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FIELD OF THE INVENTION

Mhmﬁmnhmhgmﬂbﬁamofwm
inhibitors, particularly such inhibitors of cathepsin S, in the troatroent of diseases in which
cathepsin S is implicated, especially troatment or prevention of autoimonme disease;
treatment or prevention of a discase stato csused by the formation of atherosclerotic lesions
and complications arising therefrom; and diseases requiring inhibition, for therapy, of &
class 11 MHC-restricted imnwme response, inhibition of an asthmatic response, inhibition of
an allergic response, imhibition of immune response against a tramsplanted organ or tissoe, or
inhibition of elastase activity in atheroma.

BACEGROUND OF THE INVENTION

Cathepsing are a family of enzymes which are part of the papain sapesfamily of
cysitine protoases. Cathepsins K, B, H, L, N and S have been deacribed in the literatnre.

Cathepsing function in the normal physiological process of protein degradation in
animals, inchoding humans, e.g., in the degradation of connective tissna. However, elevared
levels of these enzymes in the body can result in pathalogical conditions leading to disease.
Thua, cathepaing byve been implicated as causative agents in varions disease states,
inchuding but not Limited to, infections by pnermocystis caringi, trypssnoma crazi,
trypsanoma brmcei brucei, and Crithidia fosicolats; as well as in schistosomissia, malaris,
tumor metastasis, metachromatic lenkodystrophy, nmscular dystrophy, amytrophy, and the
like. See International Publication Number WO 94004172, published cn March 3, 1994, snd
references cited therein. See also Buropean Putent Application EP 0 603 873 Al, and
references cited therein. Two bacterial cymeins proteases from P. gingivallia, called
gingipains, have been implicated in the pathogenesis of gingivitis. Potogupa, ., et al. (1994)
Perzpeciives in Drug Discovery and Design, 2, 445-458. Cathepsin K is belicved to play &
cansative role in diseasos of excessive bons oc cartilage: Joss. See Internstional Pablication
Number WO 97/16433 , published on May 9, 1997, and references cited therein.

Pathological lovels of cathepain S have been implicated in a variety of disease
states. For instance, mice treated with inhibitor exhibited attennated antibody respoase
indicating that selective inhihition of cathepsin S may provide a therapeutic strategy for
asthma and antoimmane disoase processes. Riese, Richard 1., et al., J. Clin. [nvesr. 1998
101(11), 2351-2363. Thus, sclective inhibition of cathepsin S may provide an effective

mtfﬂ'mmfﬂ"w or prevention: inhibition of a class IT MHC-
. /
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restricted immmune response; treatment and/or prevertion of an autoimymame disease state
such as thoumatoid arthritis, snitiple sclerosis, juvenile-onset diabetes, sytdmic lupos
exythematosus, discoid lupus exrythematosus, pemphigns vulgaris, pemphigoid, Gruve's
disease, myasthenia gravis, Hashimoto's thyroiditis, sclerodenna, dermatomysositis,
atrophic gastritis, stiff-man syndrome, Goodpasture’s syndrome, sympathetic opthalamia,
phacogenic uveitis, aotoimmune hacmolytic ansemis, idiopathic thrombocytopenic purpurs,
ciahosis, ulcerstive colitis, Sjogren’ syndrome, and mixed connective tissuc dicase;
inhibition of an asthmatic responss; inhibition of an allergic responss; inhibition of immmne
response againat transplanted argan or tissus (see L Roitt, J. Brostoff, D. Male, Immunology,
Fifth Bdition, 1998, p.368; R. J. Riese, ct al Inmunity, 1996, 4, 357-366; GP Shi, et al
Imiiimity 1999, 10, 197-206; T. Nakagawa, et al Imauunity 1999, 10, 207-217;
and Intervational Publication No. WO 97/40066); inhibition of clastase activity in
atheroma; and treatment or prevestion of a disease state cansed by the formation of
atharosclerotic lesions or complications arising therefrom (G. K. Sukhova, et al J. Clin.
Invest. 1998, 102, 576).

Soveral classes of cysteine protease inhibitors are known. Palmer et. al. (1995) J.

" Med. Chem., 38, 3193, disclose certain vinyl sulfones which irreversibly inhibit cysteine

proteases, such as the cathepsing B, L, S, O2 and cruzain. Other classes of compounds, sach
as aldehydes, nitriles, a-ketocarbonyl compounds, kalometbyl ketones, diszometiryl
krtones, (acyloxy)methyl ketones, ketomethylsuifoninm salts and epoxy snccinyl
compounds have also been reported to inhibit cysteine proteases. See Palmer, id, and
refarences cited therein,

U.S. Patent No. 4,518,528 discloses peptidy! fluoromethyl ketones as irreversible
inhibitors of cysteine protease. Published International Patent Application No. WO
$4/04172, and Boropean Patent Application Noa. BP 0 525 420 Al, EP 0 603 873 Al, md
EP 0 611 756 A2 describe alkoxymethyl and mercaptomethyl ketones which inhibit the
cysteine proteases cathepsing B, H and L. International Patent Application No.
PCT/US94/08368 and and Baropean Patent Application No. EP 0 623 592 A1 describe
allcoxymethyl and mercaptomethyl ketones which inhibit the cysteine protease IL-
1Bconvertase. Alkoxymethyl and mercaptomethy] ketones have also been described as
imhibitors of the serine protease kininogenase (International Patent Application No.
PCT/GB91/01479).

B
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Azapeptides which are designed to deliver thes azsamino acid to the active sits of
serina proteases, and which possess a good leaving group, are disclosed by Elmare ¢1 al.,
Biochem. J., 1968, 107, 103, Gatker er al., Biochem. J., 1974, 139, 555, Gray et al.,
Tetrakedron, 1977, 33, 837, Gupton es al., J. Biol Chem., 1984, 259, 4279, Powers etal., J.
Biol. Chem., 1984, 259, 4288, and are known to inhibit serine proteases. In addition, J.
Med. Chem., 1992, 35, 4279, discloses certsin azapeptids esters as cysteine proteass
imhibitors,

Antipain and leupeptin are described as reversible inhibitors of cysteine protease in
McConnell et al., J. Med. Chem., 33, 86; and also have been disclosed as inhibitors of serine
proteass in Umezawa et al., 45 Meth. Engymol, 678. E64 and itz synthetic analogs are slso
well-known cysteine protease inhibitors (Batrett, Biochem. J., 201, 189, and Grinde,
Blochem. Biophys. Acta, , 701, 328).

1,3-diamido-propancnes have been described as analgesic agents in U.S. Patent
Noe.4,749,792 and 4,638,010.

A variety of cysteine and sexine protease inhibitors, aspecially of cathepsin K, have
been disclosed in International Publication Number WO 97/16433 , published on May 9,
1997.

We have now discovered that certain 4-amino-axepan-3-one compounds inhibit
cathepsin S, and aro useful in the treatment of discases in which cathepain S is implicated.

SUMMARY OF THE INVENTION

An cobject of the present invention is 1 provide mathods of treatment which use 4-
aming-azepan-3-one carbonryl proteass inhibitars of cathepsin § of Formmla I and which are
uacful for treating dissases which may be therapentically modified by altering the activity of
cathepein 8. .
In a particular sapect, the methods of this invention are especially nseful for
treatment or prevention of sutoimmme disense; trestment or prevention of a disease state
cansed by the formation of atherosclerotic lesions and complications arising therefrom; and
diseases requiring inhibition, for therapy, of a class II MHC-restricted immune responss,
inhibition of an asthmatic response, inhibition of an allexgic respoase, inhibition of immmne
response against a transplanted organ or tissue, or inhibition of elastase activity in atheroma.

oY
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DETAJILED DESCRIPTION OF THE INVENTION
The present invention provides a method of inhibiting cathepsin S compeising
administering to an animal, particularly a mammal, most particolarly & liman being in need
thereof, an effictive amount of a compound of Formnis I:

1
R\N/R.

o

R*

|
wherein:
R1 ig selected from the group consisting of:

i O 0
AN A A
R ; R md F ;

R is selected from the group consisting of: H, C;_galkyl, C3_gcycloalkyl-Co.
galkyl, Ar-Cp.galkyl, Het-Cp.galkyl, R9C(0)-, R9C(S)-, R9302-, R%OC(0)-,

O/Ovm) O/Ovﬂt
ROR1INC(O)-, R9R1INC(S)-, ROR11)NSO2- : and
Z

R
N

R’ - ~
hY

R3 is selected from the gronp consisting of: H, C}-galkyl, C3 geycloalkyl-Co.
galkyl, C2-galkenyl,
C2-galkynyl, HetCo.galkyl and ArCq.galkyl;

B3 and R’ may be connected to form a pyrrolidine (204), piperidine ar morpholine
ring;

R4 is selected from the group consisting af: H, C.galkyl, C3 goycloalkyl-Co.
@alkyl, Ar-Co_galiyl, Het-Co galkyl, R5C(0)-, R3C(S)-, R950,-, RS0C(0),
RR13NC(O)-, and RSRI3NC(S)-:

