ&g. TRORRIRE WL thRfardBwlIRYr S-

Sat ur at ed aqueous K2CO3 sol ution was d and the m xture was extracted

w th dichl qr.onet h .. The conmbined organic.].ayer re. washed wt

sat ur at ed Hgdﬁﬁwgﬁl @&r DU P ﬁg?ov(freggqfs \a}t{ﬂﬂ Mfﬁd%fﬁ&c‘&%g&gfle d

under vacuum_ The crude epoxide was dissolved in an 8:1 nethanol /water
4-amino-3-hydroxy-azepane-1-carboxylic acid benzyl ester.

'~ REFERENCE 3
25-Amino-N-(4-methoxyphenyl)-4-phenylbutane-1-sulfonamide hydrochloride
A solution comprised of crude ferz-butyl 1-(4-methoxyphenylsulfamoylmethyl)-3-
15  phenylpropylcarbamate (1.92 g, 4.42 mmol), prepared as in Reference Example 2, in DCM
(10 mL) was treated with a 4M solution of hydrogen chloride in dioxane (11 mL). The
mixture was stirred for 16 hours at room temperature and diluted with diethyl ether. A
resulting precipitate was collected by filtration, washed several times with diethyl ether and

hexane and pumped dry to provide 2S-amino-N-4-methoxyphenyl-4-phenylbutane-1-

20  sulfonamide hydrochloride with quantitative mass recovery. "H NMR (DMSO): 2.05 (2H,

m); 2.6-2.7 (2H, m); 3.4 (3H, m*); 3.72 (3H, s); 6.9 (2H, d, J=7 Hz); 7.25 (5H, m); 7.3

(2H, d, J=7 Hz); 8.5 (br. s); 10.0 (1H, s).

EXAMPLE 1



m xture (100nL). Ammoni um chloride (3.2g, 60mmol) and sodi um azi de (3. 9q,
60mmol) were added and the m xture was heated at 60C for 48 hours. Mst of
t he sol vewD os@s4924 enoved under vacuum The resi due was extPcadtsezi2as: h et hyl
acetate. The conbined organic |ayers were washed with saturated agueous
NaHCO3 (200nl) and brine (200m), WO-63/ 024924 PCT/ US02/ 29323 -48 dri ed
wth MgSO4 and evapor ated under vacuum Flash chromat ography of the residue
(hexane/ ethyl acetate 3:1) gave 4-azi do-3-hydroxy-azepane-1-carboxylic acid
benzyl ester
4- azi do- 3- hydrexy SERE : SCARV Tl 2o e
11.37mmol ) in nethanol (501m) was added trlethylanlne (5nL) and
1, 3- propanedi t hi ol (3. 42nphen¥hnethéne s Angde

tenperature until TLC analysis showed conplete consunptlon of the starting
material. A white precipitate maS(c@ﬁ@m@mj1py filtration and the filtrate
was evaporated to dryness. The residue was triturated with a 1:1
hexane/ di et hyl ether m xture to renove ag:ess dithiol and dried under

vacuumto yield 10 4-am no- 3-hydroxy-alkeppne-|-carboxylic acid benzyl

ester. REFERENCE 3

2S- Ami no- N- ( 4- met hoxyphenyl ) - 4- p :}jﬁjbane | - sul fonam de hydrochl oride A
ut

sol ution conprised of crude te

1- (4- met hoxyphenyl sul f anoyl yl) %lgggnylpropylcarbanate (1.92 g,
4.42 mmol ), prepared as in R ence Bxampje 2, in DCM (10 nm) was treated
with a 4M sol ution of hydrogen chloride in ne (11 nm.). The mxture
was stirred for 16 hours at roomtenperat &e diluted with diethyl

ether. A hr§§ulting precipitate was collected by filtration, washed several
t2|S-mz:rs115\r,1\llot N- 4I en%?%xlghﬁgﬁy@e%b% a@ufg%h%gﬁta&f %ﬂf&g’ (gx%@g?%c %I’I de
WI'.[h qua%&tat |Jv nass {g \é%%y%&édl{u%f( @Bﬁ% aggl??er%&%l (3%% (@0%2 7 (2H,

(2H d, J 7 Ft) 8 5 (br s); 10.0 S)
mmiol) prepared as in Reference 1, DC (1. 5 g, 7.8mmol), and HOBt (1.5g, 9.6mmol)

were combined. Dichloromethane (10mL) was added and then 4-methylmorpholine

(1.5mlL). The mixture was stirred at ambient temperature for 2 hours. After dilution with

10 ethyl acetate (200mL.) the solution was washed with saturated aqueous NaHCO; (100mL)

and brine (100mL), dried with MgSO4 and evaporated under vacuum., 3-Hydroxy-4-{2-

[(morpholine-4-carbonyl)-amino]-3-phenylmethanesulfonyl-propionylamino }-pyrrolidine-

1-carboxylic acid tert-butyl ester (1.05g, 1.94mmol) was obtained as yellowish foam and

was dissolved in dichloromethane (6mL). Trifluoroacetic acid (6mL) was added and the

15 mixture was stirred at ambient temperature for 1 hour. Evaporation under vacuum gave

crude  morpholine-4-carboxylic  acid  [1-(4-hydroxy-pyrrolidin-3-ylcarbamoyl)-2-

phenylmethanesulfonyl-ethyl]-amide as TFA salt, which was used without further
purification.

Morpholine-4-carboxylic  acid  [1-(4-hydroxy-pyrrolidin-3-ylcarbamoyl)-2-

20  phenylmethanesulfonyl-ethyl]-amide TFA salt (215mg, 0.39mmol) was dissolved in 1,4-



EXAMPLE 1 WD 03/ 024924 PCT/ US02/ 29323 -49 Morphol i ne-4-carboxylic acid

[ 1- (1- benzoyl - 4- oxo- pyrrolidi n-3-yl car banoyl ) - 2-

phenyl netwarnasedotonyl - et hyl ] -am de (Conpound 1) | \ O oPC®aAGIM23 ~I[I N
1~0) NJHNO 5
2-[(Nbrpho|ine-4-carbony|)-anino]-3-pﬁ8ny|nethanesulfonyl-propionic acid
(1g, 2.8mmuvol), 3-am no-4-hydroxy-pyrrolidine-1l-carboxylic acid tert-butyl
ester (700ny, 3.46mml) prepared as in Reference 1, EDC (1.5g, 7.8nmmol),
and HOBt (,1.5g, .9 re comji Dichlo hane (| added
and t hen 1%%?1@%%1%“%@ a@i@%‘ﬁ%&&ﬂ@%‘%‘h@@%ﬁ %tﬁd%?‘ggglgﬁ“’\gg i ent
tenperature for 2 hours. After dilution with 10 ethyl acetate (200n.) the
sol uti on Rkerzoybeterilodi2mls dt72mmaely Hrpuniztse NabigDeed A@Mbiont tempdratre her
(100mL), dried with MgSO4 and evapor at ed under vacuum 3- Hydroxy-4-{2-

[ (mor phol i1 neudabihbe Bytrdctalivitie thst ey | TR daitesdd drgmit 1a3eRRIee WagiBdno
}-pyrrolidine- 1-carboxylic acid tert-butyl ester (1.05g, 1.94mmol) was

Tri 1 Uor osam e Fp AR N ECO, B8 (PR A R VA0 pRE DR RRRE )
Tor bhot i nee B HesALe er guite K RUGR SRR h 4oy BBy - o
POt her " Metanol in cthyl celdte to 3% mathanol i sthsl ‘acetate) o yield morpholme .
carboxylic acid [1-(1-benzoyl-4-hydroxy-pyrrolidin-3-ylcarbamoyl)-2-phenylmethane-
sulfonyl-ethylj-amide (92mg).
Morpholine-4-carboxylic acid [1-(1-benzoyl-4-hydroxy-pyrrolidin-3-ylcarbamoyl)-
10  2-phenylmethanesulfonyl-ethyl]-amide (92mg, 0.169mmol) was dissolved in DMSO
(5SmL). Triethylamine (0.5mL) and then SO; pyridine complex (150mg) were added and
the mixture was stirred at ambient temperature for 3 hours. After dilution with ethyl
acetate (100mL), the solution was washed with water (50mL) and brine, dried with MgSOy

and evaporated under vacuum. The residue was purified by flash chromatography on silica

15  gel (Eluent: 5% methanol in ethyl acetate) to yield morpholine-4-carboxylic acid [1-(1-

benzoyl-4-oxo-pyrrolidin-3-ylcarbamoyl)-2-phenylmethanesulfonyl-ethyll-amide as a
mixture of diastereomers (Yellowish solid; 38mg); 'H NMR: (DMSO) 8.50-8.35 (m, 1H),
7.55-7.34 (m, 10H), 7.16-6.95 (m, 1H), 4.80-4.65 (m, 1H), 4.54-4.22 (m, 3H), 3.98-3.25
(m, 14H); MS: (M+H)" 543.
20
EXAMPLE 2

Morpholine-4-carboxylic acid [1-(1-benzenesulfonyl-4-oxo-pyrrolidin-3-ylcarbamovyl)

2-phenylmethanesulfonyl-ethyl]-amide

(Compound 2)



purification. Mrpholine-4-carboxylic acid

[ 1- (4- hydr oxy-pyrrolidin-3-yl carbanoyl)-2- 20

phenyl nretwearasedotonyl - et hyl ] -am de TFA salt (215ng, 0. 39nmPorjusnzesds ssol ved
in 1,4 WO 03/024924 PCT/ US02/ 29323 -50 di oxane (20nlL). Saturated aqueous
NaHCO3 sol ution (10nmL) was added fol |l oWwed by benzoyl chloride (0.2ni,
1.72mmol ). The m xture was stirred at anbient tenperature for 1 hour and
then extracted with ethyl acetate. The conbi ned organic | ayers were washed
wi th saturated aqueous NaHCO3 and brine, dried with MgSO4 and evapor at ed
under 5 vacuum The residue was purifi ed fl ash chromat ography on silica
gel (Eluent: 5% nethanol in ethyl ace to 20% net hanol in ethyl
acetate) to yield nmorpholine-4- carb8xdgdc acid [1 -(

1- benzoyl - 4- hydr oxy- pyrrolidin-3-§I cqr ba,HD:%) 2- phenyl met hane-

sul fonyl -ethyl]. -am de (92ng). car boxylic acid

[ 1- (1- benzoyl - 4- hydr oxy- pyrr@l i |n-§- catbdnoyl )- 10

2- phenyl et hanesul f onyl - et hyl | ¥am de (92rrg, mml ) was dissolved in
DMSO (5mL). Triethylamne (0.5n) and thetm’\\§ pyri di ne conpl ex (150ng)
were added and the m xture was stlrred at anbi ent tenperature for 3 hours.

After dilution hy| Gtate t he saol ed_wth
wat er (50nL) arll\g% I%’??lzﬁeex arb %/ﬁth gnl?lené%?ﬁlg? y@%‘%‘r‘?c@'fr@gﬁhﬁm The
resi due vva ur|f| ed by flash chromato raph on silica 15 gel (Eluent: 5%
met hanol yl Qdéleaiflﬁbethaaesylf@w&e ﬁlm;qiq W@&mem%f@ﬂywm thecpracqdure( 1-

benzoyl - 4 oxo- pyrrolidin-3-yl carbanoyl) - 2- phenyl net hanesul fonyl -ethyl ]-am d
e as a midrtailed inExeinpkt brsabstintng MaizkmsiEonyd ehlodide F8pdrzoyHHbMRIe; (BVSO)
8.50-8.35 (m 1H), 7.55-7.34 (m 10H), 7.16-6.95 (m 1H), 4.80-4.65 (m

1H), 4554NMR2 (OMSGHB. 353d938=73L}1?z§ 8.48Md, R4t BHz) M), O7H). 62 BASH)2P 4 RAYPLE 2
Mor phol i ne- 4- car boxylic acid

[1- (1- benz@negy W od R AnPY 7oA dotl 180 Y £8LPHIP K b4 23 (m, 1H), 3.92-3.79

(m, 2H), 3.55-3.20 (m, 11H), 3.06-2.97 (m, 1H). MS: (M+H)"* 579.

EXAMPLE 3

Morpholine-4-carbonyl)-amino]-3-phenylmethanesulfonyl-propionylamino

oxo-azepane-1-carboxvlic acid benzvl ester

(Compound 3)

Crude 4-amino-3-hydroxy-azepane-1-carboxylic acid benzyl ester (150mg,
15 0.57mmol) prepared as in Reference 2, 2-[(morpholine-4-carbonyl)-amino]-3-
phenylmethanesulfonyl-propionic acid (400mg, 1.12mmol), EDC (400mg, 2.1mmol), and

HOBt (400mg, 2.5mmol) were combined. Dichloromethane (10mL) was added followed



2- phenyl nmet hanesul f onyl - et hyl ] -am de (Conpound 2) WO 03/ 024924

PCT/ US02/ 29323 -51-S=O HO (.NNNO1,) HO NOCAI

Mor phol i rwod3paboxylic acid [1-(1-benzenesul fonyl -4- oxo- pEmruso/elsns 3-

yl car banmoyl ) 2-phenyl met hanesul f onyl g hyl]-am de was prepared follow ng
the procedure detailed in Exanple 1,~Substituting benzenesul fonyl chloride
for benzoyl chloride; 1H5 NVMR (DMSO [8.35 (d, J=7.4Hz), 8.28 (d,
J=7.6Hz), 1H, 7.87-7.62 (m 5H), 7.41-7.32 (m 5H), 7.06-6.98 (m 1H),

3 553 20" H‘m%%n ofpiggt o g5}, Tﬁi%%xﬁx%%a% Werg A gmdicnbicapsraos Top 3

4 [2 [ (Moy phol i ne-4-carbonyl ) -am no] - 3- phenyl net hanesul f on I-Ero I onyl am no
-3- oxo- é%véfna Afen 1&5&%@&% ¢ ylaa@P@tedéHQlyL) disselutionstas otasbedyith AN HELO 0
N~N f~~-N Q H ON Crude 4-am no- 3- hydr oxy- azepane- 1- car boxyli c acid benzyl

ester (15¢muyated bfudhus Naiil(; prddpar edtieiswitin MESIOaraed eeapdrated under vacuum. _
2-[ (nor phol i ne- 4-car bonyl ) -am no] - 3- phenyl net hanesul f onyl - propi onic acid

(400ng, 1.1h@mdeiub.wkPbrifié@HashZhtdiRbdra dpk%/"(@th yiceta cf((V\D 03 821236272591&3 were

conbi ned. Di chl oronethane (10nL) was ad
PCT/ U302/ 1%%%37%/-4—{%g[(morphohne-4-carbonyl)—ammo]-3-phenylmethanesulfonyl—propionyl-

amino }-azepane-1-carboxylic acid benzyl ester (320mg).
3-Hydroxy-4-{2-[(morpholine-4-carbonyl)-amino]-3-phenylmethanesulfonyl-
propionylamino}-azepane-1-carboxylic acid benzyl ester (100mg, 0.167mmol) was
dissolved in DMSO (SmL). Triethylamine (0.3mL) and then SO; pyridine complex
10 (150mg) were added and the mixture was stirred at ambient temperature for 3 hours. After
dilution with ethyl acetate (100mL), the solution was washed with water (50mL.) and brine,
dried with MgSO, and evaporated under vacuum. The residue was purified by flash

chromatography on silica gel (Eluent: 5% methanol in ethyl acetate) to yield 4-{2-

morpholine-4-carbonyl)-amino]-3-phenylmethanesulfonyl-

15 azepane-1-carboxylic acid benzyl ester (75mg); '"H NMR: (DMSO) 8.23-8.08 (m, 1H),
7.40-7.29 (m, 10H), 7.06-6.98 (m, 1H), 5.20-5.09 (m, 2H), 4.79-4.65 (m, 1H), 4.52-4.31
(m, 3H), 4.02-3.80 (m, 2H), 3.62-3.23 (m, 11H), 3.00-2.78 (m, IH), 1.88-1.55 (m, 4H);

MS: (M+H)” 601.

20 EXAMPLE 4

phenyvlmethanesulfonyl-ethyl]-amide

(Compound 4)



by 4-net hyl norpholine (0.5nm). The m xture was stirred at amnbi ent
tenperature for 2 hours. After dilution with ethyl acetate (100nL) the
sol uti on wevsmwasked with IN HC, saturated aqueous NaHCO®canwsobedspe, dried
with MpSO4 and evaporated under vacuum The residue was purified by flash
chr omat ogr aphy (et hyl acetate/nethandﬁ39:1) to yield 3 5 hydroxy-4-{

2-[ (nor phol i ne- 4-car bonyl ) - am no] - 3- phenyl net hanesul f onyl - pr opi onyl -

am no}-azepane-|-carboxylic acid benzyl ester (320ng). 3-Hydroxy-4- {

2- [ (nmor phol i ne- 4- car bonyl ) - am no] - 3- phegyl net hanesul f onyl -

pr opi onyl am no}-azepane-| -carboxylic benzyl ester (100ng, O0.167mmol)
was dissolved in DVBO (5rnL). Triet ine (0.3nm) and then SO8 pyri di ne
conpl ex 10 (150ng) were added ang tfre=am xture stirred at anbient
tenmperature for 3 hours. Afte il thé?ﬂ@% h/éif& acetate (100nL), the
sol ution was washed with maté%‘(EWnL arid ~r e dried with MgSHM and
evaporated under vacuum Thé~esi due®was purd fied by flash chromatography
on silica gel (Eluent: 5% nmethanol in ethyl acetate) to yield 4-{2-

[ (mor phol i ne- 4NqarARim-)-hadioR@hrobybhRayénerilitansa TPA! saff @R pRYh@ATH0 }
-3-o0x0 15 azepaﬁé-l-carbogg?i%bégyg Benz |y ester (75nm); lH@ﬁﬁR: (DVBO)

8.23-8.08 - 40- .29 oH),, 6. ( N 0-5.09 (m
oH) . 4. 799‘&%%‘1]@%6“5%{‘; Bedaihy el }(ﬁ%" gfﬁ’pgﬁcd%g 5 &9 % ?7194 3?652 3. 62-3. 23
11H), 3.00; 8 . 1H), 1.88-1.5 4H); N5 (M .601. 20 EXAMPLE
Elml\/br plr_]%| i ne- ﬁ-i@&w&&}mecﬂgeqbanyl)-ammo?—3(—Splenyll_n|%ethanesulfo(nyl-;?c;plomc acid
1- (3-benzenesul f onyl am no- 2- oxo- propyl car banoyl ) - 2-
pheny et (Games Ml fompl), 8t Gydrpinar?-tiwlr¢Qeprppyi htentpnsADf 080 e TPA sRICTH0URN 2/ 29323
-53 1~ OOS=OHOH/ "1~ I N-N NN~S
0.17mmol), EDC (100mg, 0.52mmol), and HOBt (100mg, 0.64mmol) were combined.
DMF (3mL) was added and then 4-methylmorpholine (0.3mL). The mixture was stirred
at ambient temperature for 3 hours. After dilution with ethyl acetate (100mL) the solution
was washed with 1IN HCI, saturated aqueous NaHCOj3 and brine, dried with MgSO, and
10 evaporated under vacuum. The residue was dissolved in acetone (SmL). Jones reagent
was added until the orange color persisted. The mixture was stirred for 2 hours, quenched
with isopropanol, and diluted with ethyl acetate (100mL). The solution was washed with

water, saturated aqueous NaHCOs and brine, dried with MgSO, and evaporated under

vacuum. The crude product was recrystallized from ethyl acetate/diethyl ether to give

15 morpholine-4-carboxylic_acid [1-(3-benzenesulfonylamino-2-0x0-
phenylmethanesulfonyl-ethyl]-amide as white solid (19mg); '"H NMR: (DMSO0) 8.17 (1,
J=5.7Hz, 1H), 7.93 (t, J=5.9Hz, 1H), 7.76-7.48 (m, 5H), 7.36-7.29 (m, 5H), 7.05 (d,
J=8.1Hz, 1H), 4.68-4.59 (m, 1H), 4.45 (s, 2H), 3.89 (d, J=5.7Hz, 2H), 3.79-3.75 (m, 2H),
3.56-3.22 (m, 10H); MS: (M+H)* 567.

