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Solicitud de patente
SMITHKLINE BEECHAM CORPORATION
Cddigo 02 -01 - 444

En relacién con la solicitud contenida en el expediente de la referencia y, en
particular, para dar respuesta a su Ultimo oficio proferido dentro del mismo, con
ol presente escrito acompatfio:

1. Documento en que consta la cesién del deracho a la patente, otorgado por
los inventores a favor de la sociedad solicitante, debidamente firmado,
autenticado ante Notario Publico y legalizado por Apostilia,

2. La direccion de mi representada, la sociedad Smithkline Beecham
Corporation, 88 encuentra localizada en One Franklin Plaza y su domicilio
ubicado en Filadelfia, Estado de Pennsylvania, Estados Unidos de América.

Acompaiio un nuevo formato del petitorio en el que 86 ha incluido esta
direccién.
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3. Acompafio la copia ceriificada de la solicitud estadounidense 60/273,611 de
7 de Marzo de 2001, de la cual se reivindica prioridad, certificada su
conformidad por la Administracién que fa recibid.

4. Acompafio al comprobante de pago de tasas por concepto de invocacién de
una de las prioridades, Recibo No. ¢+ 293 4ov—~

El comprobante de pago de tasas por concepto de invocacion de la otra
priorided se acompafid con fa solicitud.

§. Acompafio copia del memorial radicado el dia 5 de Junio de 2001 con el cual
presentd ia copia certificada de la solicitud estadounidense 60/196,493.

6. Acompafio el comprobante de pago de tasas por conceplo de ciento noventa
y cinco (185) palabras adicionales, a partir de la 150, en el extracto para

publicacién en Ia Gaceta, e ci0o Mo . ¢ 294 /by

Le solicito se sirva agregar este esacrito y sus anaxos al axpadients.

Renuncio al tdrmino faltante de jraslado y le solicito'se sirva continuar el trémite
de {a solicitud.

AST JGR
2978 de! C.S.J.

TP. No.
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APOSTILLE
{Convention de La Haye du 5 octobre 1961)

. Country: United States of America

. This public document has been signed by Carol E. Koennecker

. acting in the capacity of Notary Public, Chester County

. bears the seal/stamp Carol E. Koennecker, Notary Public, Commonwealth of Pennsylvania

Certified
. atHarrisburg, Pennsylvania - 6. The 24™ day of May, 2001

. by Kim Pizzingrilli, Secretary of the Commonwealth of Pennsylvania
. No. 01125035

. Seal/Stamp 10. Signature:

Kim Pizzingrilli
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APOSTILLE
(Convention de La Haye du 5 octobre 1961)

. Country: United States of America
. This public document has been signed by Arlene E. Cannon

. acting in the capacity of Notary Public, Montgomery County

. bears the scal/stamp Arlene E, Cannon, Notary Public, Commonwealth of Pennsylvania

Certified
5. at Harrisburg, Pennsylvania 6. The 24™ day of May, 2001

. by Kim Pizzingrilli, Secretary of the Commonwealth of Pennsylvania
(6112506

. No.

. Seal/Stamp 10. Signature:
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INVENTION ASSIGNMENT

The Undersigned, Maxwell D. CUMMINGS of 659 West Valley Road, Strafford,
Pennsylvania 19087, a citizen of Canada; Robert W. MARQUIS, Jr. of 209 Country Gate,
Wayne, Pennsylvania 19087, a citizen of United States of America; Yu RU of 1509 Hancock
Lane, Wayne, Pennsylvania 19087, a citizen of Peoples Republic of China; Scott K.
THOMPSON of 75 Guilford Circle, Phoenixville, Pennsylvania 19460, a citizen of United
States of America; Daniel F. VEBER of 290 Batleson Road, Ambler, Pennsylvania 19002, a
citizen of United States of America; and Dennis S. YAMASHITA of 531 Walker Road,
Wayne, Pennsylvania 19087, a citizen of United States of America.

respectively, hereby appoints Dr. GERMAN CASTILLO GRAU, and/or Dr. ADRTANA
CASTILLO GIBSONE and/or Dr. LUIS FELIPE CASTILLO GIBSONE, domiciled in Bogota,
Colombia with offices at Carrera 13 No. 37043, 12th floor in Bogota, as attorney with ample and
sufficient power, including that of receiving notifications and appointing judicial and extra-
judicial attorneys, to apply for and obtain from the Colombian offices and euthorities Patent of
Invention for "PROTEASE INHIBITORS" to be issued in the name of SmithKline Beecham
Corporation domiciled in Philadelphia, Pennsylvania United States of America to whom
assignment has been made of all rights and titles on said invention/creation without any
restriction whatsoever.

Signed at Exton, Pennsylvania
%\0 Date: A?’h‘ 23, Loo(

Maxwell D. CUl\WINGS

Commonwealth of Pennsylvania )
) ss:
County of Chester )

Before me, a Notary Public, personally appeared Maxwell D. CUMMINGS known to me to
be the person who executed the foregoing assignment and acknowledged it to be his/her act
and deed.

Witness my hand and seal this _ZL day of A‘?Y -l l , 2001.

Notaral Geal
Carol E. Kosnnecker
Unchiar o et holary Putiic
_wcumhlm res May 3,
“'—__“
Marmber, Penngyivania Aseociation of Notares
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Robert W. MARQUIS, Jr.

Commonwealth of Pennsylvania )

) ss.:
County of Montgomery )
Before me, a Notary Public, personally appeared Robert W. MARQUIS, Jr. known to me to
be the person who executed the foregojng assignment and acknowledged it to be his/her act
and deed. ; {
Witness my hand and seal this day of

;7? ;;I , 2001.
NOTARIAL SEAL @M

ARLENE E. CANNON, Notary Public
tpper Merion Twp., Montgomery County
My Commission Expires May 21, 2001

Signed at King of Prussia, Pennsylvania

g‘ igl Date: oiloC|Ies]
YuRU

Commonwealth of Pennsylvania )

) ss.:
County of Montgoimery )
Before me, a Notary Public, personally appeared Yu RU. known to me to be the person who
executed the foregoing assignment and acknowledged j his/her act and deed.
Witness my hand and seal this / __dayof 07 , 20?1{. /

NOTARIAL SEAL
ARLENE E. CANNON, Nolary Public
Upper Merion Twp., Montgomery County
My Commission Expires May 21, 2001

. Signed at King of Prussia, Pennsylvania

_MMM Date: lf-/"hy-—lodl

Scott K. THOMPSON

Commonwealth of Pennsylvania )
) ss.:
County of Montgomery )
Before me, a Notary Public, personally appeared Scott K. THOMPSON known to me to be
the person who executed the foregoing assignment and acknowledged it to be his/her act and

Wi, S of (7)/07/ ,2001.

Witness njy an

ARLENE E. GANIIION. Notary Public
Upper Merlon Twp., Montgomery County
My Gommisslon Expires May 21, 2001
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aniel F. VEBER
Commonwealth of Pennsylvania )

County of Montgomery )

Before me, a Notary Public, personally appeared Daniel F. VEBER known to me to be the

person who executed the foregoing assignment and acknowledged it to be his/her act and
deed.

Witness my hand and seal this J_I day of , 2001.

NOTARIAL SEAL (.‘ ) ""

ARLENE E. CANNON, Notary Public
Uppes Meclon Twp., Momtgomary coun}y
My Commisslon Expires May 21,200

Signed at King of Prussia, Pennsylvania

Date: 03- M ")‘O!
Dennis S. YAMAS J

Commonwealth of Pennsylvania )
) ss.:
County of Montgomery )

Before me, a Notary Public, personally appeared Dennis S. Yamashita known to me to be the

person who executed the foregoing assignment and acknowledged it to be his/her act and
deed.

Witness my hand and seal this \j day of : 1 , 2001,

NOTARIAL SEAL
ARLENE E. CANNON, Notary Public
Upper Merlon Twp., Montgomery County
My Commission Expires May 21, 2001
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UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

June 28, 2001

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT

d  APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A ‘;
§i  FILING DATE UNDER 35 USC 111. i
i N
! ¥

APPLICATION NUMBER: 6&273,811
FILING DATE: March 07, 2001

By Authority of the
COMMISSIONER OF PATENTS AND TRADEMARKS

M. LEE
Certifying Officer
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"EXFRESS MAIL CERTIFICATE"
*Express Mail* Mailing Label Number EL421194886US \Sl
Date Of Deposit 7 March 2001

I Hareby Cutify That This Psper Or Fee Is Being Depositsd With The United States Fostal Service "Exprass Mail Past Office To

Addvamee® Service Under 37 CFR 118 On The Date Indicatedt Above And Is Addressed Te: Assistant Commissionar Of Patants,

Washingion, D.C.

PROVISIONAL APPLICATION COVER SHEET
This is a request for filing 8 PROVISIONAL APPLICATION for PATENT under 37 CFR 1.53(c).
Docket No. P51127P1

INVENTOR(s)/ AI'I'LICANT(I)

Last Name First Name Middle Residence (City and Either Stute or Foreign Country)
Initial
Marquis, Jr. Robert Ww. St. Davids, Pennsylvania °
Veber Daniel E. Ambler, Pennsylvania
Ru Yu Havertown, Pennsylvania
Cummings Maxwell D. Strafford, Pennsylvania
Thompson, Jr. | Scoit K Phoenixville, Penngylvania
Yamashita Dennis S. King of Prussia, Pennsylvania

TITLE OF THE INVENTION (280 characters max)
PROTEASE INHIBITORS

CORRESPONDENCE ADDRESS
SMITHKLINE BEECHAM CORPORATION
Corporate Intellectual Property - UW2220 Telephone No. 610-270-5018
709 Swedeland Road " | Facsimile No. 610-270-5090
 King of Prussia
Smwe | PA | ZipCods | 19406-2799 | Country | United States of America

ENCLOSED APPLICATION PARTS (chock all that apply)
| B Specification | Number of Pages 94 O Small Entity Statesnent
O Drawings Number of Sheots [E] Other (specify) Abstract (1 page)

METHOD OF PAYMENT OF FILING FEES FOR THIS PROVISIONAL APPLICATION FOR PATENT

fuanduadilﬂ' Account No. 19-2570

The Commissioner is hereby authorized to charge filing | PROVISIONAL FILING SJSQM
FEB AMOUNT (%)

The invention was made by an agency of the United States Government or under a coniract with an ageacy of the Unlied States

Govermment.

B No.

0O Yes, the name of the U.S. Government agepsy ang the Government contract oumberare;
Respectfolly submitied,

Signahre: March 7, 2001

0 Additional inventors fire being named on separately numbered sheets attached hereto.
PROVISIONAL APPLICATION FILING ONLY
SEND TO: Assistant Corzrolasioner for Patents, Box Provisionsl Applicasion, Washingtoen, D.C. 20231,

ai\ypeappa’\p31127ph-pluprovis.doc

20462
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FIELD OF THE INVENTION

This invention relates in genaral to the use of 4-amino-azepan-3-one protease
inhibitors, particularly such inhibitors of cathepsin S, in the treatment of diseases in which
cathepsin S is implicated, especially treatment or prevention of autoimmmune disease;
treatmnent or prevention of a discase state cansed by the formation of stherosclerotic lesions
mdcompﬁuﬁuunﬁ:ingthuuﬁun;l'nddimmquiﬁnginhibiﬁon.fwlhmpy.oh
class [I MHC-restricted imnmune response, inhibition of an asthmatic response, inhibition of
an allergic response, inhibition of immune response against a transplanted organ or tissue, or
inbibition of elastase activity in stheroma; and novel componnds for use therewith,

BACEKGROUND OF THE INVENTION

Cathepsins arc a family of enzymes which sre part of the papain superfamily of
cystoine proteases. Cathepsing K, B, H, L, N and S have been described in the literature.

Cathepains fanction in the normal physiological process of protein degradation in
animals, including humans, e.g., in the degradation of connective tissue. However, elevated
levels of theso enzymes in the body can resull in pathological conditions leading to disease,
Thus, cathepsins have been implicated ss causative agents in various disease states,
including but not limited to, infections by pneamocystis carinii, trypsanoma crazi,
trypsenoma bmcei bracei, and Crithidia fusiculata; as well as in schistosomiasis, malaris,
tumor metastasis, metachromatic leukodystrophy, nmscolar dystrophy, amytuophy, and the
like. See International Publication Number WO 94/04172, published on March 3, 1994, sad
roferences cited therein, See also European Pabent Application EP 0 603 873 Al, and
eferences cited therein. Two bacterial cysteine proteases from P. gingivallis, called
gingipains, have been implicated in the pathogenesia of gingivitis. Potempa, J., et al. (1994)
Perspectives in Drug Discovery asid Design, 2, 445-458. Cathepsin K is believed to play
cansative role in diseases of excossive bone or cartilage loss. See International Publication
Number WO 97/16433 , published on May 9, 1997, and references cited therein,

Pethological Isvels of cathepsin S have been implicated in & variety of discase
stales. th:inmthetumdwiﬂ:inhibiﬂexh’bitedmmdm'bodym
indicating that selective inhibition of cathepsin S may provide a therapeutic sirategy for
asthma and autoimmaone disease processes. Riese, Richard J., et al., J. Clin. Invess. 1998
101(11), 2351-2363. Thus, selective inhibition of cathepsin S may provide an effective
treatment for diseases requiring, for thempy or prevention: inhibition of a clsss I MHC-

-1-
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mmicwdimmmpom;uumtu;dlormvenﬁondmmdmmedimm
such as rheumnatoid arthritis, muitiple sclerosis, juvenile-onset diabetes, sytemic lupus
erythematosus, discoid lupus erythematosus, pemphigus vulgaris, pemphigoid, Grave’s
disease, myasthenia gravis, Hashimoto's thyroiditis, scleroderma, dermatomysositis,
Addison’s discase, peruicious anemia, primary myxoedema, thyrotoxicosis, autoimmume
atrophic gastritis, stiff-man syndrome, Goodpasture's syndrome, sympathetic opthalsmia,
phacogenic uveitis, asutoimmune haemolytic anaemia, idiopathic thrombocytopenic purpom,
idiopathic leucopenia, primary billiary cirrhosis, active chronic hepetitis, cryptogenic
cirrhosis, ulcerative colitis, Sjogren's syndrome, and mixed connective tissua diease;
inhibition of an asthmatic response; inhibition of an allergic responae; inhibition of immune
response against transplanted organ or tissue (see 1. Roitt, J. Brostoff, D. Male, Immmology,
Fifth Edition, 1998, p.368; R.J. Riese, ef al /mmanity, 1996, 4, 357-366; GP Shi, et al
Immunity 1999, 10, 197-206; T. Nakagawa, et al Immunity 1999, 10, 207-217;

and International Publication No. WO 97/40066); inhibition of elastase activity in atheroma;
and treatment or prevention of a disease state caused by the formation of atherosclerotic
lesions or complications arising therefrom (G. K. Sukhova, et al J. Clin. Invess. 1998, 102,
576).

Several classes of cysteine proteass inhibitors are known. Palmer et. al, (1995) J.
Med. Chem., 38, 3193, disclose certrin vinyl sulfones which imeversibly inhibit cysteine
proteases, such as the cathepsins B, L, S, O2 and crazain. Other classes of compounds, such
as aldehydes, nitriles, a-ketocarbonyl compounds, halomethyl ketones, diazomethyl
kotones, (ecyloxy)methy! ketones, ketomethylsuifonium sits and epoxy succinyl
compounds have elso been reported to inhibit cysteine proteases. See Palmer, id, and
references cited therein.

U.S. Patent No. 4,518,528 discloses peptidy] fluoromethyl ketones aa ireversible
inhibitors of cysteine protease. Publighed International Patent Application No. WO
94/0417%; and European Patent Application Nos. EP 0 525 420 A1, EP 0 603 873 A1, and
EP 0611 756 A2 describe alkoxymethyl and mercaptomethyl ketones which inhibit the
cysteine protesses cathepsins B, H and L. International Putent Application No.
PCT/US94/08368 and and European Patent Application No. EP 0 623 592 Al describe
alkoxymethyl and mercaptomethy] ketones which inhibit the cystaine protesse IL-
1Bconvertase. Alkoxymethyl and mercaptomethyl ketones have also been described as
inhibitors of the serine proteass kininogenase (Intemational Patent Application No.
PCT/GB91/01479).

1SS
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Azapeptides which are designed to deliver the azasmino acid to the active site of
serine proteases, and which possass a good leaving group, are disclosed by Blmore ot al.,
Biochem. J., 1968, 107, 103, Gurker e1 al., Biockem. J., 1974, 139, 555, Gray et al,
Tetrahedron, 1977, 33, 837, Gupton et al., J. Biol. Chem., 1984, 259, 4279, Powers et al., J.
Biol Chem., 1984, 259, 4288, and are known to iphibit serine proteases. In addition, J.
Med. Chem., 1992, 35, 4279, discloses certain azapeptide esters as cysteive protease

Antipain and leupeptin are described as reversible inhibitors of cysteine protease in
McCaunell et al., J. Med. Chem., 33, 86; and also have been disclosed as inhibitors of serine
protease in Umeczawa et al., 45 Meth Enrymol. 678. E64 and its synthetic analogs are also
well-known cysteine protease inhibitors (Barrett, Biockem. J., 20/, 189, and Grinde,
Blochem. Biopkys. Acta, , 701, 328).

1 3-digmido-propancnes have been described as unalgesic agents in U.S, Patent
Nos.4,749,792 and 4,638,010, '

A variety of cyyteine and serine protease inhibitors, especially of cathepsin K, have
been disclosed in International Poblication Number WO 97/16433 , published on May 9,
1997.

‘We bave now discovered that certain 4-amino-azepan-3-one compounds inhibit
cathepsin S, and are useful in the treatment of dissases in which cathepsin S is implicated.

SUMMARY OF THE INVENTION

An object of the present invention is to provide methods of treatment which nse 4-
amino-azepan-3-one carbonyl protease inhibitors of cathepsin S of Formuia I and which are
uscful for treating diseases which may be therapeutically modified by altering the activity of
cathepsin S.

In a particular aspect, lhemedlodsoﬂhisinvenﬁonmelpcciallyulﬂfulfor,:_
uemtwmevéﬁmofmmhmmeﬁmumammﬁmohdimﬁm
caused by the formation of atherosclarctic lesions and complications arising therefrom; and
diseases requiring inhibition, for therapy, of a class Il MHC-restricted immune response,
inhibition of an asthmatic response, inhibition of an allergic responss, inhibjtion of mmune
respanse agninst A transplanted organ or tissue, or inhibition of elastase activity in atheroma.

Anothez object of the present investion is to provide nove) compounds for nse in the
present methods.
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DETAILED DESCRIPTION OF THE INVENTION
The present inveation provides a method of inhibiting cathepsin S comprising
administering to an enimal, particularly a mammal, most particularly a raman being in need
thereof, an effective amount of a compound of Formula I

R1 R*
\N/

wherein:
R1 is selected from the group consisting of:

R 0 0 0
A e A
R : R’ and R ;

R? is selected from the gronp consisting of; H, C1. galkyl, C3.geycloalkyl-Cp.
galkyl, Ar-Cg galkyl, Het-Cg_galkyl, R9C(O)-, R9C(S)-, R9S0y-, R90C(0)-,

[jo\—m O/O\,ﬂt
RORIINC(O)-, RORIINC(S)-, ROR11)NSO,- . and
A
N__Z

R‘r/ \’/\

15 R

10

L] Tra

R3 is selected from the group consisting of: H, C1-galkyl, C3 geycloalkyl-Co.
6alkyl, C2_galkenyl, C2-galkynyl, HetCq galkyl, A1Co galkyl, Ar-ArCq galkyl, Ar-HetC.
galkyl, Het-ArCq galkyl, and Het-HetCo galkyl;

20 R3 and R may boe connected to form a pymolidine, piperidine or morpholine ring;

R4 is selected from the grovp consisting of: H, Cy.galkyl, C3 geycloalkyl-Cg.
galkyl, Ar-Cq galkyl, Het-Co.galkyl, R3C(O)-, R3C(S)-, R350;-, R30C(0)-,
RIR1INC(0)-, mnd RSRI3NC(S)-;
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RS is selected from the gronp consisting of: H, C;. galkyl, C2_galkenyl, C2-
galkynyl, C3_gcycloalkyl-Co galkyl, Ar-Co galkyl and Het-Co galiyl;

R6 is salected from the group consisting of: H, C1_galkyl, C3 geycloalkyl-Cg.
galkyl, Ar-Cp-galkyl, and Het-Co. galkyl;

R7 is selected from the group consisting of: H, C;_galkyl, Ca_geycloalkyl-Co.
Galkyl, Ar-Cg galkyl, Het-Cp galikyl, R10C(0)-, R10c(S)-, R1050,-, R100C(0)-,
RIOR14NC(O)-, and RIOR14NC(S)~;

RS is selected from the group consisting of: H, C1.galkyl, C2-galkenyl,
C2-6alkynyl, HetCp gulkyl and ArCo galkyl:

R is selected from the group consisting of: C_galkyl, C3_geycloalkyl-Co galkyl,
Ar-Cp_galkyl and Het-Co.galkyl;

R10 is solected from the group consisting of: C_galkyl, C3_gcycloalkyl-Co galkyl,
Ar-Cp_galkyl and Het-Co.galkyl;

R11 is selectad from the group consisting of: H, C).galkyl, Ar-Co.galkyl, and Het-
Co-galkyl;

R12 is selected from the group consisting of: H, Cy.galkyl, Ar-Co-gaikyl, and Het-
Co-alicyl;

R13 is sclected from the group consisting of: H, C.galkyl, Ar-Co-galkyl, and Het-
Co-galkyl;

R14 is selected from the group consisting of: H, C_galkyl, Ar-Cp.galkyl, and Het-
Co-galkyl;

R’is selected from the group consisting of: H, C;_galkyl, Ar-Cg.galkyl, aud Het-
Co-galkyl;

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

R™ is sclected from the group consisting of: H, C;_galkyl, C3_geycloalkyl-Cp.
galkyl, Ar-Cq.galkyl, and Het-C galkyl;

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

Z i3 selected from the group consisting of: C(O) and CHy;
and pharmaceutically acceptable salts, hydrates and solvates thereof.

