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FIELD OF THE INVENTION

Thas invennon relates m general to the use of 4-amno-azepan-3-one protease
inhibitors, particularly snch inhibstors of cathepsin L, n the treatment of diseases 1n which
cathepain L 13 mpitcated, especaally m the treatment or prevention of rheumatod arthnts,
treatment or prevention of cancer metastass; trestment or prevention of discases requormg
innbition of ssue destruction by macrophage, partculerly lung macrophage, such as
asthma, chronie obstructive pulmonary diseass (COPD), and emphysema, treatment or
preventon of discases requunng, for therapy, mhitntion of positive selection of CD4+T-cells
by cortical thymc epitheha cefls.

-

BACKGROUND-QF THE INVENTION

Cathopains are a famuly of enzymes which sre part of the papaun superfarmuly of
cysteane proteases. Cathepuins B H, L, N and S have been descnbed i the Literature

Cathepang function 1n the normal physological process of protein degradation 1n
ammals, including humans, ¢ g., m the degradanion of connecuve ssue. However clevated
levels of these enzymes in the body can result m pathalogical conditions leading to disease.
Thus, cathepsins have been implicated as cansative agents 1n vanous disoase states,
mcluding but not inmted to, mfections by pneumocystis cannu, trypsanoma crozn,
trypsanoma bruce: hroces and Cnthytha fasiculata, as well as m schastosomiasss, malana,

tumor metastasis metachromatc leukodystrophy muscalar dystrophy amytrophy, and the
hke. See International Poblicahon Number WO 94/04172, published on March 3 1994, and

references cited therein  See also Buropesn Putent Apphcation EP 0 603 873 A, and
references cited therem. Two bactenal cysteme proteases from P gingxvallis, called
gmgpams, have been impheated mn the pathogenens of gingivins. Potempa, 1., et al (1994)
Perspectives in Drug Discovery and Design, 2, 445458

Pathological lavels of cathepsin L have been mpheated in several disease states.
Thus, selective mhibotion of cathepain 1. may provade an effective treatment for diseases
requinng, for therapy or prevention inhibution of thenmatoid arthntis (see Iwata et. al.
Arthnts and Rheumatism 1997, 40, 499), inhitation of cancer metastasis (ses K. Inudoh
and E. Konmnarm Biol Chene. 1998, 379, 131, mhilntion of tissue destruction by

macrophage, particnlarly long macrophage, 1n diseases such as asthma, chrom obstructive
pulmonary disease (COPD) and emphysema (see Chapman H A Jr; Munger J S, St G P
Amencan Journal of Respuratory and Critical Care Medicine 1994, 150(6 Px 2), S155-9),

-1-
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and nhiiwtron of positive selection of CD4% Tcells by cortical thymic eprthelial cells
{Nakagawa Science 1998, 270, 450)

Several cysteine protease whibulors are known Palmer, (1995) J Med Chem., 38,
3193, duclose certmin vinyl sulfones which ureversibly mhilnt cystems proteases, such as
the cathepains B, L, S, 02 and cruzmin  Other classes of compounds, such as aldehydes,
nitnles, o-ketocarbonyl compounds, halomethy] ketones, dinzomethyl ketones,
(acyloxy)methyl ketones, ketomethylsnlfonmm salts and epoxy succoryl compounds bave
also been reported to inhibit cystemne proteases. See Palmer, id, and references cited therem

U.S Patent No 4,518,528 discloses peptidyl fluoromethyl ketones as ureversible
mhibitors of cystemne protease. Published Internationa] Patent Application No. WO
MInMWMtWHNG HP 0525420 A1 BP0 603 873 Al, and
EP 0 611 756 A2 describe alkoxymethyl and mercaptomethyt ketones winch inhibt the

cysterne protesses catbiepsins B, H and L. Intarnational Patent Application No.
PCT/US94/08868 and and European Putent Applicahaon No. EP 0 623 592 Al descnibe

alkoxymethyl and mercaptomethyl ketones which miubit the cysteans protease 1L-
1fconvertase  Alkoxymethyl and mercaptomethy] ketones have also been descnbed as
inhibators of the serme protease kininogenase (Intzmatonal Paent Apphication No
PCT/GB91/01479)

Azapepudes which are designed to deliver the azaamino acid to the active site of
senne proteases, and which possess a good leaving group, are disclosed by Elmore et al ,
Biochem. J , 1968, 107, 103, Garker 1 al., Biochem. J 1974, 139, 555, Gray et al.
Tearahedron, 1977, 33 837 Gupton et al.,J Biol, Chem., 1984, 259, 4279 Powers etal., J
Biol. Chem., 1984, 259 4288, and are known to minbit senne proteases. In addrion, J
Med Chem. 1992, 35 4279, duscloses cestun azapeptide esters as cysteane protease
mhibitors.

Antipmn snd leupeptin are described us reversible mhitntors of cysteine protesse i
McConnell etal, J Med Chem. 33 86; and also have been disclosed as inhebitars of serme
protease 1n Umezawa et al., 45 Meth. Engymol. 678. E64 and 1ts synthetic analogs are also
well-known cysteme protease inhibitors (Bamett, Biochem. J , 201, 189, and Gninde,
Biochem. Biophys Acta , 701, 328)

1.3-diamido-propanones have been described ss analgesic agents m U.S Patent
Nos.4,749 792 and 4,638 010

A vanety of cysteine and senine protease inhibitors, especially of cathepan K, have
been disclosed m Internohonal Pubhcaton Number WO 97/16433 , published oo May 9,
1997

-2-
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We have now duscovered that certam 4-amupo-azepan-3-ons compounds imhibit
cathepenn L, and are nsefal w the treatment of diseases n which eathepern L 1 fmplicated.

SUMMARY OF THE INVENTION

5 An object of the present iwnvention 13 to provads methods of treatment which use 4-
amino-azepan-3-one carbonyl protease mhitwtors of cathepsin L of Fornmla I and which are
useful for tresting diseases which may be therapentically modified by altening the activity of
cathepsm L.

In a pactscular aspect, the methods of this mvention are especially useful for

10  treatment or prevention of rheumsatoid arthntis, treatment or prevention of cancer
metastang, treatment or prevention of duseases requrmg inhibution of tssue destraction by
macrophage, particularly lung macrophages, such es asthma, chronic obstructrve pulmonary
chsease (COPD), and emphysema, treatment or provention of diseases requinng, for therapy
mhibon of poarave selection of CD4+T cells by cortical thymic epithelal cells.

DETAILED DESCRIFTION OF THE INVENTION
The present mvention provides a method of mnibiing cathepam L compnsing

adrmnustermg to an enmal, particolsrly a mammal, most particularly a huraan bewng 10 need
thereof, an effective amount of a compound of Foommia L,

20
R‘l H.
\N/
ey
N
R" \R’
1
wherem
R 15 selected from the group conmstmg of
o) o (o]
4 X
S elaalie
25, R, R o F

R2 15 selected from the group consistmg of H, C1.galkyl, C3 geycloatkyl-Co.
Galkyl, Ar-Cygalkyl, Het-Cg galkyl, R9C(0)-, R9C(S)-, R9502-, R%OC(0)-,
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RORIINC(O)-, RORIINC(S)-, ROR] l)NSOz- . and

R
N__Z

H'r/ ~
T

R3 13 selected from the group consistng of H C-galkyl, C3_goycloalkyl-Co.
Galkyl, C2-galkenyl, C2-alkynyl, HetCp galkyl and ArCq_galkyl,

R3 and R" roay be connected to form a pyrrolidine, pspendine or morpholine nng;

R4 1 selected from the group consisting of H, Cj_galkyl, C3 geycloalkyl-Co
galkyl Ar-Cg galkyl, Het-Cg galkyl, RSC(O), R3C(S), R3502- RSOC(O)-,
RIRI3NC(0)-, and RSRI3NC(S)-,

R 15 selected from the group consistmg of- H, C)_galkyl, C2-galkenyl, Co-
6alkynyl, C3_geycloalkyl-Co.galkyl, Ar-Cg.galkyl and Het-Co.galkyl,

RS 1 selected from the group consisting of H, Cj_galkyl C3 goycloalkyl-Co
@lkyl, Ar-Co galkyl, and Het-Cp galkyl,

R7 15 selected from the group consisting of H Cj_galkyl C3_gcycloalkyl-Co.
ealkyl, Ar-Cg galkyl, Het-Co.galkyl R10C(0)-, R10C(S)-, R1950,-, R100C(0)-,
RIORMNC(O)- and RIORI4NC(S)-,

R® 15 selected from the group consstmg of: H, C1-galkyl, C2-galkenyl,
C2-galkynyl, HetCo galkyl and ArCp galkyl,

R 15 selected from the group cansuting of C.galkyl, C3.geycloalkyl-Cp. galkyl,
Ar-Cg galkyl and Het-Co. alkyl,

R10 4 selected from the group consisting of C;_galkyl, C3_geycloalkyl-Co galkyl,
Ar-Co galkyl and Het-Co.alkyl,

R11 15 selected from the gronp consisting of H, C;_galkyl, Ar-Co.galkyl, snd Het-
Co-galkyl,

R12 15 selected from the group conssting of H, Cj_galkyl, Ar-Cp.galkyl, snd Het-
Co-galkyl,

R13 35 selected from the gronp consstng of- H, Cgalkyl, Ar-Co-galkyl, and Het-
Co-galkyl

R14 15 selected from the group consisting of H, Cy_galkyl, Ar-Co.galkyl, and Het-
Co-calkyl,

-4.
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R’1s selected from the group conmsting of* H, C1_galkyl, Ar-Cp galkyl, and Het- C
Co-galky!
R" 15 sslected from the group coanstmg of* H, Cy_galkyl, Ar-Cp galkyl, or Het-Co
calkyl,
R™ 13 selected from the group consisting of H, Cy_galkyl C3_geycloalkyl-Co.
Galky), Ar-Cg galky), and Het-Cq galkyl,
X 13 selected from the group consisting of CHg, S, and O
Z 18 selected from the group consistng of C(O) and CHp,
and pharmacentically acceptable salts, hydrates and solvates thereof

RN

In compounds of Formuls 1 R1 15 preferably A “asmuch
compounds

R3 1s selected from the group conmisting of- H, Cp-galkyl, C3_gcycloalkyl-Co.
galkyl, C2-galkenyl, C2-galkynyl, Het-Co.galkyl and Ar-Co.galkyl, preferably C.galkyl
and Ar-Cg_galky), most preferably 1sobutyl napthalen-2-ylmethyl, benzyl, and
benzyloxymethy}

R* 15 selected from the group canmisting of H, Cj._galkyl, C3_gcycloalkyl-

Co-galkyl, Ar-Cg. galkyl, Het-Cg_galkyl, RSC(O)-, RSC(S)-, R3502-, RSOC(0)-,
RSRI3NC(O)- and RSRI3NC(S)-, preferably RSC(O)-.