20

EXAMPLE 5



0. ) ) HO N (3-Am no-2-hydroxy-propyl)-benzenesul fonam de TFA salt was
prepared as outlined in Renee L. DesJarlais et al. J. Ain. diem Soc.
1998, 120WO0930Z499415. PCT/US02/29323

2- [ (Mor phol i ne- 4- car bonyl ) - am no] - 3- phenyl met hanesul fonyl -propionic acid 5
(50ng, 0. 14mmol), N (3-am no-2-hydr ox§ Ppropyl ) - benzenesul f onam de TFA sal't
(60ng, 0.17mol), EDC (100nmgy, O.52mmml), and HOBt (100nmg, O.64mml) were
combi ned. DVF (3rr1_) was added and then 4-nethyl morpholine (0.3m). The

m xt ure was f Aft dilution
with ethyl actiate ' ; Qpylearbameit 2- s at yr at ed
aqueous NaHCO3 and br| ne, dried vmth I\/gSO4 and 10 evaporat ed under vacuum
The residue was di ssol bentylsnlfamy . C aaige was added unti |
t he orange col or persisted. The mxture was stl rred for 2 hours, quenched
Wi th isopropanol, and diluted w thCehlpplndgetate (100n). The sol ution was
washed with water, saturated aqueous NaHCO3 and brine, dried with MySO4
and evaporated under vacuum The cr product was recrystallized from
et hyl acetate/diethyl ether to giv rphol i ne-4-carboxylic acid

11- ( 3- benzenesul f onyl am no- 2- ox091s _QpyT car banoyl

phenyl met hanesul fonyl -ethyl | -a s wpitte solid (19ng); 1H NVR (DVSO)
8.17 (t, J=5.7Hz, 1H), 7.9%&N , N 7.76-7.48 (m 5H), 7.36-7.29
(m 5H). 7.05 (d, J=8. 1Hz, ba) .k4d6 -4g5a®\1&g, 4.45 (s, 2H), 3.89 (d,
J=5.7Hz, 2H), 3.79-3.75 (m 2H), 3.56-3.22°(m" 10H); Ms: (M+H + 567. 20
EXAMPLE 5 WD 03/ 024924 PCT/ US02/ 2932 - 54

N-{ _1S-F1S- (4- Met hoxyphenyl sul fano | yl) - 3-phenyl propyl carbanmo |y | 2-
benzyl sul f onyl et hyl }-norpholine-4-carboxam de (Conmpound 7) X5=r-01, O

5 A mixture comprised of 2S-morpholin-4-ylcarbonylamino-3-benzylsulfonyl-
propionic acid (0.194 g, 0.599 mmol), 2S-amino-N-(4-methoxyphenyl)-4-phenylbutane-1-
sulfonamide hydrochloride (0.222 g, 0.599 mmol), prepared as in Reference 3, and HATU
(0.228 g, 0.599 mmol) in DMF (5 mL) was treated with 4-methylmorpholine (0.198 g, 1.80
mmol). The mixture was stirred at room temperature for approximately 12 hours and then

10 partitioned among a 4:1:2:3 mixture (100 mL total) of ethyl acetate, THF, water, and brine,
respectively. The organic phase was separated and washed with saturated aqueous sodium
bicarbonate (30 mL), brine (30 mL), dried (MgSO,), ‘filtered and concentrated. The residue
was triturated with of 5:1 ether/ethyl acetate (100 mL), collected by filtration, washed with
ether (30 mL), hexane (30 mL), and pumped dry to provide N-{1S-[1S-(4-

15  methoxyphenylsulfamoylmethyl)-3-phenylpropylcarbamovl]-2-benzylsulfonylethyl -

morpholine-4-catboxamide. TLC R (ethyl acetate): 0.65; 'H NMR (DMSO): 1.74 (1H,

m); 1.92 (1H, m); 2.39-2.61 (2H, m); 3.1-3.35 (2H, 2xdd*); 3.34 (4H, m); 3.42-3.65 (6H,
m*); 3.72 (3H, s); 4.24 (1H, m); 4.51 (2H, s); 4.61 (1H, m); 6.88 (2H, d, J=9 Hz); 7.1-7.34
(8H, m); 7.4 (SH, s); 8.12 (1H, d, J=8.7 Hz); MS (M+1): 673.

20



ox ~N""NN-—~II~-NI1 \ J HO %eCH3 5 A m xture conprised of

2S- nor phol i n- 4-yl car bonyl am no- 3- benzyl sul fonyl - propionic acid (0.194 g,

0. 599 mMmoWYD,03@Ba41i no- N- ( 4- net hoxyphenyl ) - 4- phenyl but ane- [PCTAlsht/29323M de
hydrochl ori de (0.222 g, 0.599 mmol ), prepared as in Reference 3, and HATU
(0.228 g, 0.599 mmol) in DMF (5 ) wad treated with 4- et hyl nor phol i ne
(0.198 g, 1.80 nmol). The m xture was stirred at roomtenperature for
approximately 12 hours and then 10 partitioned anong a 4:1:2:3 m xture (100
nm. total) of e t at THF, water, and brine, respectivel The
or gani ¢ pﬁa%se%a% Siaga s i oUBSIEAOmPPRndS Al hoNpa 1V BEBa i umn
bi carbonate (30 ni), brine (30 rrL) drled (I\/gSO4) flltered and
concentrated. Mhe sdrime- 15y pirtolyl-ofet gtyloe t2-acet at e
(100 -L), collected by flltratlon vvashed vvlth et her (30 rrL) hexane (30

m.), and petivpRdifeiweth@-ROHHhoHSe- chrbbﬁaﬁndéﬁvﬂ&bﬂcﬁmde (Com Bound 5); "H NMR
nethoxyphenylsulfanDyTﬁEthyI) 3- phenyl propyl car banpbyl1- 2- bent

o R e ORI i 5,
45 sy G B a3 Sl Ay,

s); 8.12 d, ; M5 (Mrl): 673. 20 WO 03/ 024924 PCT/ US02/ 29323
-55 Proce QPﬁbHa@*) r? B( IdeJ=8. QH@) f7039 G, 5y 7cbn(3blbd )08 0FOhhingd, 3=8.6wer e
prepared: N { 1S-f

S5- am no- | Bz{;4-4Tetlkyx), pASnM-s10] 64010t bagey;hyt) pent yl carbanm. |y }-2-

benzyl sul f onyl et hyl - nor phol i ne- 4 car boxam de hydrobrom de (Corrpound 5); 1H
NVR (DVBO): 1gl5ni-6/3 . - 3.37
(4H, m; 3.45-3 d); 4.5
(1H, nr);. 6.89 (2H,

7.39 (5H ,Pff

10  0.3; 'HNMR (DMSO): 1.1-1.65 (6H, m); 2.94 (2H, q, J=6 Hz); 3.05-3.22 (2H, 2xdd);

3.34 (4H, m*); 3.35-3.59 (2H, m*); 3.53 (4H, br s); 3.71 (3H, s); 4.19 (1H, m*); 4.53 (2H,
dd, J=15 Hz); 4.57 (1H, m*); 5.00 (2H, s); 6.89 (2H, d, J=8.4 Hz); 7.05 (1H, d, J=8 Hz);
7.15 2H, d, J=8.4 Hz); 7.24 (1H, t); 7.3-7.45 (10H, 2xs); 7.99 (1H, J=8 Hz); MS (M+):
774.
15
EXAMPLE 6

Morpholine-4-carboxylic acid [(R)-1-(6-0x0-cyclohex-1-enylcarbamoyl)-2- -

phenylmethanesulfonyl-ethyl]-amide

(Compound 8)
Otsﬁo
0] O
B i
N
(\N N
H
UL

20



Hz); 9.47 (1H s); M5 (Mrl): 640, free base); and Benzyl

6- (4- et hoxyphenyl sul fanoyl ) - 5S- (2S- nor phol i n- 4-yl car bonyl am no- 3-

benzyl sulWworvgio249eopi onyl am no) hexyl car banat e (Corrpound 6) PCTOG0REI3¢Et hyl
acetate): 10 0.3; 1H NWR (DWVSO): 116165(6H ; 2.94 (2H, q, J=6 Hz);
3.05-3.22 (2H, 2xdd); 3.34 (4H, nt); 3035-3. 59 (2H, nt); 3.53 (4H, br s);
3.71 (3H, s); 4.19 (1H, nmr); 4.53 (2H, dd, J=15 Hz); 4.57 (1H, nr); 5.00
(2H,s)689(2HdJ84Hz)705(1HdJ8Hz) 7.15 (2H, d, J=8.4
Hz); 7.24 (1H,

15" EXAMVPLE 6 wér%]i%f’? E 2 6)5‘5%?)162)(5 11,3500 (0.5 &} in Unhethitormimide orn 774

R) - 1- (6- oxo-cycl ohex- I - enyl car banoyl ) - 2- phenyl met hanesul f onyl - et hyl | - am de
( Conpoundwgy trerigd ovithy diisopipylgthyNntingy (ROmds 9léfln@w1m 03/fgp 402N PATIVFD2/ 29323
-56 A solution of 2-am no-cycl ohexane-1,3-diol (0.55 g) in

di et hyl f emparide f¢:30minuteswas niistent wak tvdatdd whith GOPZ-O@yorehdlineadrtdipor(yl)-6m ,
9.2mmol ). After stirring at room tenperature for 5 mnutes the m xture was

treated Wihfiof-R) hgnﬂ}l(rﬁﬁ{aﬂ%hﬂoﬁﬁ ;ﬁo%%hﬁ%bd o 738, 4 3GmoD) followed by HATY

am no] - 3- phenyl rret hanesul f onyl = propionic acid . 73g, 4.86nmmo

over niSght (AR ¢RZATNDY s Aaind vt ﬁgg%ﬁﬂﬁaoscfﬁiérﬁfmf L SERARTREL

chr omat ography on silica el ut| ng with ethyl acetate and then a m xture of
et hyl acetvap@aigd Therasklie vag snbjgoled terbaghdiremeiographir eosihjqa eduting with ethyl

acetate and then a mixture of ethyl acetate and methanol to give morpholine-4-carboxylic
acid [(R)-1-(2,6-dihydroxy-cyclohexylcarbamoyl)-2-phenylmethanesulfonyl-ethyl -amide
as a white solid (210mg). MS: 470 (MH").

10 A solution of morpholine-4-catboxylic acid [(R)-1-(2,6-dihydroxy-
cyclohexylcarbamoyl)-2-phenylmethanesulfonyl-ethyl}-amide (90mg, 0.19mmol) in
methylene chloride (6ml) was treated with Dess-Martin periodinane (162mg, 0.38mmol).

After stirring at room temperature for 2 hours the reaction mixture was washed with a
solution of Na,S»03 in water (0.26M), then with saturated aqueous bicarbonate solution

15  then with water, then dried over Na;SO4 and then evaporated under reduced pressure. The
residue was subjected to flash chromatography on silica eluting with a mixture of ethyl

acetate and heptane to give morpholine-4-carboxylic acid [(R)-1-(6-0xo-cyclohex-1-

enylcarbamoyl)-2-phenylmethanesulfonyl-ethyl]-amide (8mg). 'H NMR (CDCls) : 9.00
(s, 1H), 7.82 (t, J=5Hz, 1H), 7.53-7.38 (m, SH), 6.06 (d, J=6Hz, 1H), 5.00 (m, 1H), 4.47-
20 4.27 (m, 2H), 3.85 (m, 1H), 3.77-3.62 (m, 4H), 3.48-3.36 (m, 4H), 3.27 (m, 1H), 2.58-2.46

(m, 4H), 2.08-1.97 (m, 2H). MS: 450 (MH").



acid

[ (R) -1-(2, 6-di hydroxy-cycl ohexyl car banoyl ) - 2- phenyl net hanesul fonyl -ethyl ] -a
mde as wowhie®2solid (210ng). Ms: 470 (M. 10 A sol uti @TafS02/29323

nor phol i ne- 4-carboxylic acid [ (R) -1-(2, 6-di hydroxy-

cycl ohexyl car bamoyl ) - 2- phenyl net hanesdl+ onyl -ethyl]-am de (90ng, 0.19mmuol)
in nmethylene chloride (6m) was treated with Dess-Martin peri odi nane
(162nmg, 0.38mml). After stirring at roomtenperature for 2 hours the
reaction m xture was washed with a solution of Na2S2G3 in water (0.26M,
then with saturated aqueous bicarbonate solution 15 then with water, then
dried over Na2SO4 and t hen evaporated under reduced pressure. The residue
was subjected to flash chromatogr pRAMILEVIica eluting with a nixture of
ethyl - acetate and heptane to gi ve norpholine-4-carboxylic acid

[ (R - 1- ( 6 Mxpholied-9lewoiylic acid [(R)-2-cyclopropylmethanesulfonyl-1-(6-oxo-cyclohex-

enyl car banoyl ) - 2- phenyl net hanesul fonyl -ethyl | -am de (8ng). 1H NVMR (CDO 3) :
9.00 (s, 1H), 7.82 (t, J=5 ; - 8. m 5H, 6.06 (d, J=6Hz, 1H),
5.00 (m 11-1), 4.47 20 2 vEen br,ﬁo s %n& . 3.77-3.62 (m 4H),
3.48-3.36 (m 4H), 3.27 (m 1H), %5 (g (m 4H), 2.08-1.97 (m 2H). Ms:
450 (NHI). WD 03/ 024924 PCT/ US02/ 3639801EN ExAVPLE 7

Mor phol i ne- 4- car boxyl i ¢ acid ‘

[ (R) -2-cycl opropyl net hanesul fonyl -1-(6- o%cl ohex-

1- enyl carbarmyl) ethyl]-am de 5 (Conpound 0,-S~O00 HN NHof oA
m xture of (R)-3-cycl opropyl net hanesul f oyl [ (nmor phol i ne-4-car bonyl ) -

Saane

A mixture of (R)-3-cyclopropylmethanesulfonyl-2-[(morpholine-4-carbonyl)-
amino]-propionic acid (0.352g, 1.1 mmol) and N-cyclohexylcarbodiimide N’-
methylpolystyrene (1.93 mmol/g, 1.03g) in DCM (10mL) was treated with

10  hydroxybenzotriazole (0.27g, 2 mmol). After stirring at room temperature for 5 minutes
the mixture was treated with 2-amino-cyclohexane-1,3-diol (0.0.131g, 1 mmol) and stirring
was continued for a further 2 days. The reaction mixture was treated with PS Trisamine
(3.75 mmol/g, 1.3g) and after stirring at room temperature for 2 hours the resin was filtered
off and washed with DCM. The combined filtrate plus washings were evaporated under

15 reduced pressure to give morpholine-4-carboxylic acid [(R)-2-cyclopropylmethanesulfonyl-
1-(2,6-dihydroxy-cyclohexylcarbamoyl)-ethyl]-amide (0.32g) as pale yellow thick oil. MS:
434 (MH").

Dess Martin Periodinane (0.688 g, 1.62 mmol) was added to a solution of the
[(R)-2-cyclopropylmethanesulfonyl-1-(2,6-dihydroxy-cyclohexylcarbamoyl)-ethyl]-amide

20 (0.32¢g) in DCM (10mL) and the mixture was stirred at room temperature for 3 hours then



am no] -propionic acid (0.352g, 1.1 mml) and N-cycl ohexyl carbodiimde N -
nmet hyl pol ystyrene (1.93 nmmol /g, 1.03g) in DCM (10nm.) was treated with 10
hydr oxybewpasioe@zol e (0.27g, 2 nmol). After stirring at r@omuserpseat ure
for 5 mnutes the mxture was treated with 2-am no-cycl ohexane-1, 3-di ol
(0.0.131g, I mmol) and stirring was-¥ontinued for a further 2 days. The
reaction mxture was treated wwth PS Trisamne (3.75 nmmol/g, 1.3g) and
after stirring at roomtenperature for 2 hours the resin was filtered off
and washed with |n d filtrate plus washi ngs were evaporat ed
under 15 [FaHdHH r&ﬁmpé?\ﬁgsb 4k Q)b 00 SATIGH JF4mR egepegRrure for

[ (R)-2-cycl opropyl net hanesul f onyl -

1- (2, 6- dihiuthesdA aqurs.dhexgaation bairtye wae dhyied v lIeM 0202Y) , ten fidteredyel | ow
thick oil. Ms: 434 (WVH}). Dess Martin Periodinane (0.688 g, 1.62 mml) was

added to Thehlttatd Wik Wishtd&ith [ Butidn 65626 M Mayd, e tHrarasiEahamed NaHCO;,
| - (2, 6-di hydr oxy-cycl ohexyl car bam)yl) et hyI] amde 20 (0.32g) in DCM

(rom.) a r f hen WO
031 024024 B RO, 48 B EVakealn LR LERRANALULE. | Phedeal® a0 VG
1.99) .and stirred mte erat refor a furt 4 hours.  The reaction
i Xt U HOIEHER O SRR e ra@‘tyrﬁlfytmg P Bkt ot Soelaerrraees vac
washed with a sol ut| on of 0.25 M NaZSZCB then vvlth saturat ed NaHCCB t hen
dried (MjsCalve med OrieSpayHE o yoloprapylmatkangsudl b- (603

5 subjected to colum chromat ography eI uting W|th a mxture of ethyl

acet at e aydiohept anglcatbamaiNetiybk phidk] g NIMRCDIOY): 9©O€(§l1CH) 7.78 (t, 1H),

f(R) - 2-cycl opropyl nmet hanesul f onyl - 1- (6- oxo- cycl ohex-1-en IcY

o S S S Bl g, o1
105 8 Bl o D of TP el

Mor phol i ne-4-carboxylic acid | (R) -1-(3, 4-di oxo-c cIo entyl car banoyl ) - 2-
Io10 0.6-0.4 (m, ZH)yMS 414(1\/&1*8) ( yeropenty v

EXAMPLE 8

Morpholine-4-carboxyvlic acid [(R)-1-(3.4-dioxo-cvclopentylcarbamovyl)-2-

phenvlmethanesulfonvl-ethyl]-amide

15 (Compound 10)

A solution of 4-amino-cyclopentane-1, 2-diol; compound with trifluoroacetic acid
(745mg, 3.23mmol) in DMF (15ml) was treated with DIPEA (1.12ml, 6.4mmol) and the

mixture was stirred for 5 minutes at room temperature. Then (R)-2-[(Morpholine-4-



phen || net hanesul fon lethyll-am de 15 (Conpound 10) rI 0 oS oH N CTo
)::: 0 A solution of 4-am no-cycl opentane-1, 2-diol; conpound with
trifluoro&oaBiogtvacid (745ny, 3.23mmol) in DVF (15nl) was PCTAz0zeb3ns t h

D PEA (I. 12nml, 6.4mmol) and the mxture was stirred for 5 minutes at room
tenperature. Then (R)-2-[(Mrpholi ne=2P-WD 03/ 024924 PCT/ US02/ 29323 -59

car bonyl ) - am no] - 3- phenyl net hanesul f onyl - propi onic acid (1.15g, 3.23mmol)
was added followed by HATU (1.23g, 3.24mml). This m xture was stirred at
room tenperature .overnjght and then evaporated, The residue was subjected
to flash @h %r%?%%ﬁ%@mgfﬁweé'él?wﬁ-mema qod @tﬂ‘&ﬂ 3%@@%@9‘”%@@ en wth
a mxture of ethyl acetate and nethanol to 5 give norpholine-4-carboxylic
aci d [ ( Rfolloywed by HAYHr @x33gc §Hopmi. ithéamiretmeyt)s Sirred at room temperature

phenyl nmet hanesul f onyl -et hyl ] -am de as a brown solid (680ng). LC MS:

RT=2. 64m ¢herniglhdaneh &rgpoMied. Mied5iGue fras ohtjédi@NtoOfiash chromatography on
nor phol i ne- 4-carboxylic acid [(R)-1-(3, 4-di hydroxy-

ez PIRHE M PR B A8 TR e S| ME sl o

peri odi nane (624ny,. 1.47 | ), and .t reaction stirred at roomtenpperature
over ni ghtgw‘fvbm@qg%l 9‘@993{%3’ &r P98 E&%‘el'&(’%ﬁ‘%ﬁfﬁfoxiicgcilﬁﬁ?ﬂtyk%g%maﬂg%d and
the reaction stirred at roomtenperature for 6hours and then overnight.
The r eactrhsnylmothanesiligasl-cihgliretid asw broswl wlid ¢hSWHRZNIZSMS RT=bdtrein.
(0.26M, then with saturated aqueous bicarbonate solution , then with
wat er, thens did 2sHnM), MH " '=456.
A solution of morpholine-4-cartboxylic acid [(R)-1-(3,4-dihydroxy-
cyclopentylcarbamoyl)-2-phenylmethanesulfonyl-ethyl]-amide (670mg, 1.47mmol) in
10  methylene chloride (40ml) was treated with Dess-Martin periodinane (624mg, 1.47mmol)
and the reaction stirred at room temperature overnight. More Dess-Martin periodinane
(642mg, 1.51mmol) was added and the reaction stirred at room temperature for 6hours and
then overnight. The reaction mixture was washed with a solution of Na,S,05 in water
(0.26M), then with saturated aqueous bicarbonate solution , then with water, then dried
15 over NaSO, and then evaporated under reduced pressure. The residue was subjected to

flash chromatography on silica eluting with a mixture of ethyl acetate and heptane, then

with ethyl acetate to give morpholine-4-carboxylic acid [(R)-1-(3.4-dioxo-

cyclopentylcarbamoyl)-2-phenylmethanesulfonyl-ethyl]-amide as an off white solid

(45mg). *HNMR (CDCls): 7.50-7.38 (m, SH), 6.62 (m, 1H), 5.91 (d, J=5Hz, 1H), 4.81
20  (m, 1H), 4.58-4.35 (m, 3H), 3.73-3.61 (m, SH), 3.44-3.32 (m, 4H), 3.22 (m, 1H), 2.72-2.12

(m, 4H). MS: 452 (MIT").

EXAMPLE 9

Morpholine-4-carboxylic acid [2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-(2-




15 over Na2SO4 and then evaporated under reduced pressure. The residue was

subjected to flash chromatography on silica eluting with a m xture of

et hyl acewatog/oa4s4 hept ane, then wth ethyl acetate to gi PeT/US02/29323

nmor phol i ne- 4-carboxylic acid [ (R)-1-(3 4-di oxo-

cycl opentyl car banoyl ) - 2- phenyl net hane$lt f onyl - et hyl | -ani de as an of f white

solid (45mg). 1H NMR (CDC13): 7.50-7.38 (m 5H), 6.62 (m 1H), 5.91 (d,

J=5Hz, 1H), 4.81 20 (m 1H), 4.58-4.35 (m 3H), 3.73-3.61 (WE 5H), VPLE
2 1 2, 72-2 MS: 45 EXA

g A,\'/ér ghgﬁl ,g;n 44(%3 b0§y|2| Cg)gnanqml_l%hexﬂcarbamoyl) ethvﬂamh?e (MY

f2-(2-difluoronet hoxy-phenyl net hanesul fonyl )-1-(2 WO 03/ 024924

PCT/ US02/ 29323 -60 oxo-cycl ohexyl(€ampamy/L})- et hyl | - ami de ( Conpound 11)

FYO F &zS=OO H'J~-rNHNQ OS5

3-(2-D fluoronet hoxy- phenyl net hanesuFfo (mor phol i ne- 4-car bonyl ) -

am no] -propionic acid (100ny, 0.237mmol), ocycl ohexanol (58ny,

0.5mmol ), EDC (100ng, 0.52nmol), and IHOBt Ohy, 0.64mmol) were conbi ned.