- -4
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RS is selected from the group consisting of: H, C}.galkyl, C2 galkenyl, C2-
6alkynyl, C3.geycloalkyl-Co.galkyl, Ar-Cp.galkyl and Het-Co.galkyl;

RS j5 selected from the group consisting of: H, Cj_galkyl, C3 geycloalky}-Co.
galkyl, Ar-Cp-galkyl, and Het-Co. galkyl:

R7 is selected from the group consisting of: H, C1.galkyl, C3grycloalkyl-Co.
ealkyl, Ar-Co.galkyl, Het-Co galkeyl, R19C(0)-, R10C(S)-, R1%50,-, R100C(0)-,
RIORI4NC(0)-, snd RIORI4NCY(S)-;

R3 is selectad from the group consisting of: H, C1-6alkyl, C2-galkearyl,
C2-6alkynyl, HatCq galkyl and ArCo galkyl;

R? is selected from the group consisting of: C_galky), C3_gcycloalkyl-Co. galkyl,
Ar-Cq_galkyl and Het-Cg gafkyl;

R10 g gelocted from the gronp consisting of: Cj_galkyl, C3 geycloalkyl-Co.galkyl,
Ar-Cp.galkyl and Het-Co galkyl;

R11 js selocted from the group consisting of: H, Cp_galkyl, Ar-Co-galkyl, and Het-
Co-alkyl;

R12 i3 selected from the group consisting of: H, C1_galkyl, Ar-Co-galkyl, end Het-
Co-ealkyl;

R13 js selected from the group consisting of: H, C1_galkyl, Ar-Cg-galkyl, and Het-
Co-galkyl;

R14 i3 selected from the group consisting of: H, C1_galkyl, Ar-Co-galkyl, and Het-
Co-galkyl;

R’ is solected from the group consisting of: H, Cj._galkyl, Ar-Cp-galkyl, and Het-
Co-galkyl:

R" is selected from the group consisting of: H, Cj_galkyl, Ar-Co-galkyl, or Het-Cg.
alkyl; ‘

R™is selected from the gronp consisting of: H, C1_gulkyl, C3 gcycloalkyl-Co.
Galkyl, Ar-Cp galkyl, and Het-Co. galkyl;

X is selected from the group consisting of: CHj, S, and O;

Z is selected from the group consisting of: C(O) and CHy;
and pharmaceutically scceptabls salts, hydeatas and solvatas thereof,

o

S

In compounds of Formala I, R is preferably R Insch
compounds: ’

. /
-5-
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R3 is solacted from the group consisting of: H, C1galkyl, C3.gcycloalkyl-Co_
6AlkyLC2.galkenyl, C)-galkynyl, Het-Cg.galkyl and Ar-Co galkyl, prafersbly C3.
geycloalkyl-Co.galkyl, most prefersbly cyclohexylimethyl;

R4 is selected from the group consiating of: H, C).galkyl, C3_gcycloalkyl-

Cp.galkyl, Ar-Cp galkyl, Het-Co_galkyl, R3C(0)-, RSC(S)-, R5802-, R50C(O)-,
RSR13NC(0}-, and RSRI3NC(S)-, preferably R3C(O)-

RS is selected from the group consisting of: Cy.galkyl, Cp_galkenyl, Cp galkynyl,
C3_grycloalkyl-Co galkyl, Ar-Cq galkyl or Het-Co galkyl. Proferably RS is salected from
the group consisting of: C1_galky!, Ar-Cp galky! and Het-Cq.galkyl. Moro preferably R is
selected from the group consisting of:

faranyl, especially faran-2-y1, more especially substitated furan-2-yl, sach as 5-(3-
triflcoromethyl-pheayl)-furan-2-yl, more especially aryl substituted faranyl, evem more
especially 5-(4-chloro-phenyl)-furan-2-yl;

benzofursnyl, especially benzafaran-2-yl, especially alkoxy substitted
bemzofurany), 5,6-dimethoxy-benzoforan-2-yl. .

R’ is selected from the gronp consisting of: H, Cjgalkyl, Ar-Co-galkyl, and Het-
Co-gulkyl, preforably H.

R" salected from the group consisting of: H, Cy_galkyl, Ar-Cg-galkyl, and Het-Cp.
lkyl, preferably H.

In compounds of Fornmia L RZ is sclected from the group consisting of: H, Cy_
6Alkyl, C3.goycloalkyl-Co.galkyl, Ar-Co.galkyl, Het-Co galkyl, R9C(O)-, ROC(S)-,

O/O\,m
R9502-, R%0C(0)-, RORLINC(O)-, ROR1INC(S)-, RIRIINSO,-,

R
Y s
» R

Preferably R is R9S0,.

RY is selected from the group consisting of: C1_galkyl, C3._gcycloalkyl-Co galkyl,
Ar-Cp galkyl, and Het-Co_galkyl, preferably Het-Cp.alkyl, mare preferbly pyridinyl snd
1-oxy-pyridinyl, When R2 is R9502, R? is even more preferably selected from the group
consisting of: pyridin-2-yl and 1-axy-pyridin-2-yl. Most preferably, R? is 1-oxy-pyridio-2-
yl.
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Most preferred are compounds of Fornmia 1 wherein:

Rlis

R

R2 js R9SOy;

R3 is cyclohexylmethyl;

Réis RSC(O);

R is salected from the group consisting of: 5-(3-trifluorometiryl-phemyl)-faran-2-
yl, 5-(4-chloro-phenyl)-furan-2-yl, bu:gn;qﬁ:m-?.-yl. and 5,6-dimethoxy-benzofuran-2-yl.

R is salected from the group consisting of: pyridin-2-yl and 1-oxy-pyridin-2-y1,
preferably 1-oxy-pyridin-2-yL ™~

R'isH

R™is H; snd

R™is H;

Compounds of Fornmia I selected from the following gronp are particularly
preferred embodiments for use in the present invention:
Benzofuran-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-cxo-1-(pyridine-2-sulfonyl)-azepan-
4-ylcarbamoyl}-ethyl }-amide;
5-(3-Triflnoromethyl-phenyl)-furan-2-carboxylic asid {(S)-2-cycloheuxyl-1-[3-oxo-1-
(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide;
5-(4-Chloro-phenyl)-foren-2-carbaxylic acid {(S)-2-cyclohexyl-1-{3-oxo-1-(pyridine-2-
wulfonyl)-azepan-4-ylcarbamoyl}-ethyl}-amide;
5-(4-Chlaro-phenyl)-faran-2-carboxytic acid {(8)-2-cyclohexyl-1-[3-axo-1-{1-oxy-pyridine-
2-sulfonyl) -azepan-4-yicarbamoyl]-cthyl }-amide;
5-(3-Trifluoromethyl-phenyl)-furan-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo-1-(1-oxy-
pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide; and
5,6-Dimethoxy-benzofaran-2-carboxylic acid {(8)-2-cyclohexyl-1-[3-oxo-1-(1-oxy-
pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-ethyl }-amide.
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Specific representative compounds used in the present invention are set forth in
Examples 1-7.

Compered to the comresponding 5 and 6 membered ring compounds, the 7
membered ring compounds used in the prosent invention are configurstionally mare stable
at the carbon center alpha to the ketone.

The present invention also nses deutersted analogs of the inventive compounds. A
mprescniative example of such a deutorated corapound is set forth in Example 7. A
representative syuthetic route for the deuterated compounds of the present inventian is set
forth in Exemple 7, below. The dautersted componnds used in the present invention exhibit
superior chiral stability compared to the protonated isomer.

Definftions

The compounds used in the present invention include all hydrates, solvates,
complexes and prodmgs. Prodiugs are eny covalently bonded compounds which release the
active parent drug acconding to Forrmia I in vivo. If a chiral center or another form of an
isomeric center is present in a compound used in the present invention, ail forms of such
isomer or isomers, including enantiomars and diastereomers, are intended to be covered
herein. Compounds used in the presemt methods containing a chiral center may be used as a
racemic mixture, an enantiomerically enriched mixture, or the meemic mixture may be
separated using well-known techniques and en individual enentiomer may be used alone. In
cases in which compoonds have msatorated carbon-carbon doubls bonds, both the cis (Z)
and trans (H) isomers aro within the scope of this investion. In cases wherein compounds
may exist in taxtomeric forms, such as kato-enol tamtomers, cach ttomeric form is
contemplated as boing incladad within this invention whether existing in aquilibriam or
predominantly in one form.

‘The maming of any substituent at any one occurrence in Formula I or any
subforomia thereof is independent of its meaning, or any other substituent’s meaning, st any
other occurrence, unless specified otherwise.

Abbreviations and symbols coommonly used in the peptide and chamical asts are
used herein to describe the compounds of the present invention. In genersl, the amino acid
abbreviations follow the [UPAC-IUB Joint Commission on Biochemical Nomenclainre as
described in Ewr. J. Biochem., 158, 9 (1984).