RS 18 selected from the group connsting of- Cj.galkyl, ;. galizayl, Cp.galkyzyl,
C3_geycloalkyl-Cg galkyl, Ar-Cq galkyl or Het-Cg galkyl Prefersbly RS 15 selected from
the group conmsting of- Cy_galkyl, Ar-Cg galkyl and Het-Cg. galkyl Moare preferably RS u
selected from the group consisting of-

quinolinyl, especaally qmnohn-2-yl, qumnolm-4-yl and qunoln-3-yl

wsoqmnolmyl, especually isoqumalin-1-yl,

paphthalenyl, especially naphthalen-1-yl, and

benzofuranyl, especially benzofaran-2-yL

R 18 selected from the group consmsting of* H, Cj. galkyl, Ar-Co-galkyl, and Het-
Co-galkyl, preferably H.

R" selected from the group consssting of- H, C3_galkyl, Ar-Co.galkyl, and Het-Co.
galkyl, preferably H.
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In compounds of Formula L, R2 18 selected from the group consistmg of H, Cj.
gallyt, C3._geyeloalkyl-Co. galkyl, Ar-Co.galkyl, Het-Co_galkyl, R9C(O)-, R9C(S)-,

R9504-, R9OC(0)-, RPR1INC(0)-, PR INC(S)-, R9R1 INSO,-, O
Hl
G.QJH- A~ NYZ\
and R’

Preferably R2 1s RSO,

R? 18 solected from the group consisting of Cy.galkyl C3.geycloalkyl-Co. galkyl
Ar-Cg_galkyl, and Het-Co.galky, preferably Het-Cggalkyl mare preferably pyndinyl and
1-oxy-pyndinyl When R2 15 R9S0,, R? 15 even more preferably selected from the group
consusting of pyndho-2-yl and 1-oxy-pyndin-2-yl Most proferably, R? 1s 1-oxy-pyndin-2-
vl

Most preferred are compounds of Formmla I wherein

15
r Q
#/"\Hl\
R’ []

R2 13 R950y

R3 15 selected from the group consisting of 1sobutyl napthalen-2-ylmethyl, benzyl,
and benzyloxymethyl,

R4 13 R3C(0)

RS 15 selected from the group conisting of qumobm-2-yl, qumolin-4-yl, quinohn-8-
yl, woqummoln-1-y1, naphthalen-1-yl, and benzoforan-2-yl,

R? 15 selected from the gronp consising of pyndm-2-y! and 1-oxy-pyndin-2-yl
preferably 1-axy-pyndin-2-yl

R'isH

R"1s H, and

R™isH,

rl

Compounds of Formula I selected from the following group are particularly
preferred embodiments for use in the present invention

6-
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Quinoline-§-carboxyhic acd {(S)-3-methyl-1-{3-oxo0- 1-(pyndme-2-sulfonyl)-aiepan-4-
ylcarbamoyi-butyl Jamade;

Quanohne-4-carboxyhic acid {(S)-3-methy}-1-[3-0x0-1<(pyndine-2-sulfomyl)-ampan-4-
yicarbamoyl}-batyl }amide;

Isoqumolme-1-carboxylic acsd {(S)-3-methyl-1-[3-oxo-1-(pyndme-2-sulfonyl)-azepmn-4-
yicarbamoyi]-butyl }axmde,

Qumnohne-8-carboxyhe acad {(S)-2-nephthrylen-2-yl-1-[3-ox0-1-{(pyndine-2-sulfonyl)-
azepan-4-ylcarbamoyl)-ethyl]-amde,

Naphthylens- 1-carboxyhic acid ((S)-2-naphthylen-2-yl-1-{3-oxo0-1-(pynichne-2-sulfonyl)-
azepen-4-yicarbamoyl)-othyl]-amnde,

Quinolme-8-carboxylic acid {(S)-1-[3-oxo-1-(pyndine-2-sulfonyl)-azepan-4-ylearbamoyl)-
2-phenyl-ethyl }-smide,

Naphthylene-1-catbaxyhc acid {(S)-1-{3-ox0-1-(pyndine-2-sulfonyl)-az=pan-4-
ylcarbamoyl]-2-phenyl-cthyl }-amde,

Qmunoline-2-carboxylic acid {(S)-1-[3-ox0-1-{pynd:ne-2-slfemyl)-azepan-4-ylcarbamoyl}-
2-phenyl-ethyl }-armds;

Benrofuran-2-carboxylic acd {(S)-1-[3-0x0-1-(pyndms-2-sulfonyl)-azepan-4-
ylcarbamoyl]}-2-phenyl-ethyl}-amude

Benzofuran-2-carboxyhic acid {(S)-2-naphiirylen-2-yl-1-{3-oxo-1-(pyrune-2-sulfonyl)-
szepan-4-ylcarbamoyl)-ethyl}-smds; and

Benzoforan-2-carboxyhe acid {(S)-2-beazyloxy-1-[3-oxo-1-{pyridme-2-sulfomyl)-szepanc-
4-ylcarbamoyl]-ctiyl}-amide.

Specific representative compounds used m the present mventson are set farth in
Examples 1-12.

Compared to the corresponding S and 6 membered nng compounds, the 7
membered nng compounds used m the present inventhion are confignranonally more stablo
al the carbon center alpha to ths ketone.

The present mvention also uses denterated analogs of the mnventrve compounds. A
represcatative example of such a deaterated compound s set forth m Example 12. A
representative synthstic route for the denterated compounds of the present mvention 1s set
forth in Bxsmple 12, below 'The denterated compounds used m the present mvention
exhibst supenor charal stability compared to the protopated 1somer



[E———L D S R TR -

{n
{3
(¥
v
i |
K |
(13
W

Q
b
t0
Q

10

15

P51126P ; i

Definitions

The componnds used i the present invention include all hydrates, solvates,
complextns and prodrogs  Prodrugs are any covalently bonded compounds which release the
achve parent drag accordmg to Formmula I in vivo  If u chural center or another form of an
1Somenc center 1s present 1 8 compound used in the present invention, all forms of such
150mner of 1somers, including enanbomers and dmstiereomess, are inteaded to be covered
herein  Compounds vsed 1 the present methods contaimng a chiral center may be used as a
racemuc mixtore, an énantiomencally ennched mixture, or the racerme rmxtare may be
soparated uang well-known techniques and an mdividual ensntiorner may be used alone. In
cases i which compounds have unsaturated carbon-carbon double bonds, both the cis (Z)
and trans (H) 1somers are withmn the scope of this mveotion  In cases wheremn compounds
may exist in tantomenc forms, such as keto-enol tantomers each tsutomene form 18
contemplated as being incladed within this mvention whether existing 1n equilibnium or
predommantly in one form

The meaming of any substituent at any one occurmence 1n Formula I or any
subformula thereof 18 independent of 1ts meaming, or any other substrtuent’s meaning, at any
other occurrence, unless specified otherwse.

Abbreviahons and symbols commonly used in the peptide and chemnical arts are
used heren to describe the compounds of the present invention In general the amino acid
abbreviations follow the [IUPAC-IUB Joint Commssion on Biochermcal Nomenclatare as
descnbed m Eur J Biochem., 158 9 (1984)

"Proteases” are enzymes that catalyze the cleavage of amude bonds of peptides and
proteins by nucleophilic substitztion at the amude bond, ultimately resulting 1n hydrolysis
Such proteases include cyst=ane proteases, seqine proteases, aspartic proteases, and
metalloproteases  The compounds of the present invention are capable of bmdmg more
strongly to the enzyme than the substrate and in general are not subject to cleavage after
enzyme catalyzed attack by the rocleophule. They therefore competitively prevent proteases
from recogmzng and hydrolyzing natural substrates and thereby act as mhibstors.

The term "ammo acid” as used heresn refers to the D- or L- 1somers of alamne,
argintne, asparagane, aspartic acid, cysteine, glutarmne, ghutarme acid, glycine, histine,
1soleucine, leucine, lysine, metinomne, phenylalantne, proline, serme, threomne, tryptophan,
tyrosine end valme.

"C1-6alkyl" as apphed heremn 15 meant to mclode substuuted and
unsubstitnted methyl, ethyl, n-propyl, isopropyl, n-butyl, sobutyl and t-butyl, pentyl, n-
pentyl, 1sopentyl, necpentyl and hexyl and the umple aliphatic 1somers thereof Cj-galkyl
may be optionally substitated by a motety selected from the group consisting of OR12,
-8-
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C(O)R12, SR12 S(O)RIZ, NR“;. RI2NC(O)ORS, coznlz 002!'11111. N(C=NH)NH3,
Het, C3 geycloalkyl, and Ar where R3 15 selected from the group conmsting of” H, C.
galkyl, Ca-galkenyl, C2 galkynyl C3 geycioalkyl-Co. atkyl, Ar-Co.galkyl and Het-Co.
galkyl, and R12 13 salacted from the gronp consmsting of H, Cy_galkyl, Ar-Co.galkyl, and
Het-Co. galkyl,

"C3-6cycloalkyl” as applied herem 13 meant to include substituted and unsobstitated
cyclopropane, cyclobutans, cyclopentans and cyclohexane.