Di chl oromet hane (2nL) was added and therf 4- net hyl nor pholine (0.2nm). The

m xture was stirred at anbient tenper@~¢:eOfor 2h. After dilution with

ethyl acetate (100nL) the sol ut| onOvvas sh with INaqu. HO (30m),
sat. aqu. NaHCO3 (30nmL) and bri |e vvlth MySO4 and evapor at ed
under vacuum The crude prod ct Nvas dl ss

5 3-(2-Difluoromethoxy-phenylmethanesulfonyl)-2-[ (morpholine-4-carbonyl)-
amino]-propionic acid (100mg, 0.237mmol), 2-aminocyclohexanol (58mg, 0.5mmol), EDC
(100mg, 0.52mmol), and HOBt (100mg, 0.64mmol) were combined. Dichloromethane
(2mL) was added and then 4-methylmorpholine (0.2mL). The mixture was stirred at
ambient temperature for 2h. After dilution with ethyl acetate (100mL) the solution was

10  washed with 1N aqu. HCI (30mL), sat. aqu. NaHCO; (30mL) and brine (30mL), dried with
MgSO; and evaporated under vacuum. The crude product was dissolved in
dichloromethane (10mL). Dess-Martin periodinane (300mg, 0.71mmol) was added, and
the reaction mixture was stirred at ambient temperature for 1h. After dilution with ethyl
acetate (100mL), the solution was washed with 0.26M Na,S,0; in sat. aqu. NaHCOj

15 (30mL), sat. aqu. NaHCOj3; and brine, dried with MgSOy, and evaporated under vacuum.
Purification by flash-chromatography on silica gel (ethyl acetate/hexane) gave morpholine-

4-carboxyvlic acid [2-(2-difluoromethox y-phenylmethanesulfonyl)-1-(2-0x0-

cyclohexylcarbamoyl)-ethyl]-amide (78mg, 0.151mmol) as a white solid. Mixture of

diastereomers: "H NMR: (DMSO) [8.03 (d, J=7.2Hz), 7.96 (d, J=7.2Hz), 1H], 7.50-7.42

20 (m, 2H), 7.30-7.21 (m, 2H), 7.10 (t, Jur=74Hz, 1H), 7.03 (d, J=8.4Hz, 1H), 4.78-4.69 (m,



di chl oronet hane (10nL). Dess-Martin periodi nane (300ng, O0.71nmol) was
added, and the reaction mxture was stirred at anbient tenperature for 1h.
After dilwbDios24a4 h et hyl acetate (100nl), the sol ution wag/usazbsse with
0. 26M Na2S2C3 in sat. aqu. NaHCO3 15 (30mL), sat. aqu. NaHCO3 and bri ne,
dried with MgSO4, and evapor at ed undet lyacuum  Purification by

fl ash-chromat ography on silica gel (ethyl acetate/hexane) gave norpholine-
4-carboxy|ic acid 12-(2-difluoronet hoxy-phenyl met hanesul fonyl) - 1- ( 2- oxo-

cycl ohexy \ i ( a_white solid

M xture of d| ag@ i@oﬁé?“% @W;{l%% {%ﬁ%&m[%’%%%)“@é ; Sl ) S?(MBHld
J=7.2Hz), 7.50-7.42 20 (m 2H), 7.30-7.21 (m 2H), 7.10 (t, JH, F=74Hz,
1H, 7. 035(% J=8.4Hz, 1H), 4.78-4.69 (m WD 03/024924 PCT/US02/29323 -61
111), 4.54 (s, 211), 4.41-4.33 (m 1H), 3.62-3.25 (m 1011), 2.55-1.40 (m
811). Ms: (MrH)+ 518. By proceeding in simlar manner to Exanple 9 but

usi ng 2-am nocycl opentanol 5 there was prepared norpholine-4-carboxylic

S ethyi1am de | B npoun%‘ry“mlﬁﬂﬁﬁﬁﬁ%?S?‘%ﬁ%}*%{%é%é%e%@g%%@énm (DVBO)
[8 19 d’th%{«ee\b%s) rff‘zaf% (0 =8 . J211), 7.30-7.21 (m

. J=8.4Hz), 1H,
477470(m1 410391(m111) 10
3. 60- 3. 23RlignyImes : :

(Qmmprmedl 12y in

simlar manner to Exarrpl e 9 but usi ng 2 am nocycl obut anol there was

pr epar ed a0y pirdiiernd diastaedmety] HONRER: dTIMS 028119 () 0£0mEy, haxyd, J=8Hz)
phenyl met hanesul f onyl ) - 1- (2-oxo-c cly obutyl carbanoyl) - et hyl - ami de

g Cc;rrgﬂtzmdllﬂﬁ,)mlﬁm%ﬁ mmuym Qi (xﬁ B}, 9Liegua] %—7432&% ‘Pﬁ@q(a@'@@— I—ﬁzg? (d

(m’ i O?S@S%J‘lg%éiﬁlﬂluﬁ%’ 2@@1%8ﬁ<$ﬁs§f1 .(s»é?ﬂf’%'-w&%)m o 5923

10 3.60-3.23 (m, 10H), 2.28-1.70 (m, 6H). MS: (M+H)* 504.

140

By proceeding in similar manner to Example 9 but using 2-aminocyclobutanol

there was prepared morpholine-4-carboxylic acid [2-(2-difluoromethoxy-

phenylmethanesulfonyl)-1-(2-oxo-cyclobutylcarbamoyl)-ethyl]-amide (Compound 13)

15 as a mixture of diastereomers: 'H NMR: (DMSO) 8.49 (d, J=7.6Hz, 1H), 7.48-7.42 (m,
2H), 7.30-7.21 (m, 2H), 7.11 (t, Jy r=74Hz, 1H), 7.02 (d, J=8.8Hz, 1H), 4.88-4.67 (m,
2H), 4.53 (s, 2H), 3.64-3.23 (m, 10H), 2.93-2.70 (m, 2H), 2.23-1.99 (m, ZH). MS:

(M+H)”

20 EXAMPLE 10

(Morpholine-4-carboxylic acid [1-( 2-benzylcarbamoyl-2-oxo-ethylcarbamovl)-2-

phenylmethanesulfonyl-ethyl]-amide)

(Compound 14)



20 EXAMPLE 10 (Morpholine-4-carboxylic acid

[1-(2-benzyl car banoyl - 2- oxo- et hyl carbano. | am 2

phenyl nretwarmasedobonl - et hyl | -am de) (Conmpound 14) WO 03/ 024924%02/29323

PCT/ US02/ 29323 -62 O-S=O )~ Nf NNo rNH Q 0 0 Isoserine (3.1 Ig,

29. 6mmol ) was dissolved in 1, 4-di oxane??20 3:1 (40nm.). K2C03 (0.5g) and
NaHCO3 (0.5g) was added. Di -tert butyl dicarbonate (6.45g, 29.6mmvpl) was
added and the mixture was stirred at anbient tenperature over night. The
reaction mxture 5 was extracted with dichloronethane (3xl QOm). The
conbi ned organi ¢ phases were washed w brine, dried with MgSO&4, and
evapor at ed under vacuum The crude 3-tEg
but oxycar bonyl am no- 2- hydr oxy- pr opi oaf caci d (4. 76g, 23.2nmol) was obt ai ned
as a colorless oil, which solidig L\/ n standing, and was used wi thout
further purification. 10 3-tept-b ycar b@nyl am no ydr OXY- propi oni ¢
acid (1.5g, 7.31mol), benzgﬂgm e (H 10H0 EDC (2. 54,

13. I mmol ), and HOBt (2. D chI or onet hane
(15n-LL) was added and hen 4- et hyl rpholl (2rrL) The m xture was
stirred at anbi ent te re for Zh. AfterOdllutlon with ethyl acetate
(300nL) the sol uti on was washed with IN agu. HO (100nmL), sat. aqu. NaHCO3
15 (100nl) and 100 drjied with MBSO and evapor ated under vacuum
Yield: 1. 839, f“@rzg%@'ﬂ%i Do Bnriyed 2 I dipraag Fhii i {40l ke @5 aci d
tert-butyl ester (2 Benzyl car banoyl - 2- hydr oxy- et hyl ) - carbam ¢ aci d

t est - but yl(0&¢) exd NatiZQ); (0.58Bwaoiddedasi-wistauydichrbonatt @ Sgr B96tinaiewg2nl)
and trifluoroacetic acid (2nL). After 20 stirring for 2h at anbi ent

t enper at uredded 4R (GOt MRABTEV AR RripBHAre ¥ Wik 20Kk RGN D24924
PCT/ US02/ 29323

5  was extracted with dichloromethane (3x100mL). The combined organic phases were

washed with brine, dried with MgSO,, and evaporated under vacuum. The crude 3-tert-
butoxycarbonylamino-2-hydroxy-propionic acid (4.76g, 23.2mmol) was obtained as a

colorless oil, which solidified on standing, and was used without further purification,

10 3-tert-butoxycarbonylamino-2-hydroxy-propionic ~ acid (1.5g, 7.31mmol),
benzylamine (1.1mL, 10.0mmol), EDC (2.5g, 13.1mmol), and HOBt (2.0g, 12.8mmol)
were combined. Dichloromethane (15mL) was added and then 4-methylmorpholine
(2mL). The mixture was stirred at ambient temperature for 2h. After dilution with ethyl
acetate (300mL.) the solution was washed with 1N aqu. HCI (100mL), sat. aqu. NaHCO;

15 (100mL) and brine (100mL), dried with MgSO, and evaporated under vacuum. Yield:

1.83g, 6.22mmol (2-Benzylcarbamoyl-2-hydroxy-ethyl)-carbamic acid tert-butyl ester.

(2-Benzylcarbamoyl-2-hydroxy-ethyl)-carbamic acid tert-butyl ester (0.2g,
0.68mmol) was dissolved in dichloromethane (2mL.) and trifluoroacetic acid (2mL). After

20  stirring for 2h at ambient temperature, the solution was evaporated under vacuum and the



-63 residue was dried under high vacuum To this residue were added EDC
(200ny, 1.05nmol), HOBt (200ng, 1.28nmmol),

2- [ ( Mor phwbica@2#2£ar bonyl ) - am no] - 3- phenyl et hanesul f onyPCprusp/eases aci d
(200nmg, 0.56mmol ), dichl oronethane (59%% and 4-nmet hyl nor pholine (0.5n).
The m xture was stirred at anbient te rature for 2h. 5 After dilution
with ethyl acetate (100nL) the solution was washed with I N aqu. HC

(30n.), sat. aqu. NaHCO3 (30nmL) and brine (30nL), dried with MgSO4 and
evapor at ed nder v um , The crude prqduct. was.dissolv i

di chl or onerf“‘ﬂ e Y@ dﬁl@}i uples I%W??”h‘nf)pggq EH? AEHEC( %’Gﬁ‘r‘rﬁ&%ﬂ @@%W%s
added, and the reaction m xture was stirred at anbient tenperature for |h.
After dil ut-9amaDt h HOBy| (F0mat el 2homel), 2-H¥arphalineghcathenylpamimofide wit h
0. 26M Na2S2(3 in sat. aqu. NaHCO3 (30mL), sat. aqu. NaHCO3 and bri ne,

dried w t hphbE0khaasshifovgipsopioaid ddik@00ma ot Semmbhediphditadthane (Sml) and
(nnrphollne 4-carboxylic acid

am ((jg %g%%stygﬁﬁﬁéelﬁ r om e% % I(;ICE'[ at e%éf%’?‘ﬁlaf hfgﬁ{ %n Ifegg%lgl ﬁtegyl'ﬂls-
515 T B A ol

483476%m1 4. 49 2H), 4.48-4 4.31 (d, J=6.8Hz, 2H),
3. 68- 3. 25 BAMLLCRY aqwaY @@mwm@ndm 1driecbwitle MaSQy apdfevaporated

2- F(nor phol i ne- 4-car bonyl ) - am nol - 3- phenyl net hanesul f onyl - 20
propi ony| amidaovatudn ORe-@ddet product Ras diksobetden dicRlorpadtiiahe 1 B)mIMD 10535024924
PCT/ US02/ 29323 -64 CASSOO HTrNHN,,,
periodinane (500mg, 1.18mmol) was added, and the reaction mixture was stirred at
ambient temperature for 1h. After dilution with ethyl acetate (100mL), the solution was
10 washed with 0.26M Na,S,03 in sat. aqu. NaHCOj3 (30mL), sat. aqu. NaHCOj5 and brine,

dried with MgSOy, and evaporated under vacuum. The product (morpholine-4-carboxylic

acid [1—(2—benzﬂcarbamovl~é—oxo—ethvlcarbamov])-2—phenvlmethanesulfonvl-ethvl]—

amide) was crystallized from ethyl acetate/diethylether and was obtained as a white solid
(153mg, 0.29mmol). 'H NMR: (DMSO) 9.24 (t, J=6.4Hz, 1H), 8.19 (t, J=5.6Hz, 1H),
15 7.39-7.19 (m, 10H), 7.08 (d, J=8Hz, 1H), 4.83-4.76 (m, 1H), 4.49 (s, 2H), 4.48-4.33 (m,

2H), 4.31 (d, J=6.8Hz, 2H), 3.68-3.25 (m, 10H). MS: (M+H)" 531.

EXAMPLE 11

Acetic acid 3-{2-[(morpholine-4-carbonyl -3-phenylmethanesulfonyl-

20 propionylamino } -4-oxo-azetidin-2-vl ester

(Compound 15)



Q) NH O Acetic acid 3-benzyl oxycarbonyl am no- 4- oxo-azetidin-2-yl ester was
prepared as outlined in J.C. Arnould et al. Eur. J. Med. Chein

1992, 27, I80-03401926 Acetic acid 3-benzyl oxycar bonyl am no- 4Porarsaze43psli n- 2- yl
ester (100ngy, O0.36mml) was hydrogenated on a Parr shaker over 10%

pal | adi um on carbon (100mg) in ethyl'ﬁéetate (20nm.) at 50 psi for 5h. The
m xture was filtered through Celite and evaporated. Acetic acid

3-am no- 4- oxo-azetidin-2-yl ester was obtained in quantitative yield. 10
2- [ (Mor phol i ne- 4- car bonyl ) - am no] - 3- phenyl net hanesul f onyl - propi onic acid
(100mg, 0.28mml), acetic acid 3-am no-4-0x0 afi din-2-yl ester (52ny,
0.36muol ), EDC (100ngy, 0.52mmol), and HOBt , 0.64mmol) were

conbi ned. Dichl oronet hane (2nL) was added-am en 4-net hyl noi phol i ne
(0.2mL). The m xture 15 was stirred at Q§g tenperature for 2h. After
dilution with ethyl acetate (100ni)4the 6T Ut i on was washed with I N aqu.
HO (30nm.), sat. aqu. NaHCO3 (30mL)|jandjbrime (30nm), dried with MgSO4 and
evapor at ed under vacuum The i woct&d to flash chromatography
on silica gel (ethyl acetate)| to giveHqacetf|i c agi F?- 2-f (norpholine-4 WO
03/ 024924 PCT/ US02/ 29323 -6% O

car bonyl ) - am nol - 3- phenyl net hanesul f onyl - propponyl am no

1- 4-oxo-azetidin-2-yl ester (17ng, O. 035mm:_&/L__b-1 NVR (DVBO) 9.18 (s,
1H), 8.72 (d, J=6.4Hz, 1H), 7.41-7.30 (m 5HY, 7.08 (m 1H), 5.76 (s,

111), 4.80-4.61 (m 2H), 4.49 (s, 2H), 3.63-3.22 (m 10H), 2.08 (s, 3H).

MS: (M+H) + 483. ,5 EXA 12, Mor phol i ne- 4-carboxyljc acid f
1-( 45 oxg? tetr ah?&?t]&z}cmg %ﬁ@@yﬁxgg&%% Qél_-oxo—aze 1d{n—2~y1 ester was prepared as

outlined in J.C. Arnould et al. Eur. J. Med. Chem 1992, 27, 131-140.

5 Acetic acid 3-benzyloxycarbonylamino-4-oxo-azetidin-2-yl ester (100mg,
0.36mmol) was hydrogenated on a Parr shaker over 10% palladium on carbon (100mg)
in ethyl acetate (20mL) at 50 psi for 5h. The mixture was filtered through Celite and
evaporated. Acetic acid 3-amino-4-oxo-azetidin-2-yl ester was obtained in quantitative
yield.

10
2-[(Morpholine-4-carbonyl)-amino]-3-phenylmethanesulfonyl-propionic  acid
(100mg, 0.28mmol), acetic acid 3-amino-4-oxo-azetidin-2-yl ester (52mg, O.36mmol),'
EDC (100mg, 0.52mmol), and HOBt (100mg, 0.64mmol) were combined.
Dichloromethane (2mL) was added and then 4-methylmorpholine (0.2mL). The mixture
15 was stirred at ambient temperature for 2h. After dilution with ethyl acetate (100mL) the
solution was washed with IN aqu. HCI (30mL), sat. aqu. NaHCO; (30mL) and brine
(30mL), dried with MgSOy and evaporated under vacuum. The residue was subjected to

flash chromatography on silica gel (ethyl acetate) to give acetic acid 3-{2-[(morpholine-4-




phenyl nmet hanesul f onyl -et hyl | -am de (Conpound 16) Ogg-O OO0 H'J~rNHN
10 A3 O 4-Am no-tetrahydro-furan-3-ol was prepared as outlined in Marquis,
Robert Wwetos/oad924 J. Med. Cheri 2001, 44, 725-736. PCT/US02/29323

2- [ (Mor phol i ne- 4- car bonyl ) - am no] - 3- phenyl net hanesul f onyl - propionic acid

15 (100ng, 0.28mmol), 4-am not etrahydr@?‘uran-S-ol (100mg, 0.96mmol), EDC
(200ny, 1.04mmol), and HOBt (200ng, 1.28mmol) were conbined. DMF (2nl) was
added and then 4-nethyl norpholine (0.2nl). The m xture was stirred at

anbi ent terrp uref . Af |Iut|on Wi th, ethl acetate(IOOrrL) t he
sol ution WYL eRylmethanegalionyl propronylan dqexo-azefiding2-yBsier and
brine (30nL), dri ed vmth I\/gSO4 and evaporat ed 20 under vacuum The crude
product wald 7aigs 8B Mmeholn 'HINWRo (BAES BN S (4, OF)8.7Dék J=6/Fizi HDWD.A137.824924
PCT/ US02/ 29323 -66 periodi nane (300ng, O.71nmol) was added, and the
reaction ninxt5E)e7.088ms iy, 5 (@,tlH)am‘goetrm @;empgr@t@(sezﬂp@ 6333 284hetomg, | ution
w th ethyl acetate (100n.), the sol ution was washed with 0.26M Na2S208 in
sat. aqu. §O§ 39/@-)(1\/[ fqu. NaHCGB and brine, dried with MySO4, and
evapor at ed undér vacuum ?I cation by flash-chromatography 5 on silica
gel (ethyl acetate) gave rmr phol i ne-4-carboxylic acid

[ 1-(4- éxo t et rahydr o- f ur an-

3-yl car banmoyl ) - 2- phenyl net hanesul f onyl -et hyl | -am de (8. 6ng, 0.020mmp1l) as a
colorless glass. Mxture of diast&eWBLE:121H NVR (DVBO) [8.42 (d,
J=6.8Hz), 7.15 (d, J=7.2Hz), 1H], 7.40-7.32 (m 5H), [7.06 (d, J=SHz),
7.05 (d J=8HzYorphbline-4-cAfoAyBBadiay 1-Uhx o-febraliro Fedan- %vléﬁb&ﬁbyl)zfﬂ
4.32-3.75 (m 5H), 3.60-3.23 (m 10H. Ms: (M+tH) " 440

phenylmethanesulfonyl-ethyl]-amide

(Compound 16)

O-::S’-O

ae

4-Amino-tetrahydro-furan-3-ol was prepared as outlined in Marquis, Robert W. et

10

al. J. Med. Chem 2001, 44, 725-736.

2-[(Morpholine-4-carbonyl)-amino]-3-phenylmethanesulfonyl-propionic  acid

15 (100mg, 0.28mmol), 4-aminotetrahydrofuran-3-ol (100mg, 0.96mmol), EDC (200mg,
1.04mmol), and HOBt (200mg, 1.28mmol) were combined. DMF (2mL) was added and

then 4-methylmorpholine (0.2mL). The mixture was stirred at ambient temperature for 2h.

