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BRIDGED PIPERAZINE DERIVATIVES

Background of the [nvention
The present invention relates to novel piperazine derivatives, methods of use and

pharmaceutical compositions containing them.

The compounds of the invention are potent and selective inhibitors of chemokines
binding to the receptor CCR1 found on inflammatory and immunomodulatory cells (preferably
leukocytes and lymphooytes). The CCR1 receptor is also sometimes referred to as the CC-
CKR1 receptor. These compounds alse inhibit MIP-1a: (and the related chemokines shown to
interact with CCR1 (e.g., RANTES, HCC-1, MCP-2 and MCP-3)) induced chemotaxis of THP-
1 cells and human leukocytes and are potentially useful for the treatment or prevention of
autoimmune diseases (such as rheumatoid arthritis, type | diabetes (recent onset), lupus,
inflammatory bowel disease, optic neuritis, psoriasis, multiple sclerosis, polymyalgia
rheumatica, uveitis, and vasculitis), acute and chronic inflammatory conditions (such as
osteoarthritis, adult Respiratory Distress Syndrome, Respiratory Distress Syndrome of
infancy, ischemia reperfusion injury, glomerulonephritis, and chronic obstructive pulmonary
disease (COPD)), allergic conditions (such as asthma and atopic dermatitis), inflammation
associated with infection (such as viral inflammation (including influenza, hepatitis and
Guillian-Barre), chronic hronchitis, tissue, cell and solid organ transplant rejection (including
xeno transplantations) (chrenic and acute), atherosclerosis, restenosis, HIV infectivity (co-
receptor usage), and granulomatous diseases (including sarcoidosis, leprosy and
tuberculosis) and sequelae associated with certain cancers such as muitiple myeloma.
Compounds in this series may also limit the production of cytokines at inflammatory sites,
including but not limited to TNF and IL-1, as a consequence of decreasing cell infiltration,
providing benefit for diseases finked to TNF and IL-1, including congestive heart failure,
puimonary emphysema or dyspnea associated therewith, emphysema; HIV-1, HIV-2, HIV-3;
cytomegalovirus (CMV), adenoviruses, Herpes viruses (Herpes zoster and Herpes simplex).
They may also provide benefit for the sequelae associated with infection where such infection
induces production of detrimental inflammatory cytokines such as TNF e.g, fungal meningitis,
joint tissue damage, hyperplasia, pannus formation and bone resorption, psoriatic arthritis,
hepatic failure, bacterial meningitis, Kawasaki syndrome, myocardial infarction, acute liver
failure, lyme disease, septic shack, cancer, trauma, and malaria, etc.

MIP-1a and RANTES are soluble chemotactic peptides (chemokines) which are
produced by inflammatory cefls, in particular CD8+ lymphocytes, polymorphonuclear
leukocytes (PMNs) and macrophages, J.Biol. Chem., 270 (30) 29671-29675 (1995). These
chemokines act by inducing the migration and activation of key inflammatory and
immunomodulatory cells. Elevated levels of chemokines have been found in the synovial fiuid
of rheumatoid arthritis patients, chronic and acute rejecting tissue from transplant patients and

JP 2004-511558 A 2004.4.15
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in the nasal secretions of allergic thinitis patients following allergen exposure (Teran , et al., J.
Immunol, 1806-1812 (1996), and Kuna et al., J. Allergy Clin. Immunol. 321 (1994)).
Antibodies which interfere with the chemokine/receptor interaction by neutralizing MIP 1o or
gene disruption have provided direct evidence for the role of MIP-1c and RANTES in disease
by limiting the recruitment of monocytes and CD&+ lymphocytes (Smith et al., J. fmmunol,
153, 4704 (1994) and Cook et al., Science, 269, 1583 (1995)}. Together this data
demonstrates that CCR1 receptor antagonists would potentially be an effective treatment of
several immune based diseases. The compounds described within are potent and selective
antagonists of the CCR1 receptor.
Summary of the Invention
The present invention relates to a compound of the formula
@ e
R \(Y)d/ N R")
(GHa),

(CHyY,
(o

W

or pharmaceutically acceptable salts and pro-drugs thereof; wherein

ais1,2,3,40r5;

cisQori;

dis1,2,3,40r5;

kis0,1,2,30r4;1is0,1,2,30or4, mis 0, 1, 2,3, or 4 k 1 and m cannot all be 0
and if m and/or k are not 0, then | must be 0.;

WisCHorN;

Xis C(O), C(S) or CHy;

Y is CHy;

Z is oxygen, NR® or CR"'R'%

each R' is independently selected from hydrogen, hydroxy, hydroxysulfonyl, halo,
(Ci-Ce)alkyl, mercapto, mercapto(C-Ce)alkyl, (Cq-Celalkylthio, (Ci-Celalkylsulfinyl, (Cs-
Cealkylsufanyl, (C4-Cg)alkylthio(Cy-Cg)alkyl, (C1-Co)alkylsulfinyl(C4-Ce)alkyl, (Cy-
Ce)alkylsulfonyl(Cy-Ce)alkyl, (Cs-Ce)alkoxy, (Cs-Ciolaryloxy, halo(Ci-Celalkyl, trifluoromethyl,
formyl, formyl(Cy-Cg)alkyl, nitro, nitraso, cyano, {(Cs-Cio)aryl(Ci-Cgalkoxy, hala(Cy-Cg)alkoxy,
trifluoromethoxy, (Cs-Cr)oycloalkyl, (Cs-G7)cycloalkyl(C4-Cealkyl, hydroxy(Cs-Cr)cycloalkyl(Cs-
Celalkyl, (Cs-Croycloalkylamino, (Cs-Cr)cycloalkylamino(Cy-Cslalkyl, ((Cs-Cr)cycloalkyl)((Cs-
Ce)alkyl)amine,  ((Cs-Cr)eycloalkyl(Cs-Celalkyl)amino(C-Celalkyl, cyano(Cs+-Celalkyl, (Ca-
Cylalkenyl, (CzCrlalkynyl, (Ce-Ciolaryl, (Ce-Cio)aryl(Cs-Cslalkyl, (Cs-Crolaryl(Co-Cs)alkenyl,

JP 2004-511558 A 2004.4.15
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hydroxy(Cy-Ce)alkyl,  hydroxy(Ce-Cao)aryl(C-Celalkyl, hydroxy(C;-Ce)alkylthio(C1-Ce)alkyl,
hydraxy(C>-Cg)alkenyl, hydroxy(Co-Celalkynyl, (CiCs)alkaxy(Ci-Ce)alkyl, (Cq-Ce)alkoxy(Ce-
Cho)aryl(C1-Ce)alkyl, (Ca-Cig)aryloxy(C-Caalkyl, (Ce-C1o)aryl(C+-Cs)alkoxy(C4-Ce)alkyl, amino,
(Ci-Ce)alkylamino, ((Cs-Ce)alkyl)zamino, (Ce-Cro)arylamino, (Ce-Cio)aryl(Ci-Celalkylamino,
amino(C-Cealkyl, (C4-Co)alkylamino(C4-Cs)alkyl, {({C4-Cgalkyt),amino(Cs-Ce)alkyl,
hydroxy(Cy-Cg)alkylamino(C+-Celalkyl,  (Cs-Cio)arylamino(Cs-Colatkyl,  (Ce-Crolaryl  (Cs-
Cg)alkylamino(C¢-Ce)alkyl, (C4-Cg)alkylcarbonylamino, ((C+-Cg)alkylcarbonyl)((C+-
Cg)alkyl)amino, {C1-Cg)alkylcarbonylamino{Cy-Cg)alkyl, ({C+-Co)alkylcarbonyl)((C;
Cg)alkylyamino(C1~Cg)alkyl, {C4-Cg)atkoxycarhonylamino, (C4-Cg)alkoxycarbonyl)(Cy
Cg)alkylamino, (C4-Ce)alkoxycarbonytamino(Cy-Cg)alkyl, (C4-Ce)alkaxycarbnony)((C,
Cs)alkyl)amino(C4-Ce)alkyl, carboxy, {C1-Ce)alkoxycarbonyl, {Cs-Cyp)aryl{Cy
Cs)atkoxycarbonyl, {C1-Cg)alkylcarbonyl, (C4-Cs)alkylcarbonyl(Cs-Ce)alkyl, (Co-
Cp)arylearbonyl, (Cs-Cyg)arylcarbonyl(Cy-Cgalkyl, (Ce-Ciolaryl(Ci-Ce)alkylcarbonyl, (Cs-
Cyo)aryl(Cy-Ce)alkycarbonyl(C-Ce)alkyl,  carboxy(Ci-Celalkyl,  (Cy-Ce)alkoxycarbonyl(Cy-
Ce)alkyl, (Cs-Cro)aryl{C4-Cq)alkoxycarbonyl(C-Ce)alkyl, {C4-Cg)atkoxy(Cs-
Ce)alkylcarbonyloxy(Cs-Ce)alkyl, aminocarbonyl, {C4-Cg)alkylaminacarbonyl, {(Cs-
Ce)alkyl)zaminocarbonyl, (Cs-Cio)arylaminocarbonyl, (Ce-Cro)aryl(Cs-Ce)alkylaminocarbonyl,
aminocarbonyl{C4-Cg)alkyl, (Cy-Ce)alkylaminocarbonyl(C4-Ces)alkyl, ((Cs-
Ce)alkyl)zaminocarbanyl(C4-Celalkyt, {Ce-Cro)arylaminocarbanyl(C;-Cealkyl, (C-
Cg)alkylaminocarbonyl(Cy-Cg)atkyl, amidino, guanidino, ureido, (Cs-Ce)alkylureido, ((Cs-
Coalkyl)zureido, ureido(Cy-Coalkyt, (Ci-Cs)alkytureido(C4-Ce)alkyl, ((C1-Ce)atkyl)zureido(Cy-
Cylalkyl, (Ca-Co)heterocycloalkyl, (Cx-Coheteraaryl, (Cz-Colheteracycloalkyl(Ci-Celalkyl and
(Co-Co)heteroaryl(C4-Co)alkyl;

RY s (R°QuCe-Cioaryl, (R*QgM{Cs-Croleycloalkyl, (R*QeH(CxrCoheteroaryl,
(R°Qy)(Co-Co)heterocysloalkyl,

whereinfis 0, 1,2, 3,4 or 5;

Qis (Cr-Co)atkyt;

gis0ort,;

R is independently selected from {Co-Cg)heteracycloatkylcarbonyl,
{C2-Cg)heteroarylcarbonyi, (Ca-Cq)heteroaryl(C4-Ce)alkylaminocarhonyl, (Cr
Cg)heteroarylaminocarbonyl, (Ca-Cy)heterocyclaalkyl{C4-Co)alkylaminacarbenyl, (e
Ce)alkylsulfonylaminocarbanyl, {C4-Cs)alkylsulfonylamino(C4-Ce)atkylaminocarbonyl,
ureido(Cy-Cg)alkylaminocarbonyl, (C+~Cg)alkylureido(C4-Cg)alkylaminocarbanyl, ((Cy-
Ce)alkyl)ureido(C4-Ce)alkylaminocarbonyl, halo(C4-Cg)alkylaminocarbonyl, (Cy-
Cs)alkylcarbonytamino(C-Ce)alkytaminocarbonyl, hydroxy(C+-Cs)alkylaminocarbonyl,
aminosulfonyl{C4-Cg)alkylaminccarbonyl, carboxy(C+-Cs)alkylaminocarbonyl, (G~
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Cs)alkylaminosulfonyl(Cs-Ce)alkylaminocarbonyl,  amino(Cy-Cs)alkylcarbonylamine,  (Cq-
Ce)alkylamina(Cy-Cg)alkylcarbonylamino,  carboxy(C-Cg)alkylcarbonyiamino, — carboxy(Cs-
Cs)alkoxycarbonylamino,  ((C+-Ce)alkyl).amino(Cs-Ce)atkylcarbonylamino,  acetylamino(Cy-
Cs)alkylcarbenylamine, (acetyl)((Cs-Cs)alkyl)amino(C4-Ce)alkylcarbonylamino, (Cy-
Ce)alkylsulfonylamino{C4-Cg)alkyicarbonylamino, cyanoguanidino(C,-Ce)alkylcarbonylamino,
{C4-Cg)alkylcyanoguanidino(C;-Ce)atkylcarbanylamino, ({C4-Cs)alkyl)cyanoguanidino(Cy-
Ce)alkylcarbonylamino, aminocarbonyl(C-Cg)alkylcarbonylamino, aminocarbonylarmino(Cy-
Ce)alkylcarbonylamino,  {C4-Cg)alkylaminocarbonylamino(Cs-Cs)alkylcarbonylamino,  {(Cs-
Ce)alkyl);aminocarbonylamino(Cs-Cg)alkylcarbonylamine, (Co-Cg)heteroaryl{Cy-
Cgjalkylcarbonylamino, (Co-Cgheterocycloalkyl{C4-Cs)alkylcarbonylamino, aminosulfonyl{Cy-
Cgalkylcarbonylamino, hydroxy(C4-Cs)alkylureido, amino(C4-Cs)alkylureido, (Cy-
Cg)alkylamino(C-Ce)alkylureido, {(C4-Ce)ealkyl)aamino(Cy-Cg)alkylureido, (Cor
Cg)heterocycloalkyl(Cy-Co)alkylureido, (CCy)heteraarylureido, (C2-Cg)heteroaryl(Cy-
Ge)alkylureido, (Ci-Cg)alkylsulfonylureido, aminosulfonyl(C;-Cg)alkylureida, aminocarbonyl(Cy-
Cg)alkylureido, (C5-Cg)alkylaminocarbonyl(C4-Cs)alkylureido, ((C-Cs)alkyt)2aminacarbonyl(C,-
Cgalkylureido, acetylamino(Cy-Cg)alkylureido, (acetyl)({Cs-Ce)alkyl)amino(C-Cq)alkylureido,
carboxy(C-Ce)alkylureido, halo(C4-Cs)alkylsulfonylamino, amino(Cs-Ce)alkylsulfonylamino,
(C4-Cgatkylamino(Cy-Cg)alkylsulfonylamino,  ((C4-Cs)alkyl),amino(C,-Cg)alkylsuifonylamino,
acetylamino(C4-Cg)alkylsulfonylamino,  (acetyl){(C4-Cs)alkylyamino(C;-Ce)alkylsulfonylamino,
ureido(C-Ce)alkylsulfonylamino, {C4-Co)alkylureido({Cy-Cs)atkylsulfonylamine, ((Cy-
Cg)alky))ureido{C;-Cg)alkylsulfonylamino, (C4-Co)alkylsulfanylamina(Cy-
Cg)alkyisulfonylamine, cyanoguanidino(C;-Ce)alkylsulfonylamino, carboxy(Cs-
Ce)alkylsulfonylamino, (C4-Cs)alkyleyanoguanidino(Cy-Ce)alkylsulfonylamine, ((Cy-
Cg)alkyl),cyanoguanidino(C~Cs)alkylsulfonylamino, aminocarbonyl(C;-Ce)alkylsulfonylamino,
(C-C)alkoxycarbonylamino{C-Cg)alkylsulfonylamina,  aminosulfonylaminocarbonyl,  (C¢-
Cg)alkylaminosulfonylaminocarbonyl, ((C4+Ce)alkyl)zaminosulfonylaminocarbonyl, (Cs
Ciolaryisulfonyl, {C-Ce)alkytaminasulfonylamino, {{C+-Cs)alkyl);aminosuifonylamino,
aminocarbonyl(C;-Ce)alkylamino(C,-Ce)alkylsulfonylamino,
{CxCg)heterocycloalkyloxycarhonylamino(C4-Ce)alkylsulfonylamino,
{Ca-Co)heteroaryloxycarbonylamino(C-Cg)alkylsutfonylamino, cyanoguanidino,
{C+-Cs)alkylcyanaguanidino, {{C+-Cg)alkyl),cyanoguanidino,
(Ca-Cs)heterocycloalkylcyanoguanidino,  (C,-Ce)heterocycloalkyl(Cs-Cg)alkylcyanoguaniding,
{Co-Co)heteroaryl{Cy-Cg)atkylcyanoguanidine, amino(C-Cg)alkylcyanoguanidine, {Cs-
Ce)alkylamino(C4-Cs)alkylcyanoguanidino,  ({C-Ce)alkytzamino(C,-Ce)alkylcyanoguanidine,
aminccarbonyl(C;-Cg)alkylcyanoguanidine, carboxy(Cy-Ce)alkylcyanoguanidino; (Cs-
Cg)alkylaminocarbonyl (C4-Cs)alkylcyanoguanidine, ((C4-Ceg)alkyl)aminocarbonyl(C-
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Cg)alkylcyanoguanidino, hydroxy(C+-Cs)alkylamino, aminocarbonyl(Cs-Cs)alkylamino,

carboxy(Cy-Ce)alkytamino, (C-Co)alkylsulfonylamino(C,-Cy)alkylamino, {Cs-
Ce)alkoxycarbenylamine{Cs-Cg)alkylamino, arninosutfonyl(C4-Ceg)alkylamine, (C
Cgheteraaryl{C-Ce)alkylamine, acetylamino(Cs-Cg)alkylamino, {acety)((Cs+~
Gg)alkylyamino(C+-Cg)alkylamino, (C2-Co)heterocycloalkyl{C4-Cs)alkylamino, {(Ct-
Cg)alkyl),amino(C,-Cg)alkylamino, {C4-Cs)alkylamino(C+-Cs)alkylamino,(G4-Cs)alkoxy(Ci-
Ce)alkylamino, (Cy-Cs)alkoxycarbonyl(C,-Cs)alkylamino,  cyano(C;-Ce)alkylamine, (Cr

Cg)heterocycloalkyloxycarbonylamina(C4-Ce)alkylamino,

(Co-Cg)heteroaryloxycarbonytamino(Cy-Cg)alkylamino, cyanoguanidino(C,-Cs)alkylamino, (Cy-
Ce)alkyloyanoguanidino(Cs-Ce)alkylamino,  ((C4-Ce)alkyt)2cyanoguanidino(C-Ce)alkylamino,
ureido(Cy-Cglalkylamino,  (C4-Ce)alkylureido(C-Ce)alkylamino,  ((C;-Celalkyl)zureido(Cy-
Cg)alkylamino, aminocarbonyloxy(Cs-Ce)alkylamino, hydroxy(Cs-Cealkylcarbonylamino, (Cq-
Ce)alkylaminocarbonyl(C;-Cealkylcarbonylamino, ({C4-Cs)alkyl)zaminocarbonyl(Cy-
Cg)alkylcarbonylamine, (C4-Cs)alkoxycarbonylamino(C4-Cs)alkylcarbonylamino,
aminosulfenyl(C4-Cg)alkylcarbonylamine, hydroxy(C4-Cs)alkylamino(C;-
Cg)alkylcarbonytamino, ((Cy-Gs)alkyl);amino(Cy-Cs)alkylamina(C+-Cg)atkylcarbonytamino (Cy-
Cp)alkylamino(C4-Cg)alkylamino(C4-Cg)alkylcarbonylamine, amino(Cy-Cg)alkylamino(Cs-
Ce)alkylcarbonylamino,  (Cs-Ce)alkoxy(C-Cs)atkylamino(C4-Cs)alkylcarbonylamino,  {(Co-
Cg)heterocycloalkyloxycarbonylamina, (C2-Co)heteroarylcarbonylamino(Cs-
Cg)alkylcarbonylamino, {Co-Co)heteroaryicarbonytamino, (&
Cy)heterocycloalkyicarbonylamino, {Ca-Co)heteroaryl{Cy-Cs)alkylcarbonylamino, {Co-
Co)heteracycloalkyl(Cy-Cg)alkylcarbonylamino, (C2-Cy)heterocycloalkylcarbonylamino(C+-
Ce)alkylcarbonylamino,  cyano(Cs-Cg)alkylcarbonylamino, (C4-Cg)alkylsulfonylamino(C+-
Cg)alkylaminocarbonylamino,  (Cs~Cs)alkoxycarbonylamino(C;-Ce)aikylaminocarbanyiamina,
(C2-Co)heterocycloalkyloxycarbonylamino(Cs-Ce)alkylaminocarbonylamino, (Co
Cg)heteroaryloxycarbonylamino(C-Ce)alkylaminocarbonylaminol,  ureido(Cs+-Ce)alkylureido,
(C4-Co)alkylureida(C-Ce)atkylureido, ((C+-Cg)alkyl)ureido(Cs-Ce)alkytureido,
cyanoguanidino(C,-Ce)alkylureido, (Cy-Co)heteraaryl(cyanoguanidino), aminosutfonyl,
amino(Cy-Cg)alkylsulfonyl,  (Cs-Cs)alkylamino(C-Cs)alkylsulfonyl,  ((C+-Cealkyl)2amino(Cs-
Cg)alkylsuifonyl, {C4-Ce)alkylaminosulfanyl, ((C4-Csalkyl);aminosulfonyl, (Car
Co)heterocycloalkylsulfonyl, amino(C4-Ce)alkylaminosulfonyl, (C4-Ce)alkylamino(Cy-
Cs)alkylaminosulfonyl, ((C4-Coalkyl)zamino(C4-Ce)alkylaminosulfonyl,
{Cz.Cq)heteroarylaminasulfonyl, hydraxy(C+-Ce)alkylaminosulfonyl, (C+-Ce)atkoxy(Cs-
Ce)alkylaminosulfonyl, ureido(C4-Cg)alkylaminesulfonyl, {C4-Ce)alkylureido(Cy-
Cg)alkylaminosulfonyl, ((C4-Cg)alkyl)ureido(C4-Ce)alkylaminosuifonyl, (Cs-
Cg)alkylsulfonylamino(C4-Ce)alkylaminosulfanyl, (C4-Ce)alkoxycarbonylamino(Cy-
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Cg)alkylaminosulfonyl, (C=-Cq)heterocycloalkyloxycarbonylamino(C-Cs)alkytaminosulfonyl,

(C2-Cy)heteroaryloxycarbanylamino(C+-Cg)alkylaminosulfonyl, aminocarbonyl(Cs-
Cg)alkylaminosulfonyl, cyanoguanidino(Cy-Cg)alkylaminosulfonyl, (Co
Cg)heteraarytaminosulfonyl, {CCo)heteroaryl(C-Cs)alkylaminosuifonyl, (Car
Co)heteracycloalkylaminasulfonyl, (C4-Cg)alkylcarbonylaminosulfonyl, halo(Cy-

Celalkylcarbonylaminosulfonyl,  (C;-Cs)alkoxycarbonylaminosulfonyl,  ureidosulfonyl,  (Cs-
CeJalkylureidosulfonyl, {{C+-Cs)alkyl),ureidosuifonyl, hydragen, hydroxy, hydroxysulfonyl, halo,
mercapto, (Cy-Celalkylthio,  {C-Cg)alkylsulfinyl, {Cy-Celalkylsulfonyl,  carboxy(Cq-
Cgjalkylsulfony!, (Cs-Cio)arylsulfonyl, (C2s-Ce)heteroarylsulfonyi, (C-Cg)alkoxy, hydroxy(Cq-
Cs)alkoxy, (Ce-Cyp)aryloxy, frifluoro(Cy-Ce)alkyl, formyl, nitro, nitroso, cyano, halo(Cy-
Colalkoxy,  trifluoro(C4-Ce)alkoxy,  amino(C-Cglalkoxy,  (Ca-Cyg)cycloalkylhydroxy(Cs-
Cio)oycloatkyl  (Cs-Cro)oycloalkylamina(Co-Celatkenyl, (Ca-Celalkynyl, (Ce-Crolaryl, (Ce
Cio)aryl(Ca-Co)alkenyl, hydroxy(Ce-Cio)aryl,  ((C4-Cs)alkylamino)(Ce-Cio)aryl, bhydroxy(Cy-
Cealkylthio, hydroxy(Cz-Ce)alkenyl, hydroxy(Co-Cs)alkynyl, (Ci-Cs)alkoxy(Cs-Cio)aryl, (Ce
Cio)aryl(C4-Ce)alkoxy, amino, {Ci-Cg)alkylamino, ({(C+-Cs)alkyl),amino, (Cs-Cio)arylamino, (Ce
Cio)aryl(Cs+-Cealkylamino,  amino(C,-Cs)alkylamino,  (C,-Cylheterocycloalkylamino,  (Cx-
Cp)heteroarylamine, (CTCQ)heteroayyl(@-CQalky!amino, . {CxCo)heterocycloalkyl(Cs-
Celalkylamino,  {Ca-Co)cycloalkyl(Ci-Ce)alkylyamino,  (Cy-Cg)alkylcarbonylamino,  (Cy-
Cﬁ)alkoxycémonylamino, (C2-Cs)alkenylcarbonylamine, (Cs-Cio)eycloalkylearbonylamina, (Cg~
Cz
Cy
Ce)alkylcarbonylamino, (C+-Cg)alkoxy(Cs-Ce)alkylcarbonylamine, (C-Cg)alkoxycarbonyl(C4
Cg)alkylcarbonylamino, ((C+-Cslalkylcarbonyl)((C1-Cs)alkyl)amino, ((Cy-
Cs)alkaxycarbonyi)((Cs-Ce)alkyl)amino, (C¢-Cs)alkylsulfonylamine, ((Ci-Cs)alkyicarbonyl)((Cr-
Ce)alkyl)amino, (Cs-C1o)cycloalkyl(Cr-Ce)alkyl)amina, ((C4-Co)alkylsulfonyl)((Cs-
Ce)alkyl)amino, (C-Co)heteroarylsulfonylamino, (Cs-Cro)arylsulfonylamino, ((Cs
Cio)arylsulfonyl){(C,-Co)atkyllamino,  carboxy,  (Cy-Cealkoxycarbonyl,  {CsCia)aryl{Cs-