*C2-6 alkenyl” as apphed heremn means an alkyl group of 2 to 6 carbons wherem a
carbon-carbon single bond 18 replaced by a carbon-carbon double bond  C2.galkenyl
includes ethylene, 1-propene, 2-propene, I-binens, 2-butene, isobutene and the several
1somenc pentenes and hexenes Both cis and trans 1somers are included

"C2-6alkynyl” means an alkyl group of 2 to 6 carbons wherein one carbon-carbon
smgle bond 15 replaced by a carbon-carbon tniple bond. C2.6 alkynyl includes acetylene, 1- ~
propyne, 2-propyne, 1-butyne, 2-butyne, 3-butyns and the sumple 1omers of pentyns and
hexyne.

"Halogen" means F Cl, Br and L

"Ar” or "aryl' means phenyl or naphthyl, optianally substituted by one or more of
Ph-Cg galkyl, Het-Cogalkyl Cy_galknxy, Pb-Co galkoxy Het-Co.galkoxy OH, (CHy).
gNRISR16- O(CHp)1 6NRISR16 C}_galkyl, OR}7 NR17),, SR17, CF3 NO,, CN,

CO2R17, CON(R!?), F, C1, Br or 1, where R15 and R16 are H, Cy_galkyl, Ph-Cq_galkyl,
naphthyl-Cq.galkyl or Het-Cg.galkyl, and R17 15 phenyl naphthyl, or Cy_galkyl

As used heren "Het" or “heterocychic” represants a stabls 5- to 7-membered
monocyclic, a stable 7- to 10-membered bicyclic, or a stable 11- to 18-membered trnicyche
heterocyche nng whach 18 ether satarated or nsaturated, and which consists of carbon
stoms and from one to three heteroatoms selected from the group consisting of N, O and S,
and wheremn the nitrogen and sulfur heteroatoms may optionally be cxadized, and the
mitrogen heteroatom may opticoally be quaternized, and mcluding any bicyclic group
which any of the above-dafined heterocychie nings 18 fosed to a benzene rmg. The
heterocychc nng may be attached at any heteroatom or carbon atom whiach results m the
creation of a stable structure, and may optionally be substituted with one or two moeties
selected from CggAr, Cy-galkyl, OR17, N(R17),, SR17, CF3, NO,, CN, CO;R17,

CON(R!7) F C1 Brand 1, where R17 1 phenyl, naphthyl, or C].galkyl Examples of such
hetarocycles include piperichnyl, piperazanyl, 2-oxopiperazinyl, 2-oxopipendinyl, 2-
oxopyrrolodinyl, 2-oxoazepuryl, azepinyl, pyrolyl, 4-pipensdonyl, pyrrohdinyl, pyrazolyl,
pyrazohdinyl, imidazolyl, pyndinyl, I-oxo-pyndmyl, pyraznyl, axaroluhnyl, oxazohnyl,
oxezolyl, 1soxazolyl, morpholinyl, tinazohdmyl, thiazolinyl, thiszolyl qumcldmyl

-9-
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indolyl, qumolnyl, qunoxalnyl, :soqumohrryl, benzmmdazolyl, beazopyranyl, ?
benzoxazolyl, furany), benzofaranyl, thiophemyl, benzofb)trophenyl, thienof3,2-
bjthuophenyl, benzof1,3]dioxolyl, 1,8 naphthyndinyl, pyranyl, tetrahydrofuranyl,
tetrahydropyranyl, thuenyl, benzoxazolyl, thamorpholnyl sulfoxide, thmmorpholinyl
salfone, and oxadiazolyl, as well as trmzolyl, thuadiazolyl, axadiazolyl, isotluazolyl,
mmdazolyl, pyndannyl, pyrtmudinyl, tnaznyl and tetrazany] which are avaulable by rounne
chemical syntheus and are stable The term heteroatom as applied herein refers to oxygen,
mtrogen and sulfur

Here and throughout thas apphcation the term Cpy denotes the absence of the
substituent group immediately following; for mstance, in the moiety ArCq galkyl, when C s
0, the substituent 18 Ar, e.g. phenyl Conversely, when the mosety ArCp_galkyl 15 1dentsfied
as & specific aromatic group, e.g., phenyl, it 15 understood that the value of C1s Q.

Certain radical groups are abbrevisted herein  t-Bu refers to the tertsary butyl ~
radical, Boc refers to the t-butyloxycarbonyl radical, Fmoc refers to the
fluorenylmethoxycarbony] radical, Ph refer to the phenyl radical, Chz referts to the
benzyloxyearbonyl rdical.

Cextain reagents are abbreviated herein  m-CPBA refers to 3-chloroperaxybenzowc
acid, EDC refers to N-ethyl-N{dmmethylammmopropyT)-carbodumde, DMF refers to
dunethy! formanude, DMSO refers to dimethy! sulfoxide, TEA refers to tnethylamns, TFA
refers to tnfluorcacet:c acid, and THE refers to tetrahydrofuran

Methods of Preparation

Compounds of the general formmia I may be prepared m a fasiaon analogous to that
outlmed 1n Schemes 1,2and 3  Alkylation of benzyl-N-allylcarbamate (1) with a base such
as sodinm hydnde and S-bromo-1-pentene provides the diena 2 (Scheme 1)  Trestment of 2
with las(tricyclohexylphosphine)benzyhidins rathenmum (TV) dichlonde catalyst developed
by Grubbs provides the tetrahydroszepine 3. Epoxidation of 3 may be effected with en
oxidhzning agent commom to the art such as m-CPBA to provide the epoxade 4, Nucleophibic
nng opeming of cpoxide 4 may be effected with a reagent such as sodram ande to provide
the azdo alcohol § winch may be reduced to the amuno aicohol 6 under conditions common
to the art such as 1,3-propaneditinel and tnethylamme 1n methanol or tnphenylphosphuine
THF and water The amine of compound 6 may be protected with with di-ters-butyl
cicarbonate to provide denivative 7 (Scheme 2) Remowal of the benzyloxycarbonyl
protecting group may bo effecied by treatment of 7 wath hydrogen gas i the presence of a
catalyst such as 10% Pd/C to provide the mmne 8. Treatment of amune 8 with a sulfonyl
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chionde such as 2-pyndinesulfonyi chlonde m the presence of & base such as tnethylanune
provides the mifonarmde devative Removal of the ters-botoxycarbonyl protecting
gronp may be effected with an acid such as hydrochlonc acad to provads mtermedhats 10
Conphing of 10 with an acad such as N-Boc-phenylalsnme m the presence of a couphng

53  agent common to the art such as HBTU or polymer supported EDC provides the alcohol
miermechats 11 Removal of the tert-butaxycarbonyl protecting groop vnder scidic
condinons provides 12, Couplmg of 12 with an acid such as benzofuran-2-carboxylc acid
in the prasence of a coupling agent such as HBTU or polymer supportad EDC providas
alcohol 13 Alcahol 13 may be oxudized with sn axidant common to the art such as pynidine

10  sulfor tnoxide complex m DMSO and tnethylamune or the Dess-Martin penodinane to
provide thek~tone 14 The diastereomers of 14 may be separated by HPLC,

~
Scheme 1

o
2 3

,\,uf\,o e ,'j).\ro\,O b, ng°"0

= B0 L Cpl -

Mﬁ}«“\n

15 e
Resgents and  conditions. () NaH, Shromo-l-peniene, NaH, ()
bes(tricyclohexylphosphunc)benzyhidine ruthemmum (IV) dichlonde, CHCh, reflux, (¢} m-CPBA,
CH,CY,, (d) NaN; NH,Cl, CH;OH, Hz0, (o) TEA, 1,3-propaneditiucl, CH,OH
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13 14

Reagenty and conditions (x) Dr-tert-butyl dicarbonate, THF- (b) H,, 10% PU/C, ExOAc (c) 2-
pyridinesuifonyl chlonde TEA, CH.C,, (4) HCL E:OA¢- (o) N-Boc-phenylalanine, P-EDC, CH.Cl,
() HQL, CHCL, () benzofuran-2-cxrboxylic acud, P-EDC CHCL,, (b) Dess-Marun periodmane,
methylene chlonde.

Alternatively compounds for the general formula I may be prepared as shown 1n
Scheme 3 Acylahon of the armno alcohol & with an acid such as N-Boc-lsucine in the

presence of a coupling ageat such as EDC or HBTU provides the ammde 15 Hydrogenolysis
of the carbonylbenzyloxy protecting group employmmg conditions known 1n the at such as
hydrogen gas in the presenca of a catalyst such as 10% Pd/C gives tho amune 16. Treatment

of amune 16 with a sulfonyl chlonde such as 2-pyndinesulfonyl chlonds 1n the presence of a
base

-12-
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Resgents and condifions (s) N-Boc-leucine, EDC, HOBt, TEA, CH,CL, (b) H,. 10% PA/C, EtOAc:
5 (c) 2-pyndincyulfonyl chlonde, TEA, CHCL,, (d) HCl, methancl; () quuoline-8-carboxylic acad,
EDC, HOB, TEA, CHCl, () pyrline sulfur tnaxds complea, TEA, DMSO

sach as trethylmmme provides the sulfonamde denvatve 17 Removal of the rerr-

buatoxycarbonyl protecting group may be effected with an acid sach as hydrochlonc acid to
10 provide mtermediate 18. Coupling of 18 with an acid such as quunoline-8-carboxylic acid
the pressnce of a couplmg agent common to the art sach as HBTU or EDC provides

-13-
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intermadiate 19 Alcohol 19 may be oxadreed with an oxsdant common to the art such as
pyndine sulfur tnowide complex in DMSO end tnethylamne or the Dess-Martin
penodmane to provide the ketono 20  The diastercomers of 20 may be separated by HPLC

The deuterated compound of the Example 12 may be convemently prepared
accarding to Scheme 4. The skalled artisan will undesstand from Example 12 and Scheme 4
how to make any of the the deaterated compounds of the present invention

The mdividual ciastercomers of benzofuran-2-carboxylic acid {(S)-3-methyl-1-

10  [(2,2'4-tndeutenio)-3-oxo-1-(pyndine-2-snlfonyl)-azepan-4-ylcarbamoyl}-butyl Jamide 22
and 23 may be prepared as outimed 10 Scheme 4,
Scheme 4
}e
2 8 ¢ £
e |
; Jos5a°*
13

(] 21

: I ...