“Proteases” are enzymes that catalyze the cleavage of amide bonds of peptides and
proteins by mucleophilic substitution at the anride bond, ultimately resulting in hydrolyzis.
metalloproteases. The compounds of the present inveation are capable of binding rore

. -8-
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strongly to the enzyme than the substrate and in general are not subject to cleavags after
enzyme catalyzed attack by the nucleophile. They therefore competitively prevert proteases
from recogniving and hydrolyzing natural substrates and thereby act as inhibitors.

Tho term "amino acid* as used herein refers to the D- or L- isomexs of slanine,
arginine, asparagins, sspertic acid, cysteino, ghrtamine, ghitamic acid, glycine, bistidine,
tyrosine and valine.

*C}.galkyl" as applied herein is meant to includs substitated and
unsubstitoted methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl and t-butyl, pantyl, o-
pentyl, isopentyl, neopeatyl and hexyl and the simple aliphatic isomezs thereof. C1-galkyl
may be optivually substituted by & moiety selected from the group consisting of: OR12,
C(O)R12, SR12, 3(0)R 12, NR12;, RIZNC(O)ORS, COR1Z, CO;NR 12y, N(C=NH)NH;,
Het, C3_gcycloalkyl, and Ar; whare RS is selected from the group consisting of: H, Cy.
galkyl, C2-galkenyl, C2-6alkynyl, Cs_geycloalkyl-Co.galkyl, Ar-Co galkyl and Het-Co.
6alkyl; and R12 is selected from the group consisting of: H, Cygalkyl, Ar-Co-galkyl, and
Hes-Co galkyl;

"C3-geycloalky!” as applied berein is meant to inciude substitoted and unsubstitoied
cyclapropane, cyclobutine, cyclopentans and cyclohexane.

"C2-6 alkenyl” as applicd herein means an alkyl group of 2 {0 6 carbons wherein a
carbon-carbon single bond is replaced by a carbon-carbon double bond. C2-galkenyl
inclndes ethylene, 1-propene, 2-propene, 1-butene, 2-butenc, isobutene and the sevaral
isomesic pentenes and hexencs. Both cis and trans isomers are incinded.

"7 galkynyl” means an alky] group of 2 to 6 carbons wherein one carbon-carbhon
single bond is repiaced by a carbon-carbon triple bond. C2.6 alkynyl includes acetylene, 1
propyne, 2-propyne, 1-butyne, 2-butyns, 3-butyns and the simple isomers of pentyns end
hexyne.

“Halogen" means F, Cl, Br. and L

"Ar" or "sryl” means phenyl or naphthyl, optionally sobstituted by one or more of
Ph-Co-galkyl; Hes-Co.galkyl; C).galkoxy; Ph-Co.galkoxy; Het-Co gafionry; OH, (CHo)).-
GNRISRIG; O(CH) _GNRERIG; C1-galkyl, OR17, N(R17),, SR17, CR3, NOy, CN,
COzR17, CONRI?), F, C1, Br or I; where R13 and R16 are H, C}_galkyl, Ph-Co.galkyl,
naphthy!-Cq. galky! or Hat-Cg.galkyl; and R17 is phenyl, naphthyl, or Cy_galkyL.

As used herein "Het” or "heterocyrlic® represents a stable 5- to 7-memberod
monocyclic, a stable 7- to 10-membeyed bicyclic, or a stable 11- to 18-membered tricyclic
heterocyclic ring which is either satnrated or unsatarated, and which consists of carbon
atoms and from one to three heterostoms selected from the group conslsting of N, O and S,
- /

-9-
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and wherein the nitrogen mnd salfor heteroatoms may optionally be oxidized, and the
nitrogen heteroatom may optionally be quaternized, and including any bicyclic group in
which army of the sbove-defined heterocyclic rings is fused to a benzene ring. The
heterocyclic ring may be attached st any heteroatom or carbon atom which results in the
creation of a stable structure, and may opticnally be substitoted with one or two moieties
selectad from Co gAr, C1.galkyl, OR!7, N(R17),, SR17, CF3, NO,, CN, COzR17,
CON(R!7), F, Cl, Br and I, where R17 is phenyl, naphthyl, or C}-galkyl. Exsmples of such
hetaracycles incinde piperidinyl, piperazinyl, 2-oxopiperezinyl, 2-oxopiperidinyl, 2-
oxopyrrolodinyl, 2-oxoazepinyl, azepinyl, pyrrolyl, 4-piperidanyl, pyrrolidinyl, pyrezolyl,
pyrezolidinyl, imidezolyl, pyridinyl, 1-oxo-pyridinyl, pyrazinyl, oxazolidinyl, axazolinyl,
oxazoly, isoxazolyl, morpholinyl, thiazolidinyl, thiszolinyl, thiszolyl, quinuclidinyl,
indolyl, quinolinyl, quinoxalinyl, isoquinolinyl, benzimidazolyl, benzopycanyl,
benzoxazolyl, foranyl, benzofuranyl, thiophenyl, benzo{bjthioghenyl, thieno[3,2-
b]thiophenyl, benzof 1,3)dioxolyl, 1,8 naphthyridinyl, pyranyl, tetrabydroforsmyl,
tetrahydropyranyl, thienyl, benzoxazolyL, thismorpholinyl suifoxide, thismorpholinyl
sulfone, and oxadiazolyl, as well as triazolyl, thiadiazolyl, oxadiazolyl, isothiazalyl,
imidazolyl, pyridazinyl, pyrimidiny], trisziny] end tetrazimyl which are available by routine
chemical synthesis and are stahle, The term heteyoatom as applied herein refers to oxygen,
nitrogen and sulfur.

Here and throughout this application the term Cg denotes the ahsemea of the
substitvent group immediately following; for instance, in the moiety ArCq.galkyl, when Cis
0, the substituent is Ar, e.g., phenyl. Conversely, when the moiety ArCq galkyl is identified
as a specific aromatic group, e.g., phenyl, it is understood that the valus of C is 0.

Certain radical groups are abbreviated herein. t-Bu refers to the tertiary batyl
radical, Boc refers to the t-butyloxycarbonyl radical, Fmoc refers to the
fluorenylmethoxycarbony! radical, Ph refess to the pheny! radicel, Cbz refers to the
benzyloxycarbonyl radical.

Certain reagents arc sbbreviated herein, m-CPBA refiers to 3-chloroperoxybenzoic
acid, EDC refers to N-ethyl-NYdimethylsminopropyl)-carbodiimide, DMF refers to
dimethy] formamide, DMSO refers to dimethy] solfoxide, TEA refers (o triethylmmine, TFA
refers 1o trifluoroacetic acid, and THE refexs to tetrahydroforan.

Methods of Preparation
Compounds of the general farnmla I may be prepared in a faghion analogous to that
outlined in Schemes 1 and 2. Alkylation of benzyl-N-allylcerhamats (1) with a base such as
sodium hydride and S-bromo-1-peatene provides the diene 2 (Schems 1). Treatment of 2
. / -10-
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bis(tricyclohexylphosphine)benzylidine ruthentivm (TV) dichlorids olefin metathesis
catalysts developed by Grubbs provides the tetrabrydroazepine 3. Epoxidation of 3 with
oxidizing ageats common to the art such as m-CFBA provides the epoxide 4. Nucleophilic
epaxide ring opening may be effected with a reagent such as sodinm azide to provide the
azido alcohol S which may be redaced to the amino alcohol 6 under conditions common to
the axt such as 1,.3-propanedithiol and tricthylamine in methanol or triphenylphosphine in
‘THF and water. The amine of compound 6 may be protected with with di-sers-
butyldicarbonate to provide the N-Boc derivative 7 (Scheme 2). Removal of the
benzyloxycarbonyl protecting group may be effected by trestment of 7 with hydrogen gas in
the presence of a catalyst such as 109 PA/C to provide the amine 8. Trestment of amine 8
with a sulfonyl chloride such as 25 yridinesuifonyl chlorids in the presence of a base such
as N-methylmorpholine or tricthylamine-pgovides the sulfonamide derivative 9. Ramoval of
the feri-butoxycarbonyl protecting group may be effected with an acid such as hydrochloric
acid to provide itermediate 10. Coupling of 10 with sn acid such as N-Boc-phenylalanine
in the presence of a coupling agent conmon to the art such as HBTU or polymar supported
EDC provides the alcobol intermediate 11. Removal of the ters-batoxycarbonyl protecting
group under acidic conditions provides amins 12. Coupling of 12 with an acid soch as
benzafuran-2-carboxylic acid in the presence of a coupling agent such as HBTU or polymer
supported EDC provides alcohol 13. Alcobal 13 may be oxidized with an exidant common
to the art such as pyridine sulfur trioxide complex in DMSO and triethylamine or the Dess-
Martin periodinane to provide the ketcge 14.

- ' -11-
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Reagents and  condifions: () NsH  S5bromo-l-penteac, NaH:; - (b)
S  bis(tricyclohaxylphosphine)benryfiding ruthesiom (IV) dichloride, CH,Ch, reflux: (c) m-CPBA,
CH,CL; () NaNy, NH/Cl, CH,OH, HyO; (c) TEA, 1,3-propanadithiol, CH,OH.