(
Cp)arylcarbonylamino, (C2-Cg)heterocycloalkylcarbonylamino, (¢
Cg)heteroaryloxycarbonylamina, (Cx-Cg)heterocycloalkoxycarbanylamino, halo{
(

Ce)alkoxycarbonyl, {C+-Ce)alkylcarbanyl, carboxy(C4~Cg)alkylcarbonyl, amino(Cs-
Cg)alkylcarbonyl, {C4+-Cs)alkylamino(C+-Cs)atkylcarbonyl, ((C4~Cq)alkyl)2amino(Cy-
Ce)alkylcarbonyl, (Ce-Cio)arylcarbonyl, (Co-Celheteroaryl(C-Celalkyicarbonyl, (Ce-Cro)aryl{Cy-
Ce)alkylcarbonyl, hydroxy(C-Celalkoxycarbanyl, (Ci-Cg)atkaxy(Cy-Ce)alkylcarbonyloxy, ((Cs+-
Cs)alkyl),aminocarbonyloxyarminocarbony, hydroxyaminocarbonyl, (Cr-
Ce)alkylaminocarbonyl,  {(C4-Cg)alkyl)zaminocarbonyl,  (Cg-Cigarylaminocarbonyl,  (Ce-
Cio)aryl(C4-Cs)alkylaminacarbonyl, (aminocarbonyl(C4-Ce)alkylaminocarbonyl, {(Cs-
Cs)atkylaminocarbonyl(C4-Ce)alkylaminocarbonyt, (carboxy(Cs-Cs)atkyl)aminocarbonyl, ((Cy-
Ce)alkoxycarbonyl(C4-Cg)alkytaminocarbonyl, (amino(C-Ce)alkyl)aminacarbonyl, (hydroxy(Cy-
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Ce)alkylaminocarbonylamidino, hydroxyamidino, guanidine, ureido, (Ci-Ce)alkylureide, (Ce-
Cio)arylureido, ((Cs-Croaryl)zureido, (Ce-Cio)aryl{(Ci-Co)alkylureido, halo(Cy-Ce)atkylureido,
((C1-Cg)alkyl}((Ce-Ciodarylureido,  ((C4-Ce)alkyl)zureido, halo{C4-Cs)alkylcarbonylureido,
(halo(C+-Ce)alkyl)((C+-Cealkylireido, ((Ci-Ce)alkoxycarbonyl(Ci-Ce)alkyi)ureido, glycinamido,
(C4-Cs)alkylglycinamido, aminocarbonylglycinamido, (Cy-Cg)alkoxy(Cs-
Cg)alkylcarbonylglycinamido, (aminocarbonyl){(C+-Cg)alkyl)glycinamido, {Cy-
Gs)alkoxycarbonyl(C-Cs)atkylcarbonyl){(C+-Cs)alkyl)glycinamido, {(C+
Ce)alkoxycarbonylamino(Cy-Ce)alkylcarbonyl)glycinamido,  (Ce-Cro)arylcarbonylglycinamido,
((Cs-Cro)arylcarbonyl)((C+-Ce)alky!)glycinamido, ((Ce-Cra)aryl(Cy-
Ce)alikylaminocarbonyl)glycinamido, {Ce-Cro)aryl(Ci-Cg)alkylaminocarbony))((C+-
Ce)alkyl)glycinamido, {Cs-Cro)arylaminocarbonylglycinamido, ((Cs-C1g)arylaminecarbonyl){(Cy-
Cs)alkyl)glycinamido, alaninamido, (Ci-Ce)alkylalaninamido, (Ca-Codheteroaryl, amino(Cz-
Cq)heteroaryl, (C4-Cs)alkylamino(C,-Cs)heteroaryl, {(Cy-Ce)alkyl);amino(C,-Cohetercaryl, {Cz-
Cg)heteroaryloxy, (C2-Co)heterocyclaalkyl, carboxy(C+-Cg)alkoxy, {Cs~
Cs)alkylsulfonylaminocarbony)(C1-Cg)alkoxy,  (Ci-Cealkylsulfonylamino(Ci-Cglalkoxy, (Cz-
Co)heteroaryl(C;-Cgalkoxy,  carboxy(Cy-Ce)alkylamino(Co-Ce)alkoxy, — amino(Cz-Ce)alkoxy,
(aminocarbonyl)(rydroxy)amino, (Ci-Celalkylamino(Ca-Celalkoxy,  ((C+-Csalkyl)zamino(Cz-
Cs)alkoxy, (Ci-Csalkyicarbonylamino(Co-Co)alkoxy, aminocarbenylamino(Co-Cs)alkoxy, (Ci-
Ce)alkylaminocarbonylamino(Cy-Celalkoxy, ((C-Celalkyl),aminocarbonylamino(Co-Cs)alkoxy,
amino(C-Cealkoxycarbonylamine,  (C4-Ce)alkytamino(C,-Cs)alkoxycarbonylamino,  ((Ci-
Co)alkyt)zamino(Cx-Ce)alkoxycarbonylamine, (Cx-Celheteroarylamina(C,-Ce)alkoxy, barbituryl,
(C-Ce)alkylearbanylamino(Cq-Cg)alkylaminocarbonyl, amino(C+-Ce)alkylcarbanylamine where
the (C+Co)alkyl is optionally substituted with one or two groups selected from but not limited
to hydrogen, amino, hydroxyl, (C;-Ce)alkoxy, carboxy, further substituted (C2-Colheteroaryl,
(Ca-Cro)aryl, (C-Co)heteracycloalkyl, and cycloalkyl, or the two groups together make up a
carbacycle; and R™carbonylamino where R™ is a nitrogen containing (Co-Ce)heterocycloalkyl
which is optionally substituted further with one or two groups selected from but not limited to
(C1-Ceatkyl, (Co-Ce)alkoxy and hydroxy;

R® is selected from the group consisting of hydrogen, (C-Cealkyl, (Ce-Ciolaryl, (Ce-
Cro)ary(C-Celalkyl, (Cy-Colalkylcarbonyl, (C+-Cejatkylcarbony(Ci-Celalkyl, (Ce-Cio)aryHCq-
Cs)alkylcarbonyl, (Ce-Cro)aryl{Cy-Colalkylcarbonyl(C.-Cg)alkyl, aminocarbonyl, (Cs-
Cy)alkylaminocarbonyl, ((C1-Ce)alkyl),aminocarbonyl and (C4-Ce)atkoxycarbonyl;

R" and R™ are each independently selected from the group consisting of hydrogen,
(C1-Cs)alkyl, (Ce-Cioaryl, (Ce-Cro)aryl(Ci-Ce)alkyl, hydroxy, (C1-Ce)alkoxy, hydroxy(C4~Ce)alkyl,
(C1-Cg)atkoxy(Cs-Cgalkyl, amino, (C4-Ce)alkylamino, {(C+-Celalkyl)amino, (Cy-
Ce)alkylcarbonylamino, (CaCs)oycloalkylcarbonylamino, {Cs-Cy)oycloalkyl(Cy-
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Cs)alkylcarbanylamina, {C+Ce)alkoxycarbenylamina, (C4-Cg)alkylsulfonylamina, (Ce-
Ciplarylcarbonylamino,  (C+-Ce)alkoxycarbonyl(Cs-Ce)alkylcarbonylamino,  (Cg-Cio)aryl(Cy-
Cs)alkylcarbonylamino, {{Ca-Cio)aryl(C1-Cs)alkylcarbonyl)((C+-Ce)alkylyamino, {Cy
Cs)alkylcarbonylamino{C4-Cg)alkyl, (C5-Cs)oycloalkylcarbonylamino(C-Cg)alkyl, (Cs
Cg)alkoxycarbonylamino(C4-Cq)atkyl, (CTCB)heterocycfoalkylcarbonylamino(cI-Cs)alkyl, (Cs
Cra)aryl(C4-Cg)alkylcarbonylamino(C4-Ce)alkyl, (C,-Ce)heteroarylcarbonylamino(C4-Cg)alkyl, (Cs-
Choarylsulfonylamine,  (Ci-Cg)alkylsulfonylamino(C+-Cs)alkyl,  aminocarbonylamina,  (Cy-

Cs)alkylaminocarbonylamino, halo(C4-Ce)alkylaminocarbonytamino, {(C+
Cg)alkyl);aminocarbonylamina, aminocarbonylamina(C-Cs)alkyl, (Cs
Cs)alkylaminocarbonylamino(C +-Cg)alky}, ((C4-Cs)alkyl)zaminocarhonylamino{Cs-Cg)alkyl,

halo(C4-Ce)alkylaminocarbonylamina(C-Ce)alkyl,  amino(Ci-Cs)alkyl,  (C-Cq)alkylamina(C~
Calalkyl,  ((C4Cealkyl);amino(C-Colalkyl, carboxy(Cs-Calalkyl, (C4-Cs)alkoxycarbonyl(Cy-
Cylalkyl, aminocarbonyl(C+~Cs)alkyl and (C+-Ce)alkylaminocarbonyl(C-Ce)alkyl.

Preferred compounds of formula | include those wherein R' is hydrogen, halo, cyano,
nitro, trifluoromethyl, trifluoramethoxy, (C4-Cs)alkyl, hydroxy ar (C4-Cg)alkylcarbonyloxy.

Other preferred compounds of formula [ include those wherein ¢ is 1; X Is C(Q); d is
1; and Z is oxygen.

Other preferred compounds of formuta | include those wherein ¢ is 1; X is C(Q); d is
1; and Z is NR® wherein R is hydrogen or (C4-Ca)alkyl.

Other preferred compounds of formula [ include those wherein ¢ is 1; X is CHy d is 1;
and Z is oxygen.

Other preferred compounds of formula | include those wherein ¢ is 1; Xis CHy; dis 1;
and Z is NR® wherein R® is hydrogen or (C-Cs) alkyl.

Other preferred compounds of formula [ include those wherein ¢ is 1; X is C(O); d is
1;and Zis CRVR"™.

Other preferred compounds of formula [ include those wherein ¢ is 1; X is CHy; d is 1;
and Z is GR''R™.

Other preferred compounds of formula 1 include those wherein R* is (R%){Cs-C1o)aryl
or (R%)(C,-Co)heteroaryl wherein fis 1 or 2.

Other preferred compounds of formula | include those wherein ¢ is 1; X is C(O); d is
1; Zis oxygen, | and m are zero, k is 2, and W is CH.

Other preferred compounds of formula | include those wherein ¢ is 1; X is C(O); d is
1; Zis oxygen, | and m are zero, k is 2, and W is nitrogen.

Other preferred compounds of formula [ include those wherein ¢ is 1; Xis C(O); d is
1; Z is oxygen, | and m are zero, k is 3, and W is CH.
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Other preferred compeunds of formula | include those wherein cis t; X is C(Q); d is
1; Z is oxygen, | and m are zero, k is 3, and W is nitrogen.

Other preferred compounds of formula | include those wherein ¢ is 1; X is C(Q); d is
1; Z is NR® wherein R? is hydrogen or (G¢-Cg)alkyl, | and m are zero, k is 2, and W is GH.

Other preferred compounds of formula [ include those wherein ¢ is 1; X is CG(O); d is
1; Z is NR® wherein R’ is hydrogen or (C4-Ce)alkyl, | and m are zero, k is 2, and W is nitragen.

Other preferred compounds of farmula [ include those wherein ¢ is 1; X is C(0); d is
1; Z is NR® wherein R” is hydrogen or (C4-Ca)alkyl, | and m are zero, k is 3, and W is CH.

Other preferred compounds of formula | include those wherein ¢ is 1; X is C(O); d is
1; Z is NR® wherein R? is hydrogen or (C4-Cs)alkyl, 1 and m are zero, k is 3, and W is nitrogen.

Other preferred compounds of formula 1 include those wherein ¢ is 1; X is C(O); d is
1; Zis oxygen, k and | are zero, m is 2, and W is CH,

Other preferred compounds of formula [ include those wherein ¢ is 1; Xis C(O); d is
1; Z is oxygen, k and | are zero, m is 2, and W is nitrogen.

Other preferred compounds of formula | include those wherein ¢ is 1; X is C(0); d is
1; Z is oxygen, k and | are zero, mis 3, and W is CH.

Other preferred compounds of formula [ include those wherein ¢ is 1; X is C(O); d is
1; Z is oxygen, k and | are zero, mis 3, and W is nitrogen.

Other preferred compounds of formula [ include those wherein ¢ is 1; X is C(O); d is
1; Z is NR® wherein R® is hydrogen or (C;-Cg)alkyl, k and | are zere, m is 2, and W is CH.

Other preferred compounds of formula | include those wherein ¢ is 1; X is C(O); d is
1; Z is NR® wherein R? is hydragen or {C-Cs)alkyl, k and | are zero, m is 2, and W is nitrogen.

Other preferred compounds of formula | include those wherein ¢ is 1; X is C(O); d is
1; Z is NR® wherein R® is hydrogen ar (Cs-Cg)alkyl, k and | are zero, m is 3, and W is CH.

Other preferred compounds of formula 1 include those wherein ¢ is 1, X is C(Q); d is
1; Z is NR® wherein R® is hydrogen or (Cy-Cglalkyl, k and [ are zero, m is 3, and W is nitrogen.

Qther preferred compounds of formula | include those wherein R* is phenyl, q is 0 or
1, Qs (C+-Co)alkyl, and at least ane R is selected from the following tist of functional groups:
(C2-Co)heteroarylaminocarbonyl, (C2-Co)heteroarylcarbonylamino, {Cs
Cg)alkylsulfonylaminocarbonyl, aminosulfonylaminocarbonyl, carboxy(C+-
Ce)alkylcyanoguanidino, carboxy, (Cz-Cg)heteroarylamino, (Cz-Ce)hetercarylsuifonyl, (C,-
Co)heteroaryl  (Ca-Cg)hetercaryloxy,  (CrCeheteroarylcarbonyl,  (Cz-Co)heteroaryl(Cy-
Cg)alkylcarbonyl, carboxy(C;-Ce)alkylaminacarbenylamina, (Cy
Cs)heteroarylaminocarbonylamino, carboxy(Ci-Celalkylcarbonylamino, (Cz-Colheteroaryl(Cy-
Ce)alkylamino, carboxy(Cs-Cg)alkylaminocarbonyl, carboxy{Cs-Ce)alkylsulfonylamino, (Ca-
Co)heteroarylaminosulfonyl, carboxy(C+-Ce)alkylsulfonyl, carboxy(C4-Cs)alkylamino,
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carboxy(Cs-Ce)alkylcarbonyl,  carboxy(Gs-Cg)alkoxy, — carboxy(Cy-Ce)alkoxycarbonylamine,
hydroxyaminocarbonyl, (C-Cg)alkylsulfonylaminocarbonyl(C4-Cs)alkoxy, (CxCa)heteroaryl(Cy-
Ceg)alkoxy, carboxy(C4-Cs)atkylamino{Cy-Cg)alkaxy, (Ca-Ce)heteroarylamino(Cy-Ce)alkoxy.

Other preferred compounds of formula ¥ include those wherein Ris phenyl, qis 0 or
1, Qs (C-Ce)alkyl, and at least one R® is selected from the following list of functianal groups:
amino(C;-Ce)alkylcarbonyl, (Cy-Cg)alkylamino(C-Ce)alkylcarbonyl, {(Cs-Ce)alkyl)zamino(Cs-
Cs)alkylcarbonyl, amino(C4-Cg)alkylcarbonylamino, (C4-Celalkylamino(C~
Cs)alkylcarbonylamine, ((C4-Ce)alkyl)2amino(C+-Ce)alkylcarbonylamina, amino(C+-
Cs)alkylureido, (C4-Cg)alkylamino{C;-Cg)alkylureido, ((C4-Cg)alkyl);amino(Cy-Cg)alkylureido,
amino(C4-Ce)alkylsutfonylamina, (C4-Cg)alkylamina(C4-Cs)alkylsulfonylamina, ((Cy
Ce)alkyl)zamino(C4-Cg)alkylsutfonylamino, amino(Cy-Cs)alkylsulfonyl, (C-Cg)atkylamino(Cs-
Ce)alkylsulfonyl, ((C4+-Cs)alkyl);amino(C4-Ce)alkylsulfonyl, amino(C,-Cg)alkylcyanaguanidino,
(C-Csalkylamina(C4-Ce)alkylcyanaguanidino, {(C+-Cg)alkyl)zamino(Cy-
Celalkyleyanoguanidino, amino(C4-Ce)alkylaminosulfonyl, (Cq-Ce)atkylamino(Cs-
Csalkylaminasulfonyl, ({(Cs-Cs)alkyl)zamino(C4-Cg)alkylaminosulfonyl, ({Cs-Cs)alkylamina)(Ce
Cio)aryl(C4-Ce)alkyl, amino, amino{Ci-Cg)alkoxy, amino(C,-Ce)alkoxycarbonylamine, (Cs-
Cealkylamine,  ((Ci-Ce)alkyl).amino, (Ce-Crolarylamino,  (Cs-Cio)aryl{Cs-Ce)alkylamine,
amino(Cy-Celatkylamine,  (Cz-Gg)heterocycloalkylamine,  (Cx-Colheteroarylamine,  (Cs-
Ciojoycloalkyl(Ci-Cealkyl)amino,  (amino{C¢-Cs)alkyl)aminocarbonyl,  glycinamide,  (Cs-
Cegalkylglycinamide,  alaninamido, (Cy-Ce)alkylalaninamido, ((Ci-Ce)alkyl)2  amino{Cq-
Cg)alkyicarbonylamino.

Other preferred compounds of formula [ include those wherein R'is phenyl, Q is (Cy-
Ce)alkyl, q is 0 or 1, and at least one R® is halo, (C-Cg)alkoxy, (C4-Ca)alkyl, halo(C4-Cs)alkyl.

Other preferred compounds of formula 1 include thase wherein R* Is phenyl, qis 0 or
1, Qis {C1-Ce)alkyl, and at least one R’ is selected from the following list of functional groups:
aminocarbonyl(C4-Ce)alkylureido,  (Cy-Ce)alkylcarbonyl,  (Cs-Cg)alkylsulfonylamino,  (Cs-
Cgalkylsulfonylamino(C4-Cs)alkylaminocarbeonyl, aminasulfonyl, aminocarbonyl, ureido(Cy-

Cs)alkylaminocarbonyl, aminocarbonyl{C4-Ce)alkyaminacarbonyl, aminocarbonyl(Cq-
Co)alkylcarbonylamino,  ureido(C-Cq)atkylcarbanylaming,  (C4-Cg)alkylcarbonylamino(Cy-
Ce)alkylcarbonylamino, {C+-Cg)alkylcarbonylamino(C,-Cg)alkylaminocarbonylamino,
ureido{C4-Cg)alkylcarbenylamino, ureido, halo(C4-Ce)alkylsuifonylamino, {Cs-

Cs)alkylcarbonylamino(C-Ce)alkylaminocarbonyl.

Other-preferred compounds of formula § include those wherein R*is pyridyl, q is 0 or
1, Qs (C4-Ce)alkyl, and at least ane R® is selected from the following list of functional groups:
(Cx-Ce)heteroarylaminocarbonyl, (Cx-Cg)heteroarylcarbonylamino, (Cy-
Ceg)alkylsulfonylaminocarbonyl, aminesulfonylaminocarbonyl, carboxy(Cy-
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Cs)alkylcyanoguanidino, carboxy, (Cz-Cs)heteroarylamino, (C,-Co)hetercarylsulfonyl, (Ce-
Cg)heteroaryl (Co-Cg)heteroaryloxy, {CxCo)heteroarylcarbonyl,  (C,-Co)heteroaryl(Cy-
Cg)alkylcarbonyl, carboxy(Cy-Cg)alkylaminocarbonylamino, (Cxr
Cg)heteroarylaminacarbonylamino, carboxy(Gy-Cs)alkylcarbonylamino, (Ca-Ce)heteroaryl(Gy-
Ce)alkylamino, carhoxy(C-Ca)alkylaminocarbonyl, carboxy(C+-Cs)alkylstifonylamino, (Cz-
Cg)heteroarylaminosulfonyl, carboxy(C-Cg)alkyisulfonyl, carboxy(Cy-Ce)atkylamino,
carboxy(C-Cg)alkylcarbonyl,  carboxy(Cs-Cs)alkoxy, — carboxy(Cs-Ce)alkoxycarbonytamino,
hydroxyaminocarbonyl, (Cs-Cg)alkylsulfonylaminacarbonyl(C;-Ce)alkoxy, (C2-Cs)neteroaryl(Cs-
Ce)alkoxy, carboxy(Cs-Ce)alkylamino{C,-Cg)alkoxy, (C2-Cq)heteroaryiamino(Cx-Ce)alkoxy.

Other preferred corapounds of farmula § include those wherein R* is pyridyl, g is 0 or
1, Q Is (C+-Co)alkyl, and at least one R® is selected from the following list of functional groups:
amino(C,-Cs)alkylcarbonyl, (Cy-Cg)alkylamino(Cy-Ce)alkylcarbonyl, ((C1-Csjalkyl)amino(Cy-
Ce)alkylcarbonyl, amino(C4-Ce)alkylcarbonylamina, (Cy-Cgalkylamino(C+-
Cg)alkylcarbonylamino, ({C4-Ce)alkyt);amino(C;-Ce)atkylcarbonylamino, amina(Cy-
Cealkylureido, (C4-Cg)alkylamino(C4-Ce)alkylureido, ((C-Celalkyl);amino({C+-Ce)alkylureido,
amino(C4-Cs)alkylsulfonylamino, {C4-Cg)alkylamino{C-Cg)alkylsulfonylamino, ((Cr
Ce)alkyl)amino(C-Cg)alkyisutfonylamino, amino(CrCE)alkylsu}fonyl, {C+-Colalkylamino(Cy~
Celalkylsulfonyl, ((Cs-Ce)alkyl),amino(Cq-Cs)alkylsulfonyl, ;minoié;'-Cs)a)kylcyanoguanidinu.
(C4+-Cg)atkylamino(C4-Cs)alkylcyanaguaniding, C . {(G1-Ce)alkyl)zamine(C4-
Cg)alkylcyanoguanidino, amino({C4-Ce)atkylaminosulfonyl, (C+-Coalkylamino(Cq~
Cg)alkylaminosulfonyl, {(Cy-Cs)alkyl);amino(Cs-Cs)alkylaminosulfonyl, ((C1-Cs)alkylamino)(Ce-
Cro)aryl(C+-Celalkyl, aming, amino(Cs-Calalkoxy, amino(Cs-Ce)alkoxycarbonylamino, (Cs-
Cglalkylamina,  ((Ci-Celalkyllamino,  (Cs-Cro)arylamino,  (Ce-Cro)aryl(Ci-Ce)alkylamino,
amino(C+-Ce)alkylamino,  (Cz-Co)heterocycloalkylamino,  (Cz-Co)heteroarylamino,  (Cs-
Cro)eycloalkyl(Ci-Ce)alkyllamino,  (amino(Cy-Cs)alky)aminocarbonyl,  glycinamido,  (Cs-
Ce)alkylglycinamido, — alaninamido,  (Ci-Cg)alkylalaninamido,  ((C-Celalkyl)y amino(Cq-
Cg)alkylcarbonylamino.

Other preferred compounds of formula 1 include those wherein R* is pyridyl, Q Is {Cy-
Cegalkyl, q is 0 or 1, and at least one R® is halo, (C4-Cs)alkoxy, (C+-Ce)alkyl, halo(Cy-Cs)alkyl.

Other preferred compounds of formuia 1 include those wherein R* is pyridyl, Q is (G-
Celalkyl, q is 0 or 1, and at least one R® is selected from: aminocarbenyl(Cs-Ce)alkylureido,

(C4-Ce)alkylcarbonyl, {C4-Ce)alkylsulfonylamino, (C1-Cg)alkylsulfonylamino(Cy~
Cg)alkylaminocarbonyl, aminosulfonyl, aminocarbonyl,  ureido(Cs-Cg)alkytaminocarbonyl,
aminocarbonyl(C4-Cg)alkyaminocarbonyt, aminacarbonyl(C4-Cs)alkylcarbonytamino,

ureido(Cy-Cg)alkylcarbonylamine, (Cy-Ce)aikylcarbonylamino(Cs-Ce)alkylcarbonytamino, (Cy-

JP 2004-511558 A 2004.4.15
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Csalkylcarbonytamino(C+-Ce)alkylaminocarbonylamino, ureido(C4-Ce)alkylcarbonylamino,
ureido, halo(C4-Cs)alkylsulfonylamino, (C4-Cs)alkylcarbonylamina{C4-Cs)alkylaminocarbonyl.

The present invention also relates to the pharmaceutically acceptable acid addition
salts of compounds of the formula I. The acids which are used to prepare the pharmaceutically
acceptable acid addition salts of the aforementioned base compounds of this invention are
those which form non-toxic acid addition salts, ie., salts containing pharmacologically
acceptable anions, such as the hydrochloride, hydrobramide, hydroiodide, nitrate, sulfate,
bisuifate, phosphate, acid phosphate, acetate, lactate, citrate, acid citrate, tartrate, bitartrate,
succinate, maleate, fumarate, gluconate, saccharate, benzoate, methanesulfonate,
ethanesulfonate, benzenesulfonate, p-toluenesulforate and pamoate fie.,
1,1methylene-his-{2-hydroxy-3- naphthoate)[saits.