After dilution with ethyl acetate (100mL) the solution was washed with 1N aqu. HC1
(30mL), sat. aqu. NaHCO; (30mL) and brine (30mL), dried with MgSO4 and evaporated

20 under vacuum. The crude product was dissolved in dichloromethane (10mL). Dess-Martin



10 EXAMPLE 13 Morpholine-4-carboxylic Iid ¢ acid [1-(2-hydroxy-1

1- di net hyl - 3- oxo- 3- phenyl - propyl car bano

1~) - 2- phewplogwedanesul f onyl - et hyl | - am de (Conpound 17) 1PCWDS0B293231924
PCT/ US02/ 29323 -67 r-11 ~ a ONH | 'BU.I ONHOHHC > SI S' 101 NS
JS 0 OS02 ~ off HA NHI"O-lOSOZQ}lI --~- 2 YS S 0Vr , N NHO NANH
NH CaCO8 S EDC, HOBT Q9 0 v DessI\/artlnqNFeriodinaneO~NOOO—|/IH
OJI'It NNHHf NANHOJ OOQ OO Step 1 To a flask fitted with a
sept um and [ er itrogen atnos cont ai nln 4.1 0, mmol )
of 2-pheny? e%tfd&ggé %&9 (?AP @g‘f’ iﬁdgﬁﬁtﬁvaﬁ?%’{ PW%I 8&4’%% m) .
The solution was cooled to and n-butyl lithium gl 6M|n 5 pent ane,
16. 8 rmol , amkjenf tﬁﬁlﬁﬁfaﬁ)ﬁ%f%dae@ﬁﬂ é\l]ﬂtymb‘ylt@ Wlb’h@fétatel'ﬁ@ méacthe eelutipxvas e was
warnmed to -20 C and held at that tenperature for 30 mnutes, and then held
at -10 C washed with 0.26M Na,S,03 in sat. aqu. NaHCO, (30mL), sat. aqu. NaHCO; and brine,

dried with MgSOy, and evaporated under vacuum. Purification by flash-chromatography

5 onsilica gel (ethyl acetate) gave morpholine-4-carboxylic acid [1-(4-oxo-tetrahydro-furan-

3-ylcarbamoyl)-2-phenylmethanesulfonyl-ethyl]-amide (8.6mg, 0.020mmol) as a colorless

glass. Mixture of diastereomers: "H NMR: (DMSO) [8.42 (d, J=6.8Hz), 7.15 (d, J=7.2Hz),
1H], 7.40-7.32 (m, 5H), [7.06 (d, J=8Hz), 7.05 (d, J=8Hz), 1H], 4.78-4.68 (m, 1H), [4.49
(s), 4.48 (s), 2H], 4.32-3.75 (m, 5H), 3.60-3.23 (m, 10H). MS: (M+H)" 440.
10
EXAMPLE 13

Morpholine-4-carboxylic _acid [1-(2-hydroxy-1,1-dimethyl-3-0x0-3-phenyl-

propylcarbamovl)-2-phenyimethanesulfonyl-ethyl]-amide

(Compound 17)

15



for 15 mnutes. The yell ow solution was cooled to -78 C and

(1, 1-di net hyl - 2- oxo- ethyl)-carbamc acid tert-butyl ester (1.5 g, 8 mol,
in 5 nmM Twbolmaw2added rapidly (over 30 seconds) and 60 ewarsdy293ater a
solution of 2 nL acetic acid and 5 nL THE 10 was added rapidly. The cooling
bath was renoved and 4 ninutes |later Wrer was added and the nixture was
extracted with ethyl acetate. The solvent was renoved under reduced
pressure and then recrystallized from10 m of ethyl acetate. The white

crystals were washed three tinmes y th ethyl acetate and dyjed under reduced
pressure to WO 03/024924 PCT/ US%BB 68 afford ¢ HCl

: 27 4 : ; NH ) . .
[ 2- hydroxy-1, 1-d )g)(Z-Q , [.’L_Eﬂ;cfl gTr%ﬁl/zN A | ] —carjgam ¢ acid

Ni
tert-butyl ester”{1.8g, /52% .7Stgp 2 To
[ 2- hydroxy-1, 1-di net hyl - 2- ( 2- nyl -[ 1, 3]dithian- 2-y|5vélt hyl] 5 carbam c
acid tert-butyl ester (1 g, 2.6 nmmol) in 4.8 nL di oxane at 10 C was added
hydrochloric acid (4.8 nL, 4Min dioxane). The solution was warned to 23 C
After 2 hours the solution was conceptrated to 4 ml and diluted with ether

to afford a white precipitate that collected by filtration. The nother
| i quor was concentrated to a past triturated h ether. The solids
were combined to afford 726 ng of sb;am no 10

2- met hyl - | -(2-ph;§@z] di t iji af-2-yl)-propan-| - ga (98% yj el d)HIGpep 3
2- Ami no- 2- net hyk, K hi an- 2-\ ) -gor opargt| - ang—>»

2- [ (nor phol i ne- 4Acér nylo@ﬁ noj -a&- phen H opfFakPs aci d
were coupl ed usi he sl*a-rrda-r-d—q;epti deoggupl i NggC 3t Ipns her ei nbefore
described to afford 15 rmr%‘ﬂ@i HQ8T4- car bo ylic acid {

1-[ 2- hydr oxy-1, 1-di net hyl - 2- (2- phenyl -[ 1, 3] di t hi an- 2-

yl ) - et hyl car banoyl ] - 2- phenyl net hanesul f onyl -ethyl } --am de
Step 4 To norpholine-4-car lic acid { 1-[2-hydroxy-1, 1-
phenyl -[ 1, 3] di t hi an-2-yl) @“{'2“ enyl net hane
ide (200 20 ngy, 0.32 I3 acet oni tri%e:

was sinul taneously agdefl f
ground cal ci um C
0\/I o}

Step 1 To a flask fitted with a septum and stirbar under a nitrogen atmosphere

270my, 78%) .
thyl - 2- ( 2-

containing 4.1 g (20 mmol) of 2-phenyl-1,3-dithiane (Aldrich) was added dry distilled
THF (20 mL). The solution was cooled to —30 °C and n-butyl lithium (1.6M in
5 pentane, 16.8 mmol, 10.5 mL) was added slowly by syringe. The reaction mixture was

warmed to —20 °C and held at that temperature for 30 minutes, and then held at —10 °C
for 15 minutes. The yellow solution was cooled to —78 °C and (1,1-dimethyl-2-oxo-
ethyl)-carbamic acid tert-butyl ester (1.5 g, 8 mmol, in 5 ml THF) was added rapidly
(over 30 seconds) and 60 seconds later a solution of 2 mL acetic acid and 5 mL THF

10  was added rapidly. The cooling bath was removed and 4 minutes later water was added
and the mixture was extracted with ethyl acetate. The solvent was removed under
reduced pressure and then recrystallized from 10 ml of ethyl acetate. The white

crystals were washed three times with ethyl acetate and dried under reduced pressure to



0.8 mol) with stirring. The m xture was stirred for 10 m nutes and then
diluted with ethyl acetate. Methylene chloride was added and the organics
wer e washwo osiozd2evat er. After separation the organic | ay@cCTamsazeases ated to
a gumthat solidified upon addition of WO 03/024924 PCT/US02/ 29323 -69
ether. The ether was renmoved under redfed pressure to afford a white
solid. The solid was dissolved in a mninum of hot nethylene chloride and
filtered to rem)ve insoluble material. The solution was concentrated to

af ford nor [ carboxylic .acjd [1-(2- . . ..

hydr oxy- 1, %P &'ggmrlo %‘lo&a‘};‘?tlﬁﬂgﬁ{% %Pﬂp@k%ﬂ?kﬂ%ﬁwla‘gtﬁyléﬁmmﬁf%‘énesuI f ony
|- 5 et hyI]-am de (165ng, 100%yield). Step 5

[ 1- ( 2- hydrigsigutyl Bstgr tle®h PR3- oxo- 3- phenyl - pr opy! car barmoyl ) - 2-

phenyl met hanesul f onyl - et hyl ] -am de was oxi dized in the usual manner to
afford norpholine-4-carboxylic acid

[ 1- (2- hydr oxy- 1, 1-di net hyl - 3- oxo- 3- phenyl 10

%opgl car bﬁEE)i' )1H]2 W@QXB%B%%’TQSM eea,{g g%ﬁﬁﬁ@ﬁ@@é%ﬁ@ (g) 58_0
S 4 Ayl dgmﬁfaﬂ—tﬁé calefy ey ivpl 1585 L Gicing 5040 G s e “6)5
LCMS: elution tine = 71 min. 527.6(M 1), 529.6(Mrl). (M API 150EX LC

HP Agi | ent Yﬂmmlos@ra%%@ oL M inmlieraoaie rikhe, solut®nsyasapeRed 0023 10048em :  Fl ow
Rate: 2m /mn. Two sol vent gradient: Sol vent A 99%water, 1%

acet oni t ri2 kourd thE%oAtioh. waSebuemtraBd t©29%lant dilutcdiwith etﬁ%mf&fﬁfd a Whitdo AcOH.
Gradient from 100% A, 0% B to 0% A, 100% B fromt = 0 tot = 6mn. Then

gr adi ent bgﬁf@é‘i e %@‘@a@‘coﬂéé{e@ gyr fﬁff‘aﬁorr Thd 1‘ﬂo€he1 hc]tﬁn a8 cbnce%gat@éf 1§ oceedi ng

in a simlar manner to Exanple ut usin

3-(2-di flugraonet.ho t

[(ET’DI phol |pr?§tefngél?%%%%ryq§ﬁﬂﬁ5 avr%%g%%‘?lae#‘ﬁ affoud) 7236 Mg &-3mino-

pr epar ed norpholine-4-carboxylic aC|d

di f | udPonetmsiyl- éﬁé@mﬂt[ﬁaﬁl@um—éﬁw}pmmq101(%%%@1 -2 3-di oxo- 3- phenyl -
propyl cal banoyl )-ethyl]-am de. LCGMs: elution time = 3.95 min. 593.4(M1),

Step 3 2-Amino-2-methyl-1-(2-phenyl-[1,3]dithian-2-yl)-propan-1-o] and

2-[(morpholine-4-carbonyl)-amino]-3-phenylmethanesulfonyl-propionic acid were

coupled using the standard peptide coupling conditions hereinbefore described to afford
15 morpholine-4-carboxylic acid {1-[2-hydroxy-1,1-dimethyl-2-(2-phenyl-[1,3]dithian-2-

yh-ethylcarbamoyl]-2-phenylmethanesulfonyl-ethyl }-amide (270mg, 78%).

Step 4 To morpholine-4-carboxylic acid {1-[2-hydroxy-1,1-dimethyl-2-(2-
phenyl-[1,3]dithian-2-yl)-ethylcarbamoyl]-2-phenylmethanesulfonyl-ethyl }-amide (200
20  mg, 0.32 mmol) in 5.25 ml of 4:1 acetonitrile:water at 23 °C was simultaneously added
finely ground HgCls (192 mg, 0.7 mmol) and finely ground calcium carbonate (80 mg,
0.8 mmol) with stirring. The mixture was stirred for 10 minutes and then diluted with
ethyl acetate. Methylene chloride was added and the organics were washed with water.

After separation the organic layer concentrated to a gum that solidified upon addition of



WO 03/ 024924 PCT/ US02/ 29323 -70 596.2(M+l). (MS: APl 150EX. LC. HP Agilent
1100 Series. Columm: Phenonenex, 5u ODS3 100A 100X3mm ; Fl ow Rate:

2m / m n. Waw3spivgent gradi ent: Solvent A 99% water, 1% &catusazeeede, 0.1%
AcOH. Solvent B, 99% actonitrile, 1% water, 0.1% AcOH Gadient from 100%
A 0%Bto 0%A 100%B fromt = 0 to®-= 6nin. Then 5 gradient back to
100% A, 0% B fromt =7 tot =15 mn.) EXAMPLE 14 Cathepsin S Assay 10
Sol uti ons of test compounds in varying concentrations were prepared in 10 L

of di rreth foxi de ( O .and t hen |Iuted in ay buffer (40 L,
conpri si nﬁ’ %Lee erwmqvedsyf?er@ﬁﬁe @feswmoaéé?adm%ﬂ g solidunan
cathepsin S (0.158 pMoles in 25 L of assay buffer) was added to t he

di | ut i ons . wafldssalysdyn sohnimhenl wer wethylenelcliloride Sdlifitaged ridmovea irobihik er
pl ate, covered and incubated for 30 m nutes at anbient 15 tenperature.

Z- Val - Val niigiaAMEhé Solatin &8s tdhcdBirdiedio ApsdhobpHoligeH-wasoxgaeaede(t-he
assay solutions and hydrolysis was foll owed spectrophotonetrically at (X

460 nm f%ﬁ{dl% mxéﬂf' PHﬁﬁe%hylﬁQB% §2)%e}&2| n&;ﬂﬁét ik aS@Sngp%@l&{ﬁhc nedhilfon al C“'th ed

fromthe gress ~ curv el s

EXAMPL the 03/ 024924 PCT/ US02/ 29323 -71 Sol uti ons of
m&ﬂwﬁ? EL@P&@B@%&@ rati -

test c rati ons were prepared in 10 pL of

di met hyl sul foxide (DVMSO) and then diluted into assay buffer (40 L,
conprising: N, N bis(2-hydroxyethyl)-2-am noet hanesul fonic acid (BES), 50
mM (pH 6); pol yoxyet hyl enesorbitan nonol aurate, 0.05% and dithiothreitol
(DTT), 2.%twpd. Humgn(2-hydroxy-1,1-dimethyl-3-0xo-3-phenyl-propylcarbamoyl)-2-

phenylmethanesulfonyl-ethyl]-amide was oxidized in the usual manner to afford

morpholine-4-carboxvlic acid [1-(2-hydroxv-1,1-dimethyl-3-0x0-3-phenvl-

10  propylcarbamoyl)-2-phenylmethanesulfonyl-ethyl]-amide. "HNMR: (CDCl3) [8.0(d, T

=8 Hz) 1H], 7.7-7.2 (m, 10H), [5.9 (d, J = 6Hz) 1H], [4.8 (d, J = 6Hz) 1H], {43 (d, I =
14, Hz) 1H], [4.1 (d, J = 14 Hz) 1H], 3.7 (m, 4H), 3.36 (m, 4H), [3.3 (d, T = 2 Hz) 1H],
[3.29 (d, J = 2 Hz) 1H], 1.7(s, 6H). LCMS: elution time = 3.71 min. 527.6(M-1),
529.6(M+1). (MS: API 150EX. LC: HP Agilent 1100 Series. Column: Phenomenex,
15  5uODS3 100A 100X3mm.; Flow Rate: 2ml/min. Two solvent gradient: Solvent A,
99% water, 1% acetonitrile, 0.1% AcOH. Solvent B, 99% actonitrile, 1% water, 0.1%
AcOH. Gradient from 100% A, 0% B to 0% A, 100% B from t = 0 to t = 6min. Then

gradient back to 100% A, 0% B from t =7 to t = 15 min.).

20 By proceeding in a similar manner to Example 13 but using
3-(2-difluoromethoxy-phenylmethanesulfonyl)-2-[(morpholine-4-carbonyl)-amino]-

propionic acid in step 3 there was prepared morpholine-4-carboxylic acid [2-(2-

difluoromethoxy-phenylmethanesulfonyl)-1-(1,1-dimethyl-2,3-dioxo-3-phenyl-

propylcarbamoyl)-ethyl}-amide. LC-MS: elution time = 3.95 min. 593.4(M-1),




5 cathepsin B (0.025 pMdles in 25 L of assay buffer) was added to the
dilutions. The assay solutions were m xed for 5-10 seconds on a shaker

pl ate, coweroam2end i ncubated for 30 mnutes at anbi ent t @cparsar/en3es
Z-FR-AMC (20 nMoles in 25 pL of assay buffer) was added to the assay

sol utions and hydrol ysis was foIIomed‘gbectrophotonetricaIIy at (X 460 nm
for 5 mnutes. Apparent inhibition constants (K;) were calculated fromthe
enzyme 10 progress curves using standard mat henati cal m)del s. EXAMPLE 16
Cat hepsi n y t onpaQ in v concentrations
were pr epa%ﬁmliﬁﬁfwb@%ﬁ%&% @é@@%ﬂdﬁogm@o@ t ROBEISSt ed i nt o
assay buffer (40 L, conprising 50 MM (pH 5.5); EDTA, 2.5 nM and
DTT, 2.5 nWODSaHRAAJLOKSpEI. nFlQW(Bat@%ﬁllmpwm“woilwnzgrapLenofS@lsgayk buf fer)
was added to the dilutions. The assay solutions were mxed for 5-10
seconds orb%% shasker% ptabsitrile 0 et Grd SovestIB Y, haonigde M Nuies:, @l 7anbi ent
20 tenperature. Z-Phe-Arg-AMC (4 nMoles in 25 L of assay buffer) was added

to the ass&ébHs@ilhﬁlbﬂ’}’?orﬁ’igo‘%y@r(%B%?)‘??I/"%Zl % U (S0 %{Deié@) aghr ! cally

at (X 460 nm for m nut es Appar ent Ition constants

cal cul ated f e e r.ess c sin standard mat hEITB.tI cal
nodel s% @?@?&g@? W%S@%Ogér%t—%‘? WBRE 17 Cathepsin L Assay 5
Sol utions of test conpounds in varying concentrations were prepared in 10
pL of dinethyl sulfoxide (DMSO) and then diluted into assay buffer (40 L,
conprising: MES, 50 mM(pH 5.5); EDTA, 2.5 mM and DIT, 2.5 mM). Hunman
cathepsin L (0.05 pMdles in 25 L 8XaMBBY 1Buffer) was added to the
dilutions. The assay solutions were nmxed for 5-10 seconds on a shaker

pI ate, covered and incubated for SQnAHUE QS anbi ent 10 tenperature.
Z- Phe- Arg- AMC (1 nMoles in 25 pL of gﬂsfq'say%btsj fer) was added to the assay

10 Solutions of test compounds in varying concentrations were prepared in 10 uL of
dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 uL, comprising: MES,
50 mM (pH 6.5); EDTA, 2.5 mM; and NaCl, 100 mM). Human cathepsin S (0.158 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
15 temperature. Z-Val-Val-Arg-AMC (9 nMoles in 25 UL of assay buffer) was added to the
assay solutions and hydrolysis was followed spectrophotometrically at (A 460 nm) for 5
minutes. Apparent inhibition constants (K;) were calculated from the enzyme progress

curves using standard mathematical models.

20
EXAMPLE 15

Cathepsin B Assay



sol utions and hydrol ysis was foll owed spectrophotonetrically at (X 460 nm
for 5 mnutes. Apparent inhibition constants (K;) were calculated fromthe
enzyme prworea®s49edur ves usi ng standard mat hemati cal nodel PCTRSNR2BR3 t he
conpounds of the invention tested accgj ding to the above-described 15
assays for protease inhibition were o darved to exhibit selective cat hepsin
Sinhibitory activity. The apparent inhibition constants (Ki) for
corrpounds of the invention, against Cathepsin S, were in the range from
about 10-'OMt Lgout 0"7M EXAMPLE 18 20 Re r?sent ative Ph r%cal
For nul ati ons Pﬁ‘FH teg R DY R RGP Y A OB T RERRALE I

03/ 024924 PCT/ US02/ 29323 -73 Conpound of Forrmula I 10-100 ngy Gtric Acid
Monohydr atdendt®sl suifoxiBe dDMS GYyatrdaheddilisl mtp asshpndfarid0 BLVnegrisings N.No 100
mL | NTRAVENOUS FORMULATI ON Conmpound of Formula | 0.1-10 ng Dextrose

Monohydr atygs(Bkhdrok fetARle-dnsiab&hidesulfhi tadi€ ABES)MNydngt e GHOS
Sodi um Hydr(gX| Zeooyelﬁﬁkh Wat er fg? I rlu ecti onA%J s) to 1.0 nL @ABLEG‘FQ

FORMULATI Wy%?ye?l%ﬂ@n%g&%u% mbROITHhR, 4,039 arld EAEHNREADT TS SEIN 195 an’ 3%

5  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
nm) for 5 minutes. Apparent inhibition constants (K;) were calculated from the enzyme

10 progress curves using standard mathematical models.

EXAMPLE 16

Cathepsin K Assay

15 Solutions of test compounds in varying concentrations were prepared in 10 uL 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 K (0.0906
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
20  temperature. Z-Phe-Arg-AMC (4 nMoles in 25 pL of assay buffer) was added to the assay
solutions and hydrolysis was followed spectrophotometrically at (A 460 nm) for 5 minutes.

Apparent inhibition constants (K) were calculated from the enzyme progress curves using

standard mathematical models.



Stearic Acid 25% Colloidal Silica 1% 20 WO 03/024924 PCT/ US02/ 29323
-74- WE CLAIM 1. A conpound of Forrmula I: X2i | S(0)2 R4 X3 "N5 0 in
whi ch: X wand/ox@2are both nethylene or X1 is ethyl ene andPK2/use2/203pdnd; 10
R3 is -CRS=CBR6, -CRS(CR63)2 or -CR7=NR§, wherein R5 is hydrogen and R6 is
hydrogen or (Cl.4)alkyl or R5 and R6 tofether with the atons to which R5
and R6 are attached form (C3_12)cycl oal kenyl, hetero(C5_12)cycl oal kenyl
(C6_12)aryl, hetero(C6_12)aryl, (C9_12)bicycloaryl or _

het er o(C8_12) bi cycl oaryl and R7 and R8 together with the atonms to which R7
and R8 are attached form hetero(C5_12)cycl oal kenyl, hetero(C6_12)aryl or 15
het ero( C8_12) bi cycl oaryl, wherein R3 ogti onally is substituted by I to 5
radicals independently selected fr p consisting of (Cl-)alkyl,
cyano, hal o, halo-substituted (Cl_4)allcyl, nitro, -X4NROR9, -X40R9,

- X4SR9, - X4C(O) NROR9, -X4C(O) OR9, Cath¥gsnD ARkA@y4 10 and 10 4 9 ( ) ,
-XS(O2R d -X (OR, wherein X is a bond or (Cl.2)alkylene, R at each
occurrence independently is hydrogen, (Cl_3)alkyl or halo-substituted
(Cl.3)al kyl and 20 R10 is (CL.3)al kyl or hal o-substituted (C _3)al kyl; and

5 Solutions of test compounds in varying concentrations were prepared in 10 pL of

dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 uL, comprising: MES,

50 mM (pH 5.5); EDTA, 2.5 mM; and DTT, 2.5 mM). Human cathepsin L (0.05 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

10 temperature. Z-Phe-Arg-AMC tl nMoles in 25 L of assay buffer) was added to the assay

solutions and hydrolysis was followed spectrophotometrically at (A 460 nm) for 5 minutes.

Apparent inhibition constants (K;) were calculated from the enzyme progress curves using
standard mathematical models.

Some of the compounds of the invention tested according to the above-described

15  assays for protease inhibition were observed to exhibit selective cathepsin S inhibitory

activity. The apparent inhibition constants (K;) for compounds of the invention, aéﬁnst

Cathepsin S, were in the range from about 10°M to about 107M.