-12-
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Reagents and condifions: (s) Di-terr-butyldicarhonate, THF; (b) H,, 10% PA/C, BtOAc; (c) 2-
pyridylsutfonyl chioride, TEA, DMF; (d) HQl, BIOAC; (c) N-Boc-cylobexylalanine, P-EDC. CH,Cl;
(h HCL CHOL: () beazofiren-2-carboxylic acld, P-EDC, CH,C\; (h) Dess-Martin poriodinane,
mathylene chlaride,

The deuterated compound of the Example 7 may be conveniently prepared
according to Scheme 3. The skilled artisan will understand from Example 7 and Scherpe 3
how to make any of the the dentegated compounds of the present invention.

The individual diastereomers of benzofuran-2-carboxylic acid {(S)-3-methyl-1-
[(2.2".4-tridenterio)-3-0x0-1-(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-butyl jamide 16
and 17 may be prepared as outlined in Scheme 3

- /
-13-
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Reagents and Conditions: 2) CD,0D;D,0 (10:1), TEA; b)) HPLC separation.

Treatment of the diastarcomeric ketones 15 with triethylamine in CD,OD:D,O at
reflux provides the deuterated analog as a mixtare of diastercomers which are acparatad by
HPLC to provide the donterated compounds 16 and 17.

The marting materials nsed herein are commercially available amino acids or are
prepered by routine methods well known to thoss of ondinery skill in the art and cae be
found in standard reference books, such as the COMPENDIUM OF ORGANIC
SYNTHETIC METHODS, Vol. I-VI (published by Wiley-Intarscience).

Coupling methods to form amide bonds herein arc gensrally well known to the art.
The methads of peptide synthesis generally set forth by Bodanaky ef al., THE PRACTICE
OF PEPTIDE SYNTHESIS, Springer-Verlag, Berlin, 1984; B. Gross and J. Melanhaofer,
‘THE PEPTIDES, Vol. 1, 1-284 (1979); and JM. Stewart and J.D. Young, SOLID FHASE
PEPTIDE SYNTHESIS, 2d Ed., Pierce Chemical Co., Rockford, 111, 1984. are genarally
illustrative of the technique and are incorporated herein by reference.
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Synthetic methods to prepare the compounds of this invention frequently employ
protective groups to mask a reactive functionslity or minimize unwanted side reactions.
Such protective groups are described generally in Green, T.W, PROTECTIVE GROUPS IN
ORGANIC SYNTHESIS, John Wiley & Sons, New York (1981). The term "amino
protecting groups” generally refess to the Boc, acetyl, benzoyl, Frmoc and Cbz groups and
derivatives themsof as known io the art. Methods for protaction and deprotection, and
replacement of an amino protecting group with another moiety are well known.

Acid addition salts of the compounds of Fornula I are prepared in a standard
manner in a suitable solvent from the parcnt compound and an excess of an acid, such as
hydrochlaric, hydrobromic, hydrofluoric, sulforic, phosphoric, acetic, trifluoroacetic,
maleic, succinic or methaggsulfonic. Certain of the compounds form imer salts or
zwitterions which may be acceptable. Cationic salts are prepared by treating the parent
mpmﬂwﬂhmmdmuhﬁmmgﬂ.mcbunhy&n:idﬁaﬂhum
containing the appropriate cation; or with an sppropriate arganic amine. Cations such as
Lit, Nat, Kt, Catt, Mg+ and NHgt are specific examples of cations present in
pharmaceutically accepiable salts. Halides, sulfate, phosphate, allanoates (such as acetate
and triflnoroacetate), benzoates, and sulfonates (such as mesylate) are examples of anions
present in pharmaceutically acceptable salts.

The methods of the present invention may be practiced by administering a
pharmaceutical composition which compriscs a compound sccording to Fornmla ] and a
pharmeceutically acceptable carrier, dilnent or excipient. Aocordingly, the compounds of
Fornmila I may be used in the mannfactore of a modicament. Pharmacoutical compositions
of the compounds of Formula I prepared as hareinbefore described nuay be formmlated as
solutions or lyophilized powders for parentors! administration. Powders may be
recongtitated by addition of a suitabls diloent or other pharmacentically acceptable carvier
prior to use. The liquid formmiation may be a buffered, isotonic, aquecus solution.
Examples of suitshls dilnents are normal isotonic saline sqlution, standard 5% dextrose in
water or buffered sodinm or ammoniom acetate solution. Such formulation is especially
saitable for parenteral administration, but may also be used for oral sdministration or
contained in 2 metered dose inhaler or nebulizer for insuffiation. It may be desirable to add
excipients such as polyvinylpyrralidone, gelatin, bydroxy cellulose, acacia, polyethylme
glycol, mannitol, sodium chloride or sodivm citrate.

-15 -
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Altemately, these compounds may be encapsulated, tabletexd or prepared in an
emulsion or syrup for oral administration. Pharmaceutically aceeptable solid or Liquid
camriers may be added to enhance or stabilize the composition, or to facilitate preparation of
magnesium stearate or stearic acid, taks, pectin, acacis, agar or gelatin, Liquid camriers
include syrap, peamut oil, olive ail, saline and water. The carriex may also include a
sustained relesse material such as glyceryl monostearats or glyceryl distearate, alone or with
awax. Tha amount of solid carxier varica but, preferably, will be between about 20 mg to
about 1 g per dosage mnit. The phanmaceutical preparations are mads following the
compressing, when necessary, for tablet forms; or milling, mixing and filling for hard
gelatin capsule forms. When a liquid currier is used, the preparation will be in the form of &
syrup, elixir, emmlsion or an aqueous or non-aqueons suspension. Such a Liquid formmiation
may be administered divectly p.o. or filled into a soft gelatin capsule.

For rectal administration, the compounds of this invention may also be combined
with excipients sach as cocoa butter, glycerin, pelatin or polyethylene glycols and molded
into a suppository.

Utility of the Present Invention

The compounds of Formnla I are useful as inhibitors of cathepsin S. The present
invention provides methods of treatment of diseases caused by patholagical levels of
cathepsin S, which methods comprise administering to an animal, particularly a mammal,
most particularly a human in need thegeof a therapeutically effective amount of an inbibitor
of cathepsin S, including a compound of the preseat invention.
diseases in which cathepsin S is implicated:

treatment and/or proventian of an antoimmune digeass state such a3 thournatoid
lupus erythematosus, pemphigus valgaris, pamphigoid, Grave's discase, myasthenia gravis,
Hashimotos thyroiditis, scleroderma, dermatomysositis, Addison’s disease, pernicious
syndrome, Goodpasture's syndrome, sympathetic opthalamia, phacogenic uveitis,
ulcerative colitis, Sjogren’s syndyome, and mixed connective tissue dicase;
- /
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trestment and/or prevention of a disease state cansed by the formation and/or
complications of atherosclerotic lesions;
inhibition of a class II MHC-restricted inumame response;
inhibition of an asthmatic response;
inhibition of sn sllergic response;
inhibition of inwmune response against transplanted organ or tissue; and
inhibition of elastase activity in atheroma.

‘The present methods contemplate the use of one or more compounds of Fornmla I,
aloge or in combination with other therapenutic agents.

For acoto therapy, parenteral administration of a compomnd of Fermmla I is
preferred. An intravenons infusion of the compound in 5% dextroae in water or normal
saline, or a similar formmlation with snitable excipients, is most effective, although an
intramuscalar bolus injection is also useful. Typically, the parenteral dose will be about
0.01 to about 100 mg/kg; preforably between 0.1 and 20 mg/kg, in a manner to maintain the
cancentration of drag in the plasma at a concentration effective to inhibit cathepsin S. The
compounds are administered one to four times daily at a level to achieve a total daily dose
of sbout 0.4 to about 400 mg/kg/day. The precise amount of an inventive compound which
is therapeutically effective, and the routs by which sach compound is best administered, is
readily determined by one of ordinary skill in the art by comparing the blood level of the
agent to the concentration required to have a therapeutic effect.

The compounds of Formmla I may also be administered orally to the patient, in a
mammer such that the concentration of drmyg is sufficient to inhibit bone resorption or to
schisve any other therapeutic indication as disclosed herein. Typically, a pharmaceatical
composition containing the compound is administered a1 an oral dose of between about 0.1
to about 50 mg/kg in a manner consistent with the condition of the patient. Prefembly tho
oral dose would be about 0.5 to about 20 rag/kg.

No unacceptable toxicological effects are expected when compounds of Formmmla I
are administered in accordance with the present methods.

T -17-
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Biclogical Assays
‘The compounds used in the present methods may be tested in one of several
biclogical assays lo determine the concentration of compoand which is required to have a
given pharmacological effect.

Determination of cathepsin S proteolytic catalytic activity

All assays for cathepsin S were cmvied out with lnman recombinant enzyme.
Standard assay conditions for the determination of kinetic constants used a fluarogenic
peptide substrate, typically Cba-Val-Val-Arg-AMC, and were determined in 100 mM Na
ecotats at pH 5.5 containing 20 mM cysteine and 5 mM EDTA. Stock substraie solutions
were prepared at concentrations of 10 or 20 mM in DMSO with 20 uM final substrate -
concentration in the assays. All assays contained 109 DMSO. All assays wero conducted at
ambient temperature. Prodnct flucreacence (excitation at 360 nM; emission at 460 nM) was ™~
monitored with a Perceptive Biosystemns Cytofluor II fluorescent plate reader. Product
progress curves were generated over 20 to 30 minutes following formation of AMC product.