The inventicn also relates to base addition salts of formula [. The chemical bases that
may be used as reagents fo prepare pharmaceutically acceptable base salts of those
compounds of formula | that are acidic in nature are those that form non-toxic base salts with
such compounds. Such non-toxic base salts include, but are not fimited to those derived from
such pharmacologically acceptable cations such as alkali metal cations (e.g., potassium and
sodium) and alkaline earth metal cations (e.g., calcium and magnesium), ammonium or water-
soluble amine addition salts such as N-methylglucamine-(meglumine), and the lower
atkanolammonium and other base salts of pharmaceutically acceptable organic amines. Also
included are pharmaceutically acceptable salts of basic compounds including hydrochioride,
hydrobromide, hydroiodide, nitrate, sulfate, bisuifate, phosphate, acid phosphate, acetate,
jactate, citrate, acid citrate, tartrate, bitartrate, succinate, maleate, fumarate, gluconate,
saccharate, benzoate, methanesutfonate, ethanesulfonate, benzenesulfonate,
p-toluenesulfanate and pamoate [i.e., 1,7-methylene-bis-(2-hydroxy-3- naphthoate).

The compounds of this invention may contain olefin-like double bonds. When such
bonds are present, the compounds of the invention exist as cis and trans configurations and as
mixtures thereof.

Unless otherwise indicated, the alkyl, alkenyl and alkynyl groups referred to herein, as
well as the alkyl moieties of other groups referred to herein (e.g., alkoxy), may be linear or
branched, and they may also be cyclic (e.g., cyclopropyl, cyclabutyl, cyclopentyl, cyclohexyl or
cycloheptyl) or be linear or branched and contain cyclic moieties. Unless otherwise indicated,
halogen includes fluaring, chlorine, bromine, and iodine.

(C3-C10)Cycloalkyl when used herein refers to cycloalkyl groups containing zero to two
levels of unsaturation such as cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl,
cyclohexenyl,  1,3-cyclohexadiene, cycloheptyl,  cycloheptenyl,  bicyclo[3.2.1]octane,
norbornanyl etc.

JP 2004-511558 A 2004.4.15
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(Co-Cp)Heterocycloalkyl when used herein refers to, including but not limited to,
pyrrolidinyl, tetrahydrofuranyl, dihydrofuranyl, tetrahydropyranyl, pyranyl, thiopyranyl, aziridinyl,
oxiranyl, methylenedioxyl, chromenyl, barbituryl, isoxazolidinyl, 1,3-oxazolidin-3-yl,
isothiazolidinyl,  1,3-thiazolidin-3-yl,  1,2-pyrazolidin-2-yl, 1,3-pyrazolidin-1-yl, piperidinyl,
thiomorpholinyl, 1,2-tetrahydrothiazin-2-yl, 1,3-tetrahydrothiazin-3-yl, tetrahydrothiadiazinyl,
morpholinyl, 1,2-tetrahydrodiazin-2-yl, 1,3-tetrahydrodiazin-1-yl, tetrahydroazepinyl, piperazinyl,
chromanyl, etc, wherein the heterocycloalkyl group is optionally substituted by a group,
including but not limited to, {Cs-Ce)alkyl, (C-Cg)alkoxy, halo, trifluoromethyl, trifluoromethoxy,
or (C4~Cg)alkylamina.

(C2-Cg)Heteroaryl when used herein refers to, including but not limited to, furyl, thienyl,
thiazolyl, pyrazolyl, isothiazolyl, oxazolyl, isoxazolyl, pysrolyl, triazolyl, tefrazolyl, imidazolyl,
1,3,5-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,3-oxadiazolyl, 1,35-thiadiazolyl, 1,2,3-thiadiazalyl,
1,2/ 4-thiadiazalyl, pyridyl, pyriridyl, pyrazinyl, pyridazinyl, 1,2 4-triazinyl, 1,2,3-triazinyl, 1,3,5-
triazinyl, pyrazolo[34-b]pyridinyl, cinnolinyl, pteridinyl, purinyl, 6,7-dihydro-6H-[1]pyrindinyl,
benzo[blthiophenyl, 5, 6, 7, 8-tetrahydro-quinolin-3-yl, benzoxazolyl, benzothiazolyl,
benzisothiazolyl, benzisoxazolyl, benzimidazolyl, thianaphthenyl, isothianaphthenyl,
benzofuranyl, isobenzofuranyl, iscindolyl, indolyl, indalizinyl, indazolyl, isoquinolyl, quinalyl,
quinolonyl, phthalazinyl, quinoxalinyl, guinazolinyl, benzoxazinyl; stc, wherein the heteroaryl
group is optionally substituted by a group, including but not limited to, (Cs-Cealkyl, (Cy-
Celalkoxy, halo, trifluoromethyl, trifluoromethaxy, or (C4-Cg)alkylamino.

Aryl when used herein refers to phenyl or naphthyl.

The term “ureido”, as used herein, refers to an “amino-carbanyl-amina” moiety.

The term “acetyl”, as used herein, refers to an “alkyl-carbonyl” moiely wherein alkyl is
defined as above.

The term “cyanoguaniding®, as used herein, refers to a functional group having the
following formula:

N,CN NC~y
] I
Ay or et
é_ﬁ ~ § H ~

The term “(Cx-Cy)heterocycloalkyl(C=N-CN)amino®, as used herein refers to a
functional group having the following formula:

N NC~_
or w

1
c
é—N/ THET é_N/C\HET
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wherein “HET" refers to a {Co-Cy)heterocyloalkyl or (C,-Co)heteroaryt group wherein the

nitrogen of said group is the place of attachment.
The term “barbituryl”, as used herein refers to a functional group having the following

formula
'r(N j\NH
Q N O
5 H

The term “mercapto”, as used herein, refers to a “HS-" moeity.

The term “alkoxy” refers to a radical of the formula OR, where R, is an alkyl radical as
define above, e,g,, methoxy, ethoxyl.

The term "carboxy” refers to a radical of the formula -COOH.

10 The term “glycinamido” refers to a radical of the formul -NH-C(O)-CH-NH,.

The term “cyanc” refers fo a radical of the formula ~CN.

The term “nitro” refers to a radical of the formula —-NO..

The term “nitroso” refers to a radical of the formula ~NO.

The term “amidino” refers to a radical of the formula —C(NH)-NH,.

15 The term “sulfonyl” refers to a radical of the formula -SO,-.

The term “sulfinyl” refers to a radical of the formula ~S(0}-.

The term “thio” refers to a radical of the formula —S-.

The term “oxo” refers to a radical of the formula =O.

The term “formyl” refers to a radical of the formuta —CHO.

20 The term “guaniding” refers to a radical of the formula —N(H)-C(NH)-NH,.

The term “alaninamide” refers to a radical of the formul - NH-C(O)-CH(CHz)-NH,.

The campounds of this invention include all conformational isomers (e.g., cis and trans
isomers) and all optical isomers of compounds of the formula | (e.g, enantiomers and
diastereomers), as well as racemic, diastereomeric and other mixtures of such isomers.

25  Compounds containing isotopic substitutions of atoms, such as deterium substitution af
hydragen, are also included in the scope of the present invention.

The present invention also relates to a pharmaceutical composition for treating or
preventing autoimmune diseases (such as rheurnatoid arthritis, type | diabetes (recent onset),
lupus, inflammatory bowe! disease, optic neuritis, psoriasis, multiple sclerosis, polymyalgia

30 rheumatica, uveitis, and vasculiis), acute and chronic inflammatory conditions (such as
osteoarthritis, adult Respiratory Distress Syndrome, Respiratory Distress Syndrome of
infancy, ischemia reperfusion injury, glomerulonephritis, and chronic obstructive pulmenary
disease (COPD)), allergic canditions (such as asthma and atopic dermatitis), inflammation
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associated with infection (such as viral inflanmation (including influenza, hepatifis and
Guillian-Barre), chronic bronchitis, tissue, cefl, and chronic & acute solid organ transplant
rejection (including xeno-transplantation), atherosclerasis, restenosis, HIV infectivity (co-
receptor usage), and grenulomatous diseases (including sarcoidosis, leprosy and
tuberculosis) and sequelae associated with cerfain cancers such as multiple myeloma,
comprising an amount of & compound of the formula |, a pharmaceutically acceptable salt or
pro-drug thereof effective in treating or preventing such disorder or condition and a
pharmaceutically acceptable carrier.

The compositions of the present invention may also timit the praduction of cytokines
at inflammatory sites, including but not limited to TNF and IL-1, as a consequence of
decreasing cell infiltration, providing benefit for diseases linked to TNF and IL-1 including
congestive heart failure, pulmonary emphysema or dyspnea associated therewith,
emphysema; HIV-1, HIV-2, HIV-3; cytomegalovirus (CMV), adenoviruses, Herpes viruses
(Herpes zoster and Herpes simplex). They may also provide benefit far the sequelae
associated with infection where such infection induces production of detrimental inflammatory
cytokines such as TNF, e.g, fungal meningitis, joint tissue damage, hyperplasia, pannus
formation and bone resorption, psoriatic arthritis, hepatic failure, bacterial meningits,
Kawasald syndrome, myocardial infarction, acute liver failure, lyme disease, septic shock,
cancer, trauma, and malarié; etc. The present invention also relates to a phamaceutical
composition for treating or preventing a disorder or condition that can be treated or prevented hy
inhibiting chemokine binding to the receptor CCR1 in a mammal, preferably a human,
comprising an amount of a compound of the formula ], a pharmaceutically acceptable salt or
pro-drug thereof, effective in treating or preventing such disorder or condition and a
pharmageutically acceptable carrier. Examples of such disorders and conditions are those
enumerated in the preceding paragraph.

The present invention also relates o @ method for treating or preventing a disorder or
condition selected from autoimmune diseases (such as rheumatoid arthritis, type | diabetes
(recent onset), upus, inflammatory bowe! disease, optic neuritis, psariasis, multiple sclerasis,
polymyalgia rheumatica, uveitis, and vascuiitis), acute and chronic inflammatory conditions
(such as osteoarthritis, adult Respiratory Distress Syndrome, Respiratory Distress Syndrome
of infaney, ischemia reperfusion injury, glomerulonephritis, and chronic obstructive pulmonary
disease (COPD)), allergic conditions (such as asthma and atopic dermatitis), inflammation
associated with infection (such as viral inflammation (including influenza, hepatitis and
Guillian-Barre), chronic bronchitis, tissue, cell, and chronic and acute sclid organ transplant
rejection (including xeno-transplantation), atherosclerosis, restenosis, HIV infectivity (co-
receptor usage), and granulomatous diseases (including sarcoidosis, leprosy and

JP 2004-511558 A 2004.4.15
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tuberculosis} and sequelae associated with certain cancers such as multiple myeloma,
comprising administering to @ mammal in need of such treatment or prevention an amournt of a
campound of the formula [, or a pharmaceutically acceptable salt thereof, that is effective in
treating or preventing such disorder or condition, including limiting the production of cytokines
at inflammatory sites, including but not limited to TNF and [L-1, as a consequence of
decreasing cell infiltration, thereof providing benefit for diseases linked ta TNF and I1L-1
including congestive heart failure, pulmonary emphysema or dyspnea associated therewith,
emphysema; HIV-1, HIV-2, HIV-3; cytomegalovirus (CMV), adenoviruses, Herpes viruses
(Herpes zoster and Herpes simplex). They may also provide benefit for the sequelae
associated with infection where sucﬁ infection induces production of detrimentat inflammatory
cytokines such as TNF e.g, fungal meningitis, joint tissue damage, hyperplasia, pannus
formation and bone resorption, psoriatic arthritis, hepatic failure, bacterial meningitis,
Kawasaki syndrome, myocardial infarction, acute liver failure, lyme disease, septic shock,
cancer, trauma, and malaria, etc. The present invention also relates to a method for treating or
preventing a disorder or condition that can be treated or prevented by antagonizing the CCR1
receptor in & mammal, preferably a human, comprising administering to a mammal in need of
such freatment or prevention an amount of @ compound of the formula |, a pharmaceutically
acceptable sait or pro-drug thereof, that is effective in treating or preventing such disorder or
condition.

The present invention also relates to a pharmaceutical composition for treating or
preventing a disorder or condition selected from autoimmune diseases (such as rheumatoid
arthritis, type | diabetes (recent onset), lupus, inflammatory bowel disease, optic neuritis,
psoriasis, multiple sclerosis, polymyalgia rheumatica, uveitis, and vasculiis), acute and
chronic inflammatory conditions (such as ostecarthritis, adult Respiratory Distress Syndrome,
Respiratory Distress Syndrome of infancy, ischemia reperfusion injury, glomerulonephritis,
and chronic obstructive pulmonary disease (COPD)), allergic conditions (such as.asthma and
atopic dermatitis), inflammation assoclated with infection (such as viral inflaramation
(including influenza, hepatitis and Guillian-Barre), chironic bronchitis, tissue, cell, and solid
organ transplant rejection (including xeno-transplantation), atherosclerosis, restenosis, HIV
infectivity (co-receptor usage), and granulomatous diseases (including sarcoidosis, leprosy
and tuberculosis) and sequelae associated with certain cancers such as multiple myeloma, in
a mammal, preferably a human, comprising a CCR1 receptor antagonizing effective amount of
a campound of the formula |, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. Also included are using the pharmaceutical compositions
to limit the production of cytokines at inflammatory sites, including but not limited fo TNF and
iL-1, as a consequence of decreasing cell infiltration, providing benefit for diseases linked to

JP 2004-511558 A 2004.4.15
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TNF and IL-1, including congestive heart failure, pulmonary emphysema or dyspnea
assoclated therewith, emphysema; HIV-1, HIV-2, HIV-3; cytomegalovirus (CMV),
adenoviruses, Herpes viruses (Herpes zoster and Herpes simplex). They may also provide
benefit for the sequefae associated with infection where such infection induces production of
detrimental inflammatory cytokines such as TNF e.g, fungal meningitis, joint tissue damage, ,
hyperplasia, pannus formation and bene resorption, psoriatic arthritis, hepatic failure, bacterial
meningitis, Kawasaki syndrome, myocardial infarction, acute liver failure, lyme disease; septic
shock, cancer, trauma, and malaria, etc. The present invention also relates to a pharmaceutical
composition for treating or preventing a disorder or condition that can be treated or prevented by
antagonizing the COR1 receptor in @ mammel, preferably a human, comprising a CCR1
receptor antagonizing effective amount of a compound of the formula |, @ pharmaceutically
acceptable salt or pro-drug thereof, and a pharmaceutically acceptable carrier.

The present invention also relates to a method for treating or preventing a disorder or
condition selected from autoimmune diseases (such as rheumatoid arthritis, type | diabetes
(recent onset), lupus, inflammatory bowel disease, optic neuritis, psoriasis, multiple sclerosis,
polymyalgia rheumatica, uveitis, and vaséu[itis), acute and chronic inflammatory conditions
{such as osteoarthritis, adult Respiratory Distress Syndrome, Respiratory Distress Syndrome
of infancy, ischemia reperfusion injury, glomerulonephritis, and chronic obstructive pulmonary
disease (COPD)), allergic 'cor{ditions (such as asthma and atopic dermatitis), inflammation
associated with infection (such as viral inflammation (including influenza, hepatitis and
Guillian-Barre), chronic branchitis, tissue, cell, and solid organ transplant rejection (including
xeno-transplantation) (chranic and acute), atherosclerosis, restenosis, HIV infectivity (co-
receptor usage), and granulomatous diseases (including sarcoidosis, leprosy and
tuberculosis) and sequelae assaciated with certain cancers such as muttiple myeloma, The
method of treatment of the present inventions also includes limiting the production of
cytokines at inflammatory sites, including but not limited to TNF and IL-1, as a consequence
of decreasing cell infiltration, providing benefit for diseases limited to TNF and IL-1 including
congestive heart failure, pulmonary emphysema or dyspnea assoclated therewith,
emphysema; HIV-1, HIV-2, HIV-3; cytomegalovirus (CMV), adenoviruses, Herpes viruses
(Herpes zoster and Herpes simplex). They may also provide benefit for the sequelae
associated with infection where such infection induces production of detrimental inflammatory
cytokines such as TNF e.g, fungal meningitis, joint tissue damage, hyperplasia, pannus
formation and bone resorption, psoriatic arthritis, hepatic failure, bacterial meningitis,
Kawasaki syndrome, myocardial infarction, acute liver failure, lyme disease, septic shock,
cancer, trauma, and malaria, etc., in a mammal, preferably a human, comprising
administering to @ mammal in need of such treatment or prevention a CCR1 receptor
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antagonizing effective amount of a compound of formula 1, a pharmaceutically acceptable salt or
pro-drug thereof.
Detailed Description of the Invention .

The following reaction Schemes illustrate the preparation of the compounds of the
present invention, Unless otherwise indicated a, ¢, d, f, k, [, m, W, X, Y, Z, R", and R* in the
reacticn Schemes and the discussion that fallow are defined as above.

R™ refers to an amino radical that can be unsubstituted, moenosubstituted,
disubstituted, cyclic or acyclic.

The reactions in Preparation D and Schemes 1, 2, 3, 4, 5, 6, and 7 are described in
commonly assigned co-pending provisional application serial no. 60/193789, filed March 31,
2000, the disclosure of which is incarporated herein by reference thereto.
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In reaction 1 of Preparation A, the campound of farmula II, wherein kis 1, 2, 3, or 4, is
treated with a base, such as sodium hydride, and an electrophile, such an optionally
substituted benzyl bromide, in the presence of an aprotic solvent, such as tetrahydrofuran.
The reaction mixture is stirred at ambient temperature for a time period between about 1 hour
to about 12 hours, preferably about 10 hours. The resulting lactam is then converted to the
corresponding compound of formula Il by reacting with triethyloxonium tetrafluorobaorate, in
the presence of an aprotic solvent, such as dichloromethane. The reaction mixture is stired
at ambient temperature for a time period between about 1 hour to about 12 hours, preferably
about 10 hours.

In reaction 2 of Preparation A the compaund of formula Hl wherein kis 1, 2, 3, or 4, is
converted to the corresponding co/mpound of formula IV, by condensing Il with nitromethane
in the presence of a base, such as triethylamine, in the presence of an aprotic solvent, such
as dichloromethane, The reaction mixiure is stirred at ambient temperature for a time period
between about 1 hour to about 16 hours, p}eferably about 10 hours.

In reaction 3 of Preparation A, the compound of formula IV wherein k is 1, 2, 3, or 4,
is converted fo the corresponding compound of formula V, wherein kis 1, 2, 3, or 4, and W is
nitrogen, by first treating IV with a catalyst, such as palladium on carbon, in the presence of a
protic solvent, such as methanol. The reaction mixture is shaken under a positive pressure of
hydrogen gas for a time period between about 4 hours and about 16 hours, preferably about
12 hours. The resulting amino ester is then treated with a base, such as sodium methoxide,
in an anhydrous protic solvent, such as methanol. The reaction mixture is stirred at ambient
temperature for a fime period between about 4 hoLirs and abaut 18 hours, preferably about 10
hours.

In reaction 4 of Preparation A, the compound of formula V, wherein kis 1, 2, 3, or 4,
and W is nitrogen, is converted to the corresponding compound of formula VII, wherein m is
1, 2,3, 0r 4, kand | are 0, and W is nitrogen, by reducing V with a reducing agent, such as
lithium aluminum hydride. The reaction is refluxed for a time peried between about 2 hours
and about 12 hours, preferable about 1@ hours.

In reaction 5 of Preparation A, the compound of formula V, wherein k is 1, 2, 3, or 4,
and W is nitrogen is converted to the corresponding compound of formula VIl wherein k is 1, 2,
3, or 4, and W is nitrogen, by reacting V with an acylating agent, such as di-tert-butyl-
dicarbonate, in the presence of a catalyst, siich as 20% palladium hydroxide on carbon, and a
protic solvent, such as methanol. The reaction is shaken under a positive pressure of
hydragen at a temperature between about ambient temperature and about 80 °C, preferably
about 60 °C, for a ime period between about 3 hours and about 13 hours, preferably about
10 hours.
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In reaction 6 of Preparation A, the compound of formuta VI, wherein kis 1, 2, 3, or 4,
and W is nitrogen, is first reacted with an alkylating agent, such as an optionally substituted
benzyl bromide, in the presence of a base, such as sodium hydride, and an aprotic solvent,
such as tetrahydrofuran. The reaction is stirred for a time period between about 2 hours and
about 12 hours, preferably about 10 hours. The resulting carbamate is then deprotected by
treatment with an acid, such as trifluoroacetic acid, in the presence of an aprotic solvent, such
as dichloromethane. The reaction is stirred at ambient temperature for a time period between
about 1 hour and about 4 hours, preferably about 2 hours. The resulting amide is converted
ta the correspanding compound of formula VI, wherein k is 1, 2, 3, or 4, mand | are 0 and W
is nitrogen, by reducing with a reducing agent, such as lithium aluminum hydride, in the
presence of an aprotic solvent, such as tetrahydrofuran. The reaction is refluxed for a time
period between about 2 hours and about 12 hours, preferable about 10 hours.

In reaction 1 of Preparation B, the compound of formula VIII, wherein kis 1, 2, 3, or 4,
is converted to the corresponding compound of farmula IX by reacting with an amine, such as
benzyl amine, and 3-oxo-pentanedioic acid in the presence of an acid such as 0.25 M
aqueous hydrochlaric acid. The reaction is stirred at ambient temperature for a period of time
between about 30 minutes to about 2 hours, preferably 1.5 hours, and then heated to 50 °C
for a period of time between about 1 hour and about 4 hours, preferably 2 hours.

In reaction 2 of Preparation B the compound of formula X, where 1is 1,2, 3, or 4, is
converted to the corresponding compound of formula VI, wherein k is 1, 2, 3, or 4, | and m
are 0and W is CH, by first reacting with a phosphanium ylide of the formula

X SPPh,
(R,)a—’

-

The reaction is refluxed for a petiod of time between about 4 hours and about 16 hours,
preferably about 10 hours, The resulting olefin is then reduced by shaking under a positive
pressure of hydrogen gas in the presence of a catalyst, such as 20% palladium hydroxide on
carbon in the presence of a protic solvent, such as ethanol.

In reaction 1 Preparation C the compound of formula X wherein | is 1,2, 3, or 4, is
converted to the correponding compound of formula X1 by first reacting with sodium azide in
the presence of a protic solvent such as ethanal. The reaction is refluxed for a period of time
between about 3 hours and about 12 hours, preferably about 10 hours. The resulting diazide
is then reduced in the presence of platinum oxide and a polar solvent such as ethanol. The
reaction is shaken under a positive pressure of hydrogen for a period of time between about 3
hours and about 12 hours, preferably about 10 hours.
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In reaction 2 of Preparation C the compound of formula XI, wherein lis 1,2, 3, or 4, is
converted to the corresponding compound of formula XlI by first treating compound XI with &
base, such as sodium methoxide, in the presence of a protic salvent such as methanol. The
reaction is refluxed for a period of time between about 3 hours and about 12 hours, preferably
about 10 hours. The resulting piperazine-dione is converted to the corresponding compound
of the formula XII by treating with a reducing agent, such as lithium aluminum hydride, in an
aprotic solvent, such as tetrahydrofuran. The reaction is refluxed for a period of time between
about 3 hours and about 12 hours, preferably about 10 hours.

In reaction 3 of Preparation C the compound of the formula XII, wherein lis 1,2, 3, or
4, is converted to the corresponding compound of formula VI, wherein | is 1,2, 3, or 4, k and
m are 0, and W is nitrogen, by reacting with an optionally substituted benzaldehyde
cempound of the formula

(o]

R");

in the presence of a base, such as triethylamine, and a reducing agent, such as sodium
triacetoxyborchydride, in an aprotic solvent, such as 1,2-dichloroethane. The reaction mixture
is stirred at ambient temperature for a time period between about 1 hour to about 12 hours,
preferably about 10 hours.

Ir reaction 1 of the Preparation D, the compound of formula Xlll is converted to the
corresponiding compound of formula XV by reacting Xl with an appropriate amine of the
formula, HR'® in the presence of a polar aprotic solvent, such as methylene chloride. The
reaction mixture is stirred, at ambient temperature, for a time period between about 1 hour to
about 24 hours, preferably about 12 hours.

In reaction 2 of Preparatibn D, the compound of formula XV is converted to the
corresponding compound of farmula XVII by reacting XV with thiophenal in the presence of a
base, such as sodium hydride, and a pofar aprotic solvent, such as dimethylformamide. The
reaction is heated to reflux for a time period between about 1 hour to about 10 hours,
preferably about 4 hours.

In reaction 3 of Preparation D, the compound of formula XIlI is converted to the
corresponding campound of formuia XIV by reacting Xill with sodium cyanate in the presence
of pyridine and a polar aprotic solvent, such as acetonitrile. The reaction is stirred, at ambient
temperature, for a time period between about 2 hours to about 18 hours, preferably about 10
hours. An appropriate amine of the formula HR™, is then added and the reaction mixture so
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formed Is stirred, at ambient temperaturs, for a time period between about 2 hours to about
24 hours, preferably about 8 hours.

In reaction 4 of Preparation D, the compound of formula XIV is converted to the
corresponding compound of formula XVI according to the procedure described above in
reaction 2 of Preparation D.

In reaction 1 of Preparation E the compound of formula XXXI wherein k is 1, 2, 3, or
4, Is treated with an anhydride, such as acetic anhydride. The reaction mixiure is heated to
70 °C for a time petiod between 8 and 15 hours, preferably about 12 hours. The resulting
mixture is then concentrated and the anhydride is treated with an optionally substituted benzy!
amine in the presence of an apratic solvent such as toluene. The reaction mixture is stirred at
ambient temperature for a time period between t and 16 hours, preferably about 10 hours,
and then treated with an anhydrice, such as acetic arhydride, and heated to reflux for a time
period between 1 and 20 hours, preferably about 16 hours.

fn reaction 2 of Preparation E the .compound of formula XXXII, wherein kis 1, 2, 3, or
4, is converted fo the corresponding compound of formula VI, wherein k is 1, 2, 3, or 4, | and
m are 0, and W is nitrogen, by first treating XXXII with a catalyst, such as palladium on
carbon, in the presence of a hydrogen source, such as cyclohexadiene, and a protic solvent,
such as ethanol, The reaction mixture is stirred at ambient temperature for a time perlod
between 1 hour and 4 hours, preferably about 1.5 hours. The resulting compound is then
treated with a reducing agent, such as Red-Al in an aprotic solvent such as toluene. The
reaction is heated to 60 °C for time period between 2 hours and 6 hours, preferably about 4
hours.