R’ ?
N

In compounds of Formula L, R! is preferably R Insch
compounds:

-5-
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R3 is selected from the group consisting of: H, C)-galkyl, C3 grycloalkyl-Co.
6alkyl,C2-6alkenyl, C2.galkynyl, Het-Co galkyl end Ar-Co.galkyl, preferably C3.
6eycloalkyl-Co. galkyl and C1.galky), especially sclected from the group consisting of:
cyclohexylmethy! and 2,2-dimethy! propyl, more preforably C.goycloalkyl-Co.galkyl,
most preferably cyclobexylmethyl;

R4 is selected from the group consisting of: H, C}_galkyl, C3 geycloaliyl-Cg.
galkyl, AnCo galkyl, Het-Co galkyl, R3C(0)-, RSC(S)-, R3S05-, RSOC(O)-,
RIR13NC(O)-, and RSRIINC(S)-, preferably R3C(0)-.

R is selected from the group consisting of: C_galkyl, Ca_galkenyl, C3. galkynyl,
Ca_geycloalkyl-Cg galkyl. Ar-Cq galkyl or Hot-Co galkyl Preferably RS is selected from
the group consisting of. C1_gatkyl, C3_gcycloalkyl-Co galkyl, Ar-Cq_galkyl and Het-Co.
alkyl. More preferably RS is selected from the group consisting of:

furanyl, especially furap-2-yl and foran-3-yi, more especially aryl substituted
furanyl, even more especially 5-(4-chloro-phenyl)-foran-2-yl and 5-(3-trifluoromethyl-
phenryl)-foran-2-yl;

benzofuranyl, especially benzofuran-2-yl, more especially C1_galkoxy substituted
benzofursny], particularly §,6-dimethoxy-benzofuran-2-yl and 5-(2-morpholin-4-yl-
ethoxy)benzofuran-2-yl;

thiophenyl, especially thiophene-3-yl and thiophene-2-yl, more especially Het-Cq.
calkyl-thiophenyl; particulasly 5-pyridin-2-yl-thiophene-2-yl, more aspecially C_galkyl-
thiophenyl, particularly S-methyl-thiophene-2-yl and 3-methyl-thiophene-2-yl; more
especially C_galkoxy -thiophenyl, particularly 3-ethoxy-thiophene-2-yl;

foro{3,2-b}-pyridine-2-y), aspecially Cy._galkyl-farof3,2-b]-pyridine-2-y, more
especially 3-methyl-furo[3,2-b}-pyridine-2-y};

thiszolyl, especially thiszole-5-yl, more especially Het-Cq_galkyl-thiazolyl,
particularty 4-metbyl-2-pyridin-2-yl-thiazole-5-yl;

phenyl, especially halogen substituted phenyl, particularly bromophenyl, more
particularly 4-bromophenyl;

cyclobutyl;

cyclopentyl;

tetrabydrofuranyl, tetrahydrofuran-2-yl;

selenophenyl, especially selenophene-2-y); and

thieno[3,2-bjthiophenyl, especially thieno[3,2-bjthiophenc-2-yl.

R’ is selected from the group consisting of: H, C1_galkyl, Ar-Cp galkyl, and Het-
Co-galky), prefersbly H.
-6-
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H' B
R2is R9SOy;

R3 is cyclohexylmethyl;
R4 is R3C(0);

R is selected from the group consisting of: faranyl, especiaily faran-2-yl, and

thiopbenyl, especially thiophene-3-yl;

R? is selected from the group consisting of: pyridin-2-yl and 1-oxy-pyridin-2-yl,
preferably pyridin-2-yl;

R'isH

R”is H; and

R™ iz selected from the group consisting of: H and C1.galkyl. Whea R™is Cy_
galkyl, Ris:

especially selected from the group consisting of: methyl, echyl, propyl. batyl, pentyl
and hexyl, more especially methyl;

preferably selected from the group consisting of: 5-, 6- or 7- Cq.galkyl, especially
selecied from the group consisting of: 5-, 6- or 7-methyl, -ethyl, -propyl, -butyl, -pentyl and
-hexyl, more especially selected from the group consisting of: 5-, 6- or 7-methyl;

more preferably selected from the group consisting of: 6- or 7- Cy_galkyl, especially
selected from the group consisting of: 6- or 7-methyl, -ethyl, -propyl, -butyl, -pentyl and -
hexyl, more especially selected from the group consisting of: 6- or 7-methyl;

yet more preferably cis-7- Cy_galkyl as shown in Pormula Ia:

A fr

=
In

’h.

23  wherein R™ is Cy_galkyl, especially selected from the group consisting of: methyl, ethyl,

propyl, butyl, pentyl and bexyl;
most preferably cis-7- methyl, as shown in Formula Ia wherein R™ is methyl.



FRLDED " FF8ELEG6S

10

15

P51127P1 | ’%
160

Compounds of Formula I selected from the fallowing group sre particaladly
preferred for use in the present invenition:

OO

benzofuran-2-carbaxylic acid {(S)-2-cyclohexyl-1-{3-ox0-1-(pyridine-2-sulfonyl)-szepan-4-
ylcarbamoyil-ethyl}-amide;

oo

5-(3-triflucromethyl-phenyl)-furan-2-carboxylic acid {(S)-2-cyclohexyl-1-{3-oxo-1- .
(pyridine-2-sulfonyl)-azecpan-4-ylcarbamoyl)-ethyl }-amids;

Coiedto

5-(#4-chloro-phenyl)-furan-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl}-cthyl }-amide;

Cuedth

S-(4-chlaro-phenyl)-furan-2-carboxylic acid {(S)-2-cyclohexyhl-{3-oxo-1-(1-oxy-pyridine-
2-sulfonyl) -azepan-4-ylcarbamoyl}-ethyl }-amide;

5-(3-trifluoromethyl-pheny!)-furan-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-0xo0-1-(1-oxy-
pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-ethyl }-amide;
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5,6-dimethoxy-benzofuran-2-carboxylic acid {(S)-2-cyclobexy}-1-{3-oxo-1-(1-oxy-
pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide;

1
s

furan-2-carboxylic acid {(S)-2-cyclohexyl-1-[(4S,7TR)-7-methyl-3-0x0-1-(pyridine-2-
sulfonyl)-azepan-4-yleartbamoyl}-ethyl ) -amide;

benzofuran-2-carboxylic acid {(S)-2-cyclohexyl-1-{(4S,7R)-7-methyl-3-oxo-1-(pyridine-2-
salfonyl)-azepan-4-ylcarbamoyl}-ethyl } -amide;

thiophene-3-carboxylic acid {(§)-2-cyclohexyl-1-{(4S,7R)-7-methyl-3-0x0-1-(pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl}-ethy! }-amide;

"

-10-
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3-methy)-furo[3,2-b}- pyridine-2-carboxylic acid {(S)-2-cyclohexyl-1-[(48,7R)-7-methyl-3-
oxo-1-(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-ethyl }-amide;

5-(2-morpholin-4-yl-ethoxy)-benzofuran-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-ox0-1-
(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-ethyl } -amide;

4-methyl-2-pyridin-2-yl-thiazole-5-carboxylic acid {(S)-2-cyclohaxyl- 1-[3-oxo-1-{pyridine-
2-sulfonyl)-azepan-4-yicarbamoyl}-ethyl }-amide;

5-pyridin-2-yl-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo0-1-{pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl]-ethyl }-amide;

-11-
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foran-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo- 1-(pyridine-2-sulfonyl)-azepan-4-
ylcarbamoyl}-ethyl }-amide;

i

thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-axo-1-{pyridine-2-slfonyl)-azepan-4-
ylcarbamayl] -ethyl}-amide;

LINTOST

of

thiophene-3-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-
ylcarbamoyl] -ethyl)-amide;

to

5-methyl-thiophene-2-carboxylic acid {{S)-2-cyclohexyl-1-[3-oxo-1-{pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl}-ethyl }-amide;

-12-
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3-methyl-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl]-ethyl }-smide;

SOt

3-ethoxy-thiophene-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl}-ethyl }-amide;

4-bromo-N-{(S)-2-cyclohexyl- 1-[3-0x0- 1-{pyridine-2-sulfonyl)-azepan-4-ylcarhamoyl]-
cthyl}-benzamide;

cyclobutanecarboxylic acid {(S)-2-cyclohexyl-1-[3-oxo- 1 -(pyridine-2-sulfonyl)-azepan-4-
ylcarbamoyl}-ethyl)-amide;

-13-
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cyclopentanecarboxylic acid {(S)-2-cyclobexyl-1-{3-oxo-1-(pyridine-2-sulfomyl)-azepan-4-
ylcarbamoyl}-ethy!}-amide;

oA

(S)-tetrahydro-furan-2-carboxylic acid {(S)-2-cyclohexyl-1-{3-oxo-1-(pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl]-cthyl }-amide;

i

(R)-tetrahydro-furan-2-carboxylic acid {(S)-2-cyclohexyl-1-{3-oxo-1-(pyridine-2-sulfonyl)-
azepan-4-ylcarhamoyl]-ethyl ) -amide;

oo

faran-3-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-
ylc_ublmoyl]-ethyl}-amide:

L

5-pyridin-2-y)-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(1-oxy-pyridine-
2-sulfonyl)-azepan-4-ylearbamoyl]-ethyl)-smide;

-14-
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4-methyl-2-pyridin-2-yl-thiazole-5-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(1-oxy-
pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide;

5-(2-morpholin-4-yl-ethoxy)-benzofurtsi-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-ox0-1-
(1-oxy-pyridine-2-sulfonyl)-azepan-4-ylcarbamayl)-ethyl }-amide;

AP

o

feran-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(1-oxy-pyridine-2-sulfonyl)-azepan-
4-ylcarbamoyl]-ethyl }-amide;

furan-3-carboxylic acid {(S)-2-cyclohexyl-I-[3-oxo-1-(1-oxy-pyridine-2-sulfonyl)-azepan-
4-ylcarbamoyl}-ethyl}-amide;

-15-
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thiophene-3-carboxylic acid ((S)-2-cyclobexyl-1-[3-axo-1-(1-oxy-pyridine-2-slfonyl)-
szepan-4-ylcarbamoyl}-cthyl } -amide;

TSP

thiophens-2-carboxylic acid {(S)-2-cyclohexyl-1-{3-ox0-1-(1-oxy-pyridine-2-sifonyl)-
azepan-4-ylcarbamoyl]-ethyl }-amide;

s

5-methyl-thiophane-2-carboxylic md {(S)-2-cyclohexyl-1-[3-ox0-1-(1 -oxy-pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl]-cthyl}-amids;

3-methyl-thiophene-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-0x0-1-(1-oxy-pyridine-2-

sulfony!)—nepnn#ylnn‘bnmy]_}ethyl}-unide;

»

.

3-cthoxy-thiophene-2-carboxylic acid {(S)-2-cyclobhexyl-1-{3-0x0-1-{1-oxy-pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl]-ethyl } -amide;

Y
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sclenophene-2-carboxylic acid {(S)-2-cyclobexyl-1-[(R)-7-methy)-3-oxo-1-(pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amids;

XX

furan-2-carboxylic acid [(S)-2-cyclohexyl-1-((4S,7R)-7-methyl-3-0x0-1-propyl-azepan-4-
yicarbamoyl)-ethyl]-amide; :

-
S

thiophene-3-carboxylic acid [(S)-2-cyclohexyl-1<((4S,7R)-7-methyl-3-oxo-1-propyl-azepan-
4-ylcarbamayl)-ethyl]-amide;

X

benzofuran-2-carboxylic acid [(S)-2-cyclohexyl-1-((4S,7R)-7-methyl-3-oxo-1-propy-
azepan-4-ylearbamoyl)-ethyl]-amide;

=17 -
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2,2 4-trideutero-Fumn-2-carboxylic acid {(S)-2-cyclohexyl-1-[(4S,7R)-7-methyl-3-ox0-1-
(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-ethyl }-amide;

ﬂliophun-}cnb;axylic acid {(S)-3,3-dimethyl- 1-[(48.1R)-7—mﬂﬂlyl-3-um-l-(pyridi:.|o-2-
sulfonyl)-azepan-4-ylcarbamoyl}-butyl }-amide;

furan-2-carboxylic acid {(S)-3,3-dimethyl-1-{(4S,7R)-7-methyl-3-oxo0-1-(pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl}-butyl }-amide; and

Q']T' {:@0 .

thieno[3,2-b] thiophene-2-carboxylic acid {(S)-3,3-dimethyl-1-[{(4S,7R)-7-methyl-3-oxo-1-
(pyridine-2-sulfonyl)-azepan-4-ylearbamoyl)-butyl }-amide.

Compounds of Formmla I selected from the following group sre more particularly
preferred for use in the present inveation:

-18 -
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furan-2-carboxylic acid {(S)-2-cyclohexyl-1-{(4S,7R)-7-methyl-3-oxo-1-(pyridine-2-
sulfonyl)-azepan-4-ylcarbarnoyl})-ethyl }-amide; and

of%“nép

thiophene-3-carbexylic acid {(S)-2-cyclohexyl-1-[(4S,7R)-7-methyl-3-oxo0-1-(pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide.

The following compound of Formula I is the most preferred for use in the present
invention:

Okf%ﬁ Eg
furan-2-carboxylic acid {(S)-2-cyclohexyl-1-[(4S,7R)-7-methyl-3-0x0-1-(pyridine-2-

sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide.

“a

The present invention provides the following novel compounds:

-19-
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5-(2-morpholin-4-yl-ethoxy)-benzoforan-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-
(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-arnide;

4-methyl-2-pyridin-2-yl-thiezole-5-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-{pyridine-
2-salfony))-azepan-4-ylcarbamoyl}-ethryl }-amide;

5-pyridin-2-yl-thiophene-2-carbaxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(pyridine-2-
sulfony)-azepan-4-ylcarbamoyl])-ethyl }-amide;

oo

fumn-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1<(pyridine-2-sulfonyl)-azepan-4-
ylcarbamoyl}-ethyl }-amide;

thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-
ylcarbamoyl] -ethyl }-amide;

> ¥/
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thiophene-3-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-
ylcarbamoyl] -cthyl }-unidg:

SO

5-methyl-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-0xo-1-(pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl]-ethy] }-amide;

\ | )

h®)
3-methyl-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-0x0-1-(pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl]-ethyl }-amide;

)
2 Y

3-ethoxy-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl]-ethyl }-umh.

oY

4-bromo-N-{(S)-2-cyclohexyl-1-[3-0x0- 1 {pyridine-2-sulfonyl)-azepan-4-ylearbamoyl]-
ethyl}-benzamide;

-21-
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cyclobutanecarboxylic acid {(S)}-2~ - B U R
ylcarbamoyl]-ethyl }-smide;

cyclopentanecarboxylic acid {(S)-2-cwlohuny” ! . . (pynidumn ‘1. ayl)-uzepn-4-
ylcarbamoyl}-ethyl }-amide;

o&m@m

(S)-tﬂnhydm-fu:n-z-urboxyhc acid {fS; J-gei=n = T i3 . v 1-(pyridine-2 sulfonyl: -
azepan-4-yicarbamoyl)-cthyl }-amide;

of

15 (R)teushydro-faran-2-carboxylic acid - -, b 1 oo P ubtl Zeaabonyly
azepan-4-ylcarbamoyl}-ethyl }-amida;

foran-3-carboxylic acid {{S)-2-cyclobe~v+ - . b T el hl) azepan
20  ylcarbamoyl]-ethyl}-amide;

10
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5-pyridin-2-yl-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-cxo-1(1-oxy-pyridine-
2-sulfonyl)-azepan-4-ylcarbamoyl)-ethryl}-amide;

4-mathyl-2-pyridin-2-y)-thiazole-5-carboxylic acid {(S)-2-cyclohexyl-1-[3-0x0-1-(1-axy-
pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide;

5-(2-morpholin-4-yl-ethoxy)-benzofuran-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-
(1-oxy-pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-ethyl }-amide:

furan-2-carboxylic acid {(S)-2-cyclohexyl-1-{3-axo-1-(1-oxy-pyridine-2-sulfonyl)-azepan-
4-ylcarbamoyl]-ethyl }-amide;

|
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furan-3-carboxylic acid {(S)-2-cyclohexyl-1-{3-oxo-1-(1-oxy-pyridine-2-sulfonyl)-azepan-
4-ylcarbamoyl}-ethyl}-amide;

thiophene-3-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(1-oxy-pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl]-ethyl }-amide;

thiopbene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-0x0-1-(1-oxy-pyridine-2-sulfonyl)-
azepap-4-ylcarbamoyl]-cthyl }-amide;

5-methyl-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-0x0-1-(1-oxy-pyridine~-2-
sulfonyl)-azepan-4-ylcarbamoy!}-ethyl } -amidc;

¥

3-methyl-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-{3-axo-1-(1-oxy-pyridine-2-
sulfonyl)-axepan-4-ylcarbamoy]}-ethyl }-amide;

3-cthoxy-thiophene-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-0x0-1-(1-oxy-pyridine-2-
sulfonyl)-azepan-4-y)carbamoyl]-ethyl }-amide;
-24 -
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selenophene-2-carboxylic acid {({S)-2-cyclobexyl-1-[(R)-7-methyl-3-oxo- 1-(pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl]-ethyl }-amide; and

%gﬁé*ﬂ

' 2,2 4-trideutero-Furan-2-carboxylic acid {(S)-2-cyclohexyl-1-[(4S,7R)-7-methy!-3-axo-1-

(pyridine-2-sulfomyl)-azepan-4-ylcarbamoyl}-ethyl }-amide.

Specific represontative compounds nsed in the present invention are set forth in
Examples 1-44.

Compared to the corresponding S and 6 membered ring compounds, the 7
membered ring compounds used in the present invention are configurationally more stable
at the carbon center alpha to the ketone.

The present invention also uses denterated analogs of the inventive compounds.
Representative examples of such deutarated compounds are set forth in Examples 7 and 41.
A representstive synthetic route for the deuterated compounds of the present invention aro
set forth in Scheme 3 and Examples 7 and 41, below. The deuterated compounds used in
the present invention exhibit superior chiral stability compared to the protonated isomer.

Deflnitions
The compounds used in the present invention inchude all hydmtes, solvates,
complexes and prodrugs. Prodrugs are any covalently bended compounds which release the
active parent drug according to Formula I in vivo. If a chiral center or another form of an
isomeric center is present in a compound used in the present invention, all forms of such
isomer or isomers, including enantiomers and diastereomers, are intended to be covered
herein. Compounds used in the present methods containing a chiral center may be used as a

-25-
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racemic mixture, an enantiomerically enriched mixture, or the racemic mixture may be
separated usimg well-known techniques and an individual enantiomer may be used alove. In
cases in which compounds have unsatorated carbon-carbon double bonds, both the cis ()
and trans (E) isomers are within the scope of this invention. In cases wherein compounds
may exist in tautomeric forma, such as keto-enol tantomer, each tentomeric form is
contemplated as being included within this invention whether existing in equilibrium or
predominantly in one form.

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

Abbreviations and symbols commonly used in the peptide and chemicel arts are
wsed herein to describe the compounds of the present invention. In general, the amino acid
abbreviations follow the TUPAC-IUB Joint Commission ou Biochemical Nomenclature as
described in Eur. J. Blockem., 158, 9 (1984).

"Protcases”™ are enzymes that catalyzs the cleavage of amide bonds of peptides and
proteins by nucleophilic snbstitution at the amide bond, ultimately resuhting in hydrolysis.
Such proteases include: cysteine protcases, serine proteases, aspartic proteases, and
metalloproteases. The compounds of the present invention are capable of binding more
strongly to the enxyme than the substrate and in general are not subject to cleavage after
enzyme catalyzed attack by the nucleophile. They therefore competitively prevent proteases
from recognizing and hydrolyzing natural substrates and thereby act as inhibitors.

The term "amino acid" as used herein refers to the D- or L- isomers of alanine,
arginine, asparagine, aspartic acid, cysteine, ghitamine, ghutamic acid, glycine, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, proline, sarine, threonine, tryptophan,
tyrosine and valine.