B g
dﬂﬂj\m h%i*ﬁﬂj‘in

2

Reageuts and Conditions™ 0.) CD,OD;D.O (10-1), TEA, b.) HPLC separanon.

15

Treatment of ketone 21 with tnethylanune i CD,0D-D,0 at reflux provides the deuterated
analog as a muxture of diastercomers which are separated by HPLC to provide the
20  deuterated compounds 22 and 23

-14-
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The starting matenals used herem are commercaally available ammno acids or are
prepared by routine methods well known to those of ondinary skill in the sct and can be
found m standard reference books, such as the COMPENDIUM OF ORGANIC
SYNTHETIC METHODS, Vol I-VI (published by Wiley-Interscacnce)

Coupling methods to form amide bonds herein are genemlly well known to the axt.
The methods of peptide synthesis generally set forth by Bodansky ef af , THE PRACTICB
OF PEPTIDE SYNTHESIS, Springer-Verlag, Berhn, 1984 E Gross end J Meienhofer,
THE PEPTIDES, Vol 1, 1-284 (1979), and ] M. Stewart and ] D Young, SOLID PHASE
PEPTIDE SYNTHESIS, 2d Ed., Pierce Chenucal Co., Rockford, [IL, 1984 sre genesally
illustrative of the techmique and are incorporated herwn by reference.

synﬂmucnuﬂuxhlmpnquma&ncnnqnmuduufﬂhsnmi;uonﬁnmumﬂyampku
protective groups to mask a reactive functionality or minrmze unwanted-axde reactions.
Such protective groups are described generally m Green, T W PROTECTIVE GROUPS IN
ORGANIC SYNTHESIS, Jobn Wiley & Sons, New York (1981) The term "amuno
protecting groups" generally refers to the Boc, acetyl beazoyl, Finoc and Chz groups and
denvahves thereof as known to the sit. Methods for protection and deprotection, and
replacement of an afno protecting group with another mosety are well known

Acid additvon salts of the compounds of Fornmla I are prepared 1n a standard
manner 1o a sutable solvent from the parent compound and an excess of an acid such as
Irydrochlonic, hydrobronme, hydrofiuonc, seifane, phosphonc, acetic, mfluoroacene,
maleic, succiic or methanesulfomc Certun of the compounds form nner salts or
rwittenons which may be acceptable. Cationic salts are prepared by treating the parent
compoumd with an excess of an alkaling reagent, sach as a hydroxude, carbonate or alkonde,
contamng the appropnate cation, or with an appropriate argame amine. Cations such ag
Li*, Nat, Kt, Cat+ Mgt and NH ¢+ are specafic examples of catians present in
pharmaceutically acceptable salts. Halides, sulfate, phosphats, alkanostes (such as acetats
and tnflucroacetate), benzoates, and sulfonates (such as mesylate) are examples of anons
present m pharmaceutically acceptable salts

The methods of the present invention may be practiced by adnumstermg 2
pharmacentical composihion which comprises a compound according to Formuia I and a
pharmaceutically acceptable camer, chluent or sxcipient. Accordmgly, the compounds of
Formmla I may be used in the mapufacture of s medicament. Pharmaceutical compomtions
of the compounds of Formula I prepared as heresnbefore described may be formmiated as
solitions or lyophulzed powders for parenteral adommstration  Powders may be
reconstituted by addition of a smtable diluent or other pharmacentically acceptable camer

-15-
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prioe to use. The hquid formulation may be a buffered, 1otomc, saquecus salution
Examples of smtable diluents are normal isotomc sahne solution, standard 5% dextrose in
water or buffered soditm or ammonnim acotato solunon  Such formmlaton 15 dspecaally
suitabls for parenteral adrministrabon, but may also be used for oral admnistration or
contained 1n a metered dose mbaler or nebolizer for insdTlation. It mmy be desyrabls to add
excapicats such as polyvinylpyrroludone, gelatin, hydroxy celhulose, acacis, polyethylenc
glycol, manmtol, sodmm chlonde or sodwm cytrate.

Altcmnately, these compounds may be encapsulated, tableted or propared m an
emulsion or syrup for oral administration  Pharmaceutically acceptabla sohd ar hqud
camers may be added to enhance or stabilize the composihon, or to facihtate preparaton of
the compositon  Solid carmiers include starch, lactoss, calcium sulfate dihydrate, texra alba,
mlmmmmsmmd.nh.mmmru"m Laquud camers
include syrup, peanut oil, olive oil, salino and water The carmer may-lso melude a
sustmned release matenal such as glyceryl monostearate or glyceryl distesrate, alone or with
awax The amount of sohd camer vanes but, preferably wall be between about 20 mg to
about 1 g per dosage umt. The pharmaceutical prepamtions are made following the
conventional techmiques of pharmacy involving milbng miuing, granulatmg, and
compressing, when necessary, for tablet forms, or mulhing, mixing and filbng for hard
gelann capsule forms When a hiquid camer 15 used, the preparation will be in the form of a
syrup, elwxir, emulsion or an aqueous or non-aqueous suspension  Such a iquid formulation
may be adnunistered directly p.o or filled into a soft gelatin capsule.

For rectal admmistration, the compounds of this invention may also be combined
with excipients such as cocoa butter, glycenn, gelstin or polyethylens glycols and molded
mto a suppository

Utility of the Present Invention

‘Tha compounds of Formula 1 are useful as mhibators of cathepsin L. The presont
mventon provides methods of treatment of diseases caused by pathological levels of
cathepain L, which methods compnse adnumstenng to an ammat, particularly a mammal,
most particularly a human 1n need thereof a therapeutically effective amount of en mnhibtor
of cathepsm L, inclodmg a compound of the present mvention.

‘The present invenhon particularly provades methods for treating the following
diseases 1n which cathepsm L 18 impheated.

diseases which requure for therapy inhibition of theumatmd arthnihs, mibition of
cancer metastans, inhibihon of tissue destruchan by macrophage, particularly, long
macrophage, in diseases such az asthma, chromc obstructive pulmonary disease (COPD),
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end emphysema, and inhibstion of posttrve selectson ‘of CD4+Tcells by cortscal thyme
cpithalial ceils.

The present methods contemplate the vso of one or more compounds of Fornmla I,
alone or m combination with other therapeatic ageuts.

For acute therapy, parcateral adommstraon of a compound of Farnmia 1 18
preferred. An mtmavenons mfusion of the compound 1n 5% dextross in water or normal
salme, or & momlar formulation with suitable excapients, 15 most effective, although an
miramuscular bolus injection 15 also useful. Tymcally, the parenteral dose wall be about
0.01 to about 100 mg/kg, preferably between 0 1 and 20 mg/kg, 1n & manner to maintan the
concentration of drug m the plasma at a concentration effective to mhibit cathepmin S. The
compounds are adommistered one to four tmes daily at a level to achicve a total deily dose
of about 0.4 to about 400 mg/kg/day The precise amount of an inventrve compound which
15 therapeutically effective, and the route by which such compound 1s best adaumstered,
readily detarmmed by one of ordimary skall i the art by companng the blood level of the
agent to the concentration required to have a therapeatic effect

‘The compounds of Forrmmla I may also be admmstered orally to the patient, m a
manner such that the concentration of drug 1s sufficient to inhibit theumatond arthntis or to
achieve any other therapeutic indication as disclosed hevemn. Typacally, 2 pharmaceutical
composition contmnmg the compound 15 admmistered at an oral dose of between about 0.1
to about 50 mg/kg 1n a manner consistent with the condition of the patient. Prefersbly the
aoral dose would be about 0.5 to about 20 mg/kg.

No ynacceptable toxicological effects are expected when compounds of Formmia I
are adomistered 1n accordance wath the present methods

Biologieal Asgays
The compounds used mn the present methods may be tested 1n one of several
biologacal assays to determine the concentrahion of compound winch is requared 1o have &

grven pharmacological effect.

Determination of cathepsin L proteclytic catalytic activity

All assays for cathepsin L were carned ont with human recombinant enzyme.
Standard assay conditions for the determuation of ket constants used a finorogeme
peptide substrate, typecally Coz-Phe-Arg-AMC, and were determined 1o 100 mM Na acetatn
at pH 5.5 containmg 20 mM cystemne and S mM EDTA. Stock substrate solutions were
prepared at concentrations of 10 or 20 mM 10 DMSO with 20 oM final substrate
concentration 1n the assays All assays contamed 10% DMSO  All assays were conducted st

-17-



15

35

WA b St e

P51126P

ambeent temperature. Product fluorescencs (cxcatation st 360 nM, crmussion at 460 aM) was
modutored with a Perceptive Brosystams Cytafiuor II fluorescent plate reader  Product
PrOgress curves were generated over 20 to 30 mnutes followmg formation of AMC product.