EXAMPLE 18
20 Representative Pharmaceutical Formulations Containing a Compound of

Formula I

ORAL FORMULATION



WD 03/ 024924 PCT/ US02/ 29323 -75 R4 is -C(O) XSR11l or -S(0O) 2X5R11l, wherein
X5 is a bond, -0- or -NR12-, wherein R12 is hydrogen or (Cl-6)alkyl, and
R11 is GQWwWQE@BH24 Kyl optionally substituted by -OR13, - BRIAS02/8(3¢) R13,
-S(O 2R13, -C(OR13, -C(OOR13, -C(ONRI3R14, -NR13R14, -NR 14C(O R13
-NR14C(O OR13, -NR 14C(O NR13R14 or -NRI4C( 14)NR13 14 R ,wherein 5 R13 is
(C3-12) cycl oal kyl (CO-3) al kyl, hetero(C5-12)cycl oal kyl (CQO. 3) al kyl,
(C6-12)aryl (C0-3)al kyl, hetero(C5-12)aryl (C0-3)al kyl,

(C9-12) bi cycl oaryl ( et er o( C8-12) bi cygl.aaryl (C0-3) al kyl" and
R14 at each occurreﬁ?‘e)ﬁ%pﬁ eé;;!éfn%)%nrﬂu%ylti s hydr ogen Xﬁ'@@l‘ﬁ%) al kyl, or (i)
(C3-12) cycl oal kyl (C0-3).al kyl ., hetero(C5-12)cycl oal kyl (CO3)al kyl, (C6-12)a
Yl (0-3) al kyl, het er 6188 Aex Mopphydsetg) al kyi , ~ (Co- 129Dmeycl oar yi (- 3) al kyl
or 10 hetero(C8-12)bicycloaryl (C0-3)al kyl or (iii)

(C3-6) cycl oal kyl ( C0- S8¢dibkndHydrokide er o( C5- 6) cycl oal ky$ (f90- 3) al kyl ,

phenyl (CO 3) al kyl or hetero(C5-6)aryl (CO-3)al kyl substituted by -X60R15,

- X6SR15, -X6S(0O) R15, Fra¥6®fO 2R15, - X6C(O) R15, -X6C(0O) OR15, -X6C(O NR15

R16, -XGN\R15R 16, -X6NR16C(O) R15, -X6NR1GC(O) OR15 , -X6NR16C(O) NR15R16 ,
- X6NR16C( O) OR16, - X6 C(N 16) NR15R16, wherein X6 isstoaloolnibond or
net hyl ene, R15 is (C3-6)cycl oal kyl (CO-3) al kyl, 4.5

het er o( C5- 6) cycl oal kyl (C0- 3) al kyl , phenyl (CO. 3) al kyl or

het ero(C5-6) aryl (CO_3)al kyl and R16 is hydrogen or (Cl_6)al kyl; wherein R4
optionally further contains 1 to 5 substituents which when occurring wthin
an alicyclic or aromatic r INGRAYVIINOVUSFORMULAANON ndependent |y sel ect ed
froma group consisting of (Cl-6)alkyl, (C-6)alkylidene, cyano, halo,
nitro, hal o-substituCegpdtddsHRkiulal - X6NRL7R17, 20 1-1 17C( O OR17,

- X6NR170Q( O) NR17R17, - X6NRL7C(NR17) NRL7R17, -X60R17, -X63R17, -X6C(O) OR17,

- X6C( O) NRL7R17, - X6 ¢ - X6P(O) (OR18) OR17, - X60P( Q) (OR18) OR17,
- X6NRL7C( O RL8, - xe?‘% @%@?@é&%ﬁ%ms and - x6C( F&(8 ARG SR ocour ng
Wi t hi N @n al i phatic (Erl%l’icek%idal{/[%néha}%lra%gl S i ndependen{.bgnfgel ected froma group

Sodium Hydroxide 0.18 mg
Water for Injection q.s. to 1.0 mL
TABLET FORMULATION
15 Compound of Formula I 1%
Microcrystalline Cellulose 73%
Stearic Acid 25%
Colloidal Silica 1%.

20



WO 03/ 024924 PCT/ US02/ 29323 -76 consisting of cyano, halo, nitro,
-NR17R17, -NR17C(O) OR17, -NR17C(O NR17R17, -NR17C(NR17)NR17R17, -OR 17,
-SR 17, -wWEO@RPZ4 - C(O NRL7R17, -S(O 2NR17R17, -P(O ( ORPCI@RLY29323
-OP(O (OR17)OR17, -NR17C(O R18, -S(O %8, -S(O 2R18 and -C(O R18, wherein
X6 is a bond or (CL_6)al kyl ene, R17 at’"‘each occurrence independently 5 is
hydr ogen, (Cl_6)al kyl or hal o-substituted (Cl.3)al kyl and R18 is

(C1_6)al kyl or halo-substituted (Cl_3)allcyl; X3 is a group of Formula
(a), (b) %WO 0 R0 O R20 R20 R20 24N R20 2kN N, "R25 . N "NNR25

N, R21 R23 O (a) (b) (¢) 10nis 0, 1 or 2; RO is selected from
the group consisting of hydrogen, (Cl.6)alkyl,

(C342) cycl oal kyl (CO0_6) al kyl , hetero(C5_12)cycl oal kyl (CO_6) al kyl

(CG_ 12)aryl (C0-6)al kyl and hetero(C5_12)aryl (CO_6)al kyl; 15 R21 is

sel ect ed flr om thheomgpamd of bngngleilng of hydrogen, (Cl_9)al kyl,

(C3_12) cycl oal kyl (CO_6) al kyl , hetero(C5_12)cycl oal kyl (CO_6) al kyl ,
(C6_12)aryl (C0_6)al kyl, hetero(C5.12)aryl (C0_6)al kyl,

(C9_12) bi cycl oaryl (C0_3)al kyl, hetero(C8_12)- bicycloaryl (C0_3)al kyl,
-C(OR26, -C(S)R26, -S(0O 2R26, -C(O OR26, »6(0O N(R26) R27, - C(S) N(R26) R27
and -S(O 2N(R27) R26; 20 R23 is selected frjom (Cl1_6)al kyl, (C4_6)al kenyl,
(C3_12)cycl oal kyl (C0_6) al kyl, hetero(C5. )cycl oal kyl (CO_6) al kyl
(C6_12)aryl (C0_6)alkyl or heter o(C5_12)Xa4/y 0_6)al kyl WD 03/ 024924

PCT/ US02/ 29323

R X3
N

N
H

in which:
X! and X* are both methylene or X' is ethylene and X is a bond;

10 Ris -CR’ :CHR6, -CR® (CR63)2 or —CR7:NR8, wherein R’ is hydrogen and RS is
hydrogen or (Ci4)alkyl or R® and R® together with the atoms to which R’ and R® are
attached form (Cj_jp)cycloalkenyl, hetero(Cs.i2)cycloalkenyl, (Ce.12)aryl, hetero(Cg.12)aryl,
(Co.a)bicycloaryl or hetero(Cs.ip)bicycloaryl and R’ and R® together with the atoms to
which R’ and R® are attached form hetero(Cs_jp)cycloalkenyl, hetero(Cg.ip)aryl or

15  hetero(Cg.;p)bicycloaryl, wherein R’ optionally is substituted by 1 to 5 radicals
independently selected from a group consisting of (Cy4)alkyl, cyano, halo, halo-substituted
(Cra)alkyl, nitro, -X'NR’R’, -X*OR’, -X‘SR’, -X‘C(OINR’R’, -X‘C(O)OR’,
-X*S(O)R, -X*S(O),R" and ~X*C(O)R'®, wherein X* is a bond or (C1.p)alkylene, R? at
each occurrence independently is hydrogen, (Cy)alkyl or halo-substituted (Cj.3)alkyl and

20 RYis (C13)alkyl or halo-substituted (Cy.3)alkyl; and



-77 optionally substituted with amno, -NHC(O R15 or R15 wherein R15 is as
descri bed above; R25 is selected from hydrogen, (Cl-6)alkyl,

( C3- 12) cywbaalokdpb{ CO- 6) al kyl , het er o( C5-12) cycl oal kyl ( COr&raiskhyb9323
(C6-12)aryl (CO-6)al kyl, hetero(C5-13)aryl (Co-6)al kyl, -X4NHRL5,
_X4S( 0O 2R26 or X4C(O)R17NR17€(O)R17 erein R15, R17 and X4 are as 5
descri bed above; R26 is selected fromthe group consisting of hydrogen,
(C1-6)al kyl, (C3-12) cycl oal kyl ( CO- 6) al kyl ,

het er o( Cs- 12)c | oal k 6) C6- 12) aryl (C0-6) al kyl

het er o( C5. 12) ary%%llf( qk}ﬁr “Séngl&l(l>b‘f’ 113%5111%/‘? 9. BS)aIOFin%r , Wherein
het ero( C8_ 12) bi cycl oaryl (C0-3)al kyl; 10 R27 is hydrogen, (Cil-6)al k%l

( C3- 12) cy R 'dl Hydtdeen 06 Y&l &alkyl, aleR nm(lbjs(lﬂaz)lkyl(dpuahﬁw ubSkitBledIbyyHOR ~,
(C6-12)aryl (C0-6)al kyl or hetero(Cs-12)aryl (CO-6)al kyl; wherein X3

optional | y dRi? t heio)g&Nt ad@p,> t o- é(@ﬂ@%tLC((gj@}@B whiced leénl%ccwlpya{j W t hin
an alicyclic or aromatic ring system are radicals i ndependent ly sel ect ed

froma r 4 I13St 16 =6) al kyd
nitro, hgl_o su %@ }e\@\g(%?)é) éY({))Nlﬁ% ﬁ%ﬁ yd(ﬂ%nﬁ%% &ﬁ%@l
-X6NR17C(éQ R17R17 -X6NR17C( NRl?) NRl R17 - X6 OR 17, -X6C(OR 17
, SR (Er)ysleplkylGr)aliyl, heterpeop ¥taatk o )dal.df e 1@073)31ky1
- X6P( O) (OR8) OR17, - X60P(0) (OR8)ORL7, -X6NRL7C O R18 6 18 6 18 6C(OR18 ( )

, -XS(O letefc)(cg(mry]((?agdlkyh( and when Copbidynlpamil @k yalkydn al i phati or noi ety
are radical s independently selected froma group consisting of cyano, 20

hal 0, nit h@ers Fg@%é}] %’c]%l@@ﬁgk@ : * ar B 464l inBddendently is h%) rogen

- NRL7C( NR17) NRL (O ORL7, - C(O) NRL7RL7, - S(0) 2RRL7R17,
T

_ EE 3 (Rl o|8ql) mi‘?@?%kg Q ((%@3) %%ngaué%l%j%@lm@ 0@ 0 Rl ﬂéﬁé&) iar% tand

N- oxi de der| vatives, gr odr u%? deri vati ves, yﬁ)rot ect ed der| vati ves,

i ndi vi dual(CrerrdfGoaallyli xheisreCsoparydGrelalk he(eor)bigistPado3)al kyl or

10 hetero(Csg.2)bicycloaryl(Cg.3)alkyl or (iii) (Cs.g)cycloalkyl(Co.3)alkyl,
hetero(Cs.g)cycloalkyl(Cps)alkyl, phenyl(Cos)alkyl or hetero(Cs.g)aryl(Co.3)alkyl
substituted by -XSOR', -X°SR®, -X°’S(ORP, -X%S(O)R", -X°C(ORP,
-X°C(O)OR", -X°C(O)NRPR', -X°NR"R'®, -X°NR"°C(O)R"’, -X°NR"°C(O)OR ",
-XSNR'C(O)NRPR'S , -X’NR'SC(O)OR!®, -X*NRC(INR)NR¥R'S, wherein X% is a

15  bond or methylene, RY is (Cs.g)cycloalkyl(Cy.3)alkyl, hetero(Cs.g)cycloalkyl(Cop.3)alkyl,
phenyl(Cys)alkyl or hetero(Cs._g)aryl(Cos)alkyl and R ig hydrogen or (Cy.¢)alkyl; wherein
R* 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
(Cr.)alkyl, (Cy.¢)alkylidene, cyano, halo, nitro, halo-substituted (Cys)alkyl, ~X°NR'R"7,

20 -XNRUC(O)ORY, -X*NRVC(O)NRRY, -XNRVCINR)NR'R, -X°OR”,
-X°SRY, -X°C(0)OR", ~X°C(O)NRRY, -X°S(0),NR'"R", -X°P(O)}OR*)OR",
~X°0P(0)OR™®)ORY, ~X°NRC(O)RY, -X°S(O)R™, -X°S(0),R*® and —X*C(O)R'® and

when occurring within an aliphatic moiety are radicals independently selected from a group



WO 03/ 024924 PCT/ US02/ 29323 -78 pharnmaceutically acceptable salts and

sol vates of such conpounds and the N-oxide derivatives, prodrug

deri vati vwe,03ppeebect ed derivatives, individual isonmers ane@Cmushreesss of
isoners thereof. 5 2. The conpound of f aiml in which X1 and X2 are both
met hyl ene or X1 is ethylene and X2 i5%a bond; R3 is -CRS=CHR6, -CRS(CR63)2
or -CR7=NR8, wherein R5 is hydrogen and R6 is hydrogen or (Cl4)alkyl or RS
and R6 together with the atonms to which R5 and R6 are attached form

(C3_12)cycl oal kenyl, (C6_12)aryl er o 2z ( y.ci;0ar yl
and R7 arfd" %?%’oétt%’é? vﬁ?%%l Pﬁ’éd a?lg-‘%nsht C%ﬂ% W%nd W@)ﬁfr}g;\ed form
10 hetero( 12 | 0 enyl hetero(C6_12)aryl opally is
substit ut e@‘nglyc g)ngkRadr&i% Z rﬁB;gperﬁ(ﬂ@ngl7 SQ(@M@R?B o*rﬁ(@)@ﬁbly f
consisting of (CLl.4)al kyl, cyano, halo, halo-substituted (Cl_4)al kyI

- X40R9 and-R(&XORY ORd’, wwemm@oﬁa -bitc@R'( Cls@)rIkyl &im,R'RO%mt each
occurrence |ndependently is (Cl.3)al kyl or halo-substituted (C1_3)alkyl;

and the N.QYOIRISHENA! XY R% hdlil f(épgglggbf{@t V65%q Fm@a@fe@g@mq@ﬁén\ﬂ@ﬁwes

i ndi vi dual mers and m xXxtures o rs 't hereo

phar mageuti cal | y accept | t nd SP f suchg co S and t he
N-oxi d& dét ﬁv&ﬁgsas?&m)gﬁwﬁgord@#wa %t%te s Bllel R (19 anodn °ox

i ndi vi dual isoners and m xtures of isoners thereof. 3. The corrpound of
claim2 i halghsubptitRedi(€1s)a@hX5R11 or - S(0) 2XSR11, wherein X5 20 is a bond,
-0 or -NR12-, wherein R12 is hydrogen or (Cl.6)alkyl, and R11 is (i)
(CL.6)al kyl  orc(ik b prdigt EFoeblald), ¢ydregt kyl (C0_3) al kyl ,

(C6_12)aryl (C0_3)al kyl, hetero(Co5_12)aryl (CO_3)al kyl,

(C9_12) bicycl oaryl (C0_3)al kyl or hetero(C8_12)bi cycl oaryl (C0_3) al kyl or
(iii) hetero(GC5.6)cycloal kyl (CO_3)al kyl or phenyl (C0.3)al kyl substituted
by -X60R15, -X6C(QyR15 or -X6NR16C(O) OR16, wherein X6 is a bond or

met hyl ene, R15 i sy phelyl (C0_3) al k@q Qj’ W03/ 02492n2°PCT/ USQ 29323 -79

het ero( C5_6) ary IkyI ancL: hylglr ogen or (Cl 6) al kyI wherein R4
optionally furt SRS /S\ R
N Rza S0
(@) (b) (c)

10

nis 0, 1 or 2;

R¥ is selected from the group consisting of hydrogen, (Cjg)alkyl,
(Csa2)eycloalkyl(Co.g)alkyl, hetero(Cs.iz)cycloalkyl(Co.g)alkyl, (Cs.12)aryl(Cog)alkyl and
hetero(Cs.i2)aryl(Co.g)alkyl;

15 R* is selected from the group consisting of hydrogen, (Cg)alkyl,
(Cs.12)eycloalkyl(Cog)alkyl, hetero(Cs.iz)cycloalkyl(Cog)alkyl, (Ce.g2)aryl(Co.g)alkyl,
hetero(Cs.12)aryl(Co.g)alkyl, (Cy.12)bicycloaryl(Cy.3)alkyl, hetero(Cg.12)-
bicycloaryl(Cgs)alkyl, -C(O)R®, -C(S)R*®, -S(O),R*, -C(0)OR%, -C(ONR*)R?,
-C(SNR™)R* and —S(O)NR*R*,

20 R* is selected from (Crg)alkyl, (Cqg)alkenyl, (Cs.iz)cycloalkyl(Co)alkyl,

hetero(Cs.iz)cycloalkyl(Cog)alkyl, (Cei)aryl(Co.g)alkyl or hetero(Cs.1p)aryl(Cog)alkyl



contains 1 to 5 substituents which when occurring within an alicyclic or
aromatic ring systemare radicals independently selected froma group
consi sti MyooB/0g4824 6) al kyl , hal o, -X6NR17R17, -X60R1l7, - X@CTMSCE19323

- X6NC(O) R16 and - X6C(O) R18, R17 at ea%h 5 occurrence independently is
hydr ogen, (Cl1_6)al kyl or hal o-substi tuted (d _3)alkyl and R18 is
(C1_6)al kyl or halo-substituted (Cl1_3)al kyl; and the N-oxide derivatives,
prodrug derivatives, protected derivatives, individual isonmers and

m xtures of .isqners .t hereqf; and har mageut i cal Ly. ac et.%Qa salts and
sol vat es B?tl@&ﬁ}ﬁs‘@éﬂt&ﬁﬁln %{Hﬁotﬁghﬁ@%ﬁi d’éqﬁde‘%’ﬁ?%{‘ klelé as ﬁ?%’aﬁ? bove,
derivatives, protected derivatives, individual isomers and m xtures of 10

i somers thereoR™ 4is Falecednfoumnd hydrogemi C36)akkylahi(C€nidcloalkyl(§ooalkybf
Formula (a), (b) or (c): R20 0 RO 20 RRO 20 N | 20 ON.R25 N ""NN 25 "~

00-1___ Rhet€oRCi 1, NyclBaR¥I(B2alRA0 RE3 A&yl Chdalks)  HeberoiCQ)aikl(ChJalkyRO i s
sel ected fromthe group consisting of hydrogen and (Cl1_6)al kyl; R21 is

| ected fxogmkhe. e0gs L gt R TR 9k E! K B12)a | kyl |
200 ree, SOy SR R e T NG RN oy Rt e e ey T om

(C1_6)§1I kxl ogtq'{%jnal l'y substituted with am no, -NHC(O R15 or -R15 wherein
R15 i s° as"d6EeYT 83 %above; WO 03/ 024924 PCT/ US02/ 29323 -80 R25 is sel ect ed
from (Cl_6)al k (C6_12)aryl (CO_6)al kyl, _X4S (0)2R 21 or
X4C( O R17NR17C§3 RB7 seleetedi Arame 7 then deryup afensisinge 96r ihydwgemouC1antkyR26 i s
as described bel ow,

(Cs.2)cycloalkyl(Co.s)alkyl, hetero(Cs.iz)cycloalkyl(Cog)alkyl, (Ce.12)aryl(Cog)alkyl,

hetero(Cs.1p)aryl(Co.g)alkyl, (Cy.12)bicycloaryl(Cy.3)alkyl or
hetero(C.1z)-bicycloaryl(Co 5)alkyl;
10 RY is hydrogen, (Ci-g)alkyl, (Cs.12)cycloalkyl(Cy.g)alkyl,
hetero(Cs.iz)cycloalkyl(Co.g)alkyl, (Cs.12)aryl(Co.¢)alkyl or hetero(Cs.1z)aryl(Co.¢)alkyl;
wherein X° 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 (Cjg)alkyl, (Cyg)alkylidene, cyano, halo, nitro, halo-substituted
15 (Cyps)alkyl, ~XSNRRY, -X°NR"c(0)0RY, ~X°NRC(O)NR'RY,
“X*NRCONR)NRRY, ~X°ORY, ~XSC(ORY, -X°OR, ~X5SR!7, ~X°C(0)OR"",
-X°C(O)NRRY,  -X°S(0),NR'R", -X°P(0)(OR%OR", -X°OP(0)(OR}ORY,
~XNRC(O)R", -XS(O)R', -X°S(0),R™® and —X°C(O)R® and when occurring within
an aliphatic moiety are radicals independently selected from a group consisting of cyano,
20  halo, nitro, -NR"R", -NR"C(0)OR", -NR"C(O)NR""R", ~-NR"C(NR)NR"R",
-OR"”, -SR”, -C(O)OR"”, -CONR'RY, -S(0),NR'R"”, -P(O)OR)ORY,
-OP(0)(OR")OR", -NR'C(O)R"®, -S(O)R", ~S(0),R*® and ~C(O)R'®, wherein R',
RU, R and X5 are as described above; and the N-oxide derivatives, prodrug derivatives,

protected derivatives, individual isomers and mixtures of isomers thereof; and the



R26 is selected fromthe group consisting of (Cl_6)alkyl, 5

hetero(C5_12) cycl oal kyl (CO_6) al kyl, (C6_12)aryl (CO_6) al kyI

het er o( CowbD2pme4pb{ CO_6) al kyl and (C:9_12) bi cycl oaryl (CD_S))EIrkgsk)zlzmﬁ is
(C1_6)al kyl; wherein X3 optionally further contains 1 to 5 substituents

whi ch when occurring wthin an alicygﬁic or aromatic ring systemare

radi cal s i ndependently selected froma 10 group consisting of (Cl_6)alkyl,
cyano, halo, -X6OR17, -X6C(O) Rl7 and - X60R1S; and the N-oxide derivatives,

rodrug derivatives rotected deriyvat.ives, i vidual isoners and,
it Ur o5 SParETCAY REFRUPIC SHA FHeopheFomab S ERPPounds ok IS it s and
sol vates of such conpounds and the N-oxide derivatives, prodrug

deri vat i veéexivasives, eradses drsivitieasi pretected dedyajivery andividerhisomeahendmixtesef of

i soners thereof. 15 5. The conpound of claim4 in which R3 is selected from
t he groupiseaisd tiedf of phenyl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl,
vinyl, 2-difluoronethoxyphenyl, 1-oxy- pyridin-2-yl, 4-methoxyphenyl,

4- et hyl phenyl , 2-net hyl phenyl, 4-chl orophenyl, 3,5- dinethyl phenyl,

4- trifluoronethylphenyl 4-trifluoromet hoxyphenyl, 2-bronophenyl, 20

ga{) ?lt P e 20 me%/ h{}? Bﬂgp@.in%hclé %fa,?rﬁ He n%%l c&é@?ﬁh%bﬁ%ﬁ%\{ Iniethylene or X' is ethylene

2,3,4,5, 6-pent af | uor o- phen quoro henyl, 2-chl grophenyl,, 2-
cyano- pheyd X &.a hand; Bom%% ﬁ?ﬂ&eﬂﬂ Btalz@nrDBuFW phkssein R>3s bydregcapheny | |
4- bronophenyl, 2-fluoro-3-chloro- fhenyl 2-f 1 uor o- 3- net hyl - phenyl

3- | uor opbedRf is Bdfbgelbf (Q1Qyatighenyd andR ogahghemythe alo-d MHdhor daaady | |
2,6-difl uorophenyl 3-cyano- phenyl, WO 03/ 024924 PCT/ U802/29323 -81

4- cyano- phg lachea'f‘s e{}@“%&ﬁﬂ?&fﬂ@ﬁ Y (,el%)(%yl h%tzeé)(‘g * 1o o 17_ }cyclgérghﬁ'ﬂlyl

2- br ono- 5- uoro p oro
2,4-diflu

23 4-tri ?ﬁ”"%wﬁ&ideﬁ% e it SO he%&% N f"%fr%r SR o

2,4-bis-trifluoromethyl phenyl, 2,5,6-trifl uoroghen yl 2 fluoro-3
10  hetero(Cs.jz)cycloalkenyl or hetero(Ce.1p)aryl, wherein R optlonally is substituted by 1 to

5 radicals independently selected from a group consisting of (Cj.4)alkyl, cyano, halo,
halo-substituted (Cp.4)alkyl, -X*OR’ and -X*C(O)OR®, wherein X* is a bond or
(Cio)alkylene, R? at each occurrence independently is (Ci.3)alkyl or halo-substituted
(Cis)alkyl; and the N-oxide derivatives, prodrug derivatives, protected derivatives,
15  individual isomers and mixtures of isomers thereof; and the pharmaceutically acceptable
salts and solvates of such compounds and the N-oxide derivatives, prodrug derivatives,

protected derivatives, individual isomers and mixtures of isomers thereof.

