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E. S. D.

Re: P1.-INCYTE CORPORATION.-Solicitud de Patente de Invencién
. en Fase Nacional PCT para “COMPUESTOS DE LACTAMA Y SU

UsoO COMO FARMACEUTICOS”.-Clase €C07D 487/04.-
Expediente numero 07-054.466.-

1. Me refiero a mi memorial de 21 de Agosto de 2007.

2. De conformidad con lo dispuesto en el Articulo 5.2.12 de la Circular
Externa No. 03 de 28 de Abril de 2003, y estando dentro del plazo de seis
meses contados desde la fecha de la publicacion de la solicitud en la Gaceta
de la Propiedad Industrial nimero 582 de 30 de Noviembre de 2007, solicito
a ese Despacho proceder a realizar el examen de patentabilidad de la

‘ presente invencion.

3. Me permito recordar a usted, que tal como se informé en el Petitorio de

la invencidn, la presente solicitud corresponde a Capitulo I.

4, Anexo me permito acompafiar recibo numero 08-37.141, expedido por
la Superintendencia de Industria y Comercio, que acredita el pago de la tasa

que dicho examen causa.

Sefior Superintendente,
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Industria y Comercio
SUPERINTENDENCIA

DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. 07-54466

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION

FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 582 DE

FECHA 30 DE NOVIEMBRE DE 2007 EL TERMINO HABIL SENALADO POR LA

LEY EXPIRA EL 27 DE FEBRERO DE 2008

NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de la fecha de publicacion
en la gaceta de Propiedad Industrial, debera solicitar y cancelar el examen de
patentabilidad so pena de que la solicitud caiga en abandono, de acuerdo con lo
establecido en el Articulo 44 de la Decision 486/2000.

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS.
Si NO X
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Apoderado: Alicia Lloreda Ricaurte

ASUNTO Radicacion 07-54466

Tramite 002
Evento 001
Actuacion 430
Oficio & o4 o4
Folios B PAL 3

Patente de Invencién o)
Via PCT fase nacional Capl = Cap. Il
No. Sol. Internacional PCT/US2005/040550

Fecha de Presentacion Internal. 09/nov/2005

169469

Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de

la Decisién 486 de la Comisién de la Comunidad Andina, se le comunica:

1. Documentos estudiados o

Descripcidn: de"a;:ﬂ “216 a 322 Como se radicé inicialmente

®
. Reivindicaciones: Folios: 323 a 384 Como se radico inicialmente
o Prioridad: Folio 1: 60/626.617; 10/nov/2004

60/715.020; 08/sep/2005

2. Objeto de la invencién

Titulo de la solicitud: COMPUESTOS DE LACTAMA Y SU USO COMO

FARMACEUTICOS.

El objeto de la presente solicitud consiste 'eh derivados de la formula Markush .



-Reivindicaciones 1-61,64: Compuesto de férmula (l).

-Reivindicacion 62: compuesto de:férmula (11).

-Reivindicacion 63: compuesto de formula (1V). -

-Reivindicacion 65: composiciones que comprenden los compuestos de férmula (1).
-Reivindicaciones 66, 67: método para modular la actividad.

-Reivindicaciones 68, 69: Método para tratar.

El objeto de la solicitud se clasificé de acuéfdo con la Clasificacion Internacional de
Patentes (IPC) : A61K31/52, A61K31/496, A61K31/4747 ,C07D473/02, CO7D487/04.

3. De la solicitud de Patente

. Reivindicaciones (articulo 30 D 486 de laC.A.N.)

-Las reivindicaciones 1-62 y 63 son muy amplias y especulativas, toda vez que la
formula Markush esta construida con base en un modelismo molecular obtenido
mediante ordenador, sin ninguna porcion fija identificable, con una multiplicidad de
sustituyententes mutables, si definir 'pleﬁamente sino con denominaciones
genericas y todo eso sumado ‘a fodas sus posibles permutaciones. No son
extrapolaciones estrechamente relamonadas con lo que se describio, las
reivindicaciones deberian presentar una generallzacmn razonable de los ejemplos
dados en la parte descriptiva con. las Q@rgeterlstlcas técnicas establecidas en la
descripcién-ejemplos como caracteristicas esenciales de la invencion. El motivo de
ello es que el problema a resolver deberia ser-resuelto por todo el alcance de la
materia reivindicada (cada compuesto que cae dentro de su alcance) y no sélo por
compuestos individuales sometidos a ensayo- especialimente dado que el
problema puede considerarse en la provision de compuestos que actuan
sobre un mismo sistema biolégico (es decir, sobre un sistema que depende de
parametros de ser viviente). Si este no fuera el caso, una invencion podria ser
arbitrariamente ampliada en cualquier medida, sin ninguna consideracion de si los
compuestos realmente resuelven el problema, en el que se basa la invencion.

4. Excepcidn a la patentabilidad (arficulo 20 D486 literal d))

-Las reivindicaciones 6 y 7 reclaman un Método de tratamiento para el cuerpo
humano o animal, por lo tanto! estén c;omprendlda por las disposiciones del articulo
20 D486 literal -d). Ly
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5. Determinacion del Estado de la Técnica

Considerando la fecha de prioridad reclamada de la presente solicitud de patente
10/nov/2004, se realizo la busqueda del estado de la técnica, en bases de datos
donde ésta oficina tiene acceso libre, para blsquedas de documentos relacionados
con la materia que se reclama como nueva g inventiva en la presente solicitud.
Encontrandose los SIgwentes dooumentos relevantes

o : Fecha de
N Documento Tltqu , Publicacién®
Splro hydantom ccampounds useful as
D1 | US20040009998 anti-inflamatory agents 15/ene/2004

6. Analisis de patentabilidad (articulo 14 D486 de la C.A.N.)

Novedad (articulo 16 D486 la C.AN.)"

La presente solicitud reclama los derivados de la férmula Markush (:

Son compuestos con efecto  inhibidor de LFA-1/ICAM y como agente



antiinflamatorio, los significados de los sustituyentes es como aparece en la
descripcién, véase todo el documento D1, que anticipa a describir los compuestos
que en la solicitud se reclaman como nuevo e inventivos.

7. Conclusion:

Los requisitos de patentabilidad de Ia\p‘r:e‘s,fgﬁltie' scilic';'ijggd‘se encuentran afectados asi:

o o Reivindicaciones ..
N Documento N Afectadas Requisito que Afecta
D1 | US20040009998 1-65 Novedad.

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias
contados a partir de la fecha de notificacion de la presente comunicacién. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la conceSién, se denegara la patente.

Notifiquese el presente oficio conforme.a lo dispuesto en el articulo 8 de la
resolucién reglamentaria No. 00210 det15 de enero de 2001, advirtiendo que contra
&l no procede recurso alguno en laVig/gtibernativa. - -

ALIX CARMENZA

SPEDES DE VERGEL
Jefe de Divisién d '

uevas Creaciones

El anterior requerimiento fue notificado por fijacion en lista, de fecha

5 NOY 2010
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57 ABSTRACT

Compounds having the formula (1), and pharmaceutically-
acceptable salls, hydrates, enantiomers, and diastercomers,
and prodrugs thercof,
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are useful as inhibitors of LFA-1/ICAM and as aati-ioflam-

malory agents, wherscin Land K are O or $; Z is Nor CR .5
AL is an optionally-substiteiod aryl or teteroaryl; G is a
i la(,h(,d 10T or M or is absent; J, M and I are sclected
to definc‘a’ three to sis membered saturated or padially
unsatgrated nop-aromatic ring; and R, R, R, aod R, ace
as defined in. the specification.
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SPIRO-HYDANTOIN COMPOUNDS USEFULAS
ANTE-INFLAMMATORY AGEN

RELATED APPLICATIONS

[00011  This application clairos the benefit of US. Provi-
sional Application No. $0/326,261, {iled Odt. 1, 2001, US.
Provisiooal Application No. 6/354,113, filed Feb. 4, 2002,
and U.S. Provisional Application No. 6(/400,259, filed Aug,.
1, 2002, cach of which is corporated herein by refercoce.

FIELD OF THL INVENTION

[0002] ‘Ihe present invention relates to spiro-hydantoin
compounds, pharmaccutical compositions containing them,
and methods of using such compounds in treating inflam-
malory or immune discase.

BACKGROUND OF THE INVENTION

[0003]  Cells adhere to other cells and o substrates through

specific, regulated processes that are critical to various

biological functions. The proper functioning of the immune

system is dependent upon adhesive ioteractions and cell
. migration. A key. avedl in an immuae response involves the
 migration of leukocyies to a discase site. During an inflam-
matory respoase, leukocytes are recruited to the site of
'mjury and extravasated by a senies of cellular interactions
involving coll-cell and cell-substrate adhesion.

[0004]  Ooc family. of molccules that serves an importaot
- :adhesive fugction is integrins. lategrins are expressed on
~ee)l surfaces-and. (uvction i cell-cell and cell-substratc
. adaésion: Imegrins are alpha-beta hicterodimers: cach inte-
rin bas an aipha (@) subunit non-covalently bound 10 a beta
£).subuanit.. When activated, integrins bind to extracellular
ligagds atd-induce adhesion (the expression of integrins on
‘cell Surfadoalone is inadeéquate for adhesion - they must be
-adtivated to become adhesive). The integrin activation state
is transicat, such that there is rapld flux between adhesive
dhésxve states which is importaot for cell move-
aeell is codowed with the ability to rapidly
ious cell surfaces and matrices and to migrate
tig cclls and tissuc.

[0005] There arc four known integrins having a f, or

CDI8 subunit which comprise the CD11/CD18 integrin
sub-family, namely, Lympbocyic Function-associated Anti-
gen 1 (LEFA-1) (CD11a/CD18& or ey §,); Macrophage Aati-
gen 1 (Mac-1) (CD11b/CDIS or ay,f.); p150,95 (CD11c/
CDIS or ayuB,); and apf,. The CDN/CDIE family of
integrins is also referred to as Leukointegrins as they are
cexpressed on the surface of various leukocyte cells, and they

liate 2 bet of infl ton-related cellular interac-
tions. See Diamond et al., “The Dynamic Regulasion of
Integrin Adhesiveness,” Current Biology, Vol. 4 (1994) at
pp. 506-532.

[0006] T.igands to [LFA-1 and Mac-1 comprisc the inter-
cellular adhesion molecule (ICAM) ICAM-1. The poimary
CDI11/CDI8 integrin is LFA-1, which also binds with
1CAM-2 and 1CAM-3. ICAMs are found on endothelium
cells, leukocytes, amd other cell types, and their interaction
with CD11/CD18 integrins is critical 10 immune system
function. The interaction between the CD18 integrins, par-
ticularly LEFA-1, and ICAMs medi antigen preseatation,
Tcell prolifcration, and adhesion between the endothelivm
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and activated keukoceytes which is necessary for feukocytes
tor migrate from the circulatory system into tissue. A condi-
ton termed “Teukocyte Adhesion Deficiency™ has beca
eatificd in patieots haviag a deficicncy in CTY 1§ intogrins.
‘These patients are unable to moual a normal inflammatory
of immune response; they suffer from disorders such as
recurcent infections, poor wound healing, granulocytosis,
progressive pedodontitis, and umbilical cord separation. Sec
Anderson et al., “Leukocyte LFA-1, OKML, p150,95 Defi-
ciency Syndrome: Functional and Biosynthesis Studies of
‘Three Kindreds,” Fed. Proc., Yol. 44 (1985). at pp. 2671-
2677.

[0007] While sufliciat levels of CD18 integrins interact-
ing with JCAMs are needed to mount a normal immuoe
response, sigaificant cellular and tissue injury can cesull in
chronic inflammatory states where there is an inappropriate
wflux of leukocytes o the disease site. Continuous recruit-
meat of leukocytes from blood vesscls into inflamed tissue,
as in chronic inflammatory states, cap porpetuate lissue
injury and lead to ¢xcessive fibrous repair and autoimmunc
discase. Thus, inhibition of the intcraction between LEA-1
andfor Mac-1 and their ICAMSs can be advamageous in
treating inflammatocy or immune, dis€ase. For example,
monoclonal antibody bockade ofc‘thn,r 1CAM ar LEA-1 has
been shown 1o prevenl the migration of leukocytes into
tissue and the subscquent development of inflammatory
disease in animal models of rhenmatoid arthritis, inflamma-
tory bowel discasc, and pulmonary inflammation (e.g.,
asthma). Knockout mice deficient in ICAMs trave reduced
susceptibility to induced arthritis, ischemia injury, imipaired
lung inflammatory responses, and _increased tolerance to
iransplantations (c:g. heart grafis).’ Sée Andeison, supra.
Antibodics blocking the ICAM- LlA 1. isteraction report-
cdly suppress cardiac allograft™ ruccnon and", cl ~cell

xenograft ejection io animat models, Soc(-mskg “Thie: Rol 7'
of Cell Adhesion Molecules in lmnmnapatholagg ” Inniu-

nology Today, Vol. 15 (1994), at pp. 251-255.

[0008}] Compounds inhibiting CD18 integrins, 1CAMS,
and/or the LEA-1:1CAM interaction conld poteatially dem-
onstrale 2’ wide range of utililies in treating inflammatory or
immune diseascs. Blocking LFA-1 reporiedly. inhibits the
influx of leukocytes in almost every system, including the
skin, peritoneum, synovium, lung, kidoey, and heart, and
blocking ICAM-1 would be expected 1o have similar effects.
Also, present therapies for many infl ory and i

discases bave drawbacks. For example, current treatments
for asthma includc B.-agonists, inhaled corticosteroids, and
LD, agtagonists. However, B,-agouists have limited effi-
cacy and inhaled corticosteroids raise safety concems. To
treat psoriasis, current therapies include PUVA, methotrex-
ate, cyclosporin A, and topical treatments. The first thiee of
these therapics raise (oxicity issues over long-term (e.g., 6-9
month) use, whereas topical treatments have hmited cffi-
cacy. Additionally, these treatments typically are applied
only in response to flares and not as a prophylaxis measure.

[0009] Compounds that reportedly inbibit LEA-1/1CAM
for use as anti-inflammatory agents include thiadiazole-
based compounds (see Intern. Pub. No. WO 99/20,618,
~Thiadiazole Amides Useful as Anti-Inflammatory Agents™
tiled by Pharmacia & Upjobn Co.; and WO 99/20,617, also
to Pharmacia and Upjohn); and thiazole compounds linked
to phenyl and pycazole riags (Saofilippo et al,, “Novel
Thiazole Based Heterocycles as Inhibitors of LFA-1/ICAM-1

R
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Mediated Cell Adhesion,” J. Med. Chem., Vol. 38 (1995} at
pp.1057-1059). Small molecoles that reporiedly are antago-
nists (0 the binding of ICAMSs with CD18 integrios include
various beazylamines and 2-bromobenzoyltryplophian com-
pounds (sce latern. Pub. No. WO99/49,856, “Antagonists
for Treatment of C211/CD18 Adhesion Recepior Mediated
Disorders,” filed by Geoentech, Incl), and 1-(3,5 dichlo-
rophenyl) imidazolidines (sce Intera. Pub. No. WOUS/
39303, “Small Molecules Useful in the Treatment of Inflam-
matory  Disease,”  filed by Bochringer  Ingelheim
Pharmaccuticals, Inc. See also Bochringer patent applica-
tions WO 01/07052, WO 01/07048, WO 01107044, WO
01/06984, and WO 01/07440). Hydantoin compounds are
disclosed in lntern. Pub. No's WO 00/59880, WO 00/39081,
WO 02/02522, WO 02/02539 (all to Abbott T aboratorics).
[.FA-1 antagonist compounds arc also claimed in WO
02/059114 (1o Geaentech), WO 02/42294 (1o Celllech), WO
01/51508 (to Science and Technology corporation), WO
00/21920 and WO 01/58853 (both to Hoftmaon-LaRoche),
WO 99/11258, WO 00/48989 and WO 02/28832 (all 1o
Novartis). -Hydantoin compounds are disclosed in Intem.
Pub. No. WO 01730781 A2 (publishéd May 3, 2001) to
“‘Tanabe Seiyaku Co. Lid, “Jrhibitors of o, Mediated Cell
Adhesion,” and io Tntern. Pub. No. WO 02/44181 (published
Jun. 6, .,0(7?,)* . Hydantoin ‘Compounds Useful as Anti-
Ir#lammaiory Agents”, Lo the present asstgnee and having
‘.- common mve;tmrs herewith. .

itors. of Lt.ukomlagnns and/or lLAMs
Particulaely i ghe arca of immunc response,; maay individu-
ntly-4o different drugs. Thus, there.is an
interest in providing consumers nol only with phammaceu-
tical compositions . dpmonsteating increased effectivencss
and reduced side-effeets:but ‘also different structures or
mechanisms of action 16 provide consumers with a choice of
options. The insiant invention is directed to aryl or het-
eroaryl subsmuled "spiro-hydantoin compounds that arc
effective as antagonists of Leukointegrins and/or 1CAMs.
Diazaspiroheptane compounds are disclosed in Park et al.,
“I’reparntwn of a 990 Member Chemxcal Lompourxd
Library of Hyd. in and 1. li g Hetero-
cycles Using Mulhpm Technology,” J. Comb. Chem‘ Vol.
3(2) (2001), at pp. 171-76. Spire heterocycles are also
disclosed in Couture ¢t al., “Chemistry of Cyclic Aminooxy-
carbenes,” Can. J. Chem., Vob. 75(9) (1997) at pp. 1281-
1294; Brandstetter et al., “Glucofuranose Analogs of Hydan-
tocidin,” Tetrahedron, Vol. S2(32) (1996), at pp. 10721~
10736; Brandstetter et al., “Spirohydantwins of
Glucofuranose: Analogs of Hydantocidin,” Tetrahedron
Lett.,, Vol. 36(12) (1995) at pp. 2149-52; in U.S. Pat. Nos.
6,022,875, 4,241,208, 4,066,615, and 3,941,744, and Inter-
pational patent application WO 01/45704. WO 01/94346
discloses 1,3,8-triaza-spiro’4,5 decan-4-one derivatives as
neurokinin receptor antagonists.