Inhibition studies

Potential inhibatars were evalosted usmg the progress curve method. Assays were
carred out m the presence of vanable concentrations of test compound. Reactiang were
mmtated by addition of enzyme to buffered solutions of miubitor and substrate. Data
analysis was conducted accordmg to ane of two procedures dependmg on the appearance of
the progress curves in the presence of mhibstors. For those compounds whoss progress
curves were linear apparent inhilihon constants (X, app) were calculated according to
equanon 1 (Brandt et al , Biochemitsry 1989 23, 140y

Y= VMA,[KJI'F”K‘QPF"FAI (1)

where v 15 the velocity of the reaction with maximal velocity Vi A 18 the concentration of
substrate with Michaelis constant of X, and / 15 the concentration of mhibator

For those compounds whose progress curves showed downward curvature
charactenztic of time-dependent inhubition, the data from mdividual sets was analyzed to

mve kghy according (o equation 2.
[AMC] = vy t + (v0 — vas) [1 — exp (-kobst)] / kabs @

where [AMC] 1z the concentration of product formed over ime ¢, vg 15 the mital reaction
velocity and vge 15 the final steady state rute. Values for kobg were then analyzed as a linear
function af mhibitor concentration to generate an apparent second order rate constant (kobs

/ mhibator concentranon or kobg / [T)) describing the time-dependent mhibahon. A complete
discusmon of this kinetic treatment has been fully described (Momnson ez al., Adv Enzymol.

Reiat. Areas Mol Biol., 1988, 61, 201)

General
Nuclesr magnetic resonance specira were recarded at esther 250 or 400 MEHz using,
respectively, a Bruker AM 250 or Bruker AC 400 spectrometer  CDCl3 15
deutennochloroform DMSO-dg 15 hexadeuteniodimethylsolfoxide, and CD30D 15
tstradeutenomethanol  Chemical shifts are reported in parts per million (d) downfield from
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the internal standard tetramethyisilane. Abbreviations for NMR data are as follows s=
ninglet, d = donblet, t = mplet, g = quartet, o = multiplet, 44 = dooblet of donblets, & =
doublet of tnplets, app = apparent, br = broad, J mdicates the NMR coupling chastant
measured m Hextz. Contmuocus wave mfrared (IR) spectra were recorded on a Perlan-Elmer
683 mfrared spectrometer, and Founer tranaform infrared (FTIR) spectra were recorded on a
Nicolet Impact 400 D mfrared spectromster IR and FTIR spectra were recarded 1
transmmssion mode, and band posiions are reported 10 mverse wavennmbers (o) Mass
spectra weze taken on esther VG 70 FE, PE Syx API 111, or VG ZAB HF mstruments, uting
fast atom bombardment (FAB) or electrospeay (ES) sonization techniques  Elemnental
analyses wero obtamned using a Perkn-Elmer 240C clemental analyzer Melung pomts were
taken on a Thomas-Hoover meltmg pomt apperatus and are uncorrected. All temperatures
are reported 1n degrees Celsmus.

Analtech Silica Gel GF and E. Merck Silica Gel 60 F-254 thin layer plates were
used for thun layer clwomatography Both flash and gravity chromatography were carmed
out on B. Merck Kieselgel 60 (230-400 mesh) sslica gel

Where indicated, certam of the matenals were purchased from the Aldnch Chemical
Co., Milwaukee, Wisconsin, Chermical Dynemics Corp , South Plamnficld, New Jersey, and
Advanced Chemtech, Lowsville, Kentucky

Examples
In the following synthetic examples, temperatore 15 1n degrees Cenngrade (°C)
Unless otherwise mdicated, 21l of the starting materials were obtamned from cormmercal
sources. Without fuxther elsboration 1t 18 beheved that one sialled 1n the art can, usmg the
preceding descnphon, ut:lize the present inventyon 1o its fullest extent. These Examples are
given to illustrate the wvention, not to Lt sts scope. Reference 15 made to the clums for
what 13 reserved to the mventors hereunder
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a) Allyl-pent-4-enyl-carbanuc acid benzyl ester
To a suspension of NaH (1 83 g, 76.33 mmol of 90% NaH) in DMF was added
allyl-carbanuc acid benzyl ester (7.3 g, 38.2 xunol) m & dropwase fashion  The muxture was
stared ot room temperature for approximately 10 murtes whereapon 5-bromo-1-pestene
(6.78 mL, 57.24 mmol) was added m a dropwise fashion The reaction was heated to 40°C
for approxmmately 4 hours whereupon the reacuon was partinoned between dichloromethane
and water The orgamic layer was washed with water (2x 5), brme, dnad (MgS0), filtered
and cancentrated  Columao chromatography of the residoe (10% cthyl acetate-hexanes) ~
provided 10 3 grams of the title compound as an oll  MS(ET) 260 (M+H*).

-

b) 2,34,7-Tetrahydro-azepme-1-carboxyhic acid benzyl ester

To & solution of compound of Bxample 1a (50 g) m dichloromethene was added
bis(tncyclohaxylphosphine)benzylwdne ruthemum (IV) dichlonde (S0 g) The reaction was
heated to reflux until complete as determined by TLC analysis. The reaction was
concentrated i1 vacuo Columm chromatography of the residue (50%
dichloromsthane hexanes) gave 35 g of the title compound. MS(ET) 232 (M+H*).

€)  8-Oxa-3-am-bicyclo[5 1 OJoctane-3-carboxylic acid benzyl ester

To a solution of the compound of Example 1b (35 g, 1.5 mol) m dwhloramethane
was added m-CPBA (78 g 045 mal) The muxture was strrred overnight at room
tempemature whersupon 1t was filtered to remove the solids The filtrate was washed with
sumnrared water and samrated NaHCO, (scveral imes) The crgame layer was dned
(MgSO), filtered and concentrated to gave 35 g of the title componnd which was of
sufficent punity to carry on to the next step: MS(ET) 248 (M+HH), 270 (M+Na'H)

d 4-Azndo-3-hydroxy-azepane-1-carboxylic acsd benzyl ester
To a solution of the epaxide from Example 1c (2.0 g, 8 1 mmol) m methanol water
(8 1 solution) was added NH,Cl1 (1 29 g, 24.3 mmol) and sodrum ands (1.58 g, 24.30
mmol) The reaction was heated to 65-75°C until complets consumption of the startmg
epoxude was observed by TLC analyms. The majonty of the solvent was removed i vacuo
snd the remaiming solution was partiioned between cthyl acetate and pH 4 buffer The
-20-
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organmc layer was washed with sat. NaHOQ,, water, bane dned (MgSO),), filtered and
concentrated  Column chromatography (20% ethyl scetate hexanes) of the residne provided
13 g of the title componnd. MS(ED) 291 (M+H*) plus 0 14 g of trans-4-hydriery-3-~axdo-
hexahydro-1H-azepine

e) 4-Ammo-3-hydroxy-azepane-1-carboxylic acud benzyl ester

To a solution of the azdo alcohol of Exampls 1d (1 1 g, 3 79 mmol) m methemol
was addad tnethyzmms (1.5 ml., 11.37 mmal) and 1,3-propsnedithuo] (1 1 L, 11.37
mmoL) The reaction was stirred until complete consumption of the startng matenal was
observed by TLC analymis whereupon the resction was concentrated i vacuo Column
chromatography of the residue (20% methanol:dhchloromethane) provided 0 72 g of the title
compouna MS(EI) 265 (M+HY).

™~

f) 4-((S)-2-ten-Butoxycarbonylamino-4-methyl-pentenoylammo)-3-hydroxy-azspan- 1-
carboxylic acad benzyl ester

To a solution of the ammo alcohol of Example 1o (720 mg, 2.72 mmol) m CH.CL,
was added EDC (521 mg) HOBt (368 mg) and N-Boc-lencme (630 mg) The reaction was
mantamed at room temperatare until complets consumption of the starting matenal was
observed by TLC analyms. The reachion was diluted with ethy] acetate and washed wath IN
HCL, saturated K,CO,, water brine, dned (MgSO), filtered and concentrated. Column
chromatography of the remdue (3% methsnol-dichloromethane) gave 1.0 g of the title
compound, MS(ET) 478 (M+HY)

g)  [(S)1-(3-Hydroxy-azepan-4-ylcarbamoyl)-3-methyl-batyl}-carbamic acad sere butyl
ester

‘To a solation of the compound of Example 1f (1.0 g) and 10% PA/C (catalytic)
ethyl acetste. methanod (2.1 solution) was affixed a baltoon of bydrogen The reaction was
stured umil complete consumption of the staring matenal was observed by TLC snalyms.
The reachon was filtered to remove the catalyst and the filtrate was concentrated to provade
0 82 g of the title compound MS(ET) 344 (M+HY)

h)  {(S)1-{3-Hydroxy-1-(pyndine-2-sulfonyl)-szepan-4-ylcarbamoyl}-3-methyl-
butyl }-carbammc acad rerr-butyl ester
Generation of 2-pyndmnesulfonylchlonde. A solution of 2-mercaptopyrchne (223 g
1n 33 ml SN HCI) was cooled to 0°C. Chlorne gas was bubbled mto the solutian for 90 mumn,
taking care to maintam the temperatore at (°C Ice cooled ethyl acetate was added followed
-21-
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by slow addition of rce cocled sat'd NaHCO, until the pH of the water layer was
epproxumately 9 The organic Iayer were then washed with brine and dned over MgSO,
Evaparation of the ethyl acetats gave 3.5g of the cruds 2-pyndhnesulfonylchlonda as a hght
yellow haqusd,

To a soluuon of [(S)-1-(3-hydroxy-azepan-4-ylcarbamoyl)-3-methyl-butyl]l-
carbarmuc acad tert butyl ester of Example ig (12 g, 34.93 mmol) in dichloromethane was
added tmethylamne (5.8 mL., 4192 mmol) followed by the dropwise addibon of 2-
pyndmesulfonylchlonde (745 g, 41 92 mmol) The reaction was stured until complete as
determuned by TLC analyxs. The muxture was then washed with sat. NaHCO,, water bnns,
dned (NaSO), fikered and concentrsted  Columm chromstography (75% ethyl
acetate. hexanes to 100% ethy] acetate) of the ressdue provided 15 g of the title compound.
MS 484 (M)