In reaction 1 of Preparation F the compound of formula XXXVI is converted to the
corresponding compound of the formula XXXVil by treating with a reducing agent, such as
lithium aluminum hydride, in an aprotic solvent, such as tetrahydrofuran. The reaction mixture
is heated to reflux for a time period between 1 hour and 6 hours, preferably about 2 hours.

In reaction 2 of Preparation F the compound of formula XXXVIl is converted to the
carresponding compound of the fn,n"nula XXXVIIt by first treating with an activating agent such
as sulfony! chlaride, in the presence of an aprotic solvent, such as chloroform. The reaction is
heated to reflux, for a time period between about 1 haur to about 10 hours, preferably about 3
hours. The resulting alky! chloride is then treated with a cyanide source, such as potassiumn
cyanide, in the presence of an aprotic solvent, such as acetonitrile. The reaction mixture is
stirred at ambient temperature for a time period between about 1 hour to about 10 hours,
preferably about 3 hours.

In reaction 3 of Preparation F the compound of formula XXXVIII is converted to the
compound of formula XXXIX, wherein j is 1, by first treating the cyanide with base, such as
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potassium hydroxide in water. The reaction mixture is heated to reflux for a time peried
between about 1 hour to about 10 hours, preferably about 6 hours. The resulting methyl ether
is deprotected by treatment with acid, such as 47% aqueous hydrogen bromide. The reaction
mixture is heated to reflux for a time period between about 10 hours to about 30 hours,
preferably about 24 hours. The deprotected phenol acid is finally converted to the
correspending compound of formula XXXIX, wherein j is 1, by refluxing in ethanal in the
presence of an acid, such as sulfuric acid, for a time period between about 8 hours to about
16 hours, preferably about 12 hours.

in reaction 4 of Preparation F the compound of formula XXXV is converted to the
carresponding compound of formula XXXIX, where in j is 2 or 3, by first treating the ester with
a reducing agent, such as diisobutylaluminum hydride, in the presence of a aprotic sclvent,
such as toluene. The resulting aldehyde is treated with a phosphenium ylide derived from the
phasphonium salt of the formula  /

+
o thw O~
) (o]
wherein g is 1 or 2, in the presence of an aprofic solvent, such as tetrahydrofuran. The
reaction is refluxed for a time period between about 4 hours to about 16 hours, preferably
about 10 hours. The resulting olefin is then reduced by shaking under a positive pressure of
hydrogen in the presence of a catalyst, such as 20% palladium hydroxide on carbon, in the
presence of a protic solvent such as ethanol. The methyl ether is deprotected according to
the procedure described for reaction 2 of Scheme D.

In reaction 1 of Scheme 1, the compound of formula Vil is converted to the
carresponding compound of formula XVIII by reacting Vil with a compound of the farmula, A-
(X)e~{Y)o-A, wherein A is chloro or bromo, in the presence of a base, such as triethylamine,
and a polar aprotic solvent, such as methylene chioride. The reaction is stirred at a
temperature between about —10°C to about 10°C, for a time period between about 15 minutes
to about 90 minutes, preferably abaut 30 minutes.

In reaction 2 of Scheme 1, the compound of formuia XVIil is converted to the
corresponding compound of formula | by reacting XVIIl with a compound of the formula, H-(Z)
-R* wherein d Z is oxygen, which is either commercially available or is prepared as in
Preparations D and F, in the presence of potassium carbonate, potassium iodide and an
aprotic solvent, such as butanone. The reaction (s heated to reflux for a time period between
about 4 hours to about 8 hours, preferably about 6 hours.

In reaction 1 of Scheme 2, the compound of formula VIl is converted to the

corresponding compeund of formula | by reacting VIl with a compaund of the formula, A-(X)-
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(Y)e(2)-R", wherein A is chloro or bramo, in the presence of a base, such as triethylamine,
and a polar aprotic solvent, such as methylene chloride. The reaction is stired at a
temperature between about —10°C to about 10°C, for a time period between about 15 minutes
to about 90 minutes, preferably about 30 minutes.

In reaction 1 of Scheme 3, the compound of formula VII is converted to the
corresponding compound of forraula XIX according to the procedure described above in
reaction 2 of Scheme 1.

In reaction 2 of Scheme 3, the compound of formula XIX is converted to the
correspanding cempaund of formula XX by reacting XIX with lithium hydroxide monohydrate
in the presence of methanal, tetrahydrofuran and water. The reaction mixture is stirred
overnight at ambient temperature.

In reaction 3 of Schemt 3, the compound of formula XX is converted to the
corresponding amide or acylsulfonamide of formula i, by reacting XX with an appropriate
amine or sulfonamide in the presence of 4-dimethylaminopyridine, 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimine and a polar aprotic solvent, such as methylene chloride. The resulting
reaction mixture is stirred ovemight at ambient temperature.

In reaction 1 of Scheme 4, the compound of formula VIl is converted to the
corresponding campound of formula XXHl according to the procedure described abave in
reaction 2 of Scheme 1.

In reaction 2 of Scheme 4, the compound of formula XXt is converted to the
corresponding compound of formula XXIHl by hydrogenating XXII in the presence of a
catalyst, such as platinum on carbon, and a polar protic solvent, such as ethanol. The
reaction is carried out under a pressure between about 30 psi to about 40 psi, preferably
about 35 psi, for a time period between about 15 minutes to about 1 hour, preferably 30
minutes.

In reaction 3 of Scheme 4, for urea formation, the compound of formula XXIlI is
converted to the corresponding urea of formula §, by first reacting XX#I with 4-nitrophenyl
chloroformate in the presence of,a base, such as pyridine, and a palar aprotic solvent, such
as methlyene chloride, followed by reacting the intermediate so formed with an appropriate
amine. The reaction mixture, so formed, Is allowed to stir overnight at ambient temperature.
The compound of formula XXIll is feacted with an appropriate suffonyl chloride to form the
sulfonamides of formuta I, in the presence of a base, such as triethylamine, and a polar
aprotic solvent, such as methylene chioride. The reaction is stirred overnight at ambient
temperature. For cyanoguanidine formation, the compound of formula I is first treated with
sodium hydride in an aprotic solvent, such as tetrahydrofuran, followed by reacting, the
intermediate so formed with dimethyl-N-cyanodithio iminocarbonate. The resulting reaction
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mixiure is heated to reflux overnight. The N-cyano-S-methyi-isothiourea intermediate is then
reacted with an appropriate amine in the presence of a polar protic solvent, such as methanal,
ta form the cyanoguanidine of formula I. For amide formation, the compound of formuta XXl
is reacted with an acid, such as 3-tert-butoxycarbonylaminopropionic acid in the presence of
N-methylmorpholine, O-benzotriazole-1-yI-N,N,N’, N -tetramethyluranium
hexafluorophosphate and a palar aprotic solvent, such as methylene chloride, to form the
amide of formula §, . For secondary amine formation the compound of farmuia XXI is
reacted with an appropriate aldehyde to form the amine of formula laccording to the
pracedure described above in reaction 1 of Preparation B.

In reaction 1 of Scheme 5, the compound of formula VIl is converted to the
corresponding compound of formuta XXV, wherein n is 0, 1, 2, 3 or 4, accarding to the
pracedure described above in reaction 2 of Scheme 1.

In reaction 2 of Scheme 5, the compound of formula XXV is converted to the
corresponding amine of formula { by reacting XXV with an appropriate amine in the presence
of a 10:1 ratio solution of dichloroethane/acetic acid. The reaction mixture is stired, at
ambient temperature, for a time period between about 30 minutes to about 2 hours, preferably
about 1 hour. A reducing agent, such as sodium cyanoborohydride is than added to the
mixture and the reaction is allowed to stir avernight at ambient temperature. If the amine thus
formed is secondary, the compound of formula I may further be reacted according to the
procedure described above in reaction 3 of Scheme 4, to provide ureas, sulfonamides,
cyanoguanidinos, or amides.

In reaction 1 of Scheme 8§, the acid compound of formula XX is converted to the
corresponding compound of formula XXIX by treating XX with thionyt chloride neat or in an
aprotic solvent, at ambient temperature, for a time period between about 1 hour to about 24
hours, preferably 1 hour. The acid chloride so formed is dissolved in a polar aprotic solvent
with 2 compound of the formula, {(HsCO)(HsC)NH-HCI, in the presence of an amine base,
such as triethylamine. The reactfon mixture Is stirred, at ambient temperature, for a time
period between about 1 hour to about 48 hours, preferably about 12 hours.

In reaction 2 of Scheme 6, the amide compound of formula XXIX is converted to the
comesponding compound of formula | by reacting XXIX with a (CzCs)heteroaryl lithium
reagent in the presence of a polar aprotic solvent at a temperature between about —100°C to
ambient temperature, preferably about ~78°C. The resulting reaction mixture is stirred for a
time period between about 1 hour to about 24 hours, preferably about 12 hours, at a
temperature between about —78°C to about 50°C, preferably about 20°C.
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In reaction 1 of Scheme 7, the compound of formula VIl is converted to the
corresponding compound of formula XXXIIl, wherein j is 1, 2, or 3, according to the procedure
described ahove in reaction 2 of Scheme 1.

In reaction 2 of Scheme 7, the compound of formula XXXIIl, wherein j is 1, 2, or 3, is
converted to the corresponding compound of farmula XXXIV, wherein j is 1, 2, or 3, according
to the procedure described above in reaction 2 of Scheme a.

In reaction 3 of Scheme 7 the compound of formula XXXIV, wherein j Is 1, 2, or 3, is
converted to the corresponding amide or acylsulfonamide of the formula I, wherein jis 1, 2, or
3, by treating with an appropriate amine or sulfonamide according to the procedure described
above in reaction 3 of Scheme 3. The compound of formula XXXIV, wherein j is 1, 2, or 3, is
canverted ta the carresponding compound of farmula | according to the procedures described
above for Scheme 6.

Unless indicated otherwise, the pressure of each of the above reactions is not critical.
Generally, the reactions will be’conducted at a pressure of about one to ahout three
atmospheres, preferably at amblent pressure (about one atmosphere),

The compounds of the formula | which are basic in nature are capable of forming a
wide variety of different salts with various inorganic and organic acids. Although such saits
must be pharmaceutically acceptable for administration to animals, it is often desirable in
practice to initially isolate a compound of the formula | from the reaction mixture as a
pharmaceutically unacceptable salt and then simply convert the latter back to the free base
compound by treatment with an alkaline reagent, and subsequently convert the free base to a
pharmaceutically acceptable acid addition salt. The acid addition saits of the base
compounds of this invention are readily prepared by treating the base compound with a
substantially equivalent amount of the chosen mineral or organic acid in an aqueous solvent
medium or in a suitable organic solvent such as methanol or ethanal. Upon careful
evaporation of the solvent, a solid salt is obtained.

The acids which are used to prepare the pharmaceutically acceptable acid addition
salts of the base compounds of this invention are those which form non-toxic acid addition
salts, j.e.,
hydrobromide, hydroiodide, nitrate, suifate or bisulfate, phosphate or acid phosphate, acetate,
lactate, citrate or acid citrate, tartrate or bitartrate, succinate, maleate, fumarate, gluconate,

. salts containing pharmacologically acceptable anions, such as hydrochloride,

saccharate, benzoate, methanesulfonate and pamoate [i.e., 1,1~methylene-bis-(2-hydroxy-3-
naphthoate)] salts. )

Those compounds of the formula I which are also acidic in nature, are capable of
forming base salts with various pharmacologically acceptable cations. Examples of such
salts include the alkali metal or alkaline-earth metal salts and particularly, the sodium and
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potassium salts. These salts arerall prepared by conventional techniques. The chemical
bases which are used as reagents to prepare the pharmaceutically acceptable base salts of
this invention are those which form non-toxic base salts with the herein described acidic
compounds of formula I. These non-toxic base salts include those derived from such
pharmacologically acceptable cations as sodium, potassium, calcium and magnesium, efc.
These.salts can easily be prepared by treating the corresponding acidic compounds with an
aqueous sulution“ containing the desired pharmacologically acceptable cations, and then
evaporating the resulting solution to dryness, preferably under reduced pressure.
Alternatively, they may also be prepared by mixing lower alkanolic solutions of the acidic
compounds and the desired alkali metal alkoxide together, and then evaporating the resulting
solution to dryness in the same manner as before. In either case, stoichiometric quantities of
reagents are preferably employed in order to ensure completeness of reaction and maximum
product yields.

Compounds of the formula | and their pharmacsutically acceptable salts (hereinafter
also referred to, collectively, as “the active compounds®) are potent antagonists of the CCR1
receptor. The active compounds are useful in the freatment or prevention of autoimmune
diseases (such as theumatoid art{vitis, type | diabetes (recent onset), lupus, inflammatory
bowel disease, optic neuritis, psoriasis, multiple sclerosis, polymyalgia rheurmatica, uveitis,
and vasculitis), acute and chronic infllmmatory conditions (such as ostecarthritis, adult
Respiratory Distress Syndrome, - Respiratory Distress Syndrome of infancy, ischemia
reperfusion injury, glomerulonephritis, and chronic obstructive pulmonary disease (COPD)),
allergic conditions (such as asthma and atopic dermatitis), inflammation associated with
infection (such as viral inflammation (including influenza, hepatitis and Guillian-Barre), chronic
bronchitis, chronic and acute tissue, cell, and solid organ transplant rejection (including xeno-
transplantation), atherosclerosis, restenosis, HIV infectivity (co-receptor usage), and
granulomatous diseases (including sarcoidosis, leprosy and tuberculosis) and sequelae
associated with certain cancers such as multiple myeloma. Compounds in this series may
also limit the production of cytokines at inflammatory sites, including but not limited to TNF
and IL-1, as a consequence of decreasing cell infiltration, providing benefit for diseases linked
to TNF and IL-1 including congestive heart failure, pulmonary emphysema or dyspnea
associated therewith, emphysema; HIV-1, HIV-2, HIV-3; cytomegalovirus (CMV),
adenoviruses, Herpes viruses (Hejpes zoster and Herpes simplex). They may also provide
benefit for the sequelae associated with infection where such infection induces production of
détrimental inflammatory cytokines such as TNF e.g, fungal meningitis, joint tissue damage,
hyperplasia, pannus formation and bope resorption, psariatic arthritis, hepatic failure, bacterial
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meningitis, Kawasaki syndrome, myocardial infarction, acute liver failure, lyme disease, septic
shock, cancer, trauma, and malaria, etc.

The activity of the cum}:ounds of the invention can be assessed according to
procedures know to those of ordinary skill in the art. Examples of recognized methods for
determining CCR1 induced migration can be found in Coligan, J. E., Kruisbeek, A.M.,
Margulies, D.H., Shevach, E.M., Strober, W. editors:_Current Protocols in_Immunology,
6.12.1- 6.12.3. {John Wiley and Son_s, NY, 1991). One specific example of how to determine
the activity of a compound for inhibiting migration is described in detail below.

Chemotaxis Assay:
The ability of compounds to inhibit the chemotaxis to various chemokines can be

evaluated using standard 48 or 96 well Boyden Chambers with a 5 micron polycarbonate
filter. All reagents and cells can be prepared in standard RPMI (BioWhitikker Inc.) tissue
culture medium supplemented with 1 mg/ml of bovine serum albumin. Briefly, MiP-1o
(Peprotech, Inc., P.O. Box 275, Rocky Hill NJ) or other test agonists, are placed into the lower
chambers of the Boyden chamber. A polycarbonate filter is then applied and the upper
chamber fastened. The amount of agonist chosen is that determined to give the maximal
amount of chemotaxis in this system (e.g., 1 nM for MIP-1a should be adequate).

THP-1 cells (ATCC TIB-202), primary human monocytes, or primary lymphacytes,
isolated by standard techniques’can then be added fo the upper chambers in triplicate
together with various concentrations of the test compound. Compound dilutions can be
prepared using standard serolagical techniques and are mixed with celts prior to adding to the
chamber. -

After a suitable incubation periad at 37 degrees centigrade (e.g. 3.5 hours for THP-1
cefls, 80 minutes for primary monocytes), the chamber is removed, the cells in the upper
chamber aspirated, the upper part of the filter wiped and the number of cells migrating can be
determined according to the following method.

For THP-1 cells, the chamber (a 96 well variety manufactured by Neuraprobe) can
be centrifuged to push cells off the lower chamber and the number of cells can be quantitated
against a standard curve by a calor change of the dye fluorocein diacetate.

For primary human monocytes, or lymphocytes, the filter can be stained with Dif
Quik® dye (American Scientific Products) and the number of cells migrating can be
determined microscopically.

The number of cells migrating in the presence of the compound are divided by the
number of cells migrating in GDI'I}I’C'] wells (without the compound). The quotant is the %
inhibition far the compound which can then be plotted using standard graphics techniques
against the concentration of compound used. The 50% inhibition point is then determined
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using a line fit analysis for all concentrations tested. The line fit for all data peints must have
an coefficient of correlation (R squared) of > 90% to be considered a valid assay.

Ali of the compounds of thee invention iliustrated in the following examples had [Cso of
Jess than 10pM, in the Chemotaxis assay.

The compositions of the present invention may be formutated in a conventional
manner using one or more pharmaceutically acceptable carriers. Thus, the active
compounds of the invention may be formulated for oral, buccal, intranasal, parenteral (e.g.,
intravenous, intramuscular ar subcutaneous) or rectal administration or in a form suitable for
administration by inhalation or insufflation. The active compounds of the invention may also
be formulated for sustained delivery.

For oral administration, the pharmaceutical compositions may take the form of, for
example, tablets or capsules prepared by conventional means with pharmaceutically
acceptable excipients such as binding agents (e.g., pregelatinized maize starch,
polyvinylpyrrolidone or hydroxypropyl methyicellulose); fillers (e.g., lactose, microcrystalline
cellulose or calcium phosphate); lubricants (e.g., magnesium stearate, talc or silica);
disintegrants (e.g., potato starch or sodium starch glycolate); or wetting agents (e.g., sodium
lauryl sulphate). The tablets may be coated by methods well known in the art. Liquid
preparations fot oral administration may take the form of, for examptle, solutions, syrups or
suspensions, or they may be pres’ented as a dry product for constitution with water or other
suitable vehicle before use. Such liquid preparations may be prepared by conventional
means with pharmaceutically acceptable additives such as suspending agents (e.g., sorbitol
syrup, methyl celiulose or hydrogenated edible fats); emulsifying agents (e.g., fecithin or
acacia); non-aqueous vehicles (e.g., almond oil, oily esters or ethyl alcohol); and
preservatives (e.g., methyl or propyl p-hydroxybenzoates or sorhic acid).

For buccal administration, the composition may take the form of tablets or lozenges
formulated in conventional manner. .

The active compounds of the invention may be formulated for parenteral

' administration by injection, including using conventional catheterization techniques or

infusion. Formulations for injection may be presented in unit dosage farm, e.g., in ampules or
in multi-dose containers, with an added preservative. The compositions may take such forms
as suspensions, solutions or emulsions in oily or agqueous vehicles, and may contain
farmulating agents such as suspending, stabilizing and/or dispersing agents. Alternatively,
the active ingredient may be in powder form for reconstitution with a suitable vehicle, e.g.,
sterile pyrogen-free water, before yse.
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The active compounds of the invention may also be formulated in rectal compositions
such as suppositories or retention enemas, e.g., containing conventional suppository bases
such as cocoa butter or other glycerides.

For intranasal administration or administration by inhalation, the active compounds of
the invention are conveniently delivered in the farm of a solution or suspension from a pump
spray container that is squeezed or pumped by the patient or as an aerosol spray
presentation from a pressurized container or a nebulizer, with the use of a suitable propellant,
e.g., dichlorodifluoromethane, trichloroflucromethane,  dichlorotetrafluorosthane, carbon
dioxide or other suitable gas. In the case of a pressurized aerosol, the dosage unit may be
determined by providing a valve to deliver a metered amount. The pressurized container or
nebulizer may contain a solution or suspension of the active compound. Capsules and
cartridges (made, for example, from gelatin) for use in an inhaler or insuffiator may be
formulated containing a powder mix of @ compound of the invention and a suitable powder
base such as lactose or starch.

A proposed dose of the active compounds of the invention for oral, parenteral or
buccal administration to the average adult human for the treatment of the conditions referred
to above (e.g., rheumatoid arthritis) is 0.1 to 1000 mg of the active ingredient per unit dose
which could be administered, for example, 1 to 4 times per day.

Aerosol formulations for treatment of the conditions referred to above (e.g.,
rheumatoid arthritis) in the averbge adult human are preferably arranged so that each
metered dose or “puff” of aerosot contains 20 pg to 1000 pg of the compound of the invention.
The averall daily dose with an aerosot will be within the range 0.1 mg fo 1000 mg.
Administration may be several times-daily, for example 2, 3, 4 or 8 times, giving for example,
1, 2 or 3 doses each time.

The active agents can be formulated for sustained delivery according to methods well
known to those of ordinary skill in the art. Examples of such formulations can be found in
United States Patents 3,538,214, 4,060,598, 4,173,626, 3,119,742, and 3,492,397.

The compounds of the invention can also be utilized in combination therapy with
immunosuppressant agents including but not limited to rapamycin, cyclosporin A, FK-506,
Cellcept®; azathioprine, and [L-2R inhibitory antibodies or with classical anti-inflammatory
agents (e.g. cyclooxygenase/lipoxygenase inhibitors) such as but not limited to, fenidap,
aspirin, acetaminophen, naproxen and piroxicam or with cytokine inhibitory agents including
but not limited to ENBREL.

The following Examples illustrate, but are not limited to, the preparation of the
compounds of the present inventi(}n.

JP 2004-511558 A 2004.4.15



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(141)

WO 02/32901 PCT/IB01/01844

20

25

Example 1
FF
oﬁi?4£3F$
¢
N

O

1-[3-(4-Fluoro-benzyl)-3,8-diaza-bicyclo[3.2. 1]oct-8-yl]-2-(2-nitro-4-trifluoromethyl-

phenoxy)-ethanone
1-(4-Fiuoro-benzyl)-5-oxo-pyrrofidine-2-carboxylic acid ethyi ester

To a 0°C solution of 5-oxo-pyrrolidine-2-carboxylic acid ethyl ester (15 g, 95.0 mmol)
and 4-fluorabenzylbromide (19.7 g, 104.0 mmol) in tetrahydrofuran (800 ml) is added sodiurn
hydride (60% dispersion, 5.7 g, 14%0 mmal) in four portions. The reaction mixture is held at
0°C for thirty minutes and then warmed to ambient temperature for 3 hours. The resuiting
mixture is diluted with diethy! ether and extracted with saturated agueous ammonium chloride.
The combined organics are dried over magnesium sulfate, filtlered and concentrated in vacuo.
Silica gel chromatography gave the title compound (18.11 ¢, 72%)

1-(4-Fluoro-benzyl)-5-nitromethylene-pyrrolidine-2-carboxylic acid ethyt ester

To a solution of triethyloxonium tetrafluaroboerate (5.52 g, 29.0 mmol) and molecular

seives (3 angstrarus, 35 g) in dry dichloromethane (30 ml) is added 1-(4-flucro-benzyl)-5-oxo-
pyrrolidine-2-carboxylic acid ethyl ester (7.0 g, 26.4 mmol) dropwise over fifteen minutes. The
reaction mixture is stirred at ambient temperature overnight, then filtered through a glass frit
and washed with dichloromethane. The collected precipitate is dried in vacuo overnight in the
presence of phophorous pentoxide to give the iminium tefrafluoroborate (9.10 g, 95%).

To a solution of the iminium teftrafluoroborate (9.10 g, 25.1 mmol) in dry
dichloromethane (35 ml) is added triethylamine (3.8 ml, 27.6 mmol). The reaction mixture is
stirred at ambient temperature for ten minutes, and then nitromethane (6.8 ml, 125.0 mmal) is
added. The resulting mixture is stirred at ambient temperature overnight, then concentrated
in vacuo. The residue is diluted #vith chloroform, washed with 10% agqueous hydrochloric
acid, water, and brine. The organics are dried over magnesium sulfate, filtered, and
concentrated in vacuo. Silica gel chromatography gave the title compound (4.19 g, 54%) in
addition to recoverd 1-(4-fluoro-benzyl)-6-oxo-pyrrolidine-2-carboxylic acid ethyl ester (7.92 g,
32%).
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5-Aminomethyl-1-(4-fluoro-benzyl)-pyrralidine-2-carboxylic acid ethyl ester
To a solution of 1-(4-fluoro-benzyl)-5-nitromethylene-pyrrolidine-2-carboxylic acid
ethyl ester (5.24 g, 17.0 mmol) in methanol (50 ml} in a par bottle is added paltadium on

carbon (10%, 2.5 g). The resulting suspension is subjected to hydrogen gas (40 psi)
overnight, filtered through a pad of celite, the filter cake is washed with methanol. The filtrate
is concentrated in vacuo to give a mixture of the title compound and 8-(4-fluoro-benzyl)-3,8-
diaza-bicyclo[3.2.1]octan-2-one (3.56 g).
8-(4-Fluoro-benzyl)-3,8-diaza-bicyclo[3.2.1]octan-2-one

To a solution of a mixture of 5-aminomethyl-1-(4-flucro-benzyl)-pyrrolidine-2-
carboxylic acid ethyt ester (2.19 g, 7.82 mmol} in dry methanol (40 ml) is added sodium
methoxide (0.84 g, 15.6 mmol). The resulting mixture is stirred at ambient temperature
overnight, diluted with ethyl acetate, and washed with saturated aqueous sodium hydrogen
carbonate. The combined organics are dried over magnesium sulfate, filtered and
concentrated in vacuo to give the title compound (1.34 ¢, 73 %).