3. The compound of claim 2 in which R* is ~-C(O)X°R! or -S(0),X°R}!, wherein X°
20  isabond, -O- or -NR"™-, wherein R'"? is hydrogen or (Cy.¢)alkyl, and R is (i) (C1.¢)alkyl
or (ii) hetero(Cs.1z)cycloalkyl(Co.s)alkyl, (Ce.12)aryl(Co.3)alkyl, hetero(Cs.12)aryl(Co.s)alkyl,
(Co.p)bicycloaryl(Cos)alkyl  or  hetero(Cs.jp)bicycloaryl(Cos)alkyl — or (11i)
hetero(Cs.s)cycloalkyl(Co.s)alkyl or phenyl(Cos)alkyl substituted by —X°OR®, -X°C(O)R"

or -X°NR'®C(O)OR', wherein X° is a bond or methylene, R™ is phenyl(Co.s)alkyl or



rifluoronethyl phenyl, 2-fluoro-4-trifluoronethyl phenyl,
| uoro-5-trifluoronethyl phenyl, 2,3,5-trifl uorophenyl,
| uor o-wotmsiog49aor onet hyl phenyl, 5-fl uoro-2-trifl uoronet rgirprsengd323
| uoro-3-trifluoronethyl phenyl, 2- nethoxyphenyl

-bi s-trifluoronethyl phenyl, 4- d|f180ronethoxyphenyl

-di fl uor onet hoxyphenyl , 2,6-d|chlorophenyl 4- carboxyphenyl, cycl ohexyl
cycl opropyl, isopropyl, thiophen 2-yl, 5- chi or o- t hi ophen-2-yl and 3,5- 10

di met hyl - | sox I und of clajm5 |n enzoyl ,
nDrpholanCQHE.$%%ﬁ¥¥09§g@ﬁ?9%~ ﬁggﬂg pb@%ﬁa mﬁA%§KBéHQ%VB

3- net hoxy- benzoyl, napht hal ene- 2 carbonyl benzo[l 3] di oxol e-5-car bonyl ,
3- pyri di ncGatgins eldD)d spistitubeis #dfich whe occaxrxbng]withilf v alicyeliq &r eroniadiaying
tert-butoxy-carbonyl, biphenyl-4-carbonyl, quinoline-2-carbonyl,

qui nol i nesykster afeb@aidals iddépeptistityRerzey ifronda %@M%s@ﬁﬁkg 8¥(C1.)alkyl, halo,

3- hydr oxy- benzoyl, 4-hydroxy- benzoyl pyridi ne-3-carbonyl,
3-(tert-bu cartbonyk 7n07ggz R0 b9@¥! @e ;174
1- carboxyl?§N§53% te%fg I @ 4e%§$%ngﬁsgﬁ%era2|n |-§arh x;ilc acid

S;?Iy L“ Zt gé%eﬁgﬁ(]f uregelnldé&@yar %H@g%% D pgaﬁmt%ﬁ}allo—gg)stltutgc{ (Ci3)alkyl and R®

1- oxy- pyri di ne- 3-car bonyl, thiophene-2-carbonyl, thiophene-3-carbonyl,
4- benzoyl is Kenaaliy] os-haéq—hghstitwwdopﬁeﬁdkﬁ; mﬂbtinnyN;oxide derivatives, prodrug
3-chl oro-t hi ophene-2-carbonyl, 3-brono- thiophene-2-carbonyl,

4- chl or o- BefvAdiyts, pﬁtrtédtédﬂeﬁvﬂﬁ@hh&%&u@ﬁ%ﬁé&’s andlnﬂsahﬂ&@&f/rsb@emhfdreof and
4- trlflouronethoxy benzoyl, 3, 4-diflouro-benzoyl, 4-fluoro-benzoyl,

3, 4-di net ¥l

42trifl ou?%aﬁaﬁ%%%y% g@é‘@e ﬁ%lgsy%}é%kv@éﬁo‘gigﬁ WE??% gig74-oxide,
benzoyl , ent an rbon benz tth Carbon 3-chl oro-
benz ol bi t APORSRS DINEaE SR TYesLRREEk e IR At RS B ghh
5-met hyl - thi ophene- 2- squonyI t hi ophene- 2- squonyI fornanyl-nethyl
est er 10 4- irondeyd thpegof.anoy! | fornanyl-isobutyl ester, formanyl-nonoallyl
ester, formanyl-isopropyl ester, N, N5 dinethyl-formnyl,
N—isopropyl-fornanyl, N-pyridin-4-yl-formanyl, N-pyridin-3-yl- formnyl,
3- phenyl -acryl oyl , 1H i ndol e-5-carbonyl, pyridine-2-carbonyl, pyrazine-2-

4, The compound of claim 3 in which Xisa group of Formula (a), (b) or (c):

15
nis0,1or2;
R is selected from the group consisting of hydrogen and (Cj.¢)alkyl;
R* is selected from the group consisting of (Cro)alkyl, (Cs.12)aryl(Co.s)alkyl, -
C(O)R?, -S(0)R*, -C(0)OR? and -C(O)NR*)R?;
20 R is selected from (Cy.)alkyl optionally substituted with amino, -NHC(O)R" or

R’ wherein R' is as described above;



carbonyl, 3-hydroxy-pyridine-2-carbonyl, 2-am no-pyridine-3-carbonyl,

2- hydroxy- pyridi ne-3-carbonyl, 6-am no-pyridi ne-3-carbonyl,

6- hydr oxywpygiogiione- 3- car bonyl , pyri dazi ne-4-carbonyl, 3-poegnmey23enzoyl
and 1-oxo-1, 3-di hydro-i soi ndol e- 2-car bgﬁyl .10 7. The conpound of claim®6
in which X3 is selected froma group cOnsisting of 4-

am no- 3- 0xo- azepane-| - carboxylic acid benzyl ester,

4- am no- 3- oxo- azepane-| -carboxylic acid isobutyl ester,

4- am no- | - benzoybs - 2- - amL0o- }< banz sul.f onyl,+ an- 3-one,
4-amino- 1 -( pygi d?{\g&%@ geél ?@ﬁ“{w(??@?gggn{%@ 8%’2 0-6)aiky?, 5 SO or™" 2
4-am no-| - (1~ 1 hdi ne42 15 sul fopyl ) - azepan- 3- one, )

4- am no- | %@3@3 @%ﬁ o&@%enzeﬁ’@%}nf Br?y"l“)d- 5% 8ffafs dessbed abaye and R™ is as

1- (2-fl our o-benzenesul fonyl ) - azepan- 3- one,

4- ami no- | - ¢gcdbadi hedawioxy- benzenesul fonyl ) - azepan- 3- one,

4- am no- 1- (2- cyano- benzenesul f onyl ) - azepan- 3-one, 4-am no- 1-

(napht hal ene- | -R#fl f dey| keleee@an{@nPnethe  group consisting of  (Cyg)alkyl,
4-am no-| - (t hi ophene- 2-sul fonyl ) - azepan- 3-one,

4-am noy | -g&dazolevdss nylie@ pﬁ n

4-am no- | - (pyr f%l'llbd?, ng- Mcﬂ Q?{Aol%]gl ?ﬁ?)gr a@f%j lgy_l,Olheg?rogf_lsd?)lam)(_cf-ﬁ)alkyl and

- met hanesul f onyl - aze -3-pone, 4-amno-|-(pyrrolidine-I-carbonyl)-
azepan- 3- od‘?fé",l2r3 i %P?f&ﬁéﬁ’éﬁﬁ(yﬁzepane-l - car boxyl i c- aci d- di net hyl ani de,

4- am no- 3- oxo- agzepane- 1-carboxyl i c-aci d-benzyl am de,

4- anmi no- | - benzyR~ ay&papplylone, 4- ami no- 1- benzyl - pi peri di n- 3- one,

4- am no- | - benzoyl - pi peri di n- 3-one, 4-am no-|-benzoyl - pyrrolidin-3-one,

4-am no- 1 - beneidreipyXT eptlodally BirthepeontAna k9 sdbdaraanesish HaeY beMRing
03/ 024924 PCT/ US02/ 29323 -83 pyrrolidin-3-one, 4-am no-

1- (5- met hydhg ! QITCP%I’IFJ & &8hfanid rin@sterh £E Wdic s %ﬁé’gﬂdgltlt%l/ §880%ed from a

4- sul f onyl am no) - bu anm no,

1- et hyl- 2- 0x0- 3- (A-phenoxy- henzenesul f onyd anyn ropyl am po

1- et hyt- 2-%&?—%‘)— lﬁt-“?%@f?@éfﬁﬁggwéiﬂ’)?y @lﬁe‘%é?}%su‘l Kg@}}gﬁf‘%TX%P pyangihero,
3- (di benzof ur an- 2- sul f onyl am no) - 1- et hyl - 2- oxo- but yl am no,

1- et hyl - 3-f-@xifstdeyivativesapmodrug derivatives, protected derivatives, individual isomers and
met hyl - pent anoyl am no) - pent anoyl am no] - 2- oxo- pr opyl am no,

5-am no- | -thiktresdflioyers hoRof lagd tHephaihabewr®hlly hdceRahlE ¥AIRHhA Solvates of such
5- benzyl oxycar bonyl am no- | -[ (4- met hoxy-

phenyl sul fampbids Bid¥hd NEHHY AR ivati vati
1-[ (4- et hoglybszh eSnyI sul't anoyl) rr{e%ﬂ)i}ie]s’- g{odrug derivatives, protected derivatives,

individual isomers and mixtures of isomers thereof.
15
5. The compound of claim 4 in which R? is selected from the group consisting of
phenyl, pyridin-2-yl, pyridin-3-yl, pyridin-4-yl, vinyl, 2-difluoromethoxyphenyl, 1-oxy-
pyﬁdin—Z-yL 4-methoxyphenyl, 4-methylphenyl, 2-methylphenyl, 4-chlorophenyl, 3,5-
dimethylphenyl, 4-triffuoromethylphenyl, 4-trifluoromethoxyphenyl, 2-bromophenyl,
20 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-fert-butyl-phenyl, 3-chlorophenyl, 4-
bromophenyl, 2-fluoro-3-chloro-phenyl, 2-fluoro-3-methyl-phenyl, 3-fluorophenyl, 2,5-

difluorophenyl, 3-bromophenyl, 2,5-dichlorophenyl, 2,6-difluorophenyl, 3-cyano-phenyl,



phenyl - propyl am no, 1-{ [4-(1-hydroxy-ethyl)-phenyl sul fanoyl]-nethyl

} - 3-phenyl - propyl am no,

1-[ (4- acewglosphwny| sul f anoyl ) - met hyl | - 3- phenyl - pr opyl am n®@CTaFS0E/29310

hydr oxy- phenyl sul f amoyl ) - et hyl ] - 3- phenyl - propyl am no and 3-phenyl -1 -] ( 2-
phenyl am no- et hyl sul f anoyl ) - met hyl ] - pr'opyl ani no. 8. The conpound of claim
7 selected fromthe group consisting of norpholine-4- carboxylic acid (1-{
5-am no-1| -[ (4- net hoxy- phenyl sul f amoyl ) - et hyI ]- pentyl car bam)yl } 15

2- phenyl nyl .- X 5-{ 2-
[ (nor phol |4ng?a§8§)§# {lﬁ )Q ?ltgﬁqynoe]tl‘?cgygﬁenﬁw an(goone%{]?’ Blyeﬁlly g %ﬁﬁ%ﬁ]

} - hexyl) - C aC| benzyl est nDrp ol i ne-4- carboxyllc aC|d 1- {

1- [(4 met H' ity | SofleirpianyL ne quhfluemahﬁ‘éw}ﬂ - B¥o %

}-2 phenylnethanesulfonyl et hyl )- am de, norpholine-4- carboxyllc aC|d

[ 1- (3-ben zté.ﬂggn@[phemijll am Bd-Pudkorghenyl, 2,3 A-trifluorophenyl, 2-chloro-5-

pr opyl car banmoyl ) - 2- phenyl net hanesul f onyl - et hyl ] - am de,

nor phol i neriflue@idesipHeyR Qidbislirifluoromethylphenyl, 2,5,6-trifluorophenyl, 2-fluoro-3-
1- (1- benzoyl - 4- oxo- pyrrolidin-3-yl car bar}rlopyl )y phenyl rretphan}ésul fonyl et hyl ]

- ami de '{HﬂQ&}B#‘Tdﬁg )}aﬁ @ﬁlrfﬂﬁ%ﬂ) '4Cmﬁﬁgt‘gme§1y therg;l 2—ﬂuor|o)5 Elﬂuoromethylphenyl

[ 1- (1- benzenesu ‘0X0- yrro bano

5 T (Nor phot et Hegagisaily By L e} ST AP hsret P SR POBIEETRg T no

} - 3- oxo- azegane | - car boxyl ic acid benzyl ester. WO 03/024924 PCT/ US02/ 29323
-84 9. A pheverackuiflvommebyipbeivi.i dmathmpypheiyhg3 &-tiheifhpeonethglphgnyéf fect i ve
anount of a conpound of Claim1l in conbination with a pharmaceutically

accept abl elifx@bpethokyphenl03-diluseimhabotyphedyl £88-didgloRophes P25 aibBx@hedfll Mal i N
whi ch inhibition of Cathepsin S can p}?evey[r[lt i nhi blkgieoﬁ anmel i oﬁglt gﬂt he

hol h
R o R R AT R R R

of C gjpm 1.or N-OXI gﬁ erivative or indivi dual i sonmer or m xture of

i some (JrRpy lso’é?rzo éﬂar maceutical ly acceptable salt or solvate of such
conpounds and the 10 N-oxide derivatives, prodrug derivatives, protected
derivatives, individual isoners and m xtures of isoners thereof.

6. The compound of claim 5 in which R* is benzoyl, morpholine-4-carbonyl, acetyl,
furan-3-carbonyl, 2-methoxy-benzoyl, 3-methoxy-benzoyl, naphthalene-2-carbonyl,
benzo[1,3]dioxole-5-carbonyl, 3-pyridin-3-yl-acryloyl, benzofuran-2-carbonyl, furan-2-
15 carbonyl, fert-butoxy-carbonyl, biphenyl-4-carbonyl, quinoline-2-carbonyl, quinoline-3-
carbonyl, 3-acetyl-benzoyl, 4-phenoxy-benzoyl, 3-hydroxy-benzoyl, 4-hydroxy-benzoyl,
pyridine-3-carbonyl, 3-(tert-butoxycarbonylamino-methyl)-benzoyl, 4-carbonyl-piperazine-
1-carboxylic acid tert-butyl ester, 4-carbonyl-piperazine-1-carboxylic acid ethyl ester, 4-
(furan-2-carbonyl)-piperazine-1-carbonyl, pyridine-4-carbonyl, 1-oxy-pyridine-4-carbonyl,
20  l-oxy-pyridine-3-carbonyl, thiophene-2-carbonyl, thiophene-3-carbonyl, 4-benzoyl-
benzoyl, 5-methyl-thiophene-2-carbonyl, 3-chloro-thiophene-2-carbonyl, 3-bromo-
thiophene-2-carbonyl, 4-chloro-benzoyl, 3-flouro-4-methoxy-benzoyl, 4-methoxy-benzoyl,
4-triflouromethoxy-benzoyl, 34-diflouro-benzoyl, 4-fluoro-benzoyl, 3,4-dimethoxy-

benzoyl, 3-methyl-benzoyl, 4-bromo-benzoyl, 4-triflouromethyl-benzoyl, 3-benzoyl-



11. The use of a conpound of Caim1l in the manufacture of a nedi cament for
treating a disease in an animal in which Cathepsin S activity contri butes
to the pawbaBogap2end/ or 15 synptonol ogy of the di sease. PEI/UAIpeBeERSS for
preparing a conpound of Fornula I: X I S(O2 XI R4 X3 NHO 201 W
03/ 024924 PCT/ US02/ 29323 -85- in whicl® X1 and X2 are both nethylene or X1
Is ethylene and X2 is a bond; R3 is -CRS=CHR6, -CR5(CR63)2 or -CR7=NRS,
wherein R5 is hydrogen and R6 is 5 hydrogen or (Cl_4)alkyl or R5 and R6

t oget her wy he orm 5 )
(C3-12) cycl 0211 enyI %tg%%ﬁwcycl ongg%’ith%p h%ﬁ?ef%%}%(in%l I Chllom .
hetero(C6,12 C9- 12) bi cy aryl or hetero(C8 | cycl oaryl an

and RS toasre%?i‘?ﬂmppw%r?ecaa% ek SRR & OB earIeghn

het er o( C5- 12) cycl oal ken het er o( C6-12)aryl or hetero(C8-12)bicycloaryl,
wher ei n R3higpheneriagulfpny tYsWé—Qt&qunﬁyfonnamylSmﬁ@dl estdrs4-p@thyigep@nagdnt | y
sel ected froma group consisting of (d- )alkyl, cyano, hal o,

hal 0- subs tforim#n®d-isdbolyl Astdr K Ydrmafiyl-htonoalld NESYRI form$hiR9so Riter, N,N-
- X4C(O) NROR9, -X4C(O OR9, -X4S(O R10, lzi4551(48(0)2R10 and p‘)r( @) R10, wherein

o igé‘nb‘?‘?‘é@fﬁ%‘)f"@wﬁ*ﬁ'm S e e P R S

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.
10
7. The compound of claim 6 in which X° is selected from a group consisting of 4-
amino-3-oxo-azepane-1-carboxylic acid benzyl ester, 4-amino-3-oxo-azepane-1-carboxylic
acid isobutyl ester, 4-amino-1-benzoyl-azepan-3-one, 4-amino-1-benzenesulfonyl-azepan-
3-one, 4-amino-1-(pyridine-2-sulfonyl)-azepan-3-one, 4-amino-1-(1-oxy-pyridine-2-
15 sulfonyl)-azepan-3-one, 4-amino-1-(3,4-dichloro-benzenesulfonyl)-azepan-3-one, 4-amino-
1-(2-flouro-benzenesulfonyl)-azepan-3-one, 4-amino-1-(3,4-dimethoxy-benzenesulfonyl)-
azepan-3-one, 4-amino-1-(2-cyano-benzenesulfonyl)-azepan-3-one, 4-amino-1-
(naphthalene-1-sulfonyl)-azepan-3-one, 4-amino- 1-(thiophene-2-sulfonyl)-azepan-3-one,
4-amino-1-(thiazole-2-sulfonyl)-azepan-3-one, 4-amino-1-(pyrrolidine-1-sulfonyl)-azepan-
20  3-one, 4-amino-1-methanesulfonyl-azepan-3-one, 4-amino-1-(pyrrolidine-1-carbonyl)-
azepan-3-one, 4-amino-3-oxo-azepane-1-carboxylic-acid-dimethylamide, 4-amino-3-oxo-
azepane-1-carboxylic-acid-benzylamide, 4-amino-1-benzyl-azepan-3-one, 4-amino-1-
benzyl-piperidin-3-one,  4-amino-1-benzoyl-piperidin-3-one,  4-amino-1-benzoyl-

pyrrolidin-3-one,  4-amino-1-benzyl-pyrrolidin-3-one,  4-amino-1-benzenesulfonyl-



RIOis (Cl-3)al kyl or halo-substituted (Cl-3)alkyl; and 15 R4 is -C(O XSR11
or -S(0O) 2X5R11, wherein X5 is a bond, -0- or -NRl12-, wherein Rl2 is

hydr ogen w0 03@2498) al kyl , and RLl' is (i) (Cl-6)al kyl optiomarigsoyedsssit ut ed
by -OR13, -SR13, -S(O R13, -S(O 2R13, 83(:(O)R13 -C(O OR13, -C(O NRI 3R14,
-NR13R14, -NR14C(O) R13, -NR14C(0O OR137-NR14C(O) NR13R14 or -NR14C(NR14)NR
13R14, wherein R13 is (C3-12)cycl oal kyl (CO-3) al kyl,

het er o( CS- 12) cycl oaI kyI (CO 3)al kyl, (C6-12)aryl (CI) 3) al kyl, 20

net or o Co- 9 B¢ cyc 5P A g &af!lx o ?}? BRRbEY 85 otenc

independe%gﬁ h drogen or (Cl-6)alkyl, or (ii

( C3- 12) cy TS fnylapEne)syulylRipino, het dredptg %Z’f%%%%%y1b(ﬂw33§laﬁovawannnq)ce 12) a
Yl (C0- 3) al kyl, het ero(C5-12)aryl (Q0-3)al kyl, (C9-12)bi cycl oaryl (CO 3) al kyl
or heter d{l‘%llambnbi wmybafW(Mf@yadkyﬂ-yloKy)(beinize)nesulfonylamino]—propylamino,
(C3-6)cycl oal kyl (CO-3)al kyl, WO 03/024924 PCT/ US02/ 29323 -86

het er o( C5_B)dilaizofirdy 2 sEBoB)l ahiavd-1 dﬁi}@@%)&o@n | -
het er o( C5. 6% aryl (C0_3) al k?/lI@l substituted by Gmﬂfwél&h RIS ras,

- X6S( Okx2 - - X6C 6
XGNRIBO( O hgﬁ%ﬁ@é@wﬁ?ﬁ%@@%&@%%ﬁ%@§-m&€-§§1%a%%6,
- X6NR16C( NR16 R 5R1 vvhe ein X6 is a 5 bond or nethylene, R15 is
(C3_6) cycIRY&! WF J-pepiflapigecs éy‘a%rw]@éyw‘wwn@yfaﬂk[ﬁ-methoxy-
phenyl (CQ_3) al kyl or hetero(C5_6)aryl (CO_3)al kyl and R16 is hydrogen or
(C _6)al kmhennyamqyl)—mthdﬁtpemféamo;r ur 1-Iﬁ@fmctdmxjaph@y]suﬂfanﬁybummli gent s
whi ch when occurring within an alicyclic or aromatic ring systemare

radi cal s iphdepenesnihinosel eqt gd- (iﬂ@&ioﬁtg&ﬂ@%pp&ﬁfﬂ%hﬁém %erthgfﬁ }Cé_p%@}hkyl

(C1-6)al kyli dene, cyano, halo, nitro, hal o-substitute

] §g'c\']§i; RL frg @%Rl @NMG@%%@@@@%&%@] %ﬁg%vz é?%ml 71) f\&gﬂ R17,

e By P T SRt i (RN

phenylamino-ethylsulfamoyl)-methyl]-propylamino.