~
1) (S)-2-Amno-4-mothyl-pentanoic acyd-[3-hydroxy-1-(pyndine-2-sulfonyl)-arepan-
4-yl]-ammdsa

To a sohmon of {(S)-1-[3-hydroxy-1-{pyridine-2-sulfonyl)-azcpan-4-yicarbamoyl}-
3-methyl-butyl }-carbanuc acid ters-butyl ester of Bxample 1h (14.3 g) 1n methanol was
added 4 M HCOl 10 dioxane. The reaction was stirred at room tempersture until complets as
determined by TLC analyns whersupon 1t was concentrated to provade 14 g of the title
compound MS (ET) 385 (M+H")

3) Quinohine-8-carboxyhe acad {(S)-3-methyl-1-{3-hydroxy-1-{pyndine-2-sulfonyl)-
azepan-4-ylcarbamoyl]-butyl jarmdo

To a sohaton of the compound of Example 11 (0 15 g, 0.33) m CH,CL, was added
triethylasune (0 11 mL, 0.82 mmal), BEDC (69 mg 0.36 mmal), HOBt (49 mg, 0.36 mmol)
and qunohne-8-carboxylic acad (62 mg. 0.36 munol). The reaction was stured unhl
complete by TLC analyns Warkup and column chromatography of the residus gave 0.066
g of the title compound MS(ET) 540 (M+H*)

k) Qunolme-8-carboxyhic acid {(S)-3-methyl- 1-[3-oxo-1-(pyndine-2-sulfonyl)-
azepen-4-ylcarbamayl]-butyl }ammde

To a soluhon of the alcohol of Example 1j (0 066 g, 0 12 mmol) m DMSO was
added TEA (0 1 mL) and pyrnidme sulfor tnoxade complex (57 mg) The reaction was
stuved at room temperathire for approxumately 2 hours whersopon it was parhiioned between
ethyl acetate and water The organc layer was washed with brme, dned, filtered and
concentrated. Column chromatography of the residue (5% CH,OH CH,C1) provaded the

-22-
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titla compound as a mixture of diasiereomens: "H NMR (CDCL,): 5 1.0 (m, 6H), 1.5-2.1 (m,
SH), 22 (m, 2H), 2.7 (m, 1H), 3 7 (d, 1H). 40 (m, 1H), 4.7 (m, 2H), 5.0 (m, 1H), 75 (m,
4H), 76 (m, 1H), 77 (m, 3H), 8.2 (m, 1H), 8.6 (m, 1H), 8.7 (m, 1H), 8.9 (m, 1H);
MS(BEI) 538 (M+H',100%)

Fallowing the procedures of Bxample 13-k except substitoting quunoline-4-
carbaxylic acud for qunoline-8-carboxyhic acid of Example 1) the atle compound was
prepared. 'H NMR (CDCL) 8 1.0 (m, 6H), 1.5-2.1 (m, SH), 2.2 (m, 2H), 2.7 (m, 1H), 3 7
(d, 1H) 4.0 (m, 1H), 4.7 (m, 2H), 5.0 (m, 1H), 6.5-7.2 (m, 2H), 7.4 (m, 2H), 7.5 (m, 1H),
77 (wm, 1H),79 (m, 2H), 8.0 (m, 1H) 82 (m, 1H), 87 (m, 1H), 8.9 (m, 1H) MS(ED)
538 (M+H',100%)

The dmastereomenc mxture was separated by HPLC to provide the faster eluting
diastereoemer; MS(EL)- 538 (M+H',100%), and the slower eluting diastereomer MS(EI)
538 (M+H" 100%).

Following the procedures of Example 1)-k except substiutmg 1soqunobme-1-
carboxylhic acad for qunoline-8-carboxylic acad of Example 1) the titte compound was
prepared "H NMR (CDCL) § 1.0 (m, 6H), 1.5-2.1 (m, 5H), 2.2 (m, 2H), 27 (m, 1H), 37
(d, 1H) 4.0 (m, 1H), 4.7 (m 2H), 5.0 (m, 1H), 73 (m, 1H), 7.5 (m, 1H), 7 7-8.0 (m, GH),
8 7 (m, 3H), 95 (m, 1H) MS(HI) 538 (M+H',100%)

The diastercomenc mixture was separated by HPLC to provide the faster eluting
chastereoemer; MS(EI) 537 (M'",100%), and the slower eluting chastereomer; MS(EI) 537
M 100%)
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L) 4-iert-Butoxycarbonylamuno-3-hydroxy-azepane-1-carboxylic acud benzyl ester

To a sturmg solutton of 4-armno-3-hydroxy-axepane-1-carboxylic acid benzyl ester
(Example le, 1.04 g, 3.92mmol) :n THF was added di-ters-butyl dicarbonate (0 864 g)
After stirring &t room temperatare for 30 munutes, the reactson muxture was diluted with
diethyl ether and extracted with saturated NaHCO, The organic Inyer was dnied over
anhydrous Na SO, filtared concentrated and punfied by sihea gel column to pave the title
compound as » yellow oil (0.963 g, 2.64 mmol, 67%). MS (ESI)- 365.03 (M+H")

b.) 3-Hydroxy-azepan-4-yl-carbarmc acad-fers-butyl ester

To a solution of 4-terr-butoxycerbonylanuno-3-hydroxy-azepans-1-carboxyhc acid
benzyl ester (Example 4a, 0 963g 2.64mmol) 1n ethyl acetate (16 mL) was added 10%
palladium on carbon (500 mg) After stimng the solution at room temperature for 48 hours,
the mixinre was filtered through celite. ‘The filterate was concentrated to yield the title
compound (0.529 g, 2.29mmol, 87%) MS(ESI) 231 92 (M+H")

c) 3-Hydroxy-1-(pyridine-2-sulfonyl)-azepan-4-yl-carbamic acid-fere-butyl ester

To a solution of 3-hydroxy-azepan-4-yI-carbamc acud-ters-butyl ester (Example 4b
0529, 229 mmol) 10 dichloromethane (20 mL) was added tnethylemme (232 mg) and
pyndme-2-sulfonyl chlonde (410 mg, 232 mmaol) After stumng at room temperstore for 30
murmtas, the mixture was washed with sammated NaHCO,. The organic layer was dnied,
filtered, concentrated and pursfied on s mlica gal colnrm to give the title compound as a
sohd ( 0.583g, 1.57mmol, 68%), MS(BSI) 37295 (M+H"

s - VY 4 Wb mees pARARRNIGIN RHIOOVAE . a U]
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Tr



10

15

d) 4-Amuno-1-(pyndine-2-sulfonyl)-azepan-3-ol

To a srmg solution of 3-hydroxy-1-(pyndine-2-mlfonyl)-arapan-4-yl-carbamic
acid-tevr-botyl ester (Example 4c, 0.583 g, 1.57mmol) m ethyl acetate (0.5 mL} was added
HCl (4M in croxane) (3 9ml) After srmg the reaction muxtore for 30 momotes et room
temperature, the mixture was concentrated to yield 8 whits solud. The solid was treated wath
NaOH and then extracted wath ethy] acetats. The orgamc layer was dned, filtered, and
concentrated to yreld a yellow solid (0.347 g, 1.28 mmol, 81%), MS (BSI) 272.93 (M+H")

e)  {(5)1-[3-bydroxy-1-(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-2-naptirylenc-2-
yl-cthyl}-carbamic acd rerr-butyl ester
Toanluhonufthecumpmmdofﬂunpbld(ﬂ.img)\mdnhhmﬂhnw
added TEA (0 15 mL), HOBt (99 mg), EDC (140 mg) and N-{t-butoxycarbonyl)-3-(2-
naphthyl)-L-alanne (230 mg) The reaction was stirred until complete™\ Workup and
column chromatography of the residue (3% methanol:dichloromethane) provaded 0.35 g of

the title compound. MS(ESI) 569 (M+H").

f)  (S)-2-Amno-N-{3-hydroxy-1-(pyndins-2-sulfonyl)-azepan-4-yl}-3-naphthylen-2-
yl-proprionanude

To & solution of the compound of Example 4¢ (035 g) m methano! (5 mL) was
added HCI (5 mL of 4M HCl 1n dioxane) The reaction was sarred until complete by TLC

analysis wherenpon 1t was concentrated to provide 0.31 g of the title compound as & white
solid

8)  Qumohne-8-carbaxyhc acsd {(S)-2-naphthylen-2-yl-1-[3-hydroxy-1-(pyridine-2-
sulfonyl)-ezepan-4-ylcarbamoyl)-athyl}-armde

To a sclutron of the compoun! of Bxample 4f (131 mg) m dichloramethane was
added TEA, HOBt (39 mg), EDC (55 mg) and qunoline-8-carbaxylic acd (51 mg). The
reaction was stured until complets. Workup and colvmmn chromatography of the resadus (5%
methanol dichloromethane) provided the tils compound. MS(ESI) 574 (M+H")

h) Quinoline-8-carboxyhe acad {(S)-2-maphthylen-2-yl-1-[3-axo-1-{pyndine-2-
sulfonyl)-azcpan-4-yicarbamoyl)-cthyl}-armde

Following the procednre of Example 1k except substtuting the compound of
Example 4g the title compound was prepared. MS 622 (M+H).