[0011] Each of the patents, patcot applications and publi-
cations referenced above and hercinafter is incorporated
herein by reference.

¥
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SUMMARY OF THE INVENTION

[0012] I'he preseat inventivn provides compounds uselil
in treating inflammatory or immune disease having the
formula (1)

[¢1)

[0013] their enantiomers, diastereomers, amd pharmaceu-
tically-acceptable salts, hydrates, solvates, and prodrugs
thercol, in which:
{0014] 1. and K, taken independently, are O or S:
{0015] ZisNor CR,,; e
[9016]  Ar is ary] or heferoaryl; s

[0017] G is attached to cing A at Tor M; and (i) wheﬁ
attached to 4 carbon atom of ring A, G is selected
from a bood, 'O—, =-N—, 8=, C,_jalkyledc,
C,_,substituted alkylcae, or bivalent alkoxy, alky-
Ithio, aminoalkyl, sulfonyl, sulfonamidyt, acyl, and,
alkoxycarbonyl; or (i) when attached to a ailtogen’
atom of ring A, G is sclected from a bond,-C,_alky;
lene, C, ,substituted alkylene, and bivalent atyl o
alkoxycarbonyl, or bivalent alkoxy, alkylthie, ai

noalkyl, sulfonyl;"or silfonamidyl whercin in.{fikk: -
cach of said G groups have at icast one carbon atom

directly attached 16’ ting A;

‘(0018] J s —O—, —S—, —NR;—, N
—8(=0)—, —80,—, —NHSO,—, a subslilul
or unsubstituted C, jalkylene, a substituted or

uosubstituted  C, jalkenylene, an unbubwlulcd
C, sheteroalkyleoe, a  substituted hclcroa.lkylenc'

haviag from one to two carbon atoms in the het-
croalkylenc straight chain, or ] is absent so that ring
A is a three-membered ring;

[0019] T is T, when G-Ar is attached to T, and T,
when G-Ar is atiached to M;

[00206] M is M, when G-Ar is attached to M, and M,
when G-Ar is attached to T}

[0021] T, and M, are sclected from —N— and
4(‘(RsF

[0022] I, and M, are selected from —O—, —S—,
—NR)— —N=, —S(=0)—, S0
—NHSO,—, and —C(R,R)—, provided that J, M,
and T are sclected so that ring Adcfines a three to six
membered saturated or partially unsaturated
cycloalkyl or beterocyclic ring having 1 10 4 het-
croatoms, wherein no two adjaceat heteroatoms of
said heterocyclic ring A are simultancously sclected
from —O— and —S—;

US 2004/0009998 Al

[0023] R, is selecled [rom hydrogen, alkyl, substi-
tated alkyl, OR 5, NR 2R, 5, C(=OR 2, COR,,,
C(=0)NR ;R ., NR ,(C(—O)R 5,
NR,((—OYOR,,, S(O}R,. NRSOR,,
SO,NR,-R 5, cycloalkyl, heterocyclo, aryl, and bet-
eroaryl;

[0024] R,..R,, and R, arc indcpendently sclected
from hydrogen, talogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, nitro, cyano, SRy,
OR,,, NR R, NR, C=OR; COR,,
C(=0)R,,, —C(=0INR R, aryl, hewerocyclo,
cycloalkyl, and heteroaryls

{0025] R, and R, arc independeatly selected from
hydrogen, alkyl, substituied alkyl, hydroxy, alkoxy,
alkenyl, substituted alkenyl, aminoalkyl, alkylthio,
C(=0MI, acyl, amide, alkoxycarbonyl, sulfonyl,
sulfonamidyl, cycloalkyl, heterocyclo, aryl, and bet-
croaryl;

[0026] R, R,, and R, arc (i) independently sclected
from bhydrogen, alkyl, substituted alkyl, halogen,
nitro, cyano, hydroxy, alkoxy, alkenyl, substituted
alkeayl, amigoalkyl, alkylthio, C(=Q)H, acyl,
CO,H, amide, alkoxycarhoayl, sulfonyl, sulfona-
midyl, cycloalkyl, heterocyclo; aryl, and heteroaryl;
or (i) R, with R, may form a cycloalkyl or heiero-
cyclic ring or a double bond 1o an oxygen atom 1o
define a keto (=0) group; or (iii) one of Rs or Ry
may be a bond so that there is a double bond between
T and M, or between M and-J, 7éspectively; so that
ring A is partially uosaturated;

[0027] R,, R,s Ry, and Rig (i) are selected inde-
peodently of cach other from hydrogen, alkyl, sub-
“stituted alkyl, cycloalkyl, aryl, heteroaryl, and het-
esocyclo; or (i) R, is taken together with Ry,
and/or R,, is laken togetber with R, to form a
hetemarvl or heterocyclo rmg,

[0028] R, is sclected from a].kyl substituted alkyl,
cycloalkyl, aryl, heteroaryl, and beterocyclo; and

[0029] pislor2.

[0030] ‘The prescnt invention is also directed to pharma-
Ceutical compositions useful in treating immuae or inflam-
matory discases comprising compounds of formula (I), or
pharmaceutically- acccplablc salts thereof, and pharmaceu-
ticalty-acceptable carriers or diluents. The invention further
relates 10 methods of (reating immune or inflammatory
i comprising ing to a paticnt in nced of
such treatment a therapeutically-sfective amount of a com-
pouvnd according to tormula (1).

DETAILLED DESCRIPTION OF THE
INVENTION

{6031] The folowing are definitions of terms used in this
specification and appended claims. ‘Ibe initial definition
provided for a group or leom herein applics to that group or
term throughout the specification and claims, individually or
as part of another group. unless otherwise indicated.

[0032] ‘The term “alkyl” refers to straight or branched
chain hydrocarbon groups baving 1 to 12 carbon atoms,
preferably 110 8 carbon atoms. Lower alkyl groups, that is,
alkyl groups of 1 to 4 carbon atoms, are most preferred.
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When nuwmbers appear in a subscript after the symbol (7
the subscript defines with more specificity the number of
carbon sloms that a particular group may contain. For
cxample, “C, alkyl” refers to straight and branched chain
alkyl groups ‘with oge 10 six carbon atoms, such as methyl,
cthyl, a-propyl, isopropyl, n-butyl, t-buty}, n-peotyl, and so
forth. ‘I'he subscript “0” refers 10 a boud. Thus, the term
hydeoxy(C,_o)alkyl or (Cy pdhydroxyalkyl includes hydroxy,
hydroxymethyl and hydroxyethyl.

{0033} The term “substituted alkyl™ refers 0 an alkyl
group as defined above having one, two, or theee substitu-
ents selected from the group consisting of halo {c.g., trif-
luoromethyl), atkenyl, substituted alkeayl, alkyayl, nite,
cyano, oxo (==0), OR,, SR, (=S8), —NR,R,,. -—N(alkyl);",
ZNRSO,,  —NRSOR.,  —SO, R SONR R,
—SO.NR,C(=0)R,, SO-H, —PO(OH} — (= ())R..
—CO,R,, —C(=O0)NR,R,, —C(=0)C,_ alkylene)N-
R.R,, —(‘(——O)NR (SOOR,,, —CO,(C,_akyleoc)NR R, ,
NR,(=O)R,, —NR,CO,R,, —NR{C,

salkylene)CO,R,, ==N—OH, =N—O—alkyl, uyl
cycloalkyl, heterocyclo, andfor helcroaryl,wherein R, and
R, - are sclected from hydrogen, alkyl, alkeoyl, CO.H,
« ()z(alkyl) Cy .,«.,yuloalkyl phenyl, beazyl, phcnyle[hvl

: uapthyl, a four o scven membered heterocylo, or a five to

six:mémbered heteroaryl, or when attached o the same

- milgogaa atom may join to form a beterocyclo or heleroaryl,
‘and R} is sclected from same groups as R, aod R, but is not
’ hydrobm Edch group R, and R, when olher lhan hydrog«.n

and ¢ach R_ group’ oplmna]ly has up to three further sub-
smucms xuaLhud al‘any available carbon or nitrogen atom of
Ryyandior R, said substituent(s) being sclected from the

‘gmup ‘eonsisting of | (C,_oalkyl; {C, Jalkenyl, bydroxy,

hatopen, éyano; nitre; CFs; O(C, qalkyh), OCF,, C(=0),

© C=OXC, qalkyD: COHE, COLC, salkyl), NHCOLC,
“calkyly, -S(Egalkyl), —NH,, NI(C, qalkyl), N(C,.
“alkylly, “N(CH3)%,SO,(C,qalkyl), CE=OXC,.,alkyle-

ne)NH,, C(=0)C, ,alkylecne)NH{alkyl), C(=0XC,
salkylene)N(Cyalkyl),, C,cycloalkyl, phenyl, benzyl,
phenylcthyl, pheayloxy, benzyloxy, napthyl, a four to scven
membered heterocylo, or a five to six membered beteroaryl.
When a substituted alkyl is substituted with ao aryl, hetero-

~ cyclo, eycloalkyl, or heteroaryl group, said ringed systems

are ‘as defined below and thus may have zero, one, two, or
three substituents, also as defined below.

{0034] One skilled in the field will understand that, whea
the designation “CQ," is used herein, this is inicnded to refer
to the group

—C—0— .

[0035] When the term “alkyl” is used togetber with
another group, such as in “arylalkyl”, this conjunction
defines with more specificity at least one of the substitucats
that the substituted alky] will contain. For example, “aryla-
Ikyl” refers Lo a substituted alky! group as delined above
where at least one of the substituents is an aryl, such as
benzyl. Thus, the term aryl(COgq_,)alkyl includes a substi-
mted lower alkyl having at lcast ope aryl substitucnt and also
includes an aryl directly bonded to anotber group, ie.,
aryl(Cp)alkyl.
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[0036] The teem “alkenyl™ refers 1o straight or branched
chain hydrocarbon groups having 2 to 12 carbao atoms aod
at least one double bond. Alkenyl groups of 2 1o 6 carbon
atoms and having one double boad are mast preferred.

[0037) The term “alkynyl” refers to steaight or branched
chain hydrocarbon groups having 2 to 12 carbon atoms 2ad
at least onc triple bord. Alkynyl groups of 2 to 6 carboo
atoms and having one triple bond are most preferred.

{0038] ‘The term “alkylene” refers to bivaleot straight or
Dbranched chain hydrocatbon groups having 1 to 12 carboa
atoms, peeferably | to 8 carbon atoms, ¢.g., {—Cl,—},,
wherein n is L to 12, preferably 1-8. Lower alkylene groups,
that is, alkylenc groups of 1 w0 4 carbon atoms, are most
preferred. The terms “alkvayleac™ and “alkynylene” refer to
bivalent cadicals of alkenyl and alkynyl groups, respectively,
as detined above.

{0039] When wlerence is made 1o a substituted alkenyl,
alkynyl. alkylene, alkenylcae, or alkynylene group, these
groups arc substitutcd with onc 1o three substitutents as
defined above for substituted alkyl groups.

[0040] The torm “heicroalkylene” is used berein to refer to

saturaled and unsaturated bivalent straight or branched chain -
hydrocarbon groups having 2 to 12 carboo atoms, preferably. ..
v cte. (where R is prcfcrab]y hydrogen but may include alkyl

2 to 8 carbon atoms, wherein one or two carbon atoms in the

straight chain arc replaced by heteroatom(s) selected from
—0—, —S—, 'S(=0)—, —S0,—, —NH—, and’

—NHSO,—. Thus, the term “hetéroalkylenc” iocludes
bivalent alkoxy, thioalkyl, and aminoalkyl groups, as
defined below, as well as alkylene ‘and atkenylene groups
having a combinaticn of heteroatoms in the alkyl chain. As

an iilustration, a “heteroalkylene” herein may compn.se,

groups such as —S—(CH,,); sNH—CH;—,
sS(=0)—CH,—, —NHSO,—CH,—,

_.and so forth. Pm{crahly, a hclcmdkylcne daes not have, two

adjacen! atoms simultancously sclected from —O— and
—8—. When a subscript is used with the term heteroalky-

lenc, e.g., as in . ;hetcroalkylene, the subscript refers 1o the ',

oumber of carbon atoms in the group in addition to hetecoa-
wms. Thus, for cxample, a G, sbeteroalkylene may include
groups such as — V"Jl[ > —CH—NH—CH,—,
—CH;—CH,—NH—, —$—CH,—, , —CH,—S$—CH,—,
—0—CH,—NH—CH,—, CIL:—()~(‘H and so forth.

[0041] The term “substituted heteroalkylene™ refers to a
beteroalkylenc group as defined above wherein at least one
of the aitrogen or carbon atoms in the heteroalkylene chain
is bonded 1o (or substitied with) a group otber than hydro-
gen. Carbon atoms in the heteroalkylene chain may be
substituted with 2 group sclected from those recited above
for substituted alkyl groups, or with a further alkyl or
substituted alkyl group. Nitrogen atoms of the hetcroalky-
lene chain may be substituted with a group selected from
alkyt, alkenyl, alkynyl, cyano, or A;-Q-A;-R,, wherein A, is
a bond, C,akkylene, or C, jalkenylene; Q is a bond,
—C(=0)—, —C(=OWNR,—, ~C(=SINR,—, —S0,—
«—bO ,NR—, —CO,—, or —NR,CO,—; A; is a bond
C,_salkylene, C,_jalkenylene, —C,_alkylene-NR ,—,

salkylene-NR ((=0)—, —C,_alkylene-8—, —C,_ ‘alky-
fene-S0,—, or —C,_alkylene-O—, wherein said A, alky-
lene gmups are branched or straight chain and optuonally

4 as defined herein for ituted alkylene; Ry is
hydrogen, alkyl, substituted alkyl, alkenyl, substituted alk-
enyl, aryl, beteroaryl, beterocyclo, or cycloalkyl, and Ry is

€, —NH,, -
“CH
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selected Trom bydrogen, alkyl, and substituted alkyl, as
defined berein, provided, however, that for a substituted
heteralkylene Ry is nol hydrogen when A, Q and A, are
cach boads. Whon R, is aryl, hoteroaryl, cycloalkyl, or
heterocyclo, these rings arc, is tum, optionally substituled
with onc to three groups as defined below ia the definitioas
{or these terms.

[0042] The term “alkoxy” refees to ag atkyl or substituted
alkyl group as defined above having onc or two oxygen
atoms (—O-—) in the alkyl chain. For ¢xample, the term
“alkoxy™ includes the groups —O-—C, alkyl, - (C;.
salkylenc)-O—C alkyl, —(Calkylene-O—C,. 4d"\)"
leae)-0-—C,_,alkyl, and so forth.

[0043] The term “thivalkyl” or “alkylthio” refers o an
alky! or substituted alky! group as defincd having one or two
sulfur atoms in the alkyl chain. For example, the term
“thioalkyl” or “slkylthio” includes the groups ——S$—C,.
1zalkyl, —($—C_qalkylene)-5-—C,_salkyl, and so forth.

[0044] The terms “aminoalkyl” or “alkylamino” refer to

an alkyl or substituted alkyl group as defined above baving
one or Iwo nitrogen, (~——N } aloms in the alkyl chain. For

example, the term- “aminoalkyl™ includes the groups

—NR—C,_ palkvl —NR—C(,_salkylene-NR—C . _galkyl,

o1 substituted alky! as defined above.) Whea a subscript is
cd with refercace 1o 2n alkoxy, thioalkyl or aminoalkyl,
subscript rcfcm 10 the aumber of carbon atoms that the
up may conl n n addluon to heteroatoms. Thus, for
example, monoy; 5 L‘ ~aminoalkyl includes the groups
NH—CH,, —(CH,),—NH,, —NH—
o CH s —CH=NH—CH, and —N—CH,), A
r. amiriealkyl-comprises -an aminoalkyl having one (o
rhon-atoins: “Amino” refers to the group NH,.

ams} Fhe alkoxy, thioalkyl, ;of aminoatkyl groups may
bé. monovalent or bivalent. By “mogovalent” it is meant that
the group-hasa valency (ic., ability to combine with another
group), c,and by “bivaleat” it _is meant that the group
has a'v c:vcy of two. Thus, for example, a monovalent
1lk0xy iocludes groups such as —O-—C, alkyl, —C,_
caliylpne-0:2C alkyl, —C,_alkylene-O—C, atkylene-
Q-—C,_alkyl, whereas a bivalent alkoxy includes groups

- -duch a5 —O—C,_akkylene-, —Cqalkylenc-0—C,_qalky-
lene-, —C,_jalkylene-0—C,_jalkylene-O0—C, ,alkylcne-,

and so forth.

[0046] Lt should be understood that the selections for
alkoxy, thioalkyl, and aminoalkyl will be made by one
skilled in the field to provide stable compounds. Thus, for
example, in compounds of formula (I), when G is attached
to a nitrogen atorn (N*) of ring A and is selected from an
alkoxy or alkylthio group, the alkoxy and alkylthio groups
will have at Icast one carbon atom boaded dircctly to ring A
(at N*), with the oxygen or sulfur atoms being at least one
atom away from said pitrogen atom.

[#047] The term “acyl” refers o a catbony! group linked
10 an organic 1adical, more particularly, the group C{=O0)R,,
as  well as the bivalent groups —C(=0)— or
—C(=0O)R,—, which are linked o organic radicals or nog
A in compounds of formula (I). The group R, caa be selected
from alkyl, alkenyl, alkynyl, aminoalkyl, substituted atkyl,
substituted alkenyl, or substituted alkynyl, as defined hersein,
of when appropriate, the corresponding bivalent group, ¢.8.,

{oest]
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alkylene, alkenylene, ele. Accordingly, in compounds of

formula (1), wheo it is recited that G can be “acyl,” this &
intended 1o encompass a setoction for G of —C(==0)— and
also the groups —-O(=O)R - or R (=0} -, whurcin
in this instance, the group R, will be sclected from bivaleot
groups, ¢.g., alkylenc, alkt.nyk,nu alkynylene, bivaleat ami-
noalkyl, substituted alkylcne, substituted alkenylene, or sub-
stituted alkyayleae.