"Hydrogen" or "H" includes all of its possible Ilotnpu.mclndmg"deutmum or

. "D" or "2H"; and "tritium” or "T" or "3H".

“C1.salkyl" as applied berein is meant to include mbsnmwd and unsubstituted
methyl, ethyl, n-propyl, isopropyl, o-butyl, isobutyl and t-buty), pentyl, n-peatyl, isopentyl,
neopentyl and hexyl and the simple aliphatic isomers thereof. C).galkyl may be optionally
substituted by a moiety selected from the group consisting of: OR12, C(O)R12, SR12,
S(O)R1Z, NR12Z;, RIZNC(0)ORS, CO,R12, CO;NR12,, N(C=NH)NH3, Het, C3.
geycloalkyl, and Ar; where RS is selected from the group consisting of: H, C;_galkyl, C2-
galkenyl, C2-galkynyl, C3. geycloalkyl-Co.galkyl, Ar-Co-galkyl and Het-Co galkyl; and
R12 s selected from the group consisting of: H, C}_galky), Ar-Cp.galkyl, and Het-Co..
ealloyt;
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“C3 goycloalkyl” as applied herein is meant to inclode substituted and unsubstituted
cyclopropane, cyclobutane, cyclopentane and cyclohexane.

"C2-6 alkemy]" as applied herein means an alkyl group of 2 to 6 carbons wherein a
carbon-carbon single bond is replaced by u casbon-carban double bond. C2-galkenyl
includes ethylene, 1-propene, 2-propene, 1-butens, 2-butene, isobutane and the saveral
isomeric pentenes and hexenes. Both cis and trans isomers are incinded.

"C2-6alkynyl” means an alkyl group of 2 to 6 carbons wherein one carbon-carbon
single bond is replaced by a carbon-carbon triple bond. C2.6 alkynyl includes acetylene, 1-
propyne, 2-propyse, 1-butyne, 2-butyne, 3-butyne and the simple isomers of pentyne and
hexyne.

"Halogen" means F, Cl, Br, and 1.

"Ar" or "aryl” means phenyl or naphthyl, optionally sobstimted by one or mere of
Ph-Cg.galkyl; Het-Cg galkyl; Cy.galkoxy; Ph-Cq galkoxy; Het-Co_galkoxy; OH, (CHa);.
GNRIRI6; O(ClHz))_NRISRIS; Cygalkyl, OR17, NR17)y, SR17, CF3, NO, CN,
CO5R17, CONR1?), F, Cl, Br or I; where R15 and R16 are H, C)_galkyl, Ph-Cp. galkyl,
naphthyl-Cg. galkyl or Het-Cg.galkyl: and R17 is phenyl, naphthyl, or C1_galkyl.

As used beyein "Het" or "heterocyclic” represents u stable S- to 7-membered
monocyclic, a stable 7- to 10-membered bicyclic, or a stable 11- to 18-membeged tricyclic
heterocyclic ring which is either saturated or unsaturated, and which consists of carbon
atoms and from one to three heteroatoms selected from the group consisting of N, O and S,
and wherein the nitrogen and sulfur heteroatoms may optionally be oxidized, and the
nitrogen heteroatom may optionally be quatemized, and including any bicyclic group in
which any of the above-defined heterocyclic rings is fased to a beozene ring, The
beterocyclic ring may be attached at any heteroatom or carbon atom which results in the
creation of a stable structure, and may optionally be subatituted with one ar two moisties
selected from Cg gAr, C1.galkyl, OR17, N(R17),, SR17, CR3, NO,, N, COgR1Y7,
CONR!7),F, CL Brand I, where R17 is phenyl, naphthyl, or C}-galkyl. Examples of such
heterocycles include piperidinyl, piperazinyl, 2-oxopiperazinyl, 2-oxopiperidimyl, 2-
oxopyrmolodinyl, 2-oxoazepinyl, azepinyl, pyrolyl, 4-pipezidonyl, pyrrolidinyl, pyrazolyl,
pyrazolidinyl, imidazolyl, pyridinyl, 1-oxo-pyridinyl, pyrazinyl, axazoljdinyl, oxazolinyl,
oxazolyl, isoxazolyl, morpholinyl, thiazolidinyl, thiazolimyl, thiazolyl, quinuclidinyl,
indolyl, quinolinyl, quinoxalinyl, isoguinclinyl, benzimidazolyl, benzopymnyl,
benzoxazolyl, foranyl, benzofuranyl, thiophenyl, benzo[b]thiophenyl, thieno[3,2-
bithiophenyl, benzof1,3]dioxolyl, 1,8 naphthyridinyl, pyrenyl, tetrahydrofuranyl,
tetrabydropyranyl, thienyl, benzoxslyl, thiamorpholinyl sulfoxide, thismorpholiny
sulfone, and oxadiazolyl, as well as triszoly], thiadiazolyl, oxadiazolyl, isothiazolyl,
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imidazolyl, pyridazinyl, pyrimidinyl, triazinyl and tetrazinyl which are avnilable by routine
chemical synthesis and are stable. The term beteroatom as applied herein refers to oxygen,
nitrogen and sulfur.

Here and throughout this application the term Cq denotes the absence of the
substituent group immediately following; for instance, in the moiety ArCq.galkyl, when C is
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 value of Cis 0.

Certain radical groups are abbreviated herein. t-Bu refers to the tertiary butyl
madical, Boc refers to the t-butylaxycarbonyl radical, Fmoc refers to the
fluorenylmethoxycarbonyl radical, Ph refers to the phenyl mdical, Cbz refers to the
benzyloxycarbonyl radical.

Certain reagents are abbreviated herein. m-CPBA refers to 3-chloroperoxybenzoic
acid, EDC refers to N-ethyl-NYdimethylaminopropyl)-carbodiimide, P-EDC refers to
polymer supported EDC, DMF refers to dimethyt formamide, DMSO refers to dimethyl
sulfaxide, NMM is N-methylmorpholine, TEA refers to tricthylamine, TFA refers to
triflaoroacetic acid, and THF refers to tetrahydrofuran.

Metbods of Preparation

Compounds of the general formula I may be prepared in a fashion analogous to that
outlined in Schemes 1 to 5. Alkylation of benzyl-N-allylcarbamate (1) with a base such as
sodium hydride and 5-bromo-1-pentene provides the diene 2 (Scheme 1). Treatment of 2
bis(tricyclohexylphasphine)benzylidine ruthenium (IV) dichloride olefin metathegis
catalysts developed by Grobbs provides the tetrahydroazepine 3. Epoxidation of 3 with
oxidizing agents common to the art such as m-CPBA provides the epoxide 4. Nucleophilic
epoxide ring opening may be effected with a reagent such as sodivm azide to provide the

azido alcobol 5§ which may be reduced to the amino alcohol 6 under conditions common to .

the art sach as 1,3-propanidithiol and triethylamine in methenal or triphenylphosphine in
THF and water. The amine of compound 6 may be protected with with di-ters-
butyldicarbonate to provide the N-Boc derivative 7 (Scheme 2). Removal of the
benzyloxycarbonyl protecting group may be effected by treatment of 7 with hydrogen gas in
the presence of a catalyst such as 10% Pd/C to provide the amine 8. Treatment of amine 8
with a sulfonyl chloride such as 2-pyridinesulfonyl chloride in the presence of a base such
as N-methylmorpholine or triethylamine provides the sulfonamide derivative 9. Removal of
the tert-butaxycarbonyl protecting group may be effected with an acid such as hydrochloric
acid to provide intermedinte 10. Coupling of 10 with an acid such as N-Boc-phenylalanine
-28 -
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in the pregencs of a coupling sgent cornman to the art such as HBTU or polymer supported
EDC provides the alcohol imtermediate 11. Removal of the rerr-butoxycarbanyl protecting
group under acidic conditions provides amine 12. Coupling of 12 with an acid such as
benzoforan-2-carboxylic acid in the presence of a coupling ageat such as HBTU or polymer
supported EDC provides alcohol 13. Alcohol 13 may be oxidized with an oxidant common
to the art such as pyridine sulfur trioxide complex in DMSO and triethylamine or the Dess-
Martin periodinane to provide the ketons 14.

Scheme]l

,hvﬂ1go\,E:j L. ‘E}}};o\,ﬁjj L. Cj:¥7r°~/E:J
L..,fjf,\):j L.""Cafv() ..

MCE:;T" U

.

Reagents and condifiors: () NaH, S5-bromo-l-peatene, NaH; (b)
bis(tricyclohexylphosphine)benzytidine ruthenium (IV) dichloride, CH;Cly, reflax; (c) m-
CPBA, CH;Cly; () NaNy, NH,Cl, CH;OH, H;0; (¢) TEA, 1,>-propanedithiol, CH,OH.
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Scheme 2
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5  Reagents and conditions: (s) Di-ters-butyldicarbonate, THF; (b) H,, 10% Pd/C, EtOAc;
(c) 2-pyridylsulfonyl chloride, TEA, DMF; (d) HC], EtOAc; (e) N-Boc-cylohexylalanine,
P-EDC, CH,CL; (f) HCl, CHCL; (g) benzofuran-2-carbaxylic acid, P-EDC, CH,CL,; (h)
Dess-Muttin periodinane, methylene chloride. )

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

The individual diastereomers of benzoforan-2-carboxylic acid {{S)-3-methyl-1-
[(2,2'4-trideuterio)-3-axo-1-(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-butyl }amide 16
15  and 17 may be prepared as ontlined in Scheme 3
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1
Reagents and Conditions: 8.) CD,0D;D,0 (10:1), TEA; b.) HPLC separation.
Treatment of the diastereomeric ketones 15 with triethylamine in CD,0D:D,0 at

reflux provides the deuterated analog as a mixture of diastereomers which are separated by
HPLC to provide the denterated compounds 16 and 17.
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W00
In Scheme 4, carbobenyzloxy-D-alsnincl (Cbz-D-alaninal)is first converted to an
iodide, then is reacted with allyl Orignard with a copper (T) catalyst or a similar sllyl
organcmetallic reagent. The amine is then alkylated with allyl iodide. Grbbs® catalyst is
then sed to form the azapine ring by ring closing metathesis. Epoxidation of the alkene
followed by separation of the diastercamers followed by opening of the epoxide of the

minor compoment with sodium azide provides the intermediate azido alcohol. Reduction of

the azide followed by acylation of the amine with a protected amino acid such as Boc-
cyclohexylalanine, followed by deprotection of the Chz gives the intermediate secondary

amine, which is then sulfonylated with a sulfonyl chloride such as pyridine sulfonyl sulfonyl
chloride. Deprotection of the Boc group followed by acylation with an acylating agent soch
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as 2-furan carboxylic acid, HBTU, NMM, and final oxidation of the secondary alcohol to

Scheme 5

r$ 1) HCL, dixane
H ~ewo 2) EDC

BocN — .

6; - D~

3) SO pyridine

e
Intermediate (S)-3-Cyclohexy)l-N-((3S,4S,7R)-3-hydroxy-7-methyl-azepan-4-yI)-2-methyl-
propionamide, as described in Scheme 4, is reductivaly aminated with an aldehyde ora
ketone such as propionaldehyde, then treated with a reducing agent such as sodiom
borohydride. Deprotection of the Boc group followed by acylation with an acylating agent
such as 2-foran carboxylic acid, HBTU, NMM, and final oxidation of the secondary alcohol
to the ketone provides the desired products.

The starting materials used herein are commercially available amino acids or are
prepared by routine methods well known to those of ordinary skill in the art and can be
found in standard reference books, such as the COMPENDIUM OF ORGANIC
SYNTHETIC METHODS, Vol. I-VI (published by Wiley-Interscience).

Coupling methods to form amide bonds herein are generally well known to the ert.
The methods of peptide synthesis generally set forth by Bodansky er al., THE PRACTICE
OF PEPTIDE SYNTHESIS, Springer-Verlag, Bezlin, 1984; E. Gross and J. Meienhofer,
THE PEPTIDES, Vol. 1, 1-284 (1979); and J. M. Stewart and J.D. Young, SOLID PHASE
PEPTIDE SYNTHESIS, 2d Ed., Pierce Chemical Co., Rockford, 1il., 1984. are generally
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 10 mask a reactive functionality 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 refers to the Boc, acetyl, benzoyl, Fmoc and Cbz groups and
derivatives thereof as known to the art. Methads for protection and deprotection, and
replacement of an amino protecting group with another moiety are well known.

Acid addition saits of the compounds of Formula I are prepared in a standard
manner in a suitable solvent from the parent compound and an excess of an ecid, such as
hydrochloric, bydrobromic, hydrofinoric, sulfaric, phosphoric, acetic, trifluoroacetic,
maleic, succinic or methanesulfonic. Certain of the compounds form inner salts or
zwitterions which may be acceptable. Cationic salts are prepared by treating the parent
compound with an excess of an alkalins reagent, such as a hydraxide, carbonate or alkoxide,
containing the sppropriate cation; or with an sppropriate organic amine. Cations such as
Li+, Nat, Kt, Cat+, Mg+t and NH4* wre specific examples of cations present in
pharmaceutically acceptable salts. Halides, sulfate, phosphate, alkanoates (such as acetate
and triflucroacetate), benzoates, and sulfonates (such as mesylate) are examples of anions
present in pharmueceutically acceptabie saits.

The methods of the present invention may be practiced by administering a
pharmacentical composition which comprises one or more compounds according to Formmla
I and a pharmacentically acceptable carrier, dilnent or excipient. Accordingly, the
compounds of Formula 1 may be used in the manufacture of a medicament. Pharmaceatical
compositions of the compounds of Formula I prepared as hereinbefore described may be
formmiated as solutions or Jyophilized powders for parentaral administration. Powders may
be reconstituted by addition of a suitable diluent or other pharmaceutically acceptable
carrier prior to use. The liquid formulation may be a buffered, isotonic, aqueous solution.
Examples of suitsble diluents are norml isotoric saline sohution, stendard 5% dextrose in -
water or buffered sodium or ammonivm acetate solution. Such formulation is especially
suitable for parenteral administration, but may also be used for oral administration or
contained in a metered dose inhaler or nebulizer for insufflation. It may be desirable to add
excipients such as polyvinylpyrrolidone, gelatin, hydroxy cellulose, acacia, polyethylene
glycol, mannitol, sodium chloride or sodium citrate.
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Alternately, these compounds may be encapsulated, tableted or prepared in an
emulsion or syrup for oral administration. Pharmaceutically acceptable solid or liquid
carriera may be added to enhance or stabilize the composition, or to facilitate preparation of
the composition, Solid carriers include starch, lactose, calcium sulfate dihydrate, terra alba,
magneaiom stearate or stearic acid, talc, pectin, acacia, agar or gelatin, Liquid carriers
include syrup, pesnut oil, olive oil, saline and water. The carrier may also include a
sustained reloase material such as glyceryl monostearate or glyceryl distearate, alone or with
a wax. The amount of solid carrier varies but, preferably, will be between about 20 mg to
about 1 g per dosage unit. The pharmaceutical preparations are made following the
conventional techniques of pharmacy involving milling, mixing, granulating, and
compressing, when necessary, for tablet forms; or milling, mixing and filling for hard
gelatin capsuls forms. When a liquid carrier is used, the preparation will be in the form of a
syrap, elixir, enmlsion or an aqueous ar non-aquecus suspension. Such a liquid formulation
may be administered directly p.o. or filled into a soft gelatin capsule,

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

Utdlity of the Present Invention

The compounds of Formula I are useful as inhibitors of cathepsin S. The present
inveation provides methods of treatment of diseages caused by pathological levels of
cathepsim S, which methods comprise administering to an animal, particularly a mammal,
most particularly s human in need thereof a therapeutically effective amount of an inhibitor
of cathapein §, including one or more compounds of the present invantion.

The present invention particularly provides methods far treating the following
diseases in which cathepsin S is implicated:

treatment and/or prevention of an antoimmung disease state sach as rhenmatoid
arthritis, nmultiple sclerosis, juvenile-onset diabetes, sytemic lupus erythematosus, discoid
lopus erythematosus, pemphigus vulgaris, pemphigoid, Grave’s discase, myasthenia gravis,
Hashimoto's thyroiditis, scleroderma, dermatomysositis, Addison's disease, pernicions
anemia, primary myxoedema, thyrotoxicosis, sutcirumune atrophic gastritis, stiff-man
syndrome, Goodpasture’s syndrome, sympathetic opthalamia, phacogenic uveitis,
sutoimmune hacmolytic anaemia, idiopathic thrombocytopenic purpura, idiopathic
leucopenia, primary biliary cirthosis, active chronic hepatitis, cryptogenic cirrhosis,
ulcerative colitis, Sjogren's syndrome, and mixed connective tissne diease;
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treatment and/or prevention of a disease stete caused by the formation and/or \cb’\/
complications of atherosclerotic lesions;
diseases which require for therapy:
inbibition of a class [ MHC-restricted immune response;
inhibition of an asthmatic response;
inhibition of an allergic response;
inhibition of imummne response against transplanted organ or tissue; and
inhibition of elastase activity in atheroms.

The pressnt methods contemplate the use of one or more compounds of Formula I,
alone ar in combination with other therapeutic ageats.

For acute therapy, parenteral administration of a compound of Formula I is
preferred. An intravenous infugion of the compound in 5% dextrose in water or normal
saline, or a similar formmilation with suitable excipients, is most effective, although an
intramuscular bolus injection is also usefol. Typically, the parenteral dose will be about
0.01 to sbout 100 mg/kg; preferably betwnen 0.1 and 20 mg/kg, in a roanner to maintain the
concentration of drug in the plasma at a concentrution effective to inhibit cathepsin S. The
compounds are administered one to four times daily at a level to achicve a total daily dose
of about 0.4 to about 400 mg/kg/day. The precise amount of an inventive compound which
is therapeutically effective, and the route by which such 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 concentmation required to have a therapeutic effect.

‘The compounds of Formula I may also be administered olly to the patient, in a
manner such that the concentration of dmg is sufficient to inhibit bone resorption or to
achicve any other therapeutic indication as disclosed herein. Typically, a pharmaceatical
compogition containing the compound is administered at an oml dose of between about 0.1
tp about 50 mg/kg in & manner consistent with the condition of the patient. Preferably the
oral dose would be about 0.5 to about 20 mg/kg.

No onacceptable toxicological effects are expected when compounds of Formula 1
are administered in accordance with the present methods.
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Biological Assays
The compounds used in the present methods may be tested in one of several
biological assays to detormine the concentration of compound which is required to have &
given pharmacological effect.

Determination of cathepsin 8 proteciytic catalytic activity
Al assays for cathepsin S were carried out with human recombinant enzyme.

Standard assay conditions for the determination of kinetic constants used a fluorogenic
peptide substrate, typically Cbz-Val-Val-Arg-AMC, and were determined in 100 mM Na
acetate at pH 5.5 containing 20 mM cysteine and 5 mM EDTA. Stock substrate solutions
were prepared at concentrations of 10 or 20 mM in DMSO with 20 uM final subsirate
coucentration in the assays. All assays contained 109% DMSO. All assays were conducted at
ambient temperature. Product fluorescence (excitation at 360 nM; emiesion at 460 nM) was
monitored with a Perceptive Biosystems Cytofiuor IT fluorescent plate reader. Product
progress curves were generated over 20 to 30 minutes following formation of AMC prodnct.

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

carried out in the presence of variable concentrations of test compound. Reactions were
initiated by addition of enzyme to buffered solutions of inhibitor and sahstrate. Data
analysis was conducted according 10 ons of two procedures depending on the appearance of
the progress curves in the presence of inhibitors. For those compounds whose progress
curves were linear, apparent inhibitian constants (Xj, gpp) were calculsted scconding to
equation 1 (Brandt ¢1 al., Biochemitsry, 1989, 28, 140):

v Vimd / [Ko{ 1 + VK;, app) +A] )
where v is the velocity of the reaction with maximal velocity Vpy , A is the concentration of
substrate with Michaclis constant of Xz and J is the concentration of inhibitor.

For those compounds whose progress curves showed downward curvatore
characteristic of time-dependent inhibition, the data from individual sets was analyzed to
give kopg according to equation 2:

[AMC] = vyy ¢ + (v —vas) [1 — &xp (-kobs?)] / kobs @
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where [AMC] is the concentration of product formed over time 7, v is the initia] reaction
velocity and vy is the final steady state rate. Values for kophg were then analyzed as a linear
function of inhibitor concentration to generate an apparent sccond order rate constant (Koby
{ inhibitor concentration or kohs / [T]) describing the time-dependent inhibitian. A complete
discussion of this kinetic treatment has been fully dascribed (Marrison et al., Adv. Enzymol.
Relat. Areas Mol. Biol., 1988, 61, 201).