Inbibition studies
Potential inhibitors were evaluated using the progress curve method. Assays were

carried out in the presence of varisble concentrations of test compound.  Reactions were
initiated by addition of enzyme to buffered solutions of inhibitor and substrate. Data
analysis was conducted according to one of two procednres dopending on the appearance of
the progress curves in the presence of inhibitors. For those compounds whose progress
curves were linear, apparent inhibition constants (X; gpp) were calculazed according to
ogquation 1 (Brandt et al., Biochemitsry, 1989, 28, 140):

v=VmA/[Kall + UK}, app) +A] ¢)

where v is the velocity of the reaction with maximal velocity Vi , A is the concentration of
substrate with Michaelis constant of Kz, and / is the concentration of inhibiter.

For those compounds whose progress curves showed downward curvature
characteristic of time-dependent inhibition, the data from individual sots was mualyzed to
give kopy according to equation 2:

[AMC] = vss £+ (v0 ~Vau) (1 — p (-kobet}]/ kobs @
- /
. -18-
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where [AMC] is the concentration of product formed over time 2, v is the initial reaction
velocity and vy is the final steady state rate. Values for kghg were then analyzed as a lincar
function of inhibitor concentration to gencrate an apparent sacond order raie constant (kobs
/ inhibitor conceniration or kohs / [1]) describing the time-dependent inhibition. A complete
discassion of this kinetic treatment has been fully described (Marrison & al., Adv. Erzymol.
Relat. Areas Mol. Biol., 1988, 61, 201).

General

Noclear magnetic resonance spectra were recorded at either 250 or 400 MHz using,
respectively, a Braker AM 250 or Brukar AC 400 spectrometer. CDCI3 is
denteriochloroform, DMSO-dg is haxadeuteriodimethylsulfoxide, and CD30D is
tetradenteriomethanol. Chemical shifts are reported in parts per million (d) downfield from
the internal standard tetamethylsilane. Abbreviations for NMR data are as follows: s =
singlet, d = doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of doublets, dt =
doublet of triplets, app = apparent, be = broad. J indicates the NMR coupling constant
measured in Hertz. Continuous wave infrared (TR) spectra were recorded on a Perkin-Elmer
683 infrared spectrometer, and Fourier transform infrared (FTIR) spectra were recarded on a
Nicolet Impact 400 D infrared spectrometer. IR and FTIR spectra were recorded in
transmission mods, and band positions are reported in inverse wavemumbers (cm-1). Mass
spectra were taken on either VG 70 FE, PE Syx API I, or VG ZAB HF instruments, using
fast etom bombardment (FAB) or electrospray (ES) ionization techniques. Elementsl
snalyses were obtained using a Perkin-Elmer 240C olementa) spalyzer. Melting points were
taken on & Thomas-Hoover melting point apparstus and aro uncorrected. All temperatures
are reportad in degrees Colsius,

Analtech Silica Gel GF and E. Merck Silica Gel 60 F-254 thin layer plates were
out on E. Merck Kieselgal 60 (230-400 mesh) silica gel.

Where indicated, certaizi of the materials were purchased from the Aldrich Chemical
Co., Milwankee, Wisconsin, Chamical Dynamics Corp., Sowth Plainficld, New Jersey, and

Examples
In the following synthetic examples, temnperature is in degrees Centigrada (°C).
Unless otherwise indicated, all of the starting materials were obtained from commercial
sonrces. Without farther elabomtion, it is believed that one skilled in the art can, using the
- /
) -19-
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preceding description, utilize the present invention to its fullest extent. These Examples are
given to illustrate the invention, not to limit its scope. Reference is made to the claims for
what is reserved to the inventors bereunder.

1) Allyl-pent-4-cnyl-carhamic acid benzxyl ester

To a suspension of NaH (1.83 g, 76.33 mmo! of 90% NaH) in DMF was added
benzyl allyl-carbamic acid benzyl ester (7.3 g, 38.2 mmnol) in a dropwise fashion. The
mixtore was stirred at room temperature for approximately 10 minntes wherenpa S-bromo-
1-pentene (6.78 ml., 57.24 mmol) was added in a dropwise fashion. The reaction was
heated to 40°C for approximately 4 hours wheroupon the reaction was partitioned between
dichloromethane and water. The organic layer was washed with water (2x’s), brine, dried
{MgS0y), filtexed and concenirated. Column chromatography of the residue (10% ethyl
acetate-hexanes) provided 10.3 grams of the title compound as an oil: MS{ET) 260 (M+H*).

b)  2.34,7-Tetrahydro-azepine-1-carboxylic scid benzyl ester
To a solution of compound of BExample 1a (50 g) in dichloromethane was added
bis(trcyclohexylphosphine)benrylidine mthemiom (V) dichloride (5.0 g). The reaction was
heated to reflux until complete as detarmined by TLC analysis. The reaction was
concentrated in vacuo. Colomn clromatography of the residoe (50%
dichloromethane-hexanes) gave 35 g of the titls compound: MS(EI) 232 (M+H?Y).

c)  8-Oxa-3-aza-bicyclo[s.1 Oloctanc-3-carboxylic acid benzyl ester

To a salution of the compound of Example Tb (35 g, 1.5 oaal) in CH,C, was added
m-CPBA (78 g 0AS mol). The mixture was stirred overnight et room temperature
whereupon it was filtered to remove the solids. The Giltrate was washed with waee and
saturated NsHCO, (several times). The arganic layer was dried (MgS0,), filtered and
concentrated to give 35 g of the title compound which was of sufficient purity to use in the
next step: MS(EI) 248 (M+H*), 270 (M+Nat).
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d)  4-azido-3-hydroxy-azepane-1-carboxylic acid benzyl ester

To a sokation of the epoxide from Example Ic (2.0 g, 8.1 mmal) in methanol:water
(8:1 solution) was added NH.CI (129 g, 24.3 mmol) and sodium azide (1.58 g, 24.30
mmol). The reaction was heated to 40°C until complete consumption of the starting spoxide
was obeerved by TLC snalysis. The majority of the solvent was removed in vacuo and the
remaining solution was partitioned between cthyl acetate and pH 4 buffer. The organic
layer was washed with sat. NaHCO,, water, brine dried (MgSO,), filtexod and concentrated.
Column chromstography (20% etiryl acetate:hexanes) of the residus provided 1.3 g of the
title compound: MS(ET) 291 (M+H*) plus 0.14 g of trans-4-hydroxy-3-azido-hexahydro-
1H-azepine

e) 4-amino-3-hydroxy-azepanc-1-carboxylic acid benzyl ester

To a solution of the azido alcohol of Example 1d (1.1 g, 3.79 mmol) in methanol
was added tristhylamine (1.5 mL, 11.37 mmol) and 1,3-propansedithiol (1.1 mL, 11.37 mL).
The reaction was stirred until complete consumption of the starting material was observed
by TLC analysis wherenpon the reaction was concentrated in wecsso. Column
chromatography of the residne (20% methanol:-dichloromethane) provided 0.72 g of the title
compound: MS(ET) 265 (M+H1).

f) 4-ter1-Butoxycarbonylamino-3-hydroxy-azepane- 1-carbaxylic acid benzyl ester

To a stining solution of 4-amino-3-lrydraxy-azepano-1-carboxylic acid benzyl este
(Example 1o, 1.04 g, 3.92mmol) in THF was added di-tert-butyldicarbonate (0.864 g). After
stirring at room teroperatars for 30 mimutes, the reaction mixtore was diloted with
anhydrous Na SO, filtered, concentrated, and purified by silica gal column to give the title
compound as a yellow oil (0.963 g, 2.64 mmol, 67%). MS (ESI): 365.03 (M+H').

g) 3-Hydroxy-azepan-4-yl-carbamic acid-rert-butyl ester

To a solution of 4-zere-butoxycarbemylamino-3-hydroxy-azepane- 1 -carboxylic acid
benzyl ester (Example 1f, 0.963g. 2.64mmol) in ethyl acetate (16 mL) was added 10%
palladium on carbon (500 mg). After stirring the solution at room temperature for 48 hours,
the mixture was filtered through celite. The filterate was cancentrated to yield the title
compound ( 0.529 g, 2.29mmol, 87%). MS(EST): 231.92 (M+H').