[0048] ‘The term “alkoxycarbogyl” relers Lo a catboxy
group

(o} (¢}

(——C—0— ot —0—C—)

[0049) lioked to an organic radical (CQ-R ), as well as the
bivalent groups —CO,~—, —CO,R — which are linked to
arganic radicals in mm\xmmk (\f formula (1), wherein R is
as defined above for acyl. The organic radical to which the
carboxy group is attached may be monovaleat (s 8., - — Q-
alkyl or —OC(=0)alkyl), or. bivalcat (¢.g., —CO-alky-
lenc, —~O(‘(—~O)alkvh.nc cte.y Accordingly, in compounds
of formula (1), whea it is recited that G can be “alkoxycar-
hoayl.” this is intended to encompass a selection for G of
—C ad also the groups —COLR — ot —R CO,—
wherein, in, this instance, the group R, witl be selected fmm
bivalent g gmup\ ¢.g., alkylene, dlkenylenc alkyaylene, biva-
lent amiooalkyl, substituted alkyleae, substituted alk-
enylene, or substituted alkynyleneA

(m “amide” or amldyl” refers o the group

- CEOR whicrein the groups R, and R, are defined as

the dcﬁmuou for subsululed alkyl groups.

onyl” refers m * sulphox;dt Broup
linked to ag. orgamc radical in compounds of formula (1),

. more pasticularly; the monpvalent group S(O)1 2R, orthe

bivalent group -=8(0), »— linked 10, oq,amc radicals in
compounds of formula(). Accordingly, in compounds of
formula (I), when. it is recited that G can be “sutfoayl,” this
is intended to encompass:a selection for G of —S=0)— ot
—80,— "as -well as the groups —S(=O)R.—,
ARES(—:-O)— 80,R,—, or —R SO —, wherein in |hm
instaoce, the group R, wnll be sclected from those recited
above for acyl and alkoxycarbonyl roups.

[0052] The term “sulforamidyl” refers o the group
_8(0),NR_R,, wherein R, and R, arc as defined above for
substituted alkyl groups. Addxuonally the sulfonamidyl
group may be bivalent, in which case one of the groups R,
and R,, will be a bond. Thus, in compounds of formula (l),
when it is stated that G may be sulfonamidyl, it is intcoded
to mean that G is a group —S(0),NR,—.

{0053] The term “cycloalkyl” refers 1o fully saturated and
partially vnsaturated hydrocarbon riags of 310 9, preferably
3 to 7 carbon atoms. The term “cycloalkyl” includes such
rings having zero, one, two, of three substituents sclocted
from the group consisting of halogen, trifluoromethyl, trif-
fuoromethoxy, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, nitro, cyano, oxo (=0), OR,, SR, (=S),
—NRR,, —Nalkyh*, —NRSO; —NRSOR,
—80,R—SO,NR.R,, —SONRC(=O0)R,. SOH,
—PO(OH),, —C(—=O)R,, —COR,, —C(=ONR,R,,

L
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C(=0)C, Lalkykenc)NR Ry, —C(=0INR (SO-)R,.
—COLC, alkyleae)NR, R, . ~NR,C(—=O)R,.,
R.OOR,, —NRC, alkylene)CO,R,,  ==N—OH,
=N —0-alkyl, aryl, cycloalkyl, betcrocyclo, andfor het-
croaryl, wherein R,, R, and R, arc as defined above lor
substituted atkyl groups, and are alse in tura opliooally
substituted as recited above ia the definition for substituted
alkyl geoups. The term “cyclaalkyl” also includes such rings
having a sevond ring fused thereto (e.g., including bearo,
heterocyela, of heteroaryl tings) or havieg a carhon-cachoa
bridge of 3 to 4 catbon atoms. Whea a cycloalkyl is
substituted with a further ring (or has a sccond ciag fused
thereto), said ring in turn is optionally substituted with one
o two ol (C, )atkyl, (C, ,)alkenyl, halogea, hydroxy.
cyano, nitro, CF,;, O(C; galkyl), OCF, C(=0)H,
C(=0)C,_alkyl), COH, COLC, alkyl), NHCOLC,.
aalkyl), —S(C,_alkyl), —NIH,, NH(C, jalkyl), N(C.
aalkyl),, N(C,_alkyD),*, SOLC, _alkyl), C(=0XC,_slky-
lene)NH,;, C(=O0)C,_,alkylene)NI(alkyl), aadfor
C(=0XC_alkylcac)N(C,_salkyl),.

[0054] Accordingly, in compounds of formula (I), the term
“cyctoatkyl” includes cyclopropyl, cyclobutyl, cyctopentyl,
cyclohexyl, cyclobeptyl, cyclooctyl, cic., as w:.l] as the
following ring systems, .

{0055] aad the like, which optionally may be substituted at
any available atoms of the ring(s). Preferred cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclo-

hexyl,
O D
~ and .

[0056] ‘The term “halo™ or “halogen™ refers to chloro,
broma, fluoro and iodo. .

{0057] The term “haloalkyl” means a substituted alkyl
having one or more halo substitucnts. For example,
“haloalkyl” includes mono, bi, and trifluoromethyl.
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[0058] The term “haloalkoxy” means an alkoxy group
having onc or more halo substitucats. For cxample,
“huloalkoxy™ includes OCF .

[0059] The term “aryl” relees to phenyl, biphenyl, t-aaph-
thyl and 2-naphthyl. The term “aryl™ includes such rings
having 7ero, one, two or three substiuents selected from the
group consisting of halogen, tnifluoromethyl,  trifluo-
romcthaxy, alkyl, substituted alkyl, alkenyl, substituied alk-
coyl, alkynyl. nitro, cyano, OR,, SR, (=$), —NR,R,,
—Nalkyl)y*, —NRSO, —NRSOR, -—SOR,
—SO,NR_R,, —SO,NR,C(=O)R,, SOH, —PO(OH),,
—((=O)R,, —CO,R, —C(=OINR.R,, —C(=0)C,_
aalkylene)NR R, —C(—OINR (SO,)R,, —COL(C,_alk
leae)NR R, —NR CE=O0)R,, —NR,COR,, —NR(C,
salkyleae)CO,R,, aryl, cycloalkyl, heterocyclo, aadfor
heteroaryl, wherein R, R, and R, are as dcfined above for
substituted alkyl groups, and are also in turn optionally
substituted as recited above. Additionally, two substituents
altached 10 an aryl, particularly a phenyl group, may join o
form a further ring such as a fused or spiro-ting, c.g.,
cyclopentyl or cyclohexyl, or fused heterocyclo or het-
croaryl. When an aryl @ substituted with a further ring (or
bas a second ring fused-thereto), said ring in turo is oplion-
ally substituted with one 1o two of (C,_Jalkyl, (C,_)alkeny!,
halogen, hydroxy, cyano, nitro, CFa O(C, Lalkyl), OCF;,
C=0M, C=0XC,alkyl), COH, COLC, alkyl),
NHCO,(C; qalkyl), —$(C, alkyl), —NHz, NH(C, alkyl),
N(C,_alkyl)., N(Cy_qalkyily*, SOAC, alieyh), C=OXC;
salkylene) NI, (‘(—())((,, ,,alkylr:ne)NH(alkyl) and/or
—O(=0XC;_.alkylene)N(C, ,alkyl)a

[0060] Thus, examplc» af. Aryl gmups mcludc

[0061] and the like, which optiorally may be substiluted at
any available carbon or nitrogea atom. A preferred aryl
group is optionally-substituted phenyl.

{0062] The terms “heterocyclo” or “heterocyclic” refers to
substitutcd and unsubstituted non-aromatic 3 to 7 membered
monocyclic groups, 7 to 11 membered bicyclic groups, and
10 to 15 membered tricyclic groups, in which at least one of
the rings has at least one beteroatom (O, S or N). Each ring
of the heterocyclo group containing a heteroatom can con-
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fain one or twi oxygen or sulfur aloms and/or from one (o
four aittogen atoms provided that the total number of
heteroatoms in cach ring is four or fess, and further provided
that the ring contains at least one carbon atom. The fused
rugs completing bicyclic and tricyclic groups may contain
only carbon atoms and may be saturated, partially saturated,
or unsaturated. The nitrogen aad sulfur aloms may option-
atly be uxidized and the nitrogen atoms may optionally be
quateraized. The helerocyclo group may be attached at apy
availablc nitrogea or carbon atom. The heterocyclo ring may
contain zere, one, two or three substitueats selected from the
group consisting of balogen, trifluoromethyl,  trifluo-
romethoxy, alkyl, substituted alky, alkenyl, substituted alk-
cayl, alkynyl, aitro, cyano, oxo (=0), OR,, SR, (=S),
—NR,R,, —N(aikyl),", —NRSO,, —NRSOR,,
~—SO,R—SONRR,, —SONRC(=0)R,, SO;H,
—PO(OH),, —C((=O)R,, —COR,, —CE=O)NRR,,
—C(=0XC,_jalkylenc)NR,R,,, —C(=O0)NR,(SO,JR,,
—COLC_jalkylenc)NR R, —NR,C(=O)R,,
—NR,CO.R,, —NR(C, ,alkylenc)CO,R,, =N--OH,
=N—0-alkyl, aryl. cycloalkyl, heterocyclo, and/or bet-
croaryl, wherein R,, R, and R_ are as defined above for
substituted alkyi groups, and arc also in turn optionally
substituted as recited above. When a heterocyclo is substi-
tuted with a further ring, said ring in turo is optionally
substituted with one to two of {C_Jalkyl, (C, ,)alkenyl,
falogen, hydroxy, cyano, nitro, CF;, O(C,_salkyl), OCL,,
O=0H, C=0XC,_alkyD), COH, COLC, jalkyl),
NHCOL(C _alkyl), —S(C,_salkyl), —NH,, NH(C,_.alkyl),
N(C,_alkyl)., N((, eyl *, SOL(C,_alkyl), C(=O0XC,

aalkyleac)NH,, =0XC, @ILyIcn»)Nll(alkyl) aad/or .

O(=0XC,. ,,alk\,lcne)N((. _qalkyl)..

[0063] Exemplary monocyclic groups mc.ludu azetidioyl,

pyreolidinyl, oxetanyl, imidazolnyl, oxazolidinyl, isox-’
azolinyl, thiazolidinyl, isotbiarolidinyl, tetrahydrofuranyl,
piperidyl, piperaczinyl, 2-oxopiperazinyl, 2:oxopiperidyl

2-oxopyrrolodinyl, 2-oxoazepinyl, azepinyl, 4-piperidonyl,
tetrahydropyranyl, morpholinyl, thiamorpholinyl, thiamor-

pholinyl sulfoxide, thiamorpholinyl sulfonc, 1.3-dioxolane”” -

and tetrahydro-1,1-dioxothicnyl and ‘the fike. Excmplary
bicyclic heterocyelo groups include quinuclidiayl.

[0064) Preferred heterocyclo groups in compouands of for-
mula () include

[0065] which optionally may be substituted.

[8066] The term “heteroaryl” refers to substituted and
unsubstituted aromatic 5 or 6 membered monocyclic groups,
9 or 10 membered bicyclic groups, and 11 1o 14 membered
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tricyclic groups which have at least one heteroatom (0, S or
N) in at least one of the rings. Each dng of the heteroary!
group containing a hoteroatom can eootain onc of WO
oxygen or sutfur atoms andjor from ooe o four aitrogen
atoms provided that the total number of hetecoatoms in each
ring is four o less 2ad cach cing bas al least one carbon
atom. ‘The fused rings completing the bicyclic and tricyclic
groups may contain only carbon atoms and may be satu-
rated, partially saturaled, or unsatueated. The nitcogen and
sullur atoms may optionally be oxidized and the nitrogen
atoms may optionally he quateroized. Heleroaryl groups
which are bicyclic or tricyclic must include at least onc fully
aromatic ring but the other fused ring or rings may be
aromatic of non-aromatic. The heteroary! group may be
atfached at any available nitrogen or carbon atom of any
ring. ‘The heleroaryl iog systcra may contain zero, one, two
or three substitucnts sclected from the group consisting of
halogen, ifluaromethyl, triflucromethoxy, alkyl, substi-
mted alkyl, alkeayl, substituted alkenyi, alkynyl, nitro,
cyano, OR,, SR, (=8), —NR[R,, —N(lkyl),",
—NR,50,, --NR SOR, ---80,R.—SO,NRR,,
—8O,NR CE=OR,, SOH, —PO(OH),, —(=O0)R,,
—CO,R,, —((=OINRR,, —C(=O0XC,_ ,alkylene)N-
R,R,, —C(=0)NR (SO,)R,. —CO(C, _, alLylcnc)NRaRh,
—NR ((=0)R,, —NR,CO,R,,, —NR(C,.
salkylenc)CO,R,, aryl, cyclaalky!, heterocyclo, andfor het-
croaryl, wherein R,, R, and R, ar¢c as defined above for
substituted alkyl groups, and ar¢ also in tura optiooally
substituted as recited above. Whea a heleroaiyl is substituted
with a further ring, szid ring in turn is optionally substituted
with one to two of (C,_Jalkyl, (C; Jalkenyl, halogen,
hydroxy, cyano, aitro, CFy, O(C_,alkyl), OCF;, C(=0)H,
C(=0¥XC,_alkyl), COH, COLAC, alkyl), NHCO,(C,
salkyl), —S(C,_alkyl), —NH,, NH(C, ,alkyl), N(C,.
aatkyl),, N(C,_qalkyl),*, SOLC, _alkyl), C(=0XC,_slky-
lene)NH,, C(=0XC, ,alkylcue)NH(alkyl), and/ot
C(=0XC,. atkyleac)N(C,_alkyl)..

[0067] Exemplary monccyclic heteroaryl groups include
pyrrolyl, pyrazolyl, pyrazokinyl, imidazolyl, oxazolyl, isox-
azolyl, thiazolyl, thiadiazolyl, isothiazolyl, furanyl, thienyl,
oxadiazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,
triazinyl and the like.

[0068] Lixemplary bicyclic heteroaryl groups include
indolyl, benzothiazolyl, beazodioxolyl, benzoxazolyl, ben-
zothicayl, quinolinyl, tetrahydroisoquinolinyl, isoquinoli-
nyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofura-
nyl, chromonyl, coumarinyl, benzopyranyl, cinsolinyl,
quinoxalinyl, indazolyl, pysrolopyridyl, furopyridyl, dihy-
droisoindolyl, tetrahydroquinoliny! and the like.

[0069] Exemplary tricyclic heteroaryl groups include car-
bazolyl, benzidolyl, phenanthrollinyl, acridinyl, pbenan-
thridinyl, xantheny! and the tike.

{0070] In compouads of formula (), preferred heteroaryl
groups include

2.
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[0071] and the like, which optionally may be substituted at
any availablé carbon.or nitrogen alom,

[0072] Unless otherwise indicated, when reference is
made 10 a specifically-named aryl (e.g., pheayl), cycloalkyl
(c.g; eyclohgxyl), heterocyclo (c.g., pyrrolidinyl) oc bet-
efoaryl (¢.g ;- amidazolyl), unléss otherwise specifically indi-
cated the reférénce is intended to include rings baving 0 to
3, preferably. (-2, substitucais; tected from those recited
abave for the a ‘Vt.loalkyl hclérocyulo and/or heteroaryl
groups, as app! )
(00731 ° ¢
fus.angd- mtmgg

[0074] The & <lic” means a saturated or vnsat-
urated monocychc o b rmg in which all atoms of all
rings arc casbon, Thus; | crm includes cycloalkyl and aryl
rings. The carl)écyglic ring'may be substituted in which case
the substituents -art-selecied (rom those recited above for
cycloalkyl and-aryl groups.

[0075] When the term “upsaturated” is used herein to refer
to a ring or group, the riag or group may be fully unsaturated
or partially unsaturated.

[0076] Throughout the specification, groups and substitu-
¢ots thereof may be chosen by ope skilled in tbe field to
provide stable moieties and compounds and compounds
useful as pharmaccutically-acceptable compounds and/or
intermediate compounds useful in making pharmaceuti-
cally-acceptable compounds. For example, in compounds of
formula (1), below, the groups J, M, and T are selected so
that no two adjacent members of the ring A (defined by J, M
and T) are simultancously sclected from S and O. As a
further example, J is defined as being selected from groups
including heteroalkylene optionally substituted by R,. One
skilled in the ficld may make the appropriate selections for
R, as substituents for the heteroalkylene to provide stable
compouads.



US 2004/0009998 Al

[0077]  According Lo the foregoing deflinitions, the instznt
invention provides compounds having the formula (k) oc
(Ib):

{1a)
Rye
77
| 1.
I
RY, 7 N /\\Mz
AN
g N\ T,\“/A.r or
Ry
& (Ib)
27 Y
i I
Ra < N ]A\Ml
JR e
N 2
K \
Ry

[0078] wherein the groups Ar, G, L, K, Z, T, M, T, My,
R,, R, and R,_, are zs detined herein, and the group J may
be selected from alkylene or heteroalkylene groups, includ-
ing, without limitation, the following specific examples:

Ydhe

.
<5 O
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[0079]  The compounds of formula (T) can form salts which
are also within the scope of this invention. Unless othcrwise
indicated, reterence Lo an inveative compound is understood
o include refercove to salis thereof. The term “salt(s)”
denotes acidic and/or basic salts formed with inorganic
and/or organic acids and bases. In additioa, the term “salt(s)
may include zwillerions (inner salts), e.g., when a compound
of formula (1) cantaios both a hasic moiety, such as an amine
or 2 pyridiae or imidazole ring, aod an acidic moiety, such
as a carboxylic acid. Pharmaceutically acceptable (i.c., non-
toxic, physiologically acceptable) salts are prelerred, such
as, for cxample, acceptable metal and amine salts in which
the calion does not coatribute significantly (o the toxicity or
biological activity of the salt. However, other salts may be
useful, e.g., in isolation or purification steps which may. be
cmployed during preparation, and thus, are contemplated
within the scope of the invention. Salts of the compounds of
the formula (I) may be formed, {or example, by reacling a
compound of the formula (I} with an amount of acid or base,
such as an equivalent amount, in a medium sich as cne in
which the sall precipitates or in an aqueous medium lol-
lowed by lyophilization. .