2-Ox0-3,8-diaza-bicyclo[3.2. 1Joctane-8-carbaxylic acid tert-butyl ester

To a solution 8-(4-fluoro-benzyl)-3,8-diaza-bicyclof3.2.1)octan-2-one (1.50 g, 6.40
mmol) and di-tert-butyl-dicarbonaje (1.67 g, 7.6 mmol) in ethanol (580 ml) in a par bottle is
added pafladium hydroxide on carbon (20%, 1.0 g). The resulting suspension is subjected to
hydragen gas {40 psi) at 60°C overnight, filtered through a pad of celite, the filter cake is
washed with ethyl acetate. The filtrate is concentrated in vacuo to give the title compound
(1.22 ¢, 84 %).

3-{4-Flucro-benzyl)-2-oxo-3,8-diaza-bicyclo[3.2. 1joctane-8-carboxylic acid tert-butyl

ester

To a 0°C solution of 2-ox0-3,8-diaza-bicyclo[3.2.1Joctane-8-carboxylic acid tert-butyl
ester (0.35 g, 1.54 mmol) in tetrahydrofuran (8.0 ml} is added 4-fluorobenzylbromide (0.21 mi,
1.70 mmol) follewed by sodium hydride (60% dispersion, 0.092 g, 2.3 mmol). The resulting
mixture is stirred at 0°C for 30 minutes and then warmed to ambient temperature overnight.
The reaction mixture is diluted with diethyl ether and washed with saturated aqueous
ammonium chlaride. The combined organics are dried over magnesium sulfate, filtered and
concentrated in vacuo to give the title compound, which is taken on crude.

3-(4-Fluoro-benzyl)-3,8-diaza-bicyclo[3.2. 1]octan-2-ane

To a solution of 3-{4-fluoro-benzyl)-2-oxo-3,8-diaza-bicyclo[3.2. t]octane-8-carboxylic
acid tert-butyl ester in dichlarume’thane (15.0 ml) is added friflucroacetic acid (3.0 ml}. The
resulting mixture is stirred at ambient temperature for three hours, then basified with 1N

aqueous sodium hydroxide and extracted with dichioromethane. The combined arganics are
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dried over magnesium sulfate, filtéred and concenfrated in vacus to give the title compound
(0.297 g, 82% over 2 steps).
3-{4-Fluoro-benzyl)-3,8-diaza-bicyclo[3.2.1]octane

To a 0°C solution of 3-(4-flucro-benzyl)-3,8-diaza-bicyclo[3.2.1]octan-2-one (0.284 g,
1.21 mmol) in tetrahydrofuran (6.0 ml) is added lithium aluminum hydride (1.0 M in
tetrahydrofuran, 6.1 mi, 6.1 mmal) dropwise. The reaction mixture Is slowly warmed to
ambient temperature and then refluxed over night. The resulting mixture is cooled to 0°C and
stowly quenched with water and 1N aqueous sodium hydroxide, then filtered through a pad of
celite, the filter cake is washed with ethyl acetate. The filfrate is concentrated in vacuo to give
the title compound (0.25 g, 94 %).

2-chloro-1-[3-(4-fluoro-benzyl)-3,8-diaza-bicyclof3.2.1]Joct-8-yl]-ethanone
To a solution of 3-(4-fluoro-benzyl)-3,8-diaza-bicyclo[3.2.1]octane (0.71g, 3.22 mmol)

in dry dichloromethane (30 ml) at 0°C is added triethylamine (0.45 ml, 3.22 mmol) fottawed by
choroacetyl chloride (0.27 ml, 3.54 mmal). The resulting reaction mixture is stirred for two
hours and concentrated in vacuo. Silica gel chromatagraphy gave the title compound (0.66 g,
69%). ,
1-[3-(4-Fluoro-benzyl)-3,8-diaza-bicyclo[3.2. 1]oct-8-yl]-2~(2-nitro-4-triflucramethyl-
phenoxy)-ethanone
To a solution of 2—ch|c_ro-1~t3~(4»f|uoro-benzyl)—3,8-diaza—bicyclu[3.2,1]oc1—8-y|]-
ethanone (0.11g, 0.37 mmol) in butancne (4 ml) is added 2-nitro-4-trifluoromethyl-phenol
(0.300 g, 0.41 mmol), potassium carbonate (0.15 g, 1.08 mmol) and potassium tadide (0.18 g,

1.08 mmol). The resulting mixture is stirred at reflux for 7 hours, The reaction is then cooled,
diluted with ethyl acetate and washed with brine. The organic layers are dried over
magnesium sulfate, filtered and concentrated in vacuo. Silica gel chromatography gave the
title compound (0.10 g, 58%).

- 'The title compounds for Examples 2-6 are prepared by a method analogous to that
described in Example 1.
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Example R R
2 4-Cl CONH,
3 3-Cl CO.Et
4 4-Cl COCH;s
5 4-Cl SONH,
6 4-CF, NO,
7 4-Cl CH.CO2CH,CHs
Example 8

benzenesutfonamide

8-(4-Fluoro-benzyl)-3,8-diaza-bicyclof3.2.1joctane

To a 0°C solution of 8-(4'—ﬂuoro—benzyl)G‘&diaza-bicyclo[&z.1]cctan-2—one (1.34 g,
§.72 mmoal) in tetrahydrofuran (20 ml) is added lithium aluminum hydride (1.0 M in
tetrahydrofuran, 11.4 ml, 11.4 mmol) dropwise. The reaction mixture is slowly warmed to
ambient temperature and then refluxed for 3 hours.
ambient temperature, quenched slowly with water and then filtered through a pad of celite.
The filter cake is washed with ethyl acetate, and the combined organics are washed with
saturated aqueous sodium hydrogen carbonate, dried over sodium suifate, filtered and
concentrated in vacuo to give the title compound (0.781 g, 62%).

The title compound for example 8 — 12 are prepared by a method analogous to that

described in Example 8.

The resulting mixture is cooled to
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Example R R
e} 4-Cl SO.NH,
10 4-Cl CONH,
11 3-OCH; CONH;
12 4-Cl NO,
Example 13
o]
oS

2-(5-Chloro-guinolin-8-yloxy)-1-{3-(4-fluoro-benzyl)-3,8-diaza-bicyclo[3.2. 1]act-8-yl]-

5  ethanone
The title compound for Example 13 is prepared by a method analogous to that
described in Example 1.
Example 14

SN

OY\O l ZN

N NO,
N
K@‘F

10 1-[3~(4-Fluoro-benzyi)-3,8-diaza-bicycla[3.2.1]oct-8-yl]-2-(8-methyl-2-nitro-pyridin-3-
yloxy)-ethanone

The title compound for Example 14 is prepared by a method analogous to that

described in Example 1.
Example 15

15 ©\F

2-(5-Chloro-3-nitro-pyridin-2-yloxy)-1-[3-(4-fluoro-benzyl)-3,8-diaza-hicyclo[3.2.1Joct-
8-yl]-ethanone

JP
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Acetic acid 2-[3-(4-fluoro-benzyt)-3,8-diaza-bicyclo[3.2. 1]oct-8-yl]-2-oxo-ethyl ester
To a solution of 3-(4-flucro-benzyl)-3,8-diaza-bicyclo[3.2. {Joctane (0.46g, 2.1 mmol)

in dry dichloromethane (10 ml) at 0°C is added triethylamine (0.32 ml, 2.3 mmol) followed by
acetic acid chlorocarbonylmethyl ester (0.245 ml, 2.3 mmol). The resulting reaction mixture is
stirred for 1 hour, then diluted v;ith dichloromethane and washed with saturated aqueous
sodium hydrogen catbonate.  The aqueous layer is extracted three times with
dichioromethane.  The combined organics are dried over magnesium sulfate and
concentrated in vacuo to give the title compound (0.67 g, 100%).
1-[3-{4-Fluoro-benzyl)-3,8-diaza-bicyclo[3.2. 1]oct-8-yl]-2-hydroxy-ethanone
To a solution of acetic acid 2-[3-(4-fluoro-benzyt)-3,8-diaza-bicycio[3.2.1]oct-8-yl]-2-

oxo-ethyl ester (0.67 g, 2.1 mmol) in tetrahydrofuran (8 ml), methanol (1 mi), and water ( 1ml)
is added [ithium hydroxide monohydrate {(0.18 g, 4.2 mmol). The reaction mixture is stirred at
ambient temperature overnight and then diluted with ethyl acetate and washed with saturated
aqueous sodium hydrogen carbonate. The aqueous layer is extracled three times with ethyl
acetate. The combined organics are dried over magnesium sulfate and concentrated in
vacuo to give the title compound (0.48 g, 82%).

2-(5-Chloro-3-nitro-pyridin-2-yloxy)-1-[3-(4-fluoro-benzy})-3,8-diaza-bicyclo[3.2. 1]oct-

8-yil-ethanone

To a 0°C solution of 1-[3-(4-fluoro-benzyl)-3,8-diaza-bicyclo[3.2.1]Joct-8-yl]-2-hydroxy-

ethanone (0.456 g, 1.64 mmol) in toluene (8.0 mi) is added sodium hydride (0.072 g. 1.80

mmol). The reaction mixture is/stired at 0°C for 30 minutes. To the resulting reaction

mixture is added 2,5-dichloro-3-nitro-pyridine (0.35 g. 1.80 mmof). The reaction mixture Is
heated to reflux for 2 hours, then cooled to ambient temperature, washed with saturated
aqueous sodium hydrogen carbonate and brine. The agueous layers are then extracted three
times with ethyl acetate. The combined arganics are dried over magnesium sulfate and
concenirated in vacuo to give the title compound (0.76 g, 64%).

The title compaunds for Examples 16 - 17 are prepared by a method analogous to
that described in Example 15.

W I Cl
[
Y\O Xy
N R,
N7
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Example R
16 CONH;
17 CO,CH;
Example 18

A
@ 077 ShH,

N

F
4-Chloro-2+{2-{3-(4-fluoro-benzyl)-3,8-diaza-bicyclo[3.2. 1]oct-8-yl}-2-oxo-ethoxy}-
5  benzamide
Ammonia gas is bubbled through a solution of 4-chloro-2-{2-[3-(4-flucro-benzyl)-8-
aza-bicyclo[3.2.1]oct-8-yl]-2-0x0-ethoxy}-benzoic acid methyl ester (0.030 g, 0.067 mmol) in
dry methanol (2.0 ml).. The reaction mixture is then capped and stired at ambient

temperature for two days, and then concentrated in vacuo. Silica gel chromatography gave
10 the title compound (0.031 mg, 100 %).
Example 1

9
]
/0,
o
T\ ) H/\/NH,

N

F
N-{2-Amino-ethyl}-4-chloro-2-{2-[3-(4-flucro-benzyl)-3,8-diaza-bicyclo{3.2. 1]oct-8-yl}-
2-oxo-ethoxy}-benzamide
18 A solution of 4-chloro-2-{2-[3-(4-fluaro-benzyl)-3,8-diaza-bicyclo[3.2.1joct-8-yl]-2-0xa-
ethoxy}-benzoic acid methyl ester (0.160 g, 0.36 mmol) in ethane-1,2-diamine (12.0 mi) is
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heated fo 45°C overnight. The reaction mixture is then cocled to ambient temperature and
concentrated in vacuo. Silica gel chromatography gave the title compound (0.13 g, 76 %).

Example 20

N
E Z o Sou
W
’
F
5 4-Chloro-2-{2-[3-(4-fluoro-benzyl)-3,8-diaza-bicyclo[3.2.1Joct-8-yl]-2-oxo-ethoxy}-

benzoic acid -

To a solution of of 4-chloro-2-{2-[3-(4-fluoro-benzyi)-3,8-diaza-bicyclo[3.2.1]oct-8-yI[-
2-oxo-ethoxy}-benzoic acid methyl ester (0.080 g, 0.18 mmol) in a mixture of tetrahydrofuran
{2 ml}, methanol (0.2 ml) and water (0.4 ml} is added lithium hydroxide monohydrate (0.020 g,

10 0.36 mmol). The reaction is stirred at ambient temperature for 2 hours and then loaded on a

silica gel column with methylene chioride. Silica gel chromatography gave the title compound
{0.066 g, 78%).

The title compounds for Examples 21 - 25 are prepared by a method analogous to
that described in Example 20.

Example R R
20 4-Cl COzH
21 N 4-CHs COH
22 4-OCHg COH
23 4 CO,H
24 4-Br COH
25 4-Cl CH,COH
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Example 26
cl

5-Chloro-2-{2-[8-{4-fluoro-henzyl)-3,8-diaza-bicyclo[3.2. 1)oct-3-yi}-2-oxo-ethoxy}-
benzoic acid

5 The title compound for Example 26 is prepared by a method analogous to that
described in Example 20.
Example 27

F
5-Chloro-2-{2-[3-(4-fluoro-benzyl)-3,8-diaza-bicyclo[3.2. 1]act-8-yl]-2-oxa-ethoxy}-

10 nicotinic acid
The tifle compound for Example 27 is prepared by a method analogous to that
described in Example 20.

Example 28

COOH

[+

@

)

Sog

JP 2004-511558 A 2004.4.15
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3-{2-[3-(4-Fluoro-benzyl)-3,8-diaza-hicyclo[3.2.1]oct-8-yl]-2-oxo-ethoxy}-naphthalene~

2-carboxylic acid
The title compound for Example 28 is prepared by a method analogous to that

described in Example 20.
5 Example 29

4-Chloro-1-{2-[3-(4-fluaro-benzyl)-3,8-diaza-bicyclo[3.2.1]oct-8-yI}-2-0xc-ethoxy}-
naphthalene-2-carboxylic acid
The title compound for Example 29 is prepared by a methad analogous to that
10  described in Example 20. .

Example 30

cl
o —
iilix
o N S
H
F

5-Chloro-2-{2-[3-{4-fluoro-benzyl)-3,8-diaza-bicyclo[3.2. 1 joct-8-yl}-2-oxo-ethoxy}-N-
{tHetrazol-5-yl)-benzamide
18 To a solution of 5-ghloro-2-{2-[3-(4-fluoro-benzyl)-3,8-diaza-bicyclo[3.2.1]Joct-8-yil-2-
oxo-ethoxy}-benzoic acid (0.090 g, 0.21 mmol) in tetrahydrofuran (2.0 ml} is added carbonyl

pe
J

N

diimidazole (0.037 g, 0.23 mmol). The reaction mixture is refluxed for 3 hours and then
cooled to ambient temperature. To the resulting reaction mixture is added 1H-tetrazol-5-
ylamine (0.0195 g, 0.23 mmel). The resulting mixture is heated to reflux for 12 hours. The
20  reaction is then cooled, diluted with dichloromethane and washed with saturated aqueous
sodium hydragen carbonate. The organic layers are dried over magnesium sulfate, filtered
and concentrated in vacuo. Silica gel chromatography gave the title compound (0.10 g, 95%).

JP 2004-511558 A 2004.4.15
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The title compounds for Examples 31 - 32 are prepared by a method analogous to
that described in Example 30.

Z 5
5F
OY\G R
N. R
;N;
Example ) R R*
31 4-Ci CONHCH,CO,H
32 4-Cl CONHSO;CHa
7N
_R3
[ N
Y\o
N, by
iNi
5 F
Example R? R
33 4Gl CONHTet
34 4-Ci CONHCH;CONH,
N N\\
N
NHTet; "N A
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Example 35

N Cl

N-Carbamoyimethyl-5-chloro-2-{2-[3-(4-fluoro-benzyl)-3,8-diaza-bicyclo[3.2.1Joct-8-
yll-2-axo-gthoxy}-nicotinamide

5 The titte compound for Examples 35 is prepared by a method analogous to that

described in Example 30.
Example 36
o

T\/\/\/ﬁm«g
QY

fog

4-Chlorg-2-{2-3-(4-fluoro-benzyl)-3,8-diaza-bicyclo[3.2.1]act-8-yl]-2-oxo-ethoxy}-N-
10 (2-ureido-ethyl)-benzamide
To a solution of N-(2-amino-ethyl)-4-chloro-2-{2-[3-(4-fluoro-benzyl)-3,8-diaza-
bicycla[3.2.1]oct-8-yl}-2-oxo-ethaxy}-benzamide (0.065 g, 0.14 mmol) in dichloromethane (1.5
ml) is added pyridine (0.023 mi, 0.28 mmot) and 4-nitrophenyl chloroformate (0.028 g,
0.14mmol). The reaction is stirred at ambient temperature for 1 hour and then concentrated

15 in vacuo. The resulting residue is dissclved in methanol, treated with ammonia gas, and the
solution is stirred under an atmo’sphere of ammonia over night. The reaction mixture is
diluted with ethyl acetate, washed with saturated aqueous sodium hydragen carbonate and
1M agueous sodium hydroxide until the arganic layer is colorless. Sitica gel chromatography
gave the title compound (0.057 mg, 79 %).

20 The title compounds for Examples 37 - 39 are prepared by a method analagous to
that described in Example 36.
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= D
0, o
Y\ - X
;N R
N
Example R R
37 3-Cl NHCONHCH,CONH;
38 4-Cl NHCONH,
39 4-Cl NHCONHCHZCH;COH
Example 40
el
e s
ﬁ./\o
N HN\”/NH2
f i Q
N
5

(5-Chloro-2-{2-[8-(4-fluora-benzyl)-3,8-diaza-bicyclof3.2.1]oct-3-yi]-2~oxo-ethoxy}-

phenyl)-urea

The title compound for Example 40 is prepared by a method analogous to that

described in Example 36,

Example 41

]

”,\l\/ﬁ\
NH,

NZ

O Y

JP

2004-511558 A 2004.4.15
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ethoxy}-pyridin-3-yl)-ureido}-acetamide
The title compound for Example 41 is prepared by a method analogous to that
described in Example 36.

5 Example 42

F

2-(2-Amino-5-chioro-phenaxy)-1-[3-{4-fluero-benzyl)-3,8-diaza-bicyclo[3.2.1]oct-8-yI]-
ethanone ’
To a solution of 2-(5-chloro-2-nitra-phenoxy)-1-[3-(4-fluoro-benzyl)-3,8-diaza-
10 bicyclo[3.2.1]oct-8-yl]-ethancne (0.059 g, 0.136 mmal) in ethanol (15 ml} in a par bottle is
added platinum on carbon (5%, 0.100 g). The resulting suspension is subjected to hydrogen
gas (20 psi) for 10 minutes, fittered through a pad of celite, the filter cake is washed with ethyt
acetate. The filtrate is concentrated in vacuo to give the title compound (0.040 g, 74%).
The title compounds for Examples 43-44 are prepared by a methad analogous to that

Z 0
o, I
Y\O =
N R
)

oy

16  described in Example 42.

Example R’ R
43 4-CF, NH,
44 4l NH,

JP

2004-511558 A 2004.4.15
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Example 45
cl
) /Q/
Y\D
fN NH,
N
F
2-(2-Amino-4-chloro-phenoxy)-1-[8-(4-flucro-benzyl)-3,8-diaza-bicyclo[3.2. T]oct-3-yl)-
ethanone
5 The title compound for Examples 45 is prepared by a method analogous to that

described in Example 42,
Example 46

NF

2-(3-Amino-5-chloro-pyridin-2-yloxy)-1-[3-(4-flucro-benzyl)-3,8-diaza-
10 bicyclo[3.2.1]oct-8-yi]-ethanone
The title compound for Examples 46 is prepared hy a method analogous to that

described in Example 42.

JP

2004-511558 A 2004.4.15
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Example 47
=

5 U

N
J

N,

Z

I
2-(2-Amino-6-methyl-pyridin-3-yloxy)}-1-[3-(4-fluoro-benzyl)-3,8-diaza-~

bicycio[3.2. TJoct-8-yi]-ethanone

5 The title compound for Examples 47 is prepared by a method analogous to that
described In Example 42.

Example 48
N | Gl
o}
Y\o x
N, HN.
\H/\NHZ
o
N}

F
2-Amino-N-(5-chloro-2-{2-[3-{4-fluoro-benzyl)-3,8-diaza-bicycle[3.2. 1]oct-8-yi]-2-0x0-
10 ethoxy}-pyridin-3-yl)-acetamide
To a salution of tert-butoxycarbonylamino-acetic acid (0.061 g, 0.35 mmol) in
tetrahydrofuran (2.0 ml) at 0 C is added N-methyl morphaline (0.038 ml, 0.35 mmol) and iso-
butylchloroformate (0.045 mi, 0.35 mmol). The reaction mixiure is stirred for 20 minutes,

warmed to ambient temperature for 2 hours, and then freated with 2—(3»amino»5-chiuro»
15 pyridin-2-yloxy)-1-{3-(4-fluoro-benzyt)-3,8-diaza-bicyclo[3.2.1]oct-8-yl]-ethanone  (0.108 g,
0.26 mmol) in tetrahydrofuran (1.0 ml). The resulting mixiure is stirred over night at ambient
temperature and then filtered through a pad of celite, which is washed with tetrahydrofuran.
The filtrate is diluted with ethyl acetate and washed with brine. The organic layer is dried over
magnesium sulfate, filtered and concentrated in vacuo. Silica gel chromatagraphy gave the
20  BOC-protected title compound (0.082 g, 63%), which is then treated with trifluoroacetic acid
(1.0 ml) in dichloromethane (10 mgl). The reaction mixture is stirred at ambient temperature
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avernight, diluted with dichloromethane, washed with agueous sodium hydroxide (1N, 10.0
ml), dried over magnesium sulfate, filtered and concentrated in vacuo to give the title
cormpound (0.054 g, 73%).
Example 49
N.

g

Jog

5
N-(5-Chloro-2-{2-[8~(4-ﬂuoro—t_:enzyl)-3,8»diaza—bicyclo 3.2.1]oct-3-y1}-2-oxo-ethoxy)-
phenyl)-3-hydroxy-3-methyl-butyramide
The tifle compound for Example 49 is prepared by a method analogous to that
described in Example 48.
10 Example 50

071/\0 N1
o

W

g

N-(4-Chloro-2-{2-[3-(4-fluorp-benzyl)-3,8-diaza-bicyclo[3.2. 1Joct-8-yl]-2-oxo-ethoxy}-
phenyl)-methanesulfonamide
To a 0°C solution of 2~(2-amino-5-chicro-phenoxy)-1-[3-(4-flucro-benzyl)-3,8-diaza-
15 bicyclo[3.2.1]oct-8-yi]-ethanone (0.040 g, 0.10 mmol) in dichloromethane (1.0 ml) is added
triethylamine (0.028 ml, 0.20 mmol) and methanesulfonyl chloride (0.010 ml, 0.012 mmol).
The reaction mixture is stirred at 0°C for 30 minutes and then concentrated in vacuo. Sllica

gel chromatography gave the title compound (0.026 mg, 52 %)
The title compounds for Examples 51 - 53 are prepared by a method analogous fo
20  that described in Example 50.
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Example R’ R
51 4-CF3 NHSO,CH.
52 4-C NHSOZCH;
53 3-Cl CONHCH,CHaNHSO,CH,
Example 54

F
5 N-(5-Chloro-2-{2-[8-(4-fluoro-benzyl)-3,8-diaza-bicycla[3.2.1]oct-3-yl]-2-0x0-ethoxy}-
phenyl)-methanesulfonamide
The title compound for Example 54 is prepared by a method analogous to that
described in Example 50.

Example 55
cl

NZ" |
[0} N\
0
Y\ o
N LLNY[Pe]

!

N

10 . F
N-(8-Chloro-3-{2-{3-(4-fluoro-benzyl)-3,8-diaza-bicyclo[3.2.1]oct-8-yl]-2-oxo-ethoxy}-

pyridin-2-yl}-methanesulfonamide
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The title compound for Examples 55 is prepared by a method analegous to that
described in Example 50.