[IPR S - TR ) S bbb
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Followng the procedures of Example 4g-b except substitutmg naphtirylene-1-
carboxylic acid for qumoline-8-carbanyhic acid the tile compound was prepared. MS
621(M+H")

Followang the procedures of Example 4e-h except substtuting N-Boc-phenylalanme
for N-(i-butoxycarbonyl)-3-(2-naphthyl)-L-alanine of Example 4e the hile compound was
prepared, MS 572 (M+H")

Following the procadures of Exaraple 46-h except substituting N-Boc-pheaylalanme
for N-(t-butoxycsrboay!)-3-(2-naphthyl)-L-alenme of Example 4¢ and naphthowc acd for
qunoline-8-carboxyhce acid of Example 4 the ttle compound was prepared. MS 571
(M+H).
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Followng the procedures of Example 4¢-h except substinting N-Boc-phesryialanme
for N-(r-butoxycarboryl)-3-(2-napbthyl)-L-alsnme of Example 4e and quinchne-2-
carboxylic actd for qumohne-8-carboxylic acid of Example 4g the title compound was
prepared. Punficahon of the chastereomers by HPLC provided the two dusstereomers of the
title componnd as sahds (first 40 mg: second 43mg) MS(ESI) 537.8 (M+H)"

L)  {(S)}-1{3-hydroxy-1-(pyrudne-2-sulfouyl)-azepan-4-ylcarbamoyt]-2-phenyl-ethyl }-
carbharmc acsd rers-butyl ester

To a solutron of the compound of Example 4d (19 mg, 0 070 mmol) m CHCT, was
added N-Boc-phenyialamne (27.9 mg, 0.106 mmof), 1-bydroxybenzotriszole (16 1 mg, 012
mmal), and P-EDC (140 mg, O 14 mmal) in CHCl, After shaking at room temperstore
overmght, the mixture was treated with PS-Trisamme., After shaking for another 2 hours, the
muxinye was filtered and concentrated 10 yield the hiie compound as a sohd. MS (ESD
518.87 (M+H)'

b)  (S)-2-Ammo-N-{3-hydroxy-1-(pyndme-2-sulfonyl)-azepan-4-yI}-3-phenyl-
propnonamds

To a strang solution of the corpound of Example 9a (34 mg. 0.07 manol) m
CH,CL, (050 ml) was added HCl (4M m dioxane) (0 165 mI) After sunng at room
temperature for 30 nummtes, the mxturs was concentrated, giving a white solid. The white
solid was azeotroped with toluene then trested with MP-carbonate({ 0.35 mmol) m methanol
After four hours of shalong, the nuxture was filtered and concentrated to mive the title

compound as a sobd. MS(ESD) 41891 (M+H)’
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c)  Benzofuran-2-cathoxylic acd {(S)-1-{3-hydroxy-1-(pyndine-2-sulfonyl)-azepan-4-
ylcarbamoyi}-2-phenyl-ethyl }-anmde

To a solution of the compound of Example 9% (27 mg, 0070 mmol) m CHCl, was
added benzoforan-2-carboxyhe acid (17.0 mg, 0 106mmol), I-hydroxybenzotrinzole (16. ]
meg, 0 12 mmol), and P-EDC (140 mg, 0 14 mmol ) m CHCl, After shaling st room
tempersiure overmght, the mixtare was treated with PS-Trsanune, After shalang for
another 2 hoars, the mixture was filtered and concentrated to yreld the title compound as a
sohd. MS (ESI) 562.73 (M+H)"

d) Benzoforan-2-carboxylsc acud {(S)-1-[3-oxo-1<(pyndine-2-gnifonyl)-azepen-4-
Yicarbamoyl}-2-phenyl-ethyl }-amde
To a stuming solution of the compound of Example S¢ (37 mg, 0 07 mmol) m

CH,CL, ( 0.5 ml) was added Dess-Martin reagent (45mg. 0.105 mmol) After sumng for 30
mumutes, solutions of sodum thiosulfate (10% m water, 0.50 ml) and saturated aqueous
sodpum bicarbonate (0.50 ml) were added summulinnecusly to the reaction The ruxture was
then extracted with dichloromethane (Z mes) The organic layer was dried, filtered, and
concentrated  The residue was punfied by HPLC to yield the two diastencomers of the title
compound as soluds (first eluting: 7mg, second cluting” 5.5 mg) MS (EST) 560.81 (M+H)"

Following the procedurcs of Examples 9a-d except substinhing N-(t-
butoxycarbonyl)-3-(2-naphthryl)-L-alanine for N-Boc-phenylalamae the titls compound was
purtfied to yield two drastereomers as sohids (first clutmg: 5.3 mg, second eluting” 3.3 mg)
MS(ESD) 610 8 (M+H)’

q0
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Following the procedure of Exampls 9a-d, except substitating N-Boc-O-benzyl-L-
serne m step 9 the title compound was prepared as & mxture of dastereomers. To a
sobhtion of benzofuran-2-carboxyl acid {(S)-2-benzyloxy-1-{3-oxo-1-{pyndine-2-
sulfonyl)-azopane-4-ylcarhamaoy[]-ethyi }-axmde (90 mg) in ethyl acetate (2 mL) was added
10% Pd/C (50 mg) Upon hydrogenolyss of appraximately S0% of the starting benzy] ether
the reaction was filtered and concentrated. Punfication of this 4 component rruxtare by
HPLC provided the first eluting diastereomer of the title compound (1 mg) and the second
eloting diastercomer of the title compound (0.3 mg) MS(ESD) 590.954(M+H)"

n.) Benzofuran-2-carboxyhc acad {(S)-3-methyl-1-[3-hydroxy-1-(pyndine-2-sulfonyl)-
szcpan-4-ylcarbamoyl}-butyl Jamude

To a soluhion of (S)-2-ammo-4-methyl-pentanose acid [3-hydroxy-1-(pyridmne-2-
sulfonyl)-azepan-4-yl}-amde of Example 11 (0 15 g) 1 dichloromethane was added TEA
(0 11 mL), HOBt (49 mg), EDC (69 mg) and benzofuran-2-carboxyhc aad (S8 mg) The
reaction was stixred until complete. Workap and column chromatography (5%
methanol:ethy] acetate) provided the title compound  MS(ED 529 (M+HY)

b) Benrofuran-2-carboxylic acd {(S)-3-methyt-1-{3-oxo-1-(pyndine-2-sulfonyl)-
azepan-4-yicarbamoyl]-butyl jamude

To 2 solution of the alcohol of Example 11a.{0.11 g) m DMSO was added TEA
(0-17 mL) and pyndine sulfur tnoxde complex (99 mg) The reaction was stured at room
temperature for approximately 2 hours whereupon 1t was partitioned between ethy] acetate
and water The orgamic layer was washed wath brmne, dned, filtered and concentrated.
Column chromatography of the residus (10% CH,OH.EtOAc) provided 75 mg of the title
compound as a mxturs of diastereomers "H NMR (CDCL) § 1.0 (m, 6H), 1.5-2.1 (m,

-29-
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SH), 2.2 (m, 2H), 2.7 (m, 1H), 3 7 (dd, 1H). 4.0 (m, I1H), 4.7 (m, 2H), 5.0 (m, 1H), 7273
(m, 3H), 74 (m, 4H), 7.6 (m, 1H), 80 (m, 2H), 8.7 (m, 1H) MS(EI) 527 (M, 40%).

c) Benzofuran-2-carboxyhic acid {(S)-3-methyl-1-{(2,2",4-indeuteno)-3-oxo-1~
(pyndine-2-sulfonyl)-azepan-4-ylcarbamoyl}-butyl Jarmde

To a solution of benzofaran-2-carboxylic acid {(S)-3-methyl- 1-[3-oxo-1-{pynidine-
2-guoifony!)-szepan-4-yicarbamoyl}-butyl }amide of Example 11b (0.03 g) in D,0O-CD,0D
(0.4:4 mL) was added tnethylamine (0.04 mL) The reaction was heated to reflux for 2
hours wheseapon 1t was concentrated and dned inder vacoums  The residue was the
redissolved in the same nuxture and heated to reflux overmight  The reaction was
concentrated and the residue punfied by column chromatography (5%
methanol.cichloromsthane) to provide the title compound (0.02 g) 'HNMR. § 1 0 (., 6H)
1.5-22 (m, 6H), 2.7 (m, 1H), 4 1 (m, 1H), 4.7 (m, 2H), 74-8.0 (m 8) 8 7 (m, 1H) ™~
MS(BD 529 (M', 45%).

The disstercomenc ouxture was separated by HPLC W provide the faster eluting
diasterecemer MS(ET) 530 (M+H' 100%) and the slower elnting diastereomer MS(EI)-
530 (M+H',100%).

The above speaification and Examples folly discloge how to make and use the
compounds of the present invention However the present invention 15 aot hmited to the
particular embodiments described hereinabove, bat includes all modifications thereof witiun
the scope of the following claams The vanous references to journals, patents and other
publications which are cited herein compnse the state of the art and are incorporated heresn
by reference as though fully set forth
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1 A method of minutmg cathopan L, comprining adnnnistering to a patient in need
thereof an effective amount of a compound of Rormmla L

Rl R*
~ N/

wheremn ~
Rlulelecwdﬁunthemmguf'

9] 0
R
R‘/Nj/L ni/x\)j\ Hk
LR Ry R

R2 18 selected from the group comnstmg of H, Cy_galkyl, C3_geycloalkyl-Co.
galkyl Ar-Co.galkyl, Het-Co galkyl R9C(0)- ROC(S)-, R950,- R9OC(0)-,

CK
RIRIINC(O)- RORIINC(S)-, ROR11)NSO,- O . O and

R
N 4

H'r/ ~
%

R3 15 selected from the group consisting of H, C)-galkyl, C3_grycloalkyl-Co.
6alkyl,C.galkenyl,
C2-Galkynyl, HetCg.galkyl and ArCo.galkyl

R3 and R’ may be connectsd to form a pyrrolidne, pipendine or morpholine nng-

R* 1 selected from the group consstig of- H, Cy_galkyl C3 geycloalkyl-Co.
galkyl, Ar-Co galkyl, Het-Cg galkyl, RSC(O)-, RSC(S)- RISO;- RSOC(O)-,
RIRI3NC(0)- and RSRI3NC(S)-

-31-
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i

R 15 selected from the group consisting of H, Cpgalkyl, C2-galkenyl, C2-
6alkynyl, C3_geycloalicyl-Co.galkyl, Ar-Co.galkyl and Het-Co galkyl, i

RS 15 sclected from the group conmsting of H, C1.galkyl, C3 geycloalkyl-Co.
6alky), Ar-Co-galky), or Het-Co galkyl

R7 13 selected from the group conssung of- H, Cygalkyl, C3.gcycloalkyi-Co.
@alkyl, Ar-Co-galkyl, Het-Co. galkyl, R10C(0)-, R10C(S)-, R10S0,-, R100C(0)-,
RmRMNC(O)-. and Rlﬂn“nqs)..