[0080] Excmplary acid addition salts include acetaics
(such as those formed with acetic acid or trihaloacetic acid,
for example, tnfluoroacctic acid), adipates, alginates, ascor-
bates, aspariates, benzoaies, benzepesultonates, bisulfates,
borates, butyrates, citrates, - camphorates, camphorsul-
fonates, cyclupeatanepropionates, digluconates, dodecylsut-
fates, ethancsulfonates, fumarates, glucoheptanoates, glyc-
erophosphates, hemisulfates, heptanoates, hexanoates,

bydrochiotides (formed with hydrochloric acid), hydsobro:

mides (formed with hydrogen bromide), hydroiodides, 2-hy-
droxycthanesulionates, lactaies, maleates (formed with
malcic acid), methancsutfonates (formed with methane-
sulfonic  acid), 2-naphtbalenesclfonates, mnicotinates,
pitrates, oxalates, pectinates, persulfates, 3-phenylpropi-
onaies, phosphates, picrales, pivalates, propionates, salicy-
lates, succinates, sulfates (such as those formed with sulfuric
acid), sulfonates (such as those mentioned herein), tartrates,
thiocyanates, totucnesulfonates such as tosylates, unde-
cagoaies, and the like.

[0081] Exemplary basic salts include ammonium salts,
alkali metal salts such as sodium, lithivm, and potassium
salts; alkalinc carth metal salts such as calcium and mag-
nesium salts; barium, zine, and aluminum salls; salts with
organic bases (for cxample, organic amines) such as trialky-
famines such as triethylamine, procaine, dibenzylamine,
N-benzyl-B-phencthylamine, 1-<pheoamioe, N,N'-dibenzyl-
cthylene-diaminc, dehydroabictylamine, N-cthylpiperidine,
benzylamine, dicyclobexylamine or similar pharmaceuti-
cally acceptable amines and salts with amino acids such as
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arginine, lysine and the like. Basic pitrogen-containing
groups may be quaternized with agents such as fower alkyl
halides (c.g., methyl, ethyl, propyl, and butyl chlorides,
bromides and iodides), dialkyl sulfates (c.g., dimethyl,
dicthyl, dibutyl, s0d dismyl sullates), long chain halides
(¢85, deeyl, Taury), myristy] and stearyl chlorides, bromides
and iodides), aralky!l halides (c.g., beazyl and phencthyl
bromides), and others. Peeferred salts include monohydeo-
chloride, hydregeasullaie, methanesulfonate, phosphate oc
nitraie salls.

[0082] Prodrugs and sotvatcs of the inventive compouads
are also comemplated. The term “prodrug” deaotes & com-
pound which, upon administration {0 a subject, undergocs
chemical conversion by metabolic or chemical processes o
yield a compound of the formula (1), and/or a salt and/or
solvate thereof. 'or example, compounds containing a car-
boxy group can form physiologically bydrolyzable csters
which secve as prodrugs by being hydrolyzed in the body 1o
vield formula (I) compounds per se. Such prodrugs are
preferably administered orally since hydrolysis in many
instances occurs principally vnder the influcace of the
digestive enzymes. Parenteral administration may be used
where the estor pet se is active, of in those instances where
hydrolysis occurs in the blood. Examples of physiologically
hydrolyzable esters of compounds of formula (1) include
C,_qalkylbenzyl, 4-methoxyhenzyl, indanyl, phibalyd, meth-
oxymethyl, C,_.alkapoyloxy-C, salkyl, e.g. acetoxymethyl,
pivaloyloxymethyl or propionyloxymethyl, C,_salkoxycar-
bonyloxy-C,_¢alkyl, ¢.g. methoxycarbonyl-oxymethyl or
cthoxycarbonyloxymethyl, glycyloxymethyl, phenylglycy-
loxymethyl,  (5-methyl-2-0x0-1.3-dioxolen-4-yl)-methyl
and other well known physiclogically hydrolyzable esters
used, for cxample, in the penicillin and cepbalosporin aris.
Such esters may be prepared by conventional technigues
known in the an.

[0083] Compounds of the formula (I) and salts thercof
may exist in their tautomeric form, in which hydrogen atoms
are transposed to other pans of the molecules and the
chemical bonds between the atoms of the molecules are
conscquently rearranged. It should be understood that the all
tautomeric forms, insofar as they may exist, arc included
within the invention. Additionally, inventive compounds
may have trans and cis isomers and may contain one of more
chiral centers, therefore existing in enantiomenc and dias-
tereomeric forms. The invention includes all such isomers,
as well as mixtures of ¢is and (rans isomers, mixtures of
diastereomers and racemic mixtures of enantiomers (optical
isomers). When oo specific mention is made of the configu-
ration (cis, trans or R or 8) of a compound (or of an
asymmetric carbon), then any one of the isomers or a
mixture of more than one isomer is intended. ‘The processcs
for preparation can usc raccmates, enantiomers or diastcre-
omers as starting matcrials. When cnantiomeric or diaste-
reomeric products are prepared, they caa be scparated by
conveatiopal methods for example, chromatographic or
{ractional crystallizatice. ‘Tbe inveative compounds may be
in the free or hydrate form.

{0084] Compounds of the Formula (I) may also have
prodrug forms. Any compound that will be converted in vivo
1o provide the bioactive agent (ic., the compound for
formula 1} is a prodrug within the scope and spisit of the
invention.
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[008S]  Various forms of prodrugs are well known in the
ad. Yor cxamples of such prodrug derivatives, see:

[0086] a) Design of Prodrugs. edited by H. Bund-
gaard, {Elsevicy, 1985) and Methods in Enzymology,
Vol. 42, pp. 309-396, cdited by K. Widder, ¢t al.
(Acamedic Press, 1985);

[0087] ) A Texthook of Drug Design and Develop-
meni, edited by Krosgaard-larsen and 1. Buad-
paard, Chapter 5, “Design aod Application of Pro-
drugs,” by 1. Bundgaard, pp. 113-191 (1991); and

[0088] <) Y. Bundgaard, Advanced Drug Delivery
Reviews, Vol. 8, pp. 1-38 (1992), cach of which is
incorporated herein by refercace.

[0089] [t should further he understood that solvates {(e.g.,
hydrates) of the compounds of Formula (I) are also with the
scope of the prescnt invemion. Methods of solvation are
generally kaown in the arl.

Preferred Compounds

[0090] Preferred compounds are those baving formula (T),

. )
77Ny
L
RG & N JA\M
I, A
JRCE
b \
Ry

. {0091] : including enantiomers, diasicreomers, and pharma-
ceutically-acceptable salts, hydrates, solvates, and prodrugs.
thereof, in which:

[0092] (. and K, taken independently, are O or §;
{0093} Zis N or CR,:

[0094] G is a bond;

[0095] Ar is directly attached to T or M and is

x Ripk
S
|
F

Risi

[0096] § is —O—, —S—, —NH—, —S(=0}—,
—S0,—, —NHS0,—, a C, 5 alkylene optionally
substituted with one to two Ry, or a C, jalkenylene
or €, beteroalkylene optionally substituted with
one 10 two Rg;

[6097] TisT, when Ar is attached to Tand T, whes
Ar is attached to M;

e
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{098] M is M, when Ar is attached 10 M oand M,
when Ar is attached to 1

[0099] T, and M, arc sclected from —N— and
~CH- - and T, and M, arc selected tfrom —O---,
—S$—, —NH—  —SE=0)—  —S0.—,
—-NUSO, -, — Q=0 and — CH,

{01001 provided that 3, M, and T are selected to define
a four 10 six membered saturated or partially unsat-
urated cycloalkyl or beterocyclo ring baving from 1
10 2 heteroatoms wherein no two adjacent heteroat-
oms of said heterocyclo ring are simultancously
selected from — O and —8§—;

[0101] R, and R, are iodepeadently selected from
halogen, C, ,alkyl, hydroxy, alkoxy, haloalkyl,
halmlkoxy cyano, aitro, —COH, —C(=O)H,

-CO,alkyl, --C(=0)alkyl,
—C(=OINH(CHL) COH,

- C=O)NH(CH,) 0O (alkyl), and S(O)alkyl; ar

from phenyl, benzyl, phenyloxy, benzyloxy, aod

heteroaryl; wherein cach group R, and R, in tura is
optivnally subsiituted at agy available carbon or

aitrogen 2tom with one to two of C, _atkyl, halogem, i~

hydroxy, atkoxy, haloalkyl, baloalkoxy, cyano, nitro,’

—COH, —C(=0M., —COulkyl, andfof
— ((=0)akyl}; or altcrnatively, two R, proups join

togoether with cach other or one Ry, joins togetber -

with Ry, 1o form a fuscd-benzo ring;

[0102] R, is selected from hydrogun" alkyl, substi- ;

tuted alkyl, OR,;, NR R, 5 ({=O0)R,,, CO,R,,,
C—O)NR R 5, NR ,,C(=O)R s,
NR,,C(=0)OR,,, SR, S(O) R,,,,, N‘R”SO R zun

SO,NR ;R 3, cycloalkyl, helenx‘yde aryl, and het- ~

croaryl;

[0103] R,, and R 4re balogen, alkyl, cyand;>

haloalkyl, haloalkoxy, or aitro;

[0104] R, is hydrogea, halogen, alkyl, substituted
alkyl, nitro, cyano, hydroxy, alkoxy, haloalkoxy,

pheyloxy, —CO,H, —C(=O0MI, NH(alkyl); :

N(alkyl),, CO.alkyl, CE=Ojatkyl, alkyhthio;
—C(=0IN(Cl1,),COH,

—C(=0)NH(CH,), CO(alkyl), aryl, beieroaryl, or -
heterocycle, wheretn each of the aryl, heteroaryl, and-

heterocycle groups arc optionally substituted with
one to two of halogen, C,_alkyl, OMe, CF;, CN,
OCF,, CO;H, —C(=0)H, CO,alkyl, and/or
C(=0)alkyl;

[0105] R, is -A-Q-AR
{0106] A, isaboad, C, salkylene, or C,_jatkenylcne;

[0107)  Q is 2 bond, —C(=0)—, —CE=0INR, —,
—C=SNR ,—, S0.— —SO,NR,—,
—CO4—, or ~—NR,;CO,--

[0108] A, is a bond, C, salkylene, C, jalkenylene,
—C,_salkylenc-NR |, —, —C, _Lalkylene-
NR,,((=0)—, —C,_alkylene-S—, —C, qalky-
lene-SO,—, or —C,_alkylene-O—, whercin said
A, alkylene groups are branched or straight chain and
npu(mallv substituted with a group sclected from
—COM, —COLC, atkyl), —C,_atkyl), NH,,
—NH(C, _,alkyl), ot —N(C,_jalkyl),;
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{0109] R,. and R, (i) are wlected andependently of
cach other from hydrogen, alkyl, substituted alkyl,
cycloalkyl, aryl, heteroaryl, and hoterocyclo; or (i)
taken together ferm a heteroaryl or hetcrocyclo;

19110] R,,, is alkyl, substituted alkyl, cycloalkyl,
aryl, heteroaryl, oc heteracycla;

0] R, s selected from (1) hydroges or a
C, galkyl oc C, ,alkeay] optivnally substituted with
up to theee of OR 5, SR, 5, -~ COLR 45, SO (alkyl),
andfor NR,, R, 4, or frow {if) pheoyl, napthyl, five
to ten membered monocyclic or bicyelic hetcroaryl,
four to tleven membered monocyclic oc bicyclic
heterocyclo, and three to nine membered monocyclic
or bicyclic cycloalkyl, whetcla cuch of said R4
cyclic groups in tumm is optionally substituted with up
to three R

[0112] R,, is seclected from hydrogen, tower alkyl,
and substituted lower alkyl;

o113] R,, is sclected from - (CHy)halogen,
—(CH,),aitro, —(CHJq\yxno —(CH,) jhaloalkyl,
—{(CH.,),haloalkoxy, —(CH) SR, C, cy-
cloalkyl, —S0:R,,, —OR,,, -(Cll ), C OzRJ,,

(CH)NR, R, —(CH,), NHCOR.,.
—CEO)NH—SO,R,,,  C(=OXCH ) NR Rov,
~O(CI)NR, Ry, - O(=O0)R,,, —~«(CIL) R,

and —C | _alkyl or —C, alkeny} optionally substi-
tuted with CO,R,;

{0114] R.,..-R,,,, and R, are independeately
230 230
selected from hydrogen and alkyl:

{0115] R, is sclected from hydrogen, alkyl, pheoyl,
beazyl, C; cycloalkyl, five or six membered het-
croaryl, and four to seven ‘membercd hcwrocyc.\n in
‘turn optionally substituted with one to two C;_atkyl,
halogen, hydroxy, tiftusromethyl, trifluoromethoxy,
—CO,H, CO,C, _alkyl, C _jalkoxy, —8(C,_,alkyl),
amino, and/or aminoC, alkyl, provided that whea

"R, is attached (0 a sulfoayl group as in —SO,R,,,
: thea Ry, is not hydrogen;

. [0116] * R, is selected from hydrogen apd alkyl; and
[0117] nisO,1,0r2;
[0118] pislor2;
{0119] qis0, 1, 2,3 0r 4; and
[0120] ris1,2 3, 0r4.

(Rinh

&

Ris

[0121] In compounds of f[ocmula (1), the group Ar is
preferably R,, wherein R,, is preferably halogen, cyano,
haloalkyl, haloalkoxy, or apticoally subsututed pheayl or
heteroaryl, and R,, is absent or selected from halogen,
C,..alkyl, hydroxy, alkoxy, haloalky!, haloalkoxy, cyano,
gitro, —CQOH, —((=O0)H, —CO,alkyl, —C(=O)alkyl,
—C(=0)NH(CH,), ,CO,H, and —-C(=O)NH(CIL),
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ACO-alkvD). Allernatively, wo R, groups may join
together with cach ather or onc R, may join together with
Ry, o form a lused beozo ring.

[0122] tn compounds of facmula (1), the groups R, and
R arc preferably sclected from halogen. alkyl, cyano, nitro,
hakmlkyl haloalkyl, aryloxy, and acylthio, and mose prel-
erably, R,, and R, arc both chlorine.

[0123] in compounds of formula (), the group G is
preferably 2 boad; the groups [ and K are preferably
oxygen; and Z is preferably CH.

[0124] In compounds of formula (1), the group T is prel-
eeably [, and is CH, M is preferably M, aad is CH,, and J
is preferably an optionally-substituted C,heteroalkyleoe so
that A is a five-membered ring, more preferably J &s a group
—CH,—NR-.

[0125] In compounds of formula (1), the group R, is
preferably C(=O)lower atkyl or C,_salkyl optionally s
stituted with COLH or COx{alkyl), more preferably R, is
methy).

[0126) Also preferred are compounds according W for-
mula (k—),

{Ic)

[01“27] and pharmaceutically-acceptable salts, hydrates,
and prodaugs theredf, in which:
{0128) 1. and K, taken independently, arc O or S;
[0129] T is —O—, —§—, —NH—, —S$(=0)—,
80—, —NHSO,—, an optionally substituicd
C, aalkylene, an optiopally substituted C, , alk-

enylene, or an optionally-substituted C, ,heteroalky-
leac;

[0130] T, is —N— or —CH—;

12

[#131] R,, is halogen, cyano, or optiounally-substi-
tuted pheayl or hetecoaryl;

[0132] R,, is sclected from halogen, C alkyl,

hydcoxy, alkoxy, haloalkyl, haloatkoxy, cyano, nitro,

L COH, —C(=O0)H, —C0,alkyl, —C(=OValkyl,
—O)NI(CH,), CO,H, and
~—C(=O0NH(CH,),_ J‘O-(alkyl), or from phenyl,
henzyl, phenyloxy, beazyloxy, and hetecoaryl in turn
optionally substituted with one to two of C, alkyl,
halogen, hydroxy, alkoxy, haloalkyl, haloalkoxy,
cyano, niro, —CO,H, —C(=0)H, —CO,alkyl,
and/or —C(=0)alkyl;
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{0133] R. is sclected from bydrogen, alky!, substi-

tuted  alkyl, ()(( salkyl), amino, NIKC, jalkyl),
O)H, C(=O)lkyl, CO.(alkyl),
yeloalkyl, hetcrocycie, aryl, and het-

{0134} R, and R, are balogen, alkyl, cyano, teifluo-
raunethyl, of aitro; and

(0135] nis O, 1,0r 2.

[0136] 1a compounds of formula (Ic), as immediately
defined above, more preferably J is —CH,—, —CH,—
CH(R,)—, or —CH,—N(Rg)}—, whercin:

[0137] R, is -A,-Q-AyR,;
[0138] A, is a bond, C,_alkylene, or C,_ jalkenyleac;

[0139] Q is a bond, —((=0)—, —C(=O)NR,.,—
—80,—, ~—C0,—, or —NR ;00—

[0140] A. is a bound, C, ,alkylcac, C, jalkenylene,
—C,_jalkyleoe-NR ,—, —,_atkylene-
NR, C(=0)—, —C, alkylene-S—, —C, ,alky-
lene-SO,—, or —C,_alkylene-O-—, whercin said
A, alkylene groups an: branched or slmghl chain and
ophonally substituted with a group selected from
—CO,H, —COLC,y qalkyD), —S(C,_,alkyl), NH_,
—NH(C,_jalkyl), or —N(C,_salkyD),; .