Example 56
=
o, \
Y\g o
N HN_ ]
& z $=0
/
(N
F
5 N-(6-methyl-3-{2-[3-(4-fluoro-benzyl)-3,8-diaza-bicyclo[3.2. 1Joct-8-ylj-2-oxo-ethoxy}-

pyridin-2-yl)-methanesulfonamide

The title compound for Examples 56 is prepared by a method analogous to that
described in Example 50. ’
Example 57

2-(4-Chloro-phenoxy)-1-[3-(4-fluoro-benzyl)-8-aza-bicyclo[3.2. 1Joct-8-yl]-ethanone8-

benzyl-8-aza-bicyclo{3.2.1]octan-3-one

A solution of 2,5-dimethoxy-tetrahydrofuran (30 g, 0.23 mmol) in aqueous

hydrochloric acid (0.25 M, 100 ml) is stired at 0°C ovemnight. To the resulting reaction

15  mixture is then added benzylamine hydrochloride salt (39.9 g, 0.27 mmol), 3-oxo-

pentanedioic acid (33.8 g, 0.23 mnol) and aqueous sodium acetate (2.75 M, 200 mi, 0.55

mmol). The resuiting reaction mixture is stirred at ambient temperature for 90 minutes, and

then heated ta 50°C for 2 hours. The reaction mixture is then cooled to 0°C and basified with

6N agueous sodium hydroxide (50 i) to pH = 10. The reaction is extracted with ethyl

20 acetate, the organic layers are dried over magnesium sulfate, filtered and concentrated in
vacuo. Silica gel chromatography gave the title compound (37.54 g, 75%).
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30

35

-64-

3-Oxo-8-aza-bicyclo[3.2. 1]actane-8-carboxylic acid tert-butyl ester
To a solution of 8-benzy!-8-aza-bicyclo]3.2.1]octan-3-one (33 g, 0.163 mmol) in ethyl
acetate (100 ml) in a par bottle is added di-tert-butyl-dicarbonate (40.15 g, 0.184 mmal) and
palladium hydroxide on carbon (20%, 20 g). The reaction mixture is subjected to hydragen
gas (50 psi) at ambient temperature for 5 hours, fittered through a pad of celite, and the filter
cake is washed with ethyl acetate. The filtrate is concentrated in vacuo and silica gel

chromatography gave the title compound (29.37 g, 85%).
3-(4-Fluoro-benzylidene)-8-aza-bicyclo[3.2. 1]octane-8-carboxylic acid tert-butyl ester

To a solution of (4-fluoro-benzyl)-triphenyl-phosphonium chloride (27.0 g, 66.5 mmol)
in toluene (500 mi) is added sadium hydride (60% dispersion, 2.66 g, 6.5 mmol). The
resulting suspension is stirred at ambient temperature for 80 minutes. To the reaction mixture
is then added 3-oxo-a-aza»blcyclo}5.2.1]octane—a~carboxylic acid tert-butyl ester (13.6 g, 60.5
mmol)., The resulting reaction mixture is refluxed overnight, and then coaled to ambient
temperature, diluted with water and extracted with diethyl ether. The organic layers are dried
aver magnesium sulfate, fittered and concentrated in vacuo. Silica gel chromatography gave
the title compound (17.61 g, 92 %).

3-(4-Fluoro-benzyl)-8-aza-bicyclo[3.2.1]octane-8-carboxylic acid tert-butyl ester

To a solution 3-(4-flucro-benzylidene)-8-aza-bicyclo(3.2.1]octane-8-carboxylic acid
tert-butyl ester (18.72 g, 59.0 mmol) in ethancl (500 ml) in a par bottle is added paliadium on
carbon (16%, 10.0 g). The reaction mixture is subjected to hydrogen gas (40 psi) for 2 hours.
The reaction mixture is filtered through a pad of celite, and the filter cake is washed with
ethanol. The filtrate is cancentrated in vacuo to give the title compound (18.12 g, 96%, 2:1

mixture of diastereomers by 1H NMR). Chiral HPLC separation gave the exo diastereomer
(4.24 g, 23%} along with the enda diastereomer (11.32 g, 60%).
3-(4-Fluoro-benzyl)-8-aza-bicyclo[3.2.1]octans
To a solution of 3~(4-fluoro-benzyl)-8-aza-bicyclo[3.2.1]octane-8-carboxylic acid tert-
butyl ester (4.24 g, 13.3 mmal) in dichloromethane (50 ml) is added trifluoroacetic acid (10
ml). The resulting reaction mixture is stirred at ambient temperature for 3 hours, then washed

with 1N agueous sodium hydroxide, and extracted with dichloromethane three times. The
combined organics are dried aver magnesium sulfate, filtered and concentrated in vacuo to
give the fitle compound (2.91 g, 100%).
2-(4-Chloro-phenoxy)-1-[3-(4-fluoro-benzyl)-8-aza-bicyclo[3.2. 1]oct-8-yll-ethanone
To a solution of 3-(4-fluoro-benzyl)-8-aza-bicyclo[3.2.1]octane (0.038 g, 0.173 mmol)
in dichloromethane (1 mi) at 0°C is added (4-chloro-phenoxy)-acetyl chloride (0.042 g, 0.208
mmol) and triethylamine (0.072 ml, 0.520 mmol). The reaction mixture Is slowly warmed to
ambient temperature, and then diluted with dichloromethane and washed with water. The

JP 2004-511558 A 2004.4.15
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organics are dried over magnesium sulfate, filtered and concentrated in vacuo. Silica gel
chromatography gave the title compound (0.042 g, 63%).
Example 58

¥

5 2-(4-Chloro-2-nitro-phenoxy)-1-[3-(4-ftuoro-benzyl)-8-aza-bicyclo[3.2. f]act-8-yl]-

ethanone
2-chiora-1-[3-(4-flyoro-benzyl)-8-aza-bicyclo[3.2. 1jactane]-ethanane
To a solution of 3-(4-fluoro-benzyl)-8-aza-bicyclo[3.2.1joctane (2.91 g, 13.28 mmol) in

dry dichloromethane (30 mi) at 0°C is added triethylamine (2.10 ml, 14.60 mmol) followed by
10 chioraacetyt chioride (1.10 ml, 14.60 mmol). The resulting reaction mixture is stirred for 60
minutes, diluted with dichloromethane and washed with saturated agueous sodium hydrogen
carbonate. The organics are dried over magnesium sulfate, filtered and concentrated in
vacuo. Silica gel chromatagraphy gave the title compound (3.58 g, 91 %).
2-(4-Chloro-2-nitro-phenoxy)-1-[3-(4-fluoro-benzyl)-8-aza-bicyclof3.2.1joct-8-yI]-
15 ethanone
To a solution of 2-chioro-1-[3-(4-fluoro-benzyt)-8-aza-bicyclo[3.2.1]octane]-ethanone
(1.0 g, 3.40 mmol) in butanone (7 ml) is added 2-nitro-4-triflucromethyl-phenol (0.65 g, 3.74
mmol), potassium carbonate (0.93 g, 6.8 mmol) and potassium iodide (0.56 g, 3.40 mmol).

The resulting mixture is stirred at 80°C for 24 hours. The reaction is then cooled, diluted with
20  ethyl acetate and washed with brine. The organic layers are dried over magnesium sulfate,
filtered and concentrated in vacuo. Silica gel chromategraphy gave the title compound (1.3 g,
88%)
The title compounds for Exbmples 59-65 are prepared by a method analogous to that
described in Example 68

25 F:
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Example R® R

59 4-¢l CO,CH;
60 4-Cl CQCH;
61 4-Cl SOzNH,
62 4-Cl CH NPhth
63 4-CF3 NO,
64 3-Cl CO,CH,
65 3-CHy NHCOCH,

0,

NPhth &@
o
Example 66

pasd
@ ",

jog
5-Chloro-2-{2-[3-(4-fluoro-benzyl)-8-aza-bicyclo[3.2. 1]oct-8-yl]-2-oxo-ethoxy}-
5  henzamide
Ammonia gas is bubbled through a solution of 5-chloro-2-{2-[3-(4-fluoro-benzyl)-8-
aza-bicyclof3.2.1]oct-8-yl]-2-oxo-ethoxy}-benzoic acid methy!l ester (0.015 g, 0.034 mmol) in
dry methanol (3.0 m!). The reaction mixture is then capped and stired at amblent
temperature for two days, and then concentrated in vacuo. Sitica gel chromatography gave
10  the title compound (0.008 mg, 55 %).

Example 67
o
o
)&
@ p N/\/"”k

o

N-(2-Amino-ethyl)-8-chloro-2-{2-[3-(4-fluoro-benzyl)-8-aza-bicycio[3.2. 1joct-8-yl]-2-
oxo-ethoxy}-benzamide
15 A solution of 5-chloro-2-{2-[3-(4-fluoro-benzyl)-8-aza-bicyclo[3.2.1]oct-8-yl}-2-oxo-
ethoxy}-benzoic acid methyl estér (0.015 g, 0.034 mmol) in ethane-1,2-diamine (2.0 ml) is
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heated to 45°C overnight. The reaction mixture is then cooled to ambient temperature and
concentrated in vacuo. Silica gel chromatography gave the fitle compound (0.011 g, 69 %).

Example 68

]
Qﬁ/\ng
@ & u/\/“\!/"”'
5 5-Chlore-2-{2-[3-(4-fluoro-Henzyl)-8-aza-bicyclo[3.2. 1]oct-8-yl}-2-oxo-ethoxy}-N-(2~
ureido-ethyl)-benzamide
To =a solution of N-(2-Amino-ethyl)-5-chlaro-2-{2-[3-(4-fluoro-benzyl)-8-aza-
bicyclof3.2.1]oct-8-yl]-2-oxo-ethoxy}-benzamide (0.104 g, 0.22 mmol) in dichloromethane (2
mi} is added pyridine (0.035 mi, 0.44 mmol) and 4-nitrophenyt chioroformate (0.048 g,
10 0.24mmol). The reaction is stirred at ambient temperature for 1 hour and then concentrated

in vacuo. The resulting residue is dissolved in methanal, ammonia gas is bubbled through the
reaction mixture, and the solution is stirred under an atmosphere of ammania overnight. The
reaction mixture is concentrated in vacuo and silica gel chromatography gave the fitle
compound (0.049 mg, 43 :’/o).

16 The title compounds for Examples 69-71 are prepared by a method analogous to that

described in Example 68,
“ 9
DY\G x
o

Y

oy

Example § R* R
69 4-Cl NHCONH;
70 4-CF3 NHCONH,
K4l 3-Cl NHCONH,
Example 72
20 2-(2-Amino-4-chiaro-phenoxy)-1-[3-(4-flucro-benzyi)-8-aza-hicycio[3.2. tjoct-8-yll-

ethanone
To a solution of 2-<(4-chloro-2-nitro-phenoxy)-1-[3-(4-fluoro-benzyl)-8-aza-
bicyclo[3.2.1]oct-8-yl]-ethanone (1.23 g, 2.84 mmol) in ethanol (50 ml) in a par bottle is added

JP 2004-511558

A 2004.4.15
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10

platinum on carbon (5%, 0.500 g). The resulting suspension is subjected to hydrogen gas (35
psi) for 3 hours, filtered through a pad of celite, the filter cake is washed with ethyl acetate.
The filtrate is concentrated in vacuo to give the title compound (0.95 g, 83 %).

The titte compounds for Examples 73- 74 are prepared by a methed analogous to

-
I
S

e

that described in Example 72.

-68-

o

(164)

PCT/IB01/01844

N-(5-Chloro-2-{2-[3-(4-fluofo-benzyl}-8-aza-bicyclo[3.2. 1]oct-8-yl]-2-oxo-ethoxy}-

ot

% iSO,
&
O

Example R® R
73 4-CF3 NHa
74 3-Ci NH,

Example 75

phenyl)-methanesulfonamide

To a solution

bicyclo[3.2.1joct-8-yl}-ethanone (0.650 g, 0.13 mmol) in dichloromethane (1.0 ml) is added
triethylamine (0.036 mi, 0.26 mmol) and methanesulfonyl chloride (0.011ml, 0.014 mmal).
The reaction mixture is stirred at ambient temperature for 1 hour and then concentrated in

2-(2~amino-4-chlora-phenoxy)-1-[3-(4-fluoro-benzyl)-8-aza-

vacuo. Silica gel chromatography gave the title compound (0.034 mg, 54%)

The title compounds for Examples 76-81 are prepared by a method analogous to that

described in Example 75.
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R
GY\G X
N, R
pos
Example R R
76 4-CF, NHSO,CH;
77 . 3-Cl NHSO,CHz
78 3-Cl N{SO.CH;),
79 3-Cl NHCH,CH;NHSQ,CHs
80 4-Ci NHCH;CHzNHSO.CHz
81 4-Ct NHSQ,CF;3
Example 82
]
R, p/@:
5 P :

2-(2-Aminomethyl-4-chloro-phenoxy)-1-3-(4-fluora-benzyl)-8-aza-bicycla[3.2. 1]oct-8-

yl[-ethanone

To a solution of 2-(5-chloro-2-{2-{3-(4-fluoro-benzyl)-8-aza-bicyclo[3.2.1]oct-8-yl}-2-
oxo-ethoxy}-benzyl)-isoindole-1,3-dione (1.46 g, 2,67 romol) in ethanol (30 ml) is added

10 hydrazine (35%, 5.0 mi, 54 mmol). The reaction mixture (s stirred at ambient temperature
overnight. The reaction mixture is then filtered through a glass frit, the white precipitate is
washed with ethanol, and the combined filrates are concentrated in vacuo. The resulting
residue is triterated with dichloromethane and filtered through a glass frit. The fitrate is

concentrated in vacuo to give the title compound (1.06 g, 95.4%).
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Example 83
OY\
-

O/EE’EJ\)T%

N-(5-Chloro-2-{2-[3-(4-fluoro-benzyl)-8-aza-bicyclo[3.2. t]oct-8-yl}-2-oxo-ethoxy}-
benzyl)-2-ureido-acetamide .

To a solution of 2-(2-aminomethyl-4-chloro-phenoxy)-1-{3-(4-fluore-benzyl)-8-aza-
bicyclo[3.2.1]oct-8-yl]-ethanone (0.060 g, 0.14 mmol) in dichloromethane (1.5 ml) is added
triethylamine (0.036 mg, 0.36 mmol}, terf-butyl 1-piperazinecarboxylate (0.021 g, 0.15 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.034 g, 0.16 mmol) and
ureido-acetic acid (0.017 g, 0.15 mmol). The resulting reaction mixture is stirred at ambient

temperature overnight, then diluted with dichloromethane and washed with saturated aqueous
sodium hydrogen carbonate. The organics are dried over magnesium sulfate, filtered and
concentrated in vacuo. Silica gel chromatography gave the title compound (0.034 g, 47%).

Example 84
Cl

5-Chloro-242-[3-(4-flucro-benzyl)-8-aza-bicyclof3.2. 1]oct-8-yl}-2-oxo-ethoxy}-
nicotinamide

To a solution of glycolic acid (0.157 g, 2.07mmal), dimethylamino pyridine (catalytic),
and pyridine (0.327g, 4.14 mmol), in dichloromethane (6 ml) is added dropwise chioro
trimethylsilane (0.526 ml, 4.14 mmol). The reaction mixture is stired at ambient temperature
for 4 hours, and then catalytic dimethylformamide and oxalyl chloride (2 M in
dichloromethane, 1.0 ml, 2.0 mmol) are added. The resulting reaction mixture is stirred at
0°C for 1 hour, warmed to ambient temperature for 30 minutes, and then caoled to 0°C. To
the mixture is added (4-fluoro-benzyl)-8-aza-bicyclo[3.2.1)octane (0.500 g, 2.2 mmol) in

2004-511558 A 2004.4.15
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pyridine (0.474 g, 6.1 mmol). The reaction mixture is then slowly warmed to ambient
temperature over 2 hours. Citric acid (0.422 g, 2.2 mmol) in methanol (6.0 ml) is added to the
resulting reaction mixture, which is then stirred for 30 minutes at ambient temperature. The
reaction mixture is diluted with ethy! acetate, washed with 1N aqueous hydrochloric acid, then
saturated aqueous sodium hydrofen carbonate and brine. The organics are dried over
magnesium sulfate, filtered and concentrated in vacue to give 1-[3-(4-fluoro-benzyl)-6-aza-
bicyclo[3.2.1]oct-8-yl]-2-hydroxy-ethanone {0.480 g, 84 %).

To a 0°C solution of 1-[3<{4-fluoro-henzyl)-8-aza-hicyclo[3.2.1]oct-8-yl]-2-hydroxy-
ethancne (0.075 g, 0.27 mmol) in toluene (2.0 mi) is added sodium hydride (0.012 g, 0.29
mmol), and the reaction mixture is stirred at 0°C for 30 minutes. To the reaction mixture is
then added 2,5-dichloro-nicotinamide (0.056 g, 0.29 mmal). The resulting mixture is refluxed
for 2 hours, cooled to ambient temperature and concentrated in vacuo. Silica gel
chromatography gave the title compound (0.070 g, 60 %).

Example 85

N
o g

B Y\o
R NH,

O

H

AT

2-(8-Amine-5-chloro-pyridin-2-yloxy)-1-[3-(4-fluoro-benzyl)-8-aza-bicyclof3.2. 1joct-8-
yll-ethanone _

To a 0°C solution of 1-[3-(4-fluoro-benzyl)-8-aza-hicyclo[3.2.1]oct-8-yl)-2-hydroxy-
ethanone (0.253 g, 0.913 mmal) in toluene (2.0 ml) is added sodium hydride (0.042 g, 1.1
mmol), and the reaction mixture is stirred at 0°C for 30 minutes. To the reaction mixture is
then 2,5-dichioro-3-nitro-pyridine (0.185 g, 0.98 mmol). The resulting mixture is refluxed for 2
hours, cooled to ambient temperature and concentrated in vacua. Silica gel chromatography
gave  2-(3-nitro~5-chlaro-pyridin-2-yloxy)-1-[3-(4-flucro-benzyl)-8-aza-bicyclo[3.2. 1}oct-8-yll-
ethanone (0.272 g, 68 %).

To =@ solution of 2-(3-nitro-5-chloro-pyridin-2-yloxy)-1-[3-{4-fluoro-benzyl)-8-aza-
bicyclof3.2.1]oct-8~yI]-ethanone (0.269 g, 0.621 mmol) in ethanal (10 ml) in par bottle is added
platinum dioxide (0.250 g). The reaction mixture is subjected to hydrogen gas (35 psi) for 20
minutes, then filtered through a pad of celite, the filter cake is washed with ethanol, and the
filtrate is concentrated in vacuo. Silica gel chromatography gave the title compound (0.135 g,
54 %).

JP 2004-511558 A 2004.4.15
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Example 86

Y
o8

2-(4-Chioro-phenoxy)-1-[5-(4-fluore-benzyl)-2,5-diaza-bicyclo[2.2.2]oct-2-yi]-ethanone
2,5-Diamino-hexanedioic acid diethyl ester hydrochloride sait

To a solution of 2,5-dibromo-hexanedioic acid diethyl ester (5.0 g, 0.013 mmol} in
ethanol (16 ml) is added sodium azide (2.4 g, 0.036 mmol). The reaction mixture is refluxed
overnight and then poured slowly into ice water. The product is extracted with diethyl ether
three times; the organics are dried over magnesium sulfate, fittered and concentrated in
vacuo to give crude product, which is dissolved in ethanol (75 ml) and concentrated aquecus
hydrochioric acid (5.5 ml). To the reaction mixiure is added platinum oxide (1.1 g). The
reaction mixture is shaken under an atmosphere of hydrogen (30 psi) avemight, then filtered
through a pad of celite, and the filter cake is washed with ethanol. The filtraie is concentrated
in vacuo to give the tifle compound (5.6 g, 100%).

2,5-Diaza-bicyclo[2.2.2]octans hydrochioride salt

To a solution of 2,5-diamino-hexanedioic acid diethy! ester hydrochloride salt (5.6 g,
0.013 mmol) in methanol (400 ml) is added sodium methoxide (2.78 g, 0.051 mmol) giving a
solution with pH = 14. The reaction mixture is refluxed overnight, and then concentrated in

vacue. The resulting residue is washed twice with boiling ethanol. The filtrate is concentrated
in vacuo te give the crude product, which is dissolved in tetrahydrofuran (100 ml) and treated
with lithium aluminum hydride (1.0M in tetrahydrofuran, 80 ml, 0.080 mmol} at 0°C. The
reaction mixture is slowly warmed to ambient temperature and then refluxed overnight, cooled
to 0°C and slowly quenched with water. The resulting mixiure is filtered through a pad of
celite, and the filter cake is washed with diethyl ether and dichloromethane. The filfrate is
treated with hydrochloric acid and then concentrated in vacuo to give the title compound (0.30
g, 16 % over 2 steps)
2-{4-Fluoro-benzyl)-2,5-diaza-bicyclo[2.2.2]joctane

To a solution of 2,5-diaza-bicyclof2.2.2]octane hydrochloride salt {0.30 g, 1.60 mmal)
in 1,2-dichloroethane (3.2 ml) is added 4-fluoro-benzaldehyde (0.043 ml, 0.40 mmol),
triethylamine (0.5 ml, 13.6 mmal) and acetic acid (0.3 ml). The reaction mixture is stirred for 2
hours, and then treated with sodiun triacetoxy borchydride (0.14 g, 2.72 mmol) and stirred at
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ambient temperature overnight. The reaction mixture is treated with water and extracted with
ethyl acetate. The organics are dried over magnesium sulfate, fittered and concentrated in
vacuo to give the title compound contaminated with triethylammanium acetate (0.44g, 66% by
NMR).

2-(4-Chloro-phenoxy)-1-[5-(4-fluoro-benzyl)-2 5-diaza-bicyclo[2.2.2]act-2-yl]-ethanone

To a solution of 2-(4-fluoto-benzyl)-2,5-diaza-bicyclof2.2 2}octane (0.026 mg, 0.12
mmal) in dichloroethane (1 ml) at 0°C is added (4-chloro-phenoxy)-acetyl chloride (28 mg,
0.13 mmoal). The reaction mixture is slowly warmed to ambient temperature, and then
quenched with saturated aqueous sodium hydrogen carbonate. The praduct is extracted with
ethyl acetate, the organics are washed with brine, dried over magnesiurn sulfate, filtered and

concentrated in vacuo to give the title compound (0.023 mg, 76%).
Exampie 87

o]

5-Chloro-2-{2-[3-{4-fluoro-benzyl)-3,9-diaza-bicyclo[3.3.1]non-8-yl]-2-oxo-ethoxy}-
benzamide

Piperidine-1,2,6-tricarboxylic acid 1-benzyl ester

To a solution of pyridine-2,6-dicarboxylic acid (20.0 g, 0.119 mal) in 2M aqueous
sodium hydroxide (150 ml) in a paf bottle is added rhodium on aluminum (5%, 1.48 g). The
resulting suspension is subjected to hydrogen gas (50 psi) for 72 hours, filtered through a pad
of celite, the filter cake is washed with water. The filtrate is cooled to 0 °C and treated with
benzyl chloro formate (24.2 g, 0.142 mol) in tetrahydrofuran (100 ml). The reaction mixture is
stisred at ambient temperature for § hours. The reaction mixture is extracted with diethyl
ether, the aqueous layer is acidified with 6N aqueous hydrochloric acid and then extracted
with ethylacetate. The combined organics are dried over magnesium sulfate, filtered and

concentrated in vacuo. Tritration with ethylacetate gave the title compound (18.0 g, 48%).
3-(4-Fluoro-benzyl)-2 4-dioxo-3,9-diaza-bicyclo[3.3.1]nonane-9-carboxylic acid benzyl

ester

A solution of piperidine-1,2,8-tricarboxylic acid 1-benzyl ester (18.0 g, 0.059 mol) in
acetic anhydride (200 ml) is heated to 70 °C ovemnight. The reaction mixture is cooled to
ambient temperature, concentrated in vacuo, and the residue is azeotroped with toluene. The
resulting oil is dissolved in toluene (200 ml) and treated with 4-fluorobenzyl amine (7.3 g,
0.059 mol). The reaction mixture is stirred at ambient temperature for 18 hours and then
treated with acetic anhydride (20 mi) and heated to reflux for 16 hours. The reaction mixture
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is cooled to 0 °C, poored into @ mixture of saturated agueous sodium hydrogen carbonate and
crushed ice, and exiracted with ethyl acetate. The combined organics are dried over
magnesium sulfate, filtered and concentrated in vacuo. Silica gel chromatography gave the
title compound (19.72 g, 84%)

3-(4-Fluoro-benzyl)-3,8-diaza-bicyclo[3.3. {Jnonane-2,4-dione

To a solution of 3-(A-fluoro-benzyl)-2,4-dioxo-3,9-diaza-bicyclof3.3.1lnonane-9-
carboxylic acid benzyl ester (9.37 g, 0.023 mol) in ethanol (100 ml) is added cyclohexadiene
{18.9 g, 0.23 mol) and palladium on carbon (10%, 5.0 g). The reaction mixture is stirred at
ambient temperature for 90 minutes, then filtered through a pad of celite, the filter cake is
washed with ethanol. The filtrate is concentrated to give the title compound (5.69 g, 94%).

3~(4-Fluoro-benzyl)-3,9-diaza-bicycla[3.3.1]nanane

To a salution © °C of 3-(4-fluoro-benzyl)-3,9-diaza-bicyclo[3.3.1Jnonane-2,4-dione
(5.69 g, 0.0217 mol) in toluene (70 ml) is added Red-Al (20 mi, 0.100 mol). The reaction
mixture is warmed to 60 °C for 4 hours, and then cooled to 0 °C and treated with water (50
ml), 1N aqueous sodium hydroxide (50 ml) and saturated aqueous ammonium chloride. The
resulting mixture is filtered through a pad of celite, exiracted with ethylacetate, and the
combined organics are dried over magnesium sulfate, filtered and concentrated in vacuo to
give the title compound (4.51 g, 88%).

2-chloro-1-[3-(4-fluora-benzyl)-3,9-diaza-bicyclo[3.9.1Jnon-8-yl]-ethanone

To a solution of 3-(4-fluoro-benzyl)-3,9-diaza-bicyclo[3.9.1Jnonane (0.65g, 2.77mmol)
in dry dichloromethane (6 ml) at 0°C is added triethylamine (0.43 ml, 3.10 mmol) followed by
choroacetyl chloride (0.23 ml, 3.10 mmol). The resulting reaction mixture is stirred for two
hours and concentrated in vacuo. Silica gel chromatography gave the titte compound (0.53 g,
61%).

5—Ch!oro-2—(2—[3-(4-ﬂuoro~5enzyl)6,9—diaza-bicyclo[3 3.1Jnon-9-yl}-2~oxo-ethoxy}-
benzamide

To a solution of 2-chloro-1-[3-(4-fluoro-benzyl)-3,9-diaza-bicyclo[3.3.1Joct-8-yl]-
ethanone (0.095g, 0.30 mmal) in butanone (4 ml) is added 2-hydroxy-5-chloro-benzyamide
(0.0.057 g, 0.33 mmol), potassium carbonate (0.082 g, 0.60 mmol) and potassium iodide
(0.0.049 g, 0.30 mmol). The resulting mixture is stirred at reflux for 7 hours. The reaction is
then cooled, diluted with ethyl acetate and washed with brine. The organic layers are dried
over magnesium sulfate, filtered and concentrated in vacuo. Silica gel chromatography gave
the title compound (0.090 g, 67%).