- -21-
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b)  3-Hydroxy-1<(pyridine-2-sulfonyl)-azepan-4-y}-carbamic acid-ters-butyl ester
To a solution of 3-hydroxy-azspan-4-yl-carbamic acid-terr-butyl ester (Example 1g,
0.529, 2.29 emol) in DCM (20 mL) was added triethylamine (232 mg) and pyridine-2-
sulfonyl chloride (410 mg, 2.32 mmol). After stirring st room temperature for 30 minutes,
the mixture was wastied with satursted NaHCO, The organic layer was dried, filtered,
concentrated snd purified on a silica gel column to give ths title compound as a salid (
0.583g, 1.57mmol, 68%). '
MS(BS]): 37295 (M+H").

i)  4-Amino-1-{pyridine-2-sulfonyl)-azepan-3-ol

To a atirring solution of 3-hydroxy- 1-(pyridine-2-sulfonyl)-azepan-4-yl-carbamic
acid-rsrr-buty] ester (Example 1h, 0.583 g, 1.57mmol) in ethyl acotate (0.5 mL) was added
HUGMindimm)(BDmIJ.Aﬁn‘lﬁlﬁng}:mﬁmmhmmimum
temperature, the mixtare was concentrated to yield a white sofid. The solid was trested with
NzOH and then extracted with cthylacetats. The organic Leyer was dried, filtered, and
concentrated to yield a yellow solid (0.347 g, 1.28 mumol, 81%).
MS (BSI) 27293 (M+H).

i) {(S)-2-Cyclohexyl-1-[3-hydroxy-1-(pyridine-2-sulfonyl)-azcpan-4-ylcarbamoyl}-
ethyl)-carbamic acid-ert-butyl ester

To a solution of 4-amino-1-{pyridine-2-salfonyl)-azepan-3-ol (Exampie 1i, 19 mg,
0.070 mmal) in CH,Cl. was added N-Boc-cyclohexylalanine (28.5 mg, 0.106mmol), 1-
bydroxybenzotriazols (16.1 mg, 0.12 mmol), sad P-EDC (140 mg, 0.14 mmaol ) in CH,C1,
. After sbaking st room temnperainre overnight, the mixtzre was treated with PS-Trisamine.
After shaking for another 2 hours, the mixture was filtered and concentrated to yield the title
compound a3 s solid. MS (BS]) 525 (M+H").

k) (§)-2-Amino-3-cyclohexyl-N-{3-hydroxy-1-(pyxidine-2-salfonyl)-azepan-4-yI}-
tonacnid

To a stirring sohution of {(S)-2-cyclohexyl-1-[3-hydsoxy-1-(pyridine-2-sulfonyl)-
azepan-4-ylcarbamoy!l}-ethyl }-carbamic acid-ters-butyl ester (Example 1j, 34 mg, 0.07
mmol) in CH,CL, (0.50 mL) was addad HC} (4M in dicxane) (0.165 mL). After stirring at
room tempersture for 30 minutes, the mixture was concentrated, giving a white solid. The
white solid was szeotroped with toluene then treated with MP-carbonats (0.35 mmol) in
methanol. Aftec four hours of shaking, the mixtre was filtered and concentrated to give the
title compound as a solid. MS(ESD 425.03 (M+H").
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1) Berzofaran-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-hydroxy- 1-(pyridine-2-sulfonyl)-
azspan-4-ylcarbamoyl}-ethyl } -amide

To a sohution of (S)-2-amino-3-cyclohexyl-N-{3-hydroxy- 1 -{pyridine-2-sulfonyl)-
azepan-4-yl}-propionamide (Exampls 1k, 27 mg, 0.070 oumel) in CH,Cl, was added
benzofuran-2-carboxylic acid (17.0 mg, 0.106 numal), 1-hydroxybenzotriazole (16.1 mg,
0.12 mmol), and P-EDC (140 mg, 0.14 mmol ) in CH,Cl, . After shaking at room
tempersture overnight, the mixture was treated with PS-Trisamine. After shaking for
another 2 hours, the mixtore was filtzred and concentrated o yield the titlo compound ar a
solid. MS (ESI) 568.79 (M+H)".

m.) Benzofuran-2-carboxylic acid {(S)-2-cyclohexyl-1-{3-oxo-1-(pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl}-ethyl }-emide

To a stirring salation of benzofaran-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-
hydroxy-1-(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide (Example 11, 37 mg,
070 mmol) in CH,CL, (0.5 mL) was added Dess-Martin reagent (45 mg, 0.105 mmol). After
stirring for 30 minutes, solutions of sodium thiosulfate (10% in water, 0.50 ml.) and
satnrated aqueony soditm bicarbanate (0.50 mL) were added simmitaneoualy to the reaction.
The mixtare was then extracted with dichloromethane (2 times). The organic layer was
dried, filkered, and concentrated . The residus was purified on a preparative R, R-Whelk-O
columy by HPLC to yield the two disstereomens of the title componnd as solids (first
cluting: 4.5mg, second eluting: 4.5 mg). MS (ESI) 566.87 (M+H"); \H NMR (400Hz,
CDCly): 8 8.67(m), 7.95(m), 7.63(m), 7.50(m), 7.02(m), 6.83(m), 5.25(m), 4.76{m), 4.14(D),
3.88(d), 2.74(m), 2.16(m), 1.88(m), 1.66-0.94(m).

Following the procedure of Example 1(I) — 1(m) except substituting 5-(3-
triflooromethylipherryl)-furn-2-carbaxylic acid for benzofaran-2-carboxylic acid in step

1(D, the title compound was purified to yield two diastereomers as solids:
1H-NMR (400Hz, CDCl3): § 8.67(m), 7.93(m), 7.58(m), 7.24(m), 6.83(m), 5.18(m),

4.76(m), 4.27(t), 3.85(d), 2.78(m), 2-16(m), 1.85(m), 1.52-1.02(m).
- /
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Following the procedure of Exsmple 1(1) — 1(m), except substitating 5-(4-chloro-
phenyl)-foran-2-carboxylic acid for 2-benzofurancarbaxylic acid in step 1(1), the titls
compound was purified to yield two disstereomers as solids: TH-NMR (400Hz, CDCl3): 8
8.62(m), 7.93(m), 7.65(d), 7.47(m), 7.38(0), 7.20(m), 6.92(m), 6.72(d), 5.18(m), 4.7X(m),
4.05(t), 3.84(d), 2.73(m), 2.33-1.02(ra).

Following the procedure of Example 1(h) — 1(m). except substituting 5~(4-chloro-
phenyl)-furan-2-carboxylic acid for benzofran-2-carboxylic acid in step 1(T) and 2-
pyridine-N-cxide sulforryl chloride for pyridine-2-sulfonyl chioride in step 1(h), the title
compound was purified to yield two diastereomers as solids: LH-NMR (400Hz, CDCl3): 8
8.26(m), 8.12(t), 7.73-7.21(m), 6.76(t), 5.09(m), 4.82(m), 4.10(d), 3.88(dd), 3.54(s),
2.7%(m), 2.19-1.02(m).

Faollowing the procedura of Exampls 1(h) — 1(m), except 5-(3-trifluoromethyl-
phenyl)-furan-2-carboxylic acid for 2-benzofurancarboxylic acid in step 1(1) and 2-pyridine-
N-oxide sulfonyl chloride for pyridime-2-sulfonyl chioride in step 1(h), the title compound
was purified to yield two diastercomers as solids: 1H-NMR (400Hz, CDCls): 5 8.26(m),
8.11(%), 8.02-7.23(m), 6.86(t), 5.11(m), 4.82(m), 4.14(t), 3.90-3.85(d), 3.16(s), 3.88(m),
2.25-1.02(m).

- /
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Fallowing the procedurs of Bxample 1(h) — 1(m), except 5,6-dimesthoxy-
benzofuran-2-carboxylic acid in step 1(f) end 2-pyridine-N-axide sulfonyl chloside for
pyridine-2-sulfonyl chloride in step I(h), the title compound was parified to yield two
disstercomers as solids: 1H-NMR (400Hz, CDCl3): 8 8.25-7.37(m), 7.07(d), 5.02(m),
4.88(m), 4.12(d), 3.96(s). 3.94(s), 3.84(cD, 3.73(s), 2.86(), 2-20(m), 1.94-1.02(m).

a) 4-((S)-2-tert-Butoxycarbonylamino-4-methyl-pentanoyismino)-3-hydroxy-szepan-~
1-carboxylic acid benzyl ester

To a solution of 4-amino-3-hydroxy-azepane-1-carboxylic acid benzy! ester of
Example 1e (720 mg, 2.72 mmaol) in CH»Cl» was added EDC (521 mg), HOBt (368 mg)
and N-Boc-Jencine (630 mg). The reaction was maintained at room temperature antil
complete consumption of the starting material was observed by TLC analysis. The reaction
was diloted with ethy] acetate snd washed with 1IN HCl, sat. K2CO3, water, brine, dried
(MgSOy), filtered and concentratad. Column chromatography of the residoe (3%
methanol:dichloromethane) gave 1.0 g of the title compomnd: MS(EI) 478 (M+H™).

b)  [(S)-1-(3-Hydroxy-azopan-4-ylcarbamoyl)-3-methyi-butyl]-carbamic acid sers butyl
eater

To a solation of the compound of Example 7a (1.0 g) and 10% Pd/C (catalytic) in
ethyl acatate:methanol (2:1 solution) was affixed a balloon of hydrogen. The reaction was
stirred until complete conswmption of the starting material was cbeerved by TLC analysis.
The reaction was filtered to remove the catalyst and the filtrats was concentrated in vacuo to
provide 0.82 g of the title campound: MS(ED) 344 (M+H™).