[0141] R, is selected from (2) hydrogen and
C,_5alkyl or C,_satkenyl optionally substitited with
one lo two of OH,” O(C,_alkyl), —CO.l,
—COLC,_salkyl), NH,,. —NH(C, jalkyl), and/or
N(Cj.4alkyl),, or from (b) fucanyl, indolyl, carba-
7olyt, pyrazolyl, pycrolyl, thicayl, pyridgt, pycimidi-
nyl, benzofuranyl, isoxazolyl, imidazolyl, triazolyl,
teirazolyl, pheayl, piperidyl, pyrrolidieyl, pyridazi-
ayl, C,_cycloalkyl, piperazinyl, thiazolyl, morpholi-
nyl, 1,2.5,6-tetrabydropyridyl, quinoxalinyl, ben-
zothiazolyl, benzotriazolyl, bcnzud ioxaoyl;
benzooxadiazolyl, thienopyrazolyl, icirahydroguino-
linyl, and quinolinyl, wherein each of said cyctic R,
groups in turn is optionally substituted with up to

three R,

[0142] R, is selected from hydmgen lower alkyl,
and suhsmulod tower alkyl;

[0143] R, is selected from —C_jalkyl, —S(C,_
aalkyl), C, cycloalkyl, —SOLC,_,alkyl), —O(C,_
aalkyl), —SO,-phenyl, halogen, hydroxy, niteo,
cyano, —(CH,),COH, —(CH,),C0,C, ,alkyl,
HCHNH,,  —O(CH) COMH, —CH—CH—
CO,N, ZCH=CH—CO,(alkyl),
—(CIL,) NH(alkyl), —(CH,),NHCO,alkyl,
—{C=O)NH—SO,alkyl, —(CHi) NH(venzy)),
—(CH,),Nalkyl),, —O(CH,),N(alkyl),, —Obcn-
ol —((=0XCH,),NH,,
—C(=OXCH,),NHGlkyD),

~——(J(——0)((,llz) Nalkyl),. —O(CIL), N,
—O(CH,,), NH(alLyl) —O(CH,) N(alkyl),,
—((=0)pyridyl, —(CH_) phenyl,
—{CH,) pyridyl, —(CH_,),triazoly},
—(CH_) tetrazolyl, —(CH,) imidazolyl,
—(CH,),4 pyral/olyL —(CH,,),thiamorpbolinyl,
—Cl lL) morpholinyl, —{(CH,),thicnyt,

—(C] Hl)qpvrannyl, whercin each alkyl or cyclic

o

=
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group of cach Ry, in wrm is optionally substituted
with anc to two C_alkyl, halogen, hydroxy, triftuo-
romethyl, trflworomethoxy, —COLH, COLCy_jalkyl,
€, _alkoxy, —S(C,_,alkyl), amino, and/for aminoC,
satkyl;

[0144] qis 0, 1,2, 3, ar 4; and
[0145] ris1,2.30r 4

[0146] Vunber preferced are compouads as immuediately
defincd  above wherein Ry is  —C, alkylene-R
—((=O)R,,, or —((==0)C,_julkylene-R ., more prefer-
ably —CH,R, ., and R, is as immediately defined above,
more preferably thieoyl, phenyl, or pyridyl, optionally sub-
stituted with one (o two Ry

[0147] Also preferced are compounds according to for-
rauta (Id),

4
(]

[0148] and pharmaeeulically acceplable salts, hydrates,
and prodrugs thereof, in whu,h

[0149] ¥ is A(CRQ‘R%),{— or ——((‘R%R%) —
NR%—((,RQ,,R%) — wherem x1s1,20r3,yis 0,
1or2 and z is 0, 1 or 2, provided thal y and z
together are ot greater thaa 2;

[0150] I, is —N— ot —CH—;

[0151] R, is halogen, cyano, nitro, trifluoromethyl,
OCF,, heterocyclo, or heteroary};

[0152] R,, is hydrogen, halogen, Cy_salkyl, cyano,
nitr, —CO,H, —C(—O, —CO.alkyl, or
—C(=0)alkyl;

[0153] R, is selected from hydrogen, Cg,alkyl,
amino, NH(C,_alkyl), NQalkyl),, C=O)H,
C(=0)C,_salkyl, COAC,_alkyl), SO,C, alkyl,
C, cycloalkyl, heterocycle, aryl, and heteroaryl, or
C, _qalkyl substituted with one to three of amino,
NH(C,_alkyD), N(alkyl),, C(=OH, C(=0)C,_
aalkyl, CO,H, COL(C,_qalkyl), S0.C,_alkyl, SO;H,
and/or PO(OH),;

{0154] R, and Ry, at each occurrence are indepen-
dently selected from hydrogen, halogean, C,_jalkyl,
substituted  alkyl, bydroxy, alkoxy, halealkyl,
haloalkoxy, cyano, nitro, —CO,H, —C(=0)H,
—C0,alkyl, —C(=O)alkyl, —C(=0)NH(CH,),_
4CO,H, and/or —C(==0NH(CH,), ,CO(alkyl); or
Ry, and Ry, together fom keio (—-O)
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[9155] R, issclecied fram hydrogen, Cp_alkyl, sub-
stimted  alkyl, hydeoxy, alkoxy, haloalkyl,
haloalkoxy, SO,R;,, C(=MR,e. SONR R,
COLR,,, —CESINR R, C=00E0R,,,.

CE=OINTCH,). COLLY,  —CE=OINH(CHL),

4CO.(alkyl), pheayl, C, scycloalkyl, and five ta SIX

membered beteroaryl or helerocyclo; and

[0156] R, and R ;are selected from hydrogen, lower
alkyl, substituted atkyl, pheayl, C; cycloalkyl, five
fo six membered beteroaryl, five 10 six membered
heterocyelo, or nme o o membered aryl or hel-
croaryl, in turn optionally substituted with ore 10 two
of C,_alkyl, balogen, sitro, cyanoe, amine.
C, ,aminoalkyl, C,_thicalkyl, hydroxy, C_salkoxy,
—CO,H, —CO(alkyl), —C (=)L,
—C (——())alkyl —C(==OXCH,) NH,,  pheoyl,
Cy wcycloalkyl, five to six membered heteroaryl,
and/or five to six membered heterocyclo, provided
that when R, is altached to a sulfonyl group as in
——80,R,, then R is not hydrogen; and

{0157] qis0, L or 2.

{0158] 1o wmpouuds of formula (ld) ay defined above,
preferably y islor2andzis0. 7T, is preferably —CU-—-
R, is preferably hydrogen or C,_jalkyl, and Ry, aod R, ate
prcfcmhly hydrogen. ~

5 [0159] Also pn.{cncd are compounds of formula (1d), as

i defined above, where Ry, is -A-Q-A-R , and A,. Q, A;.
“and R, ace as dblmod above for wmpuumls of formula (I¢).

[\0160] Acoordmg 10’ another aspect of the invention, pre-

lu:rl.d mmpoundx arc those having lhc formula (le),

[0161] or an enantiomer, diastereomer, or salt thereof, in
which:

[0162] R,, is halogen, cyano, nitro, trifluorometbyl,
OCF;, heteroaryl, or heterocyclo;

[0163] R,, is hydrogen, halogea, C,_,alkyl, cyano,
nitro, —-CO,H, —C(=0)H, —CO.alkyl, or
—L(=0)alkyl;

[0164] R, is hydrogen or C,_alkyl;

[0165] R, is selected from hydrogen, C,_qalkyi,
C,.s0alkenyl, tiydroxy, alkoxy, alkylthio, haloalkyl,
halnalkoxy, phenyl, C,_cycloalkyl, pheayl, pyndyl
pyridazinyl, pyn'mldlnyl —(CH,),phenyl,
—(CHL,), tetrazolyl, —(CH,,),pyridyl,

(1)

US 2004/0009998 Al

{CH,), thicnyl, {CH,),carbarolyl,
—{CH ) indotyl, - (CUL) furyl, —(CH.) quinalyl,
A CH,}, (5 geycloalkyl, ~—(CH,) thiazolyl,

{CI1L) pyreolyl, {CH.) amidazolyl,
—(CH, ), isoxazolyl, —(CH.),benzoiuryl,

CE=O)H, - -C=0Xalkyl),
—C(=0)phenyl,
—{(==O}marpholinyl.

(=O)piperidyl,
—CO(=0)C, .cycloalkyl, —C{=Mpyrrolidinyl,

= (—O)qumolyl —A{=<))imidaralyl,
=Q)pyrazolyl, —C(==0Mhbiazolyl,
O)quinoxalinyl, - C(=Npyridyl,
(=0)-1,2,5,6-tetrahydeopyridyl,
—C(=O)benzothiazolyl, —C(=0)benzotriazolyl,
—C(=0}cazodioxanyl,
—C(=0)enzooxadiazolyl, —C(=0)1,2.3,4-lc1-
rabydroquinolyl, —C(=0)thicnopyrazolyl,
—C(=0)CH,) tetrarolyl, —C(=0)XCH_) pyrulyl,
—C(=0XC11,) phenyl,
—C(=0)CH,)pyrrolidinyl,
—((=0)(CH,),piperidyl,

Q)CIE=CH(phenyl),
—O)YCH=CH{pyridyl), .

L C(E=0)CH,Oalkyl), + —C(=0)CH,S(alkyl),
(=O0)CHS(pyridyl), —C=0)CT1,50,(atkyl),

| LeC(=0)CH,NH(benzyl),
(‘lllNl l(lhlamly 1.

—((=0)

0)pyridyl,

- =C(==O)CH, NIIC(=0)phenyl,

i —(CH,),S0,{alkyD), Z{CH,) SOL(phenyl),
D H{CHLISOs(hienyl),  ~——{(CH,) S0, (imidazolyl),
~(CH,), S0 (furyl), (CH,),SOx(pyrrolyl),
NI {{phenyl);, —C(=S)NH,,
—<-((=8)NH{pheayl),

* {CH)C(=0)pyirolidinyl,
—(CH,)C(=O)piperidyl,
'—(CH)C(=0)piperazinyl, —CO,(alkyl),
—CO,{phenyl), —CO,(benzyl), —NHCO.(alkyl),
“~CH,),C(=0)NH(phenyl),
—(CHL),C(=O)NH(piperidyl),
—(CH,),C(=0)NH(thicayl),
—(Cil,),0(=0)NH(thiazoly1),
—{(CH,),0(=0)NH(Cs_scycloalkyl),

—(CH,) ((=O)NH(benzyl),
-——(CH,),C(=0)NH(pymrolidinyl),
—(CH,),C(=0)NH(piperazinyl),
{CHO,C(=O)NH,,  —(CH,),C(=O)NH(alkyD).
—(CI)C(=O0)N(alkyl)s, ~—(CH)C(=OIN(C,
aatkyl)(phenyl), —(CH),C(=0)N(C, ,,alkyl)(lhw»
ayl),  —(CH),C=OIN(C,_akyl)  (thiazolyl),
—(CH,),C(=0)N(C, ,alkylXbenzyl), or
—{CH),CEO)N(C_alky)COLalkyl):

[0166] wherein cach alkyl, alkenyl, or cyclic group of
cach Ry in turn is optionally substitutcd with up to
three R,;

[0167] R,y is sclected from —C, _,alkyl, —S(C,_jalky]),

C,_ycloalkyl, —SO,(C,_salkyl), —O(C,_ ,alkyD), —80,-
phenyl, balogen, bydroxy, nitro, cyano, —{(CH,) COH,
{(CHL),CO,C, _alkyl, —(CH)NH,, —O(CHL),COH,

—CH—=CH—CO,H, 2 CH=CH——CO(alkyl),
—(CH) NH{alkyl), —(Cl1,) NHCO alkyl,
—(C=0)NH—S0,alkyl, —(CH,,) ,NH{bcrzy),

IJ

h

S
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(CHL) N(alkyD),,  —O(CH)NGalkyl),,  —Obenryl,
—C(=0¥CIH),NIL,, —((=OXCIL,),NIKalkyl),
—C(=O)CH.),N(alkyl)., —O(CH,),NH.,
—O(CH.) NH(alkyl), —O(CH.),N(alkyl),,

—C(=0)pyridyl, —(CH,)phenyl, —(CH.) pyridyl,
—{(CH ) triazolyl, —(C11y) tetrazolyl,
—{CHL,), imidazolyl, —(CU) pyrazolyl,
—(C11,), thiamorpholinyl, —(CH,),marpholinyl,
(CIH,), thienyl, —(CIL),pyraziayl, wherein cach alkyl or
cyelic group of each R, in tusn is optionally substituted with
one to two C,_alkyl, halogen, bydroxy, triflucromethyl,
triflucromethoxy, —CO,H, CO,C, alkyl, C,_alkoxy,
—5(C_galkyl), amino, and/or aminoC,_alkyl;

[0168] nisO, Lor2;

[0169] qis0,1,2 3,01 4

[0170] cis1,2,30r4.

[0171] sis L, 2,3 or 4; and
[0172] tis O, 1,0r2.

Methods of Preparation

[0173] The compounds of the invention may b, prepared
by the exemplary processes. described in the following
ceaction Schemes A-K. Exemplary reageais and pr(}w,durcs
for these reactions appear bereinafter. Starting materials arc
commercially available or can be readily prepated by one of
ordinary skill in the art. For all of the schemes, the groups:

Z. K L AGL T, M, R, Ry Ry Ry, Ry, and R, are as -

described herein’ for a compound of formla' (1), voless
otherwise indicated. Groups desigoated generally as R, R,
X, and P as well as solvents, temperatures, “pressures, ©
starting materials having the desired groups, and -other

rcaction conditions, may be readily selccted as appropriate:

by oge of ordinary skill in the art.

Scheme A:
Raa
M —
oA
HOA T 4
N/ N
HN S
\ A
Ry Rao R
20:K=0
1 %:K=8§
Rae
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{0174] A mi\ably functionalized amine acid 1 s reacted
wllh an Lwcyandle 2aoran Amlluoz.yamle ’b in water in the
,CO,, KHCO,,

Nzlz(f()3 or Nall(f();), W yicld al‘lcr ax:idiﬁcal a the ure-
idoacid 3a or the thiourcidoacid 3b, respectively. This inter-
mediate product is then cyclized in an organic or aqueous
solvent in the presence of a catalytic amount of acid (such
as hydrochioric acid. sulfuric acid, methanesulfonic acid, or
toluenesuifonic acid) 1o give the spirohydantoin having the
formula (If) or spiro-2-thiohydantoin having the formula
{1g). See, ¢.g., Espada et al,, Farmaco, Yol 45 (1590), at pp..
$237-1243, or Nicole ¢t al,, Can. J. Chem.,.Vol. 40 (1962),

at pp. 353-366. Ahz,malivuly the ureido or thiourcido acid
can be cyclized in ap organic solvent (such as DME, {THE

DCM) using a dehydrating agent (such as l)(,( or EDCI) i’

the presence of an activating agent (such as HOBT ot
1-hydroxy-7-azabenzotriazole) and a non- nuc,le,ophl.llc bast:
(such as TEA or DIPEA). o

2

Scheme B: - : ’ -

[0175] Compounds having the foramula (If) or {Ig) can also
be oblained in one step as depicted in Scheme B. Reaction
of a suitably functionalized amino ester 4 with an isocyanate
2a or isothiocyanate 2b in ap ogganic solvent (such as THF,
methyleoe chloride or DMF) in the prescace of a base (such
as TEA, K,CO; or KOH), yields the desired compound
having the formula (I) or (Ig) respectively. See, ¢.g., Park et
al.J. Org. Chem., Vol. 63 (1998), at pp. 113-117; Johnsoa ¢t
al,, J. Am. Chem. Soc., Vol. 40 (1918), at p. 645; and
Schollkopt et al., Liebigs Ann. Chem., (1981), al pp 439-458.

26
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Scheme C
Rig , J—M
——G—Ac
3
2, N,
\ / >/N ~ .
e o
a0
Raa 3]

{In)

{0176) Treatment of hydantoins (If) with a reagent such as
P:Ss -or  2.4-bis(4-mcthoxyphenyl)- 1. 3-dithia- 24—diphns-
phetane-2,4-disulfide (Lawesson’s reagent) in an organic
solvent such as toluene or dioxane, yiclds the corresponding

- dithip-hydantoins haviog the tormula (Ih). See, ¢.g., Car-

nnglon et al, J. Chem. Soc., (1950), at p. 354

. Sebeme D:

&

=
3
|

£4

Z\ / N>/NH

)y

{0177] Dithio-bydanioins (i) can be converted into 4-thio-
hydantoins by S-alkylating compounds (li) with a reagent
such as methyl iodide to give intermediate 5, which is
hydrolyzed under aild acidic conditions o the 4-thio-

“rile
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hydantoins having the formula (T7). See, ¢, Carringlon ct
al., J. Chem. Soc, (1950), at p. 354

Scheac [
Rey Q, —
i
LoG—Ar
o T
¥ N
\ / >/NH
K &
(ki
Ra s

{1 R = OR, R, NR

[0178] N-acylation of hydantoins haviag the formula (tk)
can be ebtained by treatment with an acylating ageat (such

. as aff acyl chloride, an anhydride, a chloroformate or an

isdeyanate) in-an organic solvent (such as THF or acetori-
)in 1he présence of a base (such as TEA, DIPEA, DMAP
or NaH) {o give hydantoins having the formula {Ii). See, ¢.g.;
Link ¢t al., Eur. J. Med Chem., Vol. 19 (1984), at pp.
261-266, and Ortin ¢1 al, An. R. Soc. Esp. Fis. Quim. ASerB
(1958), al p. 69.

. -Scheme F:

(m)

{01791 Sulfonylation of hydantoins having the formula
(Ik) is obtained by trcatment with a sulfonyl chloride in the
preseace of a base (such as such as TEA, DIPEA, pyridine
or DMAP) in an organic solvent such as toluene to give the
desired compounds having the formula (in). Sce, eg.,
‘Takayama et al., Agric. Biol. Chem., Vol. 51 (1987), at pp.
1547-1552.
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Scheme G:
Ry, o, —m
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{01801 Hydantoins haviag the formula (Ik) canbe N- alky-
lated in an aprotic solvent {such as DME, THF or DMSO) by
treatment with ope equivalén( of a base (such as Nail,
NalIMDS, 1.DA, LiHMDS, K11, KHMDS or tBuOK) fol-
lowed by addition of a suitable alkylating agent (such as an
alkyl iodide, atky] bromide, alky] chloride, a1 sylaiu or a
mesylate) to yicld hydantoins hdvmg the formula (I g ). See,
e, Parmee ct al., Bioorg. Med. Chem. Lett, V( (1999)
at pp. 749-754.