The title compounds for Examples 88-92 are prepared by a method analogous to that
described in Example 87.
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Example R R
88 4-Cl SO,NH:
89 4-Gl CO,CH;
90 4-Cl NHSO,CHg
91 3-Cl NO2
92 4-Cl CH,CO,CH,CHg
Example 93

C[\@:Q_l%(N&N\/@F

5-Chloro-2-{2-[3-(4-fluoro-benzyl)-3,9-diaza-bicyclo[3.3.1]non-2-yl]-2-oxo-ethoxy}-
benzoic acid

The title compound for Example 93 is prepared by a method analogous to that
described in Example 20.
Example 94

HO_O F
C‘WQF T
N
0N
¢}
(5-Chloro-2-{2-3-(4-fluoro-benzyl)-3,9-diaza-bicyclo[3.3.1jnon-9-yl]-2-0xo-ethoxy}~
phenyl)-acetic acid .

The title compound for Exarnple 94 is prepared by a method analogous to that

described in Example 20.
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Example 95
.
Re QZf\)i:r
N
SN0

o

2-(56-Chloro-3-nitro-pyridin-2-ytaxy)-1-[3-(4-fluoro-benzyl)-3,9-diaza-bicyclo[3.3.1]non-
9-yl]-ethanone

5 The title compound for Exémple 95 is prepared by a method analogous to that

described in Example 15.
Example 96
NH, F
NPy o @\/@
I N
SN0y
a
5-Chloro-2-{2-[3-(4-fluoro-benzyl)-3,9-diaza-bicyclo[3.3. 1Jnon-9-yl]-2-oxa-ethoxy}-

10 nicotinamide

The title compound for Example 96 is prepared by a method analogous to that
described in Example 15.
Example 97

:
oy Ko T
N
SN0
Q

15 2-(3-Amino-5-chloro-pyridin-2-ylaxy)-14{3-(4-fluoro-benzyi)-3,9-diaza-
bicyclo[3.3.1]nen-9-yl]-ethanane
The title compound for Example 97 is prepared by a method analogous to that

described in Example 42.
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N-[(5-Chioro-2-{2-{3-(4~fluoro-benzy)-3,9-diaza-hicyclo[3.3. 1)non-9-yl)-2-oxo-ethoxy}-phenyl)-
acetyl]-methanesulfonamide

5 The title compaund for Example 98 is prepared by a method analogous to that

described in Example 30.
Example 99

NN
Y
oy ¢
N
o’\T(
O

5-Chlaro-2-{2-[3-(4-fluoro-benzyl)-3,98-diaza-bicyclo[3.3.1]non-9-yl)-2-oxa-ethoxy}-N-
10 (1H-tefrazol-5-yl)-benzamide
The title compound for Example 98 is prepared by a method analogous to that
described in Example 30.
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CLAIMS

1. A compound of flie formula

z
R4/( )e\

or the pharmaceutically acceptable salt and pro-drugs thereof; wherein

als1,2,3,40r5;

cisOor1;

dis1,2,3,40r5;

kis0,1,2,30r4;1is0,1,2,30r4; mis 0, 1, 2, 3, or 4; k, | and m cannot ali be 0
and if m and/or k are not 0, then | must be 0.;

Wis CHorN;

X is C(O), C(S) or CHy;

Y is CHy; ,

Z is oxygen, NR® ar CR''R';

each R' is independently selected from hydrogen, hydroxy, hydroxysulfonyl, halo,
(C4-Cs)alkyl, mercapto, mercapto(C‘-C;)alkyl, (C4-Ce)alkylthio, (Cq-Ce)alkylsulfinyl, (Cy-
Cg)alkylsufonyl, (C1-Cq)alkylthio(C4-Ce)alkyl, (C+-Celalkylsulfinyl(C;-Cs)alkyl, (Cs
Cg)alkylsulfonyl(C4-Cs)alkyl, (C1~Cq)alkoxy, (Ce-Cio)aryloxy, halo(Cs-Cs)alkyl, trifluaromethyl,
formyl, formy{(C4-Cg)alkyl, nifro, nitroso, cyana, (Ce-Cio)aryl(Cq-Ce)alkoxy, halo(Cy-Cg)alkoxy,
trifiuoromethoxy, (Ca-Cy)eycloalkyl, {Cs-Crlcycloalkyl{C1-Clalkyl, hydroxy(Cs-Cr)eycloalkyl(Cy-
Cs)alkyl, (Ca-Cq)cyclaalkylamino, (Cs-Cr)oycloalkylamino(C4-Ce)alkyl, ((Cs-Cr)cycloalkyl)((Ce
Cgalkylyamina, {{Cs-Cq)cycloalkyl{Cy-Celalkyllamina(Ci-Cg)alkyl, cyano{C-Celalkyl, (Cy
Cpyalkenyl, (Cx-Cralkynyl, (Cs-Crolaryl, (Ca-Cialaryl(C+-Colalkyl, (Ce-Cro)aryl(Cz-Colatkenyl,
hydroxy(C1-Ce)alkyl,  hydroxy(Cs-Cro)aryl{Ci-Ce)alkyl, hydraxy(Cs-Ce)alkylthio(C;-Ce)alkyl,
hydroxy(Ca-Cs)alkenyl, hydroxy(C,-Ce)alkynyl, (Cs-Cs)alkoxy(Ci-Cealkyl, (C-Cs)atkoxy(Ce-
Cro)aryl{Cs-Celalkyl, (Ce-Croaryloxy(Cy-Celalkyl, (Ce-Cro)aryiCs-Celalkoxy(Cy-Ce)alkyl, amino,
(C1-Cslalkylamino, ({C+Cslalkyl),aming, (Cs-Cro)arylamino, (Ce-Cio)aryl(Cy-Cs)alkylamino,
amino(Cs-Cg)alkyt, (C1-Ce)alkylamino(C+-Cg)alkyl, {{C+-Cs)alkyl)zamino(C4-Cs)alkyl,
hydroxy(Cs-Ce)alkylamino(Cs-Cg)allkyl,  (Ce-Cro)arylamino(Ci-Celalkyl,  {Ce-Cro)aryl  (Cy-
Cg)alkylamino(Cy~Cg)alkyl, (C+-Cs)alkylcarbonylamino, ({C4-Cg)alkylcarbonyl){({Cy-
Ce)alkyl)amino, (C4-Ce)alkyicarbonylamino(C;-Cg)alkyl, ((C4-Cs)alkylcarbonyl)((C+-
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Cg)atkylyamino(Cs-Ce)alkyl, {C+-Cs)alkoxycarbonylaming, (C4-Cs)alkoxycarbonyl}(Cs~
Cgyalkylamino, . (C4-Ce)alkoxycarbonylamino(Cs-Ce)atkyl, (C4-Ce)alkoxycarbnony)((C+-
Csg)alkyl)amino(C4-Cg)alkyl, carboxy, (C4-Ce)atkoxycarbonyl, {Ce-Cio)aryl(Cy-
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(
Celalkoxycarbonyl, (Cy-Cg)alkylcarbonyl, (C4-Cs)alkylcarbonyl(C4-Cs)alkyl, (Ce
Cyoarylcarbonyl, (Ca-Ciglarylcarbonyl(Ci-Celalkyl,  (Cs-Cro)aryl(Cy-Ce)alkylcarbonyl,  (Ce-
Cqo)aryl{Cy-Cs)atkycarbonyl(Ci-Ce)alkyl,  carboxy(CCslalkyl,  (Cs+-Ce)alkaxycarbonyl(Cy
Ce)alkyt, (Cs-Cro)aryl{C+Cs)atkoxycarbonyl(Cs-Cs)alkyl, {C+-Cs)alkoxy(Cy
Cg)alkylcarbonyloxy(C-Cs)alkyl, aminocarbonyl, (C4-Ce)alkylaminacarbonyl, {(Cs-
Cs)alkyl)saminocarbanyl, (Ce-Ciolarylaminacarbonyl, (Cs-Ciolaryl(Ci-Cs)alkylaminocarbonyl,
aminocarbonyl(CCg)alkyl, (Cy-Cs)atkylaminocarbonyl{C4-Cs)alkyl, ((Cs~
Ce)alkyl).aminocarbonyl(C1-Ce)alkyl, (Ce-Cyo)arylaminocarbonyl(C4-Cg)atkyl, (Cs-
Cgalkylaminocarbonyl(C-Ce)alkyl, amidino, guanidino, ureido, (Cq-Ce)alkylureido, {(Cq-
Cp)alkyl)zureido, ureido(Cy-Csalkyl, (Ci-Ce)alkylureido(Cs-Co)alkyl, ((Ci-Ce)alkyl)oureido(Cy-
Cglalkyl, (Co-Cq)heteracycloalkyl, (Co-Cy)heteroaryl, (C.-Co)heterocycloalkyl(C+-Celalkyl and
{Cz-Co)heteroaryl{C-Cg)alkyl;

R' is  (RQCeCiolafy, (R'QM{CoCroloycloalyl, (R°QgHCxColhsteroaryl,
(R°Qy){(CCo)heterocycloalkyl,

wherein fis 0, 1,2, 3,4 0r5;

Qis (Cy-Co)alkyl;

gisQorft;

R® is Independently selected from: (CpCodheterocycloalkylcarbonyl, (Cp-
Ce)heteroarylcarbonyt, (C2-Copheteroaryl(C,-Ce)atkylarninocarbonyl, (2%
Coq)heteroarylaminocarbonyl, (Ca-Cq)heteracycloalkyl(C4-Ce)alkylaminocarbonyl, (o
Cg)alkylsulfonytaminocarbonyl, (C+-Ce)alkylsulfonylamino{C;~Cg)alkylaminocarbonyl,
ureido(C4-Cg)alkylaminocarbonyl, (C4-Cg)alkylureido(C4-Cgalkylaminocarbonyl, ((Cy~
Cg)alkyl)zureido(C,-Cs)alkylaminocarbonyl, halo(C-Cs)alkylaminocarbonyl, (Cs-
Cgalkylcarbonylamina(C,-Cg)atkylaminocarbanyl, hydroxy(C;-Cs)alkylaminocarbonyl,
aminosulfonyl(C,-Cg)alkylarninocarbonyl, carboxy(C4-Cg)alkylaminocarbonyl, (Cy-

Gg)alkylaminasulfonyl(C;-Ce)alkylaminocarbonyl,  amino(C-Cs)alkylcarbonylamino,  (Cy-
Ce)atkylamino(C;-Ce)alkylcarbonylamino, — carboxy(Cs-Cs)atkyicarbonylamino, — carboxy(Cq-
Cgalkoxycarbonylamino, ((C,—Cs,)a|kyI)zamino(01»C,)alkylcarbunylamino. acetylamino(Cs~
*Cg)alkylcarbonylamino, (acetyl)((C4-Cs)alkyl)amino(Cs-Ce)alkylcarbonylamino, (Cs-
Ce)alkylsulfonylamino(Cy-Ce)alkylcarhonylamino, — cyancguanidino(C+-Ce)alkylcarbenytamino,
{C+-Cs)alkylcyanoguanidino(C4-Ce)alkylcarbonylamino, {(C4-Co)alkyl)zcyanoguanidino(Cy-
Cg)alkylcarbonylamino, aminucarbon:uyl(c1-Cs)alkylcarbonylamino, aminocarbonylamino(Cy-
Ce)alkylcarbonylamino,  (C-Ce)alkylaminocarbonylamino(C4-Cg)alkylcarbonylamino, (G-
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Cs)alkyl);aminocarbonylamino{C4-Ce)alkylcarbonylamino,

Ce)alkylcarbonylamino, hydroxy(C4-Ce)alkylureido,

(176)

PCT/IB01/01844

(CxCy)heteroaryl(Cq-

Cg)alkylcarbonylamino, (Cz-Ce)hetefocycloatkyl(Cs-Cs)alkylcarbonylamine, aminosulfonyl(Cy-

amino(C4-Cg)alkylureido,

Cg)alkytamino(Cy-Ce)alkylureido, ((C4-Cp)alkyl)zamino(C,-Celalkylureido,

(s
(Cor

{Co-Co)heteraaryl(C;-

Coalkylureida, {C4-Cg)alkylsulfonylureido, aminosulfonyl(Cs-Csjalkylureido, aminocarbonyl(Cy-
Ce)alkylureido, (C-Cg)alkylaminocarbonyl(C-Cs)alkylureido, ((C1-Ce)alkyl);aminacarbonyl(Cs-
Cs)alkylureido, acetytamino(C+-Ce)alkylureida, (acetyl)((Cs-Cs)alkyl)amino{C4-Cg)alkylureido,
amino{C-Cp)alkylsulfonylamino,
(Cy-Cslalkylamino(Cy-Cg)alkylsulfonylamine,  ((C4-Ce)alkyl}zamino(C4-Cs)alkylsutfonylamina,
acetylamino{C-Cg)alkylsulfonylamino,  (acetyl){(C4-Ce)alkyl)amino(Cs-Ce)alkylsulfonylamino,

)
)
Cg)heterocycloalkyl(C+-Cs)alkylureido, {Co-Co)heteroarylureida,
)
)

carboxy(C-Cs)alkylureido, halo(C4-Ce)alkylsulfonylamino,

ureido(C4-Cs)alkylsulfonylamino, (C+-Cg)alkylureido{C4-Ce)alkylsulfonylamino, ({Cs-
Cg)alkyt)aureido(C4-Ce)alkylsulfonylamino, {C4-Ce)alkylsulfonylamino(Cy-
Ce)alkylsuifonylamino, cygnoguanidino(01-Cs)a)kylsulfonylamino, carboxy(Cy-
Cs)alkylsuifonylamino, {C4-Ce)alkylcyanoguanidino(C+-Ce)atkylsulfonylamine, {(C+-
Cgalkyl)cyanoguanidino(Cy-Cg)alkylsulfonylamine, aminocarbonylCy-Ce)alkylsulfonylamino,
(01-Cs)alkoxycarb0nylamIno(CrCS)a}kylsulfony]amino, aminosulfonylaminocarbonyl,  (Cy-
Cgjalkytaminosulfonylaminocarbonyl, ((C+-Ceg)alkyl)zaminosulfonylaminocarbonyl, (Ce
Cio)arylsulfonyl, {C+-Cg)atkylaminosulfonylamino, ((C+-Ce)alkyl)oaminosutfonylamino,
aminocarbonyl(C-Cs)alkylamino(Cy-Cs)alkylsulfonylamina, (Cz-
Cg)heterocycloatkyloxycarbonylamino(C4-Cs)alkylsulfonylamino, {Crr
Cg)heteroaryloxycarbonylamino(C,-Cgalkylsulfonylamino, cyanoguanidina, (Cy-
Cs)alkylcyanoguanidine, {(C4-Cs)alkyl)cyanoguanidino, (Cx-

Colheterocycloalkylcyanoguanidine, (Ca-Ca)heterocycloalkyl(C+-Cs)alkyleyanoguanidine, (Ca-

Cg)heteroaryl(C4-Ce)alkyloyanoguanidino, amino(C4-Cg)alkylcyanoguanidino,
Cs)alkylamino(C,-Ce)alkylcyancguanidino,  ((C4-Cgalkyl)zamino(Cs-Cs)alkylcyanoguanidino,

aminocarbonyl(C4-Cg)alkyleyanoguanidino, carboxy(Cy
Cg)alkylaminocarbonyl(C-Ce)alkyicyanoguanidine,
Cs)alkylcyanoguanidino, hydroxy(C-Cs)alkylamine,

-Cs)alkyloyanoguanidino;

(G

(G

((C+-Co)alkyl)zaminocarbanyl{Cy-
aminacarbonyl(C;-Ce)alkylamino,

carboxy(Ci-Ce)alkylamino, 7 (C4-Ce)alkylsuifonylamino(C4-Ce)alkylamino, (Cy-
Ce)alkoxycarbonylamino(C4-Cg)alkylamino, aminosuifonyl(C4-Ce)alkylamino, (Co
Cg)heteroaryl{C4-Cs)alkylamino, acetylamino(C;-Ce)alkylamino, (acetyl)({Cs-
Celalkylyamino(Cy-Ce)alkylamino, -  (C,-Celheterocycloatkyl(Cs-Ce)alkylamino, {(Cs
Cg)alkyl)amino(C;-Cg)alkylamino, (C4-Cgalkylamino(C4-Cs)alkylamine,(C4-Ce)alkoxy(C+-
Ce)alkylamino, (C4-Cg)alkoxycarbonyl(C4-Ce)alkylamino,  cyano{Cs-Ce)alkylamino, (Co-
Cy)heteracycloalkyloxycarbonylamino(C,-Ce)alkytamino, (Co-
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Ce)heteroaryloxycarbonylamino(Cq-Ce)atkylamino,  cyanoguanidino(Cs-Caalkylamino, {Cs-
Ce)alkyloyanoguanidino(Cy-Ce)aliylamino,  ((C+-Cg)alkyl)-cyanoguanidina(C-Cs)alkylamino,
ureido(Cy-Cealkylamino,  (C4-Cs)alkylureida(Cs-Co)alkylamino,  ((C+-Cejalkyl)aureido(Cy-
Ce)alkylamino, aminocarbonyloxy(Ci-Cs)atkylamino, hydroxy(Cs-Ce)alkylcarbonylamino, (C-
Ce)alkylaminocarbonyl(Cs-Ce)alkylcarbonylamine, {(C4-Cs)alkyt)aminocarbonyl(Cs-
Cglalkylcarbonylamino, (C4-Cyq)alkoxycarbonylamino(C;-Cg)alkylcarbonylamino,
arminosulfonyl(C+-Cs)alkylcarbonylamina, hydroxy(C+-Gg)alkylamino(Cy-
Co)alkylcarbonylamino, ((Ci-Co)alkyl)zamino{C+-Ce)alkylamino(C+-Ce)alkylcarbonylamino (Ct-
Cg)alkylamino(C4-Cg)alkylamino(C-Cg)alkylcarbonylamino, amino(Cy-Cs)alkylamino(Cy-
Cg)alkylcarbonytamino, (C4-Cs)alkoxy(Cy-Ce)alkylamino(C4-Cg)alkylcarbonylaming, (Cr
Cg)heterocycloalkyloxycarbonylamino, {Cz-Cg)heteroarylcarbonylamino(Cy-
Cs)alkylcarbanylamino, , {Cz-Co)heteroarylcarbonylamino, (Co
Cy)heterocycloalkylcarbonylamine, {Cx-Co)hnetercaryl(C-Cg)alkylcarbonylamino, (Cor
Cy)heterocycloalkyl(C4-Cg)alkylcarbonylamino, {Co-Co)heterocycloalkylcarbonylamino(C-
Cg)alkylcarbonylamino,  cyano(Cs-Ce)alkylcarbonylamino, {C4-Ce)alkylsulfonylamino{Cs-
Ce)alkylaminocarhonylamino, (C‘-6a)alkoxycarbonylarnino(CrCs)aIkyIaminocarbonylamino,
{Ca-Co)heterocycloalkyloxycarbonylamino(C,-Ce)alkylaminocarbonylamino, (Cxr-
Cy)heteroarylaxycarbonylamino(C;-Ce)atkylaminacarbonylaminol,  ureido(Cy-Ce)alkylureido,
(C4-Cg)alkylureido(C4-Ce)alkylureido, {(C4-Cg)alkyl).ureido(C4-Ce)alkylureido,
cyanoguanidino(Cs~Ce)alkylureido, (Ca-Cy)heteroaryl(cyanoguanidino), aminosulfonyl,
amino(Cy-Ce)alkylsulfonyl,  (C4-Cg)alkylamino(Cq-Cglalkylsulfonyi,  ((C4-Cs)alkyl).:amino(Cs-
Cg)atkylsulfonyl, (C+-Cg)alkylaminosulfanyl, {(C4-Ce)alkyl)aminosulfonyl, (Co
Cy)heterocycloalkylsulfonyl, amir{c(C1-Cs)alkylaminosulfonyl, (C+-Ceyalkylamino(C-
Cs)alkylaminosulfonyl, ((C4-Ca)alkyl),amino(C4-Ce)alkylaminosuifonyl,
(Cz_Cg)héteroarylaminosulfunyl‘ hydroxy(C4-Ce)alkylaminosulfonyl, (C4-Ce)alkoxy(Cy-
Ce)alkylaminosulfonyl, ureido(C4-Cs)atkylaminosulfonyl, {C+-Cglalkylureido{C-
Cs)alkylaminosulfonyl, ((C+-Cg)alkyl)aureido(Cs-Ce)alkylaminosulfonyl, {Cy-
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Ce)alkylsulfonyl, (Ce-Cg)arylsulfonyl, (C2s-Ce)heteroarylsulfonyl, (Cy-Cs)alkoxy, hydroxy(Cs-
Celalkoxy, (CeCio)aryloxy, trifluoro(Cs-Ce)atkyl, formyl, nitro, nitroso, cyano halo(Cs-
Cglalkoxy,  trifluoro{Ci-Cglalkoxy, — amino(Cs-Cg)alkaxy,  (Cs-Ciojeycloalkylhydroxy(Cs-
Cro)eycloalkyl  (Ca-Cro)oycloalkylamino(Ca-Celalkenyl, (Cx-Colalkynyl, {(Cs-Ciglaryl, (Ce-
Cro)aryl(C-Celalkenyl, hydroxy(Ce-Cro)aryl, ((Cs-Ce)alkylamino)}(Cs-Cao)aryl, hydroxy(Cs-
CeJalkylthio, hydroxy(Cy-Cg)alkenyl, hydroxy(CzCglalkynyl, (Ci-Ce)atkoxy(Cs-Cio)aryl, (Ce-
Cia)aryl{C-Ce)alkoxy, amino, (C+-Ce)alkylamino, ((C4-Cs)alkyl);amino, (Cs-Cie)arylamino, (Ce-
Cao)aryl{Cs-Celalkylamino,  amino(C-Cglalkylamino,  (Ca-Colheterocycloalkylamino,  (Cp-
Cg)heteroarylaming,  {CpCgheteroaryl(Ci-Ceolalkylamino, |  (Cp-Cg)heterocycloalkyl(Cy-
Cg)alkylamine, (03-C10)cycloalk,yl(c,-cg)alkyl)amino, (Ci-Ce)alkylcarbonylaniino,  (Cs-
Cg)atkoxycarbonylamino, (C»-Cs)alkenylcarbonylamine, (Cs-Cio)cycloalkylcarbonylamino, (Ce-
Cig)arylcarbonylamino, (Ca-Co)heterocycloalkylcarbanylamine, {Car
Cg)heteroaryloxycarbonylamino, {C2-Cq)heterocycloalkoxycarbonylamino, halo(C4-
Cglalkylcarbonylamine, (C,—Cs)alko;y(C,-Ce)alkylcarbonylamino, {Cy-Cg)alkoxycarbonyl{Ci-
Cgalkylcarbonylamino, ((Cy-Cg)alkylcarbonyl)((C+-Ce)alkyl)amino, ((Cq-
Cslalkoxycarbonyl}{(C4-Cs)alkyl)amino, (C+-Cs)alkylsulfonyfamino, ({C4-Ce)alkylcarbonyl){((C+-
Cs)alkyl)amino, (C3-Cso)cycloatkyl(C+-Ce)alkylyamino, ((Cy-Ca)alkylsulfonyl)((Cy-
Celalkyhamino, {C2-Cgq)heteraarylsulfonylamino, (Cs-Cra)arylsulfonylamino, ((Cs
Cio)arylsutfonyl)((C-Ce)alkyl)amino,  carboxy,  (Ci-Cg)alkoxycarbonyl,  (Cg-Cig)arv}(Cy-
Cy)alkoxycarbonyl, (C4-Cs)alkylcarbonyl, carboxy(Cs-Cgalkylcarbanyl, amino(Cy-
Ce)alkylcarbonyl, {C4-Ce)alkylamino(Cq-Co)atkylcarbonyl, ((C+-Cs)alkyl)zamino(Cy-
Cg)alkylcarbonyl, (Ce-Cio)arylcarbonyl, (Co-Cgolheteroaryl(Cs-Celalkylcarbonyl, (Cs-Cio)aryl(C+-
Ce)alkylcarbonyl, hydroxy(Cs-Cg)alkoxycarbonyl, (Cy-Cs)alkoxy(C+Cg)alkylcarbonyloxy, ((Ci~

(Cq
Ce)alkylaminocarbonyl,  ({(Ci-Ce)alkyl).:aminocarbonyt,  (Ce-Cio)arylaminocarbonyl,  (Cs
C1o)aryl(C1-Ce)alkylaminocarbonyls {aminocarbonyl(C4-Ce)alkylaminocarbonyl, {(C+-
Ce)alkylaminocarbonyl(C+-Cs)alkylaminocarbonyl, (carboxy(C+-Ce)atkyl)aminocarbonyl, ((C+-
Cs)alkoxycarbonyl(C-Cg)alkylaminocarbonyl, (amino(Cs-Cs)alkyl)aminocarbonyl, (hydroxy(Cq-
Cg)alkylaminocarbonylamidino, hydroxyamidino, guanidine, ureido, (Cs-Cealkylureido, (Ce-
Cro)arylureido, ((Ce-Cioaryl)oureido, (Ce-Cio)aryl(Ci-Ce)atkylureida, halo(Cy-Cs)alkylureido,
({C4-Colatkyl)((Cs-Cro)aryl)ureido,  ({Cs-Colalkyl)oureido, halo(C4-Cs)alkylcarbonylureido,
(halo(C4-Ce)alkylX{C1-Ce)alkyl)ureido, ((C4-Ce)alkoxycarbonyl(C4-Ce)atkyl)ureido, glycinamido,