General

Nuclear magnetic resonance spectra were recorded at sither 250 or 400 MHz using,
reapectively, a Broker AM 250 or Bruker AC 400 spectrometer. CDCI3 is
deuteriochloroform, DMSO-dg is hexadeuteriodimethylsulfoxide, and CD30D is
tetradeuteriomethanol. Chemical shifts are reported in partr per million {d) downfield frorn
the internal standard tetramethylsilane. Abbreviations for NMR data are as follows: s =
singlet, d = doublet, t = triplet, q = quartet, m = mmltiplet, dd = doublet of doublets, dt =
doublet of triplets, app = apparent, br = broad. J ndicates the NMR coupling constant
measured in Hertz. Continuous wave infrared (IR) spectra were recorded on a Perkin-Elmer
683 infrared spectrometer, and Fourier transform infrared (FTIR) spectra were recorded on a
Nicolet Impact 400 D infrared spectrometer. IR and FTIR spectra were recorded in
transmission mode, and bend positions are reported in inverse wavenumbers (cm*1). Mass
spectra were taken on either VG 70 FE, PE Syx AP ITI, or VG ZAB HF instruments, using
fast atom bombardment (FAB) or electrospray (ES) ionization techmiques, Elemental
analyses were obtained using a Perkin-Elmer 240C elemental analyzer. Melting points were
taken on & Thamas-Hoover melting point apparatus and are uncorrected. All tempeminres
are reported in degrees Celsius,

Angltech Silica Gel GF and B. Merck Silica Gel 60 F-254 thin layer plates were
used for thin layer chromatography. Both flash and gravity chromatography were carried
out on E. Merck Kieselge! 60'(230-400 meab) silica gel.

Where indicated, certain of the materials were purchased from the Aldrich Chemical
Co., Milwaukee, Wisconsin, Chemical Dynamics Corp., South Plainfield, New Jersey, and

Examples
In the following synthetic examples, temperature is in degrees Centigrads (°C).
Unless otherwise indicated, all of the starting materials were obtained from commercial
sources. Without further eleboration, it is believed that ope skilled in the arnt can, using the
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preceding description, utilize the present invention to its fullest extent. These Examples are
given 1o illustrate the invention, not to limit its scope. Raference is made to the claims for
what is reserved to the inventors herennder.

a) Allyl-pent-4-enyl-carbamic acid benzyl ester

~ Toa suspension of NaH (1.83 g, 76.33 mmol of 90% NaH) in DMF was added
benzyl allyl-carbamic acid bﬂuyluua.3538.2mwnhadropwi§eﬁlhim. The
mixture was stirmed at room temperature for approotimately 10 minutos whereupon 5-bramo-
1-peatena (6.78 mL, 57.24 mmol) was added in a dropwise fashion. The reaction was
heated to 40°C for approximately 4 hours whereopon the reaction was partitioned between
dichloromethane and water. The organic layer was washed with water (2x's), brine, dried
(MgS0y), fikered and concentrated. Column chromatography of the residue (10% ethyl
acetate:hexanes) provided 10.3 grams of the title compound as an oil: MS(EF) 260 (M+H*1).

b)  2,34,7-Tetrahydro-azepine-1-carboxylic acid benzyl ester

To a solution of compound of Example 1a (50 g) in dichloromethane was added
bis(tricyclohexylphosphine)benzylidine ruthenium (IV) dichioride (5.0 g). The reaction was
heated to reflux until completo as determined by TLC analysis. The reaction was
concentrated in vacuo. Column chromatogmphry of the residue (50%
dichloromethane:hexanes) gave 35 g of the titls compound: MS(ET) 232 (M+H1),

c.) 8-Oxa-3-aza-bicyclo[S.1.0]octane-3-carboxylic acid benzyl ester

To a solution of the compound of Example 16 (35 g, 1.5 mof) in CH,CY, was added
m-CPBA (78 g, 045 mol). The mixture was stirred overnight at room temperature
whereupon it was filtered to remove the solids. The filtrate was washed with water and
satorated NaHCO, (several times), The organic layer was dried (MgSO), filtered and
concenirated to give 35 g of the title compound which was of sufficient purity to use in the
next step: MS(ED) 248 (M+H*Y), 270 (M+Nat).
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d)  4-azido-3-hydroxy-azepane-1-carboxylic acid benzyl ester

To a solution of the epoxide from Example 1c (2.0 g, 8.1 mmol) in methenol:water
(8:1 saltion) was added NH.CI (1.29 g, 24.3 mmol) and sodium azids (1.58 g, 24.30
mmol). The reaction was hested to 40°C until complete consumption of the starting epoxide
was observed by TLC analysis. The majority of the solvent was removed in vacuo and the
remaining solution way partitioned between ethyl acetate and pH 4 buffer. The organic
layer was washed with sat. NaHCO,, water, brine dried (MgSO), filtered and concentrated.
Column chromatogrphy (20% ethy] acetate:hexanes) of the residoe provided 1.3 g of the
title compound: MS(EI) 291 (M+H*) plus 0.14 g of trans-4-hydroxy-3-azido-hexahydro-
1H-azepine

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

To a solution of the azido alcohol of Example 1d (1.1 g, 3.79 mmol) in methinol
was added triethylamine (1.5 mL, 11.37 mmol) and 1,3-propanedithiol (1.1 mL, 11.37 raL).
The reaction was stirred until complete consumption of the starting material was observed
by TLC analysis whereupon the reaction was concentrated in wacuo, Colomn
chromatography of the residue (20% methanol:dichloromethane) provided 0.72 g of the title
compound: MS(EI) 265 (M+H*).

f)  4-tert-Butoxycarbonylamino-3-hydroxy-azepane-1-carboxylic acid benzyl ester

To a stirring sohution of 4-amino-3-hydroxy-azepanc-1-carbaxylic acid benzyl ester
(Bxample 1c, 1.04 g, 3.92mmal) in THF was added di-tert-butyldicarbonate (0.964 g). After
stitring at room temperatare for 30 minutes, the reaction mixture was diluted with
diethylether and extracted with saturatad NaHCO, The organic layer was dried over
anbycrous Na,SO,, filtered, concentrated, and purified by silica gal columa to give the title
compound as a yellow oil (0.963 g, 2.64 mmol, 67%). MS (ESD): 365.03 (M+H").

8) 3-Hydroxy-arzepan-4-yl-carbamic acid-ters-buryl ester

To a sclution of 4-terr-butoxycarbonylamino-3-hydroxy-azepane-1-carboxylic acid
benzyl ester (Example 1f, 0.963g, 2.64mmol) in ethyl acetate (16 mL) was added 10%
palladiom cn carbon (500 mg). After stirring the solution at room tempetsture for 48 hours,
the mixture was filtered through celite. The filterate was concentrated to yield the titls
compound ( 0.529 g, 2.29mmol, 87%). MS(ESI): 231.92 (M+H).
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h.) 3-Hydroxy-1-(pyridine-2-sulfonyl)-azepan-4-yl-carbamic acid-rers-butyl ester

To a solution of 3-hydroxy-azepan-4-yl-carbamic acid-tert-butyl ester (Example g,
0.529, 2.29 mmol) in DCM (20 mL.) was added triethylamine (232 mg) and pyridine-2-
sulfonyl chloride (410 mg, 2.32 mmcl). After stirring at room temperature far 30 mimites,
the mixture was washed with satarated NaHCO, The arganic layer was dried, filtered,
concentrated and purified on a silica gel column to give the title compound as a solid (
0.583g, 1.57mmol, 68%).
MS(ESI): 372.95 (M+H").

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

To a stirring solution of 3-hydroxy-1-(pyridine-2-sulfonyl)-azepan-4-yl-carbamic
acid-fert-butyl ester (Example 1h, 0.583 g, 1.57mmol) in cthyl acetats (0.5 mL) was added
HCIl (4M in dioxane) (3.9 mL). After stirring the reaction mixture for 30 minutes at room
ternperature, the mixture was concentrated to yield a white solid. The solid was treated with
NaOH and then extracted with ethylacetate, The organic layer was dried, filtered, and
concentrated to yield a yellow solid (0.347 g, 1.28 mmol, 81%).
MS (BSI) 272.93 (M+H').

i) {(8)-2-Cyclobexyl-1-{3-hydroxy- 1-(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-
ethyl}-carbamic acid-rers-butyl ester

To a solution of 4-amino- 1-(pyridine-2-sulfonyl)-azcpen-3-ol (Bxample 1i, 19 mg,
0.070 mmol) in CH,Cl, was added N-Boc-cyciohexylalanine (28.5 mg, 0.106mmol), 1-
hydroxybenzotriazole (16.1 mg, 0.12 mmol), and P-BDC (140 mg, 0.14 mmol ) in CH,Cl,
. After shaking at room temnperature overnight, the mixture was trested with PS-Trisamine.
After shaking for another 2 hours, the mixture was filtered and concentrated to yield the title
w as asolid. MS (ESD 525 (M+HY).

k.) (§)-2-Amino-3-cyclohexy}-N-{3-hydroxy-1-{pyridine-2-sulfonyl)-azepan-4-yl}-
propionamide

To a stirring solution of {(S)-2-cyclobexyl-1-[3-hydroxy-1-(pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl]-ethyl }-carbamic acid-ters-butyl ester (Example 1j, 34 mg, 0.07
mmol) in CH,C], (0.50 mL) was added HCI (4M in dioxane) (0.165 mL). After stirring at
room temperature for 30 minutes, the mixture was concentrated, giving a white solid. The
white solid was azeotroped with toluene then treated with MP-carbonate (0.35 mmol) in
methanol. After four hours of shaking, the mixture was filtered and concentrated to give the
title compound as a solid. MS(ESI) 425.03 (M+H").
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1.) Benzofuran-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-hydroxy-1-(pyridine-2-solfonyl)-
azepan-4-ylcarbamoyll-ethyl }-amide

To a solution of (S)-2-amino-3-cyclohexyl-N-[3-hydroxy-1-(pyridine-2-sulfonyl)-

5  ezepan-4-yl]-propionamide (Example 1k, 27 mg, 0.070 mmol) in CH,Cl, was added
benzofuran-2-carboxylic acid (17.0 mg, 0.106 mmol), 1-hydroxybenzotriazole (16.1 mg,
0.12 mmal), and P-EDC (140 mg, 0.14 mmol ) in CH,Cl, . After shaking at room
temperature overnight, the mixtore was treated with PS-Trisamine. After shaking for
another 2 hours, the mixmre was filtered and concentrated to yiekl the title compound as a
10  solid MS(EST) 56879 (Ms+H).

m.) Benzofuran-2-carboxylic acid {(S)-2-cycliohexyl-1-{3-oxo-1-(pyridine-2-suifonyl)-
azepan-4-ylcarbamoyl]-ethyl}-amide
To a stirring solution of benzofuran-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-

15  hydroxy-1-(pyridine-2-sulfomyl)-azepan-4-ylcarbamoyl]-ethyl }-amide (Example 11, 37 mg,
070 mumol) in CH,CJ, (0.5 mL) was added Deas-Martin reagent (45 mg, 0.105 mmol). After
stirring for 30 minutes, solutions of sodium thiosulfate {10% in water, 0.50 mL) and
satursied aqueous sodium bicarbonate (0.50 mL) were added simaltaneously to the reaction.
The mixture was then extracted with dichloromethane (2 times). The organic layer was

20  dried, filtered, and concentrated . The residue was purified on a preparative R,R-Whelk-O
colummn by HPLC 1o yield the two diastercomers of the title compound as solids (first
eluting: 4.5mg, second eluting: 4.5 mg). MS (ESI) 566.87 (M+H"); 1R NMR (400Hz,
CDCly): & 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{1),
3.88(d), 2.74(m), 2.16(m), 1.88(m), 1.66-0.94(m).

FOLGED" FTTBEL20S
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Following the procedure of Example 1(I) - 1(mn) except substitating 5-(3-
triflucromethylphenyl)-furan-2-carboxylic acid for benzofaran-2-carboxylic acid in step
l(l).thcliﬂceompmmdwnpmiﬁndtoyieldlwodilﬁemuwlids:
1H-NMR (400Hz, CDCl3): 8 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).

Following the procedure of Example 1(1) - 1(m), except substitting 5-(4-chloro-
phenyl)-furan-2-carboxylic acid for 2-benzofurancarboxylic acid in step 1(1), the title
compound was purified to yield two diastereomers as solids: 'H-NMR (400Hz, CDCl3): 8
8.62(m), 7.93(m), 7.65(d), 7.47(m), 7.38(t), 7.20(m), 6.92(m), 6.72(d), 5.18(m), 4.77(m),
4.09(), 3.84(d), 2.73(m), 2.33-1.02(m).

Following the procedure of Example 1(h) — 1{m), except substituting 5-(4-chloro-
phenyl)-furan-2-carboxylic acid for benzofuran-2-carboxylic acid in step 1(1) and 2-
pyridine-N-oxide sulfonyl chloride for pyridine-2-sulfonyl chloride in step 1(h), the title
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compound was purified to yield two diastereomers as solids: H-NMR (400Hz, CDCl3): &
8.26(m), 8.12(1), 7.73-7.21(m), 6.76(1), 5.09(m), 4.82(m), 4.10(d), 3.38(dd), 3.54(s), ) .
2.7%(m), 2.19-1.02(m).

Following the procedure of Example 1(h) — 1(m), axcept 5-(3-trifluoromethyl-
phenyl)-furan-2-carboxylic acid for 2-benzoforancarboxylic acid in step 1(I) and 2-pyvidine-
N-oxide sulfonyl chloride for pyridine-2-sulfony] chloride in step 1(h), the titlé compound
was purified to yield two disstereomers as solids: 1H-NMR (400Hz, CDCl3): § 8.26(m).
8.11(t), 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), 3.38(m),
2.25-1.02(m).

Following the procedure of Example 1(h) - 1(m), except 5,6-dimethoxy-
benzofuran-2-carboxylic acid in step 1(l) and 2-pyridine-N-oxide sulfonyl chloride for
pyridine-2-sulfonyl chicride in step 1(h), the title componnd was purified to yield two
diastereomery as solids: LH-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(d), 3.73(s), 2.86(t), 2.20(m), 1.94-1.02(m).
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5 a) 4((S)-2-ter1-Butoxycarbonylamino-4-methyl-pentanoylamino)-3-hydroxy-azepan-

1-carboxylic acid benzyl ester )
To a solntion of 4-amino-3-hydroxy-azepane-1-carboxylic acid benzyl ester of

Example le (720 mg, 2.72 mmo}) in CH,Cl; was added EDC (521 mg), HOBt (368 mg)
and N-Bac-leucine (630 mg). The reaction was maintained st room temperature until

10  complete consumption of the starting material wes observed by TLC analysis. The reaction _
was diluted with ethyl acetate and washed with 1N HCl, sat. KoCO3, water, brine, dried
(MgSO0y), filtered md concentrated. Column chromatography of the residoe (3%
methanol:dichloromethane) gave 1.0 g of the title compound: MS(EID) 478 (M+H*).

1§ b) {(S)-1-(3-Hydroxy-azepan-4-ylcarbamoyi)-3-metiryl-butyl}-carbamic acid terr butyl
estar
To a sohution of the compound of Example 7a (1.0 g) and 10% Pd/C (catalytic) in
othyl acetate:methanol (2:1 solution) was affixed a balloon of hydrogen. The reaction was
stirred nnlil complete consumption of the starting material was observed by TLC analysis.
20  The reaction was filtered to remove the catalyst and the filtrate was concentrated in wacuo 1o
pravide 082 g of the title compound: MS(EI) 344 (M+HY).

FTOLOER" TTBELZCS

&) {(S)-1-3-Hydroxy-1-(pyridine-2-sulfonyl)-azepan-4-ylcerbamoyi]-3-methyi-
““~butyl}-carbamic acid terr-butyl ester e
25 Generation of 2-pyridineslfonylchloride: A solution of 2-mercaptopyridine (2.23 g
in 33 mi 9N HCI) was cooled to 0°C, Chlarine gas was bubbled into the solution for 90 min,
taking care to maintain the temperaiure at (*C. Ice cooled ethyl ncetate was added followed
by slow addition of ice cooled sat'd NaHOO, until the pH of the water layer was
spproximately 9. The organic lnyer were then washed with brine and dried over MgSO,.
30 Evaporation of the ethyl acetate gave 3.5g of the crode 2-pyridinesulfonylchloride as a light
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To a solution of [(S)-1-(3-hydraxy-azepan-4-ylcarbamoy!)-3-methy}-butyl}-
carbamic acid sert butyl ester of Exampls 7b (12 g, 34.93 mmol) in dichloromethane was
added trievhylamine (5.8 mL, 41.92 mmot) followed by the dropwise addition of 2-
pyridinesulfonylchloride (7.45 g, 41.92 mmol). The reaction was stirred omtil comples as

5  determined by TLC analysis. The mixture was then washed with sat. NaHCO),, water, brine,
dried (Na,SO,), filtered and concentrated. Cohrmn chromatography (75% ethyl
acetate:hexsnes to 100% ethyl acetate) of the residue provided 15 g of the title compound:
MS 484 (M)

10 d) (S)-2-Amino-4-methyl-pantancic acid-[3-hydroxy-1-(pyridine-2-sulfonyl)}-azepan-
4-yl]-amide
To a solution of {(S)-1-{3-hydroxy-1-(pyridine-2-sulfonyl)-azepun-4-ylcarbamoyl}-
3-methyl-butyl }-carbamic acid fers-butyl ester of Example 7¢ (14.3 g) in methanol was

sulfonyl)-azepan-4-yl]-amide of Example 7d (0.15 g) in dichloromethans was added TEA
(0.11 mL), HOBt (49 mg), EDC (69 mg) and benzofaran-2-carboxylic acid (58 mg). The
reaction was stirred until complete. Workup and columm chromatography (5%
methancl:ethyl acetate) provided the title compound: MS(EI) 529 (M+H1).

g added 4 M HCl in dioxane. The reaction was stirred at room temperature until complete as
§ U 15 dmminedl:!yncuﬂylhwhﬂeuponilwwmundmmvideugoﬂheﬁﬂo
. ;j compound: MS (EI) 385 (M+H").
Q
;: e.) Benzofaran-2-carboxylic acid {(5)-3-methy!-1-[3-hydroxy-1-(pyridine-2-sulfony})-
. azepan-4-yleasbamoyl}-butyl jamide
3 20 To a sofution of (S)-2-amino-4-methyl-pentanoic acid [3-bydroxy-1-(pyridine-2-
o
|
[}
b

-46 -




FTOLOED" ¥YYBEL208

10

15

P51127P1

f) Benzofuran-2-carboxylic acid {(S)-3-methyl-1-{3-oxo-1-(pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl])-butyl }amide

To a solution of the alcohol of Example 7¢ (0.11 g) in DMSO was added TBA (0.17
mL) and pyridipe sulfur tricxide coraplex (99 mg). The reaction was stirred at room
tempemture for approximately 2 honrs whereupon it was partitioned between ethyl acetato
and water. The organic layer was washed with brine, dried, filtered and concentrated.
Column chromatography of the residue (10% CH,OH:EtOAc) provided 75 mg of the title
compound as a mixture of diastereomers; "H NMR (CDCL): § 1.0 ( m, 6H), 1.5-2.1 (m,
5H), 2.2 (m, 2H), 2.7 (m, 1H), 3.7 (dd, 1H). 4.0 (m, 1H), 4.7 (m, 2H), 5.0 (m, IH), 7.2-73

(m, 3H), 7.4 (m, 4H), 7.6 (m, 1H), 8.0 (m, 2H), 8.7 (m, IH); MS(EI): 527 (M+1', 40%).

g) of Beazofuran-2-carboxylic acid {(S)-3-methy!-1-[(2,2« 4-tridenterio)-3-oxo-1-
(pyridine-2-suifonyl)-azrcpan-4-ylcmxbamoyl]-butyl arnide

To a solntion of benzofuran-2-carboxylic acid {(S)-3-methyl-1-[3-oxo-1-(pyridine-
2-sulfony])-azepan-4-ylearbamoyl]-butyl}amide of Example 7f (0.03 g) in D,0:CD,OD
(0-4:4 mL) was added triethylamine (0.04 mL). The reaction was heated to reflux for 2
hours wherenpon it was concentrated und dried ander vacuum, The residus was the
redissolved in the same mixture and heated to reflux overnight. The reaction was
concentrated and the residus purified by column chromstography (5%
methanol:dichloromethane) to provide the title compound (0.02 g): "HNMR: § 1.0 (m, 6H),
1.5-2.2 (m, 6H), 2.7 (m, 1H), 4.1 (m, 1H), 4.7 (m, ZH), 74-8.0 (m, &H), 8.7 (m, 1H);
MS(EI): 529 (M", 45%).