Schemie F:

[0181] Spiro hydantoins can also be prepared as depicted
in Scheme H. Hydantoin 6 is treated cither sequentiaily or
directly with two equivalents of a base (such as NaH, KIH,
LiIMDS, KHMDS, LDA, tBuOK, KOH, methylmagne-
sium carboaate or DBU) in an orgasic solvent (such as THE,
DMF, DMSO) and reacted with compound 7 bearing two
leaving groups X (such as Cl, Br, 1, OMs or OT5) to yield the
desired bydantoin baving the formula (T). See, ¢.g., Collado
ct al., Tetrahiedron Letr, Vol. 37 (1996), at pp. 6193-6196;
Fujiwara ct al., J. Chem. Soc. Perkin Trans. 2, (1980), at pp.
1573-1577; and Belzecki et al., J. Org. Chem., Vol. 45
(1980), at pp. 2215-2217.

N
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[0182] N-uosubstituted- hydaatoids having the formula
(Ip) can be prepared using the same or similas procedure as
for Scheme H, with the addition of a protcction/deprotection
sequence. Thus hydantoin 8 is protected on the nitrogen with
a protecting group P, such as BOC (see, ¢.g., Nilsson ¢t al,
J. Med. Chem., Vol. 35 (1992), at pp. 3270-3279) to give the
intermediate 9, which is dialkylated as previously with 7 to
yield the compound haviog the formula (lo). Deprotection
gives the destred N-unsubstituted spirohydantoin having the
formula (Ip).

Scheme ¥

Res N
— G e ABOR):
-+ 10
N
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[0183]  Beomo spico hydantoins baving the formuls (1)
can be transformed into biaryl compounds haviog the for-
muta (Ir) by reaction with an aromatic or heteroaromatic
baronic acid 10 in the presence of a palladium catalyst (such
as PA(PPh,).) and a base (such as K,CO4 or Na,C05) in an
apprapriate solvent {such as toluene, DME, DME ot water},
under conveational Suzuki coupling conditions. See, ¢.g..
Suzuki et al., Synth. Commun., Vol. 11 (1981), at p. 513.

Scheme Kr
Ry

\ 7/

Rec

{0184} Hydantoins 9 can be submitted 0 a Konogvenagel
condensation with an aromatic aldchyde 10 under classical
conditions (e.g., sodium acetate in tefluxing acetic anhy-
dride) to obtain 11, which i reacted with amine 12 woder
acidic catalysis (such as teiflucroacctic acid) to yield spiro-
pyrrolo hydantoins having the formula (Is).

Scheme L:

0,1
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[0185] Itydantoins (It can be debenzylated using, for
example, {-chiorocthyl chioroformate in a solvent such as
DCM or DCE, w yield the NH derivatives - having the
formula {(fu). Compounds of formula (fu) cao be alkylated

by reaction with an alkyl halide RX (¢.g., a0 alkyl indide), ’

in a solvent such as acetonitrile o1 accione: at lemperaiure
ranging from room temperatwre to reflux. Alternatively,
alkylation cao he achicved by reaction with an aldehyde in
the presence of a reducing agent such as sodium triacetoxy
borohydride or sodivm cyanobarobydride in 2 solvent such
as acetonitrile or DCE to yield compounds of formula (Iv).

Scheme M:

RCOX or RCOH
S

Ree

Scheme O

Ras

/. e
\ / 2) Mel
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{0186] Compounds of formula (lu) c¢an also be acylated
with an acyl halide (for cxample, an acyl chioride or acyl
bromide) in the presence of an organic base (such as
tricthylamine of diisopropylethylamine) or an inorganic
basc (such as sodium carbonate) in a solvent such as DCM
at a temperature rangiag from ~15° C. to room temperature
to yicld acylated derivatives of formula (Iw}. Compounds
(Iw) can also be obtained by reaction with an acid RCO_H
in the presence of a coupling agem such as dicyclobexyl-
carbodiimide in a solvent such;as DUM.

Scheme'N:

(Ix)

{0187] Sulfonamides of formula {§x) can be obtained from
compounds of formula (Ju) by reaction with a sulfonyl
tralide in the prescuce fo a base (such as triethylamine or
sodivm carboanale) in a solvent such as DCM or THE at
temperature canging from -15° C. to room temperature.
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~continued

[0188] Compouvads of formula (In) can aiso be trans-
formed into. the activated intcrmediates 13 by scquential
reaction with carboayl diimidazole and methy] indide. See
R. A. Batey- et ak. Tetrahedron Lett, Vol. 39 (1998), at p.
6267. Compounds 13 can then-be reacted with cither an
+ alcohol or anamiine 1o give carbamates of formula (ly) or
ureas of formula (17}, respectively:

NalOy, RuO;,
e,

s

I(M}\

-continued B

[0189] Compounds of formula (In) can be transformed
into intermediates 14 by reaction with di tert-butyl dicar-
bonatc in a solvent such as THF or DCM. Oxidation of 14
with, for cxample, sodium periodate in the preseace of
ruthenium oxide thea gives a mixture of lactones 15 and 16,
which can be transformed under standard conditions into
compounds of formnula (laa) aod (lab).
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Utitity

[6190] ‘I'he compounds and compasitioas of this invention
are antagonists and/or inhibitors of LFA-1, Mac-1, and/or
1CAMSs. They are usctul in treatiog various inflammatory
discases and disorders associated with the action of LFA-1,
Mac-1, and/or [CAMS, particularly LEA-LICAM-1. The
term “LeukointegrinACAM-associated condition” is used
herein for ease of reference to refer to those diseases or
disorders that are associated with the action or levels of
1 FA-1, Mac-1 and/or ICAM-1, ICAM-2, or [CAM-3. As
used herein, the term “treating” inclsdes prophylactic and
therapeutic uses and thus inctudes the alleviation of symp-
toms of a Teukointegrin/ICAM-associated condition in a
patient, the improvement of an ascertainable measuremeant
associated with such a condition, or the preveation of such
a condition or its symptoms. The term “patient” ceters 10 a
mammal, preferably a humao.

{0191] In view of their inhibition activity, the compounds
may be used to treat conditioss involving the activation,
co-stimulation, or infiltration of Tells and/or leukocytes,
including without limitation o ions involving the influx
of leukocytes in the skin, peritopeun), syoovium, lung,
kidney, and beart. The inveative compounds may be used to
treat conditions resulting from a response of the specific or
nan-specific immupe system in a paticat.

[0192] [ecukointegrin/ICAM-associated - conditions  that
may be treated with the inventive compouads include acute
or chronic graft vs host reactions (e.g., pancrealic istet
allograft); and acute or chronic iransplagt rejection (e-g.,
kidney, liver, heart, lung, pancreas, bonc marrow, coruca,
small howel, skin allografts, skin homografts, heterografts,
and/or cells derived from such organs). Additioaally, the
compounds may be used to treat inflammatory coanditions
including, but not limited to, multiple sclerosis, rheumatoid
arthritis, psoriatic arthritis, ostcoarihritis, osteoporosis, dia-
betes (c.g.. insulin dependent diabetes mellitus or juvenile
onsct diabeies), cystic fibrasis, inflammatory bowel disease,
irritable bowel syndrome, Crobn’s discase, vlcerative colits,
Alzhcimer’s discase, shock, ankylosing spondylitis, gastri-
tis, copjunctivitis, pancreatis (acutc or chronic), multiple
organ injury syndrome (c.g., secondary to scpticemia or
frauma), myocardidl infarction, atherosclerosis, stroke, rep-
erfusion m)ury (cg. due to cardlopulmonary bypass or
kidoey dialysis), acute gl phritis, vasculitis, ther-
mal injury (ic., smhurn) necrotizing enterocolitis, grapu-
locyte teansfusion associated syndrome, and/or Sjogren’s
syndrome.

[6193] The inventive compounds may be used 0 Ireat
inflammatory conditions of the skin including eczema,
atopic dermatitis, contact dermatitis, urticaria, schiero-
derma, psoriasis, and dermatosis with acute inflammatory
components.

[0194] The onmpounds also may also be used to treat

lergies and resp ditioas, including asthma, pul-
monary fibrosis, allctglc rhinitis, oxygen toxicity, cmpby-
scma, chronic bronchilis, acutc respiratory distress syn-
drome, and any chrogic obstructive pulmonary disease
(COPD). The compounds may be used 10 treat chronic
hepatitis infection, including hepatitis B and hepatitis C.

[0195] Additionally, the compouads of the inventioa may
be used to treat aytoimmune discases and/or inflammation
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associated with autohmmune discases such as organ-tissue
autoimmune discascs (c.g., Raynaud's syndrome), autoim-
munc  thyroiditis, uy syswmie lupus crythematosi

s discase, autoimmunc polyglandular discasc (
avtoimmune  polyglandular  syadrome),  and
Grave's discase.

[0196] The compouads of this invention also may be used
to treat metastases or as an adjunct lo minimize wxicily with
cyokine therapy in the treatment of caocers.

(01971 ‘the composads of this invention further have
utility in treating bypogonadism, frailly, sexual dysfunction,
wasting, such as wasling syadromes associated with cancer
and AIDS, and anemia. ‘The compounds further have utility
in treating cancers, including but not timited 1o cancers of
the breast, brain, skin, ovary, endometrium, bladder, pros-
tate, lung, colon, lymphatic system, liver and kidney. ‘The
inventive compounds are usefud for conditions such as
hirsutism, acne, seborrhea, alopecia, fihroids, hyperpilosity,
cachexia, polycystic avarian syndrome, anorexia, contracep-
tion, drug withdrawal syndrome, pregnancy termination, and
benign prostaic hypertrophy. The compounds are further

.useful as aoliangiogenic. ageats. Additionally, the com-
' pounds may be useful as inhibitors of protein prenylirans-

ferases, particvlarly farnesyltransferase and the prenylation
of the opcogene prolein Ras. As such, the inventive com-
pounds may potentially be useful for trcating and/or pre-
venting the diseases and _disorders referred to in WO
01/45704, incorpor'atcd herein by reference.

[0198] When usc;l as anti-inflammatory ageats, the com-
pounds may be administered prior to the onset of, at, or after
the initiation of inflammation. When used prophylactically,
the compounds are pn,furably provided ia advance of aay
inflacmatory rasponse or symptom (for example, prior to,

. at, or shortly alter the time of an organ or tissue transplant

but in advance of any symptoms of ocgan rejection). Admin-
istration of the compounds may prevent or attenuate inflam-

~ matory responscs. or symptoms.

[0199] ‘The present invention thus provides methods for
trealing such conditions as those lisied above, comprising
administering 1’ a patient in oeed thereof an effective
amotnt of at léast one compound of formula (I) or a salt
thereof. ‘Other thecapeutc agents such as those described

‘below may be employed in combination with the com-

pounds of formula (I). In the methods of the present inven-
tion, such other therapeutic agent(s) may be admiaistered
prior to, simultancously with, or following the admiaistra-
tion of the inventive compounds.

[0200] The present invention also provides pharmaceuti-
cal compositions capable of treating the above-referenced
diseases and disorders. The inventive compositions may
contain other therapeutic agents and may be formulated, for
example, by employing conventional solid or liguid vehicles
or dilucats, as well as pharmaccutical additives of a typc
appropriate to the mode of desired administration (for
example, excipients, binders, preservatives, stabilizers, fla-
vors, ¢le.), according 1o techniques such as those well known
in the art of pharmaceutical formutation.

{0201] 'The compounds of formula (1) may be adminis-
tered by any meaas suitable for the condition to be treated,
which may depead oa the need for site-specific treatment or
quantity of drug to be delivered. Topical administration is
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gencrally preferred for skin-related discases, and sysiematic
treatment preferred for cancerous of pre-cancerous condi-
tions, although other modes of delivery ate contemplated.
For cxample, the compounds may be delivered orally, such
as in the Jorm of tablets, capsules, granules, powders, or
liquid formulations including synups; topically, such as in
the form of solutions, suspensions, gels or ointmeats: sub-
lingually; bucally; parenterally, such as by subcutanecus,
intravenous, intramuscular, or mirasteroal wnjection ot ialu-
sion techniques {e.g., as sterile injectable agueous of aoa-
aqueous solutions or suspensions); nasally such as by isha-
lation spray; topically, such as in the form of a cream or
ointment; reclalty such as in the form of suppositoties; or
liposomally. Dosage unit formulations containing aon-toxic,
pharmaceutically acceptable vehicles or dilucuts way be
administcred. The compounds may be administered in a
form suitable for immediate release or extended release.
Immediate release or extended release may be achicved with
suitable pharmaceutical compositions or particulacly in the
casc of extecaded release, with devices such as subcutancous
implants o7 osmotic pumps.

[0202] Exemplary compositions for topical administration
include a topical carrier such as PLAS I'IRASL® (minceal
oil gelled with polyel.hylcnc)

{0203) Lx»mplary compositions for eral administration
include suspensions which may contain, for example, miceo-
crystalline " celiilose - for imparting bulk, algioic acid or
sadinm alginate as'a suspending dpeat, methyleellulose as a
- VISCOSILY cnhancer and sweetenets or flavoring agents such
as those kpown in the art; and dtmnediate release tablets
which may contain, for example, microcrystalline cellulose,
dicalcium phnsphate, starch, magnesium stearale - and/or
lactose andjor other:excipicnts, binders, extenders, disintc-
grants, dilients aad ubricants; such as those known i the
art. The invenlive compounds may also be ocally delivered
by mblmgual andfor--buccal  administration, c¢.g., 'with
molded, oomprcssod ‘or freeve-dried tablets. Exemplary
compositions may_ioclude fast-dissolving diluents such as
maonitol, lactose, sucrose, andjor cyclodextdins. Also
included in such-formulations may be high molecular weight
excipients such‘as'celluloses (AVICEL®) or polycihylene
glycols (PEG); an excipicnt 1o aid mucosal adbesion such as
hydroxypropyl cellulose (HPC), hydroxypropyl methyl cel-
tulose (HPMC), sodium carboxymethyl cellulose (SCMCQ),
aod/or maleic “anhydride copolymer (c.g., GANTREZ®);
and ageats to control release such as polyacrylic copolymer
(e.g., CARBOPOI, 934®). Lubricaots, glidaats, flavors,
coloring agents and stabilizers may also be added [or case of
fabrication and use.

[0204] Excmplary compositions for nasal administration
via aerosol or inhalation include solutions which may con-
win, for example, benzyl alcohol or other suitable preser-
vatives, absorption promoters 1o enhance absorpticn and/os
bicavailability, and/or other solubilizing or dispersiag ageats
such as those known in the art.

[0205] Excmplary compositioas for p al adminisira-
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{0206] Excmplary compositions for rectal administration
include suppositorivs which may coataia, for examgle, suit-
able non-irritating excipicnts, such as cocod butter, synthetic
alyecride esters or polycthylene glycols, which are solid at
ordinary temperatures bul liquely and/or dissolve in the
rectal cavity to release the drug.

[0207] The cficctive amount of 4 compound of the present
invention may be determined by onc ot ordinacy skill in the
art, and includes exemplary dosage amounis for a paticnt of
from about Q.05 to 100 mg/ke of body weight ol active
compound per day, which may be administered in a single
dase or in the Jorm of individual divided doses, such
1 to 4 times per day. It will be understood that the specitic
dose level aad frequency of dosage for any particular subject
may be varied and will depead upon a variety of lactors,
including the activity of the specific compound employed,
the metabolic stability and leogth of action of that com-
pound, the species, age, body weight, general bealth, sex and
dict of the subject, the mode and time of administratios, tate
of excretion, drug combination, and the particular condition
sought to be treated and its severity. Preferred subjects for
treatment include animals, most preferably mammaltian spe-
cies such as bumans, and domestic apimals such as dogs;
cats, horses, and the like, subject to Leukointegrin/ICAM.
associated conditioas and/or subject to any of the above- |
referenced discases and disorders. o

[0208] The inventive compounds and compositions. in;
be employed alone of in'combination with cach otber andfor -
other suitable therapeutic agents useful in treating dl@easeﬁ'
and disorders refercoced abové; for example, where the
second drug has the same or differcnt mechanism of actlon
than the present compouads. Exemplary of such other ther
peutic agents include anti-inflammatory agents, antibioti
anti-viral agents, apli-oxidants, and agenis uscd to’ 1
respiratory conditions such as COPD and astbaja,

[0209] Examples of suitable other avti-inflammatory .

agents with which the inventive compovads may be wsed . :

inclide aspirin, cromolyn, sedocromil, theophytline, zileu-
ton, zafirlukast, montelukast, pranjukast, indomcthacin, and .

lipoxygenase inhibitors; pon-skiroidal antiinflammatory "

drugs (NSAIDs) (such as ibuprofcn and naproxin); TNF-a

inhibilors (such as tenidap and rapamycin or derivatives "t

thereof), or TNF-a antagonists (e.g., infliximab, Cobrel®,
D2E7, OR 1384), cylokine modulators (c.g. TNE-alpha
converting enzyme [TACE] iohibitors, Interleukin-1 coa-
verting c¢ozyme (ICE) iohibitors, Intecleukin-1 receptor
antagonists), preduisone, dexamethasone, cyclooxygenase
inhibitors (i.e., COX-1 andfor COX-2 iahibitors such as
Naproxen®, Celebrex®, or Vioxx®), CTLA4-Ig agonists/
antagonists (LEA29Y), CD40 ligand antagonists, IMPDH
inhibitors (such as mycophenolate  [CellCept®]  and
VX-497), methotrexate (FK506), integrin antagonists (e.g.,
alpha-4 beta-1, alpha-V-beta-3), cell adbesion iphibitors,
interferon gamma antagonists, prostaglandin syathesis
inhibitors, budesonide, clofazimine, CNI-1493, CD4

tion include injectable solutions or suspensions which may
contain, for example, suitable non-toxic, parenterally
acceptable diluents or solveats, such as manaitol, 1,3-bu-
tanediol, water, Ringer’s solution, an isotonic sodium chio-
ride solution, or other suitable dispersing or wetting and
suspending agents, including syathctic mono- or diglyoer-
ides, and faity acids, including oleic acid.

gonists (¢.g., priliximab), p38 milogen-activated protein
kinase inhibitors, protein tyrosine kinase (PIK) inhibitors,
IKK inhibitors, therapies for the treatment of ircitable bowel
syndrome (e.g., Zelmac®, Zelnorm®, and Maxi-K® open-
ers such as those disclosed in U.S. Pat. No. 6,184,231 B1),
or NF-B inhibitors (such calphostin, CSAIDs, and qui-
noxaliaes as disclosed in U.S. Pat. No. 4,200,750); disasso-
ciated steroids; chemokine reccptor rodulators (including
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CCRY, COR2, CCR3, CCR4, and CXCR2 receptor amago-
nists); secretory and cytasolic phospholipase A2 inbibitors,
ghicocorticoids, salicylates, nitric oxide, and other immu-
nosuppressaats; and auclear translocation inbibitors, such as
deoxysperguatia (DSG).