Cg)alkyl);aminacarbonytoxyaminocarbonyl, hydroxyaminocarbonyl,

{C4-Cg)alkylglycinamido, aminocarbonylglycinamido, (C1-Ce)alkoxy(Cq-
Cg)alkylcarbonylglycinamido, (a@minocarbonyl)((C4-Cg)alkyl)glycinamido, {(C-
Ce)alkoxycarbonyl(C-Ce)alkylcarbonyl){{C;-Ce)alkyl)glycinamido, {(Cs-

Ce)atkoxycarbonylamino(Cs-Ce)alkylcarbonyl)glycinamido,  (Cs-Cro)arylcarbonylglycinamido,
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{(Cs-Croyarylcarbonyl)((Cy-Co)alkyl)glycinamida, ({Ca-Crp)aryl(Cs-
Cs)alkylaminacarbonyl)glycinamido, {Ce-Cro)aryl{C4-Ce)alkylaminocarbonyl)((Cs-
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Cg)alkyl)glycinamido, (Cs-Cio)arylaminocarbonylglycinamido, ((Cs-Cro)arytaminacarbonyl)({C-
Cy)alkyl)glycinamido, alaninamido, (Ci-Cs)alkylalaninamido, (Cx-Ce)heteroaryl, amino(C,-
Co)heteroaryl, (Ci-Cealkylamino(C,-Co)heteroaryl, ((C+-Cs)alkyl)zamino(Cz-Coheteroaryl, (C2-
Cy)heteroaryloxy, (C-Cy)heterocycloalkyl, carboxy(Cy-Ce)alioxy, (Cr-
Co)alkylsulfanylaminocarbonyl{(C-Cg)alkoxy,  (Ci-Cealkylsulfonylamino(Cq-Cslalkoxy, (G
Co)heteroaryl(Ci-Co)alkoxy,  carboxy(Cy-Ce)alkylamino(Co-Co)alkoxy, — amino(Cz-Celalkoxy,
(aminocarbonyl)(hydroxy)amino, (Cs-Cs)alkytamino(Cr-Cs)alkoxy,  ((Ci-Cealkyl)2amino(Ca-
Co)alkoxy, (Ci-Cs)alkylcarbonylamino(CzCs)alkoxy, aminocarbonylamino(Cz-Cs)alkoxy, (Ci-
Cy)alkylaminocarbenylamino(Cz-Cy)alkoxy, ((C,—Cs)alkyl)gaminocarbonylamino((‘q-ca)alkoxy.
amino(Cy-Co)alkoxycarbonylamino,  (Cy-Cs)alkylamino(Cz-Ce)alkoxycarbonylamine, — ((Cr-
Ce)alkyl)zamino(C-Cg)alkoxycarbonylamino, Cz-Cs)heteroarylamino(Co-Ce)alkoxy, barbituryl,
(C1-Ce)alkylcarhonylamino(C-Ce)alkylaminocarbonyl, amino(C+-Cs)alkylcarbonylamino where
the (C+-Ce)alkyl is optionally substituted with one or two groups selected from hydrogen,
amino, hydroxyl, {Cs-Cg)atkoxy, carboxy, further substituted (C2-Cg)heteroaryl, (Ce-Cro)aryl,
(C-Co)heteracycloalkyl, and cycloalkyl, or the two groups together make up a carbocycle; and
R*carbonylamino where R is a nitrogen containing (Cx-Cs)heterocycloalkyl which is
optionally substituted further with ane or two groups selected from (C4-Ce)alkyl, (C2-Ce)alkoxy
and hydroxy;

R® is selected from the group consisting of hydrogen, (Ci-Ce)alkyl, {Cs-Cio)ary}, (Ce-
Cio)aryl(Ci-Celalkyl, (CG4-Ce)alkyicarbonyl, (Ci-Ce)alkylcarbanyl(C-Cs)alkyl, (Ce-Ciglaryl(Cs-
Cg)alkylcarbonyl, (Cg-C1a)aryl{C4-Coalkylcarbonyl(C-Cg)alkyl, aminocarbonyl, {Cs-
Cg)alkylaminocarbonyl, ((C1-Cs)alkyl),;aminocarbonyl and (G+-Cs)alkoxycarbonyl; and

R'" and R™ are each independently selected from the group consisting of hydrogen,
(C-Colatkyl, (Cs-Co)aryl, (Ca-Cro)aryl(C1-Co)alkyl, hydroxy, (C+-Celalkoxy, hydroxy(Cs-Ce)alkyt,
(C+Ce)alkaxy(Cs-Ce)alkyl, aming, {C4-Ce)alkylamino, ((C4-Cg)alkyl);amino, {Cs-
Cg)alkylcarbonylamino, {C3-Cg)cycloalkylcarbanylaming, (C4Cs)cycloalkyl(Cy-
Cg)alkylcarbonylamino, {C4-Ce)alkoxycarbanylamino, (C+-Ce)alkylsulfonylamino, (Ce
Cparylcarbonylamino,  (Gi-Cs)alkoxycarbonyl(C-Cs)alkylcarbonylamino,  (CeCro)ary)(Cy-
Cg)alkylcarbonytamino, {(Cs-C1o)aryl(Cs-Celalkylcarbonyl)((C+-Cs)alkyl)amino, (C+-
Cg)alkylcarbonylamino(C +-Ce)alkyl, (Cs-Cg)oycloalkylcarbonylamino(C +-Ce)alkyl, (Cs-
Cg)atkoxycarbonylamino(Cy-Cg)alkyl, (C-Co)heterocycloalkylcarbonylamino(C-Celalkyl,  {Cs-
C1o)aryl{Cy-Co)alkylcarbonylamino(C-Cs)alkyl, (C2-Co)heteroarylcarbonylamino(C+-Cslalkyl, (Cs-
Cioarylsuifonylamino,  (Cs-Celalkylsulfonylamino(C,-Co)aliyl, aminocarbanylamino,  (C+-
Cg)alkylaminocarbonylamino, halo(G+-Cs)alkylaminocarbonylamina, ((C+-
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Ce)alkyl),aminocarbonylamino, aminocarbonylamino(C +-Cgalkyl, (Cs-
Ce)alkylaminocarbonylamino(C4-Ce)alkyl, ((C+-Ce)alkyl)zaminocarbonylamine(G;-Ce)atkyl,
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halo(C1-Ce)alkylaminocarbonylamino(C-Ce)alkyl,  amino(C4-Celalkyl,  (C4-Ce)alkylamino(C,-
Colalkyl, {{C3-Cg)alkyl)amino(C-Ce)alkyl, carboxy(Cs-Celalkyl, (C4-Cg)alkoxycarbonyl(Cy-
Cs)atkyl, aminocarbanyl(C-Ce)alkyt and (C4-Cs)alkytaminacarbonyl(C,-Ce)alkyl.

2. A compound according to claim 1, wherein R'is hydrogen, halo, cyano, nitro,
triflucromethyl, triflucromethoxy, (Ci-Cs)alkyl, hydroxy or (C4-Cglalkylcarbonyloxy.

3. A compound according to claim 1, wherein ¢ is 1; X is G(O) or CHy d is 1;
and Z is oxygen, NH, (Ci-C)alkyl, or CR''R™.,

4. A compound acedrding to claim 1, wherein R is (R%){(Cs-Cio)aryl or (R%) (Co-
Cs) heteroaryl, wherein fis 1 or 2.

5. A compound according to claim 1, wherein ¢ is 1; X is C(Q); dis 1; Z is
oxygen or (Cy-Ce)alkyl; W is nitrogen or CH; and |, m and k are zero, zero and 2 or 3
respectively, or k, |, and m are zero, zero and 2 or 3 respectively.

6. A compaund accerding 1o claim 1, wherein R* is phenyl, Q is (C1-Ce)alkyl, q is
0 or 1, and at least one R® is selected from: {Co-Co)heteroarylaminocarbonyl, (Cp-
Cy)heteroarylcarbonylamino, (C4-Cg)alkylsulfonylaminocarbonyl, aminosulfonylaminocarbonyl,

carboxy(C4-Cq)alkylcyanoguaniding, carboxy, (Cx-Cg)heteroarylamine, (Cr
Cg)heteroarylsulfonyl, (C,-Ceheteroaryl (C,-Co)heteroaryloxy, (C»Cg)heteroarylcarbonyl, (C
Co)heteroaryl(Cy-Cs)alkylcarbonyl, carboxy(C4-Cs)alkylaminocarbanylamino, (Cr

Cg)heteroarylaminocarbonylamine, carboxy(Cs-Ce)alkylcarbanylaming, (C,-Coheteroaryl(C-
Cs)alkylamino, carboxy(C4-Ce)atkylaminacarbonyl, carboxy(C;-Cs)alkylsulfonylamino, (Cs-
Co)heteroarytaminosulfonyl, carboxy(C4-Ce)alkylsulfonyl, carboxy(Cy-Ce)alkylamino,
carboxy(C4-Celalkylcarbonyl,  carboxy(Cy-Cealkoxy, carboxy(Cs-Cs)alkoxycarbonylamino,
hydroxyaminocarbonyl, (C-Csg)alkylsulfonytaminocarbonyl(C-Ces)atkoxy, {C,-Ce)heteroaryl(Cy-
Celalkoxy,  carbaxy(Ci-Ce)alkylamino(C,-Celalkoxy,  (Ca-Cs)heteroarylamina(Co-Cslalkoxy,
amino(C;-Cg)alkylcarbonyl, (C;-Cg)alkylamino{Cs-Cs)alkylcarbonyl, ((C4-Ce)alkyl)aamino(Cs-
Ce)alkylcarbonyl, amino{C4-Ce)alkylcarbonylamino, (C4-Co)alkylamino(C;-
Ce)alkylcarbonylamine, ((01-Csjalkyl)zamino(01-Cﬂ)alkylcarbonylamino. amino(Cy-
Ce)alkylureido, (C4-Cg)alkylamino(C4-Ce)alkylureido, ((C4-Ce)alkyl)amino(C+-Ce)alkylureida,
amino(C4-Cg)alkylsutfonylamino, (C4-Ce)alkylamino(C,-Ce)alkylsulfonylamine, ((C-
Ce)alkyl)zamino(C4-Ce)alkylsulfonylamino, amino(C+-Ce)alkylsulfonyl, (C+-Cs)alkylamino(Cs-
Ge)alkylsulfonyl, {(C4-Cg)alkyl),amino(C4-Cs)alkylsulfonyl, amino(Cq-Ce)alkylcyanoguanidine,
(C4-Ce)alkylamino(C4-Cs)alkylcyanaguanidine, ((C4-Ce)atkyl);amino(Cy-
Cg)alkylcyanoguanidino, amino(C4-Ce)alkylaminosulfonyl, (C4-Cy)alkylamino(Cy-
Ce)alkylaminosulfonyl, ((Cs-Ce)alkyl),amino(C+-Ce)alkylaminosulfonyl, ((C+-Cg)alkylamino)(Ce~
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Cio)aryi(Cy-Colalkyl, amino, amino(Cq-Ca)alkoxy, amino(Cy-Ce)alkoxycarhonylamino, (Cq-
Ce)alkylamino,  {{Cs-Ce)alky)zamino,  (Ce-Cio)arylamino,  (Ce-Cio)aryl(Cs-Ce)alkylamino,
amino(C+-Cg)alkylamino,  (Cz-Cgheterocycloalkylamino,  (Cz-Ce)hetercarylamino,  (Cs-
Cso)cycloalkyl(Ci-Cs)alkyl)amino,  (amino{Cs-Ce)alkyl)aminocarbenyl,  glycinamido, (G4~
Co)alkylglycinamido, alaninamido, (Cy-Celalkylalaninamido, ((C-Coalky)2  amino(Cy-
Co)alkylcarbonylamino, halo, (C-Cg)atkoxy, (Ci-Cs)alkyl, halo(Ci-Ce)alkyl, aminocarbonyl{Cq-
Ce)alkylureido, {C4-Cg)alkylcarbonyl, (C4-Cg)alkylsulfonylamino, (C-Ce)alkylsulfonylamino(Cy-
Cg)alkylaminocarbonyl, aminosutfanyl, aminocarbanyt, ureido(Cy-Ce)alkylaminocarbonyl,
aminocarbonyl(C4-Ce)alkyaminocarbanyl, aminocarbonyl(C;-Cg)alkylcarbonylamino,
ureido(C4-Cg)alkylcarbonylamino, (Ci-Cs)alkylcarbonylamino(Cy-Cg)alkylcarbonylamino, (Cy-
Ce)alkylcarbonylamine(C4-Cs)alkylaminacarbonylamino, ureido(Cy-Cg)alkylcarbonylamino,
ureido, halo(C-Cg)alkylsulfonylamine, (C¢-Ce)alkylcarbonylamino(C,-Ce)alkylaminocarbonyl.
7. A compound according to claim 1, wherein R* is pyridyl, Q is (C-Ce)alkyl, q is
0 or 1, and at least one R® is_selected from: (Ca-Cg)heteroarylaminocarbonyl, (Ca-
Cg)heteroarylcarbonylamino, (Cs-Cg)alkylsulfonylaminocarbonyl, aminosulfonylaminocarbonyl,

carboxy(C4-Cg)alkylcyanoguanidin, carboxy, (CCo)heteroarylamino, {Ca-
Co)heteroarylsuifonyl, (Cz-Cs)heteroaryl (Co-Co)heteroaryloxy, (Cx-Co)lieteroarylcarbonyl, (Cz-
Cg)heteraaryl(Cy-Cg)alkylcarbanyl, carbaxy(C-Ce)alkylaminocarbonylamino, (Co~

Co)heteroarylaminocarbanylamina, carboxy(Cs-Cs)alkylcarbonylamino, (Ca-Ce)heteroaryl(Cs-
Ce)alkylaming, carboxy(Cq-Cs)alkylaminocarbonyi, - carboxy(Cy-Ce)alkylsulfonylamino, (Cz-
Cg)heteroarylaminosulfonyl, carboxy(C1-Ce)atkylsulfonyl, carboxy(Cy-Cy)alkylamino,
carboxy(C-Celalkylcarbonyl,  carboxy(CsCes)alkoxy,  carboxy(C4-Cs)alkoxycarbenyltamino,
hydroxyaminocarbonyl,'(Co.—Ce)alkyIsulfonylaminocarbonyl(C1-Cs)aIkcxy. (Cz-Cg)heteroaryl(Cs-
Celalkoxy, carboxy(C-Cslalkylamino(Cx-Celalkoxy,  (Ca-Ce)heteroarylamino(Cz-Co)alkoxy,
amino(Cy-Cy)alkylcarbonyl, (C4-Cs)alkylamina(Cy-Ce)alkylcarbonyl, ((C4-Celalkyl);amino(Cs-
Ce)alkylcarbonyt, amino(C-Ce)atkylcarbonylamino, (C4-Co)alkylamino(Cy-
Csg)alkylcarbonylamino, ((C1-(’55)alkyl)zarnin0(01—Ca)alkylcarbonylamino, amine(Cy-
Cg)alkylureido, (Cs-Ce)alkylamino(GC;-Ce)alkylureido, ((Cq-Gs)alkyl};amino(Cs-Gealkylureido,
amino(Cs-Cg)alkylsulfonylamino, (C4-Cealkylamino(C4-Ce)alkylsulforylamino, {(Cs
Ce)alkyl),amina(C-Ce)alkylsulfonylamino, amino(C+-Cealkylsulfonyl, (C4-Ce)alkylamino(Cy-
Cgalkylsulionyl, ((G-Co)alkyl)zamino(C-Ce)alkylsulfanyl, amino(C+-Cg)alkylcyanoguanidino,
(C4-Co)alkylamina(C4-Cg)alkyleyanoguanidino, {(C4-Cq)atkyl),2mino(Cy-
Geg)alkylcyanoguanidino, amino(C+-Cg)atkylaminosulfonyl, {C1-Co)alkylamino(Cy-
Ce)alkylaminasulfonyl, {(C1-Cs)alkyl);amino{Cq-Ce)alkylaminasulfonyl, ((CG+Ce)alkylamino}(Ce-
Cro)aryl(Cy-Colalkyl, amino, amino(Cs-Csyalkoxy, amino{C:-Ce)alkoxycarbonylamino, (Cs-
Cgalkylaming,  ((C4-Ce)alkyzamino,  (Cg-Cro)arylamina, (Ce-Cro)aryl{Cy-Ce)alkylamino,
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amino(C4-Celalkylamino,  (Cx-Celheterocycloalkylamine,  (Cz-Cg)heteroarylamino,  {(Cs-
Cio)eycloalkyl(Cq-Celatkyl)amino,  (amino(Cy-Cg)alkylyaminocarbonyl,  glycinamido,  (Cy-
Ce)atkylglycinamide, ataninamido, (Ci-Cs)alkylalaninamido, {((Cy-Ce)alkyl).  amino(Cy-
Gg)alkylcarbonylamino,  aminocarbony(C-Ce)alkylureido,  (C4-Ce)alkyicarbonyl,  (Cs-
Csalkylsulfonylfamino, (Cs-Cg)atkylsulfonylamino(Cy-Cg)alkylaminocarbonyl, aminosulfonyl,
aminocarbonyl, ureido{C+-Cs)alkylaminocarbonyl, aminacarbonyl(Cy-Ce)alkyaminocarbonyl,

aminocarbonyl(C4-Cs)alkylcarbonylamino, ureido(C;-Cs)atkylcarbonylamina, (C
Ce)alkylcarbonylamino(C4-Cs)atkylcarbonylamino, {C4-Cg)alkylcarbonylamino(Ci-
Cg)alkylaminocarbonylamino, ,ureido(CrCa)aIkylcarbonylamino, ureido, haio(Cy-

Cg)alkylsulfonylamino, {C4-Ce)alkylcarhonylamina{Cs-Cg)alkylaminocarbonyl.

8. Salts of a compound according to claim 1, where pharmaceuticatly
acceptable counter-ions for acidic cumpoﬁnds are selected from alkali metal cations, alkaline
earth metal cations ammonium or—water»soluble amine addition salts, N-methylglucamine-
{meglumine), the lower alkanolammonium and other base salts of pharmaceutically acceptable
organic amines; and pharmaceutically acceptable salis selected from hydrochioride,
hydrobromide, hydroicdide, nitrate, sulfate, bisulfate, phosphate, acid phosphate, acetate,
lactate, citrate, acid citrate, tartrate, bitarirate, succinate, maleate, fumarate, gluconate,
saccharate, benzoate, methanesulfonate, ethanesulfonate, benzenesulfonate,
p-foluenesulfonate and pamoatesalts. .

9. A pharmaceutical composition for treating or pregenﬁng a disarder or condition
selected from autoimmune diseases, rheumatoid arthritis, type | diabetes (recent onset),
lupus, inflammatory bowel disease, optic neuritis, psoriasis, multiple scleresis, polymyalgia
rheumatica, uveitis, and vasculitis, acute and chronic inflammatory conditions osteoarthritis,
adult Respiratory Distress Syndrome, Respiratory Distress Syndrome of infancy, ischemia
reperfusian injury, glomerulonephritis, and chronic obstructive pulmonary disease (COPD)
allergic conditions, asthma and atopic dermatitis, inflammation associated with infection, viral
inflammation, influenza, hepatitis and Guillian-Barre, chronic bronchitis, chronic or acute
tissue, cell, and solid organ transplant rejection, xeno-transplantation, atherosclerosis,
restenosis, HIV infectivity (co-receptor usage), and granulomatous diseases, sarcoidosis,
leprosy and tuberculosis, and sequelae associated with cancers, multiple myelomax; limiting
the production of cytokines and/or TNF at inflammatory sites, as a consequence of
decreasing cell infiltration; for treating diseases and/or congestive heart failure, linked to TNF
and IL-1 and for treating pulmonary emphysema or dyspnea associated therewith,
emphysema; HIV-t, HIV-2, HIV-3; cytomegalovirus (CMV), adenoviruses, Herpes viruses
(Herpes zoster and Herpes simplex), for treating sequelae associated with infection where
such infection induces production of detrimental inflammatory cytokines andior TNF, fungal
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meningitis, joint tissue damage, hyperplasia, pannus formation and bone resorption, psoriatic
arthritis, hepatic failure, bacterial meningitis, Kawasaki syndrome, myocardial infarction, acute
liver failure, lyme disease, septic shock, cancer, trauma, and malaria, in a mammal,
comprising an amount of @ compound according to claim 1, or a pharmaceutically acceptable
salt or pro-drug thereof, that is effective in treating or preventing such disorder or condition and
a pharmaceutically acceptable carrier.

10. A pharmaceutical composition for treating or preventing a disorder ar condition
that can be treated or prevented by inhibiting chemokine binding to the receptor CCR1 in a
mammal, comprising an amount of a compound according to claim 1, or a pharmaceutically
acoeptable salt or pro-drug thereaf, effective in treating or preventing such disorder or condition
and a pharmaceutically acceptable carrier.

11, A method for treating or preventing a disorder or condition selected from
auloimmune diseases, rheumatold arthritis, type [ diabetes (recent onset), lupus,
inflammatory bowel disease, optic neuritis, psoriasis, multiple sclerosis, polymyalgia
rtheumnatica, uveitis, and vasculitis, acute and chronic inflammatory conditions osteoarthritis,
adult Respiratory Distress Syndrome, Respiratory Distress Syndrome of infancy, ischemia
reperfusion injury, glomerulonephritis, and chronic absiructive pulmonary disease (COPD)
allergic conditions, asthma and atopic dermatitis, inflammation associated with infection, viral
inflammation, influenza, hepatitis and Guillian-Barre, chronic branchitis, chronic or acute
tissue, cell, and solid organ fransplant rejection, xeno-transplantation, atherosclerosis,
restenosis, HIV infectivity (co-receptor usage), and granulomatous diseases, sarcoidosis,
leprosy and tuberculosis, and sequelae associated with cancers, multiple myelomax; limiting
the production of cytokines andfor TNF at inflammatory sites, as a consequence of
decreasing cell infiltration; for treating diseases andfor congestive heart failure, linked to TNF
and -1 and for treating pulmonary emphysema or dyspnea associated therewith,
emphysema; HIV-1, HIV-2, HIV-3; cytomegalovirus (CMV), adenoviruses, Herpes viruses

(Herpes zoster and Herpes simplex), for treating sequelae associated with infection where.

such infection induces production of detrimental inflammatory cytokines andfor TNF, fungal
meningitis, joint tissue damage, hyperplasia, pannus formation and bone resorption, psoriatic
arthritis, hepatic failure, bacterial meningitis, Kawasald syndrome, myocardial infarction, acute
liver failure, lyme disease, septic shock, cancer, trauma, and malaria,in a mammal, comprising
administering to 2 mammal in need of such treafrnent or prevention an amount of a compound
according to claim 1, or a pharmaceutically acceptable salt or pro-drug thereof, that is effective
in treating or preventing such disorder or condition.

12. A method for treating or preventing a disorder or condition that can be treated
or prevented by antagonizing the CCR1 receptor in a mammal, comprising administering to a
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mammal in need of such treatment or prevention an amount of a compound according fo claim
1, or a pharmaceutically acceptable salt or pro-drug thereof, that is effective in treating or
preventing such disorder or condition,

13. A pharmaceutical compoasition for treating or preventing a disorder or condition
selected from autoimmune diseases, rheumatoid arthritis, type | diabetes (recent onset),
lupus, inftammatory bowel disease, optic neuritis, psoriasis, multiple sclerosis, polymyalgia
rheumatica, uveitis, and vascumig, acute and chronic inlammatery conditions ostecarthritis,
adult Respiratory Distress Syndrome, Respiratory Distress Syndrome of infancy, ischemia
reperfusion injury, glomerulonephritis, ar_ld chronic obstructive pulmonary disease (COPD)
allergic conditions, asthma and atopic dermatitis, inflammation associated with infection, viral
inflammation, influenza, hepatitis and Guillian-Barre, chronic bronchitis, chronic or acute
tissue, cell, and solid organ transplant rejection, xeno-transplantation, atherosclerosis,
restenosis, HIV infectivity (co-receptor usage), and granulomatous diseases, sarcoidosis,
leprosy and tuberculosis, and sequelae associated with cancers, multiple myetomax; limiting
the production of cyfokines and/or TNF at inﬂamrﬁatory sites, as a consequence of
decreasing cell infiltration; for treating diseases and/or congestive heart failure, linked to TNF
and [L-1 and for treating pulmonary emphysema or dyspnea associated therewith,
emphysema; HIV-1, HIV-2, HIV-3; cytomegalovirus (CMV), adenoviruses, Herpes viruses
{Herpes zoster and Herpes simplex), for treating sequelae associated with infection. where
such infection induces production of detrimental inflammatory cytokines and/or TNF, fungal
meningitis, joint tissue damage, hyperplasia, pannus formation and bone resorption, psoriatic
arthritis, hepatic failure, bacterial meningitis, Kawasaki syndrome, myocardial infarction, acute
liver failure, lyme disease, septic shock, cancer, trauma, and malaria, in a mammal,
comprising a CCR1 receptor antagonizing effective amount of a compound according to claim
1, or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

14. A pharmaceutical composition for treating or preventing a disorder or condition
that can be treated or prevented by antagenizing the CCR1 receptor in @ mammal, comprising
a CCR1 receptor antagonizing effective amount of a compound according to claim 1, or a
pharmaceutically acceptable salt or pro-drug thereof, and a pharmaceutically acceptable carrier.
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