‘The diastercomeric mixture was scparaied by HPLC to provide the faster cluting
diastereoemner: MS(EI): 530 (M+H',100%) and the slower eluting disstereomer: MS(EI):
530 (M+H',100%).
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Example 8
Poran-2-carboxylic acid {(S)-2-cyclohexyl-1-[(4S,7R)-7-methyl-3-oxo- 1-(pyridine-2-

sulfonyl)-azepan-4-ylcarbamoyl}-etiryl }-amide

a. ((R)-2-Iodo-1-methyl-cthyl)-carbamic acid benzyl ester

Triphenylphospine (24 g, 91.8 mmol) was added to a solution of imidazole (125 g,
184 mmol) in CHCl; (231 ml), then was cooled to 0 degrees C. Iodine (23.3 g, 91.8 mmol)
was added to the suspension. The reaction mixtare turmed yellow, then faintly brown. After
5 minutes ((R)-2-hydroxy-1-methyl-ethyl)-carbamic acid benzyl ester (959 g, 45.9 mmol)
was added and the reaction mixture was warmed to RT then stured for 3 h. Then, H;O (7
ml) was added end the reaction mixture was partitioned between CH;Cl; (300 ml) and H,O
(600 mi). The aqueous layer was extracted again with CHyCl; (200 mi). The combined
organic layer was then washed with a solution of 1:9 ag. saturated Na;$,05 : H,O (140 ml),
then brine (400 ml). The combined organics were dried with MgSO,, filtered, concentrated
in vacuo, then filtered through a plag of silica gel washing with 15% EtOAc/ bexanes (1.5
liter). The solution was concentrated in wacuo, then the solid was washed with hexane and
the resultant white solid was used in the naxt reaction without further purification (11g,
75%).

b. ((R)-1-Methyl-pent-4-emy!)-carbamic acid benzyl ester

Copper (I) bromide-dimethyl salfide (1.93 g, 9.4 mmol) was dissolved in distilled
TIImel).ﬂnmcooledw—TBdegtul:b. A solution of allyl magnesium chloride
(9.4 ml, 2M in THF, Aldrich) was added dropwise, then the solution was stirred for 30
mimnutes. (R)-2-Iodo-1-methyl-ethyl)-carbamic acid benzy] ester (1.5 g, 4.7 mmol) in
distilled THF (3 ml) was added dropwise, then the reaction was warmed to —40 degress C
and was stirred for 2.5 h. The reaction mixture was quenched with aq. sat. NHC1 (4 ml) at
=40 degrees C, warmed to RT and the gray reaction mixture tumed sky blue. THF was
removed in vacuo. Then, Et;O was added and the reaction mixtare was filtened to remove
precipitated solids. The solids were washed with additional Et;O. The combined organics
were extracted with 109% NH,OH (3x), then brine. The combined organics were dried with
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MgS0,, filtered, concentrated in wacuo, then filtered through a plug of silica gel washing
with 20% EtOAc/ hexanes (100 ml). The solution was concentrated in vacuo, then the
resultant coloriess oil was used in the naxt reaction without further purification (0.8 g, 73%).

¢ AllyH{(R)-1-methyl-pent-4-enyl)-carbamic acid benzyl ester

{(R)-1-Methyl-pent-4-enyl)-carbamic acid benzyl ester (790 mg, 3.39 mmol) was
dissolved in DMF (8 ml) and was cooled to 0 degrees C. Sodium hydride (60% dispersion,
271 mg, 6.78 mmol) was added and the reaction was stirred for 15 minutes. Allyl bromide
(1.23 g, 0.98 ml, 10.17 mmol) was added and the reaction mixture was stirred for 3 h at 0
degrecs C. H;O (10 ml) was added, then 2N HCl was added dropwise adjusting the pH to 1.
The reaction mixture was axtracted with Et;O (2 x 50 ml). The combined organics were
washed with ag. 2N HCI, then aq. NaHCO,, then brine. The combined organics were dried
with MgSO,, filtered, concentrated In vacuo, then chromatographed on silica gel (5%
EtOAc/ hexanes) ta yield the title compaund as a colorless oil (883 mg, 95%).

d. 2-Methyl-2,3,4,7-tetrabydro-azepine-1-carboxylic acid benzyl ester
Allyl(1-methy)-pent-4-enyl)-carbamic acid benzyl ester (0.872 g, 3.19 mmol) was
dissolved in CH;Cl, (10 ml) and a stream of argon gas was bubbled into the reaction
mixture for 10 mimutes. Then bis(tricyclohexylphosphine)benzylidine rutheniom(IV)
dichloride (Strem Chemicals, Grubbs’ catalyst, 19 mg, 0.0227 mmol) was added and the
reaction mixtare was refluxed for 2 b. Additional bis(tricyclohexylphosphine)benzylidine
ruthenium(IV) dichloride ( mg, 0.0108 mmol) was added and ths reaction mixtare was
refluxed for an additional 1.5 hours. The reaction was cooled to RT under argon overnight,
then was concentrated in vacuo by rotary evaporation, then was chromatographed (silica gel,
5% EtOAc/ hexanes) to give the titlo compound (0.72 g, 92%): 1H NMR: 7.35-7.20 (m,
5H), 5.65 (1H, m), 5.13 (2H, AB), 445-4.05 (m, 2H), 3.56 (1H, d), 2.25-2.10 (m, 2H), 1.90-
1.60 (m, 2H), 1.12 (3H, d); Liquid Chromatgraphy/Electrospray mass spec: M+H® = 246.2.

a. (15,4R,7R)4-Methyl-8-oxa-3-aza-bicyclo[5.1.0)octane-3-catbaxylic acid benzyl ester
m-Chloro-perbenzoic acid (1.10 g, 57-86% pure) was added to a solution of 2-
methyl-2,3,4,7-tetrahydro-azepine-1-carboxylic acid benzyl ester (0.72 g, 2.94 mmol) in
CH;Cl, at 0 degrees C. The reaction mixture was stirred for half an hour, then was warmed
to RT. Additional m-chloro-perbenzoic acid (0.660 g, 57-86% pure) was added and the
reaction was stimed 2 h. The reaction mixture was concentrated in vacuo by rotary
evaporation, then 80 mi of 9:1 hexanes/BtOAc was added and the reaction mixture was
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filtered. The filtrate was concentrated in wacuo by rotary evaporation, then was )-
chromatographed (silica gel, 20% EtOAc:hexanes) to give (15,4R,75)-4-methyl-8-oxa-3-
aza-bicyclo[5.1.0joctane-3-carboxylic acid benzyl ester (0.450 g, 75%) and the title
compound (0.15 g, 25% yield): 1H NMR: 7.42-7.22 (m, SH), 5.13 (28, s), 4.504.15 (m,
2H), 3.27 (1H, d), 3.12-2.95 (1H, m), 2.15-1.70 (m, 2H), 1.47 (m, 2H), 1.12 (3H, d); Liquid
Chromatgraphy/Blectrospray mass spec: M+H' =262.0.

f. (2R,5S,65)-5-Azido-6-hydroxy-2-methyl-azepane-1-carboxylic acid benzyl ester

Sodium azide (0.139 g, 2.14 mmol) was added to a solution of (1S 4R,7R)}4-
methyl-8-oxa-3-aza-bicyclo[5.1.0Joctane-3-carboxylic acid benzyl ester (0.186 g, 0.71
mmol) and ammoninm chloride (0.114 g, 2. 14 mmol) in MeOH (1.5 ml) and H,O (0.15 ml),
then was refluxed for 6 . The reaction mixtare was concentrated in vacuo by rotary
evaporation, then was diloted with water (5 ml) and extracted with BtOAc (10 ml). The
mklnwwmmwhhm.himdﬁdﬁthmmﬁmm
in vacuo by rotary evaporation, and chromstographed (silica gel, 20% EtOAc/hexanes) to
yield the title componnd (0.192 g, 89%): 7.39-730 (m, SH), 5.15 (2H, 1), 4.10-3.67 (m,
2H), 3.10 (1H, d), 1.85-1.53 (m, 4H), 1.09 (31, d); Liquid Chromatgraphy/Electrospray
mass spec: M+H" = 3052.

8- (2R,5S,68)-5-Amino-6-hydraxy-2-methyl-azepane-1-carboxylic acid benzyl ester

Triphenylphosphine (0.25 g, 0.952 mmol) was added to a solution of (2R,5S,65)-5-
azido-6-hydroxy-2-methyl-szepane-1-carboxylic acid benzyl ester (0.193 g, 0.635 mmol) in
THF (10 ml) and H,O (0.04 ml), then was heatad to 45 degrees C overnight. The reaction
mixtare was then diluted with toluene (100 ml x 2) and was azeatroped in vacuo by rotary
evaporation twice. The resulting oil was dissolved in MeOH and HCl in Et,0 and the
resulting salt was collected following filtration and was nsed in the next reaction without
forther purification (027 g, 90%). ’

h. (2R,5S, 68)-5-((S)-2-tert-Butoxycarbonylamino-3-cyclohexyl-propancylamino)-2-
methyl-3-hydroxy-azepane-1-carboxylic acid benzyl ester
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide (1.0 g, 5.36 mmol) was added to &
solution of Boc-cyclobexylalanine (1.2 g, 4.45 mmol), 4-methylmorpoline (1.35 g, 1.50 ml,
13.4 mmol), hydraxybenztriazole (0.72 g, 536 mmol), and (2R,58,6S)-5-Amino-6-hydroxy-
2-methyl-azepane-1-carboxylic acid benzy] ester (1.4 g, 4.45 mmol) in DMF (20 ml). The
reaction was stirred overnight at RT, then was diluted with BtOAc (100 mi), washed with
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;0 (50 ml), brine (S0 ml), dried with magnesiom sulfats, filtered, concentrated in vacuo by
rotary evaporation, and chromatographed (gilica gel, 50% EtOAc/hexmnes) to yield the title
compound (1.70 g, 72 %): Electrospray mess spec: M+H' = 532.4

i. [(8)-2-Cyclohexyl-1-{(3S, 4S,7R)-7-metbyl-3-hydroxy-azepan-4-ylcarbamoyl)-ethyl]-
carbemic acid tert-butyl ester

(2R,58, 65)-5<{(S)-2-tert-Butoxycarbonylamino-3-cyclohexyl-propanoylsmino)-2-
methyl-6-hydroxy-azepane-1-carboxylic acid banzyl ester (1.70 g, 3.20 mmol) was
dissovied in ethanol(30 ml). Then 109 Pd/C (0.34 g, 0.32 mmol) was added and the
reaction was stirred overnight under a balloon filled with hydrogen gas. The reaction
mixture was filtered through Celite, concentrated in vacuo by rotary evaporation and was
used in the next reaction withomt farther purification (1.2 g): Electrospray mass spec:
M+H' =3984.

j- {(8)-2-Cyclohexyl-1{(38, 4S,7R)-7-methyl-3-hydroxy- 1-(pyridine-2-sulfonyl)-azepan-4-
ylcarbamoyl]-ethyl }-carbamic acid tert-butyl ester

2-Pyridine sulfonyl chloride (0.53 g, 3.30 mmol) was added to a solution [(S)-2-
Cyclohexyl-1(3S, 45,7R)-7-methyl-3-hydroxy-azepan-4-ylcarbamoyl)-ethyl]-carbamic
acid tert-butyl ester (1.2 g, 3.00 mmol), triethylamine (1.02 g, 10.0 mmol) in CH,Cla (20
ml) and was stirred at RT for 30 minutes. The reaction mixture was diluted with EtOAc
(100 ml), washed with H;O, brine, dried with magnesium sulfate, filtered, concentrated in
vacuo by rotary evaporation, and chromatographed (silica gel, 1:1 hexane/EtOAc ) to yield
the title compound (1.3 g, 80%): Hlectroapray mass spec: M+H' = 539.2.

k. (S)-2-Amino-3-cyclobexyl-N-{(3S, 4S,7R}-7-methyl-3-hydroxy-1-(pyridine-2-sulfonyl)-
azepan-4-yl}-propionamide -
HCl in dioxane (4.0 M, 15.0 ml) was added to & stirred solution of {(S)-2-

Cyclohexyl-1-((38, 4S,7R)-7-methyl-3-hydroxy-1-(pyridine-2-sulfonyl)-azepan-4-
ylearbamoyl}-ethyl} -carbamic acid tert-buty) ester (1.30 g, 2.40 mmol) in MeOH (5.0 ml).
The reaction mixture was stirred for 2h at RT, then was concentrated in vacuo by rotary
evaporation and was used in the next reaction without further putification (1.2 g).

1. Furan-2-carboxylic acid {(S)-2-cyclohexyl-1-[(35,4S,7R)-7-methyl-3-hydroxy-1-
(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-ethyl }-amide

-51-
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1<(3-Dimethylaminopropyl)-3-ethylcarbodiimide (0.069 g, 0.36 mmol) was added
to a solution of furan-2-carboxylic acid (0.040 g, 0.36 mmol), (S)-2-Amino-3-cyclohexyl-N-
[(38, 4S.7R)-7-methyl-3-hydroxy-1-{pyridine-2-sulfonyl)-azepan-4-yl]-propionamide (0.15
£, 0.30 mmol), diisopropylethylamine (0.15 g, 0.20 ml, 1.2 mmol), hydroxybenziriazole
(0.049 g 0.36 mmol) in DMF (2.0 ml) and was stirred at RT overnight. The reaction
mixture was then warmed to RT and was stirred overnight. The reaction mixture was
dilmed with EtOAc (30 mi), washed with H,O, brine, dried with magnesium sulfate,
filtered, concentrated &t vacuo by rotary evaporation, and chromatographed (silica gel, 2.5%
MeOH/ CH,Cl; ) to yield the title compound (0.15 g, 95%): Elcctrospray mass spec: M+H'
=5332.

m. Furan-2-carboxylic acid {(S)-2-cyclohexyl-1-[(4S,7R)-7-meothyl-3-0x0-1-(pyridine-2-
suifonyl)-ezopan-4-ylcarbamoyl}-ethyl }-amide

Dess-Martin periodinane (0.15 g, 0.35 nunol) was added to a solution of Puran-2-carboxylic
acid {(S)-2-cyclohexyl-1-{(35.48,7R)-7-methyl-3-hydroxy-1-(pyridine-2-sulfonyl)-azepan-
4-ylcarbamoy)]-ethyl }-amide (0.15 g, 0.28 mmol) in CH;Cl, (2.0 ml) and was stirred at RT
far 1 h. The solution was washed with 10% aq. Na;S+Os, then aq. sat. NaHCO,, then brine.
Purification by column chromatography (3%MeOH/CH,Cl,) gave the title compound (0.12
£, 80%): IH NMR: 8.73(d, 1 H), 7.62(m, 2 H), 7.53(m, 2 H), 7.13(s. 1 H), 6.94(d, 1 H),
6.77(d, 1 H), 6.51(m, 1 H), 5.18(m, 1 H), 4.77(d, 1 H), 4.63(m, 1 H), 425(m, 1 H), 3.86(d, 1
H), 2.10(m, 2 H), 1.87-0.93(m, 18 H); Electrospray mass spec; M+H" = 531.2,

Example 9
Preparation of Benzofuran-2-carboxylic acid {(S)-2-cyclohexyl-1-{(4S,7R)-7-methyl-3-oxo0-
l{pyﬁdhn-z-culfonybmpmﬂqutbmuyﬂ-ahyll-lmide

Following the procedure of Example 8 (a-m), except substituting "benzoforan-2-carboxylic
acid" for "furan-2-carboxylic acid" gave the title compound: 1H NMR: 8.74(d, 1 H),
7.96(m, 3 H), 7.55(m, 1 H), 742(m, 2 H), 7.28(m, 2 H), 6.77(d, 1 H), 6.51(m, 1 H), 5.14(m,

-52-

Zeg
D



TOZOEQ"ETEELSOS

10

15

P51127P1

1 H), 4.77(d, 1 H), 4.69%(m, 1 H), 443(m, 1 H), 3.8%(d, 1 H), 2.18(m, 2 H), 1.85-0.98(m, 18
H); Electrospray mass spec: M+H = 581.3.

Exampie ]0
Preparation of Thiophene-3-carboxylic acid {(S)-2-cyclohexyl-1{(48,7R)-7-methyl-3-oxo-
1<(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-ethyl } -amide

K
s

Fallowing the procedure of Example 8 (a-m), except substituting “thiophene-3-carboxylic
acid® for "faran-2-carboxylic acid” gave the title componnd: 1H NMR: 8.74(d, 1 H),
8.00(m, 2 H), 7.66(d, 1 H), 7.46(m, 3 H), 728(d, 1 H), 6.90(d, 1 H), 5.14(m, 1 H), 443(m, 1
H), 3.82(d, 1 H). 2.16(m, 2 H), 1.90-0.96(m, 18 H); Electrospray mass spec: M+H' = 5472,

Example 11
Preparation of 3-Methyl-furo[3,2-b]- pyridine-2-carboxylic acid {(S)-2-cyclohexyl-1-
[(4S,7R)-7-methyl-3-axo-1<(pyridine-2-sulfonyl)-azcpan-4-ylcarbamoyl]-ethyl }-amide

%ga;i@

Following the procedure of Example 8 (a-m), except substituting “3-methyl-furof3,2-b]-
pyridine-2-carboxylic acid” for "furan-2-carboxylic.acid” gave the title compound: 1H
NMR: 8.75(d, 1 H), 7.98(m, 2 H), 7.55(m, 1 H), 7..3'0(m. 2 H), 7.3)(m, 1 H), 6.75(d, 1 H),
6.50(m, 1 H), 5.09(m, 1 H), 4.79(d, 1 H), 4.68(m, 1 H), 447(m, 1 H), 3.87(d, 1 H), 2.55(s,3
H), 2.17(m, 1 H), 1.93-0.93(m, 19 H); Electrospray mass spec: M+H" = 596.4.

-53.
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- Esamule 12
Preparution of 5-(2-Morpholin-4-yl-ethoxy)-benzofuran-2-carboxylic acid {(S)-2-
cyclohexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-ylearbamoyl]-ethyl }-amide

O

Following the proceduure of Example 8 (i-m), except substituting "(35,45)-4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester (as described in Marquis, Robert W., et al

J. Med. Chem 44 2001) for "(2R,53,68)-3-Aming-6-hydroxy-2-methyl-azepane-1-
carboxylic acid benzyl ester” and *5-(2-Morpholin-4-yl-ethoxy)-benzafarn-2-carboxylic
acid” for "furan-2-carboxylic acid” gave the title compound: 1H NMR: 8.54(s, 1H), 8.00(m,
2 H), 7.55-7.05(m, 7 H), 5.16(m, 1 H), 4.81-3.52(mm, 15 H), 3.14(br, 2 H), 2.71(t. 1 H), 2.21-
0.95(m, 16 H); Electrospray mass spec: M+H' = 712.4.

Example 13
Preparation of 4-Methyl-2-pyridin-2-yl-thiazole-5-carboxylic acid {(S)-2-cyclohexyl-1-[3-
oxo-1-(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-¢thyl }-amide

méﬁ?lri%

Following the procedure of Example 8 (i-m), except substitnting "(3S,4S)-4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester” for "(2R,58,6S)-5-Amino-6-hydroxy-2-
methyl-azepane-1-carboxylic acid benzyl estar” and "4-Methy)-2-pyridin-2-yl-thiazole-5-
carboxylic acid” for “foran-2-carboxylic acid” gave the title compound: 1H NMR: 8.66(d, 1
H), 8.55(d, 1 H), 7.98(m, 2 K), 7.65(m, 2 H), 7.50(m, 2 H), 7.44(m, 1 H), 7.31(t, 1 H),
7.06(d, 1 H), 5.17(m, 1 H), 4.7%(m, 1 H), 4.65(d, 2 H), 4.00(d, 1 H), 3.83(d, 1 H), 2.75(t. 1
H), 2.5%(s, 3H), 2.40(m, 2 H), 1.84-0.90({m, 15 H);; Electrospray mass spec: M+H' = 625.4.

1~
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Example 14
Prepanation of $-Pyridin-2-yl-thiophene-2-carbaxylic acid {(S)-2-cyclobexyl-1-{3-axo-1-
(pyridine-2-snifonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide

Following the procedure of Example 8 (i-m), except substituting “(3S,45)-4-Amino-3-
hydroxy-ezspane-1-carboxylic acid benzyl ester” for *(2R,SS,68)-5-Amino-6-hydroxy-2-
methyl-azepane-1-carboxylic acid benzyl ester” and "5-Pyridin-2-yl-thiophene-2-carboxylic
acid” for "foran-2-carboxylic acid” gave the title compound: 1H NMR: 8.68(d, 1 H),
8.54(d, 1 H), 7.93(m, 2 H), 7.71(m, 2 H}, 7.53(m. 2 H), 7.48(m, 1 H), 7.31(t, 1 H), 7.03(d, 1
H), 5.16(m, 1 H), 4.78(m, 1 H), 4.65(d, 2 H), 4.10(d, 1 H), 3.82(d, 1 H), 2.76(t, 1 H),
2.40(m, 2 H), 1.88-0.89(m, 15 H); Electrospray mass spec: M+H'" = 610.2.

Example 15
Preparation of Poran-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-
azepan-4-ylcatbamoyl]-ethyl }-amida
" .