»
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c)  ((S)1-[3-Hydroxy-1-(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-3-methyl-
butyl }-carbamic acki zers-butyl ester

Gencmation of 2-pyridinesulfonylchloride: A solution of 2-mercaptopyridine (223 g
in 33 ml 9N HCI) was cooled to 0°C. Chlorine gas was bubbled into the solution for 90 min,
taking care to maintain the temperature at 0°C. Ico cooled ethyl acetate was added followed
by slow addition of ice cooled sat’'d NatHCO, unti] the pH of the waler Inyor was
approximainly 9. The orgmmic layer were then washed with brine snd drisd over MgSO,.
Evaporation of the ethyl acetate gave 3.5g of the crude 2-pyridinesulfonylchloride as a light
yellow liquid.

To & solution of [(S)-1-(3-lrydroxy-azepan-4-ylcarbamoy?)-3-methyl-utyl}-
carbamic acid terz butyl ester of Bxample 7b (12 g, 34.93 mmol) in dichloromethans was
added triethylamine (5.8 mL, 41.92 mmol) followed by the dropwise addition of 2-
pyridinesulfonylchloride (7.4S g, 41.92 mmol). The reaction was stirred until complete as
determined by TLC analysis. The mixtare was then washed with sat. NaHCO,, water, brioe,
dried (Na,SO,), filtered and concentrated. Column chromatograpity (75% ethyl
acetate:hexanes to 100% ethyl acetate) of the residue provided 135 g of the title compound:
MS 484 (M)

d)  (S)-2-Amino-4-methyl-pentancic acid-[3-hydroxy-1-(pyridine-2-sulfonyl)-szepan-
4-yI}-amide

To a solution of {(S)-1-{3-hydroxy-1-(pyridine-2-sulfomyl)-azepan-4-yicarbamoyl}-
3-methyl-butyl }-carbamic acid terr-butyl ester of Example 7c (14.3 g) in methanol was
added 4 M HC in dioxane. The reaction was stirred at room temnperature until complete as
determined by TLC analysis whersnpon it was concentrated to provide 14 g of the title
compound: MS (EI) 385 (M:++H").

e.) Benzofuran-2-carbaxylic acid {(S5)-3-methyl-1-{3-hydroxy-1-(pyridine-2-sulfomyl)-
azepan-4-ylcarbamoyl}-butyl }amide

To a solution of (S)-2-amino-4-methyl-peatancic acid [3-brydroxy-1-(pyridine-2-
sulfonyl)-azepun-4-yl}-amide of Example 7d (0.15 g) in dichloromethane was added TEA
(0.11 mL), HOBt (49 mg), BDC (69 mg) and bexzofuran-2-carbaxylic acid (58 mg). The -
reaction was stirred until complete. Workop mnd column chromatography (5%
methanol:ethyl acetate) provided the title compound: MS(EI) 529 (M+HY).
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£) Benzofurap-2-carboxylic acid {(S)-3-methyl-1-[3-oxo-1-{pyridinc-2-sulfonyl)-
azepan-4-ylcarbamoyl]-butyl jamide

To a solution of the alcohol of Example 7¢ (0.11 g) in DMSO was added TEA (0.17
mL) and pyridine sulfur triaxide complex (99 mg). The reaction was stirred at room
temperature for epproximately 2 hours wherenpon it was partitioned between ethyl acotate
Column chromatography of the residne (10% CH,OH-EOAc) provided 75 mg of the tithe
compound as & mixtore of diastercomers: 'H NMR (CDCL): 8 1.0 ( m, 6H), 1.5-2.1 (m,
SH), 2.2 (m, 2H), 2.7 (m, 1H), 3.7 (dd, 1H). 4.0 (m, 1H), 4.7 (m, 2H), 5.0 (m, 1H), 7.2-7.3
(m, 3H), 7.4 (m, 4H), 7.6 (m, 1H), 8.0 (m, 2H), 8.7 (m, 1H); MS(BI): 527 (M+', 40%).

E) of Benzofaran-2-carboxylic -::l {(S)-3-methyl-1-[(2,2¢4-trideuterio)-3-ox0-1-
(pyridine-2-mifonyl)-azepan-4-ylcarbamoyl}-Betyl Jamide

To a solation of benzofuran-2-carbaxylic acid {(8)-3-methyl-1-[3-axo-1-(pyridine-
2-sulfonyl)-azepan-4-ylcarbamayl]-butyl jamide of Example 7f (0.03 g) in D,0:CD,0D
(0.4:4 mL) was added tristhylamine (0.04 mL). The reaction was heated to refinx for 2
hours wherenpon it was concentrated and dried under vacuum. The residue was the
redissolved in the same mixture and heated to reflux ovemight. The reaction was
concentrated and the residne purified by colunm chromatography (5%
methancol:dichloromethans) to provide the titls compound (0.02 g): 'HNMR: § 1.0 (m, €H),
1.5-2.2 (m, 6H), 2.7 (m, 1H), 4.1 (m, 1H), 4.7 (m, ZH), 7.4-8.0 (m, &H), 8.7 (m, 1H);
MS(ED): 529 (M", 45%).

The dissterbomeric mixture was separated by HPLC to provide the faster aluting
diastereoemer: MS(ET): 530 (M+H",100%) and the slower elnting diastereomer- MS(EI):
530 (M+H",100%).

The sbove specification and Examples fully disclose how to make and use the
compounds of the present invention. However, the present invention is not limited to the
particular embodiments descxibed hereinabove, bat includes all modifications thereof within
the scope of the following claimg, The various references to jovrmaly, patents and other
publications which are cited herein comprise the state of the art and are incorporated herain
by reference as thoogh fully set forth.

-27-
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We clhhim:

1. A method of inhibiting cathepsin S, comprising administering to 8 patient in need
thereof an effective amount of a compound of Formala I

1
R A
\N

wherein:
R1.js selected from the group consisting of:

i 0 o]
-8 QIS NP N
R : R ma K ;

R2 i3 sclected from the group consisting of: H, Cj.galkyl, C3 goycloalkyl-Cg.
6Alkyl, Ar-Cg_galkyl, Het-Co.galkyl, R%C(0)-, R9C(S)-, R%SO7-, R%0C(0),

:: I l o) :: ,( 1 SCH,
RIR1INC(0)-, ROR1INC(S)-, RORI1INS0,- . -and
R®
N 4

H'r/ .
*

R3 is selected from the group consisting of: H, C1-galkyl, C3 geycloalkyl-Co.
galkyl, C2-galkenyl, C2 galkynyl. HetCg-galkyl and ArCo-galkyl;

R3 snd R’ may be connected to form a pyrrolidine, piperidine or morpholine ring;

R4 is selected from the group consisting of: H, Cj._galkyl, Ca_geycloalkyl-Co.
galkyl, Ar-Co. galkyl, Het-Cg_galkyl, R5C(0)-, RC(S)-, R5802-, RS0C(O)-,
RIRI3NC(O)-, and RSRIINC(S)-;

- /



00 THO"E€ h 6F0

10

15

P51127P

RS is selected from the group consisting of: H, Cj_galkyl, C2-galkenyl, C2-
galkynyl, C3 gcycloalkyl-Co-galkyl, Ar-Co galkyl snd Het-Co galicyl;

RS is selected from the group consisting of; H, Cy_galkyl, Cy.geycloalkyl-Co.
galkyl, Ar-Co-gatkyl, or Het-Co. galkyl;

R7 is selected from the group consisting of; H, C;_galkyl, C3_geycloalkyl-Co.
alkyl. Ar-Co.galkyl, Hot-Co.galkyl, R19C(0)-, R10C(S)-, R1050,-, R1%0C(0)-,
RIORMNC(O)-,mdllmR“N(XS)-;

R8 i selected from the gronp consisting of: H, C1-6alkyl, Co.galkenyl,
C2-6alkynyl, HatCp-galkyl and ArCo-galkyl;

R? iz selected from the group consisting of: Cj_galkyl, C3_goycloelkyl-Co.galkyl,
Ar-Cp_galkyl and Het-Co. galkyl;

R10TS solected from the group consisting of: Cy.galkyl, C3.goycloalkyl-Co galkyl,
Ar-Cg galkyl and tiet.Co.gulkyl;

R11 js gelected from the group consisting of: H, Cy_galkyl, Ar-Co-galkyl, and Het-
Co-gallcyl;

R12 is selected from the group consisting of: H, Cy_galkyl, Ar-Cp-galkyl, and Het-
Co-calkyl;

R13 ia selected from the group consisting of: H, C1_galkyl, Ar-Cg-galky), and Hes-
Co-galkyl;

R14 is gelected from the group consisting of: H, C1_galkyl, Ar-Co-galkyl, and Hat-
Co-galkyl:

R’ is selected from the group consisting of; H, C;_galkyl, Ar-Cp.galkyl, and Het-
Co-galkyk;

R”is selected from the group consisting of: H, Cy.galkyl, Ar-Co-galkyl, or Hat-Co.
galkyl;

R™ is selected from the group consisting of: H, Cj_galkyl, C3_gcycloalkyl-Co.
@alkyl, Ar-Cq galkyl, and Het-Cq_galkyl;

X is selected from the group consisting of: CHy, S, and O; and

Z is selected from the group consisting of: C(O) and CHp;
and pharmacentically acceptable salts, bydrates and solvates thereof.