[0210} ‘Ihe inventive compounds may be used in combi-
nation with other agents used to treat respiratory conditions
such as asthma, COPD, and allergic rhinitis, such as G-adr-
coergic agonists (such as albuterol, techutaline, formaoterol,
salbutamol, salmeterol, bitolicrol, pilbuterol, and fenoterol),
corticosteroids (such as beclomethasone, triamcinolone,
hudesonide, futicasone, funisolide, dexamethasone, pred-
nisonc, and dexamcthasonc); leukotricne antagonists (¢.8.,
Accolate [Zafirlukast®], and Singulair [Montelukast®]):
Muscarinic M3 cholinergic aatagonists (e.2., Spiriva®),
PDE 4 iphibitors (c.g. rolipram, cilomilast [Ariflo®],
piclamilast, or roflumilast), histamine H, antagonisis,
Allegra® (fexofenadine), Claritin®  (loratidiae), and/or
Clarinex® (destoratidine).

[0211] Examples of svitable antiviral ageats for usc with
the iaventive compounds include aucleoside-based inhibi-
tors, protease-based inhibitors, and viral-assembly inbibi-
tors.

[0212} Examples of suitable anti- -osteaporosis ageats for
use in combination with the compounds of the present
invention include alendronate, riscdronate, PTH, PTH frag-
ment, raloxifeae, calcitonin, RANK ligand antagonists, cal-
cium sensing receptor antagonists, TRAP inhibitors, selec-
tive estrogea receptor modulators: (SERM) and AP-1
inhibitors.

[0211] Exampics of suitable anti-oxidants for use in com-
bination with the compounds of the present iovention
include lipid peroxidation inhibitors such as probucol,

YB() -653, Vitamin A, Vitamin E, AGI-1067, and a-lipoic

acid.

[0214] The inveative compounds also may be used in
combigation with anti-diabetic agents, such as biguanides
(c.g. wetformin), glucosidase inhibitors {e.g acarbose),
insulins (including insulin secretagogues or inselin sensitiz-
ors), meglitinides (e.g. ropaglinide), sulfonylureas (e.g.,
glimepiride, glyburide and glipizide), biguanide/glyburide
combinations {¢.¢., glucovance), lhiozolidinediones (e.g.
troglitazone, rosiglitazone and pioglitazone), PPAR-alpha
agooists, PPAR-gamma agonists, PPAR alpha/gamma dual
agonists, SGLE2 inhibitors, inhibitors of fatty acid binding
protein (aP2) such as those disclosed in U.S. Ser. No.
09/519,079 filed Mar. 6, 2000 and assigned to the present
assignee, glucagon-like peptide-1 (GLP-1), glucagon phos-
phorylase, and dipeptidyl peptidase 1V (DP4) inhibitors.

[0215] 1In addition, the compounds may be used with
agents that increase the levels of cCAMP of ¢<GMP in cells for
a therapeutic benefit. Yor example, the compounds of the
invention may have advantageous cffects whean used in
combination with phosphodiesierase inhibitors, including
PDEL inhibitors (such as those described in Journal of
Medicinal Chemistry, Vol. 40, pp. 2196-2210{1997]), PDE2
inhibitors, PDE3 inhibitors (such as revizicone, pimoben-
dan, or olprinone), PDE4 inhibitors (referenced above),
PDE7 inhibitors, or other PDE inhibitors such as dipy-
ridamole, cilostazol, sildenafil, denbutytine, theophylline
(1,2-dimethylxanthine), ARIFLO™ (ie., cis-4-cyano-4-[3-
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{cyclopentyloxy)-4-methoxyphenytfeyclohexane-1-car-
boxylic acid), arofyline, C-11294A, CDCSCE, BAY-19
8004, cipamlyliine, 1591, YM-976, PD-189659,
mesiopram,  pumafentsine,  CDC-998,  [C-485,  and
KW-4404,

[0216] n view of their uselulness in treatiog ischemia, the
inventive compounds may be used in combination with
agents for inbiblling ¥, Fo-Al'Pasc, including clrapeptin,
oligomycin, autovertn B, azide, and compounds deseribed
in U.S. patent application Serial No. 60/339,108, filed Dec.
10, 2001 and assigned to the present assignec: -alpha- or
beta- adrenergic blockers (such as propranolol, wadolol,
carvedilol, and prazosin), antianginal apents such as nitrales,
for example, sodium nitrates, nitcoglycerin, isosorbide
mononitcate, isosorbide dinitrate, aod nitrovasodilators;
antiarrhythmic agents inctudiog Class [ agents (such as
propafenonc); Class [T agents (propranolol); Class 111 ageals
(such as sotalo!, dofetilide, amiodarone, azimilide and ibutil-
ide): Class IV agents (such as ditiazem and verapamil); K

channel modulators such as 1, inhibitors and ighibitors of
the K 1 sublamily of K* channcl openers such as Ig,,
inhibitors (¢.g., compounds disciosed in U.S. application
Ser. No. 09/729,731, filed Dei, 5, 2000); and gap-junction
modulators such as conoexions; anticoagulaat or antithrom-
botic agents including aspirin, warfacin, ximelagiran, low
1lar wc1ght heparins (such as lovenox, cnoxaparain,

| ), anti-platelet agents such as GPIb/GPIila

-abliximab, “eptifibatide, and tirofiban),

antagonists (¢.g., ifetroban), P2Y,

and P7Yr antagomets {c.g., clopidogrel, ticlopidine,
CS-747, and aspirin/clopidogrel ¢combinations), and Faclor
Xa inhibifors. (c.g., fondaprinux), and diurctics such as
sodivm-hydrogen  exchange' - inhibitors,  chlorothiazide,
hydrochlorothiazide, flumethiazide, hydroflumethiazide,
bendoflumethiazide, methylchlorothiazide, trichloromethi~
azide; “polythiazide, benzthiazide, ethacrynic acid tric-
cynafen, chlorthalidone, fusosemide, musolimioe, bumet-~
aaids,, trlamirenene, and amiloride.

[0217]. The inveative compounds may also be useful in *

combination with antiangiogenic agents, such as compounds
that are inhibitors of VEGF receptors, or in conjunction with
antitumor agenis such as paclitaxel, adriamycin, epithilones,
cisplatin, and carboplatin. Examples of anticancer and other
cytotoxic agents that may be used io combination with the
inventive compounds include the following: cpotbilone
derivatives as found in German Patent No. 4138042.8; WO
97/19086, WO 98/22461, WO 98/25929, WO 98/38192,
WO 99/01124, WO 9902224, WO 99/02514, WO
99/03848, WO 99/07692, WO 99/27890, WO 99/28324,
WO 99/43653, WO  99/54330, WO 99/54318, WO
99/54319, WO 99/65913, WO 99/67252, WO 99/67253 and
WO 00/0048S; cyclin dependent kinase inhibitors as found
in WO 99/24416; and preayl-protein iransterase inhibitors
as found in WO 97/30992 and WO 98/54966.

[0218] The combination of the inveative compounds with
other therapeutic agents may prove to have additive and
synergistic effects. The combination may be advantageous to
increase the cificacy of the administration or dccn.asc the
dosage to reduce possible side-cffects.

[0219] The above other therapeutic agenls, when
employed in combination with the compounds of the present
invention, may be used, for example, in thosc amounts
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indicated in the Physicians’ Desk Relurence (PDR) o as
otherwise determined by one of ordinacy skitl in the art. ln
the methads of the present invention, such other therapeutic
ageni(s) may be administered prior to, simultancously with,
or [ollowing the administration of the inveative compounds.

[0220] “Compouads of formula (f), including the com-
pounds deseribed in the exampies bereol, bave been tested
in assay(s) described betow and have shown a measurable
level of activity as inhibitors of LFA-1 and/or ICAM-1.

[0221] Assays
[0222] Hi-tlcla Adhesion assay

{0223] H1-Hela cells were released from their growth
flask using verscoe (Gibeo, Graod Islaod, N.Y.). Following
centrifugation, the cells were resuspended in growth
medium: DMEM (Gibeo), 10% fetal call serum (Hyclone,
Logan, Utah), 1% Pea-Strep (Gibeo), and 1% L-gluiamine
(Gibeo) and plated for growth at 5,000 cells/well in a
96-well plate.

{0224] ' The next day, HSB-2 cells were divided 1o 2x10°/

ml in growth medium: RPMI 1640 (Gibeo), 10% FCS, 1%

: Peu-Suep, and 1% L-glutamine. The next day (day #3), the

cells were ceatrifoged at-534xG for 8 minutes, washed, and

... tesuspended in HBSS at 5x107/ml. Calcein-AM. 10 xM

‘(Molecular Probes, Eugeae, Orcg.) and 100 aM phorbol

-+ mayristate acetals (SIGMA, St Louis, Mo) were added w0

- the Jabeling and activation mix. Following incubation at 37°

2:for 3 minutes, ten ml of HBSS was added and the celis

contrifuged as above. The cell pelict was then resuspended
and, counted. .

[0225} While the [HSB-2-cells were labeling, the medium.

‘was aspirated from the Hl-Hel.a'¢ells and the plates washed

" “once'with HBSS; followed by the addition of 50 s of HBSS.

 A‘addifiosial 50 gl of HBSS containing compound solution,
DMSO, or anti-CD18 antibody was thea added to cach well.
To the H1-Hela cefls were added 200,000 HSB-2 cells/well

- in 1007, followed by-incubation in the dark for 30 minutes.
The wells were then washed three times (o remove the
unbound cetls: A fluorescence plate reader was then used 1o
determing the abmber of bound HSB-2 cells. The percent

" inhibition' due ta the compound was calculated using the
vehicle control as 0% inhibition and the aatibody blocked
adhesion as 100% inhibition.

[0226] HUVEC Adhesion Assay

[0227] On day 1, human nmbilical vein endothelial celis
(HUVEC) (passage 3, Clonetics, San Diego, Calil') were
placed into a T-75 flask containing EGM bulletkit mcdia
(Clonetics) for growth.

{0228] Whea the HUVEC were 90% confluent (typically
day 4), 96-well tissue culture plates were coated with 100
alrwell of 2.5 pg/ml mouse Type 1V collagen (Trevigen)
diluted in 0.1 M acetic acid. Following incubation for at least
three hours, the collagen was removed and the plate washed
three times with HBSS (Gibco). The HUVEC flask was
trypsinized, and HUVEC were plated on the collagen coated
wells at 1250 cells/200 pl/well for use four days later.
‘tweaty hours prior @ use, the medivm was removed aod
cells were stimulated with 200 ul of 10 oM phorbol
myristate acctate (PMA, Sigma, St. Louis, Mo.) in EGM.
When the cells were 90% conflucat (typically day 8), the
PMA-containing medium was removed, the wells were
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washed with HBSS, and 50 ul of HBSS was added to the
wells. An additional 50 gl containing compound solution,
DMSO or blucking anti-CD 18 was thea added o cach well.

[0229] On day 7, 1ISB-2 celts were then divided to 2x10%/
ml in RPMI 1640 (Gibeo), 10% FCS (Hyclone, Togan,
Utah), 1% Pen-Strep (Gibeo), and 1% L-glutamioe (Gibco).
The followiag day. the cells were contrifuged at 534xG for
& mimutes, washed, aad resuspended 0 [TBSS at 5x 30 fral.
For aclivation and labeling, calcein-AM, 10 M (Molecular
Probes, Lugeoe, Oreg.) and 100 oM phorhol mynistate
acetate (Sigma, $t. Louis, Mo} were added and the cells
incubated at 37° €. for 30 minutes. Following the addition
of ten ml of HBSS, the cells were centrifuged, rosuspended,
and counted.

[0230] To the HUVEC cells were added 200,000 labeled
and activated HSB-2 cclls/well in 100 g, followed by
incubation in the dark for 30 minutes. To remove unbound
cells, the wells were washed three limes with HBSS. A
tluorescence plate reader was used 10 determine the number
of HSB2 cells bound. The percent inhibition due to the

compound was calculated with the vehicle control set-at 0%

inhibition and the antibody-blocked adhesion set at 100%
inhibition. o

EXAMPLES

[0231] The following Examples iltustrate p‘]bodimcms of
the inventive compounds aad stacting matefials, and are not

intcaded o limit the scope of the claims. . For case of ..

reference, the following abbreviations are useéd herein:
Abbreviations
[0232] AIC),=alumioum chioride
[0233] © Ac.O=acetic anhydride
{0234] AcONa=sodium acc!aic
[0235] bp=beiling point
{0236] CH,CN=acetonilrile .
[0237] DCC=dicyclohexylcarbodiimide
[0238] DCE=dichloroethane N
[0239] DCM=dichloromethane
[0240] DMAP=4-dimethylaminopyridine
[0241] DIPEA or DIEA=N,N-diisopropylethylamine
[0242) DME=12-dimethoxyethane
{0243] OMI'=dimethyl formamide
[0244] EDCl=1-3-dimecthylaminopropyl)-3-cthylcarbo-
diimide

[0245]) Et,O=dicthyl cther
[0246] HOBT=1-hydroxybenzotriazole
[0247] EtOAc~cthyl acetate
[0248] EtOH~=cthano!
[0249] g=gram(s)
[0250] tICl=hydrocbloric acid
[0251] KOH=potassium hydroxide
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[0252] K,(CO,=potassium carbonate
[0253] 1=liter

[0254] LiAIH Slithium sluminum hydride
[0255] MeCN=acetonitrite

[0256] MeOl=methano]

[0257] MgSO,=magocsivr sulfate
[01258] Nall=sodium hydride

[0259] Na,50,~sodium sulfate

{0260] NaOH=sodium hydroxide
[0261] NMP=1-methyl-2-pyrrolidinone
[0262] PBr;=phosphorus tribromide

[(0263] (Ph,P), Po=tctrakis(triphenylphosphine-
Ipalladium{0)

[0264] PS=polystyrenc
[0265] SOCl.=thionyl cbloride
[0266] TEA=tricthylamine
[0267] mg=milligram(s)
[0268] ml=millilitcr
[0269] d=microliter -
[0270] mmol=millimole
{0271] pmol=micromole
[0272] moi=mole
[0273] mp=melting point

- [0274] R¥=room temperature ,:

Preparation 1

4-(4-Bromopheayl)-4-oxobutyric acid
[0275] :

04l

Br

[0276] AICl, (128.8 g, 0.97 mol) was added by portions
within 20 min to a suspension of succinic anhydride (44.3 g,
0.44 mol) and bromobenzene (100 mi, 0.99 mal) i DCM
(500 mi) whilc the reaction flask was cooled in a water bath,
Afier 1 h30 min at RT, the reaction mixture was refluxed for
2 b. After cooling, the reaction medium was slowly poured
into a mixture of ice (1.51) and coacentrated HCL (100 mi).
The precipitate was washed twice with water, with isopro-
panol, and finally with pentae. After drying 4-(4-bro-
mophenyl)-4-oxobutyric acid was obtained as an off-white
solid (86.4 £, mp=148° C). "H NMR (CDCI,): 785 (211, 4,
J=8.5 He), 7.62 (21, d, J=8.5 112), 3.28 (21, 1, J=6.5 Hz),
282 (2H, t, J=6.5 Hz).

9%
h
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Preparation 2

4-(4-Bromopheayl}-4-oxobulyric acid methyl ester
10277)

COMe
i

[0278] 444-Bromopheoyl)-4-oxobutyric acid (86.4 g,
0.336 mol) (Preparation 1) in McOIl (1.71) containing
H SO, (86 ml) was refluxed for 21 h. After cooling, the Light
precipitate was filtered off and the reaction mixture concen-
trated to dryness. The oblaincd solid was placed ia water and
extracted twice with E1OAc. The organic layer was washed
with diluted NaOll aod twice with brine, dried over Na,SO,,
aod concentrated to yield the desired 4-(4-bromopheoyl)—4-
oxobutyric acid methyl ester as a low melting poiot solid
(87.5 g, mp=50° C.). 'H NMR (CDCL,): 7.85 (2H, d, J=8.5
Hz), 760 (211, d, J=8.5 17). 3.71 (3H, 5), 3.28 (2H, t, =65
Hz), 2.76 (H, , J=6.5 Hz).

Preparation 3

& 14(4-Bromopheoyt)-butane-1,4-diol

Ot

OH

Br

[0280] A solution of - 4-(4-bromophenyl)-4-oxobutyric

itacid methyl ester (19 g, 70 mmol) (Preparation 2) in

anhydrous diethyl cther (100 ml) was added dropwise to a
“suspeusion of LIALH, (5.3 g, 140 mmol) in eiher (100 ml),

- while the temperature was kept below 5° C. with an ice bath.

‘Afier 2 h at RT, the reaction mixwre was refluxed for 4 h.
“T1 was then cooled to 5° C. and hydrolyzed with a saturated
Na,S0, solution with the temperature kept below 15° C.'The
suspension was filtered over celite and concentrated to yicld
a yellow oil (16.1 g) which was chromatographbed over silica
gel (eluent: DCM/MeCH 90/10) 1o yield 1-{(4-bromophenyl)-
butane-1,4-diol as an 0il (15 ). *H NMR (CDCL,): 7.40 (2H,
d, J=8.4 Hz), 7.12 (2H, d, J=84 Hz), 4.65 (1H, br ),
450-4.60 (1H, m), 3.97 (1H, b s), 3.4-3.65 (241, m),
1.6-1.85 (2H, m), 1.45-1.6 (H, @).