8. The compound of claim 7 selected from the group consisting of morpholine-4-
carboxylic acid (1-{5-amino-1-[(4-methoxy-phenylsulfamoyl)-methyl]-pentylcarbamoyl }-
15  2-phenylmethanesulfonyl-ethyl)-amide, (6-(4-methoxy-phenylsulfamoyl)-5-{2-
[(morpholine-4-carbonyl)-amino]-3-phenylmethane-sulfonyl-propionylamino }-hexyl)-
carbamic acid benzyl ester, morpholine-4-carboxylic acid (1-{1-[(4-methoxy-
phenylsulfamoyl)-methyl]-3-phenyl-propylcarbamoyl }-2-phenylmethanesulfonyl-ethyl)-
amide, morpholine-4-carboxylic acid [1-(3-benzenesulfonylamino-2-oxo-
20 propylcarbamoyl)-2-phenylmethanesulfonyl-ethyl]-amide, morpholine-4-carboxylic acid
[1-(1-benzoyl-4-oxo-pyrrolidin-3-ylcarbamoyl)-2-phenylmethanesulfonyl-ethyl]-amide,
morpholine-4-carboxylic acid [1-(1-benzenesulfonyl-4-oxo-pyrrolidin-3-ylcarbamoyl)-2-
phenylmethanesulfonyl-ethyl]-amide and 4-{2-[(Morpholine-4-carbonyl)-amino]-3-

phenylmethanesulfonyl-propionylamino }-3-oxo-azepane-1-carboxylic acid benzyl ester.



when occurring within an aliphatic noiety are radicals independently
selected froma group consisting of cyano, halo, nitro, -NRL7R17,

- NR17C( OWRD3/02490R17C( O) NR17R17, 15 -NRL17C(NR17) NR17R17, PORWKN2/28RL7,
-C(O OR17, -C(ONRL7R17, -S(O)2NR17R17,84 P(O (OR17) OR17, -OP(O) (OR17)OR17,
-NR17C(O) R18, -S(OR18, -S(0O) 2R18 and “-C(O)R18, wherein X6 is a bond or
(C1_6)al kyl ene, R17 at each occurrence independently is hydrogen,

(C1_6)al kyl or hal o-substituted (Cl.3)alkyl and R18 is (Cl_6)al kyl or

hal o- substituted (Cl.3)alkyl; 20 X3 is a group of Fornula (a), (b) or (c):
WO 03/ 024924 PCT/ US02/ 29323 -87 R20 0 R20 0 R20 R20 RO 24N 1 | | R20 kN
NN. R25 3 5, R21 R23 R20 Rz30 O N, , 11 ni sO, lor2; R20 is
sel ected f omt PharBeRsud Q?I?P?%%OD&OHW’&I’(& efa?@‘iw@i wgffaptive argount of a
(C3_12) cycl oal kyl ((I) 6) al kyl, hetero(C5_12)cycl oal kyl (C0_6) al kyl,

(C6_12) ar yfqeRPuey & Kfaimahin comeltinativn OBt 2 pleemya¢@licl) padeyptablB24cibRns el ect ed
fromthe group consisting of hydrogen, (Cl_9)alkyl,

(C3_12)cycloal l cyl (CO_6)al kyl, hetero(C5_12)cycl oal kyl (CQ. 6) al kyl
(C6_12)aryl (C0_6)al kyl, hetero(C5_12)aryl (C0_6)al kyl,

(97 12)i cyg! 0anYAERLA) Ahdite. g} ARy Iaaggg;
“C(O R26, -C(S)R26, -S(C))zR%lga %)%éfg%‘“ ﬁb% of %q?ﬁ%%mz?
and -S(O 2 el ect from (Cl _6)al k 6) al | cenyl,
(C3_12) cycP%%?r&yfF%%bt %)aafr%m’?e thg @P WeEsnd/sy s5iapior) y(qijohfﬁﬁlmsmwhlch
(C6.12)aryl (CO 6) al kyl or hetero(C5_ 12) aryl (C0_6) al kyl
method compnses 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

10 N-oxide derivatives, prodrug derivatives, protected derivatives, individual isomers and

mixtures of isomers thereof.

11. The use of a compound of Claim 1 in the manufacture of a medicament for treating

a disease in an animal in which Cathepsin S activity contributes to the pathology and/or

15  symptomology of the disease.

12. A process for preparing a compound of Formula I:

X%R3

50

R4 3
Y X

20 I



optionally substituted with am no, -NHC(O R15 or R15 wherein R15 is as
descri bed above; 15 R25 is selected from hydrogen, (Cl_6)al kyl,

(C3_12) cywbamalok4pb{ CO_6) al kyl , hetero(C5_12) cycl oal kyl ( COPE&raiskyb9323
(C6_12)aryl (CO_6)al kyl, heter o(C5_13)3§$/I (C0_6)al kyl, - XA4ANHR15,

-X4S(0) 2R26 or -X4C(O R17NR1L7C(O) R17 whérein R15, R17 and X4 are as

descri bed above; R26 is selected fromthe group consisting of hydrogen,
(C1_6)al kyl, 20 (C3_12)cycl oal kyl (C0_6) al kyl

het er o( C5_12) cycl oal kyl (CO_6) al kyl, (C6.12)aryl (CO.6)al kyl,

het er o( C5. 12) aryl (C0_6) al kyl , (C9_12) bi cycl oaryl (C0_3) al kyl and

het er o( C8 .1%3 %\113 03/ 024924 PCT/ US02/ 29323 -88- bicycloaryl (C0_3)al kyl; R27
i s hydrogéh, he _6)al kyl, (C3_12)cycl oal kyl (C0_6) al kyl ,

het ero(C5_12) cyc] oal kyl (CO_6) al kyl, (C6_12)aryl (CO_6)al kyl or

het er o C5_12) ar¥1 4nd0X 6ira bkl methylhey @i X' X3thypdneandX?ys & botdier contains 1 to
5 substituents which when occurring 5 within an alicyclic or aromatic ring
system are radig’ak scRhagprAdert IR HebectROLRD W@reiﬂ@%@h;i&&g%in%h@g jof
(C1-6)al kyl, (Ci1-6)alkylidene, cyano, halo, nitro, hal o-substituted

L7 O N TR e o v R Rl DRl b ThE Erand K w6 or
17 , -X6C(ONR1L7R17, - X6 2NR17R17, - X6P(Q) (OR8) OR17, -X60P(0O) (OR8) OR17,
10 - X6 NRl%é‘%)eﬁjf%f,m Z%QEI‘))%@%G,HYE%@{%}}QRmcl(gﬁﬁf(ew QYRR haigep( 1)e§ﬂfy1,)
occurring within an aliphatic noiety are radicals _independently sel ected

froma grdGprivesicrylng leterofnobicyfairgl ami RF end RARIERIET ,withiNRE 2€) @R17,
-NR17C( O NR17R17, -NRL7C(NR17)NR17R17, -OR17, -SR17, -C(O OR17,

- C( O NR17Rinich 18( NR17R1 1
NRILO 1 SO R1D, 5L SRie e by T pR R o g

22?71)3)(3 ngr %&%@%ﬁ?@hgﬁg&ﬁ? OY ferefm@RA ShnRy i OfRLi B9 :by( P o S2E4O% 2

10 independently selected from a group consisting of (Cy4)alkyl, cyano, halo, halo-substituted
(Crpalkyl, nitro, -X'NR°R’, -X'OR’, -X'SR’, -X'C(O)NR°R’, -X*C(Q)OR’,
-X*S(O)R", -X*S(0);R" and ~X*C(O)R'®, wherein X* is a bond or (Cy.p)alkylene, R® at
each occurrence independently is hydrogen, (Cy.3)alkyl or halo-substituted (Cy.3)alkyl and
R" is (C1.3)alkyl or halo-substituted (C;.5)alkyl; and

15 R*is ~-C(O)X’R" or -S(0),X’R", wherein X’ is a bond, ~O- or ~NR'>-, wherein
R7 s hydrogen or (Cy.¢)alkyl, and R" is (i) (C1-6)alkyl optionally substituted by —~OR",
-SR”, -S(O)RP, -S(0)R®, -C(O)R®, -C(O)OR®, -C(O)NRPR™, -NR"R",
-NR™C(O)R”, -NR™C(0)ORP,-NR“C(O)NR¥R™ or ~-NR“C(NR'*YNR®R™, wherein
RYBis (Cs.12)cycloalkyl(Cos)alkyl, hetero(Cs.iz)cycloalkyl(Co.3)alkyl, (Ce-12)aryl(Co.3)alkyl,

20  hetero(Cs.iz)aryl(Cos)alkyl, (Co-12)bicycloaryl(Co.3)alkyl or
hetero(Cs.12)bicycloaryl(Co.s)alkyl and R'* at each occurrence independently is hydrogen
or (Ciglalkyl, or (ii) ‘(Cg‘lz)cycloalkyl(C0_3)alkyl, hetero(Cs.12)cycloalkyl(Cop3)alkyl,
(Co12)aryl(Coz)alkyl, hetero(Cs.12)aryl(Cy.3)alkyl, (Co.12)bicycloaryl(Cps)alkyl  or

hetero(Cs.i2)bicycloaryl(C.3)alkyl or (iii) (Cs.)cycloalkyl(Co.3)alkyl,



X2R3 | x1.5(0O2 R!'~, NO HOH2 wth a conpound of the formula (a): 20
WD 03/ 024924 PCT/ US02/ 29323 -89- R20 0 HN R0 n N'R21 (a) in which X1,

X2, R3, RApRAOWand R21 are as defined in the Summary of tPla/ushnysati on for
Formula I; or 5 (B) reacting a corrpou% of Formula 2 with a conpound of the

formula (b): R21 0 R0 HN NR25 Res RZ0 (b) in which R0, R23 and R25 are

as defined in the Summary of the Invention for Formula |; or 10 (O
reacting a conpound of Formula 2 with a conpound of the fornula (c): R20

R20 HN " N A48(Cs )cycloalkyl(Coalkyl, phenyl(Cos)alkyl or  hetero(Cs.g)aryl(Cos)alkyl
substituted by -X°ORY, -X°SRY, -X°S(O)RP, -X%S(O)RP, -XSC(OR®,
-X°C(0)ORP, ~X5C(O)NRP R, -X*NRPR, -XNRC(O)RY, -X*NR'SC(0)OR",
-X°NR®C(O)NRPR!® | -X°NR®C(0)OR', -X°NR®C(NR!®)NR’R'®, wherein X® is a

5 bond or methylene, RY is (Csg)cycloalkyl(Cq.3)alkyl, hetero(Cs.g)cycloalkyl(Co.3)alkyl,

phenyl(Co3)alkyl or hetero(Cs.)aryl(Co.s)alkyl and R is hydrogen or (Ci.¢)alkyl; wherein

R* 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

(Cr¢)alkyl, (Ci.¢)alkylidene, cyand, halo, nitro, halo-substituted (C;.3)alkyl, ~X6NR17R17,

10 —X6NR17C(O)OR17, —X6NR17C(O)NR17R17, —X6NRI7C(NR17)NRI7R17, —X6OR17,

-X°SRY, -X5C(O)OR", -X*C(O)NR!'RY, -X®S(O),NR'RY, -X°P(O)OR'*)OR,

~X°0P(0)(OR™)ORY, -XNRC(O)R 3, -X°S(O)R™®, -X°S(0),R"® and —~X°C(O)R'® and

when occurring within an aliphatic moiety are radicals independently selected from a group

consisting of cyano, halo, nitro, -NR"RY, -NRC(0)ORY, -NRC(O)NR'R",

15 -NRYCINR)NR'RY, -ORY, -SRY, -C(0)ORY, -C(O)NR'RY, -S(0),NR'RY,

-P(O)OR™ORY, -OP(O)(OR)ORY, -NR"C(O)R'"®, -S(O)R', -S(O),R'® and

~C(O)R'®, wherein X° is a bond or (Crg)alkylene, R at each occurrence independently

is hydrogen, (Cg)alkyl or halo-substituted (Cis)alkyl and R'® is (Ciealkyl or
halo-substituted (C1.3)alkyl;

20 Xisa group of Formula (a), (b) or (¢):



R (c) in which R20, R23 and R25 are as defined in the Summary of the
Invention for Fornula 1; and 15 (D) optionally converting a conpound of
Formul a Iworso2@2phar maceutically acceptable salt; WO 03/,P02A%82429323

PCT/ US02/ 29323 -90 (E) optionally cor_lgf_rti ng a salt formof a conpound o f
Formula Ito non-salt form (F) optionally converting an unoxidi zed form of
a conpound of Fornmula | into a pharnmaceutically acceptable N-oxide; (G
optionally converting an. N-oxide formof a conpound of Fornula | its 5
unoxi di zed form (b tionally resolving an individual isoner of a
conmpound of Fornulla | §] opti or#l |y converting
a non-deri vati zegNeg maceut i ﬁal l'y prodrug

derivative; and P20 (|J) r \fvatRiZS\/e of a
conmpound of Fornul a( ' shzed form 13R23Q\ cofpound of
Formula I x: X2R3 ~§( Ra in which:

@ (b) (©

nis 0, 1 or 2;
R? is selected from the group consisting of hydrogen, (Cig)alkyl,
5  (Cs.a)cycloalkyl(Co.g)alkyl, hetero(Cs.12)cycloalkyl(Cog)alkyl, (Cs.12)aryl(Co.¢)alkyl and
hetero(Cs.12)aryl(Co.¢)alkyl; 4 |

R* is selected from the group consisting of hydrogen, (Cig)alkyl,
(Csp)eycloalkyl(Cog)alkyl,  hetero(Cs.1p)cycloalkyl(Cog)alkyl, (Cy.12)aryl(Co.g)alkyl,
hetero(Cs.12)aryl(Co.g)alkyl, (Co.12)bicycloaryl(Cg3)alkyl, hetero(Cg_12)-

10 bicycloaryl(Co.3)alkyl, -C(O)R*, -C(S)R™, -S(O),R*, -C(O)OR?, -C(O)NR*)RY, -
CSNR*)RY and —S(0),NR* )R,

R% is selected from (Cre)alkyl, (Cyg)alkenyl, (Cs.ip)cycloalkyl(Co.g)alkyl,
hetero(Cs.12)cycloalkyl(Cy.g)alkyl, (Coa2)aryl(Cog)alkyl or hetero(Cs.iz)aryl(Co.s)alkyl
optionally substituted with amino, -NHC(O)R" or ~R" wherein R" is as described above;

15 R® is selected from hydrogen, (Cre)alkyl, (Cs.;p)cycloalkyl(Co.g)alkyl,
hetero(Cs._pp)cycloalkyl(Cog)alkyl, (Ce.12)aryl(Co.g)alkyl, hetero(Cs.13)aryl(Co.g)alkyl, -
X*NHRP, -X*S(0):R* or -X*C(O)RVNRYVC(O)RY  wherein R, R and X* are as
described above;

R® s selected from the group consisting of hydrogen, (Cyg)alkyl,

20 (Ca.qz)cycloalkyl(Co.g)alkyl, hetero(Cs.ip)cycloalkyl(Co.g)alkyl, (Ce.12)aryl(Co.g)alkyl,

hetero(Cs.12)aryl(Co.¢)alkyl, (Co.12)bicycloaryl(Co.3)alkyl and hetero(Cg.12)-



X1 and X2 are both nmethylene or X1 is ethylene and X2 is a bond; R3 is

- CR5=CHR6, -CR5(CR63)2 or -CR7=NRB, wherein R5 is hydrogen and R6 is WD
03/ 024924WB@3/08RL/ 29323 -91 hydrogen or (Cl_4)al kyl or ReTArsd2/B823 oget her
with the atons to which R5 and R6 are Sgattached form (C3-12) cycl oal kenyl ,

het er o( C5- 12) cycl oal kenyl, (C6-12)atyl;" hetero(C6-12)aryl,

(C9_12) bi cycl oaryl or hetero(C8 12) bi cycl oaryl and R7 and R8 together with
the atoms to which R7 and R8 are attached form hetero(C5-12)cycl oal kenyl,
het er o( C6 r etero(C8-12)bi cycloaryl, wherein R3 optionally is
substi t ut e%g%&aéf&]t(@ %gk di cal s independently sel ected froma group

consi sting of (Ck-4)alkyl, gg%g hal o, hal o-substit uted (Cl 4) al kyl ,

nitro, -X4NR9 _X40R9, | xhufogen xac( S NIRY, - Xxa€fopordoalkyiSioylkyl

- X4S( O 2R10 and - -X4C(O R10, wherein X4 is a bond or (Cd _2)al kyl ene, RO at
each occuhaiemtebapepdhd Atdalkils(Cuydrolns)all@! oeaudra(ls. 1@aryﬂl(i§]o@)aﬂ@ﬂxst ituted
(C1_3)al kyl and RIO 10 is (Ci1-3)al kyl or hal o-substituted (Cl-3)al kyl; and

R4 i's - (O X5RIdh&tin- 35 &)tdramR] furthehesiiis X% 5 SubktBae, whieh v@fen obbkAng
wherein R12 is hydrogen or (Cl-6)alkyl, and R1' is (i) (C1-6)al kyl

o oo sl o B e wr A e A

(S5O TR R SR LS St
(C6_12)aryl (C0-3)al kyl, ge{70(05 lzzar I(CQS al kyl
( C9- 12) bi c(ﬁalsh&ﬂﬁl'l ( C0--SXNERVR "or heXeNB{C@)QR j cycl oXfNR{COBYRIRY, and

R14 at each occurrence independently is hydrogen or (Cl-6)alkyl, or (ii)

(C3- 12) cycl oNRYCMIBRI'RY, - XioRET, 06 (J)Ze)léy@t%ﬁilﬁyl)t@@)ﬁxqo(b)OR”
(C6-12)aryl (C0-3)al kyl, hetero(Cs- 12)ary|((1) 3)al k

R e et R
P?(ggyl@@%%%?@wgﬂet %%(O@()g%ls;(@g&é& )al6kcy ﬂt?lé)bSt i élu(t)c%gm%g vs_ng(h?r?RIS

an aliphatic moiety are radicals independently selected from a group consisting of cyano,

halo, nitro, ~-NR"R", -NR""C(0)OR", -NR"C(O)NR'R", ~NR"C(NR'7)NR""RY,

-OR", -SR", -C(O)OR", -C(ONRRY, -S(0),NRRY, -P(O)OR7)OR",

~-OP(0)(OR")OR", -NRC(O)R'®, ~-S(O)R'®, -S(O),R"® and ~C(O)R'®, wherein RY,
15 RY,R™ and X° are as described above; said process comprising:

(A)reacting a compound of Formula 2:

X°R?
leé 0),
R4\N 0
H  6H

2

P

with a compound of the formula (a):



- X6C( 0) NR15R16, - X6NR15R16 - X6NR16C(O) R15, - X6NR16C( O) OR15,

- X6NR16C( O) NR15R16 X6NR16C( O) OR16, - X6NR16C( NR16) NR15R16, wherein X6 is a
WO 03/ 0248243P2ap24JS02/ 29323 -92 bond or net hyl ene, R15 i CT/US02/29323
(C3_6)cycl oal kyl (CO_3) al kyl, hetero(C5.,8)cycl oal kyl (CD_3) al kyl,

phenyl (CO_3)al kyl or hetero(C5_6)aryl (€0 _3)al kyl and R16 is hydrogen or
(C1_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 i ndependently selected from ﬁh(gr oup consisting of 5 (d _6)al kyl,
(C1_6)al kyl i dene, cyano, halo, nitro, substituted (d _3)al kyl,

- X6NR17R17, -X6NR17C(O) OR17 - XGNRL 7
-X60R 17, -XGSR 17 , -X6C(O OR17, -X6C(JO
- X6P( O (OR18) OR17; -X60P(0O) (OR18) OR17
- X6S(0) 2R18 and - X6C(O R18 and when occ [ ngR\Aln thin an aliphatic noiety
are radicals independently selected froma group 10 consisting of cyano,
hal o, nitro, -NRL7R1l7, -NRL7C(O) COR17, - NR1(7C( O NR17R17, -NRL17C(NR1)NR17R17,

LG o N 5 RO 12 43 R bbb o Cper e

X6 is a bond or_(Cl_6)al kylene, R17 at each occurrence |ndependently IS
hydrogen, (Cl @YthWIfODFomlel,wbstl tuted (Cl1.3)al kyl and R18 is

(Cl.6)al kyl or halo-substituted 15 (Cl_3)alkyl; X3 is a group of Formula
(a), (b), (c), (d), (e), (f), (g) or (h): RO 0 R20 0 R2Z0 R0 R20 N R20 , N
R25 N N~R25 { N~R21 R23 R20 8230

5 (B) reacting a compound of Formula 2 with a compound of the formula (b):

17, - X6NRL7C( NR17) NRL7 R 17,
17, - X6S(0) 2N- RL7R17,
6 NqQMS-maQRm

R.’ZO 0O RZO
|
HN. N s
R23 RZO
(b)

in which Rzo’ R and R are as defined in the Summary of the Invention for Formula

I; or

10 (C) reacting a compound of Formula 2 with a compound of the formula (c):

R20 R0
l |

HN N.
YRR
230 O

R
©

in which R, R* and R® are as defined in the Summary of the Invention for

Formula I, and

15 (D) optionally converting a compound of Formula I into a pharmaceutically

acceptable salt;



(a) (b) (c) WD 03/024924 PCT/US02/29323 -93 -20 0 RROi 20 O X N ON 20
R23 R23 OR (d) (e) ( fl RO NO RO NO )~) NR1 R28 (g) (h) ----

repr esentwoas3me4dgd e bond, or a doubl e bond; X7 representsPampisoz/beseer oaryl
or NR2OR25; 5 nisO, 1 or 2; R20 is selected fromthe group consisting of

hydr ogen, (Cl_6)al kyl, (C3_12)cycloalkyl (C0_6)al kyl,

hetero( C5_12) cycl oal kyI (C0_6)al kyl, (C6_12)aryl (CO_6)al kyl and

het ero(C5_12) aryl (C0_6) al kyI R21 is selected fromthe group consisting of

hydr ogen, | k kcycl pal kyl 6).al kyl .
et er o C5. 127G, FrBE AT For vt SR ey syl p non-salt form:
hetero(C5_12)aryl (C0_6)al kyl, (C9 12 bi cycl oaryl (C0_3) al kyl ,
het er o( 08. 12)<F)mm1)¢aalaamvewg@pamra§ﬂ|dlzed o) sbsCompgugyiRs Formep Hjmtrae,
-C(OOR26, -C(ON(R26)R27, -C(S)N(R26)R27 and -S(O 2N(R27) R26; R23 is
sel ect ed from -phara&ebuigdlvkackeptdtld Ne):adkenyl , (C3_12) cycl oal kyl (CO_6) al kyl,
(G) optionally converting an N-oxide form of a compound of Formula I its
5 unoxidized form;
(H) optionally resolving an individual isomer of a compound of Formula I from a
mixture of isomers;
(I) optionally converting a non-derivatized compound of Formula I into a
pharmaceutically prodrug derivative; and

10 (J) optionally converting a prodrug derivative of a compound of Formula I to its

non-derivatized form.