AL

2. Amethod acconding to Claim 1 wherein in said compound R1 is R

r

/
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3. A method according to Claim 2 wherein in ssid compound R3 is C3 geycloalkyl-
Co-galkyl.

4, A method according to Claim 3 wherein in said compound R3 is cyclohexylmethyl.
S. A method according to Claim 2 wherein in said compound R* is R3C(0)-.

6. A method according to Claim S wherein in said compound R3 is sclected from the
group consisting of: C1_galkyl, Ar-Cq galkyl and Het-Co galkyl

1 Amhndmﬂh;mdnﬁnﬁwhnﬁnin-ﬂmudksismmu
group consisting of: furamyl and benzofuranyl.

8. A method according to Claim 6 wherein in said compound RS is selectad from the
group conxisting of: foran-2-y] and benzoform-2-yL.

9. A method according to Claim 6 wherein in said compound R is selected from the
group consisting of: 5-(3-trifluorometiryl-phenyl)-furan-2-yl, 5-(4-chloro-pheny)-form-2-
¥l, benzafuran-2-yl, and 5,6-dimethoxy-benzofuran-2-yl.

10. A method according to Claim 1 wherein in said compound R’ is FL

11. A method according to Claim 1 wherein in said compound R” is H.

122 A method according to Claim 1 whersin in said compdund R™ is H.

13. A method acconding to Claim 1 wheein in said compound R” and R™ are both H.
14. A method scconting 1o Claim 1 wherein in said compound R2 is R9SOp

15. A method according to Clsim 14 wherein in said compound RY is Het-Cq. galkyl.

16. A method according to Claim 15 wherein in said compound R? is selected from the
group congisting of: pyridinyl and 1-oxy-pyridmyl.
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17. A method acconding to Claim 16 wherein in said compound R is selocted from the
group consisting of: pyridin-2-y! and 1-oxy-pyridin-2-yl

18. A method according to Claim 1 wherein in said compoond:

Rlis

R2 s R9S0y;

R3 is cyclohexylmethyl;

R4isRSC(O);

RS js sclected from the group consisting of: S-(3-trifluerometiyl-phenyl)-foran-2-
yl, 5-(4-chloro-phenyl)-faran-2-y1, benzofaran-2-yl, and 5,6-dimethoxy-benzofran-2-yL.

R? is selected from the group consisting of: pyridin-2-y] and 1-oxy-pyridin-2-y);

R'isH

R*isH;and

R™is H;

19. A method according to Claim 18 wherein said compound is selected from the
following group consisting of:

Benzoforan-2-carboxylic acid ((S)-2-cyclohexyl-1-{3-cxo-1-(pyridine-2-sulfonyl)-axspan-
4-yicarbemoyl]-ethyl }-amide;

5-(3-Triftnoromethyl-pheoyl)-foran-2-carboxylic acid {(S)-2-cyclobaxyl-1-{3-oxo0-1-
(pyridine-2-sulfonyl)-azepan-4-yicarbamoyl]-ethyl }-amide;
S~(4-Chloro-phenyl)-farmn-2-carbaxylic acid {(S)-2-cyclohexyl-1-{3-oxo-1-{pyridine-2-
sulfonry])-azepan-4-ylcarbamoyl}-ethyl}-emide;

5-(4-Chloro-phenyl)-furan-2-catboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(1-oxy-pyridine-
2-sulfony]) -azepan-4-ylcarbamoyl}-ethyl }-amide;
5-(3-Trifluoromethyl-phenyl)-foran-2-carbaxylic acid {(S)-2-cyclobexyl-1-[3-0x0-1-(1-0xy-
pyridine-2-suffonyl)-szepan-4-yicarbamoyl}-ethyl}-amide; and
5.6-Dimethoxy-benzofurmn-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo-1-(1-0xy-
pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-cthyl} -amide.

»

/
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20. A method of treatmant and prevention of an autoimmnne disease comprising
inhibijting overexpression of cathepsin S by administering to a patient in need thereof an
affective amount of a compound according to any one of Claims 1 o 19.

2]l. A method acconding to Claim 20 wherein said disease is selected from the gronp
consisting of : theumatoid arthritis, multiple sclerosis, juvenile-onset diabetes, sytemic hrpos
erythematosus, discoid inpus erythematosus, pemphigus volgaris, pemphigoid, Grave's
atrophic gastritis, stiff-man syndromes, Goodpasture's syndrome, sympathetic opthalamia,
cirrhosis, ulcerative colitis, Sjogren’s syndrome, and mixed connective tissue diease.

22. A method of treatment or prevention of a disease stats caused by the formation or
complications of atherosclerotic lesions comprising inhibiting formation of said lesions or
complications thereaf by administering to a patient in need thereof an effective amounnt of a
compound according to any one of Claims 1 to 19.

23. A method of trestment of a disease which requires for therapy inhibition of a class
Ii MHC-restricted immune response, comprising inhibiting said class II MHC-restricted
immume response by edministering to a patient in need thersof an effective amount of a
compound according to any one of Claims 1 to 19.

24. A method of treatment of a dissass which requires for therapy inhibition of an
asthmatic response, comprising inbibiting ssid asthmatic response by adminisiering to a
patient in need thereof an effective amount of & compound according to any one of Claims 1
to 19. :

25. A wmethod of treatment of & disease which requires for therapy inhibition of an
allergic response, comprising inhibiting said allesgic response by administering to a pationt
in need thereof an effective amount of a compound according to any one of Claims 1 to 19,

26. A method of treatment of a disoass which requires for therapy imhibition of an
immune response against a transplamied organ or tissue, comprising inhibiting said immume
- /

- -32-



DOSTHhO"E HB8GBTO

10

15

35

P31127P

response against s transplanted organ or tissue by administering to & patient in need thereof
an effectiva amount of a compaund according to any ons of Claims 1 w 19.

27. A method of treatment of a discase which requires for therpy inbibition of elastase
activity in atheroma, comprising inhibiting said elastase activity in stheroma by
administering to a patient in nesd thereof an effective amount of & compound accarding to
my ono of Claims 1 to 19.

28.  Uss of a compound according to any ans of Claims 1 to 19 in the manofacture of a
medicament for gee in inhibiting cathepsin S.

29.  Use of a compound according to any one of Claims 1 to 19 in the manufacture of a
medicament for use in treatment and prevention of an mutojmmune disease.

30. A useacconding to Claim 29 whezein said disease is selected from the groop
consisting of: rhenmatoid arthritis, multiple sclerosis, juvenile-onset diabetes, sytemic lupus
erythematnsns, discoid lupus erythematosus, pemphigns vulgaris, pemphigoid, Grave's
disease, myasthemia gravis, Hashimoto's thyroiditis, scleroderma, dermatomysositis,
atrophic gastritis, stiff-man syndrome, Goodpasture's syndrome, sympathetic opthalamia,
idjopathic leacopenia, primary biliary cirrhosia, active chronic hepatitis, cryptogenic
cimhosis, ulcerative colitis, Sjogren's syndrome, and mixed connective tissuc diease.

31.  Use of a compound according to any one of Claims 1 to 19 in the swnufachrre of a
medicament for use in treatment or prevention of a disease stats cased by the formation or
complications of atherosclarotic lesions.

32.  Use of a compound according to amy one of Claims | to 19 in the manufactore of a
medicament for use in treatment of a disease which requires for therapy inhibition of a class
T MHC-restricted immmme response.

33. Use of a compound according to any one of Claims 1 to 19 in the manufactnre of a
medicament for use in inhibition of an asthmatic response.

/
-33-
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34.  Use of a compound according to any one of Claims 1 to 19 in the mannfacture of a
medicament for use in inbibition of an allergic response.

35.  Use of a compound according to mny one of Claims 1 to 19 in the manufacture of a
medicament for use in inhibition of an impmme response against a transplanted organ or
tissne.

36.  Uso of a compound acconding to any ane of Claims 1 to 19 in the manufacture of &
medicament for use in inhibition of elastase activity in atheroma.
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Tho present inveation provides methods whick uso 4-amino-zepn-3-cas protease
inhibitors of cathepsin S in the treatment of diseases in which cathepsin § is implicated,
especially treatment or prevention of antoimmame disease; treatment or prevention of a
disease state caused by the formation of atherosclerotic lesions snd complications arising
therefrom; and diseases requiring inhibition, for therapy, of & class II MHC-restricted
immune respanse, inhibition of an asthmatic response, inhibition of an allergic response,
inhibition of inmmune response against a transplanted organ or tissue, or inhibition of
clastase actlvity in atheroma.
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