Following ﬂfe procedure of Example 8 (i-m), except substituting "(35,4S)-4-Ariino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester” for "(2R,5S,68)-5-Amino-6-hydroxy-2-
methyl-azepane- | -carboxylic acid benzyl ester” gave the title compound: 1H NMR: 8.70-
8.68(d, 1H), 7.98(m, 2H), 7.53(m, 2H), 7.16-7.12(m, 2H), 6.81-6.75(m, 1H), 6.53(s, 1H),
5.31-5.10(m, 1H), 4.81-4.68(m, 2H), 4.13-4.09%(d, 1H), 3.93-3.80(d, 1H), 2.77-2.69(m, 1H),
2.26-0.90(m, 17H); Electrospray mass spec: M+H' = 5174,

-55-
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Exnmple 16
Preparation of Thiophene-2-carbaxylic acid {(S)-2-cyclohaxyl-1-[3-oxo-1-{pyridine-2-
sulfonyl}-azepan-4-ylcarbamoyl] -ethyl }-amide

| .'i

Following the procedure of Example 8 (i-m), except substituting "(3S,45)-4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester” far °(2R,58,65)-5-Amino-6-hydroxy-2-
methy}-azepane-1-carboxylic acid benzy] ester” and "Thiophene-2-carboxylic acid " for
“furan-2-carboxylic acid" gave the title compound: 1H NMR: 8.70-8.69%(d, 1H), 7.99-
7.82(m, 2H), 7.60-7.51(m, 3H), 7.12-7.10(m, 2H), 6.55-6.53(d, 1H), 5.14-5.11(m, 1H),
4.78-4.67(m, 2H), 4.10-4.07(d, 1H), 3.39-3.84(d, lH). 2.81-2.74(m, 1H), 2.26-2.16(m, 2H),
1.86-0.90(m, 15H):; Electrospray mass spec: M+H' =533.2.

Example 17
Preparation of Thiophene-3-carboxylic acid {(S)-2-cyclohexyl-1-{3-0xo-1-(pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl] -ethyl}-amide

of 5

Following the procedure of Example 8 (i-m), except substituting "(38,4S)-4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl cster™ for "(2R,3S,65)-5-Amino-6-hydroxy-2-
methyl-azepane-1-carboxylic acid benzyl ester” and "Thiophene-3-carboxylic acid * for
“furan-2-carboxylic acid" gave the title compound: 1H NMR: 8.72-8.71(d, 1H), 8.15-

8.00(m, 3H), 7.56-7.30(m, 3H), 7.15-7.12(br, 1H), 6.70(br, 1E), 5.20(m, 1H), 4.90-4.70(m, .

2H), 4.15(m, 1H), 3.90(d, 1H), 2.90-2.70(m, 1H), 2.28-0.97(m, 17H); Electrospray mass
spec: M+H' = 5334,
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Exumple 18
Preparation of 5-Methyl-thiophene-2-carbaxylic acid {(S)-2-cyclohexyl-1-{3-ox0-1-

(pyridine-2-sulfonyl)-azepan-4-ylcarbarnoyl]-ethyl }-amide

Following the procedure of Example 8 (i-m), except substitating "(35,45)-4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester” for "(2R,5S,65)-5-Amino-6-hydroxy-2-
methyl-azepane- 1-carboxylic acid benzyl ester” and "5-Methyl-thiophene-2-carboxylic
acid” for "furan-2-carboxylic acid” gave the title cormpound: 1H NMR: 8.69-8.67(d, 1H),

7.97-7.90(m, 2H), 7.52-728(m, 3H), 6.74-6.49(m, 2H), 5.18-5.08(m, 1H), 4.77-4.63(m,
2H), 4.28-4.26(d, 1H), 3.87-3.80(d, 1H), 2.78-2.66(m, 1H), 2.51(s, 3H), 2.25-0.88(m, 17H);;

' Electroapray mass spec: M+H' = 5472,

Expmple 19
Pl'nplnlim of 3-Methy]-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-0x0-1-
(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-cthyl }-amide

W«Q}W

Following the procedure of Example 8 (i-m), except substituting "(35,45)-4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester” for “(2R,58,6S)-5-Amino-6-hydroxy-2-

methyl-azepane- 1-carboxylic acid benzyl ester” and "3-Methyl-thiophens-2-carboxylic _
acid" for "furan-2-carboxylic acid" gave the tide compound: 1TH NMR: 8.69-8.68(d, 1H), e
7.97-7.89(m, 2H), 7.53-7.50(m, 1H), 7.32-7.17(m, 2H), 6.91-6.84(d, 1H), 6.34-6.32(d, 1H),

5.16-5.11(m, 1H), 4.79-4.70(m, 2H), 4.31-4.10(d, 1H), 3.85-3.81(d, 1H), 2.76-2.69%(m, 1H),

2.55(s, 3H), 2.26-0.89(m, 17H) ; Electrospray mass spec: M+H' = 5472,

é7
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Example 20
Preparation of 3-Ethoxy-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-
(pyridine-2-sulfonyl)-azepan-4-yicarbamoyl}-ethyl }-amide

o

Following the procedure of Example 8 (i-m), except substituting "(38,48)-4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester” for "(2R,58,68)-5-Amino-6-hydroxy-2-
methyl-azepane- 1-carbaxylic acid banzyl ester” and “3-Ethoxy-thiophene-2-carboxylic
acid" for "furan-2-carboxylic acid® gave the titls compound: 1H NMR: 8.69-8.67(d, 1H),
7.96-7.90(m, 2H), 7.60-7.28(m, 4H), 6.92-6.83(d, 1H), 5.15-5.10(m, 1H), 4.74-4.56(m, 2H),
4.30-4.08(rn, 3H), 3.84-3.77(d, 1H), 2.72-2.66(m, 1H), 2.25-0.89(m, 20H); Electrosprxy
mass spec: M+H' = 577.2.

Ex=mple 2]
Prepanation of 4-Bromo-N-{(S5)-2-cyclobexyl-1-{3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-
yicarbamoyl}-ethyl }-benzamide '

Following the procedore of Example 8 (i-m), except substituting “(38,4S)-4-Amino-3-
hydroxy-azspane-1-carboxylic acid benzyl cster” for *(2R,5S,65)-5~Amino-6-hydroxy-2-
methyl-azepane- 1-carboxylic acid benayl este” and "4-bromo-benzoic acid” for “foran-2-
carboxylic acid” gave the title compound: 1H NMR: 8.71(d, 1 H), 8.00(m, 2 H), 7.69(d, 2
H), 7.52(m, 3 H), 7.26(d, 1 H), 6.91(d, 1 H), 5.22(m, 1 H), 4.7%(m, 2 H), 4.14(d, 1 H),
3.85(d, 1K), 2.71(t, 1 H), 2.31(m, 2 H), 1.86-0.91(m, 15 H); Electrospray mass spec: M+H'
= 605.2.
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Example 22
Preparation of Cyclobutsnecarboxylic acid {(S)-2-cyclobexyl-1-[3-oxo0-1-(pyridine-2-
sulfonyl)-azepan-4-ylearbamoyl]-ethyl }-amide

S

Following the procedure of Example 8 (i-m), except substituting "(35,4S)-4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester” for "(2R,5$,65)-5-Amino-6-hydroxy-2-
methyl-azepane- 1-carboxylic acid benzyl ester” and * Cyclobutanecarboxylic acid™ for
*furan-2-carbaxylic acid" gave the title compound: |H NMR: 8.68 (d, 1H), 7.97-7.90(m,
2H), 7.71-7.48(m, 1H), 7.19-7.12(d, 1H), 6.81-6.79(d, 1H), 5.08(m, 1H), 4.72-4.48(m, 2H),
4.05-4.01(d, 1H), 3.86-3.79(d, 1H), 3.11-3.05(m,1H), 2.80-2.70(m, 1H), 2.32-0.80(m, 23H);
Electrospray mass spec: M+H" = 505.4. .

Example 23
Preparation of Cyclopentanecarboxylic acid {(S)-2-cyclohexyl-1-{3-oxo-1-(pyridinc-2-
sulfonyl)-azepan-4-ylcarbarnoyl}-ethyl }-amide

B

Following the procedure of Example 8 (i-m), except substitating "(35,45)-4-Amino-3-
hydroxy-azepane- 1-carboxylic acid benzyl ester” for "(2R,5S,6S5)-5-Amino-6-hydroxy-2-
methyl-azepane- 1-carboxylic acid benzyl ester” and " Cyclopentanecarboxylic acid” for

fnm:-?..-carbmyhcand" gave the title compound: 1H NMR: 8.70-8.6%(d, {H), 7.99-
7.92(m, 2H), 7.55-751(m, 1H), 7.09-7.08(d, 1H), 5.89-5.87(d, 1H), 5:10(m, 1H), 4.71-
4.70(d, 1H), 4.65(m, 1H), 4.07-4.03(d, 1H), 3.89-3.84(d, 1H), 2.82-2.58(m, 2H), 2.15(m,
2H), 1.90-0.89(m, 23H); Electrospray mass spec: M+H' = 5194.
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Preparation of (S)-Tetralydro-furan-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-0xo-1-
(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide

ST

Following the procedure of Example 8 (i-m), except substituting "(3S,45)~-4-Amino-3-
hydroxy-azepane- 1-carboxylic acid benzyl ester” for (2R, 5S,65)-5-Amino-6-bydroxy-2-
methyl-azepane- 1-carboxylic acid benzyl ester” and "(S)-Tetrahydro-furan-2-carboxylic
acid " for “foran-2-carboxylic acid® gave the title compound: 1H NMR: 8.67(d, 1H),
7.96(m, 2H), 7.53m, 1H), 6.96(m, ZH), 5.13(m, 1H), 4.75(m, 1H), 4.41(m, 2H), 4.07-
3.91(m, 4H), 2.68(m, 1H), 2.35-0.92 (m, 21H); Electrospray mass spec: M+H' = 521 4.

Example 25
Preparation of (R)-Tetrahydro-furan-2-carboxylic acid {(S)-2-cyclohexyl-1-{3-0x0-1-
(pyridine-2-sulfortyl)-azepan-4-ylcarbamoyl]-ethyl }-amide

ot

Following the procedure of Example 8 (i-m), except substituting "(3S,45)-4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester” for "(2R,5S,65)-5-Amino-6-hydroxy-2-
mﬂhyl-auplmo: I-carboxylic acid benzyl ester” and *(R)-Tetrahydro-furan-2-carboxylic
acid " for "forair-2-carboxylic acid” gave the title compound: 1H NMR: 8.71(d, 1H); -
7.96(m, 2H), 7.53(m, 1H), 7.12(m, 2H), 5.10(m, 1H), 4.72{m, 1 H), 446(m, 2H), 4.11-
3.95(m. 4H), 2.74(m, 1H), 2.35-0.92 (m, 21H); Electrospray mass spec: M+H" = 5214,
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Preparation of Furan-3-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-{pyridine-2-sulfomyl)-
arepan-4-ylcarbamoyl]-ethyl }-amide

Pollowing the procedure of Bxample 8 (i-m), except substituting "(3S,45)-4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester” for "(2R,5S,65)-5-Amino-6-hydroxy-2-
methyl-azepane-1-carboxylic acid benzyl ester” and "furan-3-carboxylic acid” for "furan-2-
carboxylic acid” gave the title compound: 1H NMR: £.70-8.68(d, 1H), 7.99-7.92(m, 3H),
7.54-7.44(m, 2H), 7.19-7.18(d, 1H), 6.59-6.57(m, 2H), 5.14-5.09(m, 1H), 4.79-4.63(m, 2H),
4.07-4.04(d, 1H), 3.89-3.84(d, 1H), 2.83-2.76(m, 1H), 2.23-0.91(m, 17H); Electrospray
mass spec: MHH' = 5174,

Preparation of S-Pylidin-z-yl-ﬂ?iopheno-l-urboxylic acid {(S)-2-cyclohexy}-1-[3-oxo-1(1-

oxy-pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-ethyl }-amido

Following the procedure of Bxample 8 (i-m), except substituting *(35,4S)4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester” for "(2R,58,6S)-5-Amino-6-hydroxy-2-
methyl-azepane- 1-carboxylic acid benzyl ester” and "5-Pyridin-2-yl-thiophene-2-carboxylic
acid" for "furan-2-carboxylic acid” and "oxy-pyridine-2-sulfonyl chloride” for 2-pyridine
sulfonyl chloride” gave the title compound: 1H NMR: 8.55(d, 1 H), 8.05(d, 1 H), 8.03(d, 1
H), 7.73-7.09(m, 9 H), 5.06(m, 1 H), 4.80(m, 2 H), 4.11(d, 1 H), 3.84(d, 1 H), 2.90(t, 1 H),
2.22(m, 1 H), 2.10-0.88(m, 15 H); Electrospray mass spec: M+H' = 626.4.

-61-
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Example 28 )—\b
Preparation of 4-Methyl-2-pyridin-2-yl-thiazole-5-carboxylic acid {({S)-2-cyclohexyl-1-[3-
oxo-1-(1-oxy-pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide

5 Following the procedure of Example 8 (i-m), except substituting "(38.45)-4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester” for "(2R,58,65)-5-Amino-6-hydroxy-2-
methyl-azepane-1-carboxylic acid benzyl ester” and "4-Methyl-2-pyridin-2-yl-thinzole-5-
carboxylic acid” for "faran-2-carboxylic acid™ and "oxy-pyridine-2-suifony] chloride® for
*2-pyridine sulfonyl chloride” gave the tifle compound: 1H NMR: 8.53(d, 1 H), 8.08(d, 1

10 H), 8.03(d, 1 H), 7.77-7.05(m, 9 H), 5.03(m. 1 H), 4.75(m, 2 H), 4.13(d, 1 H), 3.80(d, 1 H),
2.88(t, 1 H), 2.67(s, 3 H), 2.22 (m, 1 H), 2.10-0.88(m, 15 H); Electrospray mass spec: M+H’
=6414.

Example 29
15  Preparation of 5-(2-Morpholin-4-yl-ethoxy)-benzofuran-2-carboxylic acid {(S)-2-
cyclohexyl-1-{3-ox0-1-(1-oxy-pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-ethyl } -amide

Following the procedure of Example 8 (i-m), except substituting "(3S,4S)-4-Amino-3- "
hydroxy-azepane-1-carboxylic ecid benzyl ester” for *(2R,58,65)-5-Amino-6-hydroxy-2-
20 methyl-azepane-1-carboxylic acid benzyl ester” and "5-(2-Morpholin-4-yl-cthoxy)-
benzofuran-2-carboxylic acid” for "furan-2-carboxylic acid” and "oxy-pyridine-2-sulfonyl
chloride” for "2-pyridine sulfonyl chloride™ gave the title compound: |H NMR: 8.23(br, 1
H), 8.06(d, 2 H), 7.48-7.00(m, 8 H), 5.03(m, 1 H), 4.80(m, 2 H), 45%(m, 2 H), 427(m, 2 H),
4.09-3.33(m, 9 H), 3.29(m, 2 H), 2.80(m, 2 H), 2.27-0.88(m, 14 H); Electrospray mass spec:
25 M+H =7124.
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Example 30
Preparation of Puran-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo-1-(1-axy-pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl]-ethyl } -amide

TSP

Following the procedure of Example 8 (i-m), except substituting "(35, 4S)-4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester” far "(2R,58,68)-5-Amino-6-hydroxy-2-
methy}-azepane-1-carboxylic scid benzyl ester” and * Foran-2-carboxylic acid” for "foran-2-
carboxylic acid” and oxy-pyridine-2-sulfonyl chloride" far "2-pyridine sulfonyl chlaride®
gave the title compound: 1H NMR: 8.24-8.23(d, 1H), 8.14-8.11(m, 1H), 7.50-7.3%(m, 3H),
7.14(d, 1H), 7.01-6.99(d, 1H), 6.78-6.76(d, 1H), 6.52-6.51(d, 1H), 5.04-4.91(m, 2H), 4.72-
4.66(d, 1H), 4.14-4.10(d, 1H), 3.93-3.88(d, 1H), 2.85-2.79(m, 1H), 2.25-0.94(m, 17H);
Electrospray mass spec: M+H' = 533.4.

Exgmple 31
Prepamation of Puran-3-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(1-oxy-pyridine-2-

sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide

Following the procedure of Example 8 (-m), except substinting "(35,45)~4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester” for "(2R;5S,65)-5-Amino-6-hydroxy-2-
methyl-azepune-1-carboxylic ecid benzyl ester” and *Puran-3-carboxylic acid” for "faran-2-
carbaxylic acid” and "oxy-pyridine-2-sulfonyt chloride” for “2-pyridine sulfonyl chlaride”
gave the titls compound: 1H NMR: 8.25-8.23(d, 1H), 8.14-8.11(m, 1H), 7.97(s, 1H), 7.51-
7.39(m, 3H), 7.04-7.0d, 1H), 6.67(s, 1H), 6.50-6.48(d, 1H), 5.06-4.88 (m, 2H), 4.74-
4.68(m, 1H), 4.13-4.09(d, TH), 3.93-3.88(d, 1H), 2.86-2.79(m, 1H), 2.23-0.93(m, 17H);
Electrospray mass spec: M+H' = 5334,
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Examnple 32
Preparation of Thiophene-3-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(1-oxy-pyridine-
2-qulfonyl)-azepan-4-ylcarbamoyl}-ctlryl }-amide

P

Following the procedure of Example 8 (i-m), except substinuting "(35,4S)-4-Amino-3-
hydroxy-erepane-1-carboxylic acid benzyl ester® for "(2R,SS,6S)-5-Amino-6-hydroxy-2-
methyl-azepane-1-carboxylic acid benzyl ester” and "Thiophene-3-carboxylic acid " for
"furan-2-carboxylic acid” and "oxy-pyridine-2-sulfonyl chloride” for "2-pyridine salfonyl
chloride" gave the title compound: IH NMR: 8.24-8.22(d, 1H), 8.12-8.09(m, 1H), 7.95(s.
1H), 749-7.1%(m, 5H), 6.59-6.57(d, 1H), 5.05-5.01 (m, 1H), 4.83-4.74(m, 2H), 4.10-4.06(d,
1H), 3.92-3.87(d, 1H), 2.91-2.85(m, 1H), 2.26-0.92(m, 17H); Electrospray mass spec:
MHI" = 5494, '

Example 33
Preparation of Thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-{3-oxo-1-{1-oxy-pyridine-
2-mifonyl)-azepan-4-ylcarbamoyl]-ethyl }-amide

P

Following the procedure of Example 8 (i-m), except substituting "(35,45)-4-Amino-3-
hydroxy-azepane-1-carboxylic acid banzyl ester” for "(2R,55,65)-5-Amino-6-hydroxy-2-
methyl-azepane-1-carboxylic acid benzy ester” and "Thiophene-2-carboxylic acid ” for
"furan-2-carboxylic acid" and "oxy-pyridine-2-sulfonyl chloride™ for "2-pyridine sulfomnyl
chloride” gave the title compound: 1H NMR: 8.24-8,23(d, 1H), 8.13-8.10(m, 1H), 7.58-
7.38(m, 4H), 7.11-7.07(m, 2H), 6.79-6.77(d, 1H), 5.04-4.69(m, 3H), 4.12-4.08(d, 1H), 3.92-
3.87(d, 1H), 2.85-2.79(m, 1H), 2.21-0.90(m, 17H); Electrospray mass spec: M+H' = 549.4.
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Example 34
Preparation of S-Methyl-thiophene-2-carboxylic acid {(S)-2-cyclobexy!-1-{3-oxo-1-(1-oxy-
pyridine-2-suifonyl)-azepm-4-ylcarbamoyl]-cthyl }-amide

Following the procedure of Example 8 (i-m), except substituting "(3S,4S)-4-Amino-3-
hydroxy-azepane-1-carboxylic acid benzyl ester” for “(2R,58,68)-5-Amino-6-hydroxy-2-
methyl-azepane-1-carboxylic acid benzyl ester” and "5-Methyl-thiophene-2-carboxylic
acid" for "faran-2-carboxylic acid” and "oxy-pyridine-2-sulfonyl chloride™ for "2-pyridine
sulfonyl chlaride* gave the title compound: 1H NMR: 8.23-8.22(d, 1H), 8.11-8.08(d, 1H),
7.49-724(m, 4H), 6.75-6.74(s, 1H), 6.62-6.60(d, 1H), 5.03-4.71 (m, 3H), 4.09-4.05(d, 1H),
3.90-3.85(d, 1H), 2.88-2.83(m, 1H), 2.67(s, 3H), 2.35-0.88(m, 17H); Electrorpray meass
spec: M+H' = 5632

Epmple 35
Preparation of 3-Methyl-thiophene-2-carboxylic acid {(5)-2-cyclohexyl-1-[3-oxo-1-(1-axy-
pyridine-2-sulfonyl)-azcpan-4-ylcarbamoyl]-ethyl }-amide

:kogE

Following the procedure of Example 8 (i-m), except substituting "(3S,4S)-4-Amino-3-
hydroxy-azepane-1-carboxylic ecid benzyl ester” for "(ZR,5S,6S)-5-Amino-6-hydroxy-2-
mathyl-azepane- 1-carboxylic acid benzyl ester” and “3-Methyl-thiophene-2-carboxylic
acid” for "furan-2-earboxylic acid” and "oxy-pyridine-2-sulfonyl chloride® for "2-pyridine
sulfonyl chloride” gave the titls compound: 1H NMR: 8.23-8.22(d, 1H), 8.11-8.0%(d, 1H),
7.45-1.17(m, 4H), 6.93-6.91(s, 1H), 6.27(m, 1H), 5.06-4.70(m, 3H), 4.14-4.11(d, 1H), 3.91-
3.86(d, 1H), 2.87-2.81(m, 1H), 2.56(s, 3H), 2.28-0.93 (m, 17H) ; Electrospray mass spec:
M+H' = 563.2,
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Example 36
Preparation of 3-Ethoxy-thiophene-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo-1-(1-oxy-
pyridine-2-sulfonyl)-azepan-4-yicarbamoyl]-ethyl }-amide