13. A compound of Formula Ix:

}I(ZRB

$(0)

Xl/ i

R* x3
\N
H
15 0
Ix

in which:
X' and X are both methylene or X' is ethylene and X” is a bond;

R’ is -CR’>=CHR®, ~-CR*(CR%), or -CR’=NR®, wherein R’ is hydrogen and R® is



15 hetero(C5_12)cycl oal kyl (C0_6) al kyl , (C6_12)aryl (C0_6) al kyl or
hetero(C5_12)aryl (CO_6)al kyl optionally substituted with am no, -NHC(O R15
or -R15 vWwerogiogw9RL5 i s as descri bed above; R25 is sel ect e@Cirrusor/boses ogen,
(Cl.6)al kyl, (C3_12)cycl oal kyl (C0_6)al kyl, WO 03/024924 PCT/US02/29323 -94
het ero(C5_12) cycl oal kyl (CO_6) al kyl, (Co_12)aryl (CO_6) al kyl ,
hetero(C5_13)aryl (CO_6)al kyl, -X4NHR15, -X4S(0O) 2R2G or

-X4C(O RL7NRL7C(O R17 wherein R 5, R1l7 and X4 are as described above; R26

is selecte 1§t - I

(&3 12) cyarhar Tl (o5 G oF 2 R O alhg 0 T B Dl K e 1 are
C6-12) ar |, . hetero 12) aryl 6) al kyl ,

(o 12) bt eyt PO sjeal BoRe R it Gty o bk ptepesSiosyamley

R27 is hyd{ gen, éCl- 6)al kyl, (C3_12)cycl oal kyl 6) al kyl ,

het er o cs_ﬂ%)lsgw R, Py bﬁ@@ﬁ%&n@bmw{owl@zgl& Wlné “teyethdeywitly the atoms to

hetero(C5_12) ary] (CD_G%aI kyl; 10 RR8 is R20 or -OC(=0-R29; R29 is

(C1_6) al kywhich B’ E@jicR | @ Aktpe{(e@0 fcdjra hktgto(Cs.1p)cycloalkenyl, hetero(Ce.pp)aryl or

het er o( C5-12) cycl oal kyl (C0_3)allcyl, (C6_12)aryl (CO_3)al kyl,

het er o(5C5_Hetgrat vyl SbatKy B2 LBy oar | . Or .
het er o( C8_12)rbi( cgylgz)ig%gryl d)%vgffae?gyl%; b@ﬁ%&ﬁx@%ﬁﬁ%ﬁﬂ Pﬁrst ﬁae(%lc%l%nt ai ns

l1to5 i ' 1 r it hi [ lig o
aromati o g oS s ER Rt i ord i Pl BB ofne lrs e
i sti f. (C | Kyl CL.6) gl kyl i hal o, ni ,
Pl o- substict P TSP | X R TR K CONRIR S ARIPR s XSO,
- X6NR17C(O) NR17R17, -X6NR17C(NR17) NR17R17, -X60R17, -X6C(O R17, -X6CR15,

- X6SR17, -6H@pRR1and -X3GO)R) NRlzRiT X* %65(H0ha Nt TRL7)alky¥6B( 8 (:ORBMORL7,
- X60P(0) (OR8) ORL7, 20 - X6NRL7C(O) R18, - X6S(O) RL8, - X6S(O) 2RT8 and

ol A g ek L TR R P e
“NRLTRYT, s RSk Do sun ML) DRk - NRL7AUNRLT) NRI7RL7, - OR17,
R*is -C(O)X°R" or -S(0),X°R"", whetein X® is a bond, -O- or -NR'-, wherein R2
is hydrogen or (Cy.¢)alkyl, and R" is (i) (Ci.¢)alkyl optionally substituted by -OR™, -SR™,
-S(OR”, -8(0)R”, -C(O)R™, -C(O)ORY, -C(O)NRPR™, -NR*R!, -NRM¥C(O)RY,
-NR™C(O)OR”,-NR"“C(O)NRPR™ or -NRYC(NR“)NR"RM, wherein R is
15 (Gsp)eycloalkyl(Cos)alkyl, hetero(Cs.ip)cycloalkyl(Cos)alkyl, (Ce.12)aryl(Cop.3)alkyl,
hetero(Cs.12)aryl(Co.3)alkyl, (Co.12)bicycloaryl(Cy.3)alkyl or
hetero(Cg.iz)bicycloaryl(Cys)alkyl and R™ at each occurrence independently is hydrogen
or (Cig)alkyl, or (ii) (Cs.12)cycloalkyl(Co3)alkyl, ‘hetero(Cs.1p)cycloalkyl(Cy.3)alkyl,
(Co2)aryl(Cos)alkyl,  hetero(Cs.ip)aryl(Co.s)alkyl, (Co.1p)bicycloaryl(Co.z)alkyl  or
20  hetero(Cg.ip)bicycloaryl(Co.s)alkyl or (ii1) (Cs.6)cycloalkyl(Cy.3)alkyl,
hetero(Cs.g)cycloalkyl(Co.3)alkyl, phenyl(Cops)alkyl or hetero(Cs.¢)aryl(Cy.3)alkyl
substituted by -X°OR", -X’SR", X S(O)R"?, -X’S(O),R", -X°C(O)R", -X°C(O)ORY,
-XSC(O)NRPR!S, X°NRURS XNRC(O)RY, X*NR!SC(0)ORY,

-X°NR'SC(O)NRR'® | X*NRC(O)OR®, XNRC(NR')NRRS, wherein X° is a



-SR17, -C(O OR17, -C(ONRL7R17, -S(O 2NR17R17, -P(O (OR17)OR17,

-OP(O (ORL7)OR17, -NR17C(O R18, S(OR18, -S(O 2R 8 and -C(O R18, wherein
R15, R17,wBb3/0acd X6 are as WD 03/024924 PCT/ US02/ 29323 PeFAISIEewR3 bed
above; or one of N-oxide derivatives, _ﬁ_odr ug derivatives, protected
derivatives, individual isoners and mXxtures of isonmers of conpounds of
formula Ix; or one of pharnaceutically acceptable salts and sol vates of
such conpounds and the N-oxide derivatives, prodrug 5 derivatives,

prot ect ed i i igidi: vi@eu i ] S J [ rmul a
Ix. 14. A‘“’?E‘ rﬁﬁ?a"ﬁ%ﬁ% e’c?ai%@f%ﬁ%%%@'ﬂ%@%’? e%s%té‘ll’{gg‘tﬁ)gg&f) %‘%ﬁ%@@f& al kyl |
(C4_6) al kenyl ( 2 cl oal kyl | kyl 6. .

het er o( C5 ! 51%]3(/%}38%‘5& )9% %8?@‘?%5@%8??%@@% v (B85 PTL(-6)afipls wherein
hetero(C5_12) aryl {_ym_G) al kyl optionally substituted with am no, -NHC(O) R15
or R15 1R visioaally frathesicontainsdee Ssibsigueatsovich when gccooingouitiin e ali¢yalien 13,
sel ected fromthe group consisting of: Morpholine-4-carboxylic acid

[ 1- ( 1- benzarydrematicxong yystah iach nddalglitdepeadanylly Jseldeted from a group consisting of
phenyl met hanesul f onyl - et hyl ] -am de; 15 Morphol i ne-4-carboxylic acid

[1-(1- lsen@.@ﬁﬂéyi,qa}{é)aﬁ-yﬁef&rerwah&! Hat, Ries, WhIoALBAIREL)C, 5)alkyl, -X*NR R,
yl yl -anmi de; 4-{

2- phenyl met hanesul f onyl - et hyl ] . .
}- 5 20 o R R N RENE e e CORREM AT RO, T 1 o

acid [1-(3-henzenesul f onyl am no-.2-.0x0- pr | car ha ) -2-
phenyl[ me'g héﬁ?@é(ﬁlqlg?byl - et %(P)W@P orRZgg%P)gNRBRw?y ) -X°P(0)(OR™*)OR",

1S-[ 1S- (4- Met hoxyphenyl sul f anoyl et hyl ) - 3- phenyl propyl car banoyl ] 2-
benzyl sul f-3RQPEDHORDHORDY, PR @eménnwmﬁeﬁxﬁsm)zalwwmmah@i m 13,

selected fromthe group consisting of: 30 Morpholine-4-carboxylic acid
[ (R) - 1- ( 6-0nedrdeiitifd @¥ehlm SpERICRASTBY lade rddicals independently selected from a group
10  consisting of cyano, halo, nitro, -NR'RY, -NRYC(O)ORY, -NRC(O)NR!"R?’,
-NR”C(NR”)NR”R”, —OR”, -SR”, ~C(O)OR17, -C(O)NR”R”, —S(O)ZNR”R”,
-P(0)OR')OR", -OP(0)(OR")ORY, -NRC(O)RY, -S(O)R'®, -S(O),R"® and -C(O)R™S,
wherein X° is a bond or (Cre)alkylene, R" at each occurrence independently is hydrogen,
(Cre)alkyl or halo-substituted (Cjs)alkyl and R is (Cy¢)alkyl or halo-substituted
15  (Cya)alkyl;

X? is a group of Formula (a), (b), (c), (d), (), (), (g) or (h):

20

20
‘ ,Iq 0o Tzo o R20 I?QO R
N | ]
N N N N
}‘,; R20 % \HH/ Sgp2s 3{ \’/O\’/S\io NR2s
( N\Rzl R%

R23 RZO

(a) (b) (©)



phenyl met hanesul f onyl - et hyl ] -am de;  Mor phol i ne- 4-carboxylic acid
[ (R)-2-cycl opropyl net hanesul fonyl -1 - (6- oxo- cycl ohex-
1- enyl carwarmaypbd2et hyl | -am de; WO 03/ 024924 PCT/ US02/ 29328 T/US9529323
Mor phol i ne- 4- carboxylic acid [(R)- 1-(3_,9 - di oxo- cycl opentyl car banmoyl ) - 2-
phenyl met hanesul f onyl -et hyl ] -am de; 5 rphol i ne- 4-carboxylic acid
[ 2- (2-di fl uor omet hoxy- phenyl net hanesul fonyl )-1-(2
oxo- cycl ohexyl car banoyl )-ethyl] -am de; Morpholine-4-carboxylic acid
[ 2- (2-di fl uor onget hoxy- phenyl met hanesyl f onyl ) - 1- (2- 2
oxo0- cycl opent ylicar bgnoy! ) -ethyl]- arﬁ de; 10 Morpholi ne-4?car oxylic acid
[ 2-(2-difl uor - pHenyl met hapasul .9
oxo-cycl obut yI'taybanolyl ) - et hyl ] -"&m dg
[ 1- (2- benzyl car B&hBSI 0 2- oxo0- et hyl car bass
phenyl met hanesul f onyl -et hyl ] -am de); Acet
2-[ (nor phol i ne- 4- ca{cgonyl ) - am no] - 3- phenyl net hanesul f onyl - propi onyl am no}
- 4- oxo-azetidin-2-yl’ester; 20 MorphdP) ne-4-carboxylic aci@
[ 1- (2- hydroxy- 1, 1- di net hyl - 3- oxo- 3- phenyl -
propyl car banoyl ) - 2- phenyIrtet hangsul fonyl -ethyl]-am,.de;
Mor phol i ne- 4- car boxyl i c q{s:i d [ 4 (4-oxo-tet rahydro-l'il ur ag- 3-yl car banoyl ) - 2-
phenyl met hanesul f onyl - ide; or 25 Morpholiye-4fcarboxylic acid
[ 2- (2-di fl uoronet hoxy- phenyl\neghanesul fonyl ) - 1- (-5 1-
di met hyl - 2, 3- di oxo- 3- pheny2I8 pr opy2tar banoyl ) - et hyl ] - ani de.

R

(9) (h)

===~ represents a single bond, or a double bond,;

X7 represents aryl, heteroaryl or NR?R%;
5 nis 0, 1or2;

R? is selected from the group consisting of hydrogen, (Cig)alkyl,
(Cs.12)cycloalkyl(Co.g)alkyl, hetero(Cs.iz)cycloalkyl(Co.g)alkyl, (Ce.12)aryl(Co.¢)alkyl and
hetero(Cs.12)aryl(Co.¢)alkyl;

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

10 (Cspp)eycloalkyl(Cog)alkyl, hetero(Cs.i2)cycloalkyl(Co.g)alkyl, (Ce.12)aryl(Co.g)alkyl,
hetero(Cs.12)aryl(Co.g)alkyl, (Co.12)bicycloaryl(Cy.3)alkyl,
hetero(Cg.12)-bicycloaryl(Cos)alkyl, -C(O)R®, -C(S)R*, -S(O)R*, -C(O)OR%,
-CONR*)R?, -C(S)NR*™R? and -S(O),NR>)R?,

R” is selected from —H, (Cy.¢)alkyl, (Cyg)alkenyl, (Cs.iz)cycloalkyl(Coq)alkyl,

I5  hetero(Cs.iz)cycloalkyl(Co.g)alkyl, (Csa2)aryl(Cop.g)alkyl or hetero(Cs.12)aryl(Cy.g)alkyl
optionally substituted with amino, -NHC(O)R" or -R" wherein R" is as described above:

R¥ is selected from hydrogen, (Cie)alkyl, (Csiz)cycloalkyl(Co.g)alkyl,



10

15

20
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hetero(Cs.i2)cycloalkyl(Cog)alkyl, (Ce.12)aryl(Cog)alkyl, hetero(Cs.y3)aryl(Co.g)alkyl,
XNHRY, -X*S(0),R® or -X*C(O)R'NRC(O)R  wherein R'®, R"? and X* are as
described above;

R? is selected from the group consisting of hydrogen, (Cj.g)alkyl,
(Csp)eycloalkyl(Cog)alkyl, hetero(Cs.i2)cycloalkyl(Cog)alkyl, (Cg.12)aryl(Co.g)alkyl,
hetero(Cs.j2)aryl(Co.g)alkyl, (Co.12)bicycloaryl(Cy.3)alkyl and
hetero(Cg.12)-bicycloaryl(Cy.3)alkyl;

R* is hydrogen, (Cre)alkyl, (Cs.12)cycloalkyl(Co.g)alkyl,
hetero(Cs.12)cycloalkyl(Co)alkyl, (Cs.12)aryl(Co.¢)alkyl or hetero(Cs.1p)aryl(Co.g)alkyl;

R*is R” or -0-C(=0)-R?,

R? is (Cre)alkyl, (Csaz)cycloalkyl(Cos)alkyl, hetero(Cs.io)cycloalkyl(Co.s)alkyl,
(Co-12)aryl(Coz)alkyl, hetero(Cs.jp)aryl(Cos)alkyl, (Co.p2)bicycloaryl(Cos)alkyl —or
hetero(Cg.12)bicycloaryl(Cy.3)alkyl;

wherein X 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 (Cre)alkyl, (Cig)alkylidene, cyano, halo, nitro, halo-substituted
(Cr3)alkyl, -X°NR'RY, X°NRC(0)ORY, “X*NRYC(O)NR'RY,
XNRCONRT)NRRY, -XSORY, -XSC(O)RY, -X°OR, -X°SR". -X5C(O)ORY,
X°C(ONRRY,  -X’S(0),NR"RY, -X°P(O)OR®HORY, -X°OP(O)OR%HORY,
X°NRC(O)R™, -X*S(O)R, -X°S(0),R"® and -X°C(O)R™® and when occurring within
an aliphatic moiety are radicals independently selected from a group consisting of cyano,
halo, nitro, -NR'R", -NR"C(0)OR", NR"C(O)NR'RY, -NRCNR)NRR", -OR,
-SR", -C(O)OR", -C(O)NRRY, -S(0),NR"RY’, -P(0)(OR)OR"’, -OP(O)(OR'YORY,

NRYC(O)R™®, -S(O)R'®, -S(O),R'® and -C(O)R'®, wherein R, RY, R!® and X are as
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described above; or

one of N-oxide derivatives, prodrug derivatives, protected derivatives, individual isomers
and mixtures of isomers of compounds of formula Ix; or one of pharmaceutically
acceptable salts and solvates of such compounds and the N-oxide derivatives, prodrug

derivatives, protected derivatives, individual isomers and mixtures of isomers formula Ix.

14. A compound of claim 13, wherein R® is selected from (Cy.¢)alkyl, (Cy.¢)alkenyl,
(Cs.1p)cycloalkyl(Cog)alkyl, hetero(Cs.qp)cycloalkyl(Co.g)alkyl, (Cs.12)aryl(Co.g)alkyl
or hetero(Cs.12)aryl(Cy.g)alkyl optionally substituted with amino, -NHC(O)R]‘5 or RV

wherein R? is as described above;

15. A compound of claim 13, selected from the group consisting of:

Morpholine-4-carboxylic acid [1-(1-benzoyl-4-oxo-pyrrolidin-3-ylcarbamoyl)-2-
phenylmethanesulfonyl-ethyl]-amide;

Morpholine-4-carboxylic acid [1-(1-benzenesulfonyl-4-oxo-pyrrolidin-3-ylcarbamoyl)
2-phenylmethanesulfonyl-ethyl]-amide;

4-{2-[(Morpholine-4-carbonyl)-amino]-3-phenylmethanesulfonyl-propionylamino }-3-
oxo-azepane-1-carboxylic acid benzyl ester;

Morpholine-4-carboxylic acid [1-(3-benzenesulfonylamino-2-oxo-propylcarbamoyl)-2-
phenylmethanesulfonyl-ethyl]-amide; or

N-{18-[1S-(4-Methoxyphenylsulfamoylmethyl)-3-phenylpropylcarbamoyl] 2-
benzylsulfonylethyl }-morpholine-4-carboxamide.
16. A compound of claim 13, selected from the group consisting of:

Morpholine-4-carboxylic acid [(R)-1-(6-oxo-cyclohex-1-enylcarbamoyl)-2-
phenylmethanesulfonyl-ethyl]-amide;

Morpholine-4-carboxylic acid [(R)-2-cyclopropylmethanesulfonyl-1-(6-oxo-cyclohex-
1-enylcarbamoyl)-ethyl}-amide;
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Morpholine-4-carboxylic acid [(R)-1-(3,4-dioxo- cyclopentylcarbamoyl) -2~
phenylmethanesulfonyl-ethyl]-amide;

Morpholine-4-carboxylic acid [2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-(2-
oxo-cyclohexylcarbamoyl)-ethyl]-amide;

Morpholine-4-carboxylic acid [2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-(2-
oxo-cyclopentylcarbamoyl)-ethyl]-amide;

Morpholine-4-carboxylic acid [2-(2-difluoromethoxy-phenylmethanesulfonyl)-1-(2-
oxo-cyclobutylcarbamoyl)-ethyl]-amide;

(Morpholine-4-carboxylic acid [1-(2-benzylcarbamoyl-2-oxo-ethylcarbamoyl)-2-
phenylmethanesulfonyl-ethyl]-amide);

Acetic acid 3-{2-[(morpholine-4-carbonyl)-amino]-3-phenylmethanesulfonyl-
propionylamino }-4-oxo-azetidin-2-yl ester;

Morpholine-4-carboxylic acid [1-(2-hydroxy-1,1-dimethyl-3-0xo-3-phenyl-
propylcarbamoyl)-2-phenylmethanesulfonyl-ethyl]-amide;

Morpholine-4-carboxylic acid [1-(4-oxo-tetrahydro-furan-3-ylcarbamoyl)-2-
phenylmethanesulfonyl-ethyl]-amide; or

Morpholine-4-carboxylic acid [2-(2-difluoromethoxy- phenylmethanesulfonyl) 1-(1,1-
dimethyl-2,3-dioxo-3-phenyl-propylcarbamoyl)-ethyl}-amide.