Preparation 4

1-Bromo-4-(1,4-dibromobutyl)beazene
[0281]

Br

Br

"
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(0282] PBr; (4 ml, 40 mmol) was added dropwise in 10
min 10 a solution of 1-(4-bromophenyf)-butane-1,4-diot (15
9, 61 mmol) {Prepacation 3) in dicthyl cthyl (300 wi)
maintained al —10° C. After 20 h at RY; the reaction mixtuce
was cooled with an ice bath and water (100 ml) was added
rapidly. The aqueous layer was cxtracted twice with cther.
“I'he combined organic laycrs were washed with a diluted
agueous NuCO4 solution then three times with water until
acwtrality, deied over magoesium sullate and concentrated o
yield  1-bromo-4-(1,4-dibromobutyl)beazene (13 g) as 2
yellow oil. ‘H NMR (CDCL): 7.47 (2H, d, J=8.5 Hz), 7.26
(211, d, J=8.5 Hz), 4.8-5.0 (1, m), 3.42 (2H, 1, J=6.4 112),
2.2-2.45 (CH, m), 1.8-2.2 2H, m).

Preparation 5

3-Bromo-1-(4-hromopheaypropan-1-ope

[0283]

Br

[0284] . AICL, (238 g, 178 mmol) was added by portions to
bromobeazene (155 ml, 1.47 mol) at 0° C. 3-Bromopropio-
nyl ctiloride’(25 g, 146 mmol) was added dropwise to the red
solution kept at 0° C. over 30 min. After 1 h at RT, the
reaction mixture was heated to 50° C. for 1 h. After cooling,
the mixture was poured over ice/water and extracted with
D(M, ‘The organic layer was dried over Na,8O, and con-
elrated to yield 3-beomo-1-4-bromophenyl)propan-1-one
36 ) which was crystallized from petroleum ether (mp=66°
>}, TH NMR (CDCL): 7.82 (2H, d, J=8.5 Hz), 7.62 (2H, d,
=8.§"Hz),' 373 (21, 1, 3=6.5 Hz), 3.55(ZH, t, =6.5 llz).

Preparation 6

3-Bromo-14{4-bromophcnyl)propaa-1-ol

- [0285]

OH
Br

Br

[0286] NaBH, (1.5 g. 39.7 mmol) was added by portions
10 a solution of 3-bromo-1-(4-bromopheayl)propan-1-one
(11.7 g, 40 mmol) (Preparation 5) in McOH while keeping
the temperature betow 10° C. After 1 h at RT, 1N agueous
hydrochlodic acid was added at 5° C. to pH=1 and the
mixture was conceatrated in vacuum. The residue was
dissolved in water and extracted three times with DCM. The
organic layer was dricd over Na,S0, and concentrated to
yicld 3-bromo-1-(4-bromophenyl)propan-1-ol as a yellow
il (11.1 g). 'H NMR (CDCL): 7.47 (2H, d, J=8.3 Hz), 7.22
(2H, d, J=8.3 Hz), 487 (IH, br s), 3.50-3.62 (1H, m),
3.31-3.42 (1H, m), 2.35 (i}, OH, br s), 2-2.31 (2H, m).
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Preparation 7

1-Bromo-4-{3-bromo-1-chloropropyhhenzeoe
[0287]

Br

Br

[0288] S0CL, (2.8 ml, 38.6 mmol) was added dropwise to
a cooled (-20° C.) solution of 3-bromo-1-(4-bromophenyl-
Jpropan-1-ol (11.1 g, 378 mmol) (Prcparation 6) in a
mixturc of DCM (110 ml} and pytidinc (3 ml, 37.6 mmol).
After 2 h at =20° (., the reaction mixtuce was poured over
a mixture of ice and 10% HCL The organic layer was
washed with watce, dricd over Na,SO, and concentrated to
yield a yellow oil (128 g). Distillation uoder reduced
pressure gave | -bromo-4-(3-bromo- l«:i\l(wropropyl)h.n/mx,
as a colorless ol (5.1 g, bp=128-130° C.A.5 mm 11p). '}
NMR (CDCL;): 7.4-7.55 (2H, m), 7.15-7.3 (2L, m), 507
(1H, m), 3.45-3.6 (111, m),} 3325 (Ill m), 2.35-2.65 (2H:-
m).

Preparation j‘sﬂ
343,5-Dichioropheayl)-2-thigxoimidazolidin-4-oae
foz89] ' '

1

[0290] 3,5-Dichlorophenylisothiocy:
mmol) Was added by portion to 4 sispe
of ethyl glycinate (3.4 g, 24.5 mmol).if & unxlu[e, of TEA
(75 ml, 53.9 mmol) and dry DCM (40-m) Whilé'cooling the
flask in a water bath. After 60 h at, RT, the solution was
concentrated to dryocss and partitioned bctwccn EtOAc and
agueous HCL The organic layer was washed with water and
concentrated. The obtained amorphous sotid was washed
with Et,0 to yield 3-(3,5-dichloropbenyl)-2-thioxoimidazo-
lidin-4-one as an orange solid (5.3 g). 'H NMR (CDCL,):
745 (111, m), 7.25 (2H, m), 4.44 (211, s).

Preparation 9

3-(3.5-Dichlorophenyl)-4-oxo-2-thioxoimidaroli-
dine-1-carboxylic acid tect-butyl ester

[0291]

<l O,

N,
>/N 0, Me
al s \“/ \EM‘
O Me
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[0292] A solution of di-teri-butyldicarbonate (104 g, 4.6
mmal) in MeCN (I ml) was added to 2 suspension of
3-(3,5-dichloropheay}-2-hioxoimidazolidin-4-one (1.04 g,
4 mmol) (Preparation 8) and DMAP (73 mg, 0.6 mmal) in
MeCN (5 mi). After 2 h at R, the ouixture was cvaporated,
1aken into EtQAc, washed twice with aqueous KIISO, and
opee with water, and finally conceotrated 1o yield 3-(3,5-
dichlorophenyl}-4-oxo-2-thioxoimidazolidine-1-carboxylic
acid ed-butyl ester (1.04 g) as a browa solid. '11 NMR
{CDCLLY: 7.46 (11, m), 7.18 (211, m), 4.54 (2H, 5), 1.57 (91,
s).
Preparation 10
(S5R*,65*)-6-(2-Bromophcnyl)-3-(3,5-dichlorophe-
nyl)-4-0x0-2-thioxo-1,3-diazaspiro] 4 4Joonane-1-
carboxylic acid tert-butyl ester

{0293]

{0294] Using the same procedure as in

from 1-bromo-4- 1 ,4-dibromobutylyberzes (’4”3
mmol) (Preparation 4) and 33,5-dichloro
thioxoimidazolidinie-1-carboxylic acid tert-]

nyl)-33,5-dichlorophenyl)-4-oxo-2-thioxo-1, ASPITO
[4.4]nonanc-1-carboxylic acid tert-butyl ester was o%lunu
(54 mg) as a white solid. "l NMR (CDCLy): 749 (21, ¢,
J=8.4 Hz), 7.33 (111, m), 7.09 (2H, d, J=8.4 H/) 6.22 21
m), 4.17 (11, dd, J,213.2 fiz, J,=5.4 11z), 2.35:2.6

2-2.35 (3H, m), 1. ()9 (94, s).

Preparation 11

33,5-Dichloropheayl)-2,4-dioxoimidazolidine-1-
carboxylic acid tert-butyl ester

N
C.%}f"q,rﬁfi

[0296] A solution of di-tert-butyldicarbonate (7.72 g, 35.4
mmol) io 1 (100 mi) was added (o a suspension of
3-(3,5-dichlorophenyl)-imidazolidin-2,4-dioac (7.5 g, 30.6
mmeol, prepared according o Fujinami et al.. cited above)

[029s]

4o ,
1 ester (36], .
mg, 1 mmol) (Preparation 9), (SR*,65*)-6-(4- bmmophe-x
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and DMAP (560 my, 4.6 mmol) in THF (150 ml). Afler 3h
at R, the mixuiee was evaporated, taken into 1DCM, washed
twice with 1N aqueous HCE and once wilh brine, and finally
concentrated 10 yicld 3-(3,5-dichlorophenyl)-2,4-dioxoimi-
dazolidine-1-carboxylic acid tert-butyl ester (10.17 g) as a
white solid. "l NMR (CDCL): 7.40 (111, m), 7.37 (2H. m).
440 (ZH. s), 1.58 (YH, 5).

Preparation 12

S«{41-Bromopbenyl)-5-oxopeatancic acid methyl
ester

[0297)

O

COMe

B

[0298]  Usiog the procedure described in Preparations 1
and 2, the above above-titled compound was obtained from
glutacic anbydride and bromobenzene. "H NMR (CDCL,):
783 (2H, d, 1=8.5 Hz), 7.60 (2H, d, }=8.5 Hz), 3.68 (3H, s);
303 (ZH, t,J=7.1 Hz), 2.45 (2H, (, ]=7.1 Hz), 2.06 (2H, m).

Prepacation 13

1-(4-Bromupheayl)-pentane-1,5-diol
{0299] - -

[0300] Using the procedure described in Preparation 3,
5+(4-bromophenyl)-5-oxopentanoic acid methyl ester (12.8
2. 45 mmol) (Preparation 12) was reduced with LiAIH, (3.4
2. 90 mmol) to yield 1(4-bromophenyl)-pentane-1,5-diol
(9.4 g) as a yellow oil. 'H NMR (CDCL;): 7.42(2H, d, }=8.3
Hz), 7.15 (2H, d, 1=8.3 Hz), 4.56 (1H, m), 3.63 (1H, br s),
3.45-3.6 (2H, m), 2.96 (14, br 5), 1.25-1.9 (6H, m).

Preparation 14

1-Bromo-4(1,5-dibromopentyl)benzenc
{0301}

Br

X

P>
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(0302} Using the procedurc described in Preparation 4,
144-bromogheayl)-peatanc-1,5-diol (94 g, 363 mmol)
(Preparation |3} was treated with PBry (3.4 ml, 36.2 mmol)
0 yicld 1-bromo-4-(1 5-dibromopentyl)benzene (0.1 g) as a
yellow oil. 'H NMR (CDCL): 7.47 (2H, d, J=6.5 Hz), 7.26
(AN, 4, 1=8.5 117), 4.88 (1N, t, §=7.5 Hz), 3.38 (2H, , 1=6.6
2.3 (CH, m), 1820 CH, m), 1.55-1.8 (1H, m),
5 (111, m).

Preparation 1S

(E}-4-[3-Acetyl-1-(3,5-dichlorophenyl)-2,5-diox-
oimidazolidin-4-ylidenemethyl}-beazonitrile

[0303]

i
a o,
e
N,
>/N Me
«l o \(Il/

{0304] A mixture of 3+(3,5-dichlorophenyl)-2 4dioxoimi-
. dazolidine-1-carboxylic acid tert-butyl ester (3.45 ¢, 10
mrmot) (Preparation 11), 4-cyanobenzaldehyde (1.31 g, 10
- mmol) and NaOAc (0.82 g, 10 mmol) was refluxed for 3. h
in Ac,0 (50 ml). The solid obtained aficr concentratioo was
takerinto a mixture of icefwater and DCM. The organic
layer was dried and concentrated to yicld a solid (4.4 g)
which was chromatographed over silica gel (eluent: DCM) to
yield 4{3-acetyl-13,5-dichlorophenyl)-2,5-dioxoimidazo-
tidin-4-ylidencmethyl]-benzonitrile as a white solid (1.25 g).
mp=212° C. 'H NMR (CDCL,). 8.52 (1H, s), 7.6:7.75 (4H,
m), 7.43 (IH, m), 7.37 (2H, m), 2.78 (3H, 5). .

Preparation 16

(E)-1-Acetyl-5-(4-bromobenzylidene)-3-(3,5-dichlo-
roptienyl)-imidazolidine-2,4-dione

[0305)
Br
fa} O,
W
N
>/N Me
ST
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[0306] Using the same procedure as in Preparation 15, but
starting with Peeparation (1 {34.5 g, 0.1 mol) and 4-bro-
mobenzildehyde (18.5 g, 0.1 mol), the above-ttked com-
pouad was oblained as a while solid {168 g). ap=222° (.
TH NMR (DMSO-d,): 823 (1], ), 7.79 (1H, ), 7.55-7.75
(611, m), 2,65 (3L, 5).

Preparation 17

(E)-4-{«3,5-dichlorophenyl}-3-methyl-2 S-dioxoimi-
dazolidin-4-ylidenemethyl Fbenzonitrile

[0307]

[0308] Preparation-17 was obtained via throe alternative
methods: ' )

[0369] (1). ‘A solution 0f 343,5-dichloropheayl)-1-
methyl-imidazole:2,4:diote (70 g, 0.27 rol), 4cy-
anobenzaldetiyde (53 g, 0.404 mol), and [-alanine
(16.1 g, 0.]8];9101) in acetic acid (11) was heated for
32 b at reflux. The solktion was cooled and kept at
50° C. for pne bour. It was then allowed (o ool to
35° C., and. the insgluble ‘material was recovered by
filtration to yield 35.5 g.(0.095 mol) of the above-
titled compouid. ’

[0310] Yicld 35%. mp=236° C,;

[0311] (2). A mixture of 3«3,5-dichlorophenyl)-1-
methyl-imidazole-2,4-dione (1.3 g, 5 mmol), 4cy-
anobenzaldehyde (0.98 g, 7.5 mmol, 1.5 eq), pyro-
lidine (0.3 mY), anbydrous MgSO, {09 g, 15 @),
and E1OH (35 ml) was heated at 78° C_ for eightecn
hours. The reaction mixture was filtered while bot,
aad the solid obtained was washed with hot EtOH
(2x20 mL), water (2x20 mL), EtOH (2x20 ml) aad
dried. Yield: 1.58 g;

[0312]) (3) A wixture of 3+3,5-dichlorophenyl)-1-
methyl-imidazole-2,4-dione (1.3 g, 5 mmol), 4-cy-
anobenzaldehyde (0.98 g, 7.5 mmol, 1.5 ¢q), pyrro-
Lidine (0.3 ml) and £O11 (35 ml) was heated ot 78°
C. for cighteen hours. The rcaction mixture was
filtercd while bot and the solid obtained was washed
with bot EtOH (2x20 mL.), water (2x20 mL), E1OH
(2x20 mL), and dried. Yield: 2.78 g.

US S004/0009998 Al

Preparalion 18

(E)-544-Bromobuenvylidens)-3-(3 5-dichlorophe-
nyl)-1-methyl-imidazolidine-2 4-dicoc

[0313]
Br
al O,
VL
N
N
Me
o o

[0314] ‘Ihe same procedurcs as for Preparation 17 ‘were
followed, using 4—1)r<)rﬁnl)cn7aldchydc in place of 4-cy-
anobenzaldehyde. *H NMR (DMSO-d,): 7.90 (2H,.d), 7.72
(1H, m), 7.58 (4H, m), 6.65 (1H, 5). 3.24 (3H, 5).

Prcpanilj;_)u 19 .

3-2,6-Dichloropyridin-4-yl)-1-methyl-imidazoli-
dine-2 4~<Iion§ -

[0315]

[0316] TEA(7.2 e, 51 mmol) was added (o a suspension
of the HCl salt of sarcosine cthyt ester (3.4 g, 24.5 mmol) in
dry DCM (80 mi). The formed triethylamine hydrochloride
was filtered off and rinsed with DCM (20 ml). The 6ltrate
was transferred into a 3-necked round bottom flask and
cooled to 5° C. A solution of 2,6-dichloropyridin-4-yl iso-
cyanate (10 g, 53 mmol) i DCM (25 ml) was added
dropwise over 10 min while keeping the innce iemperature
below 10° C. After 96 h at R, the reaction mixture was
refluxed for 10 h. After cooling to RT, the solution was
washed with brine, dried over MgSQ, and concentrated. The
oblained amorphous solid was chromatographed over silica
gel (elvent:cyclohexane/ELOAC 80/20 10 50/50) to yield the
above titled compound as a white solid (9.9 g). mp=134° C.
'H NMR (CDCLy): 7.75 (2H, 5), 4.07 (211, ), 3.10 (3, 5).
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Preparation 20
{14 142,0-Dichloropyridin-4-yl)-3-methyl-2,5-
dioxo-imidazolidin-4-ylidenemethyl -bhenzoaitrile

{0317

N

ct [

{0318] Using the third method described 1a Preparation
17, Preparation 19 (5 g, 192 mmol) was reacted with
4-cyancbenzaldehyde (3.78 g, 28.8 mmol) to yield the
above-titled compound as a white solid (5.6 ). mp=230° C.
TH NMR (CDCLY): 7.91 (2H, 4, J=8.1 Hz), 7.65-7.75 (4H,
m). 640 (1H, s), 3.37 (3H, s). :

Preparation 21

2-]lydmxymc[hyl-thiazhlc-ﬁ«:érmx‘ylic acid
[0319]

uoﬁ%o

N OH

[0320] The above-titled compound was  synthesized.
according lo the proceduce described in DE- 2548505 to
Roussel-Uclaf (1975) and Chem. Abstr., Vol. 85, #46650. 'H
NMR (DMSO-d,) 827 (1H, s), 4.77 (2H, s).

Preparation 22

Ethyl 2-hydroxymethyl-thiazole-5-carboxylate
{0321]

O
SV
n()\/‘§
N O
CH,

{0322] A solution of crude Preparation 21 (300 mg, 1.9
mmol) and conceatrated sulfuric acid (2 ml) ia LLOH (30 ml)
was refluxed during 5 hours. ‘The solvent was evaporated
under reduced pressure and the residue was partitioned
beiween agueous Na,CO,; and EtOAc. The organic layer