L OGS

Following the procedure of Example 8 (i-m), except substituting "(35,4S)-4-Amino-3-
hydroxy-azepanc-1-carboxylic acid beuzyl ester” for *(2R,SS,68)-5-Amino-6-hydroxy-2-
methyl-azepane- 1-carboxylic acid benxyl ester” and "3-Ethaxy-thiophene-2-carboxylic
acid” for "faran-2-carboxylic acid™ and "oxy-pyridine-2-sulfony! chloride” for "2-pyridine
sulfonyl chloride™ gave the title compound: 1H NMR: 8.24-8.22(d, 1H), 8.11-8.05(d, 1H),
7.60-7.31(m, 5H), 6.88-6.87 (d, 1H), 5.06-4.65(m, 3H), 4.37-4.27(m, 1H), 4.12-4.08(d, 1H),

3.38-3.83(d, 1H), 2.84-2.7%(m, 1H), 2.28-0.92(m, 21H); Electrospray mass spec: M+H' =
593.2

Exnmple 37
Preparation of Selenophene-2-carboxylic acid {(S)-2-cyclohaxyl-1-{(R)-7-methyl-3-oxo-1-
(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide

O*%O@ﬂ

Following the procedure of Example 8 (i-m), except substituting “selenophene-2-carboxylic
acid" for "furan-2-carboxylic acid” gave the title compound: 1H NMR: 8.64(d, | H),
8.14(d, 1 H), 7.84(m, 2 H), 7.64(d, 1 H), 7.42(m, 1 H), 7.22(m, 1 H), 6.88(d, 1 H), 6.60(d, 1
H), 5.01(m, 1 H), 4.71(d, 1 H), 4.50(m, 1 H), 4.34(m, 1 H), 3.77(4, 1 H), 2.05(m, 2 H), 1.78-
0.82(m, 18 H); Electrospray mass spec: M+H' = 593.2.
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Preparation of Furan-2-carboxylic acid [(S)-2-cyclohexyl-1-((4S,7R)-7-methyl-3-0xo0-1-
propyl-azepan-4-ylcarbamoyl)-ethyl]}-amide

5
e

a. {(S)-2-Cyclohexyl-1-((35,4S,7R)-3-hydroxy-7-methy}- 1-propyl-azepan-4-ylcarbamoyl)-
ethy)]-carbamic acid tert-butyl ester

[(S)-2-Cyclohexyl-1-((3S,48,7R)-3-hydroxy-7-methyl-azepan-4-ylcarbamoyl)-
ethyl}-carbamic acid-tert-buty] ester (Example 1a-1, 1.5 g, 3.78 mmol) was dissolved in
CH,CL(30 mL), then propianaldehyde (0.41 mL, 5.67 mmol) was added. Then, sodium
borohydrids (1.6 g, 7.56 mmol) was added and the reaction mixture was stirred at RT for 1
h. The reaction mixture was concentrated ir vacuo by rotary evaporation, then the filtmte
(silica gel, 1-4% McOH/ CH,CL,) to yield the title compound as a whité solid (84%, 1.4 g):
Electrospray mass spec: M+H' = 440.4.

b. (S)-2-Amino-3-cyclohexyl-N-((3S,4S,7R)-3-hydroxy-7-methyl-1-propyl-azepan-4-yl)-
propionamide :

HCl in dioxane (4.0 M, 15 ml) was added to a stirred solution of [(S)-2-
Cyclobexyl-1-((3S,4S,7R)-3-hydroxy-7-methyl-1-propyl-azepan-4-ylcarbamoyl)-ethyl}-
carbamic acid tert-butyl ester (1.4 g, 3.0 mmol) in MeOH (5 ml). The reaction mixture was
stirred for 2h at RT, then was concentrated in vacuo by rotary evaporation and was used in
the next reaction without further purification (1.4 g).

¢. Puran-2-carboxylic acid [(S)-2-cyclohexyl-1-((3S.4S, 7R)-3-hydraxy-7-methyl-1-propyl-
azcpan-4-ylcarbamoyl)-ethyll-amide

1-(3-Dimethylaminopropyl)-3-cthylcarbodiimide (0.10 g. 0.53 mmol) was added to
a solution of fran-2-carboxylic acid (0.059 g, 0.53 ramol), (S)-2-Amino-3-cyclobexyl-N-
((35,45,7R)-3-hydraxy-7-methyl-1-propyl-azepan-4-yl)-propionamide (0.15 g, 0.36 mmol),
4-methylmorpholine (0.14 g, 0.16 ml, 1.44 mmol), hydroxybenztriazole (0.071 g, 0.53
mmol) in DMF (2.0 ml) and was stirred at RT overnight. The reaction mixture was then
warmed to RT and was stirred overnight. The reaction mixture was diluted with EtOAc (30
ml), washad with H;O, brine, dried with magnesiam sulfate, filtared, concentrated in vacuo
by rotary evaporation, and chromatographed (silica gel, 2.5% MsOH/ CH,Cl; ) to yield the
title compound (0.12 g, 76%): Electrospray mass spec: M+H" = 434.2.
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d. Puran-2-carboxylic acid [(S)-2-cyclobexyl-1-((4S,7R)-7-methyl-3-0x0-1-propyl-azepan-
4-ylearbamoyl)-ethyl])-amide

Sulfur trioxide-pyridine complex (0.0.35 g, 2.2 mmol) was added to a solution of
Furan-2-carboxylic acid [(S)-2-cyclohexyl-14(35,4S,7R)-3-hydroxy-7-methyl-1-propyl-
azepan-4-ylcarbamoyl)-ethyl]-amide (0.19 g, 0.44 mmol) in DMSO (4.0 ml) and
triethrylamine (0.61 ml, 4.4 ;mmol) was stirred at RT for 1 h. The reaction mixture was
diluted with water, then was extracted with EtOAc, Then, the organic layer was was
extracted with brine. The combined orgenics were dried with magnesiom sulfate, filtered,
concentrated in vacuo, and purified by column chromatography (3% methanol/ methylene
chloride) gave the title compound (0.15 mg, 79%): 1H NMR: 744(s, 1 H), 7.11(d, 1 H),
7.04(d, 1 H), 6.92(d, 1 H), 64%(d, 1 H), 5.29(m, 1 H), 4.6%(m, 1 H), 3.40(d, 1 H), 3.08(m, 2
H), 2.51(m, 2 H), 1.88-0.81(m, 29 H); Electrospray mass spec: M+H"'=4322.

Example 39
Preparation of Thiophene-3-carboxylic acid [(S)-2-cyclohexyl-1-((4S,7R)-7-msthyl-3-oxo0-
1-propyl-azepan-4-ylcarbamoyl)-ethyl]-amids

5o
S

Following the procedure of Example 38 (a-c), except substituting "thiophene-3-carboxylic
acid" for "furan-2-carboxylic acid” gave the title compound: 1H NMR: 7.62(d, 1 H), 7.40(d,
1 H), 7.04(d, 1 H), 6.80(d, 1 H), 6.45(d, 1 H), 5.27(m, 1 H), 4.66(m, 1 H), 3.44(d, 1 H),
3.09(m, 2 H), 2.54(m, 2 H), 1.87-0.87(m, 29 H); Electrospray mass spec: M+H' = 448.4.

Preparation of Benzofuran-2-carboxylic acid [(S)-2-cyclohexyl-1((4S,7R)-7-methyl-3-oxo-
1-propyl-azepan-<4-ylcarbamoyl)-ethyl}-amide

Cﬁpgbi”

Following the procedure of Example 38 (a-c), except substituting “benzofuran-2-carboxylic
acid” for "furan.-2-carboxylic acid” gave the title compound: 1H NMR: 7.98(d, 1 H),
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7.45(m, 2 H), 7.27(s, 2 H), 6.90(d, 1 H), 6.50(d, 1 H), 5.28(m, 1 H), 4.67(m, 1 H), 340(d, 1
H), 3.06(m, 2 H), 2.56(m, 2 H), 1.88-0.80(m, 29 H); Electrospray mass spec: M+H’ = 4824.

Exzwple 41
Preparation of 2,2,4-Trideutero-Furan-2-carboxylic acid {(S)-2-cyclohexyl-1-[(4S,7R)-7-
methyl-3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide

Q3
C‘r‘r\gﬂ"

a. Furan-2-carboxylic acid {(S)-2-cyclohexyl-1-[(4S,7R)-7-methyl-3-oxo-1-<(pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide is dissolved in d4-methanol (CD;OD) and
Dp(lo:l).thmuiuhyllnﬁneisiddadlnddwmcﬁmmixmis stirred for 3 days.
Azeotroping with toluene by concentrating in vacuo provides the title compound.

Exumple 42
Preparation of Thiophene-3-carboxylic acid {(S)-3,3-dimethyl-1-[(4S,7R)-7-methyl-3-axo-
1<{pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-butyl }-amide

S 2O

k

Following the procedure of Example B (a-m), except substituting "N-Boc-tert-
butylalanine” for “Boc-L-cyclohexylalanine” and "trinphene-3-carbaxylic acid® for *furan-
2-carbaxylic acid” gave the title compound: IH NMR: 8.72(m, 1 H), 7.96(m, 2 H), 748(m,
2 H), 7.00(m, 3 H), 6.60(m, 2 H), 5.18(m, 1 H), 4.67(m, 2 H ), 442(m, 1 H), 3.88(m, 1H),
2.87(m, 2 H), 2.22(m, 2 H), 1.95(m, 1 H), 1.70(m, 2 H), 1.01(m, 12 H); Flectrospray mass
spec: M+H' =521 4.

20
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Preparation of Furan-2-carboxylic acid {(S)-3,3-dimethyl-1-[(4S,7R)-7-methyl-3-oxo-1~
(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl-buty] ) -amide

ve
O g0

Following the procedure of Example 8 (a-m), except substituting "N-Boc-tert-
butylalanine” for "Boc-L-cyclohexylalanine™ gave the title compound: 1H NMR: 8.73(d, 1
H), 7.95(m, 3 H), 7.54(m, 1 H), 7.41(m, 1H), 7.32(m, 1H), 7.26(s, 1 H), 7.01{(d, 1 H),
6.56(d, 1 H), 5.08(m, 1 H), 4.73(m, 2 H), 4.43(m, 1 H), 3.88(d, 1 H), 2.18(m, 2 H), 1.70(m,
3 H), 1.04(s, 9 H), 0.98(d, 3 H); Electrospray mass spec: M+H' = 505.4.

Example 44
Preparation of Thieno[3,2-b] thiophene-2-carbaxylic acid ((S)-3,3-dimethyl-1-[(4S,7R)-7-
methyl-3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-butyl }-amide

Following the procedure of Example 8 (8-m), except substituting "N-Boc-tert-
butylalanine” for "Boc-L-cyclohexylalanine” and " thieno[3,2-b] thiophene-2-carboxylic
acid” for "furan-2-carboxylic acid” gave the title compound: 1H NMR: 8.73(d, 1 H),
7.92(m, 3 H), 7.52(m, 2 H), 7.27(m, 1H), 7.09(br, 1 H), 6.80(br, 1 H), 5.10(m, 1 H), 4.7¥m,
2 H), 440(m., 1 H), 3.87(d, 1 H), 1.90(m, 5 H), 1.05(s, 9 H), 0.95(d, 3 H); Electrospray mass
spec: M+H' =5772.

- ".
- A

The above specification and Examples fully disclose how to maka and use the
compounds of the present invention. However, the present invention is not limited to the
particular embodiments described hereinabove, but inclodes all modifications thereof within
the scope of the following claims. The various references to journals, patents and other
publications which are cited herein comprise the state of the art and are incorporated herein
by reference as though fully set forth.

-70-



15

P51127P1

Wa claim:

1. A method of inhibiting cathepsin S, comprising administering to a patient in need
thereof an effective amoant of a compound of Formnula I:

R1 HI
\N/

g

wherein:
RI is selected from the group consisting of:

i 0 0
H./"\rﬁ\ n'foK ')j\
R : W and ® :

R2 jy selected from the group consisting of: H, Cy_galkyl, C3_geycloalkyl-Co.
alkyl, Ar-Cq galkyl, Het-Cg galkyl, R%C(O)-, R%C(S)-, R?SO5-, R9OC(0)-,

(jo\,cm (j/O\,ﬂ".
RIRINC(O)-, RORLINC(S)-, ROR ! ))NSO,- . and
Rz

H‘l’/ ~
)

- L
» [N

R3 is sclected from the group consisting of: H, C1-galkyl, Ca_gcycloalkyl-Cg_
6alkyl, C2-galkenyl, C2-galkynyl, HetCo galkyl, ArCg galkyl, Ar-ArCq.galkyl, Ar-HetCo.
galkyl, Het-ArCq galkyl, and Het-HeiCy galkyl;

R3 and R’ may be connected 10 form a pyrrolidine, piperidine or morpholine ring;

R4 is selected from the group consisting of: H, Cy_galkyl, C3_gcycloalkyl-Cq.
6alkyl, Ar-Co_galkyl, Het-Co galkyl, RSC(0)-, RSC(S)-, R3502-, RSOC(0)-,
RSRI3NC(0)-, and RSRI3NC(S)-;

-71-

Bovs.
P

§2



15

P51127P1 %'Sk

R ix selected from the group consisting of: H, Cy_galkyl, C2-galkeny!, C2. }D
6alkynyl, C3_geycloalkyl-Co.galkyl, Ar-Co galkyl and Het-Co galkyl;

RS is selected from the group consisting of: H, Cj_galkyl, C3.geycloalkyl-Co_
6alkyl, Ar-Co-galkyl, and Het-Cq_galkyl;

R7 ix selected from the group cansisting of: H, C}.galkyl, C3.geyeloalkyl-Cg.
galkyl, Ar-Cp galkyl, Het-Cg_galkyl, R10C(0)-, R10C(S)-, R10S05-, R100C(0)-,
RIORI4NC(0)-, and RIOR14NC(S)-;

RS is selected from the group consisting of: H, C1-galkyl, C2-galkenyl,
C2-galkynyl, HetCg_galkyl and ArCp. galkyl; )

R is selected from the group consiating of: Cy.galkyl, C3geycloalkyl-Co.galkyl,
Ar-Co_galkyl and Het-Cg galkyl;

R10 js selected from the group consisting of: Cy_galkyl, C3.gcycloalkyl-Co galkyl,
Ar-Cg galkyl and Het-Co.galkyl;

R11 is selected from the group consisting of: H, C_galkyl, Ar-Co-galky!, and Het-
Co-ealkyl;

R12 is selected from the group consisting of: H, C;_galkyl, Ar-Co.galkyl, and Het-
Co-galkyl;

R13 is selected from the group consisting of: H, C}_galkyl, Ar-Cp.galkyl, and Hes-
Co-galkyl;

R14 iy salected from the group consisting of: H, Cy_galkyl, Ar-Cg-galkyl, and Het-
Co-alkyl,

R’is selected from the group consisting of: H, Cj_galkyl, Ar-Co.galkyl, end Het-
Co-galkyl;

R"is selected from the group consisting of: H, Cj.galkyl, Ar-Cg_galkyt, or Het-Cq.
calkyl;

R™ is selected from the group consisting of: H, Cj_galkyl, C3_gcycloalkyl-Co.
alkyl, Ar-Co. galkyl, and Het-Cg_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 pharmacentically acceptable salts, hydrates and solvates thereof.

2. Amethod according 1o Claim 1 wherein in said compound R} is R
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3. A method according to Claim 2 wherein in said compound R3 is C3_gcycloalkyl- )‘)\\
Co-galkyl.

4. A method according to Claim 3 wherein in said compound R3 is cyclobexylmethyl.
5.  Amethod according to Claim 2 wherein in said compound R4 is R3C(O)-.

6. A method according to Claim 5 wherein in said compound R is selected from the
group consisting of: Cy_galkyl, C3_gcycloalkyl-Co.galkyl, Ar-Co.galky! and Het-Co.galkyl.

7. A method according to Claim 6 wherein in said compound RS is selected from the
group consisting of;
foranyl;
benzofuranyl;
thiophenyl;
furo[3,2-b}-pyridine-2-y1;
thinzolyl;
phenyl;
cyclobmtyl;
cyclopentyl;
tetrahydroforanyl;
selenophenyl; and
thieno[3,2-b]thiopheny!.

8. A method acconding to Claim 6 wherein in said compound R is selected from the
group congisting of:

., furan-2-yl snd fursn-3-yl;
benzofuran-2-yl;

thiophene-3-yl and thiophene-2-yl;
furo[3,2-b}-pyridine-2-yl;
thiazole-5-yl;
tetrahydrofaran-2-yl;
sclenophene-2-y1; and
thienof3,2-b]thiophene-2-yl.

._'.
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. 9. A method according to Claim 6 wherein in said compound RS is selacted from the
group consisting of:
aryl substitated foranyl;
C1-galkoxy substituted benzofuranyl;
3 Het-Co galkyl-thiophenyl, C1_galkyl-thiophenyl and Cy_galkoxy-thiophenyl,
C1-galkyl-furof3,2-b}-pyridine-2-yl,
Het-Cq_galkyl-thiazoly]; and
halogen substituted phenyl.

10 10. A method according to Claim 6 wherein in said compound RS is selected from the
group consisting of:
5-(3-triflecromethyl-phearyl)-furan-2-yl and 5-(4-chloro-phenyl)-furan-2-yl;
5,6-dimethoxy-benzofaran-2-yl and 5-(2-morpholin-4-yl-ethoxy)benzofaran-2-yl;
5-pyridin-2-yl- thiophene-2-yl, 5-miethryl-thiophene-2-yl, 3-methyl-thiophene-2-yl;
15  and 3-ethoxy-thiophene-2-yl;
3-methyl-furo[3,2-b]-pyridine-2-yl;
4-methyl-2-pyridin-2-yl-thiazole-5-yl; and
4-bromophenyl.

20 11. A method according to Claim 1 wherein in said componnd R'is H.

12 A method acconding to Claim 1 wherein in said compound R”is H.

FOLOED™ TT8EL20

25  group consisting of: H and C;_galkyl.

14. A method acording to Claim 1 wherein in said compound R” is H and R*is ..
selected from the group consisting of: H and Cj_galkyl.

30 15. A method according to Claim 13 wherein in said compound R™is H.
16. A method acconding to Claim 13 wherein in said compound R™ is Cy_galkyl.

17. A compound accarding to Claim 16 wherein Cj_galky! is selected from the group
35  consisting of: 5-, 6- and 7-Cy_galkyl.

-74 -
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18. A compound according to Claim 17 wherein 5-, 6- and 7-Cy_galkyl is selected from
the group consisting of: 5-, 6- or 7- methyl, -ethyl, -propyl, -butyl, -pentyl, and -hexyl.

19. A compound according to Claim 21 wherein 5-, 6- and 7-C_galkyl is selected from
the group consisting of: 5-, 6- and 7-methyl.

20. A compound accarding to Claim 16 wherein C;_galky] is selected from the group
consisting of: 6- and 7-C1_galkyl.

2]. A compound according to Claim 20 wherein 6- and 7-C}_galkyl is selected from the
group consisting of: 6- or 7- methyl, -ethyl, -propyl, -butyl, -pentyl, and -hexyl.

22, Aomndmdhgmdﬁ:nlelmahG—aqd7c1_5nlkylisnhcmdﬁmthe
group consisting of: 6- and 7-methyl.

23. A compound according to Claim 16 wherwin Cy_galkyl is 7-C_galkyl.

24. A compound according to Claim 23 wherein 7-C;_galkyl is selected from the gronp
conaisting of: 7- methyl, -ethyl, -propyl, -buatyl, -pentyl, and -hexyl.

25. A compound according to Claim 24 wherein 7-Cq_galkyl is 7-methyl.

26. A compound according to Claim 16 of Forrmila Ia:

" fr

0%

wherein R™ is ¢is-7-C1_galkyl.
27. A compound according to Claim 26 wherein R™ i cis-7-methyl.

28. A method acconding to Claim 1 wherein in said compound R2 is R9SOy
-75-
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29.

30.

»

A method according to Claim 28 wherein in said compound R? is Het-Cg galkyl.

A method according to Claim 29 wherein Hol-Cp_galky] is salected from the group

consisting of: pyridinyl and 1-oxy-pyridinyl.

3l.

32.

33.

34,

A method according to Claim 30 wherein R? is pyridin-2-y!.

A method according to Claim 1 wherein in mdeompound.