RS 15 selecied from the group conssting of H, C1-galkyl, C2-galkenyl,
C2-6alkynyl, HetCo.galkyl and ArCo-galiyl,

R9 15 solectod from the group conststing of Cj_galkyl, Ca_geycloalkyl-Co.galkyl,
Ar-Co_galkyl and Het-Co.galkyl,

R10 15 snlected from the groop consisting of Cy_galkyl, C3 geycloalkyh-Co galkyl,
Ar-Co.galky! and Het-Co galkyl,

R11 15 selected from the groop consistung of: H, C;_galkyl, Ar-Co-galkyl and Het-
Co-callyl,

R12 12 gelected from the group conmsnng of B Cy_galkyl, Ar-Co-galkyl and Het-
Co-galkyl

R13 14 selected from the group consistmg of H, C)_galkyl, Ar-Co-galky}, and Het-
Co-galkyl

R4 35 selected from the group connstng of H, Cp.galkyl, Ar-Co-galkyl, and Het-
Co-galkyl,

R 13 selected from the group consisting of H, Cj_galkyl, Ar-Cp-galkyl and Het-
Co-galkyl

R"15 selected from the group consisung of H, Cj.galkyl, Ar-Cp-6alkyl or Het-Cq.
salkyl

R™ 12 selected from the groap consisting of H, Cy_galkyl, C3_geycioalkyl-Co.
galkyl, Ar-Cp. galkyl, and Het-Cg_galkyl,

X 18 selected from the group consisting of CHj, S, and O- and

Z 1 selected from the group consustmg of C(O) snd CHj,
and phermaceutically acceptable salts, hydrates and solvates thegeof

N
R
n’

2 Amﬂwdmdmgmdmlwbmnmmdwmpomdklu
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3 A method according to Claxm 2 wherem 1n smd compound R3 15 selected from the
group consstng of: Cj_galkyl and Ar-Cp galkyl.

4. A method according to Claxm 3 whesem 1n smd compound R3 15 selected from the
group conmsting of 1sobutyl, napthalen-2-yimsthyl, benzyl, and benzyloxymethyl

5 A method according to Clarm 2 wheremn 1n sasd compound R4 15 R3C(0)-

6 A method according to Clam S whevem 1 said compound RS 15 selected from the
group conmsting of Cy_galkyl, Ar-Co.galkyl and Het-Cp_galkyl

7 A method accordmg to Clamm 6 wherean 1 smd compound RS 18 selected from the
group conmisting of quunolinyl, woqunobmyl and benzofaranyl

8 A methad according to Clum 6 wherewn 1n saud compoand R3 18 selected from the

group consisting of qunolin-2-yl, qunohn-4-yl, qunolm-8-yl, 1soqumolin-1-yl, napthalen-
1-yl, and benzofuran-2-yl

9 A method sccording to Clmum 1 wherein 1n saud compound R 15 HL

10 A method accondmg to Clam 1 wherein m said compound R 1s FL

11 A method accordmg to Claum 1 wherein m saud compound R™ 15 HL

122 A method accorching to Claim 1 wherein m said compound R" and R™ are both H.

13 A msthod accontding to Claim I wherem m sard compound R2 13 R9SO,

14. A method according to Claim 13 wherein in saud compound RY 15 Het-Co_galkylL

15 A method acconding to Claim 14 wherean m szd compound R 18 selected from the
group consistmg of pyndinyl and 1-oxy-pyndmyl.

16 A mothod accondmg to Clmm 15 wherem 1 saxd compound R 15 selected from the
group consishng of- pynidin-2-yi and 1-oxy-pyndin-2-yl

-33-
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17 A method according to Claim 1 whearemn m saxd compound:

Y1

H’

Rla

RZ 15 R950,,

R3 13 selected from the group consistmg of- 1sobutyl, napthalen-2-yimethyl benzyl
ard barrzyloxymethyl

R4 11 R3C(0)

R 15 sclected from the group consistng of qunolin-2-yl, quinolin-4-yl, qunoln-8-
yl, isoquunolin-1-yl, napthalen-1-yl, and benzofuran-2-yL

R? 15 selected from the group consisting of pyndin-2-yl and 1-oxy-pyndin-2-yl,

R'is H -

R"sH aad

R™isH

18 A method according to Claum 17 wherein said compound 18 selected from the group
consusting of

Quinoline-8-carboxylic acad {(S)-3-methyl-1-[3-oxo-1-(pyndme-2-sulfonyl)-azepan-4-
Ylcarbamoyl}-buty) jarmde;

Quunoline-4-carboxyhic acad {(S)-3-methy}-1-[3-ox0-1-(pyrdine-2-sulfonyl)-azepan-4-
ylcarbamoyl)-butyl) armde,

Isoqumoline-1-carboxylic acid {(S)-3-methyl-1-{3-axo-1-{pyndme-2-sulfonyl)-azepan-4-
ylcarbamoyl]-butyl }anmde-

Qunoline-§-carboxylic acd {(S)-2-naphthylen-2-yl-1-[3-0x0-1-{(pyndme-2-sulfonyl)-
azcpan-4-ylcarbamoyl)-ethyl}-amde;

Naphthylene-1-carboxylic acid {(S)-2-aphthylen-2-yl-1-[3-0x0-1-(pyndme-2-suifonyl)-
azepan-4-ylcarbamoyl)-ethyl]l-amade,

Quinohine-8-carboxylic acad {(S)-1-[3-ox0~1-{(pyndino-2-sulfonyl)-azepan-4-ylcarbamoyl]-
2-phenyl-cthyl}-amde,

Naphthylene-1-cartboxyhc acsd {(S)-1-[3-oxo-1-(pyndine-2-sulfonyl)-zzepan-4-
ylcarbamoyl}-2-phenyl-ethryl }-armade,

Quinoline-2-carboxylic acad {(S)-1-[3-0x0-1-(pyndine-2-sutfonyl)-azepan-4-ylcarbamoyi]-
2-phenyl-ethyl}-amide
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Beazoforan-2-carboxylic acad {(S)-1-[3-axo0-1-(pyrudmne-2-sulfonyl)-avepan-4-
ylcarbamoyl}-2-phenyl-athyl)-amide;

Benzofuran-2-carboxylic acid {(S5)-2-naphthylen-2-y}-1-{3-axo- I-(pyndne-2-puifonyl)-
azopan-4-ylcarbamoyl)-cthyl}-umide and

Benzofuran-2-carboxyhie acad {(S)-2-benzylaxy-1-[3-0x0-1-(pyndine-2-sulforyl)-azepanc-
4-ylcarbamoyl]-ethyl }-aamde

19 A method of treating a discase charactennzed by cancer metastasis comprising
wnhilvting swid cancer metastasis by admmstenng to a petient m need thereof an effective
amoumt of & compound accordag to Clums 1 to 18,

20 A method of treating a diseass cheractenzad by positive selection-of CD4¥ T cells
wmmmepﬂnhﬂdhmgmhhmmdpmnwnhmonof\g\x*r
cells by cortice! thyrmuc epithelial cells by adnunistening to a patient m need thereof an
cffective amount of & compound according to Clamms 1 to 18

21 A method of treating a disease charactenized by tissue destuction by a macrophage,

compnsing mhibsting sad tasue destrucnon by administening to  patient 1n need thereof an
cffective arnount of & compound according to Claums 1to 18

22. A method of treatment according to claun 21 wherem sad macrophage 15 a long
macrophage

23 A method of trestment gccording to clam 21 wherem smd disease 13 selected from
the group consisting of* asthms, chronuc obstroctive pulmonary disease (COPD), and
cmphyscma.

24 Use of a compound according to any one of Claims 1 to 18 m the manufecture of 2
medscament for use m mhibiting cathepsm L.

25 Use of a compound accordmg to any one of Claums 1 to 18 m the manufacture of a
medicament for use in treating a disease charactenzed by cancer metastasis.

26 Use of & compound according to any one of Clazms 1 to 18 1 the manufacture of a
medicament for use in treatmg a cisease charactenzed by positive selection of CD41T cells
by cortical tirymuc epthelial cells.
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27 Use of a compound according to any one of Claims 1 to 18 in the manufacture of a
medicament for oee i treahng s diseass charactenzed by hssue destruction by 8,
macrophage.

28 A use aceordmg to clavm 27 wharem smd macrophage 1s & lung macrophags.
29 A use acconding (o clmm 28 wherem sd disease 13 selected from the group

consistrng of* asthma, chrome obstructive pulmonary dusease (COPD), and emphysers.
10
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ABSTRACT OF THE INVENTION qq

The presant mvention provides methods which use 4-amuno-szepan-3-ons protease
mhilntors of cathepsin L m the treatment of diseases m winch cathepsin L. 15 imphcated,
especially treatment or praveahon of rhesmatosd arthnitss, trestment or preventicn of cancer
metastasis; trestment or prevention of dusesses requinng mhibshion of tissue destructron by
macrophage, perticularly bmg macrophage, such as asthma, chranic obstructive palmonary
disease (OOPD), and emphysema, trestment or prevention of disexses requmng, for therepy,
mhibrtion of pomtive selectsom of CD4 T eells by cortical thrymc epithehal cella.