S

R’
R2 is R9SOy;
R3is C3 geycloalkyl-Cogalkyl;
R4 is R3C(O);
RS is Het-Cg_galkyl;
R? is Het-Cg galkyl;
R'isH
R"isH; and
R™is Cy.galkyl.

Rl is

A method according to Claim 1 wherein in said compounnd:

R3 is cyclahexylmethyl; )

RS is selected from the group consisting ¢f: faran-2-y1 and thiophene-3-yl;
R is pyridin-2-yl; and

R™is 7- methyl.

A method according to Claim 1 wherein said compound is selected from the gronp

consisting of:
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Benzofuran-2-carboxylic acid {(S)-2-cyclohexyl-1-{3-0x0-1-(pyridine-2-sulfonyl)-azepan-
4-ylcarbamoyl)-cthyl }-amide;

Poidrdio

5-(3-Trifluoromethyl-phenyl)-furan-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo0-~1-
(pyridine-2-sulfony)-nzepan-4-ylcarbamoyl]}-ethyl }-amide;

5-(4-Chloro-phenyl)-furan-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo-1-(pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl]-ethyl }-amide;

Coldedib

5-(4-Chioro-phenryl)-foran-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-axo-1-(1-oxy-pyridine-
2-sulfonyl) -azepan-4-ylcarbamoyl}-ethyl }-amide;

5-(3-Trifleoromethyl-phenyl)-foran-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-0x0-1-(1-oxy-
pyridine-2-sulfonyl)-azepan-4-ylcarbamoyi}-sthyl }-amide;

X e
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5,6-Dimethoxy-benzofuran-2-carboxylic acid {(S)-2-cyclohexyl-1-{3-oxo-1-(1-0xy-
pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-ethyl }-amide; and

e

furan-2-carboxylic acid {(S)-2-cyclohexyl-1-[(4S,7R)-7-methyl-3-oxo0-1-(pyridine-2-
sulfonyl)-azopan-4-ylcarbamoyl}-ethyl }-amide;

benzofuran-2-carboxylic acid {(S)-2-cyclohexyl-1-[(4S,7R)-7-methyl-3-oxo-1-(pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl}-cthyl }-amide;

Y

thiophene-3-carboxylic acid {(S)-2-cyclohexyl-1-[(4S,7R)-7-methyl-3-oxo-1-(pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl]-cthyl ) -amide;

R “a

o

3-methyl-furo[3,2-b}- pyridine-2-carboxylic sacid {(S)-2-cyclohexyl-1-{(4S,7R)-7-methyl-3-
oxo- 1{pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-ethyl } -amide;

-78 -
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5-(2-marpholin-4-yl-ethoxy)-benzofuran-2-carboxylic acid {(S)-2-cyclohexyl-1-{3-0xo0-1-
(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl)-ethy! }-amide;

4-methyl-2-pyridin-2-yl-thiazole-5-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(pyridine-
2-mlfonyl)-azepm-4-ylcarbamoyl]-ethyl }-amide;

S-pyridin-2-yl-thiophene-2-carboxylic acid ((S)-2-cyclobexyl-1-[3-oxo-1-{pyridine-2-
sulfonyl)-azepan-4-ylcarhamoyl}-ethyl }-amide;

of

furan-2-carhoxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-
ylcarbamoyl}-ethyl }-amide;

Ayt

thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-
ylcarbamoyl] -ethyl }-amide;

-19-
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§ thiophens-3-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(pyridine-2-sulfomyl)-apepan-4-
ylcarbamoyl] -ethyl }-amide;

Q 10  S-methyl-thiophene-2-carboxylic acid ((S)-2-cyclobexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-
ir azepan-4-ylcarbamoy!]-cthyl }-amide;

W "ﬂ‘@
o

15  3-methyl-thiophene-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo-1-(pyridine-2-sulfoayl)-
azepan-4-ylcarbamoyl]-ethyl }-amide;

FOLBEQG" TTBEL

3-ethoxy-thiophene-2-carboxylic acid {(S)-2-cyclohaxyl-1-[3-axo-1-(pyridine-2-sulfonyl)-
20 azepan-4-ylcarbamoyl]-ethyl)-amide;
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4-bromo-N-{(S)-2-cyclobexyl-1-[3-oxo-1-{pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-
ethyl }-benzamide;

of 5

cyclobutanecarboxylic acid {(S)-2-cyclohexyl-1-{3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-
Yicarbamoyl}-ethyl }-amide;

cycilopentanecarboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-
ylcarbamoyl]-ethyl }-amide;

i

(S)-tetrabydro-furan-2-carboxylic acid {(S)-Z-cyclohuy_!.- 1-[3-oxo-1-(pyridine-2-sulfonyl)-
arepan-4-ylcarbamoyl]-ethyl }-amids;

oéjl(g}m

(R)-tetrahydro-furan-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-{pyridine-2-sulfonyl)-
azepan-4-yicarbamoyl]-ethyl }-amide;

7>
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A

furan-3-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-
ylcarbamoyl}-ethyl})-amide;

Q

S-pyridin-2-yl-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(1-oxy-pyridine-
2-8ulfmyl)-mpnn-4—ylcu_bunoyl]—ethyl}-unide:

4-methyl-2-pyridin-2-y}-thiazole-S-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(1-oxy-
pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-cthyl }-amide;

5~(2-morpholin-4-yl-ethoxy)-benzoforan-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-0xo0-1-
(1-oxy-pyridine-2-sulfonyl)-azepan-4-ylcarbamayl]-ethyl }-amide;

TSP

-82.-
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furan-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(}-oxy-pyridine-2-sulfony!)-azepan-
4-ylcatbamoy]]-ethyl}-amide;

M

5 fumn-3-carboxylic acid {(S)-2-cyclohexyl-1-{3-ox0-1-(1-oxy-pyridine-2-sulfonyl)-azepan-
4-ylcarbamoyl}-ethyl }-amide;

thiophene-3-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo- 1-(1-oxy-pyridine-2-sulfonyl)-
10  azcpan-4-ylcarbamoyl}-ethyl }-amide;

thiophene-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-0x0-1-(1-oxy-pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl]-ethyl }-amide;

Y

S-Mhyl-thioph'e'i'n-z-ulbuxylic acid {(S)-2-cyclohexyl}-1-[3-ox0-1-(1 -uxy-pylidine-'i‘;-
sulfonyl)-azepan-4-ylcarbamoyl]-ethyl}-amide;

3-methyl-thiophene-2-carboxylic acid {(S)-2-cyclohexyl- 1-[3-oxo-1-(1-oxy-pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl]-ethyl}-amide;

-83-
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3-ethoxy-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-axo-1-(1-oxy-pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl]-ethyl }-amide;

sclenophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[(R)-7-methyl-3-oxo-1-(pyridine-2-
sulfonyl)-azepan-4-yicaxbamoyl}-sthyl }-amide; '

X

furan-2-carboxylic acid [(§)-2-cyclohexyl-1-{(4S,7R)-7-methyl-3-0x0- | -propyl-azepan-4-
ylcarbamoyl)-ethyl]-amids;

20

thiophene-3-carboxylic acid [(S)-2-cyclohexyl-1-((4S,7R)-7-methyl-3-0x0-1-propyl-azepan-
4-ylcarbamoyl)-ethyl]-amide;

#
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benzofuran-2-carboxylic acid [(S)-2-cyclohexyl-1-((4S,7R)-7-methyl-3-oxo-1-propyl-
azepan-4-ylcarbamoyl)-ethyl]-amide;

%@ﬁ‘g

2,2, 4-trideutero-Furan-2-carboxylic acid {(S)-Z-cyulohﬂyl-l-[.(‘ls.m)ﬂ-mﬂhy -3-oxo-1-
(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-cthyl }-amide;

WSos

thiophene-3-carboxylic acid {($)-3,3-dimethyl-1-[(4S,7R)-7-methyl-3-oxo0-1-(pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl]-butyl }-amide;

furan-2-carboxylic acid {(S)-3,3-dimethyl-1-[(4S,7R)-7-methyl-3-axo-1-(pyridine-2-
sulfonyl)-ezepan-4-ylcarbamoyl}-butyl }-amide; and

3K
AR eaet

thieno[3.2-b] thiophene-2-carboxylic acid {(S)-3,3-dimethyl-1-[(4S,7R)-7-rusthyl-3-oxo-1-
(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-butyl }-amide.

35. A compound according to Claim 34 selected from the group consisting of:
-85-
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furan-2-carboxylic acid {(S)-2-cyclobexyl-1-[(4S,7R)-7-methyl-3-0xo-1-(pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide; and

thiophene-3-carboxylic acid {(S)-2-cyclobexyl-1-[(48,7R)-7-methyl-3-oxo-1-(pyridine-2-

sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-amide.
36. A compound acconding to Claim 35 which is:

oo
o

foran-2-carboxylic acid {{S)-2-cyclohexyl-1-[(4S.TR)-7-methyl-3-oxo-1<pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl]-ethyl }-amide.

37. A method of treatment and preveation of an mtoimmune disease comprising
inhibiting overcxpression of cathepsin S by administering to a patient in need thereof an
effective amonnt of a compound according to amy one of Clairas 1 to 36.

38. A method according to Claim 37 whercin said disease is selected from the group
consisting of : rheurnateid arthritis, multiple sclerosis, juvenile-onset disbetes, sytemic lupus
erythematosus, discoid Jupus erythematosns, pemphigus vulgaris, pemphigoid, Grave's
discase, myusthenia gravis, Hashimoto's thyroiditis, scleroderma, dermatomysoditis,
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Addison’s discase, pemicious anernia, primary myxoedema, thyrotoxicosis, autoimmune ’}

atrophic gastritis, stiff-man syndrome, Goodpasture’s syadrome, sympathetic opthalamis,

phacogenic uveitis, antcimmmune hasmolytic anaemia, idiopathic thrombocytopenic purpnm,

idiopathic leucopenia, prirmary biliary cirrhosis, active chronic hepatitis, cryptogenic

cirrhosis, ulcerative colitis, Sjogren’ syndrome, and mixed connective tissue dicase.

39. A method of treatment or prevention of a disease state caused by the formation or
complications of atherosclerotic lesions comprising inhibiting formation of said lesions or
complications thereof by administaring to a patient in need thereof an effective amount of a
compound according to any one of Claims 1 1o 36.

40. A method of treatment of a disease which requires for therapy inhibition of a class
II MHC-restricted immune response, comprising inhibiting said class I MHC-restricted
immune response by administering to a patient in aced thereof an effective amount of a
compound according to any one of Claims 1 to 36.

4]1. A method of treatment of a diseass which requires for therapy inhibition of an
asthmatic response, comprising inhibiting said asthnatic response by administering to a
patient in need thereof an effective amonnt of & compound according to any one of Claims 1
m“l

42 A method of treatment of a disease which requires for therapy inhibition of an
allerpic response, comprising inhibiting said allergic response by administering to a patient
in need thereof an effective amount of a compound according to any one of Claims I to 36.

43. A method of treztment of a disease which requires for therapy inhibition of an -
immune respanse against a transplanted organ or tissus, comprising inhibiting said immmne
response against a transplanted organ or tissue by administering to a patient in need thereof
an effective amomnt of a componnd according to any one of Claims 1 to 36.

44. A method of treatment of a disease which requires for therapy inhibition of elastase
activity in atheroma, comprising inhibiting said elastase activity in atheroma by
administering to a patient in need thereof an effective amount of a compound according to
any one of Claims 1 to 36.

-87-
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45.  Use of a compound according to any one of Claims 1 to 36 in the manufacture of & }
medicament for use in inhibiting cathepsin S.

46.  Use of s compound according to any one of Claims 1 to 36 in the manufacture of a
medicament for use in treatment and prevention of an sutoimmune disease.

47. A use according to Claim 46 wherein said discase is selected from the group
consisting of: rheumatoid arthritis, multiple sclerosis, juvenile-onset diabetes, sytemic lupus
erythematosns, discoid lupus erythematosus, pemphigus vulgaris, pemphigoid, Grave's
disease, myasthenia gravis, Hashimoto's thyroiditis, scleroderma, dermatomrysositis,
Addison’s disease, pemicious anemia, primary myxoedama, thyrotoxicosis, sutoimmune
straphic gastritis, stiff-man syndrome, Goodpasture'’s syndrome, sympathetic opthalamia,
phacogenic uveitis, antoimmmne haemolytic anscmis, idiopathic thrombocytopenic purpura,
idiopathic leucopenia, primary biliary cirrhosis; active chronic hepatitis, cryptogenic
cirhosis, ulcerative colitia, Sjogren’s syndrome, and mixed connective tisspe diease.

48.  Use of a compound acconding to any one of Claims 1 to 36 in the manufacture of a
medicament for use in treatment or prevention of a disease state cansed by the formation or
complications of atherosclerotic lesions.

49.  Use of a compound according to any one of Claims 1 to 36 in the manufacture of a
medicament for use in treatment of a disease which requires for therapy inhibition of a class
II MHC-restricted immune response.

50.  Use of a compound according to any one of Claims 1 to 36 in the manufacture of a
medicement for use in inhibition of an asthmatic response.

51.  Use of a compound according 1o sny one of Claims 1 to 36 in the manufacture of a
medicament for use in inhibition of an atlergic msponse.

52.  Use of a compound according to any one of Claims 1 to 36 in the manufacture of a
medicament for use in inhibition of an immune response against 2 transplanted organ or
tissue,

53.  Use of a compound according to any one of Claims 1 to 36 in the manufacture of a
medicament for use in inhibition of elnstase activity in atheroma.
-88-
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S4. A compound selected from the group consisting of:

5-(2-morpholin-4-yl-sthoxy)-benzofuran-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo-1-
5 (pyridine-2-sulfonyl)-azepan-4-yicarbamoyl]-cthyl}-amide;

)]
=
ﬂ 4-methyl-2-pyridin-2-y}-thiazole-5-carboxylic acid {(S)-2-cyclohexyl- 1-[3-oxo-1-(pyridine-
t 2-mulfonyl)-azepan-4-ylcarbamoyi]-ethyl}-amide;
{0 10
e C
*‘
i
W
=
i
E 5-pyridin-2-yl-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-axo-1-{pyridine-2-
sulfony))-azepen-4-ylcarbamoyl}-ethyl }-amide;
13

furan-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo- 1-(pyridine-2-sulfonyl)-azepan-4-
ylcarbamoyl}-ethyl }-amide;

A0

-80-
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thiophene-2-carboxylic acid {(S)-2-cyclohexyt-1-[3-oxo-1-{pyridine-2-sulfonyl)-az=pan-4-
ylcarbamoyl] -ethyl }-amide;

At OHO

o

. thiophene-3-carboxylic acid {(S)-2-cyclobexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-

=
T TO

S-methyl-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-{pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl]-ethyl }-amide;

e

3 methyl-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(pyridins-2-sulfonyl)-
azepan-4-ylearbamoyl]-ethyl }-amide;

v

3-ethoxy-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-{pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl]-ethyl }-amide;
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4-bromo-N-{(S)-2-cyclobexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl]-
ethyl}-benzamide;

cyclobutanecarbaxylic acid {(S)-2-cyclobexyl-1-{3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-
ykarbamoyl}-ethyl}-amide;

cyclopentanecarboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(pyridine-2-snlfonyl)-azepan-4-
ylcarbamoyl]-ethyl }-amide;

Lt

(S)-tetrahydro-faran-2-carboxylic acid {(S)-2-cyclohexylk-1-[3-oxo-1-(pyridine-2-sulfonyl)-
15

azepan-4-ylcarbamoyl}-ethyl }-amide;

(R)-tetrahydro-furan-2-carboxylic acid {(S)-2-cyclobexyl-1-[3-0xo-1-(pyridine-2-sulfonyl)-
azepan-4-ylcarbamoyl]-ethyl}-amide:;

-91-
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faran-3-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(pyridine-2-sulfonyl)-azepan-4-
ylearbamoyl}-ethyl }-amide;

5-pyridin-2-y}-thiophene-2-carboxylic acid ((S)-2-cyclohexyl-1-[3-oxo-1-{1-oxy-pyridine-
2-sulfonyl)-srepan-4-ylcarbamoyl}-cthyl }-amide;

4-methyl-2-pyridin-2-yl-thiazole-5-carboxylic acid {(S)-2-cyclohexyl-1-{3-oxo-1-(1-oxy-
pyridine-2-sulfony])-azepan-4-ylcartbamoyl]-ethyl } -amide;

5-(2-morpholin-4-yl-ethoxy)-benzofuran-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-
(1-oxy-pyridine-2-mlfonyl)-azepan-4-ylcarbamoyl)-ethyl }-amide:
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furan-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-0xo0-1-(1-oxy-pyridine-2-sulfonyl)-azepan- ')’
4-ylcarbamayl]-ethyl }-amide;

SR e S

furan-3-carboxylic acid {(S)-2-cyclohexyl-1-[3-cxo-1<{1-oxy-pyridine-2-sulfornryl)-azepan-
4-ylcartbamoyl]-ethyl }-amide;

P

thiophene-3-carboxylic acid {(S)-2-cyclohaxyl-1-[3-oxo-1-(1-oxy-pyridine-2-sulfonyl)-
azepan-4-yicarbamoyl]-ethyl}-amide;

thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-0x0-1-(1-oxy-pyridine-2-snlfanyl)-
azepan-4-ylcarbamoyl]-ethyl }-amide;

S-methyl-thiophene-2-carboxylic acid {(S)-2-cyciohexyl-1-[3-oxo-1-(1-axy-pyridine-2-
sulfonyl)-azepan-4-ylcarhamoyl}-cthyl ) -amide;

3-methyl-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-0x0-1-(1-oxy-pyridine-2-
sulfonyl)-azepan-4-ylcarbamoyl]-ethyl }-amide;

-93-
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3-sthoxy-thiophene-2-carboxylic acid {(S)-2-cyclohexyl-1-[3-oxo-1-(1-oxy-pyridine-2-
sulfonyl)-azepan-4-ylcarhamoyl}-ethyl }-amide;

selenophene-2-carboxylic acid {(S)-2-cyclobexyl-1-{(R)-7-methyl-3-oxo-1-(pyridine-2-
sulfonyl)-azepan-4-ylcarbamoy(}-ethyl }-emide; and .

10

2,2.4-mdan=o-Funn—2—mbuylm acid {(S)-2-cyclohexyl-1-{(4S,7R)-7-methyl-3-0xo0-1-
{pyridine-2-sulfonyl)-azepan-4-ylcarbamoyl}-ethyl }-smide.
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The present invention provides methods which use 4-amino-azepan-3-one protesse
inhibitors of cathepsin S in the treaiment of diseases in which cathepsin 8 is implicated,
especially treatment or prevention of antoimmune disease; treatroent or prevention of &
disease state cansed by the formation of atherosclerotic lesions and complications arising
therefrom; and discases requiring inhibition, for therapy, of a class TI MHC-restrictad
hymmmmhﬁbiﬁmofmaﬂmﬂicminhiﬁﬁmdmgﬂaﬁcm
inhibition of immune response against a transplanted organ or tissue, or inhibition of
elastass activity in atheroma, and novel compounds for use therewith.

n:\yps\apps\p51127p1\spec

y\o
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Radicacién no 01-20287

Concepilo Técnico no 1896
Clasificacién Internacional de Patentes: A 61 K 31/55

Practicado el examen de acuerdo a lo establacikio en el Art. 38 de la Decisién 486 se
delermind que esta solicitud de Patente de Invencién:

SI[¥] NO[] Contlene un resumen de la invencion (Art26-e).
SI[Y] NO{] Conilena el thulo o nombre de la invencidn (Art27-d),
SI[Y] NO[] Contiene la descripcitn de la invencidn (Art26-b).

SI[¥] NO[] NO ES APLICABLE [ ] Contiene los dibujoa necesarios para
comprander la invencion (Art.26-d)

SI[Y] NO[] Contiene una o més relvindicaciones. (Art26-c).

SI[ ] NO[] NOES APLICABLE [V ] Han sido desarroliados los productos ylo
procadimienios a partir de recursos genéticos 0 de sus producios
derivados de los que cuaiquiera de los Palses Miembros as pals de
origen. (Art. 26- h).,

SI[] NO[] NOES APLICABLE [V ]Los productos y/o procedimienios han sido
oblenidos o desarroliados a partr de los conocimienios tradicionales
de las comunidades indigenas, alroamericanas, o locales de los
paises miembroa, de acusrdo a lo establecido en la Declsién 391 y

sus modificaciones y reglamentaciones vigentss.(Art26-).
SI[ ] NO[Y] Lalinvencin se refiere a un producio relativo a un material biolégico.

SI{¥] NO[ ] Laprioridad coincide con la materia relvindicada.
SI[V] NO[] CUMPLELOS REQUISITOS TECNICOS

OBSERVACIONES Y OTROS: SI[ ] NO [V ] ver hoja(s) anexa(s)

EXAMINADOR TECNICO
202048

Bogota D. C., 26 de Diciembre de 2002

Carrers 13 No. 27-00 Pilea 5 y 10
Conmuiador: 334 12 21-2-3-4
Fax: 281 31 25 o-mail: nfo@uic.gov.co
Santa Fe de Bogotd D.C. - Colombia